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BaaHMOileAcTBHSI 6biCTpbiX aapoHoB c aTOMHbiMH S!JlpaMH eeayT e rrpe

o6naaaiOmeM KO.IIH'IeCTBe cnyfiaeB K 110SIB.IIeHHIO MHOrHX '18CTHU B KOHe'IHOM 

COCTOSIHHH. Pa3HOBHilHOCTb COpTOB 9THX '18CTHU H lliHpOKHA JlH811830H 3Haqe

HHA1 B KOTOpOM MOryT OK838TbCSI HX 9HeprHH H yr.llbl 9MHCCHH1 C03Jl8IOT 

6on&wue TpyaaocTH npu axcrrepHMeHTan&HoM uay'l:eHHH aTHX rrpoueccoe. 

Me:lK.lly TeM B38HMOJleHCTBHSI aapoHOB c 9HeprueA 110pS!JlK8 1 rae H Bbillie 

~ 8TOMHbiMH S!Jlp8MH 1 B OCo6eHHOCTH OT.IIH'IHbiMH OT S!Jlp8 8TOM8 B0Jl0p0Jl8 0 

MOryT 6biTb ueHHbiM HCTO'IHHKOM CBeJleHHH. 0 CTpOeHHH S!Jlep, MeX8HH3Me 

SIJlepHbiX peaxuHA H <f>uauxe MeMeHTapHbiX qaCTHU. PeaynbTaTbi cooTBeTcT

BYIOIIIHX HCC.IIellOB8HHA O'l:eHb B8}1(Hbl H Jl.IISI JlpyrHX JlHCUHI1.11HH1 H811pHMep, Jl.IISI 

acTpo<f>uaHKH, a T8K*e e pSiae npaKTH'l:ecxux rrpuno*eHHA. 

0LIHHM H3 H8H6onee BCeCTOpOHHHX H Yll06HbiX LleTeKTOpOB S!JlepHbiX 

B38HMOJleftCTBHA 11pH 60.IIblliHX 9HeprHSIX SIB.IIS!eTCSI KCeHOHOB8SI. 11Y3bipbKOB8SI 

K8Mepa. E e OCHOBHbie rrpeHMyiiieCTBa, 9T01 BO-nepBbiX1 OTHOCHTe.llbHO M8.118SI 

ll.IIHHa KOHBepcHH raMMa-xeaHTOB ( paauauHOHHaSI eJlHHHua ll.IIHHbi T xe 

= 4,05 :!:, 0,17 CM) 1 1103BO.IISIIOIII8SI Jl8)1(e 11pH He60.IIblliHX p83Mepax KaMepbi 

perHcTpHpoeaT& raMMa-xeaHTbi c aHeprueA Bbillie Hecxon&KHx Mae, c a<P<f>ex

THBHOCTbiO 6.11H3KOA K 100%. Bo-BTOpbiX 0 BbiCOK8SI CTeneHb XHMH'l:eCKOA OllHO

pOJlHOCTH )I(HJlKOCTH-Hai10.IIHHTe.IISI(I1pHMecb 9TH.IIeHa K KCeHOHy C ue.llbiO ra-
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weHHH CUHHTHnnHUHH He npeBbiWaeT 0,5% no Becy) n03BOnHeT C BepOHT

HOCThiO He M9Hee '19M 99% Bbl/l9nHTh cny'laH B3aHMoaefiCTBHH naaaJOIUMX 

qacTHU c srapaMH KceHoHa. Hapsray c aTHM HMeeTcsr B03MO*HOCTh aocTaTO'I-

HO TO'IBO H3M9pHTh aHeprHH raMMa-KBaHTOB, a TaK*e HA9HTH¢HUHpoBaTb 

17 -M 930Hbi 1 npOTOHbl H H9il:TpanhHbl9 CTpaHHbl9 'laCTHUbl H H3MepHTh 

HX aaeprHH. 

B HaCTOHIUeil: pa5oTe npMB9A9Hbl H9KOT0pb!9 OCHOBHbie pesynbT8Tbi 1 

nony'leHHhle npH H3y'leHHH peaKUHfi 11 -Me30HOB C srapaMH KCeHOHa npH 

2,34 faB/c, 5 faB/C H 9 faB/C, 3KcnepHMeHT BbiiJOnHeH npM nOMOIUH KCeHO

HOBOfi ny3b!phKOBOfi KaMepbl nB3 OJ1HJ1. HacTosrmasr pa5oTa coaep*HT 

CBOAKY aKcrrepHMeHTanhHbiX pesynbTaTOB HCCneaoBaHHfi1 a TaK*e KpaTKHM 

o5sop paHee ony5nHKoBaHHhiX pa5oT I 1-7 I. 

1, 3KcnepHMeHT 

B aocTHrHyThiX HaMH aKcnepMMeHTanbHhiX ycnoBHsrx cpeaHee 3Ha<~eHHe 

a¢¢eKTHBHOCTH perHCTpaUHH raMMa-KBaHTOB L}' = 0,75 H CpeaHHH BenH-

'IHHa owH5KH B onpeaeneHHH Hx aHeprHH. ~ E y I Ey ;S 30% npaKTH'IeCKH He

saBHCHMbi oT aHeprHH raMMa-KBaHTOB B aHanasoHe BbiWe HeCKOnbKHX M aB. 

Do perHCTpMpyeMb!M raMMa-KBaHTaM Bbi'IHCnSl:nHCh HMnynbCbl H yrnbi 

aMHCCHH 11 O -Me30HOB, CpeaHee 3Ha'leHHe OWH5KH B onpeaeneHHH HMnynbCa 

0 17 -Me30HOB paBHO 12%, TO'IHOCTb onpeaeneHHSl: KOCHHyCOB yrnoB MX 

aMHCCHH - 0,03, 

J1Menacb B03MO*HOCTh saperHCTpHpoBaHHbie H OCTaHaBnHBaJOIUHeCH 

+ 
B KaMepe 17 -Me30Hbl HaeHTH¢HUHpOBaTh no npoayKTaM HX pacnaaa, a 

TaK*e HaeHTH¢HUHpOBaTh npOTOHbl no HOHH3aUHH H pacceSl:HHJO, J1HTepBan 

3Ha'leHHfi HMnynbCOB1 B KOTOpOM HCnOnb30BaHHaH HaMH KaMepa Sl:BnsrnaCb 

aeTeKTopoM THna 4 11 , 5bm: ansr 11 + -MesoHoB 50-150 M aB/ c; ansr npoTo-

HOB - 200-575 M aB/ c. To'IHOCTb orrpeaeneHHsr yrnoB aMHCCHH cneaoB sapsr-

4 

l 
I 

I' 
l 

*eHHhiX qacTHU 5bma He xy*e 5°. To'IHOCTh onpeaeneJ 

+ nacb paBHofi ansr 17 -MesoHoB: 20% npH 50 MaBle H 

150 MaBle, ansr npoToHoB: 10% npH 200 MaBle H oKon 

PerHcTpHpyeMbie B KCeHOHOBofi nysbipbKOBOfi KaMe 

11 O -Me30Hbi1 11 + -Me30Hbl H rrpOTOHbl MO*HO KOppenHp 

Macchi. DpH. aToM epeaHHe 3Ha'leHHsr omH5oK B onpeaeT. 

Mace nap aTHX 'laeTHU paBHbi: ~ m + + = 8 M aB, ~ m 
17 17 

~ m = 9 M aB ~ m + = 7 M aB ~ m pp • y 17 • y p = 16 MaB,' 

=13%, ~ m o lm o = 6%, 
17 p 17 p 

3¢¢eKTHBHOCTb qaeTH'IHO ABYXKpaTHOrQ rrpoeMOTpl 

5bina He HH*e 95%, 

2, 3KerrepHMeHT8nbHblll: MaTepHan 

05masr xapaKTepMeTHKa nony'leHHoro aKcnepMMeHTI 

coaep*HTcsr B Ta5nHue 1. Bo Beex HaAaeHHhiX npM npoc 

MOaell:eTBHI% 5binH H3MepeHbl aaeprHH H yrnhi aMHCeHH 

+ 
BeTCTByJOIUHe xapaKTepMeTHKH ansr 17 -Me30HOB H rrp 

TOnbKO BO B38HMOaell:CTBHSl:X 17 +- .Jle rrpH 2,34 faB/e 

+ 
17 -Me30Hbi) 1 rrpH'IeM nHIUb B '18eTH enyqaeB B38HM 

PeaKuHsr 

11 + ~ Xe 

11- - Xe 
11- - Xe 

Tae 

Q5~asr xapaKTepMCTHKa aKerrepMMeHT8nbHOr 

J1Mnynbe K-Bo npoeM, 

faB/e eHHMKOB 

2,34 
5 
9 

15.000 
3.000 
3.000 

K-BO Bbi5p. K-BO 

cnyqaeB 

B3aHM0Ao Y -KBaH 

Tbl 

2.343 
250 
200 

5 

4468 
491 
696 



HHTHliliRUHH He npeBbllli89T 0,5% no Becy) TI03BOliR9T C BepORT-

e M9H99 qeM 99% Bbi£19liRTb cnyqan B3aHMO£telkTBHR na):laiOWHX 

RapaMH Kceaoaa. HapRay c aTHM HMeeTcR aoaMo~HOCTh aocTaTo'l

naMepRTh 8H9pi'HH raMM8-KB8HTOB, a TaK~e H£19HTHcjJHUHpOB8Th 

OHbl, npOTOHbl H H9ifTp8lihHbl9 CTp8HHbl9 'IBCTHUbl H H3M9pRTh 

acTORlli9R paOOT9 npHB9£19Hbl H9KOT0pb19 OCHOBHhl9 pe3ylihT8Tbl, 

bl9 npH H3y'!eHHH peaKUHR rr -M930HOB C R£1p8MH KC9HOH8 npH 

/c, 5 faB/C H 9 faB/C, 3KCnepHM9HT BhlllOliH9H npH TIOMOlliH KC9H0-

3bipbKOBOR KaMephi flB3 OJ.1.HJ.1. HacToRmaR paooTa coaep~HT 

•KCTI9pHM9HT8lihHhiX peaynhTBTOB HCCli9):IOBaHHit1 a TaK~9 Kp8TKHit 

H99 onyonHKOBaHHhlX paooT /1-7;, 

1, 3KcnepHM9HT 

OCTHI'HYTbiX HBMH 8KCTI9pHM9HT8libHhiX YCliOBHRX Cp9.QH99 3H8'!9HH9 

HOCTll p9I'HCTp8Ullll I'8MM8-KB8HTOB l·~y = 0, 75 H Cp9.QHRR B9liH-

OKll B onpeaeneHHH nx aHeprnn. ~ E y I Ey; 30% npaKTH'leCKll He-

I oT aHeprnn raMMa-KBaHTOB B JJnanaaoHe BbiWe HeCKOnhKHX M aB, 

perncTpnpyeMhiM raMMa-KBaHTaM Bhi'IHCliRliHCh HMnynhCbi n yrnhi 

rr 0 -MeaoHoB. CpeJJHee 3Ha'!eHne ownoKH B onpeaeneHHH HMnynhca 

OHOB paBHO 12%, TO'IHOCTh onp9Jl9li9HHR KOCHHyCOB yrnoB HX 

- 0,03. 

enaCb B03MO~HOCTh 3ap9I'HCTpllpOBaHHh19 H OCTaHaBliHBaiOlliH9CR 

+ 
rr -M930Hbl H09HTllcjlllUHpOBaTh no npo.QyKTaM HX pacna.na, a 

9HTncjlnunpoBaTb npOTOHhl no HOHH3aUHH H paCC9RHHIO, J.1HTepaan 

llMTiylihC08 0 B KOTOpOM HCTIOlib308aHHaR HaMH KaMepa R8liRliaCb 

oM Tnna 4 rr , ohm: .nnR rr+ -MeaoHo8 50-150 Ma8/c; .nnR npoTo-

0-575 M sal c. To'!HOCTh onpe.neneHHR yrno8 aMHCCHH cne.noa aapR-

4 

~· 
~ 

I' 
f 

~eHHhiX qacTnu 6bma He xy~e 5°. To'!HOCTh onpe.neneHHR HMnynhco8 oKaaa

+ 
nacb pa8HOit anR " -Meaoaoa: 20% npn 50 M a8/ c n oKono 5% npn 

150 Ma8/c, .nnR npoTOHOB: 10% npn 200 Maa/c n oKono 1% npn 575 Maa/c. 

PerncTpnpyeMhle 8 KCeHoHoaott ny3hiphK08ott KaMepe raMMa-K8aHThi, 

rr 0 -M930Hhl1 1T + -M930Hbl H npOTOHhl MO~HO KOppennpoBaTb 8 acjJcjleKTH8Hhl9 

MaCChi, Opn. aToM cpe.nHHe aHa'leHHH owHooK B onpe.neneHHH acjJcjleKTHBHhiX 

Mace nap aTHX 'laCTHU paBHhi: ~ m + + = 8 M aa, ~ m + = 7 M aa, 
TTTT TTp 

~ m = 9 M a8 ~ m + = 7 Ma8 ~ m pp • y 1T • y p 
= 16 M a8 ~ m oil m o += 

• "" 1T " 

= 13%, ~ m o lm o = 6%, 
1T p 1T p 

3cjlcjleKTH8HOCTb 'laCTH'IHO .llBYXKpaTHOI'Q npOCMOTpa CTepeOCHHMKOB 

6hma He Hn~e 95%. 

2. 3KcnepHMeHTanhHhiJ! MaTepnan 

OomaH xapaKTepncTHKa nony'leHHoro aKcnepHMeHTanhHoro MaTepHana 

conep~HTCH 8 Taonnue 1. Bo 8cex aatt.neHHhix npn npocMoTpe cny'laHx 8aan

Mo.nettCT8Hit ohmH naMepeHhi aaeprHH H yrnhi aMHCCHH raMMa-KBaHTOB, CooT-

+ 
B9TCTByiOwHe xapaKTepHCTHKH llliSI rr -M930HOB H npOTOH08 H3Mep.HliHCb 

+ . -
TOlihKO BO 83aHMO.UeitCTBHSIX 1T - K,e npH 2,34 fa8/ c If 1T - X e npH 9 r aa/ c 

+ 
rr -M930Hbl) 1 npH'19M liHllih 8 'laCTH Cliy'la9B 83aHMO.U9itCTBHif, 

PeaKuHH 

rr + .... Xe 

rr- - Xe 
rr- - Xe 

TaonHua 1 

OomaR xapaKTepHCTHKa aKcntl!pHMeHTanhHoro M aTepnana 

J.1Mnynhc K-ao npocM. 

faa/c CHHMKOB 

2,34 
5 
9 

15.000 
3.000 
3.000 

K-Bo 8hi6p. K-8o naMepeHHhiX BTopH'I. 

cny'laea __ 'l..,a>:,j;'c'-'T'"'H~u-------
BaaHMOil. Y -KBaH-' rr ¥-Me-

2.343 
250 
200 

5 

Thl 30Hbl 

4468 
491 
696 

434 

490 

npo

TOHhl 

1008 



3, 3KcnepHM9HTanbHb!9 pe3yn&TaTbl H o6cy?Kll9HH9 

0CHOBH09 BHHMaHHe B HaCTOSime1l: paooTe yaeneHO H3y'leHHID npouec-

COB o6pa30BaHHSI 17 O -M930HOB BO B3aHMoaeil:CTBHSIX 17 -Me30HOB C 

SiapaMH KCeHoHa, B ocooeHHOCTH B peaKUHSIX 17 +- Xe npH 2,34 rsa/c. l13y'la-

nHCb TaK)f(e csoi1cTBa MeaneHHbiX 11 + -Me3oaos ( E + = 10-70 M sa), 
17 

B03HHKaiDIUHX BO B38HMoaeil:CTBHSIX 17- - XenpH 9 rss/c H 17 +- XenpH 

2, 34 fss/ c. B nocneaaeM cny'lae obinH HccneaosaHbi nononHHTen&ao 

xapaKT9pHCTHKH npOTOHOB H cneKTpb! scfxPeKTHBHb!X MaCC nap 'laCTHU! I'aMMa-

0 + 
KBaHTOB, 17 -M930HOB, MeaneHHb!X 17 -M930HOB H npOTOHOB, 

npH aaanH39 17 - Xe -B38HMOaeil:CTBHSI HaMH npHMeHeH DOllXOll, COCTOSI-

IUHH B aeneHHH STHX B3aHMOt:~eil:CTBHll: H8 KnaCCbi 0 B 3aBHCHMOCTH OT 'IHCna 

N aa6nmaaeMbiX BTOpH'IHbiX 3apSI)f(eHHbiX 'laCTHU. Hcnon&3YSI sTy npocTym 
3 

SKCTiepHM9HTanbHYID xapaKTepHCTHKYo Mbl HM99M B03MO)f(HQCTb H3Y'IHTb 

CBOHCTBa BTOpH'IHb!X 'laCTHU1 SMHTHpyeMb!X BO B3aHMOaeil:CTBHSIX C pa3nH'IHOil: 

CTeneHbiD y'laCTHH B HHX Hapa-MHIII9HH K8K uenoro, 

CneaoaaTenbHO, HM9H B BHllY XHMH'IeCKYID OllHOpOllHOCTb Sit:~epHOil: MH-

III9HH, 3anonHSIIDIU9il: JtaMepy, MO)f(HO HCCneaoBaTb M9XaHH3M smepHb!X peaKUHil:, 

MHHHMan&HaSI anHaa cneaoa 3apSI)f(9HHbiX 'laCTHU, npH'IHCnHeMbiX K 

N 
3 

, pasHa 2 MM, 'ITO COOTB9TCTByeT HMnyn&cy npOTOHOB 160 Mss/c H 

77 + -Me3oHoB - 40 Mss/c, 

0 
A. 06pa3oBaaHe 11 -Me~OHOB 

0 
N 0 17 -Me30HOB, oopa-

17 
B TaonHue II npHBeaeHbi cpeaHHe 'IHcna 

+ 
30BaHHb!X BO scex B3aHMoaeil:CTBHSIX 17 - Xe npH 2,34 rss/c B 3aBHCIIMOCTll 

OT 'IHCna N 
3 

, DaHbl T8K)f(e aaanoi'H'IHbie 3Ha'leHHSI n 17 o 0 OTHOCSIIUHeCSI 

nHIIIb K TeM B3aHMOt:~eil:CTBHSIM, B KOTOpblX o6pa3yeTCSI 0 no Kpail:Hefi Mepe, 

oaHH 17 O -Me30H. 

.~ 
If.' . ,/' 

·~ (\i 
~:,: 

'· 

TaonHua 

CpeaaHe 'IHcna 11° -Me3oaos .N- 0 , o6pa3oBaHHbiX Bl 
17 

B3aHMOt:~eil:CTBHSIX npH 2,34 fsB/C B 3aBHCHMOCTH OT 'Ill 
- 0 

3apSI)f(9HHb!X 'laCTHU, 11
17

0 -cpeaaee 'IHCnO 17 -M930J 

BHSIX C 17 0 -Me30HaMH, 

N 3 4-6 7 3 

n 17 o 1,33 :!:.,(),11 1,30 :!:_0,13 1,15:!:_0,15 -
N 

170 
0,50 :!:.. 0,04 0,63:!:_0,04 0,39:!:_0,03 

BepoSITHOCTH o6pa3oBaHHSI pa3nH'IHbiX KpaTHOCTe~ 

B3aHMoaeil:CTBHSIX 17+- Xe npH 2,34 rss/c npeacTaBneHbl 

TaonHua 

BepoSITHOCTH o6pa3oBaHHSI pa3nH'IHbiX KpaTaocTeil: N
17 

o 
B Knaccax coobiTHil: c pa3nH'IHbiMH 'IHcnaMH N 

3 
BTOpH 

'laCTHU BO B3aHMoaei1CTBHSIX 17+ - Xe npH 2,34 rss/c 

~3 '2: 0 < 3 4t8 

77,1 :!:_5,8% 74,4:!:_6,0 74,2:!:.. 7,1 

2 18,0 :!:_2,4 19,3:!:_2,9 4,5 :!:_3,7 ' 1 

3 4,5 :!:_1,1 5,0:!:_1,5 4,4:!:.. 1,9 

4 0,4 :!:_0,3 1,2 :!:_0,9 0 

B TaonHue 4 noKa3aHbi cpeaaHe 3Ha'leHHSI nonHbiX 

cpeaaHe 3Ha'leHHSI nonepe'IHbiX HMnyn&cos P .1-
17 0 o llHC 

6 7 



3. 3KcrrepHMeHTanbHbie peaynbTaTbi H o6cy?KlleHHe 

CHOBHQe BHHMaHHe B HaCTOHmefi pa6oTe yaeneHO Hay~eHHID IIpouec-

aaoBBHHH TT O -MeaOHOB BQ BaBHMoaeitCTBHHX TT -MeaOHOB C 

KceHoHa 1 B oco6ennocTH B peaKUHHX TT +- Xe rrpH 2134 rss/c. Hay~a-

)f{e csoifcTBa MeaneHHbiX TT + -MesoHoB ( E + = 10-70 Mas) 
1 

1T 

IUHX BO BaaHMoaeitCTBHHX 17- - Xe IIpH 9 rss/c H 1T + - XerrpH 

a/ c. B rrocneaneM cny~ae 6biDH HccneaoBaHbi norronHHTenbHO 

HCTHKH IIpOTOHOB H CIIeKTpbl scp¢eKTHBHb!X Mace IIap ~8CTHU! raMMa-

0 + 
TT -Me30HOBI MeaneHHb!X 1T -Me30HOB H IIpOTOHOBo 

H aHanHae TT - Xe -BaaHMO!lefiCTBHH HBMH IIpHMeHeH IIO,IlXOll
1 

COCTOH-

eneHHH STHX BaBHMOaeiiCTBHit Ha KDaCCbi 1 B aaBHCHMOCTH OT ~HCDB 

nronaeMbiX BTOpH~HbiX aapH)f{eHHbiX ~aCTHU. Hcrronbayg sTy rrpocTyro 

eHT8DbHyro xapaKTepHCTHK~ Mbl HMeeM BOaMQ)f{HQCTb Hay~HTb 

BTOpH~HbiX ~8CTHU1 SMHTHpyeMb!X BO B38HMO!leiicTBHHX C paanH~HOit 

y~aCTHH B HHX Hapa-MHIUeHH KBK uenoro. 

llOBaTenbH0 1 HMeH B BHOY XHMH~eCKyro OllHOpO!lHOCTb HllepHOit MH

IIODHHIDIUeit KaMepy1 MO)f{HQ HCCDe!lOBBTb MexaHH3M HaepHblX peaKUHit. 

HHHM8DbHaH llDHHa CnenoB aapg)f{eHHb!X ~aCTHU 1 IIpH~HCDHeMbiX K 

BBHa 2 MM 1 ~TO COOTBeTCTByeT HMriYDbCY ripOTOHOB 160 Msa/c H 

aoHoB - 40 Msa/c. 

0 
TT -MeaoHOB 

- 0 
a6nHue II rrpHaeaeHbi cpeaHHe ~Hcna N o TT -Meaonoa, o6pa-

" + 
BO BCex BaaHMoaeitCTBHHX TT - Xe IIpH 2,34 fsB/c B aaBHCIIMOCTll 

a • !laHbl T8K)f{e BHanorH~Hbie aHa~eHHSI n 1T 0 1 OTHOCHIUHeCSI 
N 

eM Ba8HMO!leiicTBHSIM1 B KOTOpblX o6paayeTCSI1 IIO KpaitHefi Mepe1 
-Mea on. 

6 

·\ ~ f 

:.( . 

l ;y 

Ta6nHua 2 
CpeaHHe ~Hcna TT 0 -Meaonoa .N-

0 1T 
BaaHMoaei1CTBHHX IIpH 2134 fsB/c B 

1 o6paaoBaHHbiX Bo scex TT + - Xe 

aaBHCHMOCTH OT ~Hcna N a BTOpH~HbiX 
-cpeanee ~Hcno TT 

0 
-Meaonos Bo BaaHMoaeikT-

aapH)f{eHHbiX ~BCTHU. n 
17 

0 

BHHX C TT 0 -MeaoHaMHo 

N 

n
17

o 

N o 
1T 

3 3 

1,33 :!:. 1), 11 

0150 :!:. 0,04 

4-6 

1130 :!:.0,13 

0,63:!:_0,04 

7 

11 15:!:_0, 15 

0139±.0103 

Bee 

1128:!:_0,10 

0151 :!:.0,02 

0 BepoHTHOCTH o6paaoBaHHH paanH~HbiX KpaTHOcTeif TT -MeaoHoB ao 

BaaHMO,IleitCTBHHX 
17+ -Xe IIpH 2134 fsB/c rrpenCTBBDeHbl B Ta6nHue 3. 

Ta6nHua 3 
BepoHTHOCTH o6paaoaaHHH paanH~HbiX KpaTnocTeit N o TT 0 

1T B Knaccax C06biTHit C paanH~Hbl~H ~HCnaMH N a BTOpH~HbiX 
~8CTHU BO B38HMoneJ1:CTBHHX TT - Xe IIpH 2,34 faa/c. 

-MeaoHOB 

38pH)f{eHHbiX 

~ '> 0 < 3 4t8 '> 7 N o a - - -

77,1 :!:.6,8% 74,4:!:_610 74,2:!:_7,1 86,3 :!:. 1019 
2 18,0 :!:.214 1913:!:.219 415 :!:.317 1212:!:. 317 
3 415 :!:.11 1 6,0:!:_115 414:!:. 119 1,5 :!:.1,5 
4 0,4 :!:.013 112 :!:.019 0 0 

B Ta6nHue 4 noxaaaHbi cpenHHe ana~eHHH nonHbiX HMnynbcoa P 
17 

o 
,. - 2 y, 

cpe,llHHe aHa~eHHSI IIOriepe~HbiX HMIIyDbCOB p +.. 
17 

0 
1 

,llHCriepCHH < p..L 1T 0 > 

7 



pacnpe11eneHHA no noUepe'IHbiM HMnynhCSM H 3Ha'leHHSI OTHOWeHHSI 'ISCTOTbl 

0 
aMHCCHH anepell-Ha3all ( F I B ) rr -Me3oHOB 1 o6pa3oBaHHbiX B Tpex1 no 

'IHCny N 1 xnaccax rr + -Xe -B3SHMOlleAcTBHfi npH 2134 faa/c1 B KoTo-
3 

pblX o6pa3yiOTCSI OllHHO'IHble TT O-Me30Hblo naHbl TSK)Ke 3Ha'leHHSI BepOSIT-

HOCTeA p pa3nH'IHbiX KpaTHOCTeA N 
3 

Ta6nHua 4 
0 

Xa_raxTepHCTHKH rr -Me3oaos1 o6pa3oBaHHbiX eo aaaHMoueacTBHSix 

TT - Xe llpH 2134 fas/c 1 B KOTOpbiX pO)KJlSeTCSI OllHH TT -Me30H. 

0603Ha'leHHSI B TeKCTe. 

N $. 3 4-6 •> 7 
3 

p % 3518±.215 3418±.215 2914 ±. 217 

P 0 Maalc 677 ±.50 
TT 

362 ±. 40 228 ±. 60 

.e-1-fro Maa/c 250 ±. 25 194 + 15 158 + 10 

2 'h 
< P~rro'> M aa/ c 160 140 100 

FIB 511 ±..0, 7 410 ±.. 016 11 2 ±. 01 1 

AHanorH'IHbie ll8HHbie 1 OTHOCSIWHeCSI K B38HMOlleACTBHSIM TT + - Xe llpH 

2134 faa/c, B KOTOpbiX po)KJlaiOTCSI llBP 
0 

rr -Me3oHa, cBelleHbi B Ta6nHue 5. 

Ta6nHua 5 
0 

XapaKTepHCTHKH rr -Me3oHOB, pO)KJlSIDWHXCSI 110 llBa eo B38HMolleAcTBHSIX 

rr + - Xe llpH 2134 faa/c. 06o3Ha'leHHSI B TeKCTe. 

N3 s. 2 

P% 2510±_2,8 

P 0 Maa/c 615 ±.50 
TT 

3-6 

4516±_2,5 

275 ±..40 

8 

z 7 

29,4 ±.217 

196 ±.50 

.~ .~!.~;. 

• 

P..l rro Maalc 

< P:.J.
2
rr o •> 'h M a a/ c 

FIB 

230±..30 

128 

10±.. 4 

174 ±..25 

113 

218±..016 

B Ta6nHue 8 npHBelleHhl cpellHHe 3Ha'leHHSI aE 

- 0 
TOB H CpellHHe 'IHCna n TT O TT -Me30HOB 1 06pa30BI 

'IHCny N xnaccax rr-- X e -B3aHMOlleAcTBHA II pH 
3 

3HS'IeHHSI p BepOSITHOCTeA1 C KOTOpbiMH HCCne11ye 

pacllpeJleneHbi 110 pa3nH'IHbiM KnaccaM B 3aBHCHMoc 

Ta 

CpellHHe aaeprHH raMMa-KBaHTOB E H cpe11aee 

n 1 o6pa30BSHHbiX B rr-- x/ -B38HMOJleti:CTI 
TTO 

BenH'IHHa HMIIynhc N ::;4 5 
rr -Me3oHa 3 

p % 5 fas/c 2712±.312 3916! 

9 fas/c 2712 ±..317 4416! 

5 fas/c 403 ±..40 271 + E Mae 
y 

9 faa/c 585 ±..50 408 + 

5 faa/c 112±.. 012 1,2:!:, 

9 fas/c 115±..0,5 116:!:. 
n rr o 

Ha OCHOBSHHH 11pellCT8BneHHbiX llSHHbiX MO)KHO 

uee 'IIHcno rr 0 
-Me3oHoB, o6pa3oBaHHbiX a rr - X 

Mellneuao1 npHMepuo norapH~MH'IeCKH Bo3pacTaeT c 

BHSI. B cnyqae B38HMOlleACTBHSI TT + - Xe llpH 2134 r 

WeHHe cpellHeA MHO)KeCTBeHHOCTH rr 0 -Me30HOB B C 

9 



!no noJiepe'IHbiM HMnynhC8M H 3Ha'leHHSI OTHOllleHHSI qaCTOTbl 

0 
1T -Me30HOB 1 oopa30B8HHbiX B Tpex, no -Ha3all F/B 

accax 1T + -Xe -B38HMOJletl:CTBHi npH 2,34 faB/c, B KOTO

OllHHO'IHbie 1T O-Me30Hbl. llaHbl TBK>Ke 3Ha'leHHSI BepOSIT-

!nH'IHbiX KpaTHOCTetl: N 
3 

TaonHua 4 
0 

1T -Me30HOB1 oop830B8HHblX BO B38HMOueiCTBHSIX 

,34 fas/c, B KOTOpblX pO>K)laeTCSI OllHH 1T -Me30H. 

TeKCTe. 

s 3 4-6 '> 7 

35,8:!:_2,5 34,8:!:_2,5 29,4 :!:.. 2, 7 

bn :!:_50 362 :!:_40 228 :!:.. 60 

250 :!:.. 25 194 + 15 158 + 10 

160 140 100 

5,1 :!:_0, 7 4,0 :!:.. 0,6 1, 2 :!:.. 0,1 

Hble Jl8HHbie 1 OTHOCSillJHeCSI K B38HMO)letl:CTBHSIM 1T + - Xe npH 

0 
OTOpb!X pO>KJl810TCSI llB8 " -MeaoHa, cBeneHbi B Tao,.ue 5. 

TaonHua 5 
0 

~ 17 -Me30HOB1 pO>Kll8IOUIHXCH no AB8 BO B38HMOAetl:CTBHHX 

b,34 faB/c. 0o03H8'1eHHSI B TeKCTe. 

::; 2 

b5,0:!:_2,8 

5 :!:..50 

I 

3-6 

45,6:!:_2,5 

275 :!:..40 

8 

z 7 

29,4 :!:_2, 7 

196 :!:..50 

~, 

P..l 17 0 MaBle 

<p..l
2

17
o'> 'h MaBle 

FIB 

230:!:_30 

128 

10:!:.. 4 

174 :!:..25 

113 

2,8:!:_0,6 

146:!:..20 

104 

2,4:!:_0,7 

B TaonHue 6 npHBeaeHbi cpellHHe 3Ha'leHHSI aHeprHtl: E raMMa-KBaH-
- 0 y 

TOB H CpeJlHHe 'IHCna n 
170 

1T -Me30HOB 1 Oopa30B8HHblX B pa3nH'IHbiX no 

'IHCny N 3 Knaccax 1T-- X e -B38HMOJletl:CTBHfi npH 5 H 9 faa. naHbl T8K>Ke 

3H8'1eHHSI p BepOSITHOCTetl:, C KOTOpb!MH HCCneayeMble B38HMOJleHCTBHSI 

pacnpeaeneHhl no pa3nH'IHhlM KnaccaM B 38BHCHMOCTH oT 'IHCna N 
3 

TaonHua 6 

CpellHHe aHeprHH raMMa-KBaHTOB E H cpeaHee 'IHcno " 0 -Me30HOB 

n , OOp830B8HHbiX B TT-- x/ -B38HMO)leHCTBHSIX npH 5 H 9 faa/c. 
TTO 

BenH'IHHa HMnynhc N ::;4 5t-9 • 10 
" -Me3oHa 

3 

p % 5 fas/c 27,2:!:_3,2 39,6:!:_4,0 33,6:!:_3,4 

9 fas/c 27,2 :!:_3, 7 44,6:!:_4,6 28,5:!:_3,7 

5 fas/c 403 :!:..40 271 :!:..20 205 :!:..15 E MaB 
y 

9 faBle 585 :!:_50 408 :!:_30 213 :!:..20 

5 faBle 1,2:!:_ 0,2 \ 1,2:!:_ 0,2 1,2:!:.. 0,2 

9 fas/c 1,5:!:_ 0,5 1,6:!:.. 0,2 1,5:!:_ 0,2 
n "o 

Ha OCHOBBHHH npeACTBBneHHblX ABHHblX MO>KHO 38KnJO'IHTb1 'IT 0 cpeA-

Hee 'iiHcno " 
0 

-Me30HOB, o6pa3oBaHHbiX B " - X e -BaaHMOJletl:cTBHSIX, 

Me):lneHHO, npHMepHO norapH~MH'IeCKH B03p8CTBeT C aHeprHetl: B38HMOAeiCT

BHH. B cnyqae BaaHMoaeiCTBHSI "+ - Xe npH 2,34 faBle 3aMeqaeTCSI yMeHh-

llleHHe cpeAHetl: MHO>KeCTBeHHOCTH TT 0 -Me30HOB B oonaCTH OOnhlliHX 3H8'1e-

9 



HH~ N 
3 1 B TO BpeMH KaK aToro He Ha6mo)la9TCSI B peaKUHSIX 1T Xe 

npH 5 H 9 raa/c. CneayeT, OJIHaKo, OTMeTHTb, 'ITO BcneJICTBHe ae6onbiiiO~ 

CTaTHCTHKH co6b!TH~ CB9JleHHH1 KaCaiOIUHeCH cnyqaeB B3aHMOJle~CTBHSI 

TT-- Xe c 6onbiiiHMH 3HatJeHHHMH N 
3 

·w • 16-24), cnHIIIKOM cKyJIHhio 
3 

Ha6niOaaeTCH TaK*e CHCTeMaTHtJecKoe yMeHbiii9HHe cpeJIHHX 3HatJeHH~ HM-

nynbCOB TTO -Me30HOB C B03pacTaHHeM N 
3 

• Bo B3aHMoJie~cTBHHX 

1T +- Xe npH 2,34 raa/c JIOITOnHHTenbHO o6aapy*eHo y6biBaHHe npH yaenH-

tJeHHH N3 cpeJIHHX 3Ha'leHH~ nonepe'IHbiX HMnynbCOB 1 a Talt*e KOacPPH-

UHeHTOB aCHMMeTpHH aMHCCHH 1T O -M930HOBo 

0 
B. Y r noB bi e H H M n y nbc H hie p a c n p e Jl en e H H H TT -Me-

30HOB 

Ha pHc. 1 npHBeJieHbi yrnoebie pacnpeaen~HHH rr 
0 

-Me3oHoe, o6pa3o-

eaHHbiX e Tpex ITO 'IHCny N Knaccax ,+ -Xe-e3aHMOJI9ftCTeHA npH 2,34 rae/c. 
3 . 

PacnpelleneHHSI Tpaac<flopMHpOBaHbl e ITOCTynHpoeaHHYIO CHCT9My U9HTpa MaCe 

TT + p npH 2,34 rae/ Co 0TtJeTnHeO ebiJI9nH9TCH eH)l yrnoeoro pacnpelleneHHH 

0 
TT -Me30HOe, conpoeo*JlaiOIUHX e3aHMOJI9itCTeHH rr+ - Xe C MHHHManbHbiMH 

3HatJeHHHMH N 
3 

( N 
3 

S. 3). EcnH cpaeHHTb aTo pacnpeaeneHHe c aaanorH'I-

HbiMH pacnpeaeneHHHMH TT + -Me30HOe1 HCDyCKaeMbiX e HeynpyrHX neyxnyqe-

ebiX e3aHMOJieftCTeHHX 1T + p npH 2,34 rae/ C 1 H 
0 

1T -M930HOe, 3MHTHpyeMbiX 

B tJeTbipexnyqeebiX e3aHMOJieitCTeHHX 1T-- p DpH 2, 7 rae/ c, TO MO*HO 3a

MeTHTb HX o6mee CXOJlCTeo. AHanorH'IH09 cpaBR9HHe 1 BhlDOnHeHHOe JinH 

- ··1 
cnytJaH B3aHMOJI9itCTeHA 1T- Xe DpH 6 H 9 rsa/c, DOJITBep*JlaeT ehl)leneH-

HOCTb Knacca B3aHMOJI9itCTBHft C ManoA MH0*9CTB9HHOCTbiO eTopH'IHbiX 3a-

PH*eHHhlX tJaCTHU H CXOJICTBO COOTeeTCTeyJOIUHX xapaKTepHCTHK ITHOHOB H3 

STHX HJI9pHbiX e3aHMOJieltcTeHA C xapaKTepHCTHKaMH ITHOHOe H3nytJaeMhlX 

e ITHOH-HyKnOHHhlX e3aHMOil9itCTeHHX npH TOI HnH 6nH3KOA aHeprHH e3aHMO-

neACTeHHo 
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TT 0 -Me30HOe o6p1 

= 2: N3 S. 3, 
PHc. 1. Yrnoebie pacnpeneneHHH 

cax "+ -Xe B3aHMonelcTeH~ c N y 
2,34 raa/c. PacnpeneneHHH npencTaeneHbi e nocTy 

ueHTpa Mace TT -HyKnou. 

Bbieon o eNneneaaocTH Knacca " - Xe~we3aHt.~. 

3Ha'leHHHMH N H Hx c.xoncTeo c rr -HyKnoHHbiM a; 
3 

TeX *9 SHeprHHX ITOJITeep*JlaeT TaK*e aHanH3 HMIT 

0 
1T -M930HOe npH 2,34 1 5 H 9 rse/ Co 

CneayeT oTMeTHTb, 'ITo cpenaee 3Ha'leHHe Kp 

THU e Knaccax B3aHMOJie~cTeHA TT - Xe C ManbiMH 

)laeT C COOTeeTCTBYIOIUeft xapaKT9pHCTHKO~ e 1T -

BHSIX npH TeX *e 3HeprHHX • 

11 



1 
B TO speMH K8K 9TOrO He Ha6mo.aaeTCH B peaKUHSIX 17- - Xe 

p faa/c. Cne.ayeT, OJlHaxo, oTMeTHTb, qTo scneJlCTBHe He6onbwoa 

kH co6biTHft CBe)leHHH, K8C810IIlHeCH cnyqaeB B38HMO)leftCTBHSI 

6onbWHMH 3HaqeHHSIMH N 
3 

( ·N
3 

= 15-24), cnHWKOM cKy.llHhi. 

~TCH T8K*e CHCTeMaTHqecxoe yMeHblli9HHe CpeJlHHX 3HaqeHHft HM-

17 o -Me30HOB c sospacTaHHeM N • Bo B38HMOJleftcTBHSIX 
3 

npH 2,34 fas/c Jl0DOnHHT9nbHO 06Hapy*eHO y6hiB8HHe npH ysenH-

y 
3 

cpeJlHHX 3HaqeHHft nonepeqHbiX HMnynbCOB, a TaK*e K091i:MPH-

acHMMeTpHH 9MHCCHH 17 O -Me30HOB. 
0 

Y r noB hie H H M n y nbc H hie p a c n p e Jl en e H H Sl 17 -Me-

pRe. 1 npHBeJleHhi yrnoBhie pacnpe.aen~HHSI 17 ° -Me3oHoB1 o6pa3o-

~ Tpex no qHcny N xnaccax 17+ -Xe-s3aHMo.aeftcTBHA npH 2,34 ras/c. 
3 . 

eneHHSI TpaHc<j>opMHpOBaHhl B DOCTynHpOBaHHYIO CHCT9My ll9HTpa MaCC 

2,34 faa/ Co 0TqeTnHBO Bbl)l9nSieTCSI BHJl yrnOBOrO pacnpe)leneHHSI 

~OHOB 1 conpOBO*.llaiOIIlHX B3aHMOil8ftCTBHSI rr+- Xe C MHHHManbHbiMH 

iiMH N 
3 

( N 
3 

S. 3). EcnH cpaBHHTb aTo pacnpeJleneHHe c aHanorHq

cnpeJleneHHSIMH 17 + -Me30HOB, HcnycxaeMbiX B seynpyrHx JlByxnyqe-

HMoJleftcTBHSIX 17 + p npH 2,34 fas/c, H 1T O -M830HOB, 9MHTHpyeMhiX 

exnyqeBbiX B3aHMO.lleftCTBHHX 17-- p fipH 21 7 fas/ C1 TO MO*HO 3a

HX o6mee cxollcTso. AHanorHquoe cpasseuHe, s~nonH~HHoe llnB 

is3aHMOJleftCTBHlt . 17: Xe npH 5 H 9 fas/c, DOilTBeplKllaeT B~eneH-

nacca B3aHMOileftCTBHft C ManoA MHO*eCTBeHHOCT&D BTOpHqH~X 3a-

·IX qacTHU H CXOJlCTBO COOTBeTCTBYDIIlHX xapaKT8pHCTHK DHOHOB H3 

epHbiX B38HMOJleftCTBHft C xapaKTepRCTHKaMH nHOHOB H3nyqaeM~X 

HyKnOHHbiX B38HMOJleftCTBHSIX npH TOft HnH 6nH3KOft aHeprHH B3aHMO-

Sl. 
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PHc. 1. YrnoBhie pacnpelleneHHH 17° -Me3oHOB o6pa3oBaHHhiX B Tpex xnac

cax 17+ -Xe saaHMollelcTBHlt c N = 2: N3 < 3, N = 4of6, N > 7 npH y - 3 3 -
2,34 ras/c. PacnpeJleneHHSI npellCTasneHbl B nocTynHpOB8HHOft CHCTeMe 

ueuTpa Mace 17 -uyxnoH. 

BbiBOil o BbiileneuuocTH xnacca 17 ~xe,...saaHMolleftcTBHfl: c ue6onbwHMH 

3HaqeHHSIMH N
3

H HX cxoJlCTBO c 17 -uyxnoHHbiM saaHMOileltcTBHSIMH npH 

TeX *e aiteprHHX nollTBeP*IlaeT TaK*e auanHa HMnynbCHbiX pacnpeneneHHA 

0 
17 -Me30HOB npH 2,34, 5 H 9 fas/c. 

CnellyeT oTMeTHTb, qTo cpeJlHee 3HaqeHHe xpaTBOCTH sapH*eHHbiX qac

THU s xnaccax saaHMOileftcTBHA 17 - Xe c ManbiMH auaqeHHSIMH ·N cosna-
3 

)laeT C COOTBeTCTBYIOIIleft xapaKTepHCTHKOft B 17 -HyKnOHHbiX B38HMO)leltCT-

BHSIX npH TeX *e 9HeprHSIXo 

11 



B. 0 f5 p a 3 0 BaH He Me /l n e H H hi X TT + -Me 3 0 H 0 B 

Yfccne/lOBaHH9 'laCTOTbl reHepaUHH, yrnDBbiX H HMnynbCHbiX pacnpeae

neHHli MeaneHHhiX rr+ -Me3oHOB ( E + = 10-70 Mss), ot5pa3oBaHHhiX B 
TT 

TT + -Xe -B3aHMO/l9liCTBHSIX npH 2,34 fss/c H TT- -Xe -B3aHMO/l9liCTBHSIX 

npH 9 fss/c, fiO/lTB9pll</la9T Bb!BO/l 0 Bbi/leneHHOCTH Knacca B3aHMOJl9liCTBHi1 

TT - Xec ManbiMH 'IHCnaMH BTOpH'IHbiX 3apSI)I(9HHhiX qaCTHU. 

CneayeT OTMeTHTb, 'ITO B aToM Knacce rr - Xe -B3aHMoJlelicTBHl1 

TonbKo s HeoonbuioM KonH'IecTse cnyqaes HaonroaaeTcSI H3ny'leHHe 5onee 

+ 
'19M 0/lHOro npOTOHa ( HanpHMep, B TT -X e -B3aHMOJl9i1CTBHSIX npH 2,34 rss/ c, 

npH N ::: 3 TaKHX cnyqaes 14%). 
3 

f. 3MHCCHSI npOTOHOB 

3aBHCHMOCTb 'laCTOThl SMHCCHH npoTOHOB OT 'IHCna N BTOpH'IHhlX 
3 

38pSili<9HHhiX qacTHU 1 conpoBD)I(Jl8ID!llHX rr+ - X e -B38HMOJlelicTBHSI npH 

~,34 fss/c, noKa38H8 H8 pHC. 2. Cpe/lHHe 3H8'19HHSI HMnynbCOB H KOStP<llH-

UH9HT 8CHMM9TpHH HCnyCK8HHSI Bnepe/l-H838/l STHX npOTOHOB npHB9/l9Hbl 

B TaonHue 7. 

TaonHua 7 

+ 
XapaKTepHCTHKH npoTOHoB, H3nyqaeMbiX B rr -Xe -B38HMDJlelicTBHSIX npH 

2,34 rss/c. p -cpeaHee 3H8'19HHe HMnynbCOB npoTOHOB, F I B -Kos¢qm
p 

UH9HT 8CHMM9TpHH HcnycKaHHSI. 

N 
3 

P MsBic 
p 

FIB 

::; 3 4-6~ 7-9 > 10 

360 :!:..20 348 ::_17 350:.. 15 322 :.. 20 

1,98±_ 0,57 1,56 ::_0,16 1,97 :.. 0,17 

12 
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J 4 J • , • , 10 

PHc. 2. 3aBHCHMOCTb oT N 3 cpeJlHeli qacToThi sMHCCI 

HMnynbCilMH B llH8fi830He 200-575 Mss/c, HCnyCK89Mb: 

Jl9liCTBHSlX npH 2,34 fss/c. 
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+ B. 06pa3oBaHHe Me.aneHHhiX 17 -Me30HOB 

Hccne.aosaHHe qacTOThi reHepauuu, yrnoBbiX H HMrrynhCHhiX pacrrpe.ae-

~fi Me.aneHHhiX 17+ -Me3oHos ( E + = 10-70 Mss), o6pa3oBaHHhiX s 

L Xe -s3aHMo.aeficTBHHX rrpu 2,34 
17

fse/ c H 17-- Xe -B3aHMo.ael!:cTBHHX 

9 fas/c, IIO.IlTB9p)I(Jl89T Bh!BO.Il 0 Bbi.IleneHHOCTH Knacca B38HMO.Il9l!:CTBHl!: 

X eC MBnbiMII '1HCn8MH BTOpH'IHhiX 38pS1)1(9HHhiX '18CTHU, 

Cne.ayeT oTMeTHTh, 'ITO s 9TOM Knacce 17 - X e -B38HMo.ael!:cTBH it 

bKo s He6onhmoM KonuqecTse cnyqaee aa6mo.aaeTcSI H3ny'1eHHe 6onee 
+ 

O.llHOrO IipOTOH8 ( HaiipHMep, B 17 - Xe -B38HMo.ael!:cTBHSIX I! pH 2,34 rse/ c, 

N 
3 

::: 3 TaKHX cnyqaee 14%), 

f. 3MHCCHH IIpOTOHOB 

3aBHCHMOCTb '18CTOTW 3MHCCHH IIpOTOHOB OT '1HCna N BTOpH'1HhlX 
3 

)1(9HHLIX qacTHU, corrpoBO)I(.Ila!Oll!Hx 17+ - Xe -B38HMo.aencTBHH rrpH 

fss/c, l10K838H8 Ha pHC, 2, Cpe.aHHe 3H8'19HHH HMIIynhCOB H KO~~H

~T 8CHMM9TpHH HCIIYCK8HHH Brrepe.ll-H838.1l 9THX IIpOTOHOB I1pHB9.1l9Hbl 

6nuue 7. 

Ta6nHua 7 

bKTepncTHKH rrpoToaos, H3nyqaeMbiX s 17 +-X e -B38HMo.aeitcTBHHX rrpu 

fss/c, P -cpe.aaee 3Ha'1eHne HMrrynhcos rrpoToHoB, F I B -Ko~qm
P 

T 8CHMM9TpHH HCIIYCK8HHH, 

N 
3 

Maa/c 

IB 

::; 3 4-6 7-9 > 10 

360:!:_20 348:!:_17 350:!:... 15 322 :!:... 20 

1,93±. 0,57 1,56 :!:_0,16 1,97 :!:... 0,17 
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PHc. 2. 3aeHCHMOCTb oT N 3 cpeJlHel!: 'i8CTOThi 9MHCCHH rrpoToHoB c 

HMIIynbC8MH B llH8II830He 200-575 Mae/c, HCIIyCKaeMblX B 17+-x~B38HMO
JleACTBHS1X IlpH 2,34 fas/c, 
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CpeaHee SHa'leHHe HMITynbca, yHoCHMoro ITpoToHaMH, He saBHCHT oT 

N H COOTBeTCTByeT KHHeTH'IeCKO~ aHeprHH ITpOTOHOB onH3KO~ ITOnOBHHe 
3 

MaCChi ITHOHa. BMeCTe C TeM 'laCTOTa aMHCCHH ITpOTOHOB CHnbHO B03paCTaeT 

ITpH yBenH'IeHHH N 
3 

• OpocTe~rnee oo'bsrcHeHHe aToro srBneHHSl MO)KeT cocTo

SlTb B ITpeaiTono)KeHHH, 'ITO aMHCCHSl HyKnOHOB B paCCMaTpHBaeMhiX B3aHMO

ae~CTBHSlX ITpOHCXOAHT1 rnaBHhiM oopa30M1 BCneaCTBHe ABYXHyKnOHHOf'O ITO

rnoiiieHHSl MeaneHHhiX ITHOHOB BHyTpH srapa. TaKOMy ITpeaiTonO)KeHHIO He ITpo-

THBOpe'IHT HeB03paCTaHHe 'laCTOThi aMHCCHH 
0 

rr -Me30HOB ITpH yBenH'IeHHH 

N 3 ( TaonHUhi 2 H 6), a TaK)Ke cymecTBeHHoe yMeHbliieHHe HX aHeprHH c 

yBenH'IeHHeM N 3 ( TaonHUhi 4 of 6). 

n. D p y r He 'I aCT R U hi 

Ha OCHOBaHHH pesynbTaTOB HCCneaoBaHHSl CITeKTpOB a¢¢eKTHBHhiX 

Mace raMMa-KBaHTOB1 rr O. -Me30HOB1 MeaneHHhiX + 
rr -Me30HOB H ITpOTOHOB 

cneayeT saKniO'IHTb, 'ITO Qopa30BaHHe pesoHaHCHhiX COCTOSlHHtl C y'l:aCTHeM 

aTHX 'laCTHU Mo)KeT OTHOCHTbCSl1 rnaBHhiM oopa3oM 1 K KJlaCCy rr - Xe B3a

HMoae~CTBH~ c M HHHManbHhiM 'I:HcnoM N 3 • Ha pHc. 3 IToKasaHo, B KaqecTBe 

0 
ITpHMe pa, paCITpeaeneHHe a¢¢eKTHBHhiX Mace KOMOHHaUH~ rr -MeaneHHhi~ 

rr + 1 oopa3oBaHHhiX B rr+LXe -B3aHMoae~CTBHSlX ITpH 2,34 faBle. 0Taenb-

Ho ITpHBeaeHo cooTBeTCTBYIOIIIee paciTpeaeneHHe, oTHocsrmeecsr K Knaccy 

rr+ - Xe -B3aHMoaeilcTBH~ c N 3 :_ 3. B aToM 

MeTHTb SlBHOe rrpeBhiliieHHe Haa ypOBHfM ¢oHa B 

paciTpeaeneHHH MO*Ho sa

+ 
oonaCTH MaCChi p -Me-

so HoB. BoiTpoc o6 oopasoBaHHH pesoHaHCHhiX CHCTeM B rr - Xe -B3aHMoae~cT

BHSlX ohm Hsno*eH 6onee IToapo6Ho B IB1. 

4. KpaTKHe BhiBOAhi 

Ha ocHoBaHHH ITpoBeaeHHhiX HccneaoBaHH~ rr - Xe-BsaHMoaeticTBH~ ITpH 

2,34, 5 H 9 faBle cneayeT saKniO'IHTb, 'ITo: 
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PHc. 3. PacnpeaeneHHe ITo a¢¢eKTHBHhiM MaccaM M 
0 \ 

rrap rr -Me30HOB H MeaneHHhiX rr + -Me30HOB 1 oop, 

B3aHMoae~CTBHSlX ( f'HCTOrpaMMa 1 HapHCOBaHHaSl CITn 

rr + - X e -BsaHMoae~cTBHRX c N 3 :_ 3 ( ITyHKT: 

CITnornHo~ KpHBotl HaHeceao paciTpeaeneHHe cnyqaAH 

pacc'IHTaHHoe ITO MeToay MoHTe-Kapno. 
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~Hee 3HaqeHHe HMITynbca, yHOCHMOro rrpOTOHaMH 0 He 3aBHCHT OT 

COOTBeTCTByeT KHHeTHqecKofi SHeprHH ITpOTOHOB onH3KOfi rronoBHHe 

oHa. BMeCTe C TeM qacToTa SMHCCHH ITpOTOHOB CHnbHO B03paCTaeT 

HqeHHH N • DpocTefirnee oo~HCHeHHe sToro HBneHHH Mo~eT cocTo-3 

e~rrono~eHHH, qTo SMHCCHH HyKnOHOB B paCCMaTpHBaeMbiX B3aHMO-

X rrpoHCXO~HT0rnaBHbiM oopa30M 0 Bcne~CTBHe ~BYXHyKnOHHoro rro

Me~neHHbiX ITHOHOB BHyTpH H~pa. TaKOMy rrpe~rrono~eHHlO He rrpo-

,T HeBo3pacTaHHe qaCTOTbl SMHCCHH 
0 

TT -Me30HOB rrpH yBenHqeHHH 

nHUbl 2 H 6), a TaK~e CyiUeCTBeHHOe yMeHbllieHHe HX SHeprHH C 

N 3 ( TaonHUbi 4 -t 6). 

pyrHe qacTHUbi 

OCHOBaHHH pe3ynbTaTOB HCCne~oBaHHH crreKTpOB ~~eKTHBHbiX 

Ma-KBaHTOB0 TT O. -Me30HOB 0 Me~neHHbiX + 
TT -Me30HOB H rrpOTOHOB 

aKnlOqHTb, qTo Qopa30BaHHe pe30HaHCHbiX COCTOHHHfi C yqaCTHeM 

OTHOCHTbCH 0 rnaBHbiM Oopa30M 0 K Kll8CCy TT - Xe B3a-

HH c M HHHManbHbiM qHcnoM N 3 • Ha pHc. 3 rroKa3aHo, B KaqecTBe 

0 pacrrpe~eneHHe S~~eKTHBHbiX Mace KOMOHHaUHfi 1T -Me~neHHbifi 

pa30BaHHbiX B TT-1-t:...Xe -B3aHMO~efiCTBHHX rrpH 2,34 rss/c. OT~enb-

eHO COOTBeTCTBylOIUee pacrrpe~eneHHe, OTHOCHIUeeCH K Knaccy 

BsaHMo~eH:cTBHfi c N 3 < 3. B sToM pacrrpe~eneHHH MO)KHo 3a-

- + 
Hoe rrpeBbillieHHe Ha~ ypOBHeM ~OHa B oonaCTH MaCCb~ P -Me-

rrpoc 00 oopa3oBaHHH pe30HaHCHbiX CHCTeM B TT - Xe -B3aHMO~eficT

Hsno~eH oonee rro~pooao B /8;. 

4. KpaTKHe Bb!BOAbi 

CHOBaHHH rrpoBeneHHbiX HCCne)loBaHHfi TT - X e- B3aHMOJlefiCTBHfi IT pH 

9 fss/c cneayeT 3aKnlOqHTb
0 

qTo: 

14 

N 
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PHc. 3. PacrrpeaeneHHe rro s~eKTHBHbJM MaccaM M 0 + KOMOHHauHfi 
0 + TT TT 

rrap TT -Me30HOB H MenneHHbiX TT -Me30HOB 
0 

oopa30BaHHbiX B TT + -Xe -
B3aHMOJlefiCTBHHX (rHCTOrpaMMa, H8pHCOB8HH8H CITnOlliHOfi nHHHefi) H B 

TT +- Xe -B38HMOJlefiCTBHHX c N 3 ~ 3 (rryHKTHp) rrpH 2,34 rss/c. 

CrrnornHofi KpHBOfi HaHeceao pacrrpeaeneaHe cnyqafiHbiX KoMoHHaulfa TT 0 TT + 
paccqHTaHaoe rro MeTony MoHTe-Kapno. 
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I. 0Kaaanocb B03MO)KHbiM .nocTaTo'IHo nonao rrposecTH auanHa 

CBOtl:CTB TTO -Me30HOB, 06pa30B8HHbiX B 9THX B38HMO.Qetl:CTBHSIX
1 

BO BCeM 

.QH8II830He HMIIynbCOB 77 O -Me30HOB H yrnoB 9MHCCHH
0 

nony'leHHbJe .Q8HHhie 

OTHOCSITCSI K 'leTKO Ollpe.neneHHOtl: SI.QepHOtl: MHllieHH-SI.Qpy KCeHOH8
1 

'ITO .nena-

eT HX OC06eHHO none3Hb!MH llpH COilOCTaBneHHH C pa3nH'IHbiMH MO.QenRMH 

B38HMO.Qetl:CTBHtl:o 

0 2. YrnoBbie H HMrrynhCHhie pacrrpe.neneHHR " - Me3oaos, a T8K)Ke 

HX MHO)KeCTBeHHOCTb YK83biB.810T .Ha Bbi.lleneHHOCTb Knacca 77 - Xe_B38HMO

.netl:CTBHtl: C MH.HHManb.HbiMH 3.H8'1e.HHSIMH 'IHCna N 
3 

BTOpH'I.HbiX 38pSI)Ke.HHbiX 

'18CTHU H CXO.QCTBO B38HMO.Qetl:CTBHtl: H3 9TOI'O Knacca, B CMbiCne YK838.H.Hb!X 

X8p8KTepHCTHK 1 C 77 -.HyKnO.H.Hb!MH B38HMO.Qetl:CTBHHMH llpH Tex )Ke HnH 

6nH3KHX 9.HeprHRXo 3TH, T8K .H83biB8eMble 1 KB83HCB060.Q.HbJe B38HMO.Qetl:CTBHSI 

X8p8KTepH3YIOTCH TeM )Ke C8Mb!M 1 B npe.nenax OlliH60K
1 

3.H8'1e.HHeM Cpe.Q.Hetl: 

Kp8T.HOCTH BTOpH'I.HhiX 38pSI)Ke.H.HbiX '18CTHU 1 'ITO H B cnyqae COOTBeTCTByiO-

mero aneMe.HTap.Horo aKTa. 

3. 06.Hapy)Ke.Ho, 'ITO .QOCT8TO'IHO Ha.Qe:>KHhiM 9KCilepHMeHT8nb.Hb!M KpH-

TepHeM KB83HaneMe.HT8p.HOCTH B38HMO.Qetl:CTBHtl:1 H86niO.QaeMbiX B KCeHOHOBOtl: 

rry3hipbKoBotl: KaMepe, RBnHeTcR 'IHCno N BTOpH'IHhiX aapR)KeHHhiX '18CTHu. 
3 

4. 06pa3oBal!He pe3oaaacoB c yqacTHeM raMMa-KBaaToB, " O -H 

77 + -Me30.HOB llpOHCXO.QHT1 rnaB.Hb!M o6p830M 1 B KB83HCB060.QHbiX B38HMO-

.netl:CTBHSIX 6biCTpbiX llHO.HOB C SI.Qp8MH KCe.HO.Ha. 

5. nong KB83HCB060.QHbiX B38H~Oiletl:CTBHtl: B pe8KUHSIX 1T - Xe COCT8B-

nReT rrpHMep.Ho 1/3 oT rron.Horo ceqe.HHR aeynpyrHx TT - Xe -B38HMo.netl:cT-

BHll: H .He 38BHCHT1 B rrpe.nenax OlliH60K 1 OT a.HeprHtl: llHOHOB
1
Bbi3B8BlliHX 

B3aHMo.netl:cTBHe. Cne.nyeT .no6aBHTb1 'ITO ToT )Ke pe3ynbTaT 6bm rrony'lel! 

.H8MH p8C'IeT.HbiM IIyTeM, HCXO.QSI H3 CT8THCTH'IeCKHX C006pa)Ke.HHtl: /6/ • 

ABTOpbi 6naro.nap.Hbi rrpo<fleccopy M .H. ConoBbesy 3a nocToR.HHbill:" 

Hl!Tepec K pa6oTe. 

16 
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K838110Cb B03MO>KHbiM tlOCT8TO'JHO fiOIIHO rrpoBeCTH 8U81IH3 

rr
0 

-Me30HOB 1 o6p830B8HHhiX B :3THX B38HMOtleftCTBHSIX
1 

BO BCeM 

e HMfiYIIbCOB TT O -Me30HOB H YI'IIOB :3MHCCHH, flony'leHRhie tl8HHhie 

K 'JeTKo orrpe.oeneaaoa: st.oepaoa: MHmeaH-st.opy Kceaoaa, 'ITo .oena-

6eHHO fiOIIe3HbiMH ITpH COfiOCT8BileHHH C p831IH'1Hb!MH MOtleiiSIMH 

0 
I'IIOBbie H HMfiYIIbCHbie pacrrpe.oeneHHSI TT - Me30HOB

1 
a T8K>Ke 

CTBeHHOCTb YK83biB810T H8 BbitleneHHOCTb KII8CC8 TT- Xe_B38HMO-

C MHHHM81IbHbiMH 3H8'1eHHSIMH 'JHCII8 N 
3 

BTOpH'JHhiX aapst>KeHHbiX 

CXOtlCTBO B38HMOtleftCTBHa: H3 :3TOI'O KII8CC8 1 B CMbiCIIe yK838HHhiX 

CTHK 1 C TT -HyKIIOHHblMH B38HMO.Oea:CTBHSIMH ITpH TeX >Ke HIIH 

Hepi'HSIX, 3TH 1 T8K H83b!B8eMhie, KB83HCB060tlHb!e B38HMOtleftCTBHSI 

ay10Tcst TeM >Ke caMbiM, B rrpe.oenax omH6ox, aaaqeaHeM cpe.oaea: 

BTOpH'IHhiX 38pst>KeHHbiX '18CTHU 1 'ITO H B Clly'lae COOTBeTCTByiO-

eaTapaoro aKTa, 

6Hapy>KeR0 1 'ITO tl0CT8TO'IHO H8tle>KHbiM :3KCrrepHMeHT81IbHblM KpH-

83H:31IeMeHT8pHOCTH B38HMO.QeftcTBHft1 H861IIOtl8eMbiX B KCeHOHOBOft 

oa: KaMepe, SIBIIsteTcst 'lHcno N BTOPH'IHhiX aapst>KeHHhiX '18CTHU, 
3 

paaoaaHHe peaoaaacoa c yqacTHeM raMMa-xaaaToB, rr 0 -H 

OB rrpOHCXOJlHT1 I'II8BHblM o6p830M1 B KB83HCB060tlHbiX B38HM0-

6biC'fphiX fiHOHOB C Sltlp8MH KCeHOHa, 

II.II KB83HCB060.QHhiX B38H~OileftCTBHA B pe8KUHRX TT -.:1Xe COCT8B

PHO l/3 oT rronaoro ceqea:Hst aeynpyrux rr - Xe -B38HMo.oeAcT-

8BHCHT1 B npe.oenax OlliH60K 1 OT :3HeprHA fiHOHOB 
1 
Bhi3B8BlliHX 

TBHe, Cne.oyeT tl068BHTb1 'ITO TOT >Ke peaynbT8T 6bin nonyqeg 

THb!M nyTeM, HCXOtlSI H3 CT8THCTH'leCKHX C006pa>KeHHft / 6 /, 

hi 6naro.oapRbi npo¢leccopy M.l1. ConoBbeBy 38 nocTostHRhift 

pa6oTe, 

16 
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