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BWICHeHKe MeXaHK3Ma llpmmx. H~p!ll:llC peaRI:tltli JIBJmeTCH O,ll;llOfi 

HS·BaEHHX 3~~ s~epaofi ~aHKH. Ocoooe MecTo :e,aTofi npo6~eMaTHKe 
aarurMaJOT npo~ccs RBaa:eynpyroro paccemnm- Ha S]JJ)aX ( f , 2 p ) , 
( p 1 d N ) 1 , ( f , H3 

N ) H T .n. KBaa:eynpyroe paCCMHHe llpDTO_Ha Ha 

llpDTOHe H,Iq)a, .· - peaRUWJ ( f 1 Z f ) - ,1J,OCT8TO~O XOpomo. HSyqeHa . B 

OMaCTH H8~aJibHHX SHeprmt ,1J,O 460 Ma:II/. ~fTOT nponecc OK83MCH. 

a~eKTHBHNM cpe~TBOM ~ nsyqeHHH o6o~o~e~on cTpyRTYPH n,IqJa. 

Ecmee . c~olltHsn nponecc - pacceHHHe npoToHa Ha :n;ByxHyMOHHI:lX: rpyn-
-nax ( p ·, d. N ) - ):teeT HJiWop.~an;mo o 6o~ee TOHRHX ;n;eTrumx CTPYRTY':'" 

ps · H,IqJa. IIepBOe. Ha6JliO;n;eHHe H E:cc~e,u.o:eaHKe .. aToro nponecca 6wro 

BHn0~6HO B ,1Jy6He B !957 I'OlfY- npn SHepnm HM6TaJallHX llpDTOHOB 

675 Ma:/2/ H llOBTOpeHO B EpyRXefi:eeHe B !967 roAY npn aaepnm 

I ra:/3/. .AHaJIH3 ·· noJIY~eHHI:lX: axcnepHMeHTaJIDHI:lX: ;n;aHHI:lX: noa:eo~ 
a:eTopaM/2,3/ c~~aTb BHBO;n; o KBasnynpyroM xapaRTepe paccesHHa 

HM6T~ llpDTOHOB Ha KBa3H~efiTpoHHI:llC rpynnax BHYTPH H,Iq)a H no

JIY~b HeKOTOpHe xapaRT6pHCTHKH RB83H~efiTpDHHWC rpynn,' TaRHe, 

KaR HX Cpe,JJ;IW! 3H6piWI H 3H6prHH BHPBBaHKII HX H3 H,Iq)a. liTO Raca-

6TCS! BH6HBaHM 6o~ee C~OlltHI:llC ~aCTE:n HS SJ~a npOTOHaMH BHCOKHX 

aHepriDt, TO He~HO B ,1Jy6He BHnO~eHa pa6oTaf4/, B ROTOpofi Ha-

6Jl!O~OCb KB83HYfipyroe paCCMHHe llpDTOHOB Ha TpeX- H ~6THp6XHYR

~OHHI:llC accO~anHSJX B SJ]JJ)aX. 

SRcnepzMeHTaJIDHHe pesy~TaTuli-4/ CBH;D;6T6~CTBYIDT 0 TOM, 

~TO M6X8RH3M peaRnnfi BHOHBaHHH B nepBOM npH6~~6HHH O;n;rrRaROB 

~ :ecex Ha6nD):ta.BmHXCSJ BTOp~ ~acTHn. ~epHaSJ peaRUWJ nponc

XO,ll;HT Tai<HM 06paSOM, (Jy-p:ro no,n:c:rpyKTyp!l H3 ;ril3yx, Tpex H ~6THpeX 

HJMOHOB BHPTYaJIDHO Cy!ll6CTBY10T B SJ~, H B3aHMO;D;e:iicTBli!6 HM6T810-

!ll6:ii: ~8CTHnH C SJ~M CBO;n;RTCSJ B nepBOM npH6~eHHH R BSaHMO~HCT

BHID HMeTa~efi ~aCTHnH C STHMH BHPTYaJIDHBMH SJ;n;epHHMH llO;D;CTPYRTY-
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prom. B STOM npe,rrpTaBJieHml 39.M'l8 st,IJ;epaoro B3a.m.IO,IJ;6HCTBR!l, .ftll

Jrstllll!astcst 39.M'l6H MHOI'HX T6JI, MOl!t6T 6HTb paCCMOTpeHa lt8K sa~-qa 

Tpex TeJI: aaJieT~ npoToH ll3aRMO,IJ;encT1JY6T c HYKJIOHHOii accouaa

nneii H OCTaJibHOH 'l8CTbll st,IJ;Pa. CymecTBY6T H6CKOJibKO M6TO,IJ;OB ~ 

pemeHR!l Ta:KOft sa~'IH. 0,D;lmM HS HHX SJBJI.ft6TC.ft M6TO,IJ; HM

nyJil>CHOrO npR6JIHXeRRll C RCnOJib30BaRH6M nJIOCKHX H HCKal!t6HHHX BOJI

HOBHX cWHKuaw'I• 5 • 6/. B ,IJ;PYrW M6TO,IJ;e - ,IJ;RCnepcHOHHOM MH ,IJ;Ra-

rpaMMROM /7,8{ - ncnoJII>symcst He BOJIHOBHe cWHK~, a aMnJIH-

TY]J;J. peaKULiii. WDJUaJIHSMOM, OTBe'laroll!RM npe,rrpTaBJieHRID o nps:!MHX 

npoueccax/? • 8{ stBJISJIDTCst fbeil:HMaROBCKHe ,IJ;RarpaMMu. 11sy'leHHe nps:!MHX 

st,IJ;epHHX"pea:Kuaft CBO,D;RTC.ft K OTHCKaRHID OC066RHOCTeii·qe~aROBCKRX 

,IJ;RarpaMM• B K8Jit,IJ;Oil: o6JiaCTH HSMeHeRRll RHReMaTH'lecKRX nepeMe~HX 

peaK~ paccMaTpHBaeTC.ft Ta ,IJ;RarpaMMa (HJIH H6CKOJibKO ,IJ;RarpaMM), 

. ROTOpast BH,IJ;eJieHa no CpaBH6HHID C OCTaJibHUMR nOJIOl!t6HH6M CB06H OC0-

6eRHOCTH. HanpHMep, B Pf!,D;e c;rry'laeB npstMoil: npouecc xopomo OnHChl

BaeTcst nOJIIDCROii: ,IJ;RarpaMMOit, ,IJ;7Ifi ROTOpOft 06JiaCTb RSM6H6RRll KHH6-

MaTH'l6CKRX nepeMeHHHX OrpaHH'I6Ha MaJIHMH nepe~aeMhlMH HMnyJII>CaMHe, 

CJI6,IJ;y6T SaMeTHTb, 'ITO B SRCnepHM.eHTax/2-4/ 6HJI HSMepeH 

·JIHWb y'laCTOK cneKTpa JierKHX st,IJ;ep B BHCOKOHMnyJibCHOft 06JiaCTH. Ha

MH 6HJIR BWOJIH6HH HSM6peRRll cneKTpoB ,IJ;eitTpoHOB, st,D;ep TpRTRll R re

JIHSJ-3 npn 6oM6ap,IJ;RpoBKe Pf!,D;a st,IJ;ep npoTOHaMH c ,aHep.rKeft 670 MaB 

no,IJ; He?KOJII>RHMR yrJimAH K aanpa:BJieHHro nePBH'IHoro ny-qKa B mHpoKOii 

o6JiacTH HMnyJII>coB ('700+1700 MsB/c ~ ,IJ;eiiTpoHOB, 800-2000 MsB/c 

,,IJ;nfl TPRTRll H 1100-2000 ~ reJIR!l-3)/9-14/. llOMHMO H3B6CTHOro 

npouecca KB8SHYnpyroro paccestHRll npoTOHOB Ha ,IJ;llYX- R TpeXHYKJIOH-

HHX rpynnax, HaMH BnepBhl6 aa6JIID,IJ;aJIC.ft HOBHit HRT6HCHBH~ KaRaJI pe

a:KUifii o6pasoBRHRll ,IJ;ei!TpOHOB c pol!t,D;eHHeM n -MesoaoB. HacTOstmast 

,IJ;RCC6PT~ nocBstmeaa HCCJI6,IJ;OBaHRID M6XaHH3MOB o6paSOBRHRll 6HCT-
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· IHX ,IJ;eftTpoHOB, KcnycxaeMHX TIPK ll3aKMO,IJ;eftcTBKK npoTOHOB c aaep

meft 670 MaB c st,IJ;PaMH. 

B rJiaBe I ommHBaeTcst nocTaRO!!Ka sxcnep!MeRTa. CxeMa oiiHTa 

llPKBe:neaa Ha PIC· I.BHBe;neHHHI KS Cl'IHXpOIJ;m{JIOTpoHa omrn: ny-qoK 

npoTOHOB c 'noMOm!>JJ KBa,IJ;PYnOJibRHX JIRHs lUI \PORYCKPOBaJICH aa MK

meRI>. BTOPH'IRHe 'laCTKUH, KcnymeHHRe KS MKmeHK UO,It yrJIOM 6 R 

aanpaBJieHHJJ nepBH'IHoro ny-qKa, BH,IJ;e~cb ROJJ.JIHMaTopoM Kp aarum

Sl!pOBaJIRCI> C nOMOm!>Jl Mai'HKTa M no HMny.m;cy H, npoit;wt ROJIJIHMaTOPa 

K2 K !{ J' non~ B pei'Ii!CTPKPYllli!Yil annapaTYpy • B yCJIOBKRX aamero 

aRcnepKMeHTa pacxo,IJ;RMOCTI> nePBH'IHoro ny'llta cocTaBJISJJia ~ ~.~ H 

paspemaJlllast cnoco6aocT:& ,ManmTHoro cneRTpoMeTpa 1 = ~I,B%. 
BToPK'IRue "'lacT:rm.u pemcTPKPDBaJIHc:& TeJiecRonoM cumTKJIJistuaoHHHX 

O'l6T'IKROB $1 - $4 J C'l6T'IRRH 5~ K 54 , paSH606HHHe Ha paooTOst

HKe 5,6 M, OJIYllWJII!! "6aSOBWH" ,lCISI K,IJ;6HTHifJKR8Uim' 'ISOTKU no BpeMe

HH npoJieTa. CneRTpoMeTp no BpeMeHK npoJieTa KMeJI paspemeHHe 21: = 
=0, 9 aoe~15/. TKnK'IHHft onexTp no BpeMeHH npoJieTa ~TOPK'IRHX 'la~TKU , 

no,IJ; yrJioM 6,~ noxasaa aa pHC. 2. llpoue,IJ;.Ypa KSMepeHHft oBO,IJ;RJiaci> 

K nOJIY'l6HK!l cnexTpoB BTOPH'IHHX 'laCTHU no BpeMeHH npoJieTa. np1! pas

JIH'lHHX SHa'leHKRX Hanp!l!t6HHOCTK Mai'HKTROrD nOJISJ aHaJJlll:3KpyJlll6ro 

Mai'HKTa 0 Mm116Rb!l K 6es Mm116HH. 0TOJJ,IJ;8. MOliHO J!llqJricJtif:rD HHT6HCHB

HOOT:D BHXO,IJ;8. ,D;eftTpoHOB 0 3~ SHa'leHHeM HMnyJI&oa. llpR 06pa-

60TK6 ,IJ;eitTpoHHHX oneRTPoB Y'l:HT:rieaJIHo:D nonpaBRK aa npoo'leTa pem

OTPKPYJJDteit annapaTypH, MHOroKpaTHOe. paooestHKe B MRmeHH, B BOS.nyXe 

" H B oumTHiiJmTOpax C'l6T'IHROB. ;IUianasoa KMnyJII>OOB, B ROTOpoM npo

BO,IJ;WlliO:D HSM6peHRll, OrpaHH'I6H OHHSY 9H8:_'16HH6M r = 7~0 Ma:a/o. 

0,IJ;HOBpeMeHHO 0 HSMepeHHeM HMUYJlbOHOro cneKTpa ,IJ;6ITpoHOB OT 

- H,D;ep_B O,IJ;RRaKOBHX 8KOD6p1!M6HTaJibHHX YOJIOBKRX npoBO,D;It1IHCL HSMepe

HKR m.tnyJii,cHoro OD6KTpa ,n;eitTpoHOB OT peaRD;HH" f + f __,. d -t 1T -t 
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PRe. I. CxeMa onuTa: .KJI - KBa.IqJyiiO.m:.HWI .mmsa; Kp K2 11 K3 -

KOJIJmMaTOpH; j,J - Mai'lUITj 51 - 51 - CI41lliTWIJJ.i!UliOHHll6 

C'!ST'lliKH. 
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PRe~ 2. Tmrn:'!ll1Iii cneKTP no BpeMeHH npoJieTa ,JJ.IDI BTopwmHX '!acT:tm 

no]{ yrJIOM 6, 5°, p = 1236 M::lB/C. JieBHfi nHK ~6ycJioBJieH 
J{e:llTpoHru.m:, npaBllil: - npoToHaMH. 
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PesynTaTH liSMepemtlt peaK~ ' f + r - d + Jt + aa CB060,IJJillX 

npoTOH8X liCUO.m:.SOBaJIHCb ,JJ.IDl H8XOEJ{6Hl!E a6COJIIDTHHX SHa'!eanH ~· 

(PepeHJ.J;I!mHHX C6'!6HliH BHXOJ{a J{e~poHOB RS SIJ{Sp, a T8Kllt6 CJIYlltMll 

~ KOHTpoJISI KaJin6poBRR nMTIYJibCHOii mRaJIH. 

B rJiaBe. IT IISJIOlltSHU pesy,m,TaTH RSMepeHHfi. Ewm TIOJIY'!SHH !'IM

ny.m:.CHHS CUSKTPH J{SHTpoHOB, 06pasyeMHX TIOJ{ yrJiaMR 6,5°,· 9,5°, 

.
13 5

o H 
16

o K HanpaBJieHHID nepBH'!HOro nytiRa npR 6oM6ap~BRe . ~ 

SIJ{ep H, D, Li 6 ·, Lit , C, M ~Cu., R-hi! P1 npoTOHaMR c 

·aaeprnen 670 MsB. 3Ha'!eHHSI TO~ MRmenen aaxo~cb B naTepBa

Jie 1,2-1,8 r/cM2 • Ha pRe. 3 B Ra'!eCTBe npmJepa npHBeJ{eHH IIM

ny,m,caue cneRTPH J{Sii'rpOHOB, IicnycRaeMHX no.u yrJiaMR 6,5°, 9,5°, 

13,5° n 16° nPH BSaiiMOJ{eiicTBIDI npoTOHOB c SI.n;paMn yrJiepoJ{a. XapaK

TepHoft OC06eHHOCTb!O cneKTpa UOJ{ yrJIOM 6, 5° (pRO. 3a) SIBJISISTCSI Ha

Jlll'!Il:S }J'J!J1X nHRoB npR sHa'!eHIDIX IIMUYnCOB · p.~ = 1600 MsB/c n 

f.t = I37b MaB/C. IIIm TIPH r: = 1600 MaB/C o6ycJIOBJI8H :rmasn:ynpy

rn:M pacceSIHHSM npoTOHOB Ha ~XHYRJIOHHHX aCCOJ.J;I!~ B SI~, 

T. e. peaKuaen 

A (f+(2N>~,LN)B. (I) 

3TOT nponecc Ha6JIIOJ{aJICH paaee.B pa6oTaxl2 • 3/. IIIm B paiioHe 

p& =1370 MaB/c KHHeM8TH'!BCRII.COOTBSTCTByeT o6pasoBaHHIO ~e:llTpo-· 

HOB B peaKUUH f .. ( N > ~ d + n Ha CBSISaHHHX HYKJI0H8X HJ{-

pa c BHJISTOM J{enTpoHa B c.n.M. "BnepeJ{", T.e. peaKuneii 

A (f + < N > ~· d .. :n:) B • (2) 

IIIm, OTBS'lai<lltl:Iil peaKIWR (2) C BHJISTOM J{SfiTpDHOB B C.U~M. "H838J{" 

(B pafiOHS n:Mny,m,ca . rd = 860 MsB/C), B cneRTpe J{SfiTpoHOB He BH-
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PE:c. 3. HMnyncHHe cneRTPH ,IJ;eirrponoB, o6pasyeMHX npz Bsam.to;n:e!-

CTBD npoTOH~B c aneprne! 670 MaB c H,II;,POM yrJiepo;n:a no,IJ; 

yrJima 6,5°, 9,5°, !3,5° z !6° (pzc. Sa, d• :a, r cooo:r

Beo:rcTBenno) • 

Kpn:ae na pzcyHRax: pesyJII>TaT:a pac-qeTa no ,IJ;HcnepcBonno! 

Teopzz npm&mc JI;n:epnmc peaRIUtlt 

no.mocna.a: ,IJ;HarpaMMa 

no.mocna.a: . +. Tpeyronna.a: ,IJ;Harpmom 

_ _ _ ___ TpeyroJII>na.a: ,IJ;HarpaMMa 

-. -·-. -·"" Hno:re!lPepen:nwJ no.mocno! H TpeyroJII>no! ,ll;iUl

rpaMM 

Ifymt'rl!pH8.fi RPHB8.f! C HH;n:BRCOM n ,{ =!" ( :pHC •• 3a) - D()JIJ.)J

Ba.a: ,ll',HarpaMMa C Y,.6TOM 6aTJI6pC>BCROro q,oiJ4i.P~TOPa ( {=!) • 

•• 

l 

~·-·., 

j 
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I. 

,II;6JIH6TCJI. )lJISI yrJIOB BWt6T8 ,IJ;Bi!TpoHOB 9, ~ (pzc • 36) B 

cneRTpe ;n:e!TponoB na6.nm,IUUJTCJI . Tamte ,1038. _ nHRa n~ . fa~ I600~~sB/c 

H .Pd = !300 MaB/C, OTB6'q8DJt'!6 n~neccaM (I) H c2}~COOTB6TCTBeH
·ko. llo cpaBnemm co cne~TpoM, zsMepennHM no,IJ; y~JIOM 6,5°,:·np;"" 

9, 5° HS6Jm,IUUJTCH .ynmpelme nHRS OT. peaKnm'J (2) H. OTHO,CHTe~ii~~ 
yBeJIH'qeHHe BKJia;n:a HRSROHMnyJIJ>Cnmc · ,II;e!'lpoHOB. 3To, no-BH,IU?lMOMy, 

o6ycJioBJieno BKna~M npo~cca ne~pacceHHHH ~ -MesonoB, o6pasyro

lllHXCH BM6CT6 0 ,II;BftTpOHaMH B pearu:tm f -t < N) ~ d + ·~ ., Ha OCTa

TO'qHOM JI)ijle • :3TOT M6XaHHSM pacCM8TpzB86TCJI B rJiaBe ill. )J.mr yrJia 

!3,5°, paBnoro npe;n:ennOMy yr;ry HcnycxaiDr.il ,II;eitTponoB B peaKJ:nm 

f -+, N __,. J + :n: HS:CB060.n;HHX HYKJIOHBX npz na-qaJII>HO! 3H6prnH 

670 MaB,na6JID;n:aeTCJI WKpDR:Ii! nHR B HHSKOBMnYJ!bCHO! 06JiaCTH. 

)lJia yrJia 16°, ROTop:Wt 6o.m.me npe;n:e.m.noro yrJia, HMny.m.cHH! 

Cn6RTP HM66T BH,II;MOHOTOHHO cna~e! C YBBJIKq6HH6M HMDYJII>Ca .1(6!

TpC>Ha /WHRttm. 

)J.mr )1JlYl'HX JI,II;ep HM66T M6CTO 8HaJIOI'l!'qH8.fi CHTYS:nwJ. llpz STOM 

,I1;nH ;n:aHHOro yrJia BHJI6T8 ;n:B!TpDHOB H86JID;n:aeTCH 0THOCHT6J!bH06 yBe

JIH'q6HH6 BKJia;n:a HHSROHMnYJ!bCHHX.;n:Bft'rpoHOB npz YBBJ!KqBHHH MSCCOBO

ro -qzcJia H,Iij)a:...wnneHH, 'qTO OCOOOHHO SaMBTHO B c;ry-qae . THlltBJIHX 

.H,IJ;ep ( Cu , Rh. H Ph). lloCJie.n;aee, no-BH,Il;l!MOMy, o6ycJioBJieHo 

BKJ!a;D;OM MHOro-qacTH'qHHX, B T~M 'qHQJie H Rf.!-CR8Jli!HX nponecCOB. B 

3TO! rJiaBe paCCMSTP:IiBaDTCH TaRllt6 yrJIOBHB pacnpe,II;eJieHHH ,II;Sirrpo

HOB K SSBKCHMOCTL OT MSCCOBOro -qzcJia 8~-MHIDBHH ~epeH~aJII>

HHX ce-qeHH! nponeccoB (I)· K (2). Saa-qeHHH 1~ ,I~;nH o6omc nponec

coB MOHOTOHHO na,I~;aDT npzMepHO B 2 pasa DPK YBBJIH'q6HHH yrJia OT 

6,5° ~ !6°. llpz 3TOM yrJIOB8.fi SSBHCHMOCTL ce-qeHHH WIJ1 nponecca 

~I) no~6aa yrJIOBo! saBKcHMoCTH ce-qeHBH cB06o.n;aoro _pd -pacceH

mm, TOr,II;a nax noBe;n:eHHe ce-qeHHft peaKrum f N- J 1t Ha cBo6o.rt-

l. 
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HllX ~,eBflSaHHHX HYKHOHax B paeeMaTpHBaBMOH 06~aeTH yr~OB pas~

-qaeTe.!I. B TiaeTHOeTH, ,lJ',1IH peaKmm (2) ae Ha6.mo,naeTe.!I no)r!,eMa yr

~oBoro paenpe;n;e~BHH.!I Bel~SH npe;D;BJll>HOrD yrJia ( ed ~ 13, 5°), "!TO 

IIMeeT MeCTO B pe8KUIIH E + f ~ d • n+ • 3aBHcHMocT:& OT Maccono

ro TIHC~a ceTieHH.!I o6omc npoueccoB xopomo omrciDJaeTcH saKOHOM 

do "" _, ~ A • Be~'llllta x ,lJ',1IH nponecca (I) 6~sRa R sHaTie-
·cta 

Hruo I/3, ,lJ',1IH npouecca (2) x ;; I/3 B CJIYTiae yr~a 6, 5° n pacTeT 

;IJ;O .X: ;: 1/2 C YBB~BHHBM yrJI.a BWIBTa ;IJ;O !6°. 

r;;raBa lli nocBsmaeTc.!I TeopeTnqecKouy aHaJI.Hsy nonyTieHHHX nMnyn:&c

HHX cneRTPOB ;n;eftTpoHOB aa ocHOBe ;n;acnepcnoHHOH Teopnn np.!!Mnx 

H;n;epHnx pe8K~·8/. Pac"!eTu npoBo~~c:& e ncno.ru;soBaHReM no

;;rrocaoli H TpeyroJI.:&HOH ;IJ;HarpaMM/ll,l2/. 

I. PeaRmut f ,_ A --.. J • N + B 

PesyJI.:&TaTu pacTieTa no nOJI.rocHOit ;IJ;HarpaMMe (pnc. 4) c ~IN

ctaRTopoM, paBHW4 ROHCTaHTB,,ll',1IH JI;IJ;pa yr;;repo,na H YI'JI.OB 6,5°; 9,5°; 

13,5° H I6°,noKasaau Ha pnc. 3. PaeTieTHUe RpHBue HOpMHpoB~c:& 

no ::mcnepnMeHTaJll>HOM~ cneRTPY npn HMny.ru;ce - 1600 MaB/c. l1s 

pHC. 3 DH,JJ;HO, "!TO TeOpeTHTIBeRHe RPJiBUB HBTIJ!OXO OIDICUBalOT 3RCne

pHM6HTaJI.:&HU6 ,n8.HHU6 ,lJ',1IH yr~epo,na • .IJ,ml ,IlJlYI'liX .!I;IJ;Bp TIOJIYTIBHO T8Kllt6 

XOpomee cor~acne,TeOpHH e aRcnepHMBHTOM/!1/. 

r 
(ZN>... N 

A B 

PRe. 4. IIo.mocaaJI ;IJ;Harpw.r.~a pe8KUIIH A ( f+ (ZN) ~ d+ N) B 
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AHaJI.OrR"!Hue pacTieTu npoBo~c:& H c y"leTOM 6aT~epoBcRoro 

cfOp.!\P8KTOpa/II/. CpaBHeHRe cneRTpDB ;n;eit~poHOB, BU"llrc~eHHHX e yTie

TOM ~OpM~aRTOpa, C 3KCllBpHMBHTaJll>HUMH TI03BO~BT llOJIY"lRT:& ;IJ;eH

TpoHHUe npHBB;IJ;eHHUe IIIHPHHll e :· (B YCJIOBH.!IX Hamero 3KcnepHMeH

Ta. OHR HMBJOT CMUCJI no~nx DPHBB;n;BHHUX IIIHpHH). 3Ha"!BHH.!I npHBB;IJ;BH:

HHX llHpHH, Bll"lHC~BHHllB npH yrJiax 6,5°, 9,5° H !3,5°, ,lJ',1IH yrJ!epo-

• ;n;a, COCT~JOT 4,4;o,8, 4,6±Q,9 H 3,4±o,? COOTBBTOTBBHHO. IlOJIY

"lBHHUB HBMH 3Ha"!BHRH llPJiBB;IJ;BHHUX•IIIHpHH eor~acyJOTCJI B npe;n;eJiax 

OmHClOR C H3BBeTHUMH 3Ha"!BHRHMH 3,8;!,0 H 2,?±o,?/!6/. 

2. PB8KUII.!I f + A -.. cl • 1t. + B 

PesyJI:&TaTu pae"!eTOB no no.mocaon ;D;HarpaMMe (pne. · 5a) ,lJ',1IH 

H.Iijla yr~epo,na H yril:on 6, 5°, 9, 5°, 13, sO H 16°, BunoimeHHnx 6ea 

Y"lBTa cfOpMcfaRTOpa H B llpe;n;TIOJIOlltBHHH, "!TO ROHB"lHOe JI.Iij)O Hax0,1J,l<ITCJI 

B OeHOBHOM.eOeTOHHHH, llOK83aHU Ha pHe. 3. Pac"!BTHUe KPHBUe HOp

MRpDB~e:& R axcnepHMeaTa.ru;ao~y eneKTpy ,lJ',1IH yr~a 6,5° npH m:... 

ny.ru;ce - 13?0 MaB/e. KaR BH,I1;1:10 H3 pnc. 3a, npa ed = 6,5°. pae-

"lBTHa.!I RPHBa.!I HBllJIOXO OIDICUBaBT aRenepHMeHTaJll>HUe ,n8.HHUB. Ilpn 

TOM lite yr~e ,lJ',1IH 6o~ee T.fillte~wc H;n;ep eor~acne Teopnn e aKenepHMea

TOM Ha6m:l.u,aeTeJI TOJI:&RO B Oel~aeTR miRa npn: HMny~:&CB - 13?0 MaB/e, 

a. d. 

,..---;r . 
f <NJ'',~, - I' 

\r rr' / 

\ _,"JT. 
A -

B ~~ 
A i'>' . B 

PRe. 5. IIo;;rrocaaJI H Tpeyro.ru;aaJI ;n;naipru:.r.~u peaRmrir A(p·<N> ..... J.~)B 
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B HK3KOHMDynDCHOR 06~aCTH pac~eTHHe K~HBHe npoxo~T HHEe SR~ne

pHMeHTaHDHUX TO~eK, Dp~eM STO pas~e paCTeT C yBe~eHHeM 

MaccoBoro ~c~II/. Pac~eTHUe RpHBue ~ yr~oB 9,5°, I3:5° H 

I6° (pHC~ 36, B, r) CHCTeMaT~eCRH DpDXO~T HUe SRCnepHMeHTaJU,

HUX ~o~eK, OC06eHHO STO SaMeTHO B c~ae 6o~ee C~OlltHUX JJ,Itepi'II/. 

· Ha pzc. 3a noxasaa pesynDTaT pac~eTa c y~eTOM I!JopdqiattTopa 

( -{ =I) ~ yr~epo~ Dpi! ed. = 6,~. AHMOI'lrn!He pac~eTH c .~e
TOM WO~aKTOpa ~ B03MOlltHOCTh O~HHTh DpDTOHHHe DpHBe,IteHHHe 

Dmpmill )J)Ifi HCC~e,uyeMUX JJ,IJ;ep. Ilo~eHHue SHa~eHHJJ/II/ npoTOHHUX 

npHBe,IJ;eHHUX Dmpi!H HaxO~CJJ B COr~aCHH C HSBeCTHBMH ~ ~erKHX 

n~ep ( D , li , C ) ~/I?,I8/. 

~ TODD ~T06H YnyqmHTL ODHCaHHe HMDY~CHUX cneKTpoB ,Iteid

TpDHOB no,n; 6o~mHMH yr~aMH, 6wm npoBe,n;eHH pac~eTu, y~THBaJq!ItHe 

sliJqieKT nepepaccenHHJJ 1t -MesoHOB na ocTaTo~oM JJ)!;pe. B~Hc~eHHJJ 

DpDH3BO,nwm:Ch Ha OCHOBe Tpeyro~HOR ,IJ;HarpaMMH pHC. 56. Ha pi!Co 

36 U 3B DOKa3aHH pac~eTHHe KpHBHe )J)Ifi yr~epo~ npH EJ.,_ =9, ~ H 

I3, 5°. BH.n;HO, 'ITO ~eT nepepaccerums: 1t -MeSOHa Ha OCTaTO~OM 

n,n;pe npHBO;IJ;HT R JIYtimeMy ODHcamm :SKcnePJi!MeHTaHDHUX ~ux. B 

o6on c~aruc BMa,n;, o6yc~oBJieHH:Wi stMeRTOM nepepacceJJHHJJ, cocTa

BJIJJeT saMeTnyll Be~HHY (oT IO% ]J.O 50% CYMMaPHoro cneRTpa ien
TpoHoB B HH3KOHMny~CHOR 06~CTH),- TOr~ RaK ,IJ;nJJ·yr~a $d.·=6,5° 

(pzc. 3a) aliJqieRT nepepacceJJHHJJ He zrpaeT cy~eCTBeHHO~ po~. HM
IlYnDCHue cneRTpH ,n;eitTpoHOB OT ,n;enTepHJJ li ~HJJ TaKEe He~XO 

BOCDpoHSBO~TCJJ B paMRax STOH MO,Ite~/II/. ~TO KacaeTCJJ 6o~ee TJJ

llte~ n,n;ep ( Al , C u , R t. , P1 ) , To ,IJ;allte c y~eToM sliJqieKTa 

nepepacceJJHHJJ pactieTHHe KpHBHe OCTaDTCJJ HJIXe SKCDep!!MeHT~HUX 

TO~eK. RaK yllte OTMe~MOCh BHme, S,IJ;eCL C~e,uyeT CtiHTaTLCJJ C BMa]J.OM 

MHoro~acTH~ux npo~eccoB. 
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B sxcnepHMeHTe Hcno~soBMacL c.rxcTeMa cBJJSH c SH•i "MmicR-

22", npH DOMOillH KOTOpoid npoH3BO,ll;l11IaCh . npe,IUJapHTe~HaJJ. 06pa60TH8 

pesy~TaTOB · a:KcnepmeHTa H HX. SanHCf:> Ha MarHHTHYIO · ~eHTY. IIPH o6-

pa60TRe ,IJ;aHHUX li DpoBe,IJ;eHHH TeOpe~eCttl'IX pac~eTOB HCDOxb30B8-

~Ch SH!J R:JCM-4 H _IDCM-6. HexoTopae MaTeMaTHtieCKHe ,n;eTami: pactie

TOB npHBe,n;eau B npM01:teHIDIX A H E. OcHOBHhle pesy~TaTu, Hs~oJJteH

HHe B ,IJ;HCCePT~• CBO~TCJJ K C~e,uy~eMy: 

I. IlpH DOMOillH M8rHHTHOro cnettTpoMeTpa C paspem8lQilefi CDOC06-
A . . . . 

DOCTLIO DO HMny~LCY . ~ = ~I,8% li cneKTpoMeTpa DO BpeMeHH 

npo~eTa C BpeMeHHlJM paapemeHHeM 2 t. = 0, 9 HOeK liSMepeHll cneKTpH 

,IteRTpDHOB, HCDYCKaeMHX DO,IJ; yr~aMH OT 6,5° ,IJ;O I6° K HanpaBJieHHIO 

nepBHtiHOil) nytiKa npH'6oM6ap,IJ;HpOBKe JJ,n;ep (oT ,n;eii:TepiDI ,n;o CliHH~) 

npoTOHaMH c aneprnen 670 MsB. CneKTPH HaMepeHa B WHPOKOii o6~acTR 

HMny~coB ,n;eiiTpoHOB OT 700 MaB/c .. ]J.O I700 MaB/c. 

2. IloMHMo naBeCTHOro nPQ~cca KBaaHYnpyroro pacceJJHHJJ npo

TOHOB na ,IUJyxnyMOHHHX rpynnax B SJ,n;pe f "'" ( 2 N) --;. d.+ N , 

06HapyEeH HOB:Wi miTeHCHBHHR KaHM peaK~ o6pa30B8HHSJ ,n;efiTpoHOB 

C poE,IJ;eHHeM Jt - MeSO HOB Ha OT,IJ;e~LHUX HYK~OHax SJ,IJ;pa: 

f .. < N) -- cl + 1t · 

·3. HsytieHo yr~oBoe pacnpe,n;e~eHHe ,n;eii:TpoHoB. TIOJIYtiSHO, tiTO 

,IJ;HiiJqiepeHIJIIaHDHHe ce~eHHSJ · d.cr ,IJ;nJJ npo~eccoB f ... < 2. N) ~ d + N 
&!Jl 

H f + < N) ~ d.+ .1l MOHOTOHHO ~JOT :npHMepHO B ,IJ;Ba pasa npH 

yBe~tieHHH yr~a· B~eTa ,n;eitTpo~OB OT 6, 5° ,IJ;O I6° • 

4. 3aBHCHMOCTh OT M8CCOBODO tiHC~a SJ,IJ;pa-MmrreHH ;IJ;H!MepeHIJIIML

. HHX cetieHHii o6oHX npo~eccoB xopomo onHCUBa~Tcn saxoHOM . ~ ~ A':' 
r,n;e .x. = I/3 )J)Ifi npo~ecca f + < 2 N > ~ d + N 1 )J)Ifi npo~ecca 

.f ... (N)-? d. • Jt. Jt · ~ I/3 npH yr~e 6, 5° H pacTeT ,n;o x.;; I/2 c 

yBe~eHHeM yr~a ,n;p I60. 
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llpoBB.IJ;BH TBOpBTII'qBCimn aHaJIHS llOJIY'lSHHHX mmym.cHllX CllBRT

poB .IJ;BHTIJOHOB H8 OCHOBB ,IJ;IlCnepcHOHHO~ TBOpmi npHMUX: Sl.IJ;BpHUX: pe

aKIJ.Uft. Pac'IBT!i npoBO.II;WIHCb C HCnOJib30BaHHBM nOJIJOCHOli li TpBYI'OJID

HOH ~arpaMM. Pesym.TaTH pactJeTa noRaSHBaiDT, 'ITO: 

5. llponecc f + < Z N >- .l .. N .nocTaTO'IHO xopomo OnH-

cUBaeTCSI TIOJIJOCHOH ,IJ;IlarpaMMOH ,IJ;Jil! HCCJIB.IJ;riBaHllUX: yrJIOB li SI,IJ;Bp. 

6. lJ,nSI nponecca f + ( N) ~ d + Jr. npH YI'JIB BliJIBTa 

.IJ;BHTpDHOB 6,5° I'JI8BHYID pom. HrpaeT TIOJilOCHOH MBXaHHSM, a B CJIY

'IJ86 ClOJIDIIIIDC YI'JIOB (9, 5° li 13, 5°) ClOJIDIDOH BKJia,IJ; {.IJ;ri 50%) BHOCHT . 

sti;'{]eKT BHPTYaJIDHOI'O nepepacceSIHM Jl ....; M630H8 Ha OCT8TO'IJHOM fl.IJ;-

pe. 

7 • ilOJIY'IBHbl npoTOHH!iB li .IJ;BfiTpoHH!iB npl!BB.II;BHllBB. nmpHHH ;rr,1IH 

HCCJIB.IJ;OBaHHHX HaMH SI,IJ;ep. HamH pesyJIDT8TH COI'JI8CYIDTCSI C .IJ;aHHHMH 

0 npHBe,IJ;eHHWC mHpHHax, llOJIY'ISHH!JMR ,JJJJYI'EMH 8BTOpaMI! ,IJ;Jil! HBROTO

pwc HS zccJie.nOBaHHUX: HaMil E;n;ep ( D-' Li , C )/16-18/.' 

MaTepHaJI, TIOJI07.t6HHHH B OCHOBY · .II;IlCCBPTamm, onyClJIHKOBaH B 

paCloTax/I0-12/ z .noKJia.IJ;UBaJICfl na lliMe~,IJ;Ynapo.naon Ronwepen~ no 

WH3HKe BhiCORHX :meprnn 11 cTpyRType E.IJ;Pa (HDJO-tiopK , ceHTEClpb 

1969 r.) n IY Me~,IJ;Ynapo;n;aon KOHWepeHUl!H no ~sHI<e BhiCORRX ::mei?

rHfi'n CTPYRType fl,IJ;P8 (lYClna, ceHTflClpb 1971 r.), ·a TaK~e na nay'I-
' ~ 
HWC ceMmtapax JiaClopaTOPim fl.IJ;epHHX npoClJieM OWlli (lYClHa), HH~THTY-

T8 TeopeTR'IJeci<on n sxcnepHMBHTaJIDHOfi wnsHRR (1;1ocKB8) H WRSII'qBCKO

ro HHCTRTYTa AH CCCP (MocRBa). 
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