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r.:. SH.EGIYAlf 

CUliULA.TIVE PHOTOPRODUCTIOW OP PARTICI.ES ON NUCLEI 

A brief r eview is given of. explolri.'!lental inves t igaiione 

on the cumule.ti Te pk>.o·toproducti ;>n of different particle • i n 

tho interactiona of hi gh-energy a -quanta r.Hh nucl e i . 

t 

"0 

in& o4 the available data a concl u• i on is re&~hed taat i n 

es of the cu:nulative particle i nclu•ive photopro4ur-­

hypot~esea of cumulatiTe effect and nuclear •cal.ins 

etlc interactions with nuclei are on the wl:.ol 

11"111.ed. 

Yer evan Physic• Inntituie 

Yer evan 

l. B o6nacTH peJUITKBHCTCKoA fl)l.epHoA ~H3HKH B nocne,D.Hee ~e­

CRTHJieTHe Ha6Jll>A9HH HOBHe 3(fxpeKTli, TaK Ha3HBaeMoe KyMy'JIRTKBHOe 

POllt,l\eHHe qacT~ Ha .f!Ji.P8X [l,2,3] n CBR38HHJ,Ilt c 3THM fl)l.epH~ 

cKe~Hr [4,5,6] • CYTh 3TKX RBJieHHa 3atCJillqaeTcs s TOM, 'llTO npa 

B3ailMOgeAcTBHH peJIRTHBKCTCKMX qaCTH~ (HJIH H,D.ep) c H,11.pBMH polK,!1.a­

llTCR BTOpKtlHlile 6~CTplie npO,IzyKTH B KHHeMaTHQe CKOA o6JiaCT~, 3anpe­

IqeHHoA ,IVIR CTOJIKHO.BeHHSi co CB060,D.HlilM HYKJIOHOM l'. ITpH 3TOM cneK-­

Tpli 3THX ITpOJJ.)'RTOe T.UIBapHB.HTHbl 110 OTHOWeli>fm K COpTy H 3HeprKH 

nepBH1DioA qacTH~, a Ta.KJte K ggpy ammeHH. YHHeepc8JibHOCTb 3aKo­

HOMepHOCTeA KYMyJUITHBHOI'O 3<M>eKTa Tpe6yeT HX nposepKH B ::lJieKTp<i­

MarHHTHhlX H CJia6HX B3EllDfOgeAcTBHRX c fl,Jl.p8.161. 

B HacTomqeA pa6cTe npMBO~TCH KpaTKHA 063op 3KcnepHMeHTa.Jib-

HblX KCCJieAOBa.HKA no KYM,YJIRTHBHOMY po;s,o.eHH~ B 3JleKTpOMaI'HHTH!ilX 

B3aHMOAeicTBHRX. 

~aKTH'tlecKH, KYMYIDiTHBHoe 4JoTopo;s,o.eHHe 'tlacT~ Ha fl)l.pax, Ha­

npH11ep, npoTOHOB, Ha6JlllAeHo e~e s Haq8.Jle 50-x rOAOB. B pa6o- -

Te [?] BnepB!:ie DOJlj"lleHbl 3HepreTKQ0CKHe H yrJIOBlile pacnpeAeJieHHH 

lfloTonpOTOHOB H3 H,l\ep C12, 06Jiy'l{eHHh!X TOpM03HblJOt O -KBa.HTaMH 
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c MaKCMMaJibHOP aHeprHeR (E~>ma~ =195 MaB. IlpH 3TOM HNilYJlbChl 

npoTOHOB )l.OCTHrJIJll AO Pp =0,5 I'aB/c, T.e. ,n.a.neKO CT xapaKTepHbiX 

11MJ1YJlbCOB HCnapHTeJibHOI'O rrpor~ecca (Pp ~ 0 ,25 I'aB/c), a YI'Jlbl 

per1-1cTp8.1.µrn ,u,o Jp =135°. B ,n.a.rrbHej;jmeM ruu1Jior11t{Hble ,J.\8HHble 6b!Jl:1 

110.nyqetthl MHClf'J.tMll[ asTopru.m: [8-I5l . XapaKTepHblM B 3THX HCCJie,[\o­

BaHHax 6blJIO TO, qTO nepaHqHf:l.R 3HeprHa He npeBbll.llaJia 0,4 I'aB. 

3To ,n.aJJo B03MOJIHOC'rb 06oaCHJ11Tb aKcnep11MeHTaJibHble peay11bTaTbl, s 

OCHOBHOM KBB.3H,D.eRTpO~:HOR MO,D.eJlbE AeBHHlt:epa [I6] . KB9.3H,ll.CRTpOH­

H8R MO)l.eJib <11<'l.KT~4eCKH nepsaa ITOilblTKa hCilOJib30BaTb KYMYJIRI.\jU'.l 

HYKJ10HOB B RJJ.pe, o6ecnetnrna.Klll\Yll pacnmpeHHt: qiaaoal:lX ~e. '3JIOB 

Ha6JIE,D,ae'.fh!X t.1aCTKU,. O;~HaKo X<:l.paKTep cneKTpoa Ky:MyMTHB''"'-DC t<a<::-

THU,, rrp11 3T' M, OCTaeTca B TtoHH. 

B )6Jiac m BhlOOKl.fX ::mep:-1t.~ poll':,ll.etttte KyMyJIRTHBHblX rrpoToHoa 11 

.n.eRTpotioa 'nepable 6b!JIO HCCJie,[(oBa.tto a X~TI1 [I? J Ha yc1<0pHTeJie 

aJieKTpOHOB c 3Hepr11eR )l.O I ,2 raB. Y'/l{e npH 3THX aHepri.mx IIOJiy-

qeHHble )l.a.HHble He YAaJIOCb 06'bJl:CHHTb H3BeCTH!Ddl1 B TO BpeMa Mexa­

HH3Ma.Mli o6p8.30BaHHR npOTOHOB Ha a,n.pax, BK.'Illqaa H KB8.3H,D.eRTpoH­

HblH MeX8.HH3M. Il03TOMY, ecTeCTBeHHo, qTO aBTOp I'11Il0TC3bl a,n.epHO­

ro CKeRJIHHra HCilOJ!b30BaJI [5] )l.aHHble [I?] .D.JIR )l.OKB.SaTeJibCTBa 

)'}iHBepcanbHOCTH Bbl,IJ,BHHYTOA rHnoTeabl. Ha pHc. Ia. H 16 npHReJ\E:llbl [5] 

aHepreTHqecKHe cneKTP!:l KYMYJIR'I'HBHblX lfJoTorrpoToHOB 11 lf>t>Top,cR•rpo­

HOB <-Jr.cl =120°) (I?] COBMeCTHO c .JJ.aHHblMH H3 e,npOllllll)( npc11, .. ccoB, 

noKa3b1Ba.JJUµie, qTo cneKTpbl HMel>T yHHBepCB.JibHblt\ mp(ll('l'l'lP II CHJ!bHblX 

H GJieKTpoMaI'HHTHHX npoqeccax, e cJIH ( E~ ),,,<>.• ""I,2 !'oil. llp11 <E 6 )ma.~ 

::0,? I'sB Ha6Jill.n.aeTCR OTKJIOHeHt.fe cneKTpa. 3TO llOP11UA llll.MeK Ha 

(l.CHMr!TOTHqecKM~ xapaKTep 38.KOHOMepHOCTeR Jl,1\0flliOl'O CIWl\JH!Hi.'a. 

BoJiee cHcTeMaT11qecm1e 11ccJie,n.o BB.HHR KYM.YJ111ori.11111c•f'11 410Topoll(,JJ.e-

HH.R: Ha R,U.pax npoBe.n.eHbl B Ep~l1 Ha IlY'iK II ( l. ~ ) rna.x = 

=2-4,5 raB. 

2 Ei!\e B pa6oTe [IB] no rpoToo6p8.30BP.ffilll npOTOHOB Ha .R:,rJ.pax 

npn (E)l )ma.>=4,5 raB 6b!JIO TIOlU.3aHO, \I.TO B o6JlaCTH yrnoB,'.)P~900 
(KYM)'JmTHE-HaR o6JiaCTL) Bb!XO)J. npOTOHOB ,D.OCTaTOtrnO Bem~K H HMeeT 

cneu,wp:v.o.JHY!l A-BaBHCHMOCTb. B nocne)JYIQ!1111X cepHRX H3MepeHHf;\ 6wrn 

HCCJ!e.IJ,OBB.Hbl aHeprSTH\18Cirae' yrJIOBhle H .n,pyrHe aaBHCHMOCTH Bbl­

xo.n.a npoToHOB H3 a,n.ep c A=I2+209 •. 

Ha pirn.2 npHBe,n.eHhl attepreTHt1eCKHe cneKTpbl npoTOHOB H3 .R:,rJ.pa 

c!2 ,II.Jiit pH.a.a YI'JIOB pePHCTp~H [!9,201 

B o6JiacTH KHHeTHt.rec1tciil atteprH11 T ,::; 0, 3 raB see cneKTPbl 

.mimo npe,a.cTaBHTb B BH,IJ.e 3KCilOHeHTbl 

;J,U.epttorc cKel1mrnra. 

B CO"JlaCHH 

o _ I:. 
J - 6t 

L6 __ = cexp(- T/ro), 
d" p 

C f'J.'!Il0TC30~ 

(!) 

HpH aTo!ll napaMeTpu_ C H T
0 

3aa~C.R:'r OT yrJia ?er1t1cTpat~n1.AHa­

JIOI'mHble ,D.a.HHble 6b1Jm no.nyqeHbl Ha R,U,pax Cu 
63 

ii Pb 
2
08. 

Ha pMC. 3 rrp1.rne,u,eHH 2nritCl1MOCTH napa.MeTpa B :;; Y&M .ll)!II c
12 

• 
_,u 63 H Pt208 1'T' yrJia [21] • Ha OTOH :.te pHCyHKe no .... a3aHi" .n.attHble, 

noJIYlleHH:ble B X~TI1 c (t~> ..... ~1,2 f3B 22 Ha c12 (f ). Ka~ BH,ll,HO, 

nap~~eTp B (cJie,u.osa~enhHO it T0 ) He saBHCHT CT a,npu MW11etm " 

RBJIReTcR nJiaBHO~ ¢yttKl!lfe~ OT yrJia. Ha pHc.4 npHBe~eHH Te •e 

,u.amru:e( 381l!T.PHXOB8HH9Ji o6JiaCTb) COBM8C'l'HO c JtMe~MHCR pesy.rrbTa­

TSMH H3 a,n,po'iHblX [2::3] Ii HeA'l'p~ [24] :;;(cneriHMeHTOB. Ka.I< 

BK,JJ.Ho,ana~eHHR T
0 

H3 ,U.a.HHblX a,n,poHHblX npou,eccoB HeIUloxo corna-

c~a6Bx B3!UIMO)l.e~CTBHR. 
Cytl'I'CR c ,n.a.~~ M3 aJieKT?OMarHMTH!:VC 

q~o KacaeTCH CHCTeNaTMtleCKOI'O saBl:llleHM.fl BeAH'.U'IHbl B rrpH (Ev) -\,) h'\0.)1( 

1:!,2 faB [22) t TO. no-BH,D>lMOM;y, GTO c:Je,U.C'!'BMe acRMP.TOTHqeCKOI'O 
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Bh!XO,IJ.a Ha cKetimrn.r. B caMoM ,n,eJie, Ha pHc.5 rrpHBO,IJ.HTCR saancn­

MOCTb B OT ( E ~) rna~ [ 25] • KaK Bl1,D,HO, l.fHBapHaHTHOCTb B OT .< f ~ ) ma.t 

,ll,OCTH.raeTCff B o6naCTH (f~ )m~~ 2,0 I'sB. 

Ha p11c . 6 np11ae,J.J.eHhl yrJIOBble sanifc11NocT11 nap&reTpa C 

113 (I) [21) • KaK BH,D,HO, 3aBHC'1MOCTb C=C (V) P8.3JIHtn!aJI .Il,Jl'R pa3-

JIH1.lHh.'X R,ll,ep. )l.JUI c12 
- 3TO na,rr.8JO!IlaJI WHKQMR, )J,JIR c63 - C;i!C (V)' 

a ,ll,JIR Pb
208 

Ha.Me1.1aeTCR TeH,ll,eHQMR na,rr.eHHR C c YMeHbWeHHeM yrJia. 

l1p11Be,ll,eHHble ,ll,ll.HHhle no C=C ( ,J ) noKa3bIBaDT, 1.lTo B o6JiaCTK 60Jib­

w11x yrJioB C saa11c11T OT aToMHoro .Fl,Il,pa (np11MepHo KaK A1/ 3 a OTJIH-

1.lHe OT a,rr.p JH!ihl .{ npo1..1eccoa , )J,JIR KOTOpblX C"'A0 •6 [26] ) ' TO!',ll,a 

KaK B 06.racTH MaJib!X yrJioB TaKoit saa11cHMOcT11 HeT. II0Be,ll,eH11e na­

paMeTpa S s s~BHCHMOCTH OT V 11 A HeJib3fl C1.lHTaTb ,ll,O KOHl..la ITOHRT­

HblM. 

11pHBc~~nHhlA Bb!Ule aHaJIH3 xapaKTepa cneKTpoB !floTonpOTOHOB OT­

HOCHTCR JlHIJJb K 06R?CTH HM11YJib COB pp~ 0,8 I'sB/c. Ms p11c.2 BH,ll,­

HO, 1.lTo np.11 pacnmpeHHH sToti o6JiaCTH ,IJ.O p::; I,3 faB/c (TP ::::-

0,650 I'sB) xapaKTep cnexTpos MeHReTCR. B HeKYMYJIRTHBHoit 06-

Jia cT11 c.J~ 60°) cneKTphl TPY,D,HO OITHC~BaTb 0,ll,HOH 3KCilOHeHTO~: 
np11 Tp> 0,3 I'3B cneKTphl CTaHOBRTCR no;rorHMH. B KYMYJI.RTHDHO~ 

06JiacT11 (VP~ 90°) , O,D,HaKo, cneKTpbl ocTal<iTcR He H3MOHOHHIJMl1. 3To 

CB.R3aHo' IlO-BH,IJ,HMOMy, c OTHOCHTeJibHO 60JiblllHMH BKJlfl.,l\/lMH ll(>JIMHX 

npoqecco,s anepe,ll,. 

Ha p11c. 7(a, 6) !!p11Be,ll,eHbl nepsb!e ,ll,aHHble no 3HPp1• 

TpaM .91 :!: -Me30HOB H3 R,ll,pa c12 )I.JI.fl P8.3JIH1.lHhlX Yl'Jl(J 

11 rrpH (Ell )rna.x =4,5 P3B. CTpeJIKB.MH ITOIW.38.Hht IT(JO,I\' 

JIRTHBHOti 11 HeJ<YMYJIJ'!•r~lBHOti o6JiaCTSIMl1. 

TH'JIJeKHM CITeK-

pc 1'1<tC:Tp11q1m 

I~ M!lll!lf.Y KYMy-

0Tl1 cneKTphl TaK!te ' B nepBOM npHCiJIHll!Clll111. 11Mt'•-rr· l(()llOl!CH_. 

D,KaJibHbllt BH,ll, (I). Ha p11c.8 npKBe,ll,oHo 
·1·pu Ton 
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~T yrJia perMcTpaQMM. Ka.K BK,D,HO, T0rr nap,aeT c pocTOM yrJia H 

cTpeMMTC.R K sHaqeHHm T0n-:::: 60, qTo xopomo cosna,rr.aeT co sHaqe­

HHeM T
0
n, Haf;\,JJ,eHHblM B a,n.poHHb!X rrpoQecca.x H8.3a,D, [3] • 

3. Bbl.JIM no,JJ,po6Ho HCCJie,JJ,OBB.Hbl yrJIOBble saBKCMMOCTH KYMyJI.R­

TMBHblX rrpOTOHOB K9T!-Me30HOB, Ha pHc.9,10 np11se,JJ,eHbl 3TK ,JJ,8HHble 

,D,JIH .Fl,Il,pa C12 K (t~)m~x=4,5 r3B. Ka.K BK,D,HO, yrJIOBb!e cneKTpb! HMe­

!lT OCTpOHB.fitlaBJie~ Bnepe,JJ, xapaKTep, M 38M0THlilX HeperyJiiipHOC­

TeR Ha rpSHHJ.\e ,ll,Byx o6JiacTeR ( 06osHaqeHm1e cTpeJIKrura) He Ha6-

JID,ll,aeTC.R. ,!J,JI.R npOTOHOB aHaJIOrHqHble )J,B.HHble HMeDTCR H ,11,Jlfl R,ll,ep 

Cu63 H Pf> 208 , noK8.3hIBB.llll\He, tl:TO yrJIOBble cneKTphl no !flopMe He 

sasKC.RT OT .Fl,Il,pa MKmeHH. Ka.K BK,D,Ho, K3 pKc.9 K IO c pocTOM aHep~ 

rHH BTOpKtlHblX qaCTHL\ HrurpaBr.eHHOCTb Bnepe,JJ, CHJibHO B03pacTaeT. 

4. A -saBKCKMOCTb KYMYJIRTKBHhIX qacTK~ .RBJIReTCR O,ll,HHM HS 

BB.llHb!X xapaKTepHCTHK ssaKMo,JJ,eAcTBHtl. B cpoTOHHbIX npo4eccax aTa 

saBHCKMOCTb HCCJie)J,OBB.Ha )J,OCTaToqHO no,JJ,p06HO . 

06wrao A -saswcmcocTh npe,JJ,cTasJimoT a BH,JJ,e fl" . XoT.R 3TO .RB­

JIReTc.R r-py61i1N rrpH6JIHllteHHeM, TeM He MeHee rrepe,JJ,aeT o6ll\YIO TeH­

,JJ,eH!zyll) HsMeHeHHR A -saBHCHMOCTK np11 KsMeHeHKH pasJIHtlHhlX napa­

MeTpoa HCCJie,JJ,YeMOA perutQMH . 3,JJ,eCb 6y,JJ,YT B.HaJIM3H'pOBB.Hbl noBe)J,e­

HHe ITOKa3aTeJI.Rn KaK <PYHKL\HR OT 3H~prKH K ·rxa BTOpH1.lHblX 1.laCTHL\ 

K 3HeprHR nepBKtlHblX ~OTOHOB. 

Ha pHc. II npHBe,JJ,eHbl saBHCHMOCTK 11 OT sHeprHH cpoTonpoTo::oB 

)I.JI.fl qeTb!p0X yrJIOB. Ka.K BH)J,HO,BO scex CJIY1.la.RX n.. saBHCHT OT 3Hep­

f'HH 01.leHb CJia6o. 0,D,Ha.KO. eCJIH )I.JI.fl KyYyJI.RTHBHblX npOTOHOB ( ~ ~ 90°) 

3Ta cna6asr saBHCHMOCTb HMeeT TeffAeHl..lHD pocTa c pOCTOM 3HeprHK , 

TO B CJiytlae MaJiblX Yf'JIOB Ha6Jlll)J,aeTC.R o6paTHM KapTHHa. IlpH 

01.1eHb 6oJibmMx 3HeprMRX K Vp = 30° ~ cTpeMHTC.R K sHa1.1eHHX1 

0, ?8 [27] . 
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Ha pHc.12 ITPHBe)l.eHbl yrJIOBHe 3aBHCHMOCTH n AJIR pR,JJ.a sHeprHn 

ITPOTOHOB. Bo Bcex CJIYll8.RX rt=n(-Jp) RBJIReTCR B03paCT8Ill!leR ifurHK~ 

qHeR, O,ll,HaKO c pOCTOM 3HeprHH 3Ta qiyHKI.ViH CTaHOBHTCR pe3KO B03-

pac'l'8llllleR. 

Ha pHc.13 ITpHse.n.eHa saBHCHMOCTb n )J.JIR npoTOHOE OT 3HeprHA 

ITepBH'!Jlib[J{ ~ - 1rna.HTOB rrpH PP =0, 5 I'aB/ c H Vp =90°. KaK BH,ll,HO, 

Ha'tntHM c ( E~ )mo.x =0,4 I'aB ti OCTaeTCR nocTO.RHHb!M, rrpH 

( E )( ) mQx =0. 25 raB, H&6J!ll)l,aeTC.H Teff'AeffI.ViJi :yMeHbllleHH.fr rt • 

~anorHinrue Aa.HHlile ,1J,1IH1i~-NeaoHoB npHaegeHbJ Ha pHc.14 H l~. 

Ha6JI10).\neTc11 O' Jly,.., ·1e OT CJIY'llM rrpoToHoa. B !fiyHKI.ViH 11 : 11. ( T 5f) 

(pHc.!4) ,rwn: yr.JI0s B sa..n,HeH no.nycifiepe Ha6JI1U)l.8J>TCR oco6eHHocTH 

rrpH Trr =I5C M~B. TO'llHO TaK, KaK aTo iw:eeT M8CTO B a.n.poHHhlX npo­

~eccax [28,29] C yMeHbllieHHeM yrJia MMHHMYM HC'llesaeT, aepHee 

HC'tlesaeT pc CT r. · a o6JiaCTH ;o:: 150 MaB. HaCiJilU)l.eH!iHA xapaKTep, 

IlO-BH,ll.lfMOMy, MOlKHO 06'b!iCHHT}, BKJI~OM BTOpMT.lHlilX B3rutMO)l,eRcTBHH [3q • 

4To KacaeTC.H 3aBHCl1.MOCTH n=n(v~) ,Il,1I.H3T!-M030HOB (pHc.15), 

TO B COOTB0TCTBHH c 3HepreTHT.leCKKMH CITeKTpa.MH rim ' MO:MHO. Bb1)\e~ 

JIHTb TPH o6JiacTH 3Heprirn: ,lJ,1I.H T
11 
~ I50 MaB rt= n.(vn) ecTb ITa)l.aJ>­

llM tl>YHKI.~lm; B OCi.ilaCTH 150 < ~ <: 300 MaB n iOn{ v) ; ITPH TIT> 300' MaB 

0Ha CTaHOBHTC.fr B03pacT~eR. 

~Me!OTCH )l.a.HHb!e no A - 3aBHCID.tocT~ H )J)IR .n.eATpoHuB. ileplllfo 

rro.n.po6HHe 3Kcnepm.1eHTbl no 3TOMY aorrpocy aimoJIHeHbl X~'Il1, 110 )VIR 

( E 11 ) "'"'t' l ,2 I'aB. He.~aBHo noJIY'lleHH HOBHe pesyJibTaT~ H AJUt 

( ell' )m..f 2,0 foB. 

Ha pHc. I6 npHae.n.eHa yrJIOBM aaaHcHMocT<> nd AllJt ,o.0R•r1!011ou ~ 

HMilYJibCOr.f 0,99 f sB/c l1 ITPH :mepI"HH ITepBHT.lHblX 'r -11:• 111J 4, fi foB. 

~.R cpaBH0HHR: npHBe,11,eHa Ta lre sasHCMMOCTb ,IJ,1IR npo·rOll•J 11 . llllK DH,V.-

iio, lVIR ,ll,eRTpOHOB t\. pacTeT CKJibHee, 'tl9M .~11 npOTOllO-., 06Jlll.C ... 

8 

TH 120° paaHHqa Me~ nJ Hnp COCTaBJI.freT 0,15+0,2 TOr,n..a. KaK 

B c.nyy:ae ,nepaHqHblX a,JJ,l)OHOB OHa COCTaBJIReT 0,3 [31] • 

5 . Bh!Jla H3MepeHa sasv.:cHMocTb HopMHposaHHoPo ceqeHHH _? Ky­

MYJIHTHBHblX npo•roH013 OT ITepBHlffiOi1 sHepr~rn E 00 • MK w:saecTHO [6] ~ 

TaKaR aaBHCHMOCTb )J.JIH aJJ.pOHHblX ITpO~eCCOB noKa3hlBaeT, qTo ~ 

CTa.HOBMTCR HHBapMaHTHblM ITO OTHomeHHE K £0 rrpH pa3JlllqHbIX 3Haqe. 

HH.HX E o )J.JIR p8.3JIH'llHhlX .Fl,JJ,ep. 4eM TIDlteJiee .H.n:po, TeM 6oJibme aHa·­

qeHHe E0 , rrpH KoTopoM .P +. .P(E.). ,Ll,.nR cpOTOHHhIX rrpoqeccoa OJIG1)l.a­

eTcfl [32] O)J,HHa.KOBb~ BblXO,JJ, Ha CKel1JIHHP H MeHbillHX 3HaqeHHRX Eo. 

Ha pHc. I? rrpHBe,JJ,eHbl TIOJIY'tleHHble He)l,aBHO ,IJ.B.Hlible ITO j:: .P( E o~) 

3aBHCHMOCTH npH yPJie Vp =120° H ID>'J1Y.llt~.e IT00TUi')B 0,5 I'sB/c. 

~aHHble ITOJiyT.leHbI MeTO,JJ,OM BHtrnTaHH.H rrpH ,JJ,Byx 3HaqeHHflX MaKCHMaJib~ 

HhIX 3HeprHJ1 TOpM03HhlX ~ -KBaHTOB c maPOM 0,5 raB. CoPJiaCHO 

PHC. I? .P CTaHOBHTCfl HHBapHaHTHhlM ITO OTHOllletnre K Eoll' !1pH 3-4 rsB 

,JJ,JIH TmPieJihlX .H,JJ,ep. ,Ll,.n.H JiePKHX H JiePqafullv.:x n.n.ap Ha6JI1J,JJ,aeTc.H cJ1a-

6b1:H pOCT BO aceM )J,HaITa30He 3HeprHH 2-4,5 I'3B. 

6. Oco6o B8.lllHbJM HBJI.HIO'l'C'! MCCJie,n,oaamm noJIRpHsaQHOHHb!X H 

KoppeJIR~HOHHhIX HBJieHHl1 s KYMYJIHTHBHOM pollt,ll,etmw:. B ~OTOHHbIX ITpo~ 
LI;eccax Ta.JU'le 11ccJJ AOBamm no'tlTH OTCY'i'CTBYKJT. He,n,asHo 6WIH no­

JIY'tleHbl (33] ITepah!e pesyJibTaTb! ITO .acHMMeTpHH auxo.n.a KYMYJIHTHB­

HblX rrpOTOHOB B o6JiaCTH ITepBKqHO'l sHeprHH 0,7+2 rsB. ~8.HHble ITO­

J!Y'tleHbI KBa3HMOHoxpoMaTH'tlliblM IlOJIJtpH30Bll.HHblM ITY'tlKOM Ep'bti. 

Ha pHc. I8 npHae.n.eHa 3'l.BHCHMOCTb • acmo1eTp~rn Z.: KaK qiyHKI.ViH OT 

aTO~OI'O HOMepa R,JJ.f ~HWeHH npH .JP =100°, Tp =0,I+0,2I rsB H 

E~ =0,7+2,0 I'sB. PeayJibTaTH He npoTHBOpeqaT HYJieaoi1 acHMMeT­

pHH, XOT.H Ha.MeqaeTcfl .cna6aR TeH)J.eHI.ViR pocTa E c pocTOM A. 
TaKHM o6pasoM,MMelJll\HeCR B HaCTOffil\ee speM.H sKcnepHMeHTaJibHlie 

,n,aHHble ~ OCHOBHOM ITOnTBepllt,ll,81lT I'HnOT03Y K~TMYIDITMBHOPO aqxpeKTa i 

-~----' 



- R.n;epHoro CKeHJIMHra B rrpo4eccax HHKJm3HBHOPO IcyMy'JUITHBHoro 

¢oTOpOJ!QJ.8HHR Ha ~pax.. 

)l;8.JibHefurrne HCCJie.n;OBa.H;:~• ,Il;OJil!Qih! B"llOJIHIITbCR, Ha H8lll B3r~. 

· B ,D;Byx HanpaBJieID!.RX. c 0,IJ;HOH CTOpOHN,Heo6xo.n;HMO HMelOIJlHeCR ,Il;B.h­

Hhle no HHKJII03HBHblM H3MepeHHJD4 YTOqffillTb (.n;o 3-5%) ,IVIR 6oJiee KOp~ 

peKTHblX KOJIHqecTB8HHb!X 04eHOK H, c .n;pyroA CTOpOHhr, HeO~XO.n;HMO 

'HaqaTb ROppeJIR4HOHHNe H nOJIRpH3~0HHhle H3MepeHHR B 3JIS'.TpoMar~ 

ID!THhlX npoQeccax. 
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3aBJllCHMOCTb MHBapHaHTHoro HOp:MHpOBaHHOPO ce1:rnHKR .P=J- ;.~ 
¢oToo6pasoBaHJllR npOTOHOB (a) H .n;eHTpOHOB (6) B peaKOHH 

~C ...... P(d) X npH yrJie BhlJieTa 120°. 3KcnepHMeHTMbHl>le 

TOQRJll: a) 2 - ( E\5 )"'"-• =0,7 f:38; ! - (Elf ),,,a.x=l,2 rriB 
--------------- )J,B.HHbTe no p88.KWfJll PC-PX, E =I I 15+5, 7 ra~ 
Vp=l37°[5] ; 6) 9 - <E1r>ma..=0,7 raB; ~ ~ (Eb' )"'"""-

=I ,2 raB; § - PC-dX , E
0

=5, 7 I'aB V =135°. 
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KC - PX I I 
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1 
= '1.5 r.o 

~ ....... 0,1 .. -~J 
Tp lr;/j 

8P.opreTJ.ftI8CKHB cneRTpli npOTOHOB B peaK4HH Q C-PX npH 

( f:l!)m"t4,5 I'aB. 3xcnepHMeHTa.JlbHble rnqKK: ? , ,~Vp =20°; 

fj -40°; 9,+ -60°; ~.+-90°; !. 9 -120°; - 160°. 
CTpeJIROR noKasaHa rprum4a Me1lr,IJ,Y KYMYJIRTHBHOH H HeKywyJIR• 

THBHOR 06JiaCTRMH. 
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p = C· exp (- fr.)~c·eXptBpc)OT yi'Jr.a peI'HCTPB.UHH ITpOTOHOB H3 

peaKrzy1H ~A-+- PX ~H ( E ~ )m"" ;=~5 roB. 3xcoeRHM"eHTaJib­

m.ie TOllKH: 9, + - C 2 ; ~- Cu : ; 2- p!J20 ; ~ -.O.aH­
Hble pa60Tbl [22] rrpH ( E ~ >-" =I , 2 raB . 
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PKc.4 Ta Me 3aBHCHMOCTh , l:lTO Ha pHc.3. 3amTpHXOBa.HHaR o6JiacTh 

,!VU! pe~H 'Q c--PX rrpH ( £ Q >mo.x=4,5 raB, I -I ,2 raB; 
!-~(CF~ B'l.)- PX ¢-v(cF3B1)-Px; Ev,v > 2raB ~· 
~Ne-PX , E~ > IO raB, ~-~(CF~Cf)-PX; P0 =3,9 raB 

9-PC!.l-PX, Po =9PaB/c; y-PC(Cu)-PX; P,,::4,5 H 

6,6 raB/c; ~ - PC-PX ; Po =9 raB/c, 

60 

50 
~ 
~ 1/0 
~ 
~ 30 
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~-Go• 
§-90° 
Q - 1so• 

0 I I 

!J,O 4,o o '/.O a,o 
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PHc.5 3aaHcHNocTb napa11eTpa B OT aHeprKK nepBlNlWX 4>c>ToHoa a 
pea~K l( C ..... PX. 3KcnepillileHTMhHble TOllI<M ~ - v =60°; 
2 _900; 2 -1500 . 
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38.BMCHMOCTb 11apaue'l'pa T011 B npe'ACTaBJieHHM Pm .. Csi exp(-*J 
;n,MI. peaKWtK (! c - jf x llpH ( Ea ) rna.x =4. 5 r3B; 6 - 'ABHHble 
110 peaKQHH PC--PX (3] • 
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1-!yai 

PHc. 9 YrJIOBM 38.BHCHMOCTb npoTOHOB B peaKJ.\HH 0 C -PX npH 

(E~)m~x=4,5 I'3B; 3KcnepHMeHTa.JlbHb!e TOqKH; + -Pp -
-0,4 r3B/c 
! -0,44 I'eB/c, f -0,52 I'3B/c, -t -0,608 r3B/c, 
~ -0,66 r3B/c, 9 -0,69 r3B/c, y -0,784 raB/c, 
J -0,79 reB/c, ¢ -0,99 I'aB/c, ~ -I,I3 I'0B/c, 
2 -I,25 I'3B/c. CTpeJIKBMH noKB.38.Hbl rpa.HHQ!i! KyMyJUITHBHO~ 

o6JiaCTH. liHHHM llpoBe'AeHbt qepe~ 3KCnepHMeHT8.i1blible TOqKH 
"Ha rJiaa". 
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PHc.IO Yr.110BM 38.BHCHMOCTb .'.ii~ -MesoHOB s pea~H '(SC - 5fX npH 

. (,El)m~•=4,5 I'aB. oKcnepHMeHTaJibHble '?OllKH f -Tn = 
=0,094 I'a.8, ~ -0,239 I'sB; ¢ -0,318 r sB; ~ -0 ,399 faB; 

~ -0,56? faB; ~ -0,?!2 ThB.; !. -0,85I I'sB; 

Cl -I, 00 I'sB; 2 -I, 12 I'aB J!KHHH ITpOBe'AeHbi qepes 3KC­

nepMMeH'l'aJibHHe '?Oti:KH "Ha rJlaa". 
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Of Oi! a~ a' l,D.l'f~ 

It 3aBKCKMOCTh noK8.3a.HHR ~ B npeAcTaB~eHKH P "'A A~ pe-

aKI.\MK QA - p x npK ( Elf ) mo..x =4' 5 I'3B OT 3HepI'HH !lpOTO­
HOB. OKCrrepHMeHTaJ!bHh!e TOqKH: ~--Vp =30°; ~ -60°; 

¢ -90°; t -r20°. Jl¥.HHH rrpoBe'AeHhI qepes 3KCnepHMeH­
T8.JlbHble TOllKK ,IJ,JIR H8.I'~.fr'AHOCTH. 
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