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§1. 

Tlp11 C03AaH.1111 I!HTeHCHBHbiX 38pSDKeHHbiX KOnbUeBbiX ny'lKOB penSITI!BHCT

CKHX 'lSCTHU Ill llOSIBnSieTCSI He06XOAI!MOCTb AeTanbHOPO TeopeTH'leCKOPO 

H 3KCnepHMeHTanbHOPO HCCne}:{OBSHHSI BnHSIHHSI C06CTBeHHOPO aneKTpOMSPHHT

HOPO nonSI ny'lKS Ha ero ABH~eHHe, HaaeCTHO 121 , 'ITO ny'lOK.npli CBOeM 

ABH~eHHH C03A8eT He TOnbKO nOCTOSIHHOe BO apeMeHH none, HO H nepeMeH

Hoe, KOTOpoe MO~eT npHBeCrl! K HeyCTOH'lHBOCTH THna OTpi!USTenbHOH MaC

Cbl, 8Ta HeyCTOH'lHBOCTb nOSIBnSieTCSI B MOH03HepreTH'IeCKI!X ll)"'lKSX nOBbi

WeHHOH HHTeHCHBHOCTH H npliBOAHT K 6aH'lHpOBKe ny'lKa B 83HMyTanbHOM 

(AnSI Koneu) HanpaaneHHH, EcnH B3SITb OAHOpOAHOe no nnoTHOCTH C pe3KO 

O'lep'lE!HHbi~H rpaHI!USMI! KOnbUO Ul!pKynapyiDWHX aneKTpOHOB, TO Aa~e 113 

npOCTbiX <jJI!3H'leCKHX C006palKeHHH SICH01 'ITO TSKOe KOnbUO \'IBnSieTCSI Heyc

TOH'lHBb!Mj B03HIIK810WHe Manbie B03MyWeHHSI nnoTHOCTH B HeM npHBOASIT K 

YCTOH'lHBbiM HnH HeycTOH'lHBblM Kone6aHHSIM, 

BnepBbie aonpoc npOAOnbHOH HeycTOH'lHBOCTH THna OTpHUSTenbHOH MaC

Chi AnSI 38pSllKeHI!biX nyiJKOB '18CTHU 6onbWOH nnOTHOCTH TeopeTH'leCKH 6bin 

paCCMOTpeH. B 13,41, ABTOpbl 3TH X pa60T padcMa'I'PHBanH UHKnH'leCKHH ny'lOK 

MOH03JiepreTH'leCKHX 'lSCTHU C OAHOpOAHblM pacnpe)leneHHeM, noMe.WeH!IbiH 

B- MeTannat!ecKyiD KaMepy, 6ea y'leTa paAaanbHbiX n aKcaanb!lbiX 6eTaTpoH

HbiX Kone6auafi 'laCTHU oKono paauoeecuofi op6HTbi, B 13,41 noKaaaHo, 'ITO 

UllpKynapy!Omee KOnbUO l!eMOHOSHepreTI!'leCKHX 'lSCTHU 6onee YCTOH'lHBO no 

Cp8BI!ei!HIO C KOnbUOM.'lSCTHU C HyneBbiM 3HepreTH'IeCKHM paa6pOCOM, 
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11HKpeMeHT B03HIIKWIIX KOneOSHHll AnSI ny'IKS C 38ASHHbiM 9HepreTH'leC

KIIM paa6pocoM, cornacao 13,41, onpeAenSieTCSI · eenH'IHHOll 

4v.gE
2

a
2 

1% ' p = ± k OW I 1-
y( ".12 -a 2) !'. E 2 . ( 1) 

t'.E Y, 
rAe T"" - nonywHpHHa aaepreTH'IeCKoro paa6poca 1 a a (1-n) acjl - eenH-

, 
'IHHa, xapa~TepuayromaH pacnpeneneaae MarHJITaoro nonSI no panHycy c yqe-

TOM C06CTB8HHOf'O nonSI ny'IK8 1 0 W - pa3HOCTb M8lKAY 'ISCTOTOH DOnHbl 

B03HHKWIIX KOne6SHHH II cpeAHell 'ISCTOTO~ o6paweHHSl 'ISCTHUb1 1 g - TSK 

H83biB88Mblll reOMeTpll'I8CKOH cjlaKTOp 1 3SBHCSIWHH OT B38HMOAellCTBIISl .aapSI-

Y= lK8HHOf'O ny'IKS 'ISCTHU CO CTeHKOH KSMepb1 1 B KOTOpyiD OH noMeweH1 

= ( 1- /3~ f~- penSITHBHCTCKHH cjlaKTOp 1 k - HOMep rapMOHHKII 1 V 0 -

l 
noroa-

Hblll aneKTpOH1 onpeAenSieMbill Bbip_a>:<eaueM /S/ 

Ne e2 N. 

"• -·---=---·r 2~rR m
0

c 2 2~rR • 

3necb N.- nonaoe 'IHcno 'ISCTHU B KOnhue, r.- Knaccu'leCKHll paAuyc 

aneKTpoaa, R - paAuyc paeaoeecaoll op6HTbi, 

KaK BIIAHO H3 (] ) 1 ·nnH nonaelleHHSl D03HHKWIIX KOne6aHHll He06XOAHM0 1 

'IT06bl nonywHpHHS Ha'lanbHOf'O 9HepreTH'leCKOf'O pa36poca HHlKeKTHpyeMblX 

'ISCTHU YAOBneTBOpSina ycnoBHID: 

( 
t'.E 

-r> > I 
y, 

I . (2) 

4>opMHpOBSHHe KOnbUeBOf'O aneKTpOHHOf'O cryCTKa 6onbwOll nnOTHOCTII 

B 'KSMepe MOAeilH anreaaTOpa npOIICXOAHT D MSf'IIIITHOM none 6eTSTpOI!HOf'O 

dw 
Tnna ( ~<0) 1 noaTOMY eenuKa aepoHTI!OCTb pa3BHTI!SI aauMyTanbnoll 

HeyCTOH'IHBOCTI! 1 o6ycnonnei!HOH acjJ(j>eKTOM OTpllUSTeilbl!Oll MllCCbl, 

CaMO paa6uea11e ny'!Ka Ha crycTKn ne O'lel!b cymecTDeHHO npn KonneK-

TllBHOM YCK0p811111I 1 OAHSK0 1 npOI!CXOAHWee npH STOM YBCllll'ICHHe llOIICpe'l!lbiX 

paaMepoe aneKTpomwro crycTKa nelKenaTenbi!O c TO'IKII apenuSI HHlKeKunn u 

-=>rb4JeKTnnnoro yAep)l<aHnSI HOHOB, noaToMy Kaaanoc6 uenecoo6paanhiM nponec-~;, 
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Til 3J<CllepiiMeHT flO 06Hapymei!IIIO OTpi!UBTeilbi!OH MllCCbl 118 yCTli!IOBKe MOlle-

ill! 8tll'e3liTOpll, 

<l>H311'JeCKI!e 11 KOIICTpyKTI!BI!hie napaMeTphi MOAenu a.nreaaTopa cneAyiO-

III He: 

. I) anepl'Hn llnmei<THpyeMhiX aneKTpoHoa E 

f3 Lo= 0,866); 

0 1511 M3B 1 ( Y.1
0 2· I 

~E 
2) M8KCIIM8llbl!hlii OTHOCitTeilbllblH SHep!'eTII'IeCKIIH pa36poc (E)max=8%; 

3) cpe.nne~ 3Jiaqenlle TOKa IIHmeKUHI! I IHI = 50 a; 

4) AllitTenbHOCTb IIHmeKTI!pyeMOl'O fiY'IK8 'IBCTIIU ~ 1
1
8•J0-8 ceK

1 HI! 

'ITO COOTBeTCTByeT _2 __ Q6.0p0T8M .fly'IKll I! .o6meMy 'IIICily 'IllCTIIU N e =5,6·1012 j 

5) yrnoaoii pas6poc npH 1111meKUHII f3* = 0
1
760; 

6) PliAIIYC l!II)!(SKUI!II R = 37 CM; 

7) MBKCIIManbHhiii paAuyc ce'IeHun ny'IKa Ha nepBhiX o6opoTax a ••• = 

3,0 c~; 

8) 8Mfllll!Tytta 6eTaTpOH!IhiX KOne6aHIIii d = .2 eM; 

2 
9) aljl4JeKTIIBIIhiii noKasaTenb cnaAa Mal'HHTIIOI'O nong a =(1-n)

3
«P=0,48; 

10) TllK Hll3hiBlleMbiH l'90MeTpii'I9CKitii ljlaKTOp g = 3,5. 

flapaMeTp g 1 3l1Bl!CIIllll!H OT tlill!Hhl BOllllbl B03MYIU9HIIS11 Bhi6ItpancSI 

/3,4/ 
II pliCC'IIIThiBllllCSI KliK II B 1 AilS! 1!81160nee OflllCHhiX AllllllllOBOllllOBhiX. 

B03My!IIeHI!ii, 

AHanit3Hpyn Bhipa>:<enue (2) AilS! npnaeAeHJihiX BhiWe napaMeTpoa, BIIAIIM, 

'ITO Ha MOAenu 8Al'93llTOpa B03MO)!(I!O pa3BIITI!e HeyCTOH'IIIBOCTII Tllflll OTpii

U8T9llbUOii MllCChl It AllSI' fiOA8Bll9HIISI ee H906XOAIIMO IIM9Tb ny'IOK C nonywu

PHIIOH snepl'eTII'IeCKOl'o pas6poca 6onbwe 5,5%. 

Pa.nnanbHhie 11 aKcnanbllhie 6eTaTpOHHhie Kone6aHHSI ny'IKa ynyqwaiOT 

ycnOBIIII CpbiB~ YK83ll!IIIOii HeycTOH'IItDOCTII It MOI'YT llpiiBOAI!Tb K ee f!Olli!Oii 

lli!KBIIABUIIII /6/, flp11 y'IeTe 6eTaTpOHHbiX KOne6aHIIll B neaoil 'IBCTII nepa

BellCTBll (2) IIOSIBlll!eTCSI AOf!OllHI!TenbHhlii 'IllS I! Blltlll 

4 4 2 2 2 22 
f3J.(a -fJJ.YLJ-1 + 2 YL) 

( -2 -4 ) 2 
YJ. -a (3) 

r.ne 
2 4 -2 

J-1 ., ( 1- f3 .1. ~ ) [a ( 1 + .f y L ) + 2 ~] , 
( 
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a ~ - Ben!PIHH8
1 

xapaKTepH3YIOUl8SI UOIIHblll anepi'CTH'lCCKOll paa6poC 'l8CTIIU 

' B ny'lKe 11 onp"eAenSieMaSI KaK 

~ = _1_, 

131 
liE 
E 

(OCT81lbllble CHMBOilbl 0003H8'l810T Te lKC BCIIH'IHI!bl 1 'ITO H paHbute), liHCileH

HOe 3H8'ICHHC BblpalKeHHSI ( 3) D H8WCM cnyqae 118 3 UOpSIAK8 Me lib-

we BCilH'lHHbl 3l!epi'eTH'leCKOI'O pa36poca 'l8CTHU B UY'lKe, noaTOMY paCCMaT

pHDBTb 6eTaTpOHHble KOile6aHHSI ny'IK8. AilS! peallbHblX aMUIIHTYA K8K 'cTaOHilH-

3HpyiOWHll ~~aKTOp He HMeeT CMb!Cila. 

ClleAyeT oTMeTHTb 1 'ITO npHBeAeHHOe Bbtwe 3Ha'leHHe BellH'lHHbl g , no 

BCell nepOSITI!OCTII 1 He BllOilHe COOTBCTCTByeT ei'O HCTHI!HOMY 3Hatle!IHIOI TaK · 

KaK 8BTOpaMH pa60T /314/ llpH 8H81IH3e UOily'leJIJIOI'O AHCUepCHOHHOI'O ypaB

IIBHHSI OblllH CAellaHbl TBKHe npHOIIHlKeHHSI 1 KOTOpbre He UQ3BOilSIIIH HCCileAO

B8Tb UOBeAeJIHe Uy'IK8 BOIIH3H CTeJIOK KaMepbl, 

Sollee neTanbHOe paccMoTpeHHe nonpoca o ABHlKeH~H nyqKa 6ollbinoi1 

UIIOTHOCTH BOIIH3H MCTallllH'leCKHX CTBHOK OblllO llpOBBABIIO D pa60T8X/
7 

,8/, 
b-R ·~ 

nolly'leH!IOe TaM 3H8'leHHe I'BOMeTpH'leCKOI'O cjJaKTOpa g D ( --1-{ -) 

paa MeHbWe yKaaanHoli panee. nellH'li!Hbl ( b = 43 eM - paAHYC MeTannnqec

KOI'o aKpaHa
1 

R = 37 eM - paAHyc KOilbUa). B aToM Clly'lae AilS! yKa3aHHbiX 

napaMeTpOD Cpb!D D03MOlKHOll HeycTOM'li!DOCTII TI!Ua OTpi!UaTellbHOli M8CCbl 1 

onpeAellSieMoli HepanencTBOM (2) 1 npoHaoi1AeT ylKe npH nollywnpHHe anepre-

i'iE 
TH'leCKOI'O paa6poca qac TIIU B ny'lKe (E) = 314%. 

HcclleAonaHHe npoAOilbHbiX HeycTofi'lHBOCTeli B KOilbUe /7 18/ npoBOAH

IlOCb 6e3 yqeTa HeyCTOll'lHBOCTH 118 COOCTBeHJibiX MOA8X KaMepbl 1 B KOTOpyiO 

llOMeuteH ny'IOK
1 

CBSI38HH0ll C H31ly'leHHeM 31lBKTpOM8I'IIHTHbiX D01lll 1 T,e, 

TaK Ha3biBaeMoi1 paAHaUHOHHoli neycToi1•mnocTH, ConMec:rnoe paccMoTpeHHe 

aeycToli'lHBOCTeli paAHaunohHOii 11 oTpHuaTellbHOli MaCCbi OblllO nponeneno B 

pa6oTe 191. KHHCTI!'leCKHii noAXOA 11 annapaT paanolKeHHSI noneii B03MymeHHSI .. 
no COOCTBBHilbiM MOAaM KOile6aJIHH KaMepbl 1 npHMCHSICMbiC 8BTOpaMH /

9
/ 1 

U03BOilHilH paCCMOTpCTb B o6uteM BHAC npOAOilbHbie JieyCTOM'li!BOCTH 3apSI-

lKCHHOI'O KOilbU8
1 

llOMCUlCHHOI'O BHyTpb 6eCKOHC'lll0 AnlfiiHOll I!AC81lbll0 UpO

DOASIUleli Kpyi'IlOH Tpy6bi, 6blll0 llOK838H01 'ITO AilS! ny'IKOB C aHepi'eTH'lBCKHM 

.. " 
paa6poCOM HHKpeMeJI'I' aeycTOH'lHBOCTH OTpHU aTCilbHOH M8CCbl YMC!IbW8CTCSI "' .: 
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a cywecTnyeT nopor aeycTofiqaaocTa noao6ao T?MY 1 KaK sTo noKaaaao 

D 1718/, 

B aaqarrbHOfi o6nacTa ycKopeHaH aa Moaena aareaaTopa aeycTofiqaaocTb 

Tana OTpr!UaTeflbHOll, MaCChi MOlKeT nOHBaTbCSI C M8llhiMa aHKpeMeHTaMa Ha

p,aCTaHaSI1 O]lHaK01 B03MOlKeH CphiB HeyCTOH'laBOCTa f 1Q/1 TaK KaK BhinOITHSI-

2a 
eTCSI ycnoaae ---=-->"'1 b- R 

1 T,e, KOITbUO sneKTpOHOB MOlKHO paCCMaTpi!BaTb 

KaK E-cnofi1 Jl;!SI KOTOpOPO, npa npaaeaeHHhiX BhiiiHi 3Ha'leHaSIX napaMeTpOB, 

aeyCTOH'laBOCTb itO!llKHa OTCYTCTBOBaTb, noSIBITeHae HeyCTOfi'laBOCTa Ha BHyT

peHHaX paAaycax ManoaepoSITHO, TaK KaK rryqoK aMeeT saepPeTa'leCKafi paa-

6poc a 6onbllme pa~'Mepi,i nonepeqaoro ceqeJiaH, Y'laThiBaSI, 'ITO npa aAaa6a

Ta'leCKOM ClKaTaa ny'!Ka OTHocaTenbHhifi saepreTa'leCKafi "paa6poc qacTaU 

COXpaHSieTCSI1 a Tpe6yeMhlll AnSI CphiBa HeyCTOH'laBOCTa pa36poc yMeHhWaeTCH 

C pOCTOM Y 1 MOlKHO CKa3aTb1 'ITO ycnoaae CTa6ana3aUaa Ha BHyTpeHHaX 

paAaycax ynyqwaeTcSI. Tpe6oaaHaSI ~a aena'laHy paa6poca MOPyT 6hiTb 

yMeHbWeHhll nOTOMY 'ITO, KaK nOKa3aHO B /ll 112
/ AalKe ecna a 

CyWeCTByeT ' B03MOlKHOCTb B03HaKHOBeHaSI HeyCTOfi'laBOCTa, TO aHKpeMeHT 

ee Man no cpaaHeHaiO c paa6pocoM no qacToTe o6paweHaSI qacTHU1 a sTo 

De]leT npH pa3BHTHH HeycTOll'lHBOCTH K ysenH'leHHIO SHepPeTH'leCKOPO paa6po-
,. ... 

Ca1 'ITO npHBOillfT B KOHe'lHOM C'leTe K 3aKphlTHIO nOSIBHBWeikSI HeyCTOll'lHBOC-

TH, Paa6HeHHe ny'!Ka Ha OTAenbHhie CPYCTKH B STOM cnyqae He npOHCXOillfT 

(Ha STOT lKe s!jl!jleKT-yBerrH'leHHe pa36poca C pOCTOM B03MyWeHHH-yKa3hiBa

nOCb TaKJKe B pa6oTe /13/). B KpafiHeM cnyqae aeycTofi'lHBOCTb MOlKHO npe

AOTBpaTHTb nyTeM SKpaHaposaHSISI TOK8 CpeAOll C npOH3BOrrbHOfi AHSrreKTpH

'leCKOll npoHarraeMOCT~IO 114• 15/ Hnlf MOAynSirraefi nnOTHOCTH ny'lKa 
1161 , 

HTaK1 H~ BhiWeHanolKeHHOPO cneAyeT1 'ITO 6onhwaSI sepOSITHOCTb 

pa3BaTaH HeyCTOll'lHBOCTa Tana OTpHUaTenbHOfi MaCChi CyWeCTByeT B Ha'lanb

HOll o6naCTH YCKOpeHHSI a 3Ha'lHTerrbHO MeJibWaSI - Ha BHyTpeHIIItX paaHyCaX, 

B npeAnonmKeHHa npasHnbHO Bhi'lacneaHoro aaa'leHSISI senH'lHHhi g /314/ 1 

MOlKIIO O~HAaTb yaerraqeJIHSI MOAynHUHa.nnOTJIOCTH sneKTpOHIIOPO ITY'!Ka B 

C pa3 Ami nepBhiX PapMOIIHK qepe3 BpeMS11 paBHOe 2,5 060pOTaM C MOMeJI-

Ta HHJKeKrraH nyqKa B KaMepy. B cnyqae 3Ha'leHaH g 1 aafiAeHHOPo B pa-

6oTax /7,8/ 1 s!jl!jleKT OTpaUaTenbHOll MaCChi AOnlKeH OTCYTCTBOBaTb, nos TO MY 

6onbwofi HJITepec npeACTaanHno sKcnepHMeJITanhJIOe 

' 

7 
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H3y'leJIHe OTpHUaTenb-



, ,, 

" noll MaCChi B Ha'!anbaoll o6naCTII ycKopeHIIH, ·II a cny'lae o6aapylKe!II!H ee -

nepeXOA K 113y'leHIIID Ha BHyTpeHHIIX paAIIyCaX, 

§2. 

Aaanll3 AIIHaMII'IeCKOrO COCTOHHIIH ny'IK8 A8eT OTBeT Ha BOllpOC 0 aanll

'11111 HeyCTOll'IIIBOCTII Tllna OTpi!U8TenbHOtl MaCChi, Bo3MOlKHOCTb aaanll38 onpe

n.enHeTCH Bhi60pOM TOll 11n11 IIHiJll 113MepiiTenbHOll CIICTeMhl C AaT'IIIKOM 1 K 

KOTopoll npeA'bHBnHroTCH onpeneneHHhie Tpe6oaaHIIH. Cornacao TeopeTII'!eCKIIM 

npeACK83aHI!HM1 paCCM8TpiiBaeMaH HeyCTOll'IIIBOCT~ xapaKTepll3yeTCil OTCTa

BaHIIeM '!aCTIIU B ny'IKe no ~a3e II IIHKpeMeHTOM B03HIIK8IDWIIX KOne6aHIIll, 

nosTOMY CTaBIITCH aana'!a nony'leHIIH IIH~OpM8UIIII 0 T8KIIX napaMeTpaX ny'I

Ka, K8K 'laCTOTa, ~a3a II 8Mlln11TyAa KOne6aHIIll, BcneACTBI!e TOro, 'ITO H81160-

nee BepOilTHhl AniiHHOBOnHOBhle B03MyWeHIIH nnOTHOCTII ny'IK81 TO Hpll aHanll

ae IIH~OpM8UIIII AOCT8TO'IHO orpaHII'IIITbCH paCCMOTpeHIIeM llOBeAeHIIH·rapMOHI!K 

no nHToll, mecToll, KaK 113aecTao, '!aCTOTao-~aaoahie 11 aMnniiTYAHhie xapaK

TepiiCTIIKII onpenenHIDT ljlopMy IIMnynbca ( TOKoaoro IIMnynhca a KaMepe an

reaaTopa), H IIH~OpMaUHH CHrHana C AaT'IIIKa 0 COCTOIJHIIII ny'IK8 6yAeT TeM 

nocToaepaee, '!eM TO'!Hee noaTOplleMOCTb no ~opMe c peanbHhiM I!MnynbCOM 

TOKa ny'!Ka B KaMepe, CnenOBaTenbHO, H3MepiiTenbH81l CIICTeMa C A8T'II!KOM 

nonJKaa OTBe'laTb Tpe6oaaHIIID m11poKononocnocT11 H ni!HellnocTI! nn.11 HeiiCKa

JKeHIIOll nepena'lll HMnynbca TaKa. CTpeMnenneM nony'leHIIH IIMnynbca TaKa 

peanbiiOtl ~OpMhl OnpenensmCH Bhi60p KOIIKpeTHOtl H3MepiiTenbHOtl CIICTeMhl 

C A8T'IIIKOM, KOTopa.ll nonJKila o6nanaTb 'IYBCTBIITenbHOCTbiD, AOCT8TO'IHOtl 

nn.11 aa6nrone1111H c11raana. 

3KCnepiiMellTanbHO • OTpi!UaTenbHag M8CCa" sneKTPC?HHhiX II npOTOHHhlX 

MOIIOSHepreTII'IeCKIIX ny'IKOB Ha6nronanacb pHAOM aBTOpOB /17,18,19/ H8 Ha....,_ 
'!anbHOM sTane ycKopeHIIH, OcaoBHbiMII naT'IIIK8MII 113Mep11Tenbaoi\ CIICTeMhi, 

KOTOpble npiiMellSiniiCb B yKa~aHilhiX pa.6oTaX, 6binll sneKTPII'IeCKIIe 30HAb( 17 ' 18 / 

II niiKan-sneKTpOAbl 
1191, 3Kcnepi!MeHT npOBOAI!nC.Il 11a TOHKIIX a nonepe'IHOM 

ce'!eHI!II ny'!Kax Mancil nnoTHOCTII np11 Manoll snepr1111 IIHJKeKUIIII (no cpaaae

IIIIID C HaWIIM cnyqaeM), Peri!CTp8UIIH B03HIIKaiDWII~ KOne6aHI!ll o6nerqanacb 

TeM o6CTOHTenbCTBOM1 'ITO .ycnOBIIH 11a ycTaHOBKaX n03BOnHnll llp0113BOAIITb 

8 
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1!3M9p91!1HI 6e3 HapymeHI!SI CTpyKTypbi lly'!Ka (1!3Mepel!I!SI naCCIIBHbiMII 30Haa

MII), YKa3aHHhie MeToahi pei'I!CTpaul!ll nerrplleMneMbi na ycTaHOBKe aare3a-

-~ TOp 113-3a "CBOpa'IIIBaiOUl9MCS1° Op611Tbl SI19KTpOHHOI'O lly'!Ka II IIMI1YI1bC!!OI'O 

M81'HIIT!!OI'O ll011SI 
1 

C03aaJOUl91'0 Cl!l1b!lblil QJOH, 

B Ka'leCTne aaT'II!KOB np11 rrponeaen1111 sKcnepiiMeHTOB Ha Moaen11 aare-

3aTopa IICI1011b30Dai11!Cb U11111!Hap ¢apaaeH II aKTIIBHbie 8119KTpii'19CK119 30H-

abi, U11rr11Hap ¢apaaeH 113roTonneH 113 Mea11 B ¢opMe anoilHoil npSIMoyronhHoil 

KOp060'IKII C -~~_ll3MepaMI! 60 x60 x20 MM, J.13011SIUIISI MeiKay CT9HKaMII BbiiTOI1HSI-

11aCb 113 QJTOporriiacTa (pile, 1), Co6CTB9H!laSI eMKOCTb TaKOI'O aaT'IIIKa C u= 

= 80 n¢, myHTIIpyiOmee corrpOTI!BI1eHIIe. RIll ~ 30 OM, MexaHII'IeCKaH CIICTe

Ma 113MepeHIISI aanana D03MOiKHOCTb rrepeaBHI'aTb aaT'IIIK 110 paauycy _II a311-

MyTy, 0rpaHI!'I9HII9 pa3MepOB aaT'IIIKa onpeaerrHI10Cb Heo6xoaiiMOCTbJO "3aX

BaTa " OCHOB!IOM '!aCT!! 11110Ulaal! Ce'!eHI!SI 11Y'!Ka, 

Rill C u napbllponanach Dhi6opoM 

neni!'II!Hbi R Ill c y'leTOM ycnonnil Menbmero ypoBHH ¢oaa aa nocTynaJOmeM 

CI!I'Hane. 

B aameil 1!3MepiiTenbHOil CI!CTeMe rrocTO.IIHHaH npeMeHI! aaT'II!Ka r ~ 

2 ~2,5 nceK panna anl!TenbHOCTI! ¢poaTa peanb!IO!'O I!Mnynbca TOKa, rrocTy-

!IOJOUl91'0 B KaMepy aare30TOpa, 'ITO aaeT B03MOiK!IOCTb pei'IICTpaUI!II TOKO

B0£'0 IIMI1YI1bCa 6e3 IICKalKOHIISI 91'0 QJOpMbl, 

3KBIIDai10HT!!YJO CXeMy 113MOp!!TOI1bHOH CIICT9Mbl anSI na6nJOae!lll.ll liM-

nynbca TOKa MOiK!IO !IpeacTaBIITb KaK pa3D9TDI10l!HyJO UOI1b C aKTIIBHbiMII 

II peaKTIIDllbiMII COI1pOTIIBI19!111SIMII II 3aaaJOUliiM !'eHepaTOpOM TOK~ (piiC, 2), 

no OMI11111Tyae CI!!'Hana C myHTI!pyiOUl0£'0 COI1pOTIIBI10HIISI MOiKHO cyaiiTb o6 

IIHTO!!CIIBHOCTII IIY'IKa, a 110 QJOpMe - 0 '!aCTOTHbiX II (jla30BbiX XapaKTep!!CTII-

KaX, 

C11rnan nocTynan !Ia nxoa ocuHnnorpa¢a c 'IYBCTBIITerrbiiOCTbJO 10 n/cM 

(20B Ha BOCb SKpaH) II Mllll11Mal1bl!OM pa3BepTKOH 2 IJCeK/CM, rae Ha6moaan

C.II Bll3yarrbHO 11 ¢oTorpa¢11ponancH anSI nocneayJOmeil o6pa60TKII. llnH nepe

aa'll! ~MI1YI1bCa C aaT'IIIKa K BXOay OCU1111110!'pa¢a Bbi6npa11CSI BbiCOKO'IaCTOT

HbJM Ka6enb 
1201 , o6naaaJOmllil orrpeaeneHHbiMII peaKTIIBHhiMI! napaMeTpaMII, 

T,e, Dbi611pancH Ka6enb, o6ecrre'IIIBaJOmllil HOIICKaiKeHHYJO nepeaa'ly IIMnynbca 

!laHOCeKyllaHOM amiTel1bl!OCTII ( r 11 = 15!-20 HCOK) C rjJpOHTOM (no OUOHKe 

crreKTpanbnoro JocTana) r ¢ ;; 1!-3 aceK, nepeaaJOmaSI nl!l!IIH 6hirra corna-

9 



Puc. 1. L/,uAUHO/) C/JapalJeR. 

RH 

T 

Puc. 2 . .'JKdudalleHmHaR CKeMa U3MepeHu9 moKa 
nyl!Ka L(UIIUHiJpoM t/JapalJe9. 

-------4 

C1.4l· R1 
RH 

) 

Puc. 4. 3K6u6aAeHmHan cxeMa u3MepeHuf/ moKa 
nyl!Ka c onotJHlJlM HanpR:>KeHueH · 

10 

'· 

I 

J 
l 

COBalla C BXOAOM OCUIIIIII~rpaljla ( R BX = 125 OM) C ITOMOIUbiO AOIII!Teneii 

Hanp'RlKOIIIISI AIISI Orpaiii!'IOIIIISI BMITIIIITYAhl ( ~ 400 n) AO AOITyCTI!MOH· BOIIII'III

IIhl (15r20 n). C1111Xp0111138UIBI 118'18118 paanepTKII OCUIIIIJJOrpaljla C noCTynne

IIJJeM IIMnyiibCa TOKa npOBOAIWBCb IIIIIIIIOH 38A0p)I{KII. liMITYIIbC BIIOIIIHOI'O 38-
t 

nycKa nocTynan c ycTpoiicTna cullxpOII113aUmi. Ocunnnorpaljl noanonsm npona-

BOAIITb ITIIBBIIYIO 38A0p)I{KY STOI'O IIMnyJJbCa B npenenax Or 35 IICeK. PeriiCT

paUIISI IIMnyiihCOB TOKa B ·OOJJbWIIIICTBe CIIY'IBOB npOBOAUII8Cb 118 paanepTK8X 

OCUIIIIIIOI'paljla 5; 10; 20 IICeK/cM. 

0)1{11A80MOe B CIIy'!ae p83BIITIHI lleyCTOH'IIIBOCTII 113MOIIOIIIIO ljla3hl II IIIIKpe 

MeHTa B03HIIK8IOIUIIX KOII008HIIll K8K BpOMOHIIhlX X8p8KTOpiiCTIIK ny'IK8 IICCIIe

AOBBIIOCb BO BpeMeHII H8 p83llh!X yrnaX II p8311h!X pa.nnyC8X opOIIT ltBif)I{OIIIISI 

srleKTponlloro KOIIbUa. Paa.nenen11e op6nT B o6'beMe KaMephi ocymecTnnsmocb 

IICnOIIb30B811110M 00T8TpOHIIWX KOII0081111H ny'IKB (piiC. 4), KOTOpOe n03BOIISI-

IIO perJICTpllponaTb era ni06oit o6opoT ( 1 + 10) .no nKniO'!ennSI a.nlla6aTII'!ec

Koro M8riiHTIIOrO nang. 

OrriiC811HaSI naMepnTeiibllaSI cucreMa c .naT'IIlKOM 'UIIIIIIHAP <l>8pa.neg• 

II03BOIISIII8 113MepSITb SIIOKTpOIIIIhiH TOK C TO'IIIOCTbiO 5% II .nanana D03M0)1(

IIOCTb CYAIITb 00 113Mellellllll rrapaMeTpOB ny'IKB BO BpeMOIIII. 

Bnnny .Taro, :'ITO paccMaTpnnaeMhie neycroii'!IIBOCTII B031111K8IOT
1 

KaK yx<e 

OTMe'!aJJOCb1 D peaynbTaTe li113KO'I8CTOTIIhiX B03MYIUCHI!ll IIIIOTIIOCTII, TO IIUKpe

MeiiT KOII0081111H Ilpll ll80IIIOAOIIIIII CUrH8118 AOJJ)KOII Ohlll Bhlp83UTbCSI B IICK8)1{0-· 

Jill II ( MOAYIISIUIIII) nnaTO <jJOpMhl 11MllyllbC8 TOKll. 3TO ABeT B03MO)I\110CT·b llp!I 

H86IIIOAellun n rrpouecce sKcnepiiMOIIT8 AOII8Tb npeAB8pnTCIIbHylO ouonKy p83-

BIITIISI IIIII! 38TYX81111SI neyCTOll'IIIBOCTJI (U8 nepDOM 000p01e 118 M8Ilh1X yrn8X 

3aMeTII8 Jle3118'111TCJJbll8SI MOAynSJUIISI ll!l.mynbca TOKa). CneAyeT OTMe-

TilTh, 'ITO IICIIOIIb30B811llC 111183MeHHOI'O IICTO'IIIIIK8 / 2 1/ 11e ABeT UeOOXOAIIMOll 

IIOBTOpSieMOCTII IIMIIYIIhCOD llJI)I(QKTIIpyeMOrO TOKa KBK 110 ljlopMe, T8K 

II 110 81\liiiiiiTYAO, IIOSTOMY AilS! 8118111138 OTOI!pamiCb IIMTIYIIbChl 0A11118Ko-

BhiC flO <jJOpMP, AIIIITOIIhHOCTil II 8MIIIIIITYAe (n CpCAHCM 400 Clll!MKOB AilS! 

K8)1{1lOro yrna) • X§p8KT6pHbiO ~CUIIIIIIOrpaMMbl IIMII)iilbCOD C UHIIJIHApa ¢lap81lCII 

AIISI p831lh1X Yl'IIOB A8Hhl 118 pncyHK8X 5 II 6. 

D.nSJ 6onoe TIUaTenhnoro IICcneAOB8!111SJ rroncncllliSI nnaTo HMIIYIIbC8 rrpn-

MCIISIII8Ch CIICTOM8 JJOCIICllOB8TOIIbHOro orp8HII'I<)IIHSI CIII'H8118 C A8T'IIIK8 no 

MaKCHMyMy, SKBIIB8IIOHl'llaSJ CXCMa KOl'Opoii AllHB 118 puc. 3. 
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Puc. 5'. XapaKmepHbte uNnY/lbCbt c l(uJJwliJpa 
l/JapaiJen Ha pa3HbtX G3LLHymax . 
.0/lume//bHOCmb pa36epmKu. 5!1ceKjcn. 

13 

'1'=45" 

tf=120" 

'1=150" 



Puc. 6. XapaKmepHble 
¢apa8efl Ha 
LJ /JU.meAbHOC mtJ 

unny./JbCbl C l/UJIUHDpa 
pa3Hbi.X Q3u.Mymax. 

pa3BepmKu. 5uceK/CN. 

14 

se'=I!O" 

se'=27o· 

~=360. 

Y'=t!fO• 

I 
.i 
! 

! 

"I 

.I 
! 

1 
;i 
• :_~h 
~-

J ·;~ 
Jl 
l 

Ha pnc, 7· H 8 Allllbl OCUHllllOrpaMMbl HMnyllbCOB TOKB C UHllHHApa <l>a

paAeR C AellHTeneM H • o6pe38HHblew •. J.13 pHCYHKOB DHAHO, 'ITO npH paCCMOT-
' . 

peHI!H TOHKOll CTpyKTypbl ( 'IYBCTDHTellbHOCTb H3MepHTellb!IOil CHCTeMhl npH 

pei"'HCTpaUHII w o6pe38llllb1X' HMnynbCOB yDellH'IHDllllllCb B 15+20 pa3) Hellb3R 

o6aapy:»mTb cymecTaeHHhiX naMeueunll ua nnaTo HMnynbca. Ha IIHJKHHX CHHM

Kax (pHC. 8) ABOilUOll· wrop6' 06b.siCHReTCR 'lllCTH'IHbiM llllllO>KeUHeM HMnyllbCOB 

TOKll 1-ro II 3-ro o6opOTOB. 

nng perHL"!'PlllliiH pa3BHTIIR B03MOJKIIOH HeyCTOil'IJIBOCTH npHMe!IRlli!Cb 

TllKlKe SlleKTpH'IeCKHe! 'BKTIIBHbie' 30!1Ablo 30HA noMeUlallCR B KaMepe Hll yr

ne 45° OT TO'IKH HIIJKeKUIIH (eM. pHC. 4) ·n perHCTpHpOBall KaK OAIIH, TllK 

H O)l!IOBpeMeHHO ABS o6opoTa ( ABOilHOil 30HA) • nepeMellleHHe 3011A8 BJlOllb 

paAHYCS n03BOllRllO Ha6ll!OA8Tb nocTeneH!Iblll nepeXOJl OT OJlHOI"'O o60p0T8 K . 

ApyroMy (Ha pHC. 9 BHAeH nepeXOA OT 1-ro o6opOTa K 3-My). 

KaK H3BeCTII01 npu Hllllii'IHH AOCTSTO'IHOI"'O Mlli"'HHTHOI"'O nang pa6oTa 

aouJla AOllJKHa aapywaTbCSI. Ecnn napMoponcKnll pa~tnyc sneKTpoaa aeauaqn

TenbHO npeBhiWaeT pa3Mepbl 3011Jl81 TO BlliiSIHHe nonS! He3H8'1HTellbHO. B HallleM 

cny'lae All11H8 3011Jlll COCT8BllSill8 15 MM1 8 napMOpOBCKHll p8AHYC sneKTpOIIOB 

400 MM. nosTOMY I!MellHCb OCIIOBllHIISI C'IHT8Tb AOCTOBepuoll Hlllj!OpM81l1110 

0 ny'IKe OT YK83811HOI'O A8T'IHKllo 3neKTpOHIIblll TOK 30HA8 C03Jl8D8ll liB wyn

THpy!OllleM conpoinaneuun nanpmKeune, ljlopMa n aMnnnTyAa Koroporo perncT

puponanucb ocuunnorpaljloM. Cnrnanhi c aon~ta, TaK JKe KaK n c unnHHJlpa 

<l>apaJleSI, na6niD~tanncb u ljloTorpatj>nponanncb AnSI nocneJlyiDmero MaTeMaTn-

'leCKoro aHannaa. 

Ha puc. 10 11 11 Jlllllhl ocunnnorpaMMhi HMnynbcon c JlBolluoro 30HJla 

II C llHlliiiiJlpa <l>apaJle.si npn OAHOBpeMeHHOll 'lllCTII'IHOll perHCTpaUIIII 1-ro 

H 3-ro o6opOTOD. KaK BHAHO H3 pHCYIIKOB, CyUleCTBeHIIOH pa311111lhl B lj!OpMe 

I!MIIYllbCOD HeT, 'ITO llOKaaana II MSTeMaTH'IeCKaR o6pa6oTKll peaynbTllTOD 

naMepennR. EAHIICTBennoe OTllii'IHe - <jlou ua noneanoM cnraane npu naMepe

lliiSIX 3011AOM 3118'1HTCllbliO BbiWe 1 'ICM llpH pePHCTpSUIIII llHIIIIHApOM <l>apaAeSio 

Ana111!3 nony'ICHHhiX cHJ'iralloa c AaT'IHKOB npoao~tnncSI MeTOAOM Tpnro

noMeTpuqecKoro "!:.Terpnp'o~auu·R. <l>yuKUHIO MOJKHo npeACTamtTb a ,PopMe 

6ecKoue'IHoro TpnroiroMerpnqecKor~ pRAa 1221: 

"f(x)=a
0

+(!1
1 
~'OSX+ b 

1
sinx)+ (a :ros2x+b

2
sin2x)+ ••• (4) 
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Puc. :{. XapaKmepHoJe 
Lll;ume/loHOCmo 

unnyfltJCbl 
pa.38epmKil 

C 4UflW<8j)a ¢apaOe.f/ C Qe.llUmB/Ie/"'1 (C/Ieda), OOpeJaHHble {cnpa.8a.). 
.S H(eK jc11. 'fJ •360° 

Pu.c. 8. Xa.paKmepHbJe unny/lbCbl c I./LlflUH8pa ¢apa8eR c BeAumeAe/"'1 (CA~8a), oope3aHHble (cnpada.), 

.O.Ilume.llbHocmb pa38epmKu J HCeKjCH. 'f'=8/0° 
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Bb!paJKeHIHI B CK06KaX npeACTBBn!IIOT co6oi1: OT):Iellbllhle rapMOIIU'IeCKUe 

COCTBBllSIIOWIIe, TO'IIIOe Bhl'IIICJleHIIe K09<j){p11UIIe!ITOB "a' U "B' B UIITerpanb

f 
IIOH cpopMe 

277 

a 
0

=_!_ f f(x)dx; am 
277 0 

m =1,2,3, ... n 

1 2 77 
- f f(x) cosmxdx; bm 

77 0 

'1 2 77 

-fC (x)sinmxdx 
77 0 

( 5) 

He BCerna B03MOlKHO, npu o6pa60TKe 9KCnepuMeHT8JlbHhlX ABHIIhlX B HBWeM 

cnyqae npuMeH~nc~ MeTOA 12 opauHaT, 'ITO nanano B03MOJKHOCTb onpeaene

Hu~ 8Mlll1UTYA U H8'18JlbHhlX cpa3 rapMOHU'IeCKUX COCTBBJl~IOWUX purHana .AO 

n~TOH BKJl!O'IIITenbHO, 0KOH'I8TeJ1bHbie 3Ha'leHU~ aMnllUTYA COCT8Bl1HIOWIIX 

rapMOHUK onpeaengnUCb CTBTUCTU'IeCKUM MeTOAOM, TaK KBK AllH KBJKAOI'O 

yrna U3MepeHU~ o6pa6aThlB8J10Cb OKOJ10 400 CHUMKOB,' TO nony'leiiHble ycpea

HeHHhle pe3yllbT8Thl U3MepeHUH MOJKHO C'lJUTBTb HailaeHHhlMU C TO'IHOCTb!O 

ue xyJKe 5%. 

Ha puc •. 12 noKa3aHa 3aBIICUMOCTb aMnnuTyA rapMOHUK oT yrna (npe-

MeHU ABUJKeHU~) B eAUHUUBX nOCTO~HHOH COCTaBll~IOWeil UMllYllbCB TOKB, KaK 

BUAHO U3 pucyHKa, BKJ18):1 rapMOIIUK HeBellUK no cpaB!IelllllO C llOCTO~IIIIOH 

COCTBBJl~IOWeil U yMeHbWaeTC~, XOT~ U He cyWeCTBeHHO, B 38BUCUMOCTU OT 

BpeMeiiU cyweCTBOBBHII~ ny'IKB II IIOMepa rapMOHUKII (pile, 13), 

Ha puc. 12 noKa3aH nonypa36poc TO'IeK o6pa6oTaHHhiX SKCnepuMeiiTBllb

HhiX ABHHhiXi 3aMeTHOe yBellU'IeHUe BMnlliiTYA BCeX rapMOHUK 118 yrne </> = 

=180° 06'b~CII~eTC~ 'lJBCTII'IIIblM HBJlOJKelll!eM TpaeKTOpllil ny'IKB (eM. pllc,4), 

TBK KBK I'eOMeTpll'leCKUe pa3Mepbl ):18T'IIIK8 l!eCKOJlbKO Mellbllle MBKCI!MBllb-

llhiX pa3Mepon nonepe'IIIOro ce'lellll~ ny'IKa. 

06pa6oTaHHhie SKcnepi!MeiiTBlibllhle ABHHbie 1 no~~~~HHble na piiC, 12 II 

13 B BIIAe KpUBbiX, OTHOC~TC~ K ):IBUJKelllllO llY'IKB sneKTpOHOB B llOCTO~IIIIOM 
--.... 

MBI'IIUTHOM Bnone BnllOTb AO cepeAIIIIhl TpeTbero o6opOTB (riy'IOK sneKTpO-

HOB MOJKeT COBep1118Tb B llOCTO~IIIIOM none TOJlbKO ·Tpll o6opoTa; B ABllblleil

llleM OH BblCBJKUBaeTC~ liB IIUcjJneKTOp), Ha6l1IO):Ie!IUe ny'IKB B KOIIUe TpeTbel"'O 

o6opoTa 3aTpynneHo 113-3a nnoxoro paaneneiii!S: op611T qacTuu. H3 sKcnepl!-

MeHTBllbllblX ABHIIhlX no IICCJleAOBaiii!IO ny'IKB Ha nepBbiX o6opOT8X SICHO, 'ITO -
pa3611e!lue ny'IKB Ha cryCTKU B npOAOllbHOM Uanpanne!IIIU OTCYTCTByeT, M~~-

20 
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4 Wn 
. w;-

de/IWIUHbl QNfl/IUmy8 
HOHepa 2apNOHUKU... 

a) 

li} 

6) 

2). 

Puc. 1'1. Dcuu/1/IOZpaMMbt moKa nyl.IKa Ha nep-
6/Jtx OOopomax ( pezucmpaqu.R HQ Yl/le 

f!J=gQ") a-/l .. 37CM. C"po,t•f0HCt!"/cH, 5-R-33cM. 
'Cr•6= fOIICe'Yc,.., S- R•30CM. C'p

036
-20"CeKfcM, 

z- RR27cM. t:po.Jr-20HCI!'lcl'f. 
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HO Aa)!{e CKa3aTb 1 'ITO HMeeTCSI AeKpeMellT KOne6aHHll ·nnOTHOCTH. ny'lKa1 XOTSI 

H He3Ha'lHTenbHhlll, 

XapaKTep noseAeHHSI aMnnHTYA rapMOHHK HMnynbca TO~a 30HAOBhiX 

H3MepeHHll H H3MepeHHll MeTOAOM o6pe3aHHSI HMnynbca TOKa no aMnnHTyAe 
. ' 

OCTaeTCSI TaKHM )!{e 1 KaK H npH H3MepeHHSIX UHnHI!ApOM <t>apaAeSI C AenHTe-

neM aanpSilKeHHSI, 

HccneAOBaHHe scjlcjleKTa oTpuuaTenbaon MaCChi senocb H Ha nocneAyiO-
' 

mux o6opoTaX B 6hiCTpoM HMnynbCHOM Mai'HHTHOM none (puc. 14), PaaAene-

HHe op6HT 3AeCb 3Hil'lHTenbHO XylKe H nOSTOMy ny'IOK pei'HCTpHpOBancSI UH

nHHApOM <t>apa'AeSI na pa3HLIX paAuycax H yrnax 'lllCTH'lHO. Aaanua CHHMKOn 

HMnynbca TOKa npOH3BOAHnCSI AnSI yrna cp = 9Q0 1 CTilTHCTH'leCKH-

KHll pa36poC 3Hil'leHHll llMTinHTYA I'llpMOHHK nelKHT B npeAenaX OlllH60K H3Me

pellHll, 

TaKHM o6pa30M 1 Hll OCHOBilHHH SKCnepuMeHTilnbHhl,X AllllllhiX no HCCneAO

BilHHIO acjlcjleKTil OTpHUaTenbHOll MllCChl Ha MOAenu llAf'e38TOpll 1 MOlKHO CAenaTb 

BhiBOA 1 'ITO scjlcjleKT OTpHUaTenbHOll MaCChi AnSI BhllllenpHBeAeHHhiX I'~OMeTpH'leC

KHX H cjlH3H'leCKHX napaMeTpOB yCTaHOBKH OTCyTCTByeT 1 a, cneAOBilTenbll0 1 

I'eOMeTpH'leCKHfl cjlaKTOp g 1 onpeAenSIIOIIlHll ycnOBHSI B03HHKIIOBei!HSI HH3KO

'laCTOTHhiX KOne6aHHll 1 B pa6oTaX /3,4 / onpeAeneH HenpanHnbHO, npoSisne-

lllle scjltjleKTa OTpHUaTenhHOll MaCChl 1 BepOSITIIO cneAyeT OlKI!AilTb (AnSI TeX 

JKe ycnos11il 11 napaMeTpon ny'lKa), cornacao AaHHhiM pa6oT 11•81, npu non-

110M 'lHCne HlllKeKTHpyeMhlX 'lllCTHU 

ta 
Ne >2,4 • 10 

T.e, npnMepao B 5 paa 6onbmeM (AnSI 

C'!'BHTenbHOCTH, 

~ = 8%) 1 '!eM Mhl HMeeM B Aefi
E 

B aaKniO'lenue asTophi 6naroAapSIT aa nonea.Hhle AHCKyCCHII_ H aaMe'laHHSI 

npn o6cylKAenuu pa6oThi coTpyAnuKos 1-eopeTu'lecKoil ·rpynnht A.A. Eoaq

OcMonoscKoro, H.H. 11BaHOBa, S.A. nepenblllTeilaa H aa Texnli'I_eCKYIO no

MOIIlb - cT. TeXHIIKa B.C.· Xa6aposa ·n na6opanTa B.B. Tonoposa. 

. -
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