JIABOPATOPHAS PABOTA 7
HcciienoBanue 4acTOTHBIX XapaKTEePUCTHK THIOBLIX JHHEHHBIX 3BEHbEB

1. Hear paGorbl. V3ydenwe CmocoOOOB TOCTPOCHUS  YACTOTHBIX
XapaKTEPUCTHK CTALlMOHAPHBIX THHaMHuecKux cucteM B naketre MathCAD, a taxxe
METOJIOB OIpe/eTICHHs MapaMeTpoB MOJEIU OOBEKTa YIPaBICHHS MO YACTOTHBIM
XapaKTEPUCTUKAM.

2. KpaTkue TeopeTnueckue cBeeHUsA

YacToTHBIA METOJI UCCIICAOBAHMS JUHAMUUYCCKUX CUCTEM SIBIISICTCS OJHUM M3
Han0oJiee MPOCTHIX U MOJIE3HBIX HAYYHBIX METOJIOB, JOCTYITHBIX JIJIsi MHXKEHepa. ITO
00yCIIOBJIEHO TMPEXKJIe BCEro TEM, 4YTO CYIIECTBYET OJHO3HAYHAs CBSI3b MEXKIY
YAaCTOTHOM XapaKTEPUCTUKONW CHUCTEMbl B YCTAHOBUBIIEMCS COCTOSIHUM W BCEMHU
IpYTUMHU BUJIAaMU €€ OomnucaHus. Takas CBsI3b MEXIY BPEMEHHBIMHU U YaCTOTHBIMU
XapaKTEPUCTUKAMU JIMHEMHBIX JUHAMUYECKUX CHCTEM B HACTOSIIEE BPEMS JIEXKUT B
OCHOBE OOJIBIIMHCTBA PACYETHBIX METO/I0B B TAY.

Jpyroe Ba)XHO€ MNPEUMYILIECTBO YACTOTHBIX METOJOB COCTOMT B TOM, YTO
CaMU YaCTOTHBIC XapaKTEPUCTHKHA MOTYT OBITh IOCTATOYHO JIETKO HETOCPEJICTBEHHO
U3MEpeHbl. MaTeMaTHYeCKe OCHOBBI aHAIM3a U CUHTE3a JIMHEWHBIX JTUHAMHUYECKUX
CUCTEM B YaCTOTHOM 00JIaCTH XOPOIIIO U3BECTHHI [ 1, 2].

Ecmn Ha BXOJI JIMHEWMHOM CUCTEMBI MOAATh CHUHYCOWJAIbHBIA CHUTHAN, TO
BBIXOJIHOW CHUTHaJ OYJET COJIep>KaTh BBIHYKACHHYIO U TIEPEXOIHYIO COCTABIISIOIIHE.
ITo ucreyeHUH HECKOJIBKUX MEPUOAOB MEPEXOAHAA COCTABISAIONIASA 3aTyXaeT M Ha
BBIXOJIE YCTaHABJIMBACTCA CHUHYCOWJAJIbHBIA CHUTHAJ TOM K€ 4YacTOThl, YTO WU Ha
BXOJI€. DTO YCTAHOBUBIIEECA COCTOSIHUE CUCTEMBI XapaKTEPU3YETCA OMPEACICHHBIM
OTHOIIICHMEM CHUTHAJIOB Ha BXOJI€ M BbIX0OJIe U (ha30BBIM yTJIOM CIBHUTA JJIS KaXKI0M
4acTOThl BXOJIHOTO cUrHaJa (puc. 1).
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Puc. 1. K onpenenennio 4aCTOTHBIX XapaKTEPUCTHUK

Hanpumep, paccMOTpuM NPOXOKIAECHHE CUHYCOUIAIBHOTO CHUTHAlIa 4epe3
areproIMYECKOE 3BEHO NEPBOro nopsaka. Ha HM3KKMX yacToTax aMIuidTyla BhIXOJ1a
NOYTH paBHA AaMIUIMTYAE BXOJa, YMHOXEHHOW Ha KOA(POUIMEHT YCUIICHHUS,
oTCcTaBaHUe MO (paze TakkKe HeBelanKO. Ha BBICOKMX 4HacTOTax aMIUIMTy/Aa BBIXOJA
3HAQYUTEIBHO MEHBIIE W3-32 HAIWYMAS WHEPUUOHHOCTA B CHCTEME U BBIXOJIHOU
CUTHAJ OTCTAeT OT BXOJHOTO Ha yroJ, oym3kuit 90°.

JIeNCTBUTENBHO, €CIIM PAacCMOTPETh MOMYJIb YaCTOTHOM II€pEeNaTOYHOU
(GYHKLIMH anepuoAMYecKoro 3BeHa MepBOro nopsjika
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TO BUJHO, YTO aMILUIATYJIa HECOTPAHUYEHHO YMEHBIIAETCS MIPU YBEJIUYEHUHN YaCTOTHI.
@da30BbIN yIroJ CABUTA

Aw)=W(jw)=

o(w)=argW(jw) = - arctg T@
WHOT/Ia HAa3bIBAIOT YIJIOM OTCTaBaHWs (ha3. DTOT yroia JJisg anepuogNIecKOTO 3BEHA
MIEpBOro0 TMOpsIIKA OTPULATENIEH U CTPEMUTCS K mpeaeny, paBHomy - 90°, npu
CTPEMJICHUH YaCTOTHI K OECKOHEYHOCTH.

Ecnu xosdduivieHT ycusieHus CUCTEMbI paBEH €IMHHUIE, TO HAa 4YacTOTax,
OJIM3KUX K HYJIO, aMIUIMTyJa BbIXoJla OyJeT paBHa amIuMTyAe BXxoja. Ecmu ke
ko3huIMeHT k OOJblIE €IUHMIIBI, TO HAa HU3KUX YacTOTax aMIUIMTyAa BBIXOJA
OyJeT NpeBbIATh aMIUIUTYTy BXOJA.

PaccmoTpuM AMHAMUYECKYI0 CHUCTEMY, KOTOpas COCTOUT W3 HECKOJIbKUX
MOCJIEIOBATEIbHO BKIIOYEHHBIX AJIEMEHTAPHBIX JTMHAMHUYECKUX CHUCTEM (3BEHBEB).
[lepenatounas (QyHKOUS TaKOH CHCTEMBI OINPEACISICTCS KakK IMPOU3BEICHHE
nepeaaToYHbIX (YYHKIUHA SJIEMEHTAPHBIX 3BE€HBEB, COCTABIISIONINX CUCTEMY
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Ecnu nmepedty K 4aCTOTHBIM IepenatoyHbiM (DyHKIUAM, 3aMEHUB s Ha j @)
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Mopynb 4aCTOTHOM XapaKTEPUCTUKU OINPEAENSIeTCS] MyTeM NEePEeMHOKEHUS
MOJIyJI€il BCEX 3JIEMEHTOB CUCTEMBI

Aw)=]]4 @)

a (a3oBbI COBUT ONpENENieTCs IyTEeM CIOXKEHHUs (a30BBIX YIJOB CIBUTA
OT/ZIEJIBHBIX 3BEHBEB CUCTEMBI

mm=ZQW)

JIeCTBUTENBHO, IPU CUHYCOUIAIBHOM BXOJHOM CUTHAJIC BBIXOJHOW CUTHAII
KaXJIOTO 3BEHA, SIBJISIIONTUNCS BXOJHBIM JJISI TTOCJIEAYIONIET0, MPEACTABISET COOOM
y)Ke CABUHYTYIO 10 (ha3e cuHycouay. Takum 0Opa3om, MPOUCXOIUT HAKATUTMBAHUE
($ha30BOTO CIBUTA.

YactotHas nepenatounas ¢yukuua W(jw) = A(w)e 9@ \oxeT GBITH
M300pakeHa B BHJIE BEKTOpa HAa KOMIUICKCHOW IUIOCKOCTH. Tak Kak MOAYJIb H
apTyMEHT SBJISIFOTCS (DYHKIIUSIMH YacTOThI (0 TO TMPU HEMPEPHIBHOM H3MECHCHHH
nocieaHei ot w= 0° 10 @= oo ° BeJIMYMHA U HAPaBJICHHUE BEKTOpa OYIyT MEHSThCH,
MpUYEeM KOHEIl BEKTOpa OYyJeT ONMHUCHhIBATh HEKOTOPYIO KpUBYIO (romorpad BekTopa),

KOTOpasi Ha3bIBAETCs aMILIUTYIHO-(Pa30Bol xapakrepucTukoit (ADX) cuctems! (puc.
2).



Puc. 2. AMmutynHo-¢a3oBasi XapakTepuCTHUKa (4aCTOTHBIN rogorpad)

OyHkuusd A(@) COOTBETCTBEHHO HA3bIBACTCA aAMIUIMTYJAHOM YaCTOTHOMU
xapaktepuctukoi (AUX) cuctembl. AUX nmeeT oueBUAHBIA (U3UYECKUM CMBICI,
TaK KakK MOKa3bIBAET 3aBUCUMOCTh OT YaCTOThl OTHOILIEHUS aMIUIUTY] KOojeOaHuil Ha
BBIXO/JIE U BXOJI€ CUCTEMBI
_A(0)

A(0)
T.. MpeACTaBIseT CcOO0M KOIP(MUIMEHT YCUIIEHUS BXOJHOTO TapMOHHYECKOTO

A(®)

CHTHaJIa Ha KaxJaou yactore. Ecim Ha KakoW-TO 4yacToTe W 3HaueHue A(W) >1,

BXOJHOM CUTHaJl ycuiauBaercs, ecim A(wW) < 1, TO BXOA [JaHHOW 4YacTOTHI

ocnabnsercs. Ilpm mocrossHHONW  ammuidTyne Ha Bxoae cuctembl  AUX
HEIMOCPEICTBEHHO OMPE/IEISET CBOMCTBA CUCTEMBI KaK YaCTOTHOTO (DHIIBTpA.

3HaYeHUE YaCTOThI, MPU KOTOPOM OTHOILIECHHE AaMIUIUTYJ, OKOHYATEIbHO
CTaHOBUTCSI MEHBUIE OMNPEAECIEHHOIO JOCTATOYHO MaJIOr0 KOHEYHOIO 3HA4YECHUS
(0OBIYHO TIPUHUMAETCS TMAJCHHWE AMIUIUTYIbI BBIXOJHBIX KoJieOaHud 10 5 % OT
AMIUIUTYAbl BXOJHBIX), ONPENECISACT TaK Ha3bIBAEMYI IIOJIOCY NPONYCKaHUA
CHCTEMEBI.

UeMm mMeHee MHEPUMOHHO 3BEHO WJIM CHUCTEMA, TeM yuHHee ero AUX, T.e.
TeM OoJibllie T0J0ca TMPONMYCKaHUS 3BEHOM 4YacTOT. TakuM o0pas3om, IMpu
MIPOXOXKICHUU TEPUOIMUECKUX CUTHAJIOB YE€PE3 peajibHble JTUHAMUYECKUE CUCTEMBI
MOXET OBITh TepeAaHO JIMIIb OINPEJCICHHOEe KOJIMYECTBO TapMOHHYECKUX
COCTABJIAIOIIUX CUTHAJA U3 UX 0€CKOHEYHOTO unciia. O4eBUIHO, BAXKHO NepeaaTh Ty
4acTh CIIEKTpa CHUTHajla, KOTOpas COAEPKUT TapMOHMYECKHE COCTABIIAIOLIAE C
OTHOCUTEIHHO OOJIBIIIMMH AMIUIATYIaMHU.

CootBercTBeHHO  (QyHKIUsA (P(W) HaszbiBaeTcss (Pa3oBOMl  4YaCTOTHOMU

xapaktepuctukond (PUX). DUX onpegensiercs (M3MEPATHCSI) KaK Pa3HOCTb
HaYaJIbHBIX (pa3 BHIXOJJHON M BXOJHOW CUHYCOUJ

N®)=0,(0)~0.(®).



OnpenenvB amMIUIMTYAy W CABUT (hpa3bl CHHYCOWIBI BBIXOJA ISl Pa3HBIX
4acTOT, MOKHO IOCTPOUTh [0 TOYKAM AaMIUIMTYJHYI0 U (Da30BYIH0 YaCTOTHBIE
xapaktepucTuku. B tabmune 1 npuBeaeHsl BoipaxkeHus AUX u OUX TUMOBBIX

JUHAMHYCCKHUX 3BCHBLCB.
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YacToTHYIO mepenatounyro (YHKIMIO MOXHO TakKe TPEICTaBUTh Kak
CyMMY JEHCTBUTEIBHON U MHUMOW YaCTEU:
W(jo)=Re{W(jw)}+ jIm{W(jw)},
rie Re{W(jw}) n Im{W(jw)} - BemecrBeHHass M MHHUMas 4YacTH 4YaCTOTHOMU
XapaKTePUCTHUKH.



JlelicTBUTENbHA W MHHUMAasi YaCTOTHBIC XAPAKTEPUCTUKU HE JIaIOT CTOJb
npocTor (PU3UYECKON HWHTEPHpPETallud YaCTOTHBIX CBOWCTB CHUCTEMBI, KakK JIBE
npenpiaymme. OJIHAKO WX BBEJEHHE OOYCJIOBIEHO TEM, YTO OHHU WIparoT
CYILIECTBEHHYIO POJIb B O0IIMX U MPUOJIMKEHHBIX MeToAax pacuera [1,2].

JJIO'APUOMHNYECKHUE YACTOTHBIE XAPAKTEPUCTHUKN
JUHAMMWYECKUX 3BEHBEB 1 CUCTEM

[Iponiecc moctpoerusi ADX pasoOMKHYTOH CHUCTEMbl MOXHO CYIIIECTBEHHO
YCKOpUThH, €CIM TepelTH K JorapudmuueckuM macmrTabaM U BBECTH TakK
Ha3bIBaeMble JIOrapu(MUYECKUE YaCTOTHbIE xapakTepucTuku (JIYX) 3BeHbeB H
cucreM. IIpm wncnone3oBannmn wMeroma JIUX BelUMCIEHHS COKpalaroTCcs [0
MUHUMYMa, TaK Kak IMOSBISETCS BO3MOXHOCTh IOCTPOEHHUS JIOrapupMUUYECKUX
aMIUIMTYJHO-4aCTOTHBIX ~ Xapakrepuctuk (JIAUX) mnemouku mocienoBaTenbHO
COCIMHEHHBIX  3BEHBEB  IPOCTBIM  CyMMHMpoBaHueMm  opauHar  JIAUX
COOTBETCTBYIOIIUX COMHOKUTEIIEH.

JeiicTBuTensHO, U3 onpeaenenus AUX ciaexyer

A =[] A ).

Ecnu nponorapudmupoBath 370 BbIpakeHue, B3sB 201g OT JIEBOM M MpaBoi
4acTeil, TO NoJIy4uM

n
201g A(@) = > 201g A, ().
i=1

Kpome Toro, mpu moctpoenun JIAUX yacToThl 1Mo OCH aOCIHCC TakKxke
OTKJIQJIBIBAFOTCS B JIOTApU(PMUIECKOM MacITabe, 4To MO3BOJSET OXBATUTH ITUPOKHIA
JIMana3oH 4acTOT M OJMHAKOBO HArJIsiIHO MOKa3aTh M3MEHEHHE YAaCTOTHBIX CBOMCTB
CHUCTEMBI KaK Ha MaJlbIX, T'aK U Ha CPEAHUX U BBICOKHUX YACTOTAX.

Hakonern, B morapudgmuueckom macmradbe JIAUX u3MeHsIOTCS TUIaBHO, U
MOATOMY BO3HHUKAET BO3MOXXHOCTH B TOJIABJISIFOIIEM OOJBITUHCTBE MPAKTUUYECKUX
ClIlyyaeB ympolleHHO u3ob0paxkarh JIAUX JoMaHbIMH NOPSIMBIMH JIMHUSIMHU -
acumntoramu. IIpaBuna mMOCTpOEHUS TOYHBIX M acuMmnOToTuueckux JIAUX
JTMHAMUYECKUX CUCTEM XOPOIIIO U3BECTHBI U MPUBENICHBI B tuTeparype [1, 2].

Breipaxxenus st BeruncieHuss JIAUX HEKOTOpPBIX THUHOBBIX JTUHAMUYECKHUX
3BEHhEB TMpuBEeNCHBI B Tabmume 2. I[lpumepsl MOCTPOCHHMS TOYHBIX H
acumnroTraeckux JIAUX HEKOTOPBIX 3BEHBEB MTOKA3aHbI B TAOIHIIE 3, 4.

OIIPEJEJIEHUE YACTOTHBIX XAPAKTEPUCTUK 110
3APEITICTPUPOBAHHBIM KOJIEBAHUAM HA BXOJE U BBIXO/E
UCCIEJYEMON JMHAMMWYECKOM CUCTEMBbI

[TpocTBIM METOJOM OMPEACACHUS YACTOTHBIX XapaKTECPUCTHK SBIISCTCS
METOJI OJHOBPEMCHHOW 3allMCH CHHYCOWJAJIBHOTO BXOJHOTO BO3JCHCTBUS M
YCTAaHOBUBIIUXCS KOJICOAHWI Ha BBIXOJIE C O0BEKTa C Mocieayromeid o0paboTKon
TIOJTYYCHHBIX KPUBBIX.



Curnansl C BBIXOJIa TEHEpATOpa CHUHYCOMJAIBHBIX KOJICOAHWH W BBIXOJA
UCCIIelyeMOTO0 OOBEKTa TOJAIOTCS Ha 3alUChIBAIOIIEE YCTPONCTBO, TJI€ OHHU
PETUCTPUPYIOTCS B BHE rpadukoB Ha Oymare Wi B BUJE OCHUUIOTPAaMMBbI B
3aBUCUMOCTH OT THUIIa IPUMEHSIEMOI0 3aMCHIBAIOIIETO YCTPOMCTBA.

Jig  JTMHEWHOM CHUCTEMbI 3HAYEHUS MOAYJIS M apPryMEHTa 4YacTOTHOWU
nepeaaTouHoOn (YHKIIMU UCCIIEyeMOTro 00ObEKTa MPU YaCTOTE @ = @ ONPEACIAIOTCS
1o rpadvkamM Ha OCHOBAHUU BBIPAKCHHIA:

_ Aebzx(wi)'Kmebzx . _
Alw;) = A @)K , p(@)=9,,(®)
€ Az Aox - AMIUTATYABI KOJICOAHWH, OIIpEIeIIeMbIe TI0 TpaduKaM, MM;
K K - MacmTabHbie KodhuimeHTs!, MM/B;

m BbIX ° m BX
Oue  Ga3zoBBI  CABUT KOJIEOAHUM HA BBIXOAE HCCICAYEMON CHUCTEMBI
OTHOCHUTENILHO BXOJHOTO CUTHAJa, ONPEeIIeMblil 10 TpaduKy.
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Macmrabupytonpe kodpdunuentsr K
TI0JIB3YSICh CIIEAYIOIIMMHU COOTHOIICHHUSIMHU:

K MO>HO BBIYHMCJIUTD,

m BbIX ? m BX

6bIX 6x

ngblx U ’ mex U b4

8blX 6x
rae Ug,, 1 Uy, - cCUTHAJIBI HA BBIXOJIE U BX0JI€ O0BEKTa, U3MEPEHHBIE MTPU TOMOIIH
BOJIbTMETPA.
Jpyroii moaxoa K ONPENESIEHUI0 YAaCTOTHBIX XapaKTEPUCTHUK CBOAMUTCS K
U3MEPEHUIO0  Pa3MEpoB  3AuunTHueckod  ¢urypel  Jluccaxxy Ha  dkpaHe
ocumiuiorpaga (puc. 3). das3oBas UacTOTHas XapakTEPUCTUKA TMPH HTOM

— aresin O
ompezensercs no GopMmyie @ = arcsin 4

gy

N a

b3 |

Puc. 3. Dmmuntuyeckas gurypa Jluccaxy

METOJ HEITOCPEACTBEHHOI'O USMEPEHUA AMIUINTY bl 1
®A30BOI'O CJIBUT'A KOJIEBAHMIT HA BXOJIE Y BLIXOJIE OFBEKTA

CunycoupaiibHble KOJeOaHWsT C TeHepaTopa IMOAAlTCs Ha BXOJ
uccienyeMoro o0ObekTa. AMIUIMTYAa W (a3a yCTAaHOBUBILMXCS KojeOaHW Ha
BBIXOJIE 00BEKTa M3MEPSIOTCS HEMOCPEJACTBEHHO BOJBTMETPOM U (Pa3oMeTpoM.
N3mepenne aMIinTyibl Ha BX0JI€ TAK)KE MOXKET ObITh OCYIIECTBIECHO MPU MOMOIIU
BOJIbTMETpaA. MHOTIAa B cCXeMe NMPUMEHSIETCSl YaCTOTOMEDP, KOTOPBIM CIYXKHUT IS
YCTaHOBKHU Y KOHTPOJISI YACTOTHI KOJICOAHUH.

[Ipu 3amanHON dYacTOoTe KOJICOAHWW @ = @ 3HAYCHUE apryMEHTa
YaCTOTHOM MepeAaToyHOM (YHKIMHM ONpENessieTcsl HEMNOCPEACTBEHHO IO
bazomeTpy:

(W)= Py,
a 3HAYCHUE MOIYJII - IO IMOKAa3aHUsAM BOJBTMETPOB Uy, U U,, Ha OCHOBaHUU
A _ Uebzx (wl)
BBIPAKEHHUS (wi)——U -

[c29

METO/I USMEPEHU I MTHOBEHHBIX 3HAUEHMIT CUTHAJIA HA
BBIXOIE NUCCJIIEAYEMOI'O OBBEKTA
IIpy TakOM MOAXOAE BBIXOIHOE HAIPSKEHHE

U@blx ([) = UKblx (wl )Sin(wi[ + ¢6b1x (wl ))

12



MIPEICTABIISICTCS 10 OTHOIIEHUIO K CHHYCOUJATFHOMY BXOTHOMY
U, (t)=U,sinwt
B BUJIE CYMMbI CUH(A3HOU U KBapaTypHOH COCTaBISIOLINX;
Usu(t) = U @)cos goebzx(@)Sin at +
+ Usur @)SIN Py @)cOs O .
Amvmntyna cuHbazaon coctaBistomend Uy, @) cos @y, ( &) MOXKET OBITH
OmpejielieHa KaKk MTHOBEHHOE 3HAYEHHE HaNpsKEHUs Ha BbIxojie o0bekTa U, (1) B

MOMEHT IPOXOXKJICHUS BXOJHOIO BO3JICUCTBUS YEPE3 MAKCUMYM IIPU @,f = %, a

aMILIMTY1a KBaJpaTypHO coctasistomet U, (@,)sin@, (@,) - KAk MTHOBEHHOE

8bIX
3HaueHue U,,,(t) B MOMEHT npoxoxaeHus U, (t) yepe3 Honb npu @t = 0. Torga
BCIIECTBCHHAss ¥ MHHMAash 4YacTH YacTOTHOW MepefaTouyHoll  QyHKIHUU
UCCIIENYeMOTO 00BEKTa OMPEACIISIIOTCS BIPAKCHUSIMHU

U (w.)cos . U (w.)sin w.
68blX ( 1 )U ¢8blx ( l ) ; I’nW(ja)l ) — B8blX ( 1 )U ¢8blx ( l )

6x 8x

N3mepenne cuH(pa3HOM UM  KBAApaTypHOHW COCTaBISAIOIIMX MOKHO
OCYIIECTBUTD, HANPUMEP, C MOMOIIbIO MTUKOBOT'O BOJBTMETPA, MOAKIIOYAEMOT0 K
BBIXO/Ty UCCIIEyeMOro 00ObEKTa B COOTBETCTBYIOIINE MOMEHTHI BPEMEHHU.

ReW(jw,)=

3. 3agaHus ¥ OPAIOK NMPOBeeHUs UCCIeT0OBAHNI

3.1. Co3aarh TeKkCTOBBIN 010K, cojepxaniuii HazBaHue padotel, ®UO
CTyJICHTa, HOMEp BapuaHTa, OTPOPMATUPOBATH TEKCT B COOTBETCTBHH C 00Pa3IioM,
IIPUBEICHHOM Ha pucC. 4.

JlabopaTtopHasi paGora Ne7.
HccaenoBanue 4aCTOTHBIX XapAKTEPUCTHK TUIOBBIX JMHEHHBIX 3BCHbEB

Brinonun: cryaent rp. 111111 MBanos 1.N.
BapuaHnr: N
Jara: 01.03.2016 .

Puc. 4. O6pazen popmatupoBaHus TEKCTa

3.2. Pemienue nud¢gepeHunaabHbIX YPABHEHHI PHU SN BO3MYIIIEHUH
. BHHMAaTeNbHO O3HAKOMBTECH C METOJWYECKUMH YKAa3aHUAMH I10
MIPOBEICHUIO JTAOOPATOPHOU PAOOTHI.
2. IloxroroBbre mnporpamMMmHblid Monayib B cpene MathCAD s
BBITMIOJIHEHMSI TAHHOTO pasjiena paboTsl (CM. HUXKE IPUMEDP MOIYIIS).
3. 3apaiite B kadectBe oObekra ympamieHus (OY) amepuommdeckoe
k
(T, s +D)(Tps+1)°
napaMeTpbl KOTOPOTO OMPEACNAIOTCS COryiacHO Tabiuie 1 B 3aBUCHMOCTH OT
HOMEpa BapuaHTa. 3anumuTe Ans Hero auddepeHnnanbHOe  ypaBHEHHE
JBUYKEHUS.

3B€HO BTOPOTO TMOpPSAKAa C TepenaTouHor GyHKImen W(s)=

13



4. C momomipto mporpammbl Odesolve(t, ) pemmte nuddepeHnmanbHoe
ypaBHEHHE U TOJIYYHUTE TpadUK MEPEX0IHOTO MpoIiecca:

[Tpumep nporpaMMHOI0 MOAYJISl BBITIOJIHEHUS pa3aena 3.2.

1. Pemienue /{Y npu sin-BO3MYILICHUHU

T1 =1 T2 =2 TI.:=0.5 K.=10 w:=19
Given
x'(0)=0 x(0) =0
4> d
T1-T2-——x(t) + (T1 +T2):| —x(t) | + x(t) = K-sin(wt)
dt2 dt

x := Odesolve(t,30,1000)

x(t)

sin(w-t)

3.3. llocTpoenne ADYX
1. 3agaiite B kadectBe OY THIOBOE aneprOJUYECKOE 3BEHO MEPBOTO

o o k
nopsiika C MnepenaToyHod ¢GyHKuuen W(s) = T4’ MAaPaMeTpsl KOTOpOro
oS+

OTIPEICIISIFOTCS cOoryacHO Tabiuile 1 B 3aBUCMMOCTH OT HOMEpa BapHaHTa.
2. 3anuImuTe BEIECTBEHHYIO U MHUMYIO yacTu ADYX: Q(w, ), P(w,).

3. locrpoiite rpapux Q(w, ) =f(P(w,))/ s 3T0ro 3agaiire KoamuecTBo
touek k =1..1000, gacrorsr: w, =0.0000001, w, =1.02-w,_,.
4. BpmosnHuTe myHKTH 2.1-2.3 111 JIMHEMHOTO 3BEHA C INEPENaTOYHOU

14



k
s-(Tys+1)
TabnuIpl | B COOTBETCTBHH C HOMEPOM BapHaHTA.

S. Beimonaute myHKTHl 2.1-2.3 17 JIMHEWHOIO 3BEHA C IEpEeJaTOYHOMN
k

(T, s + )(T,,s + )
n3 Ta6J'II/II_IBI 1 B COOTBETCTBHHU C HOMCpOM BapHaHTA.

6. Boimonaute myHKTHl 2.1-2.3 175 JIMHEWHOIO 3BEHA C IEpEeJaTOYHON
k

T?s+2fTs+1
KO02(PUIUEHTOM k M MOCTOSHHLIMU BpeMeHu T,,,T,, MOKa3aHa B METOAMYECKUX

byHKIIIEH W (s)= 3HavueHuss KOdPGUIIMEHTOB k,7T,, BO3BMHUTE U3

byHKIIIEH W(s)= 3nauenust kodpduruentos k,T,,7,, BOZMHTE

byHKIIEH W(s)= 3amMeTuM, 4TO B3aMMOCBS3b MapaMmeTpoB T,& ¢

yKa3aHUAX 1O  TPOBEICHUIO  OJKCIepUMEHTa H  3ajaHa  (GopMyliaMu:

T
T=0316yT,T,; ¢&=0158 /% 3naueHust Ko3PppuueHTos k,T,,,7,, BO3BMHUTE U3
01
TaOauIbl 1 B COOTBETCTBUM C HOMEPOM BapHaHTa.
7. BbimosiHUTE TYHKTHI 2.1-2.3 ISl JIMHEWHOrO 3BE€HA C NEPEJAaTOYHOMU
. k-e?T
HKIIMEeUn W(s) = . 3Hayenus kodpduuuentoB k,7, .7, BO3bLMUTE
by ) (T, s +1)(T,,s+1) o oo

n3 Ta6J'II/II_IBI 1 B COOTBETCTBUM C HOMCPOM BapHaHTa:

[Tpumep nporpaMMHOI0 MOAYJISl BBITIOJIHEHUS pa3aena 3.3.

2. Iloctpoenne ADYX T:=04
Wi(p) = —— W2(p) = K
P Tip+1 P Tipr D(T2p + 1)
K.e PT
W3(p) =

(TL-p+ 1)«(T2:p + 1)
Q(w) = Im(W3(j-w))
P(w) := Re(W3(i-w))

P(w) — —1.1850971957698645664
Q(w) — 0.02156920180342208411
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k:=1.1000  wp:= 0.0000001 wy = 1.02-wi_|

W =

1 1.02°107

0 1.04:107

1.061°1077

-1 1.082°1077

) 1.104°107

Q(wy)-3 1.126'107

— 1.149:1077
—4

1.172°1077

=5 1195107

-6 1.219-107

B 1.243°1077

-3-2-10 1 2 3 4 5 6 7 8 9 10 1.268:10°7

P(wy) 1.294°1077

1.319:1077

1.346°1077

3.4. llocTpoenne AUX, JIAX, ®UX
1. 3apaiite B kadectBe OY THIIOBOE alepuUOJAMYECKOE 3BEHO IEPBOrO

o o k
nopsiika C MnepenaToyHod ¢GyHKuuen W(s)= T4’ MAaPaMeTpsl KOTOpOro
oS+

OTIPEIEIISIOTCS COTIIacHO Tabmuie 1 B 3aBUCHMOCTH OT HOMEpPA BapHaHTA.
2. 3anumure AUX A(w) =‘W(j -w)|, JIAX L(w)=20-log(A(w)), ®UX

£(w) =%-arg(wu-w».

3. [Toctpoiite rpaduku AUX, JIAX, OUX.

4. BbIMoJHUTE TYHKTHI 2.1-2.3 i1 JIMHEWHOrO 3BE€HA C NEPEJaTOYHOMU
k

s-(Tys+1)
Ta6JII/II_II>I 1 B COOTBETCTBHH C HOMCPOM BapHaHTa.

5. Beinonuute myHKTH 2.1-2.3 1l JIMHEWHOTO 3BE€HA C NEPEJATOYHOMU
k

(Tys+ D)(Tys +1)°
13 Ta0auIBl 1 B COOTBETCTBHH C HOMEPOM BapHaHTA.

6. Boinonuute nmyHKTH 2.1-2.3 i JIMHEWHOTO 3BE€HA C NEPEJATOYHOMU
k

T?s+2&Ts +1
K03(D(UIIMEHTOM k U MOCTOSHHBIMH BpeMeHu T,,,T,, MOKa3aHa B METOJMYCCKHX

byHKIHEH W(s)= 3HadyeHuss Kod(pUIUEHTOB k,T,, BO3BMUTE U3

byHkunein W(s)= 3navyeHus: kodpdunueHToB k,T,,,T,, BO3bMHTE

byHkuuen W(s)= . 3aMeTuM, 4TO B3aUMOCBS3b mapameTpoB T,& ¢

16



yKa3aHUAX 10  TPOBEICHUIO  OJKCIepUMEHTa ©  3ajaHa  (GopMyliaMu:

T
T=0316\T,T,; &£=0,158 /% 3Hauenust K03pGUIUeHToB k,T,,,T,, BO3BMHUTE W3

01
TaOauIbl 1 B COOTBETCTBUM C HOMEPOM BapHaHTA.
7. BbImosiHUTE TYHKTHI 2.1-2.3 1Sl JIMHEWHOrO 3BE€HA C NEPEJATOYHOMU
k-e P’
(T, s +D(Ts +1)
13 Ta0auIBpl 1 B COOTBETCTBHM C HOMEPOM BapHaHTA:

byHKIIMEH W(s) = 3HavyeHus: kodpdunueHTor k,7T,,,T,, BOZbBMHUTE

[Ipumep porpaMMHOTO MOAYJIS BBIIIOJIHEHMS pa3aena 3.3.

3. IToctpoenne AUX, JIAX, ®UX

A(w) = |[W3(i-w)|

10

Wk

Ocp X B norapupmMuueckoM Macirade

L(W) = 20-log(A(W))
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20
0
L(wi)-20
—40
~60
1x10~ 1x107° 1x107° 0.1 10
Wk
) 180
f(w) = arg(W3(i-w))-—
T
200
100
~ 100
~200
1x107 1x107° 1x10~ 3 0.1 10
Wk
Tabnuna 1 — 3aganue Mo BapuaHTaM
Bapuant k Ty, Ty,
1 1 0,5 0,01
2 2 0,25 0,5
3 3 0,1 0,25
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Bapuant k Ty, Ty,
4 1 0,25 0,2
5 1 0,25 1
6 2 0,05 0,25
7 4 0,05 0,25
8 4 0,5 0,1
9 2 0,5 0,25
10 3 1 0,5
11 3 0,5 0,05
12 1.5 0,25 0,2
13 2 0,75 0,01
14 5 0,45 0,1
15 3 0,9 0,05
16 2.5 0,36 0,67
17 1.5 0,34 0,52
18 4 0,8 0,2
19 4.5 0,7 0,12
20 3.5 0,3 0,95
21 5 0,1 0,6
22 4 0,8 0,3
23 1 0,65 0,5
24 2 0,45 0,55
25 4 0,72 0,35

4. Conepxxanme oT4yeTa

Otuer o nabopatopHoil pabore Gopmupyercst kak jguctuHr u3 Machcad
BBITIOJTHEHUSI YKa3aHHBIX MYHKTOB B MOPSJIKE MCCICIOBAHUS C JOOABICHUEM OT
PYKH BBIBOJIOB 1O pabote, GOpMYyITHUPYyEeMbIX Ha OCHOBE I'PAa(KOB M YHCIIOBBIX
JaHHBIX MTOJYYEHHBIX BXOJI€ UCCIICJOBAHHIA.

S. KOHTpoJIbHBbIE BONIPOCHI

1. Ha3zoBuTE 4acTOTHBIE XapaKTEPUCTUKN JUHAMUYECKUX CUCTEM.

2. IloscHuTe CMBICH TOCTPOEHHS YACTOTHBIX XapaKTEpUCTUK B
jorapuMuueckom maciraoe.

3. Yro Takoe compsraromas 4acTora 1 yacTtora cpesa?

4. KakuM JMana3oHOM YacTOT MOKHO OIPAHMYUTHCS NPH MOCTPOEHUH
YaCTOTHBIX XapaKTEPUCTUK?

5. Hamummre aHaIUTHYECKUE BBIPAKEHUSI YAaCTOTHBIX XapPAKTEPUCTUK
TUTNIOBBIX 3BEHbEB U HAdyepTUTe TpaduKU COOTBETCTBYIOIIUX YaCTOTHBIX
XapaKTEPUCTHK.

6. KakoBel mnpaBuna mnoctpoeHus JIAUX pauHaMUYECKON CHCTEMBI,
COCTOSIIIEN U3 MOCIEA0BATENBHO BKIIOUCHHBIX TUITOBBIX 3BEHBER?
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7. B dYeM OTIMYME YACTOTHBIX XapaKTEPUCTUK CTATUYECKUX U
acTaTUYECKUX cUcTeM?

8. Kak cBs3anbl mexay coboit JIAUX u JIOUX wmuHuMaibHO-(pa30BOM
CUCTEMBI?

9. Kakue CymecTByloT CHOCOObl 3KCHEPUMEHTAIBHOTO OINpPEAEICHHUS
YaCTOTHBIX XapaKTEPUCTUK?
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