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1. BBE.QEH~E 

6/l/ 6~na paCCMOTpeHa B03MO~HOCTb B036y~eH~R ~OHOHHOrO ~3-
ny4eH~R 4epeHKoBcKoro T~na np~ nponeTe He~TPOHOB ceepxaeyKoe~x 
CKOPOCTe~ 4epe3 KP~CTann~4eCK~~ o6pa3e~. 

KorepeHTHoe eaa~MOAeHCTB~e HeHTpoHa c ee~ecTBOM on~c~eaeTCR 
noTeH~~anoM 

u "' {tt 2 /2mn )411No b, /1/ 

rAe N0 - 4~cno aToMoe ee~ecTea e eA~H~~e o6DeMa, b - KorepeHT
HaR aMnfl~TYAa paCC€RH~R Ha OAHOM aTOMe, fin - Macca HeHTpOHa. 

BHeApeH~e HeHTPOHa BHYTPb e~ecTea np~BOA~T K eoaH~KHoeeH~~ 
noKanbHoro AaeneH~R 

P = u a<r- vt>. /2/ 
... w 

rAe V - CKOPOCTb He~TpOHa. 

Ha ocHoee nonyKnacc~4ecKoro nOAXOAa 6~no noKa3aHo 111 , 4To 
KOrAa CKOPOCTb V npee~waeT CKOPOCTb npOAOflbHOrO 3ByKa Cf, Bee
~eCTBe npo~CXOA~T ~3fly4eH~e ~OHOHOB, aHanor~4HO TOMY, KaK npo~c
XOA~T ~any4eH~e 4epeHKOBCK~x ~oToHoe np~ paeHoMepHoM AB~~eH~~ 
aapRAa. B/1/ 6~na noAC4~TaHa TaK~e een~4~Ha 3Hepr~~ Ha eA~H~~Y 
nyT~, KOTOPY~ HeHTPOH TepReT Ha 3TO ~3ny4eH~e np~ npoxo~eH~~ 
CKB03b Be~eCTBO. HeHTPOH AOfl~eH TepRTb 3Hepr~~. He MeHRR Hanpae
neH~R ceoero AB~~eH~R, 4TO noaeonReT oTn~4~Tb yKa3aHH~H npo~ecc 
oT o6~4Horo Heynpyroro pacceRH~R. 

J\nR noTep~ 3Hepr~~ Ha eA~H~~Y nyT~ nony4eH cneAY~~H peaynb
TaT: 

M:n /d = Bb
2 

/MEn, /3/ 

rAe d - To~~Ha o6paa~a, M - Maccoeoe 4~cno. 4~cneHHaR o~eHKa 
een~4~H~ B npeACTaBnReT co6oH cno~HY~ 3aAa4y • .l\nR paaH~x npeA
nono~eHHH 0 ~OpMe A~CnepCHOHHOrO COOTHOWeH~R e/1/ nony4eH~ oT
flH4a~HeCR peaynbTaT~: 

2 
B = N0 (11/4)(k 8 T 0 ). 

B = (1/2) (11/2) 5N~3(h 2 /2mn) 2, 

T 0 - TeMnepaTypa .l\e6aR. 
ftV.Jtiill\;~li'.IW' •.•.· ·~~~ :yr I 
UtlfiiWI ltr f.P:aVll1ild 

6VIS..ii; . , : ::.aA 

/4 '/ 

/4 "/ 
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8 HaM6onee 6naronpMRTHOM cny4ae OTHOCMTenbHOe yMeHbWeHMe 
3HeprMM COCTaBnReT eenH4HHY nOPRAKa 10-s. TaKaR T04HOCTb MOmeT 
6~Tb AOCTHrHyTa nyTeM H3MepeHHR CMe~eHHR pe30HaHCHO~ 3HeprHH, 
KOrAa AO H nocne HccneAyeMoro HepeaoHaHcHoro o6paa~a Ha nyTH 
He~TpOHOB YCTaHaBnHeaeTCR pe30HaHCHaR MHWeHb. 

8/I/ onHcaH nepe~~ TaKo~ 3KcnepHMeHT AnR o6paa~a H3 nonH
KPHCTannH4ecKoro 6epHnnHR TOn~HHO~ 0,8 CM C pe30HaHCH~MH $Onb
raMH H3 cepe6pa H POAHn. nony4eH~ cneAY~He peaynbTaT~: 
M; /d={/-38 .!_ 131/ MK38/CM npH En= 5,19 38, 

n /-14 .!_56/ MK3B/cM npH En= 1,26 38. 
HacToR~aR pa6oTa noceR~eHa AanbHe~weMy HccneAOBdHH~ 3Toro 

eonpoca. 8 paaAene 2 onHcaH ycoeepweHcTeoeaHH~~ 3KcnepHMeHT no 
H3MepeHH~ eenH4HH~ M:n/d AnR 6epHnnHR. 8 pa3Aene 3 AaeTCR HHaR, 
4eM e/1/, TeopeTH4eCKaR HHTepnpeTa~HR 3$$eKTa, a COOTBeTCTBy~
~aR nocTaHOBKa 3KcnepHMeHTa onHcaHa e pa3Aene 4. 

2. 113MEPEHI1E nOTE PH 3HEPnH1 HEtlTPOH08 nPH nPstMOJlHHEtlHON 
nPOXO*~EHI111 4EPE3 8E~ECT80 

8 3KcnepHMeHTe, nocTaeneHHOM HaMH, HcnonbaoeancR MeTOA epe
MeHH nponeTa HeHTpOHOB. npHH~Hn H3MepeHHR MO~HO nORCHHTb C no-
MO~b~ CXeM~ pHc.1. MemAY HMnynbCH~M HCT04HHKOM He~TpOHOB H 
AeTeKTopoM noMe~eH HccneAyeM~H o6paae~. PeaoHaHcHaR MHWeHb c 
peaoHaHcoM npH 3HeprHH Eo MomeT noMe~aTbCR OKano o6paa~a co 
_ .................... I .............. ,. ... -......... ! .... I ... MIA ,.._ ,....,._r'\,..,.ULI naT,:::.OI.I'Tnn:l Ill/ n na 'liT lAY 

ABYX eapHaHToe nonomeHHe peaoHaHcHoro npoeana e cneKTpe no 
epeMeHH nponeTa He~TpOHOB 6yAeT pa3nH4aTbCR, ecnH 3HeprHR He~T
poHOB H3MeHReTCR npH npoXOmAeHHH 4epe3 o6pa3e~. 

[ --I/2 -1/2. 
ta=72,3L1E 0 +L2(Eo-M:n) J, 

t6 = 72,3[L1 (E 0 + L\En )-I/2 + L2 E(il/~, /51 

(L- (M l, t- [MKC ], E - bB ] ) • 

CABHr peaoHaHca, cornacHo /5/, MomeT 6~Tb npHBeAeH K BHAY 

M = t a - t 6 = t M:n /2E 0• t = 72,3(L 1 + L2)/E~/2. /6/ 

8 Ka4ecTee o6paa~a HcnonbaoeancR nonHKp~1CTannH4eCKHH MeTannH-
4eCKH~ 6epHnnH~ TO~HHO~ 2 CM, AnR KOTOporo M = 9, acoh. = 4rrb 2= 
= /7,53 .!_ 0,07/ 6apH/21, Cf = /12,55 .!_ 0,03/ KH/c/3/,mncl/2 = 
= /0,823 + 0,004/ 38, I cf- cKopocTb aeyKa AnR nPOAOnbH~x sonH/, 
To= 1200-K /4./. 

I13MepeHHR npOBOAHnHCb Ha peaKTope ~oP-30, pa6oTaeweM B 6ycTep
HOM pemHMe C 3neKTPOHH~M YCKOpHTeneM JlY3-40. o~nH HCnOnb30BaH~ 
YCTaHOBKa H MeTOAHKa o6pa60TKH 3KCnepHMeHTanbH~X cneKTPOB, paa-

2 

.1.1-•• ··.-it .... --= .I r-
~l1 l2---l ' 

~a t 

6 ~~ ... ~~~-:-3 ·H·-
1 2 1& 1 

PHc.l. llpHH~HrrHarrbHaa cxeMa H3Me
peHHH. P - peaKTop, A - AeTeKTop, 
M - pe3oHaHcHaH MHmeHb, Be - o6-
pa3e~. 

PHc.2. CxeMa 3KcrrepHMeHTa. I - ~ 
peaKTOp, 2 - MOHHTop, 3 - AeTeKTOp, 

.~.ii]iT 
8---~~l--n-= 

PJ Ill I 
Ioiii 

pa6oTaHH~e AflR H3MepeHHR XHMH4eCKHX CABHrOB He~TPOHH~X pe30HaH
COB/S~ nponeTHaR 6aaa paBHRnaCb 60 M. 

B Ka4eCTBe pe3oHaHCH~X MHWeHe~ npHMeHRflHCb $OnbrH H3 HPHAHR 
H ronbMHR TOn~HHO~ 0, 1 MM • HH3KOne}Ka~He He~TpOHHble pe3oHaHCbl 
3THX MHWeHe~ HMe~T cneAY~He 3HeprHH/6/: 191Jr: /0,6551+0,0014/38, 
193 Ir: /1,303 + 0,003/ 38, 165 Ho: /3,92 + 0,01/ 3B. -

3HeprHR He~TPOHHoro peaoHaHca l91 Ir Hi:ime, 4eM m ncf2 /2, T. e. 
3HepreTH4eCKH~ CABHr aa c4eT yKaaaHHoro 3$$eKTa AOnmeH cy~ecTeo
eaTb TOnbKO AnR peaoHaHca 193 Ir c 3HeprHe~ 1,)03 38, H peaoHaHca 
165Ho c 3HeprHe~ 3,92 38, HO He AflR peaoHaHca 19 ~rc 3HeprHe~ 
0,6551 38. 

CxeMa 3KcnepHMeHTa npeAcTaeneHa Ha pHc.2. 
Pe30HaHCH~e MHWeHH H3 HPHAHR H ronbMHR nOCTORHHO HaXOAHnHCb 

R nVUW'~ T.::.W'IAM nVTIPt.A t..tnwun IAI""I.I'nii\IJIATL. nu1uhvu an~UIAV~INuuo Mnu 

HCn~nb30BaHHH He~KOnbK~X ~on~~- ~A~O~O -;~~~ 'ic~)t.i/-~~;A~-;~·He 
pa3nH4H~X TO~HH HnH HeOAHOPOAHOCTe~ 3THX $Onbr. o~nH HCnOnbao
BaH~ TpH OAHOPOAH~X 6noKa H3 6epHnnHR TO~HHO~ 2 CM, 3Ta TOn~H
Ha o6ecne4HBaeT HaHMeHbWHe OWH6KH. ABTOMaTH4eCKaR CHCTeMa AnR 
CMeH~ o6pa3~0B HMena TPH QHKCHPOBaHH~X nonomeHHR, 4TO n03BOnRnO 
peanH30BaTb n004epeAHO TpH pa3nH4H~X Kat16HHa~HH pa3Me~eHHR o6-
pa3~0B Be OTHOCHTenbHO pe3oHaHCH~X $Onbr. 

Hcnonb30BaHHe Tpex pa3nH4H~X KOM6HHa~HH B~rOAHO TeM, 4TO 
CABHr AOnmeH cy~eCTBOBaTb B cny4ae HPHAHR TOnbKO AnR KOM6HHa
~H~ I-III H II-III, Ho He AnR I-II, a a cny4ae ronbMHR - TOnb
KO AnR I-II H I-III, HO He AnR II-III. 3To AaeT B03MOmHOCTb AO
nonHHTenbHO~ npoeepKH 3KcnepHMeHTa. 

KpoMe yKaaaHH~x MHWeHe~, e ny4Ke nocTORHHo HaXOAHnacb $onbra 
H3 TaHTana TO~HHO~ 0,1 MM, pe3oHaHC~ KOTOpOrO cnymHnH AnR 06o
eKTHBHOrO KOHTPOflR epeMeHH~X cneKTPOB. ~nR yMeHbWeHHR BnHRHHR 
APe~$a annapaTyp~ o6paa~~ cMeHRnHCb e ny4Ke KamA~e 5 MHH. nocne 
HecKonbKHx 4acoe HaKonneHHR ace TpH cneKTpa nepeAaeanHcb Ha 6aao
ey~ 38M AnR AanbHe~we~ o6pa60TKH. Ha pHc.3 noKa3aH OAMH H3 cneKT
poe. 

~nR nony4eHMR BenH4HH~ CABHra L\t = t a- t6 Ha 38M MeTOAOM 
HaMMeHbWHX KBaApaTOB npOBOAHnaCb nOArOHKa cneKTpa 6 K cneKTpy a 
/cM.pHc.1/ cneAy~~HM o6paaoM: 
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PHc.3. CneKTP no BpeMeHH npone
Ta. I - HoMep Kauana aHanHsaTo
pa, mupHHa KaHana AnH KpHBOH I -
Lf MKC, AJUI KpHBOf! 2 - 8 MKC • 

0.51- .:: :1: 

~ ~ 
:f .. 

'100 200 300 400 500 tOO 700 100 

PHc. 4. 3KcnepHMenTanbHbie pesynh-lirr. 
TaTLI LlE/d H TeopeTH'leCKH ou;eHKH , 
/4'/ /cnnomHaH nHHHH/ H /4''l 
/nyHKTHpHaH nHHHH/. 

N 6 = A(N6 (t + Llt) + u) 

2 t2 [Na(t)- N{)(t)] 
2 

X = I ---------- .... m~n. 
t 1 Na(t) + N5(t) 

3 ' 50 0 t 2 En,38 

171 

/8/ 

napaMeTpW A H u Y4HTWBa~r He6onbWHe pa3nH4HR B cyMMapHOM noTOKe 
HeHTpOHOB H $OHOB cpaBHHBaeMbiX cneKTpOB. nony4eHHWe pe3ynbTaTW 
AnR Llt npeACTaBneHW B Ta6nHI..Ie.Pa3HOCTH t1 -til AnR HPHAHR H til-t III 
AnR ronbMHR AOn>KHW 6b1Tb paBHbl 0. 3HaK MHHYC npH LlE/d COOTBeTcT--DJ\,..1 IIVI~tJ~ ~n~tJ• nv1 c VCtJnJIJtnn. 

Ha pHc.4 npeACTaBneHW KOHe4HWe pe3ynbTaTW H3MepeHHR BMeCTe 
C Ol..leHKaMH /4'/ H /4''l. Ha OCHOBe nony4eHHOro pe3ynbTaTa MOmHO 
HcKn~4HTb Ol..leHKy /4'/. AnR 3KcnepHMeHTanbHOH nposepKH Ol..leHKH 
/4''l 4YBCTBHTenbHOCTH 3KCnepHMeHTa He XBaTaeT. 

Pa3pa6oTaHHWH MeTOA no3BOnReT H3MepRTb H3MeHeHHe 3HeprHH 
HeHTpOHOB B o6naCTH OT =0,5 AD HeCKOnbKHX AeCRTKOB 38 npH npR
MOnHHeHHOM npOXOmAeHHH 4epe3 Be~eCTBO C T04HOCTb~ nopRAKa 10-5 . 
HaAO A06aBHTb, 4TO H3nomeHHbl~ MeTOA npHMeHHM He TOnbKO K AaH
HOH 3aAa4e • 

3. TEOPETH4ECKA~ HHTEPnPETAUH~ 3$~EKTA 

Pe3ynbTaTw 3KcnepHMeHTa, B np~HI..IHne, He 3aKpbiBa~T 3$$eKTa, 
KaK 3TO cneAyeT H3 pHC.4. 0AHaKO none3HO B3rnRHYTb Ha $OHOHHOe 
4epeHKOBCKOe H3ny4eHHe HeHTPOHa C HeCKOnbKO HHOH T04KH 3peHHA. 
CornacHO KnacCH4eCKOH TeOpHH /l~HeHTPOH nnaBHO TepneT CBO~ 3Hep
rH~ TaK, KaK ecnH 6W OH HCnWTWBan TpeHHe BHYTPH cpeAW, npH 3TOM 
H TpeHHe H noTepH 3HeprHH Ha eAHHHI..IY nyTH HeBenHKH. 0AHaKO, ec
nH B3rnRHYTb Ha $OpMyny, onHCWBa~~y~ 3TH noTepH 

5 



dE .,_u_: __ 2rr fq3dq (} (vn > w'l/q)/!1- w'lw~/qv;l, 
dx pv2 ( 4rr) 2 

n 

191 

TO M~ YSHAHM, 4TO noTepH 3HeprHH onpeAen~~TC~ HHTerpanoM no ~o
HOHHOMY cneKTpy, COAep~a~eMy ~OHOH~ AOSOnbHO S~COKOH 3HeprHH, 
Ha HeCKOnbKO nop~AKOS npeSbiWa~~eH senH4HHY noTepb Ha eAHHH4Y 
AnHH~ nYTH ~E. OTC~Aa cneAyeT s~SOA, 4TO KnaccH4ecKa~ KapTHHa 
HecnpaSeAnHsa, H npasHnbHee C4HTaTb, 4TO HeHTpOH HCnycKaeT 4e
peHKOSCKHe ~OHOH~ o6~4H~X 3HeprHH, HO C ManoH sepo~THOCTb~, 
KOTopy~ MO>KHO OnHCaTb C nOM~b~ AOnOnHHTenbHOrO Ce4eHH~ 

dEidx = N0 _It w a~h (q)q 2 dq. 110/ 

3AeCb aCh (q) - AH~~epeH4HanbHOe Ce4eHHe 4epeHKOSCKOro H3ny4eHH~. 
H3 1101 cneAyeT, 4TO 4epeHKoscKoe ~OHOHHoe H3ny4eHHe HeHTpoHa 
YA06HO npeACTasn~Tb S SHAe nonHoro ce4eHH~, KOTopoe C y4eTOM 
191 3anHCbiSaeTc~ S cneAY~~eM SHAe: 

a =fa' (q)q2dq=a
0 
~2f-L 

Ch Ch 8Mk ru 
0 'I 

~~~~ w'l!~q~~q 
11 - w w' /qv21 

'I 'I n 

1111 

2 
rAe a 0 = 4rrb ; (} - ~YHK4H~, pasHa~ eAHHH4e, ecnH SblnOnHeHo yKa-
3aHHoe S ee apryMeHTe HepaSeHCTSO, H Hyn~ - S npOTHSHOM cny4ae; 
iyj- Md\..\..d 1'11-J.C._, ~cw.c::a ... lttd, d ~O~lllnVn/il. riMit::..,t::t.. .. MU l..UIIUl..ldtsV11b 

s~pameHHe I 11 I c o6H4HbiM OAHO<)>OHOHH~M KorepeHTH~M ce4eHHeM c 
pomAeHHeM ~oHoHa 6e3 nepe6poca 

t!oh t q w 'I 'tq (dq 2 
a = ao -- r-e(v >- + ---) [n(--) + 1]q dq. I ph 4Mk2 · w q 2m T 

0 'I 

1121 

rAe 

w exp( -1'1 w /k8 T) 
n(-L) = ------~------. 

T 1- exp(-tiw'l /k8 T) 

3HaMeHaTenb S 1111 npHSOAHT K ysenH4eHH~ sepo~THOCTH HCnycKaHH~ 
M~rKHX ~OHOHOS, KOrAa CKOPOCTb HeHTPOHa npH6nHmaeTC~ csepxy K 
cKopocTH 3SyKa. Ho no a6con~THOH senH4HHe, ecnH He Y4HT~saTb 
OTCYTCTSH~ TeMnepaTypHO~ 3aSHCHMOCTH S 1111, o6a Ce4eHH~ AOBOnb
HO 6nH3KH APYr K APYrY, H 04eHKa noKa3~saeT, 4TO npH vn 6onbwe 
CKOPOCTH 3BYKa C Ce4eHH~ npH6nH3HTenbHO COCTasn~~T 1Q-5a0 . 
onarOAaP~ AOnOnHHTenbHOMy MHO~HTen~ S 3HaMeHaTene Ce4eHHe 1111, 
OAHaKO, OKa3~saeTc~ AOSOnbHO 4YBCTSHTenbH~M K SHAY AHCnepCHOH
Horo COOTHOWCHH~ npH ManbiXQ. nycTb Wq=wosin(qa), rAe a-na
paMeTp peweTKH,TOrAa ¢OpMyny 1111 MO>KHO 3anHCaTb S SHAe 

6 

-~ 

) 

a /a.
0 

= (1/8) (ti/Mc) $/m c) 2N0 1({3), I 1 31 
Ch n 

rAe c = w0 a, /3= vn/c: 

rr/2 3 2 
1({3) = f x dx/sinx [{3 - sin(2x)/2xl. I 141 

xo 
rAe nepeMeHHa~ x noA HHTerpanoM pasHa qa, HHTerpHposaHHe seAeTc~ 
no OAHOH 30He opHnny3Ha, H HHlKHHH npeAen Xo paseH Hyn~, ecnH 
f3 > 1, HnH onpeAen~eTc~ H3 ypasHeHH~ 

sinx0 = f3Xo , 1151 

ecnH {3 < 1 laaMeTHM, 4TO 6narOAaP~ HenHHeHHOH 3aBHCHMOCTH wq 

OT q 4epeHKOBCKOe H3ny4eHHe HMeeT MeCTO H npH {3 ~ 1 , HO 6~CTpO 
y6~saeT c yMeHbWeHHeM f3 I. liHTerpan I 141 npH f3 = 1 CXOAHTC~, TaK 
KaK npH Man~X X senH4HHy Sin(2x)/2x MO>KHO annpOKCHMHPOSaTb s~

pameHHeM 1- 2x2 /3. npeACTaSHM ce6e, OAHaKO, 4TO npH Man~x X 
AHCnepcHOHHOe S~pameHHe MO>KHO npeACTaSHTb S SHAe 

w(x)/cv
0 

= x(1- ax v), /161 

rAe a H v- HeKHe nocTo~HHble, B cny4ae w(x)=w 0 sinx HMeeM a= 
= 116, a {3 = 2. 0AHaKO AOCTuT04HO napaMeTpy {3 CTaTb paSHbiM 3, 
KaK HHTerpan 1141 npH {3 = 1 6yAeT paCXOAHTbC~. npH a = 0 OH 
T~Lr\110 n!"llrvnniATrn IA~-o~L..It.AlA rnna::~~uu nntA ~ = 1 lA nnlA , ...... n :I ~ ....... ~ 

-- o ' ' I' ' ,- ' I -

OH MO>KeT CTaTb CKOnb yrOAHO 6onbWHM. CooTSeTCTSeHHO B03pacTaeT 
Ce4eHHe 1111. noACTaSHM AHCnepCHOHHOe COOTHOI!JeHHe 1161 S /111, 
TOrAa SMeCTO 1141 nony4HM 

rr/2 x2 dx 
1({3) = f ------------------------ , 1171 

x0 (1 -axv) [{3 2-1 + a(v + 2)xv- va2 x2V] 

rAe x0 npH {3 < 1 HaXOAHTC~ H3 COOTHOWeHH~ 

v [ ] 1/v 1 - ax0 = {3, x0 = (1 - {3)/a • 1181 

oyAeM C4HTaTb, 4TO a Mana, H npeHe6pemeM 4neHaMH axv s nepsoH 
CK06Ke S 3HaMeHaTene H vax 2v - SO BTOPOH CK06Ke, nOCKOnbKY OHH 
He onpeAen~~T noseAeHH~ HHTerpana. B peaynbTaTe nony4HM 

1({3) = fx2 dx/[{3 2 - 1 +a (v + 2)x v]. 1191 

Hawa aaAa4a aaKn~4aeTc~ s TOM, 4T06bl onpeAenHTb XOA ce4eHH~ 
aCh(/3) npH H3MeHeHHH {3 s6nH3H {3 = 1 S 3aSHCHMOCTH OT napaMeT
pOB a H V C TeM, 4To6~ non~TaTbC~ Sbi~SHTb 3~eKT 4epeHKOBCKOrO 
Hany4eHH~ ~oHoHos no KPHSOH nponycKaHH~ s6nH3H f3 = 1. HaHAeM 
aCHMnTOTH4eCKOe noSeAeHHe HHTerpana 1191 npH {3~ 1 + Q, An~ 
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3TOro npOH3BeAeM 3aMeHy nepeMeHH~X 

y = sla(v + 2)xv, 

rAe S = {3 2 - 1. TorAa HHTerpall 1191 npHBeAeTCR K BHAY 

1({3) = (..!!.... )3-v 
2 

rAe 

q-1 
~ I--d_y __ • 

va(v + 2) YO yq(1 + y) 

q = 3lv, Yo = [sla (v + 2)] (2117) v. 

120/ 

/211 

/221 

npOH3BeAeM OAHH pa3 HHTerpHpOBaHHe no 4aCTRM, TOrAa nOJlY4HM 

"" 1-q 1 dy 1 Yo oo -q d 
I-----=--[---- +I Y Y 1 ~ v 1-q 
YO yq(1 + y) 1- q 1 +Yo YO (l~y)2- ~a:-;- (y 0 - C+)' /23/ 

rAe npH nepexoAe KO BTOPOMY npH6JlHmeHHOMY paaeHCTBY HHmHH~ npe
AeJl HHTerpalla B KBaApaTHbiX CK06KaX 6btJl nonomeH paBHbiM HYJliO. 6y
AeM C4HTaTb, 4TO 2 < v < 3. 8 3TOM CJ1Y4ae 

00 1 2 11/2 > c+ = IY -qdy/(1 + y) > 1. 
0 

.,.. '""""I 
IIV.U,\.. I dDVID / LJf 

/1'\1 I 
D / L If J 

q-1 
1({3) = 1(1) [1- C+y 

0 
], 

rAe 

lljJ .. IDI,..H"""I"I J;~UitJUio\'-"llrl ..... 

3-v 1(1) = (7712) /a (3- v) (2 + v). 

/'l 1 I 
I~ 'I '" ~''MJ 

nonywHpHHa Ha noJlyB~COTe s~2 onpeAeJlReTCR H3 YCJlOBHR 

q-1 
C+ y 1; 2 = 1/2, 

/24/ 

/251 

/26/ 

/27/ 

rAe Y 1/2 onpeAeJlReTCR BLipa>KeHHeM /22/ 
s 1i 2 BMecTo s • H3 /27 I cJleAyeT, 4TO 

npH nOACTaHOBKe B Hero 

+ ( 2) ( / )v(2 )-v/(3-v) 8 l/2 =a v + 1T 2 c+ . 128! 

~13 126/ H /28/ B~TeKaeT, 4TO npH a -+ 0 H v -> 3 BeJ1Vt41-1Ha Cel.leHI-!R 
aCh np~-1 f3 = 1 B03pacTaeT, a ero WI-IPHHa y6~aaeT. 

PaccMOTPI-IM noaeAeHHe ce4eHHR npH f3 .... 1 - 0. AnR 3Toro CAenaeM 
onRTb 3aMeHy nepeMeHH~x /20/, rAe s o6o3Ha4aeT 1 - {3 2 • Tenepb 
BMeCTO B~pameHHR 121/ noJly4HM 

8 

1 
-!-

.. 

a 
1({3) _ ( 11 ) 3-v 

-2 
q-1 

Yo -----
va(v+2) 

I-dy_ 
YoYq(1-y)' /29/ 

rAe a= (1+{3)/(v+ 2) ~ 112. npoH3BeAR HHTerpHpOBaHHe no 4ac-
TRM, aHaJlOrH4HOe /23/, HaXOAHM 

1-q y 
a v [_o_ 
Idy/yq(1-y)-3-v 1-yo -CJ, /30/ 

Yo 

rAe Tenepb 

a 1-q a .r.~-q '!¥_ > __ 1_ - ln)!:..Ja . 1
>C_= 1-a--J(l-y)2 Va 1-ya 131/ 

8 pe3yJlbTaTe gnR 1({3) nony4aeM BbtpameHHe /25/ TOJlbKO c aaMe
HO~ C + Ha C_. nonywHpHHa Ha nOJlYBbiCOTe Tenepb paSHa 

s- + 1/2 = 8 112(C_/C+) -v/(3-v) /32/ 

TaKHM o6pa30M, Mbl BHAI-IM, 4TO KPHBaR nponycKaHHR AOJl)i(Ha HMeTb 
HeCKOJlbKO HeCI-!MMeTpH4Hbl~ npoBaJl C MHHHMYMOM B T04Ke {3 = 1 • 

4. nOHCK H3MEHEHH~ nonHOrO CE4EHH~ 8 06nACTH 
2 3HEPrHH En ':Lmn cf /2 

AnR 3KcnepHMeHTaJlbHoro o6HapymeHHR He6onbworo I-!3MeHeHHR non
Horo He~TpoHHoro ce4eHHR a o6nacTH 3HeprHH He~TPOHOB En ~ mn c~ /2 
He06XOAHMa 60JlbWaR CTaTI-!CTI-14eCKaR T04HOCTb npH YAOBJleTBOPHTeJlb
HOM 3HepreTI-14eCKOM pa3peweHHH. D~Jl H3MepeH CneKTP nponycKaHI-!R 
no apeMeHH npoJleTa AJlR o6pa3~a H3 6epHI1JlHR TOJl~HHO~ 2 CM. npo
JleTHaR 6aaa paaHRJlacb 60 M. BpeMeHHoe paapeweHI-!e cneKTpoMeTpa -
npHMepHO 6 MKC npH WHPHHe KaHaJla 4 MKC. 4T06~ HCKJ1104HTb 3$$eKT~, 
CBR3aHHble C HeOAHOPOAHOCTRMH peaKTOpHoro cneKTpa, 6btJl H3MepeH 
H OTKp~Tbl~ ny40K peaKTopa • 

C ~ellbiO o6ecne4eHHR OAHHaKOBbiX 3KcnepHMeHTaJlbH~X ycnoBH~ 
H3MepeHI-!R cneKTpa nponycKaHHR AllR 6ep1-!JlllHR H OTKP~Toro ny4Ka 
BeJlHCb noo4epeAHO no 10 MHH. 8 ny4Ke nOCTORHHO HaXOAI-!JlCR o6pa3e~ 
H3 TaHTaJla TOJl~HHO~ 0,1 MM, pe30HaHCbl KOToporo CJly)i(HJlH AJlR 06"b
eKTHBHOro KOHTpOJlR BpeMeHH~X cneKTPOB, AJlR KaJl~-!6pOBKH 3HeprHH, 
a TaKme AllR onpeAeJleHHR $oHa. CneKTpbl npeAcTaaneH~ Ha pHc.5. 
3aBI-ICHMOCTb $OHa OT BpeMeHH npOJleTa 6bllla onpeAeJleHa C noMO~biO 
AOnonHHTeJlbH~x 3KcnepHMeHTOB. 

Ha pHc.6 npeAcTaaneHbl y4acTKH H3MepReMbiX cneKTpoa a o6nacTH 
En :mn c{ I 2. 3HeprHR 6btJla onpeAelleHa Ha ocHoae pe3oHaHCHbiX 
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0,6 

0.4 

0.2 

PHc. 5. CneKTpbJ no BpeMeHH nponeTa. 
BepxHRfl qacTb: cneKTP nponycKaHHR 
,l:IJ!fl 6epHJlJIHR • HIDXHflfl qacTb: OTKpbJ
TblH nyqoK peaKTopa. 

or---~--~----~---L----~ 

3 

2 

0 200 400 600 800 

8 6 4 3 2 
En,38 

PHc.6. YqacTKH cneKTpoB pHc.5. 

a - cneKTp nponycKaHHn ,l:IJIR 6epHn- L 
JlHR • 6 - OTKpbJTbJH nyqoK peaKTOpa. , 

K~an TOqKa - CyMMa H3 ~BYX Ka
Ha'IOB • 

Nx107 

t02 

100 

3.24 

3,16 

3.08 

0,9 

•••• a.. ... ··· .. 

... ... 

· .. · .. ··· .... 
··· . 

.. ... .. .. .. .. ··. .. ··. 

0,85 

..... .. · ... .. .. ·. 
r 

0.8 
En,3B 

3HeprHH TaHTana, a TaKme H3 AOnOflHHTeflbH~X H3MepeHHH Afl~ HPHAH~, 
HHAH~ H ronbMH~. To4HOCTb 3TOH KanH6poeKH npHMepHo 0,003 38 npH 
En,. 0,8 38. 

HHKaKHX yKa3aHHH Ha H3MeHeHHe nonHoro ce4eHH~ e o6nacTH En= 
= 0,82 38 He 6~no o6HapymeHo. noApo6H~H aHanH3 cneKTpoe noKa3an, 
4TO TaKoe H3MeHeHHe, ecnH OHo cy~ecTeyeT, He npee~waeT 10-3 non
Horo ce4eHH~. 

~3 e~pameHHH /13/, /25/ H /26/ cneAyeT, 4TO nocKOflbKY ach(~) 
npH ~ =1 MOmHO annpOKCHMHPOBaTb BeflH4HHOH -10-S a0 /a (3-v), TO 
OTCYTCTBHe H3MeHeHH~ Ce4eHH~ Ha YPOBHe 10-3 a0 npHBOAHT K orpa
HH4eHHIO Ha napaMeTp~ a (3- v) > 10-2, 

CneAyeT 3aMeTHTb, 4TO npH H3MepeHHH nponycKaHH~ 4aCTb ce4e
HH~, CB~3aHHa~ c Man~MH nepeAa4aM~1 HMnynbca, oKa3~eaeTc~ Hepe
rHcTpHpyeMOH. 8 AaHHOH reoMeTpHH ocTaiOTC~ He3aMe4eHH~MH nepeAa-
4H HMnYflbCa q = 0,01ko, KOTOp~e COOTBeTCTBYIOT ofinaCTH HHTerpHpo
BaHH~ X< 0,01 BfiflH3H Hyn~ B HHTerpane /14/. nocKOflbKy npH V <3 
H a > 0 HHTerpan CXOAHTC~, TO 3Ta ofinaCTb AaeT B Hero Mafl~H 
BKflaA. 0AHaKO OH CTaHOBHTG~ TeM DOflbWe, 4eM DflHme v K 3 H a K 0. 
04eBHAHO, 4TO nOHCK AOnonHHTenbHOrO Ce4eHH~ aCh MeTOAOM H3Mepe
HH~ nponycKaHH~ YA06Hee ecero npoBOAHTb Ha Tex ee~ecTeax, y Ko
Top~x AHCnepCHOHHa~ KPHBa~ COAepmHT MHHHMYM BHyTpH 30H~ 6pHnny3-
Ha. 8 3TOM Cfly4ae OCHOBHOH BKflaA B 4epeHKOBCKOe H3flY4eHHe AaiOT 
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npo~ecc~ c 5onbWOH nepeAa4eH HMnynbca, npH KOTop~x 3HaMeHaTenb 
nOAbiHTerpaflbHOrO B~pameHH~ B /11/ o5pa~aeTC~ B HOflb. PaCXOAH
MOCTb HHTerpana B 3TOH T04Ke ycTpaH~eTC~ TOflbKO, ecnH npHH~Tb 
BO BHHMaHHe KOHe4HYIO WHPHHY $OHOHOB. TeM He MeHee, Ce4eHHe npH
ofipeTaeT pe3oHaHCH~H xapaKTep. 

8 3aKnl04eHHe C4HTaeM ceoHM npH~TH~M AOnroM e~pa3HTb 5naroAap
HOCTb n.6.nHKenbHepy 3a eceMepHyiO nOAAePmKy pa6oT~ H none3H~e 
o6cymAeHH~, a TaKme A.3eenHrepy, K.3aHAeniO, A. MaHcTepy H 
~.M.OcTaHeBH4Y 3a HHTepec K pa6oTe H none3H~e 3aMe4aHH~. 
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