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. AHHOTaD;L:UI 

IIpe.wronteH aKcnepnMeHT no li3ytJ:emuo pea.Rn;rrli rr+ +Be-~2 ~ +X n 

K++Be -· 2~·+X npi1 I5 r3B/c Ha cneRTpOMeTpe rimepoH • .TI:eTeKTUpyiO

mrur ariiiapaTypa 6yJJ.GT B OCHOBHOM COCTOJITJJ 113 l1pOIIOprt;rrOH8.J1LH1IX · 

IW.Mep, BOCJJiviHKaHaJIJJHOro "CiepeHKOBCROrO C'!8T'IIIKa U roJJ.OCROIIa •. 

reor.IeTpH'!9CIWJI 8(pC_QeKTI1BHOCTJJ _COCTaEH~ ~ 40%. 3a. I00 CM9H pa60Thi 

ycKOpiiT9JI.ff rrpe,IT,II0.,1J:araeTCJI ITOJiyt!I'ITJJ CTaTRCTHKy ,I(OCTaTO'tffiylO ,1T.JIJI 

l101ICita rJII060JL7IOB ITpH ITOMOIUI'I rrap]JfiaJJJJHO-BOJIHOBOrO 8J-Ia .. ;'III3a. 



I. MoTHBI1POBRa ::mcrrepTIMeHTa 

MsyqeHHe peaRIJ;l!H c o6pasooonneM ll.J3YX tfl -MesoHoB smn:ReTcH 

'tJP63Bhi'iaMHO miTepeCHLJM. 0THOCHTe~ThHO BHCOROe 06'l6HH6 06pa30BaHHH 

napu f -MesoHoB /I-3/ B peaK!U'm 

7L- p ~ t.f..P n (I) 

MO]KHO o6'l:JICHHT:& cymecTBOP.81meM pacna,n;a r.mo6oJI.Jia Ha L if -MesoHa. 

Tio,n; r.JIIo60JIJIOM IIOID:IMaeTCR peSOHaHl)HOe COCTOJ.Ilme H6CROJI:&KIDC rJIIOOHO:E 

R~ COCTORHE8.CHJI:&HO o6ora~eHH08 rJIIOOH8MH. 

TipaRT!1:'l6CRH BCe MO,I(6Jm KX.Il: ll:p6,I(IIOJiaraiOT cymecTBOB8HH6 r.mo-

60JIJIOB, IIO 8TONJY IIX 06Hapy-iK6Hfl8 I1L188T iJ!yH.n;aMeHT8JffiHOe 3H8'l6llli6 ,n;Jl1 

npoBeprur npamLThHOcTn KX.n. Teop:vti lJ.OIIyCI\aeT pojK,I(emre rmo6oJl7IOB B 

pasHmc peaEI.T,IDDC, a TaiOKe pa3lrne MOlJ.Dl me pacnall,a. Tipo6JieMa o6Hapy

JKeiDIH rJII060JIJIOB, ROTOpi:Ie, IIO-BH,JJ;:!!MOMY, p0jK,I(8!0TCH C O'l6H:O MaJI111\UI 
. c 

ce'lemr.m.m: ( eCJlli Boo6me . cymecTBYIO'r) , sa.K.1IIO'laeTcR B BH6ope Tarurx 

B3a.I1MO,IJ;6MCTBll~, B KOTOpHX CHJI:&HO IIO,Il;8BJI6HO p0iiU(6Hif8 "061I'lHHX" pe-

30HaHCOB. llMR HBJIJIIOTCR peaRUIDI, ~3arrpememrue rrPaBVJ.JIOM Oey6o-UBefrrc 

Msy:Em ( OUM) , rum pa,JUian:uoHHmi pa c:1a,n; 'J / ljJ 'tla CT:m:JPI. 

B H8CTO.f.lm66 BpeMH ID·.166TC.f.l: H :lCKOJI:&KO KaH,IJ;rr.IJ;aTOB Ha rJUOOOJIJ.UI. 

0HH 06HaV~6Hll B pa.n;na~OHHOM pa.Jrra,IJ;e J/r 'l8CTHUU B KaHaJie 

K*"K-If ( CJiaK), a TaroKe B cHcTeMe I<~ K; n (Epy:KXei1BeH) ( Ta6.mr

ua I). 

Ta6~. I 

HasBamie Macca (MaB) IG(J P)Cn r (MaB) Jia6opaTOp:HR 

~s I240 o+co+>+ I40+I0 EpyxxeiiBeH /4/ -
• I440 (0_).,. 55+20 CJiaK /5/ l. -30 
e I640 (2+)+ 220+100 CJiaK /5/ 

' -?0 
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llpa~oM OUYI pasperneHu peaKUnH H paerra~ B ~rarpaA~~ax ROTopux 

eoxpaHRIDTeR RBapKOBHe ~H (eM. pno.Ia,b) H sarrpe~8HH pe~ 

B ROTOpEIX JIHHHH He eoxpaH.fiiOTC.fi, HaiipHMep, pearom.fi (I), (eM. 

pHe. Ie) • ,Upyrmvi IIpiiMepoM CJJ.YXYIT OUM - sarrpe~eHHI:.d~ pacrra;n; 

..p---+ 7[+7L-7r 0 , ROTOphlii CIDillHO rro.uaBJieH no cpaBHeHmo o OUH -

pasperneHHI:.IM pacrra;n;oM w ~ 7r+'ir-7r
0 

• 

CrrpaBe~BOCT:b rrpaBRna OUM 6H~a rrpoBepeHa BO MHor:vrx aRone

pHMeHTax I 61. Harrpiil\~ep, OTHomerure 

a- {A·t- B ~ «f+X) 
v (A+ B ~w ·rX) 

= ( OUM-sarrperqmmaR) << I 
(Oll}I-paspemeHHaR) 

(2) 

r;n;e A II B - H80Tp8Hli"f:.Ie ti80T:VIIJ;bi ( S = 0) , 6i.rJio IIpOBepeHO BO MHOI'B: 

1\aHa.Jiax pearul;kiti II !Ipli pa3HI:lX SHE prii.F.!X ti80THI.l;. MHOrHe OIThiThi IIO;n:-

TBep~~ yHHBepca~HOCT:b rrpa~c. OUM. 

B I 978 r. 6hTJio BIIepBHe o6HapyxteHo HapyrueHIIe rrpaBH~ OID1 /I/ 
B peaKIJ;t!H 71:- p ~ f ~ h • Ce-qeEHe aToi1 peaKUHH I-Ia rrop.gn;oK rrpenu 

rna eT oJKH.uaeMoe. CJie.rr;yiOrrtue aRerrepmv'!eHThi 13 '? I rro;n;TBep;rm.mr OTHOCII

TeJThHO COJI:billOH BbiXO,I( z 'P B rr· IIyt!I{e ITO epaBHe:mno 0 OUI1-paspe-

meHHOi1 peaRIJ,Hef;i k-p ~ f' 'f II (~c) : 

a- ( k-p ~ '/ '{' /1 ( 2 ")) (3) 
~ 4 

a- ( rn-p ~ ~'I n ) 

llpH STOM BbiXO,IJ; ~ -Me30HOB B IT n K rryqK8X CTporo IIO~.ffeTO.ff 

rrpaniiJJ.Y OUM /B/: 

(4) 

0THOIIIeHH.fi CetieHHE ( 3) H ( 4) B 3BJlliCHMOOTH 0! HMJIYJI:b08 IIy'lli8 IIQ

Ra38Hbl ~a pne. 2. lilne O;n;HIIM ;n;oRa:3aTeJI:bCTBOM :oopymemrn: rrpamtJia OlUJ 

.fiBJI.F!IOTC.fi O;n;HH8ROBHe OTIIOID8HH.fi 013"tleiUif1 o6paSOB8HH.fi eOCTO.fiHIIfi fy? 
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H 
1

kfi<+J<- B II H K rryqKax: 

cr ( kp -7 tp K+k-11) 
· cr (K-p ~ lfl{J II) 

(5) 

HapymeHHe rrpaBHJia OI.U1 B pearmt-nr (I) .1Imi.n;eH6ayM :a m?· 12 ,3/ 

06'l>SICHffiOT IIpHCYTCTBI16M rJII060JIJIOB B M6X8HH3M6 06p830B8HHJI IIapLI 

¥J -M630HOB (pHc.Ic). Ec.JIH rJTIOOHbi o6pa3yroT pe30HaHCI:Ihi6 COCTOmum. 

TOr~a l1X B~KTIIBHaJI KOHCTaHTa CM3U ~OJDKHa 6hiT:b 60JI:blliOH, II san

peT rrpaBMOM OUH cmrMaeTcsi B o6JiacTu Macchi rJII06oJIJia. IIpaBHJIO OIU1 

pa6oTaeT ItaK "qm:JI:&Tp", paspemaKutHH o6paaoremre rmo6oJIJIOB, HO rro

,n:aBJimctqllH OCTa.JILHhie (KBapKOBHe) COCTO.ffirn:.fl. C.rre,IJ;OBaTeJThHO pe30H8R· 

CHbi6 COCTOmiHJI B CII6:KTpe aqx}?eKTEBHhiX Mace 2., c.{J CHCTervru, nM610liU!e 

I = 0 H orrpe,n:eJieHHnre KBaHTOB11e 'tJ:HCJia, S!13JIJIIOTCJI KaH,IJ;ll,I{aTaMII Ha 

r JIIo6oJIJI. 

B EpyroceiiBeHcKoi1 Jia6opaTopr.:H :accJie,n:o:saJIH peaKIJ;[1IO (I) rrpH 

BHeprllli 22 raB. I1pr1 HeiiJIOXOM CTflTH:CTlii'tleCKOM o6eciie'tleHIU! (1203 eft/ 

6HJIII o6Hapy-JKeHH pesoHaHcHEe coc~~omrJI B cneKTpe Mace .:Lc.{J 12,31 
( Ta6.7LI1I(a 2) • 

Ta6.JllfU8 2 

HasroiDie Macca (H8B) I G (J pc) r (MaB) 

'tT (2I60) 2160+50 - o+cz*) 3I0+70 

~T(2320) 2320_±40 o+(2*) 220+70 -
Ha piic. 3 rrpHBe.n;eH crreKTp B(txlJeKTHBHoil m.raccH crrcTeMH ~ t.f • 

CIIJIOIIIHOiJ mmHefi IIOKa38HH paCC't!I1:ramrue pe30FIDICHH6 COCTO.flHI!JI ~T 

CxO,IJ;CTBO BKCIIep!lM6HTaJI:bHOr.:> H pac't!eTIIOI'O CII6KTpOB M8CC 

He y6e,wtT6JILHO, HO aBTOpU IIpOB6Jill aHaJIII3 IIO rrapwra.JILHHM BOJIHaM, 

Ha OCHOBe KOTOporo ,n;aJIII y6e~IT6n:&Hhie ,D;OK83aTeJibCTB8 cymecTBOBa-

t 
I 
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HHR pesoHancon ~r (Ta6~.2). 3a c~eT c~Horo HapymeHHR nparur~a 

OUM u Ha.7IWlli.H: onpe,n;e~emmx KBaHTOBHX 'til!CeJI pesouaHcu lfr Mory 

CbiT:O rJII060M8M.H, COCTO.fll.l.\UMM H3 T:9ex rJTIOOHOB. 

PeaKIJ,1no (I) ucc~e.n;o~ TaKKe Ha OMera-crreKTpoMeTpe B UEPHe 

npH arreprHn I6 raB 171. Ha He6oJiorno:M cTaTHCTm<e (II8 !fJC/. ) Ha6 

,n;aJm yBe.mrcieime pOiK,IJ;eHM 2, tfJ B 06~aCTH Mace 2,!-2,5 raB, 

B OT~~e OT EpyrucefiBeHCKO~ rpyniTH~yr~OBEe xapaKTepHCTHKM 8TOfi 

CRCT8M1I IDA y,n;aJIOC:O 06'1RClillT:b TO~oKO llplii IIOMOI.l{H B38I1MO,IJ;8MCTB1UI 

ll.BYX ::J p = 2+ COCTO~ • 

.UpyraR rpynrra B UEPHe ncc~e.n;oBa~a poiK.neHHe l 'I B IrBe

BSaiDI!o.n;e~cTmmx rrpH IOO II I75 raB/ c 19/. B npe,I038.pn:TeJI:bHOM coo6-

memnr yTBe:pJK.IJ;aJioc:o, 't!TO ua6JIIO;n;aeTCR ysrorii pesonanc B o6~acTu 210( 

MaB. IIoc~e cymecTBeHHoro YBe.Jm~erm.H cTaTHCTHIW: Ha..JIWme rrHKB B 

CII8KTpe He IIO,II;TBep,n;H~OC:Oo 

PoJK,IJ;eHHe i tf 6WIO MCC~e,II;OB8HO T8IOKe B I\ rrytiK8X !Ipii BHep

rRS!x I8,5 raB /IO/ H 8,25 rsB /II/ (Bcero ~:o I8 co6biTH~) • .Uo 

CHX IIOp He 6WI npoBe,n;eH O;n;HOBpeMeHHbi:f1 Ha6op 2 tf B II H K nyqKaX 

Ha OCHOBe KOToporo 6~0 Chi BOSMOlilliO rrpaB~HO onpe,n;e~T:O OTHOIIIe-

HHe (3), a T8M CaMHM ll OTerreH:O Ha:pymeHM Ilp3BIL"'8 OUVI IIpH o6paso-
• 

BaHHH tfJ ifl • 

TaK KaK Cyilt8CTBOB8Hliie HaE,Il;EHHHx pe30H8HCOB MO~O 06'1RCHliiT:O 

H ,n;:pyr:mvU! OIIOC068MM, a TaroKe llp€.IJ;CR83a.Ime cymecTBOBaHRR H8CKOJI:O

KHX r.mo60~0B, llpMBO,I(I!T K He06XC,mll.JIOOTlii IIO.Iij)06Horo Hsy-qeHIIR pOiit

,n;eHMR .! tp B pa3llliX nyqRaX 1! IIpR paSHilX: SHepr:rurx:. B H8CTO.f.llqee 

. BpeMR Be,IJ;eTCR ITO,I(I'OTOBI\8 HeOKOJI!,KHX 9KCIIepiD!18HTOB B J3pyrucei1BeHe, 

EaTamm R B UEPHe c u;e~ro yBe~:cHHR oTaTUCTMIDI cp tfJ • 

3nal!HT1 1-ICC~e,n;OBalUie po~em:R .2. tp J!B.Jm8TC.R: 8RTyaJI:oHO:fi 38-

,n;a-qeff, nosTOMY na ycTaHOBKe TIITIGPOH rrpe~araeTcR n 6JIIDKafooee Bpe 

MR IIponeCTH: 
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w:+ B e ~ t.fJt.f +- K (6) 
4 · K +·K. ~ J<. + K-

K+Be ___, c.ftl +X 
~ K~oK .. K+K-

(?) 

B HHKnro3llBHOM (M~ II0~~3HBHOH) IIOOT8HOBKe. 

2) B Ha6paHHOM aKcnepn:MeHTaJibHOM MaTep~mJie rrsyq:.vrTI> peaKD;IDI: 

(8) 

(9) 

lii onpe,ne~TI> OTHOIIIeHMe IDt ce-qe:md:f, 't!TO SIBJT.JieTCfl llpRMO~. IIp0BepKOH 

npaBHJia OUM )J)IH. .2.. tf • II:p11 .nocTaTO'tffiOM cTaTHOTli!'t1ecKoM o6ecneqe-

mm: pea.KUIDI (8) !IpOBeCTH ITOHCK rJJl060JIJIOB aHaJlli30M napiJ,H8JII>HHX 

BOJlli. Hy-.iKHO OTMeTHTI>, 't!TO pe~.H (8), (9) B ITOJIOXlliTeJII>HHX nyt!Ka: 

eme He 6~ HCCJie.I(OBaHH. 

3) Ha 60..,1I>IIIOM CT8THCTID\.e ,J,tp MOXUIO HCI{aTI> MOJIY pacrra,n;a 

1e (2980) ~ lptp , KOTopa.r.r He 6Wia noRa o6uawmeHa. 

' 4) ilOIICK rJII060JIJIOB MOJRHO .TI;EJiaTI> H B IT rryqKe B CllCTeMax J tf 
H J'I' , pacrra.naKWIXCR Ha K"1<~.+xc-, npaB.TI;a U3-3a MaJioro ce'tleiur....H 

aTo RBnJieTc.r.r eme 6oJiee Tpy~ofi ~a.na't!eM, 't!eM nccJie,noBaHrre l~ . 

II. IlocTaHOBI\a mwrrepmJeHTa 

8KcnepHMeHT IIO U3ytieHIIIO pOi:o:..TI;eHHJI J,cp Ate30HOB MOjK}!O IlpOBec

TH Ha cymecTByrane:H annapaType cr:eKTpoMeTpa TIITillPOH nocJie 3arrycKa 
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y-;!..e MMeiOII4IfXCR .n;eTeKTOpOB H 3JI8KTj!Offi!Illi. 

CxeMa cneKTpoMeTpa BTOpH'I:ilill:C 't!aCTHU npnBe.n;eHa Ha pHc.4. 

0Ha npaRTH't!ecrur coBrra.n;aeT co cxe111o:tl, npe.zv.roxceHHO:i1 ,I(JI.fi HCCJie.n;oBa

HIDI o6pa30BaHUR Cf -M630Ha B K+:813 B38HMO.n;e:fdCTB:tm:. Bo BTOpittmHM 

crreKTpOMeTp nxo~T I3 ITJiocKocTeif ITK, ro.n;ocKon r32 , BOCbMn:sepKanL 

Iru:fi- aTMocrJ)epHHi! ·-qepeHKOBCRH:ti C'tie·rlinK ~8 H oxpaHHaR cHcTeMa. Mu-
1 

meH:b - IO CM Be pacnoJIOiKeHa Ha paccTomnm roo CM OT 3Kp3Ha MC-I2. 

ITepBaR 118 IlK 5I2 ITOBepeyTa. Ha 45:.:> •. Bee IlK I024 H3MepmoT Y KOOp

,n;HH8TJ, KpM IlK I024 B KOHIJ;e yCT9HOBKH Ha paCCTORHim 2CJO.t3()() MM 

OT OCH YCT8HOBIDI. ,If,mnia BTOpH't!1IOrO Cl16RTpOMeTpa ,!I;OJ.DKHa 6biT:b HaJI

M6Hnme:M. 

To'tiHOCTH orrpe.n;eJieHHR yrJia B~eTa H m~~ca BTOPH'tiHHX "tJac

Tim; 6biJI.R pacc"tlliTaHH B rrpe.zv.roJKemur SKcrrepHMeHTa. no ucCJie;n:oBa.H:mo 

p01KJ(6HIUI tf -Me30Ha: onrn:6Ka B yrJie BI:.IJieTa 113 MRIIIeHH I, 2 Mpa.n;, 

6P /P . = I% H .o.H!f= 2,85 MsB/c
2

• 

B J."IY'IIWBOM Cll6I~TpOM6Tpe-6I M d2 H8;nyTli Ha IT-JJ\ H BY.JIIO't!6Hbl B 

TpHI'I'ep B COBITa.n;eH116. Jlpyr:vnc .JJ:Ba C'tJ8TliliKa C3, C 4, Ha.n;yT1Ie Ha IT, 

He BI\JIIO't!8Hbl B Tp:rrrrep (IIR<lJOpMawlR C HHX 83miCUB86TCR). Ta.IGIM o6-

pa80M ycTaHOBKa sarrycKa.eTcR o.n;:a:c BpeMeHHo Ha IT u K. Me soHU, "t!TO 

o6eCIT6'tJli!T 0,I(1IH8.KOBbi6 YCJIOBHR Ilpi~: H3Me:pe:mm COOTHOIIIeHHR 

r:r (K+-'~- L 'f)/ o- ( IL+-.;. .l f) . 8To cooTHome:rme paBHO np:miiepHo 5, rro

STOMY CROpOCTl> Ha6opa J.,'f B IT :v.: K .r:ryqKaX 6y;n;eT rrpn6Jru3HTe~HO 

O,I(ID!aROBa. 

Pacrrpe;n:eJieiDie Y KOOp.n;IDia~~ll K+t.- MesoHOB B MecTe ro.n;ocKorra 

. r32 ITOK838HO Ha pnc.5. K M630Hbi H3 pacrra..n;a J. cf rrpaKTH't!6CKH He 

ITOI18,lJ;aiOT B 06JI8CT:b ±30 CM OT O'CH YCT8HOBKH, ITpiitieM K+ H I\ M830H 

norra;n;aiOT B pa3lme no.:rroBnuu r 32 • Ma.KcmvmJIDIIYJD reoMeTpJrtreCicyro aQJ

(lleKTIIBH9CT:b YCT8HOBKII ITOJIY't!aeM lipU 3a3ope MeJiQJ;y ill{ 1024 B ROHIJ;e 

YCTaliOBIGI, paBiillM 40+60 CM. 
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liepeHROBCKHtl ro;n;OCROIT t8 saHOJllieH wpeoHOM-I2. Herrocpe;rr;cTneH

HO ITOCJie Hero CT0!1:T ro;n;OCROII r 32 BUCOTO:f1 75 OM. llJr.rp:~IHa II8JIRI1: ,D;OJ.Ci 

Ha 6HT:O HeCOJ.I:biiiO:fii, IIOTOMY 't!TO BO MHOrmc C06biTKIDC B O,IT,HO sepKaJIO 

IIOIIa,Il;8IOT ,D;Ba K Me30Ha. 3aBHClrMOC~~l> a.KCeiTTaHCa OT IIIUpllill IIaJIIGI ro

,ItOCKOIIa rrpH:ne.n;eHa Ha puc. 6 ( Tpnrrep na 2K+ + 21\). TaK KaK nejfte

Jia.TeJ.I:bHO yneJmtmB8T:O KOJml.!8CTBO :)JI8KTpOHlirrui OIITliiMaJI:DHOH ID3JI.ff8TC.f.r 

IImpHHa IIa.JOOI 7, 5 OM II 'lHCJIO M8MOHTOB ro,n;OCKOIIa - 32. B 8TOM CJIY~ 

'liae lleTLipe aJieMeHTa r~cKorra rrepeRp1IBCUOT o,n;Ho sepKan:o c8• IIpus

HaKOM K M830Ha 6y.n;eT Csi. r32 R' r;w· i = I ,8 - HOMep sep:r.aJia ~8 
• 

M K = I, 32 - HOMep IIaJIKH r 32 , IIpJnia.D;JI8ii\al!l8i1 K sepRarry L • 

CurHaJI c :KruiU~:oro f!l3Y C8 pas:3eTBJmeTc.f.r Ha 4 crrrHaJia, I{OTOpHe 

l!0,!(8IOTCH Ha 8HT~COBII8,1J;8HIDI C 4 IIB.JIRa.lVM r 32 ( pHC • 7) • ClrrHaJIH C Jie· 

no:fii rroJIOBHHLI C8 11: r 32 rrocTyrraiOT 3 o.wry rroJiommy Ma"'KopiiTapHo:£1 cxe-

MH (MC) (!6 BXO,!(OB), r;n;e Tpe6yeT,).f.r nK ;?!: 2; C npaBOM IIOJIOBHHU 

Cs H r 32 CHrHaJIU ITOCTynaiOT BO BTOpyro ITOJIOB:vmy MC' r,n;e Ta.IOKe Tpe-

6yeTCH nl< ~ 2. @opMyJia. Tpnrrepa Ha 2K+ + 2K- + X: 

- " " ;; ~ 11 i= ~" r i 1c ~i:rs,J . T = 51. s.2., s3. s'i 'A' c.f. c2. .[ c, r;t {hK ~.t]j . L to r;2 (nl< ~.l (IO. 
. /ctt~/' G k :fp2. 

/ 

. ill. IIpe,I@OJiaraeMHM BHXO;D; }., c.fJ M880IIOB 

Cel!eHII.II peaKI.J,1lli 

CHMOCTU OT I1MrryJII>Ca. rra,n:aia.T~ero IIyl!Ra ITpliBe,IJ;eHLI Ha puc. 2. ilp:rr HM

IIyJI:DCe I5 raB/ c cel!eHIIe B rr rryt!Re "'-J 45 H6, B I\ nyqRe ""' 240 

H6 • .TI,nq~epeHIJ;tiaJI:oHoe cel.!eHHe HsMeHHeTcH c rrepe,n;aHHHM HMIIYJII>COM 

f. no saRoHy dcr(dt = A e~p (-act}~. e_xp (-st.) . IIpe,II;IIoJiaraeM 

l.!TO Cel!eiDIH B lY R I\+ :r:ryq:Kax He OTJTI!l!8KYI'CH OT ce-qemr:fii B ll H I\ 

IIyl.!Rax. 



8 

ThiJio rrpoMo,n;emrpoBaHo rrpoxo~.n;em-re K-iJnr'r c pacrra,n;a 2 c! 
'tlepe3 ycTaJIOB.Ky (puc.4). Ha pHc.:3-I4 rrpnBe,n;eHH 38BHCHMOCTJI aKceiJ 

T8HC8 e OT UMIIyJ.I::Dca IIy't!Ka, OT ::rarrpmrteHHOCTU Marlrn:THOrO IIOJIR B 

MC-I2, oT ~ooTH 3epRaJI B c8 , oT pa.ooTommJI Mew MmiieHI>ro rr aKpa 

HOM MC-I2, oT pacoTo.rmrr;:r MeiK.IJY a:KpaHoM MC-I2 n 3epKaJiru.m. C8 , oT 

napaMeTpa ex::. , OT rrepeMeHHoil t • 

Ha OOIIOBe pe3yJII>T8TOB i\10,I(6J!(!J)OB8HII.ff rrpewrara.eTOH reoMeTpii.FI 

8KCIIepiDJJeHTa, IIOK838HHM Ha pliO. 4, a IIM6HHO: paoOTOIDUie OT MH.llle-
• • y 

1m ,n;o MC-I2 I M, pacoTo.mme MeJK,IJ;y mtpaHoM MC-I2 rr sepKaJiaM.u c8 -

3 M, rroJie H = 9 KI'o. B pac'leTax KpoMe orpaHH't!eHITi1 pasMepaivu:r MC-1 

c8 H oncTeMoii IlK <5Ltmr y-qTeim TaKKe no'l,epi1: sa C"tJ:eT 1I!HpUH1I rra.mw: 

r 32 - 72' 5 MM. IIpn: 8TIDC YOJIOBU.RX H IDArryJ.I::Dce I 5 r aB/ 0 aRC errTaHC 

c, = I 6, 2%. liyBCTB.."ITeJil>HOoT:o ( c BeTl:I:MOCT:o x a@?eRTHBHOCTI>) yoTa

HOBKH sa IOO cMeH: 

L 1t ~. ~ e * Mn c. ( Nc D "CJ< - a,s I Hd (ll 

r.n;e: ~6 = I,848 r/cM3; ese= IO OM; ~ = 6,022·Io23 MOJI-I, 

Aee= 9; eM11':= 2·I06/ruuw; C. = O,I62- aKcenTanc ycTaHOBIDI; 1 -

0,4 - 8~KTIIBHOOTI> peKOHCTpy"KIJ]1Jf C061ITHM ( 4 Tpel\.B. ITO 5 HCKp 

rrpn cnK. = 97% ,n;aeT 0,54); Ne = 2,52·I05 - 'tlliCJIO Uffi\JIOB (IOO 

CMeH, 7 IClliJI/Mrm.); D = 0, 7 - ,n;omr BpeMeim.ucrroJI:o30BaJIHaH ,IT,JISI 

Ha<5opa CTaTRC'THK.M; 'L4K = 0,3 (rrprr PI< = 3,6 reB/c). 

MTaR, B Te't!eHIIe IOO CMeH MO~o no~: 
2. 

N1,rp = L 7( ~ · B == 9 2. (I~ 

peKOHOTPYHPOBaHHblX C0<5HT:Vti1, r.n:e (J ( 1l+-n ~ 'ft/ fJ) = 45 H6, 

B = 0,49 (<5peH"liHHr tp~ K'~-K... ) • 

B K+ nytme rrpu MK = 2·I05 ( M~~: I M~ ~ I/IO): LK = 0,85/uc 

3a IOO ~MeR npn o- (I<+ n ~ <lcf~r+) ~ I90 HiS NJ.,<f = 39 • 
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B pac't!eTe 'tJYBCTBRTeJffiHOCTH 1\lhl He ytmTLIBaJrn: MepTBOe BpeM.a: . 

ycTaHOBKH. CncTeMa c~eMa HHWOPMaizy.rn nosB~eT 3aiTHCaTb I50-200 

C06HTHM/IUII\JI, 't!TO npHBO,nHT K IIOTepRM ~ I 0% IIpll ypOBHe Tpi!rrepa 
.... 

I-2·I0-0
• 

B HHRJI103HBHOM IIOCT8HOBKe IIOlta RCCJie,TI;OBaJIOCb pOJK,TI;eHRe t cf 
TOJibKO npR ~mepr.rurx IOO R I75 raJ3. Cel!eime a- ( 7r-Be ~ 'ltf +X) = 

'7/ 340;ti20 H6 npu f>n: = IOO raB/c I • Cel!eiDie Im:KJII?3RBHCrO poiP',n:e-

:rum: ~ ~ MaJio MeH.HeTc.a: c Be.JnrtmHoil m,mynca rra.n;alalle:M -qacTnm;r, . . 
rroaTOMY Moxrno o~~aTb, liTO B ~rrosnBHoil nocTaHoBKe sa IOO cMeH 

6y.n;eT Ha6paRO HeCI\OJD)KO COTeH t.f~O • 

PesepBH Ha YCT8HOBKe HM9IOTCJ1 npe~e Bcero B a<Ixl>eKTIIBHOCTir 

pa60TU Ill\. YBeJml!emre t!nK 0 95% ,11;0 97% l1piiBO,Il;IIT K y,n;BOeHIDO CTa

THCTHKH l 'f , True 't!TO aTorvry Bonpocy HYJmO y,n;eJIJITb ooo6oe ]3HHMa-

mre. 

IY. OgeHKa <'fAHa 

He6onma.a: urnpmia tf MesoHa {4,I MaB) u ero Mo,n;a pacna,n;a 

Ha rr (49%) SIBJ.rmoTC.H 6oniiiiDJI n:;lemzymeoTBOM np:vr ero Bbl,n;eJiemm 

Ha 60JibillOM q,oHe. 3TH CBOHCTBa 'f Me30Ha CHI'pa.Jm Ba~ pOJID IIp 

m6ope KaHaJia ttf Jf)I1I rronoKa pacna,n;a r.mo6o.JIJia. li.Im. <P MesoHa 

rrpeKpacHo Bbi,n;eJIJieTc.a: B cneKTpe Mace K-fJ\ · {J>l!C. I5) , ec.Jm paspeme

Hue ITO Macce He yY'E.e r { tp}. (Illup:;m:a Ha IIOJIO:BHHe BHCOTbi IDIKa 

B :SpyxxeflBeHCKOM aKcnepiiMeHTe pasHa IO MaB). TaE.iKe ,n;ByMepHa.a: mo

. TorpaMMa Mace KY :a HX napTHepo B B co6HTR.RX K"1<!r'1\- HMeeT .HB

HHfi Imlt B 06JiaOTH )..,'{J (puo.I6). ~OH IIO,n; Im.ROM OOCTaBMT IIpiDVIepiiO 

IO-I5%. 

lfMe,IOTC.fi .IJ:Ba OCHOffiiLIX HCTO't!HUKa ciX>Ha: 

I) rreperryTLIBaHHe IT , p n K 

2) · ,ru>yrue ncTO'tiHHKU K Mesor:oB, KpoMe 2. <fJ • 



IO 

I. BKnan B ~H ~aeT nes~RTHBHOCTn pern:cTp~r TI MesoHoB 

B ~a• I1MeiOTCSI ;D;BG B03MO~OCTH: 

a) Pn ~ 3,5 raB/c - Heaq~eRTUBHOCTn ?a""' I%; 

6) -qacTUI$ c P.~ 2,9 raB/c (no,n; IIOporoM Ca) HeB03MOiKHO H,n;e 

TH~OB8Tn. ~C~O TaRliX ~CTfiU B 4-~eBHX C06HTHBX 3aBHCHT OT 

m.myJI:Oca nytma. Ha pnc .I7 IIpHBe;n;eHo pacnpe.n;eJierrn:e ~oJIH co6RTlrli, 

B ROTOpl:DC n "t18CTIDJ; H3 4 IDJI8IOT :WIT..myJI:bC ~ 3 raB/c. l <f CliCTeD 

MOmiO peROHCTpYI'fpOBaTn H 6e3 H~eHTHQMKainni 'tiaCTHIJ;, RaR 9TO 6RJIO 

c;n;e~~T.IO B pa.6oTe /II/, r~e . HMIIyJIJ>C. :rrytri<OBUX. 't!aCTID.'( 6WI · TO~RO . 
a,25 raB/c. 

Ce-qeHHSI peaK!Url1 n+ p ---+ 4 sapmKelliiUX JWH p1L = IO, 3 raB/ c 

IIpHBe~eHH D Ta6~e 3. 

Ta6JIIru;a 3. 

Tipo.IJYRTI:l pea.RIJ;IDI Ce-qeHHe (r.JIR6) 

1r t p TC+ rp:- HN 4465 
'il t 7r+ rr+ TC- H M Iaao 
'lr+ p ~+ Tt:- 7[0 I654+I20 
1f+ p 1f + 11:- J I648+I20 -"'f.,. 7t't" n-t 7r- n 503+38 
1r"'p p p I8,8+2 
?1:-tp K+k- 86;.7 

~ 4 ~ewe 10390+750 -
r;n;e !vTivl - He;D;OCTaiCJ.IlaSI Macca. 

3TH C06ETHSI He 6yJIYT IIOIIa,TI;e.T:O B TpHrrep, TaR RaK Tpe6yroTCJI 

. ;D;Be IIOJIOiKliT8JII,H:Ue I1: ~Be OTplflW.TE:JI:Oiille -qacTI$I,bl. OOJI:Ollie ~OiKHhlX Tp~t 

repOB 6y~eT BHpa6aTHBa.TnM H3 6-·Jiy"C!eBHX C061P£Ui1, C8'ti8HH.ff ROTOp:UX 

r:r (rr*"p ~ 6 JIY'I8i1) = 2, 7 M6 rrpu "'lt = I2J 7 raB/c u 5, 06 M6 

IIpH P7(, = I5 raB/ c. Tprrrrep 6y)~8T BHpa6aTiii!BaTnCJI Truor<e B C06bi-

TH.flX THIIa 1r ... n ~ ,2, + .2- +X .. 
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O~eHIDJI, narrpiDJiep, BEJia.rt peai<:wm 1C + 11 ~ t 7e+ l1r-p o ce-

-qeHHeM 500 MKd B ~H. C yqeToM sg~eKTHBHOCTII pa6oTH C8 , a TaiOKe 

paonpe,n:eJiemrH,rrp:aBe;u;ennoro na puc:.I7, sTa pe~IJI ,n;aeT B Te-qenne 

!00 OMCH 3,4•104 JIOJKHLIX TpiiT'repOH. 

2. EoJiee Be cow¥. DK.1Ia,n; B ctoE ;IJ;aiOT 4-JIYl!eBhie oo6b!TirJI o K"*E-

B KoHe'IHOM oooTo.A:Hm:r. IIoJ1Hoe ce'fiE:HHe rrpn P1C = IO, 3 raB I c 

(J (Wp --+ lYpi\-1\-) = 8f>±7 ME6. Pamrne KaHaJI1I peaKu;IIii STOro TIIIU 

H roc cetieiUIJI npH p'lf: = I0,3 raB/o rrpnBe;u;eiru B Tadmme 4. 

Ta6.m~a 4. 

IIpO.IJYETH peaKIJ;IDI Ce-qenue (MK6) 

p n+ t/ 2,3;-0,8 
-· P n+ .f 20+3 

P n+ 11 1580 II 4,2j),7 
A++ (12.32.) K + IC 34+4 -
p K + K * ( 8g2) 22+4 -
p K+ K ~~' (14jO) 3, 9±I, 6 

I 

Bl!eM ~ 50 MK6 B ~H! B Te't!eHHe 100 OMeH IIOJr.{tffiM Ha JieHTe. 2, 7•10' 

JIO]KHHX TpurrepoB. 

3. C8 He OMOJKeT oTmNaT:o K <>T p (p) K, nanp:mvmp, oHcTeMa 

K+-K- p p + X :wm 2, p .t p +X 6yJSYT cos,n;aooT:o JIOJliHbie 

Tpm'repa. 

liOJrnaR onemta c.poHa .ffBJI.R:eTOJ"I O't!6H:O Tpy,n;oeMKOM, TaR KaR ~KHO 

npoMo;u;eJirrpo:saT:o npoxoJK,D;eime -qepe::l yoTaHOBI\.Y rrpo.IJYKTOB 1\morux pe-

. romrrll, a Ta:K-1te neT ,n;aHHLIX no Bcellt peaRIJ;Wl!.JI npH "nameM" m.myJI:oce. 

IIosTm,I!Y Jier'!e onemrT:o neo6xo,r~H!v100 "tlliOJIO oo61JiTIIM Ha JieHTe ,!l;JIJ"I no

J.cy'ICIDISI OIIpe,n;eJieHliOM OT8TUOTliKH: tftp II3 ,n;ru-:mLIX, no.rryqeilliLIX Ha 

,Tij)yriiX ycTaHOBitaX. Hanp:mv1ep, :rra CnJiera orrercTpoMeTpe rrpii Pn = I6 

raB/ 0 u ypOBI-Ie Tpurrepa ~ 8. ro-5 
)J)m IOO peKOHCTpyuporomrnx 
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it./ HS pearo:um: (I) 61LJIO IIyJKHO HaCpaT:O 2,5•I06 TpHrrepoB. 

Ha yoTaHoBKe "rnnepoH" a.Kce:c:Trurc 6y)J.eT Memme, 't!eM Ha 0Mera 

crreKTpoMeTpe , 't!TO rrpHBO;n;MT n: K YIVreH:omeHHIO ypoBHR Tpurrepa. ITpe.rr;

IIOJIOiKHM, 't!TO OH 6ylJ,eT Io-5, TOrlJ,f. sa IOO CMeH Ha M.JI sarmmeM 

'V 5 • 106 C06hiTI1:f:!, HS KOTOpbiX MQj!{fl(l IIOJ.IY'UIT:O l"o.J 100 peKOHCTpYJipO

Ba.HHIDC tptp H3 pea~ (8) H ""~iQQ c.ptp B IDIRJII03IiBHOB peaKIJ;Im 

(6). 

IIo;rrq:epKHeM ell{e pas, 11':!'0 ~H npn o6pa6oTKe ycTpaHSieTc.ff, Tax 

KaK B yseyro 06JiaCT:O OKOJIO MaCChi t{J- M630Ha (±IO M3B) rrorra.rr;aeT 

H83Ha'tfi·IT6JII>HOe KO.mrcieCTBO HeCKOppe.JmpoBamm:x: nJIH JIOJitHUX 1\"'J\- nap 

- THIIwniLIB qx>H "" IO% OT cf'f • 

06eciie'tfi1:TK. 't!ltCTYJO HHKJTIOSI'IBHJ'lO IIOCTaHOBRY 3KCIIepiiM6HTa Otielffi 

TPYlJ.I-IO' IIOTOMY 't!TO C061ITH.ff c K .,.. K- K + k- 7C :t B KOH6'IHOM COCTO.H-

mm He 6yrs:yT saper1ICTpHpoBamr, eoJIII II Meson rrorra,n;eT B o,n;Ho n To

Xte sepKa:rro o o;rr;1unv1 ns K MesoHOB. EoJiee Toro, Koeyc -qepemcoBcitero 

ll3JIY'I6IDI.fi II M630Ha c :m.myJII>COM 5 r3B/ c ID.1eeT B ~8 ,IJ,Ha11eTp 'V I6 C1 

n oo MHOrnx co6nrTHmc (lloTOHbi, us;r.rr:taeMLie II MeSO HOM~ rrorra.n;aroT B ~ 

cocell.IDrx sepRaJia. ,If,J:u:r ycTprureiUI.ff 3Toro a@?exTa rrpe,IT,JiaraeTc.H HaTsr· 

nyT:o TOHime ( 6yMmrtnnre) rreperopo;rorn M631UIY sepKaJiaMH rolJ,OcKorra c 

pa.IJ;ey'COM 5 M (pUC. 4) • 

Pac't!eTI:i[ rrmcasntBaiOT Heo6xo,IJ;ID.10CTI> pa6omT:o rrpH m.myJIJJce I5 
6 

· raB/c C ITHT6HCJi.IBHOCT:OIO IIy't!Ita 2•IO /IUIKJI, XOJJ'.f.I Ce't!eHue peruaum: 

(I) :ami (8) c pocToM 3Heprmr rra.rr;aroT. B Ta6.mrne 5 rrp:aBelJ,eHo cpan-

HeHr1e -qyBCTIDITeJI:OHOCTH YCT8HOBKH H Ha6prunro! CTaTIICTIIIGI .2, tf B 

peaKWm .(8) rrp:u H'IC = 2·I06/IJ.Im..rr (Bee ycJIOE~..CI TaiGie iKe ImK B 

(II)). 
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Ta6mm;a 5 

:VIrvrnyJI:o c I2 T:3B/c I5 T:3B/c 

6(Tr~n.. ->-fj;¢p) (H6) 65 45. 

aiCC0llTaHC 0,076 O,I6 
r.t-
f. 11/f: 0,25 0,3 

tiyBcTBIITeJI:bHOCT:O L g(I/n6) 3,0 8,5 

N2f · (3a roo oMen) 48 92 
. . 

B noJI:o3y p 'II = I5 r:3B/ c ronopnT eme :u y.7ry'E!e:m:re u,I(eHTH(Q:vnca-., 
:u;rm BTOpli'liH1T.X 'tJaCTliiJ; B C8 ITO cpaBHEli-ITIIO C p fi. = I2 rsB/c. 

HHTepeCHO TaiOK8 CpaBHIIT:O 3R.CH0pl'llvl0HT8JibHbi0 Tpy,n;HOCTH ITO ITp0-

B0pR.e npaBHJia OUVI ITpn o6pa3oBaHiill o.n;noro ¢ :vr napbi ¢ r:,1e30HOB. 

Ce1.remre peaKIJ;IrH 6 (li'*n + ·~ p) = I79:t 7~~ H6 /I3/ ITp!if pTa' = IO TsB/ c H 

ce-qerme 6'(1r+n + ;~ P)::: 90 n6 rrprr TOM ~e caM OM rmmyJI:oce. ~on B CJ!Y-

-qae Tpnrrepa na O.JUIH .</> : .. ('t~e.+ ).!) 8.-( ~ \<." ~ i) 6y,n;eT HaMnoro 6oJr:o-

rne, 't:IeM ~on np:rr TpHrrepe na . 2 <P : ( \1 K4- ~ 2) &. ( \1 K- ~ 2 ). 
IIp:vr cYIT(ecTBeHHoM H3Menemur I{C•Hcnrrrypa:w:tu ycTa.Honro:r, wncTnn

TeJI:snocTr, Mo;rtno yne.mr'tBTl) 6oJiee 11:ervr B -qerupe pa3a. ,If,Jur sToro Tpe-

6yeTc.fi: 

I. TIOM8CTliiT:O MHill0H:O BHyTp:O Mc.riDITa; 

2. paCTIOJIOiiUIT:O TaM iit8 TipliM8pEO 8+10 IIJIOCROCT0H IIpOTIOpll]:IOHa.JI:O· 

HHX KaMep; 

3. Mai{Clfl',.!aJI:OHO llpli.n;B1UiyT:O MHCrOICaHa.JI:om.ri1: -qepeHI~OBCI{Hif C't!8T

'TIIK K Cll9ICTpOM8TpH'ti8CROMy ro!ariiiiTY. 

0iKII,I(a81':1LIH BHXO.D; peKOHCTpyiipOI.aHiillX C06L!TUll B :3ICCRJII03liBHOii 

pea.KIJ;m (8) cocTamrT : W;tp~400 IllTjiE, a B :umt.JII03IIBHOi1: peaKWIII (6): 

N~f> ~ I300 IIITyr~ 3a roo oMen. 

B 3ai~O'I0HII9 aBTOp1I C'IIITaiOT CBOHM npii.fiTHI:IM ,IJ;OJirOM IT06Jiaro.n;a

pHT:O IO. A. 13y,IJ;arona II B.E. <I>JLqrrm:a 3a p.rr.n: n;emna. cone Ton; A.A. Eo(tyma., 
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B.M.I\yTI>IIHa II JI.T.L'Ioposa sa IIOCTORHH1Iil Ii'HTepec K paOOTe. 3a !IJIO

~OTBOpHH9 oocy.,:t~emur n BHCKasaHHHe 3aJ\te"tiamm a.BTopu OJiaro~apJIT 

C.A.AKnMeHKo, B.E.B:rmorpa;rr;oBa, A. C.I\yprr.m:rua, B.T. Owrn:n;oBa, H.A.Py 

caiWBll't!a, P.UeHoBa 11 B.H.~KoBa • 

. 4hfl 

/ 
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IIo,IUL-rrcn -K :pueyHitaM 

PRe. I .TI.vrarpaMl'l!LI OIU1-paspememnnc ( 1 a I 1 b ) H Ollli-sarrpemeHHO~ 

{I c) peaKD;lr:H • 

PHc.2 3amwm.meT:H ce~ei-mii o6pa30BaHM: a) i.ft{J ; 6) lf B rr H 

rrytnta.X OT HMITij.JIOea II8J];8I<IIUDC 't!8CTIIT(. 

PHc. 3 CrreKTP Mace 'P c.f • IIoJlliru=r JI;nnm - pac't!eTHH:ti erreKTp. 

Puc.4 CxeMa BTOp!Il!HOrO CII8KTpOMer:pa. 

Pac.5 Paerrpe~e~eHne Y KObp~aru K+/- M830HOB B MeeTe r32• 

PHc.6 3aBHCllMOCT:O aKC8IIT8HCa OT :rrn:prnnz 9JI8M8HT8 ro.n;omwrra r32 ... I 

H = 9 Krc, Po = I5 rsB/c, eX= 5, L.l, = 4 M. 

FMc. 7 CxeMa BKJIIO'IeHII.fi ~8 H r 32 B Tpnrrep Ha 2K+ + 2Ir-. 

P.ac. 8 3a.BncriMocT:o aKeerrTmrca OT vn,my~:oca rtyqKa, H = 9 Rrc, 

Ll. = 3,5 !v1, oC. = 5. 

' PRe. 9 3a.Bl!CIIMOCT:b aKeerrTaHea OT HarrpmrteHHOCTH MarHHTHOrO IIOJI.fi B 

MC-I2, p0 = I2 raB/c, Lc = 3,5 M, rx = 5. 
i -8 

PJic.IQ 3aBHCRMOCT:o axeeiiTaHCa OT BHCOTH sepxar.ra ~S' 71)0 = I5 rBB/c 

lc.,= 3,5 M, o( = 5, H = 9 Ere, A: - nmpHHa rramm r 32 - 3 c:.· 

B: 6 CM. 

Pne .II 3aBJiiC1IMOCT:O aKC8IIT8HCa OT paeCTO.mrwi MID118HH OT BKpaHa 
L . 

MC-I2(!p0 = I2 raB/c, H = 9 Krc, OC. = 5, L~1 = 3,5 M. 

PHc.I2 3a.Bn:ciDJiocT:o aKcerrTanea OT paecTo.mnm: Me~ BKpaHOM MC-I2 

H sepKaJiaMM ~8 - Ll • H = 9 Krc, oC = 5. 
I 

PHc. I3 3aBHCHMocT:o rutcenTaHea OT cC , H = 9 Krc, Lc
1 
= 3, 5 M, 

paccTO.F.Ilrn:e OT MC-I2 .n;o MrrmeHH - LT = 60 n roo CM. 

Puc. I4 3aBMCI:iMOcT:o aKcenTaHca OT t , H = 9 Krc, Ll = 3 M, 
·. i 

LT = IOO OM' Po = I5 rsB/ (:; ytiT8HLt pacrra.n;u K+ H K- M830H0l 

PHc.I5 CrrexT:p MaceK~-. 



PHc. I 6 CneRTP Mace K+r<- z ux: napTHepoB M3 co6HTliii1 K"*R-K"1\-. 

PRe. I? a) .UoJIH co61ITHii, B ItoTopux h 'tiaCTm:t H3 4 EMeiOT HMIIy'JIDC 

< 3, 0 r3B/ c rrpu ur-.mym,ce :riy'IRa I2 r3B/ c. 
6) ,llOJIH C06UTJti1, B ROTOpl!X 11 'tiaCTHn H3 4 IDJieiOT MMiryJI.:bC 

< 3,2 r3B/c rrpn: m.my.Jffice nytma !5 r3B/c. 
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