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1. 1EJIb PABOTbI

1.1. u3ydenue Metona OMIMHEHHOTO TIPeoOpa30BaHus M Pa3IMYHBIX BUIOB alllIPOKCHMALIUU
(GUIBTPOB-NPOTOTUIIOB;

1.2. cunTte3 nepenatounoi GpyHkmu nudposoro ¢umibrpa (LIP) mo amamoroBomy nmpoToTH-
Iy METOA0M OMJIMHEHHOro npeodpazoBaHms;

1.3. uccnenoBanre MepexoAHON U aMIUIUTYyIHO-4yacTOTHOM (AUX) xapakTepucTUKH (UiIb-
Tpa.

2. KPATKUE ITOSICHEHUS K JIABOPATOPHOM PABOTE

2.1. 3agaum u MeToabI CMHTe3a HU(POBBHIX PUILTPOB

Cunre3 [1® B 00meM ciydyae BKJIIOUAET CHMHTe3 MepPeJaTOYHON (PYHKIHMHM U CTPYKTYpbI
¢buIbTpa Mo 33AaHHON €ro YaCTOTHOW WM MMITYJIbCHOM XapaKTepUCTHKE, a TaKXKe OLeHKY Tpedy-
eMOi Pa3pAIHOCTH YuceN I KOIPQPUIIUEHTOB (PHIIBTpa M OTCYCTOB BXOJHOTO, BBIXOJHOTO U
BHYTPEHHUX CUTHAJIOB.

Cunte3 nepenarounoii ¢pynknun L@ H(z) nmo 3amaHHON YaCTOTHON XapaKTEPHUCTHKE
Hy(j-®) 3akmrodaercs B ee anmpoOKCHMAUMU U omnpeneicHud Ko3(PUIHEHTOB TNepeaaToYHOoM
¢yHknuu. Metoas! CUHTE3a pa3IeisIlOTCS Ha aHATUTUYECKUE, UTEPALIMOHHBIE U YHCIICHHBIE.

[To Buay anmpokCHMMHUpPYEMOIl 4acTOTHOW XapakTepucTuku Hqy(j-®) pasznmuyaror mudpoBbe
(GUIBTPHI CO CTYMEHYATO-00pa3HON aMIUIUTYIHO-4YAaCTOTHOM XapakTepuctukoi (AUX) — GuibTpsl
HwkHux vactor (OHY), Bepxumx uacror (PBY), momocHo-mpomyckatonue (I1I1D), momocHo-
sarpaxkaatomue (I13®P), muorononocusie (MIID) (puc. 1) u P ¢ npousBoIbHON 4acTOTHON Xa-
pakTepucTuKOi. MoryT ObITH CHHTE3MpOBaHBI Takxke [P ¢ 4acTOTHOW XapaKTepUCTHKON IUPpO-
Boro nuddepennmatopa u npeodpaszoparens [ mindepTa.

Tak kak yacTOTHBIEC XapakTepucTUKH [{D neproguuHsI 110 4acTOTE € MEPUOJOM Oy U UX MO-
nyns (AUX) u apryment (OUX) ob6nagaroT cBOMCTBaMU COOTBETCTBEHHO UYETHOM M HEUETHOM CHM-
METPHH OTHOCHUTEIIBHO 9acTOT ® = 0 WM m,/2, TO UX JOCTATOYHO 3a7aTh B moyioce 9actot (0— w,/2)
niu nosnoce (0—m) HopMUpPOBaHHBIX YyacToT A= - T, (puc. 1).

HcxomupiMu nanHbiMU Uit cuHTe3a [[D mo 3amaHHON 4acTOTHOM xapakTepucTtuke (puc.l)
SIBJISIFOTCSL:

®  YACTOTHI Cpe3a, 3aJEPKUBAHUS (D¢, (5, ONPEACISAIOMINE T'PAHULBI U 3HAYEHHUS IOJIOC

POy CKaHUS, 3aICP)KUBAHISI U TIEPEXOIHBIX TTOJIOC (PUIBTPA;
e nonyctumasi HepaBHOMepHOCTh AUX ¢uibTpa B mosnoce mporyckanus (Wi ociadie-
HUE Ha TPAaHUIIAX MOJIOCHI MPOMYCKaHUs B ciiydae MOHOTOHHBIX AUX) Ay, 1b;

e  MuHUMaibHOe 3aTyxanne AUX B nmonoce 3anepxkuBanus As, 1b.

[Tapamerpam Ay, A3, OIpenesIONIMM JI0IYCTUMBIE IMOIPEIIHOCTH alNpPOKCUMAIUH 3a/aH-
Hoii uneanmmsupoBanHoid AUX |Hy(j-®)|, cooTBeTCTBYIOT Ha puc. | ypOBHH AOMYCTUMOTO OTKJIOHE-
Hus pacuetHod AUX |H(j-)| ot 1 B mosnoce npomyckanusi (1-0;) U OT HyJIS B TTOJIOCE 3aJIepP>KUBa-
Hus 0y: Ap=20-1g[1/(1-81)], ab; A3=20-1g(1/3,), ab.

Boigenennsle Ha puc. 1 myHKTHpoM oOjacTu oOpa3yroT MoJie JOMYCKOB Ha MOTPEIIHOCTH
arnmpoOKCUMAIlUM, B KOTOPBIC JOJDKHA YJIOXKHUTHCA pacdeTHas anmpokcumupyromas AUX |H(-o)),
IIOKa3aHHas Ha puc. 1, B.
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Puc. 1. Ilpumeps! 3ananus AUX LD

2.2. MeToa OMaMHEITHOT0 Mpeodpa3oBaHus

Mertoa 6unuHeHOro Mpeodpa3zoBaHusl OTHOCUTCS K AHAJTUTHYECKHM MeTO/aM pacueTa.

[To merony OunmHEHOTO MpeodpazoBanus cuHTe3upyemMomy LID cTaBUTCS B COOTBETCTBUE
HEKOTOpBIN aHanoroBelii puibTp-npotoTun (ADII ) ¢ nepenarounoit Gpyukuuein H(s) u yacToTHOM
xapakrtepuctukoit H(j-Q2), ogHO3HauHO CBsI3aHHBIMU C niepeaaTtouHol (pynkiumeit H(z) n yactotHOM
xapakrepuctukoil H(j-o) L{®:



ADII ji () A®II oo
s=f(z) Q=f(w)
z=f"1 (s) H(Z) H(J ’ Q)

H(s) H(j- o)

o=f"1(Q)

CBs13b 5Ta OnpesenseTcs: npsiMoit s=f(z) u 06paTHoit z=f(s) mpeobpasyomuMI QyHKIHIME
¥ COOTBETCTBYIOLIMMH UM TpH 5=j-Q 1 z=¢' ™" mpeoOpasoBaHMsIMK 4acTOT

Q=f(»), ®=f"'(Q) aHanoroBoro 1 HHUPPOBOro GUIHTPOB.

C nmomompto 3TUX mpeobpaszoBanuil onpenaessiorces TpedoBanus k ADII, o KOTOpEIM XO-
po1ro pazpaboTaHHBIMU METOJIaMH CHUHTE3UpyeTcs ero nepeaatounas ¢ynkius H(s), mpeobdpasye-
Masi 3aTeM B UCKOMYI0 nepenaTounyio ¢pynkuuto L{D H(z).

[TpeoOpasyronue GyHKIMHM JOKHBI yIOBJIETBOPATH CIETYIOIIUM YCIOBUIM:

e JjeBas S-MOJYIUIOCKOCTh $=6+1] Y, 6<0, B KOTOPO! pa3MeLIatoTCs MOIIOCHl yCTOHYNBOTO

A®II, nomkHa OJHOKPATHO 0TOOpaXKaThCst BHYTPh Kpyra eIMHUYHOTO paanyca |z[<l, B
KOTOPOM Ha Z-IJIOCKOCTH pa3MelaloTcs moitoca ycronunsoro LD, T.e. ycToitunBomy
A®II nomkeH cOOTBETCTBOBATh yCTOWUMBHIN [[D;

e  Bcst MHUMas OCh 4acToT - ADII, Q=(0 £ o), TomKHa OJHOKPATHO, T.€. B OJIUH 00XO/I,

j.(’O'TZl _

0TOOpaXkaThCsl Ha OKPYKHOCTh €AMHUYHOTO paguyca Z-TJIOCKOCTH € , o=(0 *
®y/2), obecrieunBasi OJIM30CTh YACTOTHBIX XapaKTEPUCTUK 000uX (PUIBTPOB.

OTUM YCIIOBUSAM OTBEYAET OMJIMHEWHOE MpeoOpa3oBaHUe, KOTOPOE OMPEAEIseTCs CIEIyIo-

UM 00pa3oM:

s=f(z)=2/T)[(1-z")/(1+z)] (1)
MoxHO Tak)xe HaluTH 06paTHOC COOTHOILLICHUC
7'=[(2-s-T)/(2+s-T)] (2)

N3 cBOCTB mponieypsl epexoga Ha OCHOBE OMJIIMHEHHOTO MpeoOpa3oBaHus CIEAYET, YTO
MHHUMast OCbh S-TUIOCKOCTH OTOOpakaeTcsl B €MHUYHYIO OKPY>KHOCTB B Z-TUIOCKOCTH (T1e |z|=1)

Im[s] Jm(z]

A 3
5 f///.;/;: Re[s] p /{/;/”/il Re[z]
o

Puc. 2. CpoiicTBa nmporie1ypsl Nepexoaa Ha OCHOBE OMIMHEHHOro IpeoOpa3oBaHus

bununeiiHoe npeoOpa3oBaHue — OAHO3HAUHAs (PYHKLUA. DTO O3HAYAET, YTO KAXJI0M TOUKE B
Z-TJIOCKOCTH COOTBETCTBYET TOYHO OJIHA TOUKA B S-INIOCKOCTH M Ha0OopoT. M3 aToro cBoiicTBa oA-
HO3HAYHOCTH CIIEAYET, YTO OTCYTCTBYeT 3 eKT HAJ0KeHHsI CIIeKTPOB Ipu OMIMHEHHOMN Mpole-
ype OTOOpakeHHUSI.

Mertoauka pacueta uu(ppoBbIX GHUIBTPOB HA OCHOBE MeToa OMIMHEHOro MpeoOpa3oBaHus
BKJTIOYAET B ce0s HaXOXKJIECHHUE MOAXOIsMIeH mepenaTounoit pynkunu H(s) anamorosoro ¢puibTpa u
IpUMEHEHHE K Hel OmIMHEeHHOro mpeoOpazoBaHMs i MONydeHUs nepenatouyHoil ¢ukuuu H(z)
Tpedyemoro nudpoBoro GuIbTpa



H(z) = H(s) |S:(2/T)(I'Z-1 Y(1+z™) )

[Tpu »TOM mpeobpa3zoBaHUM OYIyT COXPAHATHCS M YACTOTHBIC XapPAKTEPUCTUKH, U CBOMCTBA
YCTOWYMBOCTH aHANOroBoro ¢uiabTpa. OQHAKO 3TO HE O3HAYAET, YTO YACTOTHBIE XapaKTEPUCTUKU
aHAJIOTOBOTO M U (PpoBOro PUILTpa UASHTUYHBI, OIMHAKOBA TOJIBKO UX «hopMay. Hampumep, ecinu
aMIUTATY THO-9aCTOTHAS XapaKTePUCTHKA aHAJIOTOBOTO (PHIIETpa MOHOTOHHO crniagaet mpu 0 <Q< oo,
TO COOTBETCTBYIOUINI U(POBON (HUIBTP, MOTYUSHHBIH C MOMOIIBI0 cooTHOMIeHus (3), OyneT 06-
nanath MOHOTOHHO criafaromeid AUX npu 0 <w< o,. To ecth, ecmu AUX aHanoroBoro GpuibTpa
nMeeT k mogpeMoB U cniafoB mpu 0 <Q< co, TO ¥ aMIUTUTYTHO-4aCTOTHASI XapaKTEPUCTHKA COOT-
BETCTBYIOIIETo udpoBoro punpTpa OyaeT obnanats k mogpremMamu U CriaaMH.

B pesynbpraTe mepexoma kK HOpMHUpOBaHHBIM udacToTaM [[® uyactoTHBIE mMpeoOpa3oBaHUs
MPUHUMAIOT BH]I

2 o-T
Q=—-tg(—— 4
T g( 5 ) 4
Xapakrtep aedhopmMarii 9acToT Ipyu OUITMHEHHOM ITpeoOpa30BaHUU MTOKa3aH Ha puc. 3.
A

>

Yo

Puc. 3. IlpeobpazoBanue AUX anamorooro ®HY B AUX uupposoro ®HY

Jnst obecnieueHus paBeHCTBa ®, = | pag/c HEOOXoAMMO 1e(pOPMUPOBATH YACTOTY aHAJIOTO-
2 T
Boro ®HY — npororuna: Q. = T tg(E) .

bununeitHoe nmpeoOpazoBanue obecreurnBaeT MPOCTYI0 MPOLEAYPY Iepexoja OT aHaloro-
BBIX K HU(QPOBBIM (PUIBTPAM M COXpaHIET BHJ YaCTOTHBIX XapaKTEPHCTUK IPH MPEOOpa3OBaHHM.
DTO O3HayaeT, YTO IIUPOKOIOJIOCHBIE AHAJIOTOBblE (PUIBTPBI C KPYyTOW MEPEXOJHON 00JaCThIO
0TOOpaXKaroTCsl B MIMPOKOMOJIOCHBIE U poBbie PUIbTpEI 0€3 IPpdekTa HaT0KeHHsA. B 3TOM 3a-
KJIFOYAETCSl OCHOBHOE MPEUMYIIECTBO ATOI0 METOJa MO CPaBHEHHIO C METOJOM WHBAPHAHTHOCTH
HUMITYJIbCHOM XapakTtepucTuku. Hegocratkom OmnnHEWHOro npeoOpa3oBaHUsl SBISETCS TO, YTO He-
JMHEHHOCTh COOTHOIICHHSI MKy ITU(GPOBOM YACTOTON (® M aHAJTIOTOBOM YacTOTOM 2 MPUBOAMT K
HCKAKEHHI) YACTOTHBIX XapPaKTEePUCTUK aHATOTOBBIX (GUiIbTpoB. Kpome Toro, mpu 3ToM mpeod-
pa30BaHUU He COXPaHSETCSl UMIYJIbCHAS XapaKTepHuCTHKA.



2.3. Hopsaok cunre3a PI{® no aHa10roBOMy NPpOTOTHILY

Bo3MmoskHbI 1Ba MeTo1a poekTupoBanus L{D no aHanoroBoMy npoToTumy.

B nepBom mertone pacuer ananoroBoro ¢uibrpa-npororuna (ADII) HaunHaeTCsS ¢ HAXO0XK-
JICHUSI COOTBETCTBYIOIIETO aHAIOroBoro ¢GuibTpa-npoTotuna Hu3kux yactor (ADIIHY). B nans-
HEHIIIEM HCTIONb3YETCs MOAXO0AIIEE AaHAJIOT0BOe YacTOTHOe Ipeodpa3oBaHue Ui IEPEBO/IA 3TO-
ro MPOTOTHIA HU3KUX 4acToT B TpeOyemblii ADII. Hakonel, Ha ocHOBe mpouexypbl 0TOOpasKe-
HHS OTOT aHAJIOTOBBIM (GHUIBTp mpeoOpasyercs B xkemaemblii nudpooii BUX-punbtp (Guastp ¢
OECKOHEUHOW MMITYJIbCHONH XapaKTepPUCTUKOM), KOTOPBIH yAOBIETBOPSAET MPEIbSIBICHHBIM TPeOo-
BaHusAM. [loaHOCTBIO 3Ta Mpoleypa pacueTa noka3aHa Ha puc. 3.a.

IIponetypel nepexojia Ha OCHOBE METO/1a HHBAPHAHTHOCTH UMITYJIbCHOM XapaKTepuCTH-
KH ¥ MeToAa Jiljiepa He 00eCreYrBarOT XOPOIIMX METOJIOB pacyeTa MU(PPOBBIX (HUIBTPOB, €CIIN
110JI0CA aHAJIOTOBOIO (PUIIBTPA HE OrpaHUYEHa HU3KUMHM YacToTaMu. MeToa OMJIHHeiiHOro npeod-
pa3oBaHus (1M3-32 HEJIMHEHHOTO COOTHOILEHUS MEXAYy LU(PPOBON YaCTOTOM » M aHAIOTOBOW ya-
CTOTOM ()) NaeT Jydllde pe3ysbTaThl TOJIBKO I TEX YACTOTHBIX XapaKTEPUCTHK aHaJIOrOBOIO
¢GuIbTpa, KOTOpBIE NMPEICTABIIAIOT COOOH CTyNEeHYaTo-00pa3Hylo (QyHKLUIO. JTO O3HAYaeT, YTo
npoueaypa oroépaxenus (puc. 3.a) He oOeCIeYMBaEeT XOPOIIMX METOJOB pacdera (DUIBTPOB
BEPXHHX YaCTOT, 3arpa)</1at0LI1X U HEKOTOPBIX THIIOB IOJIOCOBBIX (PMIIBTPOB.

JIist ICKITFOUEHUS] 3THX HEIOCTATKOB MCIOJB3YETCS APYTOd MOAXOJ K pacueTy HU(pPOBBIX
BUX-¢punprpoB. Takoii cnocod nzoOpaxkeH Ha puc. 3.6. B a3ToM ciyuae npoueaypa oTodpakeHust
BCETJ]a MMEET JIeJI0 C HOPMHPOBAHHBIM LU(PPOBBIM MPOTOTUIIOM HU3KUX 4acTOT. ClieoBaTeNbHO,
pPacCMOTPEHHbIE B MPEAbIYIIUX MMOpa3jienax TpU HpoLeaypbl Epexoaa CMOTyT 00eCeunuTh XO-
poiue pe3ynbTarbl. B OCHOBHOM 3TOT MOAXOA COCTOMT B HaXOXJIEHUU MOIXOMASILEr0 HOPMHUPO-
BAHHOT'O aHAJIOTOBOr0 (UIIBTPA-IPOTOTHUIIA HU3KHX YACTOT. AHAJIOrOBBIM NPOTOTHII OTOOpaXkaeTcs
B 1udpoBoii ¢mibTp-npotoTun Hu3kux dactoT (LPITHY). Hakonen, ucmonb3yercs uudposoe
YacTOTHOe Nnpeodpa3oBaHue Ul Iepexoja OT HU(POBOro NpOTOTUNA HU3KUX YACTOT K OKOHYA-
TEJIILHOMY BapuaHTy, T.€. HUPPOBOMY QHIBTPY C MOAXOISAIINMHI XapaKTEPUCTUKAMHU B TIOJIOCE TIPO-
IYCKaHUS U [10JI0CE 33JeP>KUBAHUS U YI0BJIETBOPSIOLIEMY NPEIbIBICHHBIM TPEOOBAHUSIM.

PacueT HOpMUPOBaHHOTO aHAJIOTOBOTO
¢GUIBTpa HU3KHUX YacTOT (C 4aCTOTON
Q=1 pan/c), yIOBIETBOPSIOLIETO 3a-
JTAHHBIM TEXHUYECKUM TPEOOBaHHUSM.

Pacuer HOpMHUPOBaHHOTO aHATIOTOBOT'O
(ubTpa HU3KUX YacToT (C YacTOTOU
Q=1 pan/c), y10BIETBOPSIOIIETO 3a-
JAHHBIM TEXHUYECKHM TPEOOBAHUSM.

i AQOITHY

i A®ITHY

AHaJI0TOBOE YaCTOTHOE TIpeoOpa3oBa-
aue g nepeona ADPITHY B cooTBeT-
CTBYIOIINH aHATOTOBBIN (pUIBTp-
npototun (ADIT).

bunnuetinoe npeobpazoanne ADGITHY
B IU(PPpOBOI PMITBTP-TIPOTOTHUIT HUZKUX
gactoT (L[OITHY).

i ADII

\L LOITHY

bunmmnuetinoe npeobpazoBanne ADII B
upoBo¥ PHITETP, YAOBICTBOPSIFOIITII
MPEIbSIBICHHBIM TPEOOBAHMUSIM.

Hudposoe yacToTHOE IPe0Opa3OBaHKE
[®ITHY B LID, y10BIETBOPSAIOIIMIA
MPEIbSIBICHHBIM TPEOOBAHUSIM.

e

a)

L®

6)

Puc. 3. Tlponieaypsl pacuera iudpoBbIX GUILTPOB
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2.4. Cunre3 anajaoroporo ®H4Y-npororuna (APITHY)

Cunte3 A®ITHY BximrouaeT BHIOOpP anmpoKCUMUpYIOLIeH (QYHKIMHU, ONpeesieHle nopsaKa
GbunbTpa m, 3HaAUYCHUH Hynel So; U MOJIIOCOB Sp; U MEPeaTOuHOM (QYHKIMU 10 3aJaHHBIM I'DaHUY-
HBIM yacToTaM . = 1, Q, u 10mycKaM Ha MOTPEIIHOCTH alMPOKCUMALIUH O1, 02 ( Ap, As).

Hynu u momoca cunresupoBanHoro AGITHY moiHOCTRIO ONpEAessitoT ero nepeaaTouHyo
¢bynkuio H(s):

ml
[T(s=s0i)

H(s)=C-Z—— (5)
H(S_Spi)

i=l

rae C — HOpMHUPYIOLIUI MHOKUTEIb; M| — YUCJIO KOHEUHBIX Hysel (m; < m).

Cnenyer ormeTuth, uTo nomtoca APITHY sBisrOTCS BEMIECTBEHHBIMU WJIM KOMIUIEKCHO-
COIPSDKEHHBIMHU YHCIIaMU (CO 3HAKOM MHUHYC Iepejl pealbHOW 4acTblo), a KOHEYHbIC HYJH YUCTO
MHHUMBIMH.

Cunre3z A®IIHY 3akirouaercs B almpoKCUMAlLMK €r0 3aJaHHON uaeanusupoBaHHon UX c
MOMOIIIBI0 COOTBETCTBYIOIIUX ANIPOKCUMHUPYIOMINX (DYHKIIHH.

B kauecTBe annpokcUMUPYIOMUX (GYHKUUN HCHONb3YIOTCS MOJUHOMBI U 1podu. K monnHo-
MHUAJIBHBIM OTHOCSITCS anmpokcuManun Teitnopa (Gunstpel batrepBopTa), YeOslmesa, kK ApoOHBIM
— Kayspa—3onoropesa (amnuntudyeckue GpuiibTpbl), YeObleBa HHBEPCHAS.

[lepenarounsie GyHKIUN (QUIBTPOB C MOJIMHOMHAIBHON alpOKCUMAaNUEH HE MMEIOT KO-
HEYHbIX HYJIEH, UX YACTOTHBIE XapaKTEPUCTUKN MOHOTOHHBI B II0JIOCE 3a1€P>KUBAHMS.

VY ¢unbTpoB ¢ 1poOHOI anmpoKkcuMaIyel neperaToyHbie (yHKIUNA UMEIOT HyJIH Ha KOHEY-
HBIX 4acTOTax B MOJIOCE 3aJIep>KUBAHUS, & YACTOTHbIE XapaKTEPUCTUKU — ITyJIbCALUK (B TOM 4YHUCIIE
PaBHOBOJIHOBBIE) B ATOM Mosioce. PuiabTpel UeOblleBa U 3UIMNTUYECKHUE UMEIOT PaBHOBOJIHOBBIE
IIyJICALlUU U B I10JIOCE MPOILY CKaHMS.

Tunmynble TpagyUKN 9aCTOTHBIX XapaKTepHCTUK HopManu3oBaHHOro APITHY ¢ monmunomu-
QJIHOM U IpOOHOH anmpoKCUMalMsIMU IPUBEAEHBI Ha puc. 4.

JIsisl 4aCTOTHBIX XapaKTEPUCTHK C PAaBHOBOJIIHOBBIMH MyJIbCAMAMHU Ha rpadukax yKa3aHbl
COOTBETCTBYIOLUE UM YaCTOTBI HYJICH U TONIOCOB 2y, Q20 I1D.

OubTpsl ¢ JPOOHOM anmpokcuMalreil 00ecreurBaroT JIyUIlne XapaKTePUCTUKH 3aTyXaHuUs
IIPU OJJMHAKOBOM MOpsiKEe (UIbTpa MM MEHbILEE 3HaYCHHE MOPAJKA MPH 3aJaHHOM 3aTyXaHWUU
YaCTOTHOM XapaKTEPUCTHUKHU.



4 |\HG)\ 4 \H(G£2)) BDnc(l;apéf:T;g(:)yapa
YebblleBa )

MHBEpCHas
(m - y&THoe)

¥ T —’
0 1 L1 Qo> 0 Op2 1 Loz Lo e
A ‘O BartTepBopTa A O Yebbiwesa
\H(]L)\ \HOSH)\ (M- u&THoe)
1
1
1
1
1
1
1
. T L s
: Q
>
0 1 £2sg Q52 0 Sgpl (9 1 0
Puc. 4. I'paduky 4aCTOTHBIX XapaKTepUCTUK HopManu3oBaHHoro A@ITHY,
COOTBETCTBYIOIINE PA3TMYHBIM AMMPOKCUMUPYIOIMIUM (DYHKIUAM
®uabTp barrepBopra.
Anmnpokcumanus ADPITHY barrepBopra umeer Buj
H(S) = HL
M(s-s) ©)
k=1
"Tt~ll+(2'k_1)J
rne sy =0k +j-yi =e¢ 2 27 < C— KOHCTaHTa HOPMHUPOBAHHSI.

Ha npakrtuke nopsinok punbsrpa barrepBopTa onpenenseTcs 1mo 3aJaHHOMY OcTIa0lIeHuIo Aj
Ha HEKOTOPOii yactore (23.
lg(AZ -1
B zg(lg(393)) (7)
Ecmu ¢unbpTp mmeer yeTHbBIN MOPSAOK N, TO YAOOHO MPECTABIATh NEpeAaTOUHYI0 (YyHK-
o GuIIbTpa B BUJE MPOU3BEICHNS OMKBAIPATHBIX 3BEHBEB

H(s) = C , O = cosln . lzz%“L%”

n/2 2
[T (s"—2-0y s+1)
k=1



®OuiabtTp YelObimena 1.
Amnmnpoxcumanust AOITHY YeOwimesa 1 npu mopsiake GuibTpa n IMEET BUJT

H(s) = n#
[1(s—sk) (8)
k=1
rae Sk =0k +J Wk, o =-sh(¢)- Sin[%'ﬂ], vy =ch(o)- cos[%-n],

1/n
1 -1 [2
sh(q) =+ g , ch(p) = % , V= {H%} , € — IIyJIbCALIUU B TI0JIOCE MTPOITyCKAHUS.

Ha npakTtuke nmopsiaok punbrpa Yebsimesa 1 onpenensercs mo 3aJaHHOMY OCTIA0JICHHIO As
Ha HEKOTOPOH yacToTe (23 U MyJIbCAllMU B MOJI0CE MPOMYCKAHUS €.

lg(g+yg? -1) |A3-1
n= —2 . g = —2 . (9)
lo(Q, +Q2 1) g

Ecnu ¢uibTp mmeer yeTHbI NOPSAOK N, TO YAOOHO MPECTABIATh NEPEAaTOUHYI0 (YHK-
U0 GUIBTpa B BUJIE TIPOU3BEICHUS OMKBAPAaTHBIX 3BEHHEB

H(s) = n/2 <

kHl (52 -2:0 .s+cﬁ +\y§ )

@OuabTp YeObimeBa 2 (MHBEPCHBII).
Anmnpoxcumanust ADGITHY YeOwimieBa 2 (WHBEpCHAs) UMEET BUJL

MM (s—sny )
H(s)=C-&—— (10)
[T(s—spy)

k=1

Q3

————— — HYyJN.
cos[%-n]

rae spy =0 +j WYy — momoca, sny =j- 9y =j-

a B . _ _
o =Qn-—K5 _ yy =—Qn -—% gy =—sh(e)-sin[2K=L. 1],B, =ch()-cos[ZX=L. 1],
k=035 Yk 3 2k (@) -sin[=- 1], By =ch() - cos[=5 = 7]

__1 -1 l/n
sh(g) =" ,ch<@)=%,y=[A3+\/A§—l} :

Ha npakTtuke nopsigok guiprpa YeObimeBa 2 Takxke onpenesseTcs Mo 3aJaHHoMYy ocliadiie-
HUIO A3 Ha HEKOTOPOi yacToTe (23 U MyJIbCAIMU B MOJIOCE MPOITYCKaHUsA (BbIpaKeHHE 9).
Ecmu ¢punpTp mmeer YeTHBIN MOPSAOK N, TO YAOOHO MPEICTABIATh NEPEAaTOUHYIO (YyHK-
uuio GUIbTpa B BUJE MPOU3BEICHIS OUKBAIPATHBIX 3BEHHEB
n/2 sz+812(

H(s)=C- [1

2 2 25"
k=] (8" =2-cys+oi +yi)

2.5. llepexon ot A®ITHY k [P 3axaHHOr0 THNA
AmnanoroBeiii prsTp-iporoTrn HU3KkHX dactor (ADITHY) npeobpasyercst k TpedOyemomy

a”anorosomy ¢uibTpy-npororuny (ADII) ¢ noMoIbIo ClIeAyIOIMX YaCTOTHBIX TPeoOpa3oBaHuil:

ADITHY-APHY: s —» Qi (pubTp HU3KUX YACTOT);

u

Q
A®IHY-ADPBY: s - — (QUIbTp BHICOKHX YacTOT);
s

10



Q.0
ADITHY-AIIP: s — % (mostocoBoi HUIBTP);
$ Q

APITHY-APD: s — M (pexeKTOpHBIN QUIBTD).
S +Q Ql
(), — BEpXHsisl yacToTa cpe3a, () — HUKHSIS 4acToTa Cpesa.
[Tonmyuennsiii ADII npeobpasyetcst B TpeOyemsblii L{D ¢ nmomoripio 6unuHeHoro npeodpa-
3oBanus (1, 3).
AO®ITHY moxet ObITh mpeobpazoBad B LIOITHY nmyrem OnnmueitHoro npeobpaszoBanust (1,
3). Jlanee BBIMOTHSAIOTCS YaCTOTHBIC MPE0Opa3oBaHUs s MonyueHus Tpedyemoro LD:

| g sin(M-T)
OeIHY-II®PHY: z > ———, a= 5
l-oc-z_l [(u +o ]
sin(=——=-T)
L e ol sl
U@MHY-UOBY: 2! =7 a=-— 2
l+oa-z~ s(“’ TOul Ty
2 [2~oc-k]_z— k-l COS([wu +C°1]-T)
HOITHY-L®: 2715 k+ld . k+l o= 2 :
k=1,,-2 _ 2~0L-kJ_Z—1 +1 [0, o] .
k+1 L k+1 cos(——5—-T)
k=etg ) g 1);
-2 [2al -1, 1-k [0y 0]
z “ -z cos(=———-T)
HOTHY-I[PD: z1 k“] 1tk o= 2 ,
1+k Lk+1 COS(T )

[ ll

k=g ol gy g2,

My, — BEPXHSS 4aCTOTa Cpe3a, M) — HUKHASA 4acToTa cpe3a, 0o — HeHTpaibHas yactoTa [1D u
P®, o, —yacrora cpeza LHOPIIHY, T — nepuoa nuckpeTusanum.
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2.6. Ocodennoctu cunTe3a LI® meronom OmimHelHOro npeodpazosanusi B Mathcad
Ocob6ennoctu pacyera L{® B makere nporpamm Mathcad HarisiiHee Bcero oToOpa3uTh Ha
KOHKpPETHOM IIpUMeEpeE.

B kauecTBe mpumepa najee mokazaH pacueT HUppoBoro nojocosoro ¢puiabrpa (IIP) ¢ an-
npoxkcumanmeil Yedbimena 1 pona, nopsigoxk A®IHY - 2.

i pmmma— -

Fn:=4- 103 - Hacrora nuckperuzanuu LD, ['n N:=2 -nopagok I®d Nr:=N

Tn:=(Fn) ! Tn=25% 10 4 nepuoj auckperusanun LD, ¢
fx:= 100 - IIEHTpasIbHas 9acToTa mosiock! npomyckanus LD, ['m @x:=2-7-fx oX = 628.3185
dF :=20 - nonoca nponyckanus @, I'n dB :=2-n-dF dB = 125.6637
2-Fn 2-m-fX . "
fl :=—=-tan - BHecenme npenpickakeHni epe OnTMHEHHBIM TpeoOpa3oBaHHEM
2 2-Fn
fl =100.206125367257 ol =271 ol =629.6137 An
Am =1 - YpoBeHs nynbcauuii B nosoce npomnyckanus Ld, nb c:=+10 10 _ 1 € =0.5088
2.6.2. Pacuer nosirocoB HopmupoBanHoro ®HY
1
N
-1 -2
Y= (8 +y1l+e¢ )
S iy ! 2k -1
GZ—Y ! -sin - 0 ::y Y —-COS T
2 (2-N) 2 (2-N)
2 2 .
Ai=c +Vy -HOPMUPYIOIIXH K03 GUIMEHT QHUIbTpa
Pl:i=c+ iy P2:=c-ivy - momroca AD-npororuna
P1 =-0.5489+ 0.8951i P2 =-0.5489—- 0.8951i A =1.1025
2.6.3. Pacuer AYX ¢puabTpa-npororuna
omin = ox — dB-2 omax:=ox+ dB-2 do:= (mmax— mmin)~(100)_ !
® := omin, ®min + de.. ®max -nramna3oH gactoT noctpoeHus AUX ¢unbrpa
s(o))2 + col2
s((o) =i sl(w) —_— - mpeoOpa3oBanue HopMupoBaHHOTO AD-mpoToTUIa
S(CO)'dB B [1® ¢ 3aganHpIMU TapaMeTpaMu
H(co) =\ ! -CHHTE3 nepenatouHon GpyHkuun AD-nporoTHna
2
sl((o) + sl(co)~(—2-c) + A

[H(ex2)]

|H(wx)| = 1.0002 20-10g(
| H(o)|

j =-34.056 - 3HaueHuss AUX A@-nporoTuna

12



15T

|H(w)]

l—l.................. o0 0000000000000 000

0.707

0.57

60 70 80 90 1|00 110 120 130 140
0-(271) "
Puc. 5. I'padpuk AUX ADII (monocoroii punsTp Yednimenra 1 poaa)

2.6.4. Pacuer ko3 ppuumnenton LHP

2F1)’  -2.6:2F 201 2601 ' - 4
C0:= (dﬂj + Z T iy © C0=2.3955x 10
B B B2 2-FrdB (2&02' iR
B,=C0 B =0 B,=-2C0 B,:=0 B, Ay=1
I 2Fn)? ~2.6:2-F ool
Al = _4(d_ﬂ) + —2[ A Hj ). q -CO
I B B Fr-dB (2Fn)*-dB°
i 2 4
2-Fn 2 2-ml ol
A2 =| 6 d_B + -2 1+ 5 + 6 ﬁ -CO
i dB (2-Fn)~-dB
i 2 2 4
2-F —2.6:2-F 260l 1
A= _4'(01_1:) + 2(%) + —z( . FG 21)13 } a4 —= el)
I a (2Fz)”-dB”
i 2 2 2 4
2.F —2.6:2-F 2ol 2.0l 1
A= (d;j _( ZB Hj+ e _(2FG:BJ+ ® .CO
i dB® aa (2Fn)°-dB°
—4
2.3955% 10 1
0 -3.9165
B=| _4791x 10 4 A =| 5.8008 - 3Hauenus Koopduuuentor LD
0 -3.85
_4 0.9663
2.3955% 10

13



2.6.5. Pacuer AYX cunte3npoBannoro L{®
omin:=®x—dB-2  omax:=wx+ dB-2 do:= (o)max— (omin)~(100)_ !
® := omin, ®min + do.. ®max -Irana3oH yacToT nocrpoeHns AUX dumprpa

B, + Bl~z(0))_ : + B2-z(c0)_ 2 + B3'Z(0))_ : + B4'Z(C0)_ !

z((o) = ei'm'Tﬂ H2z(c0) = . > 3 ]
Ay+ Al-z(m)_ + Az-z(m)_ + A3-z((o)_ + AgAo)

|H2A )| =1 20-10g[wj — 235.1586 - 3HaueHns AUX I1D

| H2A x|
1.5T
|H2Z(0‘))| 1—!..................... o0 0000000000000 09000 014
0.707
! 0.57
L N ]
f f f f f ] !

60 70 80 90 lIOO 110 120 130 140
o-(2m) !
Puc. 6. I'paduk AUX cuntezupoBannoro LId (monocosoii punbtp Uebnimera 1 pona)

2.6.6. Peaxuus 1P Ha rapMoHHYeCKHUIl CUTHAJ

Nmax:= ﬂoor(fx_ 1-Fz[- 10) Nmax= 400 - KOJIMYECTBO
. 00pabaTbIBaeMbIX
pi==0.3 Yoi = 0 - OOHyIeHME IEPBBIX OTCUCTOB

OTCYETOB BBIXOIHOTO
curnana [1d

i:=0..Nmax j:=4.. Nmax

w:=2m(fx1) Ux:=1 -4acToTa M aMILUIMTYJia BXOJHOIO CUI'HAJIa

x. .= (Ux 1-sin(w-Tx-i) + Ux(Q) - OTCUETHI BXOJHOI'O CUTHAJa
1

4 4
. B A - OTCYEThI BBIXOJJHOI'O CUT'HaJIa
V=] 20 Bt 20 AV
t=0

t=1

- anroput™ padoTsl [[D

gt
16T
127,
0.8«
i 0.4

X~ 4
e g
-1.27
-1.67T

1

1T
Puc. 7. Peakuus [{® na rapmonmndeckwnii curaan (fx=100 I'i)
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2.6.7. Peakuus L1®D Ha cTryneHuaToe BO3aeiicTBHE
[Ipu monenupoBanuy mepexogHo xapakrepuctuku P cTtyneHuaroe BXOJHOE BO3JAEH-
CTBHE 3aJa€TCs CIEAYIOIIHUM 00pa3oM

X 1= 1 ifi>2

0 otherwise

15T
125+

1

0.75

Yi 0.5
0.257

1'Xi

= 70.257
—05T
—0.75T

-1+

i-To

Puc. 8. [lepexonnas xapakrepuctuka [{D

2.6.8. Pacuert mosrocos LD

3Hasg Ko’ PUIMEHTH 3HaMeHarenss nepenaToyHoil ¢ynkumu LD (matpuma A), MOXKHO
onpenenuth nomtoca [{D. [{ns sToro HeoOX0aUMO CHavyaia MHBEPTHUPOBATH MOPSIOK CIICTOBAHUS
K03 GHUIMEHTOB B MaTpulle (ITOCKOJIbKY B 3HaMeHarene nepenarounoil pynkmun LD xospdumm-
€HTBhI MaTpHUIIbl A COOTBETCTBYIOT IEPEMEHHOM z'l).

Na:=rows(A) — 1 jk:=0..Na AAjk =A

Na-jk
)2 := polyroots (AA)
ik:=0..tows|A2) — 1
J 0 96(63) e
185 0.9764+ 0.168i) | 0.9908
AA=| 5 8608 1y | 09764-0.168i 0.9908
1 | 0.9819-0.1427i | [ 99922
-3.9165 —
0.9819+ 0.14271

1
Ecan mogynu nomtocoB LU® mensiie 1, To LD ycroituuselil. B nanHOM citydae Bce momiroca
JIeXKaT BHYTPHU OKPYKHOCTH €IMHUYHOTO pajuyca, cieaoBaTenabHo, [{D yCcTONYUBBIN.
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2.7. OcobennocTu cuHTe3a APyrux Tunos P

2.7.1. ITonocosoii puabtp (IIP) barrepopra (APIIHY 2 nopsiaka)
KoadduuunenTs! punbpTpa paccUUTHIBAIOTCS TaK K€, KaK MOKa3aHO BBILIE B IPUMEPE pacye-

ta [1® YeoOsmena 1 pona (ADITHY 2 mopsinka), m. 2.6, mooca GUiIbTpa-mpoTOTHIIA OTIPEICIISIOT-
Csl BRIPQXKCHUSIMH

[1 2-k—1} } .[1 2-k—1} }
O = COS - + -TT Y = S8In —.+ -TC
2 (2N) 2 (2N)

A= 52 + WZ -HOPMHUPYIOIHUHA K03 dHumeHT GpuibTpa
Pl:i=c + iy P2:=c - iy - nomoca AD-nipororumna
P1=-0.7071+ 0.7071i P2 =-0.7071-0.7071i r=1

2.7.2. ®HY Yeonmena 1 pona (APIHY 2 nopsaaka)

Pacuer momiocoB QuiubTpa aHANOTHYEH IMOKA3aHHOMY B TMPUMEPE PACUYETy IOJIOCOBOTO
¢bunpTpa Yeonmmena 1 poga (ADITHY 2 nopsaka), m. 2.6.

[Tpu nepexone ot HopmupoBanHoro ADITHY k ADII ucnomns3yercs npeodpa3oBaHue

5(03) =10 Sl(m) ::Lw)

- ipeoOpa3oBaHie HOPMUPOBaHHOTO AD-TIIpoTOTHIIA
ol

B ®HY ¢ 3aganHbIMU TapamMeTpamMu

KoaddutmenTs! puiabTpa pacCUUTHIBAIOTCA CIEIYIONIIM 00pa3oM:

BO:: ! B, :=2-B B, =B A =1

5 1 o 27" 0
1 (2Fn -2-06-2-Fn

- + + (1)

A\ ol Aol

2 2
-2 ( 2:F 1 (2F 2-.c-2-F
A== =] + @B, A, =|—| =] +| ===]+O)|B,
A\ ol A\ ol Aol
OueBuaHO, YTO MOPSIOK LHU(POBOTrO PpuUiIbTpa paBeH npu 3ToM 2. ClenoBaTesbHO, YMEHb-
11aeTcst KOJIMYECTBO CJIaraéMbIX YUCIIUTENS U 3HAMEHATeNs nepeaarouHol pyHkuuu LD

-1 -2
B, + B1~z(0)) + B2-z(co)

H2z(c0) =

-1 -2
A0+A1~z(o>) +A2-z(m) :

a TaKXe KOJMYECTBO OOHYIISIEMBIX BBIXOJIHBIX OTCUETOB M MOPSAOK alropuTtMa padoThI
uupoBoro GuIbTpa.

pi:=0..2 ypi =0

- (2 2
yj= Z Byx_, - Z AcYi
t=0 .

t=1

16



3.

[Ipu

[NPOT'PAMMHOE OBECIIEYEHUE

BBITIOJTHCHUH J1a00paToOpHO# paboOThI UCTIONB3yeTCs makeT mporpamMm Mathcad Bepcun

2000 u BbIIIIE.

4.

4.1.

4.2.

4.3.

4.4.

4.5.

5.1.
5.2.
5.3.
5.4.
5.5.
5.6.
5.7.

5.8.

5.9.

5.10.

5.11
5.12

5.13.

5.14
5.15

IIPOTPAMMA JIABOPATOPHOM PABOTEI

Beinonuute cuHTe3 A@-nporoTuna, B pe3yiabTare KOTOPOrO NOJYYHUTh 3HAYEHHUS €0
nostocoB PP u myneit PO, paccuurare u npoanamusupoBatb AUX Ad-nporotuna
(ADII).

Paccunrats K03 unmentsr nepeparounont pynkimn LD, a Takke 3HAYSHUS MOJIOCOB
[®. [Ipoananu3upoBaTh NOJIOKEHHUE MOJIFOCOB U HYJIEH Ha KOMIUIEKCHON Z-INIOCKOCTH.
Paccuurars u npoanamusupoath AUX LD, npoeputh coorBeTcTBre AUX 3a1aHHBIM
TpeOOBaHUSM.

Haiitu oTknuk ¢unbTpa Ha CUTHAN B BUJIE CTYNIEHBKU — MEPEXOJIHYIO XapaKTEPUCTUKY
bunbTpa.

Haiit oTkimuky GuiibTpa Ha TApMOHUYECKHE CUTHAIIBI B MTOJIOCE TPOITYCKAHUS U TI0JI0CE
3aJepKUBAHUA, OLEHUTh N30MpaTeIbHble CBOMCTBA (QUIbTpA.

KOHTPOJIBHBIE BOITPOCHI

Yro Takoe UMIYJIbCHAS XapaKTepUCTUKA U nepeaaToyHast GpyHkius L{D?

Kak naiitu nepenatounyto ¢yskuuio L{d no pazHoCTHOMY ypaBHEHHIO?

Kak onpenensiercs yactotHas xapakrepuctuka L{dD?

Uro Takoe mopsaok [1® u kak cka3bIBacTCs €ro 3HAUCHUE TIPU peanu3anuu GuibTpa?

Uro Takoe HyJIU U Mojroca nepeaatoyHoi ¢pynkiuu [[D?

Kak onpenenuts ycroiunBocts L{® 1o 3HaueHUsAM €ro HysaeH 1 noarocoB?

Kaxk HaiiTu 3Ha4eHUs1 HyJIEH M MOJIOCOB OMKBAIpaTHOTO 3BeHa MO ero KoddduiueH-

Tam?

Uto Takoe OmnmHEiHas mpeoOpasyromas ¢yHknusa? Kak mpeoOpa3yroTcsi 4acTOThI

aHaJIOrOBOTO U U(POBOro (GUIBTPOB MpU OMIMHEHHOM IpeoOpa3oBaHUH?

Kaxk ompenensrorcst Tpe6oBaHUS K aHATIOTOBOMY (UIIBTPY-IIPOTOTUITY B METOJIE OWITH-

HeifHoro npeobpazoBaHus?

KakoBbl 0COOEHHOCTH ANIPOKCUMHUPYIOIUX (DYHKIMHA, MCIOJIb3yEMbIX MPU CHHTE3E

[®? Kak 3aBucut nopsanok cuHresupyemoro LId ot Buaa annmpoxkcuMupyromen

byHKIIN?

. Kak npeobpasyercs ananorossiii @HU-npororun B uudposoii [1d, ®HY, ®BY, PD?

. Kakas ¢ynxmus Mathcad no3Bomsier paccuutats nomtoca [P nmo ero kosdduimen-

taM? Kak onpenenuts ycroiuusocts LD no ero nonrocam?

3anucaTh BbIpa)XKEHUE Ul TECTOBOI'O CUIHAJIA MPH ONPENEICHUH NEPEXOJHON Xapak-

tepuctuku L{D.

. 3anucatp anroput™ padotsr 1D 3 nopsaka B mporpamme Mathcad.

. Kak ompenensercst nepenarounast GyHKUUS MOJIOCOBOTO (DUIBTPA-MPOTOTUIIA B TPO-
rpamme Mathcad?
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6. ITIOPAIAOK BBIIIOJIHEHUA JIABOPATOPHOI'O 3AJJAHUA

6.1. IloaroroBuThH U BBECTH B MpPOrpamMMy MCXOJHbIE AaHHbIE (M. 2.6.1) B COOTBETCTBUM C 3a-
JAHHBIM BapUaHTOM, HEOOXOAMMBbIE IJIi CHHTE3a HU(POBOro moJocoBoro GpuibTpa
(II®): anmpoxcumanusa batrepBopra (m. 2.7.1); nonoca nponyckanuss AF=0.1-F.; uen-
TpaibHasi 4yacToTa ToJiockl mpomyckanus FO; koaddunument ycunenus KO; mopsmox
¢upTpa-nporoTrna N=2.

Bapuant 1 2 3 4 5 6
FO 100 I'g 200 I'g 300 I'g 400 I'g 500 I'g 600 I'g
KO0 10 20 30 40 50 60
IIpu pacuere HEOOXOAMMO BHECTH MPEAbICKAKEHUE 00EMX YacTOT cpe3a AJisl KOMIIeHca-
LIUHM UCKAXXEHUs, BHOCUMOI'O OMIMHEHHBIM PE0Opa30BaHUEM.
Yactora quckperusamuu 16 k1.

6.2. Bpimonuuth pacuer nosnocoB ADII u aHaNM3 UX PacroyioKeHUs] Ha KOMIUIEKCHOU IJ10C-
KocTH (1. 2.6.2).

6.3. BpImomHUTH pacyeT nepeaaTouyHod (yHKUMH M mocTpouTh rpadpuk AUYX ¢uubtpa-
nporotuna (1. 2.6.3).

6.4. Bommonnuts pacuet kodpdunuenton LD (m. 2.6.4).

6.5. Boimonnuth pacuet nomtocoB L{® u aHanu3 ux pacnoyioKeHUs: Ha KOMILJIEKCHOM MIIOCKO-
ctu (m. 2.6.8).

6.6. Iloctpoutrs AUX LD (m. 2.6.5). Ilo rpadpuxky AUX npoBepuTh €e COOTBETCTBUE 3ajaH-
HBIM TpeOoBaHusM. 3anucath 3HaueHnst AUX Ha gacTorax cpesa u 3anepxkuBanus (2-F,).

6.7. llocTpouTh MEPEXONHYIO XapaKTEPUCTHKY IHM(PPOBOro (GpuiabTpa U ONPEACIUTh BpEMs
ycTaHoBjeHus (M. 2.6.7).

6.8. Ompenenutsh otkiuk [[d Ha BXOAHOW rapMoHWYeckuii curHan (m. 2.6.6) ¢ yactoToii
Fx=F. u enunnyHoi aMmutyaoi. [IpoBepuTh MpaBUILHOCTH PACUETOB MO 3HAYEHUAM
AUX.

6.9. Omnpenenuts orkimk [1d Ha BXomHON rapmMoHMYeckui curHain (m. 2.6.6) ¢ yactoToi
Fx=2-F. u equan4yHoi aMmuuty10i. [IpoBepuTh NpaBUIbHOCTh PACYETOB M0 3HAYCHUAM
AUX.

6.10. BpimoaHuTth cuHTe3 (.M. 6.1 — 6.9) pposoro ®HY: anmpokcumanus — no Yedbie-
By 1 (m. 2.7.2), gactora cpe3a F.=F0 u xoadpdunuent ycunenus KO B coorBercTBUU C
3aJJaHHbIM BapuaHToM. YactoTa quckperusanuu 16 kI

7. CIIMCOK JIMTEPATYPEHI

1. Pabunep JI., T'oynn b. Teopus u npumenenne nudposoit oopadboTtku curnanos. /Ilep. ¢
anri. ox pexn. FO.H. Anexcannposa. — M.: Mup, 1978. — 848 c.

2. Tonbnen6epr JI.M. u ap. Lludbposas 06paboTka cUrHanoB. — 2-¢ u3., nepepad. u A0I. —
M.: Paguo u cBs3b, 1990. — 256 c.

3. KaranoB B.U. Pagnorexnuka+komneiorept+Mathcad. — M.: T'opsiuas nunus - Tenexom,
2001.-416c.

4. T'nunuenko A.C. HudpoBas oOpaboTka curHanoB: yuyebHoe mocobue. B 2 u. YU.1. —
Kpacnosipck: M3a-so KI'TY, 2001. — 199 c.

5. Cepruenko A.b. Iludposas o6padorka curnanos. — CII0.: ITurep, 2003. — 604 c.

18



19



NMPOEKTNPOBAHUE LINPPOBOIO ®UJTbTPA
METOAOM BUNMMHEMHOIO NMPEOBPA30OBAHUSA
B NAKETE NMPOIrPAMM MATHCAD

Meronunueckue ykazaHus K jabopatopHoit padote Ned
o Kypcy «MeToJibl U cpeicTBa 00pabOTKN U3MEPUTEIIBHBIX CUTHAIOB)

CocraButens Sxumo EBrennii Banepsesuu
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