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YCIIEXH PHUHBHYECKHX HAYK

ME30HbI U SIEPHBLIE CUJIbI
. A. beme %)

Vicropus paspeuteHust npoGJeMbl ME30HOB W SIAECPHHIX CHJ fABJISETCA
XapaKTepHbIM [/ COBPEMEHHOT0 HayUHOro IIPOTpecca NpUMepOM Kak
NPOHMILATebHOCTH, Tak ¥ HAUBHOCTH (U3HMKOB.

3apokienue TeopUH ALEPHBIX CHi oTHocurcst K 1932 r. u ceasano
C OTKpHITHEM HeHTpOHa. DTO OTKDHITHE CLeNal0 BO3MOXHBIM Pa3BHTHE
NOCHeIOBATebHBIX NPeNCTaBACHUH O CTPOEHHH aTOMHOrO SIpa, COTJACHO
KOTOPbIM fIAPO COCTOMT 13 HPOTOHOB M HeHTPOHOB, YV.IepiKHBaeMbIX
BMECTE OueHb OOMbIIMMM CHJIAMK, OTJMUHBLIMM OT JIOOLIX APYTHX CHJ,
U3BECTHBIX [0 3TOI0 B NPUPOJe, ¥ NPEBHIIAIIMMH HX N0 BeJWYHHE.
Bcero uepe3 Tpu rojga nocie OTKPHTHS HEHTPOHA M BO3HMKHOBEHHS
Teopun sapa FOKaBa NpeLnoONOKMUA, YTO B3AMMONEHCTBUE MEKAY fAEp-
. HBIMH Y3aCTHLLAMH — NPOTOHOM M HeHTPOHOM — ODYCJIOBJICHO CYLIECTBO-
BAHMEM ApDYTHX, B TO BpeMs ellg HEOTKPHTHX YaCTHL, M3BECTHBIX
Tenepb NON Ha3BaHMeM MesoHOB. [OxaBa npeickasat, yTo TAKHe YACTULLH
JO/MKHB CyLeCTBOBATh, YTO MX Macca Ao/bkHA ObiTh paBHa 100—200
SMEKTPOHHBIM MACCaM, YTO OHM JOMKHH ObITh SapsiKeHbl M HMETh lie-
AL} CHOUH, BEPOATHO, PABHHIA HYMIO0 WM eXHHUILe.

Yepea Tpm roma npeickazanwe HxaBbl NOATBepAMIOCh. B kocmu-
YeCKOM W3Jy4eHMH MAByMs rpynnamu ¢msnkos — Anjepcedom u Hen-
nepmatiepom B Kamudbopuutickom TexHonornueckoM uucTnryte n Crpu-
ToM u CTuBeHcOHOM B XapBapicKOM VHMBepPCHTETe — OBIR  OTKPHITH
HOBBle uacTHB. Macca stux uwactun Gmmaxa k200 asnexrponnbiM
MaccaM, OHHM HMeIOT IOJOXUTEJbHBIA WA OTPULATEJbHBIH 3apsi, YTO
TOYHO COBRAAa0 ¢ oxuianusMu KOKaBH M Ka3zanoch, 4TO OHM CPABHH-
TEABLHO XOpOUIO VIOBJIETBOPSIOT BCeM €ro npejckasaHusM. B mocne-
NyiOlllHe [eBATh JeT IKCHePUMEeHTATOPhl OOHApyKWBaMh BCE HOBble H
¥ HOBBle CBOMCTBA STHX Y4CTHIL, a4 TEOPETUKN BBIUMCASIM, KaKOBA WX
poab B silepHHX cuiax. Ho o6e rpynnb ¢MSMKOB He NDHILIM K CO-
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IJIaCHIO: BHIBOLB TEOPETHUKOB COBEPLIEHHO Pa3OIUHCh € JeHCTBUTENb-
HBIMH CBOficTBaMW 3THX dacTuil. [10 npenckasaHHaM TeOPETHKOB, Me-
30HBI, NOCAE TOTO K3K OHM BO3HHKJM, IOJKHBEI BeChbMa CHJBHO B3aHMO-
NelCTBOBATb C $APAMM, T. €. AOJKHH CHIBHO TOTJOL[ATLCSA, CHIABHO
pacceMBATHCH M JIETKO BH3HIBATHL siflepHble peaknud. Huuro u3 storo
HM B IeHCTBHTEABHOCTH He Gbo cBOHcTBeHHO. OHM BOOGUlE HHYero
He Jenamn ¢ saipamyu. OHM IBUrajuch B BeIIECTBE, B3aMelJISINCh, Kak
ao0ble Jpyrue 3apsXeHHbE UYacTHUB, M, HAKOHEW, OCTAHABIMBAINCH
H pacnajatTucb KaKUM-TO, B TO BpeMs ellif HEH3BECTHHIM CNOCOGOM.
Tem He MeHee TeOPCTHKM YMOPCTBOBAIM B CBOEH Bepe B CBA3bL MEXAY
AHIePCEHOBCKUMY UACTHLAMHM KOCMMUYECKOFO M3yueHMs M JipeicKasa-
HusiMu tOkaBbl, OfHako pasnuuve MexIy SKCNEPHMEHTAJILHBIMU Peayiib-
TATAMM ¥ TEOPETHYECKMMH NPEACKa3aHUAMH ObLIO CTOMb BEJHKO, YTO
NpHBEI0 K IOABJEHHIO PA3AMYHBIX HA3BAHHMH YACTHH. IKCNEpUMeH-
TaJbHO HabmojaeMble UYaCTULBLL CTANW HA3LIBATH MEe30TPOHAMM, TOr.Ia
KaK TfpelCKasaHHbie TeOpHell YaCTHIL NOAYYAIH HA3BAaHHE ME3OHOB.
Honeitkn  orowaecTBuTs 00 HacCTHUB [POAOAKAMUCH 10 TeX 0P,
noka B 1947 r. wranpauckve ¢usuku Kompepcy, Tluyuonu u Tlanuunm
He OOGHAPYMXHIH, YTO Me3OHBI KOCMUYECKOTO M3JyueHUs B3auMolefcT-
BYIOT C sipamu el chalGee, ueM INOJO3peBand [0 storo. Jawxe B
TOM Cillyyde, KOTJAA ME30HY AaBald BOSMOMHOCTb HAXOJHTbCA BOJUZH
f1pa B TeUeHME OveHb JOJNTOro BPEMEHH (OKONO MHUKPOCEKYHIBI), OH
He JKeJal BOCHOJb30BaTbCA OJarONPUSTHLIM CJAyuyaeM W He MO3BOJSA
1Py 3axBaTUTh cefs. ITO OKOHUATEJBHO MOKA3a/i0, HTO 00e YACTHI{bI
He MOTYT GuiTh WIeHTHuHbIMH. Heckonpko MecameB CcRycTa pelleHHe
npobaembl 6pi10 Hafineno Oxkuamudu, Ilaysanom u Jle#ircom, paGoras-
wuMn B Bpucrone (Anraus). OHM OTKPHUIM CYLECTBOBaHWe APYroh
YACTHUB, Ha3BaHHOM HMH T-Me30HOM («MEepPBHUUYHBIH» Me30H), KOTOpas
B KODOTKOE BpeMsi pacnajaeTcs Ha Me30H, KOTOPbif OBl OTKPHIT
paHblie ¥ KOTOPHIH ~ OB MMU HA3BaH (.-ME3OHOM - (< IPOMEXYTOYHBIH »
ME30H).

OTipbiTHe T-Me30HA MOATBepAMIO coobpawenna IOKaBb. T-ME30H
cuIbHO BaauMoleficTeyeT ¢ sanpamu. Ilocne cBoero oOpasoBanus OH
JIeTKO pacceuBaeTcs ® Jierko mornowaercs sapamu. C 1947 . Mm
CUMTAEM, YTO T-ME30H NEHCTBUTENBLHO SBAAETCA YacThilefl, OTBETCTBEH-
HOH 34 anepHble CHib. MHOTHE CBOHCTBA T-ME30HOB ObLIM OTKPHITHI
Bpucrosnnckoit rpynno#i, paboraBmiell ¢ Me30HAMM KOCMHMYECKOTO M3y~
ueHHst W ¢ (QOTONIACTHHKAMM, HO HauboOJibIIME YCNeXW B MCCAeL0BAHUU
€BOMCTB 3TUX YacTUU ObLAW LOCTUTHYTH NOCIe TOrO, KaKk OHH OwlIH
HOJyueHbl MCKYCCTBEHHO Ha YCKOPHTeJaX, cHavala B Bepxan, a sarem
M B Apyrux naabopatopusx. ITO ObIO TPUMEPOM COBMECTHOM paboTht
HccaenoBatenet HECKOMBKHX CTPAaH: MOUIHBIR CHHXPOUHMKJIOTPOH HAXO-
auics B Bepwin, HO Oepx/aMeBckHe (H3MKU He MOTJIM OOHAPYXHTh
UCKYCCTBEHHO CO3MAHHHLIA T-Me30H 10 Tex Top, Noxka OpasuibsHen
Jlatrec He TMPUBE3 UM M3 AHIVIHH CJOKHYIO TeXHUKY (OTOrpadryecKux
smyabcufi. C Tex MOp O w-Me30HAX YAaloCh Y3HATL OdeHb MHOTO;
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370 ¥ Oyder colepwaHHeM Moelt Jqexkuuu. OaHako npexmie uem iepedTn
K OCHOBHOM TeMe, HEOOXOMMMO pacCMOTPeTh HEKOTOPHIE H3 .CBOACTB
-ME30HOB, TPEeACKA3aHHBIX silepHON (pnsuxoﬁ Ha OCHOBE YHCTO Teope-
THYECKHX COO0parkeHHH. :

MPEJNCKA3AHUA SAIEPHON ®U3UKU

[TepBbM mipeickasaHdeM aAepHO# GH3UKM OBLIO TO, YTO NOJDKHH
CYLLeCTBOBATb TPH THIA ME30HOB, OTBETCTBEHHLIX 33 AACPHBIE CHJIBL
[OJIOXKHUTEIbHO 3apsKeHHble, OTPULATENRHO 3aPMIKEHHLIE M HeHTpalbHble.
Me30HBl. [TosoUTeNBHO M OTPULATEBHO 3apsiKeHHBIE Pa3HOBHIHOCTH
Me30HOB ObliM Jierko obHapyweusl. Ho 1949 r. HedTpajsHbie yacTHULL
ObliM TOJBKO TEOpeTHUeCKMM INIpelCKa3aHWeM, OCHOBAHHHIM HA BeCbMa
(GyHIaMeHTAJIbHOM CBOHCTBE sEPHBIX CHJ, 4 MMEHHO Ha MX T4K HasHl-
BaeMO# 3apsilOBOH HesapuchmoctH. B 1935 r. B oriese seMHOro Mar-'
HeTH3Ma MHCTHTYTa KapHern B BaluyHrToHe ObIO OOHAPYKEHO, UYTO
CWIBl MeXIy JABYMA MPOTOHAMH B TOYHOCTH DaBHBl 'CHIaM MKy
NPOTOHOM W HEHTPOHOM, €Cad TOJNBKO 00e naph YacTHl, HAXOoAATCs
B ONHOM M TOM X€ COCTOAHHH JBIDKEHHsA. ITOT (hakT Obla BOOCHKEN-.
CTBUM MOLTBEPXAEH MHOTHMH APYTMMU 3IKCIIEPUMEHTaJIbHEIMA J0OKa3a-
TeNLCTBAMH W TeopeTHueckuMM paGoTamu bpefita W Ap. U M3BecTeH
MOJ HA3BaHUEM TeOPeMBl O 3apanoBO# HesaBucuMmoctu. Ecim 6wl cyute-
CTBOBAIN TOJMbKO 3apsKEeHHBIE ME30Hb, TO Obl Ol BO3MOMEH JHUIUL
crenyowuit npeackasanupit FOkaBo#t mpouecc: nPOTOH MOXET ucny-
CTUTH MOJOKUTENLHBIR Me30H, NPeBPaTHBIUMCE NPU 3ITOM B HelTpou,
MOAOKUTEBHBI ME30H MOXET OBITb MOTACLEH KAKUM-HUOYIB OKasaB-
W¥MCcs BOIM3UM HEHTPOHOM, KOTOPHIH NO3TOMY NpeBPATUTCH ‘B NPOTOH.’
Ipyro#i u3 Haxoasuwuxcsi BOAM3M NPOTOHOB 'HE MOXET TIOT/IOTUTH
NONOKNTE/IbHBIY Me30H, TaK Kak NpPU ITOM OH okxasaics. Ol ¢ AByMS'
NONOXUTEIbHEIMY 3apsinaMu ¥ mpenctasisa Obi coOoff wacTuiy, cyie-
CTBOBaHHE KOTOPOH OuUeHb Majio BeposiTHO. O4eBMIHO, YTO TaKOR npo-
ilecc MOMeT OOBACHUTL B3aWMOleficTBME MeXIAy NPOTOHOM M HelTpo-:
HOM, HO HE Meway JABymMs mnporonamd. Koria npoTon u He#tTpou
B3aMMOAEHCTRYIOT, OHM OGMenuBaloTcsa 3apsiamu. Taxo#i: Tun. Bsaumo-.
neficTBhs  Obld  mocryaupoBan B sigepHof dusuke ewmd po IOxasnL
W N3BeCTeH Kak OoOMeHHble cuibl. M1 nelcTBUTENbHO, OGMEHHHIR Xapak-:
Tep cua OblJ ONHAM W3 HCXOAHHX (AKTOB, HA KOTOphle ONMpanc:
IOkapa, xoraa oH passuBal CBOKW Teopuio. Jlerko, ORHAKO, BHIAETD,
4TO OOMEHOM 3apMIKEHHHIX ME30HOB MBI HE MOXEM, B nepBOM NpuO/u-
MEHHH, OCYLLEeCTBHTh B3aMMOAEHCTBUE MeXAY IBYMfA  NPOTOHAMM HIH.
IByMsl HeHTDOHaMHM: [J1 MEpeHoca STOro B3aHMOAEHCTBHA HEOOXOAMMO.
HMeTh HelTpanpHylo uactTHly. CyluecTBOBaHME HeHTPalbHOTO Me30Ha:
6blJ10 BIEpBEIE NOCTYJIMPOBaHO KemMepoM B AHIMIMM, TOCTPOWBIIMM
TEOPUI0, HU3BECTHYIO MOJ HA3BAHHEM «CUMMETPHYHON ME30HHON TEOPHH>.:
B aToM Teopum npeanoJaraeTcs, 4TO C HYKJIOHOM (MPOTOH M HeRTPOH:
00603Hava0TCd  OOLIMM MMeHeM <«HYKJOH») CBH3aHB ~ HEfITpajikHble = W
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3apsukeHHbIe ME30HH OOOMX 3HAKOB M BE/JMYMHA STOH CBS3H NpeAnoJa-
raeTcsi ONHHAKOBOH JJA KaXAOro THna MesoHoB. Teopua Kemmepa
IeACTBUTENBHO NPUBOAUT K 3apafOBOH HE3aBHCUMOCTH SIIEPHEIX CHJL.

[Tocie TOro Kak (PM3HKM MOJNYYUIHM HCKYCCTBEHHBIE ME3OHbBl, OHM
JeHCTBUTENBHO OOHAPYXKHJIH, KPOME 3apSIKEHHBIX, elié M HeHTpaabHbiH
me3oH. K coxanensio, HeHTpaibHbH ME30H HeNb3s HAGMIOAATH HEno-
CpelNCTBEHHO, TAK KaK €ro BpeMs KM3HHM oueHb Maqo. OH pacnaiaercs
3a Bpema nopsnka 1015 cex. na aBa ramma-xksanta. KopoTkoe Bpems
WHUBHH MOMXET OBITh OOBACHEHO C TOYKH 3peHUs] TEOPHH, HO H He
Oyly BXOAHTb B DACCMOTPeHMe 5TOH npobJeMbl.

Bropoe npeiackasaHHe SAepHOH TEOPHH OTHOCHTENbHO ME30HOB
3aK/IOYAETCH B TOM, YTO ME30HB HE MOTYT OblTh cKaaspHbuMH. Ckaasp-
Has vacTuua obnajaeT AByMs OCOGEHHOCTSMU: BO-TEPBHIX, OHA He MMeeT
CMHA, Y4eM OTJMuYAeTCA OT 3JeKTPOHOB M HYKJOHOB, CIHMH KOTOPHIX
paBeH IOJOBHHE! 3TO SHAYMT, YTO OHH HMEIOT MOMEHT KOJIHYecTBa
IBUMEHHST <«OTHOCHTEJIbHO CBOed COOGCTBEHHOH OCH» H TeM CaMbIM
nojo0Hbl BpalaouleMycs Boauky. TepmMuH «CKaagpHulfi> O3HAuaeT, OA-
Hako, GoJblie, 4eM OTCYTCTBMe CNHHA. Bropas ocoGeHHOCTb CKanap-
HOM 4acCTHUBl 3aK/MIOYAETCT B TOM, 4YTO BOJHOBasS (DYHKUHUS YACTHILH
ocTaéTcd HEeU3MEHHOMN, ecid BCE NPOCTPAHCTBO OTPA3UTh B 3epKajibHON
naockoctd., CyliecTByeT Takie BOSMOXHOCTb TOrO, uTO BOJHOBAsS
(QYyHKUUSA YACTHUB C HY/EBbIM COHHOM W3MEHHT 3HAK NPH TAKOM OTpa-
keHMH. B 3TOM cayyae uvacTMLA HasHIBAeTCH  «TNICEBJOCKANSIPHON».
CkanapHbie ME30HB LODKHBL OBITH HCKJAOYEHH, TaK KaK 00YCAOBJEHHBIE
MMH fiIepPHBIE CHJB SIBAAIOTCS LEHTPAIbHBIMM CWJaMM, 33BUCSILMMH OT
paccTosiHUsi MeWAY NABYMA HYKJOHAMH, M OoJblie HU OT 4Yero, TOrja
KaK ONHT MOKa3blBAeT, YTO STH CHABI 3aBHUCHT TaKXe OT HanpaBieHUs
CAMHOB IBYX HYKJOHOB. TpeTbe npejickadaHHe siAepHOM TeOpuH 3aK/HO-
yaeTcd B TOM, HYTO Me30HB [AO/KHBl ObITh MNCEBAOCKAASPHHIMU. ITO
ClelyeT M3 BCErO XapakTepa 3aBUCHMMOCTH SIEEPHBIX CHUJI OT HATpaBJje-
HHS HYKJOMHBIX CNWHOB, B YaCTHOCTH, W3 3HAKAa KBAAPYMOJLHOrO
MOMeHTa JeHTpoha. :

YeTpEpTOe NpelCKasaHHe NPHILIO M3 COBepLieHHO Apyro#t obaactu
du3uKK — He U3 sAAepHOR dM3MKHM, a M3 HCCTefOBaHMI OCHOBHBIX
CBOHMCTB moJeH, KOTOpHE NpousBoiuiuch He Oead yenexa, OCOGEHHO
nocae 1947 r. IlpobGnema 3ax/rouaeTcss B MaTeMaTH4eCKOH TpaKTOBKe
B3aUMOJENCTBUS IBYX NOJEH, NONOOHBIX SJEKTPHUECKOMY TNOMO, MO0
Me30HOB, HYKJOHOB, 8JieKTpoHOB M T. A. o 1947 r. npu onncanun
TAKWX BSAUMOLEHCTBUA B pe3ynbTaTaX BO3HHMKAMM OCCKOHEYHOCTH, HO
¢ 1947 r. HaM CTan0 ACHO, KaK MOCTYNaTb € STHMU OCCKOHEUHOCTAMH.
ITO CTAA0 BO3MOXHHIM 0/jarojaps TaK HasbiBaeMoii «TeOpHH IepeHop-
MUDOBKM», B KOTODOH BEJNMUMHH, HCNOJb3yeMble J[J5 MCKIIOUEHHS
GecKOHeuHOCTe, VHTEPNPEeTHPYIOTCA MO-HOBOMY, KaK H3MEHEHHS MAacChl
W sapana. yacTuuu. [Jocie Takoro mnepecMoTpa NOHATHE O0Ka33JM0CH
BO3MOXHLIM TOKasaTh, YTO Bce (M3NueckH HaOJIONAeMbie BeJUYUHBE
¥ IeHCTBHTENLHOCTY KOHEUHBl. ITa COBDEMEHHas Teopusi mnojel oxa-
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3a/lach NPUrOIHON AJs OTHEJEeHHA 3epPHa OT MAKHMHBI. B HEKOTOPHIX TEOPUAK
MOTYT ObITh MOJIyYeHbl KOHEUHbIe Pe3y/IbTAThE C OMOLUBIO NIEPEHOPMHPOB-
KH, TOFla KaK JIpyrHe TEOPHM He TMOAJAAIOTCA STOMY npoueccy. Mel Mo-
KeM BBHINKCATh OCHOBHLIE yDaBHEHMS 3THX NOCAEIHMX TEOPHH Ha OyMary,
HO eCJH Mbl NONBLITAeMCS!, HANPHMEP, C MX IOMOLLHIO BHIYHC/HTH BepO-
ATHOCTH pacCcesHUsi ME30HOB HYKJIOHAMM, Mbl BCEr[a HEM3MEHHO NMPHIEM
K OeckoHeyHOMYy peayiabTaTy. Taxum o0pasoM, pasBuTHe Teopun noneh
NPUBENO HAC K YCTAHOBJGHWIO TPMHUKNA, NO3BOAMIOUIETO TPOMIBECTH
BHIGOD MEWAY BO3MOMHBLIMU K HEBO3MOXHBIMH BLIDRKEHUAMU AJd TOJeH
M UX B3auUMOLeilcTBHHA. B wacTHOCTH, NoJe, cocTosllee H3 3apAKEHHBIX
YacTHL, MOJOOHBIX Me30HAM, KOTOpble MOTYT ObITb MCRYLIEHH U NOINIC-
IEeHBl APYTMMH 3apsiKEHHBIMH YACTHIAMH (HYKJIOHaMH), MOMET HMETb
TOABKO HyJeBOH criuH. Takum o6pasoM, Teopusi IoJefi IOATBEpHAaeT
TO, 4TO GBUIO NMOCTYJHPOBAHO B siAepHON (U3NKE, a HMEHHO, HYJEBOH
cnvH Me30HOB. OHa roBOpHT euwlé 0O0/ble O CBA3H MEWILY MEe30HaMM
H HYKJIOHaMH, HO K 06C}7)K,D,6HHIO 3TOTO A BEPHYCHL TO3AE.

CBOPCTBA CBOBOAHDIX ME30HOB

PaccmoTtpum Tenepn onblThi ¢ Me3oHaMH. CyIeCcTBYeT MHOTO THHOB
ONBITOB, KOTODHIE MOXKHO TPOM3BeCTH C dacTuuaMu. ONbITH, KOTOpHE
Mbl OOCYAHM BHauaje, sBJsiOTCs mnpocTediwumd. OHM MOFyT OBHITH
HHTePNpeTUPOBAHbl 0e3 CAOMHBIX BBIYMCJAEHMH, TAK KaK 1Js NOJYyueHHs
OTBeTa [OCTATOYHO KAYECTBEHHBIX pe3yabTaToB. Ilpexne Bcero Oblia
OueHb TOUHO H3MEepeHa Macca Me30Ha: OHa paBHa 270 31eKTPOHHBIM
 MaccaM AJs 3spsKeHHOro Me3oHa M 265 nas nefitpanbuoro. Pashuua
MokeT ObThb 0GBAiCHeHA COOCTBCHHOW 23/GKTpPUUeCKON S3Hepruei, npo-
UCXonflled OT B3aMMOLEHCTBHA JMeKTPHUECKOrO 3apsaja 3apsKeHHOro
ME30Ha C ero 3JexTpuueckum noseM. Hajee, HAM M3BECTHO, UTO ME€30-
HBl MMEIOT KOHeYyHOe BpeMs XM3HH: 3apsiKeHHble Me30HBl JKHUBYT OKO-
a0 108 cer. 39710 BpeMst OTHOCHTENBLHO BEMMKO, YTO MO3BOAdeT HabJIO-
1aTb MX. Jle#cTBUTeNbHO, 3apsKeHHBIH Me30H C TAKUM BpeMEHeM
JKU3HH CyMeeT B CpelHeM NpPOHTH 3 M [0 CBOEro pacnana; STOTro
pacCTOAHMA 10CTATOYHO a8 ero Rabmonenus. C  apyrolt cTOpOHHI,
HeATpaAbHE Me3oH, MuBywin# okono 10-15 cex, TNpPOXOAUT TOJIBKO
10—5 cu, uTO HeLOCTaTOUYHO, 4FOOH HAGMOAATL €ro CBOHCTBA A0 pac-
naga. Tperbe CBOHCTBO Me30HAa, uMeolee HawOOMblllee 3HAYEHUE .15
Hallero pPacCMOTPEHHs, MpPeAcTaBasgeT coOo# cnuH wactTuubl. OH Gbla
ONpeleNEH 3KCIePUMeHTANbHO K4K [Js 3apsHeHHHBIX, TaK W AJs Hed-
TpanbHBIX ME30HOB pA3MMUHBIMM M BeCbMd OCTPOYMHBIMM METOAAaMH.

Onpenenenne crnuHa 3apsXKeHHOIO Me30HAa OCHOBAHO = HA  CTATH-
CTHYECKOM IIPHHILHIE [AeTaJbHOTO paBHOBecHs. W3 cTaTucTuyeckoh
MEXaHHWKM ¥ M3 KBAHTOBOJ MeXaHWKM M3BECTHO, YTO eC/iM Mbi MMeeM
npouecc, KOTOPHH MOXET HATM B [AHHOM HATPABACHMU, U TPO-
ILecC, KOTOPbIi MOMXET WATH B NPOTHBOMOIOXHOM HANPABJICHHH, TO
BEPOATHOCTH 3THX [BYX TNpOLECCOB TECHO CRA3daHBl APYr ¢ APYTOM.
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‘Hanpumep, ecau BCe THIIB YaCTHL, Y4aCTBYIOLIHX B NpOLECCe, HAXOIATCA
TIpH OuYeHb BBICOKOGH TeMmepaType, TaKk 4YTO B KA&XAOM KBaHTOBOM
COCTOSIHHH HAXONMTCS MHOFO YacTHIl, TO [/ COXPaHeHHs paBHOBeCHs
npouecce. B O0OUX HanpaBIeHUAX JAOJ/KHB MPOHCXOAHTH OJHHAKOBO
dacTo. HTo We ofuUero Mexjy STHM NPHHLMIOM AeTaNAbHOTO PABHO-
‘BECHsl W OMNpeje/eHUeM CIHHa Me30Ha?

Ecan Mul MMeeM yaCTHIY € HYJEBHM CAMHOM, HAXOASULYIOCA BO BHeLI-
‘HeM ToJIe, TO CYILeCTBYeT TOJbKO OLHA BO3MOXKHOCTb IJifi [OBeLeHUS
3TON YaCTHLLI; el Heuero OPUEHTHPOBATL MO OTHOLLEHWIO K BHeLUHeMY
TIOJIIO, OHA MMeeT TOMBKO OJHO KBaHTOBOe COCTOstHHe. C APYro# CTOPOHH,
‘YaCTHUA CO CNHUHOM, PaBHBLIM elMHMLeE, MOXET HMeThb TPHM pasIvyHbe
OpHEeHTAallHM CBOer0 CIHHA MO OTHOLUEHWIO K BHellHeMy momo. Tenepb
paccMOTpUM npouecc 00pasoBaHMs M Npoilecc MNOIJOLLEHUs Me30Ha cO
CIMHOM, PaBHBEIM eluHuie. Ecim Me3aon oOpasyercs, TO OH MOXeT 00-
pa3oBaThCA € TpeMs PasJMUHBIMM HanpaBieHHWsAMH cnuHa. Ecau oH no-
rIoLIaeTCA, TO Mbl 3HaeM, 4TO OH HcYe3aeT C OJHUM €IHHCTBEHHBIM
HANpaBJeHUEM CIMHA; TakuM 00pa3oM, OTHOIIEHMEe BePOATHOCTEH norJo-
nieHus M 00pasoBaHys JOMKHO COAEPXaTb KOS(POUMLMEeHT, PaBHLIH TpEM,
ecqM vacTHUa MMeeT CINHMH eJMHHMHA. ODTOT KO(pOHIMEHT Ha3bIBAETCH
-«CTATHCTHUECKMM BecoM». C  IpyroH CTOPOHBI, ec/H u©acTHUA HMmeeT
HyJeBOH CIHH, KOSQMUIHEHT TPH 3aMeHAeTCH HA eNMHHLY, TaK 4TO
OTHOLIEHHe BePOATHOCTH 00pa30BaHHA K BEPOSATHOCTH NOTJOIeHus Oy-
JleT B TPH Pasa MeHblle. JTOT NPHHUMI, BbICKa3aHHbIA Mapluakom Aus
-MCCeOBAHKS ME3OHHOIO CHHMHA, GBI C YCMEXOM HCMOJb3OBAH ABYyMA
TPYNNaM# SKCNePHMEHTATOpPOB, ONHOH M3 Pouyecrepckoro, Apyroft us
KoayumGuiickoro yHuBepcuTeToB. O6e Ipynifibl NPHIIAM K BHBOLY, UTO
‘ME30H JeHCTBUTE/IBHO MMeeT HYJ/JeBOH CNMH B COTJIACMU C TpeNcKasa-
HUSMM KaK silepHOY GHM3MKM, TaK M TeopuM nNoJeli.

Heckonbko TpyinHee ObljIO COBepPLIMTb MNOCAENHMH ILAr, a MMEHHO
"y3HaTh, ABJSETCH JHU Me30H CKaNfpHBIM MM NCEBAOCKANAPHHIM, W cehiyac
1 LO/KeH MoApobHee OGBACHMTBH, YTO TO 3HAuMT. Bbl, BeposaTHO, 3HA-
eTe, YTO OJHOH M3 XapaKTepDUCTHUK aTOMHOH CHUCTeMbl ABJAeTCH €€ uér-
HOCTb., YETHOCTb NMOKa3LIBaeT HaM, KaK M3MEHSIETCSl BOJIHOBAasA (yHKLHA
CHCTEMbl TIpM HM3MeHEHHM 3HaKa BCeX KOOPAMHAT, T. €. MPU H3MEeHEeHWH
X HA— X, ¥y HA— V K T. 1., YTO M3BECTHO MO/ Ha3BaHHEM WHBEPCHUH.
B cayuae Hy/JIeBOFO MOMEHTa KOJNHMYECTBA ABHXKSHHS Mbl MOXeM NOCTY-
OWTh el Mpolle, 8 WMEHHO MPOBECTH MJOCKOCTh Yepes LEeHTP aToMa
W OTpasuTh BCE NPOCTPAHCTBO B STOH IUIOCKOCTH, KaK ecau Obl oHa
Obuta 3epxanpHofi. Cnpocum Tenepb ce6s, KaK HM3MEHWTCA BOJHOBas
GbyHKUMS B pe3ysibTaTe NPOWSBENEHHON MHBepCcHMM. Mbl 3HACM, YTO Cy-
{eCTBYIOT TaKWe aTOMHBble COCTOSHMS, BOJHOBHE (YHKIMM KOTOPHIX
NpH 3TOM He MEHSIOTCH; 3TH COCTOSHMS HasuiBawrcs <uétHmMm»., Cy-
HIECTBYIOT M TaKHe aTOMHble COCTOSHHSA, BOJNHOBHiE (DYHKLMHM KOTOPHIX
MeHSIOT 3HAK NPH MHBepcHH. TakHe COCTOSHMS Ha3dbBAIOTCH ¢HEUETHLIMHUS.
TaxkoBO CBONCTBO, KOTOpPOe Ha3bBAIOT UETHOCTHIO. Hanpumep, B onTh-
YeCKHX CHEKTpax Jobas paspeluéHHAasi CNMEKTPaJbHaA JHHHA BOZHUKAET
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B pe3y/AbTaTe Mepexoia MexAy UETHHIM W HEUETHHIM COCTOSHUAMH aTOMa,
iy Hao0OpOT. AHAJOTMYHBIM 00pasoM omnpelelseTcs YETHOCTb sdep.
Hanpumep, AeATOH COCTOMUT M3 NMPOTOHA M HEHTPOHA M HMeeT UYETHYIO
BOJHOBYI0 (QyHKIMIO. B TO ke BpeMsi MOMeHT KOMMYECTBA MABWKEHMS
NeRTOHAa paBeH elUHHUIE, TAK KAK CIWHE HYKJIOHOB HanpasJjeHbl ImapaJ-
JNeNbHO, TaKk 4TO Mbl HMMeeM YETHOE COCTOSHUE CO CHMHOM €JWHULA.
IlpennonoxuM Telepb, YTO LEHTOH MOTJOMLAET THOJOKHTENLHEIA Me3OH;
TOrfa OH JO/DKeH NMPEeBPATHTBHCS B JBA MPOTOHA. DTH JABa NPOTOHA NOI-
yuHgioTcs npuHuuny Ilaysau, cornacHO KOTOpPOMY BOJHOBAas yHKLHS
NOAHOH CHUCTeMbl AOJKHA ObITh AHTUCUMMETPHUHOH M U3 KOTOPOro,
TakuM 00pa3oM, ciaelyer, YTO MexJAy CHHHOM CHCTeMbl M e€ Y&THOCTBIO
JNOJDKHO CYLLEeCTBOBAThL OMpele/EHHOE COOTHOWIeHWe. K3 npuHuUMDa
IMayau, B 4acTHOCTH, CjelyeT, YTO HEBO3MOXHO IIOJYUYUTb YETHOE CO-
CTOSIHUE CUCTEMBl IBYX NPOTOHOB CO CIIHHOM €1HHUILA; BOBMOXHO TOJbLKO
HeysTHOE COCTOSHHE CO CHHHOM eIMHMIA. BBBOL 3TOro InoJoXeHUs
Y3 O0IWMUX NPUHULUNOB KBAHTOBOW MEXAHUKU HECKOJbKO CJACKeH AJd
U3MOKEeHNS, M g He CTaHy Bac 3aTPYIHATb.

Tenepb sICHO, YTO MeTOLOM 3KCIEPUMEHTAbLHOTO OnpejeseHUst 4ET-
HOCTH Me30Ha MOXeT SIBUTbCA OMNBIT, B KOTOPOM Me30H norJjouaercs
NeATOHOM. DTOT MNpOLlecC HAYMHAETCsl ¢ TOT'O, YTO OTPULLATEJbHHHA Me-
30H MepeXOAHUT Ha caMylo Tiay06OKyio GOpOBCKYI0 OpOHUTY, MOMEHT KO-
JUUYeCTBa JBHWEHHA KOTOPOH paBeH HyJ/O, TMOCJEe 4Yero OH, B KOHUe
KOHILOB, 3axBaThiBaeTcs JeftToHoM. Tak Kak Me30H 3apsKeH OTpHIa-
TeJbHO, OH MpeBpawtaeT AeHTOH B JBa HeHTPOHA, KOTOphle HCHyCKa-
I0TC B TIPOTHBOMOJOXHBIX HampapieHHs X, MOXHO 3aHHTepecoBaTbCS
TeM, B KAaKOH Mepe 3TOT MPOLECC 3aXBaTa yMAOBJIETBOPAET 3aKOHaM CO-
xpanenus. Kak s yxe ckasan, sapsxkeHHLIH Me30H He BHOCHT MOMeHTa
KOJIMYeCTBA ABMXeHUA. [T03TOMY mpoilecc HAYMHAETCH C MOMeHTa KOJH-
YeCTBAa ABUXKEHUS, PABHOTO eNUHHLe, H C YETHOIO COCTOAHHMSA JeHTOHa.
B koHue mpouecca Mbl uMMeeM ABa HeHTpoHa. Ho, Tak e Kak W 1Ba
NPOTOHA, NBA HeHTPOHA HE MOLYT HAXOAUTHCH B UETHOM COCTOSIHUH
C MOMEHTOM KOJHMYEeCTBa JBHXKEHMS, paBHHIM edWHHLe. Taxkum o6pa3ow,
3TOT NpOLLeCC 3anpeluéH MNPaBHJIOM COXPAHEHHs YETHOCTH W 3aKOHOM
COXpaHeHHs MOMEHTa KOJWYecTBa ABHeHHd. HO B melcTBHTEIBHOCTH,
Ha oOnNwBITE, OTPHLATE/bHbIC ME30HB OXOTHO 3aXBATHIBAIOTCA [IelTo-
HOM M 3TO MNPHUBOAMT K 0O0pasoBaHMI0 NBYyX HelTpoHOB. OTcioza Mbi
IeJaeM BLIBOI, YTO Me30H COBepluaeT HeKOTOPHIH BKJaL B YETHOCT,
4YTO OH MeHsieT Y&THOCTb cUCTeMB. Takum CBOWCTBOM o6aafaeT Kax
pa3 nceBAOCKaJApHAS 4YaCTHULA; Takas uyadCTHLA U3MEHAEeT YETHOCTh CH-
CTeMBl HYKJOHOB, eC/IH OHa MNOIVIOIIACTCS WIM UCNYCKACTCH CHCTeMOM.

CBA3b MEXNOY ME30HAMHW W HYK/JOHAMU

Takum 05pasoM, 10 3TOrO NYHKTa ONLIT AAET TGUHOE MNOATBEPK-
IleHne MNPeACKa3aHUuH TeOpUM siiepHHIX cWaI. Cheldyowas npoGaema, fB-
JIRI0ILASCS, BO3MOXHO, HauOo/ee BaXKHBIM BOMPOCOM Me3OHHOH TeopwH,
KaXeTCs 3HAYMTEJIbHO OGosee TpyAHOR. Bompoc sakmouaeTcss B ToM,
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KaK Me30Hbi CBf3aHpl ¢ HYK/JOHamy. CBs3b Me30HOB C HYKJ/IOHaMH, BO-
ofuie cBf3b MOOBIX LBYX noJel, BLIPaXaeTcsi COOTBETCTBYIOLIUM Ylie-
HOM B raMHJIbTOHMAHe CHCTeMBl, U s 60I0Ch, YTO B 3TOM MNYHKTe S He
cMory o6ofiTuch 0e3 cnelHanbHBIX TEePMHHOB. BhlpaxeHue st B3aUMO-
AeHCTBHA NOKHO cOjlepxaTh 00a B3auMOAeHCTByloux mnoas. I[lycts
Me30H ONHUCBIBAETCH BOJHOBOH (yHKIMeH, KOTOpYID 1 0603Ha4y @, BOJ-
HOBYI0 (PYHKUHMIO HYKJIOHA O0O3HAYMM § M TaK HA3BIBAEMYIO COMPSKEH-

HYIO BOJHOBYIO (QyHKUUMIO — 4epe3 . CBA3b C NCeBAOCKANPHBIM Me-
B0HOM IOJIKHA elué collepxaTb NMPAKOBCKUE oneparop, oGosHauaeMbill Y;;
¢dHusHUecknit CMBICA 3TOrO OnepaTopa Helerko oGbACHUTL. JlBa Hau-
6osee ynoTpeOUTEBHBIX BHIPAXKEHHS! MJS CBA3M HUMEKOT BHI!

G50 —— NpaAMasi WA NICEBAOCKAJIAPHAS CBA3b, 1)

g0YsYu ¥ (% — NICeBIOBEKTOPHAS CBA3b, 2

IlepBoe M3 HMX M3BECTHO TNOJ HA3BAHWEM «NPSAMOH> CBsI3H; OHO COAep-
UT HeMmocpeCTBEHHO BOJHOBYID (YHKUMIO Me30Ha. Bropo# Tun cBa3u,
MOYTH HCKIIOUUTEJbHO HCNOJB30BABILMHCA B JuTepaType 10 1947 r.,
COLEPIKUT MPOU3BOLHLIE OT BOMHOBOH QDYHKL UM Me30HA 1O KOOPAMHATAaM;
OH COJEepXHUT TakXe OAMH U3 00Jee WJIM MeHee OGLIUHBIX AHPAKOBCKHX
onepaTopoB Y, , FlAe . NPHHHMAaeT 3HaueHue oT 1 1o 4. DT 1Ba THNA
cBsideft M3BeCTHbI TAKXKe KAK ICeBAOCKANADHAA ¥ MCEBLOBEKTOPHAS CBA3H.

3aMeTUM, YTO MCEBAOCKANAPHAS CBA3b MMeeT OXHO NPAKTHYeCKOe
NPeuMyL1ecTBO, 3aKJIOYaKIleecs B TOM, YTO OHa TO3BOJAET TEOPETH-
KaM paboTaTh ¢ GoJiee SHAKOMBIMH MM Beauuudamum. OHa o6nanaet, oA-
HaKo, CepbE3HBIM HENOCTATKOM, TaK KaK NPUBOOUT K TEOPHH MO,
C NOMOULBI0 KOTOPOH BB MOXETE BBIUMCIUTH [1Jd JIOOHX NPOLLECCOB
JHIIL NpUOAMKeHYWe TepBOro mnopsika. Bropble npubuaikeHus OaayT
OecKOHeuHble pe3yabTaThl IJsi BCEX BBIUHCAAEMBIX INPOLECCOB. ITO
CB43aHO € TeM (AKTOM, UYTO TEOPHS He AONYCKaeT IepeHOPMUPOBKH.
HenocraTkoM nceBIOCKaNAPHOTO B3AMMOIEHCTBUA SBJIAETCS HCIOJMb3O-
BaHHE TPYIHOTO ISl TIOHUMAHUSI OlepaTopa Y, KOTOPHH obOjagaeT TeM
CTPaHHHIM CBOHCTBOM, YTO OH MOXeET IIepeBOAWTH YaCTHHY M3 COCTO-
SHUSL C MOJIOXHTENLHOH 3SHepTHel# B COCTOSHMe C OTPULATENBHOH 3SHep-
rueti. B TepMHHAX TeOPHMH «IHPOK> 3TO O3HAYaeT, UTO OYEeHL BEPOAT-
HLIM MPOLECCOM siBASeTCs 06pa3OBaHMe HYKJAOHHHX nap. McnosbaoBaHue
3TOrO OMepaTopa Ae/aeT TeOpPeTHUeCKHEe pacy&Thi HECKOJbKO Gonee TPy -
HBIMM, HO, ¢ APYTOH CTOPOHB, OOJBUINM NpeMMYLLeCTBOM NCEBLOCKA-
JAPHOK TEOpUM ABASETCS TO, UYTO OHA [JONMYCKAeT HEPEHOPMUPOBKY
B CMBIC/C TEOPHMM NOJSA ¥ AT KOHeUHble Pe3yJabTaThl AAs JHOOBX MPoO-
1eccos B J0OOM npubmvxeHud. BosHukaer BONpoc O TOM, KaKas H3
3THX TeOPUH NPABUAbHA, M TEOPeTHKH, KOHEYHO, HAJEeATCs, UTO BEPHa
TEOpHUsi NCEeBAOCKAIAPHON CBA3M.

Kosdpduunentst G u g B (1) ¥ (2) aBAgioTca NPOCTO MOCTOSHHBIMH,
ONpeNensiO UMY BEeIMUMHY CBASH. $1_0GO3HAUMI_5TH NOCTOAHHBIE A0lib-
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wuM G 4 MajJbiM g COOTBETCTBEHHO, TAK KaK NepBaf NOCTORHHAs OoJblle
sropoii. QueBHAHO, UTO OlpPe/ie/eHHe MOCTOSHHBIX CBA3H SBASETCA BeCbMA
BAXHOM 3anaueil! OHU WIPAOT TY e POJb, YTO M IMEKTPUYECKUN 3apal
npy B3aUMOLEHCTBUM MEXIY 3apPsKEHHBIMU YaCTHLAMH U 3EKTPOMATHUT-

HbHIM nofieM. JTO nocileliHee BIAUMOJEHCTBUE YTNpaBAseTcss TaK HA3bl-
o2
B3EMOH TOCTOSHHOM TOHKOH CTPYKTYPH ——, KOTOpasi paBHa !/;,., T. €.

fic

oueHb Mana. C Apyroft cTOPOHHL, COOTBETCTBYIOULAf (e3pasMmepHas Beau-

2 o2
YHHA ME30HHOH TeopuH T 6au3ka x 15. B npoTHBONOJIOKHOCTD ——

1 C [
970 00JblIOE UYUCAO, YTO HABASETCH OCHOBHOf TIPUYMHOK TpyAHO-
cTefi Me30HHOM Teopuu. Bce paspuThHie B NPOLIIOM METOAH KBaHTOBOH
‘MeXaHuku OblIM TpeiHasHayeHbl s cl1aboi CBsSM MeXAY NoJeM W ua-
criitelt. DTO npennofoxmeHue o caabod CBASH BechbMa XOPOINO ISt
3JEKTPOMArHUTHOTO TOJisl, ¥ B 3TOM Clyuae MBI MOXeM NPeiCKasbiBaTb

ABjenus C TOuHOCTbIO 10 1079 WM ynOBAETBOPATh NAHHBLIM OTBITA
2
;“. OnHaKO He CAMUIKOM
G2
yIOOHO NMPOM3BOANTb PA3JONKEHHE MO CTeleHM 7 €C/H 9Ta BeJHUHHa
paBHa 15: kawpas nocienymoulas CcreneHb npubavxeHus OyneT npH
3TOM aBaTh OOJBIINME pe3yabTaT, YeM Npelbliyiias.

I 9KCTepHMeHTaNbHOTO HUCC/AE0BAHUS CBSA3U MEXKJLY ME30HAMH H
HYKJOHAMY 00paulaloTcsi K NPOCTEHIINM sIBJACHUSIM, 3aBUCALLMM OT 3TOR
casu. K uyncay Takux sIBJeHMH NPHHANJIEKHT paccesHue Me3OHOB HYK-
JOHAM{, TaK KAaK NPH 3TOM B SBJEHHH YYacTBYIOT OJAHH Me30H M OAMH
HykaoH. Heckoapko 0onee c/I0KHOe siBAeHHe 3akJ0uaeTcs B o0paso-
BAHWH ME€30HOB NDH B3aUMOACHCTBHU 3JEKTPOMATHHTHOTO H3JYYeHHUA
¢ HYKJOHaMM — TaK HasbiBaeMoe (OTOPOKIEeHHe Me30HOB. B atoM cay-
yae clAelyer MPHHATH BO BHMMaHMe, KPOMe Me30HAa M HYK/OHA, B3au-
MOJEHCTBHE C AEKTPOMarHUTHLIM NoJeM. ITO B3aHMOAEHCTBHE H3BECTHO
¥ goctatoyHo  npocrto. Crenymolee, 6ojee CI0KHOE ABJIEHHE — ITO TO,
€ KOTOPOTO Hayaaach TeOpHa, a MMEHHO, B3aVMOJEHCTBHE MeXAy HYyK-
JIOHAMH, KOTOpBlE MCNYCKAIOT ME30HHOE MoJe. ITO, OUeBHIHO, Gojee
CJIOKHAA 3a71aYa, TaK Kak 31ech c/leAyeT PacCMOTpeTh [Ba HYKJOHA H,
no kpafiHeit Mepe, oIMH Me30H. HakoHeil, HauGoJsiee CIOXKHOE H3 BCex
NPOCTEALIUX  ABJEHHH TpeAcTaBasieT coOoi o0OpasoBaHWe ME3OHOB B
CTOJIKHOBEHUAX MeXAY [ABYMA HYKJIOHAMH. B 3TOM ciyyae Mbl HMeeM
HE TOJILKO ME3OH, CO3LAIOIHA CHIY, ACHCTBYIOLLIVIO MeXy ABYMsA IYK-
JIOHaMH, HO, KPOMEe TOro, W Me30H, 00pazylolMics B caMOM Tpolecce.

PACCESIHME ME30HOB HYKJ/IOHAMW

OKCNepHMeHTaNbHOE W3yUeHHe PAacCesiHUss Me3OHOB HYKJIOHAMU MOPO-
H3BOJMIOCH B HeCKOJIbKMX MecTax. HauGosnee HIMpOKHE HCC/IEN0BAHUS
OblIM MpeAnpHHATE B Yukarckom yuuBepcutere. KonymOuiickuit u Po-
YeCTepCKMH YHHMBEPCHTETHl TOXE BHEC/HHM 3HAUHTeNbHBIH BKJAn B 3Ty

npOCThIM PAasJI0XEHHEM no CTeneHaM
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npoGaeMy. PesysbTaThl 3THX WCC/IeLOBAHMH OKA3aJMCh TIpexje BCero
KpaliHe HenpusTHHIMY J1J5 TEODHM NOJsA, TaK KaK ObiI0 NOKa3aHo, 4YTo
OHH COTIACYIOTCH C NPEANOJOKEHHEM O NCeBAOBEKTOPHOH CBA3H. YToOH
NPOU3BECTH TAKOE CPaBHEHWE TEOPHM C OMBITOM, BEPOATHOCTb pacces-
HHA ObIa BLIUKMCJAEHA METOJOM TEOPHMHM BO3MYLIEHHH, T. e. NPH MCTOJb-
30BaHWM NEePBOTO UieHA PA3NOMKEHHsl B PAJ MO CTEMEHSM Q‘i B asrom

fic

NPHOIMKEHUH TICEBAOCKAIAPHAA CBA3b L38T CeuyeHHe pPaccesiHis ME3OHOB
HYKJOHaMH, KOTOpPOe TNOUYTH He 3aBHCMT OT 3HepruM, TOTJa Kak ceve-
HHe, NOJy4YaeMOe M3 MCEBAOCKANAPHON CBA3W, BechMa OHICTPO pPACTET
npy yBeanueHud sHepru. OnuiT Taxke 1a€T BecbMa OBLICTPHIt pOCT
CeueHHs C SHepruefl ¥ TeM CaMblM CBHAETENbCTBYET B MOJB3Y INCEBAO-
BeKTOpHOH ¢Bs3u. OIHAKO NCeBIOBEKTOPHAS TeOpHs B MPUOIIKEHHH
TeOpHH BO3MYyLieHult (c1abast CBA3b) MPHBOAUT TAKKE H K HEKOTODPBIM
APYTHM TPelCKA3aHUAM.

Tak, HanpuMep, OHa TPEACKA3HIBAET, YTO OTPULATENbHBIE Me30H
B3aMMONEHCTBYIOWNA ¢ TIPOTOHOM, NOJKEH, Booblile roBOps, MPOCTO
paccemBathCsi. B npHHIUDEe B5aMMONENCTBHE MEXAY STHMH JIByMA
YACTHIAMH MOXET TAK)Ke NPUBECTH K peaxihu

= Ap— A, ] ®)
HO KaK NCeBLOCKaNApHAasl, TaK M NCeBLOBEKTOPHAs TeOpuH B npHGau-
XeHHUH Cna6oit CBA3M NPeACKa3biBAIOT, YTO BePOSTHOCTH TAKOH peakiHH
OueHb Maia. B JeHCTBHTeABHOCTH 3Ta PeaKlUus UMeeT OueHb GOABLIYIO
BEPOSITHOCTb: UMKarcKMe ONHITHl TOKAa3aiM, UYTO OHd MNPOUCXOIMT
B JABa pasa vauie, ueM NPOCTOE paccestHUe OTPHULATENBHBIX ME30HOB.
Hanee, obe Teopuu, B npubGIMNKeHUH Caa0oft CBA3H, NMpPeACKA3BIBAIOT,
YTO TOJOKHUTEeNbHBIE M OTPHLATEJ]bHBIE ME30HHB JOKHBL PACCEMBATHCA
HYK/IOHAMH TOYTH OJMHAKOBO. JTO TaKwKe HEBEPHO! [a)e eCiAd Ml
npubaBuM paccesnMe ¢ mnepesapsakoit (3) k OOLIYHOMY paccesiHHIO
OTPHUATE/NBLHBIX ME30HOB, Mbl MNOAYYHM TOJBKG OKOJAO OJHOGH TPETH
BEPOATHOCTH DacCesiHufl TIOJNOXHTENbHBIX Me30HOB. U3 3TOro MoxHO
CAeNaTh TOJNBKO TOT BHIBOL, HTO MeTOJ NPUGIHIKEHWS COBEPLICHHO
oHOOUEH, YTO HeJb3s INOAYYHTL BEPHOTO pe3y/bTara, NPOUSBOMS

G2 . 2
BLHIUMCJICHHA TOJBKO C HaMMeHblI2H cTenenbio —— . Ecau —G\ paBHO 15,

fic fe

3TOT BHIBOIL He SBJIAETCA HEOXKHIAHHBIM. DBO3HUKIIEE TOJOXeHHE
XOpOIWIO OMMCHIBAETCA B MNECEHKE, COYHHEHHOH SKCHEPHUMEHTATODOM H3
Pouectepckoro ynuBepcuteta ApTypoM PoGeprcom:

«EcTh cunbHas ¢Ba3b M ecTh c/iabasi CBA3b,

Ho Mul sHanm sapanee, 4TO HEeT HU TOH, HU APYroW».

Bonee pasymubifi MeTond Obln pasBut Bpiokwepom us Muaumanckoro
YHHBepCHTETa M ero cotpylnvkamu Ketisom u Barcorom. OtHocacs
Gonee CcepbESHO K CHIBHOMY B3aHMOLEHCTBHIO, OHHM NPEINOJIONKHIH,
YTO Me30H W HYK/OH JErKo MOTYT 0o6pasoBaThb CAOKHYIO YaCTHLLY,



ME30HLl ¥ AIEPHBIE CHALI 159

T. €. 4TO CYILECTBYeT BHPTYaJbHOE KBAHTOBOE COCTOSHHE CHCTEMbI
M3 Me30Ha U HykhaoHa. IlocTymupys Takoe COCTOsIHHE, OHM CMOTJIH
HCNOJb30BaTh DPSAA  BBIYMCJAEHMH, BBLITOJHEHHBIX HA OCHOBE TEOPUH
cuibHOBt cBsisM B nepuond 1940—1945 rr., ¢ ueapld nNONBITATHCH
OGbACHUTbL PACXOXIEHHA MeX1y Hab/iolaeMbIMH CBOHCTBAMH T-Me30HA
M Teopuei. ITa Teopus NPeNCKA3bIBAMA, YTO AOMKHBI CYL(ECTBOBATH
ctabu/ibHble «KOMNAayHAHBIE» COCTOSIHUS HYKJIOHA H Me30Ha M YTO
nepeoe M3 3THX COCTOAHHH J[OMKHO HMeTh ClelyiollHe XapakTepu-
CTHKH: OpOHTa/NbHBI MOMEHT Me30HZ PaBeH elWHUIE, a4 TOJHHH CHVH
CHCTeMbl PaBeH 3f,, TaK 4TO 3TO COCTOSIHHE MOKHO OGO3HAYHTb Kak P, -
coctostne. CHCTeMa XapakTepuayetcs emé oJHOH Beanunnodnt T,
KOTOpasi Has3bIBAETCA HBOTONHUECKUM CNUMHOM; ero 3HaueHWe TaKxke
pasuo 3/,. 1 He Oyany BHaBaThCA B OObsCHEHHA TOTO, 4YTO 5TO
3HAUMT. _

Wrak, DpiokHep NpeaNONOXUJ, YTO sIBA€HHE DPACCEAHUsS Me30HOB
onpejensieTcsl 3THM BO3OYKIEHHBIM COCTOsSHMEM. DKCHEDPHMEHTAILHO
YCTaHOBJIEHO, YTO SHEPTHS STOTO
cocrosnusa Ha 300 Mas Gonbiue

SHePrMH OCHOBHOTO  COCTOfHMA
HykioHa. CeyenMe paccesiHus Kak 3 ¥

ANOJOXHTE/NbHBIX, TaK M OTpU- ¥ &

LATeNbHBIX ME30HOB NPOTOHaMH g,"i

IOMMKHO B STOM Clyuae HMeThb

PE30HAHCHEI MaKCHMyM BOAW3H Inepzus
CTAILUOHAPHOTO COCTOAHUA U 3ABHU- Puc. 1.

CHMOCTb OT 3HEPTHH, NOKA3AHHYIO

Ha puc. 1. CrenoBao OXHMIaTh, UTO 3TOT MaKCUMyM OyneT BeCbMa IUH-
POKMM, TA4K KaK CylieCTByeT BeChMa GOJbllas BEPOSATHOCTh pacnaia
HYKJOHA B CTaLHOHapHOM COCTOSIHMM HA Me30H U CBOGOIHBIH HYKJIOH,
a GoJblias BEPOSTHOCTh DACNaja SKBUBAJEHTHAa OOJbINOW IIMpUHE
YPOBHS.

I'napuniM  ycriexoM Teopud bproknepa Obt10 TO, 4TO OHa
CyMeJa Tpe/iCKa3aTh OTHOMIEHMe CEeYeHMH IS pacCesiHusl MOMOXKHTENb-
HEIX M OTPHIATeNBHBIX ME30HOB. IJTO OTHOWIEHHE NOKHO GhiTh TPH
K OIHOMY, 4TO BecbMa 6/M3KO K Habai0JaeMOMy OTHOILeHHMIO. BpiokHep
M ero COTPYJHMKM CMOIVIH T10Ka3aTh, Jajee, YTO NPOMCXOAsLLee
€ TNepe3apalkoft paccesHue OTPHUATENLHBLIX MeE30HOB HOMKHO GbiTh
npubiMsuTensHO B ABa pasa Oosblie OOBIYHOTO paccesiHWd OTpHilA-
TeJlbHHIX ME30HOB, YTO ONATh corjacyercs ¢ onbiToM. OHM CMOTJH
TaKKe T0KasaTh, YTO VIJOBOE pacHpejieseHue PacCesiHHLIX Me30HOB
npubANKEHHO OnMchiBaeTcs 3akoHoM 1-+3cos?d, W 31O onsaTh maér
npueMiiemoe npubiammeHne K Ha0Jl01aeMOMY YTJOBOMY paclpeiefcHHIo,
XOTS STO AajeKO He COBeplieHHOe NPHOJHKEHMe.

OneiTel MO paccesiHuio OOBIYHO AHAJMBHPYIOT C TOUKHM 3peHMs (aso-
BHIX CIBMI'OB OMNpeNeJEHHBIX TNapi MaJbHbIX BOJH, ONMCHBAIOIMX BOJ-
HOBY 10 ()YHKLLMIO YacTHLBI. Tako# aHaius, BLINONHEHHBIH AJs paccesiHu:

f
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MEe30HOB, 1I0KasaJ, 4TO HauboMee 3HAUNTENLHHH BKAAl Naér Co-
crosune Ps;,, T =3/,. B noGaBieHHe K 3TOMY COCTOSIHMI) Cyliie-
CTBYET TAKXKe CHJIbHOE B3aUMOMAEHCTBUE B COCTOSHHUAX C HYJAEBLIM
OPGHTANbHBIM MOMEHTOM (B CIEKTPOCKONMUYECKOM o803HaYeHun B S-co-
CTOAHMAX), MW B 3THX COCTOSHHAX CYLIeCTBYeT CHJIbHOE B3aUMOjeH-
CTBMe KaK ISl 3HAUYeHHUs! HBOTOTIMYECKOTO CIMHA 3/y, Tak ¥ Mg cruHa 1f,.
Has 3), v¥MeeT MecTo CHJIBHOE OTTaNKWBaHHME, AJs 1/, — HECKOJbKO
6osee cnaboe NpUTIKEHUe,

PA3BUTHUE TEOPHU

XoTs Teopusi BpiokHepa oKadalach BecbMa yClelUHOH, OHA siBseTCA
4UCTO (EHOMEHOJIOrHYECKON: CyliecTBOBaHWe BO3OYMIAEHHOIO COCT Of-
HMA TOCTYJIMPOBAHO, HO HHYEro He CkasaHo o ero npupoge. Keua-
TeJbHO BEPHYTbCS K OCHOBaM TEeOPHH, € TeM 4YTOOH OOBIACHUTL 3TO
cocrosnue. Jlopora njds 3TOTO BO3BpalieHHd Oblla OTKPHITA MOJO-
AuM  dpaHuy3sckuM ¢usnkoM MopucoM JleBH, KOTOPHIH NPUMEPHO TOL
Hasal pasBUA  ME3OHHYIO TEODHIO alepHbiXx cul. TakuM 06pasoM, Mbl
BO3BpaulaeMcs 0OpaTHO K CAMOMY Havaly HUCTOPHH fipofjeMsl — K Teo-
puM  sllepHBIX CHMJa, JAaBllei IMepBoe YyKasaHWe HA MCEBIOCKaJlsgpHOe
BaauMoleiicTBHe. [loc/ieloBaTeNbHO  MCMOJB30BAB  MCEBLOCKANAPHOE
B3aUMOJeicTBHe, JIeBM O0Ka3aicd B COCTOAHUM OOBACHHMTH SIBJICHUSA,
obyc/oBjenhbie  sAepHEMH  cuiamu.  HaubGosee BaxHOe OTKDHITHE,
KOTOpPOE OH CHeJaJ, sBASeTCd TPAMBIM CAeACTBHEM TCEeBAOCKaIIpHON
ME30HHOH TEOpHM M 3aKJI04YaeTCs B TOM, YTO MeXAY [ABYyMs HYKJO-
HAMKM HA MaJblX PacCTOSHUAX AEHCTBYIOT GoJbluve CHAbl OTTANKUBAHUA.
9710 ABUIOCH yKas3aHWeM, OTCyTCTBOBABUWIMM B MNPEAUIECTBYOUIUX TeO-
pHsIX, B KOTOPHIX [Ba HYK/JOHAd BCErAa pAaCCMATPUBAMUCH KK COBEp-
INeHHO (UKCHPOBaHHBe B MpocTpaHcTee. V3 Teopuu ciaegoBano, uTo
ABa TaKMX HYKJOHA Bceria OyAyT CHJbHO TIDHTATHBATRCH, W 3TO INpH-
THKEeHWe TaK BeaMKO, 49TO OHM YNaAyT APYr HAa Apyra, He o6pa3osas
CTAMOHAPHOTO COCTOSHUS! C KOHEYHOH sHeprueit cBsizu. OTKpeITHE
Jlern cmaciao noJjoXkende, TaK KAK OH MOKasaj, YTO Ha MalbiX paccros-
HHAX BO3HUKAET BeCbMa CHIbHOE OTTANKMBAHHE, KOTOpPOE MNpeloXPaHseT
064 HyKJOHA OT MajeHus APYT Ha Apyra.

Tlocne BbiuvcaeHuit JleBw (HM3HKM  CTaln MWHTEPECOBaTbCA TeM,
MOXeET JH TCEeBAOCKANAPHAs TeOPHS MPOIUTh KaKoli-Oul TO HH OnuIO
CBET HA ONBITH MO PACCEHUI0 Me30HOB HykJoHamu. Kak s yxe roso-
pun, TMOMBITKA OGDBACHUTH T ONHITH Teopueh caaGoht cBASM oOKasa-
JAKCh TOJHOCTLIO HeynauHbiMd. IlepBble ycmexw B HENOCPEACTBEHHOM
npUMeHeHUy  TICEeBIOCKAAADHOH Teopuu Owan  nodyuens JlpenseMm
u Xenan wus Crandopackoro yrusepcutTera., OHM CMOI/IM NOKAa3aTh,
YTO MeWJY MEe30HOM W HYKJOHOM NeHCTByeT TOTEHLHaJ TOTO Ke THNa,
YTO ¥ MEXIY ABYMsA HyK/JIOHAMH B TeopuM JIeBH, a MMeHHO MOTeHUHan,
NPUBOAAILMY K upe3BbiYaiHO OOJBIIMM CHJIAM OTTAJIKWBAHUS HA MANSIX
paccroauusix. Ha Heckoabko GOMBUIMX DACCTOAHMAX HM22T MCTO ApH-
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TAXEHHe, TIaBHHIM 06pasoM B Py -cocTosiHuu. CuibHOE OTTATKUBAHME
He B3aBUCHT OT yIJida M NOITOMY NeHCTBYeT HpexJie BCETO B COCTOA-
HHAX C HYJEeBEIM MOMEHTOM KOJHYeCTBA JBUXKEHHS, T. €. B S-CoCTOS-
Husx. Tenmepb ec/iid Bel MMeeTe CHJbHBIH OTTAJKHBATE/bHBIH [OTEHIHAN
U BBHIYHC/MTE DPe3YJbTHPYIOILEE CEYeHHe B MNepBOM GOPHOBCKOM MpH-
Oamkennn, BbHl TOJYUYHTe WCK/JIOUMTEJbHO BakHBIH pesyabTat. ~Tak
KaK B HalleM CJIyude OTTa/JKHBa-
TeJbHBIY MOTeHLWan neHCTByeT
B S-cocrosHMM, paccesHue W30-
TPOTHO. JIerxo BHIETH, UTO OHO
HE JIOMKHO TaKxe 3aBUCeTh OT
3Hepruu. Bce 9TH pesysabTaTh
B TOYHOCTH COOTBETCTBYIOT TNpHU-
OMmMKeHHI0O  NepBOrO  MOpsAIKa, PzcomosHue
O KOTOpOM s TOBODUJ paHblie.
3acayrot  Hpemrs u  Xewau
AIBUIOCH TO, YTO OHM TOUYHO MNOKa-
3anM, NOYEMy Pe3yALTATH NEPBOTO NOPANKA OWHGOUHE. JlefcTBUTEARHO,
ecqy Bbl MMeeTe TIOTEHLHaJ, KOTOPbIH AT CH/IbHOE OTTAJKWBAHHE
HA ManblX paccTOSHHSAX W 3aTeM Oollee cl1aboe MpUTsKeHHe Ha GOJb-
LWIMX PACCTOSIHUAX, TO AeHCTBHE OTTAJNKMBAHHA HA BOJHOBYH (QYHKUMIO
CKaXXeTCcs B TOM, 4YTO OHA NPUMET HyJIeBOE¢ 3HayeHWe B TOUKe, e
OTTaJKMBaH¥e Npekpautaetca. Camoe OOMbIIOE, YTO 3J€Ch MOKET NPO-
M30OHTH, 3TO TO, 4TO BO3HHMKHeT (hasOBBIA CABHI, NPONOPLUOHANLHBIA
pazvycy o6JacTH OTTAAKWUBAHHA, W STOT (A30BHIM CABHUF COBEPIUEHHO
He JOMKeH B3aBUCETb OT BEeJMYMHBl NOTEHUMAJa OTTajkuBaHud. Takum
o6pasom, Jpenn 1 XeHiM noxasany He TOABKO TO, YTO Teopud cha-
6oit cB3M «3apaHee» HeBepHAa, HO M IOUYEMY OHA HEBEPHA M UTO CJe-
JyeT B3aTb BMECTO Heg.

Crenylowu#i 6oabwol ycmex Gbl1 nodyyeH B MiumHORCKOM yHUBeEp-
cutere Uy, KoTophii cHenan Aas M3YuyeHHS NPHUTSHKEHHs TO e, 4TO
Jpenn u XeHnu nAs OTTANKUBAHUA: OH MOKa3ad, KaK MOMXHO BHLIYHCIMTB,
No KpafiHeH Mepe B MPUHIHNE, BJAHSHHE CHI NPUTSIKEHHs, HE NOAb3YSACh
Teopuelt Boamyulienu#. OH CMOT TMOKAa3aTh 4TO A cocTosHus Ps |
T =3/, JCHCTBUTEJbHO CJelyeT OXHAaThb PE3OHAHCA, €CJM TOJbKO
CAENaTh PA3yMHbie TPEANOAOKEHNS O BEAWUMHE NOCTOAHHON CBA3M.
Yy #cnosb3oBat NCeBIOBEKTOPHYIO CBsi3b It YAOGCTBA BHIUMCHEHUH,
HO ero TeOpust MOXKeT OBITh NPOCTO BHIPAXEHAa W HA SI3bIKE TCEBLO-
CKaJsIpHO# CBA3H.

OcHoBbIBasick Ha Bcex 3THX padoTax, Mbl B KopHeabckoM yHHBeEp-
CHTeTe INpPOIWIOH OCeHbI0 NPUHSJIHCH 3a HCCAejoBaHHe npoGJeMbl
€ CaMOro Hauaja, MCMOJb3ys NCEeBILOCKAJIAPHOE B3aMMOICHCTBHE MEMLY
HYKJIOHOM M Me30HOM. MEl cMoriM KauyeCTBEHHO OO'BACHUTH GOJBIIYIO
yacTh ocobeHHOCTel OMBITOB No paccesHHio. Ilpexie Bcero Mbl nony-
yaeM CuibHOE OTTAJIKMBATENLHOE B3auMOlelicTBMe B S-COCTONHWH,
K OTOpPOe JaéT JIMIb YMepeHHO 6oabluyio S-BOJHY NP PacCesHUH, a 5TO

flomexuyuanvHag
JHepeuA

Puc. 2.
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Kak pa3 To, YTO cieayeT M3 onbToB B Yuxaro u Konym6uu. 3aTtem
Teopus AT TPUTSIKEHHE B cOCTOsHuK Py, T =3/,, u dasoBeilt casur
B 9TOM COCTOSHMM MOXeT OHTb INOLOOPaH T4KHM, YTOOH! YAOBIeE-
TBODHTb ONBITY NpPH MOAXOAANlEM BhLIOOpE KOHCTAaHTH CBs3H. Takum
00pa3oM, B TEOPMH HMEETCsl OJHa HeM3BecTHas, a4 MMEeHHO KOHCTaHTa
CBSI3H; €CJH OCTaHOBHTHCA HAa KOHCTaHTe CBA3H, OJH3KOH K 15, To
MOXHO Xopowo oO0BACHUTL HabuionaeMbli (Da3OBHI CABMI, BKIIOYAS
€ro 3aBMCHMOCTb OT 3SHepruu. HaxoHel, Mbi HAaXOAWUM H3 TEOPWH,
4TO (ha30BbiC CABHIM AJS BCEX OCTANbHBIX F-COCTOSHUM OUEHb Malbl,
W 9TO ONHTH Xe COOTBETCTBYET ONHTY. TOJNBKO OJAMH MYHKT OCTalCs
eld HeoOLACHSHHHIM: W3 ONBITA CJAELYET, YTO B S-COCTOSHHM C H30TO-
MUYeCKUM CIMHOM 1/, cyiecTByer nputskedwe. Ho Mbl 3Haem, uTo
TeOpHs - €€ HecOoBEepIeHHa, M XOTs HaM H3BeCTHO, 4TO eé cieldyer
NepeHOPMUPOBATh, Mbl TOJABKO cefiuac HAYHHaeM TOHMMATh, KaK STO
MOXeT GHITb CJesaHo.

BLIBO bl

MHe kaxeTcs, 4TO B HACTOsilLiee BpeMsl MOXKHO CKa3aTh, YTO XOTH
NCeBAOCKANAPHAA ME30HHAA TEOPHS ellld He MOMET RaTh KOJAHYECTBeH-
HOE ONHCaHHe ONHBITOB IO pPACCESHHIO Me30HOB HYKJOHAMM, HeT NpH-
YHH He BepPHTb S5TOH TEOpHH, TaK KaK KAyeCTBEHHOTO PaCXO)KIAEeHHS
MeXJy TpeiCKa3aHHAMH TEOPHM U ONBITAMH He CYLLeCTBYeT.

Bonpoc o slepHBIX cHJaxX, KaK s CKasaj, 3HAUMTesJbHO OoOJee CJio-
weH. [leppas nomwiTka JleBn oKasanach upe3BHIYAKHO LEHHOH, TaK Kak
OH MOKa3ad, YTO B MNPHHIKNE TEOPHS NPABMABHO OMHUCHIBAET MOBEjE-
HME sAepHBIX CWI. PasnnuHbie TEOPeTHKH KPHTHKOBaMM JAeTaqd paboTbi
JleBn, ® 310 He sBJsercs HeowuaaHHbM. OIHAKO TeOPHS MOXeET
OO BACHUTL, KakHe CHJBl VJepXUBAIOT 4acTUUH B sAape, MOYeMy 3TH
CMBl BeJHUKH W TOYeMY HYKJOHH He mamaior Apyr Ha apyra. OHa
NpeACKa3LiBAET HMHTEPECHOE sIBJICHHE B3aMMOJEHCTBHMS MEXKLY MHOTUMH
TENaMy; 3TO 3HAYHT, 4YTO B33aUMOJEHCTBHE CYIUECTBYeT He TOMLKO
MEXAYy J[ByMA HYKJOHaMH, HO TaKXe MEeXAy TpeMs HaH OOAbIIUM
YHC/JOM HYKJOHOB, KOXKJBH K3 KOTOPHIX ¢OKDYXEH> CBOMM ME30HOM.
Batickond u ero cOTpyaHHKM NOKa3aM, 4TO 5TO B3aUMOLEHCTBHE MEXIY
MHOTMMH TelaMd uMeeT GO/bliOe 3HAYEHWe LIS NOHUMAHUsSI HACHILLEHUS
SILEPHBIX  cual, Onarozaps KOTOPOMY MOFYT CYLUeCTBOBAaTh TSKEMBlE
aipa. M3 nceBLoCKansipHOH TeOpHH CJELYIOT 3aBUCHMOCTb SIAEPHBIX
CHJI OT CMHHA M CYLIECTBOBAHHME KBAJPYMOAbHOIO MOMEHTA y AeHTOHa.

Crenyer ckasaTb HECKOJbKO CIOB 00 ocTaqbHbIX Me3oHax. 1 pac-
CMaTPMBaJl TOMBKO T-ME30HLI, Macca KOTophx Gmu3ka k 300 Mmaccam
anekTpoHa. CyllecTByeT psix APYTHX Me30HOB, CO 3HAUMTENBHO OOJb-
IIMMH MaccaMd. B To BpeMms, KOrja 3aHMMAanuCh BBHIUMCICHHUSMHU B3aUMO-
HeHCTBUH TOJBKO MEPBOrO NOpsAKa, HeKOTopwe (UINKU npeanosa-
rajnd, 4to, MOXeT GblTb, ITH THENBle Me30HH 00ecmeuuBalnT CTabuib-
HOCTb sizep. MHe Kaxercsi, 4TO 3TO HEeBepPHO M UTO B HaCTOsulee
BpeMS yKe SCHO, YTO STH TSHKEJble Me30HH MaJo BIHAIT Ha CTpoe-
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HUe faApa. IJTO ONSTh CBA3AHO C TNOTeHUHaAoM JleBHM, O KOTOpPOM
s TOBOpDUN DpaHbllle M KOTOPHIA 1a€T CHILHOE OTTAJKMBAHHE MEXIY
HYKJIOHAMH Ha paccrosHusx okoao 0,5.10-13 cu. Tsaxénsie Me30HBI
MOTYT OLITh OTBETCTBEHHBl 34 CHJH, MACHCTBYIOIIME HAa ellE MeHbIUUX
PACCTOSHUSX, 4YeM 3TH; NO3TOMY, KakOBbl OBl HM OBIIM 3TH CUJLI, OHU
OynyT monaBleHbl OOJNbLIMMH CHJAMH OTTAJKHBaHHMs, CYLUeCTBYIOLINMH
BO BCAKOM Cayuae 0Jaronapsi B3aMMOAEHCTBUIO HYK/JIOHOB C T-ME30HAMM.
ITosToMy MHe KaXeTrcsi, 4TO 045 NOCTPOEHHs yIOBJETBOPHTENLHOM
TEOPHH silepHBIX CHJ HET HeOOXOAMMOCTH 3HATH OuYeHb MHOTO O TKE-
aplx  MesoHax. OnHako, ecau aBa Hy KJIOHa CTaJKHMBAIOTCA NPU OuYeHb
O60JbIIMX SHEpPTrHsX, OHH MOTYT NPOHUKHYTHE B 06/acTb B3aVIMHOTI'O
OTTANKUBAHHS W NPH 3TOM (K&K MBI 3HaeM W3 OMnbiTa) MOTYT 006pa3o-
BATLCH TsXEJble Me30Hbl, KOTOpble 3aMeTHHIM O06pa3oM NOBMUAIOT Ha
MeXaHu3M cToJkHOBeHHs. Ho 3a snepHble cuibl npu yMepeHHBIX 3Hep-
rU4X, Hanpumep BHYTPH OOBLIUHBIX siiep, NOBUAMMOMY, OTBETCTBEHHBDI
I1aBHBIM O0pPa3OM T-ME30HBI, KOTODBIE CBSI3aHBI € HYKJOHAMH INCEBIO-
CKaNsIpHLIM B3auMOneHcTBUeM. MHe KkaxeTcsi, uTO M3BJjeueHHe U3 TeO-
pUY  3aK/JIOUEHHBIX B Hefl CBeIcHUH SBAMIETCS JHILIbL JEeJAOM BLICOKOro
MaTeMaTHYeCKOr0 MacTepcTBd.





