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OnuchiBaeTcss NPUHIUIUAILHO HOBBIM €IUHBIM MMOAXOJ TEOPETHUUECKOTrO OIpEAeIeHUs] 3Ha4YeHUM
(GyHIIaMEHTAIBHBIX (U3MYECKMX KOHCTAaHT B pamkax Ilu-Teopun QyHIaMEHTaIbHBIX (QH3NYESCKHX
koHCTaHT ([Iu-Teopus). [lpencraBineHbl pe3ynbTaThl aHATUTHYECKUX pacdyeToB. lIpuBeneHsl BbIOOpKa
nanHeix KOJATA 2010 u pe3ynabraThl MX CpaBHEHHs C pacueTHbIMH JaHHbIMU [Iu-Teopum. [lpu
TEOPETUUECKOM OMNpEe/eIeHUH 3HAYeHUH MOCTOSHHOW TOHKOW CTPYKTYphl M aHOMAJUU MarHUTHOTO
MOMEHTa JJIEKTPOHA METOJ TOCJEeI0BaTENbHbIX MNPUOMMHKEHUH TEOpHUH BO3MYIIEHUI KBAaHTOBOM
ANEKTPOIMHAMUKH HE UCIIOIb30BaJICS.

Kimrouessie cnoBa: KOJAATA, HUCT, Heroton, Ilnank, Pundepr, ABoranpo, 3JeKTpoH, MPOTOH, HEHTPOH.

B xypuane YV®H 183 935-962 (2013) Obuta onyoaukoBana crates C.I'. Kapmenboiima “Ilporpecc B
yTOYHEHUH (DyHIaMEHTaIbHBIX (PU3UYECKUX KOHCTAHT: pekoMmeHaoBanHble 3HaueHus KOJIATA 20107, B
KOTOPOHM TMpencTaBlieH 0030p TEKYIIEero COCTOSHHUS el ¢ yTOYHEHHEeM 3HauyeHHi (yHIaMEeHTaJbHBIX
¢busnuecknx KOHCTAHT (Hajee mo Tekcty — DDK).

Hcxons u3 copepkaHMsl BbILIEYKAa3aHHOM CTaTbHM, aBTOPOM JaHHOW CTAaThbU CHEJIAHO IPEIOJIOKEHUE,
YTO, B 4YaCTH TEOPETUUYECKOr0 OImpeneseHusi 3HaueHud HambOosee 3HaunMbix OOK, crnoxumacek
KpuTHueckasg  curyauus. JlanpHelmiee — u3J0oXKeHUE  sABJAETCS  OOOCHOBAHMEM  BBICKA3aHHOTO
MPEANOI0KEHUS U MPEIJIOKEHUSIMU IO BO3MOXKHOMY IYTH BBIXOJ1a U3 TEOPETUUECKOTO TYIHKA.

HeobOxonumoe mosicHeHHE: ecii B TEKCTE 3TOM cTaThi 0003HAaUEHHE MapaMeTpa MMEeT HIKHUN HHIEKC
“7m”, TO 9TO, BO-IIEPBBIX, O3Ha4yaeT, 4ro 310 napamerp IIu-Teopuu, a BO-BTOpBIX, YTO 3TOT Hapamerp
UMEEeT TOYHOE TEOPETUYECKOe 3HAYCHHE, KOTOPOe HACTOJIBKO COOTBETCTBYET MCTUHHOMY 3HAYECHHUIO, YTO
JUTS 3aJJaHHBIX [IeNIeil MOXKeT ObITh HCIOIb30BAHO BMECTO MCTHHHOTO 3HAUCHHUSI [TapaMeTpa.

IHocTosiHHASI TOHKOIi CTPYKTYPbI ¢! M AHOMAJIUSl MATHUTHOI0O MOMEHTA 3JIeKTPOHA &,

IIpuBeneM nuTaTy U3 yKa3aHHOW CTATHHU:
“Haubosiee TOYHBIM METOJOM ONPEACIICHUS] MOCTOSHHONM TOHKOW CTPYKTYpbl OCTaeTCs HCCIEdOBaHUE
aHOMAaJILHOTO MarHUTHOTO MOMEHTA DJIEKTPOHA a,, U3MEPEHUE KOTOPOr0 OTHOCHTCS K KBAHTOBOM ONTHKE

B JIOBYIIIKAX JIJII OAMHOYHBIX YACTHII, & TEOPHUS — K KBAHTOBOM 3JIEKTPOAMHAMUKE .
JIpyrMH CIIOBaMH, IJIsI TEOPETHYECKOTO OMpPENENICHHs MOCTOSHHON TOHKOM CTPYKTYphl «(@,) MeTonom

[I0CJIEIOBATENbHBIX MPUOMMKEHUH TEOpUM BO3MYILIEHHH KBAaHTOBOW 3JIEKTPOJUHAMUKUA B KauyecTBE
BXOJIHOTO IapaMeTpa HCIONb3YeTCsl SKCIEPUMEHTAIbHOE 3HAUYEHHWE AaHOMAJMM MarHUTHOIO MOMEHTa
DIIEKTPOHA 4, .

[TpuHIMIHATEHBIMU HEIOCTATKAMH TaKOT'O MOJIX0/1a SBIISIOTCS
1. Tounocts onpexneneHust a(a,), KOTOpask He MOdicem npesvluiams TOIHOCTh SKCIEPUMEHTAIBHOTO (I

TEOPETHYECKOr0) 3HAUCHHUS d, . B IOJIHOM Mepe 3TO CripaBeuIMBO U AJIs 3aBUCHMOCTH BHIa &, () .

2. B Ilu-Teopun o wu a, SBIAIOTCA He 3agucAwumu om epemenu (QyHIaMEHTAIBHBIMH KOHCTAaHTAMHU
OPUPOJIBI U, CIIEAOBATEIBHO, UMEIOT eOUHCEeHHble NCTUHHBIC 3HAYCHHS, HE3aBUCUMO OT KaKUX OBl TO HH
Obut0 u3Mueckux u3MepeHuil. COBEPLICHHO OYEBUAHO, YTO W WX pPa3HOCTb A =a —a, TaKkXke ecTh
YHUKaJlbHas KOHCTaHTa. He 3Has MCTMHHOrO 3HAaYeHUsT A Mbl HE CMOXEM IpPaBUJIBHO OMPENETUTh « ,
IIOTOMY YTO & — 3TO He3a6ucumas KOHCTAHTa IPUPOABI, T.€. abconomuo He 3asucum OT a,. IlosTomy,
IPU WCIIONB30BAHUH JH0OBIX METOIOB OIpEICIICHUs «, He 3HAs MCTUHHOTO 3Ha4YeHuss A abcoaromuo
HeB03MOJICHO ONPENENNTh NCTUHHOE 3HAUCHUE (&, 1aXKe €CJIM UCTUHHOE 3HA4YEHUE a, KaKUM-TO 00pazom

CTaJI0 HaM U3BECTHO.

B mosicHeHMe K BBIIECKA3aHHOMY, PACCMOTPHM JIB€ KOHKPETHBIE MPOOJIEMHBIE CHTYaIllUH, BO3HUKAIOIINE
IIPY TEOPETUUECKOM ompeneneHnn a(a,) .

3anuiieM ypaBHEHHUE:

X+y=z. (1)



O06o3nauum X=a,, Z=a,Torna (1) 3anuuercs B BUIe

a+y=a. (2)
N3 (2) cnenyert, uto
y=a-a, ©)
1 Torja (2) MOXKHO 3alucaTh Kak
a+(a-a)=a. (4)
Jns Bapuanta o = f(a,), 3anumem (4) kax
a,+(a-a)=a(a,) (5)
W B BUJIC
a, +la(a,)-a)]=«. (6)

IlepBas npobnemuas curyauus: us (5) u (6) cleayer, 4To IpHU 1:000M YACIECHHOM 3HAYEHUH apryMeHTa a,

paBeHctBa (5) u (6) BhIMONHAIOTCS. HemoHATHO TOraa, KakuM oOpa3oM cuHMTaercs, 4ro psag «a(a,)
COOTBETCTBYET HCTHHHOMY 3HAYCHHUIO (X .
C yuerom Toro, uto A = —4a,, 3anuuieM (5) B BUAE

a,+A=a(a,), (7)
TOrIa

A=a(a,)-a,. (8)
Bropast npo6siemnast cutyarusi: u3 (8) ciaemyer, 4To, HE 3Has HCTUHHOTO 3HAYCHHS A MOXKHO IMOJTy4YaTh,
IIyTeM 10o100pa COOTBETCTBYIOIINX KO3()(PHUIMEHTOB psaa MU W3BECTHOM MCTUHHOM 3HAUYEHHH a,, KaKue

yeoomo 3uauenusa a(a,) .
KomnToHoBCcKast 11MHA BOJHBI 2J1eKTPoHA A . M nocrosinnas Ilnanka h

ITycTs HaM U3BECTHO UCTUHHOE 3HAUYEHHUE ¢ . BBIACHUM, C KaKOW TOUHOCTBIO MOYKHO OIPEAEIUTh A .

IIpuBeeM MIUPOKO U3BECTHYIO (HOPMYITY:
a’ =R, 2—h 9)
m.c
C yuerom Toro, uto A . =h/m,c, 3anumiem (9) B Buzae
Ao=a’l2-R,. (10)

N3 (10) crmenmyer, uto A . omnpenensercs ¢ TOYHOCTBIO MOCTOsHHOM Punbepra R, T.x. morpemHocTs

0 9
UCTUHHOTO 3HAYeHUs (¢ paBHA HYJIO.
Yro kacaercs HaxoxaeHus h, to 3amumiem (9) orHocuTensHO h:

a’-m.c
h=———. 11
2R, (11)
C yuerom (10), 3anumewm (11), B Buze:
h=m, (e ). (12)

U3 (12) ciemyer, 9T0 HEBO3MOXKHO OIPEAEIUTh N, He 3HAst 3HAUCHUS] MACCHI 3JIEKTpOHa M, .

Teoperuueckoe onpeaeseHue 3Hadennii POK

Ta6auua 1. [IpeacraBnensl pe3ynbTaThl aHaTUTHYECKUX pacueToB 3HaueHn it DK B [Tu-Teopun.

HaumMeHoBaHue CumBoin 3uauenue ([Tu-Teopwus)

OJeMeHTapHble KOHCTAHTEI
*DneKTpoMarHuTHas KOHCTaHTa aCHMMETPUH A 1,757 552 613 321 940 865 158 064 461 x 10

a

*CKaJIsIpHBIN apaMeTp CTPYKTYPHI IIPOCTPAHCTBA — BPEMEHU f 1,161 712 977 019 596 928 970 254 552 x 1073

s



KaJIIPHBINA [TapaMeTp dJIEMEHTAPHOL S
*Ckain apaMeTp dJIEMEHTApHOIO 3apsaa

[TocrostuHas MaCHITaGHOﬁ I/IHBapI/IaHTHOCTI/IZ
R E 67 [
l//ﬂ' - Kﬁe fﬂ'S 87[ / T
AHOMaIMsi MATHUTHOTO MOMEHTA JIIEKTPOHA: @, =
TlocTostHHas TOHKOI CTPYKTYphL: &, = 27T - K,
OTHOIIEHHE MACC IEKTPOHA U TPOTOHA
OTHOIIEHHE MACC IEKTPOHA M HEWTPOHa

OTHOIIIEHHE MacC HCI71TpOHa 1 IpOTOHA

K

e

CocTaBHBIEC KOHCTAaHTEI

-A

e a

OTHOIIIEHHE MAarHUTHBEIX MOMEHTOB mpoTOHA N HeﬁTpOHa

Y

7ep

r

zen

r

znp

rzr,u,pn

1,161 409 733 400 893 939 488 207 987 x 107

1,669 642 831 928 813 892 580 472 149 x 10°%

1,159 652 180 787 571 998 623 049 923 x 107
7,297 352 572 519 857 423 545 858 624 x 1073
5,446 170 218 699 090 667 403 109 650 x 10
5,438 673 446 906 118 561 918 007 850 x 10
1,001 378 419 180 000 000 000 000 000

-1,459 898 124 622 977 783 495 815 120

[TosicHenue k Tabnuile 1: KOHCTAHTBHI CO 3HAUKOM * — 3TO 3JIEMEHTapHBbIE, T.€. He3asucsawue ApyT OT aApyra
KOHCTaHThl M KOTOpPbIE€, COOTBETCTBEHHO, SIBJIAIOTCS PE3yJbTaTaMU CTPOTUX AHAIMTUYECKUX PpEUICHUU
Hesasucumolx ypaBHeHui [lu-Teopuu. Bee ocrtanpupie @OK Tabmuusl 1 cocTaBHBIC, T.€. MPEICTABIAIOT
co00il Ty WJIM MHYI0 KOMOWMHAIIMIO 3JIEMEHTAPHBIX KOHCTAaHT, HO TaKXE SBIIIOTCS AHAIUTUYECKHUMHU

pemienussMu ypaHenuit [Tu-Teopun.

Tab6auna 2. [IpencTaBiieHbl pe3ylbTaThl aHATUTHYECKUX pacdeToB 3HaueHnd PODK no dopmynam [Mu-Teopun. B

pacueTax HCIOJNB30BaHBL: JaHHble TaOuuuel 1, mocrosHHas Punbepra R =1,097 373 156 8539(55)-10° cm™

(CODATA 2010), ckopocth cBeta C=2,99792458 10% em-ct; TIOBEPXHOCTHAs IIOTHOCTh MACChl JIEKTPOHA L, ,

9 v -2
YHUCJICHHOC 3HAYCHHC KOTOPOU B HI/I-TCOpI/II/I PUHUMACTCS paBHOU €UHULIE: Og, = Ir-cm”.

HawnmenoBanme CumBo Dopmyna (ITu-Teopwst) 3nauenne (CI'C) En. CI'cC

1 2 3 4 5
[TocrosiHHAs TOHKOW CTPYKTYPBI a, o, =27-K, 7,297 352 572 519 857 x 107
AHOMAITHsI MATHUTHOTO MOMEHTA _ 3
>teKTpOHa a. a,=x,—A_, 1,159 652 180 787 572 x 10
KOMIITOHOBCKAs IJTMHA BOJIHBI Ac Aec= 278 'Kje / ﬁw 2,426 310 240 7357 x 10™° cM
Knaccuueckuil paguyc a1eKTpoHa r. Me =K,- ﬂ“ﬁc 2,817 940 329 8407 x 107" cM
Pazuyc Bopa a, a,0=Ac/27-c, 0529177211 1187 x 10° oM
Macca sekTpona m_, m, = 7. ffs -ﬂ,jc Pse 9,109 382 325 3402 x 1028 r
OTHOICHHE MACC SIEKTPOHA 1 e Fep =M, /M, 5,446 170 218 699 091 x 10
MpPOTOHA
Macca nipoToHa m,, m,=m_/r, 1,672 621 669 8229 x 10 r
KoMnToHOBCKas [IMHA BOJHBL _ 13
npoToHa Cp Arcp =T " Auc 1,321 409 857 4420 x 10 oM
OtHowenne MaCe H71eKTPoHa i r. r_=m/m 5,438 673 446 906 119 x 10
HEUTpOHA 4 7en e n
Macca HeiiTpona o m. =m_/r, 1,674 927 243 6135 x 10 r
E(;’PUII“T;E‘::’BCK” PUTHHA BOTHH cn Ao =V Arc 1,319 590 908 0246 x 10" oM
OTHOIIEHNE MacC HEHTPOHA U _
npoTora Fop Fep = Voo ! Ven 1,001 378 419 179 999
OTHOLICHHE MarHUTHBIX _ _
MOMEHTOB [IPOTOHA M HEHUTPOHA Vo on Vo = Mo Iy 1,459 898 124 622 978
IInankoBckas miuHa |7rP I;;p =V, /27 1,616 143 702 8696 x 103 cM
IInankoBckas mMacca m_ m,=m_, /\/272' 178 2,176 583 930 6611 x 10° r
I11aHKOBCKOE BpEMS t, t,= I P /c 5,390 875 119 5790 x 10™* c
KBaHT nupKyssiunu Q.. q, = ﬂﬁc -C 7,273 895 109 4073 em? ¢t




HaumenoBanue CuMBOI Dopmyna (ITu-Teopwst) 3nauenne (CI'C) Ex. CI'C
1 2 3 4 5
IMocrosinnas ITnanka h” h,r =m_ '/1er -C 6,626 069 154 6014 x 10?7 rem?® ¢t
12
OneMeHTapHbIH 3apsa] €, e = ( K, h ~c> 4,803 204 354 1649 x 10™%° 2 em¥ ¢!
gﬁfﬁ:m“a” HOCTOHHA . G,=h,-c/m’ 6,673 381 632 9142 x 10° rtem’ ¢?
TocTosHHas ABOTanpo N . N ,=1/m_ 6,022 140 379 0140 x 10% rt

Ta6auma 3. B cooTBeTCTBHMM ¢ TMepeyHEM JaHHBIX TaONMuIbl 2, mpeacTaBieHbl 3HadeHUs: DODK,
pexomennoBanueile KOJATA (2010) mis MexayHapOZHOTO HCHOJMB30BaHMS — IyONUKalus Ha caiTe
HUCT mo aapecy: http://physics.nist.gov/cuu/Constants/index.html; pe3ynbTaTel pacdyeToB U3 TaOJUIBI 2;
pe3yNbTaThl CPAaBHEHUS JaHHBIX IIPEACTABIIECHBI B KOJIIOHKE 6, §, — OTHOCUTEIbHAs HEOPEEIEHHOCTD.

OTHOCHUT.

ITapameTp a, 3HaueHHE, IMapametp a*, 3HaueHue, a*-3
oGo3HaueHne Ccrc Horpemnoc™s  603nauenne Ccrc 0, =——
(KOOATA) (KOOATA 2010) u, (ITu-Teopwust) (ITu-Teopwust) a
1 2 3 4 5 6
a 7,297 352 5698(24) x 10 32x10™% a, 7,297 352572519857 x 10°  3,7x10™°
a, 1,159 652 180 76(27) x 10° 23 x 10™° a, 1,159 652 180 787 572 x 10°  0,2x 107
Ac 2,426 310 2389(16) x 10 6,5x 10 A 2,426 310 240 7357 x 10*° 7,5x 107
r, 2,817 940 326727)x 10*°  9,7x 10 r. 2,817 940 329 8407 x 10 11,1 x 107
a, 0529177 210 92(17) x 10°  3,2x 107 a, 0,529 177 211 1187 x 10° 37x 10"
m, 9,109 382 91(40) x 10 4,4x10° m_, 9,109 382 325 3402 x 107° -6,4x10°
m, /m, 5,446 170 2178(22) x 10 41x10™ e 5,446 170 218 699 091 x 10* 1,6 x 107
m, 1,672 621 777(74) x 10 44x10° m,, 1,672 621 669 8229 x 10 -6,4x 107
Aep 1,321 409 856 23(94) x 10 7,1 x 107 Arcp 1,321 409 857 4420 x 10 9,1x10™
m,/m,  54386734461(32)x 10"  58x 10" Fen 5,438 673 446 906 119 x 10" 1,4x 10™
m, 1,674 927 351(74) x 107 44x10° m., 1,674 927 243 6135 x 10™** -6,4x10°
Aen 1,319 590 9068(11) x 10™° 82 x 107" Arcn 1,319 590 908 0246 x 10™*° 9,2x 107
m,/m, 1,001 378 419 17(45) 45x10™" Fonp 1,001 378 419 179 999 0,1 x10™
Mo/, -1,459 898 06(34) 24x107 Foon -1,459 898 124 622 978 04x107
I 1,616 199(97) x 10 6,0x 10° | o 1,616 143 702 8696 x 10 -3,4x10°
me 2,176 51(13) x 10° 6,0x10° m_, 2,176 583 930 6611 x 10 34x10°
t, 5,391 06(32) x 107 6,0x 10° t, 5,390 875 119 5790 x 10 -34x10°
h/m, 7,273 895 1040(47) 6,5x 10" d,. 7,273 895 109 4073 74x 107
h 6,626 069 57(29) x 107 44x10° h, 6,626 069 154 6014 x 10°* -6,2x10°
e 4,803 204 27(12) x 10™° 2,5x10° e 4,803 204 354 1649 x 10™° -1,7x10%
G 6,673 84(80) x 10 12x 10" G, 6,673 381 632 9142 x 10° 0,6x10*
N, 6,022 141 29(27) x 10 4,4x10° N_. 6,022 140 379 0140 x 10°° 15,1x 10
IlosicHeHusi IO MOBO/AY ONpeeIeHUs 3HAYEHUIH O U A,
B Buny Toro,uro A, m K, — HE3aBHCUMBIE JPYT OT APyra KOHCTaHTBI, TO 110 YCIOBHIO
a,=K,—A_, (13)



BO3MOJKHBI CIIEAYIOIINE BApUAHTBI:
1. Y3 ycnosus (13), x,, MOXET ObITh 3aMMCaHO KaK HEM3BECTHOE K, , €CIM A , U @, MU3BECTHBI:

K =3, +A,. (14)
C yuerom (14), mocTosiHHAst TOHKOM CTPYKTYpBI ¢/, 3aITUILIETCS B BULE:
a, =27k, . (15)
2. 13 ycnosus (13), a , MOXKeT OBITh 3aIMCaHO KaK HEM3BECTHOE &, , €CIM A , U K, U3BECTHBI
a,=k,—A,, t0e k, =a/2r. (16)

OTMmeTuM, 9TO:

— o, ¥ A, ONpPEIENAIOTCA IMyTEM NPAMBIX aHAIMTHYECKMX PACYETOB, MMO3TOMY METOJI IOCIEA0BATEIbLHBIX
npUOIMKEHUHN TEOpUN BO3MYIIIEHUI KBaHTOBOH anekTpoauHamuky B [1u-Teopun He ncnomnb3yercs.

— BCE YIIOMSIHYTHIE B TeKCcTe pa3MepHble @DK BHIYUCIEHBI ¢ TOUHOCTBIO MOCTOSIHHOM Punbepra.

— BBIIIEU3JIOKEHHBIN METOJl TEOPETHUYECKOro ompeneseHusl (pyHIaMeHTaIbHBIX KOHCTAaHT MO3BOJIIET HeE
VMOUYHAMb, & NPEOCKa3bl8ams NCTUHHBIE 3HaYeHUs yYKa3aHHBIX DOK.



