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BBEtiEHHE 

. B MHweH.AX c opl-ieHn1'J)osaHHbiMH AH~aMH4ecKHM ·MeToAoM .AAPaMH 
Beiri14HHa non.Ap~ba~i-111 06bJi.iHo' 11SMep.Ae1C.A . no HHTerpanbHOH HH"rei-t
CHBHocTii' cneJhpa' norilouteHHR RAepHoro: MarHHTHOro pe3oHaHca '' 

· /.RMP Jlil, · B Ka4ecTee AeTeKi'bPCI 'cHrHanoe .RMP i.1cnonbayeTc.A Q -· 
MeTp .: np116op; perHcTpl-tpy\o~qHi1 liai.lei-leHI1e MOAY11.A i1MneAaHca Ha.;. 
cTpOeHHorO' · p·aAI1qK.OHTypa ,· a· i<aTywKe' HHAYKTHBHOCTH·. KoToporo no
Meli!eHa MH'iuelib. 06bi4Ho'npeAnonaraeTc.A,·4TonpH eblnonHeHHH ycno
BHH .RMP 113MeHeHHe HHAYKTHBHOH 4aci-11 KoM'nneKcHoro conpoTHBne
HH.A KOHTypa· onHCbiBaeTC.A !)>OpMyJlOH 

iwL= iwL0 [1+477TJX(w)], .. . '\ . /1/ 

rAe ·L0- co6cT.seliHa.A 11HAYKT11BHOCTb KaTyliJKH; . TJ - • «PaKTop a anon.;. 
HeHH.A KaTyWKI1 napaMarHeTHKOM_; :\i(w)_:=:x'(w)..::i)("(w) -.KOMn-· 
JleKCHa.A .AAepHa.A Bocnpi111M411BOCTb BeJqeCTBa MJ.1WeHJ.1; w- ~11KJ1J.14e
CKa.A 4aCTOTa, J:leHCTBJ.1TeJ1bHYIO 11 MHI1MYIO 4aCTI1 Bocnpi1J.1M411BOCTI1 

. Ha3biBaiOT. COOTBeTCTBeHHO. AI1CnepcHei1 11 nornoJqeHHeM, CB.A3b Me>KAY 
(j)yHK~11.AMI1 X' (w) 11 X "(w) YCTaHaBJ111BaeTC.A COOTHOWeHHRMH Kpa-
Mepca-KpOHHra/1~ Ecn11 AHcnepcH.A onpeAen.AeT np11pa~qeHJ.1e peaKTHB
HOH. 4aCTJ.1 ri6'nlioro 11Mne,qaHca. KaiywKH, :TO 113MeHeHHe ero' aKTHBHOH 
4a'CTI1 o6ycnoaneHo norno~qe'HHeM. 'C nocneAHI1M CB.A3aHa BeJ1114HHa .. 
.AAepHo~ non.ApH3a~HI1 111: ·· ~:· • " · 

P- f)( "(w) dw. 
0 121 

np11 BKJ1104eH1111 KaTyWKH B ~enb Koile6aTeJ1b,HO~O' KOHTypa 'MO>KHO 
O>KHAaTb, 4To H3MeHeHHe nonHoro 11MneAaHca nocneAHero 6yAeT a· 
3Ha411Te11bHOH. Mepe 3aBHCeT.b OT nornoJqeHH.A, nOCKOJlbKY, KaK J.13-
BeCTHO, npOBOAHMOCTb HaCTpOeHHOro B pe30HaHc · KOHTypa.HOCI1T: 
aKTHBHbiH· xapaKTepl21, . . . , . .. . . 

CHrHan .RMp Ha6nJOAaeTc.A a BHAe ciMnnHTYAHol1 ·MoAYn.ALiHH 'ablcoKo-
. ·. '· '. . . . ' 

4aCTOTHoro Hanp.A>KeHH.A, nponop~HOHaJlbHOrO J.13MeHeHJ.110 MOAY11.A HM
neAaHca KOHTypa,,npHJ1J.1HeHHOH AeBJ.1aLIH11 4aCTOTbl nHTaJOJqeroreHe
paTopa. B AHanaaoH.e OT w ~ AO w2 , .· Bb16paH.HOM TaK, .4TO : 

(w2 -w 1 ) > 411w,. , ·· rAe 11w - nonyWHPHHa 11HHI1J.1 cneK!pa norno':" 
uteHH.A; Mepoi1 .AAepHOH non.Ap11aa~1111 C11Y>KHT. HHTerpan: 

I= wr2 IZ(w)l-IZo(w)ldw. 
w 

1 
I Z

0 
(w)l ,.._ ............. ____ ..;.__ _ __, 

<Jr.bECL1H6mbHil ¥!1 .. r .. \ '·· 
/3/ 

6~6nMOTEKA 



8Aecb Z(w) - nollHbiH HMneilaHc sXOAHOro KOHTypa; · z (w) - ~Mne-
. . 0 

AaHC KOHTypa B OTCyTCTSHe napaMarHHTHOrO norno~eH~R, · T. e,, 
Z

0
(w) ... Z(w)lx'=x"=tl • Be~Hl.I~Ha no~Rp~aa~HH onpeAenReTCR 4e

pea K03~~~~~eHT yc~~eHHR: 

Em= 1/1 0• /41 

rAe lo~ 3Ha4eHHel, nony4eHHOe B COOTBeTCTB~H .C /3/, B COCTOR
HHH·TepMH4eCKOrO paBHOBeCHR ~CTe~ RAepHbiX COHHOB,C peweTKO~, 
KOrAa nonRpH3a~HR P 0 MOlKeT 6~Tb Bbt4Hc~eHa KaK .~YHK~~R TeM
nepaTypbl peweTKH H HanpRlKeHHOCTH MarHHTHOrO nonR. 8 CHny TOro, 
4TO noAbtHTerpa~bHOe s~palKeHHe ·a ~opMy~e /3/ He TO~bKO aast-tc~T 
oT nor~o~eH~R, .HO H coAeP>:<HT aK~aA, o6ycnosneHH~~ A~cnepct-te~. 
·•~aMepeHHOe11 3Ha4eH~e K03~¢l~~~eHTa ycH~eH~R E · a o6~eM cny-. . . . . m 
4ae OTnH4aeTCR OT 11HCTl1HHOro11

: 

E ... Em(l-f ). /5/ 

nonpasKa Ha He~~He~HOCTb f no a6co~~THO~ se~~4~He cocTaB~R
eT q6~4HO HeCKO~bKO npo~eHTOB ~ TeM 60~bWe, 4eM BbiWe 4YBCTB~
Te~bHOCTb np~eMHOrO KOHTypa no napaMarH~THOMY nor~o~eH~~. 

Ec~~ E Ha~AeHo, TO ~cKoMoe 3Ha4eH~e no~Rp~aa~~~. pacc4~T~sa-

eTCR no ~opMy~e 

P = P0 E. /6/ 

TaK~M. o6paaoM, np~ ~3MepeH~~ cTeneH~ nonRpt-taa~~~ M~WeHe~ 
Heo6XOA~MO Bbt4HCn~Tb H~~ cne~~a~bH~MH MepaM~ yMeHbW~Tb BKnaA 
CHCTeMaT~4eCK~X OW~60K, CBR3aHHbiX C He~~He~HOCTb~ Q-MeTpa.no 
napaMarHHTHOMY nor~o~eH~~. 

1.. 06UlHE CSE,l\EH~.R 0 Q-METPAX 

0CHOBH~M 3neMeHTOM Q-MeTpa RB~ReTCR HaCTpOeHH~~ B pe30HaHC 
KO~e6aTe~bHbl~ paA~OKOHTyp, n~'raeMbl~ reHepaTOpOM TOKa·/2/. npi1 
3TOM aMnn~TYAa BbiCOK04aCTOTHOrO HanpRlKeHHR, CH~MaeMOrO C KOH
Typa, npRMO nponop~~oHa~bHa ero MOAY~~ ~MneAaHca. 

npHeMHbl~ KO~efiaTenbHbiH KOHTYP Cy~eCTB~~~X ~3Mep~Te~bHbiX 

C~CTeM BCerAa COAePlK~T B ce6e Kafie~b, CBR3~Ba~~~~ KaTyWKY.HH
AYKT~BHOCT~, pacno~olKeHHY~ BHYTP~ Kp~OCTaTa, C OCTa~bHO~ 4aCTb~ 
~3MepHTe~bHO~ annapaTyp~. An~Ha 3TOrO Kafie~R noA6~paeTCR KpaT~ 
HO~ no~os~He AJl~Hbl so~i-t~ fo=n'A/2 I n - ~e~oe/, coOTBeTcT-
sy~~e~ 4acToTe.Ha6n~AeH~R .RMP. B aas~c~MocT~ OT cnoco6a noA
Kn~4eHHR KOHAeHCaTOpa K KOH~Y Ka6enR, npOT~BononOlKHOro KaTyw-

/2 

·' 

; I 

Ke, pea~~ayeTCR cxeMa napa~ne~bHOro ~~~ noc~eAOBaTe~bHoro 
pacnpeAeneHH~X KOHTypos*. .Qa~ee 6yAeM AJlR KpaTKOCT~ Ha3~BaTb 
PQ-MeTpoM ~n~ SQ -MeTpoM YC)PO~CTsa c napanne~bH~M ~nH 
nocneAOBaTe~bH~M BXOAH~MH KOHTypaM~ COOTBeTCTBeHHO, a ~HAeK
C~ p H S 6YAYT 03Ha4aTb, 4TO AaHHaR se~~4HHa H~H napaMeTp OT-
HOCRTCR K PQ -MeTpy H~H SQ -MeTpy, . 

BbrpalKeHHR AJlR no~H~x HMneAaHcos pacnpeAe~eHH~x Ko~e6aTe~b- · 
H~X KOHTYPOB MOryT 6~Tb aanHCaH~ B C~eAY~eM BHAe: 

. -2yf 
Z _ ·1+ke 1 /7/ 

- p ~ + ., 8 
1 k - 2Y . c 0 - e Iw 8 + 8 

1 1 k -eyf -l 
Zp=(- - e p+iwCp +Gp) • /8/ 

P 1+ ke-2Y · 

B ~opMy~ax /7/ H /8/ npHHRT~ o6oatia4eHHR: p- so~Hosoe conpo
THB~eHHe Ka6e~R; f- ero AJlHHa; y=a +i{3- nocTORHHaR pacnpo
cTpaHeHHR; a - K03~~H~HeHT 3aTyXaHHR; {3 - K03~H~HeHT ~3bl; 

C - eMKOCTH KOHAeHCaTOpos; G - aKTHBH~e npOBOAHMOCTH KOHAeH
CaTOpos; k - K03~~~~HeHT OTpalKeHHR no HanpRlKeH~~: 

k= A-l; A=(iwL+R)/p, 
A+l ~ 

rAe R - aKTHBHOe conpoTHs~eHHe KaTyWKH, a no~HaR HHAYKTHB
HOCTb L Bbi4HC~ReTCR cor~aCHO ~OpMy~e /1/,. 

AMn~HTYAHbl~ cneKTp .RMP, Ha6~~AaeMbl~ Ha BbiXOAe Q-MeTpa, .. 
npeACTaBHM B B~Ae ~yHK~H~ m5 (w) H mp(w), Bb14HC~eHHbiX KaK 
nOAbiHTerpa~bHOe B~palKeHHe B ~OpMy~e /3/: 

I Z 
8
(w)l-l Z 5o(w)! 

m (w) = , 191 
s I z so(w)! 

m (w) = I Zp(w)!-1 Z po(w)l • 

P IZP0 (w)! 

/10/ 

Be~~4HH~ m5 ~ mp np~ OAHHaKoso~ socnp~~M4~BOCTr.t ~ Ha ~HKcH
posaHHOH 4acToTe . TeM 6o~bwe no a6con~THoi1 se~~4~He, 4eM Bbtwe 
3Ha4eHHe A06poTHOCTH ** ~ ~aKTopa aano~HeH~R 71 ~a ~opMymr /1/. 
0AHaKO C yBe~H4eH~eM 4YBCTBHTe~bHOCT~, B o6~eM c~y4ae, pacTeT 
HeflHHeHHOCTb .np~6opa no napaMarH~THOMy norno~eH~IO, _4TO B~AB~
raeT npo6~eMy onT~ManbHoro Q-MeTpa. 3TOT nocneAH~H AOnlKeH·, 
C OAHOH CTOpOHbl, o6ecne4~Tb AOCTaT04HO HaAelKHY~ perHCTpa~~~ 

* .Qpyr~e . so3MOlKHble cxeM~ He nony4~nH 6onbworo pacnpocTpaHe-
H~R H B pafiOTe He paCCMaTpHBa~TCR, . 

** noA A06pOTHOCTbtO pacnpeAeneHHOro KO~e6aTenbHOrO _KOHTypa, 
KaK ofibi4HO, noH~MaeTCR Ben~4~Ha, paBHaR OTHOWeH~IO 4aCTOT~ T04-
HOro pe30HaHCa K no~yw~pHHe pe30HaHCHOH KpHBOH. 

,• 
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Cl1rHana TepMI1LieCKOrO pa~HOBeCI1R np11 Kanl16pOBKe .H o C APYrOH -
OCYIJ\eCTBHTb ee 6e3 CyiJ\eCTBeHHOrO ysen11LieHI1R.CI1CTeMaTI14ecK11X' 
norpewHocTei1 np11 peri1cTpci1.11111. c11rHanos, cooTBeTCTBYIOII\11X sblco-

KOH · nonRp113al.ll111. ·' 
AHai111TI1LieCKI1e Bblpa>KeHI1R AslR m

8
. 11 mp Llpe3Bb1Liai1Ho rpoM03A-

KI1 15,6/ LITO 3aTPYAHReT 11X 11CnOilb30BaHI1e AilR 11CCileAOBaHI1R 
CBOHC;B KOHKpeTHbiX CI1CTeM. no3TOMY AilR BbiRCHeHHR xapa.KTepa 
aaB11CI1MOCTI1 > CHCTElMaTI1LieCK11X norpeWHOCTeH Q -MeT·pa Toro 111111 
11HOrO T11na OT napaMeTpOB 113Mepi1TeilbHOrO KOHTypa .Hai160ilbWI1H 
n'paKT11LieCKI1H 11HTepec npeACTaBilRIOT. pa60Tbl, B KOTOpbiX npi1BOART-. . . 
CR pe3yilbTaTbl LI11CileHHbiX pacLieTOB Ha 38~1. Bnepsble TaKI1e pac
LieTbl npoBOAI1Ili1Cb. 0AerHanoM 11 neTpi1LieKOM /3/ AilR PQ -MeTpa. 
no3AHee aHanor11LIHbiH pacLieT, npos'eAeHHbiH neTp11'LieKOM /4/, noKa3an 
nepcneKT11BHOCTb _11cnonbaosaHI1R , SQ -MeTpa, KOTOpbiH o6ecne411T • 
MeHbWI1e CI1CTeMaTI14eCKI1e owH6KH np11 H3M.epeHI111 nomipl13cll..ll111 6e3· 
cHI1>KeHI1R 4yscTimTenbHOCTI1 i1aMepi1TenbHoro ycTpoi1cTsa. Pac4eTbl 
0AerJ-!aila 11 neTpl14eKa CAenaHbl AilR niyccoscii1 <I>YHK1.11111 <t>opMbl Ili1-
HI1i.1 cneKTpa norilOII\eHI1R HMP. 0AHaKO n03AHee 151 6b1Ila o6Hapy>KeHa 

I . ·---- -- -- -· • , ""' , 

AOBOilbHO CI1IlbHaR 3aB11CI1MOCTb ·· Be1111411Hbl CI1CTeMaT11LieCK011 norpew-
HOCTI1 Q -MeTpa OT <t>opMbl Ili1HI111, 11 AaHHble, nony4eHHble AilR <I>YHK-
1..111H raycca 11 nopeHI..Ia, onpeAeilRIOT, no-BI1A11MOMy, COOTBeTCTBeH
HO sepXHI1H 11 . H11>KHI1H npeAeilbl B03MO>KHbiX CI1CTeMaTI14eCKI1X OWI160K 

np11 OA11HaKOBbiX napaMeTpaX Q -MeTpa. 
B pa6oTe neTpl14eKa 141 n'pe,O.no>KeH' TaK>Ke cnoco6 YI1YLIWeHI1R Ili1-

HeHHOCTI1 SQ -MeTpa. · C noMOII\biO c11rHana o6pal-Hoi1 cBR311, noAa-
saeMoro Ha sapi1Kan B Llenl1 npl1eMHOro > KOHTypa' KOMneHCI1'pyeTCR I 

paCCTpOHKa nocneAHero, CBR3aHHaR C pe30HaHCHbiM ~apaMarH11THbiM 
norilOIJ\eHI1eM. HanpR>KeHI1e B 1.1en11 o6paTHOH CBR311 Bblpa6aTbl~~eTCR 
B <!>a30BOM AeTeKTOpe, Ha BXOAbl KOTOporo noAaiOTCR HanpR>KeHI1e 
n11Ta10~ero reHepaTopa 11 HanpR>KeHI1e, CHI1MaeMoe.c.KOHTYpa. B Lie
noM CI1CTeMa, no cyiJ\eCTBY, yMeHbwaeT <t>aaoBbiH CABHr BbiCOK04ac
TOTHbiX Kone6aHI1H HanpR>KeHI1R Ha KOHType s ycnosi1RX HMP. B npo

. LieAype paC4eTa B Ka4eCTBe Kpi1Tepi1R·HaCTpOHKI1 KOHTypa Ha peao-
HaHCHyiO 4aCTOTY Bbl6paHO yCilOBI!fe M11HI1MyMa MOAYilR 11MneAaHCa.' 
6onee T04HbiM ycnos11eM peaoHaHca, 'AilR paccMaTpl1saeMoro :cny4aR, 
AOillKHO 6b1Tb paseHCTBO HYiliO <!>a30BOro CAB11ra Me>KAY KOne6aHI!fRMI1 
BbiCOK04aCTOTHOrO HanpR>KeHI1R Ha KOHType 11 TOKa retiepaTopa /2/• 

3TO 03Ha4aeT, 4TO-npl1 Ol..leHKe 110CTaT04HOH 11 CI1CTeMaTI14eCKOH 
norpeWHOCTI1 SQ-MeTpa·c o6paTHOH CBR3bl0 B yKa3aHHOH pa6oTe 

COAep>KaTCR HeT04HOCTI1. 
· 8 CI1IlY CKa3aHHOrO HaM npeACTaBilRilaCb aKTyailbHOH 3aAaLia B 

CileAYIOII\eH nocTaHOBKe: 
1. npoi13BeCTI1 paC4eTbl B03MO>KHbiX CI1CTeMaTI14eCKI1X norpeWHO-

CTeH napanneJ1b~mro 11 nocneAoeaTenb~oro Q -MeT poe,' B. KOTOpbiX. 
He 11cnonbaosaHa o6paTHafl CBR3b, AI1R rayccosoi1 11 nope.HI..Iesoi1 <I>Y,HK-
1..111H <t>opM-I111HI1H. . . . 

4 

J 

2. npol!f3BeCTI1 pacLieTbl B03MO>KHbiX CI1CTeMaT11LieCKI1X OWI160K AilR 
SQ -MeTpa c. o6paTHOH CBR3bl0, npeAilO>KeHHOro B pa6oTe nei-pl14e;.. 

Ka141• . · · · 

noALiepKI1BaR' LITO TaK11e CI1CTeMbl yMeHbWaiOT CABI1r <t>a3bl Bbl-' 
COK04aCTOTHOro HanpR>KeHI1R Ha KOHType, 11 CileAYR TepMI1HOilOrl111 · 
pa60Tbln~ rAe·yAa4HO pean11aosaHa 3Ta 11AeR,. 6yAeM s AailbHei1weM 
Ha3b1BaTb 11X Q -MeTpaMI1 C <!>a30BOH aBTOnOACTpOWKOH /<!>An/. 

2. nPOrPAMMbl PAC4ETOB HA 3BH 

0611\aR opraHI13ai..II1R nporpaMM AI1R 3Bt1 n03BOilRila npOI13BeCTI1 . 
pac4eTbl seni1411H m

8
(wi) 11 mp(wi) . no <t>opMynaM /6/, /8/. 11 

17 I, /9/ AilR Ka>KAOro 3Ha4eHI1R .. TeKyll\eH LlaCTOTbl w1• np11 Bb16paH
HOH COBOKynHOCTI1 napaMeTpOB 113Mepi1TeilbHbiX KOHTypos, 11 3aAaH
HOM K03<!><!>111..111eHTe YCI1IleHI1R E.~11CKpeTHbiH Ha6op w1 OXBaTbiBail 
A11ana30H 113MeHeH11R 4aCTOTbl OT Wa AO wb AI111HOH B 240 Krl..l 
111111 360 .Krl..l, paa611TbiH Ha 60 pasHbiX 11HTepsanos. UeHTpanbHaR 
4aCTOTa A11anaaoHa, LlacToTa co6cTBeHHoro peaoHaHca KOHTypa, 

Wb-Wa . 
W r = 2 COC"':aBilRila OKOilO 90 Mrl.l. no Bb1411CileH.HbiM 3Ha-

LieHI1RM m 8 11 mp Mor1111 6b1Tb nocTpoeHbl rpa<1>11K11, noKa3aHHble Ha 
p11c.l, 4TO n03BOilRI10 npoaepi1Tb .11X COOTBeTCTBI1e peailbHO Ha6J110-
AaeMbiM cneKTpaM HMP. 

B npol..lecce pac4eTOB napaMeTpbl R ' L ' G ' e ' y 11. p sapbl1-
posani1Cb s onpeAeneHHbiX npeAenax, a eMKOCTb C noA611panacb s 
cne1..111a11bHOH nOAnporpaMMe TaK, 4T06bl np11eMHbiH KOHTYP 6b1Il Ha
CTpOeH B pe30HaHC. np11 pac4eTaX, COOTBeTCTBYIOII\11X pe>KHMY pa6o-

wr---~--.----.--~--~--~ ,·,, 

~ 40 .. 

.!::!., 20 

1l 

PHc.l. Pac'l!eTHble cneKTPbi no:"" 
~HHH .HMP, nonyqaeMbie Ha 
Bb~OAe SQ -MeTpa. CnnomHble 
KpHBble npoBeAeHbl AJIH pa3Hb1X 
sHa'lleHHft saTyxaHHH B Ka6ene: 
a , 2a ., 3a; nyHKTHpHaH KpH-
~BaH - cneKTP Ha BWXOAe. SQ.;.. 

I ~-===] .... " ·s to6 . . .. I I . 1 1 MeTpa C · 'V.tUl: · : , napaMeT-
-80 -~ 0 ~ 80 pbl KOHTypa Te JKe, 'liTO AJIH 

lc.J2-:-I ,Kr~ .BepxHeH CDJIOIDHOH KpHBOH •. 

5 



·• .T~I Q :-M~Tpa 6e3, etlAn, _3H~4e~llle .e.MKOCTIII. <?o nol\6111pa110Cb Of\IIIH 
.pa3 .qiJR AaHHOH COBOKynHOCTIII napaMerpoe; nplll 3TOM OCyJlleCTB11R-
'm)cb .. iiacTpOHKa KOHTypa Ha LleHTpa11bHYIO 4aCTOTY . w r • KpiiiTepllleM 

HaCTPOHKIII 6b1110 paeeHCTBO · 1:1y1110 ee111114111Hbl cb
0

= arctg I lm[£.o(wr )] I 

/npa~TIII4e~K~:A~~iaT04HO c/Jo.$ l(J-6 /~ .. : '6TB~TCTBeHH~~[~o~w&a3o
BbiH CABIIIr BbiHY>KAeHHbJX K011e6atmH Taro _11111111 IIIHOro KOHTypa. nplll 
IIIMIIITaLIHH pa6oT~ ~An TeKyJllee 3Ha4eHIIIe 'eMKOCT~· Ci onpeAe11R110Cb 
.qiJR Ka>KAOH 4aCTOTbl w i, nplll4eM C i A011lKHbl OTBe4aTb TaKIIIM 

3Ha4eHIIIRM TeKyJlleH etla3bl Wi , 4TO 

~i =cbtfS, 

rAe. cPi- etla3a, no11y4eHHaR np111 C= c 0 , 1:10 Ha 4acToTe wt, 
a' 8 - K03etletl111LIIIIeHT yMeHbWei:IIIIR etla30BOrO CABIIIra; xapaKTepiii3YIOJliHH 
Ka4eCTBO etlAn. TaKIIIM o6pa30M, nplll Bbi4111C11eHIIIIII 311eMeHTOB Ka>KAOrO 
1113 MaCCIIIBOB m 

8
(wi ) · 11111111 . ffip (w i) ·. B pelKIIIMe etlAn C 3aAaH-

HbiM 8 IIICn011b30Ba11111Cb no ABa Ha6opa · Ci : C .8 
. Ill C ;50 A11R 

pac4.eTa Z
8
(wi) ·' 111 Z 80 (wi) ·· 11111111 Cf 111 

1
Cf0 A11R

1 
pac4e-

Ta Zp(wi) 111 Zp0(wi ). 
no Bbi4111C11eHHbiM 3Ha4eHIIIRM n011HbiX IIIMneAaHCOB MOlKHO 6bl110 CHO-

Ba no11y4aTb Befliii4111Hbl etla30Bb1X CABIIIrOB /IIIX. rpac)liiiKIII nOA06Hbl npiii
BeAeHHbiM a pa6oTe 141 I, 4TO no3B011111110 CYAIIITb o TOM, 4TO Mbl npa
BIII11bHO MOAe11111pyeM pe>KIIIM pa60Tbl Q-MeTpa C etlAn. 

etlopMa 111111:1111111 cneKTpa nor110JlleHIIIR 3aAaaa11acb a BIIIAe 1111160 ~YHK~ 
1..1111111 raycca: 

' w-w 2 
x·"(w)=K0 exp[ -( 0 ) ], 

. L\wa 

1111160 etlYHKLIIIIIII flope1:11..1a: 

X , (w) = K L 1 
· 4 w -w0 2 
1 + 3 ( 6wL ) 

rAe L\w - no11ywHp111Ha, ee111114HHa KOTopoi1 ycTaHaB11111Ba11acb: 

6w0 5 
wb -wa 

6 
MHOlKIIITe11H; w0 = Wr 

H 6wL:; 

AflR Bbi4HC11eHIIIR AHCnepCHH 
HHH KpaMepca-KpoHHra 111: 

WiJ- Wa 

9 
K 0 ,KL - HOpMHpoeo4HbJe 

HCn011b30Ba110Cb OAHO .H3 COOTHO·we-

'( )·~ _g_ ~ x"(w)•w d 
X. wi ~.. w, 

17 0. w2 -w2 ., . i 

rAe. HHTerpa11 ,f nOHHMaeTCR B CMbiC11e era r11aBHOro. 3Ha4eHHR, 
Be11H4HHb1'Em H c HaXOAH11111Cb a cool-aeTCTDHH c etlopMy11aMIII /4/ 

H /5/', J.iHTer:pHpOBaHHe etlYHKLIHH m s H ffip Bb1np11HR110Cb no MeTO-
AY CHMncoHa, 4TO o6ecne4HBa11o AOCTaT04HYJO AflR HawHx 1..1e11ei1 T04-
HOCTb. 
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PHc.2. CHcTeMaTH-.iecKHe onrnGKH npH H3MepeliHH c'I'erieHH ' 
nonHpHsa~HH c noMo~biD ~Q-MeTpa: a - ~ono~TenbHaH . 

nonHpH3a~HH,_ 6 ~ OTPH~aT~nbHafi, 

. Ein . ' Em 
::>U lJU r.:>U £UU ~"" 300 3~ ® 4~ ~~-'450~-~-300'-~'-200-150 -100 -~ 

, .. 
6 a 

0 

-1 

-2 

-3 

1-4 

-5 l~ -~ 
u -6~ 

-7 '. 7'0 

-6 ~ .8 

-1) -9 

~ ~ -11 

-12. ~ ~ ~..L..<::.....L-;--L-L-_l..;;_...L~~L--.L-:J-13 

PHC. 3. ,CHCTeMaTH'leCKHe onrneSKH npH H3MepeHHH ,CTeneHH 
nonHpHsa~HH c noMO~biD PQ -MeTpa: a ...., nonoJKHTe.J;IbHaH 

nonHpH3a~HH; 6 - OTpH~aTenbHafi, 

3 •. PE3Yilb TATbl 

Ha pJoic.2 'H 3 npHBeAeHbl CHCTeMaTH4eCKHe OWH6KH, paCC4HTaH
Hble .qiiR SQ -MeTpa H · PQ~MeTpa B 3aBHCHMOCTH OT 11H3MepeHHOr0

11 

K03etletlHLIHeHTa YCH11eHHR Em. Cn110WHble KpiiiBble. cooTBeTCTBYJOT rayc
coaoi1, a nyHKTHPHble ~ 110peH1..1eaoi1 etlopMaM 11HHHH cneKTpa nor110Jlle
HHR SIMP;· AflR ·yAOUCTB·a no OCH OPAHHaT OT110lKeHa Be11H4111Ha u, CBR-

3aHHaR C ( H3 etlOPMY11bl./5/: 
7 



c = sign(P) •a·, 

r,qe sign(P) pasHa +1 HJU1 -1 AJJ.A nOJJOlKHTeJJbHOH HJJH OTPH4a-
TeJJbHOH non.ApH3a4HH COOTBeTCTBeHHO, 

napaMeTpaMH ceMeHCTBa KpHB~X PHC.2 H 1 cnymaT BeJJH4HH~ VB 
H V P, paaH~e Mat<cHManbH~M 3Ha4eHH.AM <I>YHK4HH I m

8
(w)l , I in P(w)l 

Afl.A CHrHana TepMH4eCKOrO paBHOBeCH.A! 

Vs =I m s(w) !max 

vP =I mP(w)l 
max 

'~=1 ' 
IE .. l 

V 8 H Vp onpe,qen.AIOTC.A 4YBCTBHTenbHOCTbiO Q -MeTpoe H aenH4HHOH 
napaMarHHTHOH BOCnpHHMLIHBOCTH Be~eCTBa npH KanH6pOBKe npH60pOB. 

KpHe~e ~ H 1 npe,qcTaen.AJOT co6ow HaH6onee THnH4Hbre pe
aynbTaTbr, nonyl.leHHble npH pa3JJH4HbiX 3Ha4eHH.AX napaMeTpOB KOH
TypoB H OT06paHHble lio ABYM KPHTepH.AM: 

a/ 3Ha4eHH.A eenHLIHH lm 8 lmax . H. Imp I max npH E =500 AOJJlKHbl 
nemaTb .a npe,qenax oT 0,15 ,qo 0,35131; . 

6/ BeJJHLIHHa eMKOCTH CO , no,q6HpaeMa.A B Ka>KAOM CJJY4ae AJJ.A 
HaCTPOHKH KOHTypa B pe30HaHC /3aBHCHM~H napaMeTp/, AOJJ>KHa 6b1Tb 

. 6on1>we eenHLIHH~ napaaHTHol1 BXOAHOH eMKOCTH nepeoro KacKa,qa 
Q -MeTpa. 

npHBe,qeM OCHOBHble pe3yJJbTaTbl H3y4eHH.A BJJH.AHH.A napaMeTpOB 
npHeMHOrO KOHTypa Ha BeJJHLIHH~ V 

8 
H Vp , nonyTHO OTMeTHM H3-

MeHeHHe XapaKTepa 3aBHCHMOCTH u(Em) no CpaBHeHHIO~C npHBe
,qeHHbiMH KpHBbiMH, B TeX CJJyl.la.AX, KOr,qa TaKOBble HMeiOT MeCTO, 

qyBCTBHTeJJbHOCTb 060HX Q-MeTpOB pacTeT C yBeJJH4eHHeM HH
AYKTHBHOCTH L. 0rpaHH4eHH.A no L CB.A3aHbl TOJJbKO C MHHHMaJJbHO 
B03MO>KHOH senH4HHOH C0 . 

Man~e OTKnoHeHH.A AflHHbl Ka6en.A M OT f
0

=n·A/2 I n- 4enoe 
4HCJJO/, H3MeH.A.A xapaKTep ero C06CTBeHHOH npOBOAHMOCTH, npHBO-
A.AT K yeenHI.IeHHIO, npH !J.f < 0, HJJH YMeHbWeHHIO, npH !J.f >0, Tpe-
6yeMol1 eenHLIHHbl C0 H Hecy~ecTBeHHo H3MeH.AIOT senH4HHbl V

8 
H Vp. Tat<, HanpHMep, Afl.A SQ -MeTpa npH YAflHHeHHH Ka6en.A Ha 
1 H 3% V 8 ' yeenH4HBaeTC.A Ha 7% H 9% COOTBeTCTBeHHO, a TaKoe 
me YKopol.leHHe yMeHbwaeT V 8 Ha 6% H 14%. .LlnR PQ -MeTpa · npH 
-TeX >Ke H3MeHeHH.AX AJJHHbl Ka6en.A V p MeH.AeTC.A He 6onee 4eM Ha 
2%. B cnyl.lae· SQ -MeTpa npH y AflHHeHHH Ka6en.A Ha 1% a 

8 
npH 

Em=500 yeenHLIHBaeTC.A Ha 0,8x1o-2 no cpaeHeHHIO c BeJJHLIHHOH, 
nony4aeMow H3 rpa~HKa pHc.2. YAnHHeHHe Ka6en.A 6onee 4eM 1;1a 
1% noTpe6yeT YMeHbWeHH~OCTH AO MHHHMaJJbHO B03MOlKHOH senH-
4HH~. Yt<opol.leHHe Ka6en.A snnoTb ,qo !J.~/!' 0 = -10% npHBOAHT K 
YMeHbWeHHIO V s H 3aBHCHMOCTH u 

8
(Em) B COOTBeTCTBHH. C KpH-

B~MH PHC. 2. CHCTeManr4eCKHe norpeWHOCTH PQ -MeTpa He H3MeH.A-
IOTC.A,-ecnH AflHHa Ka6en.A 0TJJH4aeTC.A OT, pe30HaHCHOH B npe,qenax 
_-t6%. 

/ 8 

BapHa4HH ·rt6nHoro aaTyxaHH.A B Ka6ene a£ no-pa3HOMy BJJH.A- · 
JOT Ha xo,q KpHBbiX · a.(Effi-) . ·· AJJfJ PQ -MeTpa H SQ -MeTpa. B nepeoM 
cny4ae eo3pacTaHI-ie a£ ,qo · 3Ha4eHH.A a£ :: 0, 22 Hn npHBOAHT K · 
MOHOTOHHOMY y6biBaHHIO CHCTeMaTH4eCKHX OWH60K, 3Ha4eHH.A KOT.OpbiX 
AJJ.A v p < 2. 9 ·1 o-4 MOlKHO HaHTH 3KCTpanOJJ.A4HeH ,qaHHbiX PHC. 3 •. : . 
B cny4ae SQ·-MeTpa ,qn.Aaf > 0~ 1 Hn,xoT.A V 8 yMeHbwaeTc.A, eenH:. 
LIHHa as ,qame AJJ.A Em=500 naAaeT He3Ha4HTeJJbHO, TO ecTb 
cooTeeTcTBYJO~He rpa<!>HKH pH c. 2 G.YAYT n04TH cnHaaTbC.A. Tat<oe·· 
noee,qeHHe a 8 CB.A3aHO, no-BHAHMOMY, C HCKa>KeHH.AMI1 ·cneK"J'pa,. 
TeH,qeH4HIO K KOTOpbiM MOlKHO npocneAHTb no KpHBbiM pHC. 1, ,_· 

4yBCTBHTeJJbHOCTb Q-MeTpa MOlKHO yMeHbWHTb BBe,qeHHeM:!lOCfre
AOBaTeJJbHO · B 4enb pacnpe,qeneHHbiX KOne6£1TeJJbHbiX KOHTY,POB ',qonon~ 
HHTenbHbiX conpOTHBJJeHHH, HeSaBHCHMO OT MeCTa: npHCOe,!:\HHeHHR -
Me>KAY Ka6eneM.H eMKOCTbiO HJJH Me>KAY Ka6eneM H HHAYKTHBHOCTbiO. 
B HawHx, pacl.le:ra·x r:rPH H3MeHeHHH c~MMapHor:o . nocn,e,qoe.aT.e.f!bHoro 
aKTHBHoro·conpoTHBneHH.A e. ,qea .pa3a, HanpHMep OT 17,5 OM"AO 

I 35 OM HJJH o-r: 10 .OM ,qo' 20 OM, v s "'· vp yMeHbwanHC~ .. npHMepHo 
Ha 20%. TOT >Ke 3$$eKT AOCT!IIranc.A H3MeHeHHeM aKTHBHOH npOBOAHMO
CTH KOH,qeHcaTopa G oT 10-6 OM- 1 ,qo 1o-4 OM- 1• 

Y 8 ,11 VP.; pacTyT. npH ~BeJJH4eHHH BOJJHOBO~O ConpOn1~JJeHH.A 
t<a6enR .p; B HawHx pac4eTax npH r.13MeHeHHH p OT 50 OM ,qo .150, OM 
V 8 ' Ill V p yeenH4HBa.rii.1cb no4Tii Ha. 40%. . . . . .. ; . 

.QaHHble, npeACTaBneHHble B .BHAe rpa$HKOB. Ha,pHC. Z H 3; npo~e
PRJJII!Cb AJJ.A . pa3HbiX CQBOKynHOCTeH napaMeTpOB KOHTYPQB. 'nocne,qyJO
~He ripoeepKH npoBOA~JJHCb B.YCJJOBIII.AXIII3MeHeHHROtJnacTH ~~~~Terp!ll
poeaHH.A !IJYHK4111H_ m 8 Ill rnp: o6na~Tb IIIHTerp!llp?BaHH.A yBei]~4~~~~anaCb 

.e 1, 5 pa3a r.inH ebr6r.1panacb, Tat<, LITO cneKTP oKa3biBanc.A cMe~eH
HbiM Ha 1/3 OT 06bi4Horo Alllana3oHa H3MeHeH!IIH w i . Bo ecex: cny4a.AX, 
3a HCKJJI04eHHeM OTMel.leHHbiX BbiWe, OTHOCHTeJJbHble OTKJJOHeHIII.A Bbl-
4r.1CJJeHHbiX BHOB~ .a8 Ill (]p He np~BbiWaJJI-! .:!:_5%::,no·.cpaeHeHHIO· C pe;::-
3YJJbTaTaMr.1, np!llee,qeHHbiMIII H~ rpa$HKaX pHC. 2 Ill ,3 111m1 nony4eHHbiMH 
113 111--ix. cooTaeTcl-s.Y're~er:i. IIIHTepnoriR4111el1.--- ·_ -. . '· 

.. KpHBble ·,-pl1c.'2~'11 3 MoryT 6b1Tb .11Cnonb30BaHbl ,qn.A 'aee,D.el-jH.A no;
npaao't< Ha ~e~HOCTb . Q -MeT poe npH r.13MepeHH.AX non.ApH3a4111111. 
nponJHOB B nO.f!.APr.130~aHHbiX M11WeH.AX. Benr.14~Hbl V 8 Ill .'{p ,MQlKHO. 113-
MepHTb Heno!=pe,qcTBeHHO, ,qn.A 4ero none3HO py,qeT aocnonb30BaTbC.A 
TeM oficTO~TeJJbCTBOM,LITO no Kpai1He~ Mepe A0,3HayeHHH E=20: lmsl~ax 
"' I lfp lmax . paC.T.yT .f!r.1Hel1tto c E, . TO ecTb .qn.A E :S.~o.:.. : · 

·' Jm 1· .. ·. ,. · .,. ·lm J· . ·· ··· :· ''··· 
V .= s ma~. V = · p max·'.... . . 

s .. 'E.· .... p... 'E '· ·.'* 

. nepel1,qeM K 113frO>KeHI110 pe3YJJI>TaTOB pac4eTOB CHCTeM c <!>An. 
Ol'MeT!IIM ·:npem,qe. ecero. · ... -ra c. BKJJI04eH!IIeM. <!>An. Cr.1CTeMaTI14~CKHe no
rpe.~'Ho,c,~-11;. ~' P~,';~~Tpa yaeri~4~aal<JTC.A. 3T~, :~ rio-a~flt-~MoMy :; , · .A~nfle;r
c.A np,.AM~IM _ c-!leAqrs"'eM · OP.."'I:l4"'n"'a.1Jbi1CJ.ro pa3I]I(I4~.A Me>:<A~;. napannenb
HbiM H nocne,qOBaTeJJbHbiM KOHTypaMH. 

t· ;9 
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PHc.4. 0CT8TO~Hhle CHCTeM8TH~eCKHe OWH6KH DpH H3Mepe
HHH CTeneHH DODHPH38~H C DOMO~h~ SQ-MeTpa C ~All: 
a - OTpHqaTenhHan nonnpHaaqHn; 6 - nono~TenhHan. 

HaAeHeHiffR xapaKTepa cneKTpa, nony4aeMoro Ha e~xo~e SQ -
MeTpa C ~An, iffnn~CTpiffpyeT PiffC.1 /nyHKTiffpHaR KpiffBaR/. HHTepec
HO OTMeTiffTb, 4TO aCiffMnTOT~ npaBOH iff neBOH BeTBeH KpiffBOH OCTa
~TCR C pa3HbiMI1 3HaKaMiff. npiff yeeniff4eHiffiff rny6iffHbl o6paTHOH CBH-
311 (S~ oo) BKna~~ ci6eiffX BeTBeH B iffHTerpan no cneKTpy B3aiffMHO 
YHiff4TOlKa~TCR. 

Ha piffc.4 npiffBe~eHbl 3aBiffCiffMOCTH KpiffBbiX OT K03~~iff4iffeHTa 0 
yMeHbWeHiffR ~aaoeoro Ha6era S. Beniff4iffHa & onpe~eneHa ypaeHeHiffeM 

E= E~(1+8), 

r~e E~ - iff3MepeHkoe 3Ha4eHiffe K03~iff4iffeHTa YCiffneHHR ~R CiffCTe
Mbl C ~An.· TaK lKe, KaK iff Ha PiffC.2 iff 3, cnnOWHble niffHI1iff COOTBeT-. 
CTBY~T rayCCOBOH, a nyHKTHp~.nopeH4eBOH ~YHK4iffRM ~OPMbl 
ilHHiffiff cneKTpa nornouteHiffR. Pac4eTHble 3Ha4eHiffR 8, npiffee~eHHble e 
pa6oTel71, ·~R S=·3 iff OpiffMepHO O~iffHaKOBOH 4YBCTBHTenbHOCTiff 
6onbwe nony4eHHbiX HaMiff Ha 0,7·10-2 11 0,4·10-2 ~nR OTPiff4aTenb
Hoit 11 nonOlKiffTenbHOH non.Rpiff3a4iffH COOTBeTCTBeHHO. 8 OTniff4He OT 
peaynbraroe, :iffanolKeHHbiX e .pa6orax14;61, no HaWiffM ~aHHbiM, 8 
aCiffMnTOTiff4eCKiff CTpeMiffTCR K Hyn~, 11 norpeWHOCTiff _CTaHOBRTCR . 
npeHe6pelKiffMO ManbiMiff npl1 s > 6. npiff4iffHa pa3niff4HR peaynbTaTOB 
KpoeTCR, BepORTHO, 'B npo4eAYpe nO~CTpOHKH KOHTypa 

1 
npiffHRTOH 

a pac4eTax. 
Kpiffeble Piffc.4 Moryr·6b1Tb HcnonbaoeaHbl ~R KoppeK4iffiff peaynb

raroe H3Me~ nonRPH3a4HH c noMOIJtb~ SQ -Merpa c ~An. Ha4a
no KalK~OH KpiffBOH nelKiffT B T04Ke Ha ·OCiffO, COOTBeTCTBY~uteH Beniff-
4iffHe nonpaBKH npiff 8=1, TO ecTb KOr~a ~An He BKn~4eHa. ,llnR 

10 

nonbaoeaHiffR KPHBbiMiff npH Manblx 3HCI"!eHiffRXS.~eo6xoAiff~o onpeAe
JliffTb ·as no rpa~iffKaM pHc.2; 4T06bl ·npaeiffnbHO Bb16paTb pa6o4y~ 
KpiffB~ PI1C. 4. --- . 

4. 3AKTII04EHHE . ~ . - - . 

,llnR l13MepeH1·fR nonRpH3Ci4HH ~HiueHeit. no ciffrHany HMP ny4we ece
ro no~xo~I1T Q -MeTp c · nocnefioearemiHbiM KOHTYPOM. 3-Tor' np116op 
o6ecne\.IHT iff3MepeHiffR c MeHbWHMH cHcTeMaTHyecKHMH owHfiKaMH, a 
npH BKO~\.IeHHiff ~An·npHH4iffOHanbHO B03MOlKHO OCYuteCTBHTb Q-MeTp 
6ea CiffCTeMaT!-1\.IeCKiffX norpewHocreit. O~HaKo AJ1R nocne~oeaienbHo
ro Q-Merpa rpe6yeicR TutaTenbHbiH iioA6op Ka6enR: nonHoe aaTyxa- · 
Hl-1e AOOlKHO 6b1Tb KBK MOlKHO MeHbWe, BO BC"RKOM. cny"!ae af<O,f Hn, 
a ~nHHa He AOnmHa ornl-14aTbCR 6onee 4eM Ha +1% 11 -6% orfo=fiA/2. 

,(\nR Q -MeTpa C napannenbHbiM KOi-ITYPOM ·rpe6oBaHHR K Ka6en~ 
_MeHee >KecTKI-1e. OrpaHI-14eHI-1.fl no aaryxaHH~ HanolKeHbt ronbKO rpe-
6oeaHHeM ~OCTaTO\.IHOH \.lyBCTBHTenbHOCTiff'KOHTypa ~n.R peri-1CTpa4HH 
Cl-1rHana TepMiff4eCKOro paBHOSeCH.R, a ~OOYCTI-1MaR HeT04HOCTb B nOA
fiope AJ11-1Hbt M,1 0 .. ± 6% npH fo=n.\/2 •.. , 

Aeropbt 6naro~apRT npo~eccopa IO~M.Ka3api-1Hoaa H 6.C.HeraHoea. 
3a I-1HTepec K pa6ore H none3Hbte o6cy>KAeHI-1.A, H .'c. 6opHcoaa· :1-1 

A. 6 :HeraHosa a a nnoAOTBOPHbte A1-1CKYCCJ.1H. · · 
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