OU3NYECKASA MOAEJIb ITAPAJUIEJIBHOI'O 9TEPEAJIBHOI'O MUPA
A. Kanman

B Hacrosimiee BpemMsi HMEETCSI MHOTO CBHJIETEIILCTB TOrO, YTO ONpPENEIEHHAs U
3HAUMTEIbHAs YacTh BCEJICHHOW HeBMAuMa 1jsi Hac. Hamboisiee BaxHbie (haKThI
CBSA3aHBI C OTKPBITUEM MPOJIOJKEHUS )KM3HU YEJIOBEKa IMOocie (PU3NYECKOW CMepTH
€ro Tesa. JDKCIEPUMEHTAIbHBIE UCCIEA0BAHNS KOHTAKTOB C "yMEPIIMMH" JIFOABMU
ObLIM BBINOJHEHBI Oojiee cTa JIeT Ha3aa AByMs BblJAlOIUMMHUCH YUEHBIMH, Capom
Yunesamom Kpykcowm [1] u Capom Onuepom Jlomxem [2]. OHU ObUTM TTOBTOPEHBI
Copom YunbsimoMm bapperom [3], Aptypom @unaiu [4] 1 MHOTUMU APYTUMH YKE B
Hamie Bpems [S]. [lepBoe BO3MOXkHOE OOBSICHEHHE PE3YIbTATOB MPUHAIIEHKHUT, MO-
BuanUMoMy, YuibsiMmy Kpykcy. OH Npeanonaoxuil, 4To HEBUIUMAs YacTh BCEJICHHOM
"nefictByeT" Ha 0oJyiee BBICOKMX YacTOTaX KojeOaHWM, yeM Hallla, BUAUMAs JacThb.
MHorue uccneaoBareiay NoAAepKUBatoT 3Ty uaet. OqHako TeopeTnyeckoro 0asuca
JUISL CYILIECTBOBAHMSI TaKOIO, MapajuieJbHOTO JUIsl HAC, MUpa B HACTOAIIEE BpPEMs
HET. bOJIBIIMHCTBO aBTOPOB NPEACTABIAIOT dTOT MUP Kak "myXxoBHBIN'. /{1 Takoro
MUpa HalM (PU3NIECKHe MOACTN HE TIOAXO/ISIT.

Opnnako, OOJBIIMHCTBO (DAaKTOB CBUJETENBCTBYIOT O MaTe€pUAIbHOCTU
HEBUJIMMOTI'O JJIsl HAC MapajyIeIbHOTO MHUpa: Teja B HEM UMEIOT (GopMmy, pa3Mepsl,
SHEPrUl0, M3MEHSAIOTCS, pPa3BUBAIOTCA, BCTYMAIOT B KOHTAKT C HAIIUMHU
(bU3UYECKUMU TEIaMH U OOMEHUBAIOTCS C HUMU DHEPrUeH.

BonnoBass  mpuponma  gusMueckoro - Mupa, MNOCTyJIHpyeMas  MHOTUMU
COBpEMEHHBIMH TeopusiMu [6-10] MoxkeT OBITh HCMOJB30BaHA ISl OOBSICHEHUS
CYILIECTBOBAHMS IMAPAJUIENbHBIX MUPOB. DTH MApaJUIEIbHbIE MUPBl MaTEpHAIbHBI B
TAKOM € CTEIEHU, KAK W MHUpP, OLIYIIAEMbId HaMHU: OHM HMMEIOT TaKyl XKe
BOJTHOBYIO TPHUPOJY W TOMUUHSIOTCS TaKuM ke (Uiu MoJ0o0HbIM) (pu3nyecKkum
3aKOHaM.

Hcnonp3yst Takue MpencTaBiICHHs], MOXKHO MOMBITATHCS Pa3BUTh (QU3HUYECKYIO,
KBaHTOBO-MEXAaHUYECKYIO MOJEIb MapajlIeIbHOr0 (3T€peaibHOr0) MUpa, KOTOPBIN
MOCTPOCH Ha 0oJiee BBICOKMX YaCTOTaX M OOBIYHO HEBUAMM ISl HAC M HAIINX
puoOOpOB.

Mojaeab

OCHOBBIBasICb Ha OKCHEPUMEHTAIBbHBIX  (aKTax, MOXHO c(hopMyIUpoBaTh
CJIEIYIOLME TJABHbIE MPUHIIMIBI, KOTOPHIM JIOKHA YAOBIETBOPATH (uU3HUecKas
MOJIEIIb:

1) DtepeanbHblil MU peasieH U CYIIECTBYET HE3aBUCUMO OT HAIIEr0 CO3HAHUS;
2) On cymectByeT B HamieMm "[TPOCTPAHCTBE" u namem "BPEMEHN";



3) DtepeanbHbId MUP UMEET BOJTHOBYIO (IIOJIEBYIO) IPUPOAY;

4) DtepeanbHble TElla UMEIOT CI0KHYI0 BHYTPEHHIOK CTPYKTYPY M COCTOSIT U3
MaJICHbKUX 3JIEMEHTAPHBIX YaCTUII-BOJIH;

5) I'eomerpuyeckue pasMmepbl U SHEPIHsl ITEPEATbHBIX TEJl HMEIOT TOT XK€
MOPSAAOK BEJIMYMHBI, YTO U aHAJIOTMYHbBIC TEJla B HAIIIEM MUPE;

6) DTepeanbHbIl MUP OOBIYHO HEBUAMM JJIsl HAC U HAIIMX IPUOOPOB.

CornacHO BOJIHOBBIM TIPEJACTABICHUSM, BCS DHEPrys BO BCEJICHHOW SBJISETCS
KMHETUYECKOM; YaCTHUIIbl, UMEIOIINE HEHYJIEBYIO MAacCy MOKOsI, COCTOST U3 (DOTOHO-
NOJOOHBIX WJIM HEUTPUHO-TIOJNOOHBIX YacTUll (WM BpalIAlONIMXCS BUXpEH) C
HYJIEBOM MAacCOW TOKOSI M JBWXYIIUXCA CO CKOpocThio cBera [6-10],. Takue
noJieBble 00pa30BaHMs SBJISIOTCS 3JEMEHTAPHBIMHM "KUPINUUYUKAMH'", U3 KOTOPBIX
IIOCTPOEH HAaIll MUP.

Paccmorpum  moapoOHee CcTpykTypy QotoHa. DOTOH SBISETCS JABHKYITAMCS
BOJTHOBBIM TIAKETOM, COCTOSIIIAM M3 N BOJHOBBIX TAPMOHHK C OJM3KUMHU JTITHHAMU
BOJIH B OYCHb Y3KOM HHTEpBalle MEXAy A; W Ay (WIH, 9TO DKBHUBAJIEHTHO, C
OJM3KHUMH BOJIHOBBIMH YncCiIaMH, k=27/A, OT ki 10 kx), ¢ aMIIuTygamMu A, ¢ oomei
sHepruer €. MOTOH ABUKETCS C MOCTOSHHOW CKOPOCTBIO, HA3bIBAEMOM CKOPOCTBHIO
CBETa, ¢. ITa CKOPOCTh, BOOOIIE TOBOPS, 3aBHCUT OT CBOHCTB CPE/bl, B KOTOPOM
ABUKETCs GoToH. [ TaHHON CKOPOCTH, ¢, MOXKHO 3aIlMcaTh COOTBETCTBYIOIINC
JaCTOTHI BOJIHOBBIX TAPMOHHK:

vi=c/7»i=c-ki/2n and (DiZC'ki , 1=1 ye oo N (1)

OHeprusi (poTroHa Kak BOJIHOBOI'O TMaKeTa, SBISIIOUIErocs cyneprno3uuuen N
TrapMOHUK, OIIPENEISETCS BBIPAXKCHUEM:

A . 2 2
8 w, —o, 8 ky—k
rae s — IUIOHm[aab IIONMEPEYHOro cedeHus BoiaHoBoro makera, A(0)=AN — ero
aMIIINTya.

Kak BumHO w3 (2), PHEprusi BOJHOBOTO IIaKeTa 3aBHCUT OT TE€OMETPUYECKHX
napameTpoB (k; and 4) © HE 3aBHCHT OT CKOPOCTH, ¢, U 4acTOT, ;. B mmpe ¢
OTIPEECNICHHOW CKOPOCTBIO CBETa, €, DHEPrUI0 MaKeTa MOXKHO Tepenucarb B
cienymwomieit hopme:



A%(0)-
e=S. ()Z(wN;_wl).C:h Ny, (3)
8 o3 — 2

rjae ® ecTh CPeAHss, HeCylas 4acToTa, i =h/2z , u h — nocrosaHas [1manka,
(4)

[Tockonbky 7 TOCTOSIHHA JUisi BCE€X 4YacTOT (POTOHOB (UTO YCTaHOBJIEHO
OKCIIEPUMEHTAIbHO), MOKHO 3aI04YUTh, 4TO A°(0) < (ki —k;) i1 BCeX (POTOHOB,

moboro Buma. pyrum cieactBueMm ypaBHeHus (4) siBiasercs To, 4TO /7 OOpaTHO
MpPONOPIMOHAJIBHA CKOPOCTH CBETa, C, U YTO UX TIPOU3BEIICHUE SBISETCS
KOHCTAHTOM:

f(l)() =const . (5)

HCO6XO,Z[I/IMO MNOAYCPKHYTb, YTO J3TO IIPOU3BCACHUC ABJIACTCA lIpﬁ??;BBI‘Ia.I\/'IHO
Ba’XHBIM, IIOCKOJIBKY OIIPCACIIACT BHCMCHTapHLIﬁ SHCKTpI/I‘IeCKI/Iﬁ 3apian, e:

,  he
137.09

(6)

JlaBaliTe TPEAnos0XKUM, YTO CKOPOCTb CBETa 3aBUCUT OT CTPYKTYpPbl M CBOWMCTB
cpenbl (3¢upa), B kKoTopoit o pacnpoctpansiercs. Cormacuo Teopun [Iupcona, aup
(wmm i-ther ot cmoB "intelligent ether" [6]; Oyaem Ha3pIBaTh €ro B JajdbHEHIIEM i-
a¢up) SBISIETCS HEOTHOPOIHBIM U COCTOUT W3 JIBYX BHUJIOB YaCTHII, IBIKYIIUXCS C
Pa3TUYHBIMHA CKOPOCTSAMH. B 3TOM cilydae BOJTHOBOW MaKeT MOXKET ObITh 00pa3oBaH
M3 BOJIHOBBIX TapMOHMK, PaCHpPOCTPAHSIOMIUXCS B CYO-NPOCTPAHCTBE YACTHII
onpenesieHHoro Buja. CKOPOCTH PacIpOCTPAHEHUS Pa3IMYHBIX BOJHOBBIX MMAKETOB
MOTYT OBITh pa3HbIMU (MOJJOOHO pa3HBIM CKOPOCTAM 3ByKa B TBEpPJOM Tele,
COCTOSIIIEM M3 HECKOJbKUX BHUJOB aToMoB). TakuM 00pa3oM, MbI MOXEM
NPENONI0XKUTh, YTO CYIIECTBYIOT MO KpailHeW mepe JBa BHAAa (POTOHOB, U UYTO
COOTBETCTBYIOIIME CKOPOCTU UX PACIPOCTPAHEHUS, €] U Cp, MOTYT CYIIECTBEHHO
pa3InyaThCs:

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

['eoMeTpusi BOJHOBBIX NAKETOB ONPENEISAETCS I'€OMETpUeld HEHPOHO-NOJA00HOM
CTpYKTYphl i-3¢upa. IlosTomy reomerpuueckue mnapamerpbl (ammautyaa A(0) u
I'PaHUYHbBIC JUTHHBI BOJH, A M Ay) MOTYT OBbITh OJWHAKOBBIMH JJisi 0OOMX THUIIOB



¢dboToHOB (C paBHOU sHeprueil). B sTom ciywyae sHeprusi u pa3Mepbl BOJTHOBBIX
MaKeToB (CpeAHssl JIMHA BOJH) OJIMHAKOBBI, HO NOCTOSIHHBIE [11anka pa3inyHbL:

hc =h,c, = 7'L12:7’Ll1c_1:5 (8)
n

¢

Takum oOpazom, mocrosinHas [lnaHka yMeHbIIaeTcss ¢ POCTOM CKOPOCTH CBETa.
Hecymas yactora BOJTHOBOTO ITAKETAa COOTBETCTBEHHO YBEIMYNBACTCA:

E=0h, =0,h, = O,=0,—=0,n 9)

e=m ¢ =m,-c; = m,=m —=—, (10)

Macca (OoTOHa OOpaTHO MPOMOPIHUOHATBHA KBaJpaTy CKOPOCTH cBera. [10CKOIbKY

UMIyJbc (OTOHA paBeH p=€/C, YBEJIWYEHUE CKOPOCTU CBETA MPUBOIUT K
YMEHBIIIEHUIO UMITYJIbCOB:

pr=p =t (11)
¢, n

Takum oOpa3zom, MbI UMeeM JBa BHa (OTOHOB C TEM K€ UANA30HOM SHEPTHM U
pa3MepoB, HO C CYHIECTBEHHO JPYTMMH 4YacTOTAMH, UMITyJbCaMU, U Maccamu U
JBIKYIIUMUCS C PA3TUYHBIMU CKOPOCTSIMHU.

Uto MOXHO Temeph CKa3aTh O YACTHIIE, COCTOAMEH n3 (POTOHOB WK (HOTOHO-
MOoA00HBIX YacTUIl? JIJIs TAKUX YaCTHII MPEIBIAYIINE YTBEPKACHUS 00 YMECHBIIICHUH
MacCchl M YBEIWYEHUHM YaCTOT OCTAlOTCsl CIpaBemJiuBbIMU. Hampumep, 371eKTpoH
obJasaet HeHyJieBoi maccoit mokos. CornacHo TeopusiMm [6-10], ero macca siBisieTcs
CyMMON KMHETHYECKHX MACC COCTABJISIONIUX €ro (POTOHO-MOAOOHBIX YaCTHII, WU
Buxpeil. Takum oOpa3oM, OHA MOJYUHSETCS 3aKOHY, OMHCHIBAEMOMY YpPaBHEHUEM
(10). DHeprus Mokos AEKTPOHA OJIMHAKOBA B 000MX "MHpax'; TO K€ caMoe MOKHO
ckazaTb 0 KOMTOHOBCKOM pajauyce 31eKTpoHa:

A="h c/ege=h/mc (12)

CornacHO KBAHTOBOM MEXAHUKE, BCE JBUXKYIIMECS YaCTHUIbl HMEIOT
BOJIHOBBIE CBOKCTBA. (COOTBETCTBYIOIIAs YACTHUIIE JJIMHA BOJIHBI OIPEACIACTCS



cootnommenuem e Bpoiins, A=h/p=h/mv, rae m — macca 4acTUIBI U ¥ €€ CKOPOCTb.
Yactora uactuiel, =Wy, /h, 3aBucUT OT €€ KUHETHMYECKOW »HHepruu, W, (B
OObIYHOM MOHKMMaHuK). BoTHOBOE MOBEIEeHHE 2IIEKTPOHOB MPOSIBIISIETCS, HATIPUMED,
B SBJICHUU JU(QpaKUMK TpPU MPOXOXKIACHUH DJIEKTPOHOB Uepe3 TOHKYIO
METAIMYECKYI0 TUIEHKY. OJIHAaKO B 3TOM CJIydya€ Mbl HUMEEM JIeJI0 C BOJHAMH
BEPOSITHOCTH, U MU PpaKIInOHHAS KAPTUHA SABIISIETCS CTATUCTHYECKUM PE3YIhTaTOM
MONAaJaHUsl AJIEKTPOHOB B pa3Hble TOYKH HKpaHa. CTaTUCTUYECKOE IOBEICHHE
4acTull (ONMHCHIBAEMOE KBAHTOBON MEXAHMKOMN) CBS3aHO C UX IMPOCTPAHCTBEHHOM
MOTSHKCHHOCTBIO: YaCTHUIIA MOXET OBITh OMHCaHa KaK KBAHTOBAs KHUAKAs Karuisa C
OCCKOHEUYHBIM YHCIIOM cTemneHed cBoOonbl [11,12]. Bece wacTtuimpl nelicTBHTEIEHO
HMMEIOT TMOJIEBYIO, BOJHOBYIO MPUPOJY, HO peajbHbIE JUIMHBI TAPMOHUYECKUX BOJIH,
dbopMUpYIOIIUX YaCTHILy, omnpenenstorcs ypaBHeHusmu (12) - KomnroHoBckuMuU
panuycamu yactull [8], a He cooTHomeHueM Jle bpoits.

[Ipennonarasi, YT0 TUMUYHBIE SHEPTUU CBOOOJHBIX AJIEMEHTAPHBIX YacTHUIl B
o0ouX clydasXx HUMEIOT TOT K€ MOPSAOK, MOXHO 3aKIIOYUTh, YTO XapaKTEpHbIE
4acTOThl YacTHI] B MapajuleIbHOM MHUpe (Mbl OyZeM Ha3blBaTh €r0 dTepeabHbIM
MUPOM, IMOJEPKUBasg O3TUM €ro peajbHOCTh) HAMHOTO BBIIIE, YE€M B HAIIIEM,
"(buzuyeckom" mupe:

Vcthcr - hour — Ccthcr =n (13)
v h

our ether our

OTO copaBeIMBO MJIA BCEX DJJIEMEHTApPHBIX YacTHUIl (DJIEKTPOHOB, IPOTOHOB,
HEUTPUHO U T.[.): TUMNHYHBIE YaCTOTHl AJIEMEHTAPHBIX YAaCTHUIL[ YBEIUYUBAKOTCS
MPOTMOPIIMOHAIEHO CKOPOCTH CBETA, a HMX MAacChl YMEHBINAIOTCS OOpaTHO
MPOIIOPLUHUOHAIBHO KBAJAPaTy CKOPOCTH CBETA.

HoBbie »eKTpoHbI, TPOTOHBI M HEUTPOHBI MOTYT C(HOPMHUPOBATH HOBBIC ATOMBI
B 3TepeanbHOM Mupe. [TockosbKy AieMeHTapHbIN 3apsl, e, He u3meHuicsa (cm.(6)),
reoMeTpuYecKasi CTpPYKTypa aTOMOB Takxke coxpansiercs. Hanpumep, paauyc bopa,
KOTOPBIN ONpENENsIeT pa3Mep aTroMa BOJ0PO/1a, OCTAECTCS MPEKHUM:

n, R (137-e)’
m2e2 mele2 &

e

= const (14)

1’0:

e

210 CIIPAaBCAJINBO U JII MArH€TOHA Bopa, OIIPCACTIAOIICIO MATrHUTHBIC CBOMCTBaA
QJICMCHTAPHBIX YaCTHUII 1 aTOMOB:

eh, eh _137-¢

Uy = = const (15)
mg,Cc, mg;cC, &

€



DOHepreTuueckue YypOBHU M paguychl OpOUT DJJIEKTPOHA B aTOME BOAOPOJIA
PacCCUHMTHIBAIOTCS IO (popMyIIam:

4 4
m,,¢e m,e &

BPTTavininer e - : (16)
2h5n

n

2n°n? 2-(137)%n’
r.o=n’r,, n=123.. (17)

Jlerko BUIETH, YTO OHH OJMHAKOBBI B O0OUX MuUpax.

ATOM MOXET TIOTJIOTUTHh JUCKPETHYIO MOPIKIO0 (KBAHT) AJICKTPOMArHUTHOM
sHepruu (HOTOH), paBHYIO pa3HOCTH YHEPTETHUECKHUX YpOoBHEH B criekTpe (16); mpu
ATOM DJIEKTPOH TMEpPeXoauT ¢ Oosiee OMmkHEH OpOUTHI Ha OoJiee JTANBHIOK.
Bo30Oyxnéunsiii atom, Hao00poT, u3TydaeT (OTOH, a IJIEKTPOH MEPEXOIUT C
JanbHEeW opOUTHI HA OoJsiee ONMMXKHIOW. BenmnunHa n3myd€HHOTO WiTH MOTIIOMEHHOTO
KBAaHTa YHEPTHUH, /i O, OTIPEACIISACTCS YCIOBUEM:

hw, =E,, —E, (18)

Takue e COOTHOILEHHMSI CIIPABEJIUBBI U 111 MHOTO-3JIEKTPOHHBIX aTOMOB.

Takum 00pa3oM, dHEPreTHUECKU CHEKTP IEKTPOMArHUTHBIX BOJIH — (DOTOHOB —
U3JIy4aeMbIX U HOIJIOLAEMbIX aTOMaMH, OJMHAKOB B 000uX mupax. Ho yacToTHbIE
CHEKTPBI CYIIECTBEHHO Pa3JINYHBI:

h c
a)]fther — our a)l(()ur — ether a)](()ur (19)

ether our

OT0 00CTOSTENBCTBO, BEPOATHO, SIBISETCS TJABHOM MPUYMHON TOrO, 4TO MbI HE
OLlyIIaéM U He (PUKCHUPYEM HAIIUMH MPUOOpaMU 3JIEKTPOMArHUTHBIE BOJIHBI,
U3Jly4aeMble aTOMaMU 3TepeanbHOro Mupa: (OTOHBI, U3Iy4YaeMble STEpealbHbIMU
aTOMaMH, HMMEIOT COOTBETCTBYIOIIME HAIIUM aToOMaM »JHEPruM, HO HAMHOTO
0osbIlIME YacTOThl. ATOM, SIBJISISICH KBAaHTOBOM KOJIEOATEIbHOM CUCTEMOMN, MOXKET
IPUHUMATh YHEPTUIO TOJIBKO HAa PE30HAHCHBIX YAaCTOTaX. DTO O3HAYAET, YTO HAIIU
aTOMbl H€ MOryT abcopOupoBaTth (OTOHBI, U3IYUYEHHBIE AHAJTOTUYHBIMU
sTepeanbHbIMU aToMaMu. C JIpyroil CTOPOHBI 3TepeabHble (DOTOHBI ¢ MOIXOAIIECH
(HU3KOM) yacTOTOM (CO3[aHHbIE, HAIIPUMED, MIPU TOPMOKEHUU JIEKTPOHOB) MOTYT
MOTJIOTUTHCS HAILIMMHU aTOMaMH, HO OHM UMEIOT CIIMIIKOM MAJIEHBKYIO 3HEPIUIO (13-
3a Manoil moctostHHOM [lnanka) mo cpaBHEHHMIO ¢ HaMMH (HOTOHAMHU U MEPEIAIOT
3HAUNTENEHO MEHbIIMI (B 7° pa3) UMIyJbC, deM Hawiu (GoToHbI. I103TOMY HX



Ype3BbIYAMHO TPYJAHO paclo3HaTh B OOIIEM CUTHaIE, (UKCUPYEMOM HAIIUMH
npudbopamu.

TBepapie Tema M3My4arOT W TOTJIONMIAIOT 3JIEKTPOMArHUTHBIC BOJHBI B
IIUPOKOM JHUAra3oHe 4acToT Ojarojaps TEIIOBBIM KoJieOaHUSIM aTOMOB (TEIIOBOE
m3nnydenue). CrnexkTpanbHas HW3JIy4daTeldbHas CIOCOOHOCTh "aOCOMIOTHO YEPHOIO
Tena" onuckiBaeTcs opmydoin [lnanka:

2
- 27[;/ ' hv (20)
c exp(hv/kT) -1

rie  k — moctosiHHas bonbimana. MakcuManbHOE H3JIyY€HHE TPOUCXOJUT Ha
4acToTe V,,, ONUChIBAEMOM 3aKOHOM BuHa:

v o= 4.965k

s

H3-3a MaJIoro 3HAYCHUS MOCTOSSHHOM I[Inanka  HaumOobIIad 4acThb

3JIEKTPOMArHUTHOM SHEPTUU U3Yy4aeTCsl STEPUUYECKUMU TEJIAMU HA OYE€Hb BBICOKHX
4acToTax:

T Q1)

Vre;ther (T) — &Vr(;ur (T) — nVr(;ur (T) >> Vr(:lur (T) (22)

ether

Tena B Hamiel 4yacTM BCEJIIGHHOM HMMEIOT 3HAYUTENBHO OOJiee HHU3KOYaCTOTHBIN
CHEKTP M3JIYyUYEHHUs U MOTJIOLIEHUS U MO3TOMY HE MOTYT MOIJIOTUTh 3TO U3IyYEHHUE.
C npyroi#t CTOpOHBI, U3TYYEHUE ITEPEAbHOrO Teja (Harperoro 1o temeparypsl T)
Ha HU3KUX YaCTOTaX MOKHO 3alHUcaTh CICTYIONUM 00pa3oM:

2 2
r = KT= 2 =22 L (23)
c_n C n

ether our our

OTO 3KBUBAJEHTHO M3JIy4EHHUIO HAIMX TEJ, HO C TEMIIEPATYypOH T'=T/n’. Ecmm,
Hanpumep, T=1000°K u n=1000, Ttorga T'=0.001°K. Takoe W3Jy4YEHUE, B
MPUHIIUIIE,MOKET ObITh a0COpPOMPOBAHO HAIIMMHU TEJaMH, HO OHO HACTOJIBKO
cinaboe, 4YTO OOBIYHO MBI HE MOXEM €ro 3agukcupoBaTh. OJJHAKO MOXKHO MOCTaBUTh
CIEHHUAIBHBIE JKCIIEPUMEHTBI, B KOTOPBIX TEPMHYECKOE M3IIyYEHUE WIIU
MOTJIOIIEHNUE ATEPEANIbHBIX TEJI MOXKET ObITh 0OHApYyKeHO. B yacTHOCTH, paccesHue



KOTEpPEHTHOTro JlazepHoro jyda Ha (antome monekynsl JIHK [13] moxer ObITH
MHTEPIPETUPOBAHO  KAaK  OpPUMEpP  B3aUMOJACHCTBHUS ~ MEXAY  HallUMHU
AJEKTPOMArHUTHBIMUA BOJIHAMH U 3TE€PEATIbHBIM TEJIOM, MOTJIOIIAIONIMM UX B CBOEM
HU3KOYACTOTHOM CIIEKTpE.

Taxum o6pa3oM, ITepeanbHbIl MUP UMEET CIAEAYIOLUE OCOOEHHOCTH:

1)
2)

3)
4)
S)
6)

7)

8)

CxopocTh cBE€Ta HAaMHOTO OoJIble, YeM B Hauem Mmupe, yp.(7);

TunuuHble 4acTOThI 3JIEMEHTapHbIX 4acTull (POTOHOB, SJEKTPOHOB, KBAPKOB,
HEUTPUHO M T.J.) HAMHOTO BBIIIE, YEM COOTBETCTBYIOIME YAaCTOThl B Hauiem
mupe, ypaBaenus (9),(13),(19);

[Toctostnnas [lnanka HaMHOTO MeHbIIE, Yp.(8);

Macchl 371eMEHTApHBIX YaCTHUI] U MAaCcChl aTOMOB HAMHOT0 MeHblie, yp.(10);
DJeMEeHTapHbBIN 3JIEKTPUUECKUN 3apsif TOT ke, yp.(6);

CrpyKTypa aTOMOB: UX I'€OMETPHs, Pa3MEPbl U IHEPTETHUECKUN CIIEKTP — TAKHE
K€ KaK B Haulem MHUPE;

OTepeanibHOE TBEPJIOE, XKUAKOE WIM Ta3000pa3HOE BEHIECTBO MOXKET OBITh
c(OPMHPOBAHO U3 ATEPEATBHBIX aTOMOB TAKUM XK€ 00pa3oM, Kak U B Hauiem
MUpE;

OtepeanibHble (POTOHBI, TaK XK€ KaK W JPYrue H3TepealibHbie DJIEMEHTapHBIC
YacTHUIIbl, OOBIYHO HEBUIMMBI JJII HAC M3-3a UX BBICOKMX YacTOT; 3TO
CIPABEMJIUBO U ISl dT€PEANbHBIX aTOMOB, W JUIS BEIIECTBA, MOCTPOCHHOIO W3
ATUX aTOMOB.

[Tocnennee yTBepkaeHHE TOKHO ObITh pACCMOTPEHO OCOOCHHO TIATEIBHO, TaK
KaK OHO WMEEeT 4Ype3BblYailHO BakHOoe 3HadeHWe. (OHO OCHOBAaHO Ha
MPEANOI0KEHUN, YTO HAIll MUP MUMEET YUCTO BOJHOBYIO (TIOJIEBYIO) IPHUPOAY, U
BCE DJIEMEHTAPHBIE YACTHIIBI TOCTPOCHBI M3 (POTOHO-TIOJOOHBIX WM HEHTPHUHO-
MOJOOHBIX YACTHI[ C HYJIEBOW Maccod mokosi. B 3ToMm ciyuae aBa (u Oosibie)
pPa3TUYHBIX BOJIHOBBIX OOBEKTa MOTYT 3aHMMaTh OJHO W TO € MECTO B
npoctpancTBe. VX B3anMHOe BimsiHUE (MHTEPEPEHINA) HAOII0IaeMO TOJIBKO B
TOM Cily4ae, KOrja WX XapakTepHbIe 4YacTOThl OJm3ku. Ha s3bIKke KBaHTOBOM
MEXaHUKH YCIIOBUEM B3aWMHOTO BIIMSHHUS aTOMOB SIBJIIETCSI COOTBETCTBHUE
4acTOT 3JEKTPOMArHUTHBIX BOJH ((DOTOHOB), HM3Iy4aeMbIX M IOTJIOIIAEMBIX
aTOMAaMH.

B 00blyHOI KHM3HM MBI OIIyIIa€M OKpyXarolue Teja Onaroaaps
AIIEKTPOMAarHUTHOMY B3aUMOJCHCTBUIO MEXKIY HallUMU aToMamu (B TrJjas3ax,
yliax, KOXKe, B HalMX HeEHpoHax) W (QOTOHAMHU, H3IYYEHHBIMH aTOMaMU
oKpyKatomux Teil. [IocKoNbKy Hawiu aToMbl HE MOTYT a0CcOpOUpOBaTh (POTOHBI,



W3JyYEHHBIE STEPEATbHBIMU aTOMaMH, 3TEPEAJIbHBIA MUP OCTAETCS HEBUIUMBIM
I Hac.

Bropoii BHa Hamero B3aMMOACHCTBHS C OKPYKAIOIIMMH TEJIAMH —
I'PaBUTALIMOHHOE B3aUMOJEICTBUE. MBI HCIIBITHIBAEM MPUTSKEHUE K 3eMJIe, TPU
TOM 3HauyuTEeNbHAs JOJISI DHEPruu, B KOTOPOM MBI HyXHaemcs, TpeOyeTcs
MMEHHO Ui MPEOAOJICHHUS] CUJIbl 3€MHOIO MNPUTSKEHUA. IHTEPECHO OTMETUTS,
YTO 3BOJIIOLHUIO KU3HU Ha 3eMJIe MOKHO paccMaTpUBaTh KaK UCTOPUIO OOPBOBI 3a
Iy, KOTopas, B CBOI ouepelp, TpeboBanach Uid IPEOAOTIECHMS CHUIIbI
taroreHuss! Bce Hamm cuUCTeMBl — IUIICBAapUTENBbHAs,  JbIXaTEJbHAs,
KPOBEHOCHAasi — HEOOXOIUMBI AJii OOECHeueHUs] dHEpPruel KOCTHO-MBIIIEYHYIO
CUCTEMY — ¥ CHOBA - JUISl IPEOJOJICHUS TATOTCHMUS !

B npenmosaraeMoM OJTepeallbHOM MHUpPE TPAaBUTALMOHHBIE CHJIBI MOTYT
OKa3aTbCid  3HAYMUTEIIBHO MEHEE CYILIECTBEHHBIMH. JIeHCTBUTENBHO,
IPABUTALlMOHHOE  NPUTSDHKEHHWE  AByX  Ten,  F IPONOPLHOHAIIBHO

grav %
4
IPOU3BEICHUIO UX MAacCC, MMy, U B dTEpeaJbHOM MHpPE OKa3bIBae€TCSA B 1 a3
MEHbIIIE, YeM MEKy aHAJOTHYHBIMHU TEJIaMU B HamieM mupe. Ecnm, Hampumep,
n=100, F =10 F°" . DT0 03HAYAET, YTO dTEPHUAHIIAM, €CJIH OHHU CYIIECCTBYIOT,

grav grav
HE HYHO MPE0JI0JIe€BaTh IPaBUTALIMOHHOE MPUTSHKEHUE.

OTOT BBIBOJI, OJIHAKO, CHPABEJIMB TOJILKO B CIydae, €Clii I'paBUTAllMOHHAsS
noctosinHasg, G, oauHakoBa B obOoux "mupax". JJisi BBISICHEHHS XK€ 3TOrO
BOIIPOCa HEOOXOAUMO 3HATH MPUPOY CHUII TATOTCHHUSI.

B nocnegnee BpeMs MOMyJIsipHONW CTAHOBHUTCSI TOUKA 3PEHUs, YTO TATOTECHUE
HE SIBIACTCS OTICIbHBIM (PYHIAMEHTAIbHBIM B3aMMOJICUCTBHEM, a SIBIISIETCS
MPOSIBIICHUEM  DJICKTPOMAarHUTHOTO  B3aMMOJICMCTBUSL TE€Jl C  HYJIEBBIMHU
AIIEKTPOMAarHUTHBIMU KoJieOaHusiMu Bakyyma [14]. CormacHo »5Toil wunee,
BbICKa3aHHOW BrepBbie AHJIpeeM CaxapoBbIM, T'paBUTallMOHHAs NMOCTOsiHHAA, G,

ONnpcACIIACTCA COOTHOIICHUCM !
5
T-C
G= (24)

- 2
ha;

rae ®. — ygactora Ilmanka, oObrdHO ompenensemas depe3 G: u)c=(7505/hG)”2.
BBoast xapakrepuctuyeckyro miauHy Ilmanka, A.=27c/®., mnepemnuiiem (24) B
BHE:

A2.ct

- 47Cr(hc) (25)

[MTockonbky (hc) u A, HE MEHSIFOTCS (3apsil U TEOMETPUUYCCKUE MapaMeTphbl B 000UX
4
"Mupax" = OOMHAKOBBI), TIpaBUTAlMOHHAas  mocTossHHas, G~c, ©u cuia



rPaBUTAIIMOHHOTO  MPUTSHKEHUS MEXKAY AaHAJOTMYHBIMU  TEJIaMHu  OCTaéTCs
HEU3MEHHOM:

Fether :Gether ml m2 :(Gn4) mlmz _Four (26)

grav 2 41+ 2  ograv
R n'R

DJIEKTpOMAarHuTHas NPUPOJA TpaBUTAUMU IIOKAa HE JoKa3aHa. OpHAKo eauHas
IIpUpOJa BCEX B3aUMOJCHUCTBUM BecbMa BeposArHa. [lodToMy M Hanmuuue Cuiibl
IIPUTSDKEHUs], AQHAJIOTMYHOM HAIEH I'paBUTALM, MEXAY OTEpEallbHbIMU TEJIaMU
TOXE BEPOATHO.

B3aumoaeiicTBue HalUX TEJ C 3T€PEAIbHBIMU MOKET OBbITh NMPUYMHOMN MOSIBIECHUS
TaK Ha3bIBa€MOIro TEMHOI'O BellecTBa BO BeeneHHOM, 0OHapyKUBAEMOI0 TOJIBKO IO
€ro rpaBUTAllMOHHOMY BO3ZECHCTBHUIO.

Kak »xe MOXeT ObITh YCTPOEH 3TepeanbHblii Mup? EcCThb M B HEM aHAJIOT
Hamre manetsl 3emiia, ConHue u 3BE31b17 Kak yCTpOeHBI 3T€pHUaHLbl, U OTKYJa
OHM YEpIIAIOT SHEPTUI0? YMEIT JIM OHU CHPABIATHCS C I'PABUTALMEN, U €CIu Ja,
HY>KHBI JIU M BCE HAaIIM CUCTEMBI NepepadOTKH MUIIN U caMa Tuina’?

Ecnu rpaBuTanmoHHas TOCTOSIHHas OAMHAKOBa B OOOMX MHUpaX, WIH XKe
ATEpPUAHLIBl YMEIOT HSKPAaHUPOBATh B3aUMOJCHCTBUE C HYJEBBIMU KOJI€OAHUSMU
BAKyyMa, OHM HE HYXJAIOTCA B TAKOM KOJIMYECTBE DHEPrUMU, KaK Mbl, IS
IPEoA0IEeHUs CUIl TAroreHusa. Heobxoaumoe KOJIMYEeCTBO XMMHMUYECKON sHEpruu (B
OCHOBHOM Ul NOJJEp)KaHUS pabOThl MO3ra M HEPBHOM CHUCTEMBbI) OHU MOTYT
[0JIy4aTh HEMOCPEJCTBEHHO OT 3JIEKTPOMArHUTHBIX N0Jied (IOTOKOB (POTOHOB) WU
HEUTPUHHBIX MOTOKOB. [Ipn 3TOM He TpeOyroTCs MUllleBapUTENIbHAs, JbIXaTelIbHAS U
KpOBEHOCHAasi cucteMbl. OHU MOTYT IIEPEBUTaThCsI OUEHb OBICTPO M3-32 OTCYTCTBUSA
CHJI TATOTEHUS W aTMOC(EpPHOro COMPOTUBICHUS, MaJloil Macchl U BBICOKOH
cKopocTH cBeTa. Takum 00pazom, ITepUaHIlbl HE UMEIOT MPOOJIEM C TeppUTOpUEH U
60pn00ii 3a cymiectBoBanue. [1o kpaiiHeit Mmepe B TakOM BHJIE, Kak B Hamiem "Mupe'.

MoxxeM 11 Mbl B3aUMOJEHCTBOBATh C NapajuiedbHbiM MHpoM? Moxker au
CYyILIECTBOBATh MHOKECTBO IAPAJUIEIIBHBIX MUPOB C PA3JIUYHBIMU KOHCTAHTAMU C U
7?7 DTO OUYEHb UHTEPECHBIE BOMPOCHI. ..

IapaJieJbLHbINM dTepeaJbLHbIM MUP W MPUHIIMI OTHOCHTEJIHLHOCTH

CoryiacHO T€OpUHU OTHOCUTEIBHOCTU DUHINTENHHA, Mbl )KUBEM B 4-X MEPHOM
MHUpE, B KOTOPOM TPU KOOPAMHATHI IPOCTPAHCTBEHHBIE, a UETBEPTAsl CBA3aHA CO
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BPEMEHEM , f, U JOJKHA ObITh B34Ta B popme (ict), Iie ¢ eCTh CKOPOCTh CBETA U i
— MHHUMasl €AMHUIA. B 3TOM IpOCTpaHCTBE KaXk10€ MaTEpUAIbHOE TEJI0 UMEET 4-
X MEpHBI BEKTOP DHEPrUU-HMITYJIbCa, (Cpy, CPy, CPa, imc?). Ksaapar 3Toro
BEKTOpa SBIISIETCSI WHBApPMAHTOM BO BCEX HHEpPUUAIBHBIX (TO  €CTh
HEYCKOPSIIOUIUXCS) CUCTEMAX KOOPJINHAT:

p’c® —m’c* =p’c® —E’ =-mc’ (27)

Ecnu, vanmpumep, cucrema KOOpAMHAT CBA3aHA C YaCTULEH, IBMKYLLEHUCS BAOJIb OCU
X CO CKOpPOCTBIO V, KOOPAMHATHI M HUMIYJIbCbl B 3TOM HOBOl CHUCTEME OTCUETA
CBS3aHbl C KOOpAMHAaTaMM M  HUMIIYJbCaMM B  HEMNOABUKHOW  CHCTEME
cooTHoueHussMu Jlopenna:

X=(x-v)-f Y=y, 7=z t':(t‘x—fj'ﬁ

C
, VE ’ ’ ’
px:(px_c_zj‘ﬁ’ py:py’ P, =P, E :(E_Vpx)'ﬁ (28)
1

Nl-v?/c?

CKOpOCTb CBCTA, ¢, OAMHAKOBA BO BCCX CUCTCMAX OTCUCTA, HC3ABUCUMO OT CKOPOCTHU
JABMOKCHUA Ha6JHOI[aT€JI$1, U SBISCTCS MAaKCHUMaJIbHOM CKOPOCTBbKO ABWIKCHUS TJIA
BCCX MAaTCpUAJIbHBIX TCJI B HAuiem MUPC.

CnenuanbpHas TeOpUs OTHOCUTEIIBHOCTH HE PACCMATPUBAET, OJIHAKO, BO3MOKHOCTHU
OTHOCHUTEJIBHOTO JIBUKEHHS BIIOJb YETBEPTOM, BPEMEHHOU OCH. Haw MUp MOXKHO
paccmaTpuBaTh KaK MUP JBUXKYIIUNCS BJOJb TOM OCH CO CKOPOCTBIO CBETA.

JlaBaiiTe BBEAEM HOBYIO CHUCTEMY OTCUETA, KOTOpasl ABUXKETCS BIOJb BPEMEHHOMU
ocu co ckopocTbio c¢;. IIpeoOpa3oBaHue KOOpPAMHAT M HUMIIYJbCOB YaCTHUIBL,
IEepeLIeAIe U3 HALlero MUpa B NapaJljICIbHbIN, U COXPAHSIOIIEE KBAAPAT BEKTOPA
€€ dHEeprun-uMILyJbca, MOKHO 3aIllUCcaTh CIEAYIOLIUM 00pa3oM:

(29)

[Tocnennee ypaBHeHUE TpeOyeT Takke MpeoOpa3oBaHUsI MACCHI:
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¢’ ¢’
m,, =mg,—-, m, =m-—-, (30)
Cy Cy
YTO TOYHO coBnajgaer c ypaBHenuem (10). B stom ciydae kBaapar BeKTOpa
SHEPrUU-UMITYJIbCa SIBJISETCS HHBAPUAHTOM NpeoOpa3oBaHus (29):

p’c; —E”? =-m,c! =p’c’ —E*=-mc". (31)
CKOpOCTH TeJla B HOBOM M CTapOil CHCTEMAaX OTCYETA CBA3aHbI COOTHOIIEHHEM:

t=m=f=F. (32)

¢

TakuMm 00pa3oM Mbl MOMYYMIM T€ K€ pPE3ybTaThl, YTO U pPaHbLIE U3 ypaBHEHUU
(10), (11). HoBbIM sIBiIsIETCS UBMEHEHHUE TEMIIAa BPEMEHU: C YBEIUYEHUEM CKOPOCTHU
CBeTa TeMIl BpeMeHH 3amennsiercs. Ho kakoB (hu3nueckuii CMbICT TeMITa BpeMEHU?

C moMoIpi0 BPEMEHHM MBI XapaKTEPU3yeM JIBI)KCHHUE MaTepUAIbHBIX OOBEKTOB U
CKOPOCTH TIPOIIECCOB, TAKMX KaK MPEBpaIleHUs dJIEMEHTapHBIX YaCTHIIl, SJICPHbIC U
XUMHUYECKME  peakuuu.  JIBokeHHe B MPOCTPAHCTBE  XapaKTEpPU3YeTCs
npousBeaeHueM (v-t). CornacHo ypaBHeHusiM (26) u (29), 3TO mpou3BeICHME HE
HM3MEHSETCS:

vt = (vl tS) = vt. (33)
C

1

Uro Kacaercs SOCPHBIX M XMMHUYECKUX PpEAKLIMH, a TaKke NPEeBpallCHUN
AJIEMEHTAPHBIX YaCTHL, TO HMX CKOPOCTH, IMO-BHJIMMOMY, TOXE CBS3aHbl CO
CKOPOCTBIO CBE€Ta B [JAHHOM cuUCTeME KOOpAMHAT. A HMEHHO, OHHM e€H
nponopuroHanbHbL. Ecnm K - cKOpocTh HEKOTOPOW peakuuy B CUCTEME KOOPIUHAT,
oOnazaronieil CKOpOCThIO cBeTa C, U K| — CKOpOCTh TOM K€ peaklUuud B CHCTHME CO
CKOPOCTBIO CBETA Cj, TO MOXKHO IPEATIONIOKHUTD CIEAYIOLIEE PABEHCTBO:

L (34)

c ¢

N TOorga BCJIIMYHMHA HpOI/ISBCI[CHI/Iﬁ K-tZKIt, HE HM3MEHSCTCS. OJTO O3Ha4acT, 4TO

3aMejUIeHue TeMIla BPEMEHHM KOMIICHCHUPYETCS YCKOPEHHEM BCEX MPOLIECCOB
MPOMOPIMOHAIBHO CKOPOCTH CBeTa. B pe3yinbrare Bce MpPOLECChl, BKIOYas
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OMOJIOTHYECKHE, TIPOUCXOAT OJUHAKOBBIM 00pa3oM B 000OMX CHCTEMax OTCYETa, B
COOTBETCTBHH C OOITUM MPUHIIMIIOM OTHOCHTEIIBHOCTH.

[IpyHIMO OTHOCHUTENBLHOCTH B €ro HaubOosiee oOmer Qopme, BKIOYAIOIIEH
YCKOPSIOIIUECS U BpalaoIIUecs: CUCTEMbI OTcueTa, ObLI Ucnosb3oBaH [.I1IunoBsim
B ero Teopuu (usmueckoro Bakyyma [7]. Bakyymubie ypaBHenus Illumosa
MO3BOJISIIOT ~ TMOJYYUTh KaK ypaBHEHHS OO TEOpUM OTHOCHUTEIIbHOCTH
OWHINTENHHA, TaK W ypaBHEHUS AJIEKTO\POAMHAMUKH M KBAHTOBON TEOPUHU TOJIA.
NutepecHo, uro ypaBHeHus lLllumoBa HE colxepKar HUKAKUX YHUBEPCAJIbHBIX
KOHCTAaHT TaKMX KaK CKOPOCTb CBETa, MOCTOsIHHasA [lnaHka wim sneKTpudecKui
3apsAa. OTU KOHCTAHTHI JIOJDKHBI OBITH BBEJACHBI B yPaBHEHHS B OIPEACIICHHBIX
KoMOuHanusax. Mcnonb3ys onpeneneHHyo CKOpocTh cBera, ¢, lllumnos ompenenser
IJIOTHOCTh BELIECTBA CIEAYIOIIUM 00pa3oM:
T

=" T=g"T,
C

(35)

rae Ty, — TEH30p SHEPIUU-UMITYJIbCa, g — METpUUECKHuil Ten3op. [IpeoOpasoBanms
KoopauHaT (29) coxpaHnsoT 3HaueHue T, Tak YTO IIIOTHOCTh BEIIECTBA OKA3bIBAETCSA
0o0paTHO MpPONOLUMOHAIbHA KBAApPaTy CKOPOCTH CBETA, B COOTBETCTBUU C HAUIUM
npeanojgoxenueMm (27). OTo MNOKa3bIBaeT, 4YTO CYIIECTBOBAHHE MaTEpUaJIbHBIX
CUCTEM C JPYTMMU CKOPOCTSMH CBETa HE MPOTUBOPEUHUT OOIIEMY HPUHIIMITY
OTHOCUTEIBHOCTH, UCIIOIb30BAHHOMY B T€OpUH (PU3UUECKOro Bakyyma [7].

IapaJaeanLHbIN dTepeaJLHBIN MUP U ''mapaHopMaJbLHbIe'' ABJeHUS

JlaBaiiTe pacCMOTPHUM C TOYKH 3PCHHS CYIIECTBOBAHUS MMApaLICILHOTO MUPA
HEKOTOPBIE U3 SABJICHUH, KOTOPhIE 0OBIYHO HA3BIBAIOT IMAPAHOPMAIBHBIMU (IIPH ATOM
MOAPa3yMeEBACTCS, YTO HOPMAILHOTO (PU3UUECKOTO OOBSICHEHUS Y HUX HET, U CaMu
9TH SBJICHUS MO0 TIJI0]1 UbeW-TO paHTa3Mu, TMOO0 CO3HATEIbHBIN 00MaH). Peub uaét
O TakWX SBJIEHUSIX KaK HCUE3HOBEHHE U TOSABJICHUE TMPEaMeTOB (X
"nmemaTtepuanu3anus’ u "mMaTtepuanuzanus'), JICBUTAIMS, cBOOOIHOE
MIPOHUKHOBEHHUE TBEPJIBIX MPEIMETOB JAPYT Uepe3 Apyra, TeJemaTus 1 T.1.

C TOYKHM 3peHUS MPEIIOKEHHON (PU3HMYECKONH KApTUHBI 3THU SBJICHUS MOXHO
OTHCcaTh KaK BIOJHE HOPMaJIbHBIC (PU3HUECKHE TIpoIecchl. JlelicTBUTeIbHO, KaXaas
AJIEMEHTApHAs YacTUIlA, a CIICOBATEIHPHO M KXl aTOM, MOTYT HAaXOJWTHCS B
HECKOJIBKHX, DJHEPTeTHYECKH H1Ooumu DSKBUBAICHTHBIX COCTOSHUSAX, C Pa3HBIMU
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YaCTOTHO-CKOPOCTHBIMHM XapaKTepUCTUKAMHU. [loumu — MOTOMY YTO OHH IMPHU 3TOM
OyIyT UMETh pa3HbIe MACChl, U 3HAYUT UX YHEPTUS B TPABUTAIMOHHOM IT0JIe OyneT
paznuuHa. ['paBUTalMOHHAs JHEPrUsi CBSI3M, MO-BUAUMOMY, U  SIBISAETCS
SHEPreTUYECKUM OapbepoM, pa3lefioluM pa3Hble cocTosiHus (cM. Huke). Eciam
MMEETCS MCTOYHMK 3HEpPruM (HalpuMep B BUJAE MOTOKAa (POTOHOB WJIM HEUTPHUHO),
KOTOpasi MOKET YCBAUBAThCA HAITUMU aTOMaMU, U TIPU TOM DHEPTUsl yCBAUBAEMbIX
KBaHTOB COOTBETCTBYET BEJIIMYMHE IPABUTALMOHHOTO Oapbepa, TO MOXKHO OKHMJaTh
nepexoja HallMX aToOMOB B JIpyroe, BO30YXIEHHOE COCTOSHHUE, KOTOPOE
COOTBETCTBYET JTEpeaibHOMy MHUPY. B 3TOM COCTOSIHMM Telo CTaHOBHUTCS
HEHa0JII01aeMbIM JUIsl HAC (XOTs, KOHEYHO, MPOJIOJDKAET CYIIECTBOBATH B TOM XK€
caMOM MECT€), OHO MOXKET JIETKO IepemMeniaTbcsi (Wi OBbITh MEePEeHEeCEeHO
ATEpUAHIIAMHM) HA 3HAYUTEJbHBIE PACCTOSHUS, OHO CBOOOJHO MPOXOAUT CKBO3b
MpeaMEeThl Hamlero Mupa (Tak Kak HE B3aWMOJIEUCTBYET C HHMMH), OHO MOXET
JIEBUTUPOBATH (TaK KaK €ro macca 0JIn3Ka K HYJII0) 1 OHO MOKET BHOBb BEPHYThCS B
HA4YaJIbHOE COCTOSIHHE, BBHICBOOOJIMB JIUIITHIOI SHEPTHIO B TOM K€ BHUJE, B KaKOM
OHa ObLJa IMOJy4YeHAa B Hayajle — SBJIEHUE, KOTOPOE BIIOJIHE COOTBETCTBYET
"nmemarepuanuzanuun’ " "mMarepuanuzauun' MIPEIMETOB, OIUCHIBAEMBIM
Y4aCTHUKAMU CIUPUTEUECKUX CEAHCOB (C yuyacTHEM (PU3NIECKUX MEINYMOB).

JlaBaliTe OLEHUM DSHEPrUMI0, KOTOPYK HAAO0 MEpPEeNarb YacTULE MacChl m,
HaxoJsencs BOJIM3M MOBEPXHOCTU 3€MJIM, ISl TOro, 4YTOOBI IepeBecTh €€ B
ATEPUUECKOE COCTOSIHUME. OJTa JHEpPrusi paBHAa TIPaBUTALMOHHON HHEPruu CBS3U
gacTuilbl ¢ 3eMyI€ U 3HAUUT paBHA PabOTE, KOTOPYIO HY>KHO COBEPIIUTH, YTOOBI
yAIUTh YaCTHUILY OT 3eMJIM Ha OECKOHEUYHOE PACCTOSHUE:

T M.m M.m
e=|G—L—dr=G—LE—=mgR 36
I (36)

E

rie g — YCKOpEHHE CBOOOJHOrO MajaeHusi BOJIW3M MOBEpXHOCTU 3emiu. Jlis
AJIEKTPOHA BEJIMYMHA HTOM DHEPTrUU COCTABISAECT ~ 3.55-10" eV. s CpaBHEHWUs,
pa3HULA MEXKY NEPBBIMHU JBYMsI YPOBHSIMHU 3HEPTUU B aTOME BOJOPOJA COCTABIISIET
~10.3 eV. Jlns Toro, 4TobBl mepesaTh dNEKTPOHY sHepruio 3.55-107 eV, Mb
JOIDKHBI MCIONB30BaTh (GOTOHBI ¢ udactoroil v=(0.000355¢V/h)=8.5-10'°Hz. Ho
HaIlll aTOMbI BOJIOPOJA HE MOryT morjiouiath (ortonsl Takoi vactoTsl! IlepBas
BO3MOJKHASI 4aCTOTAa IOrIOmeHus, pasHas Vv,=(3/4)R'= 2.47.10"Hz ([R' -
noctosHHas PunGepra), coorBercTByer sHeprun 10.3 eV. AHanornynas cutyauus
BO3HMKAET W [JIl KBAapKOB, SBIISIIOIIUXCSA, MO-BUAUMOMY, 3JIEMEHTAPHBIMU
"KMPOUYUKAMH'', U3 KOTOPBIX TOCTPOEHBI IPOTOHBI, HEUTPOHBI U B LIEJIOM aTOMHBIE
anpa. ['paBuTtanmoHHsiii 6apbep A KBapkoB coctaiisieT ~ 0.2 eV, a XxapakTepHblii
MacmTad Bo30OyxknaeHus cocraBisieT coTHH MeV. OOmywas smpa Y-KBaHTaMH C
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sHEpruer B coTHU MeV MbI MOXeM BO30YIUTH sApa, HO HE MOKEM KM TepenaTh
CTOJIb MaNyto 3Hepruto kak 0.2 eV.

KTto e u kak 310 nenaer? OTBET HYKHO, OUYEBHIHO, UCKATh B 3TEPEAbHBIX
doronax. IMeHHO y HHMX, IPU TOH K€ HEOOXOAMMOW JUIS TOTJIOIICHUS HAWUMU
amomamy 4acToTe, YHEPrHsi HAMHOTO MEHBIIIE, YeM Yy Haw/ux (JOTOHOB, HO BIIOJIHE
JOCTaTOYHAsl [JIsi TPEOJIOJICHUsI TpaBUTAIMOHHOTrO Oapbepa. Hampumep, mnpu
gactote V= 2.47-10°Hz u nocrosunoii ITnanka hege=10"hyy sHeprusi GpoToHa
paBHa 0.0103 eV. Ilormomias sTepudeckuii POTOH, Haw aTOM HE MOXKET MEPEUTH B
CBOE HOpPMaJIbHOE BO30YXXIEHHOE COCTOSIHHE (11 3TOrO0 y HEro HEeJIOCTATOYHO
DHEPTUU), OH MOXKET JIMOO OOpaTHO M3IY4YUTh ATOT (POTOH, JUOO MEPECKOYUTH B
HOBOE, JTEPUUYCCKOE COCTOSHHE, W3Iy4MB (OTOH UYyTh MEHBIICH DSHEPTHH.
YMmenbenne 3Heprur (POTOHA PaBHO PA3HOCTH TPABUTAIIMOHHBIX SHEPTHH CBS3U B
Hawiem W B 3TEPUYECKOM COCTOSIHUM EKTpoHa. (B aTepuyueckoM cocTosiHum Macca
XOTh M MaJjieHbKas, HO HE HyJeBas, MU CJIeI0BATCIbHO IPaBUTALMOHHOE
B3aUMO/ICHCTBUE TPUCYTCTBYET).

[IpoGnema cocToUT B TOM, YTOOBI OJTHOBPEMEHHO MEPEBECTU B ITEPUUECKOE
COCTOSIHUE BCE aTOMbl JAaHHOro Tena. [{is 3TOro HyXe€H MNOTOK STEPUUYECKHUX
(GOTOHOB € CyMMapHOW »SHEpPrueu, MpeBbIIIAONIe OOy TIpaBUTAUOHHYIO
SHEPIUI0 CBsI3W AaHHOro Tena. KTo MoOeT mochulaTh Takue MOTOKU SHEPrun?
BrionHe BO3MOXHO, 4YTO ATepHaHIbl -00MTaTENnu ATepeasibHoro mwupa. Kakum
oOpa3zoM oHU 3TO0 jAenatoT? OHU yTBEPKIAIOT (Ye€pe3 MEIUYMOB), YTO C MOMOIIBIO
MBICJICHHOTO cuTHaja. Mcronb3ys 3T0 yTBEpKIeHHE B Ka4eCcTBE paboyeit TUIOTEe3bl,
MBI MOEM MPEANOJIOKUTh, YTO ITEPEATbHBIM MO3I U3Iy4aeT 3JIEKTPOMAarHUTHBIC
BOJIHBI M MOET UX MOJYJIUPOBATH CBOMMU MBICISIMU. DTO OTKPHIBAET BO3MOKHOCTD
U JJIsl TIepelayu MBICJIEH Ha pacCTOsHUE (TesenaTuu). T MOAYJIUPOBAHHBIEC BOJTHBI
MOT'YT, B IPUHITUIIE, IPUHUMATHCS HAIIUMH OOBIYHBIMU JIEKTPOHHBIMU TPUOOpaAMH,
HO TMepejJaBaeMasl MMH MOIIHOCTh CHUTHaJla Maja (MOCKOJbKY OHa oOpaTHO
MPONOPIIMOHAJIbHA CKOPOCTH CBE€Ta) M HAaxXOAMUTCS OOBIYHO HAa YpPOBHE IIyma
anmapaTyphbl. TeM He MeHee, OKCIEPUMEHThl C NpPUEMOM CHUTHAJIOB Ha
PaANONPUEMHUKH, KOMIBIOTEPHI, BUICOKAMEPHI U JIaKe HAa OOBIYHBIE TUKTO(OHBI
[15-17] moka3pIBarOT, YTO Takas TPAHCKOMMYHHUKalWs BO3MOXHa. s Takoro
KOHTAaKTa dT€pUaHIaM, BUIUMO, IPUXOJUTCA 3HAUUTEIIBHO YCUINTh UHTEHCUBHOCTD
NOCHIJIAEMBIX CUTHAJIOB (KOJIMYECTBO ()OTOHOB, MOCHIJIAEMBIX B €UHUILY BPEMEHH).
Kak oHU 3T0 A€/aoT, HaM 0CTaeTcs TOJIbKO JIoraAbiBaThca. Bo BCAKOM ciyyae y HUX
CYIIECTBYIOT JIJI 3TOTO CIieluaabHble cTaHuuu [17].

HexoTopbIM mro/1iM Ha 3eMJie TakKe yIa€Tcsi BO3IEMCTBOBATh HA MTPEAMETHI C
MIOMOILBIO CBOMX MbIC€. MoHO npuBecTH npumep Ypu I'emiepa, GUIMIIIUHCKUX
XWJIIEPOB, JETAONIUX OomNepanuu 06€3 HOXa (3TO MOKHO pacCMaTPUBATh KaK IPUMED
BPEMEHHOW 'IemaTepralin3anuu’ 4acTd Tejla, a BEPHEE MEPEeBOJA €ro B APYroe
coctostHue). CroJia ke HaJl0 OTHECTH OECKOHTAKTHOE JieyeHre (MHOTIa Ha 0O0JIBIIIOM
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PACCTOSIHMH), OCYIIECTBIISIEMOE PA3MUYHBIMM MEAMYMaMH W OWOIHEPTEeTUKAMH.
O1r (HaKThl MOKHO CUUTATh JTOKA3aHHBIMH (XOTSI HE UCKIIFOYEHBI U MHOTHE CIIy4Yau
IapJiaTaHCTBa — MOJJCNIbIBATh OCCKOHTAKTHOE JICUCHUE OYEeHb 3aMaH4YMBO IS
oOMaHIuKoB). Kak 3T0 MOKHO 0OBSICHUTH?

Ha wmoil B3risna, BO3MOXKHBI JBa OTBeTa: 1) TakuMm JIOJSIM MOMOTAIOT HX
sTepeanbHble moMomHUKU [18]; 2) moau camu o0sanal0T 3TepeaibHbIM TEIIOM; Y
OOJBIIMHCTBA JIOJEH ATEpeabHOE TENO ce0sl MOYTH HE MPOSBISET, HO Y HEKOTOPBIX
OHO AaKTUBHO JEHUCTBYET M MOXET IOChUIaTh JJEKTPOMAarHUTHBIC 3TEpPEasIbHbIC
BOJIHBI, KOTOpPbI€ BO3JCHCTBYIOT Ha JIPYTUX JIOJEHA, MEHSSI COCTOSIHME MX aTOMOB
(BO3MOXXHO, JiedeOHOE JIeWCTBHE OCYLIECTBISIETCS Yepe3 dTepeaibHOe Telo
601pHOT0). CylIECTBOBAHUE 3TEPEATHLHOTO TeNla CBA3aHO M C CaMbIM BOJHYIOUIUM
BOIIPOCOM — TPOJIOJDKEHUEM KU3HH MOCTIE CMEPTH (PU3UYECKOTO Tea.

CyliecTBOBaHNE BTOPOI0 TeJia

CoryiacHO MHOTMM PEJIMTUO3HBIM YUYEHHUSIM, a TAKKEe 10 MHEHHIO MHOTHX MEIUYMOB
U DKCTPACEHCOB, Mbl 00JaJaeM BTOPBIM TEJIOM, WM AYUIOW, KOTOPOE MOKUAAET
"husmueckoe" TENO B MOMEHT cMepTU. Hekoropble mI0au, MEpeKUBIINE
KJIIMHUYECKYIO CMEPTh, PACCKa3bIBAlOT O TOM, KaK BHJEIM CEOsl M OKpPYXKarollylo
00CTaHOBKY CBEpXY.

JlaBaiiTe mpeanogoXuM, 4To MbI JICMCTBUTEIBHO 00J1ajlaéM BTOPBIM, dTEpPEaTbHbIM
TEJIOM, U ATO TEJIO SBJISICTCS TOUYHOU (WJIM TTOYTH TOYHOI) KOMHEH HAIIeTro MEepBOro,
"(puznueckoro" Tenaa: COCTOUT M3 aHAJOTHYHBIX aTOMOB, MOJIEKYJI, KIIETOK, OPTaHOB,
MO3ra U HEPBHOW CUCTEMBI.

KaxoBa momkna ObITh Macca 3toro tena? CornacHo ypaBHenuro (10),

M,
second — bzd} (3 7)

n
EcTh cBeneHusi, 4TO B MOMEHT CMEPTH BeC Teja 4YeJIOBEKa YMEHBIIAETCS Ha
HECKOJIbKO TpaMMmoB. Eciaum cBf3aTh 3TO yMEHBIIEHHE C OCBOOOXKIECHUEM
3TEPUYECKOI0 Teja, TO MOKHO OLICHUTh BenuuuHy n. Hanpumep, eciau Myoq,=100kg

U AM=Mecong=0.1+10g, n=/M, 4 /M, g =100+1000. K coxanenuro, nanubie 00

YMCHBIICHHHK BCCa HeHaI[é)I(HI;-I, IIOCKOJIbKY B€C B MOMCHT CMCPTH MOIKCT
YMCHBIIATLCA 110 PA3JIMYHBIM IIPUYHMHAM. Ho »10 I[aéT IMPUHOUIINAJIbHY IO
BO3MOKHOCTb OLICHUTL 77 1 COOTBECTCTBCHHO CKOPOCTH CBCTA B 3TCPCAJILHOM MHUPC.
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VYTBepKAeHHE O TOM, UTO JOTEPEAIbHOE TEJIO MPOYHO CBSI3aHO C
"(busmyeckuM" TEIOM M OCTaBISET €r0 TOJBKO BO BPEMS CMEPTH, NMPHUBOJIUT K
CJIEIYIOLIUM 3aKITFOYEHUSIM:

1) Hamum 1Ba Mupa MOryT B3aMMOJIEHCTBOBATH: a) M3MEHEHHE Beca
CBUJIETENBCTBYET O I'PABUTALMOHHOM B3aMMOJEHCTBUM 3TEPEAJIBHOIO TENa C
3emn€il; 0) CylIeCTBYET Cujla MPUTSKEHUS MEXAYy OJTepeajbHbIM U
"(usnyeckuM" TeNaMu TaHHOTO YEJIOBEKA, Feph,;

2) Cuna npuTsKEHUS Foqph 3aBUCHT OT KM3HEHHBIX (DYHKIMI HAIIETO TeNa: KOrja
OHM MPEKpalalOTCA WM CYLIECTBEHHO OCiIa0eBaroT, 3Ta CUia ucyesaer (Wiu
3HAYUTETFHO YMEHbIIAETCA, KAK B MOMEHT KJIMHUYECKON CMEPTH);

3) OT0 B3aUMOJECHCTBME JaJbHOACUCTBYIONIEE: JTEPEATBbHOE TEJIO MOXKET
BEPHYTHCS B (PU3UUECKOE TEJO, €CJIM OHO BOCCTAHABIIMBAECT CBOM >KU3HEHHbBIC

byHKIUN.
CymiecTBOBaHNE CWIJIBI TPUTSDKCHHUS MOXKET OBITh CBS3aHO C IOTOKaMU

sHepruu B "(uszuueckom" Tene, 10 TeX mop noka oHo Gpynkuuonupyet. Ho 3to yxe
SBJISICTCSI TEMOU JPYTOM, Oy myIeit padoThl.

3akJ04YeHue

Wtak, HeBUIAMMAsi 4acTh BCEJIICHHOM HMEET (PU3MUYECKYIO CTPYKTYpPY, MOJO0OHYIO
Hauwiel: BEIIECTBO MOCTPOCHO U3 aTOMOB, KOTOpBIE, B CBOIO OUY€pEb, COCTOST U3
HYKJIOHOB M OJJICKTPOHOB, C TEM € CaMbIM DJIEMEHTAPHBIM JJIEKTPUUYECKUM
3apsiioM. Pa3mepnl, CTPYKTypa M JHEPreTUYECKUN CIEKTP 3TEPUUYECKHUX aTOMOB
TaKue ke, Kak y aTOMOB Hauiell 4acTh BceneHHOoM.

OTepealibHbIA MUP HEBUJUM [JIs HAaC M3-3a APYTrUX "MHUPOBBIX" KOHCTAHT,
TaKuX KaK CKOPOCTb CBETa, ¢, W mnocrosinHas [lnmanka, 4, B TO BpeMs Kak HUX
MpoU3BEJEHUE, C-h, ONpEIENSIONEee 3JIEMEHTAPHBIA AJIEKTPUUECKUI 3apsi,
coxpaHsieTcsi. JTepeajbHasi CKOPOCTh CBE€Ta HAMHOIO OoJibllie, a IOCTOSTHHAs
[Inanka HAMHOTO MEHbINIE, YEM B Hauiem MUpE. DTO MPHUBOAUT K OOsee BHICOKUM
4acTOTaM 3TepealbHbIX 3JEMEHTAPHBIX YACTHI[, 1 B YACTHOCTH ()OTOHOB, KOTOPHIE
OCYILIECTBJISIFOT AJIEKTPOMArHUTHOE B3aUMOJIEUCTBUE MEKly aToMaMu. Hauiu aTOMbl
HE MOryT abcopOupoBaTh dTepeaynbHble (POTOHBI (WM K€ DHEPrusi U UMITYJIbC,
nepeaBacMble MU, YPE3BbIYAHO MaJlbl), B PE3YJIbTATE ATEPEATbHbIA MUP OCTAETCS
MPAKTUYECKU HEBUIUMBIM JIJIs1 HAC.

['paBuTallMOHHOE B3aWMOJICUCTBUE MEXKIY 3TEPEATbHbIM U HAUWUM MHPOM, IIO-
BUJINIMOMY, CYLIECTBYET, HO OHO MaJIO U3-3a OYEHb MaJIbIX MACC 3TEPUUECKUX TEl.
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