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BaeneaHe 

DonHhie cxeMhi pacrrana nerKHX H30TOIIOB noJJOHHSI H3BeCTHhi l!Hlllh nnSI 

HeCKOllbKHX Clly'!aeB, 'ITO 06'bSICHS!eTCSI TpynHOCTSIMH CHHTe.::fa H KOpOTKHMH Bpe

MeHaMH MH3HH H30TOIIOB 0 6hiCTpO yMeHhlllaiOIIIHMHCSI IIO Mepe yMeHbllleHHSI 

MaCCOBOI'O 'IHCJJa, 

I130TOIIhl IIOJJOHHSI C MaCCOBhiMH 'IHCllaMH MeHbllle 208 B OCHOBHOM 

pacnanaiOTCSI rryTeM aneKTpOHHOI'O aaxaaTa, onHaKo, rrpH rrepexone K 6onee 

llei'KHM H30TOIIaM Ha'!HHaeT paCTH BKnan anh$a-pacrrana, a y H30TOIIOB 

c MaCCOBhiMH 'IHcnaMH MeHhllle 200 anh$a-pacrran naMe rrpeo6nanaeT, 

C TO'IKH 3peHHSI BpeMeHH MH3HH nnSI CIIeKTpOMeTpH'IeCKHX HCCnenoaa

HHH HaH6onee yno6Ha I'pynrra H30TOIIOB C MaCCOBhiMH 'IHCllaMH 207-204, IIe

PHOnhi rronypacrrana KOTOphiX yKnanhiBaiOTCSI B HHTepaane 9,0n-l ,5'!, 

Ill 
P acnan 

207 Po ( T !1 = 5, 7 '!) HccnenoaaH B pa6oTe , rne Ha oc-

HOBaHHH I'aMMa-CIIeKTpOB H CIIeKTpOB 3lleKTpOHOB KOHBepCHH OIIpeneneHa 

CXeMa ypoaHeH 207 Bi. 

Pacnan 
206

Po ( T !1 = 9n) nyTeM aneKTpoaaoro aaxaaTa Hccneno-

/2/ /3/ 
BaH B H , Dony'!eHHhie 3KCIIepHMeHTal!bHhie naHHhie II03BOJJHJJH aa-

2068· 
TOpaM IIpennOMHTb CXeMy ypOBHeH 1. 

205n 
CxeMa pacnana ro H3y'leH-a cna6o. 11aaecTHo, 'ITO apeMSI MH3HH 

. 141 
3TOI'O H30TOIIa paBHO 1,5 'I, a anb$a-BHl!Ka COCTaBl!SieT 0,074% 
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HeaaaHo orry6nHKOBaHhl rrepahle aaHHhle o pacrraae 3,8-qacoaoro 204 Po 
/51 

rryTeM aneKTpOHHoro aaxaara. Kyw H Yy6ypKoBa H3MepHnH crreKTp raM-

Ma-nyqen C ITOMOillb~ repMaHHBBOI"'O ll.BTBKTOpa H Hll.BHTH$HUHpOB8nH 18 nH

HHH. 

B HacroHwen pa6ore rrpoaon*BHhl HccneaonaHHH cxeMhl ypoaHeli 
2o4 8 . 

I • J13MepeHbl CITBKTpbl anBKTpOHOB KOHBBpCHH C uenb~ OITpeaeneHHH 

MynhTHrronbHOCTH rrepexoaoa. 

3KCITBpHMBHT 

204 p /5/ 
I130TOIT 0 rronyqanCSI KaK H B ITPB*HBM 8KCITBpHMBHTe : 30-

lo N noTaH ¢onbra TOnWHHOH 10 MKM o6nyqanacb HOHaMH C 8HeprHeH 

80 M8B Ha ycKopHTene TH*enbiX HOHOB OHHH. BpeMH o6nyqeHHH 5 qacoa, 

TOK HOHOB - 1 MKa. 8 peaKUHH l97A ( lsN 4 ) 2o1JR u , n n rronyqancg Haororr 

, KOTOpbiH c apeMeHeM *ll3H11 23 MHH. pacrraaancH ao 20 4 Po. 2oe Rn 

TionoHHH oraenSinCH or o6nyqeHHoro aonora cooca*ABHHeM ero c ane

MBHTapHbiM TennypoM. Tiocne paCTBOpBHHH Tynnypa OH BHOBb OC8*ll.ancSI 

cepHHCTbiM raaoM H3 6N HCI , a rronOH11H ocraaancg B pacraope. B 

rrocneaHeH CT8ll.HH ITOnOHHH MBTOJJ.OM BHyTpBHHero 8nBKTpOnl13a Bhlll.BnHnCH 

Ha Cepe6pe H3 0,1 HOpManbHOI"'O COnSIHOKHCnoro paCTBOpa DpH TBMITepaType 

70-80°C. 

CrreKTp aneKTpOHOB KOHBepCHH H3MBpHnCSI C ITOMOillb~ 5ea*ene3HOrO 

TOpOHJJ.anbHOI"'O Mai"'HI1THOI"'O CITBKTpOMBTpa CO CBBTOCI1nOH 2% 11 paapewa~

WBH crroco6aocrb~ I% (rrpl1 paaMepax 11croqH11Ka ll.11aMeTpoM 15 MM) 161• 

4 

P eaynh Ta Tbi 

Hawn aKcrrepHMBHTanhHhie aaHHhie rronyqeHbi B Tpex o6nyqeHHHx. 

Ha pHC. I 11 2 ITOK838Hhl CITBKTpbl aneKTpOHOB KOHBBPCHH, H3MepeHHbl9 B 

rrepBOM H BTOpOM o6nyqeHHHX. 8 Tp9Tb9M o6nyqeHHH 0 Uenb~ KOTOporo HBH-

nOCb orrpeaeneHHe HHTBHCHBHOCTH BbiCOK08HepreTHqecKHX nHHHH, yaanOCb 

H3MepHTh TonhKO OTHoweaHe HHTeHCHBHOCTH nHHHH K884 H K270. 

ilnH oueHKH HHTeHCHBHOCTH nHHHH K1016 H K1040 HcrronhaoaanHCh 

peaynhT8Tbl KOHTpOnbHblX H3MepeHHH, ITpOBOll.HBWHXCSI C ITOMOillb~ rronyrrpo

BOll.HHKOBOI"'O ll.9T9KTOpa. 

B Ta6nHue 1 rrpeJJ.CTaaneHhi peaynhTaThi acex H3MepeHHH: B cTon6ue 

II ll.8~TCSI ll.8HHhl9 0 rronyqeHHhie C ITOMOIUb~ M8I"'H11THOI"'O CIT9KTpo-

MBTpa, B 

Ill 

IV - C ITOMOlllb~ rronyrrpOBOll.HHKOBOI"'O ll.9T9KTOpa. 
e oaaaqa-

eT cpeaHHe, OTHOCHTenbHhie HHTeHCHBHOCTH nHHHH K , orrpeJJ.eneHHhie 

Ha OCHOBBHHH ll.8HHhiX CepHH H II • ilnSI nocneJJ.HHX Tpex nHHHH K 
11HTBHC11BHOCTb orrpeJJ.eneHa Ha OCHOB8HH11 CBpHH IV Iy 03HaqaeT OT-

• 6 6 151 
HOCHTBnhHbl9 HHT9HCHBHOCTH 1"'8MMa-nHHHH, OITy nHKOB8HHhl8 B pa OTe 

TaK KaK JJ.nSI 6onhWHHCTBa rrepeXOll.OB yJJ.anocb H3MepHTh c yJJ.oaneT-

BOpi1T9nbHOH TOqHOCTb~ TOnbKO 11HTBHCI1BHOCTH nHHHH K orrpeJJ.eneaHe 

Koa¢¢HUHeHTOB KOHBepCHH c o6onoqKH K 
JJ.nH Hll.9HTH$HK8UHH MynhTHITOnhHOCTeM. 

HBnSinOCb QqeHb CYIU9CTB9HHhiM 

0TaoweHHSI HHTeHCHBHOCTH K;L , H3MepeHHhie JJ.nSI aeKoTOphiX rrepe-

xoJJ.oa, rroMornH B HOPMHpOBKe I.,/ I y K T90peTHqeCKHM KpHBhiM JJ.nSI 

Koa¢¢HuHeHTOB KOHaepcHH c o6onoqKH K . Ta6nHua II yKa3hiBaeT oT-

aoweHHe K;L JJ.nSI ITSITH rrepexoJJ.OB, BKn~qag H3BeCTHhie rrepexoll.hi 

204 207 
375 KaB B Pb H 406 K8B B Bi , KOTOphie npoaaanH3HpoaaHhi 

AnSI DpOB9pKH rrpaBHnbHOCTH 06pa60TKH ll.8HHbiX. 

ilnH rrepexoJJ.a 375 K8B c MynhTHITOnhHOCTb~ E2 Mhi rronyqHnH K;L = 
171 

2,3:0,4 (2 ,4 : 0,4, cornacao aaHHhiM <l>pHqa H Xonnaa.aepa ) H JJ.nSI 

5 
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Ta6nuua I 

Pe3ynbTaTbi H3MepeHuti HHTeHCHBHOCTH nHHHH KOHBepcuu 

BCex ceputi ( I , II , Ill , IV ) • I c - cpeAHHe OTHocu

TenbHLie HHTeHCHBHOCTH nHHHH K, I)' -oTHOCHTenbHLie 

/5/ 
HHTeHCHBHOCTH raMMa-nHHHH 

Ee I II ill .iY Ie Ir Tefir 

.31.0 /(124.5 o.• aag 3.3 0.27 

~5~ 1('(36_J f7.90 f'-tf) /6.6 27.1 

105.8 Lt22.2 0.29 O.lS 

ifS.O /(205.5 0.21 o.az QJO fQS Q029 

1202 Lf3a6 f.OO 1.0o f.2 

132.7 Nf36.7 0.39 

f79.5 K2'lD.O 1.57 1.57 f. 51 1 . .57 681 0.()!3 

~.0 K30it.5 0.17 an ff.O QOf5 

226.0 K3f6..5 o.zs 0.-* a as 13.3 0~19 

253.6 L270.0 0.33 o.u 
266., NZ'XJ.4 0096 

217.3 K37.5.0 0.252 

315.0 K4o5.5 o.zoo 
336.2 K426.7 o.oa1 0.0~2. ao4o 7.7 0.051 

359.S L374.7 o.tKJ O.Z38 

37D.9 N374.7 0.046 0.092 

. 389.6 L't06.0 o.o.Yt 0.037 
402.8 H4o6.B 0.014 

4tO.f L~~s aozo 
4z4.o H428 0.01~ --

435 -~"~1. 0.029 

41t4s KS35.0 0.1~ 0.183 0.15 0.16 .32.0 5.0•{0 

518.3 ~53lt.7 0.041 

S32. H536 0.02.3 
588.3 K6i9.3 0.057 0.06 0.06 23.2 2.8'<10-J 

652.7 K74Z7 0.1lf3 

66Z.6 L679.0 0.040 

l(IJ8/t QOf3 0015 014 11t.o '(,9•10-~ 

lK .fOf6 0.012. O.H 50.0 22•10-~ 

K fO'KJ 0.009 0.08 2S.6 3.?.-..«J-Cj 

8 

TaonHua II 

0THOll!eHHe K;L JJ.nH IT51TH rrepexonoa 

€.1( 

S.lt ! 

5.1•10"' Eir oG1 oLz. o(.J fl,, ft2. .BJ 

lt.6-.t0"1 121.8 
5.8 0.20 CCJ{ s.s 2.5 a so 

2.9• f0"
1 

3.7• f0"1 
3f'J:1.8 

s:g 1.3 a Its 56 .38 2.0 
270.0 

4.Bt.f.O 
f,O~t.(0' 1 

---'-"--

374.9 
6.0 2.2 a so S.6 4.2. i 2.7 

2.3:t0J 

--

4os7 
6.0 2.4 0.95 5.6 4.3 2.8 

{.O•f0"1 5.9tlO 

s.6•to"2 534.9 6.0 3.2 1.6 S.6 4.6 3.4 

... 4.St1.3 
.3.8 ~ {0~3 

4.S•fo·3 

6.5•10~1 
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rrepexo.aa 406 
/1/ 

U ,ap, ) • 

KSB K;L = 5,9 + 1,0 ( 5, 7, cornacno .aaHHbi M Ap6MaHa 

H opMupOBKB I e ;I y IIpOBO.l:lunaCb HCXO,l:ISI U3 ,l:IBHHblX JJ.nSI cunbHOI'O 

rrepexoaa 270 KSB, BenuquHbi K;L = 4,8 ~ 1,0 u K;M = 16 + 5 yKaahma-

IOT na MynbTurronhHOCTb MI. 

0 ocne.aHSISI CTpO'IKa Ta6nuUbl .aaeT Benu'IHHbl Kos<fJ<fluuueHTOB 

KOHBepcuu f 
k , nony'leHHbie ua HOpMupoBKu leI I y Ha OCHOBe 3TOH UH-

<flopM8UUUo 

H a puc. 3 rrpe.acTaBneHbi KpuBbie f k B <jlyHKUuu snepruu .anSI Mynb-
181 

TurronbHOCTH E 1, E2, E3, M 1 u M2 no .aaHHhiM CnuBa u EaH.aa .anSJ 

Z = 83 U HaHeCeHbl peaynbTaTbi u3 Ta6nuUbl 1 ( KpeCTUKU) • JIICTO'IHHK, 

IIpui'OTOBneHHblil .anSJ U3MepeHuH BTOpOi! Cepuu, 6bln UCIIOnb30BaH .anSJ IIOB

TOpHOI'O u3MepeHuSJ raMMa-crrexTpa. Kos<jl<jluuHeHTbi KOHBepcuu, rrony'leHHbie 

Ha OCHOBe 3TOI'O CIIeKTpa, TO)!{e IIpe,acTaBneHbl Ha puc, 3 (Kpy)!{O'IKu). 

06cy*.aenHe peaynhTaTOB 

Cna6hiil: rrepexo.a 121,5 KSB orrpe.aenen KaK MI. BenuqunaK;L=3,1:1: 

+ 1,2 Morna 6hi yKa3biBBTb na MynhTurronbHOCTb M2. O.aHaKo B STOM cny-

qae f k .aon*HO 6piTb B 4,4 paaa 6onhllle, a nuHuSJ M - B 3 paaa cunbHee, 

'leM K. B rrony'leHHOM crreKTpe nuHuSJ M Boo6!lie He Ha6niO.aaeTcSJ, 

Depexo.a 136,6 KSB Tpe6yeT o6cy*.aenuSI, TaK KaK K;L = 17,9 B Tpu 

paaa rrpeBhilllaeT naH6onb!liYIO ua BenH'IHH K;L , .aaHHYIO Teopue.H. Kaaa

nocb paayMHbiM II0,1:103peBaTb Cy!lieCTBOBBHue HeH.aeHTu<fJuUupOBaHHOI'O rrepe

XOJJ.a, L nuHuSJ KOToporo rrepeKpbiBaeTCSJ c nuHueil: K136,6, 3ToT Mor 6bi 

6hiTb IIepeXO,l:l 62,4 K3B B CBuHUe unu 61 ,9 B BUCMyTe, 

UenbiO IIOBTopnoro H3MepeHuSI crreKTpa raMMa-nyqe.H SIBnSJnocb TaK

*e uccne.aoBaHue HH3K03HepreTu'leCKUX nuHuil, 

10 
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Lleil:CTBI!TeJibHO, Mbl 06Hapy)l(lfJIH I'8MM8-JIHHHJO C 9HeprHeH 63 + 1 K9B 

H C speMeHeM )1(1{3HH 4:2 'Iaca, 3TOT nepeXOA AOJI)I(eH XapaKTepH30B8TbCS! 

CHJibHOil KOHBepc~reii H ero L -JIHHHH AOJI)I(Ha nepeKpbiBaTbCH c K136,6, a 

M n~rHHH - c rpynnoii JIHHHH O)l(e c 9Hepr~reii 58,3 K9B, 

l1HTeHCHBHOCTb 9TOH rpynnhi O)l(e-nHHHH ( KL 1 L 1 , KL 1L11 , K~1 Lu) 

AOJI)I(Ha 6hiTb, no pac'!eTaM 
191

, B 1,21 paaa 6oJibllle, '!eM cneayJOllleii 

rpynnhi (KL 1 ~II, K~ 1 . ~II ),aHeprHH KOTopoii B cneKTpe onpeaeneHa KaK 

61,3 K9B, 

Yf3MepeHHOe OTHOllleHHe HHTeHCHBHOCTH o6eHX rpynn (3,44) CBHAeTenb

CTByeT o 3Ha'IHTeJibHOM BKnaae JIHHHH M63. 

Dpeanono)l(eHHe, 'ITO nepexo.u 136,6 K9B HBJIHeTCH nepexoaoM M 1 c 

K;L = 5,5 H 'ITO OTHOllleHHe HHTeHCHBHOCTeii o6eHx rpynn O)i(e pasHo 

1,2 npHBOAHT K Bb!BOAaM: JIHHHS! 9JieKTpOHOB KOHBepCHH 45,8 K9B C HHTeH

CHBHOCTb!O 17,9 HBJIHeTCH cyMMOH K136,6 H L 63 c HHTeHCHBHOCTHMH 5,5 

11 12,4; mrHHH 58,3 K9B BKJIJOqaeT JIHHHJO O)i(e H M63 c HHTeHCHBHOCTHMH 

1,0 H 1,9, 

B peaynbTaTe nonyqaeM K;M = 14,1 H £ k = 4,0. 06e BeJIH'IHHhi 

6JIH3KH K TeopeTH'IeCKHM 3Ha'IeHIIHM AJIS! MYJibTHnOJibHOCTH M 1 (9,6 H 3,3). 

AHanorH'IHOe paccy)I(AeHHe B npearroJio)l(eHHH MYJibTHnOJibHOCTH E2 

( K; L = 0,27) npHBO.QHT K seJIH"'HHaM K;M = 0, 70, , k = 0,20 npH Teope

TH'IeCKHX 3H8'IeHHHX 0,35 H 0,32, 

YfcxoaH H3 ocTaJibHhiX MYJibTHnonbHOCTeii nony"!aJOTCH seJIH"'HHhi K;M 

H f k , paCXOAHlllH9CH C TeopeTH"'eCKHMH AaHHbiMH, 

Koa~~HUHeHT KOHBepCHH nepexoaa 205,5 K9B yKa3hiBaeT Ha f 
k 

MynbTHnonbHOCTb E3 ~rna M 1. OaHaKo OTCyTCTBHe CHJibHOH JIHHHH L HCKJIJO-

'IaeT E3. 

MyTHnonbHOCTb nepexoaa 270 K9B onpeaeneHa KaK M 1 Ha ocHosaHHH 

K;L = 4,8 + 0,5 H K; M = 16 : 5. 

Cna6hie nepexoAbi 306 11 317 K9B no 3Ha"!eHHHM £ k AOJI)I(Hbl 6hi Tb 

nepexoaaMH M 1. 

12 
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LlnH rrepexoaa 426,7 K9B 113MepeHbi JJHHHH KOHBepCHH K , L H M . 
204 p 

flHHHH K426,7 nepeKphiBaeTCH c JJHHHeil: K422 b , aKnaa KOTopoii on-

peaeneH no OTHOllleHHIO HHTeHCIIBHOCTH K375/K422 C HCnOJib30B8HHeM A8HHhl. 

17 I -1 
c.tJpH'Ia H XonnaHaepa • Koa~~HUHeHT KOHBepc~r~r 'k= (1,0:0,4). 10 

~r K;M = 3,0: 1,2 yKa3biBaeT Ha MYJJbTHnOJJbHOCTb E3, BeJJH'IHHa K;L 

2,1 + 0,8 ( He8Ha'I~rTeJ1bHO 6oJJbllle "!eM LIJJH E3) cooTBeTCTByeT MYJJbTH

noJJbHOCTH E2, 

Depexoa 535,0 K9B Ha OCHOBBHHH K;L = 4,5: l ,3 H K;M = 8: 4 Mo

)J<eT 6b!Tb nepeXOLIOM M2 HJJH MI. f k YKB3f,IBaeT Ha M l. ne~exoa 
-2 

679,3 K9B Ha OCHOBaHHH f k = ( 5,6 : 1, 7) •1 0 OnpeAeJJeH KaK M 1, 

flHHIIH K884, K1016, K1040, H3MepeHHhie c noMOu.rj,JO nonynpoBOAHHKO

aoro aeTeKTOpa, npoHOpMapoaaHhl no I!HTeHCHBHOCTH K JJHHHH K270, 

DpH OUeHKe 9THX LIBHHhlX HaAO yqeCTb TOT ¢aKT, 'ITO npo6er 9J19KTpo

Ha C 9HeprHeH 1 M9B B KpeMHHH ( 1 17 MM) 6b!J1 HeCKOJlbKO 60J1bllle TOJllllH

Hbl 'IYBCTBHT9JlbHOI'O CJ10H Halllero LleTeKTOpa (} ,4: 0,1 MM), 

B CBH3H C 9THM HBLIO C'IHTaTb, 'ITO TpH IlOCJJeAHHe H3MepeHHH MOI'YT 

AaBaTb 3aHH)I(eHHbie 3HaqeHHH HHTeHCHBHOCTH ( ::: 20%), 

B Ta6naue III LlaJOTCH MYJJbTHnOJJbHOCTH nepeXOAOB, HHTeHCHBHOCTb 

JIHHHH 9JieKTpOHOB KOHBepCHI!, HHTeHCHBHOCTH raMMa-JJHHHil: H nOJJHble HH-

TBHCHBHOCTH nepeXOLIOB, 

ABTOpbi Bhipa)i(aJOT rny6oKyJO 6naroaapHOCTb aKaneMrrKy f.H. <:Pneposy 

3a Ilp9LIOCTaBJI9HI!e yCJJOBHA AJIH BhlllOJJHeHHH 9TOA pa60Thl H 3a ITOCTOHH-

HbiA HHTepec K HeA, 
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Ex 
12{5 

136.6 

2DS.S 

270.0 

304.5 
. 3f6.5 

426.7 

535.0 

679.3 

884 
10{6 

1040 

T a 6mn.la Ill 

DonHhle HHTeHCHBHOCTif nepeXOQOB onpeneneHhl Ha 

OCHOBB H3MepBHHhiX MynbTHIIOnbHOCTefi 

IK I~.. IH I1 
Nf 17.B 5.B 3.3 

M1 110.0 20.0 7.8 27.( 

£2 5.8 2.0.0 7.B 2.7.1 

1'11 6.0 -1.o fQS 

Hf 31.4 6.6 2.0 68.7 

Hf 3.4 -o.s 11.0 

N1 5.0 -1.0 13,3 

E3 {£2.) 8.0 4.o 0.2 7.7 

N1 3.2 0.8 a4 32.0 

H1 1.2 2.3.2 

£3(EZ) 0.3 74.0 

E2 0.2 50.0 

N~{E3) 0.2 2.5.6 

15 

IT 
26.9 

16lt.9 

60.7 

17.5 

108.7 

14.9 

19.3 

19.9 

36.~ . 
' 

24.1.t_ 

74.3 

50.2 

25.8 


