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BeeoeHue 

B 1972 ro~y 6blno npe~no)l(eHo npuMeHBTL Ha BMnynLc­
HOM peaKTope KoppenJIUBOHHblii npepbiBaTenL ~nJI uccne~o­
aaHBJI Heynpyrux npoueccoB /1/. Cornacuo :noii pa6oTe 
npeBMyiUeCTBOM KOppenJIUHOHHOB MeTO~HKB JIBRJleTCJI BC· 
nonL3oaauue acero nMaroiUero 6enoro ny'II<a u nony'leHBe 
~ByMepHoro cneKTpa pacceJIHBJI. )J.auublii MeTo~ o6'Le~BHJieT 
~OCTOBHCTBa MeTO~OB npJIMOB B o6paTHOB reoMeTpBB, T.e. 
o6eiUaeT 6onLWYJO CBeTOCBny B BbiCOKOe pa3pemeHBe. 

B uacTOJIIUeii pa6oTe ~eTanLHO paccMoTpeHbl uei<oTopble 
acneKTbl KOppenJIUBOHHOB cneKTpOMeTpBB Ha BMllYRLCtlbiX 
BCTO'IHBKaX ueiiTpOHOB C uenLIO BbiJICHeHBJI o6naCTH B rpaHHU 

ee npuMeHeHBJI. 

1. Cee111ocuAa u cllfallfuCIIfU'iecKaJI 

IIO'iHOCIIfb 

Pe3ynLTBPYJOIUaJI caeTocuna cneKTpoMeTpa onpe~enJieT­
CJI MHOrBMB cllaKTOpaMB B npe)l(~e BCero llOTOKOM ueiiTpOHOB 

ua o6pa3ue, onpe~11nJieMbiM cllopMynoii 

d¢ - I (A) dS. dB_. C 
o L2 ' 

/1.1/ 

r~e 1
0
(A) - 'IBCRO HeiiTpOHOB, BCll}'CKaeMbiX peaKTOpOM 

B TenecHblii yron 4" /3a e~BHBUY apeMenu/; dS - noaepx­
HOCTL o6pa3ua; do - BB~BMaJI llOBepXHOCTL 3aMe~nBTenJI; 
L - paccTOJIHBe oT 3aMe~nuTenJI ~o o6pa3ua; C - pa6o'luii 
UBKR /OTHOCBTenLHOe KORB'IeCTBO OTKpLITbiX IUeneii KOppe .. 

RJIUBOHHOrO npepbiBa TenJI/. 
XoTJI B B3MepeHBB yqacTBYJOT ace HeiiTpOHbl na~aJOIUei"o 

KBa3BMaKCBennOBCKOrO cneKTpa,BHTeHCBBHOCTL drp 3aBBCBT 

3 



OT cTeneuu KOJIJIHMauuu ny'IKa H nnoi.Qa~u npoJpaquoro 
yqacTKa /menu/ npepblaaTenR. BbicoTa I.Qenu orpauuqeua 
KOHel.JHbiM ~HaMeTpOM (D) npepblaa TeJIR,. a WHpHHa, nOMHMO 
JHal.feHHR D, - ~nuuoii: ncea~ocnyqaii:uoro pR~a. KOTopaR 
~OJI)I(Ha 6biTL ~ocTaTO"'HO 6on~:.woii:. TaK, pR~ ~nHHoii: a 
I27 3JieMeHTOa MO)I(eT 6biTL pa3Mei.QeH Ha npephlaaTeJie 
~aMeTpoM 50 eM, H npu 3TOM men~:. HMeeT wupuuy I eM 

H abiCOTY 6 eM. B cnyqae yaenuqeuuR D ~o I M wupuuy MO)I(­
uo ~oaeCTH ~0 2 CM, a abiCOTy ~0 7 CM. ilpH TaKHX ycnoaHRX 
noneJHaR nnoi.Qa~L o6pa3ua, paauaR nnoi.Qa~H I.QeJIH, 6y~eT 
- iO CM 2 • 

,lJ;nR ynyqweuHR pa3peweHHR no apeMeuu nponeTa ueo6-
xo~HMO yaeJIH'IHaaTL nponeTHYIO 6a3y (L). llpH 3TOM HHTeH­
CHaHOCTL na~aeT, KaK L - 2 . .linaro~apR 6on~:.woii: noaepxuoCTH 
JaMe~JIHTenR, ycnoaHJI KOJIJIHMaUHH H ycnoaHR ~OCTH)I(eHHR 
HY)I(HOrO pa3pemeHHR no apeMeHH nponeTa anOJIHe COaMeCTH­
Mbl, T. e. yMeHLWeHHe HHTeHCHaHOCTH npH yaeJIHl.JeHHH L KOM­
neHCHpyeTCR yaeJIHl.JeHHeM "aH~HMOH" 'laCTH noaepXHOCTH 
3aMe~JIHTeJIR. 3Ta KOMneHCaUHR, ecTeCTaeHHO, orpaHHl.JHaa­
eTCR JIHHeHHbiMH pa3MepaMH 3aMe~JIHTeJIR. 

llpu cpaaueuuu c MeTo~oM o6paTuoii: reoMeTpHH c Be­
<iJHJILTPOM, a CJiyqae HCnOJIL30aaHHR KOTOpOrO nJIOI.Qa~L 
o6pa3Ua dS MO)I(HO yaeJIHl.JHaaTL ~0 pa3Mepa 300 CM 2 , 

MeTO~ KOppeJIRUHOHHOH TeXHHKH no caeTOCHJie npourpblaa­
eT. 

qai.Qe acero, o~uaKo,. o6pa3Uhl I oco6euuo MOHOI<pHcTan­
Jihl/ ue~OCTynHbl a Tai<OM KOJIH'IeCTae, 1.JT06bl nonyl.JHTL 
CTOJIL 60JILWYIO nJIOI.Qa~L, a npH dS - IQ CM 2 ycnOaHR no 
caeTOCHJie ~ayx MeTO~Oa ablpaauHaaiOTCJI. 

KpoMe Toro, MeTo~ o6paTuoa reoMeTpHH a o6bll.JHOM 
ucnonueuuu ue ~aeT xopowero paJpeweHHR a K npocTpau­
cTae aau~y wupoKoro pacTaopa Tenecuoro yrna~eTeKTo­
poa, cne~oaaTeJILHO, MeTo~ KOPAH, 6e3 COMHeHHR, aoJLMeT 
aepx npH HCCJie~oaaHHRX ~HCnepCHOHHbiX COOTHOWeHHH a 
MOHOKpHCTaJIJiaX H ycTynHT JIHWL a CJiy"'ae HCCJie~oaaHHJI 
6e l~HcnepCHOHHbiX ao36y)l(~eHHH. 

qTO KacaeTCR MeTO~Oa npRMOH reoMeTpHH, T .e. MOHO­
xpoMaTH3aUHH ny'IKa C nOMOLQLIO <iJepMHeaCKHX npepblaa­
TeJieH HJIH MOHOKpHCTaJIJIOa, TO cpa3y B~HO, "'TO xopomaJI 
CTeneHL MOHOXpOMaTH3aUBB ~OCTBraeTCR UeHOH noTepB 
60JILWOH ~OJIH axo~HOrO MaKcaeJIJioaCKOrO cneKTpa, nopOH 
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~0 990/o.. 3TH noTepH TOJILKO qaCTH'IHO MO)I(HO KOMneHCHpo­
BaTL npHMeHeHHeM 60JILWOrO KOJIH'IeCTaa ~eTeKTOpOa. 

B KOHe'IHOM HTore HHTeHCHaHOCTL d¢ onpe~eJIReT CTa­
THCTH'IecKyiO TO'IHOCTL HJMepeHHR. Oco6euuocTLIOKOPAHa 
RaJIReTCR O~HHaKoaaR CTaTHCTH'IeCKaR TO'IHOCTL ao acex 
TO"'KaX cneKTpa /a ~ayMepHOM CJiyqae 3TO KacaeTCR TOJILKO 
cerMeHTOa, OTHOCRLQHXCR K O~HOMY 3Ha'leHHIO nOJIHOrO ape­
MeHH npoJieTa/, npH'IeM aeJIH'IHHa CTaTHCTH"'eCKOH TO"'HOCTH 
onpe~eJIReTCR CyMMapHbiM 'IHCJIOM OTC'IeToa, npHXO~RI.QHXCR 
ua H3MepeHHYI0 KpHaYIO /2/, 0TCIO~a CJie~yeT TaKaR oco6eu­
HOCTL KOPAHa: a npucyTcTaHH 6on~:.woro /KaK npaauno, 
ynpyroro/ nHKa ueynpyrue nHKH MaCKHpfiOTCR. 3TOT 34J<lleKT 
oco6eHHO OLQYTHM a CJiyqae o6pa3Ua, HMeiOI.Qero CHJILHYIO 
ueKorepeHTHYIO pacceuaaroLQYIO cnoco6uocTl>, "'TO npuao~HT 
K noRaneuHIO ynpyrux nuKoa ao acex cerMeuTax ~ayMepuoro 

cneKTpa. 
HeKOTOPYIO ~ononuuTeJILHYIO ablro~YMO)I(HO nony"'HTL 

npH pacceRHHH C noTepeH 3HeprHH, nOCKOJILKY HeHTpOHbl, 
pacceRHHble ynpyro a ~aHHbiH cerMeHT, OTHOCRTCR K MeHee 
caeTOCHJILHOMY yqacTKY na~aroi.Qero cneKTpa, 'leM ueaTpo­
Hhl, noTepRawue 3HeprHIO a npouecce pacceRHHR. PalyMeeT­
cR, 3TO paccy)l(~eHHe HMeeT CHJIY TOJILKO ~JIR TOR qaCTH 
cneKTpa, ~JIR KOTopoa A> A MaKe /eM. puc. 16/, r~e 

~aKC 
h /1.2/ 

(5kTm)lh. 

J~eCL h - UOCTORHHaR flnaHKa, k - nOCTORHHaR bOJILU­
MaHa, T- TeMnepaTypa JaMe~JIBTeJIR, m- MaccaueaTpoua. 

B Tex cnyqaJix, Kor~a uccne~yiOTCR caMB ynpyrue 
nBKB, KOPAH cJiy)I(BT oTJIH"'HbiM <iJunLTPOM ~JIR oTceuaa­

HBR ueynpyrux 3cWleKToa. 
H~eanLHLIM peweuueM 6hlna 61:.1 aoJMO)I(HOCTL <iJuJILT­

pauuu cneKTpa OT ynpyrBX nHKOa. 3TO MO)I(HO OCyi.QeCT­
aHTL, eCJIB a uenocpe~cTaeHHOH 6JIB30CTB OT KOppeJIRUBOH­
HOrO npepblaaTeJIR pacnoJIO)I(BTL BTOpOH CTaTBCTBl.JeCKBH 
npepblaaTeJIL, I<OTOl>biH ynpaaJIRJI 61:.1 qyacTaBTeJILHOCTLIO 
~eTeKTOpOa, a BMeHHO, a cnyqae OTKpbiTOH I.QeJIB Janupan 
6bl BX. ilpB ablnOJIHeHBB yCJIOaBR uenpepblaHOrO c~aBra 4Ja3 
Me)l(~y apai.QeHBRMB ~ayx npepblaaTeJieH B COOTaeTCTayroi.Qe­
ro paCTR)I(eHBR apeMeHB JanupaHBR ace ynpyrue nBKH MoryT 

6hiTL y~aneuLI Bl cneKTpa. 
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p 

n 
0 

a/ 

b .I J;+1 'I. ). ?lt. 't 

t2 
6/ 

I -t 

A 
Puc. 1. a/ BpeMeHHaJI ouazpaMMa npor~ecca pacceJIHUJI 
HeiimpoHo8 npu npou380AbHoii (Ja3e npepbl8a1fleAR. P -peaK­
mop, H - npepbl8a1fleAb, 0 - o6pa3efl, ,4 - oemenwp. 6/ Yn­
pyzuii u Heynpyzuii nuKu 8 OOHOM cezMeHme 803HUKa10111 
8 pe3yAb1fla1fle pacceRHUJI H€UMPOH08 pa3HbiX OAUH 80AH. 
t - noAHoe 8peMR npoAema 6a3bl L 

1 
+ L

2
= L, t

2 
- 8peMR 

npoAema 6a3bl L2 . 

H3JIO)I(HM H.n;ero fi>HnbTpauHH 6onee no.n;po6Ho. Ha puc. 2 
H306paJKeHa BpeMeHHaJI ,D;HarpaMMa npoJJeTa HeiiTpOHOB. 

B MOMeHT t= 0 Ha KOpOTKOe BpeM.JI JIO.JIBJI.JIIOTCJI HeiiTpOHbl 

C pa3HbiMH ,D;JIHHaMH BOJIH, T .e. pa3HbiMH CKOpOCTJIMH. 

IIepBbiM npepbiBaTeJieM HeiiTpOHbl MOHOXpOMaTH3Hp}'IOTCJI 

C ,D;OCTaTO'IHOH TO'IHOCTblO. IIpOXO,D;.JI 'lepe3 npepbiBaTeJIH, 

HeiiTpOHbl pacceHBaroTc.JI Ha o6pa3ue. Ynpyro pacceJIHHble 

HeHTpOHbl Ha Haweii ,D;HarpaMMe He MeH.JIIOT CBOero HanpaB­

JieHH.JI ,D;BIDKeHHJI. 0HH H306pa)KeHbl llp.JIMbiMH JIHHHJIMH, HC­

XO,D;.JI~HMH H3 TO'IKH t = 0 H L = 0. IIpH npoxo)K,D;eHHH qepe3 

OTKPbiTLie yqacTKH a 1- a 2 H ~- a
4 

BToporo npepbiBa TeJIJI 

OHH nona.n;alOT Ha ,D;eTeKTOp BO BpeMeHHble HHTepBaJibl 

a'- a' H a' - a' COOTBeTCTBeHHO. ECJIH Ha BpeMJI 3THX l 2 3 4 u 

HHTepBaJIOB 3aCTaBHTb ,D;eTeKTOpbl 6e3,D;eHCTBOBaTb, TO, 

cornacHo pa6oTe /3/, ynpyrHe nHKH B cneKTpe He no.JIBJIJI­

IOTCJI. YnpyrHe JIHKH, O,D;HaKo, y.n;aJIJIIOTCJI He "6ecnnaTHO". 

Ilpouecc fi>HJibTpaQHH COllpOBO)K,D;aeTC.JI ,D;OJIOJIHHTeJibHOH no­

Tepeii HHTeHCHBHOCTH HeynpyrHX JIHKOB B ,D;Ba pa3a. 
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CTafHCTH'IecKyro TO'IHOCTL o6bi'IHO onpe.n;eJIJIIOT KaK 

a~=~S., /1.3/ 
l l 

r.n;e 8 i - fi>YHKUHJI pacce.JIHH.JI. 

fl>opMyJia /1.3/, B3JITaJI H3 pa60Tbl/lf, JIBJIJieTCJI o6o6-

IQeHHeM fl>opMyJibl ,D;JIJI CTaTHCTH'IeCKOH TO'IHOCTH B cnyqae 

MOHOXpOMaTH3HpOBaHHOrO ny'IKa Ha CTaUHOHapHLIX peaK­

Topax H Y'IHTbiBaeT JIHWb CTaTHCTHKY C'leTa HeiiTpOHOB. 

IIpH coqeTaHHH KOPAHa c HMnynLCHLIMH HCTO'IHHKaMH 

HeHTpOHOB Tpe6yeTCJI, 'IT06LI ,D;JIJI BCeX ,D;JIHH BOJIH BCe 

JIOJimKeHHJI npepLIBa TeJIJI JIOJIBJIJIJIHCb O,D;HHaKOBOe 'IHCJIO 

pa3. ~JIJI y,D;OBJieTBOpeHHJI 3TOrO Tpe6oBaHHJI He06XO,D;HMO 

6wno JIH6o o6ecne'IHTb TaKHe ycnoBHJI, '1To6w 'IHCJIO o6o­

poTOB npepwBaTeJIJI 3a e.n;HHHUY BpeMeHH He HMeno o6mero 

,D;eJIHTeJIJI C 'laCTOTOH JIOJIBJieHHJI HeHTpOHHbiX BCJibiWeK, 

nH6o MeHJITb fl>a3y BpaiQeHHJI npepbiBaTeJIJI cnyqaiiHhiM 

o6pa30M JIO OTHOWeHHIO K fl>a3e HeHTpOHHbiX BCJibiWeK. 

BCllbiWKa 

o6pa3eu 

lz 

JL 

1- ii npepbiBa TeJIL 

2-ii npepbiBaTeJIL 

.n;eTeKTOP I I \ \ \ "' • 
I I I l t a1 a

1 
· a

1 
a4 

Puc. 2. HpuHr~un O€UCM8UJI KOppeAJiijUOHHOZO t/JUAbMpa. 
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B nocne~HeM cnyqae cTaTBCTBqecKas ToquocTb B3Me­
peHus onpe~enseTCB He TOnbKO CTaTBCTBKOH OTcqeTa HeiiT­
pOHOB, HO B CTaTBCTBKOH nosaneHBS Tpii BITH BHOH ~enB 
npepMBaTens /~a3M/ npB perBCTpaUBB HeiiTpOHOB pa3HOH 
MBHM BOnHM. 

B npe~ene HB3KOH BHTeHCBBHOCTB HeHTpOHHOrO nyqKa 
B BMCOKBX 060pOTOB npepMBaTens 3~CKT OT CTaTBCTBKB 
nosaneHBB ~a3bl npepbiBaTens npeHe6pe)I(BMO Man u ~op­
Myna /1.3/ ace eute ocTaeTcs B cune. 

B ~pyroM npe~en&HOM cnyqae, Kor~a BHTeHCBBHOCTb 
ny~a cTon& aenuKa, qTo ero MO)I(HO paccMaTpBBaTb KaK 
HenpepMBHMH B ~JUOKTYBPYIOIUBH nOTOK, CTaTBCTBqecKHH 
pa36poc nOITHOCTbiO 3a~aeTCS CTaTHCTHKOH nosaneHHB ~3M 
npepMBaTens. 

Ecnu co~ep)l(aHHe n-ro KaHana KaKoro-nu6o cerMeHTa 
0603HaqHTb Zn, TO OHO BMpa)l(aCTCB qepe3 ~YHKUHIO pac­
ce BHHB 8 . KaK 

I 
N -l 

z =f·loi s .. :a. +bf, /1.4/ 
n i=O 1 m 

r~e ain - CYTb 3neMeHTbl ncea~ocnyqaiiHoro ps~a; e -que­
no nosaneHHH KaKoii-nu6o ~a3bl, T .e. qucno acnbiWeK peaK­
Topa; b - HHTeHCHBHOCTb HeKOppenHpOBaHHOrO ~OHa. 

CneKTP paccesHHB nocne KoppensuuoHHoro cqeTa 6y~eT 
HMeTb BH~: 

(P) 1
0
IS. 1

0
S 

K = mf ( __ ..!__ + --~- + mb). 
T 2 2 

/1.5/ 

3~ec& pa6oquii UHKn c = ~, a m - qucno OTKPMTMX uteneii 
npepblaa Tens. 

,D;anee, 

(f') 2 2 
Var<K ) = ak = I az = I Z 

T n n n n 
/1.6/ 

a zn = zn (e). 

Ecnu ace ~a3M peanH3yJOTCB c paaHoii aeposTHOCTbJO, 
TO nerKO noKa3aTb, qTO CTaTHCTHKa nosBneHBB ~3M 
no~qHHSeTCJ.I HOpManbHOMY pacnpe~eneHHIO C ~HCnepCHeH e n: 

8 

'1 

' 

1 

' 

2 az 2 2 a ·= (-_-n) ae 
zn ae n 

az 2 
- (-n) e . ae n 

/1.7/ 

0TCIO~a 

2 azn 2 
aKT = ~ (ay-) en 

az 2 e n) 
"N~<ar /1.8/ 

O)I(H~aeTcs, qTo peaKTop U.6P-2 no3BOnHT HaKannu­
BaTb HH~OpMaUHIO ~OCTaToquo 6MCTpO. EcnH HCXO~HTb H3 
pe3yn&TaTOB npe~BapHTenbHbiX 3KCnepHMeHTOB, npoae­
~eHHMX Ha U.6P -30 C nOMOIUbiO MO~enbHOrO BapHaHTa CTa­
THCTBqeCKOrO npepMBaTens, TO ~OHOHHMH nHK ~ng anJOMH­
HHB CO CTaTBCTHqeCKOB TOqHOCTbiO /B nro6oii TOqKe cneKT­
pa/ B 1~ B6nH3H y3na /222/ H C 3Heprueii 5 M3B MO)I(HO 
6y~eT H3MepHTb 3a 20-30 MUH. KaK cne~yeT H3 ~pMynbl 
/1.8/, TaKyiO )l(e CTaTHCTHqecKyiO TOqHOCTb ~ns cnyqaiiHOH 
~a 3M npH qucne BCnMWCK 300 B MHHYTY H npH N = 127 MO)I(HO 
nonyqHTb ue MeHee qeM 3a 9 qacoa H3MepeHuii. /KoHeqHo, 
npB CHH)I(eHBH Tpe6oBaHHH K TOqHOCTH BpeMB H3MepeHHB 
KBa~paTHqHo COKpautaeTCB, HO noTepB HH~OpMaUHH BCC )I(C 
OIUYTBMa/. 

BMXO~ H3 nonO)I(eHHB MO)I(HO H{I.HTH, ecnH C03~a Tb 
ycTpOHCTBO, cne~Butee 3a BMnOnHeHHeM ycnOBHS B3aHMHOH 
ae~enuMOCTH qucna o6opoTOB npepMBaTens H peaKTopa, 
a TaK)I(e KOHTponupyroutee qucno nosaneHHB pa3HMX ~a3. 

2. Pa3pewarofllaJI cnoco6Hocmt. 

06MqHo B cnyqae H3MepeHHii no MeTo~y apeMeHH npo­
neTa no~ pa3pewarouteii cnoco6HOCTbJOnoHHMaJOT OTHoweHHe 

~t -, r~e ~t - ToqHOCTb onpe~eneHHB apeMeHH nponeTa t. 
t 

BenuquHa ~t cKna»;biBaeTCB H3 pa3HMX cnaraeMMX, Ha­
npHMep, WHpHHM BCnMWKH peaKTOpa, WHpHHM KaHana Bpe­
MCHHOrO aHanH3aTopa, BpeMeHH OTKpbiTOrO COCTOBHHB Bpa­
~arouterocg MOHOXpOMaTopa H T .~. 

IlpHMeHBTb 3TO )I(C onpe~eneHHe pa3pewarouteii cnoco6-
HOCTH ~ns ycnoaHii ~ByMepHoro aHanu3a He HMeeT CMMcna. 
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IlOCKOllLKy B 6onLWHHCTBe peanLHLIX CHTyaQHH B KruK­
,lJ,OM cerMeHTe HMeeTCJI ynpyrHH nHK, TO npe,lJ,naraeTCJI 
onpe,lJ,enJITL pa3pewruoau;yro cnoco6uocTJ., KaK oTuoweHHe 
paCCTOJIHHJI Me)l(.lJ.Y ynpyrHM H HeynpyrHM nHKaMH K WHpH­
He nHKa lcKruKeM, Heynpyroro r 1 I. EcnH HeynpyrHX 
nHKOB 6onLWe, 'leM O,lJ,HH, TO BLI6HpaeTCJI 6nH)I(aHwHH 1c yn­
pyroMy nHKY. 

Reno, 'ITO onpe,lJ,eneuuaJI TaKHM cnoco6oM paapewruo­
~aJI cnoco6HOCTL He 6y,lJ,eT nOCTOJIHHOH BO BCeH o6naCTH 
.ll.ByMepuoro cneKTpa, uo, no Kpaiiueii Mepe, 6y,lJ,eT cny)I(HTL . 
xopowHM HHCTpyMeHTOM .ll.llJI cpaBueHHJI KOPAHa c .ll.PYrH-
MH MeTO,lJ,aMH H3MepeHHH no BpeMeHH nponeTa. . 

Ilpe)l(,lJ,e Bcero nonwTaeMCJI BLIJICHHTL, KaK pa3pewaiO­
~aJI cnoco6HOCTL ycTaHOBKH 3aBHCHT OT ee napaMeTpOB. 

IlycTL f - BenH'IHHa nepe,lJ,a'IH 3HeprHH B npou:ecce 
pacceJIHHJI ueiiTpOHOB. EcnH na,lJ,RIOID:BB ueii:Tpou HMeeT 
3HeprHIO E 0 , a nocne pacceJIHHJI - 3HeprHIO E 

1
, To 

E 0 -E 1 =E, 12.11 

KHHeTH'IeCKYIO 3HeprHIO MO)I(HO BLipa3HTL 'le~e3 BpeMJI 
nponeTa: 

1 L · 2 
E i = C·-2 = C(-

1
) , 12.21 

T. t. 
I I 

rAe L i - .ll.llHHa i -ii nponeTuoi 6a3w, t i- BpeMJI nponeTa 
3TOH 6a3LI, r i - BpeMJI DponeTa 6a3LI e,lJ,HHH'IHOi ,lJ,llHHLI. 

BMeCTO ypaBHeHHJI 12.11 C DOMOiu;LIO 12.21 MO)I(HO Do-
llf'IHTL 

L2 L2 
1 2 C<-- -) = f, HnH )l(e 

ti d L2 ... 2 
_I _ L2 = !, 

12.31 

ti t2 2 c 

Y'IHTLIBaJI, 'ITO t = t 1 + t 2 , nocne uecno)I(HLIX an-
re6paH'IeCKHX npeo6pa3oBaHHii nonyqaeM: 

- LIL2 1 1 
~t = yC --<--=- -), 12.41 

L vE1 vE 0 

10 

t 
I 

l 

i 
~ 

r,lJ,e ~t . JIBnJieTcJI paccTOJIHHeM Me)l(.lJ.Y ynpyroii nHHHeii H 
nono)l(eHHeM ueynpyroro DHKa B ,lJ,aHHOM cerMeHTe I A 'B Ha 
puc. 31. 

83 CTpyKTYPLI c)opMynw 12.41 BH.lJ.HO, 'ITO BenH'IHHy 
~t, T.e. pa3peruruoau;yro CDOC06HOCTL, MO)I(HO OnTHMH3Hpo­

BaTL no nponeTHLIM 6a3aM. Pe3ynLTaTOM TaKOH ODTHMH3a­
QHH JIBllJIIOTCJI Clle,lJ,YJOID:Be COOTHOWeHHJI: 

Ll = L2 npH L = KOHCTaHTe 12.51 

H 

L 1 + L2 = L ~ "" • 12.61 

K CO)I(aneHHIO, ycnoBHe paBeHCTBa 6a3 ua DY'IKax peaKTopoB 
HBP-30 H HBP-2 MO)f(eT 6LITL Y.ll.OBneTBopeuo TOnLKO B 
.ll.OBonLHo Y3KOM HHTepBane yrnoB pacceJIHHJI. 

t2 

ynp. 1\UHL<Sl 

t~ 
1.. t 

Puc. 3. Mec111a ynpyzux u Heynpyzux nuKo6 Ha nAOCKOC1flu 
(t, t 2 ) 6 CAy~ae KOH6€HijUOHQAbHOZO M€11100Q 6p€M€HU 
npoAe1fla I A - ynpyzuii nuK, B - Heynpyzuii nuK/ u 6 cAy­
~ae Me111ooa KOPAH/ A' u A" - ynpyzue nuKu, B - Heyn­
pyzuu nuKI. 
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llpK OOMOll\11 cciJopMyJIKpOBaHHOrO HaMK onpe~eJieHBJI 
pa3pemaro~eii cnoco6HOCTK npe~cTaBJIJieTcJI B03MO>KHLIM 
OpOBeCTB cpaBHeHBe Me)f(~y MeTO~OM K3MepeHBH DO BpeMe­
HB npoJieTa C MOHOXpOMaTB3KpOBaHHLIM DY'IKOM B MeTO~OM 
KOPAH. 

H3 apeMeHHoii ~BarpaMMLI /puc. la/ JICHO, 'ITO MOHo­
xpoMaTH'IecKaii cryCTOK HeHTpOHOB, HMeiOll\11X ~JIKHY BOJIHLI 
A i ' npoJieTaeT paccTOJIHHe L I 3a apeMJI tl ~· L 1' a· A i' r~e 
a - KOHCTaHTa. 

llOCJie pacceJIHHJI CKOpOCTL HeiiTpOHOB /H ~JIKHa BOJIHLI/ 
H3MeHHTCJI H BpeMJI npoJieTa BTOpOH 6a3LI 6y~eT t ~ . 

~ I 
reoMeTpH'IeCKOe MeCTO CDeKTpa pacceJIHHLIX HeHTpOHOB Ha 
OJIOCKOCTH (~, t) H306pa)f(aeTCJI OpJIMOH JIHHBeii C HaKJIO­
HOM K oca t, paBHLIM 45° I puc. 3/. 

llpe~nonO)f(HM, 'ITO o6pa3eu; pacceKaaeT HeKorepeHT­
Ho, TaK 'ITO OpK BCeX na~aiO~KX ~JIBHaX BOJIH HMeeTCJI 
ynpyrHH OHK. C DOMO~LIO KOHBeHJJ;HOHaJILHOrO MeTo~a Bpe­
MeHH nponeTa ynpyrHH OHK DOJIBHTCJI B TO'IKe A, a Heynpy­
rHH nHK npa 3TOM nycTL 6y~eT a TO'IKe B. O'leBH~Ho, 

pa3pemeHKe onpe~enJieTcJI paccTOJIHHeM ~t = AB. O~HaKo 
a cnyqae KOP AHa ynpyrae nHKH noJIBJIJIIOTCJI so acex 
cerMeHTax H ;\tmin " A"B, 'ITO acer~a cy~eCTBeHHO MeHL­
we AR. AR H A "B CBJI3aHLI Me)f(~y co6oii cooTHomeHHeM 

A "g - sin y· AR. /2.7/ 

llocKOJILKY y = a - {3 = 45°- {3, TO 

A"B = sin(45° -f3)·AB::: 0,7l·AB. /2.8/ 

B CBJI3H C TeM, 'ITO C HeynpyrHM DHKOM B CKOppena­
poBaH ynpyraii nHK A', uenecoo6pa3Hee paccMaTpaaa TL 
aenB'IHHY ~t' = A 'B npa cpaaHeHHH pa3pemaro~eii cnoco6-
HOCTH MeTO~OB. 

H3 onpe~eneHHJI pa3pemaro~eii cnoco6HOCTH nonyqaeM: 

°Kopp. = 
A'B 

/2.9/ AB ___ .. 
o8p. np. = r Bp. np. 

H 

r KOpp. 

EcnK rKopp. = r Bp. np.' TO 

12 

l 
I 

j 

I 
I 
r 
l 

I 
I 
i 

~ ,; sin a --
0 sp.np. sin (135o _ y) 

- 1 

/2.10/ 

- --=.<1 - tgf3) _ 1 L 2 v2 - -=u - -) _ 1 L 1 
v2 L - -=· -. 

v2 L 

C yaena'leHHeM L 1 npa nocTOJIHHoii L 2 OTHomeHHe 
/2.10/ CTpeMHTCJI K npe~eny 1 - 0, 7. 

v2 
Ha peaKTope H.li P- 2 O)f(H~aeTcJI L 

2 
- 8 M, L - 32 M, 

T .e. ~ - 0,5, TaK 'ITO pa3pemaro~aJI cnoco6HOCTL npHMep­
HO a ~sa pa3a xy)f(e, 'leM B cnyqae Tpa~HUHOHHoro MeTo~a 
apeMeHH nponeTa. 

0THOllieHHe nponeTHLIX 6a3 COCTaBJIJieT TOJILKO OMY KOM­
OOHeHTY BeJIH'IHHLI pa3pemeHHJI. BTopoii ero KOMDOHeHTOH 
JIBJIJieTCJI lliHpHHa JIHHHH r. 

r onpe~enJieTCJI CJie~yiO~HMH BeJIH'IHHaMH: 
lliHpHHOH BCDLilliKH peaKTOpa, 

- lliHpHHOH ~eJIH npepLIBaTeJIJI, 
- lliHPHHOH KaHaJIOB aHaJIH3aTopa, 
- TO'IHOCTLIO KOJIJIHMaJJ;HH. 

IIIHpHHa BCDLilliKH peaKTOpa BJIHJieT Ha IIIBpHHY OHKOB 
a "t" -npoeKUHH cneKTpa. B t 2 -HanpaaJieHHH Ha mapHHY 
OHKa ~OMHHHpyiO~HM_06pa30M BJIHJieT WHpHHa ~eJIK npepLI­
BaTeJIJI T, eCJIH V2 T < T peaKmopa._ T OOpe~eJIJieTCJI 
reoMeTpH'IeCKOH lliHpHHOH IJJ;eJIH H CKOpOCTLIO Bpa~eHHJI 
npepLIBaTenJI. 

llpa yaeJIH'IeHHH nocne~Heii pa3pemeHae JIHHeiiHo pac­
TeT H B cnyqae Tpa~HUHOHHOrO MeTO~a BpeMeHH nponeTa, 
a a cnyqae KOPAHa. B nepaoM cnyqae, o~HaKo, 3a ynyq­
weHae pa3pemeHHJI OJiaTHM o;eHOH OOTepH HHTeHCHBHOCTH, 
Tor~a KaK a MeTo~e KOPAH yny'lllieHae ~ocTaraeTcJI npa 
HeH3MeHHOM 3Ha'leHHH HHTeHCHBHOCTH. YaenH'IeHHIO 'IHCJia 
060p0TOB MO)f(eT npenJITCTBOBaTL OpO'IHOCTL MaTepHaJia 
npepLIBaTeJIJI H 3cl>clleKT peo;HKJIH'IHOCTH. 

llo~ peJJ;HKJIH'IHOCTLIO MLI OO~pa3yMeaaeM ~Byx,- Tpex­
HJIH 6onee Kpa THLie noJianeHHJI acero cnyqaiiHoro pJI~a 
so apeMJI o~Hoii acnLimKH peaKTopa I puc. 4a/ .. Cne~oaa­
TeJILHO, 3aperHCTpHpOBaHHLIH HeiiTpOH, HMeiO~BH HH~eKCLI 
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6/ 

t1 

p 

n 
0 

t 

fL a/ 

T t 

Puc. 4. Pe14UKIIU'IHOCIIb 6CIIeOCII6Ue CIIUUIKOM 6ollbUIOU CKO­
pOCJIU apcnqeHUJI KoppeiiJ114UOHHozo npepr.1aa11e11J1. 6/ Bo3HuK­
HQ6eHue pa3pbl606 6 pe3yllbiiiOIIe pe14UKIIU'IHOCJIU HQ IIUHUJIX 
MecllloHaxoJICOeHUJI ynpyzux u Heynpyzux nuKoa. A, A', A" -
ynpyzue IIUHuu, B, B' u C - IIUHUU ·Heynpyzux nuKoa. 

It a k 1. 6y,AeT onpe,Aeneu TOJILKO c TO'IHOCTLIO +n·1Z7 
/rge D • 'IRCJIO pe~HKJIH'IJIOCTeiil, T .e. ero HH,AeKC 6y,AeT 

(t; k + n · 1Z7). 
B peanLHLIX caTya~BJIX 'IHcno n He npeBocxo.AHT Be· 

nH'IBHY 3 -;-4 a nonyqeuHaJI KapTBHa pacceJIHBJI nerKo pac· 

WBclJpoBwBaeTCJI I puc. 461. 
IIIBpHHa KaHaJIOB H3BeCTHLIM o6pa30M yxy,nmaeT pa3· 

peweHHe, D03TOMY KaHanw, COOTBeTCTBYJOIUBe DODOlKeHHIO 

npepLIBaTeJIJI, ,AOnlKHLI fiLITL pa3,AeJieHLI Ha m O,ABHaKOBLIX 

qacTeii. qBCJIO m ,AOnlKHO 6LITL BLifipaHO TaK, 'IT06LI 

M 
--2 << r . BnBJIHBe KOn»HMa~BB Ha WBPHHY nBKa O,AHHaKOBO 

m 

H B cnyqae KOP AHa, H B cnyqae KOHBeH~HoHanLHoro MeTo,Aa 

BpeMeHH nponeTa, no3TOMY 3,AecL He paccMaTpaaaeTcJI. 

14 

t 

Heo6XO,ABMO, O,AHaKO, 06paTHTL BHBMaHHe Ha O,AHH 

ODaCHLIB 34MPeKT, BLITeKaiOmHH H3 B03MOlKHOrO H3MeHeHHJI 

'IRena o6opoTOB npepLIBaTenJI. EcnH qacToTa BpaiQeHHJI 

OpepLIBaTeJIJI H3MeHHTCJI OT w 0 ,AO w 1 , TO WHpHHa KaHa· 

noB ~t 2 H3MeHHTCJI nponop~HoHanLHO OTHoweuHJO wo I w 1 • 

ilpB 3TOM perHCTpBpyeMoe OOJIOlKeHHe DHKOB Ha OJIOCKOCTB 

(t , t2 ) TOlKe MeHJleTCJI • H TeM CHnLHee, 'leM 60JILWe 

3Ha'leHBe t 2 DBKa. TaK, HanpHMep, JIHHBJI ynpyrHX DHKOB 

MOlKeT CMeCTBTLCJI DOBOpOTOM BOKpyr TO'IKB (0, 0), a yron 

noBopoTa a 6y,AeT nponop~HouaneH OTHoweHHJO w
0 
I w 

1 
• 

3TOT JcllclJeKT OC06eHHO ODaCeH DpH cnyqaiiHLIX B3MeHeHHJIX 

li>a3LI npepWBaTeJIJI, KOTOpLie, KaK npaBHJIO, OCYIQeCTBJIJIIOT· 

CJI nyTeM MOAYJIJI~BB 'IHCJia o6opoTOB. 

ilpB CJIBWKOM fionLWOB rnyfiBHe MOAYJIJI~BB ,AJIBHHOBOJI· 

HOBaJI 'laCTL cneKTpa MOlKeT DOJIHOCTLIO pa3MLITLCJI. 

Br.1aoor.1 

B nacTOJIIQeii pafioTe HaMH 6LIJI paccMoTpeu PJIA cne­

uuclJuqecKBX acneKTOB ucnoJIL30BaHBJI MeTo,Aa KOPAH ua 

HMDYJILCHOM BCTO'IHBKe HeiiTpOHOB B npoBe,AeHO cpaBHeHHe 

C HeKOTOpLIMB ,ApyrBMB MeTO,AaMB HeiiTpOHHOB cneKTpOCKO· 

DBB. 

B pe3yJILTaTe 3Toro paccMOTpeHBJI 6LIJIO BLIJIBJieHo 

cne,AyJOIQee; 

HeBLirO,AHO npuMeHJITL KOPAH, ecnH o6pa3e~ cyiQecT· 

BeHHO fiOJILWe, 'leM pa3MepLI IQeJIH, H HCCJie,AyiOTCJI HeKO· 

repeHTHLie neynpyrue npo~eccLI pacceJIHHJI. llpHcyTCTBHe 

ynpyrBX DBKOB lneKorepeHTHLIXI yxy,nmaeT CTaTBCTB'Iec· 

KYIO TO'IHOCTL B3MepeHHJI HeynpyrBX DBKOB. 0T ynpyrHX 

DBKOB, O,AHaKO, HeTpy,AHO B3fiaBHTLCJI C DOMOIQLIO clJHnLTpa. 

Tpe6yeTCJI cne~uanLHO no,Ao6paHHLiii pelKBM ynpaBneHHJI 

C,ABBrOM clJa3LI npepLIBaTenJI DO OTHOWeHHIO K BCDLIWKe 

peaKTopa. fiO.AfiOpOM OTHOWeHBJI nponeTHLIX fia3 ,AOCTBra· 

K>TCJI ODTHMaJILHLie YCJIOBBJI BLICOKOrO pa3peweHBJI. 

llpeuMyiQeCTBa ~eTo,Aa KOPAH: 

ll liOJILWaJI CBeTOCBJia npH HCCJie,AOBaHBB ,AHCnepCBOH· 

HLIX cooTHoweuuii B ManLix I- pa3Mepa IQeJIHI · o6pa3~ax 
6naro,AapJI B03MOlKHOCTH npoBe,AeHBJI ABYMepuoro auanH3a. 

21 Bo3MOlKHOCTL yny'IWeHBJI pa3pewaJOIQeii cnoco6uocTB 

6e3 B3MeHeHBJI pafioqero ~HKna 3a C'leT yBeJIH'IeHBJI 'IRena 

OfiOpOTOB npepLIBa TeJIJI. 
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3/ CpaBHHTenLHO nerKOe OT~eneHHe uexopyrHX DHKOB 
OT ynpyrHX jecnH MLI He HHTepecyeMCJI BenH'IHHOH H napa­
MeTpaMH ueynpyrux nHKOB, To KOPAH MO)KeT 6LITL uc­
nonL30BaH ~nJI 31}>4JeKTHBHOH «lJHnLTpaUHH pacceJIHHOrO cneKT­
pa/. 

Kpyr KoMneTeHTHOCTH MeTo~a KOPAH ua cero~HJI 

MO)KHO CBeCTH K cne~yJOIUHM 3a~a'laM: 

1. H3Mepeuue 4Jououuoro H Maruouuoro cneKTPOB KpH­
cTannoB HH3KOH CHMMeTpHH. 

2. H3Mepeuue 4Jououuoro cneKTpa ~ns pac'leTOB npo­
uecca 3aMe~neHHJI ueiiTpouoB B pa3nH'IHLIX MaTepuanax, 
nns pac'leTa 3neKTpH'IecKoro conpoTHBneHHJI MeTannoB 
6e3 npuBne'leHHJI Mo~eneii 4Jououuoro cneKTpa H ~ns pac­
l.feTa TennoeMKOCTH H TennonpOBO~HOCTH. 

3. Hccne~oBauue ueKorepenTHLIX ueynpyrux npoueccoB 
. /uanpHMep, B )KH~KOCTJIX/. 

4. H3yqeuue ueKorepeHTHLIX ynpyrux npoueccoB B cny­
qae, Kor~a ueo6xoAHMO pa3~enHTL ynpyrue H ueynpyrue 
KOMDOHeHTLI cneKTPOB, a ueynpyras qacTL ue npe~cTaB­
nseT BHTepeca /uanpBMep, ~u4l4ly3uoe MarHBTnoe pacces­
uue B pa36aBneHBLIX cnnaBax/. 

5. llpoBe~euue B3Mepeuus ua ManLix o6pa3uax I o6'Le­
MOM B HeCKOnLKO Ky6B'IeCKBX MBnnBMeTpOB/ BnB B 'ycnOBB· 
JIX npucyTCTBBJI cBnLuoro ueKoppenupoBauuoro «<lona. 

ABTOPLI 6naro~apJIT IO.M.OcTaneBB'Ia 3a ueuuLie o6-
cy)K~euuJI B H.M.tl»pauKa 3a CTBMynupyJOIUBii HHTepec K pa-
6oTe. 
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Jlay'IHo-•exHU'IecKaJI 6u6.11UOIIeKa 
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