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AHHOTaUHSI 

f3 pofirne lliJl'.:tcTaBJiell b i HMnynbCH bie 11 yrn OBbie pacnpe.aeneHHSI 1\ - rHnepoHOB H K 
0
-M e -

30iiOfl n c.It . \:., D T D K X<e 11 - Me30HOB, conpoBo:»<.aaiOLUHX po:»<.aeHHe 1\ H K 
0 

-qacTHU. 3Kcne-

fJitM<'HTd!1bllt.Ic> pacnpenen eH HSI cpaBHHBaiOTCSI C paCC'lHTaHHb!MH D O CTaTHC TH'l8CKOH T80pHH H OLlH0-

\1P30hHi,JM n:u:•rpaMM a M . YrnOBbie u HMnynbCHbie pacnpeneneHHSI qacTHU, conpoBOX<LlaJOlllH X poX<-

neHI!C ,\ K 11 K K -nap, cpaBHHBaiOTCH c aHanorH 'lHbiMH pacnpene neHHSIMH oT TT p B3aHMO-

L.<CtiCTHllH np11 8 I1 8pl'IH! 7 08B 6e3 pO:iK.I].8HHSI C TpaHHblX qaCTHU. JlenaeTCSI Bb!BO.IJ., 'iTO TT p 

n::..aH"Oill'iiCTBIISI c p o>K n e HHeM ,\ K H KK nap 6onee U8HTpanbHbi8, '18M B3aHM0.1].8HCTBHSI 

C 06!·1'-IH!>ll\1 ~iliO>KCC T138H H b! M p0X<.I].8HH8M llliOHOB. 8b!.IJ.8!18Hbl 2 THna TT p -B3aHMOLl8HCTBHH 

C pom:neJjiH'\1 CTpaH U b!X qaCTHU, yCJIOBHO Ha3BaHHh!X "ueHTpanbHb!MH" H "nepHcpepH'i8CKHMH" • 



Po)!{neHHe A -rHnepoHoB H K 0 
-M e30HOB a rr p - B38HMOneJtCTBHSIX npH 9Hepi'HSIX 

7-8 69B H3y'ianocb C nOMOlUbiO 24-x m!TpOB Ot\ ny3blpbKOBOJt nponaHOBOlt KaMepbl B nOCTOSIHHOM 
I 1 /-.(4/ 

Mai'HHTHOM none 13700 apcTe.a. 4acTb pe3ynhTaTOB no aTolt TeMe coo6manacb paHee • 

nocT8HOBKa OnbiTa OnHC8H8 B pa6oTe 
/5/ 

4acTHUbi A H K o- C'iHTanHCb po)!{neHHbiMil a " p -a3aHMonet~cTBilSIX 1 ecnll BhmonHSI-

nHcb cneny!Ollllle Kp!!Tep!!H: 

A -rllnepoH H K 0 -Me3oH ( A K 0 

napa) He Ha6n!OnaeTCSI cnenoa npoTOHOB HcnapeHilH. 

2. CyMMapHbi~ 3apS!n acex BTOpH'iHbiX qacTI!U p aa eH Hyn10. 

3. B saesne Ha6n10naeTCS1 He 6on ee 1 'le M onllH 6api!OH (A , I. , p.) . . 

x) /6/ 
4. Macca MllweHil MeHbwe llnll pasHa Macce npoToHa. 

Bee H3MepeHHSI npOil3BOnllnllC b Ha MllKpocKonax Y\.1 M -21. Pac'leT reoMeTpH'i eCKilX 

xapaKTepllCTilK TpeKa 1 a TaK)!{e KI!HeMaTH'ieCKillt aHanHs co6hlTil~ npoaonllnCSI no cneullanbHOlt 

nporpaMMe Ha aneKTpOHHo-cqeTHOJt Mallli!He. 

PesynbTaTbi oT6opa no yKa3aHHbiM BbiWe Kpi!Tepi!S!M ll aHanl!sa no MHO)!{eCTBeHHOCTil sapg-

,)!{eHHhiX qacTI!U npllaeneHhi B Ta6nl!ue 1. CneuHanbHhilt aHanl!s HepasneneHHhiX ( A llnll K 0 
) 

171 
qacTHU noKasan 1 'iTO OHil Ha 90% cocTOSIT 1!3 A -rllnepoHOB 1 noaToMy B n(inbHe~weM ace 

HepasneneHHbie cnyqaH 6ynyT OTHeceHbi K A -rHnepoHaM. B Ta6nllue U 9KcnepllM~HTanbHbie 

pacnpeneneHHSI A -rllnepoHOB H K 0 
-Me3oHOB no MHO)!{eCTBeHHOCTH sapg)!{eHHbiX qacTHU cpaa-

HilBaiOTCSI c pacqeTaMH no cTaTilCTH'ieCKolt TeOpllH. PacnpeneneHI!e A H K 0-qacTHU no pa3-

HbiM KaHanaM po)!{neHHSI npllaeneHo B Ta6nHue 111. 3Ha'ieHilSI B KonoHKe 11 nony'ieHbi nocne 

aaeneHilSI nonpaBOK 1 yKasaHHhlX B Ta6nHue IY. 

A - rllnepoHhi 

VlsyqanHCb A - rHnepoHbi oT peaKUHlt 

" + p -+ "" ( 1 ) 

(2) 

ViMnynbCHbilt cneKTp A -nmepoHOB B c.u.M. ( " p npencTaaneH Ha pHc. 1. Ha a TOM 

)!{e pllCYHKe HaHeceHbi KpHBhie HMnynbcHoro pacnpen eneHilSI A -rHnepoi\OB a c.u.M., paccqll

TBHHbie no cTaTilCTil'ieCKoA Teopllll. ( KpHBaSI N 1 N c yqeTOM llso6ap Y * !B ~ *191 
ll Kp i!BaH II 

- 6es yqeTa Hso6ap Y *, K *). BHnH0 1 'iTO B 9Kcnepi!MeHTanbHOM HMnynhCHOM pacnpe.a eneHil ll 

HMeeTCSI ll36hiTOK A -rllnepoHoB B o6nacTH 6onbwHx sHa'leHHti llMnynbCOB p * A 

x) N 

m' = ~~I E I - pI cos (} I ; 

E, , P, , e, - 9HeprHSII HMnynbC 
B na6opaTOpHOD CHCTeMe KOopnllHBT. 

H yron BbineTa
1 

COOTBeTCTBeHH0 1 nnSI 

3 

no cpaBHeHI!JO 

- 'iaCTilUbl 



co cTaTHC TH'IeC KHM, AHanH3 cnyqaea c HMnynbcaMH A -rHnepoHOB 6onbwe 1,3 B::Ja/c noKa3an, 
/4/ 

4-MepHOI'O liMIIyJibC8 !l , I'Jl8 'ITO Jl!ISI HliX, B OCHOBHOM, X8p8KT8pHbl M8Jibl8 3H8'18HiiSI 

!l:l .. ~ 2 - !l'l . 
0 • 

!l !:o. "' f -fA . 0 p PP -p A; 

p , p ; f ; fA - HMIIYJibCbi H ::JHeprHH rrpoTOHOB H A - rHn e poHoB, 
P A P 

VlMnynbCHoe pacrrpe.aeneHHe A -rHrrepoHoB xopowo orrHCbiBaeTcst cTaTHCTH'IeCKOlt KpHBolt 6e3 

y'leTa H3o6ap (pHc. 10 II' ), ecnH Bbi'IeCTb cny'laH c !l < 700 M~B (oHH cocTaBnstJOT - 30% 

oT acex 3B83Jl c A -rHrrepoHaMH). B3aHMo.aeltcTBHH c !l < 700 M9B ycnoBHO Ha3BaHbi IIE!pH<iJepH'IeCKH

Mii, B yrnoBOM pacrrpe.aeneHHH A -rHrrepOHOB B c.u,M. ( pHc,2 ) HMeeTcH pe3KO Bbipa:lKeHHbilt IIHK Ha-
n 111 121 

3a.a (C '"0,18!_0,02). KaK yKa3biBanocb paHbwe a ' A-rHnepoH B c.u.M. coxpaHHeT B 6onbWHH-

r.Tae cA~qaeB HanpaaneHii8 JlBii:lK8HiiSl IIpOTOHa JlO B3aliMOJl8itCTBiiSl, 3Ta :lK8 OC008HHOCTb OTMe'laJiaCp 

A - 1101-1121 
JlJIH -rHrrepoHOB, o6pa3oBaHHbiX rr -Me3oHaMH .apyrlix 9Hepr!ilt aa ao.aopo.ae • VI3-

MeHeHHe oco6eaHocTelt HMrrynbCHoro H yrnoaoro pacrrpe.aeneHHit, a TaK:lKe pacrrpe.aeneHHH no P~H 
tl_ Jl!ISI /1. -rHrr epOHOB B 3aBHCiiMOCTii OT MH O:lK8CTB8HHOCTii 3apH:lK8HHbiX qaCTiiU MO:lKHO BliJl8Tb 

Ha p!iC, 1, 2, 3, 4, 

3awTpHxoaaHHbie o6nacTH OTHOCHTCH K cny'laHM c !l < 700 M9B, Ha HMrrynbCHbie pac

npe.aeneHH H A -rHnepoHOB Jl!IH 3B83Jl pa3HOlt MHO:lKeCTB9HHOCTii HaHeceHhl cTaTHCTH'IeCKHe 

KPHBbie, pacc'IHT8HHbie .anH cooTaeTCTBYIOWHX 3B83Jl 6e.3 yqeTa H306ap Y* H K* • C yaenH-

'1 8111i8M MHO:lK8CTB8HHOCTii qaCTHU ( n ) 
• ynyqwaeTCH cornacHe 9KCrrepHMeHTanbHbiX pacrrpe.aene-

HHlt co CT8THC TH'IecKolt KpHBolt, TaK KBK yMeHbwaeTCH .aonH cnyqaea c !l < 700 M::Ja, Yrn oaoe 
J. 

pacrrpe.aeneHHe A -rHrrepoHOB H pacrrpe.aeneHHe rro P rrpal>TH'IeCKii He 38BHCHT OT n 

Cpe.aHee 3Ha'leHHe rre prreHJlliKY nstpHo~<J. HMnynbCa .anst A -rHrrepoHOB paBHO ( 383!_12) l'v\9Bci c, 

npH'IeM .anH cnyqaes c !l < 700 M9B P A '"(295:t_14)M::Ja/c, a .anH cnyqaea c !l > 700 M s a 
-l 
P A =(423!_18) Mae/c. 

K 
0 

- M830Hbl 

Vl3yqanHcb K 0 (/~ 0)-Me30Hbi OT peaKulilt 

rr + p -. K 0 + A (}:. 0
) + n rr 

-.K
0

+K 0 +nrr+ N 

-.K 0 +K . +nrr+N 

-.K 0 + K++ nrr +N 

-.K 0 +I=+niT, 

( l ) 

( 3) 

(4) 

(5) 

(6) 

CyMMapHbilt HMrryn bCHbilt crreKTP K 0 
( K 0 ) -Me30HOB OT peaKUHit ( l) H (3- 6) e c,u,M. 

npHee.aea Ha pHc. 5 cl • TaM :lKe HaHeceHbi KpHBbie, .aaJOwHe pacrrpe.aeneHHH no P; 
0 

, pacc'IH-

T8HHbie no cTaTHCTH'IeCKolt TeopHH ~ I - c y'leTOM Hso6ap; 11 - 6es y'leTa Hso5ap Y *, K *, N *, 

3KcnepHMeHTanbHbilt crreKTp K 0 
-MesoHoe 6onae MHI'KHlt no cpaeHaHHIO co cTaTHCTH'IeCKHM B 

npoTHaorronO)KHOCTb cneKTpy A -rHrrepoHOB (pH c. l J ) , B HHTepaane 200-400 Maa/c HMeeT

CR H30biTOK cnyqaea rro cpaaHeHHIO co cTaTHCTH'I9CKHM pacrrpeaeneHHeM, Yrnoeoe pacnpe.aene-

HHe K 0 -Me3oHoB rroKa3aHo Ha pHc. 6, B yrnoaoM pacrrpe.aeneHHH KpOMe H30TpOnHOlt '18CTH 

4 



ecTb 1111K a11epe.a. 0THowenHe 

... 
n K o 
....-
nKo 

=1,61::_0,15. Ha pHc. 5 , 6 II 7 MO)!{HO BI!.UeTb 113MeHeHiie 

I!MnynbCHbiX 11 yrnoBbiX pacnpe.aeneHIII1 11 pacnpe.aeneHIHI 110 P l Ko 
K 0 !lllSl -M e30HOB B 3aBI! -

CliMOCTII OT MHO)!{eCTBeHHOCTI! 3apSl)!{eHHbiX '!aCTI!U (n
0

) 

Dnll 0-11 2-ny'leBbiX 3Be3.a yrnoaoe pac11pe.aeneH11e K 0 -Me30HOB !!MeeT SlBHbilt 111!K Bl1e-

pe.a. 0THoweHI!Sl 'II!Cna K 0 
-Me30HOB Bl1epe.a-Ha3a.a paBHbi 2,61 :t_O, 52 .anll n • = 0 H I, 70::_0,17 ... 

.anll n • = 2, a .anll =4 H 6; _'!_KE_ =1,05::_0,15, T,e • 
1rKo 

pac11pe.aeneH11e 1130TponHoe. XapaKTep 

pacnpe.aeneHI!Sl 110 Mano MeHSleTCSl B 3aBHCIIMOCTII OT "• • Cpe.aHee 3Ha'!eHI!e 

1T -Me30Hbl OT 1T p /1. -rl!11epOHOB 

+ ViMnynbCHbie pac11pe.aen eHI!Sl 1T II 1T -Me30HOB B C,U,M. 113 3Be3.[1 C pO)!{.[leHI!eM 

neponoa noKa3aHbi Ha p11c. 8 ( a,B). TaM )j{e .anll cpaaHeHHSl HaHeceHbi Kpi!Bbie, pacc'!HTaHHbie no 

cTaTI!CTH'!ec.Kolt Teop1111 6e3 y'leTa H3o6ap Y* H K* • Mo)!{HO BI!.UeTb, 'ITO 8TII Kpi!Bbie xopowo 

OI111CbiBaiOT qacTb C11eKTpa c P* > 400 Maa/c, a B o6nacTH c P* < 400 Maa/c Ha6niO.aaeTCSl 

npeBbiWaHHe aKcnepi!MeHTanbHoro pac11pe.aeneH11Sl Han Teope TI!'IeCKIIM. 

YrnoBbie pacnpe.aeneH HSl "+ 11 TT ... 
BaTb OTHOWeHHSlMII ~TT+ =1,10::_0,12 

n "+ 
3awTpl!xoaaHHbie '!aCT!! pac11pe.aen eH11lt 

~ < 700 Mas. 

-Me30HOB .aaHbl Ha pHC, 9, 10. VJx MO)!{HO xapaKTepH30-
-+ 

( n
3 

=2,4, 6) II ;a= =1,40 :t_0,13 ( n 
8 

=2,4,6), 

Ha p!!C. 8a, 9a 117TI0a', a' OTHOCSlTCSl K Clly'!aSlM C 

np11 H.UeHTHcJJI!KaUHII 3apSl)!{eHHbiX '!aCTIIU, C011pOB0)!{.[laiOWHX pO)!{.[leHHe 1\ -rl!11epOHOB B 

peaKUI!SlX (I) II (2), I!M ellOCb BBII.UY, 'ITO OTpHUaTenbHbie '!aCTHUbl MOryT 6b!Tb TOllbKO 1T 

Me3oHaMI!, a nOilO)!{HTenbHbie '!aCTHUbl- nH6o 1T + • nl!6o· K + -Me30HaMH. no HOHH3aUHH 6bma Bbi.ae 

nena nHWb ne6onbruaSl '!aCTb K+ -Me30HOIO c HMI1Y1lbCOM .ao 500 Maa/c B na6.cHcTeMe . OcTan~:--

Hble 1101l0)!{HTe1lbHbie '!aCTHUbl 6blllH 11epeBe.[leHbl B C.U.M, KaK 11HOHbl H HX HM11YllbCHbie H yrnOBbie 

pacnpe.aeneHI!Sl 11pe.acTaaneHbi na pH c. 8 B) H 9 B) wTpHxoaolt nHHI!elt. Danee 8TH pac11pe.aeneHHSl 

6binH HC11paaneHbi na npHMeCb K+ -ME!30HOB ( ouenKa npHMeCH c.aenana 110 .aaHHbiM Ta6nHUbi III 
o x) 

na ocnoae I!MI1Y1lbCHOr<.' H yrnoaoro pac11pe.aeneHHl! K -M e30HOB , 11epese.aeHHbiX B c.u.M. 

K8K 11H0Hbl, 

74 y -KsanTa. Pacnpe.a eneHI!e y -KB8HTOB flO MHO)!{eCTBeHHOCTH ':oapSl)!{eHHbiX '!aCTHU .aaHO B 

Ta6nHue Y. E Bin 011pe.aenen sec Ka)!{.aoro y -KB8HTa C y'leTOM BepOSlTHOCTI! KOHBepCIIII II 

reoMeTpl!'! eCKHX 11 onpasoK B acpcj:leKTIIBHoll: o6nacTII KaMepbi, CyMM8 secos naeT nonnoe 'li!Cno y -

KbaHTOB, C pe.anee 'IHCllO 1T O -Me30HOB onpe.ae.'!SlllOCb B npet:tnOilO)!{eHHII, 'ITO OHH SlBilSliOTCSI 

enHHCTBeHHhlM HCTO'IHKKOM y KBBHTOB. CeqeHIW po/KneHaSl -rfin epOHOB npH HaWiiX 8He p-

rHSlX npe!lnonaranocb M8ilblM, n e 6onbwe ceqeHnll po)!{.aennll ! 

XX) 
.aell:CTBiiSlX , 3HepreTn'!eCKHll: Cl1eKTp y - KB aHT OB B na6opaTOpHOll: CliCTeMe KOOp.UiiHaT 110Ka-

3aH na pnc. II a. 

x) 
npe.al1onaranocb, 'ITO HMI1YllbCHbll! Cl1eKTP H yrnoaoe pacnpe.aeneHHe K + -Me30HOB OT 

J\ K +nap n.aeHTII'IHbi TaKOBbiM pacnpe.aeneHHSlM I( 0 -Me3 0HOB OT !I.IC 0 11ap. 

xx) 

5 



Yrnoaoe pacnpe.aeneHHe y -KaaHTOB a c.u.M., KOTopoe OTpa)KaeT yrnoaoe pacnpe.aeneaHe 

17 0 -Me30HOB B TOlt )Ke CHCTeMe ( pHC, 12a), aHanOrH'IHO yrnOBbiM pacnpe,aeneHHSIM 3apS!)KeHHbiX 

11 -Me3oHoa (pHc. 9 a, a). Cpe.aHee 'IHCno 11° -Me30HOB Ha o.aHo 11- p -a3aHMo.aeltcTBHe c 

pO)K.lleHHeM A -rHne poHa paaHo 1,23 :t. 0,14. 

3apS!)KeHHbie qacTHUbi OT 11-p -a3aH Mo.aeltcTaHlt c po)K.aeHHeM K 0 ( K 01-Me30HOB 

AH anH3 3apS!)K e HHbiX 'laCTHU, conpoao)K.aaJOWHX po)K.aeHHe K 0 
-Me30HOB a peaKUHSIX 3- 5 

3aTpy.aHeH HeB03MO)KHOCTbJO H.lleHTHglHuHpoaaTb 11+ , K+ -Me30Hbi H npoTOHbi, a TaK)Ke 11- H K

Me30Hbi TipH 60nblUHX HMnynbCaX (KOT'.lla HOHH3aUHSI 9THX qaCTHU 6nH3Ka K MHHHManbHOft), ViM-

nynbCHOe H y rnoaoe pacnpe.aeneHHSI 11- -Me3oHoB noKa3aHbi Ha pHc. 13 H 14x). CpaaHeHHe 

9 KCne pHMeHTanbH OT'O HMnynbCHOT'O pacnpe .a e n eH HSI 17 -Me30HOB C paCC'IHTaHHbiM no CTaTHCTH-

qecKolt TeopHH yKa3biBaeT Ha xopow ee cornacHe HX a HHTepaane 

8 yrnoaoM pacnpe.aeneHHH 

... 
OTHOWeHHe .!!....rc_., 1,10+0,10, 

~ -
n -17 

P*- > 400 Mas/c. 
17 

n OnO)K HTen bHbie 'laCTHUbl, H,lleHTH¢HKaUHSI KOTOphlX He 6hlna onpe,aeneHHOft, nepeBO,llHnHCb 

B C ,U,M, ( 17- p J KaK TIHOHbl H npOTOHbi, COOTBeTCTBeHHO, Ha pHC, 15a TIOKa 3aH HMnynbCHbllt 

cneKTp nonO)KHTenbHbiX 'laCTHU, nepeae.aeHHbiX B CHCTeMy UeHTpa Mace KaK TIHOHb!, 3awTpHXO-

BaHHaSI qaCTb OTHOCHTCSI K nonO)KHTenbHbiM qaCTHUaM, nepeae.aeHHbiM B C,U,M, KaK TIHOHbl 1 HO 

+ 
KOTOpbie MOT'yT 6b!Tb 17+, K -Me30HHbiMH HnH npOTOHHbiMH, illTpHXOBOlt nHHHelt TIOKa3aHa rpaHH-

+ + 
ua pacnpe.aeneHHSI 11 HnH K -qacTHU, nepeae.aeHHbiX a c.u.M. KaK TIHOHbi, OcTaawyJOCSI 

'laCTb CTieKTpa COCTaBnSIJOT H,lleHTH¢HUHpOBaHHbie 17 + -Me30Hbl 0 a TaK)Ke TIOnO)KHT9nbHbl9 'lac-

THUbl OT AK
0 

nap 1KOTOpbie C'IHTanHCb 17"'"-Me30HaMH, TaK KaK cny'laH pO)K,lleHHSI 6onee 2 

CTpaHH biX • '18CTHU O'leHb pe,llKH npH HSWHX 9HeprHRX, nonO)KHTenbHbie 'laCTHUbl 0 BXO.llS!lUHe B 38-

lUTpHXOBaHHyiO o6naCTb pHC,15a, 6binH nepea e,aeHbl B C,U,M, TaK)Ke KaK npOTOHbl (pHC, 15a), 

CneKTP H.lleHTH¢HUHpoaaHHbiX npoTOHOB npe.acTaaneH Ha pHc. 15c • 

Yrnoaoe pacnpe.aeneaHe nono)KHTenbHbiX qacTHU, nepeae.aeHHbiX B c.u.M. KaK nHOHbJ. noKa-

3aHo Ha pHc. 16a, HeH.aeHTH¢HUHpoaaHHbiX qacTHU ( 11 + HnH K+, HnH npoTOHbd, nepeae.aeHHbiX 

B C,U,M, KaK npOTOHbl - Ha pHC, 16a H H,lleHTH¢HUHpOBaHHbiX npOTOHOB - Ha pHC, 16c, 17+ -Me30" 

Hbi a c.u.M. HMeJOT TeH.aeHUHJO K npeHMywecTaeHHOMY BbmeTy Ha3a.a ( pHc. 16). YrnoBbie pac

npe.aeneHHSI nonO)KHTenbHbiX H oTpHuaTenbHbiX qacTHU, conpoao)K.aaJOlUHX po)K.aeHHe K 0 
-Me3o

HOB ,anSI 3B93.ll pa3HOlt MHO)KeCTBeHHOCTH n • , TIOK83aHbl Ha pHC, {7, 

npH HCCne.aoaaHHH 17- p -a3aHMO.aeltCTBHlt C pO)K,lleHHeM K 0 
-Me30HOB 6bmo o6Hapy-

)K9HO 65 y -KaaHTOB, no 'IHCny y -KaaHTOB C y'leTOM aepOS!THOCTH KOHBepC!iH B a¢¢eKTHB

HOlt o 6nacTH KaMepbi H reoMeTpH'IeCKHX n o npaaoK 6bino onpe.aeneHo 'IHcno 11 o -Me30HOB, Pac-

npe.aeneHHe y -KsaHTOB H 17 O -Me30HOB TIO MHO:>KeCTBeHHOCTH 3apS!)KeHHbiX 'laCTHU, a TaK)Ke 

C pe.llHSISI MHO )I{ e c TBe HHOCTb 11 ° -Me30HOB .a aHa a Ta6nHue Y 1. Vi Mny nbCHbilt · cneKTp H yrnoaoe 

pacnpe.aeneHHe y -KaaHTOB TIOK83aHbl Ha pHC, 11B H 12B, 

06CY)K.lleHHe pe3ynbTaTOB 

BenH'IHHa cpe.aHelt MHO)K e CTBeHHOCTH 3apS!)KeHHbiX 'laCTHU, pO)K.ll9HHbiX c A -rHnepoaaMH 

x) nonpaaKa Ha npHMeab K- -Me30HOB 6bina c.aenaHa aHanorH'IHO nonpaaKe aa npHMeCb 
+ K - Me30HOB .llnSI nonO)KHTenbHbiX qacTHU, pO)K.lleHHbiX BMecTe c A -rHnepoHaMH, 
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n =2,22:t_0,!3, XOpOWO COrnacyeTCS! CO 3H8'!eHI1eM lf'
0 

=2,20 , paCC'111T8HH biM no CT8TI1CTI1'!eCKOI\ 

Teop1111 6e3 yqefa 11306ap Y i< , K * 11 MeHbw e Beni1'!11Hbi n = 3,2 :t_0,2, nony'leHHOA .n.nH o6hi'I-

/!3/ 
HOf'O MHO:>KeCTBeHHOf'O p0:>K.[l,eHI1H ni10HOB B TT p B3811MO,UeACTBI1HX np11 11MnynbCe 7 63B , 

Ta6n11ua 11 noKa3biBaeT, 'ITO 3KcnepHMeHTanbHbie pacnpe.n.eneHHH 3Be3.n. c A -rHnepoHaMH 11 

0 
K -Me30H8MH no MHO:>KeCTBeHHOCTI1 3apH:>KeHHbiX '18CTI1U Ka'!eCTBeHHO cornacyJOTCH c pacc'!I1TaH-

o 
HbiMH no cTaTHCTH'!.eCKOl! TeO iJHI1, 6onbwaH qacTb A 11 K qacTHU po:>K.n.aeTCH B 2-ny'leBbiX 

3Be3.[l,aX, 

no H8WHM paC'!eTaM B npe.n. enax OWI160K 11MeJOT MeCTO cne.n.yJOU(Iie paBeHCTBa ( CM. Ta6n11-

uy 111) 
N /vi? =2N Ax+ 

NifKO = N KOK- + N-;;oK + 

+ (~- ;;.,K+) 
~ 2--nap MeHbWe 20o/o OT '!Hcna "'~ + " nap. CpaBHeHHe HMnynbCHoro 

pacnpe.n.eneHI1H A -rHnepoHoB c KpHBOil, pacc'!HTaHuoA rro CTaTI1CTI1'!ecKol! Teop1111, .n.aeT Bo3-

MO:>KHOCTb pa3.n.enHTb BCe cny'laH c po:>K.n.eHHeM A -rHnepoHOB Ha 2 rpyrrnbi, xapaKTep11CTHKH 

KOTOpbiX npHBe.n.eHbi B Ta6n11ue Yll. A -rHnepoHOB, oT-

HOCH!llHeCH K I rpynne, H83B8Hbi nepiicpepH'!eCKHMH, K II - ueHTpanbHhiMH, O.n.HaKo yrnoBoe 

pacnpe.n.eneHHe A -rHnepoHOB 113 II rpyrrnhi He HBnHeTcH H30TponHbiM ( p11c. 2 cl 6e3 38WTpH-

xoBaHHoil o6nacTH), KaK 3TO cne.n.yeT H3 cTaTHCTH'!ecKoll TeopHH, B CBOJO oqepe.n. b A -rHnepo-

Hhi, BXOAH!llHe B H30Tp0IIHYIO '!aCTb yrnOBOf'O pacrrpe.n.eneHHS! ( pHC, 2) 1 HMeJOT B OCHOBHOM ( 85% ) 

HMnynbChi B c.u.M • .n.o 700 MsB/c, 'ITO He y.n.oBneTBOpHeT cTaTHCTH'!eCKoll TeOpHH, 

BBHAY TOf'O, 'ITO He y.n.anOCb BbiAenHTb '!aCTH C06b!Tifll, AnSI KOTOpOll yrnOBbie H HMIIynb

CHbie pacrrpe.n.eneHHH OnHCbiBanHCb 6bi CTaTHC.TH'!eCKOll TeOpHell, 6bin0 npe.n.nono:>KeH0 1 'ITO OCHOB-

Holt BKna.n. B npouecc po:>K.n.eHHH A H K -qacTHU .n.nH o6eHx rpynn .n.aJOT O.[l.HOMe30HHhle 

AHarpaMMbl ¢eltHMaHa 1~11 ( peaKUHf1 ( I) H ( 2) ) I p11c, 18/), B HacToHwee BpeMH HeT B03-

MO:>KHOCTH Bbl'IHCnHTb 3TH .[l.HarpaMMbl TO'IH0 1 npHXOAHTCS! npH6eraTb K .[l,OBOnbHO rpy6hiM IIpH-

6nH:>KeHHHM1 ll03TOMY OT pac'!eTOB llO .[l.HarpaMMaM He cne.n.yeT O:>KH.[l.aTb 6onbWe, '!eM Ka'leCTBeH-

Horo o6oHCHeHHH Ha6nJO.n.aeMbiX HBneHHil. B AHarpaMMbi 1~11 BXO.[l.HT MBnO 113B e CTHbie cpyHK-

UHH, HanpHMep, ceqeHf!H rrK H TTtT B3aHMOAelkTBiil! OT ABYX He3aBHCI1MbiX p enSITHBHC TCKH-

,_.:I Wx) 
HHBapHBHTHhlX n epeMeHHhlX u , • B Ka'!eCTBe nepaoro npH6nH:>KeHHH Bhl'IHCnHnHCb pacnpe-

.n.eneHHH no pt\ * ,cose; ~ C HCIIOnb30BaHHeM AHBrpaMM 1 B npe.n.nono:>KeHHH 1 'ITO yKa3aHHbie cpyHK-

UHH Mano MeHHIOTCH B HHTepecyJO!llell HaC o6naCTH H3MeHeHHH n e peMeHHbiX 1 llO'!eMy OHH H 6binH 

38MeHeHbi KOHCTaHTBMH, Paccs:HT8HH bie KpHBhie .n.nH aapHaHTOB K -ncea.n.ocKanHp (kps),K -cKa

nHp ( k5)H K' -a eKTOp (K'v) HaHeceHbi Ha pHCYHKax 2,4,19 (pacnpe.n.eneHHH .n.nH k5 H kps 

HB pHC, 19 COBll8.[l.aJOT), MO:>KHO BH.[l.eTb, 'ITO HH OAI:I H H3 BapHaHTOB He OllHC biB8eT YAOBneTBO-

pHTenbHO HMnynbcHoe pacnpe.n.eneHHe A -rHnepoHOB B c.u.M. CornacHe sKcnepHMeHTanbHbiX 

.[l.aHHblX C KpHBOl! /),s B :>KeCTKoll '!aCTH cneKTpa A -rHnepoHOB (pHc, 1 9) HaH6onee npocTo 

MO:>KHO nony'IHTb B paMKax OAHOMe30HHbiX npn6nH:>KeHHll, ecnH yqecTb pe30HBHC Krr B aHepre-

TH'!ecKoil 3aBHCHMOCTH ce qeHHH rrK -a3BHMo.n.eilcTBH H B HHTepaane 700- 1000 Msa. Y'!eT 3Hepre-

TH'leCKOA 3aBHCHMOCTH Ce '!e HHH rrK -B38HM OAeilcTBHS! B BepxHel! BepWHHe .[l.HarpBMMbl 1 B yKa-

3aHHOM HHTepBane 3HeprHl! ll03BOnHn nony'IHTb KpHBY IO 'a' , noK838HHYJO Ha pHc, 19. CornacHe 

C 3KCnepHMeHTanbHbiMH .[l.aHHbiMH nonyqaeTCH II pH ~pe3, =5- ] , 

x) Onpe.n.eneHH e 1'!.
2 

CM . cTp, 4 Ii W - non~H aHepr!iH B c.u . M. 
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YqeT 3asHCHMOCTH ceqeHHH rrK - S3aHM0.09ltCTSHH OT 9HeprHH S HHTepsane 700-1000Maa 

S sepxHelt sepWHHe ,OHarpaMMbl 1 .oaeT HaH60nbWHlt SKna.o S OOn8CTb 60nbWHX OTpHUaTenbHbiX 

* 3HaqeHHlt COsOA s yrnosoM pacnpe.oeneHHH H s o6nacTb 3HaqeHHlt 11 oKono 500 Mas s pac-

npe.oeneHHH no nepe.oasaeMoMy HMnynbcy .onH A -rHnepoHos, T.e • .oaeT KaqeoTseHHOe corna-

cHe aKcnepHMeHTanbHbiX .oaHHbiX c pacqeTaMH. KpHsaH s - pe3ynbTaT pacq~Ta no .oHarpaMMe 111 

J.1MnynbCHbl9 pacnpe.oeneHHH 1T + H 1T --Me30HOS OT rr-p -s3aHMO.Ll9ltCTSHlt C p0)1{,09HH9M 

A x) 
1\ -rHnepOHOB cosna.oa~T C sepOHTHOCTb~ 68% • 

{ p* + .. 425 + 16 Mas/c, 
1T -

p*- =444 + 15). 
1T -

Yrnosbie pacnpe.oeneHHH + 
1T H rr -Me3oHos cosna.oa~T c 

x) 
sepOHTHOCTb~ 35% 0 TaKHM 06pa30M 

+ 
1T -Me30Hbl He OKa3anHCb Sbi,OeneHHbiMH no cpasHeHH~ c " -Me30HaMH, KaK Ha6n~.oanoc b npH 

06biqHOM MHO)KeCTSeHHOM pO)K,lleHHH llHOHOS S 1T 
/13/ 

P -s3aHMo.oeltcTsHHX npH 7 Eas • CpasHe-

HHe HMnynbCHbiX cneKTpOS 1T -Me30HOS S C,U,M, OT 1T p -s3aHMO.OeltCTSHlt C pO)K,lleHHeM 

A -rHnepoHos {pH c. 8a) H 6e3 po)i{.oeHHSI cTpaHHbiX qacTHU { pHc. 20) noKa3bisaeT HX pa3nHqHe 

s HHTepsane > 1100 Mas/c. 8 cneKTpe 17 -Me3oHos H3 3se3.o c A -rHnepoHaMH 3HaqeHHSI 

S 3TOM HHTepsane He SbiXO.LlHT 3a CTaTHCTHqecKy~ KpHSY~, TOr.Oa KaK S cneKTpe 1T- ( pHc.20) 

(' ') XX) 
10% cnyqaes Sb!XO.OHT 3a COOTSeTCTSy~Wy~ CTaTHCTHqecKy~ KpHsy~ • npH cpaBHeHHH 

yrnosbiX pacnpe.oeneHHlt "--Me3oHos OT 17 -P -s3aHMo.oeltcTsHlt c A -rHnepoHaMH (pHc,9,IO) 

H OT 06b!qHOrO MHO)KeCTSeHHOrO pO)K,lleHHH (pH C. 21) MO)KHO SH,OeTb COSna.oeHHe yrnOSbiX pac-
e 

npe.oeneHHlt " -Me3oHos H3 2-x nyqeawx 3Se3.o c A -rHnepoHaMH H H3 4-nyqeswx 3se3.o 
xxx) 

6e3 p O)K,OeHHH CTpaHHbiX qaCTHU 0 a TaK)Ke yrnOSb!X pacnpe.oeneHHlt 1T -Me30HOB H3 

4- 6 nyqesbiX 3Se3.o c A 
xxxx) 

-rHnepoHaMH H H3 6-8 nyqesbiX 3S93.Ll 6e3 CTpaHHbiX qaCTHU 

aepOS!THOCTb COSna.oeHHH yrnOSbiX pacnpe.oeneHHlt 1T -Me30HOS H3 2-nyqeSbiX 3Se3.Ll .OnSI 

llSYX THnOs 1T p -s3aHMOlleltCTSHlt pasHa 0,03%. 

TaKHM o6ra30M, Ha OCHOSe npHSelleHHbiX SbiWe cpasHeHHlt MO)KHO CKa3aTb~ qTO npoueCCbl 

c pO)KlleHHeM AK nap HDnHIOTc~ 6onee ueHTpa~bHbiMH, qeM npouecchi MHO)KeCTseHHoro po)K.oe-

HHH nHOHOS npH OllHHaKOSbiX 3HeprHSIX nepsHqHOrO 1T -Me30Ha, 

AHanorHqHoe cpaaHeHHe yrnosoro pacnpe.oeneHHSI s c.u.M • .onH 1T -Me3oHos, conposo-

)Klla~WHX pO)KlleHHe KK nap {pHC, 14, nHHHH CO WTpHXOSKOlt) C yrnOSbiM pacnpe.oeneHHeM 

1T -Me30HOB OT 06biqHoro MHO)KeCTBeHHOrO pO)K,lleHHSI { pHC, 22) n03SOnHeT CllenaTb BbiBOll 

H o 6onbwelt wueHTpanbHOCTH* npoueccoa po)i{.oeHHH KK nap no cpasHeHH~ c npoueccaMH 

MHO)KeCTBeHHOrO pO)KlleHHH nHOHOS, 8' nonb3y 3TOrO BbiBOlla rOBOpHT H TeH.OeHUHH rr+ -Me3o-

HOB K npeHMywecTBeHHOMY BbineTy Ha3all (pH c. 16) H TOT cj:>aKT, qTo KK napbi po)K.oa~TCSI 

B 6onbWHHCTBe cnyqaes sMecTe c 6biCTpbiM { > 600 Maa/c B na6.cHcTeMe) HyKnOHOM, 

8 cneKTpe npOTOHOB B na6. CHCTeMe OT peaKUHlt (3)-{5) .00 600 Maa/c HMeeTCH TOnbKO 

xJ 
no KpHTepH~ KonMoropoaa-CMHpHOBa. 

xx) 
8epoSITHOCTb Toro, qTo 9TH 10% cnyqaea BbiXOllHT 3a CTaTHCTHqecKy~ KpHBY~ cnyqaltHO, 

paaHa 0,09% no KpHTepH~ KonMoroposa-CMHpHoBa, 
xxx) 

8epoSITHOCTb coana.oeHHH 60% no KPHTepH~ KonMoroposa-CMHpHoaa. 
xxxx) 

8epoHTHOCTb cosna.oeHHH 90% no KPHTepH~ KonMoroposa-CMHpHoaa. 
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x) 
22 llpOTOHa, T,e, 13% OT IIOJlHOf'O qu cna 11pOTOHOB , TOf't:l8 K8K T8 )Ke qaCTb ClleKTpa COCT8BJ1SI-

XX) 
eT - 30% B I!MIIYllbCHOM CrreKTpe llpOTOHOB OT 1T p B381!MOt:l eHC TBHH C MHO)KeCTBeHHbiM 

114/ 
pO)KL(eHHeM lli!OHOB 

CpaBHeHHe yrnoBbiX pacnpeaeneHHi! TT -Me30HOB B c.u.M., conpoBO)KJ:l8IOWI!X pO)KJ:leHife 
xxx) 

AK 11 K K -nap ( BepoHTHOCTb I! X coBnaaeHI!SI 13% H I!MrrynbCHbiX cneKTpoB npoTOHOB H A 

f'HilepOHOB B na6, CHCTeMe B HHTe pBane HMIIYllbCOB t:lO 600 MaB/C ( 13% I! 24% OT IIOJlHOf'O 

crreKTpa, COOTBeTCTBeHHO), rro-BI!t:li!MOMY, MO)KeT CJlY)KI!Tb YK838HH eM Ha TO, qTO K fe napbi 

pO)KJ:lBIOTCSI B 6onee ueHTpanbHbiX cTonKHOBeHHSIX TT -M e30HOB c rrpoToHaMH, qeM A K -napbi. 

Mbl IIOJlb3YeMCSI cnyqaeM Bblp83 HTb Hawy 6naroaapHOCTb .D.l-1. 6noxHHUeBy. 6.M. noHTeKop

BO, B.l-1. OrHeBeuKoMy, M. Vi. noaropeuKoMy, V1 .B. 4yBHno 3a none3Hbie o6cy)KaeHifSI, KonneKTI!

BY BhlqHCJlHTeJlbHOf'O ueHTpa 38 npoBeL(eHI!e BhlqHCJleHHi!, KOJlJleKTI!BY TeXHI!KOB I! na6opaHTOB -

38 llOMOWb B npoBe t:leHI!I! 9KCnepi!MeH T8 H 1!3MepeHHSI, 

Ta6n11ua 

"· 0 2 4 6 Bcero 

A 43 155 66 7 271 

K 0 - A 9 59 25 4 97 

K
0 

+ A 20 25 9 0 54 

A- K 0 +K 0 3 12 2 0 17 

Ko 
56 255 134 15 4 60 

K 0 + K 0 
8 28 4 0 40 

Bcero 139 534 240 26 939 

T a 6 n H u a II 

0 2 4 - 6 Bcero 

75 251 113 439 

% 9KCII, 17,1 +2 57,2::t_3,6 25,7::t_2,2 ii 2,22::t_0,13 

% CT8T, 
12 68 20 =2,2( 6e3 1!3o6ap ) n 

Teo pHS! 5 

Ko 87 320 164 571 

% 9KCII, 15+ 1,6 56.:t_3 ,1 29+2,2 "· =2,32 +0,11 

% CT8T, 
16 66 18 

Teopi!SI 

x) C ornacHo Ta6n11ue Ill I!MeeM "' 400 B381!Moae i!cTBHi! c K K OT peaKuHi! ( 3) - ( 5). B 
HHX t:l0Jl)KH0 pO:X<L(aTbCSI "' 170 rrpOTOHOB COf'J18CHO pacqe Ty IIO CT8TI!CTI!qeCKOi! Te OpHH, 

xx) 
C yqe'tOM 9% llOllpaBKI! H8 HeHaeHTI!cpHUI!pOB8HHbie llpOTOHbl C 1,8 < p ~ 2,4 6aB/C I! 

4%-i! nonpaBKI! Ha npoTOHbi c P < 240 MaBle. 
xxx) 

no Kpi!Tepi!IO K onMoropoBa-CMHpi-!OBa . 
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KaHanhi 

A + K 0 

A + K+ 

K + j(O 

Ko(l~o) + K ±) 
Ko+!t. 

Ta6nHua Ill 

YHcno co6hlTHA nocne 
aaeneHHR nonpaaoK 

702 :t. 88 

354 :t. 83 

750 :t. 125 

538 :t. 220 

YHcno cpaKTH'IeCKH Ha6moneHHhiX 
CTp8HHb!X '18CTH!l 

A 

287 

145 

K 

154 

328 

118 

Ta6nHua 1Y 

nonp8BK8 

Ha acj:lcpeKTHBHOCTb 
np<>CMOTpa 

Ha aepoRTHOCTb perHcTpauHH 
B acpcpeKTHBHOA o6naCTH K8M9pbl 

no <I> x) 

Ha HeATpanbHLie KaHanbi pacnana 

. 
0 

YHcno Ha6moneHHhiX 
y KB. C A -rHne- 15 
pOH8MH 

YHcno y -KaaHTOB 
CO BC9MH nonp8BK8MH 227 

CpenHee 'IHCno " 0 l ,58:t_0,40 

0 

YHcno Ha6moneHHhiX 
y -KB8HTOB c K 

0 
- 14 

M930H8MH 
YHcno y KBBHTOB co 

218,8 
BC9MH nonp8BK8MH 

CpenHee 'IHCno "0 1 ,42:t_0,39 

A - rHnepOHbl 

1,08 

1,22 

1,28 

1,50 

Ta6nHua 

2 

47 

881 

I ,37:t_0,20 

Ta6nHua 

2 

35 

533,0 

0,88:!:_0,15 

x) /3/ 
<I> - 83HMyTanbHhJA yron

1 
nonpo6Hee CM. 

10 

K -Me30Hhi 

1,08 

1,27 

1' 13 

3,00 

y 

4 - 8 Bcero 

12 74 

174 1082 

0,80:t_0,22 il 0 =1,23+0,14 " -

Y1 

4 - 8 Bcero 

18 85 

210 981,8 

0,88:t_O,l7 n " 0 a(),92!_(),13 



T a 6 n ~ u a Yll 

II 

/',. < 700 M9B > 700 M9B 

P* 
A 

1550::_ 76 772::_20 

-1 
PA 295+ 14 423::_18 

-n 1,71::_0,24 2,46::_0,20 • 
Cos e* -0, 9680 -0,5114 

A 

p *_ 436 ::_28 469 ::_18 
1T 

- l 
p - 288::_23 322 ::_12 

1T 
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P11c. 1. V!MnynbCHhJe crreKTpbi B c.u.M • .anH a) 0 - nyqeBhiX 3Be3.a, B) 2-x nyqeBhiX 3Be3.a , 

C) 4-6 nyqeBb!X 3Be3.[1
1 

c/ - CyMM8pHblH. 3awTp11XOB8HHbie 06!18CTH OTHOCHTCH K cny-

'l8HM c /'+,. < 700 Mas. nyHKTI1pHoil: nnHHeii o6o3Ha'leHhi crreKTpbi 6e3 rrorrpasKH Ha se

poHTHOCTb perHCTp8UHl1 A -rHrrepoHOB B 8~~eJ<Tl1BHOM o6beMe KaMephl. nnaBHhle K pH

Bhle - pe3y!lbT8T pacqeTa !10 CT8THCTH'leCKOil: TeOpHH: 1 - C yqeTOM H306ap , ll - 6e3 

yqeTa H3o6ap Y*, K* . KpHBbie I H II HOpMHposaHbi Ha BCIO rrnowa.ab racTorpaM-

Mbi1 KpnBaH n' - Ha nnowa.ab 6e3 cny qaes c /'+,. < 700 Mas. 
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YrnoBbie pacnpe.LJ.eneHHSI A -rHnepoHoB B c.u,M • .LJ.nSI 3B83.ll c pa3Hoa MHO)!(e-

CTBeHHOCTbiO ( n ) 38pS1)!(8HHbiX tl8CTHU: a) n = 0 • B) n 8 = 2, C) n =4 16, 
• • • c/) n. =0,2,4,6. 3awTpHxoBaHHaSI o6naCTb ·oTHOCHTCSI K cny'laSIM c t. < 700 M9B, 

nyHKTHpHoa nHHHea 0603H8'18Hbl pacnpe.LJ.eneHHSI 683 nonp8BKH H8 BepOS!THOCTb 

perHCTpauHH A -rHnepoHOB B 9cpcpeKTHBHOM o6'beMe KaMepbi, KpHBbie k , k • , pa 
K • .. -pe3ynbTaT pacqeTa no O.llHOM830HHbiM .LJ.HarpaMM8M c o6MeHoM nceB.LJ.o-

CKanS!pHbiM H cKanS!pHbiM K -Me30HOM, aeKTOpHbiM K' -Me3oHoM, cooTaeT

CTBeHHO, 
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- Me30HOB B c.u.M. Ltn51 3B83Ll c paaHoA MHO>Ke

CTBeHHOCTbiO 3apmKeHHhiX qacrHu: a) n =0, a) n =2, c) n = 4,6, d) n =0,2,4,6. 
IJ IJ IJ 8 

nyHKTHpHOl:l nHHHelJ: 0603Ha'i8Hhl pacnpeLteneHH51 6e3 11011paBKI1 Ha B8p051THOCTb 

perHCTpau:HH K 0 - Me30HOB B acjJcpeKTHBHOM o6beMe KaMe phi. 
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poHOB a) 17- - Me30HOB B) Tr + - Me30HOB, 3awTp11XOB 8HH851 o6naCTb OTHOCHTCSI K cny
'IBSIM c /). < 70 0 Maa. WTpHxoaaSI nHHHSI Ha p11c. a) - oacnpe.QeneHHe 

acex nonO)!{HTenbHhiX 'IBCTHU, conpoBO)!{.Q810WHX po?K.QeHHe II. - rHnepoHoB , nepeae

.QeHHhrx B c .u. M . KBK nHOHhi'* KoHBbie II , II' - pe3ynbTaT pacqeTa no cTaTHCTH'IecK o ii 

TeopHH 6e3 y'IeTa H3o6ap Y , K* . Kpaa bre II HOpMHpoaaHbi Ha nonHyiO nnowa.Qb 
rHcTorpaMM, KpHBbre II' -H a nnoura.Qb c p*+ > 400 Maa/c. 
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Yrnoabre pacnpe.QeneHHSI rr - Me30HOB B c .u.M . a) rr - Me30HOB , 

B) rr + - Me30HOB , 3 8WTp11XOB8HH851 o6naCTb OTHOCI1TC51 K cny'IBHM 

c /). < 700 Maa . WTpruoaaSI ni1HHSI Ha p11c. a) - pacnpe.QeneH!1e 

acex nono?KJ1TenbHhiX 'I8CTI1U, conpoao?K.QaJOW11X pv}k.QCHYJe 

rl1nepOHOB, nepeBe.QeHHhiX B C. U.M. K8K TII10Hhl. 
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PHC, 10 , ' 
a, B, YrnoBbie pacnpe.aeneHHSI rr -MeaoHoB B c.u.M. oT asea.a c po*.aeHHeM 

A - rHnepoHOB B aaBHCHMOCTH OT MHO)KeCTBeHHOCTH aapSI)K6HHbiX qacTHU: 

a ) n 
0

'" 2, B) n 
0 

•4,8. 3awTpHXOBaHHbl6 o6naCTH OTHOCSITCSI K Clly'laSIM C /). < 700 M9B, 

P11c. 10 a , B - yrnOBbie pacnpe.aeneHHSI scex noiiO)KHTellbHbiX qacTHU, oT asea.a 

c A - rHnepoHaMH, nepese.aeHHbiX B c,u,M. KaK nHOHbi, B aaBHCHMOCTH 

OT MH0)1{6CTB6HHOCTH 38pSI)K6HHblX 'l8CTHU: a) n 
0 

2,s) n 
0 

-4,8, 
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C y'leTOM reOMeTpH'leCKHX ll0llp8BOK H nonp8BOK H8 BepORTHOCTb 
KOHB e pCHH B a¢¢eKTHBHOM 05beMe K8Mephl. 
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PHc. 12. YrnoBwe pacnpeAeneHHR y -KBBHTOB B c.u.M. c yqeToM reoMeTpH'leCKHx 

ll0llp8BOK H ll0llp8BOK H8 BepORTHOCTb KOHBepCHH B B~¢eKTHBHOM 05beMe 

KaMepbi: a) oT 3Be3A c A - rHnepoHaMH B) OT 3Be3A c K 0 -MeaoHaMH. 
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Puc. 13. V1MnynbCHoe pacnpe.oeneHue a c.u.M. rr -MeaoHoB ua aaean c po)K.oeHueM K 
0 

-Meaouoa. 
WTpuxoaa!l n~HU!I uMnynbCuoe pacnpe.oeneuue acex oTpuuaTenbHbiX qacTuu, conpoBO)!( .QaiOWHX 
po>K.oeuue K -Meaouoa, nepeae.oeHHbiX a c.u.M. KaK nuoHhi. Kpuaa!l II - peaynbTaT 

paC'!eTa no CTaTUCTU'19CKOA TeOpUU 6e3 y'leTa U306ap, 

n, •2; 1t;G d 
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110 

110 

~0 

to 

Puc. 14. Yrnoaoe pacnpe.oeneuue B c.u. M. rr -Me30HOB ua aaea.o 
c po)K.oeHueM K 0-MeaoHOB. WTpuxoaa!l nuHH!I - yrnoaoe pacnpe
neneuue BCeX OTpHUaTenbHblX '!aCTHU, COnpOBO>K.OaiOWHX pO>K.Qe
HH9 K 0 -Me30HOB, nepeae.oeHHblX B c.u.M. KaK nHOHbl. nliHUSI co 
WTpHXOBKOA - yrnOB09 pacnpa.oeneHH9 B C.U.M. Tr -Me30HOB OT 
,- p aaaHMo.oeAcTauA c po>K.oeHHeM K It - nap. Kpuaa!l a) 

yrnoaoe pacnpe.o,eneHH9 H.QeHTHtPHUHpOBaHHb!X Tr- -Me30HOB. 
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P 11c, 1 5 . ViMnynbCHbie cneKTpbl nonomHTenbHbiX 'l8CTIIU 113 3Be3.a c K 0 - Me30H8MI! a) cneKTp 

llOnO)KI!TenbHblX 'l8CTI!U n e peae .aeHHblX B C,U.M. K8[( lliiOHbl , 3awTp11XOB8HH8SI o6naC Tb -

cneKTp HeH.aeHTIIcPIIUI!pyeMbiX 'l8CTIIU ( rr + , K+ , p + ) , illTpiiXOBaH n i!HII H - cneKTp 

Hel!.aeHTHcpHUIIpyeM biX 'l8CTHU ( T7 + , K +Me30Hbl) . nnaBHbie KpiiBbie - ClleKTpbl rr+ -Me -

30HOB , p8CC'lHT8HHb!e flO CT8THCTI! 'leCKOH TeopHII, 1-c yqeTOM 11306ap
1 

r I - 6e3 yqeTa 11306ap y * ' K * ' N * . B) Cn e KTp HeH.aeHTHcpHUHpyeMbi X 'l8CTHU 

( rr-+; K-+; p) , nepeae.aeHHbiX B c . u , M , KBK rrpoTOHbi. c) CneKTp H.aeHTHcpHUIIPOBaHHbiX 

llpOTOHOB . 
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Puc. 16. YrnoBbie pacnpe.aeneHHH nonO)KHTen&HbiX qacTHU H3 3Be3.a c K 0 -Me3oHaMH 
a) yrnoa.oo pacnpe.aeneHHe acex nonO)KHTen&HbiX 'IBCTHU, nepeae.aeHHbiX a 
C.U.M, K8K UHOHbl, illTpHXOB8SI nHHHSI - yrnoaoe pacnpe.aeneHHe H9H.Q9HTH
cpHUH·pyeMbiX 'IBCTHU ( "+, K+ - M930Hoa). 3awTpHxoaaHH8H o6nacT& pacnpe
.aeneHue Heu.aeHTHcpHuHpyeMbiX 'IBCTHU (" +, K +, · p ) a) yrnoaoe pacnpe.ae
neHue HeH.aeHTHcpHUHpyeMbiX 'IBCTHU (" +, ·p , K+) . nepeae.aeHHbiX a c.u.M. 

K8K npOTOHbl C) yrnoaoe pacnpe.aeneHHe B C,U,M. H.QeHTH¢HUHpOB8HHbiX npOTOHOB, 
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PHc , 17. Y rnOBbte pacnpeneneHHSI B c.u . M. non O)I( HTe nbHbiX ( pHc . a , B) H o T p HuaTe n bHbrx 

( pHC, a•. B ' ) q aCTHU LlnSI 3 Be3 Ll pa3 HOl! M H O)I(eCTBeHHOCT!1 n
0 

3 a OSJ)I( e HHb!X '!aCTHU 

\pHC , a, a' n 0 ~ 2 H pHC , i>, b' LlnSI n 0 =4,6) , COnpOB0)1(LlaiOILU1X pO)I(LleHHe 

K 0
- MeGoHoB. npH nepeaone B c . u , M. ace q acTHUbr C'IHTanHcb rr - Me3oHaMH, 

3awTpHXOBaHHbte o6naCTH COOTBeTCTBYIOT 'laCTHUaM H e HLleHTHcpHUHpOBaHHb!M 

OLlH03 Ha'IHO ( TT + ' K +, p ) • nyHKTHpHaSI nHHHSI Ha pH C . a , B o603Ha'!aeT 'laCTHUbi , 

KOTOpbre MoryT 6btTb rr + HnH K+ - Me30HaMH . Ha pHC , a ', B' n yHK THpHoll miHH e ll 

npellC TaBn e Hbl Halle)I(HO HLl eH THcpliU!ipOBaHH b!e TT - - M e30Hbl , 
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P !ic , 18. Onli oM e30HH bre n~o~arpaMMbi , 
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PHc, 19, YlMrrynbCHbiil crreKTP A -rHrr e poHOB B c.u,M, KpHBbie kp 0 ,k 8 k~a,b p esynbT8Tbi 

p8C'i8T8 IIO O,llHOM830HHblM .llH8I'p8MM8M, 

I 

PMc, 20, YlMnynbCHbill crreKTp rr- -Me30HOB a c,u,M, OT rr- p B38HMo.ael!cTaHl! 

C MHO:>K9CTB9HHblM pO:>K.ll9HH9M IIHOHOB !I pH SHeprHH 7 Baa! 13 / KpHB bi8 

1 H 1' - pesynbT8T p8C'i9T8 IIO CT8THCTH'i8CKOJl T90pHH C yqeTOM 

H3oe5apbl N* , KpHaaH 1' HOpMHpoaaHa Ha rrnowa.ab rHcTorpaMMbi a 

HHTepaane 0,4 <P*_ < 1,2 Eaa/c, 
TT -
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PHo, 21. YrnoBbie pacllpe..fleneHHH rr""' "'Meao»eB 5 c,u,M. aT 

C MHO>KSCTBeHHbiM pomJleHJ{9M UHQHOB Uplf SHeprHH 

OT MHO>K9CTB9HHOCTH 38pH>K9HHblX '18CTHU/ 13/. 
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