TEMA 6. PACUET IEPEXO/HBIX XAPAKTEPUCTUK
JUHEWHBIX IIENEN OITEPATOPHBIM METOIOM

6.1. IlepexoaHble Mporecchl B JJIEKTPUUECKHX HEMsIX.

3aKOHBbI KOMMYTAIIUU

Pexxum paboThI 11N, P KOTOPOM TOKHU U HAIPSHKEHUS BETBEH SIBIISIIOTCS
NEePUOIMYECKUMH (DYHKIIMSIMU BPEMEHU WMJIM COXPAHSIOT HEM3MEHHBIC 3HAUCHUS,
Ha3bIBACTCS YCTAHOBUBIIMMCA. Eciii TOKM M HampspKEHUST U3MEHSIOTCA HE IO
NEePUOJIMYECKOMY  3aKOHY, TO  PEKHUM  paboThl  LEMU  HAa3bIBACTCS
HEYCTAHOBHMBIIIUMCSI.

YacTHBIM cIydaeM 3TOr0 pPeXUMa SBISIIOTCS MepPeXoJHble IMPOLecChl,
KOTOpbI€ BO3HHUKAIOT MPU TMEPEXoJe OT OJHOTO YCTAaHOBUBILETOCA PEXKHUMA K
npyromy. [IpuurHamMu nepexoaHbIX MTPOLIECCOB MOTYT OBITh BKIIFOUEHHUE CUTHAJA B
1[elb, U3MEHEHHUE NapaMeTpoB CUTHaNa wiM 1enu u T.1. [lepexoaHoil mporecc B
1enyd OOYCIOBJIEH HAJIMYUEeM B HEW PEaKTHUBHBIX 3JIEMEHTOB (MHIYKTUBHOCTH,
€MKOCTH), B KOTOPBIX HAKAaILJIMBACTCS SHEPIHUsl MATHUTHOTO U 3JIEKTPUUYECKOTO
noneil. [Ipn U3MEHEeHNN YCTAaHOBHMBUIETOCS PEXUMa MU3MEHSETCA YHEPTreTUUECKUN
pexuM pabOThl LEH. DTU W3MEHEHHS HE MOTYT OCYIIECTBISTHCS MTHOBEHHO B
CUJIy HEMPEPHIBHOCTU U3MEHEHUSI YIHEPTUM MATHUTHOTO U 3JIEKTPUUYECKOTO MOJIEH,
YTO Y MPUBOJAUT K BO3SHUKHOBEHHUIO MIEPEXOHBIX MPOIECCOB.

B ocHOBe MeETOHOB pacuera MEpPEXOJHbIX MPOLECCOB JIEKAT 3aKOHbI
kommyTanuu. Kommyrammed  npuHATO  cuuTaTh  J000€  HM3MEHEHUE
YCTAHOBHMBUIErOCSI pEXKHMa WIM COCTOSHHS 1enu. [IpuHATO cyuTath, 4YTO
KOMMYTAIUsl COBEPINAETCS MIHOBEHHO. Ecim cuuTaTh, 4YTO KOMMYTAaIlus
ocyuecTBisiercs B MOMeHT t = (0, TO MOMEHT BPEMEHH A0 KOMMYTalluu
obo3navator t = 0, MOMEHT HemocpeACTBEHHO mocie KommyTaruu — t = O..
PaznuuaroT nBa 3ak0Ha KOMMYTAIIUH.

IlepBblii 3aKOH KOMMYTALMM CBS3aH C HENPEPHIBHOCTHIO W3MEHEHHS
MarHUTHOTO 1Ot uHAYKTUBHOCTH W = LA %2 u rnacur:

B HayaJIbHbI# MOMeHT { = 0, TOK B HHAYKTHBHOCTH MMeET TOKe

3HaYeHue, YyTo 1 B MoMmeHT t = O_ 70 KOMMyTauuu, a 3aTeM

IIJIABHO U3MCHAETCH

iL(0.) =i (0).
B omimume ot TOKa I HampsbkeHHMe Ha WHAyKTUBHOCTH U (t) Moxer

U3MEHATHCS CKAaUKOM.
Bropoii 3akoH KOMMYTAaUMH CBS3aH C HENPEPHIBHOCTHIO H3MEHEHUS

_ 2
anekTprudeckoro most eMkoctd We = CUc “/2 u rinacwur:



B HayajbHbIii MOMeHT t = 0, Hanmpsi:keHHMe B €MKOCTH HMMeeT
TOKe 3HaYeHHne, 4To U B MOMeHT t = O_ 10 komMmyTanuu, a 3aTemM
IUIABHO U3MEHSIeTCS

uc(0-) = uc(0).

B otnnume oT HampsbkeHHS Uc TOK depe3 eMKOCTH Ic(t) MOXKET M3MEHSThCS

CKA4YKOM.

3nauenuss TokoB i (0+) m HampspkeHmid Uc(0i) B MOMEHT KOMMYTAIlHH
00pa3yloT HadvajbHbIe YCJIOBHS 33Ja4M 10 PAcyeTy IEPEXOIHBIX IMPOIIECCOB.
Eciu »ti Bemuumubl paBHbl Hymo 1.(0) = 0, uc(0)) = 0, To Takue HavaabHbIC
ycioBus HasbiBatoTcs HydeBbIMH. Ecin 1(0) =0, uc(0.) # 0, To 3TH HavaIbHBIC
YCIOBHS ~ HAa3bIBAIOTCS  HEHYJeBbIMH. HauajbHble  YCIOBHS  SIBISIOTCS

He3aeucumviMy BEJINYNHAMU.

7.2. llepexoaHble XapaKTEPUCTUKHU JUHEHHBIX Leneil
Ilepexoanoii xapakrepucrukoi h(t) nenu HaspiBatoT oTkimk Y(t) Henu Ha
Bo3jciicTBre X(t) B popMe enmHUIHO¥ cTynen4aToii pynkimum X(t) = 1(t).
1, npu t>0
ANX 1 ’
x©=10={ (.0)

0, npu t<0.

Envnudynas ctyneHudaras (yHKUMAS H300pakeHa Ha

\%

Puc.7 1 puc. 7.1. Ecnu crynenyatas GyHKIUS UMEET aMIUTUTYIY Xo,
HE paBHYIO €IWHHUIE, TO TMEpeXOoAHas XapaKTePUCTHKA
onpenensercs tak:h(t) = y(t)/X,. Ilepexonnas xapakrepuctuka h(t) u orkmuk X(t)
00s13aTeIbHO 00J1a7]aI0T COOTBETCTBYIONIEH pa3MEPHOCTHIO.

[lepexonnass xapakTepUCTHKA TOKA WM HANPSDKEHUS XapaKTepU3yeT
MEePEeXOAHOM TIPOIIeCC B ILIEMU MPU HYJIEBBIX HAYAJIBHBIX YCIOBHSIX, BBI3BAHHBIN
BKJIFOUEHUEM B MOMEHT t = (0 BO3aeiCTBUS (HAMPSKEHHS WM TOKAa) B BUJE CKadKa
(7.2).

Pacder mepexoaHBIX TPOIECCOB CBOJIUTCS K 3ajadye ONpeAeNeHUs OTKJIMKA
y(t) mpu BKIIOYCHHMH 3adaHHOTO BO3aeicTBHs X(t), mpH M3MEHEHHH HapaMETpPOB
BO3JICHCTBHSI WJIM TAapaMEeTpOB IEMH TMPH 33JaHHBIX HAYaJbHBIX YCIOBHUUA. DTH
3aJaud  MOTYT OBITh PELIEHBl KIACCUYeCKUM MemoOoM TIyTeM pEelIeHus
nudpepeHIMaTbHBIX YPABHCHUH OTHOCUTEIBLHO HE3aBHCUMOM TIEPEMEHHOM 1| MITH
Uc . OnHako, 3HAYUTENBHO MPOIE ATH 3aJa4d PEIIAIOTCI OnEepamopHbLIM
MemoooM.

7.3. OnepaTopHblii METO AHAJIN3A MEPEXOTHBIX MPOIECCOB



B ocHOBe omnepaTopHOT0O METO/a JISKUT Ipeodpa3oBanue Jlammaca, KOTopoe
MO3BOJIICT TepeHecTH pemreHne w3 obmactu (ynknun f(t) meicTBuTEeIBLHOTO
nepeMeHHoro t B 00sacTh GyHKIMU F(P) KOMIUIEKCHOTO TIEPEMEHHOTO P = o + j@.
®ynkius f(t) HaspBaeTcs opurnHagaoMm, a F(p) — nzodpaxkenuem. CokpaiicHHAs
3aIUCh MPEOOPa30BaHMsI UMEET CHMBOJIUKY, HAIIPUMED,

f() +F(p); f() & F(p).

N300pakenne F(p) MokeT OBITH BBIYHCIICHO TI0 NPAMOMY NPeoOPA308aAHUIO

Jlannaca
F(p)= | f()e Pldt.
0

Obpamnoe npeobpazosanue Jlaniaca NO3BOJAET BHIYUCIUTH opuruHai f(t)
10 U3BECTHOMY M300paskeHuto F(p)

C+ joo

f(t)= Zi [F(p)e™dp.

c—Jjoo

OnepaTopHble nepeIaTouYHbie PYHKIIUH
OnepaTopHoii nepexatounoii ¢pyHknmeir T(pP) Ha3bIBACTCS OTHOIICHHE
nu300paxeHuss oTkiauka Y(P) K M300pakeHHIO BXOJHOTO Bo3zaccTBHs X(P) mnpwu

HYJICBBIX Ha4YaJIbHBIX YCJIOBHUAX

_ y(p)
T(p) = )’ (7.2)

[lepenarounble GyHKIMM UMEIOT pa3Hble HAa3BaHUSA U Pa3HbId (pU3NUECKU
CMBICJI B 3aBUCUMOCTH OT BHJ1a BO3JECHCTBHS U OTKJIMKA.

Hanpumep, ecmu y(p) = Uy(p) — Beixognoe Hampspkenue, X(p) = Ui(p) —
BXOJIHOC HampsDKCHWE, Torma mnepenatounas ¢GyHkouss  T(p)  sBisiercs
onepaTopHbIM K03 PUIMEHTOM INepeaavyu M0 HANPSKEHUI0 U 0003HAYaeTcs

TaK

U,(p)

Tu(P)=Ky(p)=72"~.

’ VA ()

y , U,(p)
Hpyroii npumep: T,(p)=Z(p)= L0 — MepeaaToYHoe CONMPOTUBJICHHUE U
1
T.J.

OmnepaTopHyro NepeaaTOYHy (PYHKIIMIO MOYXHO ONPENENINUTh, HE mpuderas
K mpsMoMmy mnpeoOpasoBanuto Jlammaca. Jlas 3TOro B COOTBETCTBYIOLIEH



KOMIUTEKCHOU TiepenaTouHoi GpyHkmuu T(j@) HY’)KHO 3aMEHUTh MHUMYIO YacTOTY
] ® Ha KOMILIEKCHYIO TIEPEMEHHYIO0 p = o + j @

T(®) | jo=p = T(P).

OmnepaTopHas iepenatovHast (pyHKIUS TO3BOJISIET ONPEACITUTh ONEPaTOPHOL
U300paKeHHEe  OTKIMKA, €CJAM  HW3BECTHO  HM300paKeHHE  IPOM3BOJBHOTO
BO3eHCTBHSA X(P):

(p) = T(p) X(p). (7.3)

Hanpumep, ecnu u3BecteH ko3dduumeHT nepeaauu no Hanpspxeruo Ky(p)

U BxonHoe HampspkeHne Uj(p), To MOXKHO ONpENeIHUTh ONEPATOPHOE BBIXOTHOE
Hanpspxenue U,(p): Uz(p) = Ku(p) -U1(p).

C nomoIplo ONepaTopHOl MNepelaTOYHOM (YHKUUA MOKHO MOJIYYHTh
OIEPaTOPHOE BBIpAXKCHHE TepexonHou xapakrepuctuku h(p) = y(p) -
OIepaTOPHBIA OTKIMK. JIJIT 3TOro HY)KHO B3STh B KadecTBe Bo3jeHCTBHUSA X(P)
oIepaTopHOE N300paKeHNE EAMHUYHOTO CKauKa, paBHOE

(t) +1(p) = 1/p. (7.4)

Takum oOpa3om, onepaTopHOE M300paKEHHUE MEPEXOTHON XapaKTEPUCTUKU

=

onpeznensiercss GopMyson

(P)=T(p)-1p) = l;’) (7.5)

-

7.4. BblunciieHMe OpPUITMHAJA 1O 33JaHHOMY  ONEPATOPHOMY
U300paKEHUI0

OmnepaTtopHoe u3o0pakeHre ¢GyHKuUU Y(P) JUHEHHOW IIEMM HMMEET, Kak
MPaBUJIO, BUJI pPallMOHAIBLHON Apo0u

M(p) agp" +am_1pm'l+...alp+a0

B n n-1 ' (7.6)
N(P)  byp"+b4p +..4p+b

y(p)=

IJI€ Am, 8m-1,...80; Dn, Dn1,...0p — BemecTBeHHBIE KO3 GUITUCHTEI.
Opurunan Y(t) MOKHO BBIUMCIIUTE C MIOMOIIBIO 00paTHOrO MpeoOpa3oBaHus
Jlaraca. J[jst 9700 HY)KHO Pa3iiokuTh Y(P) Ha MPOCTHIE IPOOH
A A A
—M(p):yo- L 2 4 4+
N(p) p-p, P-P, p-p,

(7.7)

riae Yo=am/b, — Macmrabuenii kosddunuent, Ay, A, ...A, — KodDPHIIHEHTHI
OpOCThIX  JpoOed, Pi1, Pz ...Pn — KOPHU ypaBHEHHS 3HAMEHATEIS

b b
N(p)= p" +S—‘1 p" T4 +% p+-2 =0, NX HAa3BIBAIOT MOJIOCHI pyHKIHH V(D).
n n n



JInsi HaxoXKIEHUsT OpUTHMHAla MPOCTBIX Jpo0ed ¢ IeNbl0 yHpOUIeHUsS

pellieHusl 3a7add IeIecCO00pa3HO BOCMOJIB30BATHCS TAOIMIIAMU OPUTHHAJIOB U

M300paKeHU

U3BECTHBIX  (DYyHKIIMA,

IMPUBCACHHBIX B

CIICOHMAJIBHBIX

cupaBoyHuKax. B Tabi. 7.1 naHel opuruHanbsl U HU300paKEHUS HEKOTOPBIX

GyHKUMNA, BCTpEYaroNIMXcsl B TEOPUU 1IETEeH.

Tabnuma .7.1.
Ne /m N3o0paxxenue y(p) Opwurunan y(t)
1 Alp A = const
2 A o)
3 1/p t
IHonrwcel uzoopaxcenusn y(p)).px = —0k — 0eiicmeumenbHoe 4Yucio
4 1/(p + @) e !
5 p/(p + a) —ae?
6 Ulp(p + a)] 1-e“Ya
7 1[p*-(p + a)] (e +at-1)a
8 Up + o) te
9 pl(p + @) (1 -ate™
10 Ulp(p + &)’] [1-e“(1+ at)ld
11 U[(p + a)(p + )] e —e™ (o - 1)
12 Ulp(p + a1)(p + )] 11 (e—al~t ) e—azot}
ooy op—az| o az
13 p/[(p + a1)(p + )] (n e — e ™(on — o)
Pkk+1 = —@ £ | B — KOMRIEKCHO-CONPAICEHHBLE ROIIOCDL.

14 (p+ a)ll(p+ a)° + 5°)] e “'cos(f31)
15 Al + o)+ /)] e “'sin(41)
16 pl(p + o)’ + S {coswt—%sin ﬂ-t}e‘“'t
17 j|_/p2 + & é-sinwt
18 p/p2 + o cosa-t

YtoObl  BOCMONB30BATHCS ~ JITOW  TaONWIEH, HYKHO  pPacCcuMTaTh

kodpunmenTer A ipocThix Apobeit (7.7). B maTemarnke 3TO JeIal0T METOJ0M

cpaBHEHHUA KO3 (HUIIMEHTOB MOJIUHOMOB. OHAKO B TEOPUHU LENEH IS YIPOILICHHS



pacyeToB NpH OmpeAesieHnd Kod(PPUIMEHTOB ApoOEd W OpUrMHajIa MPUMEHSIOT
meopemy pasnodHceHus..

Teopema pa3jio:xxeHust

Ecnu n3zo0paxkenue y(P) mpeacTaBieHO B BUJE pallOHAIBHON IpoOu BUaa
(7.6), To opurunain Y(t) MOXXHO onpenenuTh Mo (HopMyJaM TEOPEMBI PA3TIOKCHHUS.
B 3aBucmMocTH OT BHIA TONIOCOB M300paxkeHus: Y(P) cymiecTByeT HECKOJBKO
(hopMyIT pa3ioKeHus, KOTOPbIC IPUBOISATCS HIDKE.

1. Cnyuaii npocmuix, He KpaTHBIX MOJIOCOB.

Ecmu  o¢yukmus  y(p) = M(p)/N(p) wuMeeT N TPOCTBIX IMOJIOCOB,
JCWCTBUTEIBHBIX U OTPHLATEIBHBIX — P1 = —, P2 = —Q, ... Pn = —Clh, TO OPUTHHAI
y(t) onpenensiercs mo Gopmyie:

n
) (t) = Ale_al’t n Aze—az -t - Ane—an -t _ Z M(pk ) o Py .tl (7.8)
k=1dN(p)/dp| p=p,

2. Cpenu N MOJIIOCOB UMEETCSI OIMH H)J1€601l noJiioc, Hapumep, P1= 0,

P2= -, ... pn= —an , T.€. N(p) = pNy(p).
®opmyna (7.8) npumeTt BUA

—a,t —ot n M(p, ) p t
M®-ﬂ®=%+%e zﬁﬂﬁﬁ ”=Mw)+2 K e K.

7N NL(0)
p, AN (p)cp

K

(7.9)

3. Cpeayt N MOJIIOCOB €CTh HAPa KOMNIEKCHO—CORPANCEHHBIX, HATIPIMED,
P12 =—a* ]

B opurunane nsym uineHam cymmsl (7.7) ¢ 3TUMH MOJOCAMU COOTBETCTBYET
(GYyHKIUS B BUE 3aTyXalOIIEro rapMOHUYECKOT0 KOJIeOaHusI:

pt pt
M(pl)-e 1 M(pz)'e 2 . —at

+ = 2-[Acos(w-t)+ Bsin(w-t)]-e~* A1), | (7.10)
b, INGYIAR| P, ANGPYR|

rae A u B — ko durmenTs, onpenensiemsie mo Gopmyse
M(p2)

N(p)/dp| p—p, (7.12)

A+ jB=

4. Cny4ail Kpamuwix noarocoas.



Ecnu n3obpaxenue Y(P) Hapsgy ¢ N HPOCTBIMH HOMIOCAMH Pi1, Pa... Pn
MIMEET, HaIlpUMep, €Ile OJUH IOJII0C KPATHOCTU M B TOUKE Ph+1, T.€.
M(p) _ M(p) , (7.12)
N(p) N,(p)-(p— Prsa)"

TO OPUTHHAJI CIEAYET ONpeaesaTh o Gpopmyie

y(p)=

pkt m-1 pn+lt
y()=3 M Je 1 _d {M(p)e 1 @713

n] G-Dldp™E| Ni(p)
A9 Ny (0 prea)™ ]y, dp 1

dp p= pn+1

7.5. Meroauka pacyera nepexogHbIX XapaKTePUCTHK

[Tpouienypy pacuera mepexOAHBIX TMPOIECCOB, B T.U4. M MEPEXOJHBIX
XapaKTEPUCTUK, MOKHO pa30UTh HAa YETHIpE HTana:

a) BBIBOX (opmyn omeparopHoW mepenaTtouyHod (yHkmuu uenm T(P) u
OIEPAaTOPHON TIEPEXOAHOM XapaKTepuCTHKHU oTKIMKa h(p);

0) ITOIyYEHHE YMCIEHHOIO BBIPAXKEHUSI U 3HAYEHUN ITOJKOCOB ONEPATOPHOU
dynkuuu h(p);

B) BBIBOJI QHAIMTUYECKOTO BBIPAXKEHUS IMEPEXOTHON XapaKTEPUCTUKH Kak
¢byukuuu Bpemenu h(t);

I') BBIUMCJICHUE, TIOCTPOCHHE W aHAJTN3 MTEPEXO0THON XapaKTePUCTHUKH.

PaccMmoTpum Bce aTarmbl pacueTa Ha KOHKPETHBIX MPUMepax.

Hpumep 7.1. [llonyuums auanumuueckoe 6vipadxcerue onepamopHou
nepexooHoll Xapakmepucmuky HanpsxiceHus Ha komoencamope hy(p) = Uc(p) 6
cxeme, uzoopadcennou na puc. 7.2. Ha exooe yenu exntouen ucmounux I/C
cmyneHuamo2o Hanpsidcenus e(t) = u(t) = 1(t) B.

DTOT mpuUMep OXBaThIBAaCT IEPBBIN 3Tall pacyeTa
MEePeXOqHOM  XapaKTEPUCTHKA — BBIBOJ  (hOPMYIIBI
OlepaToOpHOW mepenaToyHol ¢GyHkiuu 1enu T1(P) u
OIEePaTOPHON TIEPEXOTHOM XapaKTepUCTHKU oTKIrKa h(p).

Pewenue. B coorBerctBuu ¢ ¢opmynoi (7.5)

TpeOyeTCsl paccuuTarh nepenaTtouHyro ¢yHkmuoo T(p) — Puc. 7.2.
ornepaTtopHbld K03 duumeHT nepenaun mo HanpsokeHuro Ha emkoctu Kyc(p). B
npumepe 6.2 mo Teme 6 I OTOM CXEeMBbl OBLJIO TMOJYYEHO BBIPAKEHUE ATOTO
napamMeTpa B oriepaTopHoit popme (cMm. ¢. (6.8))

Gl(pL+R2)

5 .
p“LC+ p[I_(Gl+G3 )+R2C] +1+ R2(61+GB)

Kuc(p) =



Ha  ocHoBanum (7.5) omnepatopHoe  Hu300paX€HUE  IEPEXOTHOU
XapaKTEPUCTHKU OYIET UMETh BUJT

Gl(pL+R2)

=15 -
p|_p LC+p[L(Gl+G3)+RZC]+1+R2(G1+GS)J

=

1) = Ku(®)- (7.14)

HonyquHoe BBIPAXCHUEC MOKHO IMPCACTABHUTH B O6H_ICM BUIC

M(p) _ Pray _ HolPrdy)
pN,(p) O plp % +b, p+b ] P(P—p, )(P—pg)’

OS

rac
1 .g R RRy) Ry o 1 RRi+Rg).
RC %= T ML= RRC " T P~ TCT LR, ° (7.15)

pz, p3 _ IOJIFOC bl hUc(p)'

H, =

HOJIy‘lI/IM (bOpMYJIBI IIOJIIOCOB ITYTEM PCHICHUA YPABHCHUA

N(p)= p(p” +b,p+Db )=0

o

—\2
b _

ITpesxxne 4yem BOCHOIB30BaTHCS (POPMYIAMHM TEOPEMBI PA3JIOKEHUS IS

HaXOXJICHUS OpHWTMHATA HEOOXOAMMO IIOJIYYHTh YHCICHHOE BBIPAKCHHUE
orepaTopHoi GpyHKIMH hyc(p).
Mpumep 7.2. Ilonyuums uuciennoe evipadxicerue hy(p) = Uc(p) u 3nauenus
nonocos yuxkyuu (7.14) onsa mpex eapuanmos napamempos 3j1eMeHmos.
sapuanm 1) R1 = 10 kxOm, R2 =10 Om, R3 =1 xOm, L =1 MI'H, C = 10 nd;
2) R1 =10 xOm, R2=10 Om, R1=10 kOm, L= 1 MI's, C = 10 n®;
3) R1 =10 kOm, R2 =10 Om, R3 =100 kOm, L = 1 mI'e, C = 10 nd.
OTOT TNpUMEp OXBaTbIBAET BTOPOM  ATall  pacyera IEepEeXOAHOU
XapaKTePUCTHKU — TIOJNYyYCHUE YHCICHHOTO BBIPAXKCHUS M 3HAYCHUU ITOJTIFOCOB
omneparopHoit ¢pyHkmmu h(p).
Pewenue. TloncTaBuM 3HaYEHUS TTApaMETPOB DJIEMEHTOB IETH B (HOPMYJIBI
koadduiuentoB (7.15) u momocoB (7.16) omepatopHoit (yukumm (7.14).
[ToryduM 4YHCIIEHHOE BBIPAKEHUE IEPEXOAHON XaApPAKTEPUCTUKH W 3HAYCHUS

ITIOJIIOCOB.



Kaxaplii BapuaHT OTIMYAETCS OT JPYroro 3HAYECHHUEM COMPOTHBICHUS
pesuctopa Rz. Kak Bumno w3 (7.15) m (7.16) compotuBieHue R; BimseT Ha
3HAa4YCHHE MOJTFOCOB.

Bapuant Ne 1. R1 =10 kOm, R2 =10 Om, R3=1 kOMm, L = 1 mI'H,

C =10 nd.

H =10",a =10% b =1001-108 b =1011-10%
0 0 1 0

7 p+10% 107 (p+10%)
Mye(P) =107 —— 8 144 6 7y
p[p° +1001-10° p+1011-10™] p(p+102-10° )(p+991-10")

Iomocs:: p; = 0 — wmymesoil; p, = -1.02-10°, ps = -9.91.10" —
JEHCTBUTEIBHBIC U OTPHUIIATEIILHEIE.

Bapuant Ne 2. R1 = 10 kOm, R2 = 10 Om, R3=9990 Om, L = 1 mI'H,
C=10nd.

H =10".a =1o4,5l =2-1o7,5O =1.1014,

7 p+10* 107 (p+10%)
e (P)=10" - —— 7 44 72"
p[p+2-10" p+1-10"] p(p+10")

[Tontochl: P; = — HYJEBOU; Pr3 = —1.10" — #elCTBUTENBHBIE, OTPHUIATEIIBHBIC
U OJIMHAKOBBIC (KpAaTHBIE).

Bapuant Ne 3. R1 = 10 xOm, R2 =10 Om, R3 =100 xOm, L = 1 mI'H,
C =10 ud.

107 = 104 5 _ 107 B —1.104
HO—lO ,ao—lO ,bl—l.'I.Ol 10 ,b0 1-107".

4
U (p)=10"- 2 p+107 147"
¢ p[p* +1101-10" p+10*]
i 10 (p+10%)
p(p+5505-10° — j8:35-10° )(p+5505-10° + j8.35.10°)

Iomocsr: Py = 0 — HyneBoit; Poz = —5,505-10° # j8.35.10° — koMmIeKCHO-
COTIPSDKEHHBIC.

B Tpex BapmaHTax 3ajayd TOJyYeHBl (YHKIUU TPEThero mopsaka (B
3HaMCHATeNIe TIOJIMHOM TPEThEeH CTEeNeHW). XapaKTep IOJIOCOB MEHSETCS IpH
W3MEHEHUH BEJMYHMHBI CONPOTUBIICHUS R3. Bua mepexoaHoi XxapakKTepUCTHKH, T.€.
BeIpaxkeHue yc(t), Oymer 3aBUCeTh OT XapakTepa IMOJIFOCOB.

Mpumep 7.3. [lonyuums ananrumuyeckoe GulpadceHue NepexooHoll
xapakmepucmuku hyc(t) Hanpsodicenusi Ha KoHOeHcamope Ol mpex 6apuanmos
napamempos 31emMeHmo8, paccmMomperHuix 6 npumepe 7.2.



DTOT mnpuMep OXBaThlBaeT TPETUM ITal  pacyera MEePexXOJHON
XapaKTepUCTHUKUA —  BBIBOJ  AHAJIUTHYECKOTO  BBIPAKEHUS  MEPEXOTHOU
XapakTepucTukH Nyc(t).

Pewenue. PaccuntaeM TEpEeXONHYIO XApAKTEPUCTUKY IO TEOpEMe
paznoxenus. ®ynknus (7.14) umeeT Tpu moroca, mpuyeM oJuH — HysneBoi p; = 0.
JIyis KaXKI0r0 BapuaHTa 3aJjaui HYKHO MPUMEHSThH pa3Hble (POPMYJIIbI pa3oKEeHUs
(7.8) — (7.13).

Bapuant Ne 1.

p +10%

hu.(p)=10" - ,
’ p[p? +1001-10% p+1011.10]

[Tomrocel: p; = 0 — HyneBOM;

P, = —1.02:10% ps = —9.91-10" — feiicTBUTEIBHBIC, OTPUIATENBHBIC H PA3IHYHBIC.
CnenoBaresnbHo, opuruHai Ny(t) MoxxkHO onpenensTh mo Gopmyie (7.9).

Ho = 10”; M(p) = p + 10% Ny(p) = p? + 1.001-10%p + 1.011-10%; M(0) =
10% N,(0) = 1.011-10"*; N, {(p) = 2p + 1.001-10°.
104 p, +10° ot p, +10°

p3t
+ e < + e A(t).
1011-10%4 p,(2p, +1001 .108) p,(2p, +1001 .108) ]

h,. (D= 107{

[Tocie mNOACTAHOBKM 3HAYEHUA [P W P3 W BBIYUCICHUN TMOJIYYUM

OKOHYATEIbHOE BhIPAXKEHUE MEPEXOTHON XapaKTepUCTHUKU 110 BapuaHTy Ne 1.

6 7
G {0.001+ 0101.e7102107t _g102.¢-991-10 t]1(0. (7.17)

Bapuanr Ne 2.

7 p+10* 10" (p+10%)
hUC(p):lo T 7 144 72"
p[p +2-10" p+10"] p(p+10")

Iomocsr: P; = 0 — HyneBoit; Pos = —107 — 1Ba OAMHAKOBBIX (KPATHBIX, M =
2), NCWCTBUTEILHBIX W OTpHUIaTeiabHbIX. DyHKIMsa hy(p) umeer Bun GopMylibl
(7.12), mostomy opurunan hye(t) HyxHo onpeaensarts o dpopmyse (7.13).

Ho=10"; M(p) = p + 10%; N(p) = p(p + 10>, m=2; (m - 1) = 1; M(0) =

10%; N1{p) = 3p°+ 4-10°p + 10"*; N{0) = 10"; Ny(p) = p;

[M(p)-€"/p] = [(-10%p®) + (1 + (10/p)) 4]-€"*

1
(p +10%)e™ 4 4 i
h, (D= 10" T n +107 —10—2+(1+£)-t o2 ().
3p1 +4-10 p1+10 00 P, P,
1
Ilocie IIOACTAHOBKM 3HAUCHUS p2 = —107 U BBIUHCIIECHUU [MoJIy4Yum

OKOHYATEJIbHOE BBIPAKEHUE NIEPEXOAHON XapaKTEPUCTUKHU IO BapuaHTy No 2.



_ _ 10/
hJC(t)z[lo 3+(—1o 3+1O7~t)-e 10 t}1&). (7.18)

Bapuanr Ne 3.

7 p+10* 107 p+10?
hUC(p):lo ) 7 14, 3 7 2 Aql4
p[p? +1101-107 p+10'4]  p®+1101.107 p2 +10p

Iomocsr: Py = 0 — HyneBoit; Poz = —5,505-10° # j8.35.10° — kommIeKCHO-
conpsokeHnbie. Dynkiusa hyc(p) umeer Bua dhopmyisl (7.9). Tak kak aBa mojroca
KOMILIEKCHO-CONPSIKEHHBIE, TO OPUTHMHAN clieyeT uckath no ¢gopmynam (7.9) -
(7.11) B Buze hue(t) = {A; + 2 [Acos(wt) + Bsin(wt)]e *}-1(t).

M(p) = 10°p + 10™; N(p) = p®+ 1.101-10'p?*+ 10*p;

N.(p) = p?+ 1.101-10°p + 10*; M(0) = 10**; N,(0) = 10%;

N{p) = 3p?+ 2.202-10°p + 10**; p; = —5,505-10° — j8.35-10°

A;=0,001; & =5.505-10°; w= 8.35.10°.

M(p3) p3 +10%

T2 7 14 -
dN(p),dp‘ o-p, 3p2 +2:1001-107 p_ +10

A+ |B=

_-5495-10"° - 8348-10° _ 4 06
~1394.10'* + j9191.10'3

Takum o0pazom, popmysia MepexoJHON XapaKTEPUCTUKU UMEET BU/T

6
h, D=V ()= [o.oou( —0.001c0s(8.35-10%t) +1.2sin (8.35-10°1)). e >>10 't]](t).

(7.19)

7.6. Borunciienne, mocTpoeHNe W AHAIU3 MEPEXOTHOI XapaKTepuCTHKH

3aKIIOYMTEIBHBIN ATAll pacdyeTa MePEeXOAHBIX XapaKTEPUCTUK 3aKIF0YaeTCs
B BBIYHCICHHMM W TOCTPOCHHWU BpeMeHHOW (yHkuuu h(t). JIns storo HyKxHO
OIPE/ICTUTh BPEMEHHOM MHTEPBAJI U IIIar apryMEHTa.

JIrobast iepexoiHast XapaKTEPUCTUKA MPEACTABIIACTCS CYMMOW BPEMECHHBIX
byHKIUH

h(t) = hy(t) + hy(t) +...+ hy(b).

Yamie Bcero B COCTaBE CyMMBbI BCTpEYaroTCs cieayromue (yHKIUU (CM.
(7.8) — (7.10)):

a) ckauok — cryrnenyatas pyHkmust — hy(t) = A;-1(t) (puc. 7.3 a);

6) yObIBatomas sxcronenta — hy(t) = A€ **1(t) (puc. 7.3 6);

B) KOJIe0aTeIbHBIN MPOIEcC C YObIBAIOIIEH aMILIUTY 10 (puc. 7.3 B);

hs(t) = [Acos (@) + Bsin(wt)]e * 1(t).



DN N A

A=1, o=1. A=1,B=1, =1, =21
1 i .
1
] \
04 . h\ -, t,c
WS
0.2 U
[ Y T N e
I:I - -~
b1 oz 3 4 4 01 2 3 4 5 o1 2 3 4 3
a) 0) B)
Puc. 7.3

Oyuxrun hy(t) u hy(t) ymensmaoTes mo ammmTyne o 3akony € “%. Dtu
dyukuu npu t = 3/ qocturarot 95% CBOEro YCTaHOBHUBILETOCS 3HAYCHUS, & MIPH
t = 5/a — 6osee 99%. B 1iensax mepBoro mopsijika BEIUYUHY T = 1/l o nazbiBaror
NOCTOSTHHAS BpeMeHHM Henu. Ha npakThke NOPUHATO CYUTATh IEPEXOAHOMN
nporiecc saxonyennvim npu t = (3+5) 7(cm. puc. 7.3 0, B).

Brruncnenne GyHKIUM TPOBOAST B ONPECICHHOM BPEMEHHOM HMHTEpBAJe
ot t; no t,. IlepexonHas xapakTepucTrKa, KaK MPaBWIIO, BBIYMCISAETCS HaYMHas C {)
= 0 (B MOMEHT BKJIIOUYEHHUsSI CKayka). Bropas rpanuma mHTepBama t, = tna s
(GyHKUMNA, N300paKEHHBIX HA pUC. 7.3, HAa MPAKTHKE TPUHUMAETCS

nax=(3+5)/| amin‘ ) (720)

~—t

rae |amin| - MHUHUMAJIbHOE 10 MOJAYJI0 3HadeHue KoddpduureHta B
mokazatejie OSKCIIOHCHT, BXOAAMMX B coctaB ¢opmyisl h(t) nepexomHoit

XapaKTePUCTUKH.

[Tar At aprymenTa t MOKHO OTIPEAECIUTD 10 3HAYEHUIO lpax, €CTTH 3351aTh 10
+ 20 mouex na xkpugyio At =t /(10...20).
(7.21)

Eciu B cocraBe mnepexoHOM XapaKTEpPUCTHUKA UMeeTcs (PyHKIuUs
KoJiebarenbHoro nporiecca (puc. 7.3 B), TO Iar apryMeHTa MOKHO ONPEICTUTh 110

yria0Bo# yactore @ = 27/T

M=T8=2-n/8-0=rl 4w (7.22)

PeBYJ'IBTaTBI YHMCJICHHBIX paCcucTOB (I)YHKI_[I/II/I IPUHATO IMPCACTABIIATE B BUAC

TabmIuIe! 7.2

Tabnuma 7.2
Ne t,c h(t)




m o0

Ilpumep 7.4. Onpeodenumsv 6pemenHOU uHmepsal u wiae apeymenma OJisl
paciema nepexooHvlX Xapaxmepucmuk hyc(t) HanpsdiceHus Ha KOHOeHcamope,
NOJY4eHHbIX 6 npumepe 7.3 (01 mpex 6apuaHmos napamempos 31eMeHmOs,
paccmompennsix 8 npumepe 7.2). npogsecmu paciem YHKYuil u ux nocmpoenue.

OTOT mnpuMep OXBAaTBIBAET YETBEPTHIM 3Tal pacyera IEepexXOJHON
XapaKTEPUCTUKU —  BBIYUCIICHHE, TIOCTPOCHHE W  aHallu3  NEPEeXOJHOU
XapaKTePUCTHUKHU.

Bapuant Ne 1.

6 7
h,. (D= {0.001+ 0101.¢~102:107t _g10p.g=99110 t]1(0.

[TepexoaHy0 XapaKTepUCTUKY MOXKHO PACCMOTPETh B BHJIE CYMMBI TPEX
dbynkmuii: hy(t) = hy(t) + hy(t) + hs(t), roe h (t)=0001-1(t) — cKauek;

6 7
h(t)= 0101.e 102107t 11y h,(t)=-0102-¢~ 99110 L. 4(t) — 1Be KCIOHEHTHI ¢

Pa3HBIMHU MOKA3aTEIIMU CTETIEHU.
Paccuntaem MakcumanbHBIN BpeMEHHON nHTepBal. OAUH U3 JBYX IOJIIOCOB

_ _ 6
MMeeT MUHMMAIBHOE 3HAYEHHE | p1| = Pmin= 1.02-10°. CnenoBaTensHO,

toax = 5/1.02:10° ~5-10° c.

Bri6epem 10 Touek Ha kpuByto. Torma BpeMeHHOM HHTepBaI (11ar) paBeH

Nt = t,,/10 = 5.10°%/10 = 5-107 c.

Hepea YHUCJICHHBIM PacCdCTOM IIOJIC3HO ITPOBCCTHU KA4eCTBECHHBIN aHAaJIN3
XapaKTEPUCTUKU. {11 3TOro cHayasia OLIeHUBAIOT 3HaueHue QyHKUUU npu t =0 u
{—o0:
uc(0) =0.001 +0.101 - 0.102=0;  uc(e) =0.001.

hl1 h2
o \
Onna skcnoHeHTa h,(t), uMMerom@as MEHBIIHMH g
ko3bumment ¢ =1.02-10°, y6piBact memnennee mo MV hy

0.1 == =
CpaBHEHHIO CO BTOpoi odkcmoHeHToW h3(t). Dto 40 T
xopomo BumHO Ha puc. 7.5. Tak kak hy(t) "
NOJOXKUTENbHAs, a  ObIcTpas  OKCIOHEHTa  — ”u”i " Nhj
OTpUIATeNbHAs, TO B  CyMME OHH  JAAYT -pis 107 ¢

—>

NOJIOKUTENbHYIO (yHKuMio. CHauama cymma Oyaer "% —71 2 3 4 5
pAacTH, a 3aTeM YMEHbBIIATHCSA M CTPEMUTCS K HYITIO. Puc. 7.5



Takum oOpazom, mipu t — 0 mepexoaHas XapakTepUCTUKa (HaNpsHKEHUE Ha
€MKOCTH KO0JIE0ATEIBbHOr0 KOHTYpa) MpH JEHCTBUTENBHBIX U OTPHUIATEIbHBIX
HOJTFOCaxX IJIaBHO M3MeHseTcst oT 0 1o Benuuunbl Uc(o) = 0.001 B, T.e. oHa nmeeT
anepuoouyeckul xapaxkmep.

[IpoBeneM YHCIIEHHBIM pACUET NEPEXOJHOM XapakTepUCTHKHU. [l aToro
MOXHO  BOCIIOJIb30BAaTbCA HM3BECTHBIMH  BBIYMCIUTEIBHBIMU  MPOrpaMMaMH,
Hanpumep, «Mathcad». Kpome toro, na xadpenpe TPO KI'TY um. A.H. Tynonesa
pazpaboran u mnpumenserca «llakeT KOHTPOJMPYIONIMX M BBIYMCIUTEIbHBIX
nporpaMmm Jjisi KypcoBoil paboTel mo OCHOBaM TEOPHUM LIETICI», MO3BOJISIONIUN
paccyuTaTh NEPEXOIHBIE XAPAKTEPUCTUKY JIMHEWHBIX LIETICH.

B Tabmuue 7.3 npuBenaeHbl pe3yiabTaThl pacuera, a Ha puc. 7.6 a)
n300pakeHa XapaKTepUCTHKa, MOCTPOCHHas Mo ToukaM. Kak BUIHO, HauaabHBIN
Y4aCTOK XapaKTEPUCTUKHU PACCUUTAH O4eHb rpy0o. TpeOyercs yMEHbIIUTH WIar,
T.€. YBEJIIMYUTH KOJIMYECTBO TOYEK.

Ha puc. 7.6 6) nokazana xapakTepuUCTHKa, pacCcuMTaHHas 1pu mare B 10 pas
MeHbIeM, T.e. pr At = 5x10° ¢. BuHo, 9T0 9Ta XapaKTepHCTHKA 3HAYMTEIHHO
OTJIMYAETCS OT MPEABIIYILEH.

Tabmuma 7.3
Neltx10°c | hy(t)
110 0
2 (0,5 0.062
hu(t) hUC
3|1 0.037 0.1 0.1
4 (15 0.023 007 n.u'.-'j\
5|2 0.014 . \
005 F— 0.05 [
6 (2,5 0.0089 I
713 0.0057 | T[T o
) 11 . tx107 ¢ ‘\“m,._.__‘__‘_' tx10% ¢
8 3,5 0.0038 017 3 15 71 7 3 1 s
a) 0)
9 |4 0.0027 Puc. 7.6
10(4,5 0.0020
1115 0.0016

Teneps, 4TOOBI MCCIEAOBATH HAYATBHBIN YUYACTOK XapaKTEPUCTUKH, CIETYET
. -7
YMEHBIITUThL BPEMEHHON HMHTEpPBaJ, HANIpUMeEpP, B aecarth pa3 — I, = 5x107 c. u,

-9
COOTBETCTBEHHO, YMEHbIUTh mar — At = 5x10~ c¢. Ha puc. 7.7 mokaszana sta

L AhuB XapaKTEPUCTUKA.
| If\ L B pesysbrare mpoBeIeHHBIX PacYeTOB MOKHO
007 | cAcJIaTb BBIBO/:
0.05
0025
x107 ¢

1 2 3 4 5
Puc. 7.7



1) orpaHMYEeHHOE YMCIIO TOUYEK MOXKET UCKA3UTh (POPMY KPUBOIL;
2) MOXeT moTpeboBaThcs MOAPOOHOE UCCIEIOBAHME KPHUBOM B Hayaie
XapaKTEPUCTHUKHU.
Paccmotpennsiii BapuaHT Nel mpumepa mo3BoisieT CAenaTh BaXXHBIA BBIBOJ
0 XapakTepe MEPEeXOIHbIX XapaKTEPUCTHK:
€CJIM MOJIIOCHI MEePeX0AHOH XapPaKTePUCTUKHU JAelCTBUTEIbHbIE
U OTpHUATE/]bHbIC, TO INEPEXOJHAsT XapPaKTePUCTHKA HMeeT
anepuoaAMYecKHid XapaKrep.

Bapuanr Ne 2.
-3 —3 107 +) o107t
h, (D= {10 + (—10 +10 -t)~ e ]1(0.

[Ipu anamuze (GopMyabl MEPEXOJHONM XAPAKTEPUCTUKH €€ MOKHO
NIPEJICTABUTH B BUJIC huc(t) = hy(t) + hya(t)-hs(t),

_ 107
rae h(t)=10 3.1(t) — ckauoxk; h(D=e 107t 1(t) — yOBIBarOwIAs YKCIIOHEHTA,

h,(1)= (— 1073 +107 - t)- 1(t) — muHeHO—pacTyIas GyHKIKS.

: / \hz'ha ¢ .
15 - / 05 AN

1 i\ 0.25 ’/_\\. - / \\
0.5 \ "h2 { I \\

¥ 0.1 0.1 <

‘-\-\-‘-\""-\—\. -

-0.001 3 g { ™ 107 e
B 107 7o 107

a) 0) v
Puc. 7.8 Puc. 7.9

Ha puc. 7.8 a) uzo0Opaxens! n8e pyHkiuu h, u hs, a Ha puc. 7.8 0) — ux
npousBeqeHue. MHTepecHO OTMETUTh, YTO NpU ¢ —> o0 JUHEHHas (QyHKUUA
CTpPEeMUTCS] K OECKOHEUHOCTH, IKCIIOHEHTA CTPEMUTCS K HYJIIO, a UX MPOU3BEICHNE
CTPEMHTCSI TOXKE K HYJI0. JTO OOBACHSETCS TEM, YTO SKCIOHEHTAa YOBIBAEeT
ObICTpee, UeM pacTeT JIMHeHHas: QyHKIUS.

Tenepr HY)XHO paccuuTaTh BPEMEHHOW HWHTEpBaj, T.e. t, MO IOKa3aTelro
skcroHenTs! |p| = 10°. t,=5/|p| =510 c.

Ha puc 7.9 uzobpaxkeHa nepexoiHas XapaKTEPUCTHUKA, pacCUUTAHHAs IO
Bapuanty Ne 2 mnpumepa. [lo ¢opme oHa OTHOCHUTCS K amepuoIUYeCKUM
byHKUUSIM. DTO MOATBEPXKIAae€T BBIBOJ, CIEJTAHHBIM MOCIE pElIeHUs 3aJadyd 0
IIEPBOMY BApHUAHTY.

Bapuanrt Ne 3.



6 : 6 _55.10° .t
(D= ()= 0.001+[—0.001-cos(8.35-10 )+12-5in(835-10 -t)]e At)

dopmysly HEpeXOIHONM XapaKTEPUCTHKH MOXKHO MPEACTABUTL B TOM IKE
BHUJIE, YTO U B ipuMepe No2 huc(t) = hy(t) + hy(t)-ha(t),

rae h(t)=107 -1(t)—ckauok;
h2(t)=[— 0.001 - cos(835-10° -t)+12-sin(835-10° -t)J-l(t) — rapMOHHMYECKas (YHKIMS C

~55106-t A(t)

yacToToi @ = 8.35-10° pan/c; h(t)=e — yOBIBaroIIas SKCIIOHEHTA.

MakcumasibHOE BpeMs T.€. BPEMCHHOM WHTEpBaJl pacueTa XapaKTePUCTUKU
omnpeaenum 1o ¢popmyite (7.20)

t,=5/(5.510° ~ 10 ° c.
MakcuMalibHBIA MHTEpPBAJI pacyera, T.€. I[Ar MOYKHO OIPEAEIUTh IO

YITIOBOI 4aCTOTE rapMOHHYECKHX (ByHKIHT o = 8.35-10° pax/c mo dopmyne (7.22)

Nt = /4w =9.410"%c.

Ha puc. 7.10 a) uzoOpakeHsl aBe QyHkiuu hy u hz, a Ha puc.7.10 0) —
nepexoaHas xapakrepuctuka hyg(t).

P hue
2 - 0.75
hs
NN P 05

/ / )
i} 7 f 0.25 \‘
SN /
tx 10_7,0 tx107 ¢

-2 -0.25
0 2 4 6 8 10 0 2 4 6 8 10

Puc. 7.10
B sroM mpumepe mepexolHas XapaKTEpPUCTUKA HANpPSKEHUS HAa €MKOCTH

UMeeT KoyeOaTeNnbHBI XapakTep, T.K. B (opMylie MMEeTcs TapMOHUYecKas
¢yuknus hs(t). KomnebartenmpHBIN Tpoliecc CO BpPEMEHEM 3aTyXaeT [0 3aKOHY

— 6.
oKkcroHeHTbl —e **° 1 Dra ojgekrphueckas Lemb NpH 3aIaHHBIX ApaMETPax

AJIEMEHTOB 00JaJaeT 3HAYUTENIbHBIM 3aTyXaHHEM — 33 BpeMs MEePEeXOJHOI0
mpolecca COBEPIIAETCS MPAKTUYECKHW TOJbKO OJMH TEpPHOJ] KO0JIeOaTelIbHOrO
Ipo1iecca.

PaccmoTpennsiii BapuanT Ne 3 mpumepa MNO3BOJSIET CAeNaTh APYroi
BAJKHBIN BBIBOJI O XapaKTEPE NMEPEXOIHBIX XAPAKTEPUCTHUK:

ec/IM /Ba IOJIOCA ONEepPaTOPHON (PYHKUMH KOMILIEKCHO-

CONpPS’KeHHbIE, TO [BYM  CJaraeMbIM  COOTBETCTBYeT



rapMoHudeckasi (QyHKOusi ¢ YyObIBalomieil mo 3JKCIOHEHTe
aMILINTY/I0M, T.e. PoIecC UMeeT KoJledaTe/IbHbII XapakTep.

B paccmoTpeHHBIX — BapuaHTax ~ IOpUMEpa  pacueTra  IEpPEeXOJHbIX
XapaKTepUCTUK BHUJHO KaK MEHSETCS XapakKTep MNEpeXOJHOro IMpolecca Mpu
M3MEHEHUH BUJA MOJIOCOB ONEPATOPHON MEepeAaTOUHON PYHKIUY.

B 3akito4eHun T€Mbl PaCCMOTPUM MPUMEHEHHE HU3JI0KEHHON METOAMKU K
pElIECHUIO0 KOHKPETHOM 3aJ1auH.

Ipumep 7.5. Paccuumame u nocmpoums nepexooHyro Xapakmepucmuxy
ebixoono2o  Hanpsicenus N (1) = Uppx(?) ronebamenvnoco kommypa,
8bINOJIHEHHO20 HA OcHoge mpancgopmamopa. lIpunyunuanvuas cxema u cxema

3amewerusi Kohmypa uzoopasxcenvl na puc. 7.11 u 7.12 coomeemcmeenno. L, = L,
=10°%7u, M =10"Tn, C =10° ®, R = 100 Owm, e(t) = 1(t) B.

Tp
SET
o

Puc. 7.11

N

Puc. 7.12

Pewenue. BeiBenem Gopmyiy orepaTopHOM MEPEXOTHON XapaKTEPUCTHKH
METOJIOM KOHTYPHBIX TOKOB. B cxeme 3aMeleHusi Ba HE3aBUCHMBIX KOHTYpA.
OHM TIOKa3aHBl CTpeiIKaMdu. B kadecTBe BO3ICHCTBHS BO3BMEM HCTOYHHK
enuanyHor crynenuaroir DJIC e(t) + E(p) =1/p. BeixomHoe HampsbKeHHE
IPOTNOPIMOHAILHO KOHTYPHOMY TOKY |y U conmpoTuBieHuio eMKocTH: Uggi(p) =
I,,/pC. CocTtaBUM CUCTEMY KOHTYPHBIX YPaBHCHHIMA

(p(L, —M)+ pM) - pM HIM}_F/p}
- pM (R+p(L, =M)+pM +1/pC) | |1,, 1o |

B pesynbrare pemieHus CHUCTEMBI YPaBHCHHH ITOJIYYHM aHATUTHYCCKHE

BBIP@KCHUS KOHTYpHOTO TOKa |l W BeIXomHOro HampsbkeHus Ugp(p) —

OINIEPATOPHOM MEPEXOTHON XAPAKTEPUCTUKHI

M
M2y a2 '
p[C(LlL2 M“)p +L1CRp+ LJ

1U(p)=

HOJICTaBI/IM S3HAYCHHUA TMapaMCTPOB 3JICMCHTOB. HOJ’Iy‘II/IM YUCICHHOC

BBIPKEHUE MEPEXOTHON XapaKTePUCTUKU HATIPSKEHUS

1010 M
(== () (7.23)
p(p? +10°p+10tty PN (P)
3namenarens Beipaskenns (7.23) N(p) = pNi(p) = p(p® + 10°p +10M)

SIBJISICTCS TTOJIMHOMOM TpeTeit creneHu. CienoBarenbHo, QyHKIUA Ny, (P) umeeTt




TPH TIOJIFOCA, U3 HUX OJIUH — HYJEeBOU P> = 0 M Ba — KOMIUIEKCHO-COTIPSIKCHHBIX
P23« = — 50000 % j312250. [ToaToMy OpWTHHAI TEPEXOTHOW XapaKTEPUCTHKH
HY>KHO oTpeensiTh 1o hopmye (7.9).

M(p) = 10"; Ny(p) = p* + 10°p + 10; M(0) = 10™%; N;(0) = 10'%; dN,(p)/dp
= 2p + 10°. Tocie MOACTAHOBKH YHMCICHHBIX 3HAYCHHIl TOMIOCOB M YHCICHHBIX
npeoOpa3zoBannii B ¢dopMynax  TOJXYYUM  BBIPOKECHHE  TEPEXOHOMN

XAPAKTCPUCTHUKH.
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Ussui
MakcumanbHOE BpeMs ISl YUCIICHHOTO pacueTa XapaKTePUCTUKU PAaBHO
tmax = 5 / 50000 = 10 cex. Illar cuera ompexgennm mo dopmyie (7.22) At =2 m/
(8'w)=n/(4312250)~2.5-10" c.
[lo pesyibraTaM  d9HCICHHOTO  pacdera -

h(t)

TepexoiHas XapakTepHCTHKA IPEICTaBICHA HA PHUC.  0.15
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0.1 —r
o W
HampsOKCHUSI Ha CEMKOCTH HMCCT KoJieOaTeIbHBIN I IU
0.05

xapaktep. KoneOarenbHBIN Mpoliiecc €O BpPEMEHEM
105.
o510°t 0

tx10° c.

25 50 7.5 10.
Puc. 7.13

3aTyXacT 110 3aKOHY OKCIIOHCHTHI —






