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OBIIAA XAPAKTEPUCTUKA PABOTbI

AKTyanbHOCTh Tembl. [IpeoOpa3zoBarenu Hanpsbkenune—vyactora (IIHY) mupoko uc-
noJIb3yI0TCs B u3MeputenbHbiX kKaHanax (MK) uaMmepurenbHbix HHOOPMALIMOHHBIX U
ynpasisitoniux cuctem. [THY sBnsitotrcss oqauM u3 Hanbosee yAOOHBIX M MOMYJIsp-
HBIX CPEJICTB PEe0Opa3oBaHuUsl CUTHAIOB 175l u3MeputenbHbiX cucteM. [THY sBnsoT-
CAd OTVIMYHBIM PELICHHEM JUIS 3aa4 U3MEPEHHUs yCpeIHEHHbIX mapamerpos. [THY
npeoOpa3yeT BXOJHOE HAMPSHKEHHWE B YAaCTOTY BBIXOJHBIX UMITYJIBCOB, KOTOPHIE MO-
T'yT TIepeaaBaThCs HA OOJBINHE PACCTOSHUS 03 MCKaKEHUS WHPOPMATUBHOTO Iapa-
MeTpa (dactoTsl). Caeayromuii 3Tan aHaIoTo-IU(GPOBOTO MPEeoOpa3oBaHUS: “‘daCTO-
Ta-KoJl” BBIMIOJIHAETCS MyTEM MOJicueTa UMITYJIhCOB 3a (DUKCUPOBAHHBIA WHTEPBAI
BPEMEHHU, TO €CTh YCPEIHEHUEM.

Tpaguuonnsie [THY, coBMECTHO ¢ MPOCTEHIIUM YCPETHSIONIUM (QUIBTPOM
TUTIA “‘CKOJIB3SIIIee CpeaHee”’, MMUPOKO M3BECTHBI, OJTHAKO OHU TO3BOJISIIOT OOMEHU-
BAaTh BPEMS U3MEPEHHUSI HA TOYHOCTh B COOTHOLIEHUH OJUH K oAHOMY. IloBbIlIeHME
TAKOT'O0 COOTHOIICHHSI BO3MOXKHO KaK 3a CUeT YCIOKHECHHS (DUITBTpa, UCIIOJIB3yEeMOTO
coBmecTHO ¢ [THY, Tak u 3a c4yet nosimieHus cinoxxkuoctu [THY. Bo3moxxkroctr ud-
poBbIX ¢uiabTpoB (D) nns tpaguumonusix [THY xopoio uzydyeHsl u BecbMa orpa-
HUYCHBI.

Pa3BuBarOTCS M MIMPOKO UCHOJB3YIOTCS cUrMa-fenbra (XA) MOAyIsTOpPHI BTO-
poro u 6oJee BHICOKOTO TOPSAIKOB B aHaoro-nudposeix mpeodpazosatemnsax (ALI).
Texnonoruss LA MOIyJAIUU TTO3BOJIAET TUOKO KCIIOJIB30BATH KOMIIPOMUCC OBICTPO-
JEHCTBUE/TOYHOCTh B PaMKaxX BBIOPAHHOU CTPYKTYPBI U3MEPUTEIHLHON CHCTEMBI WIIH
cuctembl 00padoTku curnaioB. lupoko u3BecTHbIl cuaxponusyemsbiii [THY nepso-
ro MopsA/Ka sBJISIETCS XA MOIYJISATOPOM MEPBOrO MOPAAKA, OH COAECPKUT OJIUH UHTE-
rparop. Herpaguumonunsie ITHY moryT ctpouTtbest Ha OCHOBE XA MOIYJISITOPOB BTO-
poro u 6osee BbicOKOTro nopsiakoB. Maest pazsutust [IHY coctout B TOM, 4TO €ciu B
ctpykrypy IIHY mepBoro mopsiika a00aBUTH €lle OAWH MHTErpaTop, TO MOJYyYUM
I[THY BTOporo mopsnuka, a ecnu 100aBUTh JBa MHTErparopa — To moiayumm [THY
TPETHETO MOPAIKA.

[THY BTOoporo mopsiika u 0ojee BBICOKUX MOPSJIKOB, 0 HEJABHETO BPEMEHH,
OBUTA HEJIOCTYIHBI IIUPOKOMY KPYTY IMOJIb30BATENICH U UCIOJIb30BATIUCH TOJIBKO KaK
gacth XA AIIIl. B Hacrosmiee BpeMs Ha PhIHKE MOSBHIUCH MUKPOCXEMBI XA TIpeo0-
paszoBaTeneil BTOpOro Mnopsiaka, NpeaHa3HaueHHbIE IS MEPENadYd aHAJIOTOBBIX CHUT-
HanoB B MK uepe3 Gapbepbl rabBaHMUECKOTO pa3/ielieHUs U IO JIMHUSAM CBS3H, Ha-
npumep mukpocxema Analog Devices Inc. AD7400. IToatomy 3amaua obecrnieueHus
MPOCKTUPOBIIMKOB U3MEPUTENBHBIX CUCTEM HMH(pOpMAaIME, HEOOXOIUMON JIJIsl MOJI-
HOLICHHOTO MPUMEHEHUS TaKuX MUKpocxeM B UK, sBisieTcsi CBOEBPEMEHHOM.

UK ¢ ZA Monysinyen IpuHITO pa3aeisiTh Ha ABE pa3/ielIbHbIC YacTh: XA MOJy-
astop (koaep) u gemonynsatop (aexoxaep). Moaynstop npeodpazyeT BXOAHOM aHaIo-
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TOBBI CHUTHAJI B BBICOKOCKOPOCTHOM IOTOK JTaHHBIX. /[ekoaep mpou3BOAUT HA OCHO-
BAHMM BBIXOJHOM IOCIEAOBATEIBHOCTH MOAYJIATOPA OLIEHKY BXOJHOI'O CHUTHAja C
BBICOKMM Pa3pEelICHUEM [0 aMIUIUTYAE, HO MEHEE BBICOKMM Pa3pEIIEHHEM II0 Bpe-
MEHH, YEM KOJIEP.

bnaronaps ycnoxknenuto ctpykrypsl [IHU Ha BbIxone mosydaem Oouibliie WH-
¢dopmaruu o BxoaHoM curHaie. OnHa u3 3aja4 pabOThl — MOCTPOUTH JIEKOEP TakK,
9TOOBI COXPAHUTh KaK MOXHO 00JIbIIIE ATOW HH(POPMAIIUH.

Takum 00pa3om, B HacTOAIIEee BpeMs aKTyaJbHOM SIBISETCS 3a/ada pPa3BUTHS
ITHY u npumensiembix [{® k HuM npu pazpaborke Ha ux ocHoBe UK st uamepenus
KBa3UIOCTOSIHHBIX BEJIMYHH.

eab padoTsl.

[]envro HaAcCTOAILEH IUCCEPTALIMOHHOW pabOThI SABISIETCS COBEPLICHCTBOBAHUE

UK na ocnose ITHY ¢ ucnonszoBanueM XA MOIYJISIUU U IPUMEHSIEMBIX K HUM L[D.

JIns noCTHKEHUs MOCTABIEHHOM LENM IMPEANOJIAracTCs PELINTh CIEAYIOLINE

OCHOBHBIE 33/1a4H:

1. Pa3pabotka pexomeHmanuii mo noctpoenuro [THY Ha ocHoBe LA MOayisTOpOB
BTOPOTO Y TPETHETO MOPSAIKOB.

2. HccnenoBaHusi MakCUMalbHOM, CPEIHEKBAAPATUUECKON U KBAHTUJIBHBIX OLIEHOK
norpemHocrer kBantopanus MK na ocnose ITHY BTOpOro mopsnka u cpaBHEHUE
¢ UK, conepxamumu [THY nepBoro nopsaxa.

3. HccnenoBanus MakCHUMaJIbHOM, CPEIHEKBAIPATUYECKON M KBAHTHIIBHBIX OLIEHOK
norpemrHocTeld kBantoBanusi UK na ocnoBe IIHY Tperbero nopsijika u cpaBHEHUE
¢ UK, conepxamumu [THY nepBoro u BTOporo nopsikoB.

4. CpaBHUTENbHBIN aHANN3 cyliecTBYOMUX [{® Ha OCHOBE B3BEIIMBAIOIINX OKOH.

5. Pazpabotka HOBBIX II®, mpumensembix k [THY BTOpOro m TpeThero mopsigkoB ¢
LEJIBI0 CHYKEHHS TorpemHocTerd kBanToBanusa MK Ha ux ocHoBe.

6. Pa3paboTka pekoMeHIaMii 0 OrpaHUYCHHIO AHANa30Ha BXOJAHOTO CUTHAJIA C IIe-
JIbI0 CHYMDKEHUSI MAaKCHMaJIbHOU U CPEAHEKBAAPATUUYECKOU MOrPELIHOCTEN KBAHTO-
Banus 1K.

MeToabl MCCIeT0BAHUM.

JIns pellieHus] MOCTABJICHHBIX 3a/a4 MPUMEHSUIUCh METOAbl TEOpUH HUGPOBOI
bunpTpanuu, TEOpUM KBAHTOBAHMS, TEOPUHU JIMHEHUHBIX CUCTEM, TCOPUU MOTPEIIHO-
cTel, Z-npeoOpa3oBaHusi, METOAbl MOJEIUPOBaHU A Moy siiuu. MuTanmonHoe
MOJICTTUPOBAHUE XA MOIYJISITOPOB U aHAIIU3 AMIUIUTYHO-YACTOTHBIX XapaKTEPUCTUK
(AYX) XA MoaynaTOpPOB MPOU3BOAUIUCH ¢ puMeHeHneM MATLAB.
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Hayqnaﬂ HOBHM3HA pa6OTbI 3aKJII0YAaCTCA B CIICAYIOIICM!

1.

[IpennoxkeHo mpumeHeHue (UILTPa Ha OCHOBE OkHa XaHHa (QuibTp XaHHA) B
coctaBe MK ¢ ITHY BToporo mopsijka, uTo 0OecredynBaeT CHIKEHHUE TOTPEIIHO-
CTEH KBAaHTOBAHMSI 10 CPABHEHUIO C PUMEHEHUEM Sinc-(priIbTpoB.

. IIpenmoxen n nccinenosad HOBbIM LD ¢ “pasHEcCEeHHBIMU HYJSIMU TPETHETO IIO-

psinka (N°-buibtp), npuMensemslii k [THU BTOpOro mopsiaka ¢ Hesbio CHIKCHHS
norpemHocrer kBantoBanusa MK Ha ux ocHoBe.

. Ilpennoxen u uccienoan HOBbIM L{D ¢ “pazHeceHHBIMU HYJSIMU~ YETBEPTOIO

nopsaKa (N4-(I)I/IJ'IBTp), npumensieMmbii K [IHY Tperbero nopsiika ¢ Uejibl0 CHUXKE-
HHUs norpemHocTer ksantoBanus MK Ha ux ocHose.

. BBIBGI[GHBI COOTHOLICHUA AJII OOCHKHW KBAHTUJIbBHBIX, MAKCUMAJIbHBIX U CPCIAHC-

KBagpatuyeckux norpemnocrer kanroBanus MK c¢ [IHY Broporo m tperbero
MOPSIIKOB B 3aBUCUMOCTHU OT KO3 (ULIMEHTa NTepeArcKpeTr3auuu P.

IIpakTHyeckasi 3HAYUMOCTh:

I.

[Ipenmoxensl myTH CHHKEHUs norpemHocTerd kBantoBanusa MK na ocnose [THY
BTOPOT'O U TPETHETO MOPSIKOB.

. HpeﬂHO)KeHBI, CUHTC3UPOBAHBI U UCCIICAOBAHBI HOBLIC yI[O6HBIC IJI pealin3danuu

TUIIBI (PUIBTPOB C KOHEUHOU MMITyibcHOM Xapaktepuctukoi (KX ¢uinbtpoB) Ha
OCHOBE 3BEHbEB THUIIA ‘“‘Oerymias cymma’, npumeHsembix ¢ [IHY BToporo m
TPETHETO MOPSIKOB.

. BeiBenens! popmyiibl A pacuera K03PGUIIMEHTOB UMITYILCHOM XapaKTePUCTUKU

(UX) N’-punsrpa.

. BeiBeensl hopMyIIbl I pacueTa MAKCUMAIbHOU O UAINa30Hy MOTPEITHOCTH U

MAaKCUMAJIBHOW CpEeIHEKBAApPaTHUECKON norpemnoct kBanToBanus MK Ha ocHO-
Be ITHY BTOpOIro u tpersero nopsAakos v pasnuysbix L{O.

. Pa3pa6OTaHBI MPAKTUYCCKUC PCKOMCHIAAIWH IIO0 OIPAHWYCHHIO AHUAIIa30HA BXOI-

Horo curHana B MK Ha ocnoe ITHY BTOpOro mopsiaka ¢ 1eJbl0 CHUXKECHUSI MakK-
CUMAJIbHOM U CPEIHEKBAAPATUUECKOM MOTPEIIHOCTEN KBAHTOBAHUS.

Pe3yabTaThl peaju3anu U BHeJAPEHHUS.

PesynbTaTel paboThl BHEAPEHBI U Ucnioib3ytoTes B OO0 “HIIIT Mapc-Onepro”,

4TO IIOATBCPIKAACTCA COOTBCTCTBYIOIIINM AKTOM.

HOJ’IO)KCHI/IH, BBIHOCUMBIC Ha 3aIIIUTY:

l.

Hogrie H® ¢ “pasneceHHbiMU HYyIsiMK , TipuMeHsiemblie kK [THY BTOporo u Tpetbe-
r'0 MOPSJIKOB C LEJbI0 CHIXKEHUS NOrpeiHocTei kBantoBanusa MK Ha ux ocHoOBe.

3
dopmyibl aiig pacuera kodpdurmentoB UX N -punbTpa.

. CooTHomICeHUS I OIIpCACIICHUA MaKCHUMAaJILHON 110 AUaIla3ony IIOIrpCIIHOCTH,

MaKCHUMaJILHOM CpeHHeKBaHpaTHqGCKOﬁ MOTrpCIMHOCTH W KBAHTWJIBHBIX OLCHOK
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norpemHocT kBanTtoBanus MK Ha ocHoBe ITHY BTOpOrO M Tperbero nopsakos u
pasnuuHbix L.

4. PexomMeHauMM 10 OIPAaHUYECHUIO JUAINa30Ha BXOJHOTO CUTHAJIA C LIEJIbI0 CHUMKE-
HUS MAaKCUMa@JIbHOW M CPEAHEKBAIPATUYECKON morpemHocted kBantoBaHus MK
Ha ocHoBe [THY BTOpOrO nopsaka.

AnpobGanus padoThbl.

OCHOBHBIE IPAKTUYECKHE M HAyYHbIE PE3yJIbTaThl JAMCCEPTALUOHHON PabOThI
obcyknanuch Ha KoHbepeHUMsX: Bcepoccuiickoil MEXBY30BCKOM  HAay4dHO-
TEXHUYECKOW KOH(EepeHIMU CTyaeHToB W acnupaHToB “XXXIV Henens nHayku
CIIoI'TIY” (CI16, 28 nosa0ps - 3 nexadbps 2005 r.), X Beepoccuiickoit koHpepeHmu
1o mpobJieMaM HAayKH W BBICIICH MIKOJBI “DyHIaMEHTaIbHBIE HCCIEIOBAHUS B TEX-
Huaeckux ynusepcuterax’”’ (CII6, 18-19 mas 2006 r.).

Hyonukannu.
[To Teme muccepranuu ONMyOJIMKOBaHBI TE3UCHI JBYX JOKJIAJIOB M § craTeH, u3
HUX — JIB€ CTaThU B HAYYHO-TEXHUYECKUX KypHaIaX, BKJIIOUCHHBIX B repeueHb BAK.

CtpykTypa n 00beM qUCCEePTALUM.

Jucceprauusi COCTOUT U3 BBEACHUS, 4 TIiaB, 3aKIIOUYEHUS], CIUCKA JTUTEPATYPhI
u3 87 Ha3BaHuUU, colepkuT 161 cTpaHHIly OCHOBHOIO TEKCTa, BKJIIOYAET 78 pPUCYH-
KOB, 25 TabymiI.

COAEPKAHUE PABOTbI

Bo BBeeHHMU 00OCHOBBIBAETCS aKTYyaJIbHOCTh MPOOJIEMBI, ONIPEACISIETCS Mpe/I-
MET UCCIIEeI0BaHUM, (DOPMYTUPYIOTCS 1IEJIU U 3a/1a4U UCCIICI0BAHMUS.

B nepBoii riiaBe 1aH 0030p NPOMBIIUIEHHBIX BblITycKkaeMblX MuKpocxeM [THY u
obnactu ux nmpumeHenus. [IpoBeneH cpaBHUTEIBHBIN aHAIU3 METOJIOB MOCTPOEHUS U
pabotel [THY Benymmx QupM-npou3BogUTENEH JJIEKTPOHHBIX KOMIIOHEHTOB JIJIsi
anajoro-mudposoro npeodpazoBanusi: Analog Devices Inc., Texas Instruments Inc.,
National Semiconductor Inc., TelCom Semiconductor Inc.

BoeinosiHen ananu3 coctosinus pa3Butus XA ALl u cBolicTB XA MOAYJISITOPOB
BTOPOI0 U 00Jiee BBICOKOTO MOPSAIKOB /sl mpuMeHeHus B noctpoenuu [THY Broporo
U TpeTbero nopsakoB. XA ALl mocTpoeHbl Ha OCHOBE METOAO0B NEPEAUCKPETU3ALINU
u (opMUpOBaHMS CIIEKTpa IIymMa KBaHTOBaHMs. TEXHOJOTHS MepeauCKpeTHU3aNN
BXOJHOTO CUTHAJIA TMO3BOJISIET CHU3HUTH MOPSJIOK AHTHAJIAM3MHIOBOro (DHiIbTpa 10
nepBoro nopsaka. Kpome toro, XA npeodbpazoBarenu Aar0T BO3MOKHOCTh YJI0OHOTO
U THOKOTO OOMEHa BpEMEHU MpeoOpa3oBaHUs Ha TOYHOCTh. METOJbI yBEIHYCHUS
s dexruBHON paspsaHocTd ALl MO3BONSIOT CHHU3UTH Pa3psAIHOCTH BHYTPEHHETO
KBaHTOBATEJS 70 OJHOTO OWTa, MpEeBpaTUB €ro B KoMmmapaTop. B stom cimydae nu-
HEHHOCTh XA MOIyNSITOpa 00ECIEeYUBAETCS 33 CUET €CTECTBEHHOI'O PAaBEHCTBA KBaH-
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TOB KOMIIEHCUpYIOIIEro Bo3aeucTBUs. [l03TOMY 11 mpUMEHEHUs B NOCTPOEHUH
ITHY BpIOpaHa CTpyKTypHas cxema XA MOAYJSATOpa C OJJHUM KBAaHTOBATEJIEM.

[Ipennoxensl mytu passutus MK Ha ocHoBe [IHY ¢ ucnosnb3oBaHreM METOAOB
>A monynsuuu. Ha puc. 1 nokazan MK na ocHose ITHY (XA monymnsitopa) u Aeko/ie-
pa, rae HY — Hopmupyroliee yCTporuCTBO.

TpaguUMOHHBIA METOJ WM3MEpPEHMUS YacCTOThl — HCIOJIb30BAHHE YaCTOTOMEpA
(cuetunka). Ognako ecnu ucnonb3dyroTcss [THY, noctpoeHHble Ha OCHOBE XA MOJy-
JSITOPOB BTOPOTO U 00Jiee BHICOKOTO MOPSAKOB, TO B 3TOM CIIy4ae BMECTO OOBIYHOTO
cueTyurKa Jiydiie npumeHsaTs L{® 6omnee BbicOkoro nopsaka (aexoaep).

X X Y Y
JaTuuk HY [—+ [IHY Hexonep i—
| Yacro- Ny

| Tomep

Puc.1. U3mepurenbHubiii kanaua Ha ocHoBe ITHY u nexonepa

Taxoke npoBesieH 0030p paboT 1Mo JeKoaepam sl paboThl ¢ XA MOIYJIATOpaMH
npu noctpoennu MK. OcoOeHHbIM MpenMyIiecTBOM Sinc-QpuIbTpoB mepes IpyruMu
KUX dunbTpamu sBIsETCS TPOCTOTA MPOSKTUPOBAHUS U MTPAKTUYECKON pean3aIiuu.
OpnHako Kak MOKAa3aHO B HACTOALIEH padoTe, Jydllre pe3yJbTaThl MOJY4YaroTCs MpH
NPUMEHEHHH MPEIOKEHHBIX aBTopoM LID ¢ “pasneceHHbIME HyisaMu” (N -UiIbTp
1 N*-puisrp).

Bo BTOpOIi rI1aBe IPOBEACH AHAIN3 JIMHEMHON MOJENN XA MOIYJISATOPOB C OJ-
HUM KBaHTOBAaTeleM (CM. PUC.2) U CUHTE3UPOBAH MOAYJATOP Js JaJbHEHIINX HC-
CJIEIOBAHUM.

—|L l
"1 X
A/D

L,

Puc.2. Ctpykrypa XA MoayJasiTopa ¢ OAHUM KBAHTOBaTeJIieM

MonynaTop npeacTaBlIeH ABYXBXOJIOBOW CUCTEMOM C EPEAATOYHBIMU XapaKTe-
puctukaMu B Z-o6sactu Ly(z) asis BXOAHOTO curHaia u Li(z) jis curnaina oOpaTHon
CBSI3M W IITyMa KBaHTOBaHMs. KBaHTOBaTeNb 3aMEIIeH NICTOYHUKOM a/ITMTUBHOTO Oe-
JIOTO IIIyMa C PaBHOMEPHBIM PACTIPEICIICHUEM.

Beenem o6o3nauenust: x(n1) — BxoaHOW curHai, x;(n1) — CUTHAJI Ha BXOJE
KkBaHTOBarens, y(nT) — curHai Ha BbixoJie kBantoarens, e(nT)=y(nT) — x;(nT) — mrym



-6-

kBaHTOBauus, X(z), Xi(z), Y(z), E(z) — otoOpaxeHus COOTBETCTBYIOIIUX CUTHAJIOB B
Z-o6nactu.

Nmeem:

Y(z) = STF(z)- X(z) + NTF(z)- E(2) (1)

IIPU HYJIEBBIX HAYaJbHBIX YCIOBHSIX.
rae STF(z) = Ly(z) / (1 — L(z)) — nepenarounas ¢ynkuus (I1®) BxomHoro curaana,
NTF(z)=1/(1 = Ly(z)) — I[1® ansa uryma KBaHTOBAHUS.

[IpoBeneH cpaBHUTENbHBIA aHATU3 MHOTOMETJIEBBIX U OJJHOMETIEBBIX XA MOJY-
JATOPOB. MHOTONETIIEBOW M OJTHONETIIEBOM XA MOAYJISITOPBI TPETHETO MOPSAKA I0-
Ka3aHbl HA pucC.3.

X,  [az o4z o] 42" T o Y(2)
X -z -z |¥% =z'] -
D; D, D,

a) D/A [¢
X(Z) ) AIZ_1 AzZ_l A3Z_1 3 Y(Z)
x h-z'|| h=-2" 1-2" | I, ¥ A/D >

>ID,
D/A |

6)
Puc.3. MHoronet/ieBoii (a) 1 ogHONETIAEBOM (0) ZA MoxyasaTop 3-ro nopsjaka
Ha npakTuke Ucnoib3yt0Tcsl MHTETpaTopbl ¢ HackieHueM. C mepexoioM ypoB-
HS BXOJIHOTO CHUTHaJa B pa0ouuii TUara3oH MHOTOIETIEBBIE MOJYJSITOPHI BO3Bpa-
HIAI0TCSI B PEXKUM YCTOMYMBOW palbOThI, a NIl OJIHOIETIEBBIX MOJYISTOPOB MOXKET
noTpeOOBaTHCS TOMOJHATEIBHBIN cOPOC BCEX MHTETPATOPOB B HOJb. [lodToMy syist
npuMeHneHus B noctpoenuu [THY BeiOpaHa cTpykTypHasi cxema MHOTOIETIEBOro XA
MOJIYJISITOpa C OJTHUM KBAHTOBAaTENEeM (CM. pHC.3,a).
YpaBHEHHE 11 MHOTOIIETIIEBOTO XA MOAYJIATOpA L-TO MOpsAKa:

L
Y(z) = €, X (2)+— (z-1) L E(2) (2)

ZL: o '(Z - 1)L_k kZ:%)Ck '(Z - 1)L_k

Y YpaBHEHHUE VISl OJTHONIETIIEBOTO A MOayJsiTopa L-ro nopsiaka:

>Cp e o)

Y(z) =21 X2+ ——— -E(2), 3)

kgock (z=1)" ;)Ck (z=1)"

rae Cy= 1, C,= DkAlAz...Ak, k=1+L.
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Wtak, MHOTOMETIEBOW MW OJHOIETICBOM XA MOAYIATOPHI 00JIaIal0T OJMHAKO-
BBIMU TIepeAaTOUYHbIMU (DYHKIUAMM JJIs1 IIyMa KBaHTOBaHus. [lepemarounas (yHk-
LU JJISI IITyMa KBAHTOBAHUS XA MOIYJISTOPOB TPETHETO MOPSAIKA UMEET BUJT

_ (z-1)
NIEG) -1y +C(z-1P +Cy(z-1)+ C; ®
rac C1 = D1A1, C2 = DzAlAz, C3 = D3A1A2A3.

Ocy1IeCTBIEHBI CUHTE3 U CPaBHEHHE XA MOAYJISATOPOB TPETHETO MOPSIKA C Iie-
pEaTOYHON XapaKTEPUCTUKOM Il IIyMa KBaHTOBAHUSI, COOTBETCTBYIOLIEH XapaKTe-
puctuke prubrpa Bepxaux dactot (PBY) Yebrbimena nepBoro poaa u barrepopra
IpU Pa3IMYHBIX 3HAUYCHHIX YaCTOTHI cpe3a. B pe3ynbTaTe uX CpaBHEHUS ObUT MPUHST
YA MOIYJSATOP TPETHETO MOpsiika, cuHTe3upyemsblii o ®BY YebObimeBa nepBoro po-
Jla C 4acTOTOM cpe3a paBHOU 1/16 yacToTel AuckpeTu3auuu fr. [Ipu aTom LA Mmoxyns-
TOp YyCTOMYMBO paboTaeT B Juana3oHe BXOAHOro curHama x oT —0,58Xpgr IO
0,58 Xger, TAE XrEr — ONIOPHOE HAIIPSIKEHUE.

AHAJIUTHYECKOE UCCEIOBAHUE MOTPENTHOCTEN KBAHTOBAHUS XA MOIYJISITOPOB C
OJIHUM KBAHTOBATEJIEM HA OCHOBE JMHEMHON MOJIEJIH OKA3BIBAET, YTO TEOPETUUECKU
CpeAHEKBaApaTHUYECKOE 3HaueHue (C.K.3.) morpemnoctu kBantoBanusi MK Ha ocHose
ITHY L-ro nopsaka CHUXKaeTcst IPONOPLIUOHAIBHO BEIUYNHE p 09

BBeneM 0003HAYEHUS: Y 4 max U OLk max — MPUBEJECHHBIE MAaKCUMaJIbHbIE TOTpel-
HOCTU U C.K.3. nmorpemHocty kBantoBanusi MK na ocnose ITHY L-ro nopsinka, rae
nepBbiit nHaekc — nopsaaok [THY (L = 1 + 3); Bropoit unaekc — tum L.

[IpoBenensl uccienoBanus norpemHocrer kBantoBanus MK nHa ocnose ITHY
BTOPOTO TIOPSKA M M3BECTHBIX Sinc-PuibTpoB. Pe3ynbTarhl MOKa3bIBAIOT, YTO MPH
MIOCTOSSHHOM BXOJIHOM CUTHAJI€ MAKCHUMAaJbHbIE MOTPEIIHOCTH U C.K.3. IOrPEIIHOCTH
kBanToBanus MK na ocHoe ITHY BTOpOro mopsnka npu Sinc-QuibTpe BTOPOTO U
TPETHETO MOPSAIKOB PACIPEAECIAIOTCS HEPABHOMEPHO IO BCEM OCH X, PE3KO YBEINYH-
BalOTCS B KOHIIaX MmKaiabl. EciM BXOJHOM cUTHal x MeHsieTcs oT —X; no X, rae
X1 =X, = Xger — A, 1O TIOrpemHocTy kBanToBanus MK na ocnose ITHY BTOporo no-
psJIKa CYIIECTBEHHO CHIDKAIOTCS. [loaToMy 1ernecoo0pa3Ho HE MCTIOIb30BaTh KOHIIBI
mKanel. B manpHeimem s uccinenoBanus [THY BToporo mopsiaka BeIOMpaeTcs
A =0,30Xggr, Toe Xgpr — onopHoe Hanpsbkenue. s [THY Broporo mopsiaka Hau-
JY4YIIUA pe3yabTaT MOJydaeTcss Ipu MPUMEHEHUU Sinc-QUuiibTpa TPEThEro MOopsaKa
(Sinc’) u npu P Gomblue, uem 64.

AUX nuckperHoro Sinc-¢punbTpa L-ro nopsjka onpenensercs mo ¢popmyle (5)

[sin(gV/ f,)|°
‘N sin 7?7F/f2)‘

rAe f, — 4acTtoTa JUCKpeTu3aluu; N — KOJIUYECTBO HMMITYJILCOB HUCXOIHOM MPSMO-

H(f)]= ()

yroasHoi X auckperHoro Sinc-dumbrpa mepsoro mopsiaka (Sinc').
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Kpome Sinc-¢punbTpoB ObUTH pacCMOTPEHBI M UCCIETOBAHBI (PUIBTPHI HA OCHOBE
B3BEILIMBAIOIINX OKOH: XaHHa, X3MMUHra, binkmana, binkmana-Xappuca, Harromna
(Nuttallwin), bomena (Bohmanwin), baptierra-Xanna (Barthannwin), ["aycca, Kaii-
3epa. Pe3ynpTarsl MOKa3bIBAOT, YTO HAUMEHBIIAS MOrPeIHOCTh kKBaHTOBaHusA MK Ha
ocHoBe [THY BTOporo nopsiaka noiayyaercsi Mpy UCTOIb30BaHUM (QUIBTPA HA OCHOBE
okHa XaHHa ((punbTpa XaHHA): MaKCUMabHasl MOTPEITHOCTh U C.K.3. MOTPEUTHOCTH
kBanToBanus MK na ocnoBe IIHY BTOporo mopsimka ymeHbiiaercs 0Oojiee yeM Ha
26 % 110 CPAaBHEHHIO C TPAIUIHOHHBIM IPUMEHEHHEM Sinc’.

OcymiecTBIEHO HCCIEAOBAHNUE MOMEXOMOIABISIONIET0 CBOMCTBA ISl (UIbTpa
XanHa (cMm. puc.4,a). YpoBeHb MOJABICHUS] TTOMEXU B Juana3zoHe =2 % OT HOMH-
HAJIBHOTO 3HAYEHHUA 4acTOThl ojaasigemon nomexu (50 = 1) I'n nynem AUYX punbT-
pa XanHa (COOTBETCTBYOIIM BTopoMy Hyio AUX Sinc’) He xyxe —64 1b.

hin) | N
\ | = Hann — M3-Filter — N4-Filter
0,015 -4 . Sineg 901011 oo Sined [l g g15 |oeie —-—- Sinc4
e e 1 L e s PO I N
0,005 - it A4 0,005 [ gt N 0 005 bbb N
| i i J“' : :‘\ I ; W
0 : : : 0 : — 0 : : :
0 50 100 150 n 0 50 100 150 n 0 50 100 150 n
|Hifi], dB
S — Hann | ON — N3-Filter | U "[— MN4-Fitter |
--== Sinc3 ---- Sinc3 -=== Sincd
501 50 -2 ----- U T
: 100 f---
100 f--4- 100t -

i ! ! : ]
0 0,04 oog f 0 0,04 aog f 0 0,04 aos f

Puc.4. UMmnyJibCHBbIE U aMILIUTYAHO-4ACTOTHbIC XaPAKTEePUCTUKH PUIbTpPa
. . . 4
Xamuna u Sinc’ (a), N3-([)nanpa u Sinc’ (0), N -puabTpa u Sinc” (¢)

Takke OCyIIECTBIIEHO DKCIIEPUMEHTAIIBHOE UCCIIEA0BAaHUE IOIPEIIHOCTU KBaH-
toBanus MK Ha ocHoBe [THY BTOpOro nopsiiaka. OKCIEpUMEHTAIbHBIM HCIIBITAHUEM
Ha ¢uznyeckom makete s [THY BToporo mopsinka moaTBEp>KIACHBI Pe3yIbTaThl, MO-
Jy4eHHbIE IPU MoJenupoBannu B cpene MATLAB.

[IpoBenensl uccienoBanus norpemHoctei kBantoBanus MK nHa ocnose ITHY
TPETHEro nopsjaka u Sinc-puiabTpoB. Pe3ynbTaThl NOKa3bIBAIOT, YTO MPU MOCTOSIHHOM
BXOJHOM CHUTHAJIE MAaKCUMAaJbHbIE MOTPEIIHOCTH U C.K.3. TOIPEIIHOCTA KBAHTOBAaHHMS
UK na ocnoBe ITHY Tperbero mopsaka mnpu Sinc-(GUIbTpe YETBEPTOTrO MOpsiKa
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(Sinc) pacmpenensioTcs IPUMEPHO PABHOMEPHO B JMAIA30HE BXOJHOIO CHTHANA
X1 <x<X,, tne X, =X,=0,58Xger; Xggr — omopHoe Hampspbkenue. s ITHY
TPETHEro MOPSAKA HAMIYHIINNA Pe3y/IbTaT MOTy4aeTcs IPH IPHMEHEHHH Sinc’ 1 mpu
P 6onbiie, uem 150.

OcCy1IeCTBIEHO UCCIEAOBAaHNE KBAHTWIBHBIX OIIEHOK IMOTPEIIHOCTA KBAaHTOBA-
Hus UK Ha ocrHose ITHY BTOpOro nopsaka npu npuMeHeHUU Sinc® u bunbTpa XanHa
1 Ha ocHoBe ITHY TpeThero nopsika npyu uCrojib30BaHUU Sinc* IIPYA Pa3JIMYHbIX 3Ha-
YEHUSIX JTOBEPUTEIHLHON BEposATHOCTH. [IpuBeneHa Tabmwila KBAaHTUIBHBIX OIICHOK
(Y / Orx) 15t 3HaUeHUH qoBepuTenbHOU BepositHocTH 0,9; 0,95; 0,98; 0,99; 0,995 u
0,997 (cM. Ta6:1.3).

Tperbsi ri1aBa mocBsiieHa cUHTe3y HOBBIX ¢uubTpoB 11t [THY BrOoporo u
TpeThero nopsAakos. IIpoBeaen ananus c¢.k.3. norpemHocTy kBaHtoBanus MK Ha oc-
HoBe ITHY u L{®. CpegnexkBagpaTnyeckoe 3HaUEHUE NOTPEITHOCTA KBAHTOBAHUS Ha
Bbixojie [I® onuceiBaeTcs popmynoit

o, =0, ihz(m). (6)
m=0
N
1 f2 /2
0, =01 |~ I|H(f)|2df: (7)
2 —f,/2

rae 6 — C.K.3. norpemHocty kBantoBanusa [1HY, 6, — ¢.K.3. MOrpemHOCT KBaHTOBA-
Husa Ha Beixoge LD, i(n) — UX dunwtpa, |H(f)| — AUX dunstpa, fo — yactoTa Auc-
KpETHU3alHUU.

U3BectHO, uTo UX Sinc-dunbsTpa mopsiaka L mpenacraBiser coboi cCBEpTKYy L
npsaMoyroybHbiXx X ¢ oguHakoBod IiuHOM N, T.€. C COBMEIICHHBIMU HYJISIMA Ha
HOpMHpOBaHHOU Yactote n/N (n mensiercst ot 1 mo N). Torma mnmuHa Sinc-punbTpa
oyner P =L(N—1) + 1 orcueroB. Eciu u3MeHUTh JUIMHBI 3TUX NPAMOYToibHBIX X

U 1oJ100path 3TU npsamoyroyibHbie UX ¢ pa3HbiMU JyiMHAMU N, TaKUM 00pa3oM, 4ToO-

L
661 LN =Y N, , TO NOJy4HM HOBBIl (DHIBTP C pasHECCHHBIMU HymsiMU (ero Oyxem
k=1

Ha3bIBaTh N'-buisTp). B sToM ciyuae mmna N'-QuibTpa OCTAaeTCs TaKoil xke, KaK
mHa Sinc-Guibtpa. N'-QUIBTPEl TOXKE HMEIOT TaKHE JOCTOMHCTBA KaK y Sinc-
(GUIBTPOB: MPOCTOTA MPOCKTUPOBAHUSA M MPAKTUICCKON peanu3amnuu (B BUAC KacKa-
na).

AUX N*-punprpa nopsaka L onucsiBaercs GpopMynoii (8)

o ysin(N, /) q
O G ®
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B Z-o6nactu I1d N*-dunsTpa onpenensercss Gopmynoit (9)
L 1 1=zM L L(N-1)+1 L
G(z) = o — =11 ( Sb, ol j, 9)

1 Ny 11—z k=1 Ny =l

L
e LN=)Y N, u N, <N, -+ <N, b, — xoopduumentsr X N*-pusTpa ¢ JuMHOI
k=1

LIN-1)+1.
Ipu L = 3, xoodduumentsr UX N -QUIbTpa MNPELIoKeHO PacCUUTHIBATE IO
dbopmynam, mpruBEICHHBIM B Ta0I. 1.

Tabm. 1
Ne b, n
1 n(n+1)/2 1+ N,
2 N,(1-N,)/2+N, -n (N; + 1) = N,
3 [[N,(I-=N,)+N,(1-N,)—n(n+1)]/2+ (N, + N,)n (N, + 1) = N;
4 [3N — (N} +Nj; + N3)]/2+(3N -Dn—n (NV; + 1) = (BN-2-N;)
5 [N,(1-=N,)+N,(1-N,)]/2+ (BN—1—-N3) = (3N-2—N,)
+ (BN -1)(BN =2N;)+ N;-n—n(n+1)/2

N,(1-N,)/2+N,3N -1)-N, -n (BN—-1-N,) + (BN =2 —N})

7 BNBN -1)/2-3N-n+n(n+1)/2 (BN-1-N,)+~(3N-2)

B yactHom cnyuae, korna Ny = N, = N; = N, koapbuumeHTs! b, pacCUUTHIBAIOT-
cst o popmymam Ne 1, 4, 7 u N>-unbTp mpeBpamaercs B Sinc’.

Ha AUX N* -pUIBTPOB UMEIOTCS TPYMIIBI OJIM3KO PACIIONIOKEHHBIX HYJIEH, gaee
Ha3bIBAEMBIE IIPOBAJIAMU.

OCyIIECTBIICHb CHHTE3 M MCCIICIOBAHNE HOBOTO N -(HIIbTPA, IPUMEHSIEMOTO C
ITHY BTOpOTO mOpsiAka ¢ LENbI0 CHUXKEHUA norpemnocrel kBantoBanus MK Ha mx
OCHOBE T10 CPABHEHHMIO C H3BECTHBIM Sinc’. TaksKke OCYIIECTBICHO MCCISI0BAHUE MO-
MEXOIOAABIIAIOMEro CBOICTBA i N°-puibTpa. YPOBEHb MOJABICHHS MOMEXH B
nuana3zoHe £ 2 % OT HOMHHAJIBHOIO 3HAYEHHsI 4YacTOTHl IOAABISIEMOM ITOMEXH
(50 + 1) Ty mpoaom AUX N’-¢umbTpa (COOTBETCTBYIOILIMM BTOpPOMY Hyimo AUX
Sinc’) me xyxe —100 nb. IlomyueHHble pe3yibTaThl MO3BONSIOT HCIOJIB30BATH
N-punbTp coBMecTHO ¢ [THU BTOPOro mopsiika, B TO %e BPEeMs He yXy/IIIas CBOMCT-
BO [IOMEXOIO/IABJICHHS 110 CPABHEHHIO C IPUMEHEHHeM Sinc”.

Taxoke MPOBEJICHbI CHHTE3 U HCCIIE0BAHHE HOBOTO N -(HIIbTPa, NPHMEHAEMOT0
¢ ITHY Ttperbero mopsijika ¢ 1eJIbI0O CHUXKEHUS TorperrHocTeld kBantoBanus MK Ha
MX OCHOBE MO CPABHEHHIO C H3BeCTHBIM Sinc’. OCYyIECTBICHO HCCIEI0BAHNE TOME-
XOIO/IABIISONIEr0 CBOMCTBA [ist N'-puibTpa. YPOBEHD MOMABICHHS TOMEXH B 1Ha-
nasone (50 + 1) I'm nposamom AUX N'-pumbTpa (COOTBETCTBYIOIIUM YETBEPTOMY
nymo AUX Sinc*) me xyxe —128 1b. DTOT pe3ysibTaT YIOBICTBOPSET TPEGOBAHHIM
GOJBIIMHCTBA PAKTHIECKUX pUMeHennii. Kpome storo, N'-duistp mossonser Ham
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JIETKO PEaI30BaTh BO3MOYKHOCTh IMOAABJICHUS IIOMEX CUJIOBBIX CETE€H C YaCTOTAMH
50 1 60 I'n 1 KpaTHBIMU MM YaCTOTaMU OJTHOBPEMEHHO. Y POBEHb MOJABIECHUS MOMeE-
xu AYX N4—(1)1/1J15Tpa B nuana3zonHe (50 + 1) I'm ve xyxe —75 nb, a B nuamaszo-
He (60 £+ 1,2) I'n He xyke —80 nb. IlomydyeHnHbie pe3yabTaThl MO3BOJISIIOT MCIIOJIB30-
Bath N'-puibTp coBmectHo ¢ ITHU TpeThero mopsiaka, B TO K€ BpeMs HE yXymas
CBOMCTBO MOMEXOMOABIICHHS 110 CPABHEHMIO ¢ IIpHMeHeHHeM Sinc”,

B 4deTBepTOii TJ1aBe OCYIIECTBICHBI NCCIACAOBAHNS MaKCUMAJILHON TOTPEIIHO-
CTH U c.K.3. morpemHoctu kBantoBanust K na ocnose [THY BTOporo nopsiaka u Ho-
Boro N’-¢uisrpa. Ipu npumenennn N -dumbrpa (cM. puc.4,6), MaKCHMAIbHAS T10-
TPELIHOCTH U C.K.3. norpemHoctu kBanroBanus MK Ha ocnose IIHY BTOporo nopsa-
Ka YMEHbIIAIOTCS Oonee deM Ha 27 % IO CPaBHEHMIO ¢ NMpHUMEHeHHeM Sinc’ (cm.
puc.5).

Ha puc.5 mokazaHbl 3aBUCHMOCTH MPUBEICHHBIX MAKCUMAJIBHBIX ITOTPEITHOCTEH
U C.K.3. norpemHocrerd kBantoBanusa MK na ocnose ITHY BTOporo nopsnaka ot P npu
IPUMEHCHU U N3-(1)Hanpa (YaNmax ¥ Oovmax) M SINC-PUIBTPOB TEPBOTO (Va1 max

021 max)> BTOPOTO (Y22 max ¥ G22 max) ¥ TPETHETO MOPSIKOB (Y23 max U 023 max), IPU JAHATIA-
30HE BxojHoro curfana —X; <x <.X,, rae X; =X, = 0,70Xzgr.

"?'zk R GQR max’ i : : :
1
1
___________ 0,1
01 przzzzzzzzazizzsa
_____ 0,01
001 § === Y23max :
— Nmax |- ; ; ;
- - - 0,001 ' -
50 100 200 400 F Al 100 200 400 F

Puc. 5. 3aBUCHMOCTH Y34 max M G2 max OT P

C.k.3. morpemiHocty kBaHtoBaHusa MK nHa ocnoBe 1IHY BTOpOro nopsaka npu
npuMenennn Sinc’, ¢puastpa XanHa n N'-QUIbTPa CHIKAETCS MPONOPIHOHATBHO
BeHurHe npuOmmsurensao P [em. dopmyiy (10)], 4To COOTBETCTBYET TEOPETH-
YECKOMY aHAJIN3Y (B JAHHOM CIIy4ae TEOPETUYECKH C.K.3. [IOIPEIIHOCTH KBAHTOBAHMSI
CHHKACTCS [IPONOPLHOHANBHO BeHunHe P >°),

Taxxe nccie10BaHbl 3aBUCHMOCTH MAKCHUMaJIbHOM U C.K.3. IOTPELIHOCTH KBaH-
toBanusa MK na ocnose IIHY BTOporo nopsiaka ot tuna L{®D. [lomyuennsie pesyibra-
ThI TIOKa3bIBAIOT, 4To Wit [THY BTOpOro mopsiaika HaMMEHbBIIUE MTOTPEIIHOCTH TOJTY-

yarotcs npu GuibTpe Xanna u N -punsrpe. C TOUKH 3pEHHS PAKTUYECKOT0 HpHMe-
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HeHUs, N°-QUIBTP HMeeT NPEMMYIIECTBO mepen GuibTpoM XaHHA, TaKk Kak
N-punbTp yIo6HO M HETPYAHO peann3oBarh. [109TOMy LENeco06pPasHO U PEKOMEH-
JIOBAHO HUCIIOJB30BAaTh HAa IIPAKTUKE N -punbtp ¢ ITHY BTOpOro nopsaka.

OcCylIeCTBICHO UCCIEIOBAHUE 3aBUCUMOCTH MPUBEACHHONW K AUAIA30HY H3Me-
pA€MOl BEJIMYMHBI MAKCUMAJIBHOM MOTPEITHOCTH U C.K.3. IOrPEITHOCTH KBAHTOBAHUSI
UK na ocHoBe ITHY BTOpOro mopsaka npu NpUMEHEHUHN Sinc® (Y23 max ¥ 023 max) ¥
N-punbTpa (Yon max H oy max) OT BEITHIHHBI OTCTYIIA OT KOHIIOB IIKAIBI A, IPH pa3-
JUYHBIX 3HaYeHUsAX P (cM. puc.6).

Ha puc.6,6 xupHbie TUHUN — 3aBUCUMOCTH Y73 max OT BEJIUYUHBI OTCTYMA A; TOH-
KHE€ JIMHUU — 3aBUCUMOCTH Y2y max OT BETUUMHBI OTCTYyTIA A.

[u] —
"?rzk max’ 7 P. = 205r ]
. ,':'a'"u :
2k ma 1 TES AEE] ::'_E:::::
01 e
,L ______ A :i,_v._a_:::_
B R A
St ; ;
0,01 : : : :

Puc.6. 3aBUCHMOCTH NPUBEAEHHBIX MOTPEMIHOCTEMN Y2z max M G2f max OT A

[Tony4yeHHBIE PE3YJIbTAThl MOKA3BIBAKOT, YTO 3HAYECHUSA Y2tmax U Ok max MUHH-
MaJIbHbl TIPM BEIWYMHE OTCTyna A, Bapeupyromeics B npegenax oT 0,2Xzgr
10 0,3Xzer. Takum 00pa3zoM, C ILEJIbIO CHUXEHUS MAaKCUMAJIbHOW MOTPEIIHOCTH U
c.k.3. norpemHoctu kBantoBanusi UK na ocnose ITHY BTOpOro nopsaka pekoMeHa0-
BaHO OrPAaHUYCHME [MaNa30Ha BXOJHOrO CUTHaIa B mpenenax —X; <x <X, rxae
X1=Xo=Xger — A; Xger — onopHoe HanpsbkeHue U A = 0,2 Xper 10 0,3 Xzer.

Ocy1IecTBIEHBI HCCIEIOBAHUSI MAKCUMAaJIbHOM MOTPEUIHOCTU U C.K.3. MOTpell-
Hoctu kBaHTOBaHus MK nHa ocHoe IIHY Tperbero mopsiaika u HOBOTO N -punbTpa
IIpY IHANa30HE BXOJHOIO CHUTHAJIA, KOTOPBIM HAaXOAWTCA B mpenenax —X; <x <.X,,
e X; =X, = 0,58Xzzr. Ipn npumenennu N'-¢puabtpa (cM. prc.4,6), MAKCHMAIbHAS
MOTPEIIHOCTh U C.K.3. norpemnocty keantoBanusi MK na ocnose ITHY TpeThero no-
psifiKa yMeHbIIaeTcs Gosee deM Ha 45 % 10 CpaBHEHHMIO ¢ mpuMeHeHneM Sinc” (cm.
puc.7).

Ha puc.7 noka3ansl 3aBUCUMOCTH PUBEICHHBIX MAKCHUMAaJIbHBIX TOIPEIIHOCTEN
U c.k.3. norpemHocTerd kBantoBanuss UK Ha ocHose ITHY Tperbero nopsimka or P
npu npUMeHEHHH N -PUIbTPa (Y3y max ¥ O3y max) M SiNC-GHIBTPOB BTOPOTO (Y32 max U
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032 max)> TPETHETO (Y33 max U 033 max) U UYETBEPTOrO MOPSAKOB (Y34 max U O34 max), IPHU
nmana3oHe BXogHoro curHana —X; <x <X, rae X; =X, = 0,58 Xzgr.

“?r3k rrax’ Df('? ___________ e T e GSk rrax’ *
S
_______ SRR MR S 0.1
0,1
0,0
mee T32ma}{
O01F == Y33 max
—_— Ty 3
i 0,001 - S
100 150 200 250 0 F 100 150 200 250 P

Puc. 7. 3aBUCUMOCTH Y34 max U O34 max OT P

C.k.3. norpemHoctu kBantoBanust K na ocnoBe ITHY Tperbero nopsiaka npu
npumenennu Sinc’ 1 N*-ribTpa CHIKAETCS MPOMOPLHOHATBHO BEINYUHE IPHOITH-
sutensHo P [eM. opmyity (10)], 4TO COOTBETCTBYET TEOPETHUECKOMY aHANH3Y (B
3TOM CJy4ae, TEOPETHYECKHU C.K.3. MOIPEIIHOCTH KBAHTOBAHUS CHUXKAETCS MPOMOp-
IHOHATBHO P 7). N'-pHibTp MMeeT Te ke JOCTOMHCTBA, KaK M Sinc-QHIBTpP: ero
yA00HO M HETPYAHO peanu3oBaTh. [l03TOMY 1ENIECO00pa3HO U PEKOMEHJOBAaHO Ha
NMpPaKTUKE UCIONB30BaTh N'-¢uiastp ¢ [THY Tperbero mopsiaka.

BriBenienb! popMyIibl 17151 pacyeTa MaKCUMAJIbHOM MO TMaNa3oHy MOrPeIHOCTH
Y MaKCHMAaJbHOIO C.K.3. norpemHocty kBantoBanus MK Ha ocnose IIHY BTOpOro n
TpPeThero nopsakoB U paznuusbix L{D. IIpuBeneHHbIE MOTPEIIHOCTH KBAHTOBAHUS (B
noisix eguHuipl) UK Ha ocHoBe ITHY BTOpOro u TpeTbero nopsiakoB pacCUMTHIBAOT-
cs o dopmyiie (10)

7/Lkmax = lodsz ) PdlLk U Orfmax = lodsz 'PdlLk > (10)

rae L = 2+3; k= 3+5 u koapurmentsr d1,,u d2;, npuBeaeHBI B Ta0MI. 2.

Tabm. 2
[THY | norpemHocTH Sinc’ bunbTp XaHHa N°-pumbTp
BTOPOTO dly; d2y; dlyy d2y4 dlss d2,s
MOpsIAIKa Y2k max —2,465 2,394 | -2,561 | 2,503 | —2,484 | 2,326
O2k max —2,341 | 1,662 | -2,365 | 1,616 | -2,341 | 1,550
I[THY | morpemHocTH Sinc’ Sinc” N'-pubrp
TPETHETO dls; d2s; dlsq d2;, dlss d23s
nopska 3k max —2,805 | 3,225 | 3,561 | 4,823 | 3,625 | 4,794
O3 max —2,841 | 2,765 | 3,430 | 4,060 | 3,460 | 3,960
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[IpoBeneHbl CpaBHEHUS NPUBEACHHOM MAaKCUMAJIBHOW IO IMANA30HY NOTpell-
HOCTH U MAaKCUMAaJBHOTO C.K.3. morpemHocTty kBanroBanus MK na ocnose ITHY BTO-
poro u tperbero nopsaakos ¢ [IHY nepsoro nopsiaxa. 13 nosrydeHHBIX pe3ysibTaToOB
cinenyer, uro 1ipu P < 150 nienecoodpasno ucnosib3zoBatsk [IHY BTOporo mopsiaka co-
BMECTHO C N3-(1)HHLTp0M, a npu P> 150 nyume npumenste [THY Tperbero nopsaka
cOBMeCTHO ¢ N'-umbTpoM (cM. prc. 8).

Ha punc.8 mnokasaHel 3aBUCMMOCTH OTHOILIEHHS IPUBEAEHHBIX MaKCHUMAJIBbHBIX
MOTPEIIHOCTEN U C.K.3. morpemHocrer kBantoBanusa MK Ha ocnose ITHY BTOpOro n
TPETHETO MOPSIAKOB (Y max ¥ OLk max) K IPUBEACHHOW MaKCUMAJIbHOM MOTPELTHOCTH U
c.k.3. norpemHocTy kBaHtoBanus MK Ha ocHose [THY nepBoro nopsiaka npu npume-

N
HEHUU SINC (Y11 max ¥ O11 max) OT P.

YLk ma}{fYH max GLk ma}{IGH rhax
05 !
0.1
U | et
TSdma}{fYHmax """ s GSdmafoHmax »
_________ s
== o3max / M 1max "\.\ == %23max ¢/ “11max *\.‘
=== Fanmax / T11max _______ === T3nmax s “11max :
et Yoma s Himer | 00T 0 rrs Oomax s Crimax |24
0,01 : : : : ; :
100 150 200 250 F 100 150 200 250 F

Puc.8. 3aBucumMocTyi OTHOIEHHS Y1 s max / Y11 max ¥ OLk max / 011 max OT P

[TpoBeneHo ucclieqoBaHNEe KBAHTUIIBHBIX OLICHOK (Y. / G7y) MOTPEIIHOCTH KBaH-
toBaHua MK Ha ocnoBe ITHY BTOpOro mopsiika ¢ npuMeHEHUEM N3-(1)HJILTpa U Ha
ocrose ITHY Tperbero mopsiaka ¢ mpumenenneM N'-dmabrpa (cMm. Tabn.3). IMomy-
YEHHBIC PE3yJIbTaThl IPUBEEHBI B Ta0M. 3.

Tabm. 3
P, Y23/ O3 Yan / Gan Y2/ Gonr Y34/ O34 Y3n/ O3n
0,9 1,70 1,69 1,70 1,67 1,69
0,95 2,03 2,02 2,03 1,99 2,01
0,98 2,41 2,41 2,42 2,36 2,38
0,99 2,65 2,66 2,66 2,61 2,63
0,995 2,86 2,87 2,88 2,84 2,88
0,997 2,99 3,01 3,02 2,99 3,03

Tabnuma 3 mo3BosiseT caenaTh BbIBOJI, YTO KBAHTUIIBHBIE OLICHKH MOTPENTHOCTEHN
kBantoBanus MK ¢ pazmuunsivu [THY u [{® npuMepHO OJMHAKOBBI MPU OJMHAKO-
BOM 3HAQYE€HUU JOBEPUTEIBLHON BEPOSATHOCTH P
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OCHOBHBIE PE3YJIBTATBI PABOTBI

Ha ocHoBe 0030pa npombliieHHbIX BbiyckaeMbix [THY u ananuza MeTon0B 10-
crpoenus IIHY, cocrosuus passutus XA ALII BbISIBIEHBI OCHOBHBIE IyTH IIO-
BbillieHUs1 TouHoCcTH MK Ha ocHoBe ITHY ¢ XA moaynsitopamu BTOPOTO U TPEThE-
ro NOPSIAKOB.

OcyuiecTBiI€H aHalu3 JMHEMHOW MOJenu XA MOIYJSATOPOB U MPOBEACH CHHTE3
XA MOAYJATOPOB TPETHETO MOPSAKA C NEPEAATOYHBIMU XapaKTEPUCTHKAMU pPa3-
JUYHBIX (PUIBTPOB.

C noMompb MMUTALMOHHOTO MOJAEJIMPOBAHUS MPOBEACHBI UCCIEAOBAHUS MakK-
CUMAJIbHOW NOTPEIIHOCTH, C.K.3. U KBAHTWJIBHBIX OLIEHOK NOTPENIHOCTEN KBAHTO-
Banus MK na ocnoe ITHY BTOporo nopsiaka u nano cpasHenue ¢ UK, conepxka-
mwumu [THY nepBoro nopsiaka.

OKCHepUMEHTAIbHBIM UCIIbITaHuEeM Ha ¢uszndeckom makere mis [THY Broporo
IIOPSZKA TOATBEPKACHBI PE3YJIbTAThI, ITOJyYEHHBIE IIPU MOJEIUPOBAHUU B CpEE
MATLAB.

C noMoIb0 UMUTALMOHHOTO MOJIETMPOBAHUS TIOJIYUYEHbI JAHHBIE, T03BOJISIOIINE
OLIEHUTh MAaKCUMAJIbHbIE MOTPEIIHOCTH, C.K.3. U KBAaHTWJIBbHBIC OLIEHKH IOrPELI-
Hocreit kBanToBanus MK na ocHoBe ITHY Tperbero nopsigka u 1aHO CpaBHEHUE C
UK, conepxamumu [THY nepBoro u BTOporo nopsiikoB.

UccnenoBan psa GuiIbTPOB Ha OCHOBE B3BELIMBAIOLIMX OKOH M IOKa3aHO, YTO
¢bunsTp Xanna B coctaBe UK ¢ [THY BTOporo mopsinka obecrieunBaeT CHIKEHUE
norpemHoctel kBantoBanus MK mo cpaBHeHuto ¢ mpuMeneHnem Sinc-(QuiabTpoB.
[Ipennoxensl HOBBIE UPPOBBIE GUIBTPHI ¢ “pazHeceHHbIMU HyssiMu st [THY
BTOPOTO U TPETHETO MOPSAIKOB C LEIbI0 CHUKEHUS MOTPEIIHOCTEN KBAaHTOBAHMS
UK Ha ux ocHoBe.

BriBenennl hopmynsl A pacyeta koddduimento X HOBbIX (GUIBTPOB C “pas-
HECEHHBIMH HYJISIMH~ TPETHETO MOPSAIKA.

BriBeicHBI COOTHOIIEHHUS JJIsI ONPENEICHUs] MaKCUMAJIBHOW IO JHAara3oHy II0-
I'PEIIHOCTH U MAaKCUMAJIBHOT'O C.K.3. IOTPEIIHOCTY M KBAHTWJIBHBIX OLEHOK ITO-
rpemHOocTH KBaHToBaHus MK Ha ocHoBe ITHY BTOpOrO M Tperpero nmopsakos u
pasnnuHbix L.

Pa3zpaboTanbl pekoOMeHAALMH [0 OIPAaHUYEHUIO JMarna3oHa BXOAHOIO CUTHAJa C
LEJIbI0 CHUKEHHSI MAaKCUMAJIbHOM IMOIPEIIHOCTEN U C.K.3. IOTPEIIHOCTH KBAHTO-
Banus MK Ha ocnoe ITHY BTOpOro nopsiaka.
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