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§ 1. BBeJleHne 

0JlHHM na HCTO"iHHKOB n'a¢opMaunu o Boa6y)KJlaHHhiX cocTOSIHHSIX aToM

HbiX S!Jlep SI~nSIJOTCSI H3MepeHHSI napaMeTpoB HeiiTpOHHbiX peaoaaacoB. TaKaS! 

HH¢0pMaUHSI He06XOJlHMa KaK JlnSI npoBepKH, TaK H JlnSI ]lanhHeiimero pa3BH

THSI paanH"iHbiX MaTOJlOB TeopeTH"ieCKOrO OllHCaHHSI CBOiiCTB aTOMHb!X S!Jlep. 

K aacToSime~y BpeMeHH B aeiiTp~HHoii cneK;pocKo~~H __ HaKonneHbi o6-

mnpHbie CBeJlaHifSI 0 napaMeTpaX HeiiTpOHHb!X ·s -pe30HUHC0Bo fopa3Jl0 Me

Hee H3y"ieH C aKCnepHMeHTanhHOii TO"iKH apeHHSI BOilpOC 06 HJlaHTH¢HKaUHH 

HeiiTpOHHb!X p -pe30HaHCOB ,H npaKTH"iaCKH OTCYTCTByeT JlOCTaTO"iHO nonHaSI 

naclJopMaUHSI o napaMeTpax peaoHaHCHbiX p -ypoBHeii. 3To o6ycnoBneao 

6_0nhWHMH 8KCllepHMeHTanhHb!MH TpyJlHOCTSIMH, B03HHKaJOWHMH npH HCCnaJlO-

BaHHH p -pe30HaHCOBo 

CymecTBeHHbiii MaTOJlH"iaCKHX npoq:>ecc B aeiiTpounoii cneKTpocKonHH 

ll03BOnSieT Ha]leSIThCSI, 'iTO B 6nH)Kafimee BpeMSI HCCne]lOBaHHSI p -pe30HaH

COB aaa"iHTenhHO pacmHpSITCSI. BBHJlY aToro uenecoo6paaao 6onee TmaTenhHO 

paCCMOTpeTh HMa!OWHaCSI B aTOM OTHOWeHHH 8KCnepHMeUTanhHble .B03MO)KH0-
/}/ 

CTH. 06cy)KJlaHHJO OJlHOii H3 TaKHX B03MOX<HOCTeii 6bina· llOCBSIIUella pa6oTa , 

B KOTOpoii _noKa3aHO, ·'I{TO H3MepeHHSI nonHb!X Ca"ieHHii B3aHMOJlaiiCTBHSI Heno

nstpH30BaHHb!X HeitTpOHOB 'C BbiC~poeHHOii SIJlepuoii MHWallh!O SIBnSIIOrCSI OJlHHM 

H3 MaTOJlOB npSIMOrO HaonJOJlaHHSI p -pe30HaHCOB H ilpH onpeJleneHIIh!X npeJl- , 

nonO)KaHHSIX ll03BOnSIJOT onpeJlenHTh CllHHhl 8THX pe30Hal!COBe 

B' aacTostmeii pa6oTe 6yJlyT o6cy)KJlaHhi B03MO)KHOCTH 6onee JleTanhHO-

ro H3y"iel!HSI napaMeTpOB p -pe30HaHCOB B 8KCllepHMaHTaX llO H3MepeHH!O 

nonHb!X Ce"ieHHii C HCllOlih30BaHHeM ny"iKOB nonSipH30Bal!Hh!X ueiiTpOHOB H 

MHmeaeii c onpeJleneaaoii cnnaoBoii opneaTauneii SIJlep. 
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§2. nonHhie Ce'IeHHH B3aHMO]le.iicTBHSI nOnSipH30BaHHbiX 

He.i!:TpOHOB C OpHeHTHpOBaHHbiMH SIJlpaMH 

.RnepHbie peaKIIHH1 IlpOTeKaiOUIHe C o6pa30BaHHeM COCTaBHOI'O SIJlpa, 

OilHCbiBaiOTCSI C IlOMOUibiO ifl.opManbHO.i!: 'R -MaTpH'IHO.ii TeOpHH SlllepHbiX peaK-
/2/ 

IlH:fi '· Il9nbl0 KOTopo.ii SIBnSieTCSI napaMeTpH3ailHSI Ha6.niOJlaeMbiX B .SKCne-

PHMeHTaX aaepi'eTH'Iecx~x 3aBHCHMocre.i!: ce'IeHH.i!:. Oc~oBHhiM MOMearoM 

'R :_MaTpH'I_HO.i!: TeOpHH SIBnSieTCSI· BBe]leHHe MaTpHilbi CTOnKHOB9HH:fi U 
1 

co

llep>KaUie:fi··"H~ '~bi'IHcnsreMbre B TeopHH napaMeTphr. B cnyqae peaKilHH, npo-
. : . 

TeKaiOUie.ii C o6pa30BaHHeM, H30nupoBaHHOI'O ypOBHSI COCTaBHOI'O Slllpa, ane-
• ' < • ., • 

M9HT MaTpHilbi CTonxnoBeHHSI1 COOTBeTCTBYIOUIH.ii Ha'IanbHOMY Kaltany {3. 

D' /2/ .H KOHe'IHOMy Kaltany fJ 1 HMeeT B.Hil : 

u (3(3'= 
i( ¢{3+ ¢{3,) . •Y {3 ·Y (3' 

e [ 8 {3{3, + 1 . i ] , 
E -E --r 

(1) 

0 2 
I'lle E0 ..;pe3oaaacaag aaepi'.HSI, I' - nonaaSI w.Hpuna ypoaag,. ¢ {3 :. ifla3a 

noreanuanbltOI'O pacceSIHHsr B KaHane {3 , 'Y(3 - aMnnHTy~a napnHanbHO.ii 

wu~HHhr, crin3aaaag c napn!ianbao.i!: WHpHao.i!: · ·I' {3 xaaana {3 cooraoweaHeM 

I' {3 =o ·.y / 

"B Bbipa>Ke'HHH (1) iflopMariblthiMH napaMeTpaMH HBnHIOTCSI aMIIniiTYllbi 

napuHanb·nbiX WHpHH y 1 nenocpe]lCTBeHHO CBH3aHHbie C npHMeCbiO B BOn-. {3 

.noaoii: if!YHKilHII COCTaBltOI'O Hllpa TaKHX KOH!flHI'ypanu.ii, JlnSI KOTOpbiX B03MO-

>Ken nepexoa · B OTKpbiThr.ii Kanan I. 
{3 ·• Orser Ha' aonpoc o noaeaeHHH napnu-. 

anbHb!X aMnnHTYll 'Y(3 aon>KHa llaTb TeopHSI Slllpa, OiliiCbiBaiDUiaSI KBa3HCTa-

. IlHO!tapUbie B036y>K]leHHbie COCTOHltiiSI cno>KHO.il: CTpyKTyphr, o6pa3yiOUIHecg 

npn 3axaare pe3oHaHcnoi'o neii:rpoHa. TaK Kak cymecrayiDmHe Teope~HtJec

KHe Moaenu sraep ue Moi'yT J:xaTb onpeaeneanoi'o OTBeTa Ha TaKoii: aonpoc, 

.To aMnnnTyJlhi napnuanbHhiX wupnn y {3 cneayeT CtJHTaTb aenutJuHaMH, 3Ha

tJeltHH ·Korophrx aon>KHhr onpeaensrThCSI .113 aKcnepHMeHTa. 
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.nn.Piflepe Hnuanb 

HO:fi CUHHOBO.il: opneu: 
/3/ 

III.IIM o5pa30M ·: 

d a , 
a a 

dO. , 
a a· 

I·p (s1·m 

= Sp(F+p F), 

I'Jle cyMMHpoaauue n 

'P (s 1 m 
1 

·s
2 

m
2
') ..;MaT 

:F (a·sm; a'·s'm') -aMn. 
neHnn cnnHa KaHana 

COCTOSIH.IIii B ·(2) YllO 

ll.IIMbiX cnnH-TeuaopoJ 

HOM 'I cnnu-TeHaopm, 
/4 5/ . 

coi'nacHo ' , KaK c 

uenpnaoanMoe npeacT 

BRIO 9pM.IITOBOCT.II 

A ·r q+ q+K ., 
= (-1) . 

K 

. . 
H ycnOBHIO OpTOHOpMH 

A A , 

Sp(T q+ T ~ ) 
K K 

11cnoiib3ySI CBSI3! 
. /2/ . 
·U H Y'I.IITbiBaSI HOI 

.113 ( l ) H (2) cneayior 

nonSip.H30BaHHbiX Heii:TJ 

H3onnpoBaHHOI'O ypoBH 



I.HpH30BaHH:biX 

=ocTaBHoro .Hllpa, 

)PHH .HllepH:biX peaK

OJlaeM:biX s .sKcne

OBH:biM MOMeHTOM 

KHOBeHHH U , co-

·'lae peaKuHH, npo

aaHoro .HJlpa, ane

OMy KaHany 13 . 

(1) 

IHSI, _ ¢
13 

:. tiJasa . 

·~a napuHanbHOH 

13 COOTHOIIIeHHeM 

~ npHMeCbiO B ·Bon-

I KOTOp:biX B03MO- · 
. \. 

noaeaemm napuH- : 

38IOIIJaSI KBa3HCTa-
-. . . . . 

o6pasyiOmHec.H 

mHe TeopeTH'Iec-. ' 

a TaKOH nonpoc, 

BenH'IHHaMH 1 3Ha-
I:,: 

I 

I 

. ·I' 
, I 

.. 1 

i 

D~~:tiJtiJepeHuHanbHoe·ce'leHHe SIJlepHoH peaKllHH npH HanH'IHH nporisaonb

HOH CnHHOBOH OpHeHTallHH 'laCTHll BO BXOJlHOM KaHane onpeaemreTCSI cneayi0-
/3/ 

miiM o6pa30M : · 

d (T , 
a a 

dO , ; a'·s'm') ~ 
a a· 

(2) 

rae CYMMHpOBaHIIe npOBOJlHTCSI no S 
1 1 

m 
1 

p (s 1 m 1 ·s2 m2 ) -MaTplllla n.noTHOCTH CUIIHOB:biX COCTOSIHIIH BXO,[(HOrO KaHana, 

:F (a·sm; a'·s'm') -aMnnHTyaa nepexoaa us KaHana a B KaHan , 
a B npeacTaB-

neHHH cn11Ha KaHana ·s 11 ero npoeKllHH m • MaTpuuy nnoTHOCTH cnuHOB:biX 

COCTOSIHHH B (2) YJl06HO npeJlCTaBIITb B BHJle niiH9HHOH KOM6HHallHH HenpHBO-
. ' . . /3/ . . 

JlHM:biX cnHH-TeHsopoa IIHJlHBIIJlyanbH:biX 'laCTIIll • DnSI 'laCTHllbi co cn11-

HOM J CUIIH-TeH30pH:ble onepaTOp:b! paHra 
/4 5/ . 

q( 0 ·:S q .~21) oilpeaenSIIOTCSI, 

COrnaCHO 
1 

'· KaK COBOKynHOCTb .T q 2q + 1 onepaTopon K , o6pasyiOmHx 

HenpiiBOJliiMOe npeacTanneHIIe rpynn1:>1 apameHHSI H y aoaneTBOpSIIOII(IIX ycno

BIIIO 9pMIITOBOCTII 

A A q 
T q+ = (-1) HK 'T 

K -K (3) 

.H ycnOBHIO OpTOHOp~HpOBaHHOCTH 

A A , 

Sp(Tq+ T'!) = (21+1)8 , 8 , • 
K K qq KK (4) 

I1cnoiibsySI CBSI3b aMnniiTYJlbi nepexoaa F c MaTpuuea cTonKHOBeimfi 

·u /2 I ( > ( 4 > . . H Y'IHT:biBaSI HOpMIIpOBKY CUIIH;.;.TeH30pOB 3 H 
1 

iJerKO . nony'IHTb 

us (I) 11 (2) cneayiomee Bbipa)l{eHue anSI nonHero ce'leHnSI B3aiiMOJleficTBIISI 

nonSipii30B8HH:biX H9HTpOHOB c OplleHTHpOBaHH:biMH SI.rtpaMH B npiiOnll)l{eHHH 

HsonuponaHHoro yponHSI:. 
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a.= a0 (2( + 1) [2(21 + 1)] ~ l: 
• -a-b ·s -J. 
1. (-1) 2 X 

q, a, b,)t.,·sis2 ,•,; 

. . (1/2 
x[(2a+ 1)(2ib + 1)(2·s

1
+1)(2s

2 
+ 1)]~ s 

. 1 

a 

q 

b 

1/). . 
·s (sbA-A\qO)x 

1 (5) 

b •Yes ·Yes 
X ·r.a ( 1/2) T \ (1)(££ 00 I qO) wc£s1 £·s2 ;]q) 

1 2 

'A -1\ rne 

I'Jle J - nonHhiii: yrnosoii: MOMenT peaonancnoro yposnst, o0 - nonnoe ce-
.. b 

•mane npn oTcyTcTsnn nonstpnaaunn, T ~ (1/2), T_>.. (1) - aaaqennst cnnH-TeH-

aopos BO BXOJlHOM KaHane COOTBeTCTBeBHO )lnH Heii:TpOHa H SIJlpa MHWeHH 

CO cnnHOM 1 1 (i
1

j
2

m
1 

m
2

! jm) 1 W(i
1

j
2

j
3

j
4

; ]L) - COOTBeT-

cTsenHo Koa$4JnuneHThi Kne6wa-)i(opllaHa n PaKa, ·s q ·s 9i -
(

1/2 a 1/) · · /5/ 
CHMBOn • 

- , 1 b 1 

nonnaH Ye·s -aMnnHTYJlhl napunanbHbiX Heii:TpOHHbiX wnpnH, r n£ = l: y ls -
Heii:TpoHnast wnpuna ypoBHSI. Bbipamenne (5) ~?n~qeao c ucnonbaosanneM 

cne~:tyiOWHX . npn6nH>KeHnii:: 1) l!Jaahi noTeHunanhHOPO -pacceHHHH ne aasHCSIT 

OT CDHH.!l KaHana; 2) B KaHane ynpyi'OI'O pacce_SIHHSI MO>KHO npene6pe'Ib. BKna

llOM DOTeHUH8nbHOI'O pacceHHHSij 3) BO BXOilHOM KaHane CyWeCTBeHHbl nHWb 

MHHHManbHbie 3Ha'IeHHH op6HTanbHOI'O . MOMenTa £ 1 COBMeCTHMbie C COXpa

HeJIHeM nonHOI'O MOMeHTa H 'IeTHOCTH. KaK BHilHO H3 Bbipa>KeHHSI ( 5) 1 3Ha

'IeHHH paHI'a CDHH-TeH30pOB 1 KOTOphle MOI'yT BHeCTH BKnall B nonHOe Ce'Ie

IIHe, . onpe~:tenHIOTCSI npasnnaMH oT6opa ~:tnst Koa$4JnuHeHTOB Kne6uia-)i(op~:taHa 
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... •.. 
••• 1 ... 

:·~ ·\ ~ .-, 

•, 

.. I 

., 

( ero'o I qO) n.:< ab) 

. TpOHOB (·a. = 0) .npn 

-,._ . -· H nme
1 

6onee. ~o~ 

·/' 

HaHCHblii: ·yposellb1 so: 

naHCHhi_ii: _yposein., s9: 

npe~:tnonara.Tb, . 'ITO . cr 

38BHCHMbiMH aKCHanh: 

TeH30pOB '18CTHUbi_ CO 
.· /6/ , . 

MeTpbi f q ·. , onp 

Mhle . OTIIOCH-TelJbHO HI 

T \1)•= ( 4TT )% 
_K 2q+1 

r.rie i: e~:tnlluqabi~ . 

f (I) 
_q 

'T q (I; 
.o . 

nepBbie TpH napaMeT 

1 
fi (I) = T 

0 f (I) 
·2 

-
1

- [31 
1( 21-1) 

1 
1

3(1) = 1(21-1)([-

B cnyqae • ·s ~ yposn: 

HSI COO~peTCTByeT Of. 

AnanorH'IHoe .o6cTost 



·s -1 
1. 2 •. X. 

, , ypoaHst, o
0 

- nonHoe ce

(1) - 3HS'IeHHSI CIIHH-TeH

IefiTpOHa H SlllJll MHtueHH 

i j 
3 

j 
4 

; J L) - COOTBeT-

(

1/2.a 
• ·s q 

. 1 b 

PHH, 

/5/ 
CHMBOn 1 

nonHast 

ty'ISHO C HCrrOnb30BaHHeM 

Horo paccestHHB He 3aBHCSIT 

tHHst Mo:>Kao npeHe6pe'lb. BKna-· 

KaHane cymecTaeHHbi nHtub 

f 1 COBMeCTHMble C COXpa

IOU,3 Bblp~)KeHH~ (5), 3H8_. 

acTH aKnaA .B nonHoe ceqe-

pnuneHTOB Kne6rua-:>KopAaHa 

··, ;., 

i . ·~ 

i 

):. .• 
--1 

I 

".: ";: .. 

( ff 00 I q.O ) H :( a b>.. ~ A. I q 0 h B. qacTiiocTH, .nn.ii HenonstpnaoaaHHbiX Hefi..; 
·. ( a 0) f 1 . . "T 2(·1·· . /1 I . 

, TpOHOB . = :IIPH , = B03MO)K9H BKnan OT. CIIHH-TeH30pa ·. O·: ) • ·. : ··• 

Hn)Ke 6onee. nonpo6Ho paccMoTpeHbi JlB~ npocTefirunx cnyt~ast: 1) peao-

HaHCHbifi ·ypoaeHb 1 B036y)KJlQeMblfi ·s :-HefiTpOH!iMH ·s -ypoBeHb) H 2) peao- .· 

. HaHCHbifi .YPOBeiib, · B<?36y)KnaeMbifi. P -HefiTpoHaMH ( P -ypoaeHb f.· EyneM 

rrpe)lnonal"aTb 1 'ITO CIIHHOBaSJ. OpHeHTaUHSI Ha'lanbHblX '!aCTHU. C03JlaeTCSI He-. . . . 

saancHMbiMH aKcnallbHO CHM~eTpH'IHbiMH · rronstMn. Torna KOMrroHeHTbi crinH-
. .. : ,' . •'-'.--· . ··,: ... '. ·. . .·· 

TEmaopoB <iacTHUbl co CITHHOM l.npoCTbiM 'o6pa30M Bblpa)Ka!OTCH qepe3 napa-· 
/6/ . . . '. ' 

MeTpbi . f q , onpeJlenHIOIUHe cTerreHb crrnHoaofi · opHeHTaunn n H3Mepge.:.. 

Mble OTHOCHTenbHO HanpaaneHHH nonSI: 

... 
(21.+.1) ~2 (lll -I /qQ) YqK (h) fq(l),, 

.... 
rne h 

f (I) 
'q 

Tq(I)/[Tq(l)] 
0 0 . max. 

HepBbie TpH rrapaMeTpa f (I) 
q 

HMe!OT BH/l: 

. f (I) 
• 2 

I 
z 

-~-

1 
[31 2 

- I (I+ 1)]; 
1(21-1) .z 

. 1 
I (I)= [51 3 -31z 1(1+ 1) '+I ]. 

3 1(21-1)(1-J) .z z 

(6) . 

(7)' 

B cnyqae: ·s ':" ypOBHSI Ka)K)lOMY H3 JlBYX B03M0)KHbiX 3Ha'leHHfi CIIHHa j .ypoB.~ 

Hst.co~T,aeTcTayeT OJlHH .BX~IlHOfi KaHan c .nonHbiM ~nHHOM I+ 1/2 nnn 1-i/2. 

AHanol"H'IHoe .o6cTOSJTenbCTBO 6yJleT HMeTb ,.MecTo if nnst p - ypoaitefi 

7. 

.• 

·~ ; 

.. 

' .... -.-

.:· 



c J =I ~.:112. Ot:~HaKo pesoaaHCHbie p ;.;ypoa.HH c l =I~ 1/2 MoryT aos6y)I{

!18ThCH ITO !IBYM BXO!IHbiM K8H8118M C pa31lH'!HbiMII' 3.Ha'!e.HHHMII CUHHa KaHa

mi ·s"' I± 1/2 , · KoTopbiM B npii.Huiine MoryT cooTaeTCTBoaaTh paanii'!Hbie 

8MU1IIITY!Ibl napuiiallbHbiX HefiTpOHHbiX ll!Hpiiii y II y ; C y'!eToM· STOro . + -
o6CTOHTellbCTB8 II3 ( 5) II ( 6) MO)j<HO ITOilY'IHTb Clle!lyiOll!ee Bbipa)KeHIIe !lllH 

UOilHOro Ce'!eHHH B38IIMO!IefiCTBIIH pe30H8HCHbiX UOilSipHSOBaHHbiX HefiTpOHOB 

C Opiiel!THpOB81I.HbiMH H!lp8MII: 

a=d-0 [1+ l 1(1/2)f
1

(1)'4>
1

F
1 

+1
1

_(1/2)1
1 

(1)4>
2 

F
2

. + 

+ 12 (1)'¢
3 

F
3 

+ 1
1 

(1/2) 1
3 

(1)'4>
4 

F
4

], 

(8) -· 

rt:~e ·11 ( 1/2)- cTeneHh nonHpiisauiiii .uefiTpo.uoa, I q (I) - napaMeTpbi ( 7 ); 

onpet:~ellHIOll!He CTene.Hb Opiie.HTIIpOB8HIIH CUII.HOB H!lpa MIIllle.HII, '!lJ i - <jlyH-
-> ... 

KUIIII, 38BIICHll!He OT et:~IIHII'I.HbiX BeKTOpOB n II N B .Hanpaane!I11II. nonSipH38UHII 
... 

COOTBeTCTBe.H.HO .HefiTpo.Ha II SI!Ipa MIIllleHII II OT et:~H.HII'I.HOro BeKTOpa k B Ha-' 

npaane.HHII na.qaiOmero ny'!Ka .uefiTpouoa, 

!IJ' 
1 

...... 
(nN), 

..... -+..... ... -+ 
4> 2 =.3(kn)(kN)- (nN), 

·!IJ 
3 

= t3(k NJ 2 - 1, ·!IJ 
4 

-+-+ .......... 2 -..... -+-+ .......... 
5(nN)(kN) -(nN)- 2(kn)(kN). 

{9) 

4>y.HKUIIII F1 B 06ll!eM cnyqae 38BIICHT OT CUH.Ha I Mpa MHllleHII, OT CUIIHa 

J H 'IeT.HOCTII pe30.H8.HCHoro ypOBHH1 a T8K)I{e OT OTliOll!el!IIH X = •Y f,y 
' ' - + 

8MllllHTyn napUII81lb!IblX .HefiTpOH.HbiX IIIIIpHH, J1x HBIIblll BH!I npiiBe!le.H B flpH-

llO)I{e.HIIII, 

§3, 05cy)KJle.HHe pesynhTaToB 

3!fl!fleKTbl B UOil.HbiX Ce'!e.HIIHX' B3811MO.rleil:CTBIIH pe30.H8.HC.Hb!X ·.HefiTpOIIOB 

c MpaMn, ·cansaHl!bie co cnii.uoaofi opReHTanHeil .ueil:Tpo.uoa · 11 :Smep,, saaHCHt; 

cornac.uo Bbipax<el!HHM (8) ~ : (9)' n !jlopMynaM IlpiiilO)Ke.HHH, oT xapaKTepa 

8 

•.' 

'.;,'•' 

., 

.. 

.CUIIHOBOll ynopSI!IO'!eH 

. peso.ua.ucHbiX ypoaneil 
< > '•' 

TpO.HHbiX pe30.HB:.HCOB1 

'TpOHOB II opne.HTIIpOB 

CUIII!OBOfi yn'opSI!IO'!eH 

HefiTpo.uoa n nnep 'n . 

cnet:~yeMoro nnpa MOl . . 

I , pesoua.HCHbie a'i1 

· .uenonnpnsoaa.u.uhiX .u€ 

uenbiO nono6.HbiX. sKCn 

MeTpOB .HefiTpO.H.HbiX 

1 ;. l.JeTHOCTb pe. 

IIIlli f = 1 (• p -ypOB• 

2. Cnii.H peso.ua 

· 3, 0T.HOine.uii'e a 

!lllH J = I :!: 1/2- II f 

· · B Bbipa)l{eHIIII (: 

ypoa.Hefi HBilHIOTCH !fly 

TOilbKO F ' npH e = 1 

apeMH- .HeT onpet:~eneH 

Tepa noaet:~e.HIIH aMrill 

MeTp :x M.O)I{.HO C'IHTa· 

·+ 00 
• Cornac.uo rr1 

BIICHT OT X, npii'!eM 

TaK~B, 'ITO b!I.H03H8'I.H 

( KpOMe .He.KOTOpbiX 'If 

!IOCT8TO'IHO TO'!.Hb!X 3 

6RH8UIIil F; 
' .· ~ ~ 

BosMo)l{.uocT!i P• 

pe!I~~~~;~H CTerieHbK 



;f+ J/2 MOI'yT B036y)l{-

3HaqeH!fgMH CnHHa KaHa

TCTBOBaTb paSJJHqHble 

Y_ ; C yqeTOM STOI'O 

llYIOIUee Bbipa)l{eHHe Jlng 

SipH30B8HHblX HefiTpOHOB 

(8) 

) - napaMeTpb! ( 7 ); 

a MUIUeHH, '<I> i - ¢yH

IjlnpaaneHHH nongpH3aUHH 
... 

:mqHoro BeKropa k B Ha-' 

{9)' . 
+.... -+ ..... 

rnJ(kN J. 

f!Jlpa MHIU9HH, OT CnH!Ia 

rHOlli9!11fg X = •Y f,y 
.-· + 

:fi BHJl npHBeJleli B ITpn-

pe30HaHCIIblX ·HefiTpOHOB 

rpOHOB ·If SIJlep,; 3aBHCm; 

KeH:U.si, or xapaKTepa 

I.· 
j 

i 

.·• 

. cnuHoBofi ynopgJloqeHHOCTU HefiTIJOHoB· H SIJlep, a TaK)I<e oT napaMeTpoa 

peaoHaHCHhiX ypoallefi, '8 aKcnepHMeHTax no onpeJleneHHIO napaMerp'oa neii

TpoHHhiX pe36Ha:HCOB, npOBOJlHMblX C UCnOnb30BaHHeM nongpH30BaHHbiX Hefi-'. 

·TpOHOB If OpHeHTHpOBaHHbiX gJlep, cneJlyeT. cqHT8Th 3aJlaHHbiM xapaKTep 

CnHHOBOfi ynopgJloqeHHOCTU, T,e, cquTaTb U3BeCTHhiMH napaMeTpbl f q Jlng' 

Heiirponoa H SIJlep ·H 3HaqeHHg yrnoBhiX ¢yHKUHfi ( 9). KpoMe Toro, Jlnst · HC

cneJlyeMor~ gJlpa MO)I{HQ cquTaTh a:3BeCTHbiMH CnHH OCIIOBHOI'O COCTQgJIIfSI 

1 , peaoiJa!IC!Ibi9 SHepi'HH ·E
0 

If non!lble pe30IIaHC!Ibie ceqeHHSI a
0 

Jlng 

HenongpuaoaaHHbiX HefiTpOHOB H HeopHeHTHpoBaHHbiX gJlep. TaKnM o6paaoM, 

uenbro nooo6HbiX aKcnepHMeHTOB JlOn)KIJO 6hiTb onpeJleneHHe cneJlyiOIUHX napa

Merpoa HeiiTpOHIIbiX pe30HaHCOB: 

I;. lfeTHOCTh peao!laHCIIOI'O ypoBHSI ( -1) e. , I'Jle e 
HnH f = 1 (· p -ypOB9Hh), 

2. CnHH peaoHaHCHoro ypoaJig J • 

0 ( 's -ypoaeHh) 

3, 0THOlli911He aMnnHTYJl napuHanbHbiX HeiiTpOIIIIbiX llillpHII X = y f,y 
- + 

Jlng J = 1 :!: 1/2· If e = 1 • 

B Bbipa)l{eHHH (8) llng noliHbiX ceqeJIHfi saancgmlfMH or napaMeTpoa 

ypoa11efi gansirorcg ¢YHKUHH F (f, J, x) , npHq,eM or napaMeTpa · x aaaHcgr 

TOnhKO F npH e = 1 If J = 1 ± 1/2 • KaK 6binO, yKa3aHO Bblllie, B JlaCTogmee 

BIJeMg !leT onpeJleneHHbiX. TeopeTHqecKHX npeJlCKasaHnfi OTHOCHTenh!IO xapa.K

Tepa ll0B9/l8Hifg aMnnHTyJl· napuHanhHbiX HefiTpOHHbiX lliHpHII, n09TciMy napa-

... MeTp :x MO)I{HO cqHTaTh Hen.pepbiBHOfi aenHqHHofi; Mea.Hromeficg or -oo JlO 

.. + "" • CornacHo flpHno)l{eim10, saaqeJIHg F ( 1, 1±1/2,' x) cymecTBelmo sa-· 

BlfCgT OT X, npHqeM :xapaKTep. 3aBHCUMOCTefi <flyHKUHfi F OT e 1 J If X 

TaKoa, qro OJlli03HaqJioe onpeJleneHHe napaMeTpoa B 6onhlliHHCTBe cnyqaea 

(KpOMe HeKOTOpblX qaCTHbiX 3HaqeHUfi X ) B03MO)I{HQ C HCnOnb30BaHHeM 

Jl0CT8TQqJIQ TQqHbiX 3HaqeJIHfi llBYX CyiUeCTBeHHO paanuqHbiX nunefi!lbiX KOM-

6nHauufi Fi 
.-_, 

BoaMO)KlJOCTH paC(:MaTpuaaeMoro MeToJla cymecraeHHbiM o6pa30M on-
"~ :':. ' .. 

peJlengrorcg CTeneHh!O cnHHC>BOfi opneHTaUHH HefiTpOHOB If gJlep MHlli9HH, 

9 
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,' 

C p83BHTH9M M9T0Jl8 nonsrpH38UHH .HeiiTpOHHb!X 11Y'IKOB nyTeM nponyCK8HHSI 

171 
~•epea. nonsrpHaonaHHYJO npoToHHyJO MHilleHb 1 npo6ne~y nonsrpH38UHH peao-

HaHCHhiX HeiiTpOHOB MOMHO C'IHT8Tb pellleHHOH~ 0JlH8KO npo6~eMa nony'leHHSI 

opueHTHpOB8HHb!X Millll9Heii 110K8 Jl8J19K8 OT YJlOBJ19TBOpHT9J'lbHOI'O pellleHHSI. 

Hau6onee ymmepcanbHhiM MeTOJlOM rrony'leHHSI TaKHX MIIIlleHeii . srnnsret:csr 

Oplf911T8UHSI CITHHOB SIJlep B rny60KO OXJ18MJl9HHOH MHill9~H 1 . Ha SIJlpa KOTOpOH 

Jl9HCTByeT CH~bll09 M8I'HHTH09 rrone. Do H8CTOSIIll9I'O BpeM9HH JlJ'lSI. 8TOI'O 

B OCHOBHOM HCI10J1b~OB8J1HCb J'lHillb 6o.nblllH9 BHyTpH8TOMHbl9 M8I'HHTHbl9 110-

J1SI1 B031!HK8!01llH9 Ha SIJlpax HeKOTOpb!X. 8TOMOB tMeTOJl fopTepa-Poyaa) • 

flporpecc. B T9XHHKe CBepXHH3KHX TeMnepaTyp If. B TeXHHKe CBepX11pOB0JlSI-

. llllfX M8I'HHTOB 1103BOJ1SI9T li8Jl9SITbCSI B H9JlaJ1eKOM 6yJlyllleM 118 llllfpOKOe 

HCI10J'lb30B8HHe JlJ'lSI nony'leHHSI ~ OplfeHTHpOB8HHhiX. MHW9H~-H ,...If BH91lll!HX Mar

liHTllblX nonefi 1 'ITO cymeCTB9HHO paCillHpliT Kpyr 8KC119pHM9HT8J1bHO Jl~C"fYI1-

llb!X MHill9li9H C JlOCT8TO'IHO Bb!COKOH CI1HliOBOH ynopSIJl0'19liHOCTb!Oo 

Dnsr neiiTpOHOB1 nonsrpuaonauuhiX nyreM nporrycKaHHsr HX. 'lepea nonsr

pnaonauuyJO nporouuy10 MHilleHb 1 n SIJlepHbiX Mnmeneii 1 opueHTnp6saunhiX. 

C HCI10J1b30B8HH9M M8I'HHTHOI'O 110J1SI1 nony'leHne He06XOJlHMOH HH<fJOpMaUHH 

o nenn'lnHax Fi' c aKcnepnMenTanbHofi TO'IKH apeHHS! .nan6onee yJlo6Ho. 

H3 CJ19JlY!OillHX _JlBYX THITOB H3Mepeuuii. 

1. HaM~peune Jlnyx rroroKOB ]
0 

n · J 
8 

uerronsrpHaosaHHhiX ueiirpouos1 

!1pOill9JllllHX COOTEl9TCTB9HHO 'lepe3 HeopneHTHpOB8llny!O MUilleHb H MHill9Hb 

C M8KCHM8J1bHO.JlOCTHMHMOH Bb!CTpoeHHOCTb!0 1 11eprreHJlHKy~srpHQ.H uanpasneHH!O 

na]laJOmero noTOKa HefiTpouos. 3To uaMepeHHe onpeJlensreT nenn'IJ;IHY 

ls- fo 
( . = 
1 J + J 

B 0 

na
0 

- th[F (f,],x)f (/) -
2

- ], 
3 2 ( 10) 

. 1' 2 I'Jle n -qucno SIJlep MnllleHn Ha CM nosepxHocru. 

2. HaMepeHne JlByx noTOKOB 1. u J nonsrpuaosaHHhiX ·HefiTpoHoB1 
P a .·.·· .. 

npollleJllllHX qepea nonsrpuaosaHHyJO MHilleHb cooTaeTCTBeHHo npu napannenb-

10 

X 

,j 
l 
""l 

?[ 

•. 

HOM .n aurunapannem 

B o6oHx cnyqasrx Hal 

npa!3neHnJO _ny'IKa uei 

J~ .:. fa 
( = ----- = - .. 

2 J + J 
p a 

-F (f,],x)-aF 1 

2 '4 

I'Jle a = i3 (I)/f1 (/) 

Tpbl f1(1/2)H fq(/) 

H SIJlep 1 To peaynhTa1 

3H8'19HHH CJ19JlY!OillllX. 

Q(£,],x) =F., (f,],x 
::; 

P (f,J, x) = F1 (f,], x; 
~-

B '18CTHOCTH1 JlJ'lSI ·s • 

oro;JJ, o, P(o,J 

Be.nn'IHHhi a¢¢eKTOB 

Tpouon cymecrseuubiM 

onpeJlensreMhiX corn'ac 

ITpn opueurnpoa~ 

'19HHSI f ( /) onpeJle 

Hhln M<?Meiir SIJlpa1 ii 
cTosruHasr EonhuMaHa, 

npnMepa Ha puc. 1 np 

I = 5/2 • lilyHKUllll. 'Q ( 

3H8'19HHH '] If K npu f 

rrpuqeM B. CJ'ly'189 f .;, . 



OB nyTeM nponycKaHIUI 

ze~y_ nongpnsaunn peso

~o npo61!eMa, nony'L!eHHSI 

IOpHTenbHOI'O perneHHSI. 

Mnrne.Heii SIBnSie"I:'CSI 

rne~n, ua Siapa KOTopofi . 

BpeMenncanSI 9TOI'O 

'OMHbie M8I'HHTHLie no-

>a fopTepa-Poysa) • 

'eXHHKe CBepxnpOBOaH-
'.' 

·ayrneM Ha rnnpoxoe 

·eueii ,...-If BHellJHIIX, Mai'

Ilep~MeHTanbHO aocryn

IaO'L!eHHOCTbiO. 

KaHIISI. nx 'L!_epes nonSI

' . Op!IeHT!IpoBaHHbiX 

ixomiMoii nntfJopMaunn 

!R .uan6onee yao6uo .. 

aoBaHHbiX HeiiTpOHOB, 

MIIllJ9Hb H MHllJeJib 

IKY~SipHoii. uanpaaneHniO 

ISleT nemi'L!HHY 

(10) 

30B8HHbiX .HefiT,POHOB1 

'Be.HHO npn napannenb-

?[ 

•. 

HOM n aHTnnapannenb.HOM .Hanpaane.Hnn nonSipnsaunfi HeiiTpouo8 n Siaep. 

B o6onx cny'L!aSix uanpaaneHnSI nonSipnsaunii 'L!acTnu nepneuanx"ynSipHLI Ha

npa!'lneHn:Io ny'L!Ka HeiiTpoHpB. B ·pesynbTaTe onpeaenSieTcn aenn'L!nna 

f~ -fa , 

I +I 
p a 

- F re.], X) - a F re.], x)]l' 
2 . 4 

( 11 ) 

Pae a = 13 (1)/11 (I) 

Tpbl 1
1 

(1/2) II fq (/) 

• TaKIIM o6pasoM, ecnn nsaecTHLI n u n napaMe-
o 

, xapaxTep!IsyiOrn!Ie cnnnoay10 opueuTaunio · neiiTponoa 

H Haep, TO pesynbT8Tbl YK838HHLIX aayx II3MepeH!Ifi: CBOaHTCH K nony'L!eHHIO 

3Ha'L!eHHH cneayiOIIlliX aayx tPYHKUHH: 

Q(f,J,x)=F_,(e,],x), , 
. J • 

P(e,],x) = ~xJ- ~x) (12) 

B "'aCT.HocTn, anSI ·s -ypoaueii, coPnacuo flpnne>KenniO, IIMeeM:· 

Q(o;]J _ O, P(O,]) = F
1 

(0,]) •. 

Be'n!I'L!HHLI atfJ!fJexToB f 1 (1 0) II £ 2 . (-11) npn saaa.HHofi nonSipnsaunn .Herr;_ 

TpOHOB CyllJeCTBeHHbiM o6pa30M 38BIICSIT OT 3~8"19HHit napaMeTpOB 

onpeaenSieMLIX coPn·acuo BLipaiKeHiiSIM ( 7). 

f (I) , 
q ' . 

flp1:1 OpHeHTI:IpOB8HI:II:I H.llep Ml:lllieHI:I C nOMOllJbiO M8I'UHTHOI'O nong 3H.a-

"19HI:Isi f· (I) onpeaenniOTCSI napaMe~poM K = /.1 H/k"T , Pae ll -Mal'.HI:IT-
. ' . ' .· . . 

Hb!H MOMeHT H.llpa, · H -.HanpSiiKe.HHOCTb M8I'HI:ITHOI'O nong .Ha Slape, k ~no-

CTOSIH.HaSI EonbuMa.Ha, T- a6coniOTHaSI TeMnepaTypa Ml:lrneun. B Ka'L!eCTBe 

npnMepa .Ha pnc~ 1 np~:~aeae.HLI saancnMocTn I 1 1 
I 
2 

n 1
3 

oT K anSI 

I.= 5/2 • tl>y.HKUHH. ore. I, X) H P(e. I' X) ( 12) 6LinH paCC"'HT8Hbl _anSI pSiaa 

3Ha~e.Hnii I n K npn e = 0 II e = 1 n _npn 'B_cex B03MOiKHbiX 3H8"19HHSIX 1 I 

npn'L!eM B Cny'L!ae e = 1. 1 ]='I± 1/2 napaMeTp X M9HSinCH B HHT9pBane 

11 
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... ·,- .. 

: ___ _ 

,• 

y, 

0 2 4 . ; 6 8 10 I(:~ 
. Puc. 1. 3aBHCIIMOCTb napaMeTpOB f (1) (7) JJ.n51 1=512 OT K = llH/kT. no 

, OCU a6CUIICC OTnO)IC9Hbl 3H8"19HII51 K 1 no OCII OpJJ.IIH8T _; 3H8"19HII51 f z (Kpii-

B851, 1 ), f i (KpiiB851 2) II [ 3 (Kp1IB851 3). 

-5 S x -~ 5 • PesynbTaTbi arnx pac"'eTon nnmocrpnpy!C)rcn puc. 2 u 3, na 

KOTOpb!X npeJJ.CTanneHhl Q II p B 38BIICIIMOCTII OT X JJ.n5l "1=5/2 npu K =0,5 

II 5 COOTB9TCTB9HHO. 

nnn npOB9Jl9HII51 OpHeHTIIpOBO"'HbiX OU9HOK B03MOJKHOCTefi onpeJJ.eneHH51 

napaMeTpOB HefiTpOHHhiX pe30H8IICOB II3 COnOCTanneHH51 9KCnepHM9RTanbHbiX 

. ·snaqeHIIfi fJ II P c pacqern~IMU yJJ.o6no,' napnay 6 :aK~nepuMe~ranbHhiMH ycno

. -·- BIIsiMII, 38,Jl8Tbc'51 cpeJJ.HIIMII 3!18"19HII5J.MII Q II p , , nonyqaeMbiMII nyTeM He~O.:. 

TOpOI'O ycpeJJ.HeHii51 no B03MOJKHbiM IIHTepnanaM II3M9119HII51 ·Y II y 
.+ 

· EyJJ.eM C"'IITaTb pannoneponTHhiMII mo6bie sna"'eimn y u y ,- 'y JJ.oane-
- + . 

TBOp5110IUIIe ·ycnOBIIIO y _2 + y +2 = T~ . TOI'JJ.a B K8"19CTB9· Q II P MOJKH~ .npu-

12 

l 
:I 

r 

~ 

' [ 
.J .I 

l 
,t 

,·\ 

( 

r 

-5 -4 -3 

---~ 

-·-/
~ 

3 

_____ ..:..-"""" 

. .. ~ 

Puc. 2. 3anncnMoCTb 

. x ,.= :Y_ /.y + JJ.nn '1 =.5/2 
no ocn opJJ.nHaT. - .SHi 

. P(f,], X) JJ.n5l e,;, 1' H 
•Bhle 5-8 - 3H8"19HH~ 
KpHBbl9 9,10 - 3H8"191 

·./ 



8 10 Y:ttb 
I' \!I 

/2or K = llH/k'T • no 
r - 3HB"'9HHSI f z (KpH-

pyro'rcg puc. 2. u 3,· Ha 

ng '1=512 npll: K =0,5 

·o:amoc1-eil: onpeneneHHSI 

~g i8KCnepHM9HT8nhHbiX 

:rrepuMearanhHbi~m ycno

;llaeMbiMH nyTeM HeK0:.. 

' ·'' 
. i 

HSHHSI ·Y H y 
' · .. •+. 

I '·y_ H y + ,· Y llOBne-

Be; Q H p MOlliH~ npH-

• 

y 

1,2 

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

)( 

________ ..,. ..... 
9 

-12 
-·-·-·-----~- :-·-·-, "l 

Pnc. 2. 3aancHMOCTh cpyHKUHfi P(f,], x) H Q(f,], x) (12) or napaM~rpa 
x,.=,.y_/y+JlnSI '1=:5/2 H K=~75. no oc1:1 a6c.uncc ornomeHbL3Ha"'eHHscx, 

· no oc1:1 opllHHar - .aHa"'eHI:ISI cpyHKUHfi P H Q •. KpHBbie 1-4 - sna"'eHHSI 
P(f,],x) nnSie::1· n J=I-~12, 1:..112,1+1/2, 1+,312 cool-ne1-craeHHo, Kpu

Bbie 5-8- 3H8"'9HI:ISI Q(f,],x) )lnSif=1 l:l'J=f-.3/2,1-1/2, '1+1/2 tf+3/2t 
KPHBbl9 9,10- 3H8"'9HI:ISI P(f,],x) )lnSI e= 0 1:1 ]='1-1/2 1:1 'I+ 112 

' './ 
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'••. 

··. 

' ,; ~·. 

.. 

:· ·, ~ 

y 

-5 -4 

-------
-1,2 

' -14 -·-·-·-·-· ·--~-

'·1-...... .. 

. , . . . 4 ' 
·-···-···-··-~ 

--------~~· 

\ 

.5 
-4-'"':'--

', ~ ' . 
' ' ' ...... --->...........i_-

1 
. --·-.- ·-.--=-:::::::= 

" 

.J.-. 

X 

Puc. 3. 3aa~CHMOCTb ljlyHKUHfi P (f,], x) 1/ Q (f ,] , x) ( 12) oT napaMeTpa 

X= •Y f,y ·~ngf= 5/2 K K ·= S ·• (CM. no.nnHCb, K puc; 2) •... , . 
' - + 

14 

... 

'~ ! 

·. 

,f • 

. · 

t 

H.IITb SHa'leHH.II, no . 

HKX BeltH'IKH: 

x2 1 

1 + 1C 2 1 + ~ ~ 

npK TaKOM ycpe~H 

'I := S/2 , 1.1 = 1 

CTO.IIHH.II ~£ K 
' 1 

KOM6HH8UH.IIX f H 

· T =0,01 °K, H Bbl' 
5 .· 

.11ape: H =10 ape 

accneayeMoe· . .11apo 

TpOHOB H npHHHMa 

8TOMOB pe~K03eME 

peAH~HHbiX. no pes 

pesynbTaTbi: 
. ' 5 

1. H =10- .~ 

2. H ·=·lOB 

BbinH npoael 

THCTH'IeCKOH TO'IH• 

o6ecne'IHaaeTC.II c 

AYJOIIIHX aKcnepHM 

1. i1CTO'IHKK 

HOCTb BCnbiWKK 

2. nonSipH38 

3. H.nepaa.11 

H8HCe) ,011. npH 

4. llJKpHHa }: 



4 .. _-;:-::::::::: 

-~··. 

5 
-4-~--

·r-···-···-
· .. ~ 

5 
-~ 

.............._-- :
. ' .: -~, ... 

1 
-·~ 

X 

) ( 12) oT napaMeTpa .. me.· 2 ). . , . ; . 

1 

I 
i 

I 
l 
·: 
i 
I 

t 

I 
I 

l 
! 

. . I 
I 

.t 

HSITb saa'leHHst, nony'laiOmHecst H3 ( 12) c ucnonbsosaHHeM cneJJ.yiOIIlHX cpeJJ.-

HHX BenH'IHH: 

g2 1 ~ 1 K •Y_ y+ ± 
1 + "2 2. 

-; 
+ "2 

0. 

1 + " ·rn 2 1 ·rn 

TipH TaKOM ycpeJJ,H9HHH 6binH Bhl'IHCneHbl Cp8JJ.HH9 3H8'18HHSI Q H P JJ.nst 

I = 5/2 , . ll . 1 stJJ.epHOMY MarHeToHy u 6binH onpeJJ.eneHbi _cpeJJ.HHe pac-

CTOSIHHSI flt
1 

H ~f2 MemJJ.y B8nil'UIH8MH f 
1 

H f 2 npH pa3nH'IHbiX 

KOM6HH8UHSIX e H } , TipH 9TOM npeJJ.nOnaranOCb 1 'ITO 11(1/2)=0,? 1 

T =0,01 °K,. H Bhl'IHCneHHSI 6hmH npoBeJJ.eHbi JJ.nSI .. JJ.BYX aHa'leHutl nonst Ha 

SIJJ.pe: H =105 
spcTeJJ. H H =10

6 
spcTeJJ., B nepsoM cnyqae C'IHTanocb, 'ITO 

HCCneJJ.yeMOe SIJJ.pO H8XOJJ.HTCSI .B MaKCHMyMe CHnOBOtl !jlyHKUHH JJ,nst p -HeH

TpOHOB H npHHHManocb n u = J. Bo sTop oM cnyqae paccMaTpusanuch SIJJ.pa 
... . . . 0 . . 

QTOMOB peJJ.K039M8nbHbiX sneMeHTOB H npHHHManoCb n C7 =0,1. ,Ung ye-
O 

peJJ.HeHHbiX no peaoHaHcy_ s!jJ!jleKTOB nponycKaHHSI 6hmH nony'leHbi· cneJJ.yiOmHe 

peaynbTaTbi: 

1. . II =105 

2, H =10
6 

spcTeJJ.; 
- '3 tl( =3 2·10- . 

1 ' ' . -3 , tl'( =7 0•10 . 
1 ' ' 

spcTeJJ.; 

Ehmu nposeJJ.eHbi TaKme oueHKH aoaMomaocTH nony'leHHSI Hymaotl cTa-

THCTH'leCKoii TO'IHOCTH B H3MepeHHSIX f 1 H € ~ o TipeJJ.nonara~OCb 1 'ITO 

o6ecne'lHBaeTcst cTaTHCTH'IecKasi ·oum6Ka uaMep~·HHtl Bt = O, 2lf;- B cne-

JJ.YlOIIlHX 9KCnepHM8HTanbHbiX ycnOBHSIX: 

1 u "'EP 2 I . /8/ , nCTO'lHHK HeiiTpOHOB - peaKTOp n - C HHmeKTOpOM ; JJ,nHTenh-

HOCTb BCfibiWKH 2 ll ·sec t MOIIlHOCTb 3 00 kw • 

2, TionSipuaaTop ocna6nSieT ny'loK B 10 paa. 
2 

3, .HJJ.epHaSI MHW9Hb HM88T nnomaJ;lb 50 CM • · H npoapa'IHOCTb ( B peao-
5 6 . 

HaHce) 0,1 npH H'=lO spcTeJJ. H 0,5 npH H=IO spcTeJJ., · 

-1 
4, lllHpHHa pesoHaHca 10 sa. 
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I.;_ 

'~ 

5, 3ueprerHttecxoe paapeweHHe Heiirpouuoro crrexrpoMerpa 

6, 3!fJ!fleKTHBHOCTb l(eTeKTOpa Heii:TpOHOB 0,5, 

. -1 
=10 sa, 

PeaynhTaTbi oueuox rrpeACTaaneHbi a rinAe MaKCHManbHOii aHeprHH pe-

aoHaHcoa, rrpH Koropoii: aa 1 Mecnu HerrpepbiBHbD~ II3Mepeunii: K8;)KAOro rroTo-

E =200 aa; E c =500 aa, 
( 1 2 

Ka. l(OCTHI'89TCSI yKa3aHHaSI BbiWe CT8TIICTII'l9CK8SI TO'!HOCTb! 
5 

1, H =10 apcTeA; 
6 .. 

2, H =10 spcTeA; E =450 a a; E c =600 a a, 
( 2 

TaKHM o6pa3oM, yKa3aiiHbie 
1 

BbiWe axcirepHMeHl'bi B paCCMOTpeltHhiX ycnOBH-

SIX arronue ocywecTBHMbi, Dpn licrronbaosaiiHH Anfir aroii uenH MeHee coaep

weHHbrx· Heti:TpOHH,biX cireKTpoMerpoa ( HarrpHMep, peaxropa HBP-30 c MOIU

H<lCTbi?, a 100 paa MeHhweii:, tteM y HBP-2) apeivtn naMepeHHii HerrpHeMne-

Mo aoapacraer, 

B aaxnrottE!HHe aaTopbr :Bi>rpa;)Karor 6naroAapuocrh <P.n.llJarrHpo aa PSIA 

rrone3HbiX AHCKyCCHH H IlOCTOSIHHOe BH.I:IMBH.I:Ie .1:1 HHTepec K. pa6oTe, 

Dp.~:~no;)KeH~.I:Ie 

3aBHCIIMOCl'b !flyHKUHH F; 1 BXOASIIII.I:IX B Bblp8;)1{9H.I:I·e (8) 
1 

OT CiliiHa 

I .II 'leTHOCT.I:I (-1) e pe30H8HCHOI'O YPOBHSJ, Cil.I:IHa 1 SIApa M.I:IW9H.I:I H OT

HOW9H.I:ISI ·X = •Y_ /,y + 8MilnHTYA rrapUHBnbHblX Heii:TpOHHbiX WHpHH nei'KO rrony

'III~b1. rronaraSJ B (5) . e = 0 unn e =. 1 H .I:ICITOnbayg COOTHOW9H.I:Ie (6), 

3To rrp.I:IBOA.I:IT K cneAyiOIUHM peaynbTaTaM: 

1 ) , ·s - ypoaeHh: 

1- 1/2; F = -1 
1 

J F = :F = F = 0; 
2 3 4 

I 1 + 1/2; F 
1 

. 2). p- YPOB9Hb: 

J = 1 - :3/2; . 'I ~. :J/2; 

1 
--; F 
1 + 1 2 

F 
3 

F = 0; 
4 

1 . 
F = -1; F2 = S' 

1 
F3 =- 2; 

16 

3 . 
F4 = lO, 

i 

l 

• 

I 

.! 
f 

! 

I = I - 1/2; I { 

,·. 'F 
1: . 

1 
. [(21+ 2)-

" 21 + 2 . j 

F = ·- - 1-[2(21-:2)(21 
2 5N1 · 

1 
+ (21.+ 3)(2'1+.4) ~ 

. · . l +;.X 

F = -
1
-,[2(21- 2) ( 21 +. 

3 2N t . 

,3(21-2) . 
F = - [2(21 +'2 
4' JON 

1 

N1 = ( 21 + 1)(21 + 2) ; 

I = -·1 - 1/2 = o; 

F1 = j ; F ·= _ 2 • 
2 ~ '}', 

'F 
1 

1 1 + 1/2·; 

-·-1- [(21 + 2)-
21 + 2 1 



o cneKTpo_M~Tpa 
. -1 

=10 aa. 

~aKCHManhaon·aaepruu pe

u3Mepeaun Ka)I{J:toro noTo-

lOO sa. 

;oo sa. 

a paccMoTpeam>Ix ycnoau

aTon uenu Meaee coaep

aa~Topa l-1BP-30 c MOIU

IH. H3Mepeaun aenpueMne-

CTh IP.n.llJanupo aa PHJ:t 
. ' . . 

repec x paooTe. 

t)Keaue (8), oT cnuaa 

[' HJ:tpa_ MHIII9HH H OT

IHblX IIIHpun nerKo nony

ayg COOTHOilleHue (6). 

'; 

1 3 
= -2; ·F = 10; 4' 

I 
I 

! 
\ 
I 
I 

r 

• 'F 
1 

F 
,2 

· ] = I - 1/2; I -~ 1; 

1. 2 
--- [(21 + 2) _.!_ 

·· 21 + 2 1 + x2 
21~]; 

1 +X· 

2 X 

N
1 

[2(21- 2)(21+2) -2_:.- 3(21 + ,3) A --
2

+ 
5 1 · 1 + x2 1 + x . 

1 
+(21.+3)(2'1+4)1 2]; 

+ X 

, . 
. : ...... 

l' 

F 
3 

1 . . x
2 

x 1. 
--,[2(21-2)(21+2)-· -· -

2
- 6'A-:---2"- (21- 1)(21+ ,4)~]; 

2N1 . 1 + X 1 + X 1 + X 

F .. 
4 

,3( 21-2) . x 2 x 1 
[2(21+ 2) ~ + 21A -- + (21- 1) -;], rJ:te: 

10N 1 1+r 1+x 2 1+x-

N1 = ( 21 + 1)(21 + 2) ; A [2(21- 1) (2i + 2Ji.~ 

J 'I - 1/2 O; 1 1/2; 

F 1 F 2 F F O; -; =--; 1 .3 2 ,3 3 4 

1 1 + 1/2 ; 

-
1
- [(21 + 

x2 
-. 21 1 ] ; 'F 2) -:-----2" 1 21 + 2 J +X 1 +X 2 
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~-~~-·· 
~-~ 

F2 

F 
3 

F 
4 

N2 

F 
1 

1 . x 2 x ' . 1 
-- [( 2I- 2)(2I- 1) --- ~( 21- 1) ·B--. + 41(2I+.4) -. --]; 

SN
1 

1+ x 2 1+X2 1+x2 

21-1 . . . x 2 x . . 1 
- -- [(2I- 2)(21+3) --- 6·B---- 4I(21 + 4)--]; 

2N
2 

1 + x2 .1 + X 
2 1 + x 

2 

3(21-2)(21-1) . x2 x .. 1 · 
------ [ ( 2I + ~) --2 + 2B -:---2 + · 4I -:----2 ] , I'Jle 

10 N 1 + X 1 + X 1 + X 
2 

( 2"1 + 1) ( 21 + 2) ( 2I + 3) ; ·B [ 41 ( 21 + .3 )] 'h 

] = I + ~3/2; 

I 1 I 
= -; F = ---

1 + 1 .2 5 1 + 1 

( 21-1) 2I 
1 

F =--
3· 2(21+2)(21+.3) 

F 
3 ( 21 - 2) ( 2I - 1) 21 

= --
.4 10 (21+ 2)(21+3)(21 + 4) 
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41(21 + 4) --2]; 

1+ X 

. 1 . 
II.~], r.tte 
, . . ·1 +X 

+ 3)] 'h 
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