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I'Iapap,oucm MCNONb30BaHUA HYM CBUNOB
m Konecos C.B., Mykos A.M., Hekpacos WN.A., 000 «leodusmyeckmne cucTemsl gaHHbIX», r.MocKea

AHHOMayud. HenureliHo-yacmomHo-modynuposaHHsie (HYM) ceun-cuesHane! ecé ewé
ABAAOMCA BAXHLIM PE3epeoM MossblueHua Kayecmea subpocelicmuyeckux pabom, 00HAKO
UCnonb308aHUE UX 80 BCEM Mupe o2paHu4eHo 5%, a 8 95% cayvaee ucnonb3yromca AUHelHo-
yacmomHo modynuposaHHeie (/14M) caunei. [MpuduHbl MAKoO20 MOAOKEHUA Mmo2ym bbimb
PasHLIMU U, 8 YACMHOCMU, 3Mo Hekomopsle caolicmea HYM ceunos, komopesie He yKaaosbi-
8arOMCA 8 MPUBbLIYHYIO 0018 2eodusuka — memoducma nocnedosamensvHocmes delicmeuli 8
rnosne u, Ha nepsoili 8327190, KAXYMCA NAPACOKCANbHLIMU. (C MOYKU 3peHuUsa obuenpuHamasix
npedcmasneHull o popme celicMu4ecKo20 UMynsca).

Ha npaktuke npu nposegeHun BubpoO-
cericmmnyeckux pabot B 95% cnyyaes mbli
nmeem geno c AnHelHbimu (JTYM) ceunamm
W TaKoe MosoXeHue Bo BCEM mupe. Bmecte
C Tem HenuHeuHble (HYM) cBunbl npwu
BUOpaLMOHHON CcelcMmopasBeske WMeroT
ABHOe npeumyulectso nepeg JI4YM u ecnum
3TO MPEeMMYLLECTBO HE WMCNONb3YeTCA, TO
3HAYUT 418 3TOrO ecTb KaKMe-To NMPUYUHbLI.
N He 06A3aTENbHO 3TO — IEHb U HEXENaHne
YnTaTh MYAPEHLIE KHUMM, KOr4a HYXHO
CPOYHO «KOBaTb AEHbry», @ 3aKa3uyMmK cam
He rPaMOTHbIN, HO agHbll, U He TpebyeT
KayecTsa: eMy NpoCTO NoAaBai KUIOMETPbI
n KybomeTpbl, 4TO6bI Kak-HUbYAbL BbINOA-
HUTb IMLEH3MOHHOE CornalleHume.

BO3MOXHO, NMPWYMUHBI KPOKTCA B OCO-
HEeHHOCTAX NPAaKTUYECKOr0 MCNONbL30BaHUA
HYM cBunog. Bot 06 aTom 1 noMgeT peds. U
34eCb YMECTHO NOroBOPMUTL O NapagoKcax,
cBA3aHHbIX ¢ HYM cemunamum. HYacTMYHO OHKU
OCHOBbIBAKOTCA Ha CneayoWwmx ocobeHHoc-
TAX HYM n JTHM ceunos:

1) umeeT mecTo paclMpeHne aKTMBHOM
yacTtu cnektpa HYM curHana B pesynbrate
YaCTOTHO-3aBMCMMOTO 3aTyXaHWA: Nocbina-
em «nnoxon» HYM umnynbc, a nonyyaem
pe3ynbrTaT Ay4YlWui, 4em npu NOoCblIKe
«xopowero» JIMM umnynbca

2) HabnwaaeTcs HEeOXUAAHHOE M OYEHb
3aMeTHOEe yBe/IMYeHUe peanbHOM Havanb-
HoM yactoTbl HYM cBuna BcneacTeme ero
KOHYCOBaHWA, NPUBOAALLEE K YXYALWEHUIO
NMPOCNEXMBAEMOCTU LENEBbIX OTPAXKEHWUN.

NPUBOPbI u CUCTEMbI PA3BEJOYHOW MTEO®U3UKK 2(56)/2016
OBLWEPOCCHIACKMIA BIMEKBAPTANbHbIH HAYYHO-TEXHUYECKUH HypPHAaA

3) y NONEBUKOB BO3HWKAIOT TPYAHOCTU B
Bbibope onTMmaneHbIX napametpos HYM
CBUMNOB C MOMOLLbIO HE3aBUCUMMOTO nepe-
bopa 3HAYeHUN WX NapameTpoB, 4TO B
NPUHLMMNE HEBEPHO U HE YYMTbIBAETCA NPU
OnbITHbIX paboTax.

4) nMmeeT MecTo YMeHbLUEeHME BPEMEHM
oTpaboTku MB npu MCNONb30BAHUKU Henu-
HEeWHbIX CBUMOB BMECTO JIMHEWHbIX, NPU
NPO4YUX PaBHbIX YCIOBUSIX.

EcTb n gpyrue ocobeHHOCTM, HO C NpUBe-
NEHHbIMMW BbiLLE MOMIEBUKU Yallle CTa/IKUBa-
toTCH.

Mepsasa ocobeHHocTb HYM cBunos.

Mpw paccMoTpeHMU NOCAeA0BaTENbHOC-
TV AEUCTBUI reodpr3mKa - NOIEBUKA MOMKHO
BUAETb, YTO NepevymncieHHble 0cobeHHOCTH
HYM cBnnoB AatoT MHOTOA HEOMMMAAHHbIE,
AdXKe napafoKcanbHble pesynbTaTtbl. ITO
onpasAblBaeT Ha3BaHWe AaHHoOW nybauka-
Lu1u.

Onsa ynobcTBa M3N0XKEHUA PAaCCMOTPUM
CHayana, 4To TaKoe «aKTMBHaa nonoca
cnekTtpa ¢yHKUMM BpemeHn» (no Areey
A.B., cm. [ 5]). Ceitvac valle ynotpebnsetcs
cnoBo «3pPeKTMBHaAA» YacTb CNEKTpa, HO
CMbICA MPU 3TOM He MeHAeTcA. Peub MAET O
B3aMMOOTHOWEHWM BUAA BPEMEHHOMN
OYHKLUMKW 1M e€ cneKkTpa, NpuYém BUA Bpe-
MEeHHOWN PYHKLUUM onpeaenneTcs, B OCHOB-
HOM, 3bdeKTUBHOW (aKTMBHOW) 4YacTbio
CrnekKTpa.

OueHKa wWupKHbl 3¢PEKTUBHOM 4YacTu
CNeKkTpa MouHOCTU (cneKTpa aBToO-



100

0

0 20 40 60 80 100

Mpubopbi  cucremst / Nfeodusnyeckoe obopygoaHue I

0 0.05 0.1 0.15 0.2

A Puc. 1. MameHeHUe cnekmpa MOWHOCMU, @ MaKkMe asmokoppenayuoHHol (AK®) u e3aumHo-

-KoppenayuoHHol (BK®) yuryull nunelinozo (/I4M) ceuna (10-80Iy/10c) ecnedcmeaue yacmomHo-

-3aeucumoz0 3amyxaHua. A-1 = Cnexkmp /14M ceuna, ucxodHeill; 6-1 = cnekmp /14YM ceuna nocne
MOOenuposaHUA YacmomHo-3aeucumozo 3amyxaHus. A-2 —AK® /1YM ceuna, ucxooHas;

B-2 — AK® JT4M csuna nocne 4yacmomHo-3a6Ucumozo 3amyxaHus (KpacHas Kpueas) u BK®
flocne 4acMomMHO-3a8UCUMO20 3aMYXAHUA (CUHAA KPUBAA).

KOPPeNnaumMoHHON GyHKUMM ceuna - AK®)
NPOBOAMUTCA Ha YpOBHE MNONOBUHLI MaKCU-
MYMa TaKoro cnektpa. [na amnanTyaHbIX
CNEeKTPOB MCnonbayetca yposeHb 0.7 OT
MaKCMMymMma, HO B BUMOPALMOHHON Cencmo-
pasgeare Mbl Yawe umeem aeno ¢ pyHkuma-
MW 2BTO- M B3aUMHOWM KOPPenauumn n, coot-
BETCTBEHHO, C UX CNEKTPamM MOWHOCTW.
PaccmoTpum, Kak MeHAETCA BUA CNeKTpa
MoLWHOCTM Npu noceinke JIYM ceuna B
cpeay € YaCTOTHO — 3aBUCUMBIM 3aTyXaHu-
emM ceilcmuyeckon aHeprumn. Ha pucyHkel
MOXHO BUAETb, 4TO 3DPeKTUBHAA YacTb
CneKTpa nocnaxHoro ceuna (nosuuma b-1)
CYyeHa 3a CY€T ocnabneHus BbICOKUX
YacTOT U HU3KOYACTOTHAA C YMEHbLUEHHO
OKTaBHOCTbIO, YTO BUAHO Takxe no ¢popme

AK®. 30eCb MOKHO roBOPUTL Takke 1 06
adppeKkTMBHON OKTaBHOCTU cnekTpa AKD,

Takum obpaszom, npu paborte c JIYM
CBMNOM Mbl «NOCbIIAEM”» AOBO/IBHO KOM=
NakTHbIM umnynbe AK® —nosuuma A-2) u
PEermcTPUPYEM TOMKE KHEMNAOX0M» UMMYAbC
(cuHaa kpusaa BKP Ha nosunumm B-2), HO
06eAHEHHDbIA BbICOKMMM YacToTamu. Ona
cpasHeHuA ¢ BK® Ha b-2 npusegeHa n AKP
(kpacHas kpusas).

Ha pucyHKe 2 noKasaHo TO, 4TO NPOUCXO-
amt ¢ HYM umnynscom npu 4acToTHO-
3aBUCMMOM 3aTyXaHUW CeNCcMUYecKon
aHeprum B cpege. Ha nosuummn A-1 npuse-
[leH NCXOAHbIN CNeKTp HenuHeHoro (HYM)
CBUNa, KOHKpeTHO «ab/oKT» —geumnben-Ha-
OKTaBy («aHanutuyeckminn, «bBubnuortey-

NPUETPBI u CUCTEMBI PASBEAQMHON TED®WU3NKI 2{56)/2015
O6ue poCCMACKIR SXHERBANTINEHBIN HIYHHO-TEXHHYECHIR HypHn
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A Puc. 2. VismeHeHue crnekmpa MowHoOCmMu U 83aUMHO-KOPPENAYUOHHOU QyHKYUU HenureliHo20
(HYM) ceuna ecnedcmsue YacMOMHO-3ABUCUMO20 30MYXAHUA:
A-1 - Cnekmp HYM ceuna (7 06/0km), ucxo0uuill; A-2 =AK® HYM csuna, ucxodHozo;
B-1— cnexmp HYM cauna (cunuii) nocae ModenupoeaHusa €20 YacmomHOo-3a8UCUMO20 3AMYXAHUS
8 cpasHeruu (no opme) co cnekmpom /T4M ceuna (KpacHsili) € mom e YacmomHom duanasoHe.
5-2 —=BK® HYM ceuna nocae modenuposaHusa e2o 4acmomHo-3aeucumoz0 samyxaHus (curuld Nel)

8 cpasreruu (no gpopme) ¢ AKP ucxodrozo JTYM ceuna (kpacHeit Ne2).

HbIA» CBUN, UMEIOWMICA Ha BCeX coBpe-
MEeHHbIX Ba0oKax ynpasneHua snbpatopom
(BYCB). CnekTp npumepHO TPEeYrobHbIN ¢
yBEeAMYEHNEM aMMNIUTYA, K BbICOKMM YacTo-
Tam U ¢ 3GDHEKTUBHON NONOCON HA BICOKMX
(>35MMy) yacrotax. COOTBETCTBYIOWMA EMY
«umnynscy (AK®, pucyHok 2, A-2) - He
KOMMaKTHbIW, @ PACTAHYTbIM, C OTHOCUTENb-
HO (no cpasHeHuio ¢ AK® N14YM) Gonee
CUNbHBIMW NOBOYHBIMMK FKCTPEMYMaMK (A0
70% ot makcumyma - y HYM, no cpasHe-
Huto ¢ 40% -y N4YM = Ha pucyHke 1 nosunuma
A-2).

Ha pucyHke 2 gaHO cpasHeHWe CNeKkTpos
(B-1) u AK® (B-2) ucxogHoro /IYM cauna 10-
60m4/10c (kpacHble kpusble) 1 HYM ceuna
nocse YacToTHO 3aBMCUMOr0O 3aTyXaHUA

MPMEOPH! 1 CUCTEMBI PAIBEAOYHOA MEQEU3MKM 2(56)/2016
OBUgPOOCHRCHIN EEKBIPTATDHEIA HaYIHO - TRAHIMIRCKRI XYPHBA

(cuHue KpuBble). Ha mnynbeax (PUCYHOK 2,
B-2) BUAHO, 4T0 nocae Y3 —3artyxaHusa HYM-
cBMN npespawaetca B JIYM, 10 Ke camoe
BMOHO W Ha cnekTpax (pucyHok 2, B-1):
cuHmnii cnektp (HYM cemna nocne sartyxa-
HMA) NOYTU COBMAZAET C KpacHbiMm (Mcxoa-
HbI TYM camn 10-60T).

CpasHuBan cnekTtpsl {(pucyHok 2, b-1)
MOYKHO BUAETL, 4To HYM (cuHuit) HeTouHO
cosnagaet ¢ /I14M (KpacHbiM) Ha HM3KUX
YyacToTax. ITO BbI3BAHO KOHYCOBaHMEM
(anoamsaumein cnekrtpa), Kotopoe naér
pasHble pe3ynbTaThl NPU PasAUYHbIX SHEp-
rMAX CNEeKTPOB Ha HavanbHbiX (3gecb =
HU3KMX) YacToTax.

Takum obpasom, npu pabote ¢ HYM
CBUMOM Mbl «MOCbINGeM» PacTAHYTbINA,
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HEKOMMNAKTHBLIA MMIMYALC, C Y3KOW 3¢dek-
TUBHOW MONOCOI 4acToT, HO PerucTpUpyem
XOPOLWWA pesynbTaT BO BCEM AMana3oHe
BO30YAaeMbix YacToT, ¢ Haubonee WKUpPo-
KUM IPPEKTUBHBIM CNIEKTPOM (KOTOPLIM NO
dopme cooTteeTcTByeT JIYM CBUNY) U BbICO-
KOW OKTaBHOCTbIO, 4YTO U TpebyeTtca Aans
CEMCMOPa3BeAKM BLICOKOTO paspelleHuma.
Monyyaerca, YTO 3aTyxaHue npeepalaeT
npasunbLHO noaobpaHHbiA HYM csun B
JTYM, 4TO cCKasbiBaeTca Ha pesynbraTax
BUbpocercmuyeckmnx pabor.

BaHO MOMHWTL, 4TO B BUBpPOCEHCMO-
pasBeAKe Ha HeAUMHEeWHbIX Pa3BEepTKax
NOHATUE «PErMCTPUPYEM XOPOLWMA cur-
Han» HEepaspbIBHO CBA3AHO C rnpoueccom
KPOCCKOPPENnsAUunn PermcTpupyembix
BMBpOrpamm C MoCbIIGEMBIM CHUTHANAOM.
JT1a 0COBEeHHOCTD NMpUCYLLa UCKAIOYUTENb-
HO BubBbpocencmuyeckum HabnwgeHAM K
MMEHHO OHa QOWKTYeT HesonycTMMOoCTb
C/IENOro NPoOEUMpPOBaHMA Ha «Bubpocenc»
NOAXOAOB K OLEHKE CUIHana, NpUHATBIX B
UMNynbCHOW CeEMCMOpa3seegke. HenoHuma-
HAE WAKM UTHOpWUpOBaHWe 3Toro akra u
NPUBOAMT K BO3HUKHOBEHWIO OMNUCbIBAEMO-
ro "napagoxca", Korga Mbl nocbinaem
«MNOXOW» CUrHaA, a NoAyYaem OTAUYHbINA
pesyaLTar.

MoBGoi cneumnanucT, 3aMHTEPECOBAHHbIN
B MOBbIWEHUN KAYECTBA PETUCTPUPYEMBIX
OaHHbIX, MmoeT ybeauThca B cnpaBenin-
BOCTU NMPMBEAEHHbLIX YTBEPXKAEHMIA, Npoa-
HaAUM3UMpPOBaB pe3ynbTaThl rPamoTHOro
npumeHeHna HYM pasBepTox.

Ha pucyHKe 2 noKasaHo To, YTO NPOUCXD-
ant ¢ HYM mmnynbcom npu 4acToTHO-
3aBMCMMOM 3aTyXaHWU CEeNCMUYECKOW
aHeprvK B cpege. Ha nosmumuK A-1 npuee-
OEH UCXOAHbIN CNexTp HenrHelHoro (HYM)
CBMMa, KOHKPETHO «Ab/oKT» —geunben-Ha-
OKTasy («aHanuTHU4ecKkui», «bubnnoteu-
HbIM» CBWM, UMEKOLIMACA Ha BCEX COBpe-
MeHHbIX BAOKax ynpaeneHus subpaTopom
(BYCB). CneKktp NpumMepHO TPeyYro/bHblii ¢

yBEeUYEHUeM aMNANUTYA K BbICOKUM YacTo-
Tam U ¢ 3PPeKTUBHOM NONOCOW Ha BLICOKMX
(>35My) yactotax. COOTBETCTBYIOLMNI eMy
«aumnynse» (AK®, pucyHok 2, A-2) - He
KOMMAaKTHbIW, @ pacTAHYTbIA, C OTHOCUTENb-
HO (no cpasHeHwio ¢ AKD JTYM) Gonee
CUNBHBIMU NOBOYHBIMMK IKCTPpEMyMamu (10
70% oT makcumyma - y HYM, no cpasHe-
Huio ¢ 40% -y JIYM —Ha pucyHKe 1 no3uuua
A-2).

Ha pucyHKe 2 naHO cpasHeHWe CNeKTPoB
(B-1) u AK® (B-2) ucxoaHoro /14M ceuna 10-
60Mu/10c (kpacHble kKpusblie) 1 HYM cauna
NOCNe YacTOTHO 3aBMCUMMOro 3aTyxaHus
(cvHMe kpuBbie). Ha umnynbcax (pPUCyHOK 2,
B-2) BnaHo, Yyto nocne Y3 —3sartyxaHmns HYM-
cBun npespawaerca 8 JIYM, 10 ke camoe
BUOHO M Ha cnektpax (pucyHok 2, B-1):
cuHMi cnekTtp (HYM ceuna nocne 3atyxa-
HWs) MOYTK COBNAZaeT ¢ KpacHbIm (ncxoa-
HblA JTYM ceun 10-600).

CpaBHuBas cnekTpbl (pucyHok 2, b-1)
MOMKHO BUAETh, 4To HYM (cuHWIA) HeTOUHO
cosrnagaet ¢ /IYM (KpacHbIM) Ha HU3KUX
4yactotax. 3TO BbI3BAaHO KOHYCOBaHWEM
(anogunsaumeit cnekTtpa), KoTopoe AOaéT
pa3sHble Pe3ynbTaThl NPU PasIUUHbIX SHEpP-
rMAX CMNEeKTPOB Ha HadvasibHbiX (34eck —
HMU3KWUX) YacToTax.

Takum obpaszom, npu pabote ¢ HYM
CBUNOM Mbl «MNOCbITAEM» PACTSAHYTbIN,
HEKOMMAKTHbIK MMMYNbC, C y3KoW 3ddek-
TUBHOW MONOCOM YaCcTOT, HO PErucTpUpyem
XOPOLWKMIA pe3ynbTaT BO BCEM AManas’oHe
BO3DBYXAaeMblx 4acToT, ¢ Hanbonee WUpPoO-
KUM 3DPEKTUBHbBIM CEKTPOM (KOTopbIA NO
dopme cooTeercTeyeT SIYM cBUNY) U BbICO-
KOW OKTaBHOCTbID, YTO W Tpebyerca ans
CeMCMOpas3BeKM BbICOKOTO paspelleHus.
Nony4yaetcsa, 4TO 3aTyxaHWe npespallaeT
npasuibHO noaobpaHHbidn HYM csun 8
JIMM, 4TO CKa3bIBaeTcA Ha pesyabTarax
Bubpocecmmyeckux pabor.

BasHO NOMHUTL, 4YTO B BUBpOCencmo-
passeAKe Ha HeNUHEeWHbIX pa3BepTHax

[TPHBOPEI u CUCTEM b PASEBELOMHOR TEODI3MKK 2{56)/2016
U6 LEPOCCHITANA BH2KEaPTabH ol HEYy HO-TEXHIS BCHHI MypHao
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NOHATHE «PErMCTPUPYEM XOPOLIMIA Cur-
HaN» HepaspbIBHO CBA3AHO C NMPOLECCOM
KPOCCKOPPEenaumn pPerncTpupyemblx
Bubporpamm C MocbiNaeMbiM CUrHasIOM.
3Ta 0c06EHHOCTb NPUCYLLA UCKAKYUTENb-
HO BubBpocelicMuyeckum HabnwgeHuam u
UMEHHO OHa AMWKTYeT HefonycTUMOCTb
CNenoro NpoeuupoBaHua Ha «Bubpocenc»
NOAXOAOB K OLEHKe CUrHana, NPUHATLIX B
UMNYALCHOW ceiMcmopaseeake. HenoHuma-
HUE WAK UrHOpUpOBaHKWe 3Toro ¢akTa u
NPUBOAMUT K BO3HUKHOBEHMIO ONUCHIBAGMO-
ro "napaaokca”, Korga mbl nocblnaem
«NNOXON» CUrHan, a Noayvaem OTAUYHbLINA
pe3ynbTar.

Nioboi cneumanuncr, 3auHTepecoBaHHbIN
8 NOBbILIEHUM KayecTBa PErucTpupyembix
OaHHbIX, MOXeT ybeauTbca B crnpaseanu-
BOCTU NMPUBEAEHHbLIX YTBEPXKAEHUIA, Npoa-
HaAU3UPOBaB pPEe3YNAbTaTbli FPamMOTHOrO
npumeneHua HYM pa3sépTok.
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A Puc. 3 CpaeHeHue ¢hpazmeHmos Koppeno-
2pammi, noaydeHHbix ¢ JIYM u HYM ceunamu
00UHAaK0B80L daumensHeCMU U OGUHAKOBbLIX
Yacmommbix GUGIIG30H08.

MPHEOPL 1 CUCTEMbI PAIBELLOYHON TEO®RUBHIKK 2456)/2016
ODEROTCHITCRIA @HENBIRTRABHBI HAYHO-TRRHMIEC KNI MYDHAN

Ha pucyHke 3 npeacrasneHsl dparmeHTbl
Koppenorpamm, noay4eHHbix ¢ /I4YM u HYM
CBMNaMM OAMHAKOBOW A/IMTENbHOCTM.
HenunenHocts HYM passéptu noaobpa-
Ha TakumM obBpasom, 4ToBbl HaCTUMHO KOM-
neHcuposaTh adPeKT 3aTyxaHua Ha Bubpor-
pamme. B npouecce Kpocckoppenauuu
NPOMCXOAUT YacTUYHAA KomneHcauuu
3aTyxaHuA 3a cYéT npeobnafaHua BbICOKO-
YacTOTHbIX COCTABAAKOWMUX B CNeKTpe
oneparopa Koppenaumn. Kak pesynwrart —
NOBbILWEHNE PA3PLIIEHHOCTU U AUHAMMU-
YEeCKOW BbIPA3MTENIbHOCTU OTPAXKEHWA Ha
Koppenorpamme 8 cpasHeHun ¢ JIHM
pa3BEPTKOW. 3TO NPOUCXOAUT MUMEHHO 33
CYET pacwuperua 3pHEeKTUBHOTO CnekTpa
Koppenorpammbl BCAeACTBME €ro Bblpas-
HuBaHuA npu HYM passéprtre. pu atom
cpeaHas 4actoTta Bospocna ¢ 29My (npwu
NYM) po 45 Iy, sdpdexkTuBHaa wWupuHa
cnekTpa sospocna ¢ 22y ao 70Mu, paspe-
wawouwaa cnocobHocts curHana (B8 % oT
eAuHMYHOro umnynbcea ¢ F = 250 My) ysenu-
ymnack No sHepreTuHeckon oueHke ¢ 20 go
48 eguHunL,

MHave rosopa, Y3 - 3artyxanme HYM
CBWMNA NPUBOAUT K pactumpeHuio apdertus-
HOTO CNEeKTPa CeMcMMUYECcKOoro curHana (4To
BUAHO U3 CpaBHEHMA no3uumii JIYM u HYM
Ha pUCYHKe 3) U K yAy4LIeHUIO pe3ynbTaToB
BUbpoceicMU4ecKux pabor.

Ita ocoberHocTs pabor ¢ HYM ceunamu
YAUBNAET MONEBUKOB CBOEM HecTaHpap-
THOCTbIO, NOCKO/IbKY OHU KOHTPOAUPYIOT Ha
CNAyKebHOM KaHane CcencMoCTaHuuu
bopmy curHana, 3anyckaemoro subparo-
POM B rPYHT, no 3anmucn AK® atoro curHana
(ew@ He npowegwero Y3- 3atyxaHue !). B
npoTusosec 3tomy npu pabore ¢ HYM
CBUMamMM B KOHEYHOM MUTOTE HYXKHO Bonblue
BHMMaHMA YyOENnATb HE nocblnaeMomy
CUrHany, anpuHumaemomy!

MAPALOKC: npu nonesbix paboTtax n3-3a
4YacTOTHO—3aBucMMmoOro 3atyxanua y /14M
cBuNa 3G PEeKTUBHbIN CEKTP Cy}KaeTcsa, a y
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npasunbHo nopobpanHoro HYM ceuna —
paclupAeTca.

Mpexae yem nNepexoauTb K OMUCaHWK
cnegyowein ocobenHHoct HYM csunos
HYHO YTOYHWTL HEKOTOpble TepMWHEI,
KoTopble byayT ynoTpebnatbca aanee. Peub
WOET O MapameTpax CUrHanos, 3HayeHuA
KOTOPbLIX Mbl NAZHUPYEeM MCNO/Nb30BaTh M
KOTOpble Mbl NOAy4aem NOCAe NOCbIIKK
(otpaboTkK) BWbpaTopOom, a Takke Te,
KOTOpble BaMHbl MNPWM OUEHKe KayecTsa
pesyabLTaToB CeMCMMYEcKUX pabor.

YCTaHOBOYHbIE NapamMeTpbl: Té 3Haye-
HWA, KOTOPbIE BbICTABAAKTCA Ha BAoKax
ynpasneHnsa subpatopom. OBbiMHO 3TO -
rpaHu4Hbie YactoTtel F1, F2,, anvtensHocTb
ceuna T, napameTtp HenuHeuHoctn C,
(Tonbko ana HYM ceunos; y 14M ero HeT),
ANUTENBHOCTK KoHycoB 11, t2 — HavyansHoro
N KOHEYHOrO KM, HakOHel, BWJ, curHana —
NYM, HYM (Kako umeHHo u3 ux Habapa) —
creneHHau (t-power), HYM — ab/ly, HYM —
AB6/0KT 1, BO3MOXKHO, MHOTHE Apyrie.

PeansHble napametpel: Flp, F2p, Tp, -
3TO napameTpbl CBWUMNA, KOTOPbIK YXKe
orpabotaH BubpaTtopom (0 Tp cm. HMKe). To
eCTb 3TM NapamMeTpbl COOTBETCTBYHOT peanb-
HOMY CMUrHany, KOTOPbLIM 3anycKaeTca B
cpeny.

Mpu aTOM 3HaYeHKa napameTpas C, t1,t2
HEe MEHAITCA, TaK 4YTO A/1A HUX OrOBapUBaTh
ocobble, peanbHble 3Ha4YeHMA He TpebyeT-
cA.

MoMKUMO YCTAaHOBOYHbIX MapameTpos
€CTb OYeHb BaKHblM NapameTp, KOTOPbLIW
Heobxoaum 408 KOHTROAA CNeKTpa CBUIa,
3TO CKOPOCTb YacTOTHOM pa3eépTkU VI Ha
3agasaemoi yactoTe. BuactHoctn, Vfo—Ha
yacrore F1, e€ peansHoe 3HayeHue Vip—Ha
yactore Flp. Vf cBA3aHa ¢ amnautygamm
cnektpa mouwHoctu | S(F) | cooTHoweHnem:

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

To ectb VI(t) = F'(t) — npouzsoaHoil No

BpemMeHn oT ¢yHKuMKM F(t) - 4YacToTHOM
pasBeépTKU ceuna. PaseHcTso (1) nossonseT
AOCTAaTOMHO MPOCTO KOHTPONMPOBATL U
CPaBHWUBATL aMNAMTYAbl CNEKTPOB MOLL-
HOCTM CBUMOB.

feopusmMueckue napameTpbl: CHAa,
NOMWUMO YCTaHOBOUYHbLIX, CAEAYET OTHECTH
napameTpbl 3¢deKTMBHbIX cnekTpos Fla,
F2a, okT (OKTaBHOCTb), a Takxke Flp, F2p, Tp,
Vfo u Vip, U gpyrve napametpbl UAN KX
kombuHauuu no ebibopy reodunsnka. 3aeco
bykea «a» npu Fla, F2a obo3HayaeT «ak-
TueHble» (no Areesy [1.B.) 3HaueHmns YacToT
aKTMBHOIO y4yacTKa cnekTpa. OKTaBHOCTb
«OKT» 30eCh TOXe 3dpbeKkTnBHa.

BTOFJHFI 0COBEHHOCTb aHANUTUYECKUX
(BubnmnoreuHbix) H4YM ceunos.

JTO 3aMeTHOe YBe/NUYeHMe peanbHOoU
HavyanbHOMU YaCToTkl Nocae KOHYCOBaHWMA.
Anoaunaauua, Uav Ha XaproHe reopusrkos
— KOHYCOBaHWe, W3BECTHaA B CNeKTpaib-
HOM aHanu3e onepalus, HO e€ AeUcCTBUE
ON51 KBAa3UCUHYCOUA, C MeHsouwehca 8o
BPEMEHM 4acTOTOW UMEET OnpeaenéHHYIo
cneumnuky.

N3 paguonokaluMm W3BECTHa 3aBWUCU-
MOCTb CNEeKTpa MOWHOCTU OT YacTOTHOMU
pa3BépTkn (paseHcteso (1)). Ans crTporo
MOHOTOHHbIX (yHKUMIK F(t) cywecTeyeT
obpatHaa dyHKumna t(F), Tak yto 1/F'(t) =
t'(F). OTciopa MOXXHO AOKa3aTb, YTO NAO-
Waab CreKkTpa MOLWHOCTH paeHa T — anu-
TeNbHOCTWM CBUMA B Npeaenax AuanasoHa
yacrot F1 - F2. 9To nerko npoBepuTb No
dopmynam 4acTOTHOW pa3BeépTKM nwboro
4YM mam HYM — cBuna, 3a4aHHOMo mare-
martmnyeckon popmynon (cm.[1, 3]).

MOCKONbKY WM3-33 KOHYCOBAHWMA CMEKTP
MOLWLHOCTW CI/Ia’KMBAETCA C Kpaes, TO W
BBeeH napametp Tp — peansHas gauTeb-
HOCTb CBMNa (He Ans yCTaHOBKM, 3 4NA
NOTUKK PACCYROAEHUIA M KOHTPOAA napa-
METPOB).

KoHycoBaHue «3axBaTbiBaeT» 4acTu
NAowWanu crnekTpa, pasHbie A/IMTENbHOC-

[TPHBOPEI u CUCTEM b PASEBELOMHOR TEODI3MKK 2{56)/2016
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TAM WHTEpBanoB KOHycoBaHua — t1, t2.
O4eBnAHO, 4YTO NPU OJHOM U TOM XKe Bpe-
MEHHOM MHTEpPBaNe KOHYCOBaHUA, HO MpU
PasIMYHON CKOPOCTH U3MEHEHUA YacTOTbl,
KOHYCOBaHMe 3axBaTbiBaeT pas/in4Hble
YacTOTHbIe WHTEpBanbl. Yem HUKe Cnek-
TpanbHble amnauTyabl (M Bbile CKOPOCTb
pa3BEpPTKM 4acToTbl cBuna), Tem Bonblue
NON0CA YACTOT, 3aXBaTbiBaeman KOHYCOM, U
Haobopor. (cm.[1,3]).

HacToTHbIM MHTEPBAA, NepeKpbliBaembli
«KOHYCOM» OLHOIN 1 TOI e ANIUTENBHOCTH,
pasHbIA B 3aBUCUMOCTH OT TUNa ceuna. OH
Hanbonewmnii y creneHHoro cemna («t —
poOwWer»), y KOTOpOro cneKTpasibHas aMmnan-
TyAa Ha HAYaNbHOW HUMKHEN YacToTe pasHa
Hynto. Mpu Haubonbwux nokasaTensax
cTeneHm y «t — power» mbl Tepaem HU3Kne
vyacrotel oT F1 ao 20 — 35[y, sBchepcreme
Yero 3aMeTHO NaZaeT NPoCAeXMBAEMOCTb
otpaxeHun (cm.[1,3]). Tor, KTO NaaHupyer
snbpoceiicmmuyeckne pabotbi, AOMKEH 3TO
noHMmaTb. KOHeYHo, cO CTeneHHbim CBU-
nom nyvwe He paboTarb, HO yBENMYEHUE
peanbHOM Ha4aNbHOM YacToTbl €CTb Y BCeX
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CBUNOB, B TOM YUcne 1y JIYM, 1 3TO HYXKHO
KOHTPONMPOBATD.

®parmeHT A: CpaBHEHWE CMNeKTpPoB
mouwHoctu gaeyx H4M ceunos B AnanasoHe
10-120Tu;:

3eN1EHan KPUBaA — CNEKTP KOHYCOBaHOro
cTaHaapTHoro ceuna ab/okT 10-120Tu/10c
6a6/0KT;

CUHAA KPUBAA — CNEKTP HEKOHYCOBAHOro
camuna «lMapagokm» ¢ gobaskon 0.7 cexkyHa,
BpemeHn Ha vacrtotel 10 — 20My; KpacHas
KpuBaa — CMNeKTP KOHYCOBAHOro cBuna
«MapagoKr».

Mocne 35My cnekTpsl 46/0KT 1 MapagokT
NOYTH OAMHAKOBbI.

®parmeHT B: aBTOKOppEAAUMOHHbIE
dyHKUMKM UcxoaHoro ceuna Aab/oKT (cuHAA
KpuBaa) u ceuna «Mapagokr» (KpacHas
kpueas). Mo dopme AKD MOKHO 3amMeTUTb,
yto y «[MapagoKT» CBUNA HECKOALKO HUXKE
cpeaHas 4actora M Gonblue OKTABHOCTb-
no6oyHbie IKCTPEMYMbI MMEIT MEHbLUWE
amnanTyabl.

®parmeHT B: cnekTp apganTUBHOro
curHana 10-80My, rgae no TexXHONOTUM

=]
-

o 10

Puc. 4. Komnerncayus yseauyeHus peansvHoll
Ha4ansHol Yacmombsi HYM ceuna ¢ nomowbio
dobasneHus 6peMeHlY Ha HUXCHUE Yacmomel
HYM ceunos: cmandapmuozo «05/okmy (A)
u adanmueHo2o — (B), (mexHonozus ABHCelic).
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ABWCelic ywe pobasneHa 3Heprua Ha
HU3KKMe vactoTsl HYM ceuna, 4Tobbl CKOM-
NeHCUPOBaTL HeKenare/lbHoe yBenMyeHue
Ha4yaNbHOM YaCTOThI MOCAE KOHYCOBAHWUA.

Cnocobbl 4aCTMYHOW KOMMEHCaL UK
pOCTa peanbHOW HayanbHOM YacToTbl Y
CBMMOB MOTYT DBbITb pazHbimMu. Hanpumep,
aTO NPOCTO yBenuM4eHue obluen anurtens-
HOCTKM cBMna T, HO 3TO HexenaTtenbHo,
MOCKO/IbKY COOTBETCTBYET W3BECTHOMY
adopuamy «epema — AeHbrn». [LOpyro
BApMaHKT - WUCNOJIb30BaHWE ChNeuranbHo
MOCTPOEHHONO CBWMNA CO CMNeKTpoMm, rae
£06asneHo HeMHOro (MpUmepHo  OKono
10% o1 T) BpeMeHM Ha HU3KUEe YacToThl [ 2,4
]. HanomHum, 4TO Bpems pasHO niowanu
cnekTpa mowHocTu ceuna [ 1 |. Opyron
cnocob — poBaska BpemeHW B Ha4ano
YacTOTHOrO [AManasoHa Mpy BbIMMCAEHUN
cneKkTpa onTMManbHOro CBUMA Mo TeXHO0-
rum ABUCenc[2].

Cnocaobbl KomMneHcauuu yBeaM4eHMA
Ha4anbHOM YacToTbl ceuna Flp, ceA3aHHble
c nobasneHvem Hebonblworo KonvyecTsa
BPEeMEeHM Ha HU3KUEe YacToTbl, NOKa3aHbl Ha
pUCyHKe 4, ®parmeHTbl pucyHka 4:4—An 4-
B cooTBeTcTBYOT «nognpasAeHHbIMY
papuaHTam HYM cBunoB, UMEIOLMXCA Ha
Bcex 6Gnokax ynpasneHua BubpaTopamu
(«6ubanoTeyHbIM» HYM csunam). Peans-
HaAa HavanbHaA 4Yactota ¢ 30y yMmeHbluK-
nacb Ao 160y (no4ytu Ha oktasy !). Mpu aTom
owyTrmoe usmeHeHue Hopmel AKD smaHoO
pucyHke 4 —b. Ha pparmerTe 4 — B nokasaH
npUMep CNekTpa ceun-curHana, popmmpy-
emMoro no aganTMBHOW TEXHONOTMWU
ABWCeiic. 3gech yrKe He TpebyeTca Hu4ero
pobasnareb.

Tperba ocobeHHocTe HYM cemnos

37O B3aMMO33aBMCMMOCTb BbiDMpaembix
napameTpoB CBMUMA, KOTOPble AOMKEH
KOHTPO/MINMPOBaTb reoPU3UK — METOOMCT.
Mpu nposegeHmm onbiTHbIX paboTt B 60/b-
WKHCTBE Cayyaes reodpmsnkmn nepebuparor
3HAYeHUA YCTaHOBOYHbIX (Ha Bubpatope)

napameTpos, CHMTaA UX HE3ABUCUMbLIMMU, U
aHaNM3NPYHOT BUA, KOpPenorpamm. YctaHo-
BOYHbLIE MapameTpbl M B CaMOM Jefe Hesa-
BUCMMbI MEX Y CODOM, HO OLEHKa Ka4ecTBa
BMOpOCENCMMYECKOTO MaTepuana npu wx
nepebope nNpoU3BOAWUTCA HE TOALKO MO
HWUM, HO U MO UX «aTprbyTam», B TOM YUcne
no KOMBUHaUMUAM NapameTpos.

B 4acTHOCTW, pe3ynbTaT onbiTa npu
BblbOpe YCTaHOBOYHbIX NapPamMeTpoB 3aBu-
CWT He TONLKO OT rpaHuydHbIX YacToT F1, F2,
Bpemenn T M napameTpa He/NnHenHOoCTH
(0oBbIuHO gia HYM: C = ab/Ty, C= ab/okKr,
nnun C=log(A2/A1), rae Al n A2 —cnekTpanb-
Hble amnauTygbl Ha 4actotax F1 wm F2,
COOTBETCTBEHHO, 40 KOHYCOBaHWA CBUNA),
HO W OT pacnpeaeneHuns aHeprum cBmMna no
yacrotam. [nsa NMHENHHOro cBWna, UMeto-
WEero NpAMOYIOibHbIA CMeKTp, JHEpPrus
MOCTOAHHA B Mana3oHe rPaHnYHbIX YacToT
u pasHa T/(F2-F1). OHa ectb obpaTHas
BE/IMYMHE CKOPOCTM Y4aCTOTHOU pa3BEpTKM
Vfp Ha HavansHOK peanbHol YacToTe Flp.
M3 dopmynel Vf = (F2-F1)/T cneayer, yto
npu nepebope 4acToT MEeHAeTCA U IHeprua
(BbICOTE NMpPAMOYronbHWKA, COOTBETCTBYIO-
was cnektpy J/IYM csuna) Ha ogHOK U TON
e BbiGpaHHOM YacToTe, pasHaa 1/ Vf, uto
XOpolwo BUAHO Ha puc. 5-A U 5-b, a npu
nepebope 3Ha4YeHWUW AAUTENLHOCTH Ha
(puc. 5-B B cpaBHeHun puryp 5-B-1,2,3,u5
—B-4) MeHAOTCA U peanbHble rpaHuYHbIe
4acrToThl.

Ecan mbl xoTMm nogbupaTtb rpaHnyHble
4acToTbl, TO EeCTecTBEHHO MnoAnarath, 4TO
IHeprua AO/XKHa COXPaHATbLCA Ha Tex
4acToTax, KOTopble He 3aTparnsBatoTCA Npu
nepebope 3HaYeHNt HUKHEN AN BEepXHENH
4acToThbl, HO TOrAA HO/MKHA MEHATHLCA
obLwWas sHeprua cemna, T0 ecTb ero gAuTe N b-
HOCTb, YTO XOPOLWO BUAHO HA puc. 5 -B, Ha
¢urypax B-1, B-2 u B- 3., rae nepebupaerca
BEPXHAA 4YacToTa, HO MeHAeTcA U obwan
naowaap cnexkrpa ceuna. BugHo, 4yto npwu
CMELLEHMM 4acTOThl F2 HY)KHO UCNpaenaTe
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M 3Ha4yeHue T, a 310 0ObLIMHO HUKTO He
Aenaer.

Y10 Kacaetca M3IMEHEHWMA TPaHMYHbIX
PEeanbHbIX 4acToT NPU U3MEHEHUMU ANUTEN b~
HOCTW CBMMNA, TO, Ha NMEpPBbI B3MAA, KaXKeT-
CA, YTO 3TU UIMEHEHUA Manbl U UX MOKHO
HE Y4YUTbIBaTb. HO OKa3bIBAGTCA, YTO MOXKHO
6esbonesHeHHo npeHebpeyb AL U3Me-
HeHUeM BepPXHEe HacToTbl.

Npumep: ceun 4 — 84My/10¢, KoHyca no
0.5¢c. Yenosua pabor 6AM3KM K CTaHpap-
THbIM. CKOPOCTL YaCTOTHOWM passépTku — (84
— 4)/10= 8My/c. Ha KOHYC ANUTENBHOCTLIO
0.5¢ npuxogutca 4lu. Toraa peanbHaa
HavanbHan vacrota =38y, Ho oT 4y g0 8y, —
OQHa OKTaBa, TO €CTb Mbl TEPAEM LEenyio
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A Puc. 5. B3aUMO3a8ucuUmMocme 2e0pusudecKux

napamempos J/14YM ceuna.

«A», «b» = pesynemamet 06biyHO20 nepebopa

yacmom F1 u F2 . «B -1,-2 u -3 - npasunbHeill
8bibop F2 — ¢ uameHeHuem obwell dnumens-

Hocmu ceuna. Quzypa «B»-4 coomeemcmeayem

yeenuyeHuo obwell BnumensHocmu ceuna
8 UHmepeaane yacmom 10— 80 'y, npu4ém
B8UOHO pPacWUPeHUe PeansbHO20 OUanasoHa

4acmom npu MocmosAHHbIX 3HaveHuax t1, t2 -

daumensHocmsax unmepeanos KoOHycosaHus.
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OKTaBy B Hayane CneKkTpa 3anucu, 94To,
6e3yCcNIoBHO, AO/MKHO CKa3aTbCA Ha Kayec-
TBE Pe3y/bTaTos.

Mpun wucnonvzosaHmm HYM csunos
B3aMMO3aBUCMMOCTb NapamMeTpPoB BbIMNA-
OMT CNOM¥Hee, npexae Bcero us-3a gobas-
NeHWA napameTpa HeAnHenHOCTHU, BCae-
ACTBME Yero nNpu U3MEeHEeHUW 4YacToTbl
MEHAGTCH CKOPOCTb YaCTOTHOM PasBEPTKM
(1, cOOTBETCTBEHHO, 3HEepPrua CcnekTpa).
Ecam npu 14M caune HYXXHO KOHTPOAUPO-
gate 4 napamerpa - F1, F2, T, Vfo, To npm
HYM—nate: F1,F2,T, C, Vfo. Npwn atom u3s 5-
TU NAPaMETPOB TO/NbKO 4 HEe3aBMCUMBbIX, a 5-
bl BbIMMCAACTCA NO

4-em BblbpaHHbIM. Mpy 3TOM B KavecTse
3aBUCMMOI0 MOXHO B3ATb ntoBoi napa-
METP M3 NATU U ONPEeaenuTb ero 3aBUCH-
MOCTb OT N11060ro napameTpa u3 oCTaBLINX-
CA 4YeTbipéx, 3adMKCMpOBaB 3HaAYeHus
OCTaBLUMXCA TPEX NapameTpoB. Ha pucyHke
6 NOKasaHo TO/NIbKO 6 BapMaHTOB B3anMo3a-
BMCMMOCTEI MapameTpoB, HO Ha gene ux
Bonbwe. Ha kakao nosuuum Tpu napa-
meTpa PUKCMpPOBaHbl, a ABa — B3aUMOCBSA-
3aHbl (OHM YKa3aHbl B IEBOM BEPXHEM Yy
Ka40M no3uuum).

Hanpumep, Ha no3nuumn 6-1 pukcuposa-
Hbl 3Ha4YeHMA 4acToT U ANUTENbHOCTL - F1,
F2 u T, a KoadpduumeHT HennHelHocTu C 1
HayanbHaA CKOPOCTb pa3BépTku Vfo B3am-
MO3aBUCUMBbIE NapameTpbl. ECAU Mbl XOTUM
yseanyuts C, T.e. noabaBuTb IHEPruio Ha
BbICOKME 4acToTbl, TO 3Heprua 1/Vfo Ha
HaYasbHOM YacTOTe YMEHbLUAeTCA, TO eCTb
BO3MOMHO yXyAlleHue NPoCcNerXnBaemoc-
TH, aTaKXKe yBe/IMYeHne HavyanbHON peans-
HOW uactoTel Flp nocne KOHYCOBaHMA.
Y106b1 31010 HE ObING, NpU yBennyeHmmn C
HYXHO NoabaBnATb IHEPIUI0 Ha BbICOKME
YacToTbl 3a CYET yBe/NUYEeHUA BpemeHn T,
4YTO MOMKHO BMAETb Ha nosuumu 6-4, roe
¢dukcuposaHsl F1, F2, u Vfo, a 3Hayerna Cun
T - B3aumosaBucumbl. Kctatu rosops,
cneayeT NOMHUTD, YTO ecnu B Bnoke ynpas-
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A Puc. 6. Bzaumo3sasucumocme 2eogpuzuyeckux napamempos HYM ceuna . Ha kaxdom us wecmu
nosuyuti us namu napamempoe F1, F2, T, C, Vfo ¢hukcuposarsl mpu napamempd, a 08d 3asuctms!
(oHU FIOKG3aHY! 8 1EB0M BEPXHEM y2ny KAWL NO3UYUL) U UX USMEHEHUA BUCHbLI HA CIEKMPaXx
MowHocmu. B kayecmee napamempa wenureliHocmu C 838m A02apudM omHOWEHUA CEKMpPas-
Hblx amnaumyo Ha yacmome F2 kK amnaumyde Ha F1, nocnedxas pasHa o6pamHomy 3Ha4e Hu
napamempa Vfo; dnumensrocmu T coomeemcemayem naowads cnekmpa. PasHbIM cnekmpam
CoOMmeemcmeyom pasHsie 3Ha4eHUA 3a8UCUMbIX Napamempos.

neHna (BYCB) He yuTeHa BO3MOMNHOCTb
B3aMMO3aBUCMMOCTU NapameTpoB CBUMOB,
TO npu nepebope 3HavyeHun C moryT «no-
NAbITE» 3HavyeHusa u F1, u F2, u T, u Vfo,.
3aeck ynomanyt napametp Vfo, nockonbky
Ha Hekotopbix BYCB oH BXOAUT B8 4Mcno
YCTaHOBOYHbLIX MapameTpos, Hanpumep,
smecro F2.

Echu npu JIMM cBune He3laBUCUMBIN
nepebop 3HaYeHUW YCTAaHOBOYHBIX Napa-
METPOB AaéT cpefHee KavyecTBO pesy/bra-
T0B, TO npu HYM ceBunax NpunUTHU NyTEM
nepebopa K npuemnemomy pelieHuo B
OrpaHUYeHHble CPOKU OnNbITHLIX paboTt
NPaKTUYECKU He YAAETCA.

Bbixoa M3 HENPUATHOCTEN ¢ BbIBOpOM
ONTUMaNeLHbIX napametpos HYM ceunoe
pa3symeeTca ecTb U OH AaBHO onyb6AnKOBaH,
ByacTtHocTw, B[1,3].

HakoHey, ecTb ewe ogHa 0cobeHHOCTL
ucnonobsosaHma HYM CBMNOB, KOTOPYIO
CTOUT YNOMAHYTb ¥ KOTOPYIO HYXKHO Y4UTbI-
BaTb BCEM 3aKasyuMKam Bubpocecmmyec-
KMX paBoT, NOCKONbKY OHA CBA3aHa C YMEHb-

weHuem croumoctu pabot c HYM caunamu
no cpaeHeHuto ¢ JIYM 6e3 notepu KauecTsa
pe3ynbTaTos.

Yersépraa ocobenHocte HYM csunos:
«BPEMA = AEHbINY.

lNpoaHannsupyem pUCYHOK 7, rae pac-
CMOTpPEeHbI cxembl (banskue K peanbHOCTH)
BapuaHToB nocbinkn asyx JIMM csunos
pasHon AanutenbHoctTM yu ogHoro HYM
CBUMa, COOTBETCTBYIOLLETO CBUMNY Aeunben-
Ha-OKTaBy C MapamMeTPoOM HEAMHEMHOCTU
646/0KT. 3TO NPUBAMMKEHHO COOTBETCTBYET
POCTY 3HEPrUU OT HUMKHEN YacToTbl K Bep-
XHei B 15 — 17aB, 4acTo scTpevalolleinca
BeAUUUHE ANA ONTUMaNnbHbIX HYM ceunos
npu AnanasoHe Yactor 10 — 70y ana pabot
H0 BpeméH 2.5 - 3.0 cekyHAab! B HedTeHoC-
HbIX paroHax PP,

PUCYHOK 7-A CXemaTH4ecKn WANIOCTPU-
pyet nocbinky JIYM ceuna 10 — 70My/12¢,
MPY KOTOPOM YacTOTbl, Ha KOTOPbIX 3HEPrUA
CBMNa MpesbllWaeT ypoBeHb NomMex, Haxo-
AATcA 8 AnanasoHe 10l <F3<=47Tu. CHHUM
LIBETOM MOKasaH CNeKTp ONopHOro curana,

NPUBOPH! n CUCTEMBI PABEOOYHON TEOPMIMKM 2(56)/2016
OOLURPOCCHACKMIT SXENBIPTINLHBIT MY HO-TEXHITYECHI MypHa
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Venosaele 00603HaUeHNs

CHEKTPBI MOLWHOCTH NOCBEIAEMBIX CBHIT — CHIHAIOB,
CMEKTPEI MOMIHOCTH TIPHHITMACMEIX CHTHATOB,

__._. CIEKTP WYMOB,

————— JIONYCTHMBIH YPOBEHD 3HEPIUH NIPHHSITOTO CHIHANA,

A Puc.7. lNoAacHerue npeumyuwiecme ucronb3os8aHun HeauHellHbiX ceunoe o CPasHeHUIo ¢ AuHel-
HbIMU FIPU HOAUYUU 8 CPEede Yacmomm1o — 3G8UCUMO20 3amyxarua celicmuveckoll anepauu. F3 —
- 8epxHAA epaHuya pabovel nonocsl yvacmom, S SS— u3zbsimoyvHas Yyacme aHepauu JIYM ceuna
Mpu pasHbiX 2paHuHbIX yacmomax paboyeli nonocet.

KPaCHbIM - CMNeKkTp CBMNa Moc/e 4acroTr-
HO—33BMCMMOTO 3aTyxaHMA B cpepe - TO
€CTb CNEKTP NMPUHATOrO cUrHana. 3eNéHoin
JyepToil 0603Ha4YeH YpPOBEHb 3HEpPrum,
Bbllle KOTOporo He TpebyeTcs MOBbIWATL
3HEPrul CBUNA, TOYKAMMU/MNYHKTUPOM
(4épHoro ugeta) obo3HayeH ypoOBEHb
wymoBs. O4eBMAHO YacTb CEKTPa NPUHATO-
rO CUrHaNa BbllWe 3eN1EHON NUHKK, 0603Ha-
YeHHan BYKBOM «S», «MUWHAAY ANA aHANU-
3a pe3ynbTaToB YacTb CNEKTPa Nocbiiaemo-
ro CBuna, ¢ TOYMKU 3PEHUA NOCTABAEHHOM
3apa4v Bubpocencmmyeckux pabor.

Y1066l paclumMpuTb SManasoH YacToT, rae
CUrHan npesbilwaer nomexy, npu JI4M
ceune o0bbIYHO YBENUYMBAIOT €ro ANUTeNb-
HOCTb. TOT BapUaHT NokasaH Ha cxeme 7-B,
rae paccmotped caun 10 — 700, ¢ anuTens-
HocTblo 16.5C. 3aece npagaa rpaHU4YHaA
vyactota pabouyero amanaszoWa 4vacror F3

MPUEOPEI n CUCTERMbI PASBEAOMHOR FEOMIBMKM 2{56)/2016
OfwepoccH il eRBADTRABHMA HAYHHO-TEXHHHECKURA RypHAN

Bo3pocna A0 571y WU, COOTBETCTBEHHO,
BO3POCNA «NMWHAA» 3Heprua, obo3HaveH-
Hasi 34ecb BykBamu «SS».

Ha puc. 7-C noKasaH pe3ynbTaT NocbiAKK
npasuabHo nogobpaHHoro HYM cBuna
(3aecb 3to cBun 10 - 70My/11.25¢ -
64B6/0KT), NPU KOTOPOM IHEPrUA MPUHATOrO
CUrHana npessbiWaeT ypoBeHb LWYMOB BO
BCEM YacToTHOM amnanasoHe 10 - 70lu, T.e.
3peck F3 = 70Iy, NnpUTOM, YTO ANUTE/IBHOCTL
HECKONbKO MeHble, Yem npu S1YM cenne
10-70ru/12c, a paboumnit guanasoH 4acTor
3ameTHO wwupe. OH Jaxe wwupe, 4em y
csmna 10—70ru/16.5c.

YBenumyeHune aHeprum Ha BbICOKMX 4acTo-
Tax, Tam, rae eé HeaocTaTok BcaeacTeme Y3
- 3aTyXaHua npu JI4YM csunax, npu ymeHb-
WeHuHn ee Ha HU3KKUX 4vacToTax, rae eé
M36bITOK, MOXXHO MpeACTaBUTbL Kak nepe-
KauKy 3HEePrum ¢ HU3KUX HYacToT Ha BbICOKME.
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Mpu oAHOM M TOM e HacTOTHOM Juanaso-
He HYM cBun He Tpebyer yBenuyeHws
IHEPruK 418 NOBbILWEHWA Pa3peWwEHHOCTH,
no cpasHeHuto ¢ JIYM camnom [ 5 ]. OnHako,
€C/IM HaM HYMKHO PacliMpUTb YacTOTHBIN
AuanasoH ONOPHOro CUrHana, T.e. ysenu-
YnTb F2, TOraa HYXXHO yBenu4mBaTb A/1U-
TEeAbHOCTb cBMNa — Kak JI4M, 1ak u HYM,
XOTA M B Pa3HOM CTENEHM.

Moka 4TO Mbl paccmaTpuBanu yay4lie-
HWe KayecTsa pesy/bTatos, MOAYHeHHbIX C
JIYM cennom npu nepexoge K HYM ceunam
be3 M3meHeHMA YCTaHOBOYHBIX Napamert-
poe F1, F2 n T. Bmecrte ¢ Tem ecnm Ka4ecTso
pesynbratos npwn /14M cBuTe Hac ycTpaunBa-
ET, TOrga 1o e KavyecTso, Ho c HYM ceunom,
MOY¥HQ NOMYYUTb C YMEHbLIEHWEM Bpeme-
HU oTpaboTku obbekta Ha 25 — 30%. U3
OnblTa BMOAHE ycnewHbix pabotr ¢ HYM
csunom cneayet, 4to npu JIYM ceune
Ha4anbHyto 3Hepruto 1/Vfo Ha vactote F1
MOMHO yMeHbWMuTs B 2 — 3 pasa (Te.
Ha4YanbHY CKOPOCTh YaCTOTHOW Pa3BEPTKU
yBenn4uts B 2 — 3pasa). Ecam kavectso
pabot c /I4M cBMNOM Hac ycTpauBaeT, TO U
3Heprua HYM cauna Ha 4acToTe F2 Hac ToXe
ycTpausaet. Targa cnektp anopHoro /14M
cBMna u3obpasnm 8 BUAE NPAMOYTroNbHUKA
WwupwuHoit ot F1 go F2, BbicoTol - 1/Vfo u
naowaasio - T. Y 3T0r0 NPAMOYrofibHUKa
NeByly CTOPOHY YMeEeHbLKMM BABOE WU
BTPOe (ABa BapuaHTa) M OH NpeBpaTUTCA B
Tpaneuuwo (eé cnexktp coorseTcTeyer HYM
cauny) ¢ naowaasko 0.75* T, ecnun nesas
CTOPOHa yMeHbleHa Bagoe, unu 0.67* T,
eC/KM 3Ta CTOpOHa yMeHblleHa BTpoe. B
O3aHHOM C/ly4ae naoladb CrnekTpa MolLy-
HOCTWM — 3TO A/IMTE/IbHOCTb CBUM-CUTHaNa.
Otcropa v cnegyer OueHKa YMeHbLUEeHUA
LAMTensHOCTM cenna Ha 25% unu Ha 33%, u
3TO TO/IbKO B pesy/sbraTte nepexoga ot JIYM
K HYM cemnam.

34ecb NapagoKc COCTOUT B TOM, YTO Npu
JTHM cBune mbl HE MOMKEM Kak cnegyet
pPacnopAaMUTbC €ro 3HEpPruei, Kak npwu

HYM, NocKonbRy BONbLIIKUHCTBY reodusKH-
KOB MPOCTOTa METOAMKM paboT aopoxke
uenecoobpasHoOCTH.

OTMeTUM, 4TO YMEHbLLEHWE 3HEePTUU Ha
HU3KWX YacToTax BeAEeT K YMEHbLUEHWIO
rnyBUHHOCTKM, TO ecTb BbIBOP nNnapameTpos
CBUNOB A0/KeH BbiTb COrNacoBaH ¢ pelle-
HUEM TeoNornmYeckom 3a4aym AaHHbIX
pabor.

B 3aknwyeHue HaA[0 OTMETUTL, 4YTO
AaHHaA NybAMKaLUMA He COABRHMUT HUKAKMX
HOBbIX MAen. Bcé AaBHO YKe OnucaHo u
M343HO, HO, Kak [MOKa3bIBAET MPaKTUKa
Bubpocecmuyeckux pabot, Heobxogumo
ewé pa3 ynomAHyTe 06 ocobeHHOCTAX
npumeHeHuna HYM csunoe, 4tobbl OHU,
HaKoHeL, nepectanM bObiTe TONBKO pesep-
BOM TMOBbILLEHWA Ka4YelCTBa pe3ynbTaToB
enbpocericmopassegku, a Bowau 6wl
MOMHOMNPABHO B NPaKTWUKY nonesbix pabar.

BbiBOAbI.

1) OueHky KadecTBa BO3OyWAEHMSA
cnenyer npoBoAWTb MO paspeléHHOCTH
LeneBblX OTPaXKEHUW Ha KOppenorpaMmmax,
a He N0 aBTOKOPPENAUMOHHOMY UMMYALCY
Ha cnyebHOM KaHane, MOCKONbLKY B
pe3ynbraTe YacToTHO-3aBMCUMMOro 3aTyxa-
HMA B cpeae 3pdPeKTUBHLIA CnekTp onTH-
ManbHOro HENMHEMHOro cBuNa paclunpsaeT-
CA A0 UCXOAHLIX rPaHUYHbIX YacToT, TOraa
KaK 3dodeKkTnBHBIA cnekTp JIYM ceuna
CYKAETCA C NOHMKEHUEM BEPXHEN rpaHuy-
HOWM YacToThl.

2) HeKoHTpoaupyemoe yMeHblueHue
aHeprum cnekTpa HYM cBmna Ha HavyaNbHOMW
4acToTe MOMEeT MpPWUBeCTH, BCeaCTBMe
KOHYCOBaHWA, K YpesmepHomy Ccasury
pPeasibHOM Ha4ya/IbHOM 4acToTbl CBWMNA B
CTOPOHY BBICOKMX YacTOT, YTO NPMBELET K
noTepe HU3KKMX YacToT Y KOPPEeNALMOHHOTO
MMMYABbCa, K YXYAWEeHWH npocaexnsae-
MOCTH 0Cell CUHPAZHOCTM N YMEHbLUEHWUID
OKTaBHOCTM celcmuyeckoin 3sanucm (K
nosAsneHnto Nobo4HbIX 0cel CMHbA3HOCTH).

[TPHBOPEI u CUCTEM bl PASEBELOMHOR TEODI3MKK 2{56)/2016
U6 LEPOCCHICANA BH2KEaPTaNbH ol HEYy HO-TEXHIS BCRHI MypHao
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B yucne napametrpoB HYM cBuna, Kpome
rPaHUYHbIX YacToT, ANUTEABHOCTU U KO3G-
duuMeHTa HENUHEMHOCTHU, Heobxoaumo
KOHTPONUPOBATL CKOPOCTb YacTOTHOM
pasBépTku Vfo Ha HavanbHOW YacToTe
ceuna.

3) CyuwiecTsyeT B3aUMO3aBUMCUMOCTb
reopusnyecKknx napameTpos Kak y JI4M,
Takmy HYM csnnos. Mpu onbITHbIX paboTax
HegonycTumo nepebrpate 3HAYEHMUA
OAHOro NapameTpa CBUNa, He KOHTPOAUPYA
M3MEHEeHWe APYruxX NapameTpos, 3Hauu-
MbIX 817 OLEHKM KaUecTBa Koppeaorpamm.

4) Mpu 0QHOM WM TOM Ke YacTOTHOM
AWarnasoHe UCNoNb30BaHue HeNnHenHoro
ceuna (HYM) smecto nunenHoro (JT4M)
No3BONSET YMEHbLLUWTL Bpema OTpaboTku
MB Ha 25% —30% v Tem cambiM YMEHbLINUTh
cToMmocTb paborT.

PEKOMEHOALUA
no sbibopy 3HaveHnin napameTpos HYM
caunos (cm. [ 1, 3])

B3aatb B KavectBe F1 camylo HU3KYHO
4acToTy, Kakyi moryt ortpabaTtwiBaTb
MMetoWmecs B napTumn BubpaTopsil

Mo pe3synsTatam npeabiaywmx pabort ¢
M4YM csunamu B AaHHOM pernoHe otpabo-
TaTb HECKoNbKO ¢.H. ¢ JIYM caunom npwu
3apaHHbix F1, npeablaywmx F2 U BbIGK-
pasa spema Ton (218 ONbITOB CO CKOPOCTHLIO
YacTOTHOMW PasBEPTKMU HA HMMKHEN YacToTe -
Vfo), npubnuxkéHHo B 2-3 pasa meHbllee,
Yyem npu npeapiaywmx paborax. AHanusu-
poBaTb PaspeléHHOCTb KU MNpocaeMsae-
MOCTb CNeayeT TO/IbKO Ha HU3KUX 1 CpeaHuX
YyacToTax.

CKOpOCTb YaCTOTHOWM pPa3BEpPTKM Ha
yactote F1l TOrga MOMHO B3ATb PaBHOW
Vfo=(F2-F1)/Ton. [Oanee, ¢uKcmposas,
Hanpumep, AnuteabHocTb T (3agaHHyo
Ha4YaNbCTBOM W/IN 3aKA3YMKOM), Mbl UMEEM
yre Tpu napametpa Vfo, F1 u T- (M3 natu
KOHTponnpyembix napametpos H4M ceuna

MPHMEDPLI W CUCTEMbI FAZBELCYHOM TECDM3NKA 2(56)/2016
COWBEITCH AR 2MEABAPTIN0HBIH HIYUHD-TENHAMETHMA MY Ikan

—Vfo, F1, F2, T, C) 1 y:Ke moem BbibpaTb
npuMemaemyo napy sHavYeHun F2 u koaddnu-
umeHTa HenuHenHoctu C. [Ana pacyéTtos
noTpebyeTca KOMMNbLIOTEPHas nNporpamma
Tuna «PAMAHC» (PAc4yét [lMApameTpos
HenuHelHbix CBMNOB, cocTaBneHHas 8 000
«[Cl»). C e NOMOLLBLKY MOXHO, 3anasas
3Ha4YeHua Ntobbix 4-X NapameTpoB M3 NATH,
MOXHO BblMMC/IWTL 3Ha4yeHuWe NATOoro
napamerpa.

MeHsa 2Ha4yeHua napameTpos F2 uan C,
aHa/M3Mpyem KauyecTBo Koppenorpamm
(MpocneXnMBaemocTb LEMEBbIX OTPAMKEH UM
Ha BbICOKMUX YacToTax). Ecnu HeT nogxoas-
Wwen napbl 3HayeHmn F2 u C, To cnegyeTt
yBenuyntb Bpemsa T 1 nogbupaTb HOBbIE
3HaueHwna F2 u C.
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