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l1cnonh30BaHHe HHTerpanhHhiX MHKp,ocxeM .co3naeT. rrpen- , 

IIOCbinKH Jimi pa3pa60TI(H IIpOCTbiX1 Hal{e)!{HbiX1 TeXHOliOI'H'l-

HbiX H C XOpOIIIHMH rrapaMeTpaMH CIIeKTpOMeTpH'leCKHX ycH

nHTeneil:~ 

flpH pa3pa60TKe OIIHCbiB8eMOI'O CeMeHCTBa ycHnHj-eneil: 

CT8BIIlx8Ch uenh o6eciie'IHTh H81iOOnee IIpOCTbiMH cpeACTB8MH 

(cxeMaMH) nocTaTo'IHO IIIHPOKHH Kpyr 3ana'l liJH3H'le'?Koro 

9KCIIepHMeHT8o 

flpoeKTHpOB8HHe ycHnHTeneil: 

KacKan crreKTpoMeTpH'lecKoro ycHnHTenst c HCrronh30Ba

aileM: IIHTerpanhaoii cxeMhi KiYT401 MO)KeT obiTh ·<IIOCTpoeH 

rre> cxeM:e, nono6aoil: H306pa:iKeaaoit- aa • plic.- 1, r.ne ~3 ·,;; 

':;,[( ~~ ~ v ~biX .:_ K09cPcPHUHeHT . ycuneHHSI KBCK8lt8 npH 38MKHY-

. Toii neTne o6paTaoii caS!aH, K o= K v. - Koa¢¢HuHeHT 
V 4 BhlX . 

YcHneHHSI MHKpocX~~:br K iYT401. ~ K~ . .' = K.. ( ' ·)• ·,' · · - Koa¢-
. . · · · 'i' v BX 4 v BbiX 

¢HuHeHT ycHn.eaaS!· K'at::Kana npH'·pa3~MKHyToil: rieu~e o6paraoii: 

~~~3~ · (~~KTop oi5p.araoil:· csst3H): . · ., 
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PRe. 1. YcH:nH:TenbHbiH KacKall Ha. 6a3e MRKpocxeMbiKlYT401. 
llpHM8'18H!ie: "11" H "ll" - HHaepCHbiH H llpS!MOH aXOllbi MO- . 

·llynSI, "ax" H "abiX" .;.. aXOll II abiXOll YCHnHTeni:>HOI'O K8CK8ll8 1 

(ax)' .;. axoll :KacKalla,. o6paayroumifcg· npu pa3MbiK8J!:HH nei-nu 
o6pa THoll: CBSI3H 1 tax - aXOllHOe conpoTuaneaue MHKpocxeMbi, 
R k H Ck - aneMeHTbi qacTOTHOH KOppeKUHH K8CK8ll8o 

· B o6nacTH ManbiX H cpell_HHX 'lacToT K 3 =R/ R r , a 

K¢ =K0 {(Rrll tax II R k) I[(Rr ll·tax II Rk )+ R 1 ] !. 

Ecnu Rr <<Rk H Rr << zax, To 

" 
K¢=K0 1K 3 • ( 1). 

BenH'IHHY K 
0 

I K 3 Mo.a:ao. paccMaTpHaaTh KaK MaKcH

ManhHO llOCTII*HM08.3H8'18HHe lP8KTOpa O~p8THOH Ca5I3H K8C

K8ll8 (K ¢ ) ·npH ~allaHHhiX ~Ha'leHHS!X Koa¢¢~uiieHTa ycaneHHSI 

' ' 
MRKpocxeMbi H KacKalla - K

0 
H K 3 • 

' ;. :. ~ . 1 . \ • • • I "\ • ' 

Ba*Heifmyro RH¢op:Mauuro ling :npoeKTHpoaaHHSI Kac:Kalla 

HeCeT np~llCT~~nemiag Ha. puc. 2 norapH~MH'I8CK85I· 8MllnH

Ty ~~o-~'ac~oTaast xapaKT~P.11CTHKa ( nA qx): ua'-rerp~,~~oif 
cxe~bl ·K1YT401 A,· KOTOpasl non;~eHa Y~P~riHeHHe~ ~-~3;~
Ta;oa ~3~epeHHSI ll~~~UaT~ IuTyK MHKpocxeM~. 3~a nl\ qx 

'(. ":". ~ • • .... ;<,. , 

nonHOCTbiO onpetlenSieTCSI ycaneHHeM Ha MBnbiX. '18CTOT8X 
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CiJoJ r . . 
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60 · Hai<JIOH. 20M/ deKaiJy. 

40 Hai<JIOH 4005/ile 

20 

Jc•30Maq 

I ' I I " I " I " • 0 0,01 · 0,1 10 · 10,0 · · \ [M2L4] 

PRc •.. 2. norapR¢Mfr'I8CK8SI 8MllnRTYllH0-'18CTOTH8SI xapaKTe

PIICTH:Ka RHTerpanbHoif MRKpocxeMhi K 1 YT401 A • 

(Ko ), '18CTOTOH. 1-ro neperu6a (fnt ), '18CTOTOH aTOpOI'O ne

pera6a (fn2 ) H '<tacToToif cpe3a .(f c .). 

··Koa¢¢uuaeHT ycaneaug KacKalla. BbipaMeHue 

( 1 ) , 3anucaaaoe a aH:lle 

K
3 
< K0 I K ¢ , · . . . .. (2) 

MO*el' 6biTh :ucnonb30BaHo npu Bbi6ope Koa¢¢uuueHTa )I'CH

neHHSI KacKatla. TaK, npH · K 0 ==. .2000 H K ¢= 100 .(3allaH-

ao:M) llnSI K .3 ,nony'IHM, K3'< 20. 

· · Orpa:.H.H<!e.HaSI no.cneKTpanhaoMy cocTaay 

(spe:MeHHbiM xapaK~epHCTJiKaM) CIII'Hartoao l.JaCTOTy f'ni 

MOMHO. TpaKTOBaTh iaK sepxaroro rpaauuy 'laCTOTbi, B npetle-

s· 
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nax KOTopoii mrHeiiHhiH l:UranaaoH Kacxana no'ITH He _H3~e- -~ 
I ' 

HS!eTcsr, noaToMy nnsr peamraauHH MaKCHManhHo aoaM_g:amoro 

llHanaa"()H~ npH rapMOHH'ieCKOM CHI'Hane C 'iaCTOTOH I 

HMnynbCHOM CHI'Hane BHll8 

' 

{

v sin 2rr f t= v sin (2rr t/T) . a _ a 
v(t ).== ·· · 

v 
a 

npH 0< t< T /4 

·-npH .t,> T /4 

He06XOllHMO YllOBneTBOpHTb COOTHOIIIeHHro 

f < f nl 

HnH 

(3) 

(4) 

,Unsr CHI'Hana C llpOH3BOnbHOH <}JopMOH <}JpOHTa npH Bpe

MeHH era HapacTaHHSI t <}J ycnOBHe peann:3aUHH MaKCHM8nbHO -

B03MOMHOI'O llH8IT830Ha MOMeT 6hiTh 38ITHC8HO B BHlle 
. 

t<P > (T /4) ==1 /4£ nl (5) 

umr, c y'ieToM 'In:cneaaoro 3Ha'IeHn:SI :'IacTOThi nepsoro · nepe

I'H6a, nnsr cxeMbi KIYT401A ( Ent = 0,18 Mru), 

t<}J > }14- MKCeK. . . (6} 

Tipn ae·ahmonaeau:u: ycnoansr (6) MoryT aoaHnKaTb ncKa-. 

MeHHSI,. nono6Hble npencTaaneHHbiM Ha PHC. a.· 

. Y c To ii q u: 8 ocT b. Bhtco:Kne sanacbi ycTOH'iHBOCTH xa-.. ' 

paKTepHbl llnSI OllHOnOniOCHbiX CHCTeM 1 T.e. llnSI CHCTeM C 

HaKnOHOM nA LJX 20 n6/ lleKally • 06ecrre'ieHHe yCTOH'iUBOCTW 

paCCMaTpHBaeMOI'O K8CK8ll8 CBOllHTCSI1 rrpaKTH'ieCKH 1 K Bbi-

6opy T8KOll :KOppeKTHpyrorueii UeiTH 1 KOTOpag. ripH MHHHManh

HOM BnHSIHHH Ha BenH'iHHhl [{n H fnl IT03BOnHT, MaKCU:ManbHO 
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1"1CCeK -
··PHc. 3. l1cKa*eHHH curHana npH rrpeBbiiiieHHH nHHefmoro 
llHanaaoHa KaCKalla H3-3a HeBbUIOnHeHHSI Tpe6osaHH.H no . 
apeMeHHhiM xapaKT.epHCTHKaM axonHoro curHana. 

11 
a" 11; 1

'6" -
HeHCKa*eHHbie CHI'Hanhl, "a" - rrpu · apeMeHH cppoHTa T ¢ = 
= 0,75 MKCeK, . U = 8 B, ".6 11 

:- npn: T¢ = 0,25 MKCeK, 
U = 0,8· B,. 11 6 11 

- HCKa}KeHHblft CHP.H8n npu: ,. T<}J= 0',25 MKCeK, 

U = 8 Bo. 

rrpn:6nU:3HTh nA t.{X KaCK8ll8 K nA '4X OllHOITOniOCHOH CHCTeMhi. 

flpue~neMbie peaynbT8Tbl · naeT HCIIOnb30B~HHe UeiiO'iKH Ck , · 
' . ~ ' 

R k (pHC;. 1). Tipn aTOM ck ycTpaHsreT IIOnJ<?C Ha 'laCTaTe 

BTopqro nepern6a (£ n2 ), a · Rk cMem~eT aero. xa~aKTe
pncTHKY BHH3, T.e.' CMeiUaeT BBepX CHCTeMy KOOpllHHBT 

~nyHKTHpHbie nHHHH Ha pHCo 2) • flpH BbJ6ope napaMeTpoa· 

aneMeHTOB KoppeKUHH cnenyeT oTnasaT~ npenno'iTeinie.: 6onb-. . . .. '. ··, 

IIIHM 3Ha'ieHHSIM <}laKTOf1ll o6paTHOH CBH3H (K <}J ). 8hi6op ·rra~ 
paMeTpos KOppeKTnpyroiueii uenH MON<HO npOH3BOllHTb, HC

nonbaya nA LJX ycunHTenH C pa30M~HYTOH ne~nefr o6paTHOH 
• • • • ' • • > 

casraH, onHaKo aTo corrpH}KeHo c orrpeneneHHhiMH TpynaocTH-
. . ' ~ . . . ' 

MH n Tpe6yeT 6onhll1UX aaTpaT apeMeHH. · Me.aee T.O'iHhiH, . ,. , ,·- . . 

HO 6'onee yno6Hbifi cnoco6 -. aacTpoiiKa no 'iaCTOTHOfi xa-

paKTepHCTHKe K8CK8ll8 C 38MKHYTOH neTneii o6paTHOH CBH3H 

(puc. 4). 

7 .. 
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Pac. 4. Bhi6op ~meMeaToa qacToTaoli KoppeKUHH no xapaK
TepucTaKe KacKana npa aaMKayToli neTne o6paraoli CBH3H. 
"a"-- acxonaaH_ xapaKrepucraKa ( Ck =:= 0, Rk=oo , aanuqae, 
naKa c'imneTellhCTByeT 0 Mallb!X 3anacax YCTOH'IHBOCTH aa 
sroli 'laCToTe (8,3 Mru ). ·"6"'-:- Ck H Rk nono6paabi TaKHM 
o6paaoM, 'ITO a nepaoM npu6nmKeaau xapaKrepHCTHKa Kac
Kana COOTB~TCTByeT XapaKTepacraKaM OA~OnonrocaoiJ: cue-) 
TeMbi 1 . sanaCbl ycroiJ:qaaocra MaKCaMallhabi. 

<Po pM a H M ny n_b co a y can H T e n_H. HsaecTao, 'iTO

onaononSipHaH cjlopMa caraana a aMnnaTynHoli cneKrpoMeTpau, . . ' ' . ,, . .·. 

KaK npaaa,no, npenno'ITHTellhHee npoqux, H6o npu aToM: 
- l' '• 

1. MoLKaO o6ecneqaTh aaaOOllhiiiee. as . B03MOLKabiX OTaOIII~aiie 

caraan/IIIyM np~ aaHMeahiiieli .AllaTellhaOCTH CHI"'aana_, T.e. 

o6ecne'laTh aaa6'onee 6naroripasirahie ycnoaag nnSI asMepeaali 
. ' ' . . . 

npu noabiWeaabiX aarpyaKax; 2. CoanaiOTCH ycnoaHH. nnH . . -. . . . ·- . . ~. . 

BBeneaHH B TpaKT_ aKTHBabiX BOCCTaaOBaTelle!i aaqapbaOJ:'O 
., ''':.. : 

ypoaaH,. npaMeaeaue KOTOpb~X cnoco6cTayeT ynpoweauro cac-

TeMbi a ynyqweauro ee xapaKTepHCTHK.; 3. YnpomaeTCH ocy-
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' ,• 

I~) 
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-~ 
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t , 
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IUeCTBlleHHe (nOSIBllSI8TCH BO~MO~HOCTh OCyiUeCTBll8HHSI)· IIIa-. . '· . . .· .: . - . 

pOKOAHanaaoaaoli AHCKpHMHaaUHH <?HJ:'aanOB no aMnllHTyne 

H HacneKUHH HX aa aanoLKeaHe. 

n u a e li a hi li · n H a n a a b H . a hi x o n a o r · o K a c K a n a 

y_ ~ H n H Ten He naaeliabill nuanaaoH aHTerpanhHOH CXeMhi 
. - . . 

K1YT401A paaea -4,5 B -t +4,5 Be nnSI 'TOJ:'0 1 'ITOObl aMeTh 

aa BhiXone '·onHonon.s~pH.bili curaan c aMnnuTynoli 8 a,: :r•e• 
AllH TOJ:'O~ _'I TOO hi HMeTh llaHeUHbill. nli8ila30H KaCKai:J.·~ B _.npe

nenaX -O , :!:_8 a; peLKHMHoe · aanpHLKeaue Ha Bhixone aaTer

panl:,aoli cxe-~hi nomi<ao ycTanaanuaaThcsi a6naau rpaauu:b1 

~alieliHoro naanaaoaa, 'ITO MOLKHO nocra'lh aaeneHIIeM _a Bhi

xonaoli SMHTTepHbill ITOBTOflHTellh · KaCKana AliOAOB ( cra6H

llliTpOHOB) CMeiUeaiHI ypoaaH. 

IlapaMe'rphi, npuHuanuanhHhie cxeMhi 1 "aiieumuli : 

aa.d ycamneneli 

IlapaMeTphi ycanuTeneii npuaeneHhi a Ta6nuue,_.px._npaH

uunuanhHhie cxeMhi u aHewHHli au.u·- Ha puc. 5:flO. B2e 
ycallHTellH ,a Me lOT OAHHaKOBYIO crpy:KTypy: BXOAHOil ll8llHTenb ~ 

3MaTTepHbie ITOBTOpHT8llli C uenO'IKOll IIHTel"pHpOBaHHH. Ha. 

BXO.Ue . ..;. AH!fl!flepeHUUpyiOiuaH uenh· CO CX8MOH KOMneHCaUUH 

non'ioca Hy_neM, ':"'. YCIIllHT~llbHbie' KaCKanbi c T -o6pa~HOH ue.:.. 

n'O'IKOH: HHTel"pHpOBaHliSI H.a . BXOll~ . ~ . BhiX<;>AHOH. 3MIITTepHblll 

ITOBTOpHTellh .. ..: Ueiih CTaOIIllH3aUIIH pe)I<IIMHOJ:'O HanpSILKeHHSI 

BbiXO,!lHOJ:'O KaCKaAa yCHlliiT8llH. 

9 



Ta6JI!Wl. IIapaMe!pl.l ycwruTeJiet! ceMe~cTBa. · 

~~ C29 
H 

.. C54 

II~HOCTL axo~oro·curHBJia OTPllilR.TeJILHWi 

BxoliHoe coiiPOTHBJieHHe (oM) · 500 

(2;4;8;!6;32) X 

~aiMJU.4KeHT yCHJI8HHJl .X (0,5+!,5) =-
= I + 50 

nonyCTHMUI ~BCHL ITOC{OJlHH~~ 
COCT~me Ha BXO~e BOJILT +2 

O~HoxpaTH.~H~P 
.• 

~OpMHpOB8HH8 CR = 0,75MKceR 

nByxKpaTH,HHTerp 

RC = 0,75 MKC8R 

Bsxo~Ho' cmrHan: 
a (BOJILT}. . 8 

ITOJIHDHOCTL OTPl!IlaT. nOJIOJI[HT 

npel'l..a: q,poHTa (MKCeK), !,5 

fA
1
TeJILHOCT!. Ha ~BHe 

I !00 a (MKceR • 7,5 

MHT8rD8JILHM HeJIHHenHOCTL(%) O,I 

HecTa6wrLf~%f KbaiJxf>HII,HeHTa 
l:vcwreHWI C) · 0,06 

HecTa6anLHOCT~ B~~H~ 
Ha~BJILaoro ypoBH.ll MB C) 0,2 

Cpe~ee KB~THqHO~ 3Ha~eHHe 
BWCO~Horo ( Mi3 !,2 

n i T 
+24 B (sOMa) 

a H H e 
-24 B (60MB.) 

faCSapHTS (~) 401 I60 X 300 

lJ.iicJio cxeu KIYT40IA (mT) 3 

q H c JI o . 'l'PaH3HCTOPOB ( mT) 6 

10 

C50 C52. 
. 

JmoM 

500 

(4;8;!6;32;64) X 
I (0,5 + !,5)= 

= 2 +·roo 

i2 
p~oKpaTH.~H~ep. 

CR = 0,75 MKce! 
TpexKpB?H.HHTerp. 

RC = 0,75 MKCeK 
-,, 

.. 
B 

OTPmxaT. ITOJIOl!tHT 

2,25 
. 

9 

0,05 ; . 

0,06 

0,2 .. 

!,7 

+ 24 B (80118) 

- 24 B (80MB.) 

40 I !60 X 300 

5 

8 

! 
·' ) 

'l 

] 

~ 
l 
l 

\1 

I 

Bo acex.cxeMax y~oaneTaopeHo Heo6xo~uMoe ~ng ¢op

MHpoaaHHSI o~HorrongpHo~o cu~Hana ycnoaue eriuHcTBeHHOCTH 

~eKoMrreHcupoaaHHo~o ~u¢¢epeH:uupoaaH:ir~. B ycunu!T~ngx 
ITO'lTH He . acnonhsy~TCH KaCK8~hi cpaaHeHHH HaripiDKeHRii 

( TOnhKO BbiXO~HOH KaCKa~ B ycunHTenH C 54 ) 1 ITpH HanH'lHH 

KOTOphiX BOSMO)!(HO HapymeHHe O~HOITOlxHpHOCTH CH~Hana · 

us-sa "eMKocrHo~o · nponesami.sl''. 

· CryrreHqaraSI pe~ymrpoaKa ycll'neHHSI -BhrrroniieHa a~u6onee '' · "' 

rrpocThiM· cnoco6oM ·- rrcrronbaoaaHueM rrepe'K.motiaeM6~o axo~.;. 

Ho~o ~enuTeng· Hanpg)!(eHHH. Co6cTaet;rHhiii BhiXd~Hoii .myM 

ycrrm:iTenSI rrpR STOM He MHHHMH3HpyeTCSI, O~HaKO e~o aenH

'lHHa 1( TaK rrprreMneMa ~a.)Ke ~nSI rrpeUH3HOHHOM crreKTpOMeT-_ 

pun. 

·· B KoH(Im~ypauuu H rrapaMeTpax cxeM ycunuTeneii Haf.!InH 

orpa)KeHne :Mephr no npe~oTapameHHIO ucKa)KeHHii ua-aa npe~ 

BhrlileHHSI mineiiao~o ~uanasoaa·, B ToM qucne H no npH'lHHe• 

HeCOOTBeTCTBHSI 'laCTOTHhlX {Bp~MeHHhlX) ~apaKTepHC~H~· 
o6pa6aThiBaeMhiX cu~Hanoa Tpe6yeMbiM. K TaKHM MepaM 

~ ... ' . - . 

. MO)KHO OTHeCTU: ycTaHOBKY U8ilO'lKII liHTe~pHpOB8HHSI ~0 rrep-

BO~O ycunuTenhHO~o KacKa~a, ~ae~earre cTa6unurpona ~Me~ 
meHHSI ypoBHSI ,B SMUTTepHbifi llOBTOpHTenb nocne~Hero KaC-
- ~ . . . . 

\ Ka~a, nano)!(eHUe o~paHH'leHHfi .· Ha MliHHManhHOe SHaqeHHe .. 

I 
ITOCTOSIHHhiX apeMeHH ¢anbTpOB H T,rr, 

Mo~enu C29. u C54 - sro Hau6onee npocThre aepcuu 

crreKTpOMerpaqec:Kux ycrrnuTeneil:. ITprr orcy:craai! Tpe6o~aHHSI 

o~HononHpHoCTH ca~nana onu Moryr 6biTh em~ ynpomeHhr, 

u6o B aTOM cnyqae MO)!(HO He ycTanaanuaaTh 

II 



Ueiih KOMIIeHC8UIHI: nomoca HyneM II CHCTeMy CTa6JinJI38UHJI. 

BbiXO.QHoro aaqanhaoro ypoBHSio 

'3aKmoqeaue 

B na6opaTopnn smepHbiX npo6neM OHH"! U3rOTOBneHO 

oKono gayx AeCSITKOB ycunuTeneii onnca~aoro ceMeiicTaa. 

t.JaCTb H3 HHX U:CIIOnh3yeTCSI B yCT8HO,BKe MHOrOMepHOrO. 

aaamr3a ( 16 Mep no 256 KaHanoa Ka:lK.QaSI), a qacTb - B npe_

UH3HOHHbiX· CIIeKTpOMeTpU:'!eCKHX Tp8KT8Xo nnuTenhH8SI 8K

cnnyaT8UHSI nogTaepgn:na BbiCOKHe. Ka'!ec'i'aa ycunnTeneii, "' -- · -s2·:· · - -. 
B TOM 'IHCne H npn HCIIOnh30B8HHH HX .QnSI npeUH3UOHHbiX 

H3MepeiJHH B ycnOBHSIX .IIOBbiUieHHbiX 3arp!30K (pn:c. ·11 ). 

B 3aKnroqean:e aaTopbr BbrpmKaiOT 6naronapliOCTh ·coTpyn

HHKaM na6opaTOpHH B~l1.funeay, B.l1. CTeraiinoay, ·a.T .Tpa-

1\>0HOBY H B.T~illea'IeHKO - 38 yqacTne B pa3pa6oTKe .. /sKcne

pnMeHTnpoaaanu, U3~0Toaneann ii .aana.QKe ycHnnTeneii. 

PyKOIII!Cb nocTyn11na a 113AaTenhCKI!ii OTAen ·• 
14 MapTa 1973 rona. 
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Pn~: 10~ BHernHnA·ana··cneKrpoMe~pnqecKRX ycnnnten~A C50 
H.C52. ~ 

18. 

60 
Puc. 11. oHepreTnqecKnA cneKTp Co, CHSIThrA c ncnonb-
30BaHH:eM ycunnrenSI C5o •. ·1 - npn HHTeHcRBHOCTH axoAHhrx 
cnrHanoa 2.103 HMn/ceK, 2 - npn 20.103 HMn/ceK. 
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