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/1-4/ 
KaK 11eon110Kp8TIIO o6cyl!(/18/lOCb , peaKUHSI 

fl +: lie 
3 

( I) 

sia11>1eTcsi 0111111M ns 11a116011ee nerKo 1111TepnpeTnpyeMbIX npoueccoa ,, -saxnaTa, On11aKo 

ABlKe a 3TOM cnyqae, Korna a npouecce yqa cTay10T npocTeilnrne sinpa, coxpaHsieTcsi IJeKo­

Topasi HeonpeneneHHOCTb B pacqeTax sinepHoro MaTpuquoro aneMenTa, Hnep11b1il MaTp11q11b1il 

ooeMeHT peaKUl!I! ( I) B xoporneM npna:mlKeHIII! MOlK0T Ob!Tb Bblp8lK0H qepe3 0/IIIII napaMeTp-

cpenHeKBBAP8TIIqHblll pa1111yc ,111pa, COOTBeTCTBYIOlllHI! pacnpeneneumo ueHTpOB HYK/IOIIOB, 

llonnITKI! ouenHTb cpenneKaanpaTHqHbill pan11yc no ae1111qn11e auepr11n cn11s11 sepKanb-

llbIX 11nep He 
3 

II II 3 
CBHAeTe/lbCTBYIOT O qyacTB!lTe/lbl!OCTII T8KOI'O pona oueHOK K Bbl-

.I, 11,4,5/ 
6opy 'l'e110Me11011ornqecKoro IIYK/IOH-IIYKIIOHIIOI'O noTeHUl!8/l8 , B CII/IY qero B03HIIKaeT 

38MeTH8H 11eonpenenelll!OCTb B 11nepl!OM MaTp11q110M 3/l0Mel!Te, 

B 11acT011mell pa6oTe npoaene110 yToq11e1111e H1tep11oro MaTp11q11oro s11eMe11Ta peaKUHH 

( J) Ila OCIIOBe 3KCnepHM011T8/lbllblX /1811llblX O q,OpMq,aKTOpax, nonyqeJIHblX B Ol1b!T8X no sax-

/6/ a a /7 / 
BaTy '1 -M930HOB ren11eM-3 II pacces,111110 sneKTpOIIOB Slllp8MH lie l! H 

Hm,p11b1il MaTp11q11b1il aneMel!T peaKUHH (I) MOlKHO Bbipa3HTb qepe3 ane1le1111n1e lllHq,­

/8/ 
q, OM q, opMq,aKTOpbI F I n F 2 , Bon11oay10 q,y11Ku1110 S -cocTOHHHH Hnpa 3an11-

rneM B a11ne: 

-cmll!-H30Cl1l!HOBbie q,yHKUHH, a V 
2 

-npOCTpaH-

CTBeHl!bie q,y11KUHH, llp11 3TOM npennonaraeTcH, qTo B BO/ll!OBOil q,yHKUHII >111ep 
3 3 

He 11 H 

llOMIIHIIpyIOllIHM HB/111 eTCH COCTOSI 11110 

AIIH8T8M HYKIIOHOB, BonHOBbJe q,yHKUHl! 

<l>o U I Cl!MM9Tpl!q11oe no npocTpaHCTB9HHblM Koop-

l! 1 T8K)Ke K8K H q,yHKUlll! 

aHTIICIIMMeTpl!qlibl OTIIOCIITe/lbHO nepeCT8110BKl! OAHOll napbl HYK/IOHOB II CHMMeTpl!qllbl OTHO­

CIIT0/lbHO nepeCTBHOBKl! npyroil napbl, <l>opMq,aKTOpbl Ft II F2 38Bl!CHT OT nepenaaaeMo-

ro IIMnynbca q H c11eny10m11M o6pa30M Bb!p8lK8 IOTCSI qepe3 BO/lHOBbJe q,yHKUl!l!: 

I~ 
.... 

I qr 

F
1

(q)=<UJe JU>; F 2 (q)=-3<Ule JV 1 >; 

.. 
rne qepe3 r o6o3HaqeH pan11yc-aeKTOp HYKIIOHa, 

11cnonb3YSI, BL!p8lK0lll!0 nm, M8Tp11q11oro 3 neMeHTB peaKmm ( I) 1!3 pa60Tbl <l>yAlKH l! 

llpHM8KOBa
121

, B pe3y/lbT8Te BbJqlJC/leHIIil nonyqHM: 

3 



l' 2 µ. 2 2 g µ 2 µ 2 µ µ 2 
lr,1 I =CG ) (F

1 
-,_F, F 2 )+ [3(G ) +(G )-2G G IF 

H •3 ➔H 3 V 3 A p p A 1 

rne 

µ µ V µ µ µ V 
G =· g ( 1 +·-- ) G = g - g (1 + µ -µ ) -

V V 2m A A V p n ·2mp 
p 

µ I' µ µ ,, 
G = [ g -,g - g ( 1 + /I -µ )I, --

P P A v P n 2m P 

µ fJ µ f3 
g µ ;;: 7 0 µ g = 0,97g V; g = gA V A p DA 

V -nM11ynhc HeilTpHH0 B npouecce (1); rn -Mac ca npoToHa; 
.P 

,, p n. I' -ano-

ManhHhie MarHHTHbI9 MOM9HThl npoTOHa ll aeHTpoHa. 

Te )Ke tj,opMtpaKTOpbl F 
I 

n F MoryT 6b!Tb BBeneHbl n nm, 0l1HCBHHll 11pouecc0B 
2 3 3 

pannaunoHH0ro 3axBaTa IIH0H0B renHeM-3 n pacceHHHll aneKTp0H0B ,inpaMn He H H 

0TH0CUTenbH0 K0T0pb!X nonyqeHbl 9KC11epHMeHTanhHbl8 JlBHHbie •. TaKHM o6pa30M, HMeeTCll 

B03M0lKH0CTb 011penennTb 3H8"!8HH51 tj,opMq>BKTOpOB F, H F2 , a aaTeM ncrronhao-

BaTb HX B pacqeTe MaTpH"!H0I'0 aneM8HTa peaKUUH ( I)• OnHaKO B o6cyJKnaeMblX 3KC118pH­

MeHTBX 0TcyTCTBYIOT naHHbl8 0 tj,opMtpaKTopax 11pn Tpe6yeMoM 3Ha"!eHUH 11epenaaaeMoro 
3 8 

nM11ynbca. B 0llbITax 110 paccesurnro aneKTp0H0B HnpaMH He H H H3MepeHHH 6bmn 11po-
• 2 2 -2 

aeneHbI B o6nacTH 1 fm _s q .$. 5 fm , a 11epenaaaeMb1il nM11ynhc B 11pouecce panHaun-
2 -2 

OHHOro 38XBaTa 11H0H0B renHeM-3 C0CTaBmieT q = 0,47 fm B TO apeMll KBK B 

peaKUHH ( 1) q 2 = 0,27 fm • 
2 

, ITo:aToMy 9KC11epnMeHTanhHbie pa3ynhT8TbI Heo6xonH-

M0 3KCTpa11onnpoBaTb B HHTepecyromyro nae o6naCTb 11epenaaaeMblX UMl1ynbC0B, 

Iln,i 11poaenenm1 3KCTpa11on,iunn HYlKHO 3HaTb llBHblH BHA tj,opMtp8KTOpOB Fl n F
2

, 

K0T0pblH 38BHCHT OT BhI6opa BHAB B0nH0Bh!X ¢YHKl1Hli. KaK cnenyeT H3 BHBnH3a 011h!T0B 
3 3 

110 pacce51HHIO aneKTp0H0B srnpaMn He H H , 9KC11epHMeHT8nbHbie naHHbie xopOll!O 

0IlHCb!B8IOTCll B nayx 11pen11onoJKeHUll~ 0THOCHTenbHO BHAa onnoqaCTH"!H0H B0nHOBOH tj,yHKUIIH: 

'PYHKIIHH faycca H q>yHKUHH Hpannra. ITpH 9TOM q,opMq>BKTOpb! 

nnH q>yHKI!nn faycca -

F
1 

H F 
2 

F, =· 

n Anll <f>y~KI!HH HpBHHra 

2 2 
q r 

exp(- ___ ) 
6 

F2 

2 2 2 
p Ii ,2 q r 

(_) _q _ exp ( - __ ) 
6 2 6 

nMeIOT snn 

q 2 r 2 •7/2 

Fl= (1 +: __ ) 
2 2 

p Ii 2 qr .9/2 
F = (_) q 

2 
r (1 +· -..-.-) 

21 2 
21 '" 

co cnenyromnMn 3Ha"!eHHHMH cpenHeKaanpaTH~Horo pannyca Hnpa: 

4 

I 
J, 

l 
'].· I 

rt 
f 
I 

, 1 5 + 0,2) 
l ' ;_ O, 1 fm Jlnll tpyHKUHH faycca, 

r = (1,7 ;:_ 0,1)fm nn,i tj,yHKUHH HpaHHra. 

ITapaMeTp p xapaKTepH3yeT B8C C0CT051HHII CMell!aHHOH CHMM8TpHH H cornacH0 0U8HKe, 
/8/ /9/ ~ ' 

cnenaHH0H B pa6oTe 'H Hallleil 0U8HK8 paBeH B8nHqHHe 0,03. TaKHM o6pa30M, llpH 
3 3 

8KCTpanonmrnH pe3ynhTBT0B 0llb!T0B 110 pacce51HHI0 :aneKTp0H0B ll/lpaMH He H [I B Toq-
2 -2 2 

KY q = 0,27 fm nonyqHM, qTo tj,opMtpBKTOp F I c- yqeT0M HeonpeneneHH0CTH, 

Bbl3B8HHOH Bb16op0M BOnHOBOH tj,yHKUHH, 6yneT paaeH: 

( I) 2 

F 1 ( 0,27) 

a tj,opMtpBKTOp F 
2 

p·aaeH: 

0,80+0,03 
-0,05 • 

F 
2 

( 0,27) = 0,023 + 0,005. 

OTHOll!eHHe ITaHOtpCKoro B He 
3 

Bb!paJKaeTCll qepe3 0TH0llleHne ITa110¢ CK0I'0 B aonopo-

ne pH H MaTpnqHbiti: aneMeHT pa.oHaUHOHHOro 38XB8T8 'TT -M930H8 renneM-3, KOTO-

pb!H paaeH q>OpMtpaKTopy FI 

p K 
p 1:11· H 

lte 3 ~' 
I 

r.oe K -KHH9M8THqeCKHii MHO)KHTenh, 

B pa6oTe
161 

6blno H3MepeHo OTHOll!eI111e ITaHoq>cKoro B Ile 
3 

• ITonb3YllCb ero :aKc11epHMeH-

TanbHbIM 3HaqeHHeM, nony'-IHM: 

2 

F
1
(0,~7) = 0,75 _:- 0,06 

2 -2 
IlnH 11epenaaaeMoro nM11ynbca q = 0,47 fm , C0OTBeTCTByromero panuauHOHHOMY 

3axBaTy 11HOH8 Ile 3 
, OAH0"!8CTHqHhl8 BOnHOBbie ¢yHKUHH pa3H0I'O TIIIIB B npenenax 2% 

pa36poca ASIOT OAHH8K0B0e 3HaqeHHe cpenHeKBSApSTHqHoro panHyca, KOTOphlH 0Ka3ancll paa-

HblM: 

r = ( 1,4 ;:_ 0,2) fm • 

2 

3KCTpa11onHpOB8HHOe 3HaqeHne q>OpMq>aKTOpa Fl nng 
2 -2 

q = 0,27 fm a 3TOM cnyqae 

paBHO: (II) 2 
F 1 (0,27) • 0,84 : 0,04 • 

fing cpenHeB3Bell!eHHOrO 3H8"!eHH51 pe3ynbTeTOB 9KCTpa11on51UHll 
(I) 2 

F, 
(UL2 

H l• 1 OKOHqa-

TenbHO 6yneM HMeTb: 
2 

F
I 

(0,27) • 0,82 ;! 0,03 , 

3 

ITapI!HanbHaSI aepOSITH0CTb 38XB8Ta MIO0HOB He ( pe8KIIH51 ( 1)), BbJqHcneHHaSI Ha 

ocHoae TeopnH yHnaepcanhHoro cna6oro B3anMonelicTBH51 c ncnonh30BanneM nonyqeHHbIX 3Ha-

qeHnil ,t,opMq>aKTOpOB Fl If F2 , OKa3bIBaeTCSI paBHOi! 

5 



Teop 
A 3 

lie 

-1 
= 1515 + 55 ceK 

( ITpnneueHH8H Ollll!6Ka OTpall<aeT TOHbKO 11eoI1peueneHHOCTb B mtepHbIX cj:,opM<paKTopax). ITp11-

•ieM IIpll pacqeTe 9TOli sepoHTHOCTII 6bma IIpllHHTa BO BHIIM8Hlle HOBan sen11q1111a OTHOllleHIIH 

"' I 101 µ u 
gt-/g/3 =-1,16 II g /gA = 7. 

A V p 

Pacc'lIITBliHaH neHil'IIIHa sepoHTHOCTII peaKUIIII ( I) xopowo cornacyeTcn co cpeu11esane111e11-
3/I I-I& 

Hb!M aaaqe1111eM peaynbTBTOB Tpex Il3BeCTHbIX 9KCIIepI1MeHTOB ITO 38XBaTy MlOOHOB Ile ! 

A 
9KCII 

3 
He 

-1 = 1490 + 40 ceK 

B paMKax Teop11I1 y11I1BepcanhHoro cna6oro saa11Mo1lelicTBIIH yTO'JHeHHan nenil'IIIHa nnepaoro 

MaTpll'IHOro aneMeHTa peaKUIIII ( I) BMeCTe C 9KCIIepnMeHT8HbHblM 3Haqe1111eM ee BepOHTHOC-

TH Il03BOnHeT 01teHHTb rrnoxo paccqIITbIBBeMylO aenHttHHY rrcea.nocxanst pHofi KOHCT8HTbl g~ • 

3aBIICIIMOCTb BepcrnTHOCTII peaKUIIH (I) OT OTIIOJJJeHIIH KOHCTBHT id!: Ir!' IIpI1Be11e11a Ha plICYHKO. 
p A 

TaM )Ke IIOK0.3aHa 11Me10mancH HeoIIpeueneHHOCTb KaK B nuepHOM MaTpll'IHOM aneMeHTe, TBK 

H ·a sxcnepHMeHTBnhHOfi aenIPUiHe aepoBTHOCTH. MeHbIIIee H3 .llBYX B03M0}KHbIX 3HBtieHHI1: 

IICeB/IOCK81IHpHOl1 KOHCT8HTbl IIOHy'JeHO cneny10m11M: 

,, µ 
gp = (8:3 )gA 

3Ta BeHll'JIIHa I1CeB1lOCKamrp11oii KOHCT8HTbl HBXO/lIITCH B cornac,111 C paCC'JIITaHHOii fOHbll-
J 14/ µ µ 

6eprepoM n Tpe11M8HOM ( g P ::: 7 g A ) • 

ABTOpb1 IIpI1a11aTenh11br C.M. E11ne11bKOMY, C.C. fep111To1111y II E. ITo tITeKopBo aa 06-

cyll<11e11I1e peayHhT8TOB. 
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