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K uem x¢ Bo danumaemecy’

aHATHA QUIMKOK 06PEKAIOT HA OXMHOYECTRO.

Tonsko npeacrasbTe cebe: BB JIETHTE HA CAMOJIETE
M coceJ CIIPalInBaeT, KTO Bl NNo npodeceru. Bl orse-
uyaete, 4T0 Pu3uK. C 3T0il MUHYTHI Geceaa MOXKeT DO~
TH 1O J(BYM HANPABJEHUAM. B IeBATH cAy4yanax u3 fe-
CATH C YCT cobeCefHMKA CDLIBAETCH HEYTO Bpoxe:
«Boxe Mo, Kak e A HeHaBHJen GU3NKY B IKoaels!
Iocse uero ocrarok mepesera {(BeUepHUHKM, NOE3ZKH
B Tu(Te, POMAHTHYECKOTO CBHAAHNA) BuI OynieTe u3sn-
HATHCSA 32 IMOIMOHAJBHYIO TPABMY, KOTOPYIO GU3NKA,
1o Bcell BUAMMOCTH, HaHec/a BAIIEMY, TAK CKa3aTh,
AaRHEMY 3HAKOMOMY. ) ‘

Tlono6Hble cayuaiinsie 6eceibl 3a9aCTYI0 BHIABIA-
I0T, 4YTO K 00NACTAM TOYHLIX M €CTECTBEHHBIX HAYK
NPHHATO OTHOCHTLCHA ¢ 3TAKUM BECEJLIM IPEe3PeHneM.
®pasda: «AX, A HUYETO He CMEBICTIO B azrebpel» npona-
HOCHTCH MPAMO-TAKH XBACTIMBEIM TOHOM, KAKUM HU-
KOT/ia He CKasKyT: «J]a & ¥ YUTATH-TO TONKOM He YMeIos .
Ho nouemy?!

PU3UKA HE3aCNYKEeHHO CUHMTAECTCA HAYKOU Tpya-
HO#M, HenpakTNuHO$ H 3anyanoi. Tpynuaa? Boamox-
Ho. HenpaxTuunan? PaayMmeercs, mer. Bonee Toro,
€CNU NBLITATHCH ¢NPOAATh» GHIRKY HINPOKOHR nmybau-
Ke, IIOYTH BCeraa peub 3aXOAUT O TOM, Kak € ee IoMO-
INBIO CTPOMTEH MOCTEI HJIM 3ANIYCKATH PAKETHI, TO €CTh-
0 TOM, KaKuM o6pa3oM (hHINKa CAYHKUT HPYHAAMEHTOM
AJIA TeXHUKH H XHMUH.

! Korna muccue Iosafepr npoyuTansa pYKONHCh, OHA HAKOHEL
NPH3HAJIACH, YTO HA HAMIEM NEePBOM CBHAAHUH MPUKYCURA A3LIK U
TUTAHUYECKUM YeUIIUeM BOJK 3acTaBnia ceb6n He roBOPHTL HUUEro
noaoGHoro.
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Boegenue

A xak pacuer 3anyacrsa? TyT 76 ¥ BOFHAKAET 1\ JIAK-
HBI1 Bompoc. Kax HaM HDeACTaBAAETCA, HpoldaeMa
B TOM, YTO IPAKTHIECKAA CTOPOHA (PUIMKY BHINAYNBA-
eTcA B yinepb uETepecHo. Jladxke JII0AH TEXHUYECKOro
CKJIaia BpOAEe MHIKEHEDOB UJIH IIPOrPaMMHBCTOB 06bIu-
HO He HAYT fajbilleé MEXAHUKU U 3JIeKTPOMATHeTH3MA,
a BeJlb TAM-TO H HAYMHAETCH camoe Becenne. U oueHnb
JKaJIb, Bellb, OTKPOBEHHO I'OBOpA, B HNOCAeAHUE roABI
CHeJaHo YADPYYAIOIe MAIO CeHCAIHONHBIX OTKPRITILR
B ofnacTu pu3HKU 6I0KOB ¥ PLIYATOB.

Bpaxkne6uoe orHonienne X (pU3nKe, HOX0OXKE, Kpen-
KO YKOPEHHJIOCH B 0GII{eCTBe, MO3TOMY CTAJIO TPYAHO
BeCTH QYICKYCCHH, He U3HYPAA ciaymaTteieit. 3aTeBas
Geceny 0 Hayke CO «IUITATCKUM» , MBI, HPONOBEIHMKHA H
NPONATARAUCTH GHUIUKHM, YACTD YYBCTBYEM, ITO ILITA-
eMCs 38CTaBHTh TeJIOBEKA €CTh HOJe3Hkle OBOINH H
IOABOAHNM IOX 3TO KAKYIO-TO ParHoHaANbHEYI0 6a3y. Mu
HHYKOrZAA He BAYMHAEM PA3TOBOD O PH3UKE CO CJIOB «ITO
e TAK BeCeJO M MHTEpecHOls, a MOYTH BCerja roBo-
PUM: ¢3JT0 3Ke TaK HYIKHO ¥ IOJIe3H0», OTYero, KoHed-
HO, BCE Becesbe TYT XKe H YIeTYIHBAETCH.

B anoxy, KOTJia HOCTOARHO MOABIAIOTCA BOBHIE TeX-
HOJMIOrMH, HeoBxoAuMa Bceobniad MYHAAMEHTANILHAN
HAYYHAA rPAMOTHOCTbL. C Apyroit cTOPOHLI, YTOOK! IO~
HHEMATb HAYKY, HE HYXKHO JOTOJHHTEALHO IOAYYATDH
OATHJIeTHee Bhicinee o6pasoBanue. YTo6H NOHUMATE,
B Y4eM COCTONT CYTh PEBOTIONMOBHEIX OTKPLITH B KBAH~
TOBBLIX BLIYHCJEHHUSIX HJIH KOCMOJIOI'MH, COBCEM HE Tpe-
6yercst moApoGHO 3HATE, Kax ycTpeeRa dusuxa. Onua-
KO Ba)KHO MOHUMATh, HOYEMY 3TH OTKDBAITHA TAK BAXK-
HE ¥ KAK OHH CIIOCOOHB! BO3AEiiCTBOBATE HA TEXHOJIOTHIO
M Ha HANIY SKM3Hb. —

H neno Be B TOM, YTO JIOASM IPOCTO HALO NOHUMATS
KOHKpeTHYI0 Teopuio. Pusnka — rjapBas HHAYKTHB-
HAaf HAYKA HA CBETE, M €CJIH YeJIOBEeK HAYUHTCA NOHU-
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Bregenue

MaTh, K&K 3Ta HAYKa PA3BHBAETCH, OH CMOYKET IPUHM-
MaTh KyAa Gosee pa3syMHBIe PEIIEHMSA IO CAMLIM pas-
HBIM BOIIPOC&M — OT I06ajLHOrO TOTENNeHHs A0
«TEOpHM pasyMHoOro aamuicaar. Ham npeacrasasercs,
4TO MBI Jiyqile APYrHX YMeeM BO3PaXKaTh TeM, KTO
¢ HaMUu He corjiaceH, He IPOCTO HACTOWYUBEIM ¢HET»,
a AOKa3aHHKIMU (DAKTAMH.

B yacrrocTH, 8 CIIIA nmososxenne ¢ o6yuenneM Ma-
TeMaTHKe M TOYHKIM HAayKaM IIPOCTO KaTacTpoduue-
CKOe — INKOJBHHKH IIOKA3LIBAIOT PE3YABLTATH IrOpPasno
HUKe CPeJHEro MO CPABHEHMIO ¢ APYTHMH PA3BHTHIMH
crpanamMu. Ho B 9TOM HeJb3sl BUHHTH TOJNBKO IOAPOCT-
KOB, X YUUTENEeH WJIH, eCJHM YK HA TO DOIJIO, IIPOo-
rpaMmy Bceobmero cpensero o6pa3oBagus.

Ha camom pene aTa npobnema kyAs mupe, oHa 3a-
TparuBaeT BCE CTOPOBHI u3uu. IIpocTo y mKonbHuU-
KOB OHA IIPOABJIAETCSA ApYe BCEro — BeAb HE CTAHENh
e 3a/1aBaTh NATMAECATHIIETANM AASAM H TeTAM Hay-
K006pa3HKle BOMPOCH! Bpofie ¢ Y Te6A fecATH Ky, NATH
THI C'b€J1, HA CKOJIBKO Y TeOH NOJCKOTHT XO/ME€CTEPHHE».
Ecau DOCMOTPETH ¢ TOUKH 3PEHHSA TaK HA3KIBaeMoit
Npo6IeMEl NPAKTHYECKOro IPHMEHEHM s, BCA TPHKIaj-
Haf MATEMATHKA KayKeTCA NONHEIM aGecypaoM. B xax-
AOM KJIACCEe HAXOLHTCA MHOXKECTBO HeTeil, KOTophie
HORHAMAIOT PYKH ¥ CIpAImuBAloT: «Craxure, a B 3Kus-
HP MHe axre6pa Korga-uubyas nosanoburca?s — u ge-
JIaIOT BHIBOJ, YTO €QMHCTBEHHASA 1[eJb H3YYEHHR 3TOTO
IpexMeTa 3aKJII0YAEeTCH B XOPOIIMX ONEHKAX.

' Mxon Ansen Iaysoc B cBoeit Bestmkonenroll cepun
KHHAr numer o6 snnaeMun «apudmeTnyuecKoit Herpa-
MOTHOCTH», & B pPAJe HHTepecHeIMuX acce, KOTOPhIe
OOBLIYHO He MONAXAIOTCH UIKOJbHAKAEM U CTYAEHTAM,
nEIT&eTCSA PA3BUTL Y UNTaTeNeil CrIOCOGHOCTh KPHTH-
YeCKH BOCHIPHHUMATH UXC/IeHHbIEe KORIENIINY K IOKA-
3aTh (110 HameMy MEEHHIO, YCNelHO), YTO MaTeMaTH-

:
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Bregenue

Ka MHTEPeCHa OTHIOAb He TONbKO CBOMMH DpaKTH4Ye-
CKMMU IDHJIOMKEeHUAMH BpOJe noasesenusa GanaHca
e)KeMeCAYHRIX PACXO0/I0B HJIH IPOBEPKH CAAYHM B Mara-
3auHe.

BoaMoxXHO, BRI yike ycnesu yOeauThCa Ha ONETeE,
Y70 B MM3NKe CYINEecTBYeT TAKOM e paspbiB MEeXAY
NPAKTHKON u ceHcauueit. Cyxue Kypehl MexaHHKH
BNOJIHE CNIOCOGHBI OTBPATUTE OT (PHIUKH, HO HAYYHASA
daHTaCTHKAa, Fra3eTHRIC CTATHY 0 KPYIHAIX OTKPLITHAX
HJHN NOoCNeJHHe CHUMKU ¢ KOCMHYECKOIO TeJlecKoIa
«Xab61» NPpUBJICKAIOT K Hel CHOBA.

OanaKo B HAYUYHOM GaHTACTHKE ¥ FA3ETHBIX CTATHAX
pelKo UAEeT peub O CeHCAMOHHKIX NPOPHIBAxX B 061a-
CTH PH3MKY HAKJIOHHON NJIOCKOCTH.

Her — ecau y»x ny6iuxy 4T0-T0 BOJHYET, 3T0, CKO- °
pee BCero, OTKPLITHSA, KacaloliHecs dBoaonnn Beenex-
Ho#l, niu MacuTabHbIe 3KCIIepMMeHTH Bpoae Boabuio-
ro aApoHHOrO KoJuIafiiepa, WU CBeIeHA O YKU3HU Ha
Apyrux niaaderax. Mul yike roBOprIIH, YTO B AeBATYH
CAYYAAX U3 AECATH NONBITKH OOCYAUTH QHU3NKY B 49PO-
NOPTY MJIM 32 KOKTEHRAAMU NPUBOAAT K TOMY, UTO HAM
TAKY He JaloT TesieOHMHK U IPUXOXHTCA eXaThs A0MOii
B rOpPJOM OAMHOYECTBE, HO B OCTABINEMCH OAHOM CIY-
yae NPOUCXOANT HacToAllee 4yAo. BuBaer K Tak, 4ro
y Hac loJiydaercs He IOefMHOK, a xuajor. Hunoraa,
OuYeHb PeIKO, HAM BE3eT M HAC YCAaXKUBAIOT PHALOM C He-
JIOBEKOM, Y KOTOPOTO HJIK B WIKoJe §ui (peHOMEeHaNB-
B yauTeNsb GUSUKT, MK JAA01Ka pa6oraer B HACA,
HNH OH CaM MHYKeHeD ¥ CUNTAEeT, YTO HAIIIK yqem,xe 3a-
HATUSA — BMKAKAA He YyOIb, & IIPOCTO MEACE ARTEJIH-
FeHTHOE YYLRYEeCTRO.

B raxux caydasix 6ecesa Te4eT N0 COBEPIeHHO HHO-
My pycay. Cayuaercs, 970 Mbl HATATKMBAEMCA HA Ye-
JIOBEKa, KOTOPOro AaBHO HHTEPECOBAJIO, KAK YCTPOeHA
Beenerrasi, TPOCTO OH HUKAK He MOT CoO6pas3nTh, Ka-
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gb(.qtuut

KHe KJIUEBLIe ¢JI0Ba HCKATh B «BHKHIEeAHH». A MoO-
#xeT OBITh, B IGCJAEAHEM BRIIIYCKE HAYUHO-NONYJIAPHO-
ro SKypHAJIA UM DOHAJACH MHTEPECHAH 3aMeTKa U XOTe-
nocek 661 y3raTh 060 BceM nonoapoOHee. Bor wakue
BOIIPOCH! 3a{ABAJIK HAM HeJaBHO:

o J caniman, Bosbiiodt aipoHHEI KoJTaiaep cO3gacT
TAKHUE MaJIERLKHE YepHLIE ABIPhl, KOTOPLIe YHUUTO-
sxaT Beenennyro. Oro npasna? (Bor paMm aninuee g0-
Ka3aTeJhCTRO — KAK OYATO MX Mano, — 4To GUIMKU
B KOJIIIEKTHBHOM CO3HARUM He BoJlee ueM YOKHYThIE
npodeccopa, KOTOpbie COAT ¥ BUAAT, Kak GbI yHHY-
TOXHTb 3eMIII0. ) ‘

e BoO3MOMXHO JIM yTEIeCTBHE BO BpeMeHu?

¢ CymecTByioT JIH napajjieikakie BCeJIeHHbIe?

e Ecan Bcenernas pacmmpsiercd, To KyJa H BO 4ro?

e Yro 6yner, ecan nocMoTpeTh Ha cebd B 3epkao, Ko-
ria NyTelecTBYyenIb CO CKOPOCThIO ceTa?

HmMeHHO TaKHe BONPOCH B HEPBYIO OYePeAb ¥ 3aCTa-
BHJIM HAC B CBOe BpeMsA NoaiobuTsh QH3MKY BceH Ay-
moii. Bonee Toro, nocaeNHEHH BOIIPOC B 3TOM CIOHCKE
3afaBaJ Raxxe caM JORAmTeHH — B UMEHHO 3TOT BO-
MpOC CTAJ OAEHM H3 IVIABHEIX CTUMYJIOB, HOOYAHBIIHX
pazpaboTaTh COeNHANLHYIO TEOPHIO OTHOCUTENLHOCTH.
Huadge rosopa, KOrXa MBI PACCKA3LIBAEM, YTO MK Je-
laeM, TO OGHapy>KHBAEM, UTO HEKOTODHIX JAoneit —
NyCTh Ja¥Ke 3T JI0AU BCTPEYAIOTCA KpaliHe peaKo —
HHETEPECYIOT B TOYHOCTH Te e aCHeKThl PU3uKmH, YTo
M HAC. R > .

CaMEulit OueBHIHNH c1oc0o0 PEINNUTL DTY 3agauy —
¢cAeNaTh OTBETHI HA BhHILIENIPHBEAEEHEIe BOIIPOCH GoJlee
JOCTYIHBIMH, OCEETHTD X B yueOHBIX MaTepHaiax mo
dHU3HKe U MATEeMaTHKE. BOJBII¥HCTBO &BTOPOR yueh-
HHKOB IIOJAraloT, YTO CHeaaloT Gu3uKy Gosnee yBiaeKa-
TEeNbHOMN, €CJIU TOMECTAT Ha O0JIOXKKM CBOUX TBOpeHUH
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Bosgonus

H300pasKeHNA BYAKAHOB, NOKOMOTHBOB ¥ MOJHMIL!,
Ilo Bceil BHAHMOCTH, OHM CUHTAIOT, YTO B DE3yJIbTaTe
ITKOJbLHMKE NOCMOTDPAT HA KHWMKKY H BOCKIMKHYT:
«Kpyro! Bor Teneps s BHKy, 9ro Guspka HMeeT OTHO-
meHHe K Xxu3uuls Han onnIT noKaswiBaeT, 4To HA Ta-
KO MAXHHE HIKOJLHUKOB He NpoBejembs. Jlaxe ecau
000K Ka X ¥ IPUBJIEYET, ORY 3arJIAHYT B OrJaBjeHHe
B nouckax naparpaga ¢«Kak BEI3BATH MOJHKIO CBOUMYU
pyxaMus» 1 GYAYT emle CMALHEe PA30OYAPOBAHE!, He 06-
BApYKHB €ro.

KeraTd, XOTHM YIIOMAHYTS, YTO B BACTOALIEH KANTe
MBI 2TOTO IOAXOAA HE IpHAepKABaeMcH. 31ech Bbl He
HalijieTe pocKOLIHOM rpadukn? ¥ BooGIie HUYEro TAKO-
I'o, H3-3a 4Yero Haganne KHUI'H MOTJIO OBl CTaTh AOPOXKE.
Ham nogxon 6yJeT 04eBs NPOCTLHIM: PUIMKA HHTepec-
Ha caMa 1o cebe. [{a-aa, Tak u ecTh! A ecy BAC HYXKHO
YrOBapHBATDH M fANbIIe, MBI TOPYKECTBEHHO o6elaeM
o6ecIeYUTs He MeHee NATH CKBEPHLIX HIYTOK Ha IJIaBy
(B TOM quCIe ILIOCKUE KalaMGyphl, 6opoaTeie aAHEKLO-
Thl ¥ YOOI'Me KADTHHKH ¢ IpeTeraueit Ha 10Mop). YTo6s!
JaTh BaM IIpeACTaBJIeBKe O NOZOOHOTO polia IoMOpe AJd
ceMeMHOro NOJbL30BAHNS, IPUBEAEM NpUMED.

Bonpoc: Uro genaer poron vHa guckorexe?
Omaéem: 3anycKaer CBETOBYIO BOXHY!

Takr BOT, Kaxjad riaapa aToit KEUrA Oyxer Hauu-
HaThCH ¢ 3a0aBHON KAPTUHKH, HIDIIOCTPUPYIONIEH He-
IPOCTHTENLHO Rypanknil kanambyp, ¥ ¢ BOIpoOCAa O TOM,
Kak ycTpoera Bcenennad. OTBedas Ha 3TOT BOIPOC,
MBI IPEAJIOKHM BaM NyTemecTBYe IO Toi PU3UKe, KO-

1 Ha ogHoiX Tarolt «loMopucTuueckofs obnoxkke 6uwm n3obpa-
MeHK! KeIJIH, Pa3sjeTanmyecs OT MAda nxsa GOyamHra, 4uro, no
MRICAM ABTOPA, CHMBOJUSHPOBANIO CTYACHTOB, NOPAKEHHRIX MO~
B0 B pasMaxoM GrsudecKoit HAYKY.

2 XOoT# OAKH U3 ABTOPOB YTBEPKAAET, 1TO BCE HAIUA HILIIOCTDA-
MY MJIUX OCTPOYMHEEI, MJHA DO3HABATENbHK, HJIM ¥ TO U Apyroe.
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Poeqenut

TOpast C HNM CBS3aHA, & K KOHIYY IIaBhl, HaJEeMCS, 10~
KPOB TAHEl, OKPYysKaonit sror sonpoe, byzer crar,
a 3ab0apHaA KapTHMHKA — IPM YCIOBME, KOHETHO, YTO
¥y Bac 6yZeT BO3MOKHOCTh B3IJIAHYTH Ha Hee elne pa-
30K — BHE3AITHO CTAHET YMODHTEABHO cMeIliRoi. Jro
MBI IpOJieslaéM HMEHHO TaK, KakK, 110 BAIleMy MHEHUIO,
IIOJIOMKEHO YUE€HBIM, TO €CTh KpaiiHe 3aKOBRIPHCTO M
ofnHAKaAMAE. ’

Bcee 370 He 3HAUHT, YTO AJ17 TOTO, 4TO0R! NOHATL BHAC,
HY)XHO HenpeMeHHO GriTh reHueM B obnactu QHIn-
Kn,— cosceM HaoGopoT. Hanra nmens — raiiTH o61aCTh
nepecedeHAs MeXXAY TEMM, KTO TOHMMaeT, KaK BeaU-
YyaBhl M BoJnIeOHM (QuanvecKne ocHOBH BeenenHoit,
¥ TeMH, KTO CKOpee yOobeTca TAKeNbIM OPeAMETOM, KaK
BHIpAYKAETCA HLIHEIUHAA MOJIOAEXKD, YeM NOMYCTHT,
4 T0o0RI €ro 3acTyKajlu B pafuyce ¢Ta METPOR OT TpaHC-
OopTHpA.

Ma#orue aBTOphI HAYYHO-NONYAAPHOMK JIATEPATYPHI,
JUIeHABIE BO3MOMKHOCTH MJINIOCTPHPOBATh CBOKX MEIC-
a® popmynamn, npubGerafoT K aHajoraam — HO Gexa
B TOM, 4TO YUTATENIO AANEKO He Bcerga NOHATHO, 4YTO
HANNCAHHOE — 3TO HMEHHO &HAJIOTM4, a He GyKBans-
Hoe onucaune 3agauu, OUeBHIHO, YTO NPH 3anpeTe HA
FICITOJIB30BAHHE MATEMATHKY ByleT Hen3be)xHO yTepAH
¥ CyImecTBeHHHIA asleMeHT GHU3NKU. MuI e XoTEM f0-
HECTH [0 YNTATeNs, UTO BaJl 3aKa4Yeil CTOUT DORYMATD,
JaXKe eCAX He pacnojaraemsb GopMyJIaMH ANA ee Iuc-
JIEHHOTO PellleHMA: rIaBHOe — MOHMMATH, 4TO Ha ca-
MOM Jiejle IPOHCXOAMT, & MaTeMaTHYEeCKHEe BEIYHCIIe-
HIA — 3TO0, B KOHIIe KOHIIOB, He 6oJlee yeM MaTeMaTH-
YecKHe BRIYHCIEeBHS,

ITopo6GHrOE oNMCaHUEe HATAJNKKBAET KA ROPOC: a UTO
BaM, AHLEroJIOBLIM, HYK RO oT MeHA? Koraa Mar nuca-
JIM 9TY KHUTY, TO H36aBUIMCE OT KAKUX OBl TO HY 6LIIO
DpPeABIATHIX TpeAcTaBienumii. JokasarenncrTsa, KOTO-
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Bosgenue

phle MBI IPMBOAMM, BCE X0 EXNHOTO OCHOBaHAI HA ca-
MBIX 3JIEMEHTAPHLIX CBefeHMIX. MH BoBCe He XOTHM
3A0yTHBATL BAC MATEMaTHKOW WJIH XYTKHAMHE (HopMy-
namu. U Boobme HaMepeHs! H30ABATLCS OT HHX DPas U
HaBcerga. Ilycrs He myTaioTcsa noj Horamu. Bee, kpoMe
ognoii. Bot ona:

E=mc2.

Hy, Bor n Bce. CoBceM Be Gonsuo, npaBaa?
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Umo Sygem, tcau nocmompimb wa ceda
B BEPKGAD, KOLGA WYMEWECMBYLWUD
(2] GKOVOLMW 65‘5\‘\?‘

K::nun 6B HN OBLATM BOCNOMUWHAHHA O MIKONLHKIX
JlaX, B HUX BCETAA €CTh OAHA OOIaAN AeTaJIL: B Ka-
JKJIOM KJACcCe Beerjga HaXOoANJIAch FrOPCTKa fieTell — ca-
MEX ¢XKPYTHIX * , — HLUIAIOMIMX HEYTOJIUMOH CTPacThIO
BHICMEMBATL BCE W BCA BOKPyr. Bot noyeMy HaM TaK
HPaBHTCA CIUTATH CebA «KPYTHIMH pebATaMus B QUIHN-
Ke — eCJIM Takoe BooOiie Bo3dMokHo. IIpuBeneM npu-
mept. Yacrs OPeAMCIOBUA MK YIEJHJIH TOMY, YTO II0-
Tenmaavch Haj aBTOpaMH Y4e6HHKOB, KOTOPBIM AN
«fbmnnnﬂma» ¢usuku TpebyioTeA NPHUPONHBIE KATAK:
JU3MB], CHOPT MAY MamIMHB U MEXAHU3MEL 9yA0BUOY-
Boii MmomHOCTH. Tak BOT, MBI BOBCE He 6epeM CBOH CJI0-
BA HA38J[, OMHAKO CIIPABEJJINBOCTH PA/IX CTOUT CKa3aTh,
9TO B HEKOTOPLIX M3 3THX AYPALKUX DPUMEPOR €CTh
pauuona.nmoe 3epHo. OYeHL MaJIEHBKOE.

Ha, pegb B ray6uHe 1ymy MK 3HaeM, 4T0 pecTUBAIb
du3NKKM HeBO3MOXCHO HauaTh 6e3 defiepsepron. Ecnn
OBl BhI Rorna-unﬁyth ORJIN Ha Npas{HOBAHMHK Nusa me-
3aBHCHMOCTH B MecTHOil Toprosoil nmajare ¥ periuan
NPHUBHEECTH B TOP;KECTBA HEMHOTO (PU3KKHU, BHI OBl 3a-
METHIH, YTO MEKAY AJIhIMA BCIILIIIKAMH B He6e 1 rpo-
XOTOM Pa3opBABIIMXCA HETAPA TPOXOZUT HEKOTOPOE
BpeMsi. BaphIB BHAHO 32 HECKONBKO CEKYHJ, 4O I'POX0TA.
BeposiTHO, YTO-TO NOACOHOE BB HaGMIOAAKKN ¥ Ha Mac-
mTabHBIX POK-KOHIEPTAX, KOI'AA BAM JOCTABAJNCS OH-
JIeT B IOCJeARUM PAX: MEXKAY MY3LIKOH 1 MY3LIKAHTA-
Mu 06pasyeTcs 3a30p. 3BYK PacHpocTpaHAeTcs O9eHb
OBICTPO, HO CBET — ellle ORICTpee.

! 3a01HO U KAAMM OUEPEAHOrO NHKA.
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CREuUGADHAR MEOPUR OMROLUMEALHOLMU

R 1638 roay l'aauneit us IInam (0ZHH U3 DepBHIX
«KPYTHIX peGar» B ¢pusuke) npuayman, Kak BhITIMC-
JIUTh CKOPOCTbL CBeTa. JKCNEePHMEHT BHITJIAKEN Cie-
ayomum obpasom: Tanuieil cTOAT Ha XOJMe CO CBe-
TUABHUKOM, & €10 NOMOUIHNK CO CBOMM CBETHILEAKOM
YXOAMJ AANEKO-AAJIEKO K B3GUpAJICA Ha APYToi X0JaM.
OHM CHTHAJNIMAU APYT APYry CBETUNBHUKAMHN — TO 3a-
KPBIBAJIN INTOPKY, TO OTKPRIBaIN. Kasknniit pas, rorga
Fanunaeit Bmagen, YTo NOMOMHAK OTKPHBAET WJIH 3a-
KDRIBAET IITOPKY, OH AeJIa) TO K€ CaMO€E CO CBOMM CBe-
THABEHKOM — M Haobopor. Tanuieil raxesancsa, 4rTo

), Tax nop»a/\\ma?

’

ﬂoﬁawmd
\’A-qu
Mgkug

TAAMAEA M3OBPETAET UAEAABHBA LTIOLOB
OTWHBATE HAAOEBWIMX TIOKAOHHML,
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Taasa 1

ecJIM XOJMKB! 6YAyT ROCTATOYHO AAJIEKO, MOMKHO 6yaer
M3MEPUTH CKOPOCTh cBeTa, HH 0 Karoil TOUHOCTH peuu
He Ow1n10, HO Manuneil Bce paBRO MoJsiogell, IOTOMY YTO
XOPOIMIO IIPUAYMAJ ¥ K TOMY JKe NpUINeE) K BeChbMa 3a-
MATHOMY BHIBOAY: CKODOCTS cBeTa nubo 6eckoHeuna,
1160 HEePTOBCKH BENBKA.

B cnexpyromme HeCKOJbKO CTOJETHIl PUINKU He-
CKOJIBKO Pas OeHUBANIN CKOPOCTL cBeTa ¢ Goabrueit
TOYHOCTHIO, HO MK He 6GyeM MYYUTh BAC CAOKHBIMU
BEIYNCJICHUAMH UM AeTANbHBIMY OITMCAHUAMM XUTPO-
YMHHBX JKCIIEDHMEHTAJIBHBIX YCTAHOBOK. JIOCTATOYHO
CKA3aTh, YTO YeM Jasibllle, TeM CUJILHEEe XOTeI0Ch du-
3uKaM NPOJHUTH CBET HA CBeT. HeCKOJbKO YYEHKIX,
B TOM YHCJe AnbOepr SHIUTENH, NPeANONIOMKUIIN, UTO
HeBaYXHO, CTOMIIh Thl MJIM ABUTAEMILCA, KOTAa H3MepH-
eIl CKOPOCTE CBETA, — BEJIMUITHA ee OT 3TOT0 He MeHd-
erca. Ouy O6LINM NpaBhi.

Ceiiuac cuuTaeTcsi, UYTO CKOPOCTb CBETA DABHA
299 792 458 MeTpOB B ceKyHAY. B manbHeilmeM mMui
He 6yneM chiaTh uudpaMu, a APOCTO ZOrOBOPUMCA
Ha3LIBATH CKOPOCTL CBETA ¢ — OT JIATUHCKOrO ¢JI0Ba
celeritas, yro apaunt «6nicTporar. Hamepars ee npu
HOMOINH KYXOHHOTO TaiiMepa ¥ PYJIETKH HE MOJYYHT-
cs. YToOnl BRIYHCIHTE € HACTOJNBKO TOYHO, HYKHEI
ATOMHEIe Yachl Ha aToMax uesus-133. Hayurnoe co00-
1eCTBO IOTOBOPHJIOCE ONIPEAENSATh CEKYHAY KAK DOBHO
9192631 770 xapaKkTepHBIX BPEMEH HITYUEHHA CBEDX-
TOHKOIO mepexofa B eaun-133. Meoxer norasarbes,
YTO 3TO HIJNHIIHE BCE YCAOKHAET, HO Ha CAMOM JeJe
Tak ropasgo npomtel. To ecTh ceKyHAa, Kak U pasMep
Bameil WAL, ~— BEJHUYUHA, KOTOPYIO Mbl ONpeaens-
eM, ONTMPAaACh HA MATEPHAJIbHbIE AaHHEIE; OYeHE MHOTO

1 Ylo xpaitueit Mepe Tak TOPA3RO NPOILE ANA TEX YUERHEIX, KOTO-
phie 3HAIOT, YTO TAKOE CBEPXTOHKMI nepexos. BaM aToro 3agaTh He
HAJ0, B4 KOHTPOJILHGI sToro He Gyaer.
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CREuUAABHAR MEOPUN OMHOCUMEALHOLMU

duauKoB MOryT cesiaTk cebe OUeHbs MHOTO LE3HeBAIX
98COB, ¥ HOCKOJBKY BCE ATOMEI e3Ns BeayT cebda oxa-
HAKOBO, Bce 3TH 4ackl 6YAYT OTMEPATH OAMHEAKOBOE
BpeMA.

Nrax, Ml Haminu kpaiige HeOpAMHAPHEBIHA cmocol
oupeAeeRua CeKYHJIE — HO KAK 3TO MOMOMET uime-
pUTE CROPOCTD cBeTa? CKOPOCTE — 9TO OTHOLIEHME pac-
CTOSHHSA KO BpEeMeHH, HANPHMeD, KKJIOMeTDHI B 4ac,
2 MOCKOJIBKY MK YKe OnpeieIMIM CEKYHIY, Y Hac ecTh
HeKafd To4ka ouopsl. OcTajmock Becera-HaBCero onpeje-
nuts Merp. Kasanock 6bl, B 3TOM HET HHYEro CHAOKHO-
ro: Beih MeTp ¥ HAC POBHO MeTp AJUHO#H. Bepenms nopt-
HOBCKYIO ARHeHKY, H ReJ0 ¢ KOHOoM. TOAbKO BOT
CKOJIBKO 3T0 — MeTp?

C 1889 no 1983 rox, ecnu yeyoBeKX XOTeN TOUHO
Y3HATH COOCTBEHHBIH POCT, eMY HY>XHO GLITO IOEXATH
B0 Ppannmio, B Mexxayaaporuaoe 610po Mep U BeCoB
B ropojie Cenpe, 0o#TH B XpPAHHJIHKIIE, B3ATH TaM ILJa-
THHOBRIA 9TAJIOB METPA H H3MEDHTh cebs. To He ToJhL-
KO XJOOOTHO (M HPOTHBO38KOHHO, ecau 3abiaarospe-
MEHHO He HOIPOCHTL paspelleHAd, He 3a0GhIB CKa3aTh
eIoKANYHCTA» K ¢cnacubQe), HO M, KAK INPaBUJIO,
Kpaline HeTO4YHO. BOJILIIMHCTBO MaTepHaloB, B TOM
ypeie ¥ MIAATHHA, IPH HATPDEBAHMA DACHIMPAIOTCSH.
IIpu crapoil cucTeMe B XKAPKYIO NOTOAY METP OKa3ki-
BaJICA YYTOUKY AIUEHEe, JeM B XOJIOZHYIO.

Tak BOT, BMECTO TOr'0 YroOK IONB30OBATHLCS 3TAJIO-
HOM MeTpa, MEI 6epeM Yachl, KOTOpEIE TOYHO OTMEDSIOT
CEKYHABI, ¥ ONpEeNeNsieM MeTD KAK 1/,09 190 455 AOJIO
TOTO PACCTOAHMUA, KOTOPOe IPOXOART CBET 33 OQHY ce-
KYHAY. 9T06K OKOHYATENHLRO PACCTABUTEL BCE MO MEC-
TaM, NOSACHIO, YTO MEI TOJBKO 4TO clenany. Mul ckaza-
au: «CKOpOCTh CE€Ta MEI 3HAEM TOYHO, ¥ OHA IOCTOAH-
Ha. Ho BOT ¢ MeTpaM¥ BRIXOOMT HEKOTOpPAS HYTAHHALA,
H ceifuac MBI ee MposICHUM» . Bce 3TH cl10oHOCTH O3HA-
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fasea 1

YaI0T, 9TO Mbl MOXKEM 3a%aTh METD Yepe3 CKOpPOCTh ¢Be-
T& ¥ CEKYHAY ¥ YTO Teuephb BCe MOJB3YIOTCA OLHOM H
TOR jKe CHCTEeMOH naMepenud, A

Oxuaxo He 3a6bIBaiiTe, YTO IIABHOE ~— TO, HTO CKO-
pocTh cBeta He GeckoneyHa. He morumaeTe, oT yero
TYT OPpUXOANTH B BocTOopr? Torja mpHroToBBTECH
K B3pHIBY dumnocoduyeckoil 60M6EI: ecIu CKOpPOCTH
cBeTa He 6eCKOHEYHA, 3HAYNT, MK BEYHO CMOTDHM
B nponuioe. Ceifuac, KOrga BhI YHTACTE 3TY KHUTY, KO-
Topaa HaxoAuTcA B 30 caETHMEeTpaxX OT BANIMX rias,
Bhl BUOHTE €€ TaKoil, xakoil oHA GhINa TpUMEPHO MM~
JMUAPRHYIO XOMI0 CeKYHAR Hazan. COMHEeYHOMY CBETY
TpedyeTca OK0JI0 BOCBMH MUHYT, YTOOR! AoHTH 0 eM-
JI¥i, TAK 9TO €COIN IIATH MMHEYT HA3aJ Hallle CBEeTILIO B30~
PBAajIoCh, Y HAC HET HMKaKOo# BO3MOMHOCTH Y3HATH 00
arom!. Korga Mui cMOTpHM Ha 3Be3fm B Hamel anak-
THKe, CBeTYy TpeOyercA COTHHM ¥ JaXe THCAYH JeT, YTO~
6xl ZOWTH A0 Hac, TAK UTO OTHIOAb HE MCKJIIO4YEeHO, YTO
HEKOTOPbLIX U3 38638, KOTOPEIMA MH Nt00yeMce, yaie He
CYyIecTBYeT.

I. flouemy Henb3% oNpefenuTb,
C KaKo# CKOPOCTbIO NNbIBET KOpadnb
B TymMaHe?

Hu B ogHOM 2KCnepuMeHTe Re Oblj1a MOJydeHa ua-
cTHIA, KoTopad ABMrajach 6bi cO CKOPOCTHIO GoJbie
CKOpDOCTH cBeTal. -

! TTo xpaiineft Mepe B 6anacaiimue 180 cexysz.

2 Te u3 Bac, KTo 0co6eHHO NOAHATOPEN B HAYUHOH tharTacTRKeE,
BEPOSITHO, CABLINAIM O PHOOTETHYCCKOH YacTHIle NOJ Ha3BAKKEM
TAXMOH, KOTOpaa ABUKeTCA GricTpee csera. Takyio yaACTHNY MOKA
HHKTO He moiiMan. Taxuor xKax HU3AYecKas YaCTHIIA, & He MaTe-
MATHYEeCKOe NOHATHE NOKe YTO NPHBANJICHKHT K 06/1acTH HayuHOKk
daHTACTHKH, a He HaITHX UHTEPECOB. .
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CAEuuUAALHAR MEOPUR OMHOZUMEALROCMU

Tlo3BOJILTE HPEACTABUTH BaM PLIXKero mo npo3sniiLy
Error! Bookmark not defined, 6poaadero dnsuka, or-
BEPTHYTOr'0 OGLIECTBOM H3-34 HeTPHBHAJIBHEIX T'HIHE-
HHAYECKHX CTAHAAPTOB, NPDUHEATHIX CPEAH Joael ero
kpyra, Pelxkuli cyMen «103aMCTBOBATH» ILTATHHOBBI
arajon MeTpa U3 Mexaynapoanoro 610po cTaHAapTOB
(XoT#A 3T0 ¥ He OYeHb TOYHBIH 3TanoH, OpogAdeMy QH-
3MKY CPOINTCS ¥ OH) M HAIEJ I'Zie-TO Ky4y ATOMOB He-
314, 13 KOTOPLIX MOMHO CHENAATD 11e3UeBhle YaChl.

Prixnii pa3sieKaeTcs TeM, YTO Bech JeHb HERPOJIET
IIBLIPHET CBOM MOMKHUTKHM! BAOABL ABMIKYHIETOCH BATO-
"a. Kaxaniit pas oB usMepdeT paccTossiHue, KOTOpoe
IpoJieTaeT y3ell0oK, H BpeM#a, KOTOPOe YXOJUT Ha To,
yt0o6nl ero nposietets. I1oCKONBKY CKOPOCTE — 3TC OT-
HOLIeHWe PACCTOAHHUS KO BpeMeHH, KOTOpOoe YXONUT Ha
TO, YTOOH! €ro NpoiiTH (KMJIOMETPH B Yac), PrIxknit Mo-
JKeT NOCTATOUHO TOSHO BRIYMCAUTE CKOPOCTD Y3eJKa.

Ilocne yToMHTEIBEHOTO AHA, DOCBANIEHHOI0 META-
HHIO Y3eIKa, PHIKHIE JIOKKTCS CIIATE, A IPOCKIAeTCH
OH B CBOEM HACTHOM TOBADHOM Barose. IIOCKOABKY
OKOH B TOBADHLIX BATOHAX HET, A 110e37 e/leT 10 POBHO-
MYy Y4aCTKY AOpor#, Pelkuil, NDHOTKPKIB ABEphb H 06-
HAPYXHWB, YTO NOE3J ABMIKETCH, YYRCTBYET cefa He-
CKOJBKO [le3cpHeHTNpoBaHALIM. He 3maro, 3aMeuann
JIF BRI, UTO JaJKe B MAalUMHe MBOrIa He 3HaeNmb, efemb
WJIN CTOMIIE, €CJIH He M'IANeTh B OKHO.

Cxopee Bcero, He 3aMeuanu. BeposTHO, BB He 3aMe-
YaJId ¥ TOTO, YTO €CJAY CTOMUIL HA AKBaTOpPE, TO ABU-
sKelIbCA O CKOpocThIo 6onbme 1600 KuomeTpos B yac
OTHOCHTEXbHO LleHTpa 3eMan. A cama 3eMaa JBUIKET-
cA Bokpyr Conxna eufe GpicTpee — €O CKOPOCThIO
108 800 xunomerpos B uac. A Connue ABMKETCA CO

! Ecorn BRI 3a6RINA, HATOMHHM, YTO 3TO Y3EJOK B FOPOILIEK, OPH-
BASAHHBLIL K MajKe.
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Tasea 1

CKOpPOCTHIO TpAMepHO B 800 ThicAY KMIOMETPOB B Yac
OTHOCHTEJbHO NEHTPA raJakTHKH Maeunwiit ITyTs, Ko-
TOPHIIA, B CBOIO OYEpefib, HeceTca 0o Beenennol co cKo-
POCThIO CBHINIE NOJYTOPA MHJIIMOHOB KUJIOMETDOB
B 4ac. . » :
Hac maTepecyer T0, uTO BRI (MAu Prixuit) He 3aMe-
qaere, 4To noes3x (3emisia, Conrne, ragakTUKa) ABH-
JKeTCs1, He F'OBOPA yake 0 TOM, HaCKOJLKO GRICTPO, ecau
ABHMIKEHIE NPONCXOANUT 11aBHO H PABHOMEPHO.
Tanruneit HeOoNBL30BAN BTOT AOBOJ, KOTAA JOKA3H-
BaX, yro 3eMas ARMkeTcA BOKpyT Conrna. Bonpmuu-
CTBO €r0 COBDEMEHHHKOR CHHTANIM, YTO ecau 66 SeMas
JeTtesia BOKpYr Colnna, Mil GBI KAK-TO OH{YINANX 3TO
ABM)KeHHe, A €CIH HET, 3HAYNUT, OHA HeHOABHKHA.
«Epynanal» — rosopun Ba aro I'asimneit. Od cpaBEUA
ABMKEeHUe 3eMIIH ¢ ABMKEeHHeM KopabJla mo cioKoiHo-
My Mopxo. IIpa Takux o6CcToATENRCTBAX MOPAK HE MO-
JKEeT CKasaTh, DALIBeT KOopabJb WIH CTOKT HENOABHIK-
HO. OTOT IPUHIIHUIO M3BECTEeH KAK ¢IPMHIUII OTHOCH-
TenpuocTH laaunesas (He nyTaThs €O cOenUaANLHON
TeopHell OTHOCUTEeNbHOCTY D HIIITeliEa, C KOTOPOL MBI
HO3HAKOMUMCS B CAaMOM GuIHskaliniieM BpeMeHH).
Coraacuo I'anuanelo (u Ucaaky HeoToRy, 1 B KOHEY-
HOM urore JifHINTEIHY), HET OYKBANLHO HUKAKOTO dKC-
UePHMERTa, KOTODKIA B 10e3/ie, ABMKYIEMCA IPAMO-
. AVHeHHO ¥ PaBHOMEPHO, NpHBeJ Gbl K MHLIM pe3yJILTa-
TAM, YeM ec)itl OLI BLI CHAEIIH HENOABHMIKHO, BcnomHuHTe,
KaK Bbl €XaJlH B MAIIMHe M MIBLIPANHCH B 6paTHIIKY
daHTHKaMH, IIOKa POAHTENMN He I'DOINIUCH «HEeMeX-
JEHHO pPA3BepHYThCA M 110€XaTh ZAOMOi, ecJM ThI He
npeKpaTuins o6uskars 6paTta, Heroguuk!» . Xora ma-
IIMHA IIPM 3TOM eXala cO CKOpPoCcThio 80 KHMIOMeTpOB
B Uac, a To 1 6osikIe, Bh Opocani GaRTUKHU B TOYHOCTH
TaK JKe, Kak ecJd Gul Malll¥HA CTOANA Ha MecTe. Hpa-
BHUTCA BAM 3TO MAM HeT, a BCe 3TH DIANOCTH OBIan
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CnEUWUAADHAS MEOPUS OMHOCUMEADHOCMU

He YeM MHLIM, Kax npocTeimyM GU3MIeCKHM OITBITOM.
C Apyroii cTOPOHEI, BCE 3TO CHPABEAJINBO, TONBKO eCIK
CKOPOCTb M HallpaBJIeHHe ManIUAKI/noe3Ra/nJaHeThl/
rajaKTHKY B TOYHOCTH (UK IMOYTH-IIOUTH COBCEM) NO-
CTOAHHLI. BEl 6K 3TO MOYYBCTBOBAJIH B NOAHOH Mepe,
ecan 6l pOAVITENN BLHIONHUJM CBOIO YTPO3y U yAapH-
JH IO TOPMO3aM. ’

Tak yTO, MPOCHYBRIUNCH TOCJe Gakennoit gpeMo-
ThI, HTOOLI BEePHYTLECS K CBOHM IO UTKOOpOCATEILHBIM
skcnepuMeHTaM, Puxuil, BEPOATHO, 1 HE 3HAET, YTO
110e3]] pABHOMEPHO M IPAMOJJKHEIHO ABHIKETCH CO CKO-
POCTBIO OKOJI0 20 KMaoMeTPROB B yac. PrXuil kupaer
Y3e/0K BAOJIb BATOHA H OIIEHUBAET ero CKOPOCTh, CKRA-
KeM, B 10 kutomeTpos B uac. Ero copaTHuk Ilaukyna,
Toxxe Gpoaaunil GUSUK, CTONT Ha 3eMJie, BUAUT ABHKY-
uiicA moe3n M TOKe pelliaeT NOYHYACTHROBATL B 3KCHE-
pumenTax. [Ipn noMomm ocoBhIX PEHTIeHOBCKHX 04-
KOB, KOTODBIE IO3B0JISIOT BHAETSH CKBOYH CTEHL! BATOHA
(1 BXOAAT B apceHan Raxxporo.6poaauero ¢puanka),
Tlauykyns Toxke usMepser ckopocts 6pomeaBoro Pri-
xKuM ysenka. C sabmionaTenbaoro NyHKTa BHe noesga
Ilaykynsa BMAUT, YTO Y3ETOK NBHIKETCSH CO CKOPOCTHIO
okoso 30 kunoMerpos B yac (20 kM/9 — 370 CKOPOCTL
noesna, Ha KOoTopoM exer Poxuil, niioc enge 10 kM /v —
CKOPOCTEL Y3eJKa).

Kro sxe npaB? C xakoll CKOPOCTBIO ABMIKETCH yae-
Jok — 10 nau 30 kunomerpos b uac? Tak BoT, npaBu
o6a. Mul 651 CKasanu, YTo Y3eJIOK ABUIKETCH CO CKOPO-
crbio 10 XNIOMETpOB B Yac omrocumenvho Poiicezo u
30 xnoMeTpOB B yac omHocumenvho Iauxyau.

Teneps npencrassTe cebe, YTO B HAILIEM IT0E3Je €CTh
yasTpacoBpeMennas jgaboparopus, obopyaosaHHAd
nasepaMy (1a3epHALil AyY cReNaH B3 CBETA M, eCTeCT-
BEHHO, IBUXETCA CO CKOpPOCThIO ¢). B 01HOM KOHIIE 1T0-
€371a PACHOJIONKEH J1a3ep, KOTOPhIM yIIpaBadeT Pouxuit.
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B ApyroM KOHI(e 0344 PAaCIONIOKeHA OTKPLITas GaH-
Ka KOHCepRHpoBaHHoil daconn. Eciu Prixuil HacTpo-
HT JIa3ep Ha KOPOTKHE BCOBIIIKHM {caMo coboit, YToGh!

. pasorperhb Gacosib, a BEl YTO NOAYMANU?) M M3IMEPUT
BpeM4d, uepes KoTopoe dacosrs HayHeT NoJ0orpesaThes,
TO OH CMOJK€ET BBIYMCJAUTEL CKOPOCTS Jla3epa U o6Hapy-
JKUT, YTO OHA PABHA C.
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CAuUAALHAR MEOPUA OMHOCUMEADHOCMU

A xak xe ITauxyna? Pe3aoHHO OPEATIONOKATE, YTO
OH ONPEeAENHT, ¥TO BCIKIIKA CBEeTA NOCTHIIA AEeTEKTO-
pa yepea Takoe e Bpems, OqHAKO 3APABEIA CMBICK
TIOACKA3BIBAET, YTO OH OIPEAEeNUT, YTO CBeT JBHIKETCS
€0 cxopocThio ¢ + 20 kM/4. Kak MBI ye rosopuiH,
JlinmTeitH HPEATIONOKHAJ, YTO CKOPOCTE CBeTa OlHHA-
KOBa JiJIA BCeX HABIIoAaTe e, HO 0 HAIHUM PACCYX-
AeHUAM BRIXORUT, 4TO Jy4 JBHKETCA BOBCE He CO CKO-
pocteio ¢..CoBceM He co ckopocThio ¢! Heyxxenn Benn-
Kruit Bnnm're:m omubGanca?!

ITosaau BCcero KAKUX-TO 28 CTPAHWL, KHHUTH, & be
yiKe HapYHIRAR sakoHH pusuke, HaM He 651210 OBl TAK
CTHIIHO, ZaXke ecqy ORI MBI 3aABHIMCH HA BEYEDUHKY
TOYL-B-TOYhL B TAKOM ’Ke NJIAaThe, KaK XO3giKa AoMa.
Ioxoxxe, Mu cean B ay:xy. Ecnm 66l Tonsxo noGnuao-
CTHM HalleJcsl KaKoH-HHOYAbh MaHbLAK-YYE€HHIA, KOTO-

o}

—_— \
! Her. B aannoM cayuyse — uer. Ho oZra® AL OH BCe-TAKM me-
pemyapun. O6 5TOM ME XOroBOPMM B riase 6.
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faasa 1.

pbiit mpocneaus 6ni, 4TOOH! 3TO 60Jbille He TOBTOPH-
Jock, B npuBes Gp! KaxKoi-HHGYAL KOMKPETHRIN TpN-
Mep, KeJIe3HO AOKA3RIBAIOIHIH, YTO ¢ — KOHCTAHTA...

Tax BOT, TaKOil Y4eHRIl Y HAC €CTh. 30BYT €ro Anb-
6epT MaiikensCoH, U OH JIOOHN CBET TAK, YTO CeroAHs
ero HasBaJau 6l «IBHHYTHIM» UJM IO KpaltHelt Mepe
«CO CTpPaHHOCTAMHK». Ero HayyHas Kapbepa HayaJach
B 1881 roay, rorga oH yeoamica u3 ¢urora, 4robnt 3a-
HATbCA puauxoit. HexoTopoe BpeMs OH M3MEPHT CKO-
POCTB CBETa CAMOCTOATeNbHO, ToApabaTrban 8 Bepinue,
Hotcxame u Kanage, a 3aTeM O3HAKOMMIICA C DABADAOM
Mopun. YueRnie 00beIHHUINCE, UTO6BI CO3ATH ere Go-
Jiee XMTPOYMHLIe yCTPOHCTRA AN NAMEPEHUA CKOPOCTH
CBETa, BHOCJACACTBHAN 3aHAB [IEPBYIO CTPOUYKY XHT-IIADA-
noB co ceoeil mecHelt «MocT najg 6ypHoit pexom KOTO-
pasd UPOAEPKANACE TAM IIECTh Heehb no,z:pan .

Bce 3T yerpoiictBa 66111 OCHOBAKHB HA CIeAYIOMEM
NPHHIUIE: TOCKOJBKY 3eMJIA COBepIIaeT NOMHLIH 060~
pot Bokpyr CoJiHna 3a roj, X sraboparopus JOJIKHA
B pa:moé BpEeMSA Irojia ABUTaThLCA B Pa3HOM HAmpasJje-
HUU ¥ C Pa3HOM CKOPOCTBIO. A H3MEPATh, MEHACTCS JIN
CKOPOCTEL CBETa IpPH ABHKEHUM B PA3HBIe CTOPOHEI,
RoJoxeH 6611 «HHETEpdepomerp» Malikenbcoda. 3apa-
BBIl CMBICJ MOACKA3BIBAET, YTO, IIOCKOJBKY 3eMad
ABHOKETCH 1o op6uTe B pasHEIX HAIPABNEHUAX, 3HAYE-
HUE ¢ KOJKHO MEHATHCS.

3ApaBbIfl CMBICT BAC OOMAHLIBAET. Maﬁxe.ubcoa "
Mopan craBHIU OMH axcuepnmem' 3a ipyrum u Joka-
3aJIM; YTO, KyJia Ghl HM ABHranach 3eMisd; CKOPDOCTH
cBeTa BesJie OMHAAKOBA.

Ana 1887 roaa sro 6rla Ta emie roJOBOJOMKA,
K TOMY e OHA IIPOTHBOPEYMIE 3APABOMY CMBICHTY, TaK

1 «Mocr Bay Sypuoi pexois (Bridge over Troubled Water) —
sgaMennThi xur Caiimona u IM'apdpynkensa.— ITpumnev. nepes.
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(neyusabnas MLOPUS OMHOCUMEABHOCMU

KaK [oYeMY-TO IIOJYYaloCh, YTO SPOT 3aKOH CIpaBex-
JIMB TOJBKO JUIsl cBeTa. Ecsiu efenib HA BeNOCUIIEXE U
BJAPYr BUANMIIL PAa3’bAPEHHOro ObiKa, TO, NPAMO CKa-
JKEM, OUYEHDb BaXKHO M Jaye cyAbOOHOCHO, KyAa Thi
enelllb — HaBcTpeuy B36elieRHOMY JKHBOTHOMY UJIH OT
Hero. C Apyroii CTOPOHHI, € €CTh C, KyA&a OBl TEI HY ABH-
rajicda — B CTOPOHY HCTOUYHMKA CRETA WJIH OT HEro.

IIpusegem emie 6onee spruis npuMep (Ha TOT HeBe-
POATHEIA caydail, ecTH BAM 0 CHX IOD HE OYEBUMIHO,
HaCKOAbKO Bce 9TO CTpaHHO). BH ¢cBeTuTEe NasepHOi
YKa3KOH Ha HEeKoe BhICOKOTEXHOJOTMYHOE V3MEepH-
TeAbHOE YCTPOMCTBO, & 3aTeM onpejpensere, 4To ¢Goro-
HBI (YaCTHI(E] CBETA) BBIXOAAT U3 JHa3ePHOM YKAZKH €O
cKopocTsio npuMepHo 300 MUIJIHMOHOR METpOB B ce-
KYHAY. Ecan npn 3TOM BhI HAXOAHTECH HA XPYCTAIL-
HOM 3Be3A0JieTe, KOTOPHIH yijleTaeT OT Jasepa CO CKOPO-
CThIO, PABHOH TIOJOBMHE CKOPOCTH CBETA, TO €CTh
150 MULINOHOB METPOB B CEeKYHAY, M KTO-TO RalpaBg-
JAeT Ja3epHLIF JIyd HA TOT 3Ke AETEKTOp CKBO3b Bal
3B€3710JIET, BEI BCe DABHO ONPeAEeNHuTe, YTO AYY JIETHT
€O CKOPOCTBIO CHETA.

PaaBe Takoe MoOKeT ObITH?!

Y10681 3T0 06 RACHHTS, HAKO NOGAHIKE IO3HAKOMHTD"
ca ¢ repoeM QUINYECKOl HAYKH, YeMIMOHOM MHpA
B Bece QoTona! — ¢ caMEM AsnnGepToM diHOITEHHOM.

Il. C xaKo# CKOPOCTBIO IETUT lyy
cBeTa, ecnu 6exuib pAaOM ¢ HUM?

Korga Jitanrreitn B 1905 roxy o6Hapofosas Npus-
IUOE! COELMANBHOA TeOPUY OTHOCUTENLHOCTH, OH Clie-
JIa)I IBA MPOCTRIX NPeAHON0Ke s,

! Tionanu, B yeM conn?
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1. Kax n Tanuneii, 0B OpeArONoin, YTO €CIM JBU-
TATHCA PABHOMEPHO W OPSMONHHEHHO, MOXKHO IIpoje-
JBIBATH K&KHE XOYeIlb SKXCIIEPHMEATH], ¥ X Pe3yJbTa-
Thl GYAYT HEOTNHIUME OT Pe3yAbTATOB TAKUX e IKC-
HEPAMEHTOB B HEIIOABMIKHOM NONOMKERHUH,

(Hy, Be coBeem. IOpHCTH COBETYIOT HACTAHBATL HA
TOM, YTO CHJI& TAYMECTH IIPHASET YCHOPEHNE, 8 CIenH-
anbEas TEOPHSA OTHOCHTEJNLHOCTH IpeAnojaraer, 4ro
HHKAKHNX YCKOpeRuH HeT. EcTh onpeaesieHHLIE DONIPAB-
KH, YOHTHIBAIOHNAE CHIY TAMNECTH, RO B JaHHOM cryuae
ME! BHpaBe NPecNOKOXHO WX NMPOMrHOpHpORaThL. I1o-
TPaBKAa Ha CUAY TAKECTH B YCJIOBHUSIX 3eMJH Kpaiine,
KpaiiHe MaJia B CPABHEHHK ¢ NOHPABKOYN Ha KPAJo dep-
HOM ABIpEHI, r'Ae Oe3 Hee HEBOIMOMKHO CHEJIATH OCMBIC-
JIeHREIe PH3HIECKUE BRIBOABL. )

2. B oranune or Helorona, dABmMTER IpeaAnono-
SKHJI, 9TO Bee HAGIIOfATENH OlEHHBAIOT CKOPOCTE CBe-
Ta B IIYyCTOM IIPOCTPAHCTBE OJAKHAKOBO, HE3ABMCHMO OT
TOr'0, ABIKYTCA AU OoHU. B nameMm npumMepe Prixuit
INBLIPAJI YIEJIOK ¥ U3MEPSLI €r0 CKOPOCTh, AeJas NJIAHRY
BaroHA Ha BPeMA, 38 KOTOPOE Y3EA0K LOoNeTaeT L0 Jalk-
Hell crenxn. Ilaukyna cuaen BosJie peabCoB ¥ CMOTDEJ,
KaK II0e3]] ¥ Y3eJIOK IPOJeTaloT MUMO, a II03TOMY BH-
AeJ, 4TO Y3eAOK 38 TO JKe BpeMA OpoJneTes Aajibmie
(BAOJIL BATOHA M BAOJD TOrO YYACTKA 3€MJAM, KOTOPKIii
BATOH 3a 9TO BpemiA npoexan). [Taukyns suaen, 4tro
Y3eJIoK -ABUraAJICA GRICTpee, yeM Habmioxan Prixuii.

Teneps pacCMOTDHM TOT YKe OIKT C JA3EPHOH yRa3-
woit. Ecau Diiumreiin 6611 nipaB (a onWTH Malikensco-
Ha 1 Mopau eille 3a ABa RECATKA JIET [0 HETO JOKA3AJH,
4YTO TAK M €CTh), 3HAYUT, Prxuii H3MEpHUT, YTO Nasep-
HBIH JIy4 ABUXKETCH CO CKOPOCTEIO ¢, 1 ITaukyna same-
PHAET Ty K€ CAMYI0 CKOPOCTD.

BoasmuHCTBO HUINKOB INA30M He MOPTHYB COTJIa-
IIAIOTCHA, UTO ¢ —— KOHCTAHTAa, H NOJNEL3YIOTCH €10 HAIlpa-
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(neuUuaAbHAS MEOPUR OMHOCUMEABLHOLMU

BO U HaJieBo. B 4acTHocTH; OHU 6338CTEeRYHRBO DKC-
IIIYaTHPYIOT €, 3aYaCTYH BLIPDASKASA DACCTOSIHUSA dYeped
BpPEMA, 34 KOTOphIEe CBET MIOKPOET 3TU paccToauusa. Ha-
npuMep, CBETOBAA CeKYyHa — 3T0 0KoNo 300 ThicAY Ku-
JIOMETPOB, TO €CTH IIPAMEPHO NOJOBUHA PACCTOSHMA
fo Jyuni. EcrecTBeHHO, 4TOOhI MOKPHITH PACCTOSHME
B OJIHY CBETOBYIO CEKYHAY, CBeTY TpeOyeTcA OfHA CEKYH-
JAa. AcTpoHOMEI Yalle NOAb3YIOTCS TEPMUHOM «CBETO-
Boli rogs — aro 9 460 528 177 426,82 kunomerpa, npu-
MEPHO YETBEPTH PACCTOSIHUSA X0 Oimxaitimneil 3Be3anl.

Temneps faBaiiTe c/lenaeM NpeARAYIINKI IPAMED enje
GoJee paHTACTUYECKUM M NoAapHM HaureMy Gpoasiue-
MYy GM3UKY MeRrajlakTHUeCKHil TOBAPHLII BATOH.
Jauso#i paron OyZer B OJHY CBETOBYIO CeKyHAY, H
y Psxxero noAsjseTcs He TONLKO yiiMa MeCcTa, YTOOh
XOpONMIEHBKO NOTAHYTHCH NOCJHE CAQAKOro CHa, HO ¥
BO3MO>XHOCTh CHOBA IPOBECTH 3KCIEePHMEHT C Ja3e-
poM. OH cTpesiReT U3 JA3epHOH! NYMIKY ¢ OXHOT0 KOHIIa
BaroHa, M, 1Mo ero coofpaxeHusM, Jgasepy Tpebyercs
OAHA CEeKYHJR, YTOOK NIPONETETh BArOH M3 KOH1IA B KO-
Hen. Vxaue Bexhb U GuITH HE MOJKET — Belb CBET IABU-
JKETCHA CO CKOPOCTHIO cBeTa (eme 6bi)!

Oxunaxo Ilaukynsa naGaionaeT JIa3epHEIN AYyY B IBU-
WKYIEMCsI Ioe3/ie ¥ T'OBOPUT (CIPABEAJIMBO), UTO TIOKA
AYY NeTeN, HepPeJHAA CTEHKA BArOHA TOMe ABHIaNach,
a caenoBaTeNBHO, corjacHo Ilaukyie, ayy IpoJeTesa
Aanxsnie, 4eM 1o pacueram Prixkero. To ects Ilaukyns
obHADYXWRBEET, YTO JYY IIpoJieTe) Beero 1,5 cBeTOBEIE
cekyHIH . JTToCKONBKY CBET AOJKEH JBUTATHCA CO CKO-
POCTBIO CBETA, ITauKynsa AesaeT BRIBOJ, YTO BCOLIIIKA
cBeTa godupainack oT Jasepa Jo Heau 1,5 CeKYHIbI.

Eme pas: Pexutii ropopur, 4T0 onpejeneHHasa 110-
CNeA0BATENbHOCTh COOLITHII (Ia3ep MCIOYyCKaeT Jyd,
a 3aTeM Jyd JOCTHUTAaeT IIeNIu) 3aHsijia OfHY CEKYHAY,
a IIauyKyJa rOBOPHT, YTO Ta e NMOCIEJ0BATEJIBHOCTh

2-ToanBepr 4., BaoMxeuct Jlx. 13



Taasa 1

cobeITHil 3aHANa 6onble BpeMenu. ¥ 060MX eCTh 3aMe-
yaTeJbHble CBEPXTOUYHBIE YACH, CAENAHHLIE B OXHOM I
TOM e MeKTaJIaKTHYEeCKOM Aeno A1s% Opoaadux pusn-
koB. O6Ga npojesANH Bce H3MEPEHHA U BRIYUCIERHS
OXWHAKOEO ToUHO. KTO mpan?

06al.
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ChEuULAPHAR METPUS OMHOCUMEABHOCIMU

Her, npasaa. Ecoin ckopocTh cReTa OAUHAKOBA ANA
Pruxkero u ITauxkyam, spauut, Ilaukynsa goyaxen o6bp-
ACHATH TO, 4TO OH HabJI0AaeT, TeM, YTO Y Hero cremar
qacs! — HUau 4T0 y Pebkero uacel orcraior. Camoe ne-
NOCTHIKMMOE, UTO OTCTAIOT 8Ce Yach! B moeszne Prkero.
ITaykyna BUAHT, UITO MAATEMKY KavarOTCs] MeAJIeHHO,
Yachl THKAIOT MEAJIeHHO, U Jaxe cepane Priikero 6ber-
ca MénJienHee OORIYHOrO (€CIH eCTh 4YeM 3TO M3Me-
PHTE).

910 obmuit 3akou. Korga BRI BUAMTE, KAK MHMO
KTO-TO IIPOHOCHTCSH, MMeiiTe B BUAY, 4TO, C Ballieif Tou-
KM 3peHHsA, Yach! Y HuX OYAYT HATH MeJJIeHHee, TIPOCTO
Y Bac HET JOCTATOYHO TOUHLIX YACOB, UTOOHI 3TO JoKA-
3aTh. Ec/IM B NOAHUMETe rOJIOBY Y YBMAUTE, YTO HAX
BAMMY JIETHT CAMOJIET CO CKOPOCTHIO 0K010 1000 Kuo-
MeTpOB B Yac, a 3peHue y Bac, IPe/IoJoKUM, HACTONb-
KO OCTpPO€, YTO BBl Pa3TAAAUTE YACH IUJIOTA, TO BH
YBUAMTE, YTO €r0 Hachl HAYT MejJjieHHee BAIIHX, HO
BCEro JHIOb HA OAHY JAeCATHTPUIAIUOHHYIO Hoaw! Hua-
Ye IroBopsA, ecau Obl IIUJIOT JIETEJ CTO JIET, K KOHIY 3TO-
ro cpoka on 6b1 681 MOJIOXKE, YeM eMy Onlyo 6K 1TOJIO-
SKeHOo, Ha Uenyio ceKyHAy. Tak 4To XoTsa 37OT 3aKOB
(3axoH 3aMeJIeHNs BpeMeHH) XeilcTByeT Bcerja, Ha
caMOM JieJie B OOLIYHOM ¥ U3HH BBl €ro HUKOr/Ja He 3a-
Merure. )

SamMe IeHHE BpeMeHH HaYMHAeT CKa3bIBATHCA B IIOJ-
HOM Mepe, TOALKO KOTAA ABMIKEINbCS CO CKOPOCTBIO,
61u3Koi K cKOpOCTH cBera. IIpHBOIHTE GOPMYNY MK
He CTAHEeM, TaK YTO NOBEPhTE HAM Ha CJOBO, UTO Mhl BCE
noxcyuranu rouHo. Ecay noean eger co CKOpPOCTBIO |
B MOJOBHHY CKOPOCTH CBETa, TO 33 KAXKAYIO CeKYHAY Ha
yacax PeDhxero npoxoaut 1,15 cekyuant Ha uacax Ilag-
rxysu. Ilpu 90% CKOpPOCTH cBETa Ha KAXKAYIO CEKYHAY
Prixero [Taukyns sacuvraer 2,3 cekysani. A npu 99%
CKOPOCTH ¢BeTa cooTHomenume cranetr 7 : 1. U uem 6an-
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e CKOPOCTh NPROAMIKAETCA K ¢, TeM 00JLINE 3TO COOT-
nowenne®. Koraa noean pasroHsieTcs ao ¢, daxrop 3a-
MeNJIeHHA BPpeMEeHH CTAHOBUTCH GECKOHEYHRIM, YTO M
CIIYAKUT JIUIIHUAM DOATBEDKACHHEM, YTO NYTENIeCTRO-
BaTh CO CKOPOCTBHIO CBETA HEBO3MOXKHO.

W neno He TonbKo BO BpeMeRU. [IpocTpaHCTBO Bepet
ce6s HUYYTL He nyume. [laBatite npeacrasum cebe, 4T0
PLUOKHI MAET 10 BATOBY IO HANpaBJIEHUIo K Ganxali-
el CTAaHORM CO CKOPOCTHIO, NIpeAcTaBIAILIel coboit
3aMETHYIO JOJNIO CKOpocTH cBera. IIpeactaBum ceGe
Tak:Ke, uro Ilaukyna yerpouncs B3xpeMHuYTH Ha 3TOM
craHuu. Tak Bor, ¢ cOOCTBEHHOI TouKH 3peHns Pui-
KU IPOXOXHUT 3TO paccTossHNe 3a 6ojee KOPOTKOE Bpe-
MA, yeM ¢ Touku 3penna Iaukynau. Ilockonwky obGa

1'Kak ¥ BepOATHOCTL TOTO, UTO PrlyKuil BrIiieT U3 cBoEro Baro-

Ha HA IUIAHETY, HACEJeHHYIO CBEPXHHTEJUIEKTYANbELIMH, NOANLI-
MH, TPASHBIMY 0OEe3bsTHAMH.
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CREWUGABHAR MEOPUR OMROCUMEADHOCMU

OHH COTJIaCHBI, YTO NOe34 NpUbAMIKAEeTCA K CTAHIMHA
¢ OJTHOM K Toli e CKOPOCTHIO, PRIKUI, ZOIKHO GLITH,
cuHMTaeT, YTO ofmee pacCcTOsHUE A0 CTAHIMA KOpode.

BpeMs » IpoCTPAHCTRO HA CAMOM AeJie 3aBHCAT OT
TOTO, KAK BLI ABHraeTech. 10O He ONTHYECKAS HILIIO-
3MH, He NCUXONOrMYEeCKRii NapaJoKC — TaK YCTPOEHA
BcenerHad.

Ill. Ecsin neTuuib 8 38e3ponerte

CO CKOPOCTbIO, HNIAKOIA K CKOPOCTH
CBETa, Kakue yXacb! XAyt Te6n

no Bosapau;emm?

Kaa;uxocr: Onl, 3TO NycTOE JIOGONBITCTEO, OAHAKO
yYeHble HAIILIA c110co6 NPOBeCTH HHTEPECHbLIE HCCIeA0-
BAHUA Ha OCHOBe aroro eHOMeHa. B RayecTBe npuMe-
pa rpaHAHO3HBIX OTKPEITAI, KACAIOIIUXCA YCTPOiicTBa
Bcesnennoil, npaBefieM cKpoMEBIil Moon. Hukoraa
o TaxoM He caumann? He Bama suna. Ecnn paskuse-
Tech MIOOHOM, IOPOXKHMTE BPeMeHeM, KOTOpOe BHl CMO-
JKeTe NPOBECTH B €TO ofniecTBe, NOCKOJBKY B CpeAHEM
MIOOHEI KHBYT OKOJIO MMJIJIVNOHHON AONM CeXYHILI
(3a 9TO BpeM# JyY CBeTA NMPOXOAUT MeHLIIe KHAOMET-
pa, a AKTepCKasa Kaphepa pamepa 1o mMeHu Bamumna
Aiic focTHraer nuKa M 3aBepIlaeTcd), a 3aTeM OHM pac-
naal0TCA HA YTO-TO COBEPUISHHO JpYTOe.

YuuTHBaA TO, OTKYyHAa OBHU GepyTcd U KaK Jxom‘o
npeGLIBAIOT ¢ HAMU, HEJIB3A CKA34Th, YTOOLI MIOOHORB
65110 TAK YK MHOTO. POPMUPYIOTCH OHH TAK: CHauaja
KOCMHYECKHe JMYUH BXOAAT B BEPXHUE oM aTMocde-
DBl H CO3AAI0T YACTHLLI IO HA3BAHUEM MMUOHKI (He Iy-
TATH C CAAOBLIMU I{BETAMH ), KOTOPHIE YXHBYT €LIe MeRb-
IIe ¥ pacmajaloTca Ha MIOOHHL. Bce atro mpoucxogur
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IpAMepHO B 15 KunoMeTpax Haj NOBEPXHOCTHIO 3eM-
au. [Tockonbky ABUTaTHCA OHICTDEE CBETA HEBO3MOK-
HO, a 6amxalinie MI0OHB! IPOGETralOT 38 CBOIO IKU3HD
MeHBbIIle KMJIOMETPa, 34PABhI CMBICA NOACKA3LIBAET,
qTO 10 3eMnM OHM He fobupaloTcs.

3apasblit cMBICK CHOBA Bac 06MankIBaeT'. DHeprus
MICOHOB TaK BRICOKA, YTO MHOTHE M3 HUX ABUTAIOTCA CO
ckropocteo 99,999% cxopocTH cBeTa, a 3HAYMT, UTO
AJId Hac, Habalonareneil, CToaniuX B 3eMJIe, «4achl»
BHYTPH MIOOHOB — TO CaMOE€, YTOC UOACKAILIBAET MM,
KOI'/la II0pa pacnacthked,— 3aMeAnsawrca pas B 200
WJIM OKOJIO TOrO. BMecTO Toro uTobsl A0 pacnajia npo-
JIeTeTh MEHbIIie KHJIOMETPa, OHK CIOCOGHKI IO pacnaja
npobexxats moutu 200 KuoMeTPOB — & 3TOTO C UBGBIT-
KOM XBATaeT, YTOORI JOCTHYL 3eMJIH.

BeiTe MoeT, 60Jiee MOHATHLIM IIPKMEPOM CTAHET
TAK Ha3bIBaeMbIi napagokc 6nusuenos. Tax sort, mo-
3BOJIBTE NIPEACTABUTEL BaM Gaususamek ImMuian u Bor-
HU, KOTOPHIM 30 JieT. OMHJAM pellaeT OTNPABHTHLCSH
K JaJieKoil 3pe3qe, CAAMTCA B 3BE3A0JIET U YJIETaeT Co
ckopocThio 99% ckopoctu cBeTa. I'og citycra e crano-
BUTCSA CKYYHO M OXHHOKO, ¥ OHa BO3BpamiaeTcs Ha 3eM-
1110 — OHATH JKe €O CKopocThio 99% oT ¢.

Oanako, ¢ TOYKU 3peHHsa BoHHHM, yacel IMMIH
(¥ cTeHHBIe, HAapYyYHBIE, K NYJbC, H BCE IPOYee) BCe 3TO
BpeMd GhLIM 3aMe[JIeHHBI. IMUIH OTCYTCTBOBANA HE
JiBa roja, a nensix 14) Kax un BepTH, 510 npasia. Bon-
HY CTYKHeT 44, a OMuau — 32. MoKHO Jake CUUTATh
ABUOKEHUE CO CKOPOCThIO, DAU3KOM K CKOPOCTH ¢BeTa,
CBOEro poja NyTeINeCTBUEM BO BDEMEHH, TOJBKO IIyTe-

1 3aTo BHI TOiifeTe 1OMOM ¢ 3TOH KHUroil B KAYECTBE yTeIIH-
TeabHOro npuaa, M BMKTO0, KpOMe Bac, He y3HAET, KAKOIl BRI MACTED
JOrajanlBaTbCA, €CAM, KOHEYHO, He 3arnfAblBaeT ceifyac B KHHUDY
BaM Yepes nJeyvo.
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HIeCTBOBATH BH Bce paBHO Gyzere B 6yaymee, a He
_-B DPOTILIOE. )

Byayr n gpyrue, He Takue Aprue nocxeacreud. Ha-
OpHUMep, HOCKOJELKY, C TOUKHY 3peR®A Borrau, OMunu
Jierena Opodb OT 3EeMJIU B TeUEeHHE CEMMU JIET CO CKOPO-
_ CTbIO, BIM3KOM K CKOPOCTH CBeTA, 3HAYAT, OHA AOJIXKHA
ObLIa IpONleTEeTh CEME CBETOBRIX JIET OT 38MJIM H TOJb-
KO [IOTOM IepeAyMand X BepHyJach. 3HAYHT, OHA NIPO-
JIeTeNa NOYTH BCIO JOpOry 40 3Be3au Wolf-359, naroii
no 6nusocTu K Hamemy Coarity. OgHaxko, ¢ TOYKH 3pe-
HUA OMKJIU, HeJb3A ABUIaTHCA GHICTpPEE CBeTA, TAK UTO
3a roj OHa IpOIlla TOJbLKO paccTossHue B 99% cBeto-
Boro roaa. HHave rosopsi, B IyTH OHA OIEHUBAET pac-
crossaue mexay Connnem m Wolf-359 Bcero B onun
cBeTOBOM roa. i

JTO ARJECHHE U3BECTHO KAK «COKpAallleAue JJIMHbBI».
Kaxk u 3amejjieHENe BpEMEHU, COKpANIEHNe AAHHEEl —
He ONTHYEeCKAA MANI03Us. J[BHTAafAch CO CKOPOCTEHIO
99% CKOpOCTHM CBETA, DMUAN HABMIOLAET, YTO BCE, UTO
PACITOJIOKEHO BAONL HANIPABJEHHA €€ ABHIKEHHUSA, CO-
KpanjaeTcs B JJAUHY B CeMb pa3. 3eMJId HOKaMKeTCs eil
CILTIOIeRHOH, a BonHM — Tomeil, KAK IIenKa, HO 1PN
aTOM OHA GyzeT HOpMAJILHOrO POCTA M, TaK CKRA3aTh,
rny6uHEL.

B noBcegreBHOM >KU3HM MBI He 3aAMEUaeM 3TOTO ARB-
JICHHA TAK JKe, KaK ¥ COKpalerRns speMenu. Ecoru Ham
APYr-GHIOT PelllHT B3rJIAHYTh, YTO AeJaeTcs BHU3Y,
YIMIILI, HAJl KOTOPEIMU OH OyAeT nmpoJjeraTh, GyAyT He-
CKOJIbKO YiKe, ueM OOLIYHO, HO AaKe IIPU IIOJIeTe Ha
ckopoct 1000 KMIOMETPOR B YaC pa3HMIA COCTABUT
npumepHo 0,04% BeanyuHs! aTroMma. IIpy moMoIgH Teo-
PYM OTHOCUTEJBHOCTH JIETKO OOBACHATH JTUKOBUHEHBIC
SABJIEHUS, MPOUCXOAAMMNE HA OYEHb BHICOKMX CKOPO-
CTAX, OMHAKO OYEBH/IHO, YTO 3XOPOBOTO NMUTAHUS U PU3-
KYJBTYPHLI OHA HE 3aMEHUT.
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ECAU OHA HE EPMTAAS, 3HAUMT,
Bbl UMTAETE CAMWKOM BHCTPO
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_3amesyienne BpeMEeH} K COKpalllenywe bl Habumo-
AAI0TCA CHMMETPHYHO, Koraa BoHAY cMOTpDHT Ha OMH-
JIX ¥ KOTrga OMUAH cMOTPUT Ha BorusH. Tyr u Taurcsa
napanokxc. Koraa 9mmiun cnyékaercs ¢ Tpana cBoero
3B€3/10JIeTA, BePHYBIINCh HA 3eMJIIO IIOCJe HOJeTa Ha
Wolf-359, Bce eqMHOAYINHO FOBOPAT O TOM, YTO OHA
mocTapeJia BCero Ha isa rojia, a Bonnu — Ha nenwx 14.
ITO KaTeropuuecKy IIPOTHBOPEYHT YYTh U He BCEMY,
YTO MBI C BAMH TOJIBKO YTO OOCY)KAANH, IOTOMY YTO MEI
cpasy NOHMMAEM, UTO «ABHTAJIAChS UMEHHO DMMJIM,
a He BonHmu, a nepBoe MpaBKHJIO, KOTOPOE HAM BHYIIA-
IOT, 3aKAI0Y4€TCS B TOM, YTO HEBO3MOMKHO Pa3jINdHUTh,
KTO ABHTAJICA, a KTO OnlyI HemoAaBmxeH. Kak e maM
Pa3peILUTh 3TOT NAPajoKe?

MHn y:Ke MO3HAKOMMUJIY BAC ¢ OAHUM IPABHIOM, KO-
TOpOe FOBOPHUT, BKIIOUYHMIUCH JH B AeHCTBHE 3aKOHLI
CHEenMANbHON TEOPHHE OTHOCHTEJLHOCTH MM HET: UTO-
ORI cOENUANIbHAA TEOPUA OTHOCHTENLHOCTH 3apaboTa-
Jla, HY>XHO JBHTATLCA PABHOMEPHO M NPAMOAMHEHO.
A 4robn! pacCTaABUTEL BCe IO MECTaM, ML BAM CKaXeM
¢ OmnpeJeNIeHHOCTLIO: HeT, JMUIK ABMTaNach MHAYe.
Yro6ul ynereTh oT 3eMH, eif HyKHO GBLIO BIJIETETH U
Ha6paTh CKOPOCTH ([TOABEPrHYBIIUCH HPH 3TOM YYXO-
BHIIHLIM NEpPerpy3KaM H3-3a yCKOpeHmi), & xobpas-
muce ao Wolf-359, eit npunuroch c6pocnTs CKOPOCTH
U pa3BepHYTHLCH, 4 3aTeM — eme pas copocHTh CKo-
POCTB, KOT/AA OHA CAAKMIACHL HA 3eMJII0.

Ecyiv yUUTHIBATE BCE 3TU YCKODEHHA, HIYEro Helb3sA
YTBEPAKAATE C ONPEAEICHHOCThIO, ¥ AJIA ONUCAHNS Opo-
MICXOAAIIEro Hy>KKEa ropaszio 6osee croxHas reopus. 1o
BHJTHO AayKe U3 HCTOPUH BONpOoca: JQHHITeH BRIABUHY I
CHOEeNUAJIBLHYIO TEOPHUIO OTHOCHTENBHOCTH (03 yueTa
ycroperuii) 8 1905 rozy, a o6HIyI0 TeOPMIO OTHOCHUTENb-
HOCTH (KOTODAsA YYHTRIBAET IPABUTAIKIO U JIPYTHE PA3HO-
BUAHOCTH YCKOPEeHU) paspaboran mmmb k 1916 roxy.
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IV. MOXHO N1 pa3suTb
CKOpPOCTb CBeTa
(v nornapeTb Ha cebna B 3epkano)?

Mu yuiy ¢cTpaIm=Ho ZaneKo oT nepBOHAYANBHOrO BO-
mpoca, M 3TO HUKYAA He FOAUTC, HOTOMY 4YTO 3TO OYEHb
XOpouIKif BOIPOC — HACTOJBKO XOPONIuii, YTO €ro 3a-
raBaJ cebe cam JiuwTeitn, OqHaKO BaM, HaBepHOE,
KaXeTcs, YTO MBI HEYYTh He NpUOJIHIUIUCHL K OTBETY
Ha Hero. '

Au contraire!!

OtBeTr 6yJeT COCTOATh H3 ABYX YacTeil, # OAHY U3
HUX BHI YK€ POTOBH CHOPMYJIHPOBATE (M Jaxke yxKe
copmysmmpoBann). BenoMuuM crapuay Prikero i ero
noesn. Teneps npexcrasum cebe, urTo noesn Prixero
eaeT co ckopocTsio 90% ckopocTtu ceeta (Maum ¢ nwboit
OpYroi CKOpoCThbIO Ha Baiit BhiGop). OxHaxKo Prikuit
HHYEro BOKPYT He 3aMeYaeT, NOTOMY YTO INXOPAaZOYHO
NpUXOpallHBAaeTCA Iepej CBUAAHHMEM € KPACOTKOI
Jiuny mo mpospumy Okopouok. He 3aMeTHT JIX OH,
TJISIAA B 36PKAJIO HA CBOO CHMIATUYHYI0 QUMOHOMHUIO,
uTo uero-ro He xBaraer? Her, He s3ameTnr. [JocKOABKY
B €I'0 Barofe HET OKOH, A ABMYKETCH OH PABRHOMEDPHO M
-IPSAMOJIUHEHO, HET HUKAKOTO 3KCIepHMenTa, KOTO-
PBIii TOKA34J ObI €My, YTO OH ABHXKETCHA, & He CTOUT Ha
mecre. [Joka 3epKrano ABUKETCA BMECTe C PhKUM, OH
BBIMJIAAUT COBEPILIEHHO TaK XK€, KAK ecJid OBl HUKYA’
He exaJl. _ ’

Bce 5T0 IpeKpacHo ¥ TPABUIBHO, TOKa Pruxuii qeu-
JKeTCs MenneHuee CBeTa, HO YTo OYAET, €cJIu OH NBH-
IKeTCS co CKopocTblo ¢cBeTa? Jla-1a, Mbl TIOHUMAEM, MBI
CaMM TOBODUIM, YTO ABMTATHCA CO CKOPOCTHIO CBETA
HHKOMY HE YIACTCH, IO3TOMY, BEPOATHO; BhI MOTIJIH OH

! He TporaitTe oty xuomky! (¢p.)
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TIOBEPHUTE HaM Ha CJIOBO M TeéM YAOBJEeTBOPHThca. Ho
saveM? o ‘

Iloacenm na npumepe. [laukyssa, saBugya ycnexy,
KoTophiit Peiskuii uMeer y aaM, HabniozaeT 3a TeM, KaK
TOT FOTOBMTCR K cBuaBm0. Koneuno, eMy Hazo cre-
IATH OYeHL BHUMATEIBHO, BeXb oe3x PrIXRero ReceTcs
co ckopocreio 90% cxopocT ceeta. Tpareans opouc-
XOAMT B TOT MOMEHT, Koraa y Prl>kero aBORMT MOGHIE-
HUK (TOJIbKO He cnpalumBaitTe, kKakum o6pasom mpo-
mIesl cMTHaj) — aTo Jiuau coobmaer, 4WT0O He NPUAET.
JIuan roBOpUT OYEeHb HACKOBO, HO PHIMHI BCe paBHO
YJKACHO PACCTPOEH — OH XBaTaer eme TENJIEHBKYIO
6aHRyY dacosy H WIBKPSAET ee B NEPEAHIOI CTEHKY Ba-
TOHA €O CKOPOCTHIO 90% cxopocTu cBeTa (C ero TouKy
3peHRn).

BeposaTHo, Haqu.nn BHe cebsa oT pasocTHN, TOYHER,
OT 3NOPAJICTRA, HO 3TO HE MEIIAET EMY OTMETUTh, C Ka-
KOM CKOpPOCThIO JIeTHT Ganka dacosn. B rognt 6ecney-
HOi1 JOHOCTH OH GBI MPEXHOIOAHIL, UTO (HACOAB JIETUT CO
ckopoeTso 1,8 ¢ — ckopocTh noesza (0,9 ¢) minroc cko-
poets 6ankw (0,9 ¢). Ho on nasno ocrasHI mojobunie
rAynocTH, ’

Bcnomuum aBa akTa. :

1. ITauxkyns BEAUT, 4TO Yacs! Prixero 3ame,zmnnnch
(B AamHOM ciayuae B 2,3 paaa). :

2. ITaukynsa BUINT, YTO MOE3N Pbmcero cxrajcqa
(B BAHHOM cayuae OOATDH ke B 2,3 pasa).

"~ KoHeuHo, JETaMH TYT He TAK YK BajHbI, HO BOT HTO
ITauKyJie npesCTABIAETCA CYIIECTBEHHBIM:

1) daconu myxHO ropasno 6ojsine BpeMeHM, yeM
yTBep¥xAaer Prulxuit, 4To6hl fos1eTeTh OT PYKM Prixxke-
T'0 A0 CTeHH i PACTIIIIUTBECH 06 Hee;

2) dacoab npojeTaeT KyAa MeHblIee PacCToAHHUE,
ueM yTBepxaaerT Pokuii.
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I'naBHOe — T0, UTO }ACOIL JIETUT TOPA3RO MEJJIEH-
Hee, YeM rosopaT Hamu (1 [Iaurynuak) HauBHEIE TED-
BOHAYANBHbLIE OLEHKHN. Banka JeTHT co cKOpOCTHIO He
1,8 ¢, a skankue 99,44% cropocrH cBeTa.

HUrpaTh B 3Ty HTrpy MOXKHO A0 GeckoHeunocTu. Ha-
opuMep, apeacTasbTe cebe, uro Ha 6aHKe cHAUT Mypa-
Bell. ¥ Mypasps GosbmIive NjaHB, KACAIOMHECH IapH-
OK ero MypaBeifHAKA, HO TYT OHA cooblmaeT eMy, UTO
JOJYKHA OCTATHESA JOMA, YTOOR! BRIYMCTHTh NAHIUDS.
B ruese MypaBeif IBLIPAET KOMOYEK KM CO CKOPO-
cToi0 0,9 ¢ (C ero TOUKM 3peHus) B CTOPORY mepeaneii
yacTd noesxna. Ilauxynsa, o6iaganoninii HeBepoOATHO
OCTPBLIM 3peHHEM, YBHIHT, YTO KPOIIKa IBMIXKETCH CO
ckopocTeio 99,97% cxopocTH cBeTa.

A Ha kpoInKe KMBeT amMeba, KOTOpaa X /1ajia Ha CBH-
Jaume caMy ceGa, MOCKOJNBKY PA3MHOMKAETCA JeJeHN-
eM, 6€30 BCAKOIO ceKca... B 06IieM, CAMM HOHHMAeTe,

Kax 661 MBI HM CTAPANIKCH, CKOJIbKO ORI HI IOBTODSA-
¥ Hal¥ BoOOpayKaeMble ONBITEL, CKOJBKO Obl GAHOK U
Kpomex HY Gpocanu, Mbl TaK HUKOTAa M He JOCTHIHEeM
CKOpOCTH CBeTa. ByaeM GecKoOHEYHO npuﬁ.wmxca'rbca
K Heil — d BCe TYT.

Kpome Toro, ueM 6mxe MBI K CKOPOCTH CBeTa, TeM
TpyAHEe IACTABJATH HPEeAMETH ABUraThca GhICcTpee.
Kaxercs, uTo pasorsath npeMeT K0 ckopoctu B 99%
CKOpOCTH cBeTa TpedyeT BABOe OoJbmie paboThl, 4eM 0
50% ckopocTH cBera; Ha caMOM ke Jene paGorr! mo-
rpebyercs BriecTepo Goabie. A Ans Toro urobut Bcero-
HaBCEro pasorsatsca ¢ 99% cxopocTu cseta 10 99,9%,
notpebyerca BTpoe GoJibire paGoTsl.

Hrak, Teneps MOXHO nopaGOTATh M HaJ BOIPOCOM
oIecTHaAUATHAETHEro JirmTelHAl; uTO mpouaoiiaeT,

1 To ecTh HAJ TeM BONPOCOM, KOTOPHIH HaM maBecTeH. eTH
B 5TOM BO3pacTe TAKHE NOYEMYUKH...
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€CJIM ABUTATBLCS CO CKOPOCTHIO 99% CKOPOCTH CBETa M
nocMoTpeTh Ha ce6a B 3epkano? Hruerg — mam mo
rpaiiHeil Mepe HAYero ocobensoro, Baut aBesnoner 6y-
AeT BRIMAKETHh KaK 00B[YHO, BANIY BHYTPEHHAE YACH],
c Bameii Touxy 3penud, 6yayT HATH Kak Bcerxa. Y du-
auoHOMUA GyzReT Bce Toil yxe. EAvHCcTBEeHHOE, UTO GpO-
CHTCA BAM B IJj1asa,— 3TO TO, YTO Yy BalIUX Apyaeii,
ocTaBOIMXCH JOMA, CepALa, YACHI, KOPHIOPATHBHAIE Ka-
NeRjiapy ¥ MpoyYHe IpUGOPHI A1 U3MEPEHNA BPEMEHH
3am¢nhunucb B C€Mb pa3 NIpoTuB 00b1uHOr0. U K TOMY
’Ke BCce NpeAMeTHl CILTIONIKINCH 10/ BO3AEHCTBHEM He-
BeloMOTr0 pakTopa. A

MokHO caenaTh elle mar BIepes v 3afaTh BOIpoc,
M3MEHUTCH JIN YTO-HUGYAb, €CJIM IIOCMOTPETH B 3epKa-
710 Ha cKopocTH 99,9% CKOpPOCTH cBeTa. 3aMenJieHHE
BPEMEHM M COKDpallleHue ANHUHH 6yAyT uyTh GoJibime
(8 22 pasa, a He B 7), a TAK BCE TO JKe caMoe.

Bena B ToM, UTO Bce 3TH CKOPOCTH KpaitHe GnM3Ku
K CKOPOCTH CBETR, HO BCE :Ke He NOTATURAIOT O Hee.
Kaxxoe Kponieuroe JONOJEUTENRHOE YCKOPEHHE Tpe-
6yeT Bce 6oab1IE VI GOoNbINle 3HEPIVH, & JJA TOro YTo6hl
B CaMOM jiejie pa3orHaThCa A0 ¢, norpebyerca 6ecko-
HeyHoe KonuuecTso sHeprum. He ouens 6oasmroe, nmpo-
CHM OTMETHTE, 8 AMEHHO GeCKOHeYHOe.

BriTh MOJKET, BaM 3TOro Maxo. Ecnu Bam yaacrcsa
K&8K-TO Pa30rHATLCA A0 CKODOCTH cBeTa (HeB3Upas Ha
TO, 9TO 3T0 HERO3MOXKHO), CBET OT BAIIEro JHIIA TAK M
He noiieT N0 3epKajia, & 3HaYMUT, Bbl, KaK 3aIPaBCRUM
BaMOMND, He YBUANTe COGCTBEHHOTO oTpaXKenusa. Mano
Toro! CaMm daKT, YTO BbI He YVBUIUTE CBOEr0 OTPa)Xe-
HESHA, ¥ JOK&KET, UTO BBl IOCTUTJINA CKOPOCTH cReTa. Ho
MOCKOJBKY BLI Y7K€ TOUHO 3HAeTEe, UTO HUKTO HE MOYKeT
CKAa3aTh, CTOMT OH UJIH ABHIKETCH, 3TO JHIIHee [OKA3a-
TENLCTBO, YTO PA3OTHATHCA A0 CKOPOCTH CBeTa HEeBO3-
MOJKHO.
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V. A pasBe OTHOCUTENbHOCTb
- HEe npuaaeT atoMmam
6eckoHeuHylo 3Heprunio?

Bce 3TH pasroBopsl 0 Yacax M 3TAJIOHAX MeTpPa ¥ CKO-
POCTH CBeTa, BO3MOM¥HO, HHTEPECHEI 1 caMH No cebe,
HO, HaBepHoOe, Korja (1 ecsn) Bel 3aAYMbIBaeTech 06
OTHOCHTEJBHOCTH, B IOJIOBY BaM IIEPBHIM JejlaM NpU-
XOAAT HEKOTOPBIE APYrue sonpockl. Ilourn HaBepHAKa
BBl yMaeTe Mpu 3TOM O caMoil 3HaMeHuToil husnye-
cKo#l dopMyne (¥ eXUHCTBEHHONR, KOTOPYIO Bm BCTDE-
THTE B 370} KHNTe B ABHOM BH/JE):

E = mc2

BeirnsauT oHa KpaitHe IpOCTO, K TOMY e BHI yXKe
NO3HAKOMIINCE C OXHOI 113 €€ COCTABAAIIIMX — 3TO C,
CKOPOCTH ¢CBETA.

BykBa E B neBoif yacTu 0003HAYACT IHEPIHUIO, NI MEI
COBCEM CKOPO NIOTOBODUM O TOM, IIPHA Ye€M TYT 3HEprus,
HO CHAuaJa o0CYAMM APYryI0 COCTaBAAKINYIO — m,
TO €CTH MAccy. :

Bepoarno, BaM Ka)kercs, YTO Macca — 3TO Mepa
«BEIMYMHABI» NIpeAMeTa, HO AJA PHUIHKA MacCa BCero-
HABCEro OTPaKaeT TO, HACKOJBLKO TPYAHO 3aCTABHTH
IpegMeT JBUraThCA M HACKONBKO TPYZAHO OCTAHOBUTL
ero, ecJil OH yike aBuiKercHa. I'opaazo mpoue oCcTaHo-
BHTL PhIJKero, ecaym oH GeXXKUT HA BAC CO CKOPOCTHIO
15 XUJIOMETPOB B 4YaC, YEM €r0 IMOe3X, €Cld OH eReT
C TOM e CKOPOCTLIO.

Ho MBI yike 3aMeTHIIN O4HY HHTEPECHY10 Bellb, Ka-
cawmylocq 3hdeKTUBRONH MacChl — B JaHHOM clydae
addexTHBHON MacChl KOHCEPBHAIX 6aHOK ¢ GacoabIo.
Mgl 06HADYIKHIH, UTO YEM BhIlIIe CKOPOCTH GAHKHU, TEM
6oabIre paboTel TpebyeTcA, YTOOH PA3OTHATEL eé XOTh
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4yTOMKY ObleTpee. Haye ropopsa, 6anka ¢ Gacoasio Be-
JeT ceba Tax, CJIOBHO CTAHOBHTCA Bce GoJee M 6oJ1ee
MACCHUBEOH (T0O eCTh ee BCe TPyAHee ¥ TPY/AHEe NBUTATD).
A KakK MH y’Ke OTMETHJIV, €CJI¥ CKOPOCTL GaHKH npu-
O/mixKaeTcss OPOM3BOJALHO OJAU3K0 K CKOPOCTH CBETA,
BOOCHAEACTBHH noTpebyeTca 6ecKOHeYHOE KONMYECTBO
paboTht, YTOGH IpUAaTH GaHKE XOTH KaK0e-TO YCKope-
Hue.

flocMOTpHM ¢ APYro# CTODOHK: IPH YBEJIWYEHHH
3HEPrun ABUIKEHHNS] MHEPUNOHHAS MACCA TOYKe YBEJIH-
YHBAETCH, TO €CTh MATepnA 6aHKH He NPHPACTAET, HO
6aHka BejgeT ceba TaK, CJOBHO 9TO npoucxoxur. Ho
ladxce eCJH CKOpPOCTh OAHKM CHUSHUTCA A0 HYJS, TO €CTh
3HEepPruy ABH xeHNs1 He OyaeT Boob1ule, RHEPIHA 6aHKK
HUKYAa He AeHerca. Ecau 6anka ¢ pacoxsio coBepnien-
HO HEMOJ[BHXHA, OHA BCe paBHO obsazaeT onpenenecH-
HBIM KOJIMYECTBOM 3HEPIHi, HEKOTOPOH MUHHNMAaILHON
HHepIIHOHHOH Maccoii. Ecin 706aBIATEL SHEPTHIO, TO
MHEepPOUOHHAS MACCA TONLKO YBeIHUUEaETCA,

3HAMEHUTOe YpaBHeHHNe JiRmTelina — Re Gosee
yeM opMyia Ipeofpa3soBaHES MACCH B 9EEpPruio i 06-
PATHO.

V aT10it hopMyin Iupodamuil CIEKTP CAMBIX YAR-
BHATE/NbHRIX IPHMEHEHUN, 1 MEI 6YKBAJBLHO BUAUM €e
OTpasKeHue KaKAYIO CEKYHAY BCIO YXH3HE — B COJIHEY-
HOM U3Jy4YeHUH.

Teopus JitnuiTeiina, no Bceit BHAMMOCTH, HAXOAUT
yclelllHOe APMMeHeHUe HA NPAKTHKE, OXHAKO, KPOMe
TOTO, OHA HeoOKIYaHO CHABHO HOBJAHAJA HA 0DIeCT-
BEHHOE CO3HAHHUE, OCOBEHHO HA CO3HAHUE TeX, KTO ee He
TMOHUMAeT,

OavH ®3 yBaskaeMuIX aBTopoB 2To# kEUrH (long-
Gepr), 6yAy4H AeHCTBYIOIAM YIEHEIM, YACTO 10 YUALT
PYKOIINCH, COYMHHUTEJN KOTOPHIX 3asIBJAAKT, OyITO
paspaboTanu Teopu, KOTopasi OIpOBepraeT CyInecT-
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ByHOIMue GU3NdecKUe NapafjurMel, ¥ B A€BATY CIYIAAX
H3 JEeCATH TAABHLIN WX TE3UC — UTO BEJIUKOE YpaBHE-
HUe JAHIUTeHHA OIBG0URO, YTO €ro Joruka ymepbua
VI IPOCTO YTO MATEMATHYECKM JONYCTUMO Apyroe
TOJIKOBARE. ITOT (PeHOMEH HACTONBKO PACIIPOCTPAHEH
u HabMnogaeTcA HACTOJIBKO 4ACTO (IpHYEM CO BpeMe-
HEM Bce Uame), 4To xaxe cuyera 100 xet mocje Toro,
KaK JHHUITelH onyGIuKOBaa CBOIO QOPMYNY, B XyD-
Hane «AMepukan Jlaitd» noasnnacs CTaThA 0 YEAOBE-
Ke, KOTOpHL1 (6eaycnemuO) TONBTAJICA NOKA3AThH, OY/-
1o «E He DABHO 3M Iie KBAZPATS».

ITouemy e upocTtas GopMyxa nIpeobpajoBaHy| BhI-
3LIBAET TaKoH axxuorax? OTaacTH noToMy, 4YTO OHA
TaK Npocra Ha BUA. HHKAKHX He3HAKOMBIX OYKOBOK,
K TOMY e GONBIIUHCTBO Jiojeii B o6IUX yepTax mo-
HUMAIOT GU3NUECKHA CMBICH BCEX €€ COCTABNAIOMIUX.
U ona peiicTBuTennHO 0ueHs npocrad. Kax 6yaro nam
FOROPAT: «BOT X0oUy IPOAATHL MOK MATEDHIO K IOJY-
- 9UTh 3Hepru. CKOJLKO JaauTe?»

Otser: «JoBoNBLHO-TAKH MEOro». [[€JI0 B TOM, 4TO,
KaK MBl YK€ YCTAHOBMJH, ¢ — DOJILIIOE YUCHI0, & MBI
elnre BO3BOAHM €ro B KBRJPAT M YMHOMAEeM HAa Hero
Maccy. P ‘

Haumem ¢ maioro. Ilpeacrasum cebe, uTo Y BAC ECTH
OKOJIO ABYX 'DAMMOB 6YMMOHHMST —— 5TO TaK0Oe BelleCT-
BO, KOTOPOE MBI TOJIEKO 4TO MPUAYMAJIH, TAK YTO HMe-
€M IPABO 3aIATEHTOBATH U YIIOTPEONATL €I'0 Ha3BaHUe.
9T0 IPHMEPHO Macca MOHETKH B OZMH NIeHHHU, U BaM
'KAKMM-TO 0GPA30M YAeTCH IPEBPATHTS €€ B 3HEPTHIO.
Ecnu 651 Takoe OBIJIO BOBMOMXKHO, 2 MBI BAC yBepseM,
4YTO HeT, BBl 6B HOAYYHIM OKONo 180 TpmasmnoHOB
poyneit. He npeacrasnsere ceGe, ckonbko aro? He
npobyema, o6bsicEuM, Takasa sHEprus NO3BOJUT BaM:

1) caenats Tak, yTobsl 50 ThiCAY CTOBATTHRIX JTAM-
IOYEeK TOPeJY eIt Toa;
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2) ¢ 1uxBo¥ ofecneyHTh KAJOPUAMH BCE HACEJIEHUE
ropoaxa Teppe-Xor B mrare Fuanana (uacesenue
57 259 yenosex) HA NMeJbi o]

3) 3ameunTs sHepruio npumepuo 5000 tour yraa
unv 6 356 000 aurpos 6erzuda. EcaAM 3aIpaBUTh 3TUM
OeH3MHOM ABTOMOOUIIL, MOXXHO IepPEBe3TH Ha HEM BCeX
Ro exuuoro xuTeneit Teppe-Xor ua Heto-Mopka B Ka-
andopuuo. HenowarHo, npasja, 3a4eM 3T0 AEJIATh.

Jlsist cpaBHEHNS,; SHEPIUA CIOPAHUA ABYX FPAMMOB
YIVIA OHTAET QGHY JaMIOYKY IPUMEDPHO YAC.

Marepud, KaK 1 OOJILIIKECTBO JIIOACH, HE pASBUBA-
eT CBOM NOTEeHNWAJ NOJHOCTHIO, & €CJIH He CYUTATH
CAYYaM, KOrIa MRl CTAJIKMBAEM MATEpPHIO C «aHTHMA-
TepHelis UMK «AHTHBEIECTEOM» (O UeM MBI emle IIoro-
BOpPUM), NPeoOPasOBaTh BCI0 MACCY B 3HEPIHIO HEBO3-
MoxHo. Tak uto He cunraitrve, 6yaro or E = mc? ogun

— (OTAACHO MOMM BHUAAALAM,
FHEPTUM v BAL XOTb OTBABAIH!

4



Tausa 1

mar fo NOJHOH He3aBUCHUMOCTH OT HedTH, OCTAHOBH-
Tech. PaHO pafoBaThHC.

Besnkoe ypaBHeHne JHHUITeHA M3MEHHUIO MHAD:
caMble OUeBUAHbIE IPUMEDhI eT0 IPHMEHEHUA — ARep-
HOe OpYy)KHMe M ATOMHASA 3Heprusa. Ba>kKHO MOHMMATSH,
470 npy 60ABIMUHCTBE AAePHEIX peaKINil Mu npeobpa-
3yeM B 2HEPrUIo JHUIIL KPOMIEYHYIO YacTh 06mieit Mac-
cul maTepuit. Hame Conane ~ raranTcKuii TepMosagep-
HbIA reHepaTop, KOTOPHM IpeBpamaeT BOAOPOA B re-
nu#t. OCHOBHAA PeaKUuUsA OpegmoJaraeT, 4To Mbl 6epeM
YeThIpe ATOMA BOZOPOAA H IIOJNYyYaeM OLHH ATOM TeJIus
1 HeKOTOPOE KOJIMYeCTBO OTXOZOB, B TOM YHC]e Heit-
TPHHO, TO3UTPOHLI H, caMO co0oii, 3HepTHIO B BHijle CBe-
Ta ¥ Tenya. JI1a Hac 3To KpaliHe BRITOAHO — BeAb 9Hep-
rus, suipabarsisaeMas ConHlieM, B BMJe COJHEYHbIX
Jyueil corpeBaeT MOBepXHOCTh 3eMJIH, IINTAET pacTe-
HUA ¥ BOJOPOCIH M B KOHEYHOM CcUeTe HOAKEeP>KHBAET
HAC KaK 9KOCHCTeMY.

Onuaxo 1o 3¢xpeKTHBHOCTH BCEMY STOMY JaJIeKO A0
Hamero 6yMMoHusA. VI3 KasKJ0T0 KUJIOrDAMMA BOAODO-
2a, «croparouieros Ha Congne!, Mul nonyuyaem 993 rpam-
Ma TeIuA, & 3HAYMT, B 3HEPTHIO Npeobpa3yeTes JHIID
ceMb rpamMMoB. OZHaKC, KaK MBI y>Ke BUAEJH, U He-
6oMBII0 MACCEI XBATAET AJIA BEIMKHUX Jel.

CamMble U3BECTHBIE NPUMepHI NpeoGpasoBaHUA Mac-
CHI-3HEePrHM — 3TO MMEHHO IpeBpallleBHe MACCHI
B 3HEPrHIO, a He HaoBOPOT, B TOM YHCJIe CaMble CTpal-
HBEle M3 3THX IpPeBpalleEni 1 BooOIme raBHEN KOII-
Map Ha 3Toi 3eMie — szepHble 60MOLI M pagHoaKTHB-
HbI# pacnaf. B KasKAOM M3 3THX CIy4YaeB CTONKHOBE-
HUe 5HePrAYHBIX YaCTHUl UJIW CIOHTAHHHIY pacman
3acraBJdgeT He6OIbLIOE KOJIHYECTBO MaCChl NpeoGpaso-

1 PuankK 060#a0T HANIOMAHATD, YTO IIPU AZePHLIX PEAKOHAAX
HHKAKOTO rOPeHuA He npoucxoqur. ['operne — aTo He ANepHHIE,
& XHMHRYecKUi npouecc, ¥ fJIf HETO HY:KEeH KHCIOPOX.
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BaThCH B OIIENOMUTENLHO OPPOMAYIO 3Hepruw. Iloue-
My paguoaKkTUBHLIE BellecTBa Takue crpamrnnie? Ilo-
TOMY, YTO RAMKe PN OHOM pacnaje obpasyerca ¢oToH
C TAKOit KoJloccansHO 3Hepruel, 4To Aal eMy XOTh
Manelimuil maxsc, ¥ OH DOHNOPTHT BAM KJIETKH.

Korpa BceneERas TOIBKO 3apOAKIIACH, B Relk ropas-
B0 4ailje TPOMCXOAHJ OOpATHRIH nponecc — M3 dHEP-
TUM NOAYyYANach MATEpPUS, XOTHA ceiiyac Taxoe GriBaeT
JOBOJLHO pesiko. B Te naneKkne BpeMeHa, KOrja reMie-
paTypa JOCTArajla MUJIJINAPAOB IpafycoB, MaTepHUs TO
{1 [{eJI0 BO3RHKAJIA OT CTOJKHAOBERHUA Jy4Yel CBeTa Apyr
¢ npyroMm. HeseposaTno, Ho dakT. Bor moyemy Mul Bep-
HeMcd K 3TOMY B ryape 7.

Xum—napag cpigu dusuxos!

Emo camuii Brigarouuiiod gusux
cospmwnoomﬂf '

fopauaa mm,pxa!

Hac 1o 1 geno BOBNEKAIOT B AOCYXUE CNOPLI HA YPOBHE
«KTO nyyie — Kupk unv MNukap?» nnu «xro camsiin siyu-
wini puank?». Ecnn 0TBET Ha NEPBbLIt BONPOC 04&BNU-
AEH ANA BCAKOrQ, KT0O X0Tsi 66t OAHUM rnasom cMmoTpen
«3peanHbiti MyTe» U NpY 3TOM He AuHTarx!, TO BTOPO#t
BONPOC Kyna choxnee. Ecnu 6 cnop 6bin Ha peHeru,
Mt Obl OTCTANBANY TY TOHKY 3PEHUA, YTO Bennyanume
dU3NKY — Te, B 4bl0 YeCTb Ha3Banw 4To-Hnbynb Bax-
HOE M Cepbe3Hoe, AaxXe eCNu KTO-HUOYAL DPYron yxe
npuen He3aBnCMO K TOMY Xe BbIBOAY. IHorQa senm-
HaULNE MLICANTENU HE YAOCTANBAIDTCS 3aCNYXEHRHON
chasbt {Mbl AyMaeM 0 Bac, Tecna), HO Hal ChNCOK Ta-
Kue Cny4au, yBbl, He YHUTLIBAST — CHUTARTE, YTO TakuMm
MOARM NPOCTO He NoBse3no. Hac uHtTepecyioT UMEHHO

1 «pMOoT» NO-KNUHTOHCKY. He Heitte Hac TankoM.
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3HameHuTocTU. Kpome TOro, nocxonbxy Mbl XOTUM
HE OTCTaBAaTH OT XWU3HU, TO, K COXANEHWO, He Byaem
paccMaTpyuBaTh 3AaNBKY OT TeX, KTO COBEPLUMN CaMbie
3HauYMTEeNbHLIE OTKPLITUS A0 1900 roga. Hakoweu, Mol
yBEPEHbI, HTO MHOTNE PUIVIKK HE COTRACATCA C HALUM
CIIACKOM, HO UM Mkt CO BCEM HALLUM YBAXEHNEM npe):;-
NOXHUM HaNWCaTb COGCTBEHHYIO KHUTY.

Urak;

1. Anbﬁep'f Qitvwrenn (1879-1955), Ho6enesn-
cxan npemwn 3a 1921 roa..

HyxHbl N1 3aechb kakne-nmbo apryMmeHTbl? SRHWTeNH
€0o3aan TeopMI0 OTHOCUTENBLHOCT — U CrieLuuanbHYIO
(aTa rnasa), v oGuiyio (rnaBut S n 6),— nNpuuem, cyna
no BCemy, Ha aGCOMOTHO NMYCTOM MECTE U COBEPLLUEHHO
camMocToAaTeNsHO. OH HEONPOBEPXMMO 40Ka3an, 470
CBET COCTOUT U3 YaGcTull (rnasa 2), u CTan OAHUM K3
OTLOB-OCHOBAaTENEHN KBAHTOBOU MEXaHWKM, XOTa Cam
B HEe TOJIKOM He Bepwui. Ero UMs CTano CHHOHUMOM
CNoBa «reHWi», K TOMY Xe, N0AOXA PyKy Ha cepaue,
OH EIWHCTBEHHLIA U3 HAWIErO CNUCKa, KOTO Bbl 3HaeTe
8 SIMLO.

2. Puvapn ®einman (1918-1988), Hobenerckan
npemus 3a 1965ron.

Baarogapn ynmMkansHoMmy cxnagy yma deitman cran
repoem 1 NPUMEPOM NPAKTUHECKU ANA KAXAOIrO MO~
nonoro ¢ousuka. On n3obpen keaHToBYIO 3nEKTpoan-
HaMKKy, KOTOpas NP NOMOLWW KBRHTOBOW MEXaHWku
obGbsicHANa, KaK YCTPOEHO 3NeKTPUYeCcTBOo (rnaea 4),
M BOKa3an, 4To 4acTullbl v NoNs GyxeankHO ABUIAIOTCH
. NO BCEM BO3MOXHLIM NYTSiM OHOBPEeMeEHHO (rnasa 2).
Kpome Toro, oH NPOCNABWACA Kak «BEJTMKWIA NONYNS-
pv3arTop», 1 NO KpanHeh Mepe HeCKOIbKO NPUMEPOB
n3 nawein xHurn GecnaphoHHO (HO €O ccunxamm)
CBUCTHYTHI U3 nekumin PenHmana.
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3. Huwnue Bop (1885-1962), HoGeneackas npe-
Muf 3a 1922 roa.

J10BOJ1LHO CKOPO Bbi NpOMMTaeTe rnasy 2, KoTopasn by-
BeT NoCeALIeHa KBaHTOBOW Mexanuke. But ee 0693a-
TenbHOo nonobute! flaxe ecnu Het, Gnnxe K cepeavne
rnassul Mbi PACCKAXEM, YTO- CTaHAAPTHLIE NPEACTas-
NEHWA O KBAHTOBOMN MEXEHWKE HA HACTORLLNIA MOMEHT
Ha3bIBAIOTCA «KOMEHrareHcKon unTepnperauveti».
Joranavitecsb C Tpex pas, oTkyaa 5op pogoM. Bop He
TONBLKO B OBLWMX YepTaxX ONPESENUn MUPOBO33PeHue
COBpPEeMEHHOT0 YenoseKka, HO 1 NEP8bLIM Co34an pea-
ANCTUHHYIO KEPTUHY aTOMA W FIOKA3aJ1, YTO KaK nonano
aTom He chfnaewbs — ero COCTOAHUSA «KBAHTYIOTCH».

4. Nons Appuer Mopuc Aupak (1902-1984),
HoGenesckan npemus 3a 1933 roa.

Aupak 6bin cpeay Tex, KTo NPoAPancA CKBO3b UENyI0
ropy ypasHeHui, NOy4nn popmyny, KOTOPas Ha Bua,
Kaszanacb ¢puanuyecku abCypaHoil, Ho pelsun, 4To «Bor,
Co3pasan 3ToT MUp, ONUPANCA HA matemarTnyeckue
8LIKNANAKM BOCXUTUTENBHOM” KPACOTEI», ¥ Pewnsi, 470
pa3 Tax, Bce 3Ty ypasHEeHuR 8Ce pasHoO Bepubl. Mpu-
MEPHO TaK ON 1 NpeAcKkasan CyulecTROBaHWEe aHTUMA-
TEepPUI 33 YeThipe roaa A0 TOro, Kak ee O6HapYXunu.

5. BepHep leinizenbepr (1901-1984), Hobenen-
cxaq npemus 3a 1933 roa.

Korpa leitseHbepry npucyawnu HobeneBeckyio npe-
Muio, popmynuposka Guina Takoi: «3a co3anaHue
KB8AHTOBOI MExaHWKu, NPUMEHEHUE KOTOPOW, cpean
NPOYErO, NPMBENO K OTKPLITUIO ANNOTPONHLIX HOPM BO-
NopoAa». XOTa Ha camom aene feiraeHbepr He coanan
KBAHTOBYIO MEXaHWKY, OH BHEC KOMOCCaNbHLIA Brnag,
B ee pa3paboTky 1 OTKPLIN «NPUHLMN HEONPELENESH-
HocTH [eiisenbeprar». O6 3T0M noapobHee B rnase 2.
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ThaB4 2

KBAHTOBbIE CTPAHHOCTU

KBAHTOBAS MEXAHUKA



Tak xXuBod oM wAu MEpMBHIG —
WPEGUULEPOBLKUE xom?

Ec.nn BEI XOTB B YeM-TO IOXO0KH Ha HAC, TO Ballle pe-
3peHHe K aBTOPUTETAM CPABHHMMO Da3Be 4YTO C Ba-
OIMM JXe BKYCOM K XXU3IHH. Bl He MOAUMHAETECh HUUB-
MM OpHKAa3aM M y>K KOHeYHO HUYero He IpHHAMaeTe Ha
Bepy. MuI TaK XODPOIIIO BAC IOHUMAaEeM — BeAb MEI TOXKE
6yrTapu-ognHOuKH. BOT nouemy MH He OTBeYaeM Ha
BaIIK Bonpockl 06 ycTpoiicTBe BeceneBHOM cakpaMeH-.
TAJIBHEIM ¢IIOTOMY YTO MEI TAK CKasaJus. HanpoTus,
MBI H3 KOXKH BOH JIe3eM, B3bIBasl K BallleMy 3JPABOMY
CMEICJIY 4 ITOBCEJHEBHOMY ONIBITY, YTOOKI OHH NOATONK-
HYJH BAC B HY’KHOM HAIPABJIECHUHU. '

C kBaHTOBOI MeXaHMKOHR 3T0 He monydaercsa. Ha
3ApaBOM CMBICJIe TYT AAJIEKO He yeAellb, XOTH BaM,
BO3MOX(HOQ, ¥ HOKAaXXeTcA, OYATO Bl JEeTUTE C BeTep-
koM. Bac, cnosro I'ensensa u I'petess, IpUBIEKYT Ap-
KY€ OBETa ¥ IPOCThIe OTBEThI, KOTOPhIe Bhl MOJYUKTE,
ecay uabepete Jerkuit nyth, CUNTANTE HALINX TOACKA3-
KU XJeOHBIMH KPOINKAMH, KOTOPbIe IOTOBhLI OBECTH
BaC 110 TAWHBIM a6 PUHTAM KBAHTOBRIX CTPAHHOCTEH.
OnmycTuM Ty 4acTh, COIJIACHO KOTOPOMl HaC CKJIeBaNH
NTPOXKOPJIMBHE NTHYKH.

«A YTO TAaKOro CTPAHHOTO B KBAHTOBOH MeXaHH-
Ke?» — clpaninBaeTe Bhl ¢ fecrneuynoii yasi6ouxoi. da,
MhI IOHUMA€EM, BHI CTDeJISHEIH Bopobei, B )KU3HM Y Bac
yaxe 661710 OYKBaJILHO BCE M Bac y>ke HHUueM He o6ecKy-
PAXXHTE. A 3HAUUT, BH He OyeTe Bo3parkaTh, €CJIH MBI
TIOIIPOCHM BAC IIPOMTH OJHUH HE3AMBICJIOBATEIA ITONLYJIAP-
HEli TecT!.

! Eciy BRI OIYCTHAN 91838 X OBBapy KN, YTO HA BAC IIMKAME,
SHAYHT, BAM ONATh CHHTCH 3TOT TPEKJIATLIH COH,
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Cmapunnpiii mecmp
© A KALCCUMECKYO URMYUW,iI0

NoxanyicTa, nocrapaiktecs 0TBE4aTh 4eCTHO. Ecnu
Bbl YENOBEK HACTONBKO UCKYLWIEHHBIW, YTO BBA3ANNCH
8 3Ty UCTOPUIO, YXE SHAA KOB-4TO O KBAHTOBO Mexa-
HUKe, HEYeCTHO NPUTBOPATLCS, BYATO BalLla UHTYULMRA
WenKaey napanokebl, Kak OPeLIK.

Bonpocobt:

1. CouyscTayete i Bul MeTaHnam Pobepra deocra
B8 CTUXOTBOPEHUN «[ipyras popora»?

B ocennem necy, Ha passunke gopor,
Croan 5, 33yMaBiuncCh, y NOBOPOTa;
[yt 66110 gBa, 1 MUP Bbin LNPOK,
Oanako 51 pa3aBoNTLECH HE MOT,

U Hano 6bino pewarsca Ha YTo-T0.

(Mep. . Kpyxxosa)

2. Noaymaitte Han punemmont lamneta: «buiTe AN He
Hb1Tb?». Tak M YK HEOGX0ANMO BeNaTh NOAO6HLIA Bbl-
60p?

3. Ecnu gepeso napaeT B necy, rAe HUKOro HeT, npous-
BOAUT NN OHO FPOXOT?

Or1BeThi:

ECnu Bbl OTBETUAU «Aa» HA BCE TPK BONPOCa, no3apas-
naem! Mo cxaany yma But NPeKpacHo NpuUcnocobiieHet
K XM3HU B Kxaccu4eckom Mupe. Echm xe sul otBeTUIN
«HeT» xoTs 6bl Ha OAMH U3 HUX, TO He NPOoLLKY TeCT Ha
KNACCUMECKYIO MHTYUUUIO, 3aT0, CKOPEEe BCRro, roToBbI
BCTYNUTL B KBAHTOBBIA MUP.

Ecan BRI NPOULIY TEeCT Ha KJIACCHUECKYIO MHTYH-
IHIO, TO OKa3anuch B oTINYHOMH KoMIanuHn. Cop Hcaak
Hbi0TOH (M eTO KAaCCHUYECKUAE HOCAEAOBATENN) HOMOT
HaM BLICTPOUTH IIOE3]4, an’romoﬁmmi, Ha)ke KocMuue-
CKHe KopabJii,— H BCe 3TO OCHOBLIBASICH HA CMJIbLHOM

56 B



KBanmobme cmpaniocmu

L ABE WEAW (LAALCUKA)

KJIaccuuecKoil nrRTyunun. U ecnn cyanba ne pacropsa-
JUJIACH TAK, YUTO VMMEHHO Bhl KOHCTPYHDYeTe MHKpPO-
CXEeMhI, MOXKHO DYYAThCH, UTO IPAKTUYECKH BCE BAIIN
MOBCEeAHERHEIE ALICTBMA COOTBETCTBYIOT KJaccHuUe-
cKoM (pnauxe,

Ho mMHBOroe B npupoae CKPHITO OT HEIIOCBAIEHHBIX,
U, €CJH IPHUTJIAAETHhCH, OKAMKETCHA, 4TO QUIHYECKHM
MHDOM HA CaMOM Jejie NIPABUT MHKPOCKOHHYECKOE
LIaPCTBO KBAHTOBOM MexaHUKM. CJIOBO «KBAHTOBBIH»
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OTHOCHUTCA K CIENYIOMEMY ABICHHIO: BHEPrUs SEK-
TPOHOB M NPOYHX YACTHIL He MOYKET UMeTh IPOM3BOJIbL. |
Hoe 3HayeHMe. BoT, HanpHMep, JaMNIOYKYU GLIBAaIOT
MOIHOCTEIO TOABKO 40, 60 1 100 BarT, a He, ckakeM,
93 BaTTa,— TaK ¥ 3HEPTHH MAKPOMHUDA CIIOCOOHE! (HY,
MJIH AOJIKHBI) OPHHHMATDH TOJBKO ¢« KBAHTOBRHHEIE»
3HadeHud. JIpyrad cropoHa DOHATHSA ¢KBAHTOBLIH» 3a-
KJIIOUaeTCA B TOM, YTO MHOrAa Ml GyjfeM roBROpHTHL
0 TOM, YTO BC€ IPOCTPAHCTBO 3aNOJHEHO YeM-HUOYAb
BpOZE, CKAXKeM, dJIeKTprieckoro nonas. Ho ecau B3rus-
HYTb Ha CUTYAILIKIO HonoApo6Hee, MBI OOHADYKUM, UTO
IoJIe MOXXHO pa30HTE HA OTAEJIbHAIE YACTHIIEL.

A npu yeM TyT «MexaHMKa»? Tak, 3aOMTHUTE MycC-
TOE MECTO.

Y1068 DPOMJIIIOCTPHPOBATL HAUIM CJIOBA npumepa-
MM, MBI IPOBEeM HEKOTOPOE BPeMA C ABYMA JIMYHOCTS-
MM, KOTOPbieé BOIUIOMAIOT CYTh KBAHTOBKIX CTPAHHO-
crei: ¢ nokTopom JlxeKkunoMm u MucTepoM XaigoM.
Hoxrop Jxexni — uenoBeK Ao0pBLil, MATKOCEPAEYHRIH
H o4apoRBaTeJIbHO MpexcKasyeMsulil, mucrep Xaiip —
CYIOWii XbABOJ H 3aCNYKHBAET IPE3PEHUsA, € KAKUM
OTHOCATCSH Pa3Be YTO K CEPUHHLIM yﬁx«muam u nwbure-
JNAM KapaoKe.

- PagymeeTcd, Bhl ROJIKHEBI 3HATH, UTO JOKTOP Isxe-
Kua a Muctep Xaitg s3auMoHckI0O4YaKmu. Mucrep
Xaiix — aT0 Mep3Koe YPOANHMBOE CYILECTBO, KOTOPOE
KUBET BHYTPH HOKTOpa J’KeKUJa ¥ BHICKAKUBAET HA
TOBEPXHOCTh, YTOGHI CEATL CMEPTh U paspylueHue’.
HesBaxHo0, moYyeMy 3T0 IPOACXOAUT — HO BOJIE CAyYad,
110/, HACTPOEHMEe, B HEKHI DOKOROM IIpeAHaASHaAYeRH I
yac,— TaK WIM HHaye, [[3KkeKui npespaniaerca us 6aa-
FOBOCIMTAHHOIO JOKTOPA B Pa3bapEeHHOro COLUONATA
MZHOBEHHO.

! IIpuMepHO KAK IPLIN] Nepe] BRITYCKHLIM 6a10M.
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Tak BOT, IPHCOEANHUMCH K ROKTOPY oKekuny, Ko-
TOPHINA I'yjfieT N0 CBeXXeBhinapmeMy cHery. Hacxuax-
Rafick MOPO3HEIM XeKAGDLCKMM BO3AYXOM, HKeKW
NOAXOAUT K GelioMy HITaKeTHOMY 3a6opy, rae He XBa-
TaeT o4HOil nommeukn. JHoxTop [IKeKH He Uy He-
BRHHEIM 3a6aBaM M JIOOUT NPOCTHIE PAKOCTH, NO3TOMY
OH OTXOJWUT HA HECKONbKO (GYyTOR U HayuHaer 6pocaTh
crexKu. MBorne crexxku nomesaioT B 3abop (Bens
nokTop J:xexXun npesxae Bcero yyeHRIl, # METKOCTh
HMKOTZa He GBlia €ro CUNBHKIM MECTOM), HO HEKOTO-
pBIM BCe-TAKU yJaeTcA IIPOJNeTeTh B Iedk B 3a6ope u
pa3buThCs 0 BOMKK, KOTOPBI CTOUT B oTAaNeHuu. Kak
HETPYAHO AOTAAATBLCH, IPH 3TOM NOJIYYAETCH IPOCTOM
y3op. Ha creHe a0Ma o6pasyerca HePAIIJIHUBASR, ONHAKO
YeTKO PA3NNYMMASA BePTHKANLHASA THHHAA,

IMoxTopy J’KEKWIY CTAHOBHTCH CKYWYHO OpocaTs
CHEXKH B TaKylo [IPOCTYI0 MUIIEeHb, U OH GpofuT mo
OKDEeCTHOCTAM, NOKAa He HaxXoauT 3a60p, Tie He XBaTaeT
ABYX HITAKETHH, TAK 4TO B HeM Jie mean. Toraa aok-
TOP CHOBa HauMHAeT OPOCATH CHEXKKH OAMH 38 APYTHM
un — oyx! lIInen! — opHH npoJeTarT B JEBYIO HIEb,
Apyrue — B IpaBylo, TPEThH monaxaloT B 3abop. nans
B IeJIM Ha CTEHBI-AOMA, JOKTOD BHAMT ABe YETKUE Ju-
HUY U3 CHera U JbAa. MoxHO ¢ DoNbIIONR noneid yBe-
PEeHHOCTH CKa3aTh, YTO KOMbSI CHET'A CJIEBA ITPUJIETEIH
¥3 JIeBoi menu u HaoGopoT.

IKCIepHMEHT ¢ JBOHHO# 1ieabio JokTopa JIKeknaa
OCHOBAH Ha cXeMe, IIPeAJIOKeHHON anrauiickum Gpusn-
koM Tomacom FOHroM, ¥ B AAHHOM CJIy49ae ACHO UJIIO-
cTpUpyeT nosejgeHue uactul, Henaem B zabope oxuy
HieJ b — TOJAYyYaeM OAHY CHEXKHYIO JIMHHNIO, BBOXUM
BTOPYIO ImENs — TOJAy4aeM BTOpyio JuHuio. Tor xe
3KCIIepMMEHT MOXKHO IPOJEJIATh ¢ KAMHAMU HJIH TOD-
TUK&MM ¥ IOJYYUTH COBEPIICHHO TAKOM e pe3yJbTar.
I'naBHOE — peayabTaThl 3KCIEPUMEHTOB AOKTOpa Ke-
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ana GAuna BoAnm

L__——_ —

KHJia OYeBHAHK, HPeACKA3YeMEl M IPEKPACHO COOTBET-
CTBYIOT 3APaBOMY CMbicny ¥ MuTymnuu. Eciu kaxoil-
HNByaL 60661 yeupur, yro goxrop Dxxerknn 6pocaerca
CHeXKAMH B YaCTHBIH A0OM, ¥ GDOCHTCA B NOrOHIO,
TO B ee HauANe MBI Gy/leM TOYHO 3BATH, I'le HAXOAUTCSH
Kax b1 u3 Hux, [logo6HEIM e 06pa3oM, ecu JOKTOD
JI>KeKHJI CBEpHET B IEPEYIOK, MK 6yAeM TOUHO 3HATH,
rAe o8 HAXORUTCHA. IIOCKOIBKY MEI MOXXEM H3NMEPHUTH
ANUHY TOPOJACKHX KBAPTAJIOB ¥ 3acedb, CKOJLKO Bpe-
MeHH 6eXXUT JoKTOop J)KeKmyi, ME cyMeeM TAKIKE BHI-
YHUCJIHUTH, C KAKOH CKOPOCTHIO OH G uT.

BoT 4uTO 3HauMT NOBeleHNE, TIox00aI0MEee AXKEHTIIb-
MEHY — U URCTHIE.

M uTo? Huvero ceHCAIIMOHHOTNO MBI He PACCKA3AJIH.
Ho uro 6yger, eciu Mbl CHEMEM PO30BHIE OUKH KJIACCH-
YECKO MEeXAHHKH U MIOCMOTPHM HA cUTyanAIo 6e3 Hux?
Mz1 06HAPYIKUM 3KBHBAJERT JOKTOpa [lKeknia, KOTo-
PHil U cBOpauMBAET B NPOYJIOK, & -6eXuT jganbitie
10 yaune — u 6pocaeT CHeMOK cpaly 6 J6e miesin B 3a-
6ope.

! Ecjii BRI AHKY, OH U3BECTEH BAM K&K O(QHIep noiuuuun.
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Usanmosuie CMpaRHoLMU

" 1. U3 yero cocTronT ceet —
M3 KPOLUEUHbIX HacTUL, NN
" 13 60NnbLLOK BONHLI?

Teneprk Mul ONATH 6yaeM y6ekJaTh Bac B Bame ciio-
cOGHOCTH HOHHMATH KJIACCHUYECKHl MUD H JJUID 3aTEM
yraybnMesa B MUpP MUKPOCKOUMYECKNid, rae NpaBuT
KBaHTOBaA MexaHnKa. IIpesxie Rcero paccMOTPUM yd
ceera. Ecnu BeI mocBeTHTE GOHAPHKOM B 3€PKAJIO, YTO
Brl yBUANTE? PasyMeercs, JIy4U cBeTa, TOJBKO 3TO He
ofBsAICHAET, KaK cBeT gobpascsa or GPOHAPHKA K BalIAM
ra3aM.

HeioTon 8 XVII Bexe 3aABHJI, 4YTO CBET, CYAA IO BCE-
MY, COCTOMT M3 OTHENBHBIX YaCTHI CBETa, TAK HA3LI-
BaeMKX (oToHOB. Ilpn moMOIM TPU3M OH PA3JIOMUN
Oenrnlii cBET HA Pa3Hble IIBETA, KOTOPHIE HA3BAJ-OCHOB-
HHIMHA KOMIIOHEBETaMH cBera. Kpome Toro, oH npejno-
JOMKWJIL, YTO YACTHIL! CBETA OTJANYHO MOMOTAIOT JIETKO
M [IPOCTO OG'BACHUTHL HHTEDECHEIE ONTHUECKUE SBJe-
HRA,

IIpuMepHO B 3TO RE€ BPEeM#A I'OJJIAHACKNIHA GU3UK
Kpuctuau I'olirenc npuines K npsaMo TPOTHBONIONOMK-
HOMY BBIBOJY. OH IIOKA3aJ, YTO €CJAH MRl IpeACTaABAM
cebe, UTO CBeT HCXQOAHUT H3 OJHOH TOYKH, HPMMEPHO
KaK KPYrH 1o BOAE, ecy OPOCHTE B TPV KaAMVYIIIEK, TO
cMO)KeM OGBACHUTE BCe CBeTOBhIe ABNeHusA. OH yTBep-
AT, UTO CBET BeJeT ce0d KaK BOJIHA.

Y06kl B CIIOJIHA IPOYYBCTBOBAIH, HACKOJIBKO 3T0
33KOBBIPHCTAA JUXOTOMUA, HARKO O6'BbACHUTD, UTO Ta-
KoOe€ BOJIHA.

Hapepusaka B! yiKe BUAENM BOJHE — B MOpe WJIH,
CKaKeM, B co0CTBeHHOIt BaHHe. BogAHLIe BOJIHEI B BAH-
" He, 3BYKOBEIE BOJHLI B BO3[yXe U CBETOBBIE BOJHH 06-
nagaloT OGmMUMHA NapaMeTpaMy — AMILIUTYAO0H, CKO-
pOCTBHIO, ANTAHOMN BOJHEI.
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Paamax Mmexay camoii BBICOKOH M caMoil HRSKOM
TOYKON BOJNHBI (AMILINTYARQ) HOKA3LIBAET, HACKOJBKO
BOJIHBI CHJIBEBIE, YToOK BRI cAIymanH J00KMYI0 rpyn-
1y 0O KOPOTKOBOJHOBOMY Daj¥0, 3BYX HYIKHO HIpeal-
pas0BATh B CEPUI0 BOJH K HANPABHTE U3 paguonepenar-’
YUKa. AMIUIMTYAA PaAMOBOJIH KOHTPOJAHPYET CHAY
CUTHAJIA, 4 CleJoBaTe]bHO, TO, HACKOJbKO UHCTOM 6y-
JeT MeJOoJAMsA, KOTOPYIO Bbl YCABLIITUTE,

Kpome Toro, y BOJIH ecTh CKOPOCTh PACHPOCTPARE-
HHA. Paguocuraansl — BCEro JIVIMb Pa3HOBHIHOCTL
CBeTOBOM BOJIHLI, & CBET BCErJa JBUYKETCH CO CKOPO-
ctbio 299 792 458 MeTpOB B CEKYHAY. 3TO HE TONBKO
NOTOMY, YTO JHAKEY TOHMMAIOT, HACKQJBbKO BEI CTPa-
naete G6e3 npuBLIYHON Kraccuku pokal. Korfa paguo-
BOJIHA ZOCTUTAET Balleil aHTeHHK, OHA Npeobpasyerca
B 3BYKOBYIO BOJIHY (KOTQpafd CO3JaeTcH# NBHKERUeM
meM6paH B JHHAMUKAX), & 3BYKOBasA BONHA ObeT Bac
B JHII0 €0 CKOPOCTHIO NpuMepHOo 340 MeTpoOB B CEeXYH-

Fupan ¢ 48ymS
WEARMU

! Eime Kax NORUMAIOT.



KeanmoBpe CmPAHHOCMU

Ay. 9Te 03HAYAET, YTO 32 PeAKHMMY UCKJIIOIeHHAMY pa-
AUOCHTHaANy TpebGyercsa MeHbIlle BpeMeHH, YTOOHI [0-
6paThcA OT IepefaTuMKa PAJUOCTAHIIMHM A0 BAIIErQ
paguonpHeMHHKA, YeM 3BYKOBO# BOJHE — YTOOBL Ao-
6paTeca OT AMHAMHUKA A0 BALIEro yxa.

Hakoren, ecTb ellle TUHA BOJAHE — PACCTOAHHKE
MEXJAY COCeHUMY MaKCUMYMOM ¥ MHEHUMYMOM, a 3a-
OJHO ¥ XapaKTePHCTHMKA 11BeTa ¥ 3HEepPTUH BOAHLL. Bu-
ONMBIl CBeT uMeeT AJHMHY BOJHR HEMHOr0 MeHbLIE
OAHOK THICAYHOH RONH MuJJiEMeTpa. Boannl ¢ GoJiee
HH3KOH dHepryueil, HANPHUMED PAZHOBOJHBM, UMEIOT
AnuHy 6osbllie caHTHMETpa. BoaHkl ¢ 6osee BuICOKOMH
9Hepruel, HanpUMep PEeHTreHOBCKHE JIYUH, -UMEIOT
anuHy BoaHbl 10711-1078 Merpa, a y ramMma-nyueit
3HepruAa eme Boillle. X aydynie usberaTh, IOCKOJNLKY,
Iait ¥M BOJHO, OHM Cpa3y e HarpajfAT BceX, 40 KOTO
JOTAHYTCA, CBePX'beCTECTBERRRIMHE crocobuocTamul,

Kasxcerca, 4ro 3TH ABe KAPTHHKHN — BOJIHA ¥ YaCTH-
a8 — O4eHb pasnsle. C Apyroit cTOPOHSBI, OKA3kIBAeTCA,
ofe MpefCcKasbIBAIOT B TOYHOCTH OXHO H TO )ke. Hanpmu-
Mep, Ml 3HAEeM, UTO eCJI¥ TOCBETUTh Ha 3epKaJio, TO CBeT
OTPA3UTCs OT 3ePKasia 1 .OyeT BOCIPHHAT I1a30M.

OrpasxeHne oUeHb JErKO 00 BLACHACTCS NpeJCTanIe-
HUeM 0 gacTHiax. ECiIH Bl XOTh HEMHOIO IIOXOXKM Ha
HAC, TO PACHPOCTPAHEHHAN UTPa «IOTOHATE MAY C pe-
6aTaMu» CBOAMTCA AJA Bac K OPOCAHHIO TEHHHCHOTO
MAYNMKa B JBeph rapaxa. Banas mozaua, rpOMKMit
«6yM» ¥ HEJIOBKHIf OTCKOK — K MAYAK CHOBA V Bac
B pyke. Ecau BBl cocpenoTouNTECH OUEHb CUJILHO, TO,
BEpOATHO, BCIOMHUTE, KaK BaM OOBACHANIM PO MAYUK:
«¥YTron mafeHNs paBeH YIJy OTPAKERHA». A MOXeT
OLITH, ¥ HeT. MoxKeT GRITEL, €CIHA BBl COCPEJOTOUUTECH

1 Bor, examxeM, Xankx («PaHTaCTHYECKAA YeTBePKA») UepnaeT
CHJIY HEe B DEHTT€HOBCKM X, & B KOCMHYECKHX JY9Yax, 0 KOTODLIX MKl
TIOrOROPUM B CIeAYIOMIeNl riane.
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OYe€Hb CHJILHO, Bl YCALIIINTe rIaBEYIO TeMY U3 «HH-
suass [koncas. Torja nopeprTe HAM Ha CJioBo. B
3HaeTe Bce 00 orpaxeBuy GoTonOB. ECNH BH 3aMeHHTE
TeHBUCHHI MAYHK GOTOHOM, a FrapaKHyI0 ABEPh —
3ePKAaJIOM, TO IPEKPACHO OIMMIETE CBET.

PasymMeeTcs, BOJIHA OTP&)XaeTcd TOUYHO TaK JKe.
IIpencraebTe cebe yeTpOilCTBO CKPHIOKH HAH KOROEDT-
HOFO 3aJ18. AKYCTHKA KaK TAKOBafA ompeAeigercs
TEeM, YTO IPONRCXOLHT CO 3BYKOBOIi BOJIHOH, KOrAa OHA
. OTPa)KaeTCs OT CTeH KOMHATH HJAU APYroro mycroro
npocTpadHceTsa. IIputieM B TOYHOCTH KaK B Ciay4ae
¢ YacTHULEell oTpaXeHue CBeTa IMOAYUHIETCA Boame6-
HOMY COOTHOIUEHHIO — <«yIoJi NafeHnda paBeH yray
OTPA’sKeHUA».

IHpeacrasjisieTcsi, YTO BCE 3TH CIOPAI 0 YACTHIAX H
BONHaX He GoJiee ueM codUCTHKA: Belb 06e FUIIOTE3HI
00'BACHAIOT OTPAMKEHUE COBEpPOIEHHO OANHaKoBo. Ho
He GecnoxoiiTech — BOJHBI M YACTHUH OGBSICHAIOT
OAUHAKOBO OTHIOAL He BCe ARJEHMA. .

Ina wac (1 ana olirenca) BosiHa MHTEpPECHa U 1MO-
JIe3HA TeM, UYTO ABe BOJIHEI CHIOCOGHE! MHTED(hEPUPOBATH
APYT ¢ apyroM. BpoceTe B CIOKOMHLIH HPYA Hapy Ka-
MELIKOB — U BBI IIOMMETe, UTO Mbi UMeeM B BUAY.

dusuyeckue (PeHOMEHH! MOMXHO OOBACHATH KaK
YroAHO, HO OHM He OTBEYAIT Ha BaXHLIH BONpOC: U3
Yero COCTOMUT CBET — M3 DJIEKTPOMATHUTHBIX BOJH UAN
K3 94acTuI? DTOT CIIOp TRHYJICA COTHH JieT, KO CaMoro
XX Bexa, Korga 6nL10 00/bSBJIEHO, UTO TOGENMNA ADYK-
6a,— TIDUMEPHO KAK B KOHKYPCE CAMOAEATEILHROCTH
B IeTCKOM cafny. YTo6bl IOHATH, KAK 3TO MIPOUCXORUT,
BEPHEMCH K HAIEeMY I'epoio — MHCTeDY [KekHITy. |

I[Tocae yroMHuTenbLHOro XHA, NOCBAMEHHOTO 6poca-
HUIO CHEXXKOB U HEBUHHBIM IIYTKAM CO CTPayKaMH mpa-
BOIIOPAAKAE, AOoKTOp J’KEeKHJ BO3BpallaeTca JOMOI,
rAe y Hero ycTpoeHa jJabopaTopud, 4To6H HpeaaTbCs
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HOBbIM 3KCIIEDHMEHTAM. ITockonbKy TaM y Hero B péc-
HOPSKeHHY UMeloTcs GoNee MUBAAIM3OBAHELIE HAYY-
Hple anMApPATH, OH MOXKeT NpoBecTH onwt IOHTA
¢ ABOITHON mMeNbi0 KaK Noja0xKeHo. To eCTs BMECTO 34-
60pOB 1 CHEKKOB OH Geper 3KpAH C TOHKOH BePTHKAJIL-
HO¥ IMIENBIO ¥ CBETOM M3 JIA3ePHOI'C HCTOYHUKA. 3a ne-
PEAHUM 9KPAHOM CTOHT 3AAHHA NPOEKIUOHHLIM SKpaH,
HA KOTOPOM MK BUANM CBETOBHIE y3ophl. Hy, KaK BBI
AyMaeTe, YTO YBUAUT ZoKTOp Jmexmin?

Tyr n AymaTh Hedero. OH YBHANT Ha JATLHEM SKPa~
He APKYIO BEPTHKANBHYIO TREWIO,

C npyroii CTOPOHHE!, €CJH OH NPOPEIKET B NEpeaHeM
3KpaHe ,uae'lmenn, KAPTAHA HECKOJIBKO YCIOMHUTCH.

TyT poxrop >kexnn o6HapyEMBaET, ITO B HEM IIPO-
6yanica speps — mucrep Xaitx. Ceer mpoxoauT CKBO3Db
ofe menu, ¥ BOJIRA U3 OZHOH NHTEePdEPHDPYET C BONROi
OT APYToOi, OTYEro HA MPOEKIHUOHHOM 3KpaHe HOABNS-
€TCA CJIOKHEIN y30D.

Bor xak BRIPNSAZeN CBEPXY aOIaDAT C ABYMSA INeas-
MH, COrJIaCHO OPUrHHAJLHLIM 3aMetrkaM FOHra.

N

Ceer npoxoAnT CKBO3b WienH A u B, focraraer npo-
THBOMOJIOKHOrO 3KpaHa M CO3/laeT SPKHAe IATHA B TOY-
kax C, D, E u F (a Taxske B TOUKAX BHIIIE U HHMXE, IAe

3- TonpGepr &, BnosMusMct Jw. é Y
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IOHr o6phiBaeT cxeMy). 3Hakomas kapTuHa? Kax 6yaro
BHI 6poCHIIM KaMeIIKH B npyA B Toukax A u B? Ilpocro
310 GoJlee TOUHAS BEPCHA TOrO, KaK BRITIANAT MHTEP-
depupyromue MeRAY coG0t BONMHEL.

Iaxe ecii Bbl HUYETO He BHIHBCETE M3 3TOM AUCKYC-
CUM, BRI NOJXKHBI 3HATH, YTO MHOKECTBO APRKUX JIH-
HMil — BepHBIl MPH3HAK TOTO, YTO MLl HMeeM JeJ0o
¢ uHTephepennue. Urobn murepdhepuposarts Apyr
€ APYTOM, JIYYH CBETR JOJIKHEI IPOXOAMTE K Yepes Opa-
BYI0, H 4epe3 JIEBYIO LeJN OZHOBDEMEHHO, a MHaue
y HAC He MOJIYYNUTCS CA0XKHOIO PUCYHKA, KOTOPHIA MEI
BHAMM Ha IPDOTHBOHOJIOMKHCM SKpaHe.

B orsimume oT oTPaKeHUs, HOJAYYNTH HHTephEpER-
IUI0 OT YaCTHI[ HUKaK He moJjgy4aercA. Ecan B3ATH
B KAXIYIO PYKY 0 OUIBAPAHOMY HMIADY U CTONKHYTH
HX, TO HE IOJIYIUTCS MECT, I'Ae MAPEI HHTepHEPUPYIOT.
CxaaaniBaloTca ¥ HHTePHEPHPYIOT TOJBKO BOJIHEI,

Wrak, BOT BaM NMpOCTOEe NPAKTHUYECKOE PYKOBOX-
CTBO: ‘ ‘

* JBe SpKUe JIUHHH = Kak yacTuus! (Jkerun);

* MHOI'0 APKUX JMHHH = Kak BoJaHbI (Xaiix).

1. MOXHO NI UBMEHUTb PeanbHOCTb,
ecfim NPpOCTO CMOTPETb Ha Hee?

Cser, HeaycnorHO, BOJHA. JOKcnepumeHT IOHTa
¢ XBOWHOU IENbIO JOKA3LIBAET 3TO OKOHYATEJIbHO U
GecrroBopoTHo. Hy uTo, BOIIpOC 3aKpEIT?

\ Paameurtanuce, Heioron 6nin abcosorao y6exknen,
YTO CBET COCTOHT W3 YaCTHI, U OF 6Bl He OAHHOK.
B 1905 rony AnnbepT SliEmiTeiiH Noxka3aj, YTO CBET HA
caMoM zieJie cocTouT N3 GoToHoB. TaKkue 'pPOMKHeE 3a5IB-
JIeHNA HYKJAIOTCA B BECKHX JOKA3aTEeJLCTBAX, KAKUE
" 66 3BHAMEHUTOCTH M 3HATOKH HUX HM JIeJIal|, I03TOMY
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Koanmobuis cmpannocmu

Ditrmreil 060CHOBAJ CBOIO TOYKY 3PEHUS C HOMOUILIO
TAK Ha3blBaeMoro ¢oToddderTa.

VyeHrule 3aMeTHIH, YTO €CJIN HOCBETHUTD Ha METAJLIb!
yALTPadHUONETOBEIM JYYOM, BHICKAKUBAIOT 3JIEKTDPO-
Hul, C Apyroii cTOpoHBI, €CJIN IOACTABJIATE TE JKE Cca-
MbIé METAAJABI IIOX MEHEe IHEepruidHEle ANHHL BOJIH,
HHYEro He NpOMCXOAMT. DRHITeHH c/leiat BLIBOJ, YTO
eINHCTBEeHHOE BO3MOKHOe 00bacHeHENe doToaddeK-
Ta — QyHIaMEHTANIbHOE: CBET COCTOUT U3 OTAEJBHBIX
yacTUYeK, (JOTOHOB, KAMJAS M3 KOTODHIX IepefaeT
CBOI0 3HEPrvI0 OZHOMY-eAHHCTBEEHOMY 3JIEKTPOHY.
3TO KaK CTYy4YaTh OAHNM OGMJILAPAHBIM IN&POM IO APY-
TOMY, a 3HAYMT, KyJaa Gosbile MOX0)e HA YaCTHIHI,
YeM Ha BOJHEI, BepHO? ITocKONBKY KpAaCHRI, 3eJeHblit
HJIN CMHMH CBET (CAEJAHHRIN U3 OTeNBHHX (POTOHUM-
KOB) Takoi caabGeHbKH, HH Y OAHOIO (OTOHA HE XBA-
TAET 9HEPrUH, YTOGH! BHITHOUTD 3JIeKTPOH, — AMEHHO
no3ToMy HabmionaeMbiil 3ddeKT 3aMeyeH TONBKO
B yAbTPadn0JIeTOBOM CBeTe, IpH §oJiee BRICOKUX dHEp-
TUdAX.

SfirmreiiH noxyyua 3a 370 oTKpeiTHE HoGeneBCcKy10
IPeMHUI0, NTPAKTHYECKH KaxJaas BBOAHAS KHHTA II0
3TOoif TeMe BO3JIAET €MY HOJIKHOE KAK YEJOBEKY, J0KA-
3aBUIEMY, YTO CBeT BedeT cebA KaK IOTOK YACTHIL, OA-
HAKO, KAK BBIACHUJIOCH, BEDAUKT He GbLN OKOHJATE -
HuiM. B 1969 rogy HeCKOJABKO MCCAEAOBATENbCKUX
TPYII NOKAa3aIH, 4o HoTodddexrT MoxKHO 06BACHNTE
¥ Ha OCHOBe BOJIHOBOU rumnoTtesnl. JifHmTeliH npexkpac-
HO 00'bAcHEI doToathdeKrT, HO OKAZATIOCE, UTO eT0 005"
ficCHeHUe He equHCTReHHoe. [IpocTo oH pacckasan HaMm
IIPEeJIECTHYIO MCTOPUIO CO CYACTIHBREIM KOHIOM. XOTA
B ero JOKA3aTeJbCTBE OBIIO HECKONBKO JIOTHUYECKHUX
MOT'PEIIHOCTe M, ORA3AIOCH, YTO OH BCe PaBHO OLLI Ipas.
MHOKecTBO IKCIEPUMEHTOB BIIOCASACTBUH MOKA3ANH,
YTO CBET ONpPeleIeHHO BeJeT ce0R KaKk MOTOK YACTUL.

é7



fasBa 2

ITpexcrasisieTcs, UTO BCE 3T CIIOPH CTOAT B OFHOM
PAAY ¢ BOIPOCAMH, OTBETHI HA KOTOPhIE IIPUMEPHO TaK
e cyapOoHocHR: ¢«CKONBKO AHTeJIOB YMECTHTCA HA
koHuuKe uran?» u «Kyna, kyza Bul yaanuancs, BeCHb
moeit anarele 1au?» U nmpasjga, KOMy MHTEPECHO, YTO
TAKOE CBET Ha CAMOM fejie — BOJHEI MJIM YaCTNIhI?
K Tomy ske, ecau BAyMaTbCs, He TAKOE Y 3TO K npo-
TrBopeune. BoT, Hanpumep, OKeaHCKHE BOAKI YK TOU-
HO BeAyT cebA KaK BOJMHEI, HO MEI-TO 3HAEM, YTO HA Ca-
MOM Jiejie OHHU COCTOAT M3 OTAENBHEIX (BpoAe YacTHIL)
MOJNEKYJI.

Moxer 6uiTh, U cBeT BejeT cebst Tak xe? Mosxer
OBITH, OH TOJILKO Ka)eTCd HenpepLBHON BOJIHOW —
OPUMEPHO KaK KaXeTCsA HelpPepHIBHOW KapTHHKA Ha
akpaHe Tenxeruaopa? Ecnu BHUMAaTEILHO NPHUCMOTPETH-
¢ K TeJIeBH30PY, BUAHO, YTO U306pasKeHre «HA CAMOM
JieJle» COCTOUT M3 OTAENbHRIX MTUKCeRei.

. Mosxer GBITL, CBET TOMBKO KAXKETCA BOJHOM, IIOTO-
MY 4TO B HEM TaK MHOro (poToHOB? B KOHTEKCTe OIBITA
¢ IBOIHOM 11eIkI0, MOXKET OBITh, Y:KACHO MHOrO doTo-
HOB IPOXOJNUT B JIEBYIO IIeNb, Y3KacHO MHoro ¢oro-
HOB — B IPABYIO, & IOTOM /iBe BOJIHE HHTePhepHPYIOT
APYyT C APpYyTroM.

Ax, ecau OBl ’JKU3HD OblJIa TAK IIPOCTA.

Mr1 y>ke roBOpHJIH O TOM, YTO (hbH3NYecKas HHTYH-
n¥S B KBAHTOBOM MexaHUKe He nmomomuuna. Hageem-
cA, BbI HE BRIGPOCHIIM HAJYBHEIE HAPYKABHMKH, IIOTO-
MY 4TO ceifuac Mbl OpOCHM BAC Ha FIYyORRY.

MHokecTBO (POTOHOB MPOXOAAT B RAMKAYIO IIEeNb K
uHTepdepUpPYIOT APYr ¢ APYTOM, MPHYEM BeAyT cebs
Rak BOJEBI. Muctep Xaiin, KOTOphIii XOUeT BePHYTHCHA
B cocTosHHE JoKTOpa J[:ekHna, KOE-YTO 3ayMAa.
«MooxeT 6bITh, — CBMDENIO PRIYUT OH,— €CJIX CHU3UTEL
MHTEeHCHBHOCTD Jiy4a, (JOTOHE OyAYT IIpOJIe3aTh B I0EIH
IO OAHOMY. A OTAeNnbHbIN (POTOH YK TOUHO HE CMOXKET
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KeanmoBuit cmpannocmu

BeCTH ceb# xax BOJIHA, eMYy Belib He ¢ 4eM HHTepdepH-
poBaTh!» - .

Begunlii, Jerkosepuniii npocrak! Ilocmorpum, uto
MOJIYHAEeTCA, KOTa OH IIPETBOPAET B YKXU3HE CBOI 3aB4-
panbHBIA NPOEKT.

Kax x mmanuporasoch, OH NPUrIyniaer Jiy4d B yAOCTO-
BEPSAETCH B TOM, YTO GOTOHNLI MONMAAAIOT B ANNADAT CTPO-
ro no oxHoMy. Kak m paunule, Ha 8afHeM SKpaHe eCTh
HAETEKTOp, KOTODHI 3aCeKaeT KayXAKIH nomajaiomuii
B axpat ¢GoToH. X0oTHa pe3yXbTATEI A0JIKHLI HAKOOUTEHCH,
a DpPOHCXOAMNT T0 He cpasy, Xalin Bce paBHO BUAUT, Ka-
KOit pHCYHOK ORM 06pa3yioT Ha faJIbHEM 3KpaHe.

Xafin BHANT Ha JajJbHEeM 3KPDAHE PUCYHOK M3 He-
CKOJIBKMX HOJIOC, KOTODHIH ITOKA3kKIBAET, YTO (JOTOH-
HHI JIyY K B caMOM jJieJie Befier cefA Kak BosHa. ITona-
Zaolnue B annapat GoTORK ¢ YeM-TO HETepdepupyIoT.
Ho BeAib sy HACTPOEH TaK, YTO BRINYCKaeT QPOTOHKI IO
oaroMy. ExuncrBeHHoe JorudecKoe o0LACHeHHe —
4To GOTOHE MHTepdEPUPYIOT caMu ¢ coboit. Kamanrit

; Atm.xkopu

Onvim Murtps
¢ OMAOXKEHHDIM

BHBOPOM
9 HOBUHKAL 5 TTpotxuuonumii nlpan
[ (hoqyuxuuﬁ)

" |
ﬂogeuxauu xpan! 0

$ Fcpan ¢ GoMAA ugtAamMuU

/
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doTor npoxoAUT cKBO3b 00€ MIENH OJHOBPEMEHHO,
dpocr ommnbanca. Ecau Tat dpoTon, TO Tebe Mo cunam
npoiiti no ofernM AOpOraMm, & ¥e TOJBKO IO TOi, KOTO-
pas MOKaKeTCA HeXOXKeHOM. )

M=l 38aeM, uTo OTOH yMeeT BecTH cebst ¥ KaK BOJ-
Ha, H Kak uyacruna. ITounmanue, uTo $OTOH cuocoben
NPOABNATL 06a KadecTBa, He OGBACHAET, OTKYAA OH
3HaeT, KOT/A NPOoABNATh Kakoe. B 1978 rogy Mixon
Apuubansn Yuiaep u3 [IpUHCTOHCKOrO yHHBEepCHTETA
NPeANOKHT MHTEPECHLIR ONKIT, KOTOPHI NO3BONHI
YBHJETH, KaK GOTOHBI NOBeNYT cefd B onblTe ¢ ABOMHHOM
111eJ1b10, €CJIH MBIl H3MEHUM IIpABAAA UI'DLI Ha TONIA0PO-
re. «IIpencrasum cebe, — oRyMan Yunaep, — 4ro 3aj-
HUIT BKPAH MOXKHO YOPATh, a 32 UM Ha HEKOTOPOM pac-
CTOAHUH CTOAT ABA TEJECKOUYUKA, KAXKAKIA U3 KOTO-
PRIX TOYHO HaleJIeH Ha OJHY M3 ABYX IeneH».

Ecym y6paTs 3KpaH, TO, IIsAS B TOT UK NHOH Tese-
CKOIMYHK, Mbl TOYHO CKaXkeM, B KaKYIO Iesb NPOCKO-
YHJ] TOT MY WHON (POTOH. A 3HAUHUT, KaXKIAOMY (OTOHY
NPUJETCA NPOCKAKHBATH B ONpe/ie/IeHHYIO IIeJk, & He
B o6e. MiHaue roBops, MO HO 3aCTABUTH (DOTOHKI BECTH
ce0A KaK YacTHIllkl, ecanm y6paTh 3KpaH,— & 3HAYMT,
NpeBpaTHTh 3KCIIepHMeRTaTopa obparHo ua Xaiiga
B Ji;kekuna. Eein Mbl NOCTABHM 3KPaH Ha MeCTO, TO
¢OTOHEI HAYHYT CHOBA BeCcTH cefs KaK BOJHH — K CHO-
Ba BOLLAPUTCA MEP3OMaKoCTHEIA Xaiix, '

‘Tor paKT, 4TO MK NIORJIUAEM Ha NOBeAeHKe PoTO-
HOB, A00aBias uau ybupas akpas, caMm no-cebe crpan-
HOBAaTHIIl, HO JajbHelIee NpeAloaAOMenne Y uiepa
XejaeT ero eme OoJsee crpanubsiM. Uto Gyper, ecau
yOpaTs 3KpaH nocnae mozo, Kak OTAeNLHHH (oToH
IpoiJeT nepBulii 9KPaH — TOT, YTO €O MeAaMu? «Onurr
C OTJIO’KE€HHBIM BRIGOPOM» [TO3BOJIUT HAM NpEeBpaliaTh
CBET 113 BOJHLI B YaCTHUUY N oGpaTHO B 10601 MOMEHT
SKCIEepHUMEHTA,
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HNuaue roBops, yxe nocle Toro, Kaxk ¢GoToH npoje-
TeJI CKBO3B BKPaH CO IIeJISIMH, Mbl MOXKeM CAENaTh TaK,
4YToOK OH NpOJeTeJ TONABKO CKBO3bL ONHY Iienb! —
U XIS 3TOTO HYMHO BCero-HaBcero yopaTh TpoeKIiHoH-
HEI 9KpaH. Xy)e TOr0O — CBOMMY JEHCTBHAMHK MBI
clesiaeM Tak, 4TO GOTOH KaKMM-T0 06pa3zoM BmGeper,
Yyepe3 KaKyIo ek IPOCKaKUBaTh. EcTh 4TO-TO 3aM0-
TIWIBHO-YKYTKOE B TOM, YTOORI KMETh BOZMOXKHOCTE TAK
ray60xo NoBAKATHL HAa PeaJbHOCTb, OCOGEHHO ecnn
OCO3HATDL, YTO, KAK NpeACTaBisAeTcd, GOTOH TOrAa Ae-
JIaeT BEIOOP pempacnexmusno.

KranToBas MexaHuKa (1 YIIep) YyTBepXIaeT, IT0
B OPpMHIOHUNE He CYUIECTBYET HHKAKOrO cnocoba mpen-
CKAa3aTh, YePe3 KaKyIo Iejb npoiger doToH, RO TOTO,
KaK MbI 3aCTABUM ero BECTH cebd COryIacHO KJIacchHye-
ckoil puauke (ybpas skpan). Ja, MR geiicTBATEIBHO
CIIOCOBHK H3MEeHHUTHh KBAHTOBLINA MU yce NOCAe mozo,
KaK IPOH30ULI0 HeKoe cobuiTHe. I3 yero MoyKHO BHI-
BeCTH [[BA HOTPACAIOMIUX CAEeICTBHA:

1) sabniofeHne HAZ CHCTEMOIl PYRAAMEHTANLHO ee
MeHAeT; » :

2) oTpenbHBIe GOTOHB! CIIOCOOHBI BecTU ceba u xak
YacTHIA, 1 KaK BOJIHA U B MIHOBEHHe OKa IepeKJo-
YaThCH U3 OJHOTO COCTOSSHUA B APYroe.

I1i. Y710 Xe Takoe, B caMmom pene,
SNEeKTPOHbLI, €CNIN NX Kak cnenyer
paccMmoTpeTb?

Bce cTpaHHOCTH KBAHTOROI MeXaHUKM GhliM 61 He-
BHHHBIMH IIAJIOCTAMH, eCJH 6bI OTHOCHIHCHL TOJNBKO

1 Tor daxr, 9TO AEHCTBHAMU B HACTOAINEM ML, OKA3LIBAaeTCH,
CNOCOGHBI U3MERATD NPONLIOE, KPYIIuUT He TOJILKO MUPOBO33PERNe,
HO ¥ I'IATONLBEIE BDEMeHd.
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K cBery. CBer — oco0as CTAThA: Y Hero BooGuie Het
MAacchl, ¥ K TOMY K€ OH IOCTOAHHO ABMIKETCHA CO CKO-
poctrio ¢. Kak BrI, BaBepHOe, fOrajanuch, 6esa B TOM,
470 (POKYCHI KBAHTOBOM MEXAHMKH PACTIPOCTDAHAIOTCH
He TOABKO Ha (POTOHKI. -

CaMnle JIerkpe YacTHIE, ¢ KOTOPEIMU MEI MOYKEM
6e3 TpyJa KMeTh jleJio, ~— DTO dJeKTpPoHbl. Eciu B He
CJIMINKOM MHOIrO O HUX 3HAETE, 5TO HHUEro, MBI KaK
CJIEAYET HepeMOeM UM KOCTOQKH B I1aBe 4. Ceiiuac Bam
Hafo 3HATH TONBLKO OAHO — YTO C JJIEKTPOHAMM MKI
UMeeM JeJI0 TMOCTOAHHO. TpajfuIiuoHHbIE (He Naa3MeH-
HEIE) TeJeBH3ODHI AENAIOTCA HA OCHOBE ¢«dJIEKTPOHHO-
JNYYEeBBIX TPYOOX », & 3TO BCEro-HABCEro HHTEJANUTeHT-
HOe Ha3BaHNe A CALNUCTHYEeCKHNX dIEKTPOHKKIX Y-
HIeK, KQTOphIe NYJIAIOTCH BAM B JIHIO 3JAEKTPOHAMH Ha
OKOJIOCBETOBOM CKOPOCTH. ‘

UYro 6yzeT, eci MhI B XO€ OIBITA C ABYMS IIEIAMU
OyZeM CTPEeRATh 3JEKTPOHAMH, A dKPAH IOCTABUM
tdayopecuerTER? Kasanli paz, Kxorjga ajIeKTpOH 1o-
naziaeT B0 payopeceRTHLIA 9KpAH, MbI BHMM BCIILIII-
Ky CBeT&, TAK UTO MOX(eM COCTHTATH, CKOJBKO BJIEK-
TPOHOB NONAaJaeT B KAXKAYI0 KOHKPETHYIO YacTh dKpa-
Ha. Ecay 6m Xaiif MOr HaJIOMKHTbL CBOM KOpSABHIE
3nofelicKie pYKH HA 3JE€KTPOHHBINA JIyY U ecly ORI OH
HACTPOMJI HCTOYHUK TAK, YTOOLI TMOCHLIATE TOJBKO
OAWH BJEKTPOH 348 pa3, OH BCe PABHO IIOJYYHJ OBl Ha
JKpaHe PHCYHOK, XapaKTepHLIA JAJIA BOJH, a He AJA
yactun. To 'Ke noBejenue, KOTOpoe MH Habaofaan
y doToHOB! :

IIpoBEeCTH 3TOT ONBIT B PEALHOCTH OhIJIO HEBO3MOK-

'HO [I0 TEXHEUYECKHM NPWYHHAM O CAMOro HeJaBHEro
BpPEeMeHH, XOTs (pu3nyecKoe COOOIIECTRO HUUYTH He CO-
MHEBAJIOCh, K KAKHM PEe3yJbTaTaAM OH NpHABEAEeT.
B 1989 roay Axnpa TorOMypa u3 YHusepcurera axy-
CIOMH H €r0 COTPYAHNUKH HPOBEJIY ONLIT C ABYMS LIS~
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EBanmosuis cmpannocmu

MU A 3JeKTPOHOB, H BAC HUYYTH He YAHBHT, KOTAA
BEI y3HaeTe, YTO SJIeKTPOHHEIN Jy4 gaeT aGCoOMIOTHO
TOT ke pe3yJbTAT, XapaKTepHLIN /1A BOJIH, — MHEOXe-
CTBO JUHHI HA S3KpAaHE — 4YTO M CBeTosOM Jay4u. Ilo
KpaiiHeit Mepe MEI HafieeMcd, YTO BAC 3TO HUUYTH He
YZHBUT.
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=~ ITo nannrM ToHOMYpPEHI M ADP., 1989

Ha ToT cayuail, ecIu BaM HY’KHO NOJTYYUTh noAsa-
TEIIBHHUK OT Xaiiga, yTo6M Jy4Ile om0, IOBTOPUM:
TOT (aKT, 9TO BIEKTPOH crocobern MnTepdepPHPORATD
caM ¢ co0oil, JOKA3bBIBAET, YTO Ha CAMOM JeJe OH Ipo-
XOAUT OAHOBPEMEHHO B 00e meau. OgHaKko pacceub
3JIEKTPOH HANONOJIAM HeJh3s JaXe caMoi ocTpoil ka-
rano¥. Hy, Kak BaM nmapagoxc? JJIeKTPOH OPOXOANAT
B ofe mesiy, ZasKe He padfeNsasich HARBOE.

KoneuHo, 9T0 cIpaBeAINBO He TONLKO AT GOTOHOB
M 3JIeKTPOHOB. B nociegHee BpeMs 3TOT OIBIT RPOBENY
€ CAMEIMH PasHbIMM MEKPOCKOIMYECKHMH 00beKTaMu,
HaOpHMep c HellTpoHaMu u aTomMamu. U Bce oHM Besn
 cebsa coBepIIeHHO TaK K€ — TT0-KBAHTOBOMY CTPAHHO.

Mzt npH3HaeM, YTO HABASYHUEO PEKJIAMUPYEM BaM
OIBIT ¢ BYMSA WIENSIMY, HO, yBEpsieM Bac, 6e3 3Toro Hu-
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kaK. TeMul BDOAe OTHOCHTENBSHOCTH ITO3BOJIAIOT YYECHO-
My-(pu3NKy NPpUHATH GaxTsl HanoAo6He CkOpoCcTH CBe-
Ta, 8 3aTeM NOCTPOUTE TEOPHIO A1 060'bACHEHH S, B 00-
meM-T0, BCero OCTANBLHOrO, He NOKUAAA YIOTHOM
KJISJOBKM B JIOMe CBoux ponmnreseil. Ksanrosas Mexa-
HUKa, HAIIPOTHUB, IPaKTHYeCKH IeTMKOM IOCTPOeHa Ha
ONBITAX, ONBLITAX K eIle PA3 ONLITaX, IPUYEM 3a4aCTYI0
OKA3EIB&ETCH, UTO IIpeKHUe TEOPHH He B CHJIaX 06bAac-
HUTH IPOMCXOAAILIES.

O6paTrad cropona onniTa ToROMYpEL — Ta ke, YTO
H B OIKITe YHIIEpA C OTI0XKEHHLM BriGopoM. Ecau Mul
KaxkuM-T0 06pa3oM 6yneM cIeUTsL 3a 3JeKTPOHAMM,
4yTOGRI TOCMOTPETh, B KAKYI0O HMEHHO INeJIb OHH npo.Jie-

. TAIOT, TO HPOM3OHAET KOJJIANC BOJHOBON QYRKLUM,
U MBI 3&CTABHM 3JEeKTPOHKI BeCcTH cebs, KaK nogobaer
YaCTHIAM.

«Kosnanc Boanosoit GyHkuums — dppasa, KoTopoi
dusurn 6pocaioTca HAIPABO U HAJNEBO, XJAA HUX 3ITO
BCe PABHO YTO CKA3ATH « BRIYHCJIMTEL COGCTBEHHEIe 3HA-
YeHUS FraMUJILTOHUAHAY MIH «NOCHAEeTHh ZOMAa OAHOMY
B cy660Ty BeuepoM». MuI Tak K Heil IPMBLIKIAM, 9TO
3a0n1BaeM, 4TO Tpebyrorca JONOAHKTEeNBLHEIE 00BLACHE-
HHuA!, A BOT 0 BOJHOBOH QYHKIMH MMeeT CMLIC) Koe-

" 9T0 106aBUTS. ) -

B xBanTOBOiI1 MOgenH BONHOM sAiBNgeTCA Bce. Ecan
BHUMATEJILHO IIOCMOTpETh HA 3JeKTPOHBI, OKAXKeTC,
YTO OHH BOBCE He ITOX0XY Ha IHapUKH — CKOpee Ha 06-
nauxa. TaMm, rae obraxo (MK, eC/IM BL IEHUTE HOCTO-
SIHCTBO TEPMUHOJIOTHUH, «BOJHOBaA QPYHKIIHA» ) IJIOT-
Hee BCero, Ml HMeeM CaMYI0 BHICOKYIO BePOSTHOCTSL
06HAPYMUTh 3JIEKTPOH B JaHHBIA MOMEHT BpeMeHH.

1 A dpasa «IOCHAETE AOMA OXHOMY B cy660TY BewepoMs Xonoa-
HUTEABHBIX oGbAcHeHU He Tpebyer. CuauTe, HeBex/AkI, ROMA U
AOYUTHIBaNTE 3TY KHHUI'Y, IPNYEM C PAZOCTLIO, KOMY CkadaHo?!
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KBanmoduie CMPARHOCMU

Korna MBI TOBOPHM, YTO 3JIEKTPOH <¢BefieT cefs Kak
BROJIHA», HJIM KOrZa BHI CJIRIIIKTE PA3rOBOPHI 00 3JIeK-
TPOHHOM ofJlaKe, 3TO He 3HAYUT, UTO 3JACKTPOH KaK
TAKOBOK — 3TO Takoill OechhopMeHHBIN IIpeAMeT BpoJe
caxapHO’ BaTEel. TaK'ke MRl He XOTHM, YTQOBI BBl CUH-
TAJY BOJIHOBYI0 QYHKIIMIO 3JIEKTPOHA 4E€M-TO BpOJE
TACMAHRUCKOrO ABABOJIA M3 CTAPHIX MYALTHKOB —
OOMHHTe, OH 6eran Tak 6rICTPO, UTO Ka3aJiCA pasMa-
3aHHAIM IATHOM?

ONeKTPOH U B CAMOM JieJie HAXOAUTCA Cpa3y B He-
CKOJBKHX MeCTaX, ¥ eCJAY Mbl BRIYHUCIAHUM €ro TouHoe
MECTOIIONOKER e, TO UBMEHKUM NPUPOARY cHcTeMul. Her
HUKAKOI0 cInocoba 3apanee y3HATH, I'jje HMEHHO HAaXO-
AUTCA dNEKTPOH, H H30JHPOBATH €r0 BOIMOXXHO TOJNBKO
nocpefcTBoM Habmonerna. Kak To1bk0 MBI BHIABIAEM
MeCTONOJIOKEHE DJIEKTPOHA, HAIIpUMED, NonajzaeM
B Hero (OTOHOM, NPOHUCXOLUT KOJIJIAINC BRONHOBOH
(GOYHKIINH, K B CNeAVIOMUN MUr MBI HOUTH HABEDHAKA

' 3HaeM, Iie HAXOXUTCA 3neKTpoH. Bonrosas dynknua
y:Ke He PacIupocTpansgeTcs Ha 60asityio 661acTh Opo-
CTPAHCTBA.

IlpencrasbTe cebe, uro Mykekun n Xa#ig cunar u ur-
paror B «Mopckoit 6oii»!. Kak mu1 agaem, Xaiia npo-
MIKEHHBLH JKYJINK, T03TOMY HEKOTOPOE BpeMs, KOrja
poxTop JlxxeKnn Ha3sIBaeT KOOpAMHATH, Xaiia nmocTo-
AHHO YTBepXAaeT, 4YTO OH MPOMAXRBYJCA, & caM fepe-
ABUTAET cBoU Kopabau. B korue konnos Xaix OHNMa-
€T, 4TO OOGMaHEIBATh NPOTUBHMKA OECKOHEYHO eMy He
YIaCcTCA, IO3TOMY OH BRIHYKAEH [IOCTABATH CBOM KOpal-
TV B ONPeZesIeHHEIe MecTa Ha JIOCKe H HPH3HATHCA, YTO
yaap rronaJ B 1eins. OgeBugno, 1o, uro yxexns oupene-
JIXJT MECTOMOJIONKEHHUE CYAHA, MOBJINANO HA CUTYAINIO.

! la, Mur moHsIMAaEM, YTO TEXHHYECKH OHYM OZJHO M TO Xe JNUQ.
BoT 3T0 ME! 11 HadLIBaeM MeTadopoit.
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Tasea 2

NusiMy c10BaMH, BCIIOMHHTE CBOIO I0HOCTH. Korga
BhI OBIJIM MOJIOAKI, BECh MHUP JieyKaJ y Bamux Hor. ITe-
‘pell BaMM pPaCKPLIBANMCH GeCUMCAeHALIE BO3MOMKHO-
cTH: KeM Ob1Th? DusukoM-aaepmnkom? Kocmonorom?
AcTpoHomMoM? A Tenepnb mopyMaiiTe O TOM, YETO BHI
pocTurau. Bee noTeEnMankl, Bce HEONpeAeICHHOCTH
CXJIONHYJIMCh B OJHO COCTOAHUE, B TO, KAK BBl Ha ca-
MOM JeJie PACHOPAAUINCEL CBOE XWU3HBIO,— B OAHY
Aopory.

IV. He xBanTOBast N MexaHukKa
BMHOBATAa B TOM, 4TO A1 NOCTONAHHO
BCe Tepain?

O6BACHUB, B YeM COCTOMT OCHOBHAS HAEs KBAHTO-
BHIX CTPAHHOCTEH, Mbl HOCBATHM HECKONBKO MUHYT
feceile 0 HEKOTODHIX ee CNEACTBUAX, KOTOPhIe Ha Iep-
BHIY B3rAAK KAXKYTCA HEBEPOATHHIMU, — UMEHHO MX
BBl CKOPEE BCEro COUTETE COPHCTHUECKUMH GOKYCaAMHU
WM 9pe3MepHLIM YOPOIeHUeM,

Koraa Myl HanpasJaeM JIYY 3JeKTPOHOB HA SKpaH
C IBYM IIeJAMHE B X0Jie BCe TOTO JKe ONkITa, TO He 3Ha-
€M, B KaKy50 MMEHHO IIe/Ih IIPOJeTHT YaCTHIA. DTO Bee
PABHO YTO CKA3aTh, YTO B MOJOMXKEHENHN 2JIEKTPOHA HA-
6a07aeTCa HeonpegeaeHHOCTs. B 1948 rogy Puuapa
®eitnMaH, KOTOPLIY Torga paboran B KopueabckoMm
VHUBepcHUTeTe, OOHAPYKHJI B 3TOM OHEBITE emle GoJyee
BOIKIOIYIO CTPAHHOCTE.

Y1068 XOPONIEHFKO IPEACTABUTS cefe, YTO HMEHHO
cpenan PeifaMaR, ZaBaiiTe CHOBA IIOCTABHM ATOT ONBIT.
Xaiipx cTpensieT 3JIEKTPOHHBIM JIYIOM B 9KPAH C ABYMSA
IENAMY ¥ CMOTPHT, UTO HOAYUYUTCHA. <A ecny OB MBI
IIpope3ayiH B IepeAHeM 3KpaHe TPEThIo Weilb?» — XY-
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Keanmosrie CMPARHOCIMU

Maet 8H. Byayun npuposkaesasim yonineit, Xatig ui-

'XBATHIBAET KMHIKAJ M NIPOPe3aeT B 3KPAHe emie OAHY
menb. Temepsb 3JIeKTPORY NPHAETCA NPOXOAUTDL CKBO3b
BCe TPH HIeJH — B KaXAYIO ¢ HEKOTODPOU BepOATHO-
CTBIO, — H MHTEepdepPUpPOBATL APYT C ApYyToM GyNyT BCe
TPH HOJYUYUBITHECH B PE3YILTATE BOJHEL.

«A dersepTyio? A naryio?s» H cHoBa 3JIeKTPoH 0y-
JieT MPOXOANTL BO BCe NMIEJN OJHOBDEMEHHO. «A ecau
Mul 6yZeM 1popesaTh IeNH, DOKA 3KPaH He NCUYe3HeT? »
Xaitx npRENMAEETCA KPOMCATH 3KPaH, CIOBHO OH BECh
COCTOMT M3 JIOHJOHCKHX YJIHYHBIX MaAJNbYHINEK, NIOKA
noJsi naGopaTopuu He OKA3bIBAETCHA YCeAH OGPHIBKAMK
¥ OIIMeTKAMU. IEKTPOH JONXKER NPOXOAUTH CKBO3b
BCE IIPOCTPAHCTBO, I'le PAHLIME OLIJI 9KPAH, ¢ HEKOTO-
PO BEpPOATHOCTHIO.

[ S E— R

K LunKan WPUMEHAEMCS UCKAGUUMEABHO B MAWUMBIX WEARY .
He WoIMATMECH REBMOPUMD FRCREPUMENIA CAMOCMOAMEALIO.

hﬁnuﬁ
RPOLKIUOHHBIA
IRPAR
Obssymesuuil
FKENEPUMEHMAMOP
Uspesannni
FKPAN
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Thaba 2

YTo npoM30HAeT, ecau Xai[ HOCTABAT MEXAY Jy-
YoM U 3aJHHUM OPOSKUHOHHBIM 3KPABOM MHOTO TAKHX
(nycrToix) sxpanoB? EcrecTsenHo, 3JeKTPOH NpPoiijeT
CKBO3b BCE 9TH IIEIH C Bepoa'rnoc'rmo, 3ajaHMoil Boa-
HOoBOM GYyHKIIHEH.

Ho ecnu HUKAKUX 3KPaHOB HeT, 3BauynT, PeitaMan
OIMICHIBAET CUTYAIIMIO, B KOTOPOIl OORIYHAA YACTHILA
NPOCTO NPOXOAUT U3 TOYKHK A B TOYyKy B, a eCJIH BHI e1lle
He MOHANW, B YEM TYT COJS (& IOHATH 3TO HE TAK-TO
IIPOCTO), HA CAMOM jeJe ok yoeAUTeIhHO IoKAa3a, 4To,
OPOXOAA U3 OXHOH TOYKM B APYTYIO, YACTHIILI ABHUIA-
1I0TCA BOEBCe He 00a3aTeNIbEO IO MPAMOM MM faxKe IO
KPHBOH NJIHM 3Ur3aroo6pasHo, a IPOXOAAT BCE BOIMOK-
Hble IYTH OZHOBpPEMEHHO!

Xysxe TOro — NpoxXoxd 0o BCeM 3THM BOIMOMKHBIM
OyTHAM, YaCTHIN BBITBOPSIOT CaMhblieé PasdHbie HEBO3-
MoKHEIe (poxychl. Hanpumep, onn o6peraioT «Henpa-
BHJIBEYIO» MACCY WJIHK ABHUIalOTCH ObICTpee CKOPOCTH
cBeta. To, 4TO B OGLIYAOH IKHIHM KAXKETCA HEBOIMOK-
HLIM, TPOMCXOLHT IPOCTO ¢ KpaiiHe MaJleHbKOi Bepo-
aTROCTEIO. HO TeM He MeHee «HEBO3MOXKHBIEs COOLITHS
HY)XHO YYUTHIBATH B pacuyeTax, 4To6bl OHHM GBLIK TOY-
HBIMHU. ‘ _

Mzi oTzaeM cebe OTUET, YUTO BCe 3TO A0 60JIM TOX0Ke
Ha ¢huyocodcKkre» paccyaeHust oA Bo3AelicTBIEM
pacniupuTesieil CO3HaAHMA, KOTOPhIE TAK JMIOOAT BeCTH
CTYACHTH! 38 NOJHOYB: ¢«Jii, pe6aATa, a BOT 66170 6B
RJIeBO, eCny 6bl MBI GLIJIM, HY... B 06IIeM, Bessie cpa-
3y?s» — «¥Y-y-yX ThI-bI-kil»

Ho Haj0o NOHUMATEH, YTO cbennmauoncxue ¢BCe BO3-
MOJKHBIE NYTH», KAK U ONLIT C ABYMSA ILENAMU, — 3TO
noJie3Has KapTHHA AeHCTBUTENBHBOCTH, TIOCKOJIBKY OHA
HaeT BepHble oTBeThl. IIOCKOJIbKY MEI He B COCTOAHNH
3aceub YACTHIH MEXKAY NePeAHHM K 3aHUM 9KPAHOM,
MBI HE MOKEM C YBEPEHHOCTBHIO YTBEPXKAATH, I'je OHU
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EpanmoBuit EmpanHOLMU

TAM HAXOAATCHA. A ecad 6Bl MBI MOI'JIM ONPEENUTDH UX
MECTOHON0XKEeHME, TO Pa3pyIunau 661 CHCTEMY.

CamMa uned, UTO HEBO3ZMOXKHO B TOUHOCTH CKA3ATh,
e HAXOZUTCSA YACTHUNA, HHUEero He UCIIOPTHB, BEPOAT-
HO, Bac oropuaer. Mul ¢ Bamu corsnacHsl. OHAKO 3TOT
MEICJIEHHBIH 3KCHEPUMEHT IO3BOJAET NPEICTABUTH
cebe IIPUPOAY ABHIKYIIHMXCSA YACTHIL — JRAXKE eCJu OT
3TOr0 BNOPY BEIBUXHYTH MO3TH.

A cneroBaTenbHO, €CJIY BhI KYHa-TO 3aCYHYJIHN KO-
91 OT MallIMHEI, He KyMaliTe, 6yATO KBAHTOBAA Mexa-
HMKAa BaM IIOMOKeT, KBaHTOBAs MeXaHUKa UMeeT JeJ10
JIVIIE ¢ BEePOATHOCTHIO OOHADYXEHNSA YacTUORI B TOH
Ny UHOH TOYKe, HO 3TO He O3HAYAET, YTO OHA IpEeHe-
6peraet geranaMu. HanpoTus, 0Ha 0O9eHb-O0UY€Hb TOYHO
oTpaskaeT, RACKOJLKO MAJI0 MEI 3HaeM o BcesieHHOM.

B 1927 rony Bepuep TeiizenGepr, KoTophlit Toraa
pa6ortan B FéTTHHrEHE, IOCTYIMDOBAJ, YTO AJiA JH60H
YacTHILI He TOJBKO HEeJMb3s OABO3HAYHO ONpeAeJUTH
MECTOHAXOXACHHE W NapaMeTphl IABMXXKeHHA, Gosee
TOro, YeM JIydllle MBI SHAEM MeCTOHAXOXIeHUEe, TEM
XyiKe MOKeM H3MepPHUTh CKOPOCTh — 1 Hao6opor'. B pe-
3yABTATE, €CIX Mhbl 3HAEM MECTOIIOJOXKEHHEe HACTHIE
¢ 6eCKOHEUYHOM TOUHOCTEIO, Y HAC HET HM MaJieimiero
NPEeACTABICHHSA O TOM, KAKOBA €€ CKOPOCTL. IToAo0REIM
e obpasoMm, eciu MBI (KAK-TO) YMYAPUIKUCH onpeze-
JIUTh, ¢ KAKOH# CKOPOCTHIO YACTHIIA ZBHUIKETCA, ME ObI
He MMeJH HU Majiefero npeaAcTaBAeHUA, TAe OHA HA-
XOAUTCH.

«Ipnunun meonpeaenenroctu [eiizenbepras —
OJlHA U3 TeX KOHUenIuil KBaHTOBOU MEXaHUKH, KOTO-
phie oco6eHHO YACTO HOHUMAIOT RENTPaBUJABLHO, B OCHOB-

1 Ctporo roeopsd, 9T0 HE CKOPOCTh, & KMOYJbe, Ecix BRI yixe
pasbupaeTecs B PHBHKE HACTOILKO, YTO IOKKMAETe, Y4EM CKOPOCTh
OTIMYAETCA OT MMNOYJLCA, 3HAYHT, Mbl JOBEPAM BAM BBICOKYIO
YeCcTh OCTATLCA HA IePeEMEHe B KJIACCe H BRITepeTh JOCKY.
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faasa 2

HOM HOTOMY, uTO JIIOAM CKAXOHHK OpeAnoaarars, 6yaro
HA CAMOM JeJie 3TO He §ojiee yeM KJaaccHuecKHil deHo-
MeH. MHBorure nonysspHele KHHI'M 10 KBAHTOBOH Mexa-
HUKe OMIAGOYHO «NOKA3LIBAIOT» OPDHHLIUN Heompele-
JIEHHOCTH cJegymoneit nenoukoit paccyxnennit. Ecan
MEI XOTUM MOHATH, FAE HAXOAUTCA YACTHIA, HANO CTYK-
HYTH ee horonoM. Econ hoTon nmeeT oueHb 6OIBHIYIO
AJWHY BOJIHBI, MBI HE MOYKEM TOYHO ONPEAEIUTE I0JI0-
KeHMe dYacTHUbl. POTOHE ¢ GOMBIIOK JIUHON BOMHBI
yaapdAT ciaabo, NO3TOMY H3MepeHHe He CIMIIKOM
BIIMSET HA 3NEKTPOH, 4 3HAYNUT, MBI MOYKEM OoOpeJe-
JIUTH ero CKOPOCTh ZOCTATOUHO TOYHO.

C apyroii CTOpOHE!, YTOGH KaK cJaeAyeT NOHATh, TAe
HaXOJHNTCA YaCTHUIA, HYKHO YAAPHTH ee POTOHOM C MAa-
JIEBBKOU AJTUHOH BOJHEI. POTOH ¢ MAJIEHbKOM AJINHOMA
BOJHEI OUeHb IJHePTMUHLIH, 8 3HAYUT, CHIBHO YAapseT
- yacTHIly. B peaysbTaTe MEI He MOKEM ONPEJENNTD ee

CKOPOCTB IOCTATOYHO TOUHO. ‘

W3 aToro caeayer, 4To uMeHHO, GOTOR U AesaeTr He-
onpeeIeHHBIMHA MEeCTOHAXO0MK JeHe ¥ CKOPOCTh YacTH-
16l Bens 6es GpoTona, yaapaomero YacTALy, KOTOPYIO
MuI HabmiogaeM, Mut 6nl HEgero He ncnoptuan. Ho Bexn
JleJIo COBCEM He B 3TOM. XOTA Hauiu Habmwogerus (To,
YTO MBI BBOAUM B KAPTHHY (DOTOH) BJIUAIOT HA COCTOA-
HHe YACTHUL!, HeolpeJeleHHOCT ero MOJOKEeHUA U
¢ropocTit — 3To hyHaamerTansno. O60iTH ee HEBO3-
MOYKHO B IpUHIIHIIE.

¥V DpMHUUDA HeonpeAeNeHHOCTH €CTh HECKOJBKO
VAUBHUTENBHEIX caencTeuii. [lapaitTe cCHauANA DPEACTa-

. BUM cebe, Kak JorTop Hokekun B cBoeH JabopaToOpHH
nepexknagniBaeT 6MOKHOTH Ha nonaxe. Ecnn on yxoaur
BBHIINTH YAI0 ¥ BO3BpAaINaeTcA, YTOOh! CHOBA MPOCMOT-
peTb GJIOKHOTEI, OHM GYyAYT JeKAaTh B TOUHOCTH HA TOM
’Ke caMOM MecTe, I'fle OH MX OCTaBHJI, BeAb OHH GOJb-
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£Bakmobrt cmpannocmu

IIMe, YBecHCThie U efBa M CHOCOGHA! IepeABUIrAThLCS
caMH no cefe.

Ho uto ecau Ha cuery BRIxoauT Muctep Xaita? Ilo-
CKOJIBKY KecTOKOCTh ero 6e3arpaHuHa, OH He o0paina-
€T HUKAKOTO BHUMAHNA Ha OJOKHOTH, & BMECTO 3TOro
xBaTaeT 6e33allMTHEIA DAEKTPOH M 3alMXUBAET ero
B OYEHb MaJIeHbKYlo Kopobouky!'. Ecnun 3raTsh, 4TO
3JIEKTPOH B KOPOOOUKe, 3HAYMT, HEONPEeAeJIeHHOCTH
ero MNOJIOXKEHHA OYeHb HeBeJHKA. A CJIeJOBATENLHO,
JOBOJBRO BHLICOKA HEOIPEAeJIeHHOCTh €rg CKOPOCTH.
" Yro MBI UMEEM B BHAY NOJX HEONpeAeNeHHOCThIo? Mui
uMeeM B BHAY, UTO HUKTO He 3HAeT H He MOJKEeT Y3HaTh,
KaKoBa CKOPOCTh 3JIeKTpoHA, Oanako Xail ToUHO 3Ha-
€T, UTO 3JEeKTPOH He CHANT HenmoABMKHO. Ecam 611 210
6BIJIO TAK, OH MOT Oh1 ¢ OIpPEeAeIeHHOCTHIO 3a5IBUTh, YTO
ero CKOPOCTh PaBHa HYJIK. SHAYMT, IJEKTPOH HABEp-
HAKA MeyeTca B KOpobouKe.

BeposaTno, 571eKTpoH 651CTPO 6EKUT HalEBO, H TAK
JKe BEPOATHO, YTO OH GHICTPO -GesKUT HampaBo. YeMm
MeHbINe KOpobo4yka, Tem Aydme muctep Xain anaer,
rae HaXOANTCA 3JIEKTPOH, ¥ TEM XyXKe OH 3HaeT, KaKo-~
Ba €I'0 CKOPOCTb, a ClIeJi0BaTeJIbHO, TeM OhICTpee dJeK-
TPOH MOJYXET METaThCH.

‘"Ho aTuMm jeno He orpanmumnBaerca. Heonpenenen-
HOCTH DACIIPOCTPAHAETCA HE TOJBKO HA 3JIEKTPOHKI.
Kax MB y>ke BUJENH, CBET TOXE COCTOMT M3 BOJH,
a4 KaK Mbl YBHJAMM B CJIeIYIOINEH IryIaBe, CBET — 3TO BCe-
IO OJIHO U3 YeThIpeX (MU, BePOATHO, NATH) hyHAaMEH-
TaJbLHBIX [oJeil, NponnasiBalomux Beesennyo. Yro
Gyzer, ecau XaiiJf BO3GbMET «IIYCTYIO» KOPOGOYKY, B KO-
TOpOil COBEPIIIEHHO TOYHO He OyAeT HU cBeTa, HU 3JIEKT-
pouon? .

1 BonCcTrRY 3TOT YeJIOBEK — HACTOAMIee YYAOBHIILE.
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(asea 3

Mu yaxke ynomuBsand, uyro Xaia cosepimenno 6ea-
YM€H, 1 OK&a3LIBAETCA, YTO €T0 3KCIEePUMEHT B MPHUH-
e HeBo3MoxeH. Kak 6b1 Xailny HA cTapayics, CBETY
BCe PaBHO yAaeTcA HANTH Nasedky B KopoGouky. Uro-
6B1 9TO NOHATH, CHAYANA HAJO OCO3HATS, UTO Jase eC/Iu
Xaiiy He nIycKaeT CBeT B KOPOGOYKY, B Hee, B IPHHUMU-
- e, MOTYT NONACTh OTHEJbHBIE CBETOBbIE BOJIHEI. AM-
IJIMTYAR 3THX BOJH, K&K M 2JIEKTPOHA, HEOOPEREAEH-
Ha, B0 XaiJ] ILITAETCA CBECTH €€ K HYJI10, ITO — OCHO-
Ba ¢«TEOPHH KBAHTOBOIO MOJA», COIO3a CIlellHANBHON
TEOPHU OTHOCUTEJIbHOCTH (T1aBa 1) 1 KBAaHTOBO MeXa-
HHKH.

Ecau 3akI10YNTH 3JIEKTPOH B MaJIeHbKYH Kopobou-
KY, OH OT 3TOr0 HAYHET CKAKATH co Bce Goabieii cpeg-
Heil DHeprueil,— TOYHO TaK ¥Ke HeONpeXeJIeHHOCTDb a-
PAHTHDYET, UTO HET HUKAKOIo cnocofa MOJAHOCTBIO
YIATHUTD SJIEKTPHUYECKOE 110JIe.

OTO O3HAYAET, UTO AasKe B TPEAI0JIOHUTENbHO NTyC-
Toit Kopobouke Xaiza To U JeJ10 BOSHUKAIOT ¥ HCUe3a-
10T oTOHEI. IT0 cymee GeayMue — Ko BeJh ¥ OH, YBEI,
6e3yMeH. JTO 0O3HAYAET, UTO aXKe B IYCTOM NNPOCTPaH-
cTBe ecTh aHeprua. OHa Ha3BIBAETCA «3HEPrus BaAKYY-
Ma» Beenennost u obnazaeTr Kpaiine cTpaHHBIMU CROM-
crBamu. Hanpumep, ecan Xaia coMHeT CBOio KOpoboy-
KY B FrapMoOIIKY, TO, XOTA ee 00beM YMEHBUIMTCS,
IJIOTHOCTEL S9HEprue BaKyyMa He BO3pacrer. JTO Co-
BCEM He TIOXO3Ke Ha... B ofLieM, Ha Bce OCTAJLHEOE Ha
cBere.

HMeHHO B 5TOT MOMEHT, KaK NpaBuno, HedU3INK
1 OOBMHSAET HAC B «IIOATACOBKE (PaKTOB» . B KOHIE KOH-
0B, ecan BcesieHHas MOJIHA 3HEPTHM BAKYyMa, Tode-
My MBI ee He 3aMeuaeM? Begw, moxoke, ee TaM nesas
MpopBa.

HasepHoe, BaM CTaHeT NOHATHEE, YTO IPOUCKOAUT,
ecJy MBI IpUBeJEM aHAJOTHIO C TEM, KAK Bbl IIOMOTae-
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Kaanmonbie cmpannocmu

e apyry! ¢ nepeesnom. Ilpencrasnre ceGe, 4To BaIl
APYT KUBET Ha [iecTOM 3Taxe 6e3 mudTa. B uenom Bu
npobuTe NOMOraTh JIOAAM, HO Telmepb BAM HYXKHO Ta-
IIKTh HA IIECTOM 3TaX BCAKHE paszHble TPIOMO — HA
co0GCTBEHHOM rop6y M 10 Y3KUM M3BMJIHCTBEIM JIECTHH-
uaM. K Beuepy BHI Bosieil-HeBoJIell 3aMeTHUTE, YTO BAE3Th
Ha mecToi aTax — Ta emge paborenka. Ho nouemy Bam
He IPUXOAUT B I'OJIOBY, UTO BAIll PYT dKUBET HA BHICOTE
700 MeTpoB Hax yposreM Mopa? B camom zene, noue-
my? HoTomy 4To 5TO He urpaetT HuKako# poau. Tax
BOT, 3HePrnd BAKYYMa — 3TO K&K NEePBLIH 3TaX. ITO
caMas HM3KAS 3HEpPrus, KaKylo TOIBKO MOXKHO M3Me-
PHTB, & BCe OCTaNbHOE OTCUMThIBaeTCA OT Hee. IIpumep-
HO MO3TOMY JKe Bh! HHKOTJA He rOBODHTE, YTO KaKafd-
HUGYAL SHEPrus «HUMRe S3HEPriH BAKYYMAa».

Bce a0, oHako0, He JOKA3BIBAGT, UTO MBI HE ¢TIOA-
TacoBhiBaeM GaKThies. MEI TONEKO MOKA34IH, IOYEeMY
MBI HUKOTZAA He 3aMeyaeM SHEPruy BaKyyMa, HO IpH
9TOM He HDHBENU HUKAKWX BECKHX JOKA3ATEALCTB
TOT0, YTO OHA BOOOIIE CYIIECTBYET. DTO-HOJOMKEET — A0
TexX nop, MOKa MEI He HAYHeM PA3TOBOD 0 IPUpOAe Npo-
cTpadcTBa. [Ioka yTo GyjeM CUMTATE SHEPIU BAKYYMA
CHeAACTBMEM KBAHTOBONH MEeXaHHKH K HeH3GeKHBIM
350M Bpoje Xaiiza.

PasymMeeTcsi, TOCKOJMBKY BAXYYM 00JiajaeT roTOBLIM
34I1ACOM 3HEPruM, 3TO O3HAYAET, YTO IO 3AKOHY
E = mc? Becenexnasn crrocofHa HenmpepbiBHO MOPOMKAATD
YacTHUBL. YacTHIa MOMKeT BLICKOUMTDL B BAKYYM, CJIOB-
_ HO Tap M3 KUIAIIeH KacTPOIN, C ONHUM YCIOBHEM —
oHa He KOJIYKHA CyUIeCTBOBATH CAUIIIKOM Joaro. YacTH-
LI MOT'YT BOBHHKATH, HO OHY GRLICTPO AHHHUTWJIMPYIOT,
M YeM MacCHBHEe YACTHIA, TEM MeHbUIe OHA JKUBET U
TEeM CKOpee Hcue3aeT HaBceraa.

! Ecnn peus uget o Xatize — To Bpary.
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Thasa 2

V. MOXHO nv B3Th
M NOCTPOMUTDb TeNnenoprarop,
KaK B «3Be34HOM NyTU»?

MBI He HPHBRIKJIM AYMAaTh O TAKUX Belmax, Kak
3JIEKTPOHBI, KAK O «BOJIHOBHIX QYHKIUAX», ONHAKO
OHH ¥ eCTb BOJIHOBHIE QYHKIHH. OTO O3HAYAET, YTO
B Gosbniteil nax MeHblIEH cTelleHH (CKopee B MeHbIueit)
NPOCTPAHECTEO, I'l¢ MOYKHO C HEKOTOPOH BEPOATHOCTHIO
00HapYKUTH 2J1EKTPOH, OTPOMHO — CTPOI'O rOBOPSA, 3TO
Bca Beenennasi. To, YTO MBI IPHUBRIKJIM CUUTATH ¢He-
BO3MOYXHEIM», CIEAYET NepeonpeAeidTh KRK HPOCTO
«KpatiHe HeBePOATHOE» .

IIpeacrassTe cebe, YTO JOHAOHIE YCTPOUIH AOBYII-
Ky — BRIPhIJIM B 3eMJIe OTPOMHYIO AMY,— a Xaiijx B Hee
yroaui. Mucrep Xaitgnonsitanca ObLJI0 BENPBITHYTD,
HO jlae ero KpelnKHe HOTM He CyMeJH BEI3BOJMTD ero
u3 amei. Ha pusnyeckoM xaproHe MLI MOJKeM CKa3aTh,
YTO Yy HEero Heé XBaTAeT BHEePruM, YTOOh BHIIPLITHYTh.,
W yro 651 B gyManaun? KpanToBas MexaHHKa JHKTyeT,
YTO, HOCKOJBKY MECTONIOJIOMKEHNE BEeIMKOTO MPeCTyII-
HUKA HEeONpeneleHHO, CYIEeCTBYeT BEePOATHOCTD, YTO
mucrep Xaig Oyaer «HaGIIOAATHCHS BHE AMEI. DTO
IPOCTO TAKO¥H cIIoco6 CKa3aTh, 4TO OH BeIGpancsa. Mac-
Tep mobera, OH BRRKPYYUBaETCSA H3 HOJOKEeHUA, H3 KO-
TOPOTO, KAK KaKeTca OORIYHOMY YeN0BeKY, BROpAThCS
HeBoaMomRHO. OH yerpanBaer nober, IIOCTPOMB MYR-
Heab, HO He B KJIACCHTECKOM CMBICIe — B 3eMJIe, Jaii-
HO# JIOKKOI; OH MPOCTO OKA3LIBAETCHA BHE SMEI,

IToacenM mamy Mbicak. XaWx He B CHJIAX KOHTPO-
JIMPOBaTh ¢BOM mober, TO eCTh BOBHHKHOBEHME TYHHE-
JIsL: 9TO IPOCTO CIy4aiinQe cOOBITHE, KOTOPOE IIPOUCXO-
AT ¢ HEKOTODPOI! BepOATHOCTHLIO, BoJjlee TOro, eciu Mul
HMeeM J1eJI0 ¢ HACTOJNBKO KPYIHBIM NPeJMETOM, K&K
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Kpanmospie cmpantocmu

HAII MAHHAKAJBLHEIA pYr, HAM IPHAETCA OUYeHb AONTO
AATH, KOrAA JKe YTO-HHOYAb CHYyUMTC, — He MCKII0-
4eHO, MHOI'O JioJibNie, 9eM CYILIecTByeT BeeJleHHas.

C Apyroii CTOPOHSI, JJISI MHKDOCKOMUYECKUX 00beK-
TOB BPOAE ATOMOB TYHHEJIMPOBAHHE HE IIPOCTO BOIMOMK-
HO, 8 HOYTH He#36ekHO. VpaH, NayTOHM ¥ TOPHit MO-
TYT CHAETh cefe CMUPHO, M BCEM COCTABJSIONIMM MX
YaCTHIIaM M B TOJIOBY He NPUAET NOKKAATD AApo. Ilpesn-
cTaBbTe cebe, UTO ypaH «CReNaH» U3 AXPA TOPUA HIIOC .
Aapo rennsa. OHU CBA3aHRI HACTOABKO MIPOYHO, UTO (Ue-
JIOBEKY € KJIACCHIECKHM MBIIIIEHHEM) KasKeTcsa HeBO3-
MOKHEIM, 4TOOLI renxnii (Gosnee Jierkuit 31€MeHT) B3stI
na u c6exan. Ho aalite Tonsko cpox! HepeposstHO, HO
(daKT — cymiecTByeT BIOJIHE OCA3AEMElil LIAHC, YTO e~
pes Kakue-HUOYyAL 4,5 MIULIMADAA JIET reJIMil TYHHEeNn-
pyet u.cOexur.

KBarTOB&A MEXaHHKA HE MPOCTO AaeT HAM BOSMOMK-
HOCTH COBEPHIINTH CAMKII HeBepPOATHHIN mober, HO M
O3BOASAET 34 Te JKe AeHbI'H UCNBITATH TeeMoPTALHIo!
HocronesKy BonHOBAR QYHKUHA 3JeKTPOHA, YpaHa,
Ja 9TO TAM — Jake TAKOro Mep3aBla, KaK MUcTep
Xaiia, — cTPOro rosapsA, NpoCTHpaETCA HA BCIo Beenen-
HYIO, CYIIECTBYeT HeHYJIeBAfA BEPOATHOCTL!, 4To Bac
HJIF eme YTo-HHOYAP BHE3ANHO ¢IPOHAGIIOAAIoTs HE
ApPYroi niuaHeTe, KOTOpas BpallaeTcA BOKPYr Apyroi
3BEe3AkI. .

M1 noxnMaeM, uTo BuI XOTeJu Apyroro. Bul xorenn
OOJIYYNTL «HACTOSIees TEJCNOPTALHOHHOE YCTPOiiCT-
BO BPOJE TeX, KOTOPhIE BUAEAU B «3Be3JHOM IIyTH»Z,
BaM HYXHO YTO-TO T&KOe, YTOOLI BE HMEJH BO3IMOM(-

1 Korga @u3nKy Tax rosopaT, OHY RMEIOT B BHAY «HCUEIAONIE
MAJIYI0s BEPOATHOCTb. A KOT/A MBI FOBOPUM ¢HETPHBUANLHLLEY , TO
MMeeM B BIAY ¢IIOYTH HEBOSMOMCHbINS.

2 sIIpuanaiirecs, Ilotingexcrep! ¥ Bac ecTs coSerBeRHb yHA-
“rapJ ¢ OTIHYMTENbHRIMA 3HAKAMY 3Beaauoro diorals
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HOCTh KOHTPOJHMPOBATh, KY/JAa M KOrja IockijaeTe CBOMi
OTpAA, 4 He NONAraThcA HA UNCTYIO ciaydaliHocTs. Hy
YT0 X, BaM m1oBe3yno. Ksantosasa MexaHuKa NMO3BOAAET
BEICTPOUTE YCTPONHCTBO AJISl TeJEeNOPTAUNM — Kak I10-
JIOXKEHO, YHH YHHOM, — HO TIpeKJe 4eM Bhl pasobhete
CBUHBLIO-KOITMJIKY, YTOOBI €r0 KYIINTh, NO3BOJIbTE Npe-
AYNpeARTh BaC 0 HEKOTOPBIX €TI0 OCOOEHHOCTRX .

Bo-nepeuix, HacTogmui TEJENOPTATOD HE f1IepeMe-
I0aeT BAIIM aTOMBI M3 MYHKTa A B nyHKT B. Ha camom
Iene OH cosjaer Tounyo komuio. Ilpexcrassnte cebe,
YTO BBl XOTHTE IePEMECTUTH CTATYIO HA XAPYTOoi KoHely
KOMHATBI — pPa3 YK BaM HE XO4YeTCA NPOBOAUTE SKCIIE-
puMenTH Ha iogax. Torna y npueMENKA 40JKHO OLITH
B pacOOpAKEHHUH JOCTATOYHO ATOMOR yIJilepoja, A0CTa-
TOYHO ATOMOB eJjie3a, JOCTATOUYHO aTOMOB KaJbLUA U
TaK nanee — M Bee Harorose. Hepeparyuky Hano 6yzer
OTHPABUTL CUI'HAJ, KOTOPHI JA6T NPHEeMHNKY TOUHEIE
MHCTPYKILHH, ONKACHIBAIOIIYE BOJTAOBYIO PYHKIMIO KAXK-
oro aToma u obiiee yeTpoicTro cratyy. Ecay B nyak-
Te HAa3HAYECHUA YARCTCHA TOUYHO CKONKMPOBATH BOJIHOBEIE
GYBKIUHA, 3HAYUT, YV HAC DOJYUHTCH caMas HacToAInas
TeAeNOpTAIMA. '

Kaskeres, yTo 371ech 4TO-T0 He TAK: BeJ{b Mkl TOJILKO
CKOIMPOBAJIH CTATYIO, & He nepemMecTnau ee. Ilo3sosin-
Te 3a/aTh BAM OJJMH BOIIpoC. A Kaxad pasuuna? Ckomnu-
pPOBaHHas cTaTya OGyAeT BRITIAAETHL TOYHO TaAK JKe,
BIOJIOTH A0 Menbualmux perayieil. U secuts 6yaer
CTONILKO JKe, ! Ha OIyIlb TaKasd e, ¥ SKCNepThl Ipu-
3HAIOT ee NOMJINHHON, H TaK fajee.

C TOuKH 3peHua 3aKoHOB Pu3uKku craryda 6yner rou-
HO TaKas ske. BeeJieHHAA BeAb He OTJIHYAET OGUH aTOM,
HaIIpUMeED, KaAbIUA OT Apyroro. Bece OHM HAeHTHUYHR,
Boanee Toro, npoiiecc OTIPaBJeHHA CUTHANA NPUEMHEHR-
Ky paspyiaeT BOJHOBhIE GyHKIHY opurnHajga. Maaue
TrOBOpPA, TEJNENOPTALMOHHOE YCTPOMCTRO — JITO BaAM He

{4



Keanmosort cmpannocmu

thakc: Bl HaYHHAETE C OZHOrO NpeAMeTa U MoJIyJaeTe
TOX<e OAHH NpeAMeT, TOALKO B ADYIOM MecTe.

Urak, ¢ Tesenopranyeii craTyi nokouyeno. Yro 6y-
IET, €CJIU MEI TEJIENOPTHPYEM YeJIOBEKA — HAIPUMED,
Ju4Ho Bac? TenenopTHPOBAHHAR BEpCHSA ¢BaC» He II0-
YYBCTBYET HUKAKOM pasHUlbl. dTO eCTh «BbI», Kax He
CyMMa BOJIHOBRIX (DYHKIIMH KBAXPUIBOHOB COCTABIAIO-
IIHX BAC ATOMOB? ITH aTOMB OIPEAENAIOT HE TOJBKO
BaIll BHEOIHMHE OOGJHMK, HO M BAIIM BOCHIOMHHAHHA.
A IIOCKOJBRY OPHUTMHAJ, C KOTOPOT'0O BAC CKOMIKPOBAJIH,
paspyIineH, APYTHX «Bac» HA CBETe HeT, ¥ OCHapUBATL
BAIIM BOCIOMHHAHUS HEKOMY. .

Tak DpPeKPacHO (MJIM YKACHO), UTO JayKe He BePHT-
ca? He oboabniaiiTech, MOCKOJbKY CHauaja HaM HANO
KOe-4T0 NPOACHuUTH. BCIO 3Ty raaBy MBI TOBOPHIHA
0 BOJHOBOM GyHKOUM O0TAENBLHELIX aToMOB., Ha camMom
JeJe, eCJM KBa ATOMA B3aUMOLEHCTBYIOT APYr C APY-
rom, 6oJiee yMECTHO PAcCMATPHBAThL KOMOHMHUPOBAH-
HYIO BOJIHOBYIO (hyBKINIO ABYX aTOMOB. B Takux cay-
Y8AaX POBOPAT O «3aTYTAHHOCTH KBAHTOBBIX COCTOM-
HHii» 3TUX ATOMOB, & 3TO BCEr0-HaBCero Y4YeHH¥
TepMuH, 0003HauaONMA, YTO €CIH MBI 3HAEM YTO-TO
HA KBAHTOBOM YpOBHe 06 OZHOM aTOoMe, TO 3HAEM M
0 Apyrom.

BasoBasi nponeaypa TaKkoBa:

1. BepeMm aBa aToMa (A H B), nepenyrmBaeM ux!
H OJMH ~— A — N0jaeM Ha NepeXaTOYHK A KOHel Balre-
O TeJIEIIOPTAIlMOHHOrO yCTpoiicTea, a BTOpoii — B —
Ha NPHMeMHBIHA KOoHeNl. |

2. Ilepeparunk Geper APYyroit aroM, TOT, KOTOPKIH
OH XoueT TeJienopruposats (C), ¥ HHTepdepHpPYeT ero
¢ A. B nponecce mporCXOAUT KOJNJIAIC BOJTHOBOM PYHK-
M4 ¥ A, 1 B Ha IpUeMHOM KoHIne. M yiKe BUAEIH,

1 Kax nMerHO, Mu! pacCkaxeM B cregyomeit rnase.
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Y10 HHTepdhepeEnHA U HAGNIOASHHE BIUAIOT HA BOJIHO-
BhIe GYHKIVM MMEHHO TaK, ¥ B peayasTare C TOXKe Me-
HAETCA. ITO BCe PABHO YTO CKA3aTh, YTO 00'LEKT, KOTO-
PHIi BBI EPERANIH, VEMUTOMKEH.

3. [IpueMBUK HA CBOEM KOHIIE NPOAEILIBAET TO e
camoe, HO HHTePdEePHPYeT ATOM-MHIEHL D ¢cO CROMM
N3MeHeHHBIM ¥ 3anyTaEHBIM aTroMoM B. Ero nurepge-
peHUHA TaKxe Bauser Ha D, Bo npon3BoguT 06paTHLIMA
addexT, u D npuobperaeT OPUTUHANBHYIO BOJIHOBYIO
dbyeknuio atoma C.

Tenenoprauug — nenuo Heob'w{ai’mo rpyanoe. Jlnurs
B 1997 roay yaanoCHL TENENOPTHUPOBATL OAMH-EHHCT-
BEHHHI hoTor, 1 a1k B-2004 roly HECKOILKO IPYIII
YYEHBIX CYMeJH TeJIeNopPTHpOBaATh OLHH-¢IUHCTBEH-
HBIII 8TOM, Jla K TO BCEro Ha PacCTOAHHE B HECKOJIbKO
MeTPOB. YUHUTLIBAA, CKOJIBKO N1OTPebOBANIOCH TPYAOB,
6B1JIO OBl MpOIILe NPOCTO NepeHecTH aTOM M3 OAHOrO
~ MecTa B gpyroe. '

Yem KpyNHEe CHCTEMA, TEM CIOXKHEe 68 TeJIEHOPTH-
poBaTsb. Jlaxe TeJenOpTALUA OAHON MOJEKYJEl MOKa
4TO ZAJIEKO 3a IPeAeIaMH HAlINX SKCIIEPUNMEHTANRHBIX
cnocobHocTelk. Tak YTO XOTA TeJETIOPTAIIMS, CTPOTO ro-
BODS, BOZMOXKHA, IIPOoHiieT eme OYeHh MHOI'O BPEMEHH,
npesJie YeM CTaHET OTAAJIEHHO BO3MOIKHOM Tesenopra-
1UA YeJIOBEKA, Aa ¥ TOr/ia MeI 651 He DeKOMEHI0BAJIH ee
NPAKTHKOBATE.

Vi. Ecnu B necy nagaeTt nepeso
U HUKTO 3TOr0 HE CANbILUNT,
NnPOU3BOAUT NN OHO rPOXOT?

Hamu npumeps! GhLIH COCPEAOTOYEHB! HA MUKDO-
CKONIMYECKHUX YACTHIIAX, OMHAKO MLl BOBCE He YTBED-
JKJAJH, YTO RJIA TOTO, 4TOOBI BeCTH cebs T0-KBAHTOBO-
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Leanmosrie cmpannocmu

My, HaCTHIA 06sa3aTeJIbHO oJKkHA GRITH KPOLIEUHO.
Bonee toro, Ha caMoM AeJie MbI ZOKA3bIBANH, YTO BCA
Hama BcenenHasa uMeer QYHAAMEHTANLHO KBAHTOBYIO
npupoAy. B camom fere, ecau MUKPOCKOODHYECKMH
MWD ynpaBjsieTcs UCKIAIOUNUTENIEHO KBAHTOBLIMHE 38KO0-
HaM¥, HeJdb3A JN 0600MUTE UX M CYECTHL, YTO M MbI
MOAYMHAEMCSA 3THM IIpaBuaam?

H aa u mer.

BoszsMeM, K npuMepy, MPpUHIUN HeompegeleHHO-
ctu!. Koraa Ml roROpHJIY 0 HEM, TO OCTABKJIHU B CTOPO-
He BCe CJHOKHBIe MaTeMaTHyecKye BHKJIaAKY (UnTaii-
Te: BCIO MATEMATHKY), IO3TOMY CeHUYAC HOMKRE! fJoba-
BT ellle OLHY AETANbKY. YeM MACCHBHee YacTHHA,
TEM TOUHEe MBI CIIOCOGHEI BEIYHCIAHTE H e MeCTONO0JIO-
JKEeHHe, H ee CKOPOCTh.

Hanpumep, npeacrassTe cebe, YTO MK NIPOJEJILIBA-
€M OILIT C ABYMA IIEJAMH C IOTOKOM 3JIEeKTDOHOB.
Ecan aBe mienm pasHeceHh! HA MMJAJUMETDP, TO MEI
BIIPaBe NPENIOJOXKNTh, YTO HEONIPeAENeHHOCTR I0J10-
JKeHMA 3JEeKTPOHa — NPUMepHO MHAIUMeTp. MHaue
HUKaK — BeAb MBI He 3HAEM, CKBO3b KAKYIO LIeJIh Ipo-
ures anexkTpoH. IIoykoRrIpoRaB HEMHOTO NHPpPaMu,
MBIl OGHAPYIKUM, UTO CKODPOCTH 3JIEKTPOHA Heonpeae-
JIeHHA npuMepHo Ha 160 mMeTpoB B uac. He caumkom
GoJbIIOE YHCO0, 3ATO OHO HOANAETCH H3MEpPEeRHIO.

A ecau ME! H3MepuM ckopocTb Xaiiga (korjga OH, Ha-
IPHMep, CKPBIBAETCSA C MeécTa IPECTYIJIeHNA) C TOUHO-
cThio A0 160 MeTpoB B Yac? 910 ropaszo TouHee, YeM
TOYHOCTB JIIOG0T0 Nprbopa, KOTOPhIA MOMXKeT OKasaThECA
y Bac nojZ pykoii. IlpeAnonoxkM, 4ToO NOCKOJbKY MBI
BBIYHCJIXIH CKOpOCTh Xail1a ¢ BIIOJIHE OCH388MOMH 1 H3-
MepAeMO# TOUHOCTLIO, B €10 MECTOHOJIOKeHUH JOJIMKHA
OLITH HeonpeaesJeHHoCTh. OHa U ecTh. MecTonojoxie-

1 ®audapn!
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Hue Xaljxa HeonpeneleHHO C TOYHOCTHIO IPUMEPHO
OfiHA JeCATHKBUHTUUIHOHHASA JONA pasMepa AApa aTo-
Mma. Ha 6ostee Menxom Maciutabe Xaiia Best 661 cebs kKak
BonHa. IlocKoIBKY CaM OH ropa3fo KpynHee OFHOM fe-~
CATHKBMHTHJIJIMOHHOM J0OAY pasMepa sjpa aToMa, TO
BO BCEX MBICJHMBIX CHTYALHAX BeAer ce6a Kak uyacTu-
ma. To ecTs HeT HUKAKMX NpPEJACTABHMHIX obcros-
TeJLCTB, B KOTOPHX MaKPOCKONNYEeCKHE IIpPeAMETHI
(Bpoge Hac ¢ BaMu, xexuna u Xaiga) 6yayr BecTH
cebsi KaK KBAHTOBBIE O0'BEKTHI.

BepaeMcs K BOIIPOCY, C KOTOPOT'O MBI HAYAJH 3TY
rJiasy, ¥ IOTOBOPMM O KJIACCUYECKOM 3KCIEPHMEHTE,
KOTOPHIN rary0oKo 3a11aJ B 0611ieCTBeHHOE CO3HaHue, —
06 Opeune [lIpeanarepe u ero JereygapAEOM KOTE,

Xopowo
Xomp celoga
HE ROHEGEABHUK

o o . 'y

TIOLAEAHUE ILCTIEPUMEHTH
8 OBAACTU KBAKTOBOU MEXARUKM
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Keanmobbis cmpanmocmu

Myers Xaiin, sTor 6eccepreynslit Heroaaii, caenaer
AMUK ¢ GAAKOHOM ANA BHYTPH. Ecin Hekuit paguoak-
TUBHBIH aTOM, TaKKe 3aKJIOYeHHHIH B 3TOT SILIMK, pac-
najaeTca 3a ONMpejeseHHblil OTPe30OK BPeMeHH, S Mo-
najeT B AIMUK. ECaN aTOM He pacnaneTcs, A4 ocTaHer-
cA Bo paakore. 3arem Xaitx camxaeT B AO{UK KOTa H
3aKPHIBAET KPHIIKY!.

Hasuauensoe BpeMs npourno. JXuB KoT niay MmepT?

arot sonpoc lpeaunrep 3azan eie B ZaJeKoM
1935 rogy — kak 6r1 Mexxay IPOYUM, B OLHOM AJIMH-
HOI cyryGo TeXHRYECKOIl cTaThe,— ¥ 00CyKAeHHe ero
3aHAJIO He fonbIIe MecTa, ueM B Harlelt kaure, Y xora
8arafika IIPEAMHIepPOBCKOrO KOTA HUYEro He FOBOPHT
HaM O TOM, KaK CO3RATh KBAHTOBBIH KOMNObLIOTEP MM
MUKPOCXeMYy, OHa 3aCTaBlfeT 3aZaTh HEKOTOPHIE BO-
TIPOCH! O NOANMHHOM npupoe Beenennoit. Oxkassipaer-
CS1, €CTh HECKOJXBLKO CII0COG0B OTPABUThL KOTA — HJIH IO
Kpaitneit Mepe NHTEPIPETHPOBATH (aKT OTpaBIEHNA.

KoneHrarenckaa nHrepnperauus

B 1927 roay aBa OCHOBaTeJA KBAHTOBOH MexaHu-
ku — Hunsc Bop u Bepuep Ieitaenbepr — cdopmyn-
POBAJIM IEPBYIO BEPCHIO TAK HA3bIBAEMOi KOIIEHTare -
CKOil MATepHIpeTARMY KBAHTOBOH MexaHMKU. B nienom
OHA 38KJ104aeTCA HMEHHO B TOM, HA YTO MBI OIIMPAINCH
BCE 3TO BpEMA:

1) cucTeMa ONKCHBEETCH MCKJIUUTENLHO CBOEH
BOJIHOBOM QYyHKUHEH; ' :

2) BONHOBaA (PYHKUMSA IIOKA3bIBACT, YTO ONTpeAeNeH-
Hble U3MepeHN A cyry6o BepoATHOCTHEL;

1 170611 paCCTABHUTD BCE TOYKK HAX i, YTOUHHM, YTO SKCIIEPHMEHT
aTOT Cyry6o MuicenuEil. OqHAKO OR HABOAMT BA CAMEIe NeYaIbHEIe
MBICJIM OTHOCHTENLHO Ncuxnyeckoro ckaana Hipeanurepa.
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3) KAK TOJBKO MEI AesiacM H3MEpPEeHYe, IPOMCXOMHUT
KOJLJIATIC BOMHOBOU (QYHKIMHK, I ¥ HAC OCTAETCA KOH-
KpeTHOoe YHCAO.

U xorsa Mui cobupaeMcs OITHCATL HEKOTOPBIE XPYTrHe
TOYKH 3PEeHUA, J10601 Guank, paboralomuii 0T 3BOHKA
K0 3BOHKS, CYUTAET KOMNEHIareHCKYI0 HHTEPIPETAIMIG
obmenpunaToll epcueit cobrITHIA, ‘B OCHOBHOM foTo-~
MY, YTO OHA MO3BONAET HAM UPOUSBOAMTL BRIYMCIE-
HHA, He CIHIIKOM 3ayMBIBaACH 0 TOM, YTO BCE 3TO HA
caMoM fienie 3HAUMT!.

Onuaro qake cpefid rOpAYNX CTOPOHHAKOB KBAHTO-
BOM MEeXaHUKHU CYIIEeCTBYIOT ONpEAEJeHHbBIe PA3HOr1a-
CUA OTHOCUTENLHO TOIO, UTO HA CAMOM feJjie TJIacHT
KoneHrareHckas MHrepnperauus. CymiecTryer Ju Ha
camMoM fene BoaHoBadA Gyakuua? M npasga xu 3T0, YTO
PEaJIbHOCTE CUCTEMEI 38KJII0UAETCHA TOJBKO B TOM, UTO
MBI HabmozaeM? JIMIHO HAM KaXXeTcs, 9T0 3T0 IYCThHIe
npuAKpxY. JInuno HaM ropasno 6anxe Bepeust JIsBuaa
MepmuHna: «Ecau 661 MeHs 3aCTABUIIR U3JI0KUTH CYTh
Rouearareucxoi‘x RHTEPOpeTanny oqHOM Ppasoif, s Ohr
orBeTIII: “3aTKHUCE M CYATANK!”»

Bauike K feqry: Kak OJydaeTcs, 4To TO, WTO MKl YTO-
TO HabaoxaeM, TpuBOANAT K KOJIJIAICY HabaogaeMoro?
Boo6iiie-To Ml i1 CAaMH COCTOMM M3 Cy0aTOMHRIX JACTHIL,
KOTOpEIe TaKsKe MOAYHHAIOTCA 3aKOHAM KBAHTOBOH Me-
xaHukH. OTkyna Bcelennas 3HaeT, KAK HepelfTH U3
COCTOAHUS Heonpeneneui{oc'm A0 TOro, Kax Impou3o-
IO H3MEDPEeHHe, K ONPeeJeHHOCTH TocJe 3T0ro?

Y HaGMIOZeHuA eCTh OOCACACTBHUA M HMOXYiKe KO-
Jlarca BOJIHOBOH QyHKIUK. BcmoMHENTE Hann pasroBop
0 TOM, YTO BAINA BOJHOBAA QYHKIHA ﬁpocmpae{rcﬂ Ho
JaJleKHX 3Be3[l ¥, CTPOr0 TOBOPH, CYIRECTBYET BEPOSAT-

1 Y0, B CBOIO ouepeas, HOIBONAET HAM JSHUTLCH, & 3TO MBI JIf0-
6rN...
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Kuanmosuis cmpannocmu

HOCTh, YTO BAC Ty/AA CIIORTAHHO Tejenoprupyer? Tax
BOT, KOrZla Bac Habm0Aal0T 3%ech, HA 3eMJe, y Balei
BOJIROBOM DYHKIIMM ONPOMCXOIUT KOJUJIANC, A4 3HAYHUT,
pamia BOJHOBAaA QYHKIHUA rjie 66l TO HU GLLIO elle vic-
vesaer. Ecnm Bac aTo He GecmoxouT, coBeTyeM 3any-
MaThca. UYro-To mpoucxoafinee 3AeCh MTHOBEHHO
BJIMAET HA IPOUCXOAALIEE B HECKOJILKUX CBETOBBIX I'0-
Aax OTCIOfa ~— & 3RAYHUT, 3TO BAMAHAE PACIIPOCTPAHA-
eTCA CO CKOPOCTHIO 6OJIbIIIe CKOPOCTH CBETA.

JaBaitTe sabyznem o060 BCeM 3TOM M IIPOCTO IIOCMOT-
p¥M, 4TO rOROPUT HaM Bop npo kota. JXuB wim MepTs
mpeanHrepoBcKuil Kor? CornacHo KoneHrareuckoii
MHTEpOpeTanay, Aa.

CepbesHo.

KoneHirareRCKas MHTEPOPETARUS TOBOPHUT HAM:
</ To 1 gpyroe C onpeAeneHHON BepOATHOCTHIO. Ecan
MBI OTKPOEM SIIMIUK, TO IJON30HIET KOMIAIIC BOJTHOROH
GYHKINM, X OCTAHETCA TOJBKO OJHA BOSMOXKXHOCTh, KO-
TOPYIO MBI ¥ npoHabiogaeM» .

Yyme karaal Yro 3a raynocTe — Aymars, OYATO
KOT MOXeT GRITH OJHOBPEMEHHO M YKHUBLIM, ¥ MEPTBRIM!
NmeHHO 5T0 ¥ XoTex ckasats lllpegnarepl.

Teneps MocMOTPHM ¢ TOUYKH 3PEHUA KBAHTOBOU Me-
X8HUKH Ha CTAPHHHYIO 3arafKy: €CJH AepeBo najaer
B JIECY, T'le €r0 HUKTO He CARMOINT, IPON3BONUT JIU OHO
rpoxor? ¢«Het,— oTBeuaeT KoneHrareHckas wHTepIpe-
rauud.— A HaYaia, OHO JajKe M He NafaeT, IoKa He
moABAAeTcsa HAGIIOKaeMBIX CBHAETENBCTB TOrO, YTO 3TO
npousonurios . Kaxasa HeJenocTs — TOJIBLKO NpeAcTaBbLTe
cefe, UTO TaKoil KPYIHBII IPEAMET, KAK BEKOBOE Jepe-
BO, HACTOJIPKO IIOABEPIKEeH BIWAHUIO TOr0, HaGIIOKAIOT

! BuguTe nu, KOTA& OH BHIAYMLIBAJX IKCIEPHMEHT C KOTOM
B AINWKE, TO KAK PA3 XOTeJ NOU34eBaTHCA BAX KOTMEHIareHCKOK uH-
Tepuperanuesi.
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ero uiM Het. 910 nipasia. Ho B ueM e pasHuna Mexay
IepeBom u KoToM? Wi KoroM o sapoM aToma?

Bop cuuTai, 4TO HA CHTYalHIO BIMUSIET He IPOCTO
HabaogeHHe, a OCO3HaHHOEe HabamoaeHMe. Ecau On
BMECTO IIPEeAMHIePOBCKOro KoTa y Hac Guin 6hl mpe-
AUHTEPOBCKHIT ACITUPAHT, MBI OBl IIPAKTHRYECKU He CO~
MHEBaJNCh, YTO GoJlee HIH MeEee BMeHAEMEIl acmu-
panRT "Habuionan 6it 3a cucreMoii caM. IloueMy ke Tar
BaYKHO, YTOOKI HaOMozaTeneM Obll MMEHHO YeloBeK?

C dunocodckoil TOUKH 3peHMSA caMad cephe3Had
npobieMa ¢ KOIIeHrareHCKOoM MHTepnpeTanueii Bripa-
JKaeTcs OAHMM BONDOCOM: €CTh JIM PA3HUIA MEeX Ay
TeM, YTO 3IHAET yueHKl#l, ¥ TeM, UTo 3HaeT Becenennasn?

3apaBhIil CMBICT NOACKA3LIBAET, YTO B CAyYae LIpe-
AUHIePOBCKOro KOTA PA3HHIA OYeHb BeJuka. Quesua-
HO, UTO BceJjleHHas AONMIKHA «3HATHY, XHUB KOT HJIU
MEepTB, Xa)Ke ecliM YYeHHIl He 3HaeT. B HeKOTGpOM
CMBbICJIE KOIIEHPATeHC KA HHTEepNpeTanua yTeepxKaaer,
YTO HEBaKHO, 3HaeT Jii BeeneHHaA 0 TOM, M(UB KOT MIIN
MepTB, A0 TOr0, KaK AIIHK OTKPOIOT. ITO HE U3AMEHHUT
HU4ero nabmogaemoro.

3nech yero-to He xBaraeT. C offHOIl CTOPOHEI, MKl
yKe BUJENH B ONBITE C NBYMA HIEJNAMM, YTO NPAMOE
UM KOCBEHHOE Ha0M0JeHue 3JeKTPoHA coco6Ho 3a-
CTaBUTh ero NepeiiT U3 COCTOSHNA HeonpeAeIeHHOCTH
K IOBEIeHHIO, MogobawnieMy yactuile. Ecnu mui He Oy-
AEM TPEeBOMKHUTE 3JICKTPOH, MNAAA HA HEere, OH GYKBaJIb-
HO TmpoineT Yepead obe menu. A «BRIOHpPaeT» TOJLKO
OIHY OH JUIIL B TOM CJIY4ae, €CIM y HaCc XBaTaeT HarJjo-
CTH NOArNAABIBATD 38 HUM. '

Ecnu Bce 0GcTOMT MMEHHO TaK, B Y4eM TOrAa NPHHIU-
nuaJibHOe OTJIHMUNE NIpeAUHIePOBCKOro KoTa? Jro npo-
cto Gojiee CAOKHAA CUCTEMA, B KOTOPYIO IO CJAYUYAIO
BXOJHT HE MPOCTO OLMR 3NEKTPOH, HO ellle U PaJHOAK-
THBHEI 06pasen, QJaKoH SAa H KBAJPUWILOHBI ATOMOB,
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Yeanmosuie “EMPLHHOCMU

cocTaBagonux xora. Te U3 Hac, KTo IPHAEPKUBAETCH
MeXAaHMCTUYEeCKOoro Barnana Ha BceesleHRYIO, COUTYT,
YTO 3TO IPHBEJAET K HEBOSMOYKHOM CUTYAIIHH, TOCKOJIb-
Ky Ha caMOM jeJie MbI JOJXHBI IOCMOTPETh Ha BellH
ropasgo mupe.

HockonbKy BCe yacTHUB! BO BcesleHROM B Toit Hau
UHOI CTeHeHNn B3anmMoIelicTBYIOT, BecesleHHas B 11eJI0M,
B TOM 4HCJe ¥ y4ensle, B ux obopynosanue, €CTh 00Ha
FUraHTCKasd BOJHOBasl GYHKOUSA. ECIN BOCOPDMHATEH
3TO yTBepKAeHUEe OGYKBAILHO, CTAHOBUTCH, MATKO I'o-
BOpA, He It0 cebe. DT0 3HAUMT, UTO Bce HAbGAOLeHHA,
OLIYIEHHKS ¥ NOCTYNKK KaK TAKOBLIE CYTHL ROMOWHA-
nus 6oJiee YeM OJHOK BO3MOMHOCTH, IPOCTO BEePOAT-
HOCTbL OAHOHU U3 HHUX ropa3jgo, ropa3zo Gosblre Bepo-
ATHOCTY OCTANBHBIX,

JIuuno HaM BepOATHOCTE TAKOH «BCeleHHOH cynep-
HO3UIHU» KAXKeTCa HACTOJBbKO HENPUATHOMR, YTO MBI
MPeAIoYTEM dKHUTh BO BCEJIEHHOI, Ie peaIbEOCTh (hop-
MHEPYeTCA OO/ Bo3LeHCTBHEM CO3HAHMA!.

MpuunHHaga rHTepnpeTayus.
Bom-60m-60m...

Ecnam xomeHrareHckafd WHTepIpeTanid BaAC HepBH-
pyer (M KTO Bac B 3TOM YOpeKHET?), He BOJHYyHTECH.
9To He eAUHCTBEHHOE 3aBeicHHE B HaleM roposke, Cy-
LIECTBYIOT M IPYTHe MHTEPIPETALNN KBAHTOBOH MexXa-
HuEKH. Bce OHM HCTONIBL3YIOT Te YK€ YPABHeHUSA HJIH IO
KpaitHell Mepe NOAYYalOT Te XKe peay.nb'rawmz. Oanaxo
OHHM, IPAMO CKAaKEM, HO-Da3HOMY OOBACHAIOT TO, UTO
OPOMCXOAUT Ha camoM aese. MHaue rosopd, MH He
B COCTOSTHMM IIPOREPHUTH IKCHEPHMEHTANILHO, KaKadA

! HageeMCA, UTO BEI, TIABHBIA COTHICHCT, STO YUTETE.

? Ecnw BaM KaKeTCs, UTO MEI ONATS BOAIH B A€MAroruio, Ipo-
BepbTEe CAMH. ;
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HMHTEDNpeTaus BePHA, ¥ OKa3hlBAeMCS BO BRAeHEAX
purocodhun. ’

B 1952 roay JaBux BoMm, Koropmii Torxa paborai
B YEHBepcutete Can-Ilayay, BRABMHEYI « IPAYHHEHEYIO .
HHTepIpeTanuio» KBAHTOROH MexaHMKN. BoM Guin ka-
TErOPUYECKH He COIJIACeH ¢ TeéM, YTO MIPeAWHIEPOB-
CKHIH KOT «IOJYKUB — NoayMepTBs. OH CIUTAJ, 4YTO
HA CAMOM JieJie BCe TO, UTO MBI Ha3hIBAJIM HeoTIpeAeIeH-
HBEIM “— MECTOII0JIOJKEHNE, CKOPOCTh, IPU3HAKH dKHUSHH
HaNlero KoTa,— Ha CAMOM JeJIe YETKO onpeheqreno. Ho
(u 310 ouens 6oabmoe HO), xora vacTuna u Becenennas
3HAIOT 3TH OUpeJeJIEHHBIC 3HAYEHNs, 3TO HE TApaHTH-
PYeT, 9TO X 3HaeTe BH.

BoM npeanono:kui, 4To KpoMe BOJHOBOH GyHKINH
LOJIYKHBI GBITH eI1le « CKPhIThIE IePEMEHHBIE» , U OH GRIN
He OZNHOK. OAHMM U3 IePBEIX CTOPOHHHKOB H 3AINHAT-
HMKOB CKDEITBIX IIepeMeHHBIX 6611 caM JitHmTeitn, Ko-
TOPOMY CJIECTBUA KBAHTOBOH MEXaHUKY KATeropuye-
CKM He HPABMJINCh. -

CornacHo BoMy, CKpEIThIe IEepEMEHHEIE BKJIIOYAIOT
B cebs kavecTBa BPOJe MECTONMOJOXKEHHNA 1 CKOPOCTH,
KOTODLIE, KAK I'OBOPHUT OOLIYHAN KBAHTOBASA MEXaHM-
¥a, COBepUIeHHO HeoNpeAeeH . JTO BCe PARHO UTO I'0-
HATbh HA BOAHAIX JBLXAX 0o 3nI0yueMy okeaHY. B Kax-
ABIA KOHKPETHBIA MOMEHT JILIKH JBUTAIOTCA C ONIpese-
JIeHHOW CKOPOCTHIO ¥ HAXOAHATCS B ONPEIEIeHHOM
mecTe, OZHAKO eCHM BB IONBITAETECH TOYWHO oHpeje-
NUTH DONOMEeHUE AKX, TO YBUAUTE, GTO OHY XAOTHUE-
ck¥ Gonralorca Tyaa-ciozaa. llogobaniM ske o6pasom
BOJIHOBaA (PYHKIHA, COTIACHO IIPUUMHHON MHTEPIIpe-
TalMH, «[BUraeT» YacTHLY, NOATAJKHNBAA ee B PA3HBIE
CTOPOHEI, TAK YTO €CJIH OLI Mbl IPOBOAUJIH OIILIT C ABY-
MA UIeAsMH, TO TPAEKTOPHs 3JEeKTPOHA fAenana Onl
AKOGEI cIy4alfHple BONTHOOGpA3HbBIE KOJIeDaHUS,
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Keanmosbit cmpannocmu

C OREOU CTOPOHH!, IPHYHMHHAA HETEPOpETAIIHSA
ouenn yremaer. OHa 3apepAeT Hac, YTO a6COMIOTHAL
PeaTbHOCTL CYIEeCTBYeT, Kaske ecjld Mhl He 3HAaeM, Ka-
KOBa OHa cefiyac M KAKOBa OHA OYAET B CAeAYIOUIYIO
CeKYHZY. DMeKTPOH HA CAMOM JieJi¢ HaXOXUTCA B Ka-
KOM-TO OJHOM OllpezeneEHOM MecTe. HeT mukakoro
mucrepa Xaiigal Ecte Tonsxo goxrop Hsxekun. Ilepe-
ofersiitl.

BoJiee Toro, NnpuYuEEAA MHTEpOPETAIHA pellaer
OYeHb BaXKHYIO NpabieMy, ¢ KOTOPOH He CIpaBMJIACS,
KomneHraredckas. Cornacao BoMy, HUKaKOTo ¢«Kosan-
ca BONHOBOM (PYHKIMHM» He NPOHCXOnuT. BonHoBas
byHKIUA HUKYJAa HE AeBaeTCA, NOTOMY 4YTO, AeJIad H3-
MepeHUdA, MBI BCEro-HaBcero o6HapyKuBaeM, rae ua-
ctuna 6611a Bee 370 BpeMsa. MBI Bce paBHO BIHNfEeM Ha
Hee CAMUM aKTOM Ha6NIOAXeHHHA, HO TaK, YTO 3TO HH-
YyTh He IPOTUBOPEYUT KIACCHICCKOR HHTYMIIUH.

M5! yaKe YIIOMHHAJIH, YTO IPHYUHHAS UHTEPIPETA-
M TOJIYYAET T€ XKe PesyJIbTaThl, UTO 1 06bIyHAA KBAH-
TOBEA MEXaHUKA. DTO H IIIIOC, 1 MUHEyc. Ilogo6HO KO-
MeHTrareHCKOoi HHTEPIPEeTAlUH, IDUYWHHAS BHTEepIpe-
Tauusa Boma TpebGyer, 4TOOB CUFHANEBI MOMXKHO OLIJIO
OTIIPABJATH CO CKOPOCTLIO BHIIIIE CKOPOCTH cBeTa (IycTh
H KpaliHe pegKo).

W ecnu nipH OGBIYHBIX O0OCTOATENALCTRAX BEPCHUA
Boma NPHBOAUT K TEM Ke Pe3yIbTAaTaM, UTO ¥ KJ1aCCH-
4ecKasd KBAHTOBas MeXaHUKAa, HYXKHO cHenaTs IO
MeHbIIeil Mepe OJHO MpeAYIPeRAeHne. Bee, 0 yeM MK
TYT rOBOPHJIH, IIPEAIIONIATANIO, YTO MBI FOBOPUM O HM3-
KHX SHEPIUsAX H 4acTHilaX, KOTODBIE yiKe HEeKOTopoe
BpeMsA cyliuecTBoBatu. EcTh MHOMKECTBO CHTYAaU W,
JJisi KOTOPBIX TAKOE OlpeJiefIeHue He NOAXOANT, U HaM
IPpUXOJUTCA PenlaTh BONPOCKH! O TOM, OTKY/a B3SAJINUCH

! Pockommumii CI05KeT q1s KOMUKCa. PekoMenayem.

4~ T'onp6epr L, Bromxemner Jox. ?7
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YACTHIE M YTO IPOMCXOANT, KOTAA MBI NIPHOIHIKaEM-
cA K CKopocTHd cBeta. OObIuHasT KBARHTOBAS MEXaHUKA
Onl1a pacmrnpeHa ¥ 06061ie#a HACTONBKO, YTO FOTOBA
[1aTh OTBeThHI Ha IOX00HEKIE BONPOCH!, 4 Bepcna Boma —
ger. BoaMoskro s 3T0? TIOKaXKET TOJNBKO BpeMa.

OpHako He GynéM 3aTeBATh JHCKYCCHUIO O TOM, UTO
MOXHO M UeTO Hebast CAEIaTh C GOpMyJIaMHU, TOCKOJIb-
Ky 2TD OTBJIEKAET Hac OT NpobJieMul Komavybeil cMepT-
HocTH. Yro TaM ¢ Korom? IKuUB OH MU MepTB — MO
-aToit mETepnperamuu?

Boobuie rosops, BoM yTeep:xaaeT, 4To JUYHO OH He
3HaeT, HO KOT HaBepHAKa aAu60 XuR, 1u60 MepTB, —
HIA TO HJIH Zpyroe. Mbl ellje He OTKPLIJIN AUIHK, a KO-
rjga OTKpoeM, Cpa3y Y3HAeM OTBET,

Kax 310 cKyuino! «He 3nato. JlaBaitiTe npoBepnM».
Cky4HO, HO 3aTO JajIeKO He TAK MO3rOJIOMHO, K&K €CJIH
Ob! HAM CKa3all «¥ TO U APYToe».

MUHTepnpeTauunst «sMHOXECTBEHHbIX MUPOB»

Kak HenpusATHO, OKHAKO, CO3HABATH, YTO Beenen-
HaA MOrJa MNONTH ¥ 10 TOMY NYTHU, ¥ 10 ADYrOMY, HO
TOYeMY-TO HPOHIBOABHO BHIOpANia KaKOM-TO OJAKH.
B 1957 roay Xsi0 3BeperT, KOTOpPEI Torga paboran
B IlenTaroxe, NpeIyIoxKua MVHTEPIPETANMIO « MHOMKECT-
BEHHBLIX MUDOB».

IBepeTT IIPeAIOoJ0KUA, YTO Kaskaoe ciayyailHoe co-
OniTHMe — HAOpHUMeEp, TO, Yepe3 KaKylo MMeHHO Ielb
IIPOCKOYMI 3JIEKTPOH, — TIOPOXKAAET ABe DPa3HbIe, OX-
HAKO HNapanjejbHEIe BCeJEHHEIE, KOTOPhIe HEPa3auyun-
MBI BO BCEM, KpOoMe TOro ()aKTa, UTO B OXHOM 3JIeKTPOH
IpOINeJ B WieXb A, a B Apyroit — B 1iens B. C reuennem
BpEMEHM BCeJIeHHRI¢ CHOBA M CHOBA paclledNAOTCA,
npakTHYECKH DECKOHEUHOe KOJMNUYECTBO Pad, HOPOK-
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KBanmoBuie cmpannocmu

Jiasl TeM CAMBIM OTPOMHOE KOJIMYECTBO NapaJliebEbIX
BCEJNEHRHBIX. ) )

CornacHo 9seperTy, 3TH MHOrOYMCJIEHHBIE MEDHI
MOTYT 3aTeM uHTepdepHpoBaTh ApYr ¢ ApyroM. C Ma-
TEMATHYECKOH TOUKH 3PEHUA 9TO IPAKTHYECKY HIYEeM
He OTINYaeTcd OT OObIUHON KBaHTOROM MexaHuxky. Ha-
IpHMep, ecJIN MbI IPEACTABHIM cefe 3JeKTPOH B dKCHE-
pHMMeHTe ¢ XByMd IieadaMu, To B Hanlelt BceneHHoOMH,
CKaXKeM, 3JIeKTPOH IPOXOAHT B JIEBYIO IleJb, & B APY-
I'X BCEJIEHHRIX — B IPaByl0. 3aTeM BOJHOBHIE QPYHK-
MY PASHKIX BCEJEHHBIX HHTep(HEepHupyioT APYT ¢ APY-
OM, H €CJIV IOBTOPATH ONBIT ¢ HECKOJIBKUMHM BJIEKTPO-
HAMH, TO OJYINM TOT CAMBIK PUCYHOK M3 MHOYKECTBA
II0J0C, KOTOPBIH Mbl Y2Ke BUAEH.

B sToM cayuae Toxe Her HuKakoro Xaiiga. Tak mo-
Jy4aeTeA IPOCTO TMOTOMY, UTO MOCKOJBKY B KaXJI0OH
BCENIeHHOM ecTh ¢BOH JoKTOp J[3KeKuya, KOTOPLIH npo-
JleNIbIBaeT TOT Ke ONBIT, 3TH MHOMKECTBeHHhie keKH-
Jabsl HHTEepdEePUPYIOT APYT € IPYTrOM.

Pacutemnaporesa He TOJNBKO YACTHIBI. Pacmienafge-
Tech K Bbl. Ecoiit BHI 3agyMaeTech 6 TOM, 9TO BRI 6yzere
AenaTh ueped 10 MEHYT, TO 9TO «BEI» OTHOCHTCA K He-
JIOMy MHOYKECTBY pDasNMYHEIX ¢Bhi». KakumMm ke u3
STHX «BEI» CTaHETE BHI B KOHLIe KOHLOB? BeeMu cpaay.
ITpocTo KaKaK!il KOHKpeTHBI «BLI» 6yeT HOMHUTL TY
HCTOPUIO, KOTOpAA MPOUBOLINIA B €ro BeesieHHoil. 310
3HAYHT, YTO I'ZE-TO €CTh ¢BhI»-TEJIe3BE314a U ¢BhI» “KOH-
cTpYyKTOp 3Be3aosieTos!. IIpocTo He BCE BO3ZMOMCHOCTH
OZIUHAKOBO BEPOATHEI.

3a cyeT BO3HMKHOBEHUA 6eCKOHEUHOTO MHOMECTBa
. BCEeJIEHHBIX IBEepeTT CYMeJI JaTh YTEIINTeIbHEIN OTBeT

1Y aroit Meganu ecth 1 o6paTHas cropoHa. HasepHsxa K1o-10
H3 «BaC» HoJITAT MO MOBILIBHHUKY B TEATPE BO BPEM# CIIEKTAKIIA MK
3aIyCTHII 1any B KPYKKY /A [EPKOBHEIX NoskepTBOBaHKit. [Tocne
TAKOro MEl HHKOrZA He II0AafAM BaM PYKMU.
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¥ HAa HaIll BOIPOC O WPeAWHrepOBCKOM KoTe. Kak mn
Bowm, on orBeTitn: «He 3Hato. Kot mnu :KUB, WIH MepTB,
¥ €IVMHCTBEHHBI! crI0co6 3T0 BHIACHUTE — OTKPBITh
amuk. OHAKO eCNH 'ME OTKPOEM KPRIIIKY, TO IOJXY-
unM He 6oJiee UeM MHPOPMANMIO, OJTO HUKAK He H3Me-
HUT PEAJIbHOCTE» .

B niesiom 370 TOT 2Xe OTBET, KOTOPKII MBI Jany ¢ TOU-
KH 3peHusa NDUYNHHON nATepnperanuu Beenenmoit, Ho
€CTh OOMH BayKHEBIH HIoaHC. Ecin oraxeTcsi, 4To KOT
JKHUB, 3TO BEPHO JUNIb Ans Hamel Beesrennoit. Cymre-
CTBYIOT M JPYTrue BCeJeHHble — GeCKOHeYHOe MHOMKe-
CTBO JPYTUX BCEJIEHEHEIX,— B KOTOPEIX KOT MEPTB.

Kak BuiacHmMIOCH, pealibHOCTh — ABJEHHE cYyrybo
MecTHOe, V
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TMpasga Au, umo Tochogy uipatm
co Bogagnnoi & wocmul

0BOpHTE O (PM3UKe MUHYBIIMX JET YTO XOTUTE. Ha,

MO2KeT OBITh, OHA CKYYHAA, B HYKHO 3yOPHTH BCA-
KHe DNpaBHJIa PO prIYary, 6Jioku, MagTHHKH M IIpoyee.
3aTo BH TBEPAO 3HAJIHN, HA KaKOM BhI CBeTe. 3aTeM Ha-
crynun XX Bek, H BCS Hallla YBePEeHHOCTH GeccrefHO
yieryuunack. Ho eciim KBaHTOBAR MeXAHHKa& MMeeT
JeJi0 JINIlb ¢ MUKPOCKOIMHYECKNM YPOBHENM, HAM C Ha-
MMM BeJINKAaHCKYMHU YeJOBEYECKMMM MAaCcIITabaMu,
ragayoch 661, Hafi0 B3ATh NpuMep ¢ Aansdpesa 3. Heio-
MeHa: «A MHe-TO 0 YeM 6eCHOKOUTBCA? » 1

MHOrUM OYeHb HDABMTCH HUIed JeTepPMUHRPOBAH-
Hoit Bcenennoii. U B ueM ux ynpexryTh? Bee, uTo MR
BHMZMM BOKDYT, 110 60Jb1Iel 4aCTH MOMKHO JIN60 MHTYH-
THBHO NIPECKA3aTh, JIU60 TOUHO ONUCATH MaTeMaTHue-
CKHM, & BCE OCTAJILHOE ~— 4YTO ¥, IPOCTO OHO CAMIHKOM
cnoxHoe, 4YTobnl ero obcuuTaTh, 00 KpaiiHe#t Mepe
noxa. JMHIITeHH GBI YOesKAeH, YTO MHAMAA ciyvaii-
HOCTBH TAUT HOA CO00# ReTepMUHHUCTHYECKNE 3aKOHEI,
KOTOPHIe KOHTPONUDPYIOT U NMO3IBONAIOT NPEeACKasaTh
Bce Ha cBete. Ecnu BBl NOHMMaeTe, ¢ 9ero Bce HaUMHAa-
eTcs, 3aKOHEI (PU3IUKH TOUHO CKAXKYT, UeM BCe KOHIUT-
ca. Kaxxerca, ferepMuunaM BeesieHHOIL BeTpoeR B Gop-
mynsl. Ho ecnu Kasxercs, Rago Bory MoJUTbCA, H 9TOT
OEeTEePMHHU3M — JIOXKbL ¥ 06MaH.

Ha dynnamenTansEOM ypoBHE Beenernas He CTOJNb-
KO CJIOKHA, CKOABLKO HEBEPOATHO cayudiina. Paguoak-
TUBHLIN pacnaj, ABMKeHUe aTOMOB, pe3yJbTaThl Pu-

! Asnndpen 3. Heiomer — nonynapunii B CIA nepconax ka-
PUKATYP, NPUAYPKOBATHIA MAJBYNUIKA, KOTOPKIA BEYHO NOMKHAA-
eTcd, KOrza c3ajay NOZKPAAETCH JKAPEHEIH NeTyX M... «A MHe-TO
0 yeM GeCrHoKoUThCA?» — HeBU3 BeeH ero xu3wu. — Ilpumen. ne-
pes.
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Caquaitnocms

3UYECKUX HKCIEPUMEHTOB ~— BCe 3TO Olipefesisgerca
OpUXOTAMH HerpeackasyemoeTH. Ilo cyTu cpoeit Bee-
JieHHad — cTpaljani# coH Jiinmreiina. Mo:KeT CTATE-
cf, CIy4aiiHOCTh — 3TO M BAIN CTPAIIHLIN coH. Jioau
MJIOXO0 NPHCHOCO6IeHEl K TOMY, TTOOK MBICIHTD CTATH-
cTHYecKHU. Ecay miaHchl OYEBHUOHBI UM pedh AT
0 XHM3HH M CMEpTH, MO3T NOJACKA3SHIBAET DENICHUE.
«He neprait 3a XBoCT 3TOro TUpanoaaspal,— rosopur,
K npumMepy, Mo3r.— MHorue npo6osann, u HAYEM X0-
pOLINM 3TO He KOHUHJIOCh, TaK 9TO BCe HIAHCH 34 TO,
4T0 ¥ AaA Tefsa 9To HUYeM XOPOUIMM He KOHYHMTCH».

C npyroii cTopoHEl, noe3d)xaiiTe B JIac-Berac 1 cripo-
CHUTe TaM YeNOoBeKa, KOTOPHI# TOABKO UTO IPOMIpaXn
10 cTaBOX NOAPAJA, KAKOBH IIAHCH, YTO B CIISAYIOMMIT
pa3 oH BhurpaeT. JIu6o OB 3aABHT, UTO YK TYT-TO eMY
HenpeMeHHO noBe3eT H OH copseT 6aHK, nubO — 4YTO
HIr'pa cerogHa He sajgarunack. HerasxkHo, ONTHMHCT OH
HJIH IIECCHMUCT,— B 00OMX CJy4YadaX oH ommnbGaercs.
IITaxchl BRINIpaTh B CAEAYIONINI pa3 TOUHO TAKKe JKe,
KaK ¥ BO Bce npegbiayiue: 50 5a 50.

Ho pas y:x BEI He NPOBOANTE GONBIIYIO YaCTh JOCyra
B KasMHo (N0 KpaiiHell Mepe MEI HAJEEMCH), BO3ZMOXK-
HO, BaM GyAeT 10o/Ie3H0, €CAU MBI O0BACHUM BaM HEKO-
TOpHIE HI0AHCH CJHydYaliHocTu moj 0oJiee 3HAKOMEIM
yrio™ 3peHusi. Mul panst IpeACTABATH BAM Halne ce-
meitcTBo no damunuu BiaomGepr B pasrap ux BCTpedu.
OcofenHo Hac pasfpa’kalT POACTBEHHHUKH, KOTOPLIE
He IPOCTO IPEABABIAIOT OOLIYHBIE CTAPMKOBCKYE Tpe-
60BaHMA K MJIajllieMy [IOKOJEHHIO, HO elle M N0 Hello-
HATHOH NPUUKHE OTKA3BIBAIOTCS BEPUTDH B MOT'YLIECTBO
CAYYAHHOCTH, XOTA MO OBl B3ATHCH 32 YM ¥ COTJIa-
CHTbCS, YTO MBI IIPaBLI.

! Ecniu mpaswsl cospatenn MyselHHX AMADAM, STOT ClieHapuii
BIIOJTHE ONPABAAACA ANH HEKOTOPLIX HEMEPHHIX Aioaei. KTo Mul
TAKHEe, YTOOEl COMHEBATHLCA B 3TOM?
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Bor, ckaxeM, Ram Kysen Fepman. On HacTosimmit
CaMOPOJOK — YMEET AeJIaTh EPUEMHUMKN, KOTOPRIE J10-
BAT Nepefadnl ¢ kopabieit npuiuensues. KpoMe Toro,
OH yBepeH, YTO IPaBUTEJILCTBO, YUEeHLIe, A 0COBEHHO
y4eHhle Ha CNy:K0e NpaBUTEILCTRA, TIOATACOBLIBAIOT
HAy4HEIE JaHHEIE, ¥ BCE 3TO — YaCTh MACIITAGHOrO 3a-
rosopal. Tepman ofepaxM Uzeel rrobalbLHOrO IOTEN-
JIeHHd, U eMy Gul0 OBl KyJa Jerde, He cYNTAal OH, OV A-
TO €ro NEeNMHKOM U IOJHOCTHI0 chaJlbcuPHUIIUPOBAIIN.
Paccrasum Bce no MecTaM: cpeAy HAYYHOTO coobIuecT-
Ba ObITYyeT NpaKkTHUYECKH €AVNHOAYIIHOE MHEHHEe, YTO
raobagLHoe MOTeIeHEne AeCTBHTeJIBHO NUMeeT MecTo
U ABJISETCS PE3yAbTATOM AeiicTBrii YesoseKa. C ToOUkH
3peHUS CBA3eH ¢ 06NIeCTBEHHOCTHIO CHTYAIIHIO OCTIOMK-
HAET To 06CTOATENLCTRO, UTO, KAK ONMATL K& eAUHO-
LYITHO CYHTAIOT YYeHkle?, 3a cneqytomue 10 ner cpea-
HAS TeMIIepaTypa Ha IJIAHETe IOCBLICUTCH NPUMEPHO Ha
oAHY AecaTyio rpaayca no Henwcuro. Ha nepseiit Barnsag
HEMHOTO, HO C TeYeRNeM BpEMEeHRH NoTelIeHne MOXKeT
OKA3ATh COKPYIIUTELHOE BO3jxelicTBre Ha NPHDPOLY.

Iepman xxuBeT B Prnageavdhum, rue, coraacHo «Bu-
KUNIeAUM », CPeIHAA TEMIIEpaTypa B feKabpe COCTABISA-
eT okoJo 2,2 rpagayca no Ilenscuto. Ho BoT, npeAcTaBh-
Te cebe, OJHaXKAK Y HAC BHIGACTCA HeOOR T HO TeILIoe
PoxaecTro — BCe npasgEuKH BYAET CTOATHL TeMIiepa-

“Typa ok0Ji0 10 rpaaycoB. Torpa 'epman nepecraser
NHUCATH THEBHEIE MUCHhMA B IPABUTEILCTEO M MUJIOCTH-
BO CMHPHUTCA ¢ (PAKTOM: C €I'0 TOUKH 3peHus, r100aih-
HOE MOTEIJIeHNE CTAHET peaJIbI[IOCTB!O. Ho B gannom
caydae HaM ObI He X0TeJIoch 3anoxyyuTts Fepmara B co-

1 B koTopoM HaBepHsIKa 3aMemiana TpexCTOpOHHAA KOMUCCHS.
Kaxk xe Ges nee. ’

2 B uacTrOCTH, MeKUpPABUTENBCTBEHHDI KOMUTET IO epeMe-
H&M KJIuMaTa. 3By4YuT odels oprnuansto. He comaesaemcs, Tep-
MaH 3TO yYTeT.
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IO3HHKA HA OCHOBAHUU TAKOrO OZHOKPATHOr0 Habjaio-
nennsa. U BOT mouemy. _

Nnorga remnepatrypa 6biBaer Bhidie CpeaHero, HHO-
raa Hike. Ecan pasépoc 10CTaTOYHO BEINK, MBI He 3a-
MeyaeM HeGoOJBHIMX M3IMEHeHMH OT roja Io roga. Ha
caMoM JeJie HeT HHMYero HeoOLMHOro B TOM, YTO TeMHe-
patrypa ctonT Ha 10 rpagycoB Bhiilie CpexHero, KaK HeT
HH4ero Heo0RIYHOrO M B TOM, YTO OHa najaer Ha 10 rpa-
AyCOB HMIKe cpefHero. Uro OGyaer yepes roj, Korza
B PunasenbGui BRIJACTCSA XOJOAHAA 3UMa M. CPeAHAA
TeMIeparypa B gexabpe 6yzer —7? Torpa xysen Iep-
MaH GyJIeT YTBEP)KAATH, YTO OIYM BOKPYT I'’1o6aJILHOro
MOTEeIJIEHNS NOAHANN 3PA,  CHOBA NPHMETCA MacTe-
PHTh CBO# LteM U3 Goasri, OH He BUIKT, B UeM CJIOXK-
HOCTH, NIOCKOJIBKY COCPEAOTOYEH Ha OTAENLHBIX JHAX,
a He Ha TeHJeHINN.

Hy n uto? ¥V Bac Ha cOBeCTH HaBeDHAKA e€CTh I'pell-
KH M [JOXYJIKe.

Iaske 0cBOGOAUBILHECE OT TPEBOT 3a KolIMapHOoe Syay-
mee nJjaHeThl, lepMaH BCe paBHO HalAET O YEM TPeBO-
snThed. TToyeMy HEMOHATHBIE MEJKMe YaCTUYKHA B €10
CTaKaHe C BOAOH Bce KpysKaTcA B Kpyxkarca? Kakora Be-
POATHOCTH, YTO Yepe3 ABECTH JIET B 3eMJI0 BpekKeTcs
FHraHTCKUH acrepou? J{0aro J1 NpoKUBET €r0 PYYHOit
Helirpon? BoaMoikHO, paHbIIe BCe 3TO BaC He 3a60OTHIIO,
HO KayK/I0e M3 9THX ABNEHUH — De3yALTAT MOCHENOoBa-
TEJILHOCTH CAYIaNHLIX COORITHIT B ReMiCTBHN.

[. Echn dpuanyeckut Mup
HaCTONbKO HEeNnpepcKasyem,
NOYEeMy Mbl 3aMe4yaem 3TO AaneKko
He Bcerpa?

Ha oTaaneHHO# BeTKe reHeajlorMYecKOro ApeBa
(¥ HEa TRIABLHO JasIbHel NI0NKe reHODOHAA) HAXOAUTCHA
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Aans Jlyn. OH yenopex Ho-cBoeMy 06aiTeJIBHBIH — CBI-
NJIET COJIEHBIMY HIYTOYKAMHE U MOCTORHHO IPOCHT Ma-
JIeHbKHX JEeTHINEK AepHYTH ero 3a manen. Ilnemannn-
KM M IUIEMAHHULLL g1 JIyu 3aniaTuiad 3a KoJiemx
MOHETKEMH B YeTBepPTh A0JAN1apa, KOTOPhIe OH HATACKAJ
u3 ymeit. OxHako gana JIlyu — naTonormuecKmit asapt-
HBeIA UTPOK. JIaasa JIyd roToB 3aKJIIOUATE MAPY IO II0-
BOAY YE€ro YrogHo — ueM KOHYUTCHA PUILM, KTo nobe-
IUT B TOHKEe PAKOB-OTIIENLEKUKOB, HY ¥ Tak fanee. Ilo-
atroMy aaasa Jlyu u JlefiB npa4yyTca oT TeTH MeiiBuc
B TyaJleTe H MTPaloT TaM B ¢Tapylo 1o0pyIo Urpy ~— 6po-
calT MOEeTKY. Hy 4uTo B 3TOM m0X0Oro, CKaxXuTe Ha
MHJIOCTB, €CJIX TOJBKO MOHETKA He KpaIleHaa?

YTo6H NOHATHL CYTh HIPhI, HAJI0O O6'BACHUTE, YTO
3HAYHUT «HEKpAILIeHasd MOHeTKas. Eciu MOHeTKy Ku-
JaJ¥u MUJIJIMOH pa3d, To pemika OyaeT BBIIAAATEL NPH-
MEpHO B NOJOBKHE pa3. YeM Josbmie 6pocaloT MOHeT-
Ky, TeM Oamke K 50% Oyaer wacrora pemiex. Kpome
TOTO, MOHETKA ¢«HEKDAILJIEHAA», €CJIM KaXXALIi cie-
Aymolnunii OpOoCOK He 3aBHCHUT OT NpeAnayniero. Hesasx-
HO, YTO BBIIIAJO TOJBKO YTO — OpeJ MK pellka: B clie-
RyIODIHiA pas ¢ Toil e BepoOATHOCTHIO B 50% BHITageT
opeJ HJIH penIKa.

Ho BoT B ueM 3arBo3fKka. XOTA Mb! OKHAGEM, YTO
nocje MuJAJHOHA 6GpocKoB AaAxsA Jlym m Jeilis 6yayT
UATH IPHUMEPHO HO3APA B HO3JAPIO, Mbl HMEEM B BHUAY
HMeHHO Jpobu. B mosHOBECHRIX foapax KapTHHa Gy-
net unoi. Ilocie Munnuona 6pocKoB BeChMa BEPOATHO,
uro Jleits unu aaga JlyHn BRIMTpAIOT OPUMEDHO HA ThI-
cA4y pa3s 6oJble NOJOBUHEI U COPBYT NPUNMYHEIL KT
(unue Hao60poT). Eciu BaM HHTEpPEeCcHO, OTKYZa B3AAOCh
aTo urcao — 1000, — pekoMeHAYeM TOCETUTE ¢« TexHH-
yecKuit yronok aanu Ieiisa». Eciu HeunrepecHo, Hu-
4ero CTPALIHOTO. IT0 HE BXOAUT B 0043aTEILHYIO JUTE-
paTypy II0 IpeaMery.
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<

Texnuugekuii yroaox gagu A‘zﬁ'sa.
Hemnoto cmamucmuxu

B hayane kuurun Mit nooGeutann BaM cneauTb, 4To0w!
xofinvecTeo GopMyn He NpeBbitano aGCconoTHOro
MUHUMYMA. BOT yX€ HeKOTOpPOE BpPEMA Mbi Npuaep-
xusaemca npasuna «6es GopmMyn», HO Npu 4TEHNU
Tako MaTemMaTUKOEMKOM rnasbl, KakK 3Ta, HaBepHAKa
HaRQYTCA Ma30XUCTHY, KOTOPLIE NOTPeGyIoT etwe. «OT-
KyAa B3SNUCL 3TU YMCNa?» — CALIKMTCS Batl BONNb.
Mo3ToMy BOT BaM elle Kanenbka MaTeMaThKi,

Korga asns Nlynw 6pocaet HEKpannNeHylo MOHETKY, Cy-
LWECTBYAT, KaK Mbi YITOMWHANW, AOCTATOMHO BbiCOKasn
BEPOSITHOCTL, YTO pewka OyaeT BLiNaaaTh NPUMEPHO
B nonoBuHe pa3. Hackonsko TouHo? EcTb noneavoe
npasnno: pa3bpoc pesynuraTos 6yneT npumepHo pa-
BEH KBaAPaTHOMY KOPHIO U3 YABOGHHOTO OXNUAGEMOFO
KONM4ecTaa pewek (To ects «noben»). Ans npocToTh
Mbi HEMHOTO CXYNbHUYANK, HO OCHOBHYIO KapTHHY 3TO
He meHaeT. Tak uTo ecnu Bul 6pocaeTe MOHETKY MR-
AWNOH pas3, TO, CKOPEE BCETO, NONYYUTE PELLKY NONMU-
amona pas nmoc-munyc 1000 pas.

Ecnu Nlym ¢ leiiroM 6pocaioT MOHETKY MUSIMOH pas,
Slyn MOXET U BbIUFPATL MHOFO AEHEr, U NPOMIrpaTh
MHOIO AEHET, 3aT0 yTeleHneM eMy CTAaHET MbICNb
O TOM, Y4YTO BCE PaBHO OH Bhiurpbisan noyru 50% pas.
Ecnu o soirpaeT 501 Toicavy pas (Ha ThICAYY Bbiur-
pbileit 6onblie NOMOBUHLI), TO BCE PABHO OKAXETCA,
470 OH BuMrpeiean scero 50,1% pa3. 310 n 8 CaMoMm
Aene HanpacHas TPara BPEMEHWU U He CNULWKOM Ha-
AexXHbiA cnocob copBaTh NPUNKMYHBLIA Kyl (MK NPo-
UrpaThea B AbiM).

Hac pnomxso PpagoBaTs, HMTO B HAIINX CHJaX nNpena-

CKa3aTh BEPOATHOCTH €Ba JI He Jio6oro ucxona. Ha-
IPYMep, B UTpe B MUJTHOH noaGpacwiBanmit JIyu (uan
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JleiiB) BIpase OXXKHAATH PA3TAYHEIX PE3YABLTATOB UTDEI
€O CJIEAYION[UMM BEPOATHOCTAMHM:

/.(m- A g0 $e0  flao
ﬂo&qu/hop&xwuﬂ *)

YeM BhIIle KpUBAA, TeM BeposiTHee TAKOMN UCXOJZ.
CamMblil BepOATHRIA pe3yabTaT — 3TO 4TO OHHM 6yAyT
KBUTH, HO JIy! MOKeT BHIATPATH (MJIM NPOUrPATh) OA-
Hy-ABe THICAYM U IPU 3TOM He CAMITKOM YAUBAATHLCH
cBoeMy (He)BedeHUI0. XBOCTUKH II0 06eHM CTOPOHAM
rpaguKa 03HAYAIOT, YTO KpaiiHe MajIOBEPOATHO, YTOOK!
Heits nau aaas Jlyn BEIMIPHBAJIM B MOAABIAIOILIEM
6onbrmuHCTBE ciryvaeB. OQHAKO, CTPOro r'OBOPA, HE uC-
KJ04YeHo, u4To JIyn GPOCHUT MOHETKY MHJIIMOH pas M
Kaskanlit pas 6yxer Buinaxats pemra. C apyroit eropo-
HBI, BEDOATHOCTS TAKOI'O MCXOAA TAK MaJia, UYTO CIOBO
«MUKDOCKOMUYECKUI» PAXOM C Hell KaKeTca HarJkiM
npeyBeayYeHueM,

Ecau 611 3a Besenuem Jlyu unn [deilisa B xoie UI'phl
CJexus MaTeMaTHK, OH GBI ONHCAall HX NPOrpect Kak
scaydaiaoe 6ayxkzganunes. YTob6s HOHATH, YTO 3TO Ta-
Koe, HaliguTe Kaxkoi-Huby b HeNOABHXKHEIH NIPEeJMeT,
Hanpumep ¢orapHHK cToa6. Teneps BcTaHbTe PAAOM
¢ HUM U GpockTe MOHeTKY. Eciiu BEIIafeT peika, cae-
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naitTe Hrar ua 3arnaj, a ecaM BHIIAJET Opesa -— Ha BOC-
ToK. C TeueHeM BpeMEHH-BLI C PaBHO BePOATHOCTBIO
OKAaYKeTeCh K BOCTOKY MJIM K 3anajy oT cTosfa, Ho OpH
3TOM B cpeJHeM GyzeTe OT HEro yaanarncal.

BMecTo TOro 4ro6s NpocTO OINMCHIBATH Be3eHue
aann Jlyn, MB1 fOKaMeM CBOIO TOUKY 3PEHHS TeM, UTO
OPOCTO CAAEM U NOAGPOCHM MOHETKY MHJLIMOH pas.
Hy, kak fena y Jiyu?

L/ach
o>

)
¥

bl Ayu (
g

B
H

500 006 1 000 000
bpocxu

¥

(=}

Tonwko nornaaure! Ou BeIMrpan y csoero 6egHOTO,
M3HYPERHOI'0 MHTEJIEKTYAJbHBIM TPYAOM NAEMAHHHN-
Ka-cryaenra ueanx 2000 gonnapos! Ecniu Ber mocMoT-
PHUTe Ha TO, Kak ¢GopryHa yabibanacs JIyu v Kax oHa OT
HET0 OTBOPAYMBANACH, TO HABEPHAKA 3AMETHTE TEHIeH-
nuu. Bo3aMoOXKHO, NIPUMEDHO B CepeARHE MIPH v Jlyn
BhlJallach uepeja BHIMTpHIIDEi. Jfeno He B TOM, 4YTO

! Kpome Toro, Bl pRCKYeTe OKa3aTLCA NOCPEeAN IIPOeIKEN ua-
cTH, 6pocas B BO3RYX MeJIoUs. TaKne ONacHLIE SKCIePUMEHTHI JTy4-
ule IPeAOCTABNTD CAMMM MATEMATHKAM,
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¥ Hero «KpanjesaAs MOHETKA, B KOTOPYIO CO CTOPOHEI
PEIIKK BOAAH KYyCOYEK CBUHIA, JeJ0 He B TOM, YTO
JIyu — 3akopeHenslii mynep. 3TO NPOCTO peayabTaT
TOro, 4TO BAUI MO3T' BUAUT 3aKOHOMEDHOCTH TaM, rje
ux "Her. Eciin Bel ROrga-HUOYAbL BRIAZKIBANY ASHbLIH
B lieHHKIe 6yMaru, To, BeposTHO, Ha0NIOZaNH TaKHe XKe
3AKOHOMEPHOCTH, KOrJa HHAESKC NNOMBIIJIEHHLIX aK-
nuit Joy-J3K0oHCa BAPYT B TEUEHKE ABYX MECALEB KPR~
Ay Jep¥ajica Buldle cpeanerot. I'nasnoe, uTo caexyer
YCBOUTL, — 3TO UTO HEJIbas MLITATECH MOKOPATH PLIHOK
LeHHBIX OyMar, IpeAcKasbiBasg CAyYallHbIe B3JETRI 1
naseHusa. Kax Bcerna roropusI HaI MyAPBIi ASALIOIIKA
Moprumep, «noKynail 1 XpaHu»,

M=l fajll BaM MaJIeHbKMI YPOK CTATHUCTHKM, IO~
CKOJIBKY COBUpaeMcs pa3bACHATEL HEKOTOPHIE 3aTafKH,
PO KOTOPLIE BBI JaXKe He N003peBai, UTO 3TO 3arajx-
. K. BepaeMcsa K Ky3eny I'epmany, KOTOpRIH yBepes,
uro BcA Becenennas npoTus Hero®. Pasymeercd, emy He
HoJ CHJy NIpeACTaBUTh ceGe Bece, UTO crnocobHa ciesiaTh
¢ HuM Beenennas, naii eit Bosrio, noaromy [eiis ua yuc-
TOi BpefHOCTH KaeT 'epMaRy ellle OTUH ITOBOJ He CIIATH
no HoyaM. ¢IIpeacrass cefe,— roBOPUT OH,— YTO Thi
cuAUIIb ce6e B rOCTHHOM, CITOKOIHO MUINEITL, IPUTJIA-
IbLIBACIID 38 HeBMAHMKAMH, KOTOphle JKHBYT y Tebsa
B CTEHaX, W BIDYT BeCh BO3AYyX pa3 — H BELJETRET
B KYXHIO, & THI 33/ipIxaemncal» Yaxac, npasga? 1, ctpo-
I'0 roBOpd, TAKoe coOLITHE He JIMIIEHO BEPOATHOCTH.

«IToxymaii 06 aTom!» — coseryer [leits u BriGeraer,
ocTasuB I'epMaHa B KOMHATE OJHOTO.

! Mt nucany Ta cTpoku B sauane 2009 roga, Korja puiHOY-
Hhle TEHACHIMH B HEJOM NPEACTABAAIOTCA ONPEeAENeHHO HeCay-
qaiHBINY,

2 XoTa 4ero OHA OT Hero Xou4eT — 3TO ele sonpoc. Ham aro us-
BECTHO HE JIy4IIe Balllero.
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Boanyx COCTOHMT M3 MOJIEKYJl KMCAODOAR, a30Ta, Yr-
JIEKHCJIOro rasa ¥ enje BCAKOH BCAYMHEL, ¥ BCE 9TH MO-
JNeKYNRI JeTaoT cebe M MOYTH BEUKOTAA He HATEIKAIOTCSH
APYyr Ha Apyra. OTO BceM IIOHATHO, HO HA CAMOM JeJie
O03HAYAEeT, YTO KOT/a MOJIEKYJILI HAKPYUHBAIOT GUI3arH
IO TOCTHHOM, HX He BOJIHYET, YeM 3aHATH Jpyrie Moje-
KyJsnl, Tak 4To MIAHCH! HA TO, T HAXOAUTCSA MOJIEKY-
Ja — B FOCTHHOI HWJIM B KyXHe,— IIPpHMMEPHO PABHEI,

Ecnu 611 BRI GEIIH OJIHUETBOPEHUEM BCEJICHHOMN ClIy-
yaHOCTEe# — 3TAKMM ¢«KOCMHYECKHM IeHepaTopoM
CNYyIARHBIX YHCEN» — U eCJIH 66! Bamelt 3aazaveit 6110
«pemarts», TEe Oyner HaXOANTHCA RaKkaass KORKpeT-
' Ha¥A MOJIEKYJa B KaXKJAKIM KOHKDETHHIH# MOMEHT, BBI
Moryu 6ul And aToro 6pocats MoHerky. Open — ¥ Mo-
JIEKyJia B rOCTHHOM, pellIka — K oHA B KyxHe. Tak Bor,
cnocofeH AN KOCMUYECKUH reHepaTop cirydaiiHetx du-
ceJl XoTd 6K B IPHHIANE CO3XATH B KOMHATE BAKYyM?

B opuHUMOe B Banieil roCTHHON MOeT CO3AATHEA
CIIOHTAHHKIN BAKYYM, HO MBI BIPaBe C YBEPEHHOCTHIO
CKa3aTh, 4T0 BeelleHHasas HHKOTAA TAKOrO He CAEJAeT.
Bor nouemy MoxkHO He GecrmokonThesa. IlpescraBsnre
cebe, UTO B 06eHX KOMHATAX HAXOJHATCH «BCETO» OXWH
MHANuOH MoJseky. Ha caMom aesie Mosiekys HeEBOOG-
pa3nuMo 6oskIne, HO MOCKOJBKY MBI 10 CHX TIOP BO BCEM
MCXONIJIN M3 MHJIJINOHA, AaBaiiTe U najnbuie npugep-
SKUBATHCA ITOM INHKHU. B cpeiHeM, ITOJIOBMHA MOJIEKY T
O6yZeT B rocTHHON M IOJIOBMHA — B KYXHe (JJIfi IPOCTO-
Thi NPERHOJOKHMM, UTO ITH INOMEIMEeHUA OXNHAKOBOrO
pasMepa). Boapmyio yacTs BpeMeHH HEX TAM, HY TaM He
6yaer 6onbmre 50,1% u menrme 49,9% Monerya. 3Tu
qUCJIa B&M YiKe 3HAKOMBI, BRI HX YoKe BUAEIH, KOr'Aa
HeiiB ¢ gapneit JIyu 6pocany B Tyasiere MOHETRY.

I9dbdexT, IpAMO CKaMNEM, He CIHMOIKOM OCA3AEMbIiX.
Opnako He 3a6rIBaliTe, YTO 3TH YUCIA OTPAIKAIOT KOJTH-
4YeCcTBO MOJIEKYJ B OAMH KOHKpeTHRII Mur. Eciau Tep-
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MaH B JaHHYIO CEKYHJY KHB-3XOPOB, 3TO He 3HAYHUT,
4TO B CleAyIomyio on He norubuer. Ho TpeBoskuThea
emy He 0 ueM. OH He 6y/IeT XBaTaThCs 3a TOPJIO U OTYA-
AHHO BTATHBATH BO3AYX, AaXKe €CJH NPOKUBET B roc-
THHOM BCIO OCTABIUYIOCH 3KM3Hb!. Ecoiy MBI pacmumpumM
PaMKU ¥ PaccMoTpuM GoJiee peaNUCTHYHOE KOJIHYECT-
BO MOJIEKYJI B KOMHATe, LIOTHOCTH BO3yXa B KOMHATE,
rae Haxoaurca epman, He 6yaer xonebaTbea Gonbie
YyeM HA OJHY TPHILJIHOHHYIO.

Koraa umeemun aeio ¢ orpoMHEIMH YHCIAMH BpOJe
KOJIMIeCTRA MOJIEKYJ B KOMHATe, TpeCoBaHNA caydaii-
HOCTH HacCTOJIbKO CTPOTH, UTO HX CIIOKOKHO MOJXHO Ha-
3BaTh 3akoHaMu. HanpuMmep, Bo3ayx ByjneT nepeme-
MIATHCA U3 30HBI BLICOKOTO AaBJIEHUA B 30HY HUSKOTO,
OOoKa Be3Je He YCTaHOBHTCS paBHoBecue. Ho Beawb Hu-
YTO He JeTePMUHUPOBAHO, B KOHIlE KOHIOB. Bee Ha cBe-
Te — He OoJiee ueM caMoe BePOATHOE M3 MHOJKECTBA
co0bITHI, KOTOPBIE B IPUHIIMIIE MOI'YT IPOU3OUTH.

He xorture — He BepbTe. YTOOH NpeACTaBUTH JEJIO0
6Gosee IPUBBIYHEIM ¥ MOHATHLIM AN Bac o6pa3oM, o~
3BOJIBTE 1103HAKOMUTL Bac C HAINIMM IJIEMAHHUKOM
BpaiianoM. Bpaiialn — o4yeHB cepbe3HbIil MOJIOAOM Ye-
JIOBEK. OTO He MPOCTO MOAPOCTOK, KOTOPHIH >KUBET
B IONyNOABAJe POXUTENbCKOTO XoMa. OH npodeccHo-
HaJI KOMHATHBIX POJIEBBIX HI'P ¥ IIPEKPACHO 3HAET, KaK
caenarh UrpajabHble KocTu. OH 3HAET, YTO CTAHNAPTHAA
KOCTb B BUZie KyOUKa MMeeT paBHbIe IIAHCHI BHINACTH
m060i1 croponoii. To ecTh mecTepka BHIIAAAET C TOM
’Ke BEPOSTHOCTBIO, YTO U MATEPKA, YeTRePKA U TaK Aa-
nee 1o exuanyku. Ho uto 6yaer, ecan Mul 6pocumM He
OUH KYOUK, a HeCKOJIbK0? BepoaTHOCTE TOTO, UYTO BhI-
najeT ojHa M Ta yKe cymMa, Gyaer Apyroii.

O6bacuuM eme nougarHee. Jxedd cornacmicsa ur-
paTth 3a BapBapa-ImoJyopKa B HOCJefHeH KaMIaHUK

I Thaynocru. I'epman ¢ 15 et skuBetT Ha YepAaxe.
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Bpaiiana. YTobni COSAATE CBOETO IIEPCOHANKA, OH GepeT
HaGop u3a Tpex ob6LIYHEIX KocTeil-Kybukos!. ITpeacra-
BHUM cebe, uyTo OH 6pocaeT UX ogHOBpeMeHHO. KakoB
HanbGonee BepoaTHrll cuenapuit? Ixedd MoxxeT noay-
YUTH CYMMY B TDM O4YKAa, HO JIHIXL B TOM CJydYae, eClu
Ha BCeX TpeX KyOMKaX BhIIafieT 0 efuHUYKe. C npy-
royl CTOpoHBI, rOPa3fo BeposTHeE, UTO BHIIIAJET, Ha-
npumep, 10. Ecrs MHOXecTBO Cnoco60B NMOXYYHTH
10 ouxoB Ha Tpex KybOukax: 4—3-3, 6-2-2, 6-3-1
M Tak gajiee, Tpu efMHUIEI — 3TO CHTYANWA OYEHb BbI-
COKOro nopsigka. Tarkoit HaGop YHUKANEH. A BOT CYMMY
B 10 unu 11 oukoOB, ¢ APYroii CTOPOHBI, MOMHO HOJIY-
YUTh TAKNM MHOXKECTBOM KOMOUHAL M, YTO 9TO CUTYa-
IIHA OYEHL BRICOKOTO Hecropajaka.

CrakeM no-ApyroMy: Yalika MOMKET 6bITh pa3buTta
MHO<€CTBOM CII0CO60B, a IleJIa — TOJBKO OXHNM; O1b-
ApAHEBIEe IHAPBI MOXXHO PACCHIIATH IO CTONY I'Opasio
GOABINM KOJMYECTBOM ¢NIOCOBOB, YeM CIIOIKUTE B Tpe-
yroabauK. I[I0cCKONBRY CHCTEMA — MOJIEKYJIBI BO3YXA,
Inoporas Basa, Bcelensas B HeJoM — MMeeT TeHJEH-
11110 OBiTH cKOpee B GecnopAnKe, UeM B IOPSAKE, eCTe-
CTBEHHOe TIOJOXKeHHEe Belleil CTAHOBUTCA Bce GoJiee M
6osree cnyuyaiHEIM. DTOT IPUHIUI H3BECTEH KakK «Bro-
poil 3aKOH TepMOAMHAMUKHK ». Ero dopMynuposka o06-
HAZEe)XHMBAET B 3BYYNT KaK rapaHTHUA: C TEUCHHUEM Bpe-
MeHH GecriopAAOK B CHCTEME BO3PACTAET.

3aKoHEI QU3HKH CAEAYIOT U3 OTOr0 OCHOBHOTO IIPUH-
WA MOHATHHEIM K ecTecTBeHHEIM o6pa3dom. Hamnpu-
Mep, TEIJIO OT KHIIAIIEero Kakao 6yleT IepeTeKaThb
K BaM B pOT, [/ie TeMIepaTtypa 6Jnska K 36 rpagycam.
Kasxercs, 4To 3To OUeBUHO, OJHAKO U3 STOTO CISAYIOT
JefeHamue Ayury (IapAoH 3a kanamOyp) seisoasl. Ha-

! Ecnu Rl noHMMAaeTe cakpanbuslil cCMbICT Habopa U3 Tpex ur-
pPajbHBIX KYOUKOB, 3HAYNT, BAM MOJKHO MOBHIIIATL OYKH 3a Xa-
puamy.
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npnmep, ConALe ¥ ApYTrHe 3Be3kl NOCTOAHRHO Meiyc-
KAalOT PHEPTUIO, N HX JKAD BHIXOAUT B0 Beenernyw
B neJoM. Meskay TeM TeMIiepaTypa KOCMHYECKOro Ba-
KYyMa COCTaBJAET BCEero TpM rpajgyca no Kenssuny.
JT0 3HAYHT, YTO BCe BO BeelleHHOM — INIaHETRI, 3Be3k,
TaJIAKTHKH, fake 3eMJIA — 9T0, PUrypajibHO BHIPAXKa-
fACh, PACKAJIEHHEIE JOKPACHA YIJIM, KOTOPhIC NOCTOAH"
HO HOAOTPERAIOT NPoCcTpPaHCTEO. IlocKkoabKy Beanuaii-
niee cocTosiHMe GecnopsAAKRa — 3TO KOTJja MATEPUS H
AP PaCHpOCTPAHEHH 10 BCEMY IMPOCTPAHCTBY, HAIIA
BcenenHad B KOHIIE KOHIIOB HACMEDThL OKOYEHeeT.

Oxnako I'epmany ME npo 3To He ckakeM. EmMy no
CHX IIOD CTPAIIHO BRIHTH M3 KyxHK', He Ry>kHO faBaTh
eMy eille OAWH HOBOX AJA PAGMBIINLIEHUI.

Il. YTo Takoe pannoyrnepoaHbl
MeToa AaTUPOBKM?

M&1 rogopuau, 9TO MOJEKYJAR B BO3AYXE HOCATCS
TyAa-ciofa cAyJaHMM 06pa3oM X cAydailHO BhIGupa-
10T; Tie UM HaXOAUThcA — B rocTuHoi 'epmana uan
B €ro KyxHe. MBI HeIpUHYXI@RHO YIIOMAHRYAY 06 1aee
KOCMHIECKOr0o TeHepaTopa CAy4aiHRIX yucen, 6yaro
3TO caMad eCTeCTBEeHHad Belllb Ha cBeTe. Ho Bce aTo,
B CYUIHOCTH, Gpel cuBoiél KoOKIIK. Bul Korga-anbyan
3aJyMBIBAJIMCH O TOM, OTKY X2 Boobmie 6epyrea cayqaii-
HocTu? ’

«Cnyuaiinbie» Ipolecchl 6EIBAIOT ABYX PA3HOBUA-
Hocreit. OAuH THI cayuaifHEIX OIPOLECCOB IIpeAToiara-
€T, YTO CHCTeMa Ha CaAMOM JeJie JeTepPMHHHPOBAaHA,
POCTO YV BAC MAJIOBATO MH(OPMALH UK Bhl HE yMee-
Te JOCTATOUHO OBICTPO CYHMTATH UAHM cO00pakaTs, UTO

1 Tame xorpga TaM TOPYMT TeTa MeiiBuc, KOTOPaA ODOCTOAHHO
Manyerca Ha GypcUT B KAUUIAGT B TECTO A MyANHIa.
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Lm‘ua anocmp

Beauxui
poAtBuK

KOCLMUYECKUA TEHEPATOP CAMUARRBIX UMCEA .

ceifqac npouaoiifer. Bor, HanpuMep, 6pocanue MoOReT-
ku, Ecay GBI BLI CMOTJIM Y4€CTh TOYHOE MOJIOKEHUE,
ODUEHTALUIO, PAcIpeJelieHiie MACCH], BPALIaTeJbHbIH
MOMEHT M HalpaBJieHUe BeTpa elre J0 TOro, KaK MOHeT-
KA KOCHETCH 3eMJIH, T0, BEPOATHO, CMornu 6u ¥ npo-
FHATh 3TH ZAHHBIE Yepe3 KOMMBIOTED K JOCTATOYHO
TOYHO OHPefleINTh, KaK YIajzeT MoHeTKa. ToT e ca-
MBIl PKCHEPHMEHT MOYKHO NOBTOPATH NPKY NpubAU3u-
TENLHO TeX e YCJOBHAX ellle MHOIO Pa3 M NONYYAThL
TOT 2Ke peayabraT. Ecay 6bl MBI cEesajii aBToMaTiye-
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- Tasea 3

cKkRil MonerkobpocaTens M cyMenu Gkl ero TOYHO Ha-
CTpPOMUTE, TO Y HAC BCETAA BhINAKAJA OBl peluKa.

Ha npakTuke aT0 Jes10 HACTONBKO HeolpeieJeH-
HOe — HaJ0 Y4eCTh, KAK HMEHHO AepKaT MOHETKY IIe-
peR 6pocKoM, KaKkie MMeIOTCs BO3AYIIHbIE TeYeHUud,
¢ KaKOil CUJIOH M B KAKOM B TOYHOCTH HaNpaBJCHHU
6pocaloT MOHETKY, — YTO HET HUKAKOIO IPAKTHYECKOI'O
croco6a IpoAeIaTh BCe 3TH BhIUUCIeRHA. BoT mouemy
MEI 6pocaeM MOHETKY, KOTr/a HaM HY»XeH MAeaNbHBIH
reHepaTop cayuaitnnix unces. [Togo6HEIM e 06pasom
nocJjeZ0BaTeILHEOCTb KapT B K0J10/je MK IpH3eMIeHUe
IIAPVKA B PYJEeTKe KaXXYTCA HaM COBEPIIeHHO cayydaii-
HEIMH, 8 Ha CAMOM JeJie MBI IPOCTO He 3HaeM H He Mo-
JKEM YUEeCTh Bee Hayanwsunle yenosust. Ilogo6ro pacce-
AHHOMY POJIEBUKY, KOTOPBIi BHICUMTHIBAET yiepb OT
Habera 30M6H, MBI IPOCTO HE CNOCOGHE TAK GBICTPO
CUHTATB. '

Ho cTOPOHK! MOHETKH — He ATOMBI, a KOTJla MBI TOBO-
PHM O CAY4YaHHOCTH Ha cy0aTOMHOM YpOBHE, HPOHCXO-
JUT HEITO co_iacem npyroe. Ha sTom ypoere Becesrenaan
T0-HACTOANEMY, Becephes ciiyuaitaa. esio He B TOM, 4TO
y Hac He xBaTaeT nHpOPMaIVH, — AaKe eCJIN MBI IPOo-
KpyTuMm dpuasMm o Beenennoit, Mcxofsa H3 NMASHTUYHBIX
ycjoBHil, KBAHTOBAA MEXaHUKA TApaHTHUDPYET, UTO MBI’
HE NOJIYYHM TOTO e Pe3yisTaTa. B oneire ¢ AByMst Iie-
JISIMH 3JIEKTPOH CAMBIM HACTOAMIUM, ROHOAJTHHHRIM 06-
pa3oM He HpPeACTaBIAET cefe, B KAKYIO MeAL IPOJIETHT,
IOKAa MBI 3TOro He NPOHAOJIONAaEM M HE ONPEAETHM,

KBaHTOBaA CAyyaitHOCTh IPOSABAAETCH BO BCEBO3-
MOYKHBIX MUKPOCKOTIHYECKUX siBjieHnAX. CaMble pyH-
AaMEHTalbHbIE 3 HHX CBA3aHBI C paZNOaKTHBHBIM
pacnajioMm 4yacTHIl, — MMeHHO noaromMy oxedd u 3aBa-
3aJ1 pa3roBOp O HUX ¢ Ky3eroM 'epmanom. 'epman o3a-
604eH paguoaKTHBHOCTBHIO He MeHblIe, YeM TeM 06-
CTOATENBCTBOM, UTO BOAOMPOBOZHAA BOJA COAEPIKHUT
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Cayuaitnocmy

ncuxogponuele Bewecrea. OfHAKO paxoaKTUBHOCTD
MOJKHO 06paIaTh ¥ BO 3710, ¥ Ha 61aro.

PaanoakTHBHOCTE BO3HHUKAET IIOTOMY, YTO He BCe
aTOMH CTabuNbHK. B nprpone nabnwonaercs obmas
TeHAEHN N CHCTEMA CTPEMHATCA COZEPIKATH B cebe Mu-
HHEMAJIbLHYIO BOSMOMHYIO aepruo. Tax 4yro ecau pas-
PELIHUTh ATOMY CAMIIKOM AOJTO CHAETH Ha MecTe, OH
pasBasBaeTcA Ha GoJiee MeJKue cocTasiaaioue. Pa-
3yMeeTcH, €CAH OH B Hpolecce TepAeT Maccy, TO H30aB-
JISeTCA OT Hee NOCPeICTBOM BPEJOROCHOTO H3AYYEHNS,
KOTOopoe HasbiBaeTcs pagnanueit. Ecnu ata pagnanusa
JOCTATOYHO SHEPrUYHA, TO OHA CNOCOOHA NPUYUHATH
JOBOJILHO-TEKY CepbEe3HLIi YPOH.

HMapaliTe BCHOMHEHEM IMpUMEP U3 IVIABM 2 — KOrja
MBI pa3roBapuBAJH O TyHHenupopaHuu. Ecau garts
HM30TOny ypaHa IOA Ha3BaHMeM ypaH-238 HoCTaTOYHO
BpEeMEHH, OH PACHAJIeTCA Ha AXPO reJIUA U AApo Topusl,
B cpeaHeM 3TOT M30TON OKMIAET pacnaja B TEUEHHE
npuMepHo 4,5 Muanuapaa jer (rpy6o rosops, 3To BO3-
pact ConHna). OTo HA3KBAETCA <«NEPHOH moaypacna-
xas. Ecau BH BO3bMETE KUPIINY U3 YHCTOrO ypaHa-238,
OCTABMTE HA YeTHIPpe C MOJOBHHOM MHJJIMAPAA JET,
a MOTOM MOCMOTPUTE, YTO IOJAYIHJIOCH, TO OOHADYXH-
Te, YTO MOJIOBUHA ATOMOB B KMPIKYEe — NO-NPEXHEMY
ypaH, a BTopad NOJIOBMHA IPeBpaTUAACh BO 9TO-TO APY-
roe. 9To UTO-TO Apyroe — Io GOJNbIIel YacTH CBMHEL,
MOCKOJIbKY TOpHH, B CBOIO O4epesb, RecTaGHIEH | npu-
MEpHO 3a MecCHll pacmafaeTcsa Ha NPOTaAKTUHMIL. A me-
PHOZ IIOJAYPAaCHaka NPOTAKTHHHSA — BCEro HeCKOJBbKO
MuHYT. U Tak Aajnee Ao CBMHLA.

Ilepexox aToT He nocrenerubiit, Haobopor, koraa
OTHeJILHREIH ATOM paclagercs, 3TO IPOUCXOJAUT MI'HO-

! Tor #30TON ypAHA, KOTOPHIN KIAXYT B 60MOBI 1 PEaKTOPHI, HA-
3pIBaETCH YpaH-235, Ho ypaH-238 — Toxe mOPAAOYHAA TAKOCTL.
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BeHHO!. Bonee Toro, ypan He 3HaeT, CKOJILKO BpEMeHU
OH Jaaj pacnana. YacoB y Hero ner. Ho npeacraBnre
cebe, Kax KOCMUYECKKH reHepaTop cnydailHEIX Yucen
CMOTPHT HA HErO TAMENLIM B3rIA0M 1 6pocaeT KocTs,
y kotopoit 100 kpaapunsouos rpaneif. OAH0 YHEIO BhI-
TnajaeT 3a APYruM, U HUYEro He nmpoucxoaur. H sxpyr
6e30 BCAKOro NpeAynpeskaeEnd BRNAJAeT CARHITYKA.
Ora exuHNuKa 0603HaUAET KPHTHIECKUHA YDOBEeHL He-
crabunbHOCTH — U nyd-0-d! Pacnaa. Ecoau koeMuye-
eKuil reHepaTop CAYYAMHBIX YMCeN NPOAEIBIBAET 1O-
AOOHYIO IPOUEAYPY ANA KAXKJOrO aToMa B TeueHMe
4,5 MunaIvapja nert, NOJOBHHA ATOMOB IO-NIPEKHEMY
OyneT ypaHOM, a IIOJIOBMHA DACNajfeTcs, HO NpelcKa-
3aTh, KAaKOH aTOM TIOCTHIrHET KaKafA CYALOA, HHKAK
HEJIb34.

9Ta uzedA NOMOMKET HAM JIyYIlle IIOHATH CAMEIE pag-
Hule aBnennsa. Hanpumep, yriaepoa-14 coazaercs nox
BO3JEeHCTBHEM KOCMHUYECKHX JIyUeil B BEepXHMX CJIOSX
armocepnl, KOTOPLIE MeJIEHHO IUPKYAUPYIOT BHU3 U
of6paayioT BOSAYX, & MEI UM AulluKMM. Bee sKHBLIE CyIIie-
CTBa, KOTOpLIE epepabaTEIBAIOT YIJIEPOA, ¥ PACTEHHUA,
U JKUBOTHEIE, GepyT yraepoa-14 (emecre ¢ ropasjo 60-
Jee pacnpocTpaReHHbIM yraepogoM-12). CootHoumenue
yrieposa-14 u yriiepona-12 B Hamux resiax v crebaax
PacTeHW# 0CTAETCS HOCTOSHHBLIM M TAKMM e, KakK
B aT™MOcdepe B LEJIOM.

IToxa MbI He yMpeM.

Ilocne cmepTi opranusma yriaepof-14 naumHaer
pacnajaThCs HA a30T C NePUOAOM NOJypaclajsa mpu-
mepro B 5700 ner. Bee, uTo Korga-To Obli0 SKUBLIM,
U BCE, UTO GLIJO CAEJAAHO U3 TOr0, YTO KOTZAA-TO GBLIO
JKUBBIM, MOJKHO IOABEPrEyTh aHANU3Y, Yriepoa-14

! TIpumepno xak xapbepa M.-K. Xammepa, xoTopuiit TONMRKO
910 GRIN PaNIepOM, AY TIIALL ~— YIKe NMPOTNOBEAHUK.
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pacoafaercs, a KOJHYECTRO yraepoxa-12 ocraercsa
NPeXHHM, ID3TOMY €CJIYM Mbl H3MEPHM HX COOTHOIIE-
HH¥e B 00pa3ne H CPARBHUM C HX COOTHONMICHHEM B aTMO-
cdepe, TO BRIYHCINM, KAK JOATO HAII ofpasel Ipobui
MEpPTBRIM. XOTS PAjNOYIAePOAHLIA aHANN3 OKA3AJICH
O4eHb 3)PEeKTHBHRIM UHCTPYMEHTOM B 8PXEOJIOTHH H
IIAJIEOHTOJIOrNH, OCHOBAH OH HA KBaHTOBOM (uanke!.
Myl UPDHHAJM KaK KaHHOCTh, He NOKA3LIBAfA, UTO
aTOMBb! He 3HAIOT 3apaHee, KOTAA OHM JOJIXKHLI PACTIA-
CThCH, M YTO X PacHax, HapARY ¢ APDYrAMH KBAKTOBLI-
MU ABJACHHAMH, QYHAAMEHTANBLHO CAyYaeH. DTa He-
onpejaereHHOCTb OYeHb ODeCKypa>kiHBaeT, H B MUDe
6n110 6BI FOPA3o YIOTHEE, €CJIN OLI MBI CYMEJIH KAK-TO
HEepecMOTPETh CUCTEMY TAK, YTOOH N36aBUTLCH or He-
onpexaenenHocti. Ho BO3MOXHO Ju 310?

I1l. A Henb3g NU cuUMTaThH,
yto Focnoas urpaer co BcenexHHon
B KOCTU?

OMHIUTe#HY OUEeHb He HPABHJIACH MEICJb O TOM, UTO
NpHupojka U B caMmoM Jeje caydaiina. BosMoixHO, B
CJIBILIAJIH ero pemurenbHoe: «focnoxgs He MTpaer co
BceenerHol B kocTH». Co cTOPOHK DHINTEeHHA 3TO U3~
PAARBIA HAYYREIHA KOHCEpBATN3N, HAIOMHHAIOUIMI
cTapble HegoOGphle BpeMeHa KpOBoOycKanuil, sdhupa 1
BCEIIOTIOINaIomero yaca nepex BeAbMaMu. OifH-
BITEH moJiaraj, uTo ecay Obl MBI 3HaJHU BeejleHHYIO
AOCTATOYHO NOAPOGHO, TO MOINJIH OB TOYUHO NpejACKa-
3aTh, KAK oHA OyJeT pa3sBUBATHCH.

DUHIITEAH yIACTBOBAJI B OCHOBaHMH KBAHTOBOH Me-
XaHHKH, & OHA, KaK CYATAJIOCH, OKOHYATEJIBHO CPaBHA-

1 K ToMy e 3TO MKeJIe3HM cn1ocol HOKAYTHPOBATh anaen CBO-
eit HayYHO apyAUIUEi.
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JIa ¢ 3eMJIel TBEPABIHIO AeTEPMUHN3MA, OSHAKO Ha ca-
MOM fenie DIHmTeH HUKoraa He 6b)1 ee IpefaHHbIM
CTOPDOHHUKOM. B TeueHue AOJITOro BpeMEHY Ha BCE €ro
GecKOHEeYHbIe BO3PAKeHHA yAaBanock oTBeyath Hune-
cy Bopy!, ognaxo k 1935 rogy SiininTeiin Bmecte ¢ Bo-
pucom Hoponucknm u Harasom Pozenom, ceonmu Kon-
xeramu 1o IIpHHCTOHCKOMY MHECTUTYTY NEpPEJOBRIX
HccJIefOBaHMil, HAIlleJl KBAHTOBRIA IIapajoKC, KOTO-
Phlit, 110 ero MHEHHIO, 6510 HEBO3MOXKHO PA3PEIIUTD.
OHHITEHH NOCTABNY NeNblo JOKa3aTh, YTo 'ocnogb u
B CAMOM JfleJle He UrpaeT co BeeleHHOI B KOCTH. .

3to He npocto punocodpckuii ciop. Bonpoc B ToMm,
NPABAA JIM, UTO PAJAMOAKTUBHEIN paclaj B onpegeie-
HKE TOJNOMEHU A YaCTU CAyuailsbl, UK OB JNIIL KQ-
aymea cnyyaitHbIMu. I'1aBROE ObINO OPHAYMATE, KAK
HoKasath Jiub6o ofHo, tnbo BTOpOoe. B cBOe BpeMsa MBI
onmmem JITP-napajzokc (O moay4Yus TaKoe HazBaHue
B UECTH DUHUITEHHA Y €0 KOMAH/ABL), HO 3TO NOJYUHUTCA
ropasjo Inpole, ecji Mhl IPUBeJeM KOHKPETHRIe IPH-
mepsl. Bpaitan, I'epman i JleifB 3a aneJLCHHOBBIM Jie-
cepToM TeTH MeifBHC PEIINIIH CO34ATh «3AIYTHIBATENb"
HYI0 MAUINHY » , IPHYEM RaKABIA BHEC B 9Ty HAEK CBOH
HINOTCKII BKJAK.

JTa MamIMHA AOJXKHA M3MepATh CBOHCTBO, 00uiee
Aid BCeX (pyHIAMEHTANBLHAIX YACTHIl: TAK HA3LIBae-
MBI cnuH. YacTHU2, o6nagaoman CiNHOM, TeHEPHPY-
eT MaJeHbKOe MarHuTHoe noJe. IIOCKONbKY MArHUTEI
B3aUMOJAEHCTBYIOT APYT ¢ APYI'OM, MBI MOXXEM U3Me-
PHTE RanpasJieHye CIKHA 3JIEKTPOHA, €C/IU OH npobe-
JKUT MEMO MaTHUTA B BHJe NIJIaAHOYKH. Biiombepru npe-
BPAII[a}OT MarHUT B AETEKTOD CNKMHA, KOTOPHI OHH
BepPTAT, KyAa XoTAT. Ecau aepyaTs MarHuTHyIO IJjia-

! HamomanmM, 9to Bop — aBTOp KONEHTATeHCKON MHTEpPIpe-
TAUKM. -
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HO4YKY BEPTHKAALHO, MOXXHO OUpPeAeJaUTh, BBEPX MJIHU
BHU3 HaOpaBJed cnuH. Ecan nepxaTh ee rOpH30HTANb-
HO, MOJKHO U3MEPUTh, HAIPABJIEH OH BIPAaBO NJHU BJe-
B0. CHUH O4YeHb NOJIe3eH AJIA HAIIMX mesei, MoCKOoJb-
KY MBI CIIOCOGHBI CO3JABATH PeajibHhIeé CUCTEMEI, TAE
CO3JAI0TCA ABE YACTULH ¥ CTIMHE! BIAMMHO HCKJ0Ya-
ot gpyr apyra. Ecan y ojHoil YacTHILI CIIMH BBEPX,
y ApYyro#¥ HaBepHSIKa CNIMH BHU3. Ecau y ogHoOM ciuH
HaJIEBO, Y APYro# CHMH Hanpabo. Bot 4ro MBI HMeeM
B BHAY, KOT/la TOBOPHMM O «3aIyTaHHOCTH KBAHTOBLIX
COCTOARMM». OTO IIPOCTO YUEHBIH c1ocob CKa3aThb, 4To
ecay MBI 3HaeM KBAHTOBLIE CBOMCTRA OAHOIM YACTHIKI,
TO B COCTOAHUM CKABATh YTO-TO OCMBICJIEHHOE O KBaH-
TOBBIX. CBOKCTBAX XPYroii.

910 CROHCTBO CIMHA HAM IIOHAZIO0UTCA B Hame# 3a-
nyThIBATEJbHON MalinHe. B cepexnte y Hee eCTh KOM-
HaTa, re TO U JeJI0 MK co3jaeM IIapy ¥3 3JIeKTPOHa U
ero 3yio6Horo 6i1M3Heila — aHTHYACTHIBI HO3UTPOHAL,
KOTOpadA YCTPOEHA TaK, YTO UX CIMHEI BCerAa IIPOTHBO-
IOJIOMHEL. 38TEeM 3JIeKTPOH 110 AJUHHOH TPy6e OTNpaB-

Aswawwmop bpatana Asmexmop Tepmana

Chun BBEPY hun Bl
PALKMPON |, mOBuwmpon
— gt o,

e

o o

LI -
IMALRGG  phowbin

1B cxenylomeit rnase MbI OZPOGHO MOroBOpHM 06 AHTHMATE-
puu. IToka 4To cuuTaiiTe CNOBO ¢IIO3UTPOH® YJOOHKIM YCIOBHBIM
o6osHaUEeHUEM.
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Taasa 3

JIAeTCS HaneBo, rie Bpaiias IIPMCOERHERI MaleHbKUt
HeTeKTOD, 4 MO3UTPOR JIETHT HAIIpaBo, K 'epMany, rae
TOKE CTOUT TAKOH e AerTeKkTop. JleTeKTOp COCTOHT U3
MAarsuTa, KOTOPhIH HCIOJIb3YeT s AIA H3MEDEHUA CIIn-
Ha 3JICKTPOHA MAH NO3uTpoHa. YTOOK HaM ¢ BaMH He
TYyTATLCH B BeCKOHEYHRIX «BBEPX-BHU3® U «BIpPaBo-
BJIEBO» , HACTPOMM JeTeKTop BpailaHa Tak, 4To ecnu
Y JIEKTPOHA CIIMH BBEDX — 3aropaercA sejieHas JiaM-
nouka. Ecax coun Bun3 — 3aropaerca KpacHas. Ie-
reKTOp I'epMana paGoraeT B TounoeTn HaoGOPOT.

O6a neTekTOpa HACTPOGHH HA ¢BREepX-BHHM3», KAK HA
pHUCYHKe, 1 HCCeXOBATEIH HAYHHAIOT HCIOIYCKATh MHO-
JKECTBO ITap, COCTOANINX M3 3JEKTPOHA M NOUTPOHA.
H B xamaoM sKcnepuMenTe, Korga Bpaltaw BUZUT 3e-
JIEHbIi cBeT (3JIEKTPOH CO CITHHOM BBepx), ['epman Toxe
BUAUT 3eJIeHKH CBeT (MO3MTPOH CIMHOM BHH3). A Ko-
riaa Bpaiian BUANT Kpacuktil ceet, 'epmaH ToKe BUANT
KpacHHIi.

Ha nepBrlit B3ran Huuero ocobennoro. MokHo Jer-
KO IIpecTaBUTh cebe mogo0HIH HxKe cayyail, B KOTOpOM
MEI 3aMEHHM HAIIY 3afyThIBATEJBHYI0 MAUIMAY aBTO-
MAaTOM, KOTODBIH HexaeT napul 6eIbiX ¥ YepHBIX apu-
KoB. Ecau Bpaiiar noayuaer 6enslii, oH 6yJeT 3HaTh,
He ISR, uTo y 'epMana InapuK YepHBIA, U €My He
HAJO0 3BATH JARIOIIKY, 4TOOR yoeguTheA B aToM. OfRa-
KO KONeHrareHcKasd WHTepOpeTalliis KBAHTOBOY Mexa-
HUKH FOBOPUT ApyTroe. B KBAHTOBOM MMDpe 3a MHT J0
TOro, Kak bpaiiaH U3MEpPHT CIIHH CBOEro 3JIEeKTPOHA,
3TOT COMH GBI HaupaBJieH U BBepX, H BHU3, U NOKa
Bpa#iam ero He H3MepuJi, OH ¢HE PEIINJ», KyAa OH 6y-
OeT HaupasJieH — BBepxX miau BHu3. Ha 3ToM MecTe
DiiHINTeHH ¥ HAYAN rOPAYO BO3PAMATh IPOTHB BCEi
saTen. CorjacHo e€ro apryMeHTAIlHY, BO3SMOMHOCTEH
TONLKO JABE.

112



Lavuaiinocmy

1. B MoMeHT, KorAa 3neKkTpon Bpaiiana uau nosu-
TpoH 'epMaHa BhUIeTaeT U3 HEeHTPANRLHON KaMEpHI, HET
abconoTHO HMKAKOro cnocofa yamaTe, KaKOi y HHX
CIMH, M 3TOro He 3HaeT gaxke Bcejemnasa. Oxuaxko
(¥ B 5TOM 1 COCTOMUT TJIARHEIN BOIPOC Oinwreitna) ABe
YACTHIBI KAKMM-TO 00pazoM ¢nOCOOHK B mounocmu
00HOBpEMEHHO DEITUTH, KAKMM CIIMHOM OHM XOTAT 06~
napatk. CraskeMm, Bpaiian fesaeT ONeHKY 3R HaHOCe-
xyHay no Fepmana. Torna 3a 5Ty HAHOCEKYHY BNEK-
Tpor Bpaiiana ao/mxeH coo6uinTs nosuTpony I'epmana,
Kakoit y Hero pomxeH 6n1Th cunn. Ho Gesa B ToM, uTO
aJIEKTPOH ¥ MO3UTPOH OYeHb AalleKo APYr OT ApYra,
A nepeiaTh HHPOPMADUIO UM HYXKHO MI'HOBEHHO, Jaxe
€CJIM ISl 3TOTO CHTHAJ NOJKER HATH GLICTpee cBeTa.

97ro u ects DIIP-napagokc. Ecau cnun (a Ha caMoM
Aese Mo6oe IPyroe H3MepaeMOe ABJeHYe B KBAHTORON
MeXaHHKe, B TOM YHcJIe ¥ KOT) AelicTBUTENHLHO Cayda~
€H, 3HAYUT, CHIHAJ OPUAETCH NOCHAThH CO CKOPOCTHIO
Gosble ckopocTu csera. [lasxke ecnau riasa 1 He ocTa-
BHJIA B BAC HUKAKUX CAE/IOB, BhI JOJOKHK HYTPOM 4y-
fiTh, YTO 3TO HEBO3MOXKHO,

2. JitnmTedin NIpeASOKHAN APYTroil BapHaHT: aJeK-
TpPOH (M RO3HTPOH) BCE 3TO BPEMA 3HAJN, KAKOH criny
BrIOpars. ExuucTReHHLIMM, KTO He OBl IOCBALIEH
B aTy Tallny, 6mau BaoMGepru, KoTophle NPOAENBIBATKY
3TOT ONBIT, MHHIITEAH B er0 KOMARAA TOROPUIIU, UTO
PESNTBHOCTEL He MOJKET CBORMTHCHA K UMCIAM, KOTOPhIE
MBI HEeROCPEACTBEHHO H3MepsAeM. ITO OH Ha3BIBaJ
«CKPLITHIMY IepeMeHHbIMU », ¥ €CIH BAM 3TO CJI0BOCO-
YeTaHHe CMYTHO 3HAKOMO, He yausisiiteck. B rnase 2
MBI IIOKA38JH, YTO KONeHrareRcKas MHTepHIpeTalus
KBAHTOBOI MEXAHNKY BLI3LIBAET MYUMTENbHBIE BONIPO-
cul faxke B cepenuHe XX BeKa, a e CKPEITHIX Iepe-
MEHHBIX DHHIUTeHHA COCTABHIA OCHOBY NPHYNMHHOH
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HHETEepHOpeTAINM KBAaHTOBO# MexaHuky Boma. B cyni-
siocTH, OHmTe’H yrBepxiaeT, uTo Becenennas snaer
OTBET — NPOCTO QHSHKH enle He COOOPASANAH, K&K STOT
OTBET HOJIYMHTD.

3apaBnIit CMEICT NOACKA3LIBAET, YTO BTOpOi Bapu-
aHT GoNee KOPPEKTEH, W DUHINTEHH Ce/al ero CBOUM
OpY’KMEM B BeJTHKOM cnope. C apyroit cTopoHel, 34pa-
BHIZ CMEIC/I HAC Y)Ke HeOAHOKpaTRO ofMarniBas. Ham
HYIKHO 3KCHEPHMEHTAJIBHOC NOATBEPKAeHNE. Bospa-
Merua OfHIITeiTHa NPOTHB KBAHTOBOH MEeXaHUKH OKO-
510 30 ser ocraBanuCh BajXKHOU, HO HEXOKA3yeMoi ru-
noTe3oii. B HEKOTOPOM CMBICJIE 3TO. XOPOINo. ITO 3HA-
9UT, YTO AN SONBIINHCTBA BLIYECICHIE HEBAKKHO, UTO
HA CAMOM JeNe NPABAA — «CKDHITHIe HepeMeHHbles
ditrmTeitHa BaYM a6CONI0THAA CAYIAAHOCTL: peayabTa-
THI BCE PABHO NMOJIYYAIOTCA OTHM H Te JKe.

Oxmako, KaK BEIACHseTCHA, BecesleRHaA, ynpaBsnse-
MAS «CKDLITHIMHU IIEpeMeHHBIMKs, Oyxer BecTu ceba
COBCeM He TaK, KaK cIy4aiinas sceseHnas, U B 1964 roxy
Hexou Benn, koropri#t Torga paboran B CrandopackoM
yHHUBEpCHTETe, HAlUEN] KPUTepHH, IIO3BOJAONIHe ope-
HeJATH, cRryyaiina B OCHOBe cBoeil BcesleERAA NN HeT.
XoTA «HepaBeHCTBO Benna» NpuUHAANEkKAT K chepe
MATEMATHKH, Mbl MOXeM NOSICHUTEL CYTh NPOBEPKH,
[OCTPOMB «MAIINAY PEANHHOCTHU S, TOUHKIC TEeXHHUE-
CKHe XapaKTeDHCTUKH KOTOpOi BhI HalifeTe B KOHIe
aToii riraBel. ECAM BBI XOTHTE MONYINTE CYIepIOnyaap-
Hoe o0LACHeHHe, TO CYTL BOT B ueM: ecawm Bpaiian u
FepMan opueRTHPYIOT CBOH XETERTOPL! CaryUaiREIM 06-
pa3oM ¥ MHOrO-MHOI'O Pa3 3alyCTAT CBOH reHepaTop
9JIEKTPOHOB M IMO3UTPOHOB, TO dRHIITEAHOBCKAA Kap-
THHA «CKPBLITHIX NlepeMeHBLIX» NoTpebyeT, YTOOLI ORI
yBHJIeJIX OAMH M TOT e IL[BeT JIAMIOYEeK Ha CBOUX je-
TeKTopax Gosiblile MOJIOBHUHLI pa3. A KoNeHTrareHcKas
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KApPTHHA KBAHTOBOI MEXAHHMKH, C APYroid CTOPOHE,
BPeACKa3biBaeT, YTo 3To 6Y/eT POBHO MOJIOBHHY paa.

MuHORBAJO TOUTH XBAAILATH JIET C TéX IOp, KaK Beiun
onucajl MEeTOM, MO3BOJAIOIIMHA PA3JIUYHUTE 3HHIITE!]-
HOBCKHE NPEXCTABJICHNA U KOIEHTATeHCKYI0 HHTED-
npeTanunio, H0 BOILIOTUTh €ro MAE0 GRLIO TEeXHOJIOTH-
YecKy HEBO3MOKHO. JInmb B 1982 rogy Anan ScnexT
¥ ero COTPYAHMKM NOCTPOMIH YCTPOICTBO, KOTOpOe
CHJIBHO HAMIOMMHAJIO HAINY ¢MAIIMHY pPEabHOCTH»,
yn npoeeprau IIP-napagoxkc. OHu obHAPYKMIM, UTO
IBeTa COBONAKAIOT B TOUBOCTH B IIOJOBHHE CIYyYaesn.
Hnaue ropopsa, nobexnnia KONEeHrareACKaA MHTEpHpe-
Tallsi. OJIEKTPOHEI BeJIM ceba He Tak, KaK Hajesacs
OitHuITeH, — He TaK, CJAOBHO MX 3apaHee 3anporpaM-
MUPOBAJIN,

¥ 3TOro €CTh HECKOJIBKO CTPAHHBIX CJIEACTBHI. Boi-
XOJUT, 4TO eCJI MBI M3MePHM CIMH 3aNyTAHHOTO 3JIeK-
TPOH&, COOTBETCTBYIONIMi OBUTPOH BEIHYXXAEH Gy IeT
IPUHATH NPOTHBONONONHLIN CINH GhICTPEe CKOPOCTH
ceeral llyMaere, 3To uymb? JfHIUITEHH fa)Ke HA3BIBAT
3TO «JKYTKOBATELIM AUCTAHUKOHHLIM BO3AEICTBHEM».
He BopuuTe. HaM He HY>XHO BHILIECKUBATL BMeCTe
¢ Bogoii u pebenka (pensTuBncTekoro). Bee, uTo HaMm,
1o cyTH Jena, Tpefyercs,— 3TO aKKYpPaTHO CKOPpeK-
THPOBATH IIPABUAO KACATEJABHO TOI'0, YTO HUYTO HE MO-
HeT ABUMATHCH GricTpee cBeTa. ITocKONBKY HENb3A Uc-
OOML30BAaTE 3ANYTAHHOCTh KBAHTOBEIX COCTOSIHHIA,
uT0BB! TOCHLIATEH COO0INEeHN s Ha ApyTroil koxer, Beenen-
HOIf, HY?>KHO BHECTH KPOIIEUHYIO IONpPaBKYy: HUKAKOMK
HOCHTEJIL UH(ODPMALIEN He coco6en ABUTaThCs OnicT-
pee cBeTa. .

ITonyuaeres, T'ocnoas ¥ BNpaBAy urpaet co Beesnen-
ol B KocTu. Ho ana Hac riiaBHaA HeonpelnesIeHHOCTh
3aKJIIOUAETCS B TOM, YAACTCH JIH KAM YHECTH HOFM OT
Halneil 9yABOIt ceMeliKu.
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Mamul-_m‘ ADKAABHOD pEarbHOCMU
Mf,pmmm

Cama dapmyna, cnucsisaowas, 4To 6yaer, n uasecT-
Has KaK «HepaBeHCTBo bennas, NpuHannexmt k cdepe
MareMaTuki, OBHaKo CYTb €e MOXHO poKa3saTb 630
BCAKWUX MareMaTu4ecknx U3NUWecCTs, 4To un nocny-
XUNO OCHOBOM QIS MUNOTETUMECKOW «MALWINHLE NO-
KaNbHON PEANbHROCTA», KOTOPYIO NPUAYMAan GU3nK n3
KopHennckoro yrugepoureta fasn Mepmud, Mawuua
pPEANLHOCTY — 3TO NPOCTO cnerka AopaboTaHHLI re-
HEepPATop anexTpoHoBs bpaana u fepmana, KOTopbin
NO3BOASET Pa3 v HABCErna BLIRCHUTEL, AOKA3LIBAET N
ONP-napanokc HeCOCTORTENLHOCTh KBAHTOBOV Mexa-
HUKU. Haa0 NPOCTO HEMHOTG NOCYMUTATH HA NANLLIAX U
3apath OAviH-E€AMHCTBEHHLIA BONPOC: NPONUCXOAUT N1
Hekoe coBbiTue valle, HeM B NoNOBUHE pa3?

Mpeacrasum cebe Ha MUHYTY, 4TO ARHWTERR Ghin
NPaB 1 B KAKAOM 3NEKTPOHE 3aM10XEHa MUHUaTIOpHan
~ nporpaMma. Kax Gbi Bpaiad ¢ fepMaHOM HY OpueH-
TMPOBanNK CBOU QETEKTOPLI, NporpamMa 6yaer roso-
PUTbL UM, KaKYIO RAMIIOUKY 3aXKe4b, U KOSIKHA NPUHKA-
MaTb B pacyeT BCe Cny4aitHocTi. Hanpumep, AaHHLIN
KOHKPETHbI?A 3NeKTPOH 3aXCKeT 3eAeHbI CBET, ecan
[EeTeKTOP OPUEHTUPOBAH BEPTUKANbLHO, U KPACHLIN,
eCNu BeTeKTOP FOPU3OHTANEH. Y NO3UTPOHA Takan Xe
nporpamMma..

- Hapo HemHoro nepegenars reHeparop, 4tobul bpana
v fepmaH, OUEHUBAA CNYH SASKTPOHA NN IMO3NTPOHA,
3aAaBany RETEKTOPY OAHO U3 TPEX BO3MOXHLIX NOMo-
KEHURA.

Detexrop y Bpaiana u lfepmana 3anumaer ORHO w3
TPEX NONOKEHMA: a) BBEPX-BHUS; 6) NnOBEPHYT Ha
'/, N0 YacoBoK CTpenxe; B) NOBEPHYT Ha 2/:, no vaco-
BOW CcTpenke.
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Laquaiingcme
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3eaenmil Lpacnud

Mui 8eifpany UMEHHO Takue BapuaHTul, NOCKONLKY
KBAHTOBAas MexaHuKa fienaeT BecbMa KOHKPETHOE
npeanckasaHue. ECan MHOro pas 3anyckartb MatuuHy
peantHOCTM U kKaxAuilh pa3 bpaiian n lepmax 6yayt
BribUpaTb AoNoXeHne AeTexTopa clyyaitHsiM obpa-
30M, TO KBAHTOBaA MEXaHWuKa roBOpUT, 4TO OANHAKo-
Bbie 1amnoykk GyayT 3aroparthbCa TOHHO B MONOBHHE
cnyyaes. )

Mbi noHUMAEM, 4TO Bl BNPABe CHECTb, BYATO «POBMO
NIONIOBUHY>» Mbl B3I/ C NOTOANKA, U Mbl NPUHOCUM CBOM
n3suHeHna. Mo 6oNbLIE 4aCTH Mbl PEKOMEHAYEM Bam
NPUBErHYTH K UHTYWLIUM 1 30PABOMY CMBICATY, HO B iaH-
HOM CIy4ae «POBHO NONOBUHA» OCHOBAHA HA O4EHb 3a-
KOBBIPUCTBIX KBAHTOBO-MEXAHUYECKUX BbISUCICHURAX,
¥ Mbl ADOCKM NOBEPUTE HAM HAa CAOBO.
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- 410 npeackasbIiBaloT «CKPbIThie NepemeHHbie» JWH-
wrerina? 3pech Bam He noTpebyeTcA BepuTb Ham Ha
CNOBO. Y SNeKTPOHa MOXET GbiTh POBHO BOCEMb NPO-
rpamm. C

A 5 B
Beepx-BHU3 ‘s 2
1 3 3 3
2 3 3 K
3 3 K 3
4 3 K - K
5 K 3 3.
6 K 3 K
7 K K 3
8 K K K

BcnomMHum, kak pabotaoTt 911 nporpamMmmet. Ecav -
WTeVH npas, TOrga HEBAXHO, kak BpanaH ¢ lepmaHom
NOBOPa4MBaIOT CBOU AETEKTOPbI: 3NIEKTPOHY BCE PaBHO
HYXHO 3apaHee 3HaTb, Kakoi ueeT 3aropurtcs. Nony-
4YaeTcs, 4TO reHepaTop BoipabaTnLBaeT BCEro BOCEMb
TUNOB 3N1EKTPOHOB.

Mockonsky AETEKTOPOB y Hac BCEro ABa, 3a KaXabiii
pa3a MOXHO U3MEpUTb TONbKO [BE NEPEMEHHbIe U3
KaXO0W NporpaMMbl. TaKk Mbl MOXEM OMNpenenuTsb,
Kakol usert 6yaeT 3aropatbCsa B KAXAO0M MOAOXKEHUN
geTektopa. Hanpumep, ecnun Bpaiiad crasuT nerektop
B8 NOJIOXEHUE xBBEPX-BHWU3» (A) U BUAUT 3eNeHbI CBeT,
OH He 3HaeT, Kak Obif 3anporpaMMMUpoORaH 3NEKTPOH:
333, 33K, 3K3 unu 3KK. Ho Bcenentasn 3xaer!

Me! nosiydyuM OT MawMHLE PEaNbHOCTN OYEHb UHTE-
pEeCHbIA pesynbrat, eCnu NOCMOTPUM, YTO MPOUCXO-
AuT, Koraa seipabaTbhiBAeTCH INSKTPOH NN NO3UTPOH
" € KOHKPETHO# nporpammoii. Ecnun Bpaitan n lfepmad
CNyHanHOo sulibUpawT HanpasneHue AeTexTepa, Ha-
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CKONBKO HacCTo y HUx GYRyT 3aropartsCa OAUHAKOBLIE
NaMIoYKmn?

EcTb ABe 0ueHb NPoCThie nporpamMmbi: 333 u KKK (cny-
vyau 1 1 8). Hro Gbt HM APOMCXOANIIO, B ITUX CRy4asix
Bpatian n Nepman Noay4ar oaHK ¥ Te Xe noxasarenu.
«Bceraa» - 370 onpefeneHHo Haule, 4em «8 NoOAOBUHE
cnyvaes».

Bonee vHTEpacHLId cnydaii — 33K. BpanaHd u lepma
MOFYT HaCTpOUTL CBOM AETEKTOPL 4EBATLIO Croco-
B6amu: A-A, A-B,A-C, B-A, B-B,B-C,C-A,C-B,C-C.
K coxanenuio, Mbl ORXHH NEepevnucnnTb Bce, no-
CKOJIbKY 3TO 10BOAILHO TOHKUIA MOMEHT. B nsiTu u3 pe-
BATH cueHapumes (A-A, A-B, B-A, B-B, C-C) bpaitan n
FepmaH YBUAAT OAUH 1 TOT Xe uBeT. MATe u3 gesaTn —
9TO0 OKONO 56%, TO ecTb 60NbLLE, YHEM NONOBUHA.

ECTb ewle wecTb BO3MOXHEIX nporpamMm: 3K3, 3KK
unpouue. Bce olvi ToyHO Takue xe, kak 33K, nockonbky
B2 MarHuTa HACTPOEHLI OANHAKOBO, 2 OAWH — MO-pas-
Homy. B aTux cuTyaumax BpakaH n lfepMaH onaTL xe
6ynyT noOAy4aTb OBMHAKOBbIE peaynbTaTsl B 56% chy-
4aes.

Kak 661 Hu 6610 3anporpamMmMupoBaH 3NeKTPOH, co-
rnacHO Moaenu 3iHwTenHa, Bpaitan u fepman Gynyt
noNny4aTb 0AUHAKOBLIE pe3ynbTaTa Bonsiue 4em B No-
nosuHe cnyyaeB. C Apyro# CTOPOHL, eCK KBAHTOBaA
MexaHuKa BepHa, oHu ByayT Nony4aTb OAMHAKOBbLIE
CUrHasnb! POBHO B NONOBUHE CNy4aeB.

[nfa BitHiTelHa BCE KOHYMAOCH NNOXO.
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CTAHAAPTHAS MOAEJb

96, Bod, npu utm myw WBEMUIF

Letogns namnuigk

o Svisaem
T %€ BRaib, 4mo
MO RAMMUMAM

\
Imo Susasm KAKAMIO

HEATPUHO B3AUMOAEMCTRYION, EXEHEAEABHO




.- Tlougmy Boavuwod 44PONHBIA KOANGGGED
RE yuuumoxuA 3emant?

2 mapTa 2008 roza Yoarep Barnep u Jlyuc Canyo

Havaau npouecc B ®Penepanbaom cyne CHIA
C eINHCTBEHHON IpoCTOif NEeNbI0 — CHACTH YeJOBee-
cTB0, McTIin! yTBEepKAaNH, YTO B OHKalIIIIie HECKOJIb-
KO MecALeB NIaHNPYyeTCA BEECTH B AeiicTere Bonpsuioi
agpoHHBIHE Koanaigep (ana kpatkoctu — BAK), a oH,
BO3MOXKHO, HAYHET IPOM3BOANTE MUKPOCKOINUECKHE
YepHBIE AbIPEI, KOTOPHIE, BOZMOMKHO, CONBIOTCA BOEH-
HO ¥ B KOHIIE KOHIIOB COMKPYT 3eMJII0 N3HYTPH.

Barrep u Canuo 6st1u Be oguHOKH. Hac kak dpusu-
KOB TO ¥ AeJIO CIPAMUBAIOT, YHRUTOXUT Ju BAK 3em-
Jo uau paske Bcio Beenernyio. Takas Tpasada npo0y-
JIJIa B HAC CBOEr'0 Pojia NapaHoifio — BAPYT MK ¥ IIpaB-
Ja UrpaeM HeKOTOpYIlo pojik B rpagymeit rurbeau
yesnopeuecTBa? B AaTepHETE NONHALIM-IONHO DETHINH,
npuanisaomux 3akputs IIEPH (CERN — ¢pannys-
CKOe COKpallleHe, 0O3Haualomee « EBponeiickuil HeHTp
ANEPHBIX UCCAESOBAHMI ), OPraENIAINIO, IO ATUAOCH
Koropo# co3gan BAK. HekoToprie H3 HHX HPHBOXAT
cepbe3Hbie PAITVOHAJNLHEIE 060CHOBAHHA TOTO, IIOYEMY
HY>KHO IIPOBECTHM JOHOJIHMTEJbHbIE HCCAECHORAHNAA U
OPHUHATL Mephl NPeAOCTOPORHOCTH. OIHAKO IOAAB-
aaoniee G0NBIINHECTEO HMEIOMNXCH NHTEpPHET-06pa-
HIEHN i HANOMHUHAKIOT CEPHA 3C3IM3ICOK, HAMNCAHHKIX
pa3bAPEHHBIMU NEPBOKIAUIKAMA:

B cenmaGpe 2008 z0da IJEPH (Eaponeickuii
yenmp RlepHuLX UCCAedoBarULL) 3anycmMuUm MaUL Uy,
Hadvieaemyro «Boavuwioil adpornbtit Korraidepy. Imo

1 Bean x MoMenTy ny6nmkanun xuurn BAK aedcTeuTensuo
VHUITOMHUT 3eMNI0, MEI NPHEEceM CBOM HCKPEEEHE H3BNHEHKA N
6yaeM roroOBL! BOSMECTHTb BUE 3ATPATHI H& 3Ty KHHIY.
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Oas Kaxux-mo Hayunbix yeaeii. Hasepro, ecau amo no-
AYHUMCA, YJUeHble NoAYLam OMmeEembl Ha 8CAKUE 80NPO-
cvt. HO! Ecau BAK noayuumcs, 603MONCHO, Mbi HUKO-
20a He ysnaem omeembl va smu eonpocut! (Hy n Tak
Aajee.) - ;

Haxe Hoerpagamyc — # TOT Opu3sIBaeT K Ae#cT-
BHMIO, IPMMEDPHO TaK <€ CBA3HO, H 'PO3HO IPEAYIPerK-
OeeT Hac U3 IPOUIJIOro:

1X-044
Migrés, migrés de Geneue trestous,
Saturne d'or en fer se changera:
Le contre Raypoz exterminera tous,
Auant l'aduent le ciel signes fera.

Bce, sce noxudaiime Kerneay,

Hebo us son0mozo cmanem emanbibim:
Anmuxpucm yruuwmoxcum cex,

A neped smum 6ydym 6udHbvL 3HAKU HA Hele.

Pasymeerca, Hoerpanamyc He cyMen NpeACcKas3aTh,
4TO MOCHELHAA BepCus ¢« XalKas OKAKeTCH TAKOH Ipo-
BAJILHOI, 2 XaJb! IPUULIOCH MATH B KNEO ¥ CMOTPETh
5Ty rafoctk. Boobme-ro BAK gelicTRHTEsIBHO ¢ BUAY
NOXO’ HA afCKYI0 MaIIMKYy: 3TO THTAaHTCKOE II0A3eM-
HOE KOJbII0 OKPY KHOCTEIO B 26 659 M, oHO Takoe or-
POMHOE, YTO YeThIpeXKAhl IepeceKaeT GpaHKo-IIBeil-
mapckylo rpaguiny. BAK M0#HO CUMTATD YYAOBHIHBIX
pasMepoB TPaccoil XA roHOK, B KOTODHIX YACTHUILKI
pasrousaioTes no 99,999999% cxopoeru cseral, a 3a-
TeM Bpe3aloTcs APYTr B Apyra. Kak Ml BUAenn B ria-
Be 1, 3HEpPrusa M Macca B3aMMO3aMEeHAEMEl, TAK YTO HA
3THX AMKHX CKOPOCTAX CO3LAETCH MHOrO0 MACCHUBHBIX
YacTHI[. OTO Bequuaiillee AOCTUKeHHe B o6JjgacTu

1 3To He nIpeyBenMueHue — BAYTO He cnocobHo ABUrarsca BuI-
CTpee CBeTa, 3aTO MOSKHO 6ECKOHEUHO K Hell IpubanKaThcs.
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TIEPBHE KOANAVAEPH

CTOJKHOBEHUA YACTHI, U OBIEeCTBEHHOCTE GONTCS, YTO
B pes3yJIbTaTe 3THX CTOJKHOBEHHI OyAeT CO3aHO HEUTO
TaKoe, YTO YHHYTOKUT UeJIOBEYECTBO.

Ho #uuero Takoro He clayaunaocs.

Bo-mepBrIX, €CJIH KOro-TO NYraloT CJOBA «YCKODH-
TeJb YACTHUILs , HAIIOMHHM, YTO 3TO He HOBLIE TeXHOJIO-
ruu. Eciu sur xorna-subyas CMOTpEIH TeJleBH30p ¢Ta-
poro o6pasma, TO BUAENH IIPOCTEHbBKUH YCKOPUTENh
qyacTHn B fgelicTBuE. CTaphle TeleBH3OPhl YCKOPSAJIH
3NEeKTPOHbI B 3JIeKTPOHHO-JIYIeBhIX TpyOkax, a mo3u-
nus xyda cosjaBajia Ha 3KpaHe BosmefHLIe ABMIKY-
muecA KapTHEKH. Mexaauam BAK meMHOro mHOM, HO
J0KE YCKOPHTENIN YaCTHL, TOAOOHO TeJeBUIeHHIO,
CIOCOBHEI M IYTaTh, H IPOCBETAATh!,

Taxr urto #xe npoucxogut? Mosxkno nu cunrtars BAK
OYepeAHBIM BA’KHLIM INATOM K NOJHOMY NOHMMAHMIO
npupoxnsl BeceslerHoi# nau MBL, nogo6Ho Ukapy, noge-
TaeM caumkomM 6nusxo ¥k Connuy? Hper nu mac Boa-
Mesaue 3a AeP3KYIO MAKAY K 3HAHUAM?

! HanprMep, TeseBuienne TO3BOJNI0 MHOIOE YIHATE O IIOpore
YYBCTBHTEILEOCTH ¥ 9€JIOBEKR ~— JUJIfl TOT0 JOCTATOYHO HBLIO Iy~
KATBb HEKOTOPLIE CEPHAIK 110 YEThIPE Ce30Ha KPARY.
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Venokoirecs, HukOMy HEuero e rpo3ut. OTKyaa
Ml 970 3HaeM? IlogokanTe HEMAOTO: TPk Ae YeM BhI-
ACHUTL, NoueMy BAK He upeBaT HMKAKMME OHNACHO-
CTAMM, HARO CHavaJIa NOHATh, 3a4eM €ro BoolIe mo-
CTDOUJIN.

1. 3a4em Ham BooGLIe HYXeH
yCKOpMTENbh CTOMMOCTRIO
8 HECKOJIbKO MUITMAPAOB
aonnapos?

[IixonbHaA PU3KKA Ka3anachk MeRIAHHHON M3 npo-
WM3BOJILHEIX NPaBRJI: €caM y TeGs puiuar, moncrasiasi
YHcIa B 3Ty opMyity, eCii HAKJIIOHHAA MJIOCKOCTD —
B ApYrymo, eClIH YCKOPEeHHe — B TPETHIO M TaK jfajee.
YecTHO roBops, Heo6XonuMOCTh 3yGPHUTL GOPMYJIHI
Opo ABMKEHMeE H TpeHHe B HEPBYIO ouepeah U OTBparia-
eT oT pu3uKH!,

U oueHb KaJb, MIOTOMY 4TO (PH3HKA COBCEM He Tak
qYyAOBUIEA, KAK AYMAIOT MHOTHe ORIBOIME IMKOJLHE-
Kn. Eciu 6:1 M3HKa CILIONIL COCTOANA M3 APXUCIIOMNK-
HEIX IIPABUJI M 3aTaJOYHEIX HCKJIIOUeHHil, ee 651 Bashl-
BaaM He PUIMKOM, a 6yxranTepcKkuM yderoM. Lleis
PH3UKH — CBECTH KOJUYECTBO 3aKOHOB K MMHHMYMY.
OnBako 3TO He 3HAYMUT, YTO €CAHU OB MBI 3HAJIH 3TH IPO-
CThie 3aKOHLI, PU3ULECKUE PACYeMmbl TOMXKe CTalXH Onl
npocteIME. IIpeacraseTe cebe, UTO y BAC ecTh APyrs,
KOTOPBIA HMKOr/a B JKM3HM He BHJeJ HIaXMaTHON! no-
cKy. O6bACHUTE IPABHJIa HTDHL B IAXMATHI BRI CyMee-
T€ B CYMTaHkle MUHYTH. VI Bam Apyr o6H8PYKAT, UTO
MIaXMATHl — BeChbMa JIOTMYHAA UTrpa, eMy H3BeCTHHI BCe

! ¥ o7 poManTUYECKNX CBHIAHMA — 10 CXORHLIM NPHYHHAM.
2 MTocrapaitTecs-nocrapafiTech, MBl YBeDEHEI: ¥ BAC OJYYHTCA,
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NpaBiUIA, BGe NPOHCXOLHUT HCKIHOYHTEABHO [0 3THM Ipa-

BHJIAM, ¥ TEM He MeHee HI'DAET OH H3 DYK BOH IJIOXO.

OTy raaBy MB Hayajid H8 O4eHb TODKECTBEeHHOM
HOTE — PASMBLILJIANH O BOMOXKHOCTH YHUUTOXEHUA
Beenennoii. Teneps HacTportMca HA Goyee JerkoMbIC-
nNeHHKIX nax: npexacrasuM cebe, 4TO pUIMKA — 3TO
urpa (wiau Habop Urp) Bpojie TeHHHCA WK 6aAMARTOHA.
Ot Urpsl Ha BHX OYeHb HOX0XKM APYT Ha apyra. B o6o-
HX CJIYYAAX MBI MMEEM IBYX WX GoNbIIe BTPOKOB, KO-
TOphle nepebpacuiBaioT MAYEK (RY, MJIH BOJAHYHK)
paKeTKaMu Yepes CeTKY, a4 FIaBHAM IeJMb UIPH — 3a-
CTABUTH IPOTHBHAKA WJINX KOMaHY IDOTUBHUKOR IIPO-
MaXHYTLECH. '

HamM HY»HO BHIACHATH, KAKOBB! HPABHJIA VTPHI, IO~
HATh, KAKHE HIPDOKH B Hee UIpaloT, & KaKue — HeT, |,
BEpPOATHO, A06aBHTH ABa CJI0Ba 0 Maunke. B ngeane Myl
KOTAa-HubyAL AOKAMeM, UTO BCe 3TH HA BHJ DA3HEIE
UTDHI HA CAMOM JeJle — OJHA CYNepPIOTPACAION{As MeTa-
urpa BpoAe gecatuboprss. PHINKH yie OTINIHO Opa-
60Tany HaJ OnMUcaHueM (PU3UUYECKHX 3aKOHOB, pa3bus
HX Ha XBE YACTH:

‘1) urpokit — cymniecTyeT Habop GyHIAMEHTANBHBIX
9acTuNn; ’

2) Hrpal — CYIIECTBYIOT YEThIPE CHJIL, KaXXKAAs U3
KOTOPHLIX HOAYMHAETCS OPUMEePHO HOXOXKHUM HabGopam
upaBui. He Bce YACTHIILI UTDAYOT BO BCE HIPHI,

Ha6op uacTun 1 Ha6op MpaBHJ BMecTe HAa3nIBAIOTCH
«CTAHJAPTHAS MOAeNb» . CTaHAAPTHASI MOLENb CIIYKHUT
He TOJBKO JJIf OIIACAHMA TOTO, U3 dero co3fana Beenen-

“HasA, HO H I GeCKOHEYHRIX ILTOCKHX KalaMOypos.

HaureM ¢ OCHOB: MATEPHSA COCTOXT M3 aToMoBl. Ty

Hpelo BRABHUHYM B 1789 roay xumuk AnTtyan JlaByasne,

1 To ecTs BC MaTEPNA, KOTODPYIO MOXKEO YBAAETh H MOTPOTATb.
OTHOCHTENLHEO TeMHOH MaTepHR HEYEro HeAh3s YTBEPKAATS C YBe-
PEHHOCTBIO.
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CTAHAAPTHAS MOAEAS — BOT WTO OMEHb
WHTEPECYET GU3HKOR

KOTOPHIi 3aABHJI, YTO AEJIUTb MATEPHIO 10 GECKOHEYHO
MAaJIBIX BEJMYMH HEBO3MOMXKHO, B KOHIIE KOHIOB HOJIY-
qyaloTcA MeJIb4aiilline HefeIMMbIe YacTHIB!, DTH «Re-
AeNPMBIe YACTUNHI® CTAJNH HA3HBATH aTOMaMu, HO
JMUIUb B NOCJIEAHYUE CTO JieT MbI HAKOHeI] IIOHSIH, KaKHe
ATOMbI HA CAMOM JeJleé MAIeHbKYE H KOMIAKTHRIE.

! Ta-na, M= 3EaeM, uto [leMoxpuT ¢ Jleskunnom eire B V Bexe
B0 Haruei api ZOAYMANIUCH N0 HAEH ¢ATOMOB® KK HeeARMKIX Ya-
CTUYEK, CAMEIX MEeTKHX nIpeANMeTOB B0 Beentemnolt, Ho Beakoe CX0/-
CTBO X ATOMOB C HAIIHMHE CJIeAyeT CINTATh CAygafiHRIM coOBnage-
HHEM,
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B 1909 rony 9prect Pesephopa npogenan ciaexyo-
IJWif ONKIT: OR HANIPABMJ JIYY TAK HASHBAEMEIX aJibda-
YACTHI' KA KYCOK TOHEHBKOMR 3oj0To#l doxbra. Bons-
IWHCTBO aNnb(a-yacTHL, IPOIUIR CKBO3b doarry, Kax
OyAaTo ee u He 6r110. OgHAKO HEKOTODEIE anbda-uacTu-
B! OTPA3HUJIMUCH OT (GOJIErY ¥ OTCKOYHIA 00paTHO. Kax
rosopuJ caM Peaepdopa: «9T10 OEII0 HEBEPOATHO —
Kak GyATO cTpensdemib IATHAALATHAIONMOBEIM CHA-
PAAOM B IaDHPOCHYIO OyMary, a OH OTCKAKHMBAET 1
nonazaer B rebal» Or aroro, pasymMeercsi, 1 OTTABKH-
BAJIHCEH XYAOKHUKH, IPMAYMAaBIIHE IEPBRYIO pa3Bece-
JYI0 06A0XKKY RiA yueOHUKA NOA AeBR30M «DusuKa U
KH3HDL».

Pesepdopa o6HADPYRHN KPOHIEYHYIO KPYNHHKY
B HEHTpE aToMa. 3TOT KOMOYEK MBI B HASHIBAEM AADPOM,
¥ KOI'/Ia MEI TOBOPUM, YTO OH KPOIDEYHKI, TO OTBEUAEM
3a CBOM CJIOBA., YYHTHBAA, C KAKUME HCOOJHHCKHMU
MacmTabaMmr MBI CTOTKHEMCSH, KOrla 6y 1eM rOBOPHTH
0 KOCMOJIOTHH, 1 KAKHMH CYOMHMKPOCKONYEeCKAMH Be-
JAAYAHAMM OIIEDHPYEM B 3TOii IiaBe, BOSMOXKHO, OyAer
npowe npnﬁernwb K «axcnoaenunubnomy npepcTas-
JeHHIO?»: AAPO COCTABAAET NpuMepHO 107!* pasmepa
aroMa. To ects 0,000000000000001. Do npamepHO
TO JX€ CaMOe€, 9YTO CPABHHEATH pDa3Mep Bamlero ZoMa
¢ pa3aMepoM 3eMHOro mapa. IIockoNbKY B sApe 3aKii0-
verno 99,95% macchl aToMa, MEI ©MeeM IOJIHOE IPAaBO
CKA3ATE, YTO B ATOME YXaCHO MHOI'O TYCTOTHI.

Ho xaxkuM OBl MaJIEHBKHM HH OBLIO AADO, €T0 MOXK-
HO AeauTs fajsuie. Ecau npobuthea BEYTPh AApa, TO

1 B Te ARK HA3BAHMSA YACTKIL 3BY4YaNH Kyaa danTacrauneii Bul-
Hemuero. ITocKONERY TOT8 MLl He DpeACTABAANY cebe, U3 dero
COCTOUT MATEpHs, TO NPMAYMHBANM HASBAHMS BpoOxe «annda-ga-
CTHI», ¢feTa-yacTHI» U «TaMMa-Jyueils. BnocneacTeun nx 3ame-
HUAA +ARPAMH TeJIHAs, «3NeKTPOHAMM » H «BLICOKOSHEPIUYHLIMH
toronamus. [a, s10poBO KMI0CH B cTaphie Bpemena! Bor nouyeMy
B HAINK JHM TAK NONYJIAPEH CTHIL CTUMOARK.
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TaM o6Hapy:KaTcH emje Goslee MenKwe YaCTHIH — TAK
Ha3bIEAEMEIE AXDOHAI, XOTA BhI, BEPOATHO, 3HAETE HX
O MMEHH: 3TO IPOTOHE H HeHTPOHK. UMeHHO B yecTh
IIPOTOHOB M HA3BAH KeHeBcKu# Bosnmoil agpoHusli
Konaiiiep — TaKk KaK MMEHHO 3TH YaCTHIH M JOJK-
Hbl B HEM CTAJIKHBATECH. ITH ABA AXPOHA ITOXO0XKH KaK
ABE KallJIX BOALI 3a ABYMS BAKHBRIMH HCKJIIOUEHMUA-
mu — meiiTpoH Ha 0,01% MaccHBHee, & IPOTOA HECET
MOJIOYKNTEeNBHLI dAEeK TpHIeCcKHi 3apay +1, B oTmrane
OT Heli'TpoHA, KOTOPHI IOTOMY TAK M HashIBAETCA, 4TO
3JIEKTPpHUYEeCcKH HeitiTpanen. CKopo MhI BILUIOTHYIO 3aii-
MeMCH CJe[ICTBUAMHA TOTO0, UTO IIPOTOH o6afaeT 3aps-
JOM, a ITOKA AOCTATOMHO CKa3aTh, YTO eClHU Bhl KOrja-
HNOYAL HAKEBANH ACHBIM 3UMHVM JHEM IIEPCTAHOM
CBHTED, TO, HABEPHOE, 3HAETE, YTO TAKOE 3apsf.

Mu y:xe cnucanu Ha aaponn 99,95% Maccel aToMa,
HO IIOKA HUYEro He CKa3aJl O KPOIIeYHOM GCTATKE —
0 TOM, UTO, HO BCeil BUAUMOCTH, COCTABJIAET IIOX4B-
nsomee 60 1bIIMHCTBO 06beMA ATOMA. ITH KPOIIIeUHEIe
YaCTHYKH HA3BIBAIOTCSA 3JEeKTPOHAMM, H O HUX MBI HA-
4aJIM FOBOPHTH B raase 2. Ha sToT pa3 MBI IOroBOpuM
00 3JIEKTPOHaX KaK 0 QyHXAMEHTAJbHRIX YacTHIAX.
Kax GrI BRI UX HUM Tepin, KAK OB HA PasaAnpain, HY Ha
4T0 6onee MeNKoe OHU He pacuafaloTc.

YrobK MOHATH, HACKOJABKO OHR MeJIKHe, CRaXKeM,
YTO BCTPEYAIOTCH OHM TAK YK€ YACTO, KAK IPOTOHBI B
HelTpoHsI, OZHAKO B YeJIOBeKe BecoM 68 kxuilorpamMmos
Babeperca ToNbKO 14 rpaMMOB 3JIEKTPQHOB, OTO IpH-
MEPHO CTOALKO, CKOJBKO BECHT COAEPIKAMOE BAaIIMX
rias. JJIeKTPOHKI, KAK ¥ IIPOTOHH, 00J188a10T AJIEKTPH-
9eCKHM 3apAAOM, HO, B OTJIMYHE OT IPOTOHOB, UX 3a-
pan orpuuarenbHuit (—1). B HOpMaXbHEX aTOMax
3JICKTPOHOB H NPOTOHOB IOPOBHY, & 3HAYUT, 3TH ATO-
Mel 9/IeKTPHYECKH HefTPaJIbHEI.
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Cnpocumse 3nainy!

Moxno Au hpuﬁqﬂmhb‘
inMbmuMiAbHHi. AYuu
U CHEAGMD MUHUAMIOPHRUAL Amombl

OrpomMnoe, nopaanawuee GonbwuHcTao obbema
aTOMOB COCTOMT M3 NYCTOro NPOCTpatcTea. KoHeuHo,
8 aToMe ecTb AAPO U 31eKTPOHbLI. OAHAKO, Kak Mbl BU~
fhenv B rase 2, aNeKTPOH — 3TO He NPOCTO LWapUKOo-
NOALMAHUK 1IN MAKOTL NEPCUKA (@ AP0 — KOCTOUKA).
3710 Gonbluan BEPOATHOCTHAA BONHA. Heyxenm Henbas
npruayMate Ny4n nan YCTPOMCTBA, KOTOPbi€ 3aCTaBAT
anexTpoHHbie obnaka cxarsca? flerye npeameTs! OT
3TOrO He CTaHyT, 3aT0 YNakosaTb YeMoaaH nepea anv-
TENbHLIM MYTELWEeCTBUEM CTAHET NPOLLE NPOCTOrO.

OpHaxo NPy 3TOM Mbl CTANKUBAEMCSK ¢ NpoBAeMoit He-
onpepeneHHocTH. Kak Mbi BUOENU B rnase 2, Korpa nol-
TaewsCH NOAMaTh 9MEKTPOH B HEG0MNbLLIOE NPOCTPaH-
CTBO, YTOObI CO30aTH CYNEPMUHNATIOPHBIE 3TOMBI, TO,
_COrnacHo NpuKuMny HeonpedenewHocTu feiizenbepra,
BHEPrus 3TUX INEKTPOHOB CPa3y Xe CuitbHO NoBbIwa-
eTCH. FHEPIrVR MOXKET CTaTh HACTONLKO BEICOKOW, YTO

. BNEKTPOHH! BLIPBYTCA U3 3AEKTPOMArHUTHOIO NPUTA-
XEeHUa aapa.

B xoHeuHOM UTOre pasmep atoMa onpeaenaeTcs No-
CTaTO4HO YETKOW KOMOUHaUMel GU3NUECKMX KOHCTaHT:
3apRAOM ANEKTPOHA, NOCTOAHHOW MnaHka (HUCAOM,
KOTOPOE roBOPUT HaMm, KaK CUNbHa KRaHTOBas Mexa-
HMUKA), MAccoi aNexTpoHa N CKOPOCThLIO ceeTa. Ecnu
Okl Mt CMOTAY Nepenenarth GyHAaMeHTaNbHbIe KOH-
CTaHTul dNanku, To cMornu Bbt U-genatsh MUHUATIOP-
Hble aToMbl. A NoKa npouie nokynars cebe YeMoAaarbl
NONPOCTOpHEe.

HeitTpanbsHocTs — 3TO yAex He Toasko IIsefinapun
y aromoB. CKOJIBKO 6B MATEPMY HE CO3ARBAJIOCH BO
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BcenenHoit, IPOTOHOB H 3/IEKTPOHOB B Hel Bcerja no-
pOBHY, IO3TOMY BCeneHHas: B IEJIOM 3JIEKTPAYECKH
He#iTpansHa — K Beerga 6mna takoit. Her uHu ogHOro
3KCIIePUMEHTA, B KOTOPOM He COXPaHSICS Ghl 3apsax, —
HEeBayXHO, I'Zle ero Npofie/ILIBAIOT, HAa 3eMJIe WM B KOC-
Moce. ITO IPUBOAMUT K IePBOMY OCHOBHOMY 3aKOHY IJIs
BCeX QYHAAMEHTANBHKIX CHI:

anexmpuvneckuil 3apsd He cosdaemcs
u He yHuumoxcaemces.

Kax MoxxHO 0xunaTs, geficTsvue B Hamel yEUBeEp-
canbHOM Hrpe He CBOANTCH K TOMY, YTOOK IepeTacKku-
BATH OPOTOHLI M SJEKTPOHEI C MECTAa HA MECTO, BCe
BpeMs coxpanasn 3apaA. IlocMOTpHM, K OpHMepyY, HA
He#TpoH. He#TpoH — 3T0 YTO-TO BpOJe NANEHTA B KO-
puaope y KaGmHeTa Bpada: IPOKJAAB MUHYT AeCATh,
HeUTPOR B3pmIBaeTca. PasHuna B TOM, 4TO BMECTO TOTO,
4TOGH HaKpUYATh Ha PerHCTPATOPINY, HEHTPOH GyK-
BAJILHO PasJeTAETCH Ha Pa3Hble APYTHe IaCTHIHI.

CaMan KpynHad M3 3THX YaCTHI — NpoToH. Boa-
MOXXHO, BAC TO YAUBMT, HOCKOILKY MLl TOBODHJIM BAM,
YTO 3NIEKTPHYECKHI 3aPAA COXPARALTCA, HO 3axyMaii-
Tech BOT HAJZ YeM: B STOM HET HUYETrO CTPALIHOTO, eCIH
HaMZeTca Apyrasa YACTHIOA C OTPUNATEILHLIM 3aDAAOM,
qT06R YPABHOBECHTE TOJIOXKUTENIBHEI 3aDAR IPOTOHA.
Yr0-TO BpoJe aJeKTpoHa. Touynee, CAM 3JIEKTPOH.

B peayanrare HelfiTpoRHOTO pacniafia ob6pagyercs xoe-
YTO emre, HO Mbl XOTHM CAeJIaTh AB& NpeAyIpesxXKaeHuA:
1) xak 6nI HE K83aN0Ch HA LepBhild B3ryan, HefiTpoH
He cocmoum U3 NPOTOHA, 3JEKTPOHA U Koe-4ero eie, —
OH B H¥X IpeBpaliaercd; 2) KCTaTH, OPOTOHLI U HeH-
TPOHEI KOe U3 4Yero COCTOAT, IPOCTO MEI elife He ¢ka3a-
JIY B3 4ero.

CKOpO MH HOrOBOPHMM M 0 APYrUX QPyBAAMEHTANb-
HEIX YaCTHIAX, HO GomMes, Kax OH BLI elie pagbile He
3a6IYANNHCE B «300TIApKe YACTHIT» . MEI He cofupaem-
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e e

GPARILMS

POABWON AAPOHHMA  LOAARAE?

c# 3aCTARBAATH Bac 3y6pnTe Gonbmoii KaTaior dhyHaa-
MEHTAJBHEIX YACTHI 10 TOM HPOCTO IPUYHHE, YTO HX
(10 MeHbIEIT Mepe) 18, He cCURTAA AMKHUX DASHOBAAHO-
CTeil OXROMN M TOR YKe YACTHIL!, KOTOPHE Ha CAMOM
nene ¢ yHAaMEeHTAILHOM TOYKY 3peHNd He OTIMYAIoT-
c¢s apyr o'r"npyra. W3 npeaynpeauTelbLHOCTH K BaM,
YHTATE]Ab, MBI IOMECTHJIN B KOHIIe INIABLI yAOOHOe IpR-
JOJKeHue, Iie mepeTNCIeH BeCh ¢300TIapK* € YKa3aRH-
€M BCero, U4To BaM MMEeT CMBICJ 3HATH O KRKAOMN ua-
crune. He 3a uTo, He 3a 4TO, He CTOUT 6NArORAPHOCTH.

Teneps BRI 3HAETE O TOM; M3 Yel'0 COCTOUT MaTepud,
IPUMEPHO CTOJLKO e, CKONLKO 3HAJM KaX bl JIeT CTO
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Ha3aj, Ho MBI coOHpaeMcs KONAYTE YYTh TIy6xKe, 4To-
OBl pa3o6paThCca, UTO IPOUCXOAUT HA CAMBIX FIYOOKHX
ypoBHAX. BoT noueMy MuI coGHpaeMcs BRIGUTE U3 3THX
YaCTHI] BCE, UTO MOYKEO,— a JAJIA 3TOr0 HaM HY)KeH
BAK. Mu! Bazieemcs, YTO OPOTORK — 3TO TAKHE CBHHBLA-
KOOMJKH UJIX HHOCTPARHHEIE IIIHOHEI: eCIH CTYKHYTh
UX MOCHJIbHEE, NOJYYHUTCA KOe-4TO MHTepecCHeHbKoe!.

Koasmo xonnaiigepa — 3TO rOHOYHAA Tpaeca AJad
NIPOTOHOB, ¥ ZBa NPOTOHHBIX Jy4a GyAyT neTeTh HA-
BCTpedy APYT APYTY CO CKOPOCTHIO, 6IM3KOoit K CKopo-
¢y cseTa. Kak MBI BUJeNu B riase 1, 4TOGLI 3aCTABHTH
YACTHILI ABUTI'aThCS HACTOJNLKO OLICTPO, HY’KHA IPO-
pBa 3Hepruu. OmycTHM BLIUMCIIEHHS ~— CKaMKeM TOMNb-
KO, YTO 9HEPIruH, HeoOXoAnMOM, uTo0sl pa3oruars A8a
IPOTOHA 0 TAKOH CKOpPOCTH, YTOOL! OHU PACIANHUCD,
XBAaTHT ¥ Ha TO, 9YTo6Hl nmo 3axkony E = mc? coanats
14 TrIcsaY NpoTOHOB ¢ HYNA. Koriia JBa IPOTOHA CTAJI-
KUBAIOTCS, DPOKCXOANT MHEOTO PA3HBIX COORITHUI, HO
BCe OHHU MOXYMHSIOTCA BTOPOMY U3 HAIUMX OCHOBHBIX
38KOHOB!

IHepzun He co3daemcs u ne yruwmomaemcs.

3aT0 ee MOXXHO KOHBEDPTHPOBATEH M3 IBHYKEeHUSA
B MACCY, ¥ HUMEHHO 3T0 MEI ¥ cofHpaeMcd eNnaTh B KOJ-
Jaliflepax 4acTHu,

Il. Kak OTKpbIBaIOT
cybaTtomMHbie HacTuubi?

Ecnu cTOMKBYTL APYT C APYTOM 5HEPrUYHEIE IPOTO-
HEI, IOJYUATCS YACTHIEI, KyAa Goslee MACCHBHEIE, YeM
ucxoaune. Ho ecsg yaeTHOel, KOTOPRIE CO3JAIOTCS

! IMlyruM, wmyram. Opgue u3 mac (Tonafepr) nocToAARG yUACT-
BOBAJ B MATEMATHYECKHX ONHNMKENAX, TAK YTO OH TOXe CIOpPT-
CMe€H, a Y CIIOPTCMeHoB ocofioe YyRCTRO I0MOPA.
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B YCKOPHUTENAX, TaK MACCUBERI, 3a4eM BOODIE BY KRR
ycxopurenu? HasepHoe, BeINKaHCKHe YACTHIILI JIETKO
3aMeTHTH 1 Tar?

H na n mer. Koneuno, ecanu 611 B IPOCTPAHCTRE TAM
¥ CAM ILIABAJIX MACCHBHEIE YaCTHIIH, UX MOKHO OB1JI0
ObI coOHpAaTh U UccaeAoBaTh 6e30 BCAKOro Tpyxa. Bexa
B TOM, 4TO Bce Bo Bcenennoit crpeMuresa c6pocurs
3HEPrHIo A0 MUHUMANBLHO Bo3MoxKoi. Ilonoxure Ha
CTOJ MAY JJR-00yIKHra — B 3TOR IIOSHIMY Yy Hero Oy-
AET JOBOJBHO MHOI'O SHEPIUM — U JIEPOHEUKO NOATONK-
HHuTe ero. OH ynaneT co cToJla K BaM Ha HOTY — Tlie
sHeprum y Bero Gyaer ropasno memnme. ITockonsxy
9HEPruA W Macca 9KBMBAJEHTHEI, 3TO O3HAYAET, YTO
MacCHBHasA 4aCTHIA paclajercs, eclu 3To Boobile B03-
MOJKHO, HA MEHee MACCHBHYIO M eIle YTO-HHOYAb — H
OYeHb CKOpPO, B YeM MEI yOeannuch, KOTA8 FOBOPHIIH
O PaAHOAKTHBHOCTH B IrJjase 3.

CaMnle MacCcHBHBIE YACTHIB JKUBYT BCETO MUJLIH-
OHHYI0 JI0JII0 CEeKYHAKI HJIN AaXKEé MeHbIlle, 4 IOTOM pac-
nafamoTcA Ha Gojiee NerKue, B TaK OygeT TpoAOIKAaATh-
CA TPeANOACKUTENBHO 13,7 MuIIHADAR 1eT — C Haya-
Jia BpeMeH X [I0 TeX Nop, KOorja Bce MACCHBHEIE YACTHILEI
pa3 B HaBceraa pacnagyrcd. JOMKHO 6BITH, BB PeX-
II0JIATAETE, UTO TOr/a BCe YIAKETCHA X OCTAHYTCA TONb-
KO HAIIIK CTAPhle 3HAKOMAIE IPOTOHEI M HENTPOHKI, HO
BBl JK€ yJKe IOHAJHA, YTO GRIBaeT, KOrZa BRI YWTO-TO
npepnoJaraeTe, npaBga?

ITo BecenteHROIt TAK ¥ DIHLIPAIOT BEICOKOSHEPTUYHEIE
3apssKeHHbIe YacTEkl. IIDOTOHEI Ha BHICOKHX CKOpO-
cTax ucoyckaer u CojHOe, B APyrae 3Be3fH B PA3HEIX
qacTAX FAJIAKTUKHA, B CBePXHOBLIE, — BCE MecCTa, rje
€CTh BHICOKODHEPIrHYHLIE HCTOUENKH. DTH 3apAKEeH-
HEIe YaCTHIIEI, KOTOPEIe HA3LIBAIOTCA KOCMUYECKHUMH
JYy4aMH, JIETRIOT TyAa-cioj4a, HOoKa Ha 4TOo-HAOGYAL He
HaTKHYTCcA. Ecan Obl He MAarHATHOE IOJe, OKPYKalo-
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Imee HAIIY NJIAHETY, 5THM ¢4yeM-HHOYAb» MOTAH 6L
GRITH BAaIIM KJIETKH — M TOT/la KOCMHYeCKHe Nyyn yon-
~Jm 6Bl BaC HIM CTepUAN3OBANIH. BoT moueMy HyM»HO
CIYMATHCA MAMOYKRY B He IPOBOKATH B OTKPHITOM KOC-.
MOCe CIHIIKOM MHOrO BpeMeHH. J[OCTRTOYHO YacTO-
KOCMHYECKHE JIY9H NonajaioT B arMocdepy H CTaNKn-
BAIOTCA ¢ KHCNOPOACM HJIH A30TOM, IpeBpaImasich
B nIponecce B 6oJiee MaccHBENe yacTHObL. CTpaTocdepa
M BCe, YTO BHINIEe, KUIIAT, CJIOBHO HEYHINEHkLIe 3YOHhI,
BCAKON APAHBI0O — MIOOHAMH, KAOHAMY M ITHOHAMH.
OTH YACTHOH POMKIAIOTCA B YMHDAIOT B MI'HOBEHHeE
oxal, mO3TOMY CO3ZATE X H H3MEPHUTh MOYKHO TONBKO.
¥ MCKJIIOYATEJLHO BEYTPH yckopHTesdsA. Ecam ME
CTOJIKHEM YaCTHIIL APYT C APYTOM OPH ZOCTATOUHO BRI~
COKOil 9HeprHH, a 3aTeM ConLIeMcs Ha 3aKoH E = mc2...
Byanal MaccMBHEe YacTHIEL Y Bac B KapmaHe. Ecan’
'MEI GyieM nONy4aTh HX B YCKODUTENAX, TO HaM 6yRet
mpolle NpeACKa3bIBATh, KOT/A8 OHM HOABISIOTCA, & 3HaA-
YHT, JIerde U ¥3y4aTh UX. -
OHAKO MUOHKI ¥ MIOOHEI ~—— He eAMHCTBEHHEIC Mac-
CHBHBIE YACTHI{hl, KOTOPKIE CTPAAAIOT OT AeTeHEPATHB-
HEIX TeHAeHnHl. Kak MHI yike yIOMHAHANM, DACTARY
HoJBep:KeH AaXke HeHTPOH (9Ta YepTa OTIUUAET €TI0 OT
nporona)?. Ecnu Bl xagure HeirTpony oxoao 10 mu-
HYT, OH pacnafercsd Ha MPOTOH, 3JIeKTPOH (a 3EAYHT,
COXpaHHUTCA O0IIUH 3aPAR) U ellfe OAHY YaCTHLY, O KO-
TOpPOif MBI BAM paHbIIE He TOBOPHIIH, — OHA Ha3hIBaET-
cf aETUHEeATPHHO.
TonsKo He TyraiiTech — MEI ceitaac Bam Bce odmc-
HUM, H IPO «aHTH», 4 IIPO cneﬁ'rpnno» HaduneM ¢ «Heil-

'rpnno» 9ro Hassarue BHIGPaHO no'romy, 4TO HEeHATpUHO
/

! Crporo roBopst, 3a BpeMs, KOTOPOE YXOXHUT ¥ BAC HA ITO CAMOE
MrHOBEHHE OKA, IOJHOLEHHYI0 HACKINEHRYIO JKM3Hb NPOKHBAIOT,
IPUMEDHO CTO MILIIBOHOB ITMOHOB.

2 BoamoxkRO, oTanvaer. Mul BepEeMes K oroMy B rase 9.
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Hedimpon

.Anmutgimpuno -

3JIeKTPHYECKHN HeHTpaNbHE, 4 OPAMO UX HE YBUAETH.
OTxyna e MBI Y3HAXH, 9YTO OHM €CTh, ECJIH OHM, B CYI-
HOCTH, HeBUARMBK ? Xoponoimii Bonpoc. '

B 1930 roay Boaedrarr Ilaynu npeanoxxun HoBa-
TOPCKYIO MHTEPIDETAIUIO SKCOIEPUMEHTOB ¢ PACIIAAOM
He#iTpoHa. Brino 3aMeueHo, uTo Kora HEATPOH pacua-
A8eTcA, IPOTOH U 3JIEKTPOH YACTO OTJIETAIOT B OAHOM U
TOM Xe HampaBxeRuu. MaTepnperanuio pacnaaa Heii-
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TpoRA 1o Ilayay, KAK M MHOr#de ABJEHUA B XH3HMH,
Jnerde MpeACTaBUTHL cebe, eClI IPUBJIEYL K AeJ1y cyIep-
repoes.

IIpexcrasnTe cebe, kax Crio llTopM, ora ke HeBu-
namasn JlenH, 1 ee My MrEcrep danTacTur! xaraloTca
HA KOHBKAX IO 3aMepameMy npyay. OHHM OTTAaJIKMBa-
0TCA APYTr OT Apyra, ¥ Muctep PaHTACTHK CTPEMH-
TensHO OT'he3KaeT B ORHY CTOPORY, a Chio, KaK Bceraa
HeBUAUMAs, — B Apyryio. C Gepera 3aa HUMH HAONIOHaET
CyuiecTBO, ROTOPOE BEAMT TOJBKO MucTepa PParTacT-
K&, KOTOPRIA MYHTCS 33/I0M Hanepep,— C €ro TOUYKH
3penwus, 6e30 Beakoi npuannkl. Ho CyiecTro qoBoas-
HO GHICTPO TORMMAET, 4To ¥ YeMy. OH yBepeH, 4TO Ha
JBAY €CTh €me KTO-T0 — KTO-TO HEBUIUMBNA — U uTO
STOT BTOPOH celiuaCc MYHTCA B OPOTHROIOJIOXKHOM Ha-
npAaBJeHHH.

1 ¢« PaHTACTHYECKAS YETBEPKA» deplaeT CBOIO CBepPXdenoBeye-
CKYI0 CHIIy B KOCMHYeCKHUX JIy1aX, & 3HaYAT, ITOT IPBMED BABORHe
YMeCTeH.
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Cmangapmnas mogean

Haynu, cetrpaBminil pons CyimecTBa, 3akJIIOYNI,
YTO AOJMCHA CYIIeCTBOBATH HEBUAMMAN YACTHIA-TIPH-
3paK, 3JeKTPUYEeCKH HeATpanbHafA: aHTUHEHTPUHO.

Helirpuno (a caeaoBaTenbHO, ¥ AHTHMHEHTPHHO)
OYEeHb JierKue, ¥ ROBOJBHO JOJI0 CYNTANOCH, YTO OHM
HIOJIHOCTBIO JNIeHn MaccH. Oarako B 1998 roay Ha
ANOHCKOM HEATPHHHOM AeTeKkTope «Cynmep-KaMuoxan-
Ie»-OBIn NMPOBEAEH 3KCNEPUMEHT, NOKasaBmmuii, uTo
y HeliTpMHO HA CAMOM JieJIe eCTh HeROTOpasA Macca. 9To
BEIAAIOHICECH NOCTHMIKEeHNe, HO CIACAYEeT TaKkiKe OTMe-
THTB, YTO IIOK& YTO YYeHbIe elie He BLIYHCIUINA Maccy
Helirpuno. K aToMy Bonpocy M elie BepHeMCs B rja-
Be 9, a noKa BNpaBe yRePEHHO CKA3ATH, YTO MACCA Heit-
TPHUHO BO MHOTO PA3 MEHbINE MaCcChl 3JIeKTPOHA.

Y0 sKe KACAETCH «QHTH», IOCTADAMTECH HE YTaTh-
CH 3TOTO CJIOBA. «AHTH» O3HAYAET BCEro-HaBCero «Ha-
060poTy — AHTHMYACTHIA UMeeT KBAHTOBEIE YHCHA,
OpPAMO MPOTUBONOJIOKHBIE YACTHIe-IAPTHEPY. AHTH-
MaTepua —. BellleCTBO CO CKBePHOM penyTaimeii: BceM
HN3BECTHO, YUTO €CJIH XOMOK aHTHMATEPHH CONPUKOC-
HeTcA € o6LIuHOI MaTepueil, ‘OHM B3OPBYTCH U NpeBpa-
TAT BCIO CBOIO Maccy B sHepruio. Camm mo cebe anTH-
gacTHIE 6e306uaun. Ecau 661 MBI BAPYT B3AJIHM Cpa3dy
BCe 4YaCTHI{H BO BecenenHoi n 3aMeHMJIM UX AHTHYA-
CTHIAMH (B TOM YHCJIE H Te, H3 KOTOPBIX COCTONTE BEI),
BBI GbI He 3AMETHIN PA3HHIKL.

1. 3ayem pasHbim yacTMLLAM
TaK MHOTO pasHbiX NpaBun?

Ceiiuac, KOrja Ml YCTAHOBHJIM HECKOJbLKO OCHOB-
HEIX 3aKOHOB, OOGINMX AJA BCeX QYHAAMEHTANBHBIX
CHJ, HACTAJIA NOPA NOrOBOPHTH 06 UIrpax, HauMHAA
€ CAMHIX IPOCTHIX 1 OYE€BHAHBIX.
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Mpasutauns

IIpocuM 3aMeTHTDh, YTO NIOAH, caMoO coboil, 3Hammn
0 CYMECTBOBAHHM I'DABHTAIHNHM 38J0JATO A0 TOr0, KAK
cap Ucaax HpioToR «oTKpBLI» €€ B 1687 roxy. Hanpu-
Mep, K TOMY BPEMeHH YyKe NABHBIM-JaBHO YMeJH CTPO-
UTH KaTanyabThl. 1 IpeKpacHO NOHMMAJIN, UYTO €CNH
NYCTHTH CTPeJay BBepX, TO OHA BIOCJIEACTBHY Opo6LeT
Jocnexu — xopomo Obl Ha APYroit cropone mnoasa. Bes
rpaBUTANMM OGCIY:KHBAIONIEMY NEPCOHATY MJILOTH-
HEI IPANLIOCH OB CUAETH M HOKUAATHCH, KOTAA XKe ee
JNe3BHe cayyaltEbIM 06pa3oM ynazeT BHUS.

Ho HrioTOH nIp2 noMomu npocroro nabopa ypasue-
Hu#l cyMes ¢ 60Jb1m0#f TOUROCTLIO NPENCKA3ATh Naje-
Hue a6xoxa, opbury JIyHRE, nyTn nrager. 3aK0H, KO-
TOPHIHt OH OTKPHBLI, OBIJI IPOCT — M ONUHUCHIBAN KOJIOC-
caJIbHOE MHOYKECTBO ABJeHU. 3T0T 3aKOH NOKA3LIBAJ,
9TO BCe IpeAMeThl Bo BcesleHRON| NpUTATHBAIOT APYT
Apyra, ¥ 4eM Jajibllle OHHM APYT OT APYyra HaXOnsTCAH,
TeM cjabee 3TO IpHTAKEHUE, NI rPABUTALIAA.

HsrioToH, ofHAKO, pasofpaicsa B 3TO# MCTOPUM He A0
konna. Jiums B 1916 rogy AnsGepr Oitamredin, paspa-
6oTaB 06IIYI0 TEOPHUIO OTHOCATENBLHOCTH, OOBACHHI
HaM, B YeM CYIIHOCTH CHJIRI TayRecTH, OXHAKO HAM CTA-
HeT METepecHo, rae omubea HuloToH, TONBKO KOTAa
MBI HaUHEM FOBODHMTH O MAIllMHE BpeMeHH (riasa 5),
BceneHHON B menom (raasa 6) u treopun Bosnsmoro
BaphIBa (raasa 7). IToxa uTo 6yaeM cumTaTh, 4TO OH
6B IOJTHOCTHIO NTPAB.

MHI y3ke FOBOPIJIH, UTO KaXJad U3 3TUX CHJI OUeHb
MOX0YKA HA UTPY ¢ MAYMKOM N paxkeTkamMu. Eciu 6n1
HaM IIPeAJIOKUNY BIGpATh KOHKPETHEI BUJ CHOPTA,
Mu! 651 CKa3aJI4, 9TO IPaBUTALHA ITOX02KA Ha GagMua-
ToH. B Hee urparor Ha 6oasmon nosae (B macuirabax
Beeir Beenennoit), a yaaphs! AenaloT COBCEM ciaGeHb-
Kue. Jlerko nupeacTaBuTh cebe; KaK B Bac OOagawT BO-
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Cmangapmuas mogeab

JIAHYAKOM, — ¥ COTTACKHTECH, 9TO IO CPABHEHRIO C YA~
PaM¥ DASHEIMH APYTHMHM CIOPTABHEIMY IITYKOBHHAME
TaRAA TPABMAa HAAOJIIO HE 3aIIOMRHACTCS,

OTa Hrpa OTIHYHO HDOAXOAMT IJIA HadaJa CIIOPTHB-
HOl Kappepbl, DOCKOJBKY B Hee MOT'YT UIDATh He Ipo-
CTO UIpoKu J1060oro Bo3pacra, a Boobuie KTo YrogaHo.
Bee uacTunni, ¥ MaCCUBHEIE, M HA000POT, CO3AAIOT Ir'pa-
BUTANMOHHLIE IIOJA M OPHTATMBAIOTCA APYT K APYTY.

AnexTPpoOMarHeTu3m

B oTamune oT rpaBUTAnMM, KOTOPAdA BcerAa IpHBJIe-
KAeT U IPNTATMBAET, DIIEKTPOMATHETH3M MOMKET M
OPATATUBATH, ¥ OTTAJKHBATE. BH yiKe 3Haere, 4TO
YACTHIEI HECYT OFHH U3 TpeX BHUAOB JJIEKTPUIECKOro
3apAa: DOJOIKHTEeNbHEIR, OTPHIIATENLHREIA MU Hel-
TpaabHBI#. Ecou gBa 3JeKTPORA OKa3BIBAIOTCH BOK
o 60K, OHHM Bcerja OTTAJIKHBAIOT ApPyr apyra. Ilapa,
B KOTODO#l OZHA YACTHIA 3APAIKEHA DONOKUTENBHO,
a Apyraf — OTPHUIATENbLHO, HANPUMED IPOTOH M 3JIeK-
TPOH, BCerjia NPUTATABAETCA APYT K Apyry. Ecau obe
YACTUNH HeATPAJIBHLI, OHY HEYETO He JealoT.

JABa 3JIeKTPOHA NPHUTATHBAIOT APYr APYra CUJIO#H
IDABHTAIMM, HO IPHX STOM OTTAJKUBAIOT APYT Apyra
CHUJION 3JIeKTPOMArHUTHOr0 B3auMozaeicTBuAa. B Hac
CHIJIEH AYX HEe3J[0pOBOro COnepHUYECTBa, HPHMEPHO
KaK B ouYepenu, HO3TOMY MBI cpady 3ajaguM BOmpoc,
KOTODHIX HABEDHAKA TAK M BEPTHTCA Y BCeX HA ASLIKe:
KAKAA CHJIA CHJIbHEE — CUJa TAKECTH HJH dJIEKTPO-
MATHUTHASA?

IToGexpaeT oK TPOMATHUTHAA — M He [0 TeHANb-
TH, & BCYXYI0, DQJeKTPOMATHUTHAA CUJIA OTTAJIKMBAHUA
MeKly ABYMA aNekTpoHaMu 6osnee yeM B 1040 paa cuib-
Hee, YeM IDABUTAIMOHHOE IPUTHKEHNE, — BOT IOYEeMY
MBI BIIpaBe DO3BOJINTH cefe npeHebpeus rpaBuTanuei,
KOTJi2 FTOBOPHM O Pa3Mepax MopAAKa aToMa ¥ MeHbLIE,
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bAI0IBXTU!

KAKME BLE-TAKW IAELTPORM OTTAALUBAIOWMNE!

HapepHoe, BEI 3aMETHJIH, YTO MBI FOBOPUM 00 «3JIeK-
TPOMAarHKHTHOI» CHJIe, HO DOK& YTO 3aTPORYJIH JIHIUE €€
«3JIGKTPHYECKYIO» YacTh. C TOYKH 3peHHA 3APABOTO
CMEIC/IA DJIEKTPUUYECTBO U MArHETH3M — COBCEM PA3-
Hble Bellly, HO Ha HYyBAaMEeHTANILHOM YPOBHE Pas3EuLa
aums B noaxode. Henoasuskuule 3apAgnl CO3ZaloT
3JIEKTPHYECKOe HoJie, 8 NOABHIKHEIE — MATEHTHOE
noJie: BOT KaK paboTaeT 3JeKTPOMArHuT, BOT KAK MBI
NOHAMAJTH CIIHHLI y 3apHKeHHBIX YacTHI| B IJaBe 3.
ITono6aEIM e 06pasoM B3MEHeHHEe MATHUTHOrO MOJIA
MOJKET CO34aBaATh dJIEKTPHYECKHE 10J8 — Y4TO, B CBOIO
ovepeab, CO3LaeT dNeKTPHUEeCKHH TOK. -
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Cuaaqapuw\n mogtav

TlopadurennHo, HO paKT: HMMEHHO aJeKTpOMarHe-
TH3M OOBACHAET DPAKTHYECKH Bce GUBHUYECKHE ABJNE-
HEA B NoBceqHeBHOH »xn3Bu, MeHHO ek TpHYECKOe
OTTANKWRAHVE HE NO3IBOJAET BAIIEMY CeRaNHILy Opo-
JaBUTh Kpecso. YIMeHHO 3JIeKTpHYECKOoe NPUTAIKEHNE
CKPENJAET MOJMEKYAH K CAYHAT OCHOBOM JJ/Is BCEX XH-
MUYeCKUX peaknuit. 1 — na, KoHeYHO, HMEHHO CTATH-
YyeCKoe 3JIeKTPHYECTBO 3aCTARJIAET BO3AYIIHLIA IIIADHK
NPUIHUOATE K CTEHKE.

A xax e marseTusM? ECH He CURTATH MATHATHBIX
HAIJIENIOK HAa XOJOAUIbHEKE, B IOBCeAHEBHOM M HU3HH
MBI ¢ HUM Bpofsie GBI 11 He cTanKuBaeMca. 3aTO OH UTPA-
eT KpaiiHe BA)KHYIO DOJAb B YCKOPHTEAAX dacTuy,. Ko-
raa 3apAKeHHAA YacTHIA (HAanpUMep, IPOTOH) HAXO-
ZUTCA B MATHUTHOM MNOJe, OHA ABUIKETCA 10 KPYTAoH
opbute. YUeM cuIbHEEe MarHMTHOE NOJE, TeM GhICTpee
IKBreHKe no opbure. Ecam nocrasuTs B Koabno BAK
Ha60p MATHMTOB, TO MOXBO GyAeT JOBUThL NPOTOHHBIH
Y% Ha CKOPOCTH, OAM3KON K CKOPOCTH CBETA.

JNeKTPOMATHETH3M — 3TO KAK TeHHUE, ITa Urpa
ropa3so ABHAMHYHEe MHOTHX ADYTHX, & MaJleHbKHe
OYUIHACTeHBKHE KeJITO-3ejenkle Maduky (PoToHH)

2
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YAapsOT ¢ TAKOR CUIIOH, 9TO TOJBKO AepyKUCH. Heli-
TpaJILHEIE YSCTHIOKI B 3Ty Urpy He GepyT, HOTOMY 4TO
(OTOHEI MX «He BUAAT» U HOTOMY YTO OHM, KAK BCETAS,
3a6R1IM pAKETHKY ¥ MAMEI IOMA.

HUrpaTsk B 371eKTPOMATHETH3M MOrYT mobnie 3aps-
JCeHHble YACTHIH .

CunbHoOe B3anMopencrTaue

Mzt 6BLTM BHIHY2KAEHK 03HAKOMHNTD BAC C 3JIGKTPO-
MarleTH3MOM, HOCKOJILKY CYIIeCTBYIOT HaGI0gaeMEIe
denoMerH Ranofobye CYLUIECTBOBAENA MOJICKYJI H aTO-
MOH, KOTOPHe rpaBuTanueil e o6bACHRmL. OgEAKO
rpaBUTALLMA H 3IEKTPOMATHETH3M, JAXKe B COYETAHAH,
HE B CHJIaX OO'BLACHUTDL BCETO.

Pacemorpum rennti. OH COCTOHT U3 ABRYX REHTPOBOB
A ABYX HPOTOHOB. UTO KacaeTcs 3JeKTPoMATHETH3MA,
HeHTPOHHK B 3T0# HIDe He YYACTBYIOT, & BOT IPOTOHKI
kpaiiHe, KpaiiEe, KpaitRe He Jio6AT o6mecTsa Apyr
apyra. Tonbko npeAcTaBbTe cebe — B siApe KasKAOTO
aToMa reju§ ANeKTPUYEeCKAA CHJia OTTAJKNBAHUA Me-
JJY IPOTOHAME COCTaBJIsIeT OKoNO 22,5 kuaorpamMmal
Iloyemy ke reJuil He paspHIBAETCA B KJIIOUKM IO BO3-
JeliCTBHAEM CBOETO Xe 3JIeKTPOMATHUTHOTO OTTAJIKUBA-
aua? :

3BAYKUT, [OJIKHA OHITH e€le QfHA CHJa, KOTOopasd
JedcTBYeT ! HA NPOTOHEI, ¥ HA HEHTPOHEI M 3aCTABJIALT
HX ZepaThCcda BMECTe. BT& CHJla HA3bIBaeTCsTI CHIBLHBIM.
B3aUMOJefiCTBMEM K AeHCTBYET JMIIb HA OYeHb-04eHb
MaJeHbKHX MacmTabax — oxoixo 1071% merpa. YUrTob6b!
BaM He Ka3aJI0Ch, YTO MEI JKOHIJIAPYEM OUPPaMu, U Bl
HOHAIH, YTO 3TO 33 MaciiTab, OTMETHM, YTO pa3Mep
ATOMHOTO ALPpA 10 CPABHEHKIO ¢ BAIMM POCTOM — 3T0
BCe PaBHO YTO BAlll POCT HO CPABHEHHIO C DACCTOAHHEM
Jo ansder LenTaspa.
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Cumq«pxuﬁa MOGEAD

OxEaKo KpPOAKMUYLA HOpDa HA HOBEPKY OKA3LIBACTCH
eme ray6:xe. B 1960-x rogax B Xoie 3KCIepHMeHTA 11O
ray6oKo HeyupyroMy paccesumo 8 CToR(pOPACKOM JIM-
HEHHOM YCKODHTENE YICHRIE CTPEANN B ATOMEI BHICO-
KODHEPruYHLIMH saexTpoHaMu. Tlonyunsmmumiica p-
KomeT NOKA3aJ, YTO BHYTPH IIPOTOHOB U HEATPOHOB
€CTh YTO-TO elle — IPOTOHEI ¥ HeATPOHK HeNb3sA CUH-
TaThk GYHAAMEeHTANBHE MY YACTHHAMHM, OHH COCTOAT N3
4ero-To emie 6osee MEIKOTO. OTH MeJIKHE YaCTHYKH HO-
JYYNIIH HA3BAHAE KBADKOB.

Kpapk#, Kar ¥ 3JIEKTPOHHK H HeliTPHHO, — IOCAEA-
HAE UTPOKM B Hameil Meradrsudzecroi urpe. Cymect-
ByeT IIecTh Pa3HOBHAHOCTEH KBAPKOB (AX CJaBHEI®
MOPAAIITKY BH YBUAUTE B IPUAOIKEHNH K dTOM II1ase),
a MOKa YTO HAC MHTEPECYIOT TOJBKO JABe: U-KBapK
(c amekTpUdecKuM 3apaaomM B +2/,) u d-kBapk (¢ anex-
TPAYECKHAM 3apPAAOM B —! /3)- B IpoToRax coaep:KuUTCA
IBa U-KBapKa u d-KBapk!, a B BRefrpoHax — n8a d-KBap-
Ka ¥ u-kBapk?. Ckpennger AX CHILEOE B3aUMOAeHcCT-
Bue. Ha caMoM feire cHIBbHOE B3aMMOAeHCcTBHe Ha-
CTOJBKO CHABHO, YTO BHE IPOTOHOB M HEHTPOHOB KBAp-
KM He BCTPeYaioTco. -

CuapROE B3auMOZeiicTBHE OYeHb NOXOXKE Ha NHHP-
MOHr. IT0 HAUPAKEHHBIH MoeANHOK B HeGonnmom
3aMKHYTOM TPOCTPaHCTRe. B HIDEI ¢ CHIIbHEIM B3aHMO-
IefiCTBMEeM UTrparoT TOJbKO KBADKM (M NIPOTOHKI ¢ Hell-
TPOHAMH, ROTOPHIE COCTOAT U3 KBAPDKOB).

Cna6oe B3anmogeiicTene

Korga MEI 3HaKOMHJIH BAC C CHALHEIM B3auMOAEHCT-
BUEM, TO 32BN, YTO HAM IPMXOZUTCA 3TO AENATH,

‘utu+d=2/y+2/3—1/3=1. CKnIaguBaeM 3apAnH KBAPKOB
¥ nojxydaem 3apaja nporona. Kpyro, npasaa?

2 BrruncneRna opogeiaiite CAMU.
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TOTOMY YTO CYLIECTBYIOT 3araIoYHLle ABJICHMUSA, KOTO-
phleé HeBO3MOYKHO OOBACHHUTDL DK MOMOIIM ABYX APY-
rux cHJ (rpaBHTAIUH H 3JIeKTpPOMAarHeTH3Ma). 06 ox-
HOM TAKOM MEI Y>Ke r'OBOPUAM — 3TO pacHajg He#ATpoHa.
Mul ckasasiu, 94TO HeliTDOH, IPeAOCTABAEHBLIH caM
cebe, pacnazaeTcs Ha OPOTOH, BJIEKTPOH H aHTHREEH-
TpuHO. [lonpoGyiiTe-ka 06BACHATEL 3TO IPH NMOMOINH

ORHOR M3 CHM, O KOTOPO’ MBI y3Ke ropopuau!

Hpugerca BaM #306pecTH (J8AHO, XOPOMIO, THIIOTE-
THYECKM BHIABHHYTL) €llje OfHY Cuiy. 3anelicTBoBaB
BCE MMeIOIMIHECs B HALIEM PACTIOPSAMEHAH TBOPYECKHe
COOCOGHOCTY, MEI THTARMYIECKHM YCUIUEM BhIAYMAIBA-
eM ciaboe raaumogeiicTsre. Cnaboe B3auMogelicTBHe

© XapaKTepHO B OCHOBHOM AJA HeHTpHHO, HOCKOJILKY,
pa3 OHM HelTpaJbHEL, OHY Y7 TOYHO He YMEelOT ArpaTh

B 3JIEKTPOMArHETHU3M, A B CHIBHOE B3AUMOLeiCTBHE HI-

PAaIOT TOJILKO KBADKH. KaK BRIACHHUIOCH, HeliTPHEO K

9JICKTPOHK! 0O49EHb NIOX0XKH, 348 HCKIPYEEHeM HeGoIh-

muX pasauuuit B 3apsge, ¥ caaboe B3auMojeicTBHE,
cpead IIpoYero, MO3BOJNsAEeT HeHTPUEO NPEeBPAINATLCA

B 3JIeKTPOHKI ¥ BaoGopor. KaXkayio ceKYHAY CKBO3b Bac

ITPOXOAAT TPHJLITHOHE! HeATPUHO. CoNHNE NPON3BOANT

UX KBaAPHNALOHAMM, i BCE }Ke THTAHTCKHUE JEeTEKTOPLI

38CeKAlOT JHIIL HECKOJbKO HEHTPpHHO B AeHL. Pex-

KOCTh — BE@pHLIA NPDU3HAK TOrO0, YTO cilaboe B3anMo-

ReiicTBMe He 3pA HDOJYYHJIO TAKOe HasBaHMe. A mo-

CKOJbKY HeATPHHO BIAMMOAEHCTBYIOT TOJIBKO HOCPEX-

cTBOM caaboro BaamMoAeiicTBUA, HaM M He YAACTCA

HabaogaTh HX YACTO. .

Cna6oe BaauMOJeiicTBMe OUEHB TOXO0Xce Ha Gpoca-

HMe THAMKeNOoro rHMHACTHYECKOro MAdYa. JleTHr oH

OueHb HeAAJeKO, ObeT HeCHILHO | 38 THIIHYHOE BpeMA

ycnesaeT HeMMOBEPHO HajoecTb. Boobie-ro HamM yxe

HAMEeKHYJU, II0YeMy 3TO TAaK CKyuHo. 'mMHACTHue-

CKU#l MfAY OUeHb THAIKeNBId, U ga)xKe ATJETHI-CHIATH
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Ougnp yx o
MANEAEHER

CAREOE B3AMOAEHCTEME —
VAL BPOLAHUE TUMHACTUUELLOTO MIUA

JIeTeHAAPHBIX BPeMeH He Moray OPOCHTE ero AocTaTou-
HO AANEKO. ’

B cia6oe B3anMoieficTBHE UTPAIOT KBADKY, HEUTpH-
HO u 3neKTporH. ITockonbky, KAK MH yiKe cKasanm,
HMX OYE€Hb MHOTO ¥ BCe JIe3YT IOy4acTBOBATH, HIPa MET
OYeHb MEJJIEHHO, M HHIEro oco06eHHO UHTEPECHOTO He
IIPOMCXOAUT. ‘

IV. OTxypa xe 6epyrca aTu cunbi?

Ham pa3rosop MBI H&YATN ¢ TOT'O, 4TO GYHZAMEH-
TAALHEIE CHJIBI TIOXOXKH HA MIDhI, OHAKO B HaITei urpe
He XBaTaeT OHOr0 KOMIOHEHTa, 6Ge3 KOTOpPoro HuyYero
He HOJIYUHTCH: 3T0 MAY. 3agymaiitech 00 aToM. Bes
M4 TeHHUC — He GoJjiee YeM KOHBYJILCHBHOE pa3Ma-
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xuBarne paxerxoii. To xe camoe MOXHO cKa3aTh M
o ¢nsuke yacrTui. Ilo cocToAHMIO HAITUX 3HAHKE Ha
CeroJiHA, ecyIM MOJIOYKATh XBa JIEKTPOHA HA CTOA, OHU
Tak H GyAyT nexars. BaauMopelicTRYIOT OBM TONBKO
yepes aJIeKTpOMarEuTHoe (uau cnaboe, UK IpaBUTa-
muonnoe) nose. Tak uto 6e3 Mo OHM ADPYT APYra He
YBHJAT.

- OTryaa xe 6eperca nonae? J{Be YaCTHULEI OMKHBL
KAK-TO M3BECTUTH JPYT APYra O CBOEM HPHUCYTCTBHH.
ITO MOYKHO CALJIATH, ¢«IOCIAB» OT OZHOIL K APYTOIi Tpe-
THIO YACTHLY. JTOT NOCHAAHEL] — WIH NePeHoCYUK 83au-
MoQeilcmeus — U eCTh YACTHIA, KOTOPAS HA CAMOM
HAeJe Hecer B cebe cuny. JiBa 3/1eKTPOHA INOCBHLJIAIOT TY-
Ja-CIoia HeKylo yacTuny ¢ coobmennem: «BoT oR 1,
Bayu orcogals !

YacTuna-IepeHOCYNK B 3NeKTPOMATHETH3ME HA3RI-
BaeTcqa GoTOHOM, M MK yxKe yaexmnn Gecesie o neM fo-
BOJILHO MHOT'O BpeMeHHU B riase 2. Mul yce 3aaeM, 94To
$OTOHK! NUMIEHK! MACCHI ¥ JBUIAIOTCA CO CKOPOCTHIO
cBeTa. BesregeTBue RABOAHAIOMEH BeeaeHAYIO SHEPIrUH
BAKYYMa Bce MBI 1o ymu B GoTOHAX, KOTODHIE TO BOAB-
JIATOTCH, TO MCUEIAIOT.

Kak Mul BHJed, B 32aBHCHMOCTH OT 06CTOATENLCTB
CBET MOKHO CUHTAaTh YacTHUelH MJIH BojxHO#A. B 6osnee
obmieM cMBice ROJHA — 3TO TAKOE [OoJIe, YTO-TO TAKOE,
4To HabJNI0ZaeTCH Be3Je BO BPEMEHH U IIPOCTPAHCTBE.
EcJyiy BRI BO3LMETE AHTEeHHY U 000iiieTe ¢ Heil Bech oM,
TO Be3Zie 3aceyeTe pagUOCUrHANKI: rae-To ciaabee, rue-
TO CWJIBHEE. ITO B eCTh DAEKTPOMATHUTHOE IoJe. Po-
TOH — 3TO BCEro JHUIb KYCOYEK 3J1eKTPOMATHUTHOIO
00JiA, KOTOPKIH JIeTHT Yepe3 HPOCTPAHCTEO CO CKODO-
cTeio cBeTa. To sKe caMoe MOYXHO CKa3aTh 060 BCexX

! A maorna, ouenn penro: «Kak TH xymaems, g NpHBaeKATENb-
auit?+» Ha uro cneayer neuanvHulit scexenckult orser: « HET!»

156



Lmuq&pnma Mogeas

tbyaraMenTanbEbIX cuaax. CymecTByer CHILHOE HoJle,
caaboe mose, rpaBATAHOHHOE NIOJIE, M ¥ KAXKIOTO €CTH
CBOA COOTBETCTBYIOMAA YACTHIIA.

IlepeHOCYHNKM CHIIBHOIO AAEPHOro B3aHMOAEHCTBAA
H23LIBAIOTCA MMI0OBaMM. I'JII00HE, KaK ¥ HOTOHKI, JIH-
IMIeHbl MACCH ¥ ABHTAIOTCH CO CKOPOCTHIO CBeTa, OfHA-
KO, B OTJIHYHE OT (POTOHOB, HOABEPIKEHEl TPEBOYKHBIM
COCTOAHMNAM, CBA3AHHELIM ¢ cenapanueii. PoToH — HO-
CHTeNb 3NeKTPOMATHHTHON CHJIKI, HO caM Ho cebe oH
anexTpudecky HeiiTpanen. To ecTh caM OH M He YYBCT-
BYET 3JICKTPOMATHUTHOM’ CHJIH.

JacTrue, KOTOPLIE HCIILITLHIBAIOT HA cefe CHILHOE
B3auMozeiicTBHe, 06IANAIOT 3APAJOM MHOTO POAR —
«niBeToM». «CHJILHBIE» AHAJIOTM OTPHIATEJNHLHOIO M
NOJIOKHTENbHOI'O 3aDAJOB B MUPe 3JIeKTPOMATHETHS-
Ma — 3TO KPDacHhEI#, CUHAH ¥ 3eJIeHkIil 3apsajhl, KOTO-
phle OIPEAEIAIOT B3AUMOAEHCTBMS, BOSHRKAIONIAE Me-
Ry KBAPKAMH B CHILHOM moje. Ecan Bul coGpanucs
6exxaTh 3a I{BETHLIMH KapaHAAIMAMHU, YTOOL! pHCOBATH
C¢HIbHLIE B3AMMOAEHCTBHASH, NOBPEMEHNTE. 3TO NIPOCTO
ouepefHLie NPHAYPKOBATHIE KapPrOHHHEE HA3BAHMUA,
KOTOpHe QPUSHKH OPUAYManu, YTo6k cONTH C TONKY
HeIIOCBSIeHHbIX . ”

OnHAKO MeXKJYy dJeKTPOMATHUTHEIM PEXKUMOM M
CHUJIBHBIM PE}XHMOM CYIIECTBYET Ba’KHOE Da3jAdue.
Kax # upu 3ieKTpOMarHeTuaMe, ¢MrpoKus (KBapKu)
o6nanaior 3apAAOM, OHAKO, B OTJIMYHE OT IJIEKTPO-
MarseTn3Ma, MAYHK TOXe 3apsxeH. ['1i00HH He Mpo-
CTO HePeHOCAT CHJILROE B3anMojieiicTBie, OHH ero uys8-
cmeyom — 4TOo pa3uTeNbHHIM 06PA30M OTIIMYAET UX OT
¢oroHOB. I'NMIOOHEI IPUTATUBAIOT APYT APyra M 3any-
TRIBAIOTCH B CTPYKTYPHI, KOTOPEIE Ha3hIBaXOTCA I1060-
JaMU. 3TO 3HAYHUT, UTO FJIIOOHEI HE MOI'YT JETATh Jaje-
KO M CPA3Y NONAAAIOTCA B JOBYIIRY — 3TO OAHA U3
IJIaBHBIX PUYUH, IO KOTOPOit CUNLHOE B3auMogeiicT-
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BHe OT'DAaHHYEHO Hpe/AeNaMM ajapa. 1o BAROIHe cpa-
BEJJIMBO AJIS KBAPKOB, KOTOpKIE JaAyT CTO OYKOB BIIe-
pel ormenbauKaM Bpoge JLk.- . Camuagixepa 1 Toma-
ca ITungyona. Bue Aapa oHH BooGLIe HE BCTPEYAIOTCA.

Hama Teopua rpaBuranui, KOTOpasd HAZLIBAETCA
obmeil Teopueil OTHOCHTEABHOCTH, BoO6GIIE He TpeGyeT
yacTun-neperocynkos. 06 obuteit reopuy OTHOCHTEN -
HOCTH MbI IOTOBOPHM B riasax 6 u 7, Bo Tor gakrT, 4T0
IrPaBHTALUSA, COTJIACHO TEOPHH OTHOCKTENABHOCTH, HA-
CTOJBLKO OTJIUYAETCA OT BCEro OCTANBHOTO, — 3TO Taii-
HA, pa3rafiky KOTOPOii MEI, BEPOATHO, Y3HAEM, KOorja
6yner paspaborana « Teopus Beeros (no kpaiiaeit Mepe
y6edumenvran Teopus Beero).

Ecnu Bce CHIBI ¢HA CAMOM Jlefie» OANRAKOREI, TOIZA
Y BCex AOJKHA OLITH YACTUDA-TePEHOCYHK, Re TaK JTU?
Hesa sakniouaeTca B TOM, YTO FPABUTALIAIO IEPEHOCHT
YACTHNA NOJ HA3BAHNEM INPABUTOH, HO €€ He IPOCTO
elme He OTKPBINKM — MBI KpaiiHe JaJleky OT TeXHOJIOru-
4ecKoi BO3MOMHOCTH IPOBECTH SKCIEPHMEHT, YYBCT-
BHTEJLHOCTH KOTOPOTO XBaTHNO ORI AN OOHADYKEHUA
3T0i1 yacTAnEl, OAHAKO MBI YiKe 3HAEM, UTQ eCJId Irpa-
BHUTOHBI CYIEeCTBYIOT, TO OHH, KaK ¥ (PJOTOHH, JOJIKHBI
OBITH IMIIEHH MACCH. BoT mogemMy oHM cnOCoGHH He-
peAaBaTh PABUTAMOHARIE CUTHAJEI HA TAKHE pOMaN-
HbIe PACCTOAHUA.

Cnaboe BaammopeiicTBue OTIMYAETCH OT APYrUX
OYeHb CHJIBHO H JOKA3KIBAET 3T0, KAK TONBKO MOXKET,
CamMoe MHTEpecHOE ero OTJIMYie 3aKJIouaeTcs B TOM,
4710 caaboe B3aumMogeiicTeIIe HEPEHOCAT TPH YACTHILRI~
nepenocdnka, B oranume oT NHKOHCKUX HA3BAHMIA,
KOTOpbIe NOJMYYWIR APYrue YacTHIbI, 3TH HASKBAKOTCA
npocro — W-6030HE 1 Z-6030811};, [Touemy ke coaboe

! W-BosoBkl 6ntBaioT ABYX padrosufHocret. Tax ma6upaercs
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"

B3auMoJAeficTBHE HACTONBLKO cnabo, moueMy AN TOrO,
4TO6M XOTh KAK-TO MIPOSABATELCH, €MY HYKHEI JACTAH-
IAA cyGaTOMHBIX pasmepoB? OTBeT MHI y)Ke 3HAEM.
Bosonnl MaccuBHEL, Kak TUMHACTHYECKNE MAYH, ¥ UM
OYEHB TPYAHO NePeMemAaThCa Ha JaJIbHHe JUCTARHINH,
BeposTHO, BRI HE BUAUTE B 9TOM HHYero HeobLIyHOTO,
OLHAKO Jla)ke MO CAMBLIM IPOCTHIM TeopuaM caaboe
B3aMTMOAEHCTBHE, KAK 7 DJIEKTPOMATHETH3IM H BCE IIPO-
Ype CHJILI, AOJKHO MMETh YACTHIIY-IepeHOCYUK, JH-
HIeHHY1I0 Maccenl. ITouemMy ske 3TH YACTRIKI COBCEM APY-
rue?

B dusnueckoM Mupe GuITH HEMOXOMKMM HA XPYTHX —
COMHHTeJIbHOE JOCTORHCTBO. PHUINKH JI00AT CUMMET-
puI0. 3TO HacToAlIAadA Ji060Bs. OHM OCELIAIOT CHMMET-
PUH HE)XHEIe 3a0HCOUKH HA JIEKIIUAX M BCTPEYaloT ee
nocJye 3aHATHA ¢ 1BeTamMu. B menoM GUIAKHA IOERMA-
IOT IOA CUMMETpHeil BOT YTO: MOKHO MEHATH I8PaMET-
PHI CHCTEMEl, HO (hU3nKa, KOTopad CTOUT 38 HeH, He
MEHSIETCR IIPH 3TOM HM KAIICIHKH.

HpexcrasbTe ceBe, 4TO BRI MOEXANHA 3a TOPOJ HOMT-
PATh B MMHH-TOJAL( C INIEMAHHUKOM B MIEMAHEHIEH
H, B COOTBETCTBHH C TPAAMIHOHHEIMH TreHAEPHBIMHA
OpeACTaBNEeHUSAMH, XAETEe NJIEeMAHHUKY CHHMH MAd,
a nIeMaHEnNe — KpacHuiil, Koraa B HaunraeTe pa-
VHJ, HEBAKHO, Y KOI'O CHHHIf MAY, 8 ¥ KOro KPacHHIH,
NOCKOJIBbKY HA NTPOBRIE KAYECTBAa MAYA IBET HUKAK He
BIHAET. ) o

A Teneps npeAcTaBbTe cebe, UTO HA IOJILYTH K JIYH-
K€ BRI OTBJEKJH jJeTe BKYCHeHIINM MODOKEHBEIM H
TaWKOM NMOMEeHSIN MECTAMM CHHMHA ¥ KPACHEIA MAYH-
xu. Eciu BEl npRaHaeTech KeTAM, YTO HOMEHAIN MA-
YUKH, HUYero CTPAIIHOTO He cayduTcess. OHH BEPHYTCH
K Urpe Ha TOM MeCTe, I'/lé OCTAHOBHJIMCH, NPOCTO Te-
peph NJeMAHHNK OyAeT GMTH IO KPacHOMY MAYY,
a NJeMSHHEMOA — N0 CHHeMy. KOHeYHO, NOAMEHHTH
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TOJNBKO OAMH MAYHK U CAGNATH TAK, YTOOK Ha HoNe
OKA3AJIOCh BA KPACHEIX, HENb3SA: TOra AeTa He GyAyT
3HATH, IO KAKOMY MAYHUKY GMTh, ¥ Bhl HCIODPTHTE UM
9IyNEeCHBIE JEeHB., . .

JlapaiiTe ofpaTHMcH K Gosee HAYIRLIM MATEDAAM,
HeXenu MAYHKA H Kiomku. [leidrepnit — aro papm-
aHT BOZOPOAA, SAPO KOTODOTO COCFOHT M3 NPOTOHA M
aeiirpona. Ecin 66l BE) DONMTANRCH 3AMEHITE OAHH U3
HeHTDOHOB IPOTOHOM KJIM HaoGOpOT, y Bac 6 moxy-
quiaca GeHOMeH BpOJe JOX-HeCCKOrO YyAOBUINA MIH
CHEJKHOTI'O 4eJIOBeKa: OYeHb 3aH#THHH, HO HeCYInecT-
Bywolquii. PH3KKHU TAK LIERAT CHAMMETPHIO, HIOCKOJBKY
¢ byEIaMeHTaNbHON TOYKK 3peHusA JoGLIe 1B dJIeK-
TPOEA — UK Ji00LIe ABe 3JeMeBTAPHEIe TACTHILH Of-
HOI'0 B TOTO JKeé THIOA — B TOYHOCTH ONHAKOBEI, He-
pasanuumMul. Ha MUKDOCKONHUYECKOM ypOoBHE HENh3d
CKA3ATh «MOoNt 5JeKTPOHs H «3MOMm 3NEKTPOoHs . Mt
IIPOCTO OTMEYAEM, ITO MX ABA. '

Tak, BO He COBCEM. ¥ SAEKTPOHOB €CThH eme OXHO
CBOIICTBO — CHMH, — KAK MBI 3@MeTHJIM, KOTAAa 00Cy kK-
Janu B npeanayuiei raase 3IIP-napagoke. Coun anek-
TPOHA MOKeT OLITH HALIPABJIeH BBEPX MaM BHH3. B ueMm
pasauna? Bo MEHOTHX ciydyasx pasHUOE AAKaKoil. Ha-
IpHMep, JNEKTPOH CO CONHOM; HADPaRJieHHLIM BBepX,
UMeeT TY JKe Maccy H 3apaf, UTO ¥ DAEKTPOH, Yelt CnuH
HanpaBneH BEu3. C Apyroii cTOPOHBI, €CAM MBI IPOITyC-
THM 3JI€KTPOH CO CHUHOM, HATTPABICEHKIM BHUS, Yepes
MarsuTHOE 110Jle, OH OTPA3ATCSH He B TOM HANPABACHUH,
9TO 3/IeKTPOH, Yell cCOvH HanlpaBaeH 8BepX. Bosee Toro,
OpH NOMONIHM MATHMTHOTO NOJS MOYXHO IIPEBPATHTh
3JIEKTPOH CO CHMHOM, HATPABJICHHLIM BHU3, B 3JIeK-
TPOH CO COMHOM, HAIDABJIEHHKIM BHU3, ¥ HaoBopor.
TyYT-TO B MIpy ¥ BCTynaer cuMMerpusa. Duanku oT™e-
YAIOT, YTO JBe YACTHIILI COBEPIIEHHO OANHAKOBH, KPO-
Me OAHOFO OTHOCHTEJIbLHO HeGoanmioro pasnuyna. Mur
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AYMA€eM 0 BMX KaK 0 IBYX BePCHAX OXHO U ToM e ua-
CTHIIEL. .

PasyMeeTca, HHOrA 3TA AHAJIOTH S OKA3KBAETCSH JO-
BOJIbHO-TAKHK HaTARyTol. Hanpumep, npu urpe B Mu-
HE-TONLY MOXXHO BeerAs 3aMEeEHTh KPacHHE MAY cu-
HEM, H HU4ero y:KacEOro Be npousoitner. Ha urposnie
KadecTRa MsAda IIBET, HOBTOPHM, He BanseT. Ho uro 6y-
AET, €CJAH MBIl 3aMEHHM KPACHHIHA MAY yTOONLHEIM?
C TOuKM 3peHuH Mrph B ronbd Takas nogMena Gyaer
<ILI0XOK CHMMeTpHeil» , IOCKONBLKY ORWH MSAY BIE38€T
B AYHKY, a Apyroit — "er. OgHaKoO ecJH 6Bl BB HE HI-
pannm B roabd, a XoTeJu NPOBEPUTEL, POBHBI JIM Y Bac
B FOCTHHOH HOJI, TO MAY AAs roabda u GyrboabHEIM
MAY OOCAYKHIM GBI 3TOM IeaH ¢ OAKHAKOBRLIM ycre-
XOM.

Bosee Toro, y 3JIeKTPOHOB €CThb €mie OAHO Kadecr-
BO — TaK Ha3nwIBaeMad ¢asa, KOTOpylo Boobme BEeBO3-
MOXtHO M3MepHuTb. MI3MepHuTh MOKHO TOJEKO DASHHILY
B (hazax MexnIy AByMs snekrporamu’. J[Ba 3nexTpoRa
¢ pa3HeIM# (hba3aMA B HEKOTOPHKIX OTHOIIEHUAX — OLHA
M Ta JKe YaCTHIA, & B HEKOTOPLIX — pasHble.

Ja y%, ¢ 3TUMH 3JIeKTPOHAMHA OXHA MOPOKA.,

B 1940 rogax Puuapp Peiiuman us Kanndopauii-
CKOT'0 TEXHOJOTHYECKOr0 HHCTHTYTA HIPHAYMAJ COBED-
MIeHHO HOBRI moaxox KO BceMy aToMy. OH crpocui,
YT0 GhI DPOUIOIMNIO, €cii OB CYIECTROBAJIO NOJAe, CHO-
co6HOe MeHATH ¢a3y aneKTpoHa (WIH 0605t ApyTOii 3a-
PAXeHHON yacTHIkI) Ha Apyryw dasy. [Ipobusurucs
CKBO3b MaTeMaTHIeCKHe 1e0py, OH O0HADYKILL, YTO 3TO
M eCTh 3JeKTPOMarsuTHoe noJjie. Taroe crpanHOe Opej-
[IOJIOMEHHe — UTO BJIEKTPOHEI € OfHOM (a3oit MOXKHO
NPEBPATUTh B DJIEKTPOHEI ¢ PYTroif — CTayo0 OCHOBOM

1 baza — 3TO UTO-TO BPOAE KAJAPOBOY CHHXPDOHMBAINY HA CTA-
pon Tenesuaope. Kapruaxy Bce paBHO MOKHO Pas3iIiYMTh, KAXKe
€CJI¥ OHA YyTH NIOBEPHYTA.

6- FonnGepr A, BaoMkeuct M. . 161
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AJS TOrO, YTOGH NPEACKA3ATH BCE, YTO KACACTCH CBETA.
Ecan 611 DeiiHMaR OpOAEAAJ Te YK€ BhRIUACICHHA HA
CODOK JIeT paHbiile, TO HpeAcKasas 6ut PoToHL 10 TOTO,
Kak JAHOITelH A0KAa34J1, YTO OHH CYIEeCTBYIOT.

MEI HOSTHOCTBIO COTJIACHRI, UTO TAKO# NOAXO0N, IOJIY-
YUBMIHXHA Ha3BaHHE ¢KBAHTOBAA JNEKTPOAUHAMUKAS,
- mpegcraBiafieTcAa aGCOMIOTHO HAAYMAHEKM. ¥ HAC HET
HY MajiefliuX mpeXcTaBIeEnit 0 TOM, noueMy Beesen-
Hasa pemunja ob63aBecTHCh GU3NYECKUMN 3AaKOHAMH,
IOCTPOSHHBLIMM TAK, YTOBH AIA HUX GbiN cupaBenn-
BEI APrYMEHThHI, OCHOBAHHbEIe Ha cummeTpuu. Ho ato
daKT — apryMeHTH CIIpaBeAIMBHL.

HMeHHO B 2TOM Cciiydae PU3NKH M BCIHOMHHAOT
0 CBOe# CTAPUHHON NoApYMXKKe — cHMMerpuu. Mosker
GRITDH, €CJIM 3TOT NOAXOK POAUTCA ANS OXHOM U3 pyHAA-
MEHT&JILHRIX CHJI, OH CrOAUTCA U A1 ocTanbHux? Ha
nepBLIN B3I/ 3JIEKTPOHbl M HEHTPUHO He CIAHIIKOM
TOXO0KH APYr Ha Apyra. Bo-nepBuIxX, 3JIeKTPOHEI 3aps-
JKeHHI OTPULATENBHO, & HeUTPHHO 3JEKTPUYECKH Hell-
TpanbHBEl. C TOYKH 3pEeHMA 3JeKTPOMATHETH3MA OHHU
BOOGIIE OueHE pa3Hkle. XoTdA 06e yacTHILI KpaitHe Jer-
KH, HelTPHUHO HACTOJNLKO MAJIBI, YTO QU3HUKH JOJIToe
BpeMsa cunTanu, 6YATO y BUX BooOIIEe HET MACCHI.

OgHaKOo y 3JIEKTPOHOB M HEHTPHHO ABHO €CTH HEYTO
obmee. Ecnu B pe3yibTaTe peaKIiuy IOABIAETCA Hel-
TDHHO, MOYKETE CMEJIO CTABHTH IMOCIEAHUH JoJj1ap 3a
TO, UTO B STOM 3aMellaH 3nexkTpoH. IloaroMmy, BepoaT-
HO, 9TH YACTHIEL B YEM-TO CHMMETPUYHBI, TOJABKO CHM-
MeTpHuA o4eHb cnabasa. Tunoresa 3akaH0OIAETCS B TOM,
4YTO CymiecTByeT caaboe 1oJe, 2 HA CAMOM JieJle IeJbIX
TPH, KOTOPOe cNOCOOHO NPeBpaTHTh 3JEeKTPOH B Heil-
TPHHO M HA060DOT, MJIM NPEBPATUTS U-KBApK B d-KBapK,
WK MO3BOJIKTH HERTPUHO pasberaTbca APYT OT Apyra.
ManerbKlie « KYCOUKM» 3TOrO I0OJIS MOXKHO 3aceyb Ae-
TEKTOPOM — 3TO WacTHuusl W u Z.
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Mm Mornx Gl NpoAenaTh NPHMEPHO TAKHE XK HIIH
ropasazo 6osiee CAGIKHBIE JOTHICCKHE BRIKJIANKHA U BHI-
ABHTH Ka4eCTBA TIIIOOHOB, ROCUTeNeH CUALHOrO B3ad-
MOJeHCTBUA, AN I'IIOTETHYECKOrO FrPaBUTOHA, HOCH-
Tend rpasaTanau. Ho Mu aToro aexats Be 6yaem. Hac
(kak H uccaenonareneii, paboraromux Ha BAK) unre-
pecyer pasragka TalHBE ciaboro saauMoneicTsus.
®opmynnl ¢186010 B3aMMOJEHCTBHSA, KOTODLIE ONyYa-
JOTCH, KOI/IA MBI TPOXELIBAEM BEUMCACHNS , OCHOBAE-
HEI¢ HA CHUMMETDHH, OKA3KBAIOTCA HOUYTH UACANBHO
TOYHRIMM — KaK U B CJydae ¢ 5JIeKTPOMATHEeTH3MOM.

Iourn.

B rnase 1 MEI BHAEAH ADPYryI0 GOpPMY CHMMETPHU.
Torga M»bI ee Tak He HABHIBAJIM, HO OTMETUIH, YTO BCSA
dusnka BeesenHOi HMeeT OANHAKOBBIY CMBICI, KOTAA
BRI CTOMTE HENOABMMKXHO HJIH ABUraeTech pPABHOMEpPHO
H npaMonupeiino. KpoMe Toro, Mut Baaeau, 4To CKO-
POCTH YACTHI], OYEBHAHO, MEHAJIACH B 3aBHCHUMOCTH OT
TOI0, ABUTAETECH BLI WIH COXPAHSAETE HeIOABHIKHOCTD.
C ogHuM HCKIIIOYEHNEM: YaCTHI[H, JHNIeHHEIe MACCH!,
BCEr/la ABUTAIOTCH CO CKODOCTHIO CBETA.

OueBUAHO, B YACTHLAX, JHOICEHHRIX MACCHI, €CTh
YTO-TO OCOGEHHOE, M H3 HTOr0 ZOJIKHO CAEAOBATH, CO-
I'JIACHO HAITHM CHMMETPHYECKHM aPTYMEeHTAM, UTO BCe
YACTHILI-IIEPEeHOCYMKH XOJKHEI OBITh JIMIIEBHl Mac-
chl. MOTOHH U I'IIOOHB! UMEEHO TAKOBRI. XOTSA MM TaK
1 He NOAYIMUAM I'DABHTOH, TOT (bAKT, UTO rPABHTAIMA
PACIPOCTPARAETCH CO CKOPOCTHIO CBeTa, O3HAYAET, UTO
IPaBUTOHBI JOJKHEI OBITH TOME JHIIEHBL! MACCHI.

C apyro#i cropons!, yacTunsl W n Z obnanalor Mac-
coit, u enge kaxoit'. Quu npumepuo B 100 pas MaccusHee
nporoHa, C TOUYKH 3pEeHNUA MATEMATHKY HYHHO 300p080
[OBO3UTHCS ¢ GOPMyJIaMH, YTOOEI € 3THM pa3oGpaThCs.

{ Ecnym yoK OHM NEHATCA, TAK JEHATCH, M ¢ ARBAHA HX He TOX-
HATD. .
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V. Nouemy s He mory c6pocuTts Bec
(vnu maccy) no Hyna?

Hackonpbko MBI IIOHMAaEM, apryMeHTH, OCHOBaH-
Hble Ha CHMMETPMH, 0 KOTOPHX MEI F'OBOPHJIM BhIIIE, 1
B CAMOM Jiejie ONUCAIBAIOT PYHRAMEHTAJNBHEIE YpABHE-
ung Beenennoii., YacTHUH AeMCTBHTENLEO CHOCOGHR
NpeBpAIIATLCS ADPYT B ApyTa. ECiin aTa A0oragka BepHa,
TO MBI MOIJIi 6Bl DPECKA3ATD KAKAYIO U3 DyHRaMeH-
TANBHLIX CHJI, CYILIeCTBOBAHUE SJIEKTPOHOB B HelTpH-
HO, PasjiM4HbIe PASHOBUAHOCTHA KBAPKOB M TaK Jajee.

Ho MuI 2TOr0 He MoXKeM. I'masHasa npoGireMa — aTo
Macca, oHa C0BHO Gopel cyMo Ha TpeHaxepe «Kysne-
YUK ». MacCH HOJKHBI ObITH JHIIEHH! Ke TOJBKO Yac-
s W u Z, Ecov 651 MBI HAUMHAJIY C HYJIA, CO37aBas
caMyio HPOCTYIO M3 BOSMOXKHBIX Mofesneit BeeenHoiA,
MEI Ob1 IIPEATIOJIOKHIIN, YTO KBAPKH, 3/IeKTPOHHBI N Heli-
TPHHO TOKEe NOJIKHEI GBITH AUNIEHK MACCHL. A y HUX
Macca ecTh. -

BonsmMACTBO NONYJAAPHLIX KHAT 10 (PHU3HNKe I'0OBO-
PHT O KOHIENIINAX HANIOA00HE «CIIOHTAHHOIO Hapyle-
HHA CHMMETPHH® ¥ IPDYTHX TeXHWYECKUX TEpMHUHAX,
neNnb KOTOPHIX — OHHMCATH MAcCy HUepe3 pealibHble Ya-
CTHOEI. A Ha CAMOM Jiesie 3TH ROHHenmue — He 6oiee
YeM ycJIOBHOE OHMCaNue, IPU NHOMOIIH KOTOPOr'o ONH-
CHIBaEeTCA MATEMATHKa, KoTopasa (rm!) oTaaxkmBaer
VPaBHEeHMH, YTOOK OHM NPEACKA3BIBAJIM MMEHHO TO,
uyTo MBI HabJl0/laeM Ha CAMOM Jene.

Tax na%eK0 Mbl 3aXOAMTb HE XOTHM. B aTOM HeT HM-
gero HeuecTHOro. Bosee Toro, 3To u ecTh (PU3HKA BhIC-
mero copra. Bul npuaymuiBaere Teopuio, Beetennas ne
COOTBETCTBYET BAIIMM NPEACKA3ZAHUAM, MO3TOMY BEI
IpUAYMBIBaeTe HOBEIH MHCTPYMEHT, uTOOLI moanpa-
BHTb MaTeMaTuKy. Hanpumep, kBapxu nonavany Ge1au
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OPHAYNAHBI KAaK MaTeMaTHYeCKOe JonylieHue, & Io-
TOM OKa3aJi0Ch, YTO OHH ¥ BIIPABAY CYII[ECTBYIOT.

Bbiyo 6l rIyno onECHIBATHL MATEMATHKY, KOTOPAA
tpebyercs, uToGH 060UTH NPEIATCTBHSA, C KOTOPHIMU
MBI IO CHX IOP CTOJKHYANCH, BuLIo OB OTHIOAB He TiIy-
o, ecjiux 661 MH noasean uror. B 1960-x roxax Iutep
Xurrc U3 aUEGYPrcKoOro YHNBepCHTETE NPEeANONO-
JKHJI, 4TO BO BeesreHHOM CyIecTByeT enie O4HO noje —
KpOMe TeX moJjeif, 0 KOTOPhIX Mbl yiKe YCHeau NoroBo-
puTh. Haspasu ero BecbMa CBeKO ¥ OPUIHHAJNBHO —
«noye Xurrcas . [Tose Xurrca uMeeT 04HO paguKaabHOe
OTJIMYME OT BCEX TeX MQJei, 0 KOTOPRIX MKl YIIOMUHA-
JIX: OHO He HeCeT CHJIKL.

Ilone Xurrca nporusmBaer Bcio Beeaennyw. Bu
B HEeM Tax M Kynaerech. Ho mouemy ke MEl ero He 3a-
MeyaeM, ecJid OHO HAC OKpYy:xaeT? UTo 0HO gesaeT, 3T0
nojie Xnurrca? llonpobyeM 00BbACHETE NPEAEIBHO HPO-
CTO: mpeAicTaBbTe cebe, YTO aTo HoJe —— YTO-TO Bpoje
ryctoro mega. [Tosoxure KRapk B 6oJbiIoe Bexpo,
MOJHOE NOJXR XUrTCa, ¥ NOATONKHAMUTE ero. Uro 6yaer?
Tonrars KBapK, B3anMozeiicTBYIOmMAik ¢ mMoyreM Xurr-
ca, TpyAHee, 4eM BhI AyMasH. C pusryecKOi TOUKY 3pe-
HUSA YeM TPYAHEe YTO-TO ABUIraTh, TEéM OHO MaCCHBHEE.
To ecTs mosie XUITca «IpULaeT» HaCTHLAM MACCY.

M=u GBI He XOTEJH CAHIIKOM JOJATO PA3BUBATH 3Ty

_anasornio. Ecau 651 nose Xurrca feiicTBuTeabHO 661510

noxo:xe Ha I'yCTOH MeH, TO 9aCTHIA, NPHASA B JBUMKE-
HHe, HaYNHAaJa 6Bl HIOTOM TOPMO3HUTBECH. A 3TOr0 ABHO
He npoucxoanT. U Bce :ke B OCHOBEOM KAPTHHA COCTO-
KT B TOM, YTO, NOAOGHO TOMY KAK 3JIeKTPOMATHUTHOE
oJie Co3xaeT B3aUMOAeNCTBIE, KOTOPOe ABUIaeT 3apsa-
sKeHHhIe YaCTHULI, oJe XHurTrea co3aeT B3auMojeicT-
BHE, KOTOpOe NpUAAeT YaCTUIE Maccy.

Bce aT0 Kamercda uucroif BOAbl YMCTBOBAHHEM,
BepHO? ‘
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Ho geno oTHIOAB HE B TOM, YTO HePBHEIN PH3UK XBa-
TaeTcA 38 COJIOMHHKY. Mul y>Xe YIOMHHAIN I'HIOOTEIY
0 TOM, YTO pa3dHooGpas3Hbie cuJibl Bo Beeslernoit — Bee-
FO JIMIIIb Pa3HEle ACHEKTHI OAHON-eANHCTBeHHOMA CHIIEI.
Hanpramep, KOria-To CUKTAIOCE, UTO 3JIeKTPHIECTRO U
MATHETH3M — COBEPINEHHO PDAJHEIE ABJEHHA, IOKA
B 1865 roxy Mxeiimc Kiepx Makcsensn me noxkasain,
YTO 370 TPOCTO PA3HEIE ACIEKTH OJHOIO M TOTIO e
3JeKTPOMArHUTHOrO BBauMOAeHCTBHA,

C Tex caMBIX mop GH3MKHU NBITAIOTCA OKA3ATH, YTO
OCTABIINeCH YeThipe CHJIBI -— 3TO HA CAMOM JieJle TPH,
JBe MM B UJeaJIbHOM caydae ofHa. Yro ke aTO 03HA-
qaetr? Bear byHRaMeHTANBHBIE CHJIL U B CAMOM fiefle
KaXXyTCcH OYyeHb pasHhiM#t. Cerozusi Taxk M eeThb, OfHAa-
KO, KaK BEIACHHETCS, BCe 3a8BHCHT OT TOI'0, AOCTATOTHO
Ju Beenennras pasorpera. .

B 1961 roay llleagon 'rsmoy, Crusen BaiinGepr
n Abayc CanaM nokasasn, 9YTO 3JEeKTPOMATHETH3M H
cnaboe BzanMogeiicTBYe — 3TO OAHO U TO Ke. Ha mep-
BBI# B3TJIAJ 3TO CMeNoe 3aABeHue. Pasiuunsg Mexay
9MeKXTPOMATHETU3MOM M ciaabuiM B3auMoaeiicTBHEM
6pocaroTest B rnasa. YacTHOA-NePEeHOCUNK Y SIEKTPO-
MarHeTM3Ma He NMeeT MACCH, a crabkie Baanmoae#cT-
BHA NPOHCXOAAT uepes uacThnl W u Z, xoTopsie 04eHb
H OYeHb TAMEJH. B peayjbTare 3JeKTPOMATHNTHBIE
B3AMMOJEHCTBUSA MOTYT PACIPOCTPAHATHCA Ha 6oJb-
[IMe PACCTOAHNA, a caabule B3anMogelicTBHA — TONb-
KO Ha o4YeHb 6/IM3KHe.: ‘

B o6meM, caMi BEANTE: TIOKA YTO MOJYyUaeTCA, YTO
aTo pasHbie cuakul, Crpapno. Kak ke o6beqUHNTD ABa
HACTOJNBbKO PAa3nnunbix asiaeaus? I'mamoy, Baitubepr
u CasiaM pacCMOTDEJIH TO, KAK 3TH CHJIKI BRITVIAAEIN HA
3ape BcenernHoil, NIpu BRICOKOM TeMnepaType H 3Hep-
ruy. 1 okasanocs, 4To OJIHAA TeOPHUs dJIeKTpocaabnix
B3auMoeiicTBu# TpeGyeT YeTHIpEe YACTULbI-IIEPEHOC"
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JUKA, KOTODKIE B3aHMOAEHCTBYIOT ¢ MPUMEDHO OARHA-
KOBOik cuJIOi.

Opmako no Mepe Toro, kax Becenennas ocTHBaNA,
noJsie Xurrca (KOTopoe CYIL{eCTBOBAAO BCE 3TO BPEMA H
HEKYAA He KeBAJOCh) HayaJo ycTapaTh. H rorga oHO
(MeTadopruueckH) BhINLIO Ha DEHCHIO, TO HAYAJO TPH-
HHMAaTh ropadee ygacrie B fenxax coceneit. Tpa u3
asekTpocnabrix wactrn (oGe W. r Z) Haqganyu B3aMMO-
JAe#fCcTBOBATSH ¢ moJieM X HITCA ¥ IOXYIMIH Macey, a Qpo-
TOH Tak M ocTajics 6e3 maccul. Teneps, DOCKOJBKY 1O~
BefieHHe yacTul W u Z crajio TaK PA3HTEILHO OTJIM-
9aThCA OT HOBeXEHUA (POTOHA, MK BHIHYKIECHHN JATh
B3aKMOZeiicTBHIO HOBOE HA3BAHRE -— caaboe B3aHMMO-
JeiicrBue. Bponge 6bl monyuunack cClaBEas ACTOPUS
€ XOPOLIHM KOHIOM — ecJu 6hI He OXHA MAJIOCTD.

Y106 yGeAUTLCA B TOM, UTO ABE HACTOJIHKO DASHEIE
‘CHJABI MOXKHO O0BeAUHHUTD, HY#HO YOeANTeJIbHOE AOKA-
3aTenscTBO. Teopusa anexkTpocaaboro B3aauMogecTBrsA
He 6eaynpeuna. Helb3sa B3ATHL H COYBHUTH MCTOPHIO,
a OTOM HAJIEATHCH, 9TO BCE B Hee TAK CPA3Y H IOBEPAT.
OnxHO M3 CAMBIX CONUAHBLIX OPEACKRABAHUN 3JIEKTPO-
cnaboil TeopuN — COOTHONMIEHHEe Macc yacTun W u Z.
Brino npeackasano, 4To yacTuun Z Ha 13% Taxenee
yactug W,— # 8T0 3KCIepHMEHTAJLEO NOATBEPAH-
JI0Ch, IpMYEM A0 CMEIIHOr0 TOYHO. '

Cna6o€e MecTo COCTOHT B TOM, UYTO €CJAH MBI XOTHM,
9TOOBI BCE 3TO HMEJIO CMEIC), CAERYeT AOMYCTHTD, UTO
nose XUurrca JeficTBHTENBHO CYINECTBYeT. HaYe a)1ekK-
TPOMATI'HNTHEIE U cAa0kle noasa ORIH GH IO CHX IIOP.
enuHn. BTopoit BapuaHT — 2TA& TEOPHA COBEPUIEHHO
omu0oYHA, ¥ HAM HYJKHO HaYHHATE ¢ HysnA. Oanako,
YT06BI COXPaHUTh KOJJIEKTVBHEIN pacCyAoK, Ipeano-

JIOKUM HA MHHYTY, 9TO HoJe XHIrca CymIecTBYET.
B aToM ciyuae, KAK M B CJIy4Yae BceX OCTANIBHLIX OJel,
MaJIeHbKHe KYCOUKH noja XHurrca JoJKHH Habaio-
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JaThCA B BUAE 9acTUL. EAUHCTBEHHAR CJIOIKHOCTD 34-
KJIOYaeTca B TOM, YTO <YacTHHA XHUITCA» 3JIeKTpHYe-
CKH HeliTpaJSibHA (8 3HAYNT, IPH HOPMAaJLHLIX obcTos-
TeJIBCTBAX ee TPYAHO 3aMeTHTh) ¥ KpaliHe MacCHBHa
(a 3HaUHKT, ee TPYAHO CO3JATHL B KoJialjepe, a ecliu
yAacTcs, OHA OYEHB GRICTPO pacnajfercs).

Hackoisbko 0HA MacCHBHA, MBI He 3HAEM, HO eCaH
61 OHA 6BLMA JeFKOoM, MBI 611 JaBHO ee npoHabonany,
a ecy 01 OHA GBlIa CIIHIIROM MACCHBHO#, TO YACTHIIHI
W u Z umenu Obl Apyroe COOTHOILIEHHE Macc. OTH JBa
OTpaHMYEHNS 3aCTABAAIOT CINTATh, YTO YACTHIA Xwurr-
ca gonxHa 6mTh B 120-200 pas Taxesee npoToHa,
H IleJIb ATPH, KPOME TOr0, YTOOK O6HAPYIKUTH YACTHILY
Xurrca KaK TRKOBYIO, — BEITHCINATH, KAKOBA €€ MACCA.
Haxe 1o BAK ¢usuru, paboralomiue Ha KoJiaifepe-
reBaTpoHe Jaboparopun aM, Depmy, B Hauane 2009 roga
IOKAa3ajJH, 4YT0 MAacca YacTHUbLI XHITCA He Moxem
6vtmb B 170~180 pa3 Gonpme Macesl DPOTOHA.

Kak ke MBI co6upaemMcs BHITAIIUThE OAHY M3 2THX
HeroZHuLU 13 KosnaknepoB? o ¢cuX NOp MBI FOBOPHIIH
0 CTOJIKHOBEHHAX HPOTOHHEIX NYUKOB, HO Ha CAMOM
JeJjle eCTh 3aHATHEe NOUMHTEpecHee, UeM CTAJKHUBaTh
nporoHHl. Korja yacTHHH pa3roHAIOTCA, OHH Habupa-
10T OueHb MHOTO 3Heprau. Ho Korza BeTpeuaioTes XBa
NpOTOHA, CTAJKHBAIOTCA HE CAMH NPOTOHEI, a UX 1O~
JAaTIUBOE COAEPXKHMOE.

KBapku ¥ INII00EB BEYTPH KaXA0ro NPOoToHa Habu-
paloT BO BpeMsA IIYTH BOKPYT KoJUlailiepa MHOT'O 9HED-
I'MH, ¥ UMeHHO CTOJKHOBEHMe IIIOOHA C TJII0OHOM M
BEICBOGOaeT GOJBIIOE KOJMYECTBO SHEPIHH, U3 KO-
TOPO#1 CO3RAI0TCA 'MTAHTCKHE YaCTUIIEI BPOJAE YACTUIIE
Xwurrca. ‘ ‘

IIouTH Bce BTO MBI JOoAyMAJIM — WJIH, JyYymie CKa-
3aTh, CAeJlau KpallHe cXeMaTHYHEIH HaBpPOCOK, OCHO-

.
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avimu =1 - xpapx

Yacmuws
Xatrca

BaHHBIH HA TOM, UTO HAM N3BecTHO. HaM m3BECTHO, YTO
STH JaCTHILI HHKOTAA He OhiAN 3acBHASTehCTBOBAHERL
HU B O/(HOM YCKOpPHTeJie YACTHII, ofHaxo B BAK MoxHO
6yneTr NPOBOANTL 3KCIEPHMERTHI ¢ HeSRBAJIO BLICOKA-
MH DHEprusiMH. 9TO 3HAYHUT, YTO €CJAH B NPeALIAYINX
VCKOPHTENAX MBI yiKe HCCJIefOBAJIE HHMKHIOW YaCTh
CIEKTPa MaCC, TO TEIEPh CMOMKEM HCKATE CAMEIE MAC-
CHBHEIE U3 yacTHI] XArTca, NpeJiCKASKIBAEMBIX TEODH-
eit. 1 Mnl yBepeHEl, 4TO €ClIH CTOJKHYTH ABa KBADKa
C AOCTATOYHO BHICOKOIT 9HEPrueii, B pe3yabTaTe peax-
MY TOABUTCHA YaCTHIR XHUrTea.
Ecym ona cymecTByeT.
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VI. Kak xe crapusa BAK,
Takon MaNIOCEHbKUA, YHUUTOXUT
Takoi 6bonbwoit mup?

Hrak, Mp HaKOHED NOHANH, 3adeM mocTpounu BAK,
HO MBI 3E8€M H TO, YTO MIOGONKITHOMY Ha JHAX OpHIIe-
MHJIH HOC B ABepAX M Mi06onkITcTBO cry6uio komky!.
Ecjau MH OTKpoeM 9YacTHIy XHArrca, 6yzer 3goposo.
9TO onpefieSIeHHO AOKAYKET, UTO MBI CTPANIHO YMHEIE,
HO HaM OBl O9eHb He XOTeJIOCh IepeMYyAPHUThL. JTO He
B HaIlINX MHTepecax.

Hanpumep, ec1ex MM cyMeeM NONY4YHUTE OJHY Mac-
CHUBHYIO YACTHLY — 4acTuny Xmrrca, — CTOJKHYB fiBa
KBAPKA, HE OKAMKETCS JIM, UTO MbI CyMeeM IOJIYYUTL U
IpYTy10, COBCEM APYTYIO HacCTHIY, KpaliHe OomacHYI0?
Koseuno, nps BBICOKO?HEPTMYHOM CTOJKHOBEHHMH

 MOX¢HO TIOJYYUTHh MHOI'O BCAKOMN BCcAYMHE., O6mecT-
BEHHOCTh HOUTCA, UTO €CJIM ABE YACTULH CTOAKHAYTCH,
OHY CO3AAAYT YTO-TO OUEHL-OUEHb CTPANIHOE; YePHYIO
ABIPY MJIM HEKOTOPYIO 39K30THYECKYIO MAaTePHIO NOX JIH-
PHUECKMM HA3BAHUEM «CTpallelbKits. Moryr jsn OHH
VHAUTOMKUTE MHD?

YnbrpacynepmMerakoLmMapHbiii
cuexnapuii N2 1. YepHas abipa
3arnartbisaeTt 3emio usny'i'pu

O yepHHIX AWPaX ME HOrOBOPYM HOAPOOGHO B IJia-
Be 5, a ceifuac BaM HYKHO 3HATH JIHINE OSUH BAMKHBIH
¢aKT: ecay Bul YPOHHTE KJIIOYM B UEDHYIO JBIDY, 3a-
6ynbTe 0 HUX, IOCKOJBKY HX, YBH, YK€ He BEDHYTh.
CyimecTByeT TOUKa, OTKYAa HET BO3BPATA, — TAK HA3hI~
BAeMBIif TOPU3OHT COORITHE, — U YeM GosbIle BemiecT-

! B yem BRI yOenumucs (Man He yOeZMIRCDH), NPOYHTAB IIasy 2.
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Ba nafiaeT B YEPHYIO AHIPY, TeM 6onpie cTAHOBUTCA
rOpHU3OHT COOLITHI, A CIEAOBATEILHO, 1 YePHAA ARIPA.

Tak uro ke Mpou3olifeT, eciin ABA IPOTOHA CTOJK-
ryrcs 8 BAK 1 kakuM-T0 06pa3oM NpespaTaATCA B yep-
ny aripy? Yepsaa aripa Gyaer Maccol camoe Goxab-
moe B 14 TEICAY Macc IPpOTOHE — TO €CTh IO YeJioBeye-
cKEM MacmTabaM coBceM KpoxoTyneurad. Bosee roro,
TOPH30OHT cOBbITHIM GyAeT Kaxke MEHbIle, YeM PasMep
aapa atoma. Hyxxao 6uITh O4eHb METKMM, 4T0o6L! ypo-
HUTH B Hee XOTs 6bl 9aCTHYKY.

Honauo GHITH, BaM KaXKeTcs, OYATO MOXKHO B3OX-
HYTH ¢ o6leryenneM — aH HeT, He paccnabasiitecs! Ce-
AYyeT MOMHMTb, UTO HAIlIA MEKPOCKONWYECKasd dYepHaa
ABIPA — HEOCTABOBUMAS MAMINHA AnA ybumitcTs. Crour
elf HATOJKHYTBCA HA JPYTI'¥e JacTHIhH!, ¥ OHA HX NOrj0-
TuT 1 6yner pacTh Bee 6uicTpee u 6nicTpee. Mu Goumes,
YTO MRKPOCKONMYeCcKas YepHaa Anpa, chopMHPOBAB-
IMch, HaWHeT PACTH, YIAAET K HeHTPY 3eMaH, TAe Npo-
JOJIKMT PACTH, M BIOCAEACTBHY IIOIJIOTHT 3eMIIo,

Vaxac, npaBga?

BAK u ero ronoesnas opranuaanua I{EPH 6niin Tax
o3aboueHH npobieMaMu cBa3eld ¢ 06 EeCTBeHHOCTRIO,
KOTOPHIE€ BOSHAKJIYM NPH CTPOMTEIbCTBE B 3aMyCKe KOJI-
Jaiifepa, 94TO CO3AAJNN ABe 3KCIEPTHLIE PYNNE — OJBY
B 2003-M, apyrywo B 2008 rogy, — KOTOpEIE JOJIKHEI
6BLJIH BHIACHKTD, €CTH JIH BePOATHOCTE, 4TO MAP Gyxer
yruuTOKeH. X 3aK/0ueEne rJIaCUT, YTO ¢HET EUKA-
KHUX OCHOBaHM cuuTaTh, uT0 BAK npeacrasaser co-
6oit kakyro 6ul To BH 651110 yTpoay». Eme 6nil Yro eme
OHM MOTJH cKa3aTh? OXHAKO €CNIM Mbl ¢ BAMY HEMHOTO
NMOAYMAaEM, TO IpHAEM K TOMY sKe 3aKJIIOUCHMIO,

IlepBast yremuTtearHas HOBOCTb — TOT PaKT, 4TO
BCe NpomneccH, koropruie 6yayr npoucxoauts B BAK,
ysxe npoucxonuam Ha 3eMae Gonbme 100 Tricay pas,
¥ ME DO-IPEXXHEMY C BAMH M MOXXEM 3TO OOCYKIATE.
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KocMHutecKkHe JIyYH ABUTAIOTCS C SHEPrUAMHU Aaxe
BEIIE, YeM Te, KOTOPRIX MiI focTArseM B BAK. U oan
NOCTOAHHO Bpe3aloTca B arMocdepy. Bee omacrocTH,
CBABAHHLIE CO CTOJKHOBEHUAMY BBICOKO3HEPIHRYHKIX
NpPOTOHOB, NOBTOPAJINCE CHOBA M CHOBA.

3eMiA NO-TIpe)KHEMY CYIIECTBYET, CAeAOBaTe/ILHO,
BAK He YHHUYTOXHUT 3eMJI0.

HaBaiire 3abyneMm o TOM, 4TO 3eMIs HO-NpPeXKHEMY
CYINECTBYET, U NOAYMAEM O TOM, IOYEMY OHA KO CUX
rop He nmorubia. IIpeskzie Bcero yurem, uTo, HeCMOTDS
Ha KOJIQCCAJILHBIE DHEepPruy, Mbl MOJ{EM IPOU3BOAUTH
B BAK TonsKo wacTunsl Huxe onpejiesIeHHONR MACCHI.
Kax MKl ysice rOBOPILIY, BEPXHUi npefesl — IPHMEpHO
14 Tricaq Macc nporoHa. Ha npakTuke OH enje HHXKE,
TAK KAK CTAJIKHMBAIOTCSH HA CAMOM Jejie KBapKH M IVII00-
HHI, & He HpoTor neankoM. Ha camom nerne 6ynyr cos-
AABATHCS YACTHIH JUIN OPUMEDHO B THICAYY Pa3 Mac-
CHBHEE IPOTOHA.

C apyroit cTOpOHEI, €CJIM MK XOTb YTO-TO HOHAMAEM
B ycTpoiicTse Beeneanoit, To 3HaeM, 470 MAHEMAJILHAS
Macca YepHoi AKpPEI cocTaBigeT npaMepro 20 MAJLTH-
&PAHBIX Z0Jled KAJNOrpaMMA — 3T0 TAK HA3KIBAEMAaA
macca IInagka. Kaxercda, 4ro oHA OYeHBb MaJja, HO 3TO
NIpUMEPHO B KBAAPUILOH pas Gosbie, 4eM caMbie Mac-
CHBHLIE YACTHIhI, KOTODEIe MOKHO noayuuTsh 8 BAK.

OTKyza 6epyTca aTu npesenn? Y13 HeonpeaeneHHo-
cri. B rinase 2 Mul yBUJENK, UTO HEAb3A € OUDEAEJICH-
HOCTLIO CKa3aTh, I'le HAXORUTCHA YACTHAILA, ¥ YeM MeHb~
111e ee Maccea, TeM Goabine HeopegeneEHoeThb. C Apyroi
CTOPOHBI, KOI'Z]a MBI FOBODHM 0 YePHBIX AKpPax, TO HMe-
eM B BHJIY, YTO BCK MX MacCca 3akJIIOYeHA B Ipeaenax
ropn3oHTa coOrITH. BEIBOJ: ecsim uepHAS Abipa CaAmul-
KOM MaJia, TO OHA BCs ¢HE NOMECTUTCAS B IIPE/eJIkl ro-
pu3oHTa cobuiTHii. TouKa nepeceueHHMA — BeJUYUHA
Mmacces Ilnanka. ‘
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Bcé nany 3HAEUS II0KA3BIBAIOT, UTO YEePHBIE ALIPHI
pasMepoM MeHbIne MaccH ITnanKa 06pasoBRIBATHECS HE
moryT. Ho rapyr Mel omr6aves ¥ 0HM BCe paBHO 06pa-
3yorca?

B rnaBe b Mul yGeauMcs, UTO YepHLIE AKPH B KOHILE
KOHIOB HcuedaoT. YeM MenbIlie yepHast ALIPA, TeM 6nl-
cTpee oHa ucnapserca. PaccyxaaTh 0 ToM, HACKOJIBLKO
OuICTpO McUapuTCcsa yepHas Auipa us BAK, GeccMmrulc-
JIeHHO, AasKe ecaM NPeAIOJIOMHTL, UYTO TAKad ABIPA
Bce-TaKM oOpasyeTca. A cpaBHEHHUS CKAXKEM, UTO
C TOro MOMeHTA, KOT/a YepHasa Anpa chopMHpyerca,
IO TOro MOMeHTa, Korfaa oHa HCYe3HET, OHA CMOMKET
IPOMTH ML MUKPOCKOIMYECKYIO JOJIO Pa3Mepa Sapa
aTroMa, Huage rogops, y Hee He GyieT BpeMeHH, YTO6KI
YTO-TO HOIVIOTHTS. \

Boxnee Toro, Mst AaAUM PYKY Ha oTCedeHHE, YTO Yep-
HasA ARIpa ucnapurcda. Ecan ¢uayka yacTHIL HAC UeMy-
TO ¥ HAYUMJA, TAK 3TOMY OPOCTOMY NPABUNY: €CNHU
YACTHMIY YAAETCA CO3JaTh B CTOJKHOBEHUH, 3HAYUT,
OHAa cmocofOHa pacnagaThcs.

YnbTpacynepmerakowmMapHbi

cueHapwii N2 2, O6pa3yloTca cTpanenbxm,
KOTOpble 3aTem CONbIOTCH B KpUcTann,
oTyero BeCb MUP CTaHeT CTPaHHbLIM.

To ecTb CTPaHHOW MaTepuei

JIo cuX 1Op MBI BeJIA DA3TOBOP B OCHOBHOM O TAKOM
crrocobe ucnionssosanua BAK, xorga B HeM 6yayT crad-
KUBAaThLCA APYT C APYIOM OTAenbHEle mpoToHH. C npy-
roi croponusi, BAK M0)XBEO HACTPOUTE UHAYE, U B HEM
OyAYT CTANIKNBATHCA OTHENbHBIC AADA THMNKENLIX aTO-
MOB, B OCHOBHOM CBUHIlA, H 3Ta AOHHAA HACTPOIKa N10-
POANIIA JONIOJMHUTENLHEH Habop cTpaxos.
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BeposTHO, BB AyMaere, 6YATO MEI YXKe PACCKas3aln
BaM 000 Bcex nmoTreEnUaAbHREIX Ykacax. OaHako MHO-
MECTBO KOCMHUYECKUX Jydeil, KOTOPHEe IPOIHBAIOT
- Hamy arMmochepy, COCTOUT H3 TAKENLIX HOHOB. YeMm
3TO oTJMuaerca or npoucxogauiero 8 BAK? Pasanna
B TOM, UTO TAXKEJIbIe HOHRI B aTMoc(depe CTAIKNBRIOTCA
C IETKHM# aTOMAMH Bpoje KHCIOPOAa, a30Ta M BOXO-
pojia, HO3TOMY MBI Ha 3eMJe HMKOIAA He BUJEeNH, YTO
OnlBaET, KOrja CTANKHBAIOTCH ABAa KYCKa CBHHIIA.

OnBaKo MEI BUAEIH, UTO IPH 3TOM IHPOMCXOAUT HA
Jlyune. Ha Jlyse Beab HeT aTMocdepnl, B KOCMAYECKe
JIy4YH NOCTOAHHO ee GoMGapaupyoT. Mul coBepIIeHHO
yBepeHHsl, uTo JIyHA He YHHYTOXKeHa, MOITOMY M MEI
ROJXKHBI, BEPOATHO, YYBCTBOBATHL ceb6a B 6esonacHo-
CTH.

Bac aTo He yGe:kAaeT, H MBI CJIBIIINM, KaK BM yTOY-
HAere: «B 6eaonmacrocTH? OT Uero?»

YTobBl OTBETHTE HA 3TOT BOIPOC, MBI JOJKHEI CHA-
Yaya YKa34Th, YTO DOMHUMO L-KBapKOR M d-KBapKOB,
0 KOTOPKIX MBI yiKe FrOBOPHJIH, CYILECTBYIOT M JpYTrHe
Pa3HOBHAHOCTH KBapKOB. Bcera ux mecTs, ¥ U-KBapKH
H d-KBapKH caMbie JIerKue — TaK YR cosnano. Cixe-

Jyoinnit 10 JIErKOCTH — TaK HASHIBAEMEIN c-rpannuﬁ
KBapK, 3aPAJ KOTOPOTO, Xak U y d-KBapKa, paBes —!/,.

Mu y:e oTMeuasy, Yro 1o Goasmrelt yactu Taxe-
Jible YACTHILI IPU BCAKOM YVIOOGHOM cnyuae pacnaja-
1oTcA Ha Gosee nerkme. CTpaHHEIE KBADKE MMEIOT TO Ke
o6sikHOBeHMe. OAHAKO €CTh BEPOATHOCTD, UTO I'ANEp-
fapa, CofiepIKale OAUH HIK ABA CTPAHHEIX KBapKa,
OKAXYTCA Jierdye oObMEEIX ARep. He Beprre? Ran BBI-
SICHANOCH, AR 2% Macchl OBLIYHOrO npo'rona co-
CTABJIAMIT U-KBAPKH U d-KBapKH. Bce ocTanbpHoe NONy-
94eTCA U3 3HEePrMH — JHEPTUH ABHKEHHS KBAPKOB 1
3Hepruu B3auMoaeHCTBHA MEXKIY KBapKaMM H I'II00-
HaMH,
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He ﬁcmmyeﬂo, yro runepagpa B BAK okaxyrca
cnoco6HL! 06pa30BEIBATD CTPALEIBKH (COCTOAIME K3
NMPHMEPHO PaBHOTO KOJHMYEeCTBA CTPAHHBIX KBAPKOB,
4-KBapKoB N d-KBapKkos). Bce aT0 JOBOJILHO-TAKY CITe-
KYJISTHBHO, HOCKOJIBKY CTPAHERIE KBADKH JKMBYT TaK
MAJIO, UTO He JOCTYIHEI HAKAKNM PeabHEIM dKCIepH-
MeHTaM. Me! faxe He 3HaeM, yro 6yjzeT, eCAHM BBOAUTDH
CTPaHHBIE KBAPKH B OGLIYHYI0 MaTepHIo. B pesynbraTe
NONYYHIOCH OTPOMHOE KONHYECTBO CAMBIX pa3noob-
Pa3HAIX Teopuit,

HexoTtoprie u3 3Tex Teopuit aGCOMIOTHO ANOKATAN-
TuyHbl. UX cO3aaTenu B CTOPOHHRKY 60ATCA, 9TO CTO-
HUT HaM MOJAYUMTH OJHY CTPAINENBLKY, H OHA CBAMKETCHA
¢ o6LruHOM MaTepueil, a OGKYHAA MATEDKS IPeBPaTUT-
CA B CTPAHHYIO MaTEPHIO C MeHbINel aHeprueit. Aro 6y-
JAeT NPOHNCXOAMUTEH HEeoNpPeAeSeHHO NOJTr0o, & B HTOre
njaHeTa U BCé Ba Hei normbaer. ITo caywaiitnomy cos-
OaAeH’I0 UMEeHHO 3TOT CHEHAPUI KOHOA CBeTa NOAPo6-
HO OCBellleH B dpuabme «Boaspamienne CynepMeHa»,
TOJIBKO BMECTO CTPAHHON MAaTepHH TaM KPHITOHMT!.

9TO M mpaBaa CTPAIIHOBATO — C TOH JIMIIb NONpPAaB-
KOIif, YTO HUKAKHUX CTpalleJieK, CyAs OO BceMy, He cy-
niecTByeT. PenATHBHUCTCKHAN KOMIaMAeD TAMKENILIX HO-
HOB B BpykxaBeHCKO# HAUMOHANBHON JnabopaTopuu
CTAIKMBAET TAMeJNble HOHLI, YTO OUeBULAHO U3 HA3BAa-
HHA. 1 HEKAKHUX CBHAETEJbCTB CYLIECTBOBAHUA CTPA-
neJex TaM He oGHApPYKHIH. OT CTOJIKHOBEHUSA KOCMH-
YeCKHX Jy4eil cTpaneabKy ToXe He MOJYyUaloTca.

Tax uTo couTe croxoitHO, PUINKM YACTO OIPULYMEI-
BalOT YCTpOiicTBa, KOTOPHIE CHOCOOHE YHHUYTOKHUTH
IJIAHETY, HO M'HMAHTCKAA KPyrjas ALIPKA B 3eMJe
K HUM He OTHOCHTCA.

! Ecu BAC METePeCyIOT TAKOrO POfia CHeHADHR, DeKoMeHAyeM
BaM «Kosnibens ana xomxn» Kypra Bommeryra u ropcroury Ba-
nuyMa.
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VIi. Ynosnersoparca nu puauku
AOCTUrHYTbIM, OOHaApPYXUB
yacTuny Xurrca?

IToka 4TO MEI ZOCTATOYHO TBEPAO 3HAEM, YTO MK’
oxunaeM nmoayuurs B BAK. Ilonasnsawniee 6006nmns-
CTBO (PH3NKOB HECKA3AHHO Y/MBATCH, €CJIH JACTHALA
Xurrca He 6yxeT obnapyscena. Ham gocToBepHO M3-
BecTHO, uTo BAK He ycTpONT HaM KOHel cBeTa, 4 CTal-
AapTHas MOfeJ:L — He BeHeIl HayuHo# Muican. ITouys-
CTBY¥TE OIPDHBKYC IPAAYIIETO.

Teopus CTpyH

HeBasxHo, KTO BBl — <«KpeNIKHil opemeKk» or ¢puau-
KW MJIA BCEr0 JIMIIb JI06UTeN b, KOTOPHIH KpaeM yxa
TIPHCIYIIMBAETCA K HOBOCTSAM ¢ IIEPEAOBOil HAYKH, —
HaBePHAKA BHl YTO-TO CJALIIAJHM O TAK Ha3kIBaeMOil
TeopHHu cTpyH. Teopus crpyH paszpa6oTaua AXA TOro,
4T00RI 06LACHHTE HECKONBKO 34raflOYHAIX ARJAEHHH,
0 KOTOPKIX MEI JI0 CHX TIOp HAMEePeHHO He YIIOMUHANA.
Jlesio B TOM, YTO CHJIA TAMKECTH PAJHKANBHO OTJIMYAET-
€S OT OCTAJNILHBIX TPeX QyHAaMeHTaNbHBIX cui Bo Bee-
JIeHHOM.

CunsHoe, caboe U 3JIeKTPOMarHMTHOE B3aMMOMAEN-
CTBHSE TPeOYIOT YACTHIY-IEPEHOCYU K, H B KAXKJOM CJIY-
Yae Mbl 3KCIIePUMEHTANbHO OOHAPYIKUNH 3TH YACTH-
nel. OpHaxo Teopusa rpaBuTanuM — of6mas Teopus
OTHOCHUTEJNLHOCTY — He IPOCTO He HYKAAETCA B TPABHU-

I Mucenc drear Kpanuron (81 rox), uansa ua ropoaa Beanuura
B mxrate Muynran, He3aBHCHMO pa3paboTana TeOpRIo CTPYH, YTOOR!
06BACHUTEL 6e30§paasue Y3JkRI, o6pasylor.uneca C UBHAHKH €€ BhI-
muBOK. PyrogeJbHAIEI BCEI0 MUPA ¢ BOCTOPrOM IPHHANH HACKO
muccuc KpannToH, 04HAKO YUEHNbIe OTBEPriU €€ Kax «OyTAHYIO U
HEPAIUIUBYIO» ,
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TOHE: JI0 CUX HOP YUeHkle HHKAKOIO PPABUTOHA He 00-
Hapyxxuan. Bojaee Toro, cTpanHo, 4TO TEOpHA, CTOA-
DIas 3a MATepUAJBHEIMH YACTHIAMH (KBADKAMY, DJIeK-
TPOHAME H TAK jajiee), TAK CHJLHO OT/JNYAETCA OT
TeOpUHU MEePeHOCYMKOR BlauMoge#cTBuaA (POTOHOE,
TJII00HOB ¥ UM N0J06EbIX). HaM 651510 GBI OueHDL DpHAT-
HO, ecqX OHI HAIACH TeOPDHA YHHOHUKANUHE, B UAea-
e — «Teopus Beeros (unm TB, kak rosopar camsle
KDyThHIE HaNaH). )

Teopusa CTPYH, HeCMOTPS HA CBOK He3aBepIDeH-
HOCTb,— IJIABHHIHA ImpeTeHAEHT HA poib TB, a ee men-
TPaJbHLIH HANTAJAOIKH, KAK BRI, HaBepHOE, YiKe Ho-
HANU,— TAK HalbIBaeMas crpyHa. IlpeancrasbTe cebe
CTPYHY KaK PE3MHKY — TOJBKO OYe€Hb TOHEHBKYIO,
auaMerpom B 10735 M. U uto sxe 370 32 c'rpynu? Boo6-
1ie ropopdA, OHK COCTABJIAIOT BCe cyinee.

BRI JOJIKHE! IOHUMATH, YTO CTAHAAPTHAA MOZENb
nmoaaraeT, GYATO Bce YACTHLEI, O KOTOPHIX MBI FTOBOPH-
'Y B 3TOM I'y1IaBe, — KBapKH, 3NeKTPOHEI, POTOHLI M TAK
nayee — 6eCKOHEYHO MAaJkI. TO TOYKH B OYKBAJILHOM
cMeIcne caosa. CragpaapTHas MOJeJik He OOBACHSET,
noyeMy y OXHOM YacTHUIEI O4HA Macca K 3apax (1 npo-
yue CBOMCTBA), & ¥y Apyroét — apyrue.

Teopusa CTPYH I'OBOPHUT, YTO €JUHCTBEHHAR IPHYU-
Ha, 10 KOTOPOM YACTHOBI BRITAAAAT KAK TOUKHU,— TO,
9YTO MEI K HMM HEXOCTATOYHO IPUCTAJBHO IPHCMATDU-
Baemcs. Ha camMoM feste ¢TodeuHbIe YaCTHILI» — 3TO
KpOlIeYHEIe IETIH, KOTOphlie HOCTOAHHO BUGPHDYIOT.
Ecau BaM 3T0 YTO-TO CMYTHO HATIOMHHAET, TAK U HAMO.
HNmMenHO 3TO MBI HaGaI0nany B KBAHTOBOH MexaHUKe,
'KOTfia BUJIeIM, 4TO BCE UTO YrOAHO — (POTOHBI, daeK-
TPOHBI, BAKYYMHEIE II0Ji — MOCTOSSHHO OCIIHJITUPYET,
xone6reTcs TyRa-ciona.

YeM cunbHee CTpyHa BAODUpYeET, T€eM OHA MACCHUB-
Hee — He 3a0nIBaiiTe, uTO paBeHCTBO E = mc? cnipasej-
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nuBo B 06e cTOPORK. J[pyrue CBOMCTBA OCHMILAAXUYI
OnpelesaIoT Bee OCTaIbHBe CBONCTBA ¥ RAYECTBa Ya-
cTunanl. Yrobnl 06/bACEHTE BCE CBOMCTBA YACTHIL, ROTO-
pHe MH HabaxozaeMm, HPeANONAraeTCH, 9TO CTPYHEI
BEGPHDYIOT He TONBKO B T€X TPEX U3MEPEHHUAX, O KOTO-
PBIX HAM H3BeCTHO B HOPMAJLHO KH3HW. JTO HE 3HA-
YHT, 4UTO CTPYHEI HE CYIECTBYIOT, — 3TO 3HAYMT, UTO
HAM HY)KHO GOJbIne H3MepeHui.

ITofimuTe RAac OpasHALHO. MK He MOXKEM mepemMec-
THTHCA B 6oJjiee BHICOKME M3MepeHud. [Ing Havana Hac
TaM CIUIIOMEAT, MHOTHeE, €CIH He Bee, JONOJHATeNbEEIe
HPOCTPAHCTBEHHEIE M3MEPEHNS OYeHb MAJH — ropas-
IO MeHbOIe, 4eM MK cMox<eM oGHapyxuts B BAK.
Hase ecanm 651 MBI YMYAPHINCH OPMAYMATDL, KAK OT-
IPaBUTHLCHA B 9TY CKPLITHE H3MEPEHNS, OHM NTOBEJIH Oh1
ceba npuMepHo KakK BeeneHnasn [Takmanal, ¥ MK MTRO-
BEeHHO BepHYJAUCH ORI TYZAA, OTKYAA HAUAJH.

IIpuBecTH TEOPHIO CTPYH B COOTBETCTBHE C 3aKOHA-
MH GUINKH B Haleit BcexreHHO#, onHpaaCk TONLKO HA
TPM K3MepeHns, AHKAK He yaaeTcd. Teopur BO3HMKA-
JIX OAHA 3& APYTOM, KOJHIECTBO NOTEHIUANBHLIX H3-
MepeHuit pocsIo U pocio, U HaxkoHen B 1995 roay 9a-
BapA Yurter ua WHCTATYTA NEPEAOBLIX HCCREAOBAHMY
B IIpUHCTORE NpeANOosKH HhlHemHero dasopuTa. Ilo
ero BepCHH, Tak HasrBaemoili M-reopry, MEI KHBEM
B 3ROPOBEHHOI BcesleHHOM ax ¢ 10 n3MepeHnAMU.

TeopHdA CTPYH BO MHOFRX OTHOIUIEHUSX OY€HbL MHO-
roobemaioma. OHA IPEAOCTABIAET HAM OCHOBY RIS
o0beaAMHERNA B EAHHYIO TEOPHIO BCEX YeTrIpeX byHaa-
MEHTAJLHEIX cuJ. OHA OIIHCHIBAET CHJLI ¥ TACTHILHI

L 3x BEI, 3xesrropoTrie] s [TakMans ~— 270 Takas o6a/IeHHAS BH-
Aeourpa 1980-x ronos, B KOTOPOI XeJITHIH KPYT'C MACTEIO DOXKHPAI
MasieHbKue fernie KpyRouru. Ecorm oH Rcye3an B TYHHeJIE B IEBO#
CTOpOHe dKpaHa, TO NOABIAICA cupasa. Eme TaM 611y OpHBRAe-
HuA.
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C Pa3HKIX-CTOPOH OfHOM 1 TOMH ke puauxn. He ucxmo-
4eHO, YTO OHA Aa:Ke NO3BOJIAT Pa3o0paTeCA B mpupoje
OpOCTPAHCTRA U 3apoxienun BeeseHHOM, KAK MEI YBH-
AuM B raasax 6 B 7 cooTBeTCTBEHHO.

C apyroi#l CTOPOHBI, BOSHUKAIOT H OCJHOXKHEHHH.
Bo-nepshiX, IPOBePHTH TEOPUIO CTPYH OYEHBb TPY/ARO.
IocKoAbKY MACHITAGR! TAK MAJLl, Y HAC IPAKTHYECKH
HeT HAJIeXKAL! NOKA38TH TEOPHIO CTPYH HPH NOMOIUY
BAK unu aApyrux akcrepuMeHTOB, KOTOphle MH OyaeM
cnocoGHL mocTaBuTs B 0603puMom 6yaymen. Eite onna
TPYAHOCTHL — TEOPHSA CTPYH OTBeYaeT He Ha BCe BOIPO-
Chbl TEOPHHM YaCTHIL, OCTaABIIHECH NOKA Gea oTBeTa.

Mernesan KBaHTOBaR TEOPUN NpasuTaunm

B cranzapTHOit MOAENH ecTh eme OAWH GONBINOH
TIPOBAJI, KOTOPHIN TEOPHA CTPYH Ja)Ke HE IIHITAETCA
3aM0JHNTh. KAK DPDUMHDHTH ABE BEIHKME TEOPHM
XX pexa — KBAHTOBYI0 MEXAHUKY H OOHIYIO TEOPHIO
OTHOCHTEJLHOCTH, HAIly TEOPUIO TPABHTALNMH? ITH
TEOPHH F'OBOPAT HAM «IPABAY» O TOM, YTO IPOACXOAUT
HAa MHKPACKONHMYEeCKOM YDOBHE M HA YPOBHE OYeHb
CUJILHOM rpaBUTANMA cooTBeTcTBeRHO. Ho uTO npouc-
XOAHMT B OQCTAHORKE BpoJe YepHO# ABIPH MM HA 3ape
BPEMeH, KOrja, Kax MOJAraioT, UrpaTh POJdb MOMKET
M TO U Apyroe?

3agyMaiiTecs 06 aTtoM. Kax M1 Bugeau B riase 2,
npaKTHYeCKH Bce acHeKThl (hU3UKH nopabomens He-
onpeneNeHHOCTBI0O — 3T0 H GOTOHHAA 9HEPrHda BAKYyY-
Ma, H ABH)KeHMe BJIeKTPOHOB, U nyTH dporoHos. Kpau-
TOB&H MEXAHWKA BIJIETEHA B TPHU HErDABHTALMOHHEIE
cunl. CXOACTBO MeMKAY HUMH HOCHAYXHIIO IPHYHHON
TOT'0, YTO BNEKTPOMArHUTHOE U caaboe B3anmMoneiicT-
BHA ITOCYHTANH GANHBM 3JIEKTPOCHabniM B3auMoaeii-
crBueM. Eige 0HO ¢TaJIO IPHYHHONM TOrO, YTO GUIHKK
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BHIABUHYJU NENHi P CONEPHNUYAIONIMX MeXXAY CO-
Goit «BenMKMX efHHBIX TeODHifi», Tae anekTpocaaboe
B3aMMoJieficTBNe OO'beAURAETCA C CUNbLALIM. I'paBHTa-
oua erouT ocobusxkom. Kak uu crpasHo, obmada reo-
DPHA OTHOCHTEJIBHOCTH He HOCHT HY Cliefja CAYYaiHo-
CTH, KOTOpas NpoABJIAeTCA B OCTANBHBIX TPEX CHIAX.
Ham 611 oueHB X0TeNoCh NOJYINTh B €BOE pacropAske-

HUE «TeOPUI0 KBAHTOBOA I'PABHTAIIMU» . '

Oxun U3 cCaMBIX YBJIEKATENBHEIX H MHOroo6emaro-
O{UX DOAXOAOR K 3TOM npobiieMe na3wBaeTCsa emeTie-
Bad KBaHTOBAA TEOPHUA rpaBuTanuu». OfHA U3 CAMBIX
CTPaHHEIX HYepT 37Ol TEOPUM — UTO MPOCTPAHCTBO CAMO
no ce6e kpaHTyerca. To ecTs ec/IM pacCMOTpPETH €0 HA
AOCTATOYHO MEJKAX MacmTabax, oka:kerca, YTO OHO
He TJ1aAiKoe N OZHOPOAHOE, a pasbuTo Ha sTaKHe IMUKCe-
s, OGBEIYHO MBI HAYETO TAKOTO He 3aMedaeM, HOCKONBKY
MacmTabbl, 0 KOTOPBLIX MBI roBOpAM,— oKoso 10735 met-
pa, TAK Ha3mkBaeMas NJAHKOBCKAA AnuAa. Ilnankos-
CKaf NJAWHA HACTOJIBKO XK€ MEHBbIIIe ATOMA, HACKOJLKO
aToM MeHbIIe PAcCTOSTHUA Ko 6amxalimeil 3Be3AH.
Cunpuee 1po6ATH NPOCTPAHCTEO HEBOBMOXKHO. M3 3T0-
ro crefyeT HeCKOJBKO 3aHATHRIX BRIBOAOB, ¢ KOTODKI-
MM MhLl NO3HAKOMAMCS HpH paaronope o Boanmom
B3pHIBE B rinase 7.

Oaxa U3 CUMIATHYHRIX YEPT IEeTIER0i TeOPHM KBAaH-
TOBOU IpaBUTALMM — TO, YTO OHA TpebyeT He Gosbile
TpeX NPHUBLIYHEIX HAM U3MepeHUH IJIIOC eIme OfHO,
Bpemsa. Kpome Toro, oHa ecTecTBeHHO NOABOAMT HAC
K F'PaBMTOHY, OTYETr0 KAPTHHA GUIHUKHN JACTHIL CTAHO-
BUTCA Kyiha Goxee oxuoponHoit. C Apyro#l CTOpPOHH,
neTIeBas TeOpUsa KBAHTOBOM IPABUTAIIHM caMa TIo cefe
He MOoxkeT cnyxuTh Teopueil Bcero. OcrajibHbIE 3aK0-
HEI CUJT HY’KHO BBOOUTH B Hee BPYYHYIO — Kak MU KBAp-
KU, A Opouyre QYHIAMEHTANLHEIE MATEePUANLHEIE Ya-
CTHLUBL.
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Bes aTa pusuka BHe NPENEJIOB CTAHAAPTHOR Moje-
JI1, BEPOATHO, KaMeTcs BAM NIPHMUTHUBHOM YyJIOBKOI,
-IOBOJIOM HaliTH ceBe 3aHATHE emie J0JT0 mocxe TOro,
kak B BAK cronxnyrca mocieasue vacTuus. Ha,
pMeHHO TaK. Ho Hey:cenu Brl Beephes nonaraere, 6yx-
T0 IPOGAEMEI MOCHO PEIIATH HACKUAbCTBEHHBIM Wy TeM?
XoTATe MAN HET, HO JAJIA TOro, 9ToOK DPACKDPHITH BCE
raitgn BeesenHON, MAJIO HECKONIBKMX BHICOKOHEPIHY-
HBIX B3PHIBOB.



Tasea 4

Mpunoxenue A.
Nonnuetickuii apxms. [locbe
Ha PyHAaMEeHTanbHbie YacTULLbI

Ha npoTsakeHHM BCeilt 5TOW KMUIMM MEI CTAPaJNCh
ZenaTh BCe HEePeYHH KaK MOXHO Kopoue. «Cragaapr-
Has Mofienh» GUMAaNKH YACTMI, IOPa3HTEIbHO XOpoma
MMEeHHO IIOTOMY, 9TO €€ MePeYeHb YacTHI (XOTH M f0-
BOJILHO JJIMHHLIN) Kpaiige mpocT. «Matepusi» Beenen-
HOM COCTOMT U3 ABYX (hyHAAMEHTAJNBHEIX THIOB YaC-
THI, — U3 KBAPKOB M JienToHOB. Kaxas rpynna noa-
pasgendeTcs 3aTeM HA TPH « IOKOJICHHAS , B KAYKIOM K3
KOTOPERIX UMEETCHA ABe YaCTHILH, V OHOH 13 KOTOPRIX
3apajg OTpULATeNbHee, 4eM y Apyroit. Mu pasomnau
Hall CHUCOK Ha NOKOJIEHUA, ¥ Bbl YBUAUTE, YTO ¥ BCeX
yacTun, MEoro obimero. Kpome toro, aTo yao6uoe noco-
6ue na METEPIPETAIIMHY HAIIAX 3a6aBHLIX KAPTHHOK.

JlenToHbl

HazBanue | QnekTpoH Mioon Tay-nenron
Sapaxn ~1 -1 -1
Macea 1 0,026% npo- | 11,3% npo- | 190% mpoTo-

TOHA TOHA HA
Iepso- Iox.-THx. Kapn | MapTun
oTkpeiBa- | ToMCOH Anpgepcon Ilepn
Teldb (1897) (1936) (1975)
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Imangapmmnsas mogeav

OT0 — 3apA)KEeHHLIE JenTOHL . OHE XepiKaT 3apaAxbl
B muIAnax. ITocKoNbKY OHH 38PAMEHE], TO B3aAMOXeil-
CTBYIOT C afeKTpoMarHATHON cunolt. Kpome Toro, Bce
JIeNTOHEI BCTYyHAIoT B cyaboe B3aumMoaeiicTeue, H BCE
YACTHLE NOABEPIKEHBI 'PABETANHH (I09TOMY B Rajb-
HelimeM Mut He 6yneM 06 aToM ymoMmHEATH). dieK-
TPOH — eXMHCTBEHHHLIH, KOTODHIA MBI BUAUM B 00bI4-
HHX yCIOoBHAX. MIOOH pacnafiaeTc 3a MHJLIAOHHYIO
JOJIIO CeKYHARI, & Tay-JIeNTOH.— eine GhicTpee.

Hassaumne | nexTpon- | Mio-Heiir- Tay-ueir-
HOe HelT- pHHEO PHHO
pHEO
Bapan 0 0 0
Macca ? ? ?
ITepro-. Knaitn Jleon I'pynoa
orkpriea- | Koyan Jlenepman DONUT, xa-
TeNhb H Ap. u ap. (1962) | Goparopus
(1956) um. depmu,
Barasus,
Wnmsoiic
(2000)

Y stux pebGaT Her ONUIAN, A 3HAYHT, HET U 3JAEKTPH-
4yecKoro 3apaja. Eciu oHM mOXOXXE JAPYTr Ha ApYyra,
B 3TOM HEeT HU4ero ynﬁnn'renbnoro Pasnnie THOE Heli-
TPUHO HPEBPAIIAIOTCA APYT B APyra Ge3 mpeaynpexnue-
HMA (IIPOCTO MEHAIOTCH TAJICTYKAMH) M Jaxe BpoRe Gu
6e30 BCAKOTO B3aHMOAEHACTBUA. ITA ¢ HEHTPHHHASA OC-

183



Tacea 4

mIIAnUA» (KoTopad 6hlla MOATREPKIEHA SKCIIEPH-
MeHTaJbHO Ha JeTeKTope «KamMJIAHI» BO3sIEe ANOH-
ckoro Tropozga Toama B 2003 roay) osnavaer, 4To Heii-
TPHRO 00 HbL 0bNaxaTe Maccoii. Ho rakoi? CrasaTs
OYeHb TPYJAHO, HO BepXHU npeaen N1A 3J1eKTPOHHOr0
HeidTpumHO — MeHbIIEe ueM 0,3% MaccH 3JIeKTpOHA.
IIpenennl AN OCTANLHEMX ABYX BHOB HEHTPHHO, ONHA-
KO, KyAa BEIIIE, I MACCA TAy-HeHTPUHO, COTJIIACHO NIO-
CAeTHUM M3MepeHBAM, MoxeT 6riTh B nexnix 30 pas
Oonbente Macchi axexTpona. C gpyroii cTOPOHSBI, OHA MO-
¥eT OBITh ¥ Iropasjo MeHbIIe.

HasBaEuSA KaXJ0T0 HEHTPUHEO IPOUCXOLAT IOTOMY,
UTO KaXKI0e U3 HUX HANPAMYIO acConuupyeTrcsa ¢ pac-
najoM HJHK B3aMMOAeHcTBMeM 3NeKTPOHA B ciaydae
3JIeKTPOHHOIO HeMTPHHO, MIOOHA — MIO-HEeHTPHHO K
. TAay-JeNTOHA — Tay-HeHTpHHO,

Ha xapTuHKe Ipo pacnaj HeHTPOHA BH, HABEPHOE,
3aMETHJH, 94TO y aRTHHeHATpHHO ecTh Oopoaka. 3To0 —
JAHE YBAMKEHUA KJIACCHYECKOMY 3IH30AY ¢3Be3XHOro
NyTH» OOJ HA3BRAHHMEM <3epKano, 3epKajo» (Ce30H 2,
cepusi 33), B KOTOpOM 3J0H «aHTH-CHOK» NIETOJNAN
PACTHTENBHOCTHIO HA JINNE. ITHM XKe OTIHYAlOTCA Bee
HANIYM AHTHYACTHIIRL. '

Ksapxu

HazpaHne | u-KBApK C-KBapK | t-kBapk
3apag -i—2/3 +2 /3 +2/ 3
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Imangapmmas: mogean

Macca ~0,4% maccu | ~130% wmac- | ~180 mace

TPOTOHA CHl MPOTOHA | mpoToHa
IIepso- - Craudopackuir | Hesanucumo TeraTpon
OTKpHIBA- | TUHeHAHRIH Tuar n B gafopaTto-
TeJb YCKOPHUTEND, PuxTep pHu
akcnepnMenT | (1974) UM, PepMu
o «rayGoro - (1995)
Heynpyromy ) '
pacceAHUIO»
(1967)

Bce aT0 1010KMTEIBHO 3apAIKeHHBIEe KBAaDKH. BrI-
TASAAT OHM OUeHb IOXOXKHMMH 38 OZHMM HCKJIOYeHH-
eM — KaXxAoe CAeAyIolee IOKONAeHHEe CTAHOBUTCS BCe
G6osxee nyxnesbRUM. T-KBapK — caMas MACHCTAHA H3
H3BEeCTHHIX YacTHn. OH OpAMO-TAKH JIONAETCA IO
mBaM. KpoMe Toro, aTo camMast nocuenuasd u3 obRapy-
JKEeHHKX 9acTHIL,

Brl 661217 611 BIpaBe O6BMHHATHL HAC B HeoOpocose-
CTHOCTH, ecJii Gbl MEI HEe PRCCKA3aJIN BaM O HeKoell 3a-
raake, ragmeitca B gameii tabaune. B samMeTnnu, uro -
u-KBapK o0xagaer Maccoil npuMepHO B 0,4% Macch
IIPOTOHA. ITO HECKOJBLKO CTPAHHO, MOCKOALKY HPOTOH
JEeJIaIOT U3 ABYX U-KBAPKORB H OAHOrO d-KBapKa, a 3Ha-
YUT, 3aMEeTUTE Bhl, BCe KBAPKH BMECTE COCTABJIAIOT
ene-ene 1-2% maccwu nporona. Orkyna xke 6epercsa Besa
ocTaJibHAasi Macca?

Bcea ocransEas Macca Geperca us aHeprau. Ksapku,
KaK ¥ I'TIOOHBI, JEeTAIOT 0YeHb OBICTPO U B3auMoAeHcT-
BYIOT OYeHB CHJIBLHO, M IOAO0OHO TOMY, KAK Maccy MOK-
HO TIPEBPATHTL B 3HEPTHI0, IHEPTAIO MOXKHO IpeBpa-
TATh B Maccy. Eciv BaM moxasasioch CTPaAHHBIM, YTO
moJyie XHrrca cnocoGHO «CO3aBaTh» Maccy, cuuTaiire
5TO BCEro JWIb OUYEpPeNHKIM ChayuaeM, Koraa E = mc?
npUMeHaeTcsa B oO6paTHYIO CTOPOHY.
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HasBanue | d-xBapk 8~KBapK b-xkBapx

(crpanHmlt)

dapaz '/ -y -/
Macca ~0,8% maccul | ~10% macchr | 4! /, Macer

IIPOTOHA IpOTOHA IpOTOHA
Ilepso- Crerdopacknit | Bmecre Jleon
OTKPHBA- | NURelHLI’ € OTKPHITH- JlegepMan
TeJNb aKxce/sepaTop, | eM xKaoHa H Ap.

BMECTe (1947) (1977)

C U-KBApKOM

(1967)

9TO OTpUOATENBHO 3apAXKEHHBIe KBapKH. CaMulit
CTPAHHRIY 13 HUX — cTpaHHLI# kBapK. Koraa s 1947 roxy
GBI OTKPRITHI YACTHIEI IO HA3BAHUEM KAOHEI, CHA-
4aJa MOKA3aJI0Ch, 9TO OHK COBepIIeHHO 6eccMEICIeH-
Hel. OHM pacnajaiuch HA YaCTHIE Bpoje aHTHMIOO-
HOB ¥ HEHTPHHO, HO GBLINM HACTONBKO MACCHBHH (OKOJIO
NOJIOBHHEI MACCH! IIPOTOHA), YTO HE COTJIACOBBRIBANIUCH
HHY C OJIHOM K3 U3BECTHBIX HA TO BpeMs YACTHI.

JIumis B 1964 roxy, xorza Mioppeit lesi-ManH BEI-
OBUHYJI HIEI0 KBAPKA, CTAJO SCHO, YTO KAOHH pacma-
JAIOTCA HAa 8HTHUCTPAHHBM KBapK 1 an6o u-kBapk,
an6o d-kBapK. CTpaHHBIE KBADKK OTJINYAIOTCA OT IPO-
YUX TeM, YTO MBI UX OTKDHIJIM, enlle He JOrajbiBasiCh,
YTO OHH €CTh. '



meqaymuan MmOGEAL

nepguocqnxn 83aUMOAESUCTBUS

Wsodpaxenue
HEGOCMYAHO
Haspanue | ®otoH Tmoon T'pasuton
3apsag 0 0 0
Macca Q0 0 0
Ilepro- Anxbepr T'pynna Ocrasaifrecn
oTkpLBa- | Bliwmrein | TASSO, c mamMy,
Tenp - | (1905) TepMaHCKHE | AUTE HOBO-
9JIEKTPOHHH crei...
CHHXPOTPOH
- | (1979)

970 HaCTHIbLI-HePEHOCYNKY, JHIDEHHLIE MACCh,—
HOCHTEJH TPex u3 GyHAAMEHTAJbHBIX cHi. HeMHOTrO
CTPaHHO BIMUCHIBATHL CHOZA AATY OTKPHITHS -HOTOHA —
Mu «HAOmMIOAAEMs ero nocTroaEHO. OZRAaK0 UHTEpOpe-
Tanud cdorostdhdexra, KOTOpY0 caenax IitHmTedtn
B 1905 rogy,— 310 MOMEHT, KOrjla MhI BOE€PBbIe IOHA-
JIH, YTO CBET NMePeHOoCAT yacTHIL. Faioomnnl 6k11u o6Ba-
‘PYHeRhl AL 0K0JI0 30 Ner Hasan,

T'paBuTOHK, IEPEROCYHRKE I'PABHTAIIMOHHOrO IONHA,
He TOJLKO He 00HADYIKeHK!, HO, COrJacHo obmei Teo-
PHH OTHOCUTENBHOCTH, HEe OY€HB-TO U HYXXHEL. OHAKO
eCTh BeCKHe IPXUMHK NPEeAnoiaraTs, YTo rPaBUTALIAA
ROJ;KHa OBITH MOXO0XKA HA OCTAaJIbHBE QyHAAMEHTaNb"
Hble CHJILI, A 3HAYUT, ¥ Hee JOJKeH GbThL Nepenoc-
UK.
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USRS
SEESERS

Haspauue | 29 w w-

3apag 0 +1 -1 A

Macca 97,5 macenr | 86 Mace npo- | 86 Mace npo-
IPOTOHA TOHA TOHA

Iepro- IIEPH, IIEPH, IJEPH,

OTKphIBA- | rpymna rpynnoa rpyuna

TeNH UA1(1983) | UA1(1983) | UA1 (1983)

9TH nyxiaeHLKHEe YACTHIHI OTBEYAIOT 32 MEPEeHOC
cnaboro Bzaumonelicrepna. OOpaTHTe BHUMAHKE, YTO
OHH OYeHb IOXO03KM APYr HA APYTa, €CIH He CIUTATH
HAJOMCEH HA ONANaX. 370 Be cxydaiinocts. Ha camom
aeae W*u W- trakne 6IM3KHe POACTBEHHMKY, YTO SAB-
NS0TCA APYT ANA Apyra apTHyacranaMu. Oxme H3
BeNUYANIINX TPHYMGDOB TEOPETHUYECKOH (PHIHKH
XX Beka — BHIYMCJICHHE OTHOUWeHUA Mace Z/W, npn-
MepHo 1,13. 9To npeacka3anue GuLIO cCALIAHO HA OCHO-
Be MoAeau Xurrca, & 3aTeM NOATBEPAUIOCH JKCIEPH-
MEHTAJIbLEO C IOPA3NTENHHON TOYHOCTHIO. -

A pamm repoii:
Yacruna Xurrca. Ora annieRa 3apsazga, H0 He o6as-
HUA. 3TO efHHCTBEHHASA JACTUIIE B CTAKAAPTHOMN MoJe-
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CnAnqumwi MogeLAb

1, KOTOPYIO ellfe He OTKPLLIN, II03TOMY MBI He 3HaeM,
KaKoil HMEeHHO Maccoit OHa obnanaetr. Cropee Bcero,
aTo ot 120 no 200 mMace nporona. Ilockoasky OH BCTy-
naeT B CHIbHOE BIAMMOAEHCTBHE C MACCHBHEIMU YACTH-
UAaMH, Y HETo CKIAALIBAIOTCA 3aUYTAHHLIE N CIOMKHEIE
OTHOIWIERMA C f-KBAPKOM.
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NYTELWECTBUE BO BPEMEHM
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Moxno Au ROCMpOUmMD
Mauuny Bptmenul

XQTe.nocs X BAM KOTAa-EUCYAb HOKATATHLCHA HA JKU-
Hoaaspe? Ilonurs yaiiky ¢ koponesoit BuxkTopueii?
IIpoun3asecTy cencanmio Ha pBIOYEPCHRIX TOPrax? A Mo-
sKeT OhITh, Bul po6oT-yORIILA U Y BAC DYKH YEIDYTCA He
JONYCTHUTL POMXKASHUA OJHOTO-eAHACTBREHHOT0 Cynepre-
POsi, KOTOPHIA CIIOCOGEH OCTAHOBHTH BOCCTaHME po6o-
T0oB? J[1 BCero 3TOro BaM NOHAROOUTCH MAIIIMHA Bpe-
MeHM, a OHU N0 JelleBKe He pogalorca. C manreif Tog-
K¥ 3pEeHHA, TIPOIIle CMACTEPHUTD TAKYIO MANTKHY CBORME
PYRaM#, ¥ JAYHO MBI BAM MenIaTh He 6yAeM, HO Bamie
ceMeiicTBO, HAZIO N10JIAaraTh, B BOCTODT He npuzxeT. Poxa-
CTBEHHHKU CPady CKAXKYT BAM, YTO HMUEro y Bac He
Brififer. He MCKIIOYEHO, UTO OHH COUTYT Bac Y0KEY-
THIM.

Ho passe co3gaTs MaIIMHy BpeMEeH! B IPpHHENUIE He-
BO3MOXHO? M 4T0o TAKOro NJOXoro B TOM, YToObI OBITH
YOKHYTBIM?

B Mupe ecTh Belnru NoxXyske yMOIIOMENIaTeJILCTEA,
ocobeHHO ecJiv ThI YYeHbI# ¥ Boobme npodeccop. O6ur4-
HEIe nIpodieccopa MOTYT MEPeKNIOUYATh HANDAKEHUe
C NOMOmMBIO KATOAHOro Ocuuanorpada, a YOKHYTHIR
npodeccop — OCTAHABJIMBATE BPEMA JIeAAHBIM JIYIOM.
Kpyrom nosHo repoeB, KOTOPHIM HY>KHO CTABUTh Naj-
KM B K0JIeCca, ¥ O4aPOBATENBLHEIX HOAPYXKEK CyNneprepo-
eB, KOTOPHIX TaK yno6Ho noxumarts. Ecsu 661 MEI CHO-
BA NOCTYNANHU B YHHBEPCHUTET, TO, MOXKaAYyii, Ipeamo-
Yy Gkl YOKHYTYIO HAYKY OGRIUHOM.

PADOBHIM IpUMepOM YOKHYTOH TEeXHOJIOTMHM Ha
YPOBHe HAYYHOH (PaHTACTHKH MOMHO CUUTATH TeJe-
mopranuio. Kak MBI yixe BHJeJ M B riase 2, 3Ta Io-
nyjasapHeiimas TexHWYeCKad HOBHHKA M3 KOMHKCOB
y3Ke B HaIneM pacnopmxeHun. K HecuacTrio, TOKa YTO
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MBI CTOCOGHEI TEIEHOPTHPOBATE ATOMLL IO OXHOMY, TAK
9T0, YECTHO rOBOPJ, Jierdye UX, HeroAHNKOB, OPOCTO I1e-
PeHoCHThL BPYUHYIO. . i

I'iaBHOE, XOTH TeXHMYECKME HOBUHKH M3 KOMUKCOB
H HayqHoii PaBTacTHKH Be 06A3aTEIAHO IPOTHBOPEYAT
Hay9HLIM JAHHEIM, OHM YAalNe BCero He CTOAT 3aTpadeH-
HBIX ycrunii. BepoATHO, HMEHHO MO3TOMY, B HACTHO-
CTH, Y YOKHYTHIX NPO(JECCOPOB CTOJBKO HEIIPUATHO-
creil. BepoaTHO, Zesio emie ¥ B TOM, 4T0 GOJBIIMHCTBO
HX XUTPOYMHBIX npHcnocobieRnit HApymaioT O4eHb
BaXHBIE 3aKOHEI — U He TOJIbKO Te, KOTOphIe 3anuIla-
IOT cyneprepoH, BepTAmHecs NOA HOTAMH XeTH M uUX
BepHLI mec.

1. MoOXHO Nu NOCTPOUTDL
BeyYHblii AgBUraTens?

PaccMoTpuM cTaphlii JOOGPHI KJI2CCHUYECKHHA Bed-
HBIH ABMTATENb. DTO M306peTEHNE YOKHYTON HAYKH
npefcrasisier cofoit ycTpoicTBO, KOTOPOE HE pacTpa- -
YHBaeT SHEPruio, He H3HANIMBaeTca U paboTaer seunol.
Jlyaniué ¥3 HUX JenaioT CJeRYIOnIWii Iar 1 HeYyCTaHHO
BHIpaGATRIBAIOT SHEPIHI0 — BHAUMO, U3 HUYETO.

. PeKOJLIErHHE ) YPHAJIOB 0602KAI0T HOXYYaTh CTATHU
0 BeUHKIX XBHIATeNAX, HOCKOJBKY PElleH3NH Ha HUX
OUNIYTCA HA IIOJHOM ABTONMJAOTE. ¢A BOT M HET, a BOT
¥ HeT,— TOBOPSAT PeleH3eATHl, — II0.3aK0HY COXpaHe-
HUA SHEPr¥M? M3 HUYero He noayyurcs Hnuerol» Ilo-

JIOKMM, HHOTJIA OHM [IePeCKa3blBal0T 3aKOH COXpaHe-

1 flo xpaiineii Mepe o H U3 aBTOPOB AOJITrOE BpeMs Guu1 y6ex-
zeH, uro Hukx Knapk, segymmii reneMapad)oEOB B HOBOIOAHIOK
HOYb,— HA CAMOM J(e]ie BedRLIE NBUTATEAD.

229710 mHacToNbKO 6a30BHli IPRENUI, YTO TEREPh €ro CYNTAOT
TIEePBHIM 3aKOHOM TEPMOAMHAMMKH. .
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Mymemeomeus Bo Bpemenu

HHS 3HEPrUH CBOMMM CJIOBAMH, HO 110 CYTH OHY IIPABHI:
JOKAJILHO HEBO3MOXKHO BH CO3AaBATH, HY YHHUYTOXKATH
9HEpruio, 2 PJHEPTHA B 3AMKHYTOH CHCTEME MO eT IIpe-
06pa3oBLIBATHCA (HADpUMED, B MACCY M H3 MAaCChl), HO
obuias cyMMa QOMKHA OCTABATHCH MNOCTOAHHOM.

He ucrioueno, 9To 9oxayTHE Npodeccopa, Med-
TAIOU[HE O BeYHOM JBHXEHHH HJIM TeHEepATOpaXx sHep-
r'YY,— IIOTOJIOBHO MAMOTH. B KOHIle KOHIIOB, YEJI0BEK,
PACCKA3LIBAIOHINI O CBOMX MJIAHAX 3ABOEBATE MHPOBOE
TOCIIOACTRO HE IIPOCTO NEPBOMY BCTPEYHOMY, & HMEHHO
TOMY, KTO CIIOCOGEH 2TH NJNAHH PACCTPOHThL, BHOJHE
croco6eH 1 IIPOBOPOHHTE BCAKHE MeJIOTH BpoJe 3aKOHA
coxparenusd sueprun. Ho Begs, ¢ Apyroit CTOpOHEL, HE
HUCKJIIOYEHO, YTO YORHYTHI npodeccop oGHAPY X AT Jia-
3eifKy B 3aKOHAX, KPaCHOR HUTHIO IPOXOAAIMMX IO ca-
MOt TKQHM IPOCTPAHCTEA H BPEMEHH.

HWnorpa wornyToro npodeccopa ¥ He OTAWYUHIBL OT
OOBIYHOTO yyeHoro. YTo6k OXOHYATESEHO HPOACHHUTE,
9TO MMEHHO MK IBITaeMCA ZOKa3aTh, YNIOMAHEM O TOM,
rak Puuapn ®Pelinman, xoropuit Toraa paboran B Ka-
AHPOPHUHCKOM TeXHOJOIHICCKOM MECTATYTe, IPHAY-
MaJI OYeHb XMTPOYMHBI# BEeUHbLIM ABUraTeJh —. HO
¢ NpeAHaMepPEHHRIM HU3BAHOM. XOTHTE, DACCKANKEM,
K&K OH ObLI yeTpoen? Koneuno, xornre. IlpogemoHncT-
PHPOBATH €r0 NOMOrYT HAINN CRABHLIE ACCHCTEHTHI!
' I03BOJIBTE NPEJICTABMTL BaM NApPOYKY apXH3JIOAeeB,
Y KOTOPEIX OTPHUATENLHAS HAYTHAS XapHU3Ma NIPAMO-
Taky Je3eT U3 ymeit, — gokropa [leiiBa u ero noxens-
uuxa PobGo-Ixedda.

1. Joxrop [deits GepeT Na3ep ¥ HAUPABIAET ero Ha
. BEpHIUAY yTeca, rAe XKIAET Pobo-Mxedd c mapaboanye-
CKOM TapeJIKoit B pyKaX.

2. Cobpas ay4, Po6o-xxedd npespamiaer ero ceer
B Maccy (ZeTanam onycTHM) IpH HOMOINM BEJHXOTrD
ypaBHenna Jitamreiina: E = me2.

7- FonpGepr /., BromxbucT fx. 1’7
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3. Po6o-II:xedd porser Macey ¢ yreca. Kak Be! 3Hae-
Te, KOrja BRI YTO-TO POHAETE, TO OHO HabupaeT sHep-
THIO.

4. Byana! Korga Macca JojeraeT X0 HM3a, DHEPTHHU
B cucreMe Goablue, ueM B Havasie. HeKOTODPBIM KOJIHUe-
CTBOM HEPr#H 3JIOZleM 3aPAKAIOT Ja3ep, & OCTAJIBHYIO
HCTIONBL3YIOT H& YTO-HNOYADL NOJIe3HOe -— HAIpUMep,
3apsaaxaloT Jdasep nobosnie.

Bena TOJBbKO B TOM, 4YTO TAKOMH BEUHBIH ABUraTEeIb HE
paboraer, u PelirMan 3HAN 06 3TOM ¢ cAMOr0 HAYAJdAa, -

o |

BEUHIA ABUTATEAD
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Mymewmesmsue Bo Bptmenu.

HeT, MBI He npuaymManu cnocol HapyUIMTh HEPBHI
38KOH TePMOJMHAMMKH, a BCero JWIIb NOKA3ANH BCEM
3THM YCTPONCTBOM, UTO €CJH CBET MCXOXMUT OT MCTOY-.
HHUK& I'DaABATAIMH, OH JOJIKEH IIOTEPATH 3HEPruio.
Ecun HanmpaBuTh J1asepHbIi Jy4 CHU3Y BBEpX, Ha yTec,
SHeprusfA Jyya HaBepxy Gyser MeHblIe, UeM BHH3Y.
C npyroii CTOpOHKI, €CAM CBET NafaeT K 3eMJe, TO Ha-
OxpaeT dHEPruio. ITO He NPOCTO MPOM3BOJALHASA CIIEKY-
asuusa. B 1959 roxy Po6epr Ilayea n [Ixopax PeGxa,
xoropule Toraa paboranu B Fapeapae, cyMenu name-
PHUTH HOTEPIO 3HEPrii (GOTOHOB, KOTja GOTOHEI JeTeNIn
BBepPX BAOJE cTeHK NabopaTopun Hxeddepcona B I'ap-
Bapfie — Bcero B 22,5 MeTpa BhICOTO.

HamepnTs 3Ty morepio Henpocro. B xone 3xcnepn-
menTa [layapa—Pebku GpoToOHE moTepsaIu BCEro OAHY
KBaJApPWJIBLOHHYIO CBOEi HavaJbHOIl 3Hepruu. Jaxe
ecnu 6L MBI HAPaBHJIK JA3EPHEII JyY Ha yTrec, YXo-
AUBUINI B ITYGOKUIT KOCMOC, MbI GBI MOTEPANH JIUIIL
OZHY MHJIIHADARYIO ero sHepruu. HeynueurensHo,
4TO B 0OLIeHHO# KH3HY noKo6HLIe ABNeHN He Gpoca-
I0TCA HaM B riasa. Ecay Gbl rpaBuTannsa Obina cHab-
Hee, OHA ORI NPOABIANIACH . [OPA3A0 aame'rnee, a u3Me-
puTs ee 66110 6uI npome.

BeJnkojgenHLM IPpIMEpPOM MaJeHbKHUX TYIAX TIOY-
KOB C rpaBuTanuell cayxart Gennle Kapanku. Bennie
Kapauky obnazaror Maccoii MpUMEPHO B MUJAJIMOH pas
6oabloe MACCK 3eMIM, XOTA PasMepa OHK CPABHUMOTO,
II03TOMY M I'PaBHTAIHUA TaM IPHMEPHEO B MIJIITUOH Pa3
cunnBee. Ecstu 611 BRI HaXonuauck Ha 6esioM Rapiuke,
TO BecHaH OBl B MEJNKOH pa3 GoJsbme, W ecan Onl Ml
6561IM Xy3Ke BOCOUTAHBI, TO RoHUMANY 651 BaC CAJILHEI-
MH INYTOYKAMH.

Ho Bo Bcenennoit ecTs Mecta U ¢ 6o1ee CypoBRIMHT
ycnoBuAME, YeM Geasie kapauku. IlpeacraBnre cebe,
YTO MBI CTOMM Ha MOBEPXHOCTM KpailHe MacCHBHOIl
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ILJIAHETHI, TJle IPaBATANMA Kpailide CHJIbHA, ¥ HANTPAB-
JieM B BO3AYX Jas3epHKIi jyd. UeM Bulie B3neTaer
tdoToH, TeM 6oNbIIE DHEPIHH OH TEPSET.

Teneps npeacrarbTe cebe, UTO 3Ta NNAHETA €INE U
kpaiiHe koMnakTHa. B TakoM ciyuae cBer morepseT
CTOJILKO 3HEPTHH, UTO OOPATHTCSA BCISATEL ¥ BePHETCA HA
IOBEePXHOCTD laneTw!, Unu ne seprercs? Ecnu nnane-
Ta ¥ IOpaBja Taxas IJIOTHAA, YTO CBET He MOYKeET ¢ Hee
BHIOpaThCA, TO OH, IPEXJe BCEro, 1 BBepX He MOJAHH-
' MeTcf. 3TO BpOAE MaJIbINIA, KOTOPKIH IBITAETCH UATH
BBEPX IO 3CKAJIATOPY, eAYIIeMY BHU3. AX, JIaTIOYKa, OH
TAK CTApAaeTCH, B0 HEMAHYEMO CITYCKAETCA BCe HUMKE U
HMKe, Boobme-To y Takoil niaHeTsl ¥ IIOBEPXHOCTHA
TOJKOM He Oyner. OHa To)XKe CXJIOHETCA NoJ BO3AeAcT-
BHEM YYAOBHINHOMN rpaBHTAllNH, M BCA MJAHETa TOXKe
CXJIONHETCA B OAHY TOYKY — B CUHTYJSPHOCTS.

CosjiaTh TAKy10 CUHIYISPHOCTS — ReJ0 TpyaHoe, UTo-
OBl CreHepupoBaTh MOA0OHYIO PPABMTAIINIO C IIOMOIIBIO
Halre#l 3eMJI, MEI ZOJDKHBI 6y/1eM CIKATh ee B IHAPHK
B 7,5 MpnnaMerpa B fuamerpe. Jlaxke conuue, KOTopoe
MaccHBHee 3eMJIM B TPUCTA THICAY pa3, OPUAETCA CKATH
JI0 paanyca 3,2 kuioMerpa. ITo Menbme MaHX3TTeHA.

Taxosa 00mad ufest 4epHoit ARIPHI — 3TO HACTOJABKO
KOMIaKTHAs CHCTEMA, YTO OT Hee He MOXKeT yberxaTh
naxce cseT. ['OPH3OHT COOBITHIL, TOUKA, OTKYAA HET BO3-
BpaTa,— 3TO HEBMAMMAA I'DAHMIIA MEKIY OTYaAHHBIM
NPHTAKEAKEM OUeHb CUJIbHOMNM rpaBATanuu U 6uneTrom
B OJMH KOHEl] K eHTPY MacCUBHOro uyauma, Crout
4yeMy-HGYAb — 3BE3[e, OAMHOKOMY HOCKY, KJII0UaM OT
MAaIIMHEI, JACTHLE — Mepeceds MOPU3OHT COOBITHIA,
M €r0 3aTAHET B YepHYIO ALIPY. DToli addHOM NACTH He
n3bexxaTs gaxke porony. Pas yxx ceeT, Oka3aBImIUCh 3a
TOPU3OHTOM COOBLITHII, HE MOXET OTTY/a BHIPEAThCH,
Gonbnie HuuTO He B chnax. He sabuipaiite: ckopocTs
CBETa — 3TO BCeJeHCKMii peies CKOPOCTH.
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YepHas Anipa — HeobxopuMeiilnee opyAue B apce-
HaJre YOKHyTOro npodeccopa. OHa NIPUroguTCs AJIA Ca-
MBIX PA3HBIX IleJeil — B Hell XOpPOIIO TONMNUTDH HAJOEH-
JUBBHIX TPOTArOHMCTOB K NPATATSL PE3YJIbTATHI HEeyJaB-
muxca GHoJornyecKkux axkcnepumMenTos. Ho 6oxbime
Bcero Jiobomy no-HACTOAIEMY YOKHYTOMY mpodecco-
Py XOueTcHA HallTH IIpHMeHeHHe TOMY, YTO 'PaBHTALUA
BOAU3N YepHO# ABIPHI CBOPAYMBAET BpEMsA, H CO3LATh
Ha 3701 OCHOBE MANIMHY BpEMEHRH,

IIpexae yem MBI pasdbepeMcd, YTO TaKOe YepHAasd
ABIDA M C YEM ee €XAT ¥ MOXKHO JM (MM HeJb3s) cle-
JIATh U3 Hee MaUIWHY BpEMEHH, AaBaiiTe «BCIIOMHUM»
HeKOTOphle 4epThl QOTOHOB ~— YACTHL, KOTODhIE, KaK
MuI 06CcyaHAM B riase 2, COCTaBAAIOT CBeT.

Kak BBl IOMHHTE, €CJIX BRI BUAEJH OOUH (JOTOH, JHA-
4uT, BuAenu Bee. Ilo cyTy gesa, pasHnna MeXIy HUMU
TOJILKO B TOM, YTO OJHH (POTOHK! 6OoNee dHEPTHUHEI,
apyrue mesee. EcTh MHOro CBOMCTB CBeTa, KOTOpHIE HA
HEePBLIMA B3rIAK KAXKYTCS pa3HBIMH, HO HA CAMOM Jejie
3TO pa3Hble IIPOsIBJAECHUA OJHOTO M TOro XKe. B cnyuae
CcBeTa KOJIMYeCcTBO dHePruu GoToRa XOppesIupyer ¢ HBe-
TOM CBETOBOTIO JIy4a. JTa B3aHMO3aBACHMOCTh 9HEPIHH
¥ 1IBeTa HMPOCTHPAETCA KAJIEKO 3a IDpefesisl BHAEMOr0
CIEKTpA. .

B rnase 2 MBI TaK’Ke IIOFrOBOPHJIHN O TOM, UTO CBET
BeZleT cebA KaK KYCOUKH BOJH M UeM BRIIE dHepPruw,
TeM Kopoue ANWHA BOJHLI. CaMoe rjiaBHOE B 3TOM
(B paMKax HacTosimiell AMCKYyCCHH) — TO, UTO, NOCKOJE-
Ky HOTOHK IpPeACTABASIOT cO00H MajleHbKUEe BOJIHSI,
MBI MOJKEM 3acedb BpeMs, KoTopoe TpefyeTcs, 9YTO0k!
ABA IMOCJef0BATENLHAIX (PPOHTA BOJHEI NPOMAHA GHK-
CHPOBAHHYIO TOYKY,— 9TOT WHTEPBAJ HA3KBaeTCA Ne-
progoM Bonukni. IToMmHUTe, B rtaBe 1 MEI roBopuau
0 me3ueBHIX 9acax? Temeph MBI FOTOBEI PACCKA3ATH
BaM, UTO MbI HA CAMOM jeJie MMeJIH B BUAy. Ecin B3ATh
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¢OTOH, KOTOPHI UCIYCTHJ aTOM HE3NA, 1 U3MEPHTD
BpeMA MeXXAy rpe0OHAMY BOJHLI, TO OH OyAeT BeCTH
cefs KaK uachi — OXHM 3 TouHelIIMX yacoB BO Bcee-
JIEHHOM. b

Ilpu Gonbuioit AnuHe BOJEH (M HASKOMH 3HEPruu)
rpe6EH ABMIKYTCA OTHOCHTENHHO MeAJdeHHo. Hanpn- -
Mep, paguoBoaHa Kojebnercs npumepho 100 pas 3a
KaXIYI0 MHJIIHOHHYIO ZOJIO CeKYHAR — HO XA cy6-
ATOMHBIX YACTHI 3TO BEMHOCTb., ¥ 6osie€ KOPOTKHX
BOJIH NIEPMOJ TOXKEe Kopoue, 3Has JHRIIb 9TH HECKOJBKO
(baKkTOR 1 BOOPY)KHBUINCE HAIOUM JI3€DHBIM MBICIEH-
HBIM 3KCIIePUMEHTOM, Mbl GyXeM NPAKTUYECKHN MOTOBH!
CAMOCTOATENBLHO OTKPBITE OAHO K3 BEJIMKUX JOCTHXKE-
HN# ORHITEeHa — 00IIYIO TEOPHIO OTHOCHTENLHOCTH.

.

1i. PeanbHbi Ny YepHbie b,blpbl
nnu GU3NKU NPOCTO BLIAYMANN UX
OT CKyxn? '

O6man Teopus OTHOCUTENBHOCTH PACCKA3hIBAET
HaM, KaK Ha CAaMOM JieJie yCTPOeHa IrpaBUTALLUA, U TOY-
HO OMHCLIBAET Mep3KOoe HYTpO IIpeaAMeToB HamozoGue
YepHHIX ALIp. B uncaé npoyero Mel yBUAUM, YTO BpeMs

_¥ IPOCTPAHCTBO OTHIOAH HE TAK a0GCOJNIOTHBI, KAK MBI
AYMaJi¥, ¥ YTO BO3JIe YEPHKIX AEIP MPOUCXOAAT OYeHb
CTPaHHEIE BELlH,

ITpeacraerre cebe, uto gokrop Heits u PoGo-ixedd
6epyT cBOl BeuHbIii ABUraTeJb Ha MJIaHETY C OYeHb
cuabHol rpaBuTanueit. Ouy CHOBA HANIPABNAIOT Jla3ep-
HBIH 1YY Ha BepminHy yreca. K roMmy BpeMeny, kak Jjia-
3ep BOCTUrHET BepIIMHBI, OH YTPATHT HEKOTOPOE KOJH-
Y4eCTBO 9HEPI'UM ¥ CTaHET HEMHOTO KpacHee. M3-3a pac-
TAXKEHUA BpeMeHM Iepuog (poToHA, M3MEePEeHHLIN Ha
BepIINHe yTeca, 6yAeT ANVHHee, YeM Y HOAROMKMA.
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9710 e HOTOHHAS BepCUA HAINMX LEe3MeBHIX JacoB!
HaBaiiTe sxe HalieM uM npuMeRenHe. CKaXkeM, JOK-
rop Heiin et GoToHALIN Yy HA BEPHIKRY yTeca ¢ Ie-
PHOAOM B OZHY CEKVHAY (TO eCTh JIY4 3TOT COCTOUT U3
PafUOBOJIH ¢ COBCEM HM3KOI sHeprueit), Ecam rpasmu-
TAIKS IAaHEeTH AOCTATOYHO CHAbHA, Pobo-/xedd Ha
BepmIMHE yTeca 6yZeT BUAETH BCOHNIIKY C MHTEPBAJIOM
B IBE CEKYHLL.

TyT Bce CUILHO OCNOKHAETCS. ECIH MBI TOMECTHM
Hapy4HLIe Yach JoxTopa [lefisa y noaunoxusa yreca, To
3aMeTuM, uTo 3a 50 cekyHz npouuro 50 rpeGreit BonH.
Onuaxo Po6o-Mxedd Ha BepIIHHE yTeCca YBUAUT 38 TO
JKe BpeM4 TOJIbKO 25 rpebHeit.

Kax sxe Tak?

EnuncTBeHHOe 06bsACHEHHe — YTO AJA HOKTOpa
HeiiBa BpeMsa TedeT MeaneHHee, YeM AJua Pobo-Mxed-
da. Toasro nogymaiire: PoGo-Hxeddy nokaxercd,
4TO yachl ZokTopa JeitBa UIYT MeANeHHee B ABA PA3a,
noaToMy ¥ JoKTOp [leilB cTapeeT BOOJOBUHY MENJIEH-
Hee. Kak ¥ Ipu pa3roBope o CIIEIUANBHON TEOPHHU OT-
HOCHTEIbHOCTH, OTOBOPHMCS, UTO 3TO He ONTHUECKAR
unmosnd. C rouxku spernsa Pobo-Hxedda, gorTop
HeiiB crapeer MeaneHnHee, ero HUGPOBLIE YACKI THKAIOT
MeJJIeHHEe U CaM O ABMIKETCH 3aMENJICHHO.

B 1iesroM 310 npasga. B6IM3H MACCHBHEIX TEJ YaChI
UIYT MefJleHEee, YeM BRajieKe. Jlake Ha HOBEPXEOCTH
3eMJu BpeMA HAET MeJJIeHHee, YeM B rIIyGOKOM KOCMO-
ce, HO BCEro JNIUL HA OAHY MUInAHaphayo. A cpas-
HEHHs: Yepe3 CTO JIET Yachl B IVIYGOKOM KocMoce H Ha
3emue 6yayT MATH C pasHHLeil BCero B TPH CEKYHJIRL,
Koneuno, Bac He yZUBMT, UTO 3peKT TaK HE3HATUTE-
JeH. Ecyin 6nl pasHUIa Obla 3aMeTHee, TO Bama (pusu-
yecKas UHTYMNuA 3Hana 6 06 aToM. OfHAKO, KAK MEI
yBHAUM, B6JIN3HM FODH30OHTA COBBITHI uepHOM XBIDHI
aToT 3dhdhexT CTAHOBUTCA 3HAYUTENLHEIM. [JanlexuM
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HabaonaTesiaM DOKaMeTcda, YTO ACTPOHABT, KOTOPDbI
NPWUJIET OTROXHYTL Y TQPH30HTA COGRITHH, ABHKETCA
6eCKOHEYHO MeAJeHRo . .

B aroit rmaBe Mel 6yeM 0COGEHHO MHOI'C T'OBODHTh
060 BCAKHNX ZUKOBHHAX — O KPOTOBLIX HOpax, Mallln-
HaX BPDEMEHH, KOCMHYECKHX CTPYHAaX H IPOYUX CTPaH-
HocTAX. C YepHRIX JBIP Ml HAYAJIY NOTOMY, UTO OHU

1 Pa6oTanxy OTaena TPAHCOOPTHEIX CPEACTB NPH ATMHENCTDA-
LHHE HAIIEro NITATa NpefaHhl CBOMM KJIHERTAM, N MH He Oyzem
IONBL30OBATHLCA 3TOIl BO3IMOKHOCTEIO, YUTOOR MX BRINYUHABATE,
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TIOYTH HABEPHAKA CYIIECTRYIOT B peaibHOCTH. Mu Ay-
MaeM, 4T0 DOUTH YTO BHJENH HX.

IIpexne ueM paccKasaTh BaM 0 HabJI10aeMbIX CBU-
AeTeJbCTBAX CyINIeCTBOBAHUSA YEPHBIX ALID, HAM, Bepo-
SATHO, CJefyeT DEePBHIM AEJiOM Pa3BeHUYATHh H OTMECTH
HEKOTOphIe PacOpOCTPaHEeHHEIE 320y KIeHN A,

1. YepHRIe AHIPH — 3TO HE HEOCTAHOBHUMEIE alICKHe
MAaLINHBI, KOTOPHIMH KX NLITAIOTCA BHICTaBuTh. Ha-
npuMep, ecan 6u Hame CoJHIE BAPYr IPEeBPATHIOCH
B YepHYIO ALIPY, He Ipon3onuio Gkl HAYero HATepecHo-
ro... Hy, He coceM. Mul 661, KOHeYHO, nOrn6Gau, HO
JUAMb 10 TOM Dpo3anmyecKoil IpHYHHEEe, UTO 3aMEP3JIN
6n1 6e3 conneunoro cseta. OgHaKO 3eMJi0 3Ta HOBas
gepHaA ALIpa He 3acocaja Obl. [axe ecau pasmep o0b-
€KTA MEHAeTCH, C TPABUTANMOHHON# TOUKH 3pDEHHUA OH
GYHKIHMOHUDPYET 0. MPeXXKHUM 3aKoHaM. ['pasuTanmsa
Ha Ipe’KHEeM PacCTOABNHM OT HEroO OCTaHEeTCA mpesRHeH,
H 3eMas 6yAET DO-NpeXHEMY BPalllaAThCA OO CBOel op-
Gute. 'paBUTALNA BAANAH OT YePHEIX ALIp BeJeT cebsa
B TOYHOCTH TaK Ke, KaK H IPaBUTAlHA JII060r0 APYroro
TeJia ¢ TaKOM e Maccoil.

2. Ha caMOM jfieJte yepHBbIE ABIPH HE CORCEM YEepPHEIE.
Ja, cama YepHaa ALIpa He BUAHA, HO BCe, YTO Ha Hee Ia-
JAaeT, CBETUTCA, ¥ 3TO BUAHO. B PEeHTTreHOBCKUX Jyyax
YyepHHIE ABIPhI BRITJIAAAT KAK OUe€Hb ApKHe 00'heKTH.

B 1974 rogy CtuBeH XOKHMHT BRIABMHYJI OARY OYeHb
HHTEPECHYIO Teopuio. XOoTsa U3 UePHOI ARPH HUYEro He
H3Jy4aeTcs, 06aacTh HEOCPEACTBEHHO PAAOM C Hel —
MecCTO OYeHb JUHaMuuHoe. II0CTOAHHO BOSHMKAIT N
AHHUTHANDYIOT IaPAMM YaCTHIIhl 1 AHTHYACTHILH! (Ha-
npHMep, BNEKTPOHM ¥ UX AHTHOOALI — HMO3HTPOHKI),
Kak MEI BugeJsu B riaase 2. Ilpexncrasbre cebe mapy ua-
CTH1, — SJIEKTPOH, KOTOPhIl BOIEMK CPa3y 38 FOPUIOH-
TOM COGBITHIA, ¥ TO3UTPOH, KOTOPKIil BOBHUK Herocpea-
CTBEHHO Nepex HUM. JJIeKTPOHA, camo coboi, HHUKTO
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¢ TeX mop He YBUAHT, a NO3UTPOH, BEPOATHO, BOSHUK
C 3Hepruei, KOTOpPOii XBATUT HA TO, UTOGHK CMBITHCA.
BrocyieacTBHM MO3HTPOH MOXKET BHIACIHTL SHEPrHIO
. (RaTIpuMep, NyTeM AHHHTUIALWH), KOTODYIO 3aMETAT
rae-nubyab Baaneke. Komeuno, rakoe MoxeT CAydnATs-
cd ¢ noGoii mapoii, cocroAlnei 13 YACTALLI ¥ aHTHYA-
CTHI[EI, B TOM 4YHCJe U3 ABYX (POTOHOB, KOTODLIE CAMH
cefe aHTHYACTHOL . BEIBOA TAKOB: YepHas AnIpa, Ope-
JOCTABJIeHHAHA caMa cefe, HAYHET MCITYCKATDh SHEPTHIO
M U3NyYeHHue.

‘Takoe BIeyaTReHHe, YTO MEI MOJYYaEeM YTO-TO M3
Hudero. OTKyza B3ANACH JOIONHATEALHAS 3HEPrusa?
N3 Macch YepHO ARIpLI. 3Ta MOKENDb « H3JaydeHud Xo-
KUHTA», KAK 6€ TPHHATO HASLIBATL, NPEJCKA3BIBALT,
YTO BIOCJIEACTBMM BCE YepHAIe JEIDHI TAKUM OOpasomM
MICHAPAT BCIO CBOIO MACCY.

Ho M1 651 He cOBETOBAH XAATH 3TOM'0 MOMEHTA, 38-
TauB NLIXAHHE. ’

Ecau HA9ATH ¢ YePHOH ABIPHI ¢ MAccos, paBHO Mac-
ce Conuna, BpeMeny Ha ucnapenne yiaer B 1057 pas
Goansime Boapacra Beesernoii.

Bce, UTO MBI TOJIBKO YTO CKA3AJH, ONIMPAETCA Ha
YHNCTOM BOIAKI TEOPHUIO,— HA MHTEPIPETALIHIO TOTO, YTO
crasai JiiamTeiiH 06 o6ieit OTHOCUTENRHOCTH (IJIIOC
elme HEMHOr0 KBAHTOBOM MEXaHNKH AJs POBHOIO cue-
T4), ¥ Ha DpeAcKa3aHUA 1I0 NOBOAY TOTO, Ha YTO MOIJIH
651 OBITH MOXO0XKH UepHHE ALIPH. Tem He MeHee cyme-
CTBYIOT JOCTATOUYHO BECKHE CBUAETENbCTRA, HO3BOJIA0-
mue NPegIoa0RNTD, UTO YePHLIE ALIPLE AeilCTBUTENb:
HO CYHNIECTBYIOT M ORIBAIOT CAMEIX DA3HBIX I BETOB M
PA3MEpOB... HY, AW TOALKO PA3MEPOB.

CaMrule MaJieHBKUe YepHEIe AuIpEI Bo BeeseHHOI, Be-
POATHO, HE HAMHOTO MaccuBHee Hamero Cosuna. Co-
TJIACHO Hallleil 6a30B0i MOZeNH 3BOJIIOLHY 3BE3, 3BE3-
A IOJIyCPeAHEro Beca Bpojie Ramero CoNHNA UCTIONb-
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3YIOT CBOI BOAOPOA IpuMepHO 3a 10 MuIHApAOR JeT.
Iocse yero oHK pasAyBalOTCA A0 KPACHOrO PHraHTa,
a 3aTeM NPeAHPHUHHMAIOT BTOPYIO NONEITKY — IIBLITA-
0TCA Ha¥TH NPUMEHEHHe CBOEeMY I'eJIMIo, NOCHe Yero
Conune cbpacrhBaeT rasdosyio oboaouky. OcTaercsa
JIMIOb THeInuii Gesnlit KAPAHK.

Co 3BeanamMu, KoTophle MaccuBHee CoJHNA B 1BA-TPA
pasa MIH ellle 60JbIIe, IPOMCXOTUT HEUTO COBCEM APY-
roe. 9TM 3Be3AHI 38BEPMIAIOT JKH3Hb KOJOCCATBHBIM
B3PLIBOM, KOTOPH HA3KIBAETCA «BCOLINKA CBEPXHO-
Boii» . BONBIIMHCTBO U3 HUX NPEBPAIAETCA B OUEeHb
TYyroif MAYUK IDOJ Ha3BAHUEM HeATPOHHAA 3Be3Ha,
a n36paHHOE MEHbLIIMHCTBO CAMBIX MACCHBHBIX CT2HO-
BATCA YEePHLIMM ALIPAMH. ACTDOHOMH Habmioganu
MHOKECTBO CEBEPXHOBRIX, X0TH, K CHACThIO, Ho6NN30-
CTH OT 3eMJIM TAKMX B3PHIBOB He HPOHCXOAUAO. DTO
XOPOINIO: CIHIMIKOM 6JIM3KUHA B3PHIB NpuBen 61, MATKO
roBops, K JIETKOMY HEAOMOTAHUIO cpeAy GONbIIMHCTRA
HaceseHna 3eMman. Ho ocTaTKOB mocje B3PHIBA CAMBIX
MACCHBHHIX 3Be3]] Mbl HUKOI'Aa He BUJEJIH — MBI HHKO-
rAa BIPAMYIO He BHAEJIN YEPHOH AbIPHI-

Tax noyemy )Ke MhEl TAK YBepPeHHI B TOM, YTO YEPHEIe
ABIDHI e CTBUTENBHO CYIecTBYIOT? X0TA YePHEIX ALID
¢ Maccoll 3Be3abl MBI He HabaiogaeM, MBI BUAUM MPH-
3HAK¥ <¢CBEDXMACCHBEEIX» YEPHBHIX HBIP B HEHTPAX
KPYNHHIX TallakTHK, NpUYEM caMhle HEOIPOBEPKH-
Mble — UMEHHO B Hamreil ['anakruxe.

B cepeaune 1990-x roaoB cpa3y HECKOJMBLKO &CTPOHO-
MOB, B ToM uucje Paituep Ilenenr us Hucrnryra Mak-
ca ITnanka u Augpea I'es na Kaaudopuuiickoro yuu-
Bepcutera B Jloc-AHrKenece, Eauaiy HaGIIOAaTL ABU-
JKeHue 38e3] B HeHTpe Hamest FanakTurn. K 2002 roxy
aTu HAGAIOAEHNA NPMHECIHN CBOM NJIOAK, U TROAK
BechbMa IpaMevaTebHbe. ACTPOHOMKE OTMETHUNH IO-
NOKeHVe 3Be3X MEHee YeM B CBETOBOM roje OT mMeHTpa
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(4TO IO ralakTHYeCKHMM CTAHAAPTAM O4YeHb-OYeHb
61u3K0), & 3aTeM 0Ka3a/l0Ch, YTO C KAXKABIM I'OLOM 3TH
3Be3nbl cMeiaoTesa. To ecTh OHM MPAKTHYECKH HABEP-
HAKA BpallaJIMCh N0 opbuTe BOKPYT Yero-ro. Yero-ro
KpaiiHe KOMOAKTHOIO ¥ KpaliHe TEMHOTO.

B nocnenHne HECKOJBKO JIET, KOTHA M3MEPEHUA YAA-
BaJIOCh IIPOBOAUTH BCE TOYHEE M TOYHee, a ABMIKEHUE
3Be3] OPOCJeKUBAJIOCH B Te4eHHe Bce 6osee JIMHHBIX
OTPE3KOB BpeMeH#, CTAHOBUJIOCH BCE SCHEee, YTO 00'bEKT
B IIleHTpe FaJJaKTUKMN — 3TO UepHAas JhIpa MACCoit IpH-
MepHO B 4 MmusutnoHa Macc ConHna, Mo HAMIMM cTaHap-
TAM — OrPOMHEAS, OJHAKO 110 CPABHEHMIO C HEKOTOPBIMM
KpynHEHIINMY YePERIMY JhIpaAMH — CYIIHil NyCcTAK.

MHorune caMble OTRaJICHHBIE U3 U3BECTHHIX HAM 005~
€KTOB HOANUTHBAIOTCA CBEPXMACCHBHLIMM YeDHRIMHU
AmpaMu. XOTA CBETA YepPHBIE ARIPBI CAMM OO cebe Tod-
TH He HCOYCKAaIoT, OHM HCTOYAIOT OPPOMHOE KOJIUYecT-
BO FPaBHTAIlMOHHOrQ NPUTSKEHUA, 0COOEHHO KOTAa
K HHM 4YTO-T0 npubamxkaercda. Koraa ras nagaer Bce
6amsKe K IeHTPaJIbHON YepHOK AbIPe, OH YCKOPAETCH H
HaYMHAET BhIAABATE H3AyUYeHHEe — H OYeHb MHOrO. JTH
YyepHbIe AbIPbl, OKPY)KEHHbIE BELIECTBOM, M3Jy4aloT
KOJIOCCANIBHOE KOJIHYECTBO 3HEPI'MH ¥ HA3bLIBAIOTCH
<KBa3aphl». KBasaphl KCOyCKAIOT CTOJALKO CBETa, YTO
X BHAHO NOYTH YTO M3 APYroro KoHua BcesenHoi.
A B IeHTpe Y KasXJ0ro KBasapa — YepHas Ablpa, KOTO-
pasa MaccuBHee COJIHIIA B MUJLIHAPABL P&3.

lll. Y7o 6ymeT, ecnu ynageuwsb
B YepHYI0 Abipy?

Becs 3TOT pasroBop MEI HAYAIHU ¢ OAHOM npocToil Ie-
JBIO: CAENATHL MAIIMHY BpeMeHH. Ha mepsulit Barnag
MBI JaJIeKOBATO OTKJIOHMAMCH OT TeMbl, HO HAM HaJ0
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6L110 GHAUAJA TIOTOBOPUTH O YePHKIX ALIPAX, ¥ B 3TOM
ecTh cMBICc). I'paBuTanmMs ceopayuBaeT BpeMs, a dep-
Hble GBIPEI — IMEAPLI# HCTOYHNK rPABHTAIMH, II09TO-
My MHI, BePOJTHO, MOXXEM HCIOJAL30BATh YepPHEIE
RHIPH, YTOOK OyTEeMWecTBOBATHL BO BpeMeHm, XoTa
GoybIIAACTBO MoJesiclt MAITHHK BPEMEHM OCHOBAHKI
He Ha YEPHLIX JhIpaX, OHH JOCTATOYHO NPOCTHI, YTOOK!
MBI HHTYMTHBHO NOYYBCTBOBAJIH, KAK paGoTaeT NCKa-
JKeHHe BpeMeHH, Ipekie yeM yrayOnThCAa B raedkm,
BMHTHKH B KOCMHU4YECKHE CTPYHEI XPOHOMHKEHEePHH.
Tax 970, €CJi MBI XOTHM MOCTPOHTH HACTOAMIYIO,
NPAaKTHYHYIO MAIIHHEI BpEeMEeHH, HAaM HYXXHO He 60AThH-
€A UCMAYKATHLCH M OUEDPTHA IOJIOBY MAXHYTE B OfHY U3
TaKMX BpeMeHHLIX BOpOoHOK. [[J1A npuMepa moayMaii-
Te, 4T6 6yper, ecnu goxrop Heits u Po6o-xedd pe-
IaT OPraHM30BATH SKCHEAURWIO HA AMHe3UI0 — uyep-
HyI0 XeIpy Macco#t B 10 macc CostHia — moj arupgoif
Axagemum anopeiickux uccaegosanuit ua YOnmrepe.
JoxTop JleiiB, caMbiil 6CMOTPUTENLHELIH (M, BO3MOMK-
HO, YMHRKIt) B 3TO# Mapouke, pemaeT OCTATHCA HA Ea-
OmoxaTeJBHEOM NOCTY B ARKagemuu, a Pob6o-Ixedd
(KoTopHlii ¢ OYEBHMIHOCTHIO KpacuBee NOAeJbHNKE —
Ha rpy6oBaThiif, pas6oitHnuuii, HO ZOBONBHO GpPOCKIit
nax) obnaunaeTca B cKadaHap, cCHAUIEHHBIH pagnone-
PeAaTYMKOM H rosy6hiMH rabapuTHEIMI OTHAMH.
Pasymeercs, B3 KocMoca AMHE3UIO He 0Y€Hb-TO Pa3-
raaaums, Ecau 6wl 6811 BUAEH FOPH3OHT COGHITHIL
(a 0OH, KOHEUYHO, HE BUJIER), OH IIPEACTABAAN OBl cOOOM
map paguycoM mpumepHo B 30 xunomerpos. A no-
CKOJIbKY I'PAaBHTAIMOHHOE 1T0Jie YePHOI ABIPLI HeOOhI-
4aifHO CUILHO, OHO HCKPUBJAET CBET, H JoKTOp HeiB
u Po6o-Mxedd BUAAT 3BE3ABI, KOTOPEIE HAXOAATCH 324
Awmueaneli!
Paaymeercs, apxuanofen He CTAHYT JeHb-JeHbCKOH
cujierh U Jio6oBaTECA AMHeaHnel, 1 B KOHIle KOHIIOB

20%
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Po6o-xedd xaranynbTUPYETCa H HuIPAET B YEPHYIO
ABIpy. IToHayaTy OH HOUTH HUYErO He 3aMeYaeT U IIPOCTO
JneTHT — Bee GuicTpee H 6bicTpee. K ToMy BpeMerH, Korna
OH OTJIETHT Ha PACCTOAHKE NpuMepHo B 1,5 X 101! MeTpos
(270 paccrosiame oT 3emiuu 10 CoJIHOA, M3BECTHOE TAKIKE
KaK «acTPOHOMMYECKaA eJWHHIA»), oH 6yaer nagaTs
co cKkopocThio nouTH 500 ThIcAY KUAOMETPOB B Yac.

KoHeuBO, aT0 roIOBOKPYRRTENBHAS CKOPOCTh, HO
DOCKOJIbKY OH HAXOAWTCH B cBOOOJHOM IajleHuH, TO
BCE 3TO BpeMs OyJieT oniylnaTh HeBeCOMOCTS,

Yem 6auxe Pobo-Mxedd npubnrmxaerca k yeproit
JABIpE, TeM CHJILHEe ero of0JeBaeT JIoGOMRITHOe oly-
nieruel. I'paBuTanusa AeiicTBYeT eMy HA HOTH CHJIbHee,
ueM Ha rojiory. IloHauany 3To KaeTcsd BCEro JMImb
cnabeIM TepeKocoM, HO K TOMY BpemeHnu, kak Po6o-
Ioxedd oxasmBaerca npumepHo B 6400 xkunoMeTpor
(paguyc 3eMJH) OT UEHTPA YePHOU ABIPHI, PASHHUIIA
B CUJIe THXECTH, KOTopasd AefCcTBYEeT eMy Ha roJIoBy U
Ha HOTH, OyfieT paBHEa Beeif rpapuTanuy Ha 3emie. Kax
6ynro Po6o-Hxedd moasenien 3a MAKYIIKY K NOABEM-
HOMY KpaHY, & HOT'H Y Hero 60JTaIoTCA.

IIpunuBHAA CHJA HEYMOJNHMO HapacTaeT, U deM
6nuxe Pabo-Ixedd oxasniBaeTcs K UeHTPY YepHOit
ABIPH, TEM CHJIBbHEe ero, 6emonary, BRITATHBAET. JTOT
npouece ACTPOHOME! IPO3BANM ¢ COAreTTHOHKAIMSA» .
YenoseyecKoe TeJ0, ecaM OHO IDHHALIEKHUT Pobo-
Hoxeddy, a ne IInacruxkMany nin Mucrepy danracTu-
KY, B TAKUX CAYYAAX He CTONBKO BHITAI'MBAETCH,
CKOMIbKO JloMaeTcA. IIpuiIMBHEIE CHIIEI HABEPHAKA OKa~
JKYTCA CMEpPTeNbHBIMH, IOCKONBKY PpeKOpAHble mepe-
rPy3KH OPHU BRICOKHX YCKOPEHMAX, KOTOPHIE B CHUJIaxX
BRIZIEP’KATH YeJIOBEK, COCTABJAAIOT B 179 pa3 Gonbme
3E€MHOI CHJIKI TAMKECTH, 1a U TO OYKBAJIBHO HA CEKYHIY

1 Tlo6esxanyu mypamrku? 3Ra4UuT, BCE HAET KAK HAKO.
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(B aBTOKaTacTpode). A PoGo-Ixeddy npuaercs nox-
BEePrHyThCA TaKUM e (I faxke 6oJiee CWIILHBIM) IIepe-
rPy3KaM NOCTOAHHO — CTOHT eMy JHUINbL AOCTUTHYTh
1150 xuoMeTPOB OT IeHTpa AMHE3HH. 7

Koraa on npubausnrcsa K HeHTpy Ha 550 kuromer-
POB, pa3HHLa B CUJe TAMKECTH, AeHcTBy0Ie#t HA HOrM
M Ha rojiosy, craneT npuMepHo B 1500 pas 6oxbiue,
yeM 3eMHaf rpaBUTAIMA, — ATOTO ¢ H3GLITKOM XBaTHT,
4yT00RI 6YKBAJIBHO PABOPBATE YeAOBEUIECKHME KOCTH.

Camu BupuTe, MyTEINECTBNE BO BPEMEHM HE HA3O-
BEINb YBECEJINTRNbHON NPOTYIKOI.

IIpencraBum cebe, uto PoGo-Mxedd B AeTcTBe GBII
nafi-MaJIbYMKOM M KYHIaJ MAOTO MaHHOH Kamin, ¥ 1o-
3TOMY €ro KocTH ¥ KHbepHeTHYeCKHe CYCTaBhI c1ocob-
HHI BBI/IeP)KaTh YyIOBUIIEKIEe Harpy3ku. Jlaxe c aToi
HaTAXKKOM (mpocTHTe 3a AypauKkuil KaxamOyp) oH o0-
HAPY)XHBAET, YTO paKeTHLIH YCKODHTeNb, KOTOPBIX
IoJkeH GBI BHTAIGUTE €r0 U3 TPABATAIMOHHOTO MO
Amuesnu, He 3anyckaerca. Koraa no uerTpa ocraerca
Beero 65 kuioMeTpos, Po6o-xedd HauunaeT maENKO-
BATH (CAEPIKAHHO M MY’KECTEEHHO, B CTHJIE «T/le Hamia
He NpPONAajaias) K NOCHIaET XoKTopy Heliny B Axage-
MHIo 370Aelickux ucenegopanusi caraan SOS. Oauaxo
NOCKOJBKY (DOTOHK U3 paguonepegatdnka Pobo-Hxed-
}a TepAIOT SHEPIHIO, KOTAA ABHIKYTCH OT HEHTPA dep-
HO# IBIDEI, JOKTOPY HeliBy IpUXOAMTCH HACTPOUTH

£
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IpHEMHHAK HAa ropasgo 6onee HU3KYIO YACTOTY, 4TOORL
yeaslnaTth, Kaxk Po6o-Ixedd 30BeT Ha TOMOWb.

Cnymas csoe o6rraHOE pasuo B fuanasone FM (ot 88
no 108 merarepn), poxTop Heilis o6HapyKuBaer, 4To
xors Po6o-Ikxedd mepenaer cHrHaj HA IACTOTe
108 mMerarepIl, Kax OHM M AOTFOBAPUBAJUCH, CALIMIHO
€ro JUMb B HMKHEH YacTH YaCTOTHOTO AMANa3oHa.
HmenBO 06 9TOM heHOMEHE MEI K MOBODPMIN — POTOHBL,
Kotoprte PoGo-II»xxedd nmocunaer B BuAe pas/uOCUTHA-
na, IOTepANN 3HEPraio, U MO3TOMY KaXKeTcsd, YTo 4a-
crota paguocurnana ruke. Korna noxropy Heitsy yaa-
eTcA HaKOHeD IIofMaTh curaa, rojaoc Haxedda Kaxer-
¢35 €My MeAJIEHHBIM ¥ HU3KUM — KaK ByATo caynIaelns
IIACTAHKY Ha EM3KOM cKopoctu unm AManay Jiup Ha
HOPMAJILHOM,

Po6o-Mxedd magaer ganbme, ¥ CBA3b OPONajaeT.

XoTA HOPpMAaJbHBIH PAKETHEL YCKOPHTEIh IapoYKa
IOCTABHTDL 3a0bLJIa, APXUSJIOAEN BCE JKe JOAYMANNCH

~ocracTuTh ckadannp Pobo-Ixedda ynoMaRyTEIMU ro-
nyOeimu oroRbKaMu. OHU CBETAT. y3Ke He roayGrIM CBe-
TOM, a 3€JIeHOBATHIM, 34TEM KEeJITOBATHLIM, & 3aTE€M
KPACHEIM, HOCJIe Yero CTAHOBATCH HEBUANMEI HEBOODY-
sxeHEHIM raagzom. ITocse atoro gokrop leiiB MoxerT
Babalogats Pobo-lxedda Tonbko yepes nappaxkpac-
HEIl 1eTeKTOop. »

Ilpumepuo B 30 Kujomerpax OT IeHTpa 4YepHOIL
JBIDEI IPOXOAUT TOPU3OHT COOBITHI, 11 ¢ TEUEHHEM Bpe-
meHu goxTop JleiB 3aaMeuaer, uTo xora Pobo-Ixedd
Oopubanskaercs Bce 6IAKE K 'DAHEIE, OTKYAA HET BO3-
BpaTa, OH HUKaK He MOJYKeT ee mepeceyb. Bce BpeMa
Kaxkercs, 4To Po6o-Ixxedd HaxoauTcs cHapyKH OT
yepHOit ALIphl. OfHAKO OrOHLKM Ha ero ckadaHzpe
B KOHIIe KOHIIOB YXOAAT B HHGOpaKpacHbIH cniekTp Ha-
CTOJILKO, YTO JETEKTOp AokTopa Heiina ux y)Ke He BHU-
IHUT. .
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C ppyroii cTopoHH, ¢ TOUKY 3peaus Pobo- Tixedda,
Bce, HA000POT, YCKOPAETCA, W CHFHANLI U3 AKaZEeMUH
8JI0ffeiiCKIX HCCIeoOBaHUYE JOXOAAT A0 HETO HA BBICO-
KuX yacrorax. Uro ke OPOMCXOXHUT B TOT MOMEHT, KO-
raa OH IepeceKkaeT ropu3oHT COORITHIA?

Ecau He cuuTaTh TOro, uro Po6o-xedda, ckopee
BCEro, JI@aBHO HET B JXUBBIX M Temeph €My yKe He Bep-
HYTBCH, OH HUUero ocobernoro He aaMeruT. On Gyaer
HPOCTO HEYMOJMMO IaATh K ¢« CHHTYJNAPHOCTH». Pasy-
MeeTcH, OKA3aBIINChH 10 CKBEPHYIO CTOPOHY OT T'OpH-
30HTAa COGLITHIA, OH YK€ He MOXKeT GoJIbIe OTHPaBIATE
¢hoTOHBI, a NOSTOMY He OCTAETCA HMKAKOr0 CIeHapus,
KpOMe OXHOI'O — €ro MopBeT B KJoukH. IIyers yTeina-
" eTCA TEM, UTO C TOTO MOMEHTa, KAK €My CTaHeT Hellpu-
SITHO (KOTZa NPUAMBHELIE CAJIKI COCTABAT oKono 10 g, ro
ectsb B 10 pa3 Gospie 3eMHOI rpaBUTALMN), KO IOJHOTO
paspyImeRuA NpoisieT OKOJIO OXHO JeCATOM CeKYHARL.

OaHako Bce HayuyHBIE JaHHBIE CBHAETEILCTBYIOT,
YTO BTO €ro He YTELINT. '

IV. A MOXHO BEPHYTbCSt
BO BpEeMeHM Ha3ag M KyNnuThb akum
«MaikpocodT»?

Kax MuI TONBKO YTO YBHAENH, TPABATANMOHHOE ITOJIE
BOprI‘ YepHRIX ALIp CHJIbHEHNINM 06pa3oM HCKaXKaer
W CBEeDTEIBAET IPOCTPAHCTBO, A THaBHOE (IR HAMMUX
3N0MEHCKUX 3aMBICJIOB) — npex_m. OcTaeTcsa NOXK BO-
npocoM, cyMmeroT an gokrtop Heites ¢ Pobo-Mxedbdom -
npu nomoInu ob1eit TeoprM OTHOCUTENLHOCTH CO3JATD
BeJIMYAMRTITYIO SKeMUYKNHY YOKHYTOH HAYKH — MaIllH-
Hy BpeMen#u. [Iperx e 9eM MBI HAUHEM PasroBop O TOM,
Kak cZeJIaTh MallluHY BpeMCHH, CleyeT BRICKA3aTh He-
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CKOJIBKO coobpaKeHHit o IIOBORY TOTO, YTO 3KE TaKoe
Xopolnas MaInuHa BpEeMeHH.

Koraa M Grinu MajieHbKMe, TO JIOGHUIM HTpaTh
¢ OoBIIAME KADTOHHEIMY KOPOOKaMH, a HHOT A IHCa-
JIM Ha HUX GonbuiuMu GykBamu « Maniuna BpeMeHH» !,
Boo6ime roropa, sTo u 6mya MamuHa BpeMenu. Bean
TOT, KTO Cuze] B KOpoOKe, IyTemecTBOBAX BO BpEMEHN
€O CKOPOCTHIO OfHA CeKYHJA B ceKyHAy. B, HaBepHoe,
HaJeeTeCh NOJYYKUTh YCTPOHCTBO ¢ 60iee TMOKUMHE Ha-
CTpOfiKaMu.

IIpocure, H JacTca BaM; B HAINMX CHJIAX CAEJNATH MA-
muHy U nogyumnre. Feponueckuit npumep Pobo-xed-
¢da mokasayn HaM, 94T0, KOTZAA CTOHINL ¥V CRMOM YepHO#H
BSIpBI UK 6eJIOro KAPANKA, IMYHBIE YACH 3aMEeJIAI0T-
cs, 8 3HAYNT, MOXKHO NIYTEIIECTROBATE BO BPDEMEHH CO
CKOPOCTHIO HBICTPEe OXHOM CeKYHAB B CEKYHAY. Ham
3nofeicKuil 1yaT BIOJHE cnocobeH co3aaTs Ha 3TOoH
OCHOBE IPHEeMJIEMYIO MAIIMEY BpeMeHHu IJIA My TelIecT-
BU# B 6yaymee. Hanpumep, TOCTPONTE 3BE30NET, KO-
TOPLIA 3aBHCHET Y CAMOTO I'OpPH30HTa COOBITHH B Yep-
HOH abipe, HEKOTOPOE BpeMA TAM IIOBHCHT, & HOTOM
BepHeTCS — B JajleKoe Oyayiiee.

Ozanako aro 6yje? nyTremecTere B OAUH KOHeI, — TI0-
CKOJBKY BEPHYTLCA B CBOE BpeM# apxXu3Jofed Be CMo-
ryr. Ham ke GONbIIIe BCErO XOYETCHA OTIIPABITS UX B IIPO-
IIUI0e — & B UAEAJIbHOM CJIy4ae MO3BOJIUTL M3SMEHUTDH 9TO
IIPOINJIOE B COOTBETCTBHHM C HX YeDHBLIMH 3aMEICIaMH,

KakoBHI jKe IIepCIeKTUBEI A8 NyTeIlleCTBHA B IPO-
mnoe? Kax Mul Bugeau B raase 1, Mul BIIOJHE MOXKEM
3arJIARYTS B nponutoe. Koraa Ha uTo-T0 CMOTPHIIS, TO
BUAUIIL €70 TAKUM, KAKHM OHO OBLJIO HEKOTOPOE BpeMs
Haszax.

1C ouaposaTenbHLIMA omu6Kamu — «MOLUIMHA BPEMH-
HW». :
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Koneuno, Bbl BpaBe NpeAcTaBIATh cebe uro-T0 Go-
nee koHKpeTHOe. Hanpumep, npeacrasbTe cebe, UTO Bol
XOTHTE CTaTh CBHAETENAMH HeKoero coSuTua — KpbiM-
CKOil BOIHBI, CKAXKEM, HJIK NOCAAKHN ¢«AMOJJIOHA» HA
Jlyne. B npusnune, Ha NePBHIH B3TAAL 3TO HECJIOMXKHO.
B caxyuae ¢ BeicaaKo# Ha JIyHY BCe, UTO BAM HYKHO, —
3TO NPNIAPKOBATH 3BE3J0JET C YIbTPAMOUHLIM TeJje-
cxonoM B 40 cBeToBRIX rojgax ot Jlyur!. ExuncTReHHAR
CJOIKHBOCTh: YTOONI yJjeTeTh Ha 40 CBETOBRIX JIET OT
Jlynet, norpebyerca kak MUHHMYM 40 JeT, HOCKOJILKY
HEeJIB3A JIeTeTh CO CKOPOCThIO 60Jibie CKOPOCTH CBeTa.
Taxk uT0, XOTA MEI CIOCOGHK 3arIAHYTH B GyAymiee, MEL
He MOXKEM 3arJIsiHyTb B HAIY MCTOPHIO, HOCKOJLKY HE
MO3KEM TeperHaTh CBeT, He CXKYJBHMYAB C IIOMOLILIO
rpaBMTAUMNMH. .

A He BHIDYYHT JIM HAC, RAaOpuMep, 3eprano? Ecau
661 B MOMeHT Bhicasky Ha JIyry B 20 cBeTOBBIX roxax
OTTYAa Y3Ke CTOA0 3ePKao, MEI, B IPHHIUIE, MOTIM
651 KaK pa3 cefidac MOJYIHUTE OTTY A8 orpaxenue. K co-
SKANIEHNI0, HaM ROJKHO ObIZIo 6B KPDYNHO IOBE3TH,
YTOGLI 3EPKANO YiKe CTOSIO HaroTose. [[a n KapTHHKa
OONYyYUNach 6bl MATIOCEHBKAA-IPEMAIIOCEHbKAA.

HTaK, neske 3araAaHyTh B Ipomijioe, KaX BHISICHH-
JI0Ch, NpobeMaTHYBO, a MeXXAY TeM Aas 60AbIIHHCTBA
U3 HAC MAIIKHA BpeMeHH SCCOIMMPYETCA C BO3MOMKHO-
CTBLIO He IPOCTO 3arfARYThH B NpoLLIoe, HO 1 AelicTBOo-
BATh B HEM M Aa)Ke MeHRATh ero. Kak MUHUMYM MEI
JOJIKHBI HBITH CIIOCOGHLI BEPHYTHCS B IIPOILIOE M IO~
JKaTh pYRy caMmoMy cebe.

CrenmanucTil o obielt Teopuu OTHOCHUTEIBHOCTH
HA3KIBAIOT CILEHADYHM, B KOTOPLIX Bbi MOYKETe HO3HAKO-
MUTBCA ¢ CAMEM coBoit (mnn, B IpUHIHKIE, CO CROMMH

1 Cefiyac, Korza MK OHINEM 3Ty KHUTY, C MOMEHTA BHICARKY Ye-
Josexrs Ha JIyny npouuio oxkasio 40 JeT, HO YRCJA JIETKO MEHSAIOTCH.
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 IpefiKaMu), ¢«3aMKHYTHRIMH BpeMEeHUNOZO0HBIME KPH-
BhIMU». KaKk MEI YBHAMM COBCEM CKOPO, CYIECTBYIOT
NPOEKTHI-KAHAWUAATH HA PONL MAUIYHE BpeMEHH, KO-
TOpPRIE€ BOOJIHE COOTBETCTBYIOT TEOPHIl OTHOCHTEIBHO-
cT. VI OBM BIIOJIHE MOTYT NPEAOCTABATH BAM LIAHC 1O~
SHAKOMHTLCH ¢ cAMHM c060ii B IOHOCTH.

Ho npesae Bcero Mui JOMKHB! YCTAHORUTE HECKOJIb-
KO OCHOBHEIX 38KOHOB.

M=l TOJHOCTEIO OTRaeM cebe OTYET B TOM, YTO Ha
JaHHOM 3Tane GeceAbl Mbl BRIXOAVM 3a NpeAesnl Toro,
YTO NPUHATO HA3KIBAThH GUBHKOI, U yraybasaemcs B 06-
aacts ¢punocopuu, I B 3ToM HET HHYETro IJIOXOTrO.
Y B Xya0KecTBeHHO! NMUTEPATYPE, X B HAYYHOH D0~
codun, 110 BCeHl BUAUMOCTH, HMEIOTCH ABE OCHOBHBIE
KAPTHHEbI BO3MOXKHOTO IYTEILIeCTBHA BO BpeMeHH.

1. AnsTepHATHBHAS PEAJIBHOCTD / AIbTePHATHRHEIE
BCeNleHHbIEe, .

Onsa U3 caMBIX OYEBUAHLIX TPYAHOCTEH, CBA3AH-
HBIX C IyTemIeCTBUEM BO BpeMeHH, 3aKII09aeTCA B TOM,
YTO OHO BPOjAe Okl HO3BOJAET BAM UIPANHO HATOPTA-
YUTH B IIPOLIJIOM. Hanpuwmep, npeacrasbre cebe, 4To
BaM IpHINJIA B rOJIOBY OTMEHHO Aypaunkas uzes, cKa-
JKeM, YOUTE COBCTBEHHOIO AeAyHIKY KO TOro, Kak Gyaer
3auatr BanI oren;!. CMoxkere JH BHI 3TO crenars? Uro
npouaoiiger ¢ BaMu snocieAcTnu? Kaxoe 6yaymee BoI
06Hapy)KUTe, Korja BepHeTeCh B HACTOSALIUH MOMEHT?

V6uB co6CTBERHOro AeAYIIKY, Bl CAMH HE CMOsKeTe
CylecTBOBaTh, 2 3HAYUT, BO-IEPBLIX, ¥ BAC HE IOJIY-
YHUTCA BEPHYTHCA B NIPOULIOE, a4 3HAYUT, HEKOMY OyJeT
yOHUTBL Ballero JeAyUIKY... HY ¥ TaK gajee.

Kak ’ke paspelInThb 3TOT ¢MAPAAOKC ASAYIOKU » 7

Yro 6yaeT, ecjiM TaK PASHTEIbHO HAMEHUTH IPO-
1LI0e, HaM, BepOSATHO, PACCKAKeT KBAHTOBAR MeXa-

! He noruMaeM, 0TKyRa y (DM3NKOB 3Ta HABAIYHBAA MAESA YONTh
JAexyJio, HO KTO MK TaKue, YTo6k Bo3pakars?
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HUKa. B raase 2 Mbl oOCy:xJajiM HHTEPHPETALHIO
KBaHTOBO# Mexauuky Xbi0 IBepeTTa U «BO3MOMKHEIE
MUDEI», B KOTOPAIX Ka/KA0e KBAHTOBOE COOBITHE TOPO-
sKaeT napaiieibasle Bcenennnie. Kax Mu Buzenu, Ha
MUKDOCKONKYECKOM YpoBHe Beenenrnas cayuatina —
cayyaliHa o CYyTH CBOeil, H HUKAKUE 3HAHUSA He B CH-
JlaX mpejcKasaTh, HANPUMep, pacuafieTcs PaznoaK-
THUBHBIH aTOM 3a JAHHKIA mepHOJ BpEMEeHU MJIH He
pacnajfercs Uiy KyJa OXaxKeTcs HalpaBJieH CIIMH y AaH-
HOrO 3JIEKTPOHA — BRepX MAM BHH3. Ecau 6wl Mp! me-
pecMoTpesn k1o Beenennoi, kak Oul Bce DuIIO — TAK
ske miu uHave? ¥ HAC HeT HHKAKOH BO3MOKHOCTH 3TO
TIPOBEPHTb. '

Kaxercs, 6yATO Meno4Yn BpoJe COUHA 3JIEKTPOHA
6onbUION POJIM HE MI'DAIOT, HO 3a OYeHb AJNUTeNbHOE
BpeMA MeJIKHe COGRITHA COOCOGHBI N3MEHUTh OYEHb U
oueHb MHOroe, BcnoMHENTE CTADUHARIA CTHIIOK, KOTO-
prtit npraucwsaior Beapxamuny CPpaskauny:

He 6vin0 280308 — nodrxosea nponaaa.

He 6vin0 nodxosv. — aowade 3axpomana.

Jowade saxpomara — xomandup yéum,

Konnuya pazéuma, apmus Gexcunt.

Bpaz ecmynaem 8 20pod, nieHHbLX He WAOA...

Ommozo ymo & kysnuye ne 6bLA0 260301, ,
(Ilep. C. Mapwaxa )

9TO KOHUENTYANbHAA BePCUA MaTeMaTU4eCKO#i Teo-
PHH IO Ha3BaHHeM «xaocs. IIpakTHyeckn 1ia a060k
CHCTEMBI (M HCTOPHSA UesJOBeYecTBa He HMCKJIIOYeHUe)
CIIPaBEXJINBO, YTO JAaskKe HeGOJIBbIIOE H3MEHEHUE Ha Ca-
MOM CTapTe HPHUBOZUT K KOJOCCAJLHRIM U3MEHEHHAM
B punajte. BepoATHO, BaM 3TOT 3aKOH H3BECTEH TAKMKE
Kak «3tpexT 6a60uK»!, COrIACHO KOTOPOMY JaXKe Ta-

-_
1 He nyraTh ¢ OTHOMMEHHLIM TPHJLIEPOM O IyTemIECTBAM BO
BpemMeru!
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Koe KpoileuHoe co0biTHE, KAK B3MaX KpLiJnimexk 6a-
60uKH, CIOCOOHO N3MEHMUTSH ITOFOAY Yepe3 HeCKOJIBKO
MecCsleB Ha APYroM Kpaw 3eMiH.

T'naBHOe, Jaske ecyM mapajiefsHble BCeJleHHble Ha
cTapTe NIPAKTHYECKU HASHTHYHE], V)K€ JOBOJABHO CKOPO
HCTOPUA B HUX UAET MO COBEPIIEHHO DA3ZHEIM IIYTAM.

Ta ke KapTHHA — BCeJeHHLIe, OTBETBAAILHECA
APYT OT OpYyra,— MOJKET IOCAYKHUTh OCHOBOW AJNA my-
TellecTBUM BO BpeMeHH. [aBaiiTe MOCMOTPHM, KaK 3T0
paspemaer «napafokc aeaymku». IIpeacraBere cebe,
YTO BH NYTEIMIECTBEHHUK BO BPpeMeHH, JHUBYIHH BO
BCeJIeHHOMN A, 1 Bl BOuM cebe B I'OJIOBY, YTO JOJKHEI
MOPYUIMTE BCeIeHHYIO, A He IIPOCTO TAK, & KK MOMKHO
spesninHee. Bu co3gaere MalIKHY BpeMeHH, BO3Bpa-
aeTech B IpOIILIOe ¥ y6UBaeTe TAM CBOEro JEAYIIKY.
ITockosisKy B HCTOPHMH BCENIEHHOM A TaKOe coOhITHe 110"
IPOCTY HEBO3MOJKHO, YOMICTBO JOMKHO IPOM3OHTH
B Apyroi#l scenennoil — B. Ecau Mu 3aTeM BepHeMCA
B HacTosdAlllee, TO, BEPOATHO, 06HADYKUM camoro cebs
KaK oH GulLi, C TeMH jKe BOCHOMHHAHUAMY,~— TOJbLKO
He B Hamell npeXXHeil BceleHHO, a BO BcesleRHOH B.
N roHeuHO, BO BeesieHHO#H B 6yaer auiub OKMH DK3eM-
oaap nac (Bepcuda A). Bropoit Tak i He pogurcs.

YiaBauBaeTe JIOruKy? ‘

Mopens MEOMECTBEHHRIX MHDOB — OCHOBS, CIOJKeTa
«Hazag B 6yaymiees . 3To KJIaCCHKAa MEPOBOI'oO KHHEMA-
Torpaga, Tax 4TO Bhl, BEPOATHO, BUAEJH 3TOT QPHILM.
TloapocTok no nMeln MapTv BOSBpAINAETCS B IPOLILIOE
Ha 30 jeT, HepeAHAMEPEHHO BMEIIMBACTCA B YXaXKHU-
BaHMe CBOMX DOAMTENell, a OCTATOK (GUAbLMA JUX0opa-
- ILOYHO NBITAETCH 3arjajNuTh CBOM OIIMOKH U HABECTH

IOPSAAOK B CBOEM HACTOSAUIEM. )
‘ Cawmo coboif, y Hero sce nonydaetca. Ho xorza on
BO3BpAl&ETCA B CBOE BpeM#, OKa3kBaeTcd, YTo UCTO-
PHA MUpPa PAANKAIBLHO U3MeHuNack. COrdtHO KapTH-
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OCb BPEMERU MAPTH

He BO3MOXMKHBIX MHDOB, MapTu-A ucues U3 BCeJeH-
" Hot A M oTnpaBuyica B npomnoe. UaMmerus 6ynymee,
OH IOCIOCOGCTBOBAJ OTBETBJIEHMIO BcejleHHON B u
BepHYyJcCA B Oynyiiee Bcederuoil B, Mesxxkay rem Map-
TH-B, NIpeanoIoXUTeILHO, HCUe3 B NPONIoe, H3Me-
HHUJI XOX BPeMEHH U BEPHYJCA BO BecedenHyw C —
M Tak gajee.

B npuHnumne, ecau 651 MapTu-A H3MeHU BCENEH-
HYIO B ocTaTouHOil crenenn, fox Bpayu-B (1306peTta-
TeJIb MALIMHEI BpeMeHH) He K306pes Okl nyTermecTBus
Bo BpemerH. B 1985 roxy Mapru-B 3acTpsi 6H Bo BCe-
neaHo# B, He HMeR BO3MOKHOCTH OTIPABHTHLCH B IPO-
mnoe. Korga MapTu-A BepHyICcA B HacToAlLlee, OH Bep-
HyJcsA OB BO BCEJIEHHYIO B, H TaM OKa3anoch 6s1 ABa
MapTtu. A Bo BcenenHoO# A Mapru ucues 66 1 He Bep-
_ HyJICHA.

B Monxenu MHOXXeCTBeHHEIX MHDOB BCEraa HYKHO
AYMAaTh O TOM, KaK TBOM JeiiCTBUA B MPOIILIOM BIAUSAIOT
Ha Oyaymiee, ga)<e ecJIM BaM KAKHM-To o6pasom ygpa-
JIOCh BO3ZEPIKATHLCA OT YORIHCTBA CBOMX IIPEeIKOB HJIM
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APYTHX NOCTYHKOB, KOTOPHE ABHO COOCOGHE! pajgH-
KaJbhHO MCOOPTHTHL HCTOPHIO YesNoBeuecTBa. [la:Ke
Measvaitimee GeccosnarensHoe AeiicTBre Coco0HO pe-
PaHIOMHINPOBaTE BCE COGRITUS B HPOINLIOM (Ipole
rOBODP#, 3aMYCTUTD KX 0O APYTOMY CAYIaHOMY CUeHa-
pHuI0). :

B o6mem, «addert Gabouxus naetT HaM rapaHTHIoO,
YT0 HeT HUKAKOrO CIeHADMA NYTEIIeCTBHA BO BpeMe-
HU, B KOTOPOM MOKHO M3MEHHUTH IPOILJIoe, HE CO3/aB
napajieibHBIX BeeJeHHRX. OAHako ANA Hac BCe DTO
Bcero Jub RKyabHIvecTBo. Habnonarens, KOTOPHIA
cuauT cebe B cBoedl BCeJIIEHHON ¥ HUKYZAa BO. BpeMeHH
He IIyTellecTBYeT, YBUAUT, KAK Y JNIOAEH NOABNAIOTCH
ABOWHMKH, NOrubaloT H BOCKPecaloT JeAyILIKH, a OyTe-
LIEeCTBEHHNKH BO BpeMeHM BO3HHKAIOT M HCUE3aloT.
9To oueHb paszapakKaeT, He TaK Ju?

2. BecenenHass CaMOCOTIACOBAHNA.

PDU3NKY OT MArH OTJINYAET OXHA HOAPOOHOCTD: (u-
BHKA JeaaeT OpeacKasaHusa OTHOCHTENbLHO BeenenHoit,
KOTOpBIe MOXHO NPOBEPHTE. [I0 CHX IOp HET HUKAKAX
SKCNEPUMEHTAJILHEX XAHABIX (M HUKAKHKX 000CHOBAH-
HBEIX NPeANOJIOXKEeRNH, KaK UX DIONYUNTE), KOTOPhIe OB
CBH/IeTeJILCTBOBAJIM GEI O TOM, YTO Haina Bcenennas ne
onaa. Ecim sxe BecesneHRasa ofHa, TO U BepcHA €€ HCTO-
PHH TOXKe OJ[Ha. ‘

B cepenune 1980-x roxos Urops HoBukoB us Moc-
KOBCKOT'0O YHMBEDCHTETa DASBUJ TEOPHI0 KBAHTOROM
MeXaHHKM U OyTellleCTBUil BO BpeMeHH, COrJIacHO KO-
TOPOH BEepPOATHOCTH HECAMOCOIJIACOBAHHON HCTOPUH
TOKAECTBEHHO paBHA HYJIIO.

IToaTOMy peamXHCTHYHRIH cHeHapuil IIyTeIlllecTBUA
BO BpeMeHM GyJeT BrIrIAAeTh npuMepHO Tak. Korxa
BaM mcnojHdAercs 18 Jer, 6ojsee crapas BEPCHA Bac
BO3BpallaeTCHA K BAM BO BpeMeHH M IaeT BaM obimue
HHCTPYKIIHY, KAK CHEJIATh MAILHHY BpeMeHH. Oco3HaB
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CBOE BeJIHKOe NpejHasHaYeHHue, Bhl MOCBALaeTe cle-
nyiomue 10 jeT co3maHA0 MAITMHEI BpeMeHH, a 3aTeM
BO3BpamiaeTech Ha 10 Jer Hazajy 1 Kaere caMoMy cebe
Te e MHCTPYRIHH.

Ho ecTs AnieMMa. A ecjidt BB B IDONULJIOM COBEDILIN-
Te NONKNTKY caMoybmiictsa? Unn He cTameTe KaBaTh
cefe ' MHCTPYKUUHE IO COSAAHMIO MAINHHE BPpeMeHU?
BosMoskHO 11, B KOHLIE KOHIOB, UTO BhI #f BOBCE COBEP-
HIATEe HEYTO TaKoe, YTO JHUMMUT BaC CTHMYJIa AeAaTh
MAILIMHY BpeMeHu? .

IlyreniecTBne BO BpeMeHH npe,noc'rannae'r HaM JxBa
HeOPHATHHKX BapuadTa. KECJIH BbI CTOROHHAK MOJEIH
OyTeNIeCTBUS BO BpeMeHH COIVIACHO TEOPHH MHOMKeCT-
BeHHEIX MHPOB, TOT/Ia HapymaeTca reopna Hosuxosa.
C Apyroit CTOPOHEI, IO MOJEJH CAMOCOTJIACOBaHHOM
BceneHHOM nyTemecTBEeHHUK BO BpeMeHH, OYeBHAHO,
He UMeeT CBOGOAR BOJIU.

MnmuI (To ecTh pu3UYECKOE cooﬁmec-rno) He pacnonaa-
raeM CKOJbKO-HMOGYAL YAOBIETBOPHTEILHLIM OTBETOM
Ha 3Ty rojIoBoJIOMKY. MuI mpocTo npeanoyaraeMm, 4ro
thusuuecKkue 3aKOHE! TpeOyIOT COXpAREBMA CAMOCOTJIA-
COBAHHOCTR NpM JI060M cnocobe MyTemecTBOBaTh BO
BpeMeHu!.

Camocomaconanﬂme BCEJIEHHBIE ropa3fo MeHee
YIOOGHBI — M C TOYKHM 3peHHA Nucarteneil, U ¢ TOUKU
apennd peansHocTH. Hy, cradem, npexxe BCero CTOMUT

. 3aJATHCH BOMIPOCOM, 3a4eM -BO0ONe NYyTEeNIeCTROBATD
B OpOLLJIOe. ¥ Bac He BO3HUKHET HHKAKWX MOTHEOB,
uTo6HEl 5TO fleJaTh, DOCKOJbLKY BO3BpanieHue B Ipo-

© mIoe HUdero He ucopasur. C Apyroil CTOPOHH, €C/IM
| BaM HPABHTCS XPOHOTYPHIM, BAM, BOSMOXCHO, HUUTO

! ITa, MEI NOHAMAEM, YTO 9TO JKAJAKHE OTTOROPKH. Eciu Bur Bce-
} Poe3 MOJATANH, UTO MLl 3aKpoeM BOIpOC 0 cBoBoje BONK | AeTep-
Luuuname, 3HAYUT, HKAAJIN CAIUITKOM MHOTO OT KHIKKH, KYIUIeH-
LSO 38 TAKAE CMEIMHEBIE KEHbIH.
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He noMenlaeT HoHA6NOAATH DazeRUe PuMa uiu nep-
Bile OumMnniickue urpenl. Pazymeerca, kaxkoii-Hubyas
6nuTenbHBI HAGMIOZATEINb YoKe BHEI BaC cpexn nyo-
NTUKH. :

ByzneM oTTanKuBaThRCA OT TOTO, UTO «IPABHJILHOE»
TyTellecTENe BO BpeMeHN 00A3aTe/IbHO npeAroJiaraeT
MOAENb CAaMOCOIIacoBaHHORK ucTopuu. C oHOoI cTOpO-
HEI, FOpasf0 TPYAHEe CO3/JATE VBICKATEABHYIO CAMOCO-
TJIACOBAHHYIO MCTODPHIO, IIPEATIOJNATAIOMYIO Ty TemecT-
BHSA BO BpeMeHY, M MLl YYBCTBYeM, YTO 3& YEaUHBIC
TIOOBITKH TAKOTO pola caeayer Barpaxaars. C apyroi
CTOPOHBI, IIOCKOJBKY HET HUKAKHUX CBHIETENbCTB CY-
INeCTBOBAHUA NMAPAJINIeNbHHX BCEJICHHEIX, AJA OyTe-
HIeCTBHUS BO BpeMEeHH¥ BepCUA €JHHCTBEHHOMH MCTO-
PHH — eQUHCTBEHHAA, KoTopas 6osee BN MeHee COOT-
BETCTBYET TOMY, YTO MbI 3HaeM o dhusuxe. Ilo 6onbmeit
YAaCTH HNCTOPUH NP0 NapaalleIbHhle BCeJleHHbIe HaM
KAaK-TO He HPABATCH, TOTOMY YTO Aaxe eCAM Jaxe B O~
HOII BCeJIEHHOMH UTO-TO H «CPOCAOCHS, B APYroif OHO HO-
IIpeXKHeMy cJIOMaHO0. X0pOolIo, eclH Thl BCE NCOPABHI
Ha CBOEH 0CH BPeMeHH, HO 3TO O3HAYAEeT, 9TO 6eCKOHeY-
HOe MHOJKECTBO IPYTHX BCEJEHHBIX 0OpeueHn Ha Xa0c
¥ KOUIIMAD, ¥ CTOMT JIM HATH Ha NOJOOHKIHA puck?

V. Tak K10 Xe nwemecrayet
BO BpeMeHU NpaBuWiIbHO?

Kak c aTEM o6cToAT Aesa B MacckyasType? Kaurn
B 00IIleM U 11EJIOM OPEKPaCHO CIPABJISIOTCH C TEM, YTO-
ORI BCe OCTaBaJIOCh CaMocOrIacoBaAHHEIM. Hekorophle
JuTEepaTypHble IPOHU3BeJeHUA BPOJAe KJIIACCHYECKOM
«MamuHe BpeMeny» BooOnie M36eraoT caMoOCOTJIACO"
BAHHOCTY — HOBECTBOBAHWE B HUX PAa3BOPAUMBAETCH
B TAKOM JaJIeKoM OyAyIneM, 4TO OOBEpPIIeHHO ACHO:
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caM IOyTelleCTBeHHMK BO BpeMeHM HWYero B HeM u3Me-
HHTH HE MOF, lake ecau 6ur xoren. HexoTroprie Bpoge
«ABTocTonoM no rajakTuke» Jyriaaca AgaMca Ha-
CTOJILKO OYEBHAHO IPHHAAMEKAT K JITepaType abeyp-
Ia, 4T0 UX BooOIie He CTOMT BOCIPDUHUMATEL KaK HCTO-
pH# O IyTEeLIECTBUAX BO BpEMEHH.

B xuHO 1 Ha TeneBUAEHMH, UTO XapaKTepHO, Aea
ofcToaT ropas3ao Xy)xe. BOABIMIAHCTBO (B YKCAe CAMBIX
oueBMAHKX NpumMepoB — u «Haasan B Oynymiees, u Te-
aentoy sI'epon») HCXOGAAT U3 TOrO, uTO HyAyLUEE enle He
npeapemeso, Yyms! Koreurno, upeapemeno, pas Bl
TaM y>xke no6mBanu! Bawm raaBHbI# CTHMYJA 9TO-TO
NPeANPHUAATE B HACTOAILEM (MK IPOLIJIOM) ONlpejesa-
eTcs TeM, 4TO BEI BUJEJAM, Kakoe Gyaymee Hac sxaer!

IMockonbKy MH (paHATH HaYYHOH (GAHTACTUKH (KakK
¥ OGRIYHONA HAYKH), MBI He MOYKEM YAepiKaTbeA OT TOTO,
4T00BI BRICMATPHUBATE OLINOKY BO BCeX (PUIbMaX H Te-
Jenepenadyax, rjie CIOMKeT OCHOREH Ha MyTeleCTBHH BO
BpeMesan. OHAKO HHOTAA CIYYAEeTCA, YTO OIIUGOK aTHUX
"etr. Umerno noaromy Pobo-Hxedd smobesno cocra-
Bun «XWT-Iapaj nyTenlecTBUif 8o BpeMeHH» (HemoJ-
HEI), KOTODHKIH BHI HaltzeTe B KOHIE 3Toil riassl, Me-
KAY TeM HaM nopa 3aHATHCA Pa3fopOM HECKOMBKMX
KOHKpeTHhIX npuMepoB. Tex, KTo yMyAPHUICS HE CMOT-
pPeTh KMHO U TeJeBU30p nocaenune 30 xer, npepynpe-
JKAAEM, YTO HCIIOPTHM MM BCe YAOBOJEBCTBHE OT fatk-
Hefilllero NpocMoTpa, NOTOMY YTO PACCKaXeM Bce Clo-

JKeTHl.

«Dyrypamar, ce3oH 4, anuzon 1.
«Po3senn — 3T0 TO, 4TO XOPOLIO
KOH4yaeTca» (2001)

Yepea THICAYY JIET TEXHOIOI'MS 3aMeTHO [IPOLBUHET-
CA BIIEDEJ 110 CPABHERUIO C CETOTHAUTHUM AHEM M JIOAN
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CMOTYT IIyTEeLIECTBOBATE B NPOLLIOE (HENPeACKa3yeMo,
oxHAKO 2MDEKTHBHO): AJA ITOr0 HAZO IIOCTABHUTH
B MHKPOBOJIHOBKY METaJIIHYECKHIl IpeaMeT M npy
aToM HabmoAaTs B3pHIB cBepXHOBOIi. 'epon «®yTypa-
Mbi», B TOM yncie Oununn @pait, pasBO3UHK NMIILbL,
KOTOpOro 3aMOpO3UJIM Ha ThICAYY JieT, U BeHaep, poboT
C aCONUAJBHLEIMH HAKJIOHHOCTAMY, IYTEMIECTBYIOT U3
3001 roaa B 1947-i1, 8 ropoa Poasesna, mrar Heio-Mek-
cuxo. Korga oEm mpuseMiAwTCs, a TOYHEE, TePIAT
KpymIeHHe, roaosa BeHfepa oTBajuBaeTca OT TeJa,
u Dpaii Gepet cebe rososy. Mexay Tem Teno Berpepa
NPUHHAMAIOT 34 JIETYYYIO TAPeJKY — 3a TOT CaMblif
HJIO, o npu3seMaeHun KOTOPOro AKOORI YMaJYHBAIO
npasutenscTo CIIIA.

®paii o6HApPYKUBAET, UTO HA MeCcTHOU Boernuoii 6age
HAXOJNTCH ero JeiyIuKa, ¥ ciaydaiiHo yGuBaeT ero.
Yremasa 6abymky, @pait genaer BRIBOJK, UTO PA3 OH J0
CHX 0OD }KHUB, 3HAYUT, €ro 6abyinka emy He 6abymkal

Hayrpo ®Ppaii npAXoIZHUT K ApyromMy, eme Gosee
#YTKOMY BLIBOAY: 9Ta JKEHIQUHA — AEHCTBUTEIHHO
ero 6a6ymika, a OH, CAaM TOro He 3Hasi, cTaj caMm cebe
nenymkoitl. IIoCKOJBKY BMenIaTelbCTBO B CAMOCOTJIA-
COBAHHYIO BPEMEHHYIO HETJII0O HeBO3MOMHO, JNydiIe
cKa3aTh MHaYe: OH BCerga Gula cam cebe meaymikoi
H .BCero JUIIb BBINOJHUJI CBOM OGS3aHHOCTH HA OCHU
BpeMeHH. OZHAKO €ro AaMOPAJILHOTO IIOCTYIIKA 3TO He
N3BHHSAET.

Koraa repou y6erasor n3 Poasenna, ronosa Bengepa
BHINA/AET M3 3BE3J0JIeTa, H KOMaR/ja BhIHYKAeHa Oe-
#KaTh B cBoe BpeMda, B XXXI Bek, 6e3 Hee. Ppail moHu-
MAaeT, 4TO OHAa, JOIKHO ORITh, L0 CHX DOD JIEXKHT B IyC-
THIHE (M TaK ORO M OKA3aJ0Ch), ¥ KOMAR/IA BRIKAIILIBA-
€T ee U IIPUCOefMHEAET K Texry Bersepa.

1K cuacThi0, CyImecTBeHHHE noapobmocTn B MyabTdHIBME
CIIAMeHEl.
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OCb BPEMEHU OPAS

U3 aToro cayyas cjleayIoT, €eCIK BAYMAThLCS, TOpa-
auTeNbHRe BHBOA: Ppaii — caM cebe npésox, a roxo-
Ba y Bengnepa ra 1049 ner crapme Tena. Xors 3To €O~
BeplIeHHeimne NYCTAKY, HeT HUKAKHAX Hay4Ho ofoc-
HOBAHHLIX NPUYHH, I0 KOTOPLIM 3TO HE MOJKET GHITH
IIpaBROik.

«TepmunaTop» (1985)'

Cpeau caMbIX APKUX U NOJTOMKAQHHBIX cOOMITHI Y-
AYILEro — AxepHAast KaTacTpoda, CIIPOBOIMPOBAHHANR
po6oraMu, ¢ecTUBANEL OOYIJIEHHEIX CKEJIETOB U CBep-
KaIOINUX METAINYECKHX MIacCH, Ha KOTOpOM KuGopru
¢ PYYHBIMHI IYJIeMETaMH PA3HECYT B KJOYbA BCE YKHBOE
fiaronapsi BOeHHOMY KoMuboTepy Ckafinery, cBUX-
HyBLIEMYCH Pa3yMHOMY aHajory mhHemuero Uurep- .
HeTa.

ITonHwrt BocTOpI!

! Tlepsniit duasm npo TepMunaTopa — aTaNn0H GAHTACTHYRCKO-
- ro GUALMA NIPO MyTelecTBUN Bo BpeMeru. IIpogosxernsa yixe He
TAK XOPOIIX. :
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B ocobeHHOCTH MBI NIPeABKYIIdeM Hen3GexHOe IOo-
JNypeaNHCcTHYHOEe NYTEeIIeCTBHe BO BpeMeHH. B 6yay-
meM J:xou KoHHOD BOSrIaBUT BOCCTAHHE NPOTUB BOKME-
CTBa 37106HBIX KPOBOKAXHEIX po6oToB. JH0u cTpaBUT
B nmpomuoe (B Hallle Hacrosllee, TO eCTh y¥e NPpo-
uioe — B 1984 rox) ceoero connata Kaiina, xoTophiit
JOJKeH 3auiuTUTh ero MaTs Capy KorHOD, TTOCKOABRY
Cxaiier nocJan TyAa cBoero aresra, pobora-y6uiiny’,
4To0LI yOHTE e M He JOMYCTHUTb poxxAenus Jhxoua.

Kaitn no dororpaduu saxonur Capy Kounop u uso
BCeX CHJ cTapaercd 3amuTuTh ee. On BmoGaseTcs
B Capy, n OHM 3a4YMHAIOT peOEHKA ~— M3 KOTOPOTO BhI-
pacrer I>xon Konmop, npeJRogATENh BOCCTARUA NIPO-
THUB poBoTOoB. .

Kaiin u Capa He TOXBKO YCTPAHAIOT YI'PO3Y CO CTOPO-
ALl poboToB M cnacaloT kusas Cape (u lxory), — Capa
eme u dororpadmpyerca, aToObl BoCAeACTBIY 3TY do-
Torpacdunio nepeganu Kaitry, KoTophlit cHoBa BtOGUTCS
B Hee. BpeMeHHAA NeTAsA cAMOCOrIACOBAHHA, ¥ eCJIH OBl
CkaiiHeT x0oTa 6bl HEHAAOJTO 33 AYMAJICA HAK dTOH roJyo-
BOJIOMKO#i, OH 611 coolpasun, uro ecnn xon Konnop
B OyayiieM KUB, 3HAYUT, B NIPOIJIOM ero He yORIH U
3aTest Gnla U3HAYANLHO oOpeveHa HA IIPOBAJ.

Pasymeercs, ecnn 6u1 CkaitHer cooGpass, ITO BCA
ero 3ates o6peveHa Ha IPOBaJt, OH He noca 661 TepMn-
HaTopa B Ipouwioe, Kaitn He oTopaBmics 651 B mpomiioe
cienoM 3a po6otToM, u Jxxon 661 He poanncs, On-na!

O3HAaYaeT JH 3TO, YTO YeJOBEYECTBY IPHAETCS KO-
raa-Hubyab B 6yaymiemM GUTHCH He HA YKH3HDL, a Ha
CMepTh ¢ MATEKHBIMH po6OoTAMH, BO3TIABISEMbLIMH
CYNepKOMIBIOTEPHOI CeThIo, KOTOpaA He MMeeT Npes-
CTaBJICHHS O CAMOCOIIACOBAHHEIX BpEMEHHEIX HeTaax ?
Msr nonaraeM, 4To A4a.

! Huine 3aHMMAIODIETO NOCT ry6epnaropé Kanndopunn.
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VI. Tak kaK xe caenartb
AEUCTBYIOLLYIO MAalUUHY BpeMeHn?

Ms1 yike roBOpHIIH, YTO 06111as TEOPHUA OTHOCHTEIb"
HOCTH HO3BOJsSIeT BLITBOPATH C IIOTOKOM BPEMEHM IIpe-
3abaBHEIE UITYKH, U JA)Ke YCTAHOBHIIM HECKOJBKO OC*
HOBHBIX NPAaBUJ, KOTOPEIE PErYJIHPYIOT, UTO MaNIMHA
BpPEMEHU MOMeT JeJIaTh, a YTO He MOYKeT. BepodATHo,
BaM GyZeT MHTEPECHO Y3HATH, YTO CYILECTBYIOT CaMbLIE
HacToAlmMe GUIUKHA, KOTOPhle NYGIUKYIOT CAMEIe HA-
CTOSIIIME CTATHHU O TOM, MOKHO MJU HENb3A CAeJATH

MalduHy BpeMeHH'!. YCTaHOBUB OCHOBHBIE NPABUNIA,

MBI HAKOHEI, NOJAXOXNM K I'IABHOMY BONIPOCY .— KakK
CO3JaTh MallI¥By BPeMeHH, KOTOpas Heé IPOTHBOPEYHT
HUKAaKHMM HAIIIAM 3HAHUSAM O pu3nKe?

KpoToBbie HOPb}

O6mas Teopus OTHOCHTENBLHOCTH MOKA3LIBAET, YTO
MAacCUBHbIe TeJia Bpoze CoMHIA UK YePHOU! ALIPHI CBO~
pPauK¥BAIOT IIPOCTPAHCTBO ¥ BpeMs. OAHAKO CBOPAUKBA-

HYe IPOCTPAHCTBA — SBJIECHHUE JIOKAJBLHOr0 MaciuTaba.

Mnl nMeeM B BUAY IPUMEDPHO CleAylomiee: eclU B3ATH
mirockuit aucr 6ymarn (ILIOCKHI, TO ecTh He CBEpHY-
THII) ¥ CBEepPHYTE ero B Tpy6Ky, KPOINeYHKI MypaBei,
TOJI3yH{Hil MO ero NOBEPXHOCTH, HE uoﬁme'r, CBEPHYT
JIMCT WIN HET.

* B npuHIENe, MLI Miji‘nn 6b1 oIrepeTnes Ha TOT QaKT,
YTO AJNA TOro, YTO6H cAesaThr ManIMEy BpeMEHH, IIpO-
CTPAHCTEO MOIKHO ¢CJIOKUTh» . ITOT QAKT — OCHOBA
MJie¥ ¢«KDOTOBBIX HOD», KOTODAad ZOJTHe TOABI CITYAKHU-

. Ja danracram Bepo# u npaspoil. KporoBas nopa —
| TeopeTHYECKOe pellleEHe ypaBHeHEMil DiiHImITeiiHa H3

e A

! He BonHy#iTeCh, Y HHX yXe €CTh NOCTOAXHHOE MeCTO paboTsl.
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o6macTy ob1eii TeopHH OTHOCHTENLHOCTHA, B KOTOPRIX
NPOCTPAHCTBO HACTONMBKO MCKAMKAETCS, UTO CO3XAETCH
oyTh, COeRAUHAIOMNIA fBE IOTEeHLNAABHO JajeKkue 06-
JIACTH IPOCTPAHCTBA.

Hananexka KpoToBast HOpa IIOX0XKA Ha YePHYIO ABIPY.
Ecsu 65 MBI Ha Hee OCMOTpeJIH, TO YBUAe M Ou1 che-
DY, CKBO3b KOTODPYIO BUAHO IPYroe yCThe KPOTOBOI
Hophl. OHAKO ec)iu NMPUOAUSHTHECA K KPOTOBOi HOpe,
TO, B OTJIMYHE OT YePHO# ABIPhI, 'PABATALMSA HE YCHIH-
BAETCH, U YeJIOBEK MJIH 3BE30JIET MOKeT MPOJIeTeTh ee
HaCKBOJ3b LieJIbIM 1 HEBDEAVMEIM.

Y Hac ecTh cepbe3Hhle KOCBEHHBIE CBHAETEILCTBA
CYINEeCTBOBAHUA YEPHBIX ALIP, HO HET HU MPAMBIX, HU
KOCBEHHLIX CBHAAETENbCTE CYIIECTBOBAHMUA KPOTOBRIX
HOP, H, 4T0 Okl HM JyMan u Ha YTo OB HY yIoBaJ ApTyp
Knapk, ecTh IOK03peHUE, YTO OHU €CJIM H CYIECTBYIOT,
TO UCKJIOYHTEAbHO H2 MIKPOCKOIIMYECKUX MAaCIITA-
6ax. O6mas TeopHA OTHOCHTEJBHOCTH TOBOPHUT HaM
TOJILKO O TOM, YTO X CYILeCTBOBAHUE HE HEBEPOATHO,
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Mymemecmbus Bo Bpemenu

TaBHBIN CIOMXKET — MOKHO HBIDHYTH B OJJMH KOHEI]
KPOTOBO# HOPHI K BRIHHIPHYTL N3 APYTOTO, AajleKo-Ja-
nexo. Bojsee Toro, MO)XHO OpPraRH3oOBaTH 3TO TaK, UTO
GyAems nepemenaTses 6uicTpee ceeta. Ha MunyTy 3a-
6yZeM O TOM, HaCKOJIbKO HA CAMOM jejle 3TO TPYXAHO,
M YKasKkeM Ha HEKOTOphle 0YeBHAHEIE AeTaMu. XOTa Ka-
JKeTcA, YTO KPOTOBBIEe HOPK — 3TO OTIIMYHBIE YCTPOit-
CTB& ANA TeJeNOpPTALMH, HE TAK OYEBHAHO, YTO HX
MOYCHO HCIIOJB30BATH ¥ KAK MAIOMHEI BpeMeHY., OxHa-
‘KO 5TO BTIOJIHE PEALHO — BOT, Hanpumep, Kuny Topuy
u3 KasudopHuiicKoro rexao10ru4ecKOro yHaBepcure-
Ta 3TO NOJ cuay. B cBoeil kuure «UepHble AHIPHI R
ceepreiBaHue BpeMenu» (Kip Thorne, Black Holes and
Time Warps) oH onuceIBaeT MalIuHy BpEMEeHHA, OCHO-
BaHHYIO HA KPOTOBO#H HOpe, UJiel0 KOTOPOii OH IIpeaJio-
Ku B 1988 roxy BMecTe ¢ AByMsA CBONMHE yUYeHUKa-
My — Maitkisiom Mopwm u ¥assu Oprcesepom.

Yro6b1 CAENTATH U3 DOPA3UTENLHOIO YCTPOCTBA IJIA
TeJIeIOPTALLUY CYIIePIOPA3UTEIbHYI0O MAIIHHY BpeMe-
HH, HAJIO CHAYAJIA [IOHATH, YTO AJUHA BHYTPeHHEH ya-
CTH KPOTOBOH HOPBI HUKAK HE COOTHOCUTCH C TEM, HA-
CKOJILKO AAJIEKO BH N0 Hell mepeMenaeteck, Ecau 6m
BAM HYKHO OBLJIO IPOMTH MO KPOTOBOM HOPE, BHI OHI
BBIILJIM U3 Hee (C Bameil TOYKM 3peHUA) OUeHb CKOPO.

TTosacHuM Ha KOHKpeTHOM IpuMepe. MkuI yixe nosua-
KOMUJIH Bac ¢ 6aropasyMHBIM (I KOHCEPBATHBHBIM)

JokTopoM [eiiBOM M CKJIOHHEIM K aBaHTIODaM (u Gec-
' maGamneiM) Po6o-{xeddom u pacckazanu o6 UX Ipu-
KJIIOUEHUAX TP KCCJIeI0BAHNN YepHBIX ALIp. Tak Bor,
OHH CHOBA B3AJIUCH 32 CBOe — HO HA cel pa3 UM yja-
JI0OCH MOCTPOUTE cefe KOMIAKTHYIO KPOTOBYIO HOPKY,
JOCTaTOYHO 60JIBIIYIO, YTOOBI CKBO3b HEE IPOJIes YeJ10-
B€K, HO ZOCTATOYHO MAaJIeHbKYI0, YTOOB TIOMECTUThH
. OTHO U3 ee YCTheB BHYTPb 3B£30J1eTa, UYTO OHHU U cAe-
-Aann. C TOYKU 3peHUs YeJoBeKa, KOTOPhIU Iy TelllecT-

\
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BOBAJI IO 3TOi1 HOPE, OHA OblJIa AJIMHON BCEro TpH MeET-
pa, & 3HAYUT, ecIIx ROKTOP HeilB 3arinaaLIBaj B OHO U3
ee yCTheB (KoTopoe Onlo yA06HO pacHoJI0KeHO B €ro
TrOCTHHOM B HUINE, PAE PaHbIlle CTOAJ TENeBU30P), OH
BHJeJ HHATephep 3BesgosieTa Pobo-Mxedda.

Pob6o-Ixedd Geper cBoil 3Be3A0JIeT BMECTE C KPOTO-
Boitl Hopoit 1 1 auBapa 3000 roza yneraeT ¢o CKOpo-
cteio 99% cxopoctu cBera. OH yiaeTaeT IpUMEpPHO HA
CeMb CBETOBRIX JieT OT 3eMJH, 4 3aTeM BO3BpAILAET-
ci — 1 aaBapsa 3014 roga. Ecau 3T uudpsr Bam yrxe
3HAKOMH, HH4ero yAHNBATeNbHOr0. MBI NO3aMMCTBOBA-
JH HX B3 IpUMepa Npo Napagokc GIM3HEIOB, 0 KOTO-
pOM TOBODHJIH B Iiase 1.

BepoATHo, BH TaK)Xe BCIIOMHUTE, YTO C TOUKY 3pe-
HuA PoGo-xedda npourno ToxsKo xBa roga. BoT Tyt
¥ HaumHaloTea ctpanHocTy. JokTop Heits ¢ Po6o-Ixed-
oM BHAAT APYT APYra Yyepes3 KPOTOBYIO HOPY. nTeph-
ep YepHOoii ALIPBI He 3HAET, UTO KTO-TO ABMIKeTcs. Tak
yro ecnu nokrop Heifis nmocsauiaer GamKaiinge Asa
rofia CBOeii }KU3HM TOMY, uTo Habmozaer Po6o-Ixed-
(a yepea KpOTOBYIO HODY, OH By/eT a6COIIOTHO YBepeH,
uto B 3002 rogy BRIHZET B Cal i OGHAPYIKHUT TaM YJIbl-
6arouerocs Pobo-Ixedda.

A caxepywomue 12 ger on GygeT pasouapoBaHHO U
MpayYyHO IIsjieTh B HeGeca, noka Pobo-xedd He Bep-
HETCA Ha 3eMJII0 CO BTOPHIM YCTheéM KPOTOBOM HOPHI
B 3BE3AOJIETE. ]

Paccmorpum BoT uto. Ecaiu oxTop Heiis mocMoTpuT
B 3002 roay B KpOTOBYI0 HOPY B CBOel rOCTHHOM, OH
yBnautr, kak Po6o-Ixedd npuseMianTca Ha 3eMII0
B 3014-m. On 6yxBannko ysugur 6yaymee. Ho u ato
eite He Bce. OH crtocobexu moceTuTs 6yayniee — MM,
ecJId Yo Ha To nonwio, Po6o-I)xedpd cmocoben nmobrI-
BaTh B npomioM. U KTo yroaxo crocoben. Taxas xpo-
TOBasl HOpA CTAHOBHUTCA CIIOCOGOM OTIPABUTLCS Ha
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12 ner B uporwnoe, & TaKKe IPOATH NMpeaeSpe)XHMO Ma-
JIoe PAcCTOSHKE U3 rocTrHO JoKkTopa Jleiira B ero cajf.

Ho He 3a6yALTe, UTO XOTH MAINKHA BPEMEHM IJO3BOJIAT
BaM MTYTEIIeCTBOBATE B MPOINJIOE, BB HE CMOJKETe Je1aTh
B IIPOILJIOM BCe, ¥TO 3aXOTUTE, O NPHYUHAM, KOTOPEIE
MBI yaxe obcyaunn. Beas mponuroe y:ke NpoX3oNLIO.

EcTs 1 Apyroe cepbe3Hoe orpanmueHue. Hesn3a Bep-
HYTLCA B TO BpeMdA, KOra MalliHy BpeMeHH enle He
co3A&NHM. ITO DOMOXKET MOJNYYHUTh OTBET HA JPYrok
6onBLHOI BOonpoc, KOTOPEIL, BEPOSTHO, YiKe IPHXOTUI
BaM B roJIOBY: FAe ke XpoHoTypucThi? Ilouemy mMEl nx
JO cuX 1Iop He Bugenu? Jda DOTOMY, ITO eIle He coa,ua.nn
MallNHY BpeMeHH!

Takoe ycTpoiCTBO CO3HAET U HEKOTODHE ,npyme
coxHocTH. Hanpumep, oUeHb TPYAHO JEPKATE KPO-
TOBYIO HOPY OTKPRITOH, IOCKOJLKY OHA UMEET eCTeCT-
BEHHYIO TEHREHUIMIO CHNIOMKBATEL Ni06yi0 MaTepHio
WJIH 9HEPruio, KOTOphle NONajgaioT K Heil BRyTPph (Tak
KAK CTeHKH KPOTOBOM HODBI OPATATUBAET APYT K APY-
ry rpasuTanua). Kporosaa HOpa MOXeT CXJIONHYTHCS,
He ycneeM Mbl HAWTH ejf IpaKTHYECKOe IPpHMEHEHHe,
TopH OpeAnoONOKNI, UTO CAEAYET AePHaTh €e OTKPHI-
TOH OpM NOMOIUY HEKOEHl ¢3K30THYecKOl MaTepuM»,
BMenlell OTPULIATENbHYI0 NAOTHOCTH 2Heprun. Ilo
Bceil BUAMMOCTH, OPH OOLIYHBIX 00CTOATEALCTBAX K-
3oTudecKoit MmaTepuu Bo BeestenHoit ABHO B 06pe3, eciu
OHAa B0OOOINe ecTh, HO Te JKe caMble IOJIA, KOTOpHE 3a-
CTABJAIOT YEePHBIE JBIPLI U3NYYATH, 0GA4A10T HMEHHO
TeMH Ka4eCTBAMH, KOTOPhIe HAM TAK HEOOXOAUMEI.

He uckaioqes0, 4TO H 3TOTO HeJoCTaTOYHO. OaHa u3
TPYyAHOCTeii, BOSHHKAIOUINX B CBA3Y C MOAENBIO dep-
HBIX JABIp, 3aKJIOY8ETCH B TOM, UTO OHA O6beXUHAET
ARe 001acTH GUINKH, KOTOPHIE MBI IIOKA YTO HE CYMEeJH
 MIpUBECTH B COOTBETCTBHE,— KBAHTOBYIKO MeXaHAKY K
.. O0IYI0O TEOPHIO OTHOCHTENBHOCTH.
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BepAMKT: BEpOATHO, KPOTOBBIE HOPHLI T'OJATCA HA
pOJIb MAIIMH BpeMEHH, HO OCTAJCA CYIQHHi OYCTAK —
CO3IATHh KPOTOBYIO HOPY. Bo3MOXHO, OHM CYIIIECTBYIOT
Ha MHKDPOCKONNYECKOM YPOBHE, & BOSMO)KHO, H HET, HO
MIOKA YTO HET HUKAKMX CBUAETENBLCTRB, 4TO Bo Beenen-
HOIl NMEITCA KPOTOBLIE HOPHI AMAMETPOM CO 3BE3/0-
JeT, U Mb! alCONMOTHO He 1peacTaBidaeM cebe, KAK HX
CO3ZaTh. A eCJIM Ja’Ke MBI UX CHEJaeM, eCTh BCe OCHO-
BaHMA NOJATAThH, UTO KPOTOBAA HOPA COMKHETCH IIPeX-
Je, 4eM BEI CKBO3b Hee IIPOoJeTUTe.

Kocmuueckune CTpysnl

KocMuueckne CTPYHEI NTOYTHU HE CBA3AHHI (MJIH CO-
BCeM He CBfA3aHbI) CO CTPYHAMH U3 TEOPHU CTPYH —
€CJIM He CHUTATh TOT'0, YTO OHH TOYKE OCHOBAHL!I HA AHA-
JIOrUH ¢ 0OBIYHOI TYTO HATAHYTOM BEPEROYKOM, C KOTO-
poii Tak JI00AT UTpaTh KOTATA. OTH CTPYHH O4YeHb
NJIOTHBie 1 Mu60 6ecKOHeYHO ANUHHEIE, TUGO CBEpHY-
Tel B meT/0. MoKeTe mpeAcTaBUTh cebe, KakHe CUJIb-
Hhle TPABHTAIMOHHbBIE NOJA OHM CO3AIOT, 4 CIedoBa-
TeJIbHO, C KAKOil CHMJIOIl CBepTHIBAIOT MPOCTPAHCTBO.

B 1991 roxy Puuapa 'orr u3 IIpuHCTORCKOrO YHH-
BepcuTeTa paspaboTas MoJAenb MAlIAHK BpeMeHH, OC-
HOBAHHYIO HA KOCMHYECKUX CTPYHAX, U BEJIMKOJIENHO
omUcaJ 3Ty MOJeJib B cBoeil pabore «IlyremecTBHe BO
BpeMeHU B 3iiumrelinoBCKO# BcenenHol» (Richard
Gott, Time Travel in Einstein’s Universe).

CorsacHo o6111eii TeROPHH OTHOCHTEILHOCTH, TO, UTO
KpaTyafiimmii myTs MexXAY AByMA TOUKAMM — 3TO OpPA-
Mad, He Bceraa cupaBefiuBo. Mer MoxkeM oneperhcs
Ha 3TOT GAaKT, YTOORI IPOJENLIBATE PA3NUYHBIE 3AHAT-
HBIe (POKYCHI, B TOM YHCJE IIyTEIleCTBOBATE «OhICTpEE
cBETa». R _npuMepy, npeAcTasbTe cebe, 4TO y HAC eCTh
XABe KOCMHYECKHe c'rpyrm, KOTOphIe IPOXOAAT Napan-
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1 Mawuns Bpemenu Tomma

JIeJIBHO Ha HDOJmYTHU MeXXay 3eMielt u aayiexoit naane-
toit KBaruap VII.

- Po6o-Ixedd pemaeT, UTO JKeJIAET KAK MOMKHO CKO-
peit okasaThcs HA MaHete Ksarnap VII. [lockoabky
OPOCTPAHCTBO U BPEM#A CBEPTRIBAIOTCHA BOKPYT KOCMMN-
YeCcKUX CTPYH, HoJiyJaeTcd, uTo-OricTpee ornbaTh CTpY-
HY, & He JieTeTh MEXXAY cTpyHaMHu. Ecau BhICTDEIHTD
JIA3ePOM MeXJy CTPYH B TOT caMbili Mur, xorga Po6o-
Ixedd cTapTyeT ¢ 3eMAH, ero 3B£3R0ET MOKeT U 060-
THATH JIy4 CBeTa, XOTA CNoCcObeH pa3orHaThCs JHUIb A0
. 99,9999% cxopocTu cBeta.

Ilocnenanit yHKT 0YeHb BaXkeH, IIOCKOJIBbKY CBETO-
Bble JIYIH — 3TO aflh(da M OMera OTHOCHTEJLHOCTH.
IIpencraBbTe cebe, uTo GyaeT, ecinm MajJeHbKMA Gpa-
Tumka Po6o-Ixedda Po6o-Iar oTnpaBuUTCA ¢ 3eMau
na Kparmap VII #a ouenb Gonninoil ckopoctu, HO Je- -
TeTh OH GynReT Mex Ay cTPyH. OH ¢ U3yMIIEHHEM U ROCA-
Aot o6rapyxkmr, yro Po6o-xedd npubyzner Ha Ksar-

-Hap VII paabme ayua ceera. BoJjee Toro, ¢ ero TOUKu
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" 3peHMs, HA CAMOM fieJle BO3BMOMKHO, 4To Po6o-Ixedd
npubyxer naxe paHbiue, yeM OH (4 3HAYNUT, U AyY CBe-
Ta) CTAapTyeT ¢ 3eMau. MuI npepnosaraeM, 4To 3T0 CBO-
ero pojia NyremecTsHe BO BpEMERH — HO OT 3TOT'0 POAa
HaM MAaJIoBaTo noab3kl. [laxe xora PoGo-Aan rosopur,
uro Pobo-Ixkedd npuborn ra Ksaruap VII go Toro, kax
CTapToBas ¢ 3eMJIH, éMy B 9TOM HeT HHKAKOIO ITPOKRY.
Hanpunmep, Pobo-/xedd He MokeT BepHYTLCS 06PATHO
U DOXKATh PYKY camoMy cefe B IPOLLIOM, IOTOMY YTO
K TOMY MOMEHTY, KOrja OH BepHeTcd, mpoitaer MEHOrO
BpPEMEHHM C TeX IIOpP, KaK OH CTApTOBaJI. YJaaBaupaere?

Mz! Mo¢eM IPeBPATHTHL HAILIM KOCMHU4YECKHE CTPY-
_ Hhl B IPAKTHYHYI MaUIUHY BPEMCHU, €CJIM 3aCTaBHM
MX JBUTATBCHA CO CKOPOCTHIO, 6IM3KOI K CKOPOCTH CBe-
ta. YToGbl HECKOJBLKO BCE YINPOCTUTH, DPEeACTABbTE
cebe, YTO CTPyHA cHpaBa ABMIKETCHA K 3eMJe, a CTpyHa
caesa — K Kearmapy VII, npuuem o6e — ¢ ognolt u Toit
3Ke OYEHb BHICOKOIT CKOPOCTHIO. ‘

IIponenaeM TOT 3xe QOKYC, YTO ¥ B pa3roBope 0 Ma-
HIUFe BPEMEHH, OCHOBAHHOIT Ha KpoToBoit Hope. JloK-
Top Je#iB CHANT TIOCEPEAMAE MERAY ABYMA KOCMiIde-
CKMMUK CTPYHAMH, a IOCKOIbKY OH He ABHIAeTCH, ero
Yackl MAYT ¢ TOi 3Ke CKOPOCTLIO, UTO U Hack! Hab0Aa-
Tena Ha 3eMJje. -

Tyr saunBaerca camoe HHTepecHoe. PoGo-xedd
BhIZIETaeT ¢ 3eMNY ¥ 0bJieTaeT CTPYHB! IPOTHB YACOBO#
cTpenkn. Mu yxe 06Hapy»KHUIH, UYTO, C TOYKHN 3PEHUSA
HabalonaTensa, KOTOPHIl npoieraeT MexXAY CTpyH, Po-
6o-Ixedd npnbrIBaeT panbine, yem craprosal. Ilocie
yero HeMeZAJIEHHO CTAPTyeT o6paTHO. .

Hanpmie — nyumie. Ha o6paTaoM nytu goxrop leiin
BHJAUT B TOYHOCTH TO K€ CaMOe ¢ TOi Iuib pasuuneii,
yto Pobo-I{ixedd mnpoyeraeT BOKPYD JIeBOi CTPYHEI.
Y cHoBa, C TOuKM 3peHund AoKTopa, Pobo-I>redd npu-
JeTel paHbule, yeM yaeren ¢ Ksarnapa VII, a aro npo-
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U30I0JI0, B CBOIO OoYepenhb, IO TOro, KaK OH yjeTes
¢ 3eMuIH.

Ilosropaem: Po6o-xedd npubuiBaeT 06paTHO Ha
3eMiI0 RO TOTO0, KaK yJeTel! ¢ Hee,— € TOYKH 3PEHUA U
RorTopa Ieita, n, rjlapROE, HacedeRns JeMian. B aTom
CIIeHApHU OH CyMeeT BEPHYTLCA B IPOIILIOE, OMKATDb |
PYKY camMomy ceGe fo crapra Ha KBaraap VII m mame-
HATH MCTOPHIO HACTOJABKO, HACKOJABKO 9TO IO3BOJAT
38KOHBI NyTeNleCTBHIl BO BpEMEeHH.

PasymeeTcs, eCTh HECKONLKO BaXKHKIX lIpefocTepe-
kennii. Kak ¥ B ciiyuse MalIALI BpeMeHn, OCBOBaH-
HOlf HA KDPOTOBOI HODe, HeJIb3A OTHPABUTLCHA B IPO-
mLI0€ 0 TOro, KaK MAITHHA BpeMeRH 6yaeT n3obpeTena
n‘coaaaita. .

Kpome Toro, ecTs oina Baxxkead dusudeckas oro-
Bopka. Her HuKaKuUX HAGMIOZAEMEIX CBUIETENLCTB
TOT0, YTO KOCMUUECKHE CTPYHAI CYHUIECTBYIOT HAa CAMOM
AeJie, & €CJIM OHM He CYWeCTBYIOT, co3xaTh nx Gyner
TpyAHO (ecau Boobue yaacrcs). Bo-lepBuIx, JaHHL
KOHKDEeTHRI An3ailH TpefyeT KOCMHYECKUX CTPYH Gec-
KOHeuHOi JUIMHEI, ¥ Ha CO3/IaHIe TAKOI CTPYHE! YitgeT
6ecKOHEUYHO MHOI'O BpeMeHH. A BO-BTODPRIX, CYII{€CTBY-
eT BIMOJIHE peasibRas mpoljieMa — KaK Pa3orHATL I'u-
FaHTCKHE CTPYHBI IOYTH 0 CKOPOCTH CBETA. ’

Hapr BepAWKT: MAHNTMYJAIAM ¢ KOCMHYECKUMYU
CTPYHaMHM, BEPOATHO, BOIMOKHE )1 KpajiHe passu-
ThIX OUBHJINSALNHA, HO TOJIBKO B TOM CJAYYae, €CHU KOC-
MHUYECKHE CTPYHHI y/Ke CYIIEeCTBYIOT,

Vil. Tak KakoBb! XX& MOU LW aHCbI
M3MEeHUTb Npownoe?

IMocnymaiiTe, B KOHIe KOHIUOB, § MOTY CO3OATH Ma-
IIXHY BpeMEeRM Mian HeT?!
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Br1? Egea au.

Bo3MOKHO JU 3TO QHU3HUECKH JJIA CYNEePIUBHIN3A-
ouu? BepoATHO, HO 5TO CHUIILEQ 3aBHCHT OT CYILECTBO-
BAHNSA BCAKON BCAYMHBI BPOZe KPOTOBRIX HOP, KOCMH-
YeCKHX CTPYH M 3K30THYECKOH MAaTEepHUH, a TAKMKe OT
HAJIMIHUA TEXHOJIOMHM, N03BoAgIome 00y3ALIBATE KO-
JIOCCANLEYIO 3HEPTUI0 ¥ MAHANYJIMPOBATS eif.

OnHaKo ecTh B HECKOJNBKO BeChbMa peaJIbERIX orpa-
HuvyeHuit. Kajxpaa gpakruyeckas MOLENbh MANIUHLL
BpeMeHU, OCHOBaHHAS HA ofme# TeopUU OTHOCHUTEIB-
HOCTH, UMeeT /iBa BCTPOSHHEIX MeXaHu3Ma GeaonacHo-
cTH. IlepBuIif — MaUIMHLI BpeMeHH [103BOJAT BAM NO-
cellaTh TOJBKO HNepHOXh! MOChe TOr0, KAK OHY ObLIHN
na3obpetenbi. Bropo#t U, BeposATHO, MNIABHEIM — BCe OHH
AOJIKHBI COOTBETCTBOBATE TeopeMe HoBrkoBa o ToM,
yTo y BeeneRHON ecTh MUIIL OfHA HCTOPUA.

B oTBeT Ha MAIlIMHY BpeMeHM Ha KPOTOBEIX HOpaXx,
‘Koropyio npeanoxus Topn, ko Monuunackn uas Te-
XBCCKOT0 YHHBEPCHUTETA DOJHAN BOIPOC O TOM, HEJIL3A
JIM MOCTABHUTH OIBIT, KQTOPHH 6b1 6Bl BXBHBATIEHTOM
«MApafoKeca AeAYWIKA Y , BO ¢ OUABLAPAHHIMY INADAMH.
Yro6u npoaenaTh 3TOT 3KCOEPHMEHT, MBI CO3AaeM
BpeMeHHYIO pasauny He 8 12 jeT, a scero B 3—4 ce-
KYHIBL.

IIpexncraBrpTe cebe, uTo BN HepeTe KM ¥ oTOpaBAsie-
Te OMIBAPAHKI IIAD B OAHO U3 YCTHEB Ballleil MALIIMHE]
BPEMEHH, OCHOBAHHOU HA RpOoTOoBOH Hope. Ecam aTo
«I103JHEE» YCThe, TO 38 HEKOTOPOEe BPEMS A0 TOr0, KaK
BBl HaHeceTe ygap (XOTs DOTeHIUAaJLHO nocae Toro,
KaK BbI YAAPUJAH IO MAYY) M3 ¢«PAHHETO» YCThA BhLIE-
THAT Bropoi MAY.

CupnraiiTe 3TO BADHAHTOM MHHM-TOJb(A, KOIA& Bh
3aroHsfeTe MAY B JYHKY HA BePUIKHE XOAMA, 4 OH BLI-
JleTaeT U3 BOZOCTOYHOM TpY6H! Y NOAHOXKUA, — TONBKO
B JAHHOM CJIy4Yae Bhl YMyApSeTech OPraHU30BAThH BCE
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Mymewecmbug Bo Spemenu

TaK, 9TO MAY BRUJIETAET U3 BTOPOM ALIPKU pAHBIIE, YeM
BBl 3arOHSETE €T'0 B NePBYIO.

Beposarao, ymMeawil SunbapaucT cymen 661 3aTHATE
6MABAPAHLIA AP B NEPBYIO Jy3y, TO €CTh B IepBOe
YCTHhE KPOTOBOM HOPH!, TAK, YTO OH BRLIETHT U3 BTOpOM
{¢«paHHeii» ) KaK pa3 B TOT MOMEHT, YT0OBI CTOIKRAYTbHCA
C LIapOM, NIOCIAHHBIM B Pe3yNbTATE DePBOHAYANILHOIO
yAapa, u cOuTh ero ¢ TpaekTopuu. Ho ecin map comncs
C TPAEKTOPUY — UYTO K€ BHLIETENO M3 YCThA KPOTOBOIR
HOPHI 1 c6MNO ero?

- Tak BoOT, He NKTAlTeCH TAK CAENATH, HEUEro Y Bac
He BHIifeT.

TopH ¢ yYIeHNKAMH PACCMOTDENH 3TOT BOIIPOC € TOY~
KM 3peHNs KBaHTOBOM MexaruKu. [lomEnTe, B rnase 2
MEl BHJI€JIH, 9TO, COIVIACHO KBAHTOBO MeXaHuKe, Yac-
THIla IPOXOANT U3 NYEKTA A B IYHKT B BCeMH BO3MOK-
HBIMH DYTAMH, 8 PA3HLI€ BO3MOYKHbBIe IYTH COOCOOHLI
VHTEPGEPUPOBATH APYT ¢ APYIoM, ofecnieausas 0ME-
e€AUHCTBeHHBIN HabumionaeMulii pesynsTat. To sxe camoe
MOJKeT OIPOU30ATH K B Hameil MAIDMHe BpeMeHH, OTYe-
rO NO3ZHUE ¥ pAHHWE Bepcun CUALAPAEOrO Iiapa B3au-
MOJEiCTBYIOT TOABKO TAK, YTOOR o6ecneyuBaTh COOT-
BEeTCTBHEE 6AMHON HcTopnu BeesleHHON.

IIpeacTassTe cefe, YTO BRI NHITAETECHh NPOAEIATHL
BuIIleonucanuslit pokyc. B pesynpTaTe noayunrca BOT
4T0 (C Bameii TOYKY 3peHK); BHl HARGCHTE YAAD, HO KO
TOro, Kak BANI WIap NONAfAET B MEPBOE («HO3AHEEY)
yCThe KPOTOBO# HOPHI, B TOYHOCTH TAKOMH sKe mIap BEI-
JieTaeT u3 BTOpOro («paHHEro») YCThS H CHErKa yAapsa-
eT mo BameMy mapy. Bam Mau Bce P2BHO IIONAgET
B KPOTOBYIO ROPY, HO IO/ HECKOJBKO MHBLIM YTJIOM, YeM
BEI cobnpannck. He 3aGuiBaiiTe, 4TO BRI pACCUMTRIBATIH
yIap ¢ eAUHCTBEHHONK Hesnbio cOUTh ¢ TPaeKToOpUM ¢cob-
CTBEHHMH IMIap, ¥ HUYEro Y Bac He BuInLIo. Boobmie-ro
C Y4eTOM TOro yrjia, Mok KOTODHIM BAIl HIAD BOMIEN
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B KPOTORYIO HODY, BhI ObI OXXHJAJH, 9TO MIAP U3 BTOPO-
I'o YCTh (¢« PAHHEr0» ) BLIJIETHT HMEHHO NOA TeM YIJIOM,
[I0J KOTOPHIM OH Beiieres. Tak M cayyunocs.

HNuave roBops, nyTemecTByiiTe BO BpeMeHH Ha 380~
posbe. I1lo Bo3BpameHny Bac Bce paBHO OYVAET MOMKH-
IaTh abGCOJIIOTHO TO 3Ke CaMoe HacTosAllee.

Xum - napag
AYMEUECMBUL BO BPEMERU

Podo - Ax£49¢1«

Baxt+oe 3aMeyarne: Mbl 30€Cb OLEHUBAEM He Ka-
yecTeo pusibMa, @ TO, HACKONbKO B HEM BLIOEPXAHO
COOTBETCTBME BbIOPAHHOW MOLENM NYTEWECTBUS BO
spemeHy — nmbo B CaMOCOrnacoBaHHONR BCENEHHOM,
nnb0 BO MHOXECTBEHHbIX MUpax.

«12 06e3bsiH» (1995) % % % % * — BenukonenHbli ge-
TEKTUB, HO MOCKONBLKY NPECTYNReHne yxe Gbino corep-
LEeHO, 0KA3bIBAETCH, YTO flyTetecCTBUE BO BpeMern
HWYEro He MEHSIET. BCe yXE U Tak CAYIUnocs.

«Hasap B 6yayuiee» (I, Ii, lil; 1985, 198'9, 1990) * —
BmelwaTensCTBO B NPOLLNOE He 3aCTaBU. HenoBeKka
MeAneHHOo ucHeaHyte. lMpocum npolueHuns, 3amn.
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Mymewmecmpus o Bpsmenu

«MnaneTa o6esbar» (1972) * * * x* * — Cpepxpa-
3YMHLIA WuMnan3e, notoMok ofeabsan Gyayiuero,
s803Bpauwiaercsa 8 1991 rony v BoO3rnasnseT BOCCTaHWe
yenoeekooBpasHbix. Japeui 6bin 66l HeaoBONEH, 8CNU
6bl eMy Ckasanu, 4TO ropusinb CROCOGHLI BLIyMMTLCH
Gerno 6017aTb NO-AHMNMIACKM BCEro 3a NaTh NeT.

«lepou» (TB, 2006 u ganee) w — CynepMeH No MMeHHU
Xwpo nyTewecTeyaT BO BPEMEHN, NbITAACE cnacTu 6y-
ayuiee. OH He NPOCTO MeLLaeT cam cebe, HO 1M ymyAa-
preTcs naMeHuTsL Gyayluee, KOTOPOe yXXe ONUCaHo U
HUKOT A He ROMNKHO NPON3oNTH.

«KBaHTOBGIA Ckauok» (TB, 1984-1989) * — Loktop
Camioanb BekkeT u ero BooGpaxaeMelii Apyr oTnpas-
NAITCA B NPOWIAOE U B Tena Apyrux nioaen, 4Tobul
CKOPPEKTMPOBAaTh X04 UcTopmMn. ECnn BEPUTL 3TOMY
Tenecepuany, y4eHolid ysut Malikna [xekcoHa TaH-
uesarb. ‘

«3BeafHuit NyTb-V» (1986) * & % * — KTO CKa3an, uto
Kupk ¢ komMaHaoi uameHun npowwnoe? Ham ussectHo
TOJIbKO, HTO OH NOXUTUN HECKONLKUX KUTOB.

«Matuuna Bpemenus (1960) % & # « — fMxopaxk Yannc
oTnpaenseTca Ha 800 Tuicay net enepen, 4To6s o6Ha-
PYX#Tb CUMBONNYECKOE paciuenneHne nodpa v 3na.
Ana coaganua atoro Syaywiero He NPULINOCH HU4Ero
MEHATL B NPOLIOM. )

«Monuuns spemenn» (1894) — HUA OOHOWN 3BE3A4bI.
B 2004 roay nytewecTsue BO BPEMEHW He 1038015~
erca. XaH-Knop Bad famm (4TO 04€BUBHO) — nonm-
LenCkuir-BO-BpEMEHU, KOTOPBIA CAcaeT XXM3Hb CBOEN
(Ak06b1) nornbiued xeHe, He UIMEHAA XOA NCTOPUK.
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Ecau Beaatnnas pacuupsemes,
MO KYgh OWA phacwupsiemeat

azo0 GuITH GnarogapHeIMHU, Korja ecTs 3a uro. Bna-

rofiapa NONYJAADHHIM cTaThaM B. « Hnio-Mopx
TaiiMc» ¥ nepesgauaM Ha KaHaje «J/[¥ckasepu», a TAK-
YK€ MHOXKeCTBY HayJHO-IIONYJIAPHEIX KHHT 110 JARHOMY
Bompocy', B 06IecTBeHHOe CO3HAHME YAANOCH BHe-
APMTH HEKOTOPEIE HayyHEIe (hppasul.-CnpocHTe nepBoro
BCTPEYHOr'0, YTO NPOUCXOANUT cO BeesleHHOM B faHHbIH
MOMEHT, M He HCKJIOUEHO, YTO BAM OoTBeTaAT: Becenen-
Hasa pacmupserca. Hy, Buepesn, 6erure Ha yauIy, Mbl
OO AEM. '

A Teneph BEpHUTECH ¥ CNPOCHTE Y TOT'O e BCTPEY-
HOT'O, YTO JKe 3TO Ha CAMOM JeJie 3SHaYuT — «Bcenennasn
pacmupsietcA». MB roToBEI COOPHTE, UTO Ha ceif pa3
TFOTOBOTO OTEBETA He Haliserca. TyT-To KeTaTu noasep-
HEMCA MBI, ‘ :

Cravana napy cJIOB O TOM, 4ero 9To e sHauur. Ilo-
MHHUTe cueRy u3 «[paxnannna Keitnas, rae Yapana
¢ OMUIH CHAST 34 3aBTPAKOM ¥ MBI BUAHM, UTO C Teye-
HHEM JIeT CTOJI CTAHOBUTCH BCe IIMPe ¥ IMpPe X AUCTaH-
mus Mexay KeitHoM 1 ero xeHoil CTaHOBUTCS BCe 60Jb-
we u Gonsme?? Tak BoT, Bresennasa pacuinpsercs
He max. Bami CTOJI He pacIIUpAeTCA. 3eMJIA He PACIIN-
psaiercs. CoiReYHAdA CHCTEMA He pacmnpae«réa. Hama
ranakruka Miaeunsiii IIyTs, KoTOpas mMeeT B nome-
pEYHMKE XECATKH THICAY CBETOBRIX JIET, — TOXKe 00b-
eKT CJUIIKOM ¢«TOYE€YHBIH», YTOOK YYACTBOBATD B pac-
mrapesnu Beesrennoit B 1iesoM. -

I B KOTOpHIX, OAHAKO, IOYTH HUKOTLAA HeT 326ABELIX KAPTH-
HOK.

2 Benp He IOMHMTE, He NOMXANEHTe BPEMEHH HA TO, YTOObI 110~
CcMOTpeTh 210T GuALM. BRITYET efBa TU He eANHOAYIIHOE MEEHNE,
4T0 3TO Ayumui aMmeprKaHCKKi GUILM BCeX BDEMEH.
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Jaxe rajakTuka AunpoMega, pacnoyodxeHgas OT
HAC HA PACCTOSHHHN OKOJO 2,2 MHAJHOHA CBETOBBIX
JIET, HAa CAMOM JieJIe HaflaeT Ha HAC CO CKOPOCTHIO OKOJIO
440 THICAY KMJIOMETPOB B 4ac M, BEPOATHO, CTOJNKHETCH
¢ Maeunnim ITyreM, — sx1aTh 3TOr0 COGBITUA OCTAJIOCH
BCero Kakux-Eubyas Tpu mMuaanapaa jget. Jyraac
AznaMc yXBATHA CYTh Boupoca B « ABTOCTOIOM IO ra-
JakTuke», Koraa nucan: sKocmoc 6onbmoit. Ovens
6onburoii. J{axe upeACTaBUTL ceGe HEBOIMOMKHO, Ka-
KO¥H OH 00abIIOH, OrPOMHERI, KOJOCCANIbHALH, COKDY-
LIKUTeJBHO-UCNOJMHCKO-BeTuKaHCKHit. To ecTs ecam
Thi ZYMaeulb, YTO OT AOMa A0 &IITeKH Tebe OUIUTDL M
OHJIHUTB, A1 KOCMOca 3T0 — Thhyl» I'nasa sra mo 60Jb-
HIelt YacTy MOCBANIEHA TOMY, K&KOM KOCMOC Ha CAMOM
JAese MycTOM, HO YTOOH AaTh BaM XOTsa Ohl IEepBOHA-
YajJbHOE IPeACTaBleHre 06 3TOM, CKaXKeM, UTO KOTAa
NpuAeT pOKOBOi uac u Mneunntii IlyTs sanadier Tan-
ro ¢ AEAPOME 10, TP 9TOM €BA JIH CTOJKHYTCH XOTA
6kI aBe 3Be3abl. 10 BCeli BEPOATHOCTH, YeJOBeIeCTBO
nornGHeT He OT CTOJKHOBEHMA 3Be3x. K coxalnenuio,
BAM HPHAETCH NOJOXKIATH €Iile mapy MHUJIJIUAPAOB
Jaet — roraa CoJinlle HaKOHEI, IPEBPATHTCA B KPACHO-
r'O THTAHTA M COXIKET Ha 3eMJe Bce KUBOe.

XBaTuT paccyKAaTh 0 TOM, UTO Koro y6per. Knura
Y HAaC Becesias, ¥ Mhl XOTHM Paccra3aTh BaM o Geaobua-
HOM HA DepBHIl B3TIA] paciupeHuyu Beenennoit. Ecan
NOCMOTPETD, YTO AeiaeTCs MPUMEepHO B 30 CBETOBLIX I'o-
Jax, OKaXeTCs, YTO IPAKTHYECKH BCe raJaKTHKH ABH-
)KyTes oT Hac. MaJio Toro — Kamerca, 4To YeM jaiblie
OT HAC FJIAKTUKN, TeM GLICTpee OHU pa3aeTaoTea!.

Tlepssim 3TO OTCTYIIEHHE TAJIAKTHK OTMETUJI elle
B 1917 roay Becro Caundep us Jloyannckoit o6cepBaTo-

1 Ckopo BRI HOHMETE, UTO 3TO CITOBO ¢ KAXKeTCAs UrpaeT B Hattei
KOMeann exBa NN He I'VIABHYIO POJb.
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Pacuuparouyascs Boeagnnas

DUH, NIpIYEM BEIACHMIIOCH, YTO 3TO €ABA JIM He YEUBEp-
caJbHBIA 3aKOH., OfHAKO yUeHLIH He MOTr 3HATH, Ha-
CROJIBKO AaJIeKH 9TH rajakTHKH oT Haulel. Bosee Toro,
B TO BpeMd NIJIA OKeCTOUeHHbIe Re6GaTH, YTO 3TO 3a
TYCKJbie NATHA CBETA, KOTOPbIe BHAHO B TEJECKOILI;
TYMAHHOCTH B npegesax Maeunoro IIyTw unm nenkie
CaMOCTOATEJIbHBIE «OCTDOBHEIE BCEJIEHHEIE» (KAK BIIO-
CJAEACTBHU H OKA3AJIOCDH). ' .

PaccTosiHuA 10 raJaKTUK U3MEPUTh TPYAHEE, UeM
MO HO cebe npexcTaBuTh, UTo ORI HM nUcaru B GaHTa-
CTHUYECKHUX POMAaHaX, HeJb3aA NOJIeTeTh B APYTYIO rajlak-
THKY WIH Aaxke K Gayxatinieit apesse, pasBepTHBas 38
coboit pysnerry. Tak uTo ecniu acTPOHOMH, HampHMep,
roBopaT: ¢lo ranaxkTuku Bogosopor 23 MuaianmoHa
CBETOBHIX JIET», Bhl BIIPaBe CIPOCHTH, OTKYAA V HAX
TaKue CBeACHUA. :

Yem pganbmie OT HAC HAXOAATCSH 3Be3ALI U MaJIaKTH-
KH, TEM TYCKJee OHH KaXyTcA. 3TOT 3pdeKT MuI MO-
JXeM MCOOJb30BATE K COGCTBEHHOM BHIrofe NIpH IOMO-
mu «cTangapTaoit ceeun». IIpeacrassTe cebe, YTO BRI
uJeTe B MArasHH U NOKyNaeTe TaM CTOBATTHYIO JaM-
NO4YKY, BBUHYKBAETE €€ I HAUNHAECTE OT HEee OTXOAUTE.
Hem fasbiiie Bl OTXOXUTE, TEM TYCKJIEE KAXKETCH CBeT.
Bu 3H8eTE, HACKOJIBKO OH APOK B6IM3K, IO3TOMY, OT-
XOAA OT HEro, B COCTOAHHY OLEHHUTh, HACKOJBKO BBl
YAQJININCH, N3MEPUB, HACKOJBKO TYCKJIOH KaXeTca
JaMnouka. TpPyAHOCTh 3aKJIOYAaETCA B TOM, YTO IIO-
CKOJIBKY TFAJIAKTMKH HE NIPOAAIOTCA B X03ANCTBEHHRIX
MarasmHaX, Ha HUX He CTOUT MAPKHPOBKA B BaTTaX.

JHaxxe dnBun Xa66s, KOTOPEI, BepoATHO, 6B BEJIK-
yaf M acTpoHOMOM-HabmogateaeM Hauata XX Bexa,
He MOT OTMEPATH PACCTOAHMA TAK Y3k YeTKo. B 1929 rogy
OB OTKaAubpoBaJl pacCTOAHHA U HabiofgaeMble CKOPO-
CTH DACXOXKAESHUS JPYTUX MAJIAKTHK, BHIABRHYB 3aKOH,
KOTOPBIi BIIOCJIE/ICTBHM HA3BAJIHK «3axoHoM Xab6ia».
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fasea ¢

B cBoeit crarbe Xab6s HeloONeHA PACCTOAHHA N0 Ira-
NMAaKTHK B BOCeMb pa3, u eme 20 IeT Hasax my6IMKOBA~
JIOCH MHOXKECTBO CTaTel, rje JOKa3sIBAJIOCH, YTO pac-
CTOSHUS, A CJAEeJOBATEeNbLHO, ¥ NocToAHRaA Xa66aa,
BEpOATHO, HEBEPHEI C NIOrPELIIHOCTLIO B ABa pasal. lan-
HEIEe CO CNyTHMKAE eI'unnapx», sanymensoro B 1989 roxy,
¥ 3anymeHHOTO B 1990 roay XocMHUYeCKOTo TeJIecKomna
«Xa66n» (yaaunoe HazBaHHE), DO3BONMIN ACTPOHOMAM
U3MEPUTH NocToAHHYI0 Xabbra ¢ TOYHOCTBIO A0 HE-
CKONBLKHUX TIPONEHTOB. » '

- Eme ogun kycouek f1asyia paciyupsaiomeiica Bee-
JIeHHO# — 9TO M3MepeHue CKOPOCTH, ¢ KOTOpOii pasbe-
raTCA OT HAC raJIaKTHKH. VI3MepAOT ee 1pAMEpHO
TAK JKe, KAK MHCIIEKTOD M3MepseT CKOPOCTh, C KOTO-
poii BBl MYHMTECH IIO IOPOTe, — IPH NOMOM[M ZOMIJIe-
POBCKOTO caBKura. Bl HaBepHAKA 3aMETHUJIIH 9TOT CTPAH-
HEl PeHOMEH, KOTODbIl TPOUCXOANT CO 3BYKOM, KOTAa
MHMO OPOHOCHTCA mOKapaaa MamuHa. Korga Mammmuaa
JIETUT Ha Bac, CHPEHA BOET Bullne oOLIYHOro. A Korxa
OHa yRajiieTca, cupeHa BoeT HuKe. Co CBeTOM Npouc-
XOAMT IPUMEPHO TO e CAMOe — TOJBKO KOT/Ja MCTOY-
HUK CBeTa JABUIKETCHA Ha BaC, CBET KaXKeTcA HEMHOTO
cuHee O6BIYHOTO0. A KOTJa YAaJIAeTCd — HeMHOro Kpac-
Hee. YeM OnicTpee yaaNseTcs MCTOYHUK, TeM CUIbHEe
CIBHT B KPACHYIO CTOPOHY, HA3hIBAGMLIi ACTPOHOMAMH
«KpacHoe CMellleHues» '

IIpeacraBbre cebe, uTro Mbl Gepem Kopxuka us
«Yaunel Ce3aM» U pa3roHAeM €TI0 B CTOPOHY OT 3eMJIH
co ckopocTsio B 25% ckopocTu cBera. Ero mex — Tem-
HO-CHHHH — B HaIUIMX TeNecKorax fyJaer Ka3aTbCca Ap-
Ko-KpacubsIM. Ha B3aruspg acrpoHOoMa-HabniojaTens

1 BoocnegcTBUM MHOXMECTBO NpeACTaABRTENEH APYTMX HANPAB-
Jenuit GU3UKH MOTEIMAINCHL HAA KOCMOJOraMu (M A0 CHX IO moTe-
HIAIOTCK) 33 KaJKHe U 3aHYJBEIe NOTYI' HA TOYHOCTD.
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Pacumupsouadca Boeatnnas

— 440 THCSY KMAOMETPOR # UACT OTAUUHO, CEPKAKT!
MH TIOAMAAM TV TAAAKLTURY € TIOAMUHbM!

KOpsKUMK — BRUIKTHIE DIMO, OHAKO OH HUKOTAA He Y-
JeT Tak 60AThCA NIEKOTKH.

Mz 3HaeM, ¥4T0 60BIINHCTBO KHUT I10 3TOMY BOIDO-
Cy TBEPAAT, YTO raJJaKTHKM YAANAIOTCA OT Hac, ¥ OITyC-
KAa0T NOAPOOGHOCTH, HO MBI BEDMM B Ball MHTEJJIEKT.
Bceenennada pacTter, a rajJJakTHKY 1o SoJsbnieit wacTu
CUJAT CMUPHO, 3aTO [IPOCTPAHCTBO BOKPYT HUX pacTd-
ruBaercs. Ha nepBriil B3T1AX TaKHE NIONPABKH KaMKyT-
cA MEeJOYHBLIMHM NPUANPKAMHA, HO Ha CAMOM JieJie 3TO
BaYKHOE YTOUHEHUE.

Korzaa raxkas-HUOYAb JaneKas raJJakTURA HCIYCKa-
€T CBeT, GOTOHBI IPOAEJBIBAIOT JOJITHIL IyTh — OT POA-
HOM rasakTuku A0 Hac. IIpw atom BeceneHHas pacuin-
paeTcs, 1 TeM Goiabite hoTonam Tpebyercda BpeMeHU Ha
nopory, 4em Gosnbime BeeneHHAs yeneBaeT paciiUPUTh-
cA 3a BpeM#d IYTH. OTO pacliupeHMe BIANAET HA HX
LIBET, KaK MbI yoke onucanu. Korza GoToH ¢pacmups-
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eTcA», 3TO Ha CAMOM JAeJie 3RATNT, UTO YBEJIMYHBACTCS
JJIMHA CBETOBOH BOJHEL. J[IMHA CBETOBON BOJIHEI ONIpe-
nexsier user. Tak 4To ecaut Beenennas pacmnpsercs,
noka ¢GoToH ImyTenmecTByeT, GOTOH 6yAeT CTAHOBHTHCA
KpacHee. HeM panbuie OoT HAC HAXOLUTCH HCTOUHHUK,
TEM CHJIbHEE yCIleeT pacIIupUThCa BeeleHHAsA 38 BpeMs
oyt u TeM Gonbme 6yaeT KpacHBI caBur y ¢GoTOHA.

I. Fae HaxoauTCs LEHTP BceneHHoi?

Ecau BHI XO0Th HEMHOTO IIOXO0<H HA HAC, TO BRIPOCIHN
c ybexxieaneM, 4T0 BEI — NeHTp Beenennoit, u Ha nep-
BuIY B3rnAx Habmwoaenus Xa661a NOATEBEPIKIAIOT ITY
Teopuio. Kaxcercs, uTo Bce raJIaKTHKH pa3beraroTcs or
Hac BpPacCHINEYIO (XOpoIno, ecan XOoTuTe, BeenenBasa
pacOiMpsieTcs BOKPYT HAC), H HAIPAIINBAETCA MBICJb,
9P0 MBI BRITOZHO OTJIMYAEMCHA OT MHEIX mMpouux. Bean
€CJIM BCe FAaJIaKTHKH yAAJIAITCA OT HAC, 3HAYKT, MBI
HaXOAWMCA B IIEHTPE, KaK Ke HHaye?

- IlosBosbTe NpeACTABHTH: TEHTAKYJIAHE, paca 4CTpPO-
HOMOB U3 TAJIAKTHMKH, KOTOPAs HAXOAUTCA B MIJLIKAD-
Ile CBETOBKIX JieT oT Halreit. OfUH U3 Benuyaliniux ac-
TPDOHOMOB — CO3XaHue no uMeH: foKTop Kanaumk.
XoTuTe MO3HAKOMHTHLCA ¢ JOKTOpOoM Kanmaumkom?
K co:xxanenunio, BRIHY>K/IEHRI BaC OTOPYHUTh. II0CKOMBRY
3Ta raJIak THKa HAXOAUTCA B MHJLIMADAE CBETOBLIX JIET
oT Haleii, To gaske ecau 6uf Mbi nocianu Ha TerTaKy-
moc VII pagmorpaMmmy ¥ noopocuin foxropa Kanauu-

. K& OTBETHTBH, y caMOro foxtTopa Kamauuka aro Bpaa sin_

TmoJNyYnaoch Okl U3-3a KpaliHe IPeKJIOHHOTO BO3pAacTa.

Ecsu 681 BaM OYeHB HOBE3J0, BH GBI HOAYIHAHN OTBET

OT ero npanpanpa (YMHOMXbTEe MHJIIMOHORB Ha 50) npa-

BHYYKH, M K TOMY BpeMeHH, KaK OHa OTBeTHJIa OKl BaM

1 yrasana Ha omubKy, IpoiifeT eime Ao6Gphii MULIM-
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apyz JieT (Kaxe eCAH¥ OHa He CTAHeT TAHYTh C OTBETOM,
a TOrja HAINWA NMOTOMKH AJs Havana npocro 3abyayr,
YTO MBI IEITAIHCEH C KEM-TO TaM HAJIAXKUTH PAAHOCBA3L.,
Tax 94TO JMYHO NO3HAKOMUTLCA ¢ JOKTOpoM Kasaun-
KOM MBI He MOYKeM, IO3TOMY He MOYKeM H CIIPOCHTh
Y Hero, YTo K€ OR BHAUT B TEJIECKON.

Ha camomMm Jene Bce elile CJIo)KHee — Bellb Bceneunan
pacmupsercd. Eciu Mu orupaBuM curean Ba Terra-
xymoc VII, or 6yaer uaTu Tyaa Gonbnre MUANIMapAa
JieT — | ellle JoJbiie 6yleT MATH OTBEeT. ITO BCE PABHO
YTO IILITATBCA U3MePHTE yrpd. Iloka 6epelih AMHEAKY,
OH H3BHBAETCH CO CTpaUIHOil cunoii, & Noxa npuio-
' JRMIIB K JHHE#Ke roloBy, NIOHMMaemb, YTO HyJIeBas
OTMETKAa COBCEM He TaM, FAe Thl €e OCTABKJL.

9TO Ku4ero, Mul BCe PABHO 3HAEM, YTO BURUT ZOKTOP
Kanauux B Teseckon. OH BUANT B TOYHOCTH TO JKE ca-
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MO€, YTO ¥ MBI C 3eMJIN, — IOYTH BCe TAJAKTUKY B He-
6ecax pasneraroTcs oT Tenrarynatoca VII, u uem pann-
1le OHU HaAXORATCA, TeM GhIcTpee, KaK NMPEACTABAAET-
ca, nerar. IIHHoBMHMCTHYECKH HACTPOSHHBIE 3JIEMEHTH]
Ha TeRTaKyJIIOCE yiie NOCTAHOBUIM NHTEPIPETUPOBATH
9TH HAGIIOJeHUA KAK HECOKPYIINMOE AOKA3aTEIbCTBO
roro, yro Terarakynaioc — uenTp BeenenHoii.

Paase MosxeT 6LITE Tak, YTO IpaB H JokTOp Xab6ur,
u aokrop Kanauuk? Paase MoxxeT ObITh TaK, uTO 06e
rajakTHKH HAXONATCS B neHTpe Beenenuoir?

IIpexcTaBbTe cebe, 4TO BB SKAPUTE OJAAbH C YEPHH-
KO#. 3Ty K00aBKy MBI BLIGpany I10 ABYM HPUYUHAM:
BO-IIEPBHIX, JIIOOMM YePHUKY, BO-BTOPBIX, YePHUYHHEI,
KaK U rajJaKTHKH, B IPOLECCE IPHUTOTOBICHUS OJIaANil
canu no cebe He pacmmpsaiorcesa. Korna recro Ais ona-
AUl IOAHUMAETCSA U PACLINPAETCH, YePHUUWHBI HauH-
HAIOT YAAJNATLCA APYr OT Apyra. Eciu 6 ol Gulnn
pasyMHBI, BCE B KaKAaA U3 HUX AyManu OBl OAHO U TO
JKe: Bce NMpoure YepHUYHMHLI pasderawTcda OT MeHs,
a JanbHue ABUIKYTCA GhICTpee, ueM Gimxuue!» !

IT0 HOABOAHT HAC K AOCTATOYHO JAEJMKATHOMY BO-
npocy, KoTODhiif BaM, BEPOATHO, OKRAMETCH 3HAKO-
MBIM, €CJI¥ BBI BcnnoMENTE raary 1. Eciu y Bcex Bo Bee-
NeHHON CKIaJBIBAETCSA BIEYATJIEHHE, YTO BCe OCTAJb-
HbIe OT HKAX pa3ieTaloTcd, pa3Be MOMKHO YTBEPKIATh,
6yATO KTO-TO BOOOUIE ABUTraeTCA?

ITo Bceii HcTOpHMY HAYKH KPacHOMH HUTHIO TPOXOAUT
o61ada TeMa ¢aHTHNEeHTponynusMa» . Hukrousait Konep-
HHUK (B 4eCTh KOTOPOro Ha3BaH «npHHIHI Komepuu-
Xa») HoKasai, 4ro 3eMasa — He ueHTp ColHedHOH cu-
cremul. B 1918 roay Xapnoy Illannu us Tapsapaa no-
KaszaJj, uto Hania CoJMHeuHasA CUCTEMAa HAXOAHTCA Ha
rayxoil nepudepun rafakTuxku Maeuunnii Ilyrs — Bo-

1 Kpone Toro, oun gymanu 61 «Boxe Moii, Mens ceiigac aaxa-
PAT 38XKUBO!» b
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IPeKH pacnpocTpaHeHHOMY 3abnysaeHNIo. A Tenephb
Xa66a (u goxrop Kanauuk Ha cBoelt niaHere) yTBep-
“SKAA0T, uTo Hama laslakTuka — BOBce He IHeHTp Bee-
JIeHHOik!

OxBaKo, KAK ME CKA3aJH, C YBePeHHOCTLIO HA-
aBaTh cefa menTpoM BceseHHO He BIpaBe HMKTO.
IIpennaraem BaM aHAaJIOTHIO: mpejcraBbTe cebGe, uTo
BBl MypaBeit, sKRUBYI{Mi Ha TOBEPXHOCTH BO3yIIHOT0
mapa. Korpa map sagysaercsa, BRI BURHTE, YTO BCE
OCTaJNibHElEe MYPABbU Pa3JIeTAIOTCA OT BAC BCE AaJblie
U Aajbuie,

Sasanwnit 3aHyRa Hamea Ghl BO3paKeHNA NPOTHB
Mupa Mypasses. OH 61 ckasan: «Munyrouxy! f anao,
Y4TO ecan 6kl MEUD MypaBheB HaXyBAaJICA, MYpaBbH O
samerunu! Beap A ixe 3ameuaro, Korga Moa MaMa, CKa-
JKeM, HAXKMaeT Ha negais radal» Jla, aTo Tax, HO B Ha-
mieM cjay4ae MypaBbH HHYETO He 3aMeyaioT, HoTOMY
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YTO HX BCEJIEHHAA PACHIMPSAETCH B 3arafIOYHOM TPETheM
U3MepeHUM, KOTOPOTO OHH IPAMO HEe BOCHPUHUMAIOT .

BeposTHO, MBI IBH>KeMCA B 4eTBEPTOM IPOCTPAHCT-
BeHHOM N3MepPeHWH, KOTOPOoe OTIHYAETCE OT IPHBHIY-
HOM CHMCTeMEI KOODAHHAT M3 TPEX NPOCTDAHCTBEHHAIX
ocelf ¥ OCH BpeMeHH. JyThb BHKe MLI [IOTOBOPHM O TOM,
BO3MOYKHO JIK, UTO CYINECTBYIOT H ADYTrHe U3MepeRud,
KDOMe TpeX, KOTOPhIe MEI BOCIPUHIMAEM HEeNOCPEACT-
BEHHO. BepoaTHO, 3TO KaK pa3 TOT cay4aii, Korja aHa-
JIOTHA 3aBOAUT c1uiIKoM najexo. Ilo npunaroii ceituac
CTAHZAPTHON KOCMOMOrUYecKol MOAeaN, ME He HYIK-
JaeMcs HM B KBKUX H3MEPEeHHAX, KpoOMe TpEX HU3BeCT-
HBIX (11110C BpEMA).

Il. Kak Bbirnagut kpaii BceneHHoh?

Pasrosop o Tenraxynaioce VII HaTaakuBaeT Hac Ha
Ba)XXHEle pasMbiniieHns. Ecan 661 y Hac 661K TaKHe
MOIIJHEIE TeJIECKOIE!, YTO B HUX MOXHO On1710 61 pa3-
r1AaxeTh poAHYIO IIaHeTy RoKTopa Kanaumka, Mbl 661
YEHUAEJM He TO, YTO TaM IPOUCXOIUT CETOAHA, & TO, YTO
65IJI0 MPHMEPHO MUJNIUADA JeT Hasazd. A ecan 6B MBI
THOrAAeNN Ha APYTYIo, emle GoJiee OTAaIEHHYIO PAJTaK-
THKY, TO 3araanynu Ol B eme 6osiee 0OTAAJIERHOE UPO-
mroe. UMeRHO TaK yYeHbIEe M H3YYAlOT PaHHUE CTANNHT
pa3suTua BeenesHoit — OHHM CMOTDAT, YTO NPOUCXO-
AHT B O9€Hb JAJIeKUX rajlakTHKaX,

OaHAaKO 38 cRMBIMN JANILHYMHE raJJAKTHKAMU cyine-
CTBYeT HPEeN, 3a KOTOPBIit MM 3aTJIAHYTH HE B CHJIAX.
Ha 3eMne MuI HA3EIBAEM ITOT NpPeAES TOPHIOHTOM, HO
TOYHO TaKOH ke FOPU3OHT CyIlecTByeT 1 y Beenenuoit
B LieJIOM. 3arjifgHYyThL 38 TOPU30HT Mel HEe MOXKEM, TaK
KaK CBET PACIIPOCTPAHAECTCA C MOCTOAHHOI CKOPOCTHIO.

! K Mamuay MypaBssH He BOAAT.
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A TIOCKOJBKY BceneHHAR CYIMECTBYET OTHOCHUTENBHO
HeJlaBHO, Bcero Kakux-ro 13,7 MEAIMapaa Jer, BCe,
YTO PacrnonceHno pansore, yeM 13,7 Mmuimapaa cse-
TOBRIX JIET, eille HEKOTOpoe BpeMd He 6yne'r .z(oc'rynno
HaIeMy raaasy.

A oTKypa, cOGCTBEHHO, B3AJIACh 3TA JATA ¢«HAYANA
Bcenernnoit» ? HauneMm ¢ koR1a. Ecin Bce rajJlakTHKH
B0 Becesnennoil yaasaloTca Apyr OT Apyra, 3HAYHT, KO-
rFAA-TO B IPOINJIOM GBI MOMEHT, KOrJa OHM (MM o
KpaliHeil Mepe ATOMEI, KOTOPEIE ¥X COCTABJIAIOT) CHIe-
JIX APYT V ApYra Ha rojiose. 3TO «COORITHE» MEI HA3hI-
BaeM BonblINM B3PHEIBOM, KOTOPHIH CTAX NPUYNHOH
KPYIHEBIX 3a0ayKAeRNil, BCAYECKON NyTAHNILI ¥ HA-
NUCAHUA CJAeAYyIOLIeit MTaBhI.

OueHnTh, KOrAa npouaolunes Boskmmoi B3pHIB, MBI
cyMeeM, ecI¥ BCIOMHHNM, YTO CKOPOCTEL — 3TO OTHOMIEe-
HIe PacCTOAHKA Ko BpeMenH. IIpeattonoxus (ommnbou-
HO, KaK BBRISICHAETCS, HO HOKA YTO TAKASA NOT'PEITHOCTD
HAaC yCTPaMBaeT), 6yaTo CKOPOCTh YAANEHNA FaJIaKTH-
KH, rae pacnoyoxxen TeHTakydroc, ¢ Hauala BpeMeH
MOCTOAHHA, MBI MO)KeM BRIYHCIHTE CKOPOCTh BeesieH-
HO# UpH MOMOIIM IIPOCTHIX MArOMATEMATHUYECKHUX BBI-
Knagox. Tonbko nogyMmaiiTe: yeM AaJjbIlle OT HAC ra-
JAKTHKA HAXOAUTCA CErofHs, TEM CTaplle Hamia Bee-
JNeHHAS, TIOCKOJIBKY BCe pasderaercs ApPYyr oTr aApyra
B U3BeCTHOM HaM Temire. IToqcTABNM B 3TO IPOCTEHEKOE
JIMHeilHOe YpaBHeHUE IePeMeHHbIe, CIIPaABeAJTUBRIE JJIA
Hame# BeesleHHOH, U IPpHKKHHEM, YTO BO3pacT Beenex-
HO#t — okoJo 13,8 Munnuapza Jser: CMOTPKTE, pe3yJab-
TaT IIOUTH TAKOH JKe, KAaK ec’ay Ghl BLI IPOJEJIAU BCE
BBIYMCJIEHHA TOUHO U C HYKHBIMU IONPABKAMHU.

Eciu 651 v Hac 6b121 AOCTATOUYHO MONTHEIH TEJIECKOII,
cMOTrH OBl MEI CBOMMU TJIa3aMH YBUAETH 38pOXKIEHME
Bceenennoit? IToutu, HO He coBceM. HelHeInHU# peKOpA-
CMeH N0 ZAJIBLHOCTH, 06 BeKT No Iiposeunly A 1689-zD1,
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HaAXOIMTCS OT HAC HAa TAKOM DACCTOAHUH, YTO €ro u30-
Opaxxenne, BUAHOE B KOCMUUECKUIT TemecKomn «Xa60ma»,
OTHOCHUTCA K TOMY BpeMeHH, Korza BeeneHnas nacuu-
TrIBasIa Bcero 700 MIULIHOHOB JIET OT POAY (0K0J0 5%
€€ HBIHENTHET0 BO3PACTa), KOTAA ee pasMep COCTaABRIA
MeHbIe ! /g HbIHEITHEero,
Xyxe Toro, A 1689-zD1 yaansaercs oT Hac ¢o CKo-
pOCTHIO, IPUMEPHO B 8 pa3d npeBnIIAIOLIEN CKOPOCTH
" cseTa. (MBI TIOAOKAEM, & BEI MepeaucTaiire KHUKKY
Has3ax, "Ha Ijasy 1, rje Mbl HETKO ¥ HeABYCMEICIEHHO
3aABHJIH, YTO 3TO HEBO3MOMHO.) 3arajika MrHOBEHHO
paspeninTcs, ecy MEl BCOOMEHM, 4TO 3T0 Beenennasn
. pPacIIUPAETCH, a He raIaKTHUKA ABMYKeTCA. I'alaKTuKa
CTOHUT HAa MECTe.

BaM Bce ellle KasKeTcd, 4TO MBI my.uumqaem? Bogce
HeT. CrienuaabHaa TeopHsA OTHOCHUTENLHOCTH He I'OBO-
PHUT, YTO IPeIMETHI He MOTYT VAAJIATHECA ADYT OT APyra
CO CKOPOCTHIO DOJIbIle CKOPOCTH CBETA. A TOBODHT OHA
clegyiolilee: ecJIH.g OTOpaBJio B HeOo Bar-curman, Bar-
MeH He CyMeeT IlepersfaTs €ro Ha Batnaasne, Kak 65 Hu
oelRWIcA. B 6osiee 061ieM cMBIC/Ie 3TO 03HAYAET, UTO
HUKaxasa nadopManns (BanpuUMep, YacTUNa IV CHT-
HAJ) He MOXKeT ABHraThcd OuICcTpee cBeTa. ITO abco-
NIOTHAA OpaBia, Aaxe ecau BceseHEas oueHb GHICTPO
pacummpsercs. MbI He B COCTOSAHUM HCIIOJIb30BATh pac-
uinpenue Beenernoit, uTo6bl 060rHATE VY CBETA.

Ha caMoM jiesie MBI CIOCOOHE 3arIAHYTH B IPOILIOe
Iaske fanbIe, yeM A 1689-zD1, Ho Ans 5TOro HAM HY K-
HBI pafuonprueMHUKR. MBI MOJKeM 3aTJIAHYTE B TO Bpe-
MdA, Koraa Beenenno# 6610 Becero-HaBcero 380 TricAY
JeT OT pOAY M OHA COCTOSLJIA BCero JUMIb K3 OypaAieit
cMecH BOAOPOJA, TelIusA U KpaiiHe Bmcouoaneprmmoro
H3JIYYEeHHA.

Hansiie Bce B TYyMaHe — ﬁyxna.rxbno. ITockoaBKy
BcesleEHaA Ha paHHUX CTAAMAX CBOEro PasBuUTHA OhLIa
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Tyro Haburta MaTepueil, 3T0 BCe paBHO UTO IMIELITATHLCS 3a-
JIAHYTH 3a COCeAKMHEI mITOpH!. UTo 3a HuMH, He BUA-
HO, HO MBI 3HaeM, KaK BRIMISAAUT Beeneunasa ceifvac u
KAK OHA BBITJVIAAEJIA B KAXKALIH MOMEHT BpeMeHH ¢ paH-
HUX CTAAM# 0 CEeroAHsNIHEro AHA, IIO3TOMY MOMXeM
JAOrafaThesd, UTO HAXOAUTCS 38 aTOH KOCMHUYECKOM 1To-
poi. Tak u moAMEIBaET 3a Hee 3arisgHyTh, Upasia?

Tak BOT, XOTA 3aTrJIAHYTHh 32 TODU3OHT MBI HE B CH-
Jax, 3aTO BUAUM JOCTATOUHO MHOT0, YTOGLI YAOBJIETBO-
PATH COOCTBEHHOE U YYsKOe NGOMBITCTRO 32 rocysap-
crBeEHuIH cueT. CaMoe IpeKkpacHoe — YeM JOJIbIIe MBI
JKJIEM, TEM CTADIIE CTAHOBUTCA BecesleHHAs U TEM Jalb-
Ille OTORXBHTAETCA rOpU3oHT. MHade roBopsa, CymecTBy-
10T JaneKkue yroaku Beenennoii, yeit cBeT JOXOAUT RO
HAC TOJBKO ceifyac.

A uTO JKe HAXOJUTCA 32 POPU30HTOM? I3TOro HUKTO
He 3HaeT, HO MEI BIIpaBe geiaaTh 000CHOBaHHBIE JOraj-
KHu. ITomEuTE, uyTo KOIEpEUK U ero mocliefoBATENH
AcHO porazanu HaM: «Korga kyna-aubyas uieuib, To
BCe PaBHO KyXa-HUGYAb NPHAEIILs, IO3TOMY MOMHO
TPEeAIIoJ0KNTE, UTO 32 rOpU3oHTOM Beenernas suirns-
AUT OpUMEPHO TAK Ke, Kak u 3aecsh. KoBeyHo, TaM Gy-
AYT Apyrue raJJakTMKH, HO UX OKAKETCH HPUMEPHO
CTOJILKO 3K€, UTO M BOKPYT HAC, U BLITJIAZETH OHU GyAyT
NPpUMEPHO TaK e, KaKk M Hamu coceaku. Ho aTo me
o0a3arenbHO npaBia. M BRIZBRHTAEM TAKOE NIPEAIION0-
JKeHue, TIOCKOJbKY Y Hac HeT IPUYHH AyMaTh MHAYE.

lll. U3 yero cocTounT nycroe
npocTpaHcTBO?

Tax, sHayuT, Bceneanasa pacmiupaercs, OQAHAKO ra-
JJaKTHKH B Hell IpaxkTuyecKU He ABMkyTcA. Kak xe

1 Her-HeT, MBI He cuuTaeM, YTO BRI OEITAJIHCH 3TO CAEAATD. Mus
O BaC Jydumero MHeHudA.
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Mo caobam 1engpana O. T, OmuocumeAprocmu:
«Bot B0 Botatnmoi usmKo packAGCouduuupoBaHO»

9TO BCe Ha caMoM jeJie yerpoeHo? Ilpuzerca BepHyThCA
K 3MHINTEeHROBCKOIl 00miell Teopuu OTHOCUTEILHOCTH,
Jxon Apuubansa Yunep 6aecrsine onucat 3Ty Teo-
PHUIO H3BECTHHIM adopu3MoM: «[IpocTpaHCTBO SMKTyeT
MaTepuy, KaK ABHTaTbCHA, & MaTepusa AUKTYET IIpo-
CTPAHCTBY, KaK HCKPUBJIATLCH» , U HMEHHO TaK U cJe-
AyeT 0 Heif xyMaTh. »

Mzl He 3a6BIIM O CBOEM O6eIIaHNN AepsKaThCA I10-
JaJjipllle OT MATEMATHKH, OZHAKO (GOPMYJIHPOBKA YH-
nepa, o CYyTH, — B3TO CyXOe MIJOKeHHUe I'JIaBHOTOo
ypaBHEeHHs o0IIeit TeOpNH OTHOCHTEIBHOCTH — 3iiH-
HITeiHOBCKOro ypaBHenud noJs. [IpusoanTs ero afeck
MBI He OyeM, HO KOe-4TO O HEM HYIKHO 3HATE.

JleBas cTopoHa ypaBHeHHs noisa’ ompefensdeT, Ha-
CKOJIBKO JABe TOYKH AAJEeKM APYr OT APYyra U B IIpoO-

! a, MuI OMIIEM CIOBA BPOJE «JIeBAA CTOPOHA YPABHEHHAS,
9TO6GKl HE DACATH CAMO ypaBHeHUe. FIRaye Bl OKOHUATENLHO pac-
caabarecs.
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‘CTpaHCTBE, M BO BpeMEHH, — 3Ta BeAMYNHA HA3bIBaeTCA

«METPMKA» ,— A 6CHH MhI NOCMOTPUM, KaK MeTpuKa
MeHsIeTCH B NPOCTPAHCTBE, TO CMOMKEM OIMCATH, Ha-
CKOJIBKO OHO MCKPHBJeHO. MeTpHke OTBOANMTCS Ha-
CTOJIBKO BAYHAA POJIb, MOCKOJBKY YACTUIBI JIEHUBRI U
BHIGHPAIOT MMEHHO TOT MApIIPYT, KOTOPHI NO3BONAET
MRHUMHU3APOBATH BPEMSA Ha gopory. B niockoM (To ectsb
JUNICHHOM IPAaBUTAIIMN) IPOCTPAHCTBE CAMKIK GHICT-
PHIil NyTH — DpAMAadA, KAK Bhl, BEPOATHO, M CAMH JOra-
ABIBAETECH, HO €C/IY IPOCTPAHCTBO HCKDPMBJIEHO FPaBH-
Tanueii; BCe CHABHO OCJIOKHACTCH.

IIpencraBum ceGe, uTO BEl GpocaeTe MAYUK IpPUA-
TesbHuNEe. MUK Xo4ueT JoJeTeTh A0 Hee KAK MOMHO
GrICTpee, TaK YTO, BEPOATHO, KPATUARINNHA TIYTH — 3TO
npsamas. Ho nocroitte! I'paBuTauns, Kax Mhl BUAeNIN
B IpeALIAYINE# riaBe, 3aCTaBAAET BPEMS Y IIOBEPXHO-
CcTH 3eMJIn HATH CAMYIO YYTOYKY MeAJIeHHee, I03TOMY
MAY, BepoATHO, fobeperca [o Balleit NPUATEILHUIEL
6rICTpee, eCA¥ TYTOUKY MOZHUMETCHA OT 3eMJH K OH-

N

o

LA;. sgpaBcmByem cdophan - 1916!

A

IRAWTERHOBLLUE PABHEHUS TOAS
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mer Ayry. C apyroil CTOpoHBI, €CJIH JZYra oKa)XKeTcsd
CAUINKOM KPYTO#, MAYY NPUAETCS JBUraThCcA GHICT-
pee, a MhI yXKe BUAEIH, YTO €CAM MAY JIeTHT 09eHb Onl-
CTpO, BpeMAa Aaa Hero 3ameandaercsi. Haunnaerca no-
HCK KOMIIDOMHCCOB, ¥ MAY ClAeAYyeT KPUBOH IIPOCTpaK-
CTBa-BpeMeHM M JeTHT o Ayre. IlonaTao? HecMoTpsa
Ha BCE PA3TOBOPHI O PEASTHBUCTCKOM BpeMeHH U MC-
KPHBJIEHHOM NPOCTPAHCTBE, B CHabLIX rpaBUTALIVOH-
HEIX IOAAX BpOje Holid 3eMIM rpaBHTALMAA BeeT ceba
UMEHHO TaK, Kak npeackasnsaa HeloToH.

Ho ecsm MRl x0THM pa3obpaThesi, KAK PA3BABAETCA
Bcenennas B LieJioM, IPHUAETCA BRIPBATLCA U3 caaboro
onoxa 3eMAH”, a AJd 3TOro HY)KHO CKa3aTh JBa CI0BAa
o MeTprKe. HanoMeEMM, 4TO MeTpuKA 'OBOPUT BaM, HA-
CKOJIBKO JAJIEKO OTCTOAT APYr OT APYra ABE TOUKH.
IpeancraseTe cebe, uTo y Bac eCThb JuHeNKa, KOTOPAR
MeJNeHHO cEuMaeTcs. U ecim Bhl uepesd HeKOTOpOE
BpeMA pPemuTe U3MePHTh, HAIIPHMED, pacCToOAHHe 0T
Bac a0 Ilapuaka, To oGHapyXuTe, YTO OHO NOCTOAHHO
yBEANYuBAETCA. ‘

HMMeHHO 3T0 U IIPOUCXOAHUT B Hacrosmeil BeceneuHoii!

BabyabTe, yeMy BAC YYHJIE B OIKOJE: IPOCTPAHCTRO
He abGconiorHo. Mul y:ke Buiesi, YTO NPOCTPAHCTBO U
BpeMs AJA ABMKymuxca Habmonareneis n Habmosare-
Jaeit, KOTOphle HAXOXATCA BO/IM3U MaCCUBHBIX TeJ, OT-
HocuTeJbHH. Teneps M MOHKUMAEM, YTO IIC Mepe CTAa-
peHua BcesleHHOI MeHSETCA CaMO IPOCTPAHCTBO.

A 4T0 jXe HaXOAUTCA TI0 NPABYIO CTOPOHY U HIITEH-
HOBCKOTO YPABHEHHS IONA? YHiep HAM yiKe OTBETHN:
«MaTepua AUKTYET DPOCTPAHCTBY, KAK MCKPDHBAATL-
cs». UMenBo marepua Beenenuoii u ropopur Beesen-
HOH, KaK PA3BUBATLCH.

Kax sce MEI pasbepeMca BO BceM 2TOM, eCJIX (Ha ca-
MOM JieJle) Jake He 3HAKOMBI C ypaBHEHMAMM o6meit
Teopuu otTHocuTenbuHocTH? He Golitecs. IloMuruTe, 4TO,
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Pacuupawuyadca Begasunan

KOorjga pe4yb 3aXOAWUT O I'paBUTALHH, PHIHYECKAT UH-
TYMIUSA | 3ApABbIA CMBIC) IIOMOTAIOT AaXKe Jy4ynie, deM
BhI AYMAJIN. _

Mzt TyT 10BOABHO 60MKO paccyXxaany o pacmiupe-
HHH IPOCTPAHCTBA, HO TAK HUYETO ¥ Be CKa3aJv O TOM,
YTO JXe TAKOe 3TO caMoe npocTpaHcTBO. Mcaak Hroron
B ¢cBONX Principia Mathematica MHOT'O TOBOPHJI O NIPO-
CTPAHCTEE B NPUAYMAaN HeGOALIION MBICIEHHERIN DKC-
OEepHMEHT, NO3BOJRIONIMYA IOACHHUTE, YTO 9TO TAKOE,
HA KOHKPETHOM IpuMepe. BepHeMca aajiexko Ha3az —
BraaBy 1, rae Peisknii, Tanuneit n ditamreiin (He o6x-
3aTENLHO B 9TOM HOpAAKe) OGHADYIKHIH, YTO Habmio-
aaTelib He MOJKET ONpeAeJUTh, ABUTAETCHA OH WM 10-
KOHTCH, €CJXH ABUYKEHMEe NPONCXOAUT PABHOMEPHO.

‘Hrpaet pojib HCKAIOYUTEIBHO JUHAMHUKA JBYX Babnio-

raTeneil Ipy UX OTHOCHTENLHOM ABMMKCHHUH.

Hsxloron npegcraBua cebe, 4To Ha CKPYUEHHOM Be-
PEBKE BUCHUT BeLpo, NOJHOE BOALI. Befpo yaepuBamoT -
B HEIIOABMYKHOCTH, & 32TEM OTIIYCKAaJOT, 1 BEPEBKA Ha-
YUHAET PACKPYUMBATbCH, U BeApo BepTurcd. [Tonauany
BOJIa XOUET OCTATLCA HR MECTe, H CTERKY Be[pa BepTAT-
CA BOKPYTr Hee. 3aTeM BCTyHaeT B JeilcTeye CHIA Tpe-
HNA MeXXJY BOAOH W BEAPOM, M BOJA HaUWHAET KpY-
TUTLCSA BMecTe ¢ BeapoM. W npyu aToM B36MpaeTca BBepX
0O CTeHKAM. '

Ha, noHrMaeM — BuI unMTaeTe W aymaere: «Hy u
uTo?>» A 7

Mpz1 TaK MHOTO 00 9TOM Pa3TJIATOJLCTBYEM, IOCKOJIb-
Ky K KOHIY aKcnepyuMeRTa HrIOTORA OTHOCHUTENNBHOE
ABMIKEHYIE MEeXAY BeAPOM U BOJOH omcymemayem —
TeM He MeHee MBI MOYKeM CKa3aTh, YTO BEJPO M BOJA
BepTATcSA. BOT B UeM BONPOC: OTKYAA BEAPO «3HAETs,
uTO OoHO BepTuTca? HoueMy Boja Mo-npexxHeMY Babu-
paeTcA BBEPX II0 CTEHKAM, eCAM OHa HUKYJAA HEe ABU-
YKEeTCA OTHOCHUTEJIbHO Beapa?
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Ilpeacrasbre cebe OXRY HPOCTYIO BEIlb, KOTOPYIO BRI
YEUAHTE B J1000M HAYYHOM My3ee: MAaATHUK DPyko.
MasaTHHUK — 3TO I'PYSHK, 3aKPeIUieHHblH Ha CTPYHe
HAH TpOCce, KOTOpHIH GoJITaeTcs Tyja-ciona, Kak B Ha-
NMOJILHBIX MJIY HACTEHHBAIX MEXaHWUYECKHX uacax. Ma-
ATHUK PYyKOo NOABEIMMNBAIOT TaK, YTOOH OH KayaJcsa
B n1060M HampaBJIeHHH, KyAa 3axoueT. I'py3ux packa-
YUBAIOT B OZHOM NMJIOCKOCTH — TyJAa-clofia,—— OZHAKO
ecay Haba0AATH 38 HUM JOCTATOYHO AOJIC, CTAHET 3a-
MeTHO, YTO OH eue ¥ Bpamaerca. To ecTh Ha caMOM
Jele MaATHHK PACKayUBaeTcA B ORHON IJIOCKOCTH,
a 3eMJIf NOX HEUM Bpamaercs. KakuM-To o6pazom Ma-
ATHUK 3HAET, KAK COXPAHUTH CBOIO GMKCUHPOBAHHYIO
OPMEHTAIHIO OTHOCHTENbHO IPOCTPAHCTRA.

A syume npejcrasbTe cefe, UTO HAII CTADHMHHBIN
npuarens PeDKKE CUZUT B 60NBII0N BUIHHAPUYECKON
KOMHAaTe, 000pYAOBAHHOMU paKEeTHRIMM ABUTATEN-
MU, — HEYTO BpoAe arrpaxcnuonwuex-rrpu@ym B IapKe
pasnneqenuﬁ




Pacuupsouaacs Begagnnas

JBuraTenn saBonsaTcsi, 6apabal neHTpudyry HaUn-
HaeT Bpamarbca. IIpoXoguT coBceM HEMHOI'O BpeMeH H,
H OH¥ OCTaHABJIMBAIOTCH, HO YCTPOHCTBO B 1ieJIoM HpO-
Josxaer BpamiaThca. Eciu Bul BHaeny « KocMHYecKy:o
Opuccero-2001» unn no06oit npyroi HayyHO-QaRTACTH-
YyecKM#A PHIABM, TJie CHNY TSECTH HA KOCMHYECKON
CTaHIIIH CHMYJHPYIOT BpAIleHUEeM, TO BHaeTe, YT0 Ipo-
usoiiaer: Prixkero HaudeT TamuTh BBEPX MO CTEHKaM!,

Ecan Bo Becerenrnoit Her Huuero, kpome Prixkero
¢ ero LeHTPU(DYro, y HaC BOSHHMKAET BONPOC: XaK
MOXXHO CKa3aTh, YTO OHM Bpamaiorca? OTROCHTENLHO
yero oEU Bpamjarorca? [Tonpoby#iTe oTBETHTE Ha 3TOT
BoIlpoc, W3besxan cjoBa «OPOCTPAHCTBO». Begb npo-
CTpaHCTBO — 3TO BCero-HaesCero rHuymo, nycrora,
He Tax JNu? .

dunocod 3pacT Max npumMepro 240 Jer CIrycTa Tak
crasaJi 06 aToM B cBoe ¢« MexaHuke»: «Hcciaegoparens
JOJI¥KEH OIIYINATH HYIKAY B.. 3HAHUM O HEMOCPEACT-
BEeHHEIX CBA3AX, CKayKeM, MeskIy MaccaMu Bo BeeJsreH-
Hoit, OHH 6yAYT NapuThL Iepel HUM KakK ujaeajlbHOE
NPeICTABIEHNE O NPRHIAAX MATEPHUHU B 1IEJI0M, K3 KO-
TOPOro TAKHM 3Ke 06pa3oM BLITEKAIOT Bce YCKOPEHHEIE
¥ MHEPLMOHHBIE ABUKEHUA»,

Henb3a cKka3aTh, 4TOOH 5T0 OBLI0 TOYHOE HAYUHOE
omnpejesieENe TOro, Kak yecTpoena Beenrersasn, Ho oTHO-
CHUTEJILHO BepOSTHO, YTO MBI 380b1IY O8I, YTO XOTEJ 10~
HecTH RO Hac Max, ecau 651 He TOT GaKT, YTO «IPHUE-
uuo Maxa» kpaitHe saruMana JiiHmiTeiina (MMeHHO
SitHnITelH Tak ero u Hassan). O nepedpasuposan sTo
BRICKA3RIBAHHE ropasio JakoHnunee: «mepnna —
3T0 CBOEr0o POAA Pe3yJLTAT B3aMMOAEMCTBHSA MEMAY
TeJaMHB»,

1 A ecau on 6yzeT KPDYTMTHCA AOCTATOYHO JOJIIO, £r0 HAUHET
mowmumy BBepX N0 CTeAKAM. ThI-PhI-T'hI.
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INo-npexxuemMy cnoxro? A ecsu tak: «Tamomaasn
Macca BIANAET Ha 3AeIIHI00 HHEePITUo» ?

Hy un uro? KoxeuHo, ganexkass MaTepusa BAHAET Ha
IBUKeHUe TeJl T06IN30CTH OoT Hac. UMeHHO 3TO MuI Ha-
3niBaeM rpasuranueit. Ho Max rosopua He 06 3TOM,
u JHHmTEe#H ycMOTpeJI B €T0 CJI0BAaX He 3T0. Max roso-
PUII, YTO €CJIM MbI CPABHHM Hamly MaTepHio C ZAJIEKH-
MU 3Be3JaMU, TO YK KaK-HUOYyAb co06pasuM, ABMMKEM-
Cs MBI MJIM HeT — MO KpaiiHeil Mepe YCKODPSEMCA MhbI
WM HET,

IIpurnun Maxa B OCHOBHOM M BAOXHOBMJI O HNITE -
Ha Ha co3jgaHue ob1ell Teopun oTHocUTeNbHOCTH. Oc-
HOBHAJ HAEA 3aKJIOUANACHE B TOM, YTO ¢JaJiIeKHe 3Be3-
Obl» B CPeAHEM MOYCHO CYNTATh HENOABMIKHBIMH, H MEI
BIpaBe CKa3aTh, YTO YTO-TO ABMYKETCSA MJIH, €CIM YK
Ha TO IIOIJI0, BPAaniaeTcsd, TOJBKO OTHOCHTENLHO He-
HOABHIKHLIX 3BE3N.

Bepen su IpUHAIHUI Maxa?

He o6asaTensHo. C MaTeMaTHUECKOH TOUKY 3PEHUS
3TO peilleHne ypaBHeHU# JiiTeiina A8 MycTOoro npo-
crpaHcTBa. TO eCTh ANA NPOCTPAHCTBA, I'e MaTepus
KaK TakoBad oTCYTCTBYeT, OueBUAHO, YTO B TAKOM CJY-
qae He MOJKET ObITh M PedH HHM O KaKKX AAJIEKUX 3Be3-
J8X, ODHaKO sfiRUITelHOBCKadA CllelMAaJbHANR TeopUsa
OTHOCUTEJILHOCTH BCe PABHO IIPEACKAa3bIBAeT, YTO eCIH
BRI BAPYT OKa)keTech B 3TOU NycTO# BeesieHHON, TO ¢110-
YYBCTBYETE», YTO BpPAIllaeTeCh.,

Ho Beab abcoaoTHO nmycTas BCeJIeHHAA — 9TO He
IpaBMJIO, & MCKJAlOUeHHe. B Hameli BeeseHHOM ecTh Be-
mecTBo. O611as Te0pHA OTHOCHTEIBHOCTH HHKOPIIODH-
pyeT Bo Beesennyio MaTepiio. 3TO U €CTh TO «CBEPTHI-
BaHMe» NPOCTPANCTBA, KOTOPOE OLIYyLIAeTCa Iae yroa-
HO, B TOM YHCJIE U 3[ECh.

Cpasy nocsie Toro, KaKk JNHIITEH BHIABUHY I -00-
II[YIO TEOPHIO OTHOCUTENLHOCTH, Jxo3ed JleH3e n XaHe
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Tuppuar u3 BeHCcKOro yHrBepcHTeT2 3aMETHIIH, YTO
€CJIH B3ATH AOCTATOYHO MACCHBHOE TeJO, CKa)KeM,
YepHYI0 ARIPY, # NIPDHBECTH 5TO TEJA0 BO BpallleBHNe, TO
OPOCTPAHCTBO BOKPYT YePHOM JBIPHITOMKE IIOTAHETCH
3a Heti. MHaYe roRops, ecid BL HONKITAETECH CTOATH
Ha MecCTe, NNOKaXeTcf, 6YATO BH Bpamaerech. U a1o
He npocTo Rorazka. C rex nop OulI0 3anMymeHo MHO-
JKECTBO CIYTHHKOB, KOTOpPLIE 3aperMcTPHPOBAJIN Bpa-
nieHHe NPOCTPAHCTRA, BRIZBAHHOE BpameHueM 3eMJIn
m Mapeca.

Mkl XOTHM CKa3aTh, 9TO Ha KPYOHLIX MacimTabax
poJiydaeTcs, 6y TO MMEHHO MATEPH H «CO37aeT» IMpo-
CTPAHCTBO, Aae ec]H JIOKAJALHOE HTPOCTPAHCTBO BHI-
FAAXUT TAK, 6YATO B HEM HAYEro U HET.

IV. Hackoabko NyCcTO NPOCTPaHCTBO?
A

Ha mocjiegfHUX HeCKOJILKUX CTPAHHIIAX HAC YBEJO
B CTOPOHY 330TEPHKH — MEI CIMIIKOM MHOTO PACCY3K-
AaJIM O NIPHUPOJie IIPOCTPAHCTBA K 000 BCEM TAKOM IpO-
yeM, 4 Tenephb mopa MepeiiTH K Gonee KOHKPETHRIM pas-
ropopaM. Tax BOT, AaBaiiTe JOrOBOPHMCH: €CIU BEI
COTJIACHTECH, YTO raJIaKTHKH Bo Beenernnoi 8 o6meM u
eIOM HURYAA He ABMIKYTCA, & BeceleEHAA BOKPYT HEX
pacIInpseTcs, MBI COTIACHMCS; YTO MOXHO MEOrKa
npexaBaThCi HEBUMHHBIM (DAHTA3UAM, YTO MEI-J€ HAXO-
IHUMCA B nienTpe Beenennoii. [lna noaTsepxAeEAA €O-
rJ1acufl KaK cAefyeT BCTPAXHUTE 3TV KHMKKY.

Mgt couTeM, YTO BhI TEM CAMKEIM CKAa3aJIM ¢85,

H paxxe MOXKEM NpojesiaTh KOe-KAKHEe KOPPEKTHEIe
¢uaMIecKiie BRIKJIAAKE Ha OCHOBE ¢«I[@HTPONYHHCT-
ckoli» mogenn. HauweM ¢ 0OCHOBHOro Bonpoca — 34-
MeAnAeTcs pacunpenune Beenennoit unu yckopserca?

9- ConpGepr /1., BroMxsucT Jx. 1«57



TasBa 6

IlocMoTpHTe Ha 3TO ¢ TOUKH 3peEua BeenerHoil u no-
cTapaiiTech NIpoAeNnaTh CAeayOIIKi oKclIepUMENT.

1. BuijitauTe Ha yaany ¢ GyTOONBHEIM MAUYOM.

2. BpockTe ero BepTHKAaNbHO BBEPX.

3. BrlcTpeHbKO OTONIUTE B CTOPOBKY.

CKOJIBKO 6b1 BBl HH HOBTOPAJIH 3KCIEPUMEHT, PO~
HCXOHAWUT ONH& CTRPAA HCTOPHA — MTO B3JIETAET BBEDX,
TO DaZaeT BHU3.

Pasymeercda, OpUYKHOMN TOro, YTO MBI CYMEJH 110-
CTPOUTH PaKeTh!, KOTOPHIE JIeTaoT Ha Mapc, cTaso cie-
Ayolee: €CJU 3aNYCTUTh MAYUK MK paKeTy AoCTa-
TOYHO GbICTPO, OHH BHLIPBYTCH M3 IPAaBUTALLMOHHOTO
nona 3emau, CKOPOCTH, C KOTOPOIT MOXKHO YIETeTh
¢ 3eMuIH, cocTaBageT NpAMepHO 40 ThICAY KHIOMETPOB
B YaC — 3TO HAa3LIBAETCA «BTOPASA KOCMHYECKAS CKO-
pocTh». PakeTs! B3JIeTalOT B KOCMOC, IIOCKOJbKY ABH-
ralpoTrcsa OeIcTpee.

A na JlyHe BTOpDaA KOCMHYECKAA CKOPOCTH COCTAB-
naet uyTs 6onnme 8000 xunromerpos B uac. To ecTs
ecJ1v 6Bl BBl CTOANU Ha JIyHe ¥ 3allyCTHIIH CBEPXCKOPO-
CTHON MAYMK CO CKOPOCTHIO 16 THCAY KUJAOMETPOB
B Yac, TO OGHAPYRANM GBI, YTO OH BHIIIEN B OTKPHITHI
KocMoc. A ecam 6pocuUTh MAY € TOi XKe CKOPOCTBIO
¢ 3eMaH, To OH B KOHIIEe KOHIOB C pa3Maxy IJeTHETCH
o6patHo. Eme oguH npumMep /i HAMIALHOCTA: BTOpas
KOCMHYecKaa CKOpocTh Yy Helimoca — cnyrHEKa Map-
ca — oKoJio 21 KmnoMeTpa B yac. Jaxe MBI Morau Gbt
sanyetuts May ¢ Jeifimoca B oTKprITHI# KocMmoc! Hy,
HaBepHoe.

Tak uem xxe Jlelimoc Tax oTiamnuyaercAa oT 3eMau?
Maccoit. ¥V S3eman macca ropasno Gonslne, a 3HAYHT,
6oybIlle ¥ rpaBHTAINSA, YeM MeHbIlIe Macca, TEM MeHb-
e CHJa rpaBUTAUY, KOTOPAA MPUTATHUBAET MAY 06-
pPaTHO K ImiaHeTe (ILUIAHETOHAY, COYTHUKY M T.I%), BOT
mo4YeMy BTopasA KOCMHUYecKasa cKopocTs y Jlelimoca Ta-
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Kasfg MaJeHbKasa. 1A MAacCHBHEIX NIPpeAMETOB BpOJe
raJIJaAKTHK 3TO TOXKe CIPABEAJIMBO. »

Ecau 651 Beenennas 6u11a coBepimergo nycra (a ato,
K CYACTBIO AJ1A HAC, COBCEM He Tak), To OHa 6u pacmy-
pAJNach BeyHO ¢ abCcoNIOTHO HeOrpaHHYeHHOH CKOpO-
creio. He 6b1r0 651 MaTepuu, KoTopas OblI ee 3aTOPMO-
auna. Ecnu 6 y Hac GbLJIa HACTOJNBKO IIYCTAS BCEJIEH-
HAS, 8 MBI TOMecTIIM GBI B Hee HEMHOI'O BEILIECTBA, TO
pacmiuperue Gul HeMHOro 3amMennujock. He 3a6riBail-
Te: MaTepK4A BJHSIeT Ha IPOCTPAHCTBO, TAK YTO ecJiy GhI
MEI TOMECTUIIH B 3TY BCEJCHHYIO RENYIO KY4y BeIecT-
Ba, TO OHA Ohl BOOCIEACTBUH CXJIONHYJIACS.

Jluaus, oTaenAlomAan BCeNeHHYI0, KOTOPOi cyxae-
HO PAacHIUPATHCA 66CKOHEYHO, OT BCEIEHHOI, KOTOPO
CYXJeHO CXJONMHYThCH, HA3BIBAETCA KPUTHUECKOH
MNJIOTHOCTHIO BCEJIEHHOM, U OHA FOpPa3fo HUIKe, YEM BEI
JAyMaerTe.

O6bryHO npeACTABNEHHE O TOM, HACKOMLKO NJIOTHO
KOCMOC HabuT MaTepueil, CHJILHO OpeyBeJnYeHo, ITo-
3TOMY, BEDOATHO, HY>KHO YCTPOUTDH IPOBEPKY PLAJILHO-
CTBHIO, U HAYHEM MKl C TOI'0, YTO IPOUCXOLHUT Y HAC IIO
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cocencTBy. BenoMEMTe CLEHY N3 «3Be3fHLIX BOHHY,
koraa Xanm Coso Ha sTucaueneruem Coxonaes npobu-
BaeTcHa CKBO3b OAC acTepouxoB. Torna 3se3nonerT eapa
He pa3Bayuics. Kak saM, HaBepHOe, H3BECTHO, Y Ha-
me#t ConnedHol CHCTEMHE TOMKE eCTh I0AC aCTepOH-
IoB — Mexxay opburamu Mapca u IOnmrepa (coorser-
CTBEHHO YEeTBEePTOH M NATOH INAHETAMH, CUHATAS OT
Conuna). Yro ke npousoiifer, ecy Bbl IPeUCHOJNHA-
Tech Heb6Iaropa3yMHo# oTBart U pBaHeTe Ha CBOEM
3Beagonere k IOnurepy?

Huuero ocobennoro.

XoT#a aCTPOHOME! He YBEPeHEH!, CKOJIBKO B TOUHOCTH
TaM aCTepOUAOB, pasyMHAfA oneHka — 10 Muianuo-
HOB — NOKA3LIBAET, UYTO CpeJHee PACCTOAHUE MEMKAY
3TUMM KaMeHIOKaM# — 60JblIe NoAyTopa MHJIJIHOHOB
KujaoMeTpos. Eclii BH He npefcTasisere cefe, CKONb-
KO 3T0, NOACHUM: NOJITOPA MHJIJIMOHA KHJIOMETPOB —
3TO IIPHMEpPHO B YeThipe pa3a Gonanie, uem Ao Jlyusi, .
a HaCTOJLKO AaNeKko 3abmpanuch MoKa €4Ba AW mapa
ZecATKOB 4YeJIOBeK. ‘

Ecnu Me! noxraeM COMHEUHYIO CHCTEMY U XBUHEM-
cA K APYTUM 3BE3JaM, OKaKeTCH, yTo 0T Caukadnieit
apeann! IIpoxcuma llenTaBpa Hac OTHe/A€T PACCTONA-
HHe B YeThIpEe CBETOBLIX roJa, & IO IYTH BCe JOBOJILHO .
nycro. B cpeaneM Kampanlil KyGuueckuit carTumerp
(cpenuuii pasMep UrpajbHOr0 KyOMKa) MEeXX3Be3AHOT0
OPOCTPAHCTBA CONEPIHUT BCET0 OAMH aTOM BOJODPOAA.
IInsa cpaBEenna — 3to npumepro B 10!% pas mMenee
IJIOTHO, YeM 3eMHOM BO3AYX, ¥ IPMMEPHO B MIWJLIHOH
pas MeHee IJIOTHO, HeM caMblii-CaMBIil YMCTRIN ACKYC-
CTBEHHBI# BAKYYM, KOTOPOr0 MKl CHOCOGHKI JOONTHCA
B 1aGoparopum. A

TIpocTpaHCTEO MEXAY rATaKTUKAMH, Aaske ecJin On
Bcenennas o6nafana KpUTUUECKOR NJIOTHOCTHIO, ellie
B MUWIHOH pa3 MeHee IJIOTHO. 9TO 3BHAYMT, 9T0 HA KAaXK-
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ZBIH KyGoMeTp NpoCcTpaHCTRA (3TO NPHMEeDPHO 00HeM
BaLIEro XOJIOAUNLHUKA) IPUXOAUTCA BCEro NATh ATO-
MOB BOJOPOJAA.

BEI, KOHEYHO, MOJO3PEBAJIN, YTO B KOCMHUYECKOM
npocrpanctTBe nycto. IIoToMy-TO OHO M Ha3KIBAETCH
OPOCTPAHCTBOM. B HEKOTOPOM CMEICHE.

ITockonbky acrpodpusuxu He MOOAT, Koma vy Hux
B PACHOPSIKEHUU OCTAETCH TaAK MAJIO ATOMOB, HAC HH-
TepecyeT, B CYIIHOCTH, TOJBKO TO, o6sagaer Beemen-
Hasa IVIOTHOCTHIO MEHbIle KPUTHYECKO# nau Gosbiie,
HO3TOMY MBI OllpeAeiseM COOTHOLIeHKe. ITO COOTHO-
IIeHVe CPaBHUBAET KOJMYECTBO MaTepuH (nioboit Ma-
TeprH) Bo BceseHHOI ¢ KOJIMYECTBOM MAaTEePHM, KOTO-
poe MEI OUAANH OhI IPY KPUTHUYECKOH IJIOTHOCTH.
BT0 COOTHOIIEHME MBI HA3LIBAEM:

Q.

Ecin BEI XOTHTE PACCKA3ATH MAME, YeMy Bac Hayuu-
Jla 3Ta KHural, a KapTHHKY 110 TeNe(poRy He DOKaYKelllb
WK npocTo GyMaXKH noj pyKoii HeT, UMeiiTe B BHAY,
9TO 3TO HA3LIBALTCH ¢OMEra MaTEPHU».

A cefiyac MK MCMOPTHM Bech CIOPIIPH3 U CKaKeM,
9TO TIO CAMBIM TOUHRIM OLEHKaM (3, cocTaBadeT 28%
(DN0Cc-MUHYC. KPOXOTYJeYHAST NMOTYPEDIHOCThL) MaTe-
puN — MMeHHO TaKas JOJNA BemiecTBa Bo BceneHHoit
3aCTABUT ee cxJionuyThes. Ilo Mepe pacmupenusa Bee-
neRHO# MaTepusa B Hell cranoBuTes Bee Sosee auddya-
HOM’, Tak 4TO ¢ TeyeHHeM BpeMeHU BrenenHad Oyner
KasaThbcA Bce 6osee mycToii. A 3HAYAT, IJOTHOCTE Bee-
JIeHHOM Gy ieT yMEeHBIIATECH (IPOCTPARCTBA CTAHOBUT-
cA 6onblue, a HOBOIt MaTepnu He BhipabaThiBaeTCa),
MO3TOMY COOTHOIICHUE TOXKe Oy1eT YMeHbIIAThCA,

1 yMam, opuser, 3to a. 'ry-r YATAIO ORHY KHMIMKKY Hpo duan-
Ky, TAX TAM rOBOPHTCA, K&K DOACYMTATH ILIOTHOCTHL Hameil Bee-
JeAHO OTHOCUTENHLHO KPUTHYECKOM» .
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9TO CYeHb BaKHOE YHUCJ0, OCOOEHHO AJA YOKHYTEIX
&CTPOHOMOB, M 3a IOCJAeAHHEe ABA AeCATKA JIeT OCHOB-
Hble YCHJIUA KJIacCH4ecKoi KOCMOJIOrny GbLIN HalTpaB-
JIeHB Ha TO, YTOOLI MOJYYHTE 5TO YUCJO H ele He-
CKOJIBKO APYTHX!, N3 KOTOPHIX MOKHO BBIBECTH BO3-
pact, cyaeby, 6yayimee n npomnoe Beenennoit. Ho aTo
YncJ0 0co0eHHO BaXKHO, TIOCKOJIBKY OHO FOBODHT HaM,
cobupaercs gu BcejleHHas CHOBa BIACTH B KOJJIAMNC
unu 6yger pacuiupArsea 6eckoHeuHo. YTo6r BRIUMC-
JIUTH 3TO COOTHOLIEHUE, HAM HYKHO N3MEPHUTh, CKOJIb-
KO BeliecTBa HAC OKPYIKAET, U IIO3TOMY IJIaBHEIN BO-
IIPOC 3BYYHT TAK: KAK HaM B3BecUTh Beenennyro?

B ma6monaemoit Becenernoit ceuiine 100 Munamap-
OB raJIaKTHK, ¥ B HUX cocpegoTodena 6oblas yacTs
macchl. Eciiu MBI coo6pasuM, KaK B3BECUTh FaTaKTHKH
UM CKOILJIEHHA TAJAKTHK, TO IPOCTO CAOHKKHM Maccy
B IIpefenax oNpelelIeHHOr0 YyYacTKAa IIPOCTPAHCTBA U
BBIYHCJIMM TaKNM 06pa3oM mIOTHOCT: BeesenHoi.

V. Fpe xe HaxoauUTCA BCe BewecTso?

HeaaueM DhITATECA B3BECHTH BCIO BeelleHHYI0 — JI0-
CTATOYHO HAMTH CNIOCO6 TOYHO BRIYUCJIATL BeC OTAENb-
HEIX FaJIakTHK, ¥ Aeso B nuisne. Kax BAM TaKas MEICTL:
MOCYHUTATDH, CKOJBKO B FAJIaKTHKE 3Be3%, ¥ MpPexnoo-
JUTH, YTO BCe OHM NpuMepHO nMoxoxu Ha CoaHne.
B KOHIe KOHIIOB, KOT/la CMOTPMIIL Ha HOUHOe Hebo, Bee,
Y4TO BUAMNINB, — JTO 3BE3AHHIH CBET HJIHM, KaK B ciydae
JlyEm n niager, OTpaXeHHRI 3Be3HHIA CBeT HALIEro
ske Conana. Boxee Toro, B Hameilt Conneuno cucremMe
99,99% wmacchl — UMeHHO 3Be3fHaa (Macca Connua),
103TOMY, HaBepHoe, NPeXnoJIokKe e, UTo (IpaKTHye-

! 310 menper3oHAEHRO YAAYRAA NONMKITKA ACTPOHOMOR TOAY"
YHTh TOYHLIE YHCAA.
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CKH) BCA Macca FaIaKTHK COCPEAOTOYEHA B 3Beafax, He
Takoe yx U 6esymHoe. Ecnu Mul nepepaforaeM nudph
B HallleM HABOPOYECHHOM KOMIBIOTEPE, TO NOJYIHM YHH-
BepCANBHYIO ILIOTHOCTD — Cappan — BCEro B 0,2%.

OTO 03HAYAET, YTO FAJIAaKTHKHA, KAK 1 8BTOGOTEI C le-
HeNTUKOHAMY, HE COBCEM TO, Y€M KakyTcs. B Gonb-
IIWHCTBE raJJaKTUK COJIMAHYIO JOJIO «BEIIECTBAY CO-
CTaBJIAET OrPOMHOE KOJIHYECTBO Ira3a, KOTOPLIH Hucnyc-
KaeT PeETr¢HOBCKOE U3JNyJUeHMe, & He BHAUMEIA CBeT.
Tak 4TO ecyid Bbl KOTJHa-HUOYAL NPUBeseTe JI06HMYyI0
TANAKTHKY B PeHTreHKabuHeT, JOKTOp CPA3Y CKayKeT
BaM, CKOJILKO B Hell ra3a, UBMEDHRB PEHTT€HOBCKOE 13-
syueHue. Eciu BBl BKIIOUUTE B CBOM PACIETHl TY Mac-
cy, KoTopas Halifierca Gaarojgaps aToMy addekxry,
H NPUILTIOCYeTe ee K Macce 3Be3k, TO OGHADYKUTE, UTO
Q, cocrasisaeT 5% , To ecTh BceneHHas no-npexEeMy,
OPAMO CKasKeM, IIYCTa.

9TH OATH NPOLEHTOB — CBOET0 POAA CIOPIPH3, IPH-
yeM HenpuATHLINA. OHH 0Tpa’kaioT KOJIUYECTBO MACCHI,
KOTOPOE COAEPIKUTCA B OORIYHOM MAaTepUH — PUBHKU
JN:06AT HA3hIBATH €€ «GapHQHBI», & 3TO, KAK Bl HOMHHM-
Tel, BCEro JIMIOB NMPOTOHK U HeHTPOHEI. A 3HAYHT, BCE
aJIeMEHTHI COCTOAT 13 6apHOHOB, UTO, B CBOIO OYepenb,
3HAYMUT, YTO BCe ATOMEI M MOJIEKYIR! CTOAT M3 Gapuo-
HOB, & B3 BTOTO cJIelyeT, 4To MbI C BaMu, Conuue, 3eM-
JIsi, 3BE3]IbI, a3, IIbIJIb H BCEe, YTO BRI BUAETH MJIK C YeM
HMMeJIH JieJ10, COCTOUT U3 GapuoHoB. EcTh yiiMa pasHhIx
OLE€HOK, KOTOPHIE MOSKHO NpOAeaaTh, YTOORI MOACUM-
TaTh KoauyecTBo 6apuoHOB Bo BecexnernHoit, IIo BceM
noxyuaeTcs, 4to g, TO €CTh JOJAA KPUTUUECKO 0T~
HOCTH B 6apHOHAX, COCTABJIAET BCETO 0K010 5% .

Bce 6110 681 pekpacHo, ecau 6ul He JI0GONKITHOE
HaGoaeHue, KoTopoe caeaana B 1970 rogy Bepa Py-
6mH ¢ KoaneraMu. OHa OTNMETHJIA, UTO 3BE3kl Bpama-

1 A BB, KOHEYHO, TIOMHHATE.
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I0TCS BOKPYT TaJiaKTHK ¥ BCH 3Ta KOHCTPYKILHA Aep-
MUTCA HA rpaBuTanuu. Eciy B raaKTHKe HefoCTaeT
MAacchl, 3Be34bI OT Hee pasyerarcsa. MMeHHEo 3To pouc-
XOAHUT, €CNU, PA3LyXADHBIINCH, HAUYMHAENIL BePTETH
BOKDYT ceGsi paCKUJaHUNK H TYT KTO-TO 3JIOKO3HEH-
HBbI# TepepesaeT MHYPOK. Packugafiuuk 6oabiue He
KPYTUTCH IO «opOUTE», 8 OTIIETAET B CTOPOHY, BEPOAT-
HO, TOA0MB KOMY-HUGYADL 31M0KO3HeHHOMY Ia3!. CyTs
BOT B YeM: MBI M3MEPHM, C KAKO CKOPOCTHIO ABHTAIOT-
cd 3Be3a5I BOKPYT NEHTPA MNAJIAKTUKY, €CJIH BRIYUCTAM
JAOIIEPOBCKHIA CABUT, & 3aTEM YKe Ha OCHOBAHMH 3THX
IaHHBIX OIleRUM OOmYIO MACCY 3TOH raJJaKTHUKH.
H snaere, uTo oKasajgoch? Oxa3anocsk, YT0 ralaKTHRU
OpUMEPHO B IIeCTh Pa3 MaccUBHee, YeM MBI aymanu!
HHuave roBopsa, 3y cocrasaset okono 28% , HO TOJIBKO
B TOM cJiyuae, eCJM Mh! OPEeANoJIOXKYM, U4T0 OoNbIIas
YacTh MACCEIL, 0K0JI0 85% , COCTOUT M3 HeKoelt 3arasou-
HOI «TeMHOH MATepPHH», KOTOPYIO HaM He BHAHO.

.Bo3Mo)KHO, B HAIIMX BRIKJAAJIKaX €CTh KAaKad-TO
omnbKa, a MOXeT ORITh, MBI YTO-TO HEBEPHO- H3MepU-
au, Bpurea OKKaMa BeJUT HAM CUNTATH CAMOE IIPOCTOoe
penicHue CAMBIM JYYIDKUM, & TOPA3f0 NPOIHE CKA3ATSH,
4YTO MBI F/Ie-TO OIIHOGINACH, YeM CKa3aTh, YTO MAI ode-
My-To He BHANM 85% mMaccw Beenennoit! Hy xHEI nain-
HeillnHe N3BICKAHUA.

B nocyegHpe roasl CAMNATHYHBIE YMEUILI-ACTPOHO-
MBI CTaJIM AJ1s1 ¥3MEDEHUS MacC raJaAKTHK M CKOIJe-
HMil raJJakTHK NOJBL30BATHLCA TEXHUKOH, M3BEeCTHOM
KAK «rpAaBUTAIlHOHHEIE JJUH3BI%., ITa TEXHUKA ONMUDA-
eTCs Ha TO, YTO MACCHBHEIE OG'BEKThI BPOAE MaJIaKTHK
HEeMHOT'O UCKPHBISAIOT IIPOCTPAHCTBO, a JIYYU CBeTa
CJIeVIOT KpHMBH3He npocrpadcTsa. HanpnMmep, ecian

1 M-aa. OnacHule ITYTKH ¢ PACKHAARYNKOM, PEHTIEH JJId ra-
JIAKTHKHU... T4 IJ1aBa CAeJIaeT B&C 3aBCErZaTAeM TPABMATOJOTHYE-
CKOTO IYHKTA.
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TAJIAKTHKA, e HaxognTea TeHTaXyJIOC, pACIOooKe-
Ha Mexy 3eMmieil ¥ ipyroii, 6onee fanexoil ranaxkTH-
Koli, u3obpaxceHue 3aHell raTaKTHKHA GyJeT ncraxe-
HO Maccoil ranakTuxku TeRrakynioca. Yem Gojbine
Macca, TeM CUJIbHee HCKaKeHHe.

Tlo6au30cTH 0T CKOMJICHUH FAJIAKTUK 3TOT PeHOMEH
elre 3aMeTHee, TTOCKOJIBKY CKOIJICHUA FAJIAKTHK MHOrIA
UMEIOT Maccy B el kpaapuasor (10!%) mace Connna.
Ecin cKOIJIEHNA HCKAYKAIOT CBOEH JIMH30H rajJakTUuKn
HA 3a/{HeM IIJIaHe, TO ACTPOHOMEI Ha 3emute 6y qyT Habmio-
IaTh 3TY FaJIAKTAKH He B HOpDMAJILHOM BHJe, & B BHJE
BCSYECKHX AYT, A HHOPAA OAHA U TA XKe ralaKkTuka GyaeT
IpeACTaBJeHA ABYMS H300parkeHUAMMY — IIPHMEPHO KaK
B JIYIIY IOXK OIIpeJeJIeHHBIM YIVIOM BHAHO, CKaskeM, ABa
BallINX YKAa3aTeJIbHBIX NaJbIla BMECTO OJHOTO.

Hanuno peakuii cay4ait, korna sabaBEAa KAPTHHKA
He TIOMOXKeT; B3TJITHHTE Ha M300pakeHNe CKONJIeHNA
ranaxtux Abell 2218, caenanHoe KOCMRYECKUM TeJIe-
cKonoM «Xa66us.

Ecau npurasisierscd, crageT BUAHO, YTO HEKOTOPHIE
TFaJIAKTHKH — OYEHb APKNE U OKPYIJIkIe. J3TO raJakTu-
K¥ B ckonJleEny. OzHaKO0, NPHCMOTPEBILUCH ellle BHA-
MaTeJibHEE, BBl YBUANTE, UTO Ha (oTorpadpmm MHOIO
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Y3KUX IPOXOJTOBATHIX MA3KOB M BRITHYTHIX Ayr. Xo-
TUTE BepbTe, XOTUTE HeT, ITO ToXKe OGLIYHEIe ralakTH-
KH, IIPOCTO OHH (eCJIH CMOTPeTh ¢ 3eMJIi) HaXOAATCH 34
-CKOMJIEeHUeM, H X u300paxeHUdA GecrrapAoOHHO UCKa-
YKeHEI I'PABUTAIMOHHEIM IIOJEM.

I'paBHTAIUOHHEIE IMHIK IO3BOJAIOT U3MEPATHL MAC-
cy TalakTHK, a CAeN0BATEILHO, H BeeseHHOM, emne ox-
HUM CIIOCcOGOM, ¥ BCE BEIYHCICHUA NPUBOAAT K OLHOMY
BbIBOAY: BO BeeserHOM BIecTepo GoJibIlle MACCH, 4eM
cyMmMmapHas «o06pHaA» 6aprorHaa macca. B 2006 rony
Mapycsa Bpagay, koropas Torna paborana B Crandop-
e, M ee KOJIJIETH M3YYHJIH CTOJIKHOBeHHE Iaphl CKOM-
JMeHUH, TAK HA3bIBaeMoe CKomjeRue «Ilynsas, n noxy-
YHRIN NIOPASUTENbHRIE PE3YJILTATEI.

Kax Mu yxe Bugeny, GoJbHIKHCTBO OGEIYHOM Mac-
CHl B CKOIJIEHHSIX COCTABJIAIOT HE 3Be3ARI, a ropAuuit
ra3. 3Besanl, Ta YaCTh rajIaKTHK, KOTOPYIO MBI BUAUM
FJIa3aMH, — BCErO JIMHIb KPOIIEYHOe MEeHLIIHHCTBO.
Tax uTo ecsu GBI 3TA TEMEAA MATEpUA ~— MATEPH, He-
pasauuMMas I1a30M,— Ha CaMOM JeJle COCTOAa M3
06GBIYHOTO BENIECTBa, MOXKHO OLIJIO GHI OKUAATH, UTO
oHa OyzeT 00pa3oBRIBATS T€ 3Ke CTPYKTYPEIL, YTO M ras.

Tax BoT, Bpajgad u eeé COTPYAHHKH OGHADYIKIITH,
YTO B CKOILIEHMH He NpocTo GoJIbine MACCEL, YeM MAcca
rasa,— XYy:Ke TOro, TeMHas MaTepHd, CyAd II0 BceMy,
HAXOAUTCA Aake He psaAoM ¢ raszom! Unaue rosops,
IasKe XOTs MbI He 3HAeM, YTO 5TO TaKoe — TeMHas Ma-
TepH4d, 3aTO 3HAEM, KaK ee uckare. K Bompocy o Tom,
9TO Ke TAKOE HA CAMOM JieJie TeMHAA MaTepus, MBI Bep-
HeMc4A B raBe 9.

VI. Mouemy BceneHHnas yckopserca?

Ilpumepso no 1998 rofa nojoskeHNe Jes B KOCMO-
JIOTHM TIPAKTHYECKU MOJHOCTHIO ONPeAeIANoch Mouc-
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KaM¥ TeMHON} MaTepuu. IIoCKOMBKY Pe3yiLTaTh N3Me-
PEHHSA MAcChl TAJIAKTHK €INe TOJBKO 0KUAATHCE, KOC-
MOJIOTHUYECKOe coobiecTBo B GoJbIMMHCTBE cCBOEM ORI
ybexaeno, uro {2y HYKHO AOTONHATE 0 100% . Y6e-
AUTEJILHBIX CBHETEJILCTB B IOJNB3Y o6paTHOrO He 6RLI0,
2 60JIBIIHECTBO TEOPHUil OMMPAJIOCH UMEHHO Ha 3TO YHC-
nol. Oxuaxo cepus naGmoaenwii B cepegune 1990-x ro-
OB He OCTaBHJIA OT 9TOi NAeH KAMHA HA KaMHe.

He rak faBHO MBI YIIOMKHAJIY O TOM, YTO CAMMIiL pac-
NPOCTPAHEHHKIH ¥ NIPOCTOH cnocob H3MEPUTD PACCTOA-
HMe 0 APYTHX FaIaKTHK — pPa3o6paThcs, HACKOJNLKO
OHM SAPKME caM¥ o cebe, W, N3MEePUB, HACKOJIBKO AD-
KUMH OHHE HaM KaXXyTcs, OUeHnTs gucranuuio. Ilpipo-
4a NIPEAYyCMOTPHTENBHO CHAGMIA HAC NPEeBOCXOAHEIMU
«CTAHAAPTHLIMHA CBeYaMu» — B BHJe OHPeAeeRHOr0
TUIIA B3PLIBAIOIIIMXCSH 3BE3A TOX HA3BAHNEM «caepxno-
Brle TuNA Ias.

CeepxHoBHIe THHNA Ia cocroaT U3 6eroro Kapanka u
KPACHOIo 'raiTa, Bpatalouxcs 00 opburaM BOKpyr
ApYyT Apyra. Besblit RapaIuK — TaEIONIee AAPO 3BE3NAKI,
ZIOBOJBLEO myoTHoe. KpacHulit rurasTt ouens 6onnmoit,
H ero rpaBUTALMN HEe XBaTaeT HA TO, YTOOH YAePIKaTh
BCe ero BIAJAEHNA NIOJ KOHTpoaeM. B HameM ciyyae 3To
03HAYAET, YTO ra3 U3 BHEMHed aTMocdepnl KPaACHOr0
rUurafHTa DazaeT Ha NOBePXHOCTS 6esioro xapauka.

Bennie Kapaukl — 06'bEKTHI OUeHb KOMNAKTHERIE,
. Korza game Connue npespatutcd 8 6eJoro Kapjinka,

! I'napuas Teopus GLina M €CTH HABECTHA IOA HasBaHNEM «Teo-
pna nebaauuns, 1 o Beli Ml NOAPOGHO NOrOBOPHM B CAeAYIOnIe
rnase. HuiHemHNe OLEHKY IOKA3LIBAIOT, YTO {2y COCTABARET ORONO
28% (B mpornsononoxkuaocts 100% , DpeiIcKa3aHHKIM MePBHIMY MO~
AeRAMHE MEGIAATMHK), ¥ 3TO JOJKEO PASHECTH STY TeOpHIO B nyX X
upex pas u Hasceraa. OIHAKO TEOPeTHKHE KAKHM-TO 0bpasoM coob-
pasuiif, Y¥TO MOIKHO NOFUPABATE (hOPMY LI, I BCe CROBA 3AII0PXAeT.
OTO ROMKHO CTATH SNA BAC NEHHLIM YPOKOM NoBepas K duankam-
TEOPeTHKAM, KOTOPhIE YTBEPKAAIOT, GYATO B 4eM-TO YBEPEHEI.
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OHO CTAaHeT MAEHBKMM, Kak SeMaal. 3Tu 3Be3kl TAKHe
IUTOTHBIE, UTO OTAENBHEIE 3JIeKTPOHR! B HUX GYKBaAJIBHO
HATAJKHBAIOTCH APYr Ha Apyra. Beslkle KAPDIAKH OPU-
MepHO B MIJIJIHOH Pa3 MJIOTHee T'PAHUTA, H CXKATH Oe-
JbIi KapJIUKR ellle CHAbHee OYeHb ! O4eHb TPYAHO. Tak
BOT, B KOHIle KOHIIOB HA NOBEPXHOCTH GeJIOT0o KapJanKa
HanaaaeT CTOJNbKO «OTOpPOCOB» C KPACHOI'O 'MTaHTA,
410 Genblif KAPJIUK yiKe He CMOXKeT UX IPUHATh, B NMPO-
TOHHI ¥ 3JIEKTPOHEI B 3TOH 3Bease COeUHATCA B HeM-
TpoHEI, 06pa3ys Tax HA3KIBAEMYIO HeHTPDOHHYIO 3Be3-
ay. lIpm 3TOM OPOHCXOAAT KOJIOCCANLHEIA B3pHIB U
BREIOpOC MaTepH¥ — 3TO M eCTh CBepXHoBadA THOA la.
3a HEeCKOJIBKO He/leN1b 3Ta BCILINIKE BEILENAET CTOJIBKO
SHepruu, cKoAbKO CosiHIle 32 BCIO CBOIO JKM3Hb.

Koraa cBepxHOBas B3phIBaercd, Jy4ile AepiaThCs
noganbnie. Jlaxe eciy OHA BCUBIXHET HA PACCTOSITHHH
AeCATH CBETOBHIX JieT, 3eMJs B pe3yJbTaTe TAKOTO
BapeiBa norubHer. K cuactsio, B KaXKA0H OTAEABHOM
raJIaKTHKe IIPOMCXOAUT IPHUMEPHO ONHA TAKAS BCIBIII-
KA B CTOJIETHE, & Hallla TaJIAKTUKA HMeeT B [IoIepeyHH-
Ke THRICAYM CBETOBLIX JIET, TAK UTO HAM, CKOpee BCETO,
IIOKA HUYero He rpoauT. BrIHysKIeHHl, OJJHAKO, Bac
Or'OPYHTH: IPEACKA3ATh, KOI/la CBEDXHOBAS B3OPBETCA,
HEBO3MOJKHO.

3aT0 acCTpPOHOMEI (KaK TIpaBUJIO, MH3AHTPOIK) 0060~
JKAIOT 3TH KOCMHYECKHe KaTaKJIN3Mbl. 113 ¢cBepXHOBHX
MOJIYYAlOTCS OTMEHHLIE CTAHJAPTHLIE CBEYH, IOCKOIb-
Ky ouu: 1) HeBepOATHO APKKeE, 4 IHAYNT, UX BUAHO HA
OuYEHb COJIMAHBIX PACCTOAHMAX; 2) BAPEIBAIOTCA IIPHK-
MEPHO Ha OXHOM 1 Toit ke cTaguy Pa3BuTHSA (KOTAA HA
MMOBEPXHOCTEL 6eJIoro KapinKa HAAZAET JOCTATOYHO
BENIECTBA C KPACHOrO M'UraHTa), & 3HAYUT, BHITNAAAT

! Tlockonsky X ToMy MOMeRTY CONHUE Ve JaBHO Dpoiiger cra-
AUI0 KPACHOrO CHMTaHTa M CHATHT 3eMJIio [OT1A, HAC 310 yKe He
Gyzer nHTEPECOBATE. -
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AKKPEUUS BEWECTBA KPACHOTO TUTAHTA -
HA TIOBEPXHOLTb BEAOTO KAPAUKA

6oslee UMK MeHee OAMHAKOBO — CJIGAOBATENBHO, MBI
MOJKEM JIET'KO BHIYHCINTH, HA KAKOM OHM PACCTOH-
HUH.

B 1998 roxy aBe rpynnsi icciexopareneii o pyxo-
BOACTBOM coorBercTBeHHO Coia [lepamyTrepa u Afama
Paiicca BEIYHCIUIN PACCTOAHNA 4O MpHUMepHO 50 cBepx-
HOBHIX, & TOCKOJIbKY OHHK.K TOMY K€ U3MOPIJIHN Kpac-
Hble CMeIl[eHNs, TO He TOJBKO Y3HANH, HACKOALKO 3TH
CBepPXHOBHIE JAJIEKO, HO M BRICHUIH, HACKOJLKO Bee-
JieHHAA ¢ TeX NOP PacmuPHIach.

O6Ge rpynnsl — OAHOBPEMEHHO M HE3aBHUCHMO —
NpUINAN K HHTepecHed 1AM BhBonaM. Becenernasa He
3aMeAIAeTCs, YTO NIPOoN30MmJIOo 65I, ecsiu GLI B Hee 3aCy-
HYJIZ Ky4y BeinecTBa. Bojee Toro, oHa yckopsercs.
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SifHIITeHE NpUIe] K IPAMEDHO TAKOMY Ke 3aKJII0qe-
HUIQ, KOTAa 3aAyMan obIIyI0 TeOpHUI0 OTHOCHTEJNbHO-
cTH. DHHMITeH HA3BAJ 3TO KOCMOJIOTHYECKOR KOH-
CTaHTOM, ¥ ecJiX Bbl KOMAa-BEUO6YAL 3aHUMAJINCHL MaTe-
MATHYECKHUM aHANU30M, TO IOMHHUTE, YTO B MHTErpaIax
6LIBAET «IINIOC KOHCTaHTa». Ecoy BRI HHKOPAa He 3aHU-
MaJIECh MATEMATHYECKUM AHAJIN30M, TO He MHOTIO IO~
Tepsan.,

OHImITelH IPUAYMAT KOCMOJOTHMECKYIO KOHCTAH-
Ty, 4T06RI CAesiaTh BeesleRHYI0 cTaTu4HOM, 1 GBLI O4eHb
cMyInesH, xoraa Xa66a oTKPRLI, YTO OHA PACIINDAETCH.
Onnako, HeB3WpasA Ha 3aMmuIce], KOCMOJOTAYeCKasn
KOHCTaHTa oGecneunBaeTcd Geaynpewnoli MaTeMaTH-
KOif, # Korjia 6pUTH HIOJIyUYeHb! pe3yNbTATH 00 CBePXHO-
BBEIM, MHTEPEC K KOCMOJIOTHYeCKOM KOHCTAHTE BCIIRIX-
HYJI ¢ HOBOi cunoit, OfHaKo Ha ceif pa3 KOHCTARTY CTa- .
JIA CUHTATH «TeMHOM bHeprueils, KOTOpafd HABOZHAET
BceneHHYIO. ‘ :

DHRIMTeHH 3aMeTH.A, YTO ra3 OOJ CUJILHLIM AaBJe-
HueM obnanaer 6onee cuALHOI rpaBuTalMeil, YeM ra3
0e3 gaBJeHHNA BooOIne. DTO BAXKHO, IOCKOJIBKY C MaTe-
MATHUYECKOH TOYKY 3peRus TeMHas sHeprus ofJiafaeT
OTPMIATENLHEIM JaBJeHHEM, TO €CTh BefeT cebs Kax
CBOEro poja AHTUIpaBHTallAsA, M MMEHHO Mo3aTomy Bee-
JIeAHAA ¥ paciuupserca. Maxo Toro, no Mepe paciuiu-
peuus BcesieHHOMH NJIOTHOCTS 3TOM 3HEPIUN He CHHAMKA-
eTcs. ATo Kak GyATo OnI y Bac Obijia pe3auHKa, KOTOPYIO
Bbl GBI pACTArHMBANHY, PACTATHBAJHA, PaAcTATMBAJIH,
a OHA OYeMy-TO He CTaHOBmMJAach 6 Tonsmie. BoT Tn-
NUYHAA CHTYAUMS, B KOTOPOI 3APABEIA CMBICT IOABE-
eT KOro YrOAHO.

HOdyMaeTe, 3TO KaK-TO Henpasaoumogo6Ho? Ma rer.
Ml yoKe BUAENH 4To-To nofo6uoe B raase 2. [TomuanTe,
MEI TOBOpMJIH, YTO BeeneHHas HarmoJNHeHA sHepruei
BaKyyMa, NOCKONABKY POTOHEI TO NOABAAITCA, TO UC-
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4ge3a10T? IloMaUTE, UTO €CAM PACTAHYTDH KM CMATH KO-
po6GoYKy ¢ BaKyyMHol SHeprueil, ee INIOTHOCTE OCTa-
HeTcd OpexHeil?

Ja, KOHEe4YHO, Ha NepBhIil B3rJA MBI IPOCTO HTDAEM
¢ (hpopMyaMH, T2K YTO, BEPOATHO, BAM CTAHET CHOKOM-
Hee, €CJIM MRl CKaXXeM, 4TO 3ToT adpeKT yke HpoHaG-
nozanu. B 1948 roxy Xouk Kasumup m3 JleligeRckoro
VHUBEPCHUTETA OTMETHJI, 9TO ECJIH B3ATH ABE METAJIIH-
YyecKHe MJIACTHHEI B BAKYYME H Jep/KaTh HX HA HeO0Jb-
IIOM PacCTOAHMM JPYT OT Ayra, OHM, KAK HU CTPAHHO,
HaAYHYT IPUTATHBATL APYT APYra. A eClIH IJAACTHHH He
3aPARCEHEl SJIEKTPUIECTBOM, TAKOTO OLITEL He AOJMKHO.
Bce 370 o6peTaeT ¢MEICI, €CJIH MEI IIPEATIONOKNM, YTO
Bco Bcenennyio nporuskiBaeT Bakyymuoe noje. Ilo-
CKOJIBKY 3JIEKTPUYECKHE OJIA UCHE3AIOT BRYTPU Me-
TAJJIOB, BAKYYMHOE T0JIe MEXAY IIACTUHAMY OKAXKET-
cda cnalee, YeM CHAPDYKH, W B Pe3yJAbTaTe NAACTHHE
OPUTAHYTCA APYT K APYTY. :

«3ddext Kasumupas — OAHO U3 CAMBIX APDKNX M
OPAMBIX CBHAETENLCTRO, YTO S3HEPrusa BAKYyMa M B ca-

R —
CAquaiime, ona mpuxogum
gomod, cUGUM U CAYIAEm
«Atq 3enncaunn»!
Hasepuoe, sadortrd ..

IODELT KAIUMUPA
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MOM feJie CYImIeCTBYeT i 06J1afaeT B TOUHOCTH TEMH Ka-
YeCTBAMH, KOTOPhIEe Mbl HCKAJIH B TEMHO dGHEPIrHH.

3TO HAC DAAYeT. .

A oropuaeT Hac Apyroe — OTBET Ha BOIPOC, CKOMBKO
Bo Becenennoit TeMHo# anepru. ITockoabky MaTepus
¥ SHEPrafA SKBUBAJEHTHE (KaK Mbl BUAENH B riaase 1),
MBI MOJKEM COPOCHTH, KAKOBA IIOTHOCTH TeMHOI! 3Hep-
T'HH, ¥ BHIACHHUM, 9T0 (Qpp COCTABJAAET OKOJIO 72% oOT
KOCMONOTrHYeCKnX uaMepenuii. Mul nanucann DE, rak
KaK XOTHM HAIOMHUTH, YTO FTOBODMM O TeMHOIi aHED-
run — Dark Energy. DTo 4uca0 KOJMAKHO HAC obpajo-
BATh, MTOCKOJIBKY €CJIM CJOXXHTH IJIOTHOCTh OGRIYHOTO
BemecTBa (Qg, okono 5%), TeMHO# MaTepun (Qpy,
oxouio 23% ) # Tremnol sHepruy (Qpg, okoxo 72%), To
OKayKeTcsi, uTO 0o6ilnasn aHepreTHYecKas MIOTHOCTH BO
Bceesrennoii o6nagaer xpurayeckuM (pgr B 100% . Y3
3TOT0 NPONCTEKAET HECKOJIBKO NAKAHTHENIINX CAEACT-
BHH.

Tak BOT YTO HAacC AOJCHO oropwats! Ecan mMer npa-
BUJILHO NIOHUMAaeM 3KCIHepHMeHT C MeTAJLIMIECKIMHU
IUIACTUHAMM B BAKYyMe, 3HAYUT, U JIaGopaTopHhIe 3KC-
NepPUMEHTHI, ¥ GOJILIIMECTBO TEOPHit HOKA3BIBAIOT, YTO
aHepruyM BakyyMa Bo Bcesenno#t 10MKHO GHTHL mpH-
MepHO 101% paa Gonbine, 4eM DOKA3KIBAIOT KOCMOJIOTH-
YyecKHUe U3MEpPeHus.

Bor uTo AnsA Hac, GU3UKOB, ¥ ABAAeTCA «upobie-
MOWM» .

Vil. Kakoga dopma BceneHHon?

Mzl npugaeM CTONBKO 3HAYEHHA Qqory, HOCKOIBKY
IVIOTHOCTH BCEJIeHRO# He TOJLKO MOBOPHT HAM O TOM,
xak Bcenennas GyeT pasBMBATLCSA, HO 11 HOKASKIBAET,
KAaKO0il OHa (POpMEL.
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Bor uto MEl nMeeM B Buny. I 3emnsn, u Tenrary-
smoc VII, Kag MEI yoKe roBOPHIIH, 3aHUMAIOT BO Beenen-
Hoii Gosiee WM MeHee HEMOXBMIKHOE ToJNoKeHHne. Jla-
JIeKO-AaJIeKO, B MHJITHADAE CBETOBEIX JIeT oT 06erx
MIaHET, PACIOJIOMKEHA IIUBRIH3ANNA THIEPPASYMHEBIX

po6OTOB KJIAHKOHOB ITOK IPEXBOJATETLCTBOM Iaps-ac-
) TpoHoMa XP-4, Ilo yynecEOMy COBOAJEHWIO B ONNH
npekpacuulil 7enb Xa66J, XP-4 u goxktop Kamauux oa-
HOBPEMEHHO MONYYAIOT H300paKeRus APYrUX ABYX
3Be3/IHBIX CUCTEM M H3MEpSAIOT YroJl MeXXAY HUMH.

IMoroxure! IIpu uem Tyt yrasi? HasepHoe, Bul 3aMe-
THJAHU, 970, KOr'Ja CMOTPHILL B HOUHOE He60, Tpexmep-
Holt KapTHHH Bceesennoit He monyuaerca. [[Be cocen-
HHe 3Be3Abl MOTYT OHITH AeHCTBUTEJIBbHO COCEIKAMM,
a4 MOryT OKAa3aThCA PAKOM MO cAydyalHOCTH, ITOTOMY
YTO OXHA OT HAC JAJieKo, & Apyraa 6iauaxo. Ha semne
2TH 3arajKy JEerKo PemIaloTcs IPpH NOMOIM HAIIETo
Boyme6HOro 6MHOKYAAPHOTO 3peRnud (6narogapa ToMy
YTO y HAC J1BA I'JIa38, MBI BOCIPDHHKMAaeM rny6uuy opo-
CTPAHCTBA), HO KOI'la HMeells AeJI0 ¢ JaNeKUMU rajak-
THKAMH, TO HUYEro He pa3o6paTh, IOTOMY €AMHCTBEH-
HOE M3MepeHe, KOTOPOEe MKl MOYKEM CAeJIATH OPH II0-
MOIIM IPOCTOTO HABMIOKEeHU A, — TO YroJ, IOJ KOTOPHIM
PACIMOJIOKEHHI ABEe 3Be3Ahl MJIH MaJIaKTHKH,

IpogomkuM Hal U3BpAleHHAIIT dKCIIEPHMERT: BCe
TPH L MBUJIK3AIKHE NepefaloT CBOU JaHHEIE 06 yraax
apyr apyry. Teneps (uy, HJI¥ uepes MUIJIMADJ C HEM-TO
JeT) KajKAad A3 HUX 3H4eT BeJIHUYMHY BHYTPEHHUX YI-
JIOB PABHOCTOPOHHETO TPEYroabHUKA B HPOCTPAHCTBE.

EcJi¥ HapHCOBATB TAKOi TPeyTONbHMK Ha nucTe 6y-
Maru, TO 3apaHee ACHO, UTO KAXKALIM yroja 6yaeT paBen
60 rpaxycam. 9T0 cXeMa TOro, 4To mMpomnsomJio Gul
B IJIOCKOM MHpe, & MUp 6bIi 6B MMEHHO ILIOCKHUM,
ecau 66 Oy cocTaBnsna popeo 100% . Xopomo xuTh
B NIJIOCKHX BCEJIERHBIX — TaM BIOJHE MOXHO II0JO-
SKHUThCS HA WHTYHUIIHIO.
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MAOCKAS (A) WU 3AMURYTAS (F) BLEAEHHAS

OnHaako BcesleHHAA He 0643aTeILHO J0JKHA GRITH
nnockoii. [IIoMEHNTe, UYTO CKA3aJ HAM Y UJjIep, — YTO Ma-
TepUsd TUKTYeT HPOCTPAHCTBY, KaK MCKDPHBIATHLCA?
Ecau Qo 6oabme, uem 100% , kax 210 661710 6B, €CaH
6kl BO BCEJIEHHOH HMeENoCh ropasno 60Jbnie BENIeCTBa,
KOCMOJIOTY TOBOPHAT, YTO BCEJEHHAAA «3aMKHYTA».
Ha camoMm gene npencTaBUTh cefe 3aMKHYTYIO reOMeT-
puio Tpome npocToro. Ona BefeT cebsd MPaKTHYECKH
KaK IDOBEPXHOCTL 3eMau. Ec/IN cOeMHUTL TPH TOUKH
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Pacwupaiowyascd Begagnnas

B TPEYyrojJbHHUK, CTAHET BHAHO, YTO CYMMA €ro YIJjioB
6onnme 180 rpagycos.

H3BnHATE 3a TAKOE 3ayMHOE reoMeTpHIecKoe 00b-
SICHEHMe — MPOCTO HAM X0UeTCA PACCKA3ATh PO HAIIKM
TPEYIrOJBHHKH elle OAHY NHKAHTHYIO cijleTHI0. Boas-
MHTE FaJAKTHKY A NOMECTHTE ee NMOAAAbIIe OT 3eMIu
B IUIOCKOI{ BCEIEHHOM, a 3aTeM (eCIN CYNIeCTBYIOT na-
pansiejisHble BCeAeHHRIE) NpojenaiiTe TO xe camoe
B 3aMKHYTOI BceseHHOM. B saMmxHyTOll BCeseRHOI ra-
JIAKTHKA IOKAKETCH KpyNHee.

Ilopa ycTponTts HeGosbimoit onpoc. Ecan Bcenen-
HEIe, B KOTOPHIX (pgp Gostbmie 100% , 3aMKHyTHIE, KAK
BHI AYMaeTe, KaK Ha3hIBAIOTCA BCEJICHHEIE, B KOTOPBIX
QrorMenbue 100% ? Ecnu b orseTnnu: «OTKPHITHESY ,
MKEI 3aBTPAIIIHEI Xe NoYToll BRILIeM BaM ARILJIOM KaH-
AUAATA HAYK. Kak B 03cuAaeTCA, OTKPHIThIC BCeJIeHHEIE
o0naJal0T TAKNM KAYECTBOM, 4TO AajieKue 00'beKThI
B HUX Ka)XYyTCH MEHbIIe, 9eM B ILIOCKOH BCeJIeHHOH.

B xaxkoii xxe BcesleHHOM# Mu! kuBeM? Ecin BepHUTh
HADIMM KOCMOJIOTHYECKHMM HaOAI0AeHBsIM, TO B ILIO-
CKO# MM no KpaifHeil Mepe B IOYTH COBCEM ILJIOCKO,
Ha npakTixe HeT HUKAKOM PA3HUIEL MEXKAY IJIOCKOI
U IIOYTH NJAOCKOI Beeaennofi. OTo Bce pABHO YTO HAXO-
JUTHCSA HA NOBEPXHOCTH 3eMJIM. 3eMJs, KOHEYHO,
Kpyrjas, HO B HOBCEAHEeBRO} 'KU3HM 06 3TOM 3anpocTO
MOXKHO 3a0bITh. ) }

3aMKHYTHE BCEJEHHEIE — eAHHCTBEHHLIA THI BCE-
JeHHBIX, HMeIomuil rpaHunbl. MBI He XOTHM CK&3aTh,
YTO MOXKHO JAOMTH A0 KOHIIA TaKoHi Bcenennoi. Ilpocro
OHa Kak cdepa — eciu AOJIro-A0Aro KATH IO Hell, TO
B KOHIIEe KOHIIOB IIPUJeIlb TYAA, OTKYAA BRIIIEN, HO HH
B KAKYIO FPAaHRUY IIPH 5TOM HE YOPEIILCH.

C apyroii cTOpoHN, IOCKKE (M OTKPHITRIE) BCEJIeH-
Hble DIPHHATO CINTATH 6eCKOBeYHRIMH. OGBACHUTS,
YTO 3TO HA CAMOM JieJie 3HAYMT, He TAK-TO MPOCTO, RO
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B 3TOM CJaydae Kpas y BceJeHHONR Touno Her. Kpome
TOI'O, 3TO, BEPOATHO, 03HAYMAET, UTO BCENCHHAA UMEHHO
Y10 6eckoHeuHa — B 6YKBaNbLHOM cMEIcie. To ecTs mo
Heit MOYKHO HYTeulecTBOBATh BEUHO M He NOGLIBATE ABA-
SKABI B ONHOM U TOM XKe MecCTe.

A Moxer GBITDH, U HeT.

O611a5 TeOpUs OTHOCUTENLHOCTH, B CYIIIHOCTH, OLIH-
CEIBAET TaK HAa3bIRAEMYIO FeOMETPHIO BeesieRHOR. Ecn
CBEPHYTL JHUCT 6yMaru B TpyGKY, OH OCTAHETCSHA JIMCTOM
6yMary1, To eCTh C reOMeTPUYECKOI TOYKN 3peHUA OH
no-TPeXKHEeMY «IJIOCKUH». Bee, 4To MBI TYT HATOBOPH-
JIN O TPEYTOJILHUKAX, CIPaBeAJINUBO AJS JUcTa GyMard,
CKATAHHOTIO B IIAD. . ‘

He nckno4erno, 4TO BCeJIeHHAN CBEpHYTA caMa Ha
ceba, npUMEPRO KaK JUCT 6ymard B Tpy6xy. 2T0 HA3KI-
BAETCHA «TOMOJIOTUN BCEJIEHHOM » , M Y HAC HET HM OJHOM
(¢u3nUIecKoil TeOpNU, KOTOpaa roBopuaa O6nl, cCBepHEyTa
BCeNeHHAd WU HeT K ecJId Ja, TO KaX UMEHHO.

B npurnune, nokrop Kanauuk Mor 661 mocMoTpeTs
B HOYHOEe He00 H YBHJAETH KIAHKOHCKYI0 3Be31y Ha IPO-
THBOTIONIOKHEKIX CTOpOHaxX HeGocsoga. B 1998 roay
Hun Kopuuiu na Yuusepcurera mitara MouTaHa M ero
COTPYAHHKH PELINJIM TOCMOTPETL, He HaOmoZaeTcs I
noaoGHkI peHOMEH B BH/je CAIHAJIOB H2 MUKDPOBOJHO-
BOM YPOBHE — TO €CTh Ha YPOBHE OTTrOJIOCKOB Boabiio-
ro B3phiBa. HeT, Takux curaaios 06HapyKeHo He GbLIO.
9TOo He O3HAYAET, YTO BCEJEHHAS He CBEPHYTA, HO €CJIH
OHA CBEPHYTA, TO 3TO IPONCXOAUT Ha MacmiTabax Kyza
AanbIlle rOpU30RTA.

Vill. Kyaa pacwupserca BcenenHnaa?

Mo:keT noKkasaTbcs, 6yATO BCe 3TH Pa3rOBOPHI O RO~
MeTPHH U JUHAMMKe K Aesy He oTHOcATcA. OQHAKO Te-

176



Pacwupioupanca Boeatnnan

mepb Mbl 'OTOBLI Pa306paThes, KY/ia Mie Ha CAMOM JAeje
pacmiupserca Beeseanada. Beaa B ToM, uTo ob6111ad Teo-
PHA OTHOCHTEJBHOCTH M HAIIM HAOJAIOKEHUA HA 3TOT
Bompoc He orBeydaloT. IlomEnTe: GU3NKA FOBOPHT HAM
TOJILKO O TOM, YTO IPOUCXOAUT DK oNlpeAeNeHHhIX 06-
CTOATENALCTBAX, & HE 0 TOM, KaK HA CaMOM AiejIe yerpoe-
Ha Bcesennas Ha QyHAaAMeHTaJLHOM YPOBHE. A Y KOC-
MoJioruy Boo6mie ¢cBou npoGieMul. Mul Jke B npyHOUNEe
HabaozaeM TonbKO OXHY Beenennyro. Y ecna orBeTh!
BaM He HpPaBATCA, BEPOATHO, Bl 3afaeTe HenpaBUIb-
HbIE BOIIPOCHI,

Tax BOT, K COMAJCHUIO, MEl He MOXKEeM JaThb BaM
OIpeAesiecHHOro OTBETa Ha 3TOT BOIIPOC. 3aTO MOXEM
npeXoCTaBUTL YAMY NOBOJOB AJA PA3MBIIIJICHUS.

- Arak, xyaa pacuiupsierca Beenennaa? BuGupaiire.

A. Huxyna. T

Ilo BaimeMy MHeHHIO, 3TO CAMEIIl Jyumuii OTBeT.
EcJn BCHOMHUTE O TOM, KaK YCTpoeHa obiaa Teopus
OTHOCHTEeJNIBHOCTY, eAHHCTBEHHOE, YTO OoHpeZeyseT
ycTPOHCTBO IPOCTPAHCTRA, — ITO MeTPHKA, TO €CTh TO,
HACKOALKO OTCTOAT APYr OT APYra ABe TOYKH. B pe-
3yJAbTaTe HHKAKOT'O «BHE BCEJIeHHOM» He CYIIeCTRYET.
C aToil TOUKM 3peHHA MLl ¥ RHCAJIH AAHHYIO I'IABY.
Mo2xHO JeTeTh CKOABKO YrogHO U TAK U He gobpaThca
o Kpas. [Jaxxe orpaHHdEHHAA BCeJieHHAsa MoKeT OGRTh

_CBEpHYTa cama Ha cefs.

B. Hesaxno.

Mmu norrMaeM, 310 He orBeT. Ho Aeso B ToM, 4UTO
eXUHCTBeHRAA HabuawoagaemMad pH3HEKAa — 3TO TO, YTO
OPOUCXOANT B NpeJieslaxX HaILIero ropu3oHTa. Bmonne
MOXKHO NPEACTABUTE ceGe, uTo BHe Habnoaaemoir Bee-
JICHHO HEeT HHW4YEro, KpoMe NOJHO} NYCTOTH, B KOTO-
poi HeT HEKAKON MaTepuH. BeposTHo, TaM Bce uone-
TOBOE B KpAIMEKY WK IJABAIOT JIDYrue «0CTPOBHLIE
BCeJIleHHLIEe» , YCTPOCHHEIE COBCEM He TAK, KAK Haula.
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M He 3Haem. Ecau 210 HaxoxHTCA 3a IpeRenaMn Ha-
TIEro ropM30HTa, TO H He y3HaeM HUKOrza. Ilomuure,
4T0 npeanoaokenne Konepuuka o ToM, uTo B HAC HeT
HHYero 0coO0eHHOro, npexamoJaraeT, 4To BeceneHHas
OAHA U Ta e, Fhe OBl Thl HU BAXOAUJICH, I03TOMY, Re-
POATHO, HIYETO HHATEPECHOIO MbI He NIPONYCKAaeM.

C apyroii cTopomst, BeeNleRRasA IPOROIKaeT pacuin-
PATHCA, M HAIIH POPM3OHTHI TOXKE PA3ABMIAIOTCH, MbI
BHAUM Bce GoJibmie n GoJIbIlle M BCe JydYlLIe B AyYlIe
MoOHUMaeM, 3aHUMAaeM Mkl 0cofoe MecTo Bo BeesleHBoi
WIM HeT. B onpezesieRHEIX paMKax.

Caryamioce Tak, uTo B Haineil Beeslennoit ecTs TeM-
HAaA 9HEpruf, U XOTA C TeYeHHEM BpeMeHU OOLIYHasA
MATepUA M TEMHAA MaTepHs OPOHMKAIOT APYT B Apyra
BCe CHUJIbHEe, TEMHAA DHEePruA HH C IeM He CMEeITBALT-
cA. Bce 3TO IPOCTO YCKOpAETEA, & 3HAYUT, KaKAAA
KOHKDETHAA TOYKA B IPOCTPAHCTBE YJIETAET OT HAC Bce
6nicTpee u 6bIcTpee. A 3TO 3HAYHT, YTO B Haluel Bee-
JIEHHO rOpH30HT KOrga-HROYAb COBMECTHTCA C HEKO-
TOPDRIM MAaKCHUMAJBHO AajieKAM ropu3oHToM. Ecan
Aanblile yTo-HUGYAbL U eCcTh, MBI 00 3TOM HHUKOrja He
y3HAEM.

B. Ipyrue naMepenus?

Msl yIOMHHANYN O BEPOATHOCTH TOro, YTO BO Bee-
JICHHO# KpOMEe HPUBRIYHBIX JJIA HAC U3MEpeHM# —
BIPaBO-BJ€BO, BBEPX-BHU3 U BIepex-HA3aJ — eCTh B
Apyrue uamepenusa. Koneuno, emte oAHO uaMepesue —
aTO BpeM#A, H B HEKOTOPOM cMbIc/ie BecenerHas pacmu-
pAeTcsa H BO BpeM#A, HO KaK (pu3ndecKasa TeOpHA 3TO
HHUYEro He JaeT, ’

B nocnenHme HECKOJBKO JECATHJETHI MOSBHICA
nenslil peiiepBepk Mogeneit BeceneHHON, OCHOBAHHRIX
6ostee 4eM Ha TpeX IPOCTPAHCTBEHHBIX M3MEPEHHUAX,
CPeM KOTOPLIX CaMasi H3BECTHAA — TeOpHS CTPYH,
a caMad cIoKEaA — M-TeopHsd, ¢ KOTOpPOi Mu! HO3HA-
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KOMMJIHCD B IiaBe 4 ¥ KoTopasd npexnonaaraet 10 uame-
peruii. Kax Brl HOMHUTE, COTJIACHO TEODHH CTPYH, pa3-
HANA MEXKAY YaCTHI[aMHB — YHCTOM BoJhl BRIAYMKa. [To
CYTH BCe YSCTHIIEI — 3TO CTPYHEI, H OAHA CTPYHA CIIO-
cofHa pacmenuThcs Ha JiBe, a ABe — CJIUTHLCS B OAHY!.

Opuaxo M-reopus, B 4aCTHOCTH, IPEACKA3RIBAET CY-
mecTeoBaRAe GoJiee CIOMHEIX CTPYKTYD. Ecan «cTpy-
Ha» B TeOPUHU CTPYH HA CAMOM JeJie IPEeACTaBASET CO-
~ Goit 0AHOMEPHYIO CTPYKTYPY, M-Teopusa onupaerca Ha
cylliecTBOBaHHe 60Jee CIOKHBIX — JABYX- H TpexMep-
HEIX — «OpaH» (COKpameRHe oT «MeMOpaHs). OTxens-
HEI€ Y8CTHIEL, HanpuMep QOTOHH, « IPIWIANAIOT» K KOH-
KpeTHoii GpaRe. '

BPAHY
BPAHM

5PAuy

CTPYHHHE TEPPOPULTH - 30MEM

1 BoanmuTe o6LIYHYO CTPYRY, CAenaliTe ma Hee meTaIo0, a HO-
TOM Pa3peKbTe CTPYHY HOIONAM UM CAERANTE 1O HeTe A3 KAMAOTO
KycCKa.
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Jn4a Hac riaaBHOE TO, UTO Beenensas B uesoM, sepo-
ATHO, UPeACTaBJiAeT cofoii IPOCTO HraHTCKYIO Tpex-
MepHYI0 6paHy, a Mbl ABHKEeMCS BOKPYT B IPOCTPAHCT-
Be ¢ Gojlee BRICOKHMM 4YNCJOM M3MepeHuii. BeposarHo,
PAROM NAPAT M APYrUe «BCEJIEHHKE», HO IIOCKOJIBKY
Hamy GOTOHBI «3aKJIOUYEHBI» B Hamell coGcTBEeHHOM
6paHe, a uX GOTOHH — B HX GpaHe, MEI UX He BHAMM.
M-reopusa npeamnosiaraet, 0OZHAKO, YTO MEI B COCTOSHUN
X NOYYBETBOBATHL — HJIY IO KpaiiHedl Mepe OMIYTHUTH
HX rDaBUTAIMOHHOE BO3REUCTBHe,— a elie 3TH Gpankl
BpEeMSA OT BPEMEHH CJIYYAHHO CTAJKHBAIOTCA, OT Yero
HaIIa «BCEJICHHAaA» NMOrH6aeT 1 BO3POKLAETC .

B aToM cMEIcae Hamna Beenennas, Hama «OpaHas,
BO3MOJKHO, HA CAMOM JieJie ABHXKEeTCH BO BCeJIeHHYIO
¢ 6oJiee BRICOKUM KOJMYECTBOM U3MEpEHMIA.

HTak, B KOHeYHOM UTOTre BecelleHHada, 1o Bceil BUAU-
MOCTH, PacIIMPALTCA B HUKYRa. KOHeUHO, ellle MoXKer
OKA83aThCA, UTO TO ¢BOBHE®, KYJa& MBI PACIIHDAEMCS
(unu no XpaiiHeit Mepe ABHXeMcs), — 3T0 6oJiee BEICO-
KKe N3MepeHnA, KOTOPLIe MBI, BEPOATHO, He B COCTOA-
HUM BOCIPHHATH HenocpencrBenHo. Hy uro, pocra-
TOYHO «I'OJIOBOKDYKUTENbHASA KapTuHa BeeneHHOH» ?
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EOJ/1bLLUOU B3PbIB

[il Wsodpaxemue HEGOCMUYNHO
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Umo Svino 4° boavwoto B3pLIBAT

V¥ Hac, co3gaTeneit «PykoBoACTBa», JeTeil NOKa UTO
HeT, HO MbI 00 3TOM HacaulmiaHbl. OHH U3 cCaMBIX He-
JIOBKHPX JHAJIOTOB ¢ MAJIECHBKHMMH AeTHIIKAMY (110 Kpaii-
Helt Mepe HAM TAK rOBOPWJIN) HAYMHAETCA C TOrQ, UTO
Kpomnka Buwinu conpamuBaet: «OrkyAa s B3anca?s Ho
3TOT A€Hb, €CJIH OH, KOHeYHO, HaCTYNHT, He 3aCTaHeT
Hac BPACINIOX: Yy HAC yiKe roToB Iiad. Mul cobupaemes
[POTAHYTH BpeMs, Hadas C CAMOTO Hauasal, a peys no-
_ BefleM O MHUPAaTaX, MOCKOJbKY AETHINKH 060KAIOT M- -

paToB. :

Kpome Toro, Mul xoTeay ObI HOALCTHTEL cebe MBIC-
JIBIO, YTO YK HAIOK-TO JeTKH ByAyT MOHUMATE CJOMK-
HEIe BOIIPOCH Bpoje pacmupenus Bcecenenwnoitr, Beceob-
nieil TEOPUE BCErO ¥ NPOMCXOXKAEHUS MaTepHUH elle
B KoJibIOenbKe. HeT yik, HHKAaKOro CIOCIOKAHbLS, 4 TOJIb"
Ko 3apoxkieHue BeceneHHo ¥ IDUKAOYEHUA B OYPHEIX
Mopsax!

XoT# MBI MOTJIX GBI HAYATH ¢ CAMOrO HAYaJa U JO-
6paThCA A0 HEIHELIHEr0 MOMEHTA B XPOHOJIOTUYECKOM
nopsanKe, Ha CAMOM JieJjie pa3yMHee 6rLy10 GBI 06BAC-
HUTH IPOYICXOAAIIEe 3a40M Hamepes, Hama ucropus
Ha4YHETCH C KOHIIA H DACCKAMKET, KAK MBI JOILIN 0
sKu3nu Taxoit, Ham GpaBbiit KaTHTAH MHPATCKOTO CYA-
Ha o npo3sumy Kposasasa Bopoza TobK0 uTO IOTEP-
meJi COKPYLINTeAbHOE IOpaKeHHe OT MCIIaHCKOM apMa-
ZBI ¥ TEPOMYECKH YTOHYJ BMECTe CO CBOMM KopabieM.
HeroTophle ero MaTpoChHl OKa3aJuch He TAKNMU Xpab-

1 Mut gonyckaem, 4T0 HCIOAB30BATH B PA3TOBODE O TAKMX JeJIH-
KATHEIX MATEPHSX BHIPAKEHEA BPoAe «Bosbmiolt B3pRIE» HPEBATO
TeM, YTO, KOT/Aa Kpomka Buiam nogpacrer u pasbepercs, OTKyAa OH
HA CAMOM [eJle B3AICHA, RNA HEro 9TO MOMeT OKa3aThCA TPABMOii.
ITyers nerxonmorn pasbnpawoTes.
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PHIMH H CIIACJIHCH B ULTIONKAX, & TENEePh PACIILIBAIOT-
¢s Bo Bce cropoHEl. OaHM rpebyT 6RICTPO, ADYTHE MeR-
JIEHHO. .

Ha6aonaTenb, BPHORIBIINH Ha MeCTO MIPOUCIIECT-
BHA C ONO3JAHMEM, YBUAUT TOJBLKO CHACATEJNBHEIE
outionku (nockoasky KporaBas Bopozxa y:ke naBHO
O0KAa3aJICH B rocTenpuuMHEIX o0bartnax Helisn IxoH-
ca), HO ecaH OR (HabaofaTens) JOCTATOYHO YMEH, TO
co0o0pa3nT, uTo BCe OHM PACIJIEIBAIOTCA M3 OAHOI TOY-
Kd. OTMeTHB, Ha KaKOe PACCTOAHHE YCOEeJHN OTIJIBIT
TpyCJIHABLIE IUPATHI, Habmonarenb gaxe CMOMKET CKa-
34Tb, AABHO JIN OPON30UINA GATEA.
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Bce aTo, Kax BH moruMaeTe, Metadopa. Ha camom
JeJie IIAIOOKY — 9TO TalakKTUKH, & KAaK MLl BHAEJIH
B IocJeRHe rjiaBe, IOYTH Bee ralaKTHKY PasfieTaloT-
¢a gpyr ot aApyra. PasyMHO IpeAoN0KUTb, YTC KOI'Ia-
TO B He3aHaAMATHBIE BpeMeHa TaJIaKTHKU OYKBAJBHO
CUAeNUN APYr Yy Apyra Ha rojlose — IIPHEMEPHO Kak
LITIONKY HAa THPATCKOM CYLHe.

Kax » B0 Bcex cka3rax, B Hamieif nupaTcKoit ucro-
PHMH €CTh He TOJBKO 3epHO HPaBAkl, HO H BONUIOLIHE
fIPOTHEOPEY M. BbLI0 6bI O4eHD HIPOCTO CKA3aTh, 6YATO
ralakTHKH PACIUILIBAIOTCA OT HEKOeHd obmelf ToukH
B IIPOCTPAHCTBE, — HO Mbl HEe MOXXEeM HOITH Ha TAKYIO
JI0’Kb. 3aTO MOYKEM CKa3aTh BOT 4YTO: BoALIIOH B3pLIB
IpOU30LIeJI TOBCIOAY ¥ OAHOBPEMEHHO. ITO OYeHb BaXK-
HO, TMIOCKOJBKY TOYTH ECe, & He TOJhKO KpomKa Bu-
1Y, yBepeHH, 6yATo Boabmoii B3apLIB pou3oines B Ka-
KOM-TO OIIpeJieIEHHOM MecTre. Ta Ke NCTOpus, Kax Mk
BHJIeSIU B rase 6, IponaomLIa ¥ ¢ paciiuperuneM Bee-
JIEHHOMH: 3TO MPOCTPAHCTBO PACIIMPAETCS, 4 raJaKkTH-
KU Ha €aMOM JieJie CTOAT Ha MeCTe.

B Hamreit HCTOPMH €CTh M elne OgHa XeTalb, KOTO-
PYIO MBI HPHUIIAXWIIN ¥ 3aByanupoBann. Becenennas ve
CO3AABANACH CPAa3y FOTOBEHBbKOM, CO BCTPOEHHLIMY ra-
naxrakamu. IloHauary 6LLIH BCEro-HABCETO r'a3 M TeM-
Has MaTepusa. OTO Bce PABHO YTC TPYCJAUBLIE MUPATHI
OOKMHYNHA Gbl ToHymMit Kopabias ¢ Kopo6KaMu U3
HUKEA u, nokauynpasach Ha BOJHAX, HOTHXOHBKY co0u-
pann 6bl cBou LTIONK Y, [1aBHEI HHCTPYMEHT B Ha6o-
pe «Cxenaif cam rajaKkTHKy» — aro rpaputanual. Us
rJ1aBel 2, €C)IM He U3 IHKOABHOIO Kypca (hU3UKY, BRI
3aTIOMHMJIM, YTO BCA MaTepus Bo BceJleHHO# NpUTATH-
BaeTcH APYr K Apyry. Bekope nocsae Bosbsmioro B3psisa

Y T
! DXBUBAJIEHT MAJEHLKOIO CTRHJAPTHOrO INECTHIPAHHOTO ¢6O-
POYHOIO KJA0YA.
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N

HOJMYYHJIOCHh TAaK, YTO B OTAEABHHIX o6jacTaAx mpo-
CTPAHCTBA OKA3aJ0Ch GoNbNle MaTepHy, YEM B APYIHKX,
¥ ecny 6H MEI HoHAONIORANY HaR ReGONBIIMM KOMOY-
KOM MaTepHH, KOTOPHIHA ORI YYTOUKY JIOTHEE CpeaHe-
ro, To ysuaenu OnI Koe-4To HATepecHoe. Binanexa-
muil ra3 ¥ TeMEAs MaTepHA OIPDUTATHBAJACH GRI K Ha-
meMy KOMOYKY, H OH IOCTENEHHO CTAHOBMICA GLI Bce
6osisite v GOJIbIIE B B KOHIIE KORLOB BPEBpaTHICs GhI
B TAJIAKTUKY — COBCEM KaK Te, KOTOphIe Ml HaGI0Aa-
€M Cerogus.

Ho B rnaBHOM ME Bac He o6MaHyau: Bce ATOMBEI
(4 TeMBas MaTepusi, N TEMHAA SHEPrus), ¥3 KOTOPHIX
COCTOUT BCe, 94TO MEI BUANM (M HE BUAMM), U3HAYAJILHO
OLl/in HaBaJIeHkl B OAHY F'DOMAJHYIO KyYy, & Teneph
BaM HaJo o0’bACHKTH, YTO IPOM3OMNJO C TEX HOP M IO
celt news. Hauasiu MBI €O BCesleHHOI, KoTopasa 6nlia
Beckoneuno Mana. Tak 4To MoxceTe CMeNO OGBLACHUTE
KpolnKe Banan, oTKYIa OH B3AJICA: OH HOABUJICH B pe-
aysapTaTte Bonsmoro B3prisal. :

Ho xpowmka Buanu passut He no ropaMm u obasa-
TENBHO 3AMETHT, YTO MK Ha CAMOM JeJle He OTBETHIM
Ha ero Bonpoc. Ecny npnynAa BOSHUKHOBERNA Beesien-
HO — 3TO0 Boakimoi# B3pEIB, TO YTO CTAJIO NMPIYHHOMK
Bosarmoro B3pwBa? Ho MBI NOKPOEM BOIIPOC KPOIIKH
Busnn kos3nlpHO#l KapToii: passe MBI YBEpeHEH!, 4YTO
Boarwoit B3pwB Boo6ue 6n1n1? HabaogaTh ero, noxo-
®e, 6rino HekoMy. BoJsee Toro, Zax<e XOTA MElI MOXKEM
3arafAHYTh B npomujoe, Habaozas Bce 6ostee m GoJee
zajiekue o6nexTh, BoJlbmoro B3peIBa M He BMAUM,
TaK YTO KOKA3ATEJNBLCTEA Yy HAC TOJBKO KOCBEHHBIE.
WMenHO MO3TOMY MBI ¥ HayajJM PasroBOp C TOro, YTO
3HaeM HaBEePHSAKA.

! Heyxean BW He TOHMMAaeTe, YTO 3TO HAHECET MIANEHILY
cTpamKuyo Aymesnyio Tpasmy?! Tloocropo:xuee ¢ aToit sameit dbu-
3NKOM.
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-T1o caMBIM TOYHRIM OIEHKaM, OCHOBAaHHRIM Ha pac-
mippenud BeeseHHO, oHA HacuuThIBaeT 13,7 Muann-
apza JeT, # B JAHHbIH MOMEHT IIPOCTPAHCTBO B OCHOB-
HOM HYCTO, 0 YeM MBI ¥ POBOPHJIM B IIPeAHAYL:ieit ra-
Be. OfHAKO DPOCTPAHCTBA YKACHO MHOIO, M IIO HEMY
pa3bpocano y3KACHO MHOTO BElUecTBa — OHO HPOCTO
cunbao pacceaso. [ToMuMo TeMHOH MaTepuu, TeMHOM
3HepruM, 3Be3], ILLIK H ra3a, ¢ KOTOPBIMH BH YyiKe
3HAKOMBI, BeceteEHad 6UTKOM HaGuTa cBeroM. &, Ko-
HEYHO, Ha BH/l OHA TeMHAS, X BaC, BePOATHO, 06MAHOM
3aCTaBHAM CUNTATH, OYATO BeCh B3TOT CBET IPOHCXOANT
OT APKHX CBETARIX 00beKTOB Bpode Coanna. He naitre
ceba oxypaunTs! BKaIag sBe3AHOro ceeta (B TOM YHCIe
H COJIHeUHOTO) B 001 Hil cBeT BO BeeneHAO# HUUTOMHO
mas. Ha kaptit aTroMm Bo BeesteRHOI NpUxoauTea 0Ko-
J0 MuyInapia GoToHoB, U 3TH GOTOHE — HJIM NOJAB-
nsomee X GOJBIMUACTBO — 3aPOAHJNCH IIOYTH UTO
B HavaJre BpeMeH. HecMoTp# Ha TO, 4T0 (POTOHRI KPYyTOM
TaK ¥ POATCA, MEL KX IIOYTH HUKOT/IA He 3aMeuaeM, 1o-
CKOJIBKY, XOTs (POHOBOI'0 H3NYUeHHS OYeHb MHOIO, OHO
obnazaer KpaiiHe HnaKoll sHepruell. JT0 CREACTBHE
Toro $axTa, YTO BCE PASTOPAUCHHHIE TeJa HU3IJTY4YaloT
CBET!, naiKe ecJiM I'1a30M ero He BuAHO. ConKue, TeMne-
paTypa Ha KOTOPOM cocTaBider okoyno 5800 rpaxycos
BEIlIe a6COMIOTHOrO HyJId2, CBETUTCA BUAMMAIM CBETOM.
Jlropu OpH KOMHATHOM TeMIepaType ¢BeTATCA HHQpa-
KDACHEIM cBeTOM. Bceslenraa npH TeMoepaType 0KoJIO
3 rpanycos BeIme a6COMIOTHOIO HYJAA CBETATCHA B MUK~
POBOJIHOBOM (PaJM0) JUanasoHe, H MBl ZOBOJBHO JOJITO
He IOA03PEBAH O CYHIeCTBOBAHUH 3TOTO M3JTyUYeHH.

! Ta-ga, MBI TOKe MOYKEM OTIYCKATH AeTCAROBCKHE ITYTOUKHA.
Xopomo, 4TO B HX HOHEMAETE.

2 AGconmoTHRI HOAL — 3TO0 MAUHAMAIBHAS BOSMOXKHASA TeMOe-
patypa (—278° no Lexnscio winm —460° no Papenreiity);. apa xo-
TOPOR OCTAHABIMBAETCH ABUKEHNE ATOMOB.
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B 1964 roay Apuo ITenauac n Po6epr Yuncon pa6o-
Taau B JaGoparopnax Besna majx paspaboTroi nepBEIX
o6pasmos CNYTHHKOBON cBsi3u. BKII0OYHB CBOM IpHEM-
HUKY, OHU 3aperucTpUpOBRAIN HHETepdepeHIUi0 — HO
nocrynuBuuii curaan BbIJI HE 13 HAIITEI'O MHUPA.
PaguonpueMunr 3adpuxcrposas DOCTOSHHEIN IIYM,
KOTODBIY He Hcue3as, KyAa 651 HY HATIPABJISINN AHTEH-
Hy. BHeaeMHOI CHMHAN, KOTODHIif YCIABIMIAIH UCCIeA0-
BaTeJu, ¥ Gkl MUKPOBOJIHOBEIM nanyqennem panHeit
Bcenennoii, .

B crapnie BpeMeHa (J1eT fecaThb Haaa,n) BBI GBI MOTJIH
3aceyb 3TO u3jyuyeHHe 6e30 BCAKOrO CHeIUabHOTO
obopynoBanusa. Korza G0JBIIMHECTBO TEJIEBU3OPOB MO-
JAy4anay CUTHAN dYepe3 PajUOBOJHEI;, NIpumepHO 1%
LIyMa Ha Ka’XkJOM KaHaje, rxe He GRII0 CArHajaa, npH-
XOAMJICA Ha JOJII0 NEPBOGHITHOTO N3NydeHnsa. Teneps,
KOIJa Bce mepeBeieHo B nudipoBoit dopMaT, HOBTOPUTL
onnIT ITeranaca u YUJICOHA IIpY IIOMOIIH CBOETO TeJjle-
BHU30DA YK€ HeBo3MOXxHO, [{a ¥ HezaueM. OHH CBOXO
HobeneBKyY yike NOAYIAIH.

@OHOBOE H3NyUeHHEe UMeeT IIPaKTHIeCKM IOCTOAH-
HYI0 TeMIlepaTypy, Kakoi#l yyacTok Heb6a HU BO3BMH.
IIpakTndeckwy, Ho He coBceM. Eciit cpaBHMBATL TeMile-
PATYPY MaJIOCEHBKHX YYACTKOB Heba, U31yJIeHHe OKa-
3eTCH 4UyTh TelJiee WIU YYTh XOJIOZHEE — MYCTh U
B IIpefieiaX HeCKOJbKUX MIJIJINOEHBIX AoJell rpafyca.

B 2001 rogy HACA sanycTuno YHUJIKUHCOHOBCKRUIX
JaTYUK MUKPOBOJHOBOM anugorponun (WMAP) ¢ ne-
JIBIO UCCEeLOBATH MOSAHMKY «TOPAYNX» U ¢ XOJOLHEIX »
YYACTKOB BO BeesieHHOM, M HH)Ke Mb! IPUBOAXM 1IOJIY-
YyeHHYIO KapTy. OHa ITOX0)ka HA OORIYHYIO KapTy 3eM-
JH#, KOTOPYIO Bhl, HABEPHOE, BUAENH B aTjace, ¢ TeM
HCKJIIOUeHUEM, YTO BbI CTONTE He Ha IIOBEPXHOCTHU IJ10-
6yca — mpencrasbTe cebe, YTO BBl CTOMTE B CepefnHe,
& KAPTa NOKa3bIBaeT, KAK BHITIAANT He6o,
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VHIKWMHCOHOBCKHI JAaTIMK MUKPOBOXHOBON anusorponyu (WMAP):
pe3yabTarsl DaTH et paborsl. Xnmmoy u koanern, 2009

Hepen BaMmu — gerckas dororpadusa Becenernoii.
Bii gymanu, HeT HUYeT0 XyKe KAIPUIHOro pe6eHOYKA
B boroarense? Tak BoT 3Ty doTorpadmio Aesany OsiTh
JIeT ¥ MOTPATHIH Ha Hee OKOJIO CTA COPOKA MHJIJIMOEOB
posnapos. B oTnuune oT gerumex, BecenenEas pacrer
OTHIOAL He HA I'JIadax,— TOrZa 3ayeM sKe Boobie 65110
JenaTthb aTo ¢oro?

BarnsiEnTe Ha ¢BeTJIEIe K TeMHRIe KPDAFHAKH., OT0
obyactu, rae boHOBOE M3NYIEHNE YYTh XOJORHEE U
qyTh Teuwjlee cpegHero. Hamle «4yTh», NOBTOpPAEM, —
3TO pasanyye B OZIHY CTOTBICAYHYIO, & TO ¥ MUJIJIMOH-
HYI0 oo, OgHaKO MEI 3aBeJIH 3TOT Pa3rOBOP He U3
npasaHoro uaTepeca. JlaBEKIM-aBHO, Ha 3ape Beenen-
HOil, KPOIIeUHbIe KOJeGaARUS TeMIIepATY Dbl COOTBETCT-
BOBAJIH KPOMIEYHKIM KOJIeOaHUAM IUIOTHOCTH ATOMOB ¢
TeMHOI MaTepuH. UyTs 60Jiee NIOTHEIE YUACTKH CTAH
3apOABINIAMH I'JIAKTHEK, O KOTOPhLIX MBI F'OBOPUIIM Da-
Hee.

IIpucMoTpeThCH K POHOBOMY M3JIYYEHUIO CTOMUT U
eme no oauoH npuynHe. YeM gasibiae MbI 3arJIAbIBa-
eM B IpOIIJIoe, TeEM MeHbIle CTAHOBUTCA BecelleRHAA.
9To 3HAYUT, BCe HA cBeTe — (HDOTOHK, ATOMKI, TeMHAA

288



BPoavwoid B3pwie

MaTepud — GyAeT CIIoNA3aThCA Bee OJTHMKe B GJIHIKe IpyT
K Ipyry, a BcesedHas B mesioM cTaHeT Bce 6osee ¥ 60-
Jlee HacChlIieHa dHeprueii. Bknaz GoToOHOB cTaHOBHUTCA
0COGEeHHO Ba*KHKM, HMCHHO KOI'ZIa MBI 3arJsakEIBacM
B IPOOIJIce, IOCKOJbKY, Koraa Beenennan cCTaHOBHTCH
MeHblIlle, AJHHEI BOJH OTAEIALHBIX (POTOHOB TOXMKeE
YMEHBINAIOTCA. TO MBI BHACAH B rjiaBe 6, Korga roso-
PHJIHN O «KPACHOM CJBHIe», IPOHCXOLAIEM U3-3a pac-
mupenns Becenennoit. KopoTkoBoaHORBOI cBET 03HAYA-
€T, YTO paHbile Y Kaxaoro ¢goroHa 6si1o 60ab01€ 5HEP-
run. ITony4aeres, 9To pAHbINE He TONBKO CAXap GbLI
caarte U Heb6o ronybee, HO ¥ U3JIyUEeHNe INOTHee U (O-
TOHE! 3HEpTrHUYHEe. .

C'naBHEBIH BEIBOA U3 BCEro 3TOT0 TAKOB: YeM AAJblie
MBI 3aTJIA/[BIBaEM B OIPOINJce, TeM ropsuee CTaHOBUTCH
Bcenennasa 1 TeM BhIIle OTHOCHUTENBHEIN BKJIaA GOTO-
HOB B 00MIYI0 3HEPreTHYECKYIO IJIOTHOCTE. IloaTomy,
HaIlpuMeDp, Korga pasmep Becesesnoit 6u1n Bcero 1% ot
HEIHEUIHEro, TO €CTh NPUMepHO Yepe3 17 MUJINOHOB
JeT nocne Bosasioro BapuiBa, Bo Bceil BeesleHHOM ma-
puna KOMHaTHaA TeEMIeparypa. A 0 5TOrO... 3iech Ha-
YHHAeTCA CAMOe HHATEPECHOE.

1. Mouemy Mbl HEe MOXXeM nNpocneanTb
BCe pa3sutue BceneHHoit 4o camoro
BosbLwioro B3psiaa?

Kom6uHauusa (t = 380 000 ner)

JlaBHEIM-aBHO, B IjiaBe 4, MBI F'OBOPHJIH O YACTAX
aTOMOB M YIIOMIHAJIN O TOM, UTO BOZOPOA, CAMEI# IIpo-
cToil aTOM, CJeJIaH U3 IPOTOHA, OKPYIKEHHOIO dJeK-
TPOHHBIM o61akoM. Bogopoa — He TOIBKO caMblil Ipo-

10- TonnGepr A, Bnomkewncr Ax. 18?
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CTOIf, HO ¥ caMblil pacTpocTpaHeHHEIH# sneMeHT. Cero-
AHS, KaK 1 B paHHelt BceJleHHOI, BOAOPOS COCTABIAET
oxoJo 93% Bcex aTroMoB. IIpu KOMRaTHON TeMIepaTy-
pe BoopoJ 6e3 a/AeKRTPOHA He BCTpeuvaercsa. OKRaKO
npH BHICOKMX TeMIepaTypax, BanpuMmep, BHYTpH
Coxana unn B pasHeit BecenerHoi, aToMeI mogBepra-
JINCH NOCTOAHHOK 60M6apAMpPOBKe KpailHe BEICOKO-
SHEPru4HbIMHU HPOTOHAMH, )
IIpeacraBsnTe cebe, uro kanuTam KpoBasaa Bopo-
Ia — 3To OpoToH. Hu ogun ysarkaromuii ce6s nHpar He
COUTeT CBOil KOCTIOM 3aBepIIeHHBIM 0e3 momyrad Ha
nievde, TAK BOT, IYCTH IOOyrai — 3To 3J1eKTpoH. Pan-
HAA BcelenHasa 09eHb NMOX0XK8 HA HANDAKEHRYIO OHUT-
BY B OTKPHEITOM Mope. Mumo Kposasoit Bopoasr To 1
J1eJI0 CBMCTAT mymieuHknle aAApa (GOoToHkl), X TO ¥ A€o
ero monyras — 6an! — cmubaioT ¢ mneda. He Boauyii-
Tech, Bce oboigercss, oHM 06a 6YIYT ekl 1 HeBpenu-
Mbut. PasdyMeeTcsd, DUpPaThl M DONyray HepasJy4YHEI,

Ha amod kapmunxe
xanuman Kposasas

bopoga — smo wpowmon,
hORYLADL — FAEKMPOM,
4 agpo — dpomon.

Mpusmhoro hpocmompa!

MUPAMERUE
worytad 11!




Boabwod B3puis

cjoBHO OyJyika ¢ konGacolt, TaKk 4YTO He ODpoiigeT U He-
CKOJIbKMX MHHYT, Kak Ha nned4o Kposaroit Bopoge
€NOopXHeT Apyroi momyrai.

Mexay TeM BO BpeMA CPaKEHHUHA I10 BCEMY HOJIIO
GUTBHI JIETAIOT IONYran U A4pa, Nouyram U fapa. bo-
Jiee TOro, caMUM KopabJIfiM HUYEro He yrposxaer, mno-
CKOJBKY AZpa, KaK MpaBuio, cIIubaoT JeTalnero mo-
myras, He ycueB HaTBopuTh Genbl. Ho Bcemy npuxoguT
KOHell, Aa)ke NMPATCKHM cpaykeHuAM. fapa nepecra-
10T JIETaTh, & HONYraH, YCTAB OT GECKOHEeYHEIX moJe-
TOB, IPHCAXKUBAIOTCA HA NJeYM — [O NTHIE Ha OMpa-
T8, KAK ¥ IpeAHASHAUCHO NPUPOROH.

Bor kax Bce 6niio B HacToAmeit Becexennoit. Ilpu-
MepHO uepe3 380 Tricstu et nocne Boabinoro B3paiBa BO
BceesnenHolt napmina crpaninada skapa — 3000 rpagycor
no Lesscuio, — a cama BeesreRHas 6bis1a BCETo B 1/ 500 CBO-
€ro HbIHEIIHero pasMepa. Mal BeiOHpaeM HMEeHHO 3TOT
MOMEHT M JAOTOBODHMMCSH HA3LIBATH €ro «KoMGMHaI(H-
eif»l, NOCKONBKY MMEHHO B 3TOT MHI' BCE H3MEHUJIOCH.

o xoMbunanmuu Bo BecenerHOM GBIJIO TAK MAapPKO,
9T0 OPaKTHYeCKH Ke CYyLIECTBOBAJIO HeHTPANIBLHEIX aTO-
MOB BOZOpOAa — II0 BceseHHON# HOCUIHNCH NWIOBL OT-
JeNbHBIe IPOTOHE! K 3JIEKTPOHKI, CIOBHO CMEIIaHHEBIH
poii snep n nonyraes. Bee AeTanu GLLIN B HAJIUYWH, HO
IOHLIPANY TYAA-CIOAR, Kak 6eayMunie. @OTOHBI IOCTO-
SIHHO CTAJIKUBAJIUCH, a6CcOpOUPOBAINCEH M CHOBA MCILYC-
Kanuce. IIpu Bcex aTHX CTOTKHOBEHHMAX OHY HE MOTJIH
ZIOJITO JIeTeTh B OAHOM HalpaBAeHHuM — uX GRICTPO OT-
6paceiBao B APYryIo cTOpoRY. Jlaxe ecsu 61l Bbl, Ha-

! Ecau Bl M3 Tex GeayMnes, y xOro 10Ma XpaHuTcs Gonbme ox-
HOH KHMXKKH OpO PU3NKY, WAM €CJIHM BAM B3JYMAETCH 34J1e3Th
8 ¢«Buxuneamio» ¥ NporepuTsH, He 0GMaHLIBAGM JH MBI BaC, TO BH
o6HAPYXUTE, UTO 3TOT MOMEHT HOUYTH BCe HASKIBAIOT ¢« DEKOMOIHA-
nueifs. JTo IIOXOM TepMKH, TAR KAK, [0 HAIIeMy MEEHHIO, IpH- -
CTaBKA ¢«pes upexmnoJgaraer, 6yaTo UTo-TO NPOM3OMIIC CHOBY, 4 He
BrepBhie (KaK GLINO HA cAMOM Aene).
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npuMep, Kuam cuycra 350 Tricad net nocie Boasmoro
B3pHIBa, TO CTPAAAJNN OBl GIHBOPYKOCTHIO, MOCKOABKY
ANA TOro, YTOGH! BUAETh, HYHHO, YTOORI CBET IMpoILeJ
110 IPSIMOIX OT fpeaMeTa 0 Bamero raasal.

A nociie komM6uHanuu BeesleHHas OCTRIJIA A0 TAKOM
CTenenH, KOraa (POTOHK YoKe He MOTJIH OTPBIBATD DJIeK-
TPOHK! OT X IIPOTOHOR, ¥ 6LICTPO-GHICTPO HaYal obpa-
30BRIBAThCH OOBLIMHNY HeHTpannLHBIA BoAopox. Bee
YIrJbl B 3AKOYJKH BHE3ANHO OKa3anuchs HabuThH Hei-
TPAJILHEIM BEeIIeCTBOM, a (GOoTOHAM CTaZI0 He C KeM Hr-
paTh. POTOHKI NIOGAT 3apAKEHHEIe YACTULEI, & Hel-
TpaJIbHBIE — He oteHb, VI Temephb (DOTOHBI CTAJIH JIETATH
BEYHO IO f1ycTo-n1ycTol Beenenkoit, moka HeKOTOpBIe
U3 HuX, oco0eHHO Beayque, He monanu 13,7 munruap-
Aa JeT COycTA B PaAHONPHEMHHK Ha 3eMJie HIH Ba
Tenrakymoce VII.

ITocKONBKY «3arissHyTh» BO BpeMeHa J0 KoMOMHa-
I¥HX MBI He B COCTOAHNM, TO O camoil paHHeil Beesen-
HOH Mbl MOX¢EM CYAVUTH JIMMIb 10 OCTATOYHOMY n3Iyde-
HMIO, KOTOpOEe JIeTaeT MOBCIOAY, ¥ 110 BCEMY, UTO MbI
BHAUM B 3Be37]aX, TAJIAKTHKAX U CKONJNEHUSX BOKPYT
Hac B Hamy AHU. Kax BHISICHAETCA, €CJIM IDHUCOBOKY-
NUTE K 3TEM Ha0OIOmeHUuAM Koe-KaKue PuUandeckme
coobparkeHns, KYCOYKHN MO3AUKH OTJINYHO CKAAAbIBA-
IOTCA B NEeJLHYIO KADTHHKY. :

Il. Pa3se BceneHHan He HanoJIHeHa
(Ao NONOBUHLI) aHTUMaTepuen?

ToBOpAT, HET HHYErO XYyiKe NOJY3HAHHUS, HO B 9TOM
clydae ero Kax pas xsaraer. HanoMHEIM BaM [Ba BaXK-

L A eme Bac »kgana 61 :xyTRAa" cCMepTh — Bh! 6nl crépesny 3a-
MUBO.
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HBIX GaKTa, & 3aTeM BhIKMEeM U3 HUX BCe BOZMOKHOe!,
4T06R OIYCATHL NPOUCXOAMBIIIEE B paHHe Beenernoi,
HNrak, sannoMuHaeM:

1. E=mc. .

2. Ecnu CTONKHYTh YaCTHULLY ¢ AHTHYACTHUEH, OHU
o6e OyAyT YHUUTOMEHE! H IPEBPATATCA B BRICOKO3HED-
ruuygbie Gorousl, CKONBKO HMEHHO ¥ HHX 6yeT auep-
rau? CM. Boine pakt Ne 1.

Ecau anexTpor m nmo3uTpoH (unu jgi0ad yacTuna
¢ aHTHMYAacTRIEeR) COO0COGHK! CTATKMBATLCA APYT C APY-
roM M NPeBPATHTHLCA B CBeT, 00pATHOE TOMKE MOXKET
CHYYUTHECA — DOTOHEI, CTRIKHBAACE APYT ¢ APYroM,
CO34AaI0T MO3UTPOH M 3JeKTpoH. Mau, ecnm y:x Ha TO
nomJjo, Morau 6kl CO3KATH IIPOTOH U AHTHUIIPOTOH.
Tonsko moan ux moitmai.

Coszanue 4acTHI, NPOUCXOAUT, TONBKO €CJAH dHEP-
I'di HOTOHOB NOCTATOYHO BRICOKH. UT00LI chenars
3JIeKTPOHEI, HYAHO MHOI'O 9HEepT'HH, HO UYTOOBI cieaTh
NPOTOHB H HEHTDPOHLI M MX AHTHUYACTHHK, DHEPrHUHU
HY’KHa IPOCTO IPOPBA, MIOCKOJBKY MACCH Y HUX ropas-
Ao Gossinle.

. Ho mocroiiTe! Ecam B BHUMATEIBHO CHEINIIH 328 XO-
JOM Halneil MBICJIH, TO 3AMETHJIH, YTO KOCMHYECKHi

! Ecau 8Ll pemaMTe NpY NOMOMY HACTORmEero « PyKoBoAcTBa»
0GBACHATL KOe-KaKHe busndeckre GAKTHI MAJOJETHUM OTNPEL-
CKaM, DEKOMEELYeM HeCKOJbKO NOAPENAKTUPOBATE HAIIK uepec-:
YyP BOJBHLIE BRIPAKEHNS.
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6yJNIOH KMIIMA KHI1eJ BRICOKOYHEPTUUHBIMH (OTOHA-
MH — HACTOJIbKO 9HEPrHYHAIMH, YTO OHH MOIJIH CO3-
AaBaTh TSMKeible yacTHIbl. OHM nosciony. B panueit -
Bcenernoit MOCTOSHHEO CO3AABAJINCH ¢ HYAH GOJbIINE
THMEJbIe YACTHIM U AHTHUACTHLLI; KBAPKHA C QHTH-
KBApPKaMM, MIOOHEI ¢ aHTHMIOOHAMH, 3J€KTPOHEI ¢ [I0-
3UTpOHAMY — B 06meM, camu nonumaete. Ho BpeMsa He
CTOHUT Ha MeCTe, ¥ IpH 3TOM (JOTOHEI CTAHOBATCA MeHee
SHEPrUYHBLIMH, & HTO 3HAYUT, YTO MOIKHO CO3/IaBATh BCE
MeHee U MeHee MACCHBHEIE YaCTHIhI 1 AHTHYACTUILHI,
a B KOHIle KOHIOB OHM BoODIEe mepecTaloT NOJIYYATBCA.
IIprMepHO 9TO ¥ DPOUCXOZUT CETOAHSA.

IIpounmocTpupyeM 3TO YHCJIAMHM: KOrAa Beenen-
HAas HACUMTBIBAJIA OT POAY OKOJIO OAHONA MUJIJIKOHHOMH
AONM CEKYHABI, OHA OCTRIJIA 0 TEMIEDPATYPH IIpUMep-
H0 10 TpuaarnoHoB rpaaycos lleascus. 9To cokpymmu-
TeJbHO I'OPAY0 — T'Opa3fo ropavee, 4Ye€M HEIHEIIHUE
TeMIlepaTypH fa’e B LieHTpax 3Be3k. Jaxe HacToNBKO
aHepruunblie (GOTOHH BCce PABHO yxKe ocnabesnu Ha-
CTOJILKO, 9TO HE MOTVIM IPOM3BOAUTE IPOTOHKI C AHTH-
MIPOTOHAMY M HeHdTpPOHEI ¢ aHTUHeHTpoHAMU. OQHAKO
IIpY CTOJKHOBEHHH ABYX (DOTOHOB HO-IIPEKHEMY XBa-
TaJI0 dPHEPrHH Ha MPON3BOILCTBO KYUM BCAKOU BCAYUM-
HBI — B TOM 4HCJIe JIeKTPOHOB U NO3UTPOHOB, — H 3Ta
BCAKAaA BCAYMHA MMPOU3BOAMJIACH IIEJIBIX HATh CEKVHL
nocae Boasuioro B3pkisa.

Toxnvko mogyMaiite, BeejieHHas-TO, OKa3bIBACTCH,
ByHAepKHHA! Ilouwrn Bce, UTO KacaeTcs COTBOPEHUSA Ma-
Tepuu, oHA NpPOJeaasd B IepBuie NATh CEKYHJ HOCae
posxzenus. MEI B ee rofbl TOJLKO OUILANY U THCATHUCE,
a OHA Y)Xe co3jiaBajla BCe BellleCTBO, KOTOpOoe HaM Io-
HagOOUTCA B XKU3HMU. :

EcTb M eifle 0oqHA TOHKOCTDH, KOTOP&d HA IOBEPKY
OKa3LIBaeTCA O4YeHb BaykHOH. Korga ¢oToHH CTAJIKR-
BAlOTCA, TO CO3MAI0OT YACTHILY M aHTHYACTHIY, 8 HACTH-
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A U AHTMYACTHNOA NOJHOCTLIO YHHUTOMKAIOT APYT ADY-
ra ¥ co3gaioT $oToEH. IToka 4T0, HACKOJIBbKO MEI BUJie-
J¥, HeT HU OAHOr0 B3aUMOJENCTBUA, NIPM KOTOPOM
co3jlaeTcsA NIV YEUUTOMKAETCS TOJIBKO YacTna, 6es an-
TuyacTUIN. F3 aToro ciaegyer, 4To HeJIb3sE CO3XATH
OpoTOH Ge3 aHTUIPOTOHA MM 3JEKTPOH Ges mo3uTpo-
Ha. A 3HAYUNUT, YACTUI] 1 AHTUYACTHLL, TO €CTH MATEPHUH
M AHTMMATEeDPUH, Bo BeeslenHO# Becerga AOJIKHO ORITH
CTPOro NNOPOBHY. _

Ecau BEI HE IOHEKMAETE, B YEM TYT CJIOXKHOCTD, MBI
6Bl mONpPOCUJIN Bac OGBACHUTH, KAK TAK BBINLIO, YTO
MHp COCTOHT HCKIIOYUTEJIBHO M3 MaTepun. U Beas He
Tonsko 3emiud. Ecau 611 JIyHa cocToana He U3 OORITHOM
maTepun, Gefuara Heitn ApmcTposr 6u11 6u TOKOI-
HHK, CTOMJIO EMY KOCHYTBECS IIOBEPXHOCTH B CBOEM MO-
ayae «Open». ConHile TOXe COCTOMT U3 OOBIYHOM MaTe-
pHMH, KAK ¥ BCe OCTAJIbHEIE 3Be3Nnl B Hanieii I'anaxTu-
Ke. Ecu Ob1 370 6BLI0 He TaK, TO KOCMUYECKHe JyUH,
6oMbapaupyomue 3eMiII0, IPOU3BOSHUIIH OB YHMY au-
THIPOTOHOB — & 9TO He TaK.

A BADYT CYHIECTBYIOT raJIaKTHKH, COCTOAIIIUE H3 aH-
TuMatepru? Brnosnne seposTHO. TONBKO raJakTHKH TO
H JeJio CTANKWRAIOTCA XPYI C APYI'OM, 8 MBI HUKOT'1a He
BUJIEJIM BHETAJAKTHYECKOrO CTOIKHOBEHU A, IIPH KOTO-
POM BRIJENUNIOCE Ohl CTOJBKO YHCTOM HEYKPOTHMOIM
SHEPruM, CKOJBLKO ODOJYUINIOCh OnI, eciu 6Bl raakTH-
Ka 3 MATEepPNH CTOJKKRYJIACH C FAJaKTHKON U3 aRTHMa-
Teprn. Kopoue roBops, 110 BceMy BRIXOAHKT, YTO HaOIa
BcenenHas cocTOUT TOJNBLKO U3 MaTepuu. Tak BoT, ecau
MAaTepHA M aHTUMATEDUA CO3NAIOTCA ¥ YHHUTOXKAIOTCA
B PABHOM KOJIKUECTBE, II0YeMY Y HAC OK&3aJ0Ch CTOJIb-
KO JUINHei MaTepuu? ‘

Bo-nepBRIX, MBI JOJKHEI KOE B 9eM Ipu3HaThcsa. Ha
caMoOM Jiejie MBI He 3HaeM, 4yeM OOBACHUTL TAKO#N AUC-
6anauc, HO 4yeM OBl OH HU ORLI BRI3BAH, 3TOT OPOLECC
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lenpu bumuw, wpocmad npoman,
OKABTAACA BCELO Aumb qtnaaw
R R 2
Besatnmoil...

Beix ocmaAbHp
kpob\ouo& u

& LHMUNPOMOHOB
4 KOMapLIX 8 3HAA,

A mue

nona QOSMAOGE
CMOADKD

BPEMENU ..

Ipon30UIe)l MOYTH CPasy nocie 60JbIIoro B3pLIBa, KO-
rfia 3HepruM 6L oYeHb BEICOKH. OIHAKO XOTH MEI He
MOXEM OO'BSICHUTD, OTKYAA B3AJIACH ACHMMETpU A, 3aTO
MOKeM OBBACHUTh, HACKOJIBLKO OHA BeJMKa. B caMoM
Hauane Bo BcesnenHoii 6b1710 pHMepHO MIIIMADA OAUH
NPOTOH HA& MHUJIHADJ AHTHIDPOTOHOB M IPHMEDHO
CTOJBKO Xe GoTOHOB. 3aTeM, Korpa Beeseunas ocTelIa
HACTOJILKO, YTO IIPOTOHBI yike He MOIJIM CO34aBaThCH,
KaXXABl MUJIJIMApA AHTUIIPOTOHOB ObLJ YHHUTOXEH
BMecTe ¢ MIJIIMapAOM IIPDOTOHOB, NOCAE Yero OCTAJICH
BCEr0o OJMH NMPOTOH HA KAXARIN MUJIIHapa GoTeHOB,
M 3T0 COOTHOUICHUE MBI K HabJsio aeM ceituac,

YTo Ke N3MEHUJOCH C TeX NOp M A0 HAlUUX AHEH?
Ilouemy B Te majieKue BpeMeHa HETPOHEI MOTJIM Ope-
BpAIlaThCA B IPOTOHBI, & MEI HE MOY@XeM 3TO CAeaaTh,
He CO3XaB TYT K€ elle ¥ aHTUIIPOTOH MJIHM aHTHHeH-
rpor? Iloyemy pannme Tak He 6611071

.

! Ta-aa, geaynsd, panbilie U caxap 6mu craute, u HeGo ronyGee.
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IIl. OTxyna 6epyrca atombi?

PoxaeHue anemMeHToB
(t =1 cexyHpa — 3 MUHYTbI)

Mnul yiKe OYeHb AAJEKO YKJIOHWJINCH OT MEePBOHA-
YaJBHOTO BONpoca Kpomkn Bunau «OTKyAa A B3aAN-
ca?»!, 3aT0 Temeps rOTOBHI 4aTh HA HETO OTBET IOIYY-
me. CHayasa HaZlo pACCKA3ATH MAJILIIY, 3 Yero oH Ha
caMOM JieJie caenan. Kax Bol npeKpacHO 3HaeTe, MAJIL-
YAKHY CHeNIaHbl «M3 KONIOYeK, PAKYIIeK K 3eJeHkIX Js-
IrymeK», a Te, B CBOIO O4Yepeqib, COCTOAT U3 yr.nepona,
BOJIOPOAA, KACIOPOJA M JPYTUX aTOMOB.

OTO IPpHBRIYHOE BEIECTBO COGMPATEFHO HA3BIBAET-
ca 6apuonnoit MaTepueii, a 3TO BCero-HaBcero HayyHoe -
Ha3BaHYe BCEr'o, YTO COCTOMT M3 MPOTOHOB M HeliTpo-
HOB. EC/I MBI COCTABHM CIHMCOK 3JIeMeHTOB, COCTAB-
AA0MAX GONBILYIO YACTH MAcChl, TO CPA3Y YBHAMM CTA-
PhIX npUATenei:

e Bogopoa (75%)—1 npowon.

e Tenwnit (23% ) — 2 nporoua, 2 HefTpOHA.

o Kucnopog (1% ) — 8 uporoxos, 8 sekTpoROS.
e Yraepox (0,5%) — 6 nporonoB, 6 HefiTPOHOB.
e Heon (0,13%) — 10 nporonos, 10 BeATPOHOB.

Y4uuThE 3TOT CIMCOK HAU3YCTh BaM HE HYXHO, HO
B HEM IPOCJIEIKUBAETC OYEBUAHAA 3AKOHOMEDHOCTS,
¥ BCeX caMBIX NONYJSIDHBIX 3JIEMEHTOB, 3a HCKJAIoUe-
HYeM BOZOPOAR, KOJUYECTBO HEfATPOHOB PABHO KOJNM-
YyeCTBY IPOTOHOB. CylnecTByeT Aa’ke PasHOBHIHOCTDH
BOJOPORA NIOA Ha3BaHHeM JeHTepHil, y ROTOPOro
OAVH IPOTOH U OAUH HEHTPOH, ¥ XOTA €ro pacrnpocrpa-
HEHHOCTH COCTABJIAET BCErO OK0JI0 OXHOM CTOTBLICAYHOM

1 Pu3UKH OTMEHHO YMEIOT YBOPAUMBATHLCH OT HEJIOBKHX BOIPO-
COB, JAKe eCaM IPKUIEPeTh BX K CTERKE.
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OOBIYHOro BOAOPOAA, OH BCe PABHO CHIrpaeT B Hamiei
HCTOPHM OYEHSH BAKHYIO POJIb.
" Ecny MBI YEro-To CTOMM Kak NpodecCHMOHANEI, TO
cnocob6HBI He IPOCTO YUMHUTH KPaTKnit 063op cozep-
sKHMoOTOo Beenenuoil, Ho 1 00’ACHUTE, OTKYNA GepyTea
3TU KUMPH, U CAENATH Bce Heo6XoanMoe, ITOGR! epe-
BECTH J4CHI Ha OJHY CeKYHAY nocie BoJysiioro s3paiBa.
Jlo cUX mop MBI Jeastyu CKaYKH, JOCTATOYHO AJINHHEIE
10 CPABHEBUIO, CKaXkeM, C TeM BpeMEHEeM, KOTOPOe MBI
c110co6GHLI YIEepPXUBATE BHUMaARMe YHTaTeNneil, Ho ueM
Janbnie Mel yrayGiafgeMcs, TeM Kopode CTAHOBATCA
HaI¥ NPLKKY (KaK ¥ noaoxeno). Ilpencrassre cebe,
YTO ¢ HEePBOH A0 ACCATON CeKYHNE! JKU3HM Beenennoi
IPOUIOMLIO CTOALKO e BaXXHBIX PH3NUecKnX cobhl-
THi, CKOJBKO C MEJUIMAP/A A0 AeCATH MYJLITHAPAOB JET
ee 6uorpaguu.

B BospacTe oaHOil cekyHAR Becenennana Gulia packa-
JeHa 1o 15 munnuapaos rpagycos no lleascuo, opu-
MEPHO B TLICAYY Pa3 BhIIE, YEM TEMIIEPATYPA B LleHTpe
Coarna. 1 sce paBHO B 3T0 BpeMs (OTOHHK YIKE OCTHIJIH
HACTOJNBKO, UYTO He MOrJI¥ CO3JaTh IPOTOH MJIHM HeH-
TPOH, AXKe €M Onl 3axoTenu. Ho MexAy TPOTOHOM U
HeATPOHOM He TaKaf y>x G0JbInas pasAunA, Kaxk npu-
HATO AYMATH, — HPHUMEPHO KAK MEXAY KalHUTaHOM
KposaBasa Bopofa u 6ecTpeneTHRIM MODPCKHM oduIe-
pOM, C KOTOPHIM OH cpaKaeTcs. IIpeBpaTUTh NPOTOH
B HEHTpPOH npolne HpocToro — XOCTATOUHO NMYJLHYTh
1o HeMy aETHHe#TpuHO. Ecay xoTuTre, MOXHO cAeNaTsL
n Haob6opoT. BodbMuTe HeHTDOH U HEHTPHUHO — Byand,
IOJYYAITCA TIPOTOH M a.uerc'rpqu, rJIaBHOE — YTOOBI
3aps) COXpaHAJCH.

Jlerko cxasaTh, TPYJIHO CHEJIATh: IIPU HOPMAJILHKIX
06CTOATeNBCTBAX, CTOMT HAM 3aNyCTHTh HEMTPUHO
B OpOTOH, HelfTpoH, KanuTana Kporasas Bopona uian
Ja)ke B CBHHIIOBYIO IPOBOJIOKY AJIMHOM B OZJH CBETOBOM
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Boabwod s3pue

To7, B pe3yJsTaTe, CKOpee Beero, He NOJYYNTCH POBHLIM
cyeToM Huuero. Ha camom spesre HefiTpHHO He JI06SAT
B3aUMOAENCTBOBATE C ADYTUMH YACTHIIAMU, eCJIM KX He
3aCTABUTL, & KOT'Aa OHH 3TO JejaloT, TO IPH HOMOUIR
caaboro s3auMogeiicTBuAa. Kax ckaxet raM nioboit nwa-
rBUCT, cnaboe B3auMonelicTBe — OHO B €cTh caaboe.

OxuaKo g0 0AHOI CeKYHABI nocjae BoasuIoro Bs3pnsa
(. B. B.) Bce 6510 TaKOE NIOTHOE, & HEHTPHHO — T4~
KHe 3HepruyHbie, YTO HeMTPpHHO 1 aHTHHEeHATPHUHO NO-
croauHo 6oMbapaupoBaATN OPOTOHE ¥ HEUTPOHEI COOT-
BETCTBEHHO M IIPeBpPAINAJIH HX OAUH B JPYrod, OTUEro
cobmoganocs npubanauTeLHOE PABHOBECHE. Y CIOBHO
npubananTelbHoe, TAK KaKk MPOTOHK! Jierye. HeiTpo-
HOB, 4 NOCKOJBbKY OPUPONa NPeANOoUYHTAET AePKATh
3HeprHIio Ha CAMOM HM3KOM YPOBHe, IPOTOHOB OBLIO
namuoro 6osgbiie, yeM HEHTPOHOB.

Ilocne ogHOM cexyHAR n. B. B. paccToARUS MeXAY
ACTHLAMM CTANM CAMIOIKOM BEJMKH, H 9HEPrHH Heil-
TPHUHO CT&JIH CAMIIKOM HH3KM, YKe He 6BLI0 HUKaKoi
peuy HH 0 KEKHMX IPOTOHAX U HEHTpOHAaX, U HeliTpUHO
NpocTo Kunu cee npunesaloun, 1 6oanlze 0 HAX HU-
KTO HUYero He cawman., Ho He nmonagatiTecs Ha aTy
YAOYKY — monoOHo (hOoTOHAM nocyie KOMONMHALIMY, OHN
no-mpekHeMy cpefu Hac, IIpocTo MBI 0 HMX KaK-TO 38~
6rIBaeM. A 3pA, DOCKOJIBKY OHH CHEJI3JIM HA DAHHUX
aTamax ORY OYeHb BAXXHYIO Belllb — ofecreuymsIs mpu- |
GausuTenbHBR 6anaHC TPOTOHOB U HedTpoROB. Korga
HeHTPHHO YILJIH Ha NIOKOS, NPOTOHLI, HeATPOHLL U o-
TOHBI 3aTeAJNH CHOKHBIY TaHel CANAHUA K pasfele-
HH4, B X0Je KOTOpOoro:

1) neiiTpOHBI, MPOTOHKI U JeiiTepHit HameTaan npyr
HAa Jpyra, co3zaBas TakuM oGpasoM Bce GoJsee u Gonee
TSAMKEJEle 3JIEMeHTH;

2) ¢ Apyrost CTOPOHLI, BLICOKO3HEPrUUHbIEe GOTOHEI
pasbuBaiy aTOMHEIE ALpa.
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. OcraBniuecsa XO0JOCTHIMH, HEHTPOHBI B KOHIIE KOH-
OB MAXAJH PYKOH HA CBOM XOJMOCTANKME IPHHOIUNEI
U pacnajganuch Ha MPOTOHKI.

Bce aro Bpems: BecenlerHada craHOBMIIaCh Bee oJtee H
6onee anddysHON M OCTHIBAJIA, OTUEr0 BRIIIEONHCAH-
HBEIH# Opouecc HPHXOAUJIOCH 3ABEPIIATHL B KpaliHeH
cnemxe. Korpa tanen Havajucs, HeiiTpoHOB 6biy0 1HO-
. 9TH CTONBKO )K€, CKOJILKO M IIPOTOHOB, TAK YTO €CJIH
ORI aToMBEI GOPMUPOBANIUCH 0YEHE GBICTPO, TO BCE HEM-
TPOHBI HANIJIH 6b1 cebe nmapy, ¥ caMbIM pacnpocTpaHeH-
HEIM 3JieMeBTOM GRN Onl renmif, Menuit — camulit apo-
cToif aTOM, B KOTODOM €CTh HeHATPOHBI, Y Hero paBHoOe
KOJIHYECTBO HeHTPOHOB M NPOTOHOB, U OH OYEeHBb M
ouens crabused. He npaBaa ju, Bl OraJbIBAJIUCH, 9TO
BCe 3TH Pa3roBophnl O ¢6anancev -— OTHIOAb He mpa3j-
Had 60JNTOBHA?

HaM noBeano: mpoTOHbL! N HEHTPOHBL! He CTAJIHU CO-
XpaHaTh 6aanc, HOCKONBKY MHave Beesennasa Golna
6nl oueHb cKyuyHOit, Ilouemy? A BH moumpobyiiTe cxe-
JIATh B3 reJIusg qro—nnﬁyub croamniee. A MBI BAM NAJILTO
NOZEePIKUM,

Tax BOT, mocJiie 60NBINIOrO B3PLIBA Y HAC B PACIOPA-
JKeHHH OKa3aJICA He TONbKO rejuii, I'1apras npuunaa,
IO KOTOPO# 3TO NPOW3OINN0, 3aKII0YAIACH B TOM, UTO
Bech IIPOIECC 3AHAN HECKOJHLKO MUHYT, 38 KOTOPHIE
MHOT'HE HeHATpOHH PemININ B3 KAPbEePHBIX coobpaxe-
HMI IPEeBPATUTHCA B NPOTOHLEI. OHMA pacnanuch ¥ HU
" 0 geM He xanenu. IloaTomy He#ATPOHOB JyIaA TAHLEB
OKAa3AJI0Ch MAJIOBATO, ¥ OCTABIIMMCHA IIDOTOHAM IIPH-
I1L10Ch TAHIIEBATH LIEPOYKA ¢ MaliepouKkoif. Bor moue-
MY Y HaC T&K MHOr0 BOZOPOAA.

1 A HeKOTOpLIe HeATPOHEI, NOJOOHO CTAPKIM XOJOCTAKAM, TAK
¥ KODOTAJIH CBOM AHHN, IIONMBAA Tennoe GaHOUYHOE TRBO B HOCKaXx
HeCBeRUAX MaiKax, YCTANLIE 1 CIOMAECHHNIE. e
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Muz Bac cO Beeil OIpefeleHHOCTHIO 3aBEPHIIH, UTO HA
KaXX bl MUNAKRADA GOTOHOB IPUXOAUTCA TOJIBKO OAUH
Gapuor. MaMepuTs KOJUUYECTBO (DOTOHOB MBI MOMKEM
O4YeHb TOYHO, MOCKOJILKY POCTO HOACYHTHIBAEM BCIO
3HEPrHI0, KOTOpas NCXOANT U3 POHOBOI'O KOCMHIECKO-
ro uaaydyenus. Iogcuurars KosrdecTBo 6apuoOHOB,
¢ Zpyroii cTOpOHEKI, TpyAHee. [Isa Havajla paCCMOTPUM
reJnii, ONeMeHTH HENL3A CO3JaTh PA3OM, HANO AEJIATH
3TO IO YACTAM. OT0 3HAUMT, UTO, AJA TOrO 4TOGH! cAe-
naTth reJdil, HaAo cHauaJja 1o6aBUTh HPOTOH K HeHTpO-
HY ¥ IONYUYNTS AefiTepuil — 3TO Kpennim-GpaTen BoLo-
pona. Hosyuusmuecs aToMsl AeiiTepua (Tak Ha3uIBae-
MEIe JefiTepodbl — Belb Y HUX HET 3JIEKTPOHOB) MOXKHO
CJAHMBATH C IPOTOHAMH, HeATPOHAMK, & TAKIKE C APYrA-
MH eJMHOMBINIIEHHUKaMH-Aeilirepuonamu. IIpouecc
HAeT HEKOTOpOE BPeMs, 2 3aTeM BCe OCTHIBAET, U BCe
OPOTOHRI 1 HEATPOHBI OKA3BIBAXOTCHA CKOBAHKI B CTa-
GHILHEIE 3JIeMEeHTHI.

A YTO eCAM MBI PEIINM B3ATH A4 H CAJIATH BCEJIEH-
HYI0, KOoTOpas 6ul1a OB NOYTH COBCEM MIeHTHYHA Ha-
eif, Ho IOMECTHMM B Hee M3HAYAJLHO BABOe GoJbIle
6apuonoB? B nepshie HECKOJBKO MUHYT Hallla BCEAEH-
Hasa B Tpo6upxe OyeT 3acesIeHa Jase ryie, 4eM Hama.
Byaer ouens OnicTpO coazaBaThca AeilTepuii, a OH,
B CBOIO OUepeAb, HAYHEeT Bpeaa'rbcsf B IIPOTOHBI H ADPY-
rue fefiTepoHRI, BHIBOAA MX M3 cTpoA. Ecau npocie-
IUTh pasBuTHe COOBITHI 10 KOHNA, OKasKeTCA, YTO YeM
6oJIblile B UCKYCCTBEHHON BCeNeHHOM GAPDHOHOB, TeM
MeHbUIe JeliTepHA (He3HAYHTENBLHO) K TeM OoabnIe re-
n1usa (HeMHOro).

Eciay HEMHOTO IIOUTPaTh ¢ HAYANBHEIMHM YCJIOBHA-
MM, BCS XMMUA OKAXETCS COBCEM APYroii, a MBI, H3Me-
PMB, CKOJBKO Y Hac AefiTepus, CMOXKeM TIOACUHUTATH
Bce 6ApWOHEL BO BCEJIEHHON H K TOMY e cHeJaTh To4-
Hbl€ OLIEHKU KOJHYECTBA OCTAJBHBIX 3JleMeHTOB. Tak
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4TO BCe, 9TO HAM HYXXHO,— 3TO Y3HATb, HACKOJBKO
pAacIpOoCTpaHeH AeiiTepuii, 8 TOTAA MBI CMOXKeM BRIYuC-
JNTh, CKONBKO Y Hac Bcero 6apuonuoil Marepuu. Ecau
PacCMOTPETH CaMEle CTaphle 3Be3/Ikl N U3MEPUTH OTHO-
IIeHrne KOJAYECTBa AeiTepus K KOMHIEeCTBY OGRIYHOI0
BOROPO/A, OKAMKETCH, YTO HA KAMKAYIO COTHIO THICAY
ATOMOB BOAOPOAA NPHUXOAUTCA NPHMEDHO OAMH 4TOM
Aelrepusn. -

Ecou MEI focTaHEM TOT IXCTOK OymMaru, Ha KOTOpOM
OpoAeabIBAJiY BCe BRIYMCIEBUA, TO YBUAHM, 4TO {p
o6nIyHOTO BeniecTBa (TO eCcTh He TeMHOH MaTepHuu) co-
cTaBadAeT 0KoJo 5% . Ecnu 3T0 uMcao CMYTHO BAM 3HA-
KOMO, TO AeJIO B TOM, 9TO OHO COBHAJNAET C TOM Maccoil,
KOTOPYIO MBI HOJAYYaeM, KOTAa CyMMHPYeM Maccy, Ha-
61104aeMYIO B 3Be3JaX M rase.

Bor 3710 ga! MLl OAHMM MaXOM IIOKASAJH, YTO HAIIA
MOJielb BOSHHKKHOBEHHSA 2JeMEHTOR e¢Jiu W He fpa-
BHJbHAS, TO IO KpailiHell Mepe HEBEPOATHO AKKYpAT-
HAA B NOATBEPIKAAET Te JAHHEIe, KOTOphIe Mbl IO YIH-
JIA HeNoCPeACTBeHHO OT raJAKTHK. M TOYHO 3HAEM,
YTO NPOUCXOAUIIO YEPEe3 ORHY CeKyHAY i, B. B. ¥ ¢Koab-
KO B0 BeesieBHO! 00bIuHOM MaTepuu. JTa MOJEIE Jaxe
HEMHOro (HO OU[YTHMO) 3aBHCHT OT YAUBUTEJIBHLIX Be-
meit — RanpuMep, OT TOro, CKOJIBKO CYIIeCTBYeT pa3-
HBIX THOOB HeliTpuHO. X Tpu, H Hamy BRIYHCICHUA
3TO NOATBEPXAAI0T. Baaroxaps Toil sxe MoxesIu MBI MO~
3eM TOYHO IPEeAICKA3ATh KOJMMYECTBO NHKPO2IeMeHTOB
BpOAe JUTAA MAU relnsi-3, KAXKAKI K3 KOTOPhIX Ha-
GuIogaeTcsa HMEHHO B TOM KOJHMYECTBE, KOTOPOe COOT-
BeTCTBYeT Haneit mojesnu. .

Ho He Hafo cTapaThCs NPHITHYTH BHIIIE TOJOBEI.
Ecou noesie 601b1mo0r0 83pbiBa ObLIM CO3XAHBI TOJBKO
BOAODOJ, reui, RefiTepuii U HECKOJIBKO APYIUX OYeHB
JNErKUX 3JIeMeHTOB, OTKYAA B3AJIOCh Bee OCTANbLHOE?
OTKyAa B3AJaCh OCHOBA BCEr0 JKHBOI'0 — YIIepOx ¢ KK-
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Boabwoid Bapuie

caopoaoM? Bexrn Kpomky Buiau yE TOYHO HEnb3s
OBL10 ORI CHAEJATH H3 BEIIECTBa, DOJYUYHBINEroCs B pe-
synsTaTe Boaxbmoro r3puiBa. Bee Gosee Taxenkle 3Jie-
MEHTHl — YrJepoA, KHCAOPOA, 30JOTO B BCE IIpoYee —
coagaeTcs B 3Be3nax. Korna caMele MacCHBHBIE 3Be3bI
BCIILIXMBAIOT M IPEBPAMIAIOTCS. B CBEPXHOBLIE (0 MeM
MBI FOBODHJIK B riaBe 8), 3Tu TAXKeNble 3/IeMEHTRI TAK
H BRICTPEJIHBAIOT BO BcelleHAYI0O — M B KOHIE KOHIIOB
COCTABAAIOT BCAKYIO BCAYMHY Bpozie HAC C BAMM, ITHpa-
TOB H KPDOINKH Bunnu.

IV. Kakum o6pa3om yacTmubl
Ha6upaloTt Becb CBOI BeC?

30n0TOH BeK KBApKOB
(t=0T1 1072 o 10~ cexynpbi)

3arnaaslBas BCe Zasbile B IPOMIOe, Mbl Habuioza-
eM ofmyro TeBAeHIMIO. BeceseRHAA CTAHOBUTCA BCE I'o-
pAYee K ropayee, YaCTHILI — BCe 9HEPrUYHEE U SHEP-
r'HyHee, a 3T0 OGBIYHO 03HAYAET, YTO OHH JBHIKYTCA BCe
6nicTpee u 6nicrpee. Ilo Goanmieit uacTH BCe HPOUCXO-
AMT AOBOJLHO MJIABRO, HO MHOTAA HPHUKIIOYAIOTCA H
pe3Kure CKauKH.

BoTt, BanpuMep, TOTOBOPHM O TOM, 9T0 IPOUCXORU-
J10, Korfia Beenennoii 66110 oTpoay okono 10712 cekyHz.
Ho aToro BpeMeHM TeMIepATYpPHl GELAM HACTONBKO Y-
ROBHINHO BHICOKHM, YTO YACTUIEI XHITCA, ¢ KOTOPRIMK
MEI B 1IOCJIEAHEH pas BUAENHMCH B IjiaBe 4, He MOIJIN
CKOHIEHCHPOBATLCA B CBOE HLIHEINHEe COCTOSHME Ya-
ctun. B peayasraTe ao aroro MoMeHnTa (ecam 10712 ce-
KYH/I MOXKHO C [IOJIHLIM IPABOM HA3BATL MOMEHTOM) EI
OfiHA Y13 YACTHI He o6agana Maccoi. st HEKOTOPHIX
YACTHI] BPOJE 3JEeKTPOHOB U HeHTPEHO HAGOP MAacChI
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Tassa 7

OBLI He CAWIIKOM BAXKHEIM JEJOM, OCKOJBKY OHU H
TaK AOBOJABHO MUHMATIOPHKI. [asKe mocie nossiIeANs
YacTUNhI XHUITCA OHM BCe PABHO IDHEIPAJAH o Beenen-
HOM CO CKOPOCTHIO, GJIM3KOM K CKOPOCTH CBETA.

Ho gpyrue yactansl, nanpumMep W u Z (neperocyu-
K4 caa6oro BaamMmoAeiicTBugA), IpeaaBaauch Ha6bopy
MACCEHI ¢O Beeit cepreanocTsio. o Toro kak BeesenHoit
ucnonruaock 10712 cexynn, wactuun W u Z nouru Hu-
ueM He oTaudaiuch or poTtoHoB. Ha camMoM pmene aTo
03HaYaeT, YTO He OhIJI0 HHKAKOH DAsHANB MeXIY
3JIeKTpoMarseTu3aMoM (HOTOHBI) U CJIa0RIM B3aUMOAEH-
crBueM (W u Z), TaK 4YTO 3TH CHJLI 06 beZUHAIUCH
B OFHO ¢3JIeKTpoCcnaboe» B3auMoeiicTBIE.

Yo sxe mamMeHUuM0Ch? MesKAy «MMeTh MACCYy» H «He
UMeTh MacChI» e€CTh OoabmanA pasHHLa, IpuyeM 6e30
BCAKOr0 MJaBHOro nepexoja. B rinaBe 6 MBI ymoMuHa-
JIA O TOM, YTO NMYCTOE MPOCTPAHCTBO COBCEM HE TaKoe
nycroe, KaK BrI AymaJii. Ono 6MTKROM Ha6MTO sHEpruei
U TIOCTOAHHO 3aHATO CO3aHHEM M DPACIIAAOM YACTHIIL.
OTO M eCTh Ta «3HEPrUsd BaKyyMar», KOTODPAS BLI3LIBAET
addext Kasumupa, a BO3MOKHO, K yeKOopeHUe Beenen-
HO# B Hamre Bpema. Kpome Toro, aTo ocHoBa, HA KOTO-
poif IPpOUCXORAT BCe BaaumogeiicTBua uacruu. IIpn-
MepRO B 1072 cexyH BakyyM Nepemes M3 BLICOKO-
3HEPIrUYHOTO B HH3KO3HEPruUuHOe COCTOSAHUE, — BOT
I04eMy 38KOHBI QU3UKM TOXKe M3MeHuaInuch. menHno
noaromy Bce W, Z u yacTunsi Xurrca 3Ha10T, 4YTO JOJMK-
HEI WIK UMETh Maccy, Hau obecneunBaTh ee, UJIN U TO
1 apyroe. Korpa Baxkyym nepenres U3 OZHOrO COCTOA-
HUA B Jpyroe, 6112 OTYACTH YTPAYEHA CTOJb AOporas
HaM CHMMETDHA, U cj1aboe 1 3JIeKTPOMATHHTHOE B3aH-
MOAEHCTBUSA pasieuNIuCh.

9To raaBHAK TeMa B 3BoION UMY Beeneunoit, Ceromm
B IIPUPOJe CYIECTBYeT YeThIpEe PasJH4YHLIe CHJIBI, HO
3T0 CIUIIKOM MHOIO U JIOBOJIBHO-TaAKM 3aNyTaHHO.
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PoAbwoit BIpHIB

B raaee 4 Mbl OTMETHIIH, YTO OJHA N3 I'VIAaBHBIX HAfAEHKI
dusukn — chopmyauporaTh eguuyio Teopuio Beero,
KOTOpAas OJHUM 3aKOHOM OG'BEIMHUT BCE YeThIPE CHIIBL,
OfHIITeHH NOCBATHI OOJIBIIYIO YACTh MOCAEAHUX JieT
‘CBOMX YYEHBIX 3aHATHH HONBITKAM YHHGMHULUHPOBATH
Bce byHAAMEHTAILHEIE CHIL, H3BECTHLIE B €TI0 BpeMsd
(TO ecTh» TONLKO IMPABHTANMIO B 3JeKTPOMATHETH3M),
HO Y HeTo NPaKTHYeCKH HUYero He BRIILIO,

Mul pacnojiaraemM OTJIHNYHON TeopHel, 00BEeTUHAIO-
el anexTpoMaraeTE3M U cagaboe B3amMoReiicTBHE,
OAHAKO KOTZa MHI IBITAEMCSA COUETATH 3JeKTpocaaboe
B3aMMOJeiCTBHE C CHUJILHRIM, TO CTYINAEM Ha 3L1IOKYIO0
nouBy. HaM He caIMIIKOM MHOIO M3BECTHO O TOM, KaK
MOIJIa OBl GLITH YCTPOEHA «BENIHKASA TEOPUA YHAPHKA-
HU», HO MBI IPEAROJATAEM, YTO 3TH TPHU CHJIKI, BEPO-
AITHO, OBLJIM €VHEI IIPX ropa3fo 6oJiee BEICOKHX dHED-
THAX, YeM T€, KOTOpPHIMM pacnoJaraja BceseHHas
B moMeHT 10712 cexynna n. B. B. Ects Hagexa, uro Teo-
pusi Bcero o6'beIUHKT BCe YETHIPE CHIBI B 6ostee paH-
HUii IepyoA.

Hocnemnms — moaet HacMemuink. I1oka. YTo MBI
MOMEM TOJLKO CHPOCHThL, Kakoil Oblia Becenenras
B TOT MOMEHT, KOTZa PasfeNnINCh dJI€KTPOMATrHETASM
¥ caaboe BaaumogeiicTsue!. UTo6ul OTBETUTE HA 3TOT
BOIIPOC, HAM IPHAETCH Pa3oGIaunTh coOCTBEeHHOR Bpa-
Hbe, TOUYHee, yMoa4yadue. MBI roBODUJIA O TOM, YTO BO
BceesenHoil HanKYecTBOBAJIA ACUMMETPHA U YTO BYATO
OBI KOrJa-TO HA KAaXXIKIH MUJIIAHApA AHTHIPOTOHOR
NPUXOIUNCA MIJUIMAPA OAMH IIPOTOH.

Taxoro HHKorAa He HBLIIO.

He 6p110 MOoMeHTa, KOrAa NPOTOHBI H HEHTPOHH
NPOH3BOANIINCE B KOJOCCAJIBHBIX KOMKMYecTBaX. Korga

1 MosxeTe cHuTaTH, uTO YacTHma Xurrca — 3to Takas Moko
paHHell Beerensoi.
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Taata 7

Bcenennoi 6u110 o1 poay 10712 cekyna, oHa 6ulia co-
BCEM He TaKas, KaK ceituac. Ksapku 8 To Bpems Guln
HaCTOJNbKO SHEePIrUYHEL, YTO MX HeJIb3sA OLIJIO YIePIKaTh
B paMKaX OPOTOHOB M HeliTponos. Tak nponcxonnio g0
TeX nop, NokKa BcesleHHOM He UCHOJIHUIOCH IDUMEPHO
MHJINIHOHHAA JZOJNSA CeKYyHARI, — & Torja BcesleHRas
OCTHLIIA IO TAKOM CTENIeHK, YTO KBADKH YKe MePEeCTaln
BCTPEYATHCA BHE IPOTOHOB M HEMTPOHOB.

Bce 3T0 03HAYAET, YTO B HEKOTOPOII CTENeHH MBI He
o ToM Gecnoxomuch. BMecTo Toro uToGhI IyMAaTh O TOM,
noyeMy Ha KAaXXABIE MHUJIJIHApA AaHTUIPOTOHOB HaxXo-
ARJICA OMMH NHUIGHHUHA OPOTOH, CTOMJIO 3aNYMATLCH
O TOM, DOYEeMYy Ha KaXXAWH MUJIHADA ABEHTUKBADKOB
HaAXOAUNCA OANH NRIIANRA KBapK. H Torga mu 6yaem
OTOABHraTh HCTOUHHK BONpOCa KPOmKH Buaam Bce
PaBEbIle H paHbILE.

V. Cyu:.ec'raye'r nv rpe-Hubyas
B NPOCTpaHCTBe-BpeMEeHN '
TBOSR TOYHaa Kkonua?

Uudnauun (t = 10-35 cexynpn)

BpéMsa 0 HaCTYNJIEHMA 3NOXH KBAPKOB GBLJIO BOG-
XUTHUTENBHBIM, OJHAKO HEBEPOATHO 3anyTaBEHKIM, TeM-
mepaTypa Obl1a TAK BHICOKA, YTO KBAPKH, 3JI€KTPOHKI
1 HeITPHHO JeTKO H HPOCTO CO3RABAJINCEH U3 BHICOKO-
sHepruaentx doroHoB. HaM HeT cMbIcIa 38 yMBIBATE-
Cs1 0 TOM, YeM B TO BpeMsA OLLIa 3aHATA KAXAaA PA3HO-
BHAHOCTb YaCTHI,. Bce 0BM CO37aBaJIBCh ¥ YHAUTOXKA-
JIKCH C TaKo# BGmicTpoTOd, UTO, B 06mEM-TO, U He
OTIHMYaNHuCh APYT OT Apyra. IlepBoGLITHRI GYynbOH
Bceenennoit 6611 npakTHYECKU OZHOPOZHBIM, ¥ TOBO-
PHMTB O HEM BOBCE He TaK YK HHTepecHo. JIyuine ronpo-
6yeM pasraJaTh HECKOJBKO YAHBUTEJILHRIX TAKH,
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Poabwod B3puie
Taiina N2 1. flpoGnema ropusoHTa

IIo Gonbineii yacTH POHOBOE KOCMHYECKOE H3NyUe-
HHUe MMeeT NPHMePHO OAMHAKOBYIO TeMIOepaTypy. JIra
Yy4acTKA Ha OIPOTHBOIOJOMHEIX CTOPOHAX HeGa 3aya-
CTYIO PA3/IMUAIOTCA 10 TeMIepaType BCEro Ha OXHY CTO-
TRICAYHYIO rpaayca. Ha nepBwit Barnag sTo nycTAK —
ONHAKO YBU/JeThb, B UeM TYT npolieMa, BaM, BEpOATHO,
1IOMOXKeT THKaHTHaA adajorusa. IIpeacraseTe cebe,
4T0 KalKUTaH NHUPATCKOro Kopabnsa roTosurcH jedb
B BaHHY. IlpeanonoxkuM, OH HANOJNHSET ee U3 ABYX
KPaHOB — IO OXHOMY HA IPOTHUBOIOJIOKHBIX KORNAX
BaHHBI. Tak MOAYYMNOCH, YTO U3 KPAHA 10 MPABOMY
GOpTYy TeueT XoJOoAHAA BOJAR, & M3 KPaHA 110 JeBOMY
GopTy — KuMOATOK. Kak BRI fymaeTe, KOr/la KanuTaH
nonpodyer Bojay ¥ Js)KeT B BAHHY, GYAET JU OH ILJIe-
CKaThcs B paBHOMEDHO Temnnoit Bognuke? Her. I'osoe
6ynmer ropsA4o, & HOraM — XO0JIOZHO. Boja MIrHOBEHHO
He NepeMeuIyBaeTCs,

OCTAABKAS
BLEAEHHAS
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Taasa 7

Bce 2T TeMnepaTypHBIE BEIYNCISHHA OCHOBAHKI HA
NPOCTOM INIPEAIIOJOKEeHHHM: Korja Bcenennasa 6blia
BIIOJIOBMHY MEHbIlle, YeM celidyac, oHa 6nija BABOE Io-
pAdee — U Tak Aajee, Ho aTo o3HAauaeT, 4TO BHAYAJE
TeMnepaTypa Beafie GulJIa IPUMEPHO oAMHaKoBa. Ecan
6n1 BecenenHasa, nmopo6uHo BanHe Kposasoit Bopoasi,
6nlna pasHad B PasHBEIX MeCTaxX, TeMIOEpaTypaM IIOHa-
zobunock 6L HEKOTOPOE BpeMA, YTOOL! HepeMEeIIAThCA
1 BHIPOBHATHCA. CaMasa GriCTpasa CKOPOCTh mepeaaun
TenJia — CKOpPOCTh CBETA, Y Ha 3T0 OBl HONPOCTY He XBa-
THJIO BPEMEHH.

«MunyTouky! — Bo3pasuTe Bhl.— ¥ Hac OBLIO NOY-
™ 14 Munnuappos xer! 3a Takoe BpeMs [epeMeniaeTca
BCe uTO YyrojHol» 9To Tak, HO BLI 3abb111 06 oHOIM me-
ranu. Ceet, monagawwmit Ha CeBepHBIN NOJXIOC, U CBET,
nonagamoinuii Ha KOKHBIH moMoc, UCXOAAT M3 YUACT-
KOB MpPOCTPAHCTBa, KpPailHe AaJIeKUX APYr oT Apyra.

IIpeasuauM ciexylomee Bo3pa)keHue: «B mepeule
MOMEHTH nocje Boabuioro B3puiRa Bce OGLIIO OYEHDb
o6nu3ko apyr ot apyral U reMmepaTyphl B IBYyX 3THX
TOUKAX HaBepnaRa yCcHeJiu BRIPOBHATLCS ele Toraal
Wnu ger?»!

Her — xora xopx Bameit MBICIHX HAM Hpapurca. a,
3TH YYACTKH TOraa ObLIHM odeHb GJU3KHM, ofHaKO Bce-
JeHHas 6pLa Tak 10Ha. Y ee IOHOCTEL NepecHana pas-
Meprl. MBI NOHMMAaeM, YTO HHTYHTHBHO BaM XOUETCS
NIPOCTO UPEANOJOKKUTh, OYATO TEMIEPATYDA ¢HA CTap-
Te» Besfe OLLIa OXUHAKOBOM, HO BeAb 3TO TOJBKO NOTO-
MY, YTO BBl IPUBLIKJIU, YTO JIOOBIM COOBITHAM YTO-TO
npeanecTBYeT, BOT B 4eM Aeso. Bosbmoii B3phIB — 3T0
BCEJICHCKAA OTNPABHAA TOUYKA, NO3TOMY IOMPOCTY HET
HUKAKHUX NPUYNH AJIA TOro, YTOOHI B CAMOM HavdaJe Bce
6BLI0 OQHOPOJHO, & Bbl cUUTaeTe, 4To BeceneHHasa ro-

L Korpa ato sut ycneny Tak noyMaers? Her-ner, wro Bhl, Mut He
OpOTHE.
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Boavwoix B3puie

raa-ro Oel1a MaleHbKUM MapukoM. Kak Mm Bugean
B rnase 6, pacinupenue Bcenennoil uger no apyromy
cuenapuio. B 1060e BpeMA mOcie HYJAd Bce TOYKH BO
Bceneruoit HaxOXUINCh HA Raicom-'ro PACCTOAHUH APYT
OT Apyra.

Ecau npo6HTBECA CKBO3EL BEIYHMCACHUA, OKAYKETCH,
4YTO BpeMs HAa NepeMemKBande GLIJIO JHLIL ¥ TeX yvya-
CTKOB Heba, KOTOpHIEe pasfesleHbl YIVIOM NMPUMEPHO
B OZIMH TPAAYC — OKO0JI0 ABYX AMAMETPOB MOJIHOi JIyHEI.
IlockoabKy 6osbiIag 4yacTs BecelleHHON HMKOrZa He
KOHTAKTHPOBAJa ¢ OcTaJbHOM BeenenHolt, royeMy Bce
BBITJISAMT NPAMEPHO OXUHAKOBO, KyJa HH NOCMOTPH?
[loyemy ranaxtuxn B CeseproM HeGecHOM moyInapun
TaxKue )Ke, Kak raJakTuxki B OsxHOM?

Taitha N2 2. lNpo6nema nnockoro mupa

B rnaBe 6 M CTOARAYJNCH eme ¢ oxHOM 6obuIo
3aranxoif, Korja roBOPKUJIY O «q)opme» Bcenensoit. Mu
OTMETHJH iBa PaKTa.

1. Cym>6y n dbopmy BeeneHnHOI onpesenseT KPUTH-
yecKas nJa0THoCTh. Ecnu ¢i10KHUTH BCe, YTO cOCTaBIAET
MACCY M 3HEPT'HIO, — TO €CTh TEMHYIO MATEPHUIO, TEM-
HYIO SHEpPruio, GapHoHL ¥ GJOTOHK,— & 3aTeM pasje-
JUTH 3TO HA KPUTHIECKYIO NJIOTHOCTDb, TO MKl 00HApY-
JKMM, YTO OTHOILIEHHE PeasIbHON IJIOTHOCTH K KPHUTH-
4ecKO — Qpor — cocTaBaseT 100% nanm mo xpaitaeit
Mepe HACTONBKO 6am3ka K 100% , HACKOJIBLKO MBI MO-
’KeM M3MepHThb. JTO 03HAYAET, YTO Bcenennaa ILI0-
cKas.

2. Ecan 681 Qpgp XOTH HEMHOTO OTJIHYANACh OT
100%, To o Mepe passATHA BceneHHOH nIOTHOCTH
snbo Bospacrana 65t oueHb 6BICTPO ¥ B KOHLE KOHIOB
npumna 6u1 X Kosancy (ecau 651 Qpor 6uL1a 6onbme
100%), nn6o cokpamanack 6m (ecam Gu ona 6nlya
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menbine 100%). [InA HATAAAHOCTH: €CIH Qpor YEPE3
oAHY ceKyHzZy 1. B. B. paBasnacs 99,9999% , cerognsa
OHa cocTaBsAJMa 66 MeHbIIe OAHON MUNLTHADAHON TpO-
HeHTAa. ' :

Hrax, MB mogomIu Ko BTOpoit TaliHe: nouemy Bee-
JIeRHAA IUIOCKaA, £CJIM, IO BCEM HAIINM AAaHHBIM, OHA
coBepHIeHHO He 00s3aHa OMTL HMEHHO Takoi?

PeweHue Bcex npobnem.
Teopus nndnauun

B ravane 1980-x rogos MEOr#e BCC/1eJ0BATEIIH Ibl-
TAXUCH PA306paTHCA ¢ 2THMH BOIPOCAMH, 8 TAKIKE C BO-
IPOCOM O TOM, KOrZa U Kak o0peMHANUCE CUJILHOE K
anexrpociaaboe B3anMogeiicTBrA. PUINKH HRJeAJTHCH,
YTO YeM BhIle S3HEPrHH, TeM 6oJbIle NOX0XKU APYT Ha
Apyra Bce CHJIB. Mu y2xe DOUTH CyMeIn JOCTUYD B Ha-
IMX YCKOPUTeNAAX dHepruil, HeoOXOAUMBIX A1 YHH-
duranum anexTpoMareEeTH3Ma 4 caaboro szaumopeii-
CTBUA, HO emle He MOXKeM RoOhITh HEKAKUX SKCIIepH-
MEHTAJBHEIX A8HHBIX 06 o6beIHHEHNH 31eKTpocjaboro
K cusnbHOro B3auMoaeicTeuil. Hake BAK — camerit
MOIIHEIN YCKOPHTEb, HMEIOIUNCH B HallleM pacnops-
KeHHH, — 4TOOBI JOKA3aTh BEJHKYIO TeOpHIo YHUGDH-
Kanuy, AoJKed Oni 68 BHIpAGATHIBATEL 3HEPIHU
B TPHJLIMOHH pa3 6oabine npenesia CBOMX HBIHENIHHX
BO3MOXKXHOCTEH.

OnoHAaKO AesaTh YMO3aKJAMYEeHHA HgM HUKTO He Me-
maeT. IIpumepno B 10725 cexynz n. B. B.! aHeprum 8o
BcenenHoit 6BLIIN HACTOJNBLKO BHICOKH, YTO BCE€ TPM
CHJIBI, KpOME TPABHTALUH, MOIIH Gkl GRITE YHMDHILK-
POBaHHI, a BaxyyM obaaaan ewre 6osee BLICOKOIT dHED-
rueil, 4eM B IepHOA YHNDHUKALIHY 3JIEKTPOMArHeTH3Ma

13a TaKoe BpeMS /a3Ke CBET ycren 6Ll MPOGeKATH JAUIIL OZHY
TPUNJHNOHHYIO NOITEPEYHAKE ATOMHOIO ApAa.
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u cnaboro B3aumogeiicranna. TeMuepaTypht, 0 KOTOPEIX
MBI F'OBOPUM, HACTOJBLKO a6CYpAHO BRICOKU, YTO Ka-
#ercs, 6yaTo mx BRIAyManu: npuMepro 1027 rpagycos
Henascnsa. IIocKONBKY AJNA BeJIUKON TeopHH YEIGUKA-
num (BTVY) y Hac Her HEM eamHON MoAesayu, HUKaKUX
nozpobrocTeil MBl He 3HAEeM, HO ecu 3TO0 6B1I0 9TO-TO
MOX0XKee Ha KOHel 30X H 3JeKTPocaaboro B3anMoxei-
CTBUA, TO KOTAA KOHUMIACH 3TOXA BENUKOH yEMDHUKA-
OAK, TPOUIONLIO HEUTO CTPAHHOE.

B 1981 roay Anar I'yc, KoTopniii Toraa paGoran
B Crardopae, IPEeANONIOKHUI, UTO 3TO ¢« HEUTO CTPDARHOE »
HA3bIBAJIOCE KOCMUYECKOoit uHGIAOUeil, 1 H3 NEPBHIU
‘B3TJIAZL 3TO KA3AJI0Ch KAKOM-TO epyHJoit. Bckope noce
TOTO, KAK CHJIBHOE BR3AHMOJAEHCTBHE OTKOJCJIOCH OT
aJiekTpocyiaboro, Becenenuasi, cornacro HHQIRINOHHAOH
MOAENH, OpOoIJia NePHOA dKCHOHEHIIHAJIBHOTO PACIIN-
PEeHUS — OHA YBEJHUYHMBAJNIACH B Da3Mepe CO CKOPOCTHIO
npumepHo B 1040 pa3 3a KpomeuHYIO AOMI0 CEKYHIRI.

Tak BeIraaanT 6a30oBas KapTUHA MHPIADTNUY, OXHA-
KO Tellepb Nepe]l HaMU BCTaeT Apyrasd 3afaya — o6bac-
HHUTH, IOYEeMY MBI pemuau, 6YATO 3Ta MOZeNb paA3BH-
TuA paHHelt Beenennoit sxusnecnoco6na. HasepHoe,
BAM KasKeTcsa, OYATO 3KCIOHEHIIHAJBLHRIM POCT — 3TO
nonueiimas danractura. A BoT u HeT. He 3abniBaiiTe,
yTo Hama BceJleHHAA SKCIOHEeHIHAJILHO PacTeT AasKe
ceituac, moka MblI ¢ BaMu GecegyeM. eso B ofHOI Me-
JIOYH, 0 KOTOPOIt BRI yoKe 3HAETe, — B TAK HA3bIBaEeMOii
TEMHOH SHepruu. :

BoaM0aKHO, BaM K TOMY »Ke Ka)KeTcd, OyATO Taroe
CTpEeMUTeJbHEOE PACIIUPEHNE HapYIIaeT IPUHIIKI cIe-
LMATLHOM OTHOCHTENLHOCTH, Bellb HeAb3Hd NBUTAThCA
GrIcTpee cBeTa,— HO He BoaHylirecs. Hac Gecmokour
TOABKO OOHO — KaK ObI HHGpOPMANMA HE pacopoCTpa-
HaNach GeICTpee CKOpOCTH CBeTa. A NPOCTPAHCTBO
oycTh cefe pacmupsaeTes, KAK CYMTAET HY’KHEIM.

11
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IIpeacraswre cebe, uro kanuTan Kposasas Bopoaa
U ero KOMaHAa ILITAIOTCS COBITH YacTh CBOeil Hempa-
BEAHO HaXXUTOM R06KYM B TOProsom ueHTpe. Kposasas
Bopoga anaer, 4To B 0GEIYHOM 06CTAROBKE eMy HUIIOIEM
HE TIePerHaTh NepBOTO IOMONIHKMKA MHCTepa YUHKCA,
HO BBLIACHSIET, UTO €CJaM OH GEeX<UT 1o 3CKAJaTOpy, TO
NPAMO-TAKM JE€TUT — OH ABWTAETCHA TAK OLICTPO, KaK
MHCTepy YHHKCY ¥ He cHIoch. [IpencrassTe cebe, kKak
YAHUBUTCS KANUTAH, KOTAQ YBHAMUT, YTO H MECTED YVHKC
" Toxke BEXXHT MO 3CKANATOPY — H JIEFKO M OPOCTO IpO-
6eraeT MUMO Herag.

To xe caMoe IPONCXOAMUT M B pacmupaomeiicss Bee-
JeHHOH. Mo)XeT moKasaThca, 6YATO YaCTHILI ABHIKYT-
¢ «OnicTpee cBeTa»,— a aT0 mpocTo BeeseHBas pac-
mupserca BMecTe ¢ HuMu. Ecau 611 Bri 6601H cy6aToM-
HOM yacTuHeli B Torgamaei BceneHHo#, BB OB Bce
PaBHO He cyMenH OoOGOrHaTh Jiyd cBeTa. Bo BpeMa MH-
dnanur 3TO TAK XKe COPABEANUBO, KAK H BO BCe APyrue
BpeMeHa.

Topasno cepbpesHee BONIPOC 0 TOM, IIOYEMYy JKe Haua-
JIOCH 9TO pacmupenue, ixes cocTouT B TOM, YTO KOrza
CHJbHOE B3aMMOJeiiCTBHEe OTXOAHUT OT ABYX ZPYrHX,
OHO BhI3BIBaeT BO BcesienHOIl Tak HaskIBaeMHli dazo-
BHIii nepexox. MosxeTe CIMTATH 3TO BHE3AIIHLIM IIpe-
BPALLlEHHEeM — BPOJZE TOr'0, KOTOPOE NIPOHCXORMT, KO-
r7ia Bbl HArpeBaeTe JIeq JO TEMIIEPATYPH BHIIIEe HYAA [0
LlenncHio u oH TaeT. KpoMe TOro, 3T0 04€Hb IOX0KE HA
TiepeMeHB!, KOTOPLIE IPOUCXOAAT, KOTAA PACIIEILISIOT-
cHl 3JIeKTPOMATHHTHOE M cJ1aboe B3aUMOAEHCTBHA.

Coraacao runorese I'yca, Bo BpeMa uHaanum Bee-
neHHasd Obl1a HAIIOJHEHA TaK Ha3KIBAeMBIM HHPIATOH-
HbIM noaeM!, Bo MHOIMMX OTHOUIEHUAX 3TO NOXO0MKE Ha

1 Her, 510 He omeuaTka. [IpocTo B Aeno BCTynaeT elne ogHa ya-
CTHIA, TAKAA XKe, KAK HAIIM CTADhIe 3HAKOMRIE: 3JIEKTPOR, dhoTon,
HHDAATOH.
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none XUrrca, KOTOPOE CEroiHA KOHTPONUPYET MacChl
U UMeeT OTHOIUEHME K 3JIEKTPOMATHATHOMY M cJlaGoMy
noio. ITockoasKy NHDAATOHHOE OJIE€ PACIIHNPAETCA
B TOYHOCTY KaK TEMHAJ 3HEPTUA, Y HAX MHOrO cylie-
CTBEHHBIX o6mux xayecTB. OQHO U3 CAMBIX BAKHEIX —
HHQAATOHHOE NoJie, PACIINPAACH, He TepAeT IJIOTHO-
CTH DHepruu. ITo OUeHh CYNHIeCTBEHHAA COCTABIAIOMIAA
YpaBHEHHA, NOCKOJBKY MEI V)K€ BHAEIH, YTO OOLIYHO
6ospmoe pacmupeEne NIPUBORUT K TONY, YTo Beenen-
Has CHJILHO OCTHIBAET, H TOrJa Bce B Hell JOJYKHO He-
MeJJIeHHO 3aMep3nyTh. OJAHAKO HHQPJIATOHHOE II0JIEé —
3TO BpOJZie THraHTCKO# GaTapen, M KOrjga WHOIAOUA
IPOM30IILIa, BCA 3HEPrus BrICBoboKAaeTeA, 1 Beenen-
Hasl CHOBA pasorpesaeTcs. Bce CTAHOBHTCA BKYCHOE ¥
noaxapucroe, GyATO HUUEroO ¥ HE OCTRIBAJIO.

Ecau BH IO-TIpekHEeMY COMHEBaeTeCh, MBI He BIIpa-
Be Bac yrapekaTs. OIHAKO MBI BaC 3aBepAeM, UTO He CTa-
nu 611 roBOPUTE 00 RHbAAUNH, ecni GBI OHA HE TOMO-
rana o6’bACHATE T 3aralOYHEbIe ARJICHUA, KOTOPRIE MEI
HabmopaeMm Bo Beenennoit. Ilonmuante npobaeMy ropu-
30HTA, KOI'la MBI He DOHUMAJIH, KaK Je IIepeMelIajich
pasdHue Kycouku Heba? Mudasnua paspemaer aty
npobieMy o4eHb IPOCcTO. XOTA HO HHQIALKMH IPOILIC
COBCEM MAaJIO BpeMEeHH, MaJleHbKHUil yyacTok Bcesen-
HO1 BCe paBHO YCIIEJ]l YPABHOBECHTHCS A0 OLHON TeMIIe-
PATYDHI, A 3aTEM 3TOT MAJEHLKHN YYACTOK pasnyics
JO TAKHX MCIIOJHMHCKUX Pa3MepOB, UTO Tellephb OH BKJIIO-
yaeT B cefa oGbveM Beelt Habmionaemolt Beenennoii,

Kpowme Toro, uHdaaunusa oobacHseTr npobnemMy nio-
ckoro Mupa. TyT BCe ellle Ayulile COOTBETCTBYET UHTYH-
MUY ¥ 3ApaBoMy cMulcay. IIpencraBere cebe, UYTO BRI
HagyBaeTe o4eHb 00Mbiloit BO3AYIIEBIN mapuK. Jaxe
XOTS «HA CAMOM JZeJie» BO3LYIIHENA map — 3To chepa,
AJISA MyPAaBhs, 4eJOBeKa HIH raJakTUKH, KOTOpBIe CH-
IAT HA ero MOBEPXHOCTH, NTOBEPXHOCTh KaMKeTCHA IJIO-
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ckoit, Iuade rosopst, BO3MOYHO, Haiua BcenenHada u
He COBCEM MHJIOCKas, HO eCJIH OHA M He COBCEM IIIOCKAJT,
TO OYeHb OJIM3Ka K. TAKOBOI.

OsHavaeT nu 3TO, 9T0 BO BeeleHHoi HeCKOHeUHOE
KOJNYEeCTBO MaTepuu? B KOHIle KOHILIOB, KOTa MEI ro-
BOPHJIM O HJIOCKOM HOPOCTPAHCTBE, TO YIIOMAHYJIH
0 ToM, uTo nnocrad Becenennas 6eckoHeurna. ITockonb-
Ky Beafie eCTh HEKOTOPOe KOJMYeCTBO MAaTEPHN, a KO-
JIMYecTBO NPOCTPaHCTBa GeCKOHEUHO, OTCIOAa NPAMO
CJeAYyeT, YTO B IeJ0M KOJHYECTBO BEIMecTBa AOJYKHO
6nITH 6eCKOHEUHO. .

O6pryHO Nog00HKIEe cOOOPA’KEHUS OUeHbh HEPBUDYIOT,
NMOCKONBKY, KOr'ja HAYMHACNIb PAacCy:KAATh O MOHATH-
AX Bpojae 0eCKOHEUHOCTH, HOPMAJNBHBIHA uejloBedeCKHil
'MO3r HEMEJIEHHO NMPUXOANAT K MapajoOKCAIbHEIM YMO-
saxJoueEnaM: ¢Ecnu mpocTparcTBO 6eckoHEYHO, 3Ha-
YHUT, B HeM 6eCKOHEUHOe KOJINIEeCTBO MATeDHH, & CJIef0-
BATEJBHO, Tlie-TO BO BeesleHHOHR cyIecTByeT enle O4UH
fi..» — U KOHel] YyBCTBY COOCTBEHHON YHHKAJIHLHOCTH,
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T



BoAbwoid e3puin

A 1o HameMy MHEHMIO, Bh! BCe PABHO YHUKAJBHEI,
yTo 611 TaM M AYMana Becenennas.

M&! ropopHIIH O TepUoAe UHGIANUHA TAK, CJIOBHO OH
ObIJI TOMILKO OXME, HO HA CAMOM JeJie (TO €CTh COrJIacHO
NaHHOI Mozen¥) Bcenennass pasBeTBAANACH MHOTO-
MHOTO pas — He WCKJIOYeHo, YT0 6eCKOHeYHO MHOTO.
Kaxcamit yuacTouexk NpOCTPAHCTRA MpPeTEepueBay HH-
basnuoRHEOE paclINpeHue, ¥ HOBOE TPOCTPAHCTBO CO-
3naBasock GBICTpee, YEM 3aBepImasiach HROIANUA KaXK-
JIOr0 AaHHOro y4acTka. Anad I'vc RasBan ato «6ecko-
HEeYHLIM GectiIaTHLRIM 06ea0M» .

JJa BarnssEOCTH HAAO IPOBECTH PPAHb MeXAY Ha-
meii Becenenaot — BCEM TEM, YTO MBI BUAUM H ¢ UYeM
HAXOJMMCS B IPAMOM KOHTAKTE, BCEM T€M, YTO MOIJIO
651 NIOBANATL HA HAC U HA YTO MKl CAMHM MOTJIH 6bI MO~
BANATS (nu6o Teneps, 1u60 B ofoapumoM Gyayiem), —
M «MYJIbTHBCEJIEHHOMH », ¢ MyIbTHBCEIeRHAA S (3TO ONUH
M3 MHOMKECTBA TEPMHHAOB, 0603HAYAIOMINX OJXHO M TO
¥Ke OCHOBHOE TIOHATHE) ~—— 3TO TO, UTO MK IIOHUMaeM
kak Bcesernylo ¢ 6oasmoit 6ykBr. MyabsTHBCeNEH-
Has, BEPOATHO, COCTOMT M3 MHOYKECTBA PA3HRIX BCe-
JIeHHBIX, KaXKJaa U3 KOTOPHIX 160 OTAeNeHa OT IIPO-
YUX NPOCTPAHCTBOM, MO0 BpeMeHeM, Jubo pocTo He
MOYKeT NPAMO ¢ HIMHU B3aMOJeiCTBOBATD.

He nyraiiTe 3T pa3HEle BCEJIEHHRIE CO ¢MHOMKECT-
BeHHLIMH MHUpaMil» — HHTEpHpeTanueil KBAHTOBOH
MEeXaHKKH, ¢ KOTOPOH MBI NO3HAKOMHJINCH B riaBax 2
u 5. Pasnbie BcesleHHRIe MyNbTHBCENeHRON — npocTo
O6GLIYHEIE BCEJIEHHEIE, KOTOPEIe, BEPOSTHO, B0 MHOTOM
MOXOXKH Ha HAMIY (MJH He NOX0KH), TOABKO MEI He MO-
JKeM B HMX NOOLIBATE.

IIpencrasum cebe, yTo B MyJabTHUBCEJIEHHOM GecKo-
HeuHOoe MHOXKeCTBO BCeJieHHRIX, KBaHTOBass MexaHUKa
YUUT HAC, YTO faXce eCIM KaxKAaA KOHKPeTHAS BCeslen-
Hasd KoHeuHa, yCTpoeHa oHa MOXET 6BITh JMIUL onpe-
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IeJIeHHBIM KOJHYECTBOM cOocoG0B (XOTA 3TO KoAuUe-
CTBO, BePOATHO, COKPYHIUTENLHO BeINKO). DTO BHAYMT,
4TO TAe-TO B MYJLTHBCEJISHHOM MOXET OKA3aThCH de-
-JIOBEK, MACHTHUHLIM BAM BO BCeM. JTOT YeJIOBEK ceil-
YaCc YHTAET TO JKe CAMOEe MpeAJiOKeHHe, YTO M BHI,
H YYBCTBYeT Ce0s B TOUHOCTH TAKYM e HeaHaqHTeNb-
HBIM, JT0 YHM3UTEIBHO — H K TOMY Keé HEMHOTO X YT-
Kxo. Kak 6yaro y Bac 6eckOHeuHOE MHOKECTBO Apecie-
zopareneii. Bojiee TOro, ecjiM KOJHRYECTBO BCEJEHHBIX
H B caMOM JeJie GeckoHe4YHO, TO IrXe-TO CymiecTBYeT U
ayonurar Haieit BeeleHROIt, KAK OHA €CTh.

Ho GeckoHeyHa ¥ Halda HHAMBHAVAJbHAS BEeTBb
uEQIanuyu, Hama Becenennaa? He obasarensno. UH-
bagsuus He Renaer Hamy BcesleHHYIO IJIOCKOM, OHA
IIPOCTO Pa3AyBaeT ee A0 TAKHX COKPYILIUTENBHO rpo-
MaAHbIX Pa3MepOB, YTO OHA CTAHOBHUTCA HACTONBKO
ILJIOCKOM, HACKOJBKO HAM 2T0 MOXeT 6bITh HHTEPEeCHO.
Kpowme Toro, 3T0 03Hauaer, 4TO, CTPOrO TOBOPS, MaTe-
PHH B Hell He 6eCKOHEUHOE KOJINYECTRO, 8 CeOBATe -
HO, HUKAKHMX BalIHX ABOHHHUKOB He CYIECTBYET, IO
KpaiiHeii Mmepe B Hameii Beenennoit. I[Torumaere? Mul
e MOBOPHJIM — BRI COBEPLUIEHHO YHUKAJIBHEL,

Pasymeercs, HOCKONBKY MBI Ha CAMOM JieJie He BIpa-
Be C YBePEeHHOCTHI0 CYRHUTh O TOM, KaK 6bLIN YCTPOEHEI
MATEpHsA U IPABUTAUUA B EPBYI0O KPOMIEYHYIO LOJIO
CEKYHABI, BCE 3TO MOXKHO CUMTATEL He Gosee yeM ofoc-

* HOBAHHBLIMM JOTAAKAMHM.

Vl. OTkyAaa B3snack matepus?

Bepoarno, caMoe BaxxkHOe, YTO O6BACHAET HEDINA-
s, — TO, OTKYAA B Hamel BeeslenHoit B3sneA OAUH
AUMWHENI (apMoH HA MUJJIHAPA H OTKyAa Boobuie BO
BcenenHoO# Mosisunach MaTepusa. Ho cravana maMm
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HYXHO 3anONHUTE Napy upobesioB, UMeEIOIUX OTHOLIe-
HME K MATepHN ¥ aHTAMATEPUH.

Mur yyxe yIOMHHAJIH O TOM, YTO YACTHIILI ¥ AHTH-
YACTHOBI — MONPOCTY 3JI06HOE aIbTeP 3ro APYT APYTa.
3aMeTHM O MK, €CJIM KaKOH-HH6YAb MaHBAK IIPH-
MYHTCH HA KPBUIbAX HOYM U 3aMEHUT BCe KBADKH aH-
TUKBAPKAMHE, BCE 3JIEKTPOHLI IOSUTPOHAMMU, 2 BCE Hell-
TPUHO — aHTHHeHTPHUHO M Tak AaJjee? OTo GHIMKM
HA3BIBAIOT 3apAXOBO cuMMeTpreii. CorylacHO BeeMy,
Y4TO MBI BAM Z0 CHX NOP FOBOPHJIN, BCE OCTRHETCH IPeXK-
HUM. .

J{o cuX op MH He TOBOPUAY O TOM, KAKMM 06pasoM
3apAAOBAs CUMMETDHS BJIUsAeT Ha Hamy BceseHRylo,
HO BIMAHYE 3T0 JOJKHO OBITE OYEHBb CHJIBHRIM, Bedb
O4YeBHJHO, UTO BCE CAEIAHO HMEHHO U3 MaTEpPHH, a He
13 anTuMaTepuu. Kak BoiacHAeTcA, HEHTPUHO U AHTU-
HEHTPHHO He COBCeM OfHHaKOBEI. O0a BepTATCA, KAK
3aBeJleHHbIe, HO DKCIEepUMEHTHl MOKA3BIBAIOT, UTO BCE
HeliTPHHO KPYTATCA IIO YaCOBOM CTpeJIKe, a4 BCe AHTH-
HEHTPHHO — HPOTHB YACOBOM CTPEJIKH.

Ha neperlii B3raag Ka>keTcs, YTo 3TO HE UrpaeT HU-
KaKo PoJIK,— HO NOJIYYAETCH, YTO eCIIX 3AMEHHTH BCe
YaCTHIR aHTUYACTHIIAMM, DagHHUIA Bce-TaKu 6yaer.
Ho Bce MOKHO UCTIPABUTL — CTOMUT JUIIL HE TOJBKO
38MEHMTH YACTUIL! AHTHYACTHUIIAMY, HO U IOMEHATH
MeCTaMM IpaBoO ¥ JeBO. OTO Ha3EIBAETCS! YeTHOCTLHIO
WM cuMMeTpuel yetuocT. B pesynsraTe ¢11o uacosofi
CTDEJIKEe» MIPEBPATUTCS B «IPOTHB YACOBOM CTPEJIKH» 1
Haobopor.

I'naBHEIR BOIPOC: ecIi MEI H3MEHHM H 3apAJOBYIO,
M TapaJijieIbHYI0 CHMMeTpHRIO, 6yeT 1n GHU3UKa BECTH
ceba no-npemxuemy?® Ecnan aa, 3gaunT, Becenennas se

! «Mul saxozuMca B naGoparopuu um. depMu, rge sce HEHTPH-
HO BnuIy TaliHO 3aMeHeHK! KpucTaiauaMu Poaerepa. HHTEpECHO,
3aMeTHT MK KTOo-Hubysn?»
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pasjuYaeT MaATEepHUIO U AHTHMATEDHIO, N Y HAC HET HH
Majeifimiero NUpeAcTaBleHnd, IoueMy b Hamel Beesen-
HOI B H30BLITKE B TOTO K APYroro.

TyT K HaM Ha OOMOMb B OYepeaHOl pas IpUXOAAT
SKCIIePHMEHTH C YCKopuTeaAMH. IIpn BHICOKUX 3Hep-
THAX DIPOU3BOAATCA YACTHIILI MO HAIBAHUEM KaOHEl —
BMecCTe Co cBOMMM aHTHuacTuamu, ITo Goasiieit vacTu
KAOHEI H AHTHKAOHKI BeAYT ce6A OAMHAKOBO M IIPH pac-
nage o6pasyoT OYEHB IOXOXKHe HPOAYKTH. OxnaxKo
OPKMEpPHO B OXHOM CAy4ae U3 THICAYH KAOHbI HIPOU3BO-
AAT He TAKHNE IPOAYKTEI pacnaja, KaK AHTHKA0HAL. ITO

KpolleuHkilt peHOMEH — HO OH NOKasuBaer, yTo Bee-
JICHHAA Ha CaMOM JeJe paanuqae'r MaTepHuio M aHTH-
MATEpPHIO.

CyTh B TOM, UTO KakK pas B KOHLe 3MOXM BeJUKOMH
yRRbUKANUH d9Hepruy 661U ZOCTATOYHO BLICOKH, UTO-
6h1 CO34ABATH THIOTETHYECKYIO YACTHILY IOl RA3BARM-
eM X-6030H. X-6030HEI 6LIJIN OYeHb MACCHBHBI 1 GLICT-
PO pacuazanuch Ha Apyrue YaCTHILI, B TOM YHCJe HA
KBAPDKU M AHTUKBAPKH,— HO HX 6BLLIO HE IOPOBHY.
A BoT anTi-X-6030H, mo Bceil BUAUMOCTH, Ben cebsa
KaK Pa3 NPOTUBONOJOHHIM 06pa3oM, H B CpeAHEeM 3TH
YyacTUUhl B3AaUMOYHHAUYTOXKANUCE. C Apyroit cTopoHsl,
€CJIH CYNTAaTh, 4TO X -6030HS! BeJin cebsl KaK KAOHNI, TO
€CTh AHTHYACTHIIL He BCErAa B TOYHOCTH OTPAMKAIM
OBBIYHEIE YACTHLA!, 3HAYHUT, MBI ITOJYVYEIH HECKOIBKO
LOHMOJHHUTENbHBIX KBADKOB, & B KOHEYHOM UTOPE — He-
CKONbKO JIRINHUX 6apuoHOB.

Tak 4TO €CAM BHI XOTHTE CKa3aTh KpOoIIKe Bunan,
OTKYZa oH (U BCA OCTaJIbHAR MaTepusa Ro BcemerHoi)
B3SJICA, CIEAYET CKAZATH €My, UTO Bce MBI DIPOUIOIIIIH
OT HADYIIEHES CHMMeTpuu B nepsuie 10735 cexyun
sxu3uau Beceaerroli.
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VIi. Y10 npousowuno
B CaMOM Hauane BpemMeH?

Yr10-T0 BpoAe Hauana BpemeH
(t = 10-43 cexynani)

' Yem paabme MBI yraybideMcs B IpPONIIOE, TeM
CHNBbHEE pa3orpeTa Bcenennas u TeM COEKYNSATHBHEe
CTAaHOBATCA HAMMK BRIBOALI. Henbas ckasaTsb, 4TOGH
HaM OBUJIO TAK YK MHOrO M3BECTHO 00 310Xe BeJHKOM
yHA(DPUKAIAY, HO IIOCKOJIBKY MEI 3HaeM, KaK AeficTry-
IOT BCEé HETPABHUTALIHOHHEIE CHUJIIEI, KOTOpRIEe GoJiee HIn
MeHee obecneyuBaloOTCa OAHOHN enuHoM Teopmeii, yue-
HEJEe CTPEMATCA K TOMY, YTODRI cenaTs xorsa 61 oboc-
HOBAHHYIO AOTaJKy O TOM, KaKo# mosxua 6LITL BeIu-
Kad Teopus YHHPUKaHA,

C npyroit cTOPOHBI, MKl HE MO’KeM C YEePEHHOCThIO
YTBEPXIATh, UTO HAIYTIAJAK BePHEKH IIYTE K TOMY, RaxX
COYEeTATh IPABUTANLMIO C ADYTHMHU CHJIAME UIU ¢ KBAH-
TOBOI MeXaHMKON. OTH TeOpHM COBMAKAIOT HA TOM Bpe-

' MeHHOI mKajie, KOrfa BO3HMKAIH uepHBIE ABIPHI —
NpHYeM 3TH YepHEIe AKPHI GRIIN 60JIbLIE, Y4eM FOPH30HET
Bcenennoii. Henenuna? Enre Gu1. Bpemsa, o xoTopoM
MKl roBOpUM, — 370 npuMepHOo 10743 cekynp (42 Hynsa
mocJie NeCATHYHOM 3amAToi). d10 BoamebHOE YHCIO
Ha3BIBAETCH IAHKOBCKHM BPEMEHEM, U MBI HE MOXKeM
CKAa3aTh HHYEro onpeAeaeHHAOTO O TOTARIOHAX COORITH-
ax. B o6meM ¥ IjesioM 3T0 9MCIO BO3HHKAET U3 Qop-
MY -—— eCJH MEI TJOACTABJIAEM TyJAa Bce dUIHUECKHE
KOHCTAHTH! K CIIPDAIIHBAEM, B KAKOII MOMEHT COBOAaga-
10T PPABUTAI(AS I KBAHTORaA MEXaHHUKA.

Kax MBI y?Ke rOBOPHAJIH B r1aBe 4, HEBO3MOXCHOCTE
UPHMUPUTE APYT ¢ APYrOM KBAHTOBYIO MEXaHMKY H
rpaBUTAIMIO — OHA N3 HEHTPANLHEIX Ipobiem dusn-
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KH BHe cTaHAapTHO# Mozxenn. {na craaxkmBaHuA Opo-
TUBOPEYH NPUTOAATCA NOAXOARI BPOJie TEOPHH CTPYH
WU NeTJIeBOM KBAHTOROM TEOpMH rPaBUTAAY, OMHAKO
AO3HATHCHA A0 MCTHHAI MBI ITIOKA YTO HE B COCTOSHMUH.
CkaskeM, eCIU BepHA NEeTeBasd KBAHTOBAA TeOPHA Ipa-
BUTAIIMH, TO CYNIECTBYET He TOJNbKO MUHNMAJXLHAS N3-
MepUMad AHUCTAaHNUA, HO U MAHUMANBLHOE H3MEepHMoe
BpeMsdA. Bor, sanpumep, GUIBM KakeTca HeNPEPLIB-
HBIM M [JIABHEIM, IOKA He 3aMeTHLIb, YTO OH pa3buT Ha
24 xafipa B CEKYHAY,— & BADPYT ¥ BceseHHas ToXe pas-
6ura Ha KaApBI?

llaxce €CJI¥ BpeMA U IIPOCTPAHCTRO HA NIAHKOBCKUX
maciTabax ¥ He pas3bUTO HA ITMKCEAH, IIYTAHRNIE! TAM
BCe paBHO npeaocTtaTouHo. B 1955 rogy I:xonr Yuiaep
3aKJIOUNJI, YTO ECIIV B BAKYYMe IIOCTOAHHO CO3JaK0TCS
U YHUYTOXXKAIOT APYT APYyTra YaCTHIIBI, ¥ HUX HOJXKHO
GRITH 'PABHTAIIMOHHOE I10JIe. B peayibpTaTe Ha MacmiTa-
6ax MeHBIHE IJIAHKOBCKON AJMHEI la)ke HYCTOe MPO-
CTPAHCTBO AOJKHO GbITh Ge3HAEIKHO AeHOPMHUPOBAHO
¥ MCKa)keHO. YuJiep Ha3BajJ 3TO KBaHTOBOM NEHOI,
¥ ecJH BCe TaK M obcTonT (pazymeeTcda, HUKTO 3TOTO
TJIa3aMu He BHUeN), 3HAUNT, CYIMIECTEYIOT MUHEUMAaIb-
HOE BO3MOKHOE PACCTOAHNE H MUHUMAJIBHBIA BO3MOMK-
HBIH pasMep.

OcTaBUM Bce 3TO HEHAZOJTO ¥ IPOReNIaeM OGUH IIPO-
crenskuit hokyc. IIpencraBum cebe, YTO MBI ABATAEM-
¢H B [IPONLJIOE Bee Jasbliie ¥ fadblie, # NPpUTBOPUMCH,
YTO0 IpHU STOM He Hapymaercsa ofbrunas o6masn Treopusa
OTHOCHUTEJbHOCTH. BpeMs, KaK U NPOCTPAHCTBO, MO-
JEeT CBEPTHIBATHCA M CKJIAJLIBATBCA caMoO Ha cebs.
HWnaue rosopsd, corjiacHo ofuieii TeopUu OTHOCHTENb-
HOCTH, HHUKAKoOro «10 Bonpnioro B3preisas He 6bLIO.
Boapmiolt Bapeis co3nan Beenenryio, B TOM yYHCie u
BpeMsA. DTO BCe PABHO UTO COPAMIMBATE: «A KoiJa cTo-
nmse Ha JOxHOM nmosrioce, rjge TaM or?»
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Boabwod t3pwie

DTO HECKOMBKO CMYINAET — XOTA MK HPEeCHOKOHNHO
3asiBMJIM, YTO TKAHb NPOCTPAHCTBA PACIIHUDAETCH,
4 MaTepyio MOYXHO CO3JaBaTh H3 HHYEro, HO B 000MX
CAYyYasx OT Yero-To OTTANIKMBaIHCh. Jlaxe npu HH-
daanuu, korga pasmMep BceneHHO# yBenmumBaicsa
B HEIMOBEDHOM TeMIle, BCE PABHO IPHINIOCH HAUM-
HaThb ¢ HeBOJIBIIOro yYacTKa ¥ IpeACTaBUTEL cebe, 4TO
oH 6bln oueHk moAaTAMBHIN ¥ MArkuii. Korga Mot coa-
JABAJIM YACTHILI, TO HAYAJH C 3HeprUHM. B pesyarTa-
Te, KOrja MBI FTOBOPHUM O ¢CHHTYJAAPHOCTH» BOABIIOTO
B3phLIBA, BO3HHKAET UCKYHIeHUe NpeiCcTABHTHL cebe
Bcenennyo B eJroM Kak COBCEM KpOIIEYHKIA M O4eHb
NJIOTHRIH KOMOYeK, KOTODKI B3 ¥ B3OPBaJica. Bena
B TOM, YTO 3T& XKAPTHHA HNOJHOCTBHIO PACXOANTCH CO
BCEMW HaNIMMU NO3HARUAMH B Gusuke. a 1 Mogenu
co3aHusa Bcesennoit 13 6eckoHeYHO Malloil TOYKH
Yy HaAC HeT.

Ha caMOM ze/le MEI IPOCTO He 3HAEM, YTO GLIJIO AO
3TOr0, IO3TOMY U COPAIIMBATE YV Hac He CTOHUT. Jla-na.
He 3uaem, 1 Bce TyT. Hy 18180, €ClH BRI TAK YK Ha-
cTavBaeTe, MOMEM BLIABHHYTH HECKOJNBKO AOrafloK.

VIil. Y7o 66110 A0 Hauana?

He 6yaeM neBATbess ¥ IOBTOPHM: 00IasA TEOPUS OT-
HEOCHTENLHOCTH NpeAnosaraer, YT0O HUKAKOTro ¢J0
Boasmoro B3apuiBa» He 6no. Kpomre Buanm zocra-
TOYHO 3HaTh, YTO HUKAKOT'0 BpeMeHH TOrAa He CyIIecT-
BoBaJio, OfHAKO HEKOTOPOE IPOCTPAHCTEO AJISI MAHEB-
pa y Bac ecTs. IIoCKONLKY MBI HE 3HaEM JayKe ¢ OTAA-
JNeHHKIM Nox061ueM onpeReJeHHOCTH, YTO MPOH3OLILIO
KO NIAHKOBCKOI'O BPEMEHH, ME YXX TOYHO HE JHAEM,
uTO HpOoHcXoamio Ao Bonburoro Bapuisa. Tak uiau Hea-
4ye, HAaM OCTAETCS OfHa M3 ABYX BO3MOIKHOCTEH.

11- Fonp6epr 2., Bnomxsyct Mx. 121



fases 7

1. V BecesneHEHoi# 6511 HEKOTOPHI MOMEHT Hauala —
B 3TOM cJy4dae Y HAC ocTaeTcsi G0NIbHOM BOMPOC O TOM,
YT0 HPHBEJIO K €€ CO3XAHMIO,

2. BcenenBas Gblia Bcerga —— B 3TOM cily4ae Cyire-
cTByeT 6yKBaILHO GeCKOHEUHOE KOJIMYeCTRBO HCTOPH,
K&K o HaC, TaK U mocJe.

Hu ToT HM gpyroit BapHAHT HAC HOJHOCThIO HE YIOB-
JIETBOPAET, B 004 CTABAT Nepes HaMn NPobJieMul, KOTo-
phle He no 3y6am naxe peauruaM. Hanprmep, Berxuit
3aBeT HAUUHAETCH CO CJIOR « B Hauane». CaenyeT IOHU-
MaTh, YTO MHP co3zay Bor. B TakoMm cayuae Beenen-
Haf — Hala BcelleHBAaA — HAYANACh B OUPEAEIeHHBIN
momeRT. Ognaxo cam Tocnone, Kak mpegoJaraeTcs,
BedeH. UeM Ke OH 3aHHMAaJCS A0 co3xanus Bcenen-
HOM?

OX, HY U COMEOTHUA XE BHAA AO HAUAAA BPEMEH!
11



BoAvwioir B3P0

HuuyTs He JAyymie NIpeAnoaoXuTs, 6yaro Beenen-
Hasg HYU C TOro HM C CEro B3dJa M co3jajia caMa cebs.
Toraa Hago chHOPMYIUPOBATH CKOIBKO-HUOYAS JKN3HE-
CIIOCOGHYI0 MOJiesib, 00 LACRAIOMIYIO, YTO 3aCTABMIO
BcenesHy0 Bce aTo 3aTedATh. Oco6eHHO XUTPOYMHREIHI
doryc (MaN TEeOpHIo, €CAM BaM TaK GOJIbIIe HPABUTCH)
npeanoxua B 1982 ropy Anexkc BuireHKHUH us Yausep-
cureta TadTec — OH MOKA3aJ, YTO HAHHLIE KBAHTOBOM
MEXAaHMKHU IPOJUBAIOT HEKOTOPKIM CBET HA BO3HMKHO-
BEHHME MYJIbTHBCEJIeHHOMN.

Bo-niepebix, BusleHKHH OTMETHJI, YTO eCJIU HAM HaxO
KaKUM-TO 06pa3oM J0Ka3aTh, yTo Beenennas Rauanaco
C KPOIIEYHOrO Oy3bIPbKa, CAEeAYET YYEeCTh, YTO MOLJIO
upou3oiiTu aBa cobuiTusa. Ecnn 661 nysniper 6611 10-
CTATOMHO BeJIHK, SHEPrUsA BaKyyMa 3acTaBuya Gbl ero
PACHIVPATHCA M IIOABEPrHYThHC Hadaauun. Ecnu 6u
ny3sIpeK ObIJI CJAUIIKOM MaJ, oH Gu cxnonuyacs. Ho
MmucTep Xalia B ryiaBe 2 npenojal HaM BaXKHbIH YPOK.
Koraa nmeeis fes1o ¢ KBaHTOBOM MeXaHMKOMH, BCe Npo-
MCXOIUT He TaK, XaK oxuzaercs. [TomauTe, Kak Xansg
«Cny4yaitHO» MOABJAJCA U3 KHIPH B 3emne? TouHo Tak
JKe MaJIeHbKAA BCeJIEHHAA MorJia 65l cayuaifHeIM o6pa-
30M TYHHeJAupoBaThcA B Hoslee kpyrrayo. Mogens Bu-
JNIeHKHUBEA [OPajKaeT TeM, YTO JaKe eCJ]H clesaTh «Ma-
JeHbKYIO» BCEJIEHHYI0 — CKOJIb YIOJHO MANEHBKYIO, —
TYHHEJINPOBAHME BCE PABHO RO3MOXKHO. OHO BO3MOXKHO
Ja)ke B TOM clIyyae, KOrjia BceJleHHas Boobine ne o6sra-
ZaeT HHKaKHUM pasMepoM. A KaK Mbl HA3BIBAEM HEYTO
JiunreHHoe pasmepa? Huuro.

Ho Boasnioro B3pbiBa BecejieHHAA HAXOAUIACH B Ta-
KOM COCTOSIHMH, KOTJa ee pa3Mep (YecTHOe CI0BO) pas-
HAJICH HYJII0, 8 BpeMd OhU10 HeonpeeJIeHHBIM 110 CBOeit
cyTu. 3ateM BceneHHas TYHHeMpOBaJa U3 HUYEro
B pacHIMpPAIYIOCA BeTBAMyIocsa BeceneHHyo, KOTO-
pyI0 MbI yace Bugeau. IIpobiema B ToM, UTO «HUUYTOS,
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Thasa 7

U3 KOTOPOro BOo3HHKJA Bcenmenwuas, 65110 He coBceM
BUYUTO. OHO JOJDKHO OBLJIO KAKHEM-TO O6pa3oM MOHU-
MAaTh, UTQ TAKOE KBAHTOBAA MEXAHNKA, a4 HAC NPHYYH-
J¥ ByMaTh, 4To (pusukra npucyiia BeesieHHON nMMa-
‘meutno. Henpusaruo aymaTs, 6yaTo GU3MKa CyHIeCTBO-
BaJIa o Hauaja BeesleHHOI MM, eI YK Ha TO NONLIO,
10 HAYAJIa BpEMEH.,

PasymeeTcd, 3T0 OCHOBHAA MpobaeMa 10601 Teopun
npoucxoxaeHus Beenennoit. ITonyuaercs, 4To BcA aTa
CBEPXCJIOMKHAS CTPYKTYypa SOJIKHA OLIla BOSHAKHYTD
U3 HUYETO, ¥ 3TO HE YKJIAJEIBAETCA B I'OJIOBE.

Bropas BOSMOXHOCTH TaK XXe OropuuTeabHa. Mysn-
THBCEJIEHHAA BIOJIHE CIIOCOGHA GLITL OYKBANILEHO Beu-
Hoil MUNHM 10 MeHbIIell Mepe o6nanaTh GeckoHeyHOo He-
Topueit. Yraybaarsca B GUIOCOPHIO HIH TEOJOTHIO
MBI 37ech He bynem. OfHAKO MEI BipaBse 33JaTh BOIIPOC
0 TOM, KaK ¥Ke ycTpoeHa Gecroreunas Beenennas,

CueHapuit 6ecKoHeuHOM!
MynbTUBCceneHHom N2 1.
MynbTUBCENIEHHas Nopoauna cama ceba

. Ecan xpomirky Bujuiu He yXOBJIETBOPUAM CNeACTBUA
«HayaJia», 0 KOTOPHIX MBI Y:Ke IIOTOBOPHJIM, UJIY eCIH
OH peutni, GYATO MOHAN, KyAa MBI KJIOHUM, OyzeT no-
¢TaTOYHO (Hpa3kl «MYyJbLTHBCEJCHHAA NOPOANIA CaMa
cebs», 4TOORI Pa3 ¥ HaBcerga OTBaAUTh JI060ro oT Toro,
4T0GBI NPOCHTE Y GH3HKA COBETA B CepAeYHBIX KOJJIM-
3UAX UJIH PA3bACHEHHA MO0 OHMOJIOrMuecKHM BOHNPO-
cam. '

OZHAKO HNPOHCXOXKJEHNEe MYJAbTHBCEJIEHHOI mo-
TIpe)KHEeMY OCTAETCSI OTKDPBITARIM BOIIPOCOM AJIA 06CYK-
genus. B 1998 roay k. Puuapg 'orr 1 JIu Laun JIn
u3 [IpUHCTOHA NpeAIOKUIN BePOATHEIII BADHAHT CO-
OBITHII, COTJACHO KOTOPOMY MYNBTHBCEJEHHAs BO3-
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Boabwoii Bopuis

HUKJIA U3 HEeKoero o6'bexTa, MOX03¥ero ToOJbLKO U HC-
KJIOUNUTEJHHO Ha ManmuHy BpeMenH. I'orT n JIn noka-
38JIM, YTO PelLINTh DIHIITEeHOBR ypaBHEHUSA ofmiei
TEOPHH OTHOCUTENBHOCTH MOYKHO TaK, YTO MYJILTHBCE-
JleHHasd HayHeT XOJUTh 110 3aMKHYTOMY Kpyry!, 1 aror
KPYT TMOCAYXKUT «CTBOJIOM» LepeBa, KOTopoe AaeT 1mo-
Oeru ¥ BeTBHM, MOPOYKAAA CBOIO COGCTEEHAYIO BCEJIEH-
nymwo. Ilockonsry nyuine oAMH pa3 yBHAETH, IeM CTO
Pa3 ycJblnaTh, IpHBENEM KAPTHHKY, KOTOPYIO Hapu-
copasn camu ot 1 Jlu.

U3 paGornt F'orra 1 JIu (1998)

TpakToBaTh 3Ty CXeMy HYKHO cjefiyIomumM obpa-
30M: 110 60abIIEH YACTH BpEMA UAET CHU3Y BBEDX, 1 BCe
HaunHaercd ¢ 6ybauka BEu3y. TawoBo npomcxoxkge-
HHe MYJALTHBCEJNeHHOo#. OTo 3HAYHT, YTO Hadala
Y MyJbTUBCEJIEHHOH He GhING, ITOCKONBKY KPYTHUTBCSH
o TIeTJIe MOKHO 6eCKOHEeYHO.

A crenoBaTeNbHO, MBI BIIPABe F'OBOPUTE O «BPEMEHHU
nociye Boasmroro BapriBa» KaK 0 BpeMeHH, KOr/a neT-
ns nana nober B Gyayuniee ¥ poaniach HeKan BCENeH-
Haa. KpoMme Toro, Brl 3aMeTUTe, YTO OT IIEPBUYHOM Bpe-
MeHHOH! NeT/IN OTXOAUT He OZHH POr, a HeCKOJIbKO., 370
HOJIHOCTBIO COOTBETCTBYET C IpeJcTABICHNEM 00 HH-
basnun MyasTHBCEJIeHHON, ¢ KOTOPRIM MEI yXKe 3Ha-
KOMEI.

! Bpoge Ina cypka.



Thaga 7

Cuenapui 6eckoHeuHoOR
MynbTUBCENeHHOM N2 2,
3710 He nepBas BceneHHas

CyuwecTsyeT BEpOATHOCTh, 4T0 Bcenennas Morna
B KOHEYWHOM HTOr'e CXJIONHYTLCA U BIIACTD B KOJLIAIC, —
3TY BEPOATHOCTb MEI 06CYZUNIN 1 NPAKTHYECKH Cpas3y
ormenn. C Hamell HEIHeNIAEN TOYKM 3peHNUs, nogobnas
BepCHs IPURJIEKATEIbHA HOTOMY, YTO ecan 661 Beesren-
HAS OKOHYHJIA CBOM JHU «6OJBINUM XNOOKOMS, XeJIo,
BepPOATHO, 651710 6Bl B TOM, UTO MYJLTHBECEJICHHAA —
3TO BCEro JHIUG II0CJEIOBATEJILHOCTL PACHIMPEEYH U
CHRaTUil, KoTOPAas AJIUTCA BEYHO, X Hama Bcenernaa —
BCEro JIMIUb OXHO 3BEHO B GeCKOHEYHOM Lenu.

Heyraaka (nomumo Toro dgakra, 4To Bo BeejieHuo#
HE XBATHUT BEeHIECTBA JJIs HOBOrO KOJIJIANCA) COCTOHT
B Gecnopaake. Kax MEI Bugienu B raase 3, Becenennas
mobur 6ecriopsiiok. Ecasy Br korfa-HUGYAb CTPOHIIH
6amHIO M3 )KECTAHBIX 6AHOK HM3-IOJ JUMOHAaKA, TO
3HaeTe, YTO eCTh TOJBKO OAHH CHOCO6 UX CIOKHTH ~—
OZHY Ha ApYrylo, croliMd, BepTHKaabHO. Ho ecau pas-
PYWHTH Gamn”, 6aHKY PACKATATCS Kak ponajio. Paa-
BaaUTh 6AaIIHI0 N3 6aHOK MOYKHO KyJa Kak GOJbIIAM
YHCIOM CHOCO60B, UeM MOCTPOUTH, H C TEYCHUEM Bpe-
menu BeeneHHas HAXOAUT CIOCOGR! pa3pyIINTD U APY-
rue bopMul mOpAAKA.

Ecan rama BeceneEEaa — pesyanTaT IeJoil cepuH
PaCIIMPEHUH U KOJIJIATICOB, TO Halll « Bosmnioi B3pEIB»
IFPOM30LIE] Yeped MUJIJIMAPAK! ¥ TPUJIIWOHLL JIeT 1O-
cjie HeKOero «Havasa» (& OHO OTKYZA B3AJIOCHh U HoYe-
MY IPHKJIIOYNJIOCH?), TaK UTO Ha HaBeJleHHe GecropAaa-
Ka OBLJIO CKOJIBKO yrofHo spemern. Ho ocoboro Gecro-
pAAKa Kak-To He HaburoxaeTrcsi. Bojee Toro, ucropusa
uameil BecesenHoit 6hl1a ouenb raagkoit u ynopsmo-
yeHHOH. OTBET He cxoAUTCA,
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BoAvwoid Bipuit

Onuako B mocjiefHME TOXH DOABHIOCH MHOTO APY-
I'MX INKJINYECKUX MojeNeill, KoTophie 06ecTIeYnBAIOT
cymecrsoBaHue BeuHoli Becenennoit. B 2002 roay ITon
Ireitaxapar na [IpuscToHcKOrO YHUREepcUTeTa  Huu
Typok u3 KemOpua:xa NpaAgyMaN® MOAENb, IKCOAYA-
THPYIOIYIO JOMOJHATENbHbIE M3MepeHHA M3 TEOPHH
crpyH. Kak Mui Bunesnu B riaase 6, Teopus CTpyH Ipea-
nonaraet, 4To Hana BeesleHHAsT, BO3MOYKHO, BoOO1Ie He
TpexMepHas, a 06/1a1aeT 1[eJTEIMM AECATHIO IPOCTPAH-
CTBEHHLIMM H3MepeHUAMH. A Haiua BeeslenHasa sxuBeT
Ha TpexMepHo# «6paHes, KOTOpaAA NJIBIBET IO MYJb-
THBCENIeHHO!, He B3auUMOAeHCTBYH C APYIMMM BCENeH-
HBEIMH. “

OaHaKoO rpaBHTAaOMORHO padHHe 6paHul (TO ecTh
paaHkie BceNleHHRe) B3auMOAeHcTBYIOT. B aTOM MOje-
JIM TeMHaA dHEPrHs, KOTOPAas ycKkopseT Beenennyio, —
BOBCE HE OTAENLHOE ABACHUE, & NPOCTO OCTATOK MPABHU-
TAMOHHOrO NPUTSIKEHUA MexKy 6paraMu!, a TeMHas
MATEepHs — NPOCTo OGHIYHASA MATEPHS Ha coCeAHeil
6pane. CnyuaeTcd, 4yro 6paHEl CTAJIKWBAIOTCH, OTIETO
M OPOUCXOARAT «GONBIIIMe B3PHIBBI» B IIpejeiax pas-
HBIX Opan, a 3aTeM BCe NPOMCXOAUT TAK, KAK MB! yiKe
BHAEIH. -

3TH MoZAeJI¥ Heo6RIUaHO 3/IeTAHTHEI, K TOMY 3Ke 06-
JIafialoT RONOJMHUTEILHRIM TPENMYINECTBOM — MM He
HY»Ha UHGIANNA, 9TOOb! 06BACHUTD NPOOIEMEI NJIOC-
KOro Mupa u ropusonra. Kpome Toro, npoGnema syse-
Ju4YeHHAA GecnopAKa» peIlaeTcsi COBEpIIeHnHO H0-HO-
BoMy. C KAMAKIM IIUKJIOM GPaHL! CTAHOBATCH Bee Bonee
3JIACTHYHLIMH, & 3TO 03HA4aeT, 4To Gecropasok pac-
MpoCcTpalfAeTCH 0o Bee 60pieMy ¥ GonbliieMy 00beMy.
OpHako KPOUIEYHEIH# JIOCKYTOK, KOTOPBIH MEI HA3LIBA-

! ¢«['paBUTANHOHEOE NPUTAKEHNE MEXKAY GPAHAMHY TACTO HA-
SRIBAIOT «MI060BBIO» (0COGEHHO B HaYyTHOM coofnrecTse, TAe HHKTO
HE OpUAaeT 3HAYeHHS BRelHel kpacore).
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Taasa 7

eM Haiue#t BcesenHoi, — Bcero JUmb KJAOYOK 6paHbI,
MO3TOMY MAI ¢ KAYKALIM NOBTOPEHUEM HAYHHAEM NOYTH
YTO C HYJS.

3BYYUT BEJMKOJEIHO —— HO BeAb BCE 3TH MOAEIH
TpebyioT, 4TOGR TeOpHUA CTPYH OKa3aiack BepHOii, a o
ATOMY NOBOAY MHEHHUS, IPAMO CKAXKEM, PACXOAATCSH.
EcTs MHOXECTBO YCJAOBUI, Npu KOTOPRIX Beenenrnas
cnoco0HAa NpeTeprneTs YepeRy CKATHi 1 pacuInpeHui,
¥ TEODHS CTPYH — JHUIMIb OJUH BAPHAHT U3 HECKOJIb-
kux. Ecyin BepHa neTsieBasi KBAHTOBAA TEOPUA IDABH-
Tan¥H, HAIPHUMED, TO HPH IIOMKITKE TOCMOTPETH KUHO-
xpoHRKY Becenennoit Be ORI 3aCTPSAIY B INAHKOBCKOM
BpeMeHY — BcejieHHasA OYKBAJILHO He B COCTOAHWNH
CTaTh MEHbIIE M MOJIOKe, YeM Torjga. B peayiantaTte
BpeMA aBRTOMATHYecKH obpaTuTes BenaTs. URave roso-
PA, €CTECTBEHHEIM pelIeHHeM BceX npobaeM 6pLIO OH
npeAnosoXeHne O TOM, uTo Becenennaa BeuHa.

B xoHeuHomM urtore Teopua Boasiroro BapeiBa o6aa-
AaeT TeM K€ OCHOBHLIM HEJOCTATKOM, YTO I TEeOpHSA
spononuu. O6e IpaKTHYECKY HXealbHO ONNCHIBAIOT,
Kax BecenenHas (MM XH3HL Ha 3eMJe) MEHANACH 11O~
che 3apoKACeHRA, HO EM TA HE Ipyras He B CUJaX 006k~
ACHNATB, ¢ YeTO Bce HAYaXOCh. Hesb3ss BHHUTH TEOPHIO
B TOM, YTO OHa 00'bsicHsIeT He a0COJIIOTHO BCe, HO 9TO HE
oTMeHfAeT NpHpoAHo#l nwbosdHaTenbHocTH. OTBET HA
BONPOC KPOLIKM BUIIK MOMET 3aKOHUKUThCS CJIOBAMU:
«/ 0TKRYZA THI B3AJICS, MBI TOXKE HE SHAEM».
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Ecmb An xuznb
Wa gpuiwd WAGMEmAY

¢n3nxau YACTEHBKO NPUXOAMTCA CTAJKHBATHCA
€ CAMBIMHY r'OJIOBOJIOMHEIMH ¥ TPYAHBIMH BOTIPO-
caMu. MBI yKe IOrOBOPUJIU O HAUYAJIE BpEMEH, O KOHIe
BpeMeH ¥ 060 BceM, UTO nocepeaxe. Mul BOSHIIUCE C Or-
POMEBIMM KYCKaMH IPOCTPAHCTBA ¥ pa3éupasiuch, OT-
Ky#a Geperca MaTepus. O6Cyxaad KBAHTOBYIO Mexa-
HUKY, MBI ia’Xe HeJOBKO MOBEPTENH B PYKaX OTBETHI
HA I'MaBHBIHA Bompoc ¢durocodpuu — Boupoc o csoboze
BOJY M JeTepMHHEMN3Me. Bce HAIK PA3TOBOPEI OTJIMYAET
onpejesyieHHEI OTTeHOK CTPAHHOBATOM KYTH, B caMasd
6esonacHas HAyYHasd HONHTHKA 3a4aCTYIO OKA3bIBaeT-
cA TaKoi: CMHPHCH, CKJIOHU I'OJIOBY, IIpo6eiicsl CKBO3b
BBIYHCJIEHUS ¥ DOCMOTDH, YTO Y Te6s OJIYUNTC, a Io-
TOM 3arJisiHM B OTBeT!.

B 10 ke BpeMs B 06ImecTEBeHHOM CO3HAHNM YTHe3AM-
JIOCH PAcNpOCTPaHeHHOe Mpe/CTaBIEHUE O TOM, 4YTO
ecnu xymath o @uanuke B MaciaTabe Beenennoii, mosxno
TMOHATH YTO-TO BasKHOe U 0cOGeHHOe B MOAJINHHOI npH-
poZie peasbHOCTYU WM Pa3ofparhbcs HaKOHeN, OAHA JU
MH Bo Beenennoii, Koraa dejloBery 3aaroT Takue BO-
IpoOChHl, OH 3aNMUBAETCA KPAaCKOM M BCOOMHMHAET, 4TO
enie He MPoBUJICA CKBO3b BrIuuCcHAeHHA. OT KpynHBIX
230TepPHUECKHX BOIPOCOB TAK IIPOCTO HE OTMAXHEHIb-
cs1. Kax nasecrao, HeioTod 6111 1 Besingaitmum pusn-
KOM CBOEro BpeMeHH (a TO M BCEX HPOYMX BPEMeH),
U y6e:xIeHHBIM XpUCTHAHNHOM. B mpoMekyTKaxX Mesx-
ny uzobperenreM PUIMKU U MATEMATHYECKOTO aHAJU-
3a Yy HEro OCTABAJIOCH ZOCTATOYHO BpEMeHHM Ha TO, YTO-
66 MOPA3MBLICAUTE, CKOJLKO AHreJIOB YMECTUTCA Ha

"

1K cOXaNeRHI0, B KOHNE KHUMM, KAK npasH.ro, OPHBOAATCA
He BCe OTBETH!, A TOJBKO Yepes OAHH.
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Wnomaanemang

KoHuMKe uranl. Mcnonssoranue GUIUKHU AJIA PEIIEHUA
HedH3UUECKUX 388U — LPUEM, UMEINUI claBHOe
NpoLIoe, & 3HAYMUT, €CJIH HAC CIDPOCAT, BEPUM JIM MEI
B MHOILIAHETAH, HeJOCTATOYHO IPHKHHYTHCH AYPAdKa-
Mu. Hazo OpuKHHYTLCS YMHUKAMH,

. Hy u rae oHn BCce?

Haurem ¢ oueBugHoro. Eciin BONpoc He OTHOCHTCHA
K dpH3UKe, 3TO BOBCE He 3HAYHUT, UTO HAM HEJIb3A BBEp-
HYyTH B Geceny napy-TpofiKy OCTPOYMHEBIX penjiuk. Ha-
npuMep: «Bul1 11 ¥ Ha¢ XOTh OAMH KOHTAKT C MHONAA-
HeTAHAMHAT »

IIpocTeitminii 0TBET — MOCKOJABKY MEI He CTOPOHHH-
KH KOHCIIHPOJIOTHYECKMX TeOpHH, 4 CIeKOBATEAbHO, HE
BEPHM B 3aKPBIThIE ¢30HKI» KOHTAKTOB, TO TBEPAO yBe-
PeRkRI, UTO Ha 3eMJie HH pa3y He TepneJ KpymieHne Ko-
pabias npumensues. KoneyHo, HaM XoTenock Obl B 3TO
BEPHTb, HO BCE PABHO, €CJIH OKAMKETCA, YTO HAC HOCe-
O{AJIH MHOIJIAHETAHE, MBI CHIbHO YAUBUMCH.

Yesi0BeHE€CTBO OTIPABASAET CATHAIIK B KOCMOC BCETO
Tonsko 60 ner. Unonnanersane He crajin Oml nocemars
Hac, ecan 61 He 38CEKJIM MOJO3PUTEJIbHbBIe CUTHANKL
¢ 3eMJIH 1 He 3aXOTEJH B Pe3YJIbTare NpOBEPUTDH, OTKY-
& OHY HCXOAAT (XOTHA 2TO KeJIAHUe, BePOATHO, Yracio
611, ec1u GLI OHM CYMeNy OCMOTDPETE NepeXBadeHaAbIe
Tenenepegayu). Eciau NpefloNoKUTE, YTO OHA OTHpaE-
BHJIVCH B IIYTh, KAK TONLKO 3aCEKJAY CUTHAJILI, BCE PaB-
HO ROGPATHCA IO HAC OHM OBl CMOTJIN ¢ MAKCHMANLHOM
CKODOCTBIO YYTh MEHbIIe CKOPOCTH CBETA.

HNronaawersaHe, KOTOPhIe MOTJIH OGR! HAC TIOCETHTD,
JOJIKHE] JKUTH HA PACCTOAHIH 0K0JI0 30 CBeTOBHIX. JIeT
oT 3eman. B npesenax aToro paccTOAHNA PacnoyoKe-
HO oxoso 400 Takux 3Be3q, HO A0 CUX TOP y HacC He
6BLJI0 HUKAKUX NPAMBIX JOKABATEJILCTB, UYTO YV KaKoii-
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¥ mena gmom Homep

MO AfM BAAREMCA,

. UWMEPECHO, OH St
qeﬁons»‘tm’#

BU0YXb M3 HUX €CTh IJIAaHEeTHI, NOX0XHe HA 3eMII0, He
roBOpsi yiKe 00 obnraeMuix ¥ TeM Gosiee — HaceJIeHHBIX
pa3yMHBIMK cyniecTBaMu. BoJjiee TOro, mocKoJbKY
HAIUM CHUTHaALl HeoObyailigo canabel, efBa AH KaKasg-
HUOYAbL HHONJIAHEeTHAA NUBHJIM3ANUA 3aMeTHJA Obl
Hac, ecJiu OB Jae XoTenaa.

Oauaxko BcenenHas Tak BeJlWKa, UTO BO3HUKAET
YYBCTBO, OYATO B Hell JOMIKHBI HAUTUCH U IpPYTUE LU-
BUAN3ANUHK. JHPUKO DepMU, OJUH M3 BeJUYANIIKX
¢pu3ukoB XX Beka, chHopMyaUpoOBaJ OCHOBHYIO TIpO-
Gaemy ciiegyoniuM o6pa3oM: TOJIBKO OpeacTaBbTe cebe,
* cKoJbKO BO Bcenennoit 3sean. EeTb Bce maHCHI, UTO
Ha HEKOTOPHIX M3 3TUX 3Be3J] 3aPOLMJIACh M PA3BUJIACD
pas’yMHASA KH3Hb — €CIM TONLKO Hama 3eMJd 1o Ka-
KOM-TO HENIOHATHOMH HPHYHHE HE OKA3AJACh COBCEM YK
yHUKaNbHON. 378 pasyMHas KHU3Hb BIOCIEACTBUU —
M 3TO IAaBHOE — PacIPOCTPAHRUTCS Ha Apyrue ILJIaHeThl.
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Eciu MO)XHO XOTb B KAKOI-TO Mepe IoJIaraThca Ha Hal
3eMHOH ONBIT, NIOAN (NN UHONNAHEeTAHe, NOoJ06HEIe
MI0AAM) CTPEMHTENLHO 3ACENAOT KaM bl 061TaEeMUIiA
yroaok. Pa3 Bcenennasa Takas ¢cTapas, OHA, Ka3aJ0Ch
651, fomxHa ObITh GUTKOM HabuTa pasyMHBIMU cynie-
CTBaMM, ¥ MEI GBI Y2e CTO pa3 C HNMU IIPOKOHTaKTHPO-
Banu. Kax ckasan ®epmu: «Hy u rae ouu Bce?»
®epMH JOCTATOYHO BOJBHO ofpamanca ¢ nmudpaMu
#, BEPOATHO, MHTAJ YPe3MEPHEIH OITHMH3M IO IOBOAY
MepCHeKTUB ITyTenecTBN i CO CBEPXCBETOBOM CKOPOCTEIO
H KOJICHU3AL MY APYIrUX raakTek, OgHaKO HapafoKe
®epMu 3acTaBidAeT HAC NPHMEHHTh HAIUIW NO3HARMA
B Gu3MKe U ACTPOHOMUM, YTOOKI BEHIYUC/INTDH, KAKOBa
BEPOATHOCTH, YTO re-To Bo BeesleHHOI ecTh HHOILIAKE-
TaAHe ¢ Guserom g0 3eMau B kapMmaHe. ViTak, KaKOBbI
1IaHCHl, YTO B Ralleil FajlaKTHKE eCTh ApyTrre pasyMHEIe
CyLIecTBa, YYATHIBAA Bce, UTO MBI 3HAEM O Hei?
CaMBI# IPOCTON MOAXO0A — AOJTIO U [10 MHOI'Y Pa3 Ha-
6/1104aTH MHOYKECTBO COCEAHMX 3Be3n, B mpuHnune,
CBEPDXIHBMAN3AINA, KOTOPAA XOUET pa3peKjiaMmupo-
BATh BCEMY MHPY CBOe CYILeCTBOBaHMe, NOChHLIANa Gl
BO BCE CTOPOHBI PAAHOCHTHAJEI C PACIIO3HABAEMBIMU 3a-
KOHOMEPHBIMH TIOCJIEJOBATEIbHOCTAMM YHCEN, YTOOR
Apyrue pa3dyMHbie HUBHIN3AINH MOIJIH X 3apETHCT-
PHMpPOBAaTH H paciuudpoBaTh. MBI He TAK PA3BHUTHI ¥ IOKa
YTO MOYKEM JHIIb NPHMHKUMATH CUTHAJIBI — HAM HE I10
CHJIaM Da3BUTH TAKYIO MOOIHOCTb, YTOGHI HOCKLIATE WH-
topmauuio k apyrum 3sesnam. Ecanu aror cnenapuit
BaM 4eM-TO 3HAKOM, HEYAHBUTENBHO. ITO I'IABHHHA
npununn pomana Kapna Carana «KontakT», Hanucan-
“Horo B 1985 roxy u BmocneACTBAN SKPAHH3NPOBAHHO-
ro,— NOJAYYUJICH oOTMeHHbIH! duabMm ¢ Jxoau Docrepl.

1 Oava M3 MHOTHX CJY4YAeB, KOTA& KMHOMHXYCTPUS HOMOIJA
2cTpoPUHUECKOMY COooB1IecTBY, IPEANONIOXUB, GYATO Hama naa-
HETa HACEJeHA NPEXOPOMIeHEKNMY CEKCAMIBHBIMM TaMOYKAMH.
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XoTsa BCe 3TH PA3TOBOPHI 0 KOHTAKTE — He 6osee
YyeM MEUYTh!, HayKa, KOTopas CTOMT 3a MOMCKaMH BHe-
3eMHBIX LNMBHJIM3aLUil, OUEHb M OYEHb Cephe3HA.
C 1960-x rojoB CylIecTByeT BeChbMa aKTUBHAA MCCJe-
JAOBATEJILCKAA rpynna noj HasBarueM ¢«[loucku BHe-
3eMuaoro paayMas (Search for Extra-Terrestrial Intel-
ligence, SETI), nenu xoTopo#l I0JHOCTHIO ONMUCAHBI
B HaBBaHHKl. He XOTHM BacC OI'opyaTh, HO HOKA 4YTO I10-
HCKH BHE3eMHEBIX MMBHJIH3ANUHA He HNPUHECHH HHYEro
TAKOro, O YeM CTOMJIO ObI paccKasaTh NPHUATENAM 38
YyaurKoi yasa.

Mo1AU Ob UHOWAAHEMAHE WOCEMUMD
Hac, €cAu dn xomeaul

Mpencrasbre cebe, 4To Korpa-Hubyas SETI o6HapyxuT
BHE3EMHYIO LIUBUNM3AUMIO, @ OHA — ypa! — OKaxXeTCst
y Hac BykBanbHO Ha 3aaHem geope. Npeanonoxnm, Mit
3aX0TVM NOCNATbL 3KCNEAKLMIO K HUM Ha Antbdy LieH-
TaBpa, KOTOpas HaxoauTca npumepHo B 4 (Hy, 8 4,3,
HO 3TO MeNioYu) CBeTOBbIX ronax ot 3emnm. Moxem nv
Mbl 3TO caenars? Ha caMoMm aene, KOHEYHO, HET, HO He
NpOV3OAAET HUYErO CTPAWHOIr0, ECNM Ml NOCMOTRPUM,
4em HaMm MOrna Gb NOMOUL UHXEHEPUA Hay4YHO-daH-
TAaCTUYECKOro ToNKa. C

Aeuratenein aedpopmauurn NPoOCTpaHCTBa Ana nyre-
LIEeCTBNI CO CKOPOCTLIO GoAbLLE CKOPOCTU CBETA Y Hac
HET, NOCKONbKY 3T0 MONHAS Yywlb, U Mbl He GypeM paxe
3aTeBaTb Pa3roBOPbL 0 TOM, KaK HENPakTU4HO Gbino Gb!
yCTpaneaTb KpOTOBYIO HOPY. KpoMe TOro, MrHOBEHHO
pa3orHartbes 40 99% CKopocTU CBeTa Ml Bl He MO,

! Hexoropoe BpeMs 3TOT OIPOSKT He HOJY4ast OpaBHTeNLCTBeR-
HOlt mopzepskku, nodroMy ¢ 1999 roga onypaerca Ha NOMONIL OT-
AeNLHBIX NOMb30BaTENEH KOMIBIOTEPOR, YTO6H OPOKAYHBATE KO-
JI0CCAAbHRBIC 00/heMbl JAHHEIX , OJYYSHHLIX € TASCKONOR, Ecan Brl
TOMXE XOTHTe noModk, nocMoTpuTe B-UnTepuere SETI @ Home.
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Daxe ecnu Oul o6naganit COOTBETCTBYIOWEN TEXHO-
norueii: Hac 6bl paamazano neperpyakamu! Ckaxem,
Hall 3Be300A1eT Pa3roHAETCH C YCKOPEHUEM BCero
B 1@, TO €CTb € yCkopeHueM cBo60AHOIo NaaeHns Ha
3emne. Byaem netetb ¢ NonHbIM KOMPOPTOM. {lepsyio
IONOBUHY NYTY HAc 6yaeT TAHYTL K KOpMe 3Be3A0N1eTa,
Ho 6naroaapa TeMnam yeKkopeHusi iCKyCCTBEHHas rpa-
BuTauua GyaeT kasaTsLCca BNoAHE 3&€MHOn. BTopyio no-
NOBMHY NYTH, KOrAa Mbl BGyaeM 3aMeansTLCs, «<HU3OM»
CTaHET HOC kopabns. EcTb ewe Bonpoc sneprum. Jaxe
ecnn 6 Haw 3BE€340NeT COCTOAN U3 0AHON KabuHbl,
B KOTOPOM xBatano Oul MeCTa TOJILKO Ha OQHOrO Ye-
noeeka', 4yTobb pPasorHaThCa N0 HYXHOW CKOPOCTW,
noTpeboBanoch OGut CTONBKO 3HEPIUKU, CKONLKO NO-
Tpebnaot sce CLUA 3a Tpu mecsua.

Ho ecnu ot6pocuTs BCe 3T Menkue TexHuieckue
TPYAHOCTH, CMOXeM Jit Mbl 06paThca A0 anbdbl Lien-
Taspa eile Npn Haeh Xuanu?

Moxanyicta. ONyCTUM BbIYMCNEHWUA Y CKAXEM, HTO Ha
nepeLI CBETOBOM rop yvaeT Bcero oxono 1,7 roaa,
aHa BTopoin — npumMepHo 1,1 ropa. Ha nongopore mul
Gynem neteTh CO CKOPOCTLIO 94% cropocTu cBeTa. Ko-
He4YHo, B 3TOT MOMEHT HaM Hapo ByneTt sameannuThes
¢ yckopenunem 8 1 g, nHave Mol npubyaem K MECTY Ha-
3HaYeHWR C OKONOCBETOBONW CKOPOCTHIO U Pa3obbeMc
B neneluky. B uenom nyrtewectaue 3aitMeT oKono
5,6 ropa. [Ins Hayyson dpaHTacTMku uudpa He cnvi-
KOM BrieHaTAsioWas, Ho ONpPeaenerHo peansHas?.

Ho ecTb OAHa TPYRHOCTL: Bpems, NPOBEAEHHOE B KOC-
MOCe,— 3TO BPEMSA, KOTOpOe OTMEPSIOT Hawu Apy-
3b8, OCTaBlLNECH Ha 3emne. Kak Mbl Bugenu s rase 1,
KOraa Mbi MYTEWeCTBYEM CO CKOPOCTLIO, COCTaBNSHO-
Wei owyTUMYIO I0NI0 CKOPOCTY CBETa, BPEMSA 3a-

! B o6iem, NyTelecTBue 3KOHOM- KITaCCOoM.

2 Cepun 4182: 6eccTpaiuHan kOMaHaa HakoHew, 3akaHunBaeT
napTiio B «<MoHononnio», Ha4aryo 8 cepun 1205!
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meansetcs. CornacHo Yacam yneHa skunaxa, nNyTb

_3aiimer Bcero 3,6 raga — MeHblue HeThipexneTHero
MUHRUMYMA, KOTOPbI MOXHO Bbino 6Ll oX1AaTh, ecnu’
y4ecTb, 4to Anbda LieHtaspa HaxoouTcst B 4 CBETORBbIX
roAax oT Hac. [la-pa, Mol He OwKnbAnck: Mbl Gyaem ne-
TeTb CO CKOPOCTbIO MEHbLUE CKOPOCTY CBETa, HO Ha
TaKoit FPOMaZHOR CKOPOCTY UCKAXKAIOTCA U MPOCTPaH-
CTBO; ¥ Bpems. M3-3a addexta paclumpeHns speMeHi
Mbl, B NpyHLUMNE, ycnenu Gl 3a CBOIO XU3HbL A0NETETL
u no 6onee panekuvx 3se3n. Bepa B ToMm, 4TO ANs BCExX
OCTasIbHbIX BPEMA MOET KakK NMONOXKEHO, U OHU, Bepo-
ATHO, HE CTaHYT HAc AOXUDATLCA.

Crout I OUTATH HagexAn? depMU, OUEBHAHO,
CYMTAJ, 9TO 78, HO OH 3aKJIOYMJ, YTO IIPHINEJbILbI
npuietTaT us aoboil ramakTuxke Bo Beeneraoit. Beuo
611 peanucTUUHEe TONATATECSA TOJNILKO Ha Hamy [anak-
THKY. MBI MO2KeM OHepeThCA HA T€ CTATHCTHYECKUE
BBIKJIAJKH, O KOTOPBIX CTOJABKO FrOBOPMJIM, YTOGEI IOA-
CUUTATH, KAKOBA BEPORTHOCTH OOGHADYKHUTHL BHE3EM-
‘Hy1I0 nuBAIu3anuio. ®psuk Jlpe#k, ofmH H3 OCHOBATE"
neit SETI, B 1960-x rogax chopMyABPOBAJ BEPOATHO"
CTHRINH NOAXO0A K TOMY, JKUBYT JIH B nameﬁ Tanaxtuxe
pa3yMHue UHONJIAHETAHE, :

YpasHeHue [Ipeitka nepenncHBaloch CAMEIME pas—
HbIMH cnocofaMu, OAHAKO | B IpocTeiimeit popme oHO
IO3BOJAET YUYeCTh BCe Te OrPAHMYEHHA, KOTOPHIE Ha-
KJIaAbIBAaIOTCS HA Pa3sBHTHE Pa3yMHOIl LUBUIM3IANMHM,
¥ [IePEMHOMKUTH HX.

1. CKoJBKO B raJIAKTHKE 3Be31 7

2. Kakag ux gonsa obragser nidHeraMu?

3. Ha xaxoii qos1e IIaHET BO3MOYKHA JKUSHDL?

4. Ha xaxoit foJle 3THX IJAaHET XH3HL U B CAMOM
Jlese 3apoAUTCA?

5. Ecam TaM pa3sBRIach JKU3IHL, KAKOBA BEPOAT-
HOCTbB, UTO OHA B KOHIIe KOHIOB CTaHeT pa3yMHO?
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6. KaxoBa BepoATHOCTH, YTO 3TA PASYMHAS KU3Hb
peInT TPAHCIUPOBATE B KOCMOC CHIBANK O CBOEM CY-
mecTBOBaHMN?

- 7. CKOJIbKO IPDHMEPHO NIPOCYULECTBYIOT TAKUE LU~
BUIHBAIH? .

Ha mepBhle HECKOJBKO BONMPOCOB MOXKHO OTBETHTh
BIIOJIHE TOYHO, HO KOr'Zila MK jofepeMca J0 HHKHek
YACTH COHCKA, OCTAHETCH TOJNBKO CTPOUTE JOTAAKH —
npnueMm HeoGocHOoBaHHEIe. OZHAKO MH ¢ OMOIBIO
OpyAMil CBOETO peMecsia CYMEEM cAenaTh BIOJHE TO4Y-
HEIe OLEHKH.

HavHeM ¢ caMoro JIerKoro gonpoca — ¢ nepsoro. Or-
BeT Ha HEro BOOJIHE II03BOJAAET AYMATh, 6yATo B 'anak-
THKe OYeHbh MHOIO pasyMHO# xu3HH. Bexs B mrameii
raakTHke Miaeursrit ITyTh umeercs oxono 10 munm-
‘apIoB 3Be3jl, 4 CPEAHASA 3BE3/[a JKUBET NeCATKN MUJLIHU-
apaoB JeT. Kaxasiit rox 3a BpeM# CYIECTBOBAHNSA Ha-
weit F'anaxTuku B cpesueM obpasyercs 10 HOBBIX
3Be3JT, ¥ KaKAafA 38e3/[a — 3TO BOSMOKHOCTL 3apoiKJe-
HHs HOBOM musuausanuu. OfHAKO MBI He 3HaAEM, Yy Ka-
KOTO KOJIMYECTBA 3Be3l NOABATCA COJHEYHBIE CHCTEMBI
BpOJe Hanieii, A MK COBepHIEHHO TOYHO 3HAEM, 4TO
0601 KUY HYIKHA NIaHeTa, KOTOPYIO MOXKHO Ha-
3BATH JOMOM.

I1. Cxonbko cywiecTeyeT nnaHer,
npurogHbix ong oburauma?

B Te BpeMena, xorza 6b1JIa OCHOBaHA OPraHH3aNIAsA
SETI, M1 35aJ1M 0 CYIECTBOBAHUH DOBHO JEBATH MJ1A~
HeT, Bce KaK OjfHa — B npeaeiax Hameli ConreuHoid
cucteMsl., ITockoasky IInyTon BnocnencTsun GuLI nO-
HUKEeH B 3BAHWHU JO «KAaPJAMKOBOM NJIAHETH», & HA BCEX
OCTAJILHBIX KM KAPKO, MJIM XOJNOAHO, MU OHH CAea-
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HBI ¥3 rasa, BO3HUKAJIO HCKYINIeHNe CKA3aTE, UTO Oep-
COEeKTHBH! HAWTH APYTryI0 MUBUIHIAHIO KM IIaHETY-
.KONOHUIO (€CIH MBI B KOHIIEe KOHIIOB OKOHYATENLHO 34-
rafMM ¢BOIO) BeCcbMa M BeCbEMa TyMaHHBI. He To uTOGHRI
MBI GLITH yBepeHEI, 6YATO Y APYrEX 3Be3N IJIaHeT HeT.
IIpocTo MBI HX K TOMY BpeMeHH elle He o6Hapyxaau’.

Bce nsmenmwocs B korne 1980-x — Hatane 1990-x ro-
JOB, KOrza IJiaHeThl HAYAJH OTKPhIBATh HAIIDABO M Ha-
Jeso. O6EMHO NNaHeThl MBI OTKPEIBaeM, MOTAANEB HA
3Be3ny; mJIaHeThl BEPTATCA BOKPYr CBOEro COJIHIA,
a COJIHIIe, CTPOrO rOBOPA, TOMKE BEPTHTCA BOKPYT ILj1a-
HeT, X0TA ¥ o4eHb caabo. Ecan nyarera ZocTaTOYHO
MAaCCUBHA M JOCTATOYHO OsH3Ka K cBoeil 3Be3ne, TO
3Be3fa YyTh-uyTh KoJje6aeTca IpH Ka)KIOM IpoXoje
NJIAHETH 10 OpOHTe — M 3TO MOXXHO U3MEpPHTE, YTOGLI
onpeResUTh Maccy HJIaHET.

ME&I fa)Ke CyMeJn OPsAMO OIpOHAGIIOAaTh Koe-KaKkue
U3 CBEXKeOTKPHITHIX MaaseT. B 2008 roay rpynner yue-
HEIX 13 Beprau u yanBepcuTtera I'epuibepra 8 Bpuras-
ckoit Komym6un sacHANIN n306pakeHNA NIIaHeTAPHBIX
cueTeM, u3BecTHEIX Kak ®omansrayr-b u HR 8799 co-
orBeTcTBeHHO. Ho He ayMaiiTe, 6yATO HAaM HOKA3aIH
(doTorpadmu pOCKONIHEIX MIAKEH U ropoACKAX meitaa-
weil. Kaxaoe ¢poTo pasMepoM Bcero B OAMH HHKCEND.,
Bojiee TOor0, 3T 3K30MJAHETH He HA3OBELUDb TYPHUCT-
CKUMU MecTeykaMu. Bece onm ropasao maccuBHaee FOnu-
Tepa M, Ckopee BCero, COCTOAT U3 rasa.

B nauyane 2009 roga HACA 3anycTnio ¢cOyTHHK
«Kensep». 9TOT MHCTPYMEHT GyAeT nocaenoBaTeIbHO
nabmogaTs okono 100 TeICAY 3BE3A ¥ BEICMATPUBATHL
NpH3HAKY ILIaHET, Bpamalomuxca Bokpyr Hux. Korza

1 ¢A B KypTKe cMoTpen? A B mugKaKe? A B mraiax? Her-ger,
B Oprokax!»

158



Unonranemane

nJIaHeTA NPOXOAUT Nepel cBoelt 3Be3xoii, CBET 3BE3ABI
YyTh-4yTh TYCKHEeT. IIOCKOJBKY 3T0 NepHoOAUYECKHiL
adexT, TO TAKOE NOTYCKHEHHE [I03BOJIAET BEIYUCIAHTD
IPOAOXKHKTENbHOCTE NJIAHETAPHOrO roja, pasMep mia-
HEThl, PACCTOAHHKE ZI0 3Be3/kI ¥ [PYTHe OCHOBHEIE CBOI-
~ cTBa.

Iloxa uTo MH.o6HapysxHau BHe CosHeynoit cucre-
Mut 6oasine 300 unanmer, U, o rpyOLIM OeHKAM, IJIAa-
HEeTHl ecTh NpUMepHO ¥ 15% 3Be3n, IpHuYeM Yy MHOTHX
He IO0 OZHoii, a Goabine. OxHako noaasaAiomee 60an-
INUHCTBO OOHAPYIKEHHREIX 0 CHX NOP IJIaHET ropasno
6onbme noxoxu Ha OnuTep, ueM Ha 3eMIIl0, ¥ TAM OT-
HIOAB He KypOPT, eC/IM Bbl, KOHEYHO, He 0CO0hIH J100H-
TeNb NIJIABATEL B TMHTAHTCKOI ra30Boii chepe, cocroaineit
K3 BoAopoja. . .

Ham 6n1, KOHeYHO, XOTeNnoCh OGHADYXHUTL KAMEH-
HYIO IJIAHETY — «3€MHOTO THOA», KAK rOBOPAT 3HAKO-
[ue JIOOH. 9TO OYeHb RenpocTo. IIoCKONBKY nnaHeTH
3eMHOro THIa ropas3io MEeHee MaACCHBHAI, YeM I'a30BhIE
TUTaRTHI, OHH 3aCTaBAAKT CBOIO 3Be3fy KojnebaTncs
ropasgo MeHbllle, IO3TOMY HX KyAa KaK TpyAHee oOHA-
pYX¥UTh, YeM X OoJiee KPYOHEIX CecTep-IoNUTepHa-
HoK. Ho Mel Hax atum paboraeM. EcTh HafeKAa, 9TO
coyTHHK «Kemep» o6HAPYKUT MHOMECTBO 3eMellb,
1IDOCTO MK HE 3HAEM, CKOJILKO HMeHHO., CIIyTHHK CKOH-
CTPYHPOBR&H TaK, YTO Be3yuast MHOMJIAHETHAN IIMBAIIH-
3aLMA, CO3AaBIIaR CBOi BapHaHT «Kemnepas, cMOXKeT
saceyr 3eMJII0.

Ho 3a4eM AONUAATLCA pe3yanTaToB ¢ « Kemnepas?
B ranase 6 Ml roBopuay 0 GpeHOMeHe «IPABHTALMOH-
HBIX JJMH3», IPH KOTOPOM CBET OTAANEHHBIX FAJIAKTHK
YBeJIUYHBAETCA K HCKAXKAETCHA I'DABUTAIIMOHHBLIM IIO-
JeM FaJlaKTHKY HJY CKOIJIEHNSA FajJlakTHK, KOTOPHIE
HAXOASTCA MEXKIY HAMH U UMH. YBeIUUYUTh OAIbLHHKI
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cBeT cnoco6Ha mio6ad Macca, TaK YTO B TeYeHHe He-
CKOJIBKHX JeCATHJETHN aCTPOHOMBI Habawaaxm ad-
dexT « MUKDOJINHS», KOTAR 3BE31a WJIH APYroil o6beKT
npoxonnt Mexay 3eMmieil u xanexoit sseagoit. Hane-
Kas 3Be3a B TeUeHME HEeCKOJIbKUX AHed unm Hexenb
CTAaHOBHTECSA ApYE, a NOTOM CHOBA TyckueeT. Takum 06-
pasoM MBI MOYKEM 3aperHCTPHPOBATH Ji0OyI0 Maccy,
B TOM YHCJe M IJIaHeThl, HO AJA 3TOT0 HaM XOJKHO
KpynHO nmoBe3Tu. B 2005 roxy sKcnepuMeHT ¢ onTHYe-
CKHMHM I'paBUTAIMOHHKWMYE JnH3amn (Optical Gravita-
tional Lens Experiment, unn OGLE — yMepeHHOTO
KAYeCTBA IIYTKA, €CJIM YYeCTh, YTO 0gle O3HaYAET ¢ A~
auTsCA»), HabMogan 3Be3xy, 3aperucTpupoBaa Kpo-
mMeyHBIH TUITHNY curHay. OH 3acek MJIaHETY, KOTOPas
IOX0XKa Ha SeMJTio GoIbIIe BceX OTKPHITHIX 40 CHAX 110D
nianet u o6axazaer Maccoit Bcero B 5,5 pasa Gonbine
3emMHOM. OOHAKO MBI, K COKAJNCHHIO, HE MOXKEM YXHTh
Ha OGLE-2005-BLG-390Lb (Tak y»x ee npossanu), no-
CKOJIbKY Ha ee IIOBePXHOCTHU cTouT Mopo3 B —200 rpa-
zycos no Ilexscuo.

Mzl npeRmoaraeM, 4To Al BOSHUKHOBEHUSA JKU3HH
HY:XKHA KaMeHHCTas IINaHeTa ¢ XUJIKOHN BoJo#, Ho-
CKOJILKY UMEHHO TaKadA CpeXa MOPOAMJIA HAC CAMUX.
Bo3aMo:KHO, 3TO He COBCEM YECTHO, NOCKOJBKY Ha Ca-
MOM AeJie Mbl He 3HAEM, YTO 3TO MOXKeT ObITh 38 XKU3Hb.
BrnionHe BEPOATHO, UTO MKU3Hb 3aPOAUTCSA HE Ha IAaHe-
T€, 4 Ha €e CIYTHHKaX. Brijio MHOTO NpennonoxKenunil,
yro y cnyranka IOnutepa EBponsl HA NOBEpXHOCTH
ecTh JKUAKaA BoAa. BepoATHO, )KN3HL Mora Ok 3apo-
AUTHCA U TAM HJHU B ZPYrOM IOXOJKEM MeECTe B Halllel
TanakTuke. ETuHCTBEeHHOE, YTO MK MOJKEM yTBep-
JKJIATh ¢ YBEPEHHOCTHIO, — 3TO YTO HH HA APYrux mna-
Herax ColHeYHOH cucTeMbl, HN Ha JIyHe XXM3HM HeT.
Kpome Toro, nake ecam mpenrnosNoOKUTE, YTO HKU3HB
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cIoco6Ha 3apoAMTLCA Ha OiaHeTax c Gosee rubkuMu
XapaKTEePUCTUKAMH, Y4€M MbI CYATAJIM PARblIIe, OCHOB-
HYI0 KADTHHY 3TO He MeHdAeT. [lo-npexueMy npeicTas-
JAeTCA, 4TO HU3Hb — ABJEHHE OTHOCHTEJHHO Dej-
Koe, ‘ .

Hasxe B npegenax Hameit COMHEUHOH CUCTEMBI TO,
YTO ThI KAMEHUCTAA NJIAHETa, BOBCE He rapaHTHpPYeT,
YTO TH IJaHeTa Kjacca M, kak ropapHBaJ KAlUTaH
Kupk ¢ xomaugoii. Ha Meprypun u Benepe canmKoM
JKapKo, & y Mapca HeT atmMocdepsl. B HYKHYI0 30HY
MONAaAAET TONLKO 3eMJIA — TIOTeNbKA B TIOTeNbKY. 00-
paTuTe BEHMAaHME, YTO BCe IMiaHeTH B Haieil Conney-
HO# cucreMe BpamaoTca BOKpyr CosHuA OO NPaKTH-
YeCKH Kpyrioit op6ure, a 3TO 3HAYHUT, YTO HA HUX He
TaKue YK 60JNbIINe Nepenajbl TEeMIEPATYPhI B TeUeHHe
roga. OgHako y SonsmuHcTBa 13 300 nnauer, 0OHApY-
JKeHHBIX BEe COJIHEYHO# CHCTeMbl, OPGUTH! BJIUNTH-
YecKne, a 3Ha4YUT, Ha HUX YAacTh roja moAxapuBaenib-
¢4, a JPYryIo yacTh npoMep3aems, JXU3HN Takme ycio-
BHS He CTIOCOGCTRYIOT.

Oxuako y Hac xopowmue nepcireKTnssl. B 2007 rogy
6blyia OTKPHITA ILIaHeTa HOX HasBaHMeM Gliese 581d.
XoTA oA HMeeT MacCy npuMepHO B 8 pa3 6oJbimre seM-
HOIl, HO pPacCHmOJOKeHa JOCTATOYHO OJHM3KO K cBoOeil
3Be3fie, YTOGhI BOAA HA MOBEPXHOCTH MOYTH YTO Tasja.
XoTa MBI He 3HAEM, UMEeTCS JI Ha ee NOBePXHOCTH
BOJ& K €CTh JIX TAM YeMYy TAATh ¥ HAUAYTCA I MApHU-
KOBEIe r'a3nl, YTOOLI pasorpeTs NJaHETY, TEM He MeHee
Gliese 581d ~— rnaBHBIN HHHENTHUNM KaHUAAT Ha 3Ba-
HYe ILJIaHeTHI, IPUTOAHOM AJIA PA3BUTHA KHUIHM. -

HTaK, MB yske HABOCTPHMJIUCE HAXOAUTH IIJaHETH
BHe ConHeyHOH CHCTEeMEl, OfHAKO HX OXHOR MPHUIoA-
HOM IS XXM3HH, B CYIIIHOCTH, NOKA He Hanau. Tak uTo
MBI TOJBKO NOKHMAEM IJIe4aMM, KOrjAa IepexojumM
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K 9eTBEpPTOMY Bolipocy ypaBHeHus [Ipeitka: « Ha kaxoit
JOJIe 3THX IJIAHET KU3HDb X B CAMOM JeJIe 3aPOANTCA? »
ITockonBbKY HAM NIOKa YTO H3BECTHA JIUIIL ORHA ILJIaHe-
Ta, HA KOTOPOH MOJKET 3aPOAATHCH YKHUIHb, H )KU3Hb HA
aToil IIaHeTe yiKe uMeercal, ckasaTh UTO-HUGY AL onpe-
IeJIeHHOe TPYAHG.

Ho nmpurynH 4151 ONTHMHE3MA Y Hac AocTaTouHo. Tons-
KO noayMaiiTe: Hameil 3eMe npuMepHO 4,6 Muaanap-
a ner, a JKU3HB Ha Hell 3apogHjachk BCEro-TO Yeped
800 MUIILTHOHOB JIeT Nocje POXKAeHM A NaaneTsl. MHaue
TOBOP#, B eIRACTBEHHOM U3BECTHOM HAM CJIyyae JKH3Hb
3apoauIach NIPaKTHYECKH Cpa3y, KAK TOJBKO CMOTJIAa.

lIl. Lonro nn XueByTt
pasyMHble RUBMAN3aunun?

JKn3Hp Ha 3eMJle KUIIUT DORCIOAY, TAE TOJBKO MO-
Jer. A 3HAYUT, HAM He TO 4YTOOH X0oueTcsa mockopee
3aIOJIYYNTH BHETAJTAKTHYEeCKUX MUKpo6oB2. Ham xo-
YeTCcA BCTYNUTh B KOHTAKT C 3eJIEHOKOXHMU HHOILIA-
HeTHRIMM KpacoTKaMu ¢ Beresasreiise. KakoBa ke Be-
. POATHOCTb, YTO 3KU3HB B KAKO#-TO MOMEHT CTaHeT pa-
aymuo0#? He 3anaeM, MOCKO/ILKY Ha 3eMJie 3T0, IO Beelk
BMAHMMOCTY, ITPOM3OLLIO BCErO OAUH PA3 M TO BCETO
B NocJefHNE TAPy MUJIJIIMOHOB JIET.

Ionynsapuoe npeacraBienue 06 3BOIIONNH NIPEANO-
naraeT, YTO BCe 00e3bAHRBI, ABOAKOZLIMIANINE PLIOHL U
TaK Aajiee HEYMOJHMMO PA3BMBAIOTCA B CTOPOHY BhIC-
utet GOpMHI JKU3HN — HAC ¢ BaMH. YBbI, HUYEro no-
JOGHOTO 3BONIONMUA He yTBep:kaaeT. Ha camoMm gesne

~

1Iloackasxa: OHA HASLIBAETCH HA TY e GYKBY, 4TO ¥ HepHO-
6enaa nonocatas JOWAAS. -

2 OHy TaK MeAbTEINAT JIOKHOHOKKAMA H BODCHHKAMH, 4TO He-
BO3MOHO pa3obparTs A3HIK KEeCTOB,
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— Konguno,
A odoxa
odHumambes )
Od, 4 xmo smo?

pa3yM BOBCE He rapaHTHPYET, YTO MEI JIyuIille IPHUCIIO-
co6yeHE AJIA BEIXKUBAHU S, TAK UTO OTHIONL HE QUEBHI-
HO, UTO KM3Hb B KOHIIE KOHLOB chOPMUPYeT CYLIeCTB,
o61azaloIKUX PA3BUTEIM MHTENIEKTOM. ['UraHTCKUH
MO3I, TPpelOyoLINil YiiMEl KaJIOpHA, AJIMHHEIR IepUOX
BHYTPHYTPOGHOr0 pa3sBUTHA ¥ XOJTOoe HecrnoMoInHOe
AETCTBO AealoT Hac 0esHaZe)KHBIMU ayTcafinepamMu
B OmoJorHuecKknx ckaukax. Onaaxko waorga (mpuyem
MBI He npeacrapiaeM cebe, HACKOJBKO 4acTO) U ayT-
caitjep IPEXOAHUT HEPBLIM.

Tak 4TO naBaiiTe CYUTATL AKCHOMOM, YTO HHOTAA
obe3apAHa (UM CTYKEeHMCTHIE KOMOK) HU C TOrO HM
C cero peliaeT H306peCcTH A3LIK, BEJIOCHIIEX H AKaa-
caxkcodoH. JIoNro M NPORJIUTCA 3Ta CAAAKAS JKUSHB?
Kax mMEl BUaenun, dapuko PepMu noJsarai, YTo pas yix
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OHBANU3ALNSA 3aPOAUIACH, OHA 06A3aTENLHO MPOXKH-
BET OYEeHb JOJIIO U OYAeT HABA3KIBATRCA OCTAJIBHLIM,
a 3HAYHT, caeoBaso Gbl OXKNAATE, YTO CHA Y)Ke JaB-
EBEIM-JAaBHO BCEJIHJIAchk ORI B cOCeAHMIL JOM M 3aABUNACH
C BU3HTOM.

Hox. Puuapn Tort B 1993 roay BHABHEYN CBoOi
«apuuuun Koneprrka» no aromy Bonpocy. OH caexan
O4YeHb MPOCTOE NPEATIOIOMKEHUE: BL He YHHKATBHE?,
H aTo oueRb pasyMHOE Ipeanoaoxesne, DOCKOIBKY
MCTOPUA NOKA3LIBAET, YTO CTOMT HaM BoOGpasuTs, 6ya-
TO MK HeUTO 0COOEHHOR U Iyl MEPO3NAHUA, OKA3KIBA-
€TCH, YTO MBI He IPaBHl. 3eMIs —— CaMoe 3aypAAHOe
MecTeuxo B CollHeuHON cCUCTEME, BCEr0-HABCETO TPEThA
nnareTta n3 sochMmu. CoJHIle — OTHIOAL He HEHTp ra-
JAKTHKH: OHO PACIIOJIOKEHO OT LIEHTPA HA PACCTOAHUM
neasix 25 TeicaY cBeToBRIX JieT. Haina Tanaktaka —
He ueHTD Becenennoii. B o6meM, B Hac HeT HAYETO 0CO-
6ennoro. Korga MuI Bayanu U3y4yaTs nuaHeTs! BEe CoJ-
HEeYHOH CHCTEMEI, TO NPUINJM K BRIBOAY, YTO Haxe
3eMJs1, KaMEHHCTAA MINAHEeTa ¢ IPUTOXHLIMHU JJIA XKN3-
HYU NapaMeTpaMu, COBCEM He TaK YK HeoGhIuHa, A 3Ha-
YHT, BIOJHE MOKeT OLITh, YTO MBI HUYEM He IpHMeda-
TeMLHBIHA GuosornyecKkuil BUJ B pAAY APYTUX HUYEM He
nprMedaTehHBIX BUJOB, Bee cBoguTeA K cnenyomemy:
B 1i060M pacnpeAee UM MBI OKaXKeMCA rae-To nnocepes-
Ke, X0TA 1 He npamMo B ueHTpe. IIpexacrasrre cebe ToM
B CTO CTPaHMI], B KOTOPOM MHKPOCKOIIMUECKMM 1npud-
TOM NepednceRhbl Bce JIOAK Ha CBéTe — BCe, KTO Koraa-
TO JKMJ, M BCe, KTO e1lle He POAUICA, — B XPOHOJIOTHYE-
CKOM YIOpAAKe ITI0 faTe POXKAEeHHA. Byaer, MATKO r'OBO-
p#, CTPAaHHO, €CJIH Bbi HallieTe CBOe MM HA IEePBO¥ M
mocJiegHelt cTparune ToMa. B caMoM Hauasie wiA B ca-
MOM KOHIe IHBIWIH3AIMY OKaXYTCA U 2% Hacele-
uusi. Hy 4to, 9yBcTByere ceba BesyRUUKOM? -

1 Ypo 611 H;t TBEPAMIIA BAM MAMA.
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Kax npasuno, pusuku nyGIUKyIOT PeayabTaT, eCau
yBepeHH! B HeM Ha 95%, a 3To 3HAYHUT, YTO B HANIEeM
IpUMepe BRI OKa)KeTech «CPeAHHMH», ecau byzere
SKHTH MeX Ay nepsboiMu 2,5% ueloBeYECTBA M IOCHE]-
HuME 2,5% . B Havaje mKaasl OKaxeTCH, UTO Noche
Bac 6yzet xuTh B 39 pas 6oasIe HApoRY, YeM A0 BAc,
8 B KOHI(E IIKAJIB ~— YTO OCJIE Bac GyAeT :UTh ! /39 Bcex
TeX, KTO JKUJX A0 BAC.

IpencrasuM cebe, 4T0 HA BCEM OPOTAIKEHWH HCTO-
PHH 4HeJIOBEYeCTBAa, ¥ B IPOLLJIOM, U B OyayieM, Hace-
JieHHe IMIAHETHl OCTABAJIOCHh U OYZAET OCTABATHCA MOCTO-
AHHLM. ME 9TO ZenaeM A1 YIIpOLeHns BIYMCIeHN!IA,
& TaKXe IOTOMY, YTO 3TO He CAMIIKOM CHJILHO BIHSET
Ha peayabTaT. ECau MBI TOBOPMM, YTO YENOBEUECTBO
B TOM KMJH WHOM BHJe CyniecTByeT npamepHo 200 TsI-
cAY JeT (a 3T0 AOBOJBHO-TAKK NPOHU3BOJILHOE YHCJIO,
¥ MBI OTZaeM cebe B aTOM OTUET), SHAYNT, MBI C YBEpEH-
HOCTBIO B 95% MOKeM CK&a3aTh, YTO YeJOBEYECTBO IPO-
cywmectyerT eme oT 5128 xo 7 800 000 ner. Ilpusaruo
AyMaTh, uTo CyAHBH AeHb He Ha HOCY, HO I'DYCTHO CO-
3HABATh, UTO Y YEJIOBEYECTBA TOMXKE €CThL CDOX 'OAHOCTH.

W sro emie He Bee: I[IpesicraBbTe cebe HUBUINIALHIO,
KoTopas u3obpesia MexK3Be3AHLIE NYTENIeCTBUA U KO-
JIOHM3UDYET OTAAJEHHEIE YIrOJKH ralakTHKU. Torxa
y Bac 6pL10 ORI ropasno 6oJbIIe HIAHCOB POARTHCA HA
njaHeTe-KOJOHUH, YEeM HA IUJaHeTe-MeTPONOJHUM JO
M300peTeENA KOCMHYECKUX NyTeecTBHIl, 4 3TO U eCTh
napajfioKcaJbHas 4yacTh napagokca Pepmu. llonyuaer-
csl, 4T0 AU60 Ml HEeBEpPOATHO Beayuue IIPapPOXNTENH
MesK3Be3[Hoi rMnepuH, JU60 ¥ MBI, H HAIITK IOTOMKY
obpedeHH! YKUTh Ha 3eMJe.

Pasymeercd, 3T0 BCero Juillk BEPOATHOCTHLIE YMO-
3aKJIOYEHUS. '

Co BCeMH 3TUMU CTAaTUCTHYECKHUMU MTIPAMY €CTh OTHA
HENPUATHOCTh: B ypaBHeHUHU JIpeiika CTOJILKO HEU3BECT-
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HEIX, YTO ME He.B COCTOAHHMY JOBUTHCA Aasie TOUHOCTH
B ONHH IOPAJXOK, TO €CTh B AeCATh Pas, a MHOIJa — H
B IBa MOPAJKA, TO ecThb B c¢To pa3. Hanpuwmep, Jpeitk
MOJCTABHMJI B HEI'Q YHUCA, KOTOPhIE CINTAJ PA3YMHBIMU,
¥ HOACYMTAJ, YTO B Hamteit ['arakTire MosKeT OBITS elge
10 pasymunx nusuauaanuii. Hagexxna Ha 370 ¥ crana
OfHUM H3 OCHOBHBIX CTHMYJIOB paborsl SETI.

Ho Ha caMOM JeJjie KOJHUYECTBO IABUIU3ANNN MO-
sxeT oKasarwca B 100, a To 1 B 1000 pas merbme. ¥Yixe
OJHO 9TO MMOHEBOJIE OCTYAHUT I'opsYUe rosossl. B KoHIe
KOHIIOB, OAHA THICAYHAA oUeHKM JIpeiika o3Hayaer,
YTO B FAJIAKTHKE Pa3MEPOM ¢ Hallly MH BIIPABE OXKH-
JaTh B cpefHeM okono 0,01 pasaymMHON IMBHIUIAIINH,
FOTOBOM CeATb CHAJOCTh U CBET B OCTAJBbHOI BCEJIEH-
Hoii. Ho 370 Henmpasaa! Beaws MBI-TO 3RaeM, YTO B Ha-
meit MasnakTHKe ecTh 1o Kpailineil Mepe ofHA pasyMHas
OUBRIM3ANMA — Halmla. YpasHeHue JIpeiika MoxKer
CAYXXHUTL OCHOBOM AN NPHMEPHBIX OLEHOK, HO C Ka-
KO TOYHOCTBIO?

Hawm yacro rosopuanl: «Crapsx He HOMajfaeT ABANK-
IbLI B OGHY BOPOERKY». BOT 4TO 3TO O3HATAET B HaMIeM
caydae: BepOATHOCTH 3apPOsKIAEHUA PA3yMHON KH3HHU
XoT#A 6Bl Ha OLHOM IUlaHeTe (Ha BeMJe) HACTOABKO -
MaJa, YTO BePOATHOCTh 3apOKICHAA Pa3YMHOH JKU3HK
M Ha 3eMJie, M elile I'Ae-TO IIPAKTHYEeCKM PaBHa HYJIO.
Ho Beab TOYHee CKa3aTh HHAYE ~— CHAPAX OYEHDb PEXKO
6LIBAeT TOJBKO OAWH. A 3HAYHUT, €CJIH MBI BO3BMEM
OJHY KOHKPETHYIO 3Be3ZY H CIPOCHM, CMOXXET JIU Ha
Hell 3apoANThCA pasyMHAas JKU3Hb, MAHCH OYyAYT Kpaii-
He Mansl., G Apyroii cropoHn, 3eMJydA BrIOpata He Cly-
yaitHO: ecsiiu Oul Ha Heil He 6RO Pa3yMEEIX CyHIeCTB,
MEI He 3aBeJIH GBI 3TOT Pa3roBop..

! Murie m0pu yBepeRsl, 6yATo Raume — nquaa nems Ha cBeTe
nocae xaefa B Hapeske.
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IV. KakoBbl! laHCbl, 4TO Ha HaWLew
nnaHeTe He 3apoaunach Obt
pPa3syMHas XU3Hb?

Hy soT, npuexanu: o6cy:kgaemM BO3ZMOKHOCTD COGCT-
BeHHOTO cymecTBoBanus. Ho ra JIyHe Takyio guckyc-
CHMIO He NMpoBeflelllb — TaM HeT PA3YMHBLIX JYHSAH (He
JYHATUKOB Ke), 1 HeKOMY ee 3aTeaTh. CaMm daxT, uTo
BHl (MJau Apyroe pa3yMHOe€ CYIIeCTBO) Yy4aCTBYETe
B 37O Geceze, ¢ HeOOXORMMOCTHIO IPEAIIOJIATAET, YTO
OHA IPOMCXOJAWT B MUDE, I'lie MOIJIa Pa3BUTLCA Pa3yMm-
Hasl YXHU3Hb.

To ke camMoe B ellle 6oJibineif CTeNeHH cipaBe{JIABO
nasa Hameil BecenienHoii. IloKa 4To MbI IpeKpacHo cyMe-
JIM1 OTKPHITH HaGop Gu3nyecKUX 3aKOHOB, ONMUCHIBAIO-
mux Beeslenwyio B neaoM. Ho Gexa B ToM, 4TO B ipeAe-
JIaX CTAHZAPTHOH MOJeHu cymiecTByIOT GYyKBAIBHO Je-
CATKY YHCeJ, KOTOPhle MEI NOJYYNJIN SMIUPHRYECKHUM
NyTeM ¥ He MOraM Gbl BRIBECTH Xake NOJ CTPAXOM
CMEPTHOU Ka3HM, M 06 3TOM OYEKh YacTO 3a6LIBAIOT
B HAYUYHEIX gucnyrax. Ham upasurca fymarts, 6yaro 3a -
THMM YMCJIAaMH CTOUT HeKui Habop NpHHINIOB, PO~
CTO MK IIOKA He 3HAEM, YTO 3TO 38 IPHHEITUIIKI,

M=l He 3HaeM, IOYeMy 3JEKTPOHEI, KBADKH M Heii-
TpUHO 06JaaIOT HMEHHO TAKHMHM MaccaMu. MEI He
3HaeM, DoYeMy CHMJIBI (PYHIaMEHTAJIbHBIX B3aUMOaei-
CTBHMit HNMEHHO TAKOBHI, KAKHe OHM ecTb, Heboasmue
M3MeHEeHMS 3THX NapaMeTpoB MOIJIM GhI pAUKATBHO
uamennTs Beenennyio. CraxeM, ecan Obl cnaboe B3au-
MogeitcTBYe GRLIO ellle ciabee, Bce IPOTOHRK U HEHATPO-
HBEI IOYTH cpa3y mocje Boabuioro B3peIBa NPEBPATH-
auchk 61 B rennii. A KaKk BaM, BepOATHO, U3BECTHO,
renuy NPpUHAIIENKUT X YMCy 61aropoiHbIX, I HHEPT-
HbIX, ra30B, KOTOpPEIe HA3KIBAIOTCA TaK IOTOMY, YTO He
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B3auMOAeHCcTBYIOT ¢ ApyruMmu. Haaue rosopa, ecan 6b1
ciaboe BlaumMogeilcTBMe GbIIO enje ciaalee, y HAC He
OnLno 661 Bofopoxa. HeT Boropona — Her XMMuM. A HeT
XHMHUHI — HET ¥ HAC C BaMH.

A BOT Bam Apyroit mpumep: ecau Gbl 3JI€KTPOHEL
6BIIHN KATeJbKY JIeT4e, YeM eCTh, TO UM OblJIo 6Bl IIPO-
e YCKOPATBCS, ¥ OHM JIETKO TPHUOINKAJINCE GBI K CKO-
POCTH CBeTa, &4 3HAYUT, HeAb3#A Ob1I0 6B GOPMHUDPOBATE
3Be3xbl, B 3Be3xax 06pasyioTcs TAMKeJEle 3JAeMeHTHI,
B TOM YHCJe YTJiepof, HeoOXoauMEIe A5 BOSHUKHOBe-
HUA KU3HU. Majio Macchl y aJIEKTPOHOB — HeT 3Be3A.
Her 3831 — HeT }KU3HU.

A 9TO ecJiv BCe 3TH YHCJIa ¥ KOHCTAHTEL He BHEJIPEHBI
B GyHAaMeHTaNbHYI0 duanky Beenaensoit? Yro ecan
BCe OHH Ha caMoM Jeie cayuaiinel? Ecan 661 Kaxue-To
M3 JECATKOB IAPaMeTPOB OLIIK OB XOTh HEMHOT'O HHbI-
Mu, Bac Gbl He cymecTroBaso! Bonee Toro, eciu npes-
IOJOMHTH, UTO AJIA CYIIECTBOBAHNA APYTUX PA3YMHKIX
cyuiecTB HeoOxoauMa BoAa (MJK 1O KpaHHeH Mepe
CROMKHBIC XUMHUUYECKHE coeJuHeHA), B0 Beenennoi Bo-
o0111e MOTJIO He OKAa3aTLCA HY OAHOTO PA3YMEOro BUAA.

ToT paxT, UTO MBI CYLIECTBYEM M CIHOCOOHK pac-
CYKIATH O Kpaiirell MaJOBepPOATHOCTH CODCTBEHHOTO
CYIIECTBOBAHUSA, HA3LIBAETCA «AHTPONHKIM INPUHIHK-
IOM» — 3TO BhIpakeHue BBena B 1974 roay Bpenjgon
Kaprep, ykasaB ripu aToMm: «To, YTO MBI O3KUAAEM Ha-
6J11048Th, JOJKHO OTPAHHNYHBATLCSA YCJIOBUAMM, Heob-
XOAMMBIMY NI HAIIEro NPHCYTCTBUA KaK Habmoxare-
neit». 3TO yTBepKJeHNE OYEBULHO TOUHO, MOTeBIH-
AJBbHO TIOJIE3HO, HO IPH 3TOM «Cepbe3Hbie» DUBUKH
YaCTO OTMAXHBAIOTCA OT HEr'o HJIH JaXKe OTKA3LIBAIOTCA
ero obcyKAaTh. » )

OcHOBHAaA HAed 3aKJIOYAETCH B TOM, YTO €CaM Ohl
Bcenernnas He Gbljla HacTpoeHA MMEHHO HA TO, YTOObI
B Hell 6blJ1a BO3MOMHA PasyMHAA MHU3Hb, KARUM 6bt
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MaJIOBEPOATHHIM HU GBINO ee 3apoKaeHNE, TO PA3YM-
Hasf XKUIHBb He MorJia On1 aTo o6cyskaTsh. Brina au Bee-
JIeHHRAd NpeJHas3HadeHa Aas Hac? Bonsuiurcerso ¢pusn-
KOB {1 MEI B TOM 4KCJIe) TaK He AyMaloT. ABiserca au
Hama BeceeHHnas Bcero JIMIIb oxHOMU N3 MEorux? Bepo-
ATHO. MBI rOBOPUIN O NAPAJLIENbHLIX BCeJIEHHRIX, HO
He HCKJIYeHO, YTo Hamla Becenennas — ojHa U3 MHO-
AecTBa HACTEN IPOMATHOMN MyJbTHBCedeHHO. Bepo-
AITHO, JUIIbL KPOUIeYHAA ROJS 3TUX yacTeil obnajnaer
YCIOBUAMH, HEOOXOZMMBIMH 1A SKU3HHA, HO MBI, eCTe-
CTBEHHO, YKMBEM HMEHHO B TaKoil BcenenHoil.

Pasymeercs, GyHAaMEeHTANbHEAS (PU3NKA NIPAXOXUT
1 K Gonee ocMbiCIEHHBIM BBIBOJIaM, YeM TOT, UTO HAMIA
BeeserHas no CayuyailHOCTH NOAZEepPIKNBAET SKHU3HbD.
Oxuako ¢ BepOATHOCTHOM TOYKH 3DEHUs NPeICTaBIA-
€TCA, UTO HOKA MBI OIHU-OAHNHENIeHBKH.

Ona BAMOPOUUAL MHE 1OAOBY ...
HayuHol dfmamaow\ukoﬁ!

Hac 4acTo crpawvsaloT, HACKONbKO cobnioaers! Bce
3aKOHbI PN3NKK B TOM UNU MHOM dUibME Unn cepuane,
O6bi4HO Takre BONPOChl 3a2a10T KUHOWHUKKW, KOTOPbIX
WHTEPEeCYET Ka4eCTBO CBOe Npoaykumu. Haws oteet?
He o4eHb. 1eno He B TOM, Y4TO peXncceps! u CUeHapu-
CTh! BEYHO BCE NYTaIOT, — NPOCTO BbiAyMaHHana ¢puamka
euwle nHrepecHee. TeM He MeHee Mbl NTPUBEnEM 3a4eCh
CNUCOK CaMbIX PACNPOCTPAHEHHLIX Y KPYNHBIX HAYYHO-
daHTacTUYeCKUX OLUIMBOK — OTHIOOL HE NONHLIN.

&

K

Henbas ABUraTbCA CO CKOPOCTLIO GhiCTPEe cKo-
pocTu ceeTa. [POCTPAHCTBO BEMKO, M HUKOMY HE MH-
TEPECHO CMOTPETL Cepuan, KOTOPbLI UAET HECKONLKO
sekoB. MpakTUYecky BCe MNONyNsipHbIE Cepuansl U
bUnbMBI TaK UK MHaYe HapPyWaIoT 3TOT 3aKOH, CO-
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YUHRS TO HYNL-TPAHCMIOPTUPOBKY, TO CBEPXCBETOBbIE .
388300AEThI, TO KPOTOBLIE HOPbi.

l

Cto Nockonbky aacTagnsaTh akTepoB 6ONTATLCH B BO3-
Ayxe B 38€3401€Te UK HA KOCMUYECKOW CTaHuuu
Heneno, Aa v [oporo, Hay4Han GaHTacTrka obbIHHO
BBOAUT B AEACTBUE MCKYCCTBEHHYIO rpasuTauuio. Ha
camMoM gene co3natb ee MOXHO Tpems cnocobamu:
Bpawatb kopabnb («Kocmuueckan Oguccen-2001»),
HAWNUroBaTh ero MarHUTamm Man NOCTOSHHO YGKO-
PATb, Kax BO BPEeM$ HaWero nyrewectsus Ha Anbdy
lientaspa. B 6onbwurcree Punsmos, 04HaKko, OT
8Cero aT0ro OTKa3bIBAIOTCH U NPOCTO FOBOPAT O «Cut-
CTEME MCKYCCTBEHHOW FpasuTaunm», fenas aTakui
peeepaHC dusuke.

@ Kakas MoxeT ObiTh HayuHas ¢paHTacTuka 6es kpa-
COTOK-MHONNAHETAHOK? KaK Mbl NbITRNUCH MOKA3aTh
B 5TOW rnase, BUWAOB NPULIENHLLIEB, CKOPEE BCErD, He
TaK yX MHOr0, U PacnonoXeHsl OHU Aaneko APyr OT
apyra. To xe camoe MOXHO cKaszaTtb ¥ O «{InaHerax
Tuna M». 3abpoceTe Yenoseka Ha CnyvanHo Buibpan-
HYIO NNaHeTy 8 Hawei FanakTnke — u OH 3aa0XHETCS,
CroOpuUT MAU 3aMep3HeT 3a CUMTaHbLIE MUHYTH. Elue
OH, KOHEYHO, MOXET pa3dbutbcs. PebaTta, 3anomHuTe,
B KOCMOCE NYCTO, XOTb LLIApOM NoKaTu.

% Meul ¢ yBaxeHuem OTHOCUMCES K GONLLINHCTBY Cio-
XETOB O CO3RAaHUN MALMHL BpEeMeHn, COOTBETCT-
BYlOUICIA 3aKoHaM PU3NKKU (NPUMEPB! KOHCTPYKLIKIA
Mbl Npueogunu B rnase 5). OpHako nNouYTu BO BCEX
Sdunbmax 1 cepnanax rpydbo nonupaloTca asa rnas-
HeiX Npasuna. Bo-nepauix, repofiM Kakum-10 06pasom
ynaetcs 3abparthbCs B hpowunoe Ao uacoOpetTeHns Ma-
WWHBI BPEMEHW, BO-BTOPLIX, COYURUTENKU MO3IBONSIOT
NepcoHaxXam MeHATL CBOe npouunoe.
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Unonasnemsans

ObcyauTh BCE HUMbMbE U CEPMANEI Mbl HE MOXEM —
Daxe Takue PpaHaThbl, KaK Mbi, He B COCTORAHUY MOCMOT-
PETh BCE HA CBETE, — HO HECKONBKO NONYASPHLIX CO-

XeToB oyeHMm.

Haamsanne # @ %‘
lanaxTuka - | - " Het
«barrcrap» TN T U cBeaeHvit
(2003-2009)

baxk F'OD)KeDC —r— -~ - -

B XXV gexke TN | T | T Vi
{(1979-1981)

Caetnayok ’e - o Her
(2002-2003) U ~ U -|  cmepeHwid
3arepanHble - | v | v -~

B KOCMOCEe e Y Kt Y Kt ~ ™
(1965-1968) g

KBaHTOBLIA Her Herv Her ——
cxauox (1989~ cae- cBe- cee- A
1993) AeHul | pneHuit | AeHWih

38e3HbIN - - | .

nyTs (1987- T | T T U /
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BYAYVLUEE

— He GUMAA, UmMO GoxuBY
| G0 IMOL0 MOMEHMA, WO BAKBANO:
smom hpomon He Sua ydum!
( \ On ymep CBOEU CMEPTHIO!
\




Uero mb He snaem?

——~ N

Ecnn Hay4yHafd (AHTACTHKA NPOUIALIX JIEeT MMeeT
XOTh KaKoe-Bu0yab 3HaYeHHe, HAllla NJaHeTa yxKe
AaBHO A0JuKHA 6nula 6Bl KHIOMA KHIIETh KHGOpraM#,
KOTOPhLIE YYTh YTO PA3SMaxXHBAIOT NA3EPHBIMH MeYaMH,
NPEBPAIAIOTCA B OTHEMETEHI ¥ IHUTAIOTCH 3€NEeHLIMU
OUITeBRIMM KOHIIeHTPATAMY U3 IIAHKTOHA, ¥ HAC eCTh
GPS-nasuranusa 1 6ecnpoBoJHbBIE KJIABHATYPHI, HO IJie
HaITH KoJiouuy Ha JIyHe? M Hesib34 BHHUTL B 9TOM ITH-
carTeynefi-panrtacros. IlpenckasaTs Gyxymee o4eHb
TpyZaHo. HanpuMep, KTO MOT NpeACKa3aTh, YTO MEI Oy-
JeM paccyXAATh O JeCATUMEPHOM IPOCTPAHCTBE MJIH
06 yecropenuy BeeneHHo, cocTosiineit B 0CHOBHOM U3
TeMHOI MaTepUu U TeMHOH sHeprum?

MEI DOCBATHIN MHOI'O BpEMEHU OIHCAHHMIO HhIHELI-
Hero ITOJIOXKeHU JeJi B (puanke, HO TO ¥ A€o OBIJIH BhI-
HY3¥JeHbl YKPaaKoit bfrxo,an'm. OT ONpejieJIeHHBIX 3aB-
JIeHW# U IpeJaBaThCs POOKKM cueKyaanmuaM. Herexe-
CTBO — XOpoluas OTIPaBHAA TOYKA, ¥ Mbl BHIABHJIYU
B HalINX TeOPHAX orpaHudYeHHs. BepoAaTHO, MEL CyMe-
eM oT HUX r30aBUThCA, eClU noAbepeM HY)KHEIE UH-
crpyMenThil. Tak 4To OpUCTETHUTE NOPTATHRELIE pe-
AKTHUBHBIE ABUTATENN: NOCJAEIHIOK I'J1aBy KHUTH MKI
NOCBATUM CYyAbOOHOCHBIM BOIIPOCAM, Ha KOTOPHIE, KAK
MBI EaieeMCA — HeT, K&K Mbl IPeCKa3biBaeM! — Mbl
CMOX€eM OTBETUTH B OJMKkafiinie JBafaTh JieT.

. HTo Takoe TemHaa marepuna?

IIpencrasnsaercs, 4ro Haula Beeslednnasa Kyaa cTpan-
Hee, yeM Hy:KHO. HanpmMmep, MBI OOHADYIKMIAN, YTO

! IlBa JTUTpPA AUETHYECKON KOJIKI, IOJAIOMKAHLl CTTUPAHTOB-
HEBPOTHKOB ¥ TeJera 'paHTOBLIX AeHer.

12-TonaGepr A., BroMkpucT Ax. ’”
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B Helt HAPHUT 3arafloYHas TeMHAA JHEPrus, a 6oabIINE-
CTBO OCT&JILHOII MAacChl He UMEeT K HAaM HUKAKOTO OT-
HOIIEHUA, I0TOMY UTO COCTOUT U3 HeKkoelt TeMHOI Ma-
TepUH, KOTOpasa He B3aNMOAeCTBYeT cO cBeTOM (IOTO-
MYy H TeMHaA), HO SBJIAETCA HCTOYHMKOM rpaBATALMH
(notroMy m Marepmsa). MHage rosops, 3T0 HasBaHRe
€CJH YTO M ONUCHIBAET, TO JHIIb HAIle HEBEXKECTBO.
9710, IPAMO CKAYKEeM, HEMHOI'BM JIyUYIlle, YeM 3afABUTh,
6yaTo rpaBUTAIMIC HAKOJAZOBaNy den.

Koe-kT0 n3 cooGurectBa GU3UKOB CAILHO COMHEBA-
eTcs, UTo TeMHAA MaTepua JefiCTBUTEILHO CYyOIeCTBY-
eT, HOCKOJNBbKY HUKAKMX YACTHULl TeMHON MaTepuy Mbl
JO CHX TIOD HE OTKPEINU. ACTPODUBUKH, B KOHILE KOH-
OB, YeCTHO AeNXAal0T CBOE AEN0 M NpPeAJaramT CaMble
npocThle 06'bICHEHHMA TOrO, YTO OHU HaOJIOJAIOT, HO
BeJh BTO He O3HauaeT, UTO OHU 00A3aTeJILHO NPABEI.
«OuyeBuaHAS» Ha OEpPBLII BarIAX NHTEPHpETALNA HE
pa3 M He 1Ba OKa3ksIBaaach ournbounoit. OueBuaHO, YTO
NJIAaHeTHI ¥ 3Be3[AbI ABMIKYTCA BOKPYT 3eMJIH, H TAK U
cuurann 10 1500-x rojgos, korga Konepuuk npegnoso-
KU, ¥To aT0 3eMisa ABMKeTcH BOKpyr ConHna.

HeKkoTopbie CKEeIITHKH TaK PBYTCA H3GABHTHCA OT
BAey TeMHOH MaTepHH, 4TO IpPeAIoJaralT HEUTO He-
MBICIUMOE — WJIH DOYTHU HEMBICIVMOE: OHY 3afiBIAIOT,
yro HeloToOH 1 OMtHIITeNH 330y KLaNuCh. BRLJIO npex-
JIOXKEHO MHOYKECTBO T€OPHil, KOTOPBIE IBITAIOTCH TIO0-
FHATH AWHINTEHOBCKUE YPABHEHUA I'PABUTAUUH IIOA
JaHHEle HabGmoneHmnii 6e3 OmOPEI Ba BCIO 3TY JKYTRYIO
TeMHYI0 MaTepuIo. B mocnenue rofn 60160101t KETepec
BRI3LIBAJIN TEOPHH MOAUGUIMPOBAHHOK HBIOTOHOBOI
nuaaMuku (Modified Newtonian Dynamics, MOND).
Kax u3BecTHO, CIOBO mond no-hpaHIIY3CKHU O3HAUAET
«Mup»!. OCHOBHOM ee IPUHIMII [VIACKT, YTO Ha HEGOIb-

1 OE3AKN OPEBPATILIM CTPAHHOBATHIE COKPAIEHUA B HACTOA-
1I1ee BCKYCCTBO.
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mux Macmrrabax, Hanpumep B Connednoil cucreMe 1 HA
3emMJye, rpaBHTaHUA NeHdCTBYET MMEHHO TAK, KaK Ipes-
ckaaniBany HbploToH 1 JifHInTelH, ogHako Ha 6osee
KPYIHEIX PACCTOAHUAX, HApUMED B MacmTale ramax-
TUK U GoJiblle, Bee 0GCTOUT HECKOIBKO HHAYE.

Mz He cobrpaeMcd oTcTaHBATE OGIIYI0 TEOPUIO OT-
HOCHTENbLHOCTH TOJABKO IIOTOMY, YTO 3TO JIOOHMOeE Ze-
ruine Jitgwreitna. OH Muoro B yem ommubaincal. C apy-
T'oli CTOPOHEI, 00IIasA TeOpUA OTHOCUTEIBHOCTH Kpaiine
«3J7IeTAHTHA», A HA JKaproue QU3INKOB 3TO O3HAYAET,
YTO UOCKOJBKY YPaBHEHMA TAK OPOCThI, TPYAHO Npex-
cTaBuTh cebe, 4TO OHM HeBepHEI. A npuuatTe MOND
B ee HblHellHeM BuJe HAM TPYIHO, NOCKOJBKY OH&
MIpeAyiaraeT BMECTO OJHON HeOOBACHUMOM KOHCTAHTH
(ROAMUECTBO TEMHOM MaTepuu) Apyryio (MacmTal, Ha
KOTOPOM IpaBUTAllMA U3 «HOPMaJIbHOH» CTAHOBHTCA
«MORUDUIIMPOBAHHOM » ).

Xyaxe Toro, npu nomoud MON D o4eHb TPYLHO 00B-
SICENTH Bce HaGuroAeHus1, COrJIacyomuecs ¢ HaluyueM
TeMHO#l MaTepuu. MOND Benukosienso OTBEYaET Ha
BOIIPOC, KOTOPLIN CTOUT Mepex HAMH yaKe CTO JieT I 3a-
KJIOYaeTcA B TOM, YTO BO BcesleHHON He XBaTaeT Mac-
Chl, UTOGBI yAEP:KUBATL BMECTE TAJJAKTUKH M CKOILIe-
Hus 3eesq. llockoabky MOND pemaet 5Ty 3agauy,
HAM He HY)KHa HUKaKas TEMHa# MaTepusd — Mo Kpaii-
Heft Mepe TAK MOBOPAT.

Ho 1 aTo eme e Bce! HabmrofeHUA HEKOTOPBIX 3BE3x-
HBIX CKOIIJICHU, B YaACTHOCTH CKoMNeHus «Ilyas», npu
MOMOIIN METOAAa I'PABATAMMOHHEIX JUH3 HEJBYCMEIC-
JIERHO IIOKA3RIBAIOT, UTO CYIIECTBYIOT KPYIHEIE 00be-
, MBI MATEeDHY, HHUKAK He CBA3aHHEIE HW CO 3Be3aaMu,
HU ¢ rasoM. Habarogenua ganeKuX CBEPXHORBBIX JOKa-

e

! Benouunre, sanpumep, DIIP-napanoxe 3 roasu 3. H, ne-

CMOTP# Ha BCe ero NPeJOtTEPeKeHU A, MYIKIUHE 0 CHX 0P HOCAT
INTaHE.
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3BIBAIOT, YTO TEMIBI pacliuperua Beenennoii Menaoor-
€5t CO BpeMeHeM, HaMeKas Ha TO, YTO MATEepHU B Hel
ropaszno 6onnline, yeM o0'bACHACT HAANYHE OHOH TOJID-
Ko 6apuonHOIt MaTepuu. HakoRel, Bce CBHAETENLCTBY-
€T 0 TOM, YTO C KOCMOJOrn4ecKoi Touku 3peHus Bee-
JleBHAA NJIOCKAaaA — YTO, B CBOIO OYepeAb, JUMIHUH pas
TIOATBepKAaeT, uto 85% Maccel BeenreHHOM — TeMHAA.

M&I rOTOBHI ITOCTABMTH BCE HAIIK ASHLTH 32 TO, YTO
CymecTByeT YacTHNUa, Ha KOTOPOH ACHO HamuCaHO
«TeMHafl MAaTEPNA», — YaCTHUIla, KOTOpAsd, KaK cKa3a-
nu 61 ppannyael, crader le fin du MOND — «koHuoM
cBeTas.

Yem He moxeT 6biTb TeMHaa MaTepuna?

IlpriMveM 3a ZaHHOCTH, YTO TEMHAA MATEPHA CYIIECT:
BYeT, HO YMeeT JIOBKO HPATaTbCA. XOTA Mbl enle He
3HAEeM, YTO TAKOe TEMHAS MaTepHsl, Mbl KOe-4TO 3HAEM
0 TOM, YeM OHa OITh HE MOXKeT, 3apaja Y Hee HeT, MHA-
4e oHa GBI B3auMogelicTBoBasa co cBeToM. Kpome Toro,
3TO O3HAYAET, YTO ee HeJNb3sA OYTHTh. Bce, 4TO BaM
CI'yYanoch TPOTATH, KAK-TO «OLIYIN&ETCSI»,, IOCKONBKY
aJeKTpHUYECKHE 1T0JA Balueil pyKH OTTAJKUBAIOTCA OT
3NIEKTPHYECKHX II0JIeil BCero Toro, UTO Bbl NEITAETECh
norporath. ECAM HET 3JIEKTPHYECKOrO NOJNA, Bamig
DPYKa NpoiJeT CKBO3b IPeAMeT, 8 BBl HIYero 1 He 3aMe-
THTE. _

B crangapTHO# Mogenan HUBNKY HMeeTCH JIUIb ABe
H3BecTHHIE YACTHILI, KOTOPhle MOXXHO HOAO3PEBATH
B NMPWYAaCTHOCTH K TEMHOH MATEPUH, — HeATPHUHO M
HeliTpoH. K coxanenunio, ReTpuRO ofagaeTr cauni-
KOM MaJIeHBKOI Maccoil, a OfHHOK e HeATPOHK! paca-
IAI0TCA MHHYT Yepes JecATh. [IocKoXbKY Beenennas
HECKOJIbKO CTaple, HeMTPOHBI — He COBCEM TO, YTO MKl
umem. MoxeT nokasaThcs, GYyATO HA AaHHBIA MOMEHT
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Y Hac. HeT BepHOro KaHju/JaTa, HO He HaKO 3abLiBaTh,
4yT0 GM3UKH HeoOKYailHO XHTPOYMHDI, ¥ XOTA HOKA
4T0 HAIMLO AedHUUT YACTHUI[ TEMHOH MAaTepuu, HET
HMKAKUX NIPUUYNH NIOJATaThH, YTO Mbl KHYEro He HPpUAY-
Maeml. B YMCi0 YACTHI-NOAO3PEBAEMAIX BOILMH AK-
CUOHbI, MYHUATIOPHBIE YEpPHBIE ALIPBI, MOHOTIONK u-
pakKa, KpYIMIOE KBapKoB (quark nuggets) u MHOrue
apyrue. HeKOTOpHIX HORO3peBaeMbiX, HATIPUMED Uep-
HBle ABIPBI UM MOHONIONY JJupaka, ofipaBaiyu HA OCHO-
BaHUU HaGJNIOKATENBHLIX ¥ dKCIIEPAMEHTAJIbHBIX JaH-
HBIX, HO [IOATBEPAUTEH OGBRHEHKE B TEMHAIX JeJHIIKax
ellie HU pa3y He YAAT0Ch — Ja¥Ke OTHAIEeHHO.

OpHaxo MHOrne GUsHRU-ANEePIIUKY IIONATAIOT, YTO
Bo BcesieHHO# cyliecTBYIOT TaK RasuiBaemple WIMP —
OpuuYeM B OTPOMHBIX KosinuecTBax. CiioBo wimp o3Ha-
4aeT «HBITUK», HO Hamy WIMP — 310 BOBCe He ¥epT-
BRI IDKOJBHOH TPABAM C BEYHO XJIOMAIOUINIMHE HOCAMU
B GecnepeGo¥inple MCTOYHMKU KAapMAHHBIX JeHer,
a Weakly Interacting Massive Particles, To ecTs Mac-
CHBHBIE YaCTHIHI C1aboro B3anMoieficTBHA; B OUepea-
‘HOil pa3 Ha3BaHHMe ONHKCHLIBAET BCE TO, YTO MAI ¥ TAK He
auaeM. TemHas maTepuda, KoHeuHO, o6JiafaeT Maccoit,
a NOCKOJBKY OHA HEe yYacTByeT B CHJILHOM M 3JIEKTPO-
MArEUTHOM B3aHMOJ€HCTBHU, TO PE3OHHO IPEAIIOJI0-
sKATh, YTO OHA yuacTByeT B cixabom2, . ————

1 OTKpPHITHL HOBYIO YACTHALLY He TAK TPOCTO, KAK HAPHCOBATH KPY-
JKOYEK Ra KNeeHHe, Ha KOTOPOM OCTANUCE CIEARI OT YAImeK ¢ Kode.
PDu3NKN-TeOPeTAKY 'OJAI HATPOJET U3YYAIOT CHMMETPUY, OPraHu-
3YI0T 9KCNIEPHUMENTHI B YCKOPUTENAX CTOXMOCTHIO MHUJIAUOHEL JOJ-
JIAPOB M B KOHIE KOHIOB PUCYIOT KPYXOUKY HA canderrax, obau-
THIX IIAMIARCKNN Ha Ganxere no cnyqap nonydenns Hobexeku.

2 MuI HeCKONBKO Hepegeprupaem dhakTri. Kax Mul yxe ckazann,
CYIIEeCTBYET NMHOrO KAHAMAATOR Ha POJbL TEMROI MaTepnuu, B TOM
YHUCHE AKCHOHAI, YePHLIe XWPL H MOHONOH JHpaKa, KOTOpHE He
apamotea WIMP, Ho Mul 61 BCE-TAKHK ReNaNy CTABKY HA KaKOit-To
papuant WIMP.
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WUrak, WIMP — xoponiee Ha3BaHHUE B TOM CMBICTE,
YTO OHO OITHCATENABHOE, HO MJIOX0e B TOM CMLICJIE, UTO
OHO HAM IIOYTH HHuero He ropopur. Ilepex Teoperuue-
CKOM (PM3MKOH CTOUT 3a/jay¥a NPEACKA3ATh, YTO TAaKOe
WIMP. B HanleM cJayqae IpeJCKa3aTh O3HAYAET He
IIPOCTO 3aABUTH, MTO OHYU CYIIeCTBYIOT. X0opolas Teo-
pHsa 10SIKHA PACCKA3aThL, Kakaa y WIMP macca, ¢ Ka-
KUMH YACTHMHAMU M RBK JaCTO OHH B3aMMOAEHCTBYIOT,
KOrja X Kax o6pas3oBayiuch.

Cynepcummerpus

aBOpUT HamIWX TOHOK Ha 3Banne WIMP caexnyer
TpaguLKHU, COTAACHO KOTOPO# (GUIHKH BHIZYMBIBAIOT
YaCTHUIbI, O4YeHb IIOX0XKHe Ha Apyrue yacTunul. Kaac-
cuueckuit npumep — HeiiTpos. Jo 1920 roza rayka
3Haja BCEro Ase «(PyHIAMEHTANbHBIE» YACTHIBLI —
NPOTOH, HOCHTENb OJOXXUTEILHOTO 3apAa, U dJeK-
TPOH, 3apAXKeHHBII oTpunarenbHo. B To Bpems yuenkle
MOT'JIN M3MEepUTh XaPAKTEPUCTHKH ATOMRBIX sfep,
¥ BOAODPOJ, Hanpumep, obaanan sapagoM +1, a re-
anit — +2. «OueBUARMIt» BHIBOJ (OCHOBRHHKN Ha
JAHHBIX XMMMH) FIACUJ, YTO BOJOPOX COCTOMT M3 OJ-
HOTO NNPOTOHA, 4 eI — K3 ABYX, U eCJIH Onl 3To 6BLI0
Tak, TO reJuif 6k OB BABOE MacCUBHee BOJOPOAA.
A Ha caMoM jiere Teanii MAaCCHBHeEe BOJAOPOa B YeThIpe
pasa. )

OGIINDHBIN ONBIT R3YYEHUSA €CTECTBEHHRIX HAYK IO~
sBosun pHecry Pesepdopny caenars 6necraimiee ymo-
3aKJII0YEHHe, UTO YeThIpe 6oabine XByx. OH npeacka-
3aJ1 CYIIECTBOBAHUE 3JIEKTPUYECKN HeHTpANbLHOM ua-
CTHIIKI, ObNagalolielt IpUMEpHO TOR >Ke Maccoil, 9TO B
OPOTOH, U BIIOCJEACTBMU 3Ta YACTHUIIA IOAYUMNIA HA~
3BaHue «HeiTpoH». Ham-TO Teneps Raxercs, 6yaro
BCE OYEBMJIHO, HO Ha CAMOM JeJe 3To 6LLJIo cMesoe 3a-
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aBaeHne. HeitTpon, nmogo6Ho TeMuOft MaTepmu, He
B3aMOJeMCTBYeT CO CBETOM, & 3HAYMUT, YBHAETH ero
Heabsd. JInwb coyera 12 ner Ixeiimc YeaBUK Haxo-
Hell, npoHa6Iogan HefiTpoH B 1aGOPATOPHKIX YCIOBH-
AX — M OKa3aJI0Ch, YTO 3Ta HacTuna obagaeT HMEeHHO
TEMH KaYeCTBAMH, KOTOPHE npeackasan Pesepdopa.

Kar BrauTe, HCTOPHA 3HaET MHOTO CIY4aeB, KOTJAa
BHIZAIOUIMECS OTKPHITHA HAYMHAJMCH C TOrO, YTO u-
3ukH ropopuiH: «I'M... Ecoim 611 y Hac 6bu1a yacTHIia,
KOTOpas BHIMIAAENA Dbl IOYTH KAK BOT 3Ta, BCe Ol 3a-
MeuaTelbHO COILAOCH C OTBETOM... A BAPYT CYyIIECTBYET.
HEyJIOBHMAas JacTHIA — H XOTHA ME! ee NIoYeMy-TO He
BHJNM, OHA AOJKEA GBITH BOT TaKOM U BOT TaKoit». Ta-
KoM NOAXOJA, K&K B clydae ¢ HelrponoM Pesepdopaa,
HHOT/IA BBLIABJAET HOBRE YACTHI K, KOTOPble 3HAUN-
TeJIbHO YIPOmIAloT KapTHHY!.

DusuKH JI06AT CHMMETPHIO, B YEM MBI ¢ HEYAOBOJIL-
cTBMeM ybeaunuce B raase 4. COrjiacHO CTAaHAAPTHOM
MOZEJH, CYIIeCTBYIOT IECTh Pa3HBIX KBAPKOB H IIECTh
Pa3HBIX NENTOHOB, ¥ KAKAYIO K3 3THUX I'DYIH MOXKHO
TMOAPAa3fe/IuTh Ha JBe IPYIINE Mo TPH YacTUIkL. B ciy-
Yae JIENITOHOB Y HAC eCTh TPH (HeH'TPaNIbHEIX ) HEHTPUHO
¥ (3apAKEeHHBIE) 3JIeKTPOH, MIOOH M Tay-uacTrua. Bo-
Jee TOro, y Kax[oi YacTHIhI €CTh 8HTHYACTHLA —
IpHYYeM UX CBOUCTBA NPAKTHUYECKH HIEHTHUYHBI, U
TOJLKO 3apAj npoTusonoaoxkeH. CyniecTsyer MHOMe-
CTBO Pa3HBIX CIIOCOBOB CrpyNNHUPOBATH YaCTUIHEL — HO
MOYTH BCETA B KOHIIE KOHIOB MBI NOJIYUYAaEM I'PYIIILI
¢ paBHRIM KonuuecTBoM yactun. Ho B oxnoM caydae
cuMmerpnsa gaeT c6oit. CraHAapTHAA MOfIeNs NOAPA3-
JeJsieT Bce YaCTHIILI HA B TDYIIIAL

1 C apyroit cTOpoHK!, UCTOPUA 3EAET MEOTO CIYYaes, Koraa ¢pu-
3MKH NHJIN DTYTH MJIH XPAHUIN PAIHOAKTHBHLIE DEAKTUBEI B IPU-
KPOBATHMX TyMGOUKaXx,
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1: ®epMHOHEI — COCTABAAIOIMUE MaTEePHH. B uncrio
thepMUOHOB BXOAAT KBAPKH, 3JIEKTPOHK!, MIOOHBI, Tay-
YacTHIBI U HEUTPUHO — M BCe 3TH YACTUILI, KAK MBI
TOJILKO 4YTO MOBOPHJIH, 06DA3yIOT Yapymile CHMMET-
PHYHYIO KAPTHUHY.

2, Bo30HBI — nEepeHOCYHKH B3amMoAeicTBUE, ITo
YacTHI(bl, KOTODhIe NEPEHOCAT pa3jNYHBIE CHJIIBI.
B uucio 6030HOB BXOAAT (POTOHBI, I'TIOOHMI, YACTHIIEI
W u Z, a TaK:Ke IrpaBUTOH ¥ qac'mu.a Xwurreca, ec/d OHHI
CYII[eCTBYIOT.

Ecsau Mul Bce NOACYATAEM, HOXYIHUTCS, YTO C YIETOM
4acTHUI ¥ aHTUYACTHI cylnecTByeT 28 6030HOB — U Ife-
abix 90 pasHbeix depmuonoB! Ilycrs konuueeTso «PyH-
AaMeHTaJbHBIX » YACTHI, BAC HE IIyraer: "60NBIINACTBO
u3 HUX 60Jlee MM MeHee HAeETHYHLI APYT APYTY H pas-
JAUYAIOTCH JHUIIb HECYIeCTBEHHMMY ZETaIAMH — Ha-
IpuMeEpP, OIBETOM, K&K KBAPKH.

TeM He MeHee TOT PaKT, UTO KOJHIECTBO QePMHO-
HOB He COBINAJaeT ¢ KOJHYECTBOM GO30HOB, OTKPOBEHHO
o6ecKypaXkuBaeT MHOIUX pusukos, [Touemy gacTHIbl
MaTepuy (GepMHOHLI) HOJHOCTHI0 OTAENEHEI OT CHI
(6030108B)? Eciiit OHM IBe CTOPOHBI OAHOU MeaIy, 3Ha-
4yuT, (GepMUOHOB JOJKHO GBITh B TOYHOCTH CTOJBKO
’Ke, CKOJIBKO H GO30HOB. 3Ta Njes H3BECTHA MO Ha3Ba-
HHUEM «CYIIEpCMMMETPHA» H NPEAIIOJNATAET, YTO CyIOe-
CTByeT yiIMa YaCTHUL, KOTOPRIX MBI HUKOI'/Ia HE BUAENH,
TTocKONBKY BCE 3TH YACTHIOH NOJHOCTHIO M'MIQTETHY-
HbI, MBI a€M MM CMEIIHBEIe Ha3BaHWUs, IIOXOXKHe Ha
MapKU MaKapoH: «TDaBUTHHO», «HeHTpanuHO» (0de-
PeAHOI KAHANAAT Ha 3BaHHe TEMHOM Ma'repmi) ¥ (Hama
n06uMas YACTHIIA — YK 6OJIBHO oc'rpoyMHoe y Hee HA-
3BAHME) ¢BUHO» C YIAPECHHEM HA «H» — cynepcuMMer-
py4HBIA napTHep W-yacTuLkL.

OTH YacTUllEl BeAyT ceba mouTy Kak uX OOBIYHBIE
yacTHURI-IapTHEPHI. Ecia 661 cyliepciMMeTpHua geitcT-
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2 MuUAU

BUTEJBHO OBLJIa COBEpIIEHHOI cMMMeTpHeil, TOrAa da-
cTuna BiarO! o6nafana 651 ToM e Maccoi, YTo M qac-
tuua W, cexeKTpon? — Toi e Maccoii, 4To U dJIeK-
TPOH, U TaK Aajee. Paaymeercs, ecnn 61 370 661710 TaK,
MEl y)Ke JABHO HOJYYUNU ORI STH UACTHIIE B HAITHX
yckopuTensnx. BEcau cynepcuMMeTpua CYNmIeCTBYET, TO
OHA AOJKHA OBITH HEMOJIHON — a 3HAYHT, CYHepCUM-
MeTpHYHbIe IaPTHEPEI, CKOpee BCEro, KYAA MACCHBHEE
OPMTUHANOB.

CynepcuMMeTpHYHEIE YACTHI LI, OA00HO HEATpPO-
HY, YMeJaH pacnagarsca. Iloaobuo oMy, Rak MaccHs-
HBle YACTHIEI pacnagarorca Ha 6ojee Jerkue, Bepoar-
HO, ceifyac oCcTaJNNCh TOJbKO JIErKHe, NIOCKOJLKY HM He
HAa YTO pacnafaTscs. Bce OHM Ha3KWBAIOTCA OGIINM Tep-

1 Ecnm xoTuTe 3HATH, BAHO CAMO IO cefe He KAHAMAAT HA POJD
TeMHOI MaTepuu, HO Beab PHIKHMIt, KOTa HaJepeTcs, HUYEro He
pa3bupaer. '

2 JInmuss ¢C» 03HAYAET «CyOep».
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MHMHOM ¢JIeruaiitine cCyoepcCHMMETPUYHAIE YACTHIIH »
(Lightest Supersymmetric Particles, LSP), n MmHOTHe
usuky nonaraioT, 4TO 3TO HeliTpanuuo. Eciv aTa yac-
THUIA CYILECTBYET, TO Hé HCKJIIOUEHO, YTO 3TO ¥ €CTh Ta
caMas YaCTUIla TeMHO MaTepUl, KOTOPYIO MBI MIIeM.

Ho Mbl 063aHEL cAEIaT: OOJHO BAXKHOE YTOUHEHHe,
Ha ceroguaAinuuii Aeub AaEHEIe HabmoneHnil He AQIOT
HE MaJeRInHX CBUIeTelIbLCTB, IIOATRBEDPKAAIONINX IIpa-
BUJIBLHOCTD CyIlepcuMMeTpuu. 910 Gusuka «3a npefe-
JIAMH CTaHJapTHOIM MOZeJ», a SHATUT, OOBACHUTD BCe
H3BeCTHBIE HaM (PaKThl MHU3MKM YACTHI MOXKHO M 6e3
cynepcuMmmMeTpur. OQHAKO B IPOILIOM MEl BEIHKONEN-
HO IoAMeYalH CUMMETDHH, U BCErJa €CTh IIAHC, UTO
CUMMETPHA U BIPEAL IIOMOKET HAaM PacIIMPUTH CBOH
3HaHWs O BecenlexHoit,

Kaxk Mbl X Haxopum?

Tax U3 Uero ke COCTOUT TeMHadA MaTepusa — us LSP
uIn u3 yero-uubyas eme? Ecau TeMuas MaTepusd co-
CTOUT U3 KAKHUX-TO pasHoBujaHocreit WIMP, o6Hapy-
KUTHh UX OYeT OTHOCUTENbHO HECJIOKHO — BOT TIOue-
My MBI TaK YBEPEHSI, YTO MX OTKDPOIOT B SiHikaiimue
HeCKOoJIbKO necaTuierwnit. Ilpoussenem xpaTkuii 0630p
COCTOAHMNA HAIIMX 3HAHWUH Ha ceroqHAMENR feHEs. Mul
C OUeHb xopomei’l TOUYHOCTBIO 3HAEM NJIOTHOCTHE MAaCChI
TeMHOH MaTepuu Bo BcesneHHOIl, TaX UTO UIW y HaAC
OYeHE MHOTO Jierkux WIMP, uay OTHOCHUTEIBHO MAJIO
OYeHb MacCHUBHBIX. MBI TouHO 3HaeM, 4ytro WIMP ne
MOT'YT OBITh CAHMIIKOM JIETKMMH, MEeHbIIE MacCH Ipo-
TOHA, IIOCKOJIBKY ViK€ IOCTPOMIN MHOXKECTBO YCKOPH-
Teyeill, CIOCOGHBIX CO3JaBaTh JIETKHE YaCTHI[kl, HO
noka uro HuKakux WIMP ue Bugenu.

C apyro# croporsl, WIMP MoryT 6bITh OYEHb TAXKe-
JBIMM M IPH 3TOM He IPOTHBOPEYHUTHE KOCMoOJoruye-
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Buguuyte

CcKUM HabawaeEnaAM. Kax MBI yoke 0O0bACHHAHN, ObiJIO
YKH3HEHHO HeoOX0AuMO, 4T0o661 WIMP Ha paHHEUX CcTa-
AUAX pa3BATHUA BceneHHOM yMenM TpeBpPAMIATHCA
B OOEIYHYI0 MATEPHIO, KOTOPYIO MEI HaGI0faeM Teneps,
¥ HaoGopoT, uTo 3a]aeT HMWKHMI mpejgen TOro, Ha-
CKOJILKO TeMHasa MaTepHsa crrocobua BaamMoaeificTBo-
BATH C O0BIUHOMR., FTOT HUKKHU Npenes BaauMogecer-
BH S 3aJIaeT U BEPXHUI OIPeJies MacChl YaCTHILI TeMHOM
MaTepHH — oHa cocTaBifeT 40 THCAY Macc NMPOTOHa,
XOTS 3TO OYEHb 3ABHINIEHHAA OLEREKA, TOCKOAbKY 60Jb-
UIMHCTBO TeOpPHit NpeACKA3LIBAIOT, UTO Macca WIMP
cocTaBJIfeT MEeHbIlIE ThiCAYM Macc IpOTOoHA.

HaM Hy;XHO BEIYHCINTE Maccy YacTHILI TeMHOM Ma-
Tepuu U pasolpaThecs, B KAKMX BIAUMOAEHCTBUAX 3Ta
YaCTHIA YYACTBYET, a IIOTOM HOCMOTPETh, COOTBETCT-
BYIOT JI¥ 3TH JaHHBIE CYIIePCHMMETPHH, TeOpHH CTPYH
uIn emie 4yeMy-RH6yabs. OJHAKO MOJYYHTH YACTHUIAI
TeMHEO# MaTepyum 3KCHEePUMEHTAJNFHO OYeHb TPYAHO,
MOCKOJABKY OHH 6YKBAJIPHO YTEKalOT CKBO3b MAJITEI,
TeM He MeHee MBI DACIIOJIAaTaeéM HECKOJLKRMMU cnocoba-
MM Y3HATb UX XapaKTePUCTHKH.

1. Crenafire nx caMu.

B riase 4 MBI yieluAHM MHOrO BDEMEHH PA3rOROPY
0 TOM, KAK CO3JABATb B YCKOPHTEJSAX MACCHBHEIE Ya-
CTUULI BPOZE UaCTUIH Xurrca. A BAPYT T&M MOXKHO
CO3JATH ¥ YACTUIRI TeMHOM MaTepuu? KorneuHo, yactu-
bl TEMHOK MaTepHH, KaK B HEeUTPAJNbHYI0 YACTHILY
Xurrca, pyKkaMu He MOTPOraellbh ¥ HA CTON He NOJIO-
JKHINB, HO MBICJIL 3Ta 3paBas. CTONKHUTE APYT C APY-
rOM IBe YACTHUIS ¢ JOCTATOYHOH sHeprue#fi — u paHo
MJIN O3AHO BHI ItonyautTe WIMP, Oauako uaMepesue
uxX Maccel 6yAeT oCHOBAHO HA TOM, Yero MBI HE BHAMM.
Maccoit WIMP 6yaer sHeprud, HepocTaowan B 6anan-
ce SHEePIruH CTONKHOBEHUA (1 MACC CTANKUBAIOINHXCA
YacTHIl) ¥ 3Hepruii (¥ MACC) BRLIETEBUINX YACTHIL,
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2. Ax mosino kpyrom!

Mal yKe roBODHJIM M CHOBA MOBTOpPHMM!, 4TO B6YK-
BAJIBHO KyIllaeMcs B TEeMHOH MaTepHH, HO He B COCTOA-
HUH 3aCeYb €e NIPAMO, He CYHTAas IPaBUTALHH (KoTopas
' Y OTZeJIbHBIX YACTHIL IpeHeOpeX uMO MaJsia) MK caabo-

ro BzaumojeiicTud (koropoe Boobile mpeHeOpexnMo
MaJio, ¥ Touka). TeMm He MeHee Koe-uTo HaM NOoJ Cuiy —
HaupuMep, cJejIaTh BaHHBI U3 XHAKOCTH, KOTOp&ad,
6yAyuu pegocTaBieHa caMa cefGe, HY ¢ ueM He B3auIMo-
geiicrByer. ExBa iy He caMoe MaciiTaOHoe Meponpusa-
THe TaKoro poga — ato npoekr XENON100, B koTo-
POM yyacTByeT 0K0J0 120 KHJIOrpaAMMOB XKUIKOTO KCe-
HOHa, KceHoH BBIOpAH MOTOMY, YTO B HOPMAJBLHEIX
YCJIOBHSIX OH He B3aMMOZEHCTBYeT ¢ APYrMMH MaTepHa-
‘aM¥ 4 He pacnajaerca. Ilo Mucau ucciaegopareneii,
€CJIM HOMECTHUTDb AETEKTOPHI ITyGOKO MOK 38MJIIO X BHH-
MATEJIBLHO CJIeIUTh, YTOOLI TYNa He [ToNafagi KocMHuYe-
CKHe Jy4Yd, TO IPH HOPMAJBHEIX 06CcTOATEILCTBAX HE-
00BACHUMEBIX CUTHAJIOR GBITH He JOJI’KHO.

VcTaHOBHE BAHHBI 1 AETEKTOPH!, yieHbie IPOCTO CH-
AAT U HJAYT, KOrga MUMO IPOCKOYAT YaCTHI{Ll TEMHOI
maTepuyu. MoskeT cTaThCA, TAKAA YacTHLA YAADHT
B [IPOTOH, & MIPOTOH BRIJACT U3JIyUeHUE, KOTOPOE YAa-
CTCA 3acevub. IToKka YTO HY OHOM YACTHIILI MBI He BHAE-
¥, HO Bo3JiaraeM GoJibIIHe HafexXAbl Ha AETEKTOPHI

- HOBOrO NOKOJIEeHHMS — KOTOPhIe KYAA YYBCTBUTEJbHEE.

3. Ilycrr BecesreHHAs OTpyAUTCA 34 Bac.

I'nassoe B WIMP — 70, 4To UX HDOJHBIM-IIONHOZ,
IIPOCTPAHCTBO MMM Tak ¥ KumuT. Kak 6p1 c1abo oHu
HU B3aMOJAECHCTBOBAHN, OHU BCe 3Ke BCTYHAIOT BO B3aH-
Mozeitcreusa. Yro 6yaer, ecau cToakayTs WIMP u an-
TH-WIMP? Kak npaBuyo, Hadero. Ckopee BCero oHu

1 A Bl HaM e BepHTe!

2 Bunure? Taxk uro He BoliTech NOARATH PYKY, OYCTh BAc TOXE
COCUKTAIOT. “x
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Buguaes

nPOCTO NPORAYT APYT CKBO3L Apyra. A MoXeT OuTh,
cOesaloT TO J2Ke CaMoe, YTO AeJajii BCe YACTHIIRI M aH1.
THYACTHUIBI C HAYaja BpeMeH,— YHUYTOXKAT APYT APY-
ra ¥ CO3ZaAyT raMMa-uanydeHue, Eciu HanpaBHTh Te-
JIECKONBL B HY>XHYIO CTOPOHY, MBI, BePOATHO, YBHANM
CBeT, BOSHMKINHHA B Pe3ybTaTe 3TUX CTOJKHOBEHHI.

IIpeanonoxxnTesiLHO CMOTPETH CTOUT MMEHHO B TY
CTOpOHY, rae Goabime Maccel. Bexa B ToM, 4TO IIpH Ta-
KOM NOAXOAE MACCy CJleyeT HCKATh HMEHHO B HeHTpe
TaJIJaKTHKY, a TAM IMPOHUCXOAHT MHOIO APYTHX COOHI-
THil — HAOPUMEP, B LIeHTPANLHYIO YepHYIO ALIPY naja-
eT BelleCTBO,— OTUEro ToKe BO3SHUKAET BLICOKOIHED-
MMYHOE raMmMa-usjydesne. OTIMunTh CUTHAJ OT ITIOMeX
6yneT OYeHL TPYAHO, MIO3TOMY MOKA UTO ZOCTOBEPHHIX
HabGi0eHU cieaHo He GRLIO.

B 2008 rogy HACA B coTpyaHHYeCTBe C MUHUCTED-
crBamu 3HepreTuku CIIA, dpaunnnu, Mepmanun, Ura-
auu, Anouun v llIseryu 3anycTuno Ha Op6UTY raMma-
obcepBaTopuio uM. Pepmu. 3ToT KOcMuUecKHuit Tese-
CKOIN NTO3BOJUT HAM HCCJIELOBATh LUEHTP FaJIaKTHKH,
a TaK)Xe 3Be3HHIE CKONNEeHUdA, TTIOTeHIUANbLHEIE Yep-
HbIe OBIPHI ¥ Apyrue uanwbnennsie MecTa o6UTAHUS
TeMHOI MaTepHu.

XoTurte BephTe, XOTHTE HET, & Y TEMHOI MaTepuu
OCTAeTCA BCe MEHBIIE TaHLIX y6erKuIT,

Il. Bonro nv XuBYT NPOTOHDbI?

Mz, cosnarenn « PykosoacTsar», cuuTaeM cebsa ncu-
xonoraMu-aobureaamul, Ml npeamnonaraeM, 4ro
JIOAH yBJIeKalTcA GU3HKoil, noToMy uTo 608TCA Ka-

1 1 MaMaN cBOEM MK 3BOEHM C 3ABUAHON PEryasspHOCTLIO, BO3-
MOXXHO, KOMOYJBCHBHO, IO3TOMY CTAPAEMCH HE CAMILKOM yBJe-
KaThCA ICUXOAHATNIOM.
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TAKJM3MOB, YePHBIX AbIp U KOHIA cBeTa JHOO HaAeIoT-
Cs BCe O HUX y3HATL. Bens ¥ BEI, Ipoe3skasa MUMO aBTO-
MOOMJILHEIX aBAPHIl, BCcerja MpKTOpMaXxKuBaeTe, 4YTodn
IIOCMOTpPETh, Npasaa? :

Mkt He cTaHeM MOABEPraTh BAllK CTHMYJIBI COMHe-
HUI0, NOCKOJbKY OHH TAKHE Ye, KaK Y HAC, ¥ HEeBaXKHO,
30POBhIe OHH MJIM HeT. MbI yiKe yAelujan MHOTO Bpe-
MEHH Pa3roBRopaM 00 MCUe3HOBEHUH YepHBIX ALIP, KO-
TOpOe KJeT HAC B JaJleKoM OYAYILeM, B O TaK Ha3blBae-
MOM BTOPOM 3aKOHE TEPMOAMHAMHKM, COrJIACHO KOTO-
pPOMY C TeueHNeM BpeMeHM Bcesnensan npeBpaTHTCA
B TEIJIOBATHIN OacceliH, B KOTOPOM He GyaeT HHKaKOMH
pedu HH 0 CTPYKTYDE, HH O YKH3HH B TOM BUJle, B KAKOM
MBI ee 3HaeM. MBI arke YIIOMAHYJIH O TOM daKTe, UTo
Bcenennas noapepskena 66CKOHEYHOMY 3KCIOHEHIH-
aJIBHOMY PACUINPEHUIO, BLI3BBAHHOMY TEeMHOM 3Hepru-
eit. OHO OyAeT IPOROAIKATHCH, TOKE KaXKAas FrajaKTh-
Ka He NIPEBPATHTCH B OCTPOB, IOJHOCTLIO OTPE3aAHH LI
oT ocransHoll Beenennol. Tpyano npexgecraBuTs cebe
GoJsiee yHELIOE Oyayniee.

Ho xoraa o6maembsca ¢ hbU3HKOM, BCeraa cieayeT
oXxugaTsy xyaumero. UTo ecam My BAM CKa)KeM, 4TO
¢ Te4eHUEM BpEeMeHH caMa Marepus 6yxer MeRJIeHHO
BEIKHIATD H MCHApATHC? '

Koney matepuu

JIa, MBI 3HaeM, 4TO BCepbe3 UCIIOPTHM BaM HACTpOe-
H¥e, N03TOMY HEpPBBIM AEJIOM IMOHMHTE, YTO BCE 3TO
CAYUHTCA JaJleKOo He 3aBTpa. Koraa peusb UAET 0 Talak-
THKAX, YePHAIX AbIPaX U UCMapAomieica MaTepUH, Mbl
FOBOPMM JaKe HE 0 MHJIJIMOHAX W HE 0 MHJLIMApAax
JerT. My roBopuM 0 nepuoiax BpeMeHH B TPUJIAUOHBI
MUJIIHAPAOB pa3 Gosblle HBIHELIHero Bo3pacTta Bcee-
JIeHHOH. YUUTHIBadA, CKOJIbKO rafocTelt mpousoiger 3a
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370 BpemA, rubess MaTepUN MOXXHO CMeJI0 IOMECTHTh
B CaMBIH HU3 NepeyHA BAIIHX CTPAaXOB.

3ajsaBafick BOIIPOCOM O pacmaje MaTepHH, MEI
C OPaKTHYeCKOM TOYKH 3pPeHUs 3aJaeMCH BOUIPOCOM
0 pacnajie OpOTOHOB. MEI ysie roBODUJIM, UTO IPH BCA-
KOM YAOGHOM clyuyae HeMTPOH paCIafaceTCA Ha IPOTOH
¥ KOe-4TO enie, HO TOJHKO NOTOMY, UTO OH THiKeJee
aporoHa. I[IpoTon — caMuiit Jerxkuit u3a 6apHounos, mo-
3TOMY MEI OJKUAAEM, UTO OH CKOJBKO-TO NIPOJKHBET.

Bompoc B ToM, CKOJIBKO HMEHHO, ¥ Ha 3TO CTAHAAPT-
Has MOJAEeNb JaeT OPOCTOH HeABYCMBICIEHHEIH OTBeT.
Beuno. IIpoToER He pacnafialoTcs, IOCKOJILKY obliee
yucao 6apHoOHOB JOKHO COXPaBATHCA. IIOCKONEKY
IPOTOH — caMulil Jerkuit 6apuoH, pacnagarbca eMy He
HA 4YTO.

Ho ecau 3Ta riiaBa ueMy-To ycnesia Bac Hay9IUuThb, TAK
3T0 TOMY, YTO CTAHAAPTHAA MOJieJIk OTBe4YaeT OTHIOAL He
Ha BCe Bonpockl. Eciu peaxknusa ujger B OAHOM HANPaB-
JIeHUH, BHAUYNT, JOJKHA UMETh MECTO U o0paTHAS peaK-
oua. HarepHAKa KOra-To, ellle BO BpeMa Boasimoro
B3pHIBA, GLLNO BpeMs, Koraa GapMOHLI CO3MABAJINCE K3
gudero. C atoit HayuHoit TpobreMo# MBI BCTPETHINCH
B raaBe 7, Korga OOHAPYXXHAH, UTO eCIM Gl GapHOHBI
c anTH6apHOHAMM BCerza CO3XaBaJINCh TONLKO IapaMi,
TO ¥ aHHUIrUJINPOBaTL OHY AOJLKHEI TOMKe mapaMu. Brl
JKUBOE U XogAYee AOXKA3aTEJECTBO TOrO, YTO B KAKOI-TO
MOMEHT BCEe-TAKHM HMMEJIO MECTO IIPEBOCXOACTBO 6apuo-
HOB HaJ auTn6aprnoramul! Bam noeaso.

BeposTHO, BRIpA60TKA NUIIBKX GAPHOHOB HMeJsa
MeCTO B KOHIIe mepwoga WHQIANUH, IPUMEDHO Yepes
10732 cexyram mocme Bosbinoro B3puiBa, & 3HAYHT,
OH&, BePOATHO, UMeJIa KAK0e-TO OTHOLIeHHE K YHUPH-
KaIu{ 3JIeKTPocaaboro u CHALHOTO BaauMoeiicTBHIl.,
Ecnu 3aKOH COXpaHeHHA KOAXYecTBa 6apDHOHOB He Jell-
CTBOBAJ TOTAA, TO H Ceii4ac OH B HEKOTODO# CTelleHM
TOX e He nedcTBYyeT.
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IIpencTaBuTe cebe, UTO Y BaC €CTh COGCTBEHHASA Be-
aukas treopua yruburanuu (BTY). ITepeeiM femom
MBI 6B CIIPOCHJIN Y BAC, CKOJIBKO, COTJIACHO Balllei
BTY, xuser THnuuHL npoTod. CornacHo npaKTuye-
CKH BCEM STHM TEOPUSAM IO eLWHOI, IPOTOHLI B KOHIlE
KOEIIOB pacnajaioTcs Ha MO3UTPOH U elle OAHY JacTH-
oy 1moj HAa3BAHUEM NHOH. ['MaBHOe pasiuvne MEXAY
Pa3HBEIMM TEOPHUSAMH — CPeJHAS NPOJOJIYKNTENbHOCTD
xusam nporona. ¥ 3To xoponio. 3To 3HAYHUT, YTO €CAN
MBI CyMeeM BbISCHHTDH, CKOJNBKO YKHUBYT OPOTOHB!, TO
YV HaC NOABUTCH OTMEHHBIN KPUTEDUH TOYHOCTH Das-
auuasix BTY — no kpaiineii Mepe MBI CMOJKEM TYT e
POCESATH 9TH TEOPUM CKBO3b YACTOE CUTO.

l'ne xe oH, pacnag NpoToHOB?

Hexoroprle u3 panuux mogeieit BTY npesckasbipa-
JI¥, 94TO OPOTOH KuBeT mpuMepro 103! jer. DTo oueHs-
oyeHs pgoaro. I'opasgo Goabme Boapacta BeesnenHoi,
IO3TOMY BRI BOPABE IPEJANOJOMUTE, YTO GU3UKHU, KO-
TOpPBIE€ BRIABUHYJIH 3TU MOAESH, IPOCTO B3AAM HayTrax
IIPOTOK-AOJIOKUTENb U PEUIHJIN, YTO BCE PABHO HUKTO
He TIPOKMBET HACTOJIBKO AOJTr0, YTOOK! OIIPOTECTOBATE
UX HODeneBCKW 6AHKOBCKUM cuer.

K cuacTsio, HaM He HYKHO 6paTh IPOTOHYMNK, KA4CTh
ero Ha CTOJ ¥ JKJATh, KOT/la OH HPEBPATUTCA BO HTO-
HUGYAL APYroe,— y HAaC €CTh METOABl K IQJIydIle.
B 1980-x ronax yuyensie IOHSAIU, YTO ZJIA 9TOr'0 HYIKHO
MIOCTPOMTH FTMTAHTCK e NOoA3eMHEIe 6acceHEI CO CBepX-
ypcToil Bogoit!. I'aBHasA wesb TaKUX dKCHEpHUMeH-

1 Ina narasiguoctH: Gacceity «Cynep-KaMuoxaHaes nprMepHo
B 10 pas Gospine 1o ofbeMy OXUMOMIHICKOrO NaaBaTENBHOrO Gacceit-
HA — M BCe DTO HAXOJMTCA B KMJIOMETpe Mok 3eMaeil. ITo HYKHO,
yT06Bl 3AITUTHTD Gacceiin oT BCeX MOCTODOHHHMX CHI'HANOR BpOJXE
KOCMHYeCKHX Jyyeit,
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Buquusse

TOB — IOCMOTDPETb, PACOaJeTcH JH XOTh OQHH NPOTOH
B bGacceiile, ecJIX OCTaBUTL ero B niokoe. Eciu fa, To
3apAIKEHHbICe YaCTHILI, CO3XABIIHECA UPH pacnaje,
npoMyYaTcsa no Hacceitny H HCYCTAT U3NIyYeHNe, KOTo-
poe GyaeT 3a@UKCUPOBAHO AeTeKTopaMH. IlockonrKy
[IPOTOHOB MHOI'0, DPA3BYMHO IIPEANONOMHTE, YTO, €CAH
HA6GMIOAATE ZOCTATOYHO AOJAT0, XOTh O/IUH Ja TOKUHET
CHIO I0J0JIb CKOpOM,

Yro-ro noxobHOEe MBI BHAENIH B I'Iase 3, KOI'a roBo-
PHJIM 0 KOCMHUECKOM reHepaTope CAYYaiHbIX ducel.
IIpeacrasnte cebe, YTO IPOTOH X B CAMOM fEJIe KUBeT
103! per. DTO 3HAYHMT, YTO KAKABIN IO KOCMUIECKUIL
reHepaTop cayuaiiHnix uncea GpocaeT UrpaJabHYIO
KOCTb, Yy KoTopoit 10®! rpaneit, no 0AHOMY pasy Ka Kax-
OBl IpoTOoH B Gacceitne. Eciu y reHepaTopa BuInajgeT
eJNHHYKA, COOTBETCTBYIOLIUI IDOTOH paCIagaeTcH.
«Cynep-KamMunoxanfes Haxogurca B mmaxte MounymMu
HEIIOAAJIEKY OT AMOHCKOro ropofa Xuna, 3KCIepuMeH-
TH ToZo6HOro poxa uayT yxke 25 JeT, ¥ emle HY pasy He
6R1JI0 3aCBUIETEILCTBOBAHO HM OJIHOT'O pacnagal.

ATo XopoliIre HOBOCTH, MOCKOJIBKY OTPHIATEAbHEIH
pesyabTaTt 03HauaeT, 4To B 0603puMOM OYAYIIEM HAM
He NIPHAETCHA CHOHTAHHO PACHafaThCA Ha BRICOKOIHEp-
radYHEe YacTunel. C Apyro#l ¢TOpoHSI, 3TC IJIOXUE HO-
BOCTH AJA HeKOTOPhiXx BTV, HOCKOALKY Tenepb HUX
MOKHO JIer'KO ONPOBEePrHyTh. B HALlIK AHU OCTaeTCA BCe
MeHBbIIe U MeHbIE MOJesel, COOTBeTCTRBYIOINIKX BCe
6oJtee u 6onee KOArO MUHUMAIBHOMN XKHU3RY IPOTOHOB,
HO MHOTHe M3 HUX HpexnonaraioT npumepro 1036 ner.

1 370 o3HAUALT, UTO MBI KATACTPOPUYECKH HEJOOLEHHIM KOJIH-
4ecTBO rpaHelf Ha Hainel urpanpHoi xocrn. Teneps Mul obaBngeM
KOJHYecTBO PpaHeif, NOKA He OKAXKETCS, UTO PA3YMHO OXKRMAATH OT-
PUIOATENBHOrO Pe3ybTaTa. M He TONBEKO OTMeNH HeCKOILKO DaK-
nnsxg Teopuil, HO W YACHMJIH, YTO NPOTOH KUEET XAK MHHHMYM
1035 ser.
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YuureiBas, HACKOJBKO MK GIM3KU K TOUHOMY oNpeze-
JIGHWIO 3TOrO Mepuoja, CTOMT JH YAHUBIATHCA, YTO MBI
yBepeHBI, 6yATO ONpPEREeIUM €ro COBCEM CKOPO?

HI. Kaxoﬁa Macca HeluTpuHoO?

O6cy:xzass KAaHAUZATOR Ha POJb TeMHOIl MaTepHH,
MbI IOTOBOPUJIM ¥ 0 HEHTPHHO M TYT )Ke OTMeJH €T0.
«JlerkoBar»,— cxasanm Mbl. Eciu 661 BR cripocHJIx
HAC, KaKOBa Ha CaMOM JeJjie Macca HeATpHHO, Mbl OBl
HavaJM ep3aTh U onycKaTs miasa. Ilonpocty rosopa,
MBI He 3HAaE€M, a A0JIroe BpeMs BoofIIe nmojarajay, 4To
HeATpHHO JUIIeHN Macchl, OKA3KIBAETCH, 3TO He TaK,
HO NepBHle NPUMIHAKY TOTO, YTO HeATPHHO 06AaAAIOT
Maccoii, MuI npoHAGIIOZAIM NPAKTHYECKH CAydJaifHo.

NpupoaHsie pabpukm HeliTpuHo

HeifTpuHO — 3Takpe NpPOKA3TUBEIE YepTerEATa. Ilo-
CKOJBKY OHU YYACTBYIOT TOJBKO B c1a60M B3anMoOAeit-
CTBHH, X HEJH3A B3BECHTH, & NNOCKOJIBKY OHH 3Jek-
TPUMYECKM HEeMTPAJIbHBI, HA HHX He AEHCTBYIOT 3JeK-
TPOMArHUTHEIE TOJIA. 3aTO MBI MOXXeM cO30aBaTh UX
B ALEPHBLIX peaKTOpax, U OIPHPOAHLIE PEAKTOPHI, OHH
JKe 3Be3hl, IPOM3BOAAT MX B M306HIHNH,

M=u1 pacckakeM BaM OXHY mcropuio. IIpumepHo
160 TeicAY JeT HA3aZA B OZHOMU raylakTHKe HelofaNeKy
oT Hac — B BoabmoM Mareananosom Obnake — 1po-
H30ILJIa BCIILIIIKA cBepXxHoBO#. IToCKOABKY CBeT Ko6U-~
paeTcs 4O HAC HE M'HOBEHHO, YBUEIH Mbl 5Ty BCHBIIII-
Ky amms B 1987 roay, # 70 66110 OXHO U3 CAMBIX IPH-
MeYaTeJbHEIX ACTPOHOMUYECKHX COOBITHIA B HCTOPHH
gesoBeyecTBa. BMecTe ¢ H3lyyeHneM BO BpeMs BCIIBILI-
KM BEICBOGOZMJIOCH TPOMAJHOE KOJNYECTBO HeXTpH-
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Bugues

HO — HACTOJBLKO I'DOMAJHOE, UTO OYeHb MHOIrO HeiT-
puHO xoxerens xo 3emau. Ham noressno, y Hac O6ninn
HArOTOBE MOIIHBIE 1eTeKTOPHI, H MBI 34CEKJIN UK Heil-
TPUHO B TOT CAMBIif MOMEHT, KAK TOJILKO YBHAEIH CBET
BenumKH. To ecTh HeNTpHHO OPROLIIN K HAM eCJH He
€O CKOPOCTBIO CBeTa, TO NO Kpailigeit Mepe HACTONBKO
6/1H3K0O K CKOPOCTH CBETa, YTO MBI He GhlIN B COCTOS-
HUH OTMETUTDL PASHULY. 9T0 OBLIOC NPEAnoCcieHee CBU-
JeTeNLCTBO B NOJMBL3Y TOTO, YTO €C/MN HefATPHHO U He
AUNIeHsl Maccehl, OH HEOOhuaiiHO JMerxkue paxe nmo
cybaToOMHEIM CTaHAAPTAM.

HagepHoe, BEI AymaeTe, GYATO TO, UTO Ml YCTAHOBU-
JM U HACTPOMIU MOHDIHBIE JNEeTeKTODPHI KaK pa3 nepej
BCOBIMKOM cBepxHoBoi#l 1987A — 3T0 Kpaiitee Bese-
une. Hy uTo BH, BeseHUE TYT HY HPU YEM, U BaM 3TO
CTaHeT NOHSATHO, KOTZAa MEI PACCKAKEM, KaK BHILISAAAT
HEKOTOphle AeTEeKTOPhl HeTpUMHO. DTO TMraHTCKHe
moAaeMHukble OacceiiHbl ¢ cynepyncToit Bogoit. BcnoMEM-
su? Hy xonmeuno. MHOrHe U3 YCTAHOBOK AJIf ONKITOR
0 pacIraagy NpoOTOHOB B Pe3YJIbTATE COCIYIKHIN XBOM-
HYI0 cayx6y! — cranu oGcepBaTOpUAMM HEHTPHUHO.

IIpeackasaTs BCOBIIKY CBEPXHOBOM HEBO3MOMCHO,
NO3TOMY IPEACTABIACTCA RECKONBKO HEKOHCTPYKTHMER-
'HBIM ROKHMAATLCA CBEPXHOBOM B HajieixkRe HANOBHMTH
He#TpuHo. K cuacThio, CBepXHOBRIE — HE JHHCTBEH-
Hble pabpuku HeiiTprHO. Hame co6ctBennoe Congrne
BRIpaGaTLIBACT HEHTPHHO B MOXOMKUX KOJIHUECTBAX BMe-
cre ¢ GoToHaMM B XOfie CBONX TEPMOAJIEPHBIX YIIpaXiHe-
Hui. IIpocTo poronm Gonbuie 6pocaroTcs B 1y1as3a.

JlosJyieit HEATPUHO MBI 3aHUMAEMCA yiKe AOBOJBLHO
Rasno. B 1960-e roas! 6oapmoi naTEpEC BRI3LIBANIU
NONKITKH 3aceub Heltpunao ¢ ConAana, nosromy Pait-

fPIJm OOVHADEYI0 — Befb PACHAAA NPOTOHOB IOKA BMKTO He
npouabaronan. .

A



Thaga 9

AoSpo NOKAAOBAID

B Xoymemei!

TEYAABHO 3HAMERUTHIR TIOXUTUTEAD HEATPUHO

moHx JIssuc n3 BpykxaBeHckoii HannoHanbHOI J1abo-
paTopuu ¥ H:xxon Bakann, xoropslii Torga paoran
B KanrudopHuUlicCKOM TeXHOJOrHYECKOM MHCTHTYTE,
BOSIABUAY PAGOTY IO CTPOUTEALCTRY,.. A4, BEI Yrafa-
JIM: THTAHTCKOrO nmoAseMHoro 6acceiina. OGcepBaTopus
XoyMcreliK, NOCTpOeHHaA B 3a6POILEHHBIX 30J0ThIX
Konax B KO)kHoit [lakoTe, Ha caMoM gene Gp1sa Gacceii-
HOM Ha THICAYH KyOOMETpPOB, HAIIOJIHEHHBIM MO LINM
cpexcrsom!, HeliTpuHO BieTaeT, yaapaeTca O Kakoi-
HUOYIb ATOM XJIOpa, NpeBpamlaeT XJjaop B PAAHOAKTHE-
HBI# 4ProH, a AproH pacmajgaeTcsi, UCIyCKas CBeT.
IIpome Hexynal

! M1 npegnounTaeM NepXA0POSTHIIEH — Y HEro TAKOH ApKMit
6ykxeT, — HO B KpafiHeM ciy4ae MOXeTe HCIOJ/Ib30OBATH I TETPAXJIOP-
areH. HeliTpuHO OH TOBRT HHUYTE HE Xy2Ke, W BAIIH rOCTH He 3aMe-
TAT PASHULLAL.
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Bugumes

EauscTBeHHAA CI0MKHOCTH COCTOHNT B TOM, YTO AETEK-
TOPHI He NIPUHECIH 0XKHAAEMEIX pe3yabTaToB. Bakanin
npeACcKAa3bIBaJ, YTO OyjseT DOAydeHO pa3a B ABA-TDHU
0oablue HERTPUHO, YeM 3aceKNnu Ha caMoM jaese. Ilo-
ClIefyOLMe DKCIePEMEHTRI, B KOTOPLIX BMECTO MOIO-
111ero ¢cpeJCcTBa UCHOJIh30BANIaCh BOJ4, HIOKA3AJH TO JKe
camMoe.

Kro-to xpager nours Bce neirpuno! Ho xro?!

Moanor n MOLWWEHHUYECTBO
B MMpe HeATPUHO

Ho cux nop MBI cTapaTesIbHO 00XOAUIN HEKOTODLIE
BOIIPOCH!, KOTOpPhIe, BePOATHO, BOSHUKJU Y Bac INpu
OCMOTpE HAUIErO HOJNIEICKoro apxuea B riase 4. Cy-
LeCcTByeT TPH Pa3HBIX TUNA HeHTPHHO — 3JIEKTPOR-
Hoe, M0 # Tay. Mul He paccKkasand, YeM OHY pPas3auvda-
OTCA, OJHAKO B Ipollecce TePMOAXEPHOTO CHHTE3a 06-
PasyoTca HMEHHO 3IEKTPOHHEIE HEUTPHHO, IIOCKOIbLKY
B IIPOIlECCe YYACTBYIOT enle 1 JIeKTPoHEL. IlepBhle Ae-
TEKTOPb! HEATPHUHO PErHCTPUPOBAIIY TONLKO dJIEKTPOH-
HBle HefiTPHHO, A OCTAJBLHEIC JBa THHA& OKa3LIBAJIUCD
NONPOCTY HeBMAUMMBIMY. BeposiTHO, «MCUedHYBiIUE»
HeATPHHO KaKUM-TO 06pa3oM (110 MaAHOBEHU IO BoJnes-
Hoil nanouku?) OpeBpaIaIUCh U3 AJIEKTPOHHBIX Hel-
TPHHO BO YTO-TO ApPYyToOe.

KpacoTa ¢pusryecKol HayKu! 3aKII09A€TCA B TOM,
YTO MOJKHO B3ATb HA HEPBLI BariaAx HECOBMECTUMEIE
HAeH, YTO6k! 00 beAUHUTE ¥ UCTOJIKOBATD SBJEHUSA, KO-
TOphIe HHAYe HHYEM He 00bAcHAIoTcA. PaceMoTpUM
TpH coobpakeHuss — Bpo/e OLl HEKAK He CBA3AHHEIE
Mexay coboii.

1 KpacoTy camMux puarkos MuI 06Cy:xaaTE He 6yAemM, 9T0 BONPOC
CIOPHELH,
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1. YacTuihl, KOTOpLIEe DPeACTABAAIOTCA HAM OfHHA-
KOBBIMM, HATIPUMED HJIEKTPOH CO CIIIHOM, KalpaBJieH-
HBIM BHH3, M 9JI€KTPOH CO CIIHHOM, HaIpPaBIeHHLIM
BBEPX, HA CAMOM JeJie IPH HEeKOTOPhIX 006CTOSATENbCT-
Bax BeAyT ce6a KaK pasHule YacTHUEI. BepHo 1 o6paTt-
Hoe, JIBe 4acTHIEI, KOTOPHIE IPEACTABIAIOTCS HAM pas-
HEIMU, IIPH HEKOTOPBHIX 06CTOATENLCTBAX BEAYT celis
Kax oguHaKoBole. HanpuMep, OIDOTOHEI ¥ HEATPOHBI
BeZyT cebsl CoBeplI€eHHO OAUHAKOBO, KOrAa IIPOHMCXO0-
JUT TONBKO CHIIbHOe BauMogeiicTene. Ecay pasnuna
JOCTATOUYHO BeJIAKA, MBI TOBODHM, UTO 3TO ABE PA3HEIE
QACTUIH, 4 eCJy PASHUNA HedHaYuTe IbHa (Hanpumep,
3JIEKTPOH CO COIMHOM, HANPARBJEHHLIM BHU3, N 3JeK-
TPOH CO CIIHHOM, HAIIPABJIEHHBIM BBeDX ), FOBOPUM, YTO
9TO ABA DASHAIX COCTOAHHUSA OZHON M TOH JKe YACTHILLL.

2. MHorne yacTUNL He HAXOAATCA B TOM HJIM HHOM
KOHKDETHOM COCTOSIHHH, a ABIAIOT coboil coueTarue
ZBYX 1 6oJjiee pa3HBIX COCTOSIHHUIL. B rnase 3 MBI Buje-
JId, YTO HAIpABJIeHUE CIIMHA DJIEKTPOHA COBEPIIEHHO
cay4aitHO U CTAHOBHTCA ONpeNesIEHHBIM, TOJBKO €CJIH
MHI ero HabaogaeM. Muaye ropops, OE OZHOBPEMEHHO
HaIpaBJIeH BBEPX ¥ BHU3, H KAXKH0€ COCTOSHIE MOKET
ObITh HAaOMONAEMO ¢ HEKOTOPOM BEPOATHOCTLIO. KBaH-
TOBAA MEXAHWKA U306MayeT YaCTHLUAMH, KOTOPLIE O~
HOBPEMEHHO NpeAaloTcs ABYM (Ha NepBLIM B3raAax)
B3aHMOWUCKJIIOYAOILAM 3aHATHAM,

3. YacTHun! BexyT cebs Kak BosHkl. Korga mMel pac-
cKasayii BaM o6 9TOM B I'JlaBe 2, To npeHeOpersu ogRoi
TOHKOCTBIO, KOTOPaA ceiluac OKaKeTCA HAM I10JIe3HOIA.
Ecnu «BOMHA» ocuaAaupyer (To ecTh Koyebaercsa) me-
AHIY ABYMA DA3NUYHBIMM COCTOSAHUAMU, TO YeM Bos-
Ie PASHUIA B 3HEPTHH MeKIY S9TMMH COCTOSHMAMH,
TeM OrIcTpee OyAYT OCLIMJLIAIIIH.

A renepp 00'beUHUAM 3TH TPH coobpakeHus, cobe-
peMea ¢ AYXOoM ¥ chesaeM obecKyparkuBaloniee, O5Ha-
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Buguusee

KO COBEPUIEHHO BEepHOE HPEAIIOJIOKEHNe — HeHTPpHHO
PasHbLIX BRAOE MOTYT NIpEeBpamtaThcd APYT B Apyra.

IOKCIepHMEHTh! HOKA3AJIN, YTO Y HAC €CTH TPH PA3HO-
BHIHOCTH HEHTPHHO: OJJHO B3AUMO/IEIICTBYET C 3JIeKTPO-
HOM, JAPYyroe — ¢ MIOOHOM M TPEeTbe — C Tay-uacTHIei,
Mzl npepcrasnsieM cebe 3NeKTPOH KaK KOMOMHAIUIO
ABYX YACTHII — 3JeKTPOHA CO CHUHOM, HAMIpaBJIEHHRIM
BHU3, U 3JIeKTPOHA CO CIIMHOM, HAIIPABJIEHHBIM BBEPX;
TAK BOT U HeATPHHO TOYKe MOMHO IPeACTaBUTH cebe
noao0HLIM ke o6pasoM. [HaBaiiTe cunTaTh, UTO Cydle-
CTBYeT TPH PASHBIX THIIA HedTpuHO — N2 1, Ne 2 M N2 3
B IOPAAKE YBeJHUYEHUA MACCHI.

‘Heitrpuno Ne 1 cocTonT 110 60Jbiieit uacTn U3 ajex-
TPOHHOIO HEHTPHHO B COYETAHMHM C- Xopomrei Ao30H
MIO-HeHTPHHO U KalleJbKo# Tay-HeitrpuHo. HelitprnHo
Nt 2 yerpoeHo unaue, a HeHTpAHO Ne 3 npexcTaBiIeHO
TpeTbUM HabopoM kauecTB. HeBayxkBHO, Kax MH 6yaeM
MX HA3BIBATH — TPEMA COCTOAHMAMU OAHOI UaCTHI(E
UJIM TPeMsA pasHeIMM yacTUramMu, BaxHo gpyroe: Heii-
TPUHO He OYAYT BHIMNAZETh KAXKIHI pas ofMHAKOBO.
9To coolpakeHue IOAYYUJIO HASBAHNE OCHHJIISANHYU
HEHTPHHO, NOCKOJBKY HeHTPHHO OCHUITHDYIOT MEXKIY
TPEMA «MTUYNHAMUY — 3JIEKTPOHHBIM, Tay ¥ MIO.

Ine :xe Tyt KpacoTa? A BOT Ijje: Bce 3TO BOZMOXKHO,
TONBKO eCJIM HeMTPHHO 00JaZal0T MacCoit, MAjIo TOTo,
DPa3HOolL Maccoii. D10 MpaAMO ciaeLyeT U3 KBAaHTOBOM Me-
xanuku, Eciu oHM He 0651a1a10T pasHOM Maccoii, 3Ha-
YHUT, SHEPrud MEXAY PA3HBIMM COCTOAHHUAME DaBHA
HyJa0 (E = mcAll), aukaxkoi HeUTPHHHON OCHUIIALIAY
He 6yzeT, 1 Mul He 6yaem HabIIOAATE 3TO ABJIEHHE.

Kak uamepuTb pasHuuy B Maccax

ITonsaTe, 4TO BeRTPUHO OCHMIJIHUPYIOT H, CJIeA0Ba-
TeJIbHO, O0JMaa0T Maccoi, OCTATOYHO NPOCTO, BTO
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H\ Toakuao nedmpunat
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OUTH YTO OYEBUIHO, HO B3BECHTH WX HA IPAKTHKE
TPYRAHO — NOCKOJBKY 3KCIIEDHMEHT JA0JeH buITh 4n-
CTBLIM M ¢ cofnoneHneM pAga yejaoBUii.

1. PasxruBuTreck atmMocdhepoit 1 MojBeprHuTe ee
GoMGapIUpOBKe KOCMUUecKUMA ayyaMni. K cuacTsio,
aTMocdepa y Hac yiKe ecTb. KOCMHUYECKHE JAyUIM aTaAKY~
I0T MOJIEKYJIbI BO3AYXa U B YHCJIe IPOYEero IPOR3BOAAT
AHTHHEHTPUHO — MIO H JIEKTPOHHLIE,

2. Bripoiire ry6oxo oz semiei 6onbmoii 6acceiiy,
HaIlOJTHUTE CBEPXYUCTOH BOZoit u cHaGaAuTe fleTeKTopa-
Mu. IToCKONBLKY MbI BCe DABHO NOKUZaeMcA pacmaga
OPOTOHA, TaKue BacceiiHb! Y HAC TOXKE YIKe eCTh.

3. TloacuuTaiiTe 3IEKTPOHHEBIE M MIOOHHKIE AHTHU-
HeHTPVHO M TOCMOTPHUTE, CXOZUTCA JIU OTBET.

Ecnu HefiTpuHo obsanaroT maccoil, TO Ha MIYTH K3
arMocdepsl K JaTYHKY MHOYKECTBO MIOOHHBIX a&HTH-
HeHITPHHO IIPEBPAaTATCA B 3JIeKTPOHHEIE AHTHHEITPH-
HO, TAK YTO AETEKTOP HeHTPUHO OOHADYXKUT FePHUUUAT
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Buguuyes

HEUTPHMHO 11O CPABHERMIO C OXHAAEMBIM KOJHYECT-

BOM. ) ’ .

B 1998 rony 3ToT aKCOEPUMEHT HAII&X Ha 30J0TYI0
suny — Ha «Cynep-Kamuoranpe» nepBeIMKU ofHapy-
JKWJIY HeBYCMBICJAEHN ble MPU3HAKH OCHAJUIAUNHY Helt-

' TPUHO, & CJIe0OBATedLHEC, HEUTPUHO O6JagaI0T MACCOIA.
Ilocneayoupe sKCIIEPUMEHTE! 3TO NMOATBEPANIIY K Ha-
JIOKUAA OTPAHUUEHUA HA MacCy HeliTpHHO.

HasepHoe, BRI MoHHMaeTe, 4TO 63 OCAOKHEHUH He
o6omnocs. Ilepsoe ocioykHeHUe — B XOAe 3KciIepn-
MEHTOB Macca HeiTPUHO U3MepeHa He Ohina, 3aTO BhHI-
SICHIJIOCH COOTHOILIEHUe HeMTPHUHO PA3HEIX TUIIOB, HA~
npuMep KOJHYECTBO MIO-HEHTDHHO B HeWTPUHO Ne 1.
CramgapTHad MOJAEJb He JaeT HaMm a6COMIOTHO HUKA-
Kux 06'bACHEHUH, I0UeMY HEATPHHO CMENIMBAYOTCH
MMEHHO B TAKOM COOTHOILNEHMWH, & MEXIAY TeM HaM
KPYIHO NOBE3JIO, YTO 3TH COOTHOILICHUA UMEHHO TaKO-
Bel. HHaue 65110 651 Kpaline TpyaHO OORAPYXUTH TOT
tdakT, UTO OHK BOOOIIE CMEITUBAIOTCS.

BTopoe ocliokueHne — HENOHATHO, NOYeMy Y Heit-
TpUHO Boobine ecTs Macca. CTagzapTHas MOJeL N3HA-
YaNlbHO He MPeAHoNaraeT Maccy y HedTpuHO, u 601b-
WINHCTBO U3AAHHLIX B IOCHeAHee BpeMA YUeGHUKOB 1o
duauke yacTU NPEANOAATAIOT, YTO HENTPUHO JMHIIe-
Hu Macerl. Ho eciv cuuTaTh, 4T0 Macca Y HMX BCe-TAKH
€CTh, HOUEMY OHA TaKasi MaleHbKasa? Hergentanii Bepx-
HUH pefiest AJ14 MACChl HEUTDHHO — MPUMEDHO B MUJI-
JIHOH pa3 MEHBbIIe MacChl 3JIEKTPOHA, CAMOM JIerKoit
3JIeMeHTAPHOH YacTHIEl, MacCa KOTOPOH YCTAHOBJIEHA.
OTBeTa Ha 3TOT BONPOC ¥ HAC HeT, KAK HeT ¥ HUKaAKOH
TIPUYMHBI BRIOpaTh TO MM MHOE 3HAYEHME MACCHI.

Tperbe OCNOXKHEHUE — TO, YTO MACCYy HEHTPUHO
B pe3yJabTaTe 3THX DKCOEPUMEHTOB Y3HATH HEBO3MOXK-
Ho. MaTeMaTH4YeCKUe BHIKJAJKHU IHO3BOJAIOT TOJIBKO
BRIACHUTDH PA3HUHY MEXKAY KBagpaTOM MACC Pa3HBIX
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THIIOB HEUTPUHO. EcaiM MBI CyMeeM BBIYHCANTE MACCY
OJHOTO M3 THNOB, GYyAeT HPOIe IPOCTOr0 MOACYUTATD
MAaCChI OCTAJBHLIX ABYX.

Kak Haittn abconoTHoe 3Ha4YeHue Mace

Iocnensne ABagnATE eT PUINKU CTABAT Iepes co-
60t me/Ib BLIYHCINTS 6COMIOTHEIR 3HAUEHAA MAce Heil-
TPHHO, a AJA 3TOro HaJ0 Y3HATE, KAKOBA MAacca Kaxo-
ro-HUOGY AL OHOrO THIIa HeiiTpuHO. B l'epMmanmy ceituac
CTaBAT 3KCIIepUMeRT nox HazBaduem KATRIN B Ha-
JeXkje, 4YTO OH CyMeeT HeloCpeACTBeHHO YCTAHOBUTH
MAaCCy 3JIEKTPOHHOI'0 HEHTPUHO.

VeTpoiicTBO 3KCNepUMeHTa OTHOCHTENBHO IIPOCTO.
Bepere 6onsm0it yan Tpurusal, TpuTnit — cpaBHUTEND-
HO peXKAA PASHOBHAHOCTH BOAOPOZA, COCTOAINAN U3
1 npoToHa 1 2 HeliTpoHOB. OH JOBOJILHO-TAKH HecTabu-
JIeH, I03TOMY B CKOPOM BpeMeHH HayHeT PaclagaThcs
Ha rejuii-3, a riiaBHoe — HCOYCTUT JIEKTPOH (3aceunb
KOTOPSIH IPOLE IPOCTOro) U 3IEKTPOHHOE HeiiTpuHO,
CYLICCTBOBAHME M 3HEPTUIO KOTOPOro MOXXHO 6yAeT Bul-
yncauTh. IlocKONAbKY MBI 3HaeM o0lee KOAUUYECTBO
3HEePruu, KOTopoe BbIACJAUTCA NPU pacnane, U MoXKeM
U3MEPUTHh KOJHYECTBO FHEPIHM JJIEKTPOHA, 3HAYHT,
BCS OCTANILHAA SHEPIHS OyAeT IPUHALNEKATE HellTpy-
HO. A TOCKOJBKY MBI IpOHAOIIOfaeM OYeHb MHOr0 pac-
TIAJI0B OTAEJIBHBIX ATOMOB, TO CMOMEM H3MEPUTL MUHH-
MAaJIbHOE KOJHYECTBO DHEPruM B HeATPHWHO, TO eCTh
3HEPrumn, HeOOXOAUMYIO, YTODK! ITONYUHUTEL €10 Maccy
corsacuo E = mc2, BroT u nociefyioniue sKCIepaMeH-
ThI MO3BOJIAT HAM BLIYKCJIUTL MaCCy 3JEKTPOHHOIO
HefiTpUHO ¢ TouHOCTHIO 10 0,04% Maccw ajeKTpoHA.

1 ITa y»&, TONBKO B MEpe GU3HKYN OTPOMHLIH 6aK PagHOaKTUBHO-
TO rass, KOTOpPhI# ente nojAn cobepr, HA3LIBACTCS ¢OTHOCHTRILEO
OPOCTEIM YCTPOHCTBOM S ,
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~ Doxrorosxa axcnepumenta sasepmurcd 8 2011 roay,
TAK 4YTO MBI TOJIATAaEM, YTO HONYYUM TOUHBIH OTBET —
TIpPUYEeM CKOpee paHo, 4eM HO3JHO.

IV. Yero mbl He CMOXeM Y3HaThb
B 6nvxaiiwem 6yayuiem?

¥3xe JOBONBLHO ZABHO BEAYTCH PA3rOBOPH! O TOM, 4TO
6yaro 6L He 3a rOpaMM ¢«KOHel[ GUIUKH». IT0 Onira
pacxoxas TeMa HHTeeKTYaJILHEIX Bece elle B Haya-
ne XX sexa. xeitmc Knepx MakcBess1 Ha TOT MOMEHT
BEJIWKOJEIHO OUKCAT 3JIEKTPUUECTBO M Mar€HeTuaM,
a BCe OCTaJbHOE, KAK NOJATAJN YYeHble, ONUCHIBAJIA
HLIOTOHOBA TEODHA I'DaBHTANMK. 3aTeM OLINH OTKDHI-
TH KBAHTOBAS MEXaHUKA H TEOPHA OTHOCHTEJILBOCTH,
M B pe3yAbTATE MEI OKA3ANUCH JaJbIIe [IPEKHEro OT
yEROUKAIY PU3NIECKUX MPeACTABJIEHI B aKKyparT-
HY10, MPOCTYIO ¥ NMOARYIO KapTuHY Beeseruoit. M1
ellle He ONPABUIIUCH NTOCKe OTKPLITHH Havana XX BeKa,
& HEKOTOPBIE TAMHE KBAHTOBOIO MHUPA €lle KAYT pas-
Ta{KH, O UeM MBI, COOCTBEHHO, M ITHCANTH B 3TOI KHHTE,

Mzl XoTHM cKa3aTh, YTO €IOe OYEeHb M OYEeHb PaHO
oouuBaTh Ha Jaspax. CTanZapTHAA MoJedb DUBHKH
YaCTHIL OIHCHIBAET BCE O €ZMHOM YACTHIILI U UX B3AY-
MOZAeHMCTBUSA — HO AJIs 3TOr0 eif Tpebyercs deThIpe pas-
Hule cuakl ¥ okoxo 20 ¢cBo6ogrbIx napamerpoB. Cran-
AapTHAS MOAeNb KOCMOJOrHH ONUCHLIBAET HCTOPHIO
Beenennoil v paxke mpegnaraeT BIIOJIHE IPaBAonono6-
HY10 BepcuIo cobniTuit TeMuoro CpeiEeBeKORLS A0 BHI0-
xn Kombunanuu. Ho Bce 3T ycnexu HOCTHIHYTHI
¢ onpeAeNeHHLIMH OrOBOPKaMH. MBI IofCTaBAAEM
B TeopeTHUecKue (GopMyIEl HEKHE YUCJa — HO HOHS-
THA HEe IMeeM, OTKYAa 3TH Yucja B3AMucs. M He B co-
CTOAHAHU YOeAUTEBHO YBA3ATH IPABUTAIIHIO C OCTAJh-
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HBIMM CHJIAMM, XOTS M ONHCAJNM KaXAYio U3 HUX IO
OTAENBHOCTH OYEeHL U OUeHkb Xopowo. Y Bo MHOMXKecTBe
clyuaeB MBI flajKe He 3HaeM, YTo co6oil npeAcTaBaAaIOT
3TU NApaMEeTPHI.

Ecre u gpyTHe Bonpockl, KOTOphIe HaM 6561 OUeHb X0~
TEJIOCh NPOACHHATE, HO MO KOTOPHLIM HEBO3MOXXHO HH
AOCTUYL COTNACHSA, HU AaKe HaZeATHCA HA KOHCEHCYC,
[Ipueesem HALWIH JIOGUMEIE. '

1. BepHa nm Teopusi CTpyH, ownbouHa
NN HU TO HK gpyroe?

IlocmoTpuTe BBepX-BHHU3, BHepel-Ha3al, BOpaBo-
BaeBo. ITo Bceil BUAMMOCTH, HHYET'O APYIOT0 IPOCTPaH-
CTBO IPEMJIOKUTH He MoxkeT. PagyMeeTrcd, JONOJIHH-
TeJIbHEIe U3MepPeHus 06JafaioT TeMH Xe Mep3KHMH
ocobeHHOCTAMH, YTO M 3yOHAA deda W nMpaTCKMue KJa-
OBl eCJ¥ BRI HX He BHJENU, 3TO He 3HAYMT, UTO UX He
CYIIeCTBYeT.

B aT0ii KHUre MB Dapy pas YIOMSHYJIN O TEOPHH
cTpyH. Kaszanocs 6bI, 3TO UyTh JIM He NIaHALlEA OT BCexX
6onatex coBpeMeRHOi pusnky. Teopna cTpyH npeano-
naraeT, 4yTo ¢ GyHAaMeHTATLHON TOYKA 3pEHUA BCe
YaCTUIBI QXUHAKOBH — BCETO-HABCETO KYCOYKY CTPYH.
Ona npereHgyeT Ha poas Teopuu Beero, a 3HauuT, ecau
OHa cIpaBejJHBa, TO OOIIAA OTHOCHTEJIBHOCTH U CJIA-
Oble, CHIBHEIE M 3AEKTPOMATHUTHEIE CUJIEL OO0 BeITUHAT-
cA B exuHylo Teopuro. EcTh Hazexaa, YTO eCTEeCTBEH-
HBEIM CJAeJCTBHEM HEKOTOPRIX MoJjesiefl TEOPHH CTPYH
CTaHeT UcUYepOhIBamIIee o6 BACHEHHe, YTO TAKOE TeM-
Haf MATEpUA M TeMHAA DHepPrus, & 3HAYUT, MEI CPa3y
noitMeM, nodyemy BcejleHHas 3KCIOHEHIINAJLHO pac-
nIupsAerca.

OpgHako 3a Bce HajO NJAATUTH. TeopHdA CTPYH B ee
HEIHeIIHEM BHJe npejgnoJaaraer, 6yaro Beenennasa
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&

uMeeT 10 uameperuit miaioc epeMa. UYrobsl MOHATDH, YTO
IPeACTaBAAIOT co00it AOMOJHUTENILEEIE CeMb H3Mepe-
HHAHR, BooOpasuTe KAHATOX0ANA HOA KYIOJOM IUpPKA.
CroponEHil HaGMIOAATENb CKAYMKET, YTO ABHIKEHHE Ka-
HATOXOAla OIPAHHYEHO ABYMS HANPABIEHUAMH —
BIIEpPEJ ¥ Ha38J, U HIKAKHUX APYTHX BApHAHTOB Y HETO
Het!. 3purenh, KOTOPHI CMOTPUT IpPeACTaBIEHUE, BE-
POATHO, AAXKe He PasrAfaiuT, eCTh JIX Y KAHATA TOJIIH-
Ha,— & €CJHU OH COBCEM HEeOTeCAHHBLIH NIPOBMHIMAJ,
noBepHT, OyATO KAHAT MMeeT GeCKOHEUHO MaJlyIo TOJ-
UIMHY ¥ Ha CAMOM JieJie ARNAETCA OJHOMEPHOH CTPYK-
Typoil.

A BOT y Mypasbs, IIOJ3YLIETO IO KAHATY, HUKAKHX
nogo0HBIX MINO3M HeT. OH MOJKeT IOJI3TH He TOJIBKO
B3aj-BUEpE] 10 BepeBKe, HO M BOKPYr KaHATA — M 3TO
9KBHBAJIEHTHO OBHOMY M3 CKPBIThIX N3MEpEeHMil B Teo-

! [IpexnonosxkuM, ONMUA +BHMI» He paccMaTpusaeTcs. Bygem
CUUTATH, YTO 3T0 OYERH HCKYCHEN] kagaToxonel,

381



Taaea 9

puu cTpyH. Hekoroprie n3MepeHUs, BEPOATHO BCe He-
JAocTaloniye ceMb, BeChbMa H BechMa KOMNAaKTHEL. Bepo-
" ATHO, MBI He 3aMeYaeM 3THX KOMIAKTHEIX U3MEDEeHHI,
NOCKOJIBKY 00pedeHs! LT Ha TPeXMepHOoit OpaHe 1o
Bceenensoit, rae namMepennit 6onrsme.

Mexay TeM MaNleHBKME M3MEPEHUA MOTYT UIDPATh
OYeHb BaXXHYIO POJIb, IIOCKOJAbKY FJIaBHLIA pexnccep
3TOYO CIEKTAKJAA — KBaHTOBad MexaHuKa. Yo 6yaer,
ecJI BOKPYT OAHOTO M3 MaNeHbKHX M3MepeHuit obep-
HeTCA ITeTAA U3 cTpyHEI? B riase 2 MH BHAENM, YTO
eCcJIi¥ MOMECTHTH YacTHIY B KPOMEYHYX KOpPOGOYKy
(mnu B KpollleuHOE N3MepeHue), vacTuna npuobpeTaeT
yUMYy ZONOSHUTENLROI 2Hepruu. B HopMaabHOHU 06-
CTaHOBKE MBI YBHAMM BhipajKeHue sTOH 3Hepruy —
JacTHLA HAYHET MEeTAThCA TyXa-ciona. Exuucreennas -
CJIO’KHOCTH COCTOMT B TOM, YTO METAThCA OHA HE MO-
KeT. A cllel0BaTeJbHO, AONONHUTEILHAN JHEPTU A CTa-
HOBHTCH, COTJIACHO BeJUKOMY ypaBHEHHIO E = mc?,
Maccoil YaCTHIIHI.

Benxa B TOM, 4TO HY)KHAA JJIS 3TOr0 3HEpPrus INpH-
MepHO B 106 pa3 npeBbIMAOT 3HEPIUM, ROTOPAIX MBI
cnocobunl ao6utheca 8 BAK. Hraue rosops, aTy Teo-
PHIO, IO BCell BUAMMOCTH, HEJIb3A OPOBEPHUTH SKCIIEPH-
MEHTAJIBHO, TAK KAK ellle OYeHb ¥ OYeHb JOJITO ¥ HAC He
6yneT HUKAKON TeXBUYECKO# BOIMOXKHOCTH IIpoZienaTh
Taxoy sKCIePHMEHT.

Yro 6w HAM HY TOBODMJIN, TOYHOCTH HAYYIHOM TEO~
PHM BUKOTZA HE YaaeTcd JoOKa3aTh. Ecau MBI roBOpHM,
6yATO TeOpHs ¢BepHa», 3HAYUT, HAM He YIaJoCh ee
onpoBepruyTh. IIpusHax xopouei HayIHO! TeOPH —
TO, UTO €e CTOPOHHMKH JOJKHBI IPUAYMAThL dKCIEpH-
MEHT HJIH HECKOJIBKO 3KCIIEPHMEHTOR, B X0fe KOTOPhIX
TEOPHA MOXKET OKa3aThes OLIMGOMHOM, HO He OKA3hIBa-
ercda. KoEnenuuio «onposepraeMocT», CTaBIIYIO OC-
HOBOII COBpEMEHHO HayKH, BBea ¢punocod Kapsa [lon-
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nep. 3TO U eCTh IVIABHRIA HeJOCTATOK TAK HA3KIBAEMON
TEOPHH pa3yMHOro 3aMuicaa. HexocTaToyno npocTo
IIPOBO3TJIACUTH, OHYATO Ballla TEOpKS BEepHA, JAXKEe eCIN
oHa ofbsicHAET BCe HaGaI0AaeMble Ha ceroguda heromMe-
HEL. JloMamHee 3aagaHue: IPEAYMATH TeCT, A B Hjea-
Jle — MHOI'0 T€CTOB, KOTODhIE BAIlIa TEOPHA MOXKET He
IpoONHTH, M ecJM OHA UX He NPoiifieT, BAM HNDHAETCH
IPM3HATH, YTO BHI 3abayxpanuce. Teopusa paaymMHOro
3aMBICJIa 3TOTO HE JAeJaer. '

Kax o6croar feja ¢ aTuM y TeopuH cTpyr? Bemo-
MHUM HEKOTODBIEe NONYJAPHHE KHHATY, BRIIEAINNE
B IIOCJEHUE TQABI, C HABBAHUSAMU BpoAe «llake He
omn6ka» (IIntep Boitt) uau «Ynpsamas dusauxas!,
I'naBHas MEBICTB 06EMX 3TUX KRAT — YTO TEQPUIO CTPYH
MOXXHO IIDUBECTH B COOTBETCTBHUE CO CTAHJAAPTHOM MO-
JeJbIo, IPHYEM HeJlb3Ad NMOCTABUTHL 3KCIEPUMEHT, KO-
TOphBIi OB ee onposepr. OTUHACTH CIOHOCTE COCTOMT
B TOM, 4TO eAWHON BepcHU TEOPHU CTPYH He CYIIECTBY-
er. KosuuecTBo Teopuil CTPYH Ha CerogHAMMHBUMN AeHL
xoJjoccansuo — Cvonua HacuuTweBaeT 10 500, uncno
HACTONLKO HeJienoe Mo pasMaxy, uTo Aasxe 3Hak, repoit
«Vinuunt Cezams , nogymMan 6s1 0 cMeHe Kapsepsl.

IToxosxe, 4To O TEOPHIO CTPYH CO BCEMU e€ BapHu-
AHTAMHM BIIOJHE MOXHO HOAOTHATL JIIOOKIE MCKAMEHENHA
(hn3nyecKUX 3aKOHOB. A MBI HAXEANNCH HA HEUTO IPsi-
MO OPOTHBONONOXHOE. B ugeane MuI XOTEN NOJAYIUTH
(byHIaMeHTANBbHBIA (M3VYEeCKHA 3aKOH, KOTOPHIl Be
TOJIbKO ONMIOIET BCE CYIIECTBYIOIIVe 3aKONK HPU3NKH,
HO ¥ He IOTPebyeT ANsA 3TOro HUKAKON NOATOHKH TEo-
puu. _ '

B peayinrare HET HUKAKOrO ONPEAENIEHHOrO NpPeA-
CTaBJAEHHUA O TOM, UTO TAKOE TEOPHS CTPYH, 4 CaeJoBa-

Y Woit, Peter. Not Even Wrong; Smolin, Lee. The Trouble with
Physics.
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TEeJRHO — KaK ee NpopepuTh. Kak numer Cmonun: «Ha
CEroXHA HeT HUKAKON peaNbHON BOZMOMHOCTY IPOAe-
JIaTh dKCIEPHMEHT, KOTOPhIN OIpeAeeEHO NMOATBEp-
A OBl MM OoOpoBepr Kakoe 6ul T0 HR 6BLJI0 KOHKPET-
HOE NPeAnoJoXKeHne 3Toi Teopuus». MBI rOTOBH che-
JIaTh KPYIIHYIO CTABKY Ha TO, YTO B 0603pHMOM Sy Ry1eM
He OyzeT mpofesaH HUKAKOM ONLIT N0 HCCJIeLOBAHUIO
KOJIHYeCTBa H3MepeHuii Bo BeceneHHoOM, TaK 4YT0 ZaKe
€CJI MBI )XMBEM He B TPEXMEPHOM MHpe, HaJO BECTH
cebda Tak, €TOBHO M3MepPeHNH KMEHHO TPH.

2. ‘{To TaKkoe TeMHana 3Heprua?

Ha6xoneHusa nokaselBaoT, 4T0 BO Beenenuoi, no-
XOXKe, CYIECTBYET HeBHANMAS, OAHAKO Be3fecylas
TeMHAA SHeprud, KoTopas NOATaJKkUBAeT BeeleHHYIO
K 3KCIIOHEHIMAJIbHOMY paciuupennio. CTaHgapTHAA
MOJAEeNh Jayke BHIABUraeT KaHAMAATa, 00/ajaroniero
BCEMY KaUecTBAMU TeMHOIt SHepruy. 3T0 TaK Ha3biBae-
Mas dHEPTHA BAKyyMa, M, KaX MK BHAEAN, rIaBHAA
CJIOZCHOCTBL COCTOMT B TOM, 4TO HAllla TEOPHA MpeAlo-
naraer, 6yaro ee npuMepHo B 10!% pa3 Goxbiue, yem
IOKA3LIBAIOT HaGNwaeHuAa. Mur Ol ellle DepexXuan,
ecJTu 61! TeMHAS 9Heprus paBHAJACH HYJIIO — BTO KAK-
TO «ecTecTBeHHO». Ho Taxoe MacmTabHOe pacxoxje-
HUE KaK-To HepBupyeT. OfiHA B3 CAMBIX KPYITHBIX IIPO-
6JeM — TO, YTO TEOPHH CTPYH H KBaHTOBOH rpaBuTa-
LMK HY’KHO OYEHB V3K BUXOU3MEHATD, YTOORI II0AOTHATH
MOJ Ty NJIOTHOCTb TEMHOMH 3HEPruy, KOTOPYIO Mbl BH-
auM. Ilo mamum npexpcrasiaerusm, Teopmio Beero
MOKHO GELIO BbI CYMTATH XOpOMIeit, ecau G5l ILIIOTHOCT
TeMHOH 3HepruH cJefoBaja U3 Hee caMma cofoii, ¥ aTO
OJlHA U3 NMePBHIX HPOBEPOK, KOTOPBIM CAeAYET HOABED-
raTth NOA0OHbIE TEOPUH,
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3. A H&M HaM HE HPABATCA
csoboanbie NapameTpui?

IlriTafch OOUCATH OCHOBHRIE NPUHIANEI, YIpPaB-
aAsonye ¢uankoi, Mu x0BKo ofouiau ToT GAKT, UTO
CYUIECTBYET MHOXECTBO THCE], KOTOPhIe IPUXORNTCH
IIPOCTO BIIMCHIBATD OT pYKH. CAMEBIE eCTECTBEHHEIE YHC-
Ja — 3TO Te, KOTOphle NpeAcTaBIAI0T cODOR mpocToe
coyeTaHue PUBZHUYECKHUX KOBCTAHT, & 3HAYHUT, MEI GhLTH
Oml BIIpaBe MPeaHONOMXKHTH, 6YATO BCe 3JieMEHETAPHBIE
4acTHIIR 00NaAI0T NJIAHKOBCKON Macecoit — ecinm 6ul
y Hac He 6nLn0 Apyrux xapAnx. Her, Macca y HAX He
IIaHKOBCKAA ~— IOATOMY MEI BIPAaBE CIIPOCUTD, HOYe-
MY 3JIEKTPOH HACTOJIBKO Jierde NJIAHKOBCKOH MAacCCHI,
a HeHTPURO HACTONLKO Jierue 3JleKTpoHa. MbI He 3Ha-
€M, OTKYAA Y 3JIeKTPpOHA Geperca KMEeHBO TaKol 2apan,
M II0Ka YTO He 3HaeM, NOYeMy CIIbHOe BaamMogeicT-
Bue of6agaeT HMeHHO TaKoit CHAOoi,

B cranaapTHYI0 MOJeNb KpoMe aTuxX KoaddbHnmeH-
TOB BXOAMT e1lie yiiMa IapaMeTpOB, & B TEOPHU CTPYH —
eme Gonpme. Hanpumep, MBI YHOMAKRYJH O TOM, YUTO
pasjinuHBie HEHTPHUHO IIPeBPAINAIOTCH APYT B APYra M
YTO CYIECTBYET HEKOTOPOE YHCNeHHOEe COOTHOIIeHNe,
KOTOpOe ITOKA3BIBAET BEPOATHOCTD 9TOTO nnepexoxs. Or-
Kyna 6epyrca atu uucaa? Heussecrrno. B nesoM B cran-
JapTHYIO Mogens Bxoaut Sonsme 20 csobosrmIX napa-

. METPOB — M 3TO TOJbKO CTaBJapTHaA Mojeas. Cpexnu

HHX €CThb YHCJIa, KOTOPhIE C TOYKH 3PEeHHA BcexX HAIAX
$yHAAMEHTANBERX TeOPHi MOTYT OGBACHATHECA UeM
YTOAHO.

Ocraercsa Hajgexna, aro Teopusa Becero, xorga ona
HakoHen GyZeT chopMynuUpOBaHAa, TEODETRYECKH 00'b-
sicHuT Bce cBoGognbie nmapamMerpst. Ho Tak au atTo?
B rnase 8 Mut ropopuiv 06 yCJIOBRAX, KOTOPhIE JOJIMK-
HEl GBLIH CO3AATHCA HA DAHHHX CTATUAX CymleCTBOBA-

13- Tonn6epr [, BAoMKBHCT [x, ’85
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Bns BeesieHHO#, 4TO6H 3apoANIach pA3yMHYIO JKU3HE.
He ncrnoueno, UTo B pa3HbIX BCeJXEHHLIX M ApaMeT-
pPhl pasHele, 8 B TAKOM C/Iydae MBI HUKOIr/a He BRIABUM
«I1yOMHHYIO» NPAYMEY, 110 KOTOPOit GyHAaMEHTAIb-
Hhle TapaMeTPL! KMeIOT UMEHHO Te, A He WHKIE 3HaYe-
HuA. JINuEO Hac aTO KpaiiHe OrOpUaeT, ¥ MLl HaJleeMCH,
© YTQ RO ITOTO JeJI0 He Joijer.

Pasymeercss, MBI MOKeM 3a6)1yKAaTHCH.

JTOT mepedYeHb HHKOHM 006pa3oM Heab3ss CUMTATH
ucuepnuiBalomumM. CaMoe npexpacHoe B GU3NKe — TO,
YTO BCErja HailleTca HOBaA 3afaua, Koropas norpeby-
€T HEMeLJIEHHOI'0 BHEMAHNA, CKOJIBKO 6Bl 3a/1a9 BBl HU
pemunn. Yem GonBmme OTBETOB Ha BONPOCH BLI Haiife-
Te, TeM HHTepecHee OyAeT ANA BaC CJIERYIOIUHA BO-
Ipoc.

Ko Bcemy npouemy, Bcenennasa He cratTuuna. Ee
KHU3HB yCTPOEHA OdeHs npocTo. Bece Mensterca — mo-
CTOAHHO, HO (KaK HPAaBWJIO) NMPeACKa3yeMo. A MBI 1O
TPAAUIMH IOACMATPRBAEM Yepe3 ALIPOYKH B 3abope 1
NILITAEMCHA CHOXKUTH NEeJbLHYI0O KAPTHHY U3 BCEro, YTO
yBuAenn. :

llgcmb HEBOZMOXHBIN
49u3uni,okux omKpHIMuUi
(U WECMD KPARHE MAAOBEPOAMHIY
3 ‘hpuﬁam‘) ’

f0BOPAT, 4TO HET HUHEro Ha cBeTe HeBO3MOXHOrO,
CTOUT TONLKO 3ax0oTeTb. Te, KTo 3To roBoput,— ¢60-
pmiie uanoTos. Mel CO BCEM YBaXEHMEM OTHOCUMCA
K 8eAyLWiMM TPEHUHIr OB NO MOTUBALMK, HO BCE XEe eCTh
TOHKOE PasNUYMe MexXay TEM, 4TO KaxXeTca HeBOo3-
"MOXHBIM, U TEM, YTO ¥ BNPaBAY HEBO3MOXHO, — kaK
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eCTb TOHKOE pa3nuque Mexay yxacHo Gonbwum v
6ecKOHeHHBIM, XOTH 9TO He BCeraa yaaeTca NoHATL.
Hanpumep, HaM O4eHb-O4EeHb TPYAHO ABUraTLCA CO
CKOPOCThIO 99,99999% ckopocTH CBeT4, HO TexHu4e-
CKU 3TO AGCTMXUMO. A BOT ABUFaTLCR CO CKOPOCTLIO
100,00001% ckopocTu ceeTd aGCONIOTHO HEBO3-
MOXHO, XOT$t 3T0 8Cero-Hascero Ha 210 kmnomerpos
B 4ac GbicTpee. ATO HE NPOCTO CNOXHO, HE NPOCTO
MHTEpecHas U TPyAHas 3anava — 3T0 HEBOIMOXHO,
4TO Obl Bbl HYU NPUAYMbIBANM, KaK Bkl HA NMLIXUINCE K
KaK 6l HU AaBUNK HA raa. NMOCKOoAbKY B 3TOW KHWUME Mbi
MOroBOPYAKU O MHOTOM, TO xoTenu Gbi AaTL BaM Ha-
rNRAHYI0 CBOAHYIO Tabnuuy HEBO3MOXHLIX Belwelt Ha
TOT Chy4aid, ECAYU BAC BYAHYT B 3aHyAHbI CNOP C Ka-
- KUM-HUOYAL CTOPOHHUKOM MCEBROHAYKM. -

- fixoObi HEBOSMOXHO, a HE CAMOM Aene
BO3MOXHO: :

e CO3A1aTh MALLUNHY BpeMEHW (BEPOATHO);

e yTO BCenennan paclumpreTtcs ObicTpee CkopocTu
cBerta;

s  ObiTh B ABYX MECTAX OAHOBPEMEHHO;

e uto BecenenHana o6nagaet 6onee 4eM TpeMa Npo-
CTPAHCTBEHHLIMK N3MEPeHUAMY;

* napannenbHbie BCESIEHHLIE U MyNLTUBCENeHHas;
s y4TO BCceneHHan UMKAUYHA;

B npuHUMNE HEBO3IMOXHO:

¢ NPU NOMOLY MALIUHBI BDEMEHW N3MEHUTb X0 UC-
TOpYM UMK BEPHYTLCH B MPOLLNOE RO TOr0 MOMEH-
Ta, KaK Bbi CO343/1 CBOIO MaLLMHY BPEMEHMN;

* neperHats Jiyd CBETA — AAXe B paclmpnioweiica
BceneHHOol;

e TO4HO 38CeYb, FAe HAXOAWUTCS INEKTPOH;
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NyTewecTBoBaTh B APYrie U3MepeHus — Bbi yXe
«HaxXOpUTECH» BO BCEX 3MepeHnsx 8o BcenenHoi;
NOCeTUTL APYFYIC BCEASHHYIO;

£Ka3aTb 4T Bkl TO Ht GLIAO O BpeMeHu A0 Bonbuioro
83PbLIBa — 3T0 TAKME XE MMYNOCTH, KaK rOBOPUTL O Ha-
npasfieHnt Ha 101, CTOA Ha KOXHOM rionioce.
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NicBok ‘wenceex, yanexawouwmics ronosonomkamn, Gyaer
OUGPOBAH 3TOW KHuro. [laxe Te, KTO He 8 naaax ¢ marte-
MQTHKO#, C YBNGYEHHOM IOFPY3ATCA B 3ARAHKM, COCTABNEH-
Hbie B BUAE 3QHUMATENbHUX MCTOPUHA, pa3cbpaThes B KOTO-
PHIX BaM NOMOXET NOTHKA, feayxTmekbie cnocobHacth, co-
O6pPO3UTENLHOCTS, O BOBCE HE 3HOHWE MATEMOTHYECKUX $Op-
myn, npasun u 3akoHoe. Kuura Bypet uHtepecHa ecem, K70
MoBMT ¢ NONLIOH NPOBOANTL CBOGOAHOB BPEMS, KTO HHMKO-
AI'AO HO ynycru'r BO3MOXHOCTH NOAYHHTs HOCTOAWES NMTEN-
NexTyansHoe yAoBONLCTBME, PACKONBIBAR KPENKUE MATEMA-
Thueckme opetuxul

YupopMauuro o mom, Xgx_ 3aKazams amy
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- Knuzu uzdamenvcmba
- Jlpaiim-EBPO3HAK

. Mapu Ji. konc

201 3: KOHEL, CBETA W1 HAHAJIO
30JIOTOFO BEKA?

~ [lpeBHee nNpopoveCcTBo aTNAHTOB U Malis

Kpeus MGHA CYUTONM, 4TO C MOMEHTG COTBOPEeHUS POAG
JHORCKOTO MUHYNO YeTwipe unkna. Kaxasit uMkn sasepwaer-
€5 NPAKTHYECKM NONHBIM YHHITOXEHHEM COBDEMEHHON UNBN-
nn3aumu. Cmenunnce YeThipe yenosedeckue packl, KOTopwe
norubanu BO Bpems Benukux karaknuamos. M nuwe HemHo-
FUM NIOAAM YAANMOCH BBIXKTH, MOBEAAB O TOM, HTO NPOU30-
wno. 3asepwaoetcs nocneanss, Maraa Snoxa Cotaopenus...
Byaer nu 2013 ron Koruom Ceera wnu HaYONnom HOBOTO
3onororo Beka wenoseyecraa? Kro te 0,5% Hacenenus 3em-
nu, koTopue suxusyT nocne Cynnoro arw? Kak noarovo-
BUTBCH K aNOKANMNCcHCy? YTo no aTomy NosoARy rosopaT Apy-
r1e APEBHHE WCTOHHMKNM M MeaMymu? Hutaite xuury, nony-
YWTE NUUHBIE 3HOHKSA, NPENYNPEXAEHUA U COBETH, KaK BCTPe-
TMTb U KAK NEPeXuTb rpafywun ParHapok.

Mnpopmayuio 0 mom, XK. 3axazams smy
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. Mornnxur, Boxnsine, went MBA. ConspemMennni 576 | 440
B. Prec yueGHHK OpOAaK
IIpoekr «YempepcnTercKas 6HGanoTeRA»

P. dpetiaxep, ARATHTHYECKAA X REAMBRAYANHHAS 128 | 150
Tk, Gedaunen | nemxonorua. Kapa I0ur n Anvdpen

Aznnep B
P. ®peliaxep, TyMaauCcTNI6CKAS, TPAHCIEPCORATL- 224 | 185
Ik, QefianMen HAS U 2KINCTeHUUANLHAA ICHXOAOTHSA .
P. Opeitnkep, Tlcaxonorna muyHocTHRIX KoHerpyxron 128 | 150
Tk, Qeiizanes | ® KOrHMTHBEAS OCHXONOIHA, i

Jx. Keanmit n A. Bex




. ' Koa-po| Uena
A \
BTOP ) Ha3snatine xEHTH ' etp. | pyS.
P. Opefipxep, PapynxaspBmii 6uxesnopaan. 128 | 160
k. ©efinuner | B, Ckanmep :
P. Opeitpxep,. Yunnam [[elMc 1 qcRXOAOTAA CO3- 128 | 150
k. Qeligumen HREAA ’
P. Opeitaxep, TesecEOOpAEeETHPOBAHHAIE 128 | 150
Tk, QeftgrMen | eHCKHE TeOPHH JHYHOCTH
P. $peitnsxep Pemurnosutie reopnn nagnocrn. Mora. | 224 | 175
Ik, Qeizaumen Hasn. Cypnam. Teocodekne Baupas-
AEeHHR
Bes apTopa TemTaNLT-NCAXOXOTUS ¥ COLBANLEO- 128 | 150
ROPHUTHBHAR TEODAA JIHIROCTH.
K, Jlepun n A. Bauaypa
P. ®pefipacep, I'yMaEHCTHYECKHA GCHXORHANUS. 160 | 150
. Detguner K. Xopuu, 3. 3puxcon, 3. ®pomm
P. ®peiipxep, HcuxoanaxuTuYecKyue TEOPUK 160 | 150
. Gelinumen auysocTH. 3urmynn Dpeia u
- ‘ gocTdhpeiiancTal
Bea asTopa Mcuxonorua MEARRRAYANLHOCTH. 128 | 150
@axTOPHEIE TEODUU JUYHOCTH,
| P. Korrean, I', Aftsenx n I, Onymopr
Beg apTopa Teopus MeATYHOCTHRIX OTHOMe R 128 | 150
‘B KOTHATHBHEBIE TEOPHH JHIHOCTH
*.Cannnpan, J0K. Porrep u V. Mumen
IIpoexT eMarna Baicmreil TPAKTHYOCKON MICHXOIOr MM
JI. Kamepon- SMITPHHT-mMerox: PyxoBpoACTBO IO 256 | 340
Bargnep, BOCIPOUIBERCHHUIO KOMIETEHETHOCTH
O. I'opposn,
M, Jle6o i
. Topnon, @enuxc. TepaneBTMIECKHE DATTEPHR 192 | 270
. Matiepc-An- Munrona OpukcoHa
ASPCOR N
JI. Konepon-Baua- | C Tex mop oHRE KUAR CHACTIMBO 256 | 270
aep .
k. Tpunpep, Yepenaxu o caMOTO HH3Q ° 352 | 300
Ix. exoane
C. Xeanep, MoserpEl @ BoxiweGabe TaTOuKn 224 | 250
T.Cran
Ipoext sIlcuxonorus — Best»
P. PoGepre, Ilapancuxonorus 224 | 180
A.Tpym
BaecepHitHbIe HITAEMA
Ioa pen. IIenxonorus nogpoetkac 11 ao 18 ser.| 128 | 150
A.A.Peana MeTop®KH ¥ TeCTE




Kox-so
. Haa
Aszrop BOBES KEErR eTp. [;;"ﬂ
Ilox pexr. ITcuxanorns peferxa oT poxxaenug 70 | 240 | 180
A. A. Peana . 11 ner. MeToAEKH X TECTR
M. Xouur, Tonussit xypc HITE 640 | 800 |
B. Bogeaxanep . .
A. Pear IHeuxoaorsrsecKRik aATAAC TenODEKE. 862 | 739}
[lcuxosorrs yenopera OT poaeRER
Ro cxepTR )
I1. Bypaan, CHMODOH W3 ISpBLIX PYK 320 | 175
I1. Bypnan .
. | 11. Cumopos, Bypuan-zo, arz Kax goctiys Toro, 448 | 255
I1. Cumopon MEro A0ETHIL BEBO3MOMEO (TB. Nepe- :
: nier) -

-BHHMAHHE!

Lleny yxasghs & yuemos ROUMOGKLX Pacx0dos

10 cocmosnwio Ha aesycm 2009 sada.

HepeancennLle KEWTH BOGMOIREO IPAOGDECTH HATOMKEHALIM TAATEHOM,
HaTpaBHuB 3aK43 0o anpecy Ciryx0un « Kuura-mourodis:
195197, Canxr-Hereplypr, a/n 48, Boratspesoit E. H.

Kavrn Tarke Moo aaxasats oo rexehony: (812) 927-27-93,

Noawmii katanor CryxGu «Krura-nowroits
Buicunaerca no aagasxe BECIIJIATHO.

HIu Ha CAfiTe WWW.D-VIo.Iu

Ilo BonpocaM npuoSpeTeHst KHHAT OTTOM oGpamam-ecr; no rexedoHan:
Mocxksa: (485) 232-17-18, 615-01-01, Cauxr-Ilerepbypr: (812) 365-48-04



;|
i

8888888888




