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Bnet~enne 

/1-6/ 
B pnAe, sxcnepnMenTanbn~x pa6oT 6~nu aaperncTpaponanN cny~an {rrN) 

B3AHMOAei!CTBR!I0 ConpOBOJK.IlllBWHOCll B311y>IGHliGM y -KBAIITOBo 

Ecnn ncnymenHNO cpOTOHN BMGIOT neoOJlbmRO sneprnn, TO TOpM031100 nany~enne 

AOny CltAGT TOOpOTH~GCitYIO BIITGnpOTAHR100 llllBOOllOG TO~IlNi! B oomnA BllpHilHT KOTCpoil ONll 

171 noy • B MOTOAD noy NATpB~hllt 9110MOHT TOpM03HOrO H311y~e!lBSI !I All 
M 

fl 
npeacTa-

BllliOTCSI B llB!lO CyMMbl: 

M =Mel>+ 
fl fl 

OnHCLlBilOT Dltnt.l.!l ABarpaMM <%>ei!11Milllll 0 n KOTOpbiX )~011 ncnyCKilOTCSI 'l:llCTB

naMn ao l!llUII nocno paccellllBn, a 
M(2) 

fl 
-Ditn8A DCOX Apyrnx anarpllMM. noy nOKil3an, 

'ITO li01111Lli! M8Tpll~NJI 9110MGIIT BblplllKil OTCSI TOnbltO ~Op03 cpH3li~OCKB HllOUIO!lllOMbiO DOUH

'l:HH~ n 1m11 cny>~an pacceunnn aapSVKeanoro 6oao11a na nei\Tparu.noM nMeOT cnenyromnl\ nna: 

=e ( ~ - _____!?_uL) T + 
PI k pI k 

+e[ ~{p k)-P · + ~(p' k)-p' 
p k 2 2iL p' k 2 . :lfL 

I I 

e -· aapSIA aneKTpona, p - nunyru.cw 6oaonon, k - HMnyllbC cpOTona, 
I, 2 

T - 8MilJIBTYA8 ynpyroro paccesumn, aT av 
- ee nponanot~nast no nonnoi! aneprnn. Jlnst 

MI!I'ltBX y- B:BAHTOD cpopMyllbl noy SIDUS!lOTCSI CTpOrHMH COOTHOWOHBSIMB 0 nOCKOJlbKY llpH 

BX nony~OHliB BCnOnh30Billll!Cb TOnbXO o6mHe npH!lHI!lnl>l TOOpHB ll pa3llOlKO!lBD aMnllHTyllbl 

pllCCOSIHIISI no BMnyllbCy cjlOTOHa. MeTOliOM noy D npBI!IlBne MOlKHO nony'l:HTh cjlopMYllbl 0 

OIIliCblnaromne TopMoanoe nany~eHBe nro6:hlx ~acTBn. 

B 
~ /8-10/ pSI!le pauoT cnennallhno nccneAonancn nonpoc o TOpMoanoM nany'l:ennn 11 -Me-

30HOB B peaxnnn rr+ N .. rr +·y+ N • KaTKOCCB:llil noKaaan, 'ITO aMnnBTYllll 9Toro nponecca 

MOlKOT ObiTb Dbi~BCllOHA B pAMitAX CTilTB'l:OCKOli MOliOnB 003 BBOliOHRSI liOUOllHHTOllbHLlX napa

MOTpOB_- Oanaxo y'l:eT acjlcjlexTon, cnnaann~>~X c A»BlKenneM nyxnona, noTpeoonan nneAennst 
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/9/ 
aonommTellbHblx napaMeTpos , npHABBil>I ltOTOPhlM P!IIl ana'lel!llll, asTop Sbi'lHC1llln cneJtTPhl 

.¢oTOHOS S peSJt)liiH 17 + + p -+ 17 ~+ p + y AnH 3HeprHil H8'181IbHblX M930HOS 130, 175 

:t 220 Mas. B aam.Hel!meM, ncnom.ayg ocuoanble 'lUeHbt ¢OPMYUb1 Kanoccz:oro, KappaTepc/10/ 

npoaenan asanorH'lHble sbl'lHCneHHH AnSI na'lanbublx sueprxll, neJKamKX s HHTepaane 

200-400 Mas. 

Ill 12/ 
B paooTe ' s Ka'lecTse ottnoro H3 B03MO>KHhiX MexaHH3Mos Kcnycz:aHHn >KecTKHX 

¢oTOHOB s pe8Killlll (1) Obln paCCMOTP9H npoaecc, OnBCblsaeMbll! llHBrpSMMOii 1 (pHC. 7). 

BhlneneJIHe sKna.Aa STOll JlHarpaMMbl npencTasnneTcst ocooeJiuo HHTepecHbiM, TaK Kax noaso-:-

nsteT onpenenHTb z:oucTaHTY ¢oTopo>KJlemur 11 -MeaoJia ua TT-Me3oHe. 

/13/ 
C STOll II9Ub10 B pSOOTe OblU8 pSCCMOTpeua MO)lellb, OCHOBSHH8H H8 y'leTe 0JlHo-

Me30UHblX AHarpaMM 1, 2, 3.(pHc.1). Onenz:n az:na.Aon OT AHarpaMM 4, 6 noxaaal!ll, '<To BMH MO)I(Ho 

npene6pe'lb. He yqBTblsanHCb Tax>Ke AHarpaMMbi c ucnycz:aHHeM y -KBllHTos nyz:nonaMn. 

"'ucnenRble pac'leTbl OhiJIB sbmonsenbl nnn peaz:nuB: 

17-+p -+17-+p +y (1) 

npu sJieprBH 340 Mas. 

3z:cnepHM91IT81lbHO TOpM03HOe H3ny'l9Hll9 /1/ 
11 -Meaonos 6bmo snepsble o6napy>KeHo 

npH H3Y'l9HllU pl1CC9HHHSI 17 + -M930HOB C KHHeTH'l9CKHMB 3HeprH.SIMH S UHTepsane 0T 80 llO 

300 Msa Ha nerKHX !IIlpax. nallbnel!mee naz:onneHHe CT8THCTH'l9CKOro MSTepuana, ocyme

/5/ CTsnnameeCSI T01lbKO Ha BOJlOpOJlHbiX KaMepax, IIUUIOCTpnpyeTCSI Ta6nuae!i 1. Panee Ob!UO 
/13/ . 

IIOK838HO, 'ITO KpBSbl9 1 Shl'IBCU911Hb19 B pa60Te 1 OnBChlBSIOT CU9KTP TOpM03HOrO H3-

HY'l9H11H1 no >K9CTXO!! 'lllCTH KOTOporo Ob!Ua HailJleHa onenxa S9UH'lliHbl KOHCTaHTbl <jlOTOpO>K-

Jl9HHH 11 -Meaona na 11 -MeaoHe. B nacToSIWeli pa6oTe npoaonHTCH ananua peBKIIHH li) 

HS YB9UH'l9HHOM CTD.THCTB'l9CKOM MSTep~ane B AaeTCH 6onee TO'IHBSI OileHKll KOHCTaHTbl 

nponecca y + 11 -+ 11 + 11 • 

3KcnepnMeHT 

PeaKnnn: 
17";1- p -+ 17-+ p + y 

(1) 

nayqanaCb c noMOIIlblO 25 -Cl1HTHM9Tpoaoil >KHllKOBOJlOPOAHOl! K8Mepbl n.Hn OH.HH, noMemen-
/14/ -

noll: a MarnnTnoe none • 3nepruSI nepBH'lnoro ny'llta 11 -Meaonon, onpenenennan nyTeM 

H3MepeHUSI p8JlHYCOB KpHBH3Hhl H8'18flbHbiX TpeKOS H ycpennenHaH no peayUbTaT8M HeCKOUb

KBX ceancoa pa6oThi, CocTaBn>Uia (338;t)2) Mae. 

floMHMo peaxnnu ( 1) perncTpnpoaanucb cnenyromne naanMoae!icTsnSI: 

17 + p - 0 -) " + p + 1T (2) 
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IT-+ p ~ 11-+ p (3) 

11-+ p -+11++11-+n 
(4) 

IT + p .. ,<>~. 
f \+ + e-

(5) 

8 SKCnepHMeHTe 6bl.liO nony'leBO 250 ThiCSI'l CTepeorpa¢xi!0 Ba ltOTOpbiX 6bl.liO ·aaperBCTpnpo

BaHO 12 660 .nsyxny'leDbiX 3B03A, YcnoaBSI OnbiTa, OT6op H o6pa60Tita -C06hiTHil no.npo6ao 
/15/ . 

onucaHhi B pa60TaX • 8 pe3ynhTaTe aaanuaa 6blnO BAOHTHcPBilHpOBSBO 84 C06hiTBSI peax-

IIHH ( 1) 0 101 C06b1THO p08KIIHH (2) 0 6500 C06biTBil pealtiiBH ( 3) H 720 C06hiTBil peAitiiHH 

(4). Cny'lan, npuaa.nne)Kamne peaKIIHSIM (4), (5), 6blnn Bbl.neneHbl onucaaB~M paaee MeTo

.noM. OT.neneHHe cny'laen peaxnnn (1) n (2) OT nponecca (3) npoHaao.nnnoc& no oTxnoae-

HHIO OT ltHBOMaTHKH ynpyroro B38HMOAOHCTBHSI, 

Bonpoc o npHMecu ynpyrux co6hiTHil ¢aKTH'leCKH uuen aua'leHHe TOnbKO .nnSI peaJtnnu 

(1), nocxollbxy nponecc (2) xopomo OTAenSieTCSI OT pealtllnn ( 3). 

KpHTepun oT.neneHHSI peaxiiHil ( 1) n (2) OT nponecca (3) ci>oPMY.IIHpoaannc& paann'l

HbiM o6pa30M AllSI 3-x HHTepaanOB 3Ha'leBHi! yrna paCCO!UD!ISI npOTOHB 0
12 

, nOCXOnhltY 

TO'lHOCTb H3MepOHHSI BOnB'lHH0 xapaKTepH3YIDIIIHX KHHOM4THxy C06biTHSI 0 B 3H4'lHTOnbHOH CTe

ne.IIli onpe.nenSieTcg reoMeTpnei! cnyqag. 

e,.<too 

nnSI STOI'O HHTOpB8.1I8 B Ka'lecTBe MOphi OTKllOHOHD!J OT ynpyroi! KHHOM8THKH HCnOnb-

30D4llaCb DOllH'liiHB 2 t. E 2 1':1 o2 
X =-- +---

t a 2 u 2 
l'.E M 

3.nec& to. E= E + E - E 
2 3 0 ( E2, E 

3 

SHeprug DTOpK'lHbiX '!8CTHII0 EO- H8'!8nbH8SI SHOpi'llll 11-p -CBCTOMbl) i !\ 0 - p83HOCTb 

MO)KAY H3MOpOHHOil BOnB'lHHpi! yrna paCCOSIHKll IT- -M030H8 H ee TOOpeTH'lOCKHM 3H8'10HliOM, 

paCC'lHTBHBbiM no H3MepeBHOil BenH'lHHO yrna OT,lto!l'IH npOTOHa B npe.nnonO)KOHHH
0 

'ITO C06bl-
. 2 2 

Tne llanseTCH ynpyrnM; a l'.E , a60 - .nHcnepcnu pacnpe.nenenni! co6hiTHli no aeJill-

'lHBBM !\ E H !\ 0 COOTBOTCTBOBHO, 

Ha puc. (1 (a,6)) BltiiBo, 'ITO sKcnepuMenTanbnhle pacnpe.neneHliSI no aenn'lnBaM l'.E 

0 n to. (j xopomo onHCbiB8IDTCH KpHBhiMH raycca, llpB'lOM a l'.E -35 Msa, a a 1':10 -3 

Banny SToro, pacnpe.nenenne ynpyrBX C06hiTHil no BOnB'lllBe X 2 = l'.E
2 +_AQ 2 ll0n)KH0 OIIHChi-

1 • 35 2 3 2 
aaT&CSI X 

2
-Kpnaoi! c 2-MH CTenensMH cao6o.nhl. Ha puc. (Is) npnse.neabl axcnepnMenTaru,-

uoe pacnpenenenne co6biTHii no X 2 n X 
2 

-xpnaaH, nopMnpoaauaag na qncno cny'laea, 
1 

y KOTopbiX x 2 
Be npeBhiiiiaeT 15. Bn.nuo, 'ITO annoTb .no 3HB'lenni! X 2 =15 TeopeTH-

' I 

6 

I 
J 

·l 

I 

J .. 
)I_ 
'!l 

~~'·"".::.....~-' 

'IOCXBSI KpHB4SI XOpomO OIIHChiB4eT I'HCTOI'pllMMY• Co6hiTHSI0 HMOIOIIIHO X > 15 0 OTHOCH-
1 

nnc& K npoueccaM ( 1), (2). 3na'leHBe x 2 8bl6upanoc& TalUIM o6paaoi.t, 'ITOOhi npn-
1 

MOCb COOhiTHA peaxnnn (3) (c, saeprnolt nepBH'IHhiX IT --Me30BPB1 paDBOlt 338 Mea) B 

nponecc ( 1) ue npea&~mana 3%, a An¢¢epennnanhBaSI npaMec& ynpyrnx cn}"laea B co6hiTH-

SIX, npnna.!tlle)KSrnnx nurepaany X 2 
, X 

2 + 2!'. (rna 1'1 - mar I'JtCTorpaMMbl), ne 
1rp 1rp 

npeahlmana 10%. · 

TaJI:IIM cnocoooM cpe.nu 249 cny'laea c 

Tne, npuuanne)K4IIIee peaxnnSIM (l), (2). 

e 12< 10° 6blll0 uneuTncjlnnnpoaaao 21 COObl-

10° < Ot2< 70° 

8 3TOA o6naCTH yr.noB OTXnOBOHRe OT ynpyrotl KHHOMaTHKH xapaJI:TQpB30B8ltOC~ Benn-

'lHHOil 
1'1 cf/ x2 
2 

a 11¢ 

+ 

2 
( !\() + 0,64) 

2 
ali() 

\ 
'I 

\ 

rne !\ cp ~ BO.llH'lHHa, paBHaR pa3HOCTB 113IIMYTanbBhiX yrnoB npOTOHa H IT -Meaoua. 

Ha pnc. 2 a, o 

10-70°. no nenH'lnBaM 

npencTaanenbl pacnpe.neneHRSI coobiTHi!, BMeromnx ()J2 B HBTOpBalie 

1'1¢ II lie • rncTorpaMMhi' YliOBIIOTDOPHTOnbHO annpoxCHMHPYIOT-
2 0 2 

a • 2 
6¢ 

Cll XpHBbiMH faycca, npH'IOM pacnpe.o;eneHRe IIO h¢ nMeeT nncnepciiiO 

AtJ a2 n cpe.nuroro BOIIR'liiny, pasnyro 0, a pacnpe.o;eneHRe no -nncnepcnro 
to.e 

-0,65°. (Hann'l:ne cnanra n pacnpe.neneaue no II CpOltBIOIO BODH'IHHY 1 paBnyiO 

•2,3° 

M CBS!-

3aHO C CHCTOM8TH'lOCXOtl norpeiiiHOCTbi01 npOHCTOJtaromeA OT ney'lTOIIHbiX onTH'lecXRX HCXa)Ke-

BHtl). Pacnpe.neneBHe COOhiTHtl DO BODH'lHHe )( 
2 

(pnc, 2 B) XOpOIIIO ODHCbiBaOTCSI X 
2 

-xpH-
2 . 

BOli C 2-MB CTettOH!IMH CBOOOAbl, 

CoobiTHR, HMOIOIIIHO X
2 > 18 t 6blnu OTBOCOHbl lt peatmnSIM (1), (2), npn STOM OOIII8SI 
2 

DpHMOCb ynpyrnX cn}"IBOB COCTaBDSI.lla 0,6%, a .nnq,¢epeiiiiHaDbBaSI DpBMOCb B COObiTRSIX1 

npuuanne)K4IIIHX naTepaany ( x 2 
2rp 

YAOBIIOTBOpSIIOIIIHX ycnonHIO X 2 

2 

() .. > 70" 

, X 2 +26 ) , paBHSI.Ilac& 12%. tincno coobiTHil, 
2fP 

> 18, oxaaanoc& paBBbiM 167. 

feOMeTpHR C06biTHil1 npuna,ll;ltO)K8IIIHX STOMY HHTOpBany, TaltOBa 0 'ITO BODH'IBI!a l\cp 
cTaHOBIITCSI BOTO'laoA BBIIAY oOnbiiiOil neonpe.nenellaocTB npn naMepeHHII aanuyTam.HbiX yrnoa. 

C ,npyroi! CTOpOBb11 DOCKOllbK}' BCO npOTOIIbl C yrnoM paCCOSIHHSI 
- 0 ' 

0 > 70 OCTanaBIIRDaiOT-
12 

CSI B KaMepe, AltR xapaKTOpHCTBIUI OTXItOHOBHSI OT ynpyroi! KHIIOMaTHltB y;.no6BO liCnOnb30B8Tb 

BOllR'liiHY ( 9
12 

- 0 
12 

T ) t I',llO 0 l2 T - yron p4CCOSIHDSI npOTOHOB0 Onpe.nenetmblil IIO 113-

MepeHIIOM}' npo6ery B llpO)liiOllOlKOBHH, 'ITO C06biTHO SIDllROTCSI ynpyrHM, 

Pacnpe.neneniie no BOIIR'lHHe (O 12 -012 T ) (puc. Sa) xopomo annpoxcnMnpyeTCSI 
02 ' 0 

a 
0 

_
0 

= 1,5 B cpe.nnei! aenR'lBHoli, paanoli - 0,15 • 
12 12T 

KpHBOil faycca C ARCDOpCHelt 
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B KA'lOCTBO nepOMORJIOlt, s:a OCS:OBaiJ]II[ ltOTOpolt npoBOAllllOCb p83J(O.llemte_ C06UTJlll 0 

ncnonb3osanac& eonn'lnna 

X 2 = ( 11.0 + 0,45 
3 2 

)
2 +< o,2-0uT+0,15 

1,5 

2 
) . 

fipe,[!BapBTeJlbHO 6bl.llO )'CTaJJ:OB1leH00 'ITO p<IC!IpOAOllGJmO no Bemrm:IIe /',. 0 

ICMaTPHBOOMOM JIS:Tepean:e yrnos 1112 xopomo ~IIliCb!BSOTCSI KPliBOII raycca c 

j (ps:c. 36) n cpeAs:el! eems'lllnol!, pasnolt - 0,45 • 

2 
UM 

n pae

=:!>2 

' .' 2 
i fipeACTABllOHIIASI na pzc. 3B rBCTOrpaMMA paCnpOA01lO.IIliH coOI>ITJilt IIO X XOpOmO 
1 2 / a :l 
I oiiHchleaeTCn x -xpReol! c 2-Mn cTenes:S!Mll ceo6oAh! eo seeM s:.&Tepsane sna'leDII x , 
I . a 
!T.e. cpeAII 695 aRA1lii3BpyeMux co6h1Tllll ne 6u:~~o o6upyJKes:o Im OJmoro cny'la!l peaKD:rm 

, ( 1) • (PeaKD:IISI: (2) AilS!: sororo B.&Tepsana yrnOB 0 KHli.OMATll'lOCD 3AJipemes:a) • 
1 12 

TunM o6pa3oM, r.cero 6hlno nnenTs:4>mtBPoees:o 188 co6h1Tl!A peai::Ilnll (1) a: (2). 
I 

llpnMeCb ynpyrnx cnrtaen, reneps:poeanaux 11 ;.Me3ol!8.MB c ·as:oprxel! 338 Mae cOCTae.'I-

na < 1 co6uinn. KaK yxaausanoc& eume, sTy !IpHMec& cn~OT nemiJI:OM OTHOCTJI K co6u-

THliM pOillmHR (1), nocJtom.Ky C06LITBII: (2) HMO JOT 31Ul'lOJDUt X 
2 

B TOll o6llli.CTll0 rAe 
2 

npHMOCllo ynpyrHX Cny'lAOB, OD;OS:OJiltaS[ no X - ltpiiBhlM0 paBIIa 0. 0TcJoAa CllOA)'OT, 'ITO 

nps:Mec& ynpyrs:x CoOhlTlllt, o6ycnosnen:D;hiX 11 -ue30lll1Mll c sneprnel! 888 Mea, cOCTaen

eT < 1%. CpeAll H,[lOHTli¢JDXHpOBAHJJNX TAKBM 05pa30U CoOLITlllt MOryT 6b!Tb Cny'l8ll0 o6ycnoe-

llOHIILIO IIB3K09JIOprH'lHhlMH 

IUHM 00p830M. 

11 -MesoaaMB, llCJtlllO'Ief!lle :z:OTopux ouno npo.r.tenano cne.IXYlO-

B OllB'IHIJN X 
2 

IIOpOC'lHThlBallll:Cb na OCROBO 3Ha'IOHnll yrnon 0 I aT ·; COOTII8TCTI!l>TJliX 

ynpyroM)' paccemnno c HA'!AllbliOlt snepriteA E'=.E + E 8 • B TOX cny'I:Ali!X, r.r.te noe~o~e 
2 0 2 

sna'leHBII: x' 2 He npeeumallll: x rp , npOBOJnUIOCb U3uepene llJ.I:IIYllbCA nepaH'lHoro 

"- -Meaona. Ecnn H3MepeH.B:bllt HMnyiibC coOTBOTCTBOBAJl sneprnu E '
0 

, '1'0 co6b!Tlle c'llt'l'a.

nocb ynpyruM. Bcero oblno oonapyJKOno 12 co6uTHll, y KOTOPhiX x' 2 ue npeehlmllJio x 2
• 

HsMepe.llliSI aMnym.ca nepmt'lHOil "lACTIDXbl ncxa311nK, "!:TO 3 cooh!Tllll xa 12 o!Sycnosnellbl 

IIH3JtOS.B:aprH'l.B:hlMll 11 -M030BAMH. fiocne HCIUilO"lOHll£ ynpyrKX C1ly'Ul8Bo liii1IIIIlqlcmallllb!X 

HB3Jt03.B:OprB'l.B:hlMH 11 -M030H8MH, 'lliCllO CO!ihiTJlll peaJtD:IIlt (1) lt (2) )'U:OB:IaiiiiVIOCJo AO ~~. 

Jlng OTAOllO.I!JISl CoObiTHII, npBRa,[l.llQ:arsJilKX pealtll.I!JI (1), OT C06b!Tlll pOalt][JlH (2) . . 

CTPOllliOCb pacnpeneneDe BCOX 185 cny'IAOB no KBAJXPATy MaCChi llOllTpallbKOII 'IAC"rllltW. 

lf3 raCTorpaMMhl, npBBe.r.te.a:nol! na pRe. 4, ennuo, 'ITO coliHTIUI rpynnllpylOTCII noxpyr 
,. . 2 2 2 

2-x 3H8'lemtl! KBAApaTll IIOAOCTAIOmell :Utl.CCU ld = 0 II J.t - 135 • ColSI>ITliSf, XMOlOIJDie 
2 2 . 0 0 

14 
0

-:.. 6000 Mae /c4, 6hlnR OTKOCOIIhl 11: pOli.JtD:IIll ( 1). 

.llJxg: Toro, '!Toou oJipeAans:Tb nps:Mec& x llllM paaxmm (2), CTPOHilli.CJoo WllltllKll 
2 4 

pa.3pemeBKSJ All II co6HTull, liMalOmllX II 
0 

> 6000 Mea I e B npeA!lonOl!ICOHHH, '1"1'0 OD 

npBHAAllOlKAT peaxnnn (2). 4>yHKUBSI paapemOIIliSI ouna Bhl'lliC.IlOIIll llO paCC'IJtTAB.B:hlM Allll 

q 

l 
j 

1 

j 
rl. 

~ 
i 
f 

I 
I 
I 

I 
I 
'\ 
I, 

X8Z,[IOI! M8CCH Omi6JtaM 11. ( M 2 
) , JtOTOphle U:Jt oKA34Jioa., nocSIT rayccosc:a:A xapaxT&p 

0 

(pac. 5). 

.llnll JtOHTpOllll CSbiJlo nOCTpoe.a:o pacnpeAenaiille scex 185 

rAe v - cxopocTb 'lACTIDXhl B aAKIIliiillX c • 

co6~o~nll no eens:'lUHe 

2 

!do --, 
v 

fiocXOllblt)' C!tOpOCTh tPoTOHOB AOIDIUUl pasRII:TbCSI 1, TO llllll CoObiTHI!, panee KAOHT:W:¢K
M2 

~~;upoeaHRHX Ult cny'IAII pe8lt1Illll 1 ) , BeJI]['lH.B:A __JL ne AOnlK.B:a npeeumaT& 3Ha'!ali1111: 
3 v 

6•10 • C Apyro!l: CTOpOnbl, 3RA'l0HHO STOll Bellli'IB.B:hl llliH co6b1TJIA peaDl!IJl (2) He AOJVKJIO 

6b1Tb MOIIbmO 6•10
3 

• 

pHIIII 

Kax BII):(IIO 113 rBCTorpaMMbl (pxc. 6), TOllbKO 3 COOb!TllSI peaKllllll (1) RO YAOMOTBo

yxA311JIIIb!M TPOOOB8][][SIM, 'ITO COBMOCTHMO C OitOBOH.B:Olt npB:UOCblO C06hlTJllt peaK-

lUlll (2). 

Ha ocaoearms: pacnpenenemtH cny-qaee no KBaApaTy neltTpan&nolt MaCChi oblno naA~:~euo, 

'ITO paaKD:Hll (1 ) : npH.B:IIJiliOlKJIT 84 Cny'lall. 

CooTBOTCTB1JOIUOa 

6Nno nai!Aeno pas.B:h!M 

/16/ 
CO'lOHBO, OnpOAOllORBOO TOM lKO cnOCOOOM0 'ITO Jl B pa60TO , 

0 16
+0,05 

u - - • 003 11 •YP - , 

As:ans:s peayn&TaToe 

TeopeTK'Iecxs:ll: an41lll3 pacnpeAeneHBSI y -xeaaTOB no BMil)'llbCllM k·y 6Nn eu-

/13/ HOllHOR B paoOTe , B KOTOpOll: }"II!Tbll3anKCh llllllrpaMMhl, npeACTAMOJIHbiO na pnc. 7. 

Jlng: onpeAOliOHll!l KOHCTA.B:Thl ¢oTOpOJKAO.B:Jlll 11 -Me30Ra Ra 11 -M030HO He06XOAKMO Bh!Ae

ffilTb BltlliiJI .I(KarpaMMhl 1. 3TO MOlKRO C,[l0lll1Tb0 OCZIJ! paCCMATpliBSTb lKeCTKYIO 'IACTb 

cneKTPll ( k Y >160 Mae/c), B XOTopylO ace OCTan&Hhle ,[lllarpaMMbl AlllOT MR.B:JlMllllbRhlll: 

BltniiJI. 

BNno noxasa.a:o, 'ITO ocnoeJloll SIBnllaTCSI AnarpaMMa 3. Ce'le.B:Jle 11.u') 
2 

B o6naCTH 

k-y > 160 Mse/c cocTaen!leT 6% OT 11.u 
3 

, nosTOMY !lllSI Aannoro HHTepeana ss:a'lemtlt 

k·y BKJiliAOM AHAI'pSMMbl 2 H ee BRTep<j:epetmHeli C 3 B p8MitAX JIMOIOIUOi!CSI CTSTHCTHKJI 

MOlKHO npes:e6pe'l&. 

Jlnn OUOHKH BKllliAll ,[lUarpaMMhl 4, OIIJICbiBAIOIUOlt pOlKAO.B:JlO ll paAUanBOHilbllt paCUIIJI 

B306apbl 3/2 3/2, MOlKHO BOCHOllb30B8TbCSI COOTHOmOHIIOM/J
3
/: 

a, 
us 

k 

q 2 

1 
400 

x} B Jllln&HelimeM -qepe:l u
1 

o603Hil'l80TCSI CO'IOHBO, COOTBOTCTBYIOIUOO 

.IIHllrpllMMO pHCYH>ill 7; 'lepe3 f1.u I - II.OliSI CO'lOHHSI, COOTBOTCTBYIOIUSSI 001I8CTH 

k -y > 160 Msn/c. 

!.l 

(1) 

i -oil 



+0 02 
r:te It x q - uMIIym.eu .cj>oTona 11 ,. -ueaou s e.n.B. aao6apu, a o 

1 
•(0,1 _Q 

04
) x 

~7 2n~ ~ • 
x 10 eu 61. lloexom..ey · (-·) ~ 2 , TO ua cpopuynu (1) cneAYe'l', '1'1'0 nnl! aaeprBB 

. -30 2 q2 
340 Mas o, •0,5 .10 eu (BnB 0,25 CJI}"ISS!). 

llOX&lKOM TeD9pb0 '1'1'0 Sltnalt llBarpaMMbl 6 S lKaeTXYJO 'tSeTb eDOXTJlS Talt lK9 MSilo 

Jluarpauua 6 OTnH'taeTCS! OT 1 sepmuaol!, )"'BTbiBSromel! nepepaeeemme :ueaoaa aa nyxno

~e. Tax ltB.It sTOT nponeee s ocaosaou une'l' '!epea o6paaosaoe peaonanca 3/2 312, 

TO o npu6nJtlKaHHO paSHO o
1 

• Qnenxy 
0 

/16 
nocnennero MOJKHo DOJI}"IJITb, esnausan o e 

+002 -27 2 T 
o , xOTopoe 6uno aal!lteao paslrbiM 1 

a 
(0,1..0 04)•10 CM • 3T:y esSI3b MOliCBO yeTa-

o 
BOSll'noo 38MeTHB0 '1'1'0 9ltBBeTBeBB09 0TnB'IB9 llBarp&MMbl 7 OT 8 eOCTOnT S 38M9BO 1T -Me-

aouuoll nuBBB cjlOTonnoll. Taltoe OTnu'IBe MOlKBO np116n:a::aceBBo y-qeCTb, nonoJKBs OTBomeBHe 

ltBSllPSTOS XO!IeTSH'l' S eOOTSeTCTSyJOmHX sepmBBaX pSSIIbiM 1/137 o Bu'tltcnai!Ha paenpe

neneHBll DO nonlrbiM snepruSIM s e.n.n. ( ,. N ) no nnarpaMMaM 7 n 8 sxsKsanaB'l'BO pae

'IOT;r eooTBaTeTSyJOmHX llB.pq,epemlKaiibBbiX ea'!allllll no cpopuynaM B3o6apaoll MOll9nB/JO/: 

do 1 2 
F (my,m )u (m ) --= c ·y 

dm 

~=C 
2 

F ( m ~, m )o(m), 
d m 

,. 
rne m - nonuan suepran s e.n.n. nao6apu, o( m) - ee'IBlllle ynpyroro paeeeS!llllH s e~ 

CTO!!Bllll J = T =3/2 , .F - npOCTaH cjlyBXllBS! na'lanJ>noll sueprllll H usee o6paaoaasmuxen 
1 c2 

'IS=Bil0 ~ = 
C2 137 ,. 

Ha eoOTBOWOBII:S! 

~·=_I_ 
CT 

8 
137 

nnn nonnux ee'lollllll: 

1340 

f F(m ,m )o (m) dm 
·y 

1080 

1200 

f 
1080 

F ( m , m 
fT 

).o (m) dn: 

-2 
3,5. 10 

-30 2 
IISXOJlii:M0 'ITO o

1 
~3,5"10 CM (BnB 1,8 CJIY'JSH). Pacc'IKTSS eDeXTp y -XSSBTOS DO 

Msa 
cjlopM:ymlM ll3o6apaoll MOllenB K onpenemm sJtnaA s a'l'OT enexTJl eo6uTBll e k·y •> 160 e 1 

-30 2 
IISXOllBM 0 'ITO ft. o T •0,8•10 CM (anx 0,4 eny-qaa). 

. du 
B OTnK'lJI9 OT seex Sblme paeCMO'l'pOBJrbiX nucjMpepaBilllSIIbBbiX ea'leBBli __::..:....J 

dk 
KMCOT M&lteKM)'M B o6naeTH SBeprK'IBbiX cpOTOHOS0 TaXBM 06p830M0 • B paMltax paeeMOTJlOH-

BOll MOllOnB B lKeCT.eyJD 'ISCTb eDOitTJlS: y -XBSH'l'OB ( k ·Y •> 160 Mas/C) llSIOT Sltllalt 
. /13/ 

TOIIbltO ABO nuarpaMMbl 1 K 3, IIH'l'epcj>epeBilllSl Wel!C.Qy ltOTOPbiUK CTpOro paBHa nynro • 

Ha pBe. (8) npeJteTABneH CD9ltTJl cjloTOHOB B CBCTOMO llOHTJlS BBOpllBB BS'!SnblrbiX 'tae-
Mas 

TRil c.n.B. Cnnomuag ltPIIBSS! onBebiBaeT BJtnSll llHarPSMMbl 3. B 06naCTB k •y < 807 

'IBcnO Bll9BTII¢BDKpOBaBHbiX eny'I&OB peaxo IUIJlSOT, 'ITO, O'IOSBllB00 CSSI3SBO e HB31tOI! 

s¢cPeltTHSBOCTbJO OO&apylKOHIIS! MHrltHX ¢0'l'OBOBo 

10 

1 
. 'f, 

1\ 

,, 
,1. ,, 
[, 
!j 
:i 

·•), 

I 
,f. 
i'!,: 

i i 
I; 

iii 
·I 

f 

Ku y>Ke OTMC'I8n0Cb 0 p83IIOCTb M9lKllY SltCnepiiMOHTiliibBOli ra=orpaNMOll B TeopaTH

'Ie<:J:OII ltpHBot! ( ~ a ) B JlBTapBane IIM!lyiibCOB OT 160 llO 240 Mss llDnlKHS 6b1Tb CSS!3S
dk 

BS e SXnaAOM llJlarpSMMbl 1. llonaoe 'tBcnO CJI}"ISOB C k y >.160 Mss/c pSBHO 25, 'ITO 
-29 2 ' 

COOTSeTCTByeT Ce'!OHHJO ft,. 11 SltCB • (5;t_l) •10 eM o B STOM liCe llBTepBane C0'19HB9 0 

A -29 2 
o6ycnoBneHHOO llBarpaMMOlt 3 1 COCTSBJ!lUIO L1 0 a • 3• 10 CM • 

Y'le'l' cjloaa peaxn1111 2 npOli:3SOllllTCH cnenyrolllJlw o6paaoM. 101 co6une Dponecca 

,. -+ p ... ,. + p + r{> ooe'IRTbiBaliOCb ·s npennono:liCOBBH, 'ITO aeliTpam.aaSI '14CTHna BBliSieTCH 

cjloTOHOMo llo 06C'IIlT4HJrbiM S TSXOM sapHSHTO eo6biTBSIM ~TPOBnOCb paCDp9118nOHll9 DO liM

nym.eaM nei!Tpam.llblx 'ISCTHD:. 

Oxaaanocb, 'ITO s RHTepnane :awnym.cos k ·y > 160 Msn/c nelKBT 30 co6uTRll, 

pacnpeJteneHBe ltOTOpbiX no J:BSJlPB.TSM NBCC M 
2 

connanano e pacnpeneneHHew no 
0 ' 

STOll >Ka DepeMeaaoA SCOX eo6uTHlt pealtllllB 2. ECTeCTSOBBO Dp81lDDnOlKBTb0 '17'0 H3 o6melt 

DpHMaeJC pealtl(JI)[ 2 B 1 0 COCT&BnS!Dll!eli 5 eny'laes, S >Ke<:TltyJO 'ISCTb CDOltTJlS DODSll88T 

TOIIbltO 5·
1
..§2..
0
3

1 
~ 1,5 cny'lan. BLl'l'IIT&S! lll3 Au • aua'leaBe Au a 'II .pea· iiponecca 2, 

-29 2 Sa.CD 
HSX0llllM0 'ITO Au -(1,7;t_1)•10 eM. Ce'leHHe, nony'leHHoe BHTerpnposSHlleM 

1sxcn •> M.;m 1181 ~ 
dk 

B IIHTepBSna llMUynbCOS - 160 0 pan!IO : e 

"'(7 
I 

~ 3,16 .c 2 10-29 2 
CM • (n) 

<l>opM:yna (n) BDny'IOHil H3 Sblp8lK8HllSl0 B ltOTOpoe BXOlliiT o SMDIIllT:yllS peaXIOI'II 

·y+,. ... ,.+ "'• SIDJIS!Dm&SICS pemeuu:ew coOTBeTCTBYJOmero nncnepeu:osaoro ypaBHeBBsr. To'IHOe 
/17/ /17/ 

pemeue sToro ypas!Ielllln coJtepJKB'l' .nse aeaanRCDMLie xoRCT411Ta C u A. B pa6oTO 

6uno ecjlopM:ynnposano Tpe6oaaue, noaaOnBsmee csS!3aTb STR xo·a=aBTu cooTuomeHIIeM 

A=aC. 

3ua'leiDie a aasHCR'l' OT millS cjlaau 

B3SITb [; 
1 

B 6pel!T-BHrHaposeJ:OI! cpopMe0 TO 

8 1 "'" -paeceS!IlllS! a 
/12/ 

a a1,21 • a llliSl 

p -cOCTo.SIIlliH. EcnR 
/17/ 

[; I )(3 paoOTLI 

a •0,96. PemeHBe nxcnepcnonaoro ypSBIIOIDI-'1 s ll'II3XosaepreTII'JOCitOM npK6nu>KeBHil 

II03SGnSIOT aal!TR a Oe3 S~OllOBHS! llODOnHBTOIIbBOrO ycnOSJillo Hal!lteBBoe S TSXOM npn6n:a:-

lKOHllll 
/12/ 

a npaJ:Tll'le<:J:R He 38BRCB'l' OT Sll:llS 8 
1 

B pSBso 0,32. Ku noxaaanB su-om:cne-

JmS! , npll aaeprllset. llOCTYDJrbiX s nacTOHmOM sxenepHMea'l'e , f , a, enenosaTem.ao, 

B ft,. 0 1TeOp cjlaXTR'IOCltll He 38BHCilT OT a llnH 3Ha'lelllllt a - 1, T.e. S EOHO'IilOM 

IITOr80 0T TeX DpellDOilOllCOHHJI Jl DpR6lllllK9HBlt, ltOTopble llCDOliio3yJOTC51 Dpll Sbi'IBCnemm 

S91111'1Jlllbl a • 

llpxpanHBBaS! Au 1 Teop It /tJ.o !SitCH 0HSXOllHM: 

iP 2 
.. o,5 +_o,3 • 

llony'lelll!oe 3HB'Ielllle C MOl!CHO CODOCTllBIITb C DOCTOBHHOll0 xapaltTepB3yJOmeA 

ynpyroe ""' -paeceSUille B p -cOCTOS!llllll 0 ee'teBJie ltOTOpOrO B ·npR6nJtlKeHHII llnRllbl 

paCCOS!Bll<l 3SHBebiBS9TC51 B Blllla: 

II 



u 
mr ~(~ 3 41T 

2 
) q 2 -;;-;-- . 

q 

rno >.- P - DOCTOS!BHD.ll mr -BSanuonelicTBHll, paBHilll B nocnenHeu anllJIJI3e Illl!HTllepa 

lA ~~ = 1,26 , q - HMI!YlibC IT -M0301!1l B C,n,n., Ill q - DOJIJUlll sneprllll B c,n:.ll.. Ce'Ie-

sme ·r + IT .. IT+ IT npll Mlllll>IX SI!eprHsct paBHO: 

u = 1/3 IT (£ )
2 

k q a, 
IT•)' .471 

rne k - IIMJIYlibC cjlOTOHil B C,JX,H, fipee:eoperag p43HHIXOii S KBHOMilTDitO 

npH "' .. 1 
q 

nueeu: 
u , .. ~ 
u 

1T1T 

c 2 .. 32 A2 = 0,05 • 
p 

( k a q ) 

ECJIH OliiO y>IOCTb, 'ITO STA D:Hcjlpa :f.llSOOHil 34 C'IOT c·OCTOHHHii C p83HOli DOlllfPB3AJXHOii 

cjlOTOBil, TO DOJiy'IOBllllSI BO.IIB'IBBS He Dp()TBBOpO'IBT OOhl'IIIOMY OTI!OliiOHHIO N:OlKJcy' Ce'IOHHllMB 

cnm.l!hlx H snexTpouarHHTBhlX nponeccos. 3To xce OTnomesme npn ssoprxx, coOTseTCTs:fiO-

meA uacce p ;_M030Ha, p8SHO OTI!OWOI!BIO BOpOHTilOCTeli paCDa.QOB p -uesona H4 71•)' 

B 114 nsa IT -ue30114, B OTIIH'IBO OT Mll.IIUX anepruli llMII.IIHT:f.ll4 cjlOTOpOlK.llOI!Bll npll Bh!Co-

KHX SReprHsct CH.IIbRO 31lBHCHT OT BOnH'lllfiU . a • fioaTOM;( DpB HAii.llOHBOM S llaCTOmneli 

paoOTe sna'lemm 
2 

c .ll.IISI 3H4'10Hllll pa.QllllllliOBBOii mBpBI!hl p 

r ( a = U,32 ) = { II + 5 J Mas 
P"'Y -

r ( a= o:96 ) = ( 0,08 + 0,04 ) Mas 
P"'>' -

rp 11·r (a= 1,21) a ( 2 +_1 ) Mas. 

.... ueaon 

B cauoe nocnene:ee npeun oh!no noKB.sano1201, 'ITO B paMit4x SU(6) 

r 
p11•)' 

(III) 

xweeM~ 

CllMMOTpllll 

MOXHO CBll3aTb BOpO~BOCTb pa.llllailBOBBOI"O pacnana p -ueaona C pllnJlanHOHHOii mKpHBOii 

"' -ueaona. Halinennoe TllKBM o6paaou sna'leBBe 

r .. ( 0,12+ o,u1) 
p11•)' 

r 
P"'Y 

pllBno: 

ConocTaBJIBll c aTHM peaym.TaToM ana'IeHIIB rp71•)' I DOJiy'IOHBhiO ][3 H&CTOlllilero SltCDe-

pHMOBTil1 MOlKBO ·C.llO.IIIlTb BhiBO.ll 0 TOM, 'ITO a ., 1 , T.e. c .. A. 

B aru::nJO'IOHBe asTophl C'IBTaiOT CBOKM npnSITI!hlM nonrou no6naronapHTb E.M. lloHTe

xopso aa HHTepec x pa60Te, C.M. EKJiellbxoro, B.A. MemepSIKosa 11 cl>.r. Txeoy>~asa sa nonea

Hhle o6cylK.llOHIISI, n.A. nony6ogposy sa COCTilB.IIOBlle nporpllMM, Mu npll3B4T0.1Ibl!hl TaKlKO 

rpynne na6opaHTOs sa 6om.moli Tpyn no npocuQTpy R o6paoOTKe nneHKll. 
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Puc. 1. P acnpeltenelllle co6:tunll peaxnall (l ) , ( 2), ( 3) c 
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