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Ha cHHXpo<jla3oTpoHe OYI .fH1 5binH H3MepeHbi au<jl<jlepeHciuarrhHbie ce'!eHH!I ynpyroro 

IT+ p -pacce!ll!H!I H8381l B HHTepBarre HMil)'ITbCOB 2,06-4,70 faa/c llpH !3 3HO'IeHH!IX HMI1yrrh-

C8 "+ - Me3oHos. HaMepe HHH npOH3BOllHnucb npn ¢HKCHpo aaHJ-IOM yrne BbineTa npoTOHOB 

OTilB'!H B IT . C . 0 P - 1,9° ('ITO COOTBeTCTByeT cpellHHM yrrraM pacce !I HH!I B C .U.M. OT 

I 74,5° npn 2,06 r a a/c 110 173° 11p11 4,70 r a a/c). 3rjl<jleKTHBHb!A HHTepaan yrnoB pacce!IHH!I, 

Bbii!err!leMb!O YCTBHOBKOtl, MeH!IITC!I C 3Heprllefi H COCTBBn<In 2° ( B C . U . M .) npH 2,0 6 f 3B-C 

n 3° npH 4, 70 r aa/c . 

CxeMa ycTB IIOBKH, cxoaf! on c ucnoJih30BaaweAc~ a npem HHX 

H8 pHC , ). ny'"IOK IlOllO>KHTenhHLIX tJ8CTHU C p836pOCOM HMilYllbCOB 

pa5oTax
1 1

' 
21

, npnaeaeua 

~ c +I % 11 yrnoaotl 
p 

p8CXOOIJMOCTblO + 5 MpA!l ITO f'OpU30HT81lH H + 2,5 Mpaa ITO BepTHK81lH IIBllBn HB >KHllKOBOllO

pOilHYJO MHWenb 11 2 arrHHOit 50 eM . Pa3Mepbl rry'!Ka 11a MI!WeHH cocTaBrrRm< 1,5 x 2,5 cM
2 

MoHHTopoM "+ - Me30HOB cny>KunH CllHHTHnllHUHOHHble cqeT1.UJK H 5 1 H 52 H raaOBhtA 

llHJjl<jlepeHUHBITbHblll qepeHKOBCKH0 C'!eT'!H K tnC2, llHCKpHMHHHpOBBBWHA + rr - M830Hbl OT 

rtpOTOHOB II K + - Me30HOB. YIMrryrrhc rry'!Ka orrpeaenRrrCH c TO'!H OCTbJO 0,3% no Kpnaotl 

+ 
38BHCHMOCTII OT llBBrreHHR 3<jxjleKTHBHOC TH periiCTpBUI!II 

qepeHKOBCKIIM C'!eT'!llKOM IC I. 

rT - M930HOB r830BbiM IlOpOrOBbiM 

OpoTOH bl OTilB'!H o T yrrpyroro 
+ 

rr p -pacceRHIIR H830il rtpOXOilHITH qepe3 OTBepCTIIe 

Ct.I8 Tl.JHK8 S R , ra30Bhlfi IIOpOrOBbit:\ 48p8HKOBCKHfl C4:0T'-IHK JC 11 CllHHTH llllHUHOHHhJJ\ CT.JeT-

l.JliK 58 H IIOil8ll811H B MBrHJITHblf.i C08KTpOMeTp H 3 UByX CHnbHo¢oKycupyJOIUHX MBrHHTOB 

M 
1 

11 M
2

, aaJoJIU<fi oTKrroHeHHe Jia 20°. B <l•oK y ce MarHlfT Horo crreKTpoMeTpa Me may c '! e T-

ttJfK8MH H noMemanach HCKPOBA R KaMepa SC II no ropH30HT8ITbHOR KOOPilH -

HBTe T peKa B 3TOti: K8M9p9 onpe.nenHnC51 IH. InynhC npOTOHB OT,llBqH . raaOBLie nopOrOBbl e qe 

+ 
peHKOBCKile C'!eT'!JI KH I C I H 3C I cnymHrrJI anSI noaaa/leHIIR " -Me30HHoro <jloHa . Pac-

C851BIJ[HfiCH H83an TT + - M830H ,ll8T8KTHfJOBBnC51 CUHfiTHnnHU HOHHbiM C'-18T"iHKOM 5 6 lJ UCK • 

pOBOfi KBMepotl SC J. YfcKpOBble KBMep b! 3BlTYCK8ITHCb COBIT81l6HHRMH C'!eT'!IIKOB: 

S1 + IDC2 + 52 + S 6 + S 3 + S, + S 5 -I Cl - 3C I - SR 

3q1¢eKTHBHhtii TeneCH hlli yron ycT <-liiOBKH pacCtJ1fTbiBanc51 no MeTo.ny M oHT e - I<apno anH 

KBlKil OH H3 113MepeHJiblX 3Heprlli'f H MeHHJJCH OT 2, 33 MCTep ( C . U . M .) rtpll 2,06 f aa/c 110 

4 ,47 MCTep npH 4,70 r aa/c . 

B cero B XOile 3KCnepi<M 9H T8 6b!ITO norry'!eHO OKOITO 5000 CHHMKO B HCKpOBblX KBMep . 

3 



nnSI H8XO)Kll9HHSI cnyqa&B ynpyroro tr + p -p&CC9HHHSI H838ll cnepBa npOH3BOllHIICSI OTtiop 

CHBMJtOB UO cnelly!OmHM KpHT&pHS!M : 

a) npoaon>KeHHa cneaa <t&CTHUbi B HCKpoBoil K&Mepe S C1 aon>KHO npoxonHTb qepea 

C'I9T'IHK 5 5 H BOllOPOllHYIO MHII19Hb 0 

6) B&p'I'RK&JlbHbii! H ropH30HTanbHbiii yrnbi cneaa 'laCTHUbl B 5 C 1 llOIIlKHbl ne>KaTb B 

onpeaaneaablx npeaenax ( pacnpaaeneaae no aTHM yrnaM coanaaano c pacc<tHT&BHbiM no Me

Toay MosTe-Kapno). 

a) cnea qacTHUbi a SCII llOnJKeH ne>KaTb B aaAaaBOM yrnOBOM HHTepaane (anSI HCK-

n!O<t9HHH <t&CTHU, Hllymax se sa cneKTpoMeTpa). 

nnsr COtibiTHII, yAOBneTBOpH!OmHX 3THM KpHT9pHSIM 1 CTpOHnOCb pacnpeaeneHHQ no ropH-

aoaTanbaol! KoopaaaaTe cneaoa B acKpoaoll KaMepe SC II ( T,e, no HMnynbcy qaCTHUbi), 

flpu acex HMnynbcax pacceHBS&MbiX tr + -M930HOB Ha 3THX pacnpeaen&HHHX HMQIICll nHtiO 

TOnbKO oaHB flHK, ITOn0~9BH9 H lliHpHH8 KOTOporo COOTB9TCTBOB8nH O~HA89Mb1M AnR rrpOTOHOB 

OTlla'IH oT ynpyroro ,+P -pacceliHHll aaaaa, nH6o eme aononHHTenbao K aToMy nHKY HMe-

nocb aetioJlbJIIo& crymesne, o6ycnoaneaaoe, no-BHllHMOMy, B ocaoaaoM c nyqai!H biMH 

coanau&HHSIMH C qaCTHUaMH Uy'IKa H llOCTaTO'IHO yaaneHHOe OT ynpyroro npOTOHHOrO IIHKa, 

noaToMy onpeaeneaae <tHcna cnyqaea ynpyroro pacceliHHll ne npeacTaanl!no aaTpyaaeanll, 

Ebmo acero aalllleao 372 cnyqaH y npyroro tr + p -paccel!HHSI Ha3all. flpH abi'IHcneHHH AH<jl-

<jlepeHIIHallbHb! X C9'19HHII aHOCHIIHCb CII&lly!OmHe llOIIpaaKH : 

+ 
a) Ha B3altMOAellcTaH& " -M930HOB B rrpOTOHOB B BOAOpo,ne H aemeCTBe cqeTqHKOB 

It HCKpOBbiX KaMep (nonpaaO'IHbiii KOa<jxplllUl9HT COCTaanSIII 1,44) 0 

6) Ha UpHM9Cb J1. + -M&30HOa H n03HTpOHOa a Ily'IKQ (nonpaaKa H3M9pllllaCb 3KCI19-

pHM9 HTallbHO H COCTaanllna (3~1)%) i 

a) Ha a<jxjleKTHaBOCTb C'I9T'IHKOa H ~~9KTpOHHKH (a.p¢eKTHaHOCTb C'I9T'IllKOa H 3II9KTpO

HHKH MHOrOKpaTHO H3M9pl!IIaCb a XOll& 3KCnepHM9HTa H COCTaangna OT 80 llO 91%) ; 

r) sa M8pTB08 ap&MSI HCKpOBbiX KaMep ( 3T8 nonpaaKa H9 npeabiW&IIa Otibi'IHO 3%), 

flonyqeaabie aenH'IHHbi au<P¢epesnuanbHbiX ceqeanll ynpyroro 

Ca9ll9Rbl a Tatinuny. 

rr + p -pacceRRHll aaaaa 

flpHB&ll9HHbl9 OIIIHtiKH SIBIISIIOTCSI TOIIbKO CTaTHCTH'I9CKHMH, nn!l acex aneprHII HM99TCll 

o 6maR neonpeaenenuocTb ~10% a a6con!OTHOI! aenH'IHHe an<P¢epesnuanbHbiX ceqeanll na-aa 

aeonpeaenessocTK B nonpaaxax. flo aToll >Ke npH<tHae HM99TCll seonpeaenessocTb B OTHOCH

Tenbaol! aeiiH'IHH9 aa.P,Pep&HllH&IIbHbiX C9'19HHII(OKOIIO 3%), 

Ha pac, 2 npeacTaanenbi aenH'IHHbi au,P,PepeanaanbHbiX ce<JeHHII ynpyroro 
+ 

rr p -pac-

C9Sl HIHt H838.Q B 38BHCBMOCTB OT HMnynbC8 rr + -Meaoaoa a HHTepaane 1-5 faa/c. Kax 

aHllHO H3 pHCyBKa, peaynbTaTbl llaHHOII patiOTbl noKa3biBaiOT cymecTaoaaHHe aayx MaKCHMy-

MOa, IIOIIOlK9HH9 H IIIHpHHa KOTOpbiX COOTBeTCTayiOT HaaecTHblM H306apaM !J. ( 2420) H 
/ 3,4/ 

A ( 2840). naHHbi 9 apyrHX patioT CBHll9T9IIbCTayiOT 0 cymecTaoBaHH~ MaKCHMyMa npn 

- 1,4 faa/c, COOTaeTCTBYIOmero H306ape t.. ( 1920). 
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I 
1 

CTpyKTypa B 3HeprenrqecKol\ 3 aBHC!!MOCTH ancjl<jlepei!UH8!!bHhlX ceqeHull + rr p -pacce11-

HHH H838.Q 1 rae MOryT IIpOHBHTbCSI TOllbKO H3068pb1 C H30TOIIJ.Pl9CKHM CITiiHOM T = 3/2, 

/8/ 
- p8cce!IHHH Ha38A HMeeT p11a CXOaHbiX qepT, HO He CODnaaaeT CO CTpyKTypOJ1 D rr 

roro 

Cnnornnol! nHnHel! 118 pucynKe H8necea8 p8C'IeTHa!l Kpl!Ba!l an11 serrH'IHH bl c e'leHull ynpy 

"+ p - p8cceHnHH na 174°(c,u.M.), nonyqeaKaH B npeanono>KeKHH , 'ITo 3TO pacce!IHHe 

o6ycnoaneHo pe3oaaHcaMH a S -KaHane, norrHa!l aM!!!!HTyaa npeaCT8B!!!I!!aCb B BRae CyMMbl 

Epei!T-BHraepoacKHX pe3oHaHCHbiX aMnmJTYA : 

(0) •.!.... I _x_. (j + ~)Pe(cosO), 
pea. K t - 1 

rae f -norrKbJI! H op6nTarrbllblil yrnoaol! MO-x -napaMeTp ynpyrocTH pe3oHaaca, 
M~ - S 

( - ---
M[' 

MeaT, M H r -M8CC8 H II011H8H WHpHH8 pe30H8HC8 COOTB8TCTB9HHO. 

CyMMHpoaaaHe npoH3BOaHnocb no H3o6apaM 1'!. ( 1236), !'!.( 1670), !'!.( 1924). 

/'!. (2420) H /'!. ( 2840) , nrr!l H306ap /'!. ( 2420) H ( 2840) MaCChi H lliRpi!Hbl 6bi!!H B3!1Tbl 

X . ( j + lO arr!l /'!. ( 2420) 6hl!!a B3!1TB TaK >Ke H3 p860Tb/ 9~ a 

arr!l /'!.(2840) B 1,5 pa3 6orrbllie, qeM npHBeaeHHa!l B 3TOtl pa6oTe, nrr!l napaMeTpOB apyrHX 

H3o6ap ucnorrb30Bannch TaK>Ke 3KCnepHMeKTa!!bllbl9 3Ha'leKH!I, Bapbl!poBaHHe napaMeTpos pe-

30H8HCOB C U8llbl0 IIOnyqeHHSl H8HJlyqrnero COrll8CHSl C 3KCII9pHM8HT8llbHbiMH Jl8HHblMH He 

npOB3 BO!lH!!OCb, npH p8C'IeTe KpHBOII, npHBeaeHHOl! H8 pHC, 2, 'leTHOCTH H306ap /'!. (2420) H 

/'!. ( 2840) norrararrHCb COBnaaaiOtUHMH C 'leTHOCTbiO H306apbl /'!.( 1920), KOTOp8!1 6bJrra yc-

TaHOB!!9Ha paaee
141

, T,e, !!O!!O>KHTerrbHb!MH, J13MeHeHH9 '!eTHOCTei! H3o6ap /'!. (2420) H!!H 

/'!.(2840) H!!H o60HX Ha o6paTHYIO npHBOaHT K 3aBHCHMOCTH, H8XOa!ltUei\C!1 B p93KOM npo-

THBOpeqHH C H8WHMH 3KCII8pHM8HT8llhHbiMH pe3yllbT8T8MH BC118llCTBHe IIOSIBllSIJOlU8ACSI B 3TOM 

cnyq8e aeCTpyKTHBHOI! HHTep¢ep9KUHH C 6rrH>Kal!llJHMH /'!. -H306apaMH, 

Yl:feT aaaHcHMOCTH aenHttHHbi f OT 3HeprHH, KOTOpblll MO>KeT yrry'lllJHTb COrrracHe 

pacqeTHOt\ KpHBO it C 9KCII8pHM8HT8llhH bi MH .08HHbiMH 1 He M9HSI8T BbiBOJl8 0 tt8THOC TSIX H306ap. 

TaKHM o6pa3oM, '19THOCTb H306ap /'!. (2420) B /'!.(2840) !IBrr!leTCH !!O!!OlKHT9!!bHOll, 

CneayeT 3aMeTHTh, 'ITO + rr p -pBCC9HHBe HB3B!l yaaeTC!I yaoarreTBOpBTerrbHO OITHCBTb 

TO!!bKO p930HaHCHOll 8Mll)lHTyaol! ( B OT!!H'IH9 OT tr - p8CC e!IH1!!1 0 rae Heo6xoaHM yqeT 

/ 10/ 
TBK>Ke H aepe30HBHCHOII 06M9HHOII aMIT!!IITY!lbl ) , 3TO, ITO-BHAHMOMy, o6ycnosneHo T9M, 

qTO OTHOCHTerrbHb!l! BK!!Bfl p930HHHCHOII BM!!nHTyahl B ITOrrHyiO BMIT!!HTYAY an11 yrrpyroro 

rr + p -pacce!IHHH 3aMeTHO 6onhrne, qeM an11 " - pacceHHH!I , 

3KcrrepBMeHTarrhHbie aenaqHHbl an¢<1>epeauirarrhHbiX ceqeanl! yrrpyroro ,+ p -pacce!IHRR 

H838.D. B p8CCM8TpHB89MOM HHTepaane SmeprHft Cp8BHHB8nHCb T8K >K9 C p8Clf9T8MH, HCXOJUIIUH-

MH H3 np9JlCT8Bn9HHR 8MfinHTYJlbl aToro pacceSIHHR K8K CyMMbi p930H8HCHbiX 8MnnHTYJl, 

rrpeacTasneKHbiX B EpeliT-BnrHeposcKol! <jlopMe, R aepe3oHaHCHOI! aMnrrnTyahJ, rrapaMeTpn3o-

saaHon a cooTseTcTBRR c Teopael! rroniOcos Pea>Ke • YqeT aToll Kepe3oHaHcHol! aMrrnnTy-

!lbl paCC9!1HH!I , !!pH BapbHpOBHHHH B lliHpOKHX rrpeaenax rrapaMeTpOB TpaeKTOpHI!, He MeH!IeT 

BbiBOaa 0 ITO!!OlKHT9!!bHb!X qQTHOCT!IX H3068p 1'!.(2420) H 1'!. ( 2840 ), 'ITO H cneaoaano o>KH-
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llB Tb BBIID Y O TII OCHTenbl-10 Man oro BK.'lDll8 Hepe30IIE\HC HO !i SMnJIIITYJJ.bl B TT + p pacceRHHe 

1Hl311ll . 

n ocKOI!bK Y qeTHOCTII 11306ap /'. ( 2420) H c\ ( 2840) 0 onpeaeneHH ble li3 3TOrO 3KC -
/10 / 

rr e p HM9HTa , coananaiOT c t; 9 TII OC T SBviH, ucnonh30BBHI! bi MH B pa6oTe , r.ae aHan n-aHpoaa -

nocb ynpyroe r.- p - pac c eRHHe u a 180° , T O 1-IM ee T cR a onon HHTenbHOe aKcnepuMeHTllnb HOe 

flOllTBepmneHlf9 nony Y 9H H biM B 3 T On pa 6 o Te OTpHUBT9nb H biM 3H8 Y 9HHRM qeTHOC TH H3 0 6ap C 

1130TOIICI!Ii HOM T = 1/ 2 N~ ( 2190) " N~ ( 2650) . 

3 ac n y*HB89T BHHM8Hl1H B03MO~ HOCTb ynoan eTBOpHT9nbHOr O OITHCSHHR 3K C nepHM9HT8nb-

H bl X llB lll-l bl X no rr p - pacc e HHH lO H838ll MBn biM YHCnOM napa M9TpOB H8 OCHOB9 OflTJP -19CKHX 

Il l / 
npencT aan eHHtl 

ABTOpb! Bb! pall<a!OT rny5oKy10 5naron8pHOC Tb M.A . C8Bl! HY 3 8 5onbtl!oll BKII8Jl , BHeceH

Hh HI HM B CC3ll8HH9 yC T8HOBKH H ITOllrOT OBKY 3 KCIT9 p l1M9HT8 . ABTO pbi T 8 K}I{ 9 6 naronapHbl 

B . K . Bnpynesy , A.M. 38 Br opoaHeMy , M. H . K 8KypnH y , B.K. nepeB03 '!HKOBy , H.M. Y epH bJUJ eBy 

38 TexHnqecKy iO n oMOIIlb, A . H . T oepaoxne5oey H A . A. X pymnHCKOMy 38 p8c'!eTbl c e «eHI!i! 

p e30H8HCHoro p8cc eHHHH, c TyneHT8M C. A . K p8cHoey , B . B. KyxTHH Y n A . Jle5eaeey 38 noMOIIlb 

a nposeneHiill 3KcnepnMeHT8 , f'.\.n . B enHKo eo il 38 rrpoc MoTp n o5p8 60TKy cHnMKOB, A .K.Ky 

nHKOBy u A.M. B aneBH Y Y aa o5cny~HB£lHHe sono ponno Ji MH I!l e HH , KonneKTHBY >KH.llKoaoaopoaHo tt 

O>KH>KH T 9nbH011 y C T GHOBKH 38 6 ecnepe50HH09 069Cfl9.l.J9HH9 )t<liJlK HM BO.OOpOll,OM 1 KOnneK T IIBY 

ClJHXpO<jl830TpOH8 38 o5ecrre«eHHe '!eTKO ii p850T hl y CKOpliTenH, 
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Ta6na na 

.lla<!xi>epeanuanbHble ceqeaaa ynpyroro 

Po Cos 0 

(r,.s /c ) (c.n.u.) 

2.06 0,9952 

2.25 0,9950 

2.55 0,9948 

2,79 0,9944 

2.94 0,9942 

3 .f9 0,9940 

3.46 0, 9937 

3.68 0, 9935 

3.84 0,9932 

4 .03 0, 9930 

4.26 0 ,9927 

4.54 0,9924 

4.70 0,9920 

8 

"+P - pacceRHHR aaaan 

du / dO 
( MKt5/CT8p) 

-
45,2 ~ 18,0 

93,2 ~ 32,2 

190,~ 27,8 

107,0~ 19,9 

83,5 + 14,3 

33,1 + 7,2 

53,5 + 9,8 

51 ,3 ~ 9,7 

58,2 + 9,5 

55,0 + 7,4 

29,0 ~ 6,5 

27,9 ~ 7,2 

23,4 + 8,8 

Puc. 1. CxeMa y cTaBOBKH. 

~ ... 
[('f., J 

1000 

tOO 

Pac. 2. 3asacaMOCTb nH<!xl>epeanuanbBoro ceqeai.H ynpyroro " + p -pacceaaaa aaaan oT 
HMnynbC8, 3xcnepHMGHT8nbHbl8 A8HH'78/ npyrHX rpynn OTHOCHTCH K cneAyiOmHM i(J
naM pacceHHHII B c.n.M. : Helland et al 

3 
II Atkinson et al /

4/ o• - 160° • Frisken et al 

"* • . (6/ - 0 v·• 170, Ahcl>anov eta ( rr n pacceaRHe) 0* • 180 - 180 , 
Baker et aJ/7/ 0*. 174° 

CnnomaaH KpHB8B-paC'IGT nnB o• • 174 °. Y'IIITb!BBIOmHA TOnbKO pe:soaaacayro 

aMnnaTyny pacceaaHH aaaan. 

9 


