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BBenenue

B coBpeMeHHOM (hr3nuecKoil TEOpPUHU MPUHITO CUUTATh, YTO (PyHIaMEH-
TaJbHBIC IPUPOJHBIC CHIIBI 00YCIOBIEHBI YETHIPbMS BHJIAMH B3aUMOCHCTBHS
— I'PaBUTAIMOHHBIM, 3JICKTPOMarHUTHBIM, CJIa0bIM M CHJIBHBIM, KOTOPBIE B Ipe-
JICJIe CBEPXBBICOKUX DHEPrUil CIIMBAIOTCS B OAHO, co3jparomiee cymepcuay /1/.
[Tocne muoHepckoit paboThl DiHIITEIHHA /2/, MOCBAIICHHONW BOIIpOcaM CyIile-
CTBOBaHUS JIEMEHTAPHBIX 3apPSHKCHHBIX YaCTHI] B OOIEH TEOpUM OTHOCUTEIh-
Hoctu (OTO), ObLIM HPEeANPUHATH MHOTOYHCACHHBIC MOMBITKA OIMHCAHMS Ya-
CTHUIl B paMKaxX OOBEIWHEHHOW TEOpUM TpaBUTAIMU W 3eKTpoMmarHetusma Ka-
ayusl-KieiHa B matumepHoM mpocTpancTse /3-11/.

[Ipn onumcanum OBWXKEHUS 4YacTull U 1ojier B Teopun Kamyusi-Kieina
BO3HHUKAET BOIMPOC O (PU3NUECKOM CMBICIIE MATON KoopAuHaThl. COrjacHO TUIIO-
te3e Kitetina /4/, nBrokeHue BIOJIb MATOM KOOPAUHATHI HEHAOIIOMaeMOE BILIOTh
JI0 OYeHb MaJIbIX MaciITaboB, COOTBETCTBYIOIIUX SHEPTUU TOPSIIKa 10" macc
poToHa. B 3TOM mpesene Bce B3aMMOJCHCTBUS CIIMBAIOTCSA B OJHO, 00pasys
cyrepcuiy /1/. CornacHo e runorese Pymepa /6/, nBmwkenune B Macimrade -
TOr0 U3MEPEHUS MPEICTABICHO NOCTOAHHOM [Inanka h W BbITEKaromEen OTCIOAa

KBaHTOBOM Teopuel. bbuto mokasano /7-8/, uTo eciu msITOC U3MEPEHHE ABISCTCS
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IPOCTPAHCTBEHHO-TIOJJOOHBIM, TO YPaBHEHUSI €IUHOTO TOJS MMEIOT OOBIYHYIO
bopmy.

B paborax Ditnmreitna /9/, Diinireiina u [laynu /10/ Obuto ycraHoBIIe-
HO, YTO HE CYIIECTBYET PEIICHUI ypaBHEHUI IPaBUTAIIMOHHOTO TOJIS B 4-X WK
B 5-MepHOM nipocTpancTBe (KamyIisl), yIOBIETBOPSIONINX YCIOBUSIM:

1) moJie CTalMOHAPHO;

2) OHO HE UMEET 0COOBIX TOUCK;

3) pellieHre OMUCHIBACT MOJIE OTJIMYHOM OT HYJIS MacChl WU 3apsijia.

AHaM3 COBMECTHBIX ypaBHEHHI I'PaBUTAIMH U AJIEKTPOMarHeTu3ma Io-
Ka3bIBACT, YTO B TAKOW TEOPUHU CTATUYCCKUE MICKTPUUSCKUE U TPABUTALMOHHBIC
HOJISL TOJDKHBIL OBITH OJTHOTO TOpsiika BennyuHbI. [losTomy B Teopusax Kamyrisi-
KieitHa Bce 3apspKEHHBIE YaCTHIIBI JIOJDKHBI UMETh MAacCy MOpsiKa IUIaHKOB-
ckoii /10,11/. B cmity 3THX TeopeTHdecKuX TpyaHocted Teopus Kamyrer-Kieitna
OblJIa TIepeHeceHa u3 S-MepHoro mpoctpadcTBa B 11-mepHoe, ¢ 3aMeHoM KJiac-
CHYECKOW IpaBUTAIMU Ha cyneprpaBuranuio /1, 11/.

B nacrosimeii pabote mocTpoeH mpumep, B KOTOPOM IisiTasik KOOpAMHATA
SIBIISICTCS BPEMEHU-TI0I00HOM, METPUYECKU TEH30p B S-MEPHOM MPOCTPAHCTBE
SIBIISICTCS CTAllAOHAPHBIM, HE MMEET OCOOBIX TOYEK, OMHUCHIBACT B 4-X MEPHOM
NPOCTPAHCTBE CTATUYECKOE MOJI€ OTIIMYHON OT HYJISI MacChl WIM HEHYJIEBOTO
3apsina. Ha ocHOBe pa3iioskeHus MeTpUYECKOTO TeH30pa B 5-MEpPHOM IPOCTpaH-
CTBE IO CTETICHSM PAcCTOSHHS J0 LIEHTPa TPaBUTAIIUN Pa3BUTAa MOJENb QyHIa-
MEHTAJIbHBIX B3aUMOJICHCTBUN, KOTOpash ONKCHIBACT NPOTOH, JIJIEKTPOH U
HEUTpOH. B Ki1accuueckom cityyae Teopus IpeacKa3biBaeT, YUTO MACCHBHBIC Teja
MOTYT 00J1a/1aTh NMEKTPUYECKIM 3apSIOM U MarHUTHBIM IIOJIEM, YTO HAXOUTCS
B COTJIACHH C JIJAHHBIMU aCTPOHOMHYECKUX HAOIFOICHUH.

JIMHAMHKA YacTHIl B 5-MepHOM NMPOCTPaHCTBe M BHIbI B3aHMMO/ei-
CTBUH

JIBYOKEHME 3apsKCHHBIX YaCTHI[ B ISITUMEPHOM IPOCTPAHCTBE OIUCHIBA-

eTCsl ypaBHEHHEM 5-diikoHasa /6/:
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3necb G, 0y, A, M, C, € - METPUUECKUE TEH30pPbl B O5-TH U 4-X MEPHOM

IMPOCTPAHCTBC, BeKTOpHBIﬁ IMOTCHIOMAII, MacCa, CKOPOCTb CBCTA U 3apsa YaCTHUIbI
COOTBCTCTBCHHO.

[lomaras G, =N, HaxoAUM BBIPAKEHUE METPUYECKOTO TEH30pa B O-

MEPHOM TIPOCTPAHCTBE Yepe3 TPABUTALMOHHBIC M DJICKTPOMArHUTHBIE TTOTEHITH-
asnpl, umeeM /4-7/
- ) 8
— N?Ik g9 9« g1 GI lgg E : (2)
lg g 1+9"09g
Hcnonp3ys BTopoe BeipakeHue (2) mpu N =1, 3amuIiieM nepBoe ypaBHe-

aue (1) B Buze
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Hepexozl K KJaCCHYSCKOM AUHAMHKC OCYHICCTBIIACTCA B YaCTHOM CJIy4dac,
KOT/Ia JIHCTBHUE BBIPAKACTCS B BUJE CYyMMBI
S =mex ° + S(x*, x%,x%, x*)
B sTom ciyuae nepBoe ypaBHenue (1) cBoauTCs K ypaBHeHHIO ["aMHIIBTO-

Ha-KoOu JJIs1 KJTaCCUYECKOTO ACHCTBUS PEIATUBUCTCKON YaCTHUIIBI

i llS GeeflS 0 -
I & MYk mcgkb+(mC) =0 (4)

I[@ﬁCTByIOIHHe Ha 9aCTHIy CHUJIbI OITMCBIBAIOTCA MCTPHUYCCKHUM TCH30pPOM

M BEKTOPHBIM TOTEHIMAnoM - 9« A | KoTopble OTOKIECTBIAIOTCS C METpUUe-
ckuM TeH30poM OTO M BEKTOPHBIM MOTEHIMAIOM 3JIEKTPOMATHUTHOTO ITOJIS
cootBeTcTBeHHO /3-7/. CnenoBaTenbHo, ypaBHeHHE (4) ONMUCHIBACT JIBHIKCHHE
KJIACCHYCCKHMX 3apsDKCHHBIX YACTHI[ BO BHEIIHEM JJICKTPOMArHUTHOM U TPaBH-

TAIlMOHHOM IIOJIC.
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3aMeTHM, YTO B MCXOJHOM ypaBHeHHH (1) msaras KOOpAMHATa HHYEM HE
BBIJICIICHA, a TTePeXo/1 K ypaBHEHUIO (4) sBIIIeTCS BO3MOXKHBIM OJ1arojiapsi 4act-
HOMY pemieHno S= mex® + §x*,x%,x%,x* ), KOTOpoe HUKAaK HE COOTHOCHUTCS C TH-
nore3oi Kielina. MOXHO ITO3TOMY YTBEPKIATh, YTO YKAa3aHHOE YaCTHOE pelle-
HHUE COOTBETCTBYET MNMPUHIMIIHAIBLHOW BO3MOMXHOCTH COBMECTHOTO OIMCAHMS
JBH>KCHUS 3apsKEHHBIX YACTHUIl B TPABUTAIIMOHHOM U 3JIEKTPOMArHUTHOM IIOJIE.

prrl/le YaCTHBIC PCIICHUA CBA3aHbI C MHBIM IIPCACTABICHHNCM OCHOBHBIX
CHUJI, KOTOPBIC OIIMCBIBAIOTCA UCXOIHBIM MCTPUYCCKUM TCH30POM Gik . MoxHO

IPEANOIOXKHUTE, YTO METPUIECKUM TeH30p Y« Ipu Jr000M IpeCTaBICHUN HC-
XOJIHOTO JEHCTBHS TUMa S= mex® + §(x',x?,x*,x*) ONHCHIBaeT TIpaBUTAIHUIO B Ye-
TBIPEXMEPHOM MPOCTPAHCTBE. AHAIIOTUYHOE YTBEPIKJICHUE KACACTCS M BEKTOP-
HOTO MOTeHIManda. He HUCKII0UeHo, YTO MPU HEKOTOPOM IMPEJCTABICHUN BEK-
TOPHBIM MOTEHIIMAI MOYKHO OyJET OTOXKJIECTBUTD CO CJIA0BIM MJIM CHIIBHBIM B3a-
UMOJICHICTBUEM.

JIeHCTBUTENBHO, Pa3IMuhe€ B OIMUCAHUHU DJICKTPOMArHUTHBIX, CIA0BIX U
CIJIbHBIX B3aUMOJCUCTBUN B COBPEMEHHOM TEOPUU CBOJUTCS K YTBEPKICHUIO,
YTO KaXJ0€ B3aUMOJIEHCTBUE OCYIIECTBISETCS IMOCPEACTBOM YAaCTHI[ BEKTOP-
HBIX T0Jieii — poToHOB, Z 1 W 6030HOB, WM TIIFOOHOB COOTBeTCTBeHHO /1/. C
TOYKH 3PCHHS JUHAMHYECKON Mojaenu (4) 9Tu pa3audus CBOIATCSA TOJIBKO K ITe-
peorpeieNicHUIO 3apsaaa U BeKTopHoro norennuaia /11/. Hazosem 310 yTBep-
JKJIEHHE MPaBIOIOI00HOM TUIIOTE301, KOTOPYIO MPEICTOUT ITPOBEPHUThH.

MeTpuvecKuii TEH30p B S-MEPHOM IPOCTPAHCTBE U KJIACCHYECKHE

noJId

Gi . BameTnM, UTO

Brimie He cenaHo HUKAKUX MPEANOJIOKEHUN O BUJIE
ATOT TEH30p UMeET (PU3UUECKUM CMBICT HE TOJIBKO B CBSI3M C METPUUECKUM TEH-
3o0poM OTO u BEKTOPHBIM MOTEHIIMATIOM 3JEKTPOMATHUTHOTO MOJS, COTJIACHO
ypaBHEHUSM (2), HO ¥ KaK METPUYCCKUI TEH30p MATHUMEPHOW TCOPUH IPaBUTA-

I[UH C KICTOYHUKOM B BUJC MaTepHalIbHbIX moeii /6, 10/.
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Hanpumep, B padote /12/ ObuT pacCMOTPEH BapHaHT ISITUMEPHOM IpaBHU-

Taluu, ¢ MCTOYHUKOM B BHJC HEJIMHEHHOT O CIIMHOPHOTO IT10JIA. B sToM wactHOM

cinydae TeHzop Cik MMeeT MHAroHanbHYIO GOpMy, a KBaIpaT HHTEpBAJIa 3a/1a€T-
csa B Buze /12/
ds? =f 2(r )(e?°cdt? - dx® - dy? - dz?)- dr 2 (5)

"' - maras xoopaunata. B obmiem xe caydae TeHzop Cu ompemens-

3nech
eTcs KaK pellieHre ypaBHeHHI JWHIITEHHAa B S5-MepHOM mpocTtpancTse /6/. [1o-
CKOJIbKY HM MCTOYHHK, HU PaclpeiesICcHHe MaTepUu B S-MEPHOM MPOCTPAHCTBE
3apaHee HEU3BECTHBI, MOXKHO JIMILb OMUPATHCS HA UHTYUTUBHBIE MpPE/ICTaBIIC-
HUsSL O TAaKOro poJia IpaBUTAllMH, paccMaTpuBas KIACCHYECKHE IMOJIA, KaK pe-
3yJIbTaT JEHCTBHS CHjl OoJiee BBICOKOW pasmepHocTH /1/. B 4acTHOCTH, MOXKHO

MNpCAIOJOXKUTb, YTO BOJIM3M MAaCCHBHOTIO OEeHTpa TIpaBUTaAllUU MeTpI/I‘IGCKI/Iﬁ

TEH30p B O-MEPHOM IIPOCTPAHCTBE MPEACTABISECTCS B BHJE PSAJA MO CTEIEHIM

PACCTOSHMSA JI0 HCTOYHHUKA, ' = VX' + Y +2° cremoBarensHO

Gy= Gy(0)+ Gy (O)kr+ G (@Y . ©

3nech mapameTpoMm K 3amaercs maciutad o0JacTH MPUMEHEHHUS MOJCIH
(6), a Toukoit 0603HaUCHO MU PEPEHITPOBAHNE IO OE3pa3ZMEPHOMY MapaMeTpy
i =kr . PaccmoTpum By Ten3opa (6), BOSHUKAIONIETO TPU YACPKAaHUU TEPBBIX
TPeX WICHOB PA3IOKECHHUsI IS CIydasi METPUKH B TIOJIE IIEHTPATBHBIX CHII C Tpa-
BUTAIlMOHHBIM MOTEHIMAIOM B popme HbroToHa.

Monoxum X=ct,x’=x,x’=y,x'= 2z , B 2THX 00O3HAYECHUSAX HMEEM IS

KBaJ[paTa MHTEpBaja B 4-MEpPHOM MPOCTPAHCTBE (CM., Harpumep, /13/):

ds® = (1+2j /c?)ct?- (1- 2 /cz)(dx2 +dy? +dzz)
™ (7)

r

j =
3I[CCI> g . I'paBUTAIMOHHAA ITOCTOAHHAA, M — Mmacca OCHTPAJIBbHOI'O TCJIA.

[Tpeanonoxum, 4To KOAGOUIIMEHTH METPUKU B S-MEPHOM IMPOCTPAHCTBE Xa-

pakTepHu3yeTcs HEKOTOphIM mapameTpoM e? =G, (0) =-&,,(0). Toraa, nonaras,
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yro ©°/k=20M/¢® npuxoaum K BRIPOKEHUIO MHTEPBAA B 3aBUCMMOCTH OT Ma-
pPaMeTpOB METPUKH B 5-MEpHOM IIPOCTPAHCTBE:
ds? = (1- €% /kr)c?t? - (1+e?/kr)(dx? + dy? + dz?) 8)
Jlanee 3aMeTHUM, 4TO B 3TOM CJIy4ae METPUUYECKUI TEH30pP B YETBIPEXMEP-
HOM IIPOCTPAHCTBE SBIISETCS AUArOHATBHBIM C KOMIIOHEHTAMH
Ou =1- €7k} g, =0 =04 =-(1+e°/kr) (9)
3a/1a1MM BEKTOPHBII ITOTEHIIMAT HCTOYHHKA, CBA3aHHOTO C IIEHTPOM Ipa-
BHUTAllUH B BUJIC
g, =elkr, g=g,u (10)
31ech U — HEKOTOPBIH BEKTOP B TPEXMEPHOM HPOCTPAHCTBE, KOTOPBIN
onpenenuM Hipke. OTCIOa HAXOMUM CKASIPHBIA M BEKTOPHBIA ITOTEHIMAN

QJICKTPOMAIHUTHOTI'O ITI0JIA
je:_:__’ A:J U (10')

— 2 o

IMonaras N=(k)" p mepsom BeIpaxkeHur (2) M BBIYUCIIAS METPUUECKUIA
TeH30p B 5-MepHOM mpocTpancTBe, ¢ yuetoMm (9)-(10), Haxoaum, 9TO B 3TOM
cirydae BeIpaxkeHue (6) comep KUT B IPaBOil YaCTH TOJIBKO TPH YICHA psaa pas-

JIO’KEHUSI 110 CTETNIEHSIM TapameTpa 1 = kr

_ (Noi+ Ng; g, Ng, : < oK)
o Gtk CIORCICOREACR (11)

I

OTMeTuM, 4TO HyJIeBOH uieH pasnokeHus (11), onmMChIBAIONIUI MJIOCKOE
IIPOCTPAHCTBO, 3aBUCUT OT HaW4Ms 3apsaa. B merpuke (7) BCsIKOE MacCHBHOE
TEJI0 MOXET UMETh ITOJOKUTEIBHBIN WM OTPUIIATEIBHBIA IEKTPUICCKUH 3a-
psg 9 = £me 2M Jk /e | TIocKONBKY K€ 3apsij KBAaHTYETCS, MOKHO OIPEIETUTh
Maccy, TOPOXKIAIOINIYI0 JIEKTPOH WJIM MPOTOH, U3 COOTHOIIEHUU: g=e, M=m,

= ke*/ 2c?

cienoBarenpHo, M= ? . OTcrlo/1a HaXOJUM BBIpaKEHHE HEU3BECTHOTO TIa-
pameTrpa Teopuu

k = 2gm3c?/e* (12)
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3aMeTHM, YTO 3TO BBIPAKCHHE COOTBETCTBYET 3akoHy KyioHa B ¢opme
(11) B I'ayccoBoii cucteme eaunuil. B cucteme CU npaByro vacts (12) ciemyer

YMHOXXHUTh Ha (4pe,)’, Ie e, - OUAJICKTpUYECKas MPOHHIIAEMOCTh BaKyyMa.

Uucnennoe 3uauenue mapamerpa (12), UMEIOero pa3MepHOCTs 00paTHOM K-
HBI, COCTAB/ISIET B Clydae 31eKTpoHa okoixo 1,710°° m™, a B ciyuae mpoTona
MPUOIU3UTEIIHBHO 1,05‘10'18 M2 HNHTepecHo, 4TO COOTBETCTBYIONIMNA MacIITad B
ciydae 3JICKTpOHa MPEBOCXOAUT pa3Mmep HabromaeMoi BeenmenHoi, Torma kak
JUTSI IPOTOHOB 3TOT MaciTad coctapisieT 0koj1o 100 cBETOBBIX JIET.

OTOT pe3ysbTaT MOKAa3bIBAET, YTO JJISI OMMCAHUS ABMXKCHHUSI B YETHIPEX-
MEpPHBIX MHpax C y4€TOM CHJI TPaBHTAIlMU M JJICKTpOMarHeTusMa Tpebdyercs
JIMIITH KOHEYHOE YMCIIO WICHOB psija (6) B pa3sioKeHUH METPHYECKOTO TEH30pa B
S-MEPHOM MPOCTPAHCTBE.

PaccmoTpum BOmpoc O HIDKHEM Mpejiesie TPUMEHUMOCTH pa3BHUBaeMOM
Mojieu. J{Jis 3Toro cpaBHMM HYJICBOM M BTOPOH wieHbl pasnoxenus (6). [Tpen-
roJjiaras, 4To 3THU CJIaraeéMbl€ UMEIOT OAUH MNOPSAIOK, (kr)* » e, HaXOJIUM COOT-

BETCTBYIOIINNA MUHHMAJIBHBIA pamuyc, r. »e/k =e€’/mc*, KOTOphI B ciydae

min
AJIEKTPOHA COBMAJAET C €ro KJIACCMYECKUM paauycoM — Tabnuna 1. Ha stom
MaciTabe 3JIEKTPOCTATUUECKOE I0JIe CYIIECTBEHHO BIMSET HAa METPHUKY OS-
MEpPHOTO MPOCTPAHCTBA, Kak Oyje mokazaHo Huxke. OTMETHUM, 4TO MUHUMAIIb-

HBIM pa3Mep B cilydae IPOTOHA COBMAAAET C paANyCOM AECUCTBHA CJIadOro B3au-

MOJIEUCTBUSL.

Ta6muma 1. TlapamMeTpsl pasiokeHHs METPUYECKOTO TeH30pa C ik

k, 1/M e rmax, M rmim M
e- 1,703163E-28 4,799488E-43 5,87E+27 2,81799E-15
p+ 1,054395E-18 1,618178E-36 9,48E+17 1,5347E-18

Hanee 3ametuM, 4To yueT 3¢ (PekToB, 00YCIOBICHHBIX BpaIllEHUEM Tel,
HE TIPUBOJUT K YBEJIMUCHUIO YHCIIA WICHOB B PA3JIOKEHUU METPUYECKOTO TECH-

30pa B 5-MepHOM mpoctpaHcTBe B popme (6). HdeiicTBuTensHO, B MeTpHKe 4-
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MCPHOI'O IIPOCTPAHCTBA BpaIAOIICCCA TCIIO IIOPOXKIAACT I'PABUTOMAIHHUTHOC

T10JIe, BEKTOPHBIH MOTEHIIMAT KOTOPOTO onpeaesercs cornacho /13, 14/

_2r’L
-3

Ag= 5 (13)

g

3mech L - BekTOp MexaHuueckoro MoMeHTa BpalleHHs Tena. B mpu6mu-
KCHHUHU, B KOTOPOM CIIPABE/ITMBO BhIpaKEHHE MHTEpBasia (7), MOTEHIMA TpaBu-
TOMAarHUTHOI'O TOJISI CBA3aH C KOMIIOHEHTaMU METPHUYECKOrO0 TEH30pa COOTHO-

IeHueM A, =-g, /0, »- Gy, , [I€ UHAEKC 1 OTHOCUTCSA K BPEMEHHON KOOpAHU-

Hare. Ho Torma u3 Beipaxkenus (11) ciaemyer, YTO IpaBUTOMArHUTHOE IOJIC B

IIATUMCPHOM IIPOCTPAHCTBEC HEC 3aBUCUT OT pACCTOAHHA OO0 UCTOYHHKA, HO 3aBH-

- Zg<2 [r ’ L]a

C r

CHUT OT yrJja, NOCKOJbKY Ng,, =-NA, =

BekTopHbI NOTEHIMAT MAarHUTHOTO JUIIOJS ONKUCBHIBAETCS BBIPAKEHUEM,
ananoruunsiM (13), HO maeT BKJIAJ B METPUYCCKHHA TEH30p B 5-MepHOM IMpo-

CTpaHCTBC B BUJC KOM6I/IHaI_II/II/I 09, , 4TO MOIJIO OBI IIPUBOAUTDH K ITOSIBJICHHUIO B

npaBoit yactu (6) ciaraembIX, TPONOPIHOHAIBHBIX (Kr)?, Kak 3TO CJIEAyeT U3
BeipakeHuss (11). Tem caMbiM aHAIUTHYHOCTh METPUYECKOTO TEH30pa B
OKPECTHOCTH Havalila KOOpJUHAT MOIJIa Obl HapymHUThcs. UTOOBI n30ekKaTh 3TO-
ro, OyJieM paccMaTpuBaTh BEKTOPHBINA TOTEHIIMAT MArHUTHOTO JHITONS KaK Cy-
HEPIO3UINIO BEKTOPHBIX MOTeHIMaIOB (10'), HCKITIOYMB TeM CaMbIM CliaraeMbie,
npornopiMoHanbHbie (kr)® U3 pa3okeHus MeTpuueckoro Tensopa (6). B cBoro
ouepesib, YToObI BeKTOpHBIH noteHIran (10) npuBoaMII K TOSBICHHUIO B Pa3Jio-
KEHUU METPUYECKOTO TEH30pa CJIaraeéMbIX TOJBKO C HYJIEBOW CTETNEHbIO, T0CTa-

TOYHO HAJIOKHUTBh Ha BEKTOP U YCJIOBHUC

u=u, +13 (14)

3nmech u,s - mocTosiHHbIe BekTophl. M3 Beipakenuit (10") u (14) cnenyer,

49TO B paCCMAaTpUBACMOM CJIY44C BCAKOC MACCHUBHOC TCJIO IIOPOKIAACT HC TOJIBKO
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TPAaBUTAIMOHHOE U TPABUTOMArHUTHOE TIOJIE, HO M CTAaTUYECKOE IEKTPUUECKOE
¥ MarHUTHOE TI0JIE.

DJIeKTpUYECKU 3aps] Hallled IJIaHeThl, BRIYMCICHHBIN coracHo (10),
cocrasisieT okoio 4,110° Kymon B ciyuae snekrponos u 9,57-10° Kyson B ciy-
Yyae MPOTOHOB. /[ MIIAHET-TUTAHTOB 3TH BEJIWYMHBI BO3PACTAIOT MPOIOPIIHO-
HaJIbHO KOPHIO KBaJPaTHOMY M3 UX MAacChl, IOCKOJBKYy 9 = *M ~29M /k/e (Cye-
oBaTelibHO, HeOecHbIe Teta CoJIHEYHOM CUCTEMBI 00J1aAar0T OOJBIINMHU DJIEK-
TPUYECKUMH 3apsijiaMH, 4TO OBUIO YCTaHOBJICHO B pabote /15/ Ha ocHoBe aHa-
JM3a Bapualdii MarHUTHOTO TOJIsE 3EMITH.

Taxum oOpa3om, MBI IIOKa3alH, YTO Pa3IOKEHUE METPUUYECKOTO TEH30pa

Gi B 5-MepHOM MPOCTPAHCTBE 1O CTeNeHAM Majoro mapamerpa K B Buze (6)
C TOYHOCTBIO JI0 WICHOB BTOPOTO IMOPSIIKA PAaBHOCUIHLHO OIMCAHHIO TPaBUTAIU-
OHHOTO ToJIsI TAroTermuX Macc B pamkax OTO ¢ rpaBuTalliOHHBIM TTOTEHITHA-
jgoM B (popme HproToHa. Y CTaHOBIIEHO, YTO BCAKOE MACCHBHOE TEJIO MOPOXKIAET
CTaTHYECKOE IPaBUTAIIMOHHOE, AJICKTPUIECKOE U MarHuTHOE moiie (3JeMeHTap-
HbIE YaCTHIIbI, 00Ia/Iar0Ie MAacCOM IMOKOsI, HO HE 00JIa/Iafolue 3apsioM, pac-
CMaTpPUBAIOTCS HIOKE). OTMETUM, YTO MOJICIb B3aUMOCBSI3U MarHUTHOTO TOJIS C
rpaBUTAIlMENl MAaCCUBHBIX TEJ BIEPBBIC MPENTIOXKUI DUHINTEHH B pabote «O0
a¢upe» (cMm. /5/, ctp. 154) mist onucanust MarHuTHOro moiist 3emiun U ColHIa.
Pasymeercs, uto omuux BeipakeHui (10") HemocTaTO4YHO JJIs ONHCAHUS
3JIEKTPOMArHUTHOTO T0JIs1 HeOecHOTOo Tesa. Bekrophsrii moreniman (10') MoxHO
paccMaTpuBaTh KaK IMOCTOSTHHBIM MCTOYHHK, BO3OYKIAIOIINI TOKH, KaK BHYTPH
caMoOro Tejia, TaK U B OKPYXAaloIIeM €ro MpPOCTPAaHCTBE, YeM OOBICHSIOTCH,
HarpuMep, HaOJII0JaeMble Bapyallii MarHUTHOTO 1oJ1st 3emuu /15/.
PaccmoTpum Bompoc 0 ToM, Kakoe ImpeoOpa3oBaHUE KOOPJAUHAT MPH I10-
BOPOTE B IJIOCKOCTH BPEMEHHU U IMSTOW KOOPAMHATHI ae€T B pe3ysibTare Kodd-
¢urnmentsr Terzopa (11). Iusg 3TOro HMCmosib3yeM OOIIHe ypaBHEHHS C TpeMs
rapamMeTpaMy, BKJIIOYAIOIINE PACTSHKEHUE OCEH, MOBOPOT HA 3aJlaHHBIN yIroJl U

V3MEHEHNE B3aUMHOW OPUEHTALIMU OCEN, UMEEM
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X, = kr(xfcosa + x{sin(a +b))

. (15)
Xs = kr (- xfsina + xgcos(a + b))
Borunciisist uHTEpBa, HaX0IUM
ds? = dx? +dxZ = (kr)*((dx®? + (dx9)* + 2dx@ixgsinb) (16)

Ipu P =0 npeoGpasosanue xoopaunar (15) cBOAUTCA K PACTHKEHHIO U
TIOBOPOTY, B 3TOM ciydae kodddurment G5~ Cs=0 | crenosarensHo, B Takoid
CHCTEME 3JICKTPOCTATUYCCKHUI TTOTEHIIMAJ PaBEH HYIIIO.

[Ipu @ =0 npeobpaszosanue (15) cBOAUTCA K PACTSIKEHHIO U U3MEHEHHIO
B3aWMHOW OPHUEHTAIIUU OCCH, T. €. K MEePEX0y OT NPSIMOYTOJIbHON CUCTEMBI KO-
OpAMHAT K KOCOyroibHO# (adduuHOMN) cucTteme. B 3TOM cilydyae HaXoauM, 4TO

G, =G, =e(kr) =2(kr)’sinb . CnemoBareiabHO, IEKTPOCTATUYCCKOE IIOJIE BO3-

HUKAET MPU TaKux Jepopmaliusix NpocTpaHCTBA, IPU KOTOPBIX U3MEHSETCS B3a-
VMHasi OPUEHTAlMs OCEW BPEMEHU U IATOW KOOpAWHATHI. [lomydyeHHOE COOTHO-
LICHHUE ITO3BOJISICT HAWTHU MPENCIIbHOE 3HAYEHHUE DJIEKTPOCTATUYECKOTO IOTEH-

e = 2kr sn b £ 2kr

I[Maja B BUJIC , UTO C YU4ETOM IepBoro ypaBHeHus (15) maer us-

BECTHOE OTpaHUYEHHUE HA TOTEHIINAI
e . £2m.? (17)

B KBaHTOBOM 3JIEKTPOJAUHAMHUKE 3TO OTPAHUYEHUE CBA3AHO C POKICHUEM
[ap 4acCTHUI] — JJIEKTPOHOB U MO3UTPOHOB, TOTIA KAK B JaHHOM TEOPUU OHO SIB-
JISI€TCSI CJIEICTBUEM F€OMETPUUYECKUX COOTHOIICHUHN B S-MEPHOM ITPOCTPAHCTRBE.

Hakonen, 3ameTruM, 4YTO HCHOJIB30BAHHOE BBIIIE  COOTHOIIECHUE
e? =G, (0) = - &, (0) , BrIpaxkarolee cBA3b 3aps1a U MACCHI, ABIISIETCS CIIEJICTBUEM
AHAJIOTUYHOT'O COOTHOIICHUS, TTOTYYEHHOTO B KJIACCUYECKOU 3JIEKTPOIUHAMUKE
JUTS 37eKTpoHa € /r,, =mc’. B o0miem ke cilydae MOKHO OTKa3aThCs OT ITOH
CBsA3H, pacCMaTpUBasi METPUKY, 3aBUCAIIYIO U OT MaccChl, X OT 3apsaa.

CuiibHbIE U cy1a0ble B3aUMOJAECTBHS

Tot ¢akr, 4TO AEKTPOHBI U TPOTOHBI HEJIB3SI OMUCATH CIMHBIM ITapaMeT-

POM, OIIPECACIISICMBIM ITYTEM PA3JIOKCHHA MCTPUKHU 110 CTCIICHAM PACCTOSHUSA O0
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ucTouHrKa B BHjE (6), 03HAYAET, YTO MBI KIMEEM JI€JIO HE C OJHHUM, a C ABYMS 4-
MEpPHBIMH MHPaMH, B OJTHOM U3 KOTOPBIX CYIIICCTBYIOT IPOTOHBI, a B APYTOM —
AJIEKTPOHBI. B3auMoeicTBIE ATUX YaCTHIl TPUBOJIUT K 0Opa30BaHUIO aTOMHBIX
sJIep ¥ aTOMOB, a Tak)Ke BceX HabomaeMbiXx (heHOMEHOB. J{J1s1 TOro, 4TOOBI Ta-
KO B3aMMOJICHCTBHE MOTJIO BOSHUKHYTH, JJICKTPOH U MPOTOH JOKHBI OKa3aTh-
Csi B OJHOM YETHIPEXMEPHOM MPOCTPAHCTBE, T. €. MACIITaObl UX JIBHXKCHUS
JOJDKHBI OBITH corslacoBaHbl. Hambosee mpocTo Takoe COriacoBaHWE JOCTHTA-
eTCsl Ha OCHOBE TapaMeTpa pasjioKeHUs METPUKH, COTJIaCHO ypaBHeHuIo (12).

[Ipeamnonoxxum, 9To MPOTOH JIBIKETCS B Maciitade siekTpona. Torma y
MIPOTOHA, KpOME 3JIEKTPUUIECKOTO 3apsja, JOJKEH OBITh eIie OAWH 3apsl, KOTO-
PBIii OTIpeensaeTcst U3 COOTHOIICHHUS

k. = 2gmic®/e* = 2gm’c? /€ (18)
Otcro/1a HaX0IMM UCKOMBIN 3apsi]T

e,/e=(m,/m,)** » 280502555 9 (19)

Ero BeamuuHa npuOMM3MTENbHO B 2P pa3 Gonblle, 4eM KOHCTAHTA
CHJIBHOTO B3aMMOJCHCTBHS HYKJIOHOB.

AHaNOTU4YHO, MpeAroaras, 4To JIEKTPOH JBMKETCS B MacIiTade mpoTo-
Ha, HAXOJIUM CJIa0BIN 3apsif SJIEKTPOHA U3 COOTHOILICHUS

k, =2gm ’c’ /e’ =2gm’c’/g,’ (20)

CrnenoBaTenbHO, cladbIid 3apsiy] daeKTpoHa mpubiausutensHo B 280,5 pasza
ciabee, 4YeM DJICKTPUUECCKUM 3apsil.

XOTsl Takoe BBIPAaBHUBAHHE MACIITA00OB SBISICTCS YMO3PUTEIBHBIM, TO-
CKOJIbKY HE YKa3aH peaJlbHbIi MEXaHWU3M STOTO SIBJICHHS, MOJIy4YeHHBIE B pe-
synbrate oreHok (19)-(20) 3apsiabl W CHJIBI MOXKHO HHTEPIPETHPOBATH KaK
CUJIbHBIE M ciia0ble B3aumojencTBus. (Cam ke MEXaHW3M BBIpaBHUBAHHS Mac-
mTa0O0B MOXKHO MOKa3aTh HAa MPUMEPE BOSHUKHOBEHMSI dJIEMEHTAPHBIX YACTHII,
aTOMHBIX SJIEp U aTOMOB, UCIOJIb3Ys TIPUBEJECHHBIN BbIIIE (POopMaTN3M, CBS3aH-

HBIN C pa3joKeHHEM MeTpuYeckoro TeHsopa B Buje (6). Kak u3BecTHO, B 00J1a-
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CTH aTOMHBIX U SIEPHBIX MacIITa0oB cripaBeiuBo ypaBHeHue lllpenunrepa u
ero o0o0OIIEeHNs — HEPEIATUBUCTCKOE ypaBHEeHHE [laynu uimu pensiTUBHCTCKOE
ypaBHeHue J[Mpaka, 4To CBSI3aHO C MPOSBJICHUEM BOJHOBBIX CBOMCTB MaTE€pPHUH.

BoJsiHOBOe ypaBHeHHE B 5S-MEePHOM NPOCTPAHCTBE M KBAHTOBAasl Mexa-
HHMKA

JUtst onmuvcaHusl JBHKEHHS MaTEpPUM C Y4ETOM €€ BOJHOBBIX CBONCTB,
NPEIOI0KHUM, UYTO ypaBHeHUE S-3likoHaa (1), KaKk ¥ aHAIOTUYHOE ypaBHCHHE
F€OMETPUYECKON ONTHKH, SIBISETCA CIEACTBUEM BOJHOBOTO YPABHEHHUS B O-

MEpPHOM MPOCTPAHCTBE. ITO YPaBHEHHE B 00IIIEM CITydyae MOXHO 3aMucaTh B BU-

Ie:
1 9 e 1,6
————¢cJ/- GG™ Y =0 21
-G ﬂxmg x g ( )
3nece G - ompemenuTeNs METPHYECKOTO TEH30pa Gm . Y - ponnosas

GbyHKIMS, onMChIBaromas, coriaacHo (21), 6e3MaccoBoe CKalsIpHOE IOJIC B IIf-
THMEPHOM IIPOCTPAHCTBE.

OtmetuM, uTo B pabote /12/ B mpaBoii yactu ypaBHeHus (21) purypupyer
YJIEH, MPONOPLIMOHANBHBIN 3aTpaBOYHON Macce. Takoe ciaraeMoe B HaCTOSIIIEN
TCOPUU SIBIISICTCS HM3IUIIHUM, TaK KaK CKaJSIPHOE TOJIE MPHOOpEeTaeT Maccy B
YETBIPEXMEPHOM MPOCTPAHCTBE 110 MEXaHM3MY 3aXBaTa MaTCPHH, OMTHCAHHOMY B
Toii ke pabdore /12/. JleficTBUTENBHO, B TUIOCKOM MPOCTPAHCTBE B OTCYTCTBUH
BHCIITHHUX IOJICH METPUYCCKUN TEH30p, COTJIACHO BBIPAKCHHIO (2), UMEET BHI

(+1,-1,-1,-

I[HElFOHEUIBHOfI MaTpHIbI C JUaroHallbro 1,+1) " C OIIPCACIUTCIICM

G=-1
B sTom ciydae ypaBHenue (21) cymiecTBEHHO ympoIaeTcs, B pe3ybTaTe
HaXOAUM

%1 ﬂZ 1'[2 ﬂZ 1'[2 0 ﬂZ
TS TENE P e e A (22)

Paccmotpum perienne ypaBHeHus: (22), KOTOpOE ONMHUCHIBAECT CKOIICHHUEC

MaTepuu BOJIHM3U YETBIPEXMEPHOW TUIMEPIOBEPXHOCTH B S-MEPHOM IMpOCTpaH-
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cTBe (aHAJIOrOM TAaKOrO CKOIUIEHHS B TPEXMEPHOM IIPOCTPAHCTBE SIBIISETCS
CTEHKa MBLILHOTO ITY3bIPS):
Y =y (t,%,y,2)exp(-mer /h), r =x,>0 (23)

[Moacrapiss Beipaskenue (23) B ypaBHeHHE (22), TOIyIHM OKOHYATEIHHO

S X AL (24)
9

Takum oOpa3oM, B cilydae IUIOCKOTO TPOCTPAHCTBA M B OTCYTCTBHH
BHEIIHUX T0JIeH ypaBHeHUE (21) MpUBOAUTCS B YETBIPEXMEPHOM MPOCTPAHCTBE
K Buny ypaBHeHus Kieiina-I'opiona.

Ypapuenue (24) HHTEPECHO TEM, YTO M3 HEro, IyTeM IIPOCTOro 0000IIe-
HUSI, MOYKHO BBIBECTH BCE OCHOBHBIC MOJICITH KBAaHTOBOW MeXaHHWKH /16/, BKIIO-
Jasi ypaBHeHue [lupaka, a B HEPEIATUBUCTCKOM CJIy4ae 3TO YPaBHEHUE CBOJIUT-
¢4 K ypaBHeHuo lllpenunrepa.

OTMeTuM, 4TO €ciH MsATask KOOpAMHATA SBISETCS BPEMEHU-TIOA00HOH, TO
Matepusi B Qopme Oe3MacCOBOTO CKaJISPHOTO TMOJs MOXKET HaKarlIMBaTbCS
BOIM3M THTIeprioBepxHOcTH X° =0, C npyroii cTopoHsl, B padoTe /12/ 65110 110~
Ka3aHo, 4uTo B MeTpuke (5) marepus B (hopMe CKaISPHOTO MOJSI TAKIKE MOXKET
HAKaIIUBAThCA BOJIM3M THIEPIOBEpPXHOCTH X =0, XOTS B 2TOM Cllydae HsATas
KOOpJMHATA SBISIETCS MPOCTPAHCTBEHHO-ITOI00HOM.

PaccmoTpuM moBezneHue perneHuil ypaBHeHHs (21) B HCCIEIOBaHHOM
erte MeTpuke (11). UToOB! BRIUMCIHTH KOHTpaBapUaHTHEI TeHzop G, wc-

0JIb3yeM 00I1Iee BEIpakeHue B popme /6/

ik k
Gik= N1 g | —ig
(— g 1+g“g, gk) (25)

BbIunciisiss KOHTpaBapUaHTHBIE KOMIIOHEHTBI YE€TBIPEXMEPHOTO METpHUYE-
CKOT'O TEH30pa M BEKTOPHOTO MOTEeHIIMANA, coriacHo (9), HaxoauMm, 4To
gll:a:(l_ eZ/kr)-l; gZZ:g3S:QM:_(1+eZ/kr)-l

1 _ 2 _ — 4 _ (26)
g _agl’g _bgziga_bggig _bg4
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) ik
Orcroz1a, BEIUUCISSE KOHTpaBapuaHTHEIM TeH30p G mo ypaBuenuto (25),

IIOJIYYUM
a 0 0 0 - g9'o
¢0 b 0 0 -g%
G*=N'€0 0o b 0 -g¢ (27)
¢ O 0 0 b -g*+
&9 -9 -9 -g' | g

3neck obo3HaueHol =1+ag’ +b(g; + g2 +g2) . OTMETHM, 4TO KOHTpaBapu-
AHTHBIC KOMITOHCHTBI BEKTOPHOTO TMOTCHIMAa U METPHYECKOTO TEH30pa B 4-x
¥ 5-MEpHOM TPOCTPAHCTBE, MPOMOPIIMOHANBHBIC TTAPAMETPY ¢, UMEIOT OCOOCH-
HOCTB B Touke ' =€ /k=20M/c® 4o cOOTBETCTBYET IPaBHTALMOHHOMY PajNYy-
cy. OmpenenuTenb METPUIECKOTO TCH30pa PaBEH OOpPATHOW BEIWYHMHE ONpejie-
JIMTEN KOHTPABAPMAHTHOTO TeH30pa G, KOTOpPBIH JIETKO BBIYHCIAETCS JJIA
matpuilsl (27), umeem B pesynbrare (cm. /7/)
G=N’a 'b° (28)
Jlanee 3aMeTUM, 4TO B UCCIEAYEMOU METPUKE, 3aBUCAIIECH TOJIBKO OT pa-

JMaTbHOM KOOPAWHATHI, BBITIOJIHSIETCS CIEAYIOIEe COOTHOIIICHUE

szm%(\/- GG™)= Nli(\/ m) (29)
C yuetom BeIpakenuit (27)-(29) zamumiem BoiHOBOE ypaBHeHue (21) B
BUJIC
a 12y - 1°Y TPy m 1Y _
C_ZW_lblNYH qr ? 20 Ix'qr vF ‘ﬂxm_o (30)

OtmetnM, uto, coriacHo (28)-(29), mocienHee ciaraeMoe B YpaBHCHHUH
(30) umeer nopsnox N°k=K°r*<1  CrenoparensHo, 3T0 craraeMoe MOKHO OT-
OpocuTh B 3aJayax, XapaKTEPHBIH MacmTa® KOTOPBIX 3HAYMTEIBHO MEHBIIIE,
yeM MaKCUMaJIbHBII MaciiTad u3 Ta0auis! 1.

CrnexkTp Mace 4acTHIX

PaccmoTpuM 3amady O ABMOKEHHM MaT€pPHH BOJIM3U THIICPIIOBEPXHOCTH

r =0. B mporiecce pemieHust 3Toi 3a7au HEOOXOAMMO 3a/1aTh WHEPIMOHHYIO
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maccy. Ecnu vHepImoHHas mMacca M TpaBHTAIlMOHHAs Macca CBSA3aHBI MEXIY
coboit, kak mnpeamnonaraercs B OTO, To 3T0 MO3BOJSET 3aMKHYTh 3ajauy H
ONpEAEINTh, BO3MOXKHBIA HA0OpP MaciiTaboB, T. €. CIEKTP MacC, HCIOJb3Ys
ypaBuenue (12). [Tockoabky ypaBHenue (30) sBIsCTCS JIMHEHHBIM U OJHOPO/I-
HBIM, TaKyIO 3a71a4y MOKHO PELIUTh B OOIIEM CIIydae.

JlelicTBUTENBHO, T0J10kKUM B ypaBHeHHH (30)

Y =y (X, Y,2z)exp(- mc’Lt/h - mer /h) (31)

DTO pelICHHE OMUCHIBAET KOPOTKOXKHMBYIIME YAaCTHUIIBI, BOSHUKAIOIIUC B
HalreM mupe. Pasgensss mepeMeHHbIe, HaXOQuM, YTO IIPOCTPAHCTBEHHOE pac-
npeecHHe MaTePHH OMUCHIBAETCS CIEIYIOIIUM ypaBHEHHEM (31€Ch OTOpOIIe-
HO, B CHJTY €r0 MaJIOCTH, cJIaraeMoe, cojiepkaiiee BekTop (29)):

m?c?
h2

bN%y + (I - 2Lagl+aL2)/ +2%(gxﬂl)y =0 (32

B pesynbrare ananusa ypaBHeHus (32), MOKHO BBIICIHMTD JBa MacIiTaoa:
k=y/ 2, Mo=~cly (33)

[TepBbrit MaciiTad (0OpaTHOW JJIMHBI) ABISCTCS aHAIOTHYHBIM TOMY, YTO
naetcs Gpopmysoit (12), a Bropoit HaspiBaeTcss Maccoi Ilnanka. Dta Macca BO3-
HuKaeT B Teopuu KieitHa /4/ xak npeaenbHbIN MaciiTad, Ha KOTOPOM TMPOSBIISI-
€TCs IATOE U3MEPEHUE.

Hapsiny ¢ ypaBHenuem (32) paccMOTpuM YKOPOYCHHOE ypaBHEHHE, B KO-
topom monokum (g>N)y =0. Kpome Toro, 6yaeM cuuraTh, 4TO XapaKTEPHBIM
MacmTad MPOCTPAHCTBEHHOTO PACTPEEICHUS MaTEPUH 3HAYUTEIHHO MPEBOC-
XOJIUT TPaBUTALMOHHEIN paauyc, [ >> e?lk=2yM/c® | Torpa B HIEPBOM MPHOIIH-
YKCHUHM MOXHO TIOJIOKHUTh, UTO a» -b»1 | =1+g7- g°.

B »tux mpeamnonoxkenusix ypaBHeHue (32) CBOAUTCS K aHAJIOTHYHOMY
YPaBHEHHIO, BOSHUKAIOUIEMY B 3a7]a4€ O JBH>KCHUU AJIEKTPOHA B KYJIOHOBCKOM

IIoJIC, T. €. K 3a/1a4C O CTPOCHHUHU aTOMa BOJOpOaa

2.2 ..
NEY +mhf BLE12-19% =0 (34)
e kr 2
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Janee npeamonoxum, uto | =1. CormacHo (10), 3TO BBIIOIHSETCS TOUYHO
B TOM CjIyd4ae, eciu u’ =1,

O0o3HaunM E =-mc?(L*+1)/2, a,=mc’Le/k, U TPEACTaBUM pEIICHUEC
ypaBHenus (34) B chepuueckoii cucreMe KOOPAMHAT B BUIE MIPOU3BEACHUS pa-
TUATBHBIX U cheprudecKux QPyHKITUH

Y um = Ra (NYin(a0,] ) (35)

[Moncrasisis Beipaxenue (35) B ypaBaenue (34) u paszenss nepeMeHHbIE,

HOJYyYUM IS PaJuaibHON (YHKIMHM ypaBHEHHE, XOPOIIO H3BECTHOE B KBAHTO-

BOW Teopuu aToMa Bojopoja (cm. /17/):

d°R, , 2R, I( +1) R, + 2maeE+TgRk (36)

dr? r dr r2 a

[IpuBenem ¢hopmyiay KBaHTOBaHUS, KOTOpasi CBA3BIBAET MapaMeTphl 3a/1a-
Yy B Clly4ac JECUCTBUTEIBHBIX 3HAUCHUU Iapamerpa L IIpyM yYKa3aHHBIX BBIIIE
OTPaHUYECHUAX

ma 2

E, =-mei(L +1)/2=- 2%, n=123. (37)

HO,Z[CT&BJ'ISIH B IIpaByIO YaCTb O3TOI'O BLIPpAXCHHA IIapaMCTPbl 3aJayi,

HaxouM (QyHIaMEHTAIbHBIA MACIITA0 U3 YPAaBHEHUS

2 L?
n h%:;l . n=123.. (38)

VYkazauubiii Beiie MacmTab (33) moxkeT ObITh oaydeH u3 (38) mpu ycio-
BuM, yTo N=1L =1. Takum 0Opa3om, y4eT BOJHOBBIX CBONCTB MAaTE€pUU IPHU-
BOJIUT K TOSIBJICHUIO HOBBIX ()yHJIaMEHTAJIBHBIX MAacIITa0OB, YTO IMO3BOJISICT B
clly4ae MPOTOHOB PACHIUPUTH 00JIACTh IPUMEHEHHUS Pa3I0KEHUS METPHUYSCKOTO
Temsopa B popme (6) co 100 cBeToBBIX et o mpubimsurensro 10° cBeToBBIX
JeT.

VYpauenue (30) umeeT OHO UHTEPECHOE CIICACTBHE, BeChMa CYIIECTBEH-

HOE JJISI ICTOPUYECKUX COOBITUM, MPOUCXOAIINX Ha Hallel rmiaHete. PaccMmor-
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PHM PCHICHHUA O3TOI'O YpaBHCHHA, KOTOPBLIC HC 3aBHCAT OT IIPOCTPAHCTBCHHBIX
KOOpAMWHAT. Bce Takue PpEUICHUA OIMMCBIBAOTCA YPABHCHUCM

a 1Y | 13Y 29 13y _
aly i =0
c? qt? 2 c qrot

(39)

Pemrenue 3amaun Jupuxie mist ypaaenus (39) npu ycioBuu 9'=0 p103-
BOJISIET OMNPEACIUTh BIUSHUE CYMMAapHOTO TPaBUTAIIMOHHOTO IOTEHIIMAJa
HEOECHBIX T€l Ha HUCTOPUYECKUE COOBITHSA, PACIOJIOKEHHBbIE B HEKOTOPOU 3a-
MKHYTO# o0sactu (Kpyre) Ha IIOCKOCTH (t,1 ).

Ucnonb3ys ¢ynkumio JKyKOBCKOTO W:%§/+\—1/g V=ict+r , MOXHO

)

0TOOpa3uTh BHYTPEHHOCTh Kpyra Ha BCIO IUIOCKOCTh C paspe3om ot -1 mo +1
BJIOJIb OCH BpeMeHU. IT0 OyAeT o0pa3 COObITHS, KAKMM OHO BUIUTCS B JIIOOOM
MOMEHT BpeMeHHU. CieoBaTenbHO, BOJTHOBAs (PYHKIIMS, €CIIU OHA CYIIECTBYET
JUISl TUTAHETHI B 11€JIOM, MO3BOJISIET COXPAHIThL 00pa3 J000ro COOBITHS U JIeTaeT
ero JOCTYINHBIM JJis HaOroaresae B 1I000H MOMEHT BpeMEHHU. JTO HEe O3Haua-
€T, UTO MOCPEICTBOM HAOIIOJEHUSI MOXKHO U3MEHUTh CaM XOJ] COOBITUH, OJTHAKO
3HaHWE X0Jia COOBITUI B OyAYIIEeM JOKHO MPUBOANTH K YCTAHOBJICHHIO TAKOTO
X0J1a COOBITUHM, KOTOPBIN HE MEHSETCS TIPU JIF000M HAOJIIOICHUH.

OrneHnM BIUSHUE CTATHYECKOTO AJIEKTPUIECKOTO W MAarHUTHOTO IOJISI Ha
CBOMCTBO 3JUIMNTHYHOCTH ypaBHeHHS (39). DIIMNTUYHOCTh YKa3aHHOTO YpaB-
HEHUS COXPAHSCTCS IPU YCIOBUU

a - (g")*>0 (40)

CBOMCTBO JITMIITUYHOCTH O3HAYAET, 4TO pelieHue ypaBueHus (39) sBis-
eTCSl aHAJIMTHYECKOW (DYHKITMEH, 3aBHUCSIIEH OT KOMIUICKCHOW TepeMEHHOM
V=ict+r .

B oGnactu runepboinuHocTy ypaBHeHue (39) uMeeT Be XapaKTepUCTHU-

K, V,, =L ,ct+r . [lonaras B ypaBHenuu (39) Y =Y (V,,), HAXOOUM, 4YTO Ha

9TUX PCHICHUAX HOJIKHO OBITH

aLi,- 2g'L,, +I =0 (41)
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Pasperas kBaapaTHoe ypaBHeHue (41), moaydyuM OKOHUATEIIEHO

L=t 2@y Ta) (42)

a

Otcroza B ciiydae miIOCKOM METPHUKH, T. €. IPpU a = - b =1, HaXOJAUM

L,,=0, % \/(glu)z -1 (43)

OTMeTuM, YTO YCJIOBUE TUIEPOOTMYHOCTH ypaBHeHHs (39) BhITEKaeT wu3
YCIJIOBUSI TOJIOKUTEIHLHOM OMpPENeIEHHOCTH MOAKOPEHHOTO BBIPAXKCHHS B Ipa-
BOI1 yacTu (42), KOTOpOE CBOJIUTCS K HEPABEHCTBY

al £(g")°. (44)

B gactHOM citydae IUTOCKOW METPUKH HepaBeHCTBO (44) MpPUBOIUTCS K
BUIY (€A /mc?)?3 1, YTO COOTBETCTBYET YCIOBHUIO POXKJICHHUS YaCTHII. ITO Hepa-
BEHCTBO MOYKHO CPAaBHHUTH C aHAJIOTMYHBIM HepaBeHCTBOM (17), OJTydeHHBIM K3
F€OMETPUYECKUX COOTHOIIICHUM.

YT1oO05I BBIICHUTD, KaK IMPOHUCXOANUT BBIPABHHUBAHUC MacITadoB JABHXKC-

k, =2gm’c® /€'
HUS 3JICKTPOHOB M TIPOTOHOB, CPAaBHUM IMapameTp Ke = 9Tk U TOT, YTO 3a-
naercs ypaBHenueMm (38). B pesynabrare HaxoguM MacCy YacTHIIbI, KOTOpas
obecrnieynBaeT BhIpaBHUBAHUE MACIITa0O0B, U3 ycloBus Kk, =k :
213
m,/m, =¢—+ (1+1/L?)"° (45)
e€ g
OueBuiHO, uTO pemenue tuna (31) coOOTBeTCTBYeT 00acTH TUIIEPOOTHY-
HocTH ypaBHeHHus (39), mosToMy (UTYpHPYIONIUI B HUX MapaMeTp CBA3aH C Xa-
pakrepuctukamu ypaBHeHus (39). B oOnactu rumepOOIMYHOCTH UMEETCS JIBE
XapaKTePUCTHKH, TapaMeTp KOTOPBIX HAa HIDKHEH rpaHuile HepaBeHCTB (44) u

Ha BepxHedl rpanume HepaBeHctBa  (17) NPUHAMACT  3HAYCHHS

Lo=LL,,=2%+3 ¢oorercraenHo. JIIst 5TUX 3HAYEHMH CIIEKTP MAcC YacTHIL

npuBezcH B Tabmuiie 2.
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3amensis B JieBoi yactu ypaBHeHus (40) Maccy aieKTpoHa Ha Maccy Ipo-

TOHA, HaXOJWUM CIIEKTP YacTull, 00eCIeYMBAIOIINX COIJIACOBaHUE MAacCIITa0OB

JIBMOKEHUS 3JICKTPOHA U MPOTOHA (Cl1a0ble B3aUMOJICHCTBHUS B TAONHUIIE 2):

_a:hn(jm
rnn/mp =¢—+
ee g

(1+ 1/ L2)l/3

(46)

Tabmuna 2. Criektp Macc dactuil (MaB), 00eCieYMBarOIINX COTJIACOBAHUE

MacmTadboB ABUIKCHUS IIPOTOHA KU BJICKTPOHA B CIIy4dac CHUJIbHBIX U cJIa0BIX B3a-

UMOJICHCTBU.

CuinpHbie B3aI/IMOI[eI\/JICTBI/IH

el
SRREBowo~v~ouohrwnr s

WINDNDNDNNNNNNNRPRPRPRPREREREPRE
QOO ~NOUDWNPFPOOONO U

O A1 N2
17,412794 14,701014 22,803235
27,641087 23,336405 36,19788
36,220071 30,579341 47,432641
43,877491 37,044233 57,460552
50,915318 42,986025 66,677064
57,495779 48,541678 75,294624
63,718736 53,795504 83,444009
69,651176 58,804055 91,212941
75,340783 63,607592 98,663869

80,82303 68,236061 |[ISISES2E
86,125201 72,7125 112,7868
91,268859 77,055111 119,52276
96,271416 81,278595 126,07395
101,14719 85,395039 132,45911

DSIS0BH so.414535 [HS669588

110,56435 93,345619 144,79152
115,1245 97,195591 150,76334
119,59604 100,97076 156,61913
123,98549 162,36741
128,29856 108,318 168,01567
132,54031 111,89916 173,57053
136,71523 115,4239 179,03788
118,89562 184,42298
144,88028 122,31736 189,73056
148,87729 125,6919 194,96492
152,82135 129,02173 200,12992
156,71514 132,30912 205,22912
160,56115 135,55617 210,26573
164,36164 215,24272
168,11868 141,93673 220,16282

el
SRREBowo~v~ouohrwNner s

NNRNNNNNNNNEERRPERRE R
CONOURWNRLROWOOWLNO®U M

30

Cra0Oble B3aUMOIEHCTBUSA

NO N2 N3
31421,893 26993,319 41870,242
49879,146 42849,224 66464,867
65360,171 56148,367 87093,614
79178,208 68018,903| 105506,4
91878,172/78928,945 122429,33
103752,8 89129,977 138252,49

114982,31{98776,808 153216
125687,57 107973,28 167481
135954,63 116793,31 181162

145847,51 125291,89 194344,45
155415,43 133511,32 207093,88
164697,31 141485 219462,16
173724,57 149240 231491,14
182523 156798,41 243215,27
191114,3 164178,82 254663,27
199516,58 171396,89 265859,47
2077455 178466 276824,65
215814,53 185397,82 287576,78
223735,42 192202,35 298131,51
231518,49 198888,48 308502,58
239172,85 205464 318702,16
246706,62 211936 328741
254127,05 218310,61 338628,91
261440,68 224593,47 348374,46
268653,4 230789,63 357985,54
275770,56 236903,71 367469,28
282797 242939,87 376832,18
289737,27 248902 386080,17
296595,35 254793,47 395218,69
303375 260617,63 404252,75

MO’XHO OTMETHUTD, YTO YaCTHILI, OOeCIIeUnBaroIie ciadble B3auUMOIEN-

CTBHU, 3aMCTHO MAaCCHUBHECC, UYEM TEC, 4YTO 00eCIIeUnBalOT CHJIbHEIC BBaHMOﬂeﬁ-
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ctBus. TaOnuily 2 MOXKHO IMPOJOJIKHTH, BKIFOUUB B HEE YACTHIIBI CO CKOJIb
YrOJHO OO0JIBIION Maccoi. I[BeTOM BbIJe/ICHBI 3HAUCHHS OJIU3KHE K MaccaM MIO-
Y TH-ME30HOB U BEKTOPHBIX 0O30HOB. DTy MOJIEIb MOKHO YCJIOXHHUTH, BKITIO-
YHB B HEE BO30YXKICHHUS C HCHYJCBBIM OPOUTAILHBIM MOMEHTOM M CITHHOM, a
TaKXe MarHUTHOE B3aUMO/ICHCTBHE, COTJIACHO yYpaBHEeHHIO (32).

[Tonydyennsie criekTpsl Macc dvactuil (45)-(46) o0namarT ClIeayIONUM
CBOWCTBOM:

eclii B MPaBoil yactu BeIpaxkeHus (46) clenaTh 3aMEHY AJICKTPUYECKOTO
3apsila Ha CWJIBHBIA 3apsill, TO B PE3yJbTaTe MOJyYUM CIEKTP MacC YacTHI]

CUIIBHOTO B3aumMojeicTBusA (45), mockoneky, €2 =e’(m,/m,)*?, cornacHo BbIpa-

xenuto (19);

€CIIM K€ B MPaBOM YacTH BbIpaxkeHUs (45) 3JeKTpHUCSCKHiA 3apsj 3ame-
HUTH Ha C1a0bIi 3apsi, cornacHo (20), To MOMyYnM CHEKTP MAcc YacTHIL ¢abo-
ro B3aumoeiictus (46).

B KOHEYHOM COCTOSIHUHM BCE YaCTHIIBI PACIAJIal0TCs HA AIIEKTPOH, MPOTOH
u O6e3maccoBoe mnose. Takum 00pa3oM, MbI JoKazaiu cHOpMyJIUPOBAHHYIO BbI-
IIe TUTIOTE3Y, YTO PAa3JIUYKe B OMMCAHUM AJICKTPOMATHUTHBIX, CIA0BIX U CHJIb-
HBIX B3aMMOJICHCTBUI CBOMATCS TOJIBKO K MEPEONpPEISIICHHUIO 3apsaa U BEKTOP-
Horo moreHruana /11/, a takxke ycranoBwin B (opme ypaBHeHus (38) cBs3b

rpaBUTAAM C IPYTUMH BUIAAMHU B3aUMOJICCTBUM.

KommiekcHoe BpeMsi U pOsKIeHHe YACTHII

Jlaneko He Bce 4YacTHUIbI U3 TAOMUIEI 2 MOXXHO OOHAPYKHUTh B 3€MHBIX
IKCIIEpUMEHTaX. J[eCTBUTELHO, BCE ATH YACTHUIIBI SBIISIOTCS HECTAOMIIBHBIMU,
IpUYeM OHHU PacHaJaloTcs 3a KOPOTKOE BpeMsi, COMZMEPUMOE C MEePHO0M COO-
CTBCHHBIX KoyiebaHuid t » h/mc®. UToObl 0OOHAPYKUTh STH YACTHIIBI HA 3eMJIE,
HAJI0 CO3/IaTh YCIIOBHUS ISl UX PETHCTPAIINH.

[Ipenmnonoxum, 4to Hail 4-MEpHBIA MUP COOTBETCTBYET CEUEHHIO I =0.

Torga MoryT OBITH 3apETUCTPUPOBAHBI JIUITL T€ YACTHUIIbI, KOTOPHIE HaKarlIu-
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BAIOTCS BOJIM3U ITOW THIEPIIOBEPXHOCTU B CIICIUAIILHO CO3JaHHBIX JJIS UX pe-
rucTpanuu ycioBusx. CoriacHO e BBIPaXCHHIO METpPHUECKOro teHsopa (27),
npuboOp HM3MEHSET METPUKY MPOCTPAHCTBA, TJIaBHBIM 00pa3oM, uepe3 HUCKYC-
CTBEHHO CO3JIaHHBIC AJIEKTPOMArHUTHBIE MoJsi. [loatomy koadduimenTs ypas-
Henus (30) nproOpeTaroT HOBBIC 3HAYCHHS, KOTOPHIC MO3BOJIAIOT HEIOJITOBEY-
HBIM YaCTHULAM CYIIECTBOBATH IOCTATOYHO JIOJITO B UCKYCCTBEHHBIX YCIOBHUSIX.
OCHOBHBIM TMPOLIECCOM, TMO3BOJISIONIMM YaCcTHI[AM BBICBOOOXIATHCS Ha
KOPOTKOE BpEMs KU3HHU, SIBJSIETCS COYIapeHUe ¢ APYyrou yacruieu. B cuny 3a-
KOHOB COXPAaHEHUSI MEXAHWYECKUX BEIIMYMH - SHEPTUH, UMITyJIbCA U MOMEHTA,
MUIIIEHb TTOKUJAIOT JIMIIb BIIOJHE OMPESICHHBIC YaCTHUIIBI U3 TaOIUIlGI 2 , TIa-
paMeTpbl KOTOPBIX YJIOBJIETBOPAIOT 3aKOHaM coxpaHeHus. (Cam mpoliecc co-
yAApEHUS MPOUCXOJUT 38 KOPOTKOE BPEMS, KOTOPOE OMPEAEIACTCS BEIMUMHON

SHEPrUu B3aUMOJACUCTBUS - t » h/E. MOXHO NpeamnosiokKuTh, 4TO MPHU HTOM

BO30Y KIAIOTCS YACTHUIIBI C MAaCCOM, MOPSIIKA SHEPTUU COYAapEHUSI.

BonnoBoe ypaBHenue (30) omuchIBaeT 3apOKICHHE YaCTHI[ ITyTeM BO3-
OyJIeHus KojieOaHui TOJIA B OKPECTHOCTH IICHTpa rpaBUTAIMH. Takue 4acTu-
IIbI MOTYT IMOKUHYTH IICHTP IPABUTALNHU, SCJIH, HAPUMED, BHE3AITHO YAAIACTCS
caM IIEHTp MPpU COyJapeHuu ¢ Japyrou vactuieid. Ilpu 3ToM KoieOaHUs OIS
CTaHOBSATCS CBOOOJHBIMH, a HMX PaCHpPOCTPAHECHHE OIUCBHIBACTCS ypaBHECHUEM
tuna (24). Ho 1o Toro, kak cTath CBOOOAHBIMH, YaCTUIIBI IIPOXOIAT YepPe3 30HY
TpaHchOpMaIMK, B KOTOPOH U3MEHSICTCS METPUKA, YTO MPUBOIUT K H3MCHCHHIO
tuna ypaBHeHus (39) ¢ runepOoIUIecKOro Ha JUTHIITHYCCKU.

CBOMCTBO AJIMITUYHOCTH O3HAYACT, YTO BMeCTO pemicHuid Buaa (31)
BO3HUKAIOT PEICHUS, 3aBUCSIINE OT KOMIUICKCHOW TIEpeMEHHOM V =ict+r , KO-
TOPYIO MOKHO HMHTEPIIPETHPOBATh KaK KOMILICKCHOE BpeMs. XOPOIIO HU3BECT-
HO, 4TO 0000IIIeHNE KIIACCHUECKOM IMHAMUKY C YUYE€TOM JBMIKEHUS BJIOJb MSATOM
KOOPJMHATHI MOXKET OBITh CBSI3aHO C BBEJICHHUEM KOMIUICKCHOro BpemeHu. OTt-
METHUM, 9TO B TCOPUU TUHAMHYCCKHX CHCTEM KOMIUICKCHOE BpEMSs HCIIOJIb3yeT-

csi B HMccienoBaHusax, HaunHas ¢ pador Codbu KoBaneBckoM, MOCBAIIEHHBIX
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pemeHuto 3anaun Diepa-Ilyanco o JBMKEHHH TBEPIOTO TEa TUMA TPEXOCHO-
ro »umrcouaa /18-19/.

B 3agayax, pacCMOTPEHHBIX BHIIIE, MEPEXO/l B KOMIUIEKCHYIO IIOCKOCTh
BPEMEHH O3Ha4aeT, YTo Hapsay ¢ pemeHusMu (31), MOXKHO HCKaTh PEIICHUS
ypaBaeHwust (30) Tuna

Y =y (XY, 2)exp(- imc?Lt/h - mer /h) (47)

[Moacrapiss Beipaxkenue (47) B ypaBuenue (30), HaXOAUM B TOM e TPHU-

OJVKEHUH, B KOTOPOM IOJTy4eHO ypaBHeHue (32),

m?c?

h2

bRy +C (| - 2iLag, - aL?) +2%(g><l§l)y =0 (48)

OtMmeTnM, uto ypaBHeHHE (48) ye HE MOXKET OBITh CBEJICHO K aHAJIOTHY-
HOMY YPaBHEHHIO, BOSHUKAIOIIEMY B KBAHTOBOM T€OPHUM CTPOEHHUS aTOMa BOJIO-
pona, mockoJibKy 3G ()EeKTUBHBIA MOTEHUHA, PUTYPUPYIOIIUNA B 3TOM ypaBHE-
HUH, SIBISETCS MHAMBIM.

B sToMm cnyuae mapaMmeTp L TakKe SIBJISETCS KOMIUIEKCHBIM YHCIIOM, KO-

TOPOE MOYKHO OIPEICINUTh U3 BeIpakeHus (43), umeeM

L, =0, %iyl- (gyu)° (49)
[Monoxum (g,u)? =1- G, orcroga L, » g, +iG, u pemenue (47) npuHuMa-

€T BUJI
Y =y (X,Y,2)exp(-iEt/h- mc®?G/h- mer /h) (50)

? - sHeprus vactuilel. |[Takum oOpa3zoM, B 0OIIEM ciaydac,

3nech E =g,mc
3Has OIIEHKY BEJIMYMHBI IOTEHIINAJIA, MOXKHO OIICHUTH SHEPIHI0, KOTOPYIO MPH-
00peTaroT YacTHUIIBI IIPU COYIapEHUH.

[TpakTHdeckn IS BCeX M3BECTHBIX AJIEMEHTAPHBIX YACTHI[ ITapaMeTp 3a-
TyXaHWsl, CBSI3aHHBIA CO BPEMEHEM JKU3HH, SBJISICTCS MAJION BeTWIUHOM, C<<1.
CrnemoBaTelIbHO, MOXKHO TIPEIIONIOKNTH, YTO HAaOJII01aeMbIe dJICMECHTApHbBIC Ya-

CTHUIIBl BOBHUKAIOT, TJIABHBIM 00pa30M, IIpU BO30YKACHUU IPaHULIbl, HA KOTOPOM

u3MeHsercs Tan ypaBHeHHs (39). DTH yacTHUIbl B TaOJIUIlE 2 COOTBETCTBYIOT

http://gj .kubagro.ru/2011/07/pdf/39.pdf



http://ej.kubagro.ru/2011/07/pdf/39.pdf

Hayunsiii s)xypran Kyol'AY, Ne71(07), 2011 rona 23

KOJOHKaM ¢ L =L,. Yactuuel ¢ L =L,,, BO3HUKAIOIIUE INIPH BO30YKICHHU

BHYTPEHHEH TPaHHUIIbI, HA KOTOPOH BBIMOJHSACTCS cooTHOIIeHue (17), He MoryT
OBITH 3apETUCTPUPOBAHBI H3-32 MAJIOTO BPEMECHH JKH3HHU.

Bo3nukaer Bompoc, KaKuMH CBOHCTBaMH O0JIaalOT YaCTHIII, TIEPEUHC-
JeHHbie B Tabnuie 2? McxoaHas runores3a, UCIOJIb30BaHHAS TIPU BBIBOJIE BOJI-
HoBoro ypaBHeHus (30), 3akio4yaeTcs B TOM, 4YTO CYIIECTBYET MAaCCHBHBIN
IIEHTP TPaBUTAIMH, OOJAJAIONINI 3apsA/IoM, BOKPYT KOTOPOTO B MSTUMEPHOM
nmpocTpaHcTBe (opMupyeTcss BOJIHOBOe mojie Y . McxomaHoe moiis sBISIETCS
HEHTpaIbHBIM U 0€3MacCOBBIM, HO B TIPOIECCE B3aUMOJICHCTBUS C IIEHTPOM Tpa-
BUTAIIUK IPUOOPETAECT OTPUIIATEIBHYIO SHEPTHIO, MACCY U 3apsi/l, KOTOPhIE CBSI-
3aHbl yclIoBHeM KBaHTOBaHMS (37). DTH COCTOSHHUS HEYCTOWYMBBI, @ COOTBET-
CTBYIOIIUE YaCTHUIIHI MOKHO Ha3BaTh BUPTYaJbHBIMU.

B teopun npeamnosnaraercs, yTo JI000# 3apsia U Macca CBS3aHBI MEXKIY
co0Oolt uepe3 merpuueckne korhduureHTsl. Mcnonb3ys 3Ty CBsI3b MOXHO 3a-
nucath ycioBue kBantoanus (37) B popme ypaBaenus (38) a1 HEU3BECTHOTO
napaMeTpa pas3ioKeHUsS METPHKH, KOTOPOE HE COACPKHT 3apsia. Haxowrerr,
Ipearoaras, 4To mapaMeTp pasloKeHHs] METPUKH JJIsS TaHHOW YacTHIIbI COB-
MajiaeT ¢ mapaMeTpoOM PasJIoKEHUSI METPUKHU JIJIsl DJICKTPOHA, IPUXOJIUM K ypaB-
HeHuio (45), oNMMChIBAIOIIEMY CIIEKTP MAacC YacTHI], 00JIaJaroIIuX 3JICKTpHUe-
ckuM 3apsiioM. Ho ypaBHenue (45) mosydaercs U B TOM Ciydae, €ClId BMECTO
AJIEKTPUUECKOTO 3aps/ia HMCIOJIb30BaTh CHUJIBHBIN 3apsiji, ONpeNesieMbli U3
ypaBHeHus (19), a BMeCTo Macchl 3JICKTpOHA — MacCy MPOTOHA.

CrnenoBaresbHO, ypaBHeHHE (45) omMCBHIBaET CIEKTP Macc JICHTOHOB H
YaCTHI, YYaCTBYIOIIUX B CHJIBHBIX B3aUMOJCHCTBHUSAX. CBONCTBA TaKMX YACTHI]
XOpOIIO U3BeCTHBI. OHM MOTYT 00JIaJaTh AJICKTPHUECKH 3apsS0oM, KaK MPOTOH,
HO MOTYT OBITh M HEUTPAJIHHBIMH, KaK, HAIPUMED, HEUTPOH.

YacTuipl ¢ Maccoi mopsiaka Macchl IPOTOHA M HEUTPOHA, PUHUMAFOIIHC
y4acThe B CHJIBHOM B3aMMOJICHCTBUU, COOTBETCTBYIOT PEIICHUSM ypaBHEHUS

(40): mpu N=396 B KosoHKe L ,; mpu N=511 B kosoHKE L, ; mpu N=264 B KOJIOH-
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ke L,. OTMeTuMm, 4TO B JAHHOW MOJEJHM HEUTPOH BBICTYMAET MPOCTO KaK OJHA
W3 MHOTOYMCJICHHBIX YaCTHUIl, 00ECIIEYMBAIONIUX COTJIACOBAHUE METPUKHU IBYX
MPOCTPAHCTB.

AHAJIOTUYHO BBIBOAUTCS ypaBHeHHE (46), omuMChIBaIoOIIee CIIEKTP Macc
4acTull, 00eCIeunBaloIIUX cjiadble B3aUMOJICUCTBUSA. DTO YpaBHEHUE TakKe 00-
JaJaeT CBOMCTBOM MHBAPUAHTHOCTH OTHOCUTEIBHO 3aMEHBI MacChl MPOTOHA Ha
Maccy 3JIEKTPOHA U, OJJHOBPEMEHHO, AJIEKTPUUECKOTO 3aps/ia Ha cIadblid 3apsil.
CBOICTBA 3TUX YACTUI[ XOPOLIO M3BECTHBI. OHU MOTYT UMETH JIEKTPUUYECKUM
3apsiy Kak, HanpuMep, W* 0030HBI, HO MOTYT OBITh U HEHTpaIbHBIMU, Kak Z°00-
30H. ClieoBaTesibHO, B OCHOBY KJIacCHU(DHMKAIMK YacTUIl, BOSHUKAIOUIUX TMPU
BO30YXKJIEHUH BOJTHOBOTO TIOJIST Y , MOT'YT OBITh MOJIOKEHBI M3BECTHBIE CBOMCTBA
aJIeMeHTapHbIX YyacTull. OJIHAKO CO3/IaHKuEe MOPOOHOM KilacCu(UKAIIUU dIeMEH-
TapHBIX YaCTUI] BBIXOJUT 32 PAMKU HACTOSIIEH paOOThI.

OueBHIHO, YTO MOXHO pPaccMaTpuBaTh IIECTb OCHOBHBIX COCTOSIHHI C
n=1 u3 Tabuuipl 2, KaK HEKHE KUPIMUYUKA MHUPO3JIaHUS - «KBapku». Torma
npobyieMa yiep)KaHus KBapkoB (KOH(pAHHMEHT), KOTOPYIO B COBPEMECHHOM
KBAaHTOBOM TEOPHH CBS3BIBAIOT C MOBeAeHHEM mouteit SIura-Mmica /20/, momry4a-
€T IPOCTOE 0OBSICHEHHE, PUBEJCHHOE BHIIIIE.

3akioueHue

B macrosimieit pabore myTeM paszliokKEHUS METPUUYECKOrOo TeH30pa B S-
MEpPHOM MPOCTPAHCTBE MOCTPOEHA METPUKA, B KOTOPOU IsITass KOOpAUHATA SB-
JSIeTCS BpeMEHU-TI0/I00HON. B pesynbpTaTe McciieqoBaHUs METPUKU S-MEPHOTO
MPOCTPAHCTBA MOJYUYEHBI CICTYIOIINE PE3YIIbTATHI:

1) mokKa3aHo, YTO CYIIECTBYET METPUUCCKHI TEH30p B 5-MepHOM
MPOCTPAHCTBE, KOTOPBIM SBISIETCS CTAIIMOHAPHBIM, HE HMEET OCOOBIX
TOYEK, OMHUCHIBACT B 4-X MEPHOM MPOCTPAHCTBE CTATUYECKOE TMOJIe
OTJIMYHOW OT HYJISI MACChl M HEHYJIEBOTO 3apsija,;

2)  ycTtaHOBJEHO, uyTo B Teopuu Kamynpi-Kieiina 3apsa u macca

HMCIOT MCTPHUUYCCKOC IMPOUCXOKIACHNC, IIOOTOMY BCAKOC MACCHUBHOC TCJIO
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B o0meM ciiydae MOXeT o0JagaTh JJICKTPUUCCKUM 3apsaoM U
MarHdTHbBIM ~ TOJIEM, 4YTO  OOYCJIOBJIEHO  METPUKOM  D-MEpHOTO
MIPOCTPAHCTBA;

3) W3 5S-MEpHOro BOJHOBOTO YpaBHEHUS U  Pa3JIOKECHUSA
METPHUUYECKOTO TEH30pa B S-MEPHOM MPOCTPAHCTBE BBIBOJUTCS MOJIEIb,
MIO3BOJIAIONIAs IOCTPOUTh CIIEKTP MacC 4YacTHIl, OOeCIeUNBAIOIINX
CHJIbHBIC U cJIa0BbIC B3aUMOJICHCTBHA,

4)  mnokazaHo, 4yto B Teopuu Kanynel-KieitHa cyiiecTByroT
3apsHKCHHBIE U HEUTpaIbHBIE MACCUBHBIC YAaCTHUIIbI — 3JIEKTPOH, IIPOTOH,
HEWUTPOH,;

5)  ycraHoBieHa B3aHMOCBS3b rPaBUTAIIMOHHOTO
B3aUMOJICUCTBUSL C CWIbHBIMHU, CJIa0BIMU U  3JICKTPOMArHUTHBIMU
B3aMMOJIEUCTBUSIMU,

6) oOocHOBaHA rUIOTE3a O TOM, YTO B paMKax Teopuu Kamyribi-
KieitHa MOXHO eJMHBIM 00pa30oM OIHUCATh JEKTPOMATHUTHBIC, CUIIbHbBIC
U cJ1a0ble B3aMMOJIEHCTBHS.

Haxkoner, 3aMeTUM, 4YTO TOJYYEHHBIC pE3yJbTaThl MOTYT  HaWTH
NPUMEHEHUE HE TOJIbKO B (DU3MKE MHUKpOMHUPA, HO U B TEOPHUU
paBHoBecus 3emur, CoiHIla M JPYrHMX HEOCCHBIX Tel, B IIPOTHO3aX
Bapuanuii MarHutHoro mojs /15/, nBwkenus mnomoca /21/, wu

CEeHCMHUUYECKHUX COObITHl /22/.
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