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1....ymecTBY!OT JllJ HOBble nerKHe HettTpaJibHble Me3OHbl ·r 

PaccMOTpeHbl CBOltCTBa rHllOTeTH'leCKHX HeATp81lbHblX MeaoHOB 

( L ) , .llJIH KOTOpb!X aanpemeHbl pacrra.abl Ha .apyrHe '18CTHUbl no 

CHJibHOMY H cna6oMy BaaHMO,lleil:CTBH!O. noxaaaHo, 'ITO HeKOTOpble L 
-Me3OHbl MOryT HMeTb 6OJibUIOe BpeMH )KIJ3Hll ( r .. 10-5 - 10-8 ceK) 

ua-aa Toro, 'ITO e.llHHCTBeHHO BO3MO)KHblMH llJlH HHX SIBJISI!OTCSI pac­

na,llbl Ha 3 HJIH 4 y -KB8HTa. KpoMe Toro, HMeeTCSI o6naCTb Mace 

ll, Ha6opoB KBaHTOBblX 'IHCen L -Me30HOB, Kor.Ila OCHOBHblM 6y.aeT 

pacna.ll L -+ rr rry • , 
3KcnepHMeHT8JlbH<l :,111eKTpOMarHHTHbie jpacna.abI '18CTIIU, o6paay-

!OlUIIXCSI B CIIJibHblX B3,81IMOL1eitcTBIIHX, c:j:JaKT0:'19CKII eme He H3y'leHbl. 
\ 
} 

\ 
. npenpHHT O6'b8.LlHH8HH0ro HHCTHTyTa SI.Ll8~HhIX HCcne.aoaaHHA. 

Jly6Ha, 1964, 

P-1750 

Grishin V,G., Kopylov G.I. 

Do There Exist New Light Neutral Mesons? 

The properties of hypothetical neutral mesons ( L ) are 
treated for which the decays into other particles via weak 
and strong interaction are forbidden, It is shown that some 
L- mesons may have long lifetime (r., 10-' -10-a sec ) becaus 
the decays 1nto 3 or 4 y - quanta are the only possible ones 
for these mesons. Besides, there is a region of masses and 
sets of quantum numbers of L - mesons when the decay L .. rrrry 
is the main one. · 

The electromagnetic decays of partides produced in 
strong interactions are not yet studied experimentally, 

Preprint. Joint. Institute for N..tclear Research. 
Dubna. 19 64. 
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Bonpoc O cymecTBOBOHIIII HOBbIX neirKIIX HellTpanbHblX M830HOB ace eme OCT88TCSI o-r­

Kpb!TbIM, II apeMSI OT apeMellll npe,onp111111MBIOTCSI llOllbITKII OTb!CKBTb IIX (cM,, 11anpHMe/.
1•21 ). 

B pafi0Tax
13- 5I p~CCMBTpllBBIOTCSI TBKlKe 118KOT0pble T80p8Tll'l8CKll8 OCIIOBBHIISI JlllSI aoa­

MOlKIIOro cymeCTBOBBIIIISI IIOBb!X M830110B, B. 11aCTOS11Uell pafioTe a11an11a11pyIOTCSI CBOl!CTBB 

TBKIIX M830110B ( ofio3118'1811Hb!X ycnoBHO fiyKBOl! L llCXOJl!l ll3 Toro, '!TO B 3Kcnepu-

'· 

M9HTax no llOIICKY L -MeaoHOB HM8IOTC!l 311B'IIIT8llbllbl8 'fienble nHTlla', ,[leno B TOM, 

'!TO KOCBeHllble MeTOJlbl llOIICKa (no IIMnynbCy OT.LlB'III, no 118,QOCTBIOIUell Macce) 118 cnocofi-

Hbl ofittapylKHTb L -M8301lbl 0 9Cllll C8'1811HSI HX pOlKJl811H!l JlOCTBTO'!IIO MBllbl, rop83Jl0 

fionee Bbil'OJlllbl npHMb1e MeTOJlbI - no 11afin10,oe11u10 npo,oyKTOB pacna,oa. B npe,ononolKe1mu, 

'!TO Cnllll L -Me30IIOB paaell O llllll 1, a_ ll30Cnllll T a,O , Mb! npoa11anuaupoaan11 Boa-

MOlKllbie CX9Mbl pacna,oa L -Meao11oa B 1111Tepaane Mace ,oo . Sm
17 

H yfi_e,ounHcb1 

'!TO- HX paCIJBJlbl fionbwel! 'IBCTblO !!Bll!!IOTC!l 3~9KTpOMBrHHTHb!MH, EcnH MBCC8 L 

30118 ,QOCTSTO'IHO. Mana, OHH MOI'YT pacnaaaTbC!l TOllbKO Ha 3 llllli 4 . cpOTOHa, npu. fionee 

Bb!COKHX Maccax MO)KeT Jlll!l 118KOTOpb!X KBBHTOBblX 'IHCen npeofinaaaTb pacna.z:1 no cxeMe 

""Y · (p11c, 2). B ofio11x cny'!aHx Hafin10,oeHHe · L -Meao11a TpefiyeT perHCTpan11u _ 

y -KBBHTOB, '!TO JlO HBCTO!!W81'0 apeMeHH B onbITBX He npOH3BOJllillOC_b, Bonee Toro, 

M93011bl, pacna,QBIOlllllE!CSI _TOnbKO Ha y -KBBIITbI, OKB3b!B8IOTC!l ,oonrOlKHBYlllllMH ( § 1 ) 

ll pacna,oaIOTCSI a,oanu OT MecTa caoero pOlKJl8llllSI, l..fx nerKO He 38M8THTb, ·ecnu HCKBTb 

llllWb y -KBllHTbI, Bbin8TBIOIUHe npHMO H3 3B83Jlbl, KBK 3TO Ofibl'IHO ,oenaIOT, 

,[lanbllellwlll! 8H8llll3 noKB3blB88T, '!TO ecnH ,oonro»rnByIUHe L -MeaoHbl ,oeAc-r-

BIIT8llbHO cymeCTBYIOT; TO HX B381IMOJl8l!CTBlle C HyKllOHllMH JlOn:lKIIO fib!Tb no KpaAHell 

Mepe 11a nop11,00K cnafiee, '18M y IT - M830HOB, B npOTIIBHOM cnyqae y)Ke li3B9CTHble 

B HBCTOHWee apeMH 1-f830Hbl MOrnH fib! pacna,oaTbCH HS 

fibm fib! JlBBHO 3BM8'18H ( § 3), 

L -Me30HbI, II 3TOT p.4cna,o 

§ 1. '-IIICTO paa11au110HHbie pacna,Qbl L -M930HOB 

0 
.)')Ke pacna,obI ·,r 11 Ha 2y UpllBOJl!lT K BpeMeHaM )Kll3HH 

0 0 
77 ll 7J 

-16 -17 
nopSIJlKll 10 - 10 C8K ' T,e. HS MHoro nop!!JlKOB BbIWe BpeMeH )Kll3HH, CB!l38HHb!X 

TOllbKO C CllllbHb!MII pacna,oaMII, EcTeCTB8HHO 0)KHJl8Tb, '!TO ecnll cymecTByeT 'IBCTIIUB, 

cnocofiHB!! pa cna,QSTbC!l TOllbKO 118 3 llllll 4 <pOTOHa, TO BepoHTHOCTb TBKOro pacna,oa 

0Ka)KeTc11 Kpall11e 111taKoll, '!To np11aeno fib! K orpoMHblM apeMe11aM )KHa1111, nycTb Macca 

3TOA npe,ononaraeMoll 'IBCTIIUbl L M811bWe MBCCbl 11110118 ( m ~ mlT ). Ecnu ee 

3 



1maHT001,ie q11cna 
+ ... 

cyTb o- 11n11 

JPC 

+-
1 

J -cnHa, p -qeTHOCTb, C -aapn.ooaaH qeTHOCTb) 

To Ha11aepoSITHei!umM TIIIIOM ee pacrra.oa oy.oeT pacrra.o Ha 

Tp11 cpoToua; ecn11 1 ± + , TO ua qeTbipe; ecn11 -- , TO 6onee aepOHTeH pacrra.o Ha 

e + e - • 3aMeTHM, qTo ronh.Qoepr II naH.QOBIIU/
4 / 11errpaob1, yToep}K.QaH, '!TO pacrra.o qac-

+­
. TIIUbl o- Ha 

TO .om, qacTIIUbl 

3y 

·( f+) 

BpeMeHH }Kll3HII Me30Ha 

0 

Heao3MO}KeH (cM. Ta6n11uy I) • .Qanee, ecnH m
11 

".:,_ m ::,2m
17 

, 

cTaHOBHTCH 6onoe µepOHTHb!M pacrra.o Ha ,,o yy (aaaHCHMOCTb 
H ~ 

( 1 ) OT ero Macchi rrp11oe.oe11a Ha p11c. I), .om, qacTHUhI (1 )­
±·• 

aa 1T y • HO qacT~ua C KBSHTOBbIMH tJ:HCn8MH ( 0 ) Il0""IIP0}KHeMy M0}K0T pac-

rra.oaTbCH TOnbKO Ha 3y 

TpanhHb!X TOKOB aarrpe,ueHb!. 

Cnaoble pacrra.Qbl acex 9TIIX qacTIIU B cnyqae OTCyTCTDIIH Hell-

Mb! OU8Hltnll BepOHTHOCTII pacrra.QOB Ha _ny(na-3,4), IIOnbsyHCb rrpocTei!wHM 

B11.0oM noKanbHoro scpcj:JeKTIIBHOro MaTpHqHoro sneMenTa pacrra.oa. PeaynbTaTbl pacqe~a cae­

.oeuu B Taon. t. 130 BTOpOM CTOnoue ee yKaaaHo qncno BTOpll'IHb!X cj:JOTOHOB, B TpeTbeM 

CTonoue - .oo 1rnKoro aHa'!eHun Macchi MeaoHa pacrra.o ero Ha n y HBnHeTCll 0.QIIHCTBeH-

HO B03MO}KHb!Mo B '!eTB0pTOM CTOnoue '1l rrpHoe.oeH rrpocTellw11J! 011.0 MaTpH'IHoro sne-

MeHTa pacua.oa, 

cj:JOTOHOB. 3.0e';'b 

IIY}K.Oll!OLUHllcn e,ue a CHMMeTpnsau1m uo aceM rrepecTaHoBKaM HOMepoo 
(I) - (I) 

_Fafl H . F a{J- 0003Ha'!ll!OT COOTBeTCTBeHHO BOnHOBbie cpyHKUIIII i -ro 

<pOTOHa C qeTHOCTHMII + I II 1 • 

pOBO'IHbii! cjJBKTOp paaMepHOCTII m •I 

(T·-=· 
1 

(211)30 -•137n n1(2J+l) 

P; -11MrrynbC -ro <!>OTOHa, f -HopM11-

B Ill!TOM cTonoue rrp11oe.oe11a aen11q1111a HHTerpana 

.. 
2m 

n dp , n ~ 

fll-1 
8 (lpl-P)l~I 

I 2eu 1 I ( 1) 

a B !lleCTOM - apeMll }Kll3HII L_ -MeaoHa, pacrra.oa10,uerocg TonbKO no TaKoMy KaHany • 

. l3b!COKl!e cTene1111 HMrrynbCOB, BXO.OHIUl!e B rrpocTellw11l1 MBTpllqHblll sne~eHT, rrpHBO.OllT K 

TOMY, 'ITO aepOllTHOCTb pacrra.oa CHnbHO 3aa11CHT OT BblOOpa HOpMl!pOBO'IHOro cpaKropa f • 
Bc10.oy, oueHHBall apeM!l '.lKH3HH, MhI rronaranH f = m-1=-m-1 · 11sMeHeHHll 

11 •I 
B HOpMHpOBKe MOryT cHnbHO CM0CTHTb rronyqeHHbl0 oueHKII, HO .Qa}Ke Ilpl! f C• 2m " 

aepoHTHOCTb, aoapacTBll Ha 2-3 rropn.oKa, OCT80TCll ace" }KO .QOBOnbHO H1!3KOll, a L 

30Hbl rro-rrpe'.lKHeMy MO'.lKHO C'IHTaTb .oonrO'.lKHByIUHMH. 

-Me-

noHl!THO IlpOCTellwero MaTpH'IHOrO sneMeHTB .OOBOnbHO oeCCMbICneHHO B HaWOM cny-
+·-

qae, H II09TOMy Mb! paCC'I.HTanH aepOSITHOCTb pacna.oa O - , nonb3yHCb TaK'.lKO MaTpHq-

HbIM sneMeHTOM C oonee Bb!COKHMH CTOUOHHMH HMnynbCOB (3-n CTpOKa TaonHUbi), H yoe.oH­

nHCb, 'ITO 9TO He CllnbHO MeH!leT oepOHTHOCTb pacrra.oa. 3To OOCTOl!TenbCTBO nosoonHno 

xi · 
'-laCTIIUa C KBal!TOBblMII q11cnaM11 

STQM rraparpacj:Je He paccMaTp11aaeM. 

±.:+ 
0 

4 

pacrra.oaeTCH Ha 2 <pOTOHa, 11 Mb! ee o 



'.1: 

1:1PH pacq~ne pacrraaa qacTHUb~ 

,M.~TpHlJHhIM, aneMeHTOM,. HO ,TaKHM: KOTOP,·~IH 
I I ' ' 

i+:..:· (4-si. c·TpoKa) .aocrrd~h3oa·~ThC~ He ca~blM,rrpocThlM 
- ;",_ ' 

oTh«'qaeTCSI '·aaT'o ,rrpoCTOTOl! ab1KnaaoK • 

Ha Ta61ll1Ubl cneayeT,' 'lTO Me30Hbl C, Maccoll ,m ,' ,Meehiirel! ,'le:'1' m .. p' , ''!,, yK~-:-. 
' l, ' ' , : , 

, a,aHHblMII KaaHTOBbIMII 'IHcnaMII Mornn 6hl '>KIi Th ·O'!eHb aonro ll 3Ha,HTe1lhHO -yaanSIThCSI OT' 

MecTa csoero pO)K,tleHHSI -~-p~>K,tle qeM 'pacrraCTbCSI ua ,¢070Hbl. Hexo-rophle TexHH'!eCKlle ae­

Tanll paC'!eToa CM. a ni>e:io~eH~~'. 

Ecne · 6b1 Macca 

"17}' OXOTHeil , qeM _Ha , , rr -Me30Hhl.'·., ,lla>Ke He 6y,o;y'.1H ,tl01IrO)!{llaym11M~, '01rn ace 

', paa~'.o,· yCK01lh3aJIII 6hi OT rnaa: 3KCnepHMeHTaT?pa_,. ecnH· OH ·nHWfi!H a03MO>KHOCTII, 'll3MepS!Th 

aueprHKJ y -KaliHTa. , npoaH~neanpyeM · c11Tyauiuo·· rro,o;po6Hee ( peayn6TaTbI :noro aHan11-

- aa ·11peacTaane11,bl 'Ha 'p11c. 2 ): 

',• ,✓, 

Toraa nycTh y .L_ 

M93,0II L(O 'I'..:.>.', 
II ,,o ~o y ; a 

. -,MeaoH~: ~ac,ca , ,m i' 2m ~ , Ha11p11i.tep; 2m,, $. m .$ 3m ,,· 

. rrep~c;aii f5hl. 6~Th :n~nrm,c'Hayui11M; 'rrpOHCioaan 6bl' pacnaa H,a ~+~ - y ,·-

c~nhHhlll p·acrr~a ~a •2rr 6hm 6b1 aarrpeweH ·Tpe6oaaH11eM 

To'!Ho. TaKnMn >Ke; caol!cTaaMn, 0611aaari11 6h1 11: ( 1± + ' ) :­

nb~TOM; H~6n10;:;8Th Taxne 'M930Hbl ;,,;O)Kmi; T01lhKO l!cciiebysi Ko&it5HHaunH 

coxpaHeH11si 

M~30Hbl~ 

Meao11aM 1. paapewe11 aneKTpOMarHHTHhii! pacna,o; 'aTOpOl'O rropsi,o;Ka Ha ·2rr' 

HO,,He IICKJIIO,eHO, '!TO, pacrra,o;hl rrep~OrO ~opst,tl'Ka·Ha rr 9 ; , ,,+-,, y , rr 0,rrO y 
pacrra; ua e + ~ - · 'o.irn~y;csi 6one~· ae~osi;H~1~11: Y' ~eaoHa O -:i:. ' pacrra,o; Ha ,,+ rrI y_ 

111111 

'MO>KeT co11epiJ,11qaTb C pacrra,o;OM H8 2::Y· 

11-r'ax, a ·aTOM IIHTepaarie 
' . +'+-:-

Kp_oMe 0 

M'acc-(2-3) m -·ace Haoopbl 
,,, ,•. •," ·- rt ,, , 

abiHy>Kaan11' 6,bl Me30Hbl pacrraa~ThCSI Ta_K, 
· xi 

KBBHTOBbIX 'IHCen M830HOB, 

'!T06hl O,tlll~- 113 ·'1:1poayKToa:--

p~~rra,o;a 6h~1l , Y i,, -KaaHTOM 

.,npn ilanh11ellweM pacw11peH1111 HHTepaana Mace r11110TeTH'!eCKHX MeaoHoa L ao 
. . . . . 

qaCTh Ha6opoa KBaHTOah!X '!HCen y>Ke paapewaeT Cll1lhHbl8 pac11a,t1bl. 0,o;HaKO ·pac-
\ PC +'.;. -+ ±.+ 

4m 
' " 

,rraa' Me30HOa C. J '=0 .• 0 ; , ' 1 110-rrpe>KHeMy aon>KeH n,o;TH '!epea, Ka-;·: 
' +'-

nan ""Y • ·np1(aTOM pacrraa O 'ii'a ,2 II 3 ·,. "· -MeaoHa aarrpeweH II' ~o C111lhHO:.. 

. My· H 110 .a~eKTpoi.:iarHHTIIOM'y B31:llll-<!OlleilcTalllO. Pacna,tlbl•. 1 :!:_'+' 'o -+ · ,Ha ,r,ry, .. [· 

~ correpii~~ane 6b1' c, aneKTpo
1

MapH11,THhI~~ pacnaaaMK ~Toporo, no'psiaKa Ha 31r, 

,5 
·, \ 

, 0' • 
1T yy 
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I, 

,.,,, 
11aK0Heu,· a' IIHTepaa11e: i-iacc ( 

,,' . ·,'' 
. r TO/lbKO MeaoH c ·~aaHTOBblMII 11, 

'illC/laMII 

rrrry 

30HLI~ 

o+·,... 
•·, KaK 11 11p11 MeH&UIIIX Mace ax, pac11aaa11cH 61,1 a, ocHOBHOM ·q':pea, KaHan 

Ohl II Cll/lbHble pac11a)lbl Ha 
' I. ... 

", Ha p11c. 2 Mbl' :~.TMeT11m1:, )l~ll aoc1:"!11 _KOMOIIHau11l!. q11cen. J p C cxeMbl 

pac11aaa L -MeaoHon, 11,ayUI~e' 11pe11MyUiecTaeHHO ~o ~aHanaM . rrrry 3y 4y .. 

(11·nO,HeKOTOpblM JlpyrH~). 11a:,Tat5nHrl~l, ~oJourn•Bll;H•O, KaK Ben11Ka e~e lie 11ccne)l0Ba~: 
• / ,,'. / , < • .·- •• i ' • • ; ' - • ' • ,--, 

Hall ,aKCn';p11M9HTan&HO ot5nacTb B03MO)Kf1b1X peaoHBHCOB, 

1He.\IlOTOMY' nH cpe,a.H II3BeCTHhIX peaoHaH~OB OTCY'TCTByIOT, qacTHilbI 
p ++ ' . 

C KBBHTOBhiMII 

Jc~ 1- · 11,MaccaMII MellbUie'(4-5)m,, · 
. - . ' ... 'iTO, cyasi no·. Ta6n11ue,. 11x · 

·, 4,aKTH~~CKII · 11 He 11cKan11 ? 

' . ' 

§ 3. A11an11a ·11Me~Uilixcsi aKc11ep11MeHTBn&Hh1x· 'aaHHhlX 

J:r'o ,CIIX nop Mbl IIHTepecoaan11c&· TOnbKO ,pacna)lHhlMII CBOl!CTBaMII r11noTeTII'i9CKHX 

/ .L . . :-Meao.Hoa, Oa11aKo, ecni · . L · .-MeaoHhl ·aocTaT~'iHO ne~i11,' To OHH • Mor mi 6&1 caMH 
' ' ' ' 0 ", ·. + 

>0Ka;3aT&csi cpea11 npoayKTOB pacnaaa. y)Ke naaecTHhlX qacT11u: rr 0
' 11~'-' , w • '; K 

Ec'1111 ·obi K' T;My )1(9 c1111a B3611MO)lel!·cTBIISI L C '.aTHMH 'iaCTHuaMH Obma Ohl Cp:9'BHH-. 

·Ma c .06b1'iHhit:I · ·cn11&Hb1M aaaH~oael!CTBll.eM, TO L ~MeaoHhI n1160:'y)Ke ·61,mn ·01,1 aa-
. ., ,, . 

Meq.eHbl, nnoo· 11x ·cy!lleCTaoaaH11e cK£!aanoc_&'ob1 KocneHHo, :- Ha.apeMen11 )Kli3HH aTnx Ha­

necTHhlX · qac:T11u, TTpoaHan11a11pyeM c . a Toll TO'iKH apeHHst cy!lleCTBylO!llHe aKc11epnMeHTan&-. 1 

Hh,ie .naitttbte; 

1. ·6011bUIOe apeMst ~ll~HH 
-16, c- • , 

( ~ - ·10· . ceK) 03H6'IBeT, 'I;O OTCY"F"" 

cTayeT t5onee 6b1c,Tpb1l! aneKTpOMar~IITHhlli pac11aa. (11epaoro nopsiaKa no. a ) 

0 
rr' ➔ -L+:y 

, •0,llHBKO, ecm, KBaHTOBble 
C PC + 

q11cna L · .-MeaoHa · J 1 - - aTOT pac:11aa .ho11)KeH 61,in 
/. ' 

. • · · 6i,1 npo11cxoa11T&~• 3H.B'IIIT, · 
'/ • • ......_ +-. ,, I ' • 

Hel!Tpa11&Hbll! MeaoH 'c KBBHTOBblMH 'IHCnaMH ( 1- ),6011ee 11erKHli '· 
IS ' 

. ' . - . ' 

Me30HOB C JlpyrHMH KB611TOBhlMH q11cna -
·, . ' . ~. ~ ,/ , 

qeM. ,,0 -MeaoH( He cy!lleCTByeT: Ha11HqHe ':>Ke 

M;: (Q!:-) ,o±+) Him )Ke' Me3;11~B (lt- ) , 
• • 0 ' ' , , .,, 'C ,' .. ' '.' , 

·. '; .m > m ,,o I _He MeUI~eT_ cy!lleCTB_oBBHIIIO' 

' .' ',,;. ,-MeaoHa (a 'i8CTHOCTII, B03MO)KIIOCTb pacnaaoa T11na rr~, ~ L + L ' Momao He 

rrnTblB6Tb 11:3-aa,'11ecox_pa11eHIISI 
1
n HIIX .. G ;_'i9THOCT~)., 

2, Cpanm1Ten&Ho aonrast: )K113Hb .:.MeaoHa 
.~ .. PC -+·•.'1 /. 
( T = 0, J =. 0 · •. ,. OObSICHll9TCSI: TeM,' 'iTO 'OH pac11aaaeTCSI TO/lbKO aneKTpoMarHIITHO, 

Bonee G1,1cTpb1M11 ~or1111 Obi OblTb .c1111&Hb1e pacnaabl '·T1111a 
I· 
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,, ' 



.\ 

}•; 

\ : .. 

'71 ➔• L t-.L /-. 
, ' - ~- , . 

: '~ '. 

·(3): 

'._.i,:.:-, 
+ 

1/ ➔ :11:. it . L .,,., . (4) 

· n epahli1 1w· aax J:ldn:>KeH '.ob1ii' o~i aaon10J:lBTbcst, ecna Ohl· KB8HTOBb1e '.-rncna L OhlnH· Ohl 
;!;'- '"-· -·+ -/-·' · ' ' ·.· ' ' •. . - (I) (1)(2)(2)· ,,- / 

, 1-. 'HHI! 1-, . (acpcpeKT~BHblH M~TpH'lHbll! aneMeHT'pacna):la ,'P.~M' Pµ ,., P >,,_ru 

r'J:l•e' .- ((I),• , 1 H , p (I) -nonstp1138UHSI ,H 'm¼nynhc 'l8CTHUbl i '), BTOpoi1, - npH' KBBUTO-
' . . ., ,, :. + + -· . , · , (L) '. (L) . - ++ ' . 1 

Bio:Ix':qacnax ,,1::: ; ·'.CMaTpH'lHblH aneMeHT. Pµ •·µ npu 1 . H ·:-
' ' . (+)/ (-) (L) (L)_(+) (L) ,_ - . • . r-+ " ' . ' - .,, . 

·~ rp.v)v, Pµ' ~v Pu r>,., p·a·--Pa ·: ·npa_ 1 • .),_,TaK KBK TBKIIe oonee ObICTpbie 

-. 

I 

. '. ' I' 

pacna):lhl He HBOnlO):l8HHCb, . ' ' \ : + + '· +· -
TO He MoryT cywecTaoaaTb · L . -:-MeaoHhl ·c KBBHTOBhlMH 

'.· - ·: ... ' ._, ', '. ,, . .. .. '.' . 

'll!CHBMH ·1-' ,, 1- ,, H_ Maccoi1, MBHbWell 'lE!M -½m .. 2m , r , 0J:lHBKO pO)KJ:le,;,. 
. ' . '; :.. - ,'I - ' It +.- ... -- ,' 

irne' a pacna):lax (3); (4) L -Me30Hll C ,KBBHTOBhlMH 'lHCHBMH 0- no-,npe)irneMy Heaoa-. 

_Mo)lrno. 8oaMO:a<HOCTb i::un~H·oro pacn~.cia 71 .. , " 'L · H .. ,,LL' . Mbl' He paccMaTpHaa-

· eM '11a-aa Hecoxpaueuirn B HeM Haocmrna, B03MO:>KHOCTb, pacna):la .,, .. · LLL 
. ,, . . ' ~ ' 

uecoxpaaeHHst C -q'eTHO,CTH, a a;aMO:>KllOCTb. aneKTp.oMarHllTHhlX pacna):loa 
. , ' ' + .:...· ',,! . 

- aa-aa 

aa-aa' 

-·cywecTaoaaa11st pacna):la ;· 71 _ .. " " Y · .• 

3,'· CywecTayei-. ewe , "' -Meao~' ( 
. ' ~ ' : ' ' , ( - ' 
·na):lhl KOTOporp. COCTBBHSIIOT OKOHO 10% OT pacnB.Uoa w" ➔ · rr + rr - 11 O ~' 

. T =-0 
.PC 

• : J. ~ 1 ) ; HEll!TpailbHhle pa~-:-:./:• 

H .HMelOT aneKTpo-:-· .. 
I\\ ..._. ', ,,:. < ,'c ,•' t 

MBr'HHTHblll xapaKTep,, He, MO:>KeT nH H8nH'lHe ' L : -Me30HOB cywa~TB8HHO n'mlhlCHTb ae-, 
~ ,• ' -', ',J ,·1 ·, 

p_OSITHOCTb Hel!TPB!1,bHhlX p~cna):lOB "' -MeaoHa? 

Hcrae,llb t:HHbHhle J)Bcn'BJ:lbl Cu, ➔ LL aanperiteHhl, H3"738 ~0COBilB):leHHSI c .. · -:-qeT-' 

Ho·cTelf J:lO H. ·nocne .p_acnaJ:la, ;pacna):lbl - "' ➔• 11L 
-- ' ,....__ I 

c pacna):loM 'Cu ... J,r, cpaaHHMhl ·ToHhKO. pacnad~1 

"' ➔ ;,.o 11 o_L --, 

eu ➔' LLL.;. 

+-

' -uecoanaJ:leHHaM 
\ \ -

"'.'\ 

.. G -qeTHOCTel!; 

(5) 

(6) 

' CTycTb KI>BHTOBhie qacna 
.;: ' 

L. OhlHH Ohl co- ) ; PacnaJ:l (5) -rorJ:la npo~cxoJ:lHH Ohl c 

MB.Tpll'lHh!M. anei.ieHTo.M\' 
➔ (L) 

,p 

+;.. 
npH . L(O ' ) ! '(7) 

'µv>.i, 
(1):\2) (L)-; (I) . (2) _. , 

P v P >. P u ( "'- ~ "' · ) m "' np H L( 0 •• ) · ( 8) 

'.J 

"a pacl18ll ( 6) - C 'MaTpH'lHblM 3HeMeHTOM, : B KOTOpbll! HMnyn.bChl L BXOJ:lHHH Ohl B, eme , 

oone~- ,BhlCO~HX C_TeneHstX, O~ix'aKo y:>Ke pacna):l c MBTJJll'lHh!M aner.ieHTOM (8) MeHee ·aepo~-
' ,. , . . , ' ' I ~ ' ' • 

Tea, 'l<?M~acnaJ:l ·eu .. 3,, · aa-aa_.nHwHero no cpaaHeHHIO c eu' .. 3,, 
· (1'1)' · 2>) " · • , ' . . 

.CtJ =· ~ , ... - ,,' 
aa1;1peTa 

8 

I 
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TaKl!M o6pa30M > ~ onacHhIM' ',:vl>I cyLUeCTBOB6Hllll 

na.r:1 ( 5) C M6Tp11q11h!M sneM911TOM ( 7). 

+- ' 
(0 ) -Me30H6 llBJISl9TCSI TOJlbKO pac-

,OTcyTcTn11e n SKcnep11MeHTe pacna.r:1oa (5) ToqHo TaK >Ke 3anpemaeT II cymec-rnoaa­

Hlle q6CTIIUhl L ( 1 • OJ:1116KO, y>Ke p6Cfl6J:lbl C yqacTlleM qacTIIUbl L ( 1 +:- ) OhlJIH 

Obi ne 36MeTHhl Ha cpoHe pacna.r:1oa w ➔ 3,r , a qacT11ua L(l:!:: +) a pacna.r:1ax 

(5) 11 (6) IIOllBIISITbCll He MO>KeT 

pa cna.r:1a, !1TaK, cymecTnoaam1e 

MewaeT 11econna.r:1eH11e C - qeTHOCTel! .r:10 11 nocne 

L -Me30IIOB C KBBHTOBhlMII qllCJIBMII 1 ::- 1 ±. + 

H M8CCO.ii <2m 77 , 1 II 0 +,- C m < 0,5 !SB H9COBM9CTIIMO C 6onb-
0 0 

lllllMII npeM9!16MI! )Kll3HII 77 , T/ 
0 

"' -MeaoHOB - ecnH TOnbKO npe.on.onaraTb1 

qTo cHna B3attMo.aeAcTBHH LcN 

< 
cpanH11Ma c c11noll 

+~ 
B3Bf!MOJ:1ellcTB11>1. O.r:1HaKo 

qacTl!Uhl 0 C m 0,5 !SB, 1 C 0,28 < m < 0,5 1sB ace erue Bbl­

.r:1ep>KIIB6IOT npoaepKy. STl!M Kp11Tep11eM, 3.r:1ec1,, OJ:IHBKO, 1101193110 BCIIOMHl!Th, qTo K 
+ . 

K 
0 

Me3oll >K11neT .r:1onro no t:paaHe111110 c +. -Me30HOM 113-aa c11n1,11oro _3anpeTa_ pacna.r:1a 

11a ,,+,,o ( t.T b 3/2). Pacna.r:1 Ha " L( ·t.T b ½) , r.o.e·cmm L , KB_K 11 

y 77 , paaeH 0, wen Ohl Tor.r:1a oqeHb 6hicTpo. 311aq11T, 6onbWoe apeMSI >K113HII K; 
npenSITCTayeT cymeCTBOB6HIIIO '<8CTl!Uhl C m < 0,35 13B, 

KpoMe Toro, 11ccne.r:10Ba1111e peaKu1111 

4 

:d + d ➔ He 2 + L (9) 

UOK63Bno
16 •11 , qTo He cymecTnyeT HOBhlX M930110B B IIHTepnane ,0,1 < m <O,15 1sB, 

ceqe11ne p0>KJ:19HIISI KOTOpblX npeBblW69T HeCKOJibKO npoueHTOB OT ceqeHl!ll pO>KJ:19HHSI 77 

M930HOB B Toll >Ke peaKullll (9) npH ycnOBIIII HecoxpaHeHHSI 1130CUHH6. 

Beeb npoae.r:1e1111blll B STOM naparpacpe a11an11s (sanpema10m11ll nerK11e L -Meao-· 

Hbl) He IIM99T Cllllbl, ecn11 B3611MOJ:lellcTBll9 L C HYKIIOH6MH 3HBqHTellbHO cna6ee ,rN 

B3BIIMC :1ellCTBllll, 8 3TOM cnyqae 113 ape Me~ >K113HII II CBOl!CTB 77 _, eu- K-

M930HOB HIIKOKIIX orpa1111qe1111ll ~a KB6HTOBhle q11cna L -M930HOB 11e npollCT9K69T oc-

TOHyTCH lllllllh orpa1111qe1111>1 Ha Macey m • npHB9J:19HHhl9 Ha puc. 2. 

3aKn10qe1111e 

npone.r:1e1111ull a11anns, KOK HOM K6>K8TCSI, CBIIJ:leTenbCTByeT O Heo6xo.r:111MOCTH UOIICKOB 

peso11a11con B CIICT9MBX YYY II ,r,ry 111100 nyTeM IlpllMOrO HX H60IIIO.ll.9HHH, 111100 

no cneKTPY 11e.r:1ocTBIOlllHX Mace, 111160 no 11a6n10.o.e111110 IIX B3611MOJ:lellcTBIISI C HyKnOH6MII. 

npe.o.noqTIIT911bHell ncero nepBhlii M8TOJ:I - B OTl!llqlle OT OCT611bllh!X OH Mano 3BBIICIIT OT 

Cllllbl B36HMOJ:19l!CTBIISI L -Me30HOB C HYKIIOH6Mll, np11 3TOM Heo6XO.D.11Mbl 3KCnep11MeH-

9 



Tb! T11na 11ccneaoaaH1111 Hel!TpanbHbtX pacnaaoa Ko 
2 - M030HOB C perHCTpauuell y -

KBBHTOB H HX aHeprull (a nyasrpbKOB~IX KBMepax •C TSI>KenbtM aauonHeHl!eM llflH B IICKpo­

B_blX KBMepax). 

H IIOIICKBX L -Me30IIOB no cneKTpy HeaocTSIOUlllX MBCC (HanpHMep, B soaopoa-

Hb!X KBMepax) Tpe6yeTCSI cyu.iecTBeHHOe noablweH11e TO'IHOCTII 9KC119p11MeHTB H noa6op 06-

nacTll aHepr11ll, B KOTOpol! pO>KA9Hl!e L- -M930HOB MO>KeT 6b!Tb HBH6onee HHTeHCHBHblM. 

HaKoHeu, B TpeTbeM cnyqae CT6HT, Bbl):len11a onpeaeneHHbie KBHBllbl peBKUIIII, CKB>KeM, 
+. + . 

" p .. " + p + .... ) HCKBTb B KBMepe 6onbWIIX paaMepoa Hel!TpSnbHble 3Be3Abl, Ko-

TOpbte ?.\O>KHO _CBSl38Tb C 9TIIMII KBHBflBMH, 

l1ccneaoaaH11e pacnaaoa L .. ""Y oco6eHHO ycnewHo MO>KHO nposecTII a npona-

HOBblX II cppeoHOBblX KBMepax 6onbWHX paaMepoa, rae II " -Me30Hbl II Y -KBBH-

Tb! OAIIHBKOBO xopowo ll3MepSIIOTCSI. 

ts aaKnIO'leH11e Mb! xoTIIM no6narciaap11Tb A.M. 6ana11Ha, H,n. nro6oull!ua, H.l-1,0r11-

eaeu1<oro, 3,0, OK011oaa, M.1-1,' no_aropeuK~ro sa ue1111bie 06cy>Kae111111 aToro sonpoca,· 

n_e11no>KeHlle 

--;;T. 
nocne soasb1weHII'! a KsaapaT II ycpeaHeH1111 no non11p11aau1111M aem1q1111a I 111 I , 

aceraa OKB3bIBBeTCSI cpyHKUllell q11cen 12, 23, 31 - CKBnSipHblX npo11aseaeH11ll 4-11MnynbCOB 

P1 P2 , P2 p 3 
, p8p 1 q:>0To11oa (a cnyqae cn1I11a ·o) 11 ewe c~_an11pHbIX npouaseaeH11l! 

(Oi)e Po P, (i=·l,2,3; 0 - IIHA0KC 'IBCTIIUbl L ) B cnyqae cn11Ha J >O 
--:-::-:. 

npuseaeM sen11'!11Hb1 Pill 
-- _,, 2 2 2 2 

0 : i,:q = -8,(12)(23)(31)[(12-23) +(23-•31) +(31-12) ], 

+--r-2 . 2 2 2 2 
0 · : '111 =--8,(12)(23)(31)[(12) 2 (13-23) 2 +(23) (21-31) +(31) (32-12) ], 

±---2 2 2 2 
o : !lll I = -s •(12)(23)(31). 02-23) (23 -31) (31-12) 

+--c :1m1 =-3-(12)(23)(31l~~t (12-31)
2

+ 2(12 +~>h12-31)(23-12) + 
m m 

+ aae nepeCTBHOBKH 1 ➔ 2 - 3 .. 1 

10 



I1p11 .!lBnbne8urnx pac•1eTax OKB3bIBaioTCH none.3HhIMH cneayrouure cj:,opMym,1 

3 -+ a a a 4 3 
f n __j_h_ (12 > 8

(23) 
1 

(31) 2 s Cl p 
I 2«>1 J,. I 

8 3 
2 2 ~a +::SR + t f3 , (3 

tr m I I I "1 al I a f32 a I 3 
-

2
-'(2 ) (ff dudvdw-i1 (1-u) v 2 (1-v) w 3(1-w) 

u,T,w>O 

uH·+w~I 

a¢cj:,eKTHBHlll1 ·Macca qacTHU i .H j 

+;i. 0 
Pacnaa qacTHUhI 1 Ha "· yy 

-+Cm (I) (2) 

,'1l = p F af3 F af3 

OIIHChIB8eTCl1 M0TpH'lllhIM aneMeHTOM 
--2-

c 1'1ll. = 128(p("'>2 
(p<Y 1'p<Y2')

2 

11HTerpan no cj:,a3os0My 

npocTp8HCTBY paaeH 

f1pH 

2 2 6 
=128tr m m 

tr 
[ _l - ( sh 6 f:l - 2 sh 4 ,S - 37 5 sh 2 ,6 ) + _l_ /3 (3 ch 2 /3 + 4) I , 

1920 16 

m 
r.!le /3 = In m;-

m - m tr Bhlpa:»<eHH8 B KsaapaTHhlX CKOOKax np116n11:»<eHHO paBHO 

11 

31 m u 
-(1-2) 

911 m 
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