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1. BBeaenne

HenasHo ObUIM NpeaCTaBliEHBl HOBbIE ""PekOMEHI0BAHHbIE
3HAYCHHsI OCHOBHBIX (PU3UYECKHX KOHCTAHT', TOJIydYEHHBIE
IIPU COTJIACOBAHMU 3HAYEHHN (yHAAMEHTAJIbHBIX KOHCTAHT
[1]. Pe3yabTaThi MOTYT MPEACTABIISITH MHTEPEC IS IITPOKOT
aynmutopud. B TO xe Bpems MoJHBIN nepeBoa paboTsl [1],
cojepxaried MHOTO TEXHHUYECKHX JIeTaJiell COTJIaCOBAHUS
JIAHHBIX 10 (PYHJAMEHTAJIbHBIM (PU3MYECKUM KOHCTAHTAM,
MOJET OBITb MHTEPECEeH TOJBKO IS CllenuaucToB. Llenbro
HACTOSIIEro 0030pa sBJISETCS OOBSICHEHUE TIeJIel U cTpaTe-
UM COTJIAcCOBaHWs. Hibke MpUBOISTCS HOBBIE PEKOMEHIIO-
BaHHBbIE 3HAYCHHS M OOCYXIIAIOTCSl pa3JIMYHBbIE ACTEKTHI
po06JieMbl GYyHIAMEHTATbHBIX KOHCTAHT.

duspka — Hayka NpaKTUYecKas, B € OCHOBE JexaT
U3MEpPEeHNs] PA3IMYHbIX (PU3MYecKuX BeIUYUH. BoJbIINH-
CTBO U3 HHX SBJISIOTCS Pa3MEpPHBIMH, U [JIsl IPOBEIACHUS
U3MepEeHN HE0OXOIMMO JOTOBOPUTHCS O €IMHUIIAX (HH3UUe-
CKUX BEJIMYMH. B HacTosiee Bpems: OOJIBINIMHCTBO €TUHHMI
(u3nvecKux BeJMYUH (PUKCUPOBAHO CIIEIIMAJILHBIM COTJIalIe-
HHEM, KOTOpOe HasbiBaeTcs '"MexIyHapoaHasl CHCTeMa
enunuy CU". Cucrema equaun CU HeckosIbKO pa3 Moaupu-
IUPOBAJIACh, €e COBpEMEHHAasl BepCHsl M3JIOkKeHa B pabote
[2]!. MeroTcs MpaKTHYECKHE PEKOMEHIAIME PAA MEXKIY-
HAPOJHBIX KOMHUTETOB 1O peanusanmu enuaun CHU, xak,
HarpuMep, PeKOMEHIAIMK 10 peajau3anuud mMetpa [4], oma
[5] u BosbTA [6, 7] (cM. Takxke [8]).

Hapsany ¢ enuannamu CU umeeTcss HEKOTOpPOE KOJIdve-
CTBO BHECHUCTEMHBIX €IWHWII, IPUYEM IPHMEHEHHE JIHIIb
HEKOTOPBIX W3 HUX, TAKWX KaK yHUBepcajibHAs aTOMHas
€IMHUIIA MACChI, JOMyCKaeTcsl Hapsny ¢ enuaunamu CU.

3amava, KOTOpasi CTOUT iepe/T PU3nKon, — KOJTMYECTBEH-
HOe ommcaHue mpupoasl. Ha ocHOBe JKCIepHMMEHTAIbHBIX
JTAHHBIX CO3/TAFOTCSI TEOPHU, COMIEPIKAIIE HEOOIIBIIIOE YUCIIO
(dbyHIaAMEHTALHBIX (U3NYECKAX 3aKOHOB. 3aKOHBI, OIHCHI-
BAafOIIMe SIBJICHUSI MPUPOJIBI, CAMHU MO cebe HeTOCTATOYHBI

! TlepeBo MOKYMeHTa, Kacarowlerocsi 6oJiee panneii Bepcun MexayHa-
ponuoit cucrems! enunann CU, npencrasieH B [3].
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JUIS. KOJMYECTBEHHBIX PE3yJbTATOB: HEOOXOAMMO 3HATH
YUCJICHHBIE 3HAYCHUS! BXOISIIUX B HUX mMapameTpoB. Oco-
Oyr0 poJib cpeu (PU3NUECKUX BEIMYMH (KaK pa3MEPHBIX, TAK
u 0e3-pa3MepHBIX), MPEICTABIISIONINAX IKCIIEPUMEHTATbHBIN
7 TEOPETUUECKUN HHTEPEC, UTPAIOT (DyHIaMEHTAJIbHbIE KOH-
CTaHTBHI.

OyHIaMeHTaIbHbIE KOHCTAHTHI BXOJSAT B YpaBHEHUS U3
CcaMbIX Pa3JIMYHBIX OOJacTell (U3UKHU, TEMOHCTPUPYS TeM
caMbIM CBOIO YHHBEPCAJbHYIO Tpupoay. B cuiy atoro stu
KOHCTAHTBI SIBJISIFOTCS OCHOBHBIM HMHCTPYMEHTOM, IO3BO-
JISFOIIIMM CPaBHUTL TEOPHUIO C 3KCHEPUMEHTOM. TOYHOCTH
3HaYeHu#l yHIaAMEHTAJIbHBIX (U3UUYECKUX KOHCTAHT OIIpe-
JlessieT TpeAesbl BO3MOXKHOCTEH TEOPEeTHYECKUX PACUETOB.
IIpexpacHOlt WILTIOCTpANUEl 3TOTO SIBJISIFOTCS TPEIM3UOH-
HbIC BBIYHCJICHUS] KBAHTOBOU JJIEKTPOJAMHAMUKH: WX TIPEI-
cKazaTesIbHasl CUJia 3HAYMTEHLHO OrPAHUYeHa TOYHOCTHIO, C
KOTOPOM U3BECTHBI OCTOsIHHAS Punbepra R, IOCTOSTHHAS
TOHKOH CTPYKTYPHI 0, OTHOIIIEHHE MACC JIEKTPOHA U MIOOHA
M /My 1 Op.

CoBepIIIeHCTBYsI Hallle TOHUMAaHUE MPUPOJIBI, MBI OCO3-
HAaeM, YTO TEOPETUUECKHE OMUCAHUS PeaIbHBIX (PH3MYECKUX
SIBJICHMI HOCSIT NMpHOJMKEHHBbIN XapakTep. CTeneHb caMo-
COTJIACOBAHHOCTH 3HAYECHUH (U3MYECKUX KOHCTAHT, MOJIY-
YEeHHBIX M3 U3MEPEHHH B PA3HBIX 00JACTSIX (PU3MKH, YKa3BI-
BaeT Ha TOYHOCTH TEOPETHUECKUX KOHIETIUH B IIEJIOM.

VTouHeHHEe 3HAYCHUI (YHIAMEHTATbHBIX (PH3MYECKUX
KOHCTAHT TpEACTaBjIseT COOOW BaKHEWIIyIO 3agavyy He
TOJBKO (U3UKH, HO U METPOJIOTHU. MeTposoruyeckas
3HAYMMOCTb OTIpeIesIsieTCs KaK POJIbIO, KOTOPYIO hyHIaMeH-
TaJIbHbIe KOHCTAHTBI UTPAIOT IS 3TAJIOHOB €IWHMII, TaK U
POJIBIO, KOTOPYIO 3TAJIOHBI eIUHUII UTPAFOT IJISI OTpeesie-
HUSl 3HAUYCHUH KOHCTAHT. [IpuMepoM MepBOro MOTYT CITy-
KHUTh CKOPOCTh CBETA ¢ W JJIEKTPHUYECKasl MOCTOSHHAS &,
HETOCPEACTBEHHO BXOJSIIME B OINpenejeHHe OCHOBHBIX
equaunl CU. TlpumepamMu BTOPOTO SIBJISIFOTCS pa3jIMyHbIC
ONpeeieHns] TIOCTOSTHHOW TOHKOW CTPYKTYPBI M MOCTOSIH-
poii Ilnanka "snekTpudyeckumu'" MeTOHAMH, pPeaIM3alUs
KOTOPBIX TPHU TPOBEACHUS IJICKTPUUECKAX U3MEPEHHUN Tpe-
OyeT 3TaJIOHHOH TOYHOCTH.

VuuThIBasi METPOJIOTHIECKUE ACTIEKTHI TPOOJIEMBbI, HE00-
XOJMMO ClIeJIaTh HECKOJBKO OOIIMX 3aMEYaHuil O METPOJIO-
rud. BeITyeT HenpaBUIbHOE MHEHHE, YTO METPOJIOTUS — 3TO
Hayka o0 m3Mepenusx. Ha camom pgene MeTpoJsiorust mpe-
cTaBJsieT coOOl He HayKy, a IPakTUUeCKyto cepy AesiTeNb-
HOCTH, KOTOpas peliaeT caMble pa3HOOOpas3Hble 3a1ayuM, B
YaCTHOCTH HAyYHBIE H 3aKOHOAATEIbHBIE.

Boo0mie roBopsi, 3TaIOHBI €AMHUI] HE SIBJISTFOTCS] HAXITY-
IIUMU TPUOOPAMU, BOCIPOU3BOISIIIUMU €IMHUILY. DTAJIOHBI
(¥ TOBEPOYHBIE CXEMBI, TIO3BOJISIFOIIIE CPABHUBATH 3TAJIOHBI
C MEHee TOYHBIMH MPUOOPaAMH) — 3TO 3JIEMEHThI 3aKOHO/1a-
TEJIbHO TPUHSATON CHCTEMBbl OGHIMAIBHBIX W3MEpPEHHIA:
cepTuduKanuy, aTTECTAlMH, JUIEeH3upoBaHus u T.a. C
HAYYHOH TOYKH 3pEHHS] TOKYMEHTBI, PerjaMeHTUPYIOIIe
napaMeTphl ITAJIOHOB, HE UMEIOT U HE MOTYT UMETh HUKA-
Kkoit ocoboit cuipl. C IOPUIUYECKON TOYKM 3pEHUS! 3TU
JIOKyMEHTHI BaXHEe pPEaJbHBIX XapakTepuCTHK. MoxeT
CIIYYUTBCS, YTO OSTAJIOH paboTaeT Jyumre O(UIMATBHBIX
TIOKYyMEHTOB, MOXET CITYYUTHCS 1 0OpaTHOE.

C HayYHOI TOYKH 3pEHUs EAMHCTBO U3MEPEHU He0OX0-
JIUMO 111 BO3MOXHOCTH CPaBHEHUSI IKCIEPHUMEHTATBHBIX
JIaHHBIX, TOJIyYEHHBIX B Pa3HBIX JIAOOPATOPUSIX, PA3HBIMU
METOJaMH U T.[., IPUYEM B HAYYHBIX HCCIICTOBAHMSIX MBI
uMeeM npaBo Ha omuoOky. C IOpUINYECKONH TOYKH 3pEHUs
CHCTeMa ITAJIOHOB CIYXKHT ISl IEJIETUPOBAHMS OTBETCTBEH-

HOCTH 32 aJeKBATHOCTh MPOJYKIUU €¢ aHOHCHPOBAHHBIM
XapakTepucTukaM. B mocnenneM ciydae, eciiv npuMeHEHHe
0ohHUIUATBHOTO TOKYMEHTA (TAaKOTO, KaK PeKOMEHJAINH 10
BocmpousBeaenuto equaun CH) wim ucnonb30BaHue 3aK0-
HOJ/IATEJIbHO MIPU3HAHHBIX 3TAJIOHOB MPUBEIYT K HEMPABHIIb-
HBIM PE3yJIbTaTaM, 3TO MOXET SIBUTHCSI MPUYUHON CyJe0-
HOT'O MCKA ¥ NOCJIEAYIOINX (PUHAHCOBBIX OTEPD.

Mertpuueckass kKoHBeHIUss u cucrema eauHun CHU
SIBJISIFOTCSL XapaKTEPHBIMH MPOIYKTAMU METPOJIOTHIECKOTO
cooO0IecTBa M MO3TOMY HPEACTABISIOT COOOHW HE TOJIBKO
CHCTEMY €IMHHMII, HO U MHOTOUYMCJICHHBIC 3aKOHOIaTeJIbHbIC
AKThl, HANPABJICHHbIE HA BHEAPEHUE U JOMUHUPOBAHHE 3TON
cucteMbl. Tak, TpUMEHEHHE KOHKYPUPYIOLIEH CHCTEMBI
equnun CI'C B mpenogaBaHuyu He HOIyckaeTcs’. Bmecre ¢
TeM cropbl 0 noctouHcTBax u Hegocratkax CU u CI'C ne
YTHXAIOT U mocjenoBateabible cTopoHankn CI'C umerorcs
no cux mop [9—-11]. B cuiny psiga npuduH U3 o0Jactu
MPAKTHYECKON U 0TYACTH PYHAAMEHTATILHON (DU3UKU aBTOP
JTAaHHOTO 0030pa siBJIsieTcs CTOpOHHUKOM cucteMbl CU kak
OCHOBHOM CHCTEMBI eIMHUIL (CM. pa3zaei 4.2).

OmHako HeJb3s HE OTMETUTh, YTO PACIPOCTPAHEHHE
3aKOHOJATEIbHBIX 3AlPETOB HAa METOMbI IPENOJaBaHUS B
¢uznke HempueMiieMsl. bosiee Toro, cucrema CU He MoXxeT
OBITh YCIELIHOM JJIs1 MpernojgaBaHusl COOCTBEHHO (PU3UKH,
MTOCKOJIbKY CHCTEMa eMHUIL (PU3NIECKIX BEJIMYMH (B CHITY €€
MPAKTHYECKOW 3HAUNMOCTH) MPUHAMAETCS He(DHU3UKAME 1 HE
s pusukoB. HayuHble IPUIIOKEHHS UTPAFOT JIMINb HE3HA-
YUTEJIbHYIO POJib B HcnoJib3oBanuu cuctembl CHU. B atom
cMbIcie xapaktepHa pabota [1.B. CuByxuna [10], onyoimko-
BaHHas 1o pemiernto bropo OTaenieHust oOiieit GU3uKu U
actpoaomuu AH CCCP. MsI paccMaTpuBaeM psili BOIPO-
COB, CBsI3aHHBIX ¢ cuctemoit CU, B paznerte 6.

dyHnamMeHTaIbHble (U3MYECKHEe KOHCTAHTBI HOCST YHH-
BEpCAJIbHBIA XapakTep U BXOJAT B caMble Pa3HOOOpa3HbIE
ypaBHEHHS (GU3UKH, MPUYEM B DPA3HBIX B3aMMOCBSI3aHHBIX
koMOuHanusix. VIX HaX0xXIeHUe MPeICTABIISIET COOON HETPH-
BHAJIbHYIO 33/1a49y, KOTOPAs OCYIIECTBIISIETCS] HA PETYIISIPHON
ocnose Paboueii rpynnoit KOJATA no pyHnamMeHTanbHbIM
konctantaMm (CODATA task group on fundamental con-
stants). CODATA (or Committee on Data) sBisercs
komuteToM MexayHapoaHoro coBeta Hayku (International
Council for Science, IUSC). IIpomnemypa ompeneieHus
HamOoJiee TOYHBIX COTJIACOBAHHBIX 3HAYEHHWN KOHCTAHT
Ha3bIBAETCS COTJIACOBAHMEM 3HA4YeHMH (yHIaMEeHTaJIbHBIX
(bu3nUecKUX KOHCTAHT.

Conepxanuem paboThl 1o COTIaCOBaHUIO SBJISICTCS HE
cTaTUCTHYeCKast 00paboTKa JTaHHBIX, 4 KPUTUYECKOE OCMbI-
CJIeHHE MPENU3UOHHBIX Pe3yJbTATOB KAK BXOJHBIX JaHHBIX
CornacoBanus. JIro6as pusmdeckas Teopust prOJIMKEHHAS,
Jmo0ast FKCIepUMEeHTaIbHAsl METOAMKA TaKXKe OCHOBAaHA Ha
npubmkeHusixk. CorjlacoBaHue 3HaYeHUN (yHIaMEHTAJIb-
HBIX KOHCTAHT SIBJIIETCSI, MOXET OBIThb, €IUHCTBEHHON
MOTNBITKOX TPOBEPUTH PA3YMHOCTh W COTJIACOBAHHOCTH
MIPUOJIVKEHHH B LIEJIOM.

CpaBHeHHE TOYHOCTH COBpPEMEHHBIX 3HAUYeHWU (yHIa-
MEHTAJIbHBIX KOHCTAHT IIOMOTaeT OTBETUTH HA BOMPOC: YTO
e, COOCTBEHHO, U3MePSIeTCsl Ha IpakTuke? B cuny mpakTu-
YeCKOTO XxapakTepa (GU3WKM BOUPOCHl H3MEPSIEMOCTH U

2 TlpenogaBanue B cucteme enunuil CH perjiaMeHTUPYETCsl He CTOJILKO
3aKOHOJATEIbHBIME TOKYMEHTAMH B OTHOLIeHHH cucTeMbl CU, cKOJIbKO
TOKYMEHTAMH, KACAIOIIUMUCS CHCTeMBbI 00pa3oBanus. CTENeHb He3aBHU-
CHMOCTH 3TOM CHCTEMBI B CYIIIECTBEHHO GOJIBINEH CTEIEHA MEHSETCSI OT
CTpPAaHBI K CTPAHE, YeM 3aKOHOIATEILCTBO B OTHOIIEHNH cicTeMbl CU.
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TOYHOCTH U3MEPEHUH XOTSI U HAXOISTCS B TEHH OCHOBHBIX
ypaBHEHHUH (TaKWX, HAPUMeEp, KaK ypaBHeHUsT MaxkcBesa),
HO WTPAIOT He MEHee BAXXKHYIO POJIb, YeM OTH YpaBHEHUS,
MOCKOJIbKY IMEHHO IKCIIEPUMEHT U JeJiaeT GU3NKY (PU3UKO.

Hannass pabora mocssieHa OOCYyXJeHUIO HamboJiee
MO3THUX PEKOMEHJIOBAHHBIX 3HAYEeHHH (hyHIAMEHTAJbHBIX
koHcTaHT [1]. HemaBHue pe3ysibTaThl CpaBHUBAIOTCS C OoJiee
pananmu pekoMmenganusiMu CODATA [13, 14]. (Hekotopsie
netany 6oJiee panHuX COTJIaCOBAHMI MOXKHO TaKXXe HANTH B
[15, 16].) BBuay kiaroueBOil PO HEKOTOPBIX KOHCTAHT B
OTIpe/ICSICHUN Pa3MEpPOB SAMHUI] UX PEKOMEHOBaHHbBIC 3HA-
YeHHsI MOSIBJISIOTCS M B MYyOJIMKAIMSX COOTBETCTBYIOIIMX
KOHCYJIbTATUBHBIX KOMHUTETOB MEXIyHAPOAHOTO KOMH-
teta Mep u BecoB CIPM. MblI cpaBHHBaeM pEeKOMEHIALAU
CIPM c¢ pesynbratamu CoryacoBanust CODATA.

MBI Takxke KpaTKO OOCYIUM pa3/InyHbIe ACHEKThI MPO0-
JIeMbl (PYHIaMEHTAJIbHBIX (PU3NYECKUX KOHCTAHT: UX MPOUC-
XOXJEHHe, PoJib B (pu3mKe W METPOJIOTHH, CTENEeHb HUX
(byHaAMEHTATbHOCTH | T.J. B 4aCTHOCTH, MBI PACCMOTPHM
poJIb WcCieoBaHUN B 0OJacTH (yHAAMEHTAIBHBIX KOH-
CTAHT ISl HHU3KOZHEPIreTUYECKUX TPOBEPOK KBAHTOBOU
9JIEKTPOAMHAMUKY U CO3JAHUSI CUCTEMBI 3TAJIOHOB OCHOB-
HBIX JIEKTPUYECKUX BEJIMYMH.

2. dyn1amMeHTaIbHbIE KOHCTAHTBI
B COBPeMEHHOl (usuke

2.1. ®yngameHTaIbHbIE KOHCTAHTDI

U pa3m4nble Gpu3HUecKue sIBJICHHAS

IepBbie IEHCTBUTEIHLHO YHUBEPCAIBHBIC TAPAMETPHI IIOSBHU-
JIUCh B (PU3MKE HECKOJHKO BeKOB Hazanm. OmHAKO CleayeT
OTMETHUTD, YTO MOHATHE "yHUBEPCAILHOCTU" UMEET pasHbIi
CMBICJI C TOYKHU 3peHus (yHIaMEHTAJIbHOU U TPAKTUYECKOU
¢usuku. C Touku 3peHuss PyHAAMEHTAIbHON (U3MKH peyb
TTOJDKHA UATH 00 OCHOBHBIX 3aKOHAX NMPUPOIbI, TOTAA KaK C
MPAKTHYECKOW TOYKHU 3peHHs OOJiee CyIIeCTBEHHONW OKa3bl-
BAaeTCs POJIb YHUBEPCAJIbHBIX MapaMeTpoB B HaumboJiee
BaXXHBIX M3MepeHusIX. Tax, B KIIACCHYECKOH MeXaHHKE ObLIO
[Ba THIA 3a7a4. MEXaHWKa TeJl HA IIOBEPXHOCTH 3eMJIH W
MexaHuKa HeOecHbIX Tejl. B mepBom cityuyae BaxkuHoi "kKou-
cranToil" ObLIO ycKOopeHue cBOOOAHOTO majaeHus g. Bo
BTOPOM CJIydae KOHCTAHTAMHU OBLIN CKOpee MPOU3Be/ICHHE
Maccel CoJHIIA Ha HBIOTOHOBCKYIO TPaBUTALMOHHYIO
HNOCTOSIHHYIO G, 4YeM caMa 3Ta KOHCTaHTa, U OTHOIICHUS
Macc pa3andHbIX HeOecHbIX Tesl (CoJHIA, TIJIAHET, UX JIYH).

BaxHBIMH KOHCTAHTAMH OBLIH TaKXE MapaMeTpsl
BOJIBI (€€ IUIOTHOCTh, yNeJIbHASl TEMJIOEMKOCTh, TOYKU KH-
MEHUST W 3aMep3aHusl), MapaMeTpbl 3eMHON aTMochepbl
("mopMasibHOe" HaBiieHne). BO3HMKIM KOHCTAHTBI, OIUCHI-
Barorue "cpeanero" yegoBeka, pazMepsl 3eMIl, €€ Bpallle-
Hue BOKpYr cBoell ocu u Bokpyr CostHua. OHM 1O3BOJIMIIN
BBeCTH paszjimyunble "ecrectBenubie” emununbl (GyT, mMerp,
cTaauil, KaJIOpHuIo, CyTKH, TOJ W T.I.) U TeMIepaTypHbIC
mkaJsl Llenscust u dapenreiira.

B coBpemeHHOl (u3uke mapamMeTpbl aTOMOB HUTPAIOT
pPOJIb KOHCTAHT MPHPOJBI, KOTOPBIE MOXHO HCIOJIb30BATh
IUIsL  ONpeNesieHWs] eOWHUIl W CO3MaHUs DJTAaJIOHOB. B
KJtaccuieckoil (pusuke aHalorWuHasl Hjesl (paccMOTpeHHe
CBOWCTB HEKOTOPOTo KJjiacca OOBEKTOB KaK KOHCTAHT IPH-
poIbl) UMeeT OrpaHMYECHHOE NpPHMEHeHHe. Bee XxapakTtepu-
CTHKH, KOTOPBIE MOTYT HAMTH METPOJIOIMYCCKUE TIPUITOKE-
HUsI, BO3HHKAIOT KaK CPEJHHEC CBONCTBA 3KBHUBAJICHTHBIX
00BEKTOB UJIM KaK CBOWCTBA YHUKAJIBHOTO 0OBEKTA: UCKYCCT-
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BEHHOTO (IMPOTOTUINA KUJIOTpaMMa) WM €CTECTBEHHOTO
(3emutn).

Kitaccuueckast pusmka, BooOIIe TOBOPs, HE Mpearoa-
TaeT, YTO BCE aTOMBI OJTHOTO JJIEMEHTA OJMHAKOBBI: OHHU
OJIMHAKOBBI B CPETHEM, H UX PA3HOCTHIO MOXHO IPeHeOpeyb.
(Tax, mis psaa 3aad4 MOXHO HWCHOPHUPOBATH HAJIMYHE
uzortonoB.) Kitaccuueckast pusuka He pacrosiaraer u cpej-
ctBaMu npoBepku "omuHakoBoctu" dvactun. Hanpotus,
KBaHTOBAs GH3MKa JAeT TAKYI0 BO3MOXXHOCTD: 9TO HHTEp(e-
PEeHIUST MEXITy NByMs M 0oJiee YaCTHIIAMHU, MPUYEM peUb
JlaXke He UJIET O CIEIMAJIbHOM KCIEPHUMEHTE ¢ U3MEPEHUEM
unTephepeHuu Mexy yactunamu. Crtatuctuka Gepmu ¢ ee
npunnunom Ilaymu nenaer Ilepuonuveckyro cucremy 3Je-
MEHTOB OJIHIM W3 HamOoJiee CUJIBHBIX CBHIIETELCTB TOX-
JIECTBEHHOCTHU Pa3HBIX JJIEKTPOHOB, & 00OOJIOUEYHYIO CTPYK-
TYpy fAAep — J0Ka3aTeJIbCTBOM TOXIECTBEHHOCTH MPOTO-
HOB (M HeWTpoHOB). Bo3e-koHAeHCAIMS, peain30BaHHAS B
pa3HBIX CHCTEMax, MO3BOJISIET yOeIUThCs B TOXKIECTBEHHO-
CTHU MPOCTBIX M COCTABHBIX 003€-YaCTHII.

TakuMm 00pa3oM, HEpeISITUBUCTCKAs KBAHTOBAS MeXa-
HUKa TTO3BOJISIET KCIEPUMEHTATILHO YOeIUThCS B TOXK/IECT-
BEHHOCTH JJIEKTPOHOB, MPOTOHOB U HEHTPOHOB (BHYTpH
CBOMX KJ1accoB). Eciti Bce BEIIeCTBO COCTOUT TOJIBKO U3 TPeX
TUNOB KUPIUYUKOB, TO U ATOMBI HJIM MOJIEKYJIBI OTHOTO TUIA
TOXE€ MICHTUYHBI. B CBOIO ouepenb, PeISTUBUCTCKAsI KBaH-
TOBasi MEXaHWKa (KBAHTOBASl TEOPHS IOJISI) MPEIINOJIaraeT
MOCTPOCHHUE HCYEPIBIBAIONIEH TEOPUH U3 CPABHUTEIHHO
HEeOOJIBIIIOTO KOJUUECTBA (PYHIAMEHTANIBHBIX TOJICH U OTBE-
4aeT Ha BOIIPOC: M0UYEMY 3TH KUPIMYUKU OIUHAKOBBI.

TepmoaunamMuyeckue CBOMCTBA BEIIECTBA UTPAIOT MPO-
MEXYTOYHYIO pOJb. B macaibHOM ciIydae OHH OIpe[e-
JISFOTCS KBAHTOBOW (DM3HMKOH, OJHAKO TPOSBISIOTCS B
KJIACCMYECKOM MAKpPOCKONIMYECKOM Mupe. Byayunm cBoii-
CTBAaMH MAaKPOCKONMYECKUX OOBEKTOB, TEPMOIMHAMUYE-
CKHUE MapaMeTpbl 3aBUCAT OT JeTajieil oO0pas3la: pa3Mepos,
dbopmbl W T.1. B mpuHmHMTE 3Ty 3aBHCHMOCTH MOXHO
OTPAaHWYUTH WX YCTPaHUTh. ViMeeTcs u GoJiee CyIIeCTBEH-
Has MpobiieMa — TEeXHOJIOrMYecKas, Kacarolascs mpuMecei
1 IePEeKTOB, KOTOPBIE MOTYT OBITh MOHSITHI TOJIBKO B paMKax
aTOMHOU TEOpHH.

KBanToBass gusuka — 310 OoJjice (pyHIAMEHTAJIbHAS
Hayka, 4eM Kjaccuueckas (pusmka, u mo3TOMy OHA BBOJUT
Oostee (hyHIAMEHTAJIbHbIE €IWHWUIBI W KOHCTAHTHI. BOJIb-
IIUHCTBO KJIACCUYECKUX E€JIMHUII U KOHCTAHT, B MPUHIUIIE,
BBIBOJMTCS U3 OoJjiee pyHAaMeHTaIbHBIX. Tak, Maccy mpo-
TOTUNA KWJIOIPAMMa MOXHO ONPEACTHTh KaKk CYMMY Macc
COCTABJISIFOLIMX YacTHIl (C MOMPABKOW HA BBIYUCISIEMYIO
SHEPTHIO CBSI3H), & YHACJIO ITUX YACTUI] MOXHO MOCUHTATh.
3aMeTHM, YTO B IIOCJICHHE JAECATUIETUS IOTOOHBIN MPOESKT
JIEACTBUTEILHO PEASU3yeTCsl KaK OMpeeSiCHAEe OCTOSHHOM
ABoraapo, 0qHaKo AOCTYIHAasl TOYHOCTb CYLIIECTBEHHO yCTY-
naeT TOYHOCTH, OTBeYarolleld aprtedaxTy, HTPHUHATOMY B
KauecTBe MPOTOTHUNA KHJIOTPAMMA.

I'paBuTanmonnass moctosiHHass G U CKOPOCTHb CBEeTa B
BaKyyMe ¢ BO3HHKJIM KaK KOHCTAHTBI KJIACCHIECKOW (DU3UKH,
OJHAKO UX POJIb BBIXOJUT 32 ee npenesbl. KBantoBas pusuka
J00aBIIseT K JEUCTBUTENBHO (DyHAAMEHTAJIBHBIM KJlaccuye-
CKUM KOHCTaHTaM G ¥ ¢ mocTosiHHyro [1nanka /i u cBoWicTBa
9JIEMEHTAPHBIX (3JIEKTPOHOB, TPOTOHOB, HEUTPOHOB) H
cocTaBHBIX 00BekTOB. (Hambosiee w3BeCTHBIMH U3 HUX
SIBJISIFOTCSL aTOMBI Tie3us-133 um yriepoma-12, molekyia
BOJIBI.)

C pynaaMeHTaIbHOU TOYKU 3PEHUsl CBOMCTBA YACTHII U
npocTpaHcTBa-BpeMeH (G, /1 ¥ ¢) UIMEIOT, KOHEYHO, Pa3HYIO
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creneHb (QyHIaMeHTaJbHOCTU. OJHAKO TMOJABJISIOIIAS
YacTh WM3MEPEHUIl CBsS3aHA C BEIIECTBOM, U TOITOMY C
MPAKTUYECKOI TOYKHU 3PEHUs CBOWCTBA HAMOOJIEe MPOCTHIX
COCTAaBJISIIOIIMX BEIeCTBA HE MeHee (a BO3MOXHO, 1 Ooiee)
BaXHBI JUIsl (PU3UKH, YeM KOHCTAHTBI G, h U ¢. DJIEKTPOH U
NpOTOH (B MOHAX) — 3TO MEPEHOCYMKH 3JIEKTPHYECKOTO
3apsaa. [IpoToH U HEUTPOH SIBIISIFOTCSI OCHOBHBIMU HOCHTE-
JISIMH MaCChI; CBOWCTBA 3JIEKTPOHA MTOJTHOCTHIO OMPEACIISIOT
XapaKTEePUCTUKU OOJIBIIIMHCTBA CIIEKTPATHHBIX JIMHUH.

B ciyyae CBEpXTOHKOTO PACIICIJICHUS, U30TOMUYECKHX
3pQeKTOB, BpAINATEIbHBIX M KOJICOATEIBHBIX CIEKTPOB
MOJIEKYJI UI'PAIOT CBOIO POJIb TaKXXe CBOMCTBA MPOTOHA U
HelTpoHa, Qopmupyronmx sapa. CBOHCTBAa 3JEKTpOHA
ONPECIISIIOT B KOHEYHOM CUETe XapaKTepHbIe JHEPTUU
CBSI3M U, CIIEIOBATENILHO, BaXXHEWIIINE TEPMOINHAMHUYECKIE
cBOlicTBa (Takue, Kak TeMIepaTypbl (pa30BbIX MEPEXOIOB).
ITousiTHO, 4TO B "mpakTryeckoin” Qu3KKe HEKOTOPHIE Mapa-
MeTPHBI TPeX BaKHEHIIMX yacTull (3apsij MPOTOHA > e, Macchl
IPOTOHA M, U HEUTPOHAa m,, Macca 3JIEKTPOHA M. U
nocrostnHast Pupbepra R.,,) 4Ype3BbIYAHHO BaXHBI, IO-
CKOJIbKY OHH YYaCTBYIOT B PA3JIMYHBIX M3MEPEHUSX YaCTOT
U JUTMH BOJIH, 3JICKTPUYECKUX BEJIMUYUH U Macc.

Econ mepBass mosnoBuHa XX Beka Oblla BpeMEHEM
CO3JIaHUSl HOBBIX TNPHUHIUIOB HM3MEPEHUil, TO BO BTOPOM
moyioBuHe XX BeKa MPOTrpecc MPOSIBUJICS B 3HAYUTEIIHHOMN
CTEMEeHN B TOM, YTO BO3POCIHM TOYHOCTH HW3MEPEHUN W
pacimpmicsl X auamna3oH. B yacTHOCTH, 3TO COCOOCTBO-
BaJIO Pa3BUTUIO KBAHTOBOU anekrpoauHamuku (KO) —
MepBOM ycnenrHoi kBanToBou Teopuu nouis. [Ipu cozganun
K31 Bo3HmkIIa mpobiieMa: BEIYUCICHUS IO TEOPUN BO3MY-
IIeHHH TMPUBOMUIM K PACXOISIIUMCS BeJIMYMHAM. bblia
BBEJICHA MpOIeAypa MNEePEeHOPMUPOBOK. Ee wumes 3akiro-
qaeTcs B TOM, YTO HaOJII0JIaeMble BEJIMYUHBI (HATIpUMED,
YPOBHH 3HEpPrUH 3JIEKTPOHA B aTOME) HEOOXOIMMO BbIpa-
)KaTh B TEPMUHAX HAOIIOJAEMBIX BEJIMYHH, B YACTHOCTH B
TepMUHAX HAOJIIOaeMOTO 3apsa W MacChl 3JIeKTPOHA.
OmHako B 3TOM Cllydyae IOJIy4aeTcsi, YTO HaOJIrogaeMble
Macca m. ¥ 3apsj 2JIEKTPOHA ¢ — He Te BEJIMYMHBI 17y U €,
KOTOPBIE BXOJST B HEKOTOPOe GyHAAMEHTAIbHOE yPABHEHNE
(Ha TJIAHKOBCKOM MaciTabe), a pe3yJbTaT BO3MYIICHHUSI.
Ecin mombITaThesl HaiTH 3TH (GyHAAMEHTAJIbHBIC BEJIH-
YHHBI, TO OKa3bIBAETCSI, YTO HEOOXOAUMO BBECTHU PETYJIISPH-
3aIHI0, T.€. JIOONPEACINTh TEOPUIO Ha MAJIBIX PACCTOSHUSIX
TakuM 00pa3oM, yToObl "HauBHO" pacxosimecs pe3yJib-
TaThI CTAJIX KOHEYHBIMHU.

To, 4TO pe3yiabTATHl BBIYUCIECHHN I HAOIIOIaeMBIX
BEJIMYMH HE 3aBUCAT OT JeTajlell Peryysipu3alii, sSBIISETCS
BXXHEUIIIMM JTOCTIDKEHUEM TEPEHOPMHUPOBKH, 0OOECIeunB-
UM KM3HECTIOCOOHOCTh 3TOM maee. "BoccranosieHHble"
U3HavYaJIbHblE (YHIaMEHTAJIbHbIE MapaMeTphl my U €y OT
TakuX AeTajiel 3aBucsAT. Mbl He 3HaeM, Kak Ha caMOM JeJie
BBITJIIIUT (pU3WKa HAa MaJBIX PACCTOSHUSX, U MOITOMY HE
3gaeM "UCTHHHO (yHIAMEHTANBHLIX" MapaMeTpOB JJIEKT-
pona. Te ke, ¢ KOTOPBIMH MBI MMeEM JIej0, — 3TO B
HEKOTOPOM CMbIclie He Oojiee yem 3((eKTUBHBIE Mapa-
METPBI.

2.2. ®yngaMeHTAIbHbIE KOHCTAHTBI H CHCTEMBbI €UHHI]

N3mepenune mpencTaBisieT coOoil cpaBHEHHE IBYX BEJIMYUH
oAHOM pasmepHocTH. TeM He MeHee clenyeT pas3jinyaTb
OTHOCUTENIbHbIE U abcoytoTHBIE u3Mepenus. [lpu ommocu-

3 3,[[80]) u gajiee BHCMGHTapHLIﬁ 3apsa e ONpeaeIICH KakK 3apsag IpoTOHA H,
CJIEIOBATCIIBHO, SABJISACTCA MOJIOKUTEJIbHOW BeJIMIMHOM.

meAbHbIX U3MEPEHUSIX CPAaBHUBACMbIC BEJIUMYUHBI B HEKOTO-
POM CMBICIIE POJCTBEHHBIE. DTO MOTYT OBITh, HAIPUMED, /IBE
4aCcTOTHI B OJTHOM YaCTOTHOM uanasone. [1pu abcoaromuom
U3MEPEHHH OJIHA U3 N3MEPSEeMBbIX BEJIMYNH JOJIKHA OBITh TaK
WM WHAYe CBs3aHA C YHUBEPCAJBHBIM COTJIANICHUEM
(manpumep, ¢ cuctemoirr CH). Tak, oTHOCHTEILHOE U3MEpE-
HHE MarHUTHOT'O MOMEHTA s/Ipa MOXeET ObITh peajIm30BaHO
KaK ero CpaBHEHHUE C APYTUM SIAEPHBIM MarHUTHBIM MOMEH-
ToM. [Ipu abCOIOTHOM M3MEpPEHHH HEOOXOIUMO WJIU pac-
CYUTATh, WM U3MEPUTh MArHUTHOE moJjie B equnumax CU,
4TO, KOHEYHO, OKa3bIBACTCS IOpa3lo CIIOKHEE M CYIIeCT-
BEHHO YCTYNAaeT MO TOYHOCTU OTHOCHUTEJILHBIM H3MeEpe-
HUSIM. BeJaum4uHbl, ¢ KOTOPBIMH HEOOXOAMMO CpaBHU-
BaTh, — 3T0 eauHunbl CU. OpHako umeercs 1eNbIil psig
€CTECTBEHHBIX U MPAKTHYECKUX EAWHUII, H YACTO U3MEPEHHS
OPraHU3yIOTCS B HECKOJIHKO 3TAINOB: CPABHEHHE PA3JIMIHBIX
npakTuyeckux equHui ¢ equaunamu CU um musMepeHue
MHTEPECYIOLIUX HAc BEJMYMH B HamboJjiee MOIXOASIINX
OPAKTUYECKUX EOMHMUIAX, YTO OJIM3KO K OTHOCHUTEIbHBIM
M3MEPEHUSIM.

IlepBoHAYAILHO €IMHUIIBI BO3HHUKJIM [IJII OMHCAHUS
MHpa, HENMOCPEICTBEHHO OKPYXKAOIero Hac. JTO MHP
MAaKpPOCKOITUYECKUX SIBJICHUIA KJIACCHYECKOW (DPU3MKH, U, KaK
YK€ OTMEYaJoch, ero XapakTepHble MPUPOIHbIE KOHCTAHTHI
OTPEACIISIIOTCSI YCKOPEHHEM CBOOOJHOTO MaleHUs g, CBOM-
cTBamu BOJBI, ""cpennum" yesoBekoM u 3emiiei kak HeGec-
HBIM TeJIoM. Mexay TeM (pyHIaMeHTaJbHbIC SIBJICHUS MPO-
UCXOJAT Ha COBCEM APYroM (U3MYECKOM MacliTabe — Ha
MaciTabe aTOMHOU U s/iepHOi (PU3UKU M (PU3UKU IJIEMEH-
TapHBIX YACTHII.

Coxpansisi mpeeMCTBeHHOCTh, cuctemMa CH He MeHsieT
pa3MepoB eAWHHI[ 3aMETHBIM 00pa3oM, HO WCHOJB3YeT
SIBJICHHSI KBAHTOBOU (M3WKU ISl WX OOJiee YCHENTHOTO
BocnpousBeAeHus. [1oaToMy, MOXHO OBUIO OBl OXHIATh,
4TO, KOJIb CKOPO €IMHHIBI BO3HUKJIM KaK MaKpPOCKOMHYE-
CKHe KJIACCHYECKHE HEPEeJSITUBICTCKUE €IUHHIBI U UX Pa3-
MEpBI C TeX MOP CYIIECTBEHHO HE M3MEHIINCH, YUCIICHHbIC
3HAYCHUsI BCEX pa3MEpHBIX (DYHITAMEHTAJBHBIX KOHCTAHT
WM MHOT'O OOJIbIIIe, WJIM MHOTO MEHBIIIE eTUHUILI. OTHAKO
9TO BEPHO JIUIIb J1JI MEXaHWYECKUX equHull. Mmeetcst oqna
KOHCTaHTa MOpSAAKa eAMHUIBI — IocTOosiHHAsE Punbepra,
TOYHEe OTBEYAIOIIAS i SJHEPTUS B AJIEKTPOH-BOJIbTAX:

hcRy =~ 13,6 9B. (1)

KOHC‘{HO, OJICKTPOH-BOJIBT — 3TO BHECUCTCMHAaAs COU-
HHUIOAa, HO JAHHOC YHUCJICHHOC 3HAYCHHUC OTBCUYACT IIOTCH-
ouajly MOHU3alu1u aToMa BoaopoJaa:

heRo 1

Iy ~ —_
H e 14+me/my

~ 13,6 B, (2)

KOTOpPBIA u3MepsieTcss B BosibTax (T.e. B enuHunax CU) u
sBJIsIeTCSl QYHIAMEHTAJIBHBIM NapaMETPOM, ONUCHIBAIOIIIAM
aTOM BOJIOPOJA HE XYX€ M He JIy4llle, YeM IOCTOSIHHAS
PunbGepra. Takoe ectecTBeHHOE (IO MOPSAKY BEJIUYHHBI)
3HAYCHUE BOJIbTA BO3HUKJIO U3-3a TOTO, YTO HEPBOHAYAIBLHO
pPa3HOCTH MOTEHIUAJIOB CO3[ABAJIMCH XHUMHYECKUM IIyTeM
(60 CpaBHUBAJIKCH C IIOTEHIIMAIAMHE, HEOOXOAMMBIMHU IS
pa3pbiBa CBs3eil B aTOMax U MOJIEKYJIaX HJIA MX BO30YxK/e-
HUS).

Bui0op mpakTUUECKUX €OUHMIl U CTPYKTYPa HOCTPOCHUS
CHCTEMBI 3TaJIOHOB OMPEACIISIOTCS LeJIecO00pa3HOCTHIO.
Boo0bie roBopsi, OHM MOT'YT HE COBIIAAATh APYT C APYTOM U
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OBITH HEOYEBHIHBIMH C (YHIaMEHTAJIbHONH TOYKU 3PEHUS.
Koneuno, oHn Takxke onpeaessitoTCs MHEPIUEN U UCTOPHEH,
OJHAKO TO, 4TO (U3MKA HAYMHAIACH C KJIACCHYECKON U
HEPEJSITUBUCTCKON, — HE TOJBKO HCTOPHYECKHA (PaxT (¢
TOYKH 3peHusl (yHIAMEHTAJIbHOW (U3WKH), HO U SIBHOE
yKa3aHue Ha KPaiHIOIO NMPAKTHYECKYIO BaXXHOCTb COOTBET-
CTByIOLIlero Tuma uamepeHuil. Tak, npuMeHeHe COBpEeMEH-
HBIX CUCTEM HABHTAIMH Ha 3eMJIe, B MOPE U KOCMOCE SIBHO
JIEMOHCTPUPYET BaXXHOCTb TOYHBIX M3MEPEHUI TpaauIiOH-
HBIX PACCTOSTHUI U HHTEPBAJIOB BPEMEHH U B Hallle Bpemsi. [1o
00beMy uM3MepeHHs "KJIACCHMYECKUX MAaKpPOCKOMMYECKUX
HepeSTUBUCTCKUX" BEJMYMH (C IMHPOKHM MPUMEHEHHEM
KBaHTOBBIX METOJOB U y4eTOM, IO Mepe HEOOXOIUMOCTH,
peSITUBUCTCKUX I(P(HEKTOB) MHOTOKPATHO IPEBOCXOMIST
A3MEpPEHNs] CYIECTBEHHO KBAHTOBBIX WJIM CYIIECTBEHHO
PESITUBUCTCKUX OOBEKTOB.

[TpumepoM LenecooOpa3HOCTH B MOCTPOESHUH CHUCTEMBbI
€MHUII SIBJISICTCSI MOJIb — €MHUIA KoJnyecTBa BetecTna. C
TOUKM 3peHust (yHIaMeHTalbHON (GU3MKU HET HUKAKOU
HEOOXOIMMOCTH BO BBEJICHHU CIENUAIBLHOW Pa3MEpHOCTH:
JIOCTATOYHO MPOCTO CYAUTATHh aTOMBI. OIHAKO B3BEIIMBATH
aTOMBI Ipolle (11 MAacCOBBIX HETOYHBIX NPUJIOKEHUH) U
TOYHee (JUJIs eIMHUYHBIX NPennu3uoHHbIX). [loaToMy, BMecTO
TOT'O YTOOBI TOBOPHUTH O YUCIIE ATOMOB M MX MaKPOKOJIHYe-
CTBE KaK KOJIMYeCTBE, BKIIOYAIONIEM (GPUKCHPOBAHHOE YUCIIO
aATOMOB, TPEANOYTUTEILHO TOBOPUTH 00 OMpEIeSICHHOM
macce atoMoB (Hanpumep, 0,012 kr) ompesesneHHOTO 3Je-
MeHTa (Hampumep, yrieposa-12).

CpaBHeHHE aTOMHBIX (MOJIEKYJISIPHBIX) MAacC OCYIIIECT-
BJISIETCS OTHOCUTEJIHHO JIETKO M HA/IeKHO, KAK U B3BEIIINBA-
HUE MaKPOCKOIMMYECKUX KOJIMYeCTB BelecTBa. [locTossHHAS
ABOTagpo, ONpeIessiomas Yuciio aTOMOB B OJTHOM MOJIe
BEIIECTBA, CTAHOBUTCS U3MEPUMOI U pa3MepHoii. (B ciyuae
ee (pUKCcaluy KOJIMYECTBO BEILIECTBA MOTJIO ObI M3MEPSITHCS,
HanpuMmep, B TepaaToMax, a moCTOsiHHast ABOraipo ObLia Obl
0e3pa3MepHOl AaHAJOTHYHO TEPEBOJHOMY MHOXHUTEIIO
Mexay depmu u mMeTpoM.) OTMETHM, YTO MBI TOBOPHM
AMEHHO O B3BEIIMBAHWUH, a He 00 U3MEPEHUH MACC: CpaBHE-
HHE BECOB B INPEANOJIOXEHUU OIUHAKOBOCTU YCKOPEHHS
CBOOOIHOrO MaJeHUs U, €CIU HeoOXomuMo, "abCcoroTHOE
B3BeLIMBaHUe" Macchl (COYeTaHME U3MEPEHMI BECA U YCKOPE-
HUs1 CBOOOTHOTO MAJICHHUS g), — BCE ellle HanboJiee TOYHBIN U
HamboJIee MPOCTOl crnocod ompeesieHNss MacChl (XOTSI MBI,
KOHEYHO, 3HA€M O 3aBHCUMOCTH 3HAYCHUS g OT BPEMEHU U
MecTa).

CTporo roBopsi, CIeAyeT Pa3iuyaTh Pa3MEpPHYIO KOH-
CTaHTy — TOCTOSIHHYIO ABOTaJpo Na, HMEIOIIYIO pa3Mep-
HOCTb YUCJIA YACTHII HA OJIMH MOJIb, U €€ YUCJICHHOE 3HAUCHHE
B cuctremMe CU. OGe BeJIMYMHBI UMEIOT (PU3UIESCKUN CMBICIT:
pa3MepHasi BeJIUuHA MPeACTaBIISIET COOON MOJISIPHYIO IJIOT-
HOCTb YMCJIa YACTHII, @ YUCJICHHOE 3HaYeHUE OTBEYAET Macce
aToma yriepona *:

m(2C) = 121
{Na}
C mpakTHYeCKOl TOYKM 3pEHHs] TEeMIepaTypy Takxe
HELEeJIECOOOPa3HO CBOAWTh K MEXAHUYCCKHX EIUHUIAM
(amanormyno xosmuecTBy BemiecTBa). C Toukd 3peHust GpyH-
JIAMEHTAJIBHON (U3UKU B IPHUHIUIIE MOXHO JaXke TOBOPUTH
0 TOM, YTO M3MEPEHHS] TEMIEPATYPhl U KOJIMYESCTBA BeIle-

3)

4 3pech U fajee BbIpaXeHus B PUTYPHBIX CKOOKaX 0003HAYAIOT YMCIIEH-
HBIE 3HAYCHHUsI pa3MepHBIX BeanunH B cucteme CU, ecin He yka3aHa HHAs
CHCTEMA eIMHUII.

4%

CTBa B CAaMOCTOSITEJIbHBIX CHEIUAJIbLHBIX SIUHMIAX, HE CBO-
JIUMBIX K €JMHUIIAM JIJIMHBI, BPEMEHU M MAcChl, pEasiu3yroT
WJICI0 OTHOCUTEJIbHBIX U3MEPEHUI B CIICIIMATBbHBIX YCIIOBUSIX.
OJIHAKO 3TH YCJIOBHUS NMPU3HAHBI MUPOBBIM COOOIIECTBOM
CTOJIb BaXHBIMH, YTO HUCHOJb3yeMble B H3MEPECHHUSX €IU-
HMUIIBI JIETaJIM30BaHbI KaK OCHOBHBIC equHuibl CA!

B ciryyae 31eKTpUUECKUX €IMHUIL CUTyanus 0oJjiee 3aiy-
TaHHAs: HAJIUIO ATABUCTUYECKHE yIIOMUHAHUs 00 3pupe, uTO
HeJOoIyCTHMO. Tak, KOHCTAHTHI &) U [ €Ille HEKOTOPOE BpeMsl
Ha3aJl Ha3bIBAJUCH TUIJICKTPHYECKON M MAarHUTHOW TPOHU-
11aeMOCTsIMH Bakyyma. B HacTosiee BpemMst 3TH KOHCTAHThI
HAa3bIBAFOTCS 3JICKTPUYECKON U MATHUTHON TIOCTOSIHHBIMH (B
BaKyyMe), 4YTO, KOHEUHO, HE MEHSIET CYyTh IPOOJIEMBI.

BmMmecTe ¢ TeM UMEIOTCSI Cepbe3HbIe PUYUHBI JJIs1 BBE/IC-
HUS & # |, MTOMHUMO HCTOpUYECKUX. B ciyyae kojmyecTBa
BEIIECTBA M TEMIEPATyphl peyb I1J1a O BEJIMYUHAX, B TIPHH-
[UTIE CBOAMMBIX K MEXaHUYECKUM (YUCITYy ATOMOB, SHEPTUH U
T.J.), U3MEPSIEMBIM B Y€ M3BECTHBIX eIUHHIIAX. B ciyuae
3JIEKTPUYECKOTO 3apsiia pedyb, OECCIOpHO, UACT O HEKOU
HEMEXaHNYECKOUW BEJIMYMHE, KOTOpasi MOXET OBITh M3Me-
peHa pu moMoInu Mexanmdeckux eauauil. [loaTtomy Bompoc
CTaBUTCS MHAYe: UMEET JIN CMBICI U3MEPSATH CYIIECTBEHHO
pa3HbIe BEJIMYMHBI B OJIMHAKOBBIX eMHUIAX? MBI BepHEMCS
K 3TOMY BOIIPOCY HUXKE.

Beimie oTMedanoch, 4TO Macitad pa3sMepoB €IUHMIIL
cuctemMbl CU ObLT ompenesieH UCTOPUYECKHM HA OCHOBE
KJIACCUYECKUX MaKpockonmueckux siBjieHuit (B koHme X VIII
BEKa, HO HAa OCHOBE 3BOJIIOLIMH €INHMUI] B TCUCHHUE HECKOJIBbKHUX
BEKOB!), OJTHAKO 3TO HE MOMeIIajio oco3HaTh (B XX Beke),
YTO TOJIbKO KBAHTOBBIC SBJICHHS MOTYT TPEIOCTABUTH
JIEACTBUTEILHO YHHUBEPCAJIbHBIC M HEM3MEHHBIC BEJIMYUHBI,
KOTOpbIEe MOXHO HCHOJIb30BaTh ISl CO3IAaHUS CIWHMII.
CoOCTBEeHHO TOBOpSI, KBAHTOBBIE SIBJICHUS MPEIOCTABIISIOT
HEKOTOPBIE €CTECTBEHHBIE ¢IMHULIBI U KX JJOCTATOYHO MHOTO.

Tennennus pazsutus cucteMbl CYl — TpUHSITHE HOBBIX
ONpEJICJICHUI HAa OCHOBE KBAHTOBBIX SIBJICHUH, MpHYEM
COOTBETCTBYIOIINE KBAHTOBBIE EOUHUIILI OMPEEIISIOT €Iu-
Hunl CU, HO He paBHBI UM, ITOCKOJIBKY METPOJIOTHYECKOe
COOOIIIECTBO KOHCEPBATUBHO, M MbI, KOHEYHO, HE XOTHM
MEHSITh pa3Mepbl enuHull. OmnpeesieHue OCYIIECTBIISETCS
myTeM (PUKCALIUU 3HAYCHUN HEKOTOPBIX €CTECTBEHHBIX KOH-
cradT ((pyHIaMEHTAJBHBIX B pa3HOl CTENEeHU), TaKuX,
HampuMep, KaK YacToTa CBEPXTOHKOTO pACIICIUIEHUS B
ne3nn-133 [2]

vars(1Cs) = 9192631770 T (4)

U CKOPOCTB CBE€TA B BAKYyME
€c=299792458 mc ! . (5)

CyluecTByeT LeJblil Psil eCTECTBEHHBIX €IMHHLI, IMEFo-
mux pasHeii cratyc B cucreme CU. Eciam paccMoTperh
OGpaTHYIO 4acTOTy CBEPXTOHKOTO DPACIICIUICHHS B LE3UH
Viks (133 Cs) xak omny n3 Takux exunuL, To cekynaa B CU —
[POU3BOIHAS OT ITOI EIMHALBL:

1
lc=9192631770 ————— .
c =9192631 710 s (6)

CKOpOCTB CBE€Ta ¢ — CCTECTBCHHAs €AMHUIA CKOPOCTH,
equauna CU siBisieTcs HpOI/ISBO,E[HOfI OT HEC:
1 1

Ime ™ =5057974%8 ¢

(7)
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ATOMHAas € UHULIA MaCChHI

laem. =— m("*C)

7 (8)

— BHECHUCTEMHAA CIAUMHHUILIA, (baKTI/I‘{GCKI/I OoInpeacjadarouias
MOJIb.

1r

={Na}. 9)

1 a.eM.

Hapsiay ¢ BHECHUCTEMHBIMH €AMHHMIIAMU €CTh U HEO(H-
UaJIbHbIC SAMHUIIBI, POJIb KOTOPBIX YaCTO MrparoT (pyHIa-
MEHTaJIbHbIe KOHCTAHTHI. Tak, BO MHOTHX CIPaBOYHHUKAX
SIIEPHbIE MArHUTHBIE MOMEHTBI MPHUBOISTCS B SIIEPHBIX
MargeToHax

eh

2my,

HN (10)

MHoraa sSBHOTO HANMCAHUS €QUHUIIBI IPOCTO U30ETAIOT
MyTeM BBEACHUS CHENMATBLHO HOPMHPOBAHHBIX BEJIMYMH,
TaKUX KaK aTOMHOE 4HCIO A (YHCIIO HYKJIOHOB, KOTOpPOE
JUISL psiia 3aa4 ¢ JTIOCTATOYHOW TOYHOCTBIO AMMPOKCHMHU-
pyeT Maccy aToMa MJIH sSapa B aTOMHBIX €IMHUIIAX MACChI),
S IEPHBINA g-PakTop (C TOUHOCTHIO 10 MPOCTOrO0 MHOXKHUTEJIS,
3aBUCSIILIETO OT CNIUHA SIAPA, 3TO MAarHUTHBIH MOMEHT sIApa
LiNucl>» TIPEICTABIICHHBIN B SIIEPHBIX MATHETOHAX [y ), KBaH-
TOBOE YHCJIO, OTBEYAIOIIee IOJHOMY YIJIOBOMY MOMEHTY
WJIM €0 YacTH, HAIpUMep CIHHY (COBMAJArOIIee C COOTBET-
CTBYIOIIIMM YTJIOBBIM MOMEHTOM, JeJIeHHbIM Ha /). YacTto

KOHCTAaHTa ¢ MCHOJIb3YeTCsl KaK eAUHUIa CKOpocTH. Tak, B
ACTPOHOMHHU PACCTOSHUSI MOTYT H3MEPSTHCS B CBETOBBIX
rojax, a B yCKOPUTEJIbHOW (pU3MKe UMIYJIbChI — B MaB/c.
CH1CcoK MOXHO NPOJI0IKAT.

EctecTBeHHBIC €TUHUIILI BOSHUKAIOT KaK MHTEPIPETAIHS
pa3MepHbIX (QyHIAMEHTAJbHBIX KOHCTaHT [17] (Tabm. 1).
HekoTopele n3 HUX MOXHO paccMaTpUBaTh U Kak NEPeBOJI-
HbIe MHOXHTEN MEXIy Pa3HbIMU enuHUIamMu. bespasmep-
HbIe M HEKOTOPBIE pPa3MepHbIE KOHCTAHTBI MOXHO TaKXe
UHTEPIPETUPOBATh KAaK MEPEBOJHBIE MHOXHTEIH MEXIY
pasubiMu enuaunaMu. (VX nHTEpIpeTanus He 0053aTeJIbHO
ucuepnbiBaercs 3tum!) PaccmoTpuMm Bce umerornuecs
BO3MOXHOCTH.

1. Be3pa3zmepHble KOHCTAHTHI — IEPEBOIHBIE MHOXU-
Tend Mexay "ogHoTunHeiMH" eauuunaMu aus "omHoi"
BeJImyMHbI. Hanmpumep, pa3inuHble OTHONICHUS, CHOPMUPO-
BaHHBIE M3 Macchl hRy /¢ (oTBeuaroleil puadEeproBCKoil
9HEPIUH), MACCHI 3JIEKTPOHA 711, MACChI IPOTOHA 71;,, MACChI
aToMa yriepoja, IIaHKOBCKON Macchl Mp, MOXKHO B CBOIO
ouepeab pacCMAaTPUBATh Kak eIMHUIIBI. [10CKOJIBKY yKa3aH-
HbIE €JTMHUIBI €CTECTBEHHBIC U B PA3HOU CTeNneHn (hyHIaMeH-
TaJIbHbIE, MX OTHOIIEHMS TaKXe SIBJISIOTCS (PyHIaMeHTaJIb-
HBIMH KOHCTaHTamu. YMCJIeHHbIE 3HAYCHUS! Oe3pa3MepHBIX
KOHCTAHT HE 3aBUCST OT BBIOODA €IWHUI] M MPEICTABIISIOT
HanOOJIBINI (PU3NUECKU HHTEPEC.

2. Pa3MepHbIe KOHCTAHTBI — TEPEBOJIHbIE MHOXHUTEJIN
MEX]y pa3sHLIMU eIuHUIaMu s "ongnoi" Benmunnel. Tak,
noctosiHHas bosbiMaHa k CBSI3BIBAET €IMHMILI TemIepa-

Ta6anua 1. HekoTopble ecTeCTBEHHBIE €AMHUIIBI M X PEKOMEH/I0BAaHHbIE 3HAUeHUs B enHuIaXx CU 1 HeKOTOPBIX aApyrux eaunHunax [1]

EcrecTBenHas eauHuLA O6o3Hayenue UncneHHOe 3HaYeHne OTHOCHUTEJIbHAS MTOTPELIHOCTh
ATOMHas e/IMHHUIIA MACCHI (a.€.M.) 1 m(2C) 1,660 538 86(28) x 10727 kr 1,7 x 1077
12 931,494 043(80) MaB c? 8,6 x 1078
Macca npoTona my 1,67262171(29) x 1077 xr 1,7 x 1077
938,272029(80) M3B ¢ 2 8,6 x 1078
Macca 3J1eKTpOHa me 9,1093826(16) x 1073! kr 1,7 x 1077
0,510998918(44) M3B ¢ 2 8,6 x 1078
ol
Marneton Bopa Ug = 2‘ ! 9,274 009 49(80) x 1072+ Idx T~ 8,6 x 1078
e 1836,15267261(85) un 4,6 x 10710
h
51 AepHBIi MATHETOH UN = 26— 5,050 78343(43) x 10727 Tk Tor! 8,6 x 1078
ny 2,17987209(37) x 1018 JIx 1,7 x 1077
Punbeprosckast 3Heprust heRo 13,6056923(12) 3B 8,5x 1078
3apsi IPOTOHA e 1,602 176 53(14) x 107" Kn 8,5x 1078
ITocrosunas ITnanka h 6,6260693(11) x 1073* [Tk ¢ 1,7x 1077
I
ﬁ*ﬁ 1,054 571 68(18) x 1073 Ix ¢ 1,7 x 1077
he\'?
TnankoBckas Macca Mp, = (E) 2,176 45(16) x 1078 xr 7,5 x 1073
1,22090(9) x 10'° I'3B ¢~2 7,5 x 1073
7
Tli1aHKOBCKAs JUIMHA Ipy = — 1,61624(12) x 1073 ™m 7,5 %1073
Mp] c
I}
TT1aHKOBCKOE BPeMSI tp = 24 5,39121(40) x 1074 ¢ 7,5 % 1075
c
Mpi? 32 -5
I1naHKoOBCKast TeMIepaTypa Tr) = k 1,41679(11) x 10 K 7,5 x 10
h
IMocrosinnas ¢pon Knurnuura Rx = 2 25812,807449(86) Om 3,3x 107
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TYpbI (CpeAHel 3HEPTUU Ha CTENeHb CBOOO/bI) U CTAHIAPT-
HbIE eUHUIBI SHeprun. CrennaabHOW pa3MepHOl KOHCTaH-
TOH, KaK OTMEYAJIOCh BBIIIIE, SIBJSIETCS YACTOTA CBEPXTOH-
KOTO pACIICIUIEHUSI OCHOBHOTO COCTOSIHUS B Iie3uu-133,
YHCJIEHHOE 3HAYCHUE KOTOPOU (DMKCHPOBAHO MO OMperesie-
HUIO: OHA CBSI3BIBAET YaCTOTY CBEPXTOHKOI'O PACIICILJICHUS B
LIE3UU, KaK €CTECTBeHHYIO enuHmily, ¢ equnuieidr CU. Kon-
CTaHTa, BO3HUKIAs 13 cucteMbl CH, MoxeT ObITh KOHCTaH-
TOH TPUPOILI, TPHYEM C TOCTATOYHO HETPUBUAIHLHBIM
cMbIcioM. Hampumep, 4YUCIICHHOE 3HAYEHHE MOCTOSHHON
BonbnimaHa k xapakTepu3yeT TPOWHYIO TOYKY KHITCHHSI
Boabl. Takast KOHCTAaHTa MOXET ObITh U "TOJIBKO" HEepeBoI-
HBIM MHOXHTEJIEM, XapaKTePU3YIOIINM COTJIAIIEHHE O eIH-
HUIIAX T0JOOHO YUCIIEHHOMY 3HAYECHHIO YACTOTHI CBEPXTOH-
koro paciieruienusi vars ('3 Cs).

YeTkoro pas3zesicHus MEXIy 0e3pa3sMepHbIMU U pa3Mep-
HBIMHM KOHCTAHTaMH, CIIYXalllIMU NEPEBOJHBIMUA MHOXUTE-
JISIMH, HET. DTO CBSi3aHO C TeM, 4To B cuctemy CU u B
HEKOTOPbIC BHECUCTEMHBIEC €IMHUIBI (TaKue, KaK 3JIEKTPOH-
BOJIbT MJIM aTOMHAs elMHHIA Macchl) "BeTpoensl” paszmep-
Hble KOHCTAHTHI C (PUKCUPOBAHHBLIMU YUCIICHHBIMU 3HAUe-
Husmu. K npumepy, wacrora nyxdoronnoro (ls— 2s)-
nepexojia B arome Bogopoa [20]

vu(ls—2s) = 2466061413 187 103(46) I'u (11)

XapaKTepHu3yeT eCTeCTBEHHYIO BOJOPOIHYIO €MHUILY, TECHO
CBSI3aHHYIO C XapTpH:

EH =2hc Rf,o .
B 10 )e BpPEMA 3TOT PE3yJIbTAaT B 663p8.3MepH]>IX TCPMHUHAX

vi(ls—2s)

— 2~ =268265,0055923107(50
virs(133Cs) ’ G0

(12)
6e3 moTepy TOYHOCTU MOXHO MHTEPIPETUPOBATH KaK Iepe-
BOJIHBIM MHOXUTEIb MEXIY BOJOPOIHON U IIE3UEBOM e TMHU-
namu. O4YeBHIIHO, YTO peuyb uaeT o0 OJHOW W TOU xe
(usmnueckoii BenmuuHe, T.¢. paBenctsa (11) u (12) comepxart
OIHY W Ty e MHPOpMAIMIO, OJHAKO HX Pa3sMEPHOCTH U
YHCJICHHbIE 3HAYECHUS PA3JIMYHBI.

3. Pa3mepHble KOHCTAHTBI — TMEPEBOHBIE MHOXHUTEIN
MEXIy PasHbIMU eauHuIaMu ais "pasHeix" (HO poacTBeH-
HBIX) BeJIMYUH. [IpuMepamMu MOTYT CITyKHUTh: PACCTOSIHUS U
MHTEPBAJIBI BPEMEHU; Macca, JHEPTUST K UMITYJIbC; YaCTOTA
SHEPIusl; 3apsii ¥ KOMOMHAIMS €OUHUI], BO3ZHUKAIOIIAs U3

sakoHa Kymona mpu g =1 (M/2kr!/2¢™! — enumnma,
ananorunuHas equnuie 3apsga B CI'C). MoxHo ¢ukcupo-
BATh JTH KOHCTAHTEHL J[Be M3 HHX — CKOPOCTb CBETa B

Bakyyme ¢ (cM. (5)) W aJeKTpuYecKas IMOCTOSHHAS & —
¢uxcuposansl B CU:

1

&) = ——
2
CHo

I

(13)

to=4nx 107" Tam !,

KoOHCTaHTBI ¢ M & MOXHO cIejaaTh Oe3pa3MepHBIMHU.
Briurpaem s Mbl 0T 3T0oro? OTBET Ha BONIPOC 3aKIFOYAETCS
B TOM, CUUTAEM JIA MBI BEJINUUHBI, U3MEPSIEMbIE OTOXIECT-
BJICHHBIMU €IMHANIAMH, OJIMHAKOBBIMHU. Ecii MbI cuntaewm,
YTO Macca, UMITYJIbC U SHEPTHSI — 3TO B CYIITHOCTHU OJTHO U TO
ke (pa3Hble KOMIIOHEHTBI OJTHOTO 4-BEKTOpa), TO MbI BBIU-
rpaeM OT YIPOLICHUS ypaBHeHuUit. Eciii MbI cuuTaem, 410 310
JTIOCTATOYHO PA3HbIC BEJIMYMHBI, TO H3MEPCHUE UX B OIMHA-
KOBBIX €TMHATIAX IPUBECT JIMIIb K BUAUMOMY YIIPOIIEHUIO,

CKpPOET HEKOTOPbIC Ba)XKHbIE (PU3UYECKHUE ACTIEKTHI M MOKET
MPUBECTH K HEOPAZYMEHHUSIM.

Ha mnocraBjeHHBII BBIIIE BONPOC HE MOXET OBITh
a0COJTFOTHO OYEBUIHOTO OECCIIOPHOTO OTBETA, MOCKOJBKY
BEJIMYMHBI TECHO CBSI3aHBI, HO HE TOXIEeCTBEHHBI. OHU
"moutn" omMHAKOBBI, U TepMUH "TOUTH" — MaTeMaTHYECKU
JIyKaBBIif, TaKk KaK 3TOT TEPMUH HE MOXET OBITb BBIPAXEH
YHCJIEHHO U HE IMEET CPABHUTEILHON CTENCHU.

B citydae pesIITUBUCTCKUX BEKTOPOB (4-KOOPAMHATA WUJTH
4-UMITYJIbC) WX KOMIIOHEHTBI YaCTO MMEIOT CAMOCTOSITENb-
HBIA (U3HYECKHIA CMBICIT, YACTUYHO MPOJIUKTOBAHHBIA UCTO-
pueil ¥ HepeJSTUBUCTCKUMHU npeaesamu. Ecaum npuaathb
KOMIIOHEHTaM 4-BEKTOPOB OTIEJbHBIN CMBICT U SIBHO HJIU
HESIBHO M3MEPSITh UX KOMIIOHEHTHI B Pa3HbIX €IWHHUIAX, TO
CUTYaIHs ¢ TEH30paMu 0oJjiee BBICOKOTO paHra cTaHeT OoJiee
3aIyTAaHHOW W HENPUSATHON M JKeJaHUE YHPOIICHUS MOXET
nobemuTh. OMHAKO 4-TEH30PbI, 332 PEIKAM HUCKJIIOUCHUEM
(HampuMep, TEH30p 3JIeKTPOMATHUTHOIO Ious F),, BKIIO-
YAIOLIMIA KaK 2JIEKTPUYECKOE, TAK ¥ MATHUTHOE MOJIsI), MEHee
BaXXHBI JUTSI IPUJIOKEHHH, YeM Pa3JIMYHbIe BEKTOPHI.

PenstuBucTckast pusuka TIroTeeT K TOMY, YTOOBI H3Me-
PATH pa3Hble BEJIMYMHBI B OAMHAKOBBIX €IMHMILAX, U NPH-
HYXJaeT Hac BBOJIUTH (HApsay CO BPEMEHEM M 3HEpruei)
HyJIEBbIE KOMIIOHEHTBI COOTBETCTBYIOIINX 4-BEKTOPOB

Xo=¢ct,

Po=—
c

C pa3MepHOCTSIMHE, OTBEYAIOIIUMH PACCTOSHUIO ¥ UMITYJIbCY
cooTBeTCTBeHHO. [Tociie10BaTENIBHBIN ePeX0l K Xy U Py OT ¢
u E dakTryeckn o3HavaeT ¢ = |, MOCKOJIbKY CKOPOCTh CBETa
BBINIAJ1A€T U3 YpaBHEHUIl. Tak, BMeCcTO pa3MepHO CKOPOCTH
v; = Ox;/0t B ypaBHEHUsIX €CTECTBEHHO BO3HUKHET ee 6e3pas-
MepHbIit aHaor f§; = Ox;/0xg.

B T0 e BpeMs KBAaHTOBASI (M CTATHCTUYECKAS) MEXaHUKA
HACTAWBAET HA PA3JIMYHON TPAKTOBKE BPEMEHH U MPOCTPAH-
CTBEHHBIX KOOPJINHAT, JHEPTUH K UMITyJibca. Hac uHTEepecyeT
9BOJIIOLMS BO BPEMEHU CUCTEMBI, 3aHUMAIOLIEH OIpeesieH-
HbII 00BeM B mpocTpaHCTBe. KBaHTOBash MexaHUKa (Kak
HEPEeJSITUBUCTCKAs,, TaK M PEJISTUBUCTCKAsl)) TOBOPUT Ha
SI3BIKE CTAIIMOHAPHBIX (KBA3WCTAIMOHAPHBIX) COCTOSHUA U
JIUCKPETHOTO CIEeKTpa JHepruil. MHBIME CIIOBAMH, SIBHO
HEKOBAPUAHTHBIM MOAXOJ K MPOCTPAHCTBY U BPEMEHH OKa-
3BIBAETCSI BO MHOTHX CIIyYasiX yOOHBIM U MOJIE3HBIM.

OTMETHUM TaKXe, YTO B HEPEISITUBUCTCKOU (PU3MKE MPHU
¢ =1 BO3HHKHYT TPYAHOCTH C IPHMEHEHHEM METONa Pa3-
MEpPHOCTH, U MO3TOMY CYLIECTBEHHO MOCTPAagaeT HATJISII-
HOCTb M TNpPO3pavyHOCTh Teopuu. KoHeuHo, MOXHO Oyner
FOBOPUTh O TMpefdesie MaJibix pacctosHuil (Ax < Atf) un
pasnoxenun mo mnapamerpy Ax/At. Torma BeIHMYMHBI
OZHOTO TIOPSIIKA MAJIOCTH IPH ¢ = 1 OyayT OTBeYaTh OAHON
Pa3MEpHOCTH B ClIydae CTAHOAPTHON TPAKTOBKH CKOPOCTH
CBETAa KaK pa3MepHOil BenuuumHBbl. OJHAKO XapaKTEepHBIX
BPEMEH U JUIMH, & CJIeIOBATEJIbHO, U MAaJIbIX MapaMeTpOB
MOXeT ObITh MHOTo. Kpome Toro, neiicTBysi mocienoBa-
TEIBLHO, JOTMYHO TakXe MoJoXuTh /i = 1. Takas cucrema
€IMHUII MTO3BOJIUT YIPOCTUTH YPaBHEHUS DPEISITUBUCTCKON
KBAaHTOBOW MEXaHUKHU, HO OHA KpaiiHe HeyqoOHa sl Hepe-
JISTUBUCTCKOM KJIACCUYECKON (PHU3UKU, KOTOpas SIBIISETCS
Ba)KHOU 00JIACTHIO U3MEPEHUIA.

Crnegyer moHMMaTb, YTO YCJIOBUS BUAa ¢ =1 — 3TO
ckopee xaproH [17]. Ha camom Jene peub uaetT o BbIOOpe
€CTECTBEHHBIX EJMHHUIl CKOPOCTH, B KOTOPBIX YHCIIEHHOE
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3HaYeHUEe CKOPOCTH cBeTa paBHO enuHuue. K coxanenuro,
MPUMEHsIST PENSITUBUCTCKHAE WM KaKWe-TMOO Ipyrue crie-
IUaJbHBIE eMHUIBI, He BCE SICHO MPEJCTABIISIIOT, YTO peyb
HJIET O XKaproHe.

CraHIapTHBIA KOMIPOMHUCC 3aKJTFOYAETCS B TOM, YTO MBI
PAaBHOIPABHO paccMaTpUBaeM KOBApHAHTHBIE M HEKOBa-
puaHTHBIE O0O3HAa4YeHHUs. B pensTUBHCTCKUX 3ajayax HUcC-
MOJIL3YIOTCSI KOBAPUAHTHBIE 0003HAUYEHMSI, B HEPEISI TUBUCT-
CKUX 3aJlauax — HeKoBapHWaHTHBIe. [Ipm HeoOXoammocTu
BBIIIUCATb PE3YJIbTAT JJISl HEMOCPEICTBEHHO H3MEPSIeMBbIX
BEJIMYMH TAKXe MCIOJIb3YIOTCS HEKOBApUAHTHBIE 0003HAYE-
HUSl, TaKk Kak Uil peaJIbHOrO u3MepeHus Qukcupyercs
cuctema orcuera. [IpuHyaUTENBHBIA BBIOOD ¢ = 1, OAHUM
73 TOCTOWHCTB KOTOPOTO OBLIIO OBI YIPOIIEHNE ypaBHEHHI
PENIATHBHUCTCKOW (PM3HKHU, Cy3UI OBl IPENMYIIECTBA HEKOBA-
PUMAHTHOTO MMOJIX0/1a B cllyyae, KOorja OH ya00eH.

He3aBucuMmo oT BbIOOpA €AMHUII MBI 3HAE€M, YTO CBET
pacopocTpaHsieTcss W, CIeJ0BATEIbHO, €ro CKOPOCTh ¢ —
OOBEKTUBHO CyLIeCTBYIOIIAsi BeqmunHA. TOT (akT, 4TO B
ONPENIEJICHHONH CHCTEME EAMHMII OHAa MOXET HPUHUMATH
TPUBHAJIBLHOE 3HAYEHUE, HE O3HAYACT, YTO KOHCTAHTA UCYe-
3aeT. Mbl UIMEEM OIBIT U3MEPEHUI pa3HbIX BEJIUYUH B OOU-
HAKOBBIX €IMHHUIAX, HAIpUMEp Beca (T.e. 4aCTHOrO ciiydast
cuiiel) B Kuitorpammax. Ilpobiema "ucuesnosenus" Kou-
CTaHT — OJIHO U3 HeJIOPa3yMEHHI, BOSHUKAIOIIHUX IIPU 3TOM.

HormycTtrum, 4TO CKOPOCTh CBETA HEM3OTPOIIHA UJIU 3aBU-
cUT OT BpeMeHH u MecTa. CpaBHUBAS €€ YUCIIEHHBbIE 3HAYE-
HUS, MOXXEM 3TOr'O HE 3aMETUTDH JaXe B CUCTEMax €IUHMII,
I YHUCJIEHHOE 3Ha4yeHHe ¢ He (PUKCUPOBAHO, TOCKOJIBKY
HEOOXOIMMO CIIEUTh 32 U30TPOMHOCTHIO U TOCTOSIHCTBOM
camux equHAN. OJHAKO B IUIOCKOM MHpE C HEMOCTOSHHON
CKOPOCTBIO CBETA MBI JOJDKHBI CTOJIKHYTBCS C MpOoOJieMaMu
T€OMETPUYECKON MHTEPIPETAIMH JAHHBIX, OCHOBAHHBIX Ha
pacHpoCTpaHEeHUH CBeTa. B MTOre reomMeTpuyeckue pe3yib-
TaThl MOTYT OKa3aThCSl HEOTHO3HAYHBIMU MJTU HETNIOCKUMH.

OTMeTHM, YTO MTOAOOHBIE PACCYKICHHSI — HEe a0CTpaKT-
Has poOJieMa, a pealbHOCTh CIyTHUKOBOU cuctembl GPS.
KoneuHo, B 3TOM cityyae npoOjeMbl CKOPOCTH CBETA HE B
(yHIaMEHTAJIbHOW HEJOPEHLEBOCTH HALIEro MHpa, a B
Hammuun atMmocepsl. TeM He MeHee CHTyalusl sBJISIETCS
MPOCTON MILTIOCTPAIME TOTO, YTO UCCIEIOBAHUE CKOPOCTH
CBETA HE CBOJMTCS K MPSIMOMY HU3MEPEHUIO CKOPOCTH €ro
pacnpoCTpaHEHUS U MOXKET OBITh BBIPAXKEHO B TEPMHUHAX, HE
CBSI3aHHBIX HATIPSIMYIO C JETAJISIMU CUCTEMBI € IMHHUII.

Taxum 06pa3oM, MOXKHO CKa3aThb, YTO CHCTEMA €IUHUIL
(1 cucTeMa 3TaJIOHOB) MPETNOJIATAeT ONpeAe/ICHHbIC 3aKOHBI
¢busuku. Ecmm neicTBUTEILHOCTD MPOTHBOPEYUT 3aKOHAM
¢usnkm (Tak, ompeneseHNe MeTpa MPenoJiaraeT, YTo CKO-
pOCTh cBeTa B BaKyymMeé — HH OT Yero He 3aBHCSIIAs

YHUBEpCaJibHash KOHCTAHTa, OILpEAeICHHE amIepa Mpeilo-
JaraetT 3akoH Ammepa, a €ro peaju3andsi — 3aKOHBI
Makcseia), To BCerjia CylIeCTBYIOT CIIOCOObI OOHAPYKUTH
9TH MIPOTUBOPEYUS K MHTEPIPETUPOBATD HX.

CileryeT OTMETUTD, YTO BMECTO Oe3pa3MepHON e IMHUIIBI
¢ = 1 MOXHO SIBHO IPUHSATH pa3MepHOEe paBeHCTBO. OIHAKO
9TOT NaJUIMATUB HEAOCTATOYHO HOJHO UCHOJIB3YET JOCTONH-
CTBa JKAPrOHHOTO MOJXO0Ia C YCIOBHEM ¢ = | W 4acTU4HO
COXpaHsieT MPOOJIeMbl PA3HBIX PA3MEPHOCTEH: HAMpHUMED,
BpeMs ¢ (B TOJIax) U paccTosiHhe X (B CBETOBBIX rojax) Io-
MPEKHEMY H3MEPSIFOTCS B PA3HBIX SMHUIIAX.

Pa3zHooOpasHble BEJIMYUHBI YaCTO U3MEPSIIOT B "sHepre-
Trueckux" eauHuNax (YTO yIOOHO ¢ TOUKH 3peHus pyHma-
MEHTaJIbHOW (DU3MKM) M EAUHMIIAX YACTOTHI (UTO BaXKHO C
MPAKTHYECKOH TOYKH 3PEHHs, KOJIb CKOPO H3MEpPEHUs
4acTOThl HanboJiee TOYHbIE). [IepeBOTHBIMI MHOKHUTEIISIMA
CIIyXaT 3HaueHus PyHIAMEHTAJIbHBIX KOHCTAHT, TAKHX KaK
h, e, ¢, k u T.1. "Iueprerudeckue"” u "yacToTHbIN" SKBUBA-
JICHTHI HEKOTOPBIX U3 3TUX CAMHUII IPUBEIbBI B TA0I. 2.

2.3. ®u3nueckne BeJMYHHDI,

€JMHULbI U ITAJIOHbI eJUHUL GH3HYeCKHX BeJHYMH
Enunune! pu3nyeckux BEeJIMYMH OMPEACIISIOTCS HEKUM o(u-
IMaJbHBIM coryamenueM — cucremont CU, ogquako cucrema
CTAHIAPTOB MOXET M HE OTBEYATh CHUCTEME eIWHHI. Tak,
cuctema CU mpenmosnaraeT oJHy OCHOBHYIO 3JIEKTpOMar-
HUTHYIO €TUHUIY, BBOJUMYIO IOCPEICTBOM (pUKCAIMK Mar-
HUTHOH TNOCTOSIHHOM . PopMajibHO 3TO AejlaeTcsl Ha
OCHOBe 3aKkoHa Ammepa. Ha camMoM fnene ¢ TOYKH 3peHHs
cucrembl CU 6e3pa3inyHO, KaKyr0o UMEHHO JJIEKTpOoMar-
HUTHYIO eIMHUITY (PUKCHPOBATH U KAKOW MMEHHO 3aKOH MPH-
HSTh 3a OCHOBY (3akoH Kyrona, Amnepa wim kakou-imbo
JIPYroif) — BCe OHM IKBUBAJICHTHBI.

JJ1s1 MOCTPOEHU S CUCTEMBI 3TAJIOHOB BaXHBI 1BA 0OCTOSI-
TeJILCTBA IPU BBIOOPE IJIABHBIX 9TAJIOHOB: 3TO TOJKHBI OBITH
ONTHMAJIbHbIE A3TAJIOHBI KaK C TOYKH 3PEHHUs] TOYHOCTH
OCHOBHOW €JMHUIIBI, TAK U C TOYKH 3PEHHS peasn3amuu
pa3sMepoB TPOU3BOJHBIX €AMHUIL. [IpakTHdyecku yIOOHO
pasdeauThb CTaHAApThl Ha TIPYNNBL [JJIMHA —4acTOTa—
BpeMs, Macca, JJEKTPOMATHUTHBIE BEJIMYMHBI U T.O. B
cIydae OJIEKTPOMATHUTHBIX BEJIMYMH YAOOHO B3STh 3a
OCHOBY /IBa 3TaJIOHA, HAIIPUMED BOJIbTA K OMa. DTO CO34aeT
n30bITOuHYIO cuctemy. [loaToMy mapasiensHo ¢ onpeaere-
HHEM Pa3MepOB €AUHUI] OCTAJIbHBIX IJIEKTPUUECKUX BEJININH
HEOOXOAMMO PELINTh 3adady O COIJIACOBAHMM EOMHUI]
MEXaHUYECKOW MOIIHOCTH (BBIPAXXEHHOU Yepe3 OCHOBHBIE
eVHAIE! Kak 1| BT = 1 xr M? ¢ ~3) W anmekTprueckoil MoII-
goctu (1 Br = 1 B Om™!). MibI BepHEMCS K 3TOMY BOIPOCY B
pazmene 4.2.

Ta6mmma 2. "SuepreTuueckue” 1 "IacTOTHBIH" SKBUBAIEHTHI PA3IMYHBIX ¢IUHUL (peKOMeHI0BaHHbIe 3Hauenus [1]). 3nech Ey = o?mc? = 2ch Ry —

aTOMHas €IUHUIIA SHEPT U (XaprI/I), V= l/A — BOJIHOBOC YHCJIO
Ennnuna CBs13b YucyieHHOE 3HAYCHKME SKBUBAJICHTA
¢ oHepruei
1 Ox 15B 1T
1 Jhx 1 6,24150947(53) x 10'8 1,590 190 37(26) x 103
1 5B E=cV 1,602176 53(14) x 101 1 2,41798940(21) x 10"
1 T'o E=hy —34 —15
L B by’ 6,626069 3(11) x 10 4,13566743(35) x 10 1
LK FoiT 1,98644561(34) x 1072 1,23984191(11) x 10 299792458
1 xr E— me 1,380 650 5(24) x 10-23 8,617343(15) x 1073 2,083 664 4(36) x 10"
1 aewm E— me 8,987551787... x 10' 5,609 588 96(48) x 103 1,356 392 66(23) x 10
1 Ey Ey = o?mc> 1,49241790(26) x 1010 931,494 043(80) x 10° 2,252342718(15) x 107

4,35974417(75) x 10718

27,2113845(23) 6,579 683920 721(44) x 10"
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W3 mnpuBeneHHOTO BbINIE OOCYXAEHHS BHUAHO, YTO
AMEIOTCSI TpU CBSI3aHHBIE, HO JIOCTATOYHO pPAa3JINYHBIC
CHCTEMBI:

e cucrteMa (pU3MYECCKUX BEITUYHH;
e cucrtema (PU3MYECKUX CIIMHHIL,
e cucTeMa 3TaJIOHOB (PU3NUECKUX €IUHUII.

DTH CUCTEMBI MOTYT UMETh U UMEIOT PA3HYIO CTPYKTYPY.
B cuity mpakTHUecKMX MPUYMH ONHA M Ta ke B CYIIHOCTH
(u3mveckas BeMYMHA MOXET B ONPEACJICHHBIX YCIIOBHSIX
U3MEPSTHCS B PA3HBIX SUHUIAX (K TPUMEPY, B KEJIbBUHAX U
JOKOYJISIX). PasHble BeNMMYMHBI (HALIPHUMEp, BEC M Macca)
MOTYT HM3MEpSTbCS B OAMHAKOBBIX eauHunax. Mepapxus
9TAJIOHOB HE CJIEAYET UePAPXUU €AMHUIL.

Curyanus ¢ 3TaJJOHAMH OKa3bIBAaeTCsl elle 0oJiee CIOXK-
HOI B CBSI3M C T€M, UYTO peYb UJET KaK O BOCIPOU3BEICHNH,
TaK M O MOJJICPKAHUM pa3Mepa eIuHuIl. B ciaydae momnmep-
KaHUSI pa3Mepa eIMHUL CTAHIAPTOM SIBJISIETCS. YCTPOUCTBO,
MIPEIOCTABJISIIOIIEEe HEKOTOPYIO €AMHHUITY, KOTOPAs HE COBIIA-
naer ¢ emununei cuctembl CU u pasmep kotopoi (B
enuanniax CU), crporo roBopsi, HemsBecTeH. Takas emu-
HHIQ, MO3BOJISET NPOBOAUTHL 'JOoKaibHBE" HM3MepeHus.
Ecnu 9Ta enuHuna ocHOBaHA HA KBAHTOBBIX SIBJICHUSX (UTO
B@XHO JUISl U3MEPEHUH B OOJIACTH 4acTOTHI— IJIMHBI — Bpe-
MEHU, HAIPSDKEHU S, COPOTUBIICHHUST), TO OHA €CTECTBEHHA H,
cJeI0BaTeIbHO, YHUBEPCAIbHA BO BCEM MUPE U HE 3aBHCUT
OT BpeMeHHU (B OTJIMYME OT KJIACCHYECKUX HAIMOHAJBbHBIX
€/IMHUI], OCHOBAHHBIX Ha apTedakTax).

Huist monyuenust (Bocripou3sseeHusi) eaquuuibl CU HeoO-
XOOUMO TPABUJIBHO OTKAJUOpOBATH MOAIEPKUBAEMYIO
equauIy. Ecmu moanepkuBaeMble €IUHHILI OCHOBAHBI HA
YHCIEHHBIX 3HAYCHUAX (YHIAMEHTAJBHBIX KOHCTAHT, TO
HE3aBUCHIMOE HM3MEPEHHE WX 3HAYCHUI NpeBpaliaeT Moj-
JlepkaHue B BOCHpou3BelcHUe. TakuMm 00pa3oM, TMOsIB-
JISETCSl BO3MOXHOCTD PEAIM30BaATh OJHHU U T€ XK€ €IMHUIIBI
CU B pasHbIX J1ab0OpaTOpHUSX, T.e. OOECIECYUTHh EIUHCTBO
n3MepeHnii 0e3 HemOCPeICTBEHHOTO CIIMYEHHS! ITAJOHOB.
MBI paccMOTPHUM TPOOJIEMBI BOCIIPOU3BEICHUSI M TOJIIEP-
JKaHWsI SMHUII HA TIPUMEPE JJIEKTPOMATHUTHBIX BEJIMYUH B
pasnene 4.2.

B npaktuueckoii peanuzanuu cuctembl CU anekTpomar-
HUTHBIE eTMHUIIBI 3aHUMAIOT 0c060e MeCcTO. MOXHO, HAIIPH-
Mep, 3aMeTUTh, 4YTO C (GOPMaJbHOW (MAaTEeMAaTHYECKON)
TOYKH 3pEHHS] €IMHUIA JIMHBI — 3TO TPOU3BOJHAS €IH-
HHIIA, & OCHOBHBIMH SIBJISIFOTCSI € IMHUIIBI BpEMEHH (Lie3UeBbIe
4achl) ¥ CKOPOCTHU (B TEPMHUHAX CKOPOCTHU CBETA B BaKyyMe).
OnHako eAWHUIYy CKOPOCTH HH B KOEM cllydae He CIIEAYyeT
MPU3HABATH OCHOBHOM, MOCKOJBKY HEBO3MOXHO PEaH30-
BaTh 3TAJIOH TaKO¥W eqWHUIBI. EJQWHUIA TUHBI, HATPOTUB,
JIMIIIEHA 3TOT0 HEIOCTaTKa M MOXET OBbITh HPHHATA B
Ka4ecTBE OCHOBHOM.

Bce ocHoBuble equnannbl CH, kpome amriiepa, OTBEUAROT
OCHOBHBIM 3TaJIOHAM, HA OCHOBE KOTOPBIX CO3HAIOTCS IO
Mepe HEOOXOOMMOCTH 3TAJIOHBI MPOU3BOTHBIX EIMHHIL.
AnbTepHATHBA JIFOOOW W3 CIUHMI[ MPAKTHYECKH OTCYT-
CTBYET, MOCKOJIBKY 3TH SAWHUIBI Hambosiee yIoOHbI (Kax-
nasi B cBoeit obsactu). Cutyanust ¢ 3JIEKTPOMAarHUTHBIMU
eIMHUIIAMU KQ4eCTBEHHO MHAs. BIOOD OCHOBHBIX 3TAJIOHOB
JIUKTYETCS 1eJIeCOO00Pa3HOCTBIO, M €r0 Pe3yJIbTAThI MOTYT
OBITH pa3HBIMU B 3aBUCUMOCTH OT PA3BHTHSI TEXHOJIOTHH HA
NaHHbI neproa. KpomMe Toro, amiiep sIBHO ONpelesieH Kak
€AUHULA 21eKMPOOUHAMUKY , OTIUChIBAIOIIEH (DU3UKY MOJIEH,
CHUJI, B3AaUMOJICHCTBUH U T.J. Mexay TeM HanboJiee BaKHbIC
Ha TMpakTuke (1 HanboJiee TOUYHbIC) U3MEPEHUSI OTHOCSATCS K
9.4eKMpomexHuKe, N3YYAIOIIEH JIEKTPUIECKUE TIETIH.

daxTHUecKu OMpeeSicHue aMmIepa — 3TO He ompesesie-
HHE eMHUIIBI, TOHOE [JIs1 BOCIIPOU3BEACHUS, & ONPEAeSICHIE
3HAYEHUS] MArHUTHOH IIOCTOSIHHOU [y, KOTOPOE MOXHO
WCIOJIL30BATh JUIS BOCIPOU3BE/ICHHS PA3JIMYHBIX €TUHHIT
CcaMbIMH Pa3HBIMU CIOCOOAMU. 3HAYUTEIBLHYIO YaCTh JJIEKT-
POTEXHMYECKUX €IMHUIl (TOKa, HAIPSDKEHUS, COMPOTHUBIIE-
HUSl, EMKOCTH M HHIYKTHBHOCTH) MOXHO CPABHUTEJIBHO
JIETKO TOJACPXHUBATH M CPAaBHUBATH IPYr ¢ Opyrom. B
9JIEKTPOTEXHUKE JIMIIb BBIIEJsIeMasl TEIioBas MOIIHOCTH
CBsI3aHA HAMPSIMYIO C MEXaHUYECKUMHU equHuIaMu. OTHAKO
TEIUIOBBIC SIBJICHUS — HE camasl JIy4lliasi BO3SMOXXHOCTb JIJIs
onpeAesieHUs] eIUHNL YHEPTUH, MOLTHOCTH U T.O. [loaTomy
Ha MPAKTHKe HAMOHAJIBHBIE ITAJOHBI AJIEKTPOMATHUTHBIX
€IMHUI] CO3aBAJICh B HEKOTOPOM CMEICIIE HE3ABUCHMO OT
onpexaenennii cuctembl CU (B Buzme apredaktos). 3aTeM B
XOJIe CHEIHMANBbHBIX OJKCIEPUMEHTOB MPOBOIUINCEH TEpe-
KPECTHBIE CPABHEHUSL:

e MeXay eOUHHUIAMH OJHOM pPa3sMEepHOCTH (HAaIpHUMED,
MEXIy eAMHUIIAMH BOJIbTA HJIM OMa B Pa3HBIX CTPaHaX);

e MeXIy eIUHUIIAMH Pa3HON pa3MepHOCTH (HAlpuMmep,
Mex1y hapaioM 1 OMOM);

e MEXJy HAalMOHAJbHBIMU U MEXAYHAPOIHBIMU €IUHU-
namu 1 eqununamu CU.

JlaHHAs TEHIOEHIUS COXpaHWIACh M JO HACTOSIIETO
BPEMEHU C TOM MOINPABKOW, YTO CPABHEHHE HAIIMOHAJIBHBIX
9TAJIOHOB Pa3HBIX CTpPaH MOTEPSJIO CBOIO 3HAYMMOCTH B
CBSI3M C UCIIOJIb30BAHUEM YHUBEPCATbHBIX KBAHTOBBIX SIBJIC-
Huil. dakTHueckass HE3aBUCHUMOCThL OIpEIesIeHHsl 3apsiaa
nenaeT HeoOXOAMMBIM BBEICHHE KOHCTAaHT & U [, He
HCKJIFOYEHO, YTO B OymymiemM OyIyT IPUHSTHI €CTECTBEHHBIE
pa3Mepbl OCHOBHBIX JJIEKTPUUECKUX SAUHUI] Ha 0a3e Makpo-
CKOIMUYECKUX KBAHTOBBIX sBJIeHUi (3 dexta Ixo3edcona u
kBaHTOBOTrO 3dexra Xoia). B aTtoMm ciyuae 3apsna Oyaet
U3MEpSThCS B IMHUIAX 3apsiaa dJIeKTpoHa (¢ pukcupoBaH-
HBIM HOPMUPOBOYHBIM MHOXHUTEJIEM) U TIOSIBJICHHE KO3 Pu-
[MEHTA IPOTIOPIIMOHAILHOCTH B 3akoHe Kys1oHA HEM36eXkKHO.
B cucreme eamHUI ¢ GUKCHPOBAHHBIM 3HAUCHHEM 3apsiaa
3JIEKTpOHA ¢ KO3(p(UIUEHT NPOMOPIMOHATBLHOCTH B 3aKOHE
KyJsiona 1osokeH ObITh pe3yIbTaTOM U3MEPEHUN U HE MOXKET
OBITh (pUKCUpOBaH (cM. pazzae 4.2).

IIpuBenenHbii mpuMep — [OaJeKO HE €IMHCTBEHHBIN
ciaydail, Korga TpeOOBaHHSI TPO3PAYHOCTH (PH3MUECKUX
ypaBHeHHI (g9 = 1) ¥ TOYHOCTH U3MEPEHUU MPUXOIAT B
CTOJIKHOBeHMe. JIpyroif mpumep — H3MEpPEHHs] YacTOTHI,
SHEPTMU M JUIMHBI BOJIHBI H3JIy4€HMs] TraMMa-KBAaHTOB.
TpaaIunMOHHO Pe3yJIbTAThl MPHUBOISATCS B DHEPTEeTHYESCKUX
eIMHUIIAX, XOTS HEMOCPEICTBEHHO W3MepseTCs IJINHA
BOJIHBI. DHEprusi CBS3M [EWTpOHA MMEET SICHBbIA (u3mye-
CKHil CMBICJI, OJTHAKO HEMOCPEICTBEHHO U3MEPSIETCS Ipyras
BeJIMYMHA — MUHHMMAJIbHAs YacToTa (OTOHA, MPUBOASIIAS
K ¢orononuzanuu. [lepeBoj1 3TON 4aCTOTHI BO BHECUCTEM-
HYIO €IOWHUIY OSHEPTHH OJJIEKTPOH-BOJIBT YBEJINYUBAET
MOT PEIITHOCTbD.

AHaJoTHYHAsT CUTYyalusi BO3HUKAET B MPEIU3MOHHON
(pusnmke TPOCTBIX ATOMOB (BOJOPOJ, MIOOHHUH, MO3UTPO-
HUI1), KOT/1a BBIYUCIISIIOTCS YPOBHU SHEPTHH, a U3MEPSIOTCS
4acTOTHI Iepexo0B. [Ipobiema perraeTcsi B mOJIb3y TOYHO-
CTHU: aHAJIMTHYECKUE BBIPAKESHUS IPUBOISTCS [IJTsI SHEPTHH, &
YHCJIEHHBIE 3HAYSHUS] — JIJISl COOTBETCTBYIOIIIEH €if 4aCTOTHI
(cp. [18, 19]). DTO HEOOXOMMO HE TOJIHKO JJIsi CPABHEHUS C
9KCIIEPUMEHTOM, HO M IIOTOMY, YTO COOTBETCTBYIOIIME
HOPMHpPOBaHHbIE (aKTOPhI (HAIpUMEpP, Macca 3JIEKTPOHA
m.) TOYHEe M3BECTHBI HE B €IMHMIAX MACChl WJIM SHEPIHU
(Me€?), a B €IMHUTAX YACTOTHI (M /).
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2.4. ®yngaMeHTaIbHbIe KOHCTAHTDI

B COBpPeMeHHOIi (u3uke:

npoucxo:kaeHne n GyHIaMeHTaIbLHOCTD

OO6CcyarM KpaTKO MPOUCXOXKICHUE M CTENeHb (yHIAMEH-
TAJIBHOCTH (PU3UUECKUX KOHCTAHT B COBPEMEHHOU (pusmke.
DTH BONPOCHI UMEIOT M MIPAKTHIECKOE 3HAYCHHE, TAK KaK UX
pellIeHIe MOXET [IPUBECTU K MOHUMAHUIO TOTO, BHIBOIMMBI
JIM OJTHM KOHCTAHTHI U3 [PYIUX, U BOOOIIE, BEIYMCIAMBI JIH
KOHCTAHTBI U3 MEPBBIX MPHUHIUIIOB, MOTYT (JOJDKHBI) JIH
KOHCTaHTBI MEHSTBCS CO BPEMEHEM H T.JI.

Bompoc BbIBelieHUsI OJHUX KOHCTAHT M3 JIPYIHX OTHO-
cutes Ko "BropuuHbM" 00bekTaM. B cilydae MakpocKomnmie-
CKHMX KBAaHTOBBIX 3()(h)eKTOB M ATOMHBIX YPOBHEH SJHEPIHHU ITO
BOMPOC ONEHKH TOYHOCTH BBHIYUCIICHUN W OTYACTH OTIpe/Iiesie-
Huit. Tak, B cimydae addekra Ixo3zedhcoHa W KBAHTOBOTO
addexta Xosuta (cM. pazaeit 4.2) COOTBETCTBYIOIINE YHUBED-
cajbHbIe KO3()(MUIUCHTHI MPOMOPIMOHATBHOCTH MPaKTHYC-
CKM OllpefieSieHbl Kak KOHCTaHThl [[xo3edpcoHa u ¢on
Kmuriunra:

2e h
= =3 (14)
IToaToMy TOYHOCTB UX BBIPAXKEHHS YePe3 3apsi/l JIEKTPOHA U
T.A. — 3TO TOYHOCTb COOTBETCTBYIOINX Teopuid. B HacTos-
mee BpeMsi HMKAKHe MOMPAaBKU K NMPHUBEISCHHLIM BBIIIE
BBIPAXKEHUSIM HEM3BECTHBI HU TEOPETUUECKH, HM SKCIIEPUMEH-
TaJIBHO.

B ciyuae atoma BOJIOpOJa, HAmpOTUB, MOCTOSIHHOM
Punbepra HazBayin He HAOJIFOTAEMYIO BEJIMYUHY, 4 CTIeIIUAJIb-
HYI0 KOMOWHAIINIO U3 3apsi/ia M MACCHI QJIEKTPOHA:
R o’ mec

< 2n

(15)

TJIe BBE/IEHA IIOCTOSTHHAS TOHKOU CTPYKTYPBI

62

(16)

ITocrosiaHas Punbdepra onpeaesiseT ypOBHY SHEPTUU B ATOME
BOJOPOJA JIMIIb B NMPCHEOPEKCHUU PEISTHBUCTCKUMH H
panuanuoHHbIMu 3pdPekTamMu u 3PdexTaMu KOHEUHOU
MacCChI U CTPYKTYPHI sinpa. [1o3ToMy KOHCTaHTa Ry, TOYHO
BEIpaXkaeTcs 4yepe3 OoJjiee (yHIAaMEHTAJIbHbIE KOHCTAHTBHI.
OJTHAKO TOYHOCTB, C KOTOPOI HAOJIFOJaeMbIe YaCTOTHI Mepe-
XOJI0B ¥ OTEHIMAJ HOHU3AIMA B aTOME BOJJOPO/Ia CBSI3aHBI
C IOCTOSIHHOM Punbepra, onpenessieTcsi TOYHOCTHIO TEOPUH.
MOKHO TakKe 00CYX/IaTh, B KAKOI CTCIICHU YIaETCS BBIYH-
CUTH Maccy siaep (BBIYUCIUTD WM H3MEPUTh MOMPABKY Ha
WX SHEPIHIO CBSI3M), X MAarHUTHBIE MOMEHTBI U T.J. XOTS
TOYHOCTH MOTOOHBIX BHIYUACIICHUI PETKO OKa3bIBACTCS BBICO-
KO, "BTOPHYHOCTB" YIOMSIHYTBIX BbILLIE OOBEKTOB HE BBI3bI-
BAE€T COMHEHUII.

Bosiee AenMKATHBIA BOMPOC — BBIYUCIMMOCTE (ByH[IA-
MEHTAJIbHBIX KOHCTAHT, OTHOCSIIMXCS K 3JIEMCHTAPHBIM
00bekTaM. BBIYHCIMMOCTh U3 TEPBBIX MPUHIMIIOB TECHO
cBsi3aHa ¢ (pyHIAMEHTaJIbHOCTBIO. [Ipexkae Bcero ciemyeT
OTMETHTb, YTO KOHCTAHTHI, CBSI3aHHBIC CO CBOMCTBAMHU
YACTHIl, HE SIBJISFOTCS, CTPOrO TOBOps, (GYHIAMEHTATb-
HbIMHU. Bpime yxke ymoMmHallachk mpoOJieMa TMepeHOPMHU-
poBku. [IpaBuibHOE MOHMMAaHWE DPOJU TMEPEHOPMHPOBKU
s GYHIAMEHTAIbHOCTH W, CJICAOBATEIBHO, BBIYHCIMMO-
CTH KOHCTAHT IIOKa3bIBACT, YTO BCE CICKYJISIUM OTHOCH-
TEJIBHO TOYHOIO MPEACKa3aHMsl 3HAYCHUS] OCTOSIHHOW TOH-
KOM CTPYKTYPBI o0 U3 OOIIUX COOOpakeHU He MOTYT OBITh
MPaBUJILHBIME U HEe UMEIOT CMBICA. [IpoCcThie BhIpaXKeHUs

*= 4meglic

MOTYT OTBEYATh TOJBKO HENEPECHOPMHUPOBAHHBIM BEJIHYH-
HaM, OIpe/e/ICHHbIM Ha TJIAHKOBCKOM Maciitabe, U3 KOTo-
PBIX MBI IOKA HE CIOCOOHBI BBIBECTU HAOJIFOJaeMOE 3HAUCHHE
TIOCTOSIHHOU TOHKOH CTPYKTYPBI.

Yerblpe KOHCTaHTHI, npuBeaeHHble B (14)—(16), BKirO-
YAaFOT JJEMEHTAPHBIA 3apsifi e, KOTOPBIA MPUHHUMAETCS
paBHBIM 3apsiAy MO3UTPOHA WK npoToHa. CTporo roBops,
B HACTOSIILIEE BPEMSI JIJIsl PABEHCTBA UX 3aPsI0B HET HUKAKUX
TEOPETHUYECKUX apTryMEHTOB, MOJKPEIJICHHBIX SKCIEPUMEH-
TOM. DTO PAaBEHCTBO HAXOAUT OOBSICHEHHE B pAMKaX pa3Jiny-
HBIX TEOpHUil, 0OBEIUHSIONINX CUIIbHBIE, CIA0bIE U IJIEKTPO-
MarHuTHbIC B3auMMOJeiicTBus. Takue TEOpUH €CTECTBEHHO
BBITEKAIOT U3 HAIIIMX B3TJISA/I0B HA (yHIAMEHTAJILHBIC B3aK-
MOJCHCTBUS, OJTHAKO TIOKA OHM HE UMEIOT HMKAKOTO JKCIIe-
PUMEHTAJILHOTO TMOATBEpKaAeHHS. TakuM o0pa3om, ¢ mpak-
THUYECKOM TOYKM 3PEHUSI Mbl MMeeM 11eJIo ¢ "copmaaenueM"
3apsI0B MO3UTPOHA U IIPOTOHA C BHICOKOH CTENEHBIO TOYHO-
cru. Paznuuue 3apsioB MPOTOHA M MO3UTPOHA HA MHOTO
MOPSIKOB MEHBIIIE MOTPEITHOCTH ONPEIEICHUs ITUX 3apsi-
JIOB (CM., Hampumep, [25]), ¥ B MPaKTHUECKUX MPHIIOKEHHUSIX
MOJHO TOBOPHTH OO0 OJHOW KOHCTAHTE — 3JIEMEHTAPHOM
3apsje.

Ha ceronmHsimHuii 1eHb TOJHKO OTPAHUYCHHOE KOJIHYE-
CTBO (YHAAMEHTAJIbHBIX KOHCTAHT MOXET ObITh PACCUUTAHO
U3 MEPBBIX MPUHIUIIOB. B psize ciydaeB ycrex JOCTUTAETCS
JIUIIB JJIsI HEePEHOPMUPOBAHHBIX KOHCTAHT, TAKHX Kak
g-baxTop anekTpoHa U MrooHa. VIX HEBO3MYITIEHHbIE 3HAYE-
HUSI MOYHO JIETKO HAWTH, OJTHAKO JIJIsI CPABHEHUS C Pealib-
HBIMH 3HAYEHUSIMHU HEOOXOIMMO YUECTh KBAHTOBO-3JIEKTPO-
nuHaMuueckue 3(pQexTrl, TOUHOCTh BBIYMCICHHUS KOTOPBIX
OTpaHMYCHA.

Jpyrum mpuMepoM MOXKET CIYXHTh CHHYC yriia BaitH-
6epra sin® Oy B Mojeisix Beukoro oGbeimHeHns! (3IeKTpo-
MAarHuTHOTO, CJIa00ro W CUJIBLHOTO B3amMopeucTBuit) [12].
IMoce Toro xak MUHUMAaJIbHAsl MOJEJb, OCHOBAHHAs Ha
SU(5)-rpymrie, oka3ajiacb HeCOCOOHO# OOBSCHUTH CIIMIII-
KOM JI0JITO€ BpeMs JKU3HU HPOTOHA, HAa CYIIECTBOBAHUE
MPETEHAYIOT €€ pa3jnyHble Monubukanuu. [1pu manbHei-
IIEM IKCIIEPUMEHTAILHOM (0TOOpEe MOIU(DUKAIIMK) U TEOPE-
THYECKOM (BBIYMCJICHUU IMONPABOK) Iporpecce 3Ta KOH-
CTaHTa MOXET ObITh BBIYKCIICHA.

ToBopst 0 PyHIAMEHTAIBHOCTH, HEJIb3s1 OOOUTH CTOPO-
HOI 1 etrie aBa Borpoca. OHU CBSI3aHBI ¢ TeM, 4To BeeneHnasl,
B KOTOPOW MBI JKUBEM, 9TO YHUKaJbHBIA OOBEKT, U
MO3TOMY HE /IO KOHIIA SICHO, YTO B HEW CiIy4yailHO, a 4YTO
3aKOHOMEpHO. [TocTpoeHrne COBPEMEHHOM TEOPHH 3JIEKTPO-
cJ1aboro B3aMMOJICUCTBHS, pa3JIMYHBbIC MOMBITKH Beankux
obobenuHeHnid [12] U UHOIAIUOHHAS MOENb 3BOJIIOIUU
Bcenennoii [21] npeamnosararot, 4T0 3pPeKThl CIIOHTAHHOTO
HApYIIEHUSI CHMMETPUU WMIPAIOT BaXXHYHO POJIb B HAIeM
mupe. [ToaToMy (a BO3MOXHO, U TO APYTUM HPHYMHAM)
HEKOTOpbIC KOHCTAHTHI MOTJM Obl TPUHAMATH pa3HbIC
3HAYCHHS, M TOJbKO B Hamed BcelleHHON wmim B Halein
BEPCUU IBOJIIONUH BcelieHHO# OHM TakWe, KAKUMH MbI HX
BUJMM. BO3MOXHO, HEKOTOpbIE KOHCTAHTBLI HE MOTYT OBITh
BBIYHCJICHBI B TIPUHIIAIIE.

BMmecte ¢ TeM UMEIOTCS HEKOTOPbIE MaKpOMapaMeTphl,
onmceBarolye BeceneHHyo B 1esioM: MmocTostHHAs Xab0:a,
Cpe/HsIsl TNIOTHOCTh BEIIECTBA U 9HEPT U, OTHOIIIEHHE YHICIIa
06aprOHOB K 4HCIy (POTOHOB M T.M. MBI Takke He 3HAEM,
(yHIaMeHTaNIbHBl JIM OHU WJIM OHU "pakT wacTHOU
ouorpaguu" mnameii Bceenennoit. BozmoxHO, B pamkax
AHMPONHO20 NPUHYUNA 3TU JBA BONPOCA — HA CAaMOM JeJie
JIBE CTOPOHBI OJTHOTO Bopoca. M iest aHTpOIHOT O MPUHIIATIA
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3aKJIoYaeTcss B TOM, 4TO BceesneHHas morja obiagaTthk
JTOCTATOYHO PAa3HBIMH CBOWCTBAMH (M Pa3HBIMH KOHCTAaH-
Tamu), HO JIUIIb HMX JKECTKO OIPEe/ICHHAS KOMOWHAIMS
CrOoCOOHA TPHUBECTH K MOSBICHUIO TEX, KTO HM3y4aeT ITY
Beenennyro. 3aMeTM, 4TO peUb HE UAET JTaXKe O KU3IHU UJIH
OpraHMYecKoM BelllecTBe. Tak, IpU ONPEIeICHHBIX COOTHO-
LICHUSIX KOHCTAHT HYKJICOCHHTE3 MOI OBl WATH HMHAYC U
3Be3/Ibl HE BO3HUKJHU Obl (cM., Hampumep, [22, 23]). Bos-
MOXHO, OXHIaHHe, YTO CBOWcTBa BcesjeHHOW yHHBEp-
CaJIbHBI, OKAXKETCS YeM-TO CPOJIHH MPUHSTUIO B CBOE BPEMs
BAXHOCTH TakKUX "3eMHBIX" KOHCTAHT, KaK YCKOPEHHE CBO-
60IHOTO MAICHHUs U ILIOTHOCTH BOJIBIL.

Hpyrast cropoHa Bompoca O (yHAaMEHTAJBHOCTH —
MOCTOSIHCTBO KOHCTAHT. MOTYT CyIIECTBOBATh MOJIEJH, T]Ie
MeHsroTes U "ucTrHHO" (hyHIaMEHTAIbHbIE KOHCTAHTHI, OJI-
HAKO TOpa3jo Jierye MOCTPOUTh CICHAPHUil, B KOTOPOM Me-
HstroTest Haburoqaemble "addekTuBnbie” mapameTpsl. Tak, B
uHpIsIIMOHHON Momenu Bceenennoit [21] umeroT MecTo
(hazoBbIE MEPEXO/IbI, MOCIE KOTOPBIX y JEKTPOHA CKAYKOM
BO3HHKaeT Macca. [Ipr 3TOM CKaukOM BO3HHKAET HEHYJIEBOE
BaKyyMHOE CpejHee HEKOTOPBIX TOJIeH, OJTHAKO CaMH Mapa-
MeTpbl (PyHAAMEHTAJBHOIO TaMHJIbTOHMAHA HE W3Me-
HSIFOTCSl. DTOT MPHUMEP YKa3bIBaeT Takke Ha To, 4To (yHOa-
MEHTAaJIbHBIC KOHCTAHTBI, BEPOSTHO, MCHSLIMCH CO BPEMECHEM
1, BOOOIIIE TOBOPSI, MOTYT MEHSTBCS Ceiiuac, HO, KOHEYHO, He
cronb 3aMmeTHo. OOcCyXIeHHEe COBPEMEHHOW CHTyalluu C
MOWCKOM BO3MOXHBIX H3MEHEHUI 3HAUECHWI (DyHTaMEHTAJIb-
HBIX KOHCTAHT CO BpEMEHEM MOJXKHO HaiTH B [24].

B 3akiroueHre JAHHOTO pa3iesia OTMETUM, YTO CICIYeT
pasnuyaTh CaMH pa3MEpHbIC KOHCTAHTBI M UX YHCJICHHBIC
3HaueHusl. YNCIIEHHBIMU 3HAYSHUSIMI MOXXHO MaHHITYJIUPO-
BaTh BILUIOTB JO U3MEHEHHUS MX PA3MEPHOCTH U (PUKCAITH MX
BeJIMYMHbI. OTHAKO KaK ObI MbI HE MEHSIU CUCTEMY €/TUHHII,
CKOPOCTB CBETA ¢ UJIM YACTOTA CBEPXTOHKOI'O PACIICILICHHS B
nesun vygrs('2*Cs) cymectsyior o6bexTusHO. MHTepecHO,
YTO MAHHITYJISIIUAA MOTYT CYIIECTBEHHO BIIUSITH HA CTETEHb
(yHIAMEHTAIbHOCTH YHCIICHHBIX 3HaueHuil. Hampumep,
nocrosinHast Punbepra (15) npencrasiser codoit komOuHa-
M0 (DYHIAMEHTAIBHBIX CBOMCTB 3JIEKTPOHA U Hu4ero "He
3HaeT" 0 MArHUTHOM MOMEHTe 1e3usi-133.

HamnpoTus, YucjieHHOE 3Ha4YeHUE MOCTOsIHHOM Punbepra
R, MOXHO B IPUHIUIE BBYUCINTH, 3HAs MArHUTHBIA
MOMEHT TIe3Usl (B MarHeToHax bopa) u MOCTOSIHHYIO TOHKOM
CTPYKTYpBI 0. 3HAaUE€HHE MAaCChI JIEKTPOHA UTPAET B 3TOM
BBIYHCJICHUU BeCchbMa Ci1a0yro poub (Yepe3 3dexThr KoHeu-
HOIl Maccel siipa). Ha camMoM jene 4YmMciIeHHOE 3HAYCHUE
noctosiHHOM Punbepra B enmuaunax CU — 3710 (C TOYHOCTBEO
J10 HOPMUPOBKH) 0OpaTHAasl 4aCTOTa CBEPXTOHKOIO paclie-
IieHus1 B 1ie3un-133, n3MepeHHasi B €CTECTBEHHBIX (aTOM-
HbIX) equHUIaX. OHO XapakTepusyeT He MOCTOsiHHYH Pui-
Oepra, a CBEpXTOHKOE paclierieHue B 1e3uu u cucremy CH.

3. CoriiacoBanue 3HaueHHil
(yHaaMeHTANBHBIX (PU3NYECKHX KOHCTAHT

3.1. Crpykrypa CornacoBanus

# PeKOMEH/0BaHHbIe 3HAYCHUS

OCHOBHBIX (PyHIaMEeHTAJIBHBIX (PU3HYECKHX KOHCTAHT

(o pesyabTaTam, onyo/mkoBaHHbIM 10 2002 r.)
CornacoBaHne 3HaYeHHN (pyHIaMEHTAJBHBIX (PU3MUECKUX
KOHCTAHT — 3TO HEmpocTas 3ajada, BechbMa aajiekast OT
MPOCTON COBMECTHOM 0OpabOTKH AAHHBIX IO METOJy Hau-
MEHBIINX KBaapaToB. OqHA U3 MPOoOJIeM — TECHasi B3aUMO-
CBSI3b JAHHBIX. [JJ1s TOr0 4TOOBI HAWTHU, HATPUMED, TTOCTOSH-
Hyto Punbepra R, H2OOXOIMMO 3HATH IOCTOSIHHYIO TOHKOMR
CTPYKTYpPBI 0. B TO ke Bpemsi JUIsi HEKOTOPBIX CIIOCOOOB
OTIpe/ICSICHUs TOCTOSIHHON TOHKOM CTPYKTYPBI HEOOXOIMMO
3HaTh MOCTOsIHHYIo PunbGepra. B manHOM ciydae cBS3bIO
JIAHHBIX MOXHO MPAKTHYECKH MpeHedpeyb. [les1o B TOM, 4TO
NOCTOsIHHAS Punbepra m3BecTHA HAa HECKOJBKO MOPSAKOB
TOYHEE TMOCTOSIHHOM TOHKOW CTPYKTYPBI, M IO3TOMY IIpH
OTpeJIeICHNN KOHCTAHTBI ¢/ TMOTPEIIHOCTHIO OMPEICIICHIS
KOHCTAHTBI R, MOXHO NPeHeOpeyb.

Bmecte ¢ TeM nipu omnpenesieHHH OCTOsIHHOW Punbepra
R, TOCTOSIHHASI TOHKOW CTPYKTYpPhl o0 BXOJUT JHIIb B
aJIITHBHBIE TONPABKE OTHOCHTENLHOTO HOpSAKA o, M
HETPYAHO YOEAMTHCS, YTO B 3TOM ClIyyae IOTPEITHOCTh
OTIpe/IC/ICHUs] IOCTOSIHHOW TOHKOM CTPYKTYpBI TaKxke Hecy-
mecTBeHHa. OQHAKO Takas yAauyHas CUTyauus peaju3yercs
HE BCErlia, ¥ HEKOTOphIe OJIOKU TaHHBIX HEOOX0auMO 00Opa-
0aTbIBAaTh COBMECTHO, MUHHMH3UPYS IMOTPEIIHOCTh. DTa
nporeaypa HasbiBaeTcss Coedacosanuem 3HAUCHHR (QyHIA-
MEHTAJIBHBIX (U3WYECKHX KOHCTAaHT. Ha mpoTshkeHHn
MOCJICIHETO  JECATHIETUsT CcTpykTypa CorjlacoBaHusi oOc-
TaeTCsl HEU3MEHHOM.

1. Heckonbko KOHCTAHT "u3BeCTHBI" ¢ abCOTFOTHOM
TOYHOCTBIO, TIOCKOJIBKY WX 3HA4YeHHs (HUKCHPOBAHBI TIPU
onpeaeneanu equanl, CU WM BHECHCTEMHBIX €JIMHUII,
HAIMpUMep aTOMHOM emuuuIbl Macchl. [Ipu CoriacoBaHuu
9TH KOHCTaHTHI (Tab1. 3), KOHeuHOo, He MeHsiroTcs. [lorper-
HOCTH, OTBEYAIOIIMe KOHCTAHTAM, HE MCUE3al0T, a Iepe-
HOCSITCSI C UX YMCJICHHBIX 3HAYEHUI HA ONpeeSIeHIEe pa3Mep-
HBIX €/IMHWIl, B KOTOPBIX OHHM BBIPAXEHBI, U 4epe3 HHUX B
MOTPEITHOCTH APYTUX BEJINYUH.

2. 3HavyeHHUs] HEKOTOPBbIX KOHCTAHT H3BECTHBI CO CTOJIb
BLICOKOM CTENEeHbIO TOYHOCTH, 4YTO COOTBETCTBYIOIINE
MIOTPEIIHOCTH HE BIIMSIOT HA OTIpeieIeHIe 3HAYCHUH OCTaIb-
HbIX (GYHAAMEHTAJIbHBIX KOHCTaHT. K HHM oTHocsATCS,
Hampumep, nocrosiHHas Punbepra R.,, OTHOIIEHHUE Macc
3JICKTPOHA U IPOTOHA Ml /Ny, T HEKOTOPBIE Ipyrue (Tabr. 4).
DTH KOHCTAHTBI UTPAIOT POJIb BCIIOMOTATEIbHBIX KOHCTAHT
pu CorjiacoBaHUH, HOCKOJIBbKY OHH HAXOISATCS 1O OCHOBHOM

Taﬁmlua 3. 3naueHus d)yHZ[aMCHTaJ'II)HbIX (1)H3I/I‘I€CKI/IX KOHCTAHT, IPUHATHIX 10 ONIPEACIIEHUIO U, CJIEAO0BATEJIBHO, U3BECTHBIX C a0bCOJIFOTHON TOYHOCTBIO

PyngaMeHTaIbHAsI KOHCTAHTA O6o3naueHne YucneHHOE 3HAYCHUE
CKOpOCTB CBETa B BaKyyMe ¢, ¢ 299792458 m ¢!
YacToTa CBEpXTOHKOTO PACILEIICHHUS B LIE3UU VHFS (mCs) 9192631770 '
MarHuTHast HOCTOSIHHAS o =4 x 107" Tam™! 1,256637061... x 107°¢ Tam~!
DIeKTpUYecKas HOCTOSHHAS g = ﬁ 8,854187817...x 102 d m~!
Macca atoma yriepoaa m (12C) 12 a.e.m.
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Ta6mua 4. PexoMeH10BaHHbIE 3HAUCHUS (DYHIAMCHTAIbHBIX (DPU3NICCKUX KOHCTAHT [1], U3BECTHBIE C BHICOKONH TOYHOCTBIO M UTPAOIIME BCIIOMOTA-

TEJIBHYIO POJIb IPpU CortacoBaHUI

dyHgaMeHTAIbHASI KOHCTAHTA O06o3HaueHne Yucnennoe 3navexue (2002 r.) OTHOCHUTEIBbHAS TOTPELIHOCTD

IMocrosunas Punbepra R 10973 731,568 525(73) m~! 6,6 x 10-12

R 3,289 841960 360(22) x 10 I'n 6,6 x 10~12
Macca 3J1eKTpoHa me 5,485799094 5(24) x 107* a.e.m. 4.4 % 10710
Macca npoToHa my 1,007276 466 88(13) a.e.m. 1,3 x 10710
OTHOIIEHNE MacC IPOTOHA U YJIEKTPOHA % 1836,15267261(85) 4,6 x 10710
MarHuTHbI# MOMEHT IPOTOHA ,u: 1,521032206(15) x 1073 pg 1,0 x 1078
g-(haxTop NpoTOHA g = % 5,585694701(56) 1,0 x 1078
Macca HelfiTpoHa Ny 1,008 664 915 60(55) a.e.m. 5,5 x 10710
Macca nefirpona mq 2,01355321270(35) a.e.m. 1,7 x 10710
MarHUTHBIA MOMEHT JeHTPOHA W 0,466 975456 7(50) x 1073 1,1 x 1078
g-baxTop nefitpona g4 = ﬁ—: 0,8574382329(92) 1,1 x 1078
Macca sapa remms-3 my 3,0149322434(58) a.e.Mm. 1,9 x 1077
Macca o-4acTuubl My, 4,001 506179 149(56) a.e.m. 1,4 x 10~
Koncranta ®epmu * (;1;2 1,16639(1) x 107> T'5B2 8,6 x 1076
DrexTpocnadsrit yroi * sin’ Oy 0,222 15(76) 3,4 %1073

nporenypbl CoryacoBanus u npu codctBeHHo CorjiacoBa-
HUM HE MEHSFOTCSI.

CreyeT OTMETHTD, UYTO aOCOJIFOTHAS BEJIMYMHA OTHOCH-
TEeILHOW IOTPEIIHOCTH HE CTOJb CYIIECTBEHHA. BaxHO,
BXOJIUT JIM JTaHHAsl BEJIMYMHA B OCHOBHOUM BKJIA B BHJIE
MHOXHTeNs (Kak MpaBHIIO, MOCTOsIHHAS Puadepra BXxoauT
AMEHHO TaK) WM B BHJIE MaJjbIX INONPAaBOK, KOTOpHIE
JIOCTATOYHO 3HATh C KpaiiHe HHU3KOM TowyHOCThio. Hampm-
Mep, BKJIAJ CJIaObIX B3aMMOJCHCTBHUIA B pa3JIMYHBIC BEIIH-
YMHBl (AaHOMAaJIbHbIE MATHUTHbIE MOMEHTHI JJIEKTpOHA H
MIOOHA, YPOBHHU JHEPTUU B BOJOPOJEC, ACHTEPUU, TCIUN U
MIOOHHMHU) HACTOJILKO MaJl, 4YTO HOTPELIHOCTH, CBSI3aHHbIE C
HHUM, HE UTPAOT HUKAKOW poiu. Mexay TeM MOCTOSHHAs
Punbepra uzBecTHa Hambojiee TOYHO U3 U3MEPSEMBIX KOH-
CTaHT, TOT/Ia KaK TOYHOCTh KOHCTAHTHI Pepmu G 3aMEeTHO
XyXe, YeM TOYHOCTBH OOJILINIMHCTBA KOHCTAHT, BXOJSIIUX B
CorsnacoBanue. Hu3koll TOYHOCTBIO 00J1aaeT U 3JIEKTPO-
cnabmIit yro>.

Mmeetcss Takke 1Hesblil Kjacc BCIIOMOTATEIbHBIX KOH-
CTaHT: aTOMHBIE MACCHI, ONpPE/IeJICHHbIE B YHHBEPCAIBHBIX
ATOMHBIX JMHUIIAX Macchl. HeKoTOphle U3 HUX U3BECTHBI C
OYEeHb BBICOKOHM TOYHOCTHIO. HemaBHsiss 0O0paboTka TaHHBIX
M0 aTOMHBIM MaccaM OblIa onyoaukoBaHa B [27]. Haubosee
TOYHBIE PE3yJbTAaThl NMPEACTaBJIEHBI B Tabi. 5. 3HaueHus
Macc, UCIOJIb30BAHHBIE B [1], MOTYT HECKOJIBKO OTIMYATHCS
(Ha MaJTyrO JOJIFO IOTPEITHOCTH) OT COOPAHHBIX B TaOJIHIIE.

3. Nmerorcsa nBa Gompimx Ojoka maHHbIX. Hambonee
TOYHO U3MEPEHHBIN U3 HUX OJIOK BKJIFOYAET B CEOS MOCTOSH-
HYIO TOHKOM CTPYKTYPHI 0., TOCTOSTHHYIO o Kimmtumara Ry,
BEJIMYUHBI 7i/m ¢ aToMHbIMH Maccamu (uesusi-133) wim
maccaMu vacTtul (Heiitpona). ITockosbky Bce BakHeHIme

3> Yyciienuble 3Ha4eHus [1] KOHCTAHT cliabbIX B3AaUMO/IEHCTBHIA, OTMEUEH-
HbIE 3B€3/104KOH B Ta0J1. 4, mpuBe/ieHbI corjacHo [25]. B u3ganun 2004 r.
[26] omm meckombko m3menenst: Gr/(fic)® = 1,16637(1) x 10-5 3B 2
[9 x 1079], sin® Oy = 0,22212(37) [1,7 x 10~3], 4To HHUKAK HE BIMSET HA
pesynbTaTel CorstacoBaHHS (B KBaJpaTHBIX CKOOKAaX yKa3aHa OTHOCH-
TeJIbHAS HOTPEITHOCTD).

Tabsmua 5. Hanbosiee TOUHO U3MEPEHHbIE ATOMHbIE Macchl [27]

W3oton ATOMHaﬂ Mmacca, OTHOCHTCJ‘ILHaﬂ
a.c.M. TIOTPEHIHOCTH

'H 1,007 825032 07(10) 1,0 x 10710
2H 2,014 101777 85(36) 1,8 x 10710
H 3,0160492777(25) 8,3 x 10710
3He 3,0160293191(26) 8,6 x 10710
‘He 4,002 603254 15(6) 0,15 x 10710
12C 12 0

13C 13,003 354837 8(10) 0,75 x 10710
14C 14,003 241988 7(41) 2,9 x 10710
14N 14,003 074 004 78(62) 0,44 x 10710
ISN 15,000 108 898 23(75) 0,50 x 10710
160 15,994914619 56(16) 0,10 x 10710
20Ne 19,992 440 1754(19) 1,0 x 10710
22Ne 21,991385114(19) 8,6 x 10710
2Na 22,989 769 280 9(29) 1,3x 10710
2Mg 23,985041700(14) 58 x 10710
28Gj 27,976 926 532 5(19) 0,7 x 10710
28i 28,976 494 700(22) 7,5 % 10710
308i 29,97377017(3) 1,0 x 10710
36Ar 35,967 545106(29) 82 x 10710
AOAr 39,962 383122 5(29) 0,75 x 1071
85Rb 84,911789738(12) 1,4 x 10710
87Rb 86,909 180 527(13) 1,5 x 10710
133Cs 132,905451933(24) 1,8 x 10710
134Cs 133,906 718 475(28) 2,1 x 10710

OTHOIIEHUS Macc (ATOMOB M HEUTpOHA K TPOTOHY, IPOTOHA K
JJIEKTPOHY) U3BECTHBI JIyUIIIE, YeM 0, U3MEPsIst BEJIUIUHY 11/ m
U KOMOMHHPYSI €€ C OTHOLIEHHEM MacC 11/ni, 1 MOCTOSHHOM
Punbepra R.,, MOXHO HaliTH 3HAYCHHE TTOCTOSTHHOW TOHKOU

CTPYKTYPBHI:
y 2R m h 12
o ¢ me m ’

HOHy‘II/ITb IPpEACTABIICHUEC 00 HUCXOJHBIX JAHHBIX MOXHO U3
puc. 1, 1€ TOKAa3aHbl pa3HbIC 3HAYCHUS MOCTOSIHHOM TOHKOM

(17)
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o CODATA-98
——e—— Rg (LCIE-01)
i Rg (NIM-95)

——e—— Rx (NPL-88)
——e— Rx (NML-97)
—eo— Rx (NIST-97)
+——eo——i y; (KRISS/VNIIM-98)

o 17, (NIST-95)
—e—1 7, (NIST-89)
+—e— i1/m (n)
@1 /1/m (Cs)
——e—— Muhfs

ode
| |

137,03600 137,03603

137,03597 o

Puc. 1. Pasnuuble 3HaueHUs MOCTOSIHHON TOHKOH CTpyKTyphl o',
HOJIyYeHHBIE M3 JaHHBIX npu COrjacoBaHMM KOHCTAHT. BepTukasbHas
oJIoca OTBevaeT 3HaueHuto, pekomengoBannomy CODATA [1]. Unaek-
CBl OTBEYAIOT HEMOCPEICTBEHHO U3MepseMoll BeaniuHe. PasbsicHenus u
CCBUIKH Ha 9KCHEPUMEHTAJIbHbIE PA0OTHI M. B [1].

CTPYKTYPHI o, HallIeHHbIE U3 BBOIHBIX JAHHBIX. DTU Pe3yJib-
TaThl HOCAT UJUTIOCTPATUBHBIN XapakTep.

PesynbTaTel CorslacoBanust Jj1st 3TOro 6J10ka coOpaHsl B
Tabu1. 6. O6paraeT Ha ce6st BHUMaHue Takast "HedyH1aMeH-
TajgbHas" BENMYMHA, KAK MATHUTHBIH MOMEHT (THpOMAr-
HUTHOE OTHOIIIEHNE) 9KPAHUPOBAHHOTO SIApa Tefus-3, u3Me-
PCHHBIA AJIsI OCHOBHOT'O COCTOSIHHSI HEMTPAJIBHOTO aTOMA.

KoneuHo, 3Ta BeIMYMHA HECKOJIBKO OTJIMYAETCSI OT HEBO3MY-
IIEHHOTO MATHUTHOTO MOMEHTa H30JUPOBAHHOTO sIpa.
OmHAKO TOYHOCTH U3MEPEHUU MPEBOCXOAUT TOYHOCTH TEO-
pEeTHUYECKUX pacueToB ISl dpdekToB dkpanupoBanus. [1o-
CKOJIBKY JTO CHX MOpP HET MPSMbBIX U3MEPEHHI MAarHUTHOTO
MOMEHTa COOCTBEHHO SiApa U BCE Pe3yJIbTAThl OTHOCATCS K
aTOMy, 9Ta KOHCTAHTa 0oJiee CYIIECTBEHHA C TOYKHU 3PEHUS
9KCIEPUMEHTATHHON (PU3HUKH.

4. MeHee TOYHBIN OJIOK CBSI3aH C 3JIEMEHTAPHBIM 3apsi-
oM e, moctostHHoM [Timanka /4, mocrosiaHOM JlX)03edcona Kj,
HOCTOSIHHOM ABoraapo Nu. BzaumocBszb Tpex HepBBIX
KOHCTAHT OYeBHIHA (KOJIb CKOPO MOCTOSIHHASI TOHKOH CTPYK-
TYpBI o U3BECTHA ¢ 00Jiee BBICOKOW TOYHOCTHIO). OTHOCH-
TETLHO TOCTOSIHHOW ABOTajgpo CclieIyeT 3aMEeTHTh, 4YTO
AMEIOTCS IBA MHUKPOCKOIIMIECKUX THUIIA U3MEPEHUI Macc ¢
BBICOKOHN TOYHOCTBIO: B YHUBEPCATbHBIX ATOMHBIX €IMHHUIIAX
Maccsl (T.e. m{ N} B rpaMMax) U B eIMHHUIAX YACTOTHI (T.€.
u3Mepenye Beauuunbl mc’/h). VIX cpaBHeHHe NPUBOAUT K
MPEIU3NOHHOMY  ONPEACNICHUIO  3HAYEHHS  MOJISIPHOMU
noctrostaaol [lnanka /7N,, HEKOTOpBIE pe3yJbTAThI IS
KOTOpPO# peICTaBIICHbI HA PHC. 2.

JIBa KOHKYPHPYIOUIMX MOAXO0Ja B MHKPOCKOIHMYECKOM
OTIPE/IEIEHNH MACChI OTBEYAIOT U ABYM Moaxoam "ecrect-
BeHHOro" ompeneseHns KUJIorpaMMa Kak Macchl (PMKCHPO-
BAaHHOTO YHCJA aTOMOB YIJIEPOJa M KaK MAacchl, OTBEYAIO-
el SHEPTUH TTOKOsI, paBHOU SHEPTUU (POTOHOB C (HUKCHPO-
BaHHOM cymMMmoii yacToT. (Peun ckopee uzer o "Goubmom"
quciie CpaBHUTENBbHO "Msrkux" (oToHOB, yeM 06 OJHOM
(hoToHE ¢ YacTOTOMW, MPEBOCXOISIIEH MJIAHKOBCKUI MacIil-
Tab, WM O HEmpsSMOM wu3MepeHuHn.) MHoxXurtesib ANp ¢

Ta6mua 6. PexoMennoBaHHBIE 3HAUYCHUS (QYHIAMEHTAIBLHBIX (pu3ndeckuX KOHCTaHT [1], cBs3aHHBIX mpu COrJIacOBaHUHM C IOCTOSHHOW TOHKOM
CTPYKTYpBI o. ['MpOMAarHUTHOE OTHOIIEHWE SKPaHHPOBaHHOro sjpa He oTBeuaeT HeHTpaibHOMY renmio-3. CylecTBYeT HECKOJBKO pPas3HBIX
CcoIJIalIeHni o 3Hakax g-akTopoBs. B oTmmume ot [1] 3aech 3HAK g-hakTOpa 3JIEMEHTAPHBIX YACTHI] ONPECJICH PEISTHBUCTCKY; CIEAOBATEILHO, OH
JUUIsl HUX HOJIOKUTEJIEH M COBNAIAET UIsl 3JIEKTPOHA M NO3UTpoHa. OTpULATELHO 3apsHKEHHbIE YACTHLBI (3JIEKTPOH, MIOOH) UMEIOT OTPUIATEIbHBIN
MAarHUTHBIH MOMEHT U HOJIOXUTEIbHBIN g-pakTop. JIIs COCTaBHBIX OOBEKTOB (SAEP) OH MOXKET OBITH KaK HOJIOKUTEIBHBIM, TAK U OTPUIATEILHBIM B

3aBUCUMOCTH OT Hal'[paBJ'[eHHﬁ CIIMHA U MAarHUTHOT'O MOMEHTa

dyHIaMeHTaIbHAsI KOHCTAHTa O6o3HaueHne YucieHHOE 3HAYCHHE OTtHOCUTE IbHAS
(2002 T.) MOT PEITHOCTh
1 e
ITocTostHHAS! TOHKOH CTPYKTYPBI x= i 7,297352568(24) x 1073 33 %107
0
ol 137,035999 11(46) 33x107°
-2
AHOMaJIbHBII MATHATHBII MOMEHT 3JIEKTPOHA a; = geT 1,1596521859(38) x 1073 32x 1077
h
Boposckuii paauyc o =—— 5,291772108(18) x 107" m 3,3x107°
o€
OTHOILLIEHNE MACC MIOOHA U JIEKTPOHA % 206,768 283 8(54) 2,6 x 1078
€
OTHoIIeHHE MATHUTHBIX MOMEHTOB MEOOHA M TPOTOHA al —3,183345118(89) 2,6 x 1078
AHOMaJIbHBI MarHUTHBIA MOMEHT MIOOHA ay 1,16591981(62) x 1073 53 x 1077
h
KomnronoBckast JIMHA BOJIHBI 3JIEKTPOHA fc= P 386,1592678(26) x 10715 m 6,7 x 1077
N
I
Iocrosinas ¢pon Kiuriuura Rx = ;12 25812,807449(86) Om 3,3%x107°
h 9
KBaHT mupKyIsun o 3,636 947 550(24) x 10™* m? ¢! 6,7 x 107°
€
2
TMpOMarHuTHOE OTHOILEHHE SJEKTPOHA Yo = % 1,760859 74(15) x 10" ¢=! Ta~! 8,6 x 1078
2
I'mpomMarHuTHOE OTHOLICHUE TPOTOHA Yp % 2,67522205(23) x 108 ¢! Ta! 8,6 x 1078
MarHUTHBIA MOMEHT SKPAHHPOBAHHOTO SIIpA Tens-3 u —2,127497723(25) pin 1,2x 1078
2 ’
TUpPOMArHUTHOE OTHOIIEHHE 3KPAHMPOBAHHOIO AAPA rejius-3 "= Zh 2,03789470(18) x 103¢~! Ta~! 8,6 x 1078
Monsipras nocrostHHas [Tnanka hNA 3,990312716(27) x 1071 Tk ¢ mosn™! 6,7 x 107
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r#1 CODATA-98
—e— CODATA-98
—e— Nj
' . i F (NIST-80)
* hfm (Cs) | . 17/, (NPL-79)
' . 17, (NIM-95

i h/m (n)

—e— R

| | |

3,9903122 3,9903125 3,9903128
hNa, 10710 Iz ¢ mop~!

Puc. 2. OnpeesieHust MOJISIpHO#M OCTOstHHOM TT1aHka 1N A, TOJTyYeHHBIE
Ha OCHOBE BBOJIHBIX JaHHBIX COIJIaCOBAHUSI KOHCTAHT. B BbIUMCIIEHUSX C
MOCTOSIHHON Pundepra u mocTossHHON TOHKOM CTPYKTYpPBI HCIOJIb30Ba-
JINCb COTJIACOBAHHOE 3Ha4YeHHE R, M 3HAYCHUE o U3 AHOMAJILHOTO
MarHuTHOTO MOMEHTa 3JIeKTpoHa. CChUIKM MOXKHO HAalTH B [1].

re4 K7 Ry (NIST-98)
—e—i K7 Rg (NPL-90)
— e K; (PTB-91)

—e— i K; (NML-89)

1 ! 1
6,62606 6,62607 6,62608
h,1073* Ik ¢

Puc. 3. 3navenust nocrosiHHoi Ilimanka /i, mOJydeHHbIE Ha OCHOBE
BBOJHBIX JaHHbIX COTIACOBAHMS KOHCTAHT. 3alITPUXOBAHA BEPTHKAIIb-
Hasi 00JIACTh, OTBEYAIOIASI COTJIACOBAHHOMY 3Ha4eHUIO. CCBHUIKH CM. B

(.

TOYHOCTBIO JI0 M3BECTHOTO (hakTopa 1/¢? smisercs nepe-
BOJIHBIM MEXIY 3TUMH "eCTeCTBEHHLIMU'" ONpEeIeHUIMU
eIMHUIIBI (MAaKPOCKOIIMYECKO) MACCHI.

Pesynbratel gis nocrosiHHoM IlnaHka, mosydeHHBIE U3
JTAHHBIX, UCTIOJIb30BAHHBIX Ipu CoTJIacOBAaHUM, COOPAHBI HA
puc. 3. OHU HOCAT WJLTIOCTPATUBHBIN XapakTep. XapakTep-
Hble TOYHOCTH JTAHHBIX B ¢-OJloke W h-0Ji0Ke (pe3yIbTaThl

CorylacoBaHus st 3TOTO OJIOKA TpEJCTaBJICHBI B Ta0JI. 7)
pa3InYaroTCs MPUOIM3UTEILHO HA TIOPSIIOK, TO3TOMY 00pa-
0OTKa JAHHBIX B OJIOKaX MPOBOJUTCS MPAKTHYECKA HE3ABH-
CHMO.

5. HexoTopble KOHCTAHTBI HE BXOJISIT HUA B Kakue OJIOKH
MPOCTO TOTOMY, YTO IKCHEPUMEHTHI MOJHOCTHIO U30JUPO-
BaHbI, KaK, HAIPUMEP, B CJIyuyae IPaBUTAIMOHHON MTOCTOSIH-

Taommna 7. PekoMeH/1I0BaHHbIC 3HA4YeHUs (yHIaMEHTAIbHBIX (pU3nueckux KOHCTAHT [1], cBsizaHHbIX npu COryiacoBaHuU ¢ nmoctossHHOM Ilnanka i u

DJIEMEHTAPHBIM 3apPAI0M €

dyHaaMeHTaJIbHASI KOHCTAHTA O0o3HaueHune YucsieHHOE 3HAYCHUE OTHOCHTEJIbHAS
(2002 r.) MOTPELIHOCTh
MocTosunas [nanka h 6,6260693(11) x 1073* JIx ¢ 1,7 x 1077
h=5- 1,05457168(18) x 1073 JIx ¢ 1,7 x 1077
DJleMeHTapHBbI 3apsi e 1,60217653(14) x 107" Kn 1,7 x 1077
IMocTosunas ABoraapo Na 6,022 141 5(10) x 10% monn~! 1,7 x 1077
[Mocrosunas Papanes F=eNa 96485,338 3(83) K momb~! 8,6 x 1078
e
MocTosHAas [xo3edcona K; = 7‘ 483597,879(41) x 10° T B~! 8,5x 1078
Macca 35eKTpoHa Me 9,1093826(16) x 103! kr 1,7%x 1077
Macca npoToHa my 1,67262171(29) x 1077 kr 1,7 x 1077
Macca HeffTpoHa my 1,67492728(29) x 1077 kr 1,7 x 1077
el
Marsueton Bopa Ug = 2‘r; 927,400 949(80) x 10726 T Tn~! 8,6 x 1078
(5
;
S epHbIii MarHeToH N = % 0,505 078 343(43) x 1072 [ Tor! 8,6 x 108
P
MarHuTHbI# MOMEHT MPOTOHA 1y 1,410606 71(12) x 10726 Tx Ta~! 8,7 x 1078
Tabmmna 8. PekoMeH10BaHHbIE 3HAYECHUS (YHIAMEHTAIbHbIX (PM3MYECKHX KOHCTAHT [1], pe3yabTaThl JUIS KOTOPHIX HUKAK HE CBSI3aHbI C JAPYTMMHU
KOHCTaHTAMHU
dyHgaMeHTaIbHAS KOHCTAHTA O06o3HaueHune YucieHHOE 3HAUYCHHE OTHOCHTEIbHAS
(2002 r.) MOTPELIHOCTh
['paBUTANMOHHAS TOCTOSHHASI G 6,6742(10) x 10711 a3 Kl‘;1 0712 1,5% 1074
VHuBepcaibHas ra30Basi HOCTOSTHHAS R =kNa 8,314472(15) Ix MOHB:} K~ 1,7 x 1076
MarHuTHblif MOMEHT HEUTpOHA My :}:(9)‘1‘113 (%Zé %Eigg :Nlo Hp ;3 i ;8:;
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Ta6mmua 9. PexoMmeHqoBaHHBIE 3HA4YCHUs (YHIAMEHTAJBHBIX (U3MYECKHX KOHCTAHT [l], HEMOCPEACTBEHHO JOCTYIMHBIE HAa OSKCHEPUMEHTE CO
CPaBHUTEJIBHO HU3KOM TOYHOCTBIO ¥ IOTOMY BBIBOJIMMBIE U3 BCIIOMOTATEIbHBIX (Ta0J1. 4) 1 60Jiee TOUHBIX KOHCTAHT (Tadi1. 6—8)

DyHIaMEHTAIbHASI KOHCTAHTA O6o3HaueHne YucieHHoe 3HaYeHNE OTHOCHUTEJIbHAS
(2002 r.) TOTPELIHOCTh
R
IMocrostaHast Bonbimana k= Ve 1,380 6505(24) x 1072 JIx K—! 1,8 x10°¢
A
1'62 k4
IMocrosunas Credana — Boabimana °=5 P 5,670400(40) x 1078 Brm—2 K—* 7,0 x 106
e

HOoi G (tabiu. 8). CoryiacoBaHue B 3TOM CJIy4ae CBOIUTCS
MPOCTO K OOBIYHOMY YCPETHEHUIO.

6. VMmerotcst Takke KOHCTAHTBI, KOTOpPBIE MOTJHU Obl
BXOJIUTH B OJIOKH, OJTHAKO M3MEPEHBbI CO CIUIIKOM HU3KON
TOYHOCTBIO, U B 3TOM CJIy4ae COOTBETCTBYIOIIHME IKCIIECPH-
MEHTAJIbHBIE TaHHBbIE IPAKTUYECKH He ydacTByroT B Corja-
COBAHHM, 4 B KQUeCTBE Pe3yJIbTaTa MPUBOAUTCS HEKOTOpAs
IPOU3BOMHASl M3 COTJIACOBAHHBIX 3HAYCHHH IPYTUX KOH-
craHT. HexoTopble U3 MOAOOHBIX BEJIMUNH NMPEJCTABIICHEI B
Tab. 9.

3HauuTeIbHAS YaCTh BEJIMYMH B Ta0J1. 6 u 7 (Hanpumep,
GOpoBCKHIl paauyc, KOMNOTOHOBCKAs JJIMHA BOJIHBI 3JIEKT-
pOHa, KBAHT WUPKYJSIHWH, THPOMATHUTHOE OTHOIICHHE
9JIEKTPOHA, MOJISIpHASI TOCTOsiHHAs [1maHka, Macchl YacTHIL
B emuaunax CU, simepHBI MarHeTOH W MarHetoH bopa B
enuannax CU u np.) Takke OTHOCHTCS K 3TOM KaTeropuu
JTaHHBIX.

OTMeTHM, YTO CpPaBHEHHE TOYHOCTH DPa3HBIX JAaHHBIX
WTpaeT BAXKHYIO POJIb MPU UX pa3OueHUM HAa OJIOKH, HO HE
onpezessronnyro. CorjlacoBaHue MpeacTaBsieT co00i mpo-
nenypy, AaHAJIOTHIHYIO HAXOXICHUIO CPETHEB3BEIIIEHHOT O, C
TOU pa3HUIIEH, YTO TaHHbIE MHOTOOOPA3HBI K UMEIOT MHOTO-
qyCIIeHHbIe Koppessinuu. CpeTHeB3BELICHHOE BHIYUCIISIETCS C
BecaMu, OOPATHO MPONOPIUHOHAIBHBIMYI KBAAPATY MOTPelll-
HocTu. ECiii MaHHBIE B [EJIOM HAXOIATCS B COTJIACHH, TO
JIOMHUHUPYIOT HanboJiee TOYHbIE 3HAYECHUS U JIAHHBIE, YCTY-
MAFOIUE UM [0 TOYHOCTH Ha MOJIMOPSAKA, TPAKTHUCCKH HE
urparoT posiu. OIHAKO €CIM CYLIECTBEHHO MEHEe TOYHAs
BeJIMYMHA OTJIMYAETCS OT OoJiee TOYHOH Ha HECKOJIBKO
CTAHIAPTHBIX OTKJIOHEHHH, TO OHA BJIMSET HA CPEIIHEE.

Kpowme Toro, mpu 0TCYTCTBUU COTIACOBAHHOCTH JAHHBIX
BO3HHUKAIOT BOMPOCHI O JIOBEPHUU K BXOJHBIM JAHHBIM U 00
AJIeKBATHOH OIIEHKE MOTPEIIHOCTH OKOHYATEJIbHBIX PEe3YJib-
TaToB. B onTUMabHOM citydae (Ipu OTCYTCTBUHU MOJOOHBIX
Mpo0JIeM) KOPpeJIIIuu MEXAy OJIOKAMH HUIPArOT KpaiiHe
c1abyro poJib, HO TeM He MeHee MPHUCYTCTBYIOT (CABHUTAS,
HAIpUMep, HEKOTOpbIe 3HAYEHHS] HAa JIOJHM WX HOTPENIHO-
creit).

Pesynbrat CorsacoBaHus myOJIMKYETCS B BUIE TaOJIUIL
PEKOMEHIOBAHHBIX 3HAUYCHUU (QyHIaMEHTAIbHBIX (HU3UUe-
CKUX KOHCTAHT [1] (BBIAEP KU M3 KOTOPBIX MPHUBEICHBI B
Tabi. 1, 2, 4, 6-9). KaxoBa 006JyiacTb MprMeHEHHS PEKOMEH-
JIOBAHHBIX 3Ha4YeHWH? OTBET HECKOJBKO OOECKYpaskUBaIO-
muid. B cirydasix, korga BBICOKasi TOYHOCTh HE OCOOCHHO
HeoOXoauMa, 3T TaOJMIbl YAOOHBI W TOJIE3HBI U MX
UCTIOJIb30BAHNE O0ECHeYnBaeT €IUHCTBO MPUMEHSEMBIX
BeJIMYMH. B cilywyasix, Korga BBICOKAsi TOYHOCTH JIEHCTBH-
TEJIbHO HY)XHA, BCE 3aBUCHUT OT THIIA U3MEPEHUN (BBIYKCIIC-
Huif). Ecim pedyb uaer 00 OTHOCHUTEIBHOM W3MEPEHHUU
(HampuMep, MarHUTHOIO MOMEHTA SiApa B €IUHUIAX Mar-
HUTHOT'O MOMEHTA MPOTOHA WJIM HEKOTOPOTO COMPOTHUBJIE-
HUS B €QMHMIAX CONPOTHUBIICHUS XOJUIOBCKOrO 00pasia,
ormpeessieMoro nocrosiuHo# ¢pon Knutnunra Rg) ¢ moce-

JIyIOIMM TIepeBoJOM pe3ysbrata B eauHunsl CU, To
pexomennoBanuble 3Hauenus CODATA, GeccniopHo,
SIBJISIFOTCSL JIy4IIMM BBIOOpOM. OJTHAKO TOJTyYeHHbIE 3HAUe-
Hus B enuHINax CU urparot ckopee WLTIOCTPATUBHYIO POJIb.

BricokoTouHble 3HAUCHUS (QYHIAMEHTATbHBIX KOHCTAHT
JIEACTBUTEILHO BaXKHbI B TOM CJIydae, €CJIM PeYb HIET O
cpasHenuyu Pa3HBIX pe3yiabTaToB. OIHAKO MpPH CPaBHEHUU
pe3yJIbTATOB PACYETOB H/WUJIM H3MEPEHUIl, KOTOpOe KpH-
THYHO K BBEIOOPY 3HAUEHWI (YHIaMEHTAIBHBIX (PU3MYECKUX
KOHCTAHT, CHUTyalusi KauecTBeHHO wuHas. Kak mpasumio,
OKa3bIBACTCS, YTO HOBBIA JKCIEPUMEHT (TECOPETUYECKUM
pacueT) SIBJISCTCS YCOBEPIIEHCTBOBAHHEM OoJiee PaHHETO,
yke BKJItoueHHoro B CoryiacoBaHue, 1 MeXIy HUMU IMEeTCsl
koppensnus. [ToaTomy B cirydae IpeqU3NOHHBIX UCCIIEIOBA-
HUI HEOOXOIMMO PaCcCMATPUBATh PEKOMEHIOBAHHOE 3HAUE-
HHUE KaK WUTrocTpanuio, a CoriacoBanue Kak JAeTaJIbHYIO U
KPUTUYECKYHO KOMIUJISILIMIO OPUT'MHAJIbHBIX JaHHBIX, C KOTO-
DPBIMU U CJIEAYET CPABHUBATL HOBBIE NPEIU3MOHHBIE PE3YJIb-
TaTHI.

Heo0xoanMo moHIMAaTh, 4TO HacTosmas nejb Corigaco-
BaHMS 3aKJIFOYAeTCs HE B BBIpabOTKe TaOimi HamboJee
TOYHBIX 3HAUYCHUH (PYHIAMEHTAIBHBIX (PUINUECKAX KOH-
CTaHT, a coBceM B JpyroM. CorjacoBaHue I0O3BOJISET
MIPOBEPUTH CTENEHb COTJIACOBAHHOCTH MPEHU3UOHHBIX TEO-
PETHYECKUX W JKCIEPUMEHTAJIBHBIX METOJO0B U3 Pa3HBIX
oburacreil I3MepeHMii U TeOpHH. 3HAUUTEIbHAS YaCTh JKCIIe-
puMeHTOB, BXxoAsmux B CoryracoBaHue, MPeCTaBIIsIeT COO0i
U3MEPEHUs] C HEMOCPEICTBCHHBIM BOBJICUCHHEM COBPEMEH-
HBIX 3TaJIOHOB (a WHOTJAa W MPOTOTUIOB OYAYIIMX, KaK
(baxTUYECKH MPOUCXOJUT C KBAHTOBBIM 3pdexkToM Xoia u
abdexTom [Ixo3edcoHa) W MO3BOJISIET, TAKHM 00Opa3oMm,
MPOBEPUTH UX KHUIHECIIOCOOHOCTH. B jxecTKOM copeBHOBA-
HUM 32 TOBBIIICHUE TOYHOCTU YaCTO MCIOJIb3YIOTCSI HAn0O0-
Jiee COBPEMEHHBIE METOJbl M3MEPEHHH W pacueToB U B
HEKOTOPON CTENEeHM HAIEKHOCTh ITHX METOJOB HE Oue-
BHJIHA U TpeOyeT npoBepku (cm. [18, 19] u pa3nen 4.1).

Tak, ¢ Touky 3peHus GyHIaMEHTATbHON (PU3HKH OJTUH U3
pesyabraToB CorjacoBanus — crenuduieckas mpoBepKa
KBaHTOBOW 3j1ekTpoauHamMuku. Ocobas pojb KBAHTOBO-
JIEKTPOAMHAMHUYECKUX OOBEKTOB (Kak CBOOOIHBIX YACTHII,
TaK ¥ IPOCTBHIX ATOMOB) CBsI3aHA C TEM, YTO OHH MPEeAOCTa-
BISIIOT Ha0op HeyHIAaMEHTAJIbHBIX KOHCTAHT, KOTODBIE
MOXHO HETNOCPEJCTBEHHO BBIPA3UTh B TepMHHAX OoJiee
(yHIaMEHTAJbHBIX KOHCTAHT, U 3TH KOHCTAHTHI MOXHO HE
TOJIBKO PAacCYUTATh, HO M U3MEPUTH C BLICOKOI TOYHOCTBIO.

Crnenu(uYHOCTb MPOBEPKHU 3aKJIFOYAETCS B KOHIIEHTpA-

M BHUMAHHUA Ha HanboJjee TOYHBIX 1/13MepeH1/mx6. Takue

6 C Ttouku 3penuss KDJ| 5TO He BHOJIHE ONpPABAAHO: MO3UTPOHMIA
OPEeIOCTABISICT BO3MOXHOCTh H3Yy4aTbh 3(hQeKTsl OTaaudn HEe MeHee
3¢ HeKTUBHO, YeM MIOOHHII U IPYTHEe ATOMHBIE CHCTEMBI, HO TIPH OTHOCH-
TEJIbHO HU3KOW TOYHOCTH U3MEPEHUIT; IOXOKASI CATYANHS CO CBEPXTOH-
KHMM paclierjieHeM 2s-ypOBHSI B HOHE reJiusi-3.
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Ta6mua 10. [Tporpecc B yrouneHnu GpyHIaMEHTAIbHBIX KOHCTAHT 10 pe3ysbTataM CornacoBanuit 1998 u 2002 rr. i3MeHenue 4 onpeaesieHo Kak CIABUT
pesyabrata 2002 r. [1] mo otHOmenuro k 1998 r. [14], BenuunHa ¢ 0TBevaeT KOMOMHIPOBAHHOMY CTAHIAPTHOMY OTKJIOHEHHUIO (C yUeTOM KOPPEJISIIAI
HOBBIX U CTapbIX JaHHBIX), ¥ = G993 /02002. Bce qaHHbIE, KpOME IIPUBEICHHBIX B IBYX HOCJICIHUX KOJIOHKAX, HEIOCPEACTBEHHO B3sThI U3 paboT [1, 14]

Koncranra YucneHHoe OTtHocuTeNIbHAS UucneHHoe OrtHocuTeNIbHAS % Alo
3HaueHue (1998 r.) MOTPEIITHOCTh 3HaueHue (2002 1.) MOTPEIIHOCTh

h, dx ¢ 6,626 068 76(52) x 10~ 7,8 x 1078 6,6260693(11) x 1073 1,7x 1077 2,1 0,5
G, v xrlc? 6,673(10) x 10711 1,5% 1073 6,6742(10) x 10~ 1,5% 107* 0.1 0,1
e, Kn 1,602 176 462(63) x 10~ 3,9 x 1078 1,602 176 53(14) x 10~ 8,5x 1078 2,2 0,5
o ! 137,035997 76(50) 3,7x107° 137,035999 11(46) 3,3%x107° 0,9 -1,3
Mg, KT 9,109 381 88(72) x 103! 7,9 x 1078 9,109 3826(16) x 103! 1,7 x 1077 2,2 0,5
Ry, m™! 10973 731,568 549(83) 7,6 x 10712 10973 731,568 525(73) 6,6 x 10712 0,9 -0,3
g, Jox Tt 9,27400899(37) x 10-* 40x 1078 9,27400949(80) x 10~ 8,6 x 1078 2,1 0,6
a. 1,159652 186 9(41) x 1073 3,5%x107° 1,1596521859(38) x 1073 32x107° 0,9 —0,24
/e 1836,152 667 5(39) 2,1 x107° 1836,15267261(85) 4,6 x 10710 0,22 1,3
Hp/bp 1,521032203(15) x 1073 1,0 x 1078 1,521032206(15) x 1073 1,0 x 1078 1,0 0,2
2 5,585694 675(57) 1,0 x 10°8 5,585694701(56) 1,0 x 10°8 1,0 0,46
my/me 206,768 265 7(63) 3,0 x 1078 206,768 283 8(54) 2,6 x 1078 0,85 2,9
a, 1,16591602(64) x 1073 5,5x 1077 1,16591981(62) x 1073 53 x 1077 1,0 43
]ty —3,18334539(10) 32 %1078 —3,183345118(89) 2,6 x 1078 0,9 2,7
Ry, Om 25812,807 572(95) 3,7 % 107° 25812,807 449(86) 3,3%107° 0,9 —1.4
Ky, Tu B! 483597,898(19) x 10° 3,9%x 1078 483597,879(41) x 10° 8,5x 1078 2,2 —-0,5
Na, Moib ! 6,022 141 99(47) x 103 7,9 x 1078 6,022 141 5(10) x 10% 1,7 x 1077 2,1 —-0,5
ke, Jox K1 1,3806503(24) x 10723 1,7 x 1076 1,3806505(24) x 10~ 1,8 x 1076 1,0 0,1
hNa, Tk ¢ Mos ' | 3,990 312 689(30) x 1010 7,6 x 107° 3,990312716(27) x 10~ 6,7 x 1070 0,9 0,9
R, x moms~ ' K| 8,314472(15) 1,7x 10°¢ 8,314472(15) 1,7 % 10°¢ 1,0 0,0

U3MEPEHNSI MOTYT OCYIIECTBUTH npoBepky KD/ Tostbko mipu
HAJIMIUH aJICKBATHOTO 3HAYECHUS IOCTOSIHHOW TOHKOM CTPYK-
TypslI o. CpaBHEHHE KBAHTOBO-JIEKTPOIMHAMMUYCCKUAX BEIIU-
YMH C BEJIMYMHAMH, moJiydeHHbIMEH BHe KOJI, u sBisercs
0HO¥ 13 HanboJiee 3PPEKTUBHBIX TPOBEPOK.

3.2. Iporpecc B onpeaeeHnn 3HAYEHUI
(dynaaMeHTaIbHBIX KOHCTAHT
CpaBHeHHE MOCJEIHUX PEKOMEHJIOBAHHBIX 3HaueHWil [1] ¢
pe3yabTatamu npeniectBytomiero Cornacosanus [ 14] mpen-
crapyieHo B Tabiu. 10. s HeOobIIoro Habopa KOHCTAHT
(R, mp/me, o, h, No m ap.). Ha pucynke 4 mposeneHO
CpaBHEHUE TOYHOCTHU Pe3yJIbTaTOB HeckoJibkux Corjacosa-
Huii [1, 13, 14, 28]. Pabouas rpynna no ¢pyHmaMeHTanbHbIM
konctantaM CODATA Obua opranuzoBana B 1969 1., u Bce
yeTbIpe CoryracoBaHusl, MPEICTABICHHBIX HA PUCYHKE, MPO-
BEJICHBI 3TOU TPYIIION.

OCHOBHBbIC U3MECHEHUS B 3HAUCHUSX (PYHIaMEHTAIBHBIX
KOHCTaHT 3a 4YeThlpe roja, HmpeicTaBieHHble B Tabu. 10,
CBOJSITCS K CJICAYIOLLIIM:
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Puc. 4. Tlporpecc B MOBBIIIEHUM TOYHOCTH OIPEJIEICHUS 3HAYCHUN
(byHmameHTa bHBIX (pu3ndeckux KoHCTaHT (1969 —2002 rr.).

e CIIBUT TIOCTOSIHHOW TOHKOW CTPYKTYDBI o BBUIY YTOYHE-
HUS TEOPUU AaHOMAJIBHOTO MATHUTHOT'O MOMEHTA JJIEKTPpOHA
(HaiiieHa MompaBKa K YMCIEHHOMY 3HAYEHUIO, BBIXOSILAS
3a Tpeliesibl ero MorperHocTy [29]) u MoJydeHo elle OJIHO
BBICOKOTOYHOE 3HAYeHHE KOHCTAHTHI o0 METOAOM PAMaHOB-
cKoii criekTpockomnuu ne3us [30];
e CYIIECTBEHHOE YTOYHCHWE OTHOIICHHS MACC MPOTOHA U
9JIEKTPOHA, MOJIyYeHHOE MPUHIUIUAAILHO HOBBIM CIIOCOOOM
[31] (HexOTOPBIA CABUT pe3yJibTATa U YMEHbBIIIGHUE TIOTPEILI-
HOCTH);
e HEKOTODPBIA CABUT BEJIMYMHBLI MOcTOsiHHOW I[lianka /i u
CBSI3aHHBIX C HeW KOHCTAaHT (e, Ky, Na, Ug) U YBEJIMUYCHUE €€
HOTPELIHOCTU B CBSI3U C PazdpocoM MaHHBIX (0OCyXIeHUE
puc. 3 u ccouiku cM. B [1]);
e CIBUT OTHOUICHHUSI MACC MIOOHA U 3JIEKTPOHA (B CBSI3H C
paHHEH CIUITKOM ONTUMHUCTUYECKOU OIEHKOU MOTPEIITHOCTH
Teopun ’);
® C/IBUI' AaHOMAJIbHOIO MAarHMTHOTO MOMEHTA MIOOHA dy,
omnpeneiaeHHOro B [14] Ha ocHOBe Teopuu, a B [1] HA OCHOBe
YJIYUIIIEHHOTO 3KcrepuMeHTa [33] u Teopuu, B KOTOpPOU
TEPECMOTPEHBI aJIpOHHBIC BKJIAJbI (KaK WX BejauuuHa [34],
TakK ¥ MOrperHocTsb [35]);
e CYIIECTBEHHBII MPOTPECC B ONpE/IeIEHNH TPaBUTAIIMOH-
HOHU mocTtosiHHO#N G (morpemHocTh G B 06oux CorjlacoBa-
HUSIX OIIPEJIEIISIETCS] HE TOYHOCTBIO OTAEIbHBIX JAHHBIX, & UX
pa3bpocom (puc. 5); cuTyanus ¢ COrIacOBAaHHOCTBIO JTJAHHBIX
B 2002 1. ymyummiach (0OCYXIeHHE U CCHUIKHU cM. B [1]).
3aMeTuM, YTO MOTPEIIHOCTH HE BCEX PEe3yJIbTATOB YObI-
BaIOT CO BpeMeHeM. B HEKOTOPBIX CiIyyasix HOBBIC JTaHHBIC
MPOTUBOPEUAT OOJIee pAHHUM FJIA HAXOISTCS HOBbIE UCTOY-
HUKM TOTPEUIHOCTH, M B HUTOTE€ TOYHOCTH HOHUKAETCS.
HekoTopele KOHCTAHTHI 3aMeTHO MeHstoTCs 0T CoryacoBa-
Husl K COryIacoBaHUIO, KOTOPOE cefiuac MpOBOIUTCS pa3 B
yetbipe roga (myonaukammu B 2000 r. o pesyabratam 1998 1.
[14], B 2004 r. o pe3ynbTatam 2002 r. [1]). Onnako Goiiee

7 Ha Ham B3rJsig, 9Ta MOTPELIHOCTb 3aHWKEHA U B COBPEMEHHOM
3HAUCHHN (peaJuCTUYHOe OOCYXKIEHHE IOTPEIIHOCTH MOXHO HAWTH B

[32).
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Puc. 5. OnpenesieHne rpaBUTAIIMOHHON MOCTOSHHOM. 3aIITPUXOBAHHAS
001acTh OTBEYAET PEKOMEHIOBAHHOMY 3HAueHHI0. CCBUIKH MOXHO
HaiTu B [1].

pannee CoryiacoBaHme OTHOCHUTCS K pe3yabTaTtam 1986 1.
[13].

IToyeMy e pEKOMEHIOBAHHBIC 3HAYCHUS HE MyOJIH-
kytotes yanie? Kazanoch Obl, YCIEITHBIM IPAMEPOM MOTYT
CIY’)KUTb CBOMCTBA 3JEMEHTAPHBIX YaCTUL, MyOJMKyeMble
pa3 B 1Ba roja, mpuyeM OOBEM ITHX MyOJIMKAIUN (CM.,
Hanpumep, [25]) 3aMeTHO TPEBBIIAET 00BEM MyOJUKAIUN
CODATA [1]. INy6omukamuu [25] — pe3yabTtaT paboThI
60JIBIIIOTO KOJIICKTHBA (00Jiee CTa YeJIOBEK), mpuieM 00JIb-
masi 4acTh PAa3/esIOB MPEACTABISIET COOOW KOMITUJISIIUU
9KCIEPUMEHTAIbHBIX JAHHBIX, BBINOJHEHHbIE HE3aBHCUMO
npyr oT Apyra. OCHOBHOM MOTOK paboT B 00JIACTH TEOPETH-
YEeCKH, OJHAKO KOMIHJISAIUN KACAIOTCS TEOPETHYECKUX
paboT TOJBKO B KpallHUX CITydasix.

Cutyarusi ¢ KOHCTAHTAMHU NPHUHIUNUAJILHO WHAsl. Bo-
HEPBbIX, HET HUKAKOI'O CMbICa IMyOJIMKOBATh KOMIMIISIIUU
9KCIEPUMEHTAIBHBIX AaHHBIX. OHH OTHOCSTCS K Pa3HbIM
BeJIMYMHAM. BO-BTODBIX, B UX 00paOOTKY KPUTHYECKU BOBJIC-
YeHa TeOpHs. B-TpeThbHX, 4YacTO HENb3s OTPAHUYUTHCS
TOJILKO TEMH 3KCIIEPUMEHTAMH, TJIe HETOCPEICTBEHHO U3Me-
pseTCsl HHTepecytollas Hac BeluunuHa. [1osicHuM cutyaruro
Ha TpUMepe Macchl MIOOHA (BepHEe, OTHOIIEHHS Macc
MIOOHA M 3JIEKTPOHA). MIMeeTcsl HECKOJBKO THIIOB 9KCIEPH-
MEHTOB, B KOTOPBIX MOXHO OIPEACIUTD 3Ty BEJIMUYMHY.

1. llpu uzmepenuu npeyeccuu cnuna mMwoona Ui onpeoe.ie-
Huu noaoxcenus yposueti bpeiima— Pabu ¢ maenumnom noe
HAMEIOTCSI CPABHHUTEJIBHO HEOOJIbIINE MONPABKU K MarHHUT-
HbIM MOMEHTaM, OJHAKO BA)XXHO, YTO MarHUTHBIHA MOMEHT
MIOOHA MOXXHO M3MEPHUTh JIHIIb B OTHOCHTENIbHBIX €IWHU-
nax. B kayecTBe eIUHHI UCTIOTB3YETCSI MATHUTHBIA MOMEHT
npoToHa. [ mepexoaa Kk Macce HEOOXOUMO BOCIOJIB30-
BaThCSl PABEHCTBOM

@:(IJF%) s

Hp

A

i (18)

me

rjae JJisi OTHOUIEHUS MacC HEOOXOIMMO OIpPEeNe/INTh B
OT/ICJILHBIX HCCJIEOBAHUSAX AHOMAJIbHBIM MAarHUTHBIN
MOMEHT MIOOHA @, W MAarHUTHBIH MOMEHT NpPOTOHAa B
enuHunax Margetona bopa.

2. MOXHO U3MEDPSTD 0MmHouleHue Macc my /me HEMOCpe -
CTBEHHO. Takoe OTHOIIEHHWE BO3HHKAET IPU CpPABHEHUU

qacToT (ls — 2s)-mepexoa B BOAOPOJIE U MIOOHUU. B aTOM
ciIydae BaXXHYIO POJIb UTPAET KBAHTOBO-3JIEKTPOAMHAMUYE-
CKasl TEOPHUSL.

3. Homunupyromee npu CorjacoBanuu [1] uucieHHoe
3HAYCHUE MIPOUCXONT U3 U3MEPEHUN U BBIYHUCICHUH c6epX-
MOHK020 pacujenienus OCHOBHOTO COCTOSIHUS B aTOMe
mioonus. KBaHTOBO-2JIEKTPOAMHAMUYECKAST TEOPUs] UTPAET
3/1eCh KJIFOUEBYIO pOJIb. [locie yyera Bcex MOIpaBOK MOXKHO
MepeiTH OT peajbHO HAOIIOIaeMOro pPACHICTIJICHUSI K €ro
HAaWBHOMY 3HAYEHUIO — TaK Ha3bIBaeMou 3Heprum depmu,
KOTOpasi OTBEYAET HEPEISITUBUCTCKOMY B3aMMOJICHCTBUIO
MAarHuTHBIX MOMEHTOB 3JIEKTPOHA ¥ MIOOHA, U B pe3yJIbTaTe
MOXHO HAHTH OTHOLUEHHE L, /.

Takum oOpa3om, B Pa3HBIX IKCHEPUMEHTAX HETOCpe-
CTBEHHO M3MEPSIIOTCSI Pa3Hble KOHCTAHTHI, a JUISl UX UHTEP-
MpETAINU HYXHbI 3HAYATEIHHBIC TCOPETUUCCKUE YCUIIHS U
JIOTIOJIHUTEIbHbIE U3MEPEHUSI.

BoBieuenne OaHHBIX APYTUX SKCIIEPUMEHTOB B MPEIH-
3MOHHOW METPOJIOTMU MHOT[a MPUHUMAET (OpPMBI, COBEP-
IIEHHO HEMPUBBIYHBIE JIJTs pu3uKka. HeckoJIbKo mpeyBenyu-
Basi, MOXKHO CKa3aTh YTO B PsJE CIy4aeB PeaibHO U3Me-
PSIOTCSI COBCEM HE T€ KOHCTAHTBI, KOTOPbIE OOBSBIISIIOTCS
u3mepeHHbiMu. IlpuBenem mnpumep. st ompeneseHus
TIOCTOSIHHON TOHKON CTPYKTYpBl o MOJXHO ONpEeAeTUThb
OTHOILEHMsI /i/m W BOCHOJIB30BATLCS BbIpakeHHeM (17).
ITomoOHBIN SKCTIEPUMEHT OBLIT IPOBEACH AJ1s1 HelTpoHa [36],
OJIHAKO €r0 MHTEPIPETAIUS 0Ka3aJach CYIIECTBEHHO CJIOXK-
Hee. Jles1o B TOM, YTO I IPEUU3UOHHOTO OIpeAesIeHus 1e-
OpoiliieBcKOl JJIMHBI BOJHBI HEWTPOHA HCIOJIB30BAJIACH
KpUCTAJUIHYECKasl peleTka U, CJIeI0BaTeIbHO, U3MEPSLIACH
BesunHa /i/myvpd (roe d — TOCTOSIHHASI PEILeTKH), a
CKOPOCTh HENTPOHA v, ONMpPEAENIach OTAEIbHO B "Makpo-
ckonmieckux" eMHUIaXx (T.€. 6E30THOCUTEIBHO K PEIIETKE).

B HECKONBKUX MEXIYHAPOJHBIX LIEHTPaxX UMeeTCs 00JIb-
IIOH OMBIT OTHOCUTEIBHBIX U3MEPEHUH (CpaBHEHUIN)
MOCTOSIHHBIX PEIIETOK Pa3HBIX KPUCTAJLIOB MEX Ty COOOM, 1
9Ta OMepanus BBITOJHSETCS CPaBHATEIHHO TMPOCTO W
HaJIeKHO. PellieTka, NCmob30BaHHAS B HEUTPOHHOM JKCIIe-
pUMEHTE, CPAaBHUBAJIACH C PELIETKOM, IOCTOSIHHASI KOTOPO’
Obu1a m3mepena B equauiiax CU (merpax). B To e Bpemsi ata
a0CoIIOTHO KaIMOpOBaHHAS PElIeTKA UCIOJIb30BAJIACh IS
M3MEPEHNIA MTOCTOSHHON ABOTapO, B YACTHOCTH ISl OTIpe-
JIeJIEHNS] TTOCTOSIHHOM pEeIeTKH HAeaIbHOTO KpHCTAJLIA.
KoneuHo, upeaibHbIX KPUCTAJUIOB HE OBbIBAeT, OJHAKO
BBIPACTUTD CHELUAJBbHBIN KPUCTAJ U OUEHUTH HOMPABKU K
ero mapameTpam (B CBSI3H C HEUJCATbHOCTBIO) MOXHO.

BrIsicHIIIOCH, YTO MIeabHbIE KPUCTAILIBI, BhIpAIIICHHbIE
W UCCJIeIOBAaHHBIE B PA3HBIX JIAOOPATOPHUSX, NAIOT pa3HbIE
Pe3yJIbTATHI IS TIOCTOSIHHBIX penieTok. [Tociie cpaBHeHMs He
pe3yJbTaToOB, a COOCTBEHHO PELIETOK OKa3ajoch, 4YTO
MOCTOSIHHBIE PEIIETOK COBMECTHMBI. DTO O3HAYaeT, 4YTO
AMEEeTCSl HECKOJbKO MPOTUBOPEUYHMBBIX JIKCIEPUMEHTOB IIO
a0COJIFOTHOMY HM3MEPEHHUIO TOCTOSHHOW PpEIIeTKH, TOTAa
KaK CpaBHEHHUs MOCTOSHHBIX OCYIIECTBIISJIOCh MPABIJIBHO
(neranpHOe oOCyxneHue u cchuikn cMm. B [1]). Opnako
npoOJieMa MOCTOSIHHOM PEIIeTKH U HIeaIbHbIX KPUCTAJIIIOB
BBIXOJMT JAJIEKO 3a MPEJEIIbl IKCIEPHUMEHTA 10 U3MEPEHUIO
KOMIITOHOBCKO JUIMHBI BOJIHBI HEUTPOHA.

JApyruM mpuMepoM SIBJISIETCS. H3MEPEHUE THPOMATHUT-
HOTO OTHOIICHUSI MPOTOHA W sIIpa Tejus-3 W HMOCTOSHHON
®Papanes (cM. puc. 1 u 2). Bo Bcex nperM3noHHBIX JIEKTpUYE-
CKHUX 9KCIIEPUMEHTAX H3MEPEHUS IPOBOISATCS HA CAMOM JIejIe
He B enuHMnax CH, a B yCIIOBHBIX €IUHHALIAX, THAYE TOBOPS, C
nomotnbio 3ddekra Jxozedcona u kBaHTOBOTrO 3(hdekta
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Xonna. B urore, kxpomMe HOMHHAJBHO H3MEPSIEMOU KOH-
CTAHTBI, MOSIBJISIFOTCS XapaKTepHbIE MHOKHUTEIN BHIA

n m
KJ RK ’

4TO, KOHEYHO, MEHSIET HHTEPIIPETALMIO SKCIIEPUMEHTA.

Eme ogHuM BakHBIM OOCTOSITEILCTBOM, OTIMYAIOLINM
paboty mo CoriacoBaHWio KOHCTAHT [1] OT KOMIWJISIIMA
JTaHHBIX [25], aBjsieTcst TO, YTO Bce AaHHBIE [1] ckoppenupo-
BaHbl. Kak oTmeuanoch BbIlIe, JaHHbIE pa3OMBAIOTCS Ha
OJIOKH, KOPPEJISALUU MEXIAY KOTOPHIMU HE3HAUYUTEIIbHBI, HO
cymecTBytoT. Kpome TOro, HeoOXOOuMO 3TO MHPOBEPSTH.
IIpu HecomocTaBUMON TOYHOCTH KOPPEJSIHUH MOTYT BO3-
HUKHYTb B ClIyyae, €CJIM MEHee TOYHbIC JaHHbIE HE COTJIa-
cyroTcs ¢ 0oJiee TOUHBIME M HMEFOTCSI O0IINe cUCTeMaThye-
ckue 3¢dexTol. Hanpumep, TOYHOCTH ONpENEICHUsS aHO-
MaJIbHBIX MArHUTHBIX MOMEHTOB D3JIEKTPOHA U MIOOHA
HECONIOCTABUMBI, OJHAKO TEOPHH B 3HAUYUTEIHHON CTENEHU
AHAJIOTWYHBI. ECIM BO3ZHUKHYT COMHEHHS B HAAEKHOCTH
pacuetoB KOJ[ mis omHOW KOHCTAaHTBI, TO W JPYI'YIO
HEOOXOAMMO paccMaTpuBaTh KaK HEHAAEeXHYro. Jpyrum
IPUMEPOM SIBJISIFOTCSI AJAHHBIE JUIS1 U3MEPEHUS IOCTOSITHHON
Asorajapo. ITorpenHocTh 3TO MOCTOSIHHOW OTpeIeseTCs
MOTPEIIHOCTSIMU M3MEPEHUH IIOTHOCTH, TOTAa Kak Io-
CTOSIHHAS PEIIeTKH U3BECTHA ropa3io Jyuire. TeM He MeHee
3a cucreMatunieckue 3((HeKTsl MOTyT ObITh OTBETCTBEHHBI
OJTHH U T€ ke JePeKThl KPUCTAILIOB.

I[Ipr pa3HOrjgacuum pasJUYHBIX JAHHBIX BO3HUKAET
BOIPOC O TOM, KaK MX KOPPEKTHO Y4YMTHIBaTh. [Ipum 3TOM
4acTO PeYb UJET HE CTOJBKO O CTATUCTHYECKOW 00paboTKe
JTaHHBIX, CKOJIBKO O IIEPEOICHKE UX ITOT'PELTHOCTEN U IIOUCKE
cucteMaTrueckux 3(GeKkToB. AHAJIOTUYHBINA BOIPOC BO3HU-
KaeT B Cllyyae CYyIIECTBEHHOT'O YJIYYIIIEHUS TOYHOCTH, NpU
WCMOJIB30BAHUN MPUHIUINMAILHO HOBOTO METOAA U B Psijie
npyrux ciaydaeB. KpuTuueckoe paccMOTpeHHE HCXOIHBIX
JTAHHBIX SIBJISIETCS BaXXHOW 4acThio padboTsl mo Coriacoa-
HHUIO KOHCTAHT, 4TO oTjiu4yaeT CorjacoBaHue OT IPOCTOHI
KOMIWJISITUN OPUTHHAJIBHBIX PE3YJIbTATOB U UX COBMECTHOU
006pabOTKM IO METOAY HAUMEHBIINX KBaAPATOB.

4. Tlpuaoxenus
(pyH1aMeHTANBHBIX (PU3HYECKHX KOHCTAHT

4.1. KBanroBasi 3JIeKTPOIHHAMHKA

i pynaamenrtabible pu3nyeckne KOHCTAHTHI

Kak yxe oTMeuanoch, KBAHTOBAS 9JIEKTPOJNHAMUKA UTPAET
0Cco0YI0 POJIb B ONpeC/ICHINH 3HAUYCHHIH (PyHAAMEHTATIbHBIX
¢usmueckux koncrant. Ucciemyst cBOOOTHBIE YACTHUIBI U
IPOCTbIE ATOMBI, MOXXHO C BBICOKOH TOYHOCTBIO ONpeie-
JINTh 3HAYEHUs MOCTOSHHOW Pupbepra R.,, MOCTOSIHHOU
TOHKOHW CTPYKTYpPHI ¢, OTHOIICHNE MACC 3JEKTPOHA W IPO-
TOHA /M /M, OTHOIIEHHE X MATHUTHBIX MOMEHTOB [l /[,
g-GakTophl 3JIEKTPOHA W MIOOHA, MAacCy W MarHUTHBIN
MOMEHT MIOOHA B €CTECTBEHHBIX eAWHHIAX (HAIpuMmep,
OTHOIIEHHUS /My, /M W i, /1,) ¥ HEKOTOPbIE JPYIUE BEIH-
4uHBL. Bce 3TH BEIMYMHBI MOXXHO TOJIyYMTh WJIM HECKOJIb-
KUMHU crocobamu, BoBiekarommmmu KDJI (mpoBepsist Tem
caMbIM €€ CaMOCOTJIACOBAHHOCTB), WJIN METOJIAMHU, HE3aBH-
cumbiMi 0T KOJI (menasi ee abCONMIOTHYIO MPOBEPKY HIIU
IpPOBEPSIsl €€ COrJIACOBAHHOCTh C HAIUIUM NOHUMAaHUEM
HEKOTOPBIX SIBJICHUI M3 Apyrux obiacteit puszukm). M3-3a
OTPAHUYEHHOTO 00BeMa JAHHOTO 0030pa MBI HE MOXEM
JIaTh NOApOOHBIN ananm3 npuioxeHnit KO/ k ompenene-

HUIO (PyH/IaMEHTAJIBHBIX KOHCTAHT (CM., Hampumep, [19]).
MBI JMIIb OYEPTUM KPYI OCHOBHBIX KBAHTOBO-3JICKTPO/IU-
HAMHMYECKHUX SIBJICHUH, BAXHBIX JJISI 9TUX KOHCTAHT.

IIpexie Bcero OTMETUM, 4TO 3Ta OOJIACTH B 3HAUUTEb-
HOW CTETIeHN OJIM3KA K NPeyu3uUOHHbIM HUSKOIHEP2eMUYeCKUM
npogeprkam KeaHmMogol 3AeKMpoOUHAMUuKy WU B HEH MOTYT
(urypupoBaTh 4eThIpe THUIIA IOTPELIHOCTEH:

1) sKkciepuMeHTaIbHasI TIOTPEIIHOCTh COOCTBEHHO M3Me-
PsieMO¥ BeJTMYMHBI (HAIPUMED, CBEPXTOHKOTO PACIICTIIICHUS
B MIOOHHMU WJIM 4acTOTHI (15 — 2s)-niepexoaa B BOAOPO/IE);

2) TeopeTHvecKasi IMOTPELIHOCTh, CBsi3aHHAs C coOCT-
BEHHO KBaHTOBO-3JIEKTPOJMHAMHUYECKUMHU BBIYHACICHUSIMU
(4MCIIeHHBIE PACUETHI, OLIEHKA HEM3BECTHBIX BKJIAJO0B U T.1.);

3) MOTPEeIIHOCTh PACYETOB, CBS3aHHASI C TOYHOCTBHIO
BXOISIINX B BBIYUCICHUS (YHAAMEHTAIbHBIX KOHCTAHT
(mocrosiHHOM Pupabepra, mocTOSSHHONW TOHKOM CTPYKTYpHI,
Maccbl MIOOHA U JI.);

4) MOTPelIHOCTh BBIYUCIICHHSI HEKBAHTOBO-3JIEKTPO/INHA-
MHYECKHX BKJIAJOB (HAaImpHMep, ydeT BKJIAJOB aJPOHHOMN
MOJISIPU3AIMH BaKyyMa B aHOMAJIbHBI MATHUTHBIE MOMEHT
MiooHa # 3(}eKTOB CTPYKTYpHI siapa Il CBEPXTOHKOTO
pacmierienust u (ls — 2s)-nepexoia B BOAOpPOJIE TpedyeT
JIOTIOJTHUTEIbHBIX 9KCIIEPUMEHTOB, U TOYHOCTD TOJTYYEHHBIX
[P 3TOM JAHHBIX HE SBJISIETCS B PSAE CIy4aeB MOJHOCTHIO
YIOBJIETBOPHUTEJILHON).

B Hacrosimee BpeMsi KBaHTOBO-3JIEKTPOIUHAMUYECKHE
pacueTsl 711 CBOOOTHBIX YACTHIL U IBYXYACTHYHBIX ATOMOB
(Bomopona, JeiTepusi, MIOOHHS, BOJOPOIONOJTOOHBIX
HMOHOB), HMMEIOUIMX METPOJIOTUYECKHE MPUJIOKEHUs, He
JIMMHATHPYIOT HU B OOHOM CJIydyae TOYHOCTH CPaBHEHUS
Teopun u 3kcrepumenTa [19]. Jlumutupyrommmu ¢pakto-
paM# B Pa3HBIX CIIy4asX MOTYT SIBIATBCS CTPYKTypa sapa
¥ TOYHOCTDb BBIYUCJICHHS aJIPOHHBIX BKJIAJOB, SKCIEPHUMEH-
TaJIbHasi MOTPELIHOCTb, TOYHOCTb OINpPENesIeHUs] 3HAUYCHUIH
HEOOXOMMBIX KOHCTAHT, HO He cobctBeHHO KO/I-Teopus.
B ciydae Tpex4acTHYHBIX aTOMOB, TaKUX KaK HEHTpajb-
HBIA Teauid, W B Oo0Jiee CIOXHBIX CHCTEMAX TOYHOCTH
KBaHTOBO-3JIEKTPOJIMHAMMUYECCKUX PACUCTOB MOXKET OBITh
HE CTOJIb BbICOKA. BaXkHO Takke MOHUMATh, YTO C TOYKH
3peHHs] pelIaeMbIX 3aJad M BO3HHUKAIOLIUX IPH 3TOM
nmpo0jeM HUMEIOTCS [IBe CYIIECTBEHHO pa3Hble 00JiacTu
MPEIU3NOHHOTO TPUMEHEHUsI KBAHTOBOH JJIEKTPOIMHA-
MUKH.

1. B Teopuu cBOOOIHBIX YACTHUI] MPOOIEMBI BOZHUKAIOT B
CBSI3M C OOJIBIIIUM YHCJIOM CJIOKHBIX MHOTOIETJICBBIX JHa-
rpaMM, COCTOSIIIUX U3 MPOCTHIX OJIoKOB. B ciydae umcro
9JIEKTPOHHOTO BKJIAJa Y€TBEPTOTO MOPSAKA B AHOMAJIbHBIN
MAarHUTHBII MOMEHT JJIEKTPOHA pedyb HIeT o0 891 4yeThIpex-
METJIEBOM MarpamMMme, COCTOsIIEH u3 cBOOOIHBIX Ipomnara-
TOPOB 3JICKTPOHA U (POTOHA.

2. B Teopuu CBSI3aHHBIX COCTOSIHUI HanOoJIee CIOXKHBIN
9JIEMEHT — HaXOXJCHHE aJeKBATHOTO NPUOJMKEHUS U
nocTpoenue 3Q(HEKTUBHON TEOPUH BO3MYIICHUS CO CBSI3aH-
HBIMH YacTHUIaMU. JlmarpaMm CpaBHHUTEJILHO Malio, M OHU
MPOCTBI, HO OJIOKH, U3 KOTOPBIX OHU COCTOSIT, YUUTHIBAIOT
9 QEeKTH CBSA3aHHOCTU U CYLIECTBEHHO OTJIMYAIOTCS OT
cBOOOIHBIX IponaraTopos. ITosiBjieHNE CBA3aHHBIX COCTOS-
HUH yXke caMo To cebe SBIseTCsS HenepTypOaTHBHBIM
3¢ dexTOM U, ClieJOBATEJIbHO, OTBEYACT HEKOTOPOMY CYyMMH-
pPOBaHHMIO OECKOHEYHOI'O YHCIa CBOOOJHBIX TPapUKOB,
BCJIC/ICTBUE YEro TEOpHsS BO3MYIICHUI TpedyeT Tepe-
CTpONKHU U puodperaeT 6ojiee coxHbIN xapaktep. CoBpe-
MEHHOE€ COCTOSIHUE JeJl B IPEHU3MOHHON (DU3MKE MPOCTHIX
aTOMOB TpeacTaBieHo B [37, 38].
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OOcyuM KpaTKO OCHOBHbIE KBaHTOBO-3JIEKTPOJIMHA-
MHYECKHUE SBJICHUS, HCCIEAYEMBIE C BBICOKOW TOYHOCTBIO.

IMpenuzuonnsie K3 -pacueTs! 11 CBOOOIHBIX YaCTHIL
HCYEPIBIBAIOTCS TEOPHEH aHOMAJIbHBIX MAaTHAUTHBIX MOMEH-
TOB 2JIEKTPOHA ¥ MIOOHA d, U a,. BricokoTOUHOE N3MEpeHne
1 BBIYUCJICHUE KOHCTAHTHI @ SIBJISIETCSI OCHOBHBIM HCTOYHH-
KOM OTIpe/Ie/IeHU s 3HAUEHUSI TOCTOSITHHOM TOHKOM CTPYKTYPBI
o B [1, 14]. B menom octanbpHbIe 3HAYCHHS T o B [1] MeHee
TOYHBI, HO corJIacyrorcest ¢ o(de ) (cM. puc. 1). B cirydae Mroona
MarHUTHBIA MOMEHT a, NPEJICTaBJIIET HEKOTOPBI UHTEPEC
KaK WU30JMpOBaHHAsI KOHCTaHTAa. bojiee BaXXHBIM SIBJISIETCS,
MOXeT OBbITb, TO, YTO MPHU CyIIeCTBYrOIMX MeTomax KO/I-
pacueToB UMEIOT MECTO 3HAYUTEIIbHBIE KOPPEISIIH MEXIY
pacuetamu Ul d. W d,, OJHAKO HX TPYIHO BBIPA3UTD
KOJINYECTBEHHO.

OmnpenesieHre MOCTOSTHHON Punbepra ocHOBaHO Ha Tpe-
IIU3UOHHOM CHEKTPOCKONMU Boxoponaa u aeitepus. Ilpu ee
ompeAesieHn HEeOOXOIUMO H3MEpPUTh KaK MUHHMYM JIBa
nepexoaa JAJIsl pa3aesieHus BKIaga NocTosiHHoi Punbepra u
K3/I-Briraga (;13MO0BCKOTO cBUTA). YKE CaMO OIpeieie-
HUE 3HA4YeHUS R, SBJIsieTCS HekoTopoi mpoBepkoit KO,
IIOCKOJIbKY 4YHUCJIO TOYHO HM3MEPEHHBIX MEPEXOJ0B IPEBLI-
maeT MUHMMaJbHO HeoOxomumoe. Ilocie ompeneneHus
MOCTOSIHHON Pumbepra u J3MOOBCKOTO CIBHTa MOYXKHO
MpHUCTynaTh K OoJiee coaepxkarenbHoil mpoBepke KO/I:
MPOBEPKE TEOPUH JIDMOOBCKOTO CIIBUTA, SIBJISIFOLICHCS
OJHOU M3 HamboJiee BaXXHBIX MPOBEPOK KBAHTOBO-3JIEKTPO-
JUHAMUYECKHX METOJOB B TEOPHUH CBSI3AHHBIX COCTOSHHIA.
ITposepka HanboJIee YyBCTBUTEIbHA K 3 peKTaM, OTBEUArO-
UM 3JIEKTPOHY BO BHEIIHEM TMoJie (KYJIOHOBCKOM IIOJIe
OECKOHEUHO TSHKEJIOTO SIIpa).

CBepXTOHKOE paCIICIIJICHUE B MIOOHUH HEKOTOPOE BPEM s
CITYKUJIO J1JIsl OTIPEICIICHUS] TIOCTOSTHHON TOHKOM CTPYKTYPBHI.
ITpu coBpeMeHHOW TOYHOCTH OHO MPEJACTABJISET OOJIBIINN
MHTEPEC /Ul ONPENENICHUS. OTHOLUEHUH my/me U /1,
Teopusi CBEpXTOHKOTO DACHICIIJICHUs] KAYECTBEHHO OTJIH-
yaeTcss OT TEOPUH JIIMOOBCKOTO C/ABHra, IOCKOJBKY B

nepBoM ciydae 3(QQEeKTbl OTAAYd TOopa3lo  BakKHEe.
[TosToMy wuccienoBaHUs CBEPXTOHKOIO pPACIIEIUIEHUS] B
MIOOHMH — 3TO MpOBEpKa eile ogHoro cekropa KO mis

CBSI3AHHBIX COCTOSIHMW. B cirydae CBEpXTOHKOTO pacliern-
JIeHHs B BOOOPOoJe 3P(EeKThl KOHEUHBIX PA3MEPOB U CTPYK-
TYPBI pa OKA3bIBAIOTCS KpaifHe BEJIMKH IO CPABHEHUIO C
touHocThro KO I-pacueroB. [ToaToMy MrOOHUH, CBOOOAHBIN
oT 31ux 3(pQexkToB, KpailHe NMpuUBJIEKATEJIEH KaK MPOOHBIN
K3 I-aTom.

MarHuTHbIE MOMEHTHI CBSI3AHHBIX YACTHIL B IBYXYACTHY-
HBIX aTOMAaX OTJIMYAIOTCS OT CBOOOJIHBIX, OJHAKO UX CpPaB-
HUTEJILHO JIETKO U3MEPSITh, & TOMPaBKU Ha 3(D(HEeKThI CBSI3aH-
HOCTU CPABHHUTEJBHO JIETKO BBIMHUCISIIOTCS. M3mepeHus
IPOBOJAT, MOMeIIasi aTOMbl B OJHOPOAHOE MAarHHUTHOE
moje. McciaemoBaHusi MOAOOHOTO THUMNA HTPAOT BAXHYIO
POJIb TJ1s1 ONIpEeIeSICHHSI IIeJIOTO Psiia KOHCTAHT:
®  WCCJIE/IOBAHUS B MIOOHHUH MO3BOJISIIOT HAWTH [, / [1,;

e M3MEPEHUS B BOJOPOJIC U ICUTEPHH MPUBOAAT K HAKOO-
Jiee TOYHBIM PE3YJIbTaTaM JUISl [y / e T [/ e

® DOKCIEPUMEHT C BOJOPOJOMOJOOHBIMU YIJIEPOIOM H
KHCJIOPOAOM (CpaBHEHHE YACTOTHI MPETIECCUN CITUHA MOHA U
WOHHOW NUKJOTPOHHON YacTOTHI) MO3BOJIIET HamboJiee
TOYHO OHPENCIHTD M/ Ny,.

OXu[aeTcsi, YTO UCCIEIOBAHUS JIHMOOBCKOI'O CIBUTA B
MIOOHHOM BOJIOPOJIE TO3BOJISIT CYHIECTBEHHO YTOYHHUTH
3apsSAOBBIA paauyc MPOTOHA M TEM CaMbIM IOBBICHTH
TOYHOCTh M HAJIEKHOCTb TEOPETUUECKUX BBIYACICHWHA IS
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JIDMOOBCKOTO CIIBUTA B OOBIYHOM BOJIOPOJIE, YTO B CBOKO
ovepe/ib CKaXXETCs Ha OTIPeIeICHUH MOCTOsSIHHON Punbepra.

HepaBuuit mporpecc B Teopum U IKCIEPUMEHTE IO
TOHKOM CTPYKTYpe TejHs IO3BOJISIET HANESThCS, 4TO B
HelaJlekoM OymyIleM HWCCIIeIOBAHUS TeIusl TPHUBEAYT K
HOBOMY METO/IY ONPECIICHUS 0.

Mmeetcs elie HEKOTOPOE KOJMUECTBO BEJINUUH, IPEACTA-
BIISIFOIIMX MHTEPEC C TOYKM 3PEHUSI MPOBEPOK padoTocHo-
COOHOCTH COBpeMeHHBIX 1mox010B KDJI k mpobieme cBs-
3aHHBIX COCTOSTHUI, HO HE UMEIOIIIX MPUJIOKEeHUH K QyH/I1a-
MEHTAJIbHBIM KOHCTaHTaM: pa3JIMYHbIE YACTOTHI MEPEX0I0B
B CHEKTPE MO3UTPOHUS U €r0 aHHUTUJISIUOHHBIE IIIUPHUHBI,
CBEPXTOHKOE paCIICIICHUE BO30YKIEHHOTO 25-COCTOSIHUS B
BOJIOpO/E, IeiiTepun U noHe rejus-3 (mogpoOHee cM. B [19]) u
HEKOTOpbIE CHEKTPAIbHBIE XapAKTEPUCTHKH MHOTO03apsii-
HBIX HOHOB W MIOOHHBIX aTOMOB [37, 38].

4.2. Makpockonu4YecKue KBAHTOBBIE SIBJICHHSI

U €/IHHUIBI YJIEKTPHYECKNX BeJTHYHH

Kax oTmeuasioch BBIIIE, CUCTEMA 3JIEKTPOMATHUTHBIX M-
HUI[ UIMEET CBOIO crienupuky. Bo3aMOXHO HECKOJIBKO CIeHA-
pueB peanu3anyu Takoi cucteMbl. OCHOBHBIMU €AMHHUIIAMU
MOTYT CJIYXHUTb aMIiep, BOJbT M OM, HpUYEM EIUHHILY
CONIPOTHUBJICHUS] MOXHO B TIPUHIIUAIIC 3aMEHUTDH HA CIUHUILY
E€MKOCTH WJIA UHAYKTUBHOCTH. DTU TPU OCHOBHBIX €IUHUIIBI
MOryT ObITh "He3aBucuMbI". B 5TOM ciyuae, 11l TOro 4To0bI
onu coBnaga ¢ equaunaMu CU, Heo6X0IMMO BBIIIOIHEHHE
TpeX YCJIOBUIA:

to =4n x 1077 H, A%,
Br,.=A.B,,
B.=A.OmMm, .

Ecam enunune! "HezaBucuMebl", 3TO 03HAYAET, YTO U3MeE-
pEeHHS IPOBOMSITCS B YCIOBHBIX €IMHAIIAX, KOTOPHIE pealii-
3yroTcs He Ha ocHoBe CU, a ux coorBetrcTBUe cucteme CU
NpEICTaBIsACT COOOW OTHACIbHYIO 3adady, W OJHO WA
HECKOJIKO BBIIIMCAHHBIX BBIIIC YCJIOBHIA MOTYT Hapy-
maTtbes. Ecny ke equHMIBI ¢ caMOro Havalla Peasu3yroTcs
kak enunuiel CU, Bee Tpu yeiaoBus (19)—(21) BeITOTHSIOTCS
aBTOMAaTHIeCKU. UTOOBI OTIMYATh '"He3aBucHMbIE" YCIIOB-
Hble eIMHUNBI OT eauHuIl cucteMbl CH, MBI oTMeuaeM ux
3BE€3/104KOI1.

Heco6tonenue nociennero u3 yciaosuit (21) o3nauaer,
4TO CHCTEMAa JJIEKTPUIECKUX €AMHUI] HE CAMOCOTIACOBAHA U
B HeEil, HampuUMep, B HapyleHue 3akoHa OMa TMOSBIISETCS
JIOTIOJTHUTENIbHBIA Koapdunuent. CoOroneHne IBYX OC-
TanbHBIX ycnoBuit (19) u (20) He urpaet ocobol posm, Tak
KaK "ajekTpuyeckuid" BaTT MOXHO NpPEACTABUTH HECKOJIb-
KuMu crocodbamu: A, B,, Af OM, uim BfOM*’l. IMpu He-
cobmmonennu 3akoHa OMa 3T TPH €OUHUIBI MOIIHOCTH
OyayT pasHbIMU. AHAJOTHYHAS CATYalUs IMEET MECTO U C
WHTEpHpeTanuei nepporo pasencrsa (19).

Ecnu ycnoBue (21) cobnroiaercs, To, HAPOTHUB, BBITIOJI-
HeHue yciaoBus (20) CTAaHOBUTCS OCMBICJICHHBIM: OHO KOH-
TPOJMPYET COTJACOBAHHOCTH MEXaHUYECKHX U IJIEKTpHUYe-
CKUX eMHUI. Ecim 9TH eIMHUIBI COTIaCOBAHBI, TO HEOOXO-
JIUMO TIpoBepuTh yciioBue (19), mo3Bostoniee OTBETUTh HA
BOMPOC: UMEEM JIM MBI Jiejio ¢ ammepoM CU uim co ciierka
OTJIMYHBIM aMIiepoM. Tak, ecii onpee/IuM eIUHUILY 3apsiaa
B TepMHUHAX 3apsaa 3JIEKTPOHA M COOTBETCTBEHHO OCTaJIb-
HBIE AJIEKTPUUYECKKE BEJIMYUHBI, TO yciaoBus (20) u (21) OyayT
CcOOJIIOATBCS. U CHCTEMa JJICKTPUUYECKUX eIWHUIl OymeT
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CaMOCOTJIACOBAHA U COTJIACOBAHA C MEXAHUYCCKUMU €THHU-
1IaMH, OJTHAKO aMIIep, OIpeeSICHHbINA MOJ0OHBIM 00pa3oM,
OyJzieT oTimuaThes oT ammepa cucreMsl CU.

PasHble ClIEHAPUH peaM3aliK JIEKTPUIECKUX €IUHUIL
3aBUCAT OT TOTO, CKOJIbKO €IVHHI] PEAU3YIOTCS Kak
"nezaBucumble". IMEIOTCS YeThIpe MPUHLIUNAAILHBIX BO3-
MOXHOCTH.

1. MOHO BOCIIPOU3BOIUTH BCE AJIEKTPUUYECKUE € TUHUIIBI
CTPOro B cOOTBeTCTBHU C ompeneienusmu CU, u B aTOM
ciyvae "nezaBucuMbIx" equHuL He OYAET.

2. MOXHO peaju30BaTh CHUCTEMY C OIHOM "He3aBucH-
Moi" aJiekTpruUecKoi equnuIei, Hapyiias yciosue (19).

3. C mpakTUYECKO# TOYKH 3PEHUS HAUMEHbIIEE YUCIIO
"He3aBUCUMBIX" €IUHUIl — [BE. DTO IO3BOJSET PEATU30-
BATh CAMOCOTJIACOBAHHYIO CHCTEMY BBICOKOCTAGHIILHBIX
9TAJIOHOB €JIMHMI] BCEX DJIEKTPOTEXHUIECKUX BeuduH. [Ipu
3TOM Hapyatotcs yesosus (19) u (20), HO 3TO BaXXHO JIUIIb
JUTSL OTPAHMYEHHOT O KPYra M3MEPEHHUIA.

4. CucreMy, OCHOBAaHHYIO Ha IBYX 'He3aBHCHMBIX'
eIMHUNAX MOXHO C/IEJIATh HA OCHOBE KBAHTOBBIX MAKPO-
CKOTUYECKUX siBJIeHuit. [Ipu CpaBHEHUH YCIOBHBIX €MHUIL U
equarn CYl MOKHO HCIOJIB30BATH COOTBETCTBYIOLIME 3HA-
YeHusl (PYHAAMEHTAIBHBIX (PU3MYECKUX KOHCTAHT, OIHAKO
TOYHOCTH u3MepeHuil B enuHunax CU Oyaer Huxke, yem
TOYHOCTh M3MEPEHHI B YCIOBHBIX "He3aBUCUMBIX" €IUHU-
nax. OmHa w3 TpoGJieM, BO3HHUKAIOUMX [P 3TOM, —
AJIEKBATHOCTD HAIIUX MPEICTABJIEHUN O KBAHTOBBIX MAKPO-
ckonmueckux sBjieHusx. Cucrema 3TajgoHOB ¢ TpeMs "He3a-
BUCUMBIMH" €IMHUIAMA OTYACTH DELIMT 3Ty MPOOJIEMY.
Eciu Hamre NOHMMAaHHE KBAHTOBBIX MAKPOCKOIMYECKHX
SIBJIEHHI U CO3/IAHHBIX HA UX OCHOBE HTAJIOHOB MPABUIILHOE,
TO 3ak0oH Oma (ycnowue (21)) Oyzaet BommoHATbCs. Ecim ke
HUMEIOTCS HEYYTEHHBIE TEOPETUYECKHE TIOTPEIIIHOCTH B OIIH-
CaHUM MaKpPOCKOIMYECKUX KBAHTOBBLIX SIBJIEHMA MJIM CHUCTE-
MAaTHYECKUE OIIMOKH B peaM3aliy 3TAJIOHOB, TO 3aK0H OMa
HAPYIIAETCS.

B Hacrosiiiee BpeMsi IMEET MECTO CHCTEMa 3TAJIOHOB,
OCHOBaHHAsi Ha "He3aBHCHMBIX' ITAJOHAX OMa W BOJIbTA,
OJIHAKO BEJYTCS WCCIAEHOBAHUS MO CO3JaHUIO "HE3aBUCH-
Moro" sTajioHa amiepa.

[pHUBIEKATEILHOCTh MAaKPOCKOTIUYECKHX KBAHTOBBIX
SIBIEHMIA B METDPOJIOTHH CBSI3aHA C PEIKUM COYETAHUEM
"kBanroBoctu" u "Mmakpockommunoctu". Tak, OOJBILIUH-
CTBO KBAHTOBBIX SIBJIEHUI MPOSBJISETCS HA ATOMHOM MAacCIII-
Tabe (uyu Ha 00Jiee KOPOTKUX PACCTOSIHUSX SIIEPHON (PU3UKU
U QU3MKU IJIEMEHTAPHBIX YACTHI), U XaPAKTEPUCTUKH ITUX
SIBJICHUI TPYIHO CPABHUBATH C MAKPOCKOTIMUECKUMH OOBEK-
TaMi. MeX/y TeM 3TaJOHbI €JUHUI] JOJDKHBI OBITH MaKpO-
CKOMMYECKUMHE IPUGOpaMu. MaKkpOCKOITMIECKHE KBAHTOBbIE
SBJIEHUSL TIO3BOJIIFOT CPABHHUTENILHO JIEFKO TOCTPOHUTD
MaKpOCKOIMYECKHE TIPHUOOPHI, YACTUYHO UMEFOIIUE KBAHTO-
BbIE XAPAKTEPUCTUKH, KOTOPBIE B CHJIy CBOEH IPUPOJIBI
CBOJISITCS K €CTECTBEHHBIM KOHCTAHTAM.

Nmerorcst Tpu 3 herTa, Ype3BbIYANHO IPUBJIEKATEIBHBIE
C TOYKHM 3PEHUS CO3JAHUS ITAJOHOB EIUHHI[ OCHOBHBIX
SJIEKTPUIECKUX BEJIMIUH:

e sddekt Ixo3edcona, mpu KOTOPOM Pa3HOCTD MOTEHIIUA-
08 UM mosxer MPUHAMATH TOJILKO CIieNUAIbHbIE (PUKCH-
pOBaHHbBIE 3HAUCHUS;
e KBAHTOBBINA 3¢ dekT XoiIa, MPH KOTOPOM CONIPOTHUBIIE-
HUE R,SQHE) nproOpeTaeT KBAHTOBAHHbIE 3HAYECHUS;
e OJIHO3JICKTPOHHOE TYHHEJIMPOBAHHUE, IPH KOTOPOM KBaH-
tyercs Tok [ SED),

COOTBETCTBYIOIINE YPABHEHUST UMEIOT BT

poe " ”
n Kj ’ ( )
RQME) — Ry (23)
150 = Qv (24)
rae
2e
Ky =— 25
J h ) ( )
h
RK = 6’7 ) (26)
QC =e I (27)
n — HEKOTOpOe MeJIoe YUCI0, Vv — H3MepsieMasl 4acToTa.

O6o3HaueHne Q. He SIBISCTCS OOIICHPHUHATHIM U YaCTO B
ypaBHeHue (24) cpa3y BKIIOUYAIOT e. MBI 3TOr0 He /IeJIaeM I10
MPUYNHE, U3JI0KEHHOU HUXKE.

Ecnm Teopust Tpex YMOMSHYTBIX MAaKpPOCKOIMHYECKUX
KBaHTOBBIX 3()(})EeKTOB M peanm3anusi 3TAJIOHOB OTBEYAIOT
MPUBEJICHHBIM BBIIIIE PABEHCTBAM, TO

KiRg Qe =2 . (28)

Ecnu xe MMerTcs MOTPelIHOCTH, TO paBeHCTBO (28) He
cobro1aeTcs, ¥ TOrAa €IUHUIbI, OCHOBAaHHBIE HA COOTHO-
meHusix (22)—(27), napymarot 3akoH Oma. IlosTomy npu
npoBepke ycsioBus (28) BaxHO pa3ianyath Q. U e.

B nacrosee Bpems s dextst xxo3edcoHa 1 KBAHTOBBII
3¢ ¢dext XoUta yCrnenHo NpuMEHSIFOTCS B 3TajOHaX, TOrAa
KaK OJHO3JICKTPOHHOE TYHHEJIMPOBAHUE SIBJISETCS MEPCIEK-
THBHBIM HAIPABJICHAEM HAYYHBIX HCCIIEIOBAHUN U HE TOCTH-
raeT mokxa 3TaJOHHBIX ToyHOCcTed. B 1988 r. Mexmynapom-
HbIM KomHuTeTOM Mep U BecoB CIPM ObumM TpUHSTHI
IpaKkTUYECKUe PEKOMEHIALNH 10 BOCHPOU3BEICHUIO U MO~
JIep)KAHUIO ITAJIOHOB OMa | BOJIbTa [5—7]. Pexomenmanum
BeTynmid B cuity ¢ 1 ssHBapst 1990 r., u cooTBeTCTBYIOIIME
eIUHUIBI HOCAT Ha3zBaHme OM-1990 (Omgy) u BoabT-1990
(Bgp). DTH eAMHUIIBI ONIpE/IeSICHB HA OCHOBAHUY YpPaBHCHUHN
(23) u (22) n puKCUPOBAHHBIX 3HAUYCHUH (PYHAAMEHTATIBLHBIX
KOHCTAHT, BXOJSIIUX B 9TH yPAaBHEHHUSI, U UX IOTPEIITHOCTEM.
CoOTBeTCTBYIONIME 3HAUEHHSI TPEACTABIICHBI B Ta0M. 11.

Pexomenganmu CIRM M0%HO YUTATh TBOSIKO:

e WCITOJIb3Ys 3HAYCHUSI KOHCTAHT 0€3 MOTPEIIHOCTeH [5, 6],
MOXHO paboTaTh ¢ ycinoBHbIMH enuHUIaMu (OMgy 1 Byy),
KOTOpPBIE YHMBEPCAJBHO ONPEIEIeHbl BO BCEM MHPE, HO
HapyiaroT cootHomenus (19) u (20);

e IpPUHMMAS 3HAYCHHS C MOTPEIIHOCTSIMU [5, 7], MOXHO
nmpoBoauTh U3Mepenus B equaunax CU, HO ¢ moTepeit
TOYHOCTH.

Ta6/mua 11. PexomennoBanusie CIPM 3nauenus nocrosiHubix Jxo3edceona [5] u pon Knuruunra [6, 7]

Koncranra O603HaueHue YucseHHOe 3HAYCHUE YucieHHOE 3HAYCHUE OtHocuTeNnbHAS
B YCJIOBHBIX €MHUIAX B equnuiax C1U norperHocTh (B eaununax CH)
Mocrosunas Jxo3epcona K 483597,9 I'Ty By 483597,9(2) TTu B! 4% 1077
IMocrosinnas ¢pon Knurnunra Rg 25812,807 Omgg 25812,8070(25) Om 1 x1077
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KoMMeHTUpYS HpakTUYeCKHe peKomeHOayuu no 60c-
npoussedernuro eounuy (cM., Hapumep, [4—8]), Heo6XoUMO
TMIOMHHUTB O crieruduke MetTposioruu (eM. paszzaen 1). [Toaxon
K OIIEHKE TOYHOCTH B O(HIUAILHBIX METPOJIOTHYECKUX
JIOKYyMEHTAaxX CYIIECTBEHHO OTJUYAETCS OT YHCTO HAYYHOTO
MOAXOJA B MOJIb3Y OOJIbIIIEH HAJIEKHOCTU (BBUY BO3MOXK-
HBIX FOPUAMYECKUX TocsieAcTBUl). PaboTsl [4—8] u apyrue
MyOJMKAIMK, TPEeACTABIISIONINEe PEeKOMEHAAINN, KaK Ipa-
BUJIO, SIBJISFOTCSl TEPENEYATKON WM W3JIOXEHHeM oQu-
UATBHBIX JIOKYMEHTOB, MOJTOTOBJICHHBIX COOTBETCTBYIO-
IIUMH KOHCYJIbTATUBHBIMUA KOMHUTETAMH M yTBEPKICHHBIX
MexayHapoaHbIM KOMHUTETOM Mep U BecoB. [lorperinoctu,
WCMOJB30BAHHBIE B 3TUX PEKOMEHOAIMSIX, OTJIMYAIOTCS OT
TOTPEIIHOCTEH TeX K€ BEJMYMH, NMPUBEICHHBIX B HAYYHBIX
KOMIIIANUSX, TakuxX kak MaTepuaisl CODATA [1].

PexomennoBannbie 3HaueHuss CODATA [1] sBistoTcs
pe3yJibTaToM paboueii rpynmnsl Mo GyHIaMEHTAJIbHBIM KOH-
CTAHTaM U He codepocam PEKOMEHIANMI IO BOCIPOU3BEIe-
HUIO €MHUII, YTO TO3BOJISIET peliaTh 3a1ady o Hamboee
TOYHBIX COTJIACOBAHHBIX 3HAYECHHSIX (DyHIAMEHTAIbHBIX KOH-
cranT. [Iporpecc B 00JIACTH 3JIEKTPUYECKUX CTAHIAPTOB
NPOWJUIFOCTPUPOBAH B Tabi. 12 m 13, rxe mnpuBeacHbI
HEKOTOPBIE PE3YJIbTATHI NPAMbIX U3MEPEHHI KOHCTAHT Kj U
Rx.

Ta6mmua 12. Pe3ynbTaThl NpsSIMBIX H3MepeHuit mocTostHHON [Ixo03edcona
Kj, Bomeaime B CoryacoBanue [1]

ITocrostanast OtHOCHTENbHAS Jlutepatypa
Ixo3edpcona Kj MOTPEIIHOCTh
483597,91(13) I'T B! 2,7 % 1077 [39]
483597,96(15) T'Tu B! 3,1 x 1077 [40]

Ta6anua 13. Pe3ynbTaTsl NpsIMbIX U3MEpeHHN TOCTOsIHHON (o Kimt-
nuHra Ry, Bomeamme B CoryacoBanue [1]

ITocTosnas OTHOCUTEeIbHAS JIutepatypa
¢oun Kimrnunra Rg TIOTIPEIIHOCTh
25812,80331(62) Om 2,4 %1078 [41]
25812,8071(11) Om 44 %1078 [42]
25812,8092(14) Om 54 x 1078 [43]
25812,808 4(34) Om 1,3x 1077 [44]
25812,808 1(14) Om 53 %1078 [45]

IMomuepkuem, uto B pesynabratax CorjacoBaHus I0-
MUHHUDYIOT HenpAmble ONpeaesieHus] KOHCTaHT Ky u Rk, uTO
OTBEYAET COBPEMEHHOH CTPATErMM BOCIPOU3BEICHUS €IU-
Hull. IIpamvie u3mepeHust OJIM3KU K TPAJUIMOHHOMY CIIO-
o0y BOCIIPOU3BEACHHUS: KOHCTAHTBI Ky U RK ONpeesIstoTCs
MyTEeM CPaBHEHHS! KBAHTOBBLIX CTAHIAPTOB (MOJACPKUBAIO-
IIUX YCIIOBHBIE €IUHMIBI) M KIACCHYECKHX CTAaHIAPTOB
(BocpomsBosiux equHUIBI CU) 1 B 3HAYMTENLHOH CTe-
NIEHU CTAJIKUBAIOTCS C TEMU XKe poOJieMaMu. AHAJIOTUYHYIO
pOJIb UI'PAIOT U MPSIMblE U3MEPEHHU S BEJIUYUHEI [46, 47]

| &

K} Ry = (29)

h )
peammsyromei "ayekTpuueckoe” onpeneseHue IOCTOSHHON
Inanxa.

®opMallbHBII CTaTyC OoMa M BOJIbTA B COBPEMEHHOU
cucTemMe eauHuI] (P OTCYTCTBHU MOAXOASIIETO TEPMMHA)
MBI OXapaKTEpPU30BaJIM Obl KaK co2dcyemvle eOUHUYbL.
OTMeTHM BaxxHOE OOCTOSITEILCTBO: BBIPAOOTKA IOpUIMYE-

5*

CKOT'0 JIOKYMEHTa (PEKOMEHIalluii) — ropas3/io 6oJiee CI0XK-
Hasl ¥ TPyJOeMKas MPoIeaypa, B pe3yjabTare opunuaibHbIe
peKOMEHanuN MYyOJMKYIOTCS CPaBHUTEIBHO PEIKO M C
HeKoTOopoH 3amepxkoid. Tak, mocie 1988 r. HOBbIe peKOMeH-
nammun CIPM 1o mnpakTuyeckod peajn3anud pa3MepoB
BOJIbTA U, CJIEAOBATENBHO, IO 3HAUYCHUIO TIOCTOSIHHOU JIX0-
3edcona He myOsmKoBasMch. B myOnumkanuu [7] TOYHOCTH
ompeneieHuss mnoctosHHod (¢on KiuTnuera ynBoesa,
OAHAKO W TO ceil OeHb 00e KOHCTAHTBI CYIIECTBEHHO
YCTYMAIOT MO TOYHOCTH PEKOMEHIOBAHHBIM 3HAUYCHUSIM
CODATA (puc. 6 u 7). B cuiny 3TOro Mbl peKOMeHIyeM
nudepeHIMPOBAHHBIA TTOIX0J K HCIOJIB30BAHUIO OQH-
IUaJbHBIX pekoMeHpammid. [Ipu mnpoBeneHMHM Hay4YHBIX
HCCIIeIOBAHUH Pa3yMHO BOCIOJIb30BATHCS ISl TIOCTOSTHHBIX
¢on Kimmrnuara n [Ixo3edcona pekoMeHI0BAHHBIMY 3HaYe-
musimu CODATA [1] wim naxe OpUrdHAIBHBIMA Pe3yJIbTa-

® CODATA-98
——e—1 Ry (LCIE-01)
i Rg (NIM-95)
——e—— Rg (NPL-88)
——e—— Ry (NML-97)
—e— Ry (NIST-97)
———e——i 7/ (KRISS/VNIIM-98)
' . 1 75 (NIST-95)
—e—i yé (NIST-89)
————&———i/m(n)
181 /1/m (Cs)
——=8———1 Mu hfs

® a.
| | |

25812,805 25812,810 25812,815

K>

Puc. 6. Onpenenenne nocrosiHHoit (on Kummtmmara Ry. WHOekcw!
OTBEYAIOT HEMOCPEICTBEHHO m3Mepsiemoil Benmuune. [lupoxas mosioca
oTBeYaeT pekoMeHgoBaHHOMY 3HaueHnro CIPM [7], y3kas mojoca —
pekomenioBaHHOMY 3Ha4YeHUI0 CODATA [1]. Pa3bsiCHEHHUS U CCBUIKM Ha
9KCMEePUMEHTAJIbHBIE PA0OTHI MOXKHO HaiiTH B [1].

181 CODATA-98

IF (NIST-80)

172 (NPL-79)

' . t p, (NIM-95)
t®1 K7 Rg (NIST-98)
—e— K7Ryx (NPL-90)
————e—— K; (PTB-91)

——=e— K; (NML-89)

| | |
483597,5 4835980 483598,5

Ky, [T B!

Puc. 7. Onpenenenue noctosiHaoit xo3edcona Ky. IHIEKCh OTBEYAOT
HETIOCPEeICTBEHHO m3MepsieMoil BenmunHe. Illmpokast mojoca oTBevaer
pexomengoBanHOMY 3HaueHno CIPM [5], y3kast moyioca — pekoMeH10-
BanHoMY 3HaueHHt0o CODATA [1]. Pa3bsicHEHHsI ¥ CCBLIKU Ha 9KCIIEPH-
MeHTaJIbHbIe pa0OTHI MOXHO HaiTH B [1].
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TaMy, TOTJa KaK IPHU CO3JAHUM 3TAJOHOB MJIM KOMMeEpYe-
CKHX TPHOOPOB HEOOXOAUMO CTPOTO CJIEIOBATH PEKOMEH 1a-
musMm CIPM.

5. 3akarouenue

dynraMeHTadbHbIe (DU3MYCCKUE KOHCTAHTBI UTPAIOT BCE
GOJIBIIYIO POJIb B COBPEMEHHBIX 3TajoHaX. OHU MO3BOJISIFOT
cAenaTh HAIIM €IUHHILI 0OJiee eCTECTBEHHBIMU U YHUBED-
CAJIbHBIMK. DTO JEJIaeT CUCTEMY JTAJIOHOB "meMoOKpaTHy-
noi". CpaBHHUTEILHO NIMPOKUH KPYr MOJIL30BATENEN TOI-
JIEP)KUBACT Pa3MepPbI ¢IUHUI] HA OCHOBE KBAHTOBBIX SIBJICHHI
U HCIOJB3YeT UX B PA3JIMYHBIX U3MEPEHHSXK. Y3KHU Kpyr
CHENUAIMCTOB ONpe/eisieT 3HAUeHNsI TPUPOIHBIX MapaMeT-
pPOB, HEOOXOTUMBIX JJIsl TOTO, YTOOBI TMOJIEPKUBAEMbIE
eIMHUIBI coBnamain ¢ equaunamu cuctemsl CU. Eciu
HNPEHU3NOHHBIE W3MEPEHHsI 3HAYCHUI KOHCTAaHT TPeOyroT
OYCHBb CIJIOKHBIX IKCIEPUMEHTOB, CPABHUMBIX C KJIaCCHYe-
CKHMH CTaHAAPTAMHU, TO PEATU3ALHsI TATIOHOB, [OIICPKHU-
BAIONINX E€CTECTBEHHBbIC €IMHUIIBI, MOXET OBITh JTOCTYIHA
MOYTH YTO PSTOBOMY HOTPEOUTEITIO.

BaxHo ormeruTh, uTOo mpsiMas anmapatHast" CBSI3b
MEXIY JABYMs TPYIIIaMH UCCIeAOBaTeseH (MCHOJIB3YIOIINX
STAJIOHBl M OTPE/ICIISIONINX HCTUHHBIE Pa3Mephbl €IUHHUII)
CBEJICHA K MHUHHMyMY (KOHTDOJIbHASI IPOBEPKA, aTTecTa-
[Usl) WM BOBCE OTCYTCTBYeT. [[OCTaTOYHO BCHOMHHTH
CHUTYAaIlMIO C 3TAJIOHOM CEKyHIbl. B kjaccmueckoil cxeme
BpeMsi ONPEJCIIIOCh aCTPOHOMHUYECKH, 3aTEM B HECKOJIBKO
9TAIOB YacChl PSAOBOTO IMOTPEOUTENSI CPABHUBAJIUCH C IJ1aB-
HBIMH YaCAMH, KAJHMOPOBAHHBIMU MO [BHKCHHIO 3EMIIH.
Teneps me3ueBbIe YaChl MOKHO MPOCTO KYNHUTh. B oTimume
OT JIPYIUX KBAHTOBBIX CTAHJIAPTOB HUKAKYIO KOHCTAaHTY B
9TOM CJIyuae U3MEPSTh HE HY)XHO: OHA BCTPOCHA B CUCTEMY
CU o onpenenenuto. OaHa u3 Hanbosiee GyHIaMEHTATbHBIX
KOHCTaHT — CKOPOCTB CBETA ¢ HAMPSIMYIO BXOAUT B OIpe/ie-
snerne cuctembl CU. PekoMeHTanmu mo BOCIPOU3BEICHUIO
oMa u BoibTa CU Taxxe cBsizaHbl ¢ pyHIAMEHTAIbHBIMHA
KOHCTaHTaMM, HO UX 3HAYCHUS MOJTYYCHBI Iy TEM U3MEPEHHUIA.

B T0 e BpeMs IpaBUIIbHOE TIOHUMAaHHUE MCCIICIOBAHUN B
obnactu (yHIAMEHTAIBHBIX KOHCTAHT M €CTECTBEHHBIX
eIMHMUI] TIO3BOJISCT JIyHUIlle MOHSITh pupoay. OnHO u3 mepe-
CCUECHMII COBPEMEHHBIX OJTAJIOHOB MW (PYyHIaMEHTAIbHON
(pM3MKM — TOUCKW BO3MOXHBIX U3MEHEHUH 3HaUeHUH PyH-
JAMEHTAJIbHBIX (PM3MIECKAX KOHCTAHT CO BPEMCHEM.

HeoOxomumo GoJiblliee moHUMaHUE (DU3MKU HA MaJIbIX
PACCTOSIHUSX, KOTOPOE MOXKET CYIIIECTBEHHO M3MCHUTH HAII
moaxo K hyHIaMeHTaIbHBIM KOHCTaAHTaM. BaxkHO caenath
mar ot 3(Q(EeKTUBHBIX HAOIIOAEMBIX MApaMeTpoB (3apsiT
9JIEKTPOHA, MACCHI JIEKTPOHA ¥ MMPOTOHA), C KOTOPBIMHU MBI
HMEeM JIeJI0 Ha TMpakTuke, Kk OoJiee (PyHAAMEHTaTbHBIM
BeanmynHaM. OJHAKO Halle MOHMMaHue (Ha KOJMYECTBEH-
HOM YPOBHE) OTHOCHTCSI CKOpee K OTPHUIAHHUIO psija Hepa-
3YMHBIX MPEINOJIOKEHNH (TAaKUX, KaK JUPAKOBCKas TUIO-
Te3a OOJIBIIINX YHCesI, TPEIOoJIararolas JMHEHHOe N3MEHe-
HUE HEKOTOPBIX KOHCTAHT CO BPEMEHEM), HEXEIH K
KOHCTPYKTHUBHBIM TEOPHSM C IMPOBEPSIEMBIMH IpECKa3a-
HussMu. O4YeHb BEPOSTHO, YTO IIAT K TMOHUMAHUIO (DU3UKU
Ha MAaJIbIX PACCTOSHHSX W JEWCTBUTENBHO (DyHIAMEHTAJb-
HBIX KOHCTAHT OyJIeT CAeJIaH He CIIUIITKOM CKOPO.

Tem He Menee " pekTuBHBIE" KOHCTAHTBI, ¢ KOTOPHIMU
MBI IIOCTOSIHHO BCTPEYAEMCsl B JKCIICPUMEHTE M 3HAYCHHUS
KOTOPBIX MPUBEICHBI B JaHHOM 0030pe, Oyay4u HEe BIOJIHE
(hyHIaMeHTaTbHBIMU KOHCTAHTAMHE C TOYKH 3PCHUSI COBpE-
MEHHOW TEOPHH, UTPAIOT PYHIAMEHTAIBHYIO POJIb B COBPE-

MEHHOM (pU3MKe, ONMpenesisisi Hally CIOCOOHOCTh K MpEIu-
3MOHHBIM H3MEPCHHUSIM U PEalu3aliil CHUCTEMbl CIMHHUIL,
HanOoJiee MOJTHO OTBEYAOIICH COBPEMEHHBIM TPEOOBAHUSIM
Kak pyHIaMEHTAITbHON (PU3UKH, TAK 1 MHOTFIX IIPAKTHYECKUX
npmioxeHnid. {7 HayKW, OCHOBAHHOW HAa OJKCIIEPUMEHTE,
9TO HE TaK MaJIo.

BuaaromxapHocTi. ABTOp HACTOSILETO 0030pa SIBJISETCS UJie-
HOM MexayHapoHoi paboueii rpynmnsl CODATA no ¢ys-
JAMEHTAJIbHBIM (PU3UYECKAM KOHCTAHTAM U YWIEHOM KOMHUC-
cut SUNAMCO (Symbols, Units, Nomenclature, Atomic
Mass and Fundamental constants) MexayHapoIHOTO COr03a
yuctod u npukiiagnoi ¢usuku TUPAP. Onnaxo, 3a uckito-
YeHIEeM JAHHBIX IO PEKOMEHIOBAHHBIM 3HAUeHUSIM (QyHIa-
MEHTAJIbHBIX KOHCTAHT, IPEICTABJICHHbIX B Ta0. 1, 2,4, 6—
8, maHHBIA 0030p BBIpaXKaeT JIMIIbL MHEHWE aBTOpa. Peko-
MEH/IOBaHHbIC 3HAYCHUS MPEJICTABIISIFOT COOOM Pe3yIbTaThI
paboueii rpynnsl CODATA, u aBTop 6saronapen I1. Mopy
(P. Mohr) u B. Taitnopy (B. Taylor) 3a nmpenocrasieHue
pesynbpTatoB CoriacoBaHusi qo ux myOaumkanuu [1] u 3a
CBSI3aHHBIE C HIMH OOCYXICHUSI.

ABTop T1iyboko mpmiHatereH H.J[. BuureBambme,
3.0. T'o6emo (E.O. Gobel), JI.b. Okynro, C.U. Ditneinnb-
many u B.A. llentoro 3a mose3nblie o0cyxaeHus. Pabora
BBINIOJIHEHA TIpU nojaepxke POOU (rpanter 02-02-07027,
03-02-16843).

6. /lonosiHenue.
O Mexaynapoanoii cucteme eaunny CU

6.1. OcHoBHble eunnnbl  cuctemsl CU

Mexaynapoanast cuctema enuaun CU mpenmnosiaraet ceMb
OCHOBHBIX enuHUIl (Tabia. 14). DTu equHUIBI ONpEIEICHbI
CYLIECTBEHHO DPAa3HBIMU CIMOCOOAMHU B IEIAX CO3JaHUS
HanboJiee TOYHBIX W CTAOMIIbHBIX 3TAJIOHOB U OOeCIIeUeHUsI
BO3MOXHOCTH HamboJiee TOYHBIX U3MEpPEHHd B TEPMHHAX
9TUX emuHMI. Tak, CeKyHJa ompenesieHa ¢ MOMOIIBIO ecTe-
CTBCHHOW €IMHMIBI BPEMEHH (YaCTOThI) — CBEPXTOHKOTO
pacIIeIUIeHHs] B [Ee3UH, TOrAa KaK KHJIOTPaMM SIBJISICTCS
MOCICHAM TPEACTABUTEIIEM COMHHUI, OIPEICICHHbIX Ha
OCHOBE apTedakTa.

DaKTHIECKH TOJIHKO TPH SIUHUIIBI SIBJISIOTCS OECCIIOPHO
HE3aBHCHUMBIMH: €IMHHIBI MAacChl, BPEMEHH ¥ JUIMHBL. B
nocieaHert Bepcun cuctembl CU [2] equHuna qiiuHbl (MeTp)
OIpe/IeicHa KaK PACCTOSIHHE, MPOXOAMMOE CBETOM 3a OIIpe-
nmeneHHoe Bpems. KOHEYHO, Takoe OmpeJesicHHe KpaiiHe
HEeMpaKTHUYHO, W B PEAJbHOCTH BOCIPOWM3BEIECHHE MeTpa
CBSI3aHO C JJIMHOW BOJIHBI 9JIEKTPOMATHUTHOTO U3JIYUCHHUS C
u3BecTHOM yactotoi. C PU3MUECKON TOUKU 3PEHUS 3THU JIBA
MOJX0/a JKBUBAJCHTHBI, OJHAKO MPUHSITOE OIPEIC/ICHUEC
JIOCTYIHO [JIsi 00Jiee MIMPOKOW ayIUTOPUM, YTO HPUHIIU-
MHAJILHO BAXHO.

Ta6mua 14. OcHoBHbIe eAMHUIBI Mex1yHapoHoi cuctembl CU

®duznueckast BeJIMIHHA Emuanna CU | O6o3HaueHue

Jna METp M
Macca KHJIOTPAMM KT
Bpemst CeKyHIa c
DJIEKTPUYECKUI TOK amrep A
TepMoauHAMIYECKAS TEMIIEPATYPA KEJIbBUH K
KousmuecTBo BemecTsa MOJIb MOJIb
Cnuta ceta KaHzea K1
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MoxeT BO3HUKHYTb IOJO3PEHUE, YTO C MPUHSATUEM
TaKOTO ONpeAeJIeHUs eIWHWUIA [JINHBl CTAHOBHUTCS IPO-
W3BOJHON OT €IWHHIBI BPEMEHHU, HO 3TO He Tak. Enunanna
JUTHHBI SIBJISIETCSI IPOU3BOJHON €IMHUIIBI BPEMEHH U €CTECT-
BEHHOW €IWHUIBI CKOPOCTH (KAKOBOW SIBJISIETCS CKOPOCTH
cBeTa B Bakyyme). TakuM o0Opa3zoMm, YHCIIO HE3aBUCHMBIX
eIMHUI] OCTaeTcs Heu3MeHHbIM. Ilo psimy mpuuuH yaoOHO
COXPAHHTH 32 METPOM €r0 CTATYC KaK OCHOBHOH €IMHUIIBI.

EnuHANBl TEpMOAMHAMIYECKON TeMIepaTypbl H KOJIH-
YecTBA BEINECTBA HE SIBJISIOTCSl BIOJIHE HE3aBHCHUMBIMH,
OJIHAKO OHU HE MOTYT paccMaTpHUBATbCA U KaK MPOU3BOJI-
HBIE eIMHUIIBI, TOCKOJIbKY MEPEBOIHBIE MHOXXUTEH, BOOOILIE
TOBOPsI, HEM3BECTHBI U SIBIISIIOTCS MIPEAMETOM H3MEpPEHHI.
Omnpe/esieHre eMHUIIBI CIUTBI TOKA (amIepa) BBITJISIIUT Kak
ompefiesieHre mpou3BoaHoM enuantbl, u B cucteme CI'C ata
eMHHLIA ¥ ObLIa MPOU3BOAHOU. Bompoc o crartyce ammepa
He SBJISIETCS OCCCIOPHBIM M CYLIECTBYIOT PA3HbIE TOYKHU
3peHHsl 1Mo 3ToMy Bompocy. Hama mo3ummst u3ioxkeHa B
pazaene 6.2. 1o mamemy mueHuto, cucrema eauaun CU ue
Oe3ynmpeyHa W aMmIep — 3TO HE eAWHCTBEHHAs €IMHUIIA,
KoTOopasi TpeOyeT KOMMEHTAPUEB.

Kpome mnepednciieHHbIX OCHOBHBIX €IMHMIl, MMEIOTCS
"reoMerpuieckue" enuHUIBI (paguaH, cTepaadaH), UMEIo-
IIUE CTATYC JonoHumeavtsvix edunuy . [TpoOiiema eauHUIL
TECHO CBsI3aHA ¢ MpobieMoi pasmepHocTH. be3pazmepHbie
BEJIMYMHBI HE HYXIAIOTCS B CIWHHUIAX, OJHAKO YacTO
MPUXOJIUTCSI IMETh JIEJIO C YACTbHBIMU BEJTMYMHAME, COOT-
HECEHHbIMU C OJIHUM aTOMOM (OJIHOH MOJIEKYJIOW) WJIU
HEKOTOPBIM YHCIIOM aTOMOB (MoJIeKyJ1). POpMaIbHO YUCIIO
aTOMOB — BeJIMYMHA Oe3pa3MepHasi, a Macca, OTHECEHHAS K
OJHOMY aTOMy, UMeEET TaKylo JXe pa3MepHOCTh, KaK W
"mpocro" macca. Ha mpakTuke sTa BeinuuHa (4UCIO aTo-
MOB) MHOTIa pacCCMaTpPHUBAETCS KaK pa3MepHasl.

He BaaBasich B meranu cucteMbl CU, oTMeTHM, TEM He
MeHee, crnenuuyeckuil CTaTyc eOUHUIBI CUJIBI CBETa —
kandeavl. Kaumena ompesesneHa kak "CBETOBOW MOTOK B
3aJJaHHOM HAIpPaBJICHUN OT UCTOYHHKA, KOTOPBIA M3JIy4aeT
Ha yactoTe 540 x 10'2 Tl 1 KOTOPBI UMEET YIIOBOH MOTOK
B 9TOM HallpaBJICHHH, paBHbIA 1/683 BaTT Ha crepamuan".
DTO onpezesieHre BBITJISIAUT BIOJHE CTPOro. B To ke BpeMst
B npujioxeHuu 2 opunuanbroro onucanus cucreMbl CU [2]
ckazano®: "Omnpesesenue kauaesbl JaHO Ha cTpaHuie 98
(paboter [2]) B crporo ¢usmueckux TepmuHax. OmgHAKO
Heabto  (GOTOMETPUU  SIBJSETCSI M3MEPEHHE CBETOBOIO
[OTOKa TakuM oOpa3oMm, 4YTOOLI pe3yJbTaT H3MEPEHHS
HanboJee OIM3KO KOPPETUPOBAIL C OWYUjeHUAMU Yeaogeue-
K020 24a3a". DTa eUHUIA TPUHIUITHATILHO OTJINYAETCS OT
BT cp 2, a COOTBETCTBYIOIAs BeJIMUMHA (CBETOBO IIOTOK)
OTBeYaeT He (PU3MIeCcKoil BeIMIMHE, a BO3JCUCTBUIO HEKOTO-
poro ¢usuveckoro ¢akropa (MOTOKA CBETA) HA IJIa3 4eso-
BeKa.

Ha mamr B3ruisim, Takasi eIMHUNA SBISICTCS M3JIMIITHEH B
cucreMe GU3NUECKUX eAWHUI. MBI 3HAeM, 4TO €CTh PSJl
(usmveckux sBJICHUH (CBET, 3BYK, pauanus U T.I.), KOTO-
pble BechbMa cHeMU(pHUYSCKH BIMSIIOT HA 4YeJOBEKA WU
CyOBEKTHUBHO JIETEKTUPYIOTCS YeJIOBEKOM. D ekt BausHus
WJIM IETEKTUPOBAHMSI 3aBUCUT KaK OT IIOTJIOLICHHOM SHEPI U

8 VuuTbiBas XapakTep 0OCYXKISHHS, Mbl IPUBOAUM AHIJIMICKAN TEKCT
matatbl: "The definition of the candela given in page 98 is expressed in
strictly physical terms. The objective of photometry, however, is to
measure light in such a way that the result of the measurement correlates
closely with the visual sensation experienced by a human observer of the
same radiation".

(M1 MOILIHOCTH), IPONOPLUUOHATIBHON TIOTOKY S9HEPIUH, TAK
U OT YYBCTBHUTEJHHOCTH, 3aBUCSILIEH OT 4acTOTHI U, BO3-
MOXHO, APYTrUX OOCTOSTENbCTB. IlOTOKM, TO3BI U T...
MOTYT HU3MEPSITHCS (PU3MYECKUMHU TPUOOPAMHU B OOBIMHBIX
eqMHMIAX (B YACTHOCTH, B BT cp 2 BMecTo KaHIENbI), a
qyBCTBUTEJIBHOCTh 4YEJIOBEKA MOXET M JOJDKHA YYHTHI-
BaThCSI METOAMKAMU, IPUHATHIMU COOTBETCTBYIOLIMMH MET-
POJIOTHYECKUMH OPTAaHU3AIMSIME, BEIAIOIIMME KaK BOIPO-
caMu (U3WKH, TaK U BOIPOCAMHU OWOJOTUM U MEIWIUHBL.
[1pu 3TOM eIMHUIIBI MOTYT UMETh CIeNHaIbHble HA3BAHMUS,
AHAJIOTMYHBIE "OHOJIOTMYECKOMY OKBHBAJIEHTY peHTreHa',
4TO JaeT sIBHOE yKa3zaHue Ha (GU3NYECKYIO eIMHUIY, TPHUHS-
TYIO 32 OCHOBY, Y YYUTBLIBACT JOMOJHUTEIbHBIE HEDU3UUe-
ckue akTOphl. DTH SIUHHIBI HA B KOEM CITydae He JTOJDKHBI
owITh equaunamMu CHU, nockosibky CU — cuctema equHuUIL
(PU3UYECKUX BEJIMYHH.

SlcHo, uTO BBIOOD B 1MOJI00HO cCUTYanuu KpaiHe OrpaHu-
veH. [To coriameHnio MOXHO MPHUHSITH COOTBETCTBYIOLIYIO
(yHKIUIO, YUY THIBAIONIYIO BIIMSIHHE CBETA HA 7143 YeJIOBEKa.
B aTom ciryuae peub uaeT 0 MOJCIIMPOBAHUN CYObEKTUBHOM
He(u3mIecKoil BEIMYUHBI TP TIOMOIIY HEKOTOPOH (u3mye-
CKOH BEJIMYMHBI ¥ BO3HUKAET BOIPOC O CTETIEHU IPOU3BOJIb-
HOCTH MOJIEJIU U €€ COOTHOIIeHHs ¢ cornamenneM CU. Vnun
MOXHO W3MepSTL pealbHylo (YHKINIO, OTBEYAIOLIYIO
qyBCTBUTEJILHOCTH YeJIOBEUECKOTo TJaza. Toraa, BO3MOX-
HO, HEOOXOJIMMO BBOJIUTDH CHENUAILHYIO SIUHUILY, OTHAKO
BEJIMYMHA CTAHOBUTCS He (PU3MUECKOA, a B OOJIBINCH CTENeHN
OMOJIOTUYECKON WM MEJIMIIMHCKON, TOCKOJIbKY TpeOyeT
YeTKUX ONpeaesIeHuil IBYX (PaKTOPOB:

e '"cpenumii" 4yesnosek;
e "rakoii ke appext" win "Takoe xe neiicraue'.

B ciiyyae CBETOBOTO MOTOKAa MOXHO 3aJaThCS PSIIOM
BOMPOCOB. BBICTPO B3TJIIHYB HAa JBE 4YaCTH KOMHATHI,
MOJHO CIIeJIaTh 3aKJIFOUCHHE O TOM, KaKas U3 HUX OCBEIlleHa
ayumre. PaccMaTpuBasi MX JOJrOe BpeMsi, YEIOBEK MOXKET
c/IeNaTh Apyroe 3akirouenne. Yl HakoHel, BMECTO BOTIPOca O
CYOBEKTHBHOM BOCHPHSITHH OCBEIIEHHOCTH MOYHO MPOBO-
JIUTD TECTHI 110 BBITIOJTHEHUIO 33 TAHUHN, KOTOPbIC KPUTHYHBI K
OCBEILIEHHOCTH (CKOPOCTh, KauecTBO paboTel). CoBceM He
00s13aTeNIbHO, YTO BCE TECTHI AAAYT OOHY U TY XK€ YyBCTBU-
TEJBHOCTb TJa3a KakK (PYHKIHIO YAaCTOTBL. DTH BOIPOCHI
CBS3aHBl HE C TOYHOCTBHIO HM3MEPEHWl, a CO CTENECHBIO
CYOBEKTHBHOCTH OTIPE/ICTICHUI N3MEPSIEMbIX BEJINUNH.

PaccmoTpuM Oostee neTaiibHO, KaK, HAIPUMED, pelleHa
aHAJIOTWYHAsI MpobjeMa B MCCIENOBAHUSAX C paJualyed.
Pentren sBisiercst BHecucTeMHOW enuHuuei. B cucrteme
equaun,. CU pammammsi M ee BO3JEHCTBHE OMUCHLIBAIOTCS
HECKOJIbKO MHave. Bo3/eiicTBre U3JIyYeHUs CBSI3AHO C HOHU-
3anueil. MoHu3upytromas ciocoOHOCTh U3JIyYeHUsl XapaKTe-
pU3yeTCsl KHHETUYECKOM sHeprueil MOHOB U MOHU3OBAHHBIX
9J1eKTpOoHOB. VX 9Heprus Ha eQUHUILY Macchl U3MepsieTcs B
rpesx (1 T'p = Jx xr!).

Crienyst pekoMeHganmu MexXIyHapOqHOH KOMHUCCUH T10
paguosormyeckoit 3ammre ICRP (cMm., B wactHOCTH, [48]),
MPOBEJIEM TMOCJICIOBATEILHOE pa3/ieiecHIe BCeX BEJUYUH HA
TPH THIIA!

e "(usmyeckue BeauUMHBI", XapakTepHU3yrOIIHME COO-
CTBEHHO HMOHHU3HPYIOIIee H3JyYeHHE W HE 3aBUCSIINE OT
4eJIoBeKa, HATIpUMeEp IMOTJIONIEHHAS 1032 U3ITyYeHHs], U3Me-
pseMasl B TpesiX;

e "HOPMHUPOBAHHBIE BEJHMYHMHBLI", ONPEICISIONIUE MEPY
yiepba (Bpena) OT BO3JACHCTBUS MOHU3UPYIOIIETO H3JIyye-
HUS, T.€. HeU3MUeCKue BETMIUHBL, TIOJHOCTBIO M AJIEKBATHO
OIHUCBHIBAIOIINE BO3/eWCcTBHE (PU3MUECKHX (PAKTOPOB Ha
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4eJloBeKa, Takue Kak 3¢pdexTuBHas 7032 OOJIyUYEeHUS 4esIo-
Beka, u3MepsieMas B 3uBeprTax (3B);

e '"omepanuoHHble BEJUYUHBI", OJHO3HAYHO OIpEIeIse-
MBIe Yepe3 (U3MUYECKre XapaKTepUCTHKH TOJIS N3ITyYeHUS U
MpeTHa3HAYCHHBIE Ui OIICHKM HOPMUPOBAHHBIX BEJIMYHH,
TaKMX KaK aMOUCHTHBIIl 9KBUBAJICHT 103l OOJIyICHHUS YeII0-
BeKa, TAK)KE H3MEPSIEMBbIii B 3UBEPTAaX.

3uBepT — CYOBEKTUBHAS €IMHUIA, OIpenessieMast Kak
BO3/IelicTBIE 00IyueHHUsI 10301 1 3B TaHHOTO Y€JIOBEYECKOTO
opraHa 3a/IaHHBIM BHUJIOM H3JIyUEHHs. DTa €JUHUNA COBIA-
naer c¢ apdextoM obmydenus go3zou 1 I'p uznmydyeHuewm,
KOTOpOE HUMEET MAaJIyIO JIMHEHHYIO Mepeiady 3Hepruu (He
6osee 10 k9B MkM ™), 4TO OTBewaeT, HAPUMED, PEHTTEHOB-
CKOMY U3ITyYEHUIO.

TepMmuH "HOPMUPOBAHHBIE BEJIMYUHBI" HE BIOJIHE yja-
ueH. [ToHsTHO )eslanue "HOPMUPOBATH" PA3TUIHBIMU HOP-
MAaTHBHBIMH JTOKYMCHTAMH [CHCTBUTEIBHOEC BO3JICHCTBHUEC
00JTyueHHsI, OJTHAKO peasibHasl CTPATErHsl, KOHEYHO, 3aKIIFO-
YAETCs B MCCIICOBAHUN HOPMUPOBAHHBIX BEJIUYMH B LEIISAX
nX HanmOoJIee aIeKBATHOTO OIIMCAHNS OTIEPAIIMOHHBIMU BEJTH-
YMHAMHA (MHBIMH CJIOBAMH, B BBIPAOOTKE MOIXOJsIICH
MOJIEJIN) U JajIbHeiIlee NCII0JIb30BAHUE YKE OTIEPANMOHHBIX
BEJINYMH B HOPMATHBHBIX aKTaX.

Pazpenenue BenmuuH Ha (usnyeckue U Heusmueckue u
UCMOJIB30BAHUE ISl HUX PA3HBIX CIUHUI] KpaliHe MOKa3a-
TEJBHO W JOJDKHO CIYXUTH 00pa3noM Ui (GOTOMETPUH H
JIPYTUX aHAJIOTHYHBIX OOsracTeil. BaxXHBIM 3JIeMEHTOM OITH-
CaHMsl BO3JCUCTBHS OOJIyUYCHHUS] HA YeJIOBEKA SIBJISIETCSI BBe-
JICHUE OIEPALMOHHBIX BEJIMYUH, UIPAIOLINX IPOMEKYTOY-
HYIO POJIb.

HamoMHMM, 9TO OTKa3 OT EAWHHI, CBS3aHHBIX CO
"cpenauM" YetOBEeKOM, OBLI TPETONpPENESCH HE TOJIBKO
MOBBIIIICHAEM TOYHOCTH, HO W TE€M, YTO C€aMO TOHSTHE
"cpennero" yejoBeka MMEET HEBHSTHBLIM (DM3MYECKMH CTa-
Tyc. Hampumep, 3HaYnTeIbHAS YaCTh YSJIOBEYECTBA KUBET B
KpaiiHe OeICTBEHHBIX YCIIOBHSIX, YTO OMPEIEIISICT COOTBETCT-
BYIOIIHI YPOBEHb 3/I0POBbsI. 3ABUCST JIU PA3JINYHBIE TyBCT-
BUTENLHOCTH OT "cpemuero" cocrostaus 3m0poBbs? Ecim 1a,
TO OHH JIOJDKHBI MEHSTBCS CO BpeMeHeM. Kpome Toro, B cuty
COLHUAJBHBIX, HUCTOPHYECKUX M KIUMATHYCCKUX MPHYUH,
HEKOTOPBIC YYBCTBUTECJIBHOCTH MOTYT OTJIMYATHCS OT
pernona K pernoHy. EcTecTBeHHO Takxke 0XUAATH pa3JINIIHA
B YYBCTBHTEJILHOCTH TJIa3a JIFOJICH, MPOBEIIINX OOJIBIIYIO
YaCTh )KU3HU MPH UCKYCCTBEHHOM OCBEILCHUH U IIPU €CTECT-
BEHHOM CBETe.

ITono6HbBIC BOMPOCHI AOJDKHBI OBITH MPEAMETOM HAy4-
HBIX uccrenoBanuil. [loaTomy QuKcamms 4yBCTBUTEIBHOCTH
Kak (PYHKIIMH 9aCTOTHI MOXET OBITh yIOOHA C TOYKHU 3PEHUS
3aKOHOTBOPYECTBA B 00J1aCTH O€30IIaCHOCTH M 9KOJIOTHH, HO
HE OTBEYaeT CTPOTrOMY OIPEACICHHIO CHIIBI CBETa, KOTOPOE
CBSI32HO C PeasIbHBIMHU CBOMCTBAMH Y€JI0BEYESCKOTO TJI1a3a.

Taxum 06pa3oMm, CTporoe ompejiejiCHUE CUJIbI cBeTa (Ha
OCHOBE peajibHbIX CBOMCTB '"cpemnero" 4esoBeveckoro
IJ1a3a) HMPUXOIUT B HPOTHBOPEUHE C OIPEICIICHHEM eI-
HHIBI CHUTBI CBETa (II0Pa3yMEBAIOIINM HEKOTOPYIO (DHKCH-
pOBaHHYIO (YHKIUIO UYBCTBHUTEIBHOCTH TJia3a). Ecim
4yBCTBUTEIBPHOCTh — H3MepsieMasi W, CJIeHOBaTeIbHO, HE
BIIOJIHE W3BeCTHAsT (QYHKIHUS, TO EOWHUNA (PAKTHICCKH
SBJIICTCS HeolpeeseHHoW. Ha Hamr B3rjsia, BOBJICUCHHUE B
(DU3MYECKYIO CHCTEMY SAWHHII CTOJb IJIOXO ONPEIeSICHHBIX
BEJINYMH SIBJISICTCS [1arOM Ha3al.

C Touku 3peHus nocrpoenus cucrembl CH BaxkHO Takxke
OTMETHTh, YTO EJMHHUIIA CBETOBOTO MOTOKA — KaH[eNa
BKiItoueHa B cucteMy CU B kauecTBe OCHOBHOU €IMHUIIBL.

Mesxy TeM HE KaHJela, HA CBETOBOH IOTOK, KaK IPaBUIIO,
HE SIBJISIFOTCSl CYILIECTBEHHBIMH 3JIEMEHTAMHU CTaHAAPTHBIX
KypcoB oOmieit ¢usuku. B TO ke BpeMsi Bce OCTajbHBIC
OCHOBHBIE CIMHHIBI (CEKYHIA, METpP, KHJIOTPAMM, aMIEp,
KeJIbBHH, MOJIb) KpaifHe HeOOXOIUMBI yXe IUISI IIKOJIBHOTO
Kypca pusuxu. Beenenue cnenuaibHol (CyObeKTUBHOM) U He
HE3aBUCHMOM e€MHUIIBI B KA4eCTBE OCHOBHOM HE MOXET He
YIOUBIISTD.

3aBepuiasi pacCMOTpEHHe, MOTIEPKHEM, UTO €ro HEeJbI0
SBJISIETCS] HE OOCY>XIEHUE IPAKTUUECKON BAXKHOCTH KaH/IEJIbI
1 (HOTOMETPHYECKUX BEJIMYUH (KOTOpask OeccropHa), a MX
craryc B cucteme enunun CH.

6.2. Cucrema eqnnun CU
U 3aKOHBI 2JICKTPOMarHeTusMa B BaKyyme
Kputuku cucrembr CU (cm., mHanpumep, [9—-11]) B ee
MPUMEHEHUU K 3JIEKTPOMATHUTHBIM SIBJIEHUSM OTMEYaIOT
HEOOOCHOBAHHOE YCJIOKHEHHME BBIPAXXEHUHN IJI OCHOBHBIX
3aKOHOB JJICKTPOMATrHETU3MAa W PSIA HEAOPA3yMEHUM, CBSI-
3aHHBIX C HAJIMYMEM YEThIPEX HE HE3ABUCUMBIX MOJIEH pa3HOU
pasmepHocta — E, B, D u H. I1pu 3ToM cMemmBaroTes nBa
MOHSITHS: CUCTEMA €IMHUI U cUcTeMa (PU3NYECKUX BEJINYUH.
OTH ABE CHUCTEMbl BO3HUKJIM U Pa3BUBAJINCH MapajlIesIbHO,
OJTHAKO UCTOPHUSI NX MOSIBJICHUS U MPAKTUKA UX UCIIOJIH30Ba-
HUS — 3TO HE OJHO W TO Xe. BOJBIMMHCTBO KPUTHKH
OTHOCHUTCSl K CUCTEME BEJIMYMH, KUCIOJIb3YEMbIX JIJISI OMKcCa-
HHS JICKTPOMArHUTHBIX siBjieHU. COXpaHsis CUCTEMY eIu-
Hut CU, MOXHO TIEpeCTPOUTh MPAKTUKY PUMECHEHHS BEJIH-
YIH, UCMOJb3YEMBIX IS OMUCAHUS JJIEKTPOJAMHAMUKU B
BaKyyMe. DTO JIETKO C/IeJIaTh, YUUTHIBASI MX U30BITOYHOCTD.
JomycTtum, MBI UCIIOJTB3YEM TOJIBKO:
® 3JICKTPUUYECKYIO TIOCTOSIHHYIO &), BbIpa)kass MAarHUTHYIO
MIOCTOSIHHYIO [l YEPE3 &) U ¢ U U30€eras NOSIBJIECHUS [l B IBHOM
BUJIE;
® HANPSDKEHHOCTDH 3JIeKTpuueckoro noiysi E u miaoTHOCTh
MAarHuTHOTO NOTOKA B, n30erast mosiBICHUSI 3JIEKTPHYECKOTO
cmertiennst D 1 HanpspbkeHHOCTH MarHuTHOTO TIo1st H.
IIpunsTHe 3TUX OBYX HOJIOXKEHHM, KaK PEKOMEHIAITH
MY MPETOIaBAaHUU U B HAY4YHOH c(epe, MO3BOJIUT CBECTH K
MuHUMYMY HepgoctaTku CU, coxpaHUB ee JOCTOUHCTBA.
Taxk, ypaBaennst MakcBessia mpumMyT BT

1
divE=—
VE=_p,
oB
E=——
rot 3 (30)
divB=0,
1 [OE 1,
I'Othc—2|:E+%j:| .

Onn b GaKTOPOM &) MIPU UCTOUYHUKAX MOJIS (MJIOTHOCTH
3apsa U ToKa) OTJIM4YaroTcs oT ypaBHenuil B cucreme CI'C.
TpanuuuoHHas MpaKTUKa, KOHEYHO, BOCXOJIUT K ujee a¢upa,
rae fy, D 1 H umenu caMocTosTeIbHbIN (DU3NUECKUii CMBICII.
Koib ckopo OHM ero yTpaTuid, HET HEOOXOAMMOCTU HC-
MI0JIb30BaTh 3TH BEJIMUUHBI B yPABHEHUSX IS BAKyyMa.
CkopocTh CBeTa ¢ Takke BXOAUT B ypaBHeHus (30)
HECKOJIbKO HHa4ye, 4YeM B COOTBETCTBYIOIIME YpaBHEHUS
CI'C, a pasmepHoctu asiektpuueckoro (E) u marmutHOro
(B) mousei otnmyarotcss apyr ot apyra. OgHako Bompoc,
SIBJIIETCS JIM 3TO HEAOCTaTKOM, clopHbIA. Ecim Mbl He
XOTHM TOJIOXKHUTH ¢ = |, TO HEOOXOAUMO MOMHHTH, YTO
MarHiuTHOE T0JIe OTBEYAET YUCTO NMPOCTPAHCTBEHHBIM KOM-
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HoHeHTaM 4-TeH3opa F),, TOraa Kax It 3JIEKTPUYECKOrO
moJisi OJWH WHJAEKC BpeMeHHOi. Tak, MarHuTHOe I0Jje
comepkuUT 4ieH 0A;/0x;, a siekTpuyeckoe — 0A4;/0t. B
HEKOBAPHAHTHOW  (opMe MPOM3BOJHYIO  ECTECTBEHHO
OpaTh UMEHHO 110 BPEMEHHU I, @ HE O HYJICBOH KOMIIO-
HeHTe 4-BekTopa Xy = ct. Takum o6pazom, pazmepHoct E u
B 10JDKHBI pa3nyaThCs, T.€. HOJOOHO TOMY KakK Xg = ¢f U
p = (1/¢)jo, ectecTBenHo onpeneauts ¢ = (1/¢) Ay n

1
Fo= (1 B).
¢

B yem 3akmrouarorcs mocromncrBa CU? [leno He B
YIOOHBIX MPAKTUYECKUX pazMepax oMa, amIepa, BOIbTa H
np. I[Ipobnema riy6xe. CpaBHEHHE 3JIEKTPUYECKUX BEJINYAH
MEXy cO00i MOXHO OCYIIECTBJISITh OoJiee MpocTo U GoJiee
TOYHO, YeM MEXAaHUYECKUX BEJIMYMH. DTa CUTyallsl Xapak-
TEpHA 11 OTHOCUTEJILHBIX M3MepeHuid. B Takmx ciydasix
MPUHAMAETCS HeKas CHelNualbHas enuHuna (WM Jaxe
€IMHUIIBI), & BCE pe3yJbTAThl BBIPAXAIOTCS B ee (WX)
TepMHUHAX.

BoJIbIIMHCTBO TaKUX €IUHUIL SBJISIFOTCS MJIM BHECUCTEM-
HbIMU (KaK aTOMHAs €IUHHIIA MAacchl), WK Heoduuuab-
HBIMH (KakK siAepHBId MarHeToH). OJHAKO B HEKOTOPBIX
OCOOBIX CJIyYasix 3TH €IMHUIBI BKJIIOYAIOTCS B CHUCTEMY
€JIMHUII B KauecTBe OCHOBHBIX. (Hampumep MoJb U KeJTbBUH
B CYIIHOCTH SIBJISIFOTCSI CHEIUAJLHBIMEI CSIUHANAME UHCIIA
YaCTHUI U YAEIBHOM SHEPT UM BEIIECTBA.) DTO CIETaHO BBUAY
0Cc000i1 BAXKHOCTH (PU3NYECKHUX BEJTUYUH, U3MEPSIEMBIX B 9THX
eIMHUIIAX. YUHTHIBAsI BAXXHOCTh JJIEKTPOMATHUTHBIX U3Me-
peHuii, esiecoodpa3Ho CAEIATh TO JXKe CaMOe U C JJIEKTPHYe-
CKUMH eIUHHUIIAMU, JUIS 4Yero JOCTATOYHO MPUHSTH CIie-
[UAJIbHOE OTpE/IEICHue OHOW U3 HUX. MOXHO (pUKCHUPO-
BaThb €€ CBSA3b C MEXAaHMYECKUMH eAMHUIAMHU (KaK 3TO
JienaeTcs cefyac), a MOKHO, HAIlpUMeDP, BBIPA3UTh 3apsia B
TEPMUHAX 3apsia 2JIEKTPOHA (K 4eMy IMPUBEIET MOCIeI0Ba-
TEJIbHOE TPUMEHEHHE MAaKPOCKONMYECKUX KBAHTOBBIX
3¢ GEKTOB NP CO3/IAHMS ITATIOHOB).

[Touemy ¢dukcanus 3JeKTPUUECKOM eIMHULBI Yepe3 MeXa-
HU4eckue TpedyeT & # 1? OTBET HAXOAUTCS B IPAKTUIECKOMN
chepe. JecsTuneTus Ha3a NEpBUYHbIE ITATIOHBI, HETIOCPE-
CTBEHHO PEAJIM3YIONINE ONpPEICSICHUs, OCHOBBIBAJINCh Ha
Kinaccuieckoit usmke. (Peub wmmer o pasmmyHOro poja
9JIEKTPUYECKMX BecaX M KOHAEHCATOpax C BBIYUCISIEMON
eMKOCTB10.) OTHAKO TAaKO# 3TAJIOH TPOMO3JIKUI U HETpak-
TUYHBIA. AJIbTEpPHATUBON MOTJIM ObI OBITH ATAJIOHBI-ApTE-
(bakTBl, aHAJIOTMYHBIE MPOTOTHIY KWJIOrpamMma. B aTom
ciIydae JJIEKTpUUecKasl MOCTOSIHHAS &) # |1 ObLIa OBl U3Me-
psieMo#l BeJMYUHON. SICHO, UTO HOpMaJIbHBIE JJIEMEHTBI U
9TAJIOHHbIE KAaTYIIKM CONPOTHBJEHHHA Topaszmo OoJjee
YSI3BUMBI, YeM JTaJIOHHBIE THPH, U HPH TaKOM MOAXOJE
HEBO3MOXHO O0ECHEeYNTh HANIEKHOCTh U JOJTOBPEMEHHYIO
CTaOWIBHOCT.

Kak mokasbIBaeT onbIT, camMasi 00JIbINas IIOTPEITHOCTD B
3TajoHe-apTeakTe — CHCTEMATHYECKasA. DTAJIOH MOXET
JIaBaTh BOCHPOU3BOJIUMBIE PE3YJIbTATHl U UCIOJIB30BATHCS
JUTSE U3BMEPEHUN. YUUTBIBAsI CKOopee Heu30exkHOe, YeM BO3-
MO’XHOE, HAJIMUMe MeIJIEHHOro npeiida mapamMeTpoB (cBs-
3aHHOTO, B YACTHOCTH, CO CTAPEHHEM JJIEMEHTOB JTAJIOHA),
BOCIPOU3BOUMOCTh MOYXKHO KOHTPOJIMPOBATH 32 OTHOCHTE-
JIbHO HEOOJIbIINE IPOMEXKYTKH BPEMEHU, TOI1a KaK JOJIIO-
BPEMEHHYIO BOCIPOM3BOIMMOCTh KpaiHe TPYAHO IPOBeE-
puth. [lapasieasHO ¢ UCTIOIB30BAHUEM ITAJIOHA [IJIS U3Me-
peHuil W peaM3anud CTAHIAPTOB TPOW3BOIHBIX EMHUI]

(31)

JTIOJDKHBI MPOXOJIATH MPOBEPKH ATAJIOHA HA HAaJIM4Me Apeii-
(hOB U BBISIBJICHUE HEYYTCHHBIX CUCTEMATHYECKHX 3(PPeKTOB.
IMocnennee ObLIO BO3MOXHO, TaK KaK 9TAJIOH SIBJISIICS, KaK
mpaBujo, HabopoM apTedakToB OMHOTO THIA (HATIPUMED,
HOPMAJIbHBIX 3JIEMEHTOB), W TO3TOMY JApei(bl MOXKHO
OIICHUBATD, U3yYasi OTHOCUTEJbHBIC IPeH (b U T.]I.

Crpaterust 3akjirodyajacb B KOMOMHHUPOBAHHMU [ABYX
TUTIOB JTAJIOHOB: TEPBUYHBIX, OCHOBAHHBIX HAa OIpeneJie-
nusx CU, u stanonos-aptedakToB. [Ipu 3Tom aptedakTsl
KaJHOpOBAJIMCh MO TEPBUYHBIM 3TAJIOHAM. XapakTep
TOT'PELIHOCTEH OBbLI TAKOB, YTO OBLIO YIOOHO MPUHUMATH
"nmpomexyTodnsie”" pe3ysbTaThl KAK YCIIOBHBIE €IUHUIIBI
(Hanpumep, amrep-1969), KOTOPBIMU MOKHO OBLIO MOJIB30-
BaTbCA N0 MOCIEAYHOUMX yTouHeHuid. "OKoHuaTebLHBIX"
pe3ysbTaToOB OBITH HE MOIJIO B TPHUHIUIE, IOCKOJIbKY
9BOJIFOIHST CBOMCTB TPOMO3JIKHAX MPEIM3HOHHBIX MaKPOCKO-
MIYECKUX TPUOOPOB HEN30eXKHA, TPUIEM 3TO OTHOCHTCS U K
NEPBUYHBIM 3TAJIOHAM U3-33a UX TPOMO3JKOCTU U Hen30ex-
HBIX cucTeMaTuieckux 3¢ ¢exToB. PazMepsl ek TpuuecKux
enuHul "KUIN CaMOCTOSATENLHOM XU3HbI0", 1 puKkcanus &
Kak 0e3pa3MepHON KOHCTAHThI ObLIA OBI MPOCTO OOMAHOM.

Crpaterust 6oJiee Mo3IHEr0 BpeMeHU HHasi. Bee ocHOB-
HbIe €IUHULBI JJEKTPUYECKUX BEJMYUH BOCIPOU3BOASTCS
Ha OCHOBE MAaKPOCKOMHMYECKUX KBAHTOBBIX SIBJICHUH, a UX
pasMep ompenensieTcss 3HAUYCHUSIMH (yHIaMEHTAJIbHBIX
¢usmuecknx KoHCTAHT (mocTosiHHbIe [[xo3edcona u oH
KuTimara), KoTOphle U3MEPSIOTCsl OTAeIbHO. CBSI3b MOJI-
JIEP>KUBAEMBIX €AMHUIL C (yHIAMEHTAJbHBIMH KOHCTAH-
TaMH ycTpaHsieT npoOsiemy apeiidos. Creayrommii iar,
KOTOPBIA MOXET ObITh CACJIAH B HEKOTOPOM OYIyIlemM, —
(uKcanyst KOHCTAHT IO onpeeseHnto. Pukcanus oTHON U3
HUX OyJeT 03HAYaTh U3MEPEHUE 3apsi/ia B eMHUAIAX 3apsaa
3JIeKTpoHa (KOHCTAHTA & OCTaHETCS pa3MepHOil, HO OymeT
u3MepsieMoit), a (pukcanusi IByX KOHCTAHT Cpa3y IPUBEIET
K HOBOMY OINpEAENICHUIO KHJIOIPaMMa, OCHOBAaHHOMY Ha
(uKCHPOBAaHHOM 3HAYEHUH MOCTOSIHHOM [InaHka, 4TO BMe-
CT€ CO CTAHIAPTOM 4YacCTOTHI TO3BOJIAT BOCIPOHM3BECTH
eIVHUIIBI SHEPTHMH M Macchl. bojiee moapoOGHO BOMPOCHI
peajau3alyu 3TAJOHOB 3JIEKTPUYECKHX EIUHUI O0OCYyX-
naroTes B paznene 4.2.

Kax HM cTpaHHO, C TOYKH 3peHHS] (PyHIAMEHTAJIbHOU
(bU3HKY TaKXKe KeJaTeJIbHO BBECTH apameTp & # 1. CoBpe-
MEHHBII B3IJIs1] HA MPOOJIEMBI €MHUI] U 3TAJIOHOB TJIACHUT:
caMble eCTECTBEHHbBIE 3TAJIOHBI — 3TO 3TAJIOHBI, OCHOBAHHBIE
Ha (pyHIAMEHTAJIbHBIX KOHCTAHTaX, U HY>KHO CTPEMUTLCS K
TaKOM CHCTeMe eIMHWII M 3TAJOHOB. EMWMHMIIBI BpeMeHU U
JUIMHBL ONpeAeSieHbl 4epe3 MPHUPOAHbIE KOHCTAHTHI. [lpum
OTpECNICHHOM TMPOTpecce, MOXHO BBIPA3UTh EJAMHUILY
3apsa yepe3 (puKCHpoBaHHOE 3HAYCHHE 3apsiaa JIeKTPOHA
e, a CIUHMIYy Macchl — uepe3 (UKCUPOBAHHOE 3HAYCHME
nocrosinHo# [lnmanka h. Ho cymiectByeT crnenualibHas
Oe3pa3MepHasi KOMOUHAIIUS KOHCTAHT, B KOTOPYIO BXOJST
KOHCTAHTHI ¢ U /i, — 3TO OCTOSIHHASI TOHKOU CTPYKTYPBI

o2

o0=-—"
4rephc

3HaueHHEe KOHCTAHTHI ¢ (PUKCUPOBAHO MPHUPOJIOU U
MOXET OBITh M3BECTHO TOJBKO C KOHEYHOH TOYHOCTBIO.
Ecimm mMbl X0TUM (PUKCHPOBATH 3HAYEHUS pa3MEPHBIX KOH-
CTaHT ¢ u h 0e3 morpemHocTeil (HAMOMHUM, YTO CKOPOCTh
cBeTa ¢ yke (UKCMpOBAaHA) W HE MPHUTH TPH ITOM K
MPOTUBOPEYUSIM, HaM HeoOXoauMa KOHCTaHTa & # 1. B
ONHUCAHHOM BBIIIIE CICHAPUU 3Ta KOHCTAHTA CTAHOBHUTCS
“3MepsieMOl W OTBeYaeT B CYIIHOCTH Ha TOT BOIPOC, HA
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KOTOpBIi M [OJDKHA OTBEeYaTh NOJOOHAsi KOHCTaHTa B
(yHIaMEHTAIbHOW TEOPUHU: KAaK COOTHOCHTCS (DyHIAMEH-
TaJBHBIN 3apsii ¢ C IPYTUM, BO3MOXHO OoJtee dyHIaMEH-
TaJIbHBIM, AHAJIOTOM 3apsizia (hc)l/ :

WHBIME CJTOBaMU, €CJIM 3a0BbITh O TOM, YTO YHCIICHHBIC
3HayeHusl ecrecTBeHHBIX eauHul] CU BwIpaxaroTcs uepes
COOTBETCTBYIOLLUE MPUPOIHBIE €IUHHUILI TPU MTOMOIIH CIie-
[AAJBHO TOMOO0paHHBIX KOI(PPUIMEHTOB (OTJIUYHBIX OT
eNVHUIIBEI W COXPAHSIONNX WJUTFO3UIO HEM3MEHHOCTH
cuctembl CU), KOHCTaHTA &) OKaXKETCSl pa3MEPHBIM aHaJIO-
roM o. D10 HamboJiee OYEBHIHO JUIS CUCTEMBI €IMHUI], B
KOTOpPOI1 4acToTa, SHEPTrHsl, Macca M Pa3HOCTh MOTEHINAJIOB
U3MEPSIIOTCS B OAMHAKOBBIX €IMHHUIAX M, CIEJOBATEIBHO,
h = c¢ = e = 1. B Takoii cucreMe eIMHUIL

1

&) = 2

3aMeTHM, 4YTO TMOCTOSIHHAsh ABOrajJpo, IOCTOSIHHAS
Bonbpimana u apyrue pa3MepHble KOHCTAHTBHI (CITyXKallye
mas mepesoga "pasueix" emumun "ommoin" (uzuueckoit
BEJIMYMHBI) B M3BECTHOM CMBICIIE SIBJISIFOTCSI Pa3MEpPHBIMU
aHajioramu 0e3pa3MepHbIX ducesl. Pa3MepHOCTh KOHCTAHTHI
MOSIBJISIETCSI BBUIY HECOIJIACOBAHHOCTU B ONpEACSICHUU
pPa3MEepHOCTeH eANHUIL, KOTOPAst He TIO3BOJISIET CBECTH OHU
€IMHUIIBI K KPATHBIM OT JAPYTHX C AOCOMIOTHONW TOYHOCTBIO.
WNuorpa Ttakas HECOTJIACOBAHHOCTh HOCHT HWCTOPUYECKUN
XapakTep W ee MOXHO ObLIO OBl YCTpaHWTh, HO B psilie
ciyyaeB (Kak B OMMCAHHOM BBIIIIE CIEHAPUU C KOHCTAHTAMU
& W 0/) HECOTJIACOBAHHOCTb UMEET (PU3NUECKUE TPUUUHBI.

HeoOxonmumo Takke MOMHUTh, YTO ypaBHeHHS Mak-
CBeJUIA [JISI TPEXMEPHBIX 3JIEKTPHYECKOTO M MATHUTHOTO
noJiell B BakyymMe HMEIOT J[BA €CTECTBEHHBIX OOOOIICHUS:
PESITUBICTCKUE YPABHEHUS C 4-TCH30paMU JIJISI 3JIEKTPOIH-
HAaMHKHM B BakKyyme M ypaBHEHMS [JIsl 3JIEKTPOMATHUTHBIX
3¢pdexToB B cpegax. B mocieaHem ciyvae Aisl MOJABIISIFO-
IIETO YHCIIA 33724 €CTECTBEHHO Cpa3y BBIOPATH 3a CUCTEMY
oTcueTa Ty, B KOTOpo# cpena nokoutcs. [Tloatomy TpeboBa-
HUSl €CTECTBEHHOCTH, HATJISIIHOCTH, MPO3PAYHOCTH U T.I.,
HIPEIbSBISEMBIE K TPEXMEPHBIM YPABHEHUSIM B BaKyyMe, HE
oueBUIHELI. OHU 3aBUCST OT TOTO, KaKoe 0000IIIEHIE CINTATH
Oosee BaxHbIM. Tak, ¢ TOYKM 3peHHS (PU3MKHU MOJCH B
BaKyyMe OIIMCAHWE JABYX IOJIeH 4YeTHIPbMS BEKTOPaMU
“30BITOYHO, TOTJA KaK C TOYKU 3PEHHSI JIEKTPOIUHAMUKA
CIUIOUIHBIX CpEll OHO €CTECTBEHHO KaK BaXXKHBIH MOArOTO-
BUTEJIbHBIN 11T

ITpoGyieMa N30BITOYHOCTH OTUCAHUS JICKTPOTUHAMUKHI
B BaKyyMe BO3HHMKJAa He B cBs3u c cucremoir CU, a
HACTOPUYECKH: Kak TpobieMa 3dupa M HEKOBApUAHTHOCTHU
noaxona. Hanpumep, B CU, xax u B CI'C, Heb3s MpU3HATH
YIOBJIETBOPUTEILHOM TEPMUHOJIOTHIO: OJIUH U3 4-TEH30POB
00pa3oBaH HanpAadicennocmulo daekmpuieckoeo nois E u
Ma2HUMHOU uHOyKyueti (NA0MHOCIbIO MASHUMHO20 NOMOKA )
B, a npyroit — suexmpuueckum cmewenuem (panee saeKmpu-
ueckoti undyrkyueit) D 1 nanp axcenHocmvio MazHumHO20 NoAA
H. D10 cBs13aHO C TeM, YTO (PEHOMEHOJIOTUS INEKTPOCTATUKI
U MAarHATOCTATUKU CTPOMJIACh HE CUMMETPHYHO U 0e3
JIOJDKHOTO TIOHMMAHUSI B3aUMOCBSI3M U AHAJIOTUU MEXIY
HUMH. U3 pensTHBHCTCKUX cOoOOpakeHUid OoJiee ecrect-
BEHHO OBLI0 ObI HA3bIBATH HANIPSIKEHHOCTHIO B, a He H.

N30BITOYHOCTH OTIUCAHUS IJICKTPOIUHAMUKH B BAKyyMe
CBsI3aHA TaKXe C U3JEpKKaMU IpenoaaBaHus. TpaaunuoH-
HOE ILIKOJIbHOE U YHUBEpCUTETCKoe oOpa3oBaHue B Poccun
TSATOTEET CKOpee K JIOTHKE 2JIEKTPOIMHAMUKH cpell. BHauase
M3YYaeTCsl JIEKTPOCTATUKA B BAKyyMe, 3aTEM B BEIIIECTBE,

MOCJIe 3TOTO MarHUTOCTATHKA (B BAaKyyMe M B BEILECTBE) U
TOJIBKO B KOHIIE M3Y4aeTCsl GU3MKa N3MEHSIOIIUXCS TOJIeH U
ypaBHeHus: MakcBesia. [Ipu TakoM moaxoje Bakyym BOC-
TMIPUHUMAETCS] CKOpee KaK YacTHBIM IpeleSIbHbIN ciryyai
cpeqibl, YeM oOIwid (PyHIaAMEHTATbHBIN CITyYail.

Bakyym kak "3jIeKTpOMAarHUTHO HHEPTHOE' BEIIECTBO C
€IVHUYHBIMA OTHOCUTEJIBHBIMH 3JIEKTPUYECKON U MAarHuT-
HOW TIPOHUIAEMOCTSIMH W €CTECTBEHHO (PUKCHUPOBAHHOU
CHUCTEMOM OTCUeTa — HE CJIUIIKOM OOJIBIIOH IIar Briepe OT
KOHIenuu 3pupa. BBeneHne deThIpeX BEKTOPOB Jaxe B
cilyyae BaKyyma CTaHOBHTCSI eCTeCTBEHHBIM. bojee mputs-
ratejieH TMOJX0oJ OepkiueBckoro kypca ¢usuku [49], B
KOTOPOM IOCJIC U3YUYECHUS B IEPBBIX AEBSITH IJ1aBaX JIEKTPU-
YeCKHX M MATHUTHBIX SIBJICHHHA B BaKyyme JBE IIOCIICIHHE
TJIaBbI MTOCBSIIIEHBI 3JIEKTPHYECKUM M MATHUTHBIM TOJISIM B
BEIIIECTBE.

BosBpamasce k (30), 3amMeTwM, YTO B OTJUYHE OT
¢ukcanuu eguHull (KoTopasi TpeOyeT OmpeesIeHHbIX MPO-
Henyp) BLIOOP UCTOJIB3YEMBIX BEIMYMH, XapaKTePU3YIOLIIX
TMOJIsl, IPU HAJMYUU HM30BITOYHOCTH He TpeOyeT HHUKAKuX
CHEIMAJIbHBIX coramienuii. bosee ciioxHas cuTyanusi Bo3-
HUKHET B CJIy4ae 3JIEKTPOJMHAMUKH B cpelax, TaK Kak I0
anajoruu ¢ CI'C ecrectBenHo Bmecto D, H ucnosib3oBath
eIUHUILI C TOU ke pasmepHocTbio, uTo u E, B, uto
HEBO3MOXHO 0€3 mepecMoTpa COOTBETCTBYIOIIUX COTJIAIIIe-
HUIA.

BrnpoueMm, BBefeHHE HOBBIX OOO3HAYEHMIA, TAKHX Kak,
HATIPUMED, npusedenHoe® 3IEKTPUIECKOe CMEIIIEHHE

B OT/IEJIBHO B3SITOM KHHWIC WJM CTaThbe TaKXke He TpedyeT
HUKAaKUX MEXIYHAPOJHBIX cOTJalleHuid. B mobom ciyuae
HEOOXOAMMO pa3JIe/IuTh PEIIeHUue BOIPOca O eAUHMIAX (U,
CJICIOBATEJILHO, O TPeOOBAHNM &) # |, HHAYE TOBOPS O TOM,
Kak 3amucaTth 3akoH KyJioHa) m pemnieHue o TOM, KaKUMH
(u3nYeCKMMM BeJMYMHAMHU CJIeAyeT XapaKTepu30BaTh
3JIEKTPOMATHUTHOE I10JIE.

Jloruka pa3BUTUS JTAJIOHOB OJJIEKTPHUYECKUX €IUHMUIL
PAHO WJIM MO3JHO MPUBEAET K CHUTYAIMH, KOT/1a €CTeCTBEH-
HOW eTMHHUTIEH 3apsiaa OyIeT BEIOpaH 3JIeMEeHTAPHBINA 3apsiT
e, a KOHCTaHTA [, U, CJIe0BaTEeIbHO, KOHCTAHTA &), CTAHYT
uzMmepsieMbIMU. [1pu 3akoHOAaTENBHO PUKCHPOBAHHOM 3HA-
4eHUN & MOXHO obcyxnatrh cuctembl CHM u CI'C kax
KOHKYPUPYIOILIUE, OJHAKO TPU M3MEPSEMOl KOHCTAHTE &
Oe3abTepHATUBHBIN BBHIOOp MEIAeTCS B TOJB3Y CHCTEMBI
CHU.

Hamm aprymMeHThl 0 HEOOXOAMMOCTH BBEIICHHSI CIICIIH-
AJIbHOM pa3MepHOCTH ISl 3apsiia U HeM30EKHOCTH CUCTEMBbI
eIVHHUII C & # 1 He o3HavaroT, yto cuctema CI'C wim uHas
cuctema enuHuIl ¢ & = | He HyxHa. HampoTus, mpakTtuye-
CKasl CUCTeMa eIQWHUI], T.e. CUCTeMa eIMHHUII, OlpeaesieMast
HYXJIaMH KCIIEPUMEHTA, He 0053aTEJIbHO SIBJISIETCS HANOO0-
Jiee yIOOHOM JIJTs MPEeToAaBaHuUs U TEOPETUIECKHUX PACUETOB.
Paznuunple AeTann NPakTUYECKOH CHUCTEMBI MOTYT OBIThH
HEEeCTECTBEHHBI C TEOPETHYECKOM TOUKU 3PEHUSI.

HenmornynocTs BBeAEHWS CIENHMAJNBHBIX EIWHUIL IS
KOJIMYECTBA BEIIECTBA (BMECTO YHCJIA YACTHI) M TeMIIepa-
TYpBbI (BMeCTO cpeHeli sHeprun) oueBuIHa. K ecTeCTBEHHBIM
eQUHUIIAM OTHOCSTCS, HAallpUMEP, aTOMHBIE, PEISTUBUCT-

9 BepoATHO, MOAXOASAIIMM AHTJIMHACKMM aHAJIOTOM MOXET CIYKHTD
"normalized".
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CKUE U TUIAHKOBCKHE CUCTEMBbI eAuHUIl. EcTecTBeHHBIE €11-
HUIIBI TECHO CBSI3AHBI CO CHENUATbHO BHIOPAHHBIMU YHCIICH-
HbIMH 3HAYeHUSMH (QyHIAMEHTAJIbHBIX KOHCTAHT. OOBIMHO
psI 3HAYCHUN BBHIOMPAETCS PAaBHBIM CIUHUIE, & YacTo
TOBOPIT M O KOHCTAHTAaX, PAaBHBIX CAWHUIEC, HAIpPHUMEp
h=c=1. YTrBepx/JeHus MOJOOHOTO poJia SIBJISIOTCS CKO-
pee xKaproHom, 4em npasoii [17].

B ecTecTBeHHBIX €IMHMIAX YpaBHEHWS YIPOIIAIOTCS U
HEKOTOPHIE OIEHKM CTAHOBSTCS TpUBHAIbHBIMH. OIHAKO,
KaK TpaBuio, "eCTeCTBEHHOCTH" €IMHMII ¥ IPEUMYILECTBA
UX IPUMEHEHUSI OTHOCSITCSI TOJIBKO K Y3KOM 00,1acTH (PU3HKH.
[ToHATHO, YTO IMIIAHKOBCKUE €IUHULBI TAK e HEECTECTBEHHbI
Ui ATOMHBIX $SIBJICHHH, KaK ¥ aTOMHBIE CIUHMIbI s
KBaHTOBO I'PaBUTAINH.

HesaBucumo oT Hamreill TOYKH 3peHHs HA COOCTBEHHO
cuctemy eauaul CI'C MBI cunTaeM KpaiiHe HEO0OXOTUMbIM
IPEeIOCTaBUTh (PU3MKaM B NMPENOJABAHUU U B (TEOpETHYE-
CKHX) MCCJIeIOBAHUSIX CBOOO Iy BBIOOpA SIMHUII.

B HEKOTOPOM CMEICIIE CHCTEMA €AMHUIl H COIyTCTBYIO-
1IIe peKOMEHTAINY B OTHOIIIEHIH TEPMHUHOJIOTUH 1 0003Ha-
YCHUH TMPEACTABIISIFOT COOOW SI3BIK, © MOXHO BOCIOJIb30-
BAaThCsl ONBITOM MpENoJaBaHUsl KaK B IIKOJAaX, Tak M B
YHUBEPCUTETAX: HES3BIKOBBIE MPEAMETHl MOTYT Mpenoja-
BaThCSl HA MHOCTPAHHBIX SI3BIKAX, OJHAKO KBATH(DUKAIMOH-
HBbIE 9K3aMeHBl TOJDKHBI CAABATHCS HAa TOCYJAPCTBEHHOM.
AHAJIOTHYEH U ONBIT UCHOJIb30BAHUS CHENUATIBHBIX ¢INHUIL
(ATOMHBIX, PEJISITUBUCTCKUX, TJIAHKOBCKHX), KOTODBIE CY-
LIECTBEHHO YNPOIIAIOT NMPENOJaBaHUe CHENUATbHBIX Hpea-
METOB M HE COCTABJISIFOT MPOOJIeM ISl BHIpAXKEHHUsI OKOHYA-
TEIBHBIX PE3yIbTAaTOB B IpakTuueckmx enuHunax (CH),
HEOOXOIUMBIX UIsl m3Mepennit. ClieyeTr OTMETHTH U TO,
Y10 KBaM(UKanus GU3NKOB (KaK MOJIb30BaTEIeH CUCTEMBI
€/IMHUII) CYIIECTBEHHO BBIIIIE CPEIHEH, U IOITOMY MEPEBOJI U3
OJHOM CUCTEMBI €MHUII B IPYTYIO HE JTOJDKEH COCTABJISTH U
HE COCTABJISIET JISl HUX CYIIECTBEHHOM MPOOJIEMBI.

HeobxommMo — 3aKOHOMATENLHO — PErjiaMeHTHUPOBATH
JIUIIB TO, YTO JIOJDKEH 3HATH M YMETh 00JIaIaTellb TOTO WIIH
MHOTO IUTIJIOMA, U B CJTy4ae He(PU3UKOB 3TU 3HAHUS U YMEHHUS
JIOJDKHBI OBITh BBIPA)KEHBI SI3BIKOM MPAKTUYECKON CUCTEMBI
u3MepeHuit, T.e. cucteMbl CU. To, kak OyAyT MOJIy4YEHBI 3TH
3HAHMS, HE TOJDKHO JIMMHUTHUPOBAThCS. UTO XKe KacaeTcs
(U3MKOB, TO I HUX HEOOXOAMMO YMETh MPENoAaBaTh
¢usmky B cucreme CU (kKoiab CKOpO IUIUIOM (HU3UKa-
ucceoBaTeNsl IpenanosiaraeT INpaBo MpenoJaBaHus B
By3ax U IIKOJIAX), TOTAa KaK HCCIEN0BATEIbCKYIO padoTy
MOHO BecTH (TIpU HEOOXOAUMOCTH) U B JPYTUX €IUHHUIIAX,
Hanpumep B CI'C.

Criennyet Takke OTMETUTD, YTO U3JUIIHE XECTKO (PUKCH-
pOBaHHAs CHCTEMA MPENOIaBAHMSI BPeTHA U JJIs1 COOCTBEHHO
cuctembl CH. OIHO3HAYHO U )KECTKO (PUKCUPOBAHHOM Ha Bce
BpeMeHa MexayHapoaHoi cuctembl equnun CU kak Tako-
BOH He cymiecTByeT. [IporcXomuT moctossHHAs Moauduka-
oUsl TPHUHSATBIX corameHndi. HekoTopwle MOmMOSTHEHUS
(HampuMep, BKJIIOYECHHE HOBBIX E€IWHUI]) NPUHUMAIOTCS
MOCJIe TOr0, Kak OHU MPOJAEMOHCTPHPOBAJIU CBOIO JKU3HEC-
nocoOHOCTh. OJHAKO O MX NPUHSTUS OHU HE SIBIISIOTCS
qacTpto cucteMbl CU, XOTsI ¥ MOTYT UMETb ILIUPOKOE
npuMeHeHne. [1pu KeCTKOM U MOCIIeI0BATEILHO PErylaMeH-
THPOBAHHOM IMPENOJABAHUN HAM IPUAETCS H30eraTb WcC-
MOJIb30BAHUSI TAKUX OOINETPUHSTHIX €IMHHUI, YTO Hepa-
3YMHO.
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