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Bnenenne 

f1pOUOCCbl 06pa30Dlll!IISI p030H::lHCHLIX COCTOSIHHi! A -raneponoa H K0 -Me30HOB c 

" -Me30H8MH BO B38HMO.Oeff:CTDUSIX 17 -Me30HOB c llMnyllbCOM 7,5:t_0,o r:m/c C llpOTODS-

Mll aayqamiCb c noMOIUbiO 24-nuTponoli nponanoaoli nyawpbKOaoil KaMepbl, noMcwenaoll a 

MBPIIHTaoe none 13 700 a
11 1

• f1pouoccbr nonyqeann <jloTorpa¢ali, HaMcpouus n o6c'leT co6w-

THl! onl!cBllbi a 
121

• KpuTepua oT6opa " -· p -pe&KitHii H31lOlKOHbl n 
131

• HneHTHQiHKanns 

2 /4/ 
yo -'OOOHTHii npononanacb no MOTOilY )( c ncnoJib30BBHHeM 5 napaMeTpon: p+> P_, a.., 

A_, A-nMnynbcoa u yPnoa nonoxmTenbHbiX n oTpnuaTOIIbllhiX nponyKToa pacnana u yrna Me:n<

ny llOilO>l<IITO!IbHOil H OTpi!UllTellbHOfi 'IBCTHUBMII OT p8CIIIlll8 yo -'18CTUUbl. noap06Hee CIIQ-

/2/ 
COObi HllOIITH¢11Kallllll Y0 

-'lllCTIIU OllHCBIIcl B • 11nenTII¢!1Kannn aapmKeHHbiX 'IBCTIIU n 

• 3D03nax' npOBOilli!I8Cb 110 llpooery ( eCJIH 'IBCTHIIbl OCTBHBBiliiDllllHCb D KBMepe), 110 H3MO-

penHIO IIOHII3llUllli/
5

,U/ H no H3MOpOIIIIIO HMnynbCOB {j -alleKTpOHOB. npiiBileKallCSI TSKlKO 

auanii3 DTOpHqHbiX D381U.fOJlei:ICTBIIA: qaCTIIU II3 3DC3.0.. 

Peaoiia~Cbi nayqanncb D peaKunnx 

+ + 
"-+ p .. A ( l:0 I + K

0 
+ m 17- + n ,.0 , (1) 

rne m •0, I, :.:! ••• qncno 17° -Meaouon. KaK noKaaan nocnenyrownll ruranna uonocTaJo-

mei1 Maccw, TOnhKO n (25 :t_6)% peaKunl! o6paayeTCH 6onbure onuoro ,.o -Meaona, 

PeaynbTBThl nnenTII¢HKllUHU 'lllCTHU 11 cnoco6bi, c llOMOI!lhiO KOTOpbiX 01111 6hlllH nneiiTn

¢nunpoaanhi, noKaaanhl n Ta6nnuc I. 

Ha ocnone aToi! nnenTn<jllmaitHn paccqnTbiDBJIHCb a<jxl>eKTHDHUe MaCCbi paamt'IHbiX 

KOMUIIHBUHii no <j;opMyJie 
M 2 

1. •.. k 

- nonHbie 3oeprnn 11 nMnynbCbl 'IBCTHU. HnTepaanbr npn nocTpoennH 

CllOKTpOD 3cjl$CKTUBHbiX MBCC Dbi6Up81l11Cb C y'leTOM OWU60K onpellOilOHHSI SljxileKTIIOIIbiX M&CC 

Ml acjlql. 

M acjlql. 
11 CTBTHCTII'IOCKOil OUCCnO'IOHHO<;'TII, 0K8381l0Cb , 'ITO OTHOWCHHO 

OWD6Ka D onpeaOilOlliiH BOilH'IIIllbl 3qxpCKTIIBHOii MllCCbl, llO'ITII HO 38BHCHT OT BOilll'lllllbl 

3oa'IOHHSI CpenoeKDB!lpllTII'illbiX OTHOCIITOilbHbiX OI!IH60K B OllpenenOHHH a<jJ¢eKTBDHbiX M8CC 

pa31lll'lHblX CBCTOM npnaenOHbl B Ta6nuue 2 • .SenB'IBHbl STHX OWH60K 38BHCSIT OT OWH60B: 

/2/ 
H3M0pOHHSI IIMIIYilbCOD If yrnOB , KOTOpblO D Hlli!IOM cnyqae COCTllDil!IIOT 10% II 34', COOT-

BCTCTBeUHO. 

3 



Jlnlil KSlKilOil H3 A-n K0 -qacTnu DDOAHnacb reoMeTpnqecttaSI nonpaaKa W 
1 

, onpelle-

1111eMSSI KllK D01IH'IHH8, o6paTH8SI DBpOSITHOCTH na61!10/lOIIHSI vo -'lllCTHIIbl B 91jJ!jleKTHDnO!l 06· 

171 
nacTH KaMepbi • Bnellenuo sTall nonpanKH Mano CKS3biBaeTCSI na cneKTpax slj>cpeKTHDHhiX 

MSCC H B TOX C1IY'I£1SIX, rAe DllHSIHH,O 9TOf! nonpaDKH O'!Bnb M£1110, pacnpBAB1IOnHSI npHDBilBnbl 

6e3 yqeTa sTall nonplliiKII. 

KonH'IBCTDO co6b1Tllll c o6pa3onanueM A -rHnoponon n K0 -M03onoa a 3B03ASX c 

MnOl!<OCTBOIIHOCTbiO 3apS!X<BHHbiX qaCTH!l 2 ll 4, l!CII01Ib30BanHbiX OpH IIOCTpOOHHSIX CIIOKTpOB 

9 .pljleKTBB!lblX MSCC, npi!BO,O,GHO B Ta61!HUG 3, 3aMBTIIM, 'ITO He BO BCGX Cll81tTp8X :>cjlcpeKTHB

HblX Mace HCIIOllb30Ba1IOCb IIOllHOO 'U!CllO C06biTHit, yKa3£11UIOe D Ta6nuue 3, HeKOTOpblB 'l£1CTK

Ubl H3 pacqGTOil 94Jcj>eKTHDHbiX MaCC no p83llll'lnbiM npU'II!HaM BCKlliO'Ianncb. KpoMe TOro, 
+ 

qacTb nyqefi n 3BG31laX nanelKHO llllBliTHijmunponanacb KaK cneAbl K -Mo3onoa n npoTonon 

11, OCTGCTBBllnO, OHll ne BOI!l1IH D CIIOKTpbi 91jl<jleKTHBnbiX MSCC y<> -'laCTBII C rr -MG30Ha-

MH. B naweM cnyqae KOK npn o6napy:m;enHn pe3ouancoa, TllK H npH onpelloneHHH HX atcnBJ:ta, 

BlllKHblM nonpOCOM !!Bit!IOTC!I OUOHKa <!>ana D pacnpo,0,911GliHSIX scjllj>eKTHDllblX MaCC, Jlng onpe

,/J,OllGHH$1 <!>ana Mbl HCn01Ib30Dallll IIGCK01!bKO COOC060B, 

1. Dl>l1lll nponCilOnl>I pacqeTbi ljla30DhiX o6'bGMOB nnn cneKTpon :>.p¢eKTHDllblX Mace, 

npii'IOM IICn01Ib30Bancn MOTOJJ. peKypeuTnhiX COOTnowenHl!:, npOJJ.llOl!tennhi!'i r,J-l,Konl>InOilbiM/
8 /. 

CnolKenue KpHilbiX, COOTDOTCTDYIOI!!HX pa3nH'InhiM KananaM: npODOilHllOCb C HCnonb30BanneM 

neKOTOpbiX npennonolKenuA CTaTHCTH'IOCKoll Teopnn ( CM. nononnenne). Ocnonnoe Tpe6onanne 

npH C1!0)KOnllH KpllBb!X COCTOSIJIO II llallll'IHH COrll!lCII$1 paC'!GTIIOil Cpellnell MIIOlKGCTDenHOCTH 

3apHl!tBIIHbiX n neilTpallbnl>IX 'laCTIIU c :>KCnepHMenTahhnofi. AnSI Bbi!ICnOnHSI DlllllUill$1 

p030!IaliCOB na p831IH'InbiO CUGKTpbl MaCC ( nanpBMOp, KaK BllHSIGT lla cneKTp MSCC K- rr 

CllCTeMbl TOT cpaKT, 'ITO rr -M030ll !ID1I!!eTCSI npOilYKTOM pacnana p -Me3ona II T,JJ.,) 

6blllll BbiiiOlll!Onhi paC'ICTbl Kpi!Bb!X cpa30DOrO 06'bOM8 9.p¢GKTllDHblX MaCe CHCTBM 113 II -'ISC• 

TIIU, ll3 KOTOpbiX '!SCTb v'( v'- 1,2 ...... ) SIIlll!IOTCll UpOilYKTaMII pacnana p03011811CnhiX COCT0$1-

nHil, HneSI STIIX paC'I!lTOB COCTOIIT D M0,0,01lllpODallllll ~6pa30B8nllll CHCTOM ll3 II -'laCTHU C 

IIOMOll!biO Ta6nllllbl cnyqallHbiX 3B031lo npU'IOM llllll v' H3 9THX 'laCTHU npBJIBSpHTBllbBO pac

C'IllTb!BSIOTC!I ljla30Bble IIHTerpanbi, xapaKTep113YIOUIUe nx pacnall. TaKnM o6pa30M ynanocb 

nony'IHTb npCilCTaanenlle 0 DllH!InllH OTilOJibllblX pe3onanCnbiX COCTO!!HHil Ha cneKTpl>! MaCe, 

Mbi c 6onbwol\ ocTopOlKliOCTbiO oTnocnnucb K pe3ynbTaTy cnolKenHH cpa30BhiX KpiiDbiX. 

Bo ncex cny'lanx, rile 6b!ll0 B03MO:lKnO, ouenKa ljlo!la np0113BQllHn8Cb npyrUMII MGTO,O,SMH, 

HanpHMep, unqrlla a Ka'!eCTBe ljlononbiX ItpliDbiX Hcno1lb3oaan11Cb nnannhle pacnpenenen11n 

9cj.pCKTHBnbiX MaCC CI!CTBM '!aCTHU, OTJIII'Ill!OWilXCSI OT IICCllOilYGMOil CHCTOMbl TOllbKO 3118KOM 

3apstna BXOA!!Ullll{ D nee '!aCTIIU, 

2. Onpellenen11e <po!la no MOTOI\Y MonTe-I<apno. HneSI :>Toro pac'IGTa cocTOIIT B po3bi-

rpblwe Cnyqal\nbiX KOM611nauHII 'IHCen X I , X 
2

, X 
8 

, KOTOpb!M CTaB!ITCSI B COOTDOTCTDHO 

• 

4 • 

\;) 

onp&/l81IOHHiol8 HKT8piiii1Ibl IKCnOpHMOHT81IIoHiolX 3KA'IOHHII HMll)'1IIoCOII 'IIICTH!l 

MGlKJJ.Y STHMH '18CTHU8MH 911 , So H3158lK8JIHO D03MOlKHiolX C11)''18l1Hb1X KO~ 
Tax cny'laea, 

xorna KoppennuHn anonttnncb cneuHanbno) AnSI onpenenenH!I 

BIICHMO pa3blrpb!B81ll1Cb 3Ha'IOIIIHI yrnoa Bl>lllBTa B na6, CHCTeMe KSlKJJ.Oil 

Bhi6pannbiX 3naqenul\ HMnyllbCOB II yrna p8CC'IHTbiD8lliiC1> 3nll'!BnHSI sljl.peKTE 

nonyqennbiB C nOMOWbiO TSKOro npOCToro MO:.lGllllpOBSniiSI KpHDbJG XOpOWO on 

p11MQnT81Ibnbie pacnpeneneUII>J, ne IIMGIOWHB Bb!6pOCOD, 

llm1 onpenenenii>J DK1IllA8 pe3onanCOB CyWOCTDonnbiM 06CTOSITOllbCTDOM 

poaKa <jloHoahiX Kpllnl>IX, '-lame acero nopMIIponKa npOBOilHnacb no nnannol'i cjl 

A81IBKO!l OT pB30nanca, 

DpenalilpiiTenbnhie pe3ynbTaTbi SToll pa6oTbi 6btnll nono)l(enbl na )Kenenc 
/9/ 

UIIH 1952 rolla , Pe3ynbTaTbi H3yqenii>I 
pe3onancoa B CHCTOMaX H3 6on~ 

, M030noa (llO 'lOTb!pex) Ony6nHKODanbl 0TA01IbnO / 3 / 

§ I. Yl' -r11nepos 

J-lnTenCHBnOe 113yqen11e rllneponnhiX p830nanCOB na'lallOCb C 
OTKPbiTHlil 

Y* -rHnepona. B nocnenyrowee 
I * apeMSI 6bmo npellCTaaneno Mnoro pa6oT 

( M • 1385 Msn, l' "" 50 Mss), s K: p o5pa3onanHe Y 1 -runeposa 

CTDII!IX npn HMnynbcax K--Me3onoa llO 2,2 fsa/c, 

-· 5 o r 1111 IIMIIYlll>CaX rr -MB3onoa OT 1, , ,0,0 2, sa/c , 

3aperiiCTp11poaano H npH 5onbWIIX IIMnynbcax rr 

H B rr p -D3aHMO 

06pa3oaanne ao36YlKJJ. 

II: 
-Me3onoa. B pa5oTe 

30Baime A Ko II K'io nap rr -!_M030naMII C IIMnylll>CSMH 6, 11, H 18 

napylKeHO, qTQ (85+20 ) % rHneponoa o5pa3yBTCSI qepe3 Y* 
I 

-p930H8HC 

Onpenenenne cn11na Y~ -runepona ycnolKnlleTCH a 6onbwuncTne 9K 

OM D3a!lMOJJ.GilCTDIII\ D KiJHe'!nOM COCTOllniiH, OllnSKO 
11ccnenoaan11e yrnoat 

nponyKTOD pacnana n nongp113au1111 CDIIIlOTenbCTByiDT a nonb3Y 3SKniD'Ienn 

pon HanneTCH ~12 -cocTo!lnlleM (A rr )- CHCTBMbl, 

B naweM sKcnepnMenTe oi5napy>Keno o6pa3osan11e Y~ -rHneponoa 

C MnOlKOCTBennOCTbiO 38p!llKennbiX 'laC'IIHU n
8
•·4 , TSK ll C R

0 

• 2 f CO< 

(32:t_7)% II (15:t_3)% OT BCOX cnyqaea KalKAOlt ll3 STHX KaTeropnll, COOTE 

o6pa3onanHn Y~ -rnnepona, ouenennoe na ocnoaaHHII H3aecTnoro ceqet 

A -r11neponoa H ycpellnennoe, no aceM KananaM, panHo "ic+' • ( 129;! 

KOTOpbiX_ na 1101110 C06b!THil C MnO)I(GCTDOnnocTbiO n. • 4 naAae'i' (59 j 

n. •· 2 (70 :t_25) MK6apn. 
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Ko -'!aCTHU ononunacb reoMeTpuqecKaH nonpanKa W 1 , onpene

yo -'!aCTHUbl B a<jlcj>eKTHDHOil: o6· 
oepoSITHOCTH Ha6moJ).eliHSI 

aToil nonpaDKII MallO CKll3biBaeTC!I Ha cneKTpax acj>qleKTHaHblX 

onH!IHHC aToil nonpaaKH oqeHb Mano, pacnpeneneHHH npuoeneHhl 

A -rnnoponoo H K0 -Me30HOB B aaeanax c 

2 II 4, IICUOnb30BaHHhlX npH UOCTpOeHHSIX CUOKTpOB 

3, 3aMeTuM, 'ITO He no acex cneKTpax acj>qleKTBB

yKaaaHnoe o Ta6nnue 3, HeKOTOpbie qacTH

npuqnnaM HCKJJIO'lanncb. KpoMG Toro, 
+ 

nnenTII<jmuupoaanacb KaK cnenhl K -Meaonon H npoTOHOD 

a CUOKTpbl atjJ<!>CKTHBHblX MaCC yo -'laCTHU C 
rr -Me3ona-

pe30HaliCOB
0 

TllK H npH onpeneneHHH HX BKJla)la, 

pacnpenenenHSIX acj>qleKTHDllbiX Mace. JlnH onpe-

uecKonbKO cnoco6on. 

ljla30DbiX 06'beMOB nnH ClleKTpOB aljxlleKTHBIIblX MaCC, 
/8/ 

peKypeHTHbiX COOTHOWOHHfi, npenno>KeHHbli! r ,H ,KonhlJlODbiM , 

paanH'!HbiM ItaHanaM, npoaonunocb c ucnonb30aaHHeM 

TeopHH (eM. nononneHHe), OcHoanoe Tpe6onaHHe 

D Hllnli'IHH cornaCIISI paC'IOTHOII cpenHefi MHOlKCCTBOHHOCTII 

'lllCTHU C 3KCllepl!MOitTaiu.HOII, Ll.nH 
DhlSICHOHH!I Dn!ISIHHSI 

cneKTPbi Mace (HanpHMep, KllK onli!ICT ua cneKTP MaCe K·rr 

-M93011 IIDJliiOTCSI nponyKTOM pacnana p -M930Ha II T,J:\,) 

KpllBblX <\Ja30DOrO 06'bCMll aljxlleKTIIDHblX MaCC CIICTOM 113 
v -ttac .. 

{ v'- 1,2 ...... ) SIDll!IOTCSI nponyKTaMH pacnana p930lllliiCHblX COCTO!I-

COCTOIIT a MonemtpODaiiHII o6pa30BaHHII CHCTeM H3 V -qaCTHil C 

npli'IOM Allll v' H3 3THX 'laCTHU npenoapHT9JlbHO pac-i 

xapaKTepHaytoiUIIO ux pacnaJl, TaKHM o6paaoM ynanocb 

pe3oHaHCHbiX COCTOSIHHil Ha cneKTpbl MaCC, 

IPOlKHOCTbiO oTHOCI!niiCb K peaynbTaTy CJlOlKOHH!I .paaoabiX KpnahlX. 

B03MO>KHO, OUCHKa ljlona npOH3aQ)lHJlaCb npyri!MH MOTOnaMH, 

<\lOHODLIX KpllabiX HCnOJlb30DaJlliCb nnaDHhlC pacnpeneneHHSI 

OTllll'IaiOIUIIXCSI OT HCCnenyeJo.!Ofl CliCTCMhl TOJlbKO 3HaKOM 

MonTe-Kapno. l1Aell 3Toro pacqeTa cocTOBT B poabt-

X 
1 

, X 
2

, X 
8 

, KOTOpbiM cTaBHTCH a cooTBeTCTBHe 

• 

4 

onpeaenoHHitl& HHTep11anw eKcnopHMOHTanltHbiX :SHa'I&HHII HMnyn~ocoD 'laCTHII P1 , P1 H yrno 

MelKny STHMH '18CTHU8MH 9
11 

, 80 H3!58lK8JIHO !103MOlKHbiX CJ1)''1811Hit1X KOppenSIUHII ( Kp0M8 

Tax cnyqaes, Korna KoppenSIUHH oaOAIIJlHCb cneuuanbHo) nnSI onpeneneHHll Coae 11 
Heaa-

BIICIIMO pa3birpbiBallliCb 3Ha'19IIIISI yrnOB DbinCTa B na6. CHCT9M9 KalKJlOil H3 qaCTHU, JlnH 

Bbl6paHHbiX 3Ha'I9Hllll HMnynbCOB H yrna paCC'IHTbJBani!Cb 3Ha'leHIISI acj>qleKTIIBHblX MaCe, 

0ony'I9HHble C nOMOIUblO TaKOrO npOCTorO MO;lOllllpODaHII!I KpHBbje XOpOWO OniiCbiBaiOT 3KCne

pliMCHTaJlbHble pacnpenenenH», He HMeiOIUHe Bbi6pocoo. 

JlnH onpeneneHH!I BKJlllna pe30HllHCOB CyiUeCTBeHHblM 06CTO!ITOJlbCTBOM SIBJl!leTC!I HOpMH

pODKa <\lOIIOBbiX KpHDblX, "lame BCero HOpMHpODita npoooniiJlllCb no nnaBHOi! !jJOHOBOI! 'lllCTH, 

naneKOI! OT pe30HllHCa, 

Ope/lBiiiPHTenbHbie peaynbTaTbi aToll pa6oTbi 6binH nono>KeHbi Ha >KeHeBCKoll KOH<jlepeH

uuu 1962 rona
191• PeaynbTllTbt uayqeHH!I peaoHaHcoo B CIICTeMax H3 6onbworo qucna rr

/3/ 
Me30HOB (no 'lOTblpeX) Ony6nHKOBaHbl OTneJlbHO 

§ I, YT -r11nepoH 

/10/ 
HHTeHCHBHOe H3y'leHHe nmepOHHbiX peaoHaHCOB naqanocb c OTKpbiTH!I M. J\nCTOH H AP· 

Y* -runepoHa. B nocneAy!OIUee 

I * 
o15paaonaHH9 Y 1 -runepoua ( M 

BpeM!I 6b1Jl0 npe/lCTllBJleHO MHOrO paOOT, 

• 1385 Mas, I' "' 50 Mao), B K: p 

nOKll3b!BlllOIUHX 

- B3aHMOil91!-

CTBHSIX npH HMnynbCllX K--Me30HOB no 2,2 ras/c, H B " p -D3llHMOJleiiCTBH!IX npll 

_, I 5 0 r 111 I HMn)'JlbCaX rr -Me30HOB OT , n<1 2, 3B/C , 06pS30BllHHe B036ylKneHHOrO rlln9pOHa 

- /12/ 
aaperucTpupoaaHo H npH 6onbwHx HMnynbcax " -Me30HOB. B pa6oTe 113y'lanocb o15pa-

30BllHHe A K0 H K<io nap rr -!..Me30HllMH C HMUYJlbCaMH 6, 11, H 18 rao/c H 61t1n0 06-

H8p)'lK9HO, qTO (35+20 ) % I'Bn9p0HOB Ol5p83Y9TC!I '19p93 Y* 
I 

-p930H8HC. 

OnpeneneHHe cnuHa Y* 
I 

-nmepoHa yCJlOlKH!IeTCSI D 60JlbWIIHCTBe 3KCnep11MOHTOB HSJlH'lur 

eM D3aiiMOnei!CTDIIII B KOHO'IHOM COCTOSIHHH, OnHaKO HCCnenoBSH~ yrnOBbiX pacnpeneneHHil 

npo/lyitTOB pacnllllll H nonSipnaaUIIH CBH/leTenbCTBYIOT o nonbay aaKniO'IeHHH, qro Yi -rHne-

pOH SIBJl!leTC!I ~/i -COCTO!IHHeM ( A rr ) - CHCT9Mhlo 

B HaweM aKcnepHMeHTe o6Hapy>KeHo o6paaosaHHe Y~ -runepoHOB KaK o aseaAax 

C MHOlKOCTBeHHOCTbiO 3llp!llKeHHblX 'laC'PHU 0
0
•·4 , T8K H C 0

0 
• 2 I COCT8 BJ151IOIUB'X 

(32±_7)% H (15±_3)% OT BCeX cnyqaeB KlllKnOI! H3 3THX KaTeroplll!, COOTDeTCTBOHHO, Ce>IeHHe 

o6pa30BaHHSI Y~ -rllnepOHa, OUeHCHHOO Ha OCliOBllHIIH H3BeCTHOrO Ce'leliHSI o6pa30BSHHSI 

A -r11nepoHOB H ycpenHeHHoe. no oceM KaHanaM, paoHo "v+: • (129±_38) MK6apH, H3 

KOTOpblX. Hll JlOlllO C06b!THII C MHOlKeCTBeHHOCTblO 

n •· 2 . (70 ±_25) MK6llpH, 

':) 
5 

n 0 • 4 naAaeT (59 :!:..29) MK6llpH H C 



He p11c. I (a, !5, a) npeacTaaneHbl pacnpeaeneHHII sljltjlexTHBHbiX Mace M , B xaqe-
Art-• 

CTB9 ljJOHOBbiX I<PHBbiX HCJIO/IbSOBIIHbl l<pi!Bble ljl8SOBbJX 0!5'&9MOB, COBII8tl810!111!9 B t!IIHHOM 

cnyqae c pesyn&TaTaMH pacqeTa 110 MeToay MonTe-Kapno, lllHpHna 11 nonolKeHHe pesoHaHca 

oueHeHbl 110 HtteorpaMMe C IICIIO/IbSOBBHHeM ljlopMyllhl 6pal!Ta-8PrHepa II COCT8BIIIIIOT M 
0 

y 

•1360 Mae II r • 50 Mae, 1lTO cornacyeTCII B npeJlenax OWH6ox c JliiHHhJMH JlpyrHx pa6oT. 

-peSOH8HC MeHee IICHO BbipalKeH H ol'lpasyeTCII, IID-BIIt!HMOMy, C MeHbWI!M ceqeHHeM, Max .. 

CIIMyM, COOTBeTCTBYIOWHl! Y -rHIIepoHy Jl/111 saesa C D8 •·4 , CMemeH OTHOCI!TellbHO J118X-

cHMyMa Y+ -rllnepoHa, no xpal!Hel! Mepe, Ha 50 Mae, Cneuuan&Hoe uccneJloaaHHe, npoaeJleH-
113/ 

HOe B pa6oTe , JIOX8S8110, 'ITO cyweCTayeT paSHHUa XaX B WllpHHe, TaX II B Be/IH'IHHe 
+ -· - + 

MaCChi Y -11 Y ..:.pesoHaHcoa, Tax pa3HHUa Mace oxasanac& paaHoll m ( Y ) - m(Y ).17±.7 Mae, 

H ellbSII CJle/18Tb X&XHX-111160 S&XIIIO'IeHHl! OTHOCHTellbHO o6paSOB8HHII Y- -rHnepOHOB B Sees-

nax c n • 2 . ( PHCo 2) • floiiOlKeHHe M8XCHMyMa, XOTOpbll! MOlKHO 6bJIIO 6hJ 11pHIIHC8Tb 

y -rHnepoHy, He yCTOII'IHBO X IISMeHeHHIO HHTep&a/18 IIOCTpOeHHIIi X8lK9TCII COMHHTellb-

HbiM, 'ITO STOT MIIKCHMYM OTpaJKaeT o6paSOB8HHe Y -pesoHaHca, 

flpenCTIIB/IIIeTCII BOSMOlKHbiM p&S/IH'IHe B reHepaUHU y !'u Y -runepOHOB o6'&11CHUTb pa3 ... 

Ill! 'Ill eM, XO'l'Opoe Ha6nJO)laeTCII B MeXaHUSMe reHepaUHH 7T +_II 7T -,;..MeSOHOB, 0TpUU&Te/lbHbf9 
/14/ 

M9S0Hbf C 6ollbmel! BepcSITHOCTbiO nBHlKYTCII anepeJl , COXpaHIISI HanpaBII9HU9 nBUlKeHHSI 

nepBOH8'18/IbHbiX 7T- -MeSOHOB II nOSTOMY He MoryT Y1l8CTBOB8Tb B o6paSOB8HHH B036yJKnl!H-

nero rHnepona. 

nng HsyqeHHSI caol!CTB Yi -pesonaHCa 6bi/IH OTo6paHbl Clly'laU us o6nacTH 

1350 <~'A,+<I450 Msa ( 23 Clly'laSI C MHOlKeCTBeHHOCTbiO n
8 

•·4 U 28 cnyqaea-c n
0
•2). 

I. PacnpeneneHUSI nponyXTOB pacnana v; -pesonanca B ere CHCTeMe noXOSI OTHOCH

TellbHO HanpaalleHUII Bbl/leTa BOS6ylKJl9HHOro rHllepona npuaeneHbl Ha pUC, 3, nng CpaBHeHUII 

Ha aToM lKe pucyaxe npuaeneHbl aaanorU'IHhle pacnpeneneaug n1111 ljloaoab!X o6nacTel!. Pacnpe
+ 

neneaHe n1111 Y
1 
* UMeeT COBepwepweHHO CUMMel'pU'IHh!l! BI!Jl, 'ITO roaopHT 06 OTCyTCTliHH 

HHTepljlepenuHOHHhfX sljltjlexToll, Pacnpeneneaue xopomo anrlpoxcuMupyeTcll xpueol! 11una 
~ 

(2,65:!:_1,16)+(17,8:!:_3,6) Cos 'I)*, 3TO MOlK9T CIIYlKUTb CliUneTellbCTliOM TOre, 'ITO CJIUII 

v; rHnepoaa >l/2 . Aaanoruquoe saxmoqenue MOlKHO cnenaT& aa ocao11e aaanusa yrno11oro 

pacnpeneneHHSI nponyKTOB pacnana Y*-runepona a ere cucTeMe noKOSI Jl/ISI Tex cnyqaell 

o6p830B8HUSI STUX 'IIICTHU, Korna OHU Bbi/19T810T no HanpaaneHUIO, 6/IU3KOMy X Hanpali/19HJIIO 

non eTa nepBH'IHblX rr -·-Mesonoa I :cos 0*1>0,8 , XoTSJ KOIIH'IeC'l'liO Taxux cnyqaell Mano u c 
/15/ 

IIOMOWbiO MeTana Anel!pa H911b3SI 110/ly'IHTb onHOSHII'IHOrO pesyllbTIIT8 (pHC, 3), ace lKe 

MOlKHO C'IUT8Tb0 'ITO HM99TCSI yKa38HHe Hll OTCyTCTBHe U30TponUH, 3TO rOliOPIIT 0 TOM, 'ITO 

CIIHH Y: -pe30H8HCa > 1/2. 

6 

,. 

~ 

+ 
:.!. Yrnoaoe 11 uMnyn&cHoe pacnpeneneHUII Y -runepoHOll 11 c.u.M. ( rt 

/19Hbl Ha pHC, 4 (a, 6), flpHM9pHO (30:!:_5)% yriiOliOrO pacnpeneneHUSI COCT811J 

qaCT&, Y A -runepOHOll, He o6pasy10mux llos6yJKneHHoro runepoHa, usoTponH 

npeneneHUH He npeBblWaeT 20%, <I>OHOBb!e CO!Sb!TUSI B 06/laCTU JIUX8 MOryT na~ 

BXIIan B USOTpOIIHYIO '18CTb pacnpenellei!HH , TIIK XIIK OHU COOTlleTCTBYIOT CHC' 

c ManoA sHepruel! a c.u.M. B qacTHOCTU, Y -ranepOHbi, neTsmae non yrno1 

11 -p -asaUMOnel!CTBHSI 0 CXOpee acero OTHOCSITCSI X cjJOHOBblM, nOCKO/IbKy COOTE 

TeMaM (A rr ) , a KOTOpbiX A -rHnepoHbi 11 rr -Mesonbi neTSJT 11 pa3Hble 1 

EC/111 HCKIIIO'II!Tb 9TH C06b!'l'IISI (Ha pi!C, 4 9TH C06biTIISI OTMB'I9Hbl CTpe/IK8Ml 
+ 

Torna yrnoaoe pacnpeneneHHe Y -ranepoHoa no'ITH He 6yneT OT11H'IaT&cs 1 

HHII A -rHnepoHOB (HSOTpOliHIIII 'IIICTb 6yneT COCTIIBIIS!Tb (23:!:_4)%),flo-liH:lH: 
x) 

CHII&Hee, 'laM A -rHnepoHhi, xonnHMHpoaaHbi Haaan (eM. cpenaue 3lla'!el 

nyqeahrX 3ae3n1 n.5), 

3, Yrnoable a <~Mnyn&CHbie xapaxTepHCTHKH A -ranepoHoa u rr -Me3~ 
/10/ 

aos6ylKneHHOro rHnepOHa v; IIOK838Hbl Ha puc. 5. KaK H3119CTHO ' B II 

cneKTpe A -rilnepoHoa a c.u,M, ( rr -P) HaMil 6bmo o6aapyJKeHo cymeCTliOllai 

TepHblX o6naCTel!, OnHa 1!3 XOTOpblX (no 1300 Msa) ynoa/leT110pUT9/IbHO OJIUC 

Bb!MH o6'&9M8MU, Yl3 pHC, 5 ( 6) BHnHO, 'ITO A -rHnepoHbl, 06pasyiOUlU9CSI C 

peSOH8HC8, OTHOCHTCSI B OCHOBHOM K 06118CTU HMIIYIIbCHOrO CneKTpa A -rl 

1300 Msa/c, 

4, XapaxTepaoll oco6eHHOCTbJO rr+ -MesoHoa, SIBIIHJOUlHXCH nponyKTaMU 

peSOH8HC8, IIBIIH9TCSI TO, 'I TO 601lbUlHHCTBO liS HUX UMeeT HMnyllbCbl llO 400 

BaHUe y* -peSOH8HCa, 110-BIIJlUMOMy, IIB11SI9TCSI OllHOI! U3 llpU'IHH OTMe'leHHC 

'IllS! 9KCnepHM9HT8/IbHOrO HMliYIIbCHOrO pacnpeneneHHSI 71+ -MeSOHOll B 06/laC 

nyn&coa oT pac'!eTHoll cTaTUCTuqecxoll xpHaoll. BalKHOI! xapaxTepHcTuxoll nni 
~ -

so11aHUH aos6ylKneHHor o runepoHa SIBIISJeTCSI qeTbrpexMepHbrl! HMnyn&c I ~l-16 
pasHocTu HMnyn&coa 11 sHe~Hl! nepaoHa'la1l&Horo 6apuoHa u Y* -runepoHa. F 

cnyqaea HS o6nacTu naxa Y +"'rHnepona no ae/IU'!Hiie ~ noxasaHo Ha puc, 

BllnHo, 'ITO B STOM cnyqae '19Tb!peXM9pHble nepenaHHhle UMJIYIIbCbl MOryT lip! 

Hhre SHa'leHUSI oT 600 no 2000 Ms11 c no'ITH onHHaxoaol! aepoSITHOCTbJO, 

5. B Ta6nHue IY cpaaHusaJOTCH cpenHae SHa'leHUSI pasnH'IHbiX xapax'l'e~ 

30H8HCOB H A -rHnepoaoa
1141 

nns ssesn n -2 II n c4 • HcnOnbSOBIIHbl . . 
o6osHa'leHHSJ: 

x) CpenH runepouoa oT nayxnyqeabiX co6htTul! npuMec& ljloHOBbiX co6b!Ti 
'19M Cpenll '19Tb!peX11y'leBblX ( al5%)1 H HSOTpOIIHIISI '18CTb B yrnOBOM pacnpen 
6biTHll n. c 2 6on&we

1 
'19M nn11 n •• 4 , 'ITO nonTsepli<JlaeT aawe npenno. 

7 
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~p
eacTaelleHbl pacnpe)lelleHHA ec!J<jlaxTH&HblX Mace M A , B xa'la-,., 

on&soaaH&I xpHB&Ie ¢Jasoa&IX oo'hBMOB, coanaaaJOwue a ll8HHOM 

MeTOIIY MoHTe-Kapno, UlupnHa n nonolKeHHe pesoHaHca 

HCITOIIb30BllHH9M <jlopMyllhl 6paiiTa-81'rHepa H COCTaB/IIIIOT M 
0 

98, 'ITO cornacyeTCII a npeaenax ownoox c Jl~HHbiMH apyrax paooT. 

BhipalKeH n o6paayeTcll, rro-BHJlHMOMy, c M9HbWHM ce'leHHeM. Max .. 

Y - -rnnepoHy JlllSI 3893.11 C D
8 

• 4 , CM9W9H OTHOCHT911bi!O ~aK

xpaiiHeil Mepe, Ha 50 Mas. CneuuanbHoe uccneaoaaHHe, npoaeaeH

' 'ITO cyweCTayeT pa3HHUa KaK B WHpHHe, TaK H B Be/IH'IHHe 

Tax pa3HHua Mace oxa3anacb paaHoil m ( Y-)- m(Y+).l7t.7 Mae. 

3aKIIIO'I9HHil OTHOCHT91lbHO Oopa30BaHHII Y -ranepOHOB B 3Be3-

nonolKeHH9 MaKCHMyMa, KOTOpblil MOlKHO Obl/10 Db! npanacaTb 

K H3MeHeHHIO HHTepaana llOCTpOeHHII; KalKeTCII COMHHTellb-

y -pe30HaHCa, 

pa3nH'!He a reHepauHH y .!a Y -runepOHOB 05'biiCHHTb pas ... 

B MexaHH3Me reuepaUHH 1T +_ H 1T -,;.M930HOB, 0TpHUaTe/lbHble 
/14/ 

10 JlBHlKYTCII anepea , coxpaHIIII HanpaaneHHe JlBHlKGHHII 

H l!09TOMy He MoryT yqaCTBOBaTb B o6pa30B8HHH B03DYlKJ19H-

y~ -pe30HaHca Obi/IH OTOopaHbl cnyqaa H3 oonaCTH 

cnyqag C MHOlK9CTBel!HOCTbiO n •·4 . a 28 cnyqaea-c n
8 

• 2). 

pacnaaa v; -pe30HaHCa B ero CHCTeMe l!OKOII OTHOCH

rnnepOHa npuaeaeHbl Ha pHC, 3, nn11 cpaBH9HHII 

eHbl auanorH'IHbie pacnpeaeneHHII an11 <jJOHOBbiX o6nacTeil, Pacnpe

aua, 'ITO l"'OBOpHT Oo OTCYTCTBHH 

PacnpeaeneHae xopowo annpoxcHMHpyeTCII xpuaoil BHila 

17* • 3To MOlK9T CllylKHTb CBHileTellbCTBOM T0£'0, 'ITO Cl!HH 

3axnro'!eHae MOlKHO caenaTb aa OCHoae aHanu3a yrnoaoro 

Y*-ranepoHa aero CHCTeMe noxo11 .111111 Tex cnyqaes · 

OHH Bb!lleTaiOT l!O HanpaaneHHIO, D/IH3KOMY K H8llpaB/19Hll10 

I ·cos 0* 1>0,8 • XoTII xonuqecTao Taxax cnyqaea Mano a c 

OllH03Ha'laoro pe3yllbTaTa (pac. 3), ace lKe 

YK83811H9 H8 OTCYTCTBHe H30Tp0l!HH, 3To l"'OBOpHT 0 TOM, 'ITO 

6 

• 

+ -:.!, Yrnoaoe H HMnyn&caoe pacnpeaeneHHII Y -runepoHoa a c,u.M. ( rr p ) npeacTaa-

neH&I Ha pHC, 4 (a, 6), npaMepHO (30:t_5)% yrnoaoro pacnpeaeneHHII COCTaBIIII9T H30Tp0l!H8lil 

qaCTb, Y A -ranepouoa, He o6pa3yJOwax ao3oylKJ19HHoro ranepoHa, H30TponHall qaCTb pac

npeaeneHHII He npea&IwaeT' 2U%. <l>oaoabie co6&ITH!1 a o6nacTa naxa MOryT aaTb 3H8'1HT911bHbli1 

BKII81l B H30TpOITHyiD '18CTb pacnpeaenel!HII , T8K K8K OHH COOTB9TCTBYIOT CHCTeMaM ( A 1T ) 

c Manoil aaepraell a c.u.M. B qacTHOCTH, Y -ranepoH&I, neTIIIUHe noa yrnoM 90° a c.u.M. 

1T -p -a3aHMOil9iiCTBHII 0 CKOpee acero OTHOCIITCII K <jJOHOBbiM, llOCKOnbKy COOTB9TCTBYIOT CHC-

T9M8M (A rr ) , a KOTOpb!X A -ranepoHbi a rr -Me30Hbi neTIIT a pa3Hble CTopOHbl a c.u.M, 

Ecna acxniD'IHTb 9TH coobiTHII (Ha pac. 4 aTH coobiTHII oTM9'!eH&I cTpenxaMH ) , TO aalKe 
+ 

TOI"'Ila yrnoaoe pacnpeaeneHHe Y -ranepOHOB l!O'ITH He oyaeT OTIIH'!aTbCII OT pacnpeaene-

HHII A -rnnepoHOB (H30Tp0l!Hall 'laCTb oyaeT COCTaan!1Tb (23:t_4)%),no-BH.lHMOMy, Y )lalKe 

A x) 
CH/IbHee, '!eM -l"'Hl!epoHbi, K0/1/IHMHpOBaHbl Ha<~a.cl (eM. Cp91lHHe 3Ha'I9HHII ll/111 '19Tblpex .. 

ny'lea&IX 3&93111 n.5). 

3, YrnoBble a ;~Mnyn&CH&Ie xapaxTepacTHKH A -runepoaoa a rr -Me3oaoa oT pacnaaa 

ao3oylKil9HHoro ranepoaa Y* 
I 

/10/ 
noxa3aH&I aa pac, 5. Kax H3BeCTHO , a HMnyn&CHOM 

cnexTpe A -r11nepoaoa a c.u.M. ( rr -P) HaMH obmo o6aapylKeHo cywecTaoaaaae aayx xapax

Tepa&IX ol5naCTeit, O)lHa H3 KOTOpb!X (ao 1300 Maa) YllOB/IeTBOpHT911bHO OllHCblB89TCII tjJ&3o-

BbiMH oo'heMaMa. 113 pac, 5 ( 6) BHilHO, 'ITO A -ranepoa&I, o6pa3yJOwaecll OT pacna11a v:-
pe3oHaHCa, OTHOCIITC!1 S OCHOBHOM K 00/laCTH HMllYIIbCHOrO Cll9KTpa A -rHnepOHOS 1!0 

1300 Mas/c. 

4, XapaxTepHoil ocooeHHOCTbiO 1T+ -Me30HOS, IISIIIIIOIUHXC!1 npoayxTaMH pacnaaa 
+ 

y 

p930HaHCa, IIS/1119TCII TO, 'ITO 00/lb!UHHCTBO H3 HHX HMeeT HMllY/IbCb! 1!0 400 Mas/c, 06pa3o-

* /14/ 
aaHHe Y -pe30HaHCa, llO-SHilHMOMy, !1SIIII9TCII OllHOil H3 llpH'IHH OTMe'!eHHOro B OTIIH-

'IH!1 9KCnepHM9HTallbH0£'0 HMllYIIbCH0£'0 pacnpeaeneHHII rr+ -M930HOS B OOIIaCTH Mallb!X HM-

nynbCOS OT pacqeTHOil CTaTHCTH'!ecxoil xpasoil. BalKHOil xapaKTepHCTHKOII )l/111 Ol!HCaHHII oopa-
. ~-~ 2 ~ 

3osaaH!1 so3DYlKil9HHor o runepoaa 11SIIIIeTC!1 '!eTbipexMepH&III HMnyn&c I ~~ .. f~l -{~).rae ~ 1~0 
pa3HOCTH HMnynbcos a aHeprail nepsoHa'!an&aoro 6apuoaa H Y* "')'unepoaa, PacnpeaeneHHe 

cnyqaes H3 o6naCTH nuxa Y +"-rHnepoHa no aenH'!Hiie ~ noxa3aHo Ha pac. 6. 113 pacyHxa 

SHilHO, 'ITO B STOM Clly'lae '19Tblp9XMepHb!e nepeaaHHbl9 HMllYIIbCbl MO!"'yT llpHHHMaTb pa3/IH'I

Hble 3Ha'!eHHII OT 600 ao 2000 Mas c no'ITH OllHHaxosoll aep0!1THOCTbiO, 

5. B Ta6naue lY cpaaHasaroTC!1 cpeaHHe 3Ha'!eHH!1 pa3nH'IHbiX xapax'l'epHCTHK y•+ -pe-

3oHaHcos H A -ranepoHoa
1141 

an11 3Be31l n -2 H n •4 , 11cnonb30aaHhi cneayrowue . . 
0003Ha'I9HHII: 

x) 
Cpeaa rnnepoHoa OT asyxnyqes&IX cof5&ITHil npHMeCb <jloHOBbiX coobiTHil 6on&we ( • 35%), 

qeM cpeau ..:eT&Ipexny'leBbiX ( ·15%), n H30TponHa!1 qacTb a yrnosoM pacnpeaeneHHH an11 co
f5&ITHil n. •· 2 6onbwe, '!eM an11 n ••. 4 , 'ITO noaTseplKaaeT Hawe npeanonolKeHHe. 

'l 
7 



.. (P*) - cpenaall HMnynbC qaCTHilbl B C.Il.Mo (IT -p ) I' 

(P~)- cpenaall npononbHbiii aMnyllbC B c.II,M., 

< ll > - cpenaall nonepe'IHbiii HMnynbc, 

<co..o•...)cpenaall Kocaayc yrna a'bmeTa qacTHilbi a c.n.M. 

06pawaeT Ha ce611 BHHMaHH8 ljlaKT paaeHCTBa nonepe'IHbiX HMnynbCOB Y _! H 
II. -runepo-

HOB. CpenHHe xapaKTepHCTHKH nn11 qeTbtpexnyqeabiX aaean casneTenbCTBYIOT o TOM, 'ITO 

Y -runepOBbl canbHee, '!eM II. -ranepoHbl, KOllnHMHpOBaHbi Haaan. B CK06Kax npaaeneabl 

3Ha'leHH!l COOTB8TCTBY!OIIlHX B0llH'IHH 6e3 y+ -ranepOHOB, BblneTaiOIIlHX non yrnOM • 00° 

(eM. n.2). 

/3/ 6. Kax OTMe'lanoCJ> B pa6oTe , Haws naBHbie He npoTaaope'laT HallH'IHIO coaMeCTHoro 

o6pa30BaHH!l Y -ranepOHOB H p -Me30HOB B onHOM aKTe B3aHMOneiiCTBH!l, 

§ 2, JlpyrHe 6apHOHHb18 pe30HaHCbl 

/16/ HaMH 6bm o6Hapy>KeH MaKCHMYM B 
cneKTpe MaCe fl. IT +: -CHCT8Mbl B o6naCTH 

• 1660 Mas. AHanors'IHbie peaynJ>TaTbi coo6wanacb Ha :lKeaeacKoll KoH<jlepeHIIHH no <jlsaaKe 

BbiCOKHX sHeprsll, rne 6bmO aagarreHo o cywecTaoaaHHH peaoHaHca Y* 
I 

C Maccoll 

/17/ /17/ 
1600 H I' • 40 Msa,aaTopaMH pa6oTbi • B pa6oTe noKnanb!BaJIHCb pesynJ>TaTbl 

lT-p -aaaaMoneiiCTBHII npH 2,1-2,3 rsa/c H K-p -BsaHMonellCTBHII 
accnenoaaHHil 

npa 
/18/ 

" 1 fsa/c, B pa6oTe 
Hsy'laiiHCb K - p -asaHMoneiiCTBHB npH 1,51 raa/c. 

ABTOpbl STOll pa60Tbi Ha 60IIblllOM CTaTHCTH'IeCKOM MaTepaane (OKOJIO 7000 C06b!THII) 

onpenenana ce'leHae o6pasoaaHH!l Yt" (1660) -peaoHaHca, oKasaaweec!l paBHbiM u· c 0,4 M6 

H aepO!lTHOCTH pasJIH'IHblX KaHaJIOB pacnana w,.lT: w:t,: wll.lTlT : w AITlT: WKN .. 7:6:4: 4 : < 1. 

HaneJKHO onpenenHTb cnHH Yt (1660) -p;:;;aHca noKa He ynanocb. Hau6onee aepO!lTBbiM 

sHa'leHHeM CnHHa !lBJI~eTCB aeJIH'IHHa 3/2 , 

B nony'leHHOM HaMH pacnpeneneHHH M ll.lT + 
\ 

nnll saesn C n • 4 . (pac. 1a) HMeeTCII 

Bb!6poc, BbiXOnliWHII sa 1,5 KpaTHYIO CTaTHCTH'IeCKYIO OWH6Ky, KOTO)Jblll MOJKHO HJl0HTH<jJHIIH

pOBaTb KaK pesOHaHC Y* (1660) .• Y*(1660J pesoHaHC COCTaBJI!IeT ( 16+ 5)% OT nOJIHOrO 'IHCJia 
I I -

C06biTHII, 'ITO COOTBeTCTByeT ce'I0HHIO rJ· (1660) • (30,:!,:_13) MK6apH. lliHpHHa H 3Ha'leHH8 
y+· 

MaCChi, onpeneneHHbie no HneorpaMMe c noMOWbtO <jlopMyJibl EpaiiTa-BarHepa oKasanacb 

paBHblMH f' a·36, 1.1
0 

"'1630 MsB. 113-sa 60llblllOrO ljloHa nonbiTKH onpeneJIHTb CnHH He HM8• 

IOT CMbicna. HanaqaeM ljloHa, no-aanaMoMy, onpenenaeTCSI H cTOJtb 6onbwaSI,nonyqeHHaa 

HaMa 1wapaHa pesoHaHca. 
/9/ 

Ha )KeHeBCKoll KOHijlepeHIIHH 1962 rona Mbi coo6wana o aosMO>KHOCTH o6pasoaaHHB 

pesoHaHca B cacTeMe qacTHII II."+:,-; Macca sToro pesoaaaca yKasbiB.anacb paaaoll 

8 

• 

., 
il 

i 

1770;t.100 Msa. Ha puc, Sa npaaenaHo pacnpeJlaneHHa M11. ,.+.,-•JlnB saa:s. 

ROCTbiO sapBJK8BHb!X 'l'aCTRil n • 2 . B tta'leCTae ljloHoablx pacnpeneneaaJ 

tte npuaeneRbi Kpaaaa ljlasoaoro o6'beMa a racTorpaMMa, nony'leHaaa M8TOJ 

HopMHpOBKa npoaon'anacb no cnyqaSIM c M II. lT+,.> 2,1 rsa. Mbl y6enHJ 
+ 

nononHHTenbHbie accnenoaaHHB, 'ITO npaMecb K -MesoHoa, a TattJKe fl., 

B3aHMOneiiCTBHII lT -MeSOBOB C KBasHCB06onHbiMH npOTOHaMH HOT lT -C 

OKa3bJBaiOT cyweCTB8HHOrO BJIHS!HHS! Ha natt1 H OR OCTaeTCB sa npenenaMH J 

KH Han 1\loaoM • .llaJibHellmae accnenoaaHHSI npaaena K cnenyiOli!HM pesynbTB 

1. KpHBbie ljlasoaoro o6'beMa, cooTBeTCTBYIOWHe peattiiHBM c o6pasoa. 

Ha cnettTpe Mace M II. ,+
11

- HMeiOT MaKCHMYM B o6naCTH, cooTaeTCTBYIOIIl• 

Ha pac. 7 Ha cnettTpe Mace M II. 
17 

+ 
11 

-n:paaeneHa ljloHoaaa KpHBaSI, nony'lel 

KaHaJIOB o6pasoBaHHSl peSOHaHCa Y: (1385). C C8'18HHSIMH, yKasaBHbiMR B 

THII B nHKe Han STOll ljloHOBOII K)JHBOII saMeTHO M8Hblll8 'IHCJia C06biTRII B 

ljloHoaoll Kpaaoll, nony'leHHoll 6es yqeTa pesoHaaca Yi (1385) • BKnan nRJ:B 

oneHeHHbiii no as6biTKY co6biTHII Han TaKOII ljloHOBOII KpHBOII 1 He rrp8Bblllla&1 

2, Ecna nonycTHTb, 'ITO nHK npH 1770 Msa cooTBeTCTayeT pesoHaac: 

MOJKeT pacnanaTbCSl KaCKanHO, npH'18M, B OCHOBHOM npoMeJKyTO'IHbiM COC' 
+ 

nonoJKHTenbHO sapSIJKeHHblll aos6ylKJleHHblll rHnepoH Y1 (1385) (pac. 8). B 

HsOTOIIH'I8CKHM COOTHOIIl8HHS!M pacnan STOrO COCTOS!HHSI noJI>K8H HJlTH C 0 

HOCTbiO KaK '!apes Y1 ":,. , TaK H 'lepes Y 
1
:.. ranepoHbi, 11 TaK, nony'laeTCB, 

+ 
HHSI Y** KaKHM-TO o6pasoM oTpaJKaeT KapTHHY polKJleRHSI Y- -pe3oHaHc 

B § 1, :3ToT ljlaKT roaopHT He B nonh3Y cywecTaoaaHHB pesoHaHca, cooTB• 

• 1770 a pacnpeneneHHH M II. 
11 

+ 
17 

_, OnHaKo sToT ljlaKT He HCKJIIO'IaeT aosM< 

Y** -rarrepOHOB C npaaeneHHblM Bbllll0 C8'18HH8M 0 nOCKOnbKY KapTHHy pacna. 

Ca MOJKeT CHJibHO HCKasHTh sHa'IHT8JihHOe K011H'I8CTBO 1\JOHOBblX C06b!TBII, 

CSI y I (1385) -ranepOHbl, Ha3aBHCHMO OT Y**(1770)- pesoHaHCa, 

• • 
3. HaMH 6bma npoaHanasapoaaHa saaHCHMOCTb a<jxjleKTHBHbiX Mace M 

Hbl HenocTaiOmell MaCChi. CneKTP HenocTaiOwax Mace noKa3aH Ha pac. 9, 

nyeT, 'ITO B 6onhWHHCTBe cny'laea o6pasyeTc!l He onHa (T.e. K
0 

-Me3oH) 

qacTHIIa. DpenrronaraSI, 'ITO ocTanbHbiMH HeiiTpanhHbiMH qaCTHIIaMH !IBIISIIO' 

H 'ITO pacnpeneneHH8 sljlq,eKTHBHbiX Mace CHCT8Mbl (K11°) He CHJihHO OTnl 

neneHHII aljlq,eKTHBHbiX Mace (K0 11.!:: )..,.cacTeM, M bl conocTaaana pacnpenene1 
x) 

Mace a cneKTp MK, ± (pac. 9) • 11s sToro conocTaaneHHB MOJKHO saKn 

CB 60IIbllla!l rpynna CJiyqaeB C HenocTaiOW8il MaCCOII M >'1,2 fsB, KOT a en. 

x) ApryMer:roM a nonbsy cnpaaennHBOCTH npennonoJKeHH!l o nono6a1 
(K011"- H (K011 -) .-CHCT8M MOJK8T f{WfHTb ljlaKT nono6Hil yrJIOBblX paCnp 

M8SOHOJ>, o6cyJKnaBWHIIC!l B pa6oTe • 

9 

~-------------------------------------



'18CTHUbl B C,U.Mo ( rr -p ) I' 

I!Mnyn&C B C.U,M., 

HMnynhC, 

yrna BbineTa '18CTHUbl B C,U,M, 

ljlaKT paaeHCTBa nonepe'<HbiX HMnynbCOB Y ~ H A -rHnepo-

un!l 'leTbipexny'leBbiX 3Be3U CBHU8T811bCTByiOT 0 TOM, 'ITO 

A -renepOHbi1 xonnBMHpOBBHI>I Hasan. B cxo6xax npeaeneHbi 
+ 0 

aenB'IHH 6ea Y -renepoHoB, BblneTBIODlHX non yrnoM • 90 

/3/ 
B pa6oTe , H8Dlll U8HHbie He npOTBBOpe'18T HBnB'IBIO COBM8CTHOI"O 

II p -Me30HOB B OUHOM 8KTe B38HMOUeli:CTBHH, 

§ 2, Jlpyrue 6apHOHHb!e pe30H8HCbl 

6bin 06Hapy>KeH M8KCIIMYM B cneKTpe MaCC A fT +: -CHCT8Mbl B o6naCTH 

peayn&TaTbi coo6manuc& Ha >KeHeacxoll: KOH<jlepeuuuu no ljluauxe 

6binO 38!1aneHo 0 cymeCTBOBaHHH pe30HaHCa Y* 
I 

C MaCCOll: 
/17/ /17/ 

pa6oTbi • B pa6oTe noxnaubraanuc& peayru.TaTbi 

p -B3811MOueli:CTBIIA npll 2,1-2,3 faa/c II K p -QaaHMOUell:cTBRll: 
/18/ -

paf5oTe 113yqan11Cb K p -aaaHMOueli:CTBBll npll I ,51 faa/c. 

Ha 6onbWOM CTaTIICTH'IeCKOM MaTepllane (OKOnO 7000 COf5biTHll:) 

o6pa30B8HII!I Yr" (1660) -pe30HaHca, OK83aaweecH paBHbiM rJ·~0,4 Mfi 

K8HanoB pacnana \": w:t": WArm : wArm : WKN a 7:6: 4: 4 : < 1. 

cni!H v• (1660) -pe3oHaHC8 UOKa He ynanocb. Hauf5onee aepo!ITHb!M 
I /18/ 

!IBn~eTCII aenH'IIIHa 3/2 , 

MA"+ una 3Be3u c n a 4 • (pee, Ia) ll~eeTCH 

3a I ,5 KpaTHyJO CTaTIICTII'IeCKYIO OWH6Ky, KOTOpb!ll: MOlKHO Bll0HTHijlRUH

(1660) .• Y*(1660) p030HaHC COCTaBnHeT ( 16+ 5)% OT nonHOrO 'IHCna 
I -

."'"""'""''WeT Ce'10HIIIO rJ·+(1660) = (30.:!:,13) MKf5apH, lllupBHa H 3Ha'leHBe 
y 

11ueorpaMMe c noMom&!O ljlopMynbi Bpali:Ta-BIIrHepa oxaaaniiCb 

• 1630 Mae. 11a-3a 6on&woro ljloHa nonbiTKII onpenenBTb cn11H He BMe.• 

ljlOHa, IIO-BIIUIIMOMy, onpeuen&eTCH II CTOIIb 60IIbWaH1nonyqeHHaH 

1962 rona Mhi coo6man11
191 

o B03MOlKHOCTII o6paaoeaHRH 

'<aCTIIU A rr +:,.-~ Macca aToro pe3oHaHca yKa3biB.anac& paaHoll: 

8 

... 

I 
;~ 
~ 

1770:t,100 Mae. Ha pHc. Sa np11eeneHo pacnpeneneaue MA ,+ 11 -•nnR 3Be3n C: MHOlKacTaea-

ROCTbiO aapSilKeHRbiX 'laCTRU n • •·2 B xa'leCTee ljloHaeblx pacnpeneneH&ll: Ha &TOM pBcya-

xe np11aeueHhi xpv:east ljla3oeoro o6'beMa H riiCTorpaMMa, nony'leHHaR MeTonoM MoHTe-Kapno, 

HopMIIpoaxa npoaon·unac& no cny'laHM c M A 
11

+
11

-> 2,1 faa, M1>r y6eullnHc&, niX>aenR 

+ + uononHIITen&Hhre llccnenoaaHBH, 'ITO npuMec& K -Me3oHoe, a TaKJKe A,rr , , -'-'laCTHUhi aT 

B3aiiMOUeli:CTBIIll: 11 -:_Me30HOB C KBa311CB060UHbiMB npOTOHaMH II OT 11 -C.,.B3aHMOileAcTeHA He 

OKa3hJBaiOT cymeCTeeHHOI"O BnHHHII!I Ha nHK! II OR OCTaeTCSI 3a npenenaMII UByKpaTHOA OWH6-

KH Han <!>oHoM, .fian&Heil.wse uccnenoeaHHH rrpsaenu x cnenyrotnHM peayn&TaTaM: 

1. KpHBbie ljlaaoeoro o6'beMa, cooTeeTCTByromlle peaKUHHM c o6pa3oeaHHeM Yt (1385) 

Ha cnexTpe Mace M A ,+,- IIMeiOT MaKCIIMYM a o6naCTH, cooTaeTCTBYIOmeA nuxy .. t7'ZO Mae. 

Ha psc. 7 Ha cnexTpe Mace M A 
11 

+ 
11 

-HpHaeneHa ljloHoaaa Kpseaa, nony'leHHaa c y'leToM 

KaHanoe o6paaoaaHHH pe3oHaHca Y~ (1385) c Ce'leHHHMH, yKaaaRHhiMR e § I, "'ucno co6bl-

THA e nHKe Han STOlt ljlOHOBOli KpRBOli 38MeTHO M8HbWe 'IRena C06biTRli B 9TOM nHKQ Han 

ljloHoaoA xpuaoli, rrony'leHHOll: 6e3 y'leTa pe3oHaHca v: (1385) • BKnan nsxa Y**(1770) Mae, 

O!leHeHHhili no 1136biTKy C06b!THA H8U T8KOA ljlOHOBOli Kpueoli 1He npeBbiW8eT a· ;:S, 36 MK68pH, 

2. Ecns nonycTHTb, 'ITO niiK np11 1770 Mae cooTeeTcTayeT pe3oHaHcy, TO nocneuHuli 

MOlKeT pacnauaT&C!I K8CK8UHO, npll'leM, B OCHOBHOM npOMeJKyTO'IHbiM COCTOSIHIIQM SIBnSieTC!I 
+ ' 

IIOnOlKHTeUbHO 3apHlK8HRbili B036yJKueHHbili r11nepoH Y
1 

(1385) (puc, 8), 8 TO lKe BpeMH no 

H30TOnB'IeCKIIM COOTHOWeHII!IM pacnau 3TOI"O COCTO!IHII!I UOUlK0H IIUTB C OUIIH8KOBOlt BepoHT

HOCTb!O K8K 'lepe3 Y1:._, T8K II 'lepe3 Y1:..rllnepOHbl, J1TaK, rronyqaeTC!I, 'ITO pacnau COCTO!I,_ 
+' 

HBH Y** KBKIIM-To o6pa3!!'M OTpa>KaeT xapTHHy polKueHHH Y- -peaoHaHcoe, o6cyJKuaawy!OcSf 

e § 1, 3TOT ljlaKT l"OBOpHT He B IIOUb3Y CymeCTBOBaHBSI pe30HaHCa, COOTB0TCTBYIODlero nBKy 

" 1770 a pacnpeneneHHB M A , + 
11 

_, OuHaxo aToT ljlaKT He HCKniO'IaeT B03MOlKHOCTb poJKueHHH 

Y** -runepOHOB C npueeueHHbiM Bb!We Ce'leHHeM, noCKOllhKY K8pTHHY pacnaua 9TOrO pe30HaH-

ca MOlKeT CllnbHO BCKa3HTb 3Ha'IHTen&HOe KOUH'IeCTBO ljlOHOBb!X C06biTHA, B KOTOpbiX pOli<UaiOT

C!I Y1(1385) -rHnepOHhi, He3aBHCIIMO oT Y**(1770)- peaoH\Hca. 

3. HaMR 61>rna rrpoaHanHaupoaaHa aaaiiCIIMOCT& S<jMpexTHeHbiX Mace M A ,+, -oT eenB'IB

Hbi HenocTaromeA MaCChi, CnexTp HenocTa!OmHx Mace noxa3aH Ha p11c, 9. 11a pucyHKa cne

nyeT, 'ITO a 6on&WBHCTBe cny'laea o6pa3yeTCH He onHa (T.e, K0 -Me3oH) HeATpan&HaH 

'laCTHUa, Tlpeurronara!l, 'ITO OCTaUbHbiMII HeliTpaUbHbiMII 'laCTHUaMB l!Bn!IIOTC!I rf> -Me30Hbl 

II 'ITO pacrrpeueneHHe s<P<!>eKTHeHbiX Mace CHCT0Mbl (Krr0) He CHnbHO OTnHqaeTC!I OT pacnpe-

ueneHHJ! s<P<!>eKTHeHbiX MaCC (K0rr_!:' 1-:·CHCTeM, M bl conoCTaBBUH pacrrpeueneHB!I HeJlOCTaiODlBX 
x) 

Mace 11 crrexTp MK 11 ;!: (puc, 9) • 113 aToro conocTaaneHBH MOlKHO 3aKniO'IHT&, 'ITO BMeeT-

C!I f5oU&Wa!l rpynna CUY'Iaee C H8UOCTaromeA MaCCOli M > 1 ,2 faa, KOTOpa!l COOTBeTCTByeT 
Hen. 

x) ApryMerToM e non&3y cnpaeenJIJiaocTu npennonoJKeHBH o rrono6uu cnexTpoa Mace+ 
(K".r'}- II (K0rr -) .-CHCT8M MOlKeT f{Wf-HTb ljlaKT nono61111 yrnOBbiX paCrrpeneneHHA 11° H 11 --

M830HOJ>, G>6CylK!IaewRliCSI B pa60T9 , 

~ 

' 9 



xaHanaM c o15pa3oJ>aHHeM AK 11 + 11- H n tf'- Me30HOJ> ( n > 1 ) 
x) 

TaKHM o6pa3oM 16onbWaH 

qaCTb C06hiTHH, COOTJ>eTCTJ>Y!OliiHX o6naCTH nHKa - 1770 Mal>, HMeeT HeuocTaiOlUYIO Macey 

M > 1,2 raJ>, T.e. o6pa3oJ>aHHe pe30HaHCa Y**(1770) uomKHO conpoSO}I{/laTbCH pO}I{lleHHeM 

MBHHMYM eme uayx tf' -Me3oljOB (Ha pHC, Sa 3TH coohiTHH 3awTpHxoaaHhi), B aToM cny

qae <jla3oBaSI xpHsaR unH cnexTpa a<jl<jleKTHSHhiX Mace CHCTeMhi H3 Y( 1385) -pe3oHaHca H 11 -

Me3oHa unH peaKUHH 11-+ P-> Y + K0 +,.++ ,.-+ 211° HMeeT MaKCHMYM s o6naCTH • 1770 Mas 

H, cneuoaaTenbHO, o6pa30BaHHe 3TOrO pe30HaHCa MO}I{eT HMHTHposaTbCH pO}I{IleHHeM Y*(1385}-

rHnepoHa. 

JlonycTHM eme OllHY S03M0}1{H0CTb 1 COCTOSilUYIO S TOM, 'iTO COOb!THH C M Hell >1,2 fas 

He OTHOCHTCH K B38HMOUeilCTSHSIM C o6pa30S8HHeM D rf' -Me30HOS ( n > 1) , a BBnsnoT-

CH coobiTHHMH c uayMH HellTpanbHhiMH 'iaCTHUaMH (HanpHMep, K
0 

H 11° -Me3oHaMH), npH'<eM 

KHHeMaTHKa po"'ueHHH npeunonaraeMoro Y**- rHnepoHa Taxosa, 'iTO aTH Hei!TpanbHhie qac

THUbi o6pa3yiOT cnexTp Mace, cHnbHO oTnH'iaiOlUHilCH oT cneKTpa MK0 11 ± • OuHaKo s aToM 

cnyqae cpeuHee qucno 11° -Me3oHos, onpeueneHHoe nyTeM aHanH3a HeuocTaiOmux Mace, 

OKa3biSaeTCH paSHh!M Rtf'= 0,75 :_: 0,25 H OTnH'i89TCH OT 'iHCnaR;,• 1,37 t. 0,2, onpeueneHHOro 

/19/ 
11 

no y -KSaHT8M , Jlng CHHTHH 3TOrO paCXO}I{IleHHH HeOOXOilHMO SSOUHTb o6pa30S8HHe lj +-
XX) /3/ 

Me3oHa s 6onbwOM npoueHTe , qero He HaoniOuanocb axcnepHMeHTanbHO , CyMMHpyg 

cxa3aHHoe, MO}I{HO 3aKniO'IHTb, 'ITO, no-suuHMOMY, MaKCHMYM a pacnpeueneHHH M A 
11 

+ 
11 

_, 

s o6nacTB - 1770 Mas, He ecTb HOBhiil pe3oHaHc, a o6ycnosneH KHHeMaTH'ieCKHM snHHHH

eM H3seCTHoro pe3oHaHca • Y (1385) • HaoniOuaaweecH OTKnoHeHHe OT <jloHosoil xpuso:ll, y'iH-

TbiSaiOmel! o6pa3osaHHe Y (1385) pe3oHaHca B cnexTpe M A
211 

npH 3Ha'!eHHH 1770:!:,100 Mast 

cocTasn!IIOmee "36 MK6apH 1Mo}l{eT ObiTb o6ycnosneHo HeTO'IHOCTHMH npH y'leTe sxnaua pe-

30HaHca Y (1385) , a TaKJKe CTaTHCTH'IeCKOH <jlniOKTyauHeJl, 

B 3aimiO'<eHHe asTOpbi C'iHTaiOT caOHM npHHTHhiM uonroM no6narouapHTb npo<jl.M.H.nour-

ropeuxoro u npo<jl. H.B.YysHno 3a HHTepec K paooTe H oocy"'ueHHll, a Tax"'e A,MHxyna, 

HryeH JlHH Tb!, A.A.KyaHeuosa, E.C.Coxonosy, Jly ~.aHb-UaH, BaH IOH-'iaHa H KHM XH HHa, 

npHHHMaawHx y'<aCTHe s nepsoil cTauHH pa6oTbi. MLI npH3HaTenbHbi coTpyUHHKaM Bbi'iHCnH

TenbHoro ueHTpa H.<I>.Mapxoaoil, B.E.KoMonosoil aa nposeueHHbie pac'!eTbi H rpynne na6o

paHTOS 3a uaMepeHHH. AsTOpbi Tax"'e 6narouap!IT A.B.HHKHTHHa, 3.r. Eyoenesa H H.Kypena

PY 3a o6cylKueHue oTuenbHbiX aonpocoa aToll pa60Tbi, 

x) npeunonarall, 'iTO BO scex co6hiTHSIX, Sb!XOllHIIIHX 3a KpHSYIO MK 1T ± ' o6paayeTCH 
no 2rf' -MeaoHa, Mbi oueHHnH cpeuHee 'IHCno tf' -MeaoHos unll co6hiTHli c A -rHnepoHoM 

(n =-2) • 0Ho oxaaanocb paaHhiM'\f. = 1,5 +·0,25 , 'iTO cornacyeTCH c uaHHbiMH no aHanHay 

'iH°Cna y -KSaHTOS/19/. -

XX) npHHHMa!l OTHOllleHHe Hei!TpanbHh!X pacnauos K aapglKeHHh!M Unll lj -Me30Ha pas
Hb!M 2,5:!:,0,5/20/, nony'IHM, 'iTO HYlKHO aseCTH ero o6paaosaHHe S (16:!:,6)% OT nonHOrO 

'<HCna co6hiTHil. 

10 

• 

1 

HHeM 

JlononHeHHe 

1. BepO!!THOCTb p n-nepexoua CHCTeMbl H3 OllHOrO COCTO!IHH!I S Up; 

D - qaCTHU pasHa 

P =f(T) I 
n 

ll(2S
1
+1{i 

p N
1 

I 

on· I n (2m) ~ •. A~ 
k k d M,.. 

rue f (T), ' 11(2S + 1 yiH n N I - xoa<jl<jlHUHeHThl, y'iHThiSaiOmHe CnHH, I 
I I l l 

CnHH H TO}I{UaCTSaHHOCTb 'laCTHU, u
1 

- 'iHCnO '!aCTHU C OUHHaKOSb!M CnH 

11 (2mk) coxpaHSiaT y P pa3MepHOCTb <l>epMH-seca H 0 -o6"&eM c4 
k n 

nopeHTUOBCKH ClKaThlil Ha-aa pen!ITHSHCTCKHX cxopocTeil '<aCTHU, PauHyc 

TeOpHH, 8hipa}l{eHHe unH nl HMeeT SHU 

1 411 A a 
n~=·- --<--> 

(211 )3 3 m y 
TT o.m. 

S KOTOpOM MHO~<IITenb ( 1/211) 3 
S03HHK npH HHTerpHpOSaHHH <jla3osoro oe 

MaCCa 11 -Me30Ha H <jlaKTOP nopeHTUa, A -nouroHO'IHh!ll napaMeTp, ~ 

CH H3 cpaSH9HHH 3KCnepHMeHT8nbHOl! H paC'I9THOil cpeuHel! MH0}1{9CTB9Hf 

HeoonbwHe HaMeHeHHH napaMeTpa A COOTSeTCTBYIOIIIHe H3MeH9HHIO Ol 

CTBHH S npeuenax OT 1 llO 1 ,5, M8nO CKa3b!BaiOTCH Ha peaynbT8T8X, )ln 

COOTBeTCTSyeT pauHyCy B3aHMOUei!CTSHSI 1,2 f H OO'&eMy B3aHMOUel!CT 

Ha {l •1 ,445, pe3ynbT8Tb! no CpeuHel! MHOlKeCTS9HHOCTH npHseueHbl S 

pa·cqeTe no cTaTHCTH'iecxoil TeopHH Y'<HThiBanocb oopaaosaHHe H3secTHbi 

cu 
1 

1j H K*(888) , aoa6ylKU9HHOro rHnepoHa Y1 (1385) H HyKnOHHOil H30 

KpoMe Toro, obmH saeueHhi peaxuHH c cosMeCTHbiM po"'ueHHeM peaouaH 

Y (1385) H p HnH cu , Y(1385) H K* (888) 1 K * (888) H p HnH <U 
I . I 

He'IHOMY cocTOSIHHIO peaxuHH c I!. u A-rHnepoHaMH He pa3nH'IaiOTCH, 

nbi c o6pa3osaHHeM 1 -rHnepoHoa. C'iHTanocb, 'ITO napa cTpaHHbiX '<B 

KK YK H T.u.) o6paayeTCH a rr -Me30HHOM oo"&eM.,, JlnH KalKil 

'!aCTHU H pe30HaHCOB 00'&9M saaHMOUei!CTBHSI TaKlKe npHHHManCH paSHbl~ 

KaK sHUHO ua Taonunhi V, peaynbTaThi no cpeuHeil MHolKeCTseHuoc 

qaCTHU onU}I{e acero K aJ<CnepuMeHTanbHh!M S cnyqae HCKniO'IeHHSI peaKE 

HhiM oopaaosaHHeM usyx pe3oHaucoa, B Ta6nHue VI cpaaHHsaiOTC!I uaHE 
/19/ 

qucny tf' -MeaoHoa, nonyqeHHhie H3 aHanHaa 'IHCna y -xsaHTOB , c 

cTaTHCTH'!ecxoil TeopHH. OnHTb HaHny'iiiiee cornacHe nonyqaeTC!I a cny'l 

pa30SaHHH pe3oHaHCOB. 

nocxonbKY SHU <jla30Bh!X KpHBh!X CHnbHO 38BHCHT OT 'iHCna 'i8CTHU 

HOM COCTOSIHHH, TpeoosanOCb, 'iTOOhl pacqeTbl no CTaTHCTH'ieCKOil TeOpl! 

KOnH'ieCTSO ItaK aapH}I{eHHhiX, TaK H Hei!TpanbHh!X 'i8CTHU. JlnH OUeHKH C 

TanbHbie pacnpeueneHHH HaMH HaHOCHnHCb <jla30Bb!a KpHBhie, paCC'iHTaHH 

B8pHaHTOB• 
11 

I_· ---------------------------------------------



x) 
TaKHM o6pa3oM, 6onbUI8SI AKrr+rr- 11 n rr"-Me30HOe (n >1) a au eM 

TeeTCTeyJOll!IIX o6nacTH nHK8 - 1770 Mae, I!M99T H9Jl0CT810IUY!O Macey 

6pa3oeaHH9 pe3oHaHca Y**(1770) nomKHO conpoeOlKJlSTbCSI pOlKJl9HII9M 

H 

,o -Me3oHoe ( Ha pH c. Sa aTH co6hiTIISI 38UITpHxoeaHbi). B aToM cny

)lllSI cnaKTp8 a<jlljleKTI!eHblX MSCC CIICT9Mbl 113 Y( 1385) -pe30H8HC8 II 11 -

rr-+ p .. Y + K0 + rr ++ rr -+ 271° I! MeeT MSKCHMYM B o6naCTH .. 1770 MaB 

o6pa30B8HII9 9TOrO pa30H8HC8 MOlK9T HMHTHpOB8TbCSI pOlKJl9HH9M Y*(1385). 

e OJlHY B03MOlKHOCTb, COCTOHIUY!O B TOM, 'ITO C06biTHSI C M He)l >1,2 f9B 

3811MO)l9JICTeHSIM C 06pa30B8HI!9M R rf' -M930HOB ( n > 1) , a s:tsnsnoT-

yMSI Hel!TpanbHhiMH 'ISCTHUSMII ( HanpHMep, K 0 
H rr

0 
-Me3oHaMH), npH'IeM 

1151 npennonaraeMoro Y**- rHnepoHa TaKoBa, 'ITO aTH HeiiTpanhHbie ~ac

KTP Mace, CllllhHO oTnH'ISIOIUHi!CSI OT cneKTpa MK0 
17 

± • OnHaKo B 9TOM 

ICllO 71° -Me30HOe, onpeneneHHOe nyTeM 8H8llH38 He)lOCTS!OIUHX M8CC 0 

,JM n,o= 0,75 +: 0,25 H OTlli!'!SeTCSI OT 'IHCllBII;,• 1,37 +·0,2, onpeneneHHOrD 
9/ - 71 -

DnH CHHTHH aToro paCXOJK)leHHSI Heo6xonHMO eBOJlHTb o6pa3oBaHHe 'I +-
xx) /3/ 

npoueHTe , qero He Ha6niOnanocb aKcnepi!MeHTanhHO , CyMMHpyH 

3aKniO'IHTb, 'ITO, no-eHJliiMOMy, MaKCHMYM B pacnpeneneHHH M A 
11 

+ 
17 

_, 

0 Mae, He 9CTb HOebiil p930H8HC, 8 o6ycnoeneH KI!HeMSTH'IeCKHM Bl!IISIHH

OH8HC8 Y (1385) • Ha6niO)l8BUieecR OTKnoHeHHe OT ljloHoBoll KpHBOJ!:, y'IH-

8HHe Y (1385) pe30HSHCII B cneKTpe M A
2

rr npH 3Ha'!eHHH 1770:!:_100 MaBt 

MK6apH,MOlKeT 6b!Tb o6yCl!OBlleHO H9TO'IHOCTSIMH npH y'leTe BKll8)l8 pe

CTSTI!CTI!'!eCKOll ljlniOKTyauaefi, 

8BTOpbl C'IIITB!OT CBOHM npHSITHbiM JlOllrOM no6naronapHTb npoljl.M,J.1,ilo)lt-

H.B."'yBI!llO 3a HHTepec K pa6oTe 11 o6cyJKJleHHSI, a TSKlKe A,M11xyna, 

A.Ky3HeuoBa, E.C.CoKonoBy, lly !OaHb-USSI, BaH IOH-'IaHa 11 KHM Xu 11Ha, 

11e B nepBoll CT8Jlllll pa60Tbi, Mbi npH3HaTenhHbi coTpyJlHIIKSM Bbi'!HpnH

,<I>.MapKoBoll, B.E.Ko,.,wnoeofi 38 npoeeneHHLie pac'leTbi 11 rpynne na6o

HSI, AeTophi TaKJKe 6naronapHT A.B.HHKIITHHa, 3.f. Ey6eneBa 11 H.Kypena

oTuenhHhiX BOnpocoe 9TOH pa60Tbl, 

ra11, 'ITO eo Bcex co6biTHHX, BhiXO)lSIUIIIX 38 KPIIBYIO r.IK 
71 

± , o6pa3yeTCSI 

hi oueHHnH cpenHee '!Hcno rf' -Me3oHoe nnH co6hiTHfi c A -rHnepoHoM 

llOCb pBBHbiM-n::;, = 1,5 +·0,25 , 'ITO cornacyeTCH C )l8HHbiMII no 8H8llH3y 
e/19/ • TT -

ISH OTHOUI9HI!e HefiTp8llbHbiX pacnanoB K 38pS!lKeHHbiM )lllll '1 -Me30H8 paB

' nony'!HM, 'ITO HylKHO BBeCTII ero o6p830B8HHe e ( 16 :!:_6 )% OT nOllHOrO 

10 

... 

DononHeHHe 

HH9M 

1. 8epOSITHOCTb p .-nepeXO)l8 CHCTeMbl 113 OJlHOrO COCTOSIHHSI B upyroe C o6pa30B8-

D - '18CTII!J. p8BH8 

rue f (T), 

Po =f(T) I ll(2S,+1{i 

p NJ ! 

on-l n (2m ) ~·~~~~ 
k d M., 

, n(2s + 1 )'iu n N ' - Koa¢¢11ul!eHTbl, Y'IIITbiBaiOmae cnHH, H3oTonH'tecKul! 
I I j j 

Cl!RH II TOlK)leCTBeHHOCTb '18CTHU, u
1 

- 'II!CllO '!8CTHU C 0JlHH8KOBbiM Cni!HOM, MHOlKHTenb 

fi (2mk) COXp8HSieT y p p83MepHOCTb <!>epMH-BeCa H {l -06'beM Cljlepbl panHyCa r 
k n 

nopeHTUOBCKH ClKSTbtll H3-3a penRTReHCTCKHX cKopocTel! '!aCTHU. Pauayc r -napaMeTp 

TeopHH, 8bip8lKeHHe JlllSI ol HMeeT BHJl 

n, = _!_ 471 ,\ a 
(2rr)3 -3- ( --) m 

1T 
y 

o.m. 

B KOTOpOM MHOX<IIT9llb (1/271)
8 

B03HIIK npH HHTerpHpOBSHIIH ljla30BOrO 06'beMa, m H y -
1l' o.m. 

Macca TT -Me30H8 H ljJSKTOp nopeHTU8, A -nouroHO'!Hhtll napaMeTp, KOTOpbii! non6upan-

CSI R3 Cp8BHeHHSI 9KCnepHM9HTilllbHOH H paC'IeTHOl! CpenHefi MHOlK9CTB9HHOCTH 11 -Me30HOB, 

He6onbUIHe H3MeHeHHSI napaMeTpa ,\ COOTBeTCTBYIOUIHe H3MeHeHH!O 06'b9M8 B38HMO)lel!-

CTBHH e npenenax oT 1 no 1,5, Mllno cKa3btBaiOTCSI Ha pe3ynhTaTax. DnSI A -o,85, 'ITO 

COOTBeTCTeyeT panHyCy B38HMO)leJICTBHSI 1,2 f H 06'beMy B38HMO)leJICTBHSI JlllSI 7T -Me30• 

H8 {} •1,445, pe3ynbT8Tbl no cpenHeJ! MHOlKeCTBeHHOCTH npHBe)leHbl B T86llHUe V, ilpH 

pa'C'IeTe no CTSTHCTH'!eCKo!i Teopu~ y'iHTbiBanocb o6pa3oBaHHe H3BeCTHhiX pe30HSHCOB p , 

"' , 'I H K*(888) , B036YlKJleHHOro ranepoHa Y1 (1385) H HyKnOHHoll H3o6apbt Nlr'~. ah(1237), 

KpoMe Tore, 6bmH aaeneHbi peaKUIIH c COBMeCTHbtM poJKneHHeM pe3oHaHCOB p u "' 

• * 
Y

1 
(1385) H p HllH OJ , Y

1
(1385) H K (888) 1 K (888) H P HllH "' , iloCKOllbKY no KO-

He'IHOMY cocTOSIHHIO peaKUHH c ~!. H A-runepoHaMH He pa3llH'IaiOTCSI, y'IHThieanHcb H KaHa-

nht c o6pa30B&HHeM ::;o -runepoHOB. C'IHTanocb, 'ITO napa CTpaHHhiX 'ISCTHU ( AK HllH 

KK YK a T,Jl,) o6pa3yeTCSI B rr -Me30HHOM o6ieMb, DnSI KSlKJlOll H3 ocTallbHbiX 

'!8CTHU H pe30H8HCOB 06'beM e3811MOJlellCTBHSI T8KlKe npRHHM8llCSI paBHblM TT -Me30HHOMy, 

KaK BHJlHO H3 Ta6nHUbt V, pe3ynhT8Tbt no cpenHell MHOJKeCTBeHHOCTH 38pS!lKeHHhtX 

'18CTHU 6nRlKe BCero K 9KCnepHMeHT8llbHbiM B Clly'lae HCKlliO'!eHHSI peaKUHll C O)lHOBpaMeH

HbiM o6pa3oBaHHeM nByx pe3oHaHCOB, B Ta6nuue VI cpaBHHBaiOTCSI naHHbte no cpenHeMy 

/19/ 
'IHCny rf' -Me30HOB, nony'leHHbie H3 8H8llH38 'IHClla y -KBSHTOB 1 C paC'IeTSMH no 

cTaTHCTH'IecKoll Teopuu. OnSITb Hauny'IUiae cornacue nonyqaeTCSI B cnyqae OllHHO'IHoro o6-

p830B8HHSI pe30H8HCOB, 

iloCKOllbKY BH)l ljla30ebiX KpHBbiX CHllbHO 38BHCHT OT 'IHCll8 '18CTHU B K8lKJlOM KOHe'I

HOM COCTOSIHHH, Tpe60B8ll0Cb, 'ITOelbt p8C'19Tbl no CT8THCTH'IeCKOI! TeOpHH naeallH HYlKH09 

KonuqecTe'\1 KaK 38pSilKeHHhiX, TaK H HeliTpanbHhiX 'ISCTHU. DnR oueHKH ljloHa Ha aKcnepuMeH

TanbHhte pa\:::np9llQ{IeHJISI HSMJI HSHOCHllHCb ljla30ebte Kpllebie, paCC'IHTSHHbie JlllSI p83llH'IHbiX 

eapH8HTOe, ' 11 
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co6b1TB!I 3aps- no HO!IB- no [j no BTOpH'I 

lK8HHbiX 3aUHH sneB:TpOBaM B3aHMOJ18l 
'!aCTHU 

D IT K p "• n-K "· K, 

2 462 lOS , 4 - 4 I 5 2 

A (89)x) 

4 SF.i:.> (87) s - 4 - 4 
(57) 

Bcero 814 190 7 - 8 1 9 3 

2 624 112 14 17 4 1 10 
Ko (96)X) 

4 464 102 11 7 6 2 6 2 
(74) 

Bcero 1108 214 25 25 10 s 16 2 
{170) 

x) 8 CK06KaX o603Ba'I8BO 'IHCnO C06biTHil (388311), B KOTOpb!X xm 
30H Hall8lKHO Bll8BTB~BUBP08aH, 

CacTeMa 

Cpenaea:aanpaTH'IHas 
OTHOC~TejiHaB OWB6Ka 

[(_~. )a ]K 
M~ 

3aperHCTpHpOB8HHbi8 
V0 -'laCTHUbl 

A 

Ko 

lit 

Ta6naua u 

( A.rr) (Krr) (A 2m 

4 5,5 6 

Ta6naualll 

M HOlK8CT88HHOCTb 
38pSDK8HHb!X 
'IBCTHU R

0 

2 

4 

2 
4 

IS 

(A3nl (K2rr) 

6 6 

Kona'leCTBO 
cny'laea 
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88 

Sl2 
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Ta!Snuual 

Bun 4Hcno '-iBCfiO Bll9HTB~BUBj!OBaHHbiX 'IACTBU Kon-ao 

C06b!THB aaps- no BOHB- no 8 no BTOpB'IHbiM 
nnoxux 

lK8HHbiX B38BMOI!9IICT.BHSIM 
cnenoa 

38UHH snexTpoaaM 
'18CTBU 

n 
IT K p • "· n-K "· K, p 

2 462 lOS , 4 - 4 1 5 2 - 25 

A (89)x) 

4 3152 (87) 3 - 4 - 4 1 - 10 
("57) 

Bcero 814 190 7 - 8 1 9 3 - 35 

2 624 112 14 17 4 1 10 - 1 29 
Ko (96)X) 

4 484 102 11 7 6 2 6 2 1 26 
(74) 

Bcero 1106 214 25 25 10 3 16 2 2 65 
(170) 

x) 
B CK06K8X o603H8'18HO 'IHCUO C06biTBII (aBean), B KOTOpbiX XOTSI 6bi OllBH IT -Me• 

30H H81!8lKHO Bll8HTBcjJBuBpOB8H, 

CHCT8M8 

CpenHeB:aanpaTB'IHaB 
OTHOCIIT8&tH811 OWH!Sxa 

t(_scjlcjl )2 ] K 
M~ 

3aperHCTpHpOB8HHbl9 
yo -'laCTHUbl 

A 

Ko 

II: , 

Ta6nuua II 

( Arrl (Krrl (A 2m 

4 5,5 6 

Ta6nuualll 

M HOlK8CTB8HHOCTb 
3apSilK8HHb!X 
'IACTHU n
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Tal5n&na IV 

'iaCTHil8 n . (.,...,.Mas/c 

A 

y+ 

T&n 

AK 

KK 

2 963 :!:. 25 

4 78I :!:. 36 

2 764:!:. 26 

4 845 :!:. 78 

DooneHTbl 

MHOlK9CTB9HHOCTb 

3KcnepHM9HT 

TeOpHH 

c peao

H8HC8MH 

6ea peaKnHll 

pOlKil9HHll 

p930H8HCOB 

6e3 pe30H8HCOB 

3KcnepHM9HT 

.. 

CT8THCT, 

Teo pull 

C pe30H8H

C8MH 

6ea peaKnRll 

COBM9CTHOrO 

pOX<Il9HHH 

pe30H8HCOB 

093 pe30HBHCOB 

< PJ Mas/c < Pl)Mas/c ( CosfJ• > 
-693:!:.36 412:!:.3I 

-490:!:_5I 422:!:.I5 

-404:!:.98 409:!:.49 

-582:!:.95 42I:!:.80 

Tal5nuna V 

0 

I 7, I!:'l 

5,30 

1I 

I8,40 

I 5t_l,6 

9 

IO 

I7,3 

2 

57,2:!:.3,6 

57,50 

I4 

62,8 

63 

56:!:.3,I 

50 

52,7 

69 

-0,6I84:!:.0,03I7 

-0,50I9:!:.0,0548 

4-6 

-0,303:!:.0,034 

-0,605:!:_(),090 

(-0,69:!:_(),098) 

CpeAHee '!Reno 

38pHlK9HHbiX 

'18CTBil""""D"; 

25,7±,2,2 

36,I8 

2,22:!:_(),I3 

2,71 

26,20 

I8,60 

29:!:.2.2 

4I 

37,2 

14 

2,30 

2,0I 

2,32:!:.0,11 

2,68 

2,53 

1,93 

T a IS n 11 11 a VI 

CpenRee '!Reno rr0 -M830HOB 

MHOlK9CTB9HHOCTb 0 2 4-6 

3KCUepHM9HT 

(no y -KB8HT8M) I,56:!:_(),40 I,37:!:.0,20 0,8:!:.0,20 

CT8THCT, ( C p930R8HC8MH 2,42 1,32 0,75 
T90pHll 

15e3 peSKUBll 

COBM9CTHOrO 

POlKil9HHll 

pe30H8HCOB 1,76 1,1 0,7 

!593 pe30H8HCOB 1,52 0,55 0,15 

" 

~ 
15 
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Tal5nena IV 

< PJ Maa/c ( Pl)Maa/c (Cos 8* > 
-693:!:_36 412:t_31 -0,6184:!:_0,0317 

-490:!:_51 422:!:_15 -0,5019:!:,0,0543 

-404:t_98 409:t_49 -0,303:!:,0,034 

-582:!:,95 421:t_80 -0,605:!:,0,090 

(-0,69:!:,0,093) 

Tal5nena v 

Cpeaeee 'IHCno 

0 2 4-6 aapSDK9HHhiX 

'IBCTHllD; 

17,1:!:.2 57,2:!:,3,6 25,7:!:,2,2 2,22:!:,0,13 

5,30 

11 

18,40 

15t_l,6 

9 

10 

17,3 

14 

57,50 

62,8 

63 

56:!:_3,1 

50 

52,7 

69 

.# 

36,18 

26,20 

18,60 

29:!:_2,2 

41 

37,2 

14 

2,71 

2,30 

2,01 

2,32:!:,0,11 

2,68 

2,53 

1,93 

T a C5 n a 11 a VI 

Cpe.nuee 'IRena rr
0

-MeaOHOB 

MHOlK9CTB9HHOCTb 0 2 4-6 n . 
3KCD9pHM9HT 

(DO y -KBBHTBM) 1,56:!:,0,40 1,37:!:,0,20 0,8:!:,0,20 1,23:!:_0,14 

CTBTBCT, ( C peaOHBHCBMB 2,42 1,32 0,75 1,18 
Teopes 

!Sea pe8KllBII 

COBMSCTHOro 

POlKJl9HHSI 

peaOHBHCOB 1,76 I, I 0,7 1,06 

!Sea pe30HBHCOB I ,52 0,55 0,15 0,74 

j, 

i-1 
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PHc, I, PacnpeaeneHHS! s<jl<jleKTHBHbiX Mace MA 17 + (a) n.--4, 
(6) n.~ 2 , (a) cyMMapaoe n. •2,4, rinaBHble 
KpHBble COOTB8TCTBYIOT <jla30BbiM ot5'beMaM, CoananatoDlHM 
c pac'<eToM MoHTe-Kapno. HopMHpOBKa KpHBbiX npoaeneHa 
no cot'lbiTHS!M npaaee 3Ha'<8HHII, yKa3aHHbiX cTpenKaMH. 
rlyHTHpHoll nHHHell otSoaHa'<eHbi (a~ecb H aanee) pacnpe
aeneHHS! t5ea reoMeTpH'<eCKOII nonp~BKH '• 

• 

16 

~ 

N~ 

zs 

20 

1$ 

10 

s 

Nt 
zs 

zo 

IS 

10 

I 

(II t4J 155 t67 t19 tfl ~DJ til ~n Ul lfl 111 1.'11 ~~~ 

"'•r(t"16} 

IQ I CJT7J 1 
io (11 !ill 1.SS 111 179 til 201 ~11 lf7 tn Ut 

"'•1·(r16} 

PHc. 2. PacnpeneneHHS! s<jJ.peKTHBHbiX Mace MA 17 - (a) n, 
(15) n

8
= 2 , KpHBble <jlaaoaoro otS'beMa uopMupoB~ 

Ha B8Cb cneKTp, 

17 



h1•2 

"·"" n •. ~ 

"'""'' 

aljlljleKTHBHbiX Mace MA 17 + (a) n • a4, 
(a) CyMMBpHOe 0

8 
•2,4, nnaBHbi.e 

'TCTBYIOT ljJB30BbiM o6'beMBM, COBllBilBIOIIlHM 
MoHT<>-Kapno. H opMHpOBKB KpHBbiX npoaeneua 

3HB'I9HHii, YKB3BHHbiX CTp911KBMII. 
o6oauaqeubl (anecb H nanee) pacnpe

~eoMeTpH'IecKoli nonpaBKH r, 

• 

16 

-

Nt 
ts 

~ ~ ~ ,.., 20 l N•.IIB 

1$ 

10 

s 

(II (~I 1$$ 167 179 Ill ~OJ lll U1 Ul tfl til t11 ttl 

Nt I T "'·$·(1"16) 
25 

zo 

IS 

10 

I 

(11 r<l 111 111 L1P 111 Zllf ttl tZ? Uf Ul 

M•r(rJ6} 

jj, 

Puc. 2. PacnpeneneHHH acjlljleKTHBHbiX Mace MA 17 - (a) n.=4 
( 6) n • ~ 2 , Kpuable ljlaaoao~o o6'beMa uopMHpOBSHbi 

ua aecb cneKTp. 

~ 
I, 

t· 
17 
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f;Hc. 3. 

Na .. 
tUOcJfl,,.•,.,sol'lll 

"··~· (•I 

•I·U•U•IIo-411 IIUUII I 

c .. p; 

N 

II 

• 
I 

IIIQ<M.,_-cfllllflfll 

"··~· (I/ 

·1 -u-..-Gt-ctt o at a• u u 1 

c.,; 

Pacnpe!leneHHII yrnoB BbineTa A -rHneponoa B CHCTeMe 
UeHTpa y+ -rHnepOHOB OTHOCHTen&HO nepBOHa'lan&HOro 
noneTa (a&I6paa&I co6&ITHst c 1,3<1.1A + < 1,45 raa-pHc. (a) 
H <jJOHOBbie CO 3Ha'leHHltMH MaCC 1;%5<1.1A17 + <1,75 r3B-
(pHC, (6)), KpHBbie Ha pHc.

2 
(a) COOTBeTCTByeT BHilY 

(2,85!_1,16) + (17,8!_3,6)Cos 71* • 3awTpHXOBaHbl C06biTHlt 
c yrnoM BbineTa y + -rHnepOHOB I Cos e• I > 0,8. 

Ne n iNe 

fll 
II 

II llo•! j ,l • 'II•! 
II H 0 ... 4 0 nr-4 I 

:~ 'lllj I 

. 
0 

·I -ctl-ctl ... -t! 0 Gt a• Ql Ql 1 I at a•al aiO It I' 11&1 

t'oo6Y. rt"yo/nl} 

+ 
Puc. 4. YrnoBoe H UMnyn&caoe pacnpenenenue Y -runepoaoa 

B C.U ,M, 1T-p -B3aHMOJlel!CTBHst. 3awTpHXOBaHbl llBYX
ny'leBbie C06biTUlt, 

18 
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I 

t'l 

'N 

••• 

..~. 

-~· 

·~· 
; f,IC ,.,.c~s"' 

L
. n.·~ 

1 - ~~· 
LILrLn 

N 

.. 

• 
• 
• 

0 

Cl 

IJC:I'I"' 
"•' 
N• 

<• 

PHc. 5. Yrnoa&Ie (a, r) H HMnyn&CH&Ie (a, 6) pacnpe!len 

Nt 

a c.u.M. "-P 'laCTHU A -runepoaoa H " -Me 
stBnstiOmUl!lCII npOJlYKTaMU pacnana B03!5yJKJleHHbiX 
pouoa. Ha pacnpenenenultX (a), (6) npHBeneHM 1 
caMe pacnpeneneaust acex aaperac1'plfJlOBaHHbiX 
MeaoaoB H A -runepoaoa OT aaean c n. •2,4. 

•3oo<Mf\17+ <fll50 

#0 l:t. n,-~4 

5 

Puc. 6. 

o 0,2 qt, qa o,a 12 ~~ ~61,8 2 ~~"~'~' 
t::::. (r36) 

Pacnpenenenue Benu'IUB nepenaRRbiX uMnyn&coa 
C0!5MTHII, B !tOTOphlX o6pa30BanBCb y+: -runepc 

19 



no·t~ 
(a} 

N 
IIRI•I'III(+CnAifll 

llo•&~ 
(I} 

•I ·U-QI·Q>.Cf 0 Qt Qt U U I 

t!•t: 

A -rnnepOHOB B cncTeMe 
-rHnepOHOB OTHOCHTenbHO nepBOHa~anbHOr'O 

Hbl C06biTHSI C 1,3 <lolA + < 1,45 f9B-pHC, (a) 

CO 3Ha~eHHSIMH Mace 1 ,§5 <I.! Air+ <1, 75 f9B
• KpnBbie Ha pnc.

2 
(a) cooTBeTCTByeT BHllY 

) + (17,8:t_3,6)Cos 7J* , 3awTpHXOBaHbl C06biTHSI 
Y + -rnnepoHOB I Cos O• I > 0,8. 

B lls•l 

0 np4 

N~ 

II 

• ,.z 
0 ,. .. 

+ 
H HMnynbCHOe pacnpelleneHHe Y -rnnepoHOB 

77 -p -B3aHMOll91lCTBHSI, 3awTpHXOBaHbl llBYX
C06biTHSI, 

18 

... 

IN t ~ l 
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••• I (JI 

-~-~ 
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Llll 

H•ll 
L ,.~ 

:;:~ ~~l: j ~, 
- ..._ 

l!<l'llllf"<IIM 

"··~~ 

-~ 
N•ll 

(t> 

• 
• 

Pnc, 5, YrnoBI>Ie (s, r) H HMnynbCHbie (a, 6) pacnpelleneHHII 

Nl. 

10 

5 

Pac, 6, 

B c.n.M. "-p ~aCTHU A -rnnepoHoB 11 " -Me30HOB, 
SIBn!IJOWHliCSI npOllYKTaMH pacnalla B036YlKll9HHbiX rnne
pOHOB, Ha pacnpelleneHHSIX (a). ( 6) npHB9ll9Hbl HMnynb
CHbi& pacnpelleneHHII scex 3aperacTpJI.POBaHHhiX "+. 
MEI30HOB H A -rnnepoaos OT 3B93ll c n. •2,4, 

0 0,2 q/f q& o,a 

43oo<M,.,11• <1'150 

Ms•2,4 

12 ~~ ~6 f,B 2 2,2 l,lf 2,6 ~~ 

6 (r36) 

PacnpelleneHHe senH~HH nepellaHHbiX HMnynhcos ~ AnSI 
+· 

C06b1TRA, B KOTOpbiX o6pa3osanBCb Y -rnnepOHbl, 

t:·, 

19 
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21 
Ne 

t4 16 Ll I ~~ 

Pac. 7, PacnpeneneHHe s<jJ<jleKTHBHb!X Mace MA ,,+17_,. nnSI aaean 
c n = 2 • Ha aepxHeM pacyaKe aaaeceaa KpHBJISI <jlaao
Bbl~ o6'beMOB 6ea y'leTa KaHanoa c o6paaoaaaaeM peao
Haacoa. TaM. ·JKe npaaeneaa <jloaoaaSI racTorpaMMa, nony
'!eHHaSI MeTOJlOM MoHTe-Kapno. 3awTpaxoeaHbl co6b!THSI 
c H8)lOCTa!Omell Maceo II M H8Jl,> 1,2 rse. Ha HHlKH8M pac. 
aaaeceab! <jlaaOBb!e o6'beMbl c yqeTOM · y+ -ranepoaoe. 
lleoJIHOJI lllTpBXOBKOll 0603Ha'I8Hbl cny'laH, H9JlOOyCTHMb!e 
H3 KHH8MaTH'19CKHX C006palK8HBJI, 

20 
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(I ~~~ ~o t,l 
"'"7•(t3&J 

PHc, 8. PacnpeaeneHHSI MArr+ 1 MA77 _, H M rr+rr- AnSI 'ISCTH!l, 
o6pasyromHx ITHK Ha pacnpeaeneHHH I.IA 

77
+ 

77 
_(pHc. 7) 

B o6naCTH 1,7<MA 17 +
77

.S:i,9 f9B, nyHTHpHol! nHHHel! 
0603H8'19Hbl pacnpeaeneHHSI H3 oonaCTH MSCC 

2 < I.! A 77 + 77.5, 2 12 f9B, 
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15 

10 
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qz 0f1 qe q1 4 1,2 1,11 1,5 1.1 z t,z 

P1Hea ( r361 

Puc, 9, CneKTp aeaocTaJOmux Mace ans aayxnyqeabiX col5biTHII 
c A -ranepoaaMa, no o15naCTH 0,6 < AI He.Il. < 1, rea 
aa eTo pacnpeaeneaae OTHOpMapoaaao pacnpeaeneaue 
ecjlcjleKTHBHbiX Mace AIK

17 
± (aawTpaxoaaHHble cnyqau). 
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