O6paborTKa

Mapapokcbl ucnonb3osaHma HYM cesmnos
m Konecos C.B., Xykos A.T1., Hekpacos U.A., 000 «leopu3snyeckme cuctembl gaHHbix», r.MockBsa

AHHOmMayusA. HenuHeliHo-4acmomHo-mooysnuposaHHsie (HYM) ceun-cuzHanbl 8cé ewé
AB/AKOMCA BAXHBIM Pe3ep8OM MOB8bIUIEHUA KaYecmaa subpocelicmuyeckux pabom, 00HaKO
uCnonbL308aHUE UX B0 BCEM MuUpe oepaHu4eHo 5%, a 8 95% cny4aes ucnons3yromca AuHeliHo-
4yacmomHo modynuposaHHele (/TYM) ceunel. MpuvyuHel MaKo2o nosnoxceHuUAa moaym bsimeo
Pa3HbIMU U, 8 YOCMHOCMU, 3Mo HeKomopsle ceolicmea HYM ceunos, Komopeble He yKnaodsl-
8arOMCA 8 NpuUBbIYHYIO 014 2eo0pu3uka — memooucma rnocaedosamesnsbHocmes delicmauli 8
nose u, Ha nepesili 8327140, KAXYMCA NAPAOCOKCANbHbIMU. (C MOYKU 3peHUA 0bwenpuHAmMebIx
npedcmasneHuli 0 popme celicMu4ecKo2o umnyneca).

Ha npaKktuke npu nposeaeHuu Bubpo-
cemcmmuyeckux pabor B 95% cnyyaes mbl
nmeem eno c AMHenHbiMmu (JTYM) ceunamm
1 TaKoe NoNoXKeHWe BO BCEM mupe. Bmecte
C Tem HenuHeuHble (HYM) ceunbl npu
BMOpaLMOHHON celcmopassegKe MMerT
ABHOe npeumyuwectso nepea JIYM m ecnum
9TO NPeuMMyLLEecTBO He WCNoAb3yeTcA, To
3HAYMT 4NA 3TOr0 ecTb KaKMe-To NPUYUHBLI.
N He 06A3aTeNbHO 3TO — /IEHb U HEXeNaHue
YnTaTb MYAPEHbIE KHWUIM, KOTr4a HYXKHO
CPOYHO «KOBaTb AEHbry», a 3aKa3uuk cam
He rPaMOTHbIM, HO aAHblA, U He TpebyeT
Ka4yecTBa: eMy NPOCTO N0AABaMN KUJIOMETPbI
n KybomeTpbl, YTOObI Kak-HMbyAb BbINOA-
HWUTb IMLLEH3UOHHOE CornaleHue.

BO3MOXXHO, NpWYMHbI KPOKTCA B OCO-
BEeHHOCTAX NPAKTUYECKOro NCNO0b30BaHMA
HYM csmnos. BoT 06 aTom 1 nonaéT peys. U
34eCb YMeCTHO NOroBOpUThL O NapagoKcax,
cBA3aHHbIX ¢ HYM cBMnamu. HacTMYHO OHMK
OCHOBbIBAKOTCA Ha CAeayrLWnx ocobeHHoc-
TAXHYM um JTYM cBmnos.:

1) umeeT mecTo paclwiMpeHne akTUBHOM
yactu cnektpa HYM curHana B pesynsrate
YaCTOTHO-3aBMCUMMOrO 3aTyXaHMA: Nocbina-
em «nnoxon» HYM umnynbc, a nonydaem
pe3ynbTat NyylWunh, Yem MNpu nocblike
«xopowero» JIYM nmnyneca

2) HabntogaeTca HEOXKMAAHHOE M OYEHb
3aMeTHOoe yBeNuyeHue peanbHON Havyanb-
Hoi yacTtoTbl HYM cBMna BcneacTBue ero
KOHYCOBaHWA, NPUBOAALLEE K YXYALEHUIO
NPOCNEXKMBAEMOCTU LIENEBbIX OTPAXKEHUN.

3) y N0ONEeBUKOB BO3HUKAIOT TPYAHOCTU B
Bblbope onTMManbHbIX napamertpos HYM
CBUMOB C MOMOLLBIO HE3aBMCUMOro nepe-
bopa 3HayeHWUM WX NapamMeTpoB, YTO B
NPUHUMNE HEBEPHO W HE Y4UTbIBAETCA Npu
ONbITHbIX paboTax.

4) umeeT MecTo ymeHblUeHne BpeMeHu
oTtpaboTku MB npu ncnonb3oBaHUM HeNu-
HEeWHbIX CBUMNOB BMECTO JIMHEWHbIX, MNpwu
MPOYMX PABHbIX YCOBUSAX.

EcTb 1 gpyrne ocobeHHOCTH, HO C NpuBe-
AEHHbIMM BblLE NONEBUKKN Yalle CTaNKMBa-
OTCA.

Nepean ocobeHHocTb HYM cBUNOB.

Mpu paccmoTpeHun Noc/iefoBaTeNlbHOCTU
Aencteuin  reodmsnka - NONEBUKa MOXKHO
BUAETb, YTO NepeuncneHHble ocobeHHOCTU
HYM ceBunoB AatoT MHOrAA HeOoXWAAHHbIE,
[AaXke napajoKcanbHble pesynbraTbl. 3TO
ONpaBAbIBaeT Ha3BaHWE AAHHOM nNyb/uKa-
L.

Ona ypobcTBa M3NOMKEHMA PaccMOTPUM
CHayana, 4YTO TaKoe «aKTMBHAA nonoca
cnekTpa o¢yHKUMKM BpemeHu» (no Areesy
A.B., cm. [ 7 ]). Ceitvac yale ynotpebnsetca
cnoso «3pHeKTUBHAA» YacTb CMEeKTpa, HO
CMbIC/1 MPU 3TOM He mMeHAeTcA. Peub NageT o
B3aMMOOTHOLWEHUN BUAA BPEMEHHOM
bYHKLMM 1 e€ cneKTpa, NPUYEM BUA, BPeMeH-
HOM QYHKLUMKM onpeaenseTca, B OCHOBHOM,
3P PEKTUBHOM (aKTUBHOI) YaCTbIO CNEKTPA.

OueHKa wWupuHbl 3PPEeKTUBHOM YacTm
CneKTpa MOWHOCTM (cnekTpa aBToO-
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A Puc. 1. UameHeHue ciekmpa MOWHOCMU, @ Makx#e asmokoppenayuoHHol (AK®) u e3aumHo-
-KoppenauyuoHHol (BK®) ¢pyHkyuil nuHetiHozo (/TYM) ceuna (10-80Mu/10c) ecnedcmsue yacmom-
HO-3a8ucumo20 3amyxaHuA. A-1 — Cnekmp J/TYM csuna, ucxodHsili; b-1 — cnekmp JIYM ceuna
rnocsie MooesnupoBaHUA YacmomHOo-3a8UcUMO20 3amyxaHua. A-2 —AK® J/TYM csuna, ucxodHas;
b-2 — AK® /IYM csuna nocne 4acmommHo-3a8UcuUmo20 3amyxaHusa (KpacHas Kpusas) u BK®
rnocse 4acmomHO-3a8UCUMO20 3aMYXAHUA (CUHAA Kpueas).

KoppenaumoHHon ¢yHKumn ceuna - AK®)
NPOBOAMTCA HA YPOBHE MOJIOBUHbI MAKCK-
MyMa TaKoro cnektpa. [Ans amnanTyaHbIX
CNEeKTpPoB ucnonb3yetca yposeHb 0.7 oT
MaKCUMyMa, HO B BMBPALLUOHHOM Cencmo-
pa3BegKe Mbl Yalle umeem Aeno ¢ GyHKUMA-
MW 3aBTO- M B3aMMHOWN KOpPpPenauuu u, cooT-
BETCTBEHHO, C MX CEeKTPaMM MOLLHOCTW.
PaccmoTpum, Kak MeHsieTcA BUA, CrieKkTpa
MOLWWHOCTM npu nocbinke JIYM cBuna B
cpeay C YacTOTHO — 3aBMCUMbIM 3aTyXaHK-
em celcmumyeckon sHeprun. Ha pucyHkel
MOXHO BUAETb, YTO 3PPeKTUBHaAA 4YacTb
CnekTpa nocnaHHoro ceuna (nosuuma b-1)
CyeHa 3a CYeéT ocnabneHna BbICOKUX
4acTOT M HM3KOYACTOTHaA C YMEHbLIEHHOM
OKTaBHOCTbIO, YTO BMAHO TaKXe no popme

AK®. 3aecb MOXKHO roBopuUTb TakKe 1 ob
3dPeKTUBHON OKTAaBHOCTU crnekTpa AK®.

Takum o6paszom, npu pabote c J/IYM
CBMMOM Mbl «NOCblIaeM» AO0BONbHO KOM-
NakTHbIK umnynsc AK® —nosnumnsa A-2) u
PErMCTPUPYEM TOXKE «HEMIOXOM» UMMYAbC
(cuHaa kpusasa BK® Ha mosmuum B-2), Ho
06eAHEHHDbIMA BbICOKMMM YacToTamu. [na
cpaBHeHuA ¢ BK® Ha B-2 npusegeHa u AK®
CBMMa, COOTBETCTBYIOLWAA cnekTpy b-1.

Ha pucyHKe 2 noKasaHo To, YTO MPoucCxo-
aut ¢ HYM wummnynbcom npu 4acToTHoO-
3aBMCMMOM 3aTyXaHUM CEUCMUYECKOMU
aHepruu B cpege. Ha nosnumm A-1 npuse-
AEH UCXOAHbIN CNeKTp HeanHenHoro (HYM)
CBMNA, KOHKPETHO «a6/oKT» —aeumnben-Ha-
OKTaBy («aHanuTUyeckunin», «bubnnoreu-
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A Puc. 2. U3meHeHUe criekmpa MOWHOCMU U 83AUMHO-KOPPENAYUOHHOU (hyHKUUU HenuHellHo20
(HYM) csuna ecnedcmaue 4YaCMOMHO-308UCUMO20 3GMYXAHUA:
A-1 - Cnekmp HYM csuna (7 06/0km), ucxo0dHsili; A-2 —AK® HYM csuna, ucxodHoz2o;

b-1 — cnekmp HYM ceuna (cuHuli) nocae MmooenuposaHua 2o YacmomHo-3a8UcUMO20 3amyXaHUA
8 cpasHeHuu (o ¢ropme) co cnekmpom JIYM cauna (kpacHelli) 8 mom xe yacmomHom duanasoHe.
b-2 —BK® HYM ceuna nocse modenuposaHus e2o YacmomHo-3a8ucumo2o 3amyxaHus (cuHud Nel)

8 cpasHeHuu (o ¢hopme) c AK® ucxodHozo J/TYM ceuna (kpacHsil Ne2).

HbIM» CBMMN, MUMEIOLWMINCA Ha BCcex cospe-
MeHHbIX 610Kax ynpasneHua subpatopom
(BYCB). CnekTp npMmepHO TPeyroibHbIN C
yBeNNYEHNEM aMMIUTYA, K BbICOKMM YacTo-
Tam 1 ¢ 3bPeKTUBHOMN NONOCOI Ha BbICOKMUX
(>35Tu) vactotax. CoOTBETCTBYOWMIN emy
«umnynbc» (AK®, pucyHok 2, A-2) - He
KOMNAKTHbIW, @ pacTAHYTbIN, C OTHOCUTENb-
HO (no cpasHeHuio ¢ AK® /1YM) 6onee
CUNBHBIMM NOBOYHBIMM IKCTPEMYMAMM (80
70% oT makcumyma - y H4M, no cpasHe-
Huto ¢ 40% - y T4HM — Ha pucyHke 1 no3numa
A-2).

Ha pucyHKke 2 faHO CpaBHEHWE CreKTpOoB
(B-1) n AK® (B-2) ncxogHoro JIYM ceumna 10-
60l/10c (KpacHble kpusblie) u HYM ceuna
nocne 4YacToTHO 3aBUCMMOrO 3aTyXaHWs

(cuHMe Kpusble). Ha umnynbcax (pUCYHOK 2,
B-2) BuaHo, yto nocne Y3 —3atyxaHua HYM-
ceun npespawaetca B8 JIYM, To e camoe
BMAHO M Ha cnekTpax (pucyHok 2, b-1):
CUHUI cnekTp (HYM cBuna nocne 3aTtyxa-
HMA) NOYTU COBMNAAAET C KPACHbIM (Mcxoa-
HbIn J1YM cemn 10-60Mw,).

CpaBHmBaa cnekTpbl (pucyHok 2, B-1)
MOXHO Bu1aeTb, 4To HYM (cuHMi1) HeTouHO
coBnagaet ¢ IYM (KpacHbiM) Ha HU3KMKX
yacToTax. IJTO BbI3BAaHO KOHYCOBaHWEM
(anogmsaumein cnekTpa), KoTopoe AaET
pasHble pe3ynbTaTbl NPU Pas3IUYHbIX IHEP-
TMAX CMEKTPOB Ha HavaibHbIX (34ecb —
HU3KMX) YacToTax.

Takum obpas3om, npu pabote ¢ HYM
CBUMOM Mbl «NOCbINAaeM» PACTAHYTHIN,
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HEKOMNAKTHbIN MMNYNbC, C Y3Kon 3ddeK-
TMBHOW NONOCOM YacCTOT, HO PerucTpupyem
XOpOLWUK pes3ynbtaT BO BCEM AManasoHe
BO36yXKAaeMblx 4acToT, ¢ Hanbonee WMpo-
Kum 3 DEeKTUBHBIM CNEKTPOM (KOTopbIA No
dopme cootsetcTeyeT JIYM cBuny) v BbiCO-
KOW OKTaBHOCTbIO, 4TO W Tpebyerca anA
CEMCMOpPa3BeaKN BbICOKOro paspelleHus.
Monyyaerca, 4TO 3aTyxaHue npespaliaer
npaBunbHO noaobpaHHbin HYM cBun B
JI4M, 4TO CKasblBaeTCA Ha pe3ynbTaTax
BUbpocencmmyecknx pabor.

BaXHO MOMHUTbL, YTO B BUBpoOcCencmo-
pa3BeaKe Ha HeNUHEWHbIX pPa3BEPTKax
NOHATUE «PErucTpUpPyem XOpPOLUMA CUr-
Ha/N» HepaspbiBHO CBA3AHO C MpoLeccom
KPOCCKOPpPenaunuu perncTpupyemblix
BMOpOrpaMm C MNOCbIIAEMbIM CUTHANOM.
3T1a 0C0HBEHHOCTb NPUCYLLA UCKNHYUTENb-
HO BMBpOCENCMUYECKUM HabnoaeHUAM U
MMEHHO OHa [AMKTYeT HeAoMnyCTUMOCTb
CNenoro NpoeLmMpoBaHnA Ha «BUBpocenc»
NnoAxoA0B K OUEHKe CUrHana, NpPUHATbIX B
MMNYNbCHOM ceMcmopaseegke. HenoHuma-
HUE WAW UrHOopUpoBaHMe 3Toro ¢akra 1
NPUBOAUT K BO3HUKHOBEHUIO ONUCHIBAEMO-
ro "mapagokca", Korga mbl nocblnaem
«NAOXOW» CUTHAN, @ NoNy4Yaem OTIUYHLIN
pe3ynbrar.

Nroboi cneunanmct, 3aMHTEepPecoBaHHbIN
B MNOBbIWEHUM KayecTBa perucTpmpyemblx
AAHHbIX, MOXeT ybeanTbca B crnpaBegiu-
BOCTU NpUBEAEHHbIX YTBEPXKAEHMW, Npoa-
Ha/NM3MpPOBAB pe3y/bTaTbl TPAMOTHOTO
npumeHeHmna HYM pa3BEpPTOK.

Ha pucyHke 3 npeacTaBieHbl pparMeHTbl
Koppenorpamm, nony4yeHHboix ¢ JIY9M n HUM
CBMNAaMW OAWMHAKOBON AOJIUTENBHOCTM.
HenmHenHoctb HYM pa3BépTkm nopobpa-
Ha Takum o0bpasom, 4Tobbl YaCTUYHO KOM-
neHcupoBatb adpdeKT 3aTyxaHMA Ha BUbpor-
pamme. B npouecce Kpocckoppenauum
NPOUCXOAUT YAaCTUYHAA KOMMEHCcaLuu
3aTyxaHWA 3a CYET NnpeobnagaHnA BbICOKO-
YaCTOTHbIX COCTAaBAAKOLWMUX B CneKkTpe

onepartopa Koppenauumun. Kak pesynbraT —
NoBbILEHWE Pa3peléHHOCTU U AMHAMMU-
YECKOM BbIPA3UTENIbHOCTU OTPAMKEHWUIN Ha
Koppenorpamme B cpaBHeHun c¢ JIYM
pa3BépTKON. ITO NPOMCXOAMT MMEHHO 3a
CYET pacwmpeHnsa abbeKTUBHOro cneKkrTpa
Koppenorpammbl BCNeACTBME €ro Bblpas-
HuBaHMA npu HYM pa3sépTtke. Mpu aTom
cpeaHaa 4vacTtota Bo3pocna ¢ 29y (npwu
JIYM) po 45 Tu, 3dpdexkTmsBHaa wWMpUHa
cneKkTpa so3pocna ¢ 22y go 70My, paspe-
watouwaa cnocobHocTb curHana (B8 % ot
eAnMHUYHOro umnynbca ¢ F = 250 M) ysenu-
YMnacb No aHepreTuyeckom oueHke ¢ 20 ao
48 eAnHUL,

MHave rosopsa, Y3 - 3aTyxaHme HYM
CBMMNA NPMBOAMT K pacliMpeHnto 3G PeKTmns-
HOrO CrekTpa CeMCMUYECKOro curHana (4to
BUOHO U3 CpaBHeHMA no3numn 1YM n HYM
Ha PUCYHKe 3) U K yNy4YLLEeHUIO pe3ynbTaTos
Bubpocercmuyeckux pabor.

3ta ocobeHHocTb paboT ¢ HYM ceunamm
YAUBNAET NONEBUKOB CBOEW HecTaHAaap-
THOCTbH, NOCKONbKY OHW KOHTPONMPYIOT Ha
CNyXebHOM KaHane CcemcMmoCTaHLUK
bopmy curHana, 3anyckaemoro subparo-
pOM B rpyHT, no 3anucu AK® 3toro curHana
(ewé He npowepwero Y3- 3atyxaHue !). B
npotusosec 3tomy npu pabote ¢ HYM
CBUNAMM B KOHEYHOM UTOre HY}KHO Bonblue
BHUMAHUA yAenATb He nocblnaemomy
CUrHany, a npuHuMmaemomy!

MAPAZIOKC: npu nonesbix paboTax 1M3-3a
YaCcTOTHO—3aBUCMMOro 3aTtyxaHua y JIYM
cBuna 3pPEeKTUBHbIN CNEKTP CY*KaeTcA, a y
npasuabHO nopobpaHHoro HYM ceBuna —
paclmMpAaeTcs.

Mpexge Yem NepexoamTb K OMUCaHUIo
cneayoueir ocobeHHoctm HYM  csunos
HY)XHO YTOYHWUTb HEKOTOpble TEepPMMUHbI,
KoTopble byayT ynotpebnatbca ganee. Peyb
MAET O nNapameTpax CUrHaNoB, 3HAYeHUA
KOTOPbIX Mbl NAAHUPYEM WMCMNONL30BATL U
KOTOpble Mbl MOJiy4aem Mnocae MOCbIJIKK
(oTpaboTkK) BMBpaTopom, a TakXke Te,
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KOTOpble BaKHbl MNPU OLEHKe KayecTsa
pPe3ynLTaToB CEMCMUYECKMX pabor.

YCTaHOBOYHbIE NapameTpbl: Te 3Haye-
HUA, KOTOpble BbICTABAAKTCA Ha 6n0Kax
ynpasnenua subpatopom. Ob6bIYHO 3TO -
rpaHuyHble yactoTel F1, F2,, aantenbHocTb
ceuna T, napameTtp HenuHenHoctn C,
(Tonbko gns HYM ceunos; y J14YM ero HeT),
ONNTeNbHOCTU KOHYCOB tl, t2 — HavyanbHOro
N KOHEYHOTO M, HAaKOHEeW, BWA CUrHana —
TYM, HYM (KaKo MMeHHO U3 ux Habopa) —
creneHHow (t-power), HYM - ab/Tu, HYM -
AB/OKT 1, BO3MOMXHO, MHOTME ApYrue.

PeanbHble napametpsbl: Flp, F2p, Tp, -
3TO MapameTpbl CBUMA, KOTOPbLIA YXKe
oTpaboTaH Bubpatopom (o Tp cm. HMXKe). To
€CTb 3TV NapameTpPbl COOTBETCTBYIOT peanb-
HOMY CUrHany, KOTOpPbIMA 3anyckaetca B
cpeay.

MNpw aTom 3HaueHuA napametpos C, t1,t2
He MeHAKTCA, TaK YTO ANA HUX OroBapuBeaTb
ocobble, peanbHble 3Ha4eHuUs He TpebyeTcs.

A Puc. 3. CpasHeHue ppaemeHmos Koppeso-
2pamm, noay4vyeHHsoix ¢ JIYM u HYM ceunamu
00UHaKosoU 0aumensHOCMU U 00UHAKOBbIX
YacmomHsix oUana3oHos.

MMoMMMO YyCTaHOBOYHbIX MapameTpoB
€CTb OYeHb Ba*KHbI NapameTp, KOTOPbIM
HeobxoaAum ANA KOHTPOANA CNeKTpa CBUNa,
3TO CKOPOCTb YacToTHOM pa3sépTkm Vf Ha
3agasaemon yacrote. BuyactHoctun, Vfo —Ha
yactoTe F1, eé peanbHoe 3HayeHme Vfp —Ha
yactote Flp. Vf cBAa3aHa c amnanTygamm
cnexktpa mowHoctv | S(F) | cooTHoweHuem:

|S(F)|2=1/Vf(t)=1/F(t) (1)

To ectb Vf(t) = F'(t) — npoussoaHoOM no
BpemeHun oT ¢byHKkumm F(t) - 4vactoTHoM
pa3BépTKM cemna. PaBeHcTso (1) no3sonser
O0CTAaTOYHO NPOCTO KOHTPO/AMPOBATbL U
CpaBHMBATb amMMIUTYAbl CMEKTPOB MOLL-
HOCTW CBUNOB.

feopusmyeckne napameTpbl: cHOaa,
NOMMMO YCTAaHOBOYHbIX, C/eayeT OTHeCTU
napameTtpbl 3¢pdeKTUBHbIX cnekTpos Fla,
F2a, okT (oKTaBHOCTb), a Takxe Flp, F2p, Tp,
Vfo u Vfp, n gpyrve napameTtpbl uam ux
KombuHaumm no Bbibopy reodpmsmka. 3aecb
byksa «a» npu Fla, F2a obo3HavaeT «ak-
TMBHble» (no Areesy [.B.) 3HayeHums yacToT
aKTMBHOrO y4acTka cnektpa. OKTaBHOCTb
«OKT» 3aecb ToXe 3dpdeKTUBHaA.

BropaA 0c06eHHOCTb aHANUTUUYECKUX
(6ubnmnoteunbix) HYM ceunos.

3TO 3aMeTHOe YBeAUYeHUe peanbHoM
Haya/IbHOW 4YacTOTbl MOCAE KOHYCOBaHMA.
Anoamnsaums, AN Ha XaproHe reodrUsMKoB
— KOHYCOBaHWe, W3BECTHaA B CrneKTpaib-
HOM aHanu3e onepauusa, HO eé aenucTene
ANA KBAa3sUCMHYCOMZ C MEHAKLLenca Bo
BPEMEHM YacTOTON MMeeT onpeaenéHHyo
cneundury.

N3 paguonoKaumm M3BECTHA 3aBUCU-
MOCTb CMeKTpa MOLWHOCTM OT YacTOTHOM
pa3BEpTKU (paseHcTtBo (1)). Ana crporo
MOHOTOHHbIX GYHKUMA F(t) cywecTsyeT
obpatHaa ¢yHKuma t(F), Tak yto 1/F'(t) =
t'(F). OTctoga MOXHO AOKasaTb, YTO NJo-
Waab CNekTpa MOLWHOCTK pasHa T — anu-
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TEeNIbHOCTM CBMMNA B nNpeaenax AuanasoHa
yactot F1 - F2. 3TO0 nerko nposepuTb No
dopmynam 4acToTHOM Pa3BEPTKU ntoboro
J4M nam HYM — cBuna, 3a4aHHOro mare-
maTtuyeckon popmynoit (cm.[1, 3]).

MOCKO/IbKY M3-32 KOHYCOBAHWA CNeKTp
MOLLHOCTM CFa)KMBAETCA C Kpaes, TO W
BBeAeH napameTp Tp — peanbHaa ouTeNb-
HOCTb cBMNa (He 4NA YCTAHOBKKM, a AnA
NOTUKU PaCCYKAEHUI U KOHTpONs napa-
MeTpoB).

KoHycoBaHue «3axBaTbiBaeT» 4acTu
NAOWaAn CrnekTpa, pasBHble AAUTENbHOC-
TAM WHTEpPBaNOB KOHycoBaHua — t1, t2.
O4eBUAHO, YTO NPU OAHOM U TOM Xe Bpe-
MEHHOM WHTepBasne KOHYCOBaHMA, HO NpwU
pPa3NNYHOM CKOPOCTU M3MEHEHUA YacTOTbl,
KOHYCOBaHMe 3axBaTbiBAeT pa3NnyHble
YacTOTHbIE MHTEpBabl. Yem HuXKe cnek-
TpanbHble amnanTyabl (M Bbille CKOPOCTb
Pa3BEPTKM YacToTbl cBuMa), Tem bonblue
Nnoa0ca YacToT, 3axBaTbiBaemMas KOHYCOM, U
Haobopor. (cm.[1,3]).
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YacToTHbIM MHTepBas, NepeKkpbiBaemblit
«KOHYCOM» OZIHOW W TOM Ke A/NIUTeNbHOCTH,
pa3Hblil B 3aBUCMMOCTK OT TMNa cBuna. OH
Hanbonbwmin y creneHHoro csuna («t —
power»), y KOTOpOro crneKkTpanabHaa aMniu-
TyAa Ha HaYaNbHOM HUXKHE YacToTe paBHa
Hynto. lMpu HambonbwMx NoKasaTenax
cTeneHun y «t — power» Mbl TEpPAEM HU3KUE
yactoTtbl oT F1 go 20 — 35lu, Bcneacreue
Yyero 3aMeTHO NajaeT NPoCNeXKMBaeMOCTb
oTpaxeHui (cm.[1,3]). ToT, KTO NnaHupyeT
Bubpocecmuyeckme paboTbl, 4OKEH 3TO
NOHMMaTb. KOHEYHO, CO CTeneHHbIM CBU-
nom ydwe He paboTatb, HO yBe/MYEHUE
peasnbHOW Ha4YaNbHOM YacTOTbl €CTb Y BCEX
CBUMNOB, B TOM Yncne ny JIYM, 1 3TO HYXHO
KOHTponupoBaTb. Cnocobbl YacTUYHOWM
KOMMEeHcaLUumM pocTa peasbHon HauyaibHOM
4YacToTbl Y CBUMNOB MOTYT ObITb pPasHbIMMW.
Hanpumep, 3T0 NpocTo yBeandyeHue obLei
ANUTeNbHOCTM cBuna T, HO 3TO HeXenaTe lb-
HO, MOCKO/IbKY COOTBETCTBYET M3BECTHOMY
adopuamy «Bpema — geHbri». [pyroi

G0

Puc. 4. KomneHcauyus ysenuyeHus peansHol
Ha4anbHoli yacmomer HYM ceuna ¢ nomouwisro
dobaeneHua spemeHu Ha HUXHUEe Yyacmomeol
HYM csunos: cmaHdapmHo2o «06/okm» (A)
u adanmusHoz2o — (B), (mexHonozus ABUCelic).

NPUEOPLI v CUCTEMbI PA3BEJO4YHOM FEO®U3NKM 2(56)/2016
OBWepoCcMHCKMIA BHEKBAPTANBHBIA HAYYHO-TEXHHMYECKKHA My pHan

51




O6paborTKa

BapuaHT - WCNONb30BaHWE CchneuuanbHO
NOCTPOEHHOro CBMMNA CO CMEKTPOM, rae
nobasneHo HemMHOro (NpPUMEepHO OKOoNo
10% o1 T) BpeMEHM Ha HU3KKe YacToTbl [ 2,4
]. HanomHMMm, 4TO BpeEMA PaBHO NAOLWAAM
cnekTpa mowHoctn ceuna [ 1 ]. Apyron
cnocob — pobaBKka BpemeHM B Hayano
4YaCTOTHOrO AManasoHa NpW BbIYUCNEHUU
CreKTpa ONTMMaNbHOro CBMMNA NO TEXHONO-
rum ABUCeinc[2].

Cnocobbl KOomMneHcauuMmn yBenuyeHus
HavyanbHOW YacToTbl cemna Flp, cBA3aHHbIE
c pobaeneHnem HebonbwoOro KonMYecTsa
BPEMEeHM Ha HU3KMeE YacTOTbl, NOKa3aHbl Ha
pucyHKe 4. @parmeHTbl pucyHKa 4: 4 —An 4-
b cooTBeTcTBYIOT «NOANPaBAEHHbIM»
BapuaHtam HYM cBunos «aeumben-Ha-
OKTaBy», MMeKLWMXCA Ha Bcex Onokax
ynpasneHus Bubpatopamu («bubaunoteu-
Hbim» HYM cBunam). MoanpasneHHbIN
BapuaHT csBuna AB/OKT Ha3BaH CBUMNOM
«[TapagoKT».

Ha ®parmeHTe A paHO cpaBHeHMe
CneKkTpoB mowHocTn asyx H4YM ceunos B
ananasoHe 10-120My: 3enéHana KpuBasa —
CMNeKTp KOHYCOBAHOIO CTaHAAPTHOrO CBUNA
AB/okT 10-120Mu/10c - 6a6/OKT; cuHAA
KpuMBas — CMeKTpP HeKOHYCOBaHOro cBMMa
MapanoKT ¢ aobaskom 0.7 cekyHA BpeMeHu
Ha yactoTbl 10 — 20ly; KpacHaa KpuBaAa —
CNeKTP KOHycoBaHoro csuna [lapafokKT.
Mocne 35l cnekTpbl AB/OKT U MapagokT
noYTM OAMHAKOBbl. PeanbHaa HayanbHanA
yactota ¢ 30l ymeHbwwmnace Ao 16Mu
(nouTtn Ha okTasy !). Mpu aTom owyTUmoe
nameHeHme ¢opmbl AK® BugHo Ha Ppar-
meHTe b. 34ecb NOKasaHbl aBTOKOPpPenaLm-
OHHble PYHKUMKM MCXOAHOro cBuna AB/oKT
(cuHAA Kpuean) v cemna MapagoKT (KpacHas
Kpusas). Mo popme AKD® MOKHO 3aMeTUTD,
yTo Yy MapaZoKT - CBUNA HECKONbKO HUXKe
cpeaHnAn 4Yactota U bonblie OKTaBHOCTb -
NoboYHbIE 3KCTPEMYMbl MMEKT MEHblune
amnauTyabl.

®parmeHT B oTobparkaeT cnekTp agan-
TuBHoro curHana 10-80Mu, rae no TexHono-
rmn ABUCeiic yxe pnobasneHa sHeprua Ha
HM3KMe yactoTbl HYM ceuna, 4TobbI CKOM-
NeHCcMpoBaTb HeXenaTenbHoe yBeMYeHue
peanbHOM Ha4vyaNbHOW YacTOTbl nocne
KOHYCOBaHMA.

TpeTtba ocobeHHocTb HYM cBMnoB.

3TO B3aMMO3aBUCUMMOCTb BblBUpPaeMbIx
napameTpoB CBMMa, KOTOPbie A0NXKEH
KOHTpONMpoBaTb reodusmk — METOAMUCT.
Mpu nNnpoBeaeHUM ONbITHbIX paboT B 6onb-
LWMHCTBE CAy4aeB reopusmku nepebupator
3HaYeHUA YCTAHOBO4YHbIX (Ha BWbpaTope)
napameTpoB, CYMTAA UX HE3aBUCUMbIMU, U
aHaNM3MPYHOT BUA Koppenorpamm. YcTaHo-
BOYHblE NapamMeTpbl M B CAMOM Agefie Hesa-
BMCUMbI Mexay cobol4, HO OLEeHKa KayecTBa
BubpocericMmnMyeckoro matepuana npu mx
nepebope npou3BOAMTCA He TONbKO MO
HUM, HO M NO KX «aTpubyTam», B TOM Yncne
no KOMbUHaUMAM NapameTpoB.

B 4acTHOCTM, pe3ynbTaT onbiTa Npwu
BblbOpe YCTAHOBOYHbIX NapameTpoB 3aBu-
CUT He TO/IbKO OT rpaHun4HbIX YacToT F1, F2,
BpemeHM T M napameTpa He/MHEeNHOCTU
(06bluHO gna HYM: C = ab/Tu, C= ab/okT,
unu C=log(A2/A1), rae A1 v A2 —cnekTpanb-
Hble amnauTyabl Ha 4Yactotax F1 u F2,
COOTBETCTBEHHO, A0 KOHYCOBaHMA CBMNA),
HO M OT pacnpeaeneHua aHeprum ceuna no
yactotam. N8 NMHEWHOro cBWUMna, UMeto-
Lero npsiMOYro/ibHbiA CNEKTP, 3Heprua
NOCTOAHHA B AMaNa30oHe rpaHMYHbIX 4acToT
n pasHa T/(F2-F1). OHa ecTb obpaTHas
BE/IMYMHA CKOPOCTM YaCTOTHOM Pa3BEPTKM
Vfp Ha Ha4yanbHOW peanbHoW YacToTe Flp.
U3 dopmynbl Vf = (F2-F1)/T cnepyer, uTto
npv nepebope YacToT MeHAETCA M SHeprua
(BblCOTa NPAMOYronbHWKA, COOTBETCTBYHO-
waa cnekrpy /I4YM cBuna) Ha oAHOM 1 TON
e BblbpaHHOM YacToTe, pasHasa 1/ Vf, uto
XOpOWOo BUAHO Ha puc. 5-A 1 5-b, a npwu
nepebope 3HayYeHUM ANUTENBHOCTM Ha
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(puc.5-B B cpaBHeHuun duryp 5-B-1,2,3,15
—B-4) meHAOTCA M peanbHble rPaHUYHbIE
4acToThl.

Ecnm mbl xoTUm nopbupatb rpaHUYHbIe
4acToTbl, TO EeCTeCTBEHHO nonaraTb, 4TO
JHeprua AO0/KHA COXPaHATbCA Ha Tex
4YacToTax, KOTOpble He 3aTparnsBaroTCca Npu
nepebope 3HaYeHMIN HUXKHEN UK BEPXHEN
4acToTbl, HO TOr4a AO/MKHA MEHATbCA
0bwan saHeprua cenna, To ecTb ero 4AuTeNb-
HOCTb, YTO XOPOLWO BMAHO Ha puc. 5 -B, Ha
¢urypax B-1, B-2 1 B- 3., rae nepebupaetca
BEPXHAS 4acToTa, HO MeHaeTcA M 0buwasn
naowaab cnektpa camna. BugHo, 4to npwm
CMeLLLeHMN YacToTbl F2 HY»XHO McnpasnaTb
M 3HayeHune T, a 3TO0 0OLIYHO HUKTO He
Aenaer.
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A Puc. 5. Bzaumosasucumocme 2eoghuzudecKux

napamempos J/IYM csuna.

«A», «b» — pe3ynemamsi 06bI4HO20 nepebopa

yacmom F1u F2 . «B -1,-2 u -3 - npasunbHbili
8blbop F2 — c usmeHeHuem obwell dnumens-

Hocmu ceuna. ®uzypa «B»-4 coomeemcmeayem

yeenuyeHuro obwel dnumensHocmu ceuna
8 uHmepeane yacmom 10— 80 'y, npuyém
8UOHO pacwupeHue peassHo20 uanasoHa

Yacmom npu NoCMOoSAHHbIX 3HaYeHuax t1, t2 -

01uMenbHOCMAX UHMepP8an08 KOHYCOBAHUS.

YTo KacaeTcAa WM3MEHEeHUA TPaHUYHbIX
peanbHbIX4acToT NPU U3MEHEHUU ANUTE b-
HOCTUM CBUNA, TO, HA NEPBbLIN B3rNsa, Kaxer-
CAA, YTO 3TU U3MEHEHMA Masibl U UX MOXKHO
He y4MTbiBaTb. HO OKa3bIiBAETCA, YUTO MOXHO
b6e3bonesHeHHO nNpeHebpeyb NULWb M3Mme-
HEHUEeM BepXHen 4acToTbl.

Mpumep: cBun 4 — 84ru/10c, KOHyca no
0.5c. Ycnoeua pabot 6aM3KM K CcTaHpap-
THbIM. CKOPOCTb YaCTOTHOM pa3BEépTKM — (84
— 4)/10= 8lu/c. Ha KOHYC ANUTENbHOCTbIO
0.5¢ npuxoautca 4luy. Toraa peanbHas
HavanbHaa4vacTtoTa—8ly, Ho oT 4ly, Ao 8y, —
O4Ha OKTaBa, TO eCTb Mbl TepAemM Lenyto
OKTaBY B Hayajne CneKkTpa 3anucu, 94To,
6e3yCcNOBHO, AO/IKHO CKa3aTbCA HA Kayec-
TBE pe3ynbTaTos.

NMpwn wncnonezosaHum HYM cBunos
B3aMMO0O3aBUCUMOCTb NapamMeTpoB BbIrNA-
OUT CNoXHee, npexae Bcero us-3a gobas-
NleHUA napameTtpa HeNUHEMHOCTW, Bcne-
OCTBME Yero npu M3MEHEHUM YacToTbl
MEHAETCA CKOPOCTb YACTOTHON Pa3BEPTKM
(n, cooTBeTCTBEHHO, 3HEpPrua cnekrtpa).
Ecan npu T4YM cBune HyXXHO KOHTPOAUPO-
BaTb 4 napametpa - F1, F2, T, Vfo, To npu
HYM —natb: F1, F2, T, C, Vfo. Npu aTom u3 5-
TM NAPameTpPOB TONbKO 4 HE3aBUCUMBIX, @ 5-
bl BbluMCAseTCA No 4-em BbibpaHHbIM. [py
3TOM B KayecTBe 3aBUCMMOTro MOXHO B3ATb
Ntobort napameTp M3 NATU M ONpPeaennUTb
€ro 3aBMCUMOCTb OT Itoboro napamerpa us
OCTaBLWMXCA 4YeTbipéXx, 3aPuMKCMpoBas
3HaYeHUA OCTaBLUMXCA TPEX MapameTpos.
Ha pucyHKe 6 NoKa3aHo TO/NILKO 6 Bapwnak-
TOB B3aMMO3aBUCMMOCTEN NAPaMeTpoB, HO
Ha gene ux bonbwe. Ha Kagom nosmvumm
Tpu napameTpa ¢uUKcMpoBaHbl, a ABa —
B3aMMOCBA3aHbl (OHM YKasaHbl B /1eBOM
BEPXHEM Yy KaxKa0M No3numm).

Hanpumep, Ha no3nuunm 6-1 pukcmposa-
Hbl 3HAYe€HWA 4acToT U AAUTEeNbHOCTb - F1,
F2 n T, a KoadpdnumeHT HeanHenHocTn C m
Ha4anbHasA CKOPOCTb pa3BépTku Vo B3am-
MO3aBMCMMble NapameTpbl. ECn mbl XOTUM
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A Puc. 6. Bsaumo3sasucumocms eeogpusudeckux napamempoe HYM ceuna . Ha kaxcdom u3 wecmu
nosuyuli uz namu napamempoe F1, F2, T, C, Vfo ¢hukcuposaHsl mpu napamempd, a 08ad 3a8UCUMbI
(OHU MOKA3aHbI 8 1€BOM BepPXHeM yany Kaxdol no3uyuu) u ux usmeHeHUA 8UOHbI HA CEKMpPax
MouwsHocmu. B kayecmese napamempa HeauHeliHocmu C 83am no2apudm omHOWeEHUA cnekmpasns-
HbIX amnaumyo Ha yacmome F2 k amnnumyode Ha F1, nocnedHas pasHa o6pamHomy 3Ha4eHUo
napamempa Vfo; dnumensHocmu T coomeemcmayem naowjads criekmpa. Pa3HelM criekmpam
coomeemcmeyom pasHbie 3HaYeHUA 3a8UCUMbIX MTApamMempos.

ysennyutb C, T.e. nogbasuUTb 3HEpPruo Ha
BbICOKME 4acToTbl, TO 3Heprua 1/Vfo Ha
Ha4ya/IbHOW 4acToTe yMeHbluaeTcs, TO eCTb
BO3MOHO yXyAlWeHne npocnexmpaemoc-
TH, aTaKKe yBeNMYeHWe HaYaNbHOM peanb-
HOW 4actoTbl Flp nocne KOHyCOBaHWA.
Y1obbl 3TOro He 6bINO, NpK yBennyeHuu C
HYXXHO noabaBNATb SHEPrU0 Ha BbICOKME
4acToTbl 3@ CYET yBe/IMYeHUA BpemeHu T,
4YTO MOXHO BMAETb Ha nosuuuu 6-4, rae
¢duKkcmposaHbl F1, F2, n Vfo, a 3HavyeHna Cu
T — B3ammo3sasucumsbl. Kctatm rosops,
cnepyet NOMHUTb, YTO ecnu B Ba0oKe ynpas-
nenna (BYCB) He yuyTeHa BO3MOMHOCTb
B3aMMO3aBMCUMOCTM NAapameTPOoB CBMNOB,
TO npu nepebope 3HavyeHMin C moryT «no-
NAbITb» 3HadyeHma n F1, u F2, u T, u Vfo,.
3pecb ynomAaHyT napametp Vfo, nockonbky
Ha HeKoTopbiXx BYCB OH BXOAWMT B 4nCno
YCTaHOBOYHbIX NapamMeTpoB, Hanpumep,
BmecTo F2.

Echm npn JIYM cBune He3aBUCUMBbIN
nepebop 3HaAYeHM YCTAHOBOYHbLIX Napa-
MEeTPOB AaéT cpeaHee KAyecTBO pes3ynbTa-
TOB, TO Npn HYM cBMNax NpuUMNTU NyTEM
nepebopa K npuemnemomy peweHuo B

OrpaHuMyeHHble CPOKWM OMbITHbIX pabor
NPaKTUYECKU He YyOAETCA.

Bbixo4 “3 HenpuATHOCTEM C Bblibopom
ONTMManbHbIX napameTtpos HYM ceunos
pasymeeTcA eCTb M OH AaBHO onyb6AnKOBaH,
B4YacTHocTu,B[1,3].

HakoHel, ecTb elwé oaHa 0COBEeHHOCTb
ucnons3osaHua HYM cBUNOB, KOTOpYH
CTOWT YNOMAHYTb U KOTOPYH HYXKHO YUYUTbI-
BaTb BCEM 3aKa3umkam Bubpoceincmuyec-
KMX paboT, NOCKONbKY OHa CBA3aHA C YMeHb-
leHMem ctoumocTu pabot ¢ HYM cemnamum
no cpasHeHuto ¢ /1IYM 6e3 noTepu KayecTsa
pe3ynbTaTos.

YerBépTaa ocobeHHocTb HYM cBuMnos:
«BpemA—aeHbru»,

lMpoaHanusanpyem puCyHOK 7, rae pac-
CMOTpPEHbI cxembl (6aM3KMe K peanbHOCTK)
BapWaHTOB nocbiiku Asyx JIYM cBunos
pasHon ANnTenbHoOCTn n ogHoro HYM ceuna,
COOTBETCTBYlOULEro csuny paeuunben-Ha-
OKTaBYy C NapameTpoOmM HeJIMHEeUHOCTH
646/0KT. 3T0 NPUBANMKEHHO COOTBETCTBYET
POCTY 3HEPrMM OT HUMKHEM 4acToTbl K Bep-
xHel B 15 — 174B, 4acTo BCTpeyarwencs
Be/IM4YUHE aNnAa onTumanbHbix HYM ceunos
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CIICKTPBI MOIIHOCTH MOCBUIACMBIX CBHIT — CHI'HAJIOR,

CICKTPbI MOIHOCTH IIPHHHMACMBIX CHIHAIIOR,

_ .. CIICKTp LIYMOB,

—————— ,LI,OIIyCTHMblﬁ YPOBCHBL 3HCPIHH IIPHHATOIO CHIHAJA,

A Puc.7. lNosacHeHue npeumywecms Ucrnosnb3oeaHuAa HE.’J'TUHeleb.‘X ceunoe no cpasHeEHUO C AuHel-
HbIMU MPU HAAUYUU 8 cpede YaCMOMHO — 3a8UCUMO20 3amyxaHuA celicmudeckoli sHepauu. F3 —
- 8epxHAA 2paHuya paboyeli noaocsl yacmom, S SS— u3b6bimovHaa yacme 3Hepauu J1YM ceuna
[pu pasHbIX epaHU4YHbIX Yacmomax paﬁoqeﬁ nonocesl.

npu amnanasoHe yactot 10 — 70y, ana pabor
no BpemeH 2.5 - 3.0 cekyHap! B HEPTEHOCHbIX
paioHax PO®.

PucyHoOK 7-A cxemaTHUyYeCcKu ManiCcTpupy-
eT nocblaky JIYM csuna 10 — 70Mu/12¢, npu
KOTOPOM 4acTOTbl, Ha KOTOPbIX 3Heprua
CBMUNA NPEeBbILAET YPOBEHb NOMEX, HAaXoAAT-
cAa B amanasoHe 10Ny <F3<=47Ty. CuHMM
LLBETOM MNOKa3aH CNeKkTp ONOpHOro curana,
KpaCHbIM - CNEeKTp CBMMa nocne 4acroT-
HO—33aBUCUMMOTO 3aTyXaHWUA B cpeje - TO ecTb
CNEeKTP NPUHATOro CMrHana. 3eNEHOM YepTon
0603Ha4YeH ypoBeHb 3HEPruu, Bbile KOTOpPOo-
ro He TpebyeTcA NOBbIWATL IHEPrUIO CBUNA,
TOYKamu/nyHKTUpom (uépHoro usera)
obo3HaueH ypoBeHb wymoB. O4yeBUAHO
YacTb CNeKTpa NPWHATOrO CUrHana Bblle
3eN1éHOM NMHUK, 0bo3Ha4YeHHan ByKBoM «S»,
«AULWHAAY ONA aHa/M3a Pe3yNbTaToB YacTb
CNeKTpa MnOoCblIaeMoro CBMMNa, C TO4YKM
3peHMA NOCTaB/feHHOW 3apaun Bubpocen-
CMMYecKmx pabor.

YTo6bl pacwmpuTtb AManasoH 4acToT, rae
CUrHan npesbiwaeT nomexy, npu JI4YM caune
06bIYHO YBENMYMBAIOT €ro A/IMTE/IbHOCTb.
3TOT BapuaHT NoKasaH Ha cxeme 7-B, rpe
paccmotpeH camn 10 — 700y, ¢ gavTtenbHoOC-
Tbto 16.5¢. 3aecb Npasan rpaHMYHaA YyactoTa
pabouero agmanasoHa yactot F3 Bo3pocna Ao
57Ty, 1, COOTBETCTBEHHO, BO3pOC/a «/MLWI-
HAA» 3Heprma, obo3HayeHHan 3aech bykea-
MW «SS»,

Ha puc. 7-C noKasaH pe3ynbraT NocbIIKu
npaBuabHO nogobpaHHoro HYM cBuna
(sgecb 3to csun 10 - 70Mu/11.25¢ -
64,6/0KT), NP1 KOTOPOM 3HEPTUA MPUHATOTO
CUrHana npesblWaeT ypoBeHb LWYMOB BO
BCEM YacToTHOM Auana3one 10 - 70y, T.e.
3pecb F3 = 700y, nputom, 4TO ANUTENBHOCTb
HEeCKO/IbKO MeHblLue, yem npu JTYM ceune 10
— 70lu/12c, a pabounit AmanasoH 4acToT
3ameTHO Wwupe. OH gaxke WwWu1pe, yem y cemna
10-70mu/16.5c.
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YBesinyeHune sHeprmm Ha BbICOKMX YacTo-
Tax, Tam, rae eé HegoCTaToOK BcaeacTeme Y3
- 3aTyxaHua npu JIYM cBunax, Nnpu ymeHb-
lWEHUMM €€ Ha HU3KKUX YacToTax, rae eé
N36bITOK, MOXHO NPeaCcTaBUTb KaK nepe-
Ka4yKy 3HEpPruum C HU3KMX 4YacTOT Ha BbICOKME.
Mpn ogHOM M TOM e 4acTOTHOM Auanaso-
He HYM cBun He TpebyeT yBenuyeHun
SHEepPrum ANA NoBbIWEHUA Pa3pPeLEHHOCTH,
no cpaBHeHuto ¢ /1IYM ceunom [ 5]. OaHakKo,
€CNM HaM HYXXHO PacluMpUTb YaCTOTHbIN
AMana3oH ONOPHOro CUrHana, T.e. yBe/u-
ynutb F2, Torga HyXXHO yBenWuuBaTb A/N-
TeNIbHOCTb CBMNA — Kak JIYM, tak n H4M,
XOTA M B pa3HOM CTeneHu.

[MloKka 4TO Mbl paccmaTpuBanu ynayyie-
HMUE Ka4yecTBa pPe3ynbTaToB, NONYYEHHbIX C
JTYM ceunom npu nepexoge K HYM caunam
6e3 M3MeHeHMA YCTAaHOBOYHbIX Napamert-
poB F1, F2 n T. BmecTe c Tem ecaum KayecTBo
pesynbtatos npu JIYM cBuTe Hac ycTpamsa-
eT, TOr4a 7O e KayecTso, Ho c HYM caunom,
MOXHO MONYYUTb C YMEHbLUEeHUEM Bpeme-
HU oTpaboTKkn obbekta Ha 25 — 30%. U3
onbiTa BNOMHe ycnewHblx pabor ¢ HYM
csunom cnegyet, 4to npu JIYM cBune
HavyanbHyo sHepruto 1/Vfo Ha uactoTe F1
MOXHO yMeHbwuUTb B 2 — 3 pasa (T.e.
HaYya/IbHYK CKOPOCTb YaCTOTHOM Pa3BEPTKMU
yBenunuuTtb B 2 — 3pasa). Ecam KauvectBo
paboTt ¢ JIYM cBMNOM Hac ycTpauBaeT, TO U
aHeprna HYM cenna Ha vactoTe F2 Hac Toxe
ycTpausaet. Torga cnektp onopHoro JI4M
cBMna n3obpasum B BUAE NPAMOYTO/bHUKA
wupuHon ot F1 ao F2, Bbicotoi - 1/Vfo u
naowaabio - T. Y atoro npAamoyrosibHUKa
NIeBYI0 CTOPOHY YMEHblUMM BABOE WU
BTpoOe (4Ba BapuaHTa) U OH NPEBPATUTCA B
Tpaneuuto (eé cnektp cooTtseTcTByeT HYM
csunny) ¢ naowaabto 0.75* T, ecnn nesas
CTOPOHa yMeHblueHa Basoe, uamn 0.67* T,
eC/IN 3Ta CTOPOHA yMeHblweHa BTpoe. B
OaHHOM C/yyae naowagb CnekTpa MOL-
HOCTU — 3TO ANUTENbHOCTb CBMN-CUrHaNa.
OTctopga u cnepyet OUEHKAa YMeHblUeHMA
ANUTEeNbHOCTM cBuNa Ha 25% nnu Ha 33%, u

3TO TO/IbKO B pe3ynbrate nepexoga ot J/IYM
K HYM cemnam.

34ecb NapagoKC COCTOUT B TOM, YTO Mpu
JIYM cBune mbl He MOXKeM Kak crienyet
pacnopaamnTbCA ero 3Hepruen, Kak npu
HYM, nockonbKy 60nbWKMHCTBY reodpusm-
KOB NpOCTOTa MeTOAUKM paboT apopoke
uenecoobpasHocTy.

OTMETMM, YTO YMEHbLUEHME IHEePr1uun Ha
HU3KMX 4YacToTax BeAET K YMEHbLWEHU
rnybuUHHOCTK, TO ecTb BblIbOp NnapameTpoB
CBMMOB J0/MKeH bbITb cornacoBaH C pele-
HMEeM reosorn4yeckon 3afayum LAaHHbIX
pabor.

B 3akntoyeHMe Hafo OTMETUTb, YTO
AaHHaA NybauKauma He CoaepXKUT HUKAKUX
HOBbIX Maen. Bcé paBHO y)Ke OnMMCaHo U
U34AHO, HO, KaK MNOKa3blBaeT MNpaKTUKa
BUbpocencmuueckmux pabot, HeobxoamMmo
eweé pa3 ynomaHyTb 06 ocobeHHOCTAX
npumeHeHua HYM cBunos, 4TOObI OHM,
HaKoHeL, nepectanu bbITb TONbKO pesep-
BOM MOBbIWEHUA KayecTBa pe3yNbTaTos
Bubpocercmopasseakn, a Bownu Obl
NONHONPABHO B NPAKTUKY NONEBbIX paboT.

BbiBOAbI.

1) OueHKy KavyecTBa BO3byXAeHWA
cnegyer nNposBoAUTb MO paspelléHHOCTU
LeneBbIX OTPAXXEHNI Ha Koppenorpammax,
a He No aBTOKOPPENALMOHHOMY UMNYNbCY
Ha cnyxebHOM KaHane, MOCKO/NbKY B
pe3ynbTaTe 4acTOTHO-3aBMCUMMOrO 3aTyxa-
HUA B cpeae 3PpPeKTUBHLIN CNEeKTp OnTU-
Ma/IbHOTO HEZIMHEMHOrO CBUNA paclmpaeT-
CA A0 UCXOAHbIX FPAHUYHbIX YacToT, Toraa
Kak 3adpdeKkTnsHbIM cnektp JIYM cBuna
CY)KaeTca C NOHUXKEHUEeM BepxHeln rpaHmny-
HOW YacTOTbl.

2) HeKoHTponuMpyemoe yMeHblueHune
aHeprum cnektTpa HYM cemna Ha HavyaNbHOM
4yacToTe MOXeT MpuBecTn, BCAeacTBUE
KOHYCOBAHMA, K 4Ype3mepHOMY CABUTY
peasnbHOM Ha4ya/NbHOW YacToTbl CBMMA B
CTOPOHY BbICOKMX YacCTOT, YTO NpUBEAET K
noTepe HWU3KMX YacToT Y KOPPEenaunmoHHOro
UMNyNbCa, K YXyALWeEeHUI0 npocnexunsae-
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MOCTU OCel CUHPA3HOCTU U YMEHbLLEHUID
OKTAaBHOCTW ceucMUYeckon 3anucu (K
NoABAEHUI0 NOBOYHbIX OCei CMHDA3ZHOCTH).
B uucne napametpos H4YM cBuna, Kpome
rPAHUYHbIX 4acTOT, ANTENbHOCTU U KO3-
dnumeHTa HennHeMHoCTH, Heobxogumo
KOHTPOAUPOBATb CKOPOCTb YacCTOTHOM
pa3BépTkn Vfo Ha HavyanbHOWM yactoTe
csuna.

3) CywecTByeT B3aMMO3aBUCMMOCTb
reodpusnyeckmx napameTpoB Kak y JI4M,
Tak ny H4M ceunos. Mpu onbITHbIX paboTax
HepgonyctTumo nepebupatb 3HavyeHUA
OfHOro napameTpa CBUNa, He KOHTPOAMpPYA
M3MEeHeHue Apyrux napameTpoBs, 3Ha4u-
MbIX ANA OL@HKM Ka4eCcTBa Koppenorpamm.

4) MNpn OAHOM WM TOM e YacTOTHOM
ANana3oHe MCNosb30BaHWE HENUHENHOro
csuna (HYM) Bmecto nuHenHoro (/14M)
NO3BONAAET YMEHbLWUTb BpemA OTPaboTKu
MNB Ha 25%—30% u Tem cambiM YyMEHbLWUTb
CTOMMOCTb pabor.

PEKOMEHAOALUA
no Bblbopy 3Ha4YeHMin napameTpos HYM
caunos (cm. [ 1, 3])

B3ATb B KayectBe F1 camyio HMU3KyIO
4acToTy, KaKykw moryT otpabaTbiBaTbh
nmeromecs B napTum Bubpartopsbl

Mo pe3synbTatam npegplayuimx pabor ¢
NTYM cBunamn B AaHHOM perMoHe oTpabo-
TaTb HecKosbKko ¢.H. ¢ JIYM cBunom npum
3apaHHbIX F1, npegblaywmx F2 u Bbibu-
paa Bpema Ton (4nA ONbITOB CO CKOPOCTBLIO
YaCTOTHOW Pa3BEPTKMU HA HUXKHEN YacToTe -
Vfo), npmbnnkéHHo B 2-3 pas3a meHblliee,
yem npu npeaplaywmx pabortax. AHann3u-
poBaTb Pa3peleEHHOCTb U NpocaeXKneae-
MOCTb C/lelyeT TO/IbKO Ha HU3KUX U CpeaHnX
YyacToTax.

CKOpOCTb 4acTOTHOM Pa3BEPTKM Ha
yactoTe F1 TOrga MOXHO B3ATb PaBHOM
Vfo=(F2-F1)/Ton. [Oanee, ¢uKcuposas,
Hanpumep, ANUTENbHOCTb T (3aAaHHYHO
Ha4YaNIbCTBOM MU 3aKa34YUKOM), Mbl UMEEM
ye Tpu napametpa Vfo, F1 n T- (43 natm

KOHTpOAmMpyembix napametpos H4M ceuna
— Vfo, F1, F2, T, C) u yke moxem BbibpaTb
npuemnemyto napy sHayeHuni F2 n koadpdu-
uneHTta HenuHenHoctu C. [na pacyértos
notpebyeTca KOMMbIOTEPHAA nporpamma
Tmna «PATTAHC» (PAcuyét [MApameTpos
HenuHelHbix CBUNOB, cocTaBneHHasa B 000
«CO»). C eé nomowbio MOXHO, 33aaBasn
3HayeHuA NobbIX 4-X NapameTpoB U3 NATH,
MOHO BbIYUCAUTL 3HA4YeHuUe nAToro
napameTtpa.

MeHAA 3HaYyeHnA napameTpos F2 nam C,
aHaNM3NpPyemM KayecTBO Koppenorpamm
(Npocne)kMBaemocTb LLeNeBbIX OTPaXKEHUN
Ha BbICOKMX YacToTax). Ecnu HeT nogxonn-
wen napbl 3HavyeHnt F2 u C, To cneayet
yBennuutb spema T n noabupaTtb HOBblE
3HayeHuA F2n C.
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