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noHCKII pa/lHllUHOllllhIX nepeXOllOB 113 Me30MOneKyn11pllblX COCTOHHHll 

C UOMOlllbIO nonynpoBOllllllKOBOI"'O llCTeKTOpa, l!MeIOIUero Bb!COKOe 

311epren1'leCKOe. pa3pell!e1111e, 113MepeHbl MC30peHTI"'CIIOBCKl!e cneKTpbl MIO

Me3oaTOMOB yrnepoaa (napaqmn) 11 KHcnopoaa (aoaa). nony'lellbI npeaenh11Lie 

3111l'leHIIH IIIITellCIIBIIOCTII pD/ll!Blll!OllllhlX nepexoao~ 1111 BhlCOK03HepreT11'leC~Oll 

rpa1rnue K -cep1111, Ha oc11one 3TIIX aa1111b1x noKaaano, 'ITO ~IOllenb 6onb11111x 

Me30MOneKyn He MO•eT aa•e Ka'leCTBeHHO OUIICLIBBTb crpyKTypy MIO

Meaope11Tre110BCKOI"'O 11anyqe111111, 

Pa6oTa BLmon11eua B Jla6opaTop1111 Hllep11b1x npo6neM OIIHII. 
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IlpenpHHT O61.emrneHHoro BHCTHTYTa 11,ilepHJ,IX eccne,ll0BaHHH. ,lly6Ha 1977 -- ·-.... - ----·- ----· 
Andert K. et al. Pl5 - 10373 

Seasrch for Radiation Transitions from the 
~ 

Mesomolecule States 

Muonic X-ray spectra from µ -mesonic carbon atoms 
(paraffine) and oxygen atoms (water) have been measured 
with a high energy resolution semiconductor diode. The 
limit intensity values of radiation transitions at the 
high energy edge of the K -series· have been obtained. 
On the basis of these data one shows that the large meso
molecule model cannot describe even qualitatively the 
structure of mesonic X-ray spectra. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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B pa6oTe /I/ 6brna o6Hapy)KeHa 3aBHCHMOCTh CTpyK

TYPhl K - cepHH MIO- Me :wpeHTreH0BCKoro H3ny'leHHH OT xa

paKTepa XHMH'leCKOH CBH3H nccne.uyeMoro aTOMa. O6bHC

HeHHe JTHM pe3ynhTaTaM ,IlaHO Ha 0CH0Be Mo.uenH "6onh

IIJHX Me3oMoneKyn" /2,3/, nepnoHatianhH0 npe.uno)KeHHoii 

,IlilH o6bHCHeHHH Kpyra Bonpocon, CBH3aHHhlX C HBneHHeM 

nepe3apH,IlKH 0CTaH0BHBillHXCH nH-Me30H0B Ha XHMH4eCKH 

CBH3aHH0M B0,Il0po,Ile /4/ . 
OcHOBOH M0,IlenH HBnHeTCH npe.ucTanneHHe 06 06pa30-

BaHHH /npH 0CTaH0BKe 0TpHL(aTenhHhIX Me30H0B B MoneKy

nHpHhIX coe,IlHHeHHHX/ cTal(H0HapHhlX ,IlByxueHTP0BhlX Mone

KynHpHhIX COCTOHHHH, HMeJOll(HX rHraHTCKHe pa3Mephl no 

cpaBHeHHJO C _Pa.UHYC0M Me30HHOH op6HThl B OCHOBH0M co

CT0HHHH Me3oaToMa. BepoHTHOCTh o6pa30BaHHH TaKHX MeJ0-

M0neKynnpHhIX COCTOHHHH ,Il0il)l(Ha 6hITh paBHOH 0TH0CH

TenhH0My K0nH'leCTBY naneHTHblX JneKTp0H0B b. 
,[J.nH o6bHCHeHHH o6Hapy)KeHHOH n JKCnepHMeHTe CHnb

HOH /npHMepHO KaK z-3 / 3aBHCHM0CTH nepoHTHOCT~ 3a

XBaTa nH-Me30Ha npoT0H0M B paJnH'lHhIX B0,Il0p0,IlC0,Ilep

)Kall(HX coe,IlHHeHHHX OT 3apn.ua Z H,Ilpa CBH3aHH0ro C no

,Il0p0,Il0M aT0Ma, oKaJanoch Heo6xo,IlHMhlM npe.unon0)KHTb, 

'ITO Me30M0neKynnpHbie C0CT0HHHH C nio6hIM KBaHT0BhlM 

'lHCil0M n pacn3:.ua~1cn HCKillO'lHTenhH0 nyTeM pa.uHa

l(H0HHhIX nepexo.uon 13 . . BBH.IlY ocenou CHMMeTpHH MeJo

MoneKynhl ~a.uttal(H0HHhle nepexo.uw He Il0,Il'lHHHJOTCH npa

BHnaM OT60pa u·o op6HTanhHOMY M0MeHTY f H Il03T0MY 

HaH60.TihlllYJO nep0HTH0CTh ,Il0Il)l(Hhl HMeTh pa,IlHal(H0HHhle 

nepeX0,Ilhl B 0CH0BHble C0CT0HHHH Me30aT0Ma B0,Ilopo.ua H 

coce.u11ero 6onee TH)Kenoro MeJoaToMa /cM. puc. la/. 
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Puc. l. IIome1111uaAb1taJ1 311ep
ZUJ1 Me30HQ 6 3QBUCUMocmu 
om paccmoJ1HUJ1 Mexoy ROpa
MU zpynnbl 0-H e MO/leKyAe 
BOObl U cxeMbl Me3oamOM1lblX 
nepexoooe no pa3/IU'-IHbtM Mo
oeAJIM. 

,<I, 

IlpH Hcnonb30B8:HHH NaJ (Tl ) B Ka'leCTBe .D;eTeKTopa 

KBaHTOB Me3opeHTreHOBCKoro H3ny'leHHH 3HepreTH'leCKOe 

pa3pemeHHe HeBbICOKO H o6LI'IHO B cneKTpax K -cepHH 

BbI,D;enHIOTCH nHillb nepeXO,!J;bl 2p ➔ ls H 3p ➔ ls , a OCTanL

Hble cnHBaIOTCH a O,D;Hy(> 4p) ➔ ls /If. MMeHHO OTHOCHTenL

HaH HHTeHCHBHOCTb 3TOH "nHHHH" HiH6onee CHilbHO H3-

MeHHeTCH npH H3MeHeHHH XHMH'leCKOH CTpyKTYPbl 06pa3ua. 

Mo.D;enb 6onbillHX Me30MOneKyn npHnHCbIBana CYII.J.eCTBOBaHHe 

3TOH "nHHHH", B OCHOBHOM, nepexo,D;aM H3 Me30MoneKy

nHpHbIX COCTOHHHH, a H3MeHeHHe ee ·HHTeHCHBHOCTH CTaBH

nocb B 3aBHCHMOCTb OT H3MeHeHHH OTHOCHTenbHOro KOnH

qecTBa BaneHTHbIX 3neKTPOHOB, T.e. OT H3MeHeHHH Be

POHTHOCTH o6pa30BaHHH Me30MoneKynHpHbIX COCTOHHHii/2,3( 

C no»BneHHeM repMaHHeBbIX cneKTpOMeTpOB CTano 

B03MO)KHbIM "pacII.J.enHTb" BbIIlleynoMHHYTYIO "nHHHIO" Ha 

OT,D;enLHbie, COOTBeTCTBYIOII.J.He nepexo,D;aM H3 6onee BbICo

KHX Me30aTOMHblX COCTOHHHH • 

Ha,D;ne*aII.J.HH aHanu3 p11,D;a 3KcnepuMeHTOB, r.D;e ucnonL-

3oaanHcL Ge (Li) ,D;eTeKTOpbl / s, 6 / , noKa3blBaeT, O,!J;HaKO, 

l{TO Ha caMOM .D;ene He Ha6n10.D;aeTCJI CHilbHbIX pa.D;uauuoH

HbIX nepeXO,!J;OB H3 Me30MoneKynHpHbIX COCTOJIHHH B OCHOB

HOe /311eprHJ1 TaKHX nepeXO,!J;OB npaKTHtJeCKH, C TOlJHOCTblO 

AO ,D;eCJITKOB 3B, ,!J;Oil)KHa coana.D;a Tb C rpaHHUeii K- cepHH/. 

He.u.aauo 6Lina ony6n,KoBaHa HOBa» aepcu11 Mo.u.enu 

"6onbillHX Me.aoMoneKyn" 121, r.D;e npe.D;nonaraeTCJI, 'ITO .. 
,!l;OMHHHPYIOII.J.HM cnoco6oM pacna,D;a Me30MOneKynHpHbIX co-

CTOJIHHH JIBilJIIOTCH O)Ke - nepeXO,!J;bl B pa3)J.eneHHbie CO CT OJI -

HHJI Me3oaTOMOB c n ;;; z /cM. puc. 16/. 3To npe.D;nono-

)KeHue 6Lmo c.nenaHO ,nnH Toro, lJT06bI, He BXO.D;JI B npOTH

BOpeque C npaBHilbHO noHJITblMH 3KcnepHMeHTanbHbIMH · ,naH

HblMH no Me3opeHTreHOBCKHM cneKTpaM, o6'bJICHHTb 3K

cnepHMeHTanbHbie ,naHHble no nepe3apH.D;Ke H no Me3o

peHTreHOJ3CKHM cneKTpaM B paMKax O.D;HOH MO,nenH. 

~nH o6'bHCHeHHH CTPYKTypbl Me3opeHTreHOBCKOro H3-

ny'leHHH B HOBOM BapHaHTe MO,D;enH OKa3anocb Heo6xo,n;H

MbIM BBeCTH 3anpeT no op6HTanbHOMY MOMeHTY H .no

nycTHTb,° 'ITO. OTPHUaTenbHble Me30Hbl npH o6pa30BaHHH 

Me30MoneKynHpHbIX . COCTOHHHH 3acenHIOT HCKillO'IHTenbHO 

no,nypoBHH C f, 6nH3KHMH Hynro. 
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~nH npoaepKH OCHOBHhIX nonomeHHi HOBoro aapHaHTa 
Mo.nenH 6om,WHX ~eJoMoneKyn HaMH 6Lma JKcnepHMeH
TanLHO HCcne,noaaHa CTPYKTypa K -cepHH MJO-MeJopeHT
reHOBCKoro HJny'IeHHH B MeJOaTOMaX KHCnopo,na /ao,na/ 
H yrnepo,na /napaqmH/ H npoae,neH aHanHJ BOJMomHLIX 
crroco6oa pacna.na MeJoMoneKynHpHhlX cocTOHHni. Ha6nw
,neHHe npJIMhIX pa,nHaUHOHHhlX nepexo,noB HJ MeJOMoneKy
nHpHhIX COCTOHHHi B OCHOBHoe· COCTOHHHe MeJoaTOMOB 
KHCDOpo,na HnH yrnepo,na IlOJBOJIHeT /c y'IeTOM rro,naaneHHH 
TaKHX nepexo,noa ,npyrHMH KaHana~rn pacna.na MeJoMoneKy
nHpHhIX COCTOHHHi/ onpe,nenHTh nepaoHa'IanbHYIO JaceneH
HOCTh COCTOHHHi C ManhIMH £ . 

HJMepeHHH Bh!IlOnHeHhl Ha MIOOHHOM nyqKe MeJOHHOro 
KaHana CHHXPOUHKilOTPOHa Jla6opa TO PHH H,nepHhlX npo6neM 
OH.HM h/. IIpe,naapHTenLHLie peJynLTaTLI ony6nHKoaaHLI 

. alB!. CxeMa pacnonomemrn annapaTypLI Ha MJOOHHOM ny'IKe 
npHBe,neHa Ha puc. 2. ~nH perHcTpaUHH KBaHTOB MeJo
peHTreHOBCKoro HJny'IeHHH HCilOilhJOBancH nnoCKHi Ge(Li)
,neTeKTOP o6'heMOM 2,4 CM 3 ,HMeJO}UHi JHepreTH'IeCKOe paJ
peweHHe /nonHaH WHPHHa IlHHHH Ha nonOBHHe BhlCOThI/ 

Ct. C3 
I " C2 C1 
I ' 
I \ 

I I I 
MHWeHh 

----------
I rpaqmT I 

µ-
t-+---f--t . -

I 

I ..... ._ 

Ge(L~ 1
2cm, 

Puc. 2. Pacno.11oxe1we annapamypbl na ny•11ce, Cb-,- C 4 -
c11unmu.11.11Rmopb1; pa3t,tepb1 CI u C2 - J00xl00xl MM3, 
C3 - 80 xB0xl MM 3 , C4 - e nanpae.11enuu, nepnenowcy
.11RpnoM n.11oc1eocr:zu '-tepmexa, wueem pa3Mep 120 MM, e 
n.11oc1eocmu '-lepmexa - J00xB0xl00 MM u T!IO.IIU/UHY 6 MM. 
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OKODO 700 3B npH E y = I 00 
~nH Ja}UHThl OT HeiTpOHHoro 
napaqJHHOM H Ka,nMHeM. 

,c3JJ H nopor oKono 6 K3B. 
qioua ,neTeKTOP OKpymeH 

EnoK-cxeMa JneKTpoHHOi annapaTypw HJo6pameHa Ha 
puc. 3. TeneCKOil HJ CUHHTHnnHUH0HHhIX C'IeT'IHKOB ape
mHMe 123:il Bhipa6aThIBan CHrHan 0CTaHOBKH MIOOHOB a MH
weHH. qHcno "nyCThIX" /B OTCYTCTBHe MHWeHH Mem,ny 
3-M H 4-M C'IeT'IHKaMH/ OCTaHOBOK cocTaBnHno OKono 
1,si OT MOHHTOpHoro cqeya N12 /a npHCYTCTBHH JaMe,n
nnTenH Mem,ny C'IeT'IHKaMH 2 H 3/. "IIycTbie" OCTaHOBKH 
6wnH o6ycnoaneHhl, a OCHOBH0M, OCTaHOBKaMH JaMe,nnua
WHXCH MJO0HOB a 3- eM C'IeT'IHKe. 

CHrHan ocTaiioBoK no,naaancH Ha axo.n "CTapT" npeo6-
•paJ0BaTemI apeMH-aMrrnnTy,na ( T ➔ A ) .CnrHanoM "CTon" 
B npeo6paJoBaTene cnymHn cHruan HJ apeMeHHoro Kauana 
Ge(Li}-,neTeKTOpa. 3TOT KaHan 6bin co6paH HJ 6noKOB, 

, I ' paJpa6oTaHHhlX a JIJIII 011Jll1 , IJ; : 6h!cTporo ycnnuTenH 
/EY /, qiopMHpoaaTenH /<l>/ c apeMeHHoii npnBHJKoii no 

I 

~ 

Puc. 3. E.110,c- cxeMa 3/leKT!lp01lUKU, 1,2,3,4 - C'leT!l'IUKU, 
. CC - cxeMa coenaoenuu, N 12 - Monumop, N 12;i1 - c'-tem 
OCT!IQ1WBOK M1001'0B B MUUJeHU, <P - ·<.POPMUpoeame.llb, ,l/. -
ouc,cpuMunamop, flY - npeoycu.11ume.llb, EY - 6b1cmpblu 
ycu/lume.llb, JJY - .11uneimb1ii ycu.11ume.11b, ,l1,,l/. - ouc,cpuMuna:.. 
mop 0/lUllle/lbllOCIIIU, T· A- KOHeepmop epeMR-QMn/lUT!lyOa, 
EAfl - 6.lloK aMn.llumyono20 npeo6pa3oeanuR, EMA - 6.lloK 
Mno20Mepno20 ana.11u3a, AA - 4096- ,cana.llbllblii aMn.llu
myonbiu ana.llu3amop, M - Ma2numorjJon, ,l/. - oucn.11eii, 
fl - nAommep. 
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npHH:UHny ene.z:vu:uero nopora H ,ll;HeKpHMHHaTopa ,ll;JIHTem,Ho

eTH / JlJ.1./, no3BOJIHIOI.Uero 3cpcpeKTHBHO ,ll;HeKpHMHHHPOBa TI, 

WYMOBbie HMnynLe1>1. Pa3peweHHe no BpeMeHH B yeJIOBHHX 

pa6oTbl Ha MIOOHHOM ny'-IKe 6bIJIO OKOJIO 15 HC. 
B KaHane aMnJIHTY,ll;HOro aHaJIH3a uenOJib30BaJieH JIH

HeHHbIH yeunuTeJib cpupMbI "OPTEK" /Tun 430/. 3HepreTu

qeexuii H BpeMeHH<>ii eneKTPbI noene npeo6pa3oBaHHH B 

6J]OKaX EAII noeTynaJIH B 6JIOK MHOrOMepHoro aHaJIH3a 

/EMA//Io/,r,ll;e e noMOI.UblO. :uucppOBbIX ,ll;HeKpHMHHaTopoB 

OT6upanHeb eo6bITHH, OTHoe11i:uuee11 K pa3JIH'-IHbIM HHTep

BanaM BpeMeHH: MrHoBeHHbie eoBna,ll;eHHH /Me3opeHTre

HOBeKOe H3Jiy'-leHHe/, 3a,!J;ep)KaHHble eoBna,ll;eHHH / y -KBaH

Tbl OT µ- -3axBaTa/ H eny'-laHHbie eoBna,ll;eHHH. Iloene,ll;HHH 

HHTepBaJI uenoJib30BaJieH ,ll;JIH perueTpa:UHH y - H3Jiy'-leHHH 

KaJIH6poBO'-IHbIX HeTO'-IHHKoB- l52Eu , l33Ba , 57 Co , 241 Am, 
paenonaraeMblX B6JIH3H 4-ro e'-leT'-IHKa. TaKaH BHyTpeH

HHH KaJIH6pOBKa H36aBJIHJia OT Heo6XO,ll;HMOeTH Y'-IHTbIBaTb 

B03MO)KHble H3MeHeHHH BO BpeMeHH aMnJIHTY,ll;bl pa6oqero 

eurHana. CToiiKa EMA 6Lma eoe,ll;HHeHa e 3BM HP-2116C, 
'-ITO no3BOJIHJIO eopTHPOBaTb H HaKanJIHBaTb HHcpopMa:UHIO 

Ha MarHHTHOM ,ll;HeKe, Ha6JIIO,ll;aH npu . 3TOM Ha ,ll;Hennee 

XO,ll; 3KenepHMeHTa /I l/. 

BbI'-IHeJieHHe HHTeHeHBHOeTeii H nOJIO)KeHHH JIHHHH, BH

,ll;HMbIX B eneKTpax Me3opeHTreHoBeKoro H3JIY'-leHHH H Ka

JIH6pOBO'-IHbIX eneKTpax, npoH3BO,ll;HJIOeb Ha 3BM E3CM-6 

H CDC-6200, MeTO,ll;OM cpHTHPOBaHHH K HHM paenpe,ll;eneHHii 

rayeeoBoii cpopMbl e yqeTOM aeHMMeTpHH JIHHHH. 

MuweHH HMeJIH cpopMy npHMoyroJILHoro napannenenu

ne,ll;a, TOJIIUHHY OKOJIO 3 z/cM 3no HanpaBJieHHIO Ha ,ll;eTeK

TOp H pa3Mepbl 7x7 CM 2 . BO,ll;HaH MHWeHb noMei:uanae& 

B eoey,ll; H3 neHononHeTHpona e TOJIIUHHOH eTeHOK OKOJIO 

0,02 z/cM 2 • TaK '-ITO 061.UHH Bee KOHTeiiHepa eoeTaBJIHJI 

HeeKOJibKO npo:ueHTOB OT Beea MHWeHH. 

Ha puc. 4 H 5 noKa3aHbl yqaeTKH Me3opeHTreHoBeKoro 

eneKTpa B6JIH3H rpa.HH:Ubl K-eepHH /queno oeTaHOBOK Mroo

HOB OKOJIO 5. 10 
8 

,ll;JIH Ka)K,ll;Oro eneKTpa/, eoOTBeTeTBeHHO 

,ll;JIH Me30aTOMOB KHeJiopo,ll;a H yrnepo,ll;a. BLieOKOe 3Hep

reTH'-leeKoe pa3peweHHe ene~TpoMeTpa no3BOJIHno Ha,ll;e)K

HO BLI,ll;eJIHTb HHTepeeyroi:uyro Hae o6naeTb eneKTPOB u yeTa

HOBHTb OTeyTeTBHe 3,ll;eeb JIHHHH, eoOTBeTeTBYIOI.Ueiinepe

XO)J;y H3 Me30MOJieKyJIHPHbIX eoeTOHHHH. 
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Puc. 4. Y'lacmoK cne1<mpa M10-Me3ope11mze11oec1<qzo U3Ay
'leHUJI KUCAO pooa e6AU3U zpaHUIJbl K - cepuu. 

BepxHHH npe)J;eJI W 8KCII. OTHOeHTeJibHOH BepOHTHO-

eTH npHMbIX pa,ll;Ha:UHOHHbIX nepeXO,ll;OB H3 Me30MOJieKy

JIHPHbIX eoeTOHHHR 3KenepHMeHTaJibHO onpe,!J;eJIHJieH KaK 

OTHOWeHHe KBa•;:i;pa TH Oro KO PHH H3 eyMMLI HMnynbeOB cpoHa 

" B o6naeTH rpaHH:Ubl K -eepuu / Ex = 178,5 K3B ,ll;JIH 

Me30aToMa KHenopo,!J;a H 104,3 K3B )J;JIH Me30aTOMa yr

nepo,!J;a/ no '-IHeny KaHanoB; paBHOMy annapaTypHoiiwupu

He JIHHHH, K nonHOMY ~OJIH'-leeTBY HMnynLeOB, 3aperueT

pupoBaHHbIX ,ll;JIH Beeii K - eepHH / e yqeTOM 3HepreTH'-leeKOH 

3aBHeHMOeTH 3cpcpeKTHBHOeTH ,ll;eTeKTOpa/. IIonyqeHHLie npe

,ll;eJILHbie 3Ha'-leHHH npHBe,ll;eHbl B nepBOH eTpOKe ma6AU1Jb1. 
Heo6XO,ll;HMO paeeMOTpeTb KOHKypeH:UHIO pa3JIH'IHbIX Ka

HaJIOB paena,ll;a Me30MOJieKyJIHpHblX eoeTOHHHH e MaJibIMH 

f . ,/J;JIH 3TOro, a TaK)Ke ,ll;JIH npoBepKH npe,!J;ITOJIO)KeHHH 0 

,ll;OMHHHPOBaHHH O)Ke-nepeXO,ll;OB B eoeTOHHHJI e n ;; z 

HaMH 6bIJIH BblnOJIHeHbl pacqeTbl Me3oaTOMHoro - KaeKa,ll;a 

no H3BeeTHLIM nporpaMMaM/13/ B nerKHX 3.UeMeHTaX npH 

pa3JIH'-IHOM Ha'-laJibHOM 3aeeneHHH MIOOHaMH ypOBHeii n H 

£ ,ll;JIH pa3JIH'-IHhIX 3Ha1JeHHH BeJIH'-IHHbl 3cpcpeKTHBHoro 3a

p11,!1;a H,!J;pa Z*, T.e. e yqeTOM 3KpaHHPOBaHHH 3apH,!J;a H,ll;pa 
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Puc. 5. Y"1acmo1< cne1<mpa M10-Me3ope11m2e11oec1<020 
il3Ay"leHWi y2Aepooa e6AU3U euouMou ·2pa11Ut1bl K - cepuu. 

3neKTPOHaMH. B COOTBeTCTBHH C .n.onymeHH.HMH HOBOro 
• f , 

aapuaHTa Mo.n.enu "6onhlllHX MeJoMoneKyn" / 121 pac'leThI 
HaMH 6wnH awnontteHw .n.n.H cny'laeB Ha'lanhHoro 3acene
HH.H ManhIX P I P = 0,1 u 2/ a MeJoaToMax yrnepo.n.a u 
KHcnopo.n.a. )J.n.H acex 3THX cnyqaea B lllHpOKHX npe.n.enax 
HJMeHeHH.H n(n= 15-:-30) u Z*(Z*=2-:-8) aepOHTHOCTh O)Ke
nepexo.n.oa B o6nacTh n;; z oKaJanacb no Kpaiitteii Mepe 
Ha .u.aa nop.H.IJ.Ka HH)Ke, 'leM aepo.HTHOCTh O)Ke-nepexo.n.a 

B 6nm1miilllHH 3HepreTH'leCKH pa3pellleHHhIH' ypoBeHh. 3TO 
oJHa'lano, 'ITO cxeMa pacna.n.a MeJoMoneKyn.Hpttoro co
CTO.HHH.H, npe.n.cTaaneHHa.H Ha puc. 16, TaK)Ke He aeptta 
/Ha puc. 16 HJo6pa)KeH cnyqaii c KHcnopo.n.oM, Z - 8 /. 

KaK 3To cne.n.yeT. HJ npuae.n.eHHhIX ou.ettoK, ttau6onee 
aepo.HTHhIM .HBn.HeTc.H O)Ke-nepexo.n. HJ MeJoMoneKyn.HpHoro 
COCTO.HHH.H Ha 6nH)KaHlllHH 3HepreTH'leCKH paJpellleHHhIH 
ypoBeHb /aapHaHT' IlOKa3aHHbIH Ha puc. 1 e/. Y'IHTbIBa.H 
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3TO o6CTOHTenLCTBO, cneAyeT o:u;eHHTL CTeneHL noAaB

neHHH paAHa:u;HOHHLIX nepeXOAOB H3 Me3oMoneKynHpHLIX 

cocTOHHHii 3a cqeT 6onee cnnLHoro KaHana pacnaAa 3THX 

COCTOHHHH, onpeAenHeMoro O)Ke·nepeXOAaMH. B HallIHX pac

qeTax Me30aTOMHoro KaCKaAa BLJqncnHnocL OTHOllleHHe 

f BepOHTHOCTH pa3peweHHOro paAHaIJ;HOHHOrO nepexoAa B 

ls :cocTOHHHe K nonHoH wupuHe ypOBHH, onpeAenHeMoii 

a OCHOBHOM O)Ke·nepeXOAaMH Ha 6nH)KaHWHe YPOBHH. ,D;nH 
HaqanLHoro P ,,,1 paAHaIJ;HOHHLie nepeXOALI B OCHOBHOe co

CTOHHHe AOn)KHLI qiopMHpOBaTL nHHHIO Ha rpaHHIJ;e K-cepHH. 

H3 pacqeTOB cneAOBano, qTo 3HaqeHHe f cyI.QeCTBeHHO 

3aBHCHT OT BLI6opa BeJIHqHHLI z * H no3TOMY Heo6XOAHMO 

6Lrno o:u;eHHTL 3TY aenuquHy /3HaqeHHH f oKa3aJIHCL cna-

60 3aBHCHU\HMH OT HaqaJILHOro n B HHTepaane 15 730/. 

OTMeTHM, qyo Ha pe3ynLTaTLI o6cy)KAaeMLIX pacqeTOB 

KOHKypeHIJ;HH o>Ke- H paAHa:u;uoHHLIX nepeXOAOB B caMOM 

Haqane KacKaAa npaKTHqeCKH He BJIHHeT TaKoii <l>aKTOp, 

KaK nepe3anonHeHHe 3JieKTpoHHoii o6onoqKH Me3oaToMa. 

B pacqeTax BMeCTO MOJieKyJILI BOALI /napaqiHHa/ 6pan

CJI aTOM KHcnopoAa •/yrnepoAa/ C nepBLIM IlOTeH:u;HanoM 

HOHH3a.QHH, paBHLIM noTeH:u;uany HOHH3aIJ;HH MOJieKynLI BOALI 

/napaqiHHa/ /KaK 3TO AeJiaeTcJI, HanpHMep, An.II cnyqa.11 

Lill B pa6oTel14// H 6Lrno onpeAeneHo Z* ,., 4 47 cno

co6oM CneTepa, npliMeH.11eMLIM o6LiqHo K H30~HpoaaH· 
I I 

HOMY aTOMY, 151.,IJ,n.11 cnyqa.11 yrnepoAHoro Me3oaToMa nony-

qeHo 3HaqeHHe Z * = 3,25. 
Ilpu TaKHX 3HaqeHH.IIX Z* An.II .HaqanLHoro P = I /ec-

nH nonaraTL, qyo 3TO COCTO.IIHHe 3aceJieHO MIOOHaMH C 

BepO.IITHOCTLIO eAHHH:u;a/ n An.II· n Ha'I. = 30 /noCKOJILKY, 

cornacHo npuH:u;uny reoMeTpuqecKorp no;o6u.11 op6HT Me-

30Ha H 3aMeHeHHOro HM 3JieKTpOHa 13 ,121 , Me30MoneKyn.11p

HLie COCTO.IIHH.11 B BOAe H napaqiHHe AOn)KHLI o6pa30BLIBaTL· 

C.11 B 3TOH o6JiaCTH n / noJiyqeHLI 3HaqeHHH f' npHBeAeHHLie 

BO 2 CTpOKe ma6AU1Jbt. B 3 CTpoKe npHBeAeHLI 3HaqeHH.II 

aepo.RTH0CTH o6pa3oBaHH.II Me30MOJieKyJI.IIPHLIX COCTO.IIHHH C 

p Ha<r.= 1: WM M "' WaKcn/ f. 
IlonaraH, qyo C0CTO.IIHH.11 C f. =0, 1, 2 . 3acen.llIOTCH C 

OAHHaKoaoii aepo.11THOCTLIO, paBHOH 1/3 b /3HaqeHIUI b npu

BeAeHLI B 4 CTpoKe 111a6AU1Jbt/, nonyquM, qyo O)KHAaeMaH 

no MOAenH 6onLllIHX Me30MOneKyJI 3aCeJieHHOCTL ·c0CTO.ff• 

HH.11 c r = 1 oKono 0,1 An.11 Me3oaToMa KHcnopoAa H 0,3 
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An.II Me3oaT0Ma yrnepOAa. 3TH 3HaqeHH.II Ha H2 nop.llAKa 

BLillle nonyqeHHLIX Ha onLITe npeAeJILHLIX 3HaqeHHH. EcnH 

o6paTHTLC.II K CaMLIM. nocneAHHM pa6oTaM /16/ ,rAe H3y· 

qaJiaCL CTPYKTypa Me3opeHTreHOBCKHX cneKTpOB, TO ner

KO BHAeTL, qyo HX pe3yJILTaTLI TaK)Ke .IIBH0 npoTHBOpeqaT 

A0nymeHHIO 0 npeHMymecTBeHH0M HaqanLH0M 3aceneHHH 

COCTO.IIHHH c MaJILIMH P. CneAOBaTenLHO, Bepo.llTHOCTL o6-

pa30BaHH.II Me30MOJieKyn.11pliLIX COCTO.IIHHH CT0nL MaJia /no

P.IIAKa 10 -I - 10 - 2 /, qyo c HX noMOU\LIO He npeACTaBJI.11· 

eTCJI B03M0)KHLIM 061>.IICHHTL XHMHqeCKHe H3MeHeHH.II B 

HHTeHCHBHOCTH nepeX0AOB B6JIH3H BHAHMOH rpaHH.QLI K -
cepHH, AOCTHraromne MHOrHX AeC.IITKOB npo:u;eHTOB. 

H3 3THX AaHHLIX cneAyeT, qyo H3MeHeHH.11 B CTpyKType 

Me3opeHTreHOBCKOH K -cepHH, Ha6JIIOAaeMLie Ha onLITe 71 ~ 
HeB03M0)KHO 061>.IICHHTL H B paMKax H0Boro aapuaHTa/12/ 

MOAenH 6oJILWHX Me30MoneKyJI. 

OTMeTHM, qyo 3HaqeHH.II WMM ,npHBeAeHHLie B 3 CTpoKe 

An.11 P Ha<r.,. 1 , .11an.1110Tc.11 /a paMKax cxeMhl puc. 1 e npe

AenLHLIMH AJI.11 aepO.IITH0CTH o6pa30BaHH.II Me30MoneKynHp· 

HLIX COCTO.IIHHH, An.II K0TOpLIX CH.IITO BLIPO)f(AeHHe no p • 
CxeMy, npeACTaBneHHYIO Ha puc. 16, MO)KHO TaK )Ke 

He3aBHCHM0 npoaepHTL cneAYIOIQHM o6pa30M. IlpeAnono

>KHM, qyo O>Ke-nepeXOALI H3 Me30MOJieKyJrnpHLIX COCTO.IIHHH 

B COCT0.IIHHe C n.'"' z AeiicTBHTenLHO no KaKHM· TO npnqn

HaM· HBn.1110Tc.11 AOMHHHpyromuMH /12/. TorAa cne~eT O)KH• 

AaTL, qyo OTHOCHTeJILHa.11 HHTeHCHBH0CTL wit;. s pa-

AHaIJ;HOHHLIX . nepeXOAOB Z p ➔ 1 s /Ha BHAHMOH rpaHH:u;e 

K- ce pnH/ AOJI)KHa 6LITL paaHoii b · f ' , r Ae f' - OTHocn

TeJILHa.11 paAHaIJ;HOHHaH llIHPHHa yp0BH.11 C n= Z H £ "'1. 
3HaqeHH.II f ', BLJqucneHHLie HaMH /3KpaHHpOBKY B 3TOM 

cnyqae yqHTLIBaTL y:>Ke HeT He06XOAHMOCTH/, npHBeAeHLI 

B 5 CTPOKe ma6AUIJbt. IlonyqeHHLie 3KcnepHMeHTaJILHLie 

3HaqeHH.11 w ;/u: Is ' npHBeAeHHLie B 6 CTpoKe, cy

mecTBeHH0 MeHLWe O)KHAaeMLIX no MOAenH 6onLWHX Me30-

MoneKyn. 

B 3aKJIJOqeHHe npuBeAeM 0CHOBHLie BLIB0ALI: 

1. B ycnoan.11x BLICOKoro 3HepreTHqecKoro pa3pewe

HH.11 HccneA0BaHa CTPYKTypa MJO· Me3opeHTreH0BCKoro H3.; 

nyqeHH.11 Me3oaT0MOB yrnepoAa· /a napaqiHHe/ H KHCJiopo-

13 



-

.na /n ao,ne/. Onpe,neneHLI 3HatJeHH.H aepxHero npe,nena ,nn.11 
OTHOCHTeJILHOH HHTeHCHBHOCTH pa,nHaUHOHHLIX nepexo,noB 

H3 COCTO.HHHH C 6oJILIIIHMH rnaBHhIMH KBaHTOBLIMH tfHCJia-. . 

MH, cpopMHPYIOIUHX "JIHHHIO" Ha rpaHHUe K -cepHH, paB.HLie 

COOTBeTCTBeHHO 7.10 - 5 ,nJI.H Me30aToMa KHCJiopo,na H 

1,s.10-5·.nm1 K-cepHH Me3oaTOMa yrnepo,na. 

2. IlpoBe,neHLI pac11eTLI BepO.HTHOCTH pacna,na BhICOKO

B036y)K,neHHLIX COCTO.HHHH no KaHaJiaM, npe,nJIO)KeHHLIM B 

pa3JIH11HLIX BapHaHTaX Mo,neJIH "6oJILIIIHX Me30MOJieKyJI"/3,12/. 

H npH yqeTe CBOHCTB TaKHX COCTO.HHHH, IlOCTYJIHpOBaHHLIX 

B o6cy)K,naeMoii Mo,nem1. 

H3 cpaBHeHH.H JKCnepHMeHTaJILHO H3MepeHHhlX 3HatJe

HHH npe,neJI0B .L{JI.11 np.HMLIX pa,nHaUHOHHLIX nepexo,noB H3 

~e30MOJieKyJI.HpHhIX COCTO.HHHH B OCHOBHOe C pacctJHTaH

HhIMH Bepo.HTHOCT.HMH pa3JIH11HLIX MO,n pacna,na TaKHX co

CTO.HHHH nony11eHLI npe,neJILHLie 3HatfeHH.H .L{JI.H Bepo.HTHOCTH 

o6pa3oBaHH.H ,nayxueHTpOBLIX Me 30MOJieKyJI.HPHLIX COCTO.H -

HHH C IlOCTYJIHPOBaHHLIMH B MO,neJIH "60JILIIIHX Me30MO

JieKyJI" CBOHCTBaMH. IloKa3aHo, 'ITO BepO.HTHOCTh 06pa30-

BaHH.H TaKHX COCTO.HHHH cyiuecTBeHHO MeHLIIIe, 11eM OTHO

CHTeJILHOe KOJIHtfeCTBO eaJieHTHLIX JJieKTPOHOB. 

3. H3 pa6oTLI CJie,nyeT' l{TO Mo,neJIL "60JILIIIHX Me3o

MOJieKyJI" B cyiuecTBYIOIUeM BH,ne/12 / He MO)KeT CJIY)KHTh 

OCHOB~OH ,na)Ke .L{JI.H KatJeCTBeHHoro OilHCaHH.H CTPYKTYPLI 

Me3opeHTreHOBCI<HX cneKTPOB. 

ABTOpLI BL1pa)KaIOT 6naro,napHOCTL X.lllueiiBJIH H 

P.3Hrcpepy 3a npe,nocTaBJieHHe repMaHHeaoro ,neTeKTopa 

H IlOJie3HLie o6cy)K,neHH.H. 
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