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1. BBeJleH11e 

B HacTogmeA pa6oTe paccMaTpHBAIDTcg rrpoueccw 'TT + ·_,. (' + I/ C + e .. 
ll 17+ ➔ µ + V C + C - • I1ccneJlOB8Hlle Ha OITl,tTe 3TllX peJlKllX pncrrnnon -

µ . /1/ 
BeCbMB TPYllHBg 38/lB'la. B HeJ:taBneif pa6oTe Ohtna nonyqeHa nttlllb aepx-

Hgg rpaHllUB non Ho A BepogTHOCTll pacnaJ:ta IT+ ➔ p + V (> p + ,.- ( w ( IT t • 

➔ C + V C + C - ) / w ( 17+ ➔ µ +v ) ~ :3,4 X 10-R • HecoMHe11110, 0/lllllKO, 
e µ 

'ITO B HeJ:taneKOM 6yJ:tymeM, B oco6eHHOCTll HB Me30IIHl,IX rl1a6pttK/lX; 3Tll 

peJlKlle npouecc1,1 6yliyT JlOCTYITHbl JleTanbHOMY ll3Y'JeHlflo. Uenb 11/JCTOl-!IIICH 

pa60Tbl COCTOllT B BhlHCHe111rn, KBKYID llHQlOpMBllllID .rrpll 3TOM MQ)l{IJQ rrony

'IllTb. M1,1 paCCMOTpHM pacrram,1 11+ ➔ f+vf r+c - 11/l OCIIOBe 061,1q11bii Teoptlll 

6 
u ux/ 

cna b!X B38llMOJleHCTBllll • 

MnTptt'IHLIA sneMeHT rrpouecca MO)KeT 61,1Tb npeJlCTnnne11 n mine cyM

Mbl llBYX qneHoB; KB)l{)ll,111 ll3 KOTOpl,IX YllOBneTBOp51eT ycnoa1110 f'JJll!llleHTHoA 

llHB8pll8HTIIOCTII. Tiepni,tii - rrporrop1111011ane11 llMITmlTYJle npouecca IT+ ➔ C + V c 

JI OTBC'laeT BKnBJlY BHyTpeHnero TOpMO;)HQf'O 11anyqen11g, BTOpoii - OITIICh!BBeT 

TaK HB3WB8eMoe CTpyKTYPHO~ Jl3nyqe1111e. Tiocnennttii 'Inell rrpBKTll'leCKJI He 

+ + + - p naeT BKnana B BepogTHOCTb rrpouecca IT ➔ µ Vµ C C • eaynhTBTLI Bbl'IHC-

neHIIA BepogTHOCTll 3TOf'O pacrrana KpaTKO ll3nO)KeHbl B paanene 3. KaK rro

K83BHO B 'leTBepTOM paanene, JleTanbHBg IIH~OpMaUJ!g O CTpyKTypqoA ~BCTJI 

MaTpH'IHOf'O sneMeHTa MO)KeT 6b1Tb nonyqena ll3 H3MepennA BepogTHOCTJI 

I · 121 
x B pa6oTax . 61,wo npeJ:tno)KeHo H3y'leHne sTnx rrpoueccoB c uenbID 

npoBepKll f'HITOTe3bl O B03MOiKHOM npgMQM. mecTH<pepMllOHHOM cna6oM B3BllMO

neACTBllll, 
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npouecca ~ ➔ e+ ve e+ e - npu pa3nuqHbIX o6pe3aHUHX no aHeprUHM u UH

BapuaHTHhIM MaccaM KOHeqHblX 3apmKeHHblX qacTUU. 

CTpyKTYPHblll MaTpUqHblll aneMeHT np0/lCTaBnHeT co6oil: cyMMy BKna-
/3/ 

/lOB BeKTOpHOI'O U aKcuanhHOI'O TOKOB. KaK noKa3anu BaKc U Hoqi¢e , 

r11n0Te3a coxpaHeHUH BeKTOpHoro TOKa no3BOnHeT CBH38Th BKna/l BeKTOp

HOI'O TOKa C aMnnuTy/lOll pacnaaa 770 -Me30Ha. MaTpUqHblll aneMeHT aKcuanh

HOI'O ToKa xapaKTepH3Y0TCH TpeMH qiopM<jiaKTopaMU. Ecnu caenaTb o6bJqHoe 
/4/ 

npeanonO)K8HUe O MeaneHHOM U3MeHeHU11 qiopMqJaKTOpoB, TO MO)KHO no-

Ka3aTh, qTo 0/lUH U3 HUX o6paruaeTCH B Hynh, a /lpyroil: COBnaaaeT C COOT-
. /5/ 

BeTcTBy10muM napaMeTpoM ( napaMeTpOM y , onpeaeneHue CM. ) , xapaK-
/ 6/ 

Tep1I3y10muM pacnaa rr + ➔ e+ ve y • nnH aToro nocneaHero Ha onb1Te. 

nonyqegw ABa 3HaqeHuH. 

ITpoBeaeHHbi9 HaMU pacqeTbl noKa3b!B8IOT, q-ro ecnu· npu U3MepeHU11 

nepoSITHOCTU npouecca OT6upaTb co6b!TUH c. 9HeprUHMU KOHeqHbIX 3apSI)KeH

HbIX qacTUU, 6onbllIUMU 10 M3B, TO BKnaa CTpyKTypHOI'O U3nyqeHUH CTaHO -

BUTCH cpaBHUMb!M C BKnaaoM BHyTpeHHero TOpM03HOI'O U3nyqeHUR. Ecnu 

npu 9TOM oT6upaTh co6b!TUH co 3HaqeHUSIMU UHBapuaHTHbIX Mace, M9HhllIU

M11 0,01 m 2 , To H3 U3Mepemril: BepoHTHOCTU B aTqil: o6nacTu MO)KHO no-

" nyqUTh IIHG>OpMaUU!O O napaMeTpe y • 0T6upaH co6b!TUH C UHBapuaHTHbl-

MII MaccaMu, 6onhllIUMu 0,01 m; , Mo:KHo onpeaenuTh apyroil: napaMeTp 

( napaMeTp t· ) , xapaKTepH3y10muil: aKcuanhHYIO qacTh CTPYKTYPHOI'O MaT-

p11quoro aneMeHTa. Y cnoBire qacTUqHoro coxpaHeHUH aKcuanhHoro ToKa 

( PCAC) u anre6pa TOKOB no3BonHIOT cBH3aTh nocneaHuil: napaMeTp c sneKTpo

MarHUTHhlM paauycoM 1T -Me3oHa. KaK noKasaHo B pa3aene ~ 9TO COOT

HOW9Hl!e B paMKa~ Hcnonh3Y8MOI'O npu6nII)K8HUH He 38BUCUT OT cnpaBeanu-
. . /7/ 

BOCTII rnnOT83hl cf>ei111MaHa O COKpameHUU BKJ18/l8 llIBUHI'e poBCKUX qneuoB 

U BKJI8/l8 /l1!8I'pa~M }i, _11cnycKaH11eM lpOTOHa U nenTOHHOll napb! U3 0/lHOll 

TOqKu. 
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11s orrhITDB rro nccnenoBaHHJO 77+ ➔ e +v
0 

e + e - -pacrrana MD:>KHO rro-

ny'IHTb, cnenoBaTenbHD,. norr,oi_iHHTenbHYJO 1rncpopMaUHJO 06 aneKTpOMarHHTHOM 

pannyce 77 -MesoHa n o-r'HocIITenbHDM sHaKe aMrrnIITyn 77° ➔ yy II 77+ ➔ µ+ v
11

• 

C npyroil: CTOpOHbI, ecnII 8T~ Bemr'IIIHhl. II3B0CTHhl, TO HCcnenoBaHHe pacrra-

na 77 + ➔ C +Ve C + C Morno Obi II03BOnIITb rrpoBepHTb rrpencK838HH.II 

PCAC H anreopb! TOKOB B B0CbMa HHTepeCHOM cnyqae rrpouecca co cnaobIM 

II aneKTpOMarHHTHb!M B3aHMoneil:CTBII.IIMH. 

Bee pac'leTbI rrpoBonnnIIcb Ha 3BM MeTonoM MonTe-Kapno. Crroco6 

· BbI'IHcnelmii KpaTKD IIsno:>KeH B npnno:>KeHHH E. B rrpIIno:>KeHHII A rrpIIBDAIITCH 

Bb!pa:>KeHHe Jin.II nIIcpcpepeHuHanbHOll BepOHTHOCTH pacrrana. 0TM0TIIM, 'ITO BO 

Bcex paC'leTax Y'IIITbIBanacb TO:>K)l0CTB0HHOCTb KOH0'1Hb!X qaCTIIU. YtieT TO:>K-

neCTB0HHOCTII, KaK IIOK83b!B8JOT Bbl'IHCneHIIH, cymecTBeHea ( BKnaa IIHTepcpe

pel!UHH 1Ip51Mb!X H ooMeHHblX )lIIarpaMM nocTHraeT 10%). 

B pa6oTe
181 

ohmo rrpeano:>Keno IIccneaoBaHne rrpoue~ca 77+ ➔ e +ve e+e -

C uenbJO rrpoBepKH T -HHBapnaHTHOCTH. B Heil: conep:>KaTcH oueHKH 

'18CTII CTpyKTypHoro nsny'leHII.II 003 y'leTa TO:>KA0CTB0HHOCTH. 

2. MaTpH'IHhiii aneMeHT npouecca 

MaTpII'IHhiii aneMeHT pacrraaa 

( 1) 

f + -II03HTpOH 1 nnoo µ+ -Meson) rrpencTaBIIM B BIIne cyMMhI 'lneHoB, 

oTBe'laromIIx nnarpaMMaM pnc. 1 H pnc. 2. 

11MeeM 

< fl s1 > i e2 G 

../2 
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I 
x[f i'i""(p)q'(I+y5) l ~\(-,-p,)+E M nen], 

TT ,, ~ a afJ fJ 

-P, - K -ime 

( 2) 

rne q p JI p - 4-JIMnynhCbl 17.+ -M83OIIa, H0HTpJIHO JI nenToHa; 
1. 

P2 Ii Pa - 4-HMnynhCbl IlO3JITpoaa II aneKTpoaa; m II me ".'" Ma CC bl 

aneKTpoHa II nenToHa; k = P2 + Pa , la= ii"(p3)Yau (-~2 ), e/:f;;-(p)y{J(l+y5)u(~p
1

); 

f IT -KOHCT8HTa 17+ ➔ e+ 11£- pacnana, O1Ipenem10MaSI COOTHO!lT0HII0M 

<0 I . w I . f , I ) ½ I .In q > = 1 11 ,-- --a-/2qn • 
t' 2 q O (2 IT) I-' 

a 
2 

-( m / I I 
.. 2 'lo P20 Pao (211) 0/2 I' 2_k 2 l~ Map= <pa. -p2 I j ;<o) I q > . (3) 

3necb 

.W • V • A 

.1/3 = J{J+ ·'fJ (4) 

TOK cna6oro B3aIIMO/l0HCTBIISI 
.y 
J f3 - B8KTOpHbIH TOK, •A 

., /3 - aKCIIanbHhlH). 

-~ ...... _____ ~ 9 -----~ 
PIIc. 1 PIIc. 2 
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O11eBHAHO, 'ITO nnn H8XO:>KAeHHH M8TpH'IHOrO sneMeHT8 rrpouecca 

17+ ➔ e+ve e+e-cnenyeT aHTHCHMMeTpH30B8Th Bblpa:>KeHne (2) (rronO)l<JfTh 

me = m H BbI'leCTh 11neH, rrony11eHHblii: 3aMeHoii: p I :_ p 2 ) • 

Q 

Q 

O6paTHMCH K Bb!HCHeHHI0 CTpyKTYPbl MaTpH'IJI0ro sneMCHTa Mu/-J 

O6o3H8'1HM cyMMapHbiii: 4-nMrrynhC nerr-rona H HeiiTpHIIO 11epc3 !) : 

P1 + p. Benn11nHa Ma/3 38BHCHT OT 4-nMrrynhCOB k 

(q=k+Q ) . Ecnn nMeeT MecTo T -HIIB.1 pHll llTIIOCTh, TO 

M a/3 ( k, Q ) M* a{3 ( kT ' QT ) ( 5) 

rne kT = (-k ,ik 
0

) • J13 rpamrnHTHoii nHn::i;>11011r11ocT11 cncnycT, 11To 

( O) 

II 

O60311111111M •1epe3 C00TJICTC'TBCIIIIO nKn11111,1 l)f'KT0p-

\' 
Horo n /lKCH/lnbllOro TOK OB. PncCMOTpllM Bllll'lllflC \I a/-J • 

nopeHU-HHn,1p11aHTIIOCTH rrpHBOllSIT K Bl,l(JIDl<CIIIIIO 

V 
-II c k ') 

a/-Jpa p a 

Cooopail\C!IIIISI 

( 7) 

rne II V - ~1y11KUHH IIC(ICMClllll,IX k 2 u !) 2 • J,fa ( 5) ni.1TeKaeT, 'ITO 

V 
II npu11nMn11 r11rr0Teay coxpa11e11n11 neKTop11oro ToKa, aMnnn-

Tyny· a y ( k ~ !) 2 ) MO)l{HO CBSl30Th C COOTBCTCTBy10111eii aMnnwtynoii rrpeBpa-

memrn 11° -Me30H8 B AB/l BllpTyanhHhlX y -KBUJIT0 "o ( k 2, ,,
2
,. 11MeeM

131 

aV(k2,!)2) -vT "o ( k 2
, l)

2 (8) 

OTMCTIIM, 'ITO J'.ep0SITIIOCTh pacrrana 
0 

1T ➔ yy paBHa 
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Wrro➔YY a 2 
11 ( a 0 (0,0 ))2 ma 

17 

rne a = e2 
/,411 ', a m 17 -.Macca 

( 9) 

11 -MeaoHa. 

3aBllCHMOCTh OT rrepeMeHHbJX aM1:rnnTyJlhl. pacrrana 11° -Me3oHa nay-

' 0 + -qanach Ha OIIb1Te rrpn nccnenoBaHnn rrpouecca 17 ➔ Y -e e • AMrrnnTylla 

3Toro pacrrana naeTCH Bb1pa)KeHneM 

a ( k2 , o) 
17 

a 
17

(0, k 2) 1 
2 

[ a 
O 

( k 2 , 0 ) + a 
O 

( 0, k 2 ) ] 

Orpallll'lllBaHCh nnneiiHI,IMll ITO k 2 

a (k2 ,0) 
' 0 

a ( 0, 0 ) ( I - x 
0 1 s 

ao (0, k2) = a
0 

(0,0) (1 X 
V 

0Tc10na 

a ( k2 
, 0 ) = a ( 0,0) ( l - x 

17 • 0 

'lneHaMn, aarrnUieM 

k2 

2 
m 

17 

k2 

2 
m 

17 

k2 

2 
m " . 

) . 

I /9/ • 
.rlle X = -(XS+ xv ) • B rrocnenHUX OIIb!Tax Hallll0HO, 'ITO X = 0,01 + 0,l l 

2 '' -
Ha COOTHOllI0HllH (8) B nnHefiHOM rrpn6nll)K0Hllll rronyqaeM 

aY(k2,Q2) 
-- . k2 , 

= - V 2 a ( 0,0) (1 - x --'- - x 
0 S m2 V 

17 

22 
m2 

17 

) . ( IO) 

Mb! oueHnnn BnllHHlle 3aBllCllMOCTll aMrrnn:TyJlhl a V OT rrepeMeHHhIX k2 

ll Q2 Ha rronHylO BepOHTHOCTh pacrrana 17+ ➔ e +v e +e - • ITpn 3TOM llnH 
e 
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BemPIHH Xv npIIHIIM8nIICb BbITeKaIOllllle II3 BeKTOpHOH /lOMH-

naHTHOCTII 3Ha 1:i:eHII51 ( Xv = m~ / mi , x = m 2 / m 2 
S TT W 

) , OKa33JIOCb 1 

'ITO BKn8/lbl B nonHyIO Bep051TH0CTb C00TBeTCTBYIOlllIIX <rneH0B He npeBOCXO

' /l5IT 2% II 0, 1%. B na.nhHefirueM Mb! 6yneM npeHe6peraTb 38BIICIIM0CTblO 

aMnnIITYllhI a v OT nepeMeHHbIX k 2 II Q 2 II nono)lmM, 'ITO 

Mavf3 = y2 a (0,0) l f3 o a pa 
( 11) 

flepeiineM Teneph K paccMoTpeHIIIO M~f3• HaII6onee 061uee Bb1pa)IWHIIe 

II Me eT BII/l 

M;f3= aoaf3 +bQa kf3+ckakf3+ D ka Qf3+E Qa Qf3, (12) 

rne a, b , . . . - qiyHKUIIII cKanHpoB k 
2 II Q 2 • EcnII IIMeeT MeCT0 

T -IIHBapIIaHTH0CTb, 9TII qiyHKUIIII BemecTBeHHbI. 113 ycnoBIIH rpanIIeHTHOH 

IIHBapnaHTH0CTII ( 6)' y<rIITbIB851, 'ITO k M vf3= 0 a a 

C00TH0llleHIIH: 

a + Q · k b + k2 
e f 

TT 

f • > • 
TT , 

, nony<raeM cne1:ty10mIIe 

( 13) 

( 14) 

Bb11:tem1M BKna/l TT -Mesonnoro non10ca B MaT;:rn<rHbIH aneMeHT M ~{3 

11MeeM 

( 15) 
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3Jlech F 77 ( k 2) - aneKTpoMar.HHT.Hbiii: qiopMq>aKTop peanh.Horo 77 -Me3o.Ha 

( F (O) = 1 ) • IlpeJlCTaBHM q>opMq>aK~opbI D n E B BHJle 
1T 

D 
f F (k2) 

+ d ( 16) 1T 1T 

' 
Q2 2 

+ mTT 

E 
2f F (k2 ) 

1T 1T + e 
Q2 2 

+ mrr 

Ifa ( 15), ( 16) n ( 12) cneJlyeT, 'ITO y q>y.HKunii: d , e. , a TaloKe y a , 

b ll C .HeT rromoca B TO'IKe Q
2 = - m:. IlollCTBB.IIHH (16) B (14), 

rronytJaeM 

1 k2 d - - ( k 2 + Q 2 + m 2 ) e = - f ( F ( k2 ) -1 ) 
2 77 1T 17-

( 17) 

Hcrro.1Ib3YH (12), (13), (15) n (17), .HaXOllllM ll.lIH MaTpll'I.Horo aneMe.HTa 

M A cneJlyIOIUee Bb1pa)Ke.Hne: 
af3 

f F (k2 ) 
MA=_...fI._z;__ 
· af3 Q2 + m 2 

1T 

1-F (k2 ) 

(2Qa Q/3+ ka Qf3)+f fr (oa/3+ k 2 ka Q/3 ) + 

( 18) 

+ b (Q k/3- Q.ko J + C ( k k/3- k 
2 

0 f3) + e ( Q Q/3 ·- Q.~ k Qf3 ) • 
a _ af:3 a a a k2 a 

Ilocnell.HHe Tpn cnaraeMbie, a TaK)Ke M ~/3 xapaKT0pll3YIOT BK.II81l TaK 

.Ha3bIBaeMoro cTpyKTyp.Horo n3nytJeHnH.. Bee ocTanhHbxe BXOJlHIUHe B MaTpH'I

.Hbiii: aneMeHT tJneHbI x;xporropunoaanhHbI aMrrnnTylle 6e3pa1lnau·noHHoro· rrpo-

uecca f 
1T 

ll rrpeJlCT8B.IIHIOT co6oii: BK.II81l BHyTpeHHero TOpMO3HOro ll3-

ny'IeHHH. 

EyJleM rrpeJlrronaraTh, 'ITO 3aBHCHMOCTbIO b , c , d n. e 

2 Q 2 /4/ 
OT rrepeMeHHbIX k n MO)KJIO rrpeHe6pe'Ib • 3To rrpeJlITO.IIO)KeHHe 
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M0)KeT 6b!Tb o6oCHOB8HO B MonenH BeKTOPHOfi H A I LlOMHH8HTHOCTH. 

8 8TOH MonenH BKnBLlbl 'lneHOB, conep)K81UHX npOH3BOL1Hh!9 no k 2 

He npeBOCXOLlRT COOTBeTCTBeHHO m2 
TT 

I m2 
p 

H m 
2 

/ m 
2
A • OnycKaR 

TT I I 
npOH3BOLlHbie cpopM<paKTOpOB d H e I HS (17) nony'laeMx 

e 0 ( 19) 

d (20) 

B 8T0M npn6nH)KeHHH h CO.Bil8L1aeT C COOTBeTCTBYIOIUHM napaMeTpOM, 

xapaKTepHsy10IIIHM pacnan rr + ... e+ v y 
/6/ e 

Ilng nocneL111efi aenH'IHHw Ha orrw-

Te nony'leHbl !!BB 3H8'leHHR, 

Mb! BbJtlHCnHnH HHTerpanbHYIO Bep05ITIIOCTb npouecca 17+ ➔ C + V C +c 
e 

H paccMoTpenn Borrpoc O B03MOlKHOCTH orrpeneneHHR rrapaMeTpOB b H c 

H3 8KCITepHMeHTa. HafineHa T8KaR KHHeM8TH'leCK8R o6naCTb, B KOTOpofi 

BepORTH0CTb He'lyBCTBHTenbH8 K c n rne MO)KHO rrony'IHTb, cnenoaa-

TenbHO, LlOITOnHHTenbHYIO HH!pOpM8UHIO 0 h • CymecTByeT T8K)Ke o6naCTb, 

rne BnHRHHe rrapaMeTpa c Ha .HHTerpanbHYIO BepoRTHOCTb BenHKO. l13Me-

pgg Bep051THOCTb B 8TOII o6nacTH, MO)KHO orrpenenHTb C rrpn ycnoBHH, 

'ITO BenH'IHH8 h H3BeCTHa. PesynbT8Tbl 8THX paC'l~TOB rrpHB0!l51TC51 

B pasnene 4. 

Ecnn ncrronb30B8Tb ycnoane 'l8CTH'IHOI'O coxpaHeHH51 8KCHanbHOI'O TO

Ka, anre6py TOKOB, a T8K)Ke rrpenrrono)KeHne O cna6ofi _38BHCHMOCTH cpopM-

cpaKTopoB, TO rrapaMeTp C MOlKHO CB5138Tb C aneKTPOM8I'HHTHbIM pannycoM 

TT -Me30Ha. 

xi 
IlnR rrpouecca rr+ ... e+v

8 
e-le- BKnan cnaraeMoro, conep)KaIIIero e , 

rrporropunonaneH Macce aneKTpoHa H Mo)KeT bhITb orrymeH nesaBHCHMO OT 

npennonolKeHH51 0 Men~eHHOM H3MeHeHHH cpopM<paKTOpOB. 

11 



PaccMoTpHM CBepTKy M :/3 Q /3. Hcrronb3YH (3) n (4), rronyqaeM 

amr M ; 13 cneay10ruee Bh1pa)KeHne: 

A 3/2--f -!Qx ., ( ()A())., p ( ) M /3= - i (2 77) V 2 q e < 0 T j 0 j /3 x . q •> d x + /3 21 
a o a a 

3aecb _ja - aneKTpoMarHHTHhIH TOK aapoHoB, a P a/3 rrpeacTaBmreT 

co6orr BKnaa B M~/3 anarpaMM, OTBeqa10umx ncrrycKaHnro cpoToaa n rrapb1 

'nerrToH-Hef:i:TpHHO ll3 OllHOH TO'IKH ( CM. pnc. 3). 

9 

Pnc, 3 

YMHO)KHM ( 21) Ha Q f3 /10/ Hcrronb3YH ycnoBne PCA C n rronaraH, . 'ITO 

0 (XO ) [ j ~ ( X) , ja (0) ] 0 ( X) j' A (0) + S (x ) , 
a a 

rae S (x) 
a - 'IneHbI, coaep)Karune rrpoH3BOllHbie O --cpyHKUHH ( IIIBHHre-

pOBCKHe qneHbI)' HaxoanM. 

M~Q/3 
Q2 + m2 

m 2 F (k 2
) (Q+ q ) _ q l + R 

f[ 77 a a 17 (22) 

17 

12 



BertIJtuUia R a 
o6ycnoBneHa BKna)lOM )lirnrpaMM pIIC. 3, IIIBIIHrepOBCKIIMII 

tJneHaMII, a T8K)K0 tJneHaMII, B03HIIK8IOIUIIMII B pe3ynhTaTe pa3lIO)K01III5I 

¢opMCpaKTOp0B 7T -Me30H8 ITO Q 2 + m 2 
• ilnH )l8lihHeil:IIIero cymecTB0HHO, 

7T 

'!TO y R a HeT rron10ca B TOtJKe Q 
2 

- m ! 
H3 (12) II (22) rronyqaeM 

a + Q· k b 
2m 2 F (k2) ___JI_ _ _,,.__ __ 

Q2 + m2 
7T 

-1 ] + R ' , (23) 

Q.k C 
-1] +R", ( 24) 

rJle R' II R" - Koa¢¢IIuIIeHTbI pa3nO)K0HIIH Ra (Ra =R 'Q a+R "kc). CooT-

HoIIIeHIIH ( 23) II ( 24) H9 IIpOTIIBopetJaT Bb!T0K8IOIUIIM II3. rpaJlH0HTHOH 

HHBapn:aHTHOCTH COOTHOIIl0HH5IM ( 13) H ( 14) nH~h B cnyqae, ecnn: n:MeeT Mee

TO paBeHCTBO 

Q.k R' 
( 25) 

0 
.... " /7/ 

TM0THM, 'ITO rn:rroTe3a 4'0IIHMaHa O KOMII0HC8UHH IIIBHHrepoBCKHX tJne-

/11 / 
HOB n: )lnarpaMM pn:c. 3 H rrononorn:qecKaH Bepcn:H PCAC rrpn:BO/lSIT K 

ycnoBHSIM R , = R ,, = 0 ' KOTOpbxe, KaK BII)lHO II3 ( 25). rrpoTIIBopetJaT rpa-

nn:eHTHOH HHBapIIaHTHOCTH. 

IToJlCTaBHM ( 16) B ( 23) n: ( 24). ITonytJaeM 

1 2 2 2 2 
a--(k +Q +m )b +Q c 

2 7T 

f (2 F -1 ) + R ' , 
7T 7T 

( 26) 

13 



I 2 2 2 
--(k +Q +m )c 

2 17 

+ Q2 d f ( F -1 ) + R " . 
1T 1T 

( 27) 

ITpeHe6peraH DpOH3BOnHhlMH C d H R,, , H3 (27) xi 
HaxonHM 

C, -2 f . 
1T 

d E
17 

d k 2 I /k2•=0 ( 28) 

J13 ( 27) cnenyeT TaK)i<e COOTHOlUeHHe C = 2 d , KOTOpoe C y'leTOM ( 20) 

coananaeT c (28). CooTHOWeHHe (28) HBnHeTCH TBK*e cnencTBHeM (26) H 

( 13). TTonqepKHeM, 'ITO ( 28) HMeeT MeCTO He3aBHCHMO OT cnpaaennHBOCTH 

rHDOTe3N ~efiHMaHa O KOMDeHCaUHH BKnana WBHHrepoBCKHX 'lneHoB H BKna

na nHarpaMM pHC. 3. ilnH nony'leHHH 9TOro COOTHOIIIeHHH 6bmo cymecTBeH

HbIM npennono*eHHe 0 cna6ofi 38BHCHMOCTH OT nepeMeHHbIX cjJopMqiaKTopoB 

b C d H e , a TBK*C qiyHKUHH 

npennono*eHHH H ' H H " MoryT 6bITh Ha1'1neHb1 

R ' H R " • ITpn TaKoM 

H3 (26) H (27) 
. dF 

(R'= O H" = m 2 f --17 
' 11 11 d k 2 

OKOH'l8TenbHO, C y'leTO~ 

I k2 = 0 ) • 

(11), (18) H (19), MaTpH'IHbIH aneMeHT 

paccMaTpHaaeMO~O HBMH npouecca 38ITHWeM B BHDe 

< f IS Ii ·> e2_£ 
y2 

m2 mf 

2 qop10P20 Pao 

½ 
) 1 I k2(_2_11_)7_/_

2
_c5(p+pt +p2 +p a-q)x 

( 29) 
" 

x £a I f 17 mf 
2p +-kY. F'-1 F 

ii(p) 0-y
5
H- i,g__a_ + 11 k + 17 (2Q +k )]u(-p1)+ 

2pk+k2 k2 a Q2+m2 a a 
I 1T 

x/ u /12/ 
AHanorH'IHbIH pe3ynhT8T 67IfufOny'leH B pa6oTe Ha 0CHOBe 

MonHqiHuHpoaaHHoro ycnoBHH PCAC • B cooTHorueHHe, Hafine1rnoe a1121 , 
BxonHT, onHaKo, HecjJH3H'leCKHH cjJopMqiaKTOp 1T -Me3oHa. 

14 



+ i V~a [-.( A 
o a,-,pa 

k Q +y(Q .kA.-o ~•,.).k)+f(k k 0 -k
2 0 f:.l)]f,,!. 

p a a ,-, a,-, a p a,, I' 

3necb 

b C 
y (30) 

Ha onb1Ta no n:ccnenoBaHH10 pacrrana "+ ➔ c + JI y 
/6/ e 

nnsi rrapaMeTpa Y 

HaiineHhl 3Haqemm : 0,32 H -2,0 ( npn: 3TOM Bp9MSI >KH3HH 
/14/ -16 

npHHHManocb paBHbIM . T 1T O = 0,89x 10 ceK). EcnH nnsi 
/15/ 

HHTHoro pann:yca 1T -Meaoaa npHHSITb 3Haqean:e r 
77 

= 

H3 ( 28) nonyqaeM, 'ITO I e I =2,4. 

3. Pacnan 1r+ ➔ µ + JI r+ " 
/l 

-Me3OJII] 

1 TO 

BeposiTHoCTb npouecca 

JOUIHM o6pa3oM: 

1T+ ➔ /l +JI C+C-M0:a(9T 6LITb 38ITHCana cneny
/l 

dW ( 31) 

rne dWrn dWsn n: dW1usn npeJJ.cTaBnSIIOT co6oii COOTBeTCTBeHHO 

BKnaJJ.hl BHyTpeHHero TOPMO3Horo H3nyqeHHSI, CTpyKTypaoro H3nyqeHHSI H HX 

HHTeptepeHUHH. Bwpa>KeHHSI nnsi 3THX Benn'IHH npHBeJJ,eHhl B npn:no>KeHHH A. 

B peaynbTaTe BbI'IHcneanii Ha 3BM 6bmo aaiineao, 'ITO 

0,33.I0- 6 

15 



RSD = WSD /W (11+ ➔ /L +v/L) = (0,90 + l,ly 2 -0,06y,;+0,004c;2)1o-1,
2 

( 32) 

-9 
RIB SD = W IBSD/ W ( 11+ ➔ /L -+v/L ) = ~ 0,26 - 0,52y + 0,01,;) s 10 , 

I'Jl0 s = sign ( £11 a O ) • 3Jl0Cb II B JlanbHefiIIIeM Mb! rrpHHHManH nm1 Bpe-

0 /14/ -16 
MeHH :lKH3HH 11 -:Me3oHa 3Ha'l0HH0 r 110 =0,89x 10 ceK. 0TMe-

THM, 'ITO oTnH'IH0 F 11 ( k 
2

) OT eJlHHHUbl CKa3bJBaeTCSI nHIIIb B qeTaepTOM 

3HaKe. 

KaK BHJlHO H3 (32), rronHaSI BepoHTHOCTb rrpouecca 11+ ➔ /L +v/L e + C -

orrpeJlenHeTCH BKnaJlOM BHyTpeHHero TOpMO3HOI'O H3ny'leHHSI: 

R(11+➔ µ+v e+e-) ~ 
/L 

W ( 11+➔ µ+v e+ e ~ 

W(11+ ➔ µ+v) 
/L 

-R 
- 1B 

= o·,33 10 - 5 
• (33) 

3aMeTHM, 'ITO HafineHHOe HaMH 3HaqeHH0 R 1B 

/16/ 

B 8 pa3 M0HbllI0 3Ha'le-

HHS!, rronyqeHHOI'O a pa6oTe • 

4. Pacrran 11 + ➔ e + v e c + e 

B cnyqae pacrrana 11+ ➔ e+v0 e+e- aeo6xoJ1HMO yqecTb To:iKnecTBeHHOCTb 

KOH0'1Hb!X IIO3HTpOHOB. BepOHTHOCTb rrpouecca MO:lK0T 6h!Tb rrpencTaBneHa 

B BHJl0 

dW dWd + dW e + dW de 
(34) 

rne 

d w d = ( d w 1B + d w SD + d w !BSD ) I m e=m ( 35) 

16 



dW 
e 

.. 
dW d ( p I ➔ P2 ) ' ( 36) 

( 37) 

BemrtIHHhl- dW;8 , dW 8~ n dW 1;sn , cooTBeTCTBYJOIUHe BKnaay HHTep-

qiepeHUHH npHMbIX anarpaMM C o6MeHHbIMH, Mb! npHBO)lHM B npttn0)1{0HHH A. 

11HTerpnpoBaHne Bb!pa)KeHHH ( 34) npOH3B0)lHnocb Ha 3BM MeTO)lOM 

MoHTe-Kapno. OcHoBHbJe qepTbl cnoco6a _Bbl'IHCneHHH KDpOTKO H3nO)K0Hbl 

B npHnO)K0HHH E. nnH BbI)leneHHH BKnaaa CTpyKTypHDI"O nanytieHHH HHTer

pnpoBaHHe npDBD)lllnDCb He no Been KHHeMaTH'IeCKH paapemeHHDll o6naCTH, 

B tiacTHDCTH, aepoHTHDCTb pacnaaa 6b1'.1a nonytieiia _llnH cnytiaea, Koraa 

aHepI"HH Ka)K)lOH H3 KOHe'IHblX aapH)KeHHbIX tiaCTHU 6onbllie E 5,. 

10, 15, 20 M aa. Bb1tirrcneHa TaK)Ke nonHaH aepoHTHDCTb, Bo 

acex tincneHHhIX pactieTax o6ecnetinBanacb TD'IHDCTb He HH)Ke 2%. 

OTHOllieHHe BepOHTHOCTH npouecca 17+ ➔ e +ve e +e -K nonHDll BepoHT-

HDCTH pacnaaa 11 + -MeaoHa W 17 aannmeM B cneay10IUeM anae: 

R W ( 11 + ➔ e +v 
e 

e +e 7 / W 
17 

1B + T 2( SD + y SD + y 2 SD 2 + y . y . 

( 38) 

3aecb SD e , HanpnMep, - nonHblll BKnaa ( BKnJO'IaH BKnall o6MeHHbIX 

arrarpaMM) B DTHOllieHne R HHTepqiepeHUHH BeKTDpHDH tiaCTH aMnnHTYJlbl 

17 



C TOH ee 'I8CTbiO, KOTopaSI nponopunoHanbHa g , ll T.n.; S = sign Cf 7T a or 
ilnH y'leTa B03MO)KHOCTll onrn•rnH BpeMeHn )Kll3Hll rr 0 -Meso-

H8 OT npnHHTOro B pac'IeTax T 7rO = 0,89. lo-18 ceK BBe)leH MHO)KllTenb 

T
2= 0,89. 10-17 T TtO 

E 18 

m 88 

10MaB20 

15M9B 7,5 

Ta6nnua 1 

'LfncneHHbJe 3Ha'IeHnSI Benn'InH, BXO)lSllllllX B paBeHCTBO ( 38)' 
B ennHnuax l0-10 nnH cnyqaeB, Korna_aHeprnH Ka)Knoii ns 
KOHe'IHblX sapSI)KeHHblX qacTnu 6onbllle E = m' 10 M 9B, 15 M 9B 

SD soy SDY2 soy( SDg SDg2 lBSD, IBSDY IBSDg 

3,8 0 4,1 -0,85 0 0,43 1,3 -l,4 0,02 

· 2,1 0,08 2,4 -0,70 0 0,40 0,43 -0,46 0,02 

1,3 0,17 1,5 -0,53 · -0,02 0,33 . 0,20 -0,21 0,01 

K~K BllAHO ll3 Ta6n. 1, OTHOCllTenbHblll BKnan CTpyKTypHoro nsny-

qeHnH yaenn'InaaeTCH c yaenn'leHneM aHeprnn o6pesaHnH E. Ecnn Y"'-2,0, 

TO npn F; ~ 10 MaB OH CTaHODllTCSI cpaBHllMbIM c BKnanoM BHyTpeHnero 

TOpMosHoro nsnyqemrn. 0TMeTnM, 'ITO oTnnqn_e F" ( k2 ) OT e)lllHHllbl 

cKaSbIBaeTCH B qneHax 1B n IBSD /: nnrub B qeTaepTOM snaKe. ;y;.,. . . 
Hs Ta6n. 1 annno, 'ITO ecnn peannsyeTCH Manoe s11aqe11ne y ( y = 0,32), 

TO BKna)lbl •menoB, conep)KaIUnx Y ll g , MoryT OKa3aTbCSI cpaBHliMbl-

Mll. M bl BblSICHnnn, npn KaKnx ycnoBllSIX BepoSITHOCTb ne'IyBCTBllTenbHa 

K 3Ha'IeHlliO napaMeTpa f • TaK KaK g. yMHO)KaeTCSI B aMnnnTy)le 

npouecca Ha k 2 
I TO HCHO, 'ITO 06pesa11ne 6onblllllX 3Ha'!eHnii llHBapnaHT

HblX Mace e + e - -nap npnaeneT K OTHOCnTenbHOMY yMeHbWe11n10 BKnana 

aToro napaMeTpa. BepoSITHOCTb pacnana BbI'IliCnHnacb nnH cnyqaea, Korna, 

noMnMo 06pesa11nii no aHeprHSIM, naKnanbrnanncb cneny10ume orpaHn'IeHnSI 

Ha, 3Ha'IeHHSI _HHBapnaHTHblX Mace e+ e - -nap: 

(-k 2) n (- n 2 
) '> 0,01 m 2 , 0,05 m 2 , 0,10 · m 2 (n2=(p +p )2 ,(-k2) =(m -m>2) • 

1T 1T 1T I 3 max 7T 
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B 5 2 • (-k 2 ) Ta n. rrp1rnonstTCSI peaynhTaTbl BbPUICnemn1 TonbKO nnSI 

H (-n2 ) '~ 0,01 m2 
TT 

E 1B 

m 4,3 

10MaB2,1 

15M3B 1,0 

Ta5nnua 2 

qHcneHHhi0 3Ha'I0HHSI BenH'IHH, BXOllSIIUHX B ( 38)' B _enHHHuax 

10-lO nm1 cny'IaSI, Korna -k 2 n -n2 '~ 0,01 m! , 

SD SDg2 IBSD IBSDy IBSDf 

0,77 0,20 1,1 -0,75 -0,01 0,39 0,09 -0,11 0,02 

0,47 o, 17 0,80 -0,64 -0,03 0,37 0,04 -0,06 0,01 

0,29 0,13 0,51 -0,49 -0,03 0,32 0,03 -0,04 0,01 

EcnH H3 peaynbTaTOB, IIpHBeneHHhIX B Ta5n. 1, BhI'IeCTb peaynhT8Thl 

Ta5n. 2, TO IIpH 3TOM M0:1KHO Haii:TH 3H8'I0HHSI R • OIITHManhHbi0 nnSI rro

ny'IeHHSI HHtjiopMaUHH O rrapaMeTpe y 5e30THOCHTenbHO K 3H8'I0HHIO e • 
C npyroii: CTopoHhI, B o5nacTH (- k 2 ) H (-n 2 ) > 0,01 m; Ha OTH0111eHHH R 

CYIU0CTBeHHO CK83bIBaeTCSI KaK y TaK H f, H, cneaoBaTenbHO, IIpH 

H3B0CTHOM 3Ha'IeHHH y . H3 H3MepeHHii: BepOSITHOCTH B 3TOii: o5naCTH M0:1KHO 

rrony'IHTb HHtjJOpMaUHIO O rrapaMeTpe f 
AHanH3 peaynhTaTOB, IlpHBelleHHhIX B Ta5n. 1 H 2, II03BOnSieT cnenaTb 

cneny10mHe BbIBOllhI. 

E (-k 2
) r. CymecTByeT KHH0MaTH'IeCK8SI o5naCTb "' 10-15 M 3B, 

HnH (-n
2

) < 0,01 m; ,rne IIapaMeTp f He CKa3hIBaeTCSI Ha BepOHTHO

CTH pacrrana. B 3TOii: o5naCTH BepoHTHOCTb T8K:1Ke cna5o 38BHCHT OT 

s '.' sign (a
0 

f
17

)' ('BKnan COOTBeTCTByIOIUHX 'IneHOB He IlpeBUIIIa,eT 3%). 

HaMepeHHe BepoHTHOCTH rrpouecca TT+ ➔ e + J.I e + e - rrpH T8KHX KHH0M8TH-
' e 

·qecKHX ycnoBHSIX ii:oaBonHeT rrony'IHTb norronuHTenhHYIO HHtjiopMaun10 o rra-

paMeTpe )' , xap~KTepnayromeM pacrran TT+ ➔ e +ve y • ITpn 3TOM Heo5- · 

XOllHMO IIpOH3BOllHTb H3MepeHHH C TO'IHOCTblO, nyq111eii: 20%, Ha ypoBHe 

2. 10-
9 

W TT• 
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2. Ecmr semPrnHa y H3BeCTHa, To, npoBOJlSI H3MepeHHSI B o6naCTII 

- 2 2 2 ' E .,,, 10-15 M:cm, (-k ) H (-n ) ,::_ 0,01 m77 , MO>KHO onpeJlenHTb napa-

MeTp g ( BKnall qneaoB, coJlep>Kaumx ·s , He npeBbIIllaeT B yKa3aHHDii 

o6nacTH 3%). TTpH 3TOM H3-3a KBa)lpaTH'IHOH 3aBHCHMOCTH BepoSITHOCTH 

OT g B03HHKHeT JlBa pellieHHSI. B JlaHHOM cnyqae Heo6XO)lHMO npoBOJlHTb 

-10 
H3MepeHHSI Ha ypoBHe 4. 10 w 77 • 

3. EcnH H3 OITbITOB no rrccnenoeaHHIO npouecca •; + ➔ c + v e + e-. e 

onpe)leneH napaMeTp g ( llBY3Ha'IHO), TO C ITOMOIUbIO nonyqemroro B pa3-

Ilene 2 COOTHOilleHHSI 

1 t=-s---. '.}y2 
·1 f 77 ·1 < r 2 •> --- ' 77 ( 39) 

ao 

MO>KHO a) rrpoBepHTb crrpaBe)lnHBOCTb I'HIToTe3, ne>KaillHX B OCHOBe 3TOI'O 

COOTHOUleHHSI;6) nony'IHTb HH~OpMaUHIO 06 aneKTpOMarHHTHOM paJlHyce 

77 -Me30Ha H OTHOCHTenbHOM 3HaKe aMITnHTYll pacna)lOB 11° ➔ y y H 

xi + + V 77 -• µ µ 

Bee 3TH' BbiBOJlbl HnnrocTpHpyIDTCH Ta6n. 3 

Ta6nrrua 3 

B rrepBblX 1;:PeX CTpOKaX rrpnBe)leHO OTHOilleHHe R B e)lHHHuax 

lQ-10 rrprr E = 10 MaB H g = - ·s It I . B nocne)lHen 

CTpoKe' rrpHBOJlHTCH 3Ha'IeHHSI R • Bbi'IHCneHHbie 6e3 

KHHeMaTH'IeCKHX orpaHH'!eHHH 

It I 0 2,4 5 

y -2,0 0,32 2,0 0,32 2,0 0,32 

s + - + - + - + - + - + 

-k2ir -n 2~4m2 32 30 22 22 38 29 24. 25 50 33 31 33 

-k2nim -n2<0,0111fr 27 25 20 19 28 25 20 19 29 25 20 20 

-k:Y -n½O,Olmi 5,6 5,3 2,8 2,7 11 4,5 4,3 5,4, 21 8,3 11 13 

E -m 
k2 - ·2 > 1 2 110 

- H -n •m 
102 91 89 120 100 92 92 130 104 100 101 

xi _ /181 
KaK IlOKa3aHo B pa00Tax , 3KcrrepHMeHTanbHhle JlaHHhle CBH-

)leTenbCTByroT .B rronb3Y s = + 1 • 
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PesynbTaTbI, npIIBeneHHbie B 9T0H Ta6n11ue, rrony"leHbl IIpll r 170 = 
-16 

= 0,89. IO ceK. OTMeTIIM, "ITO H8lllll BblB0llbl He 113MeHSITCSI, ecn11 )lnSI 

o /17/ -16 
BpeMeHII )KII3HII 1T -Me30Ha rrpIIHSITb 3H8"1eH11e T 1T O =0,56.10 CeK. 

B saKmo"leHIIe Bb1pa)KaeM rny60Ky10 .6naronapHoCTb C.M. 1(opeH"leH-

Ko, M.M. MycaxaHoay, B.H. Or11eaeuK0My 11 .H,A. CMopon11HcK0My sa 

rronesHi.1e 06cy)KneH11SI paccMoTpeHHhIX snecb aorrpocoa •. 
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-[<'>fl Jc6 'dJ<.,,'dJ-z-+ ?;c,,'d) :zu -1-·i I, 'd)..,;>1-. 'r_}-~ j( 7-i -?, ?l-:7.,U 1,) ~ -1-

~ ~ } JV, J ,,, '>I 'JL'U.J 9 ( :U?;} (lf > 
-1-[a-~c,~ -7-.">IJ+/-z 1}-r){ ( 'J?: JP ;v.7J7

"P';Jt = l'-1-P 

. + (-,;<-:z. Vr i'>I 'd)} (ch/J1, j?: h-{(<](dJcb 'c/2 +(" 0c 6d;-(b 'd) (chl)·l' )7J -

-((?Id)(?.. ;J;_ (2 d)(>1YJ)('Lb)7+ (('1 'd) (2 b}-('>t
1
d,)(?f b}) (d>d) ', J hx-7: + 

+{ .,~w-(_i'>lb;-1pb;J-z-jccl
1
J,~x-r; J ~; · 3:1~:u;9

J = g°¼p· 
. • 6 ?, • . 

. (lC) '(IC) U0J.OOHJ.HOdea xrmq1n:mnuadaqxpH'lt Hll'lt 

BHH8llt'edHa a aHlnH'll'OXEI 'HHHhHll8EI rm'IJ'aaHdu mt qoent 

V mmillKOillidll 





e, 
l\a:i:.n,yJO H3 BenHtJHH d W. , OTBet.JaJOUIRX BKna.n,y 

{. 

11HTe:p.pepeHURR rrpHMhlX ,l(RarpaMN C o6MeHHllM11' MOlKHO rrpe.ICCTa-

BHTb B mue CYMMll ,l(ByX cnarae1mx, OTlll11.JaDU1l1XCSl .l(pyr OT 

,JLpyra ::iaMeHoi-1 p
1 

.;:= f.2., • IlpRBe.ICeHo BupaxeHRe .ICJIH o.IC-

noro 11::i '3TYIX cnaraeMhlX. BTopoe o603Hat.JaeTCSl CRMBOllOM[fftiJ. 

e. .3.2., 2 G:t..f/ rn2.. dr { ( . 
d ~l3 = (:l:)6 m.:,c K..,_n.2. I 2..(:; 0f)-x(7f.3)) (l--f:if) (x/7f/;f,J:/)r 

+rf'z) (:Jff.2.n>- .x/7n,>)-rrx.>1,,-n. ~1( jf~>-.x,_Cff)+ ym.>fj :;-.2.-.x:, (<lK.))-

-z: (r,if' {rx:n.) - n. 2 > + n-,., 1°n.) )] + r J%K.)- x1K-) > [ n. .2. r ~ 1/'? )-yrr:lt>) -t-

+ f/'.1f1( :tf'/ln.,-~ r1n>J-:t.:1(n.2.0t) ~rn.~n>>]+~ ;=xrin>Jf%t>P/'J"};rfJ1-

. + x.2.~ff_tf>-.x/ft) +:i. J ( K :.0-f )- rn-7f K.>~ +:ty nlr1<.nJ{yf°-,f>-.x:f'7>) +, 

. .2. 

+(1<.y,n.>-{1<.n>(f.1f>){-f(,f2.'J!l.+(tf.2.'xJ +(ffL>x,J + tn:n:.r.~) -

-J, ! r =, + "'l'f"') ~ y, n.J - r J =~+ -'r A'>f..t ,r.,,>} + ft_, ., I' J J , 
.2. 2. .t. . ~ 

c/_ we.;::: .3.2..c<.. c;. a.o dr /n..t.froK.)( /77- .2. {rKn )-n. %,) -:li7p ){(.Qn.) -11(.)) + 
Sj') (m) 6 rrz, ,<..!l.n.2. U 7C 1.3 I 

:,c . 

+(j><J,> {1-{J(rL>{(9x:>+«f.fJ')- K~n,J-n.Y'lx.>)J +fffe>[-3/2 rn! x.2.,n.:t.+:z(n':.~Jf7rz'ftjK}t 

+ rn~ (K.rzJ) + t-<1/,Jf(x.n,)-.U<r-->n.t'r<JK.) +f'Jf_/>}- {K.n./"'{,1,</1,r?f.3' + rn:,{jf'.J') f-

+ f ftct1>K..2.-.tfi:;f)ft><-J){r9n.J{/</Z.J +ft.i'(1<.n..J-K"71ll-V +-f 1<.7tu{ff<JtJ''f'n.)- 7tzn1{oty-

~ u ,] .t[ ( .2. Z . 
- n. 'fi )-i..«;fl.-Jfi>n) t-.3 n. ''ff)j-('JK-)11- r3{<JK.) -m.. 1°/'4) - ; ) +(Kn.>K713>-t/7J)+ 

+ !(<Jf.J){(Krw +fK.-)j + K..2.iz.. 2.f3rrt-s)(fn..) +f°'J'(f°'IJ +rn; )- rn; f'") + Jrn.:r rn..f.+ 

+ {jfa>+f n.!l.j + {K ~{?n)--2(1<.n.J('Jfi')(r,1<.>('jt.,.> +~;1/''J.) + 2f"f'}('l,/.J))

-(K.trn; + ~'l"-)1/'))/; .t'9'1d-t J<.!l. )-(Kn.)r;,n.if +{rx,n.>(j''l)-{'ln,''f'K)){Kff9nJr 

+('l./'.Jl)+ .2.('jj'_/{-:t.rrz-:L_{Ktvij + J<, .t(ym.>--f n..t ){c7n..)(71<.) + rn.;{x.n..)) -
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- 1-(9nl'rff)1<.;l+2,{?f.lY)l<-)n fl._ 1.{Kn-)~/J)rn.;} + 1t.,[ :u-r1<-{nYro,m{;xJ>-f{?flrtfa')f 

. -f(7f)( I<-}°11-) -n., :LfK,J-.lm.y,nJ)-{crz.J0t.3){rz;1·- ,.,.,_:t)) f-1,(7t.,)(Kn.>( Y,CJ_)( n !l.-C,ul))-

-1>t>.i>(9/?J) )+ rn; ((kn>( h. !l.(r<.)-{Kn){;>~l)-f K:l.n..p'/>8+2.n..t.(f'j)r!~?l<.f/f'_/fn.~ 

-{K.nJ > + rn..1'f'z')-rrf)(<f'1<.>(n.1l--2rn.")-2(~0/'L>,)-1<.'Yf,'~'1/'Z) +rr,1.3>r;o-z,j+ 

f- .1.rz.1l{r-/) fr11t)1/'1<.) -Ky,<z>)V'tf.z + /77-.t)-K.j,fi){.l'l~ -'Jn.) +ff'~_/(K )j'KJ-2f1U2){m>)-
. ' . 

- .'lrn~7n.Jft1<>-f<J_>{=~+:t.1<-~"-(;-'-f >trnyi<J.> +-3/>~J( rn. !l.r/?~:t.1/ +0-f'j j' 
. d we = .3.f.//I.d... .!lr;.Zrn.. /(ao dr/1-(.x{Qp )-(t{p,p >)fr;,z,{,z.n.~KJZ.)+fOn>(r1<-.l7n..>11-
. · IBSoi'> {)_n:,)6rn, K.!ln.z t/J d 7 1/.3 f/ J 

7C 

f-~1{'11<-)-yf:t{rrz>( n. :t-,az.) + 3f1<.){'ln} '- .u7n.>(j>~>j+{xf?1<-J-Yf/<-1(rn.>rcri> -n.yt>r>)r 

~rxv,i>-:1rft.>)f71L)(Kl'L)- n.'-(?1<.)) + ( rn:.:,c + Jf'lti>)(.l(lu1-lfffL) -f- K.~n..)) r J/n.f~J

-1,n.,:t.J(,>°? >+-j( n.t- frn.t)(f/t(Kn.)-(cr-'rn.>) + Yn. }?K'1/)o}-~f',/f7t,/f K.n.) -

- ½J1"-' ( ,t{lu-z_)(j>!'.3> -n. fK.}j + r f (~713>-,rf°,fi>)( .lf7n.>(-Z/'f';-~K) + f,0>n>(7~J-1-

• · + 2f°?JIL :i..)-(x.rc;t<-J-1f,'!-lj(~n.)tjf',> + 2f7f_1)1/°n.) + r'L f''l >) + ("o/'z>7Jt:>>V<-)n)r 

+ n.. ~K)-~V<.n.)('ttA + :zf xrrz.J-7fn..:1..>rr7.P,3 '~K>-y:,n..>rczK.,)-(.zni:_+,1r7f}'J/2fonl<1 

- n. Y>K->)-y(-z. }°K.>(7x. r711,)+f'>f.1'('71<.J(Jn.. ~- :i.Kn..) -~lluz.)'9'1?,1/ +~l'n.77KJym.)+ 

+ i · K:t.n.J°f)jl- ,2,n., 2.fr-J )fr~r~:/7f'1~ >)f'j'K- +-y>;1-jo~)r (.x:(71<.J-,;1t,l(_>)(.ir

-pi:3 >-lx!l.40z:':701'1 ,> ~J f n..fK.)-:l.fuc)y,~> +rn. rK.> + ~K.~r;,-Paf +ft1 ;:zfi.ij, 
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TTpnno>KeHne E 

TTpn BbPrncneHHH HHTerpanoB ncnonbsoBancsi MeTo.U Mowre-Kapno, 

Cny<IaHHble TO'lKH B cjiasoBOM npocTpaHCTBe 'leTb!pex 'laCTHU pa3b!I"pbIBanHCb 
/19/ 

nporpaMMOii <t>OPC • l1aTerpanb1 C'lHTanncb no cjiopMyne 

J 
N 

_l I IM 
N l=I 

1
2 

d W 
I I 

r.ue N - '!Hcno pa3b1rpaHHblX pacna.uoB, :1 M I 2 
I 

-,KBa,upaT MaTpH'lHOI"O 

sneMeHTa .unsi cny'laHHOI"O C06bITHSI, w I - "Bee co6b!THSI 11
• onpe.ueneHHblH 

/19/ 
B ( ycpe.u11e11He "HeCoB"' .uaeT cjia30BbIH 061>eM) • 

TT pH Bhl''JHCneHHH ·HHTerpanoB OT cjiyHKUHH, co.uep>KalUHX MH0>KHTenH 1/k 2 

( nnn l/(k2) 2 ) 1 BHa'lane pasurpbrnanocb s11aqeune k 2 c nnoTHDCThI01 yqn-

TblB8!0IUeii 38BHCHM0CTb II0)lHl!TerpanbH0I"O Bbipa>KeHHSI OT k 2 

y>Ke TO'!Ka B ~830BOM Ilp0CTpaHCTBe "KaCK8JlHOI"0 11 pacna.ua 

m ➔ m + m + y - k2 
1T V 

l.m + m 

, a saTeM 

::ho 1103B0nHno cymeCTBeHHO yMeHblllHTb Bapnau1110 110.UHHTerpanbH0I"0 Bb!pa

>KeHHSI "· K8K cne.ucTBHe, II0BbICHTb TO'lH0CTb pacqeTOB. 

nnSI Bbl'lHCneHHSI OT.UenbHblX BKnaJlOB 6bmO pa3b!I"p8HO OT 20 Tb!CSI'l )10 

100 Tb!CSI'l TO'leK B cjia3DBOM npocTpaHCTBe, 'ITO .uano B03M0>KHOCTb Bb!'lHC

nHTb HHTerpanhHyIO Bep0SITHOCTb C TO'lH0CTb!O, nyq111eii 'leM 2%. 
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