IIpupoaa kBaHTOB
(GyHIAMEHTAJIBHBIX B3AaUMOACHUCTBUM

I'eopruii I1. lInenskoB

AHHOTAIUS. VYHUBEpCAILHOE YpaBHEHHE IPOJOJIBHOIO OOMEHA, BBIBOJ KOTOPOIO
paccmoTpeH B npeabiaymeM Buaeo ot 01.08.2025 (ypaBuenue (13)), mo3BOIMIO PacKPHITH
MIPUCOEIUHEHHYIO TPUPOJY MACChl YacTUIl W IMPUBEIO K JAPYyruM OTKpeITUsM. [Ipupona
KBaHTOB  ()yHIaMEHTAJIbHBIX  B3aUMOJCHCTBHI  (CHJIBHBIX, 3JEKTPOMAarHUTHBIX U
IPaBUTALMOHHBIX) BBITEKAET M3 TOTO K€ YpPaBHEHHUS MPOAOJIBHOIO OOMEHa, M CBsi3aHA C
NPUCOCTUHEHHOM MAacCOi YacTWIl, YacTOTOM MyJbCAalldii WX BOJHOBBIX C(HEPUUECKHX
obosnouek. B manHoi nekiuu pacckasbpiBaeTcst 00 3ToM. PackpbiBaeTcs mpupona KBaHTOB,
OTBETCTBEHHBIX 33 B3aUMOJCHCTBUE Ha Pa3HBIX YPOBHIX BceneHHO: cybaTOMHOM, aTOMHOM
U rpaBuTaiioHHOM. [logpoOHO paccMoTpeHa npupoa KBAaHTOB B3aUMOAEUCTBUS HA aTOMHOM
YpOBHE («OJEKTPUYECKOTO 3apsia» 4YacTULl), B YAaCTHOCTU 2IeMEeHMApHO20 KEAHMA
UHMEHCUBHOCMU IJIeKMPOMASHUMHO20 83aumooeticmeus (3apsifa dJIEeKTpoHa), 4TO 10 CHX
Mop, Hapsay ¢ MpoOIeMO MPUPOIBI MacChl, MPEACTABISETCS BeIUMYallel TailHOW s
COBpEMEHHOM (PU3UKH.

1. BBeaenue

Jlo cux mop ¢u3MKa HE 3HAET HWCTHHHOW MPHPOJBI KBAaHTOB (yHIAMEHTAIbHBIX
B3aMMO/JICHCTBUIl: CUIIBHOTO, 3JIEKTPOMAarHUTHOT'O ¥ TPABUTAIL[MOHHOTO, a TAK)KE HE CIIOCOOHBI
noHATh U Jpyrue sapieHus. llouemy? CylecTByeT HECKOJIBKO MPUYUH, O KOTOPBIM
coBpeMeHHasi (hu3HMKa He CIOCOOHA PElIUTh 3TU MpoOieMbl. Mbl He OyAeM MOBTOPATH UX
3nech. OHAKO OAHO3HAUHBIA U BCEOOBEMIIIOIIMNA OTBET HA IMOCTABJIECHHBIA BBIIIE BOMPOC
npoct. Hamomuum ero kparko.

IIpoBen€HHBIH HAMU KOMIUIEKCHBIM aHAlU3 BBIABUI YHOAMEHMANbHbIU HEeOOCMAamoK
@u3uku Kak €CTeCTBEHHOM HayKH, 3aKIIOYaloIIMNCA B UCIOJb30BaHUM OMIMOOYHOTO
HAY4YHOI'O MOAX0/]1a. A UMEHHO, COBpeMeHHasi pu3nKa 6a3upyercs Ha OlIMO0YHON napaaurme,
U B CIJIy 9TOTO €€ pa3BUTHE UAET MO JIO)KHOMY IyTH. MBI oApoOHO pazbupaiii 3TOT BONPOC
U pacCMaTpUBAJIM pa3IMYHbIE CTOPOHBI JAHHON TEMBI.

@dusnka MNOCTOSHHO CTaJKUBACTCd C MHOTOYMCICHHBIMH mpoOneMamu. OnHOW U3
BaXHEHIIMX (Hapsiay c mpoOieMoil Macchl) SBJISETCS, B YaCTHOCTH NpoOsieMa MpHUpOJIbI
KBAHTOB 3JIEKTPOMAarHUTHOI'O B3aUMOJCHCTBUS - IJEKTPUUECKUX 3apsiioB. Mbl MOApoOHO
pa3bupanuch B CyTH 3TOM MpoOIeMbl, €€ MPOUCXOXKICHUM, HAUMHAs ¢ MOMEHTa OTKPBITUS
B3aMMOJICICTBUI, MPHUNMCAHHBIX CYIIECTBOBAHHIO HEKOM cyOcTaHIUU (HEM3MEHHOM
CYIIIHOCTH BEIICH), HA3BAHHOM <OJIEKTPUUYECKUM 3apsAIoM».. B 3TOM HampaBieHUU ClIeIaHO
Hemano. B xone umccrnenoBaHuil Mbl BBISIBWIM OJIHY W3 TJABHBIX NMPUYHMH, O0YCIOBHUBIIMX
po0Oest B HAIIMX 3HAHUSIX O MPUPOJIE KBAHTOB (DyHJAaMEHTAIbHBIX B3aUMOIEHCTBUM, BOOOIIIE,
T. €. OTBETCTBEHHBIX HE TOJBKO 3a AJIEKTPUYECKHE B3aUMOJECHCTBHUS, HO U CHJIBHBIE U
IpPaBUTALMOHHBIE.



B naHHOM Jsekumu nOpupoAa KBAaHTOB B MOAPOOHOCTSAX PpAacKpbIBA€TCs Ha MpuUMepe
KBaHTOB 3JIEKTPOMAarHUTHOIO B3aUMOJAEHUCTBHUS, TO €CTh HA IPUMEPE MOHITUSI SIEKTPUUECKUN
3apsij, pacKpbITUU MPUPOABI AIEMEHTAPHOI'O OTPULIATENIBHOIO 3apsia (3apsja JIEKTpOHA),
IPUPOJIa KOTOPBIX COBPEMEHHOH (pH3HKe HEU3BECTHA.

JIrobast ¢Qusmueckas BeNMYMHA XapaKTEPHU3YETCs OINpPENeNEHHOW  pa3MEpHOCTHIO.
ITosTOoMy, eciii Mbl 3Ha€M UCTUHHYIO Pa3MEPHOCTb JAHHOW (PM3UYECKOM BEIMYMHBI, 3TO, 03
COMHEHMsI, 03HA4YaeT, YTO Mbl 3HaeM €€ UCTHHHYIO MpUpojy, (pusnueckuil cmbici. Ousnku
JOJKHBI TBEPJIO CO3HABATH 3TO.

Ho uTo MbI uMeeM B IeMCTBUTENIBHOCTH? Y IMBUTENBHO, HO, HAUMHAsA co BpeMEH KyioHa,
¢u3MKa 10 CUX MMOp HE 3HAET HCTUHHON pa3MEPHOCTHU HIIEKTPUUYECKHX 3apsaaoB [1].

K coxanenuto, B (pu3MKe HHUYEro HE OBLIO CHENAaHO MJs BBIICHEHUS HWCTUHHON
Pa3MepHOCTH 3JEKTPUUECKUX 3apsAI0B, B TOM UKCIE U ¢ BBeAeHUEM B (u3uky (B 1960 roay)
Mexnynapoanoit cuctemsl eaunuil (CH). 3amena nznavanpHou cuctembl CI'C (canmumemp-
2pamMm-cekyHoa) Ha «palMOHAJIM3UPOBaHHYIO» MexayHapoaHyto cucremy enunun CU
(Memp-Kkunoepamm-cekynoa-amnep-Keib8UuH-KaHoeia-moap) He TpPUBEIa K  PACKPBITHIO
Pa3MEpHOCTH 3JIEKTPUUYECKHUX 3apsOB, a CIEI0BATENIbHO, U UX HPUPOJIbI, CKOpee Ha00OpOT:
pe3ynbTatr okazaics paspyuiumenvroiym s pusuku. C Tex 1nop no3HaHHE IPUPOJIbI 3apsAI0B
CTaJIO COBEPILIEHHO HEB03MONCHBIM.

W3meHeHus, npeanpuHAThHIE B X0/1€ 0€CCMBICIEHHON pallMOHAIN3alluH, 3aBEJIU B TYIIUK B
(Gu3MKy dIIEKTpOMarHeTH3Ma M HETAaTHBHO TOBIHMSUIM HAa Pa3BUTHE BCEX JPYTHUX DPa3JEoOB
¢usuku. Ecnm B ciaydae ¢ maccoil emé 3aMeTHBl TOIBITKH MOHATh €€ MPOUCXOKICHHUE,
HampuMmep rumnore3a XwWrrca, TO O [OHUMAHUM TPUPOABI 3NEKTPUUYECKUX 3apsiioB
COBpeMEHHas (U3MKa Jake HE 3aJyMbIBACTCS IOCJIE YHOMSHYTOM «pallMOHAIM3ALUN» U
BBeJIeHUHU B utore B cucreMy CH enHUIIBI 3JIEKTPUYECKOT0 3apsija 101 Ha3BaHUEM KVJIOH.

Bor kpatkuit 0630p TEKyIIEro coCTOSHUS 3TON podemsl [1].

2. CoBpeMeHHOE COCTOSIHHE MPOOJIeMBbI

Cuia B3auMoJeicTBUS F' MEXKIy ABYMSI TOUEUHBIMU 3JIEKTPUUECKUMU 3apsiaMy, g1 U q2,
MPONOPLUMOHANbHA MPOU3BEICHUIO BEJIMYMH 3apsAJ0B, NEIEHHOMY Ha KBaJpaT PacCTOSHUS
MEXIy HUMH 7. DTOT 3aKOH, BIIEPBbIE OTKPbITHIN KylnoHoMm, nmeeT Buj

F= k‘f% (1)

B sT0if QyHKIMOHANBHON 3aBUCMMOCTH k — HEHM3BECTHBIM B TO BpeMs Kod(hduimeHt
nponopuroHansHocTd. B cucreme CI'CD (mnst sneKTpHUUECKUX €IUHUI]) OBLIO MPHHSITO
CUHTATh €ro Oe3pazmepHoli BEIUYWHOM, paBHOW enuuuie, k =1. COOTBETCTBEHHO, 3aKOH
Kynona npencrapisiiicst B 3TOM cucTeMe B ClIEyIOIEM BUJIE (11 BaKyyMa):

9,9
Fesg = % (2)

U3 (2) cnenyet, 4To pazmeprocms 31eKmpudeckux 3apsa008, BbIpakeHHasi B CylIeCTBOBABILIEH

B TO BpEMA CUCTCME OCHOBHBIX CIUHUIL CIreco JJIsL (pI/ISI/IquKI/IX BCJIMYHH, paBHA

[q]=g 2cm’2s™ (3)



B coBpeMeHHOI «parmoHanu3upoBaHHON» cucteme enuuui] CU, BBEJEHHOW TIJIaBHBIM
00pa3zoM AJist TOTO, YTOOBI U30aBUTHCS OT DecCcMbICIeHHbIX APOOHBIX CTENIEHEH, BHITEKAIOIINX

1 3
u3 equnni CI'CO (umerotes B BUILY gé u cmé ), 3axkoH KysnoHa nmpuHsi Buj
0.9,
Fy =—==, 4
SI 471'80}"2 ( )

rae Q1 u Oz — Te Ke camble UEKTPUUYECKUE 3apsiibl, HO BbIpaKE€HHBbIE yxke B Kyaonax (C); €,
— TaK Ha3blBaeMasi 1eKMPUUECKas NOCMOAHHAA.

Enuauna anekTpudeckoro 3apsga, KyJaoH, SBISETCS TPOU3BOIHON amnepa (A):
1C =1Axs. Amnep, eTMHHIIA CHIbI JIKTPUUECKOTO TOKA, ObLI MIPUHSAT B KQY€CTBE OJTHOM U3

OCHOBHBIX €JIMHHMII B XOJIC BBIIICYITOMSHYTOH «pallMOHATH3AIMI» U BBEACH JTOMOTHUTEIBLHO K
TpHaJe UCTUHHO OOBEKTUBHBIX CIMHHUIL (Mamepuu, npocmpancmea u epemelil) B CUCTEMY
CU. Xotrs Ha camMoM Jelne amnep, OIpeAciseMbld 3aKOHOM Awmriepa s
B3aMMOJICHCTBYIOIIUX TOKOB KaK IPOW3BOJHAS CJMHMIA, TAKXKE BBIPAKACTCS Uepe3
OECCMBICIICHHBIC TOJIYIENBIE CTEIICHH OCHOBHBIX CIUHHI], MOJO0HO KaK €JIWHHIA KYJIOH.
ITokaxxem 3TO.
Pa3mepHoCTh nekTpuyeckux 3apsanoB O B eqununax CU pasHa
[O]=1C=1A4xs (%)

Egununsr cucrem SI u CGS, xkyron C u CGSE,; edunuya 3apsoa, CBS3aHbI MEXIY COOOM
CIICAYIOIIMM 00pa3oM:

1 3
IC =~ CGSE, =~ oV 2em2s (6)
10 10
1 3
14=5CGSE, =52 gP2em 257 7)
10 10
rae c, - — Oe3pa3MepHas BEJMYHMHA, PaBHAs YMCICHHOMY 3HAYCHHIO CKOPOCTH CBETa,

Ce
2.99792458 x10'° (¢, =lcemxs™ u ¢=2.99792458x10" cmxs™").

Inekmpuueckaa nocmoannasn B (4) g, —8.854187818x107"* Fxm™'. B cucreme CU

OHa ONPEACIACTCA CICAYOINUM COOTHOILCHUEM:

11
10 Fxm™

80:

(8)

4rc;.

[Toxanyiicta, BHUMaTEIbHO OCMOTPUTE U 0OpaTUTE BHUMAHKUE HA 3Ty CTPAHHYIO BEJINYMHY,
Ha e€ YMCIIEHHOE 3HaYeHHE U Pa3MEepHOCTh, KOTOpas ObLIa MPUHATA CyOBEKTUBHO B KaUeCTBE
pyHoamenmanvHol uzuyeckori KOHCTAHTBI U CUUTAETCS TaKOBOH B (H3HKe 10 cUX mop. ITa
TaK Ha3blBaeMas «KOHCTAHTa» IMOSBWIACH KaK pa3 B pe3yjbTare 3alyTaHHBIX MaHUMYJISIUN
npu «parmonanuzaun» CI'C B CU (uto noapobHo onucano B [2], ctp. 9-19).

[Mpunaér nu 510 Kakoil-mMOO (u3MYecKHil CMBICT BeTUYMHE (B HAlleM Cllydae
o « -1 .
«9NeKMpUYecKoll NOCMOAHHOU» €, ) TaKas CTpaHHas pPa3MEpPHOCTb, Kak F'xm 7 B uém xe

cTpaHHOCTh? [leno B TOM, 4TO B aOCONIOTHBIX €IMHUIAX MaTEePHH-MPOCTPAHCTBA-BPEMEHU
eIWHMIIA, Ha3biBaeMass @apadom (F), WMeeT pa3MepHOCTh B MeTpax (m). DTo Takxke



Pa3MEpHOCTh JIEKTPHUYCCKO EMKOCTH, KOTOpas B (hU3MKE BhIpaXKaeTcs 00CHMHU STUHUIIAMU
u3MepeHus: ¢gapaodoti (CyObEKTUBHOW eAnHUIICH) U Mempom (00BEKTUBHON eaunwmieii). OHu

CBSI3aHBI MEXK]Iy COOOI1 ClIeTyIOIUM 00pa3oM:

2
IF = 1?)’”

)

DTO 3HAYUT, YTO €, SBJISETCS B JACUCTBUTENBHOCTU Oe3pazMepHbIM uncioM. [loacrasnss (9)

B (8), HaxoIuUM, 4TO

10" 2 1
€ r 10
0" 4nc? 10" 4n (10)

B wurore, noacrasnss (10) B (4), npuxonuMm k 3akoHy Kynona B enunumax CU B Tom ke
BHze, 4To U B cucteme CI'CD (2),
Fy =222 (1)

B uém paznuma mexay AByms mpenctaBieHusmu 3akoHa (11) u (2)? B (11) Toueunsie

sapsael Q1 1 (O BBIPAXKEHBI B KVJIOHAX, PACCTOSHME r — B Mempax, a cuina Fsi — B
nvtomonax. Clle0BaTeNLHO, Pa3MEPHOCTD 3apAI0B, BhITeKaromas u3 (11), pasaa
1
kgxm e
[01=[F1[Fy]? = m[ (12)
S

Takum 00pa3oM, IefiCTBUTENBbHAS Pa3MEPHOCTD AIEKTPHUECKUX 3apsioB B cucteme CHU paBHa
1/ 3
[0]= kg 2m 257, (12a)
T. €. OHA BBIPAKAETCSA TEMHU YK€ CAMBIMU OPOOHLIMU CMENEeHIMU eOUHUY UMepeHUs, KaK U
anekTpudeckuit 3apsia (3) B ypaBHenu (2) B equnuiax CI'CD.

[Tockonbky 1C—— / / , CIOWHMUA 3apsna, KYJIOH, TPEACTABIIEHHAs Tpems

OCHOBHBIMH enuHuiiamu cuctembl CU: mamepuu (kg), npocmpancmea (m) n epemenu (s),
HMEET CIEAYIOLLYI0 BEJINYMHY U Pa3MEPHOCTD:

c, 1 |7 .

1Ic=5r. L jglimPis (13)
10 /10°
KakoBbl 5xe pe3ysibTaTsl onrcaHHol Beile «pannoHanusanum» CI'C B enuannbsr CHU? Kak

BUIMM, OHM HE CTOJIb BIEYATISIONIM M3-3a Helenblx MaHumymsaiuil. Ilo cytu, atH
MaHMIYJIALMU (Ha3blBaeMble pallMOHAIU3aIMel) MpeBpaTUiInuCh B «(GUroBbli JUCTOKY». OHU
HEYMECTHBI, TIOCKOJIBKY COXPAaHWJIUCh T€ e APOOHBIE CTENEHH, % U %, B OOBEKTUBHBIX

eIMHUIIAX W3MepeHus mamepuu (HEBaXHO, g WM kg) W mnpocmpancmea (cm WIA m)
COOTBETCTBEHHO.

Takum oOpa3oM, MBI BHIUM, YTO, YTOOBI CKPBITh OECCMBICIEHHYIO Pa3MEPHOCTh C
IpOOHBIMU CTETICHSMH, C KOTOPOW (PH3WKH HE CMOTJIM CIpPaBUThCS, coznmarenu eamHun; CU
BBEJIM HOBYIO €IWHUILY 3apsiga, Ha3zBaB e€ kyaomom (Km) (13). CormacHo mpoBenEHHBIM
npeoOpa3oBaHusAM, €IMHULA K)IOH ObUla TpUHATA paBHOHM cienyromemy uucity CGSE,
eounuy 3apsoa B cucteme CI'CO:

1 3
IC = 16_6 CGSE, =2.997924580x 10’ gécmés_l (14)



He BpaBasice B monpoOGHOCTH, TMOABEAEM HTOTU. B pesynbraTe paluoHaTU3alud K
mpuaode 0CHOBHBHIX eOUHUY MATEPUH, IPOCTPAHCTBA U BpeMeHH (kg, m, s5) Oblia po0aBieHa
HpOU3600HAA e€OUHUWA — CIUHULA CUJIBI DJIEKTPUUYECKOrO0 TOKa — ammnep. DTO TMPUBEIO K
BBEJICHUIO B (DM3UKY HeccMblC/IeHHbIX OTIOTHUTEIBHBIX KOHCTAHT — 2JIeKMPUUECKOU &, W

MAZHUMHOU Hy » HA3BAHHBIX 0E30CHOBATEILHO qbuauuecmuwu.

Taxum oOpazom, mpoOiemMa OpodHbIX cmeneHell 0CHO8HbIX eOunuy BO Bcex (hopmyrnax
AJIEKTpOMarHeTu3Ma He ObLIa pelleHa U, 1o CyTH, HEIBHO 3aMacKUpPOBaHa.

Kak Buaum, Oblla mpoBeneHa JHIIb UMHUTalMs pedopMbl B METPOJOTUU
AJIEKTPOMArHUTHBIX MPOIIECCOB, HO HE cama pedopma.

I/ICXOI[H W3 OIIMOOYHEIX pa3MepHOCTeﬁ QJICKTPHUYCCKOI'0 3apsgaa W TOKa, pasMEPHOCTHU
BCEX (1)I/I3I/ILICCKI/IX BCJIIMYUH OJICKTPOMArHe€TuimMa, IMIPHHATHIC B COBpeMeHHOfI (bI/ISI/IKe,
CCTCCTBCHHO, TAKXKXC OKa3aJluCh oI00YHBIMHU. TaKOBBI (baKTBI.

Beenenne enuann CH crano OJHMM W3 KIIOUEBBIX JTAIOB, MOBIMWSBIIMNX HAa Pa3BUTHE
¢m3uku. Ha npumepe Takol ¢puxmugrotl «pannoHAIN3aMW» (HU3NKU MOTYIHIH OYepeITHON
YPOK O TOM, KaKk uzobpemamp nro0Oble «(PU3MYECKHE» KOHCTAHTBHI, a 3HAYUT, MOIYYWIN
3eNEHBIA CBET JIEHCTBOBAThH MOJOOHBIM 00pa3oM W Jaiblie, (paKTHUECKH CO3/1aBaTh TaKUM
00pa3oM BUPTYaNbHYIO (QU3UKY.

PaccMoTpuM [t cpaBHEHHUS 3aKOH BCEMUPHOTO TATOTEHUS, KOTOPBIA HMEET BUJL

F=gmin (15)

3nech KOAPGUIMEHT MPOMOPIHOHATBHOCTH G, Ha3bIBAEMBIH 2pasUmMAayuOHHOU NOCMOSIHHOLL,
ObUT  ompeAenéH Kak MO BEIMYMHE, TaKk ®W 10 Pa3MEPHOCTH, OH paBeH

G =6.6720x10"" g'em’s™" . Bumum, uTo B JaHHOM clyuae ¢ 3TOH (QU3MUECKOI BETHUMHOI

BCE BCPHO, MPEKAC BCCTO IMMOTOMY, UYTO e€ PaSMEPHOCTL BBIPAKACTCA YCPE3 Ye/l0HUCTIeHHble
nokasameniu cnmeneHu OCHO6HbIX e()uHuu Amnanornunas Impo3padyHasa CuTyanusd J0JKHa UMETh
MCCTO U B CJIy4ac 3aKOHa Ky.]'IOHa.

Taxum o6pazomM, 6e3 perieHust mpodieMbl BETUYHUHBI U pa3MepHOCTH K03 duimenta k B
3akoHe Kynona (1) ¢usmka s71eKTpOMAarHUTHBIX SBJIEHUN (M CBSA3aHHbIE C HEH Jpyrue
pasnensl GU3NKK) HE JOOBETCS HUKAKOTO MPOTPecca, YTO U HAOII0JAeTCsl B HACTOSAIIEE BpeMs
B PEATBbHOCTH.

K coxanennto, ommbounas (opma 3akona Kymona moponuna ¢peHOMEHOIOTHUECKYIO
CUCTEMY MIOHATHH C MCpaMu, UMCHOIITNMHA )IpO6HBI€ II0Ka3aTCIn CTCIICHU OCHOBHBLIX C€IWHUII,
910 (aKTUYECKH OECCMBICICHHO. B pesyibrare nosmanue npupoovl IneKmpuiecKux
3apA006 CMao He6O3MONCHBIM.

[Tockonbky ommMOOYHass cUCTEMa Mep 3JEeKTPOMAarHUTHOIO TMOJS OXBAaThIBAaeT BCE
¢dbuzmveckue GOpMyIbl, HKCIIEPUMEHTHI, OCHOBAaHHBIE Ha ATUX (opMysax, HE CIOCOOHBI
0OHapyXUTh HaKOIUIEHHbIe OmKOKU. Takum obpazom, hopmanbHO BCE Kak Obl «IIPaBUIIBHO»
U «HEMPOTUBOPEUUBO», XOTS 3aps] OSJEKTPOHA, B YAaCTHOCTH, ONpEAENEH HEBEpHO, KakK
KAueCTBEHHO, TaK W KOJWYECTBEHHO. OTO IMPHUBEJIO K IOSIBICHHUIO MHOYKECTBA
JIOTIOJTHUTEIBHBIX ATOMHBIX KOHCTAHT, eIlé OoJbliIe 3aTpy IHAIOMINX Mo3HaHue BeenenHoil Ha
aTOMHOM YPOBHE.



OmmbouHbIe MEpBI MOPOKAAIOT JIOKHBIE TEOPUH, B paMKax KOTOPBIX (OpMaIbHO BEpHbIE
pe3ysbTaThl BO3MOXKHBI JIMIIbP HAa OCHOBE HOBBIX OIMMOOK B TIOJHOM COOTBETCTBHH C

JUAJIEKTHYECKUM 3aKOHOM JBOMHOro orpuuianusi: No, x No, =Yes, rae No, — UCXOJHas

J0Xb, No,— HOBas JIOXKb, a Yes — dopManbHasi HCTHUHA.

PesynbTar Takoro xoma cOOBITHI MOXKET OBITh TOJLKO OJJUH — TYIUK B pa3BUTUH [2].

Opnako He BCE€ TaKk MpayHO; B KOHIIE «TYyHHENs» ecTh cBeT. Jlemo B TOM, 4TO
pa3MEpHOCTh 3apsi/IoB, B TOM YHCJIE JJIEKTPUYECKUX, PelIeHa B pamkax J[uHamuueckoi
MOJIEJIN 3JIEMEHTAPHBIX YaCTHII.

Kax CIICay€eT us I[M, IIOKaXXE€M HMIKE, PasMCPHOCTH «OJICKTPHUUYCCKOI'O» 3apsjga paBHaA

g xs'; a pasMepHOCTb KO)(HIMEHTa TPONOPIHOHANEHOCTH k B 3akoHe Kymona (1) pasna

[kK]=g'xcm®. D10 o3Hauaer, uTO TEKMpuUUECKUNl 3aPAO eCMb UHMEHCUEHOCHD

(cmenensb, ckopocms) maccoodmena (B3aumojeicTBus). Ha artomHOM ypoBHE OOMEH
peanusyercs, Kak cienyet us3 [2, 3], Ha dyHIaMeHTaIbHOM YacToTe

m, =1.869162505x10'% 57"

BonHoBo#i pamuyc, COOTBETCTBYIOIIMN 4acTOTE M, PaBEH A, =1.603886492x10° cm .
OGa BOJIHOBBIX MapamMeTpa, We U A, , ONMPEACISIFOT CYHIECTBYIOIINNA HOPSIOK (MEKY3/I0BbIC

paccTosiHUs) B aTOMHBIX U MOJIEKYJISIPHBIX CTPYKTypaX, HMMEIOIIUX 000J04YeYHO-Y3JI0BOE
cTtpoeHue (oTkpbiTue BonHoBoit Monenu). Haneemcs, 4ro naHHbIE OTKPBITUS OyAyT
CIOCOOCTBOBaTh Pa3BUTHIO, B YACTHOCTH, (U3MKH TBEPAOTO Tela, HEU30e)KHOMY
IIEPEOCMBICIICHUIO €€ YCTOSABIIMXCA MPEICTABICHUN, KOTOPBIE YXKE HE COOTBETCTBYIOT
JEHCTBUTEIILHOCTH.

Pano unu mo3nHo u3MKM NOMKHBI OYIyT OCO3HATH BCIO BaXHOCTh paccMaTpHBacMON
3/1ech MpOO0JIEMbl COBPEMEHHOW (DM3MKU C 3JIEKTPUUECKUM 3apsoM, TaKoBa JUAJIEKTHKA.
JlecTBUTENBHO, HEBO3MOXHO BCE BpPEMSI CKpbIBaTh HEPELIEHHBbIE KIIOYEBbIE MPOOJIEMBI,
KOTOpBIE JIOCTATOYHO JOJIT0 CAECPKUBAIOT pa3BuTHE Gu3UKU. B moboMm ciydae, ouckyccuu na
amy memy OyayT IIIOJAOTBOPHBI sl PUIUKH.

3. Pemenue npod1eMbl NPUPO/Abl KBAHTOB (PyHIaMEHTAJIbHBIX
B3aUMO/IeHCTBUH

MBI OTHOCUM Mmamepuio U npocmpancmeo K MaTepuanbHON cocTaBiigroniel BeeneHnon
(Hapsiny ¢ uaeadbHOM, TyXOBHOM). Macca paccMaTpuBaeTcs Kak 0000IEHHAS Mepa obmena
osudiceHuemM U mamepuell WIN KaK mepa codepicanus B MHUPOKOM (HUI0cO()CKOM CMBICTeE,
KayeCTBEHHO IMPOTHBOIOIOKHAS MEpe popmubl.

B nmpenpimymedt nekmum  ObUIO  TIOKA3aHO, YTO Macca »dJIEMEHTapHBIX YAaCTHII,
paccmarpuBaeMbiX B JIM Kak MyJbCUPYIOIIME MHUKPOOOpPA30BaHUSI BOJTHOBOTO MPOCTPAHCTBA
(WM Kak KOMIIAKTHBIE, YIUIOTHEHHBIE, TPOCTPAHCTBEHHbIE BuxpH) [4], sBIseTCS
TUHAMHYECKOH, npucoedunénnot (MpUOOPEeTEHHOM), OOYCIOBICHHONW €€ JMHAMUYECKUM
MIPOUCXOXKACHUEM U3 BOTHOBOTO MPOCTPAHCTBA, TMHAMUYECKUM PAaBHOBECHBIM COCTOSIHUEM U
MTOBEJICHUEM B 3TOM ITPOCTPAHCTBE.



Kak wu w™acca, keamnmovi yHOaMeHMANbHBIX G3AUMOOCUCEUL Yacmuy (CUTbHO2O,
INEKMPOMASHUMHO20 U 2PABUMAYUOHHO20) TAKXKe UMeeT 00MeHHYI0 mpupoay. OTHomeHHe
MIPUCOCTUHEHHOM MacChl dim KO BpeMeHH df (TiepBasi IPOM3BOIHAS TIPUCOSAMHEHHON MacChl)

MIPENICTABISET CO00M MowHOCmb (UHMEHCUBHOCHb) MACCOOOMEHA — 83aAUMOOelCEus — ¢

Pa3sMEpPHOCTHIO g X s

di
— 16
7 (16)

OT10 oTHOmIeHHE paccMmaTrpuBaeTcsi B JIM Kkak obmenuwviti 3aps0. Takum oOpazom,

q=

000011251, MBI OINpPEACIAEM 0OMeHHbIl 3apsi0 ¢ KaK MEPY UHMEHCUSBHOCMU MACCOO0OMeHA

YaCTHUIBl C OKpYXKalollel cpelod Ha pasHbIX ypoBHAX Bcemennoi. s kpaTkocTu Oynem
Ha3bIBATh ATO OTHOIICHUE MPOCTO 3APAOOM.

CoriacHO NPUHSATOMY OIPENEIICHUIO, B ClIydyae MUKPOOOBEKTa CPEPUICCKON CTPYKTYPBI
Mepa oOMeHHoro 3apsiia (16) paBHa
. dm . -
q=7=Sl)8=4TU’2l)808r, (17)
t

rJie 7 - palyC BOJHOBOUM 000JI0YKH MUKPOOOBEKTA.
[epeiinem K BbIBOLY (GOPMYNBI Ui  0OMeHHbIX 3apsido6 ¢, TPUTOTHON JUis
MPaKTUYECKUX IPUITIOKEHUI.

Mpbl monmyumnM - Cleyollee ypaBHEHHE MOIIHOCTEW oOMeHa it chepudecKoi
JUHAMHYECKOHN (ITyJIbCUPYIOLEH) YacTULbl B OKPY)KAIOILIEM I0J€ MaTepUU-IIPOCTPAHCTBA-
BpemeHH (ypaBHeHue (11) B Buneoposuke «IIpupona macco»):

- 4w’ A
pS=F = %(l — ikr)die (18)

OTO ypaBHEHHME COJCPXKHUT HHPOPMALMI0O Kak 00 oOmeHe OgudiceHuem, €CId OHO

L o
MMpEACTaBJICHO B BUAC F = m7, TaK U 00 obmene maccou, €CJIN OHO MPEACTABIICHO B BU/IC
t

dm
F :d—u. [lepBast dpopma mpencTaBICHHS, PACCMOTPEHHAs B YIMOMSHYTOM IPEAbLIYIIEM
t

Bujgeo (ypaBHeHue (14)), onuceiBaer, TakuM oOpa3oM, oOmen oOsudiceHuem. Bot eé
pa3BEPHYTHIN BUL:

Anriee. dO  Anrie e .
—20 2’ —+—2° = krod = F| (19)
1+krs dt 1+k°r

C ero mOMOMIBIO Mbl PACKPBLIH IIPOUCXO0KICHUE MACCHL.

[Tepenumem ypaBHenue (18) v npeacTaBUM €ro B CIEIYIOIIEM BU/JE:

dna’ee, . 4ma’ee, N
1+k*a’ o 1+k*a’ A 20)

VYpasuenue (18), npencraBnenHoe B (opme (20), onmuceiBaeT Tenepb 0OMEH MACCOl.
JIeWCTBUTENBHO, B 3TOM Cllyyae pa3BepHyTas TIOJIeBas COCTaBIIONIas OOMEHa Maccoi
COOTBETCTBYET CJIEAYIOLIEMY OOILEMY BUIY:



A, dm . ..
Fy=pS=—-0=qV (21
dt
Takum o00pa3om, BeIpakeHHME B ckoOkax B (20) mpeactaBisieT co0OMl nomeryuanbHO-
KUHemu4eckuii 0OMenHbllL 3apsio § .

JleiicTBys Tak e, KaKk 3TO omucaHo W B npenplaymiei jgexkuuu («IIpuponma maccer»),
paccCMOTPUM YpaBHEHHE paJuaIbHOTO OOMEHa YacTHUIIbl Yepe3 CPEepHUECKYI0 ITOBEPXHOCTD,
BHYTPU KOTOpPOH OHa JIOKAIM30BaHA, B BUIE 00wje20 ypasHeHus MOwjHocmel oOMeHa JUIs
YaCTHUIbl, UMEIOLICH KaK IPUCOEANHEHHYIO MacCy m, TaK U MaccCy IOKOs 7o:

do
my,——=F-F, (22)
dt ‘
3neck F — MOIIHOCTh OOMEHA YacTUIbl ¢ OOBEKTOM B OKPY’KAIOIIEM MPOCTPAHCTBE;

F =pS yunTbiBaeT BONHOBOH OOMEH 4YaCTHLBI C OKPYKAIOLIMM [OJEM MAaTepHH-
IIPOCTPAHCTBA.

OpnHako Mbl Y€ 3HA€M, YTO BOJIHOBBIE MYJIbCUPYIOLIUE MUKPOOOpa3oBaHus (KOTOpHIE,
cornacHo JIM, paccMaTpuBaroTCsl Kak 4acTHIIb) HE 00JalaloT Maccoil mokos, T. €. m, = 0.

CrenoBarebHO, YUUTHIBAs TIOCIIEIHEE OOCTOSATEILCTBO, PUXOAUM K CICAYIONIEMY OOIIEMY
YpaBHEHHUIO MOIIIHOCTEN OOMEeHa:
r oA dm, L
F=F =—v=¢gv (23)
toodt

A

. dm
Takum oOpazom, cpaBHuBas (20) u (23), MbI BUIUM, YTO 0OMEHHbLE 3apsaobl, ¢ = o UMEIOT
¢

CleZ/lGHO-peaKmugHblﬁ xapakmep, KaKk U MNPHUCOCAUHCHHAA Macca m , 4TO C€CTCCTBCHHO, a

UMEHHO:
. 4nrie e 4nrie e,
q=q,+iq, =———kan+i———"-® (24)
¢ 1+ k252 1+ k252
[TepBblii usieH qq,
47‘57"3808
q,=——5 ko, (25)
1+ k%2

€CTb AKMUGHbII 3apa0. BTopoii uneH ¢,
4rre 6
= T4 _ = T 200 (26)
kr 1+k°r

€CTb PeaKmueHulil 3aps0.

Axmuenas COCTaBIAOIAS ¢, ONpPENeNseT oJucnepcuro npu obMeHe, KOTOpas B
CTallMOHAPHOM TIPOIIeCCE OOMEHA KOMNEHCUpYyemcs npumokom IBUKEHUS W MaTepUd W3
Oosee TITyOOKMX YPOBHEH MPOCTPAHCTRA.

Peaxmusnas cocrapnstomas (26) 3apsaa g- cBsi3aHa ¢ IPUCOECTUHEHHOW Maccoil m (cM.
ypaBHenue (21) B nexkuumm «IIpupoma macce») criemyoumM  (QyHIaMEHTaIbHBIM
COOTHOILLIEHHUEM ]ISl BOJTHOBBIX IPOLIECCOB!

q =mm (27)



Ecnu m=me M ©®=®e, 3TOT TEPMUH COOTBETCTBYET JJIEMEHTAPHOMY KBAaHTY
MHTCHCUBHOCTH MaccooOMeHa (B3aMMOJEHCTBHsI) Ha aTOMHOM M Cy0aTOMHOM YPOBHSAX, U
COCTaBJISIET CYTh (MIPUPOAY) «INEKMPULECKO20 3aPA0ay IINEKTPOHA.

Janee i KpaTKOCTH MbI OyJIeM HA3bIBATb ¢ OOMEHHbIM 3APA0OM (.

Pasmeprocms 0OMEHHOTO 3apsna paBHAa gxs . TakuMm 06pa3oM, OOMEHHEIH 3apsaj ¢
(27) ompenensieTcst ghynoamenmanvhoi uacmomoii nonsa oomena ® (®. WK Og), KOTOpas
SIBIISICTCS.  XAPAKMEPUCIUYECKOU  «BDEMEHHOU» 4acmomol O0OMeHA HA aMOMHOM U
cybamomnom yposHax (M), WIA TPAaBUTAIMOHHOM (M) [5], U MpUCOSAMHEHHONH Maccoii
YaCTHIIBI /1.

Axmuenwviii 1 00MeHHblI (PeakmusHblll) 3apsi0bl CBI3aHbI COOTHOIICHUEM
q, = qkr (28)
COOTBETCTBEHHO, aKMuGHAs Macca JIUCIEPCUU TIPU OOMEHE Mg, COOTBETCTBYIOIIAS
AKTUBHOMY 3apsy ¢q, CBS3aHA C NPUCOCOUHEHHOU MACCON m CIICAYIOIUM 00pa3oM:

= da gy (29)
(Q)

m,

B takoM ciyuae npucoeounennyto maccy m cienyeT paccMaTpUBaTh KaK peakmueHyo Maccy.

4. O0OMeHHBIH 3aps/l IJIEKTPOHA

Takum obpazom, JIM packpbiBaeT pU3NUECKHI CMBICH IBYX (yHIaMEHTAIbHBIX MOHATUI
buzukn — maccel U 3apacosg. llocnegnue sBIAOTCS, Kak ciuenyer u3z [AM, xeammamu
GyHOamenmanvuvix 83aumooeticmauti. Jljigs KpaTKOCTU Mbl OyZeM Has3bIBaTh UX IMPOCTO —
O0OMEHHBIMHU 3apsaMH.

Utak, obOmennviti 3apsi0 — 3ITO Mepa UHMEHCUBHOCMU O0OMeHa Mamepuel-
NpPOCMPAHCMEOM, WU, KPATKO, MOWHOCMb MACCOOOMeHa;, €ro TEePEeMEHHOE 3HAaYCHHUE

U3MeHsieTcs ¢ QyH/IaMeHTaJIbHON 4acTOTOH .

Obmennvle 3apaodbl 2NEKMPOMASHUMHBIX 63AUMOOEUCMBULl ¢, Pa3MEPHOCTHIO gxs_l,

4 =4ccs\ATE » (30)

C anekmpudeckumu 3apsagaMu gces (B enumHunax cuctembl CI'CD), pasMepHOCTh KOTOPBIX

CBA3aHbI CIICAYOIIHUM PABECHCTBOM,

1 3
BBIpA)XAeTCsl JPOOHBIMHU CTEMEHSAMHM €IUHMIl MacChl U JJIUHBI, gé X cmé xs' [5]. B
3 o
paseHctBe (30) €, =1gxcm™ — abconromnas edunuya nromuocmu. TeOpeTHIECKUH BBIBOJL
dhopmynst (30) moaAPOOHO PACCMOTPEH B CIEAYIOMICH JICKITUH.

3apso onexmpona B emmunnax CHU pasen e=1.602176565x10""" C [6]. TTockomabky

1 3
1C = 2.997924580x10° CGSE, (B gé xcmé xs~', cm. (14)), 3apsiy| SITEKTPOHA B CHCTEME
equnuy CI'CO paBen
ecgs =4.803204506x10™'"° CGSE, (31)



Takum o6pazom, u3 (30) ciemyeT, 9To 0OMmenHbIl (PeaKmusHblil) 3apsio0 INeKMPOHA NUMEET
CIICAYIONUIYIO BEIMYMHY U Pa3MEPHOCTb:

e=e us/4mE, =1.702691665x107° g x5! (32)

3apsio  snexkmpona (32) paccmarpuBaercss B JIM  Kak 21emenmapuulii.  Keanm
UHMEHCUBHOCIU MACCO0OMeHa Ha aTOMHOM M Cy0aTOMHOM ypPOBHSIX.

5. ®yHgaMeHTAJIbHASA YACTOTAa 00MeHa

Ha ocHoBe cootHomeHus (27), 3Has 3HAYCHUS 0OMeHHO20 3apsda neKkmpona e (32) u ero
NPUCOEOUHEHHOU MACCbL Me, TIPUXOIUM K (QYHOAMEHMANbHOU Yacmome BOJHOBOTO TIOJI
OoOMEHa Ha amoMHOM U CYOAMOMHOM YPOBHSX:
®, = =1.869162469x10'* 5~ (33)

e
me

B aroii dhopmyne macca snexmpona me=9.10938291(40)-10728 g, B3ata uz3 CODATA

(«Pexomendyemvix 3Hauenuti ynoamenmanvHulx ¢usuveckux xoucmanum: 2010») [6]. B
COBpEeMEHHOM (hM3MKEe OHAa paccMaTpUBAETCs Kak macca noxkos. OnHaKo, Kak ObUIO MMOKa3aHO
B mpensinymen nekuuu («lIpupooa maccer», cMm. dopmyna (21)), npunaras B ¢usuke u
MPUBEJICHHAS BBILIIE MAcca AIEKTPOHA (PAKTHUECKU SBJISCTCS NPUCOCOUHEHHOU.

PaCCManI/IBaeMOG B COBpeMeHHOI\/JI (1)I/I3I/IKG TaK Ha3bIBACMOC «aJiekmpocmanmudeckoe
nojie» Ha CaMOM ICJIC SBJICTCSA 60JIHO6bIM noJjiem, 4aCTOTa KOTOPOro B TOYHOCTH pPaBHA

q)YHHaMeHTaHBHOﬁ HaCTOTEC Me.

DynoameHmanbHulll 80HOBOU paouyc, COOTBETCTBYIOIIUN (yHOaMeHmanbHol yacmome
(33), umeer cneayrolee 3HaYCHHE:
c -
A, =— =1.603886569x10"" cm, (34)
Q)e
OTO ouepenHON, W3 CEepUU HEU3BECTHBIX Ui COBPEMEHHOW (M3MKH, Ba)KHEHIIMH
¢byHnaMeHTanbHbIl  mapamerp Ilpuponsl,  xapakTepuCTHUECKHH JUIsli aTOMHOTO U
cybaromHoro ypoBHeW Bcenennoit. VYaBoeHHoe 3HaueHUE (PyHIaMEHTaIbLHOTO BOJHOBOTO

pamuyca, @ynoamenmanvhviii 601H080U Ouamemp D =2k, =0.32 nm, paBeH cpeaHeMy

3HA4EHUI0 MapaMeTpOB pPEIIETKH B KPUCTAIUIAX, OINpPENeNss CPEJHIO JUCKPETHOCTH
IIPOCTPAHCTBA (PACCTOSHUE MEXIY Yy3JaMH B KPUCTAJUIaX U MOJIEKyJaX) Ha Cy0aTOMHOM U
aTOMHOM YPOBHSIX 0OMeHa (B3auMOJIEHCTBUA).

C pyHnaMeHTanbHON yacmomoii OOMEHa ®. CBA3aHbI XapaKTepHbIE 3HAUEHUSI U MHOTHX
Opyrux GU3WYECKUX napamempod Ha aTOMHOM M cy0aToMHOM ypoBHsAX. Hamomuum o
HEKOTOPBIX U3 HUX, PACCMOTPEHHBIX B IIPEBITYIEH JIEKIIUH.

Panuyc BostHOBO# chepuyeckoil 000I0UKH AIIEKTPOHA Fe, NYAbCUPYIOWEU HA YACTOTE e,
(bakTUYECKU paoduyc 51eKmpoHa, TIOIyYEeHHBIH W3 (OPMyJbl HPUCOECAVMHEHHOW Macchl
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4nr e, 2n 1
m= 5 3 npu YyCJIOBHU: m=m =
1+k)r

©=2.99792458x10"" cmxs~":
r, =4.17052597x107"% cm (35)

Paouyc npomona, OTpaHUYCHHBIN, KaK U PAJUyC IEKTPOHA, Nn)IbCcupyiowell Ha 4acToTe
®e XaPAKTEPUCTHYECKON BOJIHOBOM 000JI0YKON, BBIBEACHHBIN U3 TOU k€ (POPMYIIBI MACCHI:

r, =5.28421703x10cm (36)
Ero Bennunza He3HAYNUTEIHFHO OTJIMYAETCS OT 60p0BCKOFO paauyca,
1y =5.2917721092x10°° cm.

6. 3akaouenue

[TogBenem wuTOrM paccMOTPEeHHOro HaMu B 3Tou Jeknuu. Corjacurech, B HeEH
o0CyXanach MOMCTUHE YHUKaNbHas mpobiema. OHa TECHO CBS3aH C MPOOJIEMOM, pelieHne
KOTOpPOM PACCMOTPEHO B MPEIBIAYIICH JICKIIUH, U SIBISETCS €€ MPOIOKEHUEM.

Co Bpemenn OTKpwITHSI KyJIOHOM 3aKOHa B3aMMOJACHUCTBHS TOUEUHBIX AIICKTPHUYECKUX
3apsaoB (1785 — 1788 r.) HU4Ero He U3MEHUIIOCH IO CYTH. A UIMEHHO, PU3UKHU JI0 CUX 110D HE
CMOTJIH PaCKPBITh MIPUPOTY AIIEKTPHUECKOTO 3apsizia.

Cyns no xony pa3Butus GU3MKY, BBEAs amIiep A B KaUYeCTBE €IMHUIIBI U3MEPEHUS CUIIbI
AJIEKTPUUYECKOTO TOKAa M €€ pPa3sMEpPHOCTH, a TakkKe eIWHUIBl 3apsaa KyinoH C, (pusuku
MPUKPBUTH OECCMBICIIEHHYIO Pa3MEPHOCTh JJIEKTPUYECKOTo 3apsja (M ero MpOU3BOIHON —
AJEKTPUYECKOT0 TOKA), BHITEKAIOLYI0 U3 3akoHa KyioHa.

[TpunucanHble Ha3BaHUS (aMmep U KYJOH), B CYIIHOCTH, (UIOBBbIE JHUCTOYKU. Tem
cambIM (PU3UKK (PaKTUYECKU NMPU3HAIN CBOK OECIIOMOIHOCTh PEHIUTH MPOOJIeMy MO3HAHUS
MIPUPO/IBI 3apsijia.

B pamkax JIluHamudeckoil MoJenM 3JE€MEHTapHBIX YacTHIl TpUpojaa 3apsaa
pacKpbIBaeTCsl €CTECTBEHHBIM 00pa3oM. DTOMY M MOCBsIeHa AaHHas Jekuus. CoriacHo M,
ANEKTPOH SBJISETCS DJIEMEHTApHBIM KBAHTOM, C IIOMOIIbIO KOTOPOTO OCYIIECTBISETCS
MaccooOMeH (B3aMMOJEMCTBHE) C JPYTUMH YacTHIAMH M OKPYXaloIIUM  IOJIEM-
MIPOCTPAHCTBOM Ha aTOMHOM U CyOaTOMHOM YPOBHSIX.

CornacHo ompeneneHnI0 MOHATUS 0OMEHHbIX 3apsA008, OTKPBITUE OOMEHHOW MPUPOIbI
eKmpu4eckux 3apsi0os ObUIO CHENAaHO TNpPHU BBIBOAE KAaK JIOTUYECKOE CIIEJCTBUE CBSI3U
3apsAN0OB C MPUCOCOUHEHHOU HNPUPOOOU MACChl YAaCTHI] U HMX BOJHOBOIO IOBEJIEHUS B
MIPOCTpaHCTBE MoJist. B pe3ynbTaTe Mbl Teeph 3HAEM UCUHHOE NPOUCXOHCOEHUE, BETUUUHY T
pasmepHocmv, B YACTHOCTH, 3apsA0d 91eKMpoHAd, KOTOPBIA SBISETCS 3JeMeHMApHbIM
KEAHMOM UHMEHCUBHOCTU MACCOOOMEHA.

Takum o6pa3zom, corimacHo [IM, 31eKTpoH SBIsSIeTCS DJIE€MEHTapHBIM KBAHTOM, C
MIOMOIIBIO KOTOPOTI'O OCYILECTBIISIETCSI MACCOOOMEH (B3aUMOJEHCTBUE) C IPYTHMHU YaCTUIIAMU
n OKpY>Karolmnum MOJIEM-IIPOCTPAHCTBOM Ha AaTOMHOM n Cy6aTOMHOM YPOBHAX.
NHTeHCMBHOCTH MaccoOOMEHa OMpeaeNseTcsl MPOU3BEICHUEM MPUCOCIUHEHHOM MacChl
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JJICKTPOHA M HA YacCTOTy TyJbCallMid €ro BOJHOBOW cdepruyueckord O0OOTOUYKH (e,
SBJIIOINYIOCS (DYH/IaMEHTAIBHON YacTOTON B3aMMOJCHCTBUI HAa aTOMHOM M Cy0aTOMHOM
YPOBHSAX: € = Me®e.

MBI paccMOTpenu B MOAPOOHOCTSIX 0OMeHHble (DIIEKTPUUYECKHE) 3aps0bl, OTBETCTBEHHBIE
3a 91eKMPOMASHUMHbIE 83AUMOOCUCMBUS.

Ho cnenyer monumats, 4To ma sce obMeHHas npupooa CBOMCTBEHHA TaKKe OOMEHHBIM
3apsijaM, OTBETCTBEHHBIM 3a cuibHOe (TaK Ha3blBaeMOE «si0epHoe») B3auMOJIeHCTBHUE, a
Takke OOMEHHBIM 3apsgaM, OTBETCTBEHHBIM 3a 2pasumayuoHHoe B3aUMOJCHCTBHE
(epasumayuonnvim odmennvim 3apadam). O HUIX Mbl IOTOBOPUM ITO3XKE.

OneMeHTapHbIe KBAHTHl YIIOMSAHYTBIX B3aHUMOACUCTBHN ONPENEISAIOTCS COOTBETCTBEHHO
CJIEAYIOUIMMHU IPOU3BEAECHUSAMH NIPUCOEIMHEHHBIX MacC U (PyHAaMEHTaIbHBIX YacTOT.

B cnydae cunbruix B3aMMOAECHCTBUM Gstrong = MnWe, TAE My - MACC HYKJIOHA (IIPOTOHA WIIU
HeHTpoHa). B cioyyae TrpaBUTALIMOHHBIX B3aUMOJEHCTBUN  ¢g=Mn®g, TAE O —
@yHnoamenmanoHas 4acmoma 60J1HO8020 2PABUMAYUOHHO20 NOJIA.

OTKpBITHE  NPUPOOLL  KBAHMOE  (DYHOAMEHMANLHLIX — 83AUMOOeCMEull, HaPSIAY C
PACKpBITUEM TPOUCXOXKICHHUS Maccyl, TOTSIHYJIO 32 COOOM IENOYKy IPYyruX OTKPBITHH.
3HaHHE MCTUHHOTO MPOUCXOXKAEHUS JBYX (YHIAaMEHTAIbHBIX (PU3NYECKHMX KOHCTAHT —
Maccwl me M 3apsaoa e IEKTPOHA — HapsAy ¢ HaXOXKIACHUEM UX MPAaBUIBHOTO YUCICHHOTO
3HAYCHUs ¥ UCTHHHOW Pa3MEPHOCTH, €CTECTBCHHBIM 00pa3oM (Ha OCHOBE MX B3aUMOCBSI3U
(27)) npuBEIIO K OTKPBITHIO (hYHOAMEHMANbHOU Yacmomsl 0OMeHa (B3aUMOJCHCTBHS) . JTa
9acTOTa ONpEAeIIsieT BCe MPOIECCHl Ha aTOMHOM M Cy0aTOMHOM YPOBHSIX, B TBEPABIX TellaX U
MOJICKYJIaX, BKIIOYas IPOYHOCTh CBs3eH (CHIJIBHBIX W DIIEKTPOMArHUTHBIX) U CTPYKTYPY
BCIIICCTB.

ITomumo BBImerHBeHeHHOﬁ TpHUabl (me,e, ®, ), B 34K/IFOYCHHUU CIICAYCT OTMCTUTH U

JApyrue OTKpbITble (yHIAMEHTAJIbHbIE KOHCTAHTHI, SIBJISAIOLIMECS MPOU3BOJHBIMU OT
yKa3aHHBIX (PyHIaMEHTAIbHBIX KOHCTAHT: QYHOAMEHMANbHLIL BOMHOBOU paouyc Kk

e
XapaKkTepHbIH Ui aTOMHBIX U CyOaTOMHBIX YpPOBHEH, U paouycvl 601HO8bIX 00607104k
9NEeKMPOHA U NPOMOHA, T'e U Tp.

Crnenyer TakXe OTMETHTb, YTO OTKPBITUE CTPOTOrO COOTBETCTBHS (yHJIaMEHTAJIbHOIO
BOJIHOBOTO pajiyca A, CpeOHeMy 3HAYEHUI0 NapamMempos peuemKy KPUCmaiiog SBIsSeTCs
OJHUM M3 BECKHX JI0Ka3aTelbCTB cIpaBednuBocTu JM M, cleqoBaTelIbHO, a0eKeamHocmu
OeticmeumenvHocmy TIPEICTABICHU O BOJHOBOM TMPUPOAE U BOJHOBOM IIOBEJIECHUU
3JIEMEHTAPHbBIX YaCTHII.

PaccmoTpenHble Bbllle (QyHIaMEHTAIbHbIE KOHCTAaHTBI-IAPAMETPHI, KaK HN3BECTHBIE,
BHOBb MHTEPIPETHPOBAHHBIE (/M,,€), TaK W HEW3BECTHbIE paHee HOBbIE (,,A,,7,,7,),
MCTOJIB3YIOTCS IPU MEPEOCMBICTICHUN BeeX (hU3MUecKHX sBJIeHUi B cBeTe BoaHoBoit Monenu

B paMKax TeOpuH, Ha3biBaeMoH J[M, MOCBSIIEHHON CTPYKType U NOBEACHUIO AJIEMEHTAPHBIX
YaCTHUL, ¥ PUIIOKEHHUSAM 3TOU TEOPHH.

be3 OTKpbITHH BBHIICYNOMAHYTHIX (YHIAMEHTANIbHBIX (U3NYECKUX TOHATHH U
napamMeTpoB OblT Obl HEBO3MOXEH M psii Apyrux OTKpbITUH [7-10], Hampumep, Takux
YHUKAQJIBHBIX, KaK: OmMKpblmue G0IHOGOU Npupoobl 2pasumayuu W @GyHOAMeHmMAanbHOU
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yacmomul BOJHOBOTO TPaBUTALIMOHHOTO TIOJIA, OTKPBITUE (POHOB020 chekmpa amoma
8000p00a, TOYHBIA 661600 MACHUMHBLIX MOMEHMO8 HYKIoHO8 (IPOTOHA W HEUTpoHA) U
91eKMpPoHa, N T. 1.
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