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Fa6oTa Bblll011H8Ha B 1Ia6opaTOpHH BblOOKHX aneprHst Od:b8,llHH8HHOro· 

HHOTH~yTa H.itBPHLIX Hoone.itoBaHH'1 H B CaMapKaH.itOKOM rooy.itapoTBeHHOM '
YHHBepoaTeTe HM, A~HaBDH. 

~~IU1A.1Il>HUE O!IllOHEHTU 
",llOKTOp ~HBHKO-M8T8118TH'l80KHX 
aayK, npoqieooop 

,llOKTOp ~H3HKO-M8T8M8TH'l80KHX 
HayK, npo~eooop , 

,llOKTOp ilJHBHKO-M8T8M8TH'l80KHX 
HayK, npoilJeooop 

,,. ··1. 
IIOJU'OPEllIDHt MHXeHn 

HoaaKOBH'I 

MYPmiH BJia.itHlfHp 
CepreeBH'I 

~KHT~H BJia.itHMHp 
AneK088BH'I 

Be.itymee H8Y'IHO-HCCX8,ll0B8T811DOK08 y11peE.ifeHH8- Hay'IHO-HCC118,ll0-
. ' . B8T811LOKH£t HHCTHTYT ~HBHKH BblOOKHX BHeprH'1T6HJIHCCKOro rooy.itepoTB8H-_ 

Hore YHHBepoHTeTa~ \ • . . 

BamHTe ,llH008pTanHH COCTOHTOH. _________ .1989 ro.ita 

B ___ 11eooB Ha 8808,ll8HHH cnenaanHSHpoBeHHOro OOBeTa ~-047.0I.02 
· npH 1Ia6opeTOPHH Bbl00Kl1X BHeprH£1 06:b8,llHH8HHOro HHOTHTYTa H,llepmoc HO

. 'one.ito:seHH£1, ·~e111a MooKoB9Ko£1 il6naoTH, Jie6opaTopHH DblooKHX eHeprH£1, 
KOH!lJepemi-san. · · '· 
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C ,llHOC8pTaUHe£1 MOXHO· OBH8KOMHTD0ft B 6H611HOT8K8 JIBS OHHH. 
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AKTYAJI1HCX::T1 T.Elrn 

PesBHTH8 ~HSHKH BblCOKHX BHeprHtt aepaapblBHO" CBHB8HO C HCC118,llDBa
HH8M npon~CCOB MHOllt8CTB8HH0£1 reaepaUHH qacTHU B coy,llapeHHHX 8.itPOHOB 
H ft,ll8p C H,llp8Ml1 B IIIHPOKOU ,llHanaaoHe BapDHPOBaHHH aaeprHH BBaHUO,ll8£1cT~ 
BHH H uacc MHmeHH,H CHapH,!18. B CBHS~ C BTHM HCCJI0~0Baru10M OTM8THM cne
.itYD~e BKTyanDHbl8 aa.ita~. 

I. HueDmaHCH K HBCTDHmeuy Bp8M8HH COBOKYIIHOCTD OIIblTHHX ,llBHmot 
yKaBblB88T Ha To, IITO, IIO-BH,llHMOMY, Heynpyroe DSaHUO,ll8£1CTBH8 qacTH~ 
C H,llPOM npH BblOOKHX SHeprHHX HBnH8TOH 0110lltHblM nponecoou, BKnDqaD~M 

pa8JlHqHble uexaHHSMbl ( DHYTPHH,ll8pHhltt KaCKa.it, npo~B118HH8 KonneKTHBHblX 
a!pfleKTOB, MHOrDKBBPKOBb18 DSaHMO.iteffCTDHH H T,,ll. ). 8KcnepHM8HTa11DHbl8 
,llaHHble ,llnH HayqeHHH H8M8H8HH£1 OTHOOHT8nDHblX DKna,llOB BTHX.M8X8HHSMOB. 
KaK C pOCTOM nepBHqao£1 aHeprHH, TaK H C pOCTOII uaoooDblX queen OHapH,lla 
H YHmeHH, KDTOpble H806XO,l1Hllbl ,llnH IIOOTP08HHH T80PHH OHXDHHX BBaHUO
.ite£1oTBH£1, eme HDHO H8,llOCTaTDqH!:,I, 

2. Ilo.itaBnHDmaH llaCTD 8KOll8PHM8HT811DH0£1 H~opuaUHH IIO B88HYO,ll8£1CT
DHD qacTHU O H,llpaMH OOHOBaHa Ha ,llaHHblX·,llnft BTOpHqHblX aapHllt8HHblX qac
THU, TOJ;',!18 KBK peaynDT8Tbl ,llnfi BTOPH1lliblX H8£1TpanDHhlX llBCTHU (I'!. , n° 
H T.,ll~), COCT8D11HDmHX OKOno 30% OT BC8X pOX,ll8HHblX a.itpOHOB, O'll8HD . 
CKY.itHH, QqeBH.itHD, .itnH 6onee ntinHoro uayqeHHH .itHHaMHKH aeynpyrmc »aa
HMO.ite£1cTDH£1 Heo6XO,llZYbl 8KCnepHM8HTa1!DHbl8 ,ll8HHhl8 H ,llnH BTOPHIIHb!X H8£1-
TP811DHblX 8,llPOHDB, B qacTHOCTH ,llnH n°- U880HOB H H8£1TpOHOB, 

3. E011DfilaH llaOTD T80P8TH118CKHX MO.itenett MHOllt80TB8HH0£1 reHepanzH 
qacTHU B 8,llPOH-H,ll8pHhlX BBaHUO,ll8£1CTBHHX OTHOCHTOH K oCSnacTH 8HeprHtt 
Bblfil8 20 rsB. Ilpe~oTaB11H8T HHTepeo BOnpoo O TOM, ,llO KaKHx nepDHqffblX 
SHeprHtt ( 11CHHBY") cnpaBe,llnHBbl OOHOBH!:,18 saKOHOM8PHOCTH, 06HBPYllt8HH!:,18 
npH H8~~8HHH BblCOK08H8prHti:HblX a.itpOH-H,ll8pHblX BSaHMO,ll8£1CTBH£1~ 

4. Tpy,llHOOTH C o6HapyxeHHeM H8TPHBHaXDHblX KOnneKTHBHblX BIM)8KTOB 
B H,llpO-H,ll8pHblX DBaHUO,lle£1oTBHHX llPHB8XH K H806XO,llHMOOTH 11HOpMHPDBKH 11 

OII8KTPOB DTOpHqHblX qaoTHU H pasnHqHblX HX xapaKTepHOTHK B ooy,llapeHHHX 
penHTHBHOTCKHX H,llep K OOOTB8TOTBY~~l,I oneKTpaY H xapaKTepHOTHKaM 
HYMOH-H,ll8pHblX DBaHMO,ll8£1CTBH£1 npH O,llHHaKOBblX 5HeprHHX Ha HYKJIOH H,llpa
CHapa.ita, 

Ilepe~oneHHbl8.Bblfil8 aa.ita:tm OTHMynHpOBanH npOB8,ll8HH8 HBMH HCC118,llODa
HHtt, Ha KOTDPblX OOHOBHDaeTOH HaCTOH~aH ,llHC08pT8UHOHHaH pa6oTa. 

UEJI1 PAECYrhl 

- nonyqeaue HOBOtt 8KCnepHM8HTa11DHOtt H~OpM8UHH no MHoieoTB8HHOtt 
reHepaUHH rr0- U8SOHOB, HettTpOHOB H sapHllt8HH!:,IX qacTHU (n±,p) BO DSaHMO
.itettOTBHHX ll-- M880HOB, HYKnOHOB H nerKHX H,ll8p (d.,12C) 0 HYKXOHBMH -~ 

~ !,;vs.c .iH, i,, ,irih.ill !Hlt'rn'i':fi I 
~ 1J.1Jo:1i.m.1z ui:c.:1?1omumo 
f 6HSJlt-10TfiHA .. __ ...........,, ;...... ....... .....,. ... ~ 
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1
Ta, Em) npH pasnHqHhlx BHeprHHX B HMnyJibC

HOM HHTepBaJie ( I - 300) raB/c; 

- npOB8,ll8HHe cpaBHHT8JibHOro aHaJIHsa nonyqeHHh!X HHKJIIOSHBHhlX xa
paKTepHCTHK BSaHMO,lleiicTBHil B coy,llapeHHHX 11H.llPO-H,llpo 11 H 11IlpOTOH-H,llpo" 
npH O,llHH8KOBhlX aHeprHHX Ha HYKJIOH CH8PH.lla; 

- npoBepKa pH,ll8 TeopeTHqeCKHX MO'Aenen B38HMO'A8t:ICTBHH 8'APOHOB H 
H'A8P C H'AP8MH. 

ABTOP 8AIIIHlllAET 

I. Paspae50TKY M8TO'AHKR H'A8HTHqlHK81UiH sapH)K8HHhlX qacTHU B npona
HOBOH nyahlpbKOBOil KaMepe no HOHH38UHH H no d - 8n8KTPOH8M. . . 

2. Paspae50TKY M8TO'AHKH perHCTP8UHH C5hlCTPhlX ( Pri.?I raB/c) BTO
pHqHhlX Het:ITpOHOB B nyahlpbKOBhlX Kauepax C THE8JihlM HanoJIH8HH8M H onpe-. 
'A8JI8HH8 aHeprHH BTHX Het:ITpOHOB. 

3. PesyJibT8Thl HSMepeHHU xapaKTepHCTHK n~12c- H n-p - B38HMO'A8t:ICT
BHH C oe5pasOB8HH8M n°-MeSOHOB ( ¥- KB8HTOB) npH HMnyn»ce 4 raB/c 
( MHOE8CTB8HHOCTH n°-MeSOHOB H sapHE8HHhlX qacTHU, HX KOppeJIHJ:UiH, 
cneKTPhl ·l - KB8HTOB, HHKJ1I03HBHhle xapaKTepHCTHKH KYMYJIHTHBHhlX t -
KBaHTOB) H peayJibT8Thl HX cpaBH8HHU C aHanorHqHhlMH 'AaHHhlMH npH 
40 raB/c. 

4. IlonyqeHHe HOBhlX 8KcnepHM8HT8RbHhlX peayJibT8TOB no MHOE8CTB8H-· 
HOCTHM H HHKJIIOSHBHhlM cneKTpaM BTOpHqHhlX H8ilTPOHOB C Pn~I raB/c B 

- - -12 I2c 20AI I2 Heynpyrnx n r,,n n. ,.., n C-, pp-, pn.-, p -, p ,ve-,cl.p-, d C-, 
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C - coy'AapeHHHX npH pasnHtzHhlX uurryn»c.ax B HHTepBane 
4 - 30~ raB/c. 

s. 9KcnepHM8HT8JibHhl8 ,ll8HHhl8 0 xapaKTepHCTHKax nponecCOB MHOE8CT
B8HHOM reHepaJ:UiH tI8CTHU H wparM8HT8J:UiH H,llep B pEm.•B38HMO,ll81tCTBHHX 
npH 3,I H 4,5 raB/c H RX A-saBHCHUOCTH, 'A8HHhl8 cpaBHHT8JibHOro 8H8JIH
sa p Em. H H'APO - Em- BsaHMO'Aet:lcTBHtt npH O,llHHaKOBhlX aiieprHHX Ha 
HYMOH H'AP8-CH8PH'A8• 

-•, 
6. PesyJibT8Tli HSUepeHHtt CP6'AHHX MHOE6CTB6HHOCTett BTOPHtIHhlX sapH-

E8HHhlX tiaCTHU, oe5paSOB8HHhlX B CTOJIKHOB6HHHX H81tTpOHOB-C H];tp8MH (12c, 
20Ne H 

181
Ta) npH paSJIHqHhlx Hunyn»cax B HHT6pBaJie (I-200) raB/c, a 

T8Klte pesyn»T8Thl HCCJI8,llOB8HHH HHKJIIOSHBHhlX cneKTPOB BTOPHtIHhIX n- -ue
BOHOB H npOTOHOB B ;tt.12c- H n, IBI T Q,-BSaHMO,ll6HCTBHHX npH 4 ,2 rsB/c. 

?. 'AaHHhl6 HsuepeHHtt MHOE8CTB6HHOCTett BTOPHtIHhlX tI8CTHU BO B38HUO
,ll61tCTBHHX ,ll6ilTpOHa C H,llp8MH BO'AOPO.ll8, yrnepo,lla H T8HT8JI8 npH HMnyn
cax I,O H I,7 raB/c Ha HYKJIOH. 

8. PesyJibT8Thl cpaBH8HHH nonyqeHHWC 8KCn6pHU6HT8JibHhlX ,ll8HHhlX 

2 

C pactzeTaUH ~o UO]t8JIH BHY.TPHfl.ll8PHOrO K8CK8]t8, ( h. A - H AA - :asa-
HllO]t61tCT~HR ) , wparueHT8In!OHBOlt KB8PKOB01t ~--MO.D;eJ!li ( h N - coy
]tapemffl) H KBapK-napToHBott uoiteJIH HHKOJiaeBa-Ke.BtzeHKo (hA - OTOJIK
HO.Bemu1 ) • 

HOBH8HA PABCJI'I:l H HAYlIHAH 8HA'IJHMOCTb 

BnepBhl6 npH perHCTP8In!H B YCJIOBHHX 4Tr- reoueTpHH nOJiytzeHhl ,ll8H
Hhl6 no UHOX8CTB81DJOCTH, yrno:aw H Hllll3JII,CHhlU oneKTpau BTOpHqHhlX 6hlCT
PhlX (Pn, ?;,I rsB/c) HeffT£0HOB, oe5paso:aaHHhlX B coy,llapeHHHX n- - M680HOB, 
HYKJIOHOB B fl.llBP ( 2Hr, 2c6·) C HYRJIOHaUH B HitpaYH ( 12c, ~ONe ~IBITa) 
npH paSJIBtIHhlX BH8prHmc B wmyJII,CHOU BHTe·p:aaJie ( 4 + 300 ) rsB/c, HO
CJI8]t0B8Hhl KOppeJIHin!H ueZ]ty.UHOE6CTB6HHOCTHUH HBttTpOHOB H aapHE8HHhlX 
tISCTHU.H BWIBJl8Hhl H,ll8pHhle .a<M18KThl B nponeccax POM8HHH 6hlCTphlX·He«
TPOHOB. 

Iloicas11ao, .tzTo BepoHTHOCT:r. He~npyrott nepesapH.llKH p ➔ n.( H, Hao6o
poT, n.~ p) B 06JiaCTH wparYBHTa1'8H UHmemi npaKTHtI8CKH H8-BaBijCHT OT 
THllS H8JI8TSD~ero S.llPOHS B HHTep:aane nepBHtIHhlX SH8prH« (4-300) rsB. 

IloJiytieHhl ,llSHHhl8 no UHOS8CT~8HHOCTH; YI'JIOBhlU H HYllYJibCHhlM cneKT
psu a' - KBSHTOB ( n°-ueaOHOB ), o6psBOB8HHhlX B n-12c- B88HYO]t6'1CT
BHHX npH 4 rsB/c; HCCJI8,llOB8Hhl KOppeJIHIUiH n°-uesoHOB H BTOpHtIHhlX sapH
E8HHhlX tzaOTHU; noKasaHo, tITO CKB«JIHHr B 8.llPOH-H]t8pHhlX B88HYO,ll8'1CTBHHX 
HapymseTcH .llJIH BHOB:r. poMeHHhlX tzSCTHn; noKasaHo,.tzTo .llJIH n-12c- ooy-
1tapeHHtt Hae5Jil)JtSDTOH a<MeKThl, CBOttCTB8HHhl8.nponeccsu BHYTPHH,llepHoro 
nepepacceHHHH POM8HHhlX IIHOHOB; Bll8pBhl8 nOJiytzeHhl ,ll8HHhl6 no UHOE8CTB8H
HOCTH WP8rY8HTOB fl.llPS B ll-I2c - BBSHUO]t81tCTBHHX O ]tOUHHHPYD~U BMa
]tOU O]tHHOtIHOtt H ]tBOl!HOtt nepesapfl]tKH nepBHtIHoro n--uesoHaJ HSUBP8Hhl HH
ICJIDBHBHhl8 ~paKT6PHCTHKH KYYYJIHTHBIWX 't- KBSHTOB B n-1 c- B88HU0-
1te«CTBHHX; llOK88SHO£ tITO BhlXO]t HS acmmTOTJl[q8CKmi PWIUlM B nponeccax 
WPSrM8HT8J:n!H 12c _!!.,..nO HU88T U8CTO llpB nepBHtmWC 8HeprHHX E0"?; 4 raB. 

IlOJiytI8Hhl H npoaHSJIHBHPOB8Hhl nepBhl8 ,ll8HHhl6 no xapaKTBPHCTHKSU BTO
pl111BHX saps«emmx >m.CT.llll BpE',n-BsaEMo,n;eilcTBWlM npa 3,I a 4,5 raB/c, 
npoBe.u;eHo cpaB11eH1Ie xapsKTepHCTHK pEm- coy:ztspeHHtt B o6JracTH 
P0= 3 - 400 rsB/c, s ~sue npoToH-H,1tepHWC H fl.llPO-R.ll8PHhlX coy,1tapeHHtt 
llPK O]tHHSKOBhlX SHeprHHX Ha HylCIOH-CHSPfl.ll• . 

IlOJiytzeHhl Bll6PBhl8 npmrae SKCnepHU8HT8JibHhl6 ]t8HHhle no oe5ps~OESHHm 
HeMTpoHoB,-cnexTaTopoB caapfl.lls, s-TsKZe n-- uesoHoB Ed. cc3tt8)-,cl Ts
,-coy,1tapeHHmc npz r,o; I,7; 4,2.rsB/c Ha HYKJIOH H :a C(C3Ha) - CTOJIKHO
E8HHHX npH"4,2 raB/c HS HYICJIOH. 

IlonytzeHhl CPB.ltHH8 xapaKT8PHCTHKH, HMnyJibCHhl8 H yrJIOBhl8 cneKTphl 
ETOpHtllWX irpoTOHOB H n- - 11880HOB E nC-H n.Ts-EB8HIIO:zt811CTEHHX npe 
4,2 rsB/c. 

HsuepeHhl Bll8PBhle IIHOX8CTB8HHOCTH ETOPHtIHHX sspmteHHhlX ~aCTHU 
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BO B8aHMO'A6ttCTBHHX H6ttTpOHOB C H80CHHrJI6THhlMH H'ApaMH c12c H 20Ne) 
B HHT6pBaJie HMnyJI:&COB p = ( I - 200 ) raB/c. '· 

YcTaHOBJieHo, qTo 'AJIH lriN- n h.A - BBaHMD'AettcTBHtt Bee aKcne
pnMeHTaJI:&Hhle 'AaHHhle no BTopnqHliM qacTnnau npn nepBnqHott aHeprnn 
Eo? 40 raB Y'ADM6TBOPHT6JI:&HO BocnpOH8BD'AHTCH MD'A6JIHMH, yqnT1rnaI0111HMH 
:irnapROBy:IO CTpy-RTypy a,Iij)OHOB.0npe'A6JI6HO, qTo 8TH MD'A6JIH 'AaIOT COBna'AaIO
mne C SRCnepnMeHTOM 8HaqeHHH CP6'AHHX xapaRT6PHCTHR BTopnqHhlX qacTHU 
'Aaze npn TaRott HHSRott aHeprnn, xax E0~4 rsB. 

TipoB6'A6HHhle cpaBHeHHH noxasuBa10T, qTo pacqeTli no pasJinqHhlu Ba
pnaHTaM MO'A6JIH BH.YTPHH'A6PHOro RaCKa'Aa 'ARH n.A- H AA - B8aHMD'A6ttCTBHtt 
npn HaqaJI:&HDtt SHeprHH Eo~IO raB B neJIOM Y'AOBJI6TBOPHT6JI:&HO onHCliB8IOT 
Ha6JIIO'Aa6Mli6 88ROHOMepHOCTH, XOTH BO MHOrHx CJiyqaHX Ha6JIIO'Aa6TCH H660JI:&
moe ROJIHqecTB6HH06 pacXOX'A6HH6 C Ollb!TOM. 

IlPAicrWIECRAH UEHHOCTJ:, PABOT!1 

PeayJI:&TaTll pa60Tll 'A8IOT HOBlltt MaTepnaJI 'AJIH anpo6annn H pasBHTHH 
~6HOM6HOJI0rnqecKHX MO'A6JI6tt MHOZ6CTB6HHUX nponeocoB H 'ARH 'AaJI:&Hettmero 
pasBHTHH T60PHH OHJI:&HliX B8aHMO'A6ttCTBHtt. 

TioJiyqeHHUe aKcnepHM6HTaJI:&Hhle 'AaHHMe, onoco6u opaBHHTeJI:&Horo 
aHaJIHSa H M6TO'AHqecKH6 paspa60TKH MOryT 6llT:& ( HJIH) HCnOJI:&SOBaHhl 
npn npOB6'A6HHH HOBllX axcnepnueHTaJI:&HhlX HCOJI6'AOBaHHtt· a'APDH-H'A6PHUX H 
H'APO-H'A6PHhlX B8aHMO'A6ttCTBHtt npH BllCOKHX SHeprHHX O POZ'A6HH6Y n°- Y6-
80HOB H H6ttTpOHOB. 

TionyqeHHli6 'AaHHll6 no POZ'A6HHIO n-- M680HOB B 'A6ttTpOH-yrJiepO'AHUX; 
CTOJIKHOB6HHHX npH HMnyJI:&oax I,O; I,7 H 4,2 raB/c Ha HYKJIOHH906XO.I\llM!l 
'ARH pemeHHH BOnpocoB, CBH88~HhlX O npaKTHqecRHM HCnOJI:&80BaHH6M 
.fl - KaTaJIHsa peaKUHH ( d - t )-CHHTesa. 

ATIPOBA@H PESYJThTATOB H IlYBJilUCAIUIB 

0CHOBHhl6 pesyJI:&TaTH.'Aff006pT~nHH np6'ACTaBJIHJIHCL Ha HayqHhlX cec
CHHX 00~ AH CCCP (I979-I987 r r.); Ha TI Hill Bceoo10sHUX 06MHHapax no 
BSaHMO'A6ttCTBHHM qaoTHU H fl'A6P O H'ApaMH ( Tallll(6HT, I98I, 1985 r~); Ha' 
TI Boeoo10aHOM COBemaHHH.~O np6'A6JI:&Hott ~parM6HTaitHH H H'A6PHOMY OKett
JIHHry ( MOOKBa, I982 r.); Ha M6Z'AYHapO'AHUX KOH~epeHtm.HX no ~H8HK6 
BllCOKHX SHeprntt H CTPYKType H'Apa.B Hettnnwre (1984 r.), rett'A6JI:&6epre 
(1984 r.); Ha.MeZ'AYHapO'AHOM OHMnoanyue 11MIOOHHhltt KaTaJIHS-87 11 ( HeHHH
rpa'A, 1987 r.); a TaKze 'AOKJia'AUBaJIHO:& Ha COB9JllaHWlX M6WHapo'AHOro 
COTPY'AHHqeoTBa no HOOJI6'AOBaHHHM Ha ,IU3yxM9TPOBOH llpOilaHOBOli KaMepe 
(I979-I988 r r.), Ha C6MHHapax HES OHHH, ~TH~ H~~.AH YsCCP, ~HS~aKa 
CauI'Y. 

PesyJI:&TaTH, H8JIOX6HHhl6 B 'AHCC6pTanHH, orry6JIHKOBaHhl B zypHaJiaX 

4· 

"H'AepHaH ~nsnxa", ".JloKJia'All. AH YsCCP", "lfaBecTHH AH YaCCP", 
"Czech.J.Pbys.", "Iuuon Cat.Fusion", "Z.l'bys1k A", a TaKJte B 

rrpenpHHTax H coo6meHHHX arum, nperrpHHTaX ~TH H HH~ AH YsCCP H TPY'AaX 
CaMI'Y. 

CllHCOK ny6JIHKannn npHBO'AHTCH B KOHU6 aBTOpe~epaTa. 

Ofil>EM lIDCCEPTA@H 

.J{HccepTanHH COCTOHT H8 BB6'A6HHH, meCTH rJiaB H saKJ110qeHHH. 
TeKCT CO'A6Pl!U'IT 280 CTpaHHn, BKJ110qaH 48 Ta6JIHU H 9I PHCYHOR. 

CnHCOK JIHTepaTypu CO'A8,PlKliT 208 HailM8HOBaHHH. 

COZIEPJKAHHE PABOT!1 

Bo BB6ll6HHH 'AHCC6pTa.UHH 'AaSTCH o60CHOBaHH6 aKTyaJI:&HOCTH nsyqae
YOtt rrpo6Jiew, C~OPYYJIHPOBaHa OCHOBHaH neJI:& pa60Tll. KpaTKO oxapaKT6pH-
80BaHo 8KCil6PHY6HTaJILH06 H T60p6THqecK06 COCTOHHH6 Hayqaewx BOnpocoB, 
UpHBO'AHTCH KpaTK06 CO'A6PZBHH6 pa8'A6JIOB ]tHCC6pTaUHH. 

B nepBOtt rJiaBe 'AHCC6pTaUHH HSJiaralOTCH OCHOBHhl6 xapaKT6PHCTHKR 
HCUOJI:&SOBaHHUX 8KCnepHM6HT8JILHUX ycTaHOBOK, a T0!0!t6 CHCTeMa o6pa60TKH 
noJiyqeHHWC 'A0HHllX. 

.J{JIH HCCJI6'AOBaHHtt, rrpOB6'A6HHl:lX B ~nccepTanHH, HCnOJILSOBaJICH SKcne~ 
pHM6HT0JILHhltt MaTepHaJI, noJiyqeHHhltt O nouom:010 nysupLKOBhlX KaMep C THXe
JillM HallOJIH6HH6M, a Taue H'A6PHhlX ~OTOSMYJI:&cntt, KOTOplle 06JiyqaJIMC:& B 
nyqKaX a'ApOHOB H H'A6P Ha YCKOPHT6JIHX .Jly6Hhl, CepnyxoBa H EaTaBHH. Hnxe 
nepeqHCJI6Hll 8TH 8KCilepHM6HTll: 

I) 55-ou nponaHoBaH (C3H8) nysup:oKoBaH KaMepa TIK-4 HES OHHH, 
o6JiyqeHHaH B nyqKaX n--M680HOB C HMilYJILCaMH 4 H 7,5 raB/c Ha 'AY6H6H
CROM CHHXp·o~asoTpolie; 

2) 200-cu nponaHoBaH nysup:oxoBaH Kauepa .JlTilK-500 HBS OHHH, o6Jiy
qeHHaH B nyqKaX npOTOHOB c HYilYJILCaMH 4,2 H IO raB/c, 'A6ttTpOHOB c 
HunyJILCaMH I,O; I,7; H 4,2 raB/c Ha HYKJIOH, H'A6P yrnepo'Aa c HYnyJILCOM 
4,2 raB/c Ha HYKJIOH. B STHX cepHHX 8KCll6PHM6HTOB BH.YTPH nepnott IlOJIQ
BHHll pa6oqero o6~eua .JlTilK-500 6UJIH pasuemeHU TPH TaHT8JIOBll6 (A=I8I) 
UJIBCTHHKH TOJimHHOtt I MM Ha paoCTOHHHH 9,3 CY 'APYr OT 'APYra; 

3) .J{TTIK-500, o6JiyqeHHaH'. B nyqKe n-:.. Y680HOB c HMilYJILCOY 40 raB/c 
Ha cepnyXOBCKOY CHHXPOTPOH6 H~BS; 

4) 76-CY rrysup:&KOBaH xauepa, HanOJIH6HHaH CM~C:&10 H60Ha H BO'AOPO'Aa 
C 30%-HhlY CO'A8Pllt8HH6Y H60Ha ( no MOJIHPHOMY Bacy), o6JiyqeHHaH B nyqxe 
npOTOHOB C HMllYJILCOY 300 raB/c Ha CllHXpOTPOH8 ~HAJI B .EaTamm; 

5) CJIOH ~OtOSY!HDCHtt THnOB ffi1I®H-P ( IO x IO x IO) cu3 H BP-2 
(IOX 20 x 0,06) CM, o6JiyqeHHl:lX B nyqKaX npOTOHOB c m.myJllocai.m 3,I 
R 4,5 raB/c Ha ,ny6H8HCROM CHHXpoqa3oTPOH8. 
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IlyablpbKOBble KaMepbl BO Bcex 3KCnepHM6HT8X pacnonaraJIHCb B MarHHT-

HOM none. ,,. 
IlpOCMOTP CTepeOqJOTOrpawntt nyaupDKOBblX KaMep npOH3BO'AHJICH Hape

npoeKTOpax ij npoeKIU'IOHHHX CTOJ18X EIIC-75 Jia6opaTOPHH MHOl!teCTBeHHblX npo
uecCOB (JIMII) K8qJ6'APbl H'A6PHOtt qJH3HKH CauI'Y. Kpoue Toro, qacTb nneHOK 
c nyablpbKOBblX Kauep 6una npOCMOTpeHa c yqacTH6M aBTOpa Ha npocuoTpo
BblX CTOJiaX EIIC-I H EIIC-2 RBTA OOH0 H ~ffl AH YsCCP. 

Bo Bcex axcnepHM6HTax npOCMOTp CTepeOCHHMKOB B6JICH no CJie~ 
nyqKOBOtt qacTHIJ;H npaKTHqecKH no e'AHHOMY npHHIU'lny: perHCTpHpoBaJIHCb 
nepBHqHble 8B68'Abl B Bb16paHHOM aiOOieKTHBHOW o6~eMe nysblpbKO~on KaMepbl, 
onpe'A6JIM0Cb qHCJIO BC6X sapHlK6HHblX qacTHU B ~B68'A6 (1'1,± ); BTOpHqHble 
qacTHIJ;H P83'A6JIHJIHCb no 8H8KY 38PH'A8 (n..t H n._) H, no B03MOlKHOCTH, 
H'Ae~TmfJHIU'IPOBaJIHCb H perncTpnpoBaJIHCb HettTpaJibHHe qacTHIJ;H ( X , n. , 
v0

), accouimpOB8HHbl6 C nepBHqHott 3B63'AOtt. Tnn B88HMO'A6ttCTBHtt (n-p, 

nii., n-c, pp, pn., pC, pNe ,d.p,cl.c, Cp, CC,np,l'l.n,n.C H n.Ne ) orrpe

,neJIRJICH B COOTB6TCTBHH co CT8H'A8PTHbIMH KPHTepHHMH OT6opa B rrysblpbKO
BblX Kauepax, HaTIOJilI8HHl:DC THllt6JiblMH lKH'AKOCTHMHt paspa6oTaHHHMH B JBS 
00ffil.. rauMa-KBaHTbl perHCTPHPOBaJIHC» no ( e+e-) - napau KOHBepCHH. 

HettTpOHH - no BTOpHqHHU ~B68'AaM C l'l.t. ~ 3, Bbl8BaHHblM HettTpaJIDHliMH 
qacTHUaMH ( 1'1, - 8B68~ ) • 

~eKTHBHOCT» 'AaHHOro npocuoTpa )VIH Haxo~eHHH nepBHqHblX 8B63'A 

BO BC6X axcnepHM6HTaX COCTaBMa~99%. S!WieKTHBHOCTb HaXOlK'A6HHH 

X -KBaHTOB ~ 94%, a ;zvzH n. - sBes'A "'96%. 
KOOP'AffHaTbl CJI6'AOB, OT06paHHblX npH rrpOCMOTpe, H8MepHJIHCb Ha noJiy-, 

aBTOMaTax THna IlYOC. Cpe'AnHe omH6KH HSMepeHHtt HMnyJI»COB BTOp:lfqHbIX 

qacTHU oxaaaJIHC»: )VIH t - KBBHTOB...,13,2%, )VIH n--MeSOHOBNI0,8%, 'AJIH 
rrpOTOHOB "'5,9%, )VIH HettTpOHOB "'20%. qHCJIO H6H8MepHMblX TpeKOB B 8B88-
'AaX COCTaBHJI8~3% OT o6~ero qHcJia, 'AOJIH HeHauepHMblX y- KBBHTOB H 
J'l, - 3B88'A ...,7%• . 

JlJIH HsyqeHHH Heyrrpyrnx BSaHMO'AettCTBHtt npOTOHOB C H'APBMH 'Em. 
BHnonHeH npocMoTp cTonox qJOToauyJIDCHtt B_0H~ AH YsCCP H JIMil CauI'Y~ Me-, 
TO'AOM 11 B'AOJI» TpeKa 11 ( MHKpOCKOilbl MB'l-9 ) perHCTpHpoBaJIHC» Bee' cnyqaH 
B8aHMO'A6ttCTBHH nepBHqHblX npOTOHOB. Cpe'AHHH TOtlHOCTD HMnyJibCHblX Haue
peHHtt COCTaBHJia~I7%. B HauepeHHblX C06HTHHX noCJie HCKJI!Otl8HHH CJiyqaeB 
8J16KTpouarHHTHOtt npnpo~ H ynpyrHX CTOJIKHOB6HHtt npOH8BO~HJIOC» P88'A8JI87 

HHe BTOpHqHblX. sapm1teHHHX qacTHU Ha peJIHTHBHCTCKHe c s >, "cepbie 11 c 9 > 
H "qepHHe" {-'l). 8TO npOH8BO'AffJIOCb ny T8M H8M~peHHtt HOHH38UHtt H npo~e
roB; TaKlK8 H3M8pHJIHCb npOCTpaHCTB6HHbl8 ( 0) H 88HMyTaJibHbl8 ( r ) 
yrJIH BblJieTa Bcex aapHlK8HHblX qacTHU H onpe'AeJIHJIHC» HMilYJibCbl Bcex 
S - qacTHU B KOHycee<50 M6TO'AOM MHOrOKp8THOrO KYJIOHOBCKOrO pacceH

HM C .llCnOJib80Bllin18M IIpO,ll;OJDK8Hllli .ll3 CJIOH B CJIOR. 
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Q6cqeTbl peayJIDTaTOB HSMepeHHtt npOBO'AHJIHC» H~ SBM CDC-6500 H 
M-222. JlJIH o6pa60TKH HSMepeHHblX C06blTHi ( BOCCT8HOBJI6HHe reoueTpHqe
CKOtt 11KBPTHHbl11 coc5blTHH, KHHeMaTHtl6CKljH H'A6HTHqJHK81U'IH, pacqeT !pH8Hqe
CKHX BeJIHtIHH, nocTp06HH6 rHCTorpaMM) 6blJIH HCnOJib30B8Hbl, B OCHOBHOM; 
nporpauubl ;zvzH SBM, cocTaBneHHble B RBTA 0080, a TaKJKe B ~ffl AH YsCCP. 

Bo BTopott rJiaBe HSJiaraeTCH Ta qaCT» M6TO'AHKH H'A8HTHqJHKalU'IH qac

THU, POlK'A8HHblX BO B8aHMO'A6ttCTBHHX B nyabipDKOBl:iX KaMepax, KOTopaH c5blJia 

paspac5oTaHa C yqacTH8M BBTOpa. 
JlJIH H'A6HTHqJHK8UHH sapHlK6HHblX tl8CTHU C PC= (0,4 t I,O) raB B npo

rraHOBOtt nysblpbKOBOtt KaMepbl 6blJia paspac5oTaHa M8TO'AHKa HOHH3alU'IOHHblX 
H3MepeHHtt Ha CJie'AaX aTHX tl8CTHU npH nOMO~-MHKPOCKOna ME!d-9. El,JJI HC
nOJib30BaH ueTO'A nO'ACtlSTB IIJ!OTHOCTH npocBeTOB uew nysbipDK8MH Ha cne
'A6 aapHlK6HHblX qacTHU. 08 B38HMO'A6ttCTBHtt nepBHtlHblX n-- M680HOB C H'Apa
MH BO'AOPO'AB H yrnepo'Aa Ha IlJI6HKaX ITK-4 6blJI8 HSMepeHa HOHH8aqru! 310 
CJI6'AOB nOJIOlltHT6J1bHblX tl8CTHU C HMnyJID08MH OT 400 'AO !000 MaB/c H onpe'Ae
JieHa HOHH3aUHH 8THX CJ16'AOB OTHOCHT6JIDH0 ~OHH38UHtt nepBHqHblx n-- ueso
HOB Ha 'AaHHOM CHHMKe. PesyJIDTaTH HOHH8alU'IOHHblX HSMepeHHll noKa3blB8IOT, _ 
tlTO MOlKHO OT,ll;ElJIBTD n+ - M680Hbl OT npOTOHOB ( npH 'A)IHH~ CJl6'A8 !fl8 CM) 

B nporraHOBOtt KaMepe B HHTepBaJle HMilYJIDCOB ( Q,4 t 0,9) raB/c B npe
'A6JlaX &-KpaTHOR H B HHTepBaJie ( 0,9 t I,O) raB/c B npe'AeJiax 2-

xpaTHott cpe'AH6KBa'ApaTHtlliblX Olllli60K. 
JlJIH HHTepBana nunyJIDCOBP~I raB/c 6un paspac5oTaH cTaTHCTHtleeKntt 

ueTO'A paa'AeJieHHH npOTOHOB H n♦- ueaOHOB, OCHOBBHHbltt Ha nO'ACtleTe IlJIOT
HOeTH O - 8Jl6KTPOHOB e aHeprnett E~I MaB Ha eyuuapHOtt 'A)IHHe H'A6HTHqJH~ 
IU'IPY6MblX eJl~'AOB. noJIH npoTOHOB 1 ycpe'AH6HHaH IlO Beett HMnyJIDeHOtt Oc5Jiae

TH ( I - 3) raB/c, onpe'AeJieHHaH Ha 247 eJie'ABX BTOPHtlHblX IlOJIOlKHT6Jib
HblX qaeTHU B Kauepe ITK-4., COCTBBHJla !5% OT oc5~ero tlHCJia. 

IlpH perHCTPBUHH H'A8PHblX peaKUHtt C P0l!t'A8HH6M ~ - KBaHTOB B ny-. 
8blPDKOBOtt xauepe HS-88 KOHeqHblX paauepoB 'A6T8KTOpa qaeTb ~ - KBaHTOB 
He KOHB8pTHpY8T B ee npe'AeJiax. IIoaTOMY )VIH KalK'AOro 'l( .,. KBaHTa aaperH
eTpHpOB8HHoro eo6b1THH c5blJI paectIHTaH CTaTHCTHqecKHtt Bee, YtIHTblBaIO~tt 
saBHCHMOeTD ~eKTHBHOeTH perHeTpaUHH ~ - KBaHTOB OT ero aHeprHH H 
reoueTpHtl0CKHX ye110;1mn. JlJIH paeqeTa epe'AHHX CTaTHCTlltl8CKHX BeCOB co
eTaBJieHa nporpauua 'AJIH 9BM I Il03BOJIHIOtnaH )10TO'AOY MO'A6JIHPOBaHRH pasbl

rpHBaTh np~ nOMOtnR cnyqattHblX tlHC6JI nonomeHHe 8B68'A H i - KBBHTOB B 
xauepe. BBe'AeHHe cpe'AHero Baca nosBOJIHeT ynyt1mHTh paapemeHHe B BH'AeJie
HHH n°-ueaOHOB no 8~0KTHBHOtt Meece KOM6HHaUHH ~BYX '?{ - KBBHTOB, KO
TOpble c5panHeb HS COilpOBOX):(0101\lHXCH ({ - KBaH!f~MH COc5blTHtt (Mn =(!38± 
± 2 ) MsB e llM~i = ( 7 ± I )% npH qJOHe~ 17%). 
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;llJIH OT6opa BTOPH¥HUX HelTPOHOB perHCTPHPOB8JIHCb Bee HettTp8JIDHl:le 
8Bea;ztH ( /'t. - SBeS;ztH ) B sqxlleKTHBHOU 06'.EJeue nysl:lpbKOBOtt xauepe·;· ac -
COIU{HpOBaHHl:le C B88HYO,nettcTBH8Y nepBHtmOl.1 qacTHr(ll~ 0T6HpaJIHCb TOJlbKO 
Te cTepeoKa;np1:1, Ha KOTOPl:lX HMeJIOCb JIHmb o;nHO B58HYO;nettcTBHe nepBHqHott 
qacTHr(ll. TaKllte co6JIJO;naJIHCb o6~enpHHHTl:l8 KPHTepHH OT6opa C061:lTHtt. 8K
cnepHYeHT8JlbHl:le omH6KH B onpe;neneHHH yrJIOB BWleTa HettTpOHOB HS nepBRq-
HOtt 5B88;ztH He npeBHmaJIH o,s0• , 

,llJ.rH 8H8JIH8a H8UH OT6HpaJIHCb TOJlbKO n. - SBeS;ztH C qffCJIOM aapHseH
Hl:lX qacTHI\ YI.±~ 3~ XOTH noporOBO€ SHa'!eHHe mmyJIDCa HettTpOHa ~H o6-
P850B8HHH YI, "." 5B88;ztH C 1'2.:t 'q 3 npH Bsam,o;nettcTBHH C H;npaMH yrnepo;na H 
Bo;nopo;na Pnop.~ 0,8 raB/c, nonyti:eHHl:le B 8KCnepHM8HTe HunyJibCHl:le pac
npe;neneHHH H8ttTpOHOB H npoBe;neHHl:le Ol\8HKH, OCHOB8HHl:l8 H8 8HepreTHqe
CKOY noBe;neHHH ceqeHHtt n. p- H n 12c- B58HMO;nettcTBHtt, nDK858JIH, qTo OKO
JIO 96% n.- 5B85;n C ftt r 3 o6p8SYKITCH npH HYnyJIDC8X HettTpOHOB 
Pn.~I raB/c. 

liunynbc HettTpoHa, o6pasoBaBmero n. - sBes~, nonaranH paBHHM 

_ P,,, = K ( Pn.) L Pt' , (I) 
i. • 

r;ne P + - HMnyJIM 1, -Tott 58PHllt8HHOtt qacTHr(ll B n,- 8B85;ne ( CYYYHpo-
BaHHe -npoHSBO;nHTCH no BC8Y aapHllt8HHl:lM qacTHnaM B Yl, - aBes;ne ), 
/<. (P n.) - KOsqxl)HnH8HT, YqffTl:lB8IDl!IHtt ;n01)'.Kl aHeprHH, YHOCHMYJO B cpe;nHeY 

H8ttTpani,Hl:lMH 'l8CTHl\8MH. 3HaqeHHH K(Pn.) 61:lJIH 8KCnepHM8HT8JlbHO onpe
;neJieHl:l no HsuepeHHHM cl + c3H8➔ PCT + X co61:lTHtt npH P = I,O ; I, 7. 
H 4,2 raB/c.H. S;necb PCT. - CTPHnnHHrOBl:ll ( cneKT8TOP fl;npa-cHapH;na) 
npOTOH. IlonyqeHO 5H8qE!HH8 K(Pn. )-:::I,5 ~H uettTpOHOB C RMnyJIDC8MH 
P.,.?,2 raB/c H K(Pri,)-:::I,35 ~fl P11,~2.raB/c. 

Jlnfl K8Jlt'AOff l'l, .- SB85;ztH Onpe;neJIHnCfl reOM8TpRqecKHtt Bee perHCTpanHH 
HettTpOHOB { w.,, ) • .llnfl Bl:lqffC~8HHH SHaqeHHtt Wn. Hyimo 5H8Tb ceqE!HHe 
B38HMO;nettcTBHH HettTpOH8 ( 0~ ) C YOJieKyJiott nponaaa ( NeH2-CMeCH) ~H 
o6pasoBaHHfl l'l,-3B88,IUl C t'lt ~3 np.1:I ,ll;aHHOM mmyJJI,ce .3lratJ:8IDI8G' * BWI.l:ICJI.Sl
JIOCb C HBTOM B58HMO;nettcTBHl.1 H81.1TpOHOB C H;npaMH Bo;nopo;na H yrnepo;na, 
( HeOH8 ). T.K. 8KCnepHMeHT8JlbHl:le ;naHHl:le ~H 0-~(n,C) B JIHTepaType . 
OTCYTCTBOBaJIH,HaMH npoBe;neHa pa6oTa no onpe;neneHHIO SHaqeHHtt <r"{ri,C). 
JlnH.8TOrO H8 CHHMKaX C JlTilK-500, 06JIY'l8HHOl.1 ;nettTpOH8MH npH HMnyJibC8X 
I,O; I,7 H""4,2 raB/c Ha HyKJioH, OT6Hp8JIHCD cny11aH BSaHuo;nettcTBHfl 
,nettTPOHa C a,npaMH MOJI8Ky-JIHnponaHa C o6pasOB8HH8Y CTpHnnRHrOBOro npo
TOHa. 

B T86JI.I npe,nCT8BJ18Ha CT8T~THKa BC8X Hatt;neHrupc HeynpyrHX 
n, (C3H8) - BaaHuo.nettcTBHf.l (Nn,(C H ) H n. (C3H8)- BaaHYo;nettcTBHtt, 

3 8) 
o6paaoBaBmHX aBes;ztH c YL:1: ~ 3 ( N~11,(C

3
H

8
) ) • Tau lite npHBe;neHl:l 

8 ' 

3H8'!€HHH rronyqeHHblX ce'l8HHti l'l, c- H rt. ( C3Hs) - B38RMO;nettcTBHtt C 

n,t ~3. 
Ta6JIHUa I 

CeqeHRH n, 12c- H n. (C3Hs) - B38HMo,nencTBHit c n. :t ~ 3 

P,,,( raB/c) N~(C3H8) "' 
. 

Orr(C3Hs) •116 6'~c ,116 Nn.(C3H8) 

l,O 1962 92 36 ± 6 IO± 2,2 
I,7 1272 333 223 ±12 65 ± 4 
4,2 1626 942 553 ±15 146 ± 6 

. Orrpe;neJieHHble T8KHM o6paaou ceqeHHH B38HMo,neitcTBHit 6hlCTpb!X Hen
TPOHOB ( P~1l raB/c) C H,npaMH yrJiepo.na B 38BHCHMOCT!,! OT P11, HCIIOJlb30-
B8JlHCb ]!JIH orrpe,neJieHHH Wn. • 

B tIHCJIO n.- 3Bea.n, Bl:l3B8HHblX B38HMO,nencTBH8M BTOPHtIHh!X HenTpo
HOB,BHOCHT BKJia;n ~OHOBb18 nponecc1:1, B tI8CTHOCTH ,~ -3B85,nl:l, Bl:l3B8H
Hhle V0 

- qacTHUBMH H He itTpaJIDHl:lMH a;npoHaMR ,He cMaaHHw.m: c rrepBH'lHl:l
MH 3Bea,naMH. B ;nHccepT8UHH nOK838HO, qTo CYMMapHblti ~OH QK838JICH paB
Hl:lM OT 3 ;no 6% ]!Jlfl HCCJie;nyeMl:lX nponeccoB, KpOMe p(NeH2) - B38HMO;neitcT
BHit npH 300 raB/c,. B nocJie;nHeM CJiyirae ~OH ~29%. 

B KOHU8 BTOpon rnaBl:l ;naeTCH CT8THCTHtI8CK8fl CBO;nKa o6pa6oTaHHOro 
3KCnepHM8HT8JlbHOro M8T8PH8Jl8 ( CM.T86JI.2). Bee ;naHHl:le 'AJIH MHOX8CTB€H
HOCTH H HHKJIID3HBHl:lX cneKTPOB BTOPHtIHl:lX, qacTHU IlOJIY'l8Hl:l C yqeTOM nonpa
BOK H8 8qiq18KTHBHOCTb ;nBonHoro npoCMOTpa, 3iMleKTHBHOCTH perHCTP8UHH 
H€tiTpOHOB 1,1 ¥ - KB8HTOB, H8H3M8PHMl:l8 C061:lTHH H ~OHOBl:le nponeccu. 

B Tp8Tbett rJiaBe o6cyx,naJOTCfl peayJIDT8Tli RaMepeHHtt MHOX8CTB8HHOCTett 
nto - ueaciHOB 1,1 npOTOHOB, o6paaoBaHHl:lX B n-r2c- 1,1 n-N - CTOJIKHOB8HH

HX npH 4 raB/c; HCCJie;nOB8Hbl KOppeJIHnHH M8llt'AY HHMH; 8H8JIH5HPYDTCH HH
KJIID8RBHl:l8 cneKTpl:l ~ - KB8HTOB; npoBe;neH cpaBHHT8JlbHbltt 8H8JIH8 peaynb
T8TOB ~fl n,nepHOit H HYKJIOHHOit MHmeHen, 8 T8KX8 HS~tI8JOTCfi xapaKTepHCTH
KH KYMYJIHTHBHl:lX ¥- - KB8HTOB, o6paaOB8HHl:lX B n-1 C ".° B38HMo;nettCTBHHX. 
9KcnepHM8HT8JlbHl:l8 peayJibTaTl:l cpaBH8Hbl C aHBJIOrHtIHl:lMR peayJibT~TaMH npH 
40 raB/c H C pactIBT8MH no M0,6Jil,I BHYTPHH~epHoro KBCK8;zt8 (UBK) ~H 
n-1~c- coy;napeHHit B B8PH8HT8 l/ 1,1 JIYH~Cfl3CKOtt ~parMeHT8UHOHHOit uo;neJIH-

,{MH) 121 Mfl n-p-, n-11, - B88HMO;nettcTBHtt. 
Cpe;nHHe MHOX8CTB8HHOCTH n°-ueaoHOB B HeynpyrHX n-p- H n-n. - ooy

.napeHHHX OK838JIF!Cl> paBHliMH(r1. no) n-p = I,02 :!:. 0,04 H (n,no > II-n. = 
= 0,83 ± 0,09. 'PactieTl:l, npoBe;neHHl:le no MH, ]!8JIH CJI8~ID~He 3H8'l8HFIH: 

<ttno)~:ti:n = 0,98 1,1 <n Ilo) ~l~ = 0,60. BH;ztHO, q:o ~JI n-p
B88HMO;nettOTBHl.1 MH corJiacyeTCH C 8KCnepHM8HTOM, HO ~H n-n.-coy;napemiA 
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TaCimu~a 2 
CB8A8HHH oCi 8KCnepHM8HT8HI,HOM MaTepHane, oCipaCioTaHHOM B H8CTOHU18tt 
paCioTe 

Ile PBH'IIH!iil 
ny'IIOK 1 Hll

nyn:r,c (raB/c) 

n-, 4,0 

n-, 7,5 

n-,40,0 

p, 4,2 

P, ro,o 
p,300,0 

cl, I,O 
d, I,7 

cl, 4,2 

12c, 4,2 

p, 3,I 

p, 4,5 

n-, 4,0 

c/., I,O 

d., 1 1,0 

d. I, 7 
J 

cl, I, 7 

cl, 4,2 

cl, 4,2 

MHmeH:r, 

C3H8 

C3H8 

C3H8 

C3H8 

C3H8 
NeH2 

C3H8 
C3H8 

C3H8 

C3H8 

Em 
Em 

C3H8 

C3H8 

Ta 

C3H8 

Ta 

C3H8 

Ta 

qHCHO nepBHtiH!iX 
HeynpyrHX B3aH
MOA8i1CTBHtt 

30498 

9947 

II65l 

4324 

4261 

8578 

5958 

4612 

4396 

1873 

1200 

3I02 

2!573 

qHCHO H8ttTpan:r,HJiX 
8B83'A C YI, 1: ~ 3 

'IIHCHO 

!99 

77 

587 

346 

221 

357 

57 

!04 

438 

428 

_( -KBSHTOB 

3280 

qHCHO COCiHTHtt C npOTOH
- CTPHilllHHrOl! 

3269 

345 

24!7 

628 

577! 

10!4 

IO 

1553 

!02 

1228 

188 

2257 

226 

3H8ll8HHe (n, no> rt (1, 3aHIDKa9TC.fI Ha 38%. 9TO aaHHlK8H~e, B08MOlKHO, B KaKOil
TO CTeneHH CBH88HO C TeM, l!TO B 8KcnepHM8HT8 BC8 n n, - B38HMOA8i1CT
BHH OTHOCHTCH K COY'ABP8HHHM C KB83HCBOCiOAHHMH H8i1TpOH8MH. 

B n-12c - B38HMOA8i1CTBHIDC < ttno > n-C = I,02 ± 0,04, llTO npH-
M8pHO Ha 44% HHJK8 3Hall8HHH <n. no/ n-c , pacCl!HT8HHOro no MBK. l!Hc-
nepcHH COOTll8TCTBYIOlllHX pacnpeA8H8HHi1, ~ = [(n, 2 > -(n,) 2 J l/2, 
llOCnpOH8llO'AflT pacl!BTH no MBK ll npeAenax IQ%. 

0THOIIJ8HH8 CP8AHHX MHOllC8CTB8HHOQT8i1 n°-Me80HOll ll n-12c- H n- /V -
coyAapeHHHX oRaaa.rrocb paBHHM FL.(n°) = I,IO ± 0,08, l!TO ll npeAenax 
norperuHOCTeil COllllBAaeT C R, (n°) npH 40 raB/c, KOTOpoe pallHO l,!8± 
± 0,02. . 

nanee H3naraIOTCfl peayn:r,TaThl H8Yll8HHH KOppeHHUHH M8JKJtY(n.(n°f> H 
IJHOJK8CTB8HHOCTHMH n-- M880HOB ( l'I._ ) 11 T8KlK8 npOTOHOB ( YL p) ll n- 2C
ll88HMOA8i1CTBHIDC npH 4 raB/c. MBK npH n._~l llOCnpOH8llOAHT 8KCnepHM8H
Tam,HyIO 38llHCHMOCTb (n. (n°)> OT YI,_ 1 HO 3H8tlHT6Hl,HO 88llWD88T CP8'AHIOIO 
MHOllC6CTll8HHOCTb n°- M880HOll npH n._ = o. 9To, B08MOllCHO, CllH88HO C ne
peoneHKOil B MOA8HH llM8'A8 K8HqHOB C Heynpyron nepeaapHAKOtt. 0MeIOTCH 
cna6He KoppenHUHH MelK'AY (n. (n°)) H n._ • IloKaaaHo, llTO ll n-12c- 1JaaH1.10-
Aei1cTBHRx C Yll8HHll8HH8M MHOJ!t8CTll8HHOCTH llTOpHtU!blX npOTOHOll ( q>parM8HT 
fl'APB) ll08P8CT8ST a(p({ieKT K8CK8'AHOro P88MHOllC8HHfl n°-Me30HOll B oCinaCTH 
q>parMeHTBUHH flApa. 

ITonytieHHHe ll 8KCnepHM8HTe HMnyn:r,cHH8 H yrHOllli8 cneKTPH ~-KllBH
TOll ll HeynpyrHX n-p-H n-n,, - ll88HMOA8ttCTllHHX npH 4.raB/o H80l!U'l'A8HHO 
xoporuo cornacyIOTCH C npeACK888HHHMH MR ( PHC. l H 2).B CBH8H C 8THM 
OTM8THM, '!TO npH T8KHX OTHOCHT8HI,HO ll8HHX aHeprHHX B npo~eccax MHO
llC8CTB8HHOro o6paa□ll8HHH ll8CTHn llHHHHH8 q>880BOro oCi~eua, Oti8llHAHO, cy
mecTB8HHO c11n:r,Hee, qeM 'AHH8MHKa B88HMO'A8i1CTBHH, aanOllC8HHOro B Toil MH 
HHOtt MO'A8HH. . 

08 aHaHH88 yrnoBHX cneKTPOB '( - KBBHTOB CH8'AY8T, '!TO MBK /l{ 
IlP8'ACKa8HBaeT Cionee CHHI,HYIO KOHHHM8UHIO t - KB8HTOB B 88'AH8tt nony
cqiepe no cpaBH8HHIO C T8M,'1TO Ha6.mQD;aeTC.fI B 8KCil9pilli9HT8.~0pMa yr~OBHX 
pacnpe~Melllillf'-KBaHTOB c poCTOM nepBli'IIHOH aHeprIDI c 4 ~o 40 raB/c 
CYlll9CTB9HHO l18M9HSI9TCSI, B ti8CTHOCTH B08p8CT88T CT~n8Hl, 8HH80-
Tpomm. 

Cpe~11e 8Ha'll9Hl1.fI KOaq>q>HUH8HT8 HeynpyroCTH n°-ueaOHOB.llPH 4 raB/c 
OK888HHC:r, P8BHHI.IH: <Kuo) n-tl = a.rs ± 0,03 B n-N .,. COY'A8P8HHHX H 
<kuo > n-c . = 0,!9 ± 0,02 B n-12c - .B88HMO'A8ttCTBHHX, .T.e. AOHH aHepr1m, 
YHOCllMa.fI n°-Me80HOM, cnaCio 88BHCHT OT MSCOO.Boro 'IIHCHS H'AP8-MHmeHH. 
TaKlK8 8H8ti8HH8 (Ku0> B llP8'A8H8X O'AHOKP8THOtt.omHCiKH COBnS'AS8T C pe
aynMaTOM npz 40 raB/c: <Kuo" n-c = 0,22 ± o,or. 

B 8TOtt l!C8 rna.Be HayqaJOTCH xapaKT8PHCTHKH KYMYHHTH.BHHX ~ -KB8HTOB, 
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I' .J\ ... P.11c.I ~ l!) q_ 
~~ lbmyJI:&Cmte cnljKTPll 'd -KBB~-

-..11.!) 
TOB B n-p (a)·- .11 n-n. {6)-
CTOJIKHOB8HHHX np.11 Pn-=4 raB/c. 

I t 6 
Kp.11:alle COOTB8TCTBYIOT pacqe-
TBM no KBBPKOBOll: ~parueH-

,o-tl- N TBU.lfOHHOll: IiyHJJ,-MO,JJ;eJW./2/. 

~ 
0::- ,o•2 I 

w/~ 
. ~~, 

sr·p 
'ij'l:I 

-...1!0 

,o·t I-
tk

1

' 

,o•2 
0 0.3 I.& 2.4 3.2 lt.D 

P{r.li') 

,oo 
Jgl~ 
~,ID 

,i,,..i±f ):_7' 1~1, r;Oi-

, jl '\l ,a-1 P.110.2 , ,! ~ 6 ti) ~n-r,x t\ 

'191¾,o-• F. ~ I 
-,, 1! ' ' I . ' ' ~'' 

CneKTpll ()blCTPOT ¥-KBBHTOB 
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lliTpliXOBaH KPHBBH BB 
p.11c.6 COOTBeTCTByeT npe~
CKBBSH.11!0 MJI o nepeuopu.11-
poBKOll: HB BKCn8pHM6HT8Jl:&
H08 auaqeu.11e cpe~uett uuo
zecTBeHuocT.11 ¥-KBBHTOB 
B n-n, - BBSHMO~ettcTB.lfflX. 

o6paao:aaHmtX :a n-12c - B38HMO;zte~CTBHHX npH 4 raB/c. 9TH xapaKTepHCT.11-
K.11 cpaBHHBBIOTCH c aHaJior.11qmtM.l1 ;ztBHHllM.11 npH 40 rsB/c. 

Cpe;nH.118 BH8tI6H.11ft MHOJK6CTB6HHOCT6ll: 1( - KBBHTOB, <n. ~<~a6~ 90,. 
BWISTa!O!lUX rro.n; yrJIOM ~90°, noJiytIHJIHC:& paBHNMH: O,I9 :!:. 0,02_ npH ' 
4 raB/c H 0,2I :!:. 0,02 npH 40 raB/c, ·T.e. B npe;zteJiaX CT8T.11CTHtI6CKHX 
OWH60K 3H8tI6HH8 ( 11,1( ( E)JIB6 ~ 90° )> He M8HH8TCH C nepBHtIHOff SHeprH
ett. 

HHB8PHBHTH!l8 fH~~epeHUHBJI:&mte C6tI6HHH 06paBOB8HHH r- KBBHTOB 
C 0JIB() ~ 900 B n- 2C- B38HMO;zt6ll:CTBHHX np.11 4 H 40 rsB/c COBnBJIH B 
npe;zteJiaX DmH60K 3KCnepHM6HT8 ;ztJIH t - KBBHTOB C HMnyn:&CBMH 
PK~ 50 MaB/c. Ha ;ztBHHNX no MHOllt6CTB6HHOCTH H HHKJIIOS.lfBHblM cneKTpau 
t - KBBHTOB C 8JIB6'l900 CJI6;ztyeT, tITO HX 86COJIIOTHbl6 .11 ;zt.11qxll8p6HU.lf-

8Jl:&Hbl6 BllXO;ztbl He M8HHIOTCH..C POCTOM nep:a.lftIHOtt aHepr.11.11 OT 4 ~o 40 raB/c. 

_ B tI6TB6DTOll: rna:ae o6cyJK;ztaIOTCft peayJI:&TBTbl .11CCJI6;zt0BBH.11ll: HHKJll03.11B
HblX xapaKT6p.11CTHK 6blCTpbIX H6ll:TpOHDB, o6paaoBBHHblX B n-p-, n-n.-.11 
n-12c - :aaaHuo;nell:cT:aHHX np.11 4·7,5 .11 40 .raB/c; :a pp-, pn.-, p2°Ne-coy
.n;apemm.:x: npu 300 raB/c;pp-,pI.~C-BsaUMo.n;eil:cTBumc npn IO n 4,2 raB/c; 
Bc/P-, ol 12c-, 12cp- II 

12c12c- coy;napeHHHX np~ 4,2 raB/c HB 
HYKJIDH; 8 TBKJKe KOppeJIHU.lfH M6llt;zty MHDJK6CTB6HHOCTHM.11 H6ll:TpOHOB .11 aapH
ll[6 HHblX tIBCTHU. 

Cpe;ztHH6 MHOlK6CTB8HHOCT.11 ( < vi,f> ) ()blCTphlX HSll:TpOHOB ( Pn. 7,, 

?, I raB/c) B pp-, n-p-, n-1'1,- .11 p n. -coy;nap6H.11HX npHBO;ztHTCH B Ta6-
JI.11U6 3. 3;nec:& lite ;ztBIOTCH nDJIYtI6HHbl8 no napU.lfBJI:&HblM C6tI6H.11HM .113 ;npyr.11x 
pa<50T cpe;ztHH8 MHOllt6CTB8HHDCT.11 ((111,~)) :acex H6ll:TpOHOB .11 peayJI:&TBTbl 
pactieTo:a no MJI. 

Ta6irnua 3 
Cpe;ztH.118 MHOlK8CTB8HHOCT.11 C>blCTpblX ( < n.i > ) H BC6X ( ( n,..,,> ) H6ll:TpOHOB 
:a pN- .11 n-N - :asattMo;nell:cTBHHX 

Hn B88HMO- Po iJKCne HIie HT -MO 9JI:& 

;zt6ll:CTB.11H (raB/c) (I'\.!) <Vl,"' {n,.,.) 

pp . 4,2 0,56±0,04 0,70 ± 0,04 - Clp3 
pp IO,O 0,70t,O,I4 0,60 :!:. O,IO 
pp 300,0 0,65±0,07 o, 75 ± 0,08 0,59 0,72 

n-p 4,0 0,30:!:,0,04 0,39 ± 0,04 0,08 O,IS 
n P 7,5 0,28±0,06 0,37 ± 0,06 O,I6 0,28 
n P 40,0 0,28±0,04 0,37 ± 0,04 0,25 0,37 
n-n. 4,0 0,35±0,09 0,63 :!:. 0,08 0,3I 0,80 
n-n. 7,5 0,37±0,I6 0,64 ± O,I6 0,36 0,75 
n-n, 40,0 0,36±0,07 0,63 ± 0~07 0,37 0,73 
p n. 300,0 0,67±0,I5 - 0,70 
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KaK BH)tHO HS Ta6n. 3, < n..t.> H (rt.,,) 88BHCHT OT THna nepBH'IJHO
ro B88HMO,itettcTBHH H He saBHCRT B npe,itenax omH60K OT 3HeprHH B38HMO
,itettCTBHH B HCCJ1e,1tOB8HHOM HaUH HHTepBaJle HYilyJl:&COB. TaKEe BH'AHO, 'IJTO 
'AJIH n-n, - B38HMO.itettcTBHtt npH Bcex nepBH'IJHWC aHeprHRX HMeeT_MeCTO 
cornacHe MBQY MO,iteJl:&JO H 3KcnepHYBHTOM B npe,itenax ( IO - IS)% • .IlJIH 
n-p-coy,itapeHHtt xe npH 4 raB/c M0,1tBJIJ, npe,itCK83HB8eT cy111ecTBeHHOM8H:&llllI8 
8HatJeHHH <t1-!) H ( n-.,.) , qey Hatt.iteHO B 3KCilBPHMeHTe. 8Ta paaHHna Hec

KOJl:&KO yueH:&maeTCR npH 7,5 raB/c, a nptt 40 raB/c pactJeTH no MH corna
cyroTcR C 3KCileP.HMeHT8JlbHHMH BHatJBHHRYH. MoEHO 88KJIJO'IJHT:&, 'IJTO pactJeTH 
.( n.11.) no MH 121 H 3KCilBPHMBHT8Jl:&lWB ,1t8HHHB cornacyIDTCH npH OTHOCH

TeJ!bHO 60JlblllHX nepBH'IJHliX BHeprHRX ( Eo '?- IO raB) • 
Mo,1tH~HK81UiH MH 'AJIR n-p-B38HMO,itettcTBHtt C ytJeTOM sapB;D;OB0-06M8HlillX 

K8H8JIOB THna n-p - n,m.n° H "nepeMBillHB8HHH11 £i - H d - KBapKOB, KO
TopaR npOH8BB,1tBH8 B pa6ore 131, .itaeT Y'AOBJIBTBOPHTBJl:&HOB cornacHe no 
( Y!,11.) 1 H8'1JHH8R C E0 ~ 4 raB. Cpe,1tHH6 xapaKTBpHCTHKH BTOpHtJHWC tJac

THn H B pp-B88HMO.itettcTBHRX npH 4,2 raB/c, KBK IlOK888HO B 
.itHccepTa!UiH, xopomo onHCliB8JOTCH BBpcHett / 3/ MH. · 

no .itaHHHU UHO~BCTBBHHOCTett BCBX BTOPH'IJHHX HBttTpOHOB onpe,itBJIBlW. 
BBPOHTHOCTH ( .A- ) ueynpyrott nepesapH,1tKH HYKJIOHOB ( p-+n, HJIH l'l.➔ p) • 
IlOK888HO 1 'IJTO 8H8'1JBHHB Heynpyrott nepesapH,1tKH B npe,itenax OIIUI60K 3KCil8-
pHM8HTa ue 8aBHCHT OT T.HIIa nepBlltJHOro B88llMOA8HCTBllJI (n-p HJill pp) ll 
HBJIHeTCH npHYepHO noCTOHHHOtt BBJIH'IJHHott B HHTBPB8Jl6 HMilYJl:&COB 
4 + 300 raB/c: 

o<.( p- n,) ::;,<, (n.-p) = 0 37 + 0,04. 
. Cpe,1tHHe MHOEeCTBBHHOCTH 6HCTpblX HettTpOHOB B n-I~c-,?2c- H 
p2o Ne - B38;f!.10,1tBttCTBHRX npe,1tCT8BJIBlW B Ta6nHne 4. 

Ta61rnna 4 
Cpe,1tHH6 YHOEeCTBBHHOCTH 6HCTPHX HBttTpOHOB B ll-I2C-,pI2C-H 

p20Ne - BaaHuo.itettcTBHRX 

THn Baan- Po < n, f.,, 
UO.itettcTBHR (raB/c aKcnepm,eHT MBK KIIM 
- C 4,0 0,40 ± 0,04 0,46 n 

n-I2c 7,5 0,37 ± 0,06 O,SI 
n-I2c 40,0 0,57 ± 0,05 - 0,55 

p-I2c 4,2 0,76 ± 0,05 0,60 

p12c ro,o 0,89 ± 0,08 I,02 

i 0Ne 300,0 I,08 ± 0,06 - I,2I 

8.itec:r, me npHBO)tHTCH pactJeTH no Y0,1tBJIH BHYTPHH'ABPHOro K8CK8,1tS 'AJIH 
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n-r2c-coy,1tapeHHtt ( B8PH8HT /I/)H 'AJIH pI2C-B38HY0,1tettcTBHU ( BBPHBHT_/4,S. 
TaIOKe npHBe,1telW peayn:&TaTH pactJeTOB no KBapx-napTOHHOtt MO)tBJIH (Kill,!) 
'AJIR hA - BBaHMo.itettcTmtt/5/. • . 

~a Ta6J1Hnli 4 BH'AHO, 'IJTO(l't,() cna6o BOapaCTBBT c llBPBH'IJHOtt 8HBp
rHett. PactJeTH no MBK n KIIM npH COOTB6TCTBYJO~ SHeprHRX B npe,1tenax 
20% BocnpoHBBO.itHT .itaHlWB no < 11,l> • · 

B ,1t8HHOtt rnaBe 8H8JIH8HPYJOTCR H MHOEBCTBBHHOCTH 6HCTPblX HBttTPOHOB 
B d..p-,d,I2c-, I 2cp- H I 2cI2c - coy,1tapeHHRX npH 4,2 raB/c Ha. HYKJIOH. 

.IlOYHMO H8y'IJBHHR MHOEBCTBBHHOCTBtt BCBX 6HCTpUX HBttTpOHOB B R,1tp0-H,1tBp
HliX B38HMO.itettCTBHRX ( ( rvi > ) 6wrn B OT)tBJl:&HOCTH HSY'l!BlW ltfHOEBCT
BBHHOCTH HBttTpOHOB-CnBKT8TOPQB H8JIBT8J01I1Bro H'APB ( ( n,:;_T;> ) H Hett
TpOHOB-YtJBCTHHKOB ( (V!.~.:> ). B Ta6n~5 IlPHBB,1t6Hli CPBAHHB 'IJHOJl8 MHO
EBCTBBHHOCTett 6HCTpHX HettTpOHOB B H,1tpO-H,1tBpHUX B38HM0,1t8ttCTBHRX npH 
4,2 raB/c.H. 

Ta6JIHna 5 

Cpe,1tHH8 MHOEBCTBBHHOCTH 6HOTPUX HBttTpOHOB B H,1tpo-H,1t8PlWX 
B88HM0,1tB~CTBHRX npH 4,2 raB/c Ha HYKJIOH 

Cpe.it- l Tmr BSBH-
RHB MHO- MO,itBttcT- dp d.'1.c "·c p ,tc'.i.c 
EBCTBBH- BHH 
HOOTH 

< 1'1,r > 0,55:!: 0~08 I,20 ± 0,06 0,40±0,07 2,SCJ±0,20. 
- o,94 (lUCM) - 2,70 (lUCM) < nc.!> 0,4I± 0,05 0,26 ± 0,06 0,53±0,07 0,92±0,09. 

< n!> - 0,33 (lUCM) - I,30 (lUCM) 
0,96± 0,09 I,46 ± 0,09 0,93±0,IO 3,42±0,20 

Ha Ta6Jr.5 BlWIO,l!TO B CC- (HJLHo{C)-B38llMO'A8HCTB.WDC o6pasyeTCJl 
3Hatm:T8Jll,HO 60Jll,fil8 6HCTpblX H8HTPOHOB, '18M B Cp- (wm.o{ p)-COY'Aape

HHRX; ~PH STOM 'IJHCJIO ( < /1,~~>)Bosp~CTBBT 6HCTpee,tJBM 'IJHOJIO HBttTpOHOB
cneKTaTOPOB. 8To, O'IJBBH)tHO, OBR38HO O TeM, 'IJTO B H,1tpO-H,1tepHHX CTOJIK
HOBBHHRX 8H8'1JHT8Jl:&HO 6on:r,me HYKJIOHOB H,1tp8-CH8PH.1t8 Y'IJBCTBYJOT BO B88H
M0,1t6ttCTBHRX, 'IJBM B cnyqae CTOJIKHOBBHHH STOro H,1tpa-CH8PHA8 C llpOTOHOM. 

YBeJIH'IJeHHB ope,itHBtt MHOEBCTBBHHOCTH HettTPOHOB-CTpHnnHHroB npH ne
pexo.ite OT c;(. c- K cc - coy,itapBHHHM ( CM. Ta6n.5), O'IJBBH)tHO, YK88HBBBT, 
'lTO C POCTOM 8TOMHOro HOMepa H'APB-CHBPHAB BOB 60Jl:&m8H qa'oT:& HYKJIOHOB 
HS HBJIBT8l01I18ro H,itpa He yqaCTBY8T.BO B88HM0,1t6ttCTBHRX C yrnepo,itHOtt MH
meH:&JO. 

Ilony'leHHaH cpe,itHHH MHOXBCTBBHHOCTb H~ttTpOHOB-y~aCTHHKOB B. CC-Bsa
HYO,itettCTBHRX cor~acyeTCa C pactJeTOM no MBK, 0,1tH8RO cpe,itHee 'IJHCJIO Hett-
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TPOHOB-CTpHnIIHHrOB MeH»me pacqeTHOro SHaqeHHH no MBK ( CM.Ta6JI.5). 
IlO-BH.IUlMOMY,STO OTpaimeT HenpHMeHHMOCTL HCnOJILSOBaHHoro B MBK / 4/ 
uexaHHSYa 11HcnapeHHH 11 HYKJIOHOB HS Bos6yllt;neHHhlX H;nep. IloKasaHo, qTo 
cpe;naee qHcno HyMOHOB-cneKT8TOPOB MHmeHH HS pI2c-coy,I(apeIDrnpaBHO 
cpe;nHeMy ~CJIY HYMOHOB-cneKT8TOPOB CHapH;na H3I2cp - CTOJIKHOBeHHtt 
npH 4 rsB/c Ha HYMOH. 

Hccne;noBaHHe KOppeJIH~H YelE;lty MHOllteCTBeHHOCTHIJH 6hlCTphlx HeffTpo
HOB H sapHS8HHWC qacTHn noKasano, qTo C poCTOM nepBHqHott SHeprHH no
HMHIOTCH noJIOlKHTeJILHhle KOppeJIH~H Mel!t,11y < 11,t} H .MHOJKecTBeHHOCTLIO 
npo~OHOB~par»eHTOB H;npa H peJIHTHBHCTCKHX sapHllteHHh!X qacTHn ( nHo
HOB),i Y.ztOM8TBOPHTeJILHO onucu:saeuue COOTBeTCTBYIOl!UiMH pacqeTaMH no 
MBK/~/ H KI1M / 5/. 

liCCJI8,llOB8Hhl pacnpe;neJieHHH no nOJIHOMY npO,llOJILHOMy H nonepeqHoMy 
HMnynLcy, a T8Kllte no yrJiaM H 6hlCTPOT8M BTOpHql!I,IX HeffTpOHOB. B n-p~ 
H II- Ii, - BS8l'IMO,lleffcTBHHX IIPH 40 rsB/c- H B pp-coy.ztapeHHHX IlpH 
300 rsB/c ~cnep:0M6HTaJII,H1:le ,I(aHHl:le Ka'l:6CTB6HHO BOCIIpOH3BOMTCfi pac-qe-
TaMH no MI[ 2/ (pnc.3 H 4). · 
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PHc.3 
liMIIYJILCHhle CII8KTPl:l 6hlCTpl:lX 
HettTpOHOB B n-p-H n-n, -Bsa
HMO.zt8ffCTBHHX IlpH 4, 7,5 H 
40 rsB/c~ KpH:sue-pacqeTu no 
~-MO,I(ElJIH • 

P. (r•s/c) 

B n-I2c-coy.ztapeHH~ npH 4 H 7 5 rsBLQ(pnc.5),B p12c-cTOJlltHoBeHll.llJC 
npn 4,2 n IO rsB/c,a TaKllte B 12c12c-Bsam.to,I(eficTBHJIX rrpn 4,2 rsB/c 
Ha HYKJIOH m.myJ.II,CHl:l8 '. H yrJIOBl:l8 cneKTPll, B OCHOBHOM, corJiaCyIOTCH 
C pacqeT8MH no MO.zt8JIH BHYTPHH.ztepHoro K8CK8,ll8. ~8HHl:le .ztJIH II-r2c -Bsa
HlJO){effcTBHff npH 40 rsB/c H p2°Nt - coy,llapeHHtt IlpH 300 raB/c y,llaeTCJI 
KaqecTB8HHO onHC8TL pacqeTaMH no KilM 151. 
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PHC.4 
Pacnpe.zteJieHH~ 6hlCTpux HeffTpo
HOB no Pt {a) H Cos 0Jia6(6) 
B pp~ coy.ztapeHHHX npH 
300 raB/c.CIJJiolllliue upwme -
pesyJI:bTaTl:l paC'l:6TOB no ~
MO,I(6.7ll1. 

3 

a pp, 300 r3g 

;2 

"'I'&! ,,_,, -i' 
-IJ 

0 ·t')._ • I I 1NM2 /c2) 
, : 0 2.0 ,. 0 • 

6 

f02 t t ,~ 
,} ~i 

~~,~ ~ 
7J -~ 

PHc.5 

liHKJIIOSHBHhle cneKTPhl 6hlCTphlX n 
B n-I2C-B8ru!MO,I(8HCTBWDC npH 
4 raB/c (a) H 7,5 rsB/o (6). 
~lt cpa:sHeHHH IIOKasaHU T8Kllte 
.zt8HHhl8 .ztJIH II-p-H n-,t..-coy.zta
peHHtt npH COOTBeTCTBYIO~HX 
nepBHqHhlx HMIIYJI»cax. KpHBhle
pacqeTl:l no MBK. 

10·' ~ I 
I 

I Cos~a~. I ' I !/ I f.O 0.z --:- 0.8 

' ,., 'j _g.[f I 4M I 
0:ndp ~""""b.._.t:;:1._ L MBK 
to·• ~'-!;:;::.l~ 

a 11 11 w· 2 1 

40·f 

10· 2 6 

2 3 
P.,,(0r,;c) 

HsyqeHHe SHepreTHqeoKott S8BHCHMOCTH cneKTPOB 61:lCTPl:lX HettTPOHOB IlOK8-
88JIO, qTri O POCTOM nepBHqHoff SHeprHH HMilYJILCHl:le pa~npe;neJieHHH CTSHO
BHTOH :ecTqe. YrJIOBl:le pacnpe;neJieHHH 6hlCTPlilX HettTpOHOB B JI.c.K. O6Ha
PYDB8IOT IIHK B nepe){HeM H8IIP8M8HHH H HM8IOT IlpHuepHO O,llHH8KOBliff xa
P8KT8p pacnpe.zteneHHH B h.N-, hA- H H AA-coy){apeHHHX. C pocToM P 

0 
CTeneH» R~ Bnepe.1{ B JI.c. YCHJIHB88TCH: 

B pa6oTe npoBe){eH cpaBHHTeJILHl:ltt 8H8JIH8 HUIIYJILCHliX H yrJIOBliX 
cneKTPOB 6ucTpux HettTpOHo:s, o6pasoB8HHhlX Ha H.ztepHoff H HYKJIOHHOff 
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MHmeHHX npn O'AHHaKOBhlX aHeprnax. ~a 'AaHHhlX cne'AyeT, qTo Ha H'Apax npn 
P ~ 5 raB/c Hel1TpOHOB o6paayeTCH 6ou,me, qey Ha HYMOHHOl1oMllmeHH~ 

B IlHTOl1 rnaBe 'AHCCepTaUHH paCQMOTpeHbl pacnpe'AeneHHH no_uHOllteCT
BeHHOCTHM CHn:E,HOl,lOHH3HPYIOlllHX ( ri..3 ) l,j penHTl,lOOCTCKl,lX ( n. s ) qacTHU, 
HX MOMeHTH ll KOppenHUHll M6E'AY HllMll, xapaKTepl,lCTl,lKl,l yrnoBUX pacnpe'Aene
Hlll1 B pEm- B3al,lMO'Ael1CTBl,lHX npn po= 3,I ll 4,5 raB/c. ITpoBe'AeHO cpaB
HeHlle nonytieHHUX 'AaHHb!X no pEm - B38llMOAeijCTBHRM C aHanornqHh!Mll 
AaHHblMH npH BUCOKllX aHeprl,lflX (20 - 400 raB) ll c pesynbTaTaMl,l, nony
qeHHNMll B fl'APO-RAePHhlX coyAapeHl,lHX B WOTOSMynbCl,fflX Ilpl,l 0'Al,lH8KOBOl1 
aHeprl,ll,l Ha HYKnOH RApa-CH8PRAa. 

Ilpll Eo ~ 3 "." 5 raB tIHcno 1J, - tI8CTllU B p-CNO- coyAapeHHRX :)8M6T
HO 6onbme, a B p-A~ B~ ~ MeHbme, qeu npn BllCOKl,lX (20 - 400 raB) 
aHeprnHX. Ilo oneHKaM peJKHM "npeAenbHOl1 wparM~HTaUHn 11 H'Aep-MHmeHel1 
( WOTOaMynbCllll ) B pA -B3aID/10~8liCTBIDIX IlO'A 'AellCTBl,leM BUCOK0-
3HeprnqHUX npOTOHOB HacTynaeT B o6naCTH nepBlltIHb!X 3Heprl,ll1 ?:,4 raB. 

AHanl,js l'l,s - pacnpe'AeneHnl1 noKasan, tITO npH PO = 3 ,I I'aB/c (tts) 
yMeHbmaeTcR c yBenHqeHneu A, T.e. nornomeHl,le g - qaCTl,lU npH npoxo
llt'AeHllll qepea RAPO ClinbHee, qey l,lX MynbTl,lllnHK8UllH B peaynbTaTe IlOBTOp
HhlX BHYTPHRAepHblX COy'AapeHnti. IlpH 4,5 raB/c A-aaBHCllMOCTb (n.s> B pac
CMaTpl,lBaeuou llHTepBane A ( I4 t 95) ot1eHb cna6a. PacnpeAeneHHR 
rrpn 3 - 5 raB/c 06HapylltllBaIOT aaMeTHUe OTMOHeHllR OT l,l8B8CTHhlX 38KOHO
MepHOCTel1, rrpwcymHx B8al,lMO'Ael1cTBllRM rrpn BUCOKl,lX SHeprHHX ( 20 - . 
400 raB). 

IloKa3aHo, qTo rrpH HHTeprrpeTaUl,lli peaynbTaTOB no MHOllteCTBeHHOCTRM; 
paSnl,ltIHUX Tl,lITOB BTopwqHNX tI8CTllU H KOppenRUlll1 Mellt'AY HllMll rrpH He60nb-· 
mnx Eo 60nbmy10 ponb l,lrp~IOT 38KOHhl coxpaHeHHR. ~el1CTBllTenbHO, eCnl,l npl,l 
SHeprllHX 20 - 400 I'aB CYMMapHaH SHeprllR, YHOCllM8H npO'AYRTaMH wpar
MeHT8UHll MHmeHn, He3HatIHTenbHa B cpaBHeHllll C aHeprHel1 MeaoH006paaoBa
HllH, TO IlPH po= 3 ¼ 5 raB/c 3TH 3HeprHH cpaBHllMN. 8To 06CTOHT8nbCTBO 
xaqeCTB8HHO 06'.bHCHfieT 3H81fflTenbHYIO AOnIO "aHoManHl1 11 , 06HapyxeHHNX npll 
yuepeHHUX E0• 

ITonytieHHbl8 'A8HHNe cpaBHllBanncb C pacqeTaMll no MO'A8nl,l BHYTPllH'A8P
HOro RaCK8'Aa B BapHaHTe, wnonHeHHOM B pa6oTe 161. Ilpn Y'AOBneTBOpll
TenbHOM orrncaHllll Yl.s - pacnpe'AeneHH!1 3T8 MO'Aenb He OnllCNBaeT H8ROTO
plle xapaKTepllCTl,lRH CHnbHOl,l0Hll3HPYIOlllIDC qacTHU~ OTMeTHM, qTo CYU18CTBYIO
llll,l8 BapHaHTH pactieTOB no R8CRa'AH0!1 MO'A6nll qacTHqHo npOTHBOpeqHBN H 
Tpe6yIOTCH AanbHel1mHe pactieTH H aHanHa. 

~anee IlPOBO'AHnCH cpaBHHT6nbHbll1 aHanna MHOllt6CTB8HHOCTel1 H yrnoBblX 
Cil8KTPOB B 11H'APO-R'AP0 11-H 11npOTOH-R;ztpo"-co!'A8P6Hllf!X npH O'AHH8ROBhIX 
aHeprHHX Ha HYRnOH CHBPR'Aa ( Ha npm,1epe I NE,r,.- n pEm- coy'AapeHHl1 
npn 2,9 H 3,I raB/c Ha HYRnOH COOTB6TCTB6HHO )~ 0THOill8HH6 CP6'AIDIX 
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MHOllt8CTB6HHOCT6l1 oxaaanoc1,: FLs = 6,3 ± 0,2 - WIH s - qacTHn H fl-a ::_ 
= 2,2 ± o,r )l11H CJ, - qaCTHU, T.e~ OTHomeHHe t TeM MeH1>me, qey M6Hl>
me aHeprHH BTOPH~X qacTHU. 

AHanHa OTHOm8Hl'IH 'C, ( 1 ) . llHRnl08llBHhlX IlnOTHOCT6l1 nceB'A06NCT
poTHblX pacnpe'AeneHlll1 S - qacTHU p ( f ) B I 4N Em- H pEm - coy
'AapeHHRX llOKa3aJI, 'CJ:TO • . -

- npn 60Jrl>DIHX "( ( uanue 9) 't (7) -z 20, T. e • B 14 NE m - COY'A8P6-
HHHX npH 7 ~ 3,BuneTaer npnuepHo B 20 paa 6on1>me S - qacTHU, qey B 
pE, TOr'Aa R8R CP6'AH66 qncno npOB88HMO'A6l1CTBOB8BIIIHX C unmeHl>D-HYRnO-
HOB H'AP8-CHapH'Aa <OJ>= 6,9 ± o,r. 8'A6Cl> 'AOMllHHPYDT O'AH088PH'AHN8 H6-
npoBaaHMO'A6l1CTBOB8Billll6 WP8rM6HTH H'AP&-cHapfl'AS; 

- npn uanhlX r OTHomeHHe 't ( f ) . MllHHManl>HO H paB~O ~3 - 4, 'ITO 
8H81fflT6nl>HO M6Hl>me {Jr,> • B 3T0!1 o6JiacTH 'AOMHHHpyeT uexaHHSM BHYTPHH
'A8pHoro R8CR8'Aa C aaueTHNM nO'A8Bn8HH8M'KaCR8'AOB OT OT'A8nl>Hh!X HYRJIOHOB 
CHaPR'Aa na-aa axpaHll88UHH; 

- nHml> B 11 U8HTpanl>H0!111 06naCTH nC8B'A06NCTpOT ~ ( '( ) O;IU!OrO no
PH'AK8 C (Jc.), O;ztHaKO paa;zteneHHe pEm. :- coy;ztapeHHl1 H8 CNO-H A~ B-r.
no;ztrpyIII)H noxasuBaeT, 'ITO ll S]l6Cl> llU86TCH CHnl>H8H A-88BHCHMOCTl> ~op
MH t(7). 

Bee 3TO OTHJO;lll> He CBH;zteTenl>CTBY6T B non1>ay npoCTl>IX "cynepnosHUH
OHHhlX11 MO;zteJiel1~ BO BCRKOM cnyqae COY'A8P6Hll8 H;ztpO-fl'APO, no-BH]!HUOMY, 
He MOllteT 6HTl> CBe;zteHO R npOCTOl1 cy1.11.1e O;ztHHaKOBl>IX HYRJIOH-H;ztepHblX HJIH 
HYKnOH-HYRJIOHHhlX CTOnKHOB8HHl1. 

B pa6oTe HayqanHcl> napHUe "llHYTPHrpynnoB:ue" KoppenHUHH B nonepe-q
Ho« IlnOCKOCTH CTOJIKHOB6Hll« ( 8SHUYT8JlbHH6 KOppeJIH!UfH). 0CHOBHN6 pesyJil>
TaTH aHanH38 T8KOBH: 

- Ha6nJO;zt8JOTCH o6ecneqeHHNe asnuyTan1>HNe xoppenHUHH uew S- t1ac
THnaun npH o6oroc Po• AsnuyTaJil>HaH aCHMMeTpWi npOHBJIH6TCH K8K B HHKJID
SllBHhlX 8Hcau6nax, TaK H l3 HH;ztHBll;ztyaJil>Hl>IX 8KT8X. oua-aH8tIHT6Jrl>HO cna-
6ee,'leU l3 MO;ztenHX CT8THCTHll6CKOro THna. 0Tij8THU, qTo B a;ztpOH-HYRJIOH
HhlX coy;ztapeHHHX np11 yuepeHHl>IX (E0 ~20 raB ) aHeprHruc rno6an1>HNe asn
uyTan1>HHe xoppenHUHll ROnJ'JqecTB8HHO COBna;zt8IOT C pactieTaMH no CT8THCTH
qecxot.1 uo;ztenH; 

. -o6ecne'l6HHN8 KOPP6JIHUHH npOHMHIOTOH H ueJQzy ~ - '18CTllUaMH, 'ITO 
cornacyeTCH C H838BHCllMOCTbD o6paaOB8HHH M8)l116HHWC qacTHU; 

- 88HMYTanl>HH6 KOPP6JIHIWH uew S - '18CTHUaUH 38BHCHT OT HJC no
nHpHNX yrn~B ( ncel3;zt06UCTPOT): npH 6cnl>mHX o/ xoppenHUHll HSH6onee 
CYUl6CTB8HHN, npH Manl>IX r OHH HC'l8SSD~6 MSJra; 

- WIH ~ - llBCTHU l3 npe;ztenax axcnepHM6HTanl>HhlX omH60K 88BHCHMOCTH 
OT yrJJ.a €} .. H6 06Hapyllt6HOi 

- xoppeJIHUHH uew !Y - 'laCTHUBMH coxpaHHIOTCH B o6nacTH0 > Il/2-
KHHeM8Tll'l8CKH sanpe~eHHO!! B M8M8HTSPHOM SKT6 YI, N -B38llMO;zt6l1CTBHH. 
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~aHHhle cpaBHeHHH KoppenH!UfOHHblX HBneHHtt B pErn.-H 14NEm -coy
.l{apeHHHX CBH,l{eTen:r,C.TBYIOT' l.lTO l.lHCTO KOnneKTllBHHe IIO'AXO'AH K H,l{pO;,H,Ile p
HhlM coy.l{apeHllHM npll Ea' B H9CKOJII,KO raB Hea.l{eRB8THH OIIb!Ty. 

Ha6nIO,IleHHbl6 KOppenH!UfOHHble xapaKTepllCTllKll 11ccne,l{OBBHHhlX co6hlTlltt 
npe,l{CTBBRHIOT HHWOPM8Wfl0 'ARH anpo6aUHll pasnHqHux MO,l{enett a.l{pOH- H H,Ilpo 
-H.l{epHblX coy.l{apeH11tt. 

B mecTOtt rnaBe npe,IlCTaBneHhl ,l{8HHHe no MHOEeCTBeHHOCTll BTOpllqHhlX 
sapmiteHHblX l.lBCTHU, o6pasoBBHHhlX B tip-, n, 12c- H ti.20Ne - B8BllMO,IlettcT
BllHX B HHTepBane HMIIyn:r,coB (I+ 200) raB/c. Ilo.11po6HO o6cfE,l{BIOTCH 
,l{8HHble no MHOEeCTB6HHOCTHM II±- Me 80HOB ll IIPOTOHOB B l'l.p-, 11. 2c- H 
n, 181Ta- B88HMO,l{ettcTBHHX npH p = I H I,7 raB/c; a TBKEe MHoxecTBeH

HOCTll, HMnyn:r,cHble ll yrnOBhle cneKTphl sapHEeHHhlX l.lBCTllU, o6pasoBaHHhlX 
Bnp-, n12c- H l'l.181Ta-coy.l{apeHHHX Ilpll 4,2 raB/c. 9KcnepHMeHTan:r,Hhle 
pesyn:r,TaThl HSytteHHH n.12c- H •1'1,

181Ta-BB8HMO,Il6HCTBHtt cpaBHHB8IOTCH C 
aHanorHttHb!MH ,l{8HHblMH 'AHH sapHEeHHhlX ttaCTHU, 06:tWiSOBaHHHX npH COOTBeT
CTBYIO~llX aHeprHHX B ci.12c-jd.181Ta-, p12c- Hp 1Ta-cTonKHoBeHHHX, a 
TaKxe c pactteTaMH no MBK I I. 

PaSMHOEeHHe II-- Me~OHOB B H.l{pax IIPH He6on:r,mnx SHatteHHHX nepBHq
HOtt aHeprHH (I - 4 raB) He npoHCXO,l{HT, ttaCTl, POZ,l{6HHb!X n-- MeSOHOB 
IIorno~aeTCH B H.l{pax. 

Ha aHanHsa UHOZeCTBeHHOCTH H,l{eHTH~UHPOB8HHhlX IIPOTOHOB ( Vl, p> B 
ri.A- B88llMO,IlettcTBHHX cne,l{yeT, l.lTO MR ,l{8HHoro H,l{pa pacnpe,l{eneHH6 no 
n,p B npe,l{enax norpemHOCTett IlOCTOHHHO B mHpOKOU HHTepBane aHeprHtt 

H6HTpOHOB. 3TO MOJK9T 6b1T1, cne,l{CTBH6M cna6ott 88BHCHUOCTH 
qHcna yqaCTBYIO~X BO B88HUO,l{6HCTBHH HYRJIOHOB H.l{p~-MHID6HH OT IIepBHtt
HOtt aHeprllH B 11syttaeuou llHTepBane 111.1nyn1,coB. 

Ha OCHOB8HHH ,l{8HH1IX no cpe,IlHHM UHOXeCTBeHHOCTHM HettTpOijOB H npo
TOHOB B HSOTOIIHqecKH-conpHEeHHblX peaKUHHX ( p20N e H n.20 Ne) onpe.l{e
neHH cpe,l{HHe UHOZeCTBeHHOOTH :soex HYKnOHOB, o6pasoBaHHHX,IIPH wpar1.1eH
T8UHll H.l{pa HeOHa, IloKasaHo, l.lTO BTa B6nHl.lHH8 OOOTaBnHeT (n-.,_}:::(;))Z. 1 

r.l{e (◊) - ope,l{Hee l.lllOHO BHYTPllH,l{epHHX ooy,l{apeHlltt B HYKnOH-H,l{epHHX 
B8BllMO,Il6HOTBHHX. . 

B pa6oTe IIOK888HO, l.lTO B I'!. 181Ta- B88HMO.l{elfoTBHHX HMIIyn:r,oHHe 
cneKTPhl BTOpHqHb!X II--.uesOHOB H IIPOTOHOB UHrtte,qeu B ~12c-ooy.l{apeHHHX. 
C poOTOU aTOMHOro Beoa H,Ilpa-MHW6Hll 8H8trnTen:r,HQ yBenHttHB86TOH l.lHOHO 
IIPOTOHOB B o6nacTH wparueHT81UfH H.l{pa-u11meHH. 

YrnOBhle pacnpe.l{eneHHH·n--uesoHOB ll IIPOTOHOB Hane- H ~Ta - B88llM0-
.11ettCTBHtt IIPH 4,2 raB/c B o.u.M. HyKnOH-HYKnOH aOHMM9Tpli'Illll ll TeM 
OHJII,H99, 'ISM TmiteJiee JJ;IU)O-MIBl19HI,. KaoKa,l{HBH MO,l{6n1, / 4/ npe,l{CK88hlB8eT -
6onee MHrKHe HMIIyn1,cH1Ie cneKTphl II-- M680HOB H npoTOHOB, qey BKCnepH
M6HT8R1,Hbl6, 6onee mHpomrn HX yrnoBue pacnpe,l{eneHHH H saueTHO ueHl>mHtt 
ope~ noIIepe'!HhlH IlM!lYJibC. 

20 

B 38KnIOl.leHHH H8ROZ6Hbl OCHOBHHe pesynl>TBThl H BhlBO'AU pa60Thl: 

I. Paspa6oTaHa ueTO.l{HKa H.IteHTHWHKB!UfH ttacTHU no HOHH~aUHH H c -
M6KTPOHaM B nponaHOBOtt nyshlpl,RQBOtt Rauepe. 

2~ Paspa6oTaHa MeTO,l{HKa perHCTP81UfH H OIIpe.11eneHHH aHeprHH 6blCTphlX 
(Pn~I raB/c) BTOpHttHblX HettTpOHOB B nysblpI,KOBb!X Kauepax C THZ6nhlll Ha
nonH6HHeM • 

3. BunonHeHO CHCTeMBTHqecKoe 8KCnepHUeHT8HI,H06 HCCH6,l{OB8HH6 xa
paKTepHCTHK n-12c-H n-N - BsanMo.l{ettcTBHil c o6paso:saHHeu n°-uesoHoB 
( ~ - KB8HTOB) IIPH HMnyn:r,ce 4 raB, OCHOBHhle pesyn:r,TaTbl ROTOporo one
.ltYD~He: 

- noKasaHo, ttTo Ha H.l{pax yrnepo.l{a poll(,Il;aeTOH :s ope.l{Heu 6on:r,me 
n°-weSOHOB, tteu B IIHOH-HYRJIOHHhlX ooy.l{apeHHHX,H yoTaHOBH6HO pasnHttHe 
B WOPM6 HUnyn:r,OHblX On6KTPOB ¥ - KB8HTOB B BTHX B88HMO,IlettoTBHHX; 

- B6RHl.lHH8 ( l'Lno) Jlllli9HHO y6h!Ba9T CO MHO.llt90TB9HHOOTI,10 II--M880-
HOB B ll-I2c- B88HMO,IlettoTBHHX IIPH 4 raB/O,H O pOOTOM nepBHttHOtt 
8HeprHH xapaKTep· 88BIIICIIIIJOOTH ( VI. no> = 1° ( n, -) pesKO HBMeHHeTOH; 

- IIOK888HO, l.lTO OKettnHHr no MHOllteOTBeHHOCTH IIHOHOB B fi_ A-ooy.l{a
peHHHX HMeeT MeOTO H ,IlRH B881/IMO,l{ettoTBIIItt O WHKOHpOB8HHblM qHonou yttaOT
BOBaBmHX B ooy.l{apeHHH HYRJIOHOB H.l{pa-MHID6HHj 

- o6Hapyl!teH a~eKT oHn~Horo BospaoTaHHH oetteHHH o6paso:saHHH Hett
Tpan1,Hblx OTP8HHhlX ttaOTKU B n-12C-B881/IUO,l{ettoTBHHX npH 4 raB/o, oonpoBO
Z.l{a~mHXOH 0,l{HHOl.lHOtt HRIII ,l{BOltHott nepesapH.l{KOlt nepBHqHblX II-- uesOHOBj 

- IlOR888H0 1 l.lTO B n-12c- B88HIJO,l{6HOTBHHX B 06naOTH WP8rMeHT8UHH 
R.ltPB yrnepo.l{a HMeeT 1.1e0To npe.11en:r,HaH wparMeHT81UfH. 

4. IlpH perHOTP81UfH B ycnOBHHX 4Il-reoMeTpHH HOone.110BaHhl MHOllteOTBeH
HOOTH, HMnyn:r,oHHe H yrnOBHe orreKTphl 6hlCTphlX HeltTpOHOB B HeynpyrHx 

- - -I2 I2 20N d. I2 12 rr p-~ n n. -, n C-, pp-, pn. -, p c-, p e-, p-, d c-, Gp - H 
12

c
1 

C- B88llMO,l{ettoTBHHX B 1/IHTep:sane nepBHl.lHblX HMnyn:r,coB (4 - 300)raB/o., 
IlonytteHHble ,l{8HHH6 nOSBORH~T o.11enaT1, one.l{yD~e BhlBO'AU: , 

- ofe,l{HHH MHOllteOTBeHHOOTI, BTOpllttHHX 6NCTpux HettTpOHOB ( < l'l,!) ) 
B pp-, p 2c-, p20Ne - OTOHKHOBeHHHX B Hoone,l{OB8HHOM HHTep:sane 
P0= (4,2 + 300) raB/o H Tane B n-p-, rr-12c-ooy.11apeHHRX B HHTep:sane 
po= ( 4 + 40) rsB/o B npe,l{enax oum6oK 8ROnepHM6HT8 He 88:SHOHT OT SHep
rHH B88HMO,l{eltoTBJ/Iflj B. TO lite BpeMH < n,f ► OHRl>HO 88BHOHT OT THIIa a,l{po
Ha-oHapR,l{a (II- HRH p ); 

- SHaqeHHe :sepOHTHOOTIII Heynpyrolt nepesapli,IlRH Iv (p ➔ ti)=0,37 :t 0,04 
IIOOTOHHHO B ~pe.l{enax omH60K 8KOIIepHM6HTa, He 88BHOHT OT 8HeprHH H T~na 
(n-p HRH pp) B88HMO,l{6HOTBHH B HHTep:sane nep:sHqHblX Hunyn:r,ooB 
(4-300) raB/o; 
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- H3 cpaBHeHHff 'AaHHNX, IIOJiyqeHHblX 'AJlff ff'Aep H HYKJIOHOB, CJie'AyeT, 

qTo cpe'AHee qucJio 6NCTpblX HettTpOHOB, Bll6HTb!X H3 ff'APB-MHllieHH B hA -
B38HMO'AencTBHlIX, rrporropUHOHBJlDHO CP6'AH8MY qucJiy BHYTPHR'A6PHNX HYIOIO
HOB, yqacTBOBaBl!llfX B COYAapeHHH; 

- aHaJIH3 pp-B3aHMOA6ttCTBHtt IIPH 300 rsB/c IIOKasaJI, qTo rrpH6JIH3H
T6JlbHO 30% HettTpOHOB, pOX'A6HlWX B U6HTP8JlbHOtt o6JiaCTH, RBJIRDTCR npo

'AYKTBMH o6pasoBaHHR HYIOIOH-aHTHHYKJIOHHb!X nap. 

s. IlpH 3KCil6PHM6HT8JlbHOM HCCJI6'AOBBHHH pEtn - B38HMOAettCTBHtt rrpH 
3,I H 4,5 raB/c orrpeAeJieiru CP6AHH8 MHOJK6CTB6HHOCTH~- H s - qacTHU H 

HX A-saBHCHMOCTb B HHTepBaJie A= I4 + 95, HsyqeHN CK8ttJIHHrOBhl8 CBOttCT
Ba pacrrpeA8Jl6HHtt no MHOJK8CTB8HHOCTH H KOppeJIRUHH M8lK.ll,Y MHOJK8CTB8HHOC
TffMH pasJIHqHblx THIIOB qacTHU, a T8Kllt6 KOppeJIHUHH M6lK'AY IIOJIHPHNMH H aaH
MYTBJlbHblMH yrJiaMH Bh!Jl8T8 BTOpHqHblx qaCTHU. IlpoB8A8HO CHCT8M8THqecxoe 
cpaBHeHHe 60Jibmoro qHcJia axcrrep.HMeHTMbHHX xapaKTepHcTHK rrpoueccoB 
MHOlK6CTB6HHOro POlK'A8HHH H ~parMeHT8UHH.HA8P B pA-COY'A8P8HHlIX rrpH Eo B 
H8CKOJlbKO raB H Bh!COKHX (20 - 400 raB) 3HeprHlIX. IlpH 3TOM rronyqeHll, 
B OCHOBHOM,CJI6'AJDmHe pesyJibT8Tll: 

- oueHeHN aHepreTuqecirne "rroporH" AJIH KOMII.eHcauHH rrpoueccoB 
rrornomeHHH H MYJlbTHIIJIHK8UHH 6hlCTPhlX qaCTHU IIPH rrpOXOlK'A6HHH qepea HAPO 
H HacTyllJleHHH pel!U!Ma rrpeA8JlbHOtt ~parMeHT8UHH H'A6P IIDA AettCTBH6M BbICO-
K03HeprHqHNx rrpOTOHOB; . 

- Ha IIPHMepe pE 111. - H r4N Em- COYA8P6HHtt rrpoBe'AeHO COIIOCTaBJieHHe 
OCHOBHh!X xapaKTepHCTHK qaCTHU H3 IIPOTOH-HA6PHllX H HAPO-R'A6PHNX COyAa
peHHtt IIPH Eo~ HeCKOJlbKO raB, IIOJiyqeHb[ OTHOmeHHH CP6'AHHX MHOJKeCTBeH-' 
HOCTett paaJIHqHHX THIIOB BTOpHqHHx qaCTHU; 

- IIOKa8aHo, qTo OTHOllieHHH ~epe~illlJII,Hl:lX MHOJKeCTB6HHOCTen peJIH
THBHCTCKHX qaCTHU cymecTBeHHO 88BHCRT OT IIC6BA061.CTpOTll 1 H8M6HRHCb 
rroqTH Ha IIOPR'AOK OT M8KCHM8JlbHHX 'AO MHHHM8JlbHblX ee 8HaqeHHtt; 

- IlOK888HO, qTQ KOppeJIRUHOHHlle CBH8H Mellt'AJ BTOpHqHllMH qaCTHU8MH 
B IIpOTOH-R,I\BpHHX li .ff,I\PO-R.I\BPHHX co6llTW'IX 38MBTHO pa8.JllitraIOTCR,06cy,ic
~eHa KaqecTBBHHM liHTBprrpeTruzym aToro ~8KTa. 

6. IloJiyqeHbl cpeAHHe 3HaqeHHH MHOJKeCTB8HHOCTett BTOpHqHllx II- - ue-
80HOB H npOTOHOB B I'\, p-, n.12c-:- H n,

20 Ne - B38HMOA8ttCTBHlIX B HHTepBaJie 
rrepBHqHllX HMIIYJlbCOB (I - 200) raB/Q: 

- B HHTepBaJie HMnyJibCOB (I - 6) raB/c B np- COY'A8peHHlIX MHOllt6CT
B8HHOCTb BTOpHq1mx n-- M830HOB B rrpe'AeJiaX omH60K 3KOII8PHM8H~a .He aa
BHCHT OT aHeprHH B88ID40'A8ttCTBHH, 'AOMHHHPYD~MH ( 6onee 95%) B 3TOM 
CJiyqae HBJIHDTCR KaHaJill peaKUHH C o6pa30B8HH8M.O'AHOro n--Me3DHa; 

- B o6JiaCTH nepBHqHblX HMIIYJibCOB ( 3 - 6 ) raB/c 3HaqeHHH ( rt.n·)n,t 
B03pacTaDT OT I,IS ± 0,20 'AO 2,2 ± 0,4 c pOCTOM aHeprHH B88HMO'A8ttCT-
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Bl'lff, T. e. C YB6JIHqeHH8M P..,, Ka Ha JIN n. I 2C-B88HMO'A6ttCTBHR C P0llt'A6HH8M 
'ABYX H 6onee n--M880HOB CT8HOBHTCR OCHOBHh!MH, KaHaJI C POlK'A8HH6M O'AHO
ro n--M830H8 nO'A8BJlff6TCR; 

- B 'A8JlbHettmeM c pOCTOM p~ OT 6 raB/c 'AO 200 raB/c MHOJK6CTBBHHOC
TH n-- M630HOB BO Bcex pacCMOTPBHHbl~ THnax B38HMO'A8ttCTBHtt B08pacTaDT 
6llCTpee, qeu OJKH'A86TCR H3 JIOrapH~MHqecxott 38BHCHMOCTHj 

- MHOlK8CTB6HHOCTb H'A8HTH~HUHPOB8HHblX BTOpHqHHx npoTOHOB (CHM
IIYJibC8MH Ol4~P~0,75 raB/c H O,I2::::P :S I,2 raB/c cooTBeTcTBeHHo B 
1-1,

12c- Hn °Ne-coy'AapeHHRX) rrpaKTHqecKH He aaBHCHT OT rrepBHqHott 
aHepr1m; 

- H3 'AaHHHX no MHOJK8CTB8HHOCTH BTOpHqHllX IIPOTOHOB B H80TOIIHqe
CKH-COIIPHJK6HHNX peaKUHHx ( 11. 

12c H pI2c; n, 20 Ne H p20 Ne j orrpeAeJieHbl 
CP8MH8 MHOJK6CTB8HHOCTH Bcex HYIOIOHOB, Bhl6HTllX H8 ff'AP8-MHm6HH; IIOKa
saHo, qTo HX MHOlK8CTB8HHOCTb saBHCliT OT MaccoBoro qHCJia ff'APa-MHm6HH 
He cna6ee, qeu A213• 

7. IlonyqeHN IIPHMlle axcnepHM6HT8JlbHbl8 'AaHHh!e no o6paaoBaHHro CTpH
nnHrOBb!X HehpoaoB B d.. (C3H8)- H d. I8ITa-coy'AapeirnRX npH I ,o, I, 7 
H 4,2 raB/c Ha HYKJIOH H onpe'AeJieHbl CP6'AHH6 xapaKTepHCTHKH, HMnyJibCHlle 
H yrJIOBhle cneKTphl BTOpHqHh!X 38PfflK6HHblX qacTHU B n.p-, l'l. I 2c- H n, I 81Ta
B38HMO'A6HCTBHRX rrpH 4,2 raB/c. IlpH STOM, B qacTHOCTH, nonyqeHH CJie
'AYDmHe pesyJibT8Thl: 

- oueHeH BKJl8'A B o6pasOB8HHe II-- M880HOB BTOpHqHllx B8aHMO'A6HCT
BHtt CTpHnITHHI'OBblX HYKJIOHOB H3 rrepBHqHh!X CTOJIKHOB6HHfi 'A6HTPOHOB C H'A
paMH yrnepo'Aa. C yqeToM BTOpHqHh!X B38HMO'A6HCTBHfi OIIpe'AeJieH BbIXO'A 
rr:UeaOHOB Ha O'AHH IIa'AaDmHtt ~eilTpOH B d.C- COY'Aapemrnx IIpH I, 7 li 

ll 4,2 raB/c Ha HYKJIOH; 

- cpaBH8HHe HefiTpOH-H'A8PHblX H IIPOTOH-H'A8PHblX B38HMO'ABRCTBHfi 
IlOK88llBaeT cymecTB6HHblll BKJI8'A B qHCJIO pO~'AaDmHXCH II--M630HOB_npH 
4,2 raB/c KaHaJloB c ,znrcco~eil HMBTallllero HeilTpoHa (ri, ..... pn-); 

- HMITyJibCHhle H yrJIOBhle xapaKT8PHCTHKH II- - M630HOB H IIPOTOHOB, 
POJK'A8HHblX B l'l. I

2c- H n. I8ITa-B88HMO'A8ttCTBHRX IIpH 4,2 raB/c, YK88llBa
DT Ha cymec·TB6HHYJO pOJlb BTOpHqHhlx IIepepacceHHHfi B H'AP6 TaHT8Jl8 B IIpo
uecce o6pasOB8HHH llHOHOB H IIPOTOHOB. 

8. IlonyqeHHhl6 8KCII6PHY8HT8JlDHll8 'A8HHhle cpaBH8Hbl C IIP6'ACK838HHRMH 
MO'A8Jiett B38HMO'A8llCTBHH IIPH BllCOKHX 8HeprHax: 

a) CP8BH8HHR KoppeJIHUHOHHblX HBJl6HHtt .B pA- H AA- B38HYO'A6llCTBHRX 
IIOKa8h!BaDT, qTO MOAeJili qHCTO KOJIJI6KTHBHOro THIIa Hea'AeKB8THbl SKCll6pH
Y8HTy IIpH SHeprHHX M6HDlli6 5 raB; OllP8'A8JIRDll!YIO POJib B \P(),PMlipOBaH.llli 
KOHeqHllX COCTOHHHtt B h.A- H AA- COY'A8P8HHRX HrpaJOT M8X8HH8MU BH,VTpH
ff'A6PHllX nepepacceHHHtt H K8CK8'Aa; 
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6) MO;!t81II, BH3TPHH,1!8pHoro KaCKa;zta/I,4/ B n-c-, pC-, nc-, n.Ta-
- B88HYO;zt8flCTBHffX npH E~IO raB y;ztOB1I8TBOpH!r81II,HO OilHCHBaeT MHO:EeCT
B8HHOCTH, yr110Blie H HYilY1II,CHHe xapaKTepHCT.HKH BTOPH'llllllX 6HCTPHX uen
TPOHOB H aapmteHHWC qaCTHn, HO 88:BlimaeT BlllO;!tli n9 -M830HOB H He OilHCH
BaeT HHKJID3HBHHe cneKTPH ¥ - KBaHTOB B n-c- B3aHMO;zteflcTBHHX npH 
4 raB/c. TaKze 3HatmT81II,H08 pacxolli,!teHHe C YO;zt81II,D H861ID;ztaeTCH ;l!JIH Im
OHOB H npOTOHOB C 601II,mHlffl nonepeqHHMH HMny111,caYH B ne-u n!l'a-coy;zta
peHHHX npu 4,2 raB/c. 

PacqeTH no MBK / 4/ B npe;ztenax OmH60K 8KCnepHM8HT8 BOCnpOH3BO;!tHT 
auaqeHHH xapaKT8pHCTHK 6HCTpblX BTOpHqHWC HeflTpOHOB BdC- H CC-B3aHMO
;zteflCTBHHX npu 4,2 raB/c, aa HCK1IDqeHHe11 npeBHmemm ua 30% cpe;ztHero 
qucna QTPKilllHHrOBblX H6flTPOHoB; . 

B)KllapK--napTOHHaH UO;zteni, / 5/ c yqeTOM *KTOB BHYTPHH,?tepuoro 
pa3MHOX8HHH qacTHn KaqecTB6HHO OilHCHBaeT OCHOBHH8 xapaKT8PHCT.HKH 
6HCTpb!X H6flTpOHOB B n-c- coy;ztapeHHmc npH 40 raB/c H B p.Ve-B3aEMO
;zteflcT~HX IlPH 300 raB/c; 

r) RBapKOB8Jl giparY8HTanHOHH8H .Jlyim-MO.zt8.lll, 12, 31 y;ztOB1I8TBOPHT8JII,
HO onHCHB86T cpe;ztHHe xapaKTepHCTHKH BTOpH~llllX qacTHn B h.N- BSaHYO
;zteflcTBHHX B HHT8pBa11e ~MIIY1II,COB ( 4 - IO) raB/c. IlpH 6011ee BHCOKHX 
auepraax (E ~ 40 raB) Ml onHcHBaeT n qacTi, HHKJID3HBHHX xapaKT6pHc
THK BTOpHqH!,IX qapTHn, B qacTHOCTH HunynI,CHHe H yrnoBHe pacnpe;zteneHHH 
BTOpHqHJ,JX H6ttTpOHOBo 

TaKHY o6pasoM,B ;!tSHHOtt pa6oTe npoBe;zteHO CHCT8M8THqecKoe HCC1I8;!t~
B8HH8 MHOE8CTB8HHHX nponeccOB C noMO~I,D 8)!HHOtt Y6TO)Ullm B YC1IOBHffX 
4Il-reoY6TPHH B HHT8pB81I6 HYny1II,COB I-300 raB/o. Bo111,maH qacTI, ;!t8HHHX 
nonyqeua BnepBse, OQ068HHO 8TO OTHOCHTCH K o6p880B8HHD H6flTp81II,HliX 
qacTHn ( ~ ,n° H n, ). 3TH ;!t8HHHe no3B01IH1IH npoB6CTH cpaBHeHHe nony
qeHHHX pesynI,TSTOB O COBpeYeHHllMH T80p8THqecKHMH MO;!t81IHMH H HaflTH 06-
naCTI, HX npuueHHMOCTH, qTo Heo6xo.nuwo WIH ;zta111,Heflmero paaBHTHH TeopHn 
CHnI,HhJX BS8HMO;zt8flCTBHtt. 
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