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r.rpoc, H.Kpoo, n.Py6HH, 8.r.CHMKHH, n.Yep 

CneKTpoMeTp KOPA. llpHMeHeHHe KO)penHUHOHHOA MBTOllHKH Ha 

peaK Tope ~EiP- 2. 

AHHOTaUHH. 

8 pa60TB paCCMOTPBHhl o6mHe npHHUhllhl KOppenHUHOHHOA MBTOllHKH 

H ee npHMBHBHHB llnH HCCnBllOBaHHH paCCBHHHH HBATpOHOB Ha 

HMnynbCHOM peaKTOpe MBTOllOM BPBMBHH nponeTa.MollYnHUHH nyqKa 

HBATnOHOB ocymecTBnHBTCH C nOMOmhD lli1CKOBOrO npephiBaTenH, Ha 

KOTOPOM pacnono>KeHa llBOH-IHaH ncBBllOCnyqaAHaH 

nocnBllOBaTenhHOCTb OTKphiTh~ H JaKphrrh~ llnH 

3neMeHTOB. Pa6oqHA UHKn npephiBaTenH c=l/2, H, TaKHM 

HBATpOHOB 

o6pa3oM, 

HCnOnh3YBTCH npaKTHqecKH BBCb cne:<Tp nallaDmHX Ha o6pa3BU 

HBATpOHOB. 8 npouecce H3MBPBHHH peri1CTPHPYDTCH nonHOB BPBMH 

nponeTa HBATpOHOM 6a3hl peaKTOp·-llBTBKTOp H nonO>KBHHB 

KoppenHUHOHHoro npephiBaTenH, pacnono:KeHHoro nepell o6pa3UOM, B 

MOMBHT perHCTpaUHH HBATpOHa. 3TH llBil napaMeTpa COBMBCTHO C 

yr nOM paCCBHHHH n03BOnHDT onpBllBnl1Tb 3HeprHD H HMnynbc 

HeATpoHa llO H nocne pacceHHHH. Pe3ynbTaToM H3MepeHHH HBnHeTcH 

~YHKUHH pacceHHHH sit' nonyqaeMaH nocne Kpocc-KoppenHUHH 

HaKonneHHOr 0 cneKTpa Z. . H nCBBllOUnY'-IaAHOA nocnellOBa TBnbHOCTH. 
1. J 

OcHoBHhie napaMeTphi cneKTpoMeTpa KOPA H npHHUhiD era pa6oThi 

paCCMOTPBHhl Ha COOTBBTCTBYDmHX llHar PilMMaX H KapTaX. 

PaCCMOTPBHhl a6conDTHhiB H OTHOCHTt~nhHhiB OWH6KH 

cneKTPOB, H onpelleneH ~aKTOP noKanhJioro BhiHrphiWa 

H3MBPHBMhiX 

g, llaDmHA 

B03MO>KHOCTb cpaBHHBaTb B OllHHaKOBh~ :tcnOBHHX KOppenHUHOHHYD H 

KOHBBHUHOHanhHYD MBTOllHKH H3MBPBHHA. 

0CHOBHhiB o6naCTH npHMBHBHHH cneKTPOMBTpa-Heynpyroe H 

KBa3Hynpyroe paCCBHHHB HBATpOHOB. ~CCnBllOBaHHH 

Heynpyroro pacceHHHH 3aHHMaeT llHana3oH nepellaHHoA 

npoueccos 

3HeprHH llO 

HBCKOnhKHX llBCHTKOB MHnnH3nBKTPOHBOnhT,a HCnOnh3YBMhiA llHana30H 

llnHH BOnH A.=l. 5+ 3 A, Pa3pBWBHHB CnBKTPOMBTpa no 3HeprHH B 

3THX 3KCnepHMBHTaX 6e=Q,85+6, 5 M3B. nnH 3allaq KBa3Hynpyroro 

paCCBHHHH HB06XOllHM llHana30H llnHH BOnH A.=3+8 A, H n03TOMY 

Tpe6yeTCH npHMBHBHHB 3BpKanhHOrO HBATpOHOBOlla. Pa3pBWBHHB no 

3HeprHH llnH 3TOrO Knacca 3KCnepHMBHTOB paBHO 

CneKTP HBATPOHOB Ha BhiX OllB 3BPKilnhHOr 0 

1 

6e=60+850 MK3B. 

HBATpOHOBOlla H 



PB3YnbTaTbl HBKOTOpbiX 3KCnBpHMBHTOB Ha 

npHBBllBHbl Ha COOTBBTCTBYKlDlHX PHCYHKa::. 

OnpBl(BnBHO pa3pBmBHHB cnBKTpOMBTPil no 

H OHO npBl(CTaBnBHO 8 BHllB Ta6nHUbL 

pa3nHtiHbiX o6pa3uax 

nepel(aHHOMY HMnynbCY, 

nm1 onpBl(BnBHHH TpB60BaHHA, npB,l'bHBnHBMbiX K 3nBKTPOHHOA 

CHCTBMB HaKonnBHHH l(aHHbiX, nonyt.IBH CPBllHHA H MaKCHManbHbiA C"'BT 

l(BTBKTOPOB,a TaK•B l(aHa OUBHKa HB06XOllHMOrO MHHHManbHOrO C"'BTa 

npH 3al(aHHOA MaKCHManbHO l(OnYCTHMOA GTaTHCTH"'BCKOA OmH6KB. 

Ha OCHOBaHHH pa3pBillBHHH no 3HBprHJ1 l(aHa OUBHKa HB06XOllHMOrO 

"'HCna H illHPHHbl KaHanoB pBrHCTpaU11H BPBMBHH nponeTa, a Ha 

OCHOBaHHH pa3pBillBHHH no nepel(aHHOMY 11Mnynbcy-tiHCna H pa3MBpa 

llBTBKTOPHbiX 6nOKOB. no 3THM OUBHKilM onpBllBnBH HB06XOllHMbiA 

06'bBM naMHTH CHCTBMhl HaKonnBHHH l(aHHI~: 
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Abstract 

The principles of the correlation method and its 

application for time of flight (TOF) neutron scattering 

experiments at pulsed reactor are discussed. The primary 

neutron beam is modulated by means of a disk type chopper with 

neutron transmissing and absorbing ateas around its perimeter 

according to a pseudorandom binary sequence. The duty cycle of 

the chopper is c=l/2 so practically the whole primary neutron 

beam, falling onto the sample can be used. In the time of the 

experiment the full time of flight by the reactor-detector 

flight path and the angle position of the chopper placed 

before the sample at the moment of de~tection of the neutron 

are registrated simultaneously. TJ:.ese parameters and the 

scattering angle make possible to de~termine the energy and 

impulse of the neutron before and after the scattering 

process. The scattering function Sit as the result of the 

measurement is obtained after cross-correlation procedure 

carried out between the raw spectrum z. . and the pseudorandom 
~ J 

sequence. The basic parametres of thE! spectrometer CORA and 

its working principle are presented on diagrams and maps. 

The absolute and relative errors of the measured spectra 

are analised and the local gain factor g is calculated making 

possible to compare the correlation c:md conventional method in 

the same condition. 

The main fields of application of the spectrometer are the 

inelastic and quasielastic neutron scattering experiments, 

with energy transfer range up to approx 50meV, wave length 

range A.=1.5-3A and energy resolu1:ion 6e=0.85-6.5meV for 

inelastic case and wave length range A.=3-8A and energy 

resolution 6e=60-850,ueV for quasielaBtic case. For the second 

case it is necessary the application of a mirror neutron guide 

tube. The wave length distribution of the primary neutron beam 

at the outlet of the guide tube and the results of some 

experiments with different samples are presented on figures. 

The resolution of momentum transfHr for the spectrometer is 

calculated and presented in tables. 

The mean and maximal counting ratHs of the detector system 

are obtained in order to determine the requirements for the 

1 



data acquisition system and an estimation is made for the 

minimal amounts of counts at a given statistical error level. 

The necessary number and width of TOF registration channels 

due to the energy resolution and the number and size of 

detector blocks due to the momentum transfer resolution are 

estimated. According to these estimations the necessary amount 

of memory for data acquisition system is given. 
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1. npHHUhm KOppenHUHOHHOA MeTO~HKH 

MeTO~ BpeMeHH nponeTa, lliHPOKO HCDOnb3YeMb~ B HeATpOHHOA 

cneKTPOCKODHH [11, MO*eT paccMaTpHBaTbCH KaK qacTb 6onee o6meA 

npo6neMhl H~eHTH~HKaUHH CHCTeMhl [21. 8 ~aHHOM cnyqae CHCTeMOA 

RBnReTCR HCCne~yeMb~ o6pa3eU, B036Y*lleHHeM na~aDntHe HeATpOHbl a 

OTKnHKOM pacnpe~eneHHe CKOPOCTe~ pacceHHHha HeATpOHOB. 

AHanH3 OTKnHKa ~aeT HH~OpMaUHD 0 CBOACTBaX o6pa3Ua. 

npaKTHqecKH MO*HO cqHTaTb, qTQ ofpa3Uhl He H3MeHHDTCH CO 

BpeMeHeM, a HHTeHCHBHOCTb HeATpOHHOrC nyqKa ~OCTaToqHQ Mana, 

qT06hl He llOHBHnOCb HaCbOOeHHe. no3TOMY ~OCTaToqHO orpaHHqHTbCH 

paCCMOTpeHHeM CTaUHOHapHbiX H nHHeAHba CHCTeM. nnR TaKHX CHCTeM 

BbaO~HOA CHrHan z(t) HBnHeTCH CBepTKOA BXO~HOrO CHrHana M(t) 

H BeCOBOA ~YHKUHH CHCTBMhl S(t): 
T 

s 

z(t) =J S(<)M(t/<)d< + (? ( 1. 1) 
0 

r~e T - xapaKTepHCTHqecKoe BpeMH BeCOBOA ~YHKUHH 
s 

(BpeMH 

3aTyXaHHH OTKnHKa Ha HMnynbCHOe B036Y•~eHHe), (? - He3aBHCHMhlA 

OT CHCTeMhl H B036Y•~eHHH ~OH, 

8 cnyqae KOppenHUHOHHOA 

BXO~HOA CHrHan M(t) HMeeT BH~ 

KOppenHUHOHHaH ~YHKUHH eCTb 6 

KOTOPhl~ cqHTaeTCH llOCTOHHHbiM. 

MeTO~HKH [31 npHHHMaeTCH, qTQ 

6enoro myMa, TaK qTo era asTo

~YHKUHH: 

1 T 
~N(<) = TJ M(t)M(t/<)dt = c

1
6(<) 

0 

+ c 
2 

( 1. 2) 

8 3TOM cnyqae Kpocc-KoppenHUHOHHaH ~YHKUHH Me*~Y OTKnHKOM z(t) 

H BXO~HhlM CHrHanOM M(t) nHHeAHO 3aB~CHT OT BeCOBOA ~YHKUHH 

s (<) : 

K(<) 
1 T 

= TJ z(t)M(t;<)dt ( 1. 3) 
0 

T 

K (< ) = c
1 

s (< ) + c
2 

f s (< ) c.< + c
3 

(? ( 1. 4) 
0 

r~e 

T 

C
3 

= ~f M(t)dt (1. 5) 
0 

8 npHno•eHHHX B KaqecTBe BXO~HCrO CHrHana HCDOnb3YeTCH 

~YHKUHH THna KBa3H-6enoro lliYMa, KOTOpaH OTnHqaeTCH OT 

HaCTOHntero 6enoro myMa B ~BYX OTHOllieHHHX: 
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a. HMBBTCH nepHO~HqecKHA BXO~HOA CHrHan, KOTOph~ COCTOHT H3 

DOBTOPH~WHXCR KOHBqHh~ HHTBpBanOB, 

6. BXO~HOA CHrHan npe~CTaBnHBT cof,OA ~HCKPBTHY~ ~BOHqHy~ 

nocne~OBaTBnhHOCTb KOPOTKHX HMnynbCOE : 

N 

M(t) = E a. tp (t/t. ) . ~ ~ 

~ = 1 

r ~8 N - qHcno 3nBMBHTOB ~BOHqHOA nc,cne~oBa TBnhHOCTH 

p(t) - ~YHKUHH, ODHChffia~maH ~OPMY HMflYnbca. ~MnynbC 

( 1. 6) 

{a. } 
~ 

HBnHBTCH 

KOPOTKHM B TOM CMhlCnB, qTo ero xapaKlBpHaH lliHPHHa A HaMHOfO 

MBHhWB, qeM X apaKTBPHOB BPBMH T BBCC,BOA ~YHKUHH: 
s 

lXI 

A = f tp (t) dt ( 1. 7) 
-lXI 

nnR TOrO, qT06hl BXO~HOA CHrHan COOTBBTCTBOBan 

KOppenHUHOHHOA MBTO~HKB, aBTOKOPPBJHUHH nocne~oBaTBnhHOCTH 

{a. } ~On>KHa HMBTb CBOACTBa 6enoro IDYttla: 
~ 

a 
CHMMBTPHH: 

A > 
0 

A > 

k10 
( 1. 8) 

k10 

3nBMBHTapHOfO HMnynbca Y~OBnBTBOPHTh ycnoBH~ 

N 

E tp (t/t. ) = const 
~ 

i = 1 

~n~ n~6oro 3HaqeHHH t (1. 9) 

nnR DCBB~OcnyqaAHOA MO~YnHUHH Bh~O~HOA CHrHan no (1.1) 

3aOHWBTCH B BH~e: 
T 

N 

z(t) = E a. Js(r )M(t/1:. /< )dr + (1 
~ ~ 

i = 1 0 

( 1. 10) 

EcnH Bh~O~HOA CHrHan HaKannHBaBTC~ B KaHanax C mHpHHOA At, 

COOTBBTCTBY~WBA IDHPHHB HMnynbca BXO~BOfO CHrHana, CO~Bp~aHHB 

k-oro KaHana 

t k At 
N 

zk = f z (t) dt = E a (' 
i ... k- i + b , ( 1. 11) 

l i = 1 

r~e 

lk+Al T. 

sk . - ~ = f f S (r ) tp (t/t. /<) d< dt ; 
~ 

b = ( 1. 12) 
l k 0 
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llpH 3TOM KpOCC-KOppenRUHR no (1. 3) H~BBT BHn: 
N N N 

1\ =k~1 ak-t zk = (Ao/A)St + A i. ~1 si. + bi. ~1 ai. ( 1. 13) 

EcnH 3nBMBHThl naoHqHoA nocnenoaa1enhHOCTH {a } npHHHMaDT 
1. 

3HaqeHHR 1 nH60 0 (HanpHMBp npencTaBIRDT COCTORHHR 1 0TKphiTO 1 H 
13aKphrro 1

), Tor na no [ 3 J 

A =m; 
0 

J,=cm c 1. 14) 

rne m- qHcno 3nBMBHTOB pRna CO 3HaqeHHBM "1", c=(m-1)/(N-1) 

pa6oqHA UHKn. 

flerKO peanH3YDTCR H nC3TOMY pacnpOCTpaHBHhl 
nocnenoBaTenbHOCTH THna naoHqHoro cnBHrOBOrO perHCTpa (llnCP) 

d d-1 
[4J, rne N = 2 /1, m = 2 =(N+1)/2 ~ c = 1/2. 

noncTaBnRR C1.14) a (1.13) nnR Bhl~a~eHHR ~ nonyqaeM: 
N 

1 Q 
st = _(_1_-,=c~) m- E ( ak- t -c) :;\ - m 

k=1 
( 1. 15) 

N N N 

E a. = m H no ( 1.11) mE S. = E z. c 1. 16) 
1. 1. 1. i. = 1 i. = 1 i. = 1 

HaKoHeu, B cnyqae nncP H3 Bhlpa~BH~ R c 1.15) nonyqaeM: 

_.L 
N 

st = ( E ( 2 ak _ t -l) zk - b) (1. 17) N+1 k=1 



- 4 -

2.llpHHUhill ~BACTBHH CDBKTPOMBTpa 

nsoAHOA BPBMHnponBTHhlfl CDBKTPOMBT~· npHMOA r BOMBTPHH KOPA 

pacnonOlKBH Ha 5-0M KaHane J16P- 2 H J.'ICDOnb3YBT npe~CTaBnBHHYIO 

Bh~B KoppenHUHOHHYIO TBXHHKY [5-71. CneKTPOMBTP KOPA 

DpHMBHHBTCH ~nR HCCnB~OBaHHH paCCBHHJ.'IH TBPMHt.IBCKHX H X OnO~HhiX 

HBATpOHOB B DPOUBCCaX C nepe~aqef 3HBprHH. OnpB~BnBHHB 

nepe~aHHOA 3HBprHH CBO~HTCH K ODPB~BIIBHHIO CKOPOCTBA HBATpOHa 

~0 H DOCnB paCCBHHHH, CnB~OBaTBn~HO, npH ~HKCHPOBaHHhiX 

nponBTHhiX 6a3aX K H3MBPBHHIO lBYX BPBMBH. llOCKOnbKY 

HCTOt.IHHKOM HBATpOHOB HBnHBTCH HMDYnbCHhlfl peaKTOp, B Kat.IBCTBB 

O~HOrO H3 BPBMBH MOlKHO HCDOnb30BaT~ .HBDOCPB~CTBBHHO nonHOB 

BPBMH nponeTa (t) HBATPOHOM 6a3hl HCTOt.IHHK- ~BTBKTOP (L). 

ll03TOMY ~OCTaTOt.IHO DPHMBHHTb O~HH D~BphmaTBnb ~nR H3MBPBHHH 

eme O~HOrO BPBMBHH nponeTa. 

CneKTPOMBTP cxeMaTHt.IBCKH npe~cTaBIBH Ha pHc. 1. HeATPOHh~ 

HCDYmBHHhiB 3aMB~nHTBnBM HMDYnbCHOrC peaKTOpa C WHPHHOA 

HMDYnbca ~t=320 ~CBK [91, nona~aiOT Ha o6pa3BU, HaXO~HmHACH Ha 

paCCTOHHHH ~=19M, H nocne paCCBHHHH C H3MBHBHHOA CKOPOCTbiO 

nponeTaiOT BTOPYIO 6a3y L
2

=6. 5 M ~o ~BTBKTopa. CTaTHCTHt.IBCKHA 

npephmaTBnb pacnonOlKBH nepe~ o6pa3UO~ Ha paCCTOHHHH ~L=O, 35 M. 

0H BpamaBTCH CO CKOPOCTbiO 3000 06/MMH. nnR MO~YnHUHH nyt.IKa 

HMBBTCH 3 CMBHHhiX ~HCKa C O~HHaKOBhM ~HaMBTPOM 0, 7 M, no 

nepHMBTPY KOTOPhiX pa3MBmBHhl O~Ha MnH HBCKOnbKO H~BHTHt.IHhiX 

nCBB~ocnyt.IaAHhiX nocnB~OBaTBnbHOCTBA, TO BCTb nponycKaiOmHB H 

nor nomaiOmHB HBATpOHhl o6nacTH MBHHIOTCH cor naCHO llnCP. llapaMBTphl 

3- X ~HCKOB CnB~YIOmHB: t.IHCnO PH~OB Ha ~HCKB 2, 4, 1; t.IHCJIO 

3nBMBHTOB PH~a N=127, 127, 255; BPBMH nepHO~a T ~10, 
c 

5, 

20MCBK; mHpHHa 3J1BMBHTapHOrO BPBMBHHOrO OKHa npephma TBJIH 

~ tc ~80, 40, 80 ~CBK; WHPHHa OKHa Ww =7, 3. 5, 7 MM; BhiCOTa OKHa 

W1=55, 55, 55 MM. 

llpHHUhill ~BACTBHH CnBKTPOMBTpa 06bHCHHBTCH Ha ~HarpaMMB 

paCCTOHHHB-BPBMH Ha PHC. 2. ~OpManbHO MOlKHO paCCMaTpHBaTb 

~BalK~hl MO~YnHpOBaHHhlfl ~YHKUHHMH Mi (t) H M
2 

(t) nyt.IOK 

CTaUHOHapHOrO HCTOt.IHHKa 3Hat.IBHHH o6BHX ~YHKUHA MBHHIOTCH 

MBlK~Y 0 H 1. 4epB3 i(v )dv dt 0603Hat.IHM t.IHCnO HBATpOHOB, 
i i 

HCnYmBHHhiX CTaUHOHapHh~ HCTOt.IHHKOM 3a BPBMH 

[vi , vi +dvi ], KOTOPhiB 683 MO~YnHUHH nono~anH 

nocne 100%-oro paCCBHHHH perHCTPHPOBanHCb 

dt co 

6hi Ha 

6hl 

CKOPOCTbiO ve 

o6pa3BU, a 

~BTBKTOPOM. 
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11HIOpMaUHkl 0 CBOACTBaX o6pa3Ua Hf!CBT IYHKUHR pacceRHHR 

s (vi V
2 

) • s (vi V
2 

) dv
2 

03Ha"'aBT BBPORTHOCTh TOr 0, tiTO HBATPOH, 

nal(aklntHA CO CKOPOCThkl Vi, paCCBHBaf:TCR CO CKOPOCThkl V
2 

e 

(V ,v +dv ]. llo COOTHOWBHHRM V =L /T H V lL /T MO-HO nepeATH 
2 2 2 i i j 2 2 2 

K speMeHaM nponeTa T i 11 T 
2 

(BenwmHoA IlL 3llBCh llnR npocTOThi 

Mo•Ho npeHe6pe"'h) 11 nonh30Ba ThCR IYHJ:UHRMH i (T i ) 11 s (T i 1 T 
2 

) • 

nocKOnhKY H3MBPRBTCR nonHoe BPBMR nponeTa T = T i + T 2 H T 2 

BPBMR nponeTa 6a3hl L
2

, uenecoo6pH3HO nepeATH K IYHKUHRM 

i(TIT) H S(TIT ). 
2 2 

B 3TOM cJiyqae "'Hcno HBATPOHOB, 

3aperHCTHposaHHhiX B HHTepsane upeMeHH [ti 1 ti +dti ] H 

XapaKTBpH3YBMhiX BpBMBHaMH nponeTa (T 1 T +dT ] H (T 1 T +dT ] : 
j i i 2 2 2 

dz =M (t-T)M (t-T )i{T 1 T )S'T 1 T )dTdT dt 
i 2 2 2' 2 2 

(2. 1) 

B cnyqae HMDYnhCHOrO HCTO"'HHKa H DCBBllOCnyqaAoro 

npephiBaTenR HMBklTCR cnBllYklDlHB IYHKUHH MOllYnRUHH: 

M (t) = V' (t) 
i 

(2. 2) 

N 

M
2 

(t) = E ak tp (t-tk : , 
k = i 

( 2. 3) 

r llB IOpMa HMDYnhCOB DOll"'HHRBTCR cnem'klDlHM ycnOBHRM: 
lXI 

I V'(t)dt = llt 
-lXI 

lXI 

I p(t)dt = 
-lXI 

llt 
2 

CnelloBaTenhHO, ecnH speMR 3aTy~aHHR IYHKUHH 

HaMHOrO MBHhWB, "'BM nepHOll BPBMBHH peaKTOpa H 

( 2. 4) 

{2. 5) 

pacceRHHR 

npep~:,maTenR: 

{T «T > T «T ), TOrl(a 
• r • c 

"'HCnO HBATpOHOB, 

peaKTOpa B 

HaKannHBaklDlHXCR 3a 

BPBMR OllHOrO HMDYnbca KaHane 

[t. It· +dt. ] : 
~ ~ ~ 

trflt T T 
~ i. s s N . 

( j ) 
z. 

~ 
= I I I V' (t-T n: a~ J ) tp (t-T 2 -tk ) :. (T IT 2 ) s (T IT 2 ) dT dT 2 dt+bi. 

t 0 0 k=i 
i. 

( 2. 6) 

3llBCb BBPXHHM HHllBKCOM j 0603Ha"'EHa la3a DCBBllOCnyqaAHOA 

DOCnBllOBaTBnhHOCTH npephiBaTenR OTHOCI-ITBnhHO HMDYnbca peaKTOpa. 

HaKODnBHHB l(aHHhiX OCYIIlBCTBnRBTCR E llBYXMBPHhiA CDBKTp. 3a 

OllHH HMDYnhC peaKTOpa BCB HBATpOHill C OllHHaKOBhiM BPBMBHBM 

nponeTa perHCTPHPYklTCR B OllHOM H TOM •e KaHane. 113 ypaBHBHHR 
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c 2. 6J nonyt.IaeM: 

H 

z. . = E ak . s. k + b. 
l.J k=1 -J 1. 1. 

( 2. 7) 

rae 
l t ~l . T T 

1. 1. • • 

Sik = f f Jlf'(t-<)p(t-<
2
-tk)i(<,<

2
)S(<,<

2
)d<d<

2
dt (2. 8) 

l 0 0 
i 

RBnReTCR TeM nponopU110HanbHhiM ~YHI:U1111 pacceHHI1H OTKni1KOM, 

KOTOphiA nonyt.IancH 6hl B cnyt.Iae npephiBH TenR c OllH11M nponycKaKllllHM 

HeATpOHhl OKHOM. 

HcHo, "'TO Heo6XOlli1MhiM ycnOBHeM npaBI1nbHOA pa6oThi 

KOppenHU110HHOrO cneKTPOMeTpa HBnHeTCH HeCI1HXPOHHOe BpameHI1e 

npephiBaTenH OTHOCI1TenbHO 11MDYnbCa CTHpTa peaKTOpa, DOTOMY "'TO 

nl1llib B 3TOM cnyt.Iae o6ecnet.IeHO IIOHBneHI1e C Olli1HaKOBOA 

BepOHTHOCTbKl BCeX ~a3. Ecn11 3TO ycnou11e YllOBneTBOpeHO, TOrlla 

3a llOCTaTO"'HO llni1TenbHOe BpeMH 11:1MepeHI1H T Ka>I<llaH ~a3a 
m 

DOHBnHeTCH T jCvNT ) pa3. 3lleCb v - ~leneHI1e, KOTOpoe 03Hat.IaeT, 
m r 

BO CKOnbKO pa3 3neMeHTapHhiA 11MDYnbC npephiBaTenH (~t =T /N) 
c c 

m11pe KaHana per 11cTpau1111 ~a3hl npephma TenR: ~ t =~ t jv. TaKI1M z c 

o6pa30M, 3a nonHoe BpeMH 113MepeHI1H B KaHane Ci,jJ Ha611paeTCH 

Ct.IeT 

__3n_ ( H ) zi j = v NT E ak - j 81 k + bi 
r k = 1 

llo ypaBHeH11Kl C1. 13) KpOCC-KOppenHili1H 11MeeT Bl1ll: 

H 

1\t = E a. t z .. , 
j=1 J- l.J 

11 llnR lli1CKpeTHOA ~YHKU1111 pacceHHI1H C :~. 8) nonyt.I11TCH 

Sit = (N+1) T 
m 

2vNT r 
H 

( E (2a. t ·-1)z .. -b) 
j=1 J- l.J 

( 2. 9) 

( 2. 10) 

( 2. 11) 

Pe3ynbTaTOM 113MepeHI1H, coaep>I<aiU11M HarnHllHYKl 11H~opMaU11Kl o 

CBOACTBaX o6pa3Ua, HBnHeTCH ~YHKU11H pacceHHI1H Sit' nonyt.IeHHaH 

nocne Kpocc-KoppenHU1111 HaKonneHHoro cneKTpa z. . 11 
1. J 

ncesaocnyt.IaAHoA nocneaosaTenhHOCTI1. 3ToT llBYXMepHhiA cneKTP 

MO>I<HO 11306pa311Tb B ~OpMe ri1CTOrpaMMhl 11n11 KapThl B 3aBI1CI1MOCTI1 

OT BpeMeH nponeTa Cr, < z) 11n11 HOMepou KaHana C i, lJ. WYHKU11H 

SCQ,wJ, ODI1ChiBaKliUaH 3aBI1CI1MOCTb pHCCeHHI1H OT nepeaaHHOrO 
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HMnynbca H 3HBprHH, nony'l.faBTCH H3 ~YlfKUHH SCT' T ) z c nOMOlllbD 

HenHHBAHoro npeo6pa3oBaHHH. O~HaKo c TO'I.fKH 3PBHHH onpe~eneHHH 

tpe6oBaHHA, KaCaDlllHX CH CHCTBMhl HaKonneHHH ~aHHhiX, 

uenecoo6pa3HO aHanH3HPOBaTb H3MBHBHHil napaMetpOB CnBKTPOMBtpa 

B 3aBHCHMOCTH or KOOP~HHat T,T 2 , TO llCTh B nnocKOCTH T-T 2 • 

B Ka•~oA TO'I.fKe nnocKoctH T-T 2 o~H03Ha'l.fHO onpe~eneHhi 

napaMetphi HBATPOHa: 3HBprHH H HMn:rnhC na~aDmero HBATpOHa, 

nepe~aHHhiB 3HeprHH H HMnynbc, pa36poc napaMetpoB H noKanbHaH 

pa3pemaDmaH cnoco6Hocth cneKrpoMetpa. Ha pHc. 3 npHBe~eHhi 

npHMBPhl taKHX Kapr napaMetpos. Ha pHc. 3a H3o6pa•eHa Kapra 

nepe~a'l.fH 3HeprHH. llo nHHHH, xapaKTBPH3~BMOA nepe~a'l.feA 3HeprHH 

e=O, HaX O~HTCH C06hiTHH ynpyr or 0 paCCBHHHH, BhiWB 3TOA nHHHH 

C06hiTHH C norepeA 3HeprHH, a HH*B C npHo6peTBHHBM 3HBprHH 

HBATpOHOM. HaKnOH ynpyroA nHHHH onpe;tenHBTCH OTHOWBHHBM ~nHH 

nponBTHhiX 6a3 L
2 

paCCTOHHHB npE:phiBatenb-~BTBKTOp H L 

pacctoHHHe 3aMe~nHrenb-~eteKrop. HeA1"POHh~ na~aDmHe Ha o6pa3eu 

C O~HHaKOBOA 3HeprHBA, pacnonO*BHhl HH nHHHHX no~ yr nOM 

HBCKOnhKO taKHX nHHHH noKa3aHO Ha PHCYHKB nyHKTHPOM. flHHHH, 

0603Ha'l.fBHHaH 3HaKOM oo, COOTBBTCTBYBT HBATpOHaM C 6eCKOHB'I.fHO 

6onhmOA 3HeprHBA. ll03TOMY BhiWB 3TOA nHHHH HB MOrYT 6biTb 

~H3H'I.fBCKH peanhHhie co6LITHH. BLmem:Hhi nyHKTHPOM o6nactH, 

KOTOPhiB no HHTBHCHBHOCTH H no pa3pemc,DIIlBA cnoco6HOCTH HBnHDTCH 

no~x o~HIIlHMH ~nR Hccne~osaHHH Heynpynrx npoueccos c nepe~a 'l.feA 

3HeprHH ~0 HBCKOnhKHX ~BCHTKOB mE~V H ~nR KBa3H-ynpyroro 

pacceHHHH c pa3pemeHHBM no 3HeprHH B HHtepsane 60 - aso ~ev. 

HeynpyraH o6nacth o6o3Ha'l.feHa 6YKBOA H, KBa3H-ynpyraH 6yKBOA K. 
Ha pHc. 36 npe~crasneHa Kapra pa3pemeHHH no 3HeprHH (ronhKO 

rnasHaH teH~BHUHH, no~po6Hh~ aHanH3 pa3pemaDmeA cnoco6HoctH 

HH*B), a Ha pHC. 38 Kapta nepe~a~HhiX HMnynbCOB ~nR yrna 

pacceHHHH 2&=60°. 
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3. CTaTI1CTI1qecKaH ToqHoCTh 11 o6nacTI1 npi1MBHBH11H cneKTPOMeTpa 

DnR KaHana sit, 113MepeHHoro ~:oppenHU110HHOA Tex HHKOA, 

CTaTHCTHqecKHA pa36poc ~Sit paBeH: 

N 

) z = E (cas. t / a z. . ) ~ z. . ) z 
~ \ J ~ J 

c 3. 1) 
j = 1 

z 
nocKOnhKY C~ Z .. ) =z .. , 113 C 2 .11) nom•qaeM: 

~ J ~ J 

2vNT N 1 / z 

~sit= (N+1>;mC~l:~ij) c 3. 2) 

j = 1 

tf • z 
E (2a. t -1) z .. 

J - ~ J 

N 

= E z. 
~ j , 

j = 1 

z 
BepHOB, TaK KaK a. t =a. t, ecnH 3m:MeHThi nocne~oBaTenhHOCTH 

J - J -

{a. } paBHhl 0 11n11 1. 
~ 

B Bh~a•eHI111 C3. 2) qTo Ben11q11Ha b 

HeKoppenl1poBaHHoro ~aHa 

npe~nono•E:Ho, 

TQqHQ 11::BBCTHa 113 HB3aBHCHMhiX 

113MBPBHI1A, 11 OHO npHBO~I1TCH K cne~YIODlBMY ynpomeHHOMY BI1~Y: 

2vNT 

~sit = (N+1); ~~:i ' 
m 

(3. 3) 

N 
z 

r ~e (~ Z. ) =Z. 11 Z. = E Z. . - CYMMa cqE TOB BO BCBX KaHanax j B 
~ ~ ~ j = 1 ~ J 

cerMeHTe i. 8hipa•eHI1e c 3. 3) HBnHeTcH 113BBCTHhiM pe3ynbTaToM ~nH 

KOppenHU110HHOA TBXHI1KI1 B cnyqae nceEnocnyqaAHOA MO~YnHU1111 C 

pa6oqHM U11KnoM c=1/2. 0Ho 03F.aqaeT, qTo a6coniOTHaH 

CTaTI1CTI1qecKaH Oilli16Ka O~HHaKOBa ~nH ~a-~OA TQqKH cneKTpa CB 

cnyqae ~BYXMepHoro cneKTpa cneKTPOMe1pa KOPA ~nH Ka•~oA ToqKH 

o~Horo cerMeHTa). Cne~oBaTenhHO, lnR H3MepeHHoro cneKTpa 

OTHOCHTenbHaH om116Ka ToqeK 3Toro cnEKTpa onpe~enHeTcH nocne 

Kpocc-KoppenHUHH: 

N -1 

~sit ;sit =~Zi (. E (2aj _ t -·1) zi j - b) 
J = 1 

c 3. 4) 

~3 Bh~a-eHHH C3. 4) HCHO, qTQ OTHOCHTEnbHaH OmH6Ka Ka*~OA TQqKH 

KOppenHpOBaHHOrO cneKTpa 3aBHCHT OT cqeTa B ~aHHOM KaHane, OT 

cqeTa BO BCeM 113MepeHHOM cneKTpe CBQ BCBM cerMeHTe), OT ~OPMhl 

cneKTpa 11 oT nono•eHI1H ~aHHOA ToqKI1. B cnyqae KoppenHUHOHHOA 

TeXHI1KI1 OTHOCHTenbHhiB OmH6KH B PB3HhiX TQqKaX cneKTpa He 

HBnHIOTCH He3aBI1CI1MhiMH ~pyr OT ~pyra. 
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CTa THCTHlJBCKYKl OIDH6KY B pa3HhiX TQt!KaX CDBKTJla MQ)I(HQ TaK)I(B 

BhiPa3HTh C DOMOlllhKl ~aKTOpa noKanhHOrO BhiHr pbuna g [ ~ 1~ KOTOpbiA 

onpenenHBTCH OTHOWBHHBM pa36pOCOB COOTBBTCTBYKllllHX TOlJBK 

KOHBBHUHOHanhHhiX H KOppenHUHOHHhD CDBKTPOB, CHHThiX B 

onHHaKOBhiX ycnOBHHX. nnR KOHBBHUHOHaJ!hHOA TBX HHKH, TO BCTh 8 

cnyqae HCDOnh30BaHHH npepbiBaTenH C Ol!HHM OKHOM, CTaTHCTHlfBCKHA 

pa36poc TOlJBK CDBKTpa Sit 

c 3. 5) 

;aKTOp BhiHrpbuna BhiPa)l(aBT, HaCKOnh~O nonhme Hano H3MBPHTh 

KOHBBHUHOHanhHOA TBXHHKOA, lJTQ6bl niH· naHHOA TOlJKH CDBKTpa 

nOCTHlfh TaKOA )I(B CTaTHCTHlfBCKOf TOlfHOCTH, KaK nnR 
COOTBBTCTBYKllllBA TOlfKH CDBKTpa, H3fwiBPBHHOrO KOppenHUHOHHOA 

TBXHHKOA. llo [31 KBanpaT ~aKTOpa BhiHrpbuna: 

z (t. s~ to" v) z I (t. s~ ot r r ) z = ---~~:·:~~~~ il +~J2_ ____ _ 
gil= • • (1-2c)o.l+cN+(1-cjm)(1. c3· 6 ) 

~ ~ 

- -
rne o. l= S. l/S.- OTHOCHTBnhHhiA YPOBEHh 

~ ~ ~ 
CDBKTpa; (1. = b. /S.-

~ ~ ~ 

OTHOCHTBnhHhiA YPOBBHh ~OHa; 

CDBKTpa B cerMBHTB i. 

-
S. = 

~ 

1 1'1 

ti r si k 
k = 1 

cpenHHA 

8 cnyqae nocnenosaTenhHOCTH THna c~BHrosoro perHcTpa 

ynpomaeTCH, H C XOPOIDHM npH6nH)I(BHHBM MQ)I(HQ 3aDHCaTb: 

0' • 1+(1 . z __ .l...___.!. 
gi t = 2+41'1. /N 

~ 

EcnH ~oH 3KCTPBManhHo BhiCOKHA, ~aKTop BhiHrpbuna nnR scex 

CDBKTpa: 

z 
gi t =N/4 

nnR OTHOCHTBnhHO HB60nhiDOrO ~OHa: 

z 
gil = 0' i l 12 C(1. ((N) 

~ 

YPOBBHh 

c 3. 6) 

c 3. 7) 

TOlJBK 

c 3. 8) 

c 3. 9) 

~3 C3. 8) H C3, 9) HCHO, liTO KOppenHUHOHHaH TBXHHKa HMBBT 

npeHMYWBCT80 80 8CBX TOlfKaX CDBKTpa nHWh 8 npHCYTCT8HH 

6onhmoro HeKoppenHposaHHoro ~aHa, KOTDPhiA 803HHKaeT 8 cnyqaHx 

nH60 HH3KOA rny6HHhl MonynHUHH, nH60 8biCOKOrO HBMOnYnHp08aHHOrO 

myMa. nnR cneKTPOMBTpa KOPA rny6HHa MonynHUHH MBXaHHlfBCKOro 

npephmaHHH 6nH3Ka K 100%, YP08BHh HBKOHTpOnHpyeMoro H D03TOMY 



- 10 -

HeMO~YnHpOBaHHOrO myMa TaK•e HH3KHA, TaK KaK HeKoppenHpOBaHHbm 
IOH cpaBHHTenbHO He6onhmOA (He npeBbrnaer HeCKOnhKHX 
npoueHros). B pe3Ynhrare HMeercH npeHMymecrso nHmh B rex 
TO~KaX cneKTpa, 3Ha~eHHe KOTOPb~ He MeHee ~eM B ~Ba pa3a 
npesbrnaer cpe~Hee 3Ha~eHHe cneKrpa B ~aHHOM cerMeHre. 

C DOMOmhD laKTOpa noKanbHOrO Bb~rpbrna H OTHOCHTenhHOrO 
YPOBHH COeKTpa OTHOCHTenbHaH OWH6Ka 10~eK cneKTpa Bb~a-aeTCH B 
cne~ynmeM BH~e: 

-
( 

o. 1z.)-1 z -z z -z l. l. 
(t..Si. t /Si. t) = gi. t (t..Si. t /Si. t) = gi."l --N/2-

corr conv 

(3. 10) 

r~e z. =Z. /N - cpe~HHA c~er B o~HOM KaHane i-ro cerMeHra. B 
~ ~ 

cny~ae He6onhmoro loHa, no~crasnHH (~. 9), nony~HM: 

= ___ N_ __ 

z -
2o. l Z. 

~ ~ 

( 3, 11) 

3ra IOPMYna 6y~er Hcnonh30BaHa B ~anbHeAmeM ~nR onpe~eneHHH 
cpe~Hero C~eTa B KaHane DPH 3a~aHHOA CTaTHCTH~eCKOA TO~HOCTH. 

PaCCMOTpeHHbie Bbrne napaMeTpbi onpe~enHDT o6naCTb DPHMeHeHHH 
cneKrpoMerpa: Heynpyroe H KBa3H-ynpyroe pacceHHHe. 
Hccne~oBaHHe npoueccos Heynpyrorc pacceHHHH HeArpoHOB 
(HanpHMep, IOHOHHbre COeKTpb~ ~HcnepCHOHHbre COOTHOmeHHH) 
3aHHMaBT ~Hana30H nepe~aHHOA BHeprHH B HBCKOnhKO ~eCHTKOB meV 

[51. 3a~a~eA raKoro H3MepeHHH RBnReTcR onpe~eneHHe nono•eHHH 
HeynpyrHX DHKOB, H 3THM 
cnoco6HoCTh no 3HeprHH. 

3a~aercH Heo6xo~HMaH 

llpaKTH~eCKH 06bNHO 
pa3pemanmaH 
~ocraro~Ho 

pa3pemeHHH OOpH~Ka HeCKOnhKHX meV. 8 ~aneKHX OT nHHHH ynpyrHX 
co6biTHA o6nacrHx ~BYXMepHoro cneKrpa B nnocKocTH T-T (B z 
o6nacrHx 6onhmHx nepe~a~ 3HeprHH) 3HeprerH~ecKaH mKana cHnhHO 
HenHHeAHaH H pa3pemanmaH COOC06HOCTb pe3KO yxy~maeTCH. ll03TOMY 
BHYTPH ce~eHHH ~BYXMepHoro cneKTpa, xapaKTepH3YeMoro 
IHKCHposaHHb~ nonHb~ speMeHeM nponera (BHYTPH o~Horo 

cerMeHra), MaKCHManbHaH nepe~a~a 3HeprHH He Mo•er npesbrnarh 
6onhme ~eM B TPH pa3a 3HeprHD HeArpoHa, ynpyro pacceHHHoro B 
~aHHbm cerMeHT. 3HeprHH HeATPOHa E [ meVl KaK IYHKUHH ~nHHbl 

BOnHbl A [Al: 

E=h
2 

/2m A z =81. 83/A z 
n 

( 3. 12) 
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~13 3TOrO BhJPa>KeHHH HCHO, liTO C POCTOH llnHHhl BOnHhl HeATPOHOB, 

nallak>lllHX Ha o6pa3eu none3Hhlff llHana3oH nepellaliH 3HeprHH pe3KO 

COKpamaeTCH. nnH HCCnellOBaHHH npouecC:OB C nepellalleA 3HeprHH 

nopHllKa HeCKOnbKHX lleCHTKOB meV HCnOnb3YeMhiA llHana30H llnHH 

BOnH He MO>KeT npeBhiDiaTb 'A=3A. 8 o6naC:TJ.1 llO 'A=3A HHTeHCHBHOCTb 

HCTOliHHKa HeATpOHOB (peaKTOp H6P-2) TaK>Ke llOCTaTOliHaH. 

nHana30H llnHH BOnH CHJ.13Y orpaHHliE:H (llO 'A=1. SA) YX YllWeHHeM 

pa3pema1>meA cnoco6HOCTH no 3HeprHH. 

8 cneKTpax, HaKonneHHhiX cneKTPOMeTpoM KOPA, npaKTHlleCKH 

Beer lla npHCYTCTBYeT HeKOr epeHTHhiA yn~~yr HA nHK, HHTeHCHBHOCTb 

KOTOpOrO 06bNHO Ha llBa nopBllKa npeBbiDiaeT HHTeHCHBHOCTb 

HeynpyrHX nHKOB. • no3TOMY cpellHE e 3HalleHHe cneKTpa, 

onpelleneHHOe llOMHHHPYI>IIlHM ynpyrHM ni- 1KOM, npeBhiDiaeT MaKCHMYM 

HeynpyrHX nHKOB. CnellOBaTenbHO, J.1Mee1CH BhMrphiDI TOnbKO B TOM 

cnyllae, ecnH ynpyrHA nHK OT~HnbTPOBaE 113 cneKTpa. 

KoppenHUHOHHaH TeXHHKa B6nH3hl ynp)roro nHKa ecTeCTBeHHh~ o6pa30M, 

TO eCTb 6e3 ~HnbTpaUHH, HMeeT npeHMYIIleCTBO, nOCKOnbKY 

HHTeHCHBHOCTb B 3TJ.1X TOliKaX cneKT~a 3HaliHTenbHO npeBhiDiaeT 

cpellHee 3HalleHHe cneKTpa J.1 n03BOnHeT 3~~eKTJ.1BHO (C BhMrphiDieM) 

HCCnellOBaTb KBa3H-ynpyroe pacceHHHB, TO-eCTb npoueCCh~ 

CBH3aHhle C MHKPOllHHaMHKOA BellleCTBa 1-1 npHBOllHIIlHe K YWHpeHHk> 

ynpyroro nHKa [8J. 

8 3TOM cnyllae J.13MepHeTCH J.13MeHeHHe (ymHpeHHe) ~OpMhl 

ynpyroro nHKa, KOTopoe llnH mHpoKoro Knacca 3allall nonallaeT B 

o6nacTb OT lleCHTKOB ~ev llO mev. HH>Ke noKa3aHo, liTO 

3HaliHTenbHoe ynyllmeHHe pa3pemeHHH no 3HeprHH Tpe6yeT nepexolla 

llHana30Ha J.13MepeHHA B CTOPOHY HBATpOHOB HJ.13KJ.1X 3HeprHA, 

TO-eCTb 6onbWJ.1X llnHH BOnH.0llHaKO C POCTOM llnHHhl BOnHhl 

HHTeHCHBHOCTb HCTOliHHKa HeATpOHOB B 3HaliHTenbHOA Mepe nallaeT, 

a Heo6XOllJ.1MOe BpeMH J.13MepeHHH HellOnYCTHMO B03pacTaeT. CllBHr 

llHana30Ha J.13MepeHHA B03MO>KeH nHWb 8 TOM cnyllae, ecnH 

OTHOCHTenbHOe J.1 a6conk>THOe liHCnO HeATpOHOB C 6onbWJ.1MJ.1 llnHHaMH 

BOnH llOCTaTOliHO BenHKO, T. e. Z(nH 3KCnepHMeHTOB no 

KBa3H-ynpyrOMY pacceHHHI> He06XOllJ.1MO J.1CnOnb30BaTb 3BpKanbHhiA 

HBATpOHOBOll. Ha pHC. 4 npellCTasneH cneKTP Ha BhiXOlle 3epKanbHOrO 

HeATpOHOBOlla. 

8 3KCnepHMBHTaX 

HCCnellYBMOrO nHKa C 

BCerlla 

~YHKUHeA 

J.13Mep~eTCH 

pa3pe llleHHH 

CBepTKa 

cneKTPOMeTpa. 

~OPMhl 

nnH 
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npaBHnhHOA o6pa60TKJ1 ~aHHh~ Heo6XO~J1WO yqJ1ThffiaTh ~OPMY nHHJ1J1 

~YHKUJ1J1 pa3pemeHJ1H, He~OCTaToqHo, ecnH J13BeCTHa TOnhKO 

nonymHpHHa 3TOA ~YHKUJ1J1, TO eCTh pa3pemaDmaH cnoco6HOCTh. 

ll03TOMY WHPHHa KaHana BHYTPH cerMeHTB ~on•Ha 6hiTh MeHhme, qeM 

Heo6xo~HMO 6hlno 6hl ~nH npocToro onpe~eneHHH pa3pemaDmeA 

cnoco6HOCTJ1. 8 3KcnepHMeHTax no KBa3H-ynpyroMy pacceHHHD 

He06XO~J1MO J1CnOnh30BaTh ~eneHHe KaHa~OB ~t He MeHme, qeM Ha 

v=2 OTHOCJ1TenhHO WJ1PJ1Hhl OKHa npepbiBaTenH. 

Ha pHc. s npe~cTasneHhi, KaK npi1Mep, HeKOTOPhie cerMeHThi 

~BYXMepHh~ cneKTPOB, CHHTh~ Ha BO~e npH KOMHaTHOA TeMnepaType, 

TOnhmHHa CnOH o6pa3Ua d=O. 5MM, .BPeMH J1~MepeHJ1H T =150 qacoB. 
m 

Ha pHCYHKaX Sa, 56, 58 J1 Sr C~HOMepHhie cneKTPhl nocne 

2 ~Cl. 90° KPOCC-KOppenHUJ1J1 ~nH yrnOB pacceHHJ1H COOTBeTCTBeHHO v = , 

7 0° , 5 0° lA 3 0° ' 4 A H n J1 ~nHHhl BOnHhl ~= ~. a HJ1X BJ1~HO ymHpeHHe 

KBa3H-ynpyroro nHKa, CBH3aHHOe C TpaHCnHUHOHHOA CaMO~J1~~Y3J1eA 

BO~hL Ha6nD~aeTCH TaK•e CHnhHaH 3aBJ1CJ1MOCTh OT yrna pacceHHJ1H 

T.e. OT nepe~aHHoro HMnynhca. Ha pHc. s~ npe~cTasneH TOT •e 

CaMh~ cerMeHT nepBOHaqanhHO J13MepeHHOrO cneKTpa qTO J1 Ha 

pHC. 56, HO 6e3 Kpocc-KoppenHUJ1J1. Ha pHC. Se cneKTp nonHoro 

speMeHH nponeTa ~nH ~eTeKTopHoro 6~oKa, pacnono•eHHoro no~ 
0 

yrnOM 2&=70 B ~Hana30He ~nHH BOnH A.=3-8A. 

Ha PHC. 6 no~o6Hbre cneKTPh~ CHHTh Ha -J1~KOKPJ1CTanJ1qecKOM 

o6pa3Ue EBBA B HeMaTJ1qecKOM (pJ1C. 6a) J1 B TBep~OM (pHC. 66) 

COCTOHHJ1J1. Yron pacceHHJ1H 2&=70°, nnHHa BOnHhl A.=4A, BpeMH 

J13MepeHJ1H B 060J1X J13MepeHJ1HX T =120 qaCOB. 3~eCh TaK•e BJ1~HO 
m 

YWHpeHHe KBa3H-ynpyroro nHKa, CBH3aHHOe C poTaUHOHHhW 

~BH•eHHeM MoneKyn •H~KOKPHCTan~J1qecKoro semecTBa B 

HeMaTJ1qecKOM COCTOHHJ1J1. Ha TBep~OM o6pa3Ue KBa3H-ynpyroe 

YWHpeHHe nHKa npaKTJ1qecKJ1 He Ha6nD~aeTCH, ~OpMa nHKa nonHOCThD 

onpe~enHeTcH HHCTPYMeHTanhHhW ymHpeHI1eM. 
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4. Pa3pemanmaH cnoco6HOCTb 

0liHOMBPHhiB cneKTpbl, H3MBPBHHhiB liPYf HMH cneKTPOMBTpaMH 
COOTBBTCTBYDT ceqeHHHM liBYXMepHOfO cneKTpa, H3MepeHHOfO 
cneKTPOMeTpoM KOPA. CnenosaTenbHO, B cnyqae cneKTpoMeTpa KOPA 
BMBCTO TaKHX 06bNHb~ nOHHTHA, KaK nono~BHHB, nnomallb, 
nonymHpHHa H topMa ynpyroro H HeynpyrHx nHKOB, Hano 
HCnOnb30BaTb HX liBYXMBPHbre o6o6meHHH. Heo6XOliHMO TaK~e 

o6paTHTb BHHMaHHe Ha 3TO o6o6meHHe npH onpeneneHHH pa3pemanmeA 
cnoco6HOCTH cneKTPOMBTpa. nnR Bh~opa OnTHManbHOA o6naCTH 
HCnOnb30BaHHH CnBKTPOMBTpa OC06BHHO Ba~HO onpeneneHHB 
pa3pemanmeA cnoco6HocTH no 3HeprHH H no HMnynbcy. 

8 HeynpyrHx npoueccax HeonpeneneHHOCTb senHqHHhi nepenaHHOA 
3HeprHH xapaKTBPH3YBTCH nonymHpHHOA IYHKUHH pacnpeneneHHH, 

I 

nonyqeHHOfO KaK OTKnHK B cnyqae nepenaHHOA 3HeprHH qeTKO 
onpeneneHHOfO 3HaqeHHH. Pa3pemanmaH cnoco6HOCTb MBHHBTCH B 
nnocKOCTH T-T

2
, Ho sa~HeAmHe ee xapaKTBPHCTHKH xopomo 

OTpa~aDTCH B HeonpeneneHHOCTH OTHOCHTBnbHO 3HeprHH nanaDmHX 
HBATpOHOB npH Manb~ nepenaqax 3HBpfHH. 8 rpatHqeCKOM 
npeliCTaBnBHHH 3TO 03HaqaeT, qTQ liOCTaToqHQ o6paTHTb BHHMaHHB 
Ha C06hiTHH B HBnOCPBliCTBBHHOA 6nH30CTH OT ynpyroA nHHHH Ha 
nnocKOCTH T-T

2
• ~H3HqecKH 3TO 03HaqaeT cnyqaA KBa3H-ynpyroro 

pacceHHHH, HO nonyqeHbiB pe3ynbTaTbl MOfYT 6biTb HCnOnb30BaHbl llnR 
oueHKH pa3pemeHHH H B cnyqae Heynpyroro pacceHHHH. 

nnR cneKTPOMeTpa KOPA nepenaHHaH 3HeprHH onpenenHBTCH qepe3 
speMH nponeTa cnenynmHM o6pa3oM: 

( 4. 1) 

rne m - Macca HeATpoHa. 
n 

CooTBeTCTBeHHO liBYM speMeHaM nponeTa HeonpeneneHHOCTb 
nepenaHHOA 3HeprHH COCTOHT H3 liBYX C~araeMb~: 

6e 
T 

2 

6e 
T 

oe = --OT at 

oe = -- OT OT 2 
2 

L2 

= m 
1 

-bT 
n 3 

(T -T 
2 

) 

L2 !.2 
2 1 ] -- + --- OT 
3 3 2 

T (T-·T) 
2 2 

( 4. 2a) 

( 4. 26) 

nnR ynpyroro pacceHHHH: T 2 1 T *L2 /L (T /T ) =T =T *L /L, 
2 1 1 
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T =L Am /h 
1 1 n 

T =L Am /h 11 T =L Am /h. 0TCDlla nonyqHM 
2 2 n n 

6e 
T = ( 4. 3a) 

6e 
T 

( 4. 36) 
2 

rlle 6T 11 oeT - HeonpelleneHHOCTh no apeMeHH nponeTa [~sec) 11 no 
3HeprHH [~eV] Ha 6a3e 3aMellnHTenb-lleTeKTOp L [m), OT

2 
H 6eT 

2 

Ha 6a3e npepLIBaTenh-lleTeKTop L
2 

[m], A - llnHHa aonHhl HeATpoHa 
B [A]. nonHoe pa3pemeHHe no 3HeprHH cneKTPOMeTpa: 

HeonpelleneHHOCTh apeMeH nponeTa onpellenHeTCH napaMeTpaMH 
3KCnepHMeHTanbHOA YCTaHOBKH H CHCTeMbl HaKOnneHHH llaHHhiX : 

( 4. 5a) 

( 4. 56) 

rlle 6T 11 6T - HeonpelleneHHOCTH H3MepeHHH T 11 T
2

, CBH3aHHhle c 
S B2 

napaMeTpaMH YCTaHOBKH, At~- 3~~eKTHBHaH illHPHHa i-ro KaHana 
I. 

e 
perHcTpauHH nonHero apeMeHH nponeTa, At

2 
- 3~~eKTHBHaH mHpHHa 

KaHana perHcTpaUHH apeMeHH nponeTa no BTopoA 6a3e. 

rnaBHh~H ~aKTOpaMH HeonpelleneHHOCTH npH H3MepeHHH BpeMeHH 

nponeTa RBnRDTCR 3~~eKTHBHaH mHpMHa HMnynhca HCTQt{HHKa 
HeATpOHOB At• CpHC. 7a), 3~~eKTHBHaH IDHPHHa 3neMeHTapHoro OKHa 

r 

npepbiBa TenR A t• (pHC. 76), HeonpelleJleHHOCTb llnHHhl nponeTHOA 
c 

6a3hl 6L (pHC. 78), OTHOCHTenbHOe H3MeHeHHe CKOpOCTH BpameHHH 
npepbiBaTenH Anjn=AT /T CpHC. 7r): 

c c 

( OT: 
r /2 OT +OT 2 +6T 2 

= 
s c l 

( 4. 6a) 

OT (or: +OT 2 +6T 2 2)1/2 
= +OT 

S2 c l n 
( 4. 66) 
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rlle OT =(L /L )At• 
r Z 1 r 

OT = (L/L )A t• 
c 1 c 

OTt =252. 76 u. 

6T =252. 7 (Anjn) L A. 
n z 

Ecm1 B C4. 4)- C4, 6) pa3HbiB KOMDOHBHTbl 

HOpManbHOMY 

TOlKB 6yl(BT 

Heonpel(eneHHOCTH 

pacnpel(eneHHIO, 

BpBMBHH nponeTa 

TO pe3ynbTHPYIOmee 

[]0l('qHHHIOTCH 

pacnpel(eneHHe 

HOpManbHb~, KBal(paT nonymHpHHhl KOTOporo nonyqHTCH 

CYMMHPOBaHHBM KBal(pa TOB nonymHpi1H KOMDOHBHT. 4T06bi 

pacnpocTpaHHTb rayccosoe ripH6nHlK8HHe H Ha llPYrHe 

pacnpel(eneHHH, BBBllBM DOHHTHB 3~~BKTHBHOA nonymHpHHbL 8 C4. 5a) 

H C4, 56) At~=O. 75At. H At•=o. 75At , rllB At. H At WHPHHbl 
~ ~ z z ~ z 

KaHanos HaKonneHHH llaHHbiX. HMnY nbc peaKTopa cnellYBT 

npH6nH3HTBnbHO HOpManbHOMY pacnpel(BnBHHIO, T.e. At•=At. 
r r 

AHanorHqHo 6TtH 6T" MOlKHO HenocpencTBBHHO Hcnonh30BaTb B 

COOTHOWBHHH (4. 6). llepel( npepbmaTeneM WHPHHa KOnnHMHPOBaHHOrO 

nyqKa W =7MM. illHpHHa OKHa Ha 1-0M H 3-eM llHCKB TaKlKB 
c 

W =7MM, TaK KaK 
Vi, 3 

~opMa cHrHana MOllYnHposaHHoro nyqKa 

TpeyronhHHK, ll03TOMY At• =At =BO,uceK. Y 2-oro llHCKa 
c1,3 c1,3 

mHpHHa OKHa Wv
2

=3. 5MM, 

At• =1. 58At =63,uCBK. 

~opMa cHrHana rpaneuHel(anbHaH, TaK qTo 

cZ cZ 

8 pe3ynbTaTe nonyqaeM: 

OT =(K\z+K )1/Z 
s 0 

K =252 72 6L2 
r llB , 

OT =(K A. 2 +K ) 1
/

2 

; z z 0 , 

z -z [ ..ICBK A 1 ; 

z -z [ ..ICBK A 1 ; 

z [ ,..ICBK 1 

( 4. 7) 

Ha PHC. 8 H306palKBHbl 3HaqeHHH KOVIDOHBHT HBODPBllBnBHHOCTH 

BPBMBHH nponeTa B l(Hana30HB llnHH BOnH A.=1-10A. 

llo (4. 6) KOMDOHBHTa HBODPBllBnBHHOCTH npH H3MBPBHHH BPBMBHH 

nponeTa, CBH3aHHaH C WHPHHOA 

6YllBT pasHa ot =10B,uceK, 
r 

3~~BKTHBHOA WHPHHhl OKHa 

HMnynbCil peaKTopa At =320,uceK, 
r 

KOMDOHB:iTa, nonyqeHHaH H3-3a 

1-oro H 3-ero npepbma TenH 
• At =BO,uceK - 6T =107,uceK, a B c.rtyqae 2-oro npepbmaTenH 
c1,3 c1,3 
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~t· =63~CBK - 6T =84~CBK. 
cZ cZ 

Heonpe~eneHHOCTh nponeTHOA 6a3hl 

KOHBqHoA TOnmHHOA 6L cqeyqHKOB. 

Hcnonb30BaHHh~ cqerqHKOB THna CHM0-5 

B OCHOBHOM 3a~aBTCH 

311BKTHBHaH TOnmHHa 

6L=25MM, H BB BnHHHHB 

CTaHBT COH3MBPHMh~ C npB~hmYmHMH KOMnOHBHTaMH nHWb OKOnO 

A=13A. nnR nOBh~BHHH 3IIBKTHBHOCTH ~B!BKTHPOBaHHH HCnOnh3YDTCH 

~Ba PH~a cqeyqHKOB, T.B. 6L=50MM H cynBCTBBHHOB BnHHHHB 3TOA 

TOnmHHhl nOHBHTCH YYI. OKOnO A=6, SA. 

CKOPOCTh BpamBHHH npephmaTBnH HB cra6HnH3HPOBaHa H BO BPBMH 

H3MBPBHHH MOYI.BT OTKnOHHTbCH OT HOMHHanhHOrO 3HaqeHHH. Ha 

pHC. 76 BH~HO, qyo ~OnYCTHMOB O~KnOHBH~~ 3aBHCHT OT ~Hana30Ha 

~nHH BOnH HCnOnh30BaHHh~ B H3MBPBHHH. nnR 3KCnBpHMBHTOB no 

HBynpyrOMY paCCBHHHD HBATpOHOB B o6na:TH ~0 A=3A ~OnYCTHMh~ 

pa36poc HB ~onYI.BH npBBh~aTh ~n/n=1.5%, B ~anbHBAmeM 6y~eT 

noKa3aHO, qyo B cnyqae 3KcnepHMBH!OB no KBa3H-ynpyrOMY 

paCCBHHHD BBPXHHA npe~en o6naCTH ~nHH BOnH nonB3Hh~ HBATpOHOB 

A=8A, a ~OnYCTHMh~ pa36poc CKOPOCTH BpameHHH ~n/n=O. 6%, 

Pa3pBWBHHB no 3HBPfHH 6& , xapaKTBPHOB ~nH cnBKTPOMBTpa, • 
onpB~BnHBTCH no IOpMynaM (4. 3)-(4. 7), BCnH nO~CTaBHTb B HHX 

3HaqBHHH WHPHH KaHanOB HaKonnBHHH ~aHHh~ ~t. =0 H ~t =0: 
~ z 

( 4. 8) 

~3 Bh~aYI.BHHH (4. 8) HCHO, qyo pa3pemanmaH cnoco6HocTh 
• 

3aBHCHT OT ~nHHhl BOnHhl npH Manh~ 3Hat:fBHHHX KaK A-3 npH 

6onhWHX 3HaqeHHHX - KaK A-z. flpH paCCMOTpBHHh~ Bh~B napaMBTpax 

3KCnBpHMBHTanhHOA YCTaHOBKH 3TOT nepBKO~ HaXO~HTCH OKOnO A=8A. 

TaK KaK 3IIBKTHBHaH WHPHHa OKHa 2-oro npephmaTBnH MBHhWB, 

(~t: 2 (~t: 1 • 
3

), C HHM MOYI.HO ~OCTHqh nyqmero pa3pBWBHHH, qeM C 

1-h~ HnH 3-HM npephmaTBnBM, HO B03MOYI.HOCTH ero HCnOnh30BaHHH 

orpaHHqBHhl MBHhWHM pa3MBPOM OKHa ~ 3HaqHTBnbHh~ 3IIBKTOM 

nOBTOpHBMOCTH B CBH3H C 6onee KOPDTKHM nepHO~OM T . 3TO 
c 

06CTOHTBnhCTBO OC06BHHO MBWaBT npH 3KCnBpHMBHTaX no 

KBa3H-ynpyrOMY paCCBHHHD H3-3a 6onbWOrO BPBMBHH nponeTa, 

n03TOMY B 3THX 3KCnBpHMBHTaX 2-oA npBphmaTBnh HB HCnOnh3YBTCH. 

Pa3pemeHHB no 3HeprHH 6c cneKTPOMeTpa c 1-h~, 3-HM H 2-h~ • 
npephmaTBnBM B 3aBHCHMOCTH OT ~nHHhl BOnHhl H OT nonHOfO BpBMBHH 
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nponera B aHana3oHe A=1-3A npeacrasneHo Ha pHc. 9. BHaHo, qro c 
ysenHqeHHeM anHHbi sonHbi pa3pema.:maH cnoco6HOCTh pe3KO 
ynyqmaeTCH, H Bb~e A=1. SA COOTBeTCTBYeT Tpe6oBaHHHM 
3KcnepHMeHTOB no HeynpyroMy pacceHHH~. TaKHM o6pa3oM, none3Hb~ 

aHana3oH A=1. 5-3A, H pa3pemeHHe anR 1-oro H 3-oro npepbmarenH 
6e =0.85-6. 30meV, anR 2-oro npepbmarenH 6e =0. 75-5.75meV. • • 

Pa3pemeHHe no 3HeprHH oe cneKrpoMerpa c 1-b~ H 3-HM • 
npepbmareneM B aHana3oHe A=1-10A npeacrasneHo Ha pHc. 10. 
Pa3pemanmaH cnoco6HOCTh cneKrpoMerpa coorsercrsyer rpe6osaHHHM 
3KCnepHMeHTOB no KBa3H-ynpyrOMY pacceRHHD nHWh B o6naCTH A)3A, 
H ee 3HaqeHHe MeHHeTcH B npeaenax oe =55-820~ev B HHTepsane • 
anHH B OnH A =3- 8A. 

nanee paCCMOTpHM, KaK 3aBHCHT pa3pemeHHe no 3HeprHH 
cneKTPOMeTpa OT WHPHHbl KaHanOB HaKonneHHH aaHHbiX H KaK Haao 
noao6paTh HX 3HaqeHHH B pa3HbiX pe*HMaK H3MepeHHH. 

8 3KcnepHMeHrax no KBa3H-ynpyroMy pacceHHHD oco6eHHO sa•Ho 
ynyqmeHHe pa3pemeHHH no 3HeprHH, onpeaenHeMoe raK•e BbroopoM 
WHPHHhl KaHanOB perHCTpaUHH. C YMeHhWeHHeM WHpHH KaHanOB He 
ronhKO ynyqmaercH pa3pemeHHe, HO ysen~qHsaercH qHcno KaHanos H 
COOTBeTCTBeHHO Heo6xoaHMb~ 06beM naMHfH B CHCTeMe HaKonneHHe 
aaHHbiX. l-13 ypaBHeHHA ( 4. 3a-6) BHaHO, ~TO qneH O< OT nHqaeTCH z 
or o-r MHO*HTeneM L/L

2 
»1, no3TOMY tcenarenhHO npe•ae scero 

yMeHhmeHHe mHpHHhl KaHana perHcrpauHH ~peMeHH nponera no sropoA 
6a3e. Haao yqHrbmarh KPOMe roro. qro DHPHHa OKHa npepbmarenH 
At aon•Ha 6biTh KpaTHOA WHPHHe KaHana At (At =vAt ). 

c z c z 

nm1HA nEnEH:1E 
BOflHhl 

[A J 1 2 4 

3 6.3 1.6 0.4 

4 5.9 1.5 0.3 

5 5.4 1.4 0.3 

6 5.0 1.2 0.3 

7 4.5 1.1 0.2 

8 4.1 1.0 0.2 

Ta6nHua 1 
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YXYllWBHI1B pa3pBWBH11R enBKTPOMBTPil no 3Heprl111 B 3aB11ei1MOeTI1 

OT llni1Hhl BOnHhl A. np11 pa3HhiX WI1PI1HaX KaHana .6. t
2

, TO BeTh np11 

pa3HhiX lfl1enax v esc ~;e [% l), npBlleTaBnBHO B Ta6n11UB 1. l13 
• 

Ta6n11Uhl enBllYBT, lfTO BBnl1lf11HY v HBT eMhiena BhiDI1paTb 6onhme 2-X 

(TaKoe lleneHI1e Heo6XOlli1MO llnR onpelleneHI1R IOPMhl IYHKU1111 

pa3pemeH11R), T.K. llaliCe np11 v=4 pa3pBmeHI1e ynylfmaeTeR nl1mb Ha 

1. 2% no epasHeHI1D e v=2. OllHaKo :'llBa11BaeTeR lfl1eno KaHanoB 

perl1eTpaU1111 BpeMeHI1 nponeTa no BTOPOA 6a3e 11 HYliCHhiA 06'beM 

naMRTI1 paeTeT nponopU110HanbHO BBnl1lfJ1He lleneHI1R: CN2=vN, r lle N 

- lfl1eno 3neMeHTOB noenellOBaTB:JibHOeTJ1 npepbiBaTenR. 8 llanbHeAmeM 

Bee paelfeThl npoBelleHhl e lleneHI1eM v =:~. 

flpoaHanl1311pyeM TaKliCe Bni1RHI1B Irnpi1Hhl KaHana 

nonHor o speMeHI1 nponeTa 6a3hl 3aMellmtTenh-lleTeKTOP 

3Kenepi1MeHTOB no KBa311-ynpyrOMY paeeeRHI1D. 

.t.. t. B enylfae 
~ 

Ha p11e. 11 

npelleTaBnBHO 113MeHeHI1e pa3pemeHI1R no 3Hepr 1111 6e (.6. t. ) KaK 
r ~ 

IYHKU11R m11p11Hhl KaHana .t..t np11 pa3HhD llni1Hax sonH. 811llHO, lfTO 
~ 

np11 ManhiX llni1HaX BOnH e ysenl1lfeHI1eM W11PI1Hhl KaHana .6. t. 6hieTpO 
~ 

YX Y llmaeTeR pa3pemeHI1e, OllHaKO e YBeJII1lfeHI1eM llni1Hhl BOnHhl MOliCHO 

11enonh30BaTb Bee 6onhWYD W11PI1HY KaHana 6e3 3Halfi1TenbHOrO 

yxyllmeHI1R pa3pemanmeA enoeo6HoeTI1. Cso6ollHhiA Bhr6op 3HalfeHI1R 

.6. t. n03BOnReT OnTI1M11311POBa Tb Benl1lfl1tlhl pa3pemeHI1R B lll1ana30He 
~ 

113MepReMhiX llni1H BOnH. 8 lll1ana30He A.=3-8A 11HTepsan BpeMeHI1 

nponeTa T=-r C8AJ--r C3AJ::::32000,ueeK, 31'0T 11HTepsan llOnliCeH 6hiTh 

JanonHeH onpelleneHHhiM lfl1enoM KaHanm m11p11HoA .t.. t. : 
~ 

CN 

T= E .t..t. . ~ 
~ = 1 

( 4. 9) 

8 enellYDmeA ny6ni1KaU1111 6y llYT paeCMOTpeHhl pa3Hhle B03MOliCHOeTI1 

BhiDOpa WI1PI1H KaHanOB .6. t. . 8 Hami1X 113MepeHI1RX Mhl 11enonh3YeM 
~ 

speMBHHhre KaHanhl e 

CN=T /256=128. 

Olli1HaKOBOA illi1PI1HCIA .6.t=256 ,ueeK, 11X lfl1eno 

llp11 YKa3aHHhiX 

eneKTPOMeTpa KOPA 

lln11H BOnH A.=3-8A. 

Bh~e napaMeTpax pa3pemeHI1e no 

MeHReTeR B npellenax 6e=60-850,ueV B 

Heo6XOlli1MhiA llnR HaKonneHI1R llaHHhiX 

allpeeOB naMRT11 MEM =CN2*CN=v*N*CN=3~K. 
A 

3Heprl111 

ll11ana3oHe 

lll1ana3oH 

8 enylfae 3Kenepi1MeHTa no HEynpyrOMY paeeeRHI1D HeT 

He06XOlli1MOeT11 11enonb30BaHI1R lleneH~R, noeKOnhKY 113MepReTeR 
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TOnbKO nono•eHHe nHKOB. nnR perHCTpaUHH nonHOrO BpeMeHH 

nponeTa Mhl BhJ6panH OllHHaKOBYKl lliHPHHY KaHana BO BCeM llHana30He. 

COOTBeTCTBYKlWHA HHTepsany llnHH BOnH A=1. 5-3A llHana30H nonHoro 
speMeHH nponeTa T=<C3A)-TC1. 5A)~1oooo~ceK, H npH qHcne KaHanos 

CN=64 nonyqaeTCR mHpHHa KaHana ~t=T/CN=144~CeK. npH YKa3aHHh~ 

Bhme napaMeTpax pa3pemaKlmaR cnoco6HocTb MeHReTCR B llHana3oHe 
6&~0. 80-6.00meV (2-0A llHCK) HnH 6&~0. 85-6.60meV (1-h~ H 3-HA 

llHCK). Heo6xollHMh~ nnR HaKonneHHR naHHh~ llHana3oH anpecos 
naMRTH MEM =CN2*CN=8K. 

A 

KpoMe nepenaHHOA 3HeprHH npyroA cymecTBeHHOA ~H3HqecKoA 

BenHqHHOA, KOTOpaR TaK*e OnP.enenReT~R B 3KCnepHMeHTaX Ha 

cneKTPOMeTpe, RBnReTcR nepenaHHh~ B npouecce pacceRHHR 

HeATpOHOB HMnynbC, n03TOMY Ba*HO 3HaTb H pa3pemeHHe no 3TOA 

BenHqHHe. nepenaHHh~ HMnynbC B npouecce pacceRHHR 

xapaKTepH3YeTCR BeKTOPOM pacceRHHR Q=k
0

-k, rne k
0 

H k 

BOnHOBOA BeKTOP HeATpOHa llO H nocne pacceRHHR. npH ynpyroM 
k lk I lkl k =(2m E )

1
/

2
/h. 8 pacceRHHH 

0
= 

0 
= , rne 

0 
n 

0 
3TOM cnyqae 

Monynb BeKTopa pacceRHHR paseH Q=IQI=2k
0

sin&, ecnH yron 

pacceRHHR paBeH 2&. H3 3TOrO Bh~a-eHHR OTHOCHTenbHh~ pa36poc 

nepenaHHoro HMnynbca 

~Q/Q=~k /k +ctg&~& 
0 0 

( 4. 10) 

8 HCnOnb30BaHHOM llHana30He llnHH BOnH (A=3-8A) ~k jk =6TjT( 1% 
0 0 , 

n03TOMY HeonpeneneHHOCTb nepenaHHOrD 

onpenenReTcR HeonpeneneHHOCTbKl yrna 

CBR3aHa CO cnellYKlWHMH ~aKTOpaMH: 

1. HeonpeneneHHOCTb yrna ~& 
n 

nanaK>mero nyqKa; 

HMnynbca B 

pacceRHHR, 

OCHOBHOM 

KOTOpaR 

H3-3a paCXOllHMOCTH 

2. HeonpeneneHHOCTb yrna ~&d' CBH3aHHaR C KOHeqHoA 

lliHPHHOA lleTeKTOPHOrO 6noKa. 

3TH llBe HeonpeneneHHOCTH CYMMHPYKlTCR, nOTOMY qTo o6e 

nollqHHRKlTCR paBHOMepHOMY pacnpeneneHHD. 8 3KCnepHMeHTaX no 

KBa3H-ynpyrOMY pacceRHHKl BCnellCTBHe H:nonb30BaHHR 3epKanbHOrO 

HeATpOHOBOlla paCXOllHMOCTb nanaKlmero nyqKa pacTeT C POCTOM 

llnHHhl BOnHh~ H COOTBeTCTBYKlWaR HeonpeQeneHHOCTb yrna pacceRHHH 

(B panHaHax ) : 

~& ~ 1. 72 10- 3 A ( 4. 11) 
n 

nHana30H yrnOB pacceRHHR lleTeKTOPHJA CHCTeMhl cneKTpOMeTpa 
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KOPA 2&=30°-90°. ~3-3a pacxoaHMOCTH naaaDmero nyqKa npH A=8A 

3Ta KOMllOHBHTa OTHOCHTBnhHOrO pa36poca no (4.10) H (4.11) 

MBHHBTCH B npeaenax 1, 4%-5. 6%. ~CnOnh30BaHHBM aeTBKTOPHh~ 

6nOKOB pa3HOA illHPHHhl B 3aBHCHMOCTH OT yrna paCCBHHHH qacTHqHo 

MO~HO Bh~OBHHTh OTHOCHTBnhHh~ pa36poc. no Bh~a~BHHHM (4.10) H 

(4.11) illHPHHa aeTBKTOPHh~ 6nOKOB Wd npH nOCTOHHHOA 

OTHOCHTBnhHOA HBOnpeaeneHHOCTH nepeaaqH HMnynhCa ~Q/Q pasHa 

W =L ( (~Q/Q)tg&-~& ) 
d Z n 

3aecb HCnOnh30BaHO COOTHOWBHHB ~& d =Wd /L
2

• 

no COOTHOWBHHD ( 4.12) B Ta6nHUB . 2, 

aonycKaDTCH illHPHHhl aeTBKTOPHh~ 6nOKOB 

3aBHCHMOCTH OT yrna paCCBHHHH. 

~Q/Q [%] 
2& 

[r paa J 10 1 5 

30 8 1 7 

40 14 2 6 

50 21 3 6 

60 28 4 7 

70 36 5 9 

80 45 7 2 

90 56 8 8 

wd [ :M] 

Ta6nHua 2 

( 4, 12) 

npeacTaBnBHO KaKHB 

npH pa3HhiX ~Q/Q B 

20 

25 

38 

51 

66 

82 

100 

121 
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5. Cpe~HHe H MaKCHManbHhle cqeThl 

3HepreTHqecKHA cneKTp HBATpOHOB HMJIYnbCHOrO peaKTOpa l16P-2 

C 3aMe~nHTeneM npH6nH3HTBnbHO COO~~BBCTBYBT pacnpe~eneHHD 

MaKcaenna npH TeMnepaType T=300K Ycpe~HBHHh~ no apeMeHH 

nOTOK HBATpOHOB pO.) [CBK-
1

CM-zA-
1 

l II 3aBHCHMOCTH OT ~nHHhl 

aonHhi A. [A 1 Ha o6pa3ue (6e3 npephiBHTenR) ~aeTcR cne~YDDlHM 

BhiPa)I(BHHBM: 

- - - 2 5 z 
tpCA.)=p M(A.;A. )=p ~(A. fA.) exp(-(A. /"A)), T T T11. T T (5. 1) 

T 

r~e A. =h/(2m kT) 1 / 2 ~ 1. 78A; 
T n 

- 7 -1 -z 
tp =9x10 CBK CM - ycpe~HBHHh~ no BPBMBHH nonHhlA nOTOK 

T 

HBATpOHOB Ha o6pa3UB (683 npepbiBCLTBnR). 

Ycpe~HeHHaR no apeMeHH cKopocTb cqE:Ta R. (A.) [ ceK-
1 

A-
1 

1 : 

- od 
R (A.) =c71 (A. ) 71 A ~4 Ts d tp 0.) , 

D s s rr (5. 2) 

r~e c=O. 5 - cpe~HRR TpaHCMHCCHR (pa60t!HA UHKn) npephiBaTenR; 

l?D (A.) - 3~~BKTHBHOCTb ~BTBKTOPOB; 

71 =0. 1 - 3~~BKTHBHOCTb paCCBRHHR o6pa3UOM; 
s 

z 
A =3 eM - nnoma~b o6pa3ua; 

s 

T.d~1- nponycKaHHe nponeTHOA 6a3l:l o6pa3eu-~eTeKTop; 

o =A /L2 
- TenecHh~ yron ~eTeKropHoro 6noKa Ha MecTe 

d d z 
o6pa3ua; 

Ad =O. 1 M
2 

- nnoma~b ~eTeKTopHoro e1noKa, 2 KaHanoa; 

L
2

=6. 5 M- paCCTORHHB o6pa3BU-~BTEKTOp. 

3~~BKTHBHOCTb HCnOnb30BaHHhiX o6orantOHI1 hiX 6opHbiX cqeTqHKOB THna 

CHM0-5 "A" MO)I(HO onHcaTb cne~yDmeA 3MnHpHqecKoA ~opMynoA: 

l?d (A. )=1-exp(-A./A.d) , (5. 3) 

r~e "Ad ~sA. 

8 ~BTBKTOPHOA CHCTBMB ceAqac HCnOnb3YBTCR ~BOAHOA cnoA 

cqeTqHKOB, n03TOMY 3~~BKTHBHOCrb ~BTBKTHPOBaHHR: 

11 (A.)=1-exp(-2A./A. ) 
D d 

(5. 4) 

no~CTaBnRR (5.4) B (5.2), nonyqaeM: 

R(A.)=~ (1-exp(-2A./A.d)) (A.T/A.)
5

exp(-(A. .(A.)
2

) (5. 5) 

A 3 -1 -1 - -4 -1 
r~e ,=cpjA. =2.86x10 [CBK A l H p=2J? dtp ~10 [CBK l. 11. T s T 

( 
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8 3KCnepHM8HTaX no KBa3H-ynpyrOMY pacceHHH~ 

3epKanbHbiA HeATpOHOBOll llnH TpaHcnopTHPOBKH nytiKa 

~aKTOp BbMrpbma HeATpOHOBOlla Bb~a-aeTCH 

npH6nH•eHHeM: 

G (A. ) =(A. /A. ) z , r ll8 A. ~= 4A 
N N 

""N 
8 3TOM cnyqae cpellHHH CKOPOCTb Ct:feTa R (A.): 

HCnOnh3Y8TCH 

K o6pa3UY. 

cnellY~IIIHM 

(5. 6) 

-N N : Z 
R (A.)=~ (1-exp(-2A./A.d)) (A.T/A.)" exp(-(A.T/A.) ) (5. 7) 

rlle A~=cpA. /A. 2 ~4. 5x102 rceK- 1 A- 1 
1. 

,.._ T N 

- -N 
Ha pHC. 12 npellCTaBneHhl R(A.) H R (A.t · B 3aBHCHMOCTH OT llnHHhl 

BOnHhl. 

8 npellhmYmHX o6cy•lleHHHX noKa3aHO, t:fTO C POCTOM llnHHhl BOnHhl 

6biCTPO ynyqmaeTCH pa3pemeHHe, HO B03MO.HOCTb HCnOnh30BaHHH 

nyqmero pa3pemeHHH orpaHHt:feHa TeM, q~~o tiHcno HeATpoHos npH 

6onhillHX llnHHaX BOnH CnHmKOM Mano H Tpe6yeTCH orpOMHOe BpeMH 

H3MepeHHH.8 cnyqae 3epKanbHOrO HBATpOHOBOlla 3aBHCHMOCTb 

YCP8llH8HHOA no BpeMeHH CKOpOCTH Ct:feTa OT llnHHhl BOnHhl M8HH8TCH 

c A.-~ Ha A.- 3 T.e. HaKonneHHhiA cneKTP cTaHeT 6onee 

pasHoMepHhiM. KaK npellcTasneHo Ha p11c. 12, npH llnHHax sonH 

6onhme A.=4A 
-N -
R (A.) )R (A.) , T. e. HCnOnh:IY8MhiA llHana30H llnHH BOnH 

pacmHpHeTcH. 8epxHHA npellen llnHH sonH onpellenHeTcH ynyqmeHHeM 

pa3pema~meA cnoco6HOCTH H OllHOBpeMeHHJ.IM YM8Hbill8HH8M CKOpOCTH 

ctieTa. 8 HacToHmHx ycnoBHHX llnH cneKTPOMeTpa KOPA BhiDOP 

BepXHero npellena A. =SA HBnHeTCH XOPOillHM KOMnpOMHCCOM, noTOMY 
m11x 

t:fTO CKOPOCTb Ct:feTa 3aBHCHT OT lln11Hhl BOnHhl KaK A.-
3 a 

3 z 
pa3pema~maH cnoco6HOCTb OKOnO A. =SA M8HH8TCH C A. Ha A. . 

m11x 

8 3KcnepHMeHTax HenocpellCTBeHHO onpellenH~TCH speMeHa 

nponeTa, TaK t:fTO uenecoo6pa3HO nepeATI1 B ~opMynax OT llnHH sonH 

K BpeMeHHbiM nepeMeHHbiM (~CeKl: 

2 ~ z M('r;r )=- (< /<) exp(-(< /<) ) , T T T T (5. 8) 
T 

r lle < =qA. ~1. 15x1o'' ~ceK ; q=h/Lm = 6. 46x103 ~ceKA- 1 

T T n 

n
0 

(< )=1-exp(-2< /<d) , (5. 9) 

z 
G(r)=(</< ) , 

N 
( 5. 10) 

CtieT 3a OllHY C8KYHllY B HHTepsane speMBHH nponeTa (r,r+drl rro 
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-
BbJpa)I(BH11HM C 7. 8), C 7. 9) 11 C 7. 10) 6e:: HBATpOHOBO.zta R(T) 11 C 

R ( T ) =A r ( T ) , 
T 

( 5. 11) 

- 1 - 1 
rne AT=qAA~o. 44 ceK ~ceK 11 

r(T )={1-eXp(-2T jT ) ) (T jT ) 5 
expi-(T jT ) 2

) 
d T T 

( 5. 12) 

~CXO.ZlH 113 YCPB.llHBHHOA DO BpBMBfl1 CKOPOCTI1 cqeTa, MO)I(HQ 

onpe.zteni1Tb CpB.ztHBB q11cno C06biTI1A n., HaKanni1BaDmi1XCH 3a O.ZlHY 
~ 

CBKYH.ZlY B i-oM KaHane nonHOrO BPBMEHI1 nponeTa (cerMBHT i). 

OpennonaraH, qTo see HeATpOHhl ynpyro pacce11saDTCH, 11 

npeHe6peraH KOHeqHoA WI1PI1HOA 11Mnynbca peaKTOpa At , nonyq11M: 
r 

T. +At. 
~ ~- -

n; = J R c T > dT ~ R < T . + t. t. /2 > At. , . ~ ~ ~ 
( 5. 13) 

T 
i 

rne Ti - speMH nponeTa HaqanhHoro MOMBHTa i-ro KaHana; 

At. - WI1PI1Ha KaHana i. 
~ 

noncTaBnHH (5. 12) s (5. 13) nonyq11M: 

n. =A r (T . ) At. ( 5, 14a) 
~ T M~ ~ 

(5. 146) 

r .zte T . =T. +At. /2 - speMH nponeTa CE pe.zti1Hbi KaHana i. 
M~ ~ ~ 

Y11cno KaHanos B none3HOM .ztl1ana3ofe nonHoro speMBHI1 

NC, T. B. q11cno BCBX C06biTI1A, HaKanm·rBaDmi1X CH 3a O.ZlHY 

paBHO 

nponeTa 

CBKYH.ZlY, 

HC 

n = E n. 
T . ~ 

~ = 1 

( 5. 15) 

Opi1MBHBHI1H KOppenHU110HHOA TBXHI1KI1 cnB.ztYBT, qTQ 

HBDOCPB.llCTBBHHO 113MBPBHHbiA CDBKTP BC Tb cneKTP Tl1na 6enoro 

WYMa, TaK qTo B pa3Hb~ KaHanax BPBMEHI1 nponeTa BTOpOA 

Opi1Ha.ztne)l(ami1X K O.llHOMY 11 TOMY )ICE KaHany nonHOrO 

nponeTa (K O.llHOMY CBrMBHTY), cqeT n~,11MBPHO O.Zli1HaKOB. 

6a3bi, 

BPBMBHI1 

Cpe.ztHI1A 
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ctieT no KaHanaM 

C:h. .. =n. ;eN , 
~ J ~ 2 

( 5, 16) 

rne CN - tiHCnO KaHanOB perHCTpaUHH BpeMeHH nponeTa no BTOPOA 
2 

6a3e, TO eCTb tiHCnO TOtieK cneKTpa B onHOM cerMeHTe. llonHh~ 

CtieT, HaKonneHHh~ 3a BpeMH H3MepeHH:l T B onHOM KaHane, paBeH 
m 

z .. =T C:h. .. 
~ J m ~ J 

( 5, 17) 

8 cerMeHTaX C 6onhWHM nonHhiM Bpeh'leHeM nponeTa CtieT MeHbme. 8 

3KCnepHMeHTaX no HeynpyrOMY pacceHHI11> B HHTepaane A.=1, 5- 3A no 

(5, 14a) OTHOWeHHe CtieTa B nepBOIII H nocnenHeM cerMeHTe 

i\ jncH =6, 4, 8 3KCnepHMeHTaX 110 KBil3H-ynpyrOMY pacceHHHJ>, B 

- H - H 
HHTepaane A.=3- SA no (5 .146) 3TO OTHOmeHHe paBHO n1 jncH =10, 

8a*HhiM BOnpOCOM RBnReTCR OUeHKa Heo6xonHMOrO MHHHManbHOrO 

CtieTa npH 3anaHHOA MaKCHManhHOA nonyCTHMOA CTaTHCTHtieCKOA 

OWH6Ke TOtieK KOppenHpOBaHHOrO cneKTpa. CTaTHCTHtieCKHA pa36poc 

TOtieK cneKTpa 1 cer MeHTa i no ( 3, 3), ( 3, 5) H ( 3, 6) paBeH: 

A.S =(2S )
1

'
2 

i l i 
(5, 18) 

npyrHM Ba*HhiM laKTOpOM RBnReTCR OTHOmeHHe HHTeHCHBHOCTH B TeX 

TOtiKaX cneKTpa, rne eCTb none3HaH HHIOpMaUHH K cpenHeA no 

cneKTPY BenHtiHHe. J.iHTeHCHBHOCTb TOtii:H cneKTpa Si l Bhipa•aeTCH C 

nOMODlbl> cpenHeA no cneKTpy Si H OTHOCHTenbHOrO YPOBHH cneKTpa ail : 

-
S. l =a. l S. 

~ ~ ~ 
( 5, 19) 

8 pa3HhiX o6naCTHX npHMeHeHHH CI!eKTPOMeTpa Tpe6oBaHHH no 

TOtiHOCTH TaK*e pa3Hhle. 8 3KCnepHMeHrax no HeynpyrOMY pacceHHHJ> 

3anatieA H3MepeHHH RBnReTCR onpeneJieHHe nono•eHHH HeynpyrHX 

nHKOB, T. e. nHKH non*Hhl C 6onhmOA yE:epeHHOCTbl> OTnHtiaTbCH OT 

npyr HX TOtieK cneKTpa. EcnH HHTeHCHBtiOCTb nHKa 6onee, tieM B 6 

pa3 npeBh~aeT CTaTHCTHtieCKHA pa36poc:, TO C BepOHTHOCTbl> 99% OH 

OTnHqaeTCH OT IOHa: 

( 5, 20) 

llo (5, 20) Heo6xonHMh~ cpenHHA CtieT E KaHane paBeH: 

zi~ ~si = N(;~l)2 (5. 21) 

8 cnyqae Heynpyroro pacceHHHH aa~~o HccnenosaTb TaK•e TaKHe 

nHKH, KOTOPhie H3MepHJ>TCH C OTHOCHTeJ:bHO ManhiM BhiHrph~eM. EcnH 
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BhJ6paHO nnR HH.Hero npenena OTHOCHTenbHOfC YPOBHH cneKTpa 

oit =2, TO Heo6xonHMh~ MHHHManbHh~ cqeT paBeH 

QqesHnHo, qTo caMh~ ManeHbKHA cqet Ha6HpaeTcH B 

cerMeHTe, i=CN, H B 6onee HHTeHCHBHh~ cerMeHTaX 

onpenenHTb C TaKOA •e BepOHTHOCTbD nono•eHHe H TaKHX 

z =1200. 
CN 

nocnenHeM 

B03MO.HO 

DHKOB, 

nnR KOTOPh~ oit (2. 8 nepBOM cerMeHTe 3a TO •e BpeMH cpenHHA 

cqeT Z
1 

=8000, llpH 3THX Tpe6oBaHHHX lOqHOCTH Heo6xonHMaH nnHHa 

cnOBa naMHTH HaKonneHHH naHHh~ HMeel 16 pa3pHnOB a MHHHManbHOe 

BpeMH H3MepeHHH Tm =zcN/ncN=20 qacoB. 3TH pacqeThl OTHOCHTCH K 

WHPHHe neTeKTOPHOfO 6noKa Wd=O. 4 M. nnR ynosneTBOpeHHH ycnOBHH 

~Q/Q(15% B nHana3oHe yrnos pacceHHHH 2&=30°-50° Hcnonb30BaHa 

WHPHHa neTeKTOpa Wd=O. 2 M H MHHHManbHOe BpeMH H3MepeHHH 

CTaHOBHTCH paBHh~ T =40 qacOB. 
m 

8 3KCnepHMeHTaX DO KBa3H-ynp~fOMY 

H3MepeHHH HBnHeTCH onpeneneHHe ~OPMhl 

pacceHHHD 

ynpyroro 

YnosneTBOPHTenbHaH TOqHOCTb nocTHraeTCH, ecnH B OCHOBaHHH 

cTaTHCTHqecKHA pa36poc ToqeK cneKTpa He npeBhmaeT 

Heo6xonHMh~ cpenHHA cqeT B KaHane nc (3. 11): 

DHKa. 

DHKa 

20%. 

Z. = ___ N_ ___ _ 
... ( 5. 22) 

EcnH ~OpMa DHKa aHanH3HpyeTCH B leX TOqKaX cneKTpa, KOTOphle 

He MeHbme qeM B nsa pa3a npeBhOOaDT cpenHee 3HaqeHHe cneKTpa, 

Torna Heo6xonHMh~ cqeT B onHoM KaHane nocnenHero cerMeHTa 
- -
zcN=aoo, nepsoro cerMeHTa z

1 
=4000, a speMH H3MepeHHH Tm=330 

qaCOB npH WHPHHe neTeKTOPHOfO 6JOKa Wd=O. 4 M. 8 6onee 

HHTeHCHBHh~ cerMeHTaX OTHOCHTenbHaH OWH6Ka H3MepeHHH 

yMeHbmaeTcH H B nepBh~ cerMeHTax paEHa oKono 10%. YqHThrnaH, 

qTO npH Manh~ yrnax pacceHHHH WHPHHa neTeKTOPHOfO 6noKa Wd=O. 2 

M, He06X onHMOe MHHHManbHOe BpeMH H3JVIepeHHH CTaHOBHTCH paBHh~ 

T =660 qacos, To ecTb oKono 4-x Henenb. TaKHe nnHTenbHhle 
m 

H3MepeHHH HMeDT CMhiCn TOnbKO E cnyqae onHOBpeMeHHOfO 

Hcnonb30BaHHH nonHor o nHana3oHa yr nc,B pacceHHHH. 3To 03Ha qaeT, 
0 0 

qTo B nHana3oHe yrnos 2&=72 -go , rze npHMeHHDTCH neTeKTOPhl c 

WHPHHOA Wd=O. 6 M, cqeT B onHOM Ka~ane HaH6onee HHTeHCHBHh~ 

cerMeHTOB nocTHraeT 6ooo, TaK 

HaKonneHHH naHHh~ HenocTaToqHo 

MfHOBeHHaH CKOPOCTb cqeTa 

qTo nnR nnHHhl cnosa naMHTH 

12-H pa3pHnos. 

onHch~aeT speMeHHoe noseneHHe 
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3arpy3KH, DOHBnHDm8ACH Ha BX0~8 3n8KTPOHHOA CHCT8Mhl HaKODn8HHH 

~aHHh~. 3a Bp8MH D8pHO~a p8aKTOpa T =1/fr (fr=5 f8pU - ~aCTOTa 
r 

HMDYnbCOB p8aKTOpa) Cp8~H88 ~HCJO dn 3ap8rHCTPHPOBaHHh~ 

H8ATPOHOB, XapaKT8pH3YDmHXCH BP8M8HEM npon8Ta [T,T+dTJ, paBHQ: 

dn = R(T) dT T = R(T) dT /fr 
r 

( 5. 23) 

3TO KOnH~8CTBO H8ATpOHOB p8rHCTPHPYETCH 3a BP8MH dT, TaK KaK 

MrHOB8HHaH CKOPOCTb C~8Ta R(T): 

R (T) = 2dnjdT = ~:R(T )/fr 
mo.x 

( 5. 24) 

3~8Cb DOHBn8HH8 K03~~HUH8HTa 2 CJf8~Y8T H3 TOrO, ~TO npH 

ODp8~8n8HHH ycp8~H8HHOA DO BP8M8~H 

Y~HThiBa8TCH pa6o~HA UHKn np8phiBa T8JIH 

MrHOB8HHh~ C~8T p8rHCTPHPY8TCH npH 

np8phiBaT8nH. 

CKOPOCTH 

c=1/2, 

DOnHOCTbD 

a 

-
C~8Ta R(T) 

MaKCHManbHh~ 

OTKPhiTOM OKH8 

EcnH Ha~anoM BP8M8HHOA WKanhi C~HTaTb HMDYnbC p8aKTOpa, a 

WHPHHOA HMnynbca MO*HO np8H86p8~~. TOr~a, D8P8XO~H OT 

D8p8M8HHOA T K t H DO~CTaBnHH (5. 11) B (5. 24), nony~a8M: 

R (tJ = 2ATr(t)jfr == Mt r(t) , (5. 25) mo.x 

5 - 1 
r ~8 Ml =1. 76x 10 C8K . 

B cny~a8 H8ATpOHOBO~a aHanorH~HO nony~HM, DO~CTaBnHH (5. 12) 

B (5. 24), MaKCHManbHh~ MrHOB8HHhiA Ct.:8T: 

RH (tJ = 2ATH r (t) jfr == MtH r (t) , 
mo.x ( 5. 26) 

MH 4 -1 
r ~8 t =3. 5x 10 C8K . 

MrHOB8HHh~ C~8T HBnH8TCH DpOH3B8l18HH8M ~YHKUHH MO~ynHUHH 

Dp8phiBaT8nH H MaKCHManbHOrO MrHOB8Ht:oro C~8Ta: 

R(tJ = R (tJM (t- t ) , 
mo.x z ST 

( 5. 28) 

r ~8 tsT - Bp8MH, DPOW8~W88 OT CHrHana CTapTa Op8phiBaT8nH 

(Ha~ano ~YHKUHH MO~YnHUHH) ~0 DOHBn8HHH HMDYnbca BCDhimKH 

p8aKTOpa, KOTOp08 CTOXaCTH~8CKH DPHHHMa8T 3Ha~8HHH OT HYnR ~0 

T L/L. 
c 1 
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6. 3aKmot.IeHHe 

B HacToHmeA pa6oTe Mhi paccMoTpenH npHHUhm lleAcTBHH, 

OCHOBHble napaMeTpbi H CTa THCTH1i8CKYI> TOt.IHOCTh KOppenHUHOHHOr 0 

cneKTPOMeTpa KOPA, onpellenHnH l)nTHManhHYD o6nacTh ero 

npHMeHeHHH , llHana30H HCnOnh3Y8Mb~ ,lnHH BOnH llnR 3KCnepHM8HTOB 

no HeynpyroMY pacceHHHD (:>-..=1. 5- 3A) H no KBaJH- ynpyroMy 

pacceHHHD (:>-..=3- sA) H npHsenH npHMephi peJynhTaTOB H3MepeHHA. Mb1 

nOllP06HO npoaHanH3HposanH BnHHHJ1e pa3Hb~ C»aKTOPOB Ha 

paJpemaDmYD cnoco6HocTh no 3HeprHH 11 no nepellaHHOMY HMnynhcy. 

npellenhHble 3Hat.IeHHH pa3pemeHHH no 3JfeprHH llnR 3KCnepHM8HTOB no 

KBaJH-ynpyroMY pacceHHHD paBHbl 60- s;o· 11ev, a no HeynpyroMy 

. pacceHHHI> 0. 85- 6, 5 meV. Pacct.IeTOM onpelleneH nOTOK HeATPOHOB Ha 

o6pa3Ue H Ha ll8T8KTOpHb~ 6noKaX, ~'CP8llH8HHbiA no BpeMeHH H 

MfHOB8HHbiA Ct.IeT ll8T8KTOpa. 

3TH pe3ynhTaTbl n03BOnHDT HaM TOt.IHO onpellenHTh, KaKHM 

Tpe6oBaHHHM llOn*Ha YllOBneTBOPHTh 3neKTpOHHaH CHCTeMa 

HaKonneHHH llaHHh~. Ha ocHoBe paJpemE:HHH no 3HeprHH llaHa oueHKa 

Heo6x OllHMOr 0 t.IHCna H IDHPHHbl KaHHnOB per HCTpaUHH BpeMeHH 

nponeTa, a Ha ocHoBe paJpemeHHH no uepellaHHOMY HMnynhcy t.IHcna 

H pa3Mepa ll8T8KTOPHhiX 6nOKOB. no 3THM OU8HKaM onpelteneH 

Heo6x OllHMhiA o6'beM naMHTH llnR HaKonneHHH llaHHh~. BenHt.IHHOA 

MrHoBeHHoro ct.IeTa onpellenHeTCH 

ll8T8KTOPHOA CHCTeMbl H He06XOllHMbiA 

HaKonneHHH llaHHh~. 

llOnYCTHMOe MepTBOe 

pa3Mep 6ye»e»epa B 

BpeMH 

CHCTeMe 

nnR cnyt.IaeB Heynpyroro H KBa3H-rnpyroro pacceHHHH, H3-3a 

CYUl8CTB8HHOA pa3HHUbl B Tpe6oBaHHHX no pa3pemeHHI>, llHana30HY 

llnHH BOnH, Ct.IeTy H. T. ll., pa3pa6oTaHI:I llBa He3aBHCHMbiX nepet.IHH 

MHHHManhHb~ Tpe6oBaHHA llnR CHCT8Mbl t aKonneHHH llaHHb~. 

B cnyt.Iae 3KcnepHMeHTOB no HeynpyroMy pacceHHHD 

-t.IHcno KaHanos perHcTpauHH nonHoro speMeHH nponeTa CN=64; 

-mHpHHa KaHana t=144 11C8Ki 

-t.IHcno 3neMeHTOB npepbiBaTenH N=1~:7; 

-senHt.IHHa lleneHHR v=l (6e3 lleneH~R)i 

-t.IHcno KaHanos perHcTpauHH nono*EHHH npep~:~maTenH 

CN =vN=127; 
2 

-o6'beM naMHTH llnR OllHOrO ll8T8KTO~HOfO 6noKa 

mem =CNxCN =8K; 
A 2 

-t.IHCnO OllHOBpeMeHHO ll8ACTBYI>DlHX ll eTeKTOPHhiX 6noKOB d=2 i 



- 28 -

-nonHh~ 06bBM naMHTH MEM =dxmem =16K; 
A A 

-~nHHa cnosa naMHTH MEM =12 bit; 
L 

-cpe~HHA C~BT ~nH O~Horo ~BTBKTOPHOrO 6noKa ~ ~ 10
3 

CBK-
1

; 
T 

• -1 
-MaKCHManbHh~ MrHOBBHHh~ C~BT R ~ 6x 10 CBK ; 

ma.x 

8 cny~ae 3KCDBPHMBHTOB DO KBa3H-ynpyrOMY paCCBHHHD 

-~Hcno KaHanos perHcrpauHH nonHoro speMBHH nponera CN=128; 

-mHpHHa KaHana t=256 ~ceK; 

-~Hcno 3neMBHTOB npephmarenH N=127; 

-senH~HHa ~BnBHHH v=2; 

-~Hcno KaHanos perHcrpauHH nono•eH~H npephmarenH 

CN =vN=254; z 
-o6bBM naMHTH ~nH O~HOrO ~BTBKTOPHOrO 6noKa 

mem =CNxCN =32K; 
A Z 

-~Hcno O~HOBPBMBHHO ~BACTBYDDlHX ~BIBKTOPHhiX 6nOKOB d=20; 

-nonHh~ 06bBM naMHTH MEM =dxmem =640K; 
A A 

-~nHHa cnosa naMHTH MEM =16 bit; 
L 

- z 
-cpe~HHA C~BT ~nH O~HOrO ~BTBKTOPHJrO 6noKa n ~ 8x10 

T 
• -1 

-MaKCHManbHh~ MrHOBBHHh~ C~BT R ~ 7x10 CBK ; 
ma.x 

- 1 
CBK 

Asrophl BhVa•aDT 6naro~apHOCTb ID.M.OcraHeBH~Y 3a none3Hhle 

o6cy•~eHHH. 

. 
I 
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llODllHCH K PHCYHKAM 

PHc. 1 llpHHUHnHanbHaH cxeMa cneKTPOMerpa KOPA. 

PHc. 2 llpHHUHn aeAcTBHH cneKrpoMerpa. 

PHc. 3 Kaprhl ocHOBHh~ napaMerpos: a) nspeaaHHoA 3HeprHH, 
6) pa3pemeHHH no 3HeprHH, s) nepeaaHHoro HMnynbca. 

PHC. 4 CneKTP HBATPOHOB Ha Bh~oae 3BPKlnhHOrO HBATPOHOBoaa. 

PHc. 5 DBYMBPHhie cneKTPhi KBa3H-ynpyr Jro pacceHHHH Ha soae. 
ffiHpHHa KaHana Ha pHC. 5a, 56, 58, 5r H Sa N=40MKCBK, a Ha 
PHC. 5e N=256MKCBK. 

PHc. 6 DBYMBPHhre cneKTPhl 
KpHcranne E66A B 
COCTOHHHHX. ffiHpHHa 

KBa3H-ynpyro~O paCCBHHHH Ha *HaKOM 
HBMaTtfl-IBCKO ~ · (a) H TBepaoM ( 6) 

KaHana N=40M<CBK . 

PHC. 7 r naBHhiB ~aKTOPhl HeonpeaeneHHOCT:1 npH H3MBpBHHHX BPBMBHH 
nponera. 

PHc. a HeonpeaeneHHOCTh B H3MBPBHHI1 BPBMBHH nponera B 

3aBHCHMOCTH OT anHHhl BOnHhl H HBCTa6HnbHOCTH CKOPOCTH 
spameHHH npephlsarenH. 

PHc. 9.Pa3pemeHHe no 3HeprHH cneKrpoMeTpa anH 3-x npepbiBareneA 
KaK ~YHKUHH anHHhl BOnH~ 

PHc. 10 Pa3pemeHHe no 3HeprHH cneKrpohmrpa anH 1-ro H 3-ro 
npepbiBaTeneA B aHana30HB anHH BOnH 1-10A. 

PHc. 11 H3MBHBHHe pa3pemeHHH no 3HeprHH KaK ~YHKUHH mHpHHhi 
KaHana anH anHH sonH 3, 5 H aA. 

PHc. 12 YcpenHeHHaH no speMeHH cKopocrh cqera R(A.) H RN(A.) KaK 

~YHKUHH anHHhl BOnH~ 
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