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IO.,l.J;. Be3HOrHX, M.A. Boeao~ 

_HH,l.J;HKAI.UfSI J1 KOHTPOnb 3HEPrETWJECKOrO 
CllEKTPA llEPHO,l.J;J1qECKJ1 BYHqJotPOBAHHOrO 

llY'IKA 3APflllEHHYX 1JACTHU HA BYXO,l.J;E ., 
nHHEAHoro YCKOPHTEnfl HOHOB C llOMOmbiO 

llP03PAlJHOrO HH,l.J;YKUHOHHOrO .,l.J;ATqJ1KA 

HanpaaneHo B nT3 



OnnchrBaeMbrfi B Jlaaaofi pa6oTe MeTOJl HHJlHKaunn saepre'l'n"'eCKoro 

cneKTpa nepHOJlH"19CKH 6y.H"'HpOB8HHOI'O ny"'K8 38pH~eHHbiX "18CTHU1 B006me 

roBopH, npnMeHHM Ko BceM ycTpoil:CTBaM, JlaiOIUHM na BhiXOJle ny"'oK a BII

Jle nepHOJlH"19CKOfi ITOCJ19JlOBHT9JlbHOCTH CI'yCTKOB yCKOpe.HHbiX "18CTHU ( orpa

HH"'9HHH npHMeHeHIIH M9TOJl8 MOI'yT 6biTb CBH38Hbl JlHillb C JlJlHHOfi YCKOpHIO- . 

mefi BOJlHbi A· H CKOpOCTbiO "18CTHUbi {3 ) 1 .110 ITOCKOJlhKY HaH6onee xa-

paKTepHbiM npHMepOM 6yH"'HpOB8.11.HOI'O ny"'K8 HBJ1H9TCSl ny"'OK !18 BbiXOJle 

IIHHefi.fiOI'O yCKOpHTenH1 TO B9Cb MeTOJl OITHCbiB89TCH Ha npHMepe STOI'O ... 
ny"'K8o 

0JlHIIM H3 Ba~HefiiiiHX napaMeTpoB ny"'Ka. na. BhiXOJle nnaeil:aoro ycx~.-

pHTenH HO.IIOB - H.H~eKTOpa KOJlbU9BOI'O. yCKOpHT9J1H1 HBJ1H9TCH1 KaK H3B9CT

H01 .ero snepreTII"'eCKHil: cneKTp. BenH"'H.Ha saepreTn"'ecKoro cneKTpa onpe

nemreT a!fl!fleKTHBl!DCTb 38XB8Ta B pe~HM ycKopeHHH B KOIIbU9BOM yCKOpHTene, 

.UnH ITOBbiiii9HIIH a·axBaTa H.H~eKTOp .118CTp8HBaeTCH T8KHM o6pa30M1 "'T06bi 

ny"'OK .118 BbiXOJle HMen MHHHM8JlbHYIO IIIHpHHY cneKTpanhHOil: KpHBOfi, 

UosTOMY H3MepeHHe H ~KOHTpOIIb saepreTU"'9CKOI'O cneKTpa ITY'IK8 ~a 

BbiXOJl9 J1H.Hefi.HOI'O YCKOpHT9J1H HBIIHIOTCH B8~.HefiiiiHMH npoueJlypaMU ITpli 

.HaCTpofiKe H.H~eKTOpa .118 OITT.HM8J1bl!blfi pe~HM, 

KnaccnqecKaH cxeMa naMepeanH saepreTU"'ecKoro cneKTpa nyqKa aa 

BbrxoJle nimefinoro ycKopnTenH, onncaaaaH B nnTepaType, nao6pa~ena aa 

pnc. 1, rile ( 1,2) -. yaKHe BepTHKanh.Hbre menn, HCKnro"'aiOI¥He yrnoByro 

OIIIH6Ky,. 
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PHc. 1. CxeMa HaMepeHHSI aaepreTH'Iecxoro cnexTpa 

C IIOBOpOTHbiM MarHHTOM-8H8lllf38TOpOMe 

l 

PHc. 2. UHnHHAPH'Iecxua paBHoMepao 

3SpSI:lK8HHblft cryCTOK C liHHeftHbiM 

( OTHOCHTe- OCH Z ) pacnpeneneHHeM 

cxopocTeA '18CTHU B-crycTxe. 

4 

~ f• 

\ 

{ 3) - nosopoTHbiii: MarHHT-aHanuaaTop, 

{ 4). - ycTpoii:CTBO JlliSI HaMe peHHSI. II!HpHHbl ny_qKa, 

J1a~epeHHaSI lliHpHHa ny'IKa C UOMOllibiO .ycTpOiiCTBa { 4) C y'leTOM 

yrna nosopoTa a n 6aabi npeiitj:la f 2 Mo:aceT _ 6biTb nporpanyuposaaa B 

cneKTpanoHYIO mnpnHy. _ 

Me'.ron uaMepreHHH · aaepreTH'IecKoro cneKTpa c nosopoTHbiM MarHnToll 

8H8liH38TOpOM Jl88T B03MO:lKHOCTb C JlOCTaTO'IHOll TO'IHOCTbiO H3MepHTb. lliH• 

pnHy crreKTpallbHOii: KpHBOll B a6COliiOTHbiX eJJ.HHHUaX, HO rrpouecc H3MepeHH 

KaK npasnno, aaHHMaeT MHoro speMeHH H Tpe6yeT npeunanoaaoii: annapaTy 

KpoMe Toro B paccMaTpHsaeMoM cny'lae naMepeane nponaBOJJ.SIT aa 

rry'IK8o OTKliOH8HHOM OT pa60'I8I'O. TpaKTa HH:lK8KUHH 0 HOSTOMY B pe:H<HMe Hf 

:lK8KUHH HHtPOpMaUHH 06 aaepreTH'I8CKOM CU8KTpe OTCYTCTByeT, 

B Jl8HHOii pa6oTe OITHChlB88TCSI·MeTOJJ. HHJJ.HK8UHH H KOHTpOliH aaepre

TH'I8CKOI'O CIT8KTpa IT8pHOJlH'18CKH 6yH'IHpOB8HHOI'O rry'IKa, KOTOpblll OTliH'I8• 

8TCSI rrpOCTOTOii: H3MepnTellbHOii: arriTapaTypbi H UOSBOliHeT ITOliY'I8Tb HHtPOpMa-

UHIO 06 9HepreT!I'I8CKOM CIT8KTpe B K8)KJJ.OM UliKll8 yCKOp8HHSI 6ea OTKliOHe• 

HHSI ITy'IKa OT pa6o'lero TpaKTa, T.e.,. ae aapymag pa6o'lero pe:nmMa ycTa

HOBKH {B cny'lae llliH8llHOI'O YCKOpliT8liSI liOHOB H3M8p8HH8 ITpOH3BOJlliTCSI 6 

HapymeHHll pe:acnMa HH:lK8KUHH B KOllbU8BOii yCKOpliT8llh), 

11HAHK8UliSI li KOHTpOllb SHepreT!I'I8CKOI'O CIT8KTpa 

ITO rrpOXOAHlliSMy TOKY C ITOMOllibiO HHpyKUliOHHOI'O 

Ill 
Jl8T'IHK8 

113B8CTHO, 'ITO rry'IOK '18CTHU 0 BbiXOJJ.Hlliliii: H3 llliHSii:HOI'O yCKOpHT8liSI 

HOHOB0 HM88T JJ.HCKp8THYIO CTpyKTypy B BHAe OTJl8llbHbiX cryCTKOB0 U8HTpbi 

TH:acecTH aapSIJJ.OB KOTOpbiX OTCTOSIT npyr OT JJ.pyra ITO tj:laae aa 21r , n 

cooTBeTcTBeaao, aa nnaeiiHyiO aanpSIJKeHHOCTh L=f3 A. k, 'l!l rne f3k,,. • • 
KOII8'1H8SI OTHOCliT8llbH8SI CKOpOCTb CHHXpOHHOii: '18CTliUbi, Ha BbiXOJJ.8 liHH€ 

HOI'O yCKOpHT8liSI CI'yCTOK_Xopomo c6yH'IHpOB?H.H UO.STOMY HM88T H860llb-

myiO tj:laaoByiO n nnaeiiHyiO ITpOTH:aceHHOCTh {no cpaBHe~niO c 217 n L 

5 



wro. cneKTpa 

_J 

Mepao· 

biM 

:!HHeM. 

( 3) nosopoTHhiit Mai'HHT-aaanHsaTop, 

( 4). ycTpOHCTBO Jlml H3MepeHHst. IIIH!JHHhi ny.qKa. 

I1sMepeHH8st IIIHpHHa ,nyqKa C llOMOJilbJO yCTpOitCTBa ( 4) C yq~TOM 

yrna llOBOpOTa a H 6a3bl npeitcPa e2 MO)I{eT 6biTb nporpanylipoBaHa B 

cneKTpanbHYJO IIIIIpHHY•. 

MeTon HsMepeaHst aaepreTHqecKoro cneKTpa c nosopoTHhiM MarHHTOM-. 

aaanH38TOpOM naeT B03MO)I{HOCTb C JlOCTaToqHoit TQqHOCTbJO H3MepHTb IIIH

pHHY cneKTpa~bHOit KpHBOH B a6conJOTHhiX enHHHUaX, HO npouecc H3MepeHHst, 

KaK npaBHnO, 38HHMaeT MHOI'O BpeMeHH H Tpe6yeT npeUH3HOHHOit annapaTyphlo 

KpoMe Toro B paccMaTpHBaeMoM cnyqae HsMepeaHe npoHsaonstT aa 

nyqKe, OTKnoHeHHOM OT pa6oqero· TpaKTa HH)I{eKUHH, il09TOMY B pe)I{HMe HH

)I{eKUHH HHcPOpMaUHst 06 9HepreTHqeCKOM cneKTpe OTCyTCTByeTo 

B Jl8HHOH pa6oTe OfiHCbiBaeTCst MeTOJl HHJlHK8UHH H KOHTpOnH 9Hepre

THqecKOI'O cneKTpa rrepHOJlHqeCKH 6yHqHpOB8HHOI'O nyqKa, KOTOpb!H OTnHqa

eTCst npocToToit H3MepnTenhaoit annapaTyphi H no3BonsteT nonyqaTb naljlopMa-

UHJO 06 9HepreTHqecKOM cneKTpe B K8)KJl0M UHKne ycKopeHHst 6e3 OTKnOHe

HHSI nyqKa oT pa6oqero TpaKTa, T.e., ae aapyiiiast P?,6oqero pe*HMa ycTa

HOBKH (B cnyqae nHHeHHOI'O yCKOpHTenH HOHOB H3MepeHHe UpOH3BOJlHTCst 6es 

HapyiiieHHH pe)I{HMa Hl!)l{eKUHH B KOnbUeBoit YCKOpHTenh) • 

HanHKaUHH n KOHTponb 9aepreTnqecKoro cneKTpa , 

no rrpOXOllHIIIeMy TOKY C ITOMOIIIblO IIHJlYKUHOHHOI'? 

Ill 
naTqHKa 

I1sBeCTHO, qTo nyqoK qaCTHU, BbiXOJlHIIIIIH H3 nHHeitHOI'O yCKOpHTenst 

HOHOB, HMeeT JlHCKpeTHYJO CTpyKTypy B BHJle OTJlenbHhiX cryCTKOB, ueHTpbl 

Tst)l{eCTII 38pHJlOB KOTOpbiX OTCTOHT npyr OT llP)"I'8 ITO cP83e H8 2 Tr , H 

cooTseTCTBeaao, aa nHaeitayJO aanpmKeHHOCTb 

KOI!eqaast OTHOCHTenbH8H CKOpOCTb CHHXpOHHOH qaCTHUhlo Ha BbiXOJle nHHeit

HOI'O yCKOpHTenst CI'YCTOK XOpOIIIO c6yHqHpOB3H H ll09TOMY HMeeT He60nb-
• • I 

IIIYJO cllasoByJO H nnaeitayJO npoTst)l{eaaocTb (no cpasaeHHJO c 2 TT H L ) . 
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$aaOBBH npOTH*9HHOCTb cryCTKB 3BBHCHT OT.KOHeqHOH SHeprHH H_ 
. . 0 . ~ . 

nnH aaeprHfi 10-50 Mas npHMepao paaaa' S0-20 • TaKofilcrycToK1 acnencT-

BHe Toro1 qTo qacTHUbi a HeM HMeiOT paaopoc no· aaeprHH1 npoxonH no 

yqaCTKy CBOOOilHOro npefi<jla HH*eKUHOHHoro TpaKTB.1 paCWHpHeTCH IIO ipaae1 

H CTeneHb_<jlaaoBoro paCWHpeHHH cry?TKB 3BBHCHT OT SHepreTHqecKO~O 

paaopoca qacTHU B crycTKe. 

DnH npocTOTbi aaanRaa cnenaeM cnenyrowHe npennono*eHHH: 

I; nnoTHOCTb aapHna B crycTKe, HMeromeM <jlopMy UJmHHnpa, pacnpe
• 

neneaa paBHOMepao. 

2. no.riHbie aapHilbi acex crycTKOB, rrocnenoBaTenbHO cnenyromHx npyr 

aa llpyrOM1 OllHHSKOBbio 

s. HaqanbHaH <jlyaKUHH pacrrpeneneHHH paaopoca npononbHhlX cKopoc-

Tell: qaCTHU B cryCTKe nHH9HHS OTHOCHTenbHO OCH Z II qacTHUbi, pacrrono-

*eHHbre B cepenuae crycTKa 

{pile. 2. IIpHMSH I) • 

Z =0) 1 HM9IOT HyneBOii: paaopOC CKOpOCTefi 

CnenaHHbie rrpennono*eHHH rroaaonSIIOT paccMaTpRBaTb crycTKII KaK 

rrepiiOilHqecKyiO IIOCnellOBSTenbHOCTb <!JyHKUUH1 BHil KOTOphlX HS paCCTOSIHIIU 

f 1 • fa • fa. ( f 3 > f2 > f 1 ) OT BbiXOilS nHHefiaoro yCKOpiiTenH 1130-

6pa*eH aa pHc. 3, rne 

T - rrepiiOil cnelloBaHHH crycTKa, 

' 
(n) , 

J A - aMrrnnTylla <jlyHKUIIH Raoopa*eHHR crycTKa, 

(n) 

= f 1 (~ w) - <PaaoBaH nonywHpRaa crycTKa. z 
w 

YKaaaa:ayro a:a pile. S nocnelloBaTenbHOCTb <jlyaKUIIH MO*HO paano*H.Tb 

B pHil $ypbeo. 

B COOTBeTCTBHH C IIpHHHTOH CIICTeMOH OTCqeTa PHil $ypbe oylleT 

IIMeTb BIIIl 

J
(n) Jo -.:-co J (n) k =-+..:.. cos z, 
A 2 k=1 k 

(I) .. 

6 

··I 

I 
. I 

I 

;; 

~ I I I I I" I I I 

< 
/) I . .~.H I I .. I t.. I I I 

I I I 

Pile~ 3. $yaKUIIH nao6pa)l{eHIISI uHnHHilpnqecKor 
aoMepao aapSI*e!iH:oro crycTKa .c nHaeii:HbiM pac 
·neaueM CKOpOCTeH qaCTHU B crycTKe. 

0.8 

0.7 

0,6 

0,5 

a~ 

0,3 

0.2 
o,l 

01 3o• 
-0,1 

-a2 

Pile. 4.- HopManiiaoBaHHbie KpiiBbie IlaMeaeHII 
aMnniiTYilbi nepaoii (I) u BTopoii: ( 2) rapMol 
B 3SBIICIIMOCTII OT <jlaaOBOfi rronyWHpiiHbl UIIn 
qecKoro.paBHOMepao aapSI*eaaoro crycT~a~ 

7 



KoneqnoA aneprnn n 

TaKoA crycToK, acnellcT

aneprnn, npoxollH no 

1, · pacrunpHeTCH no $ase, 

OT anepreTnqecKoro 

npellnonomeHHH: · 

iflopMy uunnHapa, pacnpe-

lTenbHo cnellyromnx llpyr 

'ca npoaonbHhiX · cKopoc-

z H qacTHUhi, pacnono-

·neaoA. pas5poc cKopocTefi 

8TpHB8Tb crycTKH K8K 

KOTOpbiX Ha paCCTOHHHH 

eliHOrO YCKOpHTenH H30-

ca, 

l:H<eHHH cryCTKa, 

'Ka. 

Ta PHll ¢ypbe 5yaeT 
' 

(1) 

. , .. 

1 
l 

I 

l 
l 
I 

;; 

Pnc~ 3. ¢yHKUHH H3o5pameHHH unnnHllpnqecKoro paB
lloMepHo 3apgme!hwr'o crycTKa c nnaefillbiM pacnpelle
·nenneM CKOpOCTefi qaCTHU B crycTKe. 

0.8 

0,7 

0,6 

0,5 

Qq 

0,3 

0.2 

0:/ 
0 3o• 

·0,1 

·Q2 

Pnc. 4. · HopMannsoaaHHbie KpHBbie H3MeHeHHSI 
aMrrnnTyllhi rrepaoii ( 1) n BTopofi ( 2) rapMoli~K 
B 38BHCHMOCTH OT ljla30BOfi nonyrunpHHbl UHnHllllpH
qecKoro. paBHoMepHo 3apSimennoro crycTKa • 



T z(n) 
(n) 2 (n) 4 (n) 

J = - I J A cos k z d z = - I J A cos k z dz , 
k To To •~. ( 2) 

k HOMep rapMOHHKII 0 

n - IIHJlElKC, 38BIICHIIIllil: OT "aMIInHTYLlbi" cpyHKUllll pasno)l{eHIIHo 

Taxa>g MaTeMaTH"!ecxag IIHTepnpeTaung nocne.uoBaT·9nhHOCTn crycTKOB 

I'OBOpHT 0 TOM, "'TO B.UOnb llH)I{eKUIIOHHOI'O TpaKTa .UBII)I{YTCH oeryiiiHe BOnHbi 

C "'8CTOT8Mll 0 paBHbiMll II KpaTHblMll OCHOBHOil: rapM~HllKe II 8MTiniiTY.!l8MII 0 

onpe.uengeMbiMII no cpopMyne (2). XapaxTepHoil: ocooeHHOCTbiD npouecca HB

nHeTCH TO, "'TO aMUnllTY.!lbl STIIX rapMOHll~ B npouecce .UBII)I{9HIIH CI'yCTKOB 

He OCT8IDTCH UOCTOHHHhiMII~ 

lleil:CTBIITenbH0 0 ecnii II3MepHTb aMnnrrTy.Uy 1-oil: rapMOHllKll B TO"!Ke 

f Ha H9KOTOpOM y.uaneHHII OT niiHeHHOI'O YCKOpiiTeng (nocne.UOBaTenb

HOCTb llMnynhCOB (1) piiC. 3), TO ll3 (2) nony"'IIM 

(1) 4 z(l) (1) . 2 z(1)Q 2 Q . (1) 
J = - I J cos z dz = - I -- cos z d z =- --··sin z 1 T o A · 17 O z < 1) · 17 z0 ) 

(1) Q 
r.ue J A = -(i) 

z 
Q - sapH.U crycTxa. 

CooTBeTCTBeHHo, ecnn nsMepnTh aMnmTy.uy 1-oil: rapMOHIIKII B 6onee 

.uanbH9il: OT Bb!XO.!l8 nY TO "'Ke f 2 0 TO nony"'IIM 

(II) 

J (II) 4 r J (Il ) d 2 Q . (II) 
= - d A cos z z = sm z 

1 T " z oo 
Il T • .U. 

AHanorn~Hhre pac"!eTbi MO)I{HO npo.uenaTb n .ung Bhrcmnx rapMoHnx. 

Ha pnc. 4 UOK838Hbl HOpM8nii30B8HHbie KpiiBbie Il3MeHeHHH 8MllnHTYJlbl 

1-oil: ll 2-oil: rapMOHllK B 38BHCHMOCTH OT cpa30BOil: nonymHpliHbl cryCTKa 

!l¢ !l¢ M9HHeTCSI OT 0 no " 

Ha puc. 4 KpiiBaH 1 JlnH aMnnnTy.!lhi 1-oil: rapMOOIIKII, KpiiBaH 2 - .ung 

aMnniiTY.!lbl 2-oil: rapMOHIIKH. 

8 

YcTaHoBnM Ha HeKoTopoM paccTOHHllll l OT BbiXO 

ycxopnTeng IIHJlYKUllOHHbiil: JlBT"'HK, HanpHMep, nnxan-::mexT 

Hhlil: Tp8KT nocne TII1Kan-sneKTp0Jl8 HacTpoeH Ha "!aCTOT~ E 

HIIKII, HaiTpHMep, nepBoil:. B STOM Cny"'ae CHI'Han TI9J 

HHKII 0 nony"!aeMbiil: Ha BbiXOJle pe30H8HCHOil: CHCTeMbl 0 oyJle 

cpasoBoii nonyumpnHhi crycTxa !l ¢ B MeCTe yCT8HOBKII Jl 

flycTb !l¢ =ll ¢ 1 (pnc. 4) .unH sa.uaaHoro pacnpe.ue 

"!eCK0I'O crreKTpa "'8CTIIU B CI'yCTKe ( UpHM8H 1, prrc. 2)~ '! 

Bhrxo.ue ycHnnTenblioil: cncTeMbi 6y.ueT nponopunoHaneH Ben 

Ecnn Tenepb Ha Bhrxo.ue nnaeil:Horo ycxopHTenH naMe 

neane sHepreTn"!ecKoro cneKTpa "!acTrru B crycTKe (o:y.ueT 

CKa)l{eM, npHMOil: 2 pnc. 2), T~ B ~eCTe H3MepeHHH cpasoB. 

crycTxa npnMeT .upyroe sHaqeane (Hanp. ll¢ 2 

" "'HKa 6y.ueT nponopunoHaneH Benn"'nHe J 1 

pnc. 4) 

~asoBaH nonymnpnHa cryTcxa B HepenHTIIBHCTCKOM n 

Heil:HO CBH38H8 C SHepreTH"!eCKllM pa3opOCOM 

!l ¢ = .!.. ...fuy_ > f 2 1T 

2 w t:J : >.. 
k,e t-'k,s 

A llw 

wk ,s 

TaKIIM oopa30M 0 CIIrHan, CHIIM89Mbril: C .!l8T"'llK80 

J = f. ( !l ¢ ) = ·f ( ~) 
1 2 w • 

k,s 

3Ta cpyHKUHOHanhH8H 38BHCllMOCTb T8KOB8 0 "'TO MllHll 

CKOI'O cneKTpa COOTB9TCTByeT MaKCIIMYMY CIIrHana, CHIIMt 

B cny"!ae peanbHoro pampe.ueneHHH nnoTHOCTH sapg, 

pacnpe)leneHHH SHepreTH"'9CIIDI'O Cll9KTpa "'8CTHU B cryCTK 

pnc. 4 HeCKOnbKO 1I3MeHHTCH0 HO M8KCHMYM CIIrHana, .CHU 

ycTaHOBneHHOI'O Ha onpe.ueneHHOM paCCTOHHllll OT Bb!XO.!l8 

pnTeng, oy)leT COOTBeTCTBOB8Tb MHHHMYMY SHepreTII"'9CKC 

B ·crycTKe. 
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( 2) 

JlOB8T·91IbHOCTH CI"yCTKOB 

JlBll)KYTCH 6erynme BOliHhl 

-iOHHKe ll 8Mil1IHTYJl8MH1 

'6eHHOCTbiO ripouecca HB-

3CCe JlBH)KeHHH CI"yCTKOB 

-ofi rapMOHHKH B TOqKe 

IHTenH (rrocnenonaTenb-

(1) 
n z 

-ol rapMoHnKn B 6onee 

n T.Jl. 

:nmx rapMOHHK. 

e ll3MeUeHHH 8Mil1IHTYJlbl 

t rronywnpnHhi crycTKa 

YCT8HOBHM Ha HeKOTOpOM paCCTOHHllll e OT BblXOJl8 liHHefiHOI"O 

ycKopnTenH HHJlYKUHOHHhii naTqnK, narrpnMep, rrnKarr-sneKTpon. YcnnnTenb

Hhii Tp8KT IlOClle IlllK8Il-91IeKTp0Jl8 H8CTpOeH H8 qaCTOT~ ll3MepHeMOfi rapMO

HHKH1 HanpHMep, nepnoil:. B aToM cnyqae CHrnan nepnoil: rapMo-

HHKn, IIOIIyqaeMbifi H8 BbiXOJle pe30H8HCHOI CHCTeMbl1 6yJleT 38BHCeTb OT 

cp830BOH IIOliYWHpHHbl CI"yCTK8 /),. cp B MeCTe yCT8HOBKH Jl8TqHK8o 

ITycTb l'l¢ =l'l ¢ 1 ( pnc. 4) nnH 3anannor~ pacnpenenennH · snepre'!.·n-

qecK0ro cneKTpa qacTnu B crycTKe (npHMaH 1, pnc. 2). Torna cHrnan Ha 

Bbrxone ycHnHTenbliol cncTeMbi 6yneT nponopuHoHanen nenJiqJine J 
1 

1 

EcnH Tenepb na Bbrxone nnneil:noro ycKopHTenH naMeHHTCH pacnpene-

ne.HHe 9HepreTJiqeCKOI"O CileKTpa qaCTHU B CI"yCTKe ( 6:(JleT COOTBeTCTBOB8Tb1 

CK8)KeM1 IIpHMOH 2 pHCo 2) 1 T~ B MeCTe H3~epeHHH cp830B8H Il01IYWHpiiH8 

crycTKa npHMeT npyroe 3Haqemie ( nanp. l'l ¢ 2 pH c. 4) n cHrnan c naT-

n 
qnKa 6yneT nponopuHoHanen nennqnne J 1 

<Pa30B85I Il01IYWHpHH8 cryTCK8 B HepeliHTHBIICTCKOM Ilpl!61Il!)KeHHll 1111-

HefiHO cBH3aHa c suepreTHqecKHM paa6pocoM 

l'lw (3) 

TaKHM o6paaoM, CHI"Han, cJmMaeMbiH c naTqiiKa, 

J = f. ( /),. ¢ ) = ·f ( ~). 
1 2 w 

k,, 

8Ta tPYHKUIIOH81IbH8H 38BHCHMOCTb T8KOB81 qTo MliHHMY,M 9HepreTnqe

CKOI"O CIIeKTp8 COOTBeTCTByeT M8KCHMyMy CIII"H81181 CHIIM8eMOI"O C Jl8TqHK8o 

B cnyqae peaJ1bHoro pacnpeneneHHH nnoTHOCTII aapHna n peanbHoro 

pacnpenenennH snepreTnqecrmro cneKTpa qacTIIU B crycTKe xon KpHBhiX 

piiCo 4 HeCKOllbKO II3MeHHTCH1 HO M8KCIIMYM CHI"H81181 CHHM8eMOI"O C Jl8TqiiK81 . .. . ~ 

ycTaHOBlleHHOI"O H8 OilpeneneHHOM paCCTOHHHH OT BbiXOJl8 liHHeHHOI"O YCKO

pnTenH1 6yJleT COOTBeTCTBOB8Tb MHHHMYMY 9HepreTHqeCKOI"O CIIeKTpa qacTHU 

n·crycTKe. 
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i. 

Ha pnc; 5 noKaaaHI>I TeopeTnqecKn pac'InTaHHI>Ie KpHBnie H3MeHeHHSI 

aMnnHT!ll:bi l-oll: rapMOHHKH B 38BllCHMOC;ll OT nonylliHpllHbi cryCTKa B BH-· 

.oe paBHoMepHoro aapSI*eHHoro snnnncon.oa- KpnBaSI l,·B sn.oe HepaBHoMep

no aapSI*ennoro .unnnn.opa ( 4>YHKUHSI pacnpe-.oeneHnSI aapSilla crycTKa .onSI 

sToro cny'IaSI nao6pa*ena na pnc. 6) - KpnBaSI 2. 

DnSI cpasuennSI na pnc. 5 RaHeceHa KpnBaSI 3 .onSI unnnn.opnqecKoro 

paBHOMepno aapSI*eJmoro crycTKa. DnSI scex KpHBI>IX pnc. · 5 npHHSITo mmell:

Hoe pacnpe.oenenne cKopocTeii qacTnu B .crycTKe, ananornqnoe nao6pa*en

HOMY -H8 pnc.- 2.· 

Bn.o pacnpe.oeneHirSI nnoTnocTn aapSilla B cryTcKe, nao6pa*eHHI>Iii ua 

pnc. 6 (no, KoHe'IHO, npn 6onee nnasnoll: annpoKCHMaun:n:, Hanpn:Mep no Kpn

Boll: 2), MO*eT OK838TbCSI 6nH3KllM K peanhHOMY pacnpe.oeneHHIO 'I8CTllU B 

crycTKe, B MecTe ycTaHoBKH naMepnTenbHoro .oaT'InKa, ecnn B Ha'Iane npo

uecca .opell:4>a cryCTOK annpOKCllMllpOB8Tb KaK paBHOMepHO 38PSI*eHH:biil: Ull

nHHllP ( l{nll paBHOMepHO 38PSI*eHH:biil: snnnncOHll) 0 B KOTOpOM 4>YHKUHSI - pac-
<• "'· ., 

npe.oeneHHSI 'I8CTHU no CKOpOCTll BllOnb oceBoil: llnHH:bi crycTKa annpOKCHMH-

pyeTCSI KpHBOii, 6nH3KOii K CHHyCOH.Ile. Pac'JeT:bi noKa3biB8IOT1 'ITO T8K8SI 

annpCKCHM8UHSI pacnpe.oeneRHSI CKOpOCTeil: 'I8CTHU B cryCTKe Ha BhlXOlle nH

HeiiHOrO YCKOpHTenSI B onpe.oeneHH:biX pe*HM8X MO*eT OK838TbCSI 6nH3KOii 

K .oeil:CTBHTenbHOii. 

TaKHM o6pa~oM, H nenHnell:HaSI annpoKcnMaUHSI 4>YHKUHH pacnpe.oenennSI 

CKOpOCTeii 'I8CTHU B cryCTKe He MeHSieT cyrnecTBeHH:biM o6pa30M BHlla Kpn

Boil: ( 3), nao6pa*eHHoii Ha pnc. 5. 

B c4>opMHposaHHOM crycTKe qacTHU na BI>Ixo.oe nnnell:noro ycKopnTe-

nH ·4>YHKUHSI pacnpe.oeneHHSI 'I8CTHU no CKOpOCTH BllOnb OCH. Z MO*eT 

OK838TbCSI C OTpllU8TenbHbiM HaKnOHOM ( pnc .. 2, KpHB8SI 3) • 3TO npHBOllllT 

K ToMy, 'ITO na yqacTKe .opell:4>a qacTnu 1>1 1 o6roHSISI .opyr .opyra, cnaqana 

6y.oyT ynnoTHSITbCSI 1 a Y*e aaTeM nnoTHOCTb aapSilla B crycTKe 6y.oeT na

ll8Th. B COOTB9TCTBHH C STliM B XOll9 KpHB:biX pnc. 5 TIOSIBHTCSI Y'I8CTOK 

10 

~·~ 
~" 

--~ 

;~ 

1 

I 
1 

{J 
'Jl 
lj 
j 
1 

i 
\ 

J 
1.0' 
' qg 
D,l 
0.1 
~~ 

O,S 

0,~ 

0,3 
0,2 

0,/ 

0 30. 60. 90" {20. (50. (800 2(0' 

Pnc. 5. HopMannaoBaHHbie KpHB:bie naMeHeHIISI a 
llbl l-oll: rapMOHllKll B 38BllCIIMOCTH OT ¢a30BOil: 
IIIHpllH:bi- cryCTK8o 1 - llnSI cryCTKa B BUlle paBH 
38pSI~KeHHOrO snnHTICOIIll8 0 2 - llnSI cryCTK8 B Bl 
nepasnoMepHo aapSI*euuoro unmm.opa ( pnc. 6). 

f 

I 

Puc. 6. llnnnn.opnqecKnii nepasil:oMepHo aapSI*€ 
crycTOKo 
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hie KpHBbie H3MeHeHHSI 

yumpHHhi crycTKa B BH

lSI 1, · B BHAe nepaBHoMep

. aapSIAa crycTKa AnSI 

- . AnSI UHnHHAPII'IeCKOT'O 

,JX pHC •. 5 npHIISITO nHHefi

lHanorH'lHOe Hao6pa>KeH-

~eKe, nao6pa>KeHHhiH na 

..taUlm, HanpHMep no KpH

. cnpeAeneHHIO 'l8CTIIU B 

HKa, ecnn: B naqane npo

oMepno aapSI>KeHHhiti un:-

1 :KoTopoM $yHKUHSI ·. pac-

'lhl CI'yCTKa annpOKCHMH-

'C83h!B8IOT0 'ITO TaKaSI 

. crycTKe na BhiXOAe nH

'eT OK838TbCSI 6nH3KOH 

~-$yHKUHH pacnpeAenenn:SI 

mbiM o6paaoM BHAa KpH-

:e nnnetl:uoro ycKopnTe-

:onb OCH Z 

iH.B~SI 3) • 3TO npHBOAHT 

: Apyr Apyra, cnaqana 

,a B crycTKe 6yAeT na-

5 IlOSIBHTCSI Y'l8CTOK 

;f:'. · • 

• ... 

:; 
i,O' 
qg 
D,l 
0,1 

~~ 

qs 
0.~ 

43 
0.2 
0,/ 

.1 '10 
0 30. 60 • 90" 120. (60. f90" 210° 

Pn:c. 5. HopManHaoBaHHhie KpHBhie naMeHeHim ar-.mnHTy
Ahi l-oti rapMoHHKH B aaBHCIIMOCTH OT $aaoBofi nony
rnn:pHHhi crycTKa. 1 - AnSI crycTKa B BHAe paBHoMepno 
aapmKeHiwro :annHnconAa, 2 - AnSI crycTKa B BHAe. · 
HepaBHOMepHO 38pSI>KeHHOI'O UHnHH.Opa ( pHC. 6). 

f 

I 

Pn:c. 6 •. UnnHHApH'leCKHti nepaB.iloMepuo aapSI>KeHHhiti 
crycToK. 
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e u O_TpUU8T9i!bHOii" ljlasOBOIT nonynmpuHofi, KOTOpb!il: IlpUBO)lUT K eMemeHU!O 

MaKeiiMyMa tPYHKUUU ( J ) H8 H9KOTOpoe paeeTOSIHIIe OT Bb!XOA8 nu-l,, 

aeil:aoro yeKopuTenSI. IToaToMy anSI yeTpaHeHIISI aeoaaoaHa~aoeTu B uaMepe-

HUSIX H900XOllUMO npii B03MO)!(Hb!X onTUManbHbiX HaeTpOil:KaX ~niiH9il:HOrO. ye

KOpUTenSI T8K Bb!OUp8Tb MeeTO yeTaHOBKII )laT~UKa, ~TOObl Bee BpeMSI .Haxo

JliiTbeSI Ha "naaaromeM" y~aeTKe KpiiBOil: J = f ( f1cp) 

B RB3 OI15UI paapa6oTaH npi16op, KOTOpbiil: peaniiayeT oniiebiBaeMbiil: 

MeTOll II3MepeHIISI aaepreTII~eeKoro eneKTpa ny~Ka aa Bbrxoae niiHeil:aoro ye

KopnTenSI - IIH)!(9KTopa euaxpo¢aaoTpoaa. I1aMepiiTentHbiil: aaT~IIK yeTaHoBnea 

Ha paeCTOSIHIIll 10 M OT BbiXOll8 niiHeil:Horo yeKOpiiT9nSio B Ka~eeTBe Jl8T~IIK8 

IlenonhayeTeSI UIIniiHJlpii~eeKIIfi niiKan-aneKTPOll JliiaMeTpoM 90 MM, aniiH~ 

o6paayromeil: 3 eM. CxeMa naMepeHIISI noKaaaaa Ha p11e. 7. 

PeaynhT8Tbi IlaMepenuSI aaepreTII~eeKoro erreKTpa B aaBIICIIMoeTII OT 

ypoBHSI yeKopSiromero rronn B pesona~ope .niiHeil:aoro yeKopiiTenSI rrpeaeTaBne

Hbi B BII)le KpiiBbiX Ha puc. 8. KpiiBaSI 1 - HopManiisoBaHHbiil: eiirnan e II3-

MepiiTenbHOii neTnii. KpiiBaSI 2 - aopManiisoBannoe aaa~eHIIe yeKopeanoro 

ny~Ka B Kruue yeKopeHIISI na KOnhue eiinxpo¢aaoTpoaa. 

I1a KpiiBb!X BII)lHO, ~TO MaKeiiMYM yeKopeHHOrO ny~Ka Ha KOnbU9 eiiHXpO

¢asoTpoHa eOOTBeTeTByeT, Itpll Beex npo~IIX paBHhiX yenOBIISIX, MaKCIIMYMY 

eiirHana e IIHllYKUIIOHHOrO )l8T~IIKa, T.e. MIIHIIMYMY 3HepreTII~eeKoro erreKT-

pa ny:qKa H8 Bh!XO)le IIH)!(eKTOpa. 

Ecnii IIH)!(9KUUOHHbiil: TpaKT IIMeeT Jle6aa~ep, TO ycTaHOBUB aaT~UK aa 

ae6aaqepoM (no xoay rry~Ka) no MaKeuMyMy euraana, eauMaeMoro e aaT

~IIKa, MO)!(HO eyJlUTb 00 'OIITIIManbHOM pe)!(IIM9 paoOTbl )l908H~epa II Beero 

IIH)!(eKTopa B uenoM. B eny~ae yeKopeHIISI aa niiHefiaoM yeKopuTene rry~KOB 

6onhmofi uaTencHBHOeTII, T.e. Koraa IIMeeT MeeTo 6onbiiiaSI noaeaaKa oriioa

romefi IIMnynbea Bl~ B peaoHaTope niiHeiinoro ycKopiiTenSI, rro eTpyKType 

orn6aromefi e~rHana, eHUMaeMoro e IIHllYKUl!OHHOrO Jl8T~IIK8 0 MO)!(HO eyJlUTb 

o6 IISMeHeHIIII TaK Ha3biBaeMoro MraoBeaaoro aaa~emm aiiepreTII~ecKoro 
/2/ 

eneKTpa ~aeTIIU aa rrpoTSI)!(9HIIII nepuoaa ycKopeHIISI. 

12 

liN:ieeKI/UO}I}IIIJU mpaKm ·m JJY 
L___......J---t 

P11c. 7. EnoK~exeMa II3MepeHIISI 11 KOHTponn s 
TII'l:eeKoro crreKTpa ny~Ka niiHeil:noro yeKopiiTE 

-i ·0,5 

1p 

qa 
Q7 

0,8 

~3 

0,2 

UBom'IUKa 

J !JCI('()p · 2 
10~.· 
~8 .··. ·-~ 
o,s 
0,/.t 

o.n 0,2 · 

0 ~ 0,5 ~~ " 
Pne. 8. HopManiisoBaHHhre KpiiBbie IlaMeneHIISI 
IIHTeHeiiBHOeTII (KpiiB8Sl 1) .yCKOp9HHOrO ny~Ka 
Konbue eiiHxpo¢aaoTpoaa Ol1HI1 II ypoBHSI eurm 
C II3M9piiT9.JISl cneKTpa (KpHB8Sl 2) B 38BIICIIMO 
oT ypoBHSI Bl~ nonn B peaonaTope nuaefiaoro 

pnTenn. 
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lpHBOJlliT K CMeiiieHHIO 

He OT Bb!X0Jl8 nH-

1JlH03H8'1HOCTH B II3Mepe

~pofiKaX nHHe~Horo. yc

'IT06bi Bee BpeMH Haxo-

·anHsyeT oniicbiBaeMbiti 

BbiXoJle iiiiHetiHoro yc

ibHbiti Jl8T'IIIK ycT8HOB,1eH 

,nn. B KaqecTBe JlBT'IHKa 

eTpOM 90 MM1 JlnHHa 

HC. 7. 

rpa B 3BBHCHMOCTH OT 

ycKopHTenH npencTaBne

lOBaHHbi~ CHrHan C H3-

lHa'leHne ycKopeHHoro 

I a. 

ycnOBIIHX1 MaKCHMYMY 

aHepreTH'IecKoro cneKT-

o. yCTBHOBHB Jl8T'IHK 38 

181 . CHHMaeMOrO C Jl8T

Tbl · .rie6aaqepa u Bcero 

HOM ycKOpHTene ny'IKOB 

ionl.wag noncanKa orii6a

mTenH, no CTpyKTyp~ 

paT'IHK8 1 MO)I{HO CYJlHTb 

eHim aiiepreTII'IeCKoro 

HHHo 

l 
I 

I 

t 
r 
·I • 
l 
I 

I· 

JJY 
L___J----t 

lTVI./Oir 

PIIc. 7. BnoK~cxeMa HsMepeHIIH u KOHTponn aHepre
TH'IecKoro cneKTpa ny'IKa niiHe~Horo ycKopiiTenn. 

U8amt.tuka 
tp 

0,9 

qa 
Q7 
0,8 ., 

:J !:ICKOP 
1,0 

o,e 
0,6 

0,'1 

0,2 

-1 ·0,5 0 ~ 0,5 ~oi ~z 
Co 0 

P11c. 8. HopManusoBaHHbie KpHBbie HsMeHeHHH ypoBl!H 
Hl!Tel!CHBHOCTII (KpiiBaH 1) yCKOpeHl!oro ny'IK8 }18 
Konbue cuaxpo¢asoTpoaa Ol1Hl1 II ypoBl!H curaana 
C II3MepHTenH cneKTpa ( Kpl!B8H 2) B 38BIICIIMOCTH 
oT ypoBHH Bl'l nonn B pesoaaTope niiae~aoro ycKo

pHTenn. 
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Ha pnc. 9a nao6pa)KeHa ocunnnorpaMMa nMnynhca orn6aromeil: a/'<i 

nomr B peaoHaTope nnneii:noro ycKopnTemr - nmKeKTopa I(:HHXpo~aaoTpoua. 

AMnnnTyaa nMnynhca U = 110 B, annTenhHOCTb nnocKoii: '<iaCTn nMnynhca 

T- = 400 MKCeKo YKa3aHH8.1I aMIIniiTylta HMIIylihC8 COOTBeTCTByeT MHHH

M8lihHOMY cneKTpy ycKopeHHOI'O rry'!Ka Ha BbiXOlte nnHeii:HOI'O ycKOpllT~li.IIo 

Ha pnc. 96 noKaaana BepmnHa nnocKoii: qacTH nMnynhca_ pnc. 9a. Ha 

pnc. 9B noKaaana orn6aroma.11 cnrnana cneKTpa Ha BbiXoae naMepnTenhHOI'O 

ycTpOii:CTB8o : 

Ha pnc. 9r IIOK838H8 OI'li<3aiOIIl8.1I HMIIynbCa yCKOpeHHOI'O TOK8 nY C 

npoapa'<iHOI'O liHllYKUHOHHOI'O lt8T'<iHKa, ycTaHOBneHHOI'O B6liH3H UllliHHApH'<ie~ 

cKoro rrnKarr-aneKTpona. 

HacTpoii:Ka ypoBHSI a/'<i nong, rroKaaanaasi aa ocunnnorpaMMax pno. 9, 

COOTBeTCTByeT MllHliM8lihHOMY 3H8'<ieHliiO llillpHHbi cneKTpanhHOll KpllBOlf ycKO

peHHOI'O IIy'<iKBo AMIIliliTYAB ypOBHSI P,/q IIOII.II B CpeaHeii: '<iaCTH liMIIynhC8 

paBHa 3B ( pnc. 96) .-

Ha pnc. 10 rroKaaaHbi ocunnnorpaMMbi nMnyn'hCOB ( aepmnHbi rrnocKoii: 

'<iacTn orn6aromeil:- Bl'l nonSI (a), orn6aromeil: cneKTpa c rrnKarr-aneKTpona 

(6}, OI'H68IOIIleii: ycKopeHHOI'O TOKa C Ilp03p8'1HOI'O HHAYKUHOHHOI'O nar'lnKa 

(B) Ilpli ypoBH9 YCKOpSIIOII(ei'O Bf'<i IIOIISI HII)Ke OIITliM8lihHOI'O . 

_U a/'1 = U orrT.- 0,015 U orrT •• 

Ha pnc; 11 .rroKaaaHbi ocunnnorpaMMbi nMrrynhCOB (Bep~HHbi nnocKOii: 

'<iaCTH orn6aromeil: Bl'<i rronSI (a)),orn6aromeii: crreKTpa c rrnKan-aneKTpona 

( 6) Ilpll ypoBHe yCKOpSIIOII(ei'O B/'<i IIOIISI Bbillie OIITliM8lihHOI'O 

UBI'!= u OIIT.+ 0,012 u OIIT. 

TaKnM o6paaoM, .nacTpanBaSI ypoBeiih a/q ·nong na MaKCHMYM cnrna

na c mrKan-aneKTpona, T.e. Ha MIIHIIMYM aaepreTn'<ieCKoro crreKTpa ( pnc~9), 

MO)KHO rronyqnTh onTnManhHoe cornacoBaHne rro.crreKTPY rry'!Ka, liH)KeK~n

pyeMoro B KaMepy KOnhueaoro ycKopnTeng (pnc.8). 
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Pnc. 9. OcunnnorpaMMbi HMnynhCOB ypoBHSI Bl' 
( a,6) B peaoHaTope nY t CHI'Hana C ll8T'<iHKa Cl 
(a), cnrnana c. rrpoapaqnoro aaT_'lHKa ycKopem 
TOKa . ( r) IIpH HOMHH8lihHOM ypOBHe a/q IIOII.II.-
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·nbca orn6aromeii n/q 

KTopa cnuxpo!jlasoTpoua. 

IIOCKOH 'f.8CTH HMnynhC8 

COOTB9TCTByeT MHHH-

1lHH9HHOrO YCKOpHTenH. 

: n~mynhca pnc. 9a. Ha 

BbiXOll9 liSMepnTenbHOro 

'CKOpeHHOrO TOK8 nY C 

)ro' n6nnsn unnnunpnqe-

ocunnnorpaMMax pnc. 9, 

ne'KTpanbHOH KpHBOti yCKO

~Heii qacTn nMnynhca 

bCOB ( BepiUHHbl. nnOCKOH 

rpa c nnKan-aneKTpona 

liHllYKUliOHHOro nar'f.HKa 

:ManhHoro · 

hCOB (neplllliHbi nnocKOii 
...... ,__, .. 

·pa c nnKan-aneKTpona 

>mt H8 M8KCHMyM ClirHa

I'f.9CKOrO cneKTpa ( pnc.9), 

rreKTpy nyqKa,· HHIK9KTli-

). 

l 

f 

r 
!' 
\ 
. I 

! 

l 
J 
! 
\ 
i 

.-

Pnc. 9. OcunnnorpaMMbi HMnynhCOB ypoBHst n/q nomt 
(a,6) B pesoH~Tope nY, cnruana c naTT:J.HKa cneKTpa 
(B), cnrHana c npospaquoro naT.'f.HKa ycKopeuuoro 
TOKa . (f) npH HOMHHanbHOM ypOBHe n/q nonSto. 

. ~' I 
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Hs piic. 106 II 116 xoporno BIIllHO IISMeneHIIe MrHosennoro sHa'l:eHIISI 

cneKTpa. ·t 
'· 

Ha piic •. 106 ( npii noHII)KeimoM yposne ycKopHlOlii~I"O nonSI) CIII"Han c 

niiKan-aneKTpona naxoniiTcs B ¢ase c IIsMeneniieM yposns nons sa BpeMs 

IIH)K9KUIIII ( ciirnan _ cneKTpa, cooTBeTCTB_enno, B npoTIIBo«Pase c IISMeneniieM 

nons). 

Ha piiCo 116 ( .iJ:pii: nOBbllii9HHO~ ypoBHe -pjq nons} CIII"Han C niiKan

aneKTpona, KaK II cnenosano o~IIllaTh 1 naxcniiTCS B_-npoTIIBo«lJase c HsMene

HIIeM ypoBHS nons sa BpeMS IIH)K9KUIIII ( CIII"Han )1{9 ~neKTpa 1 COOTB9TCTBeH

H01 B «Pase c IISMeHemeM nons)~ 

YciiniiTenhHhiii :rpaKT cxeMbr· ( piic~ · 7) ne conep)KIIT nopManiisaunii na 

senii'IIIHY nponeTHOI"O TOKa ycKopeHHbiX 'l:aCTIIUo ¢opMa IIMnynbca yCKOpeH

HOI"O TOKa, KaK 8TO MO)KHO BIIll9Tb _IIS piiCo 9r- II 10B1 IISMeHseTCS sa BpeMH 

IIH)K9KUIIIIo 8T01 9CT9CTB9HHO, CKaSbiBaeTCS Ha «lJopMe IIMnynbCa1 CHIIMaeMOI"O 

c niiKan-aneKTpona. 

Tipii .Hanii'IIIII B cxeMe nopManiisyromero ~neMeHTa ( nanp. APY) «Pop

Ma ciirnana c niiKan-aneKTpo·na B eme 6onbrneii: cTeneHII ·6yneT oTpa)KaTb 

«lJopMy orii6aromeii: IIMnynbca s/ir. nomr sa speMs IIH)K9KUIIII. 

0niiCbiB89Mbiii MeTOll IISMepeHIIS cn-eKTpa, He naeT, KOH9'1H01 npencTaB

neHIIS 0 BIIll9 cneKTpanbHOft KpiiBOii:1 KOTOpbiii- MO)KHO nony'IIITb1 nonhSYSCb 
' . ' ' 'I 

KnacciiqecKnM MeTOllOM nsMepe,niiH ( piic.- 1), no oli nossonseT nocTaTo'IHO 

To'IHO n, 'ITO caMoe .rnasaoe __ - onepaTIIBHo·, .·o6ecne'IIITh onTIIManhHyro na-. . . , . ' . 
cTpoii:Ky HH)KeKTopa nng cornacoBaHIIs ero no cneKTpy c KOnhUOM ycKopn-

Teng. 

ABTOpbl C'IIITalOT CBOIIM npiiSTHbiM llOni"OM BbipaSIITb 6~aronapHOCTb1 

n.n. 3HHOBbeBy II A.B. Kysneuosy sa noneSHbl9 lliiCKYCCIIII H BHIIMaHIIe 

K pa6oTe, a TaK)Ke A.- AnarniiHY H H. KopyKoBy sa IIa:'OTOEnenne annapa

TYPhi n noMomb B nposeneHIIH aKcrrepnMeHTanhHhiX pa6oT. 

16 

Pnc. 10. OcunnnorpaMMhi HMnynbcoB · 
ypoBHH s/q nong B peSOHaTope nY 
(a) 1 CHI"Hana c llaT'l:HKa cneKTpa ( 6} 1 

CHI"Hana C npospa'IHOI"O llaT'IHKa yc
KOp9HHOI"O TOKa (B) npH 

U61'~= U a~l,5%Uu 

Pnc. 11. OcunnnorpaMMbi HMnynbcoB 
ypoBHH B/q nonH (a) H cnrnana c· 
llaT'IHKa cneKTpa (6) npB· 

_ Usiq= U H +l,2%U H • 
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MI'HOB91IHOI'O :3H8'19HHSI 

~mero nons) cHrHan c 
., 

rpoBHs nons aa BpeMs 

~HBo<jlaae c HaMeaeaneM 

ns), cnraan c nHKan

npoTHBo<jlas~ c nsMeae

crieKTpa, COOTB9TCTB9H-

lpmHT HOpManH38UHH Ha 
'-

)Ma HMnynbca ycKopea-

DB, · HaMeaseTcs a a BpeMs 

{9 HMnynbC81 CHHM89MOI'O 

iHTa ( aanp. APY) <jlop-

mean ·6yneT oTpamaTb 

'1)1(9KUHHe 

naeT, KoHe'IHo, npencTaB-

o nony'IHTb 1 nonbayscb 

noaBonseT nocTaTO'IHO 

·'IHTb · OllTHManbHYIO Ha-

Tpy C KOnbUOM yCKOpH-

ip.asnTb 6~aronapaocTb 

ICKYCCHH H BHHMaHHe 

H:roToBneHHe annapa-. 

pa6oT. 

!· 
! 

l .r 
I 
I 

I 
' 

PHc." 10. OcuHnnorpaMMbi HMnynbCOB 
ypoBHS Bf'l nons B peaoHaTope nY 
(a), cHraana c naT'IHKa cneKTpa ( 6), 
cHraana c npoapa'laoro naT'IHKa yc-
xopeauoro ToKa (B) npu ., 

UBI'!= u g-l,5%Ug 

PHc. 11. OcuunnorpaMMbi HMnynbCOB 
ypoBHS Bl'l nons (a) H curuana c· 
naT'IHKa cneKTpa (o) npu 

UBj'I=U 8 +l,2%Ua • 
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