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YAK 539.1+4539.12

Boipalomuiica coBpeMeHHbli  (u3nK-TeopeTHKk BepHep
Teiizen6epr noc/ejHue roAbl MHOro pa6oTan Haj nocTpoe-
HHeM eJUHOH TEeOpPHM 3JIeMEHTapHbIX YacCTHI — I/aBHOH,
NPUHIKNHAJBHO BaXHOH mnpo6JeMoli COBpeMEHHOH Teope-
THYecKoll ¢usnku. XoTsa nyTh, npeanoxeHubidt IeilisenGep-
roM, He eJMHCTBEHHbI (mapaJenibHO paspabaThiBaloOTCs H
HMEIOT ONpeJle/ieHHble YCleXH APYrHe HanpabJjienHsa), BKJIaj
aBTOpa B pelleHHe 3TOH c/oXKHelHileldl npo6aeMbl BecbMa
3HauuTesieH. B HacTosilel KHHre CHMCTeMaTHYeCKH WH3J70-
JKeHbl Pe3ynbTaThbl €ro HccJsel0BanHilL.

B ocnoee Teopun TlefizenGepra /exuT jonyuLieHHe O
CYIIECTBOBAHUH HEKOTOPOTO (YHAaMEHTaNbHOrO CIIHHOPHO-
ro 1oJisi, ONMMCLIBAEMOrO HeNMHeHHbIM ypaBHeHueM. Bos-
6y JeHus1 3TOr0 MOJs JOJKHbI 1aTh BCe CHJIbHO B3aMMO-
JneicTByomMe 4YacTHlel ¥ GoroHb. B kHHre paccmartpi-
BAlOTCSl TaKXe JIENTOHBl W  3aTParuBaloTCs  BOMpPOCDI
rpaBHTAlNH.

Hapsany c eauHoli noseBoit Teopuei dacTHL B He#
usnaraiorcsi Metog Tamma — JlaHKoBa, Teopus TI'H/bOEpTO-
Ba NpPOCTPaHCTBA ¢ HHAedDUHUTHON MeTpHKOH, Teopema
Tonncroyua, mojenb Jlu u apyrHe Heo6xoauMble AJS pas-
BUTHs1 ¢opMasu3Ma BCOMoraTeslbHble (HU3HYECKHE M Ma-
TeMaTHYeCKHe BOMpPOCHI.

Kuura TeiisenGepra sBasieTcs NepBoH B MHPOBOM
HayuyHO# JuTepaType MOHOTpadueli Mo enHHOH CIHHOPHOH
HeJHHelHOH Teopun MaTepud. Ona 6yjaeT HHTepecHa (H3H-
KaM-TeOpeTHKaM, a TaKXe MaTeMaTHKaM H duiocopam.

Pedakyus aureparypol no ¢usuxe

HUup. 2-3-2



NMPENVCJAOBUE PEIAKTOPA NMEPEBOIA

OfuH M3 BbifalOUHXCA (PUSHKOB-TEOPETHKOB HAILIEro
ppemen Bepuep [efizenGepr (nbiHe aupekTop MHCTHTYTa
duzukn u Actpopusukn nmenu Makca Ilnanka s MionxeHne,
®PT) npuoGpea LIMPOKYIO H3BECTHOCTb ellle B 20-x roaax
KaK OCHOBaTeJb KBAHTOBOH MeXaHHKM B e€e MaTpHYHOH
¢opme (1925 r.) wn aBTop NPHHLHMNA HeoNpeaeNeHHOCTH
(1927 r.). CoTpyAHHYeCTBO CO CBOHMH 3amMeyaTebHbIMU
yuureasimu 3oMMepenbaoM B Mionxene u BoptHom B ler-
THHreHe, a TaK)Ke MHOroJieTHee OOLUeHHE C Huascom bBopom
B Komenrarene cONeACTBOBa/JM BCECTOPOHHEMY Pa3BHTHIO
XapaKTepHBIX UepT Hay4yHOro TBOPUECTBA [efizenbepra, oT-
nuualollerocsi G/H30CTbIO K OOUIMPHOMY 3MMHPHUECKOMY
MaTepHany (H3HKH aToMa, siApa, TBEPAOro Tesia H 3/]eMEH-
TapHbIX YaCTHL, HCMONb30BAHHEM CAMBIX TOHKHX CpencTB
MaTeMaTHUECKOro (opMasudMa M rayGHHOH TPAKTOBKH du-
nocodcko-hu3Hueckux npobJieM.

[Mocie paBoT Mo KBAHTOBOM MeXaHHKE (npuHECWIHX eMy
HoGeneBCKylo MPEMHIO) H MO KBAHTOBOHM 3/EKTPOAHHAMHUKE
TefizenGepr BHec 60JbIIOH BK/Iad B TEOPHIO (dheppomarte-
TH3Ma M TEOPHIO ATOMHOTO $iApa, B YaCTHOCTH BBIIBHHYB
BriepBble MOHSITHE H30TONHYECKOro CMHHA. Emy npunapne-
JKHT pa3paboTKa TEOPHH MATPHLbI PACCeAHHs U MHOXECTBO
pesy/nbTaToB B 06/1aCTH KOCMHUYECKHX Jyuel, peISATHBHUCT-
CKOMl KBAaHTOBO TeOPUH MoJst u Apyrux. HUro xacaercs npuH-
WHI1a HEeONpee/]eHHOCTH, TO OH BbI3BaJ MHOTOJIETHION 06-
HIMpHEHIIYIO JUCKYCCHIO B (PH3HUECKUX H dunocoPCKUX Kpy-
rax B CB3H C WHTepHpeTalueil KBaHTOBOH TEOPHH.

Ve Gosee mecsith aer [eiizen6epr He rnpekpailaer
TNONBITOK OCTPOEHHs €HHOMN TEOPUH 3/1eMeHTapHbIX JaCTHLL,
B repBylo ouepeib aApOHOB (CHJBHO B3aMMOIEHCTBYIOIINX
MC30HOB M GapHOHOB), C BKJ/IOUEHHEM TaKXKe ¢doTtoHOB, a
3ateM W JenToHOB. Bonpoc 3toT nmpuodpen GOJBIIYIO aKTY-
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aJbHOCTh, MOCKOJbKY K HAacTOsflUleMYy BPEMEHH OTKPHITO
CBbIIIE ABYXCOT 4acTHL M HX BO3OYXK/AEHHBIX COCTOSIHHI —
pe3oHoHoB (pe3oHaHcoB): B ocHOBY TeopHH KJaajaercss He-
KOTOpoe (yH1aMeHTalbHOE TMoJe («npamaTepua»), B3au-
MOJEeHCTBYIOIlee CaMO ¢ COOOH U TeM CaMblM ONHCbiBaeMoe
HeJHHeHHbIM ypaBHeHHeM. DTO noJe SBJAseTCS MO CYLlecTBY
JHPAKOBCKUM CIMHHOPHLIM (COOTBETCTBYET KBaHTaM TMoJy-
1LeJoro CruHa), uTo HeoOXOAHMO s yueTa CHHHOBBIX
cBofictB. Ero Bo36yxaenHble COCTOSIHUS M NPHBOAAT K pas-
JUYHLIM peasibHo HabanaeMbiM yactuuaM. [logobHas KoH-
Lenuuss B psiJe OTHOWEHHH pasBHBAeT TEOPHIO CJAHSHUS
ne bpofins u, ¢ apyrofl CTOpoHBl, MOJeJb COCTaBHbIX ua-
cruu tuna ®epmu — fura n Cakarta ¥ MoxkeT ObITh corfa-
coBana, Kak OKa3blBaercs, ¢ HoBeillell runotesoil cybua-
cTull — KBapkoB. OTmeTuM, 4to B paGoTax 1no HenuHeHuoH
CIITHHOPHO! TEOpHH, a TakKe H B CBOUX HCC/AELOBAHHAX 110
anpy [efizen6epr yuutbiBaa pabOThl U COBETCKHX YYEHbIX.

PaspaGotrka enuHoil cnuHOpHON Teopun noTpedoBaa
npuMeHenus npubsmkenHoro mertoxa Tamma — [lankosa,
HCNONb30BAHUA HHAe(PUHUTHON MeTPUKHM MPOCTPAHCTBA CO-
CTOsiHUR (ruab6epToBa MPOCTPAHCTBA) M, HA HbIHELIHCM
JTane, BhIPOXKAEHHOTO BakyyMma, npeofpasylollerocs no He-
TPHUBHAJBHOMY TMpPELCTABJEHHIO HEKOTOPLIX TPymnm CHMMeET-
pHH HCXOAHOTO ypaBHeHus. Bce 3T Bompochl noapo6HO u3-
JaralTcs B JaHHOW KHHre, sBJfollefics nepBoli MoHorpa-
¢duelt no enuHoW cnuHopHOH HenuHefiHO# Teopuu. XoTs
paspaborka 3Toll Teopun B rpynne [eiizenbepra, a Takxke
pagoM (paHUY3CKHX, COBETCKHX W APYTHX aBTOPOB TpH-
BeJa KO MHOTHM HHTEPECHbIM CTHMYJHPYIOUIMM BBIBOLAM
1 ee pe3y/JbTaTbl B CMBbICJe MOACYETA MACC YACTHIL H KOH-
CTaHT CBSI3M OKAa3bIBAIOTCH B HEKOTOPBIX CAyuasx yxKe J0-
BOJIbHO OJIM3KUMH K IMIHPHUECKHM 3HAYEHHSIM, O/HAKO,
KakK MOJuepKuBaeT caM aBTOp, €lle HeT PeYyd O 3aKOHUEeH-
HOH eJHHOH TeOpHH MaTepuH, MOCTPOEHHEe KOTOpol mnoTpe-
OyeT MajbHeHIIUX 3HAUMTENbHBLIX ycHaui. B yacTHOCTH, Ha
Halll B3rJsiA, HeOOXOAMMO YUUTBHIBATH TPABHUTALHIO M ACHM-
meTpuu BceseHHON Ha camMoM HauaJbHOM 3Tare.

B KOHUe KHUTM NpHBeJeH aHHOTHPOBAHHBIA CIIMCOK J0-
MOJHUTCABHON  JIHTEPAaTyPhl, COAep:KalWi KaK TOoJe3Hble
0630phl, Tak U HOBellIHe NMyGJAHKALNH,

A. Hsanenra



MPEAUCJIOBHUE ABTOPA

DTa KHAra CONEPIKUT TEKCT JIEKWHH, NPOYHTAHHBIX aB-
TopoM B MIOHXEHCKOM YHHBEpPCHTeTe B TEUCHHE JCTHEro
cemecTpa 1965 r. B Hapexje lpHBJIeYb BHUMAHHE MOJOMO-
IO TMOKOJeHHs (PH3UKOB K COBPEMEHHOMY pa3BHTHIO efnHON
NOJIeBOil TEOPUH 3JeMeHTapHbIX YaCTHIL.

KapTuaa, B KOTOpPO# 3/JeMeHTapHble YaCTHUBL paccMat-
pHBAIOTCS B KauecTBe IHHAMHUYECKHX CHCTEM, aHaJOrHuHbIX
CTAUMOHAPHBIM COCTOSIHHAIM CJOXKHBIX aTOMOB M MOJIEKYJ
(T. e. cHCTeM, BO3HHKAIOUIMX, KaK W B KBAHTOBOH MeXaHH-
Ke, U3 HCXOAHOTO (YHIaMeHTalbHOrO NPHHLKNA), OO/BIIHH-
cTBY (DM3MKOB [10JIrO€ BpeMs He Kasajach IpHBJEKaTEeb-
Hoit. Ilo cyTu nena OHa NMPOTHBOpeYH/IA TEPMHHY «3JIEMEH-
TapHble», KOTOPHIH NpHMeHseTcs K 3THM yacTHUaM, H He
COrJlacoBbLIBaNacCh C HajAeXJOH Ha MPOCTOE TMOHMMAaHHE HX
npupoabl. C Apyroit CTOPOHbI, B TeyeHHe NPHUMEPHO ABa-
JUATH JieT, KOTOpble MPOIIIH [10C/]€e MepBOH OTYeTIHBOH
(OpMYJHPOBKH 3TOH KapTHHBI, OHA HAlIa MOATBEPKIEHHE
BO MHOTMX 3KCNepHMeHTax. Bbljo OTKPBITO 60Jbliloe YUCIO0
HOBHIX yacTHL. Mx cmektp u npasuia ordopa mpu rnepe-
XOllaX aHAJOTHYHO TOMY, Kak 3TO [eJajoCh C ONTHUECKHMH
CrleKTpaMu aTOMOB, OblIM YCIEUIHO OMHCAaHbl KBaHTOBBIMH
yncaamu. KonkpeTHasi maTemaTHyeckas gopMa (pyHAaMeH-
TaJbHOTO 3aKOHA TPHPOJb, NpenioxenHas B 1958 r., noa-
TBEpPAUAACh [OCJAEAYIOUIHM OTKPbITHEM Tm-Me30Ha, onpeje-
JIeHMeM KOHCTAHT CBSI3H H, CPAaBHHUTEJbHO HEJaBHO, MNOAB-
NeHHeM BO3MOXKHOCTH CBsi3aTb (POTOH (a TeM caMbiM H
3J1eKTPOJIHHAMHKY) C BbIPOXK/JEHHEM OCHOBHOIO COCTOSIHHS,
Teopemoit [osjacToyHa M CyleCTBOBaHHEM «CTPaHHBIX» Ya-
CTHIL. DTH pe3yJbTaTbl ONPaBAbIBAIOT MOMBITKY H3JOXKHTDH
OCHOBHbIE HJEH e/[HHON [0JIEBOH TeOpHH B NMPOCTOH (opMme,

‘
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JIOCTYIHOH MOHHMAHHIO Jaxe TeX (H3HKOB, KOTOpbie He AB-
JSIOTCS CrenuasucTaMu B 00/1aCTH 3/1eMEHTAPHbIX YaCTHIL

[TosToMy B HalIMX JEKUHSAX OCHOBHOH ynop Gbii caenan
Ha (U3MueCKHe WAeH W B ropas3jo MeHblueil CTeleHH — Ha
MaTeMaTHyeckHil anmnapat. [lpu TemepeuiHeM COCTOAHHH
TeopHH Gbilo Obl TpPEXKAEBPEMEHHO HAUMHATH C MOJHOM
cHCTeMBl aKCHOM M TMPOJABHUraThCs BIepea Mpu MOMOILH CTPO-
rux BbiBofoB. Cefiuac TpebyeTcs JHlIb Takoe mareMaTHye-
CKOe OmHcaHHe, KOTOpPOe MpPUCIOco6/IeHo K JaHHOH dKcnepH-
MEHTaJbHOH CHTyalHuH ¥ He COAEPKUT BHANMBIX NPOTHBO-
peunii. B pasbmeiiieM ero MOXHO OydeT pasBHTb B
MaTeMaTHUeCKH CTporylo cucremy. Mcropusi GU3HKH HANo-
MHHAET HaM, uTo OOLIYHO BCAKAas HOBas Teopus (QopMyJH-
poBajiach CTPOro JIMUIb TMOCJ€ pelieHHs BCeX CYLLEeCTBEH-
HbIX (Hauyeckux npobieM. IDTH JIEKUHH OOPHCOBBLIBAIOT
MMeHHO OGL[{e KOHTYPbl HCKOMOH MaTeMaTHUYeCKOil CXeMBl
M He BKJIOUAKOT 10Ka3aTesbCTB CYILECTBOBAHUS M CXOLMMO-
CTH; BMeCTe C TeM OHM COAepKaT HeKOTOpble NpOCTeiline
BLIUMC/JAEHHA COBCTBEHHBIX 3HAUEHHMH A/ Macc H pacyeTbl
KOHCTAHT CBs3u. [opasfgo 6omee riayb6okoe u moapobHoe
M3JI0KeHHe MaTeMaTH4eCKHX npobseM Teopuu OyaeT AaHO
B Kkuure [lioppa, KOTOpbIfl cCaM NpHHMUMAaJ aKTHBHOE yua-
ctue B ee pasButHu. O630p AMHAMHYECKHX aClEKTOB Te€O-
pun G6uin HenasHo caenad Pammaxepow, Htymndom u Bar-
nepowm [127].

MaTremaTHuecKHil anmapaT COLEepXKHT pPAL HEOObIUHBIX
CTOpPOH, KOTOpble paHblle NMPEACTaBJsIH HEKOTopbie TPYA-
HOCTH IJs moHuManud. Peub uaer o6 HHAeQHUHHTHOH MeT-
pHKe B T'HIb6EPTOBOM [POCTPAHCTBE H O BBIPOKAEHHU OC-
HOBHOTO cocTosiHuSl. OJHAKO B TOCJA€IHHE oAbl HHAEQUHHT-
Hasi MeTPHKA M3yyasnacb B CBS3M C BapPHAHTOM KBaHTOBOH
snekTpoanHamuku I'ynrta — Buefinepa u B CBA3M € Mole-
Jblo JIH, a BHIPOXKJEHHE OCHOBHOTO COCTOSIHMSI HrpaeT Bax-
HYIO pO/b B COBpeMeHHofl ¢usuke TBepaoro rena. Tak uto
3TH pacUIMPeHHsl PaAMOK OObIUHOH KBAHTOBOH MEXaHHKH He
JOJIKHBI TIPENCTABIATbCA CAHLIKOM CJA0XKHBIMH. Onu mof-
po6Ho o6cyKaaloTcs B TEKCTE.

deHOMEHONOTHUECKHE TEOPHH, B O0OLLeM YycCHeliHo Ha-
BOASIHE HEKOTOPbIH NMOPSAOK B 3allyTaHHOM IMIUPHYECKOM
MaTepHaJjie (a HMEHHO HCNEPCHOHHbIE COOTHOLIEHHS, MO0
ca Pemxe, rpynnsl yHUTapHBIX npeoOpa3oBanuil, Nog00HbIE
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SUs 11 SUs, ¥ T. 1), B 3THX JICKLUAX noapoGHO He paccmat-
pUBAIOTCS. CyllecTByeT DS XOPOUIMX KHHT, MO KOTOPBIM
X MOYKHO M3yuHTb. [1yTb, Ha KOTOPOM S5TH TEOpPHH MOTYT
6LITh, NMO-BHAMMOMY, CBsi3aHbl C pe3ynbraTaMi eqUHON TIO-
neBoil TEOPHH, ONUCAH B MOCJELHHX TaBax JaHHOI KHWTH.
VMeHHO 34ech elle pas OLLYUAETCH, uTO EAlHad nosieBas
TeopHsl HAXOAMTCH JHIIb Ha rMepBoil CTajgHK CBOEro pasBH-
THSL M MHOTHE CIOXKHble MpoGJeMbl HYKAAI0TCH B JgaJjbHel-
weit paspaGoTke. B oGnactu CHJAbHBIX B3aUMOLEHCTBHUH,
5MeKTpOMarHeTnama, caatbbix B3aUMOJEHCTBHI M TrpaBHTa-
MM, ecH paccMaTpPHBaTh HX C TOUKH 3pEHHS 9TOH TEOPHH,
ellle OCTAIOTCS LIMPOKHE BO3MOKHOCTH /sl HCC/IENLOBAHNA.

ABTop BecbMa 00si3aH 1-Py By-Iyu-Ksanry 3a GoJib-
{ylo NOMOIib, OKa3aHHYIO TpH MOAroTOBKE PYKOIHUCH, CO-
tpyanukaM WHCTHTYTA (QUIHKH H actpoduanki HMenu Mak-
ca Tlnanka 3a MHOXECTBO LEHHBIX pekoMenjauui npu o6-
CyKIeHusiX W BHIUMC/AHTEJbHOM  rpymnie HHCTHTYTa 3a
BbINOJIHEHHE UHMCJAEHHBIX PacyeToB.

U Jeeeryp
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OCHOBHbBIE 3KCNEPUMEHTAJIbHBIE JAHHbIE

§ 1. Onpenenenue 31€MEHTAPHONH YaCTHLD!

OKOJIO MATHAECATH JerT Ha3ajl Oblid U3BECTHBI BCEro
TPH THINA «3JE€MEHTapHbIX 4aCTHIL. CuuTanoch, 4TO 3J€K-
TPOH M MPOTOH AABJSIOTCS MeJNbUalIlMMHU SAEMEHTaMH Belue-
cTBa, a (OTOH — MHHUMaJbHOH NOpLHEH 3HEPrHH H3ayde-
Hus. DTa KOHUEMUUA <«MeJjbuaiillero JeMeHTa» BO3HHK/A
M3 MpeAcTaBleHHH O [eJHMOCTH MaTepHH. Mexanuue-
CKHM HJIM XMMHUYECKHMM NyTeM KYCOK BelleCTBa MOXKHO pas-
JI0KHTh Ha OT/Ae/]bHble aToMbl. ATOM pasjensercd Ha fApO
i OKpYyXKalolue €ero 5/JeKTPOHbl. ATOMHOE fApO MOXKHO
paculeniTb Ha NPOTOHbI W HEHTPOHbI. O «mesbuaiiiiux sie-
MeHTaX» MOXHO FOBOpPHTH JHIIb B TOM cjydae, €CjaH OHH
ie fensTcs Ha ellle 6osjee MejkHe 4acTH.

E/IMHCTBEHHBIMH MPOLECCaMH, B KOTOPBIX MOXHO GblIO
Gbl 0’KMAATb pacLlenyeHus 3JeMeHTapHbIX 4acTHl, ABJsA-
JUCh MX CTOJKHOBEHHSI NPH OUeHb BbICOKHX 3SHEPrusX.
VIMeHHO [/ M3YUeHHs TAKUX CTOJKHOBEHHI M MPeAHa3HA-
yanuch GOMbLIHE YCKOPHTeNW, MocTpoenHbie B Depkiy,
Jly6ue, Xenese u Bpykxeiisene. [lpoBonnmbie Ha HHX IKC-
MepHMeHTHl MOKa3aJsH, 4TO NpW COYAAapeHHH ABYX 4acCTHU
BLICOKOH 3HEpruu NeHCTBUTENbHO MOXKeT MNOABUTbCS MHO-
JKECTBO JIPYTHMX 4aCTHIL, OJHAKO OHU COBCEM He obA3areb-
HO SIBASIIOTCS Gosiee MeNKHMH, 4YeM 4YacCTHUbI CTajKHBalO-
muecss. Hao6opor, okas3biBaercsa, 4To HE3aBHCHMO OT MpH-
pO/Abl MOCAEIHHX POXKAAIOTCA UACTHUB BCEria OIHUX H
Tex e TUMOB. DoJjiee TOUHO 3TO fABJEHHE MOXKHO ONHCATh
CAeNyIOUIHMHA CI0BaMH: Oosbliast KHHETHUeCKas 3Heprus
CoyaapsIOIMXCs 4acTHLl NpeBpallaercs B BeLLeCTBO, B MO-
SIBJISIIOLLLHECS 4aCTHILb («MHOXECTBEHHOe POXKJeHHe YacTHL»
(1, 2]). Ha ¢ur. | usobpaxena dotorpadus, caemraHHas
C 1IOMOULBIO MY3bIPLKOBON KaMepbl K €HEBCKOrO MPOTOHHOTO
cuuxpotpona. OHa AeMOHCTpHpyer THIMYHBIA  cayualil
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MHOXKeCTBeHHOro poxjaenus. Takum ofpasom, npuHumas
(opMy 3JeMeHTapPHBIX YACTHULL, IHEPTHS MOMKET MPEBPATHTHCS
B BellecTBo. [ToaToMy passiuuHble 3jeMEHTApHbIE YaCTHI(B!
MOXKHO paccMaTpuBAaTh KaK pasHble (HOopMbl CYyIlLecTBOBA-
HUS (QYHAaMEHTaJbHOH cyOCTaHLUUM — MaTepUH WJM 3SHEp-

2 srvan |
#0T0MS |/
s |

&% 9000

®ur. 1. Ilporon, yckopeuuwviit B cunxporpoHe LIEPH po 24 [3s,
CTaJKHBaeTCA B MNy3HPbKOBOH Kamepe C #]pOM aromMa BOAOpOAA H
NOPOXKAAeT MYYOK BTOPHYHBIX YACTHI, B OCHOBHOM IHOHOB.

ruu [3]. HaswiBaTh 3TH 4yacTHLB «MeJibYaHLIMMH 3JEeMeHTa-
MH» MOXHO JIMLIL B TOM CMblC/ie, €CJIH 4acTH, Ha KOTOPhIe
OHH paclUeNJsiloTcsl, He sABJAIOTCH 6oJjiee MeJKHUMH, a 00-
JajaloT NpUMepHO TeMH Ke pasMepaMu.

Takoe pewienue npo6J/emMbl «MejbyafillinX 3JIEMEHTOB Ma-
TePUMU» ABJSETCS BecbMa YAUBUTENbHBIM M MPHBOLHUT K
JpyroMy BOMNpPOCY, KOTOPBIA HYKHO BHHMATENbHO HCCJELO-
BaTb. PaHbllle aTOMbl W aTOMHbIEe f[pa paccMaTpHUBaJIHCh
KaK COCTaBHbl€ CHCTEMBI, KOTOpPbie€ MOCTPOEHBI H3 MHOXKe-
CTBa 3JIEMEHTAPHBIX YacCTUL; B TO Ke BPeMs 3JEKTPOH H
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NPOTOH CUMTAJHCh HENENHMBIMH, & 3HAUUT, «3JeMeHTaplibl-
Mu». B onuchiBaeMoil CHTyalUun Takoe pasjHunue Mpeacras-
7ieTCsl 1OBOJIbHO HCKyCCTBEHHBIM. B camom pese, Bpsid JH
cyllecTByeT Kakoe-HHOY/b XOpoluee onpejeseHue, ¢ MomMo-
L[bI0 KOTOPOTO MOXHO OTJHUHMTb «3/EMEHTAPHYIO> qJacTHILY
oT cocTaBHoil cucrembl. Tak, HampuMep, MHOH MOXKHO pac-
cMaTpHBATh KaK CHCTEMY, COCTOSILILYIO H3 OJIHOH HWJH He-
CKOJIBKAX HYKJIOH-aHTHHYKJOHHbBIX Map, HYKJIOH MOXHO T10-
ctpouth M3 A-THnepoHa H K-mesoHa, OTOH — M3 MIOOHA
W anTHMIoOHa H T. A. Ta mapajaokcajbHas CHTyauus, ¢ KO-
TOpOil MBI CTOJIKHY/IHCh, OUEHb XOPOLLO onuchiBaeTcs UIpo-
KO W3BeCTHOH (hopMyJoil: «Kaxaas sjieMeHTapHas UacTiua
COCTOUT M3 BCEX APYTHX 3/E€MEHTapHBLIX 4aCTHU>. Ecaun s
pacllen/eHus CHCTEMb Heo6xoauMMa »3Heprus, Masgaa [0
CpPaBHEHHIO C MaccOil MOKOA BOSHHKAIOLINX yacrei, To Npak-
THUECKH ellle MOXKHO FOBOPHTBb, YTO 3Ta CHCTEMaA siBJIAETCH
cocraBHoil. Ho Takoe ompejejeHue BecbMa TyMaHHO H HO-
CHT HE KAUecTBEHHbill, a KOJHMYECTBEHHbIH XapakTep. [To-
3TOMy pasyMHO BooOlle He JenaTbh HHKaKOro pasiuyHA
MeX/Ay 3/MeMeHTAPHBIMH uacTHUAMH H COCTABHBLIMH CHCTE-
MaMH.

OpnHoii M3 T/aAaBHBIX NpHYuH, Gjaropaps KoTOpoit B Qu-
3UKe 3JeMEeHTapHbIX YaCTHLl BO3HUK/A 3T HOBAA CHTyaLMs,
GBJISIeTCS BO3MOXHOCTb TMOPOXKJAEHHs Map, T. €. CYLLeCTBO-
panue agTHyacTuu M antrumartepuu [4, 5]. [Tyctb BOJHOBBIE
(YHKUHH, OMHCHIBAIOLIHE HEKOTOPbIE COCTOSHHA, ob6nanaioT
O/MHAKOBbIMH CBOficTBaMH cHMMeTpuH. Torja ux pasaedse-
HUe CTAHOBHUTCSI HEBO3MOXHBIM, TakK KakK Kaxjaas H3 3THX
BOJTHOBBIX (DYHKLHI1 GyJeT CoiepxaTh BK/IaAbl BCEX OCTaJ/b:
HBIX. B HepenATHBHCTCKOH KBAHTOBOH MeXaHWKe H3-3a Ha-
JIHUMSi KaJuBPOBOUHOH TrpYyIIbl COCTOAHAS C PA3JIHYHBIM
YHCJAOM YaCTHIL MMEIOT pa3Hbie CBOMCTBA CHMMETpHH, I10-
3TOMy OHH pasjenumbl. B pesiATUBUCTCKOM Teopun Osaro-
Jlaps BO3MOXCHOCTH [OPOXKJEHHs Map 3TO GyLeT yxKe He Tak.

Jlpyroil cTOpoHO# 3TOf CHTyauUHH ABJACTCS CI0KHOCTH
(hUBHKH 3/1€MEHTApHBIX YacTHI. Bpsan su TeopHs d/eMeH-
TAPHBIX YACTHIL MOXKeT ObITh MpolLe KBAHTOBOH XUMHH; B
Heil He GyjeT aHajora ONTHYECKOrO CNEKTpa aroMa BOJO-
pojia H COOTBETCTBYIOLLETO €My MPOCTOro MaTeMaTHYECKOro
3akoHa. Ecad B KBAHTOBOH XHMHH Mbl XOTHUM BBIUHCJIHTD,
CKa)keM, 9SHEpPrHi0 CBA3UM [JABYyX aroMOB B  MOJEKy.e
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KHC/I0DPO/la, To He/b3sl MpeHedperaTb TeM, YTO B poieccax
CTOJIKHOBEHH[I MPH BBbICOKMX 3IHEPrusix aToOMbl CIOCOOHBI
HOHU3HPOBATbCH MU Ja)ke PACLENAsiThcd Ha OTAeqbHbIC
fapa u 374ekTpoHbl. [ToaToMy MBI He MOXeM HaOesiTbCsl Ha
CyllecTBOBaHHE NPOCTOH aHaNMTHUECKOH (DyHKLHH, KoTopas
TOYHO OMHCbIBAET MeXaTOMHbIHl MOTEHUHaJ H TeM CaMbiM
onpejensieT 3Hepruio cBsi3u. CoBepLIEHHO aHAJOTHUHO, Helb-
3s1 BBIUMC/MTL Maccy MHOHa, HCXOJAst H3 MPOCTOrO HYKJOH-
AHTHHYKJIOHHOTO NMOTeHLHMaJa, — Belb aHaJIU3 ero noseieHHs
JIOJDKEH OTPaxKaTb TOT 3KCMEPUMEHTAJIbHBIH (pakT, uTO IpH
CTOJIKHOBEHHHM HYKJIOHA C aHTHHYKJOHOM, KOT[a oHU o6Ja-
NalT BBICOKUMH 3HEPrUsiMH, MOXET MOPOAMTHCS MHOXKe-
ctBo uactull. [lostomMy B Teopun 3sJjieMeHTapHbIX 4YacTHIL
npobjeMa co3faHUsl NPUGJHKEHHBIX MaTeMaTHUYECKHX Me-
TOJOB CTOJIb € BaxKHa UM TPYAHA, KAK U B KBAHTOBOM
XHMHH.

Ecin pasnnunble s/eMeHTapHble YacTHUbI CUHTATh pa3-
HbIMH popMamMu (yHAaMeHTabHON CYGCTAHUHY («IHEPrUH»
WM «MaTepuu»), TO cJeldyeT MNOAUEepPKHYThb, UTO 3aUYacTylO
OHHU SBJISIIOTCSl BCETO JIHILb MEPEeXOAHBIMH 0O6pa30oBaHUSAMHU,
o6/aflalOHMH OYeHb KOPOTKHM BpeMeHeM Xu3HHM. Heko-
TOpble H3 HHX, MOAOGHO MPOTOHY, 3]EKTPOHY HJH [AeHTpo-
Hy, ctabusbHbl. Jlpyrue uMelotT BecbMa «BO/bLIOE» BpeMsi
KU3HH — OT 1076 no 10716 cex (HanpuMep, MHOH MM Q -TH-
nepoH). Ho nopmasssmoiee 60/bUIHHCTBO uacTUl, o6jamgaer
BpeMeHaMHu KH3HHM, MeHbwUMU deM 10716 cex (3aMerum,
YTO KOrja B 3TOH KHHre ynorpeG/sieTcss TEPMHH «Macca»
HIW «BpeMsl XKH3HH», TO MOJpPa3yMeBaeTCs, YTO BhISpaHa
cucreMa nokosi AaHHo# wactuubl). CaemoBatesnbHo, GyayT
CYyL1eCTBOBATbL HENPEPLIBHLIE MEPEeXOAbl MeK1AYy COCTOSIHHSA-
MU ¢ GO/IbIIMM BPEMEHEM X H3HH, XapaKTEPUCTHKH KOTOPHIX
MOXKHO H3MEpPHUTb C GOJIBIIOH TOYHOCTBIO, H MEXAY APYrH-
MH COCTOSIHHSIMH, BPEMst »KM3HH KOTOPBIX MaJjoO W 4bH CBOH-
CTBa [MO3TOMY CTPOro He ornpejesieHbl. Takoe Mo/a0XKeHHe
Belledl OTYETNIMBO Hab/I0]aeTcss BO BCEX 3KCNEPHUMEHTax.
HenpeprlBHbIA CEKTP COCTOSIHMI He CBSI3aH C ONpenesneH-
HBIMH CHMMETDHUSIMH, HaNpUMep C TOYHBLIMHM 3HAUYEHHAMHU
MOMEHTaA HJIM H30CnHHA. [JHUCKpeTHOe CTalHOHapHOE COCTO-
sine o6/aajaeT onpejeJeHHHIMH CBOHCTBAMH CHMMETDHH.
MakcumMyM B HenpepbiBHOM CNeKTpe B 3aBUCHMOCTH OT €ro
IIMPUHBI MOXKHO Ha3biBaTb MJHM PE30HAHCHBIM COCTOSIHHEM,
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WIM TPOCTO MAaKCHMyMOM; LIMDHHA ONDELENSCT TAKXKE,
MOKHO HJIH HeJib3si OOHAPYXHUTh €ro B HEKOTOPbIX CHMMET-
pusix. BO3MOXHBI H BCE NPOMEXYTOUHbIE CIyHAH. C tepmu-
HOM «3JIeMeHTapHasi yacTHua» Mbl GyneM o6GpallaThCs c€o-
BeplieHHO CBOGOJHO, HA3biBasA TAaK BCE yKA3AHHBIE o6paso-
BAHHS HE3aBHCHMO OT MX CTaOM/IbHOCTH.

§ 2. Knaccudukauus ajieMeHTapHbIX YacTHIL

M3 cKasaHHOTO MAOJKHO ObIThb YyXe€ $CHO, YTO MEXIY
CTIEKTPOM pas/IMYHBIX 3JIEMEHTAPHBIX HACTHI H CNEKTPOM
cTAllHOHAPHBIX COCTOSIHME, CyLLeCTBYIOUIMM B KBaHTOBOM
TeopHu aToMa, uMeercs TecHas anasuorus. [lostomy mpn
kJIacCH(UKAUMA YaCTHL €CTeCTBEHHO DYKOBOLACTBOBATHCA
TeMM K€ caMblMH MNpHHIMIAMH, KOTOpble C YCHNEeXOM IMpH-
MeHsJINCh B TEOPHH aToma.

OueBH/HbBIM OTNPABHBIM NYHKTOM TakKoil KJaccHbuKa-
LMK SIBJISIETCS aHAJN3 TeX OCOGEHHOCTeHd HCXOQHOro MpHH-
LHNa H HAGAIONAEMbIX NaHHBIX, KOTOPHE B K/IaCCHUECKOH
(pu3MKe HA3BIBAIOTCA «3aKOHAMH COXpAHEHHs» (nanpumep,
coxpaleHue HepruH, UMINyJbca, MOMEHTa, 3apsila H T. a.).
Or MaTeMaTHKOB (DU3UKH Y3HAJH, YTO 3aKOHBI COXpaHEHH:
CBA3aHbl C CHMMETPHSIMU, C FPYNIOBOH CTPYKTYpO#l HCXOA-
Horo ypasHeHusi. Eciu OHO HHBAapPHAHTHO OTHOCHTEILHO
onpefeseHHoro npeo6pa3oBaHus, TO H3 ONEPATOPOB MOC/IEN-
HEro MOKHO MOCTPOMTh Ha6./1l0faeMylo BeIHUHHY, KOTOpas
ocTaeTcs MOCTOSIHHOH B Npoilecce, ONMHUCHIBAEMOM [aHHBIM
3aKOHOM NpHpojbl. Pa3Hbie cOCTOsIHMS CHCTEMbI MOXKHO pac-
cMaTpUBATh KaK pasjiMuHble MpelcTaBJeHus rpynmnet. C ma-
TeMaTHUYecKOfl TOUKH 3PeHHs 3TH TMpPEACTABJEHHS MOKHO
0XapaKTepH30BaTh WJHM AHCKPeTHBIMH uuciaMu (B cayuae
KOMIAKTHBIX TPyIN), HJIM HEeNpepbiBHBIMM NapamerpaMH
(Koraa rpynnsl HEKOMMAKTHbI); (EeHOMEHOOrHY€eckH IHCK-
peTHble UHCAa HA3bIBAIOTCS KBAHTOBLIMHU uMcaamu. Hanuuue
3aKOHA COXPaHEHHs O03HAyaeT, uTO B Ipolecce CTOJKHOBE-
HUSl CyMMa KBaHTOBbIX UHCEJ WJIM HENpephiBHbIX napaMer-
pOB OCTaeTcsl MOCTOAHHOH; B CJyyae AMCKPETHOH rpynmbl
e W3MeHseTcs NPOU3BENeHHe KBAHTOBLIX uhces (HampH-
Mep, ueTHocTei). Bce 3TH yTBEpPMIEHHSt XOPOLIO H3BECTHBI
H3 HepeJssTMBHCTCKOH KBAaHTOBOH MexaHukd. Ho upesBbl-
YailHO Ba)kKHBIM  pe3yJbTaTOM, BbITEKAIOLMM M3 BCEX
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COBPEMEHHBIX 5KCNEPUMEHTOB, SIBJSETCA TO 06CTOATENBCTBO,
YTO B JAHHOM MYHKTe MeXIy (U3UKOH 3JeMEHTapHBbIX ya-
CTHIIL ¥ KBAHTOBOH MEXaHHKOH He CYLIeCTBYeT HHKAKHX
(byHpaMEeHTa/NbHBIX Pa3NnuUil. DJeMeHTapHBIE YacTHILLI
MOXKHO KJIacCH(HUUPOBATHL C MOMOIILI0O KBAHTOBBIX 4YHCEJ,
3HAUeHHI MacC M BpeMeH XH3HHM Tak ke, KaK 3TO Jejaer-
Cf CO CTalMOHAPHBIMH COCTOSSHHSIMM B KBAaHTOBOH MeXa-
HHKe.,

Pasnuune nosiBasiercss JiMiIb NPU  YTOYHEHHHM CaMHX
rpynm, JieXalluX B OCHOBe Teopuu. HecomHeHHO, 4TO B ¢u-
3HKE 3JIEMEHTAaDHBIX 4YaCTHIl HauboJiee BAXKHOH fABJISETCS
rpynna Jlopetua [6], kotopas sameunsier rpynny anunes ue-
pEJIITUBHCTCKOH KBAaHTOBOH MeXaHMKH UM TPHUBOAMT K 3a-
KOHAaM COXDAaHEHHS 3HEepruH, MMIMyJbca W MOMeHTa. 3aKo-
Hbl COXpaHeHHs1 OapHOHHOrO 4Yucja, JENTOHHOTO uHMcaAa H
3/JIEKTPOMATHUTHOrO 3apsila HYXKHO WHTEpPIPETHPOBATH KaK
C/Ie/ICTBHE WHBAPUAHTHOCTH OTHOCHTENBHO COOTBETCTBYIO-
X KanubpoBounbix rpynn. Eme ogxa Baxuas rpynna
CBfI3aHA C «H30CMMHOM» YacTHU ¥ C 3apsAA0BOH CHMMeT-
pueil [7]. OxasbiBaercsi, 4To OHA M30MOp(HA BPAIUEHUAM B
TPEeXMEPHOM npocTpaHcTBe Wiu rpynne SU, (yHuMOy./sp-
HbIM YHHUTAPHBIM TPeo6pPa30BaHUAM JABYX KOMIIJIEKCHBLIX Me-
PEMEHHBIX) W MNPHUBOAMT K CYIIECTBOBAHMIO H30CTHHOBBIX
MYJIbTHIVIETOB, KOTOpbie 60jiee N0oApPO6GHO 6YAYT 06CYKAATh-
csl HUuKe. M3 ananusa skcrnepuMeHTa/NbHbIX JAaHHBIX H3BECT-
HO, YTO 3JIEKTPOMATHUTHBIA 3apsj ABJsSETCd CYMMOH H30-
CNMHOBOTO 3apsijga U runepsapsna [8] v uto nocjaegHuil cBs-
3aH ¢ noHsatvem ctpaHHoCcTH [9—I11]. DroT dakT HaBoauT
Ha MBIC/b, UTO CYLIECTBYET CBSI3b MKy H30CIHHOBOM
TPynnoi ¥ KajuOPOBOYHOH TPYNNOH CTPAHHOCTH; MO-BHUAH-
MOMY, HX cjeAyeT o6beaunuTh B rpynny U, (yuurtapubie
npeoO6pa3oBaHusl ABYX KOMILTEKCHBIX MepeMeHHbIX), KOTO-
pas fBisieTCs KakK pa3 MNpsAMBIM npousseaenvem SU, Ha
KanubposouHoe npeobpasobanue. Hakowel, skcnepumeHTs!
MOKa3bIBAIOT, UTO CYIIECTBYIOT ONpeesieHHble IHCKPETHbIe
Tpynnbl: MPOCTpaHCTBeHHOE oTpaxcenue P [12, 13], 3apsano-
Boe conpsixkenue C, ob6paienue BpeMmenn I u G-conpsxe-
Hue (npoussesenne C u o6pauenust usocnuna')) [14, 15].

1) Tlox oGpaiuenneM NoHMMAaeTcss MOBOPOT B MPOCTPAHCTBE H30-
cnuHa Ha 180° Bokpyr BrOpoOii ocu. — [Tpum. ped.
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Hanuude yKasaHHbIX TCpynn AaeT HaM 4Ype3BblUANHO
paKHyl0 MH(OPMALHIO O CTPYKTYpe HMCXOJHOr0 3aKOHA NpH-
pOJBI; OJHAKO TO 0OCTOATENBCTBO, UTO HEKOTOPble M3 CHM-
MeTpHil CNpaBefJIMBbl JHUIb TPHOJNMKEHHO, BBI3BIBACT He-
KOoTOpoe coMHeHue. JleficTBUTe/NbHO, caMo CyllecTBOBaHHE
MY/bTHIJIETOB B CMEKTPE 3/1IeMEHTaPHBIX YaCTHIl yKa3blBaer
Ha NPHUCYTCTBHe Oosee cnabblX B3aHMOAEHCTBHH, KOTOpBIE
ABJSIIOTCS MeHee CHMMeTpHuHbIMHM. Benb B cayuae moJiHo#
CUMMETpHUH J1000e A-MepHOe NpeAcTaB/eHHe TPYMbl 10JXK-
HO TNPUBOAHTH K N OJMHAKOBBIM COOCTBEHHBIM 3HAUEHHSM
Macchl. Mx pacriensienie MOXeT ObITb 00YC/IOBJIEHO TOJIBKO
MeHee CHMMETPHYHBIMH B3auMojaelcTBusMu. Hanpumep, B
KBAHTOBOM MeXaHHKe XOpOLIO M3BECTHO, YTO BHELIHEE 3JI€K-
TpUYECKOEe MOoJe HapyllaeT HCXOAHYIO BpallaTe/bHYIO CUM-
METPUIO CHCTEMBI M MPHUBOJAHT K PacLIEneHHIO ONTHYECKHX
annuil (3¢dekr Ilrapka); Takum 06pa3oM, CHMMETpPHUIO
MOXKHO MOHM3HUTb BHEWHWM Bo3aelictBHeM. C Apyrodl cro-
pOHBI, MYJIbTHIIETHAS CTPYKTypa ONTHUYECKHX CIEKTPOB
oByc/oBJ€eHa TeM, 4TO He3aBUCHMOCTb BpallaTenbHOH CHM-
METPHUH OTJEJBHO 1O CIHHOBOMY M MO OpOHTaA/bHOMY NBH-
JKEHUsIM paspyliaercs BBeJeHHEeM MarHHTHOTO CHHH-OpOH-
TaabHOTO B3aumopeiictBus. B 3toMm cayuae He cyliecTByer
HHKAKOro [eHcTBUS HW3BHe, HapyllalolUero CHMMETPHIO:
ecau cHauyasna npeHe6peub MArHHTHBIMH CHJaMH, TO MOX-
HO HCKYCCTBEHHBIM INyTeM c03/1aTh 6oJiee BHICOKYIO CHMMET-
pUio (HE3aBHCHMOCTb CIHHA W OPOUTHI) M JHIUb NOTOM €€
HapyuluTh. DTU NpPUMEpPbl MOKAa3biBAIOT, YTO C/AeldyeT pas-
JUYaTh Ba BMJAa CUMMeETpHil ¥ MHBapHaHTHocTeH. CuM-
METpPUHU NEepPBOro poja CBOHCTBEHHBl HCXOLHOMY 3aKOHY MpH-
poabl (HarpuMep, UHBAPHUAHTHOCTH OTHOCHTE/NbHO Bpalle-
Huii B KBaHTOBOH Mexanuke). CHMMeTpHUH BTOpPOro pojaa
BO3HHKAIOT BCJEACTBHE TeX NpUOMHKEHHH, KOoTopblie Gosiee
WIH MeHee ONPAaBABIBAIOTCS [/ pasjUUHBIX COCTOSHHUH
paccmMaTtpuBaeMol cucTeMbl. Tak Kak CHMMETDHH MNEPBOro
pola MOTYT HapyllaTbcs AeHCTBHEM «H3BHE», 3TOT MOCJel-
HHH TepMHH HeOOXOAMMO HECKOJIbKO YTOYHHTb. Bo MHorux
cayuasix (OUBHK-IKCIEPUMEHTATOP MOMKET H3MEHSITh BHEL-
Hee BO3[eHUCTBHE NMPOU3BOJIbHBIM 06pa3oM, MoMelas CHCTe-
MY B 3JIEKTPHYECKO€ WJHM MATHUTHOe IoJe, 3akjalouas e2 B
AKK U T. 1. B Apyrux cuTyauusx Ha CHCTeMy MOXKeT dei-
CTBOBATh MMp B 1LeJ0OM, TaK 4TO 3TO BJHfiIHME (DU3UKY HE

2  3ak. 923
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nopsaactHo. Tak, B 3AHIITEHHOBCKOH TeOpUM rpaBUTALUU
LeHTPOOEXKHble CHUJIbI BO3HUKAIOT M3-3a BHEUIHEero 1efCcTBUS
OCHOBHOTI'O COCTOSIHHSI BCEJIEHHOH H/1M M3-3a CYILeCTBOBAHUS
OYeHb YJaJIEHHBIX MacCC; HUX Helb3s H3MEHATb NPOH3BOJBHO.

[TockoabKy cylilecTBOBaHHe MYJbTHIJIETOB MacC B CreK-
Tpe 3JeMeHTapHBIX YacTHIL He BBI3BAHO HCKYCCTBEHHbIMH
BHEIUHHMH MOJSMH, ClAefyeT BbOHpaTh OAHY U3 ABYX BO3-
MOXHBIX HHTepnperauuii. CHMMETPUH MOTyT ObITh BPOXK-
IOEHHLIMH, T. €. OTHOCHTbCS K [1€PBOMY THIY; MPH 3TOM HX
Hapyumaer OCHOBHOe cocTosiHMe «Mupa». OHH MOryT npu-
HajJeXaTb KO BTOPOMY THUMY, T. €. ObiTh NPHOJIHKEHHBIMU
Mo caMoO# cBOefl NPUPOJE M BO3HHKAThL 32 CUeT MpUMeHse-
moro npubsmxenus. CoBepileHHO OueBHAHO, UTO BHIGOP
MEX1Y YKa3aHHBLIMH BO3MOXHOCTAMU Upe3BBIUAHHO BayKeH
st OPMYJIUPOBKY TEOPUH.

Hapsaay ¢ ynomunaBmuMucs 10 CHX Nop rpynnamu mac-
COBBII CNEKTP, NO-BHAHMOMY, COAEPKHUT AOBOJbHO LIKPOKHE
MYJIbTHIIETHl 6GoJee BBICOKOIO TMOPSiAKa, YKasblBas TeM
caMblM Ha cyulectBoBanue rpynnel SUs [16, 17], kotopas
BKJIIOUAeT IPyNMbl H30CNHUHA H CTPAHHOCTH B KAUYECTBE MOJ-
rpyliin. DTOMYy NpeloNoXKeHHI0 COOTBETCTBYET CyllecTBOBA-
HHe 1ByX ') 0030HHBIX OKTETOB, a TaKXXe O/HOr0 OKTeTa H
0JlHOTO Aekynsiera (hepMHOHOB. PagHocTn macc Mexny pas-
JIMYHBIMH KOMIIOHEHTAMH MYJIbTHILIETOB BeJHKH (rpy6o ro-
Bops, B 100 pas GoJablile, yueM B cayuae H30CNHHOBBIX MYJlb-
THIJIETOB), HO TeM He MeHee OHM JOCTaTOYHO XOPOIUO
yKAaAbiBalOTCA B (QOpPMyay, KOTOpas MoJydyaercs B paM-
Kax HapyuienHo#i SUs-cummerpun [18]. C nomoiubio 3Toil
bopmyabl B 1962 r. Obijia npeackasana Macca Q--THNepoHa
[19, 20]. TyT cHOBa BO3HMKaeT BONPOC, K KAKOMY THMy (nep-
BOMY WJIH BTOpPOMY) OTHOocuTcs rpynna SUs.

§ 3. Pa3anynble THNb B3aUMOLEHCTBHI

Hanuune npubauKenHbIX CHMMETpPHH B ClleKTpe Macc
H BO B3aHMOAEHCTBHAX 3JEMEHTApHbIX YaCTHU YKas3hiBaer
Ha TO, 4TO (B 3aBHCHMOCTH OT TOTO, KAaKUMH U3 3THX CHM-
MeTpHil OHM 00JanaloT) BCe B3aUMOAEHCTBHA NeJATCH HA

') B nactosuee Bpems Hapaay ¢ 0 - u I--oKTeTamn, KoTopble
HMeeT B BHAY aBTOp, 3amojHeH Takxe 2°-oKreT. — [Ipum. ped.
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HICCKOIBKO PAa3JHUHBIX THNOB. McTopHueCcKH «Cu/ibHblE B3a-
\IMOLEHACTBHSI» ONpefessiiiCh KaK OTBeTCTBEHHblE 3a CHJIbI
¢BSI3M MEXIYy HYKJOHAMH B aTOMHBIX fjipaXx M 3a pacces-
jue MUOHOB HAa HYKJIOHAX. DJIEKTPOMArHUTHbIE B3aHMOJei-
cTBISI GbLIM H3BECTHBbI yXKe B KaaccHueckoit dusnke. «Caa-
Gble B3anMomgeHcTBUs» HabJIoaanuch NPl PajiHOAKTHBHbBIX
pacnajax. Ha coBpemenioM ypoBHe 3HaHIlli «CHJbHbIE B3a-
JIMOJLEHCTRISI», MNO-BljUMOMY, Gosee yn0OHO ONpeRensTh
KAK UacTb IOJIHOrO B3aWMOJEHCTBHS, CTPOro CHMMETPHY-
HyIO OTHOCHTEJNbHO BCeX YMOMHHABLIMXCS Tpymm, Kpome
SU;. DnekTpoMarHuTHble B3aHMOAEHCTBHS 110 ONPELe/IEHHUIO
HAPYIWAIOT M30CNMHOBYIO HHBapHaHTHOCTb H G-conpsikenue,
HO CHMMETPHYHbl OTHOCHTEJNbHO BCEX OCTaJ/IbHBIX TpyNm.
Caabble (paauoakTUBHbie) B3aHMOJEHCTBHA YHHUTOXKAIOT
coxpaHeHHe cTpanHocTH u u3osapazna'), P, C u G, HO uH-
BapUaHTHBl OTHOCHTeJbHO coGcTBeHHoH rpynnbl Jlopenua,
PC- u PCT-npeo6pa3oBaHuii MW YIOBJETBOPAIOT COXpaHe-
HHI0O GAPHOHHOTrO W JIENITOHHOTO uMCJda H 3JEeKTPHUECKOro
sapaga. BoaMoxHo, uTo UMeOTCHs M Apyrue cnabble B3au-
MOJEHCTBHS, ellle MeHee cHMMeTpuuHble. Tak, HefpaBHHe
3KCMePUMEHThl 2) YKa3blBAIOT Ha CyllecTBOBaHHe HeBOJbIION
npHMecH B3aMMOJEHCTBMEH, Hapyllaolux coxpaHenne PC.
Haxouel, cyuiecTByeT rpaBuTalllsi, KOTopas HMIpaeT OYeHb
BAXKHYIO POJb B CTPYKType MHpa Ha OOAbLIMX pPaccTos-
HISIX; OJHAKO HENOCPEeACTBEHHOro BJHSHHUA Ha CBOHCTBa
3/eMEeHTapHBIX YacTHLl OHa, MO-BHAMMOMY, HE OKAasblBderT.

BoaMoxKHO, 4TO cu/bHblE B3aHMO/EHCTBUS CHOBA MOXK-
110 pa3BuTb HA /Be TakWe 4acTH, UToObl OAHA M3 HHUX Oblia
CHIMMeTpHUHa OTHOCHTenbHO rpynnbel SUs, a apyras — Her.
[TpaBna, MaccoBoe pacluenjeHue, KOTOpoe co3gaeT BTopas
yacTb B3aHMOAEHCTBHH, HEHAMHOrO MeHbllle TOTO, YTO AaeT
nepBasi 4yacTb (B MepBOM cJayuyae XxapakTepHoil sHeprue
apasercsa | 38, a Bo BTopom 0,2—0,4 '38). Bumecrte ¢ Tem
OKa3blBaeTcs, UYTO MaccoBble COOTHouleHust Aast SUz-Myib-
THIJIETOB BBINOJNIHAIOTCS € ropas3no OoJsiee BLICOKOH TOUHO-
CTblO, YeM 3TOr0 MOXKHO OblL10 Obl 0OXKHAATh, [JAASN HA YNO-
MAHYTblE BEJUUYUHBI SHEPTHil.

') To ecTb TpeTbell KOMOOHCHTHI H30CTHiA. — [Tpum. ped.
o ?) Peub ugeT 06 OTKPLITHH AHOMAJIbHbIX ABYXIHOHHBIX pacnagos
Kj -vesona. — [Mpun. ped.
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DJIeKTpOMarHUTHbIE CHJIbl, KOTOpble BbI3LIBAIOT pacliiell-
JieHWe H30CMHUHOBBLIX MYJAbTHNNETOB (Up-MysibTHNNETOB),
ropasgo Gosiee cjabnl. COOTBETCTBYIOLLAS Pa3HOCTh Macce
no nopsaaky pasHa 1 Mas, T. e. npUGIU3UTENBLHO COBNALAET
C 3J1eKTpOCTaTHUECKOH 3Hepruell codepbl, uMelouUleld 3apsii
37eKTpoHa U paguyc nopsinka 10713 cm. dakr napywenus
H30CMHHOBOH CHMMETPUH HEMNOCPEeNCTBEHHO BHAEH H3 TOrO,
YTO 3JeKTPOMAaTHUTHbIE CBOHCTBA MPOTOHA U HEHTpOHA CO-
BEpIIEHHO pPa3J/HYHbl; B TO XK€ BpPeMs OTHOCHUTENbHO CHJIb-
HbIX B3aUMOAEHCTBHH OHH TPEACTABJASIOT ONHYy H Ty XKe
YacTHIy, OT.IHYasACh JMIbL <«HANpaBJieHHEM» ee H30CMHHA.

WHTEeHCHBHOCTh cJabbix (pagHOAKTUBHBIX) B3aUMOJEH-
CTBUH MOXHO Tpy0O OLEHHTh, CpPaBHUBAsA BpeMs KH3HH
palHOaKTHBHOrO pacraja 3apsiKeHHbIX NHOHOB (MPHUMEPHO
108 cex) c BpeMeHeM KHU3HM 3JEKTPOMAarHUTHOTO pacnaja
HeATpasbHbIX THOHOB (npuMepro 1071 cex). Mbl BupuM,
yTo cJjabbie B3aumopelcTBus npuMepHo B 108 pas wmenee
MHTEHCHUBHBI, uYeM 3JeKTpomarunuTHble, MaccoBoe pacuien-
JIeHHe, BbI3bIBAEMOE WMH, FOpPas3jio MeHblle COBpPeMEeHHOH
TOYHOCTH Hu3MepeHuil. HapylieHue coxpaHeHHss NpPOCTpaH-
CTBEHHOH YETHOCTH MNP cjaabbiX B3aUMOAEHCTBHAX MOXKHO
cpasy oOHAapYXUTh MO MOJNSIpPH3aUHKU YaCTHL, BblJIETAIOUIUX
Nnpd paaloOaKTHBHOM pacnajue.

HakoHen, rpaBUTaUHOHHOE B3aUMOLEHCTBHE 3/1EKTPOHA
¢ npotoHom npumepho B 10% pas canabee siekTpocTaTHye-
CKOH CHJIbl, AEHCTBYIOLLEeHl MeXAy THMH 4acTHIAMH.

§ 4. Cnekrp 3JeMeHTapHbIX 4acTHLL

Mbr o6ecyaunu CHMMETDHH MM TPYINNBL, CYUECTBYIOLIHE
B (U3HKEe 3JIEMEHTADHBIX 4YaCTHL, a TaKXKe pacCMOTpesH
pasjiMuHble THNBI B3aUMOAEHCTBUHA M TeM caMbIM Onpejenu-
MU oOliMe MPHHLMIL, B PAMKaX KOTOPbIX MOXKHO NpOaHa-
JIU3UPOBAThH 3alyTAaHHBIA CHNEKTP 3JeMeHTapHbIX vyacTHll. Ha
¢ur. 2 npupesensl HaGJi0faeMble CTallMOHAPHBIE COCTOSHUS,
npHYeM no ocd abCuuce OTNOMKEH MX 3apsf, a {10 OCH op-
auHat — Macca. Jljis Kaxaoro COCTOSIHHA CYLIECTBYET co-
OTBETCTBYIOLIEe AHTHCOCTOSIHUE TOH »Keé Macchl M MPOTHBO-
N0JI0XKHOTO 3apsifa (Koraa 3apsifi paBeH HY/10, B HEKOTOPBIX
ciyuasiX OHM TOXKJeCTBeHHbl apyr apyry). Kak npa-
BWJIO, 3TH AHTUCOCTOSIHWSI HA pPHCYHOK HE€ HaHeceHbl.
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® ur. 2. Cnektp Macc 3JeMEHTapHBIX YaCTHIL
Q ~-=- 3apsa. CoCTosIHHS, OTMEUEHHbIe CBETAbBIMH KPYXXKaMHU, onpele/aeHbl MEHEE HALCHHO.
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«DJIeMeHTAPHLIMH YACTHLUAMH» CUHTAIOTCS TOJAbKO COCTOS-
HHUA ¢ 6apHoOHHbIMH yncaaMu 1, 0, —1 M JenTOHHBIM YHCAOM
0 u, HaoGopor, ¢ JentouHbiMu uucaamu 1, 0, —1 u 6apuon-
HbiM gHcaom 0.

[Tpex e Bcero cnekTp MOMKHO pas3fennib Ha OGO30HHYIO
1 (epMIIOHHYIO BETBU, T. €. 4aCTHUbl, NMOAYHHAIOILHECS CTa-
tucTuke Bose unu cratucruke Pepmi. M3 nopenueBoit u
PCT uuBapuanTHOCTEll Cc/IeyeT, 4TO BCE UACTHUBI C MOJY-
UeJIbIM CIHHOM JOJKHbBl OblTb (pEepMHOHAMH, a 4YacCTHUB C
neJbiM ClHHOM — 6o3oHaMu. Bo3oHbl 06samaloT HYJeBbIM
GAPUOHHLIM M JIENTOHHbIM YHcaaMH. g yacTHL npoMexy-
touHolt macchl (ot 100 no 800 Mag) uacrTo ucnosb3yercs
TEPMHH «Me30H». B GoJblIMHCTBE CiyuyaeB Me30HbI ABJSIOTCS
6o30HaMH, HO CloJa Ke MornagaeT W MIOOH (u-mesoln),
TaK YTO 3TOT TEPMUH 1/ KaaccUUKaLHu He coBceM ya00eH.

@epMUOHBI TOXKE MOXHO Pa3fequTb Ha [Ba CHJALHO OT-
JIHuaoluXca Apyr OoT Apyra kjaacca — 6apHOHB H JENTo-
Hbl. JIenToOHHas rpynna CORAEp KUT JHLIbL HECKONbKO Pasiuu-
HbIX 4acTUU (3/1EKTPOHbI, MIOOHBI M ABa BHAA HEHTPHHO);
OCHOBHBIM CBOWCTBOM JIENTOHOB SIBJIAETCH TO, YTO OHH HE
NMPUHHMAIOT yyacTHsl B CHUJIbHBIX B3aumogpeiictsusax. Hanbo-
Jiee MHTEHCHBHBLIM /51 HUX SBJISIETCH 3/1€KTPOMarHHTHOE
(B caiyuae 3JIeKTPOHOB WJIM MIOOHOB) MM «cnaboe» (B ciy-
yae HeliTpuHo) B3aumopedicrBue. OcTajbHbie (QEpMHOHDI
NpUHAMIEXAT K rpynne 6apHOHOB; TOJABKO CPeAH HHX MOX-
HO 06HapyXuTb wu3ocnuHOBble W SUsz-myabTumiersl. 3a
CTPYKTYPY MaccOBOro ClekTpa OTBETCTBEHHbI TaKXe CHM-
MeTpHH OCHOBHOrO B3aumofelicTBusi. Ha ¢ur. 2 nuswuii
SUs3-0KTeT W A€Kym/er 4acTHU ClHHA 3/; COeAHHEHbI JIHHMSI-
Mu. BOJIbLIMHCTBO H30CHUHOBBIX MYJIBTHIJIETOB JIErKO pac-
No3HaTh MO TOMY MpPH3HAKY, YTO YACTHLbLl PA3JHUHBIX 3aps-
0B 06/1afal0T MPUMEPHO OAMHAKOBHIMH Maccamu. M3 npu-
BEJEHHON CXeMbl Cpa3y BH/JHO, YTO BO MHOTHUX CJaydasx
3J1eKTPOMarHuTHOe B3aHUMOAEHCTBHE MOXXHO paccMaTpHBaTh
KaK MaJjioe BO3MYLleHHe; B TO Ke BpPeMs pa3HHlla Mexuay
SU;-cummerpuunbiMd U SUs-acUMMETPHUHLIMH B3aUMOJEH-
CTBHSIMH HEBEJ/IHKA.

Cpenn 6030H0B SUjz-OKTeThl TakkKe COeIHHEHbl JHHHUS-
MH; WIHPHHA W30CNHHOBbIX U SUs-My/nbTHIIETOB 3[eCh NpHU-
MepPHO Takas e, Kak U y depMuoHoB. POTOH 3aHHMAET Ha
cxeMme oco0oe MOJIOXKEHNE: TaK Kak OH He YYacCTBYeT B CHJIb-
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HbIX B3aMMOJEHCTBHSAX, TO €ro MecTo cpein 6030HOB aHa-
JOFMUHO PAcCIONOKEHHIO JENTOHOB B rpynne (hepMHOHOB.
3apsa (poToHA paBeH HYJIO, HO M30CMHH 3TOfl 4acTHLbl He
jMeeT OllpeeseHHOro 3HaueHus.

§ 5. B3aumoneiicTBHe M NPHYHHHOCTH

BzauMoselicTBHE MEXAY Pa3iHYHLIMH 3J€MEHTapHbIMH
YacTHLUAMH 3KCePHMEHTA/bHO H3Yydaercsl MpH WX CTOJNKHO-
pennssx. C NOMOIIBIO MPOLLECCOB paccessHus W NOPOXKIAEHHS
HOBBIX 4aCTHLL ObLIM BbifIBJE€HbI 3aKOHbl COXpaHEHHsd, a TEM
caMbiM M TPyloBasi CTPYKTypa OCHOBHOrO NpHHUHNA, JI€-
xallero B ochoBe Teopuu. Hapsany c¢ srtoii undopmaunuei,
B OCHOBHOM 3KBHBAJIeHTHOH TOMY, 4TO Mbl MoJydyaeM H3
aHaaH3a CHeKTpa Macc, Hcc/aelOBaHHEe IPOLEeCcCoB pacces-
HMA 3aTparuBaeT Takke npoGjemy npuunHHocTH. Tepmull
«IIpHYMHHOCTbY yrnorpeGasaercss 34€Ch B CMbICJE CllelHalb-
HOl TEOPHH OTHOCHTEJBHOCTH: OT TOYKH K TOUKE B3aHMO-
neficTBHE PaclpocTpaHaeTcs BAOAb CBETOBOTO KoHyca (6/1n3-
KO/leHCcTBHE), TaK 4YTO XPOHOJOrHyeckas MOC/JIeA0BaTe/1b-
HOCTb MPHYHHBI H CJEeACTBHs BCEria CTPOro onpejedela.
Xopowo M3BECTHO, YTO B TAKOM BW/e JIOKaJbHAsA MPHYHH-
HOCTb He MPOTHBOPEUHT CTATHCTHUECKOMY XapaKTepy KBaHTO-
BOH MeXaHWKH, U Mo3TOMV Obl10 Obl O4YeHb BaXKHO 3HATh, Ha-
CKOJIBKO CJIeyIOT 3TOil CXeMe peaJsibHbie COObITHSI MPUPOJbL.

M3 3KcnepHMEHTOB MOXHO MOJNYUHTh /1B CYLLECTBEHHbIX
yTBEPXKACHHUS:

1. OnHO3HAUHO JIOKAJAW30BaTh COOBITH C TOUHOCTBIO,
npesbinatoiteii 0,5+ 10713 cm, Heabss. ITOT BBIBOA C/eLyeT
M3 TOrO, UTO B Npolleccax paccestHHs BMJOTb 10 YHEPrui
nopsinka 10° 38 cpaBHUTeNbHO GOJbliMe MONEpeyHble HM-
MyJbChl OKA3BIBAIOTCS paclpeje/eHHbIMU 10 rayCCOBCKOMY
sakony exp(— p[p;). rae po~ 400 Mas/c [21]. B cuay
IIPHHUMNA HeOoNpe/LeJeHHOCTH BeJHYHHA Po OrPAHHUYNBAET
TOUHOCTbL M3MEPEHHS] MOJIOXKEHHUS.

2. HecmoTpst Ha 3TO, npeickasaHusi, BbIBOAHMBIe H3
NPEANONIOKEHHS O CTPOrofl JIOKaJbHOH IPHUMHHOCTH B pe-
JSTHUBUCTCKOM  CMbicsie  (JIMCNEePCHOHHBIE  COOTHOLIEHHS
M T. 1), eule HH pasy He Ouiau onpoBepruyTel. [Ipasaa,
MOZKHO BO3Da3HTh, UTO H3-33 YKA3aHHOrO OrpanuvyeHHst dKc-
MeprUMeHThl ¥ He JI0Ka3biBAIOT JIOKAJbHYIO NPHUHHHOCTD. Tem






