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B cmamve npeonosicenvt 06a nodxoda k onpedenenuio 9K8USAICHMHOU
nepeoamoyHol PyHKyuu OUHAMUYECKO20 36eHd, 0X6AYEHHO20 OOHO8De-
MEHHO U NONONCUMETLHOU, U OMPUYAMETbHOU 0OPAMHBLIMU  CEA3SIMU.
Tlepaulii n00X00 0CHOBAH HA NOCIE008AMETLHOM NPUMEHEHUU U3BECHTHBIX
npeobpazo8anuil UCXOOHOU CIMPYKIMYPHOU CXeMbl NPU HATUYUY MOTLKO
00H020 8U0a 0OpamHOU c643U. B 0CHO8Y 6MOpP020 NOOX00A NONOHNCEHO
AHATUMUYECKOE PelieHUe CUCTNeMbl U3 YemblpeX YPAGHeHuUll, nepeoe u3
KOMOPYIX onucviaem pabomy cyMmamopa-gublyumamesi, a nociedyro-
Wue mpu OnuUCHIBAOM npeodpasylowue CEOUCMEA CaM020 OUHAMUYE-
CKO20 38eHa, Yenu OmpuyamenbHol 0OPAmHOL C653U U Yenu NOAONCU-
menvHol 0bpamuoll céazu coomeemcmeenno. Ilocae nposedenus aneed-
paudeckux npeobpazoeanuil 06a no0xXo0da 0am 0OUHAKOBOE GbIPAINCCHUE
OJIsL UCKOMOUL pe3yTbmupylowell nepedamoytol QYHKyuu, uz Komopozo
u38ecmuvle GblpANCEeHUsT 051 IKBUBANECHMHOU NEPedamoyHol PyHKYuU
npU HATUMUU TMOJLKO 00HO20 8U0A 0OPAMHOU C813U Mo2ym Oblmb NOJy-
YeHbl KAK YACMHbLE CIYYAU, YMO 2080PUM O NPAGUILHOCTIU HOJYYEHHOU
pesyrvmupyroueti nepedamoyHol YHKYUU.

In this paper, two approaches for determination of equivalent transfer
function for dynamic member simultaneously embraced both positive and
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negative feedbacks are proposed. The first approach is based on sequen-
tial using of known algebraic conversions of the initial structure diagram
having only one kind of feedbacks. The second approach is based on ana-
Iytical solving system of four algebraic equations: the first one describes
summing-subtraction unit and the last three ones describe transfer prop-
erties of dynamic member and positive and negative feedbacks respec-
tively. After final algebraic conversions both approaches give the same
result equation that proves its corrects because two known equations for
transfer function with positive and negative feedbacks may be achieved as
particular cases of equation obtained in this paper.

Kniwouesvie cnosa: nepedamounasn Qynxyus, oOpamuas cesa3s, CMpyK-
MYPHASL CXeMa, OUHAMUYECKOE 36€HO, IKSUBAIEHMHOe NPeobpazosanue.

Keywords: transfer function, feedback, structure diagram, dynamic
member equivalent conversion.

BBEJEHUE

[lepenaTounble (yHKIMHM, BO3HHUKIINE HM3HAYAJILHO MPH HCCIICIOBA-
HUU 3JIEKTPUUECKUX U JJIEKTPOHHBIX CUCTEM, CeHYac MHUPOKO UCIOIIb3Y-
I0TCS M TIPH UCCIICIOBAHUN TMHAMHYECKUX CUCTeM aBToMobOwmneit [1, 2].
W3 sxBHUBaNeHTHBIX TPe0Opa30BaHMA, TO3BOJISIOMINX HAWTH PE3yIbTHPY-
IONIYI0 TEPEeNIaTOuHYI0 (DYHKIHIO JUHAMUYECKOW CHUCTEMBI, HanOoJjee
Ba)KHBI IPE0OPa30BaHNs, TO3BOJIAIONINE HAUTH NEPEIATOYHYIO (PYHKIIAIO
JTUHAMWYECKOTO 3BEHA IIPH €r0 OXBaT€ TOJBKO TMOJOKUTEIHHOW WU
TOJIBKO OTPHUIATEIbHON 00paTHOM CBsI3bI0. DTH CIIydal U3BECTHBI U pac-
CMOTPEHBI BO MHOTOYUCIICHHON JIUTEPATYPE IO TEOPUU ABTOMATUUECKOTO
yrpasienus [3, 4]. OnHako, 3ajaya HAX0XKJICHUS SKBUBAJICHTHOU Iepe-
JNATOYHON (PYHKIIMU TP OJHOBPEMCHHOM JCHCTBHM KaK TMOJIOXKHUTECIb-
HOM, TaK W OTPUIIATETFHONW 00pPaTHOM CBSI3M B M3BECTHHIX aBTOpaM JINTeE-
paTypHBIX HCTOYHHKAX HEe paccMaTpuBanack. B manHo# padoTe mpencras-
JIEHBI IBa BO3MOXKHBIX MOJXOJa K €€ PEIICHUI0 aHATUTHUYECKUM IyTEM,
MO3BOJISIONIUM IOJIYYUTh TOYHOE AIreOpandecKoe BRIPAXKEHUE JIJIS TTepe-
JTATOYHON (PYHKIIHU.

OCHABHA YACTD
[TycTs MCX0nHAsA CTPYKTYpHAs cXeMa TUHAMUYECKOM CUCTEMBI HUMEET
BH/I, IPEIOCTaBICHHBINA Ha puc. 1.
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Pucynok 1 — CTpykTypHast cxema BbIOpaHHOM CHCTEMbI
ABTOMATHYECKOT'0 PEryJIMPOBaHUS

[epenatouHyio QyHKIHIO 3TOI CUCTEMBI MOKHO HAWTH ABYMS CIIOCO-
Oamu.

Croco6 Nel. OcHoBaH Ha TIOCIIEOBATEILHOM TPUMEHEHUH H3BECT-
HBIX NpeoO0pa3oBaHUN HCXOTHOW CTPYKTYPHOH CXeMbl NpPU HAIWYUU
TOJIBKO OZIHOTO Buaa o0paTHOH cBs3u. Cpasy 3aMeHsAEM /iBa 3BE€Ha, 0XBa-
YEHHBIX OTPHUIIATEIBHON 00pPaTHOH CBS3BIO HA OJIMH, C SKBUBAJICHTHOH T1e-
penatouHoit ¢pynkuumeit (puc. 2) [1].
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Pucynok 2 — CTpykTypHas cxeMa 1mociie epBoro mpeoopa3oBaHus

X, 00/

r

3areM 3aMEHs€M OCTaBIIMECS JBA 3BEHA, OXBAYECHHBIX I1OJIOKUTEIIb-
HOW 0OpaTHOI CBA3BIO HA OAMH, C SKBUBAJICHTHOW MepeaaTouyHon (yHK-
uuei [1].

w.(p)
1+ W (p)-W,..(P) _ (1)
Wi(p) W,..(P)
L) W (p) W (D)

[Ipeobpasyem ypaBuenwue (1):
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W.(p)

W= : )
1+VVI(p)'VV:>0c(p)_I/Vl(p)'VVnoc(p)

Janee BboIHOCHM 3a cKoOku W,(p) U momydaeM OKOHYATEIbHOE 3Ha-

YeHHE MepeJaTOYHON (QYHKINN:

W W (p) _
1+ W (p)- W, (P) =W, (P))

3)

VYpoleHHas CTpyKTYpHasl cCXeMa CUCTEMbI IIPEeJICTaBICHa Ha pUC. 3.
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Pucynok 3 — YrpouieHHast CTpyKTypHast cxema

Crioco0 Ne2. B ocHOBY 3TOT0 crioco0a MmojIoKeHO aHAIUTHUECKOE pe-
IICHUE CUCTEMBI U3 YETHIPEX YPaBHEHHH.
CocTaBinsieM cHCTEMY YpaBHEHUI:

%(P) = X(P) = X (P) + Xy (D),
yi(p)=W,-x(p),

Xooe (P) =Woe (P)- 11 (D),

X0 (D) =W (P) - 11 (D)

4)

Hanee noncrasnsiem ypasHenue (4) B (1). B pe3ynbrare momydaem:

(P)=W(p)- (x5 (P) = X0 (P) + X,0e (D)),
Xooe (D) =W, (P)- ¥, (D), (%)
xnoc(p) = VVr{oc(p) yl(p)

[Tocne moacranoBku (2) u (3) B (1) momygaem:
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() =Wi(p)-(x,(p) =W oo (P)- (PN + W oo (P)- 11 (P)).  (6)

PaCKpHBaeM CKO6KI/I Hu nepeHoch cj1aracMaicC.
y(p)+ W (p) W, (P)- (P) =W (P) W, (D) 11(P) =W, (P)- X%, (p). (7)

HCJ'II/IM BBIPAJXCHHUC HA X, !

N(p) U+ W(p)-Weoe (P)=Wi(P) Wioe(P) _Wi(P)-%(P) (g,

%o Xo
[IpeoOpazoBas BeipakeHue (8), moirydaem:

W -+ W (P) Wooe (D) =W (P) - W, () = Wi (D). )

BripakaeM HCKOMYIO epeJaTouHy o (QyHKLUIO:

W - W(p) , (10)
1+I/V](p)'VVooc(p)_VVl(p)'VVuoc(p)

Jlanee BeIHOCHM 3a CKOOKHM Wi(p) M TosTydaeM OKOHYATEIFHOE 3Hade-
HUE MePeIaTOuHON (HYyHKIUH:

W< W.(p) . (11)
1+ (p)- Wooe(P) =W, (P))

3AKJIIOYEHUE

B pesysbraTe pacuera nepeaaToyHoON (GYHKIUM 00OMMHU CHOCOOaMHU
MBI TONYYHJIM OJMHAKOBBIA pe3ynbTaT. [IpaBHIBHOCTE pacyeToB IOJ-
TBEPXKAAETCS TEM, UTO [IPH IPUPABHUBAHUH K HYJIIO IEpeAaToOuHON QyHK-
UM e OTPUIATEIBHOW OOPaTHOM CBA3M MOJydaeTcs MepeaaTovHast
GYHKIHS UTSI CXEMBI C TTOJI0KUTENBPHONW 00paTHOM B3k [1, 2]. AHao-
THYHAsI CUTYalusl HaOMI0JaeTCsl U NIPH NPUPABHUBAHUM K HYIIIO Tepesa-
TOYHOH (PYHKIHMH LIETIN TOJIOKUTEIBHON 00paTHOM CBA3H.
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