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Abstract 

The intranuclear cascades, initiated in the photoemulsion by rr -mesons 
with the energy from several dozens of MeV up to 20 GeV, have been 
calculated by the '\1onte-Carlo method, The laws of the energy and momen
tum conservation and diffuseness of the nuclear boundary are taken into 
account: the processes of pion production (in particular, multiple particle 
production) and the absorption of rr -mesons by target nucleons are ta
ken into consideration. Continuous energy dependence of the intranuclear 
rr- · N and N- N interaction parameters is taken into account by means 

of special polynomial expressions, 

The results of the calculation agree well with experiment at all the 
energies 'I' < 5 GeV, At higher energies the disagreement (increasing 
with the incr"'ease of the energy) between the calculated and experimental 
characteristics of grey and black tracks is observed, In the previously 
carried out calculations this circumstance was disguised by inaccuracies 
due to the too rough approximation of the low energy part of the intra
nuclear rr- N and N - N interactions. 

The modifications which have to be introduced into the conventional 
intr~.nuclear cascade model at the energy 'I' ~ 5 GeV, are discussed, 

---·-:--··-,..,....._ 

1, MexaHH3M BHyTpHH.nepHbiX KacKa.noB 

/1-8/ 
B pa60TBX p!IAB 8BTOpOB ( CM, 0 HanpHMep, 0 r.ne MOlKHO HallTH 

nanbHellwyiO 6H6nHorpa$HIO) 6bmo noKaaaHo, 'ITO B WHpciKoll o6nacTH 3HeprHil 

3 
OT HeCKOilbKHX lleCHTKOB M3B H AO T "' 10 ras OCHOBHbiM MeXaHH3MOM 

HeynpyrHX B38HMO,nellCTBHil '18CTHU C SlllpOM SIBU!IeTCSI MexaHH3M BHyTpHHAep

HblX K8CK8ll0Bx/, 0AH8KO AOCT8TO'IHO no.npo6Hoe H p83HOCTOpOHHee CpBBHeHHe 

KBCK8AHOil TeopHH C OllblTOM c.nenaHO ilHWb Ail!! OTHOCHTeilbHO HH3KHX 3Hep-

. /1-3/ 
rHil 1 KOrna MOlKHO npeHe6pettb npoueCCBMH Me30H000p830B8HHSI o npH 

OOilbWHX 3HeprHHX C 3KCnepHMeHTOM 1 B OCHOBHOMo Cp8BHHBBilHCb TOilbKO 

cpellHHe xap8KTepHCTHKH B3BHMOAeliCTBHil H llHWb B OTllenbHblX cnyttaHX pac

/3-8/ 
CMOTpeHbl ,nHijlljlepeHUH8ilbHble yrnOBble H HMnynbCHble pacnpe,neneHHSI 

TaKoll nonxo.n noaeonHeT nonyttHTb npaBHnbHOe o6wee npe.ncTfeneaHe o 

xapaKTepe npouecca B38HMo,nellCTBHSI '18CTHUbl C HllPOM 0 OAH8KO HeKOTOpble 

Ba>KHbie .neTanH npH 3TOM MoryT Ob!Tb nponyweHbi, TeM 6onee, 'ITO pactt~Tbl 

pa3ilH'IHblX 8BTOpOB OTHOCSITCSI K p83ilH'IHblM OOilBCTHM 3HeprHH 0 8 HCll0ilb30B8-

HHe nnH onHcaHHH rr - N H N - N -B38HMO)lellcTBHll BHyTpH H,npa 3KCnepH-

MeHT8ilbHblX A8HHbiX1 ycpe,naeHHbiX no WHpOKHM H MeHH!OIUHMCSI OT p800Tbl 

K pa6oTe 3HepreTatteCKHM HHTepBanaM, MO>KeT 38M8CKHpOB8Tb 8HOMBilHH B 

/10/ 
noee.neHHH pactt~THblX BenHttHH 

llononHHTenbHblM HCTO'IHHKOM HeTO'IHOCTH paC'I~TOB cny>KHT npeaeopelKe

/5-8/ 
HHe 38KOH8MH COXpaHeHHSI 3HeprHH H HMnynbCB (B H8WHX pa60T8X 3TH 

38K0Hbl yttTeHbl ilHWb B cpe,nHeM 0 'ITO onpaBABHO AflSI p8C'I~TB CpeAHHX xapaK-

x/ 
3necb H nanee T- KHHeTHtteCK8SI 3HeprHH HaneT8lOIUell tt8CTHUbl B 

na6opaTopHoll CHCTeMe KOOpAHH8T, 

3 



TepHCTHK, OJlH8KO MOJKeT CyllleCTBeHHO CK838TbCH H8 JlHcjlcjlepeHUHanbHbJX 

Ill/ 
pacnpeneneHHHX ), ncnonbaoaanne rpy6oA MOJlenn Hllpa 6ea y~~Ta nncjlcjlya-

nocTn ero rpaHHUbJ, npene6peJKenne noTenunanoM, neAcTBYJOIIlHM na Me30Hbl 

BHyTpH HJliJ4o 

3a HCKnJO~euHeM o6naCTH O~eHb BbiCOKHX KOCMH~eCKHX aneprnA, rne 

axcnepnMeHTbJ o~eHb TPYllHbJ, H o6nacTn aneprnA T :1 200 Mas, rne Bbl .. 

~ncneHHH ynpOIIl810TCH 6narOJl8pH TOMy, ~TO He HYlKHO y~HTb1B8Tb nHOHO-

e6p830B8HHe, TO~HOCTb K8CK811Hb1X pac~~TOB OK83bJB8eTCH HHlKe 9KCnepHMeH

TanbHOAo 

Bee aTH coo6paJKeHHH no6yannn nac eme paa aepHyTbCH K pac~~Ty 

BHyTpHS!JlepHbiX K8CK8JlOB C TeM, 'IT06bJ CyllleCTBeiiHO nOBbiCHTb HX TO~HOCTb 

n nposecTn 6onee neTanbnoe cpaanenne so sceA o6naCTH aneprnA, 6onbmnx 

HeCKOnbKIIX JleCHTKOB Mas, rne MOlKHO p8CC'IHTbiB8Tb H8 npHMeHHMOCTb Teo

pnH BHyTpHHilepHblX K8CK8Jl0Bo 

HnJKe nanaraJOTCH peaynbT8TbJ noapo6Hb1X pac~~ToB Heynpyrnx nnon

HllepHbJX B38HMOJleACTBHA, TeopeTH~aCKOMy p8CCMOTpeHHJO KOTOpbJX JlO CHX 

. 16 8 9/ 
nop 6bJnO DOCBHIIleHO Bcero nHWb HeCKOnbKO pa6oT ' ' o 

Lln51 Cp8BHeHHH Bbl6p8Hbl cjJOTOSMynbCHOHHble l18HHbJe, T,K, 3TH JlOHHhle 

SIBnSIJOTCH B H8CTOHIIlee BpeMSI H8H6onee nOJlp06HblMH H n03BOnHJOT npocneJlHTb 

noBel!eHHe X8p8KTepHCTHK DHOH-S!Jlepaoro B38HMOJleACTBHH BnnOTb JlO SHep-

rnA T "' 20 ras, 

CymeCTBeHHOe OTnH~He Jl8HHOA cepHH K8CK8JlHbiX pac~~TOB OT BbJDOn

HeHHbiX BO BCeX 6onee p8HHHX p860T8X COCTOHT B ~H8~HTenbHO 6onee TO~HOM 

MOl!ennpoBOHHH HeynpyrHX 17 - N H N - N B38HMOJleACTBIIA BHyTpH 11Jlp8, 

3TO JlOCTJ!raeTCH C nOMOIUbJO annpoKCHM8UHH 3KCnepnMeHT8nbHbiX JlaHHblX 

CDeUHanbHblMH DOnHHOMHanbHblMH Bblp8>KeHHHMH C aaBHCHIIlHMH OT 3HeprHH KO

acjlcjlnu HeHTaMn, CT8THCTH~eCKHA p03blrpb!W no KOTOpbiM BblnOnHHeTCSI TaKHM 

06pa30M 0 ~T06bl B KalKJlOM OTJlenbHOM 8KTe 17 - N HnH N - N B3aHMOJleA-

CTBHH 6bmH BbJDOnHeHbl 3aKOHbl COXpaHeHHH SHeprHH H HMnynbCa ( 3TOT ~eTOJl 
112 18/ 

H ero cpaauenne c onbiTOM nonpo6no onncaHbl a pa6oTax ' ) , 

npn Bbi~HcneHHSIX Y~HTbiBanacb JlHcjlcjly3HOCTb rpaHHUbl Hllp8 H stllepnoro 

fiOTeHUHana ( napaMeTpbl HJlepHOA nnOTHOCTH 6bJnH B3HTbl H3 OfibJTOB C pac-

ces!HneM aneKTponoa), Y~HTbJBanocb, ~To BHyTpn stnpa na 17 -Me30H, K8K 
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H H8 HyKnoH, )leACTByeT OTnH~HblA OT Hynst noTeHUH811 V 17 
npHHHM8118Cb 

BO BHHMaHHe TaKJKe B03MOlKHOCTb nornomeHHSI Me)lneHHOrO 
17 -Me30Ha CBS!-

aaHHblMH HyKnoHaMH HJlpa, 

stJlpa-ocTaTKa pacc~HTbiBanacb •ucnapnTenb-

0 

LlnH Ka)I(Jloro B036yJKJleHHOrO 
/14/ 

Hast' cTaJlHSI B3aHMO)leACTBHSI 

Bee pac~~Tbl BblnonneHbl c noMOIIlbJO Bbi'IHCDHTellbHOA MBWHHbl E3CM-4 

112/ 
no 

cxeMe, OfiHCaHHOA B pa6oTe , JliiSI cpeaHero S!Jlpa cjloTOSMYIIbCHH TO Ga • 

2, MnoJKecTaennocTb poJKJlaJOIUHXCst ~acTHU 

Ha pnc, I noKaaana aaancnMOCTb oT aneprHH nepan~uoro 17--Meaona 

ii a H D 8 , a T8KlKe 
cpeanero ~ncna penHTHBHCTCKHX H cepbiX cneaos 

cyMMapnoro 'IHcna cepblX n ~epHblX cneaos ii h = n 8 + n b • Llse TeopeTn

~ecKHe KpHBbJe Jlnst ii h HIIIIJOCTpHpyJOT, HeCKOIIbKO cymeCTBeHHbiM SIBIIH

eTCSI nponycK TpyJIHopernc;:TpnpyeMbiX a axcnepnMeHTe oanony~eBbJX 3B83Jli 

npHMepHO B TaKOM JKe npoUeHTHOM OTHOIIIeHHH H3MeHHJOTCSI npH aTOM T8KJKe 

3Ha~eHHSI D& H D a • 

B o6nacTH T :;; 5 rae pac~~THbie KpHBbJe xopo111o cornacyJOTCH c 

aKcnepHMeHTanbHbiMH TO'IKaMHo CornacHe B aTOM cny~ae HMeeT 
MeCTO H 

JliiSI 6onee 'TOHKHX' xapaKTepHCTHK, aanpnMep, JliiSI KOppenHUHA ~Hcna ~ep
aTOM 17 -Me3o-

HbiX 
H cepblX TpeKOB B 3Beane C 'IHCIIOM pO>KJlOJOIIlHXCSI npH 

( CMo puc, 2), 

PaanH'IHe pac'I~THoro H axcnepnMeHTODbHOro 'IHCen aseaa c 

t' 
HOB 

D h• Q 

H 
D h = 1 Ha pHCo 2, oco6eHHO JliiSI 3Be3Jl 6e3 BHJlHMblX cnellOB 17 -Me30HOB

0 

DOK83bJB8eT, KaKaH 'laCTb C06b1THA 

~aCTHU TepHeTCSI npH DpOCMOTpe, 

C ManoA MHOJKeCTBeHHOCTbJO pO>KJlOJOIIlHXCSI 

TeopeTn~ecKaH MllOJKeCTBeHHOCTb penHTHBHCTCKHX cneJlOB xopo111o co

rnacyeTCH C onbJTOM H npH 60IIbiiiHX aneprHHX, OJlHOKO, TeopeTII'IeCKHe 3H8-

'IeHHSI n 
8 

H n h OKa3bJB810TCSI npH aTOM aaMeTHO 6ollbllle aKCDe-

pHMeHTanbHblXo B TO speMH KaK aKcnepnMeHTOIIbHaSI MHOJKeCTBeHHOCTb cepblX 

cneJlOB D a, ecnH CYJlHTb no HaH6onee TO~HblM H3MepeHHSIM 0 JlOCTHraeT npH 

T > 5 rae aacbiiUeHHSI, a aKcnepnMeHTanhHbJe ana'leHHH ii h aaJKe o6na

PYJKHBaJOT TeHJleHUHIO K yMeHbllleHHJO, COOTBeTCTByJOIUHe TeopeTn~eCKHe 3Ha-
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7 

5 
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0.05 
Pac, I, 

1( .... 

j/ ~ 
.~:::Y.f 

U2 U5 LO 2.0 50 10 20 
3aBHCHMOCTb cpCJlHCft MHOlKOCTBCHHOCTH s- , 8- H h- CllOJlOB 

B $oT03MYllbCHH OT KHHOTHqecKoft 3HeprHH nepBH'IHOro w--M030Ha, 

KsaapaTllMH 1 TpeyrenbHHK8MK H KPYlKK8MH H8HOC9H&I COOTBOTCTBOHHO 

3KcnepnMeiiTan&H&Ie auaqenH!I ii "' ii • H ii.h /15-30/, CseTn&le 

3H8qKH OTHOC!ITC!I K ll4HHbiM 1 nonyqeHHbiM MOTOllOM llpocMOTpa 

3MlllbCHH BllOllb Cll9ll41 34WTp'H;x:OB4HHb19 3H8qKH - ll4HHb19
1 

nony
qeHHb19 npH npocMoTpe no nnowallH, Cnnown&le KPHBble - peaynb

TaT pacqeTa Jln!l cpel!Hero !lllpa cjloroaMynbCHH 70 Ga. KpHBa!l A 

lln!l ii h ( T ) - cpe!lnee '!Keno h -cnelloB lln!l 3B93ll c o > 1 • 

nyHKTHpOM ll0K838HO H3M9HOHH9 senHqRH . ii h( T) H li tT ) , 
COOTB9TCTBYIOUI90 H8H6onee .0.0CTOB9pHbiM 3KCDOpRMeHT8.nb:biM IlElH
HbiM. 
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npoaon~BIDT eoapaCTBTb, np11 T = 17 rae TeopeTIIqecKoe aaaqea11e 

n & npeeocxoa11T aKcnepiiMeHTanbHOe np1161111311TenbHO eaeoe, a pacq~THoe 

aaaqeHHe nh OK83bieaeTCSI 60llbWe aKcnepiiMeHTBllbHOro noqTII e nSITb 

pna, 

BecbMa noKaaaTenbHbiM SlenSieTCSI H3MeHeHHe xapaKTepa aaeiiCHMOCTH 

cpeaaero qHcna po~aaiDmHXCSI n11eaeeb1X qacTHU oT qncna cepbiX 11 q~pHbiX 

TpeKoe e aeeaae ;;-
s 

= f ( n ) 
k 

e 061IBCTII 
xl 

T =5 rae (eM, pHC, 3) • 

np11 T < 5 rae MHO~ecTeenHOCTb n • TeM MeHbwe, qeM 6onbwe 

e aeeaae cepbiX 11 q~pHbiX TpeKoe, 3To xopowo cornacyeTCSI c peaynbTaTaMH 

KBCKBaHblX pacq~TOe, npH T > 5 rae KapTHHB H3MeHSieTCSI: n. pacTeT 

no Mepe yeenHqeHHSI n h • 

l1HTepeCHO OTMeTIITb0 qTO BHOliOrHqHaSI KapTIIHB 11.3MeHeHIISI aaeHCH-

MOCTH ii = f ( n h) IIMeeT MeCTO II e cnyqae HyKliOH-SiaepHbiX eaaHMO-

aeifcTeHi!, 

161 
B pa6oTe OTMeqanocb cornacHe c onbiTOM npH 17 rae MHo~ecTeea-

HOCTH KBK peliSITHeHCTCKHX n 9 ., TBK H Cepb!X Cneaoe ji K • nocneaHee 

6bi1IO o6ycnoeneao TeM, qTo anSI pacq~Toe HH3KoaaepreTnqeCKIIX "- N 11 

N - N CTOliKHoeeHHil HCnOllb30e81IHCb aaHHbie, ycpeaHeHHbie no 60llbWOMy 

aaepreTIIqeCKOMY IIHTepeany AT oT nopora po~aeHIISI " -Meaoaa ao 

T = 1 rae, ill11poKo pacnpocTpaaeao MHeHIIe, qTo noao6aoe np1161111~eH11e 

BnOnHe nonyCTHM0 0 nOCKOllbKY 38 Cepb!e Cneabi OTeeTCTeeHHbi, e OCHOeHOM, . 
HY'KJlOHbl OTaaqll, o6pa3yiDWIIeCSI npll B3811MO!lei!CTBHSIX C BbiCOKOaHepreTIIqec-

KOil KOMnoHeHTOH K8CKaaa, II XapaKTepiiCTIIKH TBKHX B3811MOileilcTeHi! On11Cbi

B8IDTCSI nocTaToqao Toqao, Mbi elllliiM, qTo 6onee ToqHbie pacq~Tbi ae onpae

llbiBBIDT T8KOe np1161111~eH11e, 

B paccMoTpeaaoi! HaMil o6menp11HSITOI! cxeMe BHYTPIISIIlepaoro KaCKaaa 

HeT MexaHII3Ma, KOTOpbiil nplleOilHll 6bi K HBCbiWeHIIID 111111 K yMeHbWeHIIIO 

MHO~eCTBeHHOCTII Cepb!X II q~pHbiX Cnenoe e 06118CTII Bb!COKHX 3Heprlli!, 

xl B cnyqae T = 1,87 rae Ha piiC, 3 BMeCTO ii. yKa3aHbl 3HaqeHHSI 

cpenaero q11cna pO>KilBJOWHXCSI aapSI~eHHbiX Meaoaoe n"± .HeKoTopoe paan11q11e 

TeopeTuqeCKIIX II aKcnepHMeHT81IbHbiX llBHHbiX np11 60llbWHX n h MO~eT 6b!Tb 

CeSI38HO C TpyaHOCTSIMH 3KCnepHMeHT81IbHOi! HaeHT~HK8UHH " -Me30HOe e MHO

rQnyqeBbiX aaeaaax, 

.8 

ns 
iO 

8 

6 

4 

2 

D 
0 

PHc, 3, 

T 
I 
I 
I 
I 

I 
I 
I 

l+ 

8 

T 
I 

/6 

I f I 

24 
KoppenauRB cpeauero qacna penHTHBHCTCKHX cneaoB B aaeaae De 
H cyMMapuoro 'IRena qepbiX a ':U~tpHbiX cnenoa ~h. 3aa'IKBMH A, A, 
•. 0 OTM9'18Hh1 ~KCnepHM8HT81lbHbl8 .D.8HHb18 CO~TB8TCTB9HHO llllSI 

SHeprHH nesBH'IHbiX ,--M930HOB T - I ,87; 4,2. 10 H 

16,1 f&B/2 ,25,29,30/, racTorpaMMhl - pac'II!T .Qnll T- 1,87; 
4,5 H 16,1 f&B, 

9 

n~. 



3. YrnoBbie H HMnynbCHbie pacnpe.aeneHHll 

B o6nacTH HH3KHX sHeprnll, Hl!lKe nopora POlKJleHHll BTOpH'IHbiX " -Me-

116,31/ 
aoHOB H3BeCTHbl .!lBe pa60Tbl t B KOTOpb!X 6btnH H3MepeHbl yr!IOBb!e 

H sHepreTH'IeCKHe pacnpe.aeneHI!ll Heynpyro pacceliHHbiX MeaoHoB (eM. pHc. 

4 H 5). XoTll cTaTHCTI!'IeCKal! o6ecne'leHHOCTb 3TH X .aaHHbiX HeBennKa, TeM 

He MeHee, H3 cpaBHeHHll HX C COOTBeTCTBYIO!UHMH TeopeTH'IeCKHMH rHCTOrpaM

M8Mll )l0CT8TO'IHO l!CHO BH.!lHO, 'ITO llpH pac'IE!!Te liHOH-l!.!lepHb!X CTO!IKHOBe-

HHH He06XOJlHMO BBO.!li!Tb liOTeHUH8II B38llMO.!leliCTBHll Me30H8 B ll.!lpe 

V "~ 25 Maa. 

HeKoTopal! Heonpe.aeneHHOCTb H3BeCTHbiX HaM celiqac ce'leHHll nornome-

HHll " -Me30H8 B ll.!lpe cna6o CK33b!B8eTCll H8 <jlopMe TeopeTH'IeCKHX pac-

npeaeneHuli. 

3HepreTH'IecKne cneKTpbi H yrnoBbie pacnpeaeneHHll " -MeaoHOB Anll 

6onbllii!X aHeprHii npe!lCT8B!IeHbl lia pHC. 6 H 7; COOTBeTCTByiOIUI!e cneKTpbl 

IIpOTOHOB yK838Hhl H8 pHC. 8. 

VIa npHBe.aeHHhiX .aaHHhiX BH.!lHO .aocTaTO'IHO xopornee cornacne Teopi!H 

H 3KC!Iepi!MeHT8
1 

OC06eHHO ecnH y'leCTb .!lllCKpHMllH8UHIO C06hiTHH BC!Ie!lCTBlle 

IIOTepl! Hil Ollb!Te ManonyqeBb!X 3Be3.!l• 

06pamaeT H8 ce6ll BHHM8HHe 38MeTHOe p83flH'Ille pe3y!IbT8TOB H3Mepe-

mfi-1, BbllionHeHHbiX paanH'IHbiMH aBTopaMH rrpn 6nH3KHX aHeprHliX. TaK, B 

Me30HHbiX crreKTpax rrpH T ;= 1,5 raa , rrony'leHHhiX aMepnKaHcKoll rpyrr-

/22/ 
noll 

1 
He BH.!lHO K8KOll-nH60 CTpyKTypb! 1 B TO BpeMH KaK B pa6oTe rnBe.!l-

' /23/ 
CKHX <jlll3HKOB llpH 1 = 1,87 f3B OT'IE!!T!IHBO 38MeTeH !IpOB8II B o6naCTll 

T ~ 0,2 - 0,3 raa. 3ToT npoaan, o6y'cnoaneHHbill rrornomeHneM " -Meao-

HOB
1 

!IpOI!Bfll!eTCSI 1 llp8B.!l8 1 C HeCKO!IbKO MeHbllleli rny6HHOll ll B TeopeTH-

'leCKOM CIIeKTpe, 

Pa3!Ill'IHe B .aaHHbiX aTHX aayx 3KcrrepHMeHTanbHhtX rpyrrrr Ha6niD.aaeTcH 

H B .!lpyrHX IIyHKTBX. no .!l8HHbiM aMepHK8HCKOli rpyii!lbl yrnOBOe pacrrpe.aene-

Hl!e "-Me30IIOB, o6pa3y!OIUHXCll B tPOT03MYflbCHH !IpH T = 500 H 750MaB1 

of 18 20/ 
HMeeT HpKO Bb!palKel!l!blll IIO.!l'beM B o6nacTH () ~ 180 

1 
, 0.!l1!8KO ll3Mepe-

HHSI lliBe)lCKOll rpyliiibl !IpH 

/19/ 
lKllflH 

T = 560 Msa HH'Iero rro.ao6Horo He o6Hapy-
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Yrnosoe pacnpeaeneaue H aaepreTnqecKHA cneKTp u--Me30HOB, 
Heynpyrg pacceHHHbiX Slllp8MH $oTOSMynbCHH B HHTepBane 90 '!_IJ 5 

:S 180 ( e npoH3BOnbHbiX eiiHHHuax, aHa'!eHHH T e Mae) • 
3HeprHH nepBH'IHbiX fT- -M930HOB r - 160 MsB. CnnomHbl& rH
cTorpaMMbl H rHCTOrpaMMbl H3 T0'19K OTHOCRTCSI C00TB9TCTB9HHO K 

cny'laSJM, ·xorna v, • 25 Mae H V, • 0; B o6oux cny~~:aRx 
yqTeao nornoweane MeaoHoB a srape. nyuKTHpoM aaueceHbl rucTorpaM-
Mbl llnR cnyqasr, Koraa V" • 25 Mea H nornomeuue ae Y'IHTJ,IBa-
eTCR. 3KcnepHM9HT8nbHbl8 TO'IKK B3RTbl H3 pa60Tbi/31/. 
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Puc. 5. Yrnosoe a aaepreTHttecKoe pacnpe.neneaua: rr -Meaoao,, aeynpyr'o 

paCCeSIHHbiX B Sl.ll,epao1\ lj)OTOSMynbCHH ( B fipOH3BO.nbHbiX 9.D.BHHU8X, 

aaaqeaue T a Mas). 3aeprua nepBH'liHhiX "--MeaoHOB T •210Mas. 
CnnOWHbiG I'HCTOrpaMMbl OTHOCHTCSI KO BCeM 3B93.D.8M, nyRKTHpHble -

K aaea.aaM c n h ~I • ToqKaMH aaaeceHbl peaynbT8Tbi pacq~Ta B cny-
qae, Kor.oa V rr a 0 (ll.nB acex aaean.). 3xcnepuMeHT81IhRble 
TQqKH B3HThl H3 pa60Thl/!6/, 
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Puc. 6. 3aepreTHttecKue crreKTpbi sapsnKeHHh!X " -Meaoaoa, o6paayJOlllHXCH 

npH B3SHMoneACTBHH C HnpOM ~OT09MynbCHH "--Me30HOB C 3HeprH

eA T ( B npoH3BOnbHh!X enHHHuax, saeprHH T" B rsa). Cnn~;:!Hhle 
rHCTorpaMMhi - pacq!!T nnH cpenaero Rnpa ~oTosMy1tbcHH Ga ; 

nyHKTHp H TO"'KV.: - pacqeT COOTBeTCTBeHHO nnst 3Be3,0 C n > 1 H 

n > 2 • 3KcnepHMeHTanbHbie TOqKH B3SITbl H3 pa6oT/ 19,21,~3-:25/, 
h-

Tr 

. 

. 

-1 

• 



30~~~~~~~~~~~ 

T=0.56 C.eV 
20 

10 ~-'-m,:, --1 r -'-----,1 "tfcs]_ T~t---:_I_ 
f: .. :~ .... l .. ~ 

i D.6 0.2 -02 -06 Cos9n 0.6 

T=U6 ~~ 

10 --

2,~ 

1 0.6 0.2 -0.2 -n6 CosBn D.6 

T =0.75 GN 

02 -Q2 -06 -1 

T = 1.87 GeV 

PHc, 7, Yl"noaoe pacrrpe.oeneHue rr -Me3oHoa, o6pa3yJOIUHXCH rrpu B3aHMo.oei!

CTBHH C !jlOT03MynbCHelt rr-- Me30HOB C 3Hep!"Helt T • Bee o603Ha'leHHH 

Te JKe 1 'ITO H Ha puc, 5, 3KCIIepUM-eHTanbHble LISHHble B3HTbl U3 

pa6oT/ 19-21,23/, 
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tmposKe 3MynbCHU rr- -Me30H8MH C 3Hepl"Ueit T ( B IIpOU3BOnb

HbiX e.oHHHUax, 3Hepl"HH IIpOTOHOB T B r3B), 3KCIIepUMeHTanbHbie 

TO'IKH B3HTbl U3 pa6oT/ 19, 23,25/, P 
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PeaynhTSTbt xacxaJlHbtX pac'!I!Toe xopowo cornacyJOTCH c llSHHhtMH 

nocnellHeR rpyn!Ibl H
0 

e '!8CTHOCTH 0 TSKlKe He !IOK83bte810T K8KOrO-nH60 yee-

nH'!ellHSI ehtneTS 
11 -MeaoHoe e o6nacTH 6onhWHX yrnoe. 

Eonee JleTSnbHbtR y'!i!T COCTaea ljloToaMynhCHH npaKTH'!eCKH He H3Me

HHeT peaynbTSTOe pSC'!ilTOeo 

MHTepecHo oTMeTHTh, 'ITO eapbHpoeaHHe eenH'IHHbt noTeHuHana V 11 

H eeCbMS 3H8'1HTenbH8SI JlHCKpHMHHSUHSI aee3Jl C n h ~ 0 H n h • 1 

o'!eHh cna6o BnHHIOT Ha cnexTp npoToHoe. (Bee peaynhTSTbt, ecnH 3TO cne-

V 
11 

• 25 Mae). 
UHSnbHO He 0~0BOpeH0 0 OTHOCSITCSI K 3HS'!eHHIO 

B o6naCTH 
T > 5 rae axcnepHMeHTSnbHSSI HHijlopMSUHSI eeCbMS CKyll-

HBo lloCTSTO'IHO nonHbte JlSHHble H3BeCTHbl nHWb !IpH 
T = 17 rae. 

M3 pHCo 9 eHJlH0
0 

'ITO yrnoebte H HM!IynbCHbte pacnpeJleneHHII penHTH

eHCTCKHX cnellOe !IpH 3TOR aaeprHH XOpOWO cornacyJOTCSI C O!lbiTOMo 'liTO >Ke 

xacaeTCSI 
HH3KOaHepreT!f'leCKOit KOM!IOHeHTbl BbtneTSIO!IlHX H3 S1Jlp8 '18CTHU0 

TO cymecTeeHHble paanH'IHSI MelKilY aKcnepHMeHTOM H TeOpHeit npOSienHIOTCSI 

y>Ke e cpeJlHHX eenH'IHH8X. T 8K 0 cpellHHA TeopeTH'IeCKHA HMnynbc '18CTHU, 

ocT8enSIJO!IlHX cepbte TpeKH, p8eea 420 :!:.40 Mae/c, 8 ero axcnepHMeHT8nbHoe 
/33/ 

aHa'leHHe cocT8ensreT 610 :!:. 90 Mae/c no ll8HHbiM p860Tbi H 530±100Mae-

/32/ 
no Jl8HHbtM 6onee no3JlHeA p860Tbl • EcnH y'leCTb, 'ITO aT}! axcnepHMeH-

TSnbHbie 3HS'IeHHSI OTHOCSITCSI K aee3Jl8M C 
n h :: 8 t 8 p8C'It'!THOe - K 

eceM C06biTHSIM
1 

TO p83nH'IHe ljl8KTH'IeCKH 6yJleT e!lle 6onblllHM. 

4. 3 8 K n 10 'I e H a e 

Mbt eallHM, 'ITO nollpo6aoe cp8BHeHHe peaynbT8TOB 6onee TO'IHbiX p8c'lt'!

TOB C H3BeCTHbiMH ceit'18C axcnepHMeHT8nbHb!MH Jl8HHblMH !IOJlTeeplKil8eT Bbl

eOJl o TOM, 'ITO eo eceit o6n8CTH oT aecxonbKHX JleCSITKOB Mae llO T .. 6 rae 

HeynpyrHe B38HMOJleitcTeHSI 
11 -Me30HOB C 8TOMHbiMH SlllpBMH !IpOHCXOJlSIT 

B COOTeeTCTeHH C o6menpHHSITOA MOJlenbiO BHyTpHSIJlepHb!X K8CK8JlOB0 CO!IpO

BOlKJl810IIlHXCSI Hcn8peuaeM, 8 e cny'l8e TSI>KenbtX S!Jlep - H AeneaHeM eoa6ylK

IleHHoro SIJlp8-oCT8TK8o Pacxo>KAeHHSI C aKcnepHMeHTOM CT8HOBSITCSI cymecT-

1 
eeHHbiM nHWb !IpH 60nbWHX aueprHSIXo 

16 

ltD 

.30 

JD 
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L , 
I 

20 

tO 

Cos~ 

f Q6 0.2 -0.2 ·0.6 -j 

D 2 4 6 8 10 Ps 
Poe. 9. HMnynbcaoe a yrnaoe pacnpe.Qeneltnst naaaeabiX '!acTnu, ocTaanstJO• 

IUBX peDSITHBHCTCKH8 CD8.Qbl 11 tjiOT09MYDibCHH. 3HeprHH nepBH'IBbiX-

rr- -M830HOB T - 17 re. CnnowHaB rHCTOrpaMM8 - pac'leT l 
DYRKTHp - axcnepaMeHT8n&Rb18 .Q8RBhl8 83 pa60Thi/S2/• 
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npnqnHa 3THX paCXO~QeHHA Tpe6yeT Q8n&Heliwero nayqeHHR. 

npenaapHTenbHble OU&HKH noKa3blaaiOT, qTo no-aHQHMOMYo 3TO CaR3aHO C 

TeM, qTo a ncnon&ayeMoA celiqac MoaenH aHyTpHRnepHb~ KacKanoa coaep

weHHO HrHOpHpyeTCR TOT cjlaKT1 qTO nO Mepe pa3aHTHR naaHHbl 6biCTpbiX 

aTOpHqHbiX qaCTHU a KaCKaQ BOaneKaeTCR ace 6on&wee qncno aHyTpHRQep

HbiX HyKnOHOa
1 

6naronapR qeMy HH3K03HepreTnqecKaR KOMnoHeHT8 K8CK8Q

HbiX qaCTHU acTpeqaeT y~e MeHbWYIO nnOTHOCTb aHyTpHRQepHbiX HyJtnOHOa, 

CooTaeTcTaeHHO yMeH&waeTcR npH 3TOM n qncno "HcnapnTenbHbiX'qacTHU, 

Ecnn He yqHTbiB8Tb yMeH&WeHHR nnoTHOCTH HyKno8oa aHyTpH Rnpa, 

TO a TeopHH 6yQyT paCCqHTbiB8TbCR CTOnKHOaeHHR MeQneHHbiX qaCTHU C 

y~e tilaKTHqeCKH abi6HTbiMH HyKnOHaMH 1 qTO QOn~O npHaeCTH K 38ab!WeHHIO 

qHCna HyKnOHOa OTQaqH 0 H3 KOTOpbiX a OCHOaHOM H COCTORT g -qaCTHUb1 0 

H 3aHH~eHHIO 3HeprHH g -qaCTHU, 

3TH 3cjl<PeKTbl HeCyllleCTaeHHbl npH He6onbWHX 3HeprHRX0 KOrQ8 MHOJKeCT

aeHHOCTb nHaHeabiX qaCTHU II 
8 

eme CpaaHHTenbHO HeaenHK8 0 OQH8KO npH 

ab!COKHX 3HeprHRX (cpaaHeHHe C OnbiTOM noKa3blaaeT0 qTQ a cnyqae Raep 

<PoTo3Myn&cnn npn . T ~ 5 f3a) ~KTbl "o6enHeHHR' Rnpa cnenyeT y~e 

yqHTblaaTb, 

XapaKTepncTHKH nHaHeabiX s -qacTHU aaMeTHO He naMeHRIOTCR, T,K, 

3TH qaCTHUbl npoxonRT no eme Heo6enHeHHOMy ROPY• 

B o6nacTn oqen& abiCOKHX 3Heprnlf T » 10 f3a,Korna acnencTane 
17 8/ 

MHOroqaCTHqHbiX aaaHHOQeliCTaHli ( noQp06HO 06 3TOM CM, a pa60T8X 
0 

) 

naaHHa 6biCTpbiX qaCTHU OKa3blaaeTCR noKannaoaaHHOli anon& Cp8BHHTenbHO 

y3Koro KaHana, OTHOCHTenbHOe yMeH&WeHHe nnOTHOCTH BHyTpHRQepHbiX HyK-

nOHOB CHOBa CT8HOBIITCR He3HaqnTenbHbiMi B 3TOM cnyqae npHMeHHMbl 

peayn&T8Tbl pacqeToa 11 ,81, 
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