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HacTOR~R padOTa RBRR8TCR npOnORX8HH8M HCCR8A0BaHHA ycpeAH8HHUX ceqeaHR paAHanHOHHO

ro aaxaara HeArponoa c aneprHeA HHxe 50 xaa. Hawepeaxa ceqeaxn aaxaara RnpaMH eaponxa, 

ronlllla, no:renxa 11 oOpaana, oOorall!eRaoro li30TonoM Ea"' , aunoJIHeHhl na cnexrpowe:rpe aeA-

TpOHOB no BpeMeHH 3aMeAJ18HliR B CBHHne K8TOAOK perHCTpa~ll YrHOBeHHhiX - KBaHTOB OT 

aaxea:ra aeRrponos /I, 2/. 

AHaRH3 ycpeJ1H6HHHX ceqeaHR 3aXBaTa B 3TOR OClJiaCTll 3H8prlln HeRTpOHOB IT03BOJIR8T l!OJiy-

ll - HeRTpOHOB - s, II S 
1 

, a raxxe Tax 

naauBaewyo paAHanxoanyn CHJIOBYD ~ynxnxn sr* rr/D. ~anee npencTaBnaeT HHTepec cpaBHHTh 

nonyqeHHMe aaaqeaHa s, ll s, c npencxaaaHHHIOl paanxqaux sapxaaToB onTH'lecxon MOAeJIH 

anpa /3-5/. 

ITepsue HawepeHHa ycpenneaHhlx ce'!eKHR aaxeaTa ne~TpoaoB c 3HeprxeH I0-200 K3B B oonac

nt KaCCOBIIX 'lHCeJI hi40 + 200 H l!X aHaJill3 0h!Rll BhiiTOJIHeHhl rxOClOHCOK H np/61. OnaaKO pe-

3YJibTaTh! aHaJIH3a Bll3b1BaDT HeKOTOpyn H8YAOBil8TBOpeHHOCTb , l!OCKOilbKY HOJiyq8HHI!8 3A6Cb 

3Ha'l8Hl!R Sy B 2-4 paaa OTilll'laDTCH OT 3Ha'l8HHH, onpeJ181l8HHNX 113 napaMeTpOB Hli3KOJI6Ea~X 

peaoHaacos, a .BeJIH'lliHhl s, Clh!Jill nolly'leHbl c omHClKoil • IClO%. 

B CB!I3ll C 3Tllll 0biJia npennpl!H!!Ta llO!lhtTKa ll31.!8p6Hi!ll ycpen!leHHhiX C64€HK~ ~,U,EiiTE, B 3TO~ 

OClllaCTll aTOI.!HhtX B8COB Ha Cll8K.TpOKeTpe no Bp61.!6Hll 3a1.!8Ail8Hllfl H8~Tp0HOB. HeGKOiibKO M8Hhlllll~ 

3Hepre!WleCKllll liHT8pBaJl B naHHOI.! Clly'lae H8 YXYJIIIIall TO'lHOCTh pe3yRbTaTOB aHaJll!3a, llOCKOJib

KY B OClllaCTll 3Heprlla Bhllll8 ?0 K3E ~Jlfl A~I40 T 200 CTaHOBHTCH CYIII6CTB8HH~II BKilaA HenTpOHOB 

C OpOHTallbHhlM M0118HTOII f =2, a HeOClXOAHMOCTb yqeTa 3TOfO BKila~a npHBO.IIKT K A0llOJIHliT81lhHO~ 
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PeayALTaru ~awepeHHA 

HauepeHHH C8'18HHH aaxsara H8ATpOHOB npoBOAHXHCL C oOpa3~aMH paanH'IHOA ron~HH H HO

CHXH OTHOCHT8XbP.hl~ Xapaxrcp. HopMHpOBanHCL C8'18HHH no H3B8CTHb!M napauerpau HH3KOneza~X 

pe30HaHCOB H no ~pyrKM 3X8148HTaM / 2/. KanK0pOBO'IHhl8 K03~H~H8HThl nnH 0TA8nLHHX cepKA H3-

M8p8HHn rrpencraBneHu B raOnK~e I. llerexropauK r - xsaHTOB or aaxsara cnyzKnH roncro

creHHUfl raaop~3PHAHhlA nponop~KOHaXbHhlA C'18T'IKK K C~HHTKnnH~HOHHhlA C'18r'IKK / 2/, peaynLra

Tbl K3M8pCHI!H C pa3HilMK A8rCKTOpaMK COBnanallr, ·3a KCKnll'I8HK814 Eu (cM.HKlle). 

l!a pwcyHxax 1-3 npencraBneHu peayALraru wauepeHHH 3Heprerwqecxon aasucwuocrK ceqe

HHH panua~~HROro aaXBara H8ATpOHOB nnH 8CT8CTB8HHOR CM8CH H H30TOUOB 8BpOnHR, ni!T8~H 

K ronbMKR. 

Esponun. MauepeH»R npaBeAeHu c rpeun oOpaa~aMH ecrecrseHHOR cuecK uaoronoB esponHR 

C 3~8KTHBHhlMH TOX~MHaMH n ; l,64.Icf0; 7,0.1cfO H 2,3.1021 ar/cu2 
II oOpaanou, oOora-

1118HHbiM H30TOUOM Eu
1

" ( 1,6% Eu
1

" 98q4% Eu 
1 ~' ) • 

llXII H30Tana Eu "' H3MepeHHH OunH Bb!UOnHeHbl C nponop~HOHanLHhlll C'ler'IRKOM. Ce'18HH8 

"' aaxsara nnR Haarona Eu Bll'IMcneao 113 aHa'leHIIll ceqea11R, 113KepeHBaX c oOpa3~o11 c • • 

7. ro20 ar/cu2 ecrecrseaRoro espon1111 11 oOpaa~ou, oOorallleRHIDI Ea.,·,· • x) 

B oOnacTH KHX03X8KTpoHBOAbr (pHc.I) RaD!ll AaRH!le .llnR 8CT8CTB8HHOro eBpOnl!H II,IIYT Ha 

20% Billie peaynuarOB ri!OOORCa II AP• / 6/ np11 30 K3B II Ha 2!Jl' HHZe, '1811 y EJiaKa II )l.p/7/. 

npyrlle )l,aHRble no ce'leHIIIIM aaxBara ReATpOHOB 1130TOllaliH esponHI! B HaCTORlll88 Bp8118 OTCyTcr

BYIJT • 

~· B 113MepeHIIHX IICllOAb30BaH~ 00pa3Ub! )I.ByX TOR~H OKIICII fOJILliHI ( ;4,8.1020 

H 1,4.1021 aT/cM2). 

HOpllllpOBO'IR!l0 K03~H~eHT )I.RH rO~bliKH nO rpynne pe30HaHCOB B HHTepBane 7,5 + 27 38 

Ha 10-2D.' HI!Ze OCTanLRb!X )l,nll BC8X cepiiR K3llep8HIIA. ilpH'IIIHOR aroro MOZer O!iTL HerO'IROCrh 

napaueTpoB ar11x ypoBRen, nonyqeRH~ Ha 113llepeHIIA nanHHX ce'leRHR / 8• 9/11 nponycx B arax 

paOuTax cnaooro peaoHaHca Eo; 8,14 ! 0,03 aa 1101. Y11er BKJia~a aroro peaoRaRca oO~I!CHR-
1 

er OKORO nOROBHHbl paCXOZ)I.8HIIH lle~y ROpllltpOBO'IHWlll K0~~8HTalllt, 

B 00JiaCTII KHR03R8KTpORBOnbT (pllc,2) H&mll pe3yJIJoTaTbl A8JiaT Ha 4!Jl' Hlllle )l.aHHHX Plt0-

00HCa 11 )l.p./6•7/11 Enoxa 11 )l.p. 

RurenHR. MaKepeHIIR npoae~eHb! c ABYllll TO~HaMH oopaJnoB ( • ; l,1.1021 ;2,5.102I 

ar/cM2) ecrecrseRRon OKHCH n11Ten11a AByx naprHR. HopliBpoaxy ceqeaaa aaxsara Cli.B raon.1. 

X) B cny11ae ecrecrseHHOrO Eu 113llep6HIIB Ce'I8HHR CO CUIIHTXJIJIRUIIOHBblll C'IBT'IIIKOll )l.aAI! pe
aynLrarhl, CIICreuarllqeCKII OTJIK'IaDllll!BCI • Ha 2!Jl' or p631IhTaraB 113llepeHIIR C npallOPUHORanb
Hb!M C'IBT'IIIKOM B 00JiaCrH 3HepriiR )1.8CIIrKOB K3Bo q~OOU 1130ezarb CHCreMarH'IBCKIIX OmH~OK, 
CBI!3aRHbiX C I!CllORb30BaHI!eM pa3JIK'IHb!X )l.eTeKTOpOB, np11 BblqiiCReHIIHX C8'18HIIH )1.11 Eu 151 Y'III
ThlBaRIICb TORbKO ~aHHhle 113MepeHl!ll C nponop~HOHaJILHhlM C'leT'IHKOll AAII 8CT8CTB8HH0f0 espOITIIR. 
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IlpH HOPllitP.OBJ:e n~ pe30RaRCaM )l.pYfiiX anelleHTOB HaMH IICnOJI!o30BaJIOCb 3HaqeRH 

u HeiiTpaHa B= 6,5 Mas (cli.Hanp/71). IlpH aaeprux aenrpoaoa liBHJ.me o,'s 38 

nonpaBKa Ha BJIIIRHIIB renJIOBOrO )I.BBHBHIIR H)l.ep 3aM8AJIBTBJI8 no /II/. 

B 00JiaCTII KIIJI03JI8KTpOHBOJihT (piiC.3) Hamil K3ll8p&HII8 Ha 20' HHZe JlaHH!i 

• OOJiee '!ell B )I.Ba pa3a HilKe peayJILraTOB rxOdOHCa. AP· /61. 

IlpH'IIIHOR pacxo~eHI!R BaD!llX peayJILTaTOB B OOJI&CrH 3Heprlll! KHJIOUenpOl 

rOJiblllll H JIDT8UBII C Aa&Hb!liK 16•7/ IIBJII8TCII, nO-BIIJ:H»OliY, p&3AK'IHe B HOpliBp 

aax:BaTa. B naRL3y H&D!llX pe3yJIDTaTOB )I,JIH Ho
105 II La CBII)I.eT8JILCTByer COBn!l 

BOK no napaKeTpaK COOCrBeBHHX pe30HaHCOB II no napalleTpall pe3aHaRCOB )l.pyrKJ 

113 OAHOBpelleBBhiX 113llepeHan (cu.raon.1). 

AHalllla ycpea&eBBHX ceqe&IIR saxBara 

C UBnLD Onpe~eJieRHH cpe)I.BIIX nap8.11eTpOB B3altli0ABRCTBIIH • - II p - HBIIl 

liK 1!1 , En'" 7 Eu '" , Bo
1

" , La npaBB,II,BH aHaJIH3 YCP8lH6HHHX Cel 

B OOJI&CTH 3RepriiR KIIR03R8KrpOHBOJILT no nporpalllle, OniiC!IHBOI! B paOoTe / 1'2/ 

llaCCOB!iX 'IIIC8JI A ; I40 + 200 TaKOR aRan113 )I.JIS p - HBRTpOROB 3aTpy)I.BeH, Tl 

ljlyaKUBH P- &eRTpOHOB 3)1,eCb llli86T MHH11l1Yll 1 11 )I.JIR a - II d - HeRTPOHOB • 

BKJ!a)l. d - HeRTpOHOB B C6'18RIIe aaxsaTa, Bbi'IIICJIBRRHg no KO~K~eHraK npHlllll 

KCCXelYellliX HA8p He npeBblmaeT ~ npll E=30 K3B, II n03TOlly Hallll B paC'Ierax I 

PeayJibTaThl aHaJIIISil ycpe~HBHHHX C8'16HIIR aaxsaTa )I.JIR KCCnBAYBllb!X IIABP I 

B raOJIIIne 2. 

3Ra'leHHII CIIJIOBHX ljlyHEI.IIIR ,I;JIH • - ReRTpOHOB ( s 
0 

) )I.JIH Ea J £a Ill 

Ho'"' cosnaxa11r B npe~exax omaoox c )l.aHHWOl, Bbi'IIICJieHH!illll 113 napauerpo: 

pe30HaHCOB / 8• 9•13/, RO npeBHmai!T IIX HeCKOnLKO no roqROCrll. Xapoma11 TO'IHO 

S0 113 ycpe)I.HeHH!iX Ce'leHIIR OO~I!CHI!ercll B )l.aHHOll CJiy'lae 00Jibmllllll ceqeHHII 

B )I.OBOJILHO lliHPOKOM HHrepsane 3HCprHR ( ,11,0 HBCKOJibKIIX K3B) 3HaqeHIII! 5 0 ~ s 1 

IIonyqeHaoe HaMH aaaqeHHe s, = (1,33! 0,05).10-4 nllll tu , no-sz 

KO 3aHIIZeHO B CBR3H C HaRH'IIIeM CaM03KpaHIIpOBKII pe30HaHCOB B0JIII311 HHZHeR r 

'leCKoR oOnacrH aHaAII3a ( • 400 3B). 

Benii'IHHbl pa)I.HaniiOHH!iX CHJIOBbiX ljlyHKniiR Sy ,l(RI! Eu I". Ho H Lu 

xa aaan11aa ycpe~aeHR!lX ceqeHzR aaxsara, oxaaani!Cb BHme 3Ha'leHIIA sy , p 

napaK8TpaM OrAeJihHb!X peaoRaRCOB / 8•9/. 3ro MOZer 00~HCHI!rbCI! nponyCKOM C~ 
B 113KepeHIIIIX ITOnHHX Ce'leHHR /8, 9/ H HeroqHaCrLII B onpe)l.eneHKII ry . llO 

BaHIIH pe30HaHCOB Ho / 1Q/ AallT 3Ha'leHIIII Sy II s, , XOpOMO COBTia)l.al!~€ 
Ta0A.2). ilony'leHH!l8 PKOOoHCOM II )l.p. / 6/ 113 a&aAII3a ycpe)I.H8HHb!X Ce'leBIIR BE 
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Peay~bTaT~ ~awepeHHA 

3fiXBaTa H8~Tp0HOB npOBO~HRHCh C o6pa3UaMK pa3RH'IHOA TO~~R~ H H0-

aKT€p. HopMHpOBaRHCh C8'18HI!ll no 1!3B8CTHblll napalleTpa!.l RH3KO~eJ:a~X 

3R8M8HTaM / 2/. KanndpOB0'1Hbl8 K03~1!UI!8HT~ ~Rll OT~8RhH~X cepi!A 1!3-

TadRHI\8 l. ZeT8KT0palli! y - KBaHTOB OT 3aXBaTa CRYJ:i!RI! TOACTO

nponopUHOHaAbHblll C'I8T'II!K I! CUI!HTI!AAHUI!OHH~ll C'I8T'II!K /
2
/, pe3yAhTa-

~eTeKTopaMH COBna~aDT, ·3a I!CKAD'I8H1!8M Eu ( CII.HI!J:8). 

pe~CTaBA8Hbl pesyRbTaT~ 1!3M8p8HI!H 3RepreTI!'18CKOll 3aBI!CI!IIOCTI! ceqe

ara H8ATp0ROB ~nH 8CT8CTB8RHOll CM8CI! I! 1!30TOITOB 8BpanHR, ADTenHR 

I!R npoBe~eH~ C TpeMH Odpa3Ua!.IH 8CT8CTB8HHOA CII8CI! 1!30TOnOB eBpOnHH 

n ; l,64.Iaf0 ; 7,0.IafQ I! 2,3.1021 aT/cll
2 

H o6pa3I(OII, odora-

( 1,6% Eu lSI "' 98•4% Eu ) . 

H3MepeHI!H d~nH aunonHeHH c nponopuHoHanbHblll cqer'IKKOM. CeqeHHe 

'" Eu B!J'II!CR8HO 1!3 3Ha'I8RHA C8'18HHll, 1!3llepei!Bb!X C oelpa3I(OII C n • 

HHoro eaponHH H odpa3I\OII, oOora!lleRH!lM Eu'" .x) 

eKTpOHBORbT (pHc.I) HamH ~aHH~e ~nR eciecraeRHoro eBponHH HAYT Ra 

'HddoHca 11 ~p. 161 npi! 30 K3B H Ha 20lC RI!J:e, qe11 y EJioxa .11 ;~,p/7/. 
I!HM aaxaaTa R8ATpOROB 1!30TOnaMI! 8BpOni!H B RaCTOHJ1188 Bp8MH OTCYTCT-

HI!HX HCnOAb30BaRJJ o0pa3I(bl ;J.BYX TOA~R OKHCI! rOnhiii!R ( • ;4,8.1020 

¢¢HnHeRT ~nR rOJihiii!B no rpynne pe30RaRcoB B I!HTepaane 7,5 + 27 3B 

~X ;I.RR BCeX cepllA 113M8p8RI!ll, J1p!4'IIIHOA 3TOrO 110li:8T d!>th H8TO'IHOCTh 

A, nony'I8HH~X 1!3 H3118peRI!A nOJIH~X C8'18HI!ll /8, 9/1! nponycz B 3TilX 

Rca Eo; 8,14 ! 0,03 aa 1101. Y'leT Bxna~a aroro peaoRaBca oO~oncBa
o~eHHn M8J:AY ROpMI!pOBO'IH~MII R03~1!Uii8HTaMH. 

8RTpOHBORhT (pi!C,2) Rami! pe3yJIJ.TaT~ JieJ:aT Ha 4CJlC HHJ:e ;J.aHBUX PHd

a II lP• 

I!JI npoae~eH~ C lBYMil TOJI~Halll! odpaJUOB ( n ; 1,I.I02I ;2,5.I02I 

OKI!CI! RDT8I\HH ;J.Byx napTHA. Hoplll!pOBRY Ce'leHHll 3a%BaTa CK.B Ta~A.l. 

RBOrO Eu H3llepeHHn C6'18HHA CO CI(IIRTHJIARI(IIOHH~ C'leTqi!RQII ~ani! pe
CRH OTJII!'Iallllll!eCII • Ba 2CJlC OT pesyJibTaTOB ll311epeHHA C nponopUJ!OBaJih
Til 3Reprllll ;J.eCHTROB KSB. lJT0011 1!3~eJ:aTD CHCT8M8.TII'IeCRilX OmHliOK, 
laRI!811 pa3JII!'IH~X ,li8TeRTOpOB, npll B~'II!CJieHiliiX Ce'leBBJI ;I.JU! Eu 151 J"'l!
e H3MepeHHA C nponOpUHOHaJIJ.H~ C'leTqi!KOM ~All ecTeCTBeHHDrO eBpOnHI!, 
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IlpH BOpMHp,OBEB nG pe30BaHCall ;J.pyrllX SJieKeHTOB HaMil I!CnOJih30Banoch 3Ba'I8HH8 3HeprHil CBII-

8H H8HTpOBa B= 6,5 M3B (CK.Hanp./7/), IlpH 3BeprHRX HeATpOHOB MeHJ.me 0,5 3B BBO;I.HAaC& 

nonpaaxa Ba BJII!RHHe renJIOBOrO ;I.BHli:8HBR R;J.ep 3alle,llnHT8JIR no /II/, 

B 00JiaCTH RllJI08JieRTpORBOJ1hT (pxc.3) Baml! H3KepeBilR Ha 20' HBJ:e ~HH~X EJIOJ:a II ,11pl,7/ 

B Oonee '18M~ ;J.Ba paaa HHBe pe3yJihTaTOB rHOdOHCa H ;J.p. / 6/, 

IlpH'IBHOA paCXOli:;I.8HIIll Hami!X peayJihTaTOB B OdJiaCTB 3HeprHll KHJ103JieKTpOHBOJlhT J!JIJI 

rOJihiiHH H JlllTBI\HII C ;J.aRBIIMII / 6 •7/ JIBJIH8TCH, nO-BH,lii!MOIIY, paaJIHqHe B HOplll!pOBKa% ceqeBHII 

aaXBaTa. B nanh3Y BamHX peaynhTaTOB ~Jill Ho
1
" I! Lu CBB~eTeJihCTByeT COBn~eHHe HOpMHpO

BOK no napalleTpall COdCTBeBHIIX pe30BaRCOB H no napaxeTpax pe30HaHCOB ;~.pyrBX 3JieKeHTOB 

H3 O,liBOBpeKeHBhlX ll3KepeBHA (CII,Tadn,I). 

AuaJII!3 ycpe1H8HHIIX ceqeHHA 3§XBaTa 

C I(BnbD Onpe~eJieRHH cpe~HHX napaxeTpOB B38JIIIO,IIeUCTBilH • - H P - RelltpOHOB C il;l.pa-

MH Ea , Ea 
111 

, Eu '" , Bo "' , Lu npoBe;J.eH aHaJIH3 ycpe~H8HH~X CeqeHKA aaxBaTa 

B OOJiaCTH 3Hepri!A KIIJ103JieKTpOHBOJI&T no nporpaiiMe, OITBCaHHOA B pad ore /I2/. B OOJiaCTH 

MaCCOBUX QHCeJI A = 140 + 200 TBXOA aBaJIH3 ;I.JIS p - HeATpOHOB 3aTpy,liBeH, TaR RaR CHJIOBaR 

ljlYJIKI(HR P - HeATpOBOB 3;J.eCh llKeeT MIIHHKYM, a ;I.JIS 1 - I! d - Rel!TpOROB - MaRCHKYM• 

BltJia;J. d - BeATpOHOB B C8'18BHe aaxBaTa, B~'II!CJI8HBIIA no KO~BUI!eRTall npHJIHITaHHH /
3
/, ~JIH 

I!CCAe,llyeiiHX ~ep He npeaumaeT 3- npH E=30 K3B, II n03TOKy HaMil B pacqeTax He yqHTHB6JICH, 

PeayJihTaTU aBaJIH3a ycpe;I.HBHHIIX ce'leRHII 3&XBaTa lJIH IICCne~yeKb!X H,llep npe;J.CTaBJieBH 

B raOJIHne 2. 

3Ha'leHHH CHJIOB~X ljlyHRI(Hll lJIR • - B8l!TpOBOB ( S 
0 

) ;I.JIS Eu , Eu l!l ... 
, Eu ' 

Ho 
11° COBITa,llaDT B npe,llenax OmHOOR C ~HHWDI, B~'IHCJ18HHWDI 113 napalleTpOB. OT,lleJIJ.H~X 

pe30HaHCOB /8, 9,I3/, HO npeB~maDT HX H8CK0JlhKO no TO'IROCTI!, XopomaH TO'IHOCTb Onpe~eAeHI!II 

S
0 

H3 ycpe;J.H8HHIIX Ce'leHHll OdhHCRHeTCH B ~aBHOM cnyqae OOJibmBIIH C8Q8HHHIIH H TeK, 'ITO 

B lOBOJlhHO Mi!pOROM IIHTepBane 3HCpri!A ( ,110 H8CKOnbKI!X K3B) 3Ha'I8HHH S 0 ~ S y /l2/ 

J1onyqeBB08 B&WII 3HaqeHHe S 0 ; (1,33! 0,05).10-4 ~Jill Lu , nO-BH;I.HMOKY, H8CKOJ1h-

KO 3aHI!J:eHO B CBH311 C HaAII'IIIeM C6M03KpaHHpOBKI! pe30HaHCOB B0JIH31! HI!J:Hell rpaRI!I\11 3HepreTil

'leCKoh oOnaCTII aRaRH3a ( • 400 3B). 

BeJIH'IIIH~ pa;J.Hai(HOHHUX CHJIOBb!X ¢YHKUIIII Sy ,llnR Eu '" Ho H. Lu , nonyqeRJiue 

xa aRaJIHaa ycpe;~.seHRUX ce'leHHR 3axaara, oxaaannch aume aHa'leRilA sy , pacC'IHTaHH~X no 

napaweTpaM OT,lleJIJ.HIIX pe30HaHCOB / 8, 9/, 3TO MOBeT OO~HCRHTbCH nponyCKOM CJiaO~X pe30H6HCOB 

B 1!3MepeBIIHX nOJIHHX Ce'I8HI!A /8, 9/ II R6TO'IHOCThll B onpeA6JI6HIII! ry , J10CJie~sHe IICCR8,liO

BaHilR pe30BaRCOB Ho /IQI ~aDT 3Ra'I6HHII Sy H s, , XOpOmO COBna,llaD~e C HamH!.II! (ell. 

Ta0n.2). ITonyqeHBb!8 rHOdORCOM I! ;J.p. / 6/ 1!3 aBanH3a ycpe~H8HH!JX ceqeHHh B8JIH'IIIH~ Sy ~Jill 
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11o H La s 2-3 paaa oom.me aam11x, q:ro oO'biiCHae:rca pa31111'1Hell s ce'leHIIIIX aaxsata. Tot 

~aKT, 'ITO H!LWH 3H!L'IeHIIII Sy 0Jili3KII K Sy , pacc'IIITaHHhlll 11a napa~~e:rpos OT,IIem.HHX peao-

H!LHCOB 1 CBH,IIeT€JibCTBye:r B ITOJU.3Y HOp.llllpOBKH Ce'leHi!ll1 i!CIT01!b30B!LHHOII Ha.llil. 

Ha pi!C·. I, 2 II 3 B KIIJI03JieKTp.OHBOJibTHOll oOI!!LCTII 3H€pr11M H€11TpOHOB np11B€,11€Hbl Kpi!Bbl€ 1 

paccqi!T!LHHblC no napa.11eTpa11 :raOJIII~bl 2. lliiH l'OJibMllll nyHKTi!pHb!llll Kpi!Bb!MH IIJIIIDCTpi!pyDTCll BKJ!a-

,llbl II - aell:rpoaos B ceqea11e aaxsa:ra. O~eaKa so3.110KHOro BKI!a,lla d - aell:rpoaos s 

ceqeaHe aaxsa:ra Obllla npose,11eaa sa ocaosaa1111 aaaqeHHII s, , pac'IHTaHHblX no K03~li~HeH

:raM npiiHIIIT!LHIIII on:rllqecKOII IIO,IIellll 11,11pa / 3/ II ITOJ!yqeHHblX 3Kcnepli.II€HTallbHO /I
4
/. Kax yK€ 

Ob!IIO CK!L3!LH0 1 ,!IIIII IICCJI€,11Y€14b!X 11,11ep BKJ!a,ll d - H€11TpOHOB B C€'1€11118 He npeBOCXO,IIIIT 3~ 
np11 E ~ 30 Kas, 11 s aame11 aaa1111ae ycpe,I~aeHHblX ceqesi!ll 11.11 KOKHO npeaeOpe'lb. 

AHaJ!Orii'IHble o~eaKH sKIIa,lla d - aell:rpoaos B ceqea11e aaxsa:ra Oblllll Bb!ITOIIH€Hbl 11 ,1111a 

11aa:raaa 11 npaaeo,1111.11a, peayllbT!LTbl H3Kepeallll c Ko:ropH.III Oblllll onydiii!KOsaaH paaee /I
5
/. OKa

aaiiOCb, q:ro eCJIII IICITOJ!b30B!LTb ITOIIIIIIO HamiiX 113MepeHIIII ceqeallll 3!LXB!LT!L B OOJ!aCTII 00118€ 

Bb!COKIIX 3HeprHII /6,I6/, TO no 3Hepre:ruqecKOII 3!LBHCII.IIOCTII KpHBOII ceqeHHH, KOTOpaa He .110-

Ke:r Ob!Tb Kpyqe 1/ E , IIOKHO nOJIY'IHTb O~€HKII CIIIIOBb!X ~YHK11Hl! d - aell:rpOHOB: ,IIJIR La 

2 lo-4 -4 
S 

2 
:; • , ,!IIIII Pr S 

2 
S 4 • I 0 • 

- Hell:rpOHOB \ S1 
) OT Ha p11C. 4 npe,IICTaBJI€Ha 3!LBIICII.IIOCTb CIIJIOBb!X ~yai11HII ,!IIIII 

a:roMaoro seca 11,11pa 11Hmea11. 

P€3YIIbTaTbl 1 noJ!yqeHHbl€ B HaCTOIIIIt€11 pado:re, a Ta.KKe B p!LOOT€ /I
5
/, B· OCHOBHO.II HUeDT 

:reH,IIeH1111D K OOJibmiiK aaaqeHHII.II S
1 

B OOII!LCTH .IIHHHIIY.Iia CIIJIOBOII $yHK1111H ,!IIIII P - H€1lTpO-

HOB1 '1€.11 peaym.:raTbl paOOTbl / 6/. 

K3 scell COBOKyiTHOCTII 3Ha'I€Hlll! S1 , ITOIIY'!€HHblX 113 113146p6HBl! ycpe~eBHblX C8'18BBD 
/!2 15/ 

aaxsa:ra sa cneKTp0146Tpe no Bp8148HII 3ai46,11X8BBH aeD:rpOHOB B CBIIH116 ' ~~aCTOH~ padO-

TII. ), IIOKHO 3a.KJIII'IIIT!o, 'ITO 3K<:nepBI46HTaJII>Hbl8 ,llaHHbl8 nO CB.IOBWI $YJ!K11BIIM ,!111ft P - Hell:rpo

HOB B nepsOII npi!OIIHK8BIIB OITIICblB!LDTCH :reopetii'I8CKOil KpHsOl! s (A) ·, pacC'IBTaHHOD no 
!Y I 

KO~llt1B6HTall npHKI!naHIIH · B OOJiaCTII KaCCOBblX qJIC811 A> !ll • Pe3YXbT!LTII 0 noxY'IeHHble B 

pal!OH8 IIBXCII.uyK!L CIIIIOSOII $ynK111111 A • !00, OOCyK.J;allTCH B paOOTe /I2/ • 

B 3aKJ!IlqeaHe as:rop11 npiiHOCHT rJiyOoKyo OJ!arO.J;apsoc:rb P.R.llianHpo aa noc:rosaaoe llHB

MaHBe K paoo:re 11 ~esable aaKe'laHIIH, KOIIIISKTIIBY aell:rpoaaoro cneKrpoKe:rpa no llpeKeBK aa~~e.J;

IISHHa, a :raxKe B.C.3ollo'rapesy ll ero corpy.J;HIIKaK, npe,11ocrasHsmBK Hall oopaae11 Ea"' 

n H T e p a :r y p a 
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Hamax, 'ITO oO~ncHnercn pa3nH'IlleM s ceqeHHHX 3axsara. Tor 

Ona3KH K sr , paCC'IHTaHHhlll 1!3 napaMeTpOB OT,li;8JlhHbiX p830-

Jlh3Y HOpMllpOBKH C€'18HHll, HCIJORb30BaHHOll HaMH. 

3Jl8KTpOHBORbTHOll OOJiaCT!I 3Heprll~ H€llTpOHOB Ilpl!B8,!1;€Hhl KpKBb!e, 

a6JI!!UiJ ~'. J\JIH !'OJ!bMllil nyHKTllpHbiMII Kpi!Bh!MII I!J!J!DCTpl!pyDTCH BKJ!a-

C€'!8Hll8 3aXBaTa. 0U8HKa B03140ltHOf0 BKJ!a,ll;a d - H€l1Tp0HOB B 

eHa Ha OCHOBaHHH 3Ha'I€HHn s, , paCQHTaHHbiX nO K03¢¢HUH8H

,~€Jlll n~pa /J/ H rroJiyqeHHhiX aKcrrepi!MeHTanLHO /I4/. Kax Ylt€ 

x H.IIBP sxna~ d - H8MTpOROB B C€'18Hl!€ H€ Ilp€BOCXO,ll;l!T 3% 

HaRH38 ycpe~H8HHhiX C€Q8HHn 1!14 MOZHO rrpeHe0p€'1b. 

a)la d - HeRTpOHOB B C€'18HH8 3aXBaTa ObiJ!ll Bb!IJOJ!H8Hbl ll AJ!H 

IaThl 1!3148p8Hl!R C KOTOpbiMK dh!Jll! orryOJ!l!KOBaHbl paaee /I5/, 0Ka

b IJOMl!MO Haml!X l!3M8p8HI!n C8'18Hl!H 3aXBaTa B OdJiaCTI! dOJ!€8 

0 3H8pf8Tl!'18CKOll 3aBl!Cl!I40CTl! Kpl!BOh C8'1€HKH, KOTOpaH H€ MO-

IJOJ!Y'Il!Tb OQ8HKI! Cl!J!OBh!X ~YHKQl!M d - aeMrpOHOB: AJ!H La 

. ro-4 . 

3aBI!Cl!llOCT.b Cl!J!OBLIX tPJHKIU!ll )IJI!I - HeRrpOHOB s, ) or 

B HaCTOJ!III€B paOore, a TaKlE€ B padOTG /I 5/, B· OCHOBHOM l!M€DI 

B OdJiaCTll Ul!Hl!MyYa Cl!J!OBOll ~yHKQl!l! AJ!R P - Hellrpo-

s, , rronyqeaHbiX ll3 H314epeHHll ycpe~eRRhiX ce'leRBft 
/12 15/ 

3ai4€AJ!8HHH HellrpOHOB B CBl!HQ€ 1 ~~aCTOR~ paOO-

:{)nepl!14€HTaJI&Hbl€ llaRHble no Cl!J!OBhll4 (jly&KQBI!ll ,liJ!R P - Hellrpo-

cusamrca reopeTH'IeCKOft Kpllsoll s 1 <A> • , paccu:raHHOII no 

B OOJ!aCTII WCCOBbiX 'IIIC€J! A> ro • Pe3yJ!LTaThl, nOJ!)"'8RHb18 B 

A • 100, OdCy:it,llaDICII B paOOT€ /l2/ , 

HHOCHT rJiy00KYD dJ!arO.a;apHOCTb P,n,llianHpO 3a naCTOHHHO€ BHll• 

;eqaHJIH, KOJ!J!enasy aellrpOHHaro cneupoKerpa no Bpellel!ll SaMe.a;

IBY H ero corpy.a;HIIKaM, npe.nocTasasmi!K HaM oOpaaen Ea"' 
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Ta6mn~a I 

KaxH6poBOqftH6 K03~~H6H~ 0T~6HDBHX C6pHft H3M6p6HHI 

3JI6M6HT 1 H30TOll 

lu 
It = 7.1020 ST/Cy2 

E.u 153 
It = 5,6.1020 aT/c~ 

Ho165 
co 

n = 4,8.1020 aT/cyZ 

J..u. 

k = 1,4.1021 8'1/C,;. 

mtm a " a m 

HopuHpOBKe no 

rpynnay ~o 1,65 aB 
ypoBBeft 1,65 - 5 15 3B 

5,5 - 15 12 3B 
TSHTS.lly 

rpynnaM 0,9- 6,6 3B 
ypo:rJHel 6,6 - 15 3B 

ypoBHil 3,92 3B 

rpynnaM 7,5- 27 3B 
ypoBBel 27- 67 3B 
801IOTY 

ypo:BHil Lu..I76 0,142 BB 
rpynnaM 0,76- 3,45 BB 
ypoBBeft 3,45 - 8,1 3B 

8,1 - 20 3B 
6BpOnHil 
rom. nil 
30JIO~ 

r m 

Ta6.nH~a 2 

s a 

Peaym.TaTH aHaxHaa ycpe~ueHBHX ceqeHHft aaxBSTa §). 

SneMeHT, I 
no:vrne BBTO_j)bl s. ~ Sr! H30TOll s .. ~\ Sii 

3 [14. 5/2 2,3j:0,3 
(9,13) 

3,3 107j:3 
3,3;t0,5 3,2j:0,2 II3ii5 

fu..I51 5/2 3,4+0,9 
100j:23 /9/ 2 7;0 5 /9,13/ 4,0 107+3 

' - ' 4,1±.0,3 II SilO 

t .. l53 5/2 1,8+0,6 
62j:9 /9/ 

2,5 108,t4 
2 7;0 6 /9,13/ 2,5j:0,2 105±20 ' - ' 

Ho165 7/2 2,5±9,4 /9,13/ 6,9j:1,6 /9/ 2,5 ll,2j:0,4 67 
1,9±<J,3 [IO] 16,6 [10) 1,9j:0,4 14,1.±3,2 

31,3 /6/ O,Ltj:0,4 /6/ 2,5 II,1j:0,5JIO.t4 

71 Lu. 7/2 1,7±9,2 /9,13/ I0,7j:3,8 /9/ 1,7 !5 ~,!0,3 
50 /6/ 0,1±9,1 /6/ 1,33j:0,05 23,4j:1,7 

.. ' 

K 

0,48 + 0,05 
0 57+ 0 06 
o!5I ± o!o5 
0,52 ± 0,05 

1,74! 0,17 
1,76 ±. 0,17 

1,5! O,I 

1,2 ! O,I 
1,4 ± O,I 
1,3 i O,I 

o,58 ! o,cn 
0,56 ± 0,06 
0,61 i 0,06 
0,60 ±. 0,06 
0,64 ± 0,07 
0,64 ±. 0,07 
0,56 i 0,06 

zrr c ·¢"" .---a 

s. ~ 
0,6j:0,3 

0,5j:0,4 0,45j:0,31 

0,9+0,5 
1,0:±<J ,8 I,Oj:0,8 

0,6j:0,3 
0,6j:0,4 0,6j:0,4 

I,7,t0,3 
1,1.±0,5 I,5j:0,9 
I,8j:0,5 

0,76j:O,IO 0,5j:0,4 
0,18j:0,08 



n = 7.ro20 aT/cul rpyrma11 ;~to 1,65 a:e 0,48 t 0,05 YJlOBHel 1,65 - 5,5 a:e 0,57 + 0,06 
5,5 - 15 12 3B 0,51 ± 0,05 

TBHTBJIY 0,52 ± 0,05 
E.u 153 

0,9 - 6,6 SB It = 5,6.1020 aT/c~ 
rpynna11 1,74.:!: 0,17 

• ypOI.lHel 6,6 - IS a:e 1,76 ± 0,17 . 
Hoi65 YPOBHil 3,92 SB 1,5.:!: 0,1 co 

= 4,8.1020 aT/cvZ 
rpyrmau 7,5- 27 a:e 1,2.:!: 0,1 n ypoBHel 27- 67 3B 1,4 ± O,I 
30JIOTY 1,3 ± 0,1 

Lu.. 
ypoBBII LK.I?6 0,142 a:e 0,58 .:!: 0,07 
rpynna11 0,76- 3,45 aB 0,56 ± 0,06 
ypoBsel 3,45 - 8,1 3B 0,61 ± 0,06 

8,1 - 20 a:e 0,60 ± 0,06 
k = 1,4.1021 B'l/C,} e:epOmtll 0,64 ± 0,0? 

l'OJD>IIBII 0,64 ± 0,07 
30JIOTy 0,56 ± 0,06 

\ m a a a • rr r n r-• 

Ta6mu~a 2 

PeayJibTaTH aaaJIHaa ycpe;~taeHHHX ceqeaHI aax:eaTa *). 

JieweaT, I 
1IPYrH6 a:eTOPbl s. ~ s .. ! s~ ~ H30TOn s. h' Sii 

6 3 E-.. 5/2 2,3,.:!:0,3 
(9,13) 

3,3 107±3 0,6.:!:,0,3 
0,5,.:!:0,4 3,3f0,5 3,2.:!:,0,2 II3±,I5 0,45.:!:,0,31 

f.v..I51 5/2 3,4+0,9 
IOO.:t23 /9/ 4,0 IO?t3 0,9t0,5 2 7;0 5 / 9,13/ 1,0.:!:,0,8 ' - ' 4,I.t,O ,3 II5!20 1,0±0,8 

[._153 5/2 1,8+0,6 
62±9 /9/ 

2,5 108.:!:,4 0,6.:!:,0,3 
0,6±0,4 2 7;0 6 / 9,13/ 2,5.:!:,0,2 105±20 0,6.:!:,0,4 ' - ' 

Hol65 7/2 2,5.t,0,4 /9,13/ 6,9±1,6 /9/ 2,5 II,2.:!:,0,4 1,7.:!:,0,3 6? 
I,9f0,3 [IO) 16,6 [10) 1,9,.:!:0,4 I4,If3,2 1,1±0,5 1,5.:!:,0,9 

..31,3 /6/ O,llj:0,4 /6/ 2,5 II , 1.:!:,0, 5110.:!:,4 1,8.:!:,0,5 

71 Lu ?/2 1,?±0,2 /9,13/ 10,7,.:!:3,8 /9/ I,? !5 ~.±0,3 0,76.:!:,0,10 
0,5±0,4 

50 /6/ 0 ,I.t,O ,I /6/ 1,33,.:!:0,05 23,4.:!:,1,7 0,18.:!:,0,08 
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PHc.2. 3aBHCHMOCTb ~eKTHBHOro ceqeHHH saxsaTa OT sueprH 
HeRTpOHOB .D;JUI. rOJil>MHH. 

e ( • " 4,8.I020aTicM2) H 0 ( n = I,4.I0
21

aT/ 
uamr .D;aHHble; x- pesynnaTH/6/ <> -/7/. TiyHl! 
HaH npHMaH B OOJiaCTH MaJibiX 5HeprKi -~~ECTpanOJIIUH~ 
aaxoay Tennosoro ceqeHHH saxsaTa f. CnJiomuaa 
KpHBal (B K5B 00JiaCTH) - pacqeTHbiR XO.D; ceqeHHI 3B 
BaTa, llOCTpOeHHbiR no napaMeTpaM, npHB6A6HHb!M B Ta~ 
2 ; nyHKTHpHb16 KpHBbie - BK.Il8.,ll.hl • - If P - HeRTpOHOE 
ceqeuHe saxsaTa. 

PHc.3, 3aBHCHMOCTb 5~6KTHBHOrO ceqeHHH OT aaeprHH ueRtpO 
,ltJia JlllT6UH.R. 

•-( a = I,I.I021aT/cM2) H o- ~ • = 2,5~I021a 
- aamH .D;aHHHe ; x - peay.nuaTI/ I, o- - I I. n: 
THpHaH npauaH B OOJiaCTK aaxsaTa - 5KC4U&rtOJIIUHI n 
saxony Ilrr Ten.nosoro ceqeHHH aaxsaTa /"tJ/, CnJiomH 
Kpasaa nocTpoeaa no napaMeTpau, npase.D;eHHb!M B Ta 
JIHU6 2. 
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PHc.2. 

~-· 1-- ·-.: 
--+-·---! 

' it!' '" i il .. ft ... j . 

-~ I 
I 
i 

d d ~ ~ 

3aBHCHUOCTb ~eKTHBHOrO ceqeHHH 58XBaTa OT 3HeprHH 
HearpOHOB ~AH rOAhMHH, 

( . 20 2) ( 2! 2) • • = 4,8.!0 arlcM H o • .. I,4.IO arlcM -
HamH ~aHHHe j x - peayAbrarb/61 <> - I?/, IlyHKTHp-
Haa npawaa B oOxacrH MaAHX sHeprxA -1~Kcrpanoxauxa no 
aaxoHy renxoBoro ceqeHHa saxBara f. CnAomHaa 
KPHBaa (B K3B oomacrx) - pacqerHHR xo~ ceqeHHa aax
Bara, nocrpoeHHHR no napaMerpau, npxBe~eHHHM B raOAHue 
2 j nymcTHpHI>!e KpHBble - BKJ18,11.bl • - H P - HeRrpOHOB B 
ceqegxe aaxsara. 

•-2-u- .. .,.,< .. 
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~ 

Pxc.3, 3aBKCHMOCTb a~eKTHBHOrO ceqeHHH OT 3HeprHH HeRTpOHOB 
~.11a x11reuu. 

•·( • = I,I.I021ar/cM2) H o- ~ • = 2,5~I021ar/cM2 ) 
- uamx ~HHHe ;- • - peayAhrarHI I, o - I I. IIymc-
rxpHaa npauaa B ooxacrx saxsara - 3Kc~u&rtoxauua no 
aa.xouy I7V' renJlOBoro ceqeoa 3axsara /'B/, CnJ!OmHaa 

I KPHBaa nocrpoeua no napalleTpaM, npxBe~eHHHM B raO
. AKIIE\ 2. 
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Pmc .4. 3aBHCHKOCT:D cHJiosoH IPYHK~H .JtJIII P - ueHTpouos OT 

• 

aTOKHOro seca II.Jtpa - MHmeHH. · 1121 /16/ 
• - H8JIIH ,~taHHLie; o - peayJinaTu padOT!{ , ~ - , 

ocTaJIDHLie B311Tb! Haf91. 3uaqxz 
1

co CTpeJIKaMH rroxaaLI
BaDT sepxa~D rpaHH~Y aaaqeHHII s1 • UrrJiomaall xpmsas I 
ijO.JtCqHTaHa ITO KO~H~H6HTaK rrpHJIHITaHHII, B3l!Tb!M B /J/ 
\ITOTeHnHaJI c paaKNTblll xpaeK, od~eKHO~ rrorJio~eHme). 
ITyaKTHpHal! Kpasal! 2 sa11Ta H3 padoTrl l(rrpTea~an c 
paaMb!Tblll xpaeK, rrosepxaocTHo~5~orJio~eHHe). ITpepuBHC-
Tall KpHBal! 3 B31!Ta H3 padOTa' (rrOT6H~HaJ! C pa3Mb!Tb!ll 
Kpaeu, ITOB8pXHOCTHb!)( rrorJIO~eHH6)( H C yqeTOK CTaTH

qeCKOH .Jt8~0pll~H ,ltJ!II ITOCTOIIHHO .Jt8~0pMHpOBaHHiiX II.Jt8p 
H .JtHHalfHqeCKOH .Jt6~0pKanHH aa CqeT ROJ!J!6KTHBH!iX B03-
dy.l.lt6HHH ,ltJ!II c~epHqecKHX l!,ltep). 
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