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1.8BeP,8HH8 

YrnoBbJe pacrrpep,eneHHB yrrpyroro pacceBHHB HeHTpOHOB gp,paMH HH-

T8HCHBHO HCCneP,OBanHCb B P,H8IT830H8 SHeprHH OT COT8H KHnosneKTpOHBOnbT 

If Bblill8 If K H8CT051ill8MY Bp8M8HH H3B8CTHbl J;I!'8KTH'i8CKH p,ng BC8X sne-
/1,2/ /3-6/ " 

M8HTOB • flHWb B He60nbWOM 'iHCne pa60T Hlf)I(H8H rpaHHU8H 

sHeprHH HeHTpOHOB 6hinH p,ecBTKH KHnosneKTpOHBOnhT. DpH TaKHX H 6onee 

HH3KHX SHeprHBX OCHOBHOH BKnap, B paCC8BHH8 BHOCHT H8HTpOHH8B S -Bon

Ha, H TOnbKO H860nbW8B ITpHM8Cb p -BOnHbl o6ycnoBnHB88T cpaBHHT8nbHO 

cna6yro 8HH30Tp0ITHID AH$$epeHUH8nbHOrO C8'i8HH51 paCC8BHHB a,(O) 1 B3B

Toro B CHCT8M8 U8HTpa M8CC. 3TO 03H8'i88T 1 'iTO B pa3n0)1(8HHH C8'i8HHB 

no rronHHOMaM ne)l(aHp,pa 

a 
a ( e ) = -"- [ 1 + I w f P f ( cos e ) ] 

" 417 f=l ( 1 ) 

( a" - HHTerpanbH08 C8'i8HH8 paCC8BHHB) 38M8THO OTnH'iHbl OT Hyng TOnb

KO KOS~HUH8HTbl W t H W 2 H yrnOB8B 38BHCI1MOCTb C8'i8HH51 O'i8Hb rrpoc-

Ta. 

TeM He MeHee, CHCTeMaTH'iecKoe Hccnep,oBaHHe aHH30TporrHH pacceg

HHB P.ns:I pa3HhiX s:IP,ep H 38BHCHMOCTH ee OT SHeprHH H8HTpOHOB M0)1(8T p,a-
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saTb U9HHYID HH~OpMBUHID KBK 0 CBOACTB8X H.r:tep, TaK H 0 CBOACTBBX Hea

TpOHB. B '18CTHOCTH, 3Jl9Cb MOI'YT IIpOSI'BHTbCSI' BCHKOI'O poaa 9~~eKTbl aanb

HOJl9HCTBHSI' Me*.r:tY aei!:TpOHOM H sapoM. TaK, H3 yrnoBbiX pacrrpeaeneHHA 

KHnoaneKTpOHBOnbTHb!X HeATpOHOB, paCC9HB89MbiX Ha H.r:tpax C 6onbiiiHM Z , 

6hinH rrony'I9Hbl sepXHH9 OU9HKH K09~~HUH9HT8 aneKTPH'I9CKOA IIOnHpH3ye-

/7,8/ 
MOCTH H9HTpOH8 

B HBCTOHIIIeA pa6oTe IlpHBOJlSI'TCSI' pe3ynbT8Tbl H3MepeHHA B o6naCTH 

9H9pi'HA JlO 40 K9B H HX TeopeTH'I9CKHA 8HanH3 .r:tnH pH.r:ta aneMeHTOB cpe.n

H9I'O H TSI')!{enOI'O. 8TOMHOI'O seca. MeTOJlHK8 H3MepeHHA, M8T9M8TH'I9CK8H 

o6pa60TK8 rrony'leHHbiX Jl8HHbiX H H9KOT0pbl9 BOIIpOCbl TeOp9TH'I9CKOI'O BHB

/9/ 
nHaa peaynbTaTos 6onee rro.npo6Ro OIIHC8Hhi s pa6oTe 

2, l13MepeHHH H pe3YnbT8Tbl 

l13MepeHHSI' IlpOH3BO.r:tHnHCb M9TO.Il0M Bp9M9HH rrponeTa H8 250-MeTpO

BOH 6a3e HMrrynbCHOI'O peaKTopa Ol1fll1 c pa3peiiieHHeM "' 0,24 MKCeKIM. 

l13MepHTenbHBH ycTaHOBKa H3o6pa*eHa Ha pHc. 1. PacceHHHhie o6pa3UOM 

0 
HeHTpOHhl OJlHOBpeMeHHO pei'HCTpHposanHCb IIpH .r:teBHTH yrnax OT 30 JlO 

o to 
150 6aTapeHMH nponopuHoRanbHhiX c'leT'IHKOB, co.nep*aiiiHX ra3 B F 3 • 

Bee paeceHsaTeneH: Kone6ancs s rrpe.nenax 1,6 .. 6,6 KI', a HX cpe.r:tHHH Ton

IIIHHa s HarrpasneHHH rry'IKa - s rrpe.nenax 0,1 .. 1 ,2 .nnHHhi cso6o.naoro npo-

6era HeATpoHos. CHrHanhi oT .neTeKTopos nocne ycHneHHH H .r:tHCKpHMHHBUHH 

/10/ 
KOJlHposanHCb CIIeUH8nbHbiM aneKTpOHHhlM ycTpOACTBOM COI'n8CHO yr-

ny paCC9HHHSI' H 38IIHCbiB8nHCb B' II8MSI'TH 1024-KaHanbHOI'O aHanH38TOpa HM-

nynbcos. 

Y'leT ~oRa ocywecTsnsncs rryTeM 'lepe.nosaHHH H3MepeHHA c o6pa3UOM 

B IIY'IKe H BHe IIY'IK81 'ITO, KBK OK83anOCb, 6hinO Jl0CT8TO'IHO TO'IHb!M, nns rre

pexoaa OT Ha6nro: ,aeMhiX yrnoshiX pacnpe.neneHHA K pacrrpe.neneHHHM, rrporrop

UHOHanbHhiM JlH¢qlepeHUHanbHbiM Ce'leHHSI'M paCC9SI'HHH, rrony'leHHble Jl8HHbl9 
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rroasepranHCb .nosonbHO rpoM03.r:tKoA o6pa6oTKe, l1crrpasnsnHCb HCKa)!{eHHH, 

B03HHK8BIIIH9 B peaynbT8Te 1) H3MeHeHHH 9Hepi'HH HeHTpOHOB IIpH pacces

HHH, 2) He60nbiiiOI'O pa3nH'IHSI' CIIeKTpanbHbiX 'IYBCTBHTenbHOCTeH y p83HbiX 

aeTeKTOpOB, 3) 3H8'1HTenbHOH TOnWHHbl paCC9HB8Tenei!: H 9~~eKTa C8M09K

paHHpOBKH H3-38 MHOI'OKp8THOI'O paCC9SI'HHSI' H IIOI'nOW9HHSI' HeHTpOHOB (rrpH 

9TOM Y'IHTbiBanacb pe30H8HCH8SI' CTpyKTypa ce'leHHH). nns yMeHblli9HHH pe

nH rrepe'IHCneHHbiX IIOIIp8BOK H ycTpaHeHHSI' BnHHHHH H3MeHeHHH 9~~eKTHBHOC

TH pei'HCTpaUHH HeHTpOHOB C yrnoM H CO speMeHeM pacrrpeaeneHHSI' IIpH 

BCeX 9Hepi'HHX HOpMHposanHCb Ha pacrrpe.neneHHe IlpH HH3KOH 9H9pi'HH 0,4 -

- 1,2 Kas. Pe3ynbTaThi o6pa6aThisanHCb s .r:tHarraaoae speMeH nponeTa 

96-944 MKCeK, KOTOpbiH pa36Hsancg H8 11 8Hepi'eTH'I9CKHX HHTepsanos, 

8£jJ~eKTHBH8H 9Hepi'HSI' K8)!{Jl0I'O HHTepsana Bbi'IHCnsrnaCb rryTeM 'IHCneHHOI'O 

HHTei'pHpOBBHHSI' C y'leTOM ~YHKUHH pa3peiiieHHSI', crreKTpa H9HTpOHOB H 8Hep

I'eTH'IeCKOH 'IYBCTBHTenbHOCTH .r:teTeKTOpOB. l13 rrony'leHHbiX yi'nOBbiX 38BH

CHMOCTeil: pacceSI'HHSI' C IIOMOWbiD MeTOJl8 HBHMeHblllHX KB8Jlp8TOB H8XO.r:tHnHCb 

8KCIIepHMeH;ranbHbie 3H8'19HHSI' K08~~HUHeHTOB W l H w 2 B pa3nO)!{eHHH 

(1) 6e3 orrpeaeneHHSI' a6conroTHhiX 3Ha'leHHH ce'leHHsr. 

0Ka3anOCb, 'ITO rrpe.r:tCTaBnSI'IDT HHTepeC TOnbKO 3H8'19HHSI''K08~~HUH9H-

TOB Wt , T.e. senH'IHHhi aCHMMeTpHH paccesrHHSI' snepea-Hf13B.r:t. l.ITo *e 

KBCaeTCSI' w 2 , TO HX 3H8'19HHSI', KBK rrpaBHnO, Manbi H BbiXOJlSI'T 38 rrpe-

aenhi IIOI'peiiiHOCTeH H3Mep9HHSI' nHIIIb anSI' OJlHOI'O-JlBYX BbiCOK08Hepi'eTH'IeC

KHX HHTepsanOB, l13MepeHHhle senH'IHHhl W 1 (OTHOCHTenbHO CHCTeMhl 

UeHTpa MBCC) KBK ~YHKUHH 8Hepi'HH HeHTpOHOB ( B na6opaTOpHOH CHCTeMe) 

rrpe.r:tCTBBneHhl Ha pHC. 2, BH.r:tHO, 'ITO OHH HMeiDT TeH.r:teHUHID nHHeHHO B03-

paCT8Tb c aaepi'HeH y scex aneMeHTos, KpoMe La H, s03MO)!{HO, Sr 

DporropuHoHanbHOCTb WI 8Hepi'HH Heil:TpOHOB E .r:teMOHCTpHpyeTCSI' H8 

pHCYHKe rrpHMbiMH, IlpOXOJlSI'IIIHMH 'lepe3 8H9pi'HID HOpMHpOBO'IHOI'O HHTepsa-

na H rrony'leHHbiMH MeTOJlOM H8HM9HblliHX KBB.r:tpaTOBo 
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CKopocTb B?3pacTaHHH w 
1 

c pocToM E , xapaKTepHayroiiiaHCH 

rrpOH3BOAHOA: dcu." I dE AnH 6onbiiiHHCTBa HAep OKa3biBaeTCH KOHCTaHToii, 

paBHOii w
1
IE • 8KcrrepHMeHT8nbHhie 3H8'ieHHH STOii KOHCT8HTbl IIpHBeAeHbl 

Ha pHC. 3 B aasHCHMOCTH OT MaCChi HAPS A ( TeMHhie TO'IKH) x/, TaM 

)l{e CBeTnhiMH TO'IK8MH IIOK838Hhl OUeHKH .w 1 IE , IIOny'ieHHble H8MH H3 

/1/ 
ABHHhiX flaHrCAOp«<Ja H Ap, IIpH E ~ 30-60 KSB, KOTOpb!e C06paHbl B 

3. 06IIIHe 38KOHOMepHOCTH 8CHMMeTpHH paCC9HHHH 

AcHMMeTpHH pacceHHHH KHnosneKTPOHBOnbTHhiX HeiiTpOHOB w 
1 

on-

peAenHeTCR HHTep«<JepeHUHeH Me)I{AY S- H p -BOnHaMH. TiepBylO 38KOHO-

MepHOCTb aCHMMeTpHH, IIpOI!OpUHOH8nbHOCTb SHeprHH, nerKO IIOHRTb B cny-

"!ae "!HCTO IIOTeHUHanbHOrO pacceRHHH, KOrAa 

a,.(8) .. ~ 2 [sin
2 8 0 +6sin80 sin8

1 
cos(8 0-81 )P1 (cos8)+6sin28 1P 2(cos0)], (2) 

rAe k - BOnHOBOe 'iHCno HeHTpOHa, 8 o H 8 I - AeHCTBHTenbHhie «<J.a3hl pac

CeRHH~. a BKnaA BbiCIIIHX op6HT~nbHblX MOMeHTOB He Y'iHTbiBaeTCH, y·Ka3aH

HOii HHTep«<JepeHUHH OTBe'iaeT BTOpOe cnaraeMOe B npaBOH 'i8CTH (2), Ero 

M8KCHManbHOe 3H8'19HHe IIpH IJ,. 0 OTHeCeHHOe K IIepBOMy H30TpOIIHOMY 

"'neHy, H eCTb HHTepecyJOIIIaR HaC aCHMMeTpHR W 1 

w = t 

6 sin 8
1 

cos( . 80-8
1

) 81 
------- .. 6 --, 

sin 8 0 8 0 

, T.e. 

(3) 

rAe rrocneAHee paBeHCTBO ocymecTBnReTCR rrpH ycnoB~H 8 0 ,8 1<<1. HasecT

Ho, "'TO IipH T8KOM )l{e ycnOBHH B cny11ae IIOTeHUHana B BHAe HMbl 

x/ • /8/ 
PeaynbTaT AnH CBHHUa rrpH A"" 207 B3HT H3 pa6oThi 

6 

!'.1" i 
) ~ 

~~ 

.··.~ .,If; 
.... .,··.r.~~ 
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~:~~ .I 
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\; \' lt 
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'·::;~.:: 

•.lJi 
,: 

Be .. 
- 2f+ I 

(kR) c 
[ (2f + 1) ! ! ] 

2 (4) 

rAe KOHCTaHTa C .. 1 38BHCHT TOnbKO OT KOHKpeTHOii «<JopMbl IIOTeHUHana, a 

R - ero HeKOTOpblii S~KTHBHhiii paAHyc. noACTaBnHR Bblpa)l{eHHR Jing 

4Jaa H3 (4) B (3), HaXOAHM, "'TO 

"'t 

2 - 2 
.. -(kR) 

3 

4m -
3:t2 R

2 
E (5) 

m - Macca HeA:TpoHa). TaKHM o6paaoM, rrpH rroTeHunanbHOM pacceRHHH 

B cnyqae kR « 1 senH"!HHa w 1 I E A0n)I{H8 6b!Tb KOHCTSHTOH, XapaKTepH-

3ylOIIIeii A8HHOe RApO, 

Ha COOTHOllleHHR (5) O"!eHb rpy6o MO)I{HO IIOny"!HTb T8K)I{e BTOpylO 

38KOHOMepHOCTb 8CHMMeTpHH - ee H3MeHeHHe OT HApa K RApy. 0TO)I{AeCT

BHM s«<J«<JeKTHBHYJO senH"!HHY R c paAHYCOM HApa, HaiipHMep,s BHAe 

1/3 
R = 1,25 A .p, TOrAa, rroacTaBnRR B (5) qacna, rrony"!HM: 

w 2/3 -1) 
-=:..! = 0 0504 A ( Mss • 

E ' 

8Ta MOHOTOHHaH 38BHCHMOCTb ( CM, IIYHKTHpHylO KpHBYlO Ha pac. 3) AaeT 

TOnbKO rrpaBHnbHbiA: IIOPHilOK aenH"'HHhl w 1 IE , HO He IIepeaaeT ee Bapaa-

uaii c H3MeHeHaeM A • B nocneaaax, o"!eBHAHo, rrpoHBnReTCR sonHoBoii 

XapaKTep IIpOUeCCa paCCeRHHR, H OHH CBH38Hbl C H3MeHRlOIIIHMCH COOTHOIIIe

HHeM M9)1{AY pa3MepaMH smpa H AnHHOii BOnHhl HeiiTpOHB B HAepHOM BeiiieCT 

Be, TIOSTOMY HHTepeCHO CpaBHHTb BblpUCOBhiBalOIIIYlOCR B SKCIIepHMeHTe 5o

nee CnO*HYlO 38KOHOMepHOCTb C rrpellCK838HHHMH OIITH"!eCKOii MOAenH HApa, 

peums aaAa"!y o6 orrpeAeneHHH w 1( E, A) TO"!HO, 

B rronbay rrpaMeHHMOCTH o~TH"!eCKoii MOAenH K paccMaTpHBaeMoMy 

cny"'alO MO)I{HO CK838Tb cneayromee. C OllHOii CTOp0Hbi 0 IIIHpHHhl HCCneAOBaH-
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HhiX H8Mif 9Hepi'9TH'I9CKHX HHT9pB81IOB OhinH JlOCT8TO'IHhiMH, 'ITOOhl IIpOHC

XO):lHIIO ycpe}lHeHHe paCC9SIHHSI IIO MHOI'HM pe30H8HC8M, C llPYI'OH CTOpOHhi, 

19/ 
K8K IIOK838HO B , IlpH COIIOCT8Bil9HHH 9KCII9pHM9HT8JlbHh!X :;IHa'leHHH W l 

C paCC'IHTh!BSeMhiMH H3 OIITH'I9CKO:li M0Jl91IH HeT H900X0JlHMOCTH IIpHOei'aTb 

K y'leTy BKIISJla B W l CO CTOpOHhl COCTSBHOI'O SIJlpa, TiyTeM ycp9JlH9HHSI 

6paHT-BHI'HepOBCKHX Bhlpa)I(9HH:li IIO SHepi'HH H IIpHBII9'19HHSI 9KCIIepHMeH

T81lbHhiX JlBHHhiX rro cpeJlHHM Het!TpoHHhiM rrapaMeTpaM Slllep 6hmo rrony'le-

HO, 'ITO M8KCHM81lbHhi:li BKII8Jl pe30H8HCOB B W I HMeeT MeCTO JlllSI Te 

H COCT8BIIS19T IIpHMepHO 30% OT JlOIIH IIOTeHUHallbHOI'O pacceSIHHSI IlpH SHep

I'HH 40 KSB. 0JlH8KO H STOT H9001lbWO:li BKIISJl CyWeCTB9HHO OCilaOIIS19TCSI 

s~~eKTOM 6noKHpOBKH peaoHaHCOB B ToncToM pacceHBaTene, 'ITO 6hlno ycTa

HosneHo JlOIIOIIHHTellbHhiM H3MepeHH9M C ycTaHOBKO:li B IIY'IOK TennypOBOI'O 

~HilbTpa TOIIWHHOH 0,045 SI.Uep/5apH ( Cp, TeMHhie H CBeTilhle TO'IKH .UIISI Te 

Ha pHC, 2), TaKHM o6pa30M, Mhl BIIpaBe IIOTpe6oBaTb OT OIITH'I9CKO:li MO-

.U91IH H9IIOCpe,UCTB9HHOI'O OIIHCaHHSI HaOIIID.UaeMO:li aCHMM9TpHH 

H .UPYI'HX B91IH'IHH, Tpa.UHUHOHHhiX .UIISI STO:li M0Jl91IH, 

w
1 

, KaK 

Pac'leThi rrpoH::IBO.UHIIHCb co c~epH'IeCKHM rroTeHUHanoM cTaHJlapTHO:li 

~OpMbi: 

t 2 ... 
U(r)=-V

0
f(r)-iW

0
g(r}+V

80
(---) j__dd f(r);f, 

m c r r 
1T 

r-R -1 r-R-c 2 ria (6) 
f(r)=[1+exp(--)], g(r)-exp[-( )l,R-r

0
A • 

a b 

HaHily'IWHe ::IHa'leHHSI BCeX C9MH napaMeTpOB HaXO.UHIIHCb IIO MeTOJlY HaH

M9HbWHX KBaJlpaTOB C IIOMOWbiD CII9UHallbHO:li IIpOI'paMMhi 1 B KOTOpoii B 

IIpouecce HTepaUH:li rrapaMeTpbl aBTOMaTH'IeCKH IIOlli'OHSIIIHCb TaK 1 'ITOOhl 

nony'IHTb MHHHMYM ~YHKUHOHalla 

X 2. !. 
~ - F 2 -'-'). a, 

8 

·'/!, 

~~ 
j~.!l 

/1;:\,~J.: I ·., 

' i 

' I 

rne ~. - SKcrrepHMeHTallbHaH senH'IHHa, a 1 - ee owH6Ka, F 1 - pacC'IH-

TaHHaH sellH'IHHa. l1 HTepecyiDlllaSI Hac BellH'IHHa w 1 I E orrpeJlengnacb H3 

sneMeHTOB MaTpHUhl OIITH'I9CKOI'O pacceSIHHSI 1'1fj IIO ~OpMyne 

~ • .!.._. 
E E 

(1-Re 710 Y.a)(3-2R~1 i 2-Re71 1 Y.a) +lm71 
0 

Y.a(2Im 17 
1 812 + Im T/ 

1 1
1

2
) 

I 1 - T/ o r 121 
2 

(7) 

B KOTOpoii Y'IT9H0 1 'ITO BKilaJl IIapUHSJlbHhiX BOIIH C f > 1 H '11l9HOB 1 COJlep-

)1(8lilHX T/ l J¥'
2 
-T/ I l/

2
, IlpH paCCMaTpHBaeMhiX 9H9pi'HSIX HH'IT0)1(9H, 

TIOCKOilbKY HMeeT CMh!Cil TOilbKO IIOTeHUHall, He_ IlpOTHBOpe'lalllHii llPY

I'HM HM9IDlllHMCSI OIIhiTHhiM ):JaHHbiM, Mhl HCII01lb30Ba1IH B Ka'leCTBe SKCIIepH

M9HT81lbHb!X TO'IeK TaK)I(9 B3S!Tbl9 H3 pa31IH'IHbiX HCTO'IHHKOB 3Ha'leHHSI CH-

noshiX WHKUHA So , paJlHYCOB IIOT9HUH81lbHOI'O paCC9SIHHSI R ' H IIOIIHbiX 

• ce'leHH:li at • BenH'IHHhi ;;t 6panHCb npH sHepi'HH 40 xsa, a S0 , R ' 

H w 1 IE OhinH OTHeCeHbl B :3HS'IHT91lbHOii CTeneHH IIpOH3B01lbHO K 9H9pi'H-

SIM 0,4; 5 H 40 KSB COOTB9TCTB9HHO, 

CHa'lana ohm orrpe.tieneH Ha6op rrapaMeTpos noTeHUHana I (eM, 

Taon, 1), KOI'Jla B MaWHHY BBOJlHilaCb HH!fJOpMaUHSI T 0 II b K 0 0 17 "'THIIH'I

Hb!X" aHa'leHHSIX S 0 , 16 -R' H21 _;t B JlHarra::~oHe A .. 50•240 

(a Ha'lane IIOJli'OHKH IIapaMeTpb! BapbHpOBallHCb rpynrraMH JlO 5 IIfJ'YKo' a B KOHUe,_ 

IIO OJlHOMy), 3aTeM IIpH HCII01lb30BaHHH T 0 n b K 0 ):JaHHhiX 00 w 1 /E (28 SK

crrepHM9HT81lbHhiX To'leK) Ka)I(JlhiA rrapaMeTp H3 Haoopa I aapbHpoaancSI 

HHJlHBHJlyanbHo; 'ITO IIpHB91IO K IIOT9HUHany II 

CpasHeHHe pac'leTHhiX senH'IHH co aceMH H3BeCTHhiMH HaM sKcrrepHMeH

TaJlbHhiMH JleMOHCTpHpyeTCSI Ha pHc. 3 H 4. TaM )1(9 rroKaaaHhi Kpft:Bhie M 
/11/ 

KOTOpbte ohiiiH paCC'IHTaHbi c norrynSipHhiM noTeHUHallOM MonJlayspa 

(oH TaK)I(9 IIpeJlCTaBileH B Taon, 1), l1::1 paCCMOTpeHHSI pHCYHKOB H Jl8H.tfb!X 

Taoll, 2 BHJlHO, 'ITO IIOT9HUH81l II YllOBII9TBOpHT91lbHO OIIHChiBaeT peaynb-

TaTbi H3MepeHHA w 1 IE Ka'leCTBeHHO IIepe)laBaSI OCHOBHhl9 OC009HHOCTH 

IIOB9Jl9HIISI STOii B91lH'IHHbl B 38BHCHMOCTH OT MaCChi S!Jlpa, H 'ITO BCe TpH 
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paCCMOTpeHHbiX sapHaHTa noTeHUHana OnHChiBaiOT BCIO COBOKynHOCTb npHBe

Jl8HHbiX AaHHhiX npuMepHo c OJlHHaKOBhiM ycnexoM. TaKHM o6pa3oM, MO)I(HO 

C)lellaTb Bh!BOJl 0 npHMeHHMOCTH OnTH"J8C.I(OH MOJl81IH K npeJlCKa3hiBaHHIO 

aCHMMeTpHH paCCeSIHHSI KH1103118KTpOHB01IbTHbiX Hei!:TpOHOB, no Kpai!HeH Mepe 

s o6umx qepTax. DpeACTasnHeT HHTepec nononHHTb nony'leHHhie naHHhre o6 

w s o6nacTH A .. 140 -170, 'lTOObi BhiSICHHTh BllHSIHHe ne¢opMauuu SIJlpa 
I 

Ha aCHMMeTpHIO pacceSIHHSI H cpaBHHTb pe3yllbTaTbl C npeJlCKa3aHHSIMH 

Hec<flepH"leCKOH OnTH"JeCKOH MOJlenH. 

4. 06 aHOMallbHOH aCHMMeTpHH paCCeSIHHSI 

EyJleM Ha3 biBaTb 3HaK aCHMMeTpHH, COOTBeTCTBYIOIUHi!: Clly'la!O w
1 

<0, 

H 3HaKH BCeX BellH"JHH, KOTOpbie MOI'YT Oh!Tb OTBeTCTBeHHhiMH 3a 3TOT cny

'laii, aHoManbHhiMH. CsoiicTBOM w <0 1 KaK BHJlHO H3 puc. 2, SIBHO o6-

na)laeT numb pacceHHHe Ha naHTaHe. Bo3MO)I(Hbre OO'bSICHeHHSI aHoManuu 

8CHMMeTpHH BlleKyT 3a COOOH cymeCTB8HHhle C118JlCTBHSI1 KaC810IUH8CSI Ue

llOI'O Kpyra Jlpyi'HX SIBlleHHi!:, H 9TOT BOnpoc npeACTaBllSieTCSI HHTepeCHbiM 

H C TeopeTH"JeCKOH, H C 3KCnepHM8HTallhHOi!: TO"JKH 3peHHSI. HH)I(8 B O"JeHb 

C)I(8TOH cPOpMe H3110)1(8Hhl OCHOBHbie nyHKThl paCCMOTpeHHSI 3T0f'O sonpoca. 

1) 0 3HaKaX aMnllHTYil paCCeSIHHSI 

Ecnu non aMnnuTyJloi!: pacceHHHSI nonpa3yMesaTh ee He 3aBHCSIIUYIO oT 

yrna "JaCTh (JlllSI noTeHUHallbHOI'O pacceSIHHSI 9TO 
2 f:~(sin OfCOSOf +isin 28f)} 

H npeHeope'lb MallhiMH MHHMbiMH 'laCTSIMH aMnllHTyJl, TO lflaKT w
1 

< 0 03Ha

'laeT, "'TO aMnllHTYJlhl B S- H p -COCTOSIHHSIX HMeiOT pa3Hbie 3HaKH (npH 

noTeHUHallhHOM pacceHHHH JlOll)I(Hhi ohiTh pa3Horo 3HaKa ¢a3hi 80 H o 1 

s cooTseTCTBHH c (3)). H3seCTHo, "'TO sonpoc o 3HaKax aMnllHTYil pacceg

HHH CBSI3aH C CyiUeCTBOBaHHeM y CHCTeMbl CTallKHBaiOIUHXCSI "JaCTHU CTaUHO-

10 

)_1, 

;:? 
~~ 

(I 

':1 
\ 

HapHhiX H pacna)la!OIUHXCSI COCTOSIHHH, TaK KaK BCSIKOe COCTOSIHHe nopO)I(Jla-

eT n 011 IOC S - M a Tp H U hi npH KOMnlleKCHOi!: 3Hepi'HH E -i ..!:: 1 I'Jle 
0 2 

E 0 - 3Hepi'HSI COOTBeTCTBYIOIUero ypOBHSI, a r - ero nonHaSI lllHpHHa. 

B cny'lae H3onuposaHHoro ypoBHSI 31leMeHT MaTpHUhi JlllSI ynpyroro pacceg

HHSI M0)1(8T Oh!Th aanHCaH B BHJle 

s J =s-J (1-i 
fs fs 

ref 
---), 

(8) E-E
0

+ i 1/2 

r)le S 0003Ha"JaeT S -MaTpHUY B OTCyTCTBHe ypOBHSI, f s J - co-

OTBeTCTB8HHO OpOHTallhHhii!:, CnHHOBhiH H nonHhiH MOMeHThl paccMaTpHBae

MOI'O KaHana, a r ee - "ynpyry!O" lllHPHHY ypOBHSI. XapaKTepHCTHKH non!O

ca onpe)lellSIIOTCSI KOHKpeTHOi!: <fJH3H"J8CKOi'! npupOJlOH COCTOSIHHSI. 

2) CvcTOSIHHe cocTaBHoro SIJlpa 

Bo36Y)I(JlaeMhie npH HJlepHhiX CTOllKHoseHHSIX ypoBHH cocTaBHoro SIJlpa 

npOSIBllSIIOTCSI B BH)le Y3KHX pe30HaHCOB Ce"JeHHi!: C lllUpHHOi!: I"' 0,1 -10 
4 

3B. 

.llnH paC"JeTa aMnllHTYJl H Ce"JeHHH pacceSIHHSI B Bbrpa)l(eHHe (8) Hy)I(HO 

no)lCTaBHTh lllHpHHhl H KBaHTOBbie "JHClla ypOBHeii H Sf,. exp ( 2 i 8 f ) . 

MO)I(HO yKa3aTh Ha JlBa THna cnyqaes, KOraa COCTOSIHHe pOCT8BHOf'O 
i 

Sl)lpa o6yC1IOB1IHBaeT aHOM.::lllbHhiH n0110)1(UTe1IhHbiH 3H8K Hei1TpOHHOH aMnllH

TyJ:Ibl p8CC8SIHHSI: 1) JJ.llSI pSIJJ.a 31IGMGHTOB OTpHU8T81IbH8 KOrepeHTH8SI JJ.llHHa 

pacceSIHHSI Te!IllOBbiX HeHTpOI!OB \no onpe)lelleHHIO, JJ.1IHH8 pacceSIHHSI OopaT-

Ha no 3HaKy aMnliHTY JJ.e), 2) y SIJJ.ep N a , Mg , Si , Ca u Jlp. Ha6nlOJJ.a-

nacb OTpUll8T81IhH8SI aCUMMGTpHH w 1 paCCeSIHUSI HeHTpOHOB !IpH 3H8pi'HSIX 

30-60 K9B 
14

•61 • B nepBOM cnyqae aHoManuH Bbi3biBaeTCSI 6nu)l(aHlllHMH 

s -pe3oHaHCaMH, a so sTopoM - OHa MO)I(eT 6hiTb o5'bHCHeHa aHoMallhHhiM 

nOll0)1(UT81IhHbiM 3H8KOM p -aMnllUTYJlbl H3-38 npHCyTCTBHSI CHllhHhiX p -

pe30HaHCOB C E o""50- 150 K3B ll I ""1-10 K3B y OCHOBHb!X H30TOnOB yKa-

3aHHhiX 9118M8HTOB. AHOM81IhHOe )1(8 pacCeSIHHe Ha llaHTaHe HeB03M0)1(H0 
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o6'bSICHHTb pe30H8HC8MH, H60 Y naHTaHa OHH CnHWKOM Y3KH H '18CTbl• 

3) 0aHO'I8CTH'IHOe COCTOSIHHe 

0aHO'I8CTH'IHbie COCTOSIHHSI OTBeTCTBeHHbl 38 WHpOKHe M8KCHMyMbl 

HeMTpOHHhlX Ce'leHHM H apyrHX BenH'IHH B 38BHCHMOCTH OT SHeprHH HeMTpO

Ha HnH MaCChi Slapa c xapaKTepHOM WHPHHOM !l E .. 2 MaB HnH !l A .,2(), S-
I 

MSTpHUB, KOTOpy~ Tenepb cneayeT paCCM8TpHB8Tb K8K peaynbTaT ycpea-

HeHHSI IIO COCTOSIHHSIM COCT8BHOrO ·SI)lpa, HMeeT Ty )l(e tj>OpMy (8) H M0)1(9T 

Bbl'IHCnSITbCSI B OIITH'IeCKOM MOaenH, rae Mbl o603H8'1anH ee 'lepe3 TJ • 

p aC'IeTbl C IIOTeHUHanOM ( 6) IIOK83blB8~T, 'ITO II pH YM9HbWeHHH MHH

MOM '18CTH IIOT9HUHana ( T.e. IlpH Cy)I(9HHH non~COB S -MaTpHUbi) y rrap

UHanbHbiX aMIInHTya paCC9SIHHSI ( TO'IHee, y HX pean&HbiX '18CTeit) H8 WKane 

A noSIBnSI~TCSJ yaKHe o6naCTH aHoMan&HhiX nonO)I(HTen&HhiX 3Ha'leHHM, 

Pean&HaSJ '18CTb Ka)l(aoa e -aMnnHTyabi aBa)I(Abl npoxoaHT 'lepea HYnh: Kor-

aa e -pacceSJHHe MHHH~t~anbHO ( Sl)lepHbiM aHanor atj>tj>eKTa PaM3ayapa) H 

Koraa B IIOTeHUHSnbHOM SIM9 (6) IIOSJBnSJ9TCSI f - ypoBeHb IlpH 9HeprHH 

x/ 
E . B o6nacTSJX A '· orpaHH'IeHHbiX TaKHMH HynSJMH s- H p -aMnnH-

Tya, H peanHayeTCSJ w 1 < 0 , B '18CTHOCTH, anSI S -BOnHbl oaHa H3 STHX 

.. 7 
o6nacTe~ pacnono)l(eHa npH TaKHX A , 'ITO K R < ""2' rr , rae K -BonHo-

BOe 'IHCnO HeATpOHOB BHyTpH Hap a, ~ho COOTBeTCTByeT rHraHTCKOMy 4 S -

pe30H8HCy, B6nH3H KOTOpOrO .HaXOaHTCSJ 
189La. 

.llnSJ nony'leHHSJ Tpe6yeMOit SKCI19pHM9HTOM 38BHCHMOCTH W 1(E) npo-

BOaHnaCb noarOHKa IIOT9HUHana (6)_: ~~2 ~Ha'leHHSIM w1 anSI ~~ 3/(pHc,2) 
H BenH'IHHaM S 0 = (0,75+0,25)·10 , R'= (4,9+0,5) 4> , 

a- (40 KSB) 
t 

- /14/ -
= ( 4, 7:!: 1,0) 6apH C IIOMOWb~ yrrOMSJHyToit B paaaene 3 

cneuHan&HOA nporpaMMbl, n ony'leHHbl9 IIOTeHUHanbi III (noBepXHOCTH09 

nornoweHHe) H IV (o6'beMHOe nornomeHHe) aa~T coBepweHHO oaHHaKo

Bbie pe3ynbT8Tbl ( CM, Ta6n. 1 H pHC, 5): IIOXO)I(y~ H8 SKCI19pHM9HTan&Hy~ 

x/ 
LlnSJ IlpOCTOTbl CIIHH-Op6HT8nbHOe B38HMoaeftCTBHe B 9TOM paccy)l(aeHHH 

He Y'IHTbiBaeTcSJ. 

12 
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;·~l.····ti ... ! 
I . 

,:l '. 
,:, -::............ 

38BRCHMOCTb w, (E) ( KpRBaSJ III , IV ) , rrpaBHJlbHhiH stj>tj>eKT cocTan.ao-

ro gapa - S 0 , HO rrpaKTH'ICCKH BhlKJliD'I8IDT S -paCCeSJHHC (rrony'I89TC~ 

'ITO 

at 

4 rrR ' 2
.., 0,06 6). l1cKyccTnennoe ynem1'1enHe Beca nenH'IHH S 0 , R', 

rryTeM yMeHbWCHHS! HX OWHOOK JlO 0,01 COOTBeTCTByroweM enHHHUbl 

rrpHBeno K rroTenuHanaM V H VI , KOTOpbie TO'IHO rrpeJlCK83blB8IDT 

R' at , Pa3HHUa Me)I(JlY Hl!MR COCTOHT B TOM, BC~ TpOMKY S 0 

'ITO IIOTeHUHaJl V OCTaBJll'!eT paccel'!HRe aHOMaJlbHLIM (Ho C JlHHeMHOM 38-

BHCHMOCT&ro w 1 (E) ) , a noTeHUHan VI naeT TaK)I(e JlRHeMHOe w > 0 
1 

x/ 

B IIOJ1h3y peaJ1hHOCTH IIOTeHI\HaJla C yMeHbWeHHOM MHHMOH 'laCTh~ anS! 

J18HT8H8 rOBOpRT TO, 'ITO J18HT8H - npaKTR'ICCKH MOHOH30TOITHb!H 8J1CMCHT, 
139 

a SJnpo La ~~:MeeT saMKHYTY~ HCMTpo.anyro o6ono'IKY 1 h1 1;J N =82) , 'ITO 

Jl0Jl)I(H0 OTp8)1(8ThCSJ B yMeHbWeHHOH BCp05!THOCTH IIOr'JlOIUeHHSl HeMTpOHOB, 

/15/ 
TaK, B paoOTe , rae JlJll'! MHOr'HX l'!Jlep IIOTeHUHan IIOJlrOHS!JlCSl rroa H3-

MepeHHOe a~ ( ()) npH E "' 1 Man ~~:.aa~~:n~~:nyanhHO nnH Ka)l(aoro gnp a, nony-

52 13 9 
'leHo, 'ITO nnl'l l'lnep c Mar~~:'leCKHMH 'IHCnaMR .aet\Tpo.aon Cr , La 

140 141 208 
Ce , Pr H Pb napaMeTp W o"' 2 Msn, Torna KaK y coceaHHX 

Hnep on paneH 7-10 MsB. Lln.11 6once MennenHLIX .aeaTponon W0 , nepol'IT

no, ewe MeHbwe. On.aaKo n~6oil H3 rroTeHUHanon III- V npRBOJlHT K oco-

6eHHOCTS!M H apyrHX nenH'IHH ang naHTana. HarrpHMep, B STHX rroTenuHanax 

4 s -MaKCHMYM rronnoro ce'leHHl'! rronyq; eTCH 6onee ocTpLIM H CMewen

HhiM K 8HeprHH "' 1 MaB, 'ITO He IIOXO)I(e Ha lllHpOKHH 9KCrrepRM9HT8JlbllblM 

MaKCHMYM rrp~~: E"' 2 Man. Llanee, anoMaJlhHbril 3HaK aMnn~~:TynLI rroTeH

UHanhnoro s -pacceHHHl'! aon)l(eH BLI3LIBaTh o6paT.ayro o6LI'IHOH KapTRHY 

HHTeptj>epeHUHH C pe30H8HCHOH S -aMIIJlHTynoil, 'ITO Ilp05!BJ1518TCS! B aCHM

MeTpHH p930HaHCHbiX IIHKOB IIOnHOr'O C9'19HHS!, f1 0 KpailHCM Mepe ang pe3o-

+ /13 16/ /16/ 
HaHCOB 72,3 9B H 1182 8B, HMC~IUHX CIIRH 3 

1 
, B pa6oTe HaO-

JliD)laJlaCh HHTeptj>epeHUHS! OObl'IHOrO BHJla, II08TOMY OCTaeTCSJ rrpearrOJlO)I(HTh, 

+ 
'ITO S -aMIIJlHTyaa 8HOM8JlhH8 TOJlhKO B CIIRHOBOM COCTOS!HHH 4 • 8TO 

rrpearrono)l(eHHe - aononbHO tj>y.anaMeHTBJlhHOro xapaKTepa, H6o os.aaqaeT cy-

x/ flpH rrony'leHHH na6opa Y l 
can rrono)I(HTenhHLiil snaK. 

nceM aKcrrepHMeHTanhHLIM w 1 oLin rrp~~:rr~~:-
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mecTBOBaHHe 3AMeTHO~O CITHH-CITHHOBO~O B3aHMOAeACTBHR Me*AY HeATp0-

/17-19/ 
HOM H MHO~OHyKnOHHhiM RApOM, !13BeCTHO 1 'ITO rrpRMhie DOHCKH Ta-

KO~O eaaHMoaeii:cTBHR OhiCTphiX rronRpH30BaHHhiX Heii:TpOHOB c rronRpHaoeaH-

16 5 59 
Hh!MH gapaMH Ho H Co aanH ITOKa OTpHUaTenbHhiA peaynbTaT, npaB-

aa, anR COOTBeTCTByiDmeii: 'laCTH OITTH'IeCKO~O ITOTeHUHana aaeTCR Heonpe

aeneHHOCTh ITOpS!AK8 1 M9B 1 KOTOpag MO*eT OK838TbCR AOCT8TO"'~OA 1 

'ITOOhi, cKa*eM, B rroTeHuHane III rrpeepaTHTb HOpManhHoe pacceRHHe B 

aHoManhHOe H HaooopoT. 

4) Bxoa HOe COCTORHHe 

no Cp8BH8HHID C ABYMR paCCMOTpeHHhiMH THIT8MH COCTORHHH rrpOMe

*YTO'IHbiMH CBOACTBaMH oonaaaiDT B X 0 a H hie C 0 C T 0 g H H g ( OHOnHO~pa
/20/ 

cpHID CM, B ) , KOTOph!e OOhi'IHO paCCM8TpHB8IDTCR KaK 3-, 5-, , , , , 

(2n + 1) - KBa3H'IaCTH'IHhJe COCTORHHR, EcnH OAHO H3 HHX cymeCTByeT 

-20 
~ 10 ceK, pacrraaaRCb BO BXOAHOA KaHan HnH rrpeepamaRCb B OAHO H3 

COCTORHHH COCTaBHO~O Mpa, TO OHO ITOPO*AaeT OCOOeHHOCTb S -MaTpHUhl 

TOH *8 cpOpMhl (8) 1 HO rrpoMe*yTO'IHOH lliHpHHh~(r .. 100 K9B) • 

B paC'IeTax B Ka'leCTBe "cpoHoBoil" MaTpHUhi S 6panach MaTpHua 

17 B rroTeHUHane II ( HO c v so =0 ) • a yrrpy~oil: lliHPHHe ref .. r 't rrpHITH-

ChiBanacq ITpHcymag eii: 9Hep~8TH'IeCK8R 38BHCHMOCTb 1 TaK 'ITO 

E £ +t/2 , 
r ... r ( -) , r .. r '-r' + r' , 

o E o o 
0 

~.Qe r 
0 

H r 
0
1'- KOHCTaHThi, B3RThle rrpH E =-E 0 , nocKOnhKY BXOAHQe 

COCTOSIHHe aon*HO XapaKTepH30B8TbCR orrpeaeneHHhiMH 3H8'1eHHRMH CDHH8 

Jo H 'leTHOCTH, ITOniDC HMeiDT nHllib sneMeHThl MaTpHUhl C COOTBeTCTBYID-

IIIHMH f , S , J , a ocTanbHhie aneMeHThi coerraaaiDT c 71 £ • B peaynh-

TaTe 

(1-g) [(1-Re'l£ X1-Re7Je,)+lmYJ £ lm7J f' 1+g[(1-ReSe X1-IWYJe,) +lmSelmYJe,J 

w, :6 2 ,(9) 
(1-g)(2f+1){1-71 e 1 +g(2 f+1)11-Sel 2 +(2f'+l)l1- 71 e~ 2 

a, 1-IarrpuMep, 

14 '''I'll' F ~ ,i,1)i,l' . H~ 

·. '1·1ji,· ' '.'< I 

'-r , 

s e .. • _ [ < 1-g)( 1- 171 e 1>~ + g < 1- 1 s / > 1, 
2" v £ yE ( 10) 

~ae 
x/ 

g •(2J0 +1) /2(21+1X2£+1). 8 Bhipa*eHHRX (9) H (10) ang BXOAHO~O 

S -COCTORHHR f a0 1 f' :1 1 a ang p -COCTOSIHHR f ,.1, f' .. 0 ; $aK-

2 [ 2 
Tophi ueHTpooe*Ho~o 6apbepa - o6hi'IHhie: v 0 -1 , v 1 = (k R) I 1 +( k R ) ] • 

Ehmo rrpoc'IHTaHo 6onhrnoe 'IHcno BapHaHTOB, B KOTOphiX rrapaMeTphi 

Eo ' r 0 • r 0 t BXOAHhiX s- H p -COCTORHHH MeHSinHCb B rrpeaenax 

"' 20-500 K9B, CpeaH HHX He Hamnocb m1 oaHo~o yaoeneTBOpHTenbHO~o c 

f =0 : w 1 rrony'lanOCb nHOO rronO*HTenbHhiM 1 nHOO OTpHUaTenbHhiM 1 HO C 

nHHeAHoA aaeHCHMOCThiD w (E) 
I 

( rroao6ao nHHHH V aa pHc, 5), nH6o 

HMenO OTpHUaTenbHhiH MIIHHMYM C ~ny6HHOli He HH*e - 0,05, npHMephl Ba

pHaHTOB COCTORHHR C f = 1 1 aaiDme~O 6onee ITOAXOARWHe 38BHCHMOCTH 

w (E) 
1 

, ITOK838Hbl B Ta6n, 3 H Ha puc, 6, BapHaHTbl 1-3 OTo6paHhl H3 

OAHOKpaTHO COC'IHT8HHhiX1 a 4-10 - rrony'leHhl ITOA~OHKOA rrapaMeTpOB ITO 

MeToay HaHMel-!blliHX KBaapaToe. HepeanhHhiA cny'lail c g .. 1 ( BapuaHT 10, 

"see• CITHHh!) BKniD'IeH B paCCMOTpeHHe B unniDCTp8THBHhiX uenRX1 a BapHaH

Thl 8 H 9 OTnH'IaiDTCR OT 5 H 6 TeM, 'ITO B HHX rrpearrona~aiDTCR paBHhie 

BKnaahi KaHanOB CO CITHHaMH S =I t)/2 B o6pa30B8HHe BXO,llH~~X COCTORHHA 

C J o"" 3- H 4- (3H8'1eHHR g yaeoeHhi), 

fnaBHOA OCOOei-!HOCTbiD1 o6ycnoBnHB8eMOA BXO,llHhiM p -COCTORHHeM1 

RBnReTCR HeOOhi'IaAHO oonblliaR aong B38HMOaeACTByiDmeA p -BOnHhl 1 KOTo-

pag rrpORBnReTCR H B ITOT8HUHanhHOM pacceRHHH 1 H B 06pa30B8HHH p -

ypOBHeA COCT8BHO~O RApa CO CITHHOM J o , !13 Ta6n, 3 BHAH0 1 'ITO rrpea-

x/ ( ~OpMyna (9) OTnHqaeTCR OT 7) T8K*e rrpeHeope*eHHeM CITHH-opoHTanb-

HbiM B38HMOA8HCTBHeM H y'leTOM B 3H8MeHaTene KBaapaTOB OOeHX rrapUH-

anbHbiX aMrrnuTyA. B neBoA 'laCTH ( 10) S £ o6oaHa'laeT CHnoeyiD cpyHKUHID, 

a B rrpaeoA - aneMeHT MaTpHUhi, 
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cKa3biBa8Mbie 3Ha'leHHH S 
1 

, R' H at cymecTBeHHO 5oJibl11e H3BeCT-

HbiX 9KC!1epHMeHT8JlhHbiX. 0JlH8KO 5e3oT'OBOpO'lHO OTBeprHyTh paCCMaTpHBae

MYIO T'HI10Te3y HeT JlOCT8TO'lHbiX OCHOB8HHH 1:3-38 HeiTOJIHOTbl 9KCI1epHMeH

T8JlhHbiX aaHHbiX. H arrpHMep, R' H S 1 rrony'laJIHCh B rrpearroJIO)KeHHH HX 

He38BHCHMOCTH OT 9Hepr'HH, TOT'Jla K8K B CJiy'lae BXOJlHOT'O COCTOHHHS! y 

HHX !10HBJIHeTCH 9HepreTH'leCK8S! 38BHCHMOCTb B BHJle M8KCHMyMa C lliHpH-

HOH !10pHJlK8 f' • 

5) BbiBOJlbl 

Pe3IOMHPYH aHaJIH3 B03MO)KHOcTeii aHOManbnoro pacceHHHH neil:TpOHOB 

C w I< Q 1 MO)KIIO C}leJiaTb CJie}lyiOll(J:!e Bb!BO/lbi: 

1. 05e rrpeJlJIO)KeHHbie l'Hl10Te3bl ( OITTH'leCKHH !10TeHUH8Jl C yMeHbllieH

HOH MHHMOCTh!O H BXO/lHOe COCTOHHHe) 1 KOTOpb!e XapaKTepH3YIOTCS! !10JIIOCOM 

S -MaTpHUbl rrpoMe)KyTO'lHOH lliHpHHbl "" 100 K9B, Jl8IOT Ka'leCTBeHHOe 05'bSIC-

HeHne B03HHKHOBeHHH OTpHUaTeJibHOH 8CHMMeTpHH paCCeS!HHS! Ha Jl8HTaHe. 

2. fJiaBHOe B03pa)KeHHe !1pOTHB 9THX T'HI10Te3 COCTOHT He CTOJlhKO B 

HeTO'lHOil: rrepeaaqe aaBHCHMOCTH w 
1 
(E) , CKOJlhKO B HeKOTOpb!X !1p0THBO-

pe'lH51X C HMeiOll(HMHCS! 9KCrrepHMeHT8JlhllblMH tjlaKT8MH 0 S!JlpaX Jl8HT8Ha. 

Bo3MO)KHO, 'ITO snepreTn'leCKHii xoa w 
1 

Yll8Jl0Ch 5bl BOCI1pOH3BeCTH, Ha-

I1pHMep, C ITOMOll(hiO KOM5HH8UHH JlBYX OITTH'leCKHX !10TeHUH8JlOB HJIH JlBYX 

BXO.QHblX COCT051HHH, OTBe'l810l11HX pa3JIH'lHbiM CITHHOBbiM COCTOS!HH51Mo 

3. Lln51 paapellieHHS! rrpo5neMbl He05XO.QHMbl }l8JlbHelll11He HCCJie}lOB8HHSI 

KaK CaMOH aCHMMeTpHH pacCeS!HHS!, TaK H llPYT'HX Heil:TpOHHbiX xapaKTepnc

THK Jl8HTaHa. EbiJIO 5bl HHTepeCHblM T8K)Ke pac!1pOCTp8HHTh 9TH HCCJie}lOBa

liHS! Ha 6 JlpyrHX CTa5HJihHb!X S!Jlep, CO}lep)Kall(HX 82 HeHTpOHa. 

AaTop Bbipa)KaeT rny5oKyiO 5naroaapnoCTh y'laCTHHKY Ha'laJihHbiX 9Ta

rros <~Toil: pa5oThi lO.A. AneKcanapoay, a TaK)Ke <P.Jl. WarrHpo 3a rrocToSIH-

16 

Hoe BHHMaHHe K pa5oTe H rrnoaoTBOpHhie coseTbi, !0.11. <PeHHHy, M.H. HH

Konaesy H A.M. Eanaryposy aa rrone3Hble oece}lbl, H.IO. illHpHKOBOA: H 

11.11. illenOHUeBy 3a MHOT'O'iHClleHHhie KOHCyllhTaUHH npH pac'ieTaX Ha 38M, 

E.E. )!(ypasnesy H r.H. 3HMHHY 3a ooecrre'ieHHe paoOTbl 9lleKTpOHHKH, 

A.A. JlowKapesy 3a oonbmyiO TeXHH'ieCKYIO noMoWb. 
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CTaBneHbi peaynhT8Tbl p8C"'eTOB llO OllTH"'eCKOJ% MO.[IenH Sl.[lpa AnSI 

paanH"!HbiX B8pH8HTOB llOTeHUHana, 
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Pac.5. CpaaHeHae 9KCrrepaMeHTanbHhiX 3Ha'leHaii: w 1 !tnH naHTaHa c 
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pac'leTHbiMH 11p11 pa3nH'IHbiX BapaaHTaX OITTH'IeCKOI"O ITOTeHUHana, 
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'leTHhiMH npH pasnH'IHhiX aapaaHTaX BXOJlHOI"O p -coCTOSIHHSI. He
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