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Pa6oTa BbiilOJinena B Jla6opaTOpmt AAOPIIbiX peaKl..lttA 
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.QOKTOp !fli1311KO-NaTeNaTHtl9CKI1X Ha)'K 
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Ka~aT !fli1311KO-NaTeNaTI149CKI1X Ha)'K 
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LlliXAWIOB Jl. Jl, 

3all\l1Ta .Q11ccePTal..lilli COCTOI1TCSI "_.. 1989 ro.Qa 

B " " \mO Ha 3~ce,QaH1111 C08l..IUaJIHSllpOB8HI!OrO COBeTa 

Jl, 047.01. C6 npu Jla6opaTOpmt neATpoimoA !fli1311KH 11 Jla6opaTOpmt 

Sl,llepnbiX peaKQillt Oillllf ( ,ll,y6na MocKoBCKoA o6naCTitl • 

C .QI1ccePTaQlieA NOJKIIO 03HaKONHTbCSI B 6U6nHOTeKe Olfffit 
ABTOpe!flepaT pa3ocnan "_.. 1989 ro.Qa. 

Y4ellb!A oetcpeTap:& COSI..IHa.mtsupommuoro coBeTa 

TAPAH kl. B. 

OEIUA5I XAP AKTEPlfcrnKA P ABJIH 

AI<TYaJ!bHOCTb npo6new 
flpoQecc B3aiDIO,[leACTBim ,[lByx OJIO](HbiX Sl,[\ep MOlleT npi1B9CTH K 

lflopNHpoBaHIDJ CJlO](HbiX Sl,[lepHbiX CHCTeN H anocne,QCTBHH - K o6pa30BaHIDJ 

KaK COCTaBHbiX Sl,[\ep, TaK H BlliCOKOsOOCiYJK,[leHHbiX !flpai'NeHTOB, HCDYQ~ 
pa3Jill\llible 4aCTI1Qbl: ; H)'KnOHbl, nenrue SI.QPa, TSIJ(enble 4lPai'NeHTbl, a .. Trua:e 

lflo'I'OHbl. lf3BeCTHO, 4TO B .QI1CCH!laTHBHbiX npoueccax B pea.Kl..llmX C .TsmeJWWi 

HOHaNH oco6YIO poJib Hr'paiC1l' B03Clj'l{.Qelllm rni"aHTCKHX pe30HaHCOB. B paNKax 

Te0~9CKI1X MO,[leneA napaMerrpbl rni"aHTCKHX pe30HaHCOB. CBSI3biBaiO'l'C$i · C 

napaMeTpaMH COOTB9TCTB)'IOiqi1X Sl,l\9PHbiX CI1CTeN . ( Sl,[\ep) , · nanpHNep C 

.r:telflopMal..IHeA nocne):lHHX, HX aaeprneA B006YJK,[le~~~m H T • .r:t. Pacna.r:t pa3HbiX 

KOMDOH9HT pe30HaHCa npHBO,[lHT, B 4aCTHOCTH, K HCDJOKaH1110 

aneKTpoMarnHTHoro 113nyqe~~~m, xapaKTepi1CTI1KI1 KOTOporo, HanpHNep 

yrnosaS~ aHI130TpoDHSI . BbiJleTa, cpe,l(HSI51 .. aaeprnSI H . T • .Q., ~ 

xapaKTepHCTI1KI1 .QaHHOA KOMDOH9HTbl pe30HaHCa 11 pe30HaHca B l..leJlOM. 

flOSTOMY 9KCD9PHM9HTaJlbH09 11ccne,[lOBaHH9 BbiCOK09H9PreTH49CKI1X raMNa-

KBaHTOB C Er> . 8 ft38 ( 83~ , 11CDyoKaet.Wx. np11 ·s3aiDfO.QeACTBHH TS!Xem.tX 

110HOB C SI,[\PaNI1, D03BOJ!SieT nonyqaTb BaEHYIO HH!floPNCil..IHIO 0 CBOACTBax 

lfloPMHPYIOiqi1XCSI B peaKI..Iilli cnol(HbiX Sl,l\9PHbiX CHCTeM COCTaBHbiX Sl,lleP · H 

!flpai"'NeHTOB 11 Dpe,[lCTaBnaeT 3Ha411TeJlbHbiA HHTepec. 
KaHan peaKI..Iilli, npHBO,[lffillHA· K o6pa3oBaHIDJ COCTaBHbiX Sl,llep, .5IBJISie'I'CSI 

OCHOBHW.I KaHaJlON, HCDOJlb3yeNbiN ,[lJlSI CHHTe3a HOBbiX · TPaHc!flePNI19BbiX 

9Jl9N9HTOB. Melt,Qy TeN C YB9Jllill9HH9N NaCCbl 6ou6ap,[tHpYJOI119A 4aCTI1Qbl 

sepomHOCTb KaHana OJIImHim pe3Ko yueHbwaeTCSI. 8 STON nnaae cne.r:tyeT 

OTNeTHTb, 4TO 11ccn9,[lOBaHHe xapaKTepi1CTHK KOH94HbiX npo,[l)'KTOB peaKl..II1A C 
TS'IJ(eJlbiNI1 11onau11 · s 3aBHcHMoom OT ·· aneprn11 · sarn -uom ,wi'i'b ·- 'i'ane 
HH!floPNauHJO 0 BpeNeHH lKI13HH npDNelCj'T04HbiX OJIOJlU:IIX Sl,l\9PHbiX CHCTeN. 

HecNOTPSI · Ha BamlOCTb HH!floPNauilli, DOJij'4aeNOA Ha OCHOBe 

HCCJ19,[lOBaH!iA 83ffi B P9a.Kl..llmX • C TS'IJ(eJibiNH 110HaNH, . 9KCD9pHNeHTaJlbHaSI 

HH!floPNauHSI B STOA OOnacTH SIBHO He,[lOCTaTOtma, 4To6bl C,QeJlaTb HeKOTOpble 

BbiBO,[lbl 00 oco6eHHOCTSIX o6pa30Balllm. H pacna,Qa. COCTaBHbiX CI10TeN np11 

B3aiDIO,[leACTBHH OJIO](HbiX Sl,llep. 

Ue.nb10 · naCTO.s:nueA paeioTbl · smm:IeTCSI: 

a/ C03,[laHH9 9KCDePHN9HTanbHOA yoTaHOBKH li paspaeioTKa NeTO.QHKH, 

D0380nsOOtqeA npoBO,[lHTb cncmwe KOppeJISIQHOHHble SKCDePHMeHTbl C 

Bbi.QeneHHeN KaHanos: o6pa3oBaH~m ooraT04HbiX Sl,llep, .QeJl9Him COCTaBHbiX 

Sl,[\ep, NHOr'OH)'KnOHHbiX· nepe,Qa.4 11 T. ,[l.; 

6/ npose,[leHHe. SKCnepHNeHTaJlbHbiX l'lccne,[loBaHiiA oco6eHHOCTeA ·.I'ICDyoKaHim 

·-
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B3rK B OT,tteJlbHbiX BbiXO,ttHbiX KaHaJJaX pe~ C TS!J:eJ!lMi ~OHaMH C 

yaccoBDDI tmCJION M60 ~ c sHeprneA mme 10 lt38/A; 

a/ ~CCJie,tto~e BbiXO,tta 83rK s saooc~oom OT napaMeTpoB BXO.IJ;Horo 

KaHaJia pe~. 

Ha:yyHaJ~ HO~Ha ~ ripa.I<'mYeCKa8 ll9HHOCTb pa6qrp! 

£1oKasaHa Heo6xo~OCTb Bbl,tterurrb KaHaJI peaKI.IHI1 np~ ~)'tleruru 

·awcc~ 83rK. Hanp~ep, s paNKaX ~CCJie,tto~ ~cnycKaHIDI 83rK s ,ttByx •· 
~. 20

NeC110 LtlBl +
112

sn ~ 64
zn(29:J LtlBl +68

zn, np~,ttffillHX K 

o6pasoBaiDIIO COCTaBHbiX s:I,Qep c 6mi3KHMH napay9TPaMH, noKasaHo, qro 

3KCnep~eHTaJibHOO 3Hall9HHS! BbiXO,ttOB J33f'K B KaHaJie CJIH$iHIDI, Bbl,tteJmSNON 

C noNOIIIbiO xapaKTep~~ecKOro peHTI'eHOBCKOI"'O ~JiytleHHS!, OT~a!OTC5i OT 

pesyJibTaTOB, nOJI)'tlaeNIDC C ~Cn0Jlb30~9N ~OHHOA NeTO~ 

Y-cTaPTa. 
licnOJib30BaHHble s HaCTOsnqeA pa60Te NeTO.QCI ,[t1UI B~>~,ttenemm · KaHana 

. ~ 
peaKI.IHI1, a ~eHHo: pernCTpaQM KX-~ytlemm aTONOB OCTaTOllHb!X s:I,Qep 

CX-cTaPTl ~ pernCTpaQID~ OCKOJIKOB ,ttenemm COCTaBHbiX s:I,Qep, nos~ 

Ha6Jno,ttaTb 133rK BnJIOTb ,ttO 3HeprnA ~ 8 lt38. · 

8 paNKaX ~CCJie,tto~. npoee,tteHHbiX s HaCTOffill9A pa60Te, snepBble 

c~CTeYamllec~ ~)'tleHo ~cnyc~e 133rK c sHeprneA Ey> 8 LtlB s 

peaKQI151X CJIH$iHIDI TS!Xem.IX ~OHOB C s:I,QpaN~, np~,ttl'lllli1X K · o6pa30BaiDIIO 

COCTaBHbiX s:I,Qep B llli1POKON ~30H9 , KON6~ · s:I,Qpa NmJJellli ~ 

HaneTaiOiqero ~oHa, Naccbl cocTaBHbiX s:I,Qep, m<: aHeprnA B036YJ:,ttemm ~ 
YI"'JIOBOro NONeHTa. a<cnep~eHTaJibHO ycTaH08JieH P0CT BbiXO,tta 83f'K B 

KaHaJie CJIH$iHIDI s:I,Qep c T~ ~o~ c pocTON 3Hal.lemm OTHowemm 

Mace HaneTaiOiqero ~oHa ~ 51,ttPa WWS!lli. 

BnepBble Bbl5iBJieH cyiqeCTOOHHbiA BKJia,tt KaHaJia, np~.ttffill9ro K 

o6pa30Balllil0 s:I,Qep, 6Jni3Km<: K 5i.tlPY WWS!lli, B ~cnyc~e 83f'K B peaKqHH 
40 ecT ' 

Arc 300 .LtlBl + sn. Ha6Jno,ttanaCh pe3Ka5i pa3Hl1Ua B noee,tteruru 

NHO!:ecTBeHHOCTH "N5ir'Km<:" y-KBaHTOB B saooc~OCTH OT 3Hep~ J33f'K B 
peaKQlliD{ 2 0Ne( 11 0 ft38) -i.112sn ~ 64zn( 29) ft38) + 68zn. . 

BnepBble npoee,tteao cpaBHelllie pesyJibTaTOB TeO~ecKHX paclleTOB, 

. OCHOBaHHbiX Ha npe,ttnoJIOJ:SHIDf 00 ~cnycKaHIDI 83f'K ~ Hai'pe'I'biX 

,ttt;qlopwpoBaHHbiX 6biCTpOBpaJqa!OD\ID{C5i COCTaBHbiX s:I,Qep, C SKcnep~eHTON. 
C~ecTBeHHHMH s STON nJiaHe 5iBJI5iDTC5i snepBble aKcnep~eHTaJ!bHO 
llOJIY'I9HHH9 CB9):1;9HIDI 06 YI"'JIOBOA ~OTPO~ BbiJieTa 83f'K B KaHaJie 

.ttenemm, o6pa30BaHHbiX s peaKI.\11H COCTaBHbiX s:I,Qep. 

. Arrpo(5arnm pa60Tbl. PesyJibTaTbl pa60Tbl ,ttoKJI~Cb Ha CoeelllaHHH no 
SKCnep~eHTaN Ha n~ Tsmem.IX OOHOB CBapHa, HPB, 1984), 

~po,ttHOA KOHcpe~ no Ne~NY s:I,QepHbiX ~ ( BappeHa, 

/. 
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l1TaJIIDi,l985) ,MeJK,JzyHapo.IJ;Hoii KoH@epeHUKH no CTPJ'XTYP9 . s:I,Qpa, s:I,QePHHN 

pea.KlUiffil ~ . cmiNeTPrunt ( .fiy(SpoB!lliK, ~PIO, 1986) , ~po,ttHoA 

WKOJie-ceM~pe no i{l~I1Ke TS!J:em.IX ~OHOB (.fiy(SHa,. .. 1986), .. XXXVII 

COB9~HIDI no s:I,QepHOA cneKTPQCKO~ ~ CTpYI<Type s:I,Qpa (~Nana, 1987), 

XXXVI I I COB91IlaHHH. no s:I,QSPHOA Cn9KTpOCKO~ ~ CTpYI<Type · s:I,Qpa ( BaKy, 

19881. 

Ha 3a!l!m'Y BbiHoC5iTC5i CJI8.ll;ylCIIW8 TIOJIOE9H:rui H p93f.lll>Tant: 

1. Co3,ttaHa NHOI"'O,tteTeKTOPHM ycTaHOBKa ( "Ex") , KOTOpa.fi BKJIJOllaeT B 

c005i 12 C~OHHbiX y-,tteTeKTOpoB, HecKOJibKO nOJiynpQBO,ttllliKOBbiX 

cneKTPQNeTpoB ,[t1J5i pern~ r-~ytlellli5i, JISI"'KHX 3apsmeHHbiX llaC'l'liQ 

~ T5i!:em.IX iflpan.leHTOB. Paspa60TaHo opflrnHaJ!bHoe npoi"'paNNHoe 

o6ecnellelllie ,ttrul c6opa . ~ o6pa~. · sKcnep~eHTaJibHOA. mti{lopNaQm! . np~ 
npoee,tteruru NHoronapayeTpoBbiX KOppeJI5iWIOHHbiX sKCnep~eHTOB s ~e 
"Ha Jllllim-1" c MHHR-3B,1 QJI-3 n CM-4. 

2. 0npe,tteJI9Hbl 3KCnep~eHTaJibHO y-si{lifleKTI18Hoom, i{l~ OTKJII1Ka Ha 

MOH03Hepi"'9'1'11llecKoe r-~ytleHOO ~ llyscTB11TeJibHOCTb K 6biCTpbiN. 

HeATpoHaN ,ttJI5i C~OHHbiX cneKTPQNeTpoB, nOCTpoeHHbiX Ha 

CI.UiHTWJJI5iTOpe· NaiCTl) '· a T~e Ha .. HOBOM ~ nepcneKTHBHOM 

Cl\illiTW!JI5iTOpe B14 Ge3o12 -repMaHaTe OOCNYTa C~GO). TaKJ:e . npose,tteHbl 

paClleTbl i{l~ OTKJII1Ka Ha NOH03Hepi'E3'l'I-NecKoe r-~ytl91lli9 B ,[111aila30H9 

saeprnA. Ey~ 4+25 lt38 ,ttJI5i ~oruwx r-cneKTPQMeTpoB Ha Wllli-aBM 
CM-4 no paspa60Ta.HHONY anrop~y. . . . . . 

3. Paspa60TaHbl BbiCOK03iflcpeK'mBHble · NeTO~ Bbl,ttenellli5i KOHel.lHoro 

KaHana pea.KQmi s woronapayeTpoBbiX KOppe~oHHbiX sKcnep~eHTax no 

peHTreHOBCKOMY ~ytlellliiO KOH9llHb!X npQ,ttYI<TOB ~ no pernCTpaqml OCKOJIKOB 

,ttenemm COCTaBHbiX s:I,Qep. 

4.liCCJie,ttOBallli5i BbiCOK03H9PI"'~ecKHX I"'aNNa-KBaHTOB C E.,) 8 ft38 
40 . ~ ( 133rKl c B~>~,tteJielllieM KaHaJIOB pea.KQ~m .. ArC300 lt38l + . sn no 

peHTI"'SHOBcKONY ~Jlytl91lli10, aa~ ~NepeHHOA NHOJ:ecTBeHHOCTH r-KBaffi.os 
a ~. 64znc29) lt38l +68zn ·~ 20

NeC110 LtlBl +112
sn 

COO,tteTeJlbCTBYJ(n' 0 TON, qro J33f'K. COCTOifl' ~ HecKOJibKHX KOYIIOHeHT, 

npHHa,ttJI~ pas~ .KaHaJiaN !;leaKI.IHl1 c pacna,tt COCTaBHoro s:I,Qpa •. 

o6paso~e 51,ttep, ~KID<: K 5i.tlPY -Will~, ~ ,ttp.). aronep~eHTanbHO' 
ycTaHOBJISHO, qro .HX BKJia,tt pa3Hf>IA B pa~ .)'tlaCTKaX 3Hepi'E3'l'I-Nec!GIX 

cneKTpoB r-~JIYllellli5i• 

5.li3)'tleHHa5i saooc~OCTb aHI130Tpo~ BbiXO.tta • r-mn)'tleHID~ Ka.K 

OTHOC~HO HanpaBJISHHS! nytl!<a TS!J:em.IX ~OHOB ,[t1J5i pa3HbiX 3HeprnA 
Y-KBaHTOB B ~ 40ArC300 lt38l +ecTsn ~ 22

NeC178 ltaBl +E3C'l'sn,. TaK 
. * 

~ OTHOC~HO rutOCKOCTH pa3JieTa OCKOJIKOB ,tteJiellli5i COOT~ s:I,Qep · Bi 
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a ~ 40
Ar(22Q Ma8l +

159
1b 1i 

40
Ar(3X) Ma8l +

159
1b yKasimaeT Ha 

TO, tml m.~eeTCS~ npem.~~ecTBerun:.Gl BbiJieT BarK c saeprneA Er= 10+16 Ma8 

no sanpasneHHD y.rnosoro MOMeHTa B3am.IO~eACTB~A ~epaoA CliCTe~ 

( COCTaBHODO 5ij:lpa} • nonytleHH&Je SKCnepm.leHTa.JibHbe ,QaHHble HaXO,[ISiTC.H B. 

xa~ecTBSHHOM co~naclili c Mo~enb~ ncnycKaHH.H BarK npn pa~e * . . . 
pacmenneHHODO r,np 80 BpaiilaiOD\eMC.H B036YJK,n9HHOM COCTaBHOM smpe • 

6. 8 nccne~oaaHHDIX saw pe~ 15
N(147 Ma8J +

192os, , 
22NeC15'5 MaBJ +181Ta, 40Ar(22Q Ms8J . ;1:159Tb, 40Ar(3X) M:38) +1591b, · 
20Ne(110 Ma8J +

112sn 1i 
64Zn(29Q Ms8J +

68zn 'o6Hap~eHO 'yaenH4eHiie 

BbiXO,[la. Baf'K B KaHane CJiri.HHI1.H T5U<elJTCIX ~ep C poorOM 3Ha4eHii.H· OTHODJeH!i.H 

Mace HaneT~~~O liOHa li MPa MHilleHii. npoae~erun:.Gl aHM!i3 nonytleHHi.lx 

sKCnepm~eHTa.JibHbiX · ~aHHbiX · s paMKax npe~CTasnelillA o6 ncnycKaH!ili BarK 
* np!i pacna,tie r,np , OCHOBaHHDIX Ha B036~eHHbiX COCTO.HHI1.HX COCTaBHbiX ' . . . 

~ep,He ~ABT HH KQn~9CTB9HHOrO,HR Ka~er.TBeHHOrO COr~aCH.H pesyAbTaTOB 

paC4eTOB C SKCnepm.leHTOM, 4TO C~eTenbCTByeT Q B03MOlKHOU BKn~e 
~yrnx MexaHii3MOB . B liCnycKaHiie Baf'K ( Hanpmlep, y-paCna,tia r,np, 

B036~aeMHX H8ll0Cpe~CTB9HHO Ha Ha~anbHOM aTAll9 B38HM0~8HCTBHR ~OX

HIDe ~ep) •· 

OmYJ<Typa n o6beM pa~ 
liiiccePT~ COCTOiiT li3 eae~eH!i.H, 4eTblpeX ~nae, 3aKJII04eH!i.H n ~yx 

npnno:m:elillA. OHa co~eplKI1T 169 CTP~ TeKCTa ( ~a.H pliCYHKiiJ , 44 
. PliCj'HKa, 7 Ta~ 1i CnliCOK nliTepaTyp~ 1i3 92 HamleHOaalillA. 

CO,llEPJKAffi1E PAOOThl 

8o BBe!!eH!ili o6ocHO~ aKTyaJlbHOCTb li BalKHOCTb nccne~yeMHX B . 

,J:IHccePTar.tim npo6neu. KpaTKO li3nO!:eHO OCHOBHoe co~epJKaHire OT~enbHbiX 
~naa li npliae~~ OCHO~ peayiJbTa~,. nonWeHHble aBTOpoM B ,!laHHOA 

pa6cm:!. 

8 nepsoA ~naee paCCMOTpeHH HSKOTOpHe oco6eHHOCTii ~eB036Y!:,IleH!i.H 
nPQ~B pe~ C . T.HieJJDIMH · liOHaW. npliBO,[ISiTC.H li3BeCTHble li3 

nliTepaTyp~ ,[laHHOO 00 liCnyCKaH!ili r:--li3nytl9Hii.H B p83Hb1X KaHanax ~ 
C T.H!:enbll.{li liOHaldli. 

8 KaHane pacce.HHii.H T~ liOHOB SKCneplildeHTanbHO o6Hap~HO 
~eB036YJ7,I:teHiie ~aHTC!GiX ~ynOnbHbiX peaoHaHcoe aa C4eT · 

Henocpe~cTeeHHOA SWCC!ili r-KBaHTOBa). 8epo.HTHOCTb. HCnycKaHH.H TaiGiX 

r-KBaHTOe C Ey> ·10 Ma8 6b1.1Ia ycTaHOBneHa Ha ypoBHe nop~ 10-4. 0~ 
li3 B03UOmiEiX Mexa.Hii3MOB ,[IHCC~ KliHe'l'li4ecKOfl SHep~ B KaHane 

· ~Jly(SoKOHeynpyrnx B3am.IO~eACTB!iA 1i B KaHane cn1i.HH1i.H B pe~ C 
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T5U<eJJbll.{li liOHaldli UO~j'T npe~CTaBJI.HTb KDnneK'mBHble B036yx,I:teH!i.H 

-~aHTCKiie peaoaaac~. Pe3YnbTa~ o~eHollHbiX pacqeros aepo.HTHOCTH 

ncnycKaH!i.H COOTBeTCTB~I!ler'O r-li3n)'tleH!i.H c Er= 10+25 Ms8 ,!lanli BeJmtmHY . 

oKOno 10--o Ha o~ aKT o6pa30BaHii.H ~AHoA ~epaoA cnCTe~bl. TaK ,KaK 

s cel.leH!ili !floTono~nol!leH!i.H aa ocaosaoM COCTO.HHI:ill ~ep a o6naCTii · E? 

=1 0+20 Ms8 ~OMiiH!ipyeT B036~eHiie li30BeKTOpHbiX ~aHTC!GiX ~OnbHbiX 
pe30HaHCOB ( r,UPJ , TO liCnycKaHiie Baf'K li3 OOCOKOB036YJ7,1:leHHbiX ~ep, 

npo~B B3am.IO~eACTBii.H T.HieJJbiX liOHOB, npliH.HTO OnliC~Tb KaK 
* . r-pacna~ r,np , nOCTpoeHHbiX Ha COCTO.HHI1.HX nocne,QlillX. 8 paMKax 

"CT~PTHOA" MO~enli TaKJKe ripe.Qtion~aeTC.H He3aBiiCmiOCTb napauerpoa · * . . 
rJlP OT SHep~ B036~eH!i.H li CnliHa MPa, 4TO npliBO~. K O:tnf,[laiDOO 

yaenH4eHii.H BbiXO,[la Baf'K C yaenH4eHiieM SHep~ B036yx,I:teH!i.H COCTaBHbiX 

~ep, li ~ paC4eTHbiX r-cneKTpoB xapaKTepHO no.HBneHiie WHpOKODO 

"6a.Mna" s o6naCTii Er~o ' ( cpe~ saep~ pe3oHaHcaJ c). 

8 nepsoA ~naae ,[lanee npliBO~.H t<OMIII1Jl.HLU1.H ,!laHHbiX o BbiXO~ n 

~yrnx: xapaKTepliCTiiKax peHTreHOBCKOro li3n)'tleH!i.H B pe~ C T.HieJJDIMH 

!iOHaM!id,el. 8 ttaCTHOCTii, noKa3aHO, ~TO'MHOXSCTBSHHOCT:& KX-KBaHTOe 

cna6o 3aB!iCiiT OT saeprwi B036~eHii.H COCTaBHbiX. ~ep. 
8o BTOPOA ~naae npe~CTaene~ npoae~eHHOO B HaCTO.HilleA pa6cm:! 

IieKOTOpble MeTO~ecKiie liCCn~OBaH!i.H li ~aHO OnlieaH!ie C03~aHHOH 

MHODO~eTeKTOPHOA ycT8HOBKii "Elc", KOHCTP~ KO'I'OpoA nooson.HeT 

pernCTP!ipoBaTb r-KBaH~ C llOMOI!ll>!O ~eH~aTnt-~eTSKTOpOB,OpHeH

TRpOBaHHIDC ll0~06HO Hr~aM exa B pa3Hb1X HanpaBnemt.HX npocTpaHCTBa, 1i 

TaKJKe o~oepeMeHHo nooson.HeT noMecTiiTb ~ereKTOp KX-:a~eHH.H 

ennOTH~ K MmUeHii, eM. pnc.l. 8ayrpn Ka.Mep~ pacce.smwJ, p~ou c 

Ml1ll!eHb~, noMelll8nliCb l<peMHiie~ ~eTeKTOp~ OCKOnKOB ~eneH!i.H COCTaBHbiX 

~ep. }ln.H pern~ "M.HI'Kllc" r-KBaHTOB. liCnOnb30BanliCb nPQWIIIJieHHO 

emycKaeMoo ~ereKTOp~ B.ll3f'2-23, li3~BneHHble li3 CLtl1HTWIJ1.HTOpa 

NaHTl) 0 63x63 MM 1i ~Y-82. ~KTr!BHOCTb pern~ r-KBaHTOB 6biJia 

npaKT!i4ecK!i llOCTO.HHHa B ~anasoHe.aHenrnft E~OT 200 K3B ~. 0 2000 KaB H 
-3 

pasHa s= ( 3, 0±0, 5J x1 0 • noKa3aHO, 4TO 0~08 UeHHoe yaenH4eHOO lllicna 

C4eT4liKOB li YMeHbWeHiie SqxJleKTr!BHOCTH pern~. r-KBaHTOe ~ 

C4e'l'41iKou a OT~enbHOCTH noosonnno noeooliTb T04HOCTb cneKTPQuerpa · no· 

o~eneHHD BTOporo · MOMeHTa ( ,J:~Hcnepc!iW pacnpe~eneH!i.H no 

MHOX9CTB9HHOCTH y-KBaHTOB, KpoMe TODD, CTaiiO B03MO.Iliblt.l no~ 

3~Y304Hble xapaKTepliCTiiK!i ycTaHoBK!i. 

Baf'K pernCTP!ipoBanliCb r-cneKTpoMeTpauli Ha OcHOBe CLtl1HTWIJ1.HTOpoB 

Nai(Tll n B14Ge3o 12 -repuaHaTa oocuyra (BGO), · o~ li3 HIDC 

npoli3BO,IlCTBa qa:p. ,lln.H YMeHbW9Hii.H BKna,[la 6~EiX Hel\TpoHOB, OCHOBHa.H 

~anSI KOTOPEiX BbiJieTaeT enepe~, r-cneKTpoMeTP~ pacnOJiai'aJIIiCb no~· 

5 



PHc.1-KoHCTP~ 

ycTaHOBIG1 "E:a:": _ 
1-NHllleHHOIA y:3en; 
2-onopaw CTa.KaH; 
3-KPHOCTaT C 

Ge-,[leTei<TOpoM; 

4-cBI1H!.lOarui 3allli1Ta 
r-,[lerei<TOpoa; 

5-c~OHHble 

r-,[lerei<TOpDI. 
CK•~ov-~~-~,J,l.IIJJ.-2__]J 

3a,[IHHMH )'r'naMH no OTHowelli110 K aanpaenelli110 nyt.~Ka H 3a.JI1}mtaJJI1Cb _ cnoeM 
napacfil1Ha c 3% npm&ecbiO 6opa TOJ!JJil1HO~ oKono_ 100 w. 8 Tae5JJI1Qe 1 
o6o6~eHDI OCHOBHDIS xapaKTepl1CTHKl1 l1CnOnb30BaHHDIX B HaCTO~e~ paC5oTe 
r-cnei<TPOMeTpoB. CboTBeTCT8YIO~e ,[laHHD!e nOnJ4eHDI HaMH 8 paMKax 

M~.I\l14ec!G1X Hccne,[loaa~ qi}'HKI.Iillf OTKnl1Ka Ha MoHooaepi"'eTI1\,Iec!G1e 
Y -:-KaaHTDI l1CnOnb30BaHHDIX cnei<TPOMeTpoB B pe30HaHCHDIX ( P, Y)-pea.I<QID1X, 

BDinl1_!1ccne,[loaaHDI TaKJKe l!}'BCTB!1TenbHOCTb cnei<TPOMeTPOB K qioaoooMy 
_ l13nJ4eHl110, B l!aCTHOCTH, l1CCne,[{OBanl1Cb :3\MleKTHBHOCTH pern~ 

6biCTpDIX He'lTpoH08 OT PuC Be)- H9iiTpOHHOI'O HCTOl!HHKa. 8 :3Tl1X 

Hccne,[{OBaHIDDC rJpOBO,[IMOCb OT,IJ;9JI9HH9' HeA'rpoHOB OT y-KaaHTOB no 
BpeMRnpOneTHo~ MeTO,[ll1Ke. 3Kcnep!1MeHTanbHoe 3Hal!eH!1e BePQHTHOCTl1 

pernCTPamm Hempoaa, nonaBll!ei"O 8 Y-'CneKTPQMeTp, paBHO ( 16:!:2) % ,Qmi 

KPI1CTanna N a I ( Tl l , a ,!UIR BGO 046x6Q MM l1 BGO 075x25 W paBHO ( 11 :!:2) % 
l1 ( 4:t1) % COOTB9TCTB9HHO. no,[{P06HO 6WI 11ccnS,[lOBaH l1 ytMI'DIBaJJCR rJpl1 
o6pa60TKe ,[laHHDIX BKna,[l {floHOBDIX npoqecco8- B SKCnepm&eHTanbHDIS CrieKTPDI, 
CM. Pl1C. 2. 

Crritcaaa MO,J:~Hqi~ Tpa.JUIWIOHHOI'O nO,[lXO,[la K l13MSpelli110 

6 

'I 

) 

T AB.ffifiiA 1 
~9KTHBHOCTH pern~ y-KaaHTOB H SH9p.['9'l'Hq8CK0e 

pa3peweHHe ,[leTei<TO[X)B a 3aaHCm&OCTH OT aaeprnH E0 
- -

::!lepi"HSS apfleK'ruBHOCTb 3H9pi'9T.llll~CI<09 

E0 ,Lt38 pernCTP.Sf<E0 l ,% paapewemre, % 

a C5 B a C5 

4,43 38:!:2 43:!:2 28 :!:3 7,0:!:0,1 ~.2:!:0,1 
6,13 36:!:3 38:!:2 23:!:4 6,6:!:0,1 7 ,4:!:0,1 
10,8 30:!:3 30:!:3 18 :!:4 5,9:!:0,2 5,9:!:0,2 
17,23 26:!:4 21:!:5 15 :t5 4,7:!:0,3 3,0:!:0,5 

PaSMep:ar cnei<TPOMeTPOB H 00,[1 c~pa: 
a/ NaiCTll 0 150x100 MM c 1»3Y-49B, 
C)/ BGO 0 46x60 w c OOY-143, 
a/ BGO 0 75x25 W C l»aY EMI -9956 • 

B 

12,6:!:0,2 
11 ,1:!:0,2 
9,6:!:0,2 
6,1:!:0,2 

I 

N 

10
5 

22 Ne+124Sn 
Nai(T[) rt>15Qx100 

,. 

Pl1c.2 
Pe3YJibTaTDI l13Me~ 83f'K 8 
~ C l10HaMH 22

Ne( 178 Lt38l 
. 124 aa MHweHH sn ( TOl!IG1l , 

C5e3 NHllleHH ( KpeC'I'l1I(H) , 

8 OTC}"''CTBHe nyqKa 

( Tpe)'r'OnbHHIG11 • 

7 

10
4 

3• 
10. 

2 
10 

101 

~ 
:1:: 

N 
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"HHKJD03illllibiX" cJJeKTPQa 83f'K, uero,~:~a ·~r-cTapra", KOTOprur n03ao~a 
cW!bHO no,qaBHTb BKJI~ pernCTpaq!1H "KOCMID.IecrotX" Jli1BHeA B 

sKCnepHMeHTaJibiWe cneK'l'PCI 83['K, OM. Tpe)TOJibHHKH Ha PHC •. 2. 
QmcaH HCnOJlb30BaHHCI3 B · pa6oTe MeTO~ CpaBHeHHSi H3MepeHHCIX 

cneKTPOB B3f'K C paC4eTHCIMH Ha OCHOBe 3HaHHSi 4>YHKIU1B O'l'lOlllKa 

~OHHCIX r-cneKTpOMeTpOB. BBH.ttY HCnOJib30BaHHSi 4aCTO 

ueflS!J()llleACH f'eOMeTPID.IOOKOA. KOHq>Hr'ypaQHH . CITSKTpOMSTpa-MmiiSHH aBTOpoM 

~cce~ pa3pa6oTaH OPHI'I1HaJibHCIA ani'opHTM paC4eTa 4>YHKIU1B O'I'!OlllKa, 

KOTOPW n03BOJIHJI c5CICTpO npoao,[lHTb pac4eTCI Ha MHHH - 3BM CM-4 ,qm~ 

KOHI<pe'I'HCIX ycJJOBHA npoBO,J:IHMCIX SKCnepHMeHTOB no HCCJie~OBaHHIO 83f'K. ll,Jm 
npoaepKH npaaW!bHOCTH paC4eTa. npo~eHO CpaBHeHHe C 

sKCnepHMeHTaJ!bHCIMH ~aHHCIMH, ITOJIY'!SHHHMH HaW1 B pe30HaHC!:lliX ( P, rJ

peaKI.{ID'IX, a Ta.KJ:e C ~aHHbiMH H3 JIHTepaTypCI. 

Bo aTOpoA I"'JTaae npHBe~ Ta.KJ:e CpaBHHTeJTbHCIA aHaJTH3 

xapaKTePHCTHK TP~OHHCIX C~THJTJTHTOpoa: NaiCTl~, Csi(Tl) H 

CBHHI.lOBOI"'O CTeKJTa SF5, a Ta.KJ:e ~yX HOBCIX C~poa: 8GO H 8aF2 
-q,rop~ c5apiDi, TeXHOJTOI"'IDi nPQH3BO~CTBa KoropbiX · . B ~e c50JlbllJID{ 
KPHCTaJTJTOB OCBOeHa TOJTbKO He,QaBHo. 

Pa3pa60'rcrna sJTeKTpOHHaH cxeua c6opa sKcnepHMeHTaJibHCIX ~aH!:lliX 

ycTaHOBKH "Eli: ", KOTOpa$1 COCTa.BJTeHa KaK H3 npoMCIIliJTeHHO BCinycKaeMCIX 

6JTOKOB, TaK H H3 cneQI1aJTbHCIX c5JToKoa,pa3pa60'raH!:lliX a .JJ5IP Ollirn. KpaTKO 

OllHCaHa CTp)'K'I'ypa opHrnHaJTbHoro npor'paMMHorro o6ecne4emm c6opa ~aHHCIX 

,qm~ CJTOJKHCIX KOP~OHHCIX sKcnepHMeHTOB a pemwe "a JTI1HHii:J". CHo c5CIJTO 

pa3pa6oTaHO aaTOpoM ~ccepraq!1H H HCnOJib30BaJTOCb Ha MHHH- 3BM TIIDa 

CM-3 H CM-4. 
8 rrpeTbeA I"'JlaBe OllHCaHa cepllii SKCnepHMeHTOB no H3ytreffim BCIXO,Qa 

f33['K, conpo~ ~eJTeHHe BCICOKOB03c5YE,D:eHHCIX smep 81* H 
. 132 * 

oc5pa30BaHHe HCnapHTeJTbHCIX OCTaT04HCIX smep, c5JTH3KHX K smpy Nd · 

Ji3BeCTHO, 4TO B peaKI.{ID'IX CJIHmiHSI T.SU:eJTbiX smep Cj'IqOOI'BeHHYJO poJTb 

ffi"'paeT ~eJTeHHe COCTaaHCIX smep Ha ~ q>paNeHTa. 0Ka3aJTOCb, 4TO MOJKHO 

~OCTaT04HO 4eTKO ~eJJHTb KaHan ~eHIDi Ha OCHOBe onpe~eJTeHIDi SHeprnH 

aaperHCTpHpOBaHHOro B ITOB9pXHOCTH0-6aph9pHOM KpeMHHeBOM ~eTeKTOpe 
o~oro H3 OCKOJIKOB. CxeMa sKCnepHMeHTa noKaaaHa Ha PHC. 3, a napauerrpe~ 
perucrm3 npi18e~HCI B Ta6Jlm.le 2. npoae~eHHCie O{leHKH 3Ha4eHIDi jTJTa Mel!,lzy" 

Hanpa.BJleHHeM C!lHHa H nJTOCKOCTbiO ~eHIDi COCTaB!:lliX smep B.. pecumHmC 

Ar+'Ib nOKa3aJTH, 4TO C aeposrrHOCTbiO OKOJT~ 99"/. CllHH Jlemfl' B KOHyce, 

oc5pa3YlOJUM KOTOporo COCTa.BJTaeT Yron n/1. d c OCbiO, nepn~yJTRpHoA 
nJTOCKOCTH pa3Jlera OCKOJTKOB smpa 81*. TaKHM .o6paaOM, IDI'K, aa

perncTpHpOBaHHHe B CO~eHHH C ~KTOpoM df2 WlH d.U , BCIJTeTaJT¥1 no 

Hanpa.BJTeHHJO rum nepneH,[Im(Y1IRPHO crnmy COCTaBHoro smpa. OmOllleHHe 11X 

8 

) 

r 

· Ta6Jlm.la 2 
napauerrpCI pe~ H o6pa30BaHHOro COCTSBHOro ~a Br* 

pea.KURR EHOHa lgr COOT. E1t 
CH 

1cr 

£Ma81 £1'11 smpo £MaB1 £1'11 

15N+ 1920 s 147 86 20781. 120 72 

22Ne+181Ta 155 85 20381 100 72 

40Ar+159'Ib 220 114 20981 9J 80 

40Ar+159'Ib 300 161 20981 156 123 
~.-

lgr -uaKCHMaJ!bHCIA jTJTOBOA MOMeHT ,QJJR smepHoA peaKUHH, 

lcr -oueHKa MaKCHMaJibHOI"'O jTJTOBOI"'O MOMeHTa COCTaBHOI"'O smpa, 

E~51 --sHepi"'IDi B036YE,D:eHIDi COCTaaHoro smpa. 

dr 

a 

6 

PHc.3 

KoH4>Ht"'ypaullii ~eTeKTOpoB ,qJm r-KBaHTOa, Ha6JTIO~aeMCIX B r-cneKTPQMeTpe 

dr, B CO~emm C OCKOJTKOM ~eJTeHIDi COCTaBHOI"'O SJ,ttpa, pernCTp!ip)'eMCIM: 

a/ -~eTeKTOpoM d.r1 , 6/ - ~eTeKTOpoM df2 • Ha_pHC}'HKe .Talae naKaaaHCI 

OpHeHTaullii CllHHa I ~~I"'OCH smpa, npoeKUIDI CllHHa I Ha ero OCb 

CI1MM9TPHH K0 H T. ~. 
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~o~oa a o6naCTH Ey=10+16 MaS onpe~eneao sKcrrepHMeHTanbHo ~H o6ezx 
3Heprml 110HOB aproaa 11 paBHO R=( 2,0:!:0,8), T. e. 83f'K 11CITycKa.JOTCH 

npeHM)'Ill8CTB8HHO rro HaiTpasnelilliO Clli1Ha cooraaaoro ~a. Cne,rureT 

QT)leTI1Tb, 4TO ~ r-KBaHTOa, COOTBeTCT8YJOI1111X pac~y 

O~OKOUITOH8HTHOC'O r.llP, xapaKTepHO 113QTPOITHOO paciTpe.n;eJISHHB BbiXO~. 
nooTOUY pe3YJibTaT 3KCIT8pHMeHTa CB~eTeJ!bCTB):'9'1' 0 paCill8ITJI8Hl111 r.llP · XOTH 

6bl Ha ~ KOI.IITOH8HTbl. · nooTOUY Hal.ll1 6biJia pa3pa~aHa OPI1rnHanbHM ... 
UO~~I1K~ "CT~aPTH6tl" UO~enl1 11CITycKaHI1H 83f'K 113 COCTaBHbiX Mep, * ... 
KOl'OpaH ytMI'biBaeT paCill8!JJI8HI18 r.llP B . 6biCTPOBpa.Jilai011111XCH B036YJ[.J:IeHHbiX 

~aBHbiX ~ax B 3aBI1CHMOCTI1 OT 3Hali8HI1H I1X )TJIOBOro U01.18HTa. S 
pauKax STOI"'O rrow:o~ y~ocb KOJIHtrecTBeHHo o6bHcHI1Tb aa6mo~euoe 

3HalleHI1e aHI130Tpornru R, 

Pl1c. 4 
QleKTpbl y-KBaHTOB, Ha6JIJo~a8UbiX 

B COBIT~8H1111 C OCKOJIKOM 
. * 

~8JI8HI1H COCTaBHOI"'O ~ B i , 

T04KI1 -3KCIT8PHM8HT, 

CIJJIOIIIHble ni1HI1I1 -peayJibTaTbl 

TeOpeT114ecKI1X paclleTOB, 

CU. TeKCT. 

~ 

::~;~~ ~~~Bl -.n;eJieHlie 

102 't'+ 

104 40Ar " < .. +,++ + 
102 220 MaB~~* 
10

41 .... , ·;+:_tt 
nNe .._ ', +t 

1o2 I55 M~, 't 
- 't~~~ 

102~ 1SN~ ' 

I47MaB~ 
100 "t·+.t-----....... 

'--'-'-'-'--~-'-'-~ 

10 1s q MaB1 

nonY48HHble CIT8KTpbl y-KBaHTOB, Ha6mo~ael.lble B C0~8H1111 C 

OCKOJIKOI.I ~eneH!1H B i * , MH 11CCJie~yel.lbiX pea~ noKa3aHbl Ha PI1C. 4. 

PaClleTHble CIT8KTpbl S3f'K, KOTOpble HBJIHIOTCH CYI.II.IOtl BKJI~OB y-KBaHTOa, 

E.CnylllBHHIDC 113 COCTaBHOro ~a ~0 ~eneH!1H 11 11CITycKael.lbiX 

* H9IIOCp9,Il;CTB9HHO H3 OCltOJiltOB ,JJ;9JI9HHI!, ITOJIY48Hbl ~ rrapauerpoa r.llP , 
PaBHbiX rrapauerpau r.llP aa ocaosHbiX COCTOHHlliiX Boa6ylK,ll;emnnc SJ,JJ;ep .Pacller 

. £) 
ITpOBO~CH C ITOI.IOillbiO I.IO~~lli.lHPOBaHHOt\ ITpoi"'Pal.ll.lbl CASCADE , 

rrpoaepHJIOcb COOTBeTCTBI1e pac48THbiX 11 sKCnepHMeHTanhHbiX 3Hali8Hillt 

celleHI1tl ~eneH!1H 11 11crrapwreJibHbiX rrpo~a ~ rro~o6HbiX pe~. 
O~aKo npe~cKa3blaaeuoe yaenl1lleHI1e BbiXO~ BarK c POCTOU saepr'1111 

8036YJK.LteH!1H COCTaBHOro ~. cu. rJI.I , B 3KCIT8P111.18HT8 He 

Ha6Jno~8TCH. . C ~)TOt\ CTOPQHbl, rrpoae~eHHbltl aHan113 3KCITepi1UeHTanbHbiX 

10 

~ 

-# 70 
~ 

~~ 

a 

1 

12c,19'l.u _ 0 

1SN,1920s-V;'f 

22Ne,181ro-A;.6. 

40A~259Tb-o;e 
40A,,notsn- 0;+ 

20Ne.112sn- <>;.,. 
64zn.68zn-·<l, .. 

6 

~~ ~~ 
. ~u • • 

1 
I 

I 
I 

' 

j 
~ 

) ·! 
I 
I, 

~ 30 
~ 
~ 
~ro 

5 
m 

60 

.f'>r-~---, ' . --~·I • 

. ~ ~ y ? t 
100 140 180 

E"(MaB) 

P11c.6· 

·'f ' ... . . . , 

~/ .. 
10-1 10° 

A1/A2 

8b1XO~ 83f'K B o6naCTH 3Heprml 12-14 MaS, rrepeclii1Ta.lJHNe Ha · 0~0 
o6pa30BaHHOO COCTaBHOO MPQ B 11CCJI8~UbiX pe~, y~aCll-saKpbmle 

~KCIT • . CHMBOJlbl, y -oTKPbiTble CI1UBOJlbl, CU. TeKCT, B 3aBI1C11MOCTH· 

a/ OT 3H8PI"'1111 B036YJK.Lt8HI1H. COCTaBHOro Mpa, . 

. 6/ OT OTHoweHI1H uacc Han8TaiOill8I"'O 110Ha 11 ~ 1.111W8HI1, ~oa/Aww· 
' . ·~ 

~aHHbiX ITOKa3blaa8T, 4TO HMOOrcH KOp~ Ue~ BbiXO~ON 83f'K 11 

rrapauerpou axo~oro Kaaana P8ai<I.U111, OTHoweHI1eu uacc Han8TaiOill8I"'O 110Ha 

11 MPa MI1WeHI1, cu. p11c. 5. C!mbao pa3Jil1lla!O'I'CH 3Hali8H11H aTOro rrapauerpa 

B 113Yl!a8MbiX HaUI1 peai<I.\IDIX Ne+Sn 11 Zn+Zn, B. KaHane CJJIDmHH KOl'OpbiX 

c:i6pa3~ COCTaBHble Mpa c 6JII13Kotl no Benl1lii1He aaeprneA B036Y%,[leHWJ, 
I' 

OM. Ta6.1111ltY 3. TaK KaK 3H8'I9H~ l~v 6JII13K11. ~ o6emc ~. B8f'K, 
Ha6mo~8Uble B Bbl,tleneHHON. KaHane o6pa30BaHI1H OCTaTOliHbiX M8P, B o6emc 
~ ~on.mbl COOTBeTCTBOBaTb · Ha6opau COCTaBHbiX MeP. KoroPble 

MI1HI1NanbHO OTJllillalai'CH no ITapaueTpaM, 11, Cn~OBaTeJibHO, 8CJll1 B3f'K 
HCITycKa!I1I'C$i B OCHOBHOM 113 COCTaBHbiX M8p, 11X cneKTpbl B o6o11X cnyt.IMX 

~OJml&l 6b1Tb o~BbiMH. B rrpoae~eHHbiX aKenep111.1earrax . MH ~ 
KaHana o6pa30BaHI1H OCTaTOliHbiX Mep 11Cn0Jib3osanacb . OP11rnHanbHM, 

paap~60TaHHai! HaMK M9TO.n;m<a, NeTO~ "X-crapra". Ee CYTb COCT011T B 

peru~ xapaKTepi1CTI148CKOI"'O peHTI"'eHOBCKOro 113JIY48HI1H OCTaTOliHbiX 

MeP· 

II 



Ta~a 3. 
XapaKTeP11CTm<H .QByx pe~, ~ c 0CSpa3oBaHI1eM 

COCTaBHOI'O .R,ttPa 132Nd* 

~ E11oaa lgr E~a 1cr 1ev 

CM38J ChJ CM:38J ChJ ChJ 

64Zn+68Zn J 
29) 97 84 76 66 

20Ne+1125 n 110 61 68 48 48 

· lgr -ururo11MaJlbHDIA yrnosoA uoueHT .QnSI S~,ttepaoA peaKQ1111, 

lcr -QI.leHKa MaKC11MaJlbHOI'O yrnOBOI"O MOMeHTa COCTa.BHOI'O S~,t~Pa, 

lev -ol.leHKa MaKCI1MaJlbHOI'O yrnOBOI"O MOMeHTa OCTaTOtmOI'O S~,t~Pa, 

E~ --aaepiwl B036J'll.[teHI1SI COCTa.BHOI"O S~,t~Pa. ., 

Cxeua sKcnep!1MeHTa noKa3aaa aa p11c. 1. Ewla ~OCTI1l"HYTa BbiCOKM 

l"eeMeTp114ecKM sqxJeKTI18HOCTb peHTI"eHOBCKOI"O ~eTeKTOpa, 3Ha4eHI1e 
TeJieCHOI"' yrna COCTa811nO ~ 3,47 cp. 

8 OTnl14!1e OT IJPI1Be~eHHCIX· 
Bblllle !reOpe'I'I14ecKI1X paccYJ[.[teHI1A 

SKCJJep11MeHTaJlbHO Ha6Jno~OCb 

CYJqecTBeHHoe }'BeJJl-NeHI1e BDIXO~a 

B3rK B peaKI.l1111 Zn+Zn IJO 

cpasaeaHD c peaKI.ll1eA Ne+Sn, 

CM. PI1C. 5. · 8 peaKI.l1111 Zn+Zn 

TaKll:e Ha:6mo~ocb cueuteHI1e 

I.leHTpO~ l"PYJJilbl ni1KOB, 

COO'I'BeTCTBJ'IIJuteA }Q{ -nepexo~ 

.Qn$1 Sl,ttep, 6ni13KI1X IJO Z 1 K 

COCTa.BHOMY S~,t~Py, T.e. 

YMeHbWeHI1e cpe~ero 3Ha4eHI1SI z 

0CTaT04Fn>IX Sl,ttep C POCTOM 

SHepl"mi 83['l{, CM. PI1C. 6. 
B 4emeoToA I"nase 

JJP11Be~eHCI P93YnbTaTbl 11ccne

~oBaHI1A xapaKTepi1CTI1K SMI1CC1111 

83rK B peaKI.li1SIX C T$meJIW.II1 

MOHaW M MX aHan113. npo~eHOI 

MCCJJe~OBaHM$1 Cpe~ero yrnOBOI"O 

12 
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50 100 150 
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Pl1c. 6 
CrleKTPbl peHTreHOBCKOI'O 

~eTeKTOpa, 113MepeHHble B 

co~eH1111 c r-I<BaHTaUM 

)'Ka3a.Hb1X Ha PI1CyaKe SHeprnA 

B peaKI.l1111 Zn+Zn, 

MOMeHTa <I>, COOTBeTCTBJID~el"O 11CIJJCKaHHD 83['l{ B peaKI.li1SIX 
64

znC29Q M:38l + 
68

zn M 
20

NeC110 ft38l + 
112

Sn Ha OCHOBe OJJpe~eneHI1SI 
MHOJKecTBeHHOCTI1 MSil"KMX r-KBaHTOs, CM. PI1C. 7. 8~o. 4TO xo~ 

N1r \ 
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50 -· + 4 BGO ++ 
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P11c. 7 
3asi1C11MOCTb cpe~ero 
yrnoaoro uoueHTa <I> OT 

SHepl"1111 T-KBaHTOs B yxasaHHHX 
Ha PI1CyaKe peaKI.li1SIX, 

TOt.H<M --.3KCJJep11MeHT, 

CJJnOlliHa$1 n11H11S1 -paC4eT. 

13 

fll1c.s 
BepXHrui 4aCTb:r-cneKTP .QnSI 
peaKI.l1111 

40
ArC3QO MaB) +ecTsn, 

Ha6mo~eMCIA B COBIJ~eH1111 C 

"WII"KKD..M" r-KBaHTaMI1, 
cnnomHaS~ ni1HI1SI -npo~eHI1e 

HI13KOOHepremt~ecKoA 4aCTI1 

cneKTpa; 

HI1JKHSISI 4aCTb: SaBHCEMOCT~ 

OTHOWeHI1SI BbiXO~OB T-KBaHTOs 
nr.O 0o • 

wr=Yr';:>U )/':{r' ) 8 peaKI.l1111 
40

ArC3QO Ma8l+ecTsn. 



SKCnep11MeHTa.JlbHbiX ~ COI"JlaCyeTCSi C pacqeroM, OCHOBaHHHM H3. 

npe,wiOJIOJreHllli o6 SM11CCIDI 83[1{ 113 paCQienJTeHHCIX r.llP* ( CMOTPI1 BbllJJe) , 

TOJlbKO 8 CJTyt.lae peai<I.lmi Zn+Zn, noKa3aHO, t!TO yseJ111tleHI1e 3Hatleruffi <I> 

c pocTOM SHePI"'DD Ey , Ha6JJJO,qaeuoe 8 peaKI.l1111 Ne+Sn, MO!liO o6bSiCHHTb, 

npe,wiOJiar'M BKJla,l:l Heynpyrnx KaHaJl08 peaKI.l1111 8 SMI1CC1110 83[1{, ,[IJJS{ 

KOTOPbiX xapaKTepHbl 00Jlbllll1e 3Haqeruffi )TJJOBOI"O MOMeHTa <I>. 
40 . ecT 

8 peaKI.l1111 Ar<3CD M:38l + sn npoae,[leHbl 11CCJJe,[losaHllii BKJlaAa 
. ..J 

pa3Hb1X KaH3.JI08 pe~ 8 "11HKJl103118Hb1e" r-cneKTPCI, T. e. cneKTPCI, 

riOJJJ'tleHHble. C 11CriOJib30BaHI1eM MeTO,[II1KI1 "Y-cTaPTa", CM. PI1C. 8. ~H08HOA 
OTJ'll1lii1TeJibHOA oco6eHHOCTbiO riOKa3aHHOI"O cneKTPa S{8JTS{eTCSi HaJJI1ql1e ,[18yx 

113JTOM08 np11 sHepi"'DD OKano 10 M:38 11 16 M:38. Cne,~:~yer HanOMHHTb, liTO 8 

sTOA peaKI.l1111. noM!1Mo COCTaBHbiX S{,[lep sp611Si, o6J;Ja3ymcSI TaKie 

8036YJK,[IeHHble S{,[IPa 8 KaHane I"JJyOOKOHeynpyrnx 83a11MO,[IeACT811A. 

Pe3YJibTaTCI 11CCJJe,[lo8aHI1Si peHT.reHoBCKOI"O cneKTpa, COOTBeTCTBYJO~ei"' 

11cnycKaH1110 83[1{, npe,[ICTaBJJeHbl Ha p11c. 9. 811,[1Ho, tiTo ~ ,QJTSI Ey<4 M:38 8 

KX -cneKTpe 8 CJJJ'tlae 11CTI1HHCIX coana,~:~eHI1A Ha6JliO,qaeTCSI Ha CnJTOWHOM cpoHe 

OT r-KBaHT08 c E-?100 KS8 I"Pynna KX-nepex0,[108, COOTBeTCTB~ 
OCTaTOt!HbiM S{,[IPaM e8poni1Si, ,[111Cnpo311Si 11 ,[lp. 0,[1H08peMeHHO f'Pynna 

KX-nepexo,~:~os, COOTBeTCTBYJO~ smpa.u oJJOsa 11 · ,J:IP., Ha6JliOAaeTCSI c 

o,[II1HaKosoA 11HTeHCI1BHOCTbJO 8 KX-cneKTpe KaK s CJJYtlae 11CTI1HHCIX,. TaK 11 8 

CJTJ'tlae CJJyqalllibiX COBna,[leH!1A, liTO C811,[1eTeJibCTByeT 0 ManOM .. BKJla,[le 

COOTBeTCTBYJO~ei"o KaHana peaKI.l1111. 

N., ~0Ar(300M>8)+K~-·--=l, 
~ £r)16HaB 6 

~· 4 

~ Jt 

P!1c. 9 
KX -cneKTPCI ,QJTSI peaKI.l1111 

• . 40Ar<3CXJ M:3sl +ecTsn, 

,--.!'L,..., Et < 4 M 18 

nJ\~ 
~;..(~~~ 

Dl 

200 

Ill 

tcv~·~,o 
-· 70 90 . til 110£.(N_..., 

14 

Ha6JJJO,~:~aeMC~e 8 11CTI1HHOM 

cosna.r:temm < sepXHS~Si KPI1BMl 
11 8 CJJyt.la.AHOM C08na,l:leHI1H 

( ~ KPI18Ml c r-KBaHTaMI1 

,[IJJS{ TpeX·,[111ana30H08 3Hepf'HA 

r -113J!Ytleruffi. 

8 COOTBeTCT8illi C npe,wiOJlOJieHI1eM o6 11CriycKamm 83[1{ 8 OCHOBHOM 113 

COCTaBHbiX Si,[lep 8 KX-cneKTpe, COOTB9TCTBynit9M SHeprnS~M y-KsaHT08 

10 M:3~Er 16 M:38, ,~:~oJTJIHbl ,~:~oui1HI1posaTb KX-nepexo,[ICI,xapaKTepi1CTI1tlecKI1e 

,QJTSI npo,J:IYKT08 KaHaJia noJJHOI"' CJJI1S{Hllii peaKI.l1111 Ar+Sn, O,[IHaKO 3TO He 

TaK, 11 8 sKcnep!1MeHTe Ha6JliO,[Ia.IOTCSi TaKJ:e KX-nepexo,[ICI, xapaKTe

PI1CTI1tlecK!1e M5! M111lleHeno,~:~o6HbiX . npo,J:IYKT08. IiTaK, npe8.blllleHI1e BbiXOAa 

Y -KsaHTOB, C8Si3aHHbiX C paCna,l:lOM COCTaBHOI"O Si,[lpa, Ha,l:l 3KCriOHeHIUiaJ!bHCIM 

Cria,l:lOM Ha6JJJO,[IaeTCH. 80 800A o6JJaCTI1 3HeprnA Ey> 10 M:38, CM. . p11c. g. 8 

TO JKe speMSI COOTBeTCTBYJO~ee npe8.blllleH!1e M5! S{,[lep. 6ni13KI1X K MPY 

M111lleHI1, Ha6JliO,qaeTCSi 8 OCHOBHOM ~KO 8 o6JJaCTI1 Ey= 10+16 Lfs8. 

8 3aKJJJOtlemm ccpopMyJJI1posaHbl OCHOBHble P93YJ!bTaTCI, riOJIYtleHHble 

asTOpoM 8 ,[111ccePTai.1110HHOA pa60Te. 

1. Co3,[1aHa MHOI"',[IeTeKTOPHM ycTaHOBKa "Ell" MSi · _113Meperuffi 

xapaKTepi1CTI1K 83lli, MHOlKOOTseHHOCTI1 COOTBeTCTByrJl!UiX "I.ISii"KK1X'' 
y-KsaHT08 B Bll,IJ;9JI9HHOM KaHaJTe ~ C T.smeJICIYiil 110Ha.MI1. C03,[18HH09 

npof'PaMMHoe o6ecneqeH!1e c6opa MHOI"'naPaMem>aBOA !1Hcpopuai.l1111 ri0380JII1JlO 

npD80,[111Tb C BbiCOKOA ,ScpqieKTI18HOCTbJO CJJO!li!lle .. KOppeJI~OHHble 

sKcnep!1MeHTCI Ha riJ'tiKaX TSilKeJlbiX 110H08 ycKopi1TeJleA·RHP ORHH. 
2.H3J'tleHCI xapaKTepi1CTI1KI1 r-cneKTPQMeTP08 H3. OCHOBe HOBOI"' 

c~pa B14Ge3o 12 . -repMaHaTa 811CMYTa (BGO), ·· noKa3aHO 11X 

npe11MYJqecTBO ,[IJJS{ npose,[lefll!H. 3KCnep!1MeHT08 riO 113YtleH1110 SWCCIDI Balli B 

np11CYTCTBIDI CI1JlbHOI"' cpoHa riO CpaBHeH1110 CO CII9K'rpOM9TpaMK, riOCTpoeHHCIMI1 

Ha TPa,I111IUiOHHCIX Nai(Tl) -c~TI1JlJTRTOpax •. 

3. li3MepeHCI cp~ OTKJTI1Ka 11CriOJib3yeMbiX Y-crieKTpoMeTPQ8 ; ,[IJJS{ 

HOOKOJibKI1X 8biCOKOOHepi"eTI1l<OOKI1X riepexo,[IOB 8 pe30HaHCHbiX ( p, yl-
peaKl\I1.S'IX. Pa3pa60TaH opi1I"'1HaJJbHCIA aJJI"OPI1TM, KOTOPDIA ri0380Jli1Jl c 

,[IOCTaTOqflOA TOqflOCTbJO · pacc~Tb: · cflYHKU1111' .• OTKJTI1Ka · MS~ 

C~~OHHCIX Y-crieKTPQMeTP08. Ha WHI1-38M. 

4. Pa3pa60TaHCI opi1I"'1HaJJbfu.le ueT6,I:ll1Icii 11,[1eHT11cp11Kai.l1111 KOHeqflbiX 

npo,[IYKTOB ~ TSilKeJlbiX 110H08 riO I1X xapaKTepi1CTI1tiOOKOMY 

peHTreHOBCKOMY 113JJJ'tleH1110 11 H3. OCHOBe pernCTPai.l1111 OCKOJJKOB ,[leJTeruffi 

COCTaBHOI"' Si,[1pa, fl03BOJII18llll1e npDBO,[II1Tb 113Meperuffi CrieKTPQB 83lli 8 

KaHane o6pa3o8aHI1Si COCTaBHbiX Si,J:Iep. 

5. npe,QJIOJKeHa .MeTO,[II1Ka Onpe,[leJTeruffi aH1130TporiiDI 8biJleTa. 83lli, 
R=Y2 /Y1 , OTHOCm'eJ!bHO riJJOCKOCTI1 pa3JleTa OCKOJIK08 · ,[leJTeruffi COCTaBHOI"' 

40 159 40 
Si,[lpa. C ee riOMOIJlbiO 8 pe~ ArC22Q M.38L +,. 'Ib ·11 • ArC3()) M.38H· 

+159
'Ib riOJIJ'tleHO 3HatleHI1e R,' C811,[1eTeJ!bCTB~ee o npe11M~HHOM 

BCIJleTe Balli c Ey= 10+16 M.38. riO HanpaBJJeH1110 )TJJOBOI"' MOMeHTa 

COCTaBHOI"' S{,[lpa. 
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. 6. npose,QeH aHa.1n13 3KCnepm.~eHTaJ1b!ThiX ,QaHHbiX no aiDf30Tpol11lli BCIXO,Qa 

83['K B paMKax 061119npmi.f!TWC npe,QCTaBJ'leHffil 0 y-pacna,Qe H30BeKTOp!ThiX 

IW'aHTCKI1X ,QI1Il0Jlb!Th!X pe30HaHCOB ( r,llP*.J , OCHOBaH!ThiX Ha B036YJ[,QeH!ThiX 

COCTOmrumc COCTaB!ThiX H.Qep. Coi'nacHe c aKCnepm.~eHTOM nOJI)'4aeTCSI, ecJIH 

* TOJlbKO ·. npe,QnOJIO:mTb paCiqenJieHHe r,llP , aanpm.~ep, KaK CJie,QCTBHe 

. .Qe/fiOPMawiH . 6biCTPOBP~Sl OOCOKOB036YJ[.QeH!ThiX COCTaB!ThiX H,Qep. 

7. Ha ocaose aKcnepm.~eHTaJlb!ThiX · ~ nOJI]'4eHa CHCTeiJaTHKa 
. * 132 * 

BCIXO,QOB 83['K, COOTBeTCTBYJOIIliDC o6pa30BaHHIO COCTaB!ThiX H,Qep Bi H . Nd 

B 111I1P0KOIJ ,QHana30He aHeprntl B036YE,I:teHHSI H )'I'JIOBb!X IJOIJeHTOB ,QJISI 
pe~ . 15N<147 MaBJ +

192
os, 

22
Ne<155 MaB1 +

181
Ta, 

40
Ar<220 MaB1+ 

+159Tb 40Ar<300 MaB1 +
159

Tb 
20

Ne(110 MaB1 +
112

sn H 
64

Zn(29Q MaB1+ , . . 

+ 68
zn. PactleT, ocaosaHHbiA Ha npe.QnoJioJKeHHH o CTaTHCTHI.lecKoA npHpo,[le 

HCnj'CKaHHSI 83f'K H3 Hai'peTDIX COCTaB!ThiX H,Qep ( CIJOTPH. Bblllle) , . npHOOJI K 

TeOpeTHI.lecKm.l 3HatleHHSIIJ Bb!XO,[IOB, HaXO,Ill1Il1ID.{CSl B SIBH?A t?aBHCm.IOCTH OT 

aaep!'ID! B036YJ[,QeHHSI COCTaB!ThiX H,Qep, T. e. K pe3YJ!bTaTaM, Ka'l9CTB9HHO 

OTJIHI.lai011!111JCSI OT nOJI)'4eH!ThiX HaMH aKcnepm.~eHTaJlb!ThiX ,Qa.HIThiX. 

0.n;HOBp9M9HHO 3KCnepm.leHTaJ1bHO OOHap)l:mHO yooJIH\.leHHe BCIXO,Qa 83f'K C 

poCTOIJ napaMeTpa BXO,QHOI'O ~HaJia pe~ A1/~- OTHOWeHHeM uacc 

· HaJieTaiOiqero HOHa H H,Qpa IJHWeHH, 4TO CBH,QeTeJ!bCTByeT 0 B031JOJKHOIJ 

BKJia,[le s HcnycKaHHe 83rK .QPYI'I1X Mexam13MOB, COOTBeTCTBYJOIIli1X 

npoQeccaiJ, Be.QYIIliD.I K o6pa30BaHHIO COCTaB!ThiX H,Qep. . 
40 eCT 

. 8. Bbi,QeJieHHe KOHetlHOI'O KaHaJia s pe~ Ar < 300 MaS> + sn 

noKasano, 4TO "6aun", KOTOpcjt1 Ha6JIIO.QaeTCSI s CJI]'4ae npm.~eaeHH>I 

MeTO,QHKH "Y--cTaPTa", COCTOHT H3 · HecKOJ!bK11X KOMnOHeHT, COOTBeTCTBYJOIIli1X 

pa3Jll1lllibiM Bb!XO,QHb!M KaHaJiaiJ pe~. 00HapYJKeH CyiqecTBeHHbiA BKJia,[l 

KaHaJIOB pe~, CBSI3aH!Th!X C oopasosaHHeM H,Qep, 6JIH3K11X K Sl.QPY 

-~JHWeHH. s o6JiaCTH aaeprna r-H3JIY4eHHSI Er= 11ft16 MaB. 

9. Ha ocHosaHHH ,Qa.H!Th!X, nOJI]'4eH!ThiX H3 aKcnepm.~eHTOs no 

Onpe,QeJieHHIO 3aBHCHMOCTH IJHOJKecTBeHHOCTH "1JSII'K11X" y-KBaHTOB OT 3Hep!'ID! 

B3f'K B pe~ 64
zn<290 MaBl +

68
zn H 20Ne<110 MaBl +112sn, C,l.1;9JI8H 

OOBO.Q. o nepepacnpe,QeJieHHH BKJia.Qa pa3JIHI.l!Th!X KaHaJIOB pe~ s cneKTp 

83rK s 3aBHcm.~oom or napaMeTpa A1/~. 
1 0. nOJiyt.,leHa .3aBHCHMOCTb aiDf30Tpollllli OOXO,[la B3f'K OT IDC 3Hep!'ID! 

,QJISl ~ 40
Ar<300 MaBl +eCTSn H 22Ne<178 M3Bl +eCTsn, Ha OCHOBaHRR 

KOTOpot\ C,QeJiaH OOBO,Q, 4TO B OOJiaCTH 3Hep!'ID! Ey= 11ft16 M3B 

C~ BKJia,[l MOJKeT ,Qa.Tb y-H3Jij'4eHHe H3 KOI'epeHT!ThiX COCTOSiHI1t1 
r,llP • OOpa3osa.mll.oc Ha HatlaJlb!ThiX 3Tanax ~-
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