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1. BBenenue

EnvHoe onucaHue pa3iM4yHbIX (PU3WUYECKUX MPOIECCOB U BCEX HM3BECTHBIX
TUMOB (PyHJAaMEHTAJIbHBIX B3aWMOJICMCTBUM, BKJIIOYas TIpaBUTAIMOHHOE, 0
CHX IOP OCTAETCS HEPEUIEHHOM MTPOOIEMOM COBPEMEHHOM (DU3HUKHU.

Bce mnpeanpuHsThie TONBITKH MOCTPOUTh €IUHYI0 (PU3HMYECKYIO TEOPHIO
OKazajuch OezycnemHbiMu. [IpuynHa — nOpUHIUIIKAIBHAS HECIOCOOHOCTH
CrangaptHoit moaenu (CM) pemuts 3Ty mpooJiemy.

Mbl OOCyXIali 3TO B TMEPBBIX JICKIHAX, TMOJPOOHO paccMaTpuBasi
KOHIIeNTyaabHbIe HemocTaTku CM. UToOBI HE MOBTOPATHCS, KPATKO HAITOMHUM:
CM HeajlekBaTHAa pEAJIBHOCTH, a 3HA4YUT, HA €€ OCHOBE IIpodiiemMa
MPUHLMITMAIIBHO HepemtaeMma [1].



B pamkax JIM, Omnarogaps OTKPBITHIO VHUBEPCANIbHbIX 3AKOHO8
UEHMPATbHO20 U NOnepeyHo20 o00MeHO8, yKazaHHas IMpoljeMa, Kak u
MHOTHE ApYrHe, peliaeTcs eCTECTBEHHbBIM 00pa3oM. 371€Ch MBI
COCPEOTOYMM BHMMAHHE JIMIIb Ha BBIBOAE 3AKOHA UEHMPALIbHO2O
(npodonbHo20) o0OMeHa W Ha  HEKOTOPBIX  BaXHBIX  CJICICTBHIX,
C€CTECTBEHHBIM 00pa30M BBITCKAIOIIUX W3 TCOPETHYCCKOTO BHLIBOJA ITOIO
3aKoHa [2, 3].

Baxxnas gpopmyna coomseemcmauss OOMEHHOTO 3apsijia ¢ U KyJOHOBCKOTO
JIEKTPUYECKOTO 3apsifid ¢ ;g BbIpakeHHOro B eauHuuax CI'CD, Obuia
BbIBe/IcHA IIpu 3ToM. OHA MO3BOJWIA IIOJYYUTh HCTUHHOE 3HAYCHUE M
PA3MEpPHOCTh 3apsijia BJICKTPOHA e, KOTOpbIM, comtacHOo JIM, sBisiercs
I1eMEHMAPHLIM KEAHMOM UHMEHCUBHOCTU MACCOOOMEHA.



bosiee Toro, omnpenenssi OuHamuueckyrlo dHepeuro YacTHUI] CyOaTOMHOIO
YPOBHS, MBI IPUIIUIN K YPAaBHEHUIO JI7 = j c*dm , packpelBags TEM CaMbIM
UCTUHHBIA (PU3UYECKUM CMBIC 3HAMEHUTONM (DOPMYJIbl DHEPTrHUU-MAaCChl IS
sHepeuu nokos (COOCTBEHHONW BHYTPEHHEH SHEPIUH) AJIEMEHTAPHBIX YACTHIIL,

E, =myc”; TeM caMbIM BBISBISS POJIb, KOTOPYK) HIPAE€T B OTOM BBIPAKEHHH
CKOPOCTb CBETA C.

Kak okazamoch, CKOpOCTb ¢ sBisieTcs 0a30Boil ((a30BOi) CKOPOCTBHIO
pacupoOCTPaHEHUsSI BOJIH, BBI3BAHHBIX NYJbCAUSIMH XapPaKTEPUCTUUECKUX
BOJIHOBBIX C(hepHUUECKUX 000I04YEK YACTHIl, B OKPYKAIOIIEM MOJIE-IIPOCTPAHCTRE.
OHa  saBiasieTca  (DyHIAMEHTAJbHOM  CKOPOCTBIO  BOJHOBOIO  OOMEHa
(B3aMMOJICMCTBUSI) YACTHUIl C OKPYXKAIOIIEH Cpeaoil, ¢ IPyruMH 4YacTUI[AMHU U
BOJIHOBBIMM TIOJIIMUA COOTBETCTBEHHO.

Ilepeiinem Temnepp K MOAPOOHOMY OIMCAHMIO BCEX ATAOB BBHIBOJA 3aKOHA
IIEHTPaJIbHOIr0 0OMEHa.



2. BeIBOI 3aKoHAa

IIpocTelimumii moTeHIKaa CKOpOCTH 0OMeHa B C(pepruueCcKOM BOJTHOBOM ITOJIE
UMEET CJICAYIOIUNA O0IIHA BU/I;
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& = 4 (1)

.
IlepBast yacTtHas nmpous3BogHass @ MO 7 ONPEAEIAECT PAAUAIBHYIO CKOPOCTh

oOMeHa n. e
L=—— (2)

cr
BonHoBOM  mpomecc  MMEET  IPOJOJIBHO-TIONEPEUYHBIM  XapakTep.

CienoBaTesibHO, CKOPOCTH SIBJISIETCS KOMIUIEKCHOM BEJIUYMHOM W HWMEET
OWHAPHBIN HOMEHYUATbHO-KUHEMUYECKUU XapaKTeP.

Hapsiy co CKOPOCTBIO MOMEPEUHOTO TOJISI KUHEMUUeCcKo20 JIBUXEHUS,
LV = VU, , CYIIECTBYET NOMEHYUAIbHAA IPOJOIbHAS (MU paauajibHasi) CKOPOCTh
JBIKCHUS, 0 =v, (moxpobHocTH B [2], ¢. 339-342; [4], c. 81-83]).



[Ipu rpaHUYHOM YCJIOBHH, KOIJZIa pajgualibHasi CKOPOCTh 0OMeHa (Ha BOJHOBOM
cheprdeckoi MOBEPXHOCTH YACTHI) MOTUUHAETCS 3aKOHY

13 = fUﬂEfmra (3)

PUXOJUM K CIEAYIOIEMY PAaBEHCTRBY:

~ T i(e—k(r—a)) o
cD e 1+ ki
N e ..;1 ( ] p— fUDE'Dr (4)

cr 7 7
N3 3TOro BBIpAXKEHUSA HAXOAUM HESBHOE 3HAYCHUE Koa(b(l)HuHeHTa A,
BXOISIIEr0 B ypaBHeHHE (1), mpeacTaBIC€HHOIO B 00IlIEM BHJIE. Ilpu r = a
[OJIy4aeM

0,a’
4=—1 (3)
1+ ika
Taxkum o00pa3om, mOTEHIMaJIbHAsI CKOPOCTh 0OMeHa (1) mpuHUMaeT BUI
. 2 ilor—k(r—a))
- L, €
D=0 (6)
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[Tocne HEKOTOPBIX AIEMEHTAPHBIX ONEPANUN Mbl MOXKEM IEPEIUCATH

9TO BBIPAKCHUC, IIPCACTABUB €TI0 B CJICAYIOIICM BHU/C:

A 4HEGEF.GB (kn_i_j)ef(mr—ﬁ'(r—ﬁ]]

D=0 R ,
(I+k7a”) Aneg g, 1
U
TIE o»=—2. B 3TOM BbIpa)X€HNUM, €T0 COCTABJISAIOIIAS
a dneye.a
¥ ¥ D)
1+k*a*)

(7)

(8)

€CTh OOMEHHBIN 3apsifi ¢, PaBHBIM MPOU3BEACHUIO IPHUCOCAUHEHHOMN

Macchl m U QyHAAMEHTAIBLHOM YacCTOThI OOMEHA (,

mm=q
PaccMmoTpeH HaMu B TPEBIIYIIEH JICKIHH.

)



Tenepb, BBOI1 3ap}l@08yi0 60JIH) obMeHa B BHUJIC
C} _ qef(m‘—k{r—ﬂ)] : (10)

MbI TIPUXOJIUM K CIICAYIOIIEMY BBIPAXKECHUIO IS MOTeHIHana @:

-~

b=—1  (ka+i) (11)

Ane,e,r
Mgl BUiMM, 4TO MOTEHIMAN cpepudeckoro noist oomena (11) umeer
NOMEHYUAIbHO-KUHemu4eckuil xapakrtep. BBomas HoBble 0003HaueHWUS,
MPEACTaBUM €r0 OKOHYATEIbHO B PA3BEPHYTOM BUJIE:

- G ‘A
(D:(Pk{?+1(p:;kﬁ++f (12)
Ane e, 7 Ane,e, 7
B oToM ypaBHeHUM, (ka — akmueHblli nomenyuan oucnepcuu, a Qo —
peaxkmugHwlil nomenyuanl oomena. locneagnui paBeH

op=—3=1 (13)
dmeqE,. 1



ITorennuan panuanbHOro obOMeHa ()  OHPENCIACTCA 3apsA0060U
sonnou oobmena (10), tne g — amnaumyoa 3apsioa, oOIpeaensieMas
BbIpaskeHueM (9).

ITorenuman (13) He UBMEHUTCS, €CIIU IPEANOJIOKUTh, UTO HA YPOBHE
nonst €. =1. Torma amnaumyoa (Mnu cpeonee 3nauenue) nomeHyuana
OyZieT onpeAcIsAThCA PABEHCTBOM:

9 (14)
¥ drer
TIE e
q=meo= ﬁm (15)
l+ka”

— amnaumyoa (MU cpedHee 3Hayenue) 3apsoa.

['pagueHT MoTEHIMAIa OOMEHA (P OINPEACHACT UHMEeHCUBHOCMb (AU
HANPSIHCEHHOCMb, U CKOPOCMb, WA 8eKMop) NECHTPAITLHOI0 0OMEHa
E; ero amnaumyoa u cpeonee 3nauenue paBHBI:

E=_%__ 49 (16)
or  Ameye,r”




Cnenyer HaNOMHUThB, YTO BO BCE€X paboTax, OOCYyXIaeMbIX B
JAHHBIX JICKIUSX, MBI HCIOJIB3YEM OOBbEKMUBHYIO CUCmeM) eOUHUY
Marepuu, NPOCTPAHCTBA W BpeMEeHU (g, cm, WU §) U HOBble
@yHOamenmanbHble KOHCMaumol-napamempul, BeiTekaronye u3 JIM. B
ITHX eANHUIIAX, yUnuThIBas, uto B JIM €, =1 gx cm™ , PA3MEepPHOCHb

UHIMEHCUBHOCIU YeHMPAanbHO20 06MmeHa E paBHA cmx s .

Bektop ueHTpalbHOTO oOOMeHa FE ompelnensieT OuHaMu4eckull
gexmop D, paBHBIU T10 OIPEJICTICHULIO

D=ge F wnm E=p,uD, (17)

1 3 4 1 .
e Mo=_—=I cm’xg " W W, =—. Bekrop D mpexpcrasiser co0oi
0 €,
NIOMHOCIL UMNYTbCA 0OMeHA B COCTOSHUM TIOKOS-JIBHKEHHUS; €ro

Pa3MEPHOCThL paBHa g X CM ~ X §



" n ‘{” A .
Vamusan, a0 F=F, =540 (ow. (23),013) w ="
ar 4

OPUXOJIUM K CICAYIOLIEMY YpaBHEHUIO MowHocmu oomena F,
COOTBETCTBYIOIIEH ckopocmu-nanpsxicenHocmu oomena E (16):

7 dm q , (18)

- —_— j— {}' 3
dt Adne g, 1"

5

e €, =lgxcm” - abcomomnas eounuya nIOMHOCMU, § =MD -
oomenHbll 3apso (15).

Takum o00pa3oM, Mbl MNOPUXOIUM K VHUBEPCAIbHOMY  3AKOHY
UEeHMPAlIbHO20 0OMeHA KYITOHOBCKOIO THIIA B CICAYIOIIEM OOIIEeM BUJIC:

F= 4142 i (19)
Aneq e, r”

Ha nepBbiit B3mIs1, cyas o gpopme, 3akoH (19) coBnagaeT ¢ 3aKOHOM
Kynona. OnHako MO COAEpX aHHIO, MO (DU3MUYECKOMY CMBICIY CBOUX
COCTaBJIAIONINX, 00a 3akoHa (3akoH KynoHa M yHUBEpCallbHBIA 3aKOH
[IEHTPaJbHOTO 0OMEHA) pa3JIMYHbI.



A UMEHHO, B 3akone Kynona npupoaa dIEKTPUIECKUX 3apsAI0B ¢,
U ¢, Heu3secmua, KaKk HEW3BECTHA U MX UCTUHHAS (OOBEKTUBHAS)
pPa3MEpPHOCTb, IIOCKOJIbBKY OHH  BBIPAKAIOTCS  CYObEKMUBHOU
(HayMaHHOW) €IVUHULEU — K)JIOHOM, CKPBIBAIOIIEH WX WCTUHHYIO
Pa3MEPHOCTb C OPOOHBIMU AOCONOMHbIMU COUHUUAMU Mamepuu U
npocmpancmaa.

[Tapamerp €, , Bxomammui B 3akoH Kynona, Ha3bIBaeTcs
«anexmpuyeckou nocmosnuol». Beeaén cyovekmueno B GU3NKY B
pan  (pyHmamMeHTanbHbIX  (pusmyeckux  koHctaHt [5].  Ero
BENMYMHA, &, =8.854187818..x107* Fxm™, HUMEET CTPAHHYIO
(a0CypaHy0) pa3MEpPHOCTh W HENOHSTHBIM, MPUIIMCAHHBIA €M,
(bU3UYECKUN CMBICIL.

PakTUYECKH, KaK II0OKA3aHO B IIPEABIAYIIEN JICKIUH, £, SABIACTCS

MHOXXUTEJIEM, PABHBIM 0€3Da3MepPHOMY YUCTY, €, = - [6].
4m



HanpoTtuB, B yHusepcanvHom 3axkone uyenmpanvroco oomena (19)
IpUPOJA 3aPAJIOB U UX UCTUHHBIE PA3MEPHOCTH U3BECTHBI. 3apsiibl ¢, U ¢,
MPEJICTABISIOT COOOM uHmeHCUBHOCmb MaccoodmeHa (83aumooelcmeust).
X obvexmusnas pazmeprnocms [g|= gx.s_% [TapameTp €, mpeacCTaBiIsACT
CO00M abconrommuyo eOUHUYy NIOMHOCMU, g o =lgxem™

ITockonbky B JIM ¢ = m@® , Mbl B UTOTe TIPEACTABIIIEM VHUBEPCANbHBL
3aKOH  YeHmpaibHo2o  obmerHa  (WIW  VHUBEDPCANbHbIL  3AKOH
Qdynoamenmanvholx 63aumoodeticmeutt) (19) B pacuiupeHHoOM (dopMme,
OTJIMYAIOIIEH €T0 OT U3BECTHOM 3aIMCH 3aKoHA KylloHa, a UMEHHO, KaK

>, nym

. 177

F—mﬁmdm (19a)
0

B 3TOM cnydae He BOBHMKHET HUKAKOW MYTAHUIIBI OTHOCUTENBHO TOTO,
K KaKOH T€OpHH OTHOCHUTCS JaHHbBIN 3aKoH. B yHHUBepcanbHOM 3akoHe (19a)
®f,,q — 9TO CTPOTO OMPENCTEHHAS PYHOAMEHMANBHASL YACMOMA 0OMENA: ®,
—  amomno20 W Cy6amMoMHO20 YPOBHEH, WIH ®, — Mera YpOBHS
(pynoamenmanvHas uacmoma 601H08020 2pABUMAYUOHHO20 NOJIA).



Mpbl HeomHOKpaTHO OyaeMm oOpaimarbcsi K 3akoHy (19a) B nmanpHeMmmmx
JEKIUAX, TOCTENECHHO PACKPBIBAs €ro0 YHHUBEPCAIBbHBIA CMBICI. JTOT 3aKOH
MO3BOJISIET OIMUCHIBATh (PYHOAMEHMANIbHbIE 83AUMOOEUCMBUs], CYIIECTBYIOIINE B
IPUPOJIE, C eOUHOU MOYKU 3PEeHUSL, U MBI 3TO TTOKAXKEM.

3. BHYTpeHHﬂH AUHAMHAYCCKAA SHEPIUA IJICMCHTAPHBIX YaCTHUII

CkopocTh OOMEHa Ha 0Oa3uUCHOM YpOB8He PaBHA CKOPOCTH cBeTta c. B 3Tom
ciaydae ypasuerue mowHocmu oomerna ((23) B npeablAyIeH JIEKIUU) IPUHUMACT
BH/]I )

Gé=F (20)

CnenoBarelbHO, JHepeus Mmaccooomena (B3aUMOJCHCTBUS) Ha Oa3HMCHOM
YPOBHE HWIIM, NPYTUMH CJIOBaMH, BHYTPCHHSIS OUHAMUYECKAs HHepeusi IaCTHI]

cy0aTOMHOIO YpPOBHS paBHa

dm )
W =\|gedl = | —cedt= | c"dm , (21)
Jaedi = [="cedt = |
rme dl=cdt — cwmelieHre BOJHOBOro ¢GpoHTa oOOMEHa Ha pa3feisionei

MMOBEPXHOCTH YACTHUIIBI (CM. puC. 1 B JIEKIIUM, TOCBIIIEHHONW IPUPOIE MACCHI).



B cinydae nuddepenunairHOro ooOMeHa uMeeM
AW = Ame”. (22)

MbI npuxoguM K TaK Ha3bIBAEMOMW «3Hepeuu NOKOs»» YaCTHIl,
XOPOIIIO U3BECTHOM B BUE

E,=m,". (23)

[logoOHOE COOTHOIIEHHE MACChl M ASHEPTHUM, MO CYIIECTBY, OBLIO
BrepBbie BBeseHo H. YMoBeM (1873), 3atem O. XeBucaiigom (1890),
u nozxe (2005) cnyyaiiHO A. DWHINTEMHOM NPU MAHUITYJSIIUASIX C
(PMKTUBHBIMU MaT€MaTUYE€CKUMU MTYCTHIMU IPOCTPAHCTBAMU.

dusnueckuid cMbICH (IPUPOJA) TAKOW 3aB8UCUMOCIMU IHEPIUU
AIIEMEHTAPHBIX YACTHULl OM CKOpOCmU ceéema HE Obulia MOHATA 8 Mo
gpemsi. OHa HE MOXKET OBITh MOHATA U 8 HACmosujee 8peMsi B PaMKax
CYIIECTBYIOINX TEOPUH, TTpUACpKUBAOIINXCS CTaHIAPTHOU MOJIEIIH,
JTOMUHUPYIOIIEH B COBPEMEHHOU (DU3HUKE.



Cospemennasn ¢uzuxa He 3HAET MPOUCXOKIECHHUS MACChl, IOATOMY
Macca 4acTHull M, CYUTAETCA Maccou nokos. lIpeanonoxum, 4rto 310
JNEUCTBUTEIILHO TaK, U COOTBETCTBEHHO BO3HUKAET BONPOC: B YEM
IPUYMHA CBA3H, CYIIECTBYIOLIEN MEXKAY MACCOU NOKOA YaCTULI M,
U cKopocmbio céema ¢ B HOpMYIIE, TIE 08UdHCEHUE UCKTIOUEHO

Wnu, ApyrdMH clIOBaMHU, TOYEMY CKOPOCMb céema ¢ uepaem
Gynoamenmanvrylo pois Isi BHyTpEHHEN SHEpPTruu £, MOKosIencs
(HEMTOABMYKHOM) YaCTHIIbI, TO €CTh YACMUYbL, HAXOOAWEUC 8 NOKOE
KaK €IUHOE IEJI0C OMHOCUMENIbHO OKPYKAIOIMMX MaTepUabHBIX
O00OBEKTOB?

Cmanoapmuas modenvp diaeMeHTapHbIX dyactul, (CM) we
cnocoona OOBICHUTH 3TO, IOITOMY JAaHHBIA BOIPOC MOaXKE HE
MOJHUMAJICS U HE TIOTJHUMAETCS JI0 CHUX TIOP.



B Hacrosmiee Bpems, Onaromaps HOBOM TEOpPHUU CTPOCHHS
AJEMEHTapHbIX YacTul — JIM, packpbIBLIEH NPOUCXOXKIECHUE MACCHI,
MBI MOKE€M OOBSICHUTB 3Ty 3aBUCHMOCTb.

Cornacio /JIM, »iemMeHTApHBIE YaCTHUIbI, SBJISSICh HEMPEPBHIBHO
NYIbCUPYIOUWUMY  MHUKPOOOBEKTaMU (PHEPreTUYECKUMH  aBTOKOJeOa-
TEIIbHBIMA CHUCTEMAMM), MPHUOOPETAIOT MACCy 3a CUYET HEMPEPBIBHBIX
NyJILCAMA U BO BPEMS ATUX IYJIbCALUM, IMOITOMY MACca MO CBOEMY
MPOUCXOKICHUIO s8/semcs npucoedunénnou (nuHamudeckon). Her
IyJIbCALUN — HET MACCHL.

Takue yacTHIpl, €CTECTBEHHO, OOJAJal0T BHYTPEHHEHW SHEPIHEH,
3asucsawelt. om 60IHOB0U CKOpOCcmuU PACTIPOCTPAHCHUS MyJIbCAIlUui, M,
Onazo0apsi 80JIHOBOMY OOMEHY C OAHHOU CKOPOCMbIO C OKPYXKAIOIICH
Cpenoi, MOIACPKUBAIOLIEMY TaKOE€ JIMHAMHYECKOE COCTOSIHUE
(MUKpPOOOpa30BaHHUE).



WTaK, 3aBUCUMOCTD SHEPIUH OT (DYHAAMCHTAIBHBIX KOHCTAaHT-
mapaMeTpoB m, U ¢ (peanu3oBaHHas B Qopmyine E, =m,c”),
€CTECTBEHHBIM 00pa30oM OMpeAcsieTCs JTMHAMUYECKUM MMOBEACHUEM
YACTUL, WX NPUCOCOUHEHHOU Mmaccot m, U (yHAAMEHTAIBHOU
BONIHOBOU ~ CKOPOCMbIO  C  PACNPOCMPAHEHUs  NyIbcayull 8
OKpYIHcarou em nojie-npocmpancmee u 0OMeHa ¢ 3Moi CKOPOCMbio.

Takum oOpazoM, ypaBHeHUE (23) mpeacTaBiaseT coO0U aHepauio
BOJIHOB020 obmena MaTepUU-TIPOCTPAHCTBA-BPEMEHU Ha
CyOaTOMHOM YpPOBHE WIH OUHAMUYECKYIO JIHEPIUl0  4acmuy
CyOaAmMoMHO20 YPOBHSL.



4. OOMeHHBbIN 3apPs/l IJTEKTPOHA

B JIM c yuetom (14) mepa sunepeuu obmerna 4aCTUIBI C OKPYKAIOIIUM I10JIEM
omnpeeNseTcs cleayromen GopMyno:

4

q
dre,r
OOparure BHUMAaHHME, YTO B OTOM BBIPAXKCHHH ¢ = M®, —  0OMEHHbII
3apad, €, =lgxcm ™ — abcomomnas eOunuya niomHocmu.

B teopun snexkrpocrarndeckoro noiisi B equauinax CI'CHO sHeprum oOMeHa
(24) COOTBETCTBYET CIECAYIOIIAS K)IOHOBCKASL DHEPIUSL:

-

. _9cas (25)

Weas = ar‘

TAE g ;s — KYJIOHOBCKUM “DJIEKTPUUYECKUIN 3apA0 ¢ OpoOHbIMU PA3MEPHOCTIMU
OOBEKTHBHBIX CIMHHUII.



ITomaras, eCTECTBEHHO, 4TO W =W

cGs? MbI UMCCM PABCHCTBO

¥ 3

q _ deGs

Ang,r r

B pesynbrare mnojiydaeMm CIHCAYIOUIYIO @DoOpMyIy  COOMEenmcmaeus
0OMeHHO20 3apsida q W KyJIoHOBckoro (B eauHunax CI'CD)
NEKMPUUECKO20 3apA0a q s

4 = 4cGs A 4me (26)

N3 3101 (OpMyINbl CIEIYET, YTO OOMeHHblt (peaxmueHbli) 3apsio
aNleKmpoHa e Ha ypoBHE (PyHIaMEHTAJIbHON 4acTOThI , PABEH

e = e ns~4Te, =1.702691665 x10™" gxs7', (27)

e ecgs =4.803204506 x107"" CGSE, — onexrpudeckuii 3apsn
snekrpona B enununax CI'CO [7, 8], g, =1 gxcm -,



Takum o6OpazoM, ¢usnueckas BenuuuHa (27) mpeacTaBiIseT CcoOoi
oomennblil 3aps0 snekmpona. OHa NOJyYeHa Ha OCHOGE YKCIIEPUMEHTAIILHOTO
3HAUCHUS 2/eKmpuyeckozo 3apsaa dJICKTPOHA, BBIPAXKEHHOIO B €IMHHUIIAX

CI'Co.

[loquepkHEéM emE pa3, 4UYTO pazmMepHocmb O0OMEHHO20 3apsaodd, a
CIENOBATEIIbHO, W UCMUHHASL PAMEPHOCHb «INEKMPUYECKUX» 3apsoos,
paBHA

-1
[q]=gxs (28)
Takum oOpazom, JIM BriepBbI€ pacKpbIBacT (U3UUECKUNA CMBICIT (TPUPOAY
MPOUCXOXKJCHUS) 00eux (yHIaMEHTabHBIX CYIIHOCTEH — .Maccol W

NEKMPUYECKo20 3apsoa.

3apsio obmena (B COBPEMEHHOM (DM3MKE HA3ZBIBAEMBINA «DJICKTPUYCCKUM)
3apsIIOM) — 3TO MEpa UHMEHCUBHOCMU 0OMEeHA Mamepueti-npocmpancmeom-
8pemeHem, WIH, KpaTKo, MowHocmb maccoobmena. Ero ocuumumpyroiee
3HaYeHUE U3MEHsIETCS ¢ QyHAaMEHTAIbHON YacTOTOU .



Pa3sMepHOCTb AJIEKTPUUYECKOTO 3apsfa ¢,y B eaununax CI'CO,
CGSEq, paBHa

e V cem?2 x5 (CI'C) (29)

Pa3sMepHOCTB dIIEKTPUYECKOTO 3apsifa gy B eauHuuax cucremsl CU,
BbIpakeHHas B KyJoHax (C) paBHa

[¢5;]1 = C (xynon) (CH) (30)

HecmoTpss Ha  Kaxylyrocs pasHMIly O00eux pa3MepHOCTEM,
ANEKTpUUeCKUi 3apsia B KyiaoHax (C), Oyaydyu IpeCTaBICHHBIM dYepe3
eauHuIbl Matepuu (kg), mpoctpaHcTBa (m) U BpeMeHH (s), umeeT B CU
(haKTUYECKH T€ K€ OCCCMBICIICHHBIE PA3MEPHOCTH, YTO U 3apsi]i B CUCTEME
CI'C [6] (cem. (13) B npeabIAyIIEH JIEKIUHN):

(9] —f\,g/xm/xs (CH) (31)



A WMEHHO, €IUHUIIBI U3MEPECHUS DJICKTPUYECKOTO 3apsja B 00EHX CUCTEMAX,
CI'CD u CH, cnenyromue:

1 3

ICGSE, =1 gA X % s (CI'C) (32)
1 3

0= jehism”xs] (cn) (33)

'II]_UH

me ¢, =c/c, =2.99792458 x10" (¢ =2.99792458x10" cmx s,
¢, =lemx s ).

BenanunHbl fcg% u m % (v g% u cm ” ) HE UMEIOT (PU3UYECKOTO CMBICIIA.
ITo »TOl mMpUUYMHE, OYEBUIHO, COBPEMEHHas (pr3MKa HE CIIOCOOHA, OMUpasiCh Ha
CTOJIb ~ OCCCMBICJIICHHBIC  €IWHUIIBI, MOHATH MNPUPOAY  IMPOUCXOKICHUS
«QIICKTPUYECKUX)» 3apsiJIOB.

BriBenennas opMysna COOTBETCTBUA MEXKY OOMEHHBIM 3apsaoM ¢ (28) u

KYJIOHOBCKUM 3apsoM ¢ccs (29), 4 = GrasA/4TE, (26), nama BO3MOXHOCTb
3aMEHUTh OIIMOOYHBIC 3HAYEHMSI OHJICKTPUUYECKHUX 3apsJiOB, MCIIOJb3YEMBIE B

HaCTOAIICC BPCM B (1)I/ISI/IKC, NCTHUHHbBIMMU.



S. ®yHJaMEHTAJbHAA YaCTOTA 00MEHA U BOJHOBOW paanyc

Takum  oOpa3oMm, OOMCHHBIM 3apsja  JJEKTPOHA e Ha  ypOBHE
QyHAaMEeHTaNnbHOM YacTOTHI ®, paBeH ¢ = 1.7026916657 x 1077 g X s7h@27).

OTtHoleHne 0OMEHHOTO 3apsia AIEKTPOHA e K MIPUCOEIMHEHHOM Macce m,,
e

— , IM€EeT Pa3MEPHOCTh YaCTOTHI 5.

m,

DTO €CTECTBEHHO, IIOCKOJbKY OTO OTHOIIEHHUE CBSI3aHO C BOJHOBOM
OPUPOAOK M TOBEICHHEM JIByX €r0 COCTaBISIIOIIMX, € U M, W CIEAYyeT W3
paBeHcTBa g = m® (9) ((27) B npenpiaymen nexkuuu). Duauueckuil cmvicl
YKa3aHHOTO OTHOIIICHUS PAHEE ObL1 Heu38eCcmeH.

DTO OTHOIIEHME, KaK MBI YK€ 3HaeM, onpeoeisem QyHOAMEHMANbHYIO

yacmomy ®, aTOMHBIX U CyOAaTOMHBIX YPOBHEM W SABISETCS, TAaKUM 00pa3oM,
OJIHOM M3 (PyHJaMEHTAIbHBIX KOHCTAHT-TIapaMeTpoB JIM.



HaHOMHI/IM, KaK coepemeHHasl d)MS’l/lKCZ, HC 3Has MPOUCXOKACHUA MACChI U
IMPpUPOAbI QJICKTPHUYICCKUX 3apsa10B, Unmepnpemupyem AHAJIOT'MYHOC
OTHOIIICHHC.

B coBpemeHHOM (u3mke oTHOIICHHE ABYX (PyHIaMEHTaIbHBIX KOHCTAHT,
3apsAza 3JEKTPOHA € M MAacChl IEKTPOHA 7, HA3BIBAECTCS KO3Qpuyuenmom
Koppenayuu MexIy e v m,,.

JTO OTHOLIEHWE, HapsAy C e U m, TaKXKe IpUHATO [5] B KauecTBe
@yHOamenmanvHou KoHcmanmsl GU3UKU, HO C HEOTIPEEIEHHBIM (DU3UYECKUM
CMBICJIOM HM3-3a CTPAaHHOW Pa3MEPHOCTH:

~ S5 - 1.758820088x 10" C x kg™ (34)

m,

[Ipumarb 3TOMY  OTHOUICHUIO  KaKOM-TMOO  (DU3MYECKUN  CMBICIH
HEBO3MOXHO. [losToMy B oduuuanbHOH (U3NKE OHO OMpPEACseTCsS Kak
KO3ghhuyuenm Koppenayuu.



Ecim 3amenuts B (34) eauHMIly 3apsja  dJIEKTPOHA,
BbIpaKCHHYIO0 B KyJoHax (C), ero AJeMCTBUTEIbHBIM 3HAYCHUEM B
cuctreme CH, B OOBEKTUBHBIX €AUHUIIAX MaTepI/II/I HpOCTpaHCTBa

u Bpemenu (kg, m, us) (33), tne 1€ =—2— /l/xm/

\/F

TO IMIOJYYHMM CcCIICAYHOMICC YHUCIICHHOC 3HAYCHHC MU PASMCPHOCTD
OTHOIILICHUA.

_ S _ _1.667408919x 10 kg /xrﬁ/ (35)

m,

[IOHSITHO, YTO OTO COOTHOIIEHHE OECCMBICIICHHO U3-3a
aOCypAaHOM pa3sMEpHOCTH, Kak U cooTHolleHue (34), B KOTOpOM
eauHUNa 3apsiaa KyJdoH C, MO CyTH, WUrpaeT poyib «PUTrOBOIrO
JTUCTKa», TMPUKPHIBAIOIIETO (CKPBIBAIOIIETO) APOOHBIE MOKa3aTeIn
CTCIICHU IIpU OOBEKTUBHBLIX 0a30BbIX eauHUIAX cuctembl CHU:
Mmarepui (kg) u ipocTpaHcTBa (m).



Ha ocHOBe ypaBHEHUSI ¢ = m( , 3HasA OOMEHHbIU 3apAO0 DIEKTPOHA
g = e, Mbl HallUIW, YTO OTHOLLIEHUE /M, ONPENENAET PYHOAMEHMATLHYIO
yacmomy 80JIH08020 Nojisi 0OMeHa (B3aUMOJICUCTBUS) HA CyOaTOMHOM U
aTOMHOM YpPOBHSX, KOTOpasi, MO CYTH, SBISETCS YacTOTOM Tak
HA3bIBAEMOTO «2IeKMPOCHAMUYECKO20% OIS,

®, = =1.869162505x 10" 57, (36)
m

rae m, =9.10938291x 107 g — NpUcoeouHénHas macca 3MEKTPOHA.

CoBpeMeHHbIE TTPUOOPHI HE CMOCOOHBI JAETEKTUPOBATH MOJI TaKOH
YacTOTbl W, CJIEOBATEIBbHO, BOCIPHUHUMAIOT HMX KAK CTaTHYECKUE.
AMIUTUTYIHAS MOIYJSLUA 3TOTO SKCAYACTOTHOTO TMOJISI HA PA3JIMYHBIX,
HO CYLIECTBEHHO MEHBIINX ®,, 4YaCTOTaX JAET BECh CHEKTP IOJEH,
KOTOPBIE CHUTAIOTCS AJICKTPOMAarHUTHBIMU.



Mpg1 3HaeM, 4To cornacHo BomHoBow Mojenu cratndeckux nojeun B [pupoge
B [OpUHUMIIE HE  CYIIECTBYET.  JeMCTBUTENBHO, TaKk  Ha3bIBAEMOE
«Inekmpocmamuyeckoey IT0JE€ CO3MAETCA  JIEKTPUUYECKUM  3apsAlioM, HO
MOCJICIHUM, KaK MbI TEleph 3HAaeM, MMEET OOMEHHYIO BOJIHOBYIO MPUPOIY U
OIpeIeIIsIET UHTEHCUBHOCTh BOJTHOBOT'O MaccooOMeHa ¢ 0a30BOM CKOPOCTHIO C.

Takum oOpazoMm, «arekmpocmamuveckoe) TOJIE€ — 3TO BOJHOBOE I0OJIE
(pyHIaAMEHTAIIBHOW YaCTOTHI (..

IlepemenHoe mosie (PyHAAMEHTAIBHOW YacTOTHI (0, OTBEYAET 3a BOJHOBOM
oOMEeH Ha Ccy0arTOMHOM H aTOMHOM YpOBHSIX, & HWMEHHO, 33 CUIbHbIU
BHYTPUATOMHBIA (MEXHYKJIOHHBIA) OOMEH — «l0epHble» B3aUMOJCUCTBHS,
NeKMPOMASHUMHbIL MEKATOMHBIN OOMEH, MeHCMONeKYaapHble B3AUMOJICUCTBHUS.

Takum 00pa3oM, 3Ta 4acTOTa OMPEIECISIET CTPOTrUid NOPSIJOK (KOPPEIAIUIO) B
OTHOCUTEJIbHOM IPOCTPAHCTBEHHOM PAcCIlOJIOKEHUU HYKJIOHOB B aromax
(MMEIOIMX 000JIOYEYHO-Y3JI0BOE CTPOECHHE, COIIACHO peIIeHusAM BoJIHOBOM
MOJICJIM), U aTOMOB B MOJIEKYJIaX U KpUCTalIax.



dyHnaMmeHTanbHass 4acTtora M, U (a3oBas CKOPOCTh ¢ BOJHOBOIO OOMEHa Ha
ATOM YacTOTe, XapaKTepHas JJIsi aTOMHOTO M Cy0aTOMHOIO YPOBHEH, OINpEaeIIsIoT

(byHIaMEHTaIbHBIM BOJTHOBOU pagnyc
- C
7

= 1603886538 x10 % cm (37)
)]

e

MBI yk€ KacalluCh 3TOM TEMBbI B IPEIBIIYIIUX JICKIUSX.

e

Bemmunaa D =27, =0.32nmm KOPPEIUPYET  CO CpeOHUM  3HAUYCHUEM
napaMeTpoB PEHIETKH B KpUCTalaX, OMNPEAeNsisi CPEIHIO JUCKPETHOCTH
IPOCTPAHCTBA HA CyOATOMHOM ypPOBHE OOMEHA (B3aUMOJICHCTBHUA). ITO O3HAYAET,
4TO (PyHIaMEHTAIBHBIA BOJIHOBOW pajdyC IPOSBISIET CceOs B KAa4eCTBE MeEphI
MEXKY3JIOBBIX PAcCTOAHUM, oOecreurBasi CTPOro OMNpEACAEHHBIM IIar B
PacCIOJI0XKEHUH aTOMOB B KPHUCTAJUIMYECKON PEIIETKE.

bbU10 0OHAPYKEHO MOJTHOE COOTBETCTBUE PACIIONOKEHUSI aTOMOB B KpUCTaJIaxX
C PACIOJIOKEHUEM Y3JI0B B CTOAYMX CHEPUUYECKUX BOJHAX, MApaMETPbl KOTOPHIX
TAaK)KE OINpPEAEIAIOTCA (PyHIAMEHTaJbHOM 4YacTOTOM ®, U, CIEIOBATENbHO,
COOTBETCTBYIOIIUM (PYHIAMEHTAIBHBIM BOJIHOBBIM pagnycoM A, [2].



6. 3akarouenue

B nmanHOW JIeKUMH TIPOAEMOHCTPUPOBAH BBIBOJl 3AKOHA YEHMPAIbHO20 O0OMEHA,
BHYmMpeHHeu OUHAMUYECKOU dHepeuu yacmuy, popmynbl 0OMEHH020 3apsoa d1eKmpond,
BHOBb OOCYXJAJIMCh IapaMeTpbl, BhITEKAOIUX U3 JIM, KOTOphle pacCMaTpHBAIINCh B
OPEABITYIINX JSKIHIX.

@aKTUYECKHM Mbl MNPUOIU3WINCh K eOUHOMY ONUCAHUIO — (DYHOAMEHMAIbHbIX
g3aumooelticmeuti, KOTOPO€ CTaHOBHUTCS TEIeph pealbHO BO3MOXKHBIM Ojaromaps
OTKPBITUIO 3dKOHA YEHMpAalbHo20 O0OMeHa W psia HOBBIX (QyHIAMEHTAIbHBIX
(pHU3MYIECKMX KOHCTAHT-TIAPAMETPOB, TAKUX KaK 0OMEHHbIU 3aps0 J]IeKMPOHA € = m,© , ,
Qynoamenmanvuvle uacmoma ®, U 60AHOB0U paouyc A, cyOaTOMHOTO M aTOMHOIO
YPOBHEM, a TAKKE paouycbl BOTHOBBIX CPEPUUECKUX 0O0TIOUEK 21eKmMPOHA V', U NPOMOHA
7y

Bce nepeducieHHble BhIE (PyHAaMEHTaIbHbIE KOHCTAHThI-TIapaMeTpbl HEU3BECTHBI
coBpeMeHHOM (usuke, npuiaepxkuparomieiica CM. Ilocnennss, Oyaydun aOCTpaKTHO-

MaTeMaTUY€CKOM, IOCTPOCHHOM HA IMOCTYyJaTax, HEAJAEKBATHA PEAILHOCTH.
dOyHIaMEeHTAIIBHBIN 3aKOH UeHmpanivbHo2o obmena TpuCyll Todabko JIM, kKak u

MEPEUUCIICHHBIC BBIIIE (PyHAAMEHTAIbHBIC MAPAMETPHI, MOJYYECHHBIE UCKIIOUUTEILHO B
paMKax 3TOU TEOPUH.



Tenepb, A MOJHOTHI KapTHUHBI, HaM HEOOXOJIWMO IEPEHTH K
PACCMOTPEHHUIO npupoowvl epasumayuu. HeoOXoaqumMo MOHATh, KaK OHa
COOTHOCHUTCS C YHUBEPCAJIBHBIM 3aKOHOM IIEHTPaJbHOIr0 0OMEHa.

N3 JIM crenyer, 4To 601HOB0U 0OMeH HIEMEHTAPHBIX YaCTHI
OCYIIECTBIACTCA HE TOJIBKO HA NPEe0ebHO 8blCOKOU PyHAAMEHTAIBHON
4acToTe ®, (OTBETCTBEHHON 3a 21eKmMpoMacHUmHvle W CUTbHbLE
B3aUMOJICHCTBUSI), HO U Ha HpeoerbHO Hu3kou (PyHIAMEHTATBHOU
4acToTe ®, (OTBETCTBEHHOM 38 2pasumMayuonnple B3aUMOICHUCTBUS).

[TosToMy B cCleayromux JEKIUSX Mbl HAMEPEHBI IOKa3aTh, Kak
pemraetcs npobiema rpaButanuu B JIM u kakue (yHIamMeHTaJIbHbBIE
MapaMeTPbl XapaKTEPHBI ISl TPABUTALIMOHHBIX MOJIEN.



Cyns mo pe3ynbraraM, y»Ke NMPEeACTaBICHHBIM B IIPEABIAYIINX JCKIUAX,
MOKHO cjeliaTb BbIBOA, 4TO0 JIM, CKOpee BCEro, SABIISIETCS TEOPHUEH,
aJIcKBaTHOM pPEAJIbHOCTH, KOHEYHO, B OIPEACIEHHOM MNPUOIMKECHUH.
BuayuMo, IMEHHO MO3TOMY, OTOBOPHUBIIIUCH 3apaHee, pelieHrue MPoOIeMbl
OpUPOJbl TpPAaBUTALMU HE MNPEACTABISIO OCO00M CHOXKHOCTH IS
Junamuyeckord Mojaear. OHO HE IMOTPeOOBAIO OCOOBIX YCHIMHA. DTOT
BONPOC OyJeT paCCMOTPEH Jajee.

[IpencraBieHHBIA 37€Ch Marepuall SBJISETCS PYCCKUM BapHUaHTOM
nekuuna Ne4 BTOpOro toma JIEKIIAM, HAaTMCAHHBIX HA aHIVIMKMCKOM B 2013
rojly ¥ moMemEHHbIX Ha https://shpenkov.com.
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