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8 H8CTOHWBA pa60TB OITHChlBamTCH rrocneaHHB pe3yJibTBThl H3MBpBHHA 

y - nyqeA H3 aaxsaTa peaouaHCHhiX HeATpOHOB Ha Ba H Pr , KOTOpbie rrpo-

BO.QHJIHCh HBMH c ITOMOWbJO Ge ( Li )- .QBTBKTopa c BhiCOKHM paapemeHHeM. UenbJO 

9THX H3MBPBHHA HBHJIOCb aaJibHBAwee HCCJIBaO BBHHB BHOMBJIHH B HHTBHCHB

HOCTHX Y - Jiy'leA H3 38XB8TB pB30H8 HCHbiX HBATpOHOB H B 
135 Ba H yTO'lHB

HHH X8p8KTBpa pe30HBHC8 85,1 9B B 
141 Pr. 

HaMepeHHH npoBoaHJIHCb Ha 50-MeTposoA H3MepHTBJibHOA 6aae peaKTo-

pa H EP OH HH B Jly6He. 

_ 3KcrrepHMeHranbH8H arrrraparypa 

8 HBlliHX H3MBpBHHHX rrpHMBHHJICH Ge (Li) - aeTBKTOp KOBKCHBJlbHOI'O 

THITB C 'lYBCTBHTBJlbHbiM 06'bBMOM .. 12 CM3 B CO'!BTBHHH C 4096-KBH8.JlbHblM 

/1/ 
8MITJ1HTY.QHbiM KO.QHPOBWHKOM H BPBMBHHblM KO.QHPOBWHKOM > BXOaHWHMH S 

KOMITJlBKT MHOf'OMBpHOf'O 8HBJlH38TOpa C ITBMHTbm HB MBf'HHTHOA JlBHTg'2 ~EJIOK

CXBMB 9JlBKTpOHHOf'O TpBKTB H306p8)!(BHB HB pHC.1. npH H3MBpBHH5lX BBCb 

TpBKT 6b!Jl CTB6HJIH3Hp0BBH penepHbiMH HMITYJibCBMH f'BHepaTopa HMITyJibCOB 

TO'IHOA BMITJIHTY.Qhl . npH 8TOA CTB6HJIH3BllHH HCITOJlb30BBJIHCb nsa HMITYJibCB 

.QJIH CTB6HJIH38UHH yCHJlBHHH H rropora BMITJIHTyaHOf'O KO.QHpOBWHKB. CTa6HJib

HOCTb BCBf'O BMITJIHTY.QHOf'O TpBKTB MO)!(JIO 6b!JIO OITPB.IlBJIHTb ITO YlliHpBHHm 

ITHKOB. 0flb!T aJIHTBJlbHb!X H3MBpBHHA (no HBCKOJlbKHX COT 'IBCOB) l10::<:83BJI, 

'ITO yxon IIOpora HBJlHBTCH HB38MBTHblM H yxon YCHJIBHHH COCTBBJIHBT ITpH6-
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nH3HTenbHO 0,5 WHpHHbl K8Hana, 'ITO B 6onbWHHCTBe cnyqaeB COCT8BnSWO OKOnO 

K3B. 

8 H3MepeHHSIX Mbl IIOnb30B8nHCb MHWeHbl0 1 KOT0p8SI 'I8CTH'IHO OKFJYlK8eT .Qe

TeKTOp anSI yaenH'IeHHSI 3¢<PeKTa. EnaroaepH ManbtM pa3MepaM AeTeKTopa 

He HY>KHO 6btno orracaThCSI 3<j><j>eKTa cyMMHposaHHH HMrrynhcoa. OTcyTCTBHe 

3<jl<j>eKT8 CYMMHpOB8HHH IIpOB8pHnOCb 3KCIIepHMeHT8nbHO. flpHM8H8HH8H 

reoMeTpHH CXeMaTH'IeCKH H3o6pa>KeHa H8 pHC. 2 . flaMHTb H8 Mar-

HHTHOH neHTe II03BOnHna HCIIOnb30B8Tb AnSI 38IIHCH 19 AOpO)I{eK , 

H B H8WeM cnyqae 3TO II03BOnHnO perHCTpHpOB8Tb 8MIInliTY.QH0-BpeMeHHOH CIIeKTp 

c 4096 aMrrnHTYAHbiMH H 1 28 apeMeHHblMH KaHanaMH . Pa3peweHHe HetiTpOHHOro 

CIIeKTpOMeTpa· COCTaBnHnO 60 HCeK/M. Pa3peweHHe Ge ( Li )- CIIeKTpOMeTpa COCT8B

nHno 4,5_ K3B B o6naCTH HH3KHX 3HeprHH H "'8 K3B B o6naCTH 3HeprHJ-I CBSI3H Heil-

Tp0H8. 

A. H3MepeHHH Ha Ba 

n " JssB 
8HHbie 0 X8p8KTepe 38XB8THbiX ypOBHeH B 8 

flpH H3MepeHHH 3aXB8T HblX y - nyqeJ:I Ha Ba rrepeKpbtBanacb o6nacTb 3HeprHii 

y - nyqei! oT 400 K3B .QO 10 M3B. f1pHMepoM rrony'IeHHbiX crreKTpoB MO>KeT cny>KHTb 

o6naCTb M8nb!X 3HeprHil. ( pHC . 3) 11 o6naCTb a6nH3H 3HeprHH CBH3H ( pHC.4) • 3TH 

H3MepeHH H BHOBb IIO.QTBep.QHnH 8HOM8nbHY!O HHTeHCHBHOCTb >KeCTKH~ rrepeXO.QOB 1 

Ha6niO.Q8BWY!OCSI B pa60T8X 3 , 4, H 8HOM8nbHOe IIOBe.QeHHe rrepeXO.Q8 B OCHOBHOe COC 

TOHH-He B pe30H8HCe 24,5 3B , AHOManbHble HHTeHCHBHOCTH >KeCTKHX y- ny'Ieil. B 

pe30H8HCe 24 , 5 3B MOlKHO 6btn0 6bl 06'bHCHHTb 1 K8K y>Ke p8HbWe Mbl rrpe.QIIOnaranH, 

aHOManbHO CHnhHbiM p - aonHOBbiM 3axaaToM. OaHaKo 3 TOMY rrpoTHBOpeqaT H3Mepe

HHH, KOTOpble IIpOBO.QHnHCb KHM XH CaHOM H ap . / 5/, H KOTOpbte IIOK838nH HHTep

cpepeHUH!O Me>K.Qy IIOTeHUH8nbHblM H pe30H8HCHblM pacceHHHeM B pe3 0H8HCe 24 , 5 3B. 

P - BOnHOBY!O IIpHpOAY pe30H8HC8 MOlKHO .QOK838Tb rrp~Mb!M rryTeM, Ha6niO.Q8H 

xoA ce'IeHHH rrapuHanbHoro rrepexoaa B Terrnoaoil. o6nac T H 3HeprHH Heil. T pOHOB. B 
cny'Iae S - BOnHOBOro pe30H8HC8 B o6naCTH HH3KHX 3Hep rHii HMeeT MeCTO H3BeCT

HblH XOA 1/ v - HeHTpOHHOrO ce'IeHH H. B cnyqae p - BOnHOBOrO pe30H8HC8 B 

o 6nacTH TellnOBbiX sHeprHII ( KOrAa k R << 1 ) XOA cet.ieHHSI orrHCbiBaeTcg !jlopMy-

noil.: 
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rae u" (E) AB e TcH <j>opMynoi! EpeJ:!Ta-BHrHepa AnH H3onHpos 

E - 3 -H e prHH HetiTpoHa ; E. - 3 HeprHSI pe30HaHca-. }1 3 3Tor 

B cnyqa e p - BOnHOBOrO pe30H8HC8 OTHOWeHHe HHTeHCHBHO 

TOpaH COOTBeTCTByeT p - BOnHOBblM pe30H8HC8M 1 K Apyrc 

paH B OCHOBHOM IIpHH8Ane)I{HT 38XB8Ty 

6b!Tb: 

I Y" 
"' E, 

Y" 

S - BOnHOBblX H8H1 

rAe E - 3HeprHSI Heil.TpOHa • . EcnH o6a nHKa rrpHHaAne*a' 

BOMy 38XB8Ty, TO OTHOWeHHe p8BHO KOHCT8HTe. Mhl IIpOBe~ 

peHHe AnSI IIpHMOrO rrepeXOAB 91 1 2 K3B IIpH 38XB8Te HetiTpC 

B K8'IeCTBe perrepa 6hln B3HT rrepeXOA 818 K3B, HAYWHH H3 n 

AeHHOrO COCTOSIHHH HB OCHOBHOe COCTOHHHe . 3TOT rrepeXOA 

IIOBeAeHHe B - BOnHOBOrO 38XB8T8 B o6naCTH TeiinOBhlX 3 1 

HOB, T8K K8K 3H8'IHTenbH 8SI AOnSI 38XB8T8 p 6apliH 135 B T€ 

o6ycnoBneHa ABneKHM O T pHU8TenbHblM pe30H8HCOM. 0rrHC8H~ 

BOnSieT 'I8CTH'IHO H368BHTbCSI OT BnHSIHHH <j>OH8, o6ycnoBneF 

Ha ApyrHx H30Torrax 6apHH H OKPY*BIOIUHX MaTepHanoB. CTa1 

pa60TK8 .Q8HHblX IIOK838na , 'I T O x 2
/cTeii . CB06. ABeT 3H8'IeHHE 

SIHHoro OTHOWeHHSI 3 T HX BenH'IHH B o6naCTH TeiinOBhlX 3H 

HHe 1 , 45 AnH HX nHHeHHOil. 38BHCHMOCTH OT 3HeprHH Heil.TpOHa 

HOCHTenbHhlH BhlXOA nHHHH 91 1 2 K3B B pe30H8HCe 24,5 3B 

6onbwe , 'IeM B TerrnoBoti o6nacTH . 
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(E) aaeTCH ¢opMynoA SpeATa-BHrHepa anH H30nHpOBBHHoro ypoBHH; 

E - 9HeprHH HeATpoHa; E, - 9HeprHH pe3oHaHca-. Vl3 9 Toro cneayeT, "'TO 

B cny"'ae p - BOnHOBOrO pe30H8HC8 OTHOlliBHHe HHTBHC HBHOCTH nHHHH, KD-

TOp 8H COOTBBTCTBy BT p - BOnHOBbiM pe30H8HC8M, K apyroA nHHHH, KOTO-

paH B OCHOBHOM rrpHHaane*HT 38XB8TY 

6biTb : 

"' E, 
ys 

S - BOnHOBbiX H8ATpOH08, aonx<HO 

rae E - 9 HeprHH HeATpoHa. EcnH o6a nHKa rrpHHaane*aT s- 80nHO-

80MY 38X88Ty, TO OTHOlliBHHB paBHO KOHCT8HT8. Mbl rrpoeenH T8K08 H3M e -

peHHB anH rrpHMOrO rrepeXOA8 9112 K98 rrpH 38X88T8 HeATpOH08 H8 13~3 • 

B Ka'leCTBe perrepa 6hm 83HT rr e pexoa 818 K9B, HayruHA H3 rrepeoro 8036y*

aeHHoro COCTOHHHH H8 OCHOBHOe COCTOHHHS. 3TOT rre peXOA XapaKT8pH3yeT 

ITOBBABHHB 8 - 80nHOBOrO 38 XB8T8 8 o6naCTH TerrnOBbiX 9HeprHA HeATpD-

HOB, T8K K8K 3H8'lHTSnbH8H AOnH 38XB8T8 ~ 6apHH 135 B Terrn080A o6naCTH 

o6ycnoeneH8 aaneKHM OTpHU8TSnbHbiM pe30H8HCOM. 0rrHC8 HHbiA MBTOA IT03"" 

BOnHeT 'l8CTH'IHO H3688HTbCH OT 8nHHHHH ¢oHa , o6yc noeneHHOrO 38X88TOM 

Ha apyrHx H3oTorrax 6apHH H OKPY*BIOWHX MaTepHanoe. CTaTHCTH'leCKaH o6-

pa6oTKa aaHHhiX rroKa3ana, 'ITO x 2/cTerr.ceo6. aaeT 3 Ha'leHHe 0,82 anH rrocTo-

HHHoro OTHOlliBHHH 9THX BenH'lHH 8 o6naCTH TeiTnOBbiX 9 HeprHA H 3H8"18-

HHB 1,45 anH HX nHHBfiHOfi 388HCHMOCTH OT 9HeprHH HBfiTpOH8 ( pHC.5). 0T

HOCHTenbHbiH Bb!XOA nHHHH 9112 K98 B pe30H8HC8 24,5 9B 8 5,74+ 1,8 p83 

6onbrue, 'IBM 8 TerrnoeoA o6nacTH. 
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0THOWeHHe ce~eHHH Terrnoeoro 3aXBaTa ):(nH H3 0 Torra 
135 Ba K 

BKnany s - pe3oHaHca 24,5 9B B T e nnoeyiD o6nacTb npH Hcrronh30BaHHH 

napaM e TpoB H3 pa60Tbi 151 paeHo 6,5 ~ 1,1 , ~To xopowo cornacyeTCH c 

9 KCIIepHMeHTanbHhlM 3 Ha~eHHeM. P e3ynbTa Thl 9 TOrO OIIhlTa BHOBb IIOKa3a-

n H S - BOnHOBOH xapaKTep pe30HaHCa 24,5 9B . 

B " " 135 B crreKTpe y - ny~eH li 3 38XB8 T a HeHTpOHOB Ha Q OT~eTnHBO 

Ha6niDA8IOTCH cneny iDI!lH e rrepeXOIJ.bl: 91 1 2 ~ 5 K9B; 8294 ~ 5 K 9B ;756 1 ~5 K 9 B; 

7534 ~ 5 K 9 B; 7032 ~ 5 K 9B ; 6983 ~ 5 K9B; 5675 ~ 5 K9B; 5602~ 5 K9B.B nocne):(HHX 

H3MepeHHHX Mbl H CCne):(OB8n H HHTeHC HBHOCTb rr e p eXO):(a 8294 + 5 K9B , li):(y-

1 38 
wero H a n epaoe eo36y)!(IJ.eHHOe G:JCTOHHHe B Ba • Pe3ynbT8 Tbi 9THX !iC-

cnenoeaHHH rroKa3anH, ~To TaKoi1 nepexon Ha6niD):(aeTCH li B npyrHx pe3o

HaHcax C 3a MeTHOH HHTeHCiiBHOCTbiD H C ¢nyKTY8UHHMH, KOTOpb!e He IIpO

THBOpe~aT C T a THCTHqecKO MY pacrrpe ):(eneHHID COOTBeTC T BYIDWHX M8TpHqHhlX 

sne MeHTOB. 

B T a6n!i ue 1 npHBOAHTCH 3HaqeHHH rrapuHanbHhlX pa):(H8UHOHHhlX r 
Yi 

W!ip!iH nepeXOAOB, liAYWiiX Ha OCHOBHOe H rrepBhle TpH B036y)!(IJ.eHHhle COC-

T OHHHH B IIHT!i pe30H8HCaX. YIHTe H C iiBHOCTb rr epeX0):(8 9 1 12 + 5 K9B B3HT8 

li3 pa60Tbl / 3 / , B ee OC T anh Hbie eenH~HHbl Bbi~HCneHbl B OTH;I!leHiili K 9 TOH 

liHTeHC HBHOC Tii . M epoi1 , onpenenHIDwei1 ~Hcno 3axaa~eHHbiX Heii:TpOHOB B 

oTnenhHbiX pe3oHa H cax , c qHTanacb HHTeHCHBHOCTb nHHHii 818 K9B. B Hac To

HI!lei1 pa6oTe 6wna yqTeHa HHTeHCiiBHOC Tb rr e p exona 8 2 94 K9B B pe3oHaHcax 

24, 5 sa H 106 sa . B pa6oTe 
13 1 

np!iBO):(Hnoc b 3aBhii!leHHoe 3 H aqeHHe , o6yc-

nosneHHoe HeToqHoCTbiD B Bbl~liT8HiiH OT)lenbHblX ITHKOB B CUHHTHnnHUiiOH-

HOM cneKTPOMeTpe ecneJlCTBHe Jlpei1ljla ycHneHHH 9 TOH arrrrapaTypw. D pH pac

qeTax HHTeHCiiBHOCTei1 rrepeXOJlOB np!iMeHHnacb KpHB8H sljlljleKTHBHOC T H Ge(Li) 

- JleTeKTOpa , rronyqeHHaH HaMH C IIOMOWbiD !i3MepeHHH y - ny~ei1 H 3 

35 
3aXBaTa T e rrnOBhlX Hei1Tp0HOB Ha d B OJlHHaKOBhlX yCnOBHHX 9KCIIepH-

66 
MeHTa H c HCToqHHKOM Ga B 9 KBHBaneHTHoi1 reoMeTDHH . KDHBaH s~~eK-

TiiBHOC T!i )lnH II!iKa rronHoro rrornoweHHH 11 JlBOHHoro BhineTa rrp!iBeJleHa Ha 

pncyHKe 6 . 

6 

3 TH OIIb!Tbl IIOKa3anH, ~TO IIpH 3aXBaTe HeiiTpOHOB 

HHHH pacna):(aiDTCH C IIOMOWbiD nepeXO):(O~ THIIa M1 C aJ 

HH T eHCHBHOCTbiD . AHOManbHOe IIOBe):(eHHe OCHOBHOrO rrepE 

24 ,5 9B MO)!(HO 06'bHCHHTb HH 3KOH nnOTHOCTbiD y pOBHeH C C 

c ne):(yeMOH o6naC T H 3HeprHH HeHTpOHOB (0 ,1 - 5,000 9 B) 

ljlaKTOM HBnHeTC H BbiCOKaH HHTeHC HBHOC Tb M 1-nepeXOil.OB , 

naeTCH Ha npyrHX 6nH3KHX HApax. Haum H3MepeHHH 
16 1 , 

MepeHHH Ap~epa li np . 111 , rrpoeeneHHbi e Ha coce):(HeM HL 

paHee Ha6niDnaeMbie BbiCOKHe HH T eHCHBHOCTH M 1-nepexonoe 

HO 06'bHCHHTb TeM, ~TO B AeHC TBHTenbHOC Tii B 
134 Cs He 

peXOil.hl , lill.YWH e H 8 OCHOBHOe li nepeoe B036Y*AeHHOe CO 

AaiDTCH nepeXOIJ.bl, liJlYWHe Ha 6onee BbiCOKOne)!(8WHe ypo 

liCKniD~eHa ~eTHOCTb, rrpOTHB OIIOnO)!(HaH qeTHOCTH 3aXB~ 

BbiCOKH e liHTeHC!iBHOC Tii M 1-rrepexoJlOB e 
138 

Ba 

anH HHiieM rHraHTCKoro M 1-pe3oH aHca . 3aeliC!iMOCTb cpe, 

TeHCiiBHOCTeH JlHIIOnbHb!X rrepeXOJlOB OT HX 9Hepr!i li )lOn~ 

c neJlOB8Tb ljlopMyne: 

r Y 
3 

E y 
01 

Do 

B pa6oTe AKcena / 9 / npeJlnonaraeTCH en HHHH e rHraHTCI 

eepOHTHOC Tb Jlliii OnbHhlX s neKTpHqeCKHX nepeXOJlOB H 1 T E 

MOCTb MaTp!iqHbiX s neMeHTOB OT 9HeprHH y - KB8HTa. B 

BHC!iMOC Tb paJlHaU!iOHHOH WHpHHhl E1 rrepeXOJlOB rrp!i y~ 

ljlopMbl rlir8HTCKOrO pe30H8 H C8 liMeeT B H)l: 
4 2 

aAEyrqD 

r Y (E 1) 
2 2 2 

( E - E ) y q 
+ E 2 r2 

v <T 

rAe a - KOHCT8HT8; A - aTOM HbiH BeC; r 
q 

WHpHH8 

rlir8HTCKOrO pe30HaHC8. 
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3TH OTib!Tbl TIOKa3anH, 'ITO npH 3aXBaTe HeliTpOHOB Ha 
13 5 

Ba COCTO-

SlHHSl pacnaJlaiOTCSl C TIOMOillbiO nepeXOJlOB THTia M1 C aHOManhHO Bb!COKOi1 

HHTeHCHBHOCTbiO. AHOManbHOe TIOBeJleHHe OCHOBHOrO nepeXOJla B pe30HaHCe 

24,5 3B MO*HO 06bSlCHHTb HH3KOi1 nnOTHOCTbiO ypOBHeM CO CTIHHOM 1+ B HC

cneJiyeMOli o6naCTH :;meprHi1 Hei1TpOHOB (0 , 1 - 5,000 3 B). CaMbJM Ba*HhiM 

¢aKTOM 51BnSleTC51 Bb!COKa51 HHTeHC HBHOCTb M 1-nepeXOJlOB, KOTOpaSl He Ha6mo

JlaeTCSl Ha JlpyrHX 6nH3KHX HJlpax. HawH H3MepeHHSl 
161 , TaK *e KaK H H3-

MepeHHSl Apqepa H Jlp/7 I, npoBeJleHHbJe Ha COCeJlHeM SlJlpe , TIOKa3anH , 'ITO 

paHee Ha6moJiaeMble BbiCOKHe HHTeHCHBHOCTH M 1-nepeXOJlOB Ha 
134 

Cs 18 I MO*

HO o6bSlCHH T b TeM, 'ITO B Jlei1cTBHTenhHOCTH B 
134 Cs He Ha6nJOJlaJOT CSl rre 

peXOLlbl, HLlYIUHe Ha OCHOBHOe H nepBOe B036Y*LleHHOe COCTOSlHHSl, a Ha6nJO

L!aiOTC5! nepeXOL!bl, HLlYIUHe Ha 6onee BbiCOKOne*alUHe ypOBHH, y KOTOpblX He 

HCKnJO'!eHa '!eTHOCTb, npOTHBOTIOnO*Ha5! qeTHOCTH 3aXBaTHOrO COCT05!HH5!. 

BbJCOKHe HHTeHCHBHOCTH M 1-nepeXOJlOB B 
1 35 

Ba MO*HO o6'bHCHHTb 

BnHHHHeM rHraHTCKoro M1-pe3oHaHca . 3aBHCHMOCTb cpeL!HHX 3Ha'!eHHi1 HH

T e HCHBHOCTei1 JlHnonbHhlX nepeXOL!OB oT HX 3HeprHH L!On*H~ no Bai1cKon¢~ 

c neL!oBaTb ¢opMyne: 

Do 

B pa6oTe AKcena 191 npeL!nonaraeTCH BnHHHHe rHraHTCKoro pe3oHaHca Ha 

BepOHTHOCTb LlHTIOnbHbiX 3 neKTpH'!eCKHX nepeXOJlOB M 1 TeM CaMbiMJ'3aBHCH

MOCTb MaTpH'IHblX 3neMeHTOB OT 3HeprHH y - KBaHTa . B 061UeM cnyqae 3a 

BHCHMOCTb paL!HaUHOHHOM lllHpHHbl E1 nepeXOLlOB npH y'leTe nopeHUOBCKOi1 

¢opMhl rHraH T CKOrO pe30HaHCa HMeeT BHJl: 
4 2 

aAE yrg D 

( E2-E2)2 2r2 
Y q +E v" 

rL!e a - KOHC T aHT a; A- a TOMHbli1 BeC ; r q - lllHpHHa H E q - 3HeprHH 

rHraHT CKOrO pe30HaHCa. 
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fln~ napuHanhHO~ paaHaUHOHHOH WHpHHhl IIpH 3HeprHK 1 ne•awel H8 

Kphlne rHraHTCKOrO pe30HaHCa, ' HMeeT MeCTO cneayiDW8~ 3aBHCHMOCTh OT 

3HeprHH Y - KBaHTOB: 

5 r (El) "" E 
1 yt y 

EcnH npeanono)KHTh, ~To rroxo)f<HM o6paaoM nposiBn~eTc~ Ml rHraHTCKH~ 

pe30HaHC 1 TO, T8K KaK 3HeprH~ E q ( Ml) ne)KHT HH*e E (El), 38BHCH
q 

MOCTb r yt OT 3HeprHH MO)KeT 6b!Th 6onee KpyTOI. 

OaHaKo B HaweM cny~ae TpyaHo onpeaenHTh cpeaHHe 3Ha~eHH~ nap

UHanhHhiX paaHaUHOHHhiX WHpHH, IIOTOMY ~TO He H3BeCTHO ~HCno ypOBHel 
+ 

CO CIIHHOM, paBHhiM 1 
7 

B HCCneayeMOH o6naCTH 3HeprHH HeHTpOHOB. B Ta6-

nHUe II IIpHBOaHTC~ cpaBHeHHe CpeaHHX OTHOCHTenbHbiX 3Ha~eHHH napuHanh-
3 

HhiX umpHH anSI 4 y - rrepexoaoB c aaBHCHMOCThiD OT E Y H E 5 
• YcpeJl-

Y 
HeHHe an~ OCHOBHOrO nepeXOJl8 H nepeXOJl8 7534 K9B IIpOBOaHnOCh IIO TpeM 

+ 
pe30HaHC8M 1 y KOTOpb!X npeJliiOnaraeTC~ 3Ha~eHHe CIIHHa } 1 H an~ JlpyrHX 

nepeXOJlOB-IIO WeCTH pe30H8HCaM, TaK KaK B 060HX cny~a~ CIIHHOB MO)KeT 

Ha6niDJl8ThC~ Ml nepexo/l. CpaBHeHHe o6Haae)KHBarowee, O/lHaKo, an~ OKOH

'IaTenhHhiX 38KniD~eHHH Tpe6yeT HCCneaoBaHH~ pe30HaHCOB B 6onee Bb!Co

KOH o6naCTH 3HeprHH H TO~HbiX 38KniD~eHHH 0 CIIHHaX BCeX pe30HaHCOB. 

H3ororrHqecKaH rrpHHaane*HOCTb pe30H8HCOB Ba 

flnH TOrO, ~T06b! orrpeaenHTb H30TOIIH~eCKYID rrpHHaane*HOCTb pe3o

HaHCOB 46,5 9B H 58 9B, H8MH ripOBOJlHnHCb H3MepeHHSI C o6pa3UOM 1 CHnb-

HO o6oraweHHhiM H30TOIIaMH 130 Ba H 
132 Ba • 06oraw~HHe H30TonaMH 

130 1!2 
Ba H Ba aocTHrano 5,4 H 7,6 rrpoueHTOB COOTBeTCTBeHHO. YI.3MepeHHSI 

132 
rroKaaanH riPHHaane)KHOCTh pe3oHaHca 46,5 9B Ba H peaoHaHca 58 9B 
130 

Ba • npHHaane)KHOCTb pe30H81-'COB rrpH 9HeprHH HeATpoHa BbiWe 600 9B 

onpeaenSinacb c rroMOWhiD nHHHH 8 18 K9B. Bo BpeMeHHOM cneKTpe TaKHM 

o6pa30M Bbiaen~nHCb ITHKH rrpH 3 He prHSIX 720, 1080, 1650, 2070 9B 1 ~TO 

8 

COOTBeTCTByeT aaHHhiM, IlpHBOaHMbiM B nHTepaType. 0aHaKO 

paapeweHHe nponeTHoro cneKTpoMeTpa H HH3Koe ~Hcno Herre 

MeHHhiX KaHanoB He II03BOn~IDT YTO'IHHTh IIpHHaane)KHOCTb 9TH: 

HbiM pe30HaHCaM HnH rpynnaM pe30HaHCOB. 

136 
CHcTeMa HH3Kone*8WHX ypoBHeH Bs 

MccneaoBaHHe BceA o6nacTH cneKTpoB y - ny~el!: II• 

HHTb H CXeMy HH3KOne)KaWHX ypOBHel HCCneayeMhlX H30TOII< 

13& 13& 1101 
mHe ypoBHH B Ba HccneaoBanHCh npH pacnaae Cs , a 

rraae 
136 

La I 11 I. TaK KaK OCHOBHOe COCTO~HHe HMeeT CIIHH 5 -l 
136 

pacnaae B Ba aacenSIIDTCSI TOnbKO ypOBHH C BhiCOKHM CIIH 
13& + 

rraae La CO CIIHHOM 1 ( T 1f2 = 10 MHH.) aacenSIIDTC ~ 
13& 

HOe H rrepBOe B036y)KaeHHble COCTO~HH~ Ba • BbiCOKone)KI 

C HH3KHM 3Ha~eHHeM CIIHHa MO)KHO OIIpeJlenHTb B aaHHOM en 

H3 MBpBHHH 3aXBaTHhlX y - ny~el. nony~eHHbie 9HeprHH )Kec 

nepexoaoB II03BOnHnH HaM aononHHTb CXeMy HH3KOne)KaWHX 

flononHeHHa~ CXeMa IIpHBeaeHa Ha pHCYHKB 7. 
B HaWHX H3MepeHHSIX ~eTKO IIpOSIBn~eTCSI COCTO~HHe CO 

9HeprHH 1551 K9B 1 KOTOpOe onpeaeneHO H8 OCHOBe Ha6nroaa1 

peXOJla H3 3aXB8THOrO COCTO~HHSI C 9HeprHeH 7561 K3B H 1 

nepeXOJlOB C 9HeprHeH 1551 K9B H 733 K9 B, 0THO!UBHHB IIpHBE 
B(E2,2.,.-+2+) 

HOCTBH JlnSI o60HX 9THX nepeXOAOB 2 1 =40 
B(E2,2+-+0+) 

2 

CBII . 

KOnneKTHBHOM XapaKTepe 9TOrO ypOBHH. Ha OCHOBB Ha6nroaae1 

6oro nepexoaa c 9HeprHeH 7534 K9B H nepexoaa 760 K9B MO)f 

BeHh IIpH 9HeprHH 1578 K9B 1 KOTOpOMY Mbl IIpHIIHChiBaeM CIIHI: 

BB nony'IBHHb!X peaynhT8TOB HBnh3SI IIOnHOCTbiO HCKnJO~HTb IIpHl 

+ 
MY ypOBHIO CIIHH8 2 , oaHaKO rronHOB OTCyTCTBHB rrepexoaa C 9 

KOTOpoe MQ)f{HO 6bJnO IIpOBBpHTb B pe30HaHCaX 82 H 99 9B, r 

9 



COOTBeTCTByeT JlaHHb!M 1 ITpHBOJlHMblM B nHTepaType. 0JlHaKO HeJlOCTaTO"'HOe 

pa3peweHHe nponeTHoro cneKTpoMeTpa H HH3Koe "'Hcno Hcnonb3yeMblX spe-

MeHHblX KaHanOB He IT03BOnSIIOT yTO"'HHTb npHHa)lne)I{HOCTb 9THX ITHKOB OTJlenb-

HblM pe30HaHCaM HnH rpynnaM pe30HaHCOB. 

Js~Bs 
CHcT.eMa. HH3KoneJKa.Il(HX ypOBHeii 

HccneJlOBaHHe sceH o6naCTH cneKTpOB y - ny"'eH IT03BOnHeT YTO"'-

HHTb H CXeMy HH3KOne)l{aWHX ypOBHei!. HCCne)lyeMblX H30TOITOB. HH3KOne)l{a

ll!He ypoBHH B 
136 

Ba HCcne.uosanHCb npH pacna.ue 
136

Cs 1 101, a T8K)I(e npH pac

na.ue 
136 

La I 11 I . TaK KaK OCHOBHOe COCTOHHHe HMeeT CTIHH 5 +. TO DOH t3 -

pacna.ue B 

136 
na.ue La 

136 
Ba 3acenHlOTCH 

CO CTIHHOM 1 + ( 

TOnbKO ypOBHH C BhlCOKHM CTIHHOM. npH pac

T !/2 = 10 MHH.) 3acenH10TCH TOnbKO OCHOB-
136 

HOe H nepeoe EI036y)I{JleHHbie COCTOHHHH Ba • BbiCOKOne)l{aWHe COC TOHHHH 

C HH3KHM 3Ha"'eHHeM CTIHHa MO)I{HO onpeJlenHTb B JlaHHOM c ny"'ae TOnbKO !13 

H3MepeHHH 3aXBaTHbiX y - nyqel!.. nonyqeHHbie 9HeprHH )l{eCTKHX H MHrKHX 

136 
rrepeXOJlOB IT03BOnHnH HaM JlOITOnHHTb CXeMy HH3KOne)l{aWHX ypOBHeH Ba • 

ilononHeHHaH cxeMa npHBeJleHa Ha pHCYHKe 7. 

B HaWHX H3MepeHHHX "'eTKO npOHBnSieTCH COCTOSIHHe CO CITHHOM 2~ npH 

3HeprHH 1551 K3EI 1 KOTOpOe onp eJleneHO Ha OCHOBe Ha6nlO)laeMOrO HaMil ne

peXOJla !13 3aXB8THOrO COC TOHHHSI C 3HeprHeH 7561 K3EI H T0)1{8 H8 OCHOBe 

nepeXOJli)B C 3HeprHefr 1551 K3B H 733 K 3B , 0THOW8HHe npHBe)leHHb!X 'sepOS!T-
B(E2,2-.--+2+) 

HOCTeH )lnSI o6oHX 3THX nepeXOJlOEI 
2 1 =40 C BHJleTenbCTByeT 0 

B(E2,2+-+0+) 
2 

Konn eK THBHOM xapaKTepe 9 Toro ypoBHH. H a OCHOBe Ha6nlOJlaeMoro HaMH cna-

6oro nepeXOJl8 C 9HeprHeH 7534 K9B H nepeXOJl8 760 K9B MO)I{HO BBeCTH ypo

+ 
E\8Hb npH 9HeprHH 1578 K3B 1 KOTOpOMy Mb! npHnHCbiE\88M CTIH H 0 • Ha OCHO-

Be nony"'eHHb!X pe3ynbT8TOB Henb3SI nonHOCTblO HCKnlO"'HTb npHTIHC8HHe 9TQ-

+ 
My ypOBH~ C TIHHa 2 , 0JlH8KO nonHoe OTCyTCTBHe n epeXOJl8 C 3HeprH e A1578K9B 1 

KOTOpOe MO)I(HO 6bJnO npOBepHTb E1 pe30H8HCaX 82 H 99 3B , rOBOpHT B n onb-

9 



I 

+ 
3Y 3H8'-IeHl1SI CTIHHa 0 • 8 TaKOM cny'-lae MO)!{HO ypOBHH 1551 K3B, 1578 K3B 

+ 
H ypoBeHb 1868 K3B CO CTIHHOM 4 C'-!HT8Tb '-!neHBMH ABYX¢0HOHHOrO TpHnne-

Ta. ilononHHTenbHhle CBeAeHHH 0 XapaKTepe 3THX ypOBHeA MOrno 6hl A8Tb 

+ + 
Ha6n~aeHHe nepexoaa c aHeprHeA 310 K3B Me)!{AY ypoBHHMH 4 ~ 2 • HaMH 

1 2 
Ha6n~aanCH pHA nHHHH B o6naCTH MHrKHX y - ny'-!eH, KOTOpbie He yaa-

nOCb BCe p83MeCTHTb B CXeMy HH3KOne)!{8lliHX ypOBHeA . 0HH llpHBOAHTCH B 

Ta6nHue UI • Ha pHCYHKe npHBOAHTCH cxeMa yposHeA, aononHeHHaH Ha oc

HOBe HBWHX H3MepeHHH. 0 XapaKTepe BBeAeHHhlX HBMH 6orlee BhlCOKHX COC 

TO HHHH , OTMe'-!eHHbiX Ha pH C. 7 3Be3AO'-IKOH , Henb3H llOKa caenaTb AOTIOnHH-

TenbHbiX 3aKniO'-IeHHA . CneayeT TOnbKO OTMeTHTb, '-ITO ypoBeHb 2222 K3B 

MO)!{HO OAH03H8'-!HO BBeCTH Ha OCHOBe Ha6niOA8eMOrO )!{eCTKOrO nepeXOAB H 

+ 
pa3pHlK810WHX ero nepeXOAOB 1404 H 671 K3B, HAYWHX Ha ypOBHH 2 • Cna-

6b!H nepeXOA 2222 K3B MOlKeT nonHOCTblO llpHHaAnelKaTb 38XBaTy HeATpo

HOB Ha BOAOPOAe, KOTOpblH B 60nbWOM KOnH'-!eCTBe COAeplKanCH B llpHMeHH

eMOM o6pa3Ue. YpOBHH 3431 + 5 K3B H 3504 + 5 K 3B BBeAeHbl TOnbKO Ha 

OCHOBBHHH Ha6niOAaeMhlX lKeCTKHX nepeXOAOB. 

B Ta6nHueiV TipHBOAHTCH OTHOCHTenbHBH HHTeHCHBHOCTb 3aceneHHH 

pa3HhlX Ha6niOaaeMhlX HH3KOnelK8lliHX ypOBHeH . no OTHOWeHHlO K 3aceneHHOC

TH ypOBHH 818 K3B, KOTOphlH HBnHeTCH MepoA, xapaKTepH3YIOWeA '-!HCnO cny

'-!BeB 38XBaTa HeiTpOHOB, cneayeT OTMeTHTb, '-ITO Ha6niOABeTCH OlKHAaeMaH 

+ 
3BBHCHMOCTb 38CeneHHOCTH ypOBHeA CO CllHHOM 4 OT CTIHH8 38XBBTHOrO 

ypOBHHo 

B. U3MepeHHH y- nyqefi rrpH 3axaare pe3oHBHCHbiX 

HeiirpoHOB a Pr 

B pa6ore 
1 12 1 aenanocb 3aKmo'-leHHe o p- sonHOBOM xapaKTepe pe-

141 
3oHaHca 85,1 as B H30Tone Pr • B HaweA npeAhiAymeA pa6oTe 11 3 / 6bi-

no AOK838HO Ha OCHOBe H3MepeHHA C TIOMOlliblO CUHHTHnnHUHOHHOrO y -

CTieKTpOMeTpa , '-ITO pe30HBHC 85,1 3B HBnHeTCH S - BOnHOBbiM pe30H8H-

10 

COM . C TIOHBneHHeM Ge (Li) ~ aereKTOpOB 6binO BHOBb npean 

HHe y- CTieKTpOB H3 pe30H8HCHOrO 38XB8Ta HeHTpOHOB Ha 

HacTOHWHe H3MepeHHH aenanHCb B TaKoii )j{e reoMeTpl 

peHHH, c MHmeHbiO BaO , npH HCnonb30BaHHH Ge (Li) -en 

'-!YBCTBHTenbHblM o&beMOM .,. 12 CM
3

• 

Pe3ynbTBTbi H3MepeHHii 

B HBWHX H3MepeHHHX 3axsaTwsanacb o6naCTb 3Hepr 

"'60 K3B ao 8 M.as. Ha pHc.8 npHBOAHTCH cneKTP MHrKHX 1 

'-leHHb!H B pe30H8HCe 85,1 3B , H Ha pHCYHKe 9 - CTieK TP JK( 
1 42 

'-!ell B o6naCTH 3HeprHH CBH3H HeHTpOHa B HApe Pr anH ] 

COB. 

Ha OCHOBe 3THX H3MepeHHI MOlKHO 6hinO yTO'-!HHTb 3He 

TpOHB H 3HeprHH OCTanbHblX lKeCTKHX y - KBBHTOB, HAYWHJ 

142 
mHe B036ylKAeHHbie ypoBHH Pr • BMecTe c nony'-!eHHblMH 

KHX y - ny'-leA, 3TH H3MepeHHH aanH B03MOlKHO'CTb onpeAe 

142 
KOnelKBWHX ypOBHeH Pr (pHc . 10). KpoMe yposHeA , KO' 

CH B CXeMe pacnaaa HB OCHOBe lKeCTKHX y - KB8HTOB, MO~ 

HH TIPH 3HeOrHHX B036VlKAeHHH 977, 1493 H 1515 K3B. 

B Ta6nHue V npHBOAHTCH aHeprHH lKeCTKHX 

H8MH B HHTerpanbHOM CTieKTpe H npHHaanelKBWHX 

y- ny'-1€ 
142 

Pr • 

aeneHHH 3HeprHA lKeCTKHX y KB8HTOB npeACTaBnHeT C • 

OCHOBHOM o6ycnosneHa TO'-!HOCTblO 3H8'-!eHHH y - ay6neTB 
57 

TpoHOB Ha Fe , npHHHTbiMH 3a penepHbie B HaweA KanH 

MHrKHX y - ny'-lell npHBeAeHbl Ha pHCyHKe 9 H TO'-!HOCTb H; 

142 
~ 1 ,5 K3B. B Pr pa3peweH nepeXOA Ha OCHOBHOe COCTOH 

3axsare s - HeATpoHOB. TaK KaK 6nHlKaAwHe Bo36ylKAe 

BepOHTHO , HBnH~TCH MynbTHnneTOM KOH¢HrypaUHH ( d 3/2 

11 



COM. C IIOSIBHeHHeM Ge (Li ) ~ Aei'eKT OP<;JB 6hin0 BHOBb rrpeAIIpHHSITO H3Mepe-

1 41 
HHe y - CIIeKT pOB H3 pe30H8HCHOr'O 38XB8T8 HeMTpOHOB HB Pr 

HacT OSilUHe H3MepeHHSI aenanHCb B TaKOM >Ke reoMeTpHH , KaK H H3Me

peHHSI. c MHllleHb!O BaO , rrpH Hcrronb30BaHHH Ge (Li) -crreKTpoMeTpa c 

'IYBCTBHTeHbHbiM ofueMOM ., 12 CM
3 . 

B HBlllHX H3MepeHHSIX 3axsaTbiBanacb o6nacTb 9HeprHM y - ny'leM c 

"'60 K9B ao 8 M9s. Ha pHc.8 rrpHBOAHTCSI crreK T P MS!r'KHX y - ny'!eM , rrony

'leHHbiti B pe30H8HCe 85,1 98, H H8 pHCYHKe 9 - CIIeKTP >KeCTKHX Y - ny-
14 2 

'!eti B o6naCTH 9HeprHH CB513H HeMTpOHa B SlApe Pr AHSI pa3HbiX pe30H8H-

COB. 

Ha OCHOBe 9THX H3MepeHHM MO>KHO 6hiHO yTO"'HHTb 9HeprH!O CB513H HeM-

TpOH8 H 9HeprHH OCT8HbHb!X >Ke C TKHX y - KBBHTOB , HAYlllHX H8 HH3KOHe>Ka-

142 
mHe B036y>KAeHHbie ypOBHH Pr • BMecTe c rrony"'eHHhiMH 9 HeprHSIMH MS!r-

KHX y - ny"!eM, 9TH H3MepeHHSI ABHH B03MO>KHOCTb OIIpeaenHTb CXeMy HH3-

14 2 
KOHe>KBlUHX ypOBHeM Pr ( p11c . 1 0) . KpoMe ypOBHeM, KOTOpbie IIpHBOASIT-

CSI B CXeMe paCII8A8 H8 OCHOBe >KeCTKHX y - KB8HTOB, MO>KHO BBeCTH ypOB-

HH IIPH 9HeOr'HSIX B036Y>KileHHSI 977. 1493 11 1515 K9B. 

B Ta6nHue V rrpHBOASITCSI 9HeprHH >KeCTKHX y - ny"!eM, Ha6n!OaaeMbiX 

1 4 2 
HBMH B HHTerpanbHOM crreKTpe 11 rrpi1Haane>KalUHX Pr • To"'HOCTb orrpe-

aeneHHSI 9Hepr11M >KeCTKHX y KBBHTOB rrpeLJ.CTBBHS!eT C060M ~5 K9B H B 

OCHOBHOM o6ycnosneHa TO"'HOCTb!O 3Ha"!eHHM y - ay6neTa H 3 38XB8T8 HeM-

57 
TpOHOB H8 Fe , rrpHHSITbiMH Ga perrepHbie s HameM KanH6posKe . 3HeprHH 

MS!r'KHX y - ny'!eH !IpHBeAeHbl H8 pHCYHKe 9 H TO'IHOCTb HX orrpeaeneHHSI -

142 
+ 1,5 K9B. B Pr pa3pemeH rrepeXOA HB OCHOBHOe COCTOSIHI1e T11II8 E 1 IIpl1 

38XB8Te S - HeMTpOHOB. TaK KBK 6nH>K8MlUHe B036y>KAeHHbie COCTOSIHHSI, 

BepOS!THO, SIBHSI!OTCSI MYHbTHIIHeTOM KOHqmrypaUH11 ( d 3; 2 
) H HMe!OT 

1 1 



OTpHU8TenbHYJO 'IeTHOCTb, TO H 8 BCe 3TH HH3KHe ypOBHH p83peweHbl TO)Ke 

142 -
E I - nepeXOJJ.hi. CnaH o C HOBHOro ypoBHSI Pr 2 • CnHH 38XB8THoro coc-

TOSIHHSI npH 38XB8Te S - HeHTPOH8 MO)KeT npHo6peT8Tb 3 H8'IeHHSI 2+ HnH 

3 H noaToMy B o6oHx cny'I8SIX pa3pewehbi E I-nepeXOJJ.hi. 

H8CTOSIWHe H3MepeHHSI BHOBb nOJJ.TBep)KJ].8JOT BbiBOJJ.. CJJ.eJI8HHbiii B P860-

Te /I3 / , 0 S- BOJIHOBOM X8p8KTepe pe30H8HC8 85,I :38 , 3aKJIJO'IeHHe, CJJ.e-

n8HHOe B p860Te / I3 /o rpynnHpOB8HHH pe30H8HCOB no OTHOWeHHJO K X8p8K-

Tepy y - CneKTpOB , MO)KHO 06bSICHHTb TeM, 'ITO OJJ.HOMY nHKy, npOSIBHB-

. weMyCSI B H3MepeHHSIX CO CUHHTHJin~HOHHbiM CneKTpOMeTpOM, COOTBeTCTBy

e T pSIJJ. nepeXOJJ.OB. 3TH nepeXOJ].bl MO)KHO 6binO p83J].enHTb TOJibKO npH HCnonb-

30B8HHH Ge (Li )- JJ.eTeKTOp8. 3To SIBJieHHe MO)KHO 0)KHJJ.8Tb JJ.JISI He'IeTHO-He-

142 
'IeTHOrO SIJJ.p8 Pr C BbiCOKOH nnOTHOCTbJO ypOBHeH B o6naCTH OCHOBHOrO 

COC TO SIHHSI . B T8KOM CJIY'I8e, HeCMOTpSI H8 TO, 'ITO OTJJ.eJibHbie y - nepe-

XOJ].bl nOJJ.'IHHSIJOTCSI CT8THCTH'IeCKHM <fJnyKTY8UHSIM no pacnpeJ].eJieHHJO ilopTe-

p8-ToMaca c V = J, ycpeJJ.HeHH8SI HHTeHCHBHOCTb rpynnhi nepeXOJJ.OB MO)KeT 

nOK838Tb 38BHCHMOCTb OT 38XB8THOrO C nHH8. CneJJ.yeT OTMeTHTb, 'ITO YJJ.H

BHTenbHbiM SIBnSieTCSI TO o6CTOSITenbCTBO, 'ITO OCHOBH8SI 'I8CTb nepBH'lHbiX 

141 
y - nepe XOJJ.OB, B03HHK8JOWHX npH 38XB8Te Hei1TpOH8 Ha Pr , HJJ.eT H8 

ypOBHH, Jie)K8WHe B JJ.Hana30He 200 K:3B H8JJ. OCHOBHblM COCTOSIHHeM. 3TO 

npoTHBope'IHT npeJJ.CT8BneH!fSIM c TaTHCTH'leCKoii MOJJ.enH, YIHTeH<;;HBHOCTb Ta-

KHX nepeXOJJ.OB Cp8BHHM8 C HHTeHCHBHOCTbJO CaMoro HHTeHCHBHOro nHK8 B 

MSirKOH o6n8CTH C :3HeprHeH I76 K 9 B HnH )].8)Ke B HeCKOJibKO p83 npeBbiW8eT 

ee. 3TO H8rnSIJJ.HO BHJJ.HO H3 Ta6nHUbl 6, B KOTOpOH npHBOLISITCSI 3H8'IeHHSI HHTeHCHB

HOCTeti C8MbiX HHTeHCHBHblX )KeCTKHX nHHHH B y - cneKTpe no OTHOWeHHJO K HH-

TeHCHBHOCTH nHHHH I 76 K9B B ceMH p83HhiX pe3 0H8HC 8 X. 

H8 OCHOBe 9THX H3MepeHHH Mbl nonhiT8JIHCb onpeJJ.enHTb X8p8KTep pe-

30H8 HCOB 50,5 38 H II2 3B, KOTOpbie Ha6JIJOJ].8JIHCb B pa6oTe / 13/, H npH-

141 
H8nne)KHOCTb KOTODbiX B Pr H HeHTDOHHbie nAnRMP'T'nhl nhllHI nnnPnPnPJ<hl 

B p860Te /15/, H8 OCHOB8HHH onpeJJ.eneHHb!X HHTeHCHBHOCTeH y - nepeXOJJ.OE 

JJ.nSI :3THX pe30H8HCOB MO)KHO yTBep)KJJ.8Tb, 'ITO pe30H8HC npH 9HeprHH II2 :3E 

I2 

f 
't 

' \ 

npHHa)].ne)KHT K S - BOnHOBbiM, HeCMOTpH H8 6onbWOH <fJoH 

13 
Bhl3B8HHhlA 38XB8TOM HeHTpOHOB H8 pe30H8HCe Ge. B pe; 

He npOSIBnSinC SI 'IeTKO HH OJJ.HH nHK , C OOTBeTCTByJOWHH :3Hbpr 

B JJ.pyrHx pe30H8Hcax, K co*aneHHJO, pe30HaHc o'IeHb cna' 

MO)KHO OUeHHTb TOJibKO BepXHHH npeJ].eJI npOSIBneHHSI X8p8K' 

B c neKTpe . HBHO HH3K8SI HHTeHC HBHOC Tb :3THX nepeXOJJ.OB C 

o6 HC'Ie3HOBeHHH E I nepeXOJJ.OB H, TeM caMbiM_, o p- son 

pe pe30H8HC8. 0JJ.H8KO JJ.nSI y6eJJ.HTeJibHOrO nOJJ.TBep)KJJ.eHJ. 

Tpe6yJOT CSI H 3MepeHHSI C ny'IWeH CT8THC THKOH H yMeHbWe . 

B 38KJIJO'IeHH e 8BTOpbi C'IHTaJOT CBOHM JJ.onroM no6n1 

Yl. .M.¢>paHK8 H ¢>.fl.lli8nHpO 38 nOCTOSIHHyJO nOJJ.JJ.ep)KKY 3 T< 

H.rpoHHK8 H R.BwcKO'IHnosy 38 Y'I8CTHe s aKcnepHMeHTax 

TOphi 6naroJJ.apHbi B.LTHWHHY 38 p83pa6oTKY aneKTpOHHoi 

noMOWb npH ee :3KCnnyaT8UHH . 
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llpHH8JJ.ne)KHT K S - BOnHOBhiM, HeCMOTpS! H8 6onb!li0H tPOH B 3TOH o6n8CTH, 

13 
Bhi3B8HHhiH 38XB8TOM HeHTpOHOB H8 pe30H8HCe Ge. B pe30H8HCe 50,5 3B 

He llpOS!BnSinCSI 'IeTKO HH OIJ.HH llHK , COOTBeTCTBYIOillHH 3HtprHSIM y - nyqet!: 

B ApyrHX pe30H8HC8X. K CO)KaneHHIO, pe30H8HC O'IeHb Cn86biH, H ll03TOMY 

MO)KHO OUeHHTb TOnbKO BepXHHH npe.nen llpOS!BneHHS! X8p8KTepHbiX 3HeprHH 

B ClleKTpe. HBHO HH3K8S! HHTeHC HBHOCTb 3THX nepeXO.QOB CBH.QeTenbCTByeT 

o6 HC'Ie3HOBeHHH E 1 nepexoJJ.OB H, TeM C8MhiM.I' o p- BOnHOBOM X8p8KTe-

pe pe30H8HC8. 0AH8KO .QnSI y6e.QHTenhHOrO llO.QTBep)K.QeHHS! 3TOrO !lJaKTa 

Tpe6yiOTCS! H3MepeHHS! C ny'IWeH CT8THCTHKOH H yMeHbweHHbiM tPOHOM. 

B 38KniO'IeHH e aBTopbi C'IHT8IOT CBOHM .nonroM no6naro.n£:pHTb 

l1.M.<t>p8HK8 H <t>.JI.lllanHpO 38 llOCTOS!HHyiO llO.Q.Qep)KKY. 3TOH pa60Thi, 

H.rpoHHK8 H fi.BhiCKO"l.HnoBy 38 yqacTHe B 3KcnepHMeHT8X. Oco6eHHO 8B

TOphi 6n8rOJJ.8pHhi B.LTH!liHHY 38 pa3p860TKy 3neKTpOHHOH annapaTypbi H 

llOMOillb llpH ee 3KCnnyaT8UHH. 
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Ta6JIHL\8 I 

liapl.\I1aJI:oHhle pa.l!VI81.4HOHHLie llllipl1Hbl r Y' ,l\JIH Tpex i!>CCTJ 
138 

rrepeXO]J.OB B Ba H ,L\Jiff p83Hb1X pe30H3HCOB. 

ry, Bblp8JK6H8 B MSB . 

3HeprHfl 8HeprHfl pe30H3 HC8 (SB) 
-KB8H-

Ta 
(IWB) 

9II2 

8294 

7561 

24 ,5 82 88 I 06 229 

' 

10 , 5_±2,5 0,05 0 ,05 O,I 0 ,5 

2 '7_±I 0,8_±0,3 O,I 3 ,4_±1,5 0 ,5 

0 ,6_±0 ,2 O,I 0 ,5_±0 ,2 1, 2_±0 , 7 O, I 

Ta6JIJ1L\a rr 
CpaBHCHHe cpe,n HVJX OTHOC!1TCJI:OHbiX VJHTeiJci'l.Bl i OCTeil r 
9II2, 8294 11 7561 KSB C 33BHCI1 1.10C'rDIO OT 8Heprm1 B 

Ksn 9II2 8294 756I 7534 

t;3 I 0 , 75 0 ,57 0 , '56 

E5 I 0 , 62 0 , :59 0 , 38 

8Ji Cil . I 0 , -+4_±0 ,I2 O,D_±0, 04 0 ,I8_:t0 , : 
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Ta6mm;a I 

ll a pu11 an:oHbl e pa;z;Hal.\l10 HHLie I.Iill p11 Hbl r yt ,l.\Jlfl Tpex ~CC TI<HX 

nepeXO]J,OB B 
1 ~ e 

Ba . H ,l\Jlfl pa3HbiX pe 30H3 HCOB o 

r yt BblpaJK eH a B :.JaB . 

3HeprHH 8H a prl1fl p030HJ HC3 (3B) 
- I< BaH-

Ta 24,5 82 88 106 229 287 ( I<3B) 

9II2 10 ,5.±2 ,5 0, 05 0 ,05 0 ,1 0, 5 0 , 3 

8294 2, 7.±I 0 ,8.±0, 3 0 ,1 3,4.±1, 5 0 ,5 2.±1 , 5 

7561 0 ,6.±0 ,2 0 ,1 0 ,5.±0 , 2 1, 2.±0 ,7 O, I 0 , 5 

Ta 6m1 u.a ri 

CpaBHeHH0 cpe]J, HHX OT HOCl1TGJI :OHbJX >IHT BHCI'll.!Ii OCTeiii y -n epeXO~OB 

9112 , 8294 M 7561 K3B c 33BH CM MOc T:om oT 3H epr HH :a E3 
Jll E5• 

K3 B 9II2 8294 7561 7534 

r.; 3 I 0 , 75 0 ,57 0 , :56 

E5 I 0,62 0, 39 0 , 38 

8 !\CTI . I 0, ·+4.±0 , I2 O, D±O ,04 0 ,18±0 , 06 
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Ta6Jm~a ill 

WHTeHCMBHOCTH MHrKMX Y - nyqa~ B peaoHaHce 24,5 aB. 

E y (KGB) 

641 
650 
661 
671 
681 
696 
708 
717 
733 
748 
760 

I y 

6,2 

14,0 
I,I 
4,8 

E y (K3B) 

818 
rosa 
I235 
1262 
I3II 
1351 
1404 
1551 
1573 
1580 
16II 

I y 

I OO 

9,0 
5,6 
6,0 
3,6 
I,8 
2,7 
II ,0 
4,2 
lj. ' 8 

1,5 

E y (KGB) I y 

1668 5,5 
I7I'+ 1,8 
1752 1,4 
1821 4,0 
1968 4,5 
2048 3,8 
2080 4,7 
2222 
2404 4,5 
2418 4, 5 

Tac5JIH~a Y 

B~coKHe aaeprBH, Ha6JID~aeu~e B 
142 

Pr 

Ey (M:3:B)/14/ E BBCTOHIItBH 
Y pa6oTa 

5,83 5832_±5 KSB 

58!4.±5 
5800.±5 
5776.±5 
5747.±5 
5705.±5 
5687.±5 
5676.±5 

Ta6JIH~a YI 

Ey (M3B)/14/ 

5,67 

5,!6 

4,79; 4,69 

Ha 
Ey p 

5656 
5645 
563~ 
5!27 
5086 
4855 
4339 
4317; 

OTHocHTe.!ThHaH HHTeHCMBHocu xecTKwx nevexof.(oB , qe'J 

rrpOHBHBill.ldXCH B pe30H8HCe 85 ,I oB MH HOCKOJ!l>KJ!IX J 



Tac5JIH~a Y 

B~coKHe aHeprHH, Hac5nm~aeY~e B 142 
Pr 

Ey (M3:s)l14/ Ey 
BBCTO.flii{S.fi 

pac5oTa 
~ 

Ey (M3B)/14/ H8CTO.flll{8.fl 
E Y pac5oTa 

5,83 5832.:t5 KSB 5656.:t5 K3B 
5814.±5 5,67 5645±5 
5800.±5 5631.±5 
5776.±5 5,16 5127.±5 
5747.±5 5086.±5 
5705.:t5 4,79; 4, 69 4855±5 
5687.:t5 4339.±5 
5676.±5 4317.±5 

Ta6JIH~a YI 

0THOC .It! Te.IThH8.fi HHT8HCHBHOCTI> JiteCTKlii X II8.[)eXO ,ZJ; OB·, tieTKO 
IIpOffB.l1BlllHXCff B pe30 H8HCe 85,1 SB ]l,Jlff HOCKOJII> KV!X pe30-
HBHCOB. HHTeHCMBHOCTI> caMoro clilni>Horo MffrKoro nepexo~a 
C 3Heprlil eM 176 KSB npHHffT8 38 CTO. 

3Heprlilff 3Heprlll.fl pe30H8HC8 (a B) 
rrepexo;n.a 
(K3B) 85,1 217 234 515 631 50 ,5 li2 

5832 56.±5 8.:t5 12_±6 371.±50 30.±10 <. 6 <'V !.7 

5814 15.±5 8.±8 <8 95_t25 ~ 15 ( 3 rv 8 

5747 I 30,:t10 18,:t10 <:12 172_t35 ( 4 <:3 ,.v .56 

5656 56_t5 39_t8 17.:t7 44.:tii 120_t35 ( 5 ~ 60 

56.5I 55.±8 0I.±12 38,:t8 ~5 .53_ti5 (3 tV 9 
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EnoK-cXeMa aneKTpoHHoll annapaTypbi: nY - npeuycunnTe:Jb; 

nn - npoMe)l(yTO"'H8SI IT8MS!Tb; Y - OCHOBHOII ycHnHTe.'lb; M - M8f'

HHTOtlJOH; AK - aMnnHTyllHbill KOilHpOBIIIHK; AM - aHanuaaTop-Mo
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IT A - reHepaTop TO"'HOil aMIWHTYilhi; E3CM - aneKTpOHHD-C"!eT

HBSI M8111HH8. 
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Ta H3 C BHHUB H ITBf.>BtPHHB C B 
4 
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Puc.9. CneKTpbi lKeCTKHX 
142 

Y -nyqel! Pr H3 pa3HhiX peaoHaHCOB, 3Hep-

I'HH KOTOpbiX OTMe'IeHhl Ha pHCYHKe. 
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