JIrooumoii JIuzonbke, ¢ HaeKA0M HA OYAYIIYIO BCTpEe4y

OUBNYECKASA MOJAEJIb MAPAJIVIEJIBHOI'O 9TEPUYECKOI'O MUPA
Anexcanap Kanman

B Hacrosmee Bpemsi MMeeTCs MHOIO CBHJIETEIBCTB TOTO, YTO OIpEAEICHHAs M
3HA4YMTENIbHAs YacTh BCEJICHHOM HeBUAMMA sl Hac. Hanbosee BakHble (PaKThI CBA3aHBI
C OTKpBITHEM MPOJOJDKEHUS KU3HU 4YelloBeKa Mociie (hU3MUEeCKOM CMEpTH €ro Tedia.
OKcrepUMEeHTalbHbIE MCCIIEOBAHUS KOHTAaKTOB C "yMepmumu' JIOABMH  ObUIN
BBITMIOJIHEHBI OoJsiee cTa JIeT HazaJ JAByMs BblIaroluMmucs y4éubiMu, CopoMm YuibsiMom
Kpyxkcom [1] u Capom Onuepom Jlomxem [2]. Oun 66ut1 moBTOpeHB! CapoM Y HITBIMOM
bapperom [3], Aprypom ®Punmiu [4] 1 MHOTMMHU APYTMMH YK€ B Hamie BpeMms [S].
[lepBoe BO3MOXKHOE OOBSACHEHHE PE3yJbTATOB MPUHAJICKHUT, MO-BUAMMOMY, OnuBepy
Jlomxy. OH mpeanosioKuI, 4YTO HEBUIWMAsl 4YacTh BCEJIEHHOW "meicTByeT" Ha Oojee
BBICOKMX YacTOTax KoJeOaHWil, 4yeM Halla, BUAMMAs 4acTb. MHOTHE HCCIENOBATENIN
NOJIEPKUBAIOT 3Ty uaero. OHaKo TeopeTHyeckoro 6asuca AJis CyIIeCTBOBaHUS TaKoOro,
NapajuleIbHOTO JUIsl HAC, MHUpAa B HACTOsIEEe BpeMs HET. BOJBIIMHCTBO aBTOPOB
MPEJCTABIISIIOT 3TOT MUP Kak " TyXOBHBIN".

CyIIecTBeHHBIH IIar B MOHMMAaHUK YCTpoicTBa Beenennoi Obin cienan Ponambnom
ITupconom [6]. Ero teopusi mocTpoeHa Ha MPEANOJIO0NKEHHUU O CYIIECTBOBAHUM ABYX
TUIOB NEPBUYHBIX YAaCTHUL, C IOJOKHUTEIBHOM W OTPULIATEIBHOM SHEPrUEH, KOTOPBIE
CTAJIKMBAsICh W OOMEHMBAsCh OHHEpPrueil, NPUBOAIT K BO3HHUKHOBEHHIO HEHPOHO-
NOJOOHON CTPYKTYphl. BONMHBI 3HEprum BAOIL ATOH CTPYKTYpbl OOpa3yIOT YaCTHIIBI
Hallero Mupa. OTa TEOpUs OTKpPbLJIA HOBBIE BO3MOYKHOCTH JUISI MOJEIHMPOBAHUA M
00BsICHEHHUS TaK Ha3bIBaEMBIX ''MapaHOpMasbHBIX" sBICHMI. BomHoBas mpupoma mupa,
NOCTYJIUPYEMasi MHOTHUMHU COBPEMEHHBIMH TeopusiMU [7-10] MOXeT ObITh MCIOJIB30BaHA
JUIsi OOBSCHEHHUs CYIIECTBOBAHMS MapasiebHBIX MHPOB. OTH MapalljielbHBIE MHPBI
MaTepuajIbHbl B TAKOM )K€ CTENEHHU, KaK U MHUp, OLIyLIaeMbli HAMHU: OHU UMEIOT TaKylO
K€ BOJHOBYIO MPHUPOAY M TOAYUHSIOTCA TakuM k€ (WM TOJ0OHBIM) (DU3HUECKUM
3aKOHaM.

Hcnone3yss Takue MpPEACTABICHUS, MOXHO TMOMBITATHCS Pa3BUTh (DU3HUECKYIO,
KBAaHTOBO-MEXAaHMYECKYI0O MOJENb MapajUIeIbHOTO (3TEPUUYECKOro) MHpa, KOTOPBIH
MOCTPOEH Ha 00Jiee BHICOKMX YacTOTaX U OOBIYHO HEBUIUM JJIsl HAC U HAIIMX MPUOOPOB.

Moaeab

OCHOBBIBasICb Ha SKCIEPUMEHTAIBHBIX (PaKTaxX, MOXKHO C(HOPMYJIUPOBATh CIEAYIOIINE
TJIAaBHBIC TIPUHIIHITBL, KOTOPBIM JIOJKHA YIOBIETBOPSTH (hU3HUYECKast MOJICIb:
1) Drepuueckuil Mup peaseH u CyIlecTBYyeT HE3aBUCHUMO OT HAIIEro CO3HAHUS;
2) Ou cymectryer B HauieM "[IPOCTPAHCTBE" u namem "BPEMEHN";
3) DOrepuyeckuii MUp UMEET BOJHOBYIO (TI0JIEBYIO) IPUPOLY;
4) Drepuueckue Tejla HUMEIOT CIIOXKHYIO BHYTPEHHIOIO CTPYKTYpY U COCTOAT W3
MaJICHbKHX 3JIEMEHTapHBIX YaCTHII-BOJIH;



5) T'eomerpuueckue pa3Mepbl U SHEPTUS ITEPUUECKUX TET UMEIOT TOT XKE MOPSA0K
BEJIMYMHBI, YTO U AHAJIOTUYHBIE TEJla B HAILLIEM MUPE;
6) Orepuyeckuii MUp 0OBIYHO HEBHIUM JUISl HAC M HAIIUX MTPUOOPOB.

CornacHO BOJHOBBIM IIPEICTaBICHUSAM, BCA DSHEPrus BO BCEJICHHON SBIsIETCA
KUHETHYECKOW; YacTUIbl, UMEIOIUE HEHYJIEBYI0 Maccy IOKOs, COCTOAT U3 (HOTOHO-
NOJOOHBIX WJIM HEUTPUHO-TIOJOOHBIX YacTHIl (MM BPAILAIOUIMXCS BHXpPEW) ¢ HyJIEBOH
MacCOM TOKOS ¥ IBMXKYIIIUXCSI CO CKOPOCThIO cBeTa [6-10],. Takue moseBbie 00pa3oBaHus
ABJIAIOTCA JIEMEHTAPHBIMU "KUPIUYUKaMU", U3 KOTOPBIX IOCTPOEH HAIl MHUP.

PaccmoTpuMm moapoOHee cTpykTypy ¢doTtoHa. DOTOH ABISETCS IBUKYIIUMCS BOJIHOBBIM
MaKeTOM, COCTOSALIUM M3 N BOJHOBBIX FAPMOHUK C OJIM3KMMU JJIMHAMHU BOJIH B OYEHb
y3KOM HHTEpBaje MEKAYy A U An (WUIH, 9TO SKBHBAJICHTHO, C OJM3KUMHU BOJHOBBIMU
yucinamu, k=2m/A, ot ki 10 kn), ¢ ammmrygamu A, ¢ obmieil sHeprueit €. doron
JIBXKETCSI C MOCTOSIHHOM CKOPOCTBIO, HA3bIBAEMOW CKOPOCTBIO CBETA, €. DTa CKOPOCTb,
BOOOIIIE TOBOPSI, 3aBHCUT OT CBOWCTB Cpeibl, B KOTOPOW ABMKETCS (oTOH. Jl1si naHHOM
CKOPOCTH, €, MOKHO 3aIMCaTh COOTBETCTBYIOIIHNE YACTOTHI BOJTHOBBIX TAPMOHUK:

Vi=C/7\,i=C‘ki/2TC and COi=C'ki , =1 geo N (1)

SHCPFI/IH (1)OTOHa KaK BOJIHOBOI'O IAaKETa, ABJIAIOLICTOCA cynepnomuneﬁ N rapMOHUK,
OMpCaACIISACTCA BIPAKCHUCM:
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/i€ § — IIIOIIAb MOMEPEUHOr0 ceueHus BoHOBOro nakera, A(0)=A4 N — ero aMmiuTya.

Kaxk BugHO 13 (2), 3HEprUs BOJIHOBOIO MAKETa 3aBUCUT OT T€OMETPUUYECKUX IMapaMeTpOB
(ki and A) w He 3aBUCHUT OT CKOpPOCTH, ¢, U HacTOT, ®;. B mupe c ompeneneHHON
CKOPOCTBIO CBETA, €, JHEPTHIO MAKETa MOXKHO MIEPENUCcaTh B ClIeayomen hopme:
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rae ® ecTh CpeaHsis, HeCcyIIas yactoTa, 1 = h/2x , u h — nocrostHHas [1nanka,
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[Tockonbky 7/ TOCTOSHHA JJIS BCEX YacTOT (OTOHOB (YTO  yCTAHOBICHO
2 2 2
9KCHEPUMEHTAIbHO), MOXHO 3altouuTh, uto A (0) o< (ky —k;) nna Bcex (POTOHOB,



moboro Bupa. Jpyrum cneactBueMm ypaBHeHHsS (4) sBIseTcss TO, 4TO /i 0OpaTHO
MPONOPILMOHANIbHA CKOPOCTH CBETA, ¢, U UYTO UX MPOU3BEICHHE SIBISIETCA KOHCTAHTOM:

2
hc:§~?—(0)2:const. (5)
4 (kN _kl)

HeobxonnMo momauepkHyTh, YTO 3TO MPOU3BEICHUE SIBISAETCS YPE3BBHIYANHO BAKHBIM,
MOCKOJIBKY OIpEENSAEeT dJIEMEHTAPHBIN AIEKTPUUECKUH 3apsiz, e:
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= o (6)
137.09

JlaBaiiTe IpeaIonoKUM, 4TO CKOPOCTh CBETA 3aBUCUT OT CTPYKTYPbl U CBOWCTB CPEIbI
(a¢upa), B koTOpoii oH pacnpoctpansercs. CoriacHo Teopun [Tupcona, apup (umm i-ther
ot cinoB "intelligent ether" [6]; OyneM Ha3pIBaTh €ro B AaibHEHIIEM i-d2QUp) sBISETCS
HEOJHOPOJHBIM M COCTOMT M3 JBYX BHJOB 4YacTHUL, JBMXKYLIUXCS C pa3InYHbIMHU
CKOpOCTSIMU. B 3TOM ciyyae BOJHOBOM MakeT MOXeT ObITh 00Opa3oBaH M3 BOJHOBBIX
TFapMOHHK, PaCIpOCTPAHSIOMIUXCS B CyO-IPOCTPAHCTBE YACTHI] OMPEIEICHHOIO BHUAA.
CKOpOCTH pacrpoCTpaHEHHUs PA3JIMYHBIX BOJHOBBIX MaKETOB MOTYT OBITh pa3HBIMU
(mogo6HO pa3HBIM CKOPOCTSIM 3BYKa B TBEPAOM Telle, COCTOSAIIEM M3 HECKOJIbKUX BHUJIOB
aToMoB). Takum 00pa3oMm, MBI MOKEM HPEINOI0XKUTh, YTO CYLIECTBYIOT IO KpailHen
Mepe JBa BUAa (JOTOHOB, U YTO COOTBETCTBYIOLIUE CKOPOCTU UX PACIPOCTPAHEHHUS, €| U
€2, MOTYT CYIIECTBEHHO Pa3In4aTbCs:

c,=n-c,, and n>>1 (7

l'eomerpust BOJHOBBIX IAKETOB OINpPEAENSAETCS T'eOMETpUed HEWpPOHO-MOJ00HOM
CTpyKTypbl i-3¢upa. I[loaTomy reomerpuueckue mapameTpbl (ammutyna A(0) wu
TPaHUYHBIC JUTHHBI BOJIH, A B AN) MOTYT OBITh OJIMHAKOBBIMU JUISi 00OOMX THUITOB (JOTOHOB
(c paBHOU sHepruei). B aTom ciyuae sHeprus U pa3Mepbl BOJHOBBIX MAKETOB (CPEIHSS
JUIMHA BOJIH) OJJMHAKOBBI, HO OCTOssHHBIE [11anka pa3nuyaHse:

7]
he =h,c, = hzzhlc_lz_l (8)
c, n

Takum o0pazom, nocrosiHHast [11aHka ymMeHbII1aeTcs ¢ pocToM ckopocTH cBeta. Hecyas
4acTOTa BOJHOBOIO MAKeTa COOTBETCTBEHHO yBEIUYUBACTCS:

E=@h, =o,h, = wzzwlft—lzwl'n )
2

B cooTBeTcTBHYM C M3BECTHBIM YpPaBHEHUEM OWHIITEWHA 1JI SHEPTUU
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E=m, ¢, =m,-c, = m,=m—=—, (10)
¢, n
Macca (oToHa OOpaTHO MPOMOPIMOHANFHA KBagpaTy CKOpocTh cBeTa. I[loCKONBKY
UMIyJIbC (POTOHA paBeH P=€/C, YBEIWYCHHE CKOPOCTH CBETA NMPUBOJHUT K YMECHBIICHHUIO

HUMITYJIBCOB:

C
py=p =01 (11)
c, n

Takum 00pa3om, Mbl MMeeM JBa BuIa (OTOHOB C TE€M K€ IUAMAa30HOM HSHEPruid u
pa3MepoB, HO C CYyIIECTBEHHO JPYIMMH YacTOTaMH, HMIYJIbCAMH, M MaccaMH H
JBUKYLIUMUCS C Pa3IMUHbIMU CKOPOCTSIMHU.

Yro MOXKHO Temepb CKa3aTb O 4YacTULE, COCTOALIEH M3 (OTOHOB WIM (POTOHO-
noJo0HBIX YacTul? JIJi TakuX 4YacTHIl HpEeAbLAyIIHE YTBEPXACHUS 00 yMEHBLICHUU
Macchl M yBEJIMYEHUH YacTOT OCTAIOTCA crpaBeAauBsiMu. Hammpumep, asiekTpoH obianaer
HeHyJieBoil maccoil nmokost. CornacHo Teopusim [6-10], ero macca sBisercs cymmou
KHHETHYECKUX MAcC COCTABIISAIOLIMX €r0 (POTOHO-ITOOOHBIX YacTHLl, WK BUXpeid. Takum
00pa3oM, OHA MOJUYMHSETCS 3aKOHY, ONUChIBaeMoMy ypaBHeHueM (10). Dueprust mokos
9JIEKTPOHA OJIMHAKOBA B 000MX "Mupax'; To ke caMoe MOXKHO cKa3aTh 0 KoMTOHOBCKOM
paauyce 3JIeKTpOoHa:

A=h c/epe=N/mc (12)

CornacHO KBaHTOBOM MEXaHHKE, BCE IBUKYIIUECS YACTHUI[Bl MMEIOT BOJHOBBIC
cBoricTBa. COOTBETCTBYIOIIAsI YACTHUIIEC JJIMHA BOJIHBI ONpEAeNsieTcs cooTHOIIeHueM Jle
bpoiins, A=h/p=h/mv, tne m — macca 4acTuubl © v €€ CKOpoCcTh. YacToTa 4acTHIIBI,
f~=Wiin/h, 3aBucuT oT €€ KHHETHYeCKoW sHepruu, Wiy, (B OOBIYHOM IOHUMAaHUH).
BonHOBOE moBeneHNE IEKTPOHOB MPOSIBIICTCS, HAPUMED, B SIBICHUU AUPPAKINH TIPH
MPOXOXACHUU BJIEKTPOHOB 4Yepe3 TOHKYI0 METaIM4ecKylo IIEHKY. OJHako B 3TOM
Clly4ae Mbl IMEEM JIeJIO C BOJIHAMHU BEPOSITHOCTH, U MU PpakiimoHHAsS KapTHHA SIBIISICTCS
CTAaTUCTUYECKUM pPE3yJIbTaTOM TMONAaJaHMUs D3JEKTPOHOB B pa3Hble TOYKH JKpaHa.
CratucTudeckoe MOBeIeHHE YacTUl] (OMHChIBAEMOE KBAHTOBOW MEXAaHUKOW) CBSI3aHO C
UX MPOCTPAHCTBEHHOW MOTSHKEHHOCTHIO: YaCTHIIA MOXET ObITh ONKCaHa KaK KBAaHTOBas
JKUJKas Karwlsl ¢ OCCKOHEYHBIM YHCIOM creneHed cBoOoawsr [11,12]. Bce uactuibl
JNEHUCTBUTENLHO HMEIOT I0JIEBYI0, BOJIHOBYIO IMPHUPOAY, HO peajibHble JJIUHBI
TFapMOHUYECKHUX BOJH, (DOPMHUPYIOIIMX YaCTHUIy, ONpPENeNsioTcs ypaBHeHusMu (12) -
KomnronoBckumu paguycamu dactuil [8], a He cooTHomeHnueM [le bpoiins.

[Ipenmnonarasi, 4TO TUNUYHBIE SHEPTUU CBOOOJHBIX JJIEMEHTAPHBIX YacTHI[ B
000MX CIIy4asiX UMEIOT TOT ke MOPSIOK, MOXKHO 3aKIIIOUYUTh, YTO XapaKTEpHbIE YaCTOTHI
YaCTHUIl B MapaljIeIbHOM MUpe (Mbl OyeM Ha3bIBaTh €ro STEPUUYECKUM MHPOM) HAMHOTO
BBIIIIE, YeM B HaieM, "puzndeckom" Mupe:

ether our  _ ether =n (13)



OTO cHpaBeIMBO JJIsl BCEX AIEMEHTAPHBIX YaCTHULl (JIEKTPOHOB, IPOTOHOB, HEUTPUHO U
T.1.): TUIMYHBIE YacTOTHI 3JEMEHTAapHBbIX YaCTHUI] YBEIMYMBAIOTCA IPONOPLHOHAIBHO
CKOpOCTH CBETa, a MX MAacChl YMEHbLIAIOTCS OOpPaTHO MPOMOPLHUOHAIBHO KBAApaTy
CKOPOCTH CBETA.

HoBble 37eKTpOHBI, TPOTOHBI U HEUTPOHBI MOTYT C(OPMHUPOBATH HOBBIC aTOMBI B
TepuueckoM Mupe. IIocKonbKy 53JIeMeHTapHbld 3apsan, e, He u3MeHwics (cM.(6)),
reoMeTpuyeckasl CTpyKTypa aTOMOB Takxke coxpansercs. Hampumep, pammyc bopa,
KOTOPBII OMpeAesnsieT pa3Mep aroMa BOI0p0/ia, OCTACTCS MPEKHUM:

Ry AT (137-e)
o = 2 2
m,e m,e £,

= const (14)

e

OTO cHpaBeIMBO W JJIi MarHeroHa bopa, ompenenstomero MarHUTHBIE CBOMCTBa
BHGMGHTapHBIX YYaCTHUIl 1 aTOMOB:

e-h, eh, 137-¢°
/’IB = = =
mg,Cc, mg;¢C, &

= const (15)

€

DOHepreTuyeckue YpOBHU U  pajuycbl OpOUT D3JIEKTpOHA B aroMe BOJOpPOJa
paccuuThIBaOTCS 10 (hopMyiam:

4 4

En:_mezze2 :_me;ez __ 6‘062 _ (16)
2h5n 2hin 2-(137)"n

r,=n’r,, n=123.. (17)

Jlerko BUIETbH, UYTO OHH OJIMHAKOBBI B 000MX MuUpax.

ATOM MOXET MOTJIOTUTHh AMCKPETHYIO MOPLUIO (KBAaHT) 3JIEKTPOMAarHUTHOU
sHepruu (pOoToH), paBHYIO Pa3HOCTH SHEPreTUYECKUX ypoBHEH B cnekTpe (16); mpu sToM
9JIEKTPOH TEPEeXOoauT ¢ Oosee OmkHEH OpOUTHI Ha Oojiee ManbHIOW. B030yXnE¢HHBIN
aToM, Ha000pOT, U3Iy4aeT (OTOH, a FIEKTPOH MEPEXOIUT C JajJbHEeH opOUTHI Ha Ooiee
OmpkHIOI0. BenmnunHa W3My4EHHOrO WM TOTJIOMIEHHOTO KBaHTA SHEPruu, 7 o,
OTIPEIETISIETCS YCIOBUEM:

ho, =E,, -E, (18)

Takue ke COOTHOIIEHUS CIIPaBEUIMBBI U JIsl MHOTO-3JIEKTPOHHBIX aTOMOB.

Takum 00pa3oM, J>HEPreTUYECKUN CIEKTP DJIEKTPOMAarHUTHBIX BOJH — (DOTOHOB —
U3Iy4aeMbIX U TOTJIOMIAEMbIX aTOMaMH, OJWHAKOB B o0Ooux mupax. Ho gactoTHBIC
CHEKTPbI CYLIECTBEHHO PA3JIUYHBI:
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ether our

OTO0 00CTOATENBCTBO, BEPOSTHO, SBIACTCS TJIABHOM NPUYMHOW TOTO, YTO MBI HE
ourymaeM M He (UKCHpyeM HallUMU [puOopamMH 3JIEKTPOMArHUTHBIE BOJIHBI,
U3JIy4aeMble aTOMaMH JTEPUYECKOTO MHpa: (OTOHBI, H3IyYaeMbIe OSTEPUUECCKHUMU
aToMaMH, MMEIOT COOTBETCTBYIOIME HAIlUM aTOMaM SHEpPIUu, HO HAMHOIro OoJbllne
9acTOTBl. ATOM, SBISACH KBAaHTOBOH KoJjeOaTeNbHOW CHCTEMOW, MOXET NpPUHUMATH
9HEPruI0 TOJbKO HA PE30HAHCHBIX YACTOTaX. JTO O3HAYAET, YTO HAIIW aTOMbI HE MOTYT
abcopOupoBath (POTOHBI, M3ITYYEHHBIC AHAIOTUYHBIMU JSTepuueckuMu aromamu. C
JPyTOil CTOPOHBI ATeprUecKre (POTOHBI ¢ MOAXOAALIeH (HU3KOM) 4acTOTON (CO3JaHHBbIE,
HarpuMep, NP TOPMOKEHUH 3JIEKTPOHOB) MOTYT MOTJIOTHTHCS HAIIUMH aTOMaMH, HO
OHHM HUMEIOT CIMILKOM MaJleHbKYI0 SHEepruro (u3-3a Manoil moctosHHoM Ilnanka) mo
CPAaBHEHHMIO C HAINMH (DOTOHAMH M MEPEJAIOT 3HAYMTEIBHO MEHbBIIHH (B 71° pa3)
UMIyJbC, 4YeM Hauiu GoToHbl. I103TOMY MX Upe3BBIYAHO TPYJHO PAaCHO3HATH B OOIIEM
CUTHaJe, PUKCHPYEMOM HAIIUMU MPHOOpaMH.

TBepable Tena M3My4yarOT M MOMVIOINAIOT 3JEKTPOMATHUTHBIE BOJIHBI B
HIMPOKOM JIMana3oHe 4acToT Osarojapsl TEMJIOBBIM KojleOaHUSM aTOMOB (TEIJIOBOE
u3nydeHue). CnekTpanbHas H3JydaTelibHas CIOCOOHOCTh "abconoTHO 4é€pHOro Ttena"
omnuceiBaercs popmynoit [Tnanka:

2
- 27:;/ . hv 20)
c exp(hv/kT) -1

rae k —moctossHHas bonbiMana. MakcuManbHOE U3JTyYEHUE TPOUCXOIUT HA YACTOTE Vi,
OIMCHIBAEMOM 3aK0HOM BuHa:

4.965k
Vm = —T
h
W3-3a manoro 3HaueHus nocrosHHOW Ilnmanka HamOonblIas 4acTh 3JIEKTPOMArHUTHOU
JHEPIUU U3IIy4acTCs STEPUYECKUMU TEJIAMU Ha OYEHb BBICOKUX 4aCTOTaX:

h
Ve (T) = =2y (T) = nv2" (T) >> v (T) (22)

m

(21)

ether

Tena B Hallell 4acTu BCEJIEHHOM MMEIOT 3HAYUTENbHO 00Jiee HU3KOYACTOTHBIN CIIEKTP
M3JIyYEHUs U NOIVIOUICHMS U MOATOMY HE MOTYT MOINIOTHTH 3TO u3inydeHue. C npyroi
CTOPOHBI, M3JIy4EHHE 3TEPUUECKOro Tena (Harperoro a0 Temeparypbl T) Ha HU3KHX
4acTOTax MOXKHO 3alucaTh CIeIyIOIUM 00pa3oM:



2xv? 2zv?
T, = C2 'kT:H'kT: Cz kn_2 (23)

ether

OTO SKBUBAJECHTHO M3JIYyYECHHUIO HAIIUX T, HO C TEMIepaTypoun T'=T/n’. Ecnu,
Hanpumep, T=1000°K u n=1000, Torga T'=0.001°K. Takoe U3JIly4eHUe, B
MIPUHITUTIE,MOXKET ObITh a0COPOMPOBAHO HAIIMMHU TEJIaMH, HO OHO HACTOJIBKO CJIaboe, 4To
OOBIYHO MBI HE MOXeM ero 3adukcupoBarh. OIHAKO MOKHO TMOCTaBUThH CICIHAILHBIC
9KCIIEPUMEHTHI, B KOTOPBIX TEPMHUUECKOE U3ITyUYECHUE WU MOTJIONIEHUE STEPUUECKUX Tel
MOXET ObITh OOHapyX)eHO. B 9acTHOCTH, paccesHrue KOTEPEHTHOTO Ja3epHOro Jyda Ha
dantome w™ozekynsl JHK [13] MoxeT OBITh HHTEPHPETHPOBAHO KakK IPHUMED
B3aMMOJICHCTBHSI MEX]Iy HAIIMMHU JICKTPOMATHUTHBEIMHU BOJIHAMU U STEPUUECKUM TEJIOM,
MOTJIOUIAIOIIMM UX B CBOEM HU3KOYACTOTHOM CIIEKTpE.

Takum o0pa3om, ITEpUUECKUI MUP UMEET CIAEAYIOIINE OCOOCHHOCTH:

1) CkopocTh cBeTa HAMHOTO OOJIbIlIe, YeM B Hautem mupe, yp.(7);

2) TunuyHblE YaCTOTHI 3JIEMEHTApHBIX YacTHULl ((OTOHOB, 3JEKTPOHOB, KBApPKOB,
HEUTPUHO U T.JI.) HAMHOIO BBIIIE, YEM COOTBETCTBYIOLINE YaCTOThl B HauleM MUPE,
ypasaenus (9),(13),(19);

3) Ilocrosanas [lnanka HamMmHOTO MEHbIIE, Yp.(8);

4) Macchl 3JIeMEHTApHBIX YAaCTHUIl U MAaCChl aTOMOB HAMHOT'O MeHbl1e, yp.(10);

5) DneMeHTapHBIA YAECKTPUICCKUN 3aps]l TOT ke, yp.(6);

6) CrpykTypa aTOMOB: UX F€OMETPUS, pa3MEpPbl U SHEPrETUUECKUM CIIEKTP — TAKUE XKe
KaK B Hauem MUpE;

7) DTtepudeckoe TBEpAOE, JKUIKOE WIM Ta3000pa3HOE BEIIECTBO MOXKET OBITh
c(hOpMUPOBAHO U3 ITEPUUECKUX ATOMOB TaKUM K€ 00pa3oM, KaK U B Haulem MUPE;

8) Orepuueckue (HOTOHBI, TAK Ke KaK M JPYyrUe dTEPUUECKUE JIEMEHTapHbIC YaCTHIIbI,
OOBIYHO HEBHMJUMBI JUISl HAaC M3-32 MX BBICOKHMX YacTOT; 3TO CIPABEUIMBO M JUIS
STEPUUYECKUX aTOMOB, U JJIsl BEIIECTBA, TOCTPOCHHOTO U3 3TUX aTOMOB.

[TocnenHee yTBepkAEHUE AOIKHO OBITH PACCMOTPEHO OCOOEHHO TIIATENIBHO, TaK KaK
OHO MMEET Ype3BbIUaliHO Ba)kHOE 3HaueHHE. OHO OCHOBAHO HA MPEANOJIOKEHUH, YTO
Halll MUP MMEeT YHCTO BOJIHOBYIO (IIOJIEBYIO) MPUPOJY, M BCE BIIEMEHTapHbIE
YaCTHULIBI MOCTPOEHBl U3 (POTOHO-MOAOOHBIX WM HEUTPUHO-MOJOOHBIX YacTHIl C
HyJIeBOH Maccoil mokos. B 3tom ciaywae nBa (u Ooiibllie) pa3iaMyYHBIX BOJHOBBIX
0o0BEKTa MOTYT 3aHHMMaTb OJHO U TO K€ MECTO B MmpocTpaHcTBe. X B3aumHoe
BiIMsHUE (MHTepdepeHuus)  HaOloJaeMo TOJABKO B TOM cCllyyae, KOrjga HX
XapakTepHble YacTOThl Omm3ku. Ha s3bIKe KBAaHTOBOW MEXAaHUKU YCIOBHEM
B3aMMHOIO BJIMSHUSL aTOMOB SIBJISETCSI COOTBETCTBHE YACTOT 3JEKTPOMArHUTHBIX
BOJIH ((DOTOHOB), M3ITy4aeMbIX U TTOTJIONIAEMBIX aTOMaMH.

B 0OblyHOW KM3HM MBI OLIyLIaeM OKpy’Karolue Tena  Ojaronaps
AJIEKTPOMAarHUTHOMY B3aUMOJIEHCTBUIO MEXJy HAlIMMHU aroMamH (B Tja3ax, yliax,
KO, B HAIIUX HEWpoHaX) U (GOTOHAMH, U3TYYEHHBIMU aTOMaMU OKPYXKAIOIUX TeJl.
[lockonbKy Hawu atoMbl HE MOTyT abcopOMpoBaTh (OTOHBI, H3IITyIEHHBIC
ITEepUYECKUMHU aTOMAMHU, 3TEPUUYECKUN MHUP OCTAETCS HEBUIUMBIM JIJIsl HAC.



Bropoil BHI Hamero B3aMMOJIEHCTBUS C  OKpPYXalOLUMU  TelaMHU —
IPaBUTAlMOHHOE B3aMMOJECHCTBUE. MBI HCHBITBIBAEM NPUTSHKEHUE K 3emile, NPpHU
3TOM 3HAYUTEJbHAS JOJIA YHEPTUHU, B KOTOPOM MBI HyXIaemcs, TpeOyeTcs UMEHHO
JUISL IPEOIOJICHUS CHIIBI 3€MHOTO NPUTSHKEHUS. IHTEPECHO OTMETUTB, YTO 3BOJIIOLIUIO
KHU3HU Ha 3emJie MOXKHO paccMaTpuBaTh Kak UCTOPUIO OOPHOBI 3a MHUILy, KOTOpas, B
CBOIO O4epe/ib, TpeboBanack Ui NPEOA0IeHUs CHilbl TAroTeHust! Bee Hamm cucteMsl
— NUILEBapUTENIbHAS, JbIXaTelbHast, KPOBEHOCHAs — HEOOXOAUMBI I 0OecreueHus
JHEPruei KOCTHO-MBILICUYHYI0 CUCTEMY — U CHOBA - JIJISl IIPEOIOJICHHS TATOTEHUA!

B npennosaraeMom 3Tepu4eCKOM MHUPE IPaBUTALMOHHBIE CHIIBI MOTYT OKa3aThCs
3HAYUTEIIBHO  MEHEE  CYLICCTBCHHBIMHU.  JIEHCTBUTENBHO,  TPaBUTALMOHHOE

NPUTSDKEHUE ABYX Tel, F,

gray 2

MIPONOPLIMOHATIBHO MPOU3BEICHUIO UX MAccC, M My, U B

4
ITEPUYCCKOM MHUPE OKa3bIBACTCS B 7 pa3 MCHbBINE, YeM MEXAYy aHAJIOTHYHBIMH
Tenamu B HameM mupe. Ecmu, manpumep, n=100, F* =107 F%’ . D10 o3HayaeT,

grav grav
YTO 3TEpUAHLIAM, €CJIM OHM CYIIECTBYIOT, HE HYKHO IIPEO0JIEBaTh TPaBUTALUOHHOE
MPUTSKEHUE.

DTOT BBIBOJ, OJHAKO, CHPaBEUIMB TOJBKO B cCllydyae, €CJId TIpaBUTAlMOHHAs
noctosiHHasA, G, oauHakoBa B oOomx "mmupax'. J[Ji1 BBISICHEHUS K€ 3TOrO BOIpOCa
HE0O0XO0IUMO 3HATH MPUPOIY CHUII TATOTSCHUS.

B nocnennee BpeMsi momysisipHOIl CTAaHOBUTCSA TOYKA 3PEHMS, UYTO TATOTEHUE HE
SBIISETCS  OTACNBHBIM  (YHIAMEHTAIBHBIM  B3aWMOJCHCTBHEM, a  SBISETCS
NPOSIBICHUEM  AJIEKTPOMArHUTHOTO  B3aMMOJCHCTBUSL  Tel  C  HYJIEBBIMHU
JJIEKTPOMArHUTHBIMH ~ Konebanusimu  Bakyyma [14]. CormacHo »3T1oil  wuzee,
BbICKa3aHHOM BrepBble AHApeeM CaxapoBbIM, TIpaBUTallMOHHAs MOCTOsiHHAsA, G,
OIPEAEIIAETCS COOTHOLIEHUEM:

_z-c’
he?

rae . — vyacrora Ilmanka, o0braHO ompenensemas yepe3 G: coc=(nc5/hG)1/2. BBons

XapaKkTepucTHyYecKyto uHy Ilnanka, A=27c/®,, nepenuiiem (24) B BUE:

G

(24)

A ¢t
47z (he) 25)

IMockoneky (hc) m A, He MeHsIOTCS (3apsii U IeOMETPHYECKUE IapamMeTpbl B 00OMX
"mupax" OJIMHAKOBBI ), rpaBUTALMOHHAs MOCTOSHHAS, G~c’, u cuia
TPABUTAIMOHHOTO MPUTSHKEHUSI MEX]Ty aHAJTOTUYHBIMU TE€JIaMU OCTAETCSl HEU3MEHHOM:

et__ et
m; m, 4, MM, our
———==(Gn")———==F 26
. (Gn™) R (26)

ether __ o ether _
F =G 0 44 2 O grav

grav

DJNeKTpOMarHuTHasi MpUpo/ia TPaBUTALIMK TOKa He JokazaHa. OgHako enuHas mpupoia
BCEX B3aMMOJICUCTBUN BecbMa BeposTHA. [lodTOMy M Hamuuue CWIbl TPUTSKEHHS,
aHaJOTrUYHOU Hamlel rpaBUTalluu, MCIKAY STCPUUCCKUMU TCIIAMH TOXKE BCPOATHO.



B3anmMopelicTBie HAUX TN ¢ 3TEPUYECKUMH MOXET ObITh MPUYMHOMN MOSIBICHHS TaK
Ha3bplBaeMOro TEMHOrO BellecTBa BO BceneHHON, 0oOHapyXMBaeMOro TOJBKO IO €ro
IPaBUTALMOHHOMY BO3JIEUCTBHUIO.

Kak ke MoxeT ObITh yCTpOCH 3Tepuueckuii Mup? ECTh 1 B HEeM aHaJIOT HaIiei
maneTsl 3emutsi, ConHie U 3BE31bp17 Kak yCTpOeHbI 3TepuaHilbl, U OTKyJa OHU YEpIaroT
SHEPrur? YMEKT JI1 OHU CHPABJISATHCS C TPaBUTALIMEN, U €CIIM Ja, HY)KHBI JIM UM BCE
HAIllM CUCTEMBI IEpepabOTKH MUK U cama MHUIa?

Ecnu rpaBuTanimoHHas nmocTosiHHasi OJMHAKOBA B 000MX MUPAX, HIIU K€ STEPUAHLIbI
YMEIOT 3KPaHUPOBATh B3aMMOJICHCTBHE C HYJIEBBIMHU KOJICOAHUSMHU BaKyyma, OHU HE
HYKJIAaFOTCSl B TAKOM KOJIMYECTBE DHEPTUH, KAK MBI, IS MPEOAOJEHUS CUJ TATOTCHMUS.
Heo0xoanMoe KOIMYECTBO XMMHUYECKOH SHEpruM (B OCHOBHOM JJIsl IMOJJCPKAHUSA
paboThl MO3ra M HEPBHOM CHCTEMBI) OHHU MOTYT MOJy4YaTb HEMOCPEICTBEHHO OT
AIIEKTPOMArHUTHBIX MOJIeH (ITOTOKOB ()OTOHOB) MIJIM HEHTPUHHBIX MOTOKOB. Ilpu 3TOM He
TpeOyIOTCSl NUIEBApUTENIbHASA, IbIXaTellbHAsi W KPOBEHOCHas cucteMbl. OHU MOTYT
nepeaBUraTbcsl OYEHb OBICTPO H3-32 OTCYTCTBUSL CWJI TSTOTEHUS U aTMOC(epHOro
COTIPOTHUBIICHHSI, MAJIOW MAacChl M BBICOKOM CKOPOCTH cBeTa. TakuM oOpa3oM, dTepUaHIIbI
HEe UMEIOT MpoliieM ¢ TeppuTopueii u 60pb0oii 3a cymectBoBanue. [lo kpaiftHeil mepe B
TaKOM BHJIE, KaK B HailleM "mMupe".

MoxxeM 1M MBI B3aUMOJEHCTBOBaTh C MapalieIbHbIM MHpoM? Moxker u
CYILIECTBOBaTh MHOKECTBO MapaJuIeIbHBIX MUPOB C Pa3jIMYHbIMH KOHCTaHTaMu ¢ U /i ?
OTO 0YEHb UHTEPECHBIE BOIPOCHI. ..

ITapajJjieJibHbIH dTePUYeCKHii MUDP H IPUHIMII OTHOCHTEJIbHOCTH

CornacHO TeOpUH OTHOCUTENIBHOCTH OMHIITEHHA, Mbl XHUBEM B 4-X MEPHOM
MHUpE, B KOTOPOM TpU KOOPJHMHATHl NPOCTPAHCTBEHHBIE, a YETBEpTas CBs3aHa CO
BpPEMEHEM , f, U JIOJDKHA OBITh B3sTa B Gopme (ict), TOe ¢ €CTh CKOPOCTh CBETA H [ —
MHHMMas €IMHHUIA. B 3TOM mpocTpaHCTBE Ka)j10oe MaTepHalbHOE TeI0 MMeeT 4-x
MEPHBIIl BEKTOP DHEPrHU-HMIYJbCA, (CPyx, CPy, CPz, imc®). KBagpaT 5TOro BekTopa
SBJISICTCS HMHBAapUAHTOM BO BCEX MHEPUUAIBbHBIX (TO €CTh HEYCKOPSIOIUXCS)
cucTeMax KOOpIHHAT:

p’c’—-m’c* =p’c’ —E* =-mc" (27)
Ecnu, HanpuMep, cucteMa KOOPAUHAT CBA3aHa C YACTULIEH, IBUXKYLIEHCS BIOJIb OCH X CO

CKOPOCTBIO V, KOOPAWHATBI U HUMIIYJIbCHI B 3TOH HOBOM CHCTEME OTCYETa CBS3aHBI C
KOOpAWHAaTaMU1 U UMITYJIbCaMH B HGHOI[BI/I)KHOﬁ CHUCTCEMEC COOTHOIICHUAMH HopeHua:



X'=(x-vt)-B, y=y, 2z=z t’=(t—X—Z]-/3’
C

, vE , , ,
px=(px—c—2j-/5, p,=p,, P,=p,, E=(E-vp)f (28)
1

NI-v?/c?

CKOpOCTB CBC€Ta, C, OAMHAKOBA BO BCCX CHCTEMaxX OTCYCTA, HC3aBHCHUMO OT CKOPOCTH
JABWXKCHU S Ha6J'IIO,Z[aTCJ'I$I, H SBIISICTCS MaKCHUMAaJIbHOU CKOPOCTBIO ABMIKCHHUSA IJIA BCEX
MaTCpHaJIbHBIX TCJI B Hautem MUPC.

B =

CnennanbHasi Teopus OTHOCUTEIBHOCTH HE pPAacCMaTpUBAET, OJHAKO, BO3MOXKHOCTHU
OTHOCHUTEIIBHOTO JBW)KCHHUS BJOJb YETBEPTOM, BPEMEHHOW OcCH. Haw MHpP MOXKHO
paccMaTpuBaTh KaK MUP ABUXKYIIHUKUCS BAOJIb TOW OCU CO CKOPOCTBIO CBETA.

JlaBaiiTe BBeIEM HOBYIO CUCTEMY OTCU€TA, KOTOpas ABHXKETCS BIOJb BPEMEHHOM OCH CO
ckopocThio C). IIpeoOpa3oBaHre KOOPAWHAT U MMITYJIBCOB YaCTHIBI, NIEpeIIe el u3
Hallero MHpa B IApPAJUICIbHBIM, M COXpaHAMIIEE KBaJApaT BEKTOpa €€ JHEpruu-
UMITYJIbCA, MOXHO 3aMKCaTh CIEAYIOMUM 00pa3oMm:

(29)
7’ C ’ C ’ C ’
p.=p.,—, p,=p,—, p.=p.—, E=E
¢ ¢ ¢
[Mocnennee ypaBHeHHE TpeOyeT Tak:ke MpeoOpa3oBaHUsI MACCHI:
2 2
c C
m, =m,—, m =m—-, (30)
C C

4TO TOYHO coBmazgaer ¢ ypaBHeHueM (10). B sTom cimyuae kBazmpar BEeKTOpa SHEPrHH-
UMITyJIbCa SIBJISIETCS MHBAPHUAHTOM ITpeoOpa3oBanus (29):

2 .4

¢! —E”? =-m;c/ =p°c’—E’ =-mc"*. (31)

p ¢
CKOpOCTH Tella B HOBOM M CTapOii CHCTEMax OTCYETa CBA3aHbI COOTHOIICHUEM:

=Y p =5 (32)

c, ¢
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Takum 00pa3oM MbI MOJYYHIM T€ XK€ Pe3yJbTaThl, UTO M paHblie U3 ypaBHeHui (10),
(11). HoBbIM siBIIsieTCS M3MEHEHHE TeMIla BPEMEHHU: C YBEJIIMUYEHHEM CKOPOCTH CBETa
TEMIT BpeMeHH 3ameisiercs. Ho KakoB pu3MuecKuii CMBICI TeMITa BpeMeHH?

C mnoMompl0 BpPEMEHH Mbl XapaKTepHU3yeM JABIKCHHE MAaTepUaNbHBIX OOBEKTOB H
CKOPOCTH TPOIIECCOB, TAaKMX KaK MPEBpPAIICHUS SJICMCHTAPHBIX YACTHI, SICPHBIC H
XUMHYECKHE peakiuu. J[BIKEHHE B IMPOCTPAHCTBE XapaKTEPHU3YETCs MPOU3BEICHHEM
(v-t). CornacHo ypaBHeHUsM (26) 1 (29), 3TO Mpou3BeICHME HE U3MEHSETCS:

vt = (Vb)) = vt (33)
c ¢

Yro kacaeTcs AACPHBIX U XUMUUYECKUX PEAKIUH, a TAKXKE MPEBPALLECHUN JIEMEHTapHBIX
YacTHILl, TO UX CKOPOCTH, MO-BUAUMOMY, TOXKE CBSI3aHBI CO CKOPOCTBIO CBETa B JAHHOU
CUCTEME KOOpAMHAT. A MMEHHO, OHU el mnpomnopuuoHanbHbl. Ecim K - ckopoctb

HEKOTOPOW PEAKIIMH B CUCTEME KOOpIWHAT, 00Jamaromell CKopocThio cBeta C, u K —
CKOPOCTh TOM € peakliui B CHCTHME CO CKOPOCTBIO CBETa Cj, TO MOKHO MPEIOJIOKHUTh
CJIEIyIOIlIEE PAaBEHCTBO:

K
LN (34)

c ¢

¥ Torja BenuuuHa npousseneHui K-t =K t" He u3MeHseTcs. DTO O3HAYaeT, uYTO

3aMEJUICHHEe TeMIla BPEMCHHM KOMIICHCHUPYETCS YCKOPEHHEM BCEX  IPOIECCOB
MPOMOPIIMOHANILHO CKOPOCTH CBeTa. B pesynbrare Bce MPOLECCHl, BKIIOYas
OMOJIOTHYECKHE, TPOUCXOMAT OJMHAKOBBIM 00pa3oM B 00OMX CHCTEMax OTCYeTa, B
COOTBECTCTBUHU C 06H_II/IM HpI/IHHI/IHOM OTHOCUTCIBbHOCTH.

[lpyHIMI ~ OTHOCUTENBHOCTM B ero Haubojee oOmed ¢opme, BKIIOYarOIIEH
YCKOPSIIOIIMECS U BpaIaAIoNIUecs CUCTeMbl OTcueTa, ObuUl ucrnosb3oBaH [ .IlIunoBeiM B
ero teopun ¢usznueckoro Bakyyma [7]. Bakyymuble ypaBHenus lllumoBa mo3Boisitor
NOJyYUTh KaK ypaBHEHHs OOLIEl TeOopuu OTHOCUTEIbHOCTH OWHIITEWHA, TaK H
YpaBHEHHMsI 3JIEKTO\POJUHAMUKH M KBAaHTOBOM TeopuH MoJjst. IHTepecHo, 4TO ypaBHEHHUs
[[IumoBa He conxepkKaT HUKAKMX YHMBEPCAJIBHBIX KOHCTAHT TaKMX KaK CKOPOCTb CBETA,
nocrosiHHas [lnanka winm snekTpuueckuil 3aps. OTH KOHCTAHThI IOJKHBI ObITh BBEJICHBI
B YpPaBHEHHUS B ONpEIECICHHbIX KOMOMHauMsX. Mcronb3ysl ompesesieHHYI CKOpOCTb
cBeTa, ¢, 11IumnoB onpenenser MIOTHOCTh BEIIECTBA CIELyIOIUM 00pa3oM:

T im
p:_Z’ T:g T
C

(35)

rae Tin — TEH30p PHEPIUM-MMITYJbca, g — METPUUYECKHil TeH3op. [IpeoOpasoBaHms
koopauHat (29) coxpaHstoT 3HadeHue T, Tak YTO IUIOTHOCTH BENIECTBA OKa3bIBAETCS
00paTHO TMPOMNONHOHANBHA KBaJpaTy CKOPOCTH CBETa, B COOTBETCTBHU C HAIIMM
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IpeaIoiokeHneM (27). OTo MoKa3bIBaeT, YTO CYLECTBOBAHME MAaTEPUAIBHBIX CUCTEM C
JPYTUMH CKOPOCTSIMH CBETa HE MPOTHBOPEUYUT OOIEMY NPHHLUIY OTHOCUTEIBHOCTH,
UCIIOJIb30BAHHOMY B TCOPUH (PU3NICCKOTO Bakyyma [7].

IapajaeabHblii dTepuYeckKnid MUP H ''mapaHopMajbHble' IBJICHUS

JlaBaliTe pPacCMOTPUM C TOYKHM 3pEHMs CYLIECTBOBAaHHMs IapajlICIbHOIO MuUpa
HEKOTOpBIE U3 SIBICHUH, KOTOpble OOBIYHO HA3BIBAIOT MapaHOPMAaIbHBIMU (TIPU ATOM
MOJIpa3yMeBaeTCsl, YTO HOPMAIBLHOTO (PU3UUYECKOTO OOBSICHEHUS Y HUX HET, U CaMH 3TU
SIBJICHHS JTMOO IO Ybei-TO paHTa3uu, MO0 co3HATEIbHBIN 00MaH). Peub uacT o Takux
SABJICHUSIX KaK KMCUE3HOBEHUE W IMOsBICHUE MpeamMeToB (ux 'nemarepuanuzauusa’ u
"Marepuanuzanus'), JEBUTAIUS, CBOOOTHOE MMPOHUKHOBEHUE TBEPIBIX MPEIMETOB JAPYT
qyepes apyra, TeJienaTus u T.1.

C ToukM 3peHUs TPEIIOKEHHON (U3MUECKON KapTUHBI ATH SBJICHUS MOXHO
omHcaTh Kak BIIOJHE HOPMalibHBIE (U3MUYecKue mporecchl. JlecTBUTENbHO, Kaxaas
JJIeMEeHTapHas 4acTHIla, a CJEelIO0BaTeJIbHO M KaXAbld aToM, MOTYT HaxOJUThCS B
HECKOJIBKUX, SJHEPTeTUYCCKU 10oymu YKBUBAICHTHBIX COCTOSHUSAX, C PA3HBIMH YaCTOTHO-
CKOPOCTHBIMU XapaKTepUCTUKaMH. [loymu — MOTOMY YTO OHH IMPHU 3TOM OyAyT UMETh
pa3Hble Macchl, U 3HAYUT WX DHEPIrUs B TPABUTAIMOHHOM II0Jie OyJIeT pa3inyHa.
['paBUTanIMOHHAs SHEPTUSA CBS3HU, [TO-BUINMOMY, U SIBISIETCS SHEPIeTUYECKUM OapbepoM,
pa3IeNsIIONIMM  pa3Hble COCTOSHHUS (CM. Hmpke). Ecniu uMeeTcss HMCTOYHUK HSHEPruu
(Hampumep B BUJE TOTOKa (POTOHOB WJIM HEUTPHUHO), KOTOpash MOXKET YCBAaWBaThCS
HAIIMMH aTOMaMHU, U TIPU 3TOM DHEPTrHsl YCBAMBAEMbBIX KBAHTOB COOTBETCTBYET BEITUIHHE
IPaBUTALIMOHHOTO Oapbepa, TO MOKHO OXHJaTh IEepexoja HAIlUX aTOMOB B JpYroe,
BO30Y)KIEHHOE COCTOSIHME, KOTOpPOE COOTBETCTBYET JTEPUYECKOMY MHpPY. B 3TOM
COCTOSIHUM TEJIO CTAHOBHUTCS HEHaOII0JaeMbIM ISl HAc (XOTS, KOHEYHO, MPOJOJIKAeT
CYILIECTBOBaTh B TOM YK€ CaMOM MECTE), OHO MOJKET JIETKO MepeMerarbes (Wi ObITh
NEPEHECEHO ATEpUaHIaMH) Ha 3HAYUTENIbHBIE PACCTOSIHHS, OHO CBOOOJHO MPOXOAUT
CKBO3b TPEIMETHl HAIIero Mupa (Tak Kak He B3aUMOJICHCTBYET C HHMH), OHO MOXET
JIEBUTUPOBATH (TaK KaK €ro macca OJIM3Ka K HYJII0) U OHO MOXXET BHOBb BEPHYTHCS B
HAYaJIbHOE COCTOSIHUE, BBICBOOOJMB JIUITHIOIO HHEPTHUI0 B TOM K€ BHJE, B KaKOM OHa
Oblla TOJyyeHa B Hayajle — SBJIEHHE, KOTOPOE BIIOJHE COOTBETCTBYET
"nemarepuanuzanuu’ U "Marepuanuzanuu’ IOPEIMETOB, ONUCHIBAEMBIM YYaCTHUKaMH
CITUPUTEUYECKUX CEAHCOB (C ydacTHeM (PU3HUYECKUX MEIUYMOB).

JlaBaiiTe OIICHMM O»HEPrHI0, KOTOPYIO HAI0 TMepenaTh YacTHIE Macchl m,
Haxojsmencs BOJMM3M MOBEPXHOCTH 3eMJIM, [UIsl TOro, 4YTOOBl IepeBecTd €€ B
ITEPUIECKOE COCTOSIHHE. JTa PHEPTHUS PaBHA IPABUTAIIMOHHON SHEPTUU CBS3H YACTHUIIBI C
3emi€il M 3HAUUT paBHA paboTe, KOTOPYIO HYKHO COBEPUINTH, YTOOBI yAATUTh YACTHUILY
oT 3emuid Ha 6ECKOHEYHOE PACCTOSIHHE:

M m

=mgR,, (36)

E

T M
e=[6="E"r=G
T

RE

12



r7ie g — YCKOpeHHe CBOOOAHOTO MaJeHusl BOIU3M MOBEepXHOCTH 3eMiH. [[ns snexTpoHa
BEJIMYMHA 3TOM PHEPrUM COCTABIISIET ~ 3.55-10" eV. s CpaBHEHUS, pa3HUIIA MEXITY
NEPBBIMU JIByMSI YPOBHSIMU dHEPIUU B aTOMe Bojopoja coctasiser ~10.3 eV. [lnd Toro,
4TOOBI IEPEIATH JIEKTPOHY IHEPTHIO 3.55-10™ eV, MBI IOJDKHBI HCIIONB30BATH ($hoTOoHBI ¢
qacrotoit  v=(0.000355¢V/h)=8.5-10'°"Hz. Ho mHamm artoMsl BOZOPOJA HE MOTYT
noriouarh GoToHsl Takoil yacToThl! IlepBas BO3MOXHasi 4acTOTa MOTJIOLIEHUS, paBHas
vi=(3/4)R'=2.47-10"Hz (R' — nocrosiHHas Pun6epra), coorBerctByeT 3nepruu 10.3 eV.
AHasloru4Hasi CUTyallsi BO3HMKAET W JJIS KBapKOB, SBISIOIIMXCS, IO-BUIUMOMY,
3JIEMEHTapHBIMU "KUPOUYMKAMHU'", U3 KOTOPBIX MOCTPOEHBI MPOTOHBI, HEUTPOHBI U B
LIeJIOM aTOMHbIE siapa. ['paBuTanMoHHBIA Oapbep Uis KBapkoB cocTasisieT ~ 0.2 eV, a
XapakTepHbIA MacmTad BO30YX AeHUS cocTaBiaseT cotHH MeV. OOmydas sgpa Y-
KBaHTaMU C 3Hepruerd B coTHU MeV MbI MokeM BO30YIUThH Aapa, HO HE MOXEM HM
nepeaaTh CTONb MaJyI0 JHEPTHI0 Kak 0.2 eV. Ilpobnema "nmemarepuanuzanuu"
CBSA3aHHBIX YACTHUI[ YCJOXHSETCS HEOOXOAMMOCTBIO pa3opBaTb HUX CBSI3b C
OKpyXaromuMmu 4vactuuamu. Hampumep, uToObl '"nemarepuanu3oBaTh"' 3IJIEKTPOH,
HaXOSAIIMKCA B aToMe BOAOPOAa, HYKHO TMepeAaTh HHEPruio, PaBHYIO JHEPrHH
MoHM3alMKu Bojopoaa, ~13.6eV. Utobsl "gemaTepuann3oBaTh" H30JHMPOBAHHBIA aTOM
BOJIOpoa BOMU3K 3emiu, HeoOXoaumMo, cornacHo (36), Tonbko 0.65eV

Kro xe u kak sto gemaer? OTBET HYXHO, OYEBUAHO, UCKAThb B 3TEPUUYECKHUX
doronax. VMIMeHHO y HUX, HpU TOH Ke HEOOXOAUMOW MM TOTIOLICHUS HAWUMU
amomamu 4YacToTe, SHEPrusi HaMHOTO MEHbINE, YeM Yy Hawux (POTOHOB, HO BIIOJIHE
JIOCTAaTOYHAs JUIsl IPEOI0JICHUS TPaBUTAIMOHHOTO O6aprepa. Hampumep, mpu yactore V=
2.47-10°Hz u nocrosmuoii [Lianka hetherZIO'zhOur sHeprus ¢oroHa paHa 0.103 eV.
[ormomas srepuueckuii GOTOH, Haus aTOM HE MOXKET NEPEeHTH B CBOE HOPMAIIbHOE
BO30Y>KIEHHOE COCTOSIHUE (A1 ATOTO Y HEro HEJOCTATOYHO PHEPTUU), OH MOXKET OO
00paTHO M3IY4YUTHh 3TOT (HOTOH, JMOO, TOTIOTUB HECKOJIBKO 3TEPUYECKHX (HOTOHOB,
MEPECKOYUTH B HOBOE, ITEPUUECKOE COCTOSHUE.

[Ipobnema coctouT B TOM, 4TOOBI OAHOBPEMEHHO IMEPEBECTU B ITEPUUECKOE
COCTOSTHUE BCE aTOMBI JaHHOTO Tena. JJis 3TOro HyXeH MOTOK dTEPUYECKUX (POTOHOB C
CYMMapHO# »SHEpruel, NPEBBIIIAONEH OOy T'PaBUTAIIMOHHYIO JHEPTUIO CBS3U
nanHoro Tena. KTo MoxeT mochbuiaTh Takue MOTOKU >Hepruu? BrionHe BO3MOXKHO, UTO
3TepUaHIpl - oduTarenu stepuueckoro mupa. Kakum obGpasom onu 310 nenarot? OHH
YTBEPKAAIOT (Yepe3 MEAUYMOB), UTO C MOMOIIBIO MBICTIEHHOTO cUTHajia. Mcnomb3ys 1o
YTBEP)KIACHUE B KauecTBe paboyeil TMIOTE3bl, Mbl MOXEM MPEANOJIOXKHUTb, YTO
STEPUYECKUN MO3T H3NMydYaeT SJIEKTPOMArHUTHHIE BOJHBI U MOXKET MX MOJYJIHPOBATH
CBOMMM MBICIISIMU. OTO OTKPBIBAET BO3MOXXHOCTb M JUIsl IE€peladyd MbICIed Ha
pacctosHue (TenemaTuH). OTH MOJAYJHMPOBAHHbIE BOJHBI MOTYT, B IPUHLHUIE,
NPUHUMATHCS HAUIMMU OOBIYHBIMH 3JIEKTPOHHBIMH NPUOOpaMHu, HO NepeaaBaeMas UMHU
MOIIIHOCTh CUTHajIa MaJia (IMTOCKOJIbKY OHa 0OPAaTHO MPOIOPIITHOHAIBHA CKOPOCTH CBETA) U
HAXOJIUTCsl OOBIYHO Ha ypOBHE LIyMa ammaparypbl. TeMm He MeHee, SKCIEPHUMEHTHI C
NpuEMOM CHUTHAJIOB Ha PaIUONPHUEMHHMKH, KOMIBIOTEpPbI, BHAECOKaMephl W Jake Ha
o0bryHbIe TUKTO(OHBI [15-17] moka3piBaroOT, 4TO Takas TPAHCKOMMYHHKAIIUS BO3MOXKHA.
Jlis Takoro KOHTaKTa »J3TepHaHIlaM, BHJIUMO, MPUXOAUTCA 3HAYUTENBHO YCUIIHUTH
MHTEHCUBHOCTh MOCHUTAEMBIX CHUTHAJIOB (KOJMYECTBO (POTOHOB, MOCHIIAEMBIX B €IUHUILY
BpemeHH). Kak oHU 3TO JenaioT, HaM 0CTaeTcsl TOJIBKO A0rabiBaThesl. Bo BesikoM citydae
y HUX CYLIECTBYIOT JUIsl 3TOTO ClielUaibHble CTaHIMHU [17].
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HekortopeiM moasaM Ha 3emie Takke yAa€rcs BO3AEHCTBOBATb Ha IPEIMETHI C
MOMOIIBI0 CBOMX MbICiIe. MoxHO mpuBectn npumep Ypu ['emnepa, QpummnmuHCKAX
XWIJIEPOB, NENA0IIUX onepanud 0e3 Hoxka (3TO MOXHO paccMaTpuBaTh Kak MpPUMED
BpeMEHHON 'nemarepuanuzanuu' 4YacTh Tejla, a BEpHEE IMepeBojJa €ro B JpPyroe
cocrosiaue). Croa ke HaJo OTHEeCTH OECKOHTAaKTHOE JieueHHe (MHOrAa Ha OOJIbIIOM
PacCTOSIHUM), OCYILECTBISIEMOE pPA3IUYHBIMU MEIUyMaMU W OHOPHEepreTHMKamu. OTH
GakThl MOXXHO CUUTaTh JOKa3aHHBIMH (XOTSI HE WCKIIOYEHBI W MHOTHE CIydYau
niapjaTaHCcTBa — TMOJJENBIBAaTh OECKOHTAKTHOE JIEUEHHWE OYEeHb 3aMaH4YMBO IS
oOMaHIKKOB). Kak 3T0 MOKHO OOBSACHUTB?

Ha w™o#t B3risa, BO3MOXHBI JBa OTBETa: 1) TakKuUM JIIOASM TIOMOTAIOT HX
sTepudeckue momomHuKU [18]; 2) mromm camu 0OO0NAgAIOT STEPUUECKUM TEIOM; Y
OOJIBIIMHCTBA JIIOJIEH ATEpUUECKOe TeIO0 ce0s MOUTH HE MPOSBIISAET, HO Y HEKOTOPBIX OHO
AKTHUBHO JCHCTBYET W MOXET IOCBhUIATh 3JEKTPOMArHUTHBIE 3TEPUUYECKHUE BOJIHBI,
KOTOpBIE BO3JIEHCTBYIOT Ha JIPYTHX JIOZCH, MEHSS COCTOSHHUE HUX aTOMOB (BO3MOXHO,
nedeOHOEe  NIEWCTBHME  OCYIISCTBISIETCS  4Yepe3  OTEPHUECKOe Telno  OOJIBHOTO).
CyLIecTBOBaHHE ITEPUUYECKOrO Tela CBSA3aHO M C CaMbIM BOJHYIOLUIUM BOIPOCOM —
MPOJOHKCHUEM KHU3HU TI0CTIe CMEPTH (PU3UIECKOTO Tea.

CyiniecTBOBaHHE BTOPOI0 TeJja

CornacHO MHOTMM pENMTMO3HBIM YUYEHHSM, a TAKK€ 110 MHEHHIO MHOTUX MEIUYMOB U
JKCTPACEHCOB, MbI 00JaJaeM BTOpPBIM TEJIOM, WM JYLIOH, KOTOpO€ MOKUAAET
"¢uznyeckoe" TEIO0 B MOMEHT cMepTH. HekoTophie Jroau, MepeKUBIINE KIMHHYECKYIO
CMEpTh, PACCKA3BIBAIOT O TOM, KaK BUJIENIN Ce0sl M OKPYKAIOLLYI0 0OCTaHOBKY CBEPXY.

JlaBaiiTe TPEAINONIOKUM, YTO MBI JCUCTBUTEIHHO OOJIaJJaéM BTOPBIM, JTEPHUYECKHM
TEJIOM, U 3TO TEJO SABIAETCS TOYHON (WM TOYTH TOYHOM) KOMHEW HAIero mnepBoro,
"(hu3mueckoro" Tena: COCTOUT W3 AHAJIOTMYHBIX aTOMOB, MOJICKYJI, KJIETOK, OPTaHOB,
MO3ra U HEPBHOW CHUCTEMBI.

KaxkoBa gomxna 6b1Th Macca storo Tena? CornacHo ypaBHenuto (10),

Mbod y
Msecond = 2 - (37)

n
EcTp cBeneHus, 4T0 B MOMEHT CMEPTH BEC TeJla YEJIOBEKa YMEHBIIAETCS Ha HECKOJIBKO
rpamMMoB. Ecnm cBsi3aTh 9TO yMEHBIIIEHHE C OCBOOOXKIECHHUEM 3TEPHUUYECKOTO Tema, TO
MOXKHO OLEHHTb BennuuHy n. Hampumep, ecmu Myoqy=100kg 1 AM=Mccona=0.1+-10g,

n=My /M.oq =100+1000. K coxanenuro, IaHHble 00 yMEHBIICHHH Beca

HeHaI[é)KHBI, IMMOCKOJIBKY BC€C B MOMCHT CMCPTHU MOXCT YMCHBIIATHLCA IO Pa3IMYHBIM
npuyuHaM. Ho 3T0 1aét mpuHLIMMUATbHYI0 BO3MOXHOCTh OLIEHUTh # U COOTBETCTBEHHO
CKOPOCTb CBETa B 3TEPUUECKOM MHUpE.

VYTBepXKIeHUE O TOM, UYTO 3TEPUUYECKOE TEJIO MPOYHO CBs3aHO C "usmyeckum"
TCJIOM H OCTaBJICT C€ro TOJBKO BO BpEMd CMCPTH, MNPUBOJAUT K CICAYIOIIHUM
3aKJIFOUEHUSIM:
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1) Hamm aBa Mupa MOTyT B3aMOJIEUCTBOBATh: a) K3MEHEHHE BECa CBUIETEILCTBYET O
IPaBUTAIIMOHHOM B3aWMOJCHCTBUU ITEpUUECKOro Tena ¢ 3eMiéit; 0) cymecTByer
CUJla TPUTSDKEHHS MEXIy OSTepudyeckuM U "¢uszndeckuM" TelnaMu JaHHOTO
YEJI0BEKA, Fetph,;

2) Cuna npuTsxkeHus Feph 3aBUCUT OT KU3HEHHBIX (DYHKIMH HAIllero Tea: Korjga OHU
MPEKPALAIOTC MM CYIIECTBEHHO ociabeBaroT, 3Ta cuia wucyesaer (wiu
3HAUYUTENIbHO YMEHBIIIAETCS, KAK B MOMEHT KIIMHUYECKOW CMepTH);

3) DTo B3aMMOJAECHCTBME JANTBHOICHCTBYIOIIEE: STEPUIECKOE TEIO MOKET BEPHYTHCS B
(u3HYECKOe TeJo, ECIIM OHO BOCCTAHABIIUBAET CBOU KU3HEHHBIC (DYHKIIUH.

Cy1iecTBOBaHUE CHITBI IPUTSHKEHUSI MOXKET OBITH CBS3aHO C MOTOKAMH YHEPTHH B
"pusnyeckoM" Tene, 10 TEX MOp Moka oHO PyHKIMOHUPYeT. Ho 3TO yxe sBiseTcs TemMoi
npyrou, Oyayiei paboThl.

3akJaioueHue

Wrak, HeBUIMMAs 4acTh BCEIEHHOW UMeeT (hPU3NYECKYIO CTPYKTYpY, MOJO0OHYIO Hausel:
BEIIECTBO MOCTPOCHO M3 aTOMOB, KOTOPbHIE, B CBOIO OYEpE/b, COCTOSAT U3 HYKJIOHOB U
JIEKTPOHOB, C TEM M€ CAaMbIM JJIEMEHTApHBIM JJEKTPUUECKUM 3apsaioM. Paszmepsl,
CTPYKTypa M JHEPreTHMYECKUN CIEKTP 3TEPHUUECKHX aTOMOB TaKHE e, KaK y aTOMOB
Haweu yacTu BeenenHnou.

DTEPUYECKUI MUP HEBUIUM [IJIsI HAC M3-3a APYTUX "MUPOBBIX" KOHCTAHT, TAKUX
KaK CKOpPOCTh CBETa, ¢, U noctosinHas [lnanka, 4, B TO Bpemsl KaK UX MPOU3BEIACHHE, C-/,
ONpEEINAIONIee DIEMEHTAPHbIN JJIEKTPUUYECKUM 3apsll, COXpaHsAeTcs. ITepuyeckas
CKOPOCTh CBETa HaMHOro Ooibllle, a MOCTOsiHHAsi [lmaHka HaMHOTO MEHBIIE, YeM B
Hawiem MUpe. DTO MPUBOJIUT K O0Jiee BBICOKUM YacCTOTaM 3TEPUUYECKUX AJIEMEHTapHbIX
YacTHlLl, U B YAacCTHOCTH (DOTOHOB, KOTOpPHIE OCYIIECTBISIOT 3JIEKTPOMArHUTHOE
B3aUMOJICHCTBUE MEXIy aToMaMu. Hawu aToMbl HE MOTYT aOCOpOUPOBaTH ITEPUUECKUE
GoTOHBI (WJIM e SHEpPrus W UMIYJbC, MepefaBacMble UMH, Ype3BbIUaiHO Mallbl), B
pe3ynbTare ATEPUIECKUI MUP OCTAETCS MPAKTUYECKU HEBUAMMBIM JJIs HAC.
['paBUTanIMOHHOE B3aUMOJEWUCTBUE MEXKAY OJTEPUUYECKUM M HAWUM MHUPOM, TIO-
BUJMMOMY, CYIIECTBYET, HO OHO MaJIO U3-3a OYEHb MAJIbIX MacC 3TEPUUYECKUX TEI.
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