1. POPMHUPOBAHNE MATEMATHWYECKON MOJIEJIU CAY B BUJE
JIUODEPEHLIMAJIBHBIX YPABHEHUM U TIEPEJJATOYHBIX ®YHKIIUNA

1.1. KpaTkue cBeieHUSI U3 TEOPUH

[Ipomecchl B 1000 TUHAMHYECKOM CHCTEME B OOIEM ciydae MOTYT OBITh

onucanbl AU PepeHnanbHbBIM YpaBHEHHEM N-TO MOpsiIKa BUA:

n n-1
an dLrSt) + an—1 d ¥E )
dt dt"

d™x(® ,, 4™

e b, d”‘l +...+bx(t), (1)

+...+a,y(t)=h,

riae X(t) — BXoaHO#M curHai (BHEIIHEE BO3/ICHCTBHE);
y(t) — BBIXO/IHOW CUTHAJ (PEaKIUs CUCTEMBI);
aj, bj — koadPurMenTs! ypaBHeHUs, TOCTOSHHBIE IJIsI IMHEHHBIX CTAllMOHAPHBIX
CUCTEM.
st Toro, 4ToOBl COCTABUThH YPAaBHEHUS TMHAMUKH IIPOILIECCOB B AJIEKTpUYE-
CKOHM cXeMme, MOKHO BOCHOJIb30BaThcs 3akoHaMu Kupxroda. OCHOBHBIMH 3JI€MEHTA-
MU pacyeTHOW (MPUHIMIHAIBHON) CXEMBI AJIEKTPUUECKON 1M MEPEMEHHOTO TOKa
(B oO1eM citydae) SIBJISIIOTCS PE3UCTOPHI, PACCEHBAIOIINE AIEKTPUUECKYIO YHEPTHUIO,
KaTYyIIKd WHIYKTUBHOCTH, XapaKTEPU3YIOIINEe WHEPIIMOHHBIC CBOMCTBA CHUCTEMBbI, U
KOHJICHCATOPhI, CIIOCOOHBIE 3amacaTh JIEKTPUUYECKHUM 3apsi, a BMECTE C HUM U IO-
TEHIUAIBHYIO SHEPTHIO.
st popMupoBaHusT MaTEMATHYECKON MOJEIN TWHAMUYECKHX IMPOILIECCOB B
MEXaHMUYECKON CHUCTEME MTPUMEHSIOT METO JJis 3HEpruii (ypaBHeHue Jlarpanxa 2-ro
pojaa) WM ISl CUi, AEHUCTBYIOIIMX B CUCTEME Ha KaXKIbli ee sneMeHT (Meron [a-
nambOepa — Jlarpanka, Ha3pIBa€MbI OOIIMM ypaBHEHHEM IuHaAMUKH). KommnuecTBo
000O0ILIEHHBIX KOOPJAUHAT, a CJIECOBATENbHO, U YPABHEHUN B CUCTEME, ONPEACIISIECTCS
YHUCJIOM CTEeNeHel cBOOO bl B pacCCMaTPUBAEMOM pacUeTHOM CXEMe.
Ecnu npunamuka cuctemsl 3ajaHa ypaBHeHuem (1), To, mpeoOpa3oBaB €ro 1o

Jlamumacy, mosyduM BhIpaKEHHUE B OTIEPATOPHOU dhopme:
as"(s)+a,s"Y(s)+...+a,Y(s)=h s"X(s)+b ST X(S)+...+b,X(s), (2)

OTKYJla MOXHO BBIPA3UTh MEPENATOUYHYI0 (PYHKIMIO B BUJE OTHOUICHUS ABYX IOJIU-

HOMOB:



Y(S) b,s"+b, s" +... 4D
X(s) as"+a S"t+..+a,’

W, (8) = 3)

rae X(S) u Y(S) — n300pakeH1e BXOAHOI'O U BBIXOHOTO CHTHAJIOB.

1.2. Ilpumepsbl penreHus 3a1a4

Ilpumep 1. Onpenenuts cuctemy aud@epeHuanbHbIX ypaBHEHUH TUHAMUKH
AIEKTPUUYECKON CHCTEMBI, 3aJJaHHON MPUHITUIIHAIBHON CXeMOH Ha puc. 1; HalTH Tie-
penarounbie (YHKIUH IS BBIXOIHBIX CUTHAIOB €5(1) u I5(t) mo BxoaHOMY BO3IEHCT-
Buio €1(t).

a

Puc. 1. [IpunnunuansHas cxema 3JIeKTpUUECKON LEn: UCXOIHAs (a) U
C UCTOJIb3YeMbIMU B pelIeHUH 0003HaueHus MU (0)

Pemenue.

BeImonHuM HEeKOTOpbIe ocTpoeHus Ha cxeMe (puc. 1, 0), KOTOpbIe HaM TIOHAa-
N00sTCS B JaJIbHENIIeM JUIsl pelieHus 3aaaun. CHavajga OTMETUM Y3JIOBbIE TOUKU A,
B, C, D, E, F u nannpaBnierns TokoB B y3i1e B. CoriracHo nepBomy 3akony Kupxroda

BXOJIHOM TOK B y3eJ B paBeH cymMe BBIXOJSIIUX U3 HETO TOKOB:
il(t) = i2 (t) + i3 (t) (4)

CootHorienue (4) cnpaBeyinBo U A y3ia E.

Tenepr 0003HAUUM TPH KOHTYpA, YTOOBI BOCIIOJIB30BATHCS BTOPBIM 3aKOHOM
Kupxroda u coctaBuTh ypaBHEHUS IS MaJCHHUS HANPSHKCHUS BIOJb KaXIOTO U3
KOHTYPOB, MOJIB3YACh cooTHOIeHUsIMH (5) — (7) u3 pabotsl [3]. [Ipu 3TOM 3aMKHY-
TBIM siBJIsieTCsl TOJIbKO KOHTYp |l. BoiOepem HampaBieHust 00xojja KOHTYPOB, KaK I0-
Ka3aHO MYHKTUPHBIE CTpesNKkaMu Ha puc. 1. Eciu HampaBieHue Toka COBIAAaeT ¢ Ha-
npaBlieHHEeM 00X0/1a, TO MaJCHNE HAMPSDKEHUE Ha AJIEMEHTe, Yepe3 KOTOPBIH MmpoTe-
KaeT 3TOT TOK, OEPETCS CO 3HAKOM «+», B TPOTHBHOM CITy4ae — CO 3HAKOM «—».



B xoHType | mameHue HampspKEHUsS MPOUCXOIUT TMOCIEAO0BATEIHHO Ha PE3HC-
tope R, karymke L; (4epe3 HUX mpoTekaeT TOK I;) U koHzaeHcaTtope C; (TOK I3) U B
CyMMeE €ro 3Ha4eHHE PaBHO BXOJHOMY HANpsOKEHUIO €; (HampaBlieHHE BCEX TOKOB
coBIajiaeT ¢ 00xoa0M KoHTypa). B kouType |l (3amMKHYyTOM) CyMMapHOe IaJiecHHe Ha-
npsbkeHus Ha KoHaeHcaTope Ci (Tok i3 ), koHmeHcaTope C,, pe3uctope R,, Karyiike
L, (Be3me TOK i) paBHO HYJIIO (TOJBKO TOK I3 HampaBlieH IPOTHB 00X0/1a KOHTypa). B
koHType |l mogpaszymeBaercs, 4To najgeHue HanpsHKEHUs Ha pe3uctope R, u kaTym-
ke L, paBHO BBIXOJTHOMY HANPSKEHUIO €.

CuuTaercs, 9T0 BXOJHOE HaNpsDKEHUE € 3a/1aH0 (u3BecTHO). Toraa mocmie coc-
TaBJICHUS YPaBHEHHH IS TPeX KOHTYPOB IO BTOpoMY 3akoHY Kupxroda okaxkercs,
YTO HEU3BECTHBIX YEThIpEe (TPU TOKA M BBIXOJIHOE HAIPsLKCHUE €;). ClleoBaTeIbHo, K
MOJTy4Y€HHBIM TPEM YPaBHEHUSAM HEOOXOIUMO J00ABUTH €Il OJHO — JJIsl TOKOB, IO-
Jy4eHHOE COTJIacHO MepBoMy 3akoHy Kupxroda. 1o ypaBHeHue (4), ero Mbl 3amu-
IIIEM TPETHUM B CHCTEME:

e.(t) = Ri,(t) + L1d| () |

1.
E j i, (t)dt;
:——ju (t)dt+—j| (t)dt + R,i, (t) + L,

b (1) =1,(1) +15(1);

diy(t).
dt 6)

e,(t) = Ryi, () + L, 321

Wtak, cocTaBieHa cucTeMa ypaBHEHUI, OMUCHIBAIOIINX JUHAMUKY JIEKTpHUE-
CKOM cucTeMbl (OHM SBIAIOTCS qudPepeHInanbHO-UHTErpaIbHbIMK). OUYEeBUAHO, YTO
nocjenHee ypaBHeHUE cUCTeMbl (D) sBISIETCS €IUHCTBEHHBIM, KOTOPOE COJCPIKHT
CUTHAJI €, KOTOPBIN CBSI3aH HEMOCPEACTBEHHO C TOKOM I, ClieZioBaTebHO, TIEPBhIC
TPU ypaBHEHHUS MOTYT OBITH peIIeHbl 0€3 pacCMOTPEHUs! MOCIEIHEro, OJHAKO OHO
HaM HEOOXOAMMO JJIsl OTIpEIeNICHUsI UMEHHO CUTHAaJa €.

YroObl HaWTH TepeaaTouHble (YHKIMH [T CUTHAJIOB €, W Iy, MOTpeOyeTcs
npeoOpa3oBath JEBbIE U MpaBble YaCTU ypaBHEHUM cuctemsl (5) no Jlamnacy, nomib-
3ysCh ero cBorictBaMu u cootHornenusMu (8) — (10) u3 padots! [3], a 3aTeM onpee-
JUTh W300paKEHUS YKa3aHHBIX CUTHANOB. [lociie BBIMONHEHHBIX MpeoOpa3oBaHUIA

CUCTEMa B OTIEPATOPHON (popMe IPUMET BUI:
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N
EL(5) = RL(5) + LS () + 15 (6)

1

1 1 '
O_—C—ls|3(S)+C—ZS|2(S)+R2|2(3)+LZS|2(S)’ (6)

1,(8) = 1,(8) + 15(5);

E,(s)=R,1,(s) + L,1,(s).

YMHO%kUM niepBoe ypaBHeHue Ha C;S, a Bropoe — Ha C1C,S u, r1ie 3T0 BO3MOXK-
HO, BBIHECEM TOKHU 3a CKOOKH KakK 00II1e MHOKUTEIH:

[CsE,(5) =[ C.LS? + CRs |1,(5) + 1,(5);
0=—C,l4(s)+|[ C,L,C,8* + CR,C,5+C, |1,(s);
1, (s)=1,(s) + 15(s);

[E,(8) =[L,s + R, ]1,(5).

(7)

[Tocne nmpumMeHeHus:i nmpeoOpa3oBaHUs HEOOXOIUMO PEIIUTh CUCTEMY JIUHEH-
HbIX anreOpanyeckux ypaBHeHuil (CJIAY) oTHocHTENbHO HM300paXKEHU MCKOMBIX
curHanoB. CHauasa penmM NepBbie TPU YpaBHEHHs U ompenenum Tok I,(S). 3arem,
MIOJICTABUB MOJYYEHHOE BBIpaKeHUE sl TOKa |5(S) B yeTBepToe ypaBHEHHE, HaiieM
Hanpspkenue Ex(S).

bynewm pemats cucremy meronom Kpamepa. st 3T0oro B nepByro ouepennb Ie-
peHeceM HEM3BECTHBIE TOKU B JIEBYIO YACTh YPAaBHEHHUI CUCTEMBI, 4 U3BECTHOE BXO/I-

HO€ HAIIPSHKEHUE — B IIPABYIO:

[C.Ls* +CRs |1,() + 13(s) = CSE(s);

[ CL,C,s* +CR,C,5+C, [1,(s) ~C,l4(s) =0; (8)
—1,(s) +1,(s)+ 1,(s) =0.

[Tocne aTOTO BBEZIEM BEKTOpP HEM3BECTHBIX TOKOB | (S) cremyromum oOpa3om:

1,(s)
[(s)=| 1,(s) |. 9)
1,(s)



Jlasiee cocTaBUM MaTpuily U3 KO3(D(HUIMEHTOB MPH TOKAax: KaKaas CTPOKa
MaTpHIbI COOTBETCTBYET YpPABHCHHSAM CHCTEMbI (8), NMpUBEIECHHBIM B COOTBETCT-
BYIOIIIEM TOPSIKE, a JUIs 3alOJHEHUS CTOJIONOB KO3()(MHUIIMEHTHI IPU TOKAaX BHIOMpa-
FOTCS B TOM K€ HOpSIAKe, 4TO 1 B BekTope | (S), T. e. cHauana — 14(S), a 3atem 1,(S) 1
I5(S). Eciiu Hy>KHBIN TOK B ypPaBHEHHH OTCYTCTBYET, 3TO O3HAYAET, 4TO KOI(D HUIIHEHT

nepea HUM paBeH Hymo. MTak, mogyduM MaTpuIly CONMPOTUBIICHUN CUCTEMBI:

C,Ls’*+CRs 0 1
Z(s) = 0 CLC,s’+CRC,s+C, -C, |. (10)
-1 1 1

YMHuoXkas Matpuily Z(S) Ha BekTop | (S) IO mpaBHiaM MaTpHUHOI anreGpel,

MOJIYYMM BEKTOP, CTPOKH KOTOPOT'O COJICPKAT JICBYIO YacTh ypaBHEHUH cuctembl (8),

T. €. 9TY CUCTCMY MOZKHO IIPCACTABHUTHb B BUAC OAHOI'O MAaTPUYIHOT'O YPABHCHUA:

Z(s)I(s)=E(s), (11)
C].SEl(S)
rne E(s)= 0
0
Pemrenne mns toka I(S) mo merony Kpamepa Oyaer paBHO OTHOIIECHHIO JBYX
OIpeIeITUTeNeH:
Z£(9)
I, (s)= %: (12)

rIie |Z(S)| — onpezaenutens marpuiibl (10);

‘Z(Ez) (S)‘ — OMPEACIUTEIb, B IIEJIOM COBIAAIOIIHA C |Z (S)| 3a UCKJIFOUCHUEM OJI-
HOTO CTONOLA: TAK KaK HCKOMBIH TOK |,(S) yKa3aH BTOpbIM 10 cueTy B BekTope | (S),
TO B ONPEJICIIUTENIEC |Z(S)| BTOpOM cToJOel (yKa3aH Kak (2) B BEpXHEM MHIACKCE) 3a-

MEHSIETCS Ha BEKTOpP MPaBOi YacTH ypaBHEHHUs E(S)(moka3aHO B HMIKHEM HMHIICKCE

OTpEACTNUTEIIS YUCTUTEIS).
Tax kak onpeenuTenb 3HAMEHATEIsI UMEET Pa3MEPHOCTh 3%3, TO 1Jist ynoocTBa

PAcCKpOEM €ro 1o MepBOi CTPOKE (OHA COJIEPKUT BCETO JBA HEHYJIEBBIX JJIEMEHTA):
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C,LC,s*+CRC,s+C, -C,
1

0 CLC,s?+CRC,5+C,

-1 1

+

Z(s)| = (-D)**[C,Ls* +CRs |

(13)

0 -C
+(_1)1+2 'O"_l l 2

+ (_1)1+3 1 ‘

B Boipaxkenun (13) BTOpoe ciaraemMoe paBHO Hymnt0. PackpbiB ompenenuTenu

2%2 B OCTABIIMXCS CIAra€MbIX, MOJYYUM CIICIYIOIIUN PE3yJIbTAaT:
Z(s)|=[ C,Ls* +CRs | CLC,8* +CR,C,5+C, +C, |+ CLC,s* +CR,C 5 +C,. (14)

PackpbiB ckoOKH B BhIpaskeHuH (14), CrpyImupoBaB €ro Mo CTEIEHSIM S U BbI-
Hecst Ko durment C; Kak 00T MHOKUTEIb, TTOJTYYHUM:
‘Z (S)‘ = Cl[LlClLZCZS4 + (R1C1L2C2 +LCR,C, )83 +

(15)
+(LC, +LC, +LC, +RCR,C,)s’ +(RC, +RC, +R,C,)s +1].

BBeaem o00o3HaueHust KO3()PUIIMEHTOB MPU CTENEHSAX S U C YYETOM ATOrO 3a-

IMUIIICM:

Z(s)|=C,| a,s* +a,5° +a,5° +as+a, |, (16)

rre ,=LCLC,; & :(R1C1|—2C2 + L1C1R2C2); a, :(L1C1 +LC, +L,C, + R1C1R2C2);
a z(Rlcl +RC, + chz); a, =1.

Teneppb packpoem ONpeneanuTeNb YHCIUTENS:

CLs*+CRs CsE/(s) 1
22 (s)|= 0 0 —C,|=C,C,sE,(5). (17)
-1 0 1

[loxcraBuB nosyyeHHbIE BhIpakeHust st onpenenureneit (16) u (17) B hopmy-
1y (12), moTyduM COOTHOIIIEHUE MEX/Ty BBIXOJHBIM TOKOM |»(S) M BXOIHBIM HampsiKe-
aueMm E;(S):

C,C,sE,(s) C,s
4 3 2 P 3 2
Clas'+as’+as’+as+a,| as'+as’+as’+as+a,

|2(S)=

E,(5). (18)

Onpenenum repeaaTounyro GyHKIU 11 Toka |(S) kak oTHOIIeHHe n300pa-

YKCHUM BBIXOHOI'O CMI'Hajla K BXOJHOMY:
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1,(s) _ C,sE,(s)
ES) E(s)]as'+as’+as’+as+a,|

W, (s) = (19)

COKpaTI/IB MHOKUTCIIb El(S) B YUCJIMTCIIC U 3HAMCHATCIIC, 3allMIIIEM OKOH4Ya-
TeNbHOE BHIPAKEHHE TepejaTouHoi GyHKIMM st Toka l5(S), comepikaliee TOIBKO 13-
BECTHBIE TIAPAMETPHI DIIEKTPUYECKON LETIH:

C,s
4 3 2 '
a,s" +a,8° +a,5" +a5+3, |

W, (s) = [ (20)

[Tepenarounyro (HyHKIHEO JJIs1 BBIXOJHOTO E»(S) HampspKeHMs OnpeneiuM aHa-
JIOTHYHBIM 00pa30M, YUUTBIBAs TIPU 3TOM CBSI3b MEXKY HaIpsbkeHUueM E;(S) u Tokom

15(S), yka3aHHYIO B UETBEPTOM ypaBHEHHH CUCTEMBI (7):

E,(s) _ [L25+ Rz] 1,(s)
E,(s) E,(s)

Takum 00pa3om, MOJTy4rM OKOHYATEIBHBIN OTBET:

W, (s) = =[Ls+R, W, (s). (21)

2
[Ls+R,]C,s _ L,C,s*+R,C,s
as*+as’+as’+as+a, as'+as’+asit+as+a,

W, (s) = (22)

Ipumep 2. Onpenenuts s Cay4asi MalbIX KoyieOaHui cuctemy nuddepen-
HAAIBHBIX YPAaBHEHUM JWHAMHUKMA MEXAaHWYECKOW CHCTEMBI, 3aJJaHHOW pacyeTHOU
CXEMOU Ha pHuC. 2; HAlTH TepeJaToOuHble PYHKIMH AJ11 000OIICHHBIX KOOPAUHAT Z U

¢ TI0 KHHEMAaTHYECKOMY BO3MYyIeHuIo 1\(t).

() 0 ¢ ;
E
B1 I €1
Bl\l/ a : [:gz A\J‘J a i bggk
h m’\] '{r\ m"\]
Mo & v "0 = ol v
< Z
(Pk C2: a B2 (Pk (6] 2 fBZ
H

a 0

Puc. 2. PacueTHas cxema MEXaHUYECKOW CUCTEMBI: UCXOAHAs () U
C MUCIOJIb3YEMbIMHU B pelIEHUH 0003HaueHUsIMHU (0)
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Pemenue.

[Tomyuum cuctemy nuddepeHuanbHbIX YpaBHEHUH TUHAMUKNA MEXaHHIECKON
CUCTEMBI C MIOMOIIBI0 YpaBHEHUs Jlarpanka BToporo poaa. Heooxoaumo Oyner cBs-
3aTh AedopMaluil YOpyruxX U JAUCCUIIATUBHBIX CBSI3eH (M MX CKOPOCTH) ¢ 00001IeH-
HBIMU KOOpAMHATaMH, [103TOMY 0003HAYMM TOUYKH 3aKpEIJIEHUsI NTOJIBUXKHBIX CBS3EH
oyksamu A, B, C, D, E, F, G, H, xak moka3aHo Ha puc. 2, 0.

OnpenenrM KMHETUYECKYIO SHEPIHIO BCEM CUCTEMBI, COBEPIIAOIIEH IUIOCKO-
IIapajuIeNIbHOE IBUKEHUE!

T=imzilye (23)
2 2

Jlanee HaMm TMOHANOOSATCA BBIpAKEHHUS I ompenesieHus aedopmaruii mo-
BW)KHBIX CBSI3€H B CHCTEME. B JaHHOM 3a/aue BCE CBS3U OPUEHTUPOBAHBI BEPTUKAIIb-
HO, MOATOMY MX Jedopmalriui OyayT MpOeHUPOBAThCS HA OCh Z, TaK KakK JIs ClIydast
MaJIbIX KOJICOAaHWH WX TOPU3OHTAIBHBIM CMEIICHUEM MOXHO TpeHeOpedb. [Ipu aTom
cleayeT y4ecThb, YTO TPHU M3 BOCbMHU 0003HaYCHHBIX Touek HenoaBuxkHbI (F, G u H) u
HE BIHSIOT Ha Ae(OPMAIHMIO CBI3AHHBIX C HUMH 3JIEMEHTOB (TIEPEMEITICHUE ITUX TO-
Yyek OyJieM 3a/1aBaTh paBHBIM HYJIIO).

Jlanee crnemyeT BBIOpAaTh 3HAK ISl Pa3HBIX BUAOB AchOpMalMH: HapuMep,
pacTsHKEHUE DJIEMEHTOB CBSI3M OYyJIeM paccMaTpyBaTh KaK MOJOKUTEIBHYIO nedop-
MallMIo, a CKaThe — Kak OTpHUIaTeNbHyt0. {151 yrpyrux 3JIeMEHTOB HaC UHTEPECYET
cama nedopmarus, a A AeMIPUPYIOIMHAX — €€ CKOPOCTh. Temnepb, yUYUTHIBAs, UTO
OCh Z HamlpaBJIeHa BHU3, OMpENEIUM JaepopMallud WM UX CKOPOCTH JJISl YEThIPEeX
CBsI3CH B CHCTEME uepe3 KOOpJAWHAThI 0003HAYCHHBIX ToueK. Hampumep, mepemere-
HUE BHU3 TOYKU A pacTAruBaeT IeMIIPUPYIONIYIO CBs3b 31, a Touku E — cxumaer ee;
TO € COOTHOIIICHHE XapaKTePHO W JUIsI CKOPOCTH nedopmariuu, 4To OTPaKEHO B
MIEPBOM YPAaBHEHUU CHCTEMBbI

Am:ZA_ZE;
A.=2,—17.;
cl B F. (24)
AC2:ZC—ZG,
_AM:Z'D—Z'H.

OTMeTHM, YTO JJIsS HENOJBHXKHBIX To4YeK Zp =Z; =Z,, =0. Ha mepemerenue
Touku E BiamseT Tonpko kuHemaTHdeckoe Bo3aeiicteue n(t), T. e. Zo =n(t). Touka C

pacojioK€Ha HEIMMOCPECACTBCHHO IO HEHTPOM MaAcCC, ITO3TOMY IMOBOPOT TCJIa BOKPYT
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IIEHTpa Macc He BIMET Ha ee mepeMelneHue, u Toraa Z. = z(t). Ilepememmenue oc-

TaJbHBIX TOYEK 3aBUCUT HE TOJBKO OT IOCTYNATEJBHOIO JABM)KEHUS LIEHTpa Macc Z,
HO M OT yTJjia MOBOPOTA () BOKPYT HEro, KOTOPBIA HY’KHO MPUBECTU K JIMHEHHOMY T1€-
PEMEILIEHUIO, BOCIIOJIb30BABILINCH 33/IaHHBIM PACCTOSTHUEM OT LIEHTpa Macc J0 yKa-
3aHHOW TOYKH (CIEIYyEeT OTMETHUTh, YTO IOJOKUTEIBLHOE HAMpPABICHHUE MMOBOPOTA —
IPOTUB XOJa YAaCOBOM CTPEIKU — MPUBOAUT K PACTSHKEHUIO 00€MX AeMI(PUPYIOLUINX
CBsi3el 1 U B, M CKATHIO YIPYTOW CBSA3H Cp, YTO MPHUBOIUT K PA3UYMIO B 3HAKAX B
BBIDOKCHUSAX UL JedopMarmii COOTBETCTBYIOIIMX CBs3eH WIIM MX CKOPOCTEH):
2, =2(t)+ap(t), zz =1z(t) —bo(t), 2z, =12z(t) +ap(t).

Y4uuThiBas OINKCAHHBIC BBIINIE COOTHOLIEHUS, OINPENEINM JHCCHUIIATHBHYIO
(YHKILIHIO CUCTEMBI:

= % BAZ + %BzAéz = %Bl[Z'(f) +ap() -] + %Bz [20)+ad(®)]  (25)

Y MMOTEHIUAIBHYIO SHEPTHUIO:

1

H2501A§1+ L

, 1 2 1 2
EczAczzzcl[Z(t)_b(P(f)] +Ecz[z(t)] - (26)

Teneppr HEOOXOAMMO HAWTH COOTBETCTBYIOLME YACTHbIE MPOU3BOAHBIE IIO
0000ILIEHHBIM KOOPAMHATAM WJIM MX CKOpocTH. Ilpu 3TOM, KOrjga ompenensieTcs: ya-
CTHas MPOU3BOAHAA 10 OJHOM M3 KOOPAMHAT, BTOPasi CYUTAETCS IOCTOSTHHOM BEJIU-
yuHOM. KpoMe Toro, st KWHETUYECKOW DHEPTMU MOMHUMO YaCTHBIX ITPOU3BOJIHBIX
CJIElyeT HAlUTH MOJIHBIE TPOU3BOIHBIE [0 BPEMEHU OT MOJYYEHHBIX BbIpakeHui. On-
peAeNiaTh YacTHbIE MPOU3BOAHBIE OYJEM OT CIOXHBIX (YHKUHUNA MO COOTBETCTBYIO-
LIEMY IIPaBUILY:

E(GTJ d{g(lmzﬁi\lfpz _d4 2-3m2+0}:%[m2]:m2; (27)

dilez) dtjaz\2 277 )| dt|” 2

d(eT) dlo(1 ., 1..,\| df 1.1 di..; ..

afat)_9yortl e i =% 042236 = 1301206 (28

dt(&p) dt[@c’p(Z 2" )Tt T2 (p} g 01= I8 28)
2 2.2, [200) + 20) - (0] =20 + 200 - n(®)] +

+2%[32[z(t) N a(p(t)]%[z'(t) +ap(t)] =B,[2(t) + ad(t) ~n(t)]-[L+0-0]+ (29)
+B,[2(t) +ap(t)]-[1+0] = (B, + B,) 2(t) + (B, + B, ) ad(t) — Bn(t);
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oD . L., e O o
5—2 2ﬁl[z(t)+acp(t) n()] aq)[z(t)+aup(t) n(®]+

2. %Bz [2(t) + aq)(t)]%[z(t) +ap(t)] =B, [2(t) + apt) —n(®)]-[0+a—0]+ (30)

+B,[2(t) +ao(t)]-[0+a] = (B, +B,)az(t) + (B, +B,)a’p(t) - Ban(t);

&6 [20-bp(0)]- €~ 0+, [20] 1= (e +c)z0 ~cbe(: (3D
‘Z—” =¢,[2(t) —bo(t)]- (0—b) +¢, [ 2(t)]- 0 = —c,bz(t) + che(t). (32)
¢

Pesynbratel, nmonydeHHsie myteM AuddepeHnpoBaHusl 0 KOOPAUHATE Z WU
€€ CKOpOCTH, OyIyT ClIara€MbIMU B JIEBOM YAaCTH MEPBOTO YpaBHEHHs cUCTEMBI (36),
0 () — COOTBETCTBEHHO BTOpOro. Onpenennm 0000IIEHHBIE CUITBI I KaXI0H KOOop-
nuHaThl. /{751 aTOro Oynem moodyepeaHo 3ajaaBaTh Majaoe (BO3MOXKHOE) MEepEeMEICHUE
0 Ka)KJI0M KOOpJIMHATE, B TO K€ BPEMs BTOPYIO KOOPJIUHATY NMPUPABHUBAS K HYIIIO,
1 CYMMHPOBATh pabOTy BCEX CHUJI U MOMEHTOB CHJI, ICUCTBYIOIIUX HA CUCTEMY:

8p=0; A, =Q,52=0-52+M (t)3p=0; (33)
52=0; 8A,, =Q,5p=0-52+Mt)dp=M ()5¢. (34)

N3 Beipaxkenus (33) ciemyeT, 4To B IEPBOM ypaBHEHHH 0000IIIeHHAs cuia 0y-
JIeT paBHa HYJIIO, IOCKOJIbKY MOMEHT CUJIbI HE COBEpIIaeT paboTy Ha JUHEHHOM me-
PEMEIICHUN, a aKTHBHBIX CHJI, MPHJIOKEHHBIX K cucreme, HeT. M3 dopmynsl (34)
MOKHO OINPENETUTh 0000IIEHHBIA MOMEHT CUJI, KOTOPBIM OyJIeT B MPaBOM YacTH BTO-

poro ypaBHeHHUs cucTeMbl (36) (3T0 ypaBHEHHE MOMEHTOB CHUJI):

Q,=M(t). (35)

WNrak, noxcraBuB NOJTyYEeHHBIE PE3YyJbTaThl B ypaBHeHHE Jlarpanka BTOPOro
poJia, moyiyuum cuctemy AudpepeHunanbHbIX ypaBHEHUN JUHAMUKA CUCTEMBI:

{m2+(ﬁl+62)z‘<t>+(ﬁl+Bz)a¢<t>—ﬁm(t)+(c1+c2>z<t)—c1bcp<t)=o;
JH+(By+B,)az(t) + (B, +B,)a’p(t) —B,an(t) — cz(t) + cp’p(t) = M (t).

B monydennoit cucreme (36) kumHemartndeckoe BosaercTBue 1(t), Kak U MoO-

(36)

MEHT, SBJISICTCS BXOJIHBIM CUTHAJIOM, TIO9TOMY TIEPEHECEM €ro B IIPaBYyIO YacTh ypaB-
HeHUM cucteMsbl (36) u mpeoOpazyem ux:
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{mz+(Bl+Bz)z<t>+<c1+cz)z(t)+(Bl+Bz)a¢(t>-Clb<P(t)zﬁm(t); (37)

Jp+ (B, +B,)a’p(t) +ch’o(t) + (B, + B, )az(t) —cbz(t) = M (t) + B,an(t).

UtoOwl HaliTH TIepeaTouHble GYHKIIUU 1T 000OIIEHHBIX KOOPIWHAT, TIPE00-
pazyeMm ypaBHeHHs cuctembl (37) mo Jlamacy u BeiHeceM HM300pakeHHs] 0000IIeH-

HBIX KOOPpJAHWHAT KaK O6IHI/IC MHOXHWTCIIN:

[ ms? +(B,+B,)s+(c, +C,) |Z(s) +[ (B, +B,)as —cb | d(s) = B,Hs(s);

38
[(B,+B,)as—cb |Z(s)+ [Js2 +(B,+B,)a’s+ clbz]CD(s) =M (s)+ BlaHs(s).( )

Tak kak HaM HEOOXOJUMO OMNPENEIUTh MepeAaToyHble (YHKIUH 0 KMHEMa-
THaeckoMy BozaeicTBuio 1(t), To ciemyer mpunate M(t) = 0. [lanee xon pemeHus
AHAJIOTUYEH PACCMOTPEHHOMY B mpuMepe 1. OTnnuue 3akarodaeTcs B TOM, 4TO B Te-
KyILIEeH 3a7a4e ypaBHEHMM M HEU3BECTHBIX CUTHAJIOB Bcero nsa. Mrak, coctaBuM
MaTpu4YHOE ypaBHeHHe s ucxoanou CJIAY:

ms® + (B, +B,)s+(c, +¢,) (Bi+B;)as—cb ) (Z(s))_( BisH(s) (39)
(B, +B,)as—cb Js* +(B,+B,)a’s+cb? | (d(s)) (B,asH(s)
50051

A(S)Z(s) = B(s). (40)

Pemiennem ypaBHenusi (40) OTHOCHUTENBHO OOOOIEHHBIX KOOPAMHAT OymyT
CIEAYIOIINE BbIPAKEHUS:

A6)

Z(s 41

e )
[

D(s 42

O Aol )

T. €. OIIPpCACIINTCIIN 3HAMCHATCIIA IJIs o0enx KOOpAWHAT, KaK U B HpOH.U'IOﬁ 3agadc,

OJIMHAKOBBL:
A(s) =| ms’ + (B, +PB,)s+ (¢, +C,) ][ Js* +(B, +B,)a’s +cb’ |-
~[(B,+B,)as - clb]2 —a,s'+a;s° +a,5° +a,s+a,, 43
rae a, =mJ; a,=(B, +B,)(J +ma’); a,=mep® +J(c, +¢,);
a,=(B,+B,)(cb’ +ach+ (¢, +c,)a’); &, =c,ch’.
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[TonuHOMBI YHCIUTEIIS OIIPCACIIAOTCS CICAYIOMINMHU BBIPAKCHUAMMU

A9 (S)] =psH()[ 357 + (B, +B,)a’s + cb? ] -

(44)
—B,asH(s)[ (B, +B,)as —c | =s(bis® + b} )H(s),
rae by =JB,; b =p.cb(b+a);
‘Aéz) (s)‘ = BlasH(s)[ms2 + ([3l +B, )s +(c, + cz)} — 5)

—B,sH(s)[ (B, +B,)as —chb | =s(bys” +by )H(s),

rae by =mB,a; b’ =P, (a(c, +c,)+cb).

[ToxcraBiss mosrydeHHble BeipaxeHus (43) — (45) B hopmyinsl (41) u (42), no-
JYy4UM pEIICHHE OTHOCHTEIHHO OOOOIICHHBIX KOOpJIMHAT B OIEpaTOpHOW Qopme,
MOCJIC Y€TO MOYKHO OIPENCTUTh HCKOMBIC ITePEIaTOYHbIC (PYHKIIMHA CUCTEMBI:

W, (s)= 26 s(bis? + 1) (46)
UH(s) ast+asirasitasta,
w,, (5)= 28 _ s(bgs” +bf) (a7)

H(s) as'+as’+as’+as+a,
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