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UmnyncHuM n aHanorosm CUrHanw

Mpegmer Ha AUCUMNAMHATA — METOAM M CXEMU 33 TEeHepupaHe W
npeobpasyBaHe HAa UMNYJICHU U aHANOrOBW CUTHAMN.

- QHA/ZIOfOBU CUTHANM — HeMnpeKbCHaTa BpemeBa QYHKLUMA, MeXAy BCEKM
KOWTO 1 Aa ca ABe CTOMHOCTU Ha CUrHana nma 6e36pon MHOro apyru.

- UMNYNC — CUTHAAN (HanpexeHne WUaun TOK), AeNCTBall, 33 Bpeme Nno-masiko
MAN CPAaBHMMO C MPOADBL/IKUTENHOCTTA Ha MNPEXOAHMTE NpOoLecM B AaAeHa

€/NNIeEKTPUYHECKa Bepura.



Cxemunte C UMNYACHU CUTHANW Ca TMHEUHUN N HENTMHENHMN.

- IMHEUHN — CbAbPKAT NMHENHU enemMeHTn — pe3nctop R, KoHgeH3satop C,
MHAOYKTUBHOCT L, TpaHchopmaTtop 6e3 HacmuwaHe. JINHENHM ca CbLLO U CXeMUTE,
KOUTO Ca CbCTaBEHW CaMO OT IMHEWNHN e/IeMEHTH, HANp. PpeasHu reHepaTopu Ha
TOK W HanpexeHue. TUNUYHM NPUMEPM Ca CXEMUTE 33 WHTErpupaHe u
andepeHumpaHe. JINHENHUTE cxemun pPaboTAT B T.HaApP. PeXMM HaA MaNbK
CUTHaN — TOJIKOBA MaNbK, Y€ YYACTbKbBT OT XapaKTePUCTUKATA, B KOUTO NPOTMUYAT
NpoUEeCcUTe, MOXKe Ja Cce pa3riexaa Kato sunHeeH. [lpu yBennyaBaHe Ha
aMnNAnTygaTa eNemMeHTUTE HaBIM3aT B  HENMHEMHUTE  y4yacTbUM  Ha

XapaKTepucTuKara.



[NnaBHa 0OCOOEHOCT Ha /NMHENHUTE CXeMM €, 4Ye 3a TAX e ChnpaBeasivB
NPUHUMNDBT HA CynepnosuuMUATa — peakumAaTa Ha CxemaTa Ha cyma oT
Bb31ENCTBUA € paBHa Ha CymaTa OT peaKkuMuTe Ha BCUYKU Bb3AENCTBUS.

- HEIMHEUHU — NpU TAX PaboTHaTa TOYKA Ha enemeHTUTe A0CTUra ABeTe
KpalHW (rpaHnUYHK) 061aCcTU Ha XapaKTepUCTUKUTE. TYK ce U3N0/s13Ba NOHATUETO
PeXXMM Ha roNAmM CUrHaia, Npu KOMUTO amMnauTygata € MHOro Mno-ronama oT
NMHENHUA YYaCTbK Ha XapaKTepucTukata. EnemeHT, KoMTo paboTu B TaKbBs
PEXMM CEe HapM4ya KAKY, a cxemaTa — KAKYOoBa. TUMNUYHU NPUMEPU Ca CXEMU

Ha OrpPaHUYUTENIN, KNHOYOBE, TPUFEepPU, reHepaTopu un ap.



Cxemute cbC cmeceHn curHanm ca LAI, AU n gp. MNpu Tax ce cpewat um
aHaNOroBn U UMMY/JCHU CUTHANN KAaTO NPOMAHATA B NapameTpuTe Ha egHuTe
CUrHaAM BOAU A0 NPOMAHA Ha NapameTpuTe Ha gpyrure.

[lpnnoxeHne Ha cxemutTe C UMNY/ICHU N CMECEeHU CUTHANU — KAKYOBU
3axpaHBallM M3TOYHULUM, yNpaBaAeHUe Ha eneKkTpoasuratenn, ABYyno3nMLMUOHHM
ceH3opu n aKTyaTopM, n3mepBaTesIHa TexXHUKa, paanonoKauua,

PAaANOKOMYHUKALMMN U MHOTO APYTN.
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Ha ¢ur. a) e noKa3aH K/iiacM4yeCcKM aHanoros curHan. MNpu cbBpemeHHaTa
umdpoBa 0b6paboTka aHaANOroBUAT CUTHAN NPeaABapUTE/IHO Ce AUCKPeTU3mpa
BbB BpemeTo (pur. 6). lonyyeHMAT curHan e amnanTyaHO-MoAayAMpaH
nepuoanvYeH MMNyaceH curdan. Ha ¢gur. B) e nokasaH UMPPOB CUTHAA, KOUTO €
AedPuHMpaH B AUCKPETHM MOMEHTU, onpeaeneHn OT CUHXPOCUrHaNa 4pes
AUCKPETHU amnantyaHu crtoiHoctn — U% n Ul Mpu mnsnonssaHe Ha ABOMYHA
6ponHa cMcTema Ha Te3M CTOMHOCTM Ce NPUCcBOABAT Nornyeckute HuBa 0 u 1.
N3nonseat ce n AUCKpPEeTM3npPaHM NO HUBO CUTHANN C HEernpeKbCHAT Bpemesu
aprymeHT (éwur. r). Te ca aCUMHXPOHHU, @ MOMEHTBT Ha NPEBKAOYBAHE Ce
onpeaena oT cbbuTUe, Hanp. NPEMUHABAHETO Ha aAHANOroOBUA CUTHAN npe3

CTOMHOCT V..



dopma Ha umnyncute

Han-o6u0 nmnyncmte morat Aa ce pas3fenAaTt Ha ABa BUAa — BUAEOMMNYACH
(pur. a) wu pagumommnyncn (pur. 6). Pasnmkata mexagy TAX €, ye
BUAEOUMMY/ICUTE Ce MOJIy4aBaT NPU NPEBKAOYBAHE HA TOKOBE U HaMNperKeHusn
BbB BEPUIrn 3a MOCTOAHEH TOK, @ PagNOUMMNY/ICUTE — MPU BKAKOYBAHE WU
N3KNOYBAHE HA CMHYCOMAA/IHUN HaNPeXKeHNA UK TOKOBE.

Cnopen ¢opmata CM MMMNYACUTE Ca NPaBOBLILJAHU (a), TPUBIBAHU (B),
TpaneuoBUAHU (r), TPUOHOODOpa3HU (n), KambaHoobpa3HM (e),

eKcrnoHeHuuanHu (3, 3) n ap.



dopma Ha umnyncute

Ha npaktnka ¢opmaTta ce pas3ninMyaBa OT UAeasiHAaTa KaTo peasiHuTe
NPaBObIb/IHK MMMOY/ICM HaAW-YEeCcTo ca TpaneuoBUAHW, a TPUBIbAHUTE —
eKcnoHeHumanun. Cnopen nNOAAPHOCTTa  MMNOyAcute morat aa  b6baar
nonoxutenHn (a+»K) m otpuuatenHn (3), a cbwWoO Taka U ABynonspHu. B
MMNy/icCHaTa U undpoBaTa TEXHMKA HAMU-YECTO Ce€ WM3NO0A3BaT MPABObLIbJIHU
UMNYACK, B WU3MEpBATeNHATA TEeXHWMKA CbWO TaKa W  TPUDBIBAHU WU

TPUOHOObpa3HW.



NapameTtpu Ha Mmnyncure

[MapameTpuTe HAa UMNYICUTE Ca AaMNAINTYAHU 1 BPEMEBM.

OCHOBHUTE BpemeBMu NapameTpu ca NPOAbLNKUTENHOCT Ha umnynca t, (t,),
nnaTto Ha Mmnysca t,, NPOALMKMTENHOCT HA NpeaHua ty, (t) v 3aaHUA GPOHT
ty, (t), nepuoa Ha nosTopeHune T,, 4ectota Ha nosTopeHune f=1/T, u
koebuumeHT Ha 3anbnBaHe k.=t /T. PazannyaBart ce nepuogmyHu umnyncm (m) u
HenepuoanyHn wumnynacu (K). B HAKOM Cxemum ce MPOMEHAT HSAKOU OT
napameTpuTe Ha WMNOYACUTE — aMMJIMTYAHO-MMMNYACHA moaynauua (n),
LUMPOYUHHO-MMIMYICHA MmoAyaums (W), 4eCTOTHO-UMMNY/ICHA Unu

daszoBommnyncHa moaynauma (H).
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NapameTtpu Ha Mmnyncure

[MpoAb/XKNTENNIHOCTTA Ha

dpoHTOBETE CE€ WU3MepBa

mexagy MOMEHTUTE KOrato

aMnaAuTygaTa e paBHa Ha

V______

10% 1 90% OT CTOMHOCTTA.

MpoAbAXKUTENHOCTTA HA MMMyACAa Ce U3MEPBA MeEXKAay

MOMEHTUTE KOrato amnauTygaTa e paBHa Ha 50% oT cTOMHOCTTA.

=



NapameTtpu Ha Mmnyncure

AmnautygHuTte napametpu ca U_ — amnamtyaa, U . n U__. — MUHUMaANHa
M MaKCMMaNHa YCTaHOBEHA CTOMHOCT Ha curHana (éur. a); U, — pasmax uau
aMnanTyaa oT BPbX A0 BpbX — dur. 6) (M3non3sa ce npun ABYNONAPHU CUTHANU);

AU* n AU — oTCcKOUM W3BBH YCTAaHOBEHUTE MaKCMMasHa U MUHUMAJHA

CToMHOCTH, Au_— cnaj Ha NNaTtoTo Ha umnynca (wr. ).






MeTtogu 3a aHa/IM3 Ha NpexoaHU npouecu

MpexogeH npouec e NpemMMHaBaHETO Ha CXxemaTa OT e4HO CTaUuMOHapPHO
CbCTOAAHME B APYro (npuema ce, 4e UMNYJ/ICHUTE CXEMU MMAT ABE CTaLMOHAPHM
CbCTOAHMA). [NpexoaHaTa XapaKTePUCTUKA Ha edHa cxema ce aedbuHMpa KaTto
peakuma Ha u3xoaa NpPU HYNEeBM HavaNnHU YCNOBMUA 33 BXOAHO Bb3AENCTBUE,
KOeTo MMa BUAa Ha eAMHUYEH CKOK.

3a aHa/IM3a Ha NPEexoaHM NPoLEecU B IMHENHMN CXEMU Ce U3MNO0N3BAT MaBHO

YeTUpU MeToZa — KNacM4YecKn, ornepaTopeH, YecToTeH U UHTerpan Ha [ioamen.



BCMUYKM NACUBHU E€/IEKTPOHHU €e/IeMeHTU MMaT MapasUTHU CbCTaBKU —
pesncTopmuTe MMaT NapasuUTHU Kanaumutetm N MHAYKTUBHOCTU, KOHAEH3aTopuTe
MMAT NacuUBHU MHAYKTUBHOCTU U CbNPOTUBNAEHUA, MHAYKTUBHOCTUTE MMaT
napasuMTHM KanaumTeTh U CbNpoTUB/eHUA. Tesn napasuTHU CbCTaBKU
onpeaenaT NPOAb/IKUTENHOCTTA Ha NPEXoAHUTE NpoLecH.

3a NPOTMYAHETO Ha NMPexoAHUsa npouec e HeobxoaMMO BbB BepuraTa Aa
MMa €/IEMEHT C PEaKTUBHO CbMPOTUB/IEHNE — NHAYKTUBHOCT UM KOHAEH3aTop.

PeakTMBHUTE €NeMEeHTM MMAT CBOMCTBOTO @ CbXpPaHABAT eNeKTpUYecKaTa

eHeprua.






Knacnyecku metop,

CbCTaBA ce maTemMaTM4yeCcKM MOAen Ha um3cnedBaHuA OOEKT BbB BMA HA
nHrerpoandepeHumanHo ypaBHeHue (nam cuctema OT YpPaBHEHUA) C
M3N0/3BaHe Ha 3aKoOHUTe Ha KupxosB. 3a pewaBaHETO Ha MNOAYYEHOTO
YpaBHEeHMEe ce M3NO0A3BAaT 3aKOHMUTEe Ha KOMyTauMmATa — HanpeXeHUeTto Ha
KOHAEH3aTopa U TOKbT npe3 60bunHaTta He moraTt A4a ce NPOMEHAT CbC CKOK.
PelweHneTo Ha ypaBHEHMETO ONUCBA NPEXOAHMA NPOLEC B M3CNedBaHNA ODEKT.
[Mpn aHanM3 Ha JIMHEWMHU CXEeMWU HaW-4yecTo e HeobxoaMmMoO Aa ce pewu

AndepeHumnanHo ypaBHeHMe oT NbpBu pea;:



dy(t)

T Fy(t) = f(¢)

y(t) e TbpceHaTa dyHKUMA Ha BpemeTo (Hanpumep M3XoAHO HanpeXeHue);
T e BpeMEeKOHCTaHTaTa Ha BepuraTta (npoueca);
f(t) e usBecTtHa dyHKUMA Ha BXOAHUA curHan x(t).
YpaBHEHMETO ONUCBA NPOLECUTE BbB BEPUra OT MbPBU pea — B Hes y4acTBa

CaMO eAUnH PpeaKTUuBEeH eNeMeHT.



Tbi KaToO B Ha4Ya/IHUSE MOMEHT BXOAHUAT CUTHAN Ce MPOMEHA CbC CKOK U MO
Bpeme Ha pasrnexkaaHeTo octaBa noctosHeH f(t)=const.

ToraBa pelleHMeTo Ha YpaBHEHMUETO e:

t
y(t) =Ae t+ B

NHTerpaumMoHHUTE KOHCTaHTK ce onpeaenat npu t=0 u t= oo,

y(0) =A+B

y() =B



OKOHYaTeNnHOTOo peweHne Ha ypaBHeHUNEeTO €.
t

1 y() = y(e0) + [y(0) — y(eo)]e 7

ToBa pelleHWe MOoXe Ja ce npeacTaBu BbB BUAA:

Y(©) = y(0) + [y(e0) — y(0)](1 — e7%)

Buxkaa ce, 4ye 3a Aga ce Noay4Ym TbpceHaTa GYyHKUMSA e Heobxoammo Aa ce
3HaAT HelHMUTEe CTOMHOCTU B HA4Ya/No0TO U B Kpaa Ha npexoaHua npouec. Te ce
onpenensit JIeCHO 4Ype3 pellaBaHe Ha CTaTUYHUA PeXMM Ha Bepurata npeau

Ha4a/I0To U c/ie, Kpasa Ha NpexoaHus npouec.



Mpumep 1: Heka u(0)=0 n u()=U,.. Torasa:

uw(@e) = U, (1 — %)

Mpumep 2: Heka u(0)=U_, n u(o0)=0. Torasa:

ot
u(t) =U,,e t



BpemeKOHCTaHTA

phe -

T = — T = RC

BpemeKoHCTaHTa (T) Ha eaHa /IMHEWHa Bepura e BpemeTo, Heobxoammo 3a
HapacTBaHE Ha M3XOAHOTO HanpeXeHue OT NbPBOHAYa/IHA CTOMHOCT Hyna A0
npubansntenHo 63,2% OT CTOMHOCTTA Ha NOAAAEHOTO BXOAHO HanpeXKeHune nau
32 Hama/sfiBaHe Ha W3XOAHOTO HanpexeHue A0 npubamsmtenHo 36,8% ot
HerosaTa Ha4a/iHa CTOMHOCT. (Te3n CTOMHOCTM ca NOJIYYEHM OT MaTEMATUYECKATA

KOHCTaHTa e=2,718 - 63.2%=1-e! n 36.8%=e1).



[MpoAbMAKUTENHOCTTA Ha NPEexXoaAHUA Npouec ce Hamupa KoraTo ypaBHeEHue

[1] ce pewn cnpsamo BpemeTo t:

ny(oo) —y(0)
y(o0) —y(t)

MHTepBafIMTe At, npe3 KOUTO eKCNoOHeHTaTa Ceé WUu3aMmeHA mexay /ABe

t =1l

CTOMHOCTM Ce HaMMpaT KaTo y ce 3aMecTU C u:

u(oo) —u(tl)

At =t, —t, = .
t tz tl Tlnu(oo)—u(tZ)

B npaKTuKaTa 3a NpoAb/IKUTENHOCT Ha NpexoAHMA Npouec BbB BEPUTU OT

NbpBuY pes ce npuema: ty.q 95=t;.g 05=3T.
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5= Au 0+0,5 0+0,63 0+0,95 0,05+0,95 0,1+0,9 0+0,9
Un 1+0,5 1+0,37 1+0,05 | 0,95+0,05 | 0,9:0,1 1+0,1
At/T 0,7 1 3 2,95 2,2 2,3
L R 1 MHOro 4ecto AOCTaTb4yHa TOYHOCT Ce noJiy4yasa
Wi |\
ViR e
2 Y KOrato ce npueme, 4e NPEexXoaHUAT npouec e
i 3aBbPLUM MPU NPOMAHA Ha N3XOAHOTO HanpeXeHune ¢
TAERhe AR 90% oT amnautygata. [lpoaba*KMTENHOCTTA Ha
B o
/ BPEMETO 3a HapacTBaHe (NpoAbaKUTENHOCTTa Ha
v
npegHna QPoHT t¢) MOXe [a Ce Hamepu C Mn3pasa:
e | ,;‘___,,f" ( t(l))
4 09U,,=U,\1—¢e /.



t
T

Cnep npeobpasyBaHe ce nonyyasa: et = 10,

win ty, = Tin10 = 2,37.
BpemeTo 3a cnasaHe Ha HanpeXeHueTo (NPoab/IKUTENHOCTTa Ha 3aAHUA
bPOHT td)) ce Hamupa ¢ u3pasa:

t(l) t(l)

0,1U,, = U,,e 7, KoeTo cnep npeobpasyBaHe Bogm go et = 10,

win ty, = 7in10 = 2,3T.



OnepaTopeH meToA,

OcHoBaBa ce Ha npeobpas3yBaHMeto Ha Jlannac. Pa3nnyaBa ce o7
KNlaCMYEeCKMA MeTod, NO TOBa, Ye peleHUeTo Ha MHTerpoamdepeHumnanHuTe
ypaBHeHUa (cnctemun) ce cBexaa A0 peleHne Ha anrebpuyHu ypaBHEHMUS

(cuctemn).



YecToTeH metoa

BxoaHMAT curHan ce npeacrtaBsa 4ype3 npeobpasyBaHMeTo Ha dypue cbe
CBOSl YECTOTEH CMeKTbp. 3a BCEKM OT XapMOHULIMTE Ce onpeaena peakumaTa Ha
nsxoaa. Cnopes NpuUHUKMNA Ha CYyNneprno3numsaTa U3XOAHUAT CUTHAN € Cyma OT
peaKkuumTe Ha BCUYKM XapMoHUUK. LleHHO npaBmnao, KOeTo AaBa U3MNOA3BAHETO
Ha TO3M METOJ, [/1aCu: HUCKUTE YEeCTOTU B CNEKTbPa Ha MMMY/ICHUA CUIHaN ce
onpeaenat ot 6aBHUTE M3MeHeHMA (NNaToTo) Ha CUrHana, BUCOKUTE — OT

6bp3mTe n3meHeHUnA (ppoHTOBETE).



BanugHu ca cnegHuTe 3aBUCUMOCTU MeX Ay ropHaTa rpaHuMyHa vectoTa f,
NPOABIKUTENHOCTTA HA GPOHTA ty:

(1) frtpo1209 = 0,4

(2) f, 0,99-tp0,120,0 = 0,5

fo,99 € TPAHMYHATA YECTOTA, A0 KOATO € CbCcpefoTodeHa 99% OT eHepruaATa Ha

MMNyca.
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