Nekuia 04.
[MHaMIYHI cucTemu

Ha nomnepenHix JEKIisX MU PO3TIISIAIA CTaTUYHI MOJIENi, TOOTO BUMAI0K, KOJIH OAHH €KCIIEPUMEHT
HE 3aJIKUTH BiJI 1HIIOTO. MOXKHA CKa3aTH, 10 CHCTEMa He Majia TaM'aTh. T00TO, y sIKHii OM MOMEHT
yacy MU HE BUMIPIOBAIM 3HAYCHHsS BUXITHOI BEJIMYUHH, MPU OJHAKOBOMY 3HAYEHHI BXiJHOTO
CUTHAITy pe3yabTar OyB TOW caMuid. SIKIIO 1110pa3 3Hau€HHS Ha BUXO/Il, IPU TOMY CaMOMY BX1THOMY
3HAYEHHI, pi3He, TOOTO 3aJIeKUTh BiJl TOTO, Y SIKii MMOCITIIOBHOCTI MOJaBaNIKCS BXi/IHI 3HAUEHHS, TO
MU MA€EMO CTIPABY 3 OUHAMIYHOK CUCTNEMOIO.

JluHaMu4HI CHCTEMHM, HA BIAMIHY BiJl CTAaTUYHUX, MaM'ATAIOTh CBili MUHYIUI CTaH, TOOTO MaroTh
nam'sitb. ToMy B 3ammuci MojielTi TUHAMIYHUX CUCTEM IMPHUCYTHS MOXiIHA, IO 3B'SI3y€ MUHYIUH CTaH
CHCTEMH 13 ChOTOAE€HHSAM. UuM OLIbIIO MaM'ITTIO BOJOJIE CHCTEMa, THUM OLIble CTaHIB 3
MUHYJIOTO BIUTUBAIOTh HAa CHOTOJICHHS, THM OUIBIINEN CTYIiHB CTAPIIOl TIOXiTHOI BUKOPUCTAETHCS B
3amuci Mojiei. Y JaHii JeKIii po3MIsSAar0ThCs THHAMIYHI CHCTEMHU.

3amaga 1. Ha Bxomi ¥ Buxomai 4opHoro simmka (Mai. 4.1) € 3amexHocTi mapameTpiB X il ¥ Big 4yacy .
3aBnaHHs MOJATAE B TiM, [00 aIeKBAaTHO BU3HAUUTH YOPHUU SIITHK.
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Puc. 4.1. YopHwii s11uK, M0 MICTUTH TUHAMIYHY
cHUcTEMY. YMOBHA MMO3HAYKa

I'padixu 3anexxnocteit X(7) 1 Y(7) MOxXyTh OyTH caMUMU PI3HUMHU, HAIIPUKIAJ], TAKUMU, SIK TOKa3aHO
Ha mail. 4.2.
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Puc. 4.2. TumuacoBi 3a71€KHOCTI —
BXITHUY 1 BUXITHUHA CUTHAIIA
OCKUTbKH MOJICITFOBAaHHS CHCTEM Ma€ Ha yBa3i YMCENIbHI PO3PaXyHKH Ha KOMITFOTEpI, T¢ aHAJIOTOBHI
CUTHAJl TIEPEBOMAATH Yy AWCKPETHUH BUA. [l IIbOro 3 MEBHOIO YaCTOTOK BUXITHUN CHUTHAJ
JIUCKPETH3YIOTh, SIK TOKa3aHo Ha Mall. 4.3.
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Puc. 4.3. TuckpeTrn3oBanuii 4aCOBUM CUTHAI
3a uuM JaHuMH OyIyrOTh TaONIUITIO BiIpaxyHKiB (quB. Tabm. 4.1, ne A1 = 0.1).

Tabmuns 4.1.
TabnauvHe mogaHHs 4YaCOBOTO CUTHAITY
i 0 1 2 3 i n
t 0 0.1 0.2 0.3 At-i At - n
X; 3 3.2 3.1 2.6 X; X,

CykynHICTh 3HaY€Hb 3MIHHOI B TaONHII, YHMOPSAKOBAaHUX Yy Yaci, 9acTO HA3WBAIOTh JUHAMIYHHM
psnom. Ilpuponno, yactuHa iHpopmanii npu Takiii onepaii ryoutbes. YuM MeHIE BiACTaHb MiX
oTcueTaMH, YMM OUIbIIe YacToTa AWCKpPETH3allii, THM MeHIIe BTpath iHdopmallii. YactoTy
JTUCKpeTH3allii NPUIMalOTh TaKHii, 1100 HE BTPATUTH BHCOKOYACTOTHI CKJIAJ0OBI B CHTHAJ, OKpeMi
TIKH (JIMB. TAKOX JISKIIIIO 8).

Bynp-sika nuHaMiuyHa CHUCTeMa XapaKTEepPHU3YETbCS PAIOM TMapaMmeTpiB. 3BHUYAiiHO (HaivacTime)
napamMeTpamMu Ha3MBaIOTh KOS(IIIEHTH MTPH MOXITHUX (TIepIIoi, APyToi 1 T.1.) y 3anmuci Mojaesni. Yum
OUTBIIMI CTYMiHB CTAPIIOT OXiHOI IPUCYTHS B 3aIUCi MOAETI, TUM OLIBIINI MOPAIOK TUHAMIYHOT
CHUCTEMH, THM TJIHOIIe 11 mam'sTh, 1 TeM OiibIne KoedilieHTiB (mapamMeTpiB) Tpeda BU3HAYUTH, 11100
1IeHTU(IKYBaTH CUCTEMY.

Sk BU3HAUMTH TmapaMeTpu JuHaMmiyHOi cucteMu? Croyarky mMOTpiIOHO OIIHUTH MOPSAIAOK
JUHAMIYHOT CHCTEMHU: BiH 30iraeTbCs 31 CTyNEHEM HANOUIBINOI 3 TOXIAHUX Y CTOCOBHO .
JlommycTrMO, IO Ha BXIJ CHCTEMH, JO0 IIHOTO OyB y HYJIBOBHX ITOYaTKOBHX YMOBAaX, IOJAJIH
OJIMHUYHUYI curHan X(7), ik moka3aHo Ha mMai. 4.4.
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Puc. 4.4. BXiguuii i BUXIIHUH CUTHAJ, TUIIOBUM
JUTSL CACTEMH TIEPIIOTO TOPSIIKY

[Tosicaumo 3Mict rpadika. Ilpy HyTbOBUX MOYATKOBUX YMOBaX, SIKIIO BXIJHHI CHUTHAl BIJACYTHIH,



BUXIJTHUM CUTHaJI IOPIBHIOE HYIIO, 1 TOBOPSATH, 110 CHCTEMa NepedyBae B CIOKoi. SIKIo monatu Ha
BX11 OMUHUYHUN (IpOOHMIT) curHai W yTpUMyBaTH HOro Ha BXOJl JOCHTH JOBIO, TO CUCTEMa Ha
BUXOJII CTIpoOye MiJKOPUTUCS HOMY, MOYHE BIAXMISATHCA Bl HYITbOBOTO cTaHy. OUiKyeThbCs, IO
CHCTEMa Ha BHWIXOJIl TMOBMHHA JIWTH 10 3HAYEHHS kx, TOOTO 30UTBIIUTH CUTHANI X B k pa3 (k —
Koe(illieHT MiACUICHHS BXIJHOTO CUTHANy). AJe, sIK BHJHO, BiOyBaeTbCs 1€ HE Bigpasy, a 3
JIESIKOI0 3aTPUMKOIO, CHUTHAJl Ha BHUXOJl HapoCTae IMOCTYIMOBO, 1HepuiiHO. Hackinbku iHepuiiHO
pearye cucrema, 3aleXuTh Bia mapamerpa /. Cuctema JOCATHE 3HAUYEHHS kx Ha BUXOAlI U Oyxe
TPUMAaTH II€H CUTHAJI, TOKH TPUMAETHCA HAa BXOJl ONMHWYHUN curHai. [lepexim Bim Hyns A0 Ax
BiZi0yBaeThca B uaci. Ilepexin — mpouec ITuHaMiuyHHMM, TOOTO B CHUTHAJl NPUCYTHIM 3MiHa, 110
ONMCYETHCS MOX1HIH, 1 BUX1J BUSBISETHCS MEHIIIE BXOY HA JESKY BEJIMUUHY f:

v = kx — f(dy/dp).

Komnu cuctema focsirue Ha BUXOZ1 3HAUEHHS PIBHOTO Ax, T€ 3MiH He Oy/e, 3HaYeHHs MOX1HOI CTaHe
PIBHOI HYIIO. ) = kx.

V= kx — OKpeMHii BUMIAI0K 1HEPIITHOT JTaHKH.

Slkmo Ha BHXOAi Oyne crocTepiraTucsi €KCIIOHCHTHHH CHTHAN, TO cUCTeMa Oyne Ha3uBaTHCS
CHCTEMOIO TIEpPIIOTO TOPAAKY (a0o maHkoro mepmioro mnopsnaky). s i omucy nocuTh ofHii
MOX1/HIH (a B pilieHH] Mozeni Oyie MPUCYTHIN OAMH IHTErpan):

d
T£+y=kx

VY Takoi cucremu nBa mapamerpu — 7' k.

[TomiTUMO, 1O OAWH IHTErpan y JIiHIKHUX JAMHAMIYHUX CHCTEM 3aBXKIU «IOPOIKYE» OIHY
€KCIIOHCHTY, TIOJIBIHHUH 1HTETpaJl - CyMY JABOX €KCIIOHCHT, 1 TaK JaJIi.

[Ilo0 BU3HAUUTH, 4YH € KpUBAa EKCIOHEHTOI0, Y KOXHIM ii Kpamii MpOBOAWUTHCS AOTUYHA JIO
MepeTUHAHHS 3 JIHIEI cTanoro piBHA (Ha Man. 4.4 1e miHisg (1) = k); y BUMAJAKY, SKIIO KPHUBA €
€KCIIOHEHTO10, BelTnunHa 7'y Oynb-sKiit kpamnii Oyae nmocTiiHoro.

Busnauntu 7, BUKOpUCTOBYIOUM Tpadik, MoxHa Imie Tak. IIpoBeniTh JdiHiIO, MapaneiabHy OCi ! Ha
piBaHi 0.95k. I3 kpamku, ae I8 JIiHiS MEepeTHE eKCTIIOHEHTY, OMYCTUTE IEPIeHIUKYIIp Ha BICh .
Binpizok Bix 0 10 Kpanku nepeTHHaHHS MEePIEeHANKYIApa 3 BicClo / Oyne nopiBHIOE 37.

7" xapakTepusye IHEpUIHHICTh cucTeMH (mam'sth). [lpu mamiii Benmumui 7 cucrema cinabko
3aJIeKUTh B1J MEpeaicTopii i BX1l MUTTEBO 3MYIIye 3MiHUTHCS BuXil. Ilpu Benukomy 3HaueHH1 7'
cucTeMa MOBUIBHO pearye Ha BXIJHUN CHTHAJI, a MPHU AyKE BEIMKOMY 3HaueHHI 7 cucTeMa BUIA€
HE3MIHHUN BUX1JIHUN CUTHAJ, IPAKTUYHO HE pearyrody Ha BX1/H1 BIUIUBU.

KoedimieHnT £ xapakTepu3sye 31aTHICTb CHCTEMH JI0 TTOCHJIeHHS (Tipu & < | — 10 ocinabieHHs) piBHA
BXinHoro curHainy. 11100 Bu3HaunTu koediumieHT 4 Ha Tpadiky, TOCUTH AOYEKATHCS 3aCHOKOEHHS
CUTHAJTy Ha BHUXOMlI CHUCTEMHU W OOYMCIWTH BITHOIICHHS pPIBHS BHUXIJIHOTO CHUTHAIY JIO PiBHS
BX1IHOr0. MaremMaTu4yHO I1¢ 03HAaya€, M0 BCi IO CKIAJal0Th, YTPUMYIOUi TOXIi/IHI, JOPIBHIOKOTH
HY/II0 (CHCTeMa 3acloKoinacs, pyXy Hemae), a JOAaHOK, Mo 3aruwuscs, Y = -k X BHU3HaAYae
3Hauenns K.



JlaHKa nepLlioro nopsaaky

Jlanka mTepIIOTO TOPSIKY BOJOAIE JBOMa TIapaMmeTpaMmu: iHepIiiHicTIo 7 1 KoedilieHToM
nigcuineHHs k = Y(t = 0)/X.

Yum Guibllle NOXIAHUX YPAXOBYETHCS B 3aIIMC1 MOZEI, TUM 3 JIAHKOIO OUIBIIOrO NOPSAIKY MU MaEMO
CIpaBy, TUM OibIle KOS(IIIEHTIB IPU HOXITHUX BApTO BU3HAYMTH.

VYBenemMo NoHATTS nepeaaTHoi GyHKIIT sk MoJesni AuHAMIYHO1 cucTeMu. 110 BU3HAYCHHIO MepeaaTHa
(GYHKIIIA - 1€ BITHOIICHHS BUXOAY J0 BXOJY:

W=Y/X.
[TepenatHa (hyHKIIiS JTAaHKH TIEPIIOTO MOPSIKY MA€ BUTIISII
W=k(Tp + 1),
JIe «p» — CHMBOJ IU(EPEHINIFOBaHHS, TOTOKHO PIBHUMA «d/dt». CUMBON «p» TaKOK HA3UBAETHCS
anreObpazoBaHUM oreparopoM audepeHiiroBanHs. Toai, BUKOPUCTOBYIOUHM BH3HAYEHHS MEepEaaTHOL
byHKI1T, MaeMO:
YIX=K(Tp + 1).
Hamni ogepxumo:
(Ip+1) Y=k X
abo
T-ddt+Y=k-X
abo
T -AYINt+Y=k-X.
VY pi3HUIICBOMY BHJIi PIBHSHHS MOXHA 3aIHCATH 5K
T-(Y,,  —-Y)+Y,-At=k-X;-At.
A00, BUpa3HBIIHU CHOTOJCHHS YepPe3 MUHYJIE:
Yoy =A X +B Y,
Tyr A=k - At/T 1 B=1— At/T — BarapHi xoedilieHTH. 4 yKa3ye Ha Bary KOMIIOHEHTa X, MIO
BU3HAUYA€ BIUIMB 30BHINIHBOTO MHPY Ha CHUCTEMY, B yKa3ye Ha Bary KOMIIOHEHTa ), IO BH3HAYae

nam'siTh CHCTEMH, BIUTHB HA ii MOBOKEHHS iCTOPIT.

3okpema, akio B=0,1o ¥, , | =4 - X, i Mu MaeMo cripaBy 3 G€3iHEPLIHHOIO cucTeMOKO ¥ =k - X,

III0 MUTTEBO pearye Ha BX1IHUI CUTHAJ W IiABUIYIOUNA HOTO B k pas.

Sxmo xoediuient B = 0.5, todto 1 —A#/T=0.5 a6o A#/T= 0.5, TO ofepKyeMO, IO KOe(iieHT



A=k -A/T=k-05 #, omke, Y, =05 k- X;+05 Y. Ilpn mocriiHoMy (OAMHMYHOMY)

BXIJTHOMY cUTHal X Oyne oTpuMaHuii rpadik.

Excrionenra, 300pakeHa Ha rpadiky, npu BeamkoMmy 7 (y MeXi 7 =o0) mparHe J0 3HAYEeHHS
BXIZIHOTO (OJMHUYHOIO) CHUTHany X, TOMHOXKEHOro Ha Koe(imieHT miacuieHHs kL, 10
MiATBEPIKYETHCS] PO3PAXYHKOM:

Y, =05k X, +05-Y,=05k-X +05-(05-k-X, [ +05-Y )=
= =(0.51+052+ ... 4+0.5"" ) k- X, 405"y, =1 k- X,

Haranaemo, mo Bupaxenss (0.51 +0.52 + ... +0..5" " 1) € TECOMETPUYIHOIO MPOTPECIEI0, CyMa SKOT
npu 1 = oo fopisHioe 1. A Bapre npu Y, Bupaxenus 0.5" ! 3gepraeThes B 0 mipn 11 = 0.

Ko 1me mACWIMTH BIUIMB MUHYJOTO (B = 1), TO cucTeMa MOoYHe iHTerpyBaTH caMy cede (BUXia
MOJAHUHM Ha BX1Jl CHCTEMH), IOJAI0YU YBECh Yac BXIAHMUN CHTHAJ, IO BiJMOBIJa€ €KCTIOHEHTHOMY
HEOOMEKEHOMY PpOCTy BuXigHoro curHamy: V., =4 X, +Y. 3a 3MICTOM L€ BiaNOBizac

TIO3UTUBHOMY 3BOPOTHOMY 3B's3Ky. Ilpu 5 =-1 maemo momenn: V., =4 - X,— Y, 3a 3micTom
BIJIMOBIIHOTO HETaTUBHOTO 3BOPOTHOTO 3B's3Ky. I[lpu BHU3HaYeHHI Mojeni MOTPiOHO 3HAWTH
HeBinoMi koedirientn k ta T.

JlaHka gpyroro nopsigKy (KonuBaribHa naHka)

Sxmo Ha BXiJ JTAaHKM TOAATH OAMHWYHY (yHKII0 XeBicaiima Bin wacy (7], mpu HYIROBUX
MMOYaTKOBUX YMOBaxX CHCTEMH, TO PEaKilisi Ha BUXO1 OyJie Ha3uBaTUCS MEPexiaqHO0 QyHKITiEw (abo
MEPEXiTHOI0 XapaKTEPUCTUKOI0), M0 YacTO MOo3Ha4yaroTh sk /(7). CurHan 1[f] — 1me, y JAesKoMmy
3MICTi, €TaJJOHHUH ICIIMTOBHIA CUTHaN. ICHYIOTH W 1HII €TaJIOHHI iCIUTOBI curHaimu. Hampukian,
HECKIHYEHHUH IMIYIbC HYJIbOBOI JOBXHMHHU (nenbra-QyHkuis J[lipaka), rapMoHiiiHHMI cHTHAI,
MePIOINYHI IPSIMOKYTHI IMITYJTbCH.

[TeperBopumo 1o Jlammnacy 1ie piBHSIHHS:
ag p* V) taypY(p)tay Yp)=b- Up)
abo, 1HaKIIe:
(ag-p*+a;-p+ay-Yp)=b- Up).
Busznaunmo niepenatHy QyHKITIIO JTaHKH:

SIKmio 3anucaTty piBHAHHA 0€3 BX1JHOTO BIUIMBY (HY/IbOBI BXiJHI BIIIUBU U = 0) 1 CKOPOTUTH Y,

TOOTO: sz2 +2&Tp + 1 =0, Te Take piBHAHHA Oy/ie Ha3UBATHCS XapaKTEPUCTUIHUM, OCKIITBKH
XapakTepu3ye BUHATKOBO BHYTPIILIHI BIACTUBOCTI JJAHKH. 3BEpPHITH yBary, 10 B 3aIlUCi JJAHKA
BTPUMYIOTHCS] TP ITapaMEeTpPH:

T'— mocriiiHa yacy (y CeKyHaax);



¢ - koedirieHT 3aracanHs (0e3po3MipHa BEIHYNHA);

k — nepenatHuil KoeilieHT.

3anexHO BiJl BEIMUYMHU ¢ JTAHKU JPYTOro MOPSAIKY KIacu(iKyIOThCs 10 BUIAX:

* 7 =0 — KOHCEpBAaTUBHA JIAHKA JPYTOro MOPSJIKY;
* 0 <¢ <1 — KonuBaybHA JIAHKA JIPYTOTO MOPSIIKY;
* (> 1 — anepiofnyYHAa JIaHKA IPYrOro HOPSIKY.

AnepioanyHa naHKa 2-ro nopsaagkKky
(§ 2 1)

XapakTepucTU4YHE PIBHSAHHS JIAHKH HACTYIIHE:
T°p* +2¢Tp + 1= 0.

TobTo B pimieHHI TPHUCYTHI 3aracarodi €KCIOHEHTH. THWIOBE TIOBOMKEHHS JaHKA 3 TaKHUMH
napaMeTpamu Iokas3aHe Ha mail. 4.6.
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EbixogHOM CHrHan

1 ExogHoM CHrHan

3

Puc. 4.6. Peakiiis anepioqu4HO1 JIaHKH
Ha OMUHUYHHI BXIJTHUNA CUTHAI

B okpemomy Bunazaxy, konu ¢ = 1, o0uaBa KopeHi OyyTh OJHAKOBUMH, HETATHBHUMH:

KonmBanbHa naHkKa 2-ro nopsaakKky
(0 < & < 1)

XapaKTepUCTHUYHE PIBHSHHS JAHKH HACTYITHE:
°p* +2ETp +1=0.

Kopiap pi3Hi, KOMIUIEKCHO-CIIONTYYEHI, 3 HETaTHBHOI PEUYOBHHHOIO YACTHHOWO, 1 a =-<¢/T,
b=sqrt(l — &) /T,

Tomy 1m0 KOpiHb MHHMMI, TO B TOBOPKEHHI JIAHKHA NMPUCYTHE KOJMMBaJIbHA CkianoBa. Came 3a 110



0COOJIMBICTh MOBOKEHHS JIAHKA OJieprKajia Ha3By KOJUBAIBHOTO (MuB. Mall. 4.7 1 man. 4.8).

f } E=0.5

10 — }
EbIIDﬂ.HDH CHrHan

1 ExoHOM CHrHan

3

Puc. 4.7. Peaxiiis KoJuBajIbHOI JJAaHKHA
Ha BXiTHUHN oguHUYHUM curHain (§ = 0.5)

I3 rpadikiB BUIHO, IO 3 POCTOM ¢ KOJIEOATEILHOCTD JIAHKH 3MEHIIYETHCS, 3HUKAIOUH TIPH ¢ > |

[Tepexigna GyHKIiSI JAHKH MA€ BUTVISI

¢ —
e T gt 1 _52
V1 — g2 T

RHi=k |1 - =k[1 — Ae%sinflant + @]

£+ arctg
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&

e

__ 1 V1= £2 V1 — &2
B

[Tpn mManux ¢ 3HadeHHs 4 HabmmkaeThes 10 1, a sHaveHHs ¢ — 1o 90°. Tlo ¢isnunoMy 3micTi

SIBJIA€ COOOIO BJIACHY 4aCTOTY KOJIMBAHb.

KoHcepBaTMBHA nNaHKa 2-ro nopsapgky
(¢ = 0)

XapaKTepUCTHUYHE PIBHSAHHS JAHKH HACTYITHE:
’p*+1=0.
Kopiab 01HaKOBi, KOMIUIEKCHO-CIIOTYY€EHI, 3 HYJbOBOIO PEYOBHHHOIO YaCTHHOIO:

e/ B 1 i1
T T

=a+ jb

P12

E

Tomy 110 KOpiHb YHUCTO MHHMI, TO TOBO/DKEHHSM JIAaHKW € He3aryxaroui koiuBaHHs (¢ = (), aus.
Mmai. 4.9.
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Puc. 4.9. Peakiiist konuBanpHOI TaHKW Ha BXiTHUH oguHUYHUN curHa (§ = 0)
[lepexinna QyHkis nanku Mae BUrsia: /(1) =k - (1 —cos(#/7)).

I3 rpagika eKCiepUMEHTAIBHUM IIUISIXOM MOXKHA BU3HAYUTH €1MHui napametp 7'= 7/(2 -
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