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Cama ncTopust HayYHON MUCTIUTIINHBI, KOTOPOI TIOCBSIITIEH HAI KyPC, CIIYKHUT MpeKpac-
HOW WILTIOCTpalneil 5Toro yreepxaerus. CrcTeMaTn3aus IMeIOIerocs SMITPUIECKOTO
MaTepualia U TOCIeoBaTeIbHOe TPUMEHEHTe MOy YeHHbIX Ha €€ OCHOBE TeOopeTUIeCKuX
MPUHITAIIOB TIPUBOMSIT HAC K Gostee TiIy6OKOMY MTOHMMAHMIO Cy TH BEIel Hake TOrIa, KOTIa
caM7 5TU MPUHIAILI BIOCIENCTBAN OKa3bIBAIOTCS B 3HAYNTEIHLHON Mepe MePECMOTPEHHI.
Tepmun ”saemMenTapHble YaCTUTIBI B CBOEM TI€PBOHAYATHHOM TTOHUMAHUN CONEPKUT B Ce-
6e 1esI0e MUPOBO33pEHTe — I HEKYTO KOHIIEIINIO YCTPONCTBA MATEPHAILHOTO MUpPa, U IPO-
rpaMMy €ro mcciefnoBanus. B ocHOBe 5TON KOHIENNN JeXKUT YOeKIEHHOCTh B TOM, 9TO
BeCh HaOIIOTaeMbIT HaMUW MUP MOKET OBITH TOCTPOEH U3 HEOOTBITTOTO Habopa TMPOCTENTITNX
OCHOBHBIX ~MepBOKNpInankoB” (a B maeane — U3 “TePBOKUPININKOB” ONHOTO €NNHCTBEH-
woro copra). CrnoBom "elementum” npeBHme puMiIsHe HasbIBaIW MEPBUYHBIE BEIIECTBA,
13 KOTOPBIX MOJKHBI OLIIN COCTOSATHL Bee mpoune. Hakxomaenme 3smanuii 0 MHOTOOOpasnn
BEINIECTB I CHCTEMATHU3AINS UX CBONCTB MIPUBETa UCCIIENOBATENEN K IPENCTABIEHNIO O X1
MUYeCKUX HJIeMEHTAaX, 9aCTHIBI KOTOPLIX — aTOMBI — Ha 5TOM YPOBHE CTPOEHUS MaTepun
MpencTaBIsuINCh HefeuMbiMu. OQnHAKO W WX BIOCHENCTBUN YIAJI0Ch Pa3lelnTh Ha CO-

CTaBJIdIOIINE YaCTU — 3JICKTPOHBI N sAApPa, IIOCTPOCHHLIC 13 HefITpOHOB 1 ITPOTOHOB. Nx u

Ha3Balll dJIeMeHTapHBIMI YacTUIIaMI, PACIPOCTPAHNB HECKOIBKO TTO3/THeE HTO Ha3BaHme
Ha BCe JaCTUILI ~cyb6aTOMHOrO” YPOBHS, I MOHaYaJLy Ka3aloCh, YTO OHU BIIOJIHE OIMpaB-
MBIBAIOT €r0 — WX OBIJI0 He TaK YK MHOTO, W TTPH DTOM BIIOTHE XBATAJO IS ONMCAHUI
Bcero pu3nmyueckoro Mmpa. B camom meste, K yike Ha3BaHHLIM dacTHIAM MPHUILIOCH H06a-
BUTH TOJIBKO (POTOH — KBAHT 5JIEKTPOMATHITHOTO MOJIsI, HelTpuHO, KoTopoe Ilaymu BBesn
I obecieuenns BBIMOIHEHNS 3aKOHOB COXpaHeHns YHEpTUN U UMIYJIbca B (J-pacrmaie u
ME30HLI — YaCTHUILI ~ CpemHei” (Memny TEeTKUMUW JIeTTTOHAMY €~ 7 ¥ W TIKEITbIMHI bapno-
HaMU n 1 p) MacCChl, SBIISIOIINECS, 1o npeanoaokennio FOKaBbl, KBaHTaMu OIS SICPHBIX
cun. llocmemuux k 1947 romy 6b1I0 U3BECTHO BCero nBa Tumna: (- u m-Mesonbl. llpaBna,
TIEPBBIN B3aWMONEUCTBOBAIl ¢ HYKJIOHAMW BechbMa ciaabo, W BOOOIIE IO CBOMM CBOWCTBAM

OOIbIIe HaloOMIHA JJIEKTPOH, TaK YTO BIIOCJIEACTBUN €I'0 IIepecTalll Ha3bIBaThb ME30HOM



n manm eMy mMms | Mioon . Eifle onmmo momostHenwe B 9Ty KapTUHY MEpa BHECTO pPa3BUTHE
pPEATUBUCTCKON KBAHTOBOW TEOPUH — AHAIU3UPYSA TPUPOMY HEMUHYEMO TOSBIISIONINX-
Csl Yy PENSITUBACTCKUX TaMUILTOHHAHOB CBOOGOMHLIX YaCTUIl YPOBHEN € OTPHUIATETHHBIMI
sueprusmu, lupak mpuiesn K uiee CyIlecTBOBAHUS aHTUIACTHUI, TEPBLIE U3 KOTOPBIX —
MO3UTPOHDI — OBIIIN HKCIIEPUMEHTAIILHO OOHAPYKEHBI cpasy mocie cosmanus Teopun upa-
Ka. AHTHYacTHANIEI TOYTH YABAMBAIN CINCOK ~SJIEMEHTapHBIX CYIITHOCTER , HO BCe Ke OH
errie Kasascs (u3nkaM BIOTHE mpueMiieMbiM. CHTyarus paankaibHO W3MeHnIach BMECTe
C pa3sBUTHEM TEXHUKHU PErucTparun dacTut B Konte 40-x — magasre 50-x romoB. OTKpBITHS
HOBBIX CyGATOMHBIX YaCTHIL TOCHLITAINCH KaK U3 pora W306MiInsl, a X CIUCOK TOM OT TOma
CTAJl PACIIUPATHLCS C IMyTalorreil — 6oIbIle HATTOMIHAIONIEN TeOMEeTPUIECKYIO TTPOT PECCHTO
— 6picTpoTroit. K konmy 60-x 9mciio n3BeCTHBIX YaCTHIL MEPEBAIIIIO 3a TOITOPEI THICAUM.
x mo-mipexHeMy HasblBaIl (1 Ha3bIBAIOT MO CHX TIOP) dJeMEHTAPHBIMI, HO BCEM yiKe Obi-
710 SICHO, 9TO Ha POJIL MPOCTEUITNX TMEPBOKUPIUINKOB MUPO3MAHUs’ HTH MCTOTHUTETN
SIBHO He TTOMXOMST.

Ommaxo He TOIBLKO CJIOBO ~sieMeHTapHuble” yTPATHIIO B MUK POMEPE CBOI M3HATATLHDBIT
CMBICIT — CJIOBY 9acCTHUILI €r0 TOXKE COXPAHUTh He yHaaoch. [loBemennio MIKpoo6HEK TOB
MPUCYTITH KBAHTOBLIE 3aKOHOMEPHOCTH, & HTO O3HAaYaeT, YTO HAPSIMY € KOPIYCKYIAPHLIMI
onn obTaIaloT TaKKe U BOJTHOBLIMU CBOWCTBaME. K TOMY ke PEaKIN POKIEHUS HOBBIX
YaCTHI TTPOTEKAeT MNP AOCTATOYHO BLICOKUX — PESITUBACTCKUX — dHeprusx. l[losTomy
TeopeTUIecKOil OCHOBON [IJTsI OMMMCAHSI UX CBOHCTB CTajla PESSITUBUCTCKAsS KBAHTOBAS Te-
opus, KOTOPYIO 9allle Ha3bIBAOT KBAHTOBOW Teopuell mosst. ['maBHON xke 0CcOGEHHOCTHIO
KBaHTOBOITOJIEBBIX CUCTEM SIBIISETCS HEBO3MOKHOCTH BBIAEIEHUS UNCTO OMHOYAC TUIHBIX
coCcToSIHUH Tpy Hagmann B3amMmoneiicTBus. [locTpoenunii u3 perrenuii pesiTUBICTCKOTO
BOJTHOBOTO ypaBHeHUsl (HampuMep, ypaBrernus {npaka) JoKaan3oBaHHbIl TakeT ¢ COXpa-
HSTOIIENCsT B MPOTIecce HBOIONNN HOPMO# 06s3aTeTbHO OyMeT COomepikKaTh COCTOSHUS C
Pa3IUYHLIM 3HAKOM DHEPIUN — T.€. ONHOBPEMEHHO COCTOSHUS YacTHUIl U aHTUIaCTHUI.
DTo o3HavaeT, UTO JIOGOE BHEIHEE BO3MEHCTBUE, C TIOMOIIBIO KOTOPOTO MBI OyIeM IIbi-
TAThCSA OTPAHUYNTD BUKEHNE PESITUBACTCKON KBAHTOBON YaCTUILI B 00JIACTH € pa3Me-
paMu MeHbllle WIN MOPSIKa KOMITOHOBCKON MIWHEl BONHE (h/me), GymeT BMecTo 5TOro
MPUBONUTL K POXKIEHUIO TTap YacTUMa-aHTUYacTuIla, U 9To Jiobas HabmomaeMas HaMu
(B3amMomeicTBYIOIIas ¢ Halllell YKCIepUMERTaTbHON YCTaHOBKOW B HEKOTODPOI OrPAH-
YEeHHOI 00JIaCTH MPOCTPAHCTBA) YacTUIA OKpYyKeHa ~TIy6oil” m3 Takux map W KBaAHTOB
PasHooGpasHbIX TOJel, ¢ KOTOPLIMI JaHHas 9acTHa MOKET B3aWMONENCTBOBATEL (5TOT
BBIBOI , COPMYJIMPOBAHHLIN KaK ~ 3apskKeHHas JacTHIa B 'TOJOM BUAE TPUHINIHAILHO

He mabmiomaema” ObIT HasBaH ~NPWHINIOM KocMudeckoil mensypo” ). Taxum obpasom,



roBops “dactuna’ MBI B JEHCTBHTEILHOCTH HMeEEM B BHAY HEKOTOPOE ~ KOPIIYCKYJIOMO-
nmobHoe” Bo36yKIeHrme CUCTEMBI B3aMMOIENCTBYIOINX KBAHTOBDLIX TIOJIEH, JIOKATH30BAHHOE
B IOCTATOYHO MAJION OOJIACTH MPOCTPAHCTBA, KOTOPOMY € 3aMIaHHON TOYHOCTHIO MOYKHO
MPUMNCATH ONpeNeleHHble MTMHAMITYeCKIe XapaK TEPUCTUKT — SHEPTUIO, UMITYIILC, MOMEHT
nMITyabca 1 T.0.. CTPYKTypa 9acTuIlbl OKa3biBaeTCs 3aBUCSIIEN OT (PU3NIECKUX yCIOBUT
ee CyIeCTBOBAHUS — TOJIBLKO B TOM Cjydae, KOTa B3aWMONEHCTBUE TOCTATOIHO cyrabo,
MOZKHO C XOPOIIIell TOYHOCTBIO BBIIEINTH N3 COCTOSHUS KBAHTOBOTO OIS OMHOYACTUIHBIE
coctostamsi. CremyeT Takke OTMETHUTD, UTO /Take OTCYTCTBHE KBAHTOB HEKOTOPOTO OIS
B cHCTeMe BOOOITE TOBOPS He 03HaYaeT, UTO OHO He BIUSET Ha TPOTEeKaHrne MTUHAMITIECKTX
mpotieccoB. KBanToOBOe moTe B TaKOW CUCTEME BCe PABHO MPUCYTCTBYET B BUIE BaKyyMa,
KOTOPDLIT NMeeT BCe aTPUbyTHI PeATTbHOTO PU3UUECKOTO COCTOSHUS: OH B3alMOMEHCTBYET
C KBAaHTAMU IPYTUX TOJIEN, W3MEHeHe er0 YHEPTUN IIPUBONAUT K HabIIOmaeMbIM > dhexTam
(mampmmep, K sbdexTy Kasumupa — mpuTsKeHno abcomoTHO HEMTPATLHBIX TPOBOMMIIIIX
TeJl B €K TPOMArHUTHOM BaKyyMe), IIPH COODIIEHNT €My HOCTATOUHON SHEPIUN MOKET
MPOUCXOMUTL POXKAeHne w3 BakyyMmMa KBAHTOB MO — dacTul n antudactui. CTpyk-
Typa BaKyyMHOTO COCTOSIHUSI TaKkKe 3aBUCHT OT BHEITHNX (PU3HUIECKNX YCIOBUN W MOKET,
KaK MBI BIIOCJIEICTBAN YBUIUM, OKa3aThCs BeChbMa HETPUBUAILHON.

TakoBo (B obIIMX YepTax) COBpEMEHHOe KOHIENTYaTbHOe ConepKaHie ORI THS ~ HIie-
MenTapuble dacTuibl . Ho uTo xe mam m3BectHo 06 mx ¢usmueckmx corcTBax! Ilo
KaKUM XapaKTepuCcTUKaM Mbl uxX pasnndaem! Kakme saxomoMepHOCTH OOHADYKIBAIOTCS
B X MHOroobpasunu’ s oTBeTa Ha 5TH BOIPOCH 06paTUMCs K COOPAHHON SMINPAIECKON
nHPOPMAIAN.

OmunM 13 BaKHEHIITNX 3aKOHOB (PU3UIECKOTO MUPa, YCTAHOBIEHHLIX Ha CETOMHSIITHUT
MeHb, SIBISETCS MHBAPWMAHTHOCTH AUHAMUKN JIOO0N (PU3MIECKON CHCTEMDBI OTHOCHTEND-
HO TipeobpasoBanuii Tpynel [lyamnkape (mpeobpasopanusm Jloperna u mpocTpancTBEHHO-
BPEMEHHBIM TPAHCIANNAM). B COOTBETCTBUN ¢ H5THM TeopeTndecKas KIaccupuKaims qa-
CTUI HAUNHAETCS ¢ pas3fefieHns nX 1o 3uadenusm llyamkape-nHBapmanTHBIX TUHAMIYE-
CKUX XapaKTepUCTUK — Macchl n cnmraa. O Qu3mdeckoll TOUKN 3peHns Macca W CIUH €CTh
3Hadenusi cCOOCTBEHHON SHEPTUU W COOCTBEHHOTO MOMEHTA MMITYJIhCa JacTHUIbI, T.€. UX
sHauenns B ee cucreMe Mokost. (OcobBIll cydail — 5TO 9aCTHIBI HYJIEBONH MacChl, s
KOTOPBIX XapaKTEePHO OTCYTCTBHUE CUCTEMBI MOKOSI KaK TAKOBOW, W IJIs HUX pa3esieHne
TOJTHOTO MOMEHTA KOIMYeCTBa BUKEHIUS Ha COOCTBEHHBIN (CIUHOBBIN) 1 OpOMTaTHHDII
He mMeeT JeTKOro cMbiciaa. MokKHO, omHaKo, pacCMOTPETDh CHUPAITLHOCTH — IPOEKITHIO

MOMEHTa KOJINYeCTBa OBU2KECHUA Ha UMITYJIBC, KOTOpad, KaK HETPYIHO 3aME€TUTh, CBsI3aHa



TOJIBLKO CO CITMHOBOU €ro 4acThbio:
A=g-p/lpl =+ 35)-p/lpl = (7 pl/h + 5) - p/Ip] = 5 p/p].)

C MareMaTH9ecKoll — OHM €CTh COGCTBEHHBIE 3HAYEHUs OMepaTopoB KasmMmupa TpyIIIbD
[Iyankape, 3amaroriine HEMPUBOMUMOE TIPENCTAaBIIEHIE, TTO KOTOPOMY TTPeoGpa3yoTcs BOJI-
HOBBIe PYHKIINN IacCTUIl JaHHOTO Tumta. CIWH SBIsSeTCsS O4eHb BaXKHON XapaKTepPUCTUKON
— B JIOKQJILHOU NyaHKape-MHBAPUaHTHON TEOPUHN MOJIs UMeeT MeCTO CBSI3b CIIMHA CO CTaTH-
CTUKOW — BCE YACTHUIIBI C TIETBLIM CIITMHOM SBIISIOTCS 6030HaMU, a BCe YaCTHUIIbI C MOy TEJThIM
CIMHOM — (PepMUOHAMMU.

[Tomumo cummeTpuit MpoCcTpaHCTBa-BpeMeHU, NUHAMWKE YaCTUIl U TTPUCYIIN TaKKe
U HEKOTOpble MONoMHuTenbible ("BHYyTpentne”) CUMMETDHUN, OTpaKalollie 3aKOHOMep-

HocTH pyHIaMeHTaIbHbIX B3anMmonenicTBuii. I[losTomMy nmambHelias ux Kiaaccudukaims

MPOM3BONUTCS IO BHUIaM B3aUMONECTBUI, B KOTOPBIX OHU Y4acTBYIOT U MO Clenudpuye-
ckuM "BHYTpeHHIUM  KBaHTOBLIM YHCJIaM, COXPaHAIOIMINMCS B Ipoleccax, STUME B3auMO-
AeNCTBUAMI 00y CIOBICHHBIX.

Ha ceronmsmnnii menb TBEpAO yCTAHOBIEHO CYIIECTBOBAHNE Y€THIPEX THUIIOB B3alMO-
NeficTBAA: TpaBUTAlMOHHOE, >JIEKTPOMarHUTHOe, ciaboe u cuiabHoe. C Toukm 3peHus
KTII xaxmoe m3 HUX CBSI3aHO € CYIIECTBOBAHWEM B IIPUPONE HEKOTOPOTO TOJIs, KBAHTHI
KoToporo ("meperocynkn’) B3aMMONENCTBYIOT ¢ MaTepUaIbHLIMI dacTuaMu. Ponb Ka-
KIOTO M3 B3aWMONENCTBHIl B (PU3NYECKUX ITIPONECccaX CHIBLHO 3aBUCHT OT XapaKTepPHBIX
SHEpIuil B3anMOIeiCcTBYIOIINX 00beKTOB U pacCTOSHNAN Mexay HuMn. VX nepapxuio — mo
KpailHell Mepe, Mpu HU3KNX SHEPIUAX — MOKHO yCTaHOBUTE MO 3HAYeHUAM 5>PPeK TUBHBIX
korcTanT cBs3n al?) ~ |g—;, roe U - bHeprus B3amMONeiCTBHA Ha HEKOTOPOM Xapak-
TEPHOM PacCTOSHUE (Jallle BCero B KadecTBE TAKOBOTO PacCMATPUBAETCS KOMTOHOBCKAs
TUTMHA BOJIHBI B3aMMOIENCTBYIOINX 9acThIl), a Fy = mc* - sHeprus mokos >TUX YacTHII.
Paccmorpnm Gostee mompobHO WX OCHOBHBIE CBOICTBA:

. TpaBUTAIMOHHOE B3anMONENCTBIE: YHUBEPCATbHOE (B HEM YYacTBYIOT BCE MaTePHa b-
HbIe Y9acTHIBL ), JaldbHonelic TRy olee (Ha 60abiux paccTosuusx F,(r) ~ 1/r?), mpossus-
eTcs TJIaBHBIM 00pa30M B MaKpOMUPe — TOMUHUPYET B KOCMOJOIMYIECKNX 1 acTpodu3nge-
CKUX TIpOIeccax M MIpaeT Od4eHb BaKHYIO POJIb B reopU3MYecKnx, HO ero BIMsHUe Ha M-

KPOIPOIECCHl PN UCCAENOBAHHbBIX SHEPTHUAX MpeHeOpeKMO MaJIo — HallpuMep, OJIs OIBYX
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ym ym _
TPOTOHOB HI3KOOHEPTETHIeCKas KOHCTanTa cBsi3n ald) ~ Sk m1c2 = =2 ~576-10 %
P P
BwmecTe ¢ TeMm ToBOpUTH O HECYIIECTBEHHOCTH T'PaBUTAINN JJIst PUBUKUA SIIEMEHTapPHBIX
JacTull 6b170 6Ll HEeNpaBUIIBLHO, TaK KaK KBaHTOBas T'pPaBUTallls MOXKET UI'PaTh OYeHb

BaJKHYIO DOJIb MPH odeHb Gosblux sueprusx (~ Ep = y/he/y ~ 1.2 -10"%1'26) u



Ha OueHb MalbX paccrosuuax (~ lp; = y/hy/c® ~ 1.6 - 107*3cm). Ilepenocunx sroro
B3aNMONENCTBUS, TOIYYUBINNN Ha3BaHue TPABUTOH , IO CUX IOp ellle He ObHapyKeH.
[IpennonaraeTcs, 9T0 OH NUMeeT HYJIEBYIO WM O4eHb MALYIO Maccy 1 CIH 2 (BO3MOKHO,
eCTh Takke KBAHT TPABHTAINOHHOIO TIOJs co cimHoM 0).
2. HIEKTPOMArHUTHOE: B HEM YYaCTBYIOT 3apsKeHHBIE YacTUIBI (T.e. MO peakIun Ha
3ITeK TPOMArHUTHBIE TIOJIS YacTUIlaM TPUTUCHLIBAIOT ONpeNesieHHbIe 3HAUEHNS 3JIeKTpude-
CKOTO 3apsa, KOTOPBII COXPAHIETCs BO BCEX M3BECTHBIX MTPOIIECCaX ) , OHO TaKKe SBIISETCS
MaTbHONENCTBYIOIINM W UTPaeT 3HAUNTETbHYIO POIb B MAKPOCKOMMIECKNX TTpolleccax, HO,
B OTAWYME OT TPABUTAIMOHHOTO, TOCTATOIHO 3aMETHO MPOSBIIsIeT cebs M B MUKPOMUpe:
(e) _ e2 1 €2 1

_ = Y
KOHCTaHTa CBA3HN «& = N T Fe = 137.06°

[Tepenocunk smeK TPOMAarHUTHOTO B3alMO-
neiicTBUs — POTOH — OBIJT 06HAPY KEH el1le N0 BOSHUKHOBEHUSI CaMoil (PU3UKN H/TeMeHTapHbIX
YacTHIl, KOT/la ObLJIO YCTAHOBIEHO HAJIUYNE KOPIYCKYISPHBIX CBOWCTB Y 3JI€KTPOMATrHIT-
Horo u3nydenns. PoTOHLI UMEIOT HYJIEBYIO MAcCy TOKOS 11 CITUH, PABHBIH 1.

3. cnaboe BlamMoneicTBIe: TPOABIsAeT cebs TOIBKO B MUKPOMUpPE — XapaKTepHBIN pa-
nuyc neitcteus y Hero ~ 107 em, m HOCHT mOYTH yHUBepCadbHBIN XapaKTep (B Hem
VIacTBYIOT BCe M3BECTHBIE YacTUIBI, KpoMe (oTona). Hambosee spkoe cBUIeTENLCTBO
€ro cyliecTBoBaHms — [3 - pacman: N — pel. , ¢ HUM CBS3aHbI Takyke MHOTHE IPYTHUe
pacmanbl gacTni. OTITIITENILHBIMI YepTaMi CIa0bIX IIPOIECCOB ABIIAIOTCSA HapYIICHHe
pas3sHoOOpa3HbIX 3aKOHOB COXPaHEHUsI, BLITOJTHSIONINXCS BO BCEX OCTATBHBIX PEaKIuiX, 1
YpesBBIYAiHO Gosblie (MO0 MepKaM MUKPOMUpa) BpeMeHa WX mpoTeKamus. Hampuwep,
B [3- pacrame OBITIO OGHApYKEHO HeCOXpaHeHne MPOCTPAHCTBEHHON YeTHOCTH (TO eCTh
Hapylenne ~3epKaiabHoll” CHMMETPU MUpPa), & BPeMs KU3HI HEHTPOHA O OTHOIIEHIIO
K (- pacmamy cocrasiser Gomee 15 munyT(!) (BpeMs KusHu Opyrux 9acTHI], pacraia-
IOIIXCST 3a cueT cjaboro BzamMmoneticTus ~ 1076 — 10_10c, YTO TakKxke OdeHbL MHOI'O
IS MUKpodacThil). B nepBonadanbHoil Teopun ciraboro B3anmoneiicTus (cxema Pepmn)
eMy TPUTTUCBIBAIN HYJIEBOW pajiuyc MeHCTBUs, 1 YaCTUIBI-IEPEHOCYNKN B HEH MTPOCTO OT-
cyrcrBoBanu. llosmuee, onmako (B mepByIo odepennh — M3-3a TOTO, YTO MOMETH MPIMOTO

B3alIMOIENCTBUS BUIa

X a _
V = ﬁ[ Uy, U, - U AT, + hec ]

npeackasbiBalla B IEPBOM MOPIAKe TEOPUHN BO3MYIIEHUN CANIIKOM OLICTPBLIA POCT cedeHri
OpU yBEIUYEHUN SHEPIUE B3aUMOIeilcTBYIOMMX dacTull, o ~ (GE?, ne cornacyomuiics ¢
YCJIOBUEM YHUTAPHOCTH 0 < 0, = WAQCHM ~ E7? 1 moToMy, 9TO KBaHTOBas TEOpHS IO
¢ 4eThIpeXPePMIORHBIMEI BEPIINHAMI OKa3aJiach HEEePEHOPMUPYEMOit) OblTa BEIIBUHY Ta

TUIoTesa O CYIeCTBOBaHUN IIEPEHOCYUKOB cnaboro BSaHMOHGﬁCTBHﬂ — TAXKEIBIX BEKTOP-



HBIX (s = 1) 6030mHOB, KOTOpBIE U ObLTN OOHApYKeHbl B 1983 T.: W# — 6030HEI ¢ Maccoit

81 I'sB u Z° — 6030n ¢ maccoit 90 I'sB. DddexTupnas HuskosHepreTuyeckas KOHCTaHTa

2 2
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4. cuabHOE B3aMMONENCTBHE: NOMUHUPYET B MUKPOMUpE, UMeeT paanyc MeHCTBUS a4 ~

107 em u ouenn 601b11yI0 5GPEKTUBHYIO KOHCTaHTY cBa3i. Hampumep, BzaumMoneiicTBue

ABYX HYKJIOHOB IITpM HU3KNX SHEPTUAX JOBOJIBHO XOPOIIIO OIIMCEIBACTCA ITIOTEHIINAJIOM I’OKEL—

Bo1 U(r) = — g2 6_;/(1 1 al® ~ Wm(N;ch)' ~ %—% ~ 10, 9T0 O4EHD CHJIBHO 3aTPYIHAET UCIOTH30-
BaHUE TEOPUU BO3MYILICHUI [JIS PACYETOB aMILTHTYI TPoleccoB. HacTuupl, yuacTBytomime
B CHJILHOM B3aUMONCHCTBIN, HasBamn ~anpornamu’. K HUM oTHOCSTCS GapuoHbl (UacTUIIbE
¢ Oy IeaBbIM crimHoM 1 Maccamu m > 938 MbsB, kpome 7 - nenTona) n Me30HbI (4acTUIILL
¢ neabM cmmHoM u Maccamu m > 134 MbsB). Cunbroe B3anmonelicTBue obecreunBaet
VCTONYMBOCTD sifiep — OJaromaps eMy CyIIeCTBYeT NMPUTSIKeHnEe MeXIy HyKjaoHamu. B
PAHHUX MOMENAX SACPHBIX CUIJI UX NEPEHOCYNKAME CYMTAIUCH T - ME3OHBI — UMEHHO yUeT
MMOHHOTO OOMeHa PUBOMUT K MoTeHnunany BianMoneiicrsus [0xassl. Brocnencrsun, ko-
ria ObUTa yCTaHOBJICHA CIIOKHAs BHY TPEHHAA CTPYKTYpPa aJpOHOB (HX 3apsI0BbLIl paInyc
oTaWYeH oT HysA u uMeeT Benmunny ~ 107'%cum), Gputa mpenoxena Teopus (KBaHTOBas
XPOMOIMUHAMUKA), COIJTACHO KOTOPOIl 5TO B3aUMOMNCHCTBIE B NEHCTBUTEILHOCTH TTPOUCXO-
T Ha Gosee TIIyGOKOM CTPYKTYPHOM YPOBHE, @ €ro MePEeHOCUMKAMHI ABIISIOTCA TUIOTe-
Tuveckrne 6e3MaccoBble BEKTOPHBIE YacTUIBI — TJIFOOHbL, B3aNMONEHCTBYIONINE ¢ 0COOLIM
sapsgoM — '1uBeToM” , KOTOpbIl He HabIomaeTcs B cBOGOMHOM cocTosuun. s peakumii,
MAYIINX 32 CYeT CUJILHOIO B3aMMONEHCTBUS, XapakKTepHO OYeHb Majloe BPEMs MpPOTeKa-
must. YacTuuel, pacnai KOTOPBIX paspelleH 3aKOHaMI COXPAaHEHUs CUIILHOTO B3amMONeii-
CTBHS, KUBYT CTOIb KopoTkoe Bpems (1072* — 107?%¢), uTo onn 06Hapy KHBAIOTCS TOIBKO
10 HAJMYKMIO PE30HAHCHBIX BCIUIECKOB B CEUCHUAX paccesHus Gosee cTabUIbHLIX YacTHIL.
Fcnn paccestnne gacTui @ u b MOKET MPOMCXOMUTH MO KaHaJly 00pasoBaHUs TPOMEKY TOYU-
HOIl KOpOTKOKUBYIIeH dactuibl ¢ Mmaccoit M ( ab — X — ab ), To ceuenne paccesnus
KaK (QYHKIUS SHEPIUU B CHCTEME HMEHTPa MacC UMeeT OpelT-BUIHEPOBCKOE MOBEICHHUE:
o(E)=0o(T/2)* /[ (F— Mc*)? +(I'/2)? ]. Benmunna [', maswiBaemas mmpunoii pacnaa,
cBsA3aHa ¢ BpeMeHneM KusHu dacTuisl X coornomennem 7 = fi/T. Takne KopoTkoxnBy-
IIue aIpoHbl HA3LIBAIOT PE30HAHCAME — COOTBETCTBEHHO ME3OHHBIME WM GAPHOHHLIMIU.
Nmenno 3a cueT pe30HAHCOB TOMOMHAETCH B MEPBYIO OY€pellb CIIMCOK M3BECTHBIX allpo-
HOB — KOJIMYECTBO KBa3UCTaOUILHBIX (C BPEMEHEM KU3HU, CYIIECTBEHHO TPEBLIIIAIONTIM
10722¢) uyTh Gonee MBYX NMeCSTKOB (Tak HasbiBaeMble  THIEPOHLI”, DSl ME3OHOB M Heil-
TPOH), & CTaOWILHBIM SBIAETCS TOIBKO ONUH TTPOTOH.

[Ipw m3ygyennn ampoHHBIX peakluii OOHApYKWBaeTCs, YTO BO BcCeX Mpolleccax CTPO-



ro coxpamsercs KBanToBoe uncio B, pasuoe +1(-1) mns 6apuonos (amtubapuonos) u 0

tr0 K*tn — pA sanperensi, B TO

IJTsT ME30HOB: HallpUMep, peakinum TUuma pn — T
BpeMst Kak 7 p — KTK™n wmn pn — K°YTn okasbiBaiorTcs BosMoxHLL. KBanTOBOE
2 Ld 2
unciao B momyunno masBamme ”6apWOHHBI 3apsin . AHamormdubiM obpa3’oM OLIITH BBe-
MEeHbl 1 MHOTHE NPyThe XapaKTePUCTUKN JacTHUll. B 9acTHOCTHU, cpemnm ajipoHOB ObLLIN
BBIZIETIEHBI TPYIIBI YaCTUIl ¢ GIN3KIMEI MacCaMU W TTPAKTUYECKH He PA3THYaloNnInecs 1o
CBOUM CBOWCTBAaM TI0 OTHOIIEHNIO K CUILHOMY B3aNMONEHCTBUIO: HYKIIOHLI P U 1, ME30HDI
7%, 70, Gapuonnwie pesonancul AT AT AV AT n nenwiit ps IUX. DOTH TPYIIELL Ha-
, T, 0ap p 1,811,828 1L pan npy . Py
3BaIN M30TOMNIECKUMHI MYJILTUIIETAMI  — 9acTHUIbI, TPUHAIJIEKAIINE OMHOMY TaKOMY
MYJIbTHILIETY, MOKHO CYNTATH PA3HBIMEI COCTOSHUSIMI KBAHTOB OMHOTO W TOTO XKe OIS,
pasImYaloninecs 1Mo 3HaYeHusM MOMEHTa KOJINYecTBa MBUKEHUsS B 0COOOM BHYTpEHHEM
"m3oTonudeckoMm mpoctpancTBe’ . Tax, mybreT HyKJIOHOB MHTEPIPETUPYETCS Kak Habop

COCTOSHUI ¢ OlpenesieHHol npoekiuei I3 = :l:% M30TONMMYECKOTO crimHa [ = =, Tpunsier

1
29
mioHoB — Kak Habop cocrostauit ¢ I3 = +1,0 (I = 1) uw 1.1, lpwm sTom okasbiBaeTcs,
YTO M7l MHOTUX YacTHUIl (HyKJIOHOB, TTMOHOB, 7)-Me30Ha, N- 1 A-pe3oHancoB W NPYIuX)

3HaUYeHne 3IEKTPUUECKOro 3apsna cBsizaHo ¢ [3 mpoctoil popmynoit

CI/IJIBHBIG BSELI/IMOIIGfICTBI/Iﬂ O6JIELI[ELIOT CBOMCTBOM H30TOINNIECKON CUMMETpHUM, TO €ECThb "He

3aMedaroT” PasInyms COCTOAHUI ¢ pasHBIME [3, M K TOMY JKe HOTHBI N30TOMMYeCK il CITIH
AIIPOHHBIX CHCTEM COXPAHIETCS B CUILHLIX TPOIleccax. JIIeKTPOMArHUTHOE U ciaaboe B3a-
MMOIENCTBIE TaKiM CBONCTBOM He 00/1aaioT (p 1 n sSIBHO PasiMIHbI IO CBOMM 3apPsIOBBIM
CBOICTBAM ¥ TI0 OTHOIIEHUTO K (-TIpoleccaM) — TOBOPAT, YTO OHE ~HAPYIIAIOT” M30TOIN-
YECKYIO0 CHMMETPHIO, TaK 9TO MPOIEcChl ¢ n3MeHenneM | Bee-Tak®w MOTYT UATH, HO JIUIITE
3a cueT HTHUX — Gojlee CIabbiX — B3aWMONENCTBUI (& 5TO 3HAYUT, 9TO UX BEPOSTHOCTN
OYIyT HAMHOTO MOPSAIKOB MeHBIIe, YeM Y MOXOKUX MPOIECCOB Ge3 TaKoro M3MeHeHs ).
N3oTonmueckyo ciMMeTPHIO MOKHO HCIOIL30BATE I YCTAHOBICHUS CBA3H MEKIY Be-
POSTHOCTSIMU TIPOIIECCOB € yYacTUEM YaCTHUIl, BXOIAIIUNX B ONMHAKOBLIC M30TONHYCCKHUE

MyJIbLTHUILIETHL. Hampumvep:
w(rtp — AT 3
w((7®p = AF) T 27

TakK KaK M30TONMYECKUil CIINH CUCTEMBI T p paBeH % (5 =41+ % = —I—%), Kak my Ay,

a Yy CUCTEMDBI 7T0p OH MOXKET IIpUHNMaThb OdBa 3HaYCHNA: % — C BEPOATHOCTBLIO % n

N

, ¥, CJIegoBaTE/IbHO, TOJBKO [IJId 2 BCeX BO3MOXKHBIX Ha4aJIbHBIX

— C BEPOATHOCTBIO 3

[VSIT )

COCTOSHUN CHCTEMEL 7T0p poxaenne Ail— Pa3pelieHO 3aKOHOM COXPaHEHUA M30CIIHHa (I[JDI

BBIYNCJICHU A BepOﬂTHOCTefI MOZKHO BOCIIOJIB30BaThLCA pe3yibTaTaMI 3ada4ll O CJIOKCHNN



N

~2
2
MOMEHTOB Z(HGHOFO) n s= % B ITOJIHBIT MOMEHT 7! cobCcTBEHHLIE BEKTOPHLL 7 W 7, BhIpa-

~

. iyl
KaTOTCsI gepes cOOCTBEHHbIE BEKTOPLI [, 1 §, cooTHomenneM (B koTopom k = (—1) M3 ):

[+ Fkm;+1/2
2041

l—km]—l—l/Q

—1/2,41/2 k

gm; >= Imj +1/2,=1/2 >,

M OCTAeTCs TOMbKO HoncTaBuTh [ = 11 j = .3, m; = +1).

Bwmecre ¢ Tem 06HapYKUBATOTCS 9aCTUIBI, Y KOTOPBIX CBA3L () ¢ I3 ornuaaercs ot (1):
K-mesonnt, A-,3- 1 =-rumeponbl,— U psi peaknnii ¢ UX y4acTHeM, KOTOPDIE He Uy T 3a CYeT
CUJIBHOIO B3aUMOIENCTBUSA, XOTs U pa3pellenbl 3akonamu coxpanenus B u [: m%p — pnA,
7% — n KT Ky. Bolio 3aMedeHo, 4To 5TH YacTUILI POKIAIOTCS TOILKO B OIpele/leHHbIX
KOMOWHAIUSAX, 9TO Majlo TOBON K BBENEHWIO HOBOT'O KBAHTOBOTO UHCIA — ~ CTPAHHOCTH
S, COXPaHSIONIETOCsT B DIIEK TPOMArHUTHBIX W CIIILHBIX MTPOTeccax: ~ OOLITHBIM dacTUIlaM
npunucann S = 0, K-mezonam — S = 1, A-runepony — S = —1 u 1.1 [pm sTom dpopmyy

(1) yaJdo0Cch 3alncaTh B BUAE, CIPABENINBOM /I8 JACTHUIL ¢ T0O0 CTPaHHOCTHIO:

Q = I3 + - (B+Y95). (1)

DN | —

B cnaboix mpoteccax ¢TpaHHOCTH HE COXPAHSETCs: B MEPBOM MOPAIKE TEOPUH BO3MYTIIe-
HUT 1O c71abOMy B3alMOMENCTBUIO BO3MOKHBI TIPOIECCH ¢ M3MeHenneM S Ha 1, BO BTOPOM
—wa 2 u T.0. (TakuM 06pas’oM, BEPOSTHOCTH MPOLECCA PE3KO YMEHDBITAETCS ¢ POCTOM
|AS|). Boree akkypaTHBIN aHain3 SMITPHIECKUX TAHHBIX MOKa3LIBA€T, YTO YacTh MPO-
neccoB ¢ |AS| = 1 Bce-Taku 3ampeiiiena B IepBOM HOPSIKE MO C/1abOMY B3aUMONEHCTBUIO
(nx mHabmomaeMbie BEPOSTHOCTH UPE3BLIYAHO MaJIbl): HAPUMeEp, B CIabbIX Mepexomax
MEXKYy aIPOHHBIMU COCTOAHUAMI C UCIYCKAHUEM JICTITOHOB W W3MEHEHWEeM CTPAHHOCTH
mna +1 Bomomnmsercs npasuiao AS = AQ)y, roe AQ)), — nsmenenne 1€k TPUIECKOTO 3apsia

y4YaCTBYIOIINX B Ipollecce aapoHoB. TakmmM obpa3oM, Impomecchl Tuma L+ — net

Ve WaN
K+ — rtrtep, sanpemenst (onn na camom nmesne ne mabmonaorces). Hekoropyto saramky
NIO/ITOe BpeMs MPEACTaB/IAIo I IIoUTH II0JHOe OTCyTCTBUe pacianos Tuma KO — ptp™ —
€ro ecTecTBeHHoe O0bICHEeHNe ObITO HANICHO TOILKO TTOC/IE TIOCTPOCHIS MOIETH BHY TPEH-
HETO CTPOEHNUS afIPOHOB.

BBenenue cTparnocT Tak yIauHO paspelnmio Bce BOSHUKIIIE GbII0 3aTpyTHEHUS, 4TO
STOT MPUEM UCIIOIBL30BAJICS €Ille HECKOIBLKO pas Mocje OTKPBITHS HOBBIX KJIACCOB YaCTHII.
Tak mosgBUANCEH TOXOKIE MO CBOICTBAM Ha S KBaHTOBBIe dncia ~odapoanue” (”charm” -

(), "kpacota” ("beauty” - b) u "uctunnocts” ("truth” - t), nocne gero (1) — coornorrenne

lNenn-Manna - Hutmmmxkumbl — npuobpeno Bu

Q=15+ - (B+5S+C+b+t) =13 + =Y (1)

[N



(Benmmumiy Y wasBamu runepsapsaom). HeKoTopbIM mccremoBaTessiM, BIPOYEM, TaKoe

HArpOMOZKAeHIe POMaH THYeCKIX Ha3BaHMI MOKa3a10Ch U3JIUIITHIM, U OHU TIPEINOYNTai0T
pacmmdpoBuBaTh b u t Kak “bottom” u "top”.

YacTHIBL CO CIIMHOM §, He y9acTBYIOIINE B CHILHOM B3alMOIECTBIN, 06 bELIHIIIN IO
HasBaHueM ~JIeNTOHbI” (HECMOTPS Ha TO, YTO MAcCa CaMOTO TSKEIOr0 N3 HUX — T -JIENTOHA
— pasra 1780 M»B u 6osbite Macebl MHOTHX 6apnonoB). KoamdecTBO T€NTOHOB He CTOND
VK BEJINKO — Ha CETONHAIHUI eHb UX W3BECTHO BCETO MIECTD (He CanTas COOTBETCTBYIO-
X aHTHYACTUI): TPW MACCHBHDIX JIEMTOHA € SJIEKTPUIECKIM 3apsiaoM -1 (e, u, 7) u Tpu
THIa HEATPATbHBIX 9acTHI] (H7IEKTPOHHOE, MIOOHHOE U T— HEUTPUHO Ve, Uy, Vigy). Heli-
TPHUHO [OJITOE BPEMS CUNTAINCH OE3MacCOBLIME YaCTHUIIaMI, OMHAKO B MociaenHue 15 jger
CTAIIN TOABIATHCS (TpaBia, MO0 KOHIA Tak W He MONTBEPKIEHHbIe) TaHHble O HaTudnm y
HUX ITyCTh MaJIoli, HO BCe ke HEeHYyJIeBOil MaccChl MOKos. Y TBepKaaeTcs, 9To m,, ~ 1058,
a My, W M, MOTYT GBITH CYIIECTBEHHO GOJbINe. JlemToHE! IO cBOMM CBOMCTBAM JOCTa-
TOYHO sIBHO pasbmBaioTcs Ha Tpu ~nokomenus”: (e,ve) , (u,v,) , u (7,v7). C Kamkapim
13 TMOKOJIEHNI acCOIUMUPYEeTCs COXpaHsAIoeecs BO BCEX M3BECTHBIX Mpoleccax KBaHTOBOE
qicsio, HasbiBaeMoe " nenTonHbM 3apsanom”: L., L, L., pasroe +1 mist menronos u -1 mis

anTmIenTonoB. Taxmm O6pEL3OM7 HallpuMep, paclladbl MIOOHa U — ey win p — €€€+

B
NeflCTBUTEIILHOCTY He IPOUCXONST, I MIOOH pacllafaeTcs 10 cXeMe [t — elel,, . BeThb pan
SKCIePpUMEHTAIbLHBIX IIPOrPAMM IO IOUCKY TaK Ha3blBaeMbIX ~HEHTPUHHLIX OCIU/IAINIT”
— epexonoB MexkKAy pasinyHbLIMU TUIaMU HEATPUHO ¢ HapyIIeHHeM 3aKOHOB COXPaHeHIs
JETTOHHDIX 3apsIoB (TaKue Tepexonsbl MOTYT GbITH BO3MOKHBI 715l MACCHBHBIX HEMTPIHO),
HO [OKa BCE DTH MOUCKHU OKa3aJiCh 0e3yCIIelHbIMIA.

Onno w3 mambosiee MHTEPECHBIX CBOMCTB JIEMTOHOB — NX HeoOLIUaiiHas ~MOXOKECTDh
(0 OTKPBITHS T-JIENTOHA Najke TOBOPUIIN O fie-YHUBEPCATBLHOCTH, T.€. O TOXKIECTBEH-
HOCTH BCEX CBONCTB MIOOHA U HJIE€KTPOHA, PAsIMIAIONINKCS TOITBKO BETMUNHON MaCChI).
O6cy:xmenne >TOoro cBONCTBa MPUBEIO K IMOCTAHOBKE Psla IpobaeM, B TOM YHCIeE:

1. 3agem, cobCTBEHHO, IPUPONE TTOHAIOOMIOCH CTOABLKO MOUTH OOUHAKOBELIX TaCTHIIL!

2. He sBastorcs i JeNTOHLI pa3sHbIX TOKOJEHUN BCEro JIMIIL Pa3sHbIMU COCTOSAHUSIMU He-
KOII cucTeMbl 6ojiee riyboKOro CTPYKTYPHOTO YPOBHS !

YeTkoro oTBeTa Ha 3TH BOIPOCHI IO CUX MOp He cyilecTByeT. OTMeTnM, 9TO BTOPOR 13
HUX 3BYYHUT OCOOEHHO OCTPO, TaK KaK BO BCEX HCCIEIOBAHHLIX MPOIEeccaX JIEITOHBI IPo-

ABISIOT cebst KaK OecCTPYKTYPHBIE YacTUIbI (MX 3apsOoBBIIl PaIiyc 3aBEIOMO MeHbIIe

10~ 5¢m).



3&,[[&‘-1]/[ K JieKiuu 1:

PaCCMOTpeTB pemrenne ONHOMEPHOI'O YpaBHEHNWA HI/IpELKEL I 9aCTHUOBL B ITPAMO-
yFOJIBHOfI HOTGHHI/IELJIBHOﬁ sAMe. quy PaBHa MMWHHMAaJIbHasd 13 BO3MOXHBIX IIpHU

MPOM3BOILHBIX BapPUAIUSX IMUPUHLI U TIIYOWHBI sMbl Benmanna Ax =/ Dx?

mT-Me30H ¢ sHeprueil [J = 2.5 I'sB B3ammoneiicTByeT ¢ TOKOSIIIUMCS TPOTOHOM:

7~ p — =~ XY. Onpenenuts gactunnt X un Y.

pp — pKTX. Yactuma X — kpasucrabuibras. YTo 5To 3a dacTuna’

_|_

B SHGPFGTquCKOﬁ 3aBUCUMOCTHI C€YEHUA pacCCeAdHNdA 7T Ha IOKOAIINXCA IITPOTOHaX

nabmonaercs "Topb” ¢ makcumymoM pu £ ~ 330 MbsB mmupunoit 'y ~ 150 M»B.

OmpenenuTh Maccy U BpeMs KW3HU pe3onamnca. Kakas 5To gactura’l
Ceuenne xakoii u3 peaxnuii 6onbie: Ap — np wiu Ap — npK°?

Haiitu (mpenebperast BKIamoM cIabbiX U 57€KTPOMAarHUTHBIX MPOIECCOB) OTHOIIe-

nne ceuennii peaxumit: K'p — Ant u K—p — An®.

Hepqu/ICJH/ITB BO3MOXKHBIE CXE€MBI IBYX- I TPpeX4YaCTUYHBIX pacClladoB 7- JICIITOHA.



