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·HeonHoKpaTH0 Bhlll.Bttrartari~ ttneH tt3y4eHttH npouecca 

B3attMoneii:cTBllH 6bICTPbIX . 4aCTHU . C a T0MHb!MH H)J.paMH. 

nyTeM H3Y'-leHHH 'xapaKTepHCTlll< pO)l<)J..eHHbIX a'neM TT
0 

·Me· 

30Ho~/1~/. Oco6eHHO nerKO TBKHe HccnenoBaHHH -~O)l<HO 

ocymecTi3JiHTb C Il0MOll(blO IlY1b!pbKOBbIX KaMep, Hanon

HeHHbIX TH)l<enbIMH )l<H.!IKOCTHMH, B qacy'uocttt, C Il0MOll(blO 

KCeH0H0BbIX IlY3blpbK0BbIX KaMep. TT
0 

·Me30Hbl B HMCIOll(eHCH. 

KCeHOHOBOH IlY3blpbKOBOH KaMepe perttcTpttpymTCH C 6Jitt3· 

Koii: K lOOo/o 3<fiqieKTHBHOCTbJO no Ha6mo,laeMhIM ·rne1<Tpou

Ho-qioToHHbIM nttBHHM, C03.IIaHHblM raMMa·Ksa11TaMH OT 

pacnana TT 0 ·Me3oH0B. 3HepreTttl.lecKHH 'cncKTp perttcTptt· 

pyeMhIX TT
0 ·Me30HOB ne)l<HT ao aceM nttana 1011e cymecTay10-

m11x 3Heprttii:' BKnJO'-laH HOnb. 3ucprHH TT 
O 

- MC 30HOB MO)l<H0 

onpenenttTb c TO'-IH0CThJO oirnno /8-10/o/o tt yrnbI nx 3Mttc· 

c11tt - c Tol.!11ocTb10, ne xy)l<e /2- 5/0 • · 

'HMeH B BH.IIY BblllieCKa3aHH0e, Mb! npoacntt naJihiieii:rnee 

nonpo6Hoe nccnenoaantte pa 1ntt'-IHhIX xapaKTcpttcTHK TT
0 ·Me· 

30110B BO B3BHMO.IICHCTBHHX TT - -Xe nptt HMnynbce 

3,5 I':Je/c. J1ccne.IIOBaHHH Ilp0B0,'.IHnHCb HB CHHMKaX .180-
MeTpOBOH KCCHOHOBOH IT\'1btnhKOBOtt Ka\1Cpb!. 

'1. OIIHCAHHE 3KCIIEPHMEHTA 

nneHKH -npocMaTpHBanHCb .IIBa)l<)J.hl, onnonpeMCHHO· Ha 

o6ottx CHHMKax CTepeonapbl, C UCBblO HaXO)l<)J.eHHH B3attMo~ 

neii:c~BHH: nyRK0BhlX '-IBCTHU C ~npaMH KCeH0Ha B onpene-· 

BCHHOH UCHTPBBbHOH o6naCTH KaMepb!. · ,[J;nH nonpo6Horo 

aH.aJIH3a .OT6ttpaJJHCb nee 6e3 HCKBIO'-leHHH B3BHMO)J.eHCTBHH. 

3a·qiaKT npQHGX0)K.IIeHHH ,B3aHMoneucTBHH 6e3 ucnycKaHHH 

Ha6n10naeMbIX BT0pH'-IHbIX l.laCTHil npHHHManocb 0'FKBOHeHHe 

nyqKOBOH , .. 11aCTHUbI ,Ha yron He MCHbllIC 5 ~ B IlJl0C'KOCTH 
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onHoii H3 cpoTorpaqmii cTepeonapb1, npottcxonuawee a TOlfKe, 

aw6pauuoii a uenTpanbttoff o6nacTtt KaMepw. B npouecce 
IIPOCMOTpa rrepeClfHTbTBaJJHCb 'IHC.ria Ha6monaeMbIX cnenoa 
BTOPH'IHblX 3ap»)KeHHblX qacnm BO B3aH~10.'.l,ettcTBHH, lfHCJia 
v~ C06hlTHH, 'IHCJia HeiTpaJibHhlX 3Be3n H 'IHCJia JIHBHei, 
coJnaaaeMbIX B KaMepe raMMa- KBaHTaMtt, conpoBo:>Knaro
lllHM& B3attMoneicTBtte. lln» Ka)Knoro cnylfa» 6wrr cnerraH 

PHCYHOK, Ha KOTOPOM HaHOCHJIHCb IIOHCHHTeJibHbie, norre3-
Hble nptt narrbHeiiweM aHaJIH3e, 0603HaY:e.HHH TOY:KH B3aHMO
neiiCTBHH, TO'IeK KOHBepcntt raMMa-KaaHTOB, TOlfeK pacnana 
V 

0

s lfaCTHU H pacnoJIO)KeHHH HeiiTpaJibHbIX 3Be 3)J:. KpttTepntt 
KBaJJHqJHKaUHH C06bITHH JlJIH narrbHeiiwero auarrtt3a 6bIITH 
aHarrorttlfHbl rrpe)KHHM, .IIOKa3aHHbIM B pa6oTax, BblIIOJIHJie

MbIX Ha KCeHOHOBO.H KaMepe, H o6ecrreY:HBaJitt 6e3BbI6opoq

Hblll YlfeT acex B3attMo.neiicTam1 H rrpaattrrhHoe rrpttrrncantte 
naHHOMy B3aHMO)leHCTBHIO COIIpOBOiK)J:aIOlllHX ero BTOpUY:
HbIX HeiiTpaJibHbIX npo.nyKTOB - raMMa-KBaHTOB, V O - C06b1-
THH, HeiiTpaJibHbIX 3Be3.n. 

MttHHMaJibHaH .UJIHHa crre.noa na6rrIOnaeMbIX IIPOTOHOB 
B 3Be3nax C 'IHCJIOM 3ap»iKeHHbIX qacn1u NC~ 4, co

CTaBJIReT 2 MM, B 3Be3.nax C NCH> 4 '.Ha )J:JfHHa 60JibWe -
OKOJIO 5 MM. 3TOMy COOTBeTCTBVeT MHHHMaJibHaH 3HeprttH + . 
IIpOTOHOB 12 H 15 M:Je. TT - Me30Hbl Ha6monaIOTCH H lfeTKO 
nneunrcpuuupyIOTCH no xapaKTepHoii uerroqKe 3ap»)KeHHbIX 
rrponyKTOB pacna.n:a rr+ ➔ µ+ ➔ e+. HttiKHHH rpaHuua 3Hepruu 
raMMa-KBaHTOB, perncTpttpyeMbIX a KaMepe c rrptt6mnu

TeJibHO IIOCTOHHHOH 3(fiqJeKTHBHOCTbIO, COCTaarr»eT OKOJIO 

15- M:Je. B Ka)K.n~M 3aperncTpttpoBaHnoM crryY:ae BJanl'vrn
ne11cTanH H3Mep»JIHCb Ha rrorryaBTOMaTHY:eCKOM YCTPOHCTBe, 
CKOHCTpynpoBaHHOM Ha 6a3e MHKpOCKOIIa YHM-21' Koop
.nnnaTbl TO'IKH B3aHMO)leHCTBHH, TOlfeK KOHBepcttn raMMa
KBaHTOB II TO'IeK pacrra.na V 0 •<faCTHU. TOlfHOCTb H3MepeHHH 

CJienyIOlllaJI: 0, 1 MM no OCHM X n Y n 0,5 MM IIO BbICOTe' Z. 
3ueprnn raMMa-KBaHTOB. onpenerr»JIHCb c TOY:HOCTbl0"/12 -
20/o/o no H3MepeHHbIM IIOJIHbIM rrpo6eraM 3JieKTpouos u 
II03HTpOHOB B JIHBHHX, C03.UaHHbIX 3THMH raMMa-Kaa1ITaMH. 

Yrnhr 3MHccuu raMMa-KaaHTOB orrpen;emrnttcb c TOY:Hocii.ro 
/0,5 - 2/

0

• To'lHOCTb orrpenenettu» nmm crre:n;oa 3ap»)KeH-

HbIX 'IaCTHU COCTaBJIHJia' l MM, lfeMy ·cooTaeicraoaana .• 
-10-rrpoueHTHa~· TOqHOCTb orrpe.neneHut HMIIYJibCa~poTo-
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HOB B, o6rraCTH 3HalfeHHH .20Q M3e/c, H npH6JlH3HTeJ1bHO 
onHonpoueHTHaH TOlfHOCTb B 06,flaq·u 3HatJeHHH· 600 :M3e/c. 
l:il'vlIIYilbC TT +;".Me30HOR ,onpe.nemIJICjJ IIO.'H3Mep,eHHOMYi.IIpo-

6ery 9 TOtJHPCTbIO, COCTaBJIHJOllle_ii 0KQ,/IO 15o/o npu-601\fae/c. 
Ha OCHOBaHHH. ,na~HbIX 06 3Hep_nH,H KaiK.noro -raM~,fa'; 

KBaHTa u 06 yrne ero 3Muccuu onpe:nemrnacb 3cpcpeKTHBHaH 

Mac ca M yy KOM6HHaUHH nap raMMa- KBaHTOB cornacHO 

cpopMyrre: 
2 . ' . 

M ~ 2E E (1-cos® ), 
YY }J Yi }jY2 

r.ne: Ey, , Eyz - 3Hepruu raMMa-KBaHTOB, ,H3 KOTOpbIX 

COCTa,BmieTCH 3,qJqJei,<THBHaH Ma~p~; \.® Y1 Y2'; -, .yroJJ,MeiK.!lY 

HanpaB_JleHHHMH 3MH,CCHH KaiKn.oro raMMa•KBaHTa. , 

2. 3KCIIEPH_MEHTAJibHb/E ,[(AHHb/E 

B HacTOHllleii cTaTbe npttae.neHbI numb peJyJJhTaThI 

uccne.noBaHHH raMMa-KBaHTOB, COIIPOBOiK,!laJOlllHX HJy
tJaeMbie BJauMoneiicTBHH~ u 17°-MeJoHOB, iianHIOII.UIXCH uc
TOtJHHKaMu "nux 'raMMa ~ KBaHTOB~ Ilp~TOHbl HBJJH~TCH. npe.n.: 
MeTo~· paccyiK,!leHHH, .rrpoBO)J:UMbIX B HHOH CTaTbe, 

0

3.necb 

.naJOTCH TaK~e HeKOTOpbie cae.neHUH H O BTOpUtJHbIX~+ -_~e~ 
30Hax, HaXO)J:Hll{HXCH B TaKOM HHTepaane ~MIIYJlbCOB, tJTO 
.nm1 iiux ucnoJJbJyeMaH B nc·cnenoa.aHHHX KaMepa HBJJHeTCH 
.neTeKTOPOM c reoMeTpHeii 4II. . . ·. . ., 

2./. PacnpeoeAeHue no n,110111Hoc111J1M zaMMa- KeaH111oe, 
conp080JIC0010UJUX 83QUMOOeiJC1118UJl 

. ,_!11 

Ha6n10.naeMbie tJHCJJa raMMa-KaaHTOB, npHIIHCI,JBaeMbIX 

uccne.nyeMbIM. B3aHMoneiiCTBUHM,jJBJ1HJOTCH HeTotJHbIMH lf'3-

3a HeCTOIIpoueHTHOH 3qJqJeKTHBHOCTH perncTpauuu niMMa~ 
KBaHTOB. Cpe,!lHHH 3qJqJeKTHBHOCTb perucTpauuu raMMa
KBaHTOB B KaMepe COCTaBJJHeT f ~ 0,92o/o, C He60J1bWHMH 

aapnaUHHMH B 3aBHCUMOCTU OT · tJHCJla raMMa:'" kaain'oa B 
uccne.nyeMOM B3aHMoneiicTBUH. I1cnoJih3YH 3TY 3qJqJeKTUB
HOCTb ,· Mbl. paCCtJHTaJIH .neiiCTBHTe,JibHbie· IlJIOTHOC-TH raMlyla • 

KBaHTOB;' ·YlfHThIBaH· .. 3qJqJeKThl ·, penrcTpaunu 'co6i.i:TH'.II'-'. c· ·, 
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1\ 

k -raMMa-KBaHTaMH KaK C06bITirn C k-l ,k-2,... BCJie,n;

CTBHe He3aperHCTPHPOBaHHblX 1,2 ..... raMMa-KBaHTOB 

HJ k H3Jiy<IeHHb!X. Pacnpene.rieHHe Ha6mo,n;aeMbIX Ha OTTbITe 

TTJIOTHOCTeii H Kpa THOCTeii, . Bbl'IH CJieHHbIX C y11eTOM 3$

tbeKTHBHOCTeii perncTpamm c, npuae.n;eHbI na puc. 1. 

2.2. PacnpeoeAenue cpeone20 •wcAa 2aMMQ-1C6aHmo6 
Ny 60 63QUMOOeiicnauJlx C pa3HblM 'IUC/l_OM 
3QPJlJICeHHblX anopU'IHblX 'IQCT'lUlj NcH 

Pacnpenenenne Nv = f(NcHJ ·noKaJaHo Ha puc. 2. 
HaHec~HHble no pacnPeneneunm ·owu6KH noKaJblBa~T CTa
THCTH11ecKHH pa36poc. 

2.3. 3nep2enu'lec1C1111 cne1ih{) 2a.itMa- ,caanmo6 

3uepreTH'leCKHii cneI<Tp raMMa-KBaInos noKaJaH na 
puc. 3; · B pacnpe.iteneHHH y11T.CHh1 · cTaTHCTH11ecKne· seca 

raMMa-KBaHT0B. ITonpaaK11 coc'raanm9T HJ- 3a .-6onhmoii 

3$qJeKTHBHOCTH perHCTpaUHII ra'.tMa ° KBaHTo'B He6oJibWYIO 

.n;on10 _cny11aea. · TaK, Hanptt-.Iep, B nHanaJoHe 3Ha11eHHii 

:rneprnn 50-100 M3~ nonp'anKa cocTaBnHeT 0Kono 9o/o, 
e :.UnanaJone l 50- 200 M 3e - ·0K<1no 6o/o. 

2.4. PacnpeoeAenue 3rprpe1,;n11a11b1X .wacc 
nap' 2tiMMci- Kaa 1moe 

HJ KoM6nHaunn nap Japer11cTp11poBaHHWx a naHH0M 

BJanMo,n;eiicTBHH raMMa-KBaHT0B 6hIJIH-nony11eHbl 3cpcpe_KTHB

Hbie Macchi MYY • Pacnpe.'lenemre JTnx Mace noKaJaHo Ha 
puc. 4. 

2.5. HMnyAbCbl 11° -Me3oHoe 

.Ha puc. 5 noKaJano pacn:peJienenne cpe.ijnnx llMTTYJihC0B 

11°-MeJoHoB B. JBeJnax c paJHbIMH 3Ha<ie_~H11MH Neil • . Ha 

~&: 

puc. 6 ,n;aHhl cpe,LIHHe JHa'leHHH nonepe'IH0fi COCTaBJIHIOllleH 

HMTTYJibCOB77° -Me30HOB p O_l B 3Be3,llaX C paJHbIMH N 
11 CH 

2.6. Y2.llbl 3MUCCUU 11°-Me301108 

3Ha'leHH11 cpe,llHHX 

BO BJaHMO,I(eHCTBHHX 

puc. 7. 

KOCHHYCOB yrna 1MHCCHH11°-Me30HOB 

C pa3HbIMH NCH npHBe,IJ,eHbI Ha 

+ - . . 
2. 7. 17 -Me301lbl, U3/l,V•/Qe.\tble (1 17 -Xe (13QUMOOeiicmauJlX 

npu 3,5 I'3a/c 

+ 17 -Me30Hbl H,lleHTHqJHUHPYIOTCH 6e '30TKa 3110 npH 1m6JIIO-

,n;aeMOH u,eno11Ke 3apH)l(eHHhTX npo..:iyKTonpacna,lla 11+ ... /l++c+ 

KaMepa -HBJIHeTCH ,lleTeKTOpOM C reoMeTpHeH 4ll ,I(JIH 17 +_ MC

JOHOB B .llHanaJone JHa'leHHH ux u-.rnynhcos/6O-18O/M:Ja/c. 

Ha puc. 8 noKaJaHO pacnpe.J:CJTCIIHC 1TIIX 17 + -Me30HOB no . 

HMnynhcaM. )IJIH cpaBHeHHH npHBC.J:CII0 a11anorH'IH0C pac

npe,IJ,enenne 11° -Me 301108, naX0.'IHlllHXCH B ')TOM iKe ,IJ,Hana30-

He HMnyJibC0B. Ha· puc. 9 noKa '3al!hl pacnpc.aeneHHH yrJlOB 

3MHCCHH 17+ H 11° -Me'30H0B H3 npc..:icna HMTTYJlhC0B 60-

180 M3a/c. Pacnpe.rreneHHH H0p1\-rnpoBallhl K o . .:lHHaK0BOMY 

11ncny cny11aea. 
.. 

3. OECY%JIEHHE PE3YJ/b TATOR 

B yCJIOBHHX HCnOJih'30BaHHOH 3.J:eCb 18O-JIHTpOBOll Kce

HOHOBOH ny3b!phKOBOll KaMephl 1qirpeKTHBHOCTh perncTpau,nn 

raMMa-KaaHTOB BO BCeM 11uana3011e 1HeprHii CBhIWe 15 M3e 
CT0Jib 60JiblllaH, 'ITO 'ICTK0 H HenocpC.!lCTBeHHO, ,!J,a)l(e 6e3 

nonpaBoK, na6nm.rraeTcH npeo6na..:iaIOmaH ponh / puc. 1/ 
HCTO'IHHK0B, ,llaIOlUHX B HTore pacna..:ia 11eTH0e 'IHCJIO raMMa

KBaHTOB. 3TO TTO'ITH HCKJIIO'IHTeJihHO 11° - Me30Hhl / puc. 3,4/. 
Cpe,IJ,Hee 'IHCJIO raMMa-KBaHT0B, a JaTeM H 11° -Me30HOB 

HC JaBHCHT OT 'IHCJia NcH 3ap»)l(eHHbIX np0.llYKTOB, ncnyc

KaeMhIX BO BJaHMO.!IellCTBHH B npe.lleJie Jna11ennii NCH =l -6. 

C pOCT0M NCH CBbIWe 6 cpe.rrHee 'IHCJI0 raMMa- KBaHT0B 

yMeHbWaeTCH. 
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·t 

H 

k -raMMa-KBaHTaMH KaK C06bITHR C k-l ,k-2,... BCJie,ll

CTBHe HeJaperttcTpHpOBaHHbIX 1,2 .•.•. raMMa-KBaHTOB 

H3 k H JJiytJeHHhIX. Pacnpe,lleJieHHe Ha6JIIO,llaeMbIX Ha OIThITe 

IlJIOTHOCTeii H Kpa THOCTeii, Bhl'IHCJieHJ1bIX C Y'-leTOM 3$

<beKTHBHOCTeii perncTpamm c, npHBe,lleHbl Ha puc. 1. 

2.2. PacnpeoeAeHue cpe6He20 •tucAa 2aMMa- ,ceaHmoe 
N y 80 83QUMOOeiicnau.Rx C f)Q3HblM '-IUC/IOM 
3DP.RJ/CeHHblX anopU'-IHblX '-lacnuq NcH 

· Pacnpe.lleneHne Nv = f(NcH) ·noKa3aHo Ha puc. 2. 
HaHec~HHwe no pacnPe.lleneHHIO own6Kn noKa3wBaIOT cTa
THCTH'-leCKHtt pa36poc. 

2.3. 3Hep2enu'-1ec1Cw1 cne1,hp 2a.itMa- ,caa11rzoe 

3nepreTH'-leCKHtt cne1np ra!\tMa-KBaHTOB noKaJaH Ha 

puc. 3. · B pacnpeiieneHn11 Y4T.CHbl. cTaTHCTH'-lecKne· aeca 

raMMa-KeaHTOB. ITonpaBJrn coc'rasnmpT HJ- 3a :6onbmou 

3$qJeKTHBHOCTH perHcTpamrn ra !\1Ma- J<saHT0;B --- He6oJibWYIO 

.llOJIIO _cny'-laea. · Ta1<, Hanp11!\1ep •. B mrnnaJoHe 3Ha'-leHHii 

3Heprnu 50-100 M3e nonp'am-;:a COCTaBJIJieT 0K0JIO 9o/o, 
ri '.IrnanaJoHe 150-200 M:Je - ·oKoJio 6o/o. 

2.4. Pacnpe6eAe1we 3<_fi<fie1mue11b1x .itacc 
l' , , 

· nap'2aMMa- 1rna11noe 

Jfa KOM6HHaunn nap 3aperncTpnpoBaHHhlX B ,llaHHOM 

B3aHMO,lleHCTBHH raMMa-1<aanTOB 6hIJIH ·nonyyeHbl Jipipe_J<THB

Hhle Macchi MYY • PacnpeneJiem,e JTnx Mace noKaJaHo Ha 
puc. 4. 

2.5. HMnYAbCbl " 0 
- 111e3011oe 

.. Ha puc. 
11°-MeJOHOB 

~&, 

5 noKaJaHo pacqpe,!lenenne cpe,llHHX HMilYJihcoa 

a. JBeJ.llax c paJHhIMH JHa'-le_~HRMH NCH;. . Ha 

puc. 6 ,llaHbl cpe,llHHe JHal.feHHR nonepe'-IH0H COCTaBJIRIOIUeH 

HMITYJihCOB11° -MeJoHoeP o.1 B 3Be3.llax c pa3HhIMH N 
TT CH 

2.6. Y2Abl 3MUCCUU 11°-Me301108 

_3HaqeHHR cpe.I1HHX KOCHHycoa yrna ,M11cc1rn11°-Me30HOB 

BO B3aHMO.IleHCTBHRX C pa 3HhIMH NCH npHBe.IleHbl Ha 

puc. 7. 

+ -2. 7. TT -Me30llbl, U3/ly•tae.it1:,1e (3 TT -Xe 83QUMOOeiicmauJlx 
npu 3,5 I':Ja/c 

+ 11 -Me30HbI H.lleHTmfmunpyJOTCH 6e10T1<a1110 npn na6mo-

.I1aeMoii uenol.fKe 3apR">i<e1111b1X npo,1y1<T0B pacna,lla 11+ ➔ µ++c+. 
KaMepa RBJIHeTcR .IleTeKTopoM c reoMeTpueii 4II .IlIIR 11 +_ Me -

3()H0B B .IlHana30He 3Ha4emttt IIX ll!\IITYJibCOB/6O-18O/M:Je/c . 

Ha puc. 8 noKa3aHo pacnpe,1e11e1111c 'JTIIX 11 t- - Me30H0B no · 

HMnyJibCaM. )IJIH cpaBHCHHH npHBC,lCJI0 a11aJiorn411oe pac

npe.IleJieHHe rr0 -Me30H0B, HaX0..'IHIUHXCH B ")TOM iK'e .I1Hana10-

He HMnyJibC0B. Ha' pile. 9 noKa 1allbl pacnpc,;i,eJieHHH yrJIOB 

JMHCCHH TT+ H 11° -MC10110B 111 npe,1e.r1a 11!\IITYJibCOB 60-

180 M3e/c. PacnpeneneHHH H0pMnpoBallbl K 0,1HHaK0B0MY 

'-lttcny cnyqaea. 

.. 
3. OECY)l(JIEHHE PE3YJib TATOB 

B ycJI0BHHX HCITOJib10BaHHOH 3,1ecb 18O-nnTpOBOH Kce

HOHOBOH ny3blpbKOBOH KaMepbl ,qirpeKTHBHOCTb perHCTpaunn 

raMMa-KBaHTOB BO BCeM nnana1one 'JHeprHH CBbIWe 15 M38 
CT0Jih 60JiblllaH, '-ITO l.feTK0 H Henocpe..'ICTBeHHO, ,lla)Ke 6e3 

nonpasoK, Ha6JI10.I1aeTCH npeo6na,1a10maH ponb / puc. 1/ 
HCTO'IHHKOB, .IlaIOIUHX B HTore pacna.1a l.feTHOe '-IHCJIO raMMa

KBaHTOB. 3To no'-ITH HCKJIIO'-IHTeJibHO 11° -MeJOHbI/ puc. 3,4/. 
Cpe,llnee '-IHCJIO raMMa-KBaHT0B, a 3aTeM H 11° -Me30HOB 

He 3aBHCHT OT '-IHCJia NcH 3apH)KeHHbIX npO,llYKTOB, ncnyc

KaeMbIX BO B3aHMODeHCTBHH B npe.lleJie 3Hal.feHHH NCH =I -6._ 
C POCTOM NCH CBbillle 6 cpe.l!Hee 'IHCJIO raMMa-KBaHTOB 

yMeHhIUaeTCH. 
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... 

IlorrepeqHbJe HMIIYilhChl rr 0 ·Me30H0B YMeHbUiaIOTCH C 
pocroM qncna NCH or 3naqenn11 - 340 M:1e/c rrpn Neu=· 0 
.ri;o -160 M:1e/c rrpn I'{;= 14. 

Cpe.nnnii HMIIYilhC ii° ·Me30H0B YMeHbUiaeTCH C poCT0M 
Neu I puc. 5/, or...QOO M:1e/c rrpn N cif O .ri;o...J.8O M:1e/c 
npH Neu= 14. OTCYTCTBYIOT MeHbUIHe 3HaqenHH HMIIynhC0B, 
xoTH rr 0 ·MeJ0HbI Mornu 6h1 6hITh Japerucrpnpoaanhl, ecnu 
6h1 nx IrnneruqecKue :rneprun 6hrnH uyneBhIMH. 

Aarophl Bhlpa,KaIOT 6naro.uapHOCTh rrpoqi. II.B.qyauno 
H .ri;oKropy qiuJ:·MaT. nayK B.A.IIIa6aHOBY Ja rrpe.nocraane
HHe KaMepHbIX CHHMK0B. Ilpoqi. M.II.ConOBbeBy Mhl BeCbMa 
IIPH3HarenhHhl Ja HHTepec K pa6oTe. 
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1. M.,l(au11ceeu'-1, E.C/loeu11c1eu.u, 3.C.Cnpy2a/lbc1euu . .JI<l>, S, 
341 /1967/. 

2. E.C/loeu11c1euu, 3.C.Cnpy2a/lbc1euu . .JI<l>, 9, 142 /1969/. 

8 

Py,conucb nocnynu/la e u3oame/lbc1euu omoe/l 
8 ae2ycma 1973 200.a. 

~ 

iOOO.---------

N 

500 

• 

0 

• 

5 ~o N 15 

• 
Puc. 1. Pacrrpe.neneHne raMMa • KBaHT0B, corrpoB0,K.L{aIOI.l.(HX 
TT- -Xe B3aHMO.L{eHCTBHH ITO Kpa TH0CTHM: • - Ha6nIO.ri;aeMhle 
JHaqeHHH, X - JuaqeHHH, rronyqenHhie c yireToM cpe.nneii: 
3qJqJeKTHBHOCTH perHCTpauuu raMMa • KBaHT0B i". 

9 

\I ------------------~~ 



0 
5

.
.
-
-
-
-
-
-
-
-
-
-
-
~

-
........

..... -
-

N
~ fJ

 
4 

... 0 tll
 
~
 

I.I=
 

P
l 

C
'l 

=·
 

E:: o
w

 
l:

I·
 

(1
) =,w

 
(') 

=
 

..
, 

(1
) 

tll
 "

d
 

=..
., 

:,Q
 

(1
) 

><
 .

., 
::I

 
=

 
"d

 
..c:

 
=

 (1) (') 
W

:>
:! 

. 
=

 
C.1

1 
=, .., (
')

 

Cu
 

::I
 

(!
) 

(1
) 

..._
,_,

_:,
:: 

;l
 .

., "d
 ..., p,
 E:: E:: P
l I :,::
 

tll
 

P
l =
 

.., 0 tll
 

tll
 

:i
 I 

I ><
 

en
 

• 
• 

• 
I 

. 
. 

. 
-· 

I 

5 
15

 . N
CH

 
P

H
c
. 

2.
 

P
a

c
n

p
e

.n
:e

n
e

H
H

e
 

c
p

e
.n

:H
H

X
 

•-
rn

c
e

n
 

ra
M

M
a

·K
B

a
H

T
O

B
 

N
y
 

B
O

 
B

3
a

H
!-

fO
.D

:e
H

C
T

B
H

J
IX

 
C

 
p

a
3

H
b

IM
H

 
'-

IH
C

J
la

M
H

 
3

a
p

,r
n

<
:e

H
H

b
IX

 

B
l'
O

P
H

lf
H

b
IX

 
n

p
o

.n
:y

K
T

O
B

 N
C

H
 

• 

-:
:,

. 
N

 
c.

,.)
_ 

J
h

 
Q

 
0 

0 
0 

c:
, 

C
>

 
0 

0 0 

8 - § 
f'

l~
 

~
 

0 
:I

o
 

" < 
N

 § 
·~

' 

U
1

 

8 

20
 

z.
 e

r,
 8 



'i 

'; 

N 

400 . ~ 
300~ I I 

200~ I I 

100~ I I 
t r 

0 

I 

500 

I 

I 

1-

I 

M M V1000 
'lr~ e 

Puc. 4. Pacrrpe.neneHue J!p!peKTUBHbIX Mace KOM6UHauuii nap 
raMMa - KBaHTOB M yy • 

12 

J 

I 

I 

I 
I 

1000 

~o Me,¼ 
800 

t 

600 '. t 
l 

t 
f t t 400 

200 

0 5 10 
NCH 

15 

Puc. 5. Pacrrpe.neneHue cpe,nHUX UMIIYJibCOB 11° ~Me30HOB 
fiTTo BO B3anMo,neiicTmrnx C pa3HbIMU NCH. 

13 



,j 

'\ 

5 

t .. 
~ 

C 

400 

300 

200 

100 

0 

f t 
t f f + I f , 1 t 

5 10 15 N 
CH, 

20 

Pnc. 6. Pacnpe11eJieH11e ~onepe4HhlX cocTaBJIHmmux nM

TIYJihCOB rr 0 -Me30HOB. Po_l'BO B3BH~10.!leii:cTBHHX C pa3HbIMH 

NcH • rr 

14 

,,✓ 

+1 

+0.8 ir + 
f + +0.6 + + 

+0.4~ +++ 
_•0.2 ~ + d f 
cos-:} 

0 
o 

~ 

. -0.2 t 
-0.4 T t 
-0.6 

-0.8 

-1 

5 10 15 · NCH 20 

Pttc. 7. Cpe.rrnee 3Ha4eHne KOCHHyca yrJia JMHCCHH 0Tlo 

rr
0 

-Me30HOB B 3Be3nax C pa3HblMH 4HCJia~lf NCH' 

15 



N 
70 
60 

so 
40 

30 

20 

10 

0 100 

~ ·' ,, 

-- !l[o 

200 

~t; 

300 
MeV 

C 

PHc.· 8. Pacnpe,!leneHHe 11+ H 11° ·Me3OHOB H3 )1Hana3oHa 
/60-180/ M3e/c no HMilYJibCaM. HopMHpOBKa npoae.ri;eHa 
no OTHOUieHHIO K O}IHHaKOBb[M '·IHCJiaM co6hITHH. 

?:il6 

/ 

so.-----~-~_;_----, 
N 

40 

30 

20 .- - - - - -, 

·10 

-1 -0.6 

-- --- -ro 

.-L __ ~------
• 
I 

_;_J 

-0.2 

71"+. 

.. 02 +0.6 +1 

tos-3':R": 

Puc. 9. PacnpeJienem1e yrnou 3MHccnn 11+ n 11° ~Me3OHOB, 
HaXO}IJII.I.(HXCJI B HHTepuane HMTIYJibCOB 60-180. M3e/c. 

17 


