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BBEJAEHHUE

Ilens oBnaneHHs anmaparoM IOCTPOEHUS YAaCTOTHBIX XapaKTEPUCTHUK
CUCTEM YTIPABJICHHSI COCTOUT B CO3JAaHUM TECOPETHUUECKOM O0asbl NIJIsi OCBOCHHS
MaTEeMaTU4eCKOro anmnapara UCCJIEI0BAHMS JMHEHHBIX CUCTEM
aproMarnueckoro ymnpasieHus (CAY), OCHOBHBIX 3JIEMEHTOB U XapaKTEPUCTHUK
CAY, a takxke wmeronoB aHammza CAY Ha yCTOWYMBOCTE U KadyeCTBO
yIpaBJieHUsI, CIOCOO0B KOPPEKTUPOBKU CBOMCTB JMHEHHBIX CAY.

HOHATHUE YACTOTHBIX XAPAKTEPUCTHUK

Ecin mopateh Ha BXOJ CcHCTeMbI ¢ mnepeaarodnor dynknuern W(p)
TapMOHHUYECKUM CUTHAII
w{ =T, e™t=TT_ (£ 08 & +J-5i 1),
1

TO TIOCJE 3aBEpPUICHUs MEPEXOJHOIO Mpolecca Ha BBIXOAE YCTAHOBATCS
rapMOHUYECKUE KOJIeOaHUs
V=Y, e OTD=Y eJ1ei®

C TOM e 4acTOTON, HO MHBIMH aMIUIUTY10M U (pa30if, 3aBUCALIIMH OT YaCTOTHI
BO3MYIIAIOLIETO0 BO3AeUCTBHs. I[l0 HMM MOXHO CyauTh O JAMHAMHAYECKUX
CBOICTBaX CHCTEMBbI. 3aBHCHUMOCTH, CBS3bIBAIOLIME aMIUIUTYAy U a3y
BBIXOJJTHOTO CHUTHaJa C YaCTOTOM BXOJAHOTO CUTHAJIA, HA3BIBAIOTCA YACHMOMHbIMU
xapakmepucmuxamu (UX). Anamuz UX cuCTEMBI C LEIbIO HUCCIEIOBAHUS €€
JUHAMUYECKHUX CBOMCTB HA3bIBAECTCS YACHMOMHBIM AHATUZOM.

[ToxcraBuMm Beipaxkenus ais U(t) u y(t) B ypaBHEeHHE TMHAMUKH

(aop" +apn -1+ ap" 2+ ... +a,)y = (bop™ + bp™! + ... + by)u.
Yurem, 4To

1}11=1}ITmeJ"°‘=IT,,Jmel"“"‘=jmu.’
a, 3HAYUT,
pnu = pnUejwt = Uy, (Jw)nejwt = (Jw)nu.

AHAJIOTUYHBIE COOTHOILIEHHS MOYKHO 3amucaTth W JUIsl JIEBOW 4YacTH

ypaBHeHUs. [lomyunm:
Pru=pr U ed™=11_ (jeo Pei®=jo u.
[lo aHanoruu ¢ nepenaTo4yHo PyHKIMEH MOKHO 3aMUCaTh:
_bg(je™ +by(jed™ ! +.th,

a(joo" +a (Jy" ' + ...+ 3,

W(j®), paBHas OTHONICHHIO BBIXOJHOTO CHTHAJla K BXOJHOMY TIpH

U3MEHEHHWU BXOJHOTO CHTHajga IO TapMOHHYECKOMY 3aKOHY, Ha3bIBAaeTCs

uacmommuoul nepedamounoll ynkyuei. JIerko 3aMeTUTh, YTO OHA MOXKET OBITh
MOJIy4eHa IMyTeM MPOCTOMN 3aMEHBI p Ha J @ B BeIpakeHUU W(p).

u=Wijm-u



W(j®) ecTb KOMITJICKCHAs! (PYHKITHS, IIOATOMY
W(jeo)=A(@)el =P (@ HjQo).
rae P(®) - sewecmsennas 94X (BUX); Q(®) — muumas 94X (MYX); A(®) —
amnaumyonas 4YX (A4X). Umesa koMIieKCHYIO (QYHKIUIO, MOXKHO OINPEACIUTh
P(®) - pazosyio UX (@UYX). AUX naeT OTHOIICHHE AMIUIATY BBIXOJHOTO M
BXogHOro curHaioB, DPUX — caBur mno ¢aze BBHIXOJHOW BEIUYHHBI
OTHOCHUTEIBHO BXOJHOM:

A(@) =m0 = [P(0)? +Q(@)’ ;

Ym
() = arctg Plw)

Q@)

Ecim W(j©) n300pa3uth BEKTOPOM Ha KOMIUIEKCHOW IUIOCKOCTH, TO TIPH
u3MeHeHun ® ot 0 g0 + o ero KoHelm OyAeT BBIYEPUYUBATH KPHUBYIO,
Ha3bIBaeMyl0 coodoepagom eexkmopa W), wumm  amniumyono-gazoeyio
yacmomuyio xapaxmepucmuxy (AD@YX) (puc.1).

jQ
| .\w—)—m

Puc.1. I'paduk ammumTyqHO-(pa30BOi YaCTOTHON XapaKTEPUCTUKU

BerBr ADUYX 1nipy u3MeHEeHUH @ OT - oo 10 0 MOKHO MOJTYUYUTh 3€PKATBHBIM
OTOOpaKEHHEM JIaHHOM KPUBOM OTHOCUTEIBHO BEIIECTBEHHOM OCH.

B teopuu aBromatuueckoro ymnpapieHusi (TAY) mmpoko HCHONIB3YIHOTCS
nocapu@muyeckue  yacmomuwvle  xapakmepucmuku  (JI4X) (puc.  2):
noeapugpmuueckas amnaumyonas UX (JIAY4X) L(®) u noeapugpmuueckas
¢gazosas X (JI®YX) P(). OHn nomydarorcs myTeM JOrapu()MHPOBAHUS
nepenaTouyHo QpyHKIUu:

[ W{je)]= [ A{eel®)=In] A{cm)]+ ] ™= [ A{o )] +pio).



JIAUX momy4aroT W3 MEpPBOTO CjIaraeéMoro, KOTOpO€ M3 COOOpaKeHH
MacmTabupoBaHus yMHOXKaeTcs Ha 20, W HCHOJB3YIOT HE HATypajbHBIN
jgorapum, a nmecatudHbl, To ectb L(®) = 20IgA(®). Bemmuuna L(®)
OTKJIQ/IBIBACTCS 1O OCH OPJIMHAT B Oeyubenax. VI3MeHeHNE ypOBHS CUTHajIa Ha
10 16 COOTBETCTBYET M3MEHEHHIO ero MOITHOCTH B 10 pa3. Tak Kak MOIIHOCTb
rapMOHUYECKOT0 CUTHaa P mpomopiinoHaabHa KBajipaTy €ro aMIuIuTy sl A, TO

L{w) lnmx

20
0.101 10 100 | @

-20

Naoyx
elw)

45

0.1 0|1 10 100 @

-45

Puc. 2. Jlorapudmudeckne 4acTOTHBIE XapaKTEPUCTUKH

n3MeHeHnto curdana B 10 pa3 cooTBETCTBYeT U3MEHEHHUE ero ypoBHs Ha 20 10,
TaK Kak
I9(P>/P1) = 19(A,"1AL%) = 201g(A/A,).

ITo ocu abcuucc OTKIaabIBACTCS YaCTOTa W B JIOrapu(MUIECKOM MacITaoe.
To ecTh eIMHUYHBIM MPOMEXKYTKAM IO OCU abCIMCC COOTBETCTBYET U3MEHEHHE
w B 10 pa3. Takoi uHTepBaI Ha3bIBaeTcs dexaodot. Tak kak 1g(0) = - e, TO OCh
OpJIUHAT MPOBOJIAT MPOU3BOJIBHO.

JI®YX, nomyyaemast U3 BTOpPOTo ciaraemMoro, ommuaercss or @UX tonpko
MacmTabom mo ocu . Bemmumnra P() orkmaneiaeTcs Mo ocH OpAMHAT B
rpajgycax WiM paiauaHax. [{Js 3JieMeHTapHBIX 3BEHbBEB OHA HE BBIXOIUT 3a
npenessl: - =Pt 7,

UX SABIAIOTCS HCUEPHBIBAIOIIMMU XapaKTEPUCTUKAMH cucTeMbl. 3Has UX
CHUCTEMBI, MOYXHO BOCCTAHOBHTH €€ IMepeAaTOuHyr0 (YHKIIMIO U OIMPEICIHUThH
napameTpsbl.

YACTOTHBIE XAPAKTEPUCTHUKU TUIIOBbIX 3BEHBEB

3Has nepenaTouHyro GyHKUHIO 3BeHa W(p), JIETKO MOJYy4YUTh BCE €ro
YacCTOTHBIC XapakTepUCTUKUA. J[Is »Toro HEoOXOAMMO TMOACTaBUTH B



nepenaTouHyo QyHKIUIO j¢ BMecTo p, noayuyum ADUYX W(j®). 3arem Hamo
BbIpa3uTh U3 Hee BUX P() u MUX (Q(). ITocne storo npeodbpazyem ADUYX

B IOKa3aTenbHyI0 (Gopmy H mnoiaydaem AUX A(®) n ®UX P(®), a zarem
onpenensieM Beipakenne JIAUX L(w) = 201gA(®) (JIOUX otnugaercs ot DUX
TOJIBKO MacITaboM OCH aOCITHCC).

be3biHepUHOHHOE 3BEHO

[lepenarounas pynxuus: W(p) = k.
ADUX: W(j®) = k.

BUX: P(t) = k.

MUX: Q(®) = 0.
AUX: A(®) = k.
dUYX: P(w) = 0.

JIAYX: L(®) = 20Igk.
Hekoropbie UX mnokazanel Ha puc. 3. 3BEHO MPOITyCKaeT BCE YaCTOTHI
OJIMHAKOBO C YBEJIMYEHUEM aMIUIUTY bl B k pa3 u 6e3 casura no ¢ase.

jQ A®UX L NAYX
20 1g(K)
k P @

Puc. 3. XapakrepucTiky O€3bIHEPIIMOHHOTO 3BEHA
HNHuTerpupyouiee 38€HO

[lepenatounas dyukums: W(p) = k/p.
PaccMoTpuM vacTHbIi ciaydail, koraa k = 1, To ecTb
W(p) = 1/p.

—jr

i 1 1 =
ADPUX: W(jo)=——=—€ 2 |
Jo o

BUX: P(®) =0,

MUX: Q(®) = - 1/,

AUX: A(®) =1/,

dYX: P(w) =-7/2,

JIAYX: L(®) = 20Ig(1/) = - 201g().
UX noxka3zaHbl Ha puc. 4.
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Puc.4. XapakTepucTUKU HHTETPUPYIOLIETO 3BEHA

Bce 9acToThl 3BEHO MpOIMyCKaeT ¢ 3amasjabiBaHueM 1o ¢ase Ha 90°.

AMIUIMTYZAa BBIXOJHOTO CUTHAja YBEJIUYMBAETCS MPU YMEHBLIEHUU YAaCTOTHI U
YMEHBILIAETCS 10 HYJI NIPU POCTE YacTOThl (3BEHO «3aBAJIMBAET» BBICOKHE
yactoThl). JIAUX mpencraBiseT coOOi MpAMYIO, MPOXOSIIYI0 Yepe3 TOUKY
L(®) = 0 mpu ®= 1. Ilpu yBelIMYeHHHM 4YaCTOTHl HA JEKaay OpAWHATA
ymenbmaercs Ha 201gl0 = 2016, To ectp HakioH JIAUX pasen -20 n0/mex
(meumben Ha eKamy).

Anepuoanyeckoe 3B€HO

[Ipu k = 1 nonydaem cnenyromue Boipaxenus YX:

1
W (p) = :
(P) Tp+1’
Wiy =L - 1- jeoT
joT +1 1+ (e’ .
Pla)=————
1+{@l)” .
Q(fﬂ)=—m—T2
1+ (@D)? .
P () =P1 - P2 = - arctg(T);
A @l
Al =_"1=
(@ Az \f1+(m”.[j2.

L(e) = 20Ig(A(®)) = - 10Ig(1 + («T)2).

3aech A; u A, — aMIUIUTYIbI YKuCIUTENs U 3HaMeHaTens JIOUX; PruP2-

aprymeHTsl ynuciautels u 3Hamenaress. JIOUX, AOYX noka3aHsl Ha puc. 5.



Puc. 5. XapakTepucTUKy anepuouueckoro 3BeHa

ADUX ecTh MOJyOKPY>XHOCTh paguycoM 1/2 ¢ mentpom B Touke P = 1/2.
[Ipu moctpoenun acumnrorudeckoit JIAUX cumrator, uro mpu @ < @, = 1/T
MOXHO TpeHeOpeus (®T)? B Bepaskennn st L(), To ects L(w) ~10Igl = 0.
[Ipn ©>; npeHeOperaoT €IWHULIEH B BBIPAKEHUU B CKOOKaX M CUMTAIOT
L(w)=-20lg(®T). Ilostomy JIAUX mnpoxXxoauT BIOJb OCH aOcuucc 0
compsralpieid 4YacTtoThl, 3areM moja HakioHoMm -20 n0/mek. Yacrora ©
HAa3bIBACTCSA CONPATAIOMICH YacTOTOM. MakCHUMalbHOE OTJIMYME pPEalbHbIX
JIAYX OoT aCUMIITOTUYECKUX HE MPEBBIMIACT 3 10 mpu M= I,

JIOYX acUMNTOTUYECKHA CTPEMUTCS K HYJIO IPU YMEHBIICHUU ¢ 10 HYJIA
(ueM MeHbIIIe YacToTa, TEM MEHbIIIE UCKAKEHUsI CUTHANA 1o (ase) u K - T/2 npu
BO3pacTaHHU @ 10 GeckoHeuHocTH. Ileperud B Touke ®= @, npu P(®) = - 1/4,
JI®UX Bcex amepuoAMYECKUX 3BEHBEB MMEIOT OJWHAKOBYIO (pOpMYy M MOTYT
OBITh TOCTPOCHBI IO TUIIOBOW KPWUBOW C MapajUICIIbHBIM CIIBUTOM BJIOJb OCH
4acToT.

NHepunoHHbIE 3BeHbsI BTOPOI0 NOPSiAKA

1
T2p?+2pTp+1"

BBI/I,Z[y CJIOKHOCTHU BBIBOJaA BBIpa}KCHI/Iﬁ A1 9aCTOTHBIX XapaKTCPUCTHUK
paccMOTpuM Ux 0€3 J0Ka3aTeIhCTBA, OHM MMOKAa3aHbl Ha PUC. .

Q] ADYX  Le 2

[Tpu k = 1 nepenatounas ¢pyHkus 3seHa: W (p) =

Puc.6. XapakTepucTUKU HHEPIIMOHHOTO 3B€HA BTOPOTO MOPSIKa



Acumnrotnueckass JIAUX konebatenbHOrOo 3BE€HA O COMNpSTAroniei
gacTtoThl ¥, = 1/T; coBmagaer ¢ ocblo abcuuce, IpU NadbHEUIIEM YBEIHUYECHUH
4acTOThl ujeT ¢ HakioHoM -40 n6/mex. To ecTh BBICOKHE YacCTOTHI
KoJiebaTeIbHOE 3BEHO «3aBAJIMBACT» CUJIbHEE, UEM allepUOIMIECKOe 3BEHO.

Peanpnas  JIAUX npu > 0;  3HAYUTENIBHO  OTJIMYAETCS  OT
ACUMIITOTHYECKOM. ITO OTJIMYHME TEM CYUIECTBEHHEW, 4YeM MEHbIIIe
kodhduiment nemndupoBanus . TOYHYIO KPUBYIO MOXKHO IOCTPOUTH,
BOCITIOJIb30BABINTUCh ~ KPUBBIMHA  OTKJIOHEHHWH, KOTOpHIE TPHUBOAATCS B
crpaBouHHKaX. B mpenensHOM citydae P= (0 mosryqaemM KOHCEPBATUBHOE 3BEHO, Y
KOTOpOTO Tpu = 3 aMIUTUTya BBIXOJHBIX KOJEOAHUNW CTPEMHTCS K
oeckoHeyHocTH (puc. 7).

Puc. 7. PeasibHble XapaKTEpUCTUKA UHEPIIMOHHOTO 3B€HA BTOPOTO MOPSIAKA

JIOUYX nmpu ManbIXx 4acTOTaX aCUMOTOTHUYECKH CTpEeMHTCS K Hymto. Ilpum
YBEJIIMYEHUH YaCTOTHI 10 OECKOHEYHOCTH BBIXOIHOM CUTHAJ MOBOPAYUBACTCS 110
(ase OTHOCHTENHFHO BXOJHOTO Ha Yroj, CTpemsmmiics B mperene k -180°.
JI®OYX MOKHO MOCTPOUTH C TIOMOIIBIO M1abiI0Ha, HO ISl ATOTO HYXKEH Habop
1a0JI0HOB Ui pa3HbIX Ko3(duimentoB nemndupoBanud. [Ipu ymeHblieHun
kodpdunmenta aemndupopanus ADOUX npubiamkaercss kK ocu abCIUCC U B
npejesie 'y KOHCEpBATHMBHOIO 3BEHA OHA BBIPOXKJAETCS B JBa Jiyda IO OCH
abcruce, npu 3ToM (a3a BBIXOJHBIX KOJEOAHWNW CKAauKOM MEHSETCS OT HYJIA
10 -180° nmpu nepexoie yepe3 CONpArarolLyro 4acToTy (puc.7).

ITPABUJIA ITIOCTPOEHMS UX SJIEMEHTAPHBIX 3BEHBEB

IIpn noctpoennn YX HEKOTOPBIX 3BEHBEB MOYKHO MCIOJIB30BATH «NPABUJIO
sepkana»: npu k = 1 JIAUX u JI®UYX 3BeHbeB ¢ 00paTHBIMU IE€PEIATOUHBIMU
(GYHKIUSAMHU 3€pKajbHbl OTHOCUTEIBHO TOPU3OHTANBbHON ocu. Tak, Ha puc. 8
nzoopakensl UX wumeanpHOTO MU QPEpEHIHMPYIOMET0O W HUEaIBHOTO
(bopcHUpyIOIETO 3BEHBEB.



Puc. 8. UX uneansHoro nuddepeHIupyonero u uaearbHOTO (OPCUPYIONIETO 3BEHLEB.

Ecmm k# 1, To nmepenarounyro (pyHKIIUIO 3B€HAa MOKHO paccMaTpHUBaTh Kak
npousBenenue kWi, rme W; — mepemarounas ¢ynkius ¢ k = 1. Ilpu stom
ammmTyna Bektopa A®UX W(j®) mpu Bcex 3HaueHusx FPromkna GbITh
yBenmueHa B k pa3, 1o ecth A(®) = kA (®). ITosToMy, Hampumep, IEHTP
nosryokpykaHoctd ADUX anmepuogmveckoro 3BeHa OyJeT HAXOAUThCS HE B
touke P = 1/2, a B Touke k/2. JIAUX Taxxke usmenurcs: L(®) = 20lgA(®) =
=20lgkA(®) = 20Igk + 20IgA,(®). [Toatomy mpu k # 1 JIAUX 3BeHa HYKHO
HOJIHATH IO OCU OpAMHAT, He MeHsis ee popmbl, Ha 201gk. Ha JIOUX u3zmenenue
k Hukak He oTpazurcsa. ns mpumepa Ha puc. 9 NPUBEIEHBI YacCTOTHBIE
XapakTepucTuku arnepuoandeckoro 3BeHa nmpu k = 10 u T = Ic. [Ipu stom
JIAYX anepuoaudeckoro 3BeHa ¢ k = 1 mogusta BBepx Ha 201g10 = 20.

ja| Amyx L@
20

w—->0 =0

Puc.9. YacTtoTHbIE XapaKTEPUCTUKU allEPUOANUECKOIO 3BEHA
mpuk=10u T = 1c

YACTOTHBIE XAPAKTEPUCTUKHU PASOMKHYTbBIX
OJHOKOHTYPHbBIX CAY

IIpn uccnenoBanum u npoektupoBannu CAY wyacto ucnonb3yror ADUX,
JJAUX u JI®UYX pasomknymeix cucmem. ITO OOBICHIETCS TEM, UTO
pazomkHyThie CAY 0ojiee TpPOCTO HCCIEIOBATh SKCIEPUMEHTAIBHO, YeM
3aMKHYTble. B TO ke BpeMss MO HHUM MOXHO MOJYYUTh HCYEPIBIBAIOIIYIO
uHdopmaruio o nopeneHnn 1anHoi CAY B 3aMKHYTOM COCTOSIHUMU.



JIrobyro MHOTOKOHTYpHYI0O CAY MOXHO NpPUBECTH K OJHOKOHTYPHOM.
Pazomknymas oonoxonmypnas CAY cocTOUT U3 LEMNOYKH MOCIEAOBATEIHHO
COCMHEHHBIX JUHAMMYECKUX 3BEHbEB. 3Has IMEPENaTOuYHYI0 (PYHKIIHIO
pazomkHyTol CAY, MoxHO mnoctpouth ee UYX. M nHaobopor, 3Has UX
pazoMkHyTOoM CAY, CHATYIO, HallpUMEpP, OMBITHBIM IYT€M, MOXHO HaWTH €€
nepeaTouHyr0 QyHKITUIO.

[lepenatounass (QyHKUMS PA3OMKHYTOM OJHOKOHTYPHOM CHCTEMBI paBHa
MPOU3BEJEHUIO MEPEAATOYHBIX (DYHKIMI OTAENbHBIX 3BEHBEB:

H
W) =11TW;®
i=1 .
3aMEHHUB B ATOM BBIpOXXEHUU P Ha ] W, TorydyuM ee ADUX:

Wi =TT W (j9 =T [ A; (@3- %

i=1 i=1

A =]A, ()
AYX: i=1

3naunt, JIAUX paBna cymme JIAUX 3BeHneB: L(w) = Z L (o).

i=1
n
JIOUX: p(w) =) ¢,(o).
i=1

Takum o6pazom, JIAUX u JIOUYX pazomkHytoii CAY cTposT myTeM
rpaduueckoro cioxenus JIAUX u JIOUYX 3BeHweB. [Ipu 3TOM orpannuuBaroTcs
nocTpoeHreM acumnroruaeckon JIAUX.

s moctpoenus JIAUX un JIOUX pekoMeHayeTces ClIeTyOMnn MOpsI0K:

1) packnaapIBalOT CIIOXKHYIO MEpeJaTOYHYI0 (YHKIUIO HAa MHOXHUTEIH,
SIBJISIFOIITUECS. TIEPENaTOYHBIMA (DYHKITUSIMUA THUIOBBIX JUHAMUYECKUX 3BCHBEB
(MOpsAAOK NOJMHOMOB YHCIIUTENS U 3HAMEHATENSL HE BBIIIE BTOPOIO);

2) BBIYUCISIOT CONPSTAIONIME€ YacCTOThl OTIEIbHBIX 3BEHBEB U CTPOAT
acumnroruueckue JIAUYX u JIOUX kaxaoro 3JieMEHTapHOTO 3BEHA;

3) nmyrem rpaduueckoro cymmupoBanus JIAUX u JIOUX 3BeHBEB CTPOST
pe3yapTupyromme YX.

PaccMOTpHUM KOHKpETHBIN IpUMED.

_100(p+1)

W(p)= p(0,1p+1)

= W1W2W3W4 )

10



PacknagpiBaeM JaHHYIO TEpeNaTOYHYIO (YHKIMIO Ha TMepeaaTOYHbIe
(GyHKIIUA 3JI€MEHTapHBIX 3BCHBCB!

1) 6e3bIHEPIIIOHHOE 3BEHO:

W, = k; =100 => L(w) = 20lg100 = 40;

2) ¢opcupyroiee 3BeHO:

Wy =p+1;

€ro mapaMeTpshl:

ky=1,T,=1, ®,=1/T, =1,

3) uHTErpUpyroniee 3BEHO:

W; = 1/p;

ero JIAUX mpoxoaut yepe3 Touky L = 0 npu yactote ™= 1;

4) anepuoInuecKoe 3BEHO:

W, =1/(0.1p + 1);

ero mapametpel: Ky =1, T, =0.1, ®,=1/T4 = 10.
[Topsinok noctpoenus JIAUX u JIOUYX nokaszan Ha puc.10.
L—
40

Puc.10. ITopsaok noctpoenust JIAUX u JIOUX

WNuorna Ttpebyercst pemuth OOpaTHYIO 3ajady, TO €CTh OIPEIEIUTh
nepenaTounyro Qgynkuuio mno uszBectHord JIAUX. Ilpomenypa omnpeneneHus
nepeaaToyHon (PYHKITUN COCTOUT U3 CIEAYIONINX ITAMOB:

11



1) m3BectHas JIAUYX npeacTaBisieTcss B aCUMITOTHYECKOM BUAE, JJIS1 3TOrO
HENpephIBHASI KPUBAsi 3aMEHSIETCSI OTPE3KaMH MPSIMBIX OO0 FOPU30HTAJBHBIX,
1100 ¢ HAKJIOHOM, KpaTHBIM £20 106/1eK;

2) acumnrotudeckas JIAUX packnagsiBaercss Ha JIAUX snemeHTapHBIX
3BEHbBEB,;

3) mnas kaxnou u3 monydeHHbIX JIAUX ompenenstores K u @, = 1/T u
3aMKChIBAETCS MEpeAATOUHAsl (PYHKIIMS TUIIOBOIO 3BEHA;

4) mnepenarounas ¢ynkuus CAY omnpenensercs MyTeM MNEPEeMHOXKEHUS
NepeJaTOYHBIX (PYHKIIMI TUIIOBBIX 3BEHBEB.

OnucanHbIN NOPANOK WILTIOCTpUpYETCs Ha puc. 11.

T 4 + — 1t — 1 —
40
20

Puc 11. Onpenenenue nepeparouyHoit pyHkuuu mo u3Bectoit JJAUX

3neck JIAUX Moxket ObITh npesacTaBieHa cymmoit JIAUX geThipex TUMOBBIX
3BeHbeB: nponopionaabHoro Wy = 100, anepuoanueckoro W, = 1/(p + 1),
dopcupyromero Wi = 0.1p + 1 u anepuoauueckoro W, = 1/(0.01p + 1).

Takum oOpazom, nepenarounas GyHkuus pazoMkHyToi CAY nmeeT BU/I;

W (p) = 100(0,1p+1) |
(p+1)(0,01p+1)

B Oonee crnoxubix ciydasx HakiaoHbl JIAUX Ha HEKOTOPBIX ydacTKax
npepbimaroT + 2016/mek. Torma, momuMo mapamerpoB K m T, mpuxomurcs
OTIPECIIATH elle U KO3PPUIUEHTHI AeMiipupoBaHus I.

3Has mepenatoyHyro (GyHKIUI0 pasoMKHYyTOH CAY, MOXHO MOCTPOUTH €€
ypaBHEHUE TMHAMUKHU:

10005+
(p+ 1(0.01p + 1) =
P + D(0.01p + Dy(H) = 100(0.1p + Du(t) _,

¥(O) =W, u(t)=
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(0.01p% +1.01p + Dy(t) = (10p + 100)u(t) —s
0015 1 0 B0, vy =100
dt? di dt ,
Takum 00pa3oM, MOXKHO ONPEIECIUTh YPAaBHEHUE JIMHAMUKHU DPEATBHBIX
3BeHbeB U Bced peanpHo CAY, eciim TEOpeTHYEeCKH JTO CHENaTh
3aTPYJHUTENbHO. [l  CHSATHSL  YaCTOTHBIX  XapaKTEPUCTUK  pealbHOMN
pazomkHyTOM CAY Ha ee BXOJ MOJIal0T FTAPMOHUYECKUN CUTHAI C U3MEHSIEMOI
YacTOTOW U ONPEAEIAIOT U3MEHEHHE aMIUTUTY bl U (ha3bl BHIXOJHOTO CHTHAlA B
3aBHCHUMOCTH OT 4acTOThl. [l0 MOJy4eHHBIM XapaKTEPUCTHKAM OIpPEIEsIOT
ypaBHEHUE AUHAMUKH, 1tociie yero CAY MOXKHO UCCIIeI0BaTh TEOPETUUECKH.

+ 100u(t)

BOITPOCHI IJ1s1 CAMOITPOBEPKH

=

YTo HA3BIBAIOT YaCTOTHBIMH XapaKTEPUCTHKAMHU?

Kak mosrydnTh 4aCTOTHBIC XapaKTEPUCTHKHU OIBITHBIM ITyTeM?

Kak mMmoayduTh YacTOTHBIE XapaKTEPUCTUKH TEOPETHUYECKUM ITyTEM II0

W3BECTHOM MepeaaToOuHON (PyHKITUU 3BeHA?

Yto Takoe ADOYUX? Kak ee mosyduTh?

Uto Takoe BUX? Kak ee noyiyuyuTh?

Yto Takoe MUX? Kak ee noayuuts?

Uto Takoe AUX? Kak ee nmoayuuts?

Urto takoe ®UYX? Kak ee nonyyutsb?

. Urto takoe JIAUX? Kak ee nosryuuts?

10 Yro Takoe JIOUX? Kak ee moiayyuts?

11. Kak noctpouts rogorpadh AOUX?

12. TToctpoiite ADUX, JIAUX u JI®GUX 6e3biHepIIMOHHOTO 3BEHA.

13. TToctpoitite ADUX, JIAUX u JI®OYUX uHTETpUpYIOMIETO 3BCHA.

14. IToctpoitte ADYUX, JIAUX u JIOUYX anepruoanveckoro 3BeHa.

15. TToctpoitte ADUX, JIAUX u JI®UX konedaTreabsHOTO 3BEHA.

16. ITocTpoiite ADUYX, JIAUX u JIOUYX KoHCEpBATHBHOIO 3BEHA.

17. IToctpoiite JIAUX n JIOUX uneansHoro nuddepeHuupyromero 3BeHa.

18. IToctpoitte JIAUX n JIOUX uneanbsHOro GopCcHpyrOIIETo 3BEHA.

19. Kak u3mensarcs JIAUX u JI®OUX 3Bena, ecnu kodhUIIMEHT yCHICHUS
Bo3pactet B 100 pa3?

20. JInst gero ciy>XUT MpaBuiIo 3epkayia?

wn

©oo~N Ok
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HOPAAOK BBIITIOJIHEHHUSA PABOTbI

1. O3HakOMHUTBCS C€ METOAUYECKMMHU YKa3aHUAMH TI0  BBINOJHEHHUIO
MPaKTUYECKON pabOThl, MONYUUTH 3aJJaHUE Y MTPENOIaBaTeNs.

2. 3yunTh MaTepuasibl METOAMYECKUX YKa3aHUHN U JIUTEPATYPHI.

3. [loAroTOBUTH OTYET.

OPOPMJIEHHUE OTYETA

OT4er mpeAcTaBIsIETCS KaXIAbIM CTYJACHTOM B MHUCHMEHHOM BHJIC W JIOJDKCH
COJIEpIKaTh CIEIYIOIINE BOMPOCHL:
1) na3BaHme pabOTHI;
2) 1enb paboThI;
3) ucxoaHbIe JaHHBIE JJII PAcUYeTOB M YCJIOBHS 3aJadyd 10 3aJIaHUIO
IIPEToaBaTels;
4) pacyeTHYIO YacTb;
5) BBIBOJ 110 pe3ysibTaTaM pabOThI.
Ha tuTynbHOM JMCTE OTYETa JOJKHBI OBITh YKa3aHbl HOMEp TPYIIITBI U
dbamMuHs CTyIeHTa, MPEACTaBUBIIETO OTYET.
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YACTOTHBIE XAPAKTEPUCTHUKU 3BEHBEB

MCTO,Z[I/I‘{CCKI/IC YKa3aHu:A
K BBITIOJJTHCHUIO IMTPAKTHYCCKUX pa60T

CocrtaBun TUXOHOB Jlenuc AnexkcanapoBud

Peuenszent M. B. CTeKkoJILHUKOB
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