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OHIWI XAPAKTEPHC'rnKA PAEO'IH 

AK:ryam;HOCT:& npo6Jrer.m. IfcCJie~OBaHI!e 3Jl9KTPOM8.l'HHTHHX. W<>PMI>aiTo- · 
pOB ~OHOB HBnR9TCH BamHOI S~aqel ~HSHKH aJ!eMeHTapHHX qaCTHU.·AHa
~3.~aHHHx no WOPMPaKTOpaM nosBanHeT noHHT:& M9XaHH3M BsaHMO~ettcTBHH 
3Jl9RTP0Ma.l'HHTHOrO nOJIJ1 C a,IUIOHaMH. 

0co6HI RHTepec DpH Rg,yqeHHH ~p~TOpOB EH3HBa9T peaKURH o6paT
HOro 3Jl9Krpop~e~ nROHOB (0:311) sa HYKJIOHax 3tN _.. fte-N H H.lij>ax 
:rtA ~ e+e- X • :3Ta peaKURH HBnReTCH npBxT:atlecK1t e,ltHHCTBeHBllM HCTOqHH-
KOM ~p~ 0 CTP.f.KTJP9 HYRHOHa BO Bp9M9HH no~06HOI o6xaCTH nepe
~aq 0 < K2 < 4•M2 HyRJI. (- 3,5 l'3B2/c2). :tra o6JraCT:& KHH9MaT]ilq9CKH H9-
~0CTJnH8 .ItJIH npo~eccoB. eN "'-pacceHHHH H e+e--·.:wm pp-~. 
o6u~o Hcnonsyer.mx .ItJIH onpe~eJieHHH ~opMf!altTopoB HyRJIOHa. IfSMepeHHH ·. 
Wo~TOpOB B o6xaCTH 0 ~ K2 <'4•M2 HyRJI •. nOSBOXRDT COCTllKOBaT:& no
~9HHll9 ~aHBue B npocrpaHCTB9HHOn0~06HOI H Bp9M9HHn0~06HOI 06~aCTBX 
(B HaCTOHIII99 BP9MH OT -33 ~0 +5 raB2/c2) H CYDI9CTB9HHO o6oraTHTi. mimH 
CB9~9HHH 0 C'rpYRTJP9 HYRHOHa. 

K Ha"l!aJlY ~aHHOI pa60Tbt B Jla6opaTOpHH . Sijt9pHHX npo6JreM · OWiH 6~ . 
saBepmeH nRRn HCCJie~oBaHHI npo~ecca o6paTHoro a~exrpo~eHHH nHOHOB 
Ha BO~Opo~e. ( 3£':"p...,. e+e-n ) npH KHH9T]ilq9CKOI 3H9prHH IIHOHOB 164 H 
275 MaB. B:lJio ~eJieHo - 1500 .. co6HTHI aToro npo~ecca H HS ima.Jmsa . 
aRcnepHMeHimma pacnpe~wlemrlt c noMOIII:&D .riHcnepcBoHHol MO~eJIH·lE) .. 6~ 
onpe~eJieH · ~axoBcm HSOBaKTopHHI. W<>IJMimtTo~ ~oHa · Ft · npH ·· ~eCHTH 
saaqeHHBX K2 B HHTapBaJie OT 0,05 ~0 0,12 l'3:a4/c C TO~OCT:&D -1{)%. 

BB~.~eHHOCTH cBe~eHHI o W<>~Topax ayKnoaa B o6~aCTH. 
0 < K2 < 4•M2 HYKJI. npo~OJIJtemie 3Tmt HCCJie~oBaHHI axTymHO. 

:try sa.na'IJY MOlltHO pemaT:& H npH BsyqeHHH npo~ecca 0:311 sa· H.lij>ax 

n± + A .- f! + e- + X . · · 
!HanO~O HCCJI9~0BaHHHM Ha BO~Opo~e, H3 aHaXHSa npo~ecca 0:311 sa'H,JI;
pax MOlltHO HSBJiaq:& saaqeHHH wopwllaKTopa F.,v • llpH. 3TOM MOlltHO npoBepHTl> 
COBM9CTHOCT:& saaqeHKt F/. n~SMHX· H93almCm40 HS pe~ 
1Cp ~ t!eti li :Jt''rt. ~eep sa HYit1IoHax Jr.zu>a. · · ·< · · 

lE) Eno~eBa T.Jl., Cypo~eB D.C., TRe6yqaBa ~.r. - H~, ~975, 21, 
c.850. 
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KpoMe TOrO, B 3THX ycnoBRBX nOHBnffeTCH BOSMOEHOCTh nSMepHTh e~e 
OJI$Y BemrnmY' - ,IUq>a.ROBCrurli BSOCKaJISipOO .<.PopMi,Pa.KTOp lJYIUIOHa Fl . KaK 
cne,eyeT HS ,miCnepCBOHHOit MO~eJm, paSHOCTh Ce"iemrli peamum Oofl Ha npo
TOHS H HeitTPOHe a(p)-6(n) npn O~liHaKOBOfi aHeprHH 3aBBCBT 1 B OCHOBHOM, 
OT i.POIJM<Ila.KTOpOB F{ H F/ • Ce"ieHHe peaiW;Im Ooll Ha · HSfiTPOHe MOlltHO 
onpe~eJmTD TOJIDKO HS OIWTOB Ha H,ItpaX. 

Hsy-qeHHe npo~ecca Oofl Ha ~e MOXeT ~aTh TaKXe HHi.POpMaUKD 0 COOT
HOWeHHR Ce"iemrli Ooll C paaBanOM B 6ea passana ~ n, B np~e, 0 

i.POP~Tope ~a BO BpeMeHHno~o6aon o6nacTn. 

lieJID pa6oTH. BB~ Henay-qeHHOCTB npo~ecca osrr Ha ~ax n ManO"inC
~eHHOCTB ~aHHHX no i.PO~TOpaM lJYIUIOHa BO BpeMSHHn0~06HOfi 06~CTH 
~eJID!) Ha.CTOS!Illefi pa60TI:l 6~0 ~eTeK'rnpOBaiDIS Oofl Ha ~ax npn npoMSlcy'
TO"iHHX sHepr.anx n nsy-qeHHe BOSMOEHOCTH ncn~soBaHBH sToro npo~ecca 
,It.JIJI. nMy-qeHHJl ~a.HHHX no MeKTPOMarHHTHOMY i.POPf$KTopy lJYIUIOHa 

. .. 
· Ha..y'!HaJI HOBB3Ha H npa.RTB"ieCKaJI neHHOCTh. TIOJIY'I!SH pH.l!; HOBlllC pe-

ayJIDTaTOB. 06Hapyx9H npo~eCC OoiT Ha ~ax 12c H 7Li H onpe~~eHO ero 
Ce"iSHHe npn KHHeTB"ieCKOI SHeprHH nROHOB 164 n 380 MsB, COOTBeTCTBeHHO~ 

Paspa6oTaH cnoco6 onpe~~eHER s~eRTnBHoro "iHcna lJYlUIOHOB B peaKURH 
osrr Ha ~e. ITo B~aM H,D;epma ce-qeHd onpe~~SHI:l Ce"ieHER peaiW;Im 
Oofl Ha npOTOHe H HefiTpOHS npH SHeprmt 164' n· 380 MsB, npn STOM Ce"iSHHe 
peaxnKH Ha HefiTPOHe nMy-qeHO BnepEHe. Onpe~~eH ~a.ROBCKnft H30BeRTOp
HI:ll i.POpl$KTop lJYlUIOHa Fl npn aaa"ieHmi ~aTa BpeMeHHno~o6aoro ne-
pe~aHHoro "iSTI:lpexHMDYJIDCa K2 = 0,055 rsB2/c2• . 

B pesyJIDTaTe npoBe~eHHHX HCMe~oBaHHI sxcnepnMeHTaJIDHO noxasaao, 
liTO npnMeRR:eMaSI annapa'cypa n ncn~soBaHHI:le MeTo~ o6pa60TRII nosBOJIJI
DT ~BnHTb npo~ecc o6paTaoro MSRTpO~eHRll aa ~ax n liTO ns aaa
Jmsa aToro npo~ecca aa ~ax MOEHO n~Th cBe~eHH.fl o (_llo~Tope 
lJYlUIOHa C ~OCTaTO"iHOI TO"iHOCThD. C nOMOlltl>D cnoco6a, npeWJ:OZSHHOrO B 
~ccepTru:niH 1 MOmiO onpe~eJUITh 3Ha"i9HRff a(@eKTlll HOro 'Dri~ lJYlUIOHOB B 
pea.RIUrJlX Tnna (_lloTopoiluteHER nnoaoB ,ItJIJI nponsB~BHX H,D;ep B o6~acTn 
!::. (1236)-pesoHaHca. 

Anpo6a1WJ ua6oTH. B ocHOBY ,miccepTru:nm nOJiozeHI:l peayJIDTaTH aitcne
pnMeHTaJIDBHX nccne~oBaHd, BlinOJIHemna: B Jia6opaTopmt H,D;epma npo6~eM 
owm B 1978-86 rr. Peay~hTaTH ~ORJia,ItllBannCh Ha ceMHHapax Jilill owm, a 
Taxxe aa ceccRBX OT~~elirur H,D;epaol ~sHRII AH CCCP (MocKBa, 1982 n 
I987 _rr.) 

Ily6.mpg!mw. PesyJIDTaTH, BOWS,IOliHe B ,m!CCSPTan;mJ, ony6~0BaHI:l B 
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CTWKTypa .tmCCepTa!J1i!!!. )lPJ:ccepTa.n:wi. COCTOHT RS BBe~eHER, "iSTUpSX 
r~ H aaRJI!)"ieHER; oaa co~epmrr I01 CTIJa.HmJy, 25 pncyHitoB, ~ T~~ n 
6n6Jmorp~ecltd cnncoit ns 74 HanMeHoBaHHI. '' 

CO.n:EPJ!{AliHE PAEO'IH 

Bo BBe~eHHH paCCMOTPeHa 3RCneVHMeHTaJIDH~ CHTYa.n:wi c ~p~Topa
MH lJYIUIOHa. n nnoaa, H~OZeHa HCTOPKil nccne~oBaHHI npo~ecca osn H M
eTca o6~-xapaxTepncTBRa aacT~en pa6oTH~ 

B r~B,Be I onnCI:lBaeTca nepBWt SRCnepnMSHT /I/ no nccn'e~OBaHHD 
peaxu:m osrr aa ~e I 2c aa ycTaHoB:Ke, co~eimantel ~oEHe ncxpoEHe 
ItaMepl:l. B STOM OIWTe y.t!;aJlOCh nOJIYliH'l'D .7IH11ID Bepxmm O~SHRY Ce"ieHl!Jl 
PeaKURHo . 

3RcnepHMeHTaJIDHaJI ycTaHOBRa (pnc. I) noMelltaJlaCh Ha ny"ilte OTPmr.a
TeJIDHO sapmteHHI:lX nnOHOB MesoHHoro KaHaJia. cnmcpo~oT!>oaa JIRII OHfflil. 

Pnc. I. Cxewi. pacnOJioxeHER ~eTeRTopoB: 
CI+C4, 'S2,. 53.- CmtHTK1IJIIIIUtOH:
HI:le C"iST"iHRRI; C2~ C3 - -qepeHitoBc
RIIe C"iST"iHRRI, .SP2, SP3 - -qepeH
KOBCRHe cneKTpOMSTpY; HK2, ~ 
ncxpoBHe ItaMepY; M .-.yr~epo,nHa.H 
Mmli9HD., 

KHHeTH"ieCKaJI SHeprnx H RHTSHCHBHOCTh ~~ 
Ra 61:lJIH paBHI:l COOTBSTCTBeHHO 164. MaB H 

t_!_¥~ 0,5·!06 I/c. neTeltTOpl:l.yCTaHOBRII od~e~-
HeHI:l B 3 T~SCROna - MOHHTOpmdt, BH,Il;eJUI!)

nnrlt :SSa.HIIO~e!CTBl!Jl nBOHOB C ~ MH!IISHH, H ~ O~OBHX 6oitOBia 
T~SCKOna, np~3Ha"i9HHHX WJ:jl pernCTpaiJ;Hlil ~eltTPOHOB H noaiiTpOHOB, 
B03HHX811JtHX B pea.mntH O::m. IIOHHTOpmdl: T~ElCROn . COCTOJJJl HS "iSTI:lpex 
c~TKliJLIW,Hommx c"ieT"inltoB CI, C2, C3 n C4. EoRoBae· T~ec!tOIIH ycTa
Ho~eHI:l no~ yr~oM 70° it ocn IlY1Qta n co~ePKBJlH · o~oBHe aa6opY ~a:;,;' 
TSitTOpoB C anepTYpDI 440x440 f.v.t2:HCiq>OBHe ItaMepY l1K2, lii\3; ctimi1'HJtli.li
mtOHHYe C"ienHRII 52, S3; noporoBHe BO.ItSDJYe -qepeHKOBCKIIe c-qeT'rintn 
C2, Cs; "iepeHKOBCRIIe. cneitTIJOMe'l'pY nOJIHoro nor~ollteHKil SP2, SP3. · 

PaspemeHHe 6oRo:ma: ~eTeRTOpoB no aMir.lrirry~e (m:npHHa aa nOJiyBHcoTe) 
RMeeT ~e,cyJJitHe saa"ieHKil: AAs= 4!%~ · AAc= 95%,_ AASP= /~0 , ; •. r~e · 
SHeprl!H E - B MaB. , £ 2ft 

Yr.llePQ,nHa.H MH!IIeHD - InJJlHB.1U> .ItHaMeTPOM · IOO MM n TOJIIItHHOI 28 MM 
(4~62 r/c;;.). · · ·. ·. · 
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3neKTpOHHKa B OCHOBHOM 6~a nOCTpOeHa H3 HaHOCe~ 6~0KOB, 

paspa6oTaHHHX B OT~~e aBTOMaTH3anaR IDHsnqecKoro 3KCnepHMeHTa Ia6opa
TOpHH . smepHI:lX rrpo6~eM OHfiH. Sru!ycK · ycTaHOBKH .nponcxo,ItHJI rrpn coB~e
HHH no BP9M9HH CHrHaJIOB C ~9T9KTOpoB BC9X T~9CKOnOB. llpH 3TOM Ha KH-. 

HOIIJI9HK9 perHCTpnpOBaJIHC:b ~e rrpoeronm Tp9KOB B HCiqlOBHX KaMepax, a 
Ha 313M, no~R.1IIO'IeHHYJO K ycTaHOBKe, nepe~aBaJIHc:& IO rrapaMeTpoB co6!lTHJI 

(4 aMIIJIHT,1.nll CHrHaJIOB H 6 BpeMeH cpa6aT!lBaHHi ~OKOBHX ~eTeKTOpoB). 

B xo~e sKcnepHMeHTa 6~o aaper:zc-pHPoBaHo I4 m~ cpa6amBal!l:rlt 
ycTaHOBKH, !IpH 3TOM '!epe3 MHII!eH:b 6~0 rrponymeHO IoiO 'laCTHU. 

llpe~BapHT~saa 06pa60TKa 3aperHCTpnpOBaHHI:lX C06HTHK COCTO&na B 

!IpOCMOTp9 H OT6ope ~TOrp~ C 0~ Tp9KOM E ~OM T~9CKone H re
OM9TpH'l9CKOii peKOHCTpyronm OT06paHHHX C06!lTHfi • .lVIJJ YMeHI>meimH 06'L'eMa 

rrpocMaTpHBaeMoll cTaTHCTHKH rrpe~BapHT~Ho 6~ BBe~eHH "MJirKHe" :rtpH
TepHH Ha BPeMeHa H Ha CJMMapHOe 3Hepro~~eHHe 'laCTHU B cneKTpOM9T

pax {E2+E3 > IOO MsB)' He 3aTparHBa.JOOUi9 Co6HTHJ! pearonm omt no OKOH
"!aHHH aTarra reoMeTpH'!ecKoii peKOHCTpYIUJ:Tm 6~o ~~e1!o I26 co6HTHfi. 

_ JVm no~aaneimH HH3K03HepreTH'leCKOrO ~Ha H ~Ha ~ COBna

~eHHfi 6~ oTo6p8EH co6HTHH c 3HeprHHMH E2,E3 > 50 MsB :z c EPeMeHaMH, 

OT~~CH OT cpe~HHX 3Ha'!eHH! He 6~ee, '!eM Ha 3 CT~apTHI:lX OTK
. ~OH9HHH. JVm no~aMeimH ~Ha M9KTpOH-n03HTpOHHI:lX nap uT KOHBepCHH 

J-KBaHTOB, B03HHKa.!lllllDC B ~HOBHX rrpoueccax, 6WI· HaJIOllt9H !tpHTepd Ha 

aMIIJIHTy.It!l m.myncoB B 6oKOBHX CUHHTWIJIJm;J'!OHHI:lX C'leT'IHKax A52 .As3 < 
2,2·Aaep., r~e ABep. - Ha:z6~ee BepoSITHaJI aMIJJmTy~a cnrHa.na, cooTBeT
c~aJI ROHH3auHOHHHM nOTepRM penHTRBRCTCKOrO M9KTpOHa. 

OcTaBillnecn 29 co6uTHi aHaJIRsnpoBa.nnc:& Ha np~emHOCT:& npoueccy 

osrr 6ea pas~a ~a 

:rC + 1ZC -+ e• + e- + '28 
n·nponeccaM OSII c pas~oM smpa 

n.- + tz C - e+ + e- . + n. + ,, B , 
. Jt- + 1Z C __. e.. + e- + 2.n + foB • 

Pacnpe~~eimH 29 co6HTHfi no ~TY He~ocT~en MaCC!l M~ n no 
s~KTHBHo:lt Macce (e+e-)-rrapu w ( w=[Ki) nao6paxew Ha pnc. 2. 

-CIIJIOmHHMR :rtpliBilMR R306pruKeHH peaynTaT!l MO~~BaimH ,!WI JKa3aHHHX 
Tpex ~OB pearonm osrr Ha smpe 12c. ConOCTaBn9HH9 3KCnepRM9HTan:&Ho
ro pacnpe~~eimH no w c pac'!eTHHMH :rtpKBHMH noKaallBaeT, ·'ITO rpyrrrra co-

6HTHi C W < 160 MsB rrp~rumr, B OCHOBHOM, K ~HOB!lM rrponecc8M. 
· IIosTOMY .!WI oueHKH ce'leimH pearonm osrr Ha smpe I c 6~ BBe~eH :rtpnTe-

-~-pd'=-:eu·>·I60-MsB~-··na 29 C06HTd 3TOMY IqlRTeplm y,ItOM9TBOp.llllT 3 ·co6H

THH. J.S.D;e.'!eHH!le 3 C06HTHJ! C 6~ 8qxpeKTRBHHMH Ma.Cc8M:z (e+e-)-rrapH 

n03BMMR C~~aT:b B9pxH!IIO oneHKY C9'19ImH pea.ttmm OSII mi·'smpe ( cy!IMH 

ce'leHHii Jta.HaJIOB 6ea pas~a n c paaBaJIOM smpa) • B ~ccepTanaz noKasa-
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~·ta rn-. -••• ~, ' Pnc. · 2. Pacrrpe~~eimH ocTamm:xcsr co6HTd: 

a) no ~TY He~OCT~el. Ma.CC!l 
3 

. ., 
" lt o• ~ IZZ I -, ~ I 

Mi; 6) no sqxpeKTHBHOI Ma.CCe W · 

(e+e-)-rrapH. 3amTpmtOBaH!l 3 C06llT~ 
Y.ItOM9TBOPJDI!tRe KPHTep:rm co>I60 MaB. 
Illla.Bmam :rtpRBmm noKaaaHH pesynTa
m · Mo.ztwmpoBaimH. CTpMKaMH 06osHa
'leHH TI~OJteimH MaKCm.!yMOB MO~wmpo

BaHHI:lX pacnpe~~eHHii. 

.. 
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HO, 'ITO RCKOM09 C9'l9HH9 C B9pOSITHOCT:bD 
,.., 90% y,ItOM9TBOps19T YMOmW 

. -33 ?. . .de> ~ I6,4·IO. CM""". 
STo ce~eHRe o6yMoBneHo non~aHReM co6HTHi B anepTypy ycTaHOBKH H KPR

Tep:lmMIIHa aHeprHR E2,E3 >50 MaB H aqxpsRTRBHYD Macey W >I60 MsB. llpo

R3Be~eHRe TM9CHHX yr~OB 60KOBHX TMeCROnOB Jl2 = 0, 75 cp2• IT03TOMY . 

B~ oneHKa. B9Jilt1mBLt .tni\MepeHI(I!BJI:&aoro ceqeimH peaxtnm OSII Ha JW>e 
12c npn YKa3aHHHX Iq>nTepRBX 6y,tteT ·· · · · · · · · · · ····· 

d
2
a :::::. ~~ ~ 22•10-38 ct?/cp2. 

d.Jl2 ~c. • 

B r,7la,B9 2 OITRC!lBaeTCJ! 3KCTI9pRMeHT .Ha ~e· I2c, B.,O;OpOM Ha6~~
~0C:b yxe I62 · co6HTHJI o6paTHoro a.neKTpOpoli,IteimH rrno:a:o:B 31 ~ ~ec:& lie · 

paCCMa.TPHBaDTCSI ~HOBHe nponecCH H CTIOC06H HX no~aMeHzs: npH 06pa60TK9 
.ttaHHHX. lla.nOJteHa npone,eypa Bll,ItMeimH co6um sqxpeRTa n onpe~MeimH ce-
'leimH peaxtnm osrr. . . · · · · 

YCTaHOBKa (pzc. 3), KaK H OITRCaHHaJI B r~. I, pasMeDtSJI.aC:b Ha Dy'l.;.. 

Ke Ir -MesoHOB c KHH~TH'leCKOI 3Beprnel I64 MaB MesoHHoro · KaRMa cHu:xpo

nmuroTpOHa Jiffii Olllm. B 60KOBHX TMeCROITax JICTIQn30BaJIHC:b CIUmTK1tJJJID,H

.OHHHe H '!epeHKOBCime C'!eT'IHKit C •JIY'l!llHI4 aMIIJIRTy.ItHilM paspemeHR9M (3I% H 
57% COOTBeTCTBeHHO) 3a C'leT npRU9H9HBJ! cneRTpOM9TpH'l9CKmt ~SY~9B •• 
:&.teCTO cpwn,MOBHX HC:KpOBHX KaMep npRMeRit1mC:b .ztpeitqlowe RBMepH J) C2, 

DC3. 'KaMepHpa6oTam B peznue caworaCJmterocsr CTpHMepHoro (CI'C) paspsr

~a. B 3KCIIepHMeBTanDHOI YCTaHOBKe RCTIDn30BanRC:b 3 MRmeHH H3 yr~epo~a 
TOJIIIIliHOI' I4 MM, 33 MM R 47 MM ( cyMMa IIepBHX .ItBYX). MnmeHR yCTaHaMHBa-
DC:b no~ :yr~OM 30° . K OCR nyqx8.. , . . . 

HHqlo:pi48.URII_()~_co6sTHR J 36 napa.MeorpOB) _ nepe~aBaJiac:&. Ha. SJJ.f,. r~e~--~-
- KOHTpOJmPO~aC:b. H 3aTIR~C:b Ha · Mai'IDtTHJD ~eHTy. .. -- -- - -··· . . -

Sa Bee BPeMR: aKcnepRMeHTa ( - 70 'laco:S) Ha MarimTHYD JieHTY 6WJ:o 
3anHCaHO I60 T!lC; C06llTd. 'COOTBeTCT:syJllld TIOTOK .'laCTHn qepea MOlmTOp 
COCTaBKn I,2·IOII 'laCTHn. . 
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P:r.Ic. 3. CxeMa pacnOJIOJJtelmJI ~eTeKTOIJOB ycTa
HOBK:r.I wm o6HapyJJtelmJI 03ll Ha H,Iij)ax 
12c. CI+C4, S2, S3- cmmT:w:rJI.I1Ul!oH
Hb!e c.qeTmm; C2, C3 - tiepeHKOBCK:r.Ie 
CtienliKll, SP2, SP3 - tiepeHKOBCK:r.Ie 
cne_KTIJOMeTIJbl; DC2, DC3 - .zu>e:tt<Ix>me 
ItaMe:pll. 

. .J 

ilpe~pHTeJU>HaH 06pa60TKa. CBO,ItWiaC:& It 
reOM9TIJH"l9CitO! peROHC'l'IJYKD;aH C06b!Tmi no. mi

<lX>IJMain'!ll c .zu>e!<Ix>ma ItaMep li aMIIJIHTY,I(Ho- , 
BpeMeHHOH KOppeKD;aH. ,UJm nO~aBJielmJI · HHSKo
SHepreTH"l9CKOrO <!X>Ha BBO,ItWIOCb TaRZe TIJ960-

BaHH9, '!T06bl :=mepr:r.I:r.I E2, E3 BTOIJH'IH!:lX '!aCT~ 6wm 60JI:&IUe 60 MsB. . . ~ 

)J;aJJ:ee JI.POBO,ItWIOC:& nO.zu>06HOe l!Syqe:mre <!X>Ha. ilP:r.I ltmi9TH"!9CKO:ft SHep-
rnR nl!OHa 164-MsB <!X>HoBHe JI.PO~ecca, per:r.ICTIJnpyeMble sxcnepEMeHTan:&Hoii 
yCTaHOBKOii,.Ma&HO 06~e~:r.IHHT:& B 2 rpynnH. 

I. PeaKUHH c o6pasoBaH:r.IeM 1-KBaHTOB, ~~-<e+e-)-napa B o~HOM 
TeJiecxone: Jr-C.....,. Jt" X , :rcc ·~ :rt'~ X , :;CC .....,. n-()' X . 

2. CJJy'1Iaiimle COBIIa,ItelmJI ~yx aKTOB paccemnur ( 'JCC _,:TCX) B pasHb!e 
60KOBH9 T8JI9CKOnb!. 

~Home co6b!Tl!tl! o6omc Tl!TIOB mmHl:l B aMl1JlllTY.ItHI:a: pacJI.Pe~e.rreffimx: 
yxe B Ha'iaJie o6pa6oTitll (pRe. 4). IlpeBHIIIe:mre sKcnepEMeHTan:&ma: cnexT-

~lL~~ 
D "sf,- I ":q,-

Nt- .. 6/ l,.. • 
-~-~-
•DIIJIIIM IMIIIJI 

P:r.Ic. 4. .AMlrJmTy-~e pacJI.Pe~e.rrelmJI :mmyJII:.coB · 
WISi C06b!Td Ha aTane reOM9TIJRtl9CKOit 
IJ9KOHC~: a) B CmffiT~OH
HHX C~9T~, 6) B ti9IJ9HKOBCltliX 
Ctie~. Il1l:aBHb!e xpl!Bble ..:. Ka.Jm6-
poBK:r.I Ha sJieKTpOHax~ 

poB B o6JiacT:r.I 60JII:.nmx aMIJJmTY~ Ha.D; Ka.Jm6po-
. llil,ltOI< . llb,ltfll< 

BO~ KpliBb!Mli OT 0~0~ 3JI9RTIJOHOB · B 
CIOIIHT:wr.1IImli0Hma: li ti9IJ9HKOBCltl!X Cti9~ Bb!SBaHO <!X>HOBb!MR C06b!TliHMl! 
C (e+e-)-TiaiJaMH, a nHOml OT <!X>HOBWC COOb!Td 060:r.IX Tl!TIOB. ~aDT JI.P:wmB B 
o6JiacT:r.I MaJIHX: aMIIJmTy~ B tiepeHKoBcltliX Ctie~. 

, Oco6eHHo JICHO <!X>Home co6HT:w:r nepooro Tmia ~ Ha )03Y.Mepma:. 
paCJI.P9)teJieHli!IX no aMIIJIHTY~aM mmyJII:.COB B 60KOBb!X CIOIIHT:w:rJI.I1Ul!OHma: 
Cti9T~ (IJ:r.IC. 5), 011\V~a TaRZe ~0, 'ITO <!X>HOBb!e JI.P0~9CCbl 3TOrO Tl!-, 
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P:r.Ic. 5. ,IU!yMepHoe pacii.Pe~e.rremre no aMIIJIHTY~aM 
. Asz. As3 mmyJII:.coB B cmmT:w:rJI.I1Ul!oH
ma: CtieT~ WISi C06b!Tl!i no~e reo

M9TIJ:Jd1i9CKOit peKOHC~. A.MnJm:Ty-,ll;!l 
mmyJII:.COB OTJIOJlt9Hbl .B e;n;mnmax Ha:r.I60-
Jiee BepoHTHOit aMIIJIHTy-,ll;!l OT O,I(HOrO 

3JI9KTIJOHa !Bep. ~ 0~ TO~ Ha 'rnc-
TOrpaMMe . - I0 C06b!Tmi. . . 

na o6yc.noBJieHb!, rJiaBHb!M o6pasoM, nponeccOM 
1£.-C -":IC3' x~ , .TaR KaK y,ItBOeHHb!e HOHH~OH

Hb!e noTepH Ha6Jm,ttam'Cil TOJI:&KO B O,I(HOM liS ~:lteyx . 
CIOIIHTl'IJr.JISIUKOHHHX. CtieT~OB. . 

~H BToporo THna xopomo ~eH, lia ~YMeiJHOM pacJI.Pe~e.rremm no eye-
. M9HaM Cpa6aTb!BaHd 60KOBb!X CIOIIHT~HHb!X Cti9T~OB (IJHC. 6) •· Koppe

J.W!l<):siunme no BpeMeHaM co6aT:w:r nona,n;am B BJW!MOe Ha IJHcyHite CI'Ylllemie, 
a SaiiyCK:r.I OT ~ COBna,n;eHd JI.Plt · ~ p~cc9Jnmsr o6pasym ·paBHOMep
HOe paCJI.P9)teJieH:r.Ie B Italr,I(OM T.eJI9CKOne. 

120 
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~ 

.::: 

IDD 

; .· 
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:~rl</'> 

P:r.Ic. 6~ ·.ItBYMepHoe ·pacii.Pe~eJieH:r.Ie no BpeMeHaM 
cpa6amBaHd · Ts2, Ts3 CmmT~
OHHb!X Cti9T~B WISi tiaCTK.CTaTKc
Tmtn no~e reOMeTIJH"l9CKOI. peKOHCT..:, 

IlYKnRH• 0~ TO~ - I C06b!T:r.Ie. 
UeHa KaHaJia - 0,5 He • 

DP:r.I nocn~eit o6pa6oTxe co6b!TM <Ix>
HOBb!X npo~eCCOB nO)taan&RHC:& BBe~eHHeM xpK
Tep:r.IeB Ha Bp_eMeHa li aMIIJmTY,Il;!l mmyJII:.COB B 
CIOIIHT:wr.Ir.fmHOHHb!X li tiepeHitOBCK:r.IX Ctie~ 

ao /DO tzo - < /Ti...:TtcpegH.I~ZCT • Asz.As3 <1,7·A&ep., 
Tsz,KDH._ Ar A > Q6·A1' ) • . 

. c2 , C3 ckp. " 
,ItnJI OJI.P9)teJI9HliH ~CJia C06HT:d peaKUHH 03ll aHamiSltpOBaJIOC:& 3Itcnep:r.I-

M9HTan:&HOe paCJI.Pe~e.rre:mre :F(M:} OTo6pammx 790 C06b!T:d no ItBa,I{PaTY He
~OCTB.IIll9it MaccH Mi· 0Ho OIIHCHBaJIOC:& CYJAIOI paCJI.Pe~eJieHd · sqxpeKTa ll: <Ix>-

Ha b,f,: .~(Mi) = N3 • f3 (Ml) + N~p · frp(MfJ • 

IJapaMeTIJbl ~ H Np {~c.no co6HT:d s~RT~ :r.I <!X>Ha) oJI.Pe)teJIJIJIKC:& HS 
Y~OBM ~ 'X} • Taxoe OTIHCiume JI.PO;BO,ItWIOC:& ,ltlt!I ItaZ,ItOi!: Mim19lm 
H93aBKCHMO. 
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Pacnpe,neJieHHe a~KTa 6wro nOJIY'leHo MO,neJmpOBa.HHeM aJieMeHTapHofi 
pea.KllHH-C y-qeTOM <J1epr.m-m.myJIJ:.ca npoTOHa. MaTJlX'lH!lfi aJieMeHT paCC'!HTH
BaJICH no .nicnepcHoHHofi Mo,nenn. B Ka~eCTBe~HoBoro pacnpe,neJieHKH 6pa
JIOCI> aKcnepEMeHTaJII>HOe pacnpe,neJieHHe no J.~ ~ co6HTd c 6oJn.IIIHMH aMII

.IDrry,nar.m m.myJIJ:.coB B crnmT:I'I.liJIJnUIOHH!lX c~eT'mltaX ( A52 :wm A53 >I, 7 • 
A

11
ep.). BRJia.rt ·oT npouecca o:m B aTo pacnpe,neJie:Ecle BH'IHTa.JICH. 

Ha pRe. 7 npHBe.new pacnpe,neJieHHJI oTo6paHH!1X co6HTd no M,i H pe
syJIJ:.TaTH HX. orm:caHHJI cyMMoit pacnpe,neJieHHfi a[lPeKTa H i.{loHa. Xopomee orm
caHHe .nocmraeTCH Ha Ecex TPex Mm!le~ ( x: = I3, x: = 21; Xl= I4 
npn ommaeMOM X2 = 20). llcnOJII>soBaHHe T~Ko i.{loHoooro pacnpe.IieJieHHJI 
He ,naeT corJiacM c .aKcnepEMeHTaJII>HHMH ,naHHHMH ( X~= IOI, X~= 57, 
X~= 48). . 

:~, aJ ' . 

II - '- : ... /·~J .:"'; 
D •·•• ("··--~-:- -

N 

'.JII 
6/ 

.. 
,. 

PRe. 7. Pacnpe,neJieHHe OTo6paHHHX co6HTHfi no Mi ' 
OT,neJII>HO no Mmll9H.fiM ( CIJJIOIIIHal! rl!.CTO- . 

. rpaMMa). To~ - P?-Cnpe,neJieHHe a@eKTa, 
mTPHXOBaJJ: JIHHHJI - pacnpe,neJieHHe i.{loHa, 
a) Mm!lem. I, 6) r.mmelu, 2, B) Mm!lem. 3. 

0TMeTHM. ~0 95% C06HTd H3 o6JiaCTH 
Mi < I26 ra;?.. HMelOT. 60JII>l11He .aHa~emm aiJ¥KTHB-

N~· Hoit Maces naps ( w > 200 MsB), KOTopue xapax-
JD · 61 · .. · Tepw TOJII>KO ~ npouecca 03II. 
.. ·. · • . . · . , ··tl _ Ce~eHHe pea.Klll'IH 03II Ha .a;npe 12c onpe,neJIJI-
to - .. · · · . r• t : · JIOCb ~ KalK,D;Oit Mmll8HH H93a.BHCEMO. !IOTOK ImOHOB 
o --- 11~ ·, • .. ·;;;··... 

11
,' jJr. ( c y-qeTOM nonpa.BOK), '!HCJIO co6HTHfi 03II N3 

Hl.r•a' H nOJIY~eHHHe B~ Ce~eH:Hfi LlO'L ~ KalK,D;Oit 
r.mmeHH npHBe,new B Ta6Jmue. 
Ta6Jimr.a 

MHmem. I 2 3 

Jx/roiO 3,77 I,73 0,755 
N; 68±!3 59±!6 35±!3 

-- Llq/ro-33CM2 3!,2±7,4 25,9±7,9 24,0±9,5 

~e,nHeBsBemeHHoe no TPeM r.mmeHRM sHa~eHHe ce~eHM peaRnHH 03II Ha 
~e C, H3MepaeMoro B TeJI9CHOM yrJie ,naHHOfi ~CTaHOBKH,COCTaBJIHeT 

A <r = (27 ,6_±4, 7) • ro-3 ctl-. · · 
3TO ce~emm nOJIY'leHo npH yCJioBHH E2, E3 > 60 MaB H cpe.nHHX yrJiax BHJie
Ta ~CTHU 8;.. 90° B Jia6opaTOpHOI CHCTeMe. 0TC:QI:ta ,nH[IpepeHIJ;KaJIJ:.HOe ce~e-
HHepe~( ..Q2. = !~48 cp2) n()JIY'mJIOCb paBHHM ' . 

· $~ ~ ~~- = (I8,6±3,2)·I0-33 c,l-/cp2• 
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D!a.Ba 3 co.nepl!UIT orm:caHHe aKcnepEMeHTa 12/, B ROTopoM 6HJio sape
rHCTPHpOBaHo ~ I70 co6HTHfi peaRnHH 03II Ha .a;npe JIHTM 

Jt... + "U - e.,. + e~ + X '. 
OnncHBalOTCH oco6eHHocT:a HCnOJII>soBaHHoit annaparypu, aJirOPHTM o6pa6oTKH 
H Bll,neJieHM C06HTHH a(@eKTa. !IOCKOJII>Kj" Ha ~e W-MesOHOB npouecc 03!I 
~eT Ha HefiTPOHax ~a, TO H3 ce~e~ 3TOH peaRnHH Ha ~e MOXHO TIOJIY-
'IHTI> ce~eHHe pea.Klll'IH 03!I Ha HeHTPOHe (eM. rJI. 4). . 

3KcnepEMeHT npoBO.nHJICH Ha CIIHlCPOUHRJIOTPOHe .Jrnff~ AH CCCP (pnc. 8). 

--~ I 
. . 

- s~ 

. ~· v . j,' 

P:ac. 8. CxeMa pacnOJia&eHM ,neTeKTopoB ycra
HOBKH ~ 06HapyX8HM.03!I Ha ~e 

7t; • CI+C4J+5, 52,53- CUHHTH.l11IJIIllioH-.., ., 
·we c~eT'IliKH; C2, C3 - ~epeHKOBCKHe· 

c~eT'!liKH; SP2, SP3 ...; cneKTPOMeTpH; 
DC2, ))C3 - .u;peit<.{lome KaMepu; M.- JIH
THeBaJJ: Mmllem.. 

MHTeHCHBHOCTI> ~ II~esoHHoro KaHaJia coc
T~a I,6.I06~cTHU B,ceXYU.nY. KHHe~ec~ 
Ka.H aHeprM rmoHOB ny~ 6HJia 380 MaB. Mo-

HHTopwfi H 60KOBlle · TeJieCKOIThl 6HJIH Te lite CaMH8, ~0 H B npe.ItH.IJYIIlefi yc
TaHOBK8, TOJIJ:.KO yrQJI nOBOpOTa 6dKOBHX'TeJI9CKOnOB COCTaan&n 65°. EuJia 
,no6aBJI~Ha OXpaHHM CHCTeMa 1 COCTOSIIll8Ji •. H3 MTH .· aHTHCOllna.rtaTeJII>HHX C~eT
~OB I, 2, 3, 4 H 5. 3Ta CHCTeMa nosooJIHJia YM8HI>liiHTI> '!HCJIO sanycKOB 
yCTaHOBKH Ha 40%, no,na:BJIJISI IIOTOK na.rtaD!llDC Ha Mmll8Hb ~aCTHU TOJII>KO Ha 
3%. 

3a BpeMH npoBeie~ SKCnepEMeHTa ~ MarHHTHYIO JieHTY 3BM 6HJia sarm
CaHa HH<.{lo~ 0 300 THC. C06HTHH. llepes MOHHTOpWit TeJieCKOn dHJIO npo
IJYllleHO I, 8: ioii tmCTHU. .I(a.Jiee npooo,n:wmci> reoMeTP~eciw.H pe:KoHC'l'pYKUM 
H aMMHTY,nHQ-BpeMeHHaJI KOppeKIJ;KII Ha6paHHHX C06HTHH. 3aT8M BBO,nH.JmCb 
MHrKHe xpHTepHH Ha aMnJIHTY~ H BpeMeHHoe .noJIOllteHHe HMDYJII>COB B .neTeK~ 
TOpax 60KOBHX TeJieCKOnOB, OT6l'lpaJIHCb C06HTM C aHepr:wn.m E2,E3} 70 MaB 
H cywapHHM . ai:IeprOBH.neJISHHSM E2+E3 > 200 MaB~ !IoCJie OT6opa no 3THM 
Iq>HTepMM OCTa.JIOCb !3 THC. C06HTHfi. ·. Cpe,nn HHX OKOJIO 90% HB1IHJIHCI> sanyc
KaMH OT c.nytra.itimx• COBna,rceHHfi1 CBH3aHHHX C npoXOllt,It9HH8M ~apes MOHHTOpWe 
c~eT'IliKH lf:BYX ~CTHU. .D;7rsl no,na.BJieHM ,nBoitHHx npoxOllt,Itemrll: 6HJI Ha.JIOllteH 
xpHTepd, no KOTOPOMY Cyw.fa aMnJIHTY.n llMnyJIJ:.COB B MOHHTOpHHX C~e~ 
CI, C2 He ~anlltHa npeBHmaTI> I20 KaHa.JIOB. 3TOT KPHTepd no,naBJiaeT ~-

- We -C06HTM B - IOQ paa, npH 3TOM OCTaeTCH - 8()%" C06HTHit pea.Klll'IH O::m. 
.I(a.Jiee. npOBO,JtWICH aHaJIH3 aMIIJIHTy,nHHX pacnpe,neJieHHit llMnyJIJ:.COB B 

cmmT:I'I.liJIJnUIOHH!lX H ~epeHKOBCKBX .. c~enHKax OCTa.IlmHXCH ... · IOOO 'co6urd . Ha 

Ha.JIH'Ilie i.{JoHa. 
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·,UnR no.nrumeHHK <I/OHOBHX co6Hi'd (!JloHa c o6pascmaHReM 1-KBa.HTOB: 
:rr+u ~ :rc.+'5x , 1e+Li +:JC+3C"X , n+t.; ~ 1r

0 '5X , n:~u ~ rtrtX 
H !JloHa oT peroanm JC'Li ~ :rc.+:rf X ) HaKIIB]t!lMJIHCL xpHTepm~ Ha BMIIJIRTY
.Itll :HMIJYJlLCOB. B CIUlllT:HJL7IJDJliOHHilX H 't!epeHKOBCRX£ C'IeT'llmaX. HCIIOJIL30Ba
JIHCL TPH BapHaHTa · aMIIJIHTY.rtmtX xpHTepHeB. npHBO,ItlilllHX It· aqxpeRTHBHOCTH 

o6pa6oTRH 0,64 ( As< 2,5·~e~.· El = ,..0,98), 0,56( As<2·~ep.• 
Et= 0,98) H 0,4I ( As <_I,6·~eJ>., Ec = 0,95) IIPH ,ItByX SHa'IeHWDC. 

noporoB B CII9RTPOM9TPBX 70 H IOO MaB. Jepes CC 0603Ha't!eHa a@le:KTHB
.HOCTL perHCTP~ SH9RTPOHOB 'IepeHROBCRHM C't!9T'IHROM. llOny't!eHHJie 6 Ba
pHaHTOB pacnpe,Ite.nemilt IIO M.i ;D;1lli OT06pa.HHin: C06!iTd ripe,ItCTaM9Hii Ha 
pHC. 9. 

wr-~----.--------.--------, 
~ .. 

. ., 

" ., 

P:litc. 9. Pacnpe,IteJI9HM OT06pa.mwx C06liTd IIO 
Mi· JlmP.pH I. 2, 3 COoTB9TCTBYJ)T Ha-
6opaM xpn&pHeB, npl!BO,ItJmiHX It a(M>ex
THBHOCTJJM 06pa60TJti 0,64; 0,56 H 
0,4I COOTB9TCTB9HHO. a) IIOporH 
70 MaB, 6) noporm IOO MaB. CTPe.mtB.
MH IIOitaaa.HO 3Ha'I9HR9 I<Ba,IU>aTa MaCC!i 
7Be (42,72 !'a~). 

,U7.rR onpe.ne.nemui 't!HMa co6!iord OSU PaCnP~.rte.nemui no Mi (pHc. 9) 
OIIHC!iBaJmCL MO.ItemipoBaHH!iMH ~cnpe.neJieHMMH co6HTd OSII 6es pasBaJia. 

B,lijla x+ + ~t..; -+ e+ + e- + -;B.e 

c pasBaJioM B,lijla 
1r.+ + ;Li - e+ + e- + 6Li + p 

H ·JtBYMII WoHOB!iMH pacnpe.ne.neHMMH. IlpH MO,Ite.7.IHpOBamm pacnpe,IteJiemDi: OSII 
6es paaBaJia H C pa9BaJIOM _B,lijla (pHC. !0) HCIImSOBaJICSI npH6.7mJJteHHWt • 
I<Ba,IU>aT MaTPriHOro 8.n81119HTa , 9aBHCl!MOCTL ROTOporo OT Ma.CC!i impzyaJIL
Horo cpQTOHa 6pa.nacL B B111,It9 I/K2 ~ PaCIIP9,IteJI9ImK C06!iTd tPOHOBI:lX liPOrtec-

E 

OlO 

PHc. IO. Mo.rtemipoBaHH!ie pacnpe.neJieHM no 
. M,i ~ co6HTmt OSIT: a) 6es pasBaJia. 

B,lijla, 6): c pasBaJioM ~· 

COB .ItB,YX THIIOB 61i.JIH II~9Hii HS 3ItCII9pBMeH-
.. TaJILHHX .. .nammx. Bli,ItaneHHeM. co6HTd .. c 60JILI1Il!l- ..... 

--· ---·-, - -
MH aMIIJIHTY.ItaMH mu:JYJlLCOB B CIJ;JmTlt1.tli.IDJ;HOtmliX 1 

c'!eT-cnmax (!JloH I) H co6HTd c. MaJIWm aMIIJIHTY.ItaMH B 't!epeHKOBCIOIX c'-<ieT-
't!HltaX (!JloH 2). 0HH npne,IteH!i Ha pHC. II. . 
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PHc. II. PaciiPe.ne.nemm co6HTIDi <I/OHOBHX IIPO
neccoB no ~. nOJIY'IeHID.le B a:Kcnep:u
MeHTe: a) ;D;1lli co6HTIDi · c 60JILil!HMH 
aMIIJmTY.ItaMH mmynCOB B CIUlllTK7IJill
IlHOHHilX C'I9T'llmaX;. 6) ;D;1lli C06HT.uii 
C MaJWMR. aMIIJmTY.ItaMH liMIIYJlLCOB B 
'!epeHKOBCKHx C'I9T'tJHRBX. B&na.rt C06!i

TIDi OSII Bli'ITeH~ CTpeJIROli no~tasa.uo 
IIOJIOllteHRe . RBa.ItPaTa MaCC!i SI.IUJa 7 Be. · 

Hs PH?• 9 B~o, 'ITO B aRcnep:HMeHTarrt.
HI:lX paCIIPeie.neHWDC HM9JOTCSI C06liTWI, H9,ItOCT8.!0-

40 lf2 411 : 6 +s IIlaH MaCCa ROTOpHX 6JIU3Ita It MaCCe SI.IUJa 7Be •. 
11x2 {fJ8) ~HOB!ie pea:KilHH He MOryT ,ItaTL 3~9Tmtli BMa,It 

B azy o6JiaCTL (pRe. II). PaciiPe.ne.neime. saperHCTpHIJOBa.miux co6HTIDi no 
Mi IIJioxo onHcHBaeTcs, eCJIU He· HCITOJILSOBaTL npx oiiHca.HHR co6HTM 6es 
pasBaJia SI.IUJa. HanpHMep, ,ItJIJI pacnpe.ne.nemm ~pHc., 9 a-2} ,t2 n~eTCJI 
paBmiM 42 · nPH Ollti1I,ItaeMOM , If? = 23. Y't!eT. BMa.rta co6IiTIDi 6es pasBaJia 
SI.IUJa nosBOJIJieT·xopomo oiiHca~L aRcnepl!M~HTaJILHiie·.rtaHID.le: ~ Toro xe 
CJzy'tJaJI ,tZ = 2I IIPH . ,tz = 22. B pesynTaTe Ta:KOro OIIHCaiDm 6HJIO OII
pe,IteJieHO ltOJIH'I9CTOO C06!iTml

1 oarr. 6es pasBaJia. H c pasBaJIOM SI.IUJa. B ~c
cepT~ IIO:Ka3a.HO, 't!TO ROJIR'I9CTBO C06Hm OSiiCJia6o SaBHCHT OT m6opa 
ltpHTepHeB. (noCJie BBe.nemm IIOIIPaBRH Ha a@JeRTHBHOCTL). 

Ce'!emm peroanm OSII · 6es pasBaJia. H c pasBaJIOM SI.IUJa onpe.ne.nromcL 
IIO lmCJIY C06lii'd (78 H _88 C06liTd COOTB9TCTB9HHO), Bli,IteJI9HHOMY IIPH 
cpe,ItHeM Baplla.HTS aMIIJIUTY.ItHI:lX ltpRTepn,eB H IIpH IIOporax B CII9RTpOMeTpax 
70 MaB. Ce'!eHHe t.cr1 ,ItJIJI co6HTd OSII 6es pasBaJia SI.IUJa IIClJIY'WIOCL 

paBHb!M A0"1 = ,(2.,6,±0,6) •I0-:-33CM2• 

Ce'!eime ACTi ;D;1lli co6HTd OS~ c pasBaJioM SI.IUJa~3 .1 cr2 = (2, 9±I,2} .ro- czi2-. 
CyMMapHoe ce'!eHHe pea:KilHH OSII Ha SI.IUJe JIHTWJ: 

AO"=' AOf+~oz=:= (5,5±I,4)•Io-33cM2• 
0HO COOTB9TCTB,Y8T IIOpOraM B CII8RTPQM9Tpa:JC 70 MaB R yrJiaM BaneTa a~eRT
pOHOB ""65° B Jia6opaTOpHOit CHCTeMe. CoOTB9TCTBYJlll99 ~p9HllHaJILH09 
ce'!eime pea:KilHH. OSII Ha SI.IUJe JIHTRJI paBHO ( SL 2 = 0, I97 cp } : . 

2 . . • 
. d.CL,..._ . .10" .. =·(27 5-Ll: 7) •10-33 czi?-'cp2.-,-----·c_ ..... - ..... : ... 

d.Q2 ,._ Sl.,'l. ... ,. ' ~· .. .. .. I . ~-· ·-- . 

B '!eTBEmToit rJiaBe IIPOBO.ItHTCJI a.HaJIUs n~e~ pesynTaToB. HSJio
zeH CIIOC06 OIIp9,IteJI9HRs ~RTHBHOro 'tJHCJia HY:KXOHOB B pe~ Ooll Ha .. 
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HJUlBX I2c R 7L; , paspa6oTa.mruii aBTopoM I 4/. lirniCJiemme sHa"tJeHmi sq>- · 
~9KTRBHOI'O 'tJRCJia RC~OnbSymTCH_~ llony't!9HRH.C9'tJ9HRft peaxuaR 03ll Ha 

npOTOH9 R.He!TpOH9 R3 C9'tJ9HRR Ha ~ax yr~epo~a R ~TRH COOTB9TCTB9H

HO. ITo .. BeJIR"mH9 Ce't!em peaxuaR OSIT Ha llpOTOHe onpe~~eHO 3Ha'tJ9HR9 

~pt.$ut~opa F/ npR .sHa"tJemm K2 = 0,055 ThB2/c2 • · · · .·. 

llaMepeHHHe Ce'tJeHRH npo~ecca OSIT Ha ~ax yr~epo~a R ~THH 
( 2C (:n-, e+e-) X R "Li {Jt+, e+e-) X 

nosB~T onpe~~Tb Ce"tJeHRH,OSIT Ha npoTOHe R He!TpOH9 
x-p -+ e+ e-n, . R .J· :n:+ n. ~ e+ e- p 

COOTB9TCTB9HHO. .1VIJI nepeC'tJ9Ta He06XO,IUlMO 3HaHR9 a@ieKTRBHOI'O 'tJRCJia , 

JIYK110HOB B BTHX pea.KIJ;HJDC • .1VIJI C9'tJ9HRII TaKOR peaxuaR Ha ~e H3 Z npo

TOHOB H N He!TpOHOB ( Z + N = A ) MOJ!WO HanRCaTb 

<S"(A) = 'l~· o-(p) , 
eCJIH perHCTpHPY9TCH p~ C Ir -M930HaMR R 

· cr (A) = N-,f/Kf • cY(n) , . 
eCJIH perncTpHPYeTCH pe~ c rr+-MesoHaMR. 3necb. (J(:p) , a{n), - ce"tJe

HRII COOTB9TCTBynmnx peaKUHR Ha CB060~HOM npOTOHe H H9HTpOHe. ~KTHB

H09 't!HCJIO npoTOHOB Z~(MR HeiiTpOHOB N~tp ') Memme Z (MR, ·cooT-. 

B9TCTB9HHO. N ) ns-sa 3:KpaimpOBaHRII IJYKJIOHOB npH B3aHM0~9RCTBHJIX nR

OHa BIJYTpR SJ,!ij)a R'H3-3a ~ npmnnma J.Tay~ H ~pMH-~BmtteHRH Ha 

ce"tJeHRe s~eMeHTapHo! peaxrnm Ha CBIISaHHOM liyR.JroHe. · BeJIH1mHH ~· 
N 3tpcf . saBHCHT oT mma peaxrnm 11. Qnoco6a · perncTpamm. atxlJeKTHBHoe 

'tJHCJIO JIYK110HOB B npo~eccax Tnna~TOp~eHRH nROHOB npn npOMSMYTO'tJHHX 

3H9pl'HHX H3M9p~OCD TOHDKO ~ yr~epo~ B HHKnD3HBHHX pea.KIJ;HJDC 
12C . 

()',n±)X npH BHeprHinc Ey = 300 + 850; MsB. TeopeTH"tJ9CKH9 pac"tJeTH BTOR 

BeJIHtmHH ~eJIWl:l TOnbKO npH BllCOKHX 3HeprHRX, r~e B:KpaimpOBaHHe MaJIO. 

0Ka3llBa9TCH~ 'tJTO MOJ!tHO H3M9't!D 3Ha'tJ9HRH a@ieKTHBHOI'O 'tJHCJia HYK
JIOHOB ~ npo~eccoB THIIa ~Top~eHRH nROHOB A{1,rr±)X, A(rr±,1)X .H · 

A(rr±,e+e-)X Hs paccMoTpeHRH sxprumpoBaHli.I! ~HX HeynpyrHX npo~eccoB. 
A' HMeHHo, Heo6xo~HMo paccMoTpeTb sxpaHRpoBaHRe n~oro Heynpyroro ce

't!eHRH BsaHMo~e!cTBHH nROHOB otn c ~oM An a6cop6~oHHo! "tJac~ sTo

ro C9'tJ9HRH O"A~s • Ce'tJeHRe <1A6s OTB9TCTB9HHO Sa RC'tJ93~0B9HH9 nliOHOB 

1!:3 BXO.u;HOI'O KaRMa' (HanpHMep, Ha KOpp~OBaHHHX ~OHHHX napax B 

· SJ,!ij)e: ~+ (NN}-"N + N ). 
llpR paCCMOTp9HIDI sqxpeKTa B:KpaimpOBaHRII MOlltHO BOCllenb30BaTbCH 

KBa3RKJiaCCH'tJ9CKHMH ~p.ly~aMR. Yze npR KHH9THti9CKO! 3H9pl'RH nROHa 

Tx = I65 MsB ero ~e6poib:IeBCKaJt ~a BOJIHLt · X -:::: 0, 75 <IN, a npR 

Tx = 380 MsB A:.,. 0,4 <IN. 'tJTO 3Ha'tJRTenbHO Memme ~COB smep 
7Li H 

12
c, KOTOPH9 paBHH 2,41 i!N R ?,45 i!N COOTB9TCTB9HHO. . 

.1VIJI a@ieKTHBHOI'O 'tJRCJia HYKJIOHOB B H9KOrepeHTHOR RHKnD3HBHO! peaK

~ o6pasoBaHRH "tJac~ 8 1IMeTaD~~ett "tJacnmen a. · a+ A ... ;: 6 + X 
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RMeeTCH KBaSHKJiaccH"tJecKaJt ~PMY~a Kon6RI"a-Mapr~ca*>: 
A =A (A o:; o:) =;_j_ r;Pt,·{e-~·T{B)_ e-.Oi·T[BJ) 

~'ptp ~!fKI' 1 1 • ~ . 6j -oz. l 
llpR aToM npe~onaraeTCH, 't!TO pe~ ~TINecKR H,D;eT Ha O.u;HOM HS IJYK
~OHOB SJ,!ij)a a+ N ~ B+N' • llHTerpM 6epeTCSI no ~epHOMY npnuenbHO- · 

MY napaMeTpy 8 • T( 8) - q,yma:nm_ npo~: T(8)= J:prc,~)d~ . Ce"tJe-

HRH . 01 H <Tz. - Ce'tJ9HRH B3aHM0~9RCTBM 'tJaCT~ 0- R 8 C HYKJIOHOM 

SJ,!ij)a, BilBO,nsmH9 C06HTRH H3 ~ pel'HCTp~. 

.IVm nponeccoB TRna ~Topmmemm ~PMY~a ~ AaiM> ynpomaeTCH. 

atxlJeKTHBHH9 'tJRCJia ~ npHMOI'O ~TOpox.zteHRH ImOHOB (J; IT) ,R o6paTHOI'O 

~TOp~eHHH (IT, 1) llOJIY'laDTCH O,ItHHaKOBllMH li paBHHMH 

A · ( • ) 1 j'z (1 -rr..·T(K)' 3p~(A,o,~)=A~'PA.~,O=Ci1 ~'8· -e'1 /. 
3n9CD (}~ - "3:KpaimpYJ!lll99" Ce'tJeHHe, COOTB9TCTBY1!Jll99 nepepaccemULf!M nRO- . 

Ha Ra ~epHHX ~oaax. A A 
Tax KaK l3tf'iP= Z · y H N~fXP == N· ~ , TO~ ce"tJe-

HRft peaKI:(I'l1t Tlllla ~TOpO:at.n9HRH nROHOB Ha smpe MOJ!WO 3anRCaTI> 

O'nt (A)= 2~' ffn~ (p) = 2 · cY111 (p) ·A~ fdl.C (f- e-t;·T) 
• 'J }' . ' 

CJ1l+~ (A} = N ¥flf1 • 01tcr ( n) = N • ot,+Jr' ( n}' _L jd1C ( 1 - e ...:r;. TJ. 
. • IJ • /tOj 

.1VIJI Ce"tJeHRft "A&.s R . 0In.' Ha SJ,!ij)9 TaiOit9 l!M910TCSI KBa3HKJiaCCH'tJ9C-

KH9 BUP8l!t9HRH H): . 
O"A&s (A)= j d2C( 1- e-~s· T(t)) · 

. Cfrn. (A)= jJZ!J (1- e-at·T{8)). 

r~e cra6.s- yCJIOBHast B~a, a6cop6~oHHoe ce"tJeHHe, npRBe~eHHoe Ha 

I ~oH Jmi>a, a ot - n~oe ce"tJeHRe BSaHMO~eitcTBM nROHa c IJYK1.!o

HOM SJ,!ij)a. 
~ BM9CTO A

3
ifiD BB9CTH "OTHOCRTenbH09" sqxpeKTlmHOe 'tJRCJIO ~o

HOB n.(a) = Amfl',o;V = A'h-- j cJlt ( 1 - e.-a--T) , TO BE',ltHO, 'tJTO 't!epes 

BTY q,ymanm _BUPaJitaDTCSI Bce :rempe ~epHHX ce"tJeHRH: 

{

O"Ats(A) = ~ · O'ats • n ( 0:. ~tC.s) , {I) 
<rrn (A) = A· Oi • n (cq) • (2) 

cr:~t•tr (A) = N · c;41 (n) · n.(~) 
<r:n.-~ (A) = Z · <;)'(PJ~ n (cr~) 

IIocKOnbKY npH JID6!lX YCJic;>BHRX pel'HC!Pa.JlHR CTats ~ a; ~ Oi , TO, KaK 

llOKa3aHO B ~CCepTamm, ~ OTHOCHTsHJ>HOI'O sqxpeKTRBHOI'O 'tJRCJia HYKJIO-

*) Ko1big K.S., IJargolis B. - !Tuc1.Phys.~ 1968, B6, P• 85. 
&) Stricker K., IJciJanus H., Carr J.A. - l'hys.Rev., 1979,-. C19, P• 929. 
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HOB n2,f B peaxnnHX TRna ~TOp~eHRH CDpaBe~o HepaBeHCTBO 

nmax ~ n.114' ~ fl.mih • 
3,Itec:& 1lmin=n(at,) H cooTBeTcT:syeT CJiytiB.Il ~xopomero" paspemeHRH no :mep
rHH, xor.rta .rtaXe ynpyrHe nepepaccemm.a: nHOHa BHBO.rtHT co6HTHe .Hs KaHaJia 
perHCTpa.D;lm ( (Tg= C1t ) • .BeJm1nma. nmttx= n(CJA&s) COOTB9TCTBy-9T CJiytiB.Il 

· "wroxoro" paspemeHRH no ::mep!'lm, xor.rta TOJI])KO .norJIOIIleHHe nHOHa sanpe
lllaeT perncTJ>aibm :frame~ pe~ ( 09 = oq6s ) • tf 

. 7/...· I2 3Ha'l9HRH nmin H nmax · Will Jl.rt9p I H C ODpe.rteJIR-
JIHC:& HS ~pf.\V'JI (I) H (2) no HSB9CTH.!1M 3RCnepHM9HTmHHM 3Ha'l9mr.HM 
O'zn(A) , OA&s(A) H tiHCJieHHo pacctiHTaHHoil: WYmanrOHaJI:&Hofi saBHCHMOCTH 
n( CJ) = y j tJZ8 ( 1 - eu; 7(6)) B Dp9.rtnOJIOOt9HHH rayCCOBCKOii JIJIOTHOCTH 

~OHOB B ~e: A o? 
A -t}( ~ · ( ) -o{az ) pft>= (Jii·aP · e· a , T(C = llfl.'l·e . 

B f2ccepTalum DpHBO,ItHTCJ! pactieTI:l BeJIHlmH nmin li n,~x Will JI.rt9P 
7 Li H 2c B o6JiacTH sHeprHii HaJieTa.Dllero nHOHa 7;:r ,.I65 + 380 MsB. 
PesyJI:&TaTI:l pactieTOB corJiacyJOTCJI c sxcnepHMeHTBJII.HWvm sHatiemr.HMli nmin 
H . nflll.x wm yrJiepo.rta, nOJiytieHHW.m B .u;pyrmc pa6oTax. STo nofW.SHBaeT, 
'!TO npe~oxeHHHM cnoco6oM MOXHO onpe.rteJIRT:& xpafiHHe sHatieHHH s~KTHB
Horo tiHCJia HYMOHOB wm peaxnmt Tnna ~TopOJK,IteHHH nHOHOB Ha giWaX. 

liOJJYll9HH!ie SHa'leiml! ~KTHBHOrO. 'lHCJia HYKJIOHOB B J1.rtPBX I2c H 
~; .rtaJiee npHMeH&HHc:& wm nepectieTa cetieHIIii pe~ OSII Ha o~ HYK
JIOH. IlepectieT Ha.rtO · B9CTli C nOMOIIl:&ID SHatieHl!ii . nmru , TaK KaK Ml:CnOJI])sy
eTCJI YCTaHOBKa C 11JIJIOXHM11 paspemeHHeM no SH9pi'lm. . 

. ~ JI.rtPa I2c H SHeprHH nliOHa ~ = I64 MsB HamHM YCJIOBHHM COOT-
B9TCT:syeT OTHOCHTeJI:&HOe S~KTHBH09 '!HCJIO HYKJIOHOB n'ii/Xp= n/IIP.)( =0, 58±Q, 06 
H l~ = 6 • rt9<M' = 3, 48.±0, 36. CetieHHe · pe~ 03II Ha .ff,DJ)e I 2c, npHBe
.rteHHoe Ha I npoToH, n~oc:& paBHHM 13 

L1<iwn (p) = (7,9±I,6)·I0-33~. 
COOTB9TCTByl!litee ~peHIJ;HaJU,HOe C9'!9HH9 DpOD;eCca 1lfJ-t e+-e-n. , paBHO . :~c; (p) ::::: t.~~(P) = (5,3±I,I)·I0-33~/cp2. 
~peHD;RaJI:&Hoe aetieHHe pe~ OSII, HSMepeHHoe paaee Ha BO.rtopo.rte DpH 
6JIHSKEX YCJIOB:mtx ( Tn = I64 MsB, E2,E3 "> 50 MsB, o,.,.C',- 70°), COCTaBJIJi-

d2(j ( ) -33 ?/ 2 dJi2 H2 = (5,I±I,3)·IO eM"" cp • 
JIO 

TaKHM o6pasow, cetieHHe pe~ OSII Ha .ff,DJ)e yrJiepo.rta, nepectiHTaHHOe Ha 
I DpOTOH, COrJiacySTCJ! C C9'!9HHSM, HSMepeHH!iM paHee Ha BO.rtOpo.rte. 

H.u;py ?t.,j H SH9p!'lm 71z = 380 MsB COOTB9TCTBy9T ~= rt11111x= 
0,9I.±0,02. I!OSTOM;v S~KTHBH09 '!HCJIO H9fiTpOHOB, Ha ltoTOpHX. ll',It9T peax

D;Wl OSII, ~o N~rp = 4 • n~II"P = 3,64.±0,08. SxcnepHMeHTBJII.Hoe sHa-

14 

'l9HH8 C9'!9Iml! peaKUHH 03IT Ha HeiiTpOHe llOJIYtiRnOC:& paBHHM /4/ 

AfT (n) = flaQ,n(U) =(I 5+0 4)·Io-33~. 
u vom N . ' - • 

'Jtptp 
3TOT pesyJI:&TaT .IIBJI.a:eTCJI nepBHM. nsMepeHHeM cetiemm: npoD;ecca OSII Ha 
H9fiTpOH9 '][+rt ~ e+e.-p • COOTB9TCTBYJOlll99 .rtn\@eP9HimaJII.H09 C9'19HH9 npo
D;ecca paBHo 

d2.o- (n.) -::::: fl(J"{n.) = (7,7+2,0)·!0-33 ct?/cp2• 
d..fl.2 .J?. 2 -

liOJIYti9HHOe C9'!9HI!e DpOD;9CCa 03II Ha DpOTOHe L1£:t311 (p) llCllOJI:&SOBa
JIOC:& Will onpe.rteJieHUH .rtliPaKOBCKOrO liSOB9KTOpHoro ~pM~Topa HYKJIOHa 
F1v • TeopeTI!'lecxoe sHa~eHIIe cetieHHH 03II Ha npoToHe BUtiH~oc:& no 

.rtncnepcnoHHOH MO.rteJIH c·YtJeToM yCJioBriH sxcnepmJeHTa. IIapaMeTPOM MO.rte
JII! .IIBJIHJICH ~PI~Top F{ • PaBeHCTBO TeopeTI!'lecxoro 3HatieHHH SK<me
pHMeHTBJII.HOf.\1 

.a ()TeDp ( F.,V) = Ll (J~Kcn 
.rtOCTHraJIOC:& l'Ipii F.,V = I,I5± 0,09, npn aTOM cpe.rtHee sHatieHne K2 = 
0~055 rsB2/c2• 0TM9THM, 'IT~ TeopeTI!'l9CK09·3HatieHIIe F1v npn TaKOM K2 

ipaBHo r.r8. 

f/' 

0.5r. 

0 

. c-V 
Ha pnc. !2 npHBe.rteHH sHatieHHH ~pr.$KTopa •1 :as :aSMepeHIIii OSII 

PHc. 

aos 0.10 
Kz, r3B;/ t:2 

12. ~opMi.{laKTop HYKJIOHa F,V npn 
MaJIHX BP9M9HRnO~o6HHX. K2, no
JIY'l9HHHH B Ii3MepeHHHX Ha BO.rto
po.rte ( -l' , "' , Y , • ) l'! B .rtaH-

. HOi! .rtnCCepTaD;HH ( 0) • CriJIOUIHaJI 
JIHimJ!- pactieTH *>,. mTp:axoBa.A: 
- pactieT no .rtRnOJI:&HOH qopMYJie. 

Ha BO.rtopo.rte :a sHatieHHe F.,v , rrOJJYll.eHHoe B .rtaHHoil: .rtnccepTaD;HH no cetie-
HHID OSII Ha ~e yrJiepo.rta. • 

TaKHM o6pasoM, nSMepeHUH HHKJID3HBHHX cetieHl!ii pe~ OSII Ha R.rt
pax nosBOJriD:>T onpe.rteJIHT:& O,ItHOHYKJIOHHHe C9'!9HHH osrr l'l ~PA$l,KTOP HYK-

v . 
JIOHa Ft C TO'!HOCT:&Il, KOTopa.st 0Dp9.It9JIR9TCJ!, B OCHOBHOM, CTSTl'lCTli'l9CKOH 
TO'!HOCT:&Il 8KCrrepl'!M9HTa l'l, B MeH:&mel CTerreHII, EJIRBHl'l9M J!.rt9pHHX ~9KTOB. 

*} Hohler G., Pietarinen E. - Uucl.Pbys., 1975, 'B95, P• 210; 
Bud.nev N.ll., Bud.nev v.:u:., Serebryakov V. V. - Pbys.Lett:, 1976, 
64B, P• 307. 

15 



0CHOBHU9 peay~TaTH, nogrqeHHHe B nzCCepTaP!ff: 

I. 06HapYJ!1eH npon;ecc o6paTHoro 3JieKTPQpolr,ll;emm ImOHOB (OSII) Ha 
smpe yrJiepo.na 12c or' e +e-) X R onpe,neJieHO ero Ce'ieHRe npn IGIHeTR'ieC
KOH 3Heprnn ImOHOB !64 MaB. 

2. 06HapyzeH npon;ecc OSII Ha smpe JIRTM 7Li (II+,e+e-)X n onpe.ne
. JieHo ero ce'ieHRe npn KRHeTR'ieCKon 3Heprnn ImOHOB 380 MaB. 

3. Paapa60TaH H npRM9H9H ~ nOJ!Yli9HM O,I(BOHYKJIOHBHX Ce'ieHRn 
cnoco6 onpe,neJieiDIJt 3!l$lKTRBHoro -.:mCJia' izyroroHo:B B ~a:x: 7L..i n 12c 
~ pea.ronrll: THna qJoTOpOX.I(eHM ImOHOB, 

- + -4. Onpe,neJieHO Ce'ieHRe pearunm OSII Ha npOTOHe n p ..... e e n 
no BeJIR-.:mHe ce'ieiDIJt peaKUHH OSII Ha ~e 12c n aHa'ieHHD 3!l$lKTRBHoro 
-.:mCJia npOTOHOB B smpe yrJiepo,na. 

5. Onpe,neJieHo ce'ieHRe pearunm OSII Ha HeiiTPOHe n+n ~ e+e-p 
no BeJIR-.:mHe ce'iemm peaKUHH OSII Ha ~e 7Li c y:IeTOM 3®>eKTRBHoro 
tmCJia H9HTPOHOB B smpe JIRTM •. :3TOT peay~TaT SIBJISI9TCJI nepBHM H3Mepe
HR9M ce'iemm peaKUHH OSII Ha Heiir.POHe. 

6. Onpe,neJieH.qJcPMPaKTOp HYKJIOHa Ft npn K2 = 0,055 (!'3B/c)2 na 
,naHBHX no peaKIJ;HH 03II Ha yrJiepo,ne. · 

7. Coa,naHo ~orpaMMHoe o6ecne'ieHHe onn~aHBHX B .nnccepTan;RH 3KC
nepHMeHTOB. 

MaTepna.mi nnccepTmnw oey6JIRKOBaH!l B pa6oTa;x: 

I. AJmaa.n;e B.B., KylmoB A.B., KypotiKRH B.II., HeMeHoB JI.:JI·f CMnpHOB 
r.H., ·Xa3RHC .ll.M. OueHKa ce'ieHRit PeaKUHH 12c(Ir,e+e ) 2B npn 
aHeprnn nnoHoB !64 MaB. - H~, !979, 30, c.363. 

2. AJieKceeB r • .u.' EJioxmmeBa T • .ll.' rop'iaKOB O.E.' lKeJIBMKOB A.B.' 
Kapnyxmi B.B.; KprumoB A.B., KpyrJIOB B. B., KylmoB A.B., Kypo'ilGIH 
B. II., .1Jy'laH JI., HeMeHoB JI.JI., HeMollteHKo O.B., IJycriun.mnt JK.II., 
meTKOBCKRH A.H •• 06HapyxeHRe o6paTHOro 3JI9K'l'POP02lr,ll;9HM nROHOB Ha 
~ 7Li • - H~, !982, 36, c.322. 

3. AJieKceeB r • .ll., EJioxmmeBa T • .ll., Kapnyxmi B.B., Kynn;oB A.B., 
Kypo'ilGIH B.II., .liytraH JI., HeMeHOB JI.JI., IJyc~mm lt.II., · XaaRHc .ll.M. 
Ha~eHHe o6paTHoro 3JI9KTPOPOlt.I(eHM ImOHOB Ha ~e 12c npn sHep
rnn ImOHOB !64 M3B n onpe,neJieHRe qJcpr.$3.KTopa . HYKJIOHa Ff • - Hill, 
!987, 46, c.I360. 

4. 1\ypo'ilGIH B.II., KylmoB A.B. Onpe,ne.JleHRe 3®>eKTRBHoro tmCJia HYKJIOHOB 
B peaKD;WlX THna qJcTOpOlr,ll;eHM aapmttemna: ImOHOB Ha ~- no a6cop6-
IJ;ROHHOMY n HeynpyrQMY ce"'eHMM. - Coo611leHRe OIDIH, P4-87-70, )Jy6Ha, 
!987. PyKOimCL UOCTYimJia B H3,I(aTeJIDCKRH OT,I(SR 

29 nnna !988 ro.na. 
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