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BalltHyJO pom, B qrns1me BUCOKllX SHeprull nrpaIOT MCCJie'AOBaHilfl ne­

yrrpyr11X llPOTOH-HYKJIOHJmx BSaVJMO'AeficTBHit, llOCKOJJ!,KY C pe'AM a'APOHOB 

rrpOTOHl:I flBJlfllOTCfl e'AHHCTBeHH!dMM SJJeMeHTapHb!MH qacTHU8MH, KOTOpue MO­

ryT 6UT!, nerrocpe'ACTBeHHO ycKopenu B caMOM lliHPOKOM 'AHanaaone MMllYJIJ,­

COB. IlocJie aanycKa Kpynnellm11X ycKOPMTeJJett (011HM, ,lly6na - IO rall/c; 

UEPH, ienena - 24 rsB/c; H~BS, Cepnyxo:a - 76 raB/c;irf~L, EaTaBHH -

100-400 raB/c; UEPH, lKene:aa,ISR - 500-2000 raB/c) cTaJio noaMOlKHUM 

H3YlJaTI, 3TH B88HMO'AeilcTBHfl B o6JiaCTH sneprHtt, eme ne'AaBHO MCCJie'Ao­

:aa:amettcH C IlOMOlll!,IO KOCMMqecKllX JJyqefi. illHPOKHll 'AM81l830H sneprnn, KO­

Topun llPH STOM OXBaTUBaeTCfl, C03'A8eT YHHK8Jl!,HU6 BOSMOlKHOCTH nponep­

KH llP6'ACK888HHfi MO'AeJieil, C03'A8HHUX K HaCTOfll!leMy :apoMellH llJlfl on11ca­

HHfl MHOllt6CTB6HHUX npouecco:a. B 11HT6PB8Jl6 UMilYJJI,COB !0+24 raB/c 

(011HH, ,lly6na; UEPH, Xene:aa) cymecT:aeanun BKJJa'A n ceqeHllfl ueynpyr11X 

peaKumt BHOCHT co6UTl1fl H660JJ!,WOl1 MHOlK6CTBeHHOCTH (n,k < 6). 3'AeCJ, 

OCHOBH06 BHID.18HH6 Y'AeJJH6TCfl HCCJie'AOBamno p630HUHCHUX COCTOflHHli 8'A­

POHOB, KB83H'ABYxqacTHqnux peaKUHtt, BU'A6Jlfl6MUX 113 co6UTHH C 113B6CT­

HUM q11cJIOM qacTHU B KOHeqnoM COCTOflHlfl1 (3KCKJII03l!BHUe peaKUHM). C 

poCTOM naqanI>Horo HMilYJJI,Ca ycKopeHHUX npOTOHOB YB6Jll1'1UDaeTCfl 'AOJlfl 

MHOroJJyqe:aux co6uTHit, a BU'A6Jl6Hl1~ 3KCKJII0311BHUX peaKI.\HU CTclHOBl1TCfl 

MeHee aqxlleKTMBHUM H Il08BOJ!fl6T HCilOJII,30B8T!, J!Hllil, neanaqureJJI,Hyro 

qaCTJ, HHWOPM8UHH, CO'A6plKamettCH B H86JIIO'A86MUX B38ID.IO'A6HCTBHflX. 0'AH8-

KO 'AO OCHOBOilOJiaraJOl!ll1X TeopeTHqecRHX pa6oT A.]oryHOBa /I/11 p~~enn-

11ana /2/ H~CJI~'AQB8HHHM IAHOrO'l8CTttqHUX npouecco:a He Y'AeJJHJJOCI, 'AOCTa­

TQqHoro BHJ.W8HHfl, IlOCKOJI!,KY C'IHTaJIOCI,, t/TO CJIOlKHOCT!, KOHeqnux coc­

TOflHHii He Il03BOJ!fl6T nonyqHT!, cymeCTBeHnyro 'AJlfl T60PMH HHWqPM8UHIO. 

HccJie'AOBaHMe T8Kl1X peaKUMtt CT8Jl0 6UCTPO pacmMpflTJ,Cfl IlOCJI6 ITP6'ACKa-

38HHfl M8CmTa6non HHBapHaHTHOCTM CHJJI,HUX B3811MO'A6llCTBHit /I, 2 /, saK­

J110llaro111ettcfl B TOM t l/TO B. HHKJJI03HBHUX peaKUHflX Jl-+ B -? C + "nee OCTaJIJ,­

HO~" CTPYKTypnaH WYHKUHH f =- e ~ nepecTaeT n acm.!nTOTHqecKolf 
Pf · 
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o6naCTH aneprHit 38BHC8T1> OT S , ecn_H HCfiOJlI,SOBaTD nepe11eHJllie P.1. 

H 'X= rs" , rite rs' -nonHaH 8H8PrHB COYMPHDntHXCH a,tpOBOB B 

CUM, n -npoiton:r.JWA mmyn:r.c qacTim copTa "c" B CUM. BHHoHHeTOH, 
I/I . 

lJTO B npeiten:r.ma: HHT8pBanax H3118H6HHH ipeAm.taHOBCKOA nepe11eHHoA 

:x:« I (o6naoT:r. IlHOHHSSUHH) H I-X <'< I (o6naoT:r. ippar11eHT8UHH) pas­

JIHlJHlil6 110,11;6JIH ,n;a.Dr BfiOJIH6 onpe,n;eJieHHlil6 npe,n;cxa,3a.Hllll ,!J;JIJI llHKJJD3llBHWC 

cneKTPOB tJ80TJm pasnoA npllpOro,I H HX SCHllllTOTHtJeOKOro noBeiteHHH. 

OnpeiteJieHHHe OB0'1CTB8 11acmTa6HpOB8HHH' npoHBIDIDTCH H B nonyHHKnDSHB­

HWC peaKUHHX, rite (J)HKOHPOBaHO TOn1>KO lJHOJIO BTOPHtJHHX sapHX8HlWX 

qacTJm (Ktf'O -oxeAnHHr). Boe 8TO BlilS,BSJIO Heo6xoitHIIOCT1> BCeOTOpOHHe..:. 

ro ananHsa naxonnennoro aKonepmaenTan:r.noro 11aTepHana. 

Hacroantall paOora llOCBJIIIt6Ba HCCJl6,ll;OBaHHD IIHOZ6CTB6BBOro po:ir,n;e-
' HHJI llHOHOB B npOTOH-HyitJIOHBlilX coy.u;apeHHJIX C IlOIIOlJll>D ABY% 116TO)tl'IK -

KaKepaoR H 3KYJILCHOHHOR. C yqacrHeM aBTOpa npoBe.n;eH a.JlaJJB3 ueynpy­

rHX pp- H pn. -B3aDO;iteRorBHR Ha OHH111tax, llOJlytJ6HJIYX B UEPHe 

O 80-caHTHlleTpOBOR BO;itopo.u;aoR fiY3lilPLKOBOR xa11epH CaxJie H C 

200-caarx11erpoBoR xa11eplil UEPHa c BO.itopo.u;ulilll H .u;eRrepHeBw sa-
. . 

llOJIH6HH811, o0.11yqeHHHX npOTOHB.MH C HllllJJILCaKII IO; 19,I H 19,2 rsB/c 

C00TB6TCTB6HBO. 3TH .u;aHH98 OOllOCTaBJIJIDTCJI C pesyJILTaTaMH H3-

uepeHHI neynpyrHX pd" -nsamaoiteAcTnml B Hitepnwc a11yn:r.cHHX npH ma­

nyn:r.oe 'p. =I9,a"raB/c, a Taue o H8KOTOPlilllH itaHHUMH, nonytJeH~H 

ippaHKO-COBOTCKHII COTPY1tHHlJ80TBOII llpll o6pa60TKe pp -B38MIIOitdCT­

Bmi B BOitOPOltHOll nysHpLKOBOll Kallepe 11Mllpa6enL11 (pp -11samaoitelCTllHH, 

69 raB/c) ll SIIYJILCllOHHHllll KOnna6opaUmDlH (AJI11a-ATa-Jly6Ha-leHHHI'pait­

MoCKlla-TaDIKeHT-YJiaH-EaTop, prf -nsaHMoiteACTllHH, 67 rsB/c; Anlla-ATa­

HeHllH~pait-MOCKBa-TaDIKeHT, p;,I" -llSSHIIOitelcTllHH, 200 rsB/o), ll pa6o­

Te KOTOPHX allTOP npHH:ellaJI yqacTHe. 

nHCcepTSUHH COCTOHT HS lllleiteHHfi 1 tJ8THpex rnall H 38KDllJ8BHH. 

IlepBaH rnaBa nenHKOII fi0Cl1Hlll8Ha OllHCaHHD HCllOJILSOBamua: K8T0,1U!K 

o6pa60TKH H 8H8JIH38 C06HTidt B HitepHHX (J)OT03KYn1>CHHX ll HS OHIDIKaX ll 
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(I 
BOitOPOi\HblX ll i1ettTepneBHX nys1:1pb.KOllHX KaMopax. Bo BB8]18Hlrn ( § I) K 

STOR rnane paccuoTp6HH cpaBHllT6Jll,Hl:16 xapaKT8PllCTl!Kll o6cyllt]laeuwc ue­

TO]lllK. B § 2 noitpo6HO paso6paH (J)OTOU6TO]I. OmmaHN YTO'QH6HHH8 KPIIT6-

PHll OT6opa nsanuo1tei1CTBim npoTOHOB C ItBa8llCB060]IHHMll IIYKJIOHaunl3-~/ 

3]18C:& npnBO]lllTCll onncanue cnoco6a H8M6p6HHH nJIOTHOCTH llOHll3al\llOH­

Hl,IX noTep:& BTOPH'QHl,IX peJlllTllBllCTCKllX sapfll!t6HHHX tJaCTllU B ycJIOBllllX 

HepaBHOMepnon npOllBKll 8MJJI1>CHOHHHX CJI06B 161. PaccuaTpnnaDTCll pas­

Jll!'QH!,16 M6T01U,I onpei1eneHllll l!Mnyn:&COB TaKllX qacTHU no ll8MepennHU MHO­

I'OKpaTHOI'O KYJIOHOBCKoro pac_cem!llll / 7 / • Ha OCH0B8 8TllX M8TO]IOD noita­

saHa D08MOlKHOCTL l!]l8HTH(J)l1ltal\Hll sapHlK8HHHX tJaCTlllt nnJIOT:& ]10 llMnynL­

COB 20 rsB/c /Bl. 3HatJllT8Jl:&H08 IJ8CTO Ylt8Jl6HO paspa60TK6 M8TO]ll1Kll 

ll]l8HTllqn1Kannn sapHJKOHHllX tJaCTHU no BTOp1rcrnw 8' -3JI6KTpoHaM 191. 
B § 3 paccMaTpHnaeTCll M6TO]ll1Ka M]IOHTll(J)J11K8Itllll tJaCTMU C noMOIIl:&IO 

8 -8Jl8KTPOHOD npID.!6HllT8Jl:&HO It DOltOPO'AHW nysup:&KOBb!M 1tai.iepaM /IO~ 

IloxaaaHo, qTo 8TOT UOTOit no8B0Jlll6T noJiyqnT:& Henocpe]ICTB6HHYIO V.H(J)Op­

MaUHD O npnpoi1e sapmit8HHblX qacTnn D o6naCTII nunyJI:&COB p > 2 rsB/c' 

I']\6 ll]l8HTll~llK8UHH tJaCTlllt no HOHll3aUllOHHID! ll3M6pOHllllM H6B08MO~-

Ha /II/. BHHCHeHa 8(J)(J)8KTHBHOCT:& M8TO]ta ll cnoco61,1 OI'O ]18Jl:&HBtlmero 

ycoBepmeHCTBOB8Hllll. B 8TOM naparpaipe npl!B6]18HO onli!C8lilil6 DHCOKOnpo­

ll8BO]lllT6Jl:&HOI'O aBTOMaTWJecKoro ycTpollcTBa (Tilll-I) MH H8MepeHHH 

nJIOTHOCTll HOHll8aUHOHHHX noTep:&, C03]1aHHOI'O B 1J~B9 AH !Cas.CCP 1121, 
M npone]IOH aHaJIM8 pa8JIWJHHX M8TOAOB oneHKll lil0Hlil88UMOHHHX napaMeT­

POB TPOKO.B B nys1,1pLKOBHX ItaMepax /I3-I6/. Ilpn I'80!.IOTPlllJeC!rnll peKOH­

CTPYKUllll COClblTl!H, RHHBMaTlltJBCKOll ll]l8HTll(J)llltaL(HH KaHaJIOB peaRL(Hti ll 

aHaJilil38 cneKTPOB 8(J)(J)8KTH.BHl,IX Mace /I7- 2r1 6HJI JilCilOJI:&80BaH KOMllJI8KC 

nporpauM, paapa6oTaHHilX n HBTA owrn (r.Jly6Ha) 11 n lil~BS (r.Cepnyxon) 

npm.ceHHTeJI:&HO It OT8'QOCTB8HHIDl DHqncm!TOJI:&HID! Mam11HaM :BSCM-4 ll 

ESCM-6. 

Mccnei1onaHHD nonyllHKJID31ilBHl,IX peaKL(lilil noCBlllll8Ha BTOpaH r.nana 

'AllCC8pTannn. B HatJane STOil rnaBH (§ 2) IlPOBO'A8HO cpaBH6HH8 nyqeno-
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PHc.l. 3aBKCHIIOCTn OTHO■ eRlla <';;;;,> or nepBJlqaoro HIIIlYJinca. He­
ynpyne PA-B38JIIIO,l{eltcrsH.R: A - BIIR •M■pal'.le.nn•; V - BilR, Ea­
ramu, NA1..f29l. Hau .n;aHHYe: *-PP- BIIK ( P0 =lO• 19,l raB/cl221, 
o-pp-H.n;.311. ( P0 s:I9,8 raB/c [SJ, P0 =200 raB/cf27l). Heynpyrae 
pn -B3MMoMltcrsu: □ -JlIIR ( p0 .. 19,2 raB/cl23l); ■ -iuep-

aue a1o1y.11ncllflllf5, 25 ,2o,271). 

4ft' 
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0 
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O,JO 

qtS 

q,o 

a 

~----
-10 to .40 ~o4!(t.J8k)2 

6JJ~(n8JJI 

PHc.2. Pacnpe,1te.11eH111e no nepe.n;aHHYII qerYpexa11ny1nca11 nporoaoe 
aa nporoa-aelrpoaaux B3aa110.1teltcrsal npa HMnynice 19,2 raB/c, 
a - nporoHY K3 nepe.n;Helt nonycipepu ( e: < ¾ ) ClUI ( cnro■aas 
rucrorpa1111a), nya:nHpHaa rHcrorpalO(a - nporoau H3 qerupex.nyqe­
BYX pp -s31m110.n;eltcrsa1t npa HMnyuce R, =19, l raB/c ; o -nporoHH 
H3 oOparHOI nonycipepy ( 0: >-¾ ) HCUYTaBUe nepeaapa.n;ry; KJII­
BYe l H 2 noryqeHH B 110,1teux nep114>epnec1mx /\/ tJ -B38IIII0.1telcrul 
coorsercTBeHHo Oe3 [44JH c soal'.lyz.iteHHe11 ayJtnoaos /7If. · 
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ro pacnpell,eneHruI Heynpyrmc npoTOH-npoTOHHYX H npoTOH-H8HTPOHHl:lX 

ssamaoll,elilcTBHII, aaperHCTPHPOBaHHl:lX B 8MYHDCHH npH IDAilYHDC8 19,8 

raB/c (953 B3am&oll,ettcTBmI} H n 200-caHTW!eTpOBOll KaMepe c BOTJ.OPOTJ.­

HID,I H ll,OlilTepH8BHM HanonHeHHOM npH :m.inynDcax 19,I H 19,2 raB/c 

(!4779 Ff' -saam&oll,ei.tcTBHH H 4526pn .:eaaw.ioll,eltcTBHlil) / 5,20 ,22 ,23/. 

OKaaanocD, tJTO nocne Bl:lll,enemm KorepeHTHYX co61:lTHii Ha HTJ.pax/24 ,25/ 

pacnpell,enemm pn -ssam.ioll,eliicTBHH no tJHcny nyqefil, nonytJeHHl:le pa3Hl:lMH 

MOTOTJ.aMH, xopomo MOllTJ.Y co6ol.1 cornacymTCfl 1231. STo noanonMo oue­

HHTD XOTJ. TononorHtJOCKHX cetJOHHlil ·ll,nfl npoTOH-H81i!TpOHHl:lX B3am!Oll,8HCT­

BHlil npH m1nynDcax 67 (59~ coyll,apearui) H 200 raB/c (707 naamaoll,eltcT~ 

BHl.1), HCnonD3Yfl peaynDTaTl:l SMynDCHOHHl:lX pa6oT 126 ,~7/, nonytJeHHl:le 

B ~OTPYTJ.HHtJOCTBO C ll,pyrm&H HHCTHTYTaMH. ~nfl HOPMHPOBKH npH STOM HC­

nonD30BaHl:l·C8tJ6HHfl aeynpyrmc npoToH-HelilTpoHHl:lX naamaoTJ.eHcTBHlil, Ha-

1o1epeaHl:le aneKTPOHHl:lMH M8TOll,aMH. 06mafl TOHll,6HUHfl B IlOBOll,6HHH Tonono­

rHtJOCKHX COtJ8HHtt ll,nfl {:>n -B3aHMOll,6filCTBHlil TaKafl ll8, KaK 11 B npoTOH­

npoTOHHl:lX coyTJ.apeHHflX: B HHTepsane nepBHtJHl:lX HMilYHDCOB 19-200 

raB/c HaH6onee 61:lCTpo Bl:lMHpamT co61:lTHfl Manolil MHOE6CTB8HHOCTH, a y 

C06YTHlil c flt,I, =9 npOHCXOll,HT Hac1:1meHHO ceqeHHfl npH m.mynDC6 200 

raB/c. Bo B38HMOll,elilcTBHflX C n,:,1, ?'.- II Ha6nIDll,86TCfl pocT TononorHtJOC­

Koro cetJOHHfl. IlpH HCCnell,OBaHHH aaBHCm.lOCTH nenHtJ11Hl:l <n,~> bn 
n 6Zn ~ 

OT HOPIIHPOBaHHO!il MHOE6CTBeHHOCTH ,'-/< n.k> OKaaanocD, tJTO ll,nfl 

pn. -saamaoll,eltcTBHlil n HHTepnane Po =19-200 raB/c Ha6nmll,aeTca yHH­

sepca~Hafl 3aKOHOM6pHOCTD ( J.!.JO-cKeltnHHr), KOTopafl xopomo OilHCl:lBa­

eTCfl !WHKUHelt, npeTJ.nOEeHHolil CnaTTOpH 1291 ll,nfl onHcaHHH pp -coyll.a­

peHH'1. 

~yrma HHTepeCHl:lll o6CTOflT8RDCTBOII, Bl:lflCH6HHl:lll B pa6oTe, flBnfl-

eTcfl paanHtJltlO B IlOB6ll,OHl1ltl OTHOW6HHfl ( nJ,.>/ o<J,,f. , rll,e 

ciJJ,."'" ✓<rtc1.>-<n,~J -ll.Hcnepc1t1fl nyqenoro pacnpell,eneHHfl (p1i1c.I). Ee­

mt Bf f -coy]!apeHHHX c ynen1i1tJeHHOM nepn11qaoro HMny~ca aTa nenHtJH­

Ha nall,aeT, CTP6Mf1CJ, It acWJnTOTltltJOCKOMY npell,eny ~ 2 / 3o/ npH m,i­

ny~cax )' IOO rsB/c, TO Mfl f n -coyll,apeHH!il STO OTHOmOHH6 pacTe; 
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](OC'rl:lraH ac11MilTOTliltJ8CKOro npe]leJia 11CHlil3Y 11 • TioCKO.ilbKY paCCtJll­

]laHHblO no OTPlill.\8TOJibHblM tJ8CTlill.\aM lilHTerpaJibHhle Koppeml!.~llOHHHO qiyHK­

l.\lill1 J_-= < n= >- < n}· - < n_) conrra](aIOT ](JIB Heyrrpyrmc pp- lil pn 
B3allMO](OHCTBli!H, M Oll!HO 38KJIIOtJlITI,, tJTO OTMOtJOHHOO pa3Jili!GHO I.\OJIHKOM 

onpe]tCJIHOTCfl l136blTOtJHUM aapfl](OM, 11 BHOCllMhlM 11 HYK.ilOHaMII. B § 3 aHaJill-

3llPYIOTCfl yrJIOBblO pacnpe]teJIOHllfl DTOPl1tJHIDC tJ8CTl11.\ 113 IIPOTOH-HYKJIOH­

IILIX D381lM0](8MCTBl1M. B ](l18Il830HO rrepBHtJH!,!X l1MilYJibCOB lC-200 raB/c 

HUOJIIO](UCTCfl o6maH 38KOHOMCPHOCTI, - C poCTOM MHOlKOCTBOHHOCTl1 aHl130T­

ponnH yrJionoro pacnpe]teJIOHlilH aapHlKCHHblX qacTHI.\ B CUM yMeHI>maeT-

CH /26
,2

7
,3 3 , 34 ,36- 39/. B l1HTOpBaJie Po =67+200 raB/c ](JlH C06b1Tl1ll 

MaJIOH MHOlKCCTDOHHOCTl1 ( n.J. < n./. ) IIOJiytJeHa 01.\0HKa CetJOHl1fl IlPOI.\OC­

COB C UCli!MMOTPliltJHblM yrJIOBillwl pacnpe]teJIOHlileM BTOPliltJHblX tJaCTl11.\ B CUM 
( 0 £ 2,5 M6n). l303HJ,'!KHOBOHlIO TaKl1X co6b1Tl1li 06'.bHCHHeTCfl ]tllqlpaKn110H­

HHM li!Jll1 11306apHHM B03cyll!](6Hlil6M O](HOro lil3 CTaJIKli!BaIOlUIDCCfl HYKJIOHOB. 

l!pH HatJaJibllOM li!Mny111,ce 19 ,8 ra.13/c. o6pa30BaHlile aClill.!MOTPliltJ!illX Jlli!BH6li 

MOlKHO 06'.bf!CHli!Tb CTUTHCTli!tj8CKli!Mlil qJJIYKTyal.\lilf!Mlil 136 ,381. EoJiee TOHKHH 

anaJilil3 CBOL1CTD 6oaommx Cli!CT6M (§ 4) B peaKl.\lIHX C ](BYMfl l1](8HTllqJll­

l.\lilPOBUHllbll.lll npoTOHaMlil B KO!letJHOM COCT0f!Hl1ll IIO](TBOplK]taeT 8TOT BblBO]t 

npn m.myJI1,cax IO lil 19 ,8 raB/c / 40-42/. 

l3 § 5 np1rno;n;em,1 ;n;an1me O tJlilCJIO BTOPliltJH!lX aapflll!OHHIDC tJaCTIIn 

pa3JilltJIIOM TIPlilPO]t!l /l9 , 2o,2z, 43/_ TioJiytJOHHlde c TIOMOml>IO H;n;epH!lX qJOTO• 

3MYJibCli!it n nya1,1p1,Kon1,1x 1,aMep (;n;o mmyJibcon Po =30 raB/c) :mcnepu­

MeHTUJibHIJC peayJinaT!l xopomo corJiacy10TcH c npo;n;cKaaam:mrn cTaTli!CTH­

qocKoii LIO;D;8Jilil. B03Hli!Ka!Ollllil0 B pa6oTaX OTJil1tJlilfl 06'.Iif!CHff!OTCfl Heo;n;Ho-

3H8tJllldM pa3](0JIOHl10M aapfflKOHH!lX K80HOB l1 HYIWOHOB: cpe,woe 1UlCJIO 

npoToHoB n FP -coy;n;apeHli!HX KoJie6JieTcf! B npe;n;eJiax < n;,) =0,8+I,2 

rrpn OTHOCliTOJibHOM CTadnJibllOCTlil C:JMM!l tJHCJHl lIOJIOlltHTeJib:![!X tJaCTIIn 

( ~ 1,2) c 1.1accon, rrponNma10mei1 miccy Illi!OHOB ( k+- -r.:e~::.llll,npoToHH) 

il nHTepnaJie mmyJibCOB fo =19,1+19,8 raB/c 119 , 2l',Z2, 43/lil3yqa, 

eTCfl rrone;n;eHli!O Kli!HOMaTliltJ8CKlilX xapaKTOpli!CTHK BTOPliltJH!lX ~aCTlI!l B co-

6b!Tlilf!X C pa3JililtJHOi! MHOlltOCTBOHHOCTblO (§ 6). C IlOMOlllb!O 3MYJibCli!OHHOll 

8 

M6TO]tli!Kll 119 ,zo; noKaaaHo, tJTO npn lil3MOH6Hlillil MHOm6CTBOHHOCTlil OT 

2 ;n;o 8 B pp - 11 OT 3 ;n;o II B pn -naali!Mo,naitcTBIIHX B CUM Ha6JI10;n;aeT­

Cfl KatJeCTB6HH06 OTJil1qHa lilMITYJibCHblX lil yrJIOBblX pacrrpe]t6JI6Hllit ;D;Jlfl IlH­

OHOB lI npoTOHOB: OCJilI llMITYJibCH06 pacnpe;n;eJieHIIO ;D;Jlfl BTOPliltJH!lX Illi!O­

HOB M6HH6TCH H63H8tJli!TOJibHO, TO ](JlH npOTOHOB ·OHO cuemaaTCfl cymecT­

B6HHO B CTopoHy M6Hbml1X 3HatJeHIIil. B none;n;eHlill1 yrJIOB!lX pacnpe;n;eJia­

HHli 8Tl1X qaCTHU Ha6JIIO;n;aeTCH o6paTHaH KapTli!Ha: c pocTOM nck yrJIO­

BOO pacnpe;n;eJIOHH6 Ill:!OHOB lil3MOHH8TCH 3HatJli!T6JibHO 6!lCTpae lil IlpH nc.f8 

y~a CTaHOBli!TCH l130TPOIIHIDI B CUM, B TO BPOMH KaK y npOTOHOB yrJIOBOO 

pacrrpe]teJieHli!O OCTaOTCH peaKO KOJIJili!MlilPOBaHHldM B HanpaBJIOHlill1 ;n;Blilll!e­

HlIH nepBliltJH!lX tJaCTli!U ;n;ai:te ]tnH npe;n;eJII,HO 60Jibml1X MHOlK6CTB6HHOC-

Teil 119 ,201. TaKoil xapaKTOP aaBli!ClilMOCTlil Kli!HeMaTlltJ6CKlilX B6JlliltJlilH BTO­

pntJHIDC a;n;pOHOB OT HH0~6CTB8HHOCTlil He corJiacyeTCfl Hlil co CTaTli!CTliltJOC­

KOli MO;n;OJibIO, Hl1 c uo;n;eJiblO O]tHOIIli!OHHOro o6MeHa. 9TOT peayJII>TaT Ka­

tJ6CTB6HHO li!HTepnpeTlilpyeTCH Ha OCHOB6 napTOHH011 Mo,nenn. B § 6 npn­

ne;n;eHld peayJII>TaT!l aHaJilil3a Haynpyrmc npOTOH-H6HTPOHHldX B3ali!Mo;n;el1cT­

nnli, aaparli!CTPl1POBaHH!lX B 200-caHTli!MeTpOBOli ;n;ettTepli!OBOli KaMepe nplil 

lilMTIYJII>Ce 19,2 raB/c (1132 co6b!Tl1f! / 431). TioKaaaHo, tJTO npOTOH!l B 

peayJII>TaTe 8Tl1X B3ali!Mo]teitcTBl1il 3HatJli!T6JibHO Cli!JlbHeU KOJIJIHMlIPOBaHbl 

OTHOCHT8JlbHO OClil CTOJIKHOB8Hl1H, tJeM aapnmeHH!le Ill10H!l. B CUM OUOH6Hld 

R08~(1Jlill.\li!OHTld yrJIOBOli acllMM8TPlillil ;n;Jifl aapHaeHHldX Illi!OHOB pa3JililqHHX 

3HaKOB: ?:r+- =0, II±O ,02, ~ :.- =-0 ,10±0 ,02. BcJie,nCTBlI6 M6TO;D;l1tJ6CKl1X 

TPY'AHOCTeli, B08HlIKa10mmc nplil 11;n;eHTlil~li!KanlilH qaCTlII.\ THll!eneo IlHOHOB, 

MOlKHO Jil1llib _01.1eHl1TI, li!HTepnaJI 3HUtJ6Hlilit 7 ](JlH npoTOHOB: -0,16 < _7,.< 
0,26. 

Via ;n;aHHllX, noJiytJeHH!lX C TIOMOlllblO TIY3llpL!tOBldX KaMep lI H;n;epHWC" 

a11yJI1,cmi, c;ra;n;yeT, tJTO npII HMITYJII>cax p,, =19,I-19,8 raB/c oTHomaH11e 

ncen IlOTOPf!HHOit HYKJIOHaMlil 3H6prlillil K 8Heprnlil, yHOCllMOil aapHEOHHldMlil 

nlilona1.111, aaMeTHo npeB!lmaeT 3/2. Tip11 aTOM ;n;oJIH Kli!HeTIItJecKo11 aHep­

rnn B CUM, YHOCli!MaH O;n;HllM sapHgeHHllM IlHOHOM, CJia6o saBHCHT OT MHO-
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llt6CTB6HHOCTl1 11 COCTaBJIH6T ~ 15%, a cpe}.\Hl111 K03qJqi11U116HT HeynpyroCTl1 

< f<pn> =0,61±0,02, Ha aKcnepmieHTaJIDHOM MaTep11ane, nonyqeHHOM c 

l!CilOJ!D30BaHl16M BO'AOPO'AHHX IlY3HPDKOBHX KaMep, 113yqeHH Kl1H6MaT11qec­

Kl16 xapaKTep11CTl1Kl1 BTOp11qHHX npoTOHOB 11 Il110HOB 113 qeTHpeXJiyqeBHX 

co6HTIDI (1554 pp -B3a11Mo}.leUcTBI-IH np11 p.. =IO raB/c 11 775 pp -B3a-

11MO}.letlcTB11it np11 Po =19 ,l raB/c 1221), KOTOPIW B 3TOM }.111a11aa0He 

11Mny JIM OB Ha116onee 6Jil13lt0 BOCilPOl-13BO}.\HT cyMMapHb16 pe3yJIDTaTH, Vlc­

CJI6 }.\0BaHH Kopp6JIHU1111 B nepe}.laqe qeTHpeXMepHHX m.lilYJ!DCOB OT coy}.la­

Pfl!Ol!ll-lXCH npoToHOB p.,,_ 11 Pt K BTop1,1qHHM npoToHaM B peaKu1,111 

p.-h+pt➔ ~ + Pa + 11 Bce ocTaJIDHoe 11
• IlpH Bl:ltJ11cneH1111 3Haqemitt 

6.'1. ==(p.4 _ P. * )2 npe}.\IlonaranocD, qTo HYKJIOHl:l B CUM He 11oryT 
.A(6) ,n[t) .UB) 

pacceHTMH OT HanpaBneHl-!H cBoer_o nepBoHaqaJIDHoro 1-\Blll!t6Hl1H Ha yrnH, 

60JIDW1l6 0,::: .'.!t/2 • Ha116onee cymecTB6HH06 OTKJ!OH6HH6 OT 0}.\HOilHOH-

HOtl o6MeHHOii M0}.\8Jll1 / 44/ HUOJIIO}.laeTCH B o6nacT_11 M8JIHX nepe}.laHHl:lX 

2 2 )2 . 
11MilYJIDCOB .tl"" 11 tis < 0,3 (raB/c , r].\e 3Kcnep11MeHT8J!DHH6 B6Jll1tJHHl:l 

3Haq11TeJIDHO npenHwa10T TeopeT11qec1t11e 3HaqeHl-!H, TaKoe 11 cBepxnepmI1ep11-

qec1toe11 IlOBe}.leH11e npoTOHOB (p11c.2,a, nyHKTl1pHaH r11cTorpaMMa COOT­

B6TCTBYOT p0 =19,l raB/c) yKa3HBaeT Ha cymecTBeHttoe OTKJI0HeH11e 

OT npe}.ICKa3aHHit MOl-\6JIH 0}.\HOill!OIIHOro 06MeHa. 9Ta rl-lCTOrpaMMa B pa6o-

2. 
Te conocTaBJIH6TCH C ~ -pacnpe}.16JI6Hl1HMl1, nonytJeHHW,111 MH BTOpl1tJ-

Hhl:X: npoTOHOB, BHJI6T8IODUtx 113 II32 pn -B3811140}.16llCTBIDI np11 111.!IlYJIDCe 

19,2 raB/c B nepe}.\H1010 ( e~~½ , pllc,2,a) 11 06paTHy10 ( 8,>rt/2., 

PHC,2,6) nonycqiepl:l, B cnyqae 11 nepe3apH}.\11BWI-IXCH 11 HOHTPOHOB Ml1W6Hl1 

(pHc.2,C!)Ha6JIIO}.\aeTCH C}.\Bllr pacnpe}.16JI6HIDI B CTopoHy 60JIDWl1X 3HatJe­

H1rn t:l· , B cpaBHeH11H c pacnpe}.leJieH11eu 11 Henepe3aPHAl-lBIDIDCCH 11 npoTo­

HOB 1,13 nepe}.\Hefi nonycqiephl (p11c.2,a). CJIO}.\yOT OTMOTl1TD, qTo 11 }.\JIH 

11Henepe3apH}.IHBWl1XCH11 npoTOHOB pacnpe}.leJIOHHH CYII\OCTBOHHO C}.\BllHYTH B 

CTopony 00J!DWl1X t:,.2. no cpaBH8Hl1IO C npoTOHaMl1 113 /'/J -B3a11M0}.18t\CT­

Bl1H: TaK, MH pp . -B38HM0}.\8HCTBl1i1 B o6JiaCTl1 A" <f (r3B/c)2 CO}.lep-

lltl1TCH 75% BC8X BTOpllqmix npOTOHOB, a B p 11 - TOJ!DKO 50%, Yq11TH-

BaH, qTo B o6omc cnyqaHX 11Cil0J!D30BaJiaCD 01-\Ha 11 Ta llte 200-caHTHMOT-

IO 

-3 -2 

-3 -2 

a 

-I 

r5 

0 

-I 

dfi1nct 

<o "1cf d Ye 
0,8 

I 2 

0 

3 :It: 

ff ii 

PHc.3,a. Pacnpe,11;e.11eHHe .11--MeaoHoB H3 peaRUHH pp_..,r,-- + "_ace 

ocTaJILHoe npH HMny.111,ce R, =69 raB/c no chrnTpoTau ye B (]lM 145
[ 

KpHBHO pacctmTaHH npH 3HaqeHHJIX < 8.2> = 4 J!l ( cnnomH8JI :KpHBaJ!) 

H < f3. 2 > "'l }f .e ( nyH:KTHpHa.11 :KpHBa.11). 

Cl, Pacnpe,neJ1eHl1JI JIHBHP.BHX qacTHU H3 HeynpyrHx B3aHIIO,IteltcTBH'1 

C :KB83HCBO<lO,ItHHMH HyKJIOH8111'1 .11.nepHHX 31.!YJILCHI\ no nepe11eHHOli 

.il.=e9t9B, HOPIIHPOB8HHH8 Ha O,l!;HO coy,napeHHe: l - R, =200 

raB/c ( 1620 aaaHuo.n;eltcTBHli 1271 ); 2 - P0 .=ffl raB/c ( 1403 B3a­

Huo.n;elicTBHJl[26•391) H 3 - P0 =19,f raB/c (732 B38HMO,JtelicTBU 

[ 381). KpHBHe I,2 H 3_ pacctmTaHH npH 3HaqeHHJIX <f3.2.> =4)1'' 

H Gjlt :32 M<lH, 
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poBaH ny3blPDKOnaH KaMepa H H'A8HTHtJHaH M8TO'AllKa o6pa6oTKll Heynpyrmc 

Il38HMO'A8HCTBHH, MOlltHO 38KJIIDqHTD, qTo n03MOl!tH8H npHM8CD COCTOHHHH 

C T=O (Tc =0) npllnO'AHT n cnyqae p n -nsaHMO'A8llCTnnii K cuemeHHID 

cneKTPOil D,z D CTopoHy 60JIDmIDC nennqllH. 9TO KaqecTneHHO COOTneT­

CTDYOT ynennqeHHID nKJIB'Aa ueHTpaJIDHblX nsaHMO'A8HCTnnil / 43/_ 

TpeTDH rnana noCBHmeua HCCJIO'AOnaHHID HHKnID3llnHHX poaKuKil THIIa 

pp➔ '](±+ "nee ocTaJIDHOe 11 n f P➔ p + "nee ocTaJIDHOe". B § I Aa­

eTCH onpe'A8JI8HH8 HH!tnID3HnHHX peaKuntt. B § 2 H3JIOl!teHI,I OCHOnHHe KHHe­

MaTnqecKHe COOTHomeHHH, none3HHe npn HsyqeHHH HHKJIID3llBHHX peaKunil, 

H paCCMaTpnnaeTCH IDC IlOil8'AeHH8 n pasJillqHI,IX KHHeMaTnqecKH paspemeH­

HHX o6naCTHX H3M8H8HHH qieliHMaHoncKott nepeMeHHOH X • B § 3 06cy11t­

'A8IDTCH CJIO'ACTnHH H3 pasnllqHI,IX MO'AeJIDHblX npe'ACTanJIOHllH, paanHTHX K 

HaCTOHmeMy npeMOHll. B Haqane naparpaqia nponO'AllTCH cpanHeHH6 pacn­

pe'A8JI8HHti neJillqHH ),:= ~¼0MH JIHnHenblX qaCTHU ll3 npoToH-HYJOIOHHHX 

nsawAO'AeliCTBllll npn HMilYJIDC8X 19,8; 67 ll 200 rsB/c, H3 KOToporo cne­

'AY8T, qTo D o6JiaCTH 4]paI'!.leHT8UllH HYKJIOHa·MHm8Hll. ( ;>,. -:;, o, pim.3,6) 

3TH pacnp8'A8JI8HHH, uopirnpoBaHHble K O'AHOMY n3aHMO'A8HCTBHD, conna'Aa­

IDT. TaKHM o6paaoM, IlO'ATnepllt'AaeTCH H'A8H CKOHJIHHra n o6naCTH qipaI'MeH• 

T8UHH HYKJIOHOn. 113 MO'AOJieli nonyqeHH CTPYKTYPHHe qiyHKUHH pr-r, P.f,S}:a 

~£ d3
~ ·ll Ha HX OCHOB8 paccqllT8Hbl pacnpe'A8JI8HHH nTopnqHHX qacTHU 

cPp 
no pa3JIHqHbJM KHHeMaTnqecKHM xapaKTOPllCTHKaM. CornacHH C SKCnepn-

MOHTOM. B paCCMOTp8HHblX MO'All(!IHK8UHHX T8PMO'AHHaMnqecKHX MO'A8JI8ll B 

llHTepnane nepnllqHhlX HMilYJIDCOB P. =69-200 rsB/c He Ha6JID'AaeTcH. 

OCHOBHaH npnqnHa COCTOllT B TOM, qTo COOTB8TCTnyromne CTPYKTypHHe 

qiyHKUllH _f CK8llJIHHr-H8HHBapnaHTHbl. 

B § 3 paCCMOTP8Hbl H ll8KOT0p!rn MBCWTa6HO-HHBapllaHTHU8 IIO'A8JIH. 

Ilo1msaHO' qTO 3MilHpllqecKaH qiyHKUHH' npe.l(JIOlit8HHaH n pa6oT6 /4~/ 

'AID! OilllC8HllH KHHOMaTnqecKHX xapaKT8pHCTHK BTopnqHI,IX qacTHU, He 

cornacyeTCH C 3KCil8PHMCHT8JIDHUMH 'A8H!WMH. Ilpnne'AOHO cpanHeHH8 

3KCil8pHM8HT8JIDHblX 'ABHHHX C HHTOpilOID!UHOHHOli qiopuynoli / 48/, KOTopaH 

o6Jia'Aa8T TOM CBOllCTBOM, qTo npn ".X ➔ l nepeXO'AllT K H3B8CTHOMY 

12 

ki-

0,f 

o\ , , , , o,s 1,2 1,s 2,0 ~vs 
10 20 ho 1100 Mo .t/o{XJ Pa, f"3o/c 

Pnc.4. Kos~lV/IeHT Heynpyroctn: • -Hrunll 'AaHHue/511, nonyqeHHhle 
c no11om1,n uetoMm BIIK npll Po=IO H I9,l raB/c; "f -,n;aHHue. no­
nyqeuuue c no11om1,D (!IOT03MYJil:.CllOHHOll MOTO,D;ll'KH B pa6otax:l37,52/_ 
A,c9 rsB/c, /53/ - p

0 
= 19,8 rsB/c, /5 4/- Po =~ rsB/c / 55,56/_ 

A,::,4100 rsB/c; □ -,Jl;aauue pa6orn 1571, mmonueHHotl c no11om1,n 
Rauepu Bnn1,c0Ha ll aoHHsanHoHHoro Kanopnuerpa, Po=l00+400 rsB/c. 
Kp~tBa.H paccquaua npa < P}> =6 j<2 H JI'= 133 .03 ( 116H rsB-2 c2

). 

~ 
:it 6 

--- 1 4-ciH 
-~ ~ □ 1 - •• .,, 
~ '-'2 
"(J '1l 

~ 0 I 4s 1,~ ,.6 ·~o ijrs 
' 100 4aa 1500 ltO/JO Pq '3$/c 10 20 

( 
d6",n,, ) 

Pnc.5. 3aBPJCHMOCU ,llH<IxflepeHUHaJioHOro C8118Hll.H &in o/Cll59c e~=ll,,t OT 

nepBa 1iaotl saeprHn; . n- P. = IO H 19, l rsB/c - aamH ,11auHHe/Sl/~ 
.t.-P.,.100+400 rsB/c /57/, •- Po :500, II00, 1500 rsB/c ISR./46/; ■-
Po~4IO0 r3B/c 1?5,561. KpHBa.H paccquraHa npa 3HaqeHH.Hx: Jl'=D3.03 
~f1 , < P} > =6 j<t ,Gino=30 M6H. 

d~nc 
6: dices ,,., 

3 
a 5 

cosB" 0 qff q8 

Pllc.6. YrJIOB08 pacnpe,J1;eJieHHe OTPHU8T8JibHHX IMOHOB B CUM npH H)(­

ny.!IoCax P
0 

=10 rsB/c ( a) 1r1 19, l rsB/c ( 6) ( cnnomaue JmHHH /51/) 
I BC8X 3ap.H:a:eHHHX IMOHOB npH .11111nyn1,ce Po = 19,8 rsB/c ( nyHRTHP­
lla.H rHcrorpa1.111a (38]). KpHBUe pacctllrltaHu npH <Pl>=( 4-10) J<:i.. 
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t-2·d.fo) 

Tpexpe,zuirnoHHOMY npe;zie11y ~ (I- 'X ) ·c MO;!\CJI!,10 /1/olf"a, C 

KBapKOBOll MO;lleJII,10 .If noKa3aHO, qTo 3KCnepmieHT6JlJ,HBe ;!\aHHBe, HaKon­

JieHHBe B ;!\HanaaoHe llMITYJIJJCOB I0-1500 ra~/c, Il03BOJIHIOT cymecTB6HHO 

COI~P6THTJ, q.1fC1!0 MO;lle11ell, npHrO;!\HHX Mfl Oil.lfC6H.lffl 3KCnepID.!eHTOB. B 

TaKoll CHTY6U.lf.lf ecTeCTBeHHO B03H.lfKHOB6HHe HOBBX no;zoco;zioB. B § 4 np.11-

BO;!\.lfTCfl OilHC6HH8 ciieHOM6H0110r.1fqecKott MO;ll8JIH, OCHOBBBaromettcn Ha H;!\88 .. 
0 TOM, qTO, COCTOHHH6 IlHOHOB B peaK_UHH f> p--;. 'ii' - + 11 BCe OCTa1!IiHOe 11 

MOllt8T 6UT!, Oil.lfC6HO BOJIHOBOll ciiYHKUH8ll raycCOBCKoro T.lfna, M.lfH.lfM.lf3.lf­

py10mell COOTHOW8H.lf8 Heonpe;!\61!6HHOCTH / 491. )uIH reHepHpOB6HIWX qac­

T.lfU 3TO ITPHBO;ll.lfT K CTPYKTypHOll·ciiYHKUH.lf B.lf;!\6 

_E,.(X,P.Z)==-Jl'.exp-<~.f> (P}+f"1
2
x.a), (I) 

B KOTopott co;zieplltijTCfl O;ll.lfH rrapaMeTp ( Pf> , c11a60 3aBHCHm.lftt OT 

3H8pr.H.lf. )uIH 11coxpaHHBW.lfXCfl11 qaCT.lfU (HyKJIOHOB) H6M.lf rrp6;ll110llt6H6 cliop­

My1la /50/ 
f,.{ P .. ~. x,.) = B~- exp-<; ... ;.,>" [ PJ.';. + M~ (x- < 1rN/ >t], (2) 

B, KOTopoit co;ziepZHTCfl ;llBa rrapaMeTpa < '~ 2,_, > .If cpe;ziHHtt KOBWciiHU.lf8HT 

HeyrrpyrocTH <.l<..,.)(<Jr,.,J>~O-< k',v->) rrp.1r S ;,:, f'/ 1 ), KOTopull TaKllte 

He .lf3M6HR8TCR C poCTOM nepBHqHott aHepr.HH. )uIR BTOp.lfqHBX Il.lfOHOB 

rrpe;ll1IaraeMafl MO;ll61!!, ITPHBO;!\HT K xopoweuy OilHCaH.lflO Il.lfOHHUX .lfHKJII03.lfB­

moc crreKTPOB. llanee B § 4 Ha ocHoBe CTPYKTYPHUX ciiYHKUHll (I) 11 (2) 

BBBO;!\RTC.fl pacnpe;!ieJieH.lffl pa3JI.1fqHBX KHH8MaT.HqecKHX xapaKTepHCTllK BTO­

pHqHI,JX qaCTHU H3 .lfHKJII03.lfBHBX peaKU.lfit, Ilp.H $>> M; no11yqeH PH;ll CJie]:\-
,/5 I 

CTB.lflt, B qacTHOCT.lf 1 <ls,)~ enS .If /,,;- (ll01Ill anepr.HH, YHOCm.16fl 

'Ji" -MC30H6M.lf) ➔ Co,ut, (dO.nJ/o: Je,,,9) ➔ CoMl 11 ;zip., KOTopue, K6K 3TO 
... • 11 •• .r1a /5!/ 

B.lf;!\HO H3 PHCYHKOB 4 .If 5, xopomo cor.11acy10TCR C 3KCrrepw.ieHTOM • 

llHtMiepeHU.lf6JIJ,HI,J6 yr.110Bue pacnpe;!ie.1IeH.lffl BTOp.lfqHux Il.lfOHOB (pwc.6), 

paccq.lfTaHHI,Je C ITOMOmJJIO (I), BOo6me c11a60 36B.lfCflT OT BB6opa B61I.1fq.lf­

HU napaMeTpa ~ P.._2> • lloCTHraeTCH y;!\OB.118TBOP.lfT6.1I!,HOe Oil.lfC6H.lf8 

pacnpe;zie11eHHll nHOHOB no 61,JCTPOTaM (plllc,J,a) .If no nepeMeHHoil JlaH.itay 

).=~ t3 e (pwc. J,o). Via Bcex paccMoTpeHHBX B § 4 pacrrpe;zie11eH.lftt 
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Ta0irnna I. 
CeqeBRe MHaloB pea1tIX11lt ( MOH) H qac.110 zaMepeHHHX co0HTHR B pp -B3rutKo-

:lelcr:sux np11 HDynce IO raB/c ( BI cK BIIK Ca1tJ1e) 158( 

Pea1t1t1u . G" : N . PeaKIXJI.R . 6' : N : Pea1tIX11s C, ! N . . . . . 
2X-11yqeBH8 24,7.:I,2 1553 41-.11ytteBHe D,I.:0,6 IB2I 6fl!l:-11yqeBY8 2,61.:0,32 Z73 

PP-PP 8,9.:0,9 410 pp ..... ppp+_rr (3) 2,3.:0,3 249 PP -- PP .P .. J,• ./1-p- (6) 0,44,:t0,I2 44 
-pp_r,O (t) .I, I.:0,2 96 -P pJi•_p-fi" o (41 2,3.:0,3 2!8 ..... pp.P"•fl"+_r,-_r,·./l 0 (7) 0,50,:t0,I4 5I 
-pn.li+ (2) 4,I.:t0,5 252 -Pn.P•Ji'•fr- (5) 2,5.:0,3 234 - pn..1t•.r.,r,-+Ji'·;r,- (8) 0,64.:0,16 68 

> I Heltrp. 9,5,:t0,7 723 ->I HeRTp. 5,3,:0,3 I029 > I Heltrp. 0,90,:0,IB I04 
vo' I{+ I, I,:t0,J 72 yo' I{ ... 0,7.:t0,I 9I v•, K+, K- 0,I2,:t0,06 6 

ui 
;...;\ 

TaOirnna 2. 
CeqeBRe KaHaJI0B peaK)lKlt H ID'ICJI0 H3MepeHHYX coOYTHlt B 4-11yqeBYX 
PP-B3MMOJ{elcTBH.RX npH nny,n,ce I9, I raB/C (200 CM BITK UEPHa)/68/ 

PeaKllKS : 6" : N : PeaK!lHSI : 6" : N . PeaK!lHst : 6" 
. 

N . . 
4X_11ytteBHe D,4.:!:0,4 3692 pp-..pp_r,+-Ji"' fl"° (4) 2,0,:0,2 548 > I HeRTp. 8,5.:0,J 2334 
pp-..pp_r,+;;-- (3) .i:,I.:tO,I Z76 .... pn.r,-t_r;-+ .r,- (5) I, 6.:t0,2 435 V0

, 1,(•,K- 0,J6,:t0,C77 98 

N -ttHCJIO H3MepeHHHX co0HTHlt ~o HCD011b30B6HHSI MaTpHnH ll'.oppe1IS11lHlt 11'.aHaJIOB peaR)lKlt. 



H6T Hl'I OAHoro, rAe 6u Ha6nroAanocr, KatJ6CTB6HH06 paCXOlltA6Hl'l6 C 8K­

cnepm.1eHTOM. ,l\JIH "coxpaHl'IBmliXCH 11 tJaCTl'IU (npOTOHOB) CTPYKTypHafl 

WYHKUHH (2) YAOBneTBOpl'ITenr,Ho onl'ICHBaeT 8Kcnepm.1eHTam.Hue AaHHYe 

npl'I 3HatJeHl'IHX { P ... ~ > =0,5 raB/c H < ~" > =0,5. B § 4· o6cyxAa­

roTcH B03MOlltHN6 nyTH ynyqmeHHH IlP6MOlt6HHOtt MOAenH, KOTOpue Il03BOnH­

roT paccMaTPl'IBaTr, ee B KatJ6CTB6 OCHOBH llJIR xopome!t Il8Pal.!6TPH3aUl'IH 

8KCil6PI™6HTanr,Hux AaHHhlX. 

IlocneAHHR, tJ6TBepTaR rnaBa IlOCBRmeHa HCCn6AOB8Hm:l 8KCKnID3l!B­

HUX pea1,uH!t D pp -B3aID.IOA6!1CTBHHX npl! ID.lnynr,cax IO (9020 aapencT­

PHPOB8HHYX C06HTl!fi) l'I I9,I raB/c (I7700 C06HTHl1). ~3 Ta6n. I l! 2, 

rAe npHB6A6HU cetJeHHH HA6HTHWHuv.poBaH1™X KaHanon peamtl!!t (§ 2), 

cneAYeT, tJTo npl! yBenl'ltJ6Hl!l'I nepnHtJHoro m.1nynr,ca OT IO AO I9,I 

raB/c BKnaA peaKUl'ltt C POlltA6Hl'l6M 2 l'I 3 Ill'IOHOB 1'13M6HR6TCH OT 54% ce­

tJ6Hl!H 4-nytJeBIDC B38ID.IOA6l1CTBl!!1 AO 37% (TononorHqecKH6 C6tJ8HIDI qe­

THP6XJIYtJ6BliX B38ID.IOA6HCTBl!!1 M8HRIDTCR cna6o: 6{ =(I3,I.±0,6) M6H_ 

npH P. =IO raB/c l'I !3,4±0,4 M6H npl'I R, =I9,I raB/c). 

B § 3 1'13YtJ8HH Kl'IH6M8Tl'ltJ6CK1'18 xapaKT6pl'ICTHKH BTOPINHHX tJ8CTHU 

IlPl'I nepBHtJHOM HMnynr,ce IO raB/c MR peaKul!!t, npl'ID6A6HHHX B 

Ta6n. I /
58

/. KaK l! B nonyl'IHKnID31'1BHHX P68KUl'IHX, yrnoBoe pacnpeAene­

Hl'l6 BTOPl'ltJHHX HyKnOHOB Mano 1'13M6HH6TCR npl'I ynenHtJ6Hl!l'I tJl!Cna Ill!OHOB 

no cpaBH6Hl'IID C 1'13M6H6H1'16M aHanor1NHhlX pacnpeAeneHHtt MR Ill!OHOB, B 

TO Bp6MH, K8K 8Hepr6Tl!tJ6CKl!!t Cil6KTP Ill!OHOB cna6ee 3aBHCHT OT tJHcna 

qacTHU B peaKUl!H, tJ6M Cil6KTp npOTOHOB. ~OnH 8Heprl!H d , YHOCHM8fl 

OAHl!M Ill!OHOM, H6 38BHCHT OT 3H8Ka aapHAa l'I cna6o l!3M6HH6TCH C yne­

nHtJ6Hl!6M tJl!cna Ill!OHOB: < ol > =0, 23.:!;0, 02 npH POlltA6Hl'll! O;iuioro Ill!OHa 

H < ol. > =O,I5±0,02 npl! POlltA6Hl'IH 5 Ill!OHOB (npl'I ?o =9 raB/c / 37 / no 

Hamm& 8Mynr,cHOHHW AaHHl,IM < oL) -='O,I7). 

Ecnl'I pacnpeAeneHHH BTOPl'ltJHIDC HyKnOHOB no B6nHtJHH8ll nep8A8HHO­

ro tJ6THP6XHMnynr,ca t::.;z, =2· p/-p (I-~~) annpOKCHMl'lpOBaTr, 8KCilOH6H­

Ul'lanr,Hott WYHKUH6it Jo ::. C exp-Jl·A:z, , TO MOlltHO OTM6THTD 3H8ql'IT6nr,­
J A1, 
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HO 6onee 6ucTpoe H3MeH8HHe napa11eTpa HaKJioHa JI y npoToHOB VI-= 
=6,I±0,9 (raB/c)-2 B peaKUl'IH (I) l'I 0,6±0,2 (raB/c)-2 B peaKUHH 

(8)), tJeM y HettTpoHon tA =4,3±I,O (raB/c)-2 1'13 peaKUHH (2) H 

=3,6.±I,0 (raB/c r 2· 1'13 peaKUl'll'I (8)). O~HomeHHH npoAonr,HNX HMnynr,coB 

( < p,, {19,I))_,,+ 
MR Ill!OHOB o;iuioro 8HaKa Hanpm.iep, < P. {(O)) ~ =I,63+0,I3, 
<P,,{19,1)>3r- _ " -.,, -
( P. (lo))· _ =I,5_±0,I4 l!3 peaKUl!H pp- p p.Ji+y- ) 3HaqHTenr,-

,, .1[ . 

HO np6BOCXOW[T B6nl'lql!HY I,25, pacCtJHT8HHyro l!3 CKel1nl'IHr-l!HBapH8HT-

H0!1 WYHKUHH (I), 1'18 tJero cneAYeT, tJTO B Al'lana3oHe HMnynr,con 

IO-I9,I raB/c MaCmTa6HaH l'IHB8Pl!8HTHOCT!, llJIR 8KCKJIID31'1BHhlX peaKUl'ltt 

He co6nroAaeTCH 1601. 0THOlli8Hl!6 npOAOnT,HblX m.inynr,con, onpeAeneHH06 

B np6AUOnOllt6HHl'I AOMHHl!pyromett ponl'I KBa3l!ABYXtJ8CTl'ltJHYX peaKUl'I~ 

pp .... rr,~ -"'z.,,, , nytJme cornacyeTCH C 8KCil6Pl!ll6HTOM 1601 • . 
BMOCT6 C TeM, OTHomeHl'IH IlPOAonr,HNX m.1nynr,con tJaCTHU pa3nHtJHott 

npHpoAU, BNtJHcneHHYe AHR WHKCHpoBaHHott nepBl'ltJHO!t aHeprl'IH, B pac­

cMaTpHBaeMhlX 8KCKJID8l'IBHhlX peaKUHRX cymecTB6HHO H6 M6HHIDTCH npl! YB6-

nl!q6Hl'll'I nepBH'!Horo m1nym,ca. B KoHue naparpawa npl'IB6ABHY cpe;iuIHe 

3H8q6HHH Apyrl'IX Kl'IH6MaTl!qecKIDC B6nl'ltJl!H AHR 8KCKnID3l!BHIDC peaKUHtt. 

B § 4 o6cyxAaroTCR MeToAH nocTpoeHl'IH WOHOBIDC pacnpeAeneHmt MR 

8WweKTl!BHWC Mace paanl'ltJHIDC Ha60pOB tJ8CTl!U. IlOKa3aHO, tJT0.8Mill!pl!­

tJ6CKl!!1 cnoco6, .OCHOB8HHYl1 Ha "nepenyTHBaHl!H11 tJ8CTl'IU 1'13 l!3Mepemmx 

co6NTl'l!t, npHBOAl!T K H6AOOU8HK6 BKnaAa p630HaHCOB / 6I/. ,l\JIH BNAene­

HHfl KBa31'1ABYXtJaCTHqHYX peaKUl'ltt IlP6MOllt6H M6TOA, 3~KnrotJaroml'lttCH B 

TOM, tJTO B KalltAOM co6YTl!l! paccMaTpl'IBaeTCH Tonr,Ko 9Fl!H Ha6op tJ8CTl'IU, 

KOToputt B·CUM YHOCHT waKCl'IManr,Hutt m.1nynr,c / 63 •64/. IlpH nepBl'ltJHl:lX 

mmynr,cax p. :;, IO raB/c BepOHTHocn nepenyTNBaHHH nHoHoB OT pacna­

Aa peaOH8HCOB C 1.!8CCalll'I m < 2 raB .l AOC'.£8TOtJHO Mana ( ~ 5%), tJTO 

ABnaeT npl!M6H6Hl'lii M6TOA8 .MaKCl'IManr,Horo HMilynr,ca 8rl)W6KTl!BHml MR 

co6HTl'II C Manoi (nc.4.~4) MHOllt8CTB6HHOCT~ro. IlOK838HO, qTo BKJiaA wo­

HOBWC KOM6l!HaUl'll1 B 8TO~ cnytJae ylleHr,maeTCH B Ha6opax { Nfi ) B qe­

!Hpe, a B Ha6opax (tv2$) B mecTr, pa3 / 64/. 
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TaclJIHrta 3, 

IlapnHaJI!iHL!e ceqeHHII ( .1,lllH) ,ItJIII peaKnHH pp-rJ tJ./i" 

,. 
:IlepBJiqHHtt HMOYJI!iC, rsB/C 

Peax11H11 N 
R, .. 10 rsB/C (HamH ,It6HHHei65/) 

• MeTOJ{H HCKJillqemrn ~oHa 

l . 2 . 
PP ..... pp.r, 0 96 l, l.;t0,2 l, l.;t0,2 

+ pt::. 1236 0,30.;t0,06 0, 28.;tO, CJ7 

P N~~oo O, 13.;t0,04 0,22.;t0,06 

prr,,:to 0,23.:t0,05 0,25.:t0,06 
-I 

pr.J ,ua 0,21.:t0,05 0,16.:t0,05 

(PP.fi"')11eKop · 0,19.:t0,05 

pp ..... pnJr+ 252 IJ, l.:t0,5 4,1.:t0,5 

n A~;3, l,'.34.:t0,21 l,26;!;0,20 
++ n 1J.,5so 0,48.:tO, I2 0,25.:t0,09 

b.++ n 19so O, 80.:tO, 16 0,'.32.:tO,IO 

PA~m 0, 68.;tO, I5 0,60.:t0,14 

P N+1toa 0,25.:t0,09 
+· 

PN,m 0,60.:t0,16 0,4'.3.:.tO, 12 
t 

pN 16,s 0,51.:.t0,12 0,41.;tO,II 

( pn Jt+)HtKDP 0,56.:tO,l'.3 

Ilp111eqaHHe: KonoHKa l COOTBeTCTByeT HCKJIDqftHHD ~OHS, paccq2-

TSHHoro c nououu,n nopeart-KHBapHaHTHoro ~asoBoro 
o6~eua c yqeToM BH.ita aHH3oTpouaoro yrnoBoro pacn­
pe'AeneHHH BTOPINHHX HYKJIOHOB /l8,627, K0110HKS 2 -
nocne npHMeHeHHH M8TOAS MSKCHIISJIJ,HOro m1ny11:r.-
ca /63,64/. 
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B § 5 npHB8'A8Hbl 'ABHHbl8 O peamurn pf>-> ,.J" ,r.Ji npH nepllHtJHOM HM­

nym,ce IO raB/c / 65/. BnepBHe pacc1o10Tpea KaHan pp-;, pp 'i," • B 

Ta6n. 3 llP8'ACTSB1lftHH C8tJ8HHH pa311HtJHHX KBS3H'AlJYXtJSCTHtJHHX npouec­

COB, KOTOpHe COCTSB11HIDT 85% C8tJ8HHH KSHS110ll peaKrtHtt. noMHHHpyeT o6-

paSOBSHH8 H306apH b. 1236' oco68HHO ll H30TOllHtJ8CKH tJHCTOM COCTOH­

HHH. CneKTp aqx»8KTHBHHX Mace pfft-CHCT8!.IN xopomo OllHCHBa8TCR no-

11IDCHOll p8;!1E8BCKOtt 'AHarpaMMOll C o6M8HOM llHOHHOtt Tpa8KTOPH8ll 1661. 
IlpH no~omte K 3KCll8pHMeHTSJll,HOMY pacnpeA8118HHID tJ8THP8X118PHNX nepe­

'ASHHNX mmym;coB SKCllOH8HrtHa1ll>HOtt 3SBHCHl40CTH f ~ = C t!Xp-.Jlt 

0Kasanoc1,, tJTO napaueTp aaimoHa A B HHTep»ane 0,02~ t ~ 0,35 

(raB/c>2 / 65/' SSllHCHT OT HSOCnHHa H MSCCH HB06ap ( f>p 7 p A\236 -

- .if =I0,4.±I,8 (raB/cr2; PP~? /Vi688 -./1 ,;;·5,2±2,8 (rsB/cr2) H 

xopomo cornacyeTCH c_pesynl>TaTaMH, nonyqeHHIDIH C llOMOlJll,ID CtJ8TtJHKO­

BOn Y8TO'AHKH npH 61!H3KHX nepBHtJHNX HMny111,cax. 

B § 6 BHfiCHH8TCfl BKJIS'A 60SOHHNX H 6apHOHHWC peaoHaHCOB B peaK­

UHRX /='I'>-'> pp 1r+r (3), pf>...:;, pP,tr+fr f'i 0 (4 ), pp ➔ pn JT+Jr+ r,- (5) 

npH nepBHtJHHX HMnyncax IO H 19,I raB/c / 67 •68I. IlpH ~HTHPOBSHHH 

cneKTPOB S~KTHBHNX Mace Tpe60Banoc1, BHll011H8HH8 C118'AYD~HX ycnoEHll: 

HCllOJil,30Ba11HCD BpettT-BHrHepoBCKH8 ~YHKUHH T01ll>KO 'AHH Tex peaoHaH­

COll, KOTOPHII COOTll8TCTBOBS11H llHKH KaK B cyMMapHOM pacnpeAeneHHH, 

TSK H B pacnpeA8118HHRX Ha6opo:a, npe'A}lapHT8Jll,HO OTo6paHHHX no YHOCH­

MOMY B CUii M8KCHl481ll,HOMY HMny1Il>cy; 'A1Ifi aHanHsa HCll01Il>30Ba11HC:E, Tom.­

KO uaa6onee HSA8ZHO ycTaHOB118HHbl8 B 'APYrHX SKCnepHl48HTax p830HaHCH 

- a. 1236,- A 1650, N 1~70, N 1520, ;,[" 1688, ,,..;-1870 H 

t:,,. 1950; B cnytiaa 6nM3KHX ~ace r,rI470, rf" 1520 P8SY11DTSTH OTHO­

CRTCH K cyue BK1la.ita o6omx pesouauc.o»; npH BH6ope A 312 H1IH 

IV I/2 - P830HSHCOB B HHT8PBaJie 611H3KHX Mace ( AI650 H11H J'f""I688) 

npe~o11TeHJ1e OTAaBanocD N 112 pesoHauoau, ecnH AJ,a:H3o6apa c 

61IHSKOI uaccol H8 npOHll1IH1ISC:E, B Ha6opax tJSCTHrt ( f -;r+ JT 0 
, f' 'J(t- , 

mr- H T.'A.) c npoeKrtHei H80CllHHa \Ti\ =3/2, r'Ae BKJIS;B; ~ I/2 -
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peaoHaHca 11CKJIIOIJ8H • B 6oaoHHblX Ha6opax qaCTl!U qJl1Tl!POBan11c1, w-,f-

1,l ll2.-M830Hbl. 

□pl! 8TOM BblRCH6HO, lJTO B peaKUl1RX {Jp'-> NN,?Ji l1 pp-> ;v ,.r 3 :iT 110-

Ml,lHl!pyeT 06paaoBaH11e 6ap1,10HHblX peaoHaHCOB: 

cyMMapHoe ce11eH1,1e o6paaoBaHMH 6ap110HHblX peaoHaHCOB nopn11Ka 

ceqeHl,lfl COOTB8TCTBYIOII\MX KaHanoB peaKUl1i.t (Ta6n. l H 2); o6paaoBaHl!8 

6080HHblX peaoHaHCOB CYII\8CTB8HHO no1taBneHO (0+20% OT C81l8HMH KaHa­

JIOB peaKl.(l1i.t) B cpaBH8Hl,ll,l C BKJiaAOM HYKJIOHHblX 1,1ao6ap; 

CP8'Al1 6apl!OHHblX pe,aoaaHCOB B l,lHTep»ane nepBl1lJHblX J.lMllYJil>COB 

10-19, l raB/c 1tOMl1H11pyeT 06paaoBaH11e Cl. 1236 - 11ao6ap1,1, oyMuapHoe 

C8118H1!8 o6paaOB8HMH KOTOpoi.t COOTaBJIH8T 91% 1141~ ceqeHl!H KaHaJIOB 

peaKu1,111 (3) np11 p. =IO 11 19,l raB/c, 88%' 11 46% - » KaHane peaKu111.t, 

(4) 1,1 79% 1,1 60% - B KaHaJie peaKUl1l1 (5), np1111eM Hal!60JII,Wl!i.t BKJI8'A 

BHOCIIT IJl,lCToe 1!80TOill,lll8CK08 COCTOHHl!8 C T't. =j:_3/2. ' 

~cnoJil>8YH noJiyqeHHble B KaHanax (4) I! (5) CB8'A8Hl!H O peaKUl!HX 

p P -> A 1236 (/Ji) + (,J'"2.11), c llOIIOII\l>IO KOBqlqJl,lUl!8HTOB KJie6ma-loPAaHa 

paCClJl!TaHbl OTHOW8Hl!H 08118Hl!i.t paaJil!lJHHX 38PH'AOBblX COCTOHHl!IA B npe1t­

noJiomeHl11!, IJTO 118XltY HYKJIOHHID41,l Bepml!HaMI! OCYII\8CTBJIH8TCH 0611eH 1!30-

B8KTOpHol1 llaCTl!U8fi1 ( A T=l). B pacqeTe B03Hl1K88T llflTI, Bap11aHTOB pao-
f, [pp➔ 1)/lnli') ( pJr+JrJ] 

na1ta (.tf,r~ )-Cl!CT8Mbl, HO OTHOW8Hl!e 08lJ8Hl!i.t · -t ) ( -~ ")]"" 
Q[pp...:;,f:l. (pJf• p11 JI 

0,5 He 88Bl!Cl!T OT BTMX Bap11aHTOB l1 oornacyeTOH C BKcnep1111eHT8Jl1,Hl,l-
o 26 ,• 0 79 .· 

1,41,l 'A811HIDAI!: 0,68.:to'19 np11 p. =IO 11 0,88.:!:Q'43 np11 r'o =19,l raB/c, 
' ' / 

IJTO MO~HO paccMaTp11BaT1>, KaK BKCnepJ.1MeHT8Jl1,H08 'AOK838T8JII,CTBO cy-

ll\80TBeHHOi.t pOJII! 0611eHa l180B8KTOPHOi.t (nl!OHHOl.t) Tp88KTOPH6i B pao­

CM8TPl!B88Mb1X peaKUHRX. ny11mee cornac11e C BKCnepm.teHTOII 1taeT Bap11-

aHT pacna11a (..v.1T!t')-c110Te1.11,1 no KBaaHAByx11acT1111Hoi.t cxe1.1e: (rfJrJr )~ 

'Ji+ (Jr,.f)T=3/2· STO KOCB8HHO yK88blB88T Ha.To, IJTO pon1, OBH38HHblX 

( 'ii1i )-Cl1CT811 H8CYII\80TB8HHa np1,1.paccu,0TpeH!lblX .3Hepr11nx. 

B 38KJIIOIJl!T8JII,HOM § 7 HCCJI8'A3IOTCH KB83H'ABYXll80Tl!IJHbl8 npouecoH 

ff➔ ,✓, ... <· B Ta6n. 4 npe1tcTaBJieHbl ·COOTB8TC!.CRJllOII\H8 CelJe-
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TaOJIH~a 4. 

IlapIIJ[aJILRHe _ceqeRHa ~na RB63H~Byxqacruquux peaxmff (uOH) 

PeattIIJ[s: IO ' 
rsB/c 

19,I 
raB/c 

pp~pp;r+.r 2,3,!0,3 I,I,!C),I 

ti.:2:/r.r.-•J1::,;.,~pp--J 0-,27,!0,05 0,06.:!:0,02 

6:;/pp+)I-J
1
;,

0
(p1r) 0,29,!0,05 O,IB.;!:0,03 

ti:;,( pli'•) N,: 8/P✓,.-) 0, D,!O, 04 

~ ptJ,:10, 1520(p1r•.tr) 0,'.38.;!:0,06 0,14.;!:0,03 

pc:,;,r. ( p.Ji'• .r) 0,34.;!:0, 06 

pr-J,:,
0 

( pp• r) - 0,'.38.;!:0,05 

P c.+ (pp+ fl-) 0,23+0,05 
,sso -

PeaRitHR 
IO, 

raB/c 
19,I, 
raB/c 

p~pp/1'•.n-• .n-• 2,3,!0,·J 2,0,!0,4 

t.~;
3
,(p.r,-•)r{,:

1
.(Pr,•;,') O, D,!0,04 0,06.;!:0,02 

,c:.o 

Cl:,~, (pp-•)r-J,:., (Pfi"'.1;-") 0, IO,!O ,OJ 

ti:;H'.f .r,•) f::.~sr.(PJt-Jt') 0, 08,:!:0, 03 

t,:;
36

(Pfr•) N,~. 0 (p.rn,•J - 0, IB,!0, 05 

6~ 36 (pP')N,:10,,m O, 16.;!:0,04 

1::.;
23

/PP')rJ,:H(pp•r,-) - 0,09.;!:0,0J 

t/ (pr,•Jl, 5(pp•,,-J 0,12+0,03 o,04+0,oI m,. g D - _ 

f:::.°.
3
,(Pfi'Jf/+ (pr,+.1,•J 0,06+0 ,02 

,. • ,9;0 -

N,~1,(P.tr)t{• (P.ll''J?') O,OB+O,OJ 
,no ,~so -

Pea1nnrn 
IO, 

: raB/c 
19, I, 

raB/c 

pp-►pn.n•J,•.r,- 2,5.:!;0,J I,8_t0,5 

t.:;>b(p.r.•)rJ,:1.(n.i,•.n-) 0,08+0,0J 
/62.0 -

/!.::/r~•Jc:,;m(n.P'•.r) 0, 09,!0, OJ O, :r7 ,!O, 05 

6;.:(pJ/'•)1::,;,sD(nP'Ji-) O,UzO,OJ 

t.;
23

gCn.P'•)1<1/Pll•.r) 0, I0+0,03 
1520 -

t.;2,_cn11•J N,;,l r11•.rrJ o, os.:!:o, 03 

l::.~
3
/p;r)!J.::sinrp-J O ,07 zO ,OJ 



HHH / 67 ,691. ~3 BTHX 'AaHHllX BllT8K88T, qTo C YB6JIHqeHH8M q11cJ1a reHe-

.PHPOBaHHHX qacTl'.IU BKna'A KBaBH'AByxqacT11qHux peaKu11tt y11eHI,maeTCH npH 

~HKCHPOBaHHOM HaqaJILHOM HMilYJILC6; OH YM8HLmaeTCH TaKE8 C pocTOM 

nepBOHaqan»Horo HMilYJILCa. TaK, B KSHaJie (3) CYMMa ceqeH11tt KBa3H'ABYX 

qacT11qHHx peaKu11tt np11 l1MilYJILCaX Po =IO H 19,I raB/c COCTaBHH8T 

76% H 69% ceqeHHH KaHaJia {Ta6JI. I H 2), B KaHaJie (4) COOTB6TCTB6H­

HO 31% H 18% H B KaHaJie (5) - 23% H IO%; B paCCMaTpHB88MOM 'AHana-

30H6 ID4IlYJILCOB C HaH6on»mett B8POHTHOCTLIO npOHCXO'AHT B030YE'A8HH6 

O'AHOrO 1'.13 HYKJIOHOB 'AO peaoHaHca A 1236; B KaHane (3) 3aM6THYIO 

POJIL Hrpa!OT KBSBH'ABYXqaCTHqH}l8 npoueccu, B KOTOPHX B036YE'A88TCH 

O'AHH H3 HYKJIOHOB 'AO 6oJILmruc Mace, a BTopott HYKJIOH ocTaeTCH B H8Boa-

6yE'A8HHOM COCTOHHHH, npHqeM C YB6J1Hq8HH8M Pc, BHMHPSIOT peaKUHH 
+ + 

pp➔pAj_650 Hpp-)p~I950" no 'AaHHHM TaCi.n. 4 IlPl'.I HMilYJILC6 R, =IO 

raB/c yToqHeH M8XaHl'.IBM peaKUHH ~p➔ ..61236 I). 1950 • BuqHC.ll6HH6 

OTHOmeHHll pa3nHqHHX aapH'AOBllX COCTOHHHfi B peaKUHHff~ .£).1276 • 

6 1950 /70/ noKa3a.no, qTo, Bo-nepBHX, xopomee cor.nacHe c aKcnepH­

M8HTOM 'AOCTHraeTCH, 6CJIH HCilO.llLBOBaTL IlP6'AilO.llOE8HH6 06 oCiM6H8 H30-

B6KTOPHOI! qacTHU8tt ( A T=I) H, BO-BTOPllX, pacna'A peaoHaHca A 1950 

no CX6M8 A 1950 1t" + ( !i ,J)T=3/2 .nyqme cor.nacyeTCH C BKCnepl'.IM6HTOM 

B cpaBH6HHH C 'APYrHMH BOBMOEHOCT.ID,IH TpexqacTHqaoro pacnaM 

A 1950 'ii~ tv • lia aToro c.ne'AYeT _BllBO'A o cyDtecneHaoa poJIH Kac­

KS'AHoro pacna'Aa A I950-p830HSHCa Ha IlHOH H 60Jl86 .nerKylO H30Ciapy 

C T6M E6 HBOCilHHOM. KaK H B 'ABYXqacTHqHHX peaKUHHX C B030YE'A8HH6M 

O'AHoro HyK.noaa·, B OHHSPHHX peaKuffllx THIIa pp..;,~ 1z* HaCiJ110'AaeTcH 

KoppeJUIUHfl M6E'AY 148CCSMH HBOCiap, HX HBOCilHHOM H napaM6TPOM A : ec­

JIH oCia HYKJIOHa BOBOYE'Aa!OTCH 'AO peaoHSHCOB c HBOCilHHOM T=3/2, COOT­

B8TCTBYIODtH6 aHaqemm JI OKaBHBSIOTCH HaHOOlll>IDHMH. IIpH /9,=IO raB/c 
/j,.t t /\o + .£).+ 

B peaKUffllX pr'-> 1236 w 1236 11 pp ➔Ll 1236 1950 BeJIHqHHH 

A =!3,9±2,? (raB/cr2 H .A =II,6±1,9 (raB/cr2 , npH po =19,I raB/c 
2 A++ o n 

- )I =IO,O±I,9 (raB/c) 'Ana peaKUHH pf-4 1236 A 1236 H n-= 

=9,B±I,I (raB/c)-2 'AJIH peaKUHH PP ➔ 6 +i236 6.
0 

1650• HaID!eHI,-
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mee 3HSt18HH8 ft =4,6,±I,I (raB/cr2 no11ytJ8HO B peaKIJ,l/flll/JP..,,,PNrs60' 

r'A8 111socn111H o68HX tJaCT.11111, T=I/2. B 011yqae 'ABYXtJaCT111tJHUX peaKIJ,//IH Tl/Ina 

PP ...,N(T=l/2) C:i(T.=3/2) Be11111tJ111Ha JI np111H111MaeT npoMelltyTotJaue 3HatJe­

HIIIH. IlpH O'AHHSKOl3liX 111aocn111Hax HSK110H t -pacnpe;iie11ea111!.l YM6HI,WS8TCH 

c pocTOII 1,1accu 111ao6ap: TaK, ;ll11H peaK11,111lt pp.:;;p ,t/1650 111 P~PS'j_95o 
B811/lltJ111Ha.A Ll8HH6TCH OT 9,4±1,6 (raB/c)2 ;110 5,5±1,I (raB/c)-2; ;ll1lH 

peaK11,IDi pp➔ 6 1236 N1470, 1520 111 PP➔fjl236 ,,../" !860 B01lllltJ1111W 
fl COOTB8TCTB6HHO paBHbl ll,2,±2,3 (raB/c)-2 

111 6,9.±2,0 (raB/c)-2• 

B 6HHapHHx peaKIJ,//IHX napaMeTp.fil t H8CMOTPH Ha 3HatJ//IT81ll,HH6 

OW//16K111, aaBHC//IT OT //180Cn111ua 111ao6~p 111, COOTB8TCTB6HHO, OT B61l//ltJ//IHH 

111aocnm1a "t!l. T, nep8HOCMMoro o6M8HHHM P8;llllt1110HOM 11111111 B111PTYa11I.HOli qac­

T//111,611. 9To cor11acyeTCH C np6'ACKa3aHHHMIII no1110CHOlt P8;llllt8BCKOlt MO;ll811111, 

B KOTOpolt HSIOIOH B6111113//I t =O MH'fr-,f- 111.R2-TPSOKTOPIIIH ( o<.'(o)~ 
~0,9 (raB/c)-2) 3HStJ111T611l,HO 6omme HaK1lOHa MH BSKYYMHOlt TpaeKTO-

p111111 ( ~;{0) ~ 0,1 (raB/cr2). B paMKaX 8TOl1 140;11811111 T8Kllt8 MOlKHO 

o6~HCH//ITI, paa11111t11118 B aaepreT111tJ8CKOli aaB//ICm.!OCT/11 08tJ8H111H 6111HapHUX 

peaKI.lHll O::: I<· /-=>,
11 

: TaK C ytJeTOM no11ytJeHHblX B pa60T8 ;llaHHIDC 
A++ A 0 

h. =2 ,03±0 ,23 ;ll1lH peam.tlllll pp-., ~ 1236 L...l 1236 111 n ".'0,40±0, 70 

;ll1lH peaKIJ,/111'1 pp-> p ;v\470, 1s20· CooTB6TCTBYIOIIl1118 3HStJ8HHH 

ol(O)=I-~-0,02,±0,II 'AJIJI nepBOA pealt!lHH x o(.(0)=-0,8±0,3 

MH BTOpoi1 T8Kllt8 xopowo cor11acy10TCH C np8;llll0110llt8H1118M 06 o6M8H8 

COOTB8TCTB6HHO n1110H110lt TpaeKTop111ea Ill no1110COM IIouepaHtJYKa. 

B 3SKJllltJ8H//I//I 8TOro naparpawa Il011YtJOHbl pacnp8;ll8118H111H ;llpyrHX 

1rnaeuaT111tJecK111X xapaKTep111cT111K (C,, 9, A p_. r= ~ ) MH 111ao6ap 1113 
I 11, ~ I y,S 

KB83HllBYXtJSCTHtJHIDC peaKIJ,111~ 111 MH tJSCT1111J, OT pacna'Aa 8T111X 111ao6ap. 

Pacnpe'Ae11eHHH no nonepetiHUM 111Mny111,ca1,1 MH 111306ap 0111111,Hee 3SBIIICHT 

OT 1IIX MSCCH. OHH xopomo On//lCHBSIOTCH YHIIIB8pca11I.HW,1 pacnpe'A8118HHOM, 

no11ytJ8HHID,1 B W r11aBe 1113 M//IH//IM1113HPYIOIIl8ro B011HOBOro naKeTa, np111t1eM 

1118 cooTHoweHHH ueonpe;lle11eiiHocT111 ~<.pf> < 12> -=- 1i. BNTOKaeT, qTo 
2. 1/i 

11 nonepetJHblil" pa31,1ep 0611acT111 B3aHMo;lleilcTBIIIH ( '1 ) 6omwe, 
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Kor.na npOllCXO,ll;llT o6M6H ll30B6KTOpHoi1 qacTnue/4 (AT=!) B cpaBH6Hllll 

,c o6MeHOM noJIIOCOM IloMepaHqyKa ( AT=O). 

OCHOBH~E PESYJibTAW PAEOT_ij 

I. Paapa6oTaH M6TO,ll; ll,ll;6HTHWllK8Ullll aapHlit6HHblX qacTllU no ll3Mepe­

HHHM mmyJII,COB ll yrJIOB BTOpnqHl:lX cj' -8JI6KTPOHOB, OU6H6Hl:l aw~eKTHB­

HOCTI, aToro ueTo,na n nepcneKTHBH ero .namHettmero yconepmeHCTBoBa­

Hna; noKaaaHo, qTo npl1M6HllT6JlI,HO K BO'AOPO'AHW nya1,1pI,KOB!,lM KaMepaM 

8Ta M6TO,ll;HK8 Il03BOJ1H6T noJiyqHTI, HHWOPM8Ull!O O npnpo,ne aapHlit6HHblX 

qacTHU, 11),lflyJII,C!,1 ltOTOPblX } 2 raB/c. 

2. Coa,naHa M6TO,ll;HKa ll,ll;6HTHWHKaunn BTopnqHblX aapHlit6HH!ilX qacTHU 

C HMITYJII,CaMH < 2 raB/c Ha OCHOB6 ll3M6P6Hll.fl nJIOTHOCTll ll0Hll38UHOHHHX 

no~ep1, B BO,nopo,nHoli KaMepe C IlOMOUU,~ T6Jl6Bll3llOHHOrO CKaHnpy10mero 

ycTpolicTna TLi!I-I, coa,naHHoro B H~B9 Ali Kaa.CCP; conocTaBJieHl:l paa­

J1nqH1,1c cnoco6u B!,lqHCJ16HllH llOHH38UHOHHliX napaMeTpOB CJ16,ll;OB ll noJiy­

qeHU KOHKpeTHble p6KOM6H'A8Ullll 'AJIH npoBe,neHllH cepnl4HHX llSMepeH.e/4. 

3. B .nnanaaoHe 1111nyJ11,con 10-200,J'aB/c nccJie,noBaHo pacnpe,neJie­

Hne Heynpyrnx npOTOH-HYKJIOHHblX B3aHMo.nettCTBllli no qncJiy BTOPWIHblX 

aapHlit611HblX qacTHU ll noKa3aHo, qTO B npOTOH-H6itTpOHH!,IX coy,napeHHHX, 

KaK n B pp -cToJIKHoBeHHHX, Ha6J110,naeTcH ymrnepcamHaH aaBHCHMOCTI, 

B6Jlllqll!ill On4 · < nl!k) OT HOpMHpOB8HHOi1 MHOlit6CTB6HHOCTJ/I <nn,& 
o.:,i d,> 

llpll 8'l'OM, O,ll;H8KO, B03HHK86T KaqeCTB6HH06 OTJlnqne, KOTOpoe aaKJIIOqa-
< n,1,.'> 

CTCH B TOM, qTO B pn -B3aHMO,ll;6liCTBHHX OTHOlli6Hll6 ~"" He na-

.naeT C pOCTOM l1MITYJ1I,Ca, KaK B pp -coy,napeHHHX, a paCTCT B llHT6pBa­

Jl6 paccMOTpeHHUX HaqaJII,H!,IX m1nyJ1I,COB, ,ll;OCTHraH npnPo =200 raB/c 
< n .. ,> 3HaqeHHH ~ ~ 2. Ha6J110,naeuoe OTJ1Hq11e CBH3aHO· C 11 BHOCHMW,1 11 

o()d,. . 
HYKJIOHaMll aapH,ll;OM, IlOCKOJll,KY 'AJIH OTPHU8T6Jll,H!,IX qacTHU Kopp6JIHUHOH-

HaH WYHKUHH j_ coBna,naeT KaK B pp-, TaK n B pn -coy,napeHHHX. llaue­

HeHne J- C YB6JlHqeHH6M HaqamHoro llMITYJII,Ca yKa3HBaeT Ha cymecTB6H­

H06 oT1moHeHne JiyqeBoro pacnpe,neJieHnH OT WYHKUHH Ilyaccoaa, npe,n­

CKaauBaeMott, B qacTHOCTH, MYJ1I,Tl!Il6PH~epnqeCKOll MO,ll;6JlI,IO. BoauoiHo, 
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8TO 06~HCHH6TCH ,ll;llWP8KUHOHHl,ll,,I B036yx,neHll6M O,ll;HOrO H3 CT8JIKllB8IOmIDC­

CH HYKJIOHOB. Ila aHaJI.eaa nn»aen c acm,ueTpW!Hw » CUM yrJio»uM panpe­

,neJieHneu noJiyqeaa oueHKa ceqeanH no,no6Hux npouecco» B co6UTHHX c 

MHOlit6CTB6HHOCTI,JO n,I. ~ 4 - 0~2,5 M6H •• 

4. Ilpn l1MilYJII,C8X 19,I-!9,8 raB/c C IlOMODU>IO M6TO,ll;HK H,ll;6pHHX 

auym,cIDi n nyaup1,Ko»wc xauop c »o,nopo,nHW,1 n ,neliTepne»1,11,1 aanoJIHeHn­

eu ,ll;6T8JlI,HO HayqeHu KHHeMaTnqecKne xapaKT6PllCTllKll BTOpllqHWC qacTHU 

paaJI.eqaoil npnpo'A!,l n ycTaHOBJieHo, qTo: 

a) B nonynHKJII03llBHWC peaKUllHX ID.!IlYJII,CHH6 pacnpe,n6Jl6HHH IlllOHOB ll 

yrJIOB!,16 pacnpe,neJIOHHH npoTOHOB MaJIO qyBCTBllT6JlI,Hl:l K H3M6H6Hll!O MHO­

lit6CTB6HHOCTH; 

6) Ha6J110,naeTCH CJia6aH KOPPOJIHUHH M6lit'AY l1MilYJII,C8MH (aHeprHHMH, K0-

3~~llUll6HTaMH HeynpyroCTH ll T.,n.) 'AJIH BTopnqawc HYKJIOHOB H yrJIOM HX 

ncnycKaHHH B CUM - npoTOH!,l OCT8!0TCH p63KO KOJIJIHMllPOB8HH!,l!,lll no yr­

JiaM (ICo~e.t>0,8) .name npn 3HaqnT6JlI,H!,IX noTepHX HaqaJII,HOH aHepnn; 

aTa oco6eHHOCTI, He corJiacyeTCH c npe,ncKaaaHHHMll CT8THCTllqecKoll HJlll 

nepnwepnqeCK0/4 06M6HHOJ4 MO,ll;6JIH ll KaqeCTB6HHO MOlit6T 6UTI, o6~HCH6H8 

Ha OCHOB6 JlOK8JII,HOro Baam10,nelicTBHH OT,ll;6JII,H!,IX napTOHOD, COCT8BJ1Hll­

mnx HYKJIOHH; 

B) B peaKUHHx·c 'ABYUH ll,ll;6HTHWHUHPOB8HHl,IMH npoTOH8Mll B KOHeqHoU 

COCTOHHHH Ha 3HaqllT6JII,HOM CTaTHCTnqecKOM MaTepnaJie, noJiyqaHHOM ~ 

no1.10m1>10 BITK npn naqaJ11,Hux HMny J11>cax IO H !9, I raB/c, noKaaaHo, qTo 

B 4-JiyqeBWC npoTOH-npoTOHHblX coy,napeHHHX Ha6J110,naeTCH ll36HTOK 00611-

Tlli!, B cpaB_H6Hllll C npe,nCK838HHHMJ,J O,ll;HOnHOHHott OOM6HHOt1 MO,ll;6JIJ,J, KOr­

.na o6a npoToHa yHOCHT uamrn ( t} < 0,3 (raB/c)2) qeTupexuepHue w­

nyn1,c1,1. 9TO no,nTBepm,naeT cymaCTB6HHYID POJII, M6XaHH3Ma ,ll;HWP8KUllOHHO­

ro »oaoym,neHHH HYKJioHoB. 

5. Pacnpe,naJieHHH no »~nnqHHe qeT1,1peXMepHoro nepe~aHHoro HM-
~ . 

nyJII,Ca A , B!,lqJ,JCJ16HHH6 ,ll;JIH npoTOHOB ll3 pn. -Baa1n10,nelicTBlrll npn 

f'o =!9,2 raB/c, cymecTB6HHO cuemeHU B CTOPOHY 60JII,lliHX Ben1,1qnH no 
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cpaBHeHMlO C COOTBeTCTBYlOJlllll.lM pacnpe,lleJieHHHMM ~ npOTOHOB napp -
coy,llapeHni1. IlocKOJII,KY Bf'P -Baam.io,llellcTmmx BS -Kanane peannayer­

CH qncToe HBOTOilMqecKoe COCTOHHHe C T=I {T~ =+I), MOlKHO B paMKax 

cnpaBe~HBOCTH H80TOilHqecKoi1 HHBapnaHTHOCTH aaMroqnTl>, qTo B Heyn­

pyrmc pn -coy,llapeHHHX npHMeCI, COCTOHHHl-i c T=O (T~ =0) npHBO,llHT K 

OTMeqeHHWA paannqHHM. ViliTepBaJI BOBMOlKHl:lX aHaqenni1 napaMeTpa yrJIOBOi1 

aCHMMeTpHH npOTOHOB Ha pn -coy,llapeHHi1 (-0,16< tz<0,26)-, ycTaHOBJI6H­

HUl-i B aKcnepm.1enTe c ,llellTepnenon KaMepoi1 npn HMnyn1,ce 19,2 raB/c, 

He noaBOJ!HeT C,lleJiaTI, onpeAeJieHHl:lX BllBO,llOB O aanoMMHaHMM aapH,lla HYK­

JlOHaMH B CUM. 

6. ]lnH onncaHHH HHMl03MBHUX peaKunll npe~ollteHa HOBaH ~eHOMeHo­

nornqec1caH MO,lleJII, 1 B OCHOBe 1rnTopo!ti Jl6lKHT npe,llilOJ!OllteHHe O TOM, qTo 

COCTOHHMe BTOpnqHUX qacTMU MOXeT 6UTI, onncano BOJIHOBUMH ~YHKUMHMH, 

MMHHMMBMPYID!lllll.lM COOTHOWeHHO Heonpe,lleJieHHOCTM. IlpoBe,lleHO WMPOKOe 

conocTaBJieHMe C 3KCnepHMeHTaJihHID4H ,llaHHbll,IM CTPYKTYPHOH ~YHKUMM M 

pacnpeAeJieHHli pa3JIHqHUX KHHeMaTnqecKHX xapaKTOpHCTMK BTopnqHux qac­

THU, paccqnTaHHUX Ha ee OCHOBO. IloKaaaHo, qTo B WHPOKOM AHanaaoHe 

aHeprnn (I0-4•103 raB) .llOCTMraeTCH xopomee KaqecTBeHHoe, a B PHAe 

cnyqaeB n KonnqecTneHHoe onncanne aKcnepm.1eHTan1,Hux ,llaHHux B peaK­

UMHX rnna pp~ "c" + "Bee ocraJihHoe". ]lnH onncaHHH renepnpoBaHHNX 

qaCTMU ( ji"\ i<t, p ) B MO,llOJIH HCilOJ!l>ayeTCH O,llHH napaMeTp - <. P]) ' a 

~fl 11coxpaHMBWIDCCH 11 HJIH 11 JIH.llHPYIDlllHX11 qaCTHU (P) - ,llBa napaMeTpa 

.( I-<) ~ <Pf) , KOTopue OCT810TCH IlOCTOHHHbll,IM BO nceti o6JI8CTM paCCMOT 

peHHUX ::rneprnll. 

7. B npOTOH-npoTOHHUX B88ID40,llOHCTBMHX npH llUilYJil>CaX IO H · 

19,l raB/c nayqenu peaKUHM c ~HKCHPOB8HHW qnCJIOM qacTHU B KOHeq­

HOM COCTOHHMM. IloKaaaHo, qTo: 

a) MaMeHeHH8 yrJIOBUX H m.myJII,CHUX pacnpe,lleJieHHl-i BTOpnqHUX IlHOHOB 

M npoTOHOB npn yBennqeHMM qucna reHepnpoBaHHHX IlHOHOB OT I ,llO 5 

npH /=>. =IO raB/c mieeT TOT llte xapaKTep,. qTo H B IlOJIY'l'IHMID3HBHUX 

peaKn~Uix. 26 

6) pacnpe,llcr.eHne qeTupeXMepHUX nepe,llaHHIDC 11MnyJI1,con, paccqnTaH­

Hoe ~- DTopwmux Hei1TpoHoB npn p
0 

=IO raB/c, cnaoo aaBnc11T OT q11c­

na reHepnpOB8HHUX IlHOHOB (IlOK838Te·JII, 3!,CilOH8HTH JI-<>< 4 (faB/c r 2 ), 

B TO npeMH mm y npoTOHOB 3Ta BeJIMq11na yMeHhmaeTCfl OTJI =6(rsB/ci 

,ll0/1-~0,6 (raB/cr2 npM yBeJI11qeHl'!M q~cJia IlHOHOB OT I ,llO 5; 

B) pacnpe,lleJIOHHH nonepeqHblX 11MilYJil>COB l\JIH BTop11qHHX qacTHU, BKJll(}­

qaH M HYMOHHUO M306apu, HMelOT YHMBepcaJII,HUli Illl.ll, B TO BpC!,lfl, mm 

pacnpe,lleJieHMH no npO,llOJII,Hblll 11MilYJil>CaM KaqeCTDCHHO paaJill'lalOTCP. ,llJIH 

Ill10HOB M npOTOHOB; MacmTa6Hafl 11HnapnaHTHOCTI, /IJIH 3KCI\Jll031'!BllblX pe­

aKUHi1 He co6JilO,llaeTCH, HO OTHOWOHHH npo,llOJII,HUX IBAilYJil>COB 7IJlfl qacTMU 

paairnqHoit npnpo,llll ( #+ , :- ) cJia6o aaBHCflT OT a He prm1. 

8. B KaHanax peaKUMtt c polK,lleHHeM I,2 n 3 IlMOHOB onpCJ(OJlCHll 

ceqemm o6paaonaHHH HYKJIOHHUX 11 Me30HHllX peaoHal!COB 11 ycT,JIIODJieHO, 

qTo: 

a) npn MMnyJI1,cax I0-20 raB/c cyMMapm,ie _ceqeHHfl 06paao1iaH1111 11yK­

JIOHHux M306ap IlOPfl.l!Ka ceqeHHH ltaHaJion peaKUMM' B TO npOMfl Ka!, .l!Jlfl 

M030HHUX peao11aHCOB OHH cymecTBOHIIO MOHI,WO ( ~ o,r M6n); cpe7111 IIYK­

JIOHIIUX p030H8HCOB C Hau60JII,mei,i nepOHTIIOCThlO 06pa3yeTCfl ll306apa 

6.. I236' npnqiiJ.1 Bll,llOJIOHIIL!M HBJlfl(l'fCfl l130TOilMqec1rn 'lV.CTOO COC'IOHmie 

c T7: =j;}/2; 

6) C IlOMOJllI,10 pa3BMTOro D pa6oTe MCTO,lla MUKClllJaJJhllOro m.:nyn1,ca no­

Ka3aHo, 1:JTO C POCTOM 'lllCJia BTOpllllHblX qacTHU YMOHhW80TCH ncpOflT!IOCTI, 

noa6yl!t,llOIIHH O,lll!Oro 113 CTQJIKMBaIOmmccfl HYIWOIIOD /10 J,1306ap11oro COCTO­

HIIHH, KOTopoe He conpono1.t,llaeTcH o6paaonamwM n110Ha (ua116onee aa­

lAOTOH 3TOT. 3qiipeJ,T ,llJIH pea0Ha11ca .6-1236); OT!IOJJIOlll10 ceqeH11U paa­

JIH'lllllX 3ap11,llOBUX COCTOflHl111 nao6apu LlI236 n peaKUUM f p ➔ .61236 + 

+ (2!liJV) xopowo cornacyoTCH c r1m0Teaoll 06 06Me11e 11aoneKTopnoti 

tJaCTMUBit {AT= I), npHIJeM 113 B03MOlKHllX cnoco6on pacna,lla TPOX'laCTMq­

HOl-i CHCTO_llll { v::7i) Bhl/10JIOHHllMH OKa3hlB8lOTCH pacna,llll (2 ft /'J ) -> Yi + 

+ (rf'!fi)I/2 M (211 ;V)-;,, 'Ji + Wr)3/2' B KOTOPUX O,ll11H M3 Ill!OHOB CBH3aE 

C Hyit.lIOHOU. 
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9. ITonyqeHH HOBHe axcnepmi:eHTan»HNe AaHHNe o ceqeHHIDC KBaaH­

AByxqacTHqHl:lX peaxnHli C B086YEA8HH8M OAHOro .HJIH o6oHX CTanKHBaIDmHX­

CH HYKnOHOB AO H806apHl:lX COCTOHHHli H noKaaaHO, qTo: 

a) BKnaA KBaBHAByxqaCTHlJHl:lX peaKUHll npH Haqan»HOM manyn»ce 

IO raB/c yMeH»maeTCH OT 85% ceqeHHH KaHana peaKUHH C PDEA8HH8M 

OAHoro nHOHa AO 27% OT ceqeHHR KaHana peaKnHn C POEA8HH8U 3 IlHOHOB; 

6) npH yBenHqeHHH nepBHqHoro manyn»ca oT IO AO 19 raB/c ceqeHHR 

KBaSHABYXqaCTHqHNX peaKUHli yMeH»maIDTCfi OT 76 AO 69% B peaKUHH 

PP-'>ppn-+Ji-, OT 31 AO 18% B peaKUHH pp➔ pptr-tfr110 u oT 23 AO 18% 

B peaKUHH pp➔ pn 11+ftf-fi-; 

B) OTHOm8HHH ceqeHHli paanHqHliX sapHAOBliX COCTOHHHli B peaKUHH~P➔ 

➔ 61236 A 1950 npH A, = IO raB/c xopomo 061>HCHHIDTCH rHII0T880I 

06 o6MeHe H80B8KTOpHott qaCTHUett (AT=l), npHqeu UOEHO OTAST» npe)t­

noqTeHH8 KaCKaAHOMY pacnaAY A 1950 => 11 + ..1 (5irf)3/2, KOrAa (:nJ)­

CHCTeua HaXOAHTCH B CBH38HHOM COCTOHHHH C H80CllHHOU T=3/2. 

IO. YcTaHOBneHa KoppenHUHH M8llAY H80TOnHqecKHMH cnHHaMH H80-

6ap H8 KBa8HABYXqacTHqHNx peaKUHli H COOTB8TCTBYIDmID4H napaueTpaMH 

JI H n, xapaKTepuayIDmWAH AHcpcpepeHnHan»HHe pacnpeAeneHHR no BenH­

qHHe nepeAaH~oro qeTHpexuepHoro ID&nyn»ca H aaBHcm1ocT» ceqeHHli OT 

Haqa~»Horo HMnyn»ca p
0 

• Ecnu B KoHeqHou cocTOHHHH o6paayIDTCH ABe 

H806apu c H80CIIHHOM T=3/2 ( pp➔ A 3/2 A 3/2 ) HnH HYKHOH H H80-

6apa C T=3/2 ( pp->NA 3/ 2), TO aHaqeHHH.R~ IO (raB/cr2 Hn~ 2 

aHaqHTen»Ho npeBumaIDT BenHqHHli, nonyqeHHNe B cnyqae, xorAa T=l/2 

( PP ➔AJ112 N 1 u2> - JI 4+5 (raB/cr2 H n= Ot0.4. PeaKUHH, B 

KOTOPliX B KOHeqHoM COCTOHHHH Ha6nIDA8IDTCH AB8 H806apu C paanHqHID(H 

H80CnHHa!4H (pp-> A 3/2 ""\12>, xapaKT8pH8YIDTCH ;poMellyToqHNuH 

B8nHql{HaJ.rn JI H n . 3TH peayJII,TaTli Il08BOJI/IIJT 8aKJlll'llHTI,, 'llTO B rex 

CJiy'llaax, KOr,Ita Hac!J11>,ItaeTCll ocluea H30CIIHHOM ue:a:,1ty B3aHMO,IteRCTBYllmHMH 

HYKJIOHal{I{ ( C!.. T:I), B8JIHqHHli JI H rt c!OJII,me COOTB8TCTBYllDIHX 3Ha-
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'lleHHR, Kor,1ta A T=O. TaxoR pesyJibTat H ,1taHHlie ocl sneuearax cnH­

HOBOR uarpHilli IIJIOTHOCTH Ka'lleCTBeHHO cornacy1>TCH C BliBO,ItaUH ITOJlllC­

HOli P8AJK8BCKOli UOAenH, ecnH npeAnOnOJlHT», 4TO B nepBOM cnyqae AOMM­

HHpyeT 06M8H p8AJK830BaHHOli nHOHHOli Tp88KTOpHeli, a BO BTOpOM - nonro­

COM Ilm.rnpaH'llyKa. 

0CHOBHli8 pesyn»TaTli AHCCepran1rn AOimamrnanHC» Ha M8lKAYHBPOA­

HliX KOH!pepeHUHHX no !pH3HK8 BliCOKl1X· aHeprHli (,llY6Ha, 1964; Kuea, 

1972), ueX,ItyHapO,ItHOR (BeHrpHa, 1969), H BC8COD3HliX (Am,1a-Ara, 

1966 ; TamKeHT, 1968; nemmrpa,It, 1969; Tc!HJ!HCH, 197! ; 

Xap»KOB, 1973) KOH!pepeHUHHX no !pH3HK6 KOCMHqecxmc nyqeli, Hal MeE­

AYHBPOAHOM COBemaHHH no HyKnOHaM H nnoHaM (,llY6Ha, !968), Ha ceCCHHX 

OH~ AH CCCP (1966-1973) H ony6nHKOB8Hli B pa6oTaX /3-11/, 43-23/, 

/26,27/, /31-43/, /45/, /49-51/, /53/, /55,56/, /58-65/, /67-70/. 

29 



JI 11 T EL.it T Y P A 

I. A.A.Logunov, M.A.Mestv1r1shv111 1 Nguen Van Hieu. Phys.Letters, 

25B, 611, 1967. 

2. R.P.Feinmann. Phye.Rev,Lett., 2J1· 1415, 1969. 

3. s.r.Eooc, r.H.PycbKHHa. 11aB. AH Kaa.ccP, B.2, rs, I965. 

4. s.r.Eooc, r.H.PycbKHHa. Tpy;iui 11H~ AH Kaa.CCP, 6, !40, 
Am.1a-ATa, !963. 

5. s.r.Eooc, H.TI.TiaBnoBa, I.C.TaKH6aeB, T.TeuHpanHeB, P.A.TypcyHoB. 
!ST~, 47, 2041, I964. 

6. s.r.Eooc, H.TI.TiaBnoBa, 0.11.BonKoBa, O.B.I'yHeHKOBa, K.r.sattueB, 
A.B.XonueUKaR, TITS. I, 76, !964, 

7. t.B.IDapanoB, P.A.TypcyHoB, !.C.TaKH6ae~, s.r.Eooc. 11aB. 
AH Kaa.CCP, cep. qiHa • ..:uaT., Bl:iilo 2, 94, !963. 

8. s.r.Eooc, H.TI.TiaBnoBa, I.C.TaKH6aeB, P.A.TypcyHoB. TITS, 
2, 63, !963. 

9. S.r.Booc, K.r.3attueB, T.TeuHpanHeB. l13B, AH Kaa.CCP, cep. 
qJH3,-U8T, 1 2, 56, !966, 

ro. s.r.Booc, JI.A.CaHbKo, I.C.TaKH6aeB, T.TeuHpanHeB, K.11.XoueHKo, 
Tpy;zui 11H~ AH Kaa.CCP, 7, 89, Anua-ATa, I967. 

II. a.r.Booc, A.M.MocHeHKo, JI.A.CaHbKO, 1.c.TaKH6aeB, T.T.TeuHpanHe~ 
TITS, 4, 64, I97I. 

12. D.B.OBCOB. ABTOpeqiepaT K8HAHA8TCKOtt AHCC6PT8UHH. Ol1Hl1, J{y6Ha, 
I973. 

I3. I.C.T8KH6aeB, s.r.Eooc, JI.A.C8HbKO, D.B.OBCOB, 0.11.BOHKOB8, 
r.M.MarOHOB. TITS, 4, 69, I97I~ 

I4. a.r.Eooc, JI.A.CaHbKO, D.B.OBCOB, ~H3HKa Bl:iCOKHX aHeprHtt H 
KOCWHtJecKHX ny11eli, H3-BO "HayKa" Kaa .CCP, ISI, Anua-ATa, I97I. 

rs. 11.A.CaHbKO, JK.C.TaKH6aeB, s.r.Booc, 0.11.BonKoBa; A.M.Moc1,1eHKo, 
K.r.sattueB,.T.TewHpan1,1eB, A.B.XonueuKaa. TITS, 4, 67, I97I. 

30 

I6. s.r.Eooc, K.r.sanueB, T.11.UyxopA0Ba, D.B.OBC0B, S.B.PyA6Hll8HK0, 
JI,A.CaHbK0. Ol1Hl1 nI0-6I42, 355, J{y6Ha, !972. 

I7. I.C.TaKH6aeB, s.r.Eooc, JI.A.CaHbKO, T.TewHpanHeB, 0.11.BonKoBa, 
B.JI.Ky3bWHHa. l13Bo AH Kaa.CCP, cep. qiHa.-waT., Bl:in.2, 20, I972. 

rs. s.r.Booc, E.O.JKayTl:iKOB, JI.A.CaHbKO, B.JI.KyabWHHa. 113B. AH Kaa.CCP, 
cep. qiHa.-waT., 4, 57, !972. 

I9. s.r~Eooc, H.TI.TiaBHoBa, B.JI.TiepBymHua, r.H.PycbKHHa, 1.c.TaKH6aeB. 
H~, 6, 534, I967. 

20. s.r.Booc, x.c.TaKH6aeB, P.A. TypcyHoB. H~, 8, 354, !968. 

21. a.r.Eooc, E.O.lKayTl:iKOB, A.11.MocHeHKo. 11aB. AH Kaa.CCP, cep. 
qiHa.-waT., 6, 68, !973. 

22. 1.c.TaK1,16aeB, s.r.Booc, JI.A.CaHbKo, T.11.MyxopAOBa, A.M.MocHeHKo, 
K.r.sattueB, K.B.mapanoB. H~, I6, 974, !972. 

23. s.r.Eooc, E.O.layTl:iKOB, E.C.JiyKHH, A.M.MOCH8HKO, P.A.TypcyHOB. 
H~, I6, 335, !972. 

24. s.r.Booc, H.TI.IlaBHoBa, P.A.TypcyHoB. IlpenpHHT 011811 P-2623, 
J{y6Ha, !966. 

25. a.r.Eooc, I.C.TaKH6aeB, P.A.TypcyHOB. nAH CCCP, !70, I04I, I966. 

26. Anua-ATa-J{y6Ha-KpaKOB-Jf8HHHrpaA-MOCKBa-Ta~K8HT-YnaH-EaTOp­
COTPYAHHll8CTBO. TipenpHHT 011811 PI-6504, J{y6Ha, I972. 

27. Alma-Ata - Leaingrad - Moscow - Tashkent Collaboration. 
lJth Int.Cont. on Coemic Ra7s,v.J,HE,206J,Un1v. of Denver, 
USA, 197J. 

IlpenpHH! 11~B8 AH Kaa.CCP, 8B9-I4, Anwa-ATa, !974; 8~, 20, 
87, 94, I974. 

28. A.rr.ra_cnapRH, D.A.Tpoaa, A.B.HHKHTHH. IlpenpHHT 011811 PI-5665, 
ny6aa, I97I. 

29. P.Slatter7. Phis.Rev.Lett., 29, 1624, 1972. 

30. T,T.Dao ·et al. Phys.Rev.Lett., 29, 1627, 1972, 

3I. s.r.Eooc, I.C.TaKH6aeB. Tpy:m,i W8ZAYHapoAHOli KOHqiepeHUHH no 
K0CMHll8CKHW nyqaw, I, 76, MocKBa, !960. 

32. a.r.Eooc, A.X.BHHHUKHtt, I.C.TaKH6aeB. H~, I, !48, !965. 

31 



33. a.r.Booc, I.C.TaKH6aeB, 13T~. 38, !276, !960; Tpy.m,i HH~ 
AH Kaa.CCP, 6, 90, !960. 

34. a.r.Booc, H.IT.ITaBnoBa, r.H.Pyc»KHHa, I.C.TaKH6aeB. ITpenpHHT 
VIH~ AH Kaa.CCP, !02, Anua-ATa, !969. 

35. a.r.Booc, r.H.Pyc»KHHa, I.C.TaKu6aeB, VlaB. AH Kaa.CCP, cep. 
~ua.-MaT. 2, 67, I97I. 

36. E.G.Boos, N.P.Pavlova, G.Ja.Ruskina, Zh.S.Takibaev. Proa:. 11th 
Intern. Conf. of Cosmic Reys, Budapest, Acta Physica Academiae 
Scientiarum Hungaricae, 29, Suppl, J, 169, 1970. 

37. a.r.Booc, I.C.TaKH6aeB, B.A.BoTBH~, H.H.qacHHKOB, H.TI.IlaMoBa, 
Tpy,zu,1 HH~ AH Kaa.CCP, 5, I6, !962; lKST~. 4-2, 3, !962. 

38. a.r.Booc, H.rr.rraunoBa, r.H.Pyc»KHHa, JI.A.CaH»Ko, I.c.TaKH6aeB, 
T • TeMl'lpanHeB, P .A• TypcyHOB. ~H3HK8 BllCOKHX aHeprHii H KOCMl-l'tJeCKHX 
nyqett, 57, Ha-BO "HayKa" AH Ka3.CCP, Amrn-ATa, I97I. 

39. J!(.C.Tam16aeB, H.H.l/acttHKOB, a.r.Eooc, M.r.AHTOHona, A.X.BHHHUKHtt, 
H.IT.ITannona, u.vi.maxoBa. IlpenpHHT H~B3 AH Kaa.CCP, SBS-6, !973. 

40. 3.r.Booc, JI.A.CaH»Ko, !.C.TaKH6aeB, T.TeMHpanHeB. Tpy;iui nceco-
10311011 KOHqiepCHUHH no qlll3HKe KOCMH'l8CKHX nyqell, 'l8CT» I, Blln.r,20, 
MOCKB8, !969. 

4I. a.r.Booc, H.IT.Ilannona, J!(.C.TaKH6aen, P.A.TypcyHOB. Tpy;iui BC800I03-
HOW KOHqiepeHUHll no ~ll31'.1Ke KOCMlltJ8CKHX nyqett, !J8CT» I, Blln.I,I6, 
Mocirna, I969. 

42. s.r.Eooc, T.11.MyxoMona, H.IT.ITaMona, lI.A.CaH»Ko, I.C.TaKH6aeB, 
P.A.TypcyHon. HyKJJOHH u rrHOHH. ITperrpHHT OHHH PI-397!, 288, !968. 

43. I.C.TaKH6aen, s.r.Booc, B.O.lKayTHKOB, A.M.MocueHKO, P.A.TypcyHon. 
fl~, I9, !254, !974. 

44. IT.A.YCHK, VI.A.KytJHH, H3B. AH CCCP, cep. qiua. 28, I82I, !954. 

45. r.EJrroueH~en».n, B.A.EyMaXHOB, a.r.Eooc, E.B.Bnacon, 1.neppe, 
n.~.Epuonon H .np. IlperrpHHT H~B9 M-7, Cepnyxon, I974; 
Phys.Letters, B50, 28J, 1974. 

46, M.Ji:.Law et al. Compilation of Data on Inclusive Reactions, 
Preprint LBL-80, Berkeley, USA, 1972. 

32 
\ 

I ,_ 

47. H.Bogg1ld et a1·. Nucl. Pb,ys., B27, 1, 1971, 

48. B.H.HHOHH, K.A.Tep-MapTHpocaH, D.M.llia6en»cKwt. ITpenpHHT HT~ 
rKAS CCCP, 932, 936, MocKBa, !972. 

49. 1.c.Tau6aeB, s.r.Eooc, llAH CCCP, 217, 804, !974. 

so. s.r.Eooc, I.C.TaKH6aeB, K.B.lliapanoB, R.A.CaH»Ko, T.H.Myxop.noBa, 
A.B.XonuenKaa. Tpy;!Ul Vl~BS AH Kaa.CCP, 2, I7, !974. 

. . 

SI. s.r.Eooc, I.C.TaKu6aeB, K.B.lliapanon, lI.A.CaH»Ko, A.B.XonuenKaa, 
T.H.M3xop.n0Ba. IlpenpHHT Vl~BS AH Kaa.CCP, 3B8-7, AnMa-ATa, !973. 

52. T.BHmKH, H.M.rpaueHHUKHtt, 3,Kop6en, A.A.Houo~unoB, M.H.rro.nropen­
KHA. !ST~, 41, !067, !96!, 

53. s.r.Eooc, H~Il.IlaBnolia, B.JI.ITepuywHHa H .np. HaB. AH CCCP, 31, 
!477, !967. 

54. J.Boudinet-Robinet, H.Morand et al. Nucl,Ph;rs,, J2 1 452, 1962. 

55. s.r.Eooo, I.C.TaKH6aeB. Tpy.llll )18:JQyHapo.nHOH KOH~epeHUHH no 
KOCIIH!J8CKHU nyqau, I, 76, MOCKB8, 1960. 

56. s.r.Eooc, A.X.BHHHUKHI, l.C.TaKH6aeB, R.H.qacHHKOB, EST~, 34, 
622, !958. 

57.' C.A.GnaBaTHHCKHA. Tpy;!Ul ~HAH CCCP, 46, 40, MOCKBa, !970. 

58. !,C.TaKH6aeB, u.r.AaTOHOBa, s.r.Eooc, n.H.EpMHnOBa, lI.A.CaH»KO, 
T.TeuupanHeB, A.B.XonM8UK8H, H~., rs, 62, !972. 

59. !.C.TaKH6aeB, s.r.Eooc, R.A.CaH»Ko, K.r.3atnen, K.B.lliapanoB, 
H~., rs, 93, I973. 

60. 1.c.TaKH6aeB, s.r.Eooc, JI.A.CaH»Ko, K.r.3anueB. HaB. AH Kaa.CCP, 
cep. ~ua.-11aT., 2, II, !974. 

6!. i.A.CaHbKo,_r.H.PycbKHHa, T.R.Myxop.noBa, 1.c.TaKH6aeB, s.r.Eooc. 
H3B, AH Kaa.CCP, cep. ~Ha.-uaT., 6, 6, 197!. 

62. s.r.Eooc, E.O.layTHKOB, R,A.CaH»Ko, B.ll.Kya»UHHa. VlaB, AH Kaa. 
CCP, cep. ~H3,-118T., 6, 67, !972. 

63. s.r.Eooc, E.HypneHCOB, I.C.TaKH6aeB, H3B, AH Kaa.CCP, cep. 
~H3,-118T. 1 4, 73, !970, 

64. I.C.TaKH6aeB, s.r.Eooc, E.C.!yKHH. BaB. AH Kaa.CCP, cep. 
~H3,-)18T., 6, 53, I97I. 

33 



65. t.C.TaKH6aeB, s.r.Eooc, T.TeMnpaRHeB, MaB. AH Kaa.CCP, cep. 
~H3.-MaT., 6, 24, !973. 

66. K.r.EopecKoB; A.E.Kali;n;aRoB H :n;p. Hi:>, I3, I530, I97I. 

67. J..C.TaKH6aeB, s.r.Eooc, T.T.TeMnpaRHeB. fl~, !3, II3, I97I. 

68. lK.C.TaKH6aeB, s.r.Eooc, JI.A.Cau:&Ko, K.r.sanueB. Tpyi'(ll I'l~B9 
AH Kaa.CCP, 2, 49 1 !974. 

69. lK.C.TaKH6aeB, s.r.Eooc, JI.A.Call:&KO, K.r.sanueB. H~ •• 20, 
964, !974. 

70. lK.C.TaKn6aeB, s.r.Eooc, JI.A.CaH:&Ko, T.TeMHpaRHeB. ITHc:&Ma lK9T~, 
3, !22, !97!. 

n. B.H.AKHuon, JI.~i.Pot1ae11, }l.c.qepHaBcKHi1. ITperrpmIT ~I'IAH CCCP, 
I34, MOCKBa, !968. 

PyKOITHC:& ITOCTYITHRa B H3;ZJ;aTeR:&CKHn OT;n;en 
I8 Hoadpa I974 ro;n;a. 

34 


