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Cyll.\eCTBYIOT Bemune IIpHHIJ;IIIlbI, rrpHMeHHMble K lII0-

6bIM J!BlleHirnM, TaKue, KaK OaKOH coxpaHeHllJI 0HeprIIH 

n MOMeHTa KOlIH'leCTBa µ;BHlKeHHJI. Thy6oKoe IIOHHMa

HHe 0THX rrpmII(HIIOB IIOOBOlIJ!eT cpaoy IIOCTlI'lb O'leHb 

MHorue Bell.\H. 

P. <t>eHHMaH 

Ka)KeTCJI rrapaµ;oKCallbHbIM TOT q>aKT, 'ITO mo6oe pat3BHTHe HayKu OOHa'laeT crre

u;uamI,3aI(UIO u µ;mpq>epeHI(Uall;IIIO. Mb! Ha6rrmµ;aeM IIHTeHCIIBHOe paoBIITIIe KBaHTOBOH 

TeopIIII_ II ee rropaonTellbHOe IIpOHlIKHOBeHne BO MHOrIIe o6rraCTH HayKII II TexHHKII. 

Hµ;eII II.MeTOl];bl KBaHTOBOH Teopnn HalllrranmpoKoe rrpHMeHeHIIe B aTOMHOH, MorreKy

mrpHOH II JIµ;epHOli q>HOUKe, B q>IIOIIKe 0l1eMeHTapHbIX 'laCTIIIl;, B 6IIOqJIIOUKe, a~TpOq>II

mIKe, paµ;uoq>IIDIIKe, xuMu'leCKOH'q>HOIIKe, B q>nmrne TBepµ;oro Terra, B TeopnII nHq>OpMa

u;un lI T.µ;. B peoyrrbTaTe TaKOH µ;nq>q>epeHu;uau;uu HayKu IIOJ!BUlIUCb MHOrO'IIIClleHHble 

,Kypnarrbl co cBoeii: crreu;uq>u'lecKoii: TepMunorrorneii: n MeToµ;orrorneii:, 'ITO rrpnBoµ;nT 

K IlOBeCTHOH pao0611.\eHHOCTI!. IIo-Bill];lIMOMY, TaKOe paoBeTBrremi:e lI pao0611.\eHHOCTb 

ueo6xoµ;uMbl n neuo6e,KHbI n, KaJKeTcJI, neorracnbl. ,II;eii:cTBUTerrbHO, narru'lue CBJioeii: 

Me,Kµ;y paonu'IHbIMII oTpacrrJIMil n narrpaBrrenllJIMil Bee ell.\e coxpansreTcJI, u6o onu 6a

oupyroTCJI Ha 0611.\HOCTH eµ;nHCTBa q>IIOU'leCKilX OaKOHOB, IIplIHil;IIIlOB II MeTolion. ,II;annn

IllHe_e Tpaµ;uu;uoHHOe CTpeMrrenue q>lIOlIKOB cooµ;aTb BCe0611.\yIO TeoplIIO (n anrrruHCKOM 

JIDhIKe B cTaTbJIX µ;rrJI !llupoKoro Kpyra 'lnTaTerrei'r yrroTpe6rrJieTcJI Tep:r,.mn "theory of 

everything" 1) ce11'lac rroµ;KpenrrJieTCJI nrre'laTlIJ!IO!l.\HMII ycnexaMn B rronbITKax cooµ;aTh 

eµ;uHyro Teopuro crra6blx, ClillbHhIX, 0rreKTpoMarHIITHbIX II rpaBIITaD;IIOHHbIX BOaiIMoµ;efr

CTBIIII (BerrnKoe oi5'beµ;nnenne, Cynepofrbep;UHeHIIe, CM., narrpnMep, 2). HaMeTIIBll!IIHCJI 

KplIDIIC <PIIHaHCHpOBaHirn B JIµ;epnoii: q>UOIIKe II B q>IIOIIKe BbICOKIIX 0neprm1 TaK)Ke nrpaeT 

CBOIO 06'bep;IIHJ!IO!l.\YIO porrb, oacTaBlIJ!JI npoq>eCCIIOIIa.'IOB no YKatJaHHbIX o6rracTeli q>II

OIIKII rrepeMell.\aTbCJ! B CMe)KHble o6rraCTII HayKn. 

CoBpeMeHHM KBaIITOBM 0rreK-rpoµ;nHaMIIKa (0To TeopnJI 0rreKTpOHOB n noo11Tpo

noB - na6rrroµ;aeMbIX 'laCTIIIl;, KOTOpbie OCTaBlIJ!IOT BUl];lIMble crreµ;bl Ha q>OT00MYl1bCIIJ!X 

II T. µ;.) CKaOO'IHO TO'IHa II Kpacnna. IIocKOllbKY 6orrbll!IIHCTBO HbIHe )KJIBY!l.\lIX q>IIOlIKOB 

II01IY'III1III CBOe o6paooBaHne Ha OCHOBe Teop1m KBaHTOBOII 0rreKTpOl];lIHaMIIKII, TO o6'b

J!CHIIMO nce0611.\ee CTpeMrreune q>IIOlIKOB CKOHCTpynpoBaTb noµ;o6uyro TeoplIIO - KBaH

Tonyro xpoMop;IIHaMUKY' 'IT06bI orrncaTb CBOIICTBa 'laCTIIIl; lI JIµ;epHbIX cnrr. 8Tb Teopmr 

.KBapKoB, aHTIIKBapKOB u rlIIOOHOB. KnapKII lIMeIOT µ;po6Hhle oapJIµ;bI n 6apnOHHble 'III

crra. 0611.\ee 'llIClIO KBapKOB u aHTIIKBapKOB paBHO y)Ke 36. ,II;arree BBOl];J!T 8 paDlIII'IHbIX , 

rrrIOOHOJ3., W- lI z - 6oOOHbI, q>OTOH n lICIITOHbI (e± - IIOOIITpoH II 0rreKTpOH, µ± -. 
MIOOHbl, r± - rreIITOHbI lI COOTBeTCTBYIO!l.\He HeHTpUHO II aHTUHeHTplIHO) n, BOOMOlKHO, 

rpaBIITOHbI. TaKIIM o6paooM rrpnxoµ;JIT K rrapaµ;urMy c caMoro cTapTa, n6o KaK rrerKo 

Bnµ;eTb, 'llIClIO "0rreMeHTapHbIX KllpIIII'llIKOB" 6orrbll!e 50. KBapKU II aHTilKBapKU J!B

lIJ!IOTCJ! TO'le'IHbIMU o6'beKTaMU c HelIOBeCTHbIMll BHyTpeHHUMU CTPYKTypaMII, HO Olm 

o6paoyroT no COBpeMeHHbIM npeµ;cTaBrremrnM CBJ!OaHHble COCTOJ!HIIJI, COCTOJ!ll.\He no co

OTBeTCTBYIO!l.\UX KBapKOB u aHTUKBapKOB B orrpeµ;erreHHbIX KOM6unau;irnx, TaK 'ITO Bee B 

Ilpupoµ;e COCTaBrreno no KBapKOB, na'IIIHM OT 0l!eMeHT~HbIX 'laCTIIIl; BIIlIOTb µ;o OBeo~. 

0 " 6 " . µ;HaKO Ha rrroµ;aTb KB!l,pKU eU\(l-He :,p;&IQCbn~l\~if~aHTOBalI xpOMOl];lIHaMIIKa one-
06'LeJJ,1llleHHl>lll nma ·•J.,, . 

. sr,u.epHblX Hcc4e,n.0BaHHli-\ 
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p~1pyeT C HeHa6moµ;aeMhIMll 06'1,eKTaMn, B TO BpeMJI KaK KBaHTOBaJl 011eKTpoµ;nHaMnKa 

orrepnpOBaJia c Ha6moµ;aeMbIMll "!aCTHqaMIL 

HecMoTpJI Ha crro,KHOCTb KBaHTOBo:ii xpoMoµ;nHaMIIKII (KX.D:), a MO,KeT 61,1Tb, 

IIMeHHO 6rraroµ;apJI aToMy KX.D: CTaJia CTaHµ;apTHOH Moµ;err1,10 arreMeHTapHbIX "!acTnq. 

0Ha aKKypaTHO KllaccmpIIqnpyeT pa3llll"!Hble .TimhI "!aCTHq ( HeKOTOpbie ,"IaCTHqhI 6bllIU 

rrpeµ;CKa3aHbI 0TOll Moµ;err1,IC>), 06'1,eµ;nHKeT crra6ble Cllllbl C arreKTPOMarHHTHbIMll lI crry

)KlIT OCHOBOH MHornx "IlIClleHHhIX pac"!eTOB. KaK rrpaBlilIO, HeKOTOpble BbI"IUClleHlIJI na

CTOllbKO CJIO)KHbI, "ITO, HarrpIIMep, IIOTpe6oBaJICJI roµ; pac"!eTOB l];lIJI orrpeµ;erreHHJI Mace 

BOCbMlI Ha6rrIC>µ;aeMhIX "!aCTHq c TO"IHOCTbIC> 6% OTHOWeHlIJI Mace Ha crreqJiaJibHO CKOH

CTpyupoBaHHOH BhI"IlIClIIITellbHo:ii MaWlIHe ( G Fll) 3. 
CTanµ;apTHaJl TeOplIJI IIMeeT HeBbI"IHClIJieMble CBo6oµ;Hble rrapaMeTpbI, TaK "ITO 

lI 0Ta Teop1rn l];OlllKHa CKOpee C"IJITaTbCK q>eHOMeHO~orn"IeCKOll, "!eM q>yHµ;aMeHTaJibHOll. 

06~errpmmaHHbie ycrrexn KX.D: HeocrroplIMhI (cM. MOHOrpaq)IIJI 
4- 13), HO, J"IUTbIBaJl 

60llbWlie TpJµ;HOCTll rrpII BhI"IIIClleHHKX Mace aµ;poHoB, HaM Ka,KeTCJI yMeCTHblM pac

CMaTp1rnaTb 6orree npocTble IIµ;eII, rrpoBepeHHble B µ;pyrIIx o6rraCTJIX cpm:rnKlI. B 0To:ii 

CTaTbe ~bl XOTHM rrpoBepIITb rrpIIMIITIIBHJIC> IIµ;eIC> reoMeTpII"IecKoro KBaHTOBaHHK (µ;e

TaJIII CM. B pa6oTaX 14, 15, 16 ) Mace aµ;poHOB 6en BBeµ;eHIIJI CBo6oµ;HhIX rrapaMeTpOB II 

rrpOII3BOllbHhIX KBaHTOBbIX "IIICell. MbI Haµ;eeMCK, "ITO rrorry"!eHHble BbIBOl];bl MoryT 6bITb 

IIOlle3HbI l];lIJI IIOCTpOeHIIJI rry"Iweii: TeopIIII • .ffcHo, Korµ;a HMeeTCK rrapaµ;lirM TlIIIa KX.D:, 

TO ecTeCTBeHHO IIrHopnpoBaTb Bee µ;pyrne rroµ;xoµ;hl OIIIICaHUK CBOHCTB aµ;poHOB, He rro

rraµ;aIC>~lie B paMKII KX,II;, "ITO II Ha6rrIC>µ;aeTCJI B Te"!eHIIe µ;orrroro BpeMeHu. KX,II; JIBlIJI

eTCJI Ha ceroµ;HJIWHHH µ;eHb ny"Iweii: TeOpIIeii aµ;poHOB, oµ;HaKo HMeeT II3BeCTHhle µ;o CIIX 

rrop HepeweHHhle cepi.enHhle rrpo6rreMhI. 3µ;opoBblll cKeIITn~:iroM neo6xoµ;JIM ~pII pewe

HIIlI oµ;Hoii II3 OCTaBWIIXCK <f>yHµ;aMeHTallbHbIX rrpo6rreM TeopIIII II TOlIOMeJI - CTpOeHUK 

BcerreHHOll. B rrIC>60M crry"!ae, rrpocToe reoMeTpn"IecKoe KBaHToBaHIIe ---+ caMorroµ;o6IIe 

---+ aHaJIOrIIII ---+ pa3MepHbIH aHalIII3 - HlIKorµ;a, IIO HaWeMy MHeHIIIC>, e~e He IIplIMeHJI

lllICb µ;lIJI CIICTeMaTII"IeCK~ro aHaJIII3a pacrrpeµ;erreHIIll Mace aµ;poHOB; TaKoMy aHalllI3Y 

II IIOCBJI~eHa HaCTOJI~aJl CTaTbJI. 

MbI C"IIITaeM, "ITO pac"!eTlllIBaJl lI 0KOHOMHaJl Ilpnpoµ;a IIOCTpoeHa Ha IIpOCTbIX 

rrpIIn~rrax, 0µ;1maKOBhIX µ;irn MIIKpo- II MaKpocIIc-r:.eM. ,Il;irn 0Toro Mhl rrpoBeµ;eM cIIcTe

MaTII"!eCKIIii: aHaJilI3 cy~eCTBYIC>~IIX 0KCIIepIIMeHTallbHblX µ;aHHbIX IIO aµ;poHHbIM peno

HaHCaM, rrplIBlleKaa µ;rrJI 0Toii: qeirn TOllbKO µ;ocTaTO"IHo TO"!Hhle µ;aHHble (L:;.E ::;-1 MaB), 

n yKa,KeM HeKOTOpbie o6~IIe CBOllCTBa MIIKpO- n MaKpOCIICTeM. 

2. Boµ;opoµ;onoµ;o6Hble aTOMbl H reoMeTpll'IeCKOe KBaHTOBaHHe 

lIMeeTCJI orpaHII"IeHHaJl IIH<pOpMaq1rn O CBOllCTBaX aµ;poHHbIX pe30HaHCOB: m:JBe

CTHbI c orrpeµ;erreHHOll TO"IHOCTbIC> MaCcbI rrpoµ;yKTOB pacrraµ;a HecTa6IIllbHOli "IaCTIIqbI II 

IIX acm.IIITOTII"IecKne IIMIIJllbCbI OTHOCIITellbHOro l];BII,KeHIIJI, a TaK)Ke MaCCbI II BpeMeHa 

)KlI3HlI pe30HaHCOB. Borrpoc CTaBHTCJI HecTaHµ;apTHbIM o6paaoM, a IIMeHHO: MO)KHO llll 

B ycrroBUKX orpaHII"IeHHOll UH<pOpMaqJIII O CBOllCTBax aµ;poHOB IIbITaTbCJI OIIHCaTb XOTJI 

6bl HeKOTOpbie Im HUX Ha OCHOBe rrepBbIX IIplIHqHIIOB 6en rrpIIBlle"!eHUJI KaKnx-Hn6yµ;b He 

rroµ;µ;aIC>~UXCK JIBHOH rrpoBepKe rIIIIOTe3. lIMeeTCJI B Bnµ;y rpocc-cTpJKTypa pe30HaHCOB, 

a UMeHHO MaCCOBble TpaeKTOpnn aµ;poHHhIX penoHaHCOB. KaK y)Ke roBopIIlIOCb BbIWe, 

Mhl XOTUM rrpoBeCTH CIICTeMa'l:II"IeCKIIH aHaJIU3 cy~eCTBYIC>~UX 0KCrrepnMeHTaJibHbIX 

µ;aHHhIX, He IIplIBlleKaJI l];l!K 0TOli qem1 KaK1Ie-H1I6Jµ;b MOµ;errn lilllI l];IIHaMU"!eCKIIe ypa-
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BHeHnJI lI He BBOl];JI CBo6oµ;Hble rrapaM:eTpbI • .II:= 0Toro Mbl rrpoBeµ;eM cpaBHIITellbHhlll 

aHaJIII3 MIIKpo- II MaKpOCIICTeM l];lIJI JCTaHOBlleHUK ux 06~1IX CBOllCTB. 

CTaJIO Tpaµ;IIqJieii: µ;errJITb <pll3UKY Ha MlIKpo- u MaKpocpn3IIKy. MuKpocIIcTeMy 

o6bl"IHO orrpeµ;errJIIC>T KaK o6rracTb µ;eHCTBIIK KBaHTOBbIX naKOHOB, B TO BpeMJI KaK Ma

KpOMIIP OIIUCbIBaeTCJI KllaCCII"IeCKIIMII 3aKOHOMepHOCTJIMII. Oµ;H~KO B03MO,KHbI lI µ;pyrIIe 

orrpeµ;erreHIIJI. Harrpm.rnp, B.JI. fimn6ypr OTHOCIIT K MaKpoq>II3IIKe aTOMHJIC> II JIµ;ep

HJIC> <pll31IKY 2• O"IeBlil];HO, "ITO lIIC>6oe onpeµ;erreHJie MIIKpO- II MaKpO<pII31IKII l];Oll)KHO 

6b1Tb paccMOTpeHO KaK lICTopn"IeCKaJl KaTeropIIK. ,Il;eii:cTBlITellbHO, µ;o II3o6peTeHlIJI 

MlIKpOCKOIIa C"IIITalIOCb MIIKpoq>mJlIKOH Bee HeBIIl];lIMOe "!elIOBe"IeCKIIM rlla30M, II03)Ke 

MIIKpOCKOIIII"IeCKIIMII CTaJilI C"IIITaTb HeBIIl];IIMoe B MIIKpOCKOIIe. Crreµ;oBaTellbHO, B lIIC>-

6oM orrpe!l;elleHIIlI MIIKpO<pII3lIKII MOll"IaJIIIBO npeµ;norraraeTCK, "ITO 06'beKTaMII 1my"IeHIIJI 

B MIIKpocpn31IKe JIBlIJIIC>TCJI HeBIIµ;IIMble "<f>yHµ;aMeHTaJibHble" KIIpIIlI"IIIKII Mlip031];aHUK II 

naKOHbI ynpaBlleHUK 0TUMII KIIpIIII"IlIKaMlI, npu"!eM 0TU 3aKOHbI MoryT OTlllI"IaTbCJI OT 

naKOHOB MaKpO<plI3UKII. 
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bl BUl];IIM, "ITO Ha caMOM µ;erre HeT "IeTKOII rpaHIIqbI Me,Kµ;y MUKpO- II MaKpo-

MIIpOM, rrpoBeµ;eHIIe TaKOll rpa1mqbl 3aBIICIIT OT ypoBHK HaWIIX 3HaHllll,·II rpaHIIqa BCe 

BpeMJI rrepeµ;nIIraeTCJI. YcrroBHOCTb lIIC>6oro paaµ;erreHlIJI q>lI3IIKII Ha MIIKpo- II MaKpoq>II-

3IIKY O"IeBuµ;Ha XOTJI 6hl II3 Toro q>aKTa, "ITO KllaCCII"!eCKIIe 3aKOHbI <pII3IIKII C ycrrexoM 

rrpIIMeHJIIC>TCJI rrplI IIccrreµ;oBaHJIII CTOlIKHOBeHlill JIµ;ep, MOJieKyrr lI 0JleMeHTapHbIX "!a

CTIIq. Borree Toro, KBaHTOBaHIIe II B03HIIKHOBeHlie 3aMKHJTbIX op6IIT ( CTOJI"IIIX BOJIH) 

He JIBJIJIIC>TCJI rrpIIBIIrrerIIe:ii TOJlbKO MIIKpOCIICTeM, a JIBlIKIC>TCJI OCHOBHbIMII naKOHaMlI 

rrpIIpoµ;hI, OTBeTCTBeHHbIMII na o6paao:saHIIe MHOrlIX CTa61IJibHbIX CIICTeM B MIIKpo- II 

i.rnKpOMlipe. 

MbI panµ;eJIJieM noµ;onpeHIIe µ;peBHIIX, "ITO Jµ;lIBIITeJibHOe MHOroo6paaIIe IlpII

poµ;bI MO)KeT 6bITb o6ycJIOBlleHo OTHOClITeJibHO npoCThIMII naKOHaMII II "ITO Ha IIpOCTbIX 

rrp1mqIIrrax rrocTpoeHhI CJIO)KHeii:wIIe CIICTeMbI ,KIIBoii II He)KIIno:ii MaTepIIII. KaKIIe aTo 

3aKOHbI? Ka)KeTCJI O"!eBIIl];HhIM, "ITO naKOHbI coxpaHeHUK 0HeprmI-IIMIIJJibca II yrm:iBoro 

MOMeHTa KOlllI"IeCTBa l];BII,KeHUK MoryT C'IUTaTbCJI Bceo6~IIMII 3aKoHaMJI IlpIIpOl];bI. B 

JIIC>60M crry"!ae IIOKa He 3aMe"!eHO CJiy"IaeB IIX HapyweHUK B JII06hIX o6rracTJIX HayKII II 

TexHIIKII. C µ;pyro:ii CTOpOHhI, Mbl 3HaeM, "ITO MHOrIIe ClIO)KHbJe CTa6IIJibHble CIICTeMhI 

cocTaBJieHbI II3 cOBOKJIIHOCTeii Bee MeHee II MeHee crro)KHbJX rroµ;cIIcTeM: BceneHHaJI ---+ 

ThrraKTIIKII ---+ CorrHe"!HaJI cIICTeMa ---+ CrryTHIIKII rrnaHeT ---+ • • • Tnepµ;hle Tena_ ---+ Me

TaJIJIII"IeCKIIe KJiaCTepbI ---+ MOJieKJllbI ---+ aTOMbI ---+ JIµ;pa ---+ 0JleMeHTapHbie "IaCTIIqbI II 

KBapKII II "ITO )Ke l];aJibWe ? Cneµ;yeT naµ;aTb BOrrpoc, eCTb JIII He"ITO o6~ee Me)Kµ;y BbIWe-. 

rrepe"IIICJICHHbIMII CIICTeMaMII. Bo BCex 0TIIX CIICTCMax Ha6rr10µ;aIC>TCK Korre6aTellbHble II 

Bpa~aTeJibHhle l];BII)KeHIIJI CIICTeM II IIOl];CIICTeM, TaK "ITO Bpa~eHUK II Kone6aHIIJI xapaK

-repHbI l];JIJI JIIC>6bIX MIIKpO- II MaKpoo6'beKTOB. ,Il;aJiee, TpaeKTOpIIII Peµ;,Ke Ha6JIIC>µ;aIC>TCJI 

KaK B MIIKpOMIIpe, TaK II MaKpOMUpe 55. II HaKOHeq, yKa)KCM Ha Jµ;IIBIITellbHOe rro

µ;o6IIe cneKTpOB BOµ;opoµ;onoµ;o6HbIX aTOMOB II nrrmreT (II IIX crryTHIIKOB) B CoJIHC"IHOll 

CIICTeMe. Oµ;Ho Im µ;pyroro MO,KeT 6bITb rrony"IeHO MacwTa6HblM rrpeo6pa30BaHIIeM 

(1019) 40 . ,Il;pyrIIMII ClIOBaMII, CJIO)KHeiiwue CIICTeMbI COCTaBrreHhI KaK COBOKJUHOCTb 

l];BII)KJ~UXCJI noµ;CIICTCM BHe 3aBIICIIMOCTII OT paaMepoB paccMaTpIIBaeMblX 06'beKTOB, 

npn"IeM cBo:iicTBa paanII"IHhIX rroµ;cncTeM n caMo:ii cncTeMbI caMonoµ;o6HbI. HarrpIIMep, 

yrrrOBbie MOMCHTbI II CKOpOCTII op6IIT llllaHeT B CorrHe"IHOU CIICTeMe II crryTHIIKOB rrna-

HeT caMorroµ;o6HbI. • 

Oµ;HaKO Bpa~eHHK II KOlle6aHIIJI Tpe6yIOT onpeµ;eneHHOU naTpaTbI 0HeprIIII - IIM~ 

3 



II)'llbCa II yrlIOBOI'O MOMeHTa II ecTeCTBeHHO B03HIIKaeT BOIIpoc, OTKyga BOCIIOlIHHIOTCH 

Bee 3TII 3aTpaTbI ? lfoBeCTHO, 'ITO KalKµ;M 6eryrqa.H BOJIHa HeceT COOTBeTCTBYIOiqilll 

yrlIOBOH MOMeHT II 3HeprIIIO, oµ;HaKO cpeµ;Hee 3Ha'!eHile yrlIOBOI'O MOMeHTa II 3HeprI1II 

CTOH'!eii: BOlIHbI paBHbI HYlIIO. 

IloaTOMY MbI BbI!];BilraeM IIpOCTYIO pa60'IYIO I'IIIIOTe3y: B03HIIKHOBeHileM CTO-' 

H'IIIX BOlIH (Illlli "3aMKHYTbIX op6I1T") o6ycJIOBlleHa CTa6I1llbHOCTb MHOI'IIX CIICTeM, B 

'!aCTHOCTll, qlll3Il'ieCKM cyrqHOCTb aµ;poHHbIX pe30HaHCOB µ;oJilKHa IIMeeT TaKyIO )Ke 

rrpupoµ;y, 'ITO II CB.H3aHHbie COCTOHHIIH aTOMOB II Hµ;ep. EcJIII 3TO TaK, TO µ;oJilKHO 6b!Tb 

'ITO-TO 061.qee Ha6JI10µ;aeMoe B 3KCIIepuMeHTe MelKµ;y pe30HaHCHbIMII II CBH3aHHbIMII co

CTOHHlIHMII. 

KalKeTCH ecTeCTBeHHbIM, 'ITO 3aKOHbI coxpaHeHll.H 3Heprllll-IIMIIYllbCa II YI'lIOBOI'O 

MOMeHTa OTBeTCTBeHHbI 3a o6pa30BaHlie CB.H3aHHblX II pe30HaHCHbIX COCTOHHIIH. 

PaccMOTpllM, a TOM Boµ;opoµ;a. 8JieKTpOCTaTI1'ieCKM , Cillla MelKµ;y rrpoTOHOM u 

3lleKTpOHOM IIpIIBOµ;IIT K o6pa30BaHllIO CBH3aHHbIX COCTOHHIIH aToMa Boµ;opoµ;a. Clleµ;yH 

Bopy, IIOTpe6yeM paBeHCTBa KYlIOHOBCKOH II ~eHTpo6elKHOll CllllbI ( TeopeMa 8peHq>ecTa 

µ;JIH 3aIIllCll ypaBHeHll.H µ;BillKeHIIH 3lleKTpOHa Bµ;Ollb KBa3llKllaCCil'ieCKOH TpaeKTOpI1I1) 

e2 m,v2 

r2 =---;: (1) 

II 3aIIIIWeM ycJIOBile KBaHTOBaHlIH Bopa-3oMMepq>ellbµ;a (ycJIOBlle coxpaHeHIIH yrlIOBOI'O 

MOMeHTa - aµ;I1a6aTI1'ieCKOI'O IIHBapllaHTa) 

Pr= nh. (2) 

3aMeTllM, 'ITO B KOHKpeTHbIX ClIJ'ia.HX YCJIOBile KBaHTOBaHIIH (2) MOlKeT IIMeTb µ;oIIOll

HIITellbHOe CJiaraeMoe 

Pr= (n + 1 )h. (2a) 

HarrpnMep, µ;JIH KOJie6aHnii: B cqiepI1'IecKI1-cnMMeTpn'IHOM oc~Illlll.HTOpHoM rroTeH~naJie 

,=3/2. B µ;aHHOll pa6oTe MbI He paccMaTpIIBaeM KOJie6aTellbHbie CTerreHII CB06oµ;bI, 

µ;JIH HIIX COOTHOWeHll.H COii3MepI1MOCTeii: 6ygyT HeCKOllbKO OTlIIl'!aTbCJI OT rrpIIBOµ;llMbIX 

HillKe. 

Ifo 3TIIX ypaBHeHilll rrolly'iaIOTCH µ;orrycTIIMbie 3Ha'ieHnH r, IilIII 6opoBCKile pa

µ;I1ycbI 

l2 n2h2 2 
rn = -- = -- = n ao, 

m,e2 m,e2 

rµ;e a0 - rro orrpeµ;eJieHIIIO paµ;I1yc rrepBoii: 6opoBcKoii: op6I1Thl 

h2 
ao = -- = a-1>.c = >.v. 

m,e2 

CooTBeTCTBeHHO µ;orrycTIIMbie 3Ha'!eHll.H IIMllYllbCa p paBHbI 

2 p _ m,e 
n - nh · 

(3) 

(4) 

(3a) 

CJieµ;oBaTellbHO, paµ;I1yc rrepBoii: 6opoBCKOH op6I1TbI paBeH COOTBeTCTByrorqeii: µ;JinHe 

µ;e6poii:JieBCKOH BOlIH1;>l 3lleKTpoHa, a OTHOWeHile KOMllTOHOBCKoii: µ;JIIIHbI BOlIHbI K µ;JIIIHe 

4 

I 
I 
I 
l 

µ;e,6pmrlleBCKOH BOlIHbI paBHO IIOCTOHHHOH TOHKOH CTpyKTYPbI a = e 2 / he. ,Ua.1ee 113 ( 1) 
ll (2) JieI'KO llOlIY'il!Tb Clleµ;yrorque IIOlle3Hbie COOTHOllieHlrn: 

rµ;e 

r, >.c v 
a=-= n-=n-

>.c >.v c' 

rn = n>.v, 

r,>.v = n>.~, r,rn = n 2 >.~, 

e2 
re= -

mc2 

- KllaCCil'ieCKilll paµ;uyc 3lleKTpoHa. 

(5) 

(6) 

(6a) 

(66) 

.I(pyrnMlI ClIOBaMII, YClIOBIIe KBaHTOBaHue Bopa 03Ha'IaeT reoMeTplI'IeCKOe KBaH

TOBaHIIe. KoMITTOHOBCKUe u µ;e6poii:JieBCKIIe BOlIHbI urpaIOT q>yHµ;aMeHT&lbHYIO pOllb B 

KBaHTOBamm op6IIT aTOMa BOµ;opoµ;a, rrpn'IeM TaKoe KBaHTOBaHue B03MOlKHO TOllbKO 

Torµ;a, Korµ;a OTHOWeHne AlllIHbI KOMllTOHOBCKOII BOlIHbI K µ;mme µ;e6pOIIlleBCKOH BO:IHb! 

(v/c) COlI3MepnMO C llOCTOHHHOH TOHKOH CTpyKTYPbI a. OTHOWem1e (6) MOlKeT 6bITb 

IIHTeprrpeTupoBaHo KaK rrapaMeTp rro;i;o6u.H µ;nH aToMa Boµ;opoµ;a, rµ;e rn ecTb pa;:inyc 

6opOBCKOH op6UTbI, orrpeµ;e/1.HIOl.qllll reoMeTplI'IeCKUe pa3Mepb! CIICTeMb!'(xapaKTCpHb!i'i 

paµ;uyc), a Berrn'lnHa >.v = h/ P = h/mv nrpaeT porrb xapaKTepIICTl!'ICCKoro paµ;uyca. 

Crreµ;oBaTe/lbHO, OTHOWeHne xapaKTepHoro paµ;uyca K xapaKTepl!CTll'ICCKOMY eCTb pa

~IiOHa/lbHOe (B µ;aHHOM ,crry'!ae ~erroe) 'Incrro, 11rpa101.qee porrb rrapaMeTpa rroµ;o6mr B 

;:iaµ;a'Ie KBaHTOBaHll.H aTOMa Boµ;opoµ;a • .I(pynrM rrapaMeTpOM rroµ;o6irn HBllJieTCH IIOCTO

HHHM TOHKOi'I CTPYKTYPb! a, coµ;eplKaiqa.H ,TO/lbKO MIIpOBb!e KOHCTaHTbI e, h II c, KO

Topa.H MOlKeT 6bITb rrpeµ;cTaB/leHa KaK OTHOWemre K/laCClI'!eCKOI'0 paµ;nyca 3/leKTpoHa 

r, K µ;rrnHe KOMITTOHOBCKoii: BOllHbI >.c (5). Torµ;a K TpeM BblweyrroMHHYTbIM Ml!pOBbIM 

KOHCTaHTaM µ;o6aB/l.HeTCH erqe Macca 3/leKTpoHa m,. lITaK, Im 'IeTbipex MllpOBb!X KOH

CTaHT e, h, c, m, lI µ;nHaMU'IeCKoii: rrepeMeHHOll p MO)KHO COCTal'll!Tb TO/lhK0 'IeTLipe 

Be/llI'ilIHbl r,, >.c, >.v II rn, nMerorqne pa3MepHOCTb AlIIIHh!. TeopeMa 8pcHq>CCTa ( 1) 
ll ycrronne KBaHTOBaHIIH Bopa (2) rrpllBOAHT K YClIOBIIHM CaMocorrracoBamrn (6a) 3TIIX 

BClllI'lUH MelKµ;y co6oii:. 

Mb! C03HaTe/lbHO llOBTOpllllll BopOBCKHII pe~errT KBaHT0BaHlIJI aTOMa BOµ;opoµ;a, 

aK~eHTnpyH BHIIM~Hne Ha B03M~lKHOCTII rrorry'IeHlIJI rrapaMCTpa rroµ;o6irn. JicrKo 3a

MeTIITb, 'ITO rrpn 3TOM Ha6rrroµ;aeTCH aHa/lOI'llJI C 3aµ;a•reir TCll/l006MCHa (ypaBHCHl!C 

Herrpepb!BHOCTll Ha llOBepXHOCTII TBepµ;oro Terra <==:, paBCHCTBO KYllOHOBCKOll II ~eH

Tpo6elKHOll CU/I Ha 6opoBCKOll op6nTe). OTllll'Ille lKe 3aK/IIO'IaCTCH B TOM, 'ITO Bop B 

CBOIIX Bbl'IIIC/ICHll.HX llCITO/lb30Ba/l aµ;ua6aTII'IeCKl!ll l!HBapnaHT (B µ;aHHOM crry•rac )Tl!0-

BOH MOMeHT CIICTeMb!) l! I'llll0Te3y ero KBaHTOBamrn • .I(arrec, TBepµ;oe Te/lo l!MeeT 'ICTK0 

orrpeµ;eneHHYIO q>II3II'IeCKYIO ITOBepXHOCTb, rpaHney, B TO BpCMH KaK B crry'rac aT01!a B0-

µ;opoµ;a TaKoii: q>Imn'IecKoii: rroBepxHOCTII HeT. Oµ;HaKo Bop orrpeµ;emm "rroBepxHoCTh" 

aTOMa Boµ;opoµ;a KaK KBaHTOBaHHbie op6UTbl, Ha KOTOpbIX lIMeCT MeCTO pam~HCTB0 Ky

, rronoBCKOlI II ~eHTpo6eJKHoii: c1m. Ilo3lKe ITOHBrremre ycTOH'IUBb!X KBaHTOBaHHb!X op611T 

µ;e BpOH/lh l!HTeprrpeTIIpOBa/1 KaK proyllhTaT B03HlIKHOBeHlIJI CTOH'il!X BOl!H. J\aK Bl!

AIIM, KBaHTOBaHne aToMa Boµ;opoµ;a Bop rrpoBell Ha OCH0Be MCToµ;a aHa/lOI'llll. OTMPTIIM 

erqe pa;:i xopowo II3BeCTHhlii: q>aKT, 'ITO Bop pew1m ;:iaµ;a•ry KBaHToBaHnH aToMa Boµ;o

poµ;a B 1913 r. ;:iaµ;orrro µ;o co;:iµ;amrn KBaHTOBOlI MexaHnK11. 
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lITaK, Bop orrpegemm "rroBepXHOCTb" aTOMa BOgopoga KaK pagnyc KBaHTOBaH

HbIX op6uT. TaKoe orrpegerreHIIe "rroBepXHOCTII" aToMa Bogopoga MOlKHO ccpopMyrrnpo

BaTb KaK COOTBeTCTBYIOI.L\ee rpaHII'IHOe ycrroBire gmr ypaBHeHII.!I Illpeg1rnrepa. XopOll.10 

n:JBeCTHO, MaKCIIMYMhI pacrrpegerreHII.!I rrrroTHOCTII Bepo.!ITHOCTII P(r) =I Rn1(r) 12 
cooT

BeTCTBYIOT 6opoBCKIIM op6IITaM. JJ:enCTBIITellbHO, ,:\II.II gaHHoro n HaII60llbll.Iee :3Ha'!eHIIe 

I paBHO n - 1, II pacrrpegerreHIIe 

2r 
P(r) =I Rn1(r) j2 cx r2nexp(--) 

. aon 

IIMeeT TOllbKO ogIIH MaKCIIMyM. MaKCIIMarr~Hoe 3Ha'!eHIIe P( r) orrpegerr.!IeTC.!I ll3 ycrrOBII.!I 

dP(r) = d I RnL(r) 1
2 = 2d I RnL(r) i ex 2(nr2n-l _ .c."._ )exp(-~)= 0, 

dr dr dr aon aon 

OTKyga crregyeT pe3yllbTaT (3). lITaK, MOlKHO rrepe<popMyrrupoBaTb rpaHII'IHble ycrroBII.!I 

grr.!I HaxolKgemrn CB.!I3aHHhIX cocTo.!IHIIn ypaBHeHII.!I IllpegIIHrepa grr.!I aTOMa Bogopoga 

KaK rpaHII'IHbie ycrroBirn TpeTbero poga 

dRnL(r) lr=n2ao= 0. 
dr 

(7) 

lIMeHHO C IICIIOllb30BaHIIeM rpaHII'!HOro ycrrOBII.!I TIIIIa (7) Mb! rrorry'II!/Ill ycrroBIIe KBaH

TOBaHII.!I aCIIMIITOTII'!eCKOro IIMIIYllbCa OTHOCIITellbHOrO gBIIlKeHII.!I rrpogyKTOB pacrraga 

uccrregyeMoro pe3oHaHca (geTarrII CM. B 
14• 15), aHarrOrII'!Hoe ycrroBIIIO (2) - ycrroBIIIO 

KBaHTOBaHII.!I Bopa girn CB.!I3aHHbIX COCTO.!IHIIn aTOMa Bogopoga. 

Ha rrry6oKyIO reoMeTpII'!eCKYIO TOlK,:\eCTBeHHOCTb Me)Kgy YCIIOBII.!IMII rrpo3pa'1-

HOCTII rroTeHu;IIarrbHoro 6apbepa II ycllOBII.!IMII KBaHTOBaHU.!I ,:\II.II CB.!I3aHHOro COCTO.!IHlI.!I 

o6paTIIll BHIIMamreJJ:aBIIg BoM II garr II3.!II.L\HOe o6'b.!ICHeHIIe 0TOMY <paKTy. B KBa3IIK/IaC

CII'!eCKOM rrpegerre 0TII ycrroBII.!I TOlKgecTBeHHhI, ,:\II.II ogHoMepHoro crry'laJI OHII IIMeIOT 

Bll,:\ 

fb P(x) dx = (N + !)1r. 
J. n 2 

Mb! rrpIIBO,:\lIM Hll)Ke BblgeplKKY II3 ero KHIIrII ( CM. CTp, 337 II 340 B 
17

) II ero Bb!BO,:\hl, 

C KOTOpb!Mll Mb! IIO/IHOCTbIO corrracHbl. 

"06panoBaHIIe BOIIHhI MelKgy 6apbepaMU B6mmu pe3oHaHca,BeCbMa HaIIOMIIHaeT 

rrpou;ecc B03HIIKHOBeHII.!I IIHTeHCIIBHhIX CTO.!I'IUX BOIIH B opraHHOn Tpy6Ke II/Ill B pe30-

HaHCHOn IIOIIOCTII c arreKTpoMarHIITHbIMII Korre6aHII.!IMII. B rrocrregHIIX rrpIIMepax Marrbln 

rrepuogn'!eCKIIn IIMIIYIIbC, co061.L\aeM~lI ll3BHe, MO)KeT co3gaTb lIHTeHCIIBHyIO BOIIHY 

BHYTPII rrpu ycrrOBIIII, '!TO 0TOT UMIIYllbC IIMeeT '!aCTOTY, 6rrII3KYIO K '!aCTOTe pe30-

HIIpYIOI.L\elI CIICTeMbI. lfeM MeHbll.Ie B cucTeMe IIOTepII Ha TpeHIIe, ll3llY'leHue II T. g., 

TeM 6orrbll.Ie aMIIIIUTyga BOIIHbl II ocTpee pe3oHaHC. KBaHTOMexaHII'!eCKaJI 3aga'!a co

Bepll.IeHHO rrogo6Ha 0TOn, TaK KaK BO/IHa, rrpIIXO,:\.!II.L\alI II3BHe, BegeT ce6.!I TaK lKe, KaK 

BHell.IH.!I.!I B036y_lKgaIOI.L\aJI curra rapMOHII'!eCKoro ocu;nrrrr.!ITopa. EcrrII aTa BorrHa IIMeeT 

TaKyIO lKe '!aCTOTY, KaK II BO/IHa, lICIIbITbIBaIOI.L\alI MHOroKpaTHOe OTpalKeHIIe BHYTPII 

lIMhI, TO TaM B03HIIKaeT lIHTeHClIBHOe Korre6aHne. lfeM MeHbll.Ie IIOTepu, o6ycrroBrreHHble 

rrpo3pa'!HOCTblO 6apbepa, TeM IIHTeHCIIBHee BO/IHa B l!Me II TeM OCTpee pe3oHaHC. Ta.
KUM o6panoM, Mb! BUgIIM, '!TO cyl.L\eCTByeT O'!eHb 6mmKaJI aHarrOrII.!I paccMaTpuBaeMoro 

pe30HaHca C MexaHII'!eCKIIMII II arreKTpII'!eCKIIMII .!IB/IeHII.!IMII, 

6 

-~ j 

., 

BbICOKaJI rrpo3pa'IHOCTb rrpu pe30HaHCe Bbl3bIBaeTC.H TeM,_ '!TO BO/IHa B .!IMe TaK 

BemIKa, '!TO galKe ecrrII Marrair '!aCTb ee rrpoCO'llITC.!I CKB03b 6apbep, TO 0TO gaeT 3aMeT

HbllI pe3yllbTaT. BcrregcTBIIe 60llbll.IOlI aMII/IIITy,:\bl IIO.!IBll.!IeTC.!I TaKlKe 60/Ibll.IaJI BepO.!IT

HOCTb rrorragamrn B o6rraCTb Me)Kgy 6apbepaMII. 8To o6ycrroB/IeHO TeM, 'ITO TOK Bepo

.!ITHOCTII '!epm 6apbep rrporropu;IIoHarren ip* gradip-ipgradip*, rroaToMy ecrrII aMrrrrnTyga 

1P gocTaTO'IHO Be/IIIKa, TO KOMIIeHcupyeTC.!I acp<peKT Marron rrpo3pa'IHOCTII 6apbepa. 3a

BIICIIMOCTb rrpo3pa'IHOCTII OT lIHTeHCUBHOCTU BOIIHbl Me)Kgy 6apbepaMII .!IBll.!IeTC.H crre

D;II<pII'IeCKII BO/IHOBb!M .!IB/IeHIIeM. Tpygno, HarrpIIMep, rrpegcTaBIITb ce6e, IIO'IeMy rrpo

HlIKHOBeHIIe 'IaCTIID; 'Iepe3 6apbep MOlKeT 3~BIICeTb OT Toro, 'ITO rrpOII3ongeT C HIIMII 

rrocrre Toro, KaK OHII ylKe rrorragyT BHYTPb .!IMbI. AHarrOrIIIO C .!IBrrem1eM MaKCIIMyMa 

rrpo3pa'IHOCTII ,:\II.II BOIIHbl pe30HaHca MOlKHO ycMOTpeTb B rrpoCTbIX rapMOHII'!eCKIJX 

Korre6aHIIlIX MaJITHIIKa. Ecrru 3agaHHaJI BHell.IH.!I.!I rrepnogII'leCKaJI curra HaxogIITC.!I B pe-

30Hance C MaJITHIIKOM, TO CKOpOCTb rrepega'III mrepruu MaJITHHKy rrporropu;noHarrbHa 

aMIIIIIITyge KOrre6aHIIn, KOTOpbie y)Ke cyl.L\eCTBYIOT. 

B rrepBOM rrpn6rrIIlKeHIIII BO/IHa BHYTPII 6apbepa HaIIOMIIHaeT BO/IHOBYIO <pyH

KD;IIIO ,:\II.II CBlI3aHHOro COCTO.!IH~lI, TaK KaK OHa BemrKa B orpaHII'IeHHOn o6rracTII rrpo

CTpaHCTBa. Borree Toro, ecrrII Mb! o6panyeM BOIIHOBOn rraKeT, TO YBII,:\IIM, 'ITO rrpn 

paccMOTpeHIIII ero KaK <pyHKD;lIII BpeMeHII OH BXO,:\lIT B .!IMY, 3ageplKIIBaeTC.H TaM Ha 

grrnTellbHOe BpeM.!I II MegrreHHO rrpoca'IHBaeTC.!I Hapy,Ky CKB03b 6apbep. IloGTOMY' IIOKa 

BO/IHOBOn rraKeT HaxogIITC.!I B .!IMe, ero O'IeHb TpygHo OTlllI'IlITb OT BOIIHOBOn <pyHKD;IIII 

CB.!I3aHHOro COCTO.!IHII.!I • .IJ:enCTBIITe/IbHO, MeTacTa6ImbHble COCTO.!IHII.!I B .!!Me C 6apbe

paMII 3Ha'!uTellbHO 6orrbll.Ie IIOXOlKII ·Ha CB.!I3aHHble COCTO.!IHU.!I, '!eM Ha MeTaCTa6IIrrb

Hble COCTO.!IHII.!I B IIOTeHu;IIarrbHOn .!IMe 6e3 6apbepoB, rllaBHbIM o6pa30M IIOTOMy, 'ITO 

IIX BpeM.!I lKII3HII 3Ha'InTellbHO 60/Ibll.Ie Im-3a Marron rrpo3pa'IHOCTII 6apbepoB. 

TaKoro lKe Tuna BeCbMa lIHTeHCIIBHaJI BO/IHa rrorry'IaeTC.!I rrpn IIOIIHOM BHyTpeH

HeM OTpalKeHIIII CBeTa BHYTPII TOHKon CTeKll.!IlI!IOH rrrracTIIHKII, KOTOpaJJ pacrrorrolKeHa C 

O'!eHb TOHKIIM B03,:\Yll.IHbIM 3a3opoM Me,Kgy gByM.H TO/ICTbIMII CTeK/I.!IHHbIMII rrrraCTIIH

KaMn, .... .IJ:rr.!I orrpegerreHHbIX grrnH BO/IH Ha6rr10gaeTC.!I IIOIIHaJI rrpo3pa'IHOCTb, II CBeT 

BHYTPII cpegHen cTeK/I.!IHHOn rrrraCTIIHKII m.reeT 60llbll.IYIO lIHTeHCIIBHOCTb." 

Mb! IIO/IHOCTblO corrracHhI c YTBeplKgeHUeM ,ll;.BoMa. JJ:o6aBIIM TOllbKO, 'ITO npu 

uccrreµ;oBaHII.!IX pe30HaHCOB B .!Igpax Mb! gamro o6paTIIllll BHIIMaHue Ha He3aBllCIIMOCTb 

cBoncTB aTnx pe30HaHcoB OT geTarrbHOU cTpyKTYPhI BHell.IHUX rrorren, rrog gencTBIIeM 

KOTOpb!X B036ylKgaIOTC.!I TaKue pe3oHaHCbl 18, 19, 20. 

B lI3/IOlKeHHbIX Bhlll.Ie Te3ucax Mb! UCIIOlll',-30BarrU MeTog Bopa ,:\II.II KBaHTOBa

HUH OTKpbITbIX CUCTeM, B 'IaCTHOCTll ,:\II.II II3y'IeHII.!I CBOnCTB agpoHHbIX pe3oHaHCOB 

(rrogpo6uocTn CM. B 063opax 
14• 15 , 3gecb lKe Mb! rrpuBemr, KaK Ubl HageeMC.H, 6orree 

apryMeHTIIpOBaHHYIO UHTeprrpeTau;uro rrorrrreHHbIX pe3YllbTaTOB). IlpII 0TOM Mb! rrpo

BO,:\llllll auarroruro c Teopuen a-pacrraga II Teopnen OTKphIThIX BOIIHOBhIX pe3oHaTopoB. 

OguaKO crregyeT oco6o rrog'IepKHYTb, 'ITO aueprmr agpOHHhIX pe3oHaHCOB Bblll.Ie IIO

TeHu;IIarrbHbIX 6apbepoB. TeM He MeHee II gll.!I TaKIIX pe30HaHCHbIX COCTO.!IHIIn MOlKHO 

roBopIITb 06 IIX rrogo6mr co CB.!I3aHHbIMII COCTO.!IHII.!IMII 21 . OgHIIM ll3 rrpIIHD;lIIIIIarrb

HbIX BOIIpOCOB HBJIHeTCH BOIIpoc O TOM, MO)KHO /Ill HanTII KOIIlI'IeCTBeHHbln KpIITepun 

rrogo6II.!I CBH3aHHbIX II pe30HaHCHbIX COCTO.!IHIIn, KOTOpbin MO)KHO 6blll0 6bl IIpOBepIITb 

Ha OCHOBe aKcrrepIIMeHTarrbHbIX II Ha6rr10gaeMbIX gaHHbIX. .II:= 0Toro Mb! rrpuMeHIIM 

KllaCCII'leCKIIe rrpIIHD;IIIIhI, TeCTllpOBaHHble B panHbIX o6rraCTHX q>II3IIKII. 

IIcrroJib30BaHIIe rrpIIHD;IIIIOB rrogo6Irn, panMepHOCTei'I II caMorrogo6IIH OKanarrocb 
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o'leHI, ycrrelllHhIM B Mexrurnxe crrnolllHhIX cpeµ;, rnµ;poµ;1rnaMmce, Teopnn ropeHIIJI n T.rr. 
23- 27 

ThrroTe:Ja aBTOMoµ;em,HocTn, BBeµ;eHHas: B q>II3IIKY 'lacTnn; MaTBeeBhIM, Mypa

l);JIHOM lI Th.Bxennµ;:Je, rroµ;pa:JyMeBaeT lIHBapnaHTHOCTb IIO OTHOilleHIIK> K rrpeo6pa30Ba

HlIK> lIMIIYllbCHOro IIpOCTpaHCTBa P; -+ eP;, IIpII'leM IIpO;Jl;OllbHa.D: lI IIOIIepe'IHa.D: IllKaJibI 

:noro MaclllTa6Horo rrpeo6pa:10BaHllJI MoryT pa:1nn'laTbCJI 28 • 

.JJ:anbHenlllee pa:JBIITne oTn rrpnHD;llIIhI rrony'IIIJin B pa6oTax A.M. Banµ;nHa 29, 

IIOCBJIIn;eHHbIX peJIJITlIBlICTCKOll Teopnn µ;nHaMII'leCKlIX ClICTeM. 

IlpnMeHlIM lI3JIOlKeHHbie Bblllle rrpIIHll;llIIhI l);lIJI aHaJIII3a crreKTpa aµ;poHHbIX (n 

µ;pyrnx cy6aTOMHbIX) pe30HaHCOB, a TaKlKe CBJI3aHHbIX COCTOJIHllll MlIKpo- II MaKpo

ClICTeM. BocIIOllh3yeMCJI TeM, 'ITO l);JIJI cq>epn'leCKlI ClIMMeTplI'IHbIX ClICTeM yrJIOBOll 

MOMeHT [ JIBJIJieTCJI lIHTerpanoM ;Jl;BlllKeHllJI. KpoMe Toro, OH OCTaeTCJI HelI3MeHHbIM 

rrpn rrpeo6pa30BaHIIII rroµ;o6m:i · 

p -+ eP, r ---> Cir, (8) 

rµ;e p = nk. B OTOM cny'lae ;Jl;lllIHa BOJIHbI µ;e BpollJIJI rrpeo6pa:1yeTCJI KaK Av -+ e-1 Av. 
II Tax, no orrpeµ;eneHIIK> l = R/ Av, TO ecTb IIHTerpan µ;BnlKeHIIJI l orrpeµ;enJieTcJI xa

paxTepHhIM pa3MepOM ClICTeMbI lI COOTBeTCTBYK>In;ell ;Jl;lllIHOll µ;e.6pOlllleBCKOll BOJIHbI. 

B pa6oTax 14, 15 6bIJIO IIOKa3aHO Ha KOHKpeTHbIX rrpnMepax, 'ITO ycnoBne KBaHTOBa

HllJI (2) MOlKeT 6bITb rrpnMeHeHO l);ITJI aµ;poHHbIX prooHaHCOB, pacrraµ;aK>In;lIXCJI KaK 3a 

C'leT CllllbHOro, TaK lI 3a C'leT cna6oro lllllI OJieKTpOMarHIITHOro B3alIMOµ;ellCTBllll. Ilo

OTOMY MbJ npnH.IIJIH CJ1eµ;y101n:y10 pa60'IYIO rHDOTeoy: ycJIOBIIe KBaHTOBaHH.11 

(2) cnpaeeµ;JIHBO µ;n.11 peoouaucoe n1060H npHpoµ;hI, ueoaBHCHMO OT enµ;a eoa

HMoµ;eHCTBH.11 npH BbJDOJIHeHHH ycnoBH.11 KBaOHKJiaccH'IHOCTH Ac/ Av « 1. .JJ:py

ruMn CJIOBaMII 3µ;ech MbI lIMeeM 'µ;eno C IIplIHll;lIIIOM caMorroµ;o6nJI (B q>II3IIKe BbICOKlIX 

OHeprnn lICIIOllb3YeTcJI 28, 29 TepMIIH-" aBTOMOl);ellbHOCTb BTOporo poµ;a", B q>II3IIKe 

CIIJIOillHhIX cpeµ; 22 OH HOClIT Ha3BaHIIe "rrpoMelKyTO'IHas: aCIIMIITOTIIKa"). IlpnBeµ;eM 

orrpeµ;eneHIIe aBTOMoµ;eJibHOCTII BTOporo poµ;a, 3alIMCTBOBaHHOe II3 MOHorpaq>IIII Ba

peH6JiaTTa 22 n Ha3BaHHOe IIM KaK rrpoMelKyTO'IHa.D: acIIMIITOTIIKa: 

"IlycTh B oaµ;aqe HMelOTC.11 l);Be xapaKTepHbie IlOCTOJIHHbJE! BeJIH'IHHbJ pao

MepHOCTlI ueoaBHCHMOH eeJIH'IHHhI x;: Xf H X;. IlpoMe)KyTO'IHOH acHMIITo

TIIKOH uaobrnaeTC.11 acHMIITOTH'IecKoe npeµ;cTaeneuHe peweuH.11 npH x;/ Xf ---> 

oo, HO x;/ X'f ---> o. To eCTb K rrpIIHll;IIIIaM TeopmI pa3MepHOCTlI n caMorroµ;o6nJI µ;o-
6aBJIJIK>TCJI orrpeµ;eneHHhie CBOllCTBa aCIIMIITOTII'leCKoro IIOBeµ;eHllJI paccMaTpIIBaeMbIX 

BelllI'IIIH. B HallleM cny'lae OTO Tpe6oBaHIIe BbIIIOlIHeHIIJI ycnoBIIJI KBa3lIKJiaCCII'IHOCTII 

Ac/Av« 1. 
BepHeMcJI cHoBa K rrp11Mepy Boµ;opoµ;orroµ;o6Horo aToMa, rrpeµ;rronaras:, 'ITO He

xas: 'laCTIID;a a C MaCCOll ma ;Jl;BIIlKeTCJI B KYJIOHOBCKOM IIOJie, C03;Jl;aBaeMOM B3aIIMOl);ell

CTBIIeM OTOll 'laCTllll;bI C MaCClIBHOll 'laCTIIn;en IIpOTIIBOIIOJIOlKHOrO 3apJIµ;a. IlepeIIIIIlleM 

q>opMyny (3a) 

Pn0 (a) _ _c_ =~a= Va= _.!._va(l). 
~ - nan na na 

(36) 

IlycTb B TaKoM JKe xynoHOBCKOM rrone l);BIIJKeTcJI µ;pyras: 'laCTIIn;a b c Maccon mb, Torµ;a 

II3 ( 3a) rrony'laeM 

Pn.(a) /Pn,(b) = Va = nb. (9) 
ma mb Vb na 
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CnegoBaTeJibHO, B BO):IOpogorrogo6HbIX aToMax c m. ,f. mb KBaHTOBaHHbie CKOpOCTlI 

COII3MepIIMbI. CooTHOilleHIIe (9) MOlKeT 6bITb rreperrucaHo B µ;pyroM BII):le 

Pn.(a) /Pn,(b) = Ac(a) /c(b) = nb, 
ma mb - Av(a) Av(b) n

0 

(10) 

rge Ac u Av - KOMIITOHOBCKIIe u ge6ponneBCKIIe ):llIIIHbI BOJIH, COOTBeTCTBeHHO. MbI 
npHXO;Jl;HM K Ba)KHOMY BbJBoµ;y, 'ITO KBaHTOBaHHe e Boµ;opoµ;onoµ;o6nbJX aTo

Max HOCHT 'IHCTO reoMeTpH'IeCKHH xapaKTep. IlTaK, B BO):lopogorrogo6HbIX aTo

MaX rrapaMeTpOM rrogoforn JIBJIJieTCJI BeJIII'IIIHa 

Pn.(a) _ xc(a) e2 

n 0
~ = n 0 c Av(a) = h = ca, 

TO eCTb pOllb rrapaMeTpa rrogo6nJI nrpaeT IIOCTOJIHHas: TOHKOI! CTpyKTyphI a. 
Ecnn lKe MbI paccMoTpIIM O):IIIH II TOT JKe BO):lopogorrogo6Hb!ll aToM ( TO 

m 0 = mb), TO II3 (9) rnegyeT 

Pn, (a) _ Av(n2) n2 
Pn,(a) = Av(ni) = n1 

(11) 

eCTb 

(12) 

B OTOM Clly'lae OTHOilleHIIJI ):llIIIH ge6pollJieBCKIIX BOJIH pa3lIII'IHbIX KBaHTOBaHHbIX CO

CTOJIHHII COII3MepIIMbI. 

3arrmueM BHyTpeHHK>K> nopeHn;eBy IIHBapnaHTHYK> OHeprIIK> ( 6e3 IIOTeHn;IIailb

HOll OHeprnII) l);iIJI KBaHTOBaHHbI:ic COCTOJIHIIll nerKOll 'laCTIIll;bI B Bogopogorrogo6HbIX 
aToMax 

E = ✓m2c4 + P 2c2 • (13) 

0TcK>µ;a rrony'laeM, 'ITO BelIII'IIIHbI E;/m; IIJIU E;/ P; paBHbI IIpII paBeHCTBe Bem!'U!H 

P;/m;. BhrpaJKeune (13) rrepeIIIIIlleM 

rge 

_!!,__=Ac = ✓1 + (Ac/Av)2, 
mc2 AE 

nc 
AE = E" 

(14) 

(15) 

Cneµ;oBaTellbHO, OHeprun KBaHTOBaHHbIX COCTOJIHIIll Bogopoµ;orrogo6HbIX aTOMOB o6y

ClIOBlleHbI reoMeTpII'leCKIIM KBaHTOBaHIIeM. 

3µ;ecb yMeCTHO HaIIOMHIITb, 'ITO OHeprun Bpa:in;aTellbHbIX COCTOJIHIII! pa3ml'IHhIX 

µ;eq>opMIIpOBaHHbIX Jigep rrpII6JIIIlKeHHO CaMorrogo6HbI II B OTOM nerKo y6eglITbCJI, rrepe

lllICaB (14) B HepeJIJITIIBIICTCKOM rrpegene II lICIIOllh3YJI (2) 

E 
2(-2 - l)(rmc)2 ~ 1i2J(J + 1), 

me (16) 

rrpII OTOM n
2 

6bIJIO 3aMeHeHo Ha J(J + 1). 
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3. ATOMHble Bµ;pa, aTOMhl, MeTaJIJIH'leCKHe KJiaCTepbl u reoMeTpH'leCKOe 

KBaHTOBanue 

IlponmuocTpnpyeM pa60Tocnoco6HocTh MeToµ;oB Teopnn noµ;o6mr Ha xo

pomo naBeCTHhIX npnMepax Im Heperr.11TnBncTcKon .11µ;epHon qinanKn. CornacHo 

BenIIaeKKepy 30 paµ;nyc .11µ;pa aaBncnT OT '!ncrra HYKJIOHOB A KaK · 

R = RoAl/3_ (17) 

T .e. o6'beM .11µ;pa nponopIIUOHaJieH 'IIICJIY HYKJIOHOB. 

Ilpn rrocTpoeHUil TeopIIU KBaHTOBbIX lKII)l;KOCTell JlaHµ;ay BBeJI IIOH.IITIIe O KBa

;JII'!aCTIIIIaX 31 , IIO:JBOJIIIBlllee cncTeMaTII'IeCKII rrpIIMeHHTb µ;rr.11 aHaJIII:Ja CIIJibHO BaaII

MOµ;eHCTBYIOII.\IIX IIJIOTHhIX CIICTeM rrpII6rrmiCeHIIe HeaaBIICIIMbIX KBa:JII'IaCTIIII. BalKHeii

meii xapaKTepIICTIIKOll KBa:JU'IaCTIIII B KOHe'!HbIX qiepMII-CIICTeMax OKa:JaJiaCb µ;e6poii

JieBCKa.lI µ;JIIIHa BOJIHbI >. f = 21r / k I KBa:JII'!aCTIIIIhI, Jiellrnll.\eH Ha noBepXHOCTll ct>epMn. 

Oµ;HaKO BBeµ;eHIIe IIOH.IITII.II "KBa:JII'!aCTIIIIa" npeµ;cTaBJIHeTC.II µ;ocTaTO'IHO o6oCHOBaH

Hb!M TOJibKO rrpII BbIIIOJIHeHIIII ycrroBII.II 

k1R » 1, R » >.1, (18) 

'ITO COBnaµ;aeT c ycrroBIIeM npIIMeHIIMOCTU KBa:JIIKJiaCCII'IeCKOro npII6JIII)KeHII.II KBaHTO

BOH MexaHIIKII. 
B paMKax TeopIIII KOHe'IHbIX qiepMII-CIICTeM aHeprIIIO OCHOBHOro COCTO.IIHlrn .11µ;pa 

MOlKHO npeµ;cTaBIITb B BIIµ;e cyMMbI 

E = Eo+E1, (19) 

rµ;e Eo II E1 - nrraBHaH II OCIIIIJIJIIIPYIOll.\aH QJYHKIIIIII 'IIICJia KBa3II'!acTIIII cooTBeT

CTBeHHO. CorrracHo pa6oTe 32 aHeprIIH E1 IIMeeT rrepIIoµ; 1r /2 B ruKarre k f R. ,II;eiicTBII

TeJibHO, µ;rr.11 KBa:JII'IaCTIIII B .11µ;pe BbIIIOJIH.!IeTC.II ycJIOBIIe rrpIIMeHIIMOCTII KBaaIIKJiaCCII

'!ecKoro npII6JIIIlKeHII.II. IloaTOMY MOlKHO rrpIIMeHIITb npaBIIJIO paµ;IIaJibHoro KBaHTOBa

HII.II Eopa - 3oMMepqierrhµ;a. B IITore rrorry'!aeTC.!I npaBIIJIO KBaHTOBaHII.II µ;rr.11 ypoBH.II 

ct>epMll 
32 

7r 
k1R = -N, 

2 

N 
R = >-r4 , N = 2,3,4, ... , (20) 

µ;ocTaTO'IHO xopomo BOCIIpOII3BO)l;Hll.\ee MarII'!eCKlie 'IIICJia HYKJIOHOB B .11µ;pe. MHTepe

CHO, 'ITO ycJIOBIIe KBa:JIIKJiaCCII'IeCKOro KBaHTOBaHII.II IIMIIYJibCa ct>epMII KBa3II'!aCTIIII B 

.11µ;pe auarrorII'IHO ycrroBIIIO KBaHToBaHII.!I Eopa (2) a TaKlKe ycrroBIIIO "KBaHTOBaHIIH" 

KJiaCCII'!eCKIIX peaoHaTopoB. IlpIIBeµ;eHHblll proyJibTaT MOlKHO IIHTeprrpeTIIpoBaTb crre

µ;y10l.l\eM o6paaoM: HaII60Jibllleii cTa6IIJibHOCTb!O 06rraµ;a10T .Hµ;pa, y KOTOpbIX Ha µ;u

aMeTpe d = 2R yKnap;bIBaeTCJI Qenoe 'IHCJIO µ;e6pouneBCKllX nonyBOJIH KBa

OH'laCTHQbI, nelKaIQeH Ha noeepxuocTH <l>epMH. Iloµ;o6Hoe rroBeµ;eHIIe KBaHTOBOll 

CIICTeMhI c KJiaCCII'!eCKOll TO'IKII apeHn.!I COOTBeTCTByeT Boa6ylKµ;eHIIIO co6cTBeHHbIX 

Korre6aHIIn µ;e6ponrreBcKIIX BOJIH BHYTPII cqiepII'!ecKoii norrocTII paµ;IIyca R. 
Bb!me Mb! KpaTKO pacCMOTpeJIII rpocc-cTpyKTYPY .Hµ;pa, OTBJieKaHCb OT ee TOH

Kl!X µ;eTarren. Hµ;po paccMaTpUBaJIOCb KaK rpy6a.11 CIIcTeMa, )l;IIHaMUKY KOTOpOll MOlKHO 

OIIIICaTb B 0611.\l!X '!epTaX B paMKax TeopIIII qiepMU-lKll)l;KOCTII. YKaaaHHbIH noµ;xoµ; 6bIJI 
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IICITOJib:JOBaH B.r. HocOBbIM 32 B MOHorpaqiIIn "MaKpOCKOIIII'!eCKIIe KBaHTOBbie aqi

qieKTbI B aTOMHbIX H)l;pax". ,Il;JIH IIpUMeHl!MOCTU TaKOI'O IIO)l;XO)l;a He06XO)l;IIMO BbIIIOJI

HeHIIe COOTHOllleHirn (18). Ilpl! 0TOM OKa:JbIBaeTCH, 'ITO BalKHelllllell XapaKTepl!CTl!KOH 

.11µ;pa KaK rpy6oii CllCTeMhI .IIBJIHeTC.II Bemr'!IIHa k1R, IIO onpeµ;erreHl!IO COBIIaµ;a!Oll.\aH c 

yrrroBhIM MoMeHTOM l = k1R KBa:JII'!aCTIIIIbI, rrelKall.\ell ua rroBepxHocTu ct>epMII. 

Ma l!3JIOJKeHHOI'O MaTepIIarra Bll)l;HO, 'ITO MHOI'l!e CBOHCTBa aµ;pOHHbIX peaoHaH

COB MOlKHO IIOH.IITb Ha OCHOBe rrry6oKOll Qlll:Jl!'IeCKOll auarrorIIll c Teopneii peaoHaHCHbIX 

.IIBJiemrii B .11µ;epHOll Qll13l!Ke. PeaOHaHCbI Mb! paccMaTpl!BaeM KaK peayJihTaT noa6ylKµ;e

Hll.lI co6CTBeHHbIX KOJie6aunn BaanMoµ;ellCT;YIOll.\l1X cncTeM µ;rr.11 CJIY'Ia.11 lIX l1HQll1Hl!T

HOro )l;BIIlKeHnH. C IIOH.!ITIIeM "caMorroµ;o6irn" npei:1rraraeMble aaKOHOMepHOCTll pO)l;Hl!T 

To, '!To pac~MaTp1ma10TCH cnMMeTpIIII peuleHIIii II CBOllCTBa rpaHU'IHhIX ycrroBirii. C9-

uaMepnMOCTh µ;mIH BOJIH pacceuBaeMbIX '!aCTl!II C xapaKTepHbIMl! pa3MepaMn Baau

MOµ;eiiCTBYIOll.\l1X Ulill 06paay10ll.\l1XC.II Cl!CTeM (lllIII, µ;pyrIIMU ClIOBaMn, conaMepl!MOCTb 

µ;mrn i:1e6poiirreBCKIIX II KOMIITOHOBCKllX BOlIH) Ilpl!BO)l;l!T K KBaHTOBaHUIO UMIIYlibCa II 

rrpocToii qiopMyne crreKTpa Mace peaoHaucoB TIIrra_ cepl!ll aToMHhIX n .11µ;epHbIX nnHIIll. 

TeM caMbIM ycTaHOBJieHO rroµ;o6~e B cpeµ;HeM crreKTpOB ai:1poHHbIX peaoHaHCOB, .11µ;epHbIX 

II aTOMHbIX crreKTpOB. 

IlpIIneµ;eM ell.\e O/:lllH nHTepecHenmm'i rrpm.1:ep, Ma.'!oIIaBeCTHhlll B qinaIIKe BbICO

Knx aueprnn. Mb! nMeeM B Bnµ;y QJII3IIKY TaK Ha:JbIBaeMhIX MeTaJIJll!'!eCKllX KJiaCTepoB, 

o6HapylKeHHbIX cpaBHIITeJibHO Heµ;aBHO - B 1984r. BbI.HCHIIlIOCb, 'ITO aTOMbI HeKOTOpbIX 

MeTaJIJIOB 06paay10T CBH:JaHHbie CllCTeMbI, COCT0.1111.\IIe na orpoMHOro 'IIICJia aTOMOB (µ;o 
20000). B :lKCIIepIIMeHTaX 33 6hIJIO IIOKa:3aHO, 'ITO n MeTaJIJill'!eCKl!X KJiacTepax cyll.\e

CTBYIOT o6oJIO'IKll, rrpn'IeM c TaKIIMH }Ke Maru•ieCKHMH 'lHCJlaMH, KaK B aTOMHblX 

.Hp;pax H aTOMax. 8To oTKpbITIIe oaHa'!aeT, 'ITO n rrpIIpoµ;e cyll.\eCTnyeT ell.\e oµ;ua Ma

rra.11 CHCTeMa, 06naµ;a10ll.\a.lI cpeµ;HnM IlOJieM. Cen'!aC MOlKHO C'IIITaTb 0611.\eIIpllH.IIThIM, 

'ITO MeTaJIJIII'IeCKne KJiacTepbI rrpeµ;cTaBJI.HIOT co6on CllCTeMy BaJieHTHbIX arreKTpOHOB, 

)l;BlllKYll.\l1XC.II B cpei:1HeM IIOlle IIOlIOlKl!TeJibHO aap.HlKeHHbIX l!OHOB ( CM. o6aopbI 34, 35 , 36 

II opnrnHaJihHh!e cTaTbll 37, 38 ). Harrn'!ne cpeµ;Hero rroJI.H n, KaK peayrrhTaT, Harrn'Ine 

o6orro'Ie'!HbIX aqiqieKTOB rrpnBO)l;llT K TOMY, 'ITO MeTaJIJIIl'IecKne KJiaCTepb! llMe!OT p.11µ; 

0611.\llX rroµ;o6HbIX CBOHCTB KaK C ai:1poHHbIMU peaoHaHCaMll, TaK II C aTOMaMn, .11µ;paMn 

n c TBepµ;bIM TeJioM. TaKllM o6paam.r, MeTaJIJlll'!ecKne KJiaCTepbI rrpeµ;cTaBJI.!IIOT co6oii 

yHnKalihHOe .IIBJieHne, HaxO)l;.Hll.\eec.H Ha CTbIKe <pll3llKl1 OJieMeHTapHbIX '!aCTllII, aTOMHOll 

n .11µ;epHon qinaIIKII, a TaKlKe qinanKn TBepµ;oro Tena, KpncTarrJiorpaqinu, TepMoµ;IIna

MHKn, KBaHTOBoii n Krraccn'!ecKon cTaTIICTH'IecKoll QJIIanKn n T-/:1· IloaToMy aµ;ecb crre

µ;yeT OlKll/:laTb IIOHBJieHII.!I HOBbIX llHTepeCHbIX peayJih'l'aTOB ( CM. o6aopbI 34, 35, 36 ). 
HarrpnMep, B pa6oTe 35 6h!rra cµ;enaHa rrorrhITKa rrpocrreµ;IITh rrepexoµ; OT aTOMa K TBep

µ;oMy Telly ll IIOH.!ITh, Ha KaKOM 0Tarre MeTaJIJlll'!eCKUll KJiacTep rrpe/:ICTaBJI.!IeT co6oii 

ylKe "aM6pl!oH" TBepµ;oro Terra, HeCyll.\llll B ce6e ero OCHOBHbie CBOllCTBa. 

ct>1mn'IeCKM rrpnpoµ;a TaKOI'O rroµ;o6II.!I CIIeKTpOB 60JiblllOro 'IllCJia pa3Hoo6pa-

3HbIX CllCTeM cen'!aC IIOH.!ITHa. 06oJIO'IKU B .11µ;pax, aTOMax ll MeTaJIJil!'leCKl!X KJiacTepax 

.IIBJI.IIIOTC.II 0611.\UM xapaKTepHbIM CBOHCTBOM KBaHTOBbIX 3aMKHYTbIX Cl!CTeM, u cell'!ac 

C'Il!TaeTC.II 0611.\eIIpllHHTOll TO'!Ka apeHII.!I, 'ITO o6oJIO'IKII IIO.IIBJI.IIIOTC.!I KaK peayrrhTaT 

B03HllKHOBeHll.lI 3aMKHYThIX rrepuoµ;n'IeCKUX op6IIT )l;BUlKeHll.lI '!aCTllllhI B 3aMKHYTOll 

IIOJIOCTll. 8Tll op6l!TbI pa3MbIBa!OTC.!I n oarryThIBa!OTC.II Im-oa KBaHTOBbIX QllIYKTYaIIllll 

CllCTeMhI n BbllKllBa!OT TOJlbKO rrpocTellllllle op6UTbI. 8Tn op6nThI MOlKHO llHTeprrpeTn

poBaTb KaK KOJie6aHll.!I C 6Jill3KllMll '!aCTOTaMll lI aMIIl!llTY)l;aMll. KorepeHTHa.11 llHTep-
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q,epeHIJ;lliI 0THX aMTIJillTYJ]; TipnBoµ;nT K TIOlIBJieHHIO 0q,q,eKTa 6neHIDI peoyJibTHPYIO~eii: 

aMTIJIHTYJ];bI. B 0TOM COCTOHT 4'lltlll'IeCKM CYTb o60JIO'IeK. 

4. IlnaneTbl H HX cnyTHHKH e Conuequou cHCTeMe H reoMeTpH'IecKoe Keau

Toeauue 

lITaK, Mbl TipHBelrn TipnMepbI TI0µ;06m1 CTieKTpOB 6oJibIIIOro 'IllCJia pa3Hoo6pa

tlHblX cncTeM, OTJIH'IaIO~llXCJI TIO CBOHM 0q,q>eKTllBHbIM pa3MepaM TIO Kpaii:Hell Mepe 

B 1015 pa3. ,I(eii:cTBHTeJibHO, pa3Mepbl 0JieMeHTapHbIX -qaCTHIJ; ~ 10-13 CM, a pa3Mepb! 

KJiaccn'IeCKHX peooHaTopoB MoryT 6b1Tb O'IeHb 60JibllIHMH, TaK 'ITO TipnBeµ;eHHM Bblllle 

OIJ;eHKa MO)KeT C'IHTaTbCJI MllHllMaJibHOll. BotiHUKaeT ecTeCTBeHHblll BOTipoc: He crreµ;yeT 

Jlll O)Kllp;aTb, 'ITO TipHHIJ;lIII TI0p;06llll ll B006~e o6~ne 4'll3II'IeCKlle tlaKOHbl, ycTaHo

BJieHHble B rra6opaTOpHblx ycrroBIDIX, 6yp;yT MeHJI;bC.H Tipn Tiepexoµ;e K rpauµ;notiHblM 

MaCIIITa6aM BcerreHHoii: ? BoTipoc He Tipa3p;HbIII n OH µ;o cnx o6cy)Kµ;aeTc.a B rrnTepa

Type 39 . B caMOM µ;erre ycTaHOBJieHne eµ;HHCTBa 4'lltlll'IeCKHX .HBJieHllll n oaKOHOB Bcerµ;a 

Tipeµ;cTaBJI.HJIO co6oii: Han6orree TipHT.HraTeJibHYIO CTOpoHy q>lltlllKll. B 0TOll cTaTbe Mb! 

TIOTiblTaeMCJI o6paTHTb BHllMaHne Ha uecrry-qanHOCTb TIOµ;o6n.a op6nT TIJiaHeT B CorrHe'I

HOll CllCTeMe ll 0rreKTpOHHblX op6nT Boµ;opoµ;oTioµ;o6HblX aTOMOB. 

IlepBoHa'IaJibHO TeOpIDI aTOMa Boµ;opoµ;a, TIO cy~eCTBY, 6blJia TIOCTpoeHa Bo

poM TIO auarronm c TirraneTapHoii: CorrHe'Inoii: cncTeMoii: n Ha:Jbl~arracb "TirraHeTapuoii: 

Teopneii: aToMa BOµ;opoµ;a". 8To 6blJIO CTapTOBOll TO'IKOll pa3BllTIDI KBaHTOBOll Teopnn 

llllll "BOJIHOBOH MexaHllKn" TIO CTapOII TepMHHOJiornn. 06paTHO, TIO aHarrornn c Teopne:ii 

Boµ;opoµ;oTioµ;o6HblX aTOMOB Ha'!UHaIOT paccMaTpnBaTb CorrHe'IHYIO CllCTeMy KaK BOJI

HOBYIO µ;nHaMn'IeCKYIO CllCTeMy 4o, 41 . Ilpn 0TOM OKa3aJIOCb, 'ITO CTieKTp BOJIHOBb!X 'Ia

CTOT CorrHe'!HOll CllCTeMbl MO)KHO Tipeµ;cTaBllTb B q,opMe, HaTIOMllHaIO~eii: cxeMy CTieK

TpOCKOTill'IeCKllX ypoBne:ii Boµ;opoµ;oTioµ;o6Horo aTOMa. KoHIJ;eTIIJ;lI.H BOJIHOBoro peoo

HaHca CorrHe'IHOll cncTeMbl OKa:Jarracb BeCbMa ycTieIIIHoii: Tipn: oTincaunn pHTMOB acTpo

µ;nHaMnKn 42 . Hn)Ke Mb! oanMCTByeM proyJibTaTbl pa6oT 4o, 41 µ;rrJI ycTaHOBJieHHJI 

COOTBeTCTBYIO~llX COlltlMepnMOCTeii: cpeµ;Hnx IJ;Bll)KeHn:ii TIJiaHeT ll llX CTIYTHllKOB B Corr

He'IHOH CllCTeMe. 

0TMeTnM, 'ITO BTiepBble nµ;eIO KBaHTOBaHlI.H TiblTaJIC.H llCTIOJibtlOBaTb µ;rrJI OTill

CaHll.H cTieKTpa CorrHe'!Ho:ii: cncTeMbl aurrrmicKn:ii: MaTeMaTIIK ,I()K. HnKorrcoH (John 

William Nicholson, 1881-1955) B 1912 r. 
HaM Tipeµ;cTaBJI.HeTCJI p;OBOJibHO JII060TiblTHblM TOT q>aKT, 'ITO 0MTIHpll'IeCKllll oa

KOH TIJiaHeTapHbIX paccTo.aHn:ii: ThIJ;nyca-Boµ;e n Tiepnoµ;bl o6pa~eunH TIJiaHeT He naIIIrrn 

o6'b.HCHeHIDI B pa.MKax KJiaCCH'IeCKIIX Tipeµ;cTaBJieH1I:ii: 6orree '!eM oa µ;BeCTll JieT. B Mexa

HIIKe Bee op6nTbl TIJiaHCT paBHOBepo.HTHbl, Bee tlaBIICHT OT Ha'IaJibHblX ycrroBn:ii:. To )Ke 

caMoe MO)KHO CKa:JaTb TIO TIOBoµ;y peooHaHCHblX .HBJieHn:ii: ll nx COlltlMepHMOCTe:ii:, XOTJI 

y)Ke JlaTirrac oaHHMaJICJI Bbl.HCHeHneM COlltlMepHMOCTll B CllCTeMe CTIYTHllKOB IOTinTepa. 

06'b.HCHeHue 0Tnx n µ;pyrnx Ba)KHeIIIIInx BOTipocoB cTpyKTYPbI CorrHe'IHoii: cncTeMbl 

µ;auo B p~6oTax 4o, 42 B paMKax KOHIJ;eIIIJ;Hll BOJIHOBOro prooHaHca, oµ;ecb )Ke Mbl Tipo

µ;eMOHCTpnpyeM Tioµ;o6ne pacTipeµ;erreHH.H op6nT TIJiaHeT ll IIX CTIYTHHKOB C pacTipeµ;erre

HlleM COOTBeTCTBYIO~llX op6nT 0JieKTpOHOB B Boµ;opoµ;oTioµ;o6HblX aToMax, a TaK)Ke C 

eµ;nHOll TO'IKll opeHII.H o6cyp;I1M COlltlMepnMOCTb KOMTITOHOBCKOll n µ;e6po:ii:rreBCKOll l];llllH 

BOJIH. 

PaccMOTpllM TIJiaHeTapHyIO CIICTeMy B TIOJIHOll auarrornn C Boµ;opoµ;oTioµ;o6HblMU 
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aTOMaMn. 8rreKTp0CTaTII'leCKM cnrra Me)Kµ;y TIPOTOHOM II 0JieKTpOHOM TipHBOl];l!T K o6-

pa30BaHUIO CBJI3aHHbIX COCTOlIHII:ii: aTOMa BOµ;opoµ;a, TO'IHO TaK )Ke Tipe;J;TIOJIO)KUM, 'ITO 

CI!Jla T.HrOTeHU.H Me)Kµ;y CoJIHIJ;eM n TIJiaHeTOII Tipl!BO/i;UT K o6pa3oBaHIIIO CTa6IIJibHbIX 

op6nT mrnHeT. Crre,i;y.a Bopy, TIOTpe6yeM paBeHCTBa KyrroHOBCKo:ii: n IJ;eHTpo6e)KHOJI 

CllllbI, a B crry-qae CorrHe'!Ho:ii: CIICTeMbl paBeHCTBa cnrrbl T.HroTeHIIJI II IJ;eHTpo6e)KHou 

CIIJlb! (oaKOH coxpaHeHII.H 0HeprIIn). BocTIOJibtlyeMCJI TaK)Ke BTOpbIM tl8KOHOM KeTirrepa 

( cpaBHHTe C tlaKOHOM coxpaHeHII.H yrrroBoro MOMeHTa u C ycJIOBIIeM KBaHTOBaHU.H Bopa). 

KaK BO Been 0TOII CTaTbe, Mbl Tpe6yeM TOJibKO BblTIOJIHeHU.H ABYX tlaKOHOB coxpauemrn: 

:meprnU-UMTIYJibCa u ceKTOpllaJibHOll CKOpOCTII. lITaK, q,opMarrnoyeM paCCMOTpeHHyIO 
BhIIIIe aHarrorn10 

ATOM BO,Il;OPO,IJ;A {==)> COJIHE~HAH CMCTEMA 

e2 m.v 2 GM ma maV2 

r 2 = -r- {==)> ~ = ~• 

h h 
rv = n- {==)> RV = N-, 

m, ma 

e
2 c c GMma c c 

Vn = -- = a,- {==)> VN = ---- = aa-
hc n n nc N N' 

2 1 n 2 1 ) 2 1 n 
2

1 
rn = n --- = n ->.c(e {==)>RN= N --- = N -Ac, 

a m,c a aa mac aa 

n n 
>-c = -- {==)>Ac=--, 

m,c mac 

rn = n>.v {==)> RN = N Av, 

n n 
>-v = -- {==)> Av = --, 

m,v maV 

>-c v Ac V 
a = n- = n- {==)> aa = N- = N -

>.v c Av c 

e
2 GMma 

a,= - {==)> ll'G = ---
nc nc 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

Bee o6ooHa'!eHu.H CTaHµ;apTHble n O'IeBU/i;Hble. Cpeµ;Hee tlHa'IeHIIe KOHCTaHTbl 

n/ma MO)KeT 6b1Tb OITpeµ;erreuo IItl lltlBeCTHb!X gaHHblX ITO CeKTOpIIaJibHbIM CKOpOCT.HI\I 

ITJiaHeT B CorrHe'!Hon CIIcTeMe, n OHO OKa:Jarrocb paBHbIM h/mG ~ 0.91 * 1019cM 2c-1 (cM. 

Ta6JIUIJ;Y 1). 8Tu KOHCTaHTbl CllllbHO pa3lIU'IaIOTC.H /i;ll.H cnyTHllKOBblX CUCTeM pa3lill'I
HbIX ITJiaHeT. 

3aKoH ThIJ;uyca-Boµ;e, ITpeµ;rro)KeHHblll e~e 1772 r., oaKJIIO'IaeTc.a B TOM, 'ITO pac

CTO.HHH.H ITJiaHeT OT CorrHIJ;a B eµ;IIHIIIJ;ax pacCTO.HHII.H 3eMJIU OT CorrHIJ;a MO)KHO Bb!pa
tlllTb q,opMyrro:ii: 

ak = 0.4 + 0.3 * 2k, (30) 
rµ;e k = -oo, o, 1, 2, ... , 8. B Ta6JIUIJ;e 2 COITOCTaBJieHbl Bhl'IIICJieHHble ITO qiopMync 

(30) ThIJ;uyca-Boµ;e oHa'!eHn.a ak II Ha6rr10gaeMble tlHa'!eHu.a 6orrbwnx ITorryoccii ITJiaHcT, 

a TaK)Ke peoyrrbTaTbl Hawux Bbl'IIIcrremiii: cornacHo q,opMyrre (24). Cpe,i;Hee OTKJioHe

Hlie peoyrrhTaTOB HaWIIX Bbl'IIICJieHUll TIO cpaBHeHl!IO C Ha6rr10,i;aeMblMI! /i;aHHb!Ml! HC 
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npeBblwaeT 5%. 3aKOH Tunnyca - Boµ;e .HBll.lleTC.11 '1llCTO aMnnpn'1eCKllM, n OH µ;aeT 

aaBblWeHHoe aHa'!eHlle ak µ;nx HenTyHa n IlnyToHa. KaK Mbl aHaeM, el.I.le HllKOMY He 

yµ;aBanocb noµ;Becnt noµ; Hero o6l.l.lenpnaHaHHYIO TeopeTn'!ecKyro 6aay. 

Ta6nnna 1 

XapaKTepHble ceKTOpllallbHble CKOpOCTlt h/ma (B cM2 /ceK-1
) ll xapaKTepHbie 

rpaBnTa!lllOHHble cnnoBble q>aKTopbl oa = GM ma/he µ;11.11 ceMn cncTeM 
41 

( nnaHeTapHa.11 ConHe'!Ha.11 cncTeMa n CllCTeMbl cnyTHllKOB nnaHeT) 

CncTeMa 

IlnaHeTapHa.11 

IOnnTepa 

CaTypHa 

YpaHa 

HenTyHa 

Mapca 

3eMllll 

h/ma 
0.90526 · 10TIJ 

2.3755 . 1016 

0.341353. 1016 

0.20668 . 1016 

0.8026 . 1016 

0.010404 . 1016 

0.130078. 1016 

w 
1/1736 

1/617 

1/160 

1/35 

1/16 

1/25 

1/80 

oa = GMma/hc 
1/(14.93 * 137) :::::: 1/(15 * 137) 

1/( 41.01 * 137) :::::: 1/( 41 * 137) 

1/(19.69 * 137) :::::: 3/(59 * 137) 

1/(78.07 * 137) :::::: 1/(78 * 137) 

1/(255.98 * 137):::::: 1/(256 * 137) 

1/(531.67 * 137) :::::: 1/(532 * 137) 

1/(697.1 * 137) :::::: 1/(697 ,i,_ 137) 

Ta6nnna 2 

Op6nTbl n xapaKTepnCTllKll nnaHeT. PaccTO.HHll.11 µ;aHbl B acTpOHOMll'1eCKllX 

eµ;nHnnax- cpeµ;Hee paccTo.llHne 3eMmt oT ConHna: a.e.=1.495979 * 10
13 

CM, cpeµ;Hne 

op6nTaJibHbie CKOpOCTlt µ;aHbl B KM/c, Ha6moµ;aeMble Belllt'1llHbl B3.IITbI 1m 
43 

IlnaHeTa aaKOH PaccTo.llHite Pac'1eTbl no Op6nT. Pac'1eTbl no N 

(30) oT CorrHna qiopMyne (26) CKOpOCTb q>opMyne (23) 

MepKypnH 0.4 0.39 0.38 47.89 48.71 3 

BeHepa 0.7 0.72 0.67 35.03 36.53 4 

3eMll.ll 1.0 1.00 1.03 29.79 29.22 5 

Mapc 1.6 1.52 1.49 24.13 24.35 6 

AcTeponµ;bl 2.8 2.9 2.66 18.15 8 

IOnnTep 5.2 5.20 5.00 13.06 13.28 11 

CaTypH 10.0 9.54 9.35 9.64 9.74 15 

YpaH 19.6 19.18 20.11 6.81 6.64 22 

HenTyH 38.8 30.06 30.31 5.43 5.41 27 

IlnyToH 77.2 39.44 37.42 4.74 4.87 30 
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B Ta6nnne 2 TaK:lKe cpaBHUBaIOTC.H Bbl'1:1tcneHHble no q>opMyrre (23) u Ha6nroµ;a

eMbie cpeµ;Hue op6UTallbHble CKOpOCTll nnaHeT. lfa Ta6Jillllbl 2 Blll];HO, 'ITO 6opOBCKOe 

KBaHTOBaHne xopowo onucblBaeT pacnpeµ;erreHne op6UTaJibHbIX CKOpOCTeH l];lI.H nrraHeT, 

oµ;HaKo Ha61110µ;aeTc.11 HeaacerreHHOCTb HeKoTopbix op6uT (µ;eTaJibHoe 06cy:lKµ;eHue aToro 

Bonpoca µ;aHo B 40). lfa Ta6lIUilbI 2 nerKo BbI'1llClIUTb 0TH0IIIeHue Ha6nroµ;aeMbIX op6u
TallbHblX CKOpocTeH nnaHeT 

VNI ,N2 
VN2 = NI' 

n y6eµ;UTbC.II, 'ITO OHO BbinOlIH.lleTC.H C T0'1H0CTbIO He xy:lKe 3%. 

(31) 

CJieAOBaTeJihHO, HaOJIIOAaeMhle OpOHTaJihHhie CKOpOCTH IlJJaHeT COHO

MepHMhl, KaK H B cny"lae BOAOPOAODOAOOHhIX aTOMOB. TaK::iKe nerKo yoe

AHThc.11, "ITO opoHTaJihHhle CKOpOCTH cnyTHHKOB AJI.11 JIIOOOH BhlopaHHOH nna

HeThl TO)l(e COHOMepHMhl •. Bonee Toro, MO::iKHO noKaOaTh cnpaBeAJIHBOCTh 

6onee CHJihHOro YTBep)l(AeHH.11, "ITO Bee op6HTaJihHhle CKOpOCTH nJiaHeT, HX 

cnyTHHKOB H TaK)Ke OJieKTpoua aToMa BOAOPOAa COHOMepHMhl Me)l(AY coooii:. 

,I(n.11 aToro µ;ocTaT0'1HO BCilOMHllTb q>opMyrry (23) 

C C 
Vn = o;:; ~ VN = OG N' 

n o6paTllTbC.II K Ta6mtne 1, OTKyµ;a crreµ;yeT, 'ITO 

0 . 
-=i, 
0G 

(23a) 

(32) 

rµ;e i - nenbie '1:IIClla. MTaK, Bee op6:1tTallbHbie CKOpOCTU nrraHeT, ItX cnyTHitKOB n 

aneKTpoHa B aTOMe BOµ;opoµ;a nponopn:1tOHallbHbl O Itllll 0G 

Ha p:1tc. 1 npeµ;cTaBJieHbI OTHoIIIeHH.H VR/(h/ma) KaK q>yHKilllit rrraBHoro KBaH

ToBoro '1:1tcrra N. Ha aToM pncyHKe npeµ;cTaBJieHbI Ha6rrroµ;aeMbie µ;auHbie .no 42 o6'beK

TaM ll aTn µ;aHHbie JIO)KaTC.11 Ha np.HMYIO JillHitIO C Yl];llBitTellbHOH .T0'1HOCTbIO. Bee 8TII 

Ha6rr10µ;eHll.ll npUBOl];.IIT Hae K BbIBoµ;y, 'ITO no CBOHCTBaM pacnpeµ;eneHit.H paccTO.HHllH, 

ceKTOpitallbHbIX n op6:1tTaJibHbIX CKOpOCTeH nnaHeT n nx cnyTHllKOB Ha6rr10µ;aeTC.H caMO

noµ;o6:1te Me:lKµ;y nnaHeTHOH CitCTCMOH It c:1tcTeMaM:1t cnyTHnKOB nnaHeT, a TaK:lKe Me:lKµ;y 

cnyTHitKOBbIMit CltCTeMaMit pa3lllt'1HbIX nrraHeT. OTMeTUM, 'ITO Ha TY )Ke lIUHllIO Ha 

p:1tc. l 110:lKaTc.11 OTHoweHH.H vr/(h/me) µ;ll.H aToMa Boµ;opoµ;a. lITaK, Bee µ;ocTynHbie HaM 

Ha61110µ;aeMbie It aKcnepitMeHTallbHble µ;aHHbie IIOl];TBep:lKµ;aIOT KBaHTOBaHHOCTb aµ;ua6a

Tll'1eCKoro nHBapnaHTa VR/(h/ma) :1trru vr/(h/me) µ;JI.H paccMaTpnBaeMbIX MaKpo- It 

MitKpOCitCTeM. ,IJ;pyrHMH CJIOBaMH, IlJiaHeThl Con11e-•111oii CHCTeMhl, a TaK}Ke HX 

cnyTHHKH .IIBJI.IIIOTC.11 MaCmTa6upoBaHHhIMH auanoraMH aTOMa BOAOPOAa. 

Ma cpaBHeHH.H Ha61110µ;aeMbIX ( ceKTOpltallbHbIX CKOpOCTeH, op6nTaJibHblX pac

CTO.l!Hllli :1t op6ItTaJibHbIX CKOpOCTe:II IIJiaHeT u ItX crryTHitKoB) :1t BbI'1ItClleHHblX B paMKax 

paccMaTpnBae1,,,mH Moµ;errn MO:lKHO cµ;erraTb oaKJII0'1eHne, '!TO e Conne"IHOH CHCTeMe 

HMeeTC.11 reoMeTpH"leCKOe KBaHTOBauue aAHa6aTH"leCKOro HHBapuaHTa u KaK 

cJieACTBHe 0TOro KBaHTYIOTC.11 ceKTOpHaJihHhle, op6HTaJihHhle CKOpOCTH u op-

6HTaJihHhle paCCTO.IIHH.11 nJiaHeT u HX cnyTHHKOB e IlOJIHOH auanorHH c KBaH-
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T<>BaHHeM p;BH:lKeHHH eoµ;opoµ;onoµ;o6n:hIX aTOMOB. IIpoaHarrnonpoBaB xapaKTe

pncTllKll 42 o6'beKTOB Coirne'IHOH cncTeMbI, Mhl He cMorim HaHTll Hll o):\Horo cny'Iall 

OTKlIOHeHiill OT YCJIOBll11 "KBaHTOBaHll11" Bopa. Bo Bcex CJIY'Ial!X onllCaHlle Ha6JIIO):\a

TeJibHbIX ):\aHHhIX 6bIJIO He xy:arn 5% (AeTaJihHhIH aHarrno MO:lKHO Ha:iiTn B 
40

). II OTO 

y):\llBllTellbHO, Be):\b Mb! llCXO):\llllll TOllbKO lI0 0aKOHOB coxpaHeHiill OHeprnn-nMnyJibCa ll 

yrnoBoro MOMeHTa, npn OTOM Mb! pemarrn ypaBHeHne HbIOTOHa ):\ll11 i:\BYX Ten, nonHo

CTb!O npeHe6perall BlllI11HlieM OCTaJibHbIX Tell ConHe'!HOH CllCTeMbI. B MO):\enn eCTb He

BbI'IlICJI1!eMall KOHCTaHTa n/ma lllllI ma, OHa onpe):\eJI11nacb llO Ha6n10):\aeMbIX BelllI'IlIH 

cornacHO q,opMyllaM (22)-(24). IIponcxo:lK):\eHne OTOH KOHCTaHTbI 6epeT CBOe Ha'IaJIO 

OT ycnOBlI11 MaKpocKonn'!ecKoro KBaHTOBaHiill (22) ceKTOpliaJibHbIX CKOpOCTe:ii nnaHeT 

lI llX cnyTHIIKOB. llo q>opMyll BlI):\HO, 'ITO KOHCTaHTbI n/me lI n/ma nrpaIOT q>yH):\a

MeHTaJlbHYIO ponb B onncaHlill rpocc-cTpyKTYPhI cneKTpa B01:\0POl:\On0):\06HbIX aTOMOB 

n ConHe'IHOH cncTeMbI, Ha 'ITO 06paT1m BHllMaHlie A.M. "9:e'IeJihHllI:IKIIli 
40 

e111e B 

1980 r. <PyH):\aMeHTaJibHOCTb KOHCTaHTbI n/ma CTaHeT O'!eBlI):\HOH, ecnn ee nepenn-

caTb cne):\yIOI.I.llIM o6panoM 
fl, fl, 

-=--c=cAc. (33) 
ma mac 

.35 

.30 

,---.. 25 
(.9 

E 
"'- 20 
..c 
'-...,/ 

"'- 15 0:::: 
> 

10 

5 

0 , ......... ,. 
1·0 0 5 15 

N 
35 

Puc. 1. OTHomeHiill -V R/ ( n /ma) KaK q>YHKI:lllll rnaBHoro KBaHTOBoro 'IllCJia N. 
TpeyrollbHIIKll - Ha6ll!O):\aeMbie ceKTOpI!aJibHble CKOpOCTII, ):\eJieHHble Ha KOHCTaHTY 

n/ma, ):\ll11 Harll11):\HOCTll BbI'IllClleHHble OTHOllieHU11 ):\aHbI CnlIOllIHOH JIUHUen. 
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Cne):\oBaTellbHO, KOHCTaHTa oKanarracb paBHo:ii KOMnTOHOBCKOH ):\llllHe BOJIHbI B ConHe'!

HOH ClICTeMe, YMHO:lKeHHOH Ha CKOpOCTb CBeTa c, n, COOTBeTCTBeHHO, KOMnTOHOBCKall 

):\llllHa BOJIHbI paBHa Ac ::::: 3 * 108
cM. 

E111e pao o6paTI!M BHI!MaHI!e Ha To, 'ITO KOHCTaHTa h/m. eCTb KBaHT CeKTOpu

aJibHOH CKOpOCTll oneKTpoHa B aToMe BO):\OpO):\a no onpe):\eJieHI!IO. BcnoMHllM B OTOH 

CB110lI, 'ITO B CBepxTeKy'IeM remm h/mHe (mH,- Macca renn11) TO:lKe KBaHTOBaHa. Ta

KOe COBIIa):\eHne He MO:lKeT 6hITb Clly'!allH:>1M II K OTOMY Bonpocy Mb! BepHeMC11 npu 

o6cy)l():leHllll agpOHHbIX peooHaHCOB. 

.IJ:n11 ConHe'IHOH cucTeMbI Mb! BBenn nocTo1!HHYIO TOHKOII cTpyKTYPhI Ctc no aHa

nornn C nocT011HHOH TOHKOH CTpyKTypoii a, ):IJIH aTOMa BO):IOpoµ;a. XoTH o6e noCTOHHHbie 

HBJI1!IOTCH 6eopaoMepHbIMII, O):IHaKo OHI! COCTaBJieHbI I!0 paoHoro KOllll'!eCTBa MUpOBbIX 

KOHCTaHT ( CM. qiopMyny (29)). Ifo Ta6JIIII:lbI 1 Bll):\HO, 'ITO Ha6JIIO):laeTCH KoppelIHI:11111 

Me)l():ly a, u ll'G, KOTOpall He I!MeeT o6'bHCHeHlIH Ha cerO):IHHllIHI!H geHb. Cpaoy 6poca

eTC11 B rnaoa, 'ITO B caMOM gene noCT011HHIIJl ll'G eCTb OTHOllieHne ABYX xapaKTepHbIX 

):lllllH GM/c2 
n ti/mac. 

B BbICllieil CTeneHlI nap.:i):IOKCaJlbHO, 'ITO pacrrpegeJieHIIe paccT01!HllH op6I!T nna

HeT ll lIX caTelllII!TOB, a TaK)l(e llX CKopocTeii ll yrJIOBbIX MOMeHTOB no):l'IIIHHIOTC11 TeM 

)Ke oaKOHaM, 'ITO ll ):IJIH OJieKTpOHOB BOl:\Opogonogo6HbIX aTOMOB. B KJiaCCl!'!eCKOll Me

XaHllKe BCe op6llTbI paBHOBepOHTHbI, Bee oaBI!ClIT OT Ha'IaJibHbIX ycJIOBIUI. B KllaCCU'Ie

CKOH q>IIOirKe r n P = mv HeoaBllCIIMhI, Bop BBeJI rmv = nh, aHarrorII'!Hoe cooTHOlliemre 

V R = Nh/ma 6blno ucnonbooBaHo HaMn Bblllie ):\JIH rrnaHeT ConHe'!Hoii cncTeMbI 11 ux 

crryTHllKOB. 

Cnegy11 pa6oTe 41 , 01:1eHIIM Bepo11THOCTb cny'IaiiHoro pacnpegenemrn Tell no 

op6uTaM B ConHe'IHOH cncTeMe. HarroMHllM, 'ITO KOHcTaHTbI h/mc BbI'IIICJIHJIIICb no 

qiopMyne 

n./ma = (L V R)/ L N (34) 

C ncnOJib0OBaHlieM Ha6JIIO):laeMbIX gaHHbIX O ceKTOpllaJibHbIX CKOp0CTHX Tell B CoJIHe'!

HOH CllCTeMe . .IJ:anee BbI'II!ClIHJII!Cb Bellll'IlIHbI 

l:!.N = VR/(n/ma)- N, (35) 

rge N - 1:1enoe 'II!ClIO. MaKCllMaJlbHOe 0Ha'!eHIIe OTKlI0HeHllH l:!.N OT 6mr)l(a1rmero ):10-

nycTIIMOro 1:1enoro 'IllCJia paBHO 1/2, B TO )Ke BpeMH cpe):\Hee 0Ha'ieHne l:!.N paBHO 1/4 
):llIH xaoTlI'!eCKoro pacrrpegeJieHIIH CeKT0pllaJibHbIX CKOpOCTeii V R ):\ll11 60JibllIOro 'Il!Clla 

Tell. Cne):\OBaTellbHO, I!0Mep11eMoe cpegHee OTKlI0HeHIIe OTHOCllTeJibH0 K XaOTII'IeCKOMY 

OTKlI0HeHIIIO ):\JIH X Tell M0)l(eT 6bITb oanucaH0 B Bllge 

I Vi l=I El:!.N I /(x/4), (36) 

TaK 'ITO BepOHTH0CTb ClIY'IaHHoro COBna):\eHirn C Teopnei'r OToro cpegHero q>aKTopa 

0TKlIOHeHlIH ):lll11 X Tell paBHa 

w =I Vi 1x. (37) 
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Ta6llm:.la 3. Ha6moµ;aeMble ceKTOpIIallbHble CKOpOCTII ( CM2ceK-l ), KBaHTOBble 'IIIClla N 
II oum6KII t::..N ==I V R/(h/ma) - N I µ;m1 Bcex Tell Cmrne'IHOll cIIcTeMbl. Ta6llIII.la 

3aIIMCTBOBaHa 113 pa60Tbl 41 

Tello VR N t::..N 
CollHI.le/ cnHx. 1.83206 . 1019 2 0.02379 
MepKypnn 2. 71252 . 1019 3 -0.00360 
BeHepa 3. 788798. 1019 4 0.18531 
3eMllJI 4.434324. 1019 5 -0.07951 
3eMllJI / CIIHX. 0.12967. 1016 1 -0.00314 
3eMllJI/1R 0.390642 . 1016 3 0.00314 
Mapc 5.4 75066 · 1019 6 0.04806 
Mapc/1 0.020021 . 1016 2 -0.07569 
Mapc/cnHx. 0.0315. 1016 3 0.02761 
Mapc/2 0.031713. 1016 3 0.04808 
AcTepoIIp;bI 7.248132. 1019 8 0.00668 
IOrrIITep 10.149647. 1019 11 0.21185 
IOmITep/cxrnx. 4.76 -1016 2 0.00379 
IOrrIITep/5 4. 7876 . 1016 2 0.01541 
IOrrIITep/1 7.311068. 1016 3 0.07770 
IOrrIITep/2 9.222 · 1016 4 -0.11786 
IOmITep/3 11.64714. 1016 5 -0.09697 
IOrrIITep/4 15.44646. 1016 7 . -0.49760 
IOrrIITep/6 37.6564. 1016 16 -0.14801 
IOrrIITep/7 37. 7326 · 1016 16 -0.11593 
IOrrIITep/10 38.2502 . 1016 16 0.10196 
IOrrIITep/8R 50.03436. 1016 21 0.06266 
IOrrIITep/12R 51.13925. 1016 22 -0.4722 
IOrrIITep/11R 52.3457. 1016 22 0.03566 
IOrrIITep/9R 52.6205 . 1016 22 0.15134 
CaTypH 13.737788. 1019 15 0.17552 
CaTypH/rnHx. 2.16.1016 6 0.32776 
CaTypH/10 2.2532 . 1016 7 0.18669 
CaTypH/1 2.65334 . 1016 8 -0.22699 
CaTypH/2 3.0006 . 1016 9 -0.19387 
CaTypH/3 3.3445 . 1016 10 -0.20222 
CaTypH/4 3. 7851 . 1016 11 0.08852 
CaTypH/5 4.473. 1016 13 0.10373 
CaTypH/6 6.80623 . 1016 20 -0.06102 
CaTypH/7 7.46069. 1016 22 -0.14377 
CaTypH/8 11.6193. 1016 34 0.03896 
CaTypH/9g,_ 21.8747. 1016 64 0.08234 

-- --
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II poµ;ollJKeHIIe 
Tello VR N t::..N 
YpaH 19.48961 · 1019 22 -0.47070 
YpaH/cIIHX. 0.628 · 1016 3 0.04161 
YpaH/5 0.86905 . 1016 4 0.20709 
YpaH/1 1.05373 . 1016 5 0.10113 
YpaH/2 1.24373 . 1016 6 0.02092 
YpaH/3 1.59309.. 1016 8 -0.28781 
YpaH/4 1.842284 . 1016 9 -0.08146 
HerrTyH 24.42334 . 1019 27 -0.02063 
HerrTyH/ CIIHX. 0.770 · 1016 1 -0.04062 
HerrTyH/IR 1.56224 . 1016 2 -0.05353 
HerrTyH/2 4.08871 . 1016 5 0.09433 
IlllyToH 27.08923 · 1019 30 -0.07596 

3Ha'leHIIJI W rrpIIBeµ;eHbl B Ta6llHI.le 1. KaK BIIp;Ho, BepoJITHOCTb clly'lallHoro 
TeopeTII'leCKOrO OIIIICaHIIJI Ha6ITIOp;aeMbIX p;aHHbIX O CeKTOpIIallbHbIX CKOpOCTJIX IIllaHeT 
B CollHe'IHOll CIICTeMe paBHa 1/1736, p;lllI crryTHIIKOBbIX cIIcTeM IOrrIITepa, CaTypHa II 
HerrTyHa OHa paBHa 1/617, 1/160 II 1/25, COOTBeTCTBeHHO, B TO BpeMJI KaK p;llJI BCex 42 
Tell B CollHe'IHOll cIIcTeMe aTa BepoJITHOCTb paBHa 10-12 • Ta.Kon aMrrnpn'IecKnn <paKT 
HaM KaJKeTCJI µ;aeT ell.le oµ;IIH apryMeHT B IIOllb3Y crrpaBep;llIIBOCTII MOp;ellII MaKpOCKOIIII
'leCKoro KBaHTOBaHIIJI op6IIT He6ecHbIX Tell. 

C caMoro Ha'lalla CTaHOBlleHllJI KBaHTOBOll MexaHIIKII 44, 45 OlKIIBlleHHO o6cyJKµ;a
eTCJI Borrpoc O B03MOlKHOCTII Ha6llIOp;eHIIJI KBaHTOBOro IIOBep;eHIIJI MaKpOCKOIIII'leCKIIX 
Tell. Ilpu 0TOM pe'Ib IIp;eT O p;IIHaMIIKe KaKOll-llII6o oµ;Hoii: Im orpOMHOro 'IIIClla CTeIIeHen 
CB060p;bl MaKpOCIICTeMbl II KaK B03MOlKHblli rrpIIMep o6bl'IHO IIpIIBOp;JIT CBepxrrpoBOp;JI
ll-lIIH TYHHellbHbIH rrepexoµ; 46 . IlapaMeTpbI MaKpocIIcTeMbl JIBlIJIIOTCJI cpep;HIIMII no 
p;BIIJKeHIIIO COCTaBlIJIIOU-lIIX MIIKpOCIICTeM. C Ha'larra 60-x roµ;oB o6cylKp;aIOTCJI "KBaH
TOBhie" MaKpOCKOIIII'leCKIIe llll60 KorepeHTHble acp<peKTbl. Hau6ollee II3BeCTHbIM KBaH
TOBbIM MaKpOCKOIIII'leCKllM JIBlleHIIeM. MOlKeT CllYlKIITb KBaHTOBaHIIe MaI:HIITHOro rro
TOKa B IIOllbIX CBepxrrpoBOp;JIU-lIIX l.lIIllllHp;pax. HarrpIIMep, KaK Cllep;CTBIIe KBaHTOBaHIIJI 
MarHIITHOro IIOTOKa IlllIOC KBaHTOBaHIIe JlaHµ;ay 0lleKTpOHHoro p;BIIJKeHIIJI B CIIllbHOM 
MarHUTHOM rrolle B03HIIKaeT KBaHTOBaHHblli acp<peKT Xolllla 47, KOTOpblii: 3aBllCIIT IIC
KllIO'IIITellbHO OT <pyHp;aMeHTallbHbIX KOHCTaHT h/e. Ilpu 0TOM corrpoTirnllemrn Xolllla 
paBHO 

1rh/ e2(j + 1) = 1rc/ o.(j + 1 ), (lla) 

rµ;e j-1.lellble 'IIIClla. 8To 03Ha'laeT, XOllllOBCKOe COIIpOTIIBlleH:11e IIOlleBoro TpaH3IICTOpa 
orrpep;ellJieTcJI TOllbKO 3Ha'leHIIJIMII KOHCTaHT e2 II n, II COBepweHHO He 3aBIICIIT OT 
CBOHCTB Bell.leCTBa. Bhlwe 6blll0 IIOKOOaHO (cM. cpopMylly (11)), 'ITO "KBaHTOM" CKOpOCTII 
B BOp;opoµ;orroµ;o6uo:11 aTOMe JIBlIJieTCJI OTHOWeHIIe p;Byx cpyHp;aMeHTallbHbIX KOHCTaIIT 
e2 /h, a B clly'lae KBaHTOBaHnoro a<p<peKTa Xolllla "KBanT" corrpoTirnlleHIIJI Xolllla pa
BeH o6paTHOMY OTHOWeHllIO 0TIIX <pYHp;aMeHTallbHbIX KOHCTaHT. 3µ;ecb yMeCTHO BCIIOM
HIITb TaKJKe acp<peKT ,IlJKoaecpcoHa 46, 48, 49). CyTb 0TIIX acpcpeKTOB COCTOIIT B TOM, 'ITO 
HeKOTOpble MaKpOCKOIUi'IeCKHe Bellll'IIIHbl, xapaKTep1myIOU-llle MaKpOCIICTeMbl, OKOObl
BaIOTCJI CBJI3aHHbIMII µ;pyr C µ;pyroM COOTHOWeHitilMII (reoMeTpII'IeCKOe KBaHTOBaHne), 
KOTOpble BbITeKaIOT ll3 OCHOB KBaHTOBOli MexaHIIKll II B .!IBHOM BIIµ;e coµ;epJKaT IIOCTO
JIHHYIO IlllaHKa II µ;pyrne q>yHp;aMeHTallbHble KOHCTaHTbl. 
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s: Aµ;poHHble peooHaHcbl. O6w;ue coo6pa:lKeHH.H 

HI12Ke rrpoBeµ;eM Tl.l.laTeJihHhIH HyMeponorI1'1eCKIIH aHamm rrpoµ;yKTOB pacrraµ;a 
HeKOTOphIX aµ;poHHhIX peOOHaHCOB Ha OCHOBe Bh!WeIIpIIBeµ;eHHhIX rrpeµ;cTaBJieHIIH. MII
Moxoµ;oM oaMeTIIM, 'ITO IIO IICTOpIIII HayKII MhI OHaeM rrpIIMephI, Korµ;a HyMeponor1rn 

Ha MHoro neT orrepe:iKana Teopmo. BanhMep 51 (Y'IIITeJih reoMeTpI1I1) B 1885 roµ;y 
IIOJIY'IIIJI qiopMyny µ;mi: 'IaCTOT CIIeKTPaJihHhIX JIIIHIIH aTOMa Boµ;opoµ;a Ha OCHOBe Hy
Meponoril'IeCKoro aHaJIIIOa cy1.1.1ecTBYIOI.I.IIIX 0KCIIepI1MeHTaJihHhIX µ;aHHhIX. B 1913 roµ;y 
OHa 6h!Jia o6'bHCHeHa BopoM II B 1926 roµ;y c 60JihWeii TO'IHOCThIO ,I(IlpaKOM II IlaynI1 
Ha OCHOBe KBaHTOBOll TeOpIIII. 

Boµ;e 52 B 1772 roµ;y rrpeµ;no:iKIIJI rrpocTy10 qiopMyny (30), KoTopaH xopowo orrI1-
ChIBaJia paCCTOHHIIH OT ConHu;a µ;o WeCTII IIOBeCTHhIX K TOMY BpeMeHiI IIJiaHeT II ChI
rpana peWaIOI.I.IYIO pOllh rrpII OTKpp!TIIII IIJiaHeThI SpaH II IIOJIOChI acTepoI1µ;0B, oµ;HaKO 
oHa He B cocTOHHIIII OIIIICaTh paccToHHUH HerrTyHa II IlnyToHa OT ConHu;a. PaoyMHoro 
061.1.1errpIIHHTOro 061,HCHeHIIH 0TOH qiopMyJihI µ;o CIIX rrop He 6h!JIO II, IIO-Bilp;UMOMY, MO
µ;eJih 'Ie'IeJihHIID;Koro HBJIHeTCH rrepBoii yµ;a'IHOH IIOIIhITKoii o6'hHCHeHIIH OTOH qiopMyJihI II 
µ;pyrIIX Ha6JIIOµ;aeMh!X OaKOHOMepHOCTeii IIJiaHeT II IIX caTeJIJIIITOB ConHe'IHOH CIICTeMhI 
Ha OCHOBe rIIIIOTeOh! MaKpOCKOIIIl'IecKoro KBaHTOBaHUH, 

HII:iKe Beoµ;e CIICTeMaTIIKa II o6ooHa'IeHUH, a TaK:iKe COOTBeTCTBYIOI.I.IIle 0Kcrre

pIIMeHTaJihHhie µ;aHHhie BOHThI IIO 53 , MaCChI II 0HeprJIII Hil:lKe rrpIIBeµ;eHhI B MaB, a 
nMrrynhchI B MaB / c. , 

PaccMOTpIIM pacrraµ; aµ;poHa Ha µ;Ba 1'-KBaHTa, Torµ;a mR = 2P-y, TO eCTh 

AD= 2.\c, 

IlycTh aµ;poH pacrraµ;aeTCJi Ha µ;Be 'IacTUIIhI a II b, Torµ;a 

mR = Jm~ + P 2 + Jm~ + P 2 = E. + Eb, 

TO ecTh 

IIJIII 

rµ;e 
1 

Ac= mR' 

1 1 1 1 
-=--+-=--
Ac ,\E(a) AE(b) - AE(ab) 

.\E(ab) = Ac, 

1 
AE(i) = E;' 

AE( a )AE( b) 
AE(ab) = ,\E(a) + AE(ab) 

ErnI1 aµ;poH pacrraµ;aeTCH Ha µ;Be oµ;I1HaK0Bhie 'IaCTUIIhI (a= b), TO 

AE = 2Ac. 

(38) 

(39) 

(40) 

(41) 

(41a) 

(42) 

Cneµ;oeaTeJibHO, BblmeyKaoaHHble reoMeTpH'leCKHe KBaHT0BaHH.H ( 38), 
( 40) H ( 42) .HBJI.HIOTC.H cneµ;CTBHeM OaK0Ha coxpaHeHH.H 0HeprHH-HMilYJibca H, 

eCTeCTBeHH0, Bblil0JIH.HIOTC.H T0'lH0 HeOaBHCHM0 OT BHµ;a BOaHMO/J;eHCTBH.H 
Me:lKµ;y npoµ;yKTaMH pacnaµ;a peoouauca. 

Bhrwe Mb! rrpIIWJIIl,K BhIBOµ;y, 'ITOµ;= CBHOaHHhIX COCTOHHIIII II peooHaHCOB µ;on
:lKHhI BhIIIOJIHHTCH COOTHOWeHIIH COIIOMepIIMOCTeii µ;nH acIIMIITOT:U'IeCKIIX liMIIYJihCOB 
IIJIII µ;e6poiineBCKIIX BOJIH 

Pn1 (a) _ Av(n2) n2 

Pn2 (a) = Av(n1) = n1 · (12) 
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IlpoBepKy 0TIIX COOTHOWeHilll Mb! rrpoBeJIII µ;nH orpOMHOro 'IIICJia aµ;poHHhIX peooHaH
COB, no-oa orpaHU'IeHHOCTII MeCTa Mb! rrpIIBOp;UM peoyJihTaThI TaKoro aHaJIIIOa TOJihKO 
µ;irn pacrraµ;a f2-6apIIoHa. HII2Ke rrp1rneµ;eHa BCH rrerro'!Ka rrocneµ;oBaTeJihHhIX KaHa.'IOB pac
rraµ;a f2-6apnoHa, a TaK:iKe COOTBeTCTBYIOI.I.IIle pacrraµ;Hhle IIMIIYJihChI P(i), rµ;e i OOHa

'!aeT COOTBeTCTBYIOI.I.IIIll µ;ByX'IaCTII'IHhIH KaHan pacrraµ;a f2-6apIIOHa II ero rrpoµ;yKTOB 

pacrraµ;a. HarrpnMep, cooTHoweHI1e 

P(l)/ P(26) = 3.9977 ± 0.0095::::: 4 

OOHa'!aeT, 'ITO paccMaTpirnaeTCH OTHOWeHne m.1,myJihCa B pacrraµ;e n- ⇒ AK- K IIM

rryJihCY B KaHaJie µ ⇒ e-1', 

W ⇒ AK-(67.8 ± 0.7)%, P 1 = 211.1916, v,(l) = 2.74 * 10-3, 

W ⇒ 3°71'-(23.6 ± 0.7)%, P 2 = 293.6753, v,(2) = 3.82 * 10-3, 

W ⇒ 3-7r0(8.6 ± 0.4)%, P3 = 289.8280, v,(3) = 3.87 * 10-3, 

W ⇒ 3(1530)0 7r-(4.3 * 10-4 )%, P4 = 16.6495, v,(4) = 7.77* 10-3, 

W => 3-1'( < 2.2 * 10-3)%, P5 = 314.2702, v,(5) = 3.92 * 10-3, 

n- ⇒ A7r-( < 1.9 * 10-4 )%, Ps = 448.7094, v,(6) = 2.96 * 10-3, 

A ⇒ p7r-(63.9 ± 0.5)%, A= 100.5814, v,(7) = 6.87 * 10-3, 

A ⇒ n7r0(35.89 ± 0.5)%, P8 = 103.9785, v,(8) = 6.93 * 10-3, 

A ⇒ n1'(1.75 * 10-3)%, P9 = 162.2176, v,(9) = 7.21 * 10-3, 

3(1530)0 ⇒ 3°71'0(100)%, Pio= 157.7000, v,(10) = 5.57 * 10-3, 

3(1530)0 ⇒ 3-7r+(loO)%, P 11 = 146.5503, v,(11) = 5.69 * 10-3, 

3° ⇒ A7r0 (99.54 ± 0.05)%, P12 = 135.2125, v,(12) = 6.12 * 10-3, 

3° ⇒ A1'(1.06 * 10-3)%, Pi3 = 184.1247, v,(13) = 6.31 * 10-:3, 

3° ⇒ E 01'(3.5 * 10-3)%, P14 = 116.6577, v,(14) = 9.40 * 10-3, 

3° ⇒ p7r( < 4 * 10-5 )%, P 1s = 299.1383, v,(15) = 4.05 * 10-3, 

E 0 ⇒ A1'(100)%, Pi6 = 74.3888 v,(16) = 1.43 * 10-2, 

3- ⇒ A7r-(::::: 100)%, P11 = 139.0379, v,(17) = 5.96 * 10-3, 

3- ⇒ E-1'(1.27 * 10-4 )%, Pis= 118.0745, v,(18) = 9.30 * 10-3, 

E- ⇒ 71'-n( < 1.9 * 10-5 )%, Prn = 193.0738, v,(19) = 5.24 * 10-3, 

K- ⇒ µ-vµ(63.51)%, P 20 = 235.5318, v,(20) = 8.12 * 10-3, 

K- ⇒ 7r-;7r0(21.16)%, P21 = 205.1382, v,(21) = 8.10 * 10-3, 

71'- ⇒ µ-vµ(99.9877)%, P22 = 29.7918, v,(22) = 4.27* 10-2, 

71'+ ⇒ e+v.(1.23 * 10-4 )%, P23 = 69.7840, v,(23) = 2.87 * 10-2, 

71'0 ⇒ n(98. 798)%, P24 = 67.4882, v,(24) = 2.96 * 10-2, 

7l'o ⇒ µ±e'f( < 3.1 * 10-8 )%, P25 = 26.1299, v,(25) = 4.74 * 10-2, 
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µ± => e±-y( < 4.9 * 10-11 )%, P26 = 52.8280, v,(26) = 3.38 * 10-2, (43) 

MTaK, rrepe'IHCnlIM HHlKe TO/IbKO HeKOTOpbie TaKHe COHiJMepnMOCTn: 

;g~; = 3.3751 ± 0.0001 ::::, 
2
; j ;~

7
;) = 3.3761 ± 0.0003 ::::, 

2
8
7 = 3.3750. ( 44) 

P(3) 3 P(6) 3 
P(l9) = 1.5011 ± 0.0016::::, 2; P(l

5
) = 1.5000 ± 0.0032::::, 2. ( 45) 

P(lO) 4 P(5) 4 
P(l8) = 1.3356 ± 0.0045 ::::, 3; P(

20) = 1.3343 ± 0.001 ::::, 3 ( 46) 

;g~j = 2.4970 ± 0.0025 ::::, ~; ;g~ j = 1. 7584 ± 0.0083 ;::/ i ( 4 7) 

P(lO) 7 P(lO) 7 
P(l2) = 1.1663 ± 0.009::::, 6; P(

24
) = 2.3367 ± 0.0054::::, 3 (48) 

B ( 44)-( 46) Mb! o6'begnHnrrn OTHowemrn UMIIYJibCOB ):IJIJ! pai3HbIX KaHaJIOB, UMeIOl.l\UX 

ognHaKOBbie COUiJMepnMOCTH. Ma ( 48) crregyeT, 'ITO ):10/IlKHO BbIIIOJIHJ!TbCJ! COOTHOWeHne 

P(12)/ P(24) = 2 n ;}KCIIepnMeHTaJibHbie ):laHHbie IIO):ITBeplK):laIOT aTo ~g~J = 2.0035 ± 
0.0011::::, 2. 

TaKlKe y6elKgaeMcJI B TOM, 'ITO OTHoweHnJI paGJIH'IHbIX grrnH BOJIH Ac, AE n An, 
a TaKlKe OTHoweHHJI cKopocTen: vi = Pi/ Ei grrJI pai3HbIX_ rrpogyKTOB rrerro'IKH pacrraga 

agpoHOB J!BJIJ!IOTCJ! COHi3Mep1IMbIMH B paMKax aKcrrepnMeHTaJibHbIX own6oK. Ilo Kpaii:

Hen: Mepe MOlKHO rrpnn:TII K 6orree OCTOpOlKHOMy BbIBogy: OTHOWeHHJI pai31IH'IHbIX /:IIIIIH 

BOJIH, a TaKlKe OTHOWeHHJ! CKopocTen: ):1/IJ! pai3HbIX rrpogyKTOB rreIIO'IKII pacrraga agpo

HOB J!BJIJ!IOTCJ! /:\JUI CKOpOCTeH npu6JIUOHTeJibHO COHGMepHMbIMH. ,I(en:CTBHTeJibHO, 

B aTOMe Bogopoga YCJIOBIIJ! KBaHTOBaHIIJ! Bopa (2) BbIIIO/IHJ!IOTCJ! TO'IHO TO/IhKO B Hepe

JIJ!TliBIICTCKOM rrp1I6muKeHH1I IIplI rrpeHe6pelKeHIIII, CKalKeM, CIIIIH-op61ITaJibHbIMII BiJa

lIMO):len:cTBIIJ!MII II T. A·· TaK 'ITO O COIIiJMepHMOCTII OTHOWeHIIll CKOpocTen: arreKTpoHa 

B aTOMe Bogopoga MOlKHO roBOpHTb B cpegHeM, rrpeHe6peraJI TOHKHMU geTaJIJ!MII /:IBII

lf(eHIIII. 

PaccMoTplIM rrerro<JKY 61IHapHbIX KaHa.'IoB pacrraga E--6ap1IoHa: 

E- => mr·-(::::, 100%), v(n) = 0.201c, v(11'-) = 0.810c, 

71'- => µ-vi,(::::, 100%), v(µ-) = 0.271c, v(vµ) = c, 

71'- => e-v.(::::, 10-4%), v 1(e-) = c, v(v.) = c, 

µ- => e--y(:=::, 10-11 %), v 2(e-) = c, v('Y) = c. 

IIorry<JaeM crregyIOll\Ue OTHOWeHHJI CKOpocTe1'i: 

(49) 

v(11'-) = 4.026::::, 4 (0.7%), 
v(n) 

v(11'-) = 2.986::::, 3 (0.5%), 
v(µ-) 

v(µ-) - 1 348::::, 27 (0.1%), 
-- - · 20 

v(n) (49a) 

rge B CK06Kax YKaGaHbI OTJIH'IIIJ! rrpegrrorraraeMbIX COIIGMeplIMOCTen: OT aKcrreplIMeH

TaJibHbIX. 0THOWeHIIJ! CKOpocTen: v(vµ), v,(e-), v(v.), v2(e-) 1I v(-y) paBHbI eglIHIIIIe. 
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KaK crregyIOl.l\llH IIplIMep paccMoTplIM pacrrag K±-MeGOHa: 

K± => µ±vµ, v1(µ) = 0.917c, v(vµ) = c, 

K± => 7!'±7l'o, v(11'±) = 0.827c, v(11'0 ) = 0.835c, 

71'± => µ±vµ, v2(µ) = 0.271c, v(vµ) = c, 

71'± => e±v., v(e) = v(v) = c, 

71'
0 => 'Y'Y, v(-y) = c, 

71'
0 => µ±_e'f-, v3 (µ) = 0.240c, v( e) = c, 

µ± => e±-y, v(e) = v(-y) = c. 

BbIIIIIWeM TOJibKO HeCKOJibKO OTHOWeHIIll CKOpOCTen:: 

v1(µ) 9 v1(vµ) 9 
v( 11'±) = 0.906 ::::, 10 (0. 7% ), v( 11'0 ) = 0.915 ::::, 

10 
(1. 7% ), 

(50) 

v2(µ) 3 vJ(µ) 9 va(µ) 27 -(-) = 0.297::::, - (1%), -() = 0.885::::, - (1.6%), -() = 0.267::::, - (1%). 
V1 µ 10 V2 µ I 10 Vt µ 100 

(50a) 
8TOT IIplIMep llHTepeceH TeM, 'ITO IIMeIOTCJ! TplI KaHaJia KaHaJia pacrraga c BbIJie

TOM µ-MeiJOHa II KBaHTOBaHHbie CKOpOCTII µ-MeiJOHOB COHi3MepHMbI. ,I(en:CTBIITeJibHO, 

rrepBbIH µ-MeGoH rroJIBJIJieTCJI KaK rrpJIMon: rrpogyKT pacrraga CaMoro K±-MeGOHa, a BTO

pbre II TpeTbll µ-MeiJOHbI J!BJIJ!IOTCJ! BTOpll'IHbIMII rrpogyKTaMll pacrraga K±-MeiJOHa, a 

HMeHHO: K± -+ 7!'±7l'O, a GaTeM 71'± -+ µ±vµ II 7!'0 -+ µ+ e-. fl HeCMOTPJI Ha 0TO, CKOpOCTll 

BCeX Tpex µ-MeiJOHOB c TO'IHOCTbIO rry<Jwe 'leM 2% COHGMepIIMbI, aHaJIOril'IHO c COlliJ

MepIIMOCTbIO CKOpOCTen: IIJiaHeT n llX crryTHllKOB CorrHe'IHOll CllCTeMbI. OgHaKO Bee 42 
Terra B CorrHe<JHOll CIICTeMbI /:IBHlKYTCJ! OKOJIO O):IHOH IIJIOCKOCTII, n 6oJibWIIHCTBO lli3 HUX 

Bpal.l\aIOTCJI B ogHoM HarrpaBrreHIIH. MoJKHO JIU OlKII):laTb IIOJIHon: aHarroruu cTpyKTYP 

):IBIIJKeHun: TeJI B CoJIHe<JHon: cucTeMe u ):IBHJKeHnn: cocTaBJIJIIOll\llX <JaCTHII agpoHoB ? 
MoJKHO rrpuBecTn cJiegyIOll\llH Ka<JeCTBCHHbIII apryMeHT. YrJioBaJI <JaCTb BdJIHoBon: q>yH

KIIllII rrpogyKTOB pacrraga agpoHOB paBHa Pt(cosO). Korga m yBeJIII'lllBaeTcJI, TO rrrroT

HOCTb BepoJITHOCTII cgBnraeTCJI oT z-ocu K 0KBaTopuarrbHon: IIJIOCKOCTll. EcJiu I m I= l, 
TO I Pi( cosO) j2oc sin 210, u 0Ta q>YHKIIHJI IIMeeT IIIIK OKOJIO () = 11' /2. C yBeJill'ICHlleM 

l wuprrna IIIIKa yMeHbWaeTCJ! KaK 1-112' ll CJIC):IOBaTCJibHO, ):IJIJ! 6oJibWllX l IIpllXOAIIM K 

Krraccu<JecKon: Kapnrne IIJiaHapHbIX op6nT. B TaKon: CllTYafilill BOGHllKaIOT 6Jiarorrp1I

JITHbie YCJIOBllJ! ):1/IJ! KorepeHTHOll HHTepq>epCHIIHH BOJIHOBbIX q>yHKIIIIH KOHCTllTYCHTOB 

agpoHOB, BOiJHIIKHOBCHHIO pei30HaHCHbIX eqicpeKTOB H KaK peGyJibTaT K COHiJMeptIMOCTH 

COOTBCTCTBYIOll\lIX CKOpOCTen:. IIoeToMy Mb! OlKll):laeM, 'ITO IlPO/:IYKTbl pacnai:1a ai:1-

pOHOB /:IOJI)KHbl /:IBHraTbCB OKOJIO 0/:IHOH IlJIOCKOCTH . . ,I(OKaiJaTeJibCTBO IIJIH orrpo

Beplf(eHtie 0TOH rllIIOTeiJbI BOiJMOJKHO 0KCIIepHMCHTaJibHbIM rryTeM. 

EcTeCTBeHHO, q>eHOMeHOJIOrll<JeCKIIll aHaJIHi3 ):IJIJ! YCTaHOBJICHHJI COOTBeTCTByro-

1.l\llX COOTHOWeHIIll COHiJMepHMOCTen: lli3 cyll\eCTBYIOll\lIX 0KCIIepnMeHTaJibHbIX AaHHbIX 

c lliJBeCTHbIMll own6KaMII Tpe6yeT OCTOpOlKHOCTll ll AaJKe n Tex CJIY'laJIX, KOrAa Ha6JIIO

gaIOTCJ! COlliJMepHMOCTH KaK OTHOWeHHJI MaJieHbKHX IICJibIX 'lllCeJI. PacCMOTpllM OAHH 

TaKon: rrpnMep: 

Pi - = 3.9977 ± 0.0095 ::::, 4, 
P2s 

(51) 
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Pi - = 1.9988 ± 0.0095 ~ 2. 
m,, (52) 

Pi 
E. = 3.9975 ± 0.0095 ~ 4. (53) 

0'1eBilgHo, 'ITO Mhl MOlKeM rrpegIIOJIOlKIITb Pi/ p26 = 3.9977 ± 0.0095 ~ 4 IIJIII 399/100, 
II o6a rrpegrroJIOlKeHHH paBHOBepoJITHbI c TO'IHOCTbIO go GKcrrepHMeHTaJibHhIX onrn6oK. 

BrrorrHe BOt3MOlKHO, 'ITO HeKOTOphle Ht3 TaKIIX COOTHOWeHHll MoryT OKatlaTbCJI COHt3Me

pHMhIMH Ht3-t3a CTaTHCTil'leCKIIX crry'laIIHOCTeii:. B paccMaTpHBaeMOM IIpHMepe ogHo

BpeMeHHO 3TH TpII COOTHOWeHHH TO'IHO BhIIIOJIH$ITbCJI He MoryT, IIOCKOJibKY Torga Ha

pywaeTCJI t3aKOH coxpaHeHHH GHeprIIH B pacrrage µ => e-,, TOJibKO gBa Ht3 HHX MoryT 

6h!Tb TO'!HhIMH. Cygbeu JIBJIJieTCJI GKCIIepHMeHT, II IIOGTOMy rrp0Begem1e 6onee TO'!HhIX 

HccrregoBaHIIH pacrragoB agpoHoB cTaHOBIITCJI BalKHhIM. PaccMoTpeHHhIH rrpHMep HHTe

pecen ell\e C gpyroii: TO'IKH apeHHH. Bne t3aBIICHMOCTII OT Toro, KaKoe Im OTHOWeHilll 

(51), (52) II (53) BhIIIOJIHJieTCJI TO'!HO l!JIII IIpI16JII1lKeHHO, GTII COOTHOWeHIIJI yKatlhIBaIOT 

Ha To, 'ITO B u;erro'!Ke pacrragoB fl-MetloHa ycTaHaBJIIIBaeTcJI CaMocornacoBaHI1e MelKgy 

An, Ac H AE B pat3HhIX Kanarrax. B u;erro'!Ke pacrragoB fl-Menona µ-MetloH JIBJIJieTcJI 

KOHe'!HhIM rrpogyKTOM, II µ-MetJOH "rroMHIIT" BCIO "IICTOpIIIO" pacrraga. 

CnegoBaTeJihHO, e u;enO'lKe pacnaAOB aApOHOB Ha6JIIOAaeTc.n reoMe
TpH'leCKoe KBaHTOBaHHe COOTBeTCTBYIOIIJ;HX AJIHH BOJIH HeoaBHCHMO OT BHAa 

BOaHMOAe:HcTBH.n npOAYKTOB pacnaAa Me:iKAY co6o:ii B paccMaTpHeaeMhlX Ka
Hanax. IlocKOJihKY reoMeTpH'leCKOe KBaHTOBaHHe_.HBJI.HeTc.n CJieACTBHeM TO'l

HhlX OaKOHOB coxpaHeHH.H OHeprHH-llMDYJihca, TO H caMo reoMeTpH'leCKOe 

KBaHTOBaHHe .HBJI.HeTC.11 TO'lHhlM, H OHO OTBeTCTBeHHO oa CaMocornacoeaHHe 
ABH:lKeHHH Me:iKAY paonhIMH KauanaMH pai:;naAa aApouoe. 

Bbrwe Mhl roBopHlIH O KBaHTOBaHI!l! cpegHHX ceKTOpHaJibHhIX CKOpOCTCll 

;,, 
v, = rv = n

m (54) 

B aToMe Bogopoga, B cBepxTeKy'leM reJIHH H B ConHe'!Hoii: CHCTeMe: Torga MbI BbICKa

aarrII rrpegrrorrolKeHHe, '!To BeJIIl'IIIHa n/m IIrpaeT q>yHgaMeHTaJibHYIO porrb. OgHaKo rrpn 

rrepexoge K pelIJITHBHCTCKOMY CJIY'laIO B BhlpalKeHim (54) BMeCTO MaCCbI m Mhl gOJilKHhI 

rrogcTaBHTb ee pelIJITHBHCTCKOe BhlpalKeHHe E = Jm2 + P 2• Ecrrn paccMaTpHBaeTCJI 

pacrrag agpoHa no necKOJibKHM KaHarraM 

Torga E rrepexognT B 

R => a1 + bi, 

a2 +b2, ... (55) 

EaEb 
Eai, = Ea + Eb (56) 

KBaHTOBaHne H paBeHCTBO CeKTOpHaJibHhIX CKOpOCTeii: B pat3HhIX KaHarrax pacrraga ag

poHa MOlKHO aarrncaTb B Bnge 
n1 n2 --=--, 

Ea,b, Ea2b2 (57) 
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rge n1 H n2 - u;eJihle 'IHCJia. JierKO MOlKHO y6egHTbCJI B TOM, 'ITO B CJIY'laJIX pacrraga 

agpoHa Ha gBe '!aCTHIJ;hI c paBHhIMII MaccaMH paBeHCTBO (57) BhIIIOJIHJieTCJI TO'IHO, II6o 

OHO Torga COBIIagaeT C ycrrOBI!eM coxpaHeHIIJI GHeprlll!-IIMIIYJibCa 

1 1 -- = -- => 2Jm2 + p2 - 2J 2 + p2 -Ea,a, Ea2a2 a, a, - ma2 a2 = mn, (58) 

rge mn - Macca pacrragaIOil.\erocJI agpoHa. 

BbIWe ylKe r0Bop1mocb, 'ITO coxpaneHne cpegHIIX ceKTOpl!arrbHhIX CKOpOCTeII 

B neperrJITIIBIICTCKOM crry'!ae oana'!aeT coxpaHeHIIe op6IITaJibHoro yrrroBoro MOMeHTa. 

B peJIJITIIBIICTCKOM rrpegerre op6nTarrbHhlll yrrroBOll MOMeHT He coxpaHJieTcJI ( coxpa

HJieTCJI IIOJIHhlll MOMeHT), n crregoBaTeJibHO, paBeHCTBO (55) gJIJI pacrragoB nma (53) 
B 06ll\eM gorrlKHO BhIIIOJIHJITbCJI rrpn6rr11lKeHHO, 'ITO I! rrogTBeplKgaeTCJI petJyJibTaTaMII 

BhI'IIICJieHHll v., rrpegcTaBJieHHhIMII B ( 43) grrJI pacrragoB fl-MetJOHa • .I(enCTBiiTeJibHO, 

v,(2) ~ v,(3) ~ v,(5) ~ v,(4)/2, v,(7) ~ v,(8), v,(20) ~ v,(21), 2v,(22) ~ 3v,(23) 11 

8v,(24) ~ 5v,(25). 
EcrrII lKe agpOHhI pacrragaIOTCJI Ha '!aCTIIIJ;hI C paBHhIMll MaccaMI! B pat3HhIX Ka

Harrax, HarrpI1Mep, B pacrragax Turra Kg-MetJoHa 

K~=>1r+1r-, K~=>1r0 1r0 , K~=>n, K~=>µ+µ-, K~=>e+e-, (59) 

TO ceKTOpnarrbHhle CKOpOCTI! u, crregoBaTeJibHO, yrrrOBhle MOMeHThI l; B TaKIIX KaHarrax 

paBHhI n OTJIIl'!Hhl OT HYJIJI. 8To Ot3Ha'!aeT, 'ITO rrpogyKThI pacrraga HeCTafolJibHOII '!a

CTIIIJ;hl B ee co6cTBeHHOll CIICTeMe IIOKOJI BCerga ammoTpOIIHhI. K TaKOMY lKC BhIBogy 

rrpuwerr A.M. Barrgnn 74 :" ••• This remark shows that it is impossible to discover 

quasistationary objects basing on the idea about decay isotropy in their rest frame. In 

relativistic dynamics, such decays are always anisotropic." 
IfoBeCTHo, 'ITO Kg-Menon IIMeeT rroJIHhIII yrrroBoii MoMeHT, paBHhIII JP = o-. 

B TO lKe caMoe BpeMJI COOTBeTCTBYIOII.\Ile KaHaJibHhle yrJIOBhle MOMeHThI OTJill'!HhI OT 

HYJIJI II paBHhI MelKgy co6oii:, IIOCKOJibKY COOTBeTCTBYIOII.\Ile ceKTOpllaJibHbIC CKOpOCTII 

OTJIII'!Hhl OT HYJIJI ll paBHhI MelKgy co6oii:. 8To BOt3MOlKHO TOJibKO B TOM cny'!ae, ecm1 

rrpogyKThI pacrraga Kg-MetlOHa B pat3HhIX KaHarrax gBIIlKYTCJI Ha O,IHOI°I IIJIOCKOCTII B 

pat3HhIX HarrpaBJieHHJIX caMocorrracoBaHHhIM o6pa30M TaK ( TO CCTb C rrpOTIIBOIIOJIO)K

HbIMII rrpoeKIJ;IIJIMH yrJIOBoro MOMeHTa), 'IT06hl o6ecrre'!l!Tb paBCHCTBO HYJIIO IIOJIHoro 

yrrroBoro MOMeHTa. PacCMOTpeHHhlll IIpIIMep He egIIHI!'!eH, '!aCTIIIJ;hI A, ~+, ,p II T. g. 

nMeIOT anarrorII'IHYIO CTPYKTYPY· EcrrII GTO Ha6rrIOgeHne rrogTBepgHTCJI, TO OHO 6ygeT 

IIMeTb garreKO ngyIJ.\Ue IIOCJiegcTBIIJI. 

AHarroroM o6cylKgaeMoro q>eHoMeHa B Jigepnoii: qumuKe JIBJIJIIOTCJI Gq>q>eKThI crra

pI1BaHHH HYKJIOHOB ( CIIllHhI Illlll IIOJIHhIC MOMCHThI gByX Btlal!MOgeUCTBYIOII.\IIX HYKJI0HOB 

aHTmraparrrreJibHhI) B aTOMHhIX Jigpax 56, 57 . MHorne CBOllCTBa u xapaKTCpllCTllKII 

aTOMHhIX Jigep HeBOt3MOlKHO o6'bJICHl!Tb 6e3 y'!eTa Gq>q>eKTOB crrap11BaH1rn HYKJI0H0B 
58, 59, 60. Oco6eHHO BCJIIIKO BJIIIJIHIIC CBepXTCKY'IIIX KoppeJIJIIJ;llll rrpn paCCMOTpenm1 

a6coJIIOTHhIX BepoJITHOCTCll o-pacrraga aTOMHhIX Jigep (6hIJill IIOJIY'!CHhI 61 KOGq>q>IIIJ;ll

eHThI ycnrreHHJI rropJigKa 103 - 104
, rrogpo6HOCTll CM. B 58, 62 ). HegaBHO 6hIJIO gaHo 63 

o6'bJICHCHIIC TBepgo ycTaHOBJICHHOMY GKCIICpllMCHTaJibHOMY q>aKTY rrpn genemm Jigep, 

Korga cpparMeHThI geJICHIIJI BhIJICTaIOT C MaJihIMII yrJIOBhIMII MOMCHTaMII OTHOCIITCJib

Horo gBIIlKCHIIJI. ABTOphI 63 nplIWJill K BhIBogy, 'ITO B TaKIIX CJiy<laJIX BhIJICTaIOT q>par

MCHThI c rrpu6JII!3llTCJibHO paBHhIMll u aHTimaparrrreJibHhIMll cmrnaMII. 

25 



HarroMH.IIM ell.le pa::i, 'ITO coxpaHeH.IIe yrnoBoro M0MeHTa 03HaqaeT IT0CT0HHCTB0 

ceKTOpliaJibHOlI CK0p0CTII-3a paBHble rrpoMe)KyTKlI paµ;uyc-BeKT0p ;IJ;BlI)KYil.lellCH T0'lK.II 

0IU!CbIBaeT paBHhle ITJI0il.la;n;u. cho lI eCTI, BTOpoii: 3aK0H Kerrnepa, crrpaBeµ;mIBhlll gJIH 

µ;BU)KeHui'r rrnaHeT u ux crryTHlIK0B B ConHe'!Hoi'r CIICTeMe. 8ToT lKe 3aKoH Kerrnepa BhI

II0JIHHeTcH g/IH /lB.II)KeHuii: rrpogyKT0B pacrraga agp0H0B. OgHaKo cneµ;yeT rrogqepKHYTh 

ell.le pa3, 'ITO yrn0Bble M0MeHTbl rrnaHeT lI IIX crryTH.IIK0B B ConHe'!HOlI C.IICTeMe He HBJIH

IOTCH C0II3MepIIMhIMII Be/III'IIIHaMII, TaK0BbIMII HB/IHIOTCH T0/Il,K0 .IIX ceKT0pira/IhHhle II 

opfoITaJII,Hble CKopoCTlI. KaK 6bIJIO II0Ka::laH0 Bblllle, rrpogyKTbl pacrraga agp0H0B TaK)Ke 

lIMeIOT C0lI3MeplIMble ceKT0pIIaJihHbie lI op6IITaJihHble CK0p0CTU. 

B 3aKJII0'!eHlIII rrepeIUill!eM qiopMyny (39), .IICII0/Ih3YH ycJI0Blie KBaHT0BaHue 

Bopa (2) 

mR = Jm~ + P 2 + Jm~ + P 2 = Jm~ + (;)2 + Jm~ + (;)2
. (60) 

Qqen11µ;1rn, cf>opMyJia (60) µ;mi Macc1,1 aµ;poHHhlX peooHaHCOB connaµ;aeT c 

COOTBeTCTBYIOJ:qHMH cf>opMyJiaMH ):\JIH COOCTBeHUblX 'JaCTOT peoouaTopon, 

HHTepcf>epoMeTpoe, opraHHblX Tpyo H T. µ;., TO eCTb C cf>opMyJiaMH ):\JIH coo
CTBeHHblX qacTOT CHCTeM BOJIHOBOH npupoµ;bl. 

MbI CTpeMlI/IlICI, OTo6paTb xapaKTepHhle KBaHT0Bble HBJieH.IIH B MlIKpo ClICTe

MaX lI CO0TBeTCTBYIOil.llie aHanOrlI'!Hbie HBJieHIIH B MaKpoq>lI3IIKe, C II0M0il.lbIO K0Topr,rx 

Mbl X0Tenu rrog'!epKHYTh BCe06ll.lHOCTb reoMeTp.lI'lecKoro KBaHTOBaHlIH. MbI CTapanucr, 

yrrpoCTlITb Hall!lI paccy)Kµ;eHlIH µ;o TaKOll CTerreHlI, 'IT06bl 0HlI 6bIJilI II0HHTHbl crreu;n

aJilICTaM, pa60TaIOI1.1IIM B pa::iJIII'!HbIX o6nacTHX ecTeCTB03HaHIIH. B TO )Ke BpeMH Mbl 

XOTeJIII 6bl rrpIIgep)KIIBaTbCH B03MO)KHOll CTporoCTII II3/I0)KeHlIH TaKlIM o6pa::ioM, 'IT06bl 

He II0TepHTb aµ;eKBaTHOCTb II3/I0lKeHIIH K q>lI3IIKe paccMaTplIBaeMbIX HBJieHIIll. Ilp1rne

geHHble IIpIIMepbI B3HTbl Im pa::iJI.II'!HbIX o6nacTen uayKlI .II TCXHIIKlI ( ecTeCTBeHH0, 'ITO 

co6CTBeHHhle lIHTepechl aBT0pa rrplI aT0M CbirpanII orrpegeJIHIOII.IYIO ponr,), II 3gecr, 

MbI IIbITaJilICb gaTb geTaJibH0e II C.IICTeMaTII'leCK0e II3JI0)KeHIIe. Ilo B03M0)KH0CTII MbI 

X0TeJIII rrog'!epKHYTb rrpeeMCTBeHH0CTb pa::3BlITIIH qJII3IIKlI II rapM0HII'!H0CTb lI Bceo6-

ll.lH0CTb q>II3II'leCKlIX 3aK0H0B. MbI CTapanlICb µ;aTb rrogpo6Hble CCbIJIKII Ha opIIrIIHaJib

Hbie pa60Thl, o63opr,r II MOHOrpaq>Tm. IloCKO/IbKY B CTaTbe paccMaTplIBaIOTCH MHoro

'lIICJieHHble pogCTBeHHble JIBJieHIIH B pa::31III'!HbIX o6JiaCTJIX q>II3IIKII, TO ecTeCTBeHH0, 

'!TO Mb! i,,mrJIII rrporrycTlITb ITII0HepCKIIe CTaThII. 3a aT0 Mbl rrpIIH0CIIM CB0II IICKpeHHlie 

lI3BlIHeHIIH II rrp0CIIM C006ll.lIITb HaM 06 aT0M. 

6. Aµ;poHHble peoo11a11cbl. HeKOTOpbie peoyJibTaTbl pacqeTOB 

Bhlllle 61,mo II0Ka::ia110, 'ITO C00TBeTCTBYIOil.llie /llilIHhl B0JIH II CK0p0CTlI rrpo

/lYKT0B pacrraga agpoHHhIX pe::ioHaHC0B C0lI3MeplIMbI. ,UpyrIIMII CII0BaMII, aT0T BhIB0g 

M0)KH0 rrepeq>opMynIIpOBaTb TaK, 'ITO K0HCTIITyeHTbl aµ;poH0B IIMeIOT CB0lI co6cTBeH

Hhie 'IaCT0Thl, KaK JII06oii: pe::ioHaTop. JI aTa H0BM q>opMyrrupoBKa qJlI3II'leCKOll CYII.IH0-

CTII agpoHHbIX pe30HaHC0B pell!aeT 3aµ;a'ly Bhl'lIICJieHIIH IIX Mace. 

IlpegcTaBIIM ce6e KaKyIO-HII6yµ;r, arreKTpII'leCKYIO u;errb (pe3oHaHCHYIO IIOJIOCTh) II 

rrpegII0JI0)KlIM, ~TO co6cTBemrhle 'laCT0Tbl aTOl! u;errlI lI3BeCTHbl. ,Uo6aBlIM K aTOll u;erru 

60JihlllYIO rrocnegoBaTeJibH0CTb arreKTplI'!eCKIIX u;erreii: C .II3BeCTHbIMlI CBOllCTBaMII TaKlIM 

o6pa::ioM; 'lT06hI, CKa)KeM, IT0JIY'llI/ICJI paguorrpneMHlIK C Harrepeµ; 3ap;aIUlhIMII xapaKTe

plICTlIKaMII. 8TOT rrpueMHIIK 6yµ;eT C0CTaBIIeH II3 coTeH eMKOCTen, corrpOTIIBIIeHUll II 
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lIH/lYKTIIBHOCTell. To'lHO omrcaTh arreKTpoMarHlITHbIC IIO/IJI TaKoro rrpueMHIIKa MO)KHO C 

II0M0il.lhIO ypaBHeHlill MaKCBeJina, HO TaKaJI 3ap;a'!a X0TJI II ocyll.leCTBIIMa rrpaKTU'leCKlI, 

ogHaK0 BeCbMa Tpyµ;oeMKa. ,UerraJI MH0)KCCTB0 pa::iyMHbIX rrpu6JilI)KeHIIil II OaMeHIIB pe

aJII,Hble aneKTplI'leCKlie u;errII Ha IIX ugeanimupoBaHHble o6pa::ihl (uMeeM B BIIµ;y npaBII/Ia 

Kupxroqia), MQ)KH0 cpaBHIITCllbH0 nerK0 rrpoaHaJIU3IIpoBaTb BCIO arreKTpII'lCCKYIO u;errh 

lI rrocTp0lITb paµ;uorrpueMHlIK C ::iagaHHbIMII xapaKTeplICTlIKaMlI. 

,UrrH BhIHCHeHlIJI rpy6bIX CBOHCTB agpoHHhIX pe30HaHCOB Mhl rrpeµ;naraeM q>eHO

MCHOJI0rlI'!CCKYIO rrpou;eµ;ypy, aHanorlI'lHy10
1 

rrpou;eµ;ype Kupxroqia gnJI aHaJIU3a CJIO)K

Henll!IIX aneKTpII'ICCKlIX u;erreii:, COCTaBlleHHbIX lI3 rrpocTbIX 6JIOKOB C lI3BeCTHhIMII xa-

paKTepucTUKaMlI. 
,UrrH rrpuMepil, paccMOTplIM rroµ;po6Ho rrpo6rreMy µ;urrpoTOHHhIX pe30HaHCOB. lic-

TopIIH µ;u6aplIOHHhlX pe30HaHC0B µ;paMaTlI'lHa II rrpoTlIBOpe'llIBa. CoBpeMeHHhlll CTaTyc 

gu6apuoHHhIX pe30HaHCOB rrpeµ;cTaBJICH B Hep;aBHIIX 063opax 
14

, 
65

, 
66

, 
67

, rge aHaJIIIl3II

pyIOTCH aKcrrepuMeHTaJibHble p;aHHbie 06 Y3KlIX µ;u6apuoHHhIX pe30HaHCax B o6nacTlI go 

2300 MaB. XapaKTepHon oco6em!ocThIO µ;II6apIIOHHhIX pe3ouaHCOB JIBJIJieTCH IIX aHo

MaJihHO MaJiaJI IllliplIHa. O6'bJICH~Hlie aTOll oco6eHH0CTlI HB/IJICTCH BCCbMa cepbe3HhIM 

TeCTOM p;JIJI JII06oii: TeopeTlI'lCCKOll MOµ;errn. Cyll.leCTBYIOil.llIC TeopeTII'ICCKlie MOp;errII He 

B C0CT0HHIIlI o6'hJICHlITb Y30CTb ll!IIpIIH p;II6apIIOHHbIX pe::ioHaHCOB. 3Ha'leHIIH IIHBapII

aHTHhIX Mace gII6apIIOHHbIX pe30HaHCOB, Bbl'lIICJieHHbIX B cyll.leCTBJIOII.IIIX TeopeTII'le

CKlIX Mop;elIHX, ClICTeMaTlI'lCCKlI 6oJibll!C ua 300 MaB, 'ICM aKcnepIIMCHTaJibHble 3Ha'le

HlIH. Ka'leCTBCHHOe n OT'laCTlI KOlllI'lCCTBeHHoe o6'hHCHCHlIC OTMC'lCHHbIX Bblll!e oco-

6eHHOCTeII p;II6aplIOHHhIX pe3oHaHC0B p;aHO B 
14. Op;HaKO cneµ;yeT 3aMeTlITh, 'ITO aKC

rrepIIMeHTaJibHhlll cneKTP µ;n6aplIOHHbIX peomiaHCOB O'leHb 6oraThlll, II, ecTeCTBeHHO, 

Halli yrroMHHYThlll nogxoµ; 14 He B COCTOHHlilI onncaTb Bee Ha6rrroµ;aeMble µ;n6aplIOH

Hhle COCTOHHlIJI, IIOCKOllbKY OH lI3Ha'laJihHO npeTeHµ;yeT JilIIllb Ha BOCIIp0lI3Bep;eHlie no

JIO)KeHlIH u;eHTpOB TJI)KeCTlI COOTBeTCTBYIOil.llIX MYllhTIIIIJieTOB. B p;aHHOll pa6oTe Mhl 

0606I1.1IIM lI MOp;liq>lID;IIpyeM aTOT noµ;xoµ;. 
IlpegIIOJIO)KlIM Tenepb, 'ITO npOTOH npeµ;cTaBJIJieT co6oii: IIp;eaJibHYIO "pe30-

HaHCHYIO noIIOCTb". Jl3BeCTHO, 'ITO OH ,, )KlIBeT" 6orree 1032 
rreT lI B npIIHu;lIIle MOlKeT 

pacnagaThCJI (no He pacnaµ;aeTCH) no crrep;yIOil.llIM KaHanaM 
53

: 

p =? µ+-y, Pi.= 463.19, m(2p)theory = 2092.75 

p =? µ+1r0 , P2 = 453.22, m(2P)theory = 2084.00, m(2P)exp = 2087 ± 3 

p =? µ+r,, P3 = 297.15, m(2p)theory = 1968.40, m(2P)exp = 1969 ± 2 

p =} µ+ P° P4 = 120.63, m(2p)theory = 1891.99, m(2p),xp = 1892 

P =? µ+w, Ps = 105.42, m(2p)theory = 1888.35, m(2P)exp = 1886 ± 1 

P ⇒ µ+K~, 

p '* e+1ro, 

p=?e+r,, 

P=* e+/, 

Ps = 326.43, m(2P)theory = 1986.87, m(2p)exp = 1989 ± 1 

p =? e+-y, P1 = 469.14, m(2P)theory = 2098.04, 

Pa= 459.43, m(2P)theory = 2089.43, m(2P)exp = 2087 ± 3 

P9 = 309.43, 

Pio= 154.41, 

m(2p)theory = 1975.96, 

m(2P)theory = i90l.79, 

m(2P)exp = 1980 ± 2 

m(2P)exp = 1903 ± 2 

p =? e+w, Pn = 143.31, m(2p)theory = 1898.31, m(2P)exp = 1898 ± 1 
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p => e+K~, P12 = 337.15, m(2p)theory = 1994.02, m(2p)exp = 1999 ± 2 

p => e+ K*0, P13 = 41.22, m(2p)theory = 1878.35, m(2P)exp = 1877.5 ± 0.5 

p => l/1r+' P14 = 458. 76, m(2p)theory = 2088.84, m(2p )exp = 2087 ± 3 

P => YK+, Pis = 339.26, m(2p)theory = 1995.45, m(2p)exp = 1999 ± 2 

p => yp+, Pis= 154.41, m(2P)theory = 1901.79, m(2p)exp = 1903 ± 2 

P => YK*+, Pi1 = 45.52, m(2p)theory = 1878.75, m(2p)exp = 1877.5 ± 0.5 

K~ => 7r+7r-, Pis= 206.01, m(2p)theory = 1921.24, m(2p)exp = 1922 

K~ => 1r
0

1r
0

, Prn = 209.05, m(2p)theory = 1922.56, m(2p)exp = 1922 

K~ => n, P20 = 248.84, m(2p)theory = 1941.42, m(2p)exp = 1940 ± 1 

K~ => µ+ µ-, P21 = 225.29, m(2p )tlteory = 1929.88, m(2p )exp = 1930 ± 2 

K~ => e+e-, · P22 = 248.84, m(2p)theory = 1941.42, m(2p)exp = 1940 ± 1 

Kf => e±µ'f, P23 = 237.62, m(2p)theory = 1935.79, m(2p)exp = 1935.5 ± 1 

K+ => µ+y, P24 = 235.53, m(2p)theory = 1934.77, m(2p)exp = 1935.5 ± 1 

K+ => 1r+1ro, P2s = 205.14, m(2p)theory = 1920.87, m(2p)exp = 1918 ± 3 

K+ => e+l/, P25 = 246.84, m(2p)theory = 1940.40, m(2p)exp = 1940 ± 1 

T/ => 11, P21 = 273. 72, m(2p)theory = 1954.77, . m(2P)exp = 1955 ± 2 

T/ => e+e-, P2s = 273.72, m(2p)theory = 1954.77, m(2p)exp = 1955 ± 2 

T/ => µ+µ-, P29 = 252.51, m(2p)theory = 1943.31, m(2p)exp = 1945 

T/ => 1r+1r-, P30 = 235.47, m(2p)theory = 1934.74, m(2p)exp = 1935.5 ± 1 

W => 7r+7r-, P31 = 365.21, m(2p)theory = 2013.69, m(2p)exp = 2017 ± 3 

W => 1r
0
1 , P32 = 379.32, m(2p)theory = 2024.09_, 

W => T/1, A3 = 199.33, m(2p)theory = 1918.42, m(2p)exp = 1916 ± 2 

w => e+e-, P34 = 390.97, m(2P)theory = 2032.94, m(2p)exp = 2035 

w => µ+µ-, P35 = 376.42,· 

p+ => 7r+1ro, P3s = 358.89, 

P° => 7r+7r-, P31 = 358.01, 

po => 1ro1ro, P3s = 359. 76, 

p+ => 1r+,, P39 = 371.58, 

p+ => 7r+T/, P40 = 145.94, 

P° => 1ro,, P41 = 372.40, 

P° => T/1, P42 = 189.26, 

m(2p)theory = 2021.93, 

m(2p)theory = 2009.13, 

m(2p)theory = 2008.51, 

m(2p )theory = 2009. 76, 

m(2p)theory = 2018.34, 

m(2p)theory = 1899.11, 

m(2p)theory = 2018.94, 

m(2p)theory = 1914.34, 

m(2p)exp = 1918 ± 3 

m(2p)exp = 2008 ± 3 

m(2p)exp = 2008 ± 3 

m(2p)exp = 2008 ± 3 

m(2p )exp = 2017 ± 3 

m(2p)exp = 1898 ± 1 

m(2p )exp = 2017 ± 3 

m(2P)exp = 1916 ± 2 

p
0 => e+e-, P43 = 384.25, m(2p)theory = 2027.81, m(2p)exp = 2030 

P°=>µ+µ-, ,P44=369.44, m(2P)theory=2Ol6.77, m(2p)exp=2017±3 
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7r+ => µ+l/, P4i, = 29.79, m(2p)theory = 1877.49, m(2p)exp = 1877.5 ± 0.5 

7r+ => e+,, p46 = 69.78, m(2p)theory = 1881.73, 

1r0 => e+e-, P41 = 67.49, m(2p)theory = 1877.39, m(2p)exp = 1877.5 ± 0.5 

7ro => ,,, P4s = 67.49, m(2p)theory = 1881.39, 

7ro => µ+e-' P49 = 26.13, m(2p)theory = 1877.27, m(2p)exp = 1877.5 ± 0.5 

µ+ => e+,, Pso = 52.83, • m(2p )theory = 1879.52. (61) 

B (61) npe,[ICTaBneHbI KaHaITOBbie ac1IMnTOT1f'IeCK1Ie UMnynbCbI P;, BbI'IlICneHHbie no 

q>opMyne (60). ,IJ:anee paccMOTplIM ,[IByXnROTOHHYIO CUCTeMy KaK ClICTeMy ,[IBYX "pe-

30HlIPYI<>ll.\lIX nonocTeii". Ilpn 3TOM npegnonOJKl'IM, 'ITO acnMnTOTII'IeCKlle l!MnynbCbI 

OTHOCIITellbHoro ,[IBIIlKeHll.!! ,[IBYX npoTOHOB TaKIIe JKe, KaK II ,[Ill.II KOHCTIITyeHTOB OT

genbHOro npoToHa. ,IJ:pyrIIMlI cnoBaMil BbI'IIICn.lleM MaccbI ,[IByxnpOTOHHbIX pe□oHaH

COB no q>opMyne m(2p) = 2Jm~ + Pl, IIcnOnh□y.11 ::maqeH11.11 P; II□ (61). Pe□ynbTaTbI 
pac'!eTOB lI COOTBeTCTBYIOll.\Ile 3KcnepIIMeHTanbHbie ,[laHHbie nplIBe,(leHbI B (61). BbI

'IIlcneHil.11 BOcnpoII3BO,[I.IIT 3KcnePnMeHTanbHbie gaHHbie, naIIMCTBOBaHHbie Im o6□opoB 

65, 66, 67, 53, c TO'IHOCTbIO B npegenax 3KCnepuMeHTanbHbIX own6oK. B Bbl'IHCJieHU.IIX 

neT nu oµ;noro ceo6oµ;uoro noµ;rouo'lnoro napaMeTpa, u aTo npueoµ;nT nae 
K BbIBOµ;y, 'ITO oa OTHM 6ecnpeQenµ;eHTHO TO'IHbIM BOCnpouoeeµ;euneM OKC

nepnMeHTaJibHblX µ;aHHblX ,[IOJI)l(Ha 6b1Tb KpaCUBa.11 u npOCTa.11 <f>uonKa. 

3aMeTIIM, 'ITO B uaweM nogxoge MaCCbI pe□oHaHCOB ,[Ill.II CIICTeM PP n pp J:IOll

lKHbI 6bITb O,[IIIHaKOBbIMll, 'ITO n nO,(ITBeplK,(laeTC.11 npn CIICTeMaTH'IeCKOM auanime cy

ll.leCTBYIOll.\lIX gaHHbIX (geTanII CM. B 
15 ) 

,IJ:n.11 II3Bne'IeHII.II MY3bIKanbHbIX 3BYKOB Tpy6a•1 gyeT B CBOIO Tpy6y TaK, 'IT06bI 

B0□6y,[IHTb co6CTBeHHbie KOne6aHII.11 Tpy6bI, II TOllbKO Targa Tpy6a 3BY'IIIT. IlpoCTOll lI 

06ll.lIIli npHH[IIIn BOllHOBbIX pe□oHaTopoB: co6CTBeHHbie Kone6aHII.11 n106oro pe□oHaTopa 

B0□6yJK,(laIOTC.II TOllbKO npII coBnageHIIII (npII cmmMepIIMOCTII) 'IaCTOT ll g;nm BOllH 

BHeWHero non.II C COOTBeTCTBYIOll.\llMlI co6CTBeHHbIMII '!aCTOTaMII II gmmaM11 BOITH llC

cnegyeMoro pe□ouaTopa. Ilpn t'ITOM ue IIMeeT HIIKaKoro nHa'!eHn.11 q>n□n'IeCKa.11 npnpoga 

Bonn, CBOllCTBa MaTep1Iana, IICnOnb30BaHHOro ,[Ill.II KOHCTPYKflIIll pe□onaTopa, ll T. ,[I. 

IlpII CTOITKHOBeHIIII ,[IBYX npoTOHOB pe3oHaHCbI B ClICTeMe ,[IBYX npoTOHOB B03Hl!KaIOT 

Targa, Korga COOTBeTCTBYIOll.\IIe BOITHbI ( CKOpOCTll) OTHOCIITenbHOro ,[IBUlKeHlt.11 ,[IBYX 

npoTOHOB II KOHCTIITyeHTOB B npoTonax COII3MepIIMbI. CncgoBaTenbHO, pe□onaHCHbIC 

.l!BlleHII.11 B CIICTeMe ,[IBYX npoTOHOB gaIOT np.11MyIO l!Hq>OpMa[IIIIO O co6CTBCHHOli BHY

Tpenneii CTpyKType npoTOHa. HcHo, 'ITO npII 3TOM B CIICTCMe ,[IBYX npOTOHOB 6ygyT 

na6n10gaTbC.1! Il gononHIITellbHbie pe□oHaHCbI, npIICYll.\IIC TOllbKO gnnpoTony. Hanpn

Mep, B npoToHe eCTb nogcIICTeMa T/-> 11 c IIMnynhCOM P26 = 273.725 MriB/c. MolKHO 

OlKII,(laTb II3 npIIH[IIIna COll3MepIIMOCTII, 'ITO B ,[IIInpoTOHe ,[IOITJKeH 6bITb penoHaHC C 

p = 2P26, 3P26, 4P26, .... ,IJ:eiicTBIITenbHO, BbI'UIClleHHa.11 Macca ,(IIInpoTOHa paBHa 

2172.6 MriB npII P = 2P26 = 547.45 MriB/c II coBnagaeT c 3KcnepIIMenTanbHbIM nHa'Ic>

HIIeM (2172 ± 5) MriB 65 . 

MbI cne[IIIaITbHO BbI6panII npoTOH KaK 3TaITOH II,(leanbHoro pe□oHaTopa, no

CKOllbKY era 3HeprII.11 II3BeCTHa C 6onbWOll TO'IHOCTbIO II OH CTa6IIneH. B OTnil'IUC OT 

CB.113aHHbIX COCTO.l!Hllll aTOMOB, .11,[lep II T. ,[I. npoTOH MOlKeT pacnagaTbC.11 no 50 ,[IByx

'IaCTll'IHbIM KaHana.M II ell.le 6onbWeMy 'IIICJIY Tpex'IaCTll'IHbIX KaHanOB c BbI,(leneuneM 
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:mepnm. Ilo nocneµ;HeMy np113Ha.KY OH poµ;CTBeH C aµ;poHHhlMll pe30HaHCaMll, a no CTa-

6IInhHOCTll c aT0MaMll II xµ;paMll. CTa6mibHOCTb npoT0Ha HllKeM ellle He o6'bHCHHnacb, 

n Mhl Bbl):IBl!raeM, KaK pa6o'lyIO, cnegyIOlllYIO rnnoTeny: npoT0H HBnHeTCH cnOlKHOll BOn

HOBOll CllCTeMOH, B KOTOpOII ace )J;BUlKeHirn caMocornacoaaHhl uµ;eanbH0 cornacH0 npuH

uuny penoHaTopa l! ):IBl!lKeHl!H C00TBeTCTBYIOlllllX B0nH npoucxoµ;HT no reoµ;e3U'leCKOII 

mrnuu B 'leTbipexMepH0M npocTpaHCTBe-BpeMeHII. 

IITaK, Mhl npl!X0):ll!M K Bb!B0):IY, 'ITO X0TH npoT0H u CTa6uneH, 0):IHaK0 OH 

l!MeeT '1pe3Bhl'la1rno 6oraTy10 CTPYKTYPY, µ;anee Mb! 6yµ;eM ynoTpe6n.HTh TepMIIH: 

nnaHeTapHo- B0nH0Bal! CTpyKTypa. Ha npIIBegeHH0ro Bhlllle aHanuna Bll)J;H0, 'ITO npo

T0H He :meMeHTapHa.H 'laCTl!Ua l! He C0CT0llT ll3 npoCThlX Kllpnl!'lllK0B. IloHBllBlllal!CH 

a npoIIInhle BeKa npIIBbl'IKa o6'b.HCHHTb CTpoeHue cnolKHbIX CTPYKTYP nyTeM pa36l!BKll 

llX Ha 6onee u 6onee MenKl!e C0CTaBHbie 'laCTll HaCT0nhK0 CIInbH0 yKopeHl!nl!Cb a Mbl

IIIneHJUI coapeMeHHbIX <fmnl!KOB, 'ITO n0IICK :meMeHTapHbIX KIIpnll'IUK0B MaTepun BCe 

ellle 6enycTieIIIHO Tipoµ;onJKaeTCH. IlpoTOH - cnolKHaH B0nH0Bal! CUCTeMa, ace ):IBl!lKe

Hl!H TI0)J;CllCTeM COlmMepI!Mbl cornacH0 naK0HaM BOnHOBOll MexaHUKll, 'ITO TipllB0):lllT K 

caMocornacoaaHUIO C0CTaBHblX '!aCTen MaTepuu µ;pyr C µ;pyroM ll C nonHOll Cl!CTeMOll 

uenaBl!Cl!M0 OT Bl!)J;a B3aUMO):leUCTBU.H MelKµ;y aTl!Mll 'laCTHMI!. Bonee Toro, C0CTaBHbie 

•iacTu (KnacTepbI) MaTepm1 Tioµ;o6HbI µ;pyr µ;pyry u aceu cucTeMe • .I(e11cTBl!TenbHo, aµ;

poHbI pacTiaµ;aIOTCH TIO ueTI0'!Ke µ;epeBOTioµ;o6HbIM o6panoM Ha ace 6onee nerKue aµ;poHbI. 

Ilpll aToM pacTiaµ;hl Tioµ;o6HhI, KaK aeTKll µ;epeaa Tioµ;o6HbI MeJKµ;y co6ou n Tioµ;o6HbI ca

M0MY µ;epeay B uenoM. 

CucTeMaTu'!ecKun auanl!3 Tipoµ;yKT0B pacTiaµ;a aµ;poHHhIX peGoHaHcoa TI0KatJbI

aaeT, 'ITO C00TBeTCTBYIOllllle ):IBl!lKeHl!H C0CTaBHbIX 'laCTen He cyllleCTBYIOT caMU TIO 

ce6e HetJaancuMo . .I(BulKeHJrn cocTaBHhIX '!acTen MaTepuu a oµ;HoM aµ;poHe caMocorna

coBaHhI C ):IBl!lKeHl!HMl! C00TBeTCTBYIOlllllX 'laCTeII B µ;pyroM aµ;poHe. KalKp;bill aµ;poH 

caM TIO ce6e llrpaeT Tplle):IIIHYIO ponb: UMeeT cn0lKHYIO CTPYKTYPY, BX0):llIT a C0CTaB 

µ;pyroro aµ;poHa lI y'laCTByeT B 06MeHe MelKgy K0MTI0HeHTaMll BellleCTBa, Tioµ;µ;eplKl!Bal! 

uenoCTH0CTb CTPYKTypbI. TaKllM o6panoM ycTaHaBmrnaeTCH rapM0Hll'leCK0e eµ;uHCTB0 

;:IBlllKeHllll acex aµ;poH0B. HII 0):llIH agpoH He M0lKeT 6bITb 6onee qiyuµ;aMeHTanhHhlM, 

'leM ace 0CTanbHbie. Cneµ;oBaTenbHO, TiplIX0):ll!M K BbIB0):laM, 6nU3KllM TIO µ;yxy BbIB0):laM 

Te0plllI 6yTcTpana µ;nH CllnhHbIX B3aUMoµ;enCTBI!ll 68. Oµ;HaKo MeJKµ;y ):IBYMH TI0)J;X0-

gaMl! l!MeIOTCH rny60Klle paGnll'IIrn: BbIB0):lbI 6yTcTpaTia cneµ;yIOT ll3 Teopull S-MaTpl!Ubl 

gnx cunhHhIX BnauMoµ;encTauu, Hallin BhIB0):lhI He naBl!C.HT OT BHµ;a BGal!MogencTBHH 

l! 0CH0BaHbI Ha TiplllIUUTiax C0ll3MepUM0CTll II CaMoTioµ;o6nx, cneµ;yIOllllIX lI3 3aK0Ha 

coxpaHeHUH aueprmt-lIMTiynhca II yrnoaoro M0MeHTa. Ca1,mcornacoBaHne µ;auJKeHnn B 

TI0):ICllCTeMaX oµ;Horo aµ;poHa C C00TBeTCTBYIOllllIMII TI0):IClICTeMaMll gpyroro aµ;poHa lI 

):IBlilKeI{lill caMl!X aµ;poH0B; a TaKlKe y'laCTUe :lTIIX TI0)J;CllCTeM lI caMllX ap;p0H0B B 06-

Meue Tipl!B0)J;HT K uepapxuu ):IBlilKeHUll lI K CaMoopraHI!3aUIUI MaTepnu Ha KBaHT0B0M 

ypoBHe. II B aT0M aCTieKTe Hallll! BbIB0p;bI 6nll3KlI K BbIB0p;aM Teopllll caMoopraHU3aUI!lI 

B: Bepuaµ;cKoro, II. IlpHrolKIIHa II r. XaKeHa, oµ;HaKo uMeIOTC.H cllnhHbie oTnn'lll.H. 

Bonee Tiogpo6Ho 06 aT0M - B 6yµ;ylllIIX Tiy6nuKaUl!HX. 

BepHeMC.H CH0Ba K Tipo6neMe ):llITip0T0HHbIX penoHaHC0B. B ( 61) Tipeµ;cTaBneHbI 

3Ha'leHUH Mace )J;llTip0T0HHbIX penoHaHC0B, o6ycnoaneHHbie T0nbK0 co6CTBeHHbIMlI "TO

HaMu" TIP0T0H0B. EcTeCTBeHHO 0lKI!):laTb, 'ITO a Maccax )J;llTip0T0H0B 6yµ;yT Tip0HB

nHTbCH µ;pyrlle "TOHa" B Cllny TIPlIHUl!Ila C0lI3MepUM0CTl!. IloaTOMY cnolKllnacb TaKaH 

Cl!Tyau1rn C µ;1mp0T0HHbIMll pe30HaHCaMu, 'ITO pa3Hbie aKCTiepuMeHTanbHbie rpyTITibI C 
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,TO'IHenIIIl!Ml! TipII6opaMu He cMorn11 TI0BT0pl!Th penynhTaThI p;pyr p;pyra. 8Toro Tpyp;Ho 

p;oCTll'lb TIO TipllHUIIIlrianbHbIM coo6palKeHirn,M. K Tipl!Mepy' Cl!CTeMa 113 p;Byx HyKnOHOB 

Tipll Hanl!'ll!l! TpeTbell 'JaCTI!UbI p;onlKHa Tip0HBn.HTb p;pyrne penoHaHCHbie CBOHCTBa TIO 

cpaaHem110 co cny'laeM cBo6op;Horo (PP) B3anMop;eucTBU.H. Bonee Toro, penoHaHCHhle 

CBOHCTBa CI!CTeMbI p;ayx Tip0T0H0B naBl!CHT OT copTa COTipOBOlK)J;aIOlllell TpeTbell qa

CTl!UbI. O6paTllMCH K CIICTeMe HeHTpOH-IlpOTOH (NP). ffeuTpOH pacTiap;aeTCH Hape-Ile 

C 100% aepoHTH0CThlO, ll TI0aT0MY Ka3an0Cb 6bI, 'ITO MaCCbI NP- ll pp - p~30HaHCOB 

µ;onlKHhI 6bITh paBHhIMl!. Ho oHn He paBHhI 65 . B cIIcTeMe NP TipoHBn.HIOTC.H co6cTBeH

Hbie 'JaCTOTbI KaK HenTpoHa, TaK Tip0T0Ha, a :3 CIICTeMe PP - TOnbKO co6CTBeHHbie 

'JaCT0TbI Tip0T0Ha. Co6cTBeHHbie 'laCT0TbI Tip0T0Ha II HenTpoHa panHhie, ll ·TioaTOMY 

MaCCbI NP- II PP - CllCTeM MoryT 6bITb n. paBHbIMll ll HepaBHbIMll. 

MolKHO CKa3aTh, 'ITO ycTaH0BneHbI !IpOCTbie TipaB11na, BbITeKaioiulle ll3 3aKOHOB 

coxpaHeHIIH aHeprnI1-IIMTiyn1,ca II yrnoaoro MoMeHTa, 0TBeTCTBeHHbie Ga o6pa3oBaHIIe' 

penoHancoB B MIIKpo- 11 MaKpoMI1pe. 8To AaeT B03M0lKH0CTh B cnyqae ap;poHHhIX p~Go

HaHC0B BbI'IIICnHTb 11 Tipep;CKa3bIBaTh llX MaCC0Bbie TpaeKT0pl!ll • .I(nx aToro Heo6xop;l!MO 

aocTionhtJ0BaThC.H 11Me101lleii:cx aKcTiepI1MeHTanhHOH llHq>opMauIIen TaKIIM o6panoM, KaK 

MbI Tio'cTyTianll Tipll BbI'lllCneHl!II Mace p;11Tip0T0HbIX pe3oHaHC0B. PaccMOTpIIM CIICTeMy 

p'I'(+. BbI'IIICnllM llHBapllaHTHbie MaCCbI pe30HaHC0B, B0CTI0nb30BaBIIIIICb Ha6opoM llM

TiynhC0B 113 (60). PetJynhTaTbI TipIIBep;eHbI Hl!lKe: 

1080.63, 1081.46, 1084.71, 1086.18, 1088.99, 1095.73, 1096.91, 

1119.09, 1130.47, 1149.20, 1151.49, 1159.04, 1159.04, 1192.33, 

1202.55, 1208:55, 1209.46, 1212.64, 1229.96, 1241.09, 1241.16, 

1253.76, 1256, 01, 1260.17, 1284.64. (62) 

8TH peoyJibTaTbl noKaObIBaIOT, 'ITO Ha caMOM gene .6--Hoo6apa JIBJI.lleTC.11 
Qenou couoKynnocThIO oTp;eJibHblX peoonancou u nonuou auanorHH c rH
raHTCKHMH peoonaucaMH u aTOMHblX .11µ;pax. 3aKJIIO'leHHe: ap;pOHHble pe
oouaHCbl c 6oJibWHMH WHpHHaMH JIBJIJIIOTC.11 cyMMOH OTp;eJibHblX peoouau
cou, npH ynyqweuHH paopewe1111.11 no aneprHH 6yp;yT o6napy)KeHbl oTp;eJib- · 
Hble peoonaucbl c yoKHMH WHpHnaMH. 8KcnepHMeHTaJibHa.ll npouepKa aToro 
yTBep)Kp;eHH.11 6yp;eT cepbeoneumHM TeCTOM µ;n.11 uawero nop;xop;a. 

3aMeTIIM, 'ITO MbI TipllBenll B (62) q>par.,reHT CTieKTpa Mace µ;n.H pe30HaHCOB 

B Cl!CTeMe p'I'(+. B 'JaCTH0CTll, BO BCex HaIIIIIX pac'JeTax MbI llCTIOnb30Banll TOnbKO 

0CH0BHbie "TOHa'' Tip0T0Ha, HO A?nlKHbI JKe 6bITb o6epTOHbI, u OHll TOlKe p;ap;yT CBOll 

BKnap; B cTieKTp Mace ap;poH0B. 

CKatJaHHoe BbIIIIe BepHo p;nH p-MetJoHa c Maccou ( m = 768.5 ± 0.6) MaB II IIIIlpII-

HOH (r = 151.2 ± 1.2) MaB, a TaKlKe µ;nx f0-Me3oHa c Maccou m = 400 - 1200 MaB u c 

I1Inp11Hon r = 600 - 1000 MaB 53. HuJKe TipuBep;eHhI peGynhTaThI HaIII11x BhI'II1cneHIIn 

Mace B03M0lKHbIX pe30HaHC0B ~ CIICTeMe 7'(+7r-: 

283.99, 285.43, 291.06, 293.61, 298.47, 310.06, 312.09(313 ± 3), 

349.82(350 ± 10, 354), 368.96, 400.08(~97, 400), 403.87, 416.28, 

470.31(470 ± 7), 486.67, 496:23, 497.67(K~), 502.71, 530.04, 

547.45(77), 547.56, 567.13(569), 570.61(569), 577.03(576 ± 4), 614.51, 
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656.59(652 ± 2), 678.90, 710.02, 729.79, 733.70(736), 768.50(p), 770.14, 771.18 

781.94, 789.85, 793.85, 795.38, 802.93, 808.37, 817.62(822), 

830.27, 948.45, 959.03, 960:32, 967.52, 978.91(10(980)). (63) 

B eK06Kax rrpIIBeµ;eHbl OKerrepnMeHTa.JlbHble µ;aHHble lltl pa6oT 65, 71 , 69_ 

II□BeeTHO, 'ITO oµ;noBpeMeHHoe tlBJ'IaHne µ;Byx oµ;nHaKOBbIX eTpyH pa□mP1Hmr 
µ;mrnbl IIpII.l!THee µ;irn enyxa, eemr µ;nIIHbl eTpyH OTHOe.l!Te.ll µ;pyr K µ;pyry KaK He6onbWIIe 

n;enble 'IIIena 
70

. 06Hapy:lKeHne OToro cpaKTa rrpnrrnebIBaeTC.!I IImparopy. Iloµ; BlIII.ll

HIIeM eBoero OTKpbITII.ll OH eonµ;an: lliKOlIY "rrncparopn;eB"' KOTOpble cpaHaTII'IHO Bep~nn 

B enny qneen. Oun rrpeµ;rronaran:n eymeeTBoBaHne 'IucnoBon eB.lltlII Me:iKµ;y op6nTaMiI 

IIJiaHeT u Me:iKµ;y µ;pyruMU BelllaMU. B BbICIIIen eTerreHII yi:(UBUTelibHo, 'ITO B rrpnpoµ;e 

µ;eneTBIITelibHO eymeeTBJIOT TaKire q>aKTbl, KOTOpble OIIUebIBaIOTe.ll 'IIIelIOBbIMII eooT

HOllieHU.l!MII. Taxue eooTHOWeHU.ll.Mbl HatlBa.JIII eon□MepuMOeTbIO u eaMorroµ;o6neM. 

CymeeTBOBaHue TaKux eooTHowemrn OTKphlBaeT 6neeT.l!IIIIIe rrepcrreKTUBbI OKo

HOMII'IHhlX II norII'IHbIX OKerrepm.reHTa.JibHbIX uceneµ;oBaHIIll eBoneTB "oneMeHTapHbIX" 

'laeTIID; Ha eymeeTBJIOIIIIIX yeKopIITell.!Ix' npn HIItlKUX II npoMe)KJTO'IHbIX OHeprII.l!X. 

HeeKOlibKO rrpnMepoB. II□BeeTHO 65 , 'ITO lltl ynpyroro IIpOTOH-IIpOTOHHoro paeee.ll

HII.ll MO:lKHO ImBJie'Ib Haµ;e)KHJIO IIHq>opMa[IHIO O MaeeoBOM paerrpeµ;eneHIIII p;nrrpoTOH

HbIX pe□oHaHeOB. ,I(an:ee OTll µ;aHHble 6yi:tyT nerronbtlOBaTbe.ll µ;n.ll YTO'lHeHJI.ll eBoneTB 

II□BeeTHbIX "oneMeHTapHhlx" qaeTnn; n rrpeµ;eKa□aHn.ll uen□BeeTHhlx. B JUIP OIIRII 

IIllaHIIpJIOTe.ll OKeKlIIOtllIBHble OKCIIepnMeHTbl no neeneµ;oBaHHIO peaKD;IIH 6 He + a -> 

a + a + N + N e n;enb10 II□Bneqemrn IIHq>opMan;lllI o eBoneTBax .llµ;pa 6 He. Eemr rrpo

BeeTII KOppelI.l!D;IIOHHble litlMepeHIL!I HenTpOHOB, TO OTO p;aeT TO'IHble µ;aHHble O pe□o

HaHeHbIX eBoneTBax µ;IIHenTpOHHOll eneTeMbl rrpn Ma.JlbIX OHeprII.l!X, eTOlib Heo6xoµ;IIMbie 

µ;n.ll rrpoBepKII TeopeTII'IeeKHX rrpeµ;eTaBJreHHll O eTpJKType "oneMeHTapHbIX" 'IaeTun;. 

7. 3aKmo-<JeHne 

Ilo-BIIµ;IIMOMY, B.BaneKorrq> 
72 

6bln rrepBbIM, IIbITaBlliIIMe.ll e eµ;uuon TO'lKll tlpe-

1 HII.ll paeeMOTpeTb TPH erreKTpOeKorrnn, no ero TepMIIHOlIOrHII: aTOMHJIO, .llµ;epHyIO ·II 

ey6'b.llµ;epHyIO (KBapKOBJIO) eneKTpOeKOIIlllI, Ou o6paTIIlI BHIIMaHIIe He!: To, 'ITO KaK 

TOlibKO OTbleKIIBaeTe.ll erreKTpOeKOIIll.!I Bhlemero nop.llµ;Ka, TO µ;o6a.BlI.lleTe.ll HOBblll BIIµ; 

enMMeTpIIII. ATOMHble erreKTpbI IIMeIOT eIIMMeTpl!IO BpameHirn, .llµ;epHble erre~TpbI BBO

µ;.l!T eIIMMeTpIIH ImOTOIIIIII, a ey6'b.llµ;epHble. erreKTpbI p;o6aBJI.l!IOT SU3-eIIMMeTpIIIO. OT 

ee6.ll µ;o6aBIIM, IIO.l!BlieHne HOBoro BII)J;a eIIMM.eTplIII O'leHb 'IaeTo OtlHa'laeT Kapp;IIHalib

HOe l!□MeHeHne eBoneTB 1myqaeMoro o6'beKTa. HanpnMep, HenTpou B e~o6oµ;HoM eo

eTO.l!HIIII paerrap;aeTe.ll Ha rrpoTOH, OlieKTpoH n uenTpIIHO, Op;HaKO B .llp;pe OH eTa6nneH. 

IIo.l!BlieHne HOBoro Bnp;a enMMe-rpnn eeTb penyniTaT IIO.l!Bnemrn HOBoro IIHBapnaHTa. 

TaK, euMMeTpII.ll litlOTOIIIIII rrpnBO)J;UT K eoxpaHeHUIO nnoerruHa. ,I(pyrUMU enoBaMir, eo

xpaueHue UtlOeIIUHa eeTb pe□JlibTaT tlap.ll)J;OBOll HetlaBUeUMOCTI! eUlibHbIX BtlaIIMoµ;en

eTBUll. Cnep;yeT nop;'IepKHJTb, 'ITO IIO.l!BlieHue HOBOro BIIµ;a eUMMeTpnu TeM He Me

Hee He o□Ha'IaeT uapymeHue eTaporo Tnrra euMMeTpnu. Cenqae Mhl yBepeHHo Mo:lKeM 

JTBep:iKp;aTb 
73

, 'ITO Bo Beex Tpex erreKTpax Ha6n10p;aIOTC.!I BpamaTenbHhle u Kone6a

TenhHble eoeTO.l!HII.!I, OTlIU'Ia.10m11ee.ll no OHeprnn TOlibKO MaemTa6HbIMU rrpeo6pa□oBa
HU.l!MU, eenu He o6pamaTb BHlIMaHIIe Ha TOHKUe p;eTa.JIU OTIIX erreKTpoB. 
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MbI npoBeJiII eIIeTeMaTII'IeeKIIn epaBHIIT.enhHhlll q>eHoMeHonoruqeeKnn amuum 

eBoneTB BpamaTelibHbIX erreKTpoB Boµ;opoµ;orroµ;o6HhlX aTOMOB, MOJieKyn, .ll)J;ep, nnaueT 11 

IIX enyTHIIKOB B ConHe'IHOll eIIeTeMe, a TaK:lKe eneKTpOB paenap;a aµ;p<;JHHbIX penoHaHeOB 

II penoHaTopoB. Bo BCex OTIIX BOJIHOBbIX eIIeTeMax Ha6n10µ;aeTe.ll reoMeTpII'IeeKoe KBaH

TOBaHIIe eooTBeTeTBYIOIIIIIX µ;JIIIH BOJIH BHe □aBIIeIIMOeTll OT BIIµ;a BtlaIIMOµ;e1teTBIIll, 'ITO 

.l!BJI.lleTe.ll eneµ;eTBlleM naKOHa eoxpaHeHII.ll OHeprIIII-llMIIJJibea II yrnoBoro MOMeHTa. IIpII 

OTOM eKopoeTII B rrop;eIICTeMax rrpII6mrouTelibHO eOlltlMepIIMbl, TO eCTb reoMeTpl!'Ie

eKoe KBaHTOBaHne o6eerre'IIIBaeT eaMorroµ;o6II~ pa□lIII'IHhlX µ;Bn:lKemiii B eIIeTeMax Ta

KIIM o6panoM, 'ITO rrpIIBO)J;IIT K eaMoeornaeoBaHIIIO µ;BII:lKeHIIll OTµ;eJibHbIX KOMnOHeHT 

eueTeM. TeM eaMbIM, KaK HaM Ka:lKeTe.ll, eµ;enaH mar K o6'beµ;IIHeHIIIO petloHaHeoB pa□HOI! 

q>IItlII'IeCKOll rrpIIpoµ;bl. BolIHOBble pe□oHaHCbl B MIIKpo-, Meno- l! MaKpoq>IItlIIKe m.teIOT 

oµ;Hy II TY :lKe q>IItll!'IeeKyIO rrpIIpoµ;y: eoII□MepIIMOeTb xapaKTepHbIX reoMeTpuqeeKl!X 

pa□MepoB pe□oHIIPYIOIIIIIX eIIeTeM II eoOTBeTeTBYIOIIIIIX )J;lIIIH BOJIH. 

TaKIIM o6pa□OM, Mbl IIpIIXO)J;IIM K BbIBOIJ;Y, 'ITO aµ;pOHbl eoeTaBJieHbl IItl eaMono

)J;06HbIX eTpJKTYP (KnaeTepoB) TaKUM :lKe o6panoM II eornaeHo TeM :lKe tlaKOHaM, KaK 

rrnaHeTbl II IIX crryTHIIKII B ConHe'_IHOll eueTeMe, KaK aTOMHble MOJieKJlibl II T. µ;. BolIHO

Ba.ll KOHn;errn;ll.!I OKpy:lKaIOmero MIIpa )J;aeT KlIIO'I K noHIIMaHIIIO MHOrIIX YAI!BIITe:rbUblX 

.l!BlieHIIll B :lKIIBbIX II He:lKIIBbIX eIIeTeMaX, tlaIIHTepeeoBaHHOrO 'IIITaTeH.ll OTeblrraeM K 

rry6rrIIKaD;II.l!M 75 . 

II HaKOHen;, rrpIIBeµ;eM BbleKatlbIBaHIIe 3oMMepq>elib)J;a O KBaHTOBamm Eopa 

(eM. 50 Ha eTp. 255): "To, 'ITO HaM eerO)J;H.ll yp;aeTe.ll IIOH.l!Tb Ha .lltlbIKe eneKTpOB -

OTO IICTIIHHa.ll MJtlbIKa aTOMHbIX eq>ep, eOtlBJ'IIIe n;erroqnerreHHbIX OTHOWeHl!ll, Bee BOtl

paeTaIOIIIIIll nop.ll)J;OK II rapMOHII.ll rrpII BeeM IIX MHoroo6panmr. Bo Bee BpCMCHa Teop1rn 

erreKTparrbHbIX lIIIHIIll 6yi:teT HOeIITb IIM.ll Eopa. Ho eme O)J;HO IIM.ll HaBeerµ;a e Helt eB.ll

tlaHO - OTO IIM.ll IIrrauKa. Bee n;eJIO'IIICJieHHble tlaKOHOMepHOeTII erreKTpa.libHbIX lII!HI!l
0

! 

II a.TOMIIeTIIKII B Koun;e KOHD;OB BbITeKa.IOT Im KBa.HTOBOll Teopmr. 0Ha. npe)J;eTaB/J.lleT 

eo6oii TOT IIO/JHbill Ta.IIHeTB IIHCTpyMeHT, Ha KOTOpOM npnpop;a IIenorrH.lleT eneKTpa.Jib

HYIO MJtlbIKY II pIITMOM KOTOporo OHa. ynpaBJI.lleT eTpoeHIIeM a.TOMOB II aTOMHbIX .ll)J;ep''. 

8To BbleKa.tlbIBa.HIIe 3oMMepq>elib)J;a. npIIBO)J;IIT M. EopH B eBoeii eTa.TbII, noeB.l!IIIeHHOi°! 

meeTII)J;ee.l!TIIrreTIIIO 3oMMepq>enbp;a.. Iloene OTOH n;IITa.Tbl M. BopH □aKlIIO'laeT: "KaK 

6y)J;TO BHOBb tlatlBJ'Ia.JIO KenrrepoBeKoe eTpeMrreune K ra.pMOHIU! BeerrCHHOI!, ynpaBJI.l!P

MOll MJtlbIKa/JbHblM 'IJBeTBOM Kpa.eOTbl npaBI!JibHbIX nponopn;un B eMbICJie nuqia.ropo

BCKOll q>urroeoq>IIII, ero "geometria. est a.rehetypus pulchritudinis mundi" (na.T.)- "reo

MeTpII.ll --: OTO rrepBOHa.'la.JibHa.ll Ka.pTIIHa. Kpa.eoTbl MUpa.". 

IIo:iKan:yii, HIIrp;e e)J;IIHeTBO npIIpO)J;bl II JHUBepea.JibHOeTb ee tla.KOHOB He npO.l!B

lI.l!IOTe.ll Ta.K yp;IIBIITeJihHO .llpKo, Ka.K BO Bpama.TelibHbIX, KOrre6aTelibHbIX u BO/JHOBbIX 

.l!B/JeHII.l!X. Bpa.meHII.ll, KOrre6a.HU.ll u BOlIHbl - BOT TO o6mee, 'ITO o6'be)J;UH.lleT panuoo6-

pa□Hble rroµ;eIIeTeMbl B e)J;UHJIO erro:lKHJIO ea.Moeorna.coBa.HHJIO eIIeTeMy (oneMeHTa.pHbIC 

'!a.eTIID;bl -> .ll)J;pa. ....:.. a.TOMbl -> MOJieKJJibl -> KJiaeTepbI ->, ... ConHe'!Ha.ll eueTeMa. -> 

·Tuna.KTUKII-> BceneHHM). IIona.ra.eM, Bee eorna.e.l!Te.ll e TeM, 'ITO Kone6a.mrn, Bpa.memrn 

II BOilHbl .l!BlI.l!IOTe.ll oeHOBHbIM epeµ;eTBOM rronuaHll.!I tla.KOHOB npnpO)J;bl. II eHOBa BOtlBpa

ma.eMe.ll K p;ora.)J;Ke )J;peBHIIX, 'ITO eJIO:lKHenmIIe eIIeTeMbl noeTpoeHbl eornacHO npoeTbIM 

npl!Hn;IInaM. OrpoMHOe pa□Hoo6panne q>IItll!'!eeKIIX .l!BJieHUll eBO)J;l!Te.ll K He6olibW<>MY 

'lllClIY tla.KOHOB eoxpa.HeHII.ll. 

II noenep;Hee tla.KJIIO'!eHne: noHIIMa.Hne eTpyKTJpbI a.)J;pOHOB BnOJIHC BOtlMO:lKHO, I! 

)J;JI.ll OTOro Heo6xop;UMO npoBeeTII eneTeMa.TII'!CeKue TO'!Hble OKerrepl!MeHTaJibHble l!CCJIC-
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;:\OBaHII.II aµ;poHHhIX pe□oHaHCOB HII3KIIX ;meprIIii. K CO)KaneHmo, To-.'i:HOCTb CYl.l.\eCTBY
!01.1.\llX aKcnepIIMeHTanhHbIX p;aHHhIX no ap;poHHhIM pe□oHaHCaM .IIBHO He}J;OCTaTO"'IHa All.II 
ux ap;eKBaTHoro TeopeTU"'IeCKoro aHanuna. 

AB TOP lICKpeHHe 6rrarop;apeH r .. Kan"a•re oa npoBep;eiuiwe BhI"'Il!ClieHII.II u □a MHO
ro"'IIIClieHHb!e 06cy,Kp;eHu.1I, IO. PaTIIcy oa qmHaTII"'IeCKIIll onTl!MII□M II TBepp;OCTh p;yxa 
B Ha•ranhHOM cTap;1m Haweii coBMeCTHoii pa6oThI, M.Bapa6aHoBy, B. <l>ypMaHy, A. 1Ie
_"'IelihHm~KOMY, E. CTpOKOBCKOMY, A. CeM"'IeHKOBY, P.KypMaHoBy II B. Y)KIIHCKoMy oa 
none□Hhle 06cy,Kp;eH1rn II oa p;o6po,KeJiaTeJihHYIO KpIITIIKy. · 

HaKOHe~, aBTOp XOTeJI 6bI OTMeTIITh, 'ITO MHOrIIe II::3 npep;lIO)KeHHb!X B o6nope 
IIµ;e1r pop;IImrch nop; BlIII.IIHIIeM pa6oT A.M.Banµ;IIHa. 

Pa6oTa BhinonHeHa npII noµ;µ;ep,KKe rpaHTa P<l><l>M No 96-02-17216. 
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feoMeTpH'IeCKO~ KBaHTOBam1e MHKpo:.. H, M~pOCHCTeM: 
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TTpoBe,neu CHCTeMaTH~eCKHH 6~3Moiie.r,i.Hbltt Ii 6ecnapaMeTpHtJeCKHH q>eHOMe- -', 
iionorntJecKHtt · attanHJ ceKTOpHanLHbIX H ·op6HTaJibHb1x· cKopocTett · B MHKpo~ · H 

· Maiepoc11cTeMax c 11cno~bJ0Bitt11eM. -Jaiottoe . coxpatteHH~ : ~HeprnH-~Mnynhca -~ 
ceKTOpHllilbHblX 'CK()pOCTeH; a, TaK)Ke . npHHUJfooe -no.n.06HJ1° H _ pa3MepHOCTett. noirn- , 
JaHO, lJTO B cy6aTOMHOH q>HJHKe npttHUHn no.n.0611J1' cpopMyJilipyeTCJI B BHJJ.e ' 
YTBep)KJJ.eHHJI. COHJ¥ep~;,wcrn .wi11tt eonH .n.e_Epo~ll, KoMni'o~a it' A.£. B JaKpbITbIX · 

. - ' .' ( ·,. '. ;· ' , ' ' :, ' - ' ' ---~.' ' ' 
11 ~TKph!TblX B~.IIHOBblXCHCTeMax co6c:rneHHbl~ tJaCTOThl BOJHH~ilIO_T Ka_K peJynhTaT 
npOCTOro e reoMeTpHtJeCKOro KBaHTOBaHHJI COOTBeTcTByiomi1x- ,nnii'H CTOJllJHX Bomi. 
TTpHBOJJ.JITCH apryMeJITbi B. IlOJlbJY\ Toro, lJTO'. a,npoHbl C<?CTaBJJeHbl HJ CaMonci.n.o6HblX 
CTPYKTYP (KnaCTepoB) TaKHM ~e ci6pa30M,H cornaCHO -reM ie JaKOHaM, lJTO nnaHeTbl 

I. I H. H_X 'cnyrHHKJ B ConuetJHOH C~CTeMe,: aTO¥~ble MOneK)'Jlbl H T .,n; flpe,nno)KeHhl 
npocThle ripaeima BhitJHCnemi11_Macc a,npoHHbIX ·peJOHaucciB. · · •. , · -•. · · , · : 

'· 

, . '> 'Pa6cfraBb!IlO_J!Ht!Ha B Jla6opa;opHH TeopeTH<iecKt>ii qJl-l3HKH .;M.H.H.Eo~mo6o-
' Ba 0115UI. ,\ · ' '- i c' · · · 

Coo6w~HHe 061,eniineHHOro HIICTHT)'T3 ,11J1epHblX, Jcc.ne11osai'mii: Jl}15Ha, 1996 
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Geometric Quantization of Micro- and Macrosystems'. ' 
Planetary-Wave Structure of H~dr~ri R~s-on·~nces - . I \ 
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· The systematic model and parameter~indeperiderit phenomenological analysis of 

sectoral, an_d o_rbital velociti~~ has been- p~rforined bas6d on the'conservation laws 
of the_ e~~rgy~momenta' and_ iector~i _ velocities as. wei1· as· cm the• similitude ·and 
dimension principles. )t is demonstrated ; that, in ·sub'atomk physics the siinmtude 
principle is formulJ}ted as a-statement of the commensurability. of the de Brogli_e,. 
Copipton arid A,E wavelehgths. The eigen frequencies 'of closed and open wave 

.systems result frorrqhe geo~etric ·qu}mtization of correspond,ing standing waves: It' 
was' argued that tile hadrons consist of self-similar structures· (clusters) in the same· 
way a'ncl adcordingto the _s~ine la~s. as planets· and theitsat~Ilites)~ the· Sol~ 
system, atomic molecules, 'and so on. Simple rules are suggested for the calculation 

, ofhadronic resonance masse~: . < , : · -.- > · .• ... _ ,' : '. . .· .' ·, i ·_, . 
, , : The investigatio~ has been performed ~t th~' 
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