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HpI/IBO,ZH/ITCSI IMPpUMCP aHaJIn3a CJIGIUIHIGﬁ CUCTCMBbI YIIPABJICHUA ITOJIOKCHHUCM aH-
TCHHBI paHHOHOKaHHOHHOﬁ CTaHINH. I[aHI)I BApPHUAHTBI CUCTCM YIIPABJICHUA IJIA Ca-
MOCTOSITEJIbHOMN pa6OTI>I CTYACHTOB, YPAaBHCHUA ABUKCHUA U3MCPUTCIIBHBIX, KOPPCK-
THPYIOIIUX, YCUIUTCIIBHBIX, UCIIOJIHUTCIIBHBIX YCTpOfICTB 1 00BEKTOB YIpPaBJICHUA,
BXOOAIIHUX B COCTAB BAPHUAHTOB CUCTCM YIIPABJICHUA.



1. AHAJIN3 CAEJSIIEA CUCTEMBI

JIaHHBIN aHANU3 CIEIAIIEH CUCTEMBbI CIIYKUT OIPUMEPOM IS BBIMIOJIHEHUS 3a]1a-
HUS, BAPUAHTHI KOTOPOTO MPUBEICHHI B 11.2.

Crnensias cucrema Ha puc. 1 mpeacTasisieT cOO0M MPOCTEUIIYIO CIEAIIYI0 CH-
CTEMY, 3a7a4eii KOTOPOU SIBISIETCSI 00ECTIEYUTh PABEHCTBO BXOJIHOW U BBIXOJHOM Be-
nuyuH. [lonoOHas cucTeMa UCIoNb3yeTcs, HapuMep, sl YIPaBICHUS MOJI0KEHUEM
AQHTEHHBI PAUOJIOKAIIMOHHON CTaHIMU. BxomHOM (3amaroiieil) BETMYMHOM CITY)KUT
yroJi MOBOPOTa J1 JABUKKA 33JAIOIIET0 MOTEHIIMOMETPA, KOTOPBINA CBA3aH C OpraHOM
yIpaBJliCHUs, HAPUMEP C PYKOSITKOW Ha MyJbTE YHpPaBICHUS PadUOJIOKAIMOHHOMN
cTaHIMU. BBIXOAHOH (peryiaupyeMoii) BeIMUYNHON SIBISIETCA YTIOBOE MOJIOKEHUE I
0o0BbeKTa ynpaBieHUs (AHTEHHBI PaJUOJIOKAIMOHHON CTAHIIUN).

CAY pabGotaet cienytouum 06pa3zoM. UyBCTBUTEIbHBIN JIEMEHT COCTOUT U3 3a-
naromero (91) u npuHUMaromero (92) noreHuuomMeTpoB. [IpuHUMaromuii MOTEHIKO-
METp KECTKO CBsI3aH ¢ BaJIoM oObekTa ymnpanieHus OY (KOHCTPYKTHMBHO OH yCTa-
HOBJIEH B peayktope). IIpu Hanmuumm pa3sHOCTH YIJIOBBIX MOJOXKEHUA AY = 31 — Oy
JIBIKKOB 33JAI0IIET0 U MPUHUMAIOUIETO MOTEHIMOMETPOB C YYBCTBUTEIIBHOTO 3JI€-
MeHTa YD Ha 3JEKTPOMAarHWTHBIA yCWINTENb DOMY mocTtynaer pa3HOCTh Hampsixe-
Huit AU. PazHocte A9 OyzieM Ha3bIBaTh PacCOrIACOBAHUEM. Y CHIIMTEIb CIIYKUT JUIS
obecrnieueHus: Tpedyemoit MomHocTu curHaia. Hanpsbkenne U ¢ OMY nonaercst Ha
AIEKTPOABUTATEb MOCTOSHHOTO TOKa /[I, Baysl KOTOporo uepe3 peaykrop P cBsizaH ¢
oVv.

OV Oyner moBOpauynBaThCs 10 TEX MOP, MMOKA PACCOTIACOBAHUE HE MIPUMET HYJIe-
Boe 3HaueHue. [Ipu mocTukeHun 0OBEKTOM YMPaBICHUS 33JJaHHOTO yTIia, T.e. I =
91, paccornacoBanue OyneT paBHO Hy:qto, ciaefgoBarenbHo, AU = U = 0 u aBurartesns
octaHoBUTCS. TakuM 00pa3oM, OOBEKT YIIpaBICHUSI CTPEMUTCS PUHSATH MMOJIOKECHHE,
COTJIACOBAHHOE C TOJIO)KEHUEM PYKOSITKH yrpaBiieHUsA. CBA3b 3JIEMEHTOB CHCTEMBI
MEXIy coO0M oTpakeHa Ha pUC.2. 3HAYCHHS IMapaMETPOB JIEMEHTOB CUCTEMBI MIPU-
BeJICHBI B Ta0OI. 1.

—

[

Puc. 2. biiok-cxema ciensieii Cucre-
MBI

Puc. 1. Cnensamiag cucrema



Tadomuma 1
Hcxonarie nanHeie

3BEHO [Tapamerp | 3HaueHwue
3ajaromui U NPUHAMAIOIINAN TOTEHIIMOMETPBI K, B/pan 1
DJEKTPOMArHUTHBIN YCHINTENb K4 500
T4, C 0,005
DJIIEKTPOJIBUTATEINb C PETYKTOPOM Ty, C 0,1
K, 0,1
3aganue

1. Hanucate ypaBHEHHs, MepenaTouHble (QyHKIMH 3JeMeHTOB. (COCTaBUTH
CTPYKTYpHYIO cxemy. Onpenenuts nepeiarounble GyHKIIMH Pa3OMKHYTOU, 3aMKHY-
TOM CHCTEM M MEePEAATOUHYI0 QYHKIUIO MO OIIHOKE.

2. Iloctpouts uwactoTHble XapakTepuctuku (AUX, OUX) cucrems, JIAUX
Pa30MKHYTOM CHCTEMBI, IEPEXOAHYIO XapaKTEPUCTHUKY.

3. HccnenoBaTh cucTeMy Ha yCTONYHUBOCTb.

4. Onpenenuth KodDPuIeHTsl omubok. HalWTh ycTaHOBUBIIYIOCS OIIMOKY
AX(t) npu pynkuum Bxoguoro curaana Xgx(t) = 1; t; t2.

5. Ompenenuth moka3aTenn KadecTBa (BpeMsl peryJInpOBaHuUs, IEPEPETyITupoBa-
HUE, K0JIe0ATEeIbHOCTh MEPEXOHOTO MPoIiecca).

BoinosiHeHHne 3aJaHuA

1. Ilepenatounbie (yHKITUU PJIEMEHTOB CUCTEMBI (3BE€HBEB)

DJIEKTPOMArHUTHBIN YCUITUTEb.
N3 ypaBHEHUs 31eMeHTa

du
T1 at +U =kl AU

MOJIYYUM MEPEeIaTOuHyI0 (DYHKITUIO

Kk
Wi(p) = Tlpl+ 1"

DJIEKTPOJIBUTATEND C PELYKTOPOM.
N3 ypaBHEHUs dneMeHTa

dg? d39
Ta'gez * gy = ke U

MOJIYyYUM MEePeIaTOuHyI0 (DYHKITUIO

ka

Wy(p) = Tp2+p’



UyBCTBUTEIBHBIN 3JIEMEHT COCTOUT M3 33Ja0LIEr0 M NPUHHUMAIOLIETO MOTEH-
1IMoMeTpoB (Oe3bIHEPIIMOHHBIE 3BeHbs). llepemarouHas (QyHKIMS MOTEHIIMOMETpA
Wn(p) = kn .

CTpyKkTypHas cxeMa CUCTEMbI yIpaBJieHUs OyAeT BBITISAETh CIEAYIOIUM o0pa-
30M:

H AU U I,

/L SYRES

[IpoBenem mpeoOpazoBaHusi CTPYKTYpHOU cxembl. [lepeneceM cymmarop ¢ mpa-

BOW CTOPOHBI 3ajaromiero norennuomerpa (Kmn) B JeByro, 100aBUB B IeNb 00paTHOM

1
CBs3H 3BCHO k_ . HOJ'Iy‘{I/IM
I1

9 AU U 9,
Q&> kn | Wi(p) = Wa(p)

T

[locne moaCcTaHOBKY 3HAYEHUN MEPEAATOYHBIX (DYHKIMMI MOTYyYUM CTPYKTYp-
Hy10 cxemy CAY

$ AU K U K 3
1 1
&> kn Tip+1 2 (Tp+p [T

T

O6’b€III/IHI/IM IIOCJIICI0BATCIIBHO COCAMHCHHBIC 3BCHbBSA
81 82

—>_®_> W;(p)

T

[lepenarounass (QyHKUMS HKBUBAJICHTHOIO 3BEHA SBJISETCA IMepeIaTOYHOM
(yHKIMEeH Pa30MKHYTOI CHCTEMbI U PACCUUTHIBAETCA 10 GopMyIie

K Ky K
WA(P) = K WPy WelP) = (7 1) T+ )
K K

T+ D)(Top2+p) T TiTopP + (To+ To)p2+p
rie K = ki ki ko = 1-500-0,1 = 50.
B o0miem Buze
_ by
Wi(p) = 2 pP+a, pPralprag
rieag=0; a=1;a,=Ty+T>=0,005+0,1=0,105;
as=T1T>=0,005-0,1 = 0,0005; by = k = 50.

IlepenaToyHnasi QyHKIUS 3AMKHYTOM CHCTEMBI
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W _ Wp _ k _ k
P) =T W, " Tp+ DT +p) K - ToTop + (Ta+ TP+ P+ K °

B o0miem Buae

_ bo
W(p)_a3p3+a2p2+alp+a0 )

rae ag = k =50; ai=1a=T:+T,=0,005+0,1=0,105;
az=T.T,=0,005-0,1 =0,0005; bg = k = 50.

IlepenaToynasi pyHKIUA MO OLIMOKeE

_ __ 1 TiTpi+ (Ta+ T)p+p
Walp) = 4= W) = T Wi (p) ™ TiTap® + (T + Tp? +p + K

2. HOCTpOGHI/Ie YAaCTOTHBIX XaPaKTCPUCTUK

AHAJIMTUYECKHE BBIPAKCHUS I YACTOTHBIX XapaKTePUCTHK 3aMKHYTOW CH-
CTeMBI TOJTy4aloT U3 KOMIUIEKCHOU niepeaarounon ¢pynkimu W(jm):
AYX — Moayns KOMIUTEKCHOM niepenaTouHor pyHkimu: A(w)= [W(jo)| ;
OUX — apryMeHT KOMIUIEKCHOM nepenaTtounoi pyukuun: ¢(w) = arg(W(jo)) .
[lepenarounas GyHKIHS 3aMKHYTON CHCTEMBI B OOIIIEM BHIE
bo
W(p)_a3p3+a2p2+a1p+ao :

KomruiekcHyto nepeaTouHyro GYHKINO MOIYIHM, TIOJCTaBHUB P = jO:

o be
Wio) = G m o) +j@o-a0?)

OpHuM U3 BO3MOXKHBIX IyTel nmonydenus ¢pyakuuii AYX u ®UX sBusercs cie-
nyroruid. O603HaAYNM:

Po(®) = b — meficTBUTEIBHAS YACTh YHCIUTEIS,
Qu(®) = 0 — MHMMAS YaCTh YUCITUTEIS,
Pa(®) = ap — a2 2 — nelficTBUTENbHAS YacTh 3HAMEHATEIS,

Qa(®) = a; ® — a3 ®> — MHMMAs YacTh 3HAMEHATENS,
Torza

: P+
W(J(D)Z#%.



Jist TOro 4ro0bl M30aBUTLCS OT MHUMOMW €IVHULBLI B 3HAMEHATEINC, YMHOKHM II0-
Pa—]Qa
clieqiHee BBIpaKEHUE Ha
Pa—jQa’
W(jo) = 212 Fe
Pa+JQa Pa—
_ PaPp + QaQp
Pa2 + Qa2

—JQa _ PaPy + QaQp + j(PaQp — Pan)
an Pa + Qa

. PaQb — PyQa
o = P(o) + Q).

rac
Pan + QaQb
Pa2 + Qa2 '

a P a
Qo) = 527 o2

P(w) =

AMHHI/ITYIIa — MOIYJb KOMILIEKCHOM HGpGI[ElTO‘-IHOH (bYHKHI/II/II

A(w) = | W(j) |=+P?+Q%.

®da3a — apryMeHT KOMIUIEKCHOM NepeaToOuHON (QyHKIIUU:

arctg %, pu P>0,
¢(w) =arg(W(jw)) =

T —arctg %, npu P<0.

[To mony4ueHHbIM (hopMysiaM paccunutaeM Pi(®), Pp(®), Qa(®), Qu(®), P(®), Q(w),
A(®), (o) mpu m3merennn o ot 0 g0 90°, 3aHeceM AaHHBIC B Tabd. 2 M MOCTPOUM
3apucuMOcTH A(®) 1 ¢(®) (ecnu ¢a3za morydyaercs MojgoKUTESILHOM, Ha rpaduKe OT-
kiaaapiBaeM ¢@(m)—27). J[nana3oH M3MEHEHHUS YacTOThI BBIOMPACTCS TaKHM, YTOOBI
MOKa3aTh BCE OCOOCHHOCTH YaCTOTHBIX XapaKTEPUCTHK.

TaGnmma 2
PacueTHble JaHHbIE /171 YACTOTHBIX XapaKTEPUCTHK
o,ct |Pa Po | Qa Qv | P Q A ®, pan

0 50| 50 0| O 1 0 1 0

5 47.38 | 50 4938| 0 1.044 -0.109| 1.050| -0.103
10 39.5| 50 95| 0 1.197 -0.288 | 1.231| -0.236
15 26.38 | 50 1331 O 1.511 -0.763 | 1.692| -0.467
20 8| 50 16| O 1.25 -25| 2795 -1.107
25| -15.63| 50 1719 0| -1.448 -1.593 | 2.152| -2.308
30 -445 | 50 165 0| -0.988| -0.3663| 1.053| -2.786
35| -78.63| 50 1356| 0| -0.618| -0.1065| 0.626| -2.970
40 -118 | 50 8| 0| -0.422| -0.0286| 0.422| -3.074
50| -2125]| 50 -125| 0| -0.234 0.0138| 0.234| -3.200
70| -4645| 50| -1015( O| -0.103 0.0225| 0.105| -3.356
90| -8005| 50| -2745| 0| -0.056 0.0192| 0.059| -3.471




AYX DUX
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Puc. 3. YacToTHBIE XapaKTEPUCTUKHU 3aMKHYTONH CUCTEMBbI

YacToTHBIE XapaKTEPUCTHKU CHCTEMBI TOKa3aHbl Ha pHC. 3. AHAJIOTUYHO TIO-
cTpouM Jorapupmuyeckre yactoTHble xapakTtepucTuku (JIAUX u JIOUX) paso-
MKHYTOH cuctemsl (puc. 4). 3nauenus JIAUYX paccuuThIBaIOTCS U3 BBIPAXKEHHIMA

Le(®) = 20 log (As(®));

pr(0) = arg(We(jo)).

nux
50 50
[ 1P o, 1lc | o
L 0 50 10 \1073\\1&0 100080 o
= o0 ~ 100 &
z 150 T~ T~ 150 2
g =
200 200 &
250 -250
300 -300

Puc. 4. JTYX pa3oMKHYTON CUCTEMBI

Jlns moctpoenus acumnrotudeckoit JIAUX pa3oMKHYTOM CUCTEMBI ITPEACTa-
BUM IE€pPEIATOUHYIO (DYHKIIHIO PA30MKHYTOW CHCTEMBI B BHJIC IPOU3BEICHUS TIepeaa-
TOYHBIX (PYHKITUN TUTIOBBIX 3BEHBEB:

W ~ k —k 1 1 1
P =T+ D)(TpZ+p) “KTp+1Tp+1p:
Yucio UHTETpUPYIOUINX 3BEHBEB (MOPSI0K acTaTu3ma) v = 1.

k=50; T,=0,005¢c; T,=0,1c.

OnpenenuM JorapupMUUIECKYIO aMILTUTY Ty TIPH 4acTOTe ®=1:
Lo(1) =20 log k = 34.




Tabmauma 3
Jlannblie 11 acumnroTuueckon JIAUX

Wi(p) | Tum 3BeHa Ti,c |o,c? W3menenne CymmapHbIit
HakJIoHa, 1b/nek HaKJIOH, n1b/nek
HavyaJbHbIN HAKJIOH - 20
1 Wnterpupyro- | 0,1 10 —-20 —40
Tip+1 |mee
1 Wurerpupyro- | 0,005 | 200 - 20 — 60
Top+1 | mee

[Toyuennsie gaHHbIe (TaOJ. ) HO3BOJISIIOT MOCTPOUTH acuMnToTHdecKyto JIAUX
(puc. 5).
100
1]
=280

3
I 60

40 -20 nb/nex

20 — ——

17 -40 pb/
0 \ AoiAex

[~ 1
20 1 ~_| \(Ilﬂ w, 1/c 1000

-40
-60 -
-80

-100

Puc. 5. Acumnroruueckast JJAUX pa3oMKHYTON CHCTEMBI

3. MccnenoBaHue CUCTEMbBI HA YCTOMYUBOCTD

Kpurepui I'ypBuna

CocraBuMm ompeaenurean I'ypuna:
B o0miem Buae

do 8.30
do a3
Az=| @gai a2 |; A= 2 a A1 = ay.
0 0 a 0

[ToacraBum 3HayeHus: KOAHOUIMEHTOB (CM. MepeaaTOuHy0 (YHKIHMIO 3aMKHY-
TOM CUCTEMBI), OJIyYUM oripeaenurenu I'ypBuna:
0,105 0,0005 O
’ ’ 0,105 0,0005
Az = 50 1,0 0105 | =4; A, = 50 10
0 0 50 ’
BoiBoj: Tak kak Bce onpenenutenu ['ypeuiia Oonbiie 0, To cuctema ycroiyusa.

=0,08; A1 =a,=0,105.
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Kpurepuit MuxaiijioBa

['oporpad MuxaiinoBa — KpuBasi, OMMChIBaEMasi XapaKTEPUCTUIECKIM BEKTOPOM
Ha KOMIUIEKCHOW IUIOCKOCTH. XapaKTEPUCTUYECKUM BEKTOP MOJY4YUM, ITOJCTABUB
P = j® B XapaKTePUCTUYECCKUU TIOJMHOM (3HAMEHATEeNb MePeIaTOYHON QYyHKINH 3a-
MKHYTOW CUCTEMBI):

M(jw) = ap — Ao ? +]j (1o — 3.3033).

Ota cucreMa TPEThEro NopsiKa.

UsmeHnss yacTtoTy B auanaszone: o = 0...60 ¢!, nocrpoum xpuByro Muxaiinosa
(puc. 6).

BrIBoa: Tak Kak XapaKkTEpUCTUYECKUI BEKTOP OMHUCHIBAET yroi 37/2, T.e. moce-
JOBATEJIbHO MPOXOAUT MEPBBIA, BTOPOM U TPETHI KBaJpPaHTHI (YXOIUT B OECKOHEY-
HOCTb B TPETHEM KBAJIPAHTE) U MOPSJAOK CUCTEMBI PaBEH TPEM, TO CHUCTEMA YCTONYH-
Ba.

20

) /

o/

o/

N
/

-50
-350 -300 -250 -200 -150 -100 -50 0 50

TN

MHuumast yacthb

JleicTBUTENbHAS YaCTh

Puc. 6. KpuBas Muxaitnosa

Kpurepuit HalikBucra

OTknaapiBas 3HaU€HHE KOMIUJIEKCHOM MepeaaTouyHON QyHKIMKM Pa30MKHYTOM CH-
creMbl Wp(jo) Ha KOMIUIGKCHOM IJIOCKOCTH TPH W3MEHEHHUH  YacTOTHI
®=40...500 ¢!, nomyunm ammmrynHo-(azoByro xapakrepucTuky (ADX) paso-
MKHYTO#M CUCTEMBI (pHC. 7).

BriBoa: cucrema ycronunBa, T.K. KpuBas HalkBUCTa HE OXBAaTBIBAE€T TOUKY C KO-
opaunatamu (—1;0).
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0.02

AR
/ \

Vi o

/ -0.005 <
/ -0.01

-0.015
-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0

HeticrButenbHas qactb W, (jo)

HuMast gacts W,(jo)

Puc. 7. A®X pa3oMKHYTON CUCTEMBI

3anmacel yCTOMYMBOCTH

OmnpenenuM 3amnackl ycToiunBocTy rpaduyecku mo JIYX pasoMKHYTON CHCTEMBI
(cMm. puc. 4).

3amacel ycTOMYMBOCTH: 10 daze Psan = 19,2°, mo ammmuryae Lsan = 12,5 nb.

Mo>kHO HaWTH 3amackl ycroiunBoctu 0e3 moctpoenus JIUX pazomkHyTOM CH-
CTEMBI, €CJI €CTh BhIpaxkeHus s pyHkuui Lp(m) u @p(w).

Haxoaum wc 1 o u3 ypaBaenuit Lp(wc) = 0 u @p(orn) = — 7.

20 log (Ar(wc)) =0,

arg(We(jo)) = —m.

Pemenne 5Tux aByx ypasHenumit: oc=21,2 ¢, on = 44,8 cL.
Torpma 3amacel yCTOMYMBOCTH ONPEAEISAIOTCA U3 BBIPAXKEHUN

L3A1'[ = — L((On) = 12,5 I[B;

@3a11 = @(w¢) + ©= 0,335 paxg = 19,2°.

BriBoa: 3amac yctoiumBocTHM 1O (Dasze HemocTaTouyeH (PEKOMEHIYyeMbIE 3amachl

ycToRuuBOCTH L3ar > 6 nb, @3an > 30°). [TosToMy HeoOX0MMMa KOPPEKIIUS THHAMU-
YECKUX CBOMCTB CUCTEMBI (B MPUMEPE ATO HE MPOU3BOAUTCS).

4. Ouenka Toynoctu CAY

Onpenenum kodpdurmentsr ommobok. llepenarounas QyHKIMS CHUCTEMBI 10
omuoKe

11



1 TiTop3+ (Ti+ To)p2+p

WalP) = T Wiy(p) = TuTzp® + (To + TP + p + K

WJIH, B OOIIEM BHJIE,

_apitapitapta
Wa(p) =5 153 2 :
dptaptapta

meao—O a1 1&2 T,+T,=0,005+0,1=0,105;
8.3 =TT, = 0,005 0,1 = 0,0005, do = k = 50, a = 1;
a=T,+T,=0,005+0,1=0,105; a3 =T, T,=10,005-0,1 = 0,0005.
[TpenacraBum Wa(p) B Buie OECKOHEYHOTO CTETICHHOTO Psijia;
Wa(p)=So+S1p+S.p*+...,

rae Ko PuImeHTs! omuboK Sy onpenesnsaoTcs 1o Gopmyie

1( . Kk
Sk = a_ dx — ZSk-r°ar .
° r=1

Onpenenum Kod(PHUIHEHTHI OIITHOOK So, S1, S

S():__O
_1,. _1 _ a0
Sl—ao (3.1—80‘81) =50 (1—0) —0,02,

oy 1
Sz = a_o (a2 — (Sra1 + Sprap)) = 50 (0,105 - (0,021 +0))= 0,0017.

VY cTaHOBUBIIAACS OIIUOKA

d? t d2 t
AXO = Soxndl) ¥ 51 M i %l =0,02 M +0,0017 %l .

IMpu Xpx(t) = 1 AX(t) = 0 — craruyeckast omuMOKa CUCTEMbI OTCYTCTBYET (CHCTEMa
acraruueckas); npu Xpx(t) = t AX(t) = 0,02 — ckopocTHasi onmMOKa MOCTOSIHHA; MIPH
Xpx(t) = t2 Ax(t) = 0,02 t + 0,0017 — ommbKa OT YCKOPEHHUs JIMHEHHO BO3PACTAET C
TCUCHHEM BPEMCHHU.

5. Iloka3arenu kayecTBa MEPEXOJHOTO MPOLIECCA

Jlia onpeneneHus nokasaTeseld KauecTBa HEOOXOAUMO MOCTPOUTh MEPEXOIHYIO
xapakTepucTuky. [lepexonnas xapakrepuctuka h(t) mpencraBiser coboil perieHue
muddepenunansHoro ypasuenus (1Y) cucremst:

d 3 Xbbix t d 2 Xgbix t d Xbbix t
ds d t3 ( ) +a d t2 ( ) +a ﬁl +ap XBBIX(t) = b0 XBX(t)

npu Xex(t) = 1 1 HyneBbIX HavanbHbIX ycaoBusx. [TogctaBuB h(t) = Xpu(t), momyuum

Y
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d3h(t d?h(t d h(t
asﬁl"'az dtg)'l'al dg)"‘aoh(t):bo,

K02 PUITMEHTHI OompeeseHbl IPH BBIBOJE MEpeAaTOUYHON (PYHKIIMU 3aMKHYTOH CH-
CTEMBEL:
ap = 50; a; =1; a,=0,105; a3 = 0,0005; by = 50.
[Tepenmmem 1Y B BUAE
d 3 h(t) d 2 h(t) d h(t)
as dt2 +a; dt2 +a; dt (h(t) j

O06o03nauuB hi(t) = h(t) — 7, noayuum ogHOpoaHOE mUbEepeHInaTILHOS YpaB-

HECHUC

d 2 hy(t d 2 hy(t d hy(t
asﬁhaz qtt e g o) =0.

I[JIH CTO0 pCUICHUA HGO6XOI[I/IMO HAlTHU BCE KOPpHH XapaKTCPUCTUICCKOI'O YPaBHC-
HUA:

ptaptap’+azp®=0
50 + p + 0,105 p? + 0,0005 p3 =
Tak kak ypaBHEHUE TPETHErO MOPSJIKA, OJYIUM TPU KOPHS:
pl = _20216 = _B1
P23 =-3,712+£7219=-0a %],

rae 0003HA4YEeHO

B =202,6;
o=3,72;
w=219ct

[TostydyeH OJIMH IEMCTBUTEIBHBIN KOPEHb M JIBA KOMIUICKCHBIX. [IoaTOMY permie-
nue 1Y umeer Buj

hi(t) =C; e Pt+ et (C, cos wt + Cz sin wt) .
ITepexonHast XxapaKTEPUCTUKA CUCTEMBI

bo

b
hm=§+mm=£

+ Cy eP'+ e (C;, cos wt + Cs sin wt).

Bennuuna — = 1.
ao

[TocTostaasie Benmuuunabl Cq, Cy, C; HaliieM U3 HaYaIbHBIX YCITOBUM:

dh(0) _ d2h(0)
dt d t?
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Berauciss nepByio u BTopyto npousBoansie pyakimn h(t) mpu t = 0 u pemas no-
JYYEHHYIO CUCTeMY ypaBHeHUI oTHOCUTENbHO C1, Cy, C3, momyunm

C1=-0,012; C,=-0,988; C3=-10,282.
Takum 00pa3om, nepexogHas XapakTepUCTHKA
h(t) =1 - 0,012 e 2026t_¢3721(0,988 cos 21,9 t + 0,282 sin 21,9 1) .

[To manHOM (hOopMyIIe TOCTPOUM IEPEXOAHYIO XapaKTePUCTHKY (pHC. 8).

2

1.75

A\

mi

1.25

ht) 1 I -
_ l \ / -V
l \V

0.75

il

0.25

t,C
Puc. 8. Ilepexonnas xapakrepuctuka CAY

['paduuecku onpeaenum nokazaTean KayecTna:
— BpEMsI pETyJIMPOBAHUS

tp=0,76 C,
— MepepEryIupoBaHue

Nimax — Nver 1,58 -1
c=—"0—"%.100 =" 100 = 58 %,

1

— KOJIe0aTeIbHOCTh MEPEXOAHOTO Ipoiiecca
n=3.

hyCT
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2. BAPUAHTBI CUCTEM YIIPABJIEHUSA

[IpuBenem BapuaHThl CHUCTEM AaBTOMATUYECKOTO YIPABICHHUS JJISi CaMOCTOSI-
TEJILHOTO aHaJIN3a CTYJACHTAMU:

1. Cucrema peryiMpoBaHus yTJIOBOM CKOPOCTU BPAILICHHS KOJIEHYATOTO BaJia
TU3EJIS.

2. CuctemMa aBTOMaTHUYECKOTO PErYJIUPOBAHUSI YTIIOBOM CKOPOCTH BpaIlCHUS
TUAPOTYPOUHBI.

3. Cucrema aBTOMaTUYECKOT0 PETYIMPOBAHUS KOHIEHTPAlUA CEPHUCTOrO ra3a
Ha 3aBOJaX CEPHON KUCIOTBHI.

4. Cxema NporpaMMHOT0 PEryJsiTopa TEMIIEpaTypbl TEINIOOOMEHHHKA.

5. Cucrtema aBTOMAaTHYECKOM CTaOMIM3alliy MPOJI0JILHOTO KaHala camoJieTa
(aBTOMUJIOT).

6. Cuctema cTaOMIM3aIMK HAMPSDKEHUS TeHEpaTopa.

7. Cnensmasi cucTeMa KOMpoBaIbHO-(DPE3EPHOTO CTAHKA.

8. PerymaTop ckopoCTH BpalleHus! 3NEKTPUUIECKOTO JBUTATEIIS.

9. DnekTporuapaBanyeckas cieasnas CucTeMa.

10. DnekTporuapaBirveckas cleasas CHCTEMA C JJIEKTPOMATHUTOM.

11. Cucrema aBTOMaTH4ECKOTO PETYJIMPOBAHUS JABJICHUS.

Jnsa xaxaont CAY npuBeneHbl TPU BapyuaHTa MCXOIHBIX AaHHBIX. McxomHbie

JTaHHBIE COACPKAT MapaMeTphl 3B€HbEB CUCTEMBI (K03 PHUIIMEeHTHI TIepenadn, oCTo-
SIHHbIE BPEMEHHU ).

3aganue

1. Hanucatp ypaBHeHuUs, epeaaTouHble GyHKIUHU 37eMeHTOB. COCTaBUTh
CTPYKTYpHYIO cxeMy. OnpenenuTs nepeaaTounble PyHKIMU Pa30MKHYTOH, 3aMKHY-
TON CUCTEM U MEePeNaTOUHYIO (DYHKIIMIO IO OIIHOKE.

2. [loctpouts yactoTHbIe XapakTepucTuku (AUX, ®UX) cucremsr, JIAUX
Pa30MKHYTOM CUCTEMBI, IEPEXOHYIO XapaKTEPUCTHUKY.

3. UccnenoBath cucteMy Ha yCTOHYHBOCTh. OTpeeNuTh 3arnachl yCTOWIHBO-
CTH.

4. Onpenenuts k03¢ duLreHTs! ommnbok. HallTu ycTaHOBUBIIYIOCS OLIIMOKY
AX(t) mpu pynkumu BxogHoro curnana Xpx(t) = 1; t; t2.

5. OnpenenuTsh MoKa3aTean KauecTBa (BpeMsl peryIupoBaHus, epeperyanpo-
BaHUE, KOJIeOaTEILHOCTh IEPEXOIHOTO MPOIECcca).

6. OnpenenuTs mapaMeTpbl KOPPEKTUPYIOIIETO 3BeHA, 0OeCTIeunBaIOLIUe
HanOoJIbIIee OBICTPOICHCTBHE MPU JOCTATOYHOM 3arace yCTOMYMBOCTH (IO aMILIH-
Tyne He MeHee 6 nb, o dase He menee 30°).
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1. Cuctema peryJiMpoBaHMs YIJI0BOH CKOPOCTH BpallleHUs
KOJIEHYATOI'0 BaJjia Ju3es

Ha puc. 9 n3obpaxeHa mpuHITATIN-
albHasg CXE€Ma CHUCTEMBI aBTOMAaTH4E-
CKOT'O PETYJIMPOBAHUS YIVIOBOW CKOPO-
CTH BpalleHUs KOJICHYaTOIo Bajia AU3e-
as. B xauecTBe 4yBCTBHUTEIIBHOTO 3JiE-
MEHTAa B CHUCTEME IMPUMEHEH TaXOMET-
PUYECKUN U3MEPUTENh YIJIOBOM CKOpO-
CTU 5, BaJl KOTOPOTO COEAWHEH C MO-
MONIBI0 MEXAHUYECKOTO PEAYKTOpa &8 ¢
KOJIEHYaThIM BasioM nu3ens 1. Peruar 6
CBA3aH C MY(TOW H3MEpPUTENs CKOPO-
CTH, MOPIIHEM TUAPABINYECKOTO KIIa-
nmaHa 7 w mTokoMm u3oapoma 3. M3o-
IpOM B CBOK OYEpEIb COECAMHEH C
MOPIIHEM THIPABIMYECKOTO CEPBOJBH-
ratenss 2. LLITok mopumiHs cepBOJABUra-
TEJSl Yepe3 CUCTEMY PbIYAroB IEepeMe-
IIaeT TATY YIpaBJeHUs Hacoca 9 moxa-
YU TOIUIMBA B IU3€EJIb.

Cucrema peryaMpoBaHMs YIJIOBOM
CKOPOCTH BpallleHUs] au3enss paboTaer
cienyromum odbpazom. Ilpu mnossime-
HUU YIJIOBOM CKOPOCTH BpAILEHUS KO-
JIEHYaTOro Bajla JM3esl, 0OYCIOBICHHOM YMEHBIICHUEM HArpy3Kd, YBEIUYHMBAECTCS
YIJIOBAsi CKOPOCTh BpAICHUS Bajla TAXOMETPUYECKOTO M3MEPUTENSA 5, U €r0 TPy3bl
HAaYMHAIOT PacXOAUThCS, NOJHUMAs My(]Ty, a BMecTe ¢ Hell KoHell A pblyara 6 BBEpX.
[IITOK mOpuIHSA TUAPABIMYECKOIO KilanaHa 7 TaKKe MOJHUMAETCS BBEPX, U €ro IMop-
IIEHb OTKPBIBAET OTBEPCTHUE A, YEPE3 KOTOPOE MAciO MOJ JIaBlieHUEM OyAeT MOCTY-
IaTb B BEPXHIOKO NOJIOCTH cepBoasurarens 2. [lopiieHs cepBoaBUTaTENs NepemMe-
ctuTca BHU3. OJHOBPEMEHHO C 3TUM €ro ITOK Y€PE3 CUCTEMY PhIYaroB MEPEIBUHET
TATY YIPABIEHUS HACOCOM BJIEBO, YMEHbIIAS IOJady TOIUIMBA B 1n3eib. CKOPOCTH
BpallleHUsl JIU3€Jsl YMEHBIIUTCS, IPy3bl LHEHTPOOEKHOTO MU3MEPHUTENs OMYCTATCA U
KOHEIl pplyara A nepeMecTUTCs BHU3.

[Ipy 5TOM B TMAPABIMYECKOM KJIAIIAHE 3aKPBIBAECTCS OTBEPCTUE & U OTKPBIBAECTCS
orBepctue 6. lllTox cepBonBurarens 2 OyAeT MOAHUMATHCA BBEPX, BO3ACHCTBYS Ha
IIOPILIEHBb U30pOMa.

Tak xak nojoctu I' u J coeqnHeHbl KaJIMOPOBOYHBIM OTBEPCTHEM, TO MEpEeMeIIe-
HUE TOYKM B BBEpX 3aBHCUT HE OT MOJOKEHUS MOPLIHSA CEPBOABUTATEINA, @ OT €0
ckopoctu. [Ipyxuna nzonpoma 4 obGecrneurBaeT BO3BpallleHUE TOYKH B B 01HO U TO
e noJiockeHue. Touka b HaxoIUTCs B MOJ0KEHUN PaBHOBECHS, KOTJja 00a OTBEPCTHS
a u O mepekpbIThl. [Ipy yMEHBIIEHMH CKOPOCTH BpalleHUsl IU3eNs NepeMelleHUs
BCEX PACCMOTPEHHBIX YCTPOUCTB OyIyT MPOUCXOIUTH B OOPATHBIX HAMPABIICHUSIX.

Puc. 9. Cuctema aBTOMaTH4YECKOTO pery-
JIMPOBAHUA YIJI0OBOM CKOPOCTH U Bpallie-
HUS KOJICHYATOTO Bajia AU3EIIS.
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brok-cxemMa CHCTEMBI PETyJIHpPOBAHHS YIJIOBOH CKOPOCTH BpallleHUs KOJICH-
4aTOTro BaJia qu3elis mokasaHa Ha puc. 10.

r N3oapom
Taxomerpuueckuii | — [ HApaBIHYECKHii

—>®—> U3MEpUTEITb YTIIOBOU ®—> CepBOJIBHTaTEb >| Husenp >
—1\ CKOPOCTH

Puc. 10. briok-cxema cuCTeMBbl PETyIUPOBAHUS YTIOBONH CKOPOCTH BpPALIICHHUS
KOJIEHYaTOr'0 BaJla IU3eIIs

Hcxonnbie nanHbie NpUBEAEHBI B Ta0. 4.

Tabnuna 4
Ncxonnbie nanHbie
3BEHO [Tapamerp 3HayeHue
BapuaHT | | BapuaHT 2 | BapuaHT 3
Jlnuzens T, c 0,5 0,3 0,4
pan 104 104 104
Kt conn
I'maponpuBoa Tr,c 0,001 0,001 0
kr,c? 1000 800 900
N3oapom Ty, 0,03 0,04 0,05
[{leHTpOOEKHBI Taxo- Tis, € 0,1 0,05 0,08
METp M-C 5104 3104 7-107
kL[];, -
pal
s 0,1 0,05 0,1
PemykTop Kp 1 1 1

[Ipumeuanue: [1neun peruara 6 pasusl: Ab = bB.

2. CucremMa aBTOMaTHY€CKOI0 PeryJiMpoOBaHus YIJIOBOl CKOPOCTH
BpallleHUsi TUIPOTYPONHBI

Ha puc. 11 uzobpaxeHna ynporieHHasi IpUHIMITHATIbHAS CXeMa CUCTEMbI aBTOMa-
TUYECKOTO PEryJIMpOBaHUs YIJIIOBOI CKOPOCTH BpalEHUs TUAPOTYpOUHbI. YyBCTBU-
TEJbHBIM YCTPOWCTBOM CHUCTEMBI SIBISIETCS TAXOMETPUUECKUN U3MEPUTENDL CKOPOCTH
(TaxoMeTp) 2, IPUBOJUMBINA BO BpallEeHWE OT CHHXPOHHOTIO 3JIEKTpoABUTaTeNs 1, mu-
TaeMOr0 HalnpsKeHueM oT re’eparopa 11. ITpu 3ToM cKOpoCTh BpalleHUsl TaXOMETpa
MPOTMOPIIMOHANIEHA YaCTOTE MEPEMEHHOI0 TOKa reHepaTropa, a ClieIoBaTeIbHO, CKO-
POCTH BpaIllEHUs BaJla TUAPOTYPOUHBI.

C majgeHueM HJIEKTPUYECKOM HArpy3kd B Lemsx noTtpebsneHus 13 Bospacrtaer
CKOPOCTb BpallleHus TuApoTypOuHbl 12 u reneparopa 11, rpy3sl TaxomeTpa 2 pacxo-
asaTes 1 MyQTa nepemernaercs BBepX. Poryar 3 mepemenaer 30J0THUK 4 THUIPOYCH-
auTenst 6 BCOMOTraTelbHOrO THAPaBIMYECKOro MPUBOJA U MACIIO, MOCTYIAIOIIEe OT
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HAcoca B CHJIOBOH ITWJIMHJIP, OyAeT
)R OIyCKaTh IIOPIIEHb 5, a BMECTE C
O HUM — KOpITyC TUAPOYCHIIHTENS 6.
B Ero nswkeHue nepegaercs uepes
ppar 7 Ha ynpasJSIOIIMN 30J0T-
HUK 8 OCHOBHOT'O THIPABJINYECKOTO
npuBona 9. [lopuiens ruapapiuye-
CKOro MpHUBOJA, CIENs 3a JBUXKE-
HUEM 30JIOTHUKA 8, MepeMeCTUTCS
s BHU3, U 3acjioHka 10 yMEHBIIUT
IPOXOJIHOE OTBEPCTHUE B TPYOOMpPO-
Boae 14. CoOTBETCTBEHHO C JTHM
MOITHOCTh TYpOUHBI CHU3UTCS, YTO
NPUBEJIET K YMEHBIICHUIO CKOPO-

CTH BpAILlEHUs] TUAPOTYpOUHBI, Ie-
Puc. 11. Cuctema aBTOMaTH4€CKOrO pery- HEpaTopa M CHHXPOHHOTO JIEKTPO-
JIPOBAHHS YTIIOBOH CKOPOCTH BPAICHUS  jppraTens 1,

)

b,
[
I} 1}|1I

i

THIPOTYPOHHBI JInsi TIOBBIIEHHS] YCTOMYUBO-
CTH CHUCTEMBI pEryJupoBaHHs, a
TaK)K€ YMEHbILIEHUSI BPEMEHHU MPOTEKAHUS MEPEXOIHOr0 Mpoliecca MpuMeHeHa ruo-
Kast oOpaTHasl CBA3b M30JIpOMHOTr0 Tuma. B cucreme nepemernienue peryara 15 nepe-
JAeTcs yepe3 LWIMHAP u30apoma 16, Maciio B HUIMHAPE U30IpOMa IPUBEAET B JIBU-
’KEHUE MOPIIEHb |7, KOTOPBI B CBOIO OYepenb BO3AecTBYyeT Ha peryar 3. [Ipu nBu-
KECHUU MOPIIHSA MPOUCXOIUT CXKAaTUE MPYKHUHBI 18. BeIIpsAMIsIsACch, NMpyKHHA BO3-
BpalllaeT MoplIeHb B IEPBOHAYAIBLHOE MOJIOKEHHE, U Macilo OyAeT nmepeTeKaTh yepes
KaJIMOPOBOYHOE OTBEPCTHUE B MOPILIHE U3 OJHOM MOJOBUHBI IIWIMH]IpA B Ipyryto. To-
r7a nepeMelieHre cepBoMOTOpa OyIeT MPONOPLMOHAIBHO CKOPOCTH OTHOCUTENIBHO-
ro rnepeMenieHus: HOPUIHSI.
Ha puc. 12 mokazana OJIoK-cxeMa CHUCTEMBl aBTOMATHUECKOTO PETyINPOBAHMS
YTJIOBOM CKOPOCTH BpallleHUsl THAPOTYpOUHbI. 3HaueHus: napametpoB CAY mnpuse-
neHsl B Ta0. 5.

Ns3onpom |«

TaxomeTpuyeckui _l Bcnomora- OcHoBHOIT T
U3MEPUTEIIb YIII0- —>®-—> TEJbHBIN TUJI- TUAPaBINY. 5. ngo' >
— BOW CKOPOCTH paB. IPUBOA HPUBOJ TyponHa

Puc. 12. briok-cxema CUCTEMBbI PETYIMPOBAHMSI YTIIOBON CKOPOCTH
BpalleHus TUIPOTYPOUHBI
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HUcxonabple nanHbIe

Taobmuma 5

3BeHO [TapameTp 3HayeHue
BapuaHT | | BapuaHT 2 | BapuaHT 3
I'uaporypOuna Tr, ¢ 5 7 4
o, C 1 2 5
Zo, M 0,2 0,3 0,4
['uaponpuBo Tr,c 0,001 0,002 0,001
kr, c? 1000 800 1000
Nzonpom Tu, c 0,03 0,04 0,04
enTpoOexHbIH Ty, € 0,1 0,1 0,1
TaxOMETP M-C 5104 5104 5104
kL[B, —
pal
Es 0,1 0,2 0,2
Penykrop Kp 1 1 2

[Ipumeuanue: ckopocth asurarens 1 B 20 pa3 Bblllle CKOPOCTH TUAPOTYPOUHBI 12.
[Tiieun peryaroB 3 u 15 paBnsl. [lepemenmienne ruapoycruimTens 6 paBHO nepeMeliie-
HHUIO 30JIOTHUKA 4.

3. CucremMa aBTOMaTHY€CKOI0 PeryJiMpoOBAHUS KOHIEHTPAIlUN
CEPHUCTOT0 ra3a Ha 3aBOJaX CEPHON KUCJIO0ThI

Ha puc. 13 nmpencrapiieHa ynpoIieHHasi cCXeMa CUCTEMBbI, COCTOSIIIAs U3 00bEKTa
pEeryJIupoBaHus B BUE CYIIUIBHOM OamHu 2; perymnstopa P, cocrosimero u3 siek-
TPOHHOTO yCHJIHTENA 3, dJeKTpoMaimuHHoro yewurens (OMY) 4, snektpoasurare-
751 5, MEXaHUUYECKOTO pellyKTopa 6 U CUJIOBOTO cepBojBuUraresns §; natunka 1 (amek-
TPUYECKOTO ra3zoaHaan3aropa). Perynstop Bo3AeiCTBYeT Ha YIpaBisSIOLIUNA opraH 7,
M3MEHSAIOLIUN TPOXOJHOE CEYEHNE BO3AYXOBOA.

PaboTa cucreMbl peryaupoBaHus 3akiatoyaeTcs B cienyromem. [Ipu yBennuenuu
KoJM4ecTBa cepHHcToro raza SO,, MOCTYMAWIIEro 4epe3 TpyOompoBog B Cy-
IIUIBHYIO0 OAlllHIO, Ha €€ BBIXOJE MOBBIIIACTCS KOHIEHTpAIUsl CEPHUCTOIO rasa.
DJIEKTpUYECKUM Tra3oa”Hanu3arop 1, um3mepsrommii KoHueHTpauuo SO, BbIIAET
HaIpsKEHUE Uy, MOCTYNAIOIIEEe Ha AJIEKTPOHHBIN ycunutens 3 peryistopa P. Ycu-
JeHHbI B OMY, 3JIeKTpoABUTATENE U CHUJIOBOM THIPABIMYECKOM CEPBOIBUTATEIIEC
CUTHAJ BO3JICUCTBYET HA 3aCJIIOHKY 7 BO3JYXOBOJA, YBEJIMYMBAsl KOJIUYECTBO BO3IY-
Xa, MOoCTynaronero B OamrHio. TakuMm 00pa3oM, KOHIICHTpPAIUS CEPHHUCTOTO raza B
OalrHe majsaet 10 TpedyeMOoro 3Ha4eHHUS.

JIns mOBBIIEHHS YCTOWYMBOCTM M KAue€CTBA CHUCTEMBI PEryJIMPOBAaHHUS B HEU
MPETYCMOTPEHBI JBE BHYTPEHHHE TMOKHWE OOpaTHBIC CBSI3U: TEpBas, COCTOSINAS U3
KoHAeHcaTtopa 13 u pe3uctopa 14, u Bropas, cocrosiias u3 peaykropa 9, raxoreHe-
paropa 10, norenunomerpa 11, konnencaropa 12 u pesucrtopa 135.
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biok-cxema cucTteMbl peryMpoBaHus KOHUEHTPALMK CEPHUCTOrO ra3a MoKa3aHa
Ha puc. 14 (3eKTpOMAIIMHHBIA yCUITUTENb 4 U 3JIEKTPOHHBIN yCHIuTeNnb 3 00beau-

HeHbl). VicxomHbIe TaHHBIC TPUBEICHBI B Ta0. 6.

B
e
230 4 v z

Puc. 13. Cuctema aBTOMAaTHUY€CKOTO PEryJIUPOBAHUS KOHIIEHTPAIINH
CEpPHUCTOTO ra3a Ha 3aBOJIaX CEPHOUN KHUCIIOTHI

CyuminbHas
OalmHs 1 >

razoaHajin3aTop

I'mapo-
>
OMY :|_, JBurarenp |— npHBOX

(=

- Taxoreneparop
1 C PELyKTOpOM

Puc. 14. briok-cxema CUCTEMbI PETYIHUPOBAHUS KOHIICHTPAIIUA CEPHUCTOTO ras3a

Tabmauia 6
HMcxonHble 1aHHBIE
3BEHO [Tapamerp 3HaYCHUE
BapuaHT | | BapuaHT 2 | BapuaHT 3

CymibHast OamHs Ty, C 10 15 10

Ty C 5 8 8

ke, B 1 1 1

M

I'uaponpuBo Tr,c 0,001 0,001 0,001

kr, ¢t 1000 500 500
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Okonuyanue Tadm. 6

Taxoreneparop ke B¢ 0,05 0,1 0,1
' par

DIeKTPOMAIITMHHBIH Ty, c 0,1 0,05 0,05

YCUJIUTENb C DJIEK- Ky 10 10 10

TPOHHBIM  YCHJIUTE-

JIeEM

JlBuraTeib T, C 0,1 0,05 0,1
Kn, (c:B)?! 10 10 10

Penykroper 6 u 9 Kp, pan/m 100 50 50

[lpumeuaHue: TOCTOSHHBIC BpEeMEHH KOppekTupyromux RC-menodyek paBHBI
TK:0,0lc.

4. CxeMa mNporpaMMHOI0 PeryJjsiropa TeMIepaTrypbl TelmjJ1000MeHHHKA

Ha puc. 15 uzobpaxkeHa ynpolleHHass MPUHIUIHAIbHAS CXE€Ma MPOrpPaMMHOIO
peryisTopa TeMneparypsbl TemooOMeHHNKa. CucTeMa COCTOUT U3 3aJaT4yrKa TeMIle-
paTypsl (IOTEHUUMOMETPA) 3 U TEPMOMETpPA COMPOTUBIEHUS 4, BKIIOYEHHBIX B JICK-
TPUUECKUI U3MEpUTENbHBIM MOCT. HamnpsikeHnue pazdaianca MocTa U, MOCTYIAET Ha
BXOJI 3JICKTPOHHOT'O YCUJIMTENS 2, a 3aTEM — Ha MarHUTHBIN ycuiurtens 1. Harpyskoit
MarHUTHOTO YCWJIMTENs SIBIIsIeTCA ABYX(a3HbIM acHHXPOHHBIN nBuUratens 14, KOTo-
phIif uepe3 peaykrop 13 nepemernaer cTpyiHyto Tpyoky 12.

Om
Komnpeccopa &

11

Puc. 15. YopoluenHas npuHIMIHaIbHAs CXeMa CUCTEMbI TPOrPAMMHOTO
peryaupoBaHus TEMIEPATYPhl TEIMJI00OMEHHUKA

Pacxon nmapa usmepsiercst MmepHo# maii6oit 9. Ilo TpybonpoBonam 7 u 8 map mo-
CTymnaeT Ha MeMOpaHHBIN JBUTaTENb 11, KOTOPBIM MepeMeniaeT CTpyHHy TPYyOKYy.
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Perynmupyromum opranoMm 6 ynpasisieT cepBoaBuraresib 10, B KOTOpBIM MOCTyMaeT
CXKaTbI BO3IyX OT KOMIIpECcOpa uepe3 CTpyHHyIo Tpyoky 12.

Cuctema paboraer cienyromum oOpazom. Ilpu IBUXEHUU B COOTBETCTBUU C
IporpaMMoOil IIETKH MOTEHLHMOMETpa 3 obpasyeTcss pa3dajaHC MOCTa, W JJIEKTPO-
nBuratenb 14 mepeMecTuT cTpylHyro TpyOKy. CxkaTblii BO3QyX MOCTYHHUT K CEPBO-
neurarento 10, KoTopslid OyJIeT MOBOpAYMUBATH PETYIHUPYIOMIUI OpraH 6, U3MEHss
nojavy napa B TEINIOOOMEHHMK 5 10 T€X IOp, OKa TeMIlepaTypa B TEIUIOOOMEHHUKE
HE CTaHET PaBHOM 3aJIaHHOM TEMIIEpaType MO Mporpamme.

bnok-cxema 3Toll cucTeMbl peryiupoBaHus U3o00pakeHa Ha puc. 16.

2 i
S |XXa , > 1[5 S S8z
=S MBSS) [¥s 3 '3 3 3 3 S| Eos
= B -~ bl by x )
St REs (38 JEg| ESs 0S5 s | |5 iR
e e e e e e I
I8 £ xS SR S =3, QN 3 | Pacaod)
TS 53| 98] IS5 |5Y |~ S &S| |5 ez
S Y
™ oty |
SE ¥Sw
el wa FEEY
f ™ B o] oy
TS 89X
A
x
Puc. 16. biiok-cxema CUCTEMBI TPOrPaMMHOTO PETYTHPOBAHUS
TEMIIEPATYPHI TEITIOOOMCHHHUKA
Tabmuma 7
HUcxonnvle nanHbIe
3BEHO [TapameTp 3HayeHne
BapuanT | | BapmanT 2 |BapuaHrt 3
TennooOMeHHUK 5 Ko, °C/pan 50 40 60
T, C 20 15 12
T C 2 2 2
Crpyiinas tpyOka 12 Kc. Tla/m 3-108 3-108 3-108
TepmoconporuBnenne B Mo- | Ky, B/°C 0,1 0,2 0,3
CTOBOM cxeme 4
JByxda3ublii iBurarens 14 Kn pan 5 3) 5
' cB
TI[» C 013 0’2 0,2
Yceunutenu (MarHUTHBIA | Ky 20 30 40
AJICKTPOHHBIN) Twm, € 0,1 0,1 0,05
Penykrop 13 Kp, M/pan 10 10 10
[ToBOpOTHEII ABUraTeNs 10 Kn, pan/Tla 5-10° 5-10° 5-10°
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[Ipumeuanue: mpy>KMHBI MPUKPEIICHBI K LEHTPY CTpyilHOW TpyOku 12 M uMeroT
OJIMHAKOBYIO KECTKOCTb.

5. CucteMa aBTOMATHYECKOI CTA0MIM3AUM NPOJ0JILHOI0 KAHAJIA
camMoJieTa (aBTOIMMJIOT)

Uy Y
J 9
7 8 - \ - " ._‘ -
L - JIL S’ ’0
R Y = A e e 72

Puc. 17. prOIHGHHaH IIpUHOUIIKAJIIbHAA CXCMa aBTOIINJIOTA CAMOJICTA

Cucrema aBTOMaTHYECKON CTaOMIU3AlMK TIPOJOJIBHOTO KaHalla camojieTa (aBTo-
MUJIOT) Moka3aHa Ha puc. 17. 'mpockonuueckuii 6110k 11, och KOTOpOro HampaBiIeHa
BJI0JIb BEPTUKAJIBHOW OCU CaMOJIETa, UMEET BBIXOJIHON noreHuuomerp 10. Otot mo-
TEHI[MOMETP HEIMOJABI)KHO 3aKpEIUIeH Ha (Io3eisKe, U MPU OTKIOHEHUH TOpPU30H-
TaJIbHOM OCH CaMoJjieTa Ha HEKOTOPbIN yroa 3 (yroy TaHraxa) KOpmyc MmoTeHIIMOMET-
pa MOBEPTHIBAETCA HA TOT XKE YIOJI, TAK KAK TMPOCKOII CTPEMMTCS COXPAHUTH CBOE
ITOJI0KEHUE HEU3MEHHBIM.

[Torenimometp 10 coeauHEH 3JIEKTPUYECKH C 3aJAFOLIMM MOTEHIIMOMETPOM 9.
[Ipu nepemenieHny MOM3yHKa 3aIal0IIEro NoTeHnuoMeTpa 9 Ha yron 33, (3amaHHbIi
YIroJl TaHra)ka) B MOTEHIIMOMETPUUECKON cucTeMe oOpaszyeTcsl HaIps KEHHE pacco-
IJIACOBAHUSA U1, KOTOPOE MTOCTYNAET HA YCUIUTEND 8.

BbIx0/1HOH Kackaj yCUIUTENs NUTAeT ABYX(a3HbIN JEKTPOIBUraTeb MePEMEH-
HOT'O TOKa 7, MPUBOASIIMN B ABUKCHUE Yepe3 PEAYKTOP 6 30JJOTHUK TMIPOYCUITUTEIIA
4. 'uapaBaMYeCcKUl yCUIIUTENh U CUJIOBOM MOPIIEHDb UIMHAPA 5 00pa3yroT THUApPaB-
JUYECKYIO PYJIEBYHO MamIMHKY. [Ipn cMeleHnn 30J0THUKA MOPIIEHb LWIMHIpA 5
MepEMEIIAECTCS U MMOBOPAYMBAET yepe3 phiuar 2 pyiib BbICOTHI 1. C pyneM BBICOTHI
CBSI3aH MOTEHLMOMETpP OOpaTHOM CBsI3U 3, ¢ KOTOPOTrO CHUMAETCs HANpsKEHHE Up,
COOTBETCTBYIOIIEE YIiIy MOBOpoTa pyis Op. CaMmoJeT moj AeHCTBUEM PYsl BBICOTHI
OyJIeT mepeMerarbes 10 TeX Mop, MoKa ero 0Ch HE MOBEpHETCs Ha yroa 93. B aTom
Cllydae HalpsDKEHUE PacCOTJIAaCOBAHUS CTAaHET PAaBHBIM HYIIO, W camolieT Oyjaer
HaOupaTh BBHICOTY IOJ] 3aJJaHHBIM YTJIOM TaHTaxa. JlaTuuk yrioBon ckopoctu 12 u3-

MepsieT YIJIOBYIO CKOPOCTh CaMoOJIeTa 3 M C MOMOUIBI0O aBTOMAaTUYECKOW CHUCTEMBI
neMndupyet koyieOaHusi caMoJieTa B BEpTUKATIbHOMN MJIOCKOCTH.
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Ha puc. 18 noka3ana O1ok-cxeMa IpoOAOJIBHOIO KaHajla aBTOMUJIOTa (CHcTeMa
aBTOMATUYECKOM cTabunu3anun). VicxomHbIe TaHHBIC TPUBEACHBI B Ta0. 8.

3aufu;ae- Camoner  Yron
MBIN YT'OJI TaHraxa
TaHraxka I_Aﬁ 9
93 3 N Un Onek- Onektpu- I'mnpasnuye- |§p
—> Haoiz}g;?:(lf >Q>@>| tponnsiit | uweckmii [ cxas pynesas id >
=A =A\"|ycumurens PUBOJ MAaITHHKA
Uoe Up IToTeHumoMeTp w B 2
00paTHOIT CBsI3H g2 g =
e a g
E ol =
> 5| E
U, JlaTauk oOpaTHOM CBA- |
3 TI0 YIJIOBO# CKOpo- |
Hat4auk oOpaTHOH CBS- |
3M TI0 YTJIOBO# CKOpo- |
Puc. 18. brok-cxema mpoaoasHOTO KaHajia aBTOMIIIOTa caMoJieTa
Ta6nmma 8
HcxonHble TaHHBIS
3BEHO [Tapamerp 3HayeHue
BapuaHT | | BapuaHT 2 | BapuasT 3
[TorenmomeTpet 9 10 | Ky, B/pan 1 2 3
DJICKTPOHHBIA  YCHIIH- Ky 100 50 50
TENb 8
JByx(dazubiii  nBuUra- pan 1 1 1
Kn
TENb 7 ‘c'B
Trc 0,1 0,1 0,1
PenykTop 6 Kp, M/pan 10 10 104
T'uaponpusozn 5 kr, ¢t 1000 500 500
Tr, ¢ 0,001 0,001 0,001
JlnuHa peraara 2 I, M 0,2 0,15 0,2
Camounet ke 1 1 1
Te, C 5 3 7
TCll C 015 014 0,6
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6. Cucrema cTaduaIM3anMu HaNPsiKEHUs1 reHepaTopa

{mabunusupyrouus
mpancpopmamop

Puc. 19. [lpunnunuanbpHas cxema peryJupoBaHusl HalPsHKCHUS
reHepaTopa MOCTOSHHOTO TOKa

Ha puc. 19 npuBenena cxema crabuin3aliy HapsHKEHUsT CaMOJIETHOTO TeHepa-
TOpa MOCTOSIHHOT'O TOKA C YTOJBHBIM PETYISATOPOM. YTOJBHBINA PETYISITOP IPEACTAB-
aseT co0O0M CTOJIOMK M3 YrOJIbHBIX 1Iail0, CKAThIX MpYyXKUHOW. HaTspkeHue npyKuHbl
U CKaTHE YrOJBHOTO CTOJI0a M3MEHSAIOTCS C MOMOUIbIO AyeKTpoMarHuTa. OOMOTKa
ANIEKTPOMArHUTa MOJKIIOUEHA K IIETKaM T'€HEepaTopa, a YroJbHbIA CTON0 BKIIIOUEH
MOCJIETIOBATEIBHO ¢ OOMOTKOM BO30YXAEHUS U BMECTE C HEW TakKe MOJKIIOYEH K
nieTkaM reieparopa. CONpOTHUBIEHUE YTrOJbHOIO CTON0a MEHSETCA B 3aBUCUMOCTH
OT BEJIUYMHBI ckaThd. Kak BUIHO M3 CXEMbI, C TIOMOILIBIO AJIEKTPOMATHUTA MOYKHO
U3MEHATDH CKATHE U CONPOTUBIICHUE CTOJI0A, a CIeI0BAaTEeNIbHO, U TOK BO30YKIEHUS U
HaIpSDKEHUS Ha IeTKax re’eparopa. Ilycts, Hanpumep, B pe3ynbrare MajaeHus CKo-
pPOCTH BpallleHUsT WIM BO3PACTAHMsI HArpy3KH HaIpsDKEHUE TeHeparopa ynaio.
YMeHBIIEHNE HAIPSOKEHUS IPUBEAET K CHUKEHUIO CHJIBI DJIEKTPOMArHUTa, K CKaTHIO
YTOJIBHOTO CTOJ0a TNPYXKMHOM, K YMEHBIICHHIO 3JEKTPUYECKOIO COIMPOTUBIICHMUS
CTOJI0a, K BO3pAacTaHUIO TOKa BO30YXIEHHUS U B pe3yJbTaTe — K BOCCTAHOBJICHHUIO
MPEKHEr0 3HAUYCHMs HAIpPSOKEHUs (C ONpEeAeNICeHHOM TOYHOCTHIO). [Ipu moBbiIeHUn
HaIpsHKEHUS! ONMCAHHBINM MPOIECC NMOIEeT B 00paTHOM HANpPaBJICHUH U OISITh MpUBE-
JET K BOCCTAHOBJICHUIO 33IaHHOTO 3HAYEHUS HANpsDKEHUs. 3alaHHOE 3HaueHue (ypo-
BEHb) HANPSDKEHUS Uzx MOKHO M3MEHHUTH C MOMOIIBIO peocTaTa, BKIIOYEHHOrO MO-
CJIe0BaTEILHO C OOMOTKOM BO30YKICHUS.

N300pakeHHBI HA CXEME PETYISTOp CHAOXKEH M30JIpOMHON OOpaTHOM CBS3bIO.
N3oapomHast CBsI3b peagu3yeTcsi ¢ TOMOIIBI0 CTA0UITM3UPYIOUIETO TpaHCchopMaTopa.

[lepBruuHOI 0OMOTKOW TpaHCHOPMATOP BKIFOYECH HA BBOIBI OOMOTKH BO30OYX1e-
HUS, BTOpUYHAsi 0OMOTKa BKJIIOYEHA MOCIIEI0BATENbHO ¢ OOMOTKOM 3JIEKTPOMAarHuTa
perymisTopa.

bnok-cxema perymnsropa npuseneHa Ha puc. 20. JIuHeapu3oBaHHbIE YpaBHEHHUS
pEryisTOpa U reHepaTopa COCTABISIOTCS AJIS ONPEACIICHHOIO 3HAUEHUS HAIIPSKEHUS
Uo. YTONBHBIN CTOJO € 3JIEKTPOMAarHUTOM MPEACTABIEH B BHJIE KOJIEOATEIHLHOTO 3BE-
Ha. [Tocnie nuHeapu3anuu ypaBHEHU TUHAMUYECKUE CBOICTBA T€HEPAaTOpa OOBIYHO C
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I[OCTaTOqHOﬁ TOYHOCTBIO AIIIIPOKCHUMHPYIOTCA HHCPUHOHHBIM 3BCHOM. I/ICXOI[HBIC

JaHHBIC TIPUBEIEHBI B Ta0M. 9.

VronasHbII
peryastop

Y

['enepatop

\

Crabunusupyromui
TpanchopmMaTop

Puc. 20. briok-cxema perynupoBaHus HaMPsKEHUS

ICHCpaTopa MMOCTOAHHOT'O TOKaA

Ta0mura 9
Hcxonabie qaHHBIC
3BEHO [Tapa- 3Ha4YCHUE
METP BapruaHT | | BapmaHT 2 | Bapuar 3
VYTOoJIbHBIN PEryIATOp ky. OmM/B 20 30 20
Ty, C 0,1 0,1 0,1
Ev 0,1 0,1 0,05
I"'eneparop kr, B/A 1 2 3
Tpanchopmarop T, C 0,02 0,01 0,02
Kr 3) 5 10
ComnpoTusienne 0OMOTKH BO3- | Rop, OM 10 20 25
OY>KJICHHS
ConpoTuBIIeHHE YTOJIBHOTO Ry, Om 100 100 100
cToJyiba
CormnpoTuBiieHHEe 0OMOTOK Ri, Om 10 10 10
Tpanchopmaropa R,, Om 100 50 80

7. Creasimiasi CHCTEMAa KONMPOBAJIBbHO-(ppe3epHOro cranka

Ha puc. 21 moka3zana cxema cleasield CHUCTEMbI KOIMMPOBAIBHO-(PPE3ePHOTO
cranka. Cxema oOecrieuynBaeT ciexxkeHne Gpes3bl 6 3a JBUIKEHUEM KOMUPOBAIBHOTO
nansia 1. Ecnu g(t) —mepemMenienne KOnMupoBaabHOTO Maibila, X(t) — mepeMenieHme
dpe3sl, To € = g(t) — X(t) — paccornmacoBanue WK OMIMOKA CIACAAIICH CHCTEMBI.

PaccormacoBanue € uaMepsiercs TpaHCPOPMATOPHBIM HHIYKTUBHBIM JATYUKOM 2
U B BHJIC HANPSDKEHUS Ug = K1'€ Yepe3 IeKTPOHHBIA YCUIUTENb 3 3JCKTPOMAIITHHHBIH
ycunutelb 4. BeIXomHOE HANPsDKCHUE YCHIIUTENS W2 TTUTACT ABUTATENb S5, KOTOPHIH
4yepe3 peaykTop mepemeniacT (pe3y B CTOPOHY YMEHBIICHHS PacCOTIACOBAHMS E.
OnHoBpeMeHHO ¢ (pe3oit 6 mepeMeniaeTcsi KOpIyc, Ha KOTOPOM MTOMEIICHBI cepied-
HUKH WHAYKTUBHOTO natyuka 2. Korma cepiedHuKu 3aiiMyT TOJIOKCHHE, CUMMET-
PUYHOE OTHOCHUTEIILHO SKOPS, IBIIKEHHE CUCTEMBI TIPEKPATHTCSL.
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Puc. 21. Cxema cnepsiiiei CuCTeMbl KOMTUPOBAIBHO-()PE3EPHOTO CTaHKA

E‘I‘l TITTTC LYY

I TOBBILIEHUS YCTOWYMBOCTA M KAadyeCTBa CIEHSAIIECH CHUCTEMBI YCUIIUTEIN
OXBau€HbI U30JJPOMHON 0OpaTHOM CBA3bI0. HampsikeHue ¢ BbIXOJ1a DIEKTPOMAIINH-
HoTO ycunutens yepe3 RC-1ienouky momaercst 0OpaTHO Ha BXOJ AJIEKTPOHHOTO yCH-
mutens. brok-cxema crensiei cucTemMbl IpuBeeHa Ha puc. 22. VicxonHble TaHHbIE
npuBeneHsl B Tadi. 10.

t O Unnyxrusnerii | UAL) Uz(t) x(t)
9 )>®_> I[};T‘H/IK —>Q—> Vcewmrenn > /lsurarens >

T

Puc. 22. CtpykTypHas cxeMa CesIel CUCTeMbl KOMUPOBAIbHO-(PE3EPHOTO CTaHKA
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HUcxonabple nanHbIe

Taomuna 10

3BEHO [Tapametp 3HauyeHHe
BapuaHT | | BapuaHT 2 | BapuaHt 3

NHyKTUBHBIN 1aTYnK 2 Ky, B/m 10* 10* 10*
DNEKTPOHHBIA YCUIUTENh 3 Ty, C 0,1 0,05 0,05
c OMYVY 4 Ky 100 100 50

DJNIeKTPOJIBUTATENh S5 ¢ pe- Tis, € 0,01 0,02 0,03
JyKTOPOM Kns, M/B 10+ 10 10
Koppexrupyromas RC-1ienb Tk, C 0,01 0,02 0,02

8. Peryasitop ckopocTH BpanieHus 3JIeKTPUYECKOTr0 ABUTraTeJIsi

Cucrema PETYIUPOBAHUA CKOPOCTHU JJICKTPHUYCCKOI'O ABUIATCIIA C JJICKTPOMaA-

IIMHHBIM YCHJINTCJICM IIOKAa3aHa Ha pHUC. 23a.

3nech 0OOBEKTOM PEryJIMpOBaHUS SIBISIETCS HEKOTOpBIM MexaHu3M 1, mpuBoau-
MBI B IBHOKEHHUE IEKTPUUECKUM JBUTATEJIEM IIOCTOSHHOIO TOKa. B 1aHHOM citydae
OOBEKT M MCHOJHUTENIbHBIM MeXaHu3M 6 HpelCTaBsIOT eauHoe nenoe. CKopocTh
BpalleHUs Baja JBUraTeNsl IOJDKHA U3MEHSTHCS MO 3alaHHOMY 3aKOHY WJIM TOJIEp-
KUBATbCS TOCTOSAHHOM. /{151 ©3MepeHusi CKOPOCTH BpAILEHUS Bajla CIYXKUT TaXOMET-
PUYECKUN TeHepaTop 2, HANPSIKEHHE Ha 3a)KUMAaX KOTOPOTO Ur MPOMOPIMOHAIBHO
CKOPOCTH BpAILEHUS Bajla. DTO HANPSKEHUE CPABHUBAETCS C 3a/IaHHBIM 3HAYEHHEM

Up ¥ pa3HOCTh € = Up — Ur , MOJy4YeHHas B
KOHType 4, mnojgaerci Ha OOMOTKY BO3-
OyXIeHUS SJIEKTPOMAILIMHHOTO YCUITUTENS 5.
OJNIEKTPOMAIIMHHBI  YCWINTENb  IUTAET
AKOPb JIBUTATENs 1, cllyKallero peryiaupye-
MBIM OOBEKTOM.

biiok-cxema paccMarpuBaemMoinl CUCTEMBI
n3o0paxkeHa Ha puc. 230. BuenmHum Bo3my-
LIEHUEM B 3TOM CXEME SABIISIETCSI U3MEHEHUE
MOMEHTa Harpy3ku M Ha Bamy pabouero
nsuratens. KaxxqomMy 3HaUEHUIO peryiaupye-
MOH CKOPOCTH (® COOTBETCTBYET OIPEAEIICH-
HOE 3HaYEHUE HAIPSKEHUS PacCOraacoBaHUs
€ MEXIy 3aJaHHbIM HamnpsHKEHUEM Ug U
HaIpsDKEHUEM TaxoreHeparopa ur. Pacco-
rJIacOBaHHE OKa3bIBaeTcs TeM OoJblle, YeM
OOJBIIIe MOMEHT HAarpy3Kd Ha Bally JIBUTaTe-
g M.

Hcxonmusie
tabn. 11.

JaHHBIC IMPHUBCACHDBI B
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Puc. 23. Perynarop ckopocTtu Bpa-
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Taomuna 11
Hcxonarie nanHeie

3BEHO [Tapametp 3HauyeHHe
BapuaHT | | BapuaHT 2 | BapuaHT 3

Taxoreneparop 2 Kr, B-c/pax | 0,1 0,1 0,1
DMV 5 Ty, C 0,01 0,02 0,03

Ky 9) 10 8
DONEeKTPOABUTATENb C HUCIONHU- | T, C 0,05 0,02 0,05
TEJIbHBIM MEXaHU3MOM Kis, 1 2 2

pan/(c-B)

9. BHCKTPOFI/IIlpaBJII/I‘IeCKaﬂ ciaeasiag Cucrema
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Puc. 24. DnextporunpaBiudeckas ciaeasias cuctemMa

Crnensmas cuctema (puc. 24) npencrapisieT co00i 3aMKHYTYIO CUCTEMY PeryIH-
pOBaHuUs yria moBOpoTa Bajia (oTpabaTtbiBaronieit ocu) oobekTa ynpasieHus (OY) 9o,
ynpasisiemoro ruapornpusoaoMm I'Tl uepe3 penykrop P. 3anaromee Bo3nencTBHe
YCTaHaBJIMBAETCA MMYyTEM IIOBOPOTA HEKOTOPOTO 3a/IAF0IIET0 Bajia (3aJarollell OCH) Ha
yros 3i. JIBa mOTEHIIMOMETpa YyBCTBUTEIBHOTO 3j1eMeHTa YD coeuHEeHBI ¢ 33/1a10-
e u otpabarsiBaroiieit ocsamu. HampsbkeHne, CHUMaeMoe ¢ KaXI0ro U3 JeuTeNeH,
MPOMOPIMOHAIBHO YIUIy MOBOPOTa OCH MOTEHUMOMETpa 1 Win J. PazHOCTh 3THX
HaIpsHUKeHUN (HampsDKeHHE PacCcoriacOBaHMs) TOJAETCS HA YCWIWTENh Y, MUTaro-
Uil 0OMOTKY sikopsi ympasisitomiero asuratens Y. Ilpu nmro6oM HECOOTBETCTBHH
MOJIOKEHUST 3aaronieid U oTpabaThIBAIONICH OCEH B IEMH YCHUIIUTENS TMOSBISICTCS
HaIpsKEHUE PACCOTIIACOBAHMS €, U B OOMOTKE SIKOpsI pabouero ABUraTessi BOZHUKACT
TOK. Ban nBurarens uepes penykrop Pi ynpasiser 3010THUKOM rugponpusoaa I'Tl u
BpallaeTcs 0 TeX Mop, MoKa yroj MoBOpOTa OTpadaThIBAIOIIEH OCHM HE CTaHET paB-
HBIM yTJIy IOBOPOTA 3aJA0IIEN OCH U HANPSHKEHUE PACCOTIIACOBAHUS HE CHU3UTCS 10
HYJIA.

Jlns obecrieueHrss yCTOMYMBOCTH BCEM CUCTEMBI M IMOBBIIICHHS KauecTBa Nepe-
XOJIHBIX MPOIIECCOB MpUMEHsieTcsl Koppektupytomas uenb KL, comepxkamias Taxo-
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MeTrpruueckur re”eparop TI', M3Mepsrommil CKOpPOCTh BPAIICHUS Baja JBUTrATEN.
Hanpspkenne koppeknnu, NpONOPLUMOHAIBHOE CKOPOCTH Baya, IMOJAETCS B LENb
CPaBHEHMS M CKJIAIBIBACTCS C HANPSHKEHUEM pPACCOTIIacoBaHMsA. B nMHamMuU4yecKoM
pPEXKMME KOPPEKTUPYIOIIAsl LIETb HECKOJIBKO 3aMEISIET PA3rOH JBUTATENsS, OJHAKO
IIPY 3TOM OHAa 3ariIyniaeTr aBTokosie0anHus B cucteme. DyHKIMOHAIBHAS CXEMa pac-

CMaTpUBAEeMO CHCTeMBbl TOKa3aHa Ha puc. 25. VMcxomgHbie gaHHBIE TPUBEICHBI B
Tabm. 12.

—>

D =R V > V] > Py > ITl > P | OV
KL [e—
Puc. 25. binok-cxeMa cieasieli CHCTEMBI
Ta6mmma 12
HUcxonupie naHHBIC
3BEHO [Tapamerp 3HayeHue

BapuaHT | | BapuaHT 2 | BapuaHT 3
Bamatomuii w1 npuHEMaromui | Kn, B/pan 1 0,8 2
MTOTEHITMOMETPHI
Ycunurens Ky 30 25 40
VYrpaBisoni  3JIeKTpOABUTA- Tn, c 0,1 0,08 0,15
TeJb C PEAYKTOpoM Py K, 104 10 104
[unponpuBos ¢ pexykropom P Tr, ¢ 0,5 0,8 1,0
1 00beKTOM yrpasieHust OY Kr, pag/m 10 8 8

10. DaekTporuapaBjanyecKas cJeasmas CHCTeMA € JJIEKTPOMATHUTOM

Crnensimas cucreMa (puc. 26) npeactaBisieT co00i 3aMKHYTYIO CUCTEMY PETYJIH-
pOBaHUs yria MoBOopoTa Bajia (oTpabdaTbeiBaroleil ocu) oobekTa ynpasienus (OY) 9o,
yrpasisiemoro ruaponpuBogoM [Tl uepes pegykrop P. 3amaroniee Bo3aenicTBHE
YCTaHABJIMBAETCS MyTEM IMOBOPOTA HEKOTOPOTO 3aIAl0IIETO Bajia (3a1aroIieii ocu) Ha
yroil 91. JIBa moTeHIImoMeTpa 4yBCTBUTEIBHOTO 3JIeMeHTa YD COeIMHEHBI ¢ 3a/ato-
el 1 otpadareiBaromei ocamMu. HampspbkeHrne, CHUMaeMoe ¢ KaXXI0ro U3 JISTUTeIICH,
MIPOTIOPIIMOHANIBHO YTJIy MOBOPOTAa OCH MOTEHIIMOMETpa 31 Wi J2. Pa3HOCTH 3THX
HaNpsOKeHUN (HaNpspKeHUE PacCoriacoBaHUs) IMOJIAeTCsl HA YCWIHUTENb Y, MUTAlo-
it 00MOTKy snekTpomarauta OM. [lpu 11060M HECOOTBETCTBUM MOJOKECHUS 3a-
Jaromei U oTpadaThIBAIOIICH OCEl B MU YCUIIUTENS MOSBIIICTCS HAMPSHKEHUE pac-
corjnacoBaHusi. B 0OMOTKe »ayieKTpoMarHuTa BO3HHUKAET TOK M MarHUTHAsl CHJIa CMe-
maeT 30J0THUK ruapornpuBoaa ['Tl, koToperit Bpamaer o0bekT ynpasieHuss OV mo
TeX IOp, MOKa YroJl TOBOPOTa OTpaldaTHIBAIONIEH OCH HE CTaHET PaBHBIM YTy TTOBO-
pOTa 3aJa0IIEN OCH U HAIIPSKEHUE PACCOTIaCOBAHUs HE CHU3UTCS 0 HYJISL.
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Puc. 26. QHGKTpOFI/I,Z[paBJII/ILIGCKaSI ciacaiamasa CUCTEMa € 3JICKTPOMAarauToM

Jns obecrieueHnsi YyCTOMYMBOCTH BCEW CHUCTEMbI M TOBBIIIEHUS KadyecTBa Iepe-
XOJHBIX MPOIECCOB MpUMEHSETC Koppektupyromas nenb KII, cogepxkammas taxo-
MeTpruueckui rereparop TI', uamepsrommii CKOPOCTh IBUKEHUS 30J0THUKA THAPO-
npuBoaa. HanpsbkeHne Koppekiuu, TponopIuoHaTIbHOE CKOPOCTH 30JI0THUKA, 1014~
€TCs B LIENb CPABHEHUS U CKIIAJIBIBACTCS C HANPSHKEHUEM paccorilacoBanus. B nuHa-
MHYECKOM PEXMUME KOPPEKTUPYIOUIAS LIENb HECKOJIBKO 3aMEIIET PA3TOH IBUTATEIS,
OJIHAKO MPHU ATOM OHA 3arjiyiiaeT aBTokoyseOanus B cucteme. DyHKITMOHAIbHAS CXe-
Ma paccMaTpUBaeMOM CHCTEMBI IMOKa3aHa Ha puc. 27. VicxoaHble TaHHBIC TIPUBEICHbI

B Tadi. 13.

o

>

I'm

oy

OM l,

Py

|

KII

Puc. 27. biiok-cxema criensiieii CHCTEMBI

Tabmnma 13
HUcxonnvle nanHbIe
3BEHO [TapameTp 3Ha4YeHue

BapuaHT | | BapuaHT 2 | BapuaHr 3
Bagarommii ¥ npuaumarommii | Kp, B/pan 1 2 1,5
MTOTCHIMOMETPBI
Ycunurens Ky 30 40 25
DJIEKTPOMAarHuT km, M/B 0,001 0,001 0,002
[Munponpuson ¢ penykropom P Tr, ¢ 0,5 0,8 1,0
1 00beKTOM yrpasienus OY Kr. pan/m 10 15 10
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11. Cucrema aBTOMATHYECKOI0 PeryJIMpOBaHUsA 1aBJICHUS

Ha puc. 28 nokazana cucreMa aBTOMaTHYECKOTO PETYIUPOBAHUS 1aBICHUSI.

/
A
. Imevra
P i,
‘—\\qr: — ; } | &
. }© ST ) Sl
it =~ Jmracoca

N7

Puc. 28. CucteMa aBTOMaTHYECKOTO PETYIINPOBAHUA JaBJICHUA

JlaTuMK n1aBiIeHHs 2 HACTPOEH Ha OIpENeNIEHHOE JaBiieHue B pecusepe 1. Ilpu
OTKJIOHEHUH JIaBJICHUS Pk OT 33JaHHOTO 3HAYEHUs1 MeMOpaHa JaTrduka 2 nporudaercs
M 4Yepe3 IITOK CMEIIAeT TPYyOKy cTpyiHoro ycuwiutens 3. B pe3ynbraTe BO3HUKAET
Pa3HOCTh JABJIEHUM B HIMJIMHIPE TUAPABIMYECKOTO ABUTATEN 4 U NOPIIEHb JIBUTACT-
csl, MOBOpaYMBas 3aCJIOHKY 5, TAKMM 00pa3oM M3MEHSETCs Mojava rasza, 4Toobl Ipu-
BECTH JIaBJIEHUE Pk K 3aJlaHHOMY 3HaueHuto. Pabota MeMOpaHHOro AaT4uka ¢ TpyO-
KOI CTpYWHOTO YCHIJIMTENS ONMUCHIBAETCS ypaBHeHHEM X = Ky Ap, rie X — cMelieHue
KOHIIa CTPYHHOUN TpyOKH, AP — OTKJIIOHEHUE IABJICHUS OT 33JaHHOr0, KOTOPOE OIpe-
JeTsIeTCsl HACTPOUKOM nartunka, Ky — k03 GUIHeHT MponopuuoHaIEHOCTH.

brok-cxema cuctemsl TipencTaBiieHa Ha puc. 29. icxomaHbple TaHHBIC TIPUBEICHBI
B Ta0. 14.

CrpyitHas [opens

3acioHKa
—r?) Jatuuk = pybKa — ¢ pauarom > —»| PccuBep _r

Puc. 29. biok-cxema cucTemMbl aBTOMAaTUYECKOTO PEryIHPOBAHUS TaBICHUSI.

Tabmuua 14
HUcxonupie naHHBIC
3BEHO [Tapametp 3HayeHue
BapuaHT | |[BapuaHT 2|BapuaHT 3

MeMOpaHHbIi naTank ¢ Tpyokod | ky, m/Ila | 1078 2:10°8 108
Crpyiinas TpyOKa Ke, Ta/m | 2-108 2-108 3-108
ITopIeHb ¢ PBIYaroM M 3aCJIOHKOM K, 10° 2:10°° 2-10°°

pan/Ila
Pecusep Tp, C 10 12 15

Kp, 4-10° 4-10° 4-10°
ITa/pan
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3. YPABHEHUA DJIEMEHTOB CAY

Huxe npuBeaeHsl ypaBHEHHSI 3JIEMEHTOB CUCTEM aBTOMATHUYECKOIO YIPaBIICHHUS,
KOTOPBIE UCIIOJIB3YIOTCS MIPH MMOCTPOCHUH CUCTEM B BapUaHTaX 3aJlaHuil 1. 2.

=

I'mapasianyeckuii cepBoABUraTe/ b
(rupgponpuBox)

d’>x  dx
Tr a2 +a =kn X«,
rae X — IepEeMEICHHUE MITOKA TOPIITHS;
Xx — TIEpEMEIIEHUE ITOKA 30JI0THHKA,
Tr — mocTOsIHHAS BPEMEHHU;
Ky — koo durnment nepenaun.

Juzeanb

TI[ c:j_(f +m= k;[ | ,
rae | — monokeHue pelKH TOILTUBHOTO HACO-
ca;

® — yTJIoBas CKOPOCTh BpAIllCHHUS BaJa
T3S,

T — moCTOSIHHASI BPEMEHH JTU3EIIS;

Ky — koo duiiueHT nepeaaun au3ers.

LleHTPOOEeKHBIH TAXOMETPUYECKHUN JATUYHK
T? dx +26T dx +x =k
a * 26 T g Fx=ko,

rIe X — nepeMeleHne HKHeH OI3yIIKY;
® — yIJI0Basi CKOPOCTh BPALICHHUS;
T, &, k — mapameTps! naTuunka.
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80,

f

Jamuux
anaAauIamem

iaane

I'mapaBianyeckoe KOppEeKTUPYIOLLEe
YCTPOMCTBO U30APOMHOI0 THIIA (U30APOM)

dx dX,
Tugy * % =Tuge

rac TH — IIOCTOAHHAS BPCMCHHU HU30apOMa.

I'maporypouna

VYpaBHeHUE TypOHHBI B OTKJIIOHEHUSX OT yCTa-
HOBHBIIETOCS pEKAMA

d
Togr +7(0) =n(t)

A®
rae y= _03 — OTHOCUTENBHOE OTKJIOHEHHE
0
YIJIOBOM CKOPOCTH OT YCTAHOBMBILIETOCS 3HAa-
YeHUSA (o,
Az

w= Z_O — OTHOCHUTCIILHOC IICPCMCIUICHUC

3aJIBIDKKH 3, Zo — IIOJIOKCHHE 3aJBMKKU B
YCTaHOBUBIIEMCS PEKUME;
Ji o
To = To — IIOCTOSIHHAsA BPEMEHU THU-
pOTYypOuUHBI, T1€ J;g — MOMEHT WHEPIUU TYyp-
OuHBI; My — MOMEHT COINPOTHUBIICHHUS B YyCTa-
HOBHBIIIEMCS PEKUME.

CymmjbHas OalHs 11l MPOU3BOACTBA
CePHOM KHCJIOTHI
2

e X0 =K1,
rae X(t) — HampspKeHHWE ¢ rasoaHaim3aTropa,
MPOTIOPITMOHAIBHOE OTHOCHUTEIBLHON KOHIICH-
Tpauuu raza SO, B CMECUTETE;

|(t) — momosxeHue 3aCIOHKH;

T4, T2 — moCTOSIHHBIE BPEMEHH;

K — koo dunneHT nepenayn.

T1To + (T1+T2)

34



DJIEeKTPOMAIIMHHBIA YCHINTENb

dt

rae Ky — koaddunment ycunenus MY,
Ty — mocTosTHHAs BPEMEHHU.

(Ty du, + Ua] =ky Ug,

Taxoremeparop

UT = kT 0,

rle ® — Y. CKOPOCTh BpallleHHsI BaJia;
Ur — HanpsikeHue;
Kt — ko3 punment nepenayn.

Koppextupyrwmas RC-uenb

du, _ du,
Tk g =Tk g +Y2,

rae Ui — BXOJHOE HaNpsiKEHUE,
U, — BBIXOJIHOE HAINPSKEHUE;
Tk = R-C — nmocTosiHHasi BpEMEHH 1IETH.

TepMoconpoTuBJIeHHE B MOCTOBOM CXeMe

UT = kT AS,
rae Kt — koaduueHT nepeaadn u3MepuTe-
Ts1;

AS — OTKIIOHEHuE TemmnepaTrypsl OT HO-
MUHAJBHOTO 3HAYEHUS;

Ut — HanpsbkeHue.

Tena1000MeHHUK
2

T1T2%T\2+(T1+Tz)%_?+9:kma,
rae Kro — mepegarounsiii ko3 uIHeHT Tem-
JIOOOMEHHHKA;

T1, T2 — MOCTOSIHHBIE BPEMEHHU TEII000-
MEHHUKA;

9 — Temniepatypa;

0L — YTOJI TOBOPOTA 3aCJIOHKH.
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JIeKTpuYecKkuid AByX(a3Hblil ABUraTE/Ib
MepeMEeHHOI0 TOKA

rae T —TOoCTOsTHHAsI BpEMEHU JIBUTATEIIS;

K — koo durment nepenauu nBuraTes;

Uy, — HampsbKeHHEe Ha yHpasistoiiei o0-
MOTKE;

Oy — YTI1. CKOPOCTH BpAIICHUS Baja.

CrpyiiHas TpyOKa

Ap=p1—p2=keh,
rae h — oTkiioHeHHWe KOHIIAa TPYOKH OT cpe-
HETO MOJIOKEHHS,

P1, P2 — 3HaYCHHS JABJICHUN B BBIXOJHBIX
KaHaJax;

K. — mocTossHHBIH KOd(D(PHIIMEHT, 3aBH-
CSAIIUNA OT KOHCTPYKIIMA TPYOKH M BXOJHOTO
JIaBJICHHUS.

JJIeKTPOMATHUTHBIN YCUJIUTEIb

TM%*‘Uz:kM U,
riae  Uj; — BXOJHOE HAIPsKEHUE,

U, — BBIXOIHOE HaIPSIKEHUE;

Km — KO GHUIIMEHT yCHIIeHUS;

Tm — MOCTOSTHHAST BPEMEHU MarHUTHOTO
YCUITHTEIIA.

IToBOpOTHBIN MHEBMATHYECKHH IBUTaTE /b
o= kH Ap,
rae Ap = pi1 — P2 — nepenajn IaBJICHUM;

0L — YTOJI TIOBOPOTA BaJia IBUTATEIIS;
K — koa(ddumeHT nepegaun JBUraTeIs.

CamouJier (yros TaHraxa)
d?9(t d9(t
TCZ J + 2§CTC at + S(t) =

dt?
= ke (Tc1 %Q + SB(t)j :

rae 3 — yroJ TaHTaxa,
Op — YTOJI OTKJIOHEHUS PYJIS BBICOTHI;
ke, Te, Tei, Ec — mapameTpbl camosiera.
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R !/zanorwdl
| &5 peeynamop
|

Lo -2

IHoreHunometp

U=k B,
rne U — HanpsbkeHue,

 — yrom moBOpoTa IBMKKA IOTEH-
IIOMETPA;

Ky — xoadduruent nepegaymn.

YrouabHBIN peryjasaTop

2
Ty(j(j—tzR+2§yTy(j(j—tR+R=kyU,
rne U — HampspkeHue Ha 0OOMOTKE 3JIEKTPO-
MarHuTa;
R — conpoTuBieHHe yroJsHOTO CTOJ0a;
Ty — mocTosIHHAs BpEMEHH;
&y — KO3 (PULIMEHT 3aTyXaHUs;
ky — k03 punment nepenaun.

I'eHepaTop MOCTOSIHHOTO TOKA

HarnpspkeHue reHepatopa Ur mponopiuoHalib-
HO TOKY B OOMOTKE BO30YXKJIEHHUS 1g U 4aCTOTE
BpallleHHE Bajia TeHepaTopa .
Ur:COJiB:kriB,

rae  Kr = C o — ko3 duiueHT nepeaauu re-
HepaTopa (4acTOTy BpalleHHUs (0 CIUTAEM I10-
CTOSIHHOM).

Tpauncdopmartop

du, dU,

Tt dt + Uy = ke dt
rae Ui — BXOJHOE HampsiKEHUE,

U, — BBIXOJIHOE HAIPSIKEHUE;

Tt =L/ Rrp;

Ltp, Rtp — MHAYKTUBHOCTh U COMPOTHUB-
JICHUE TIEPBUYHONW 0OMOTKH TpaHchopmaTopa;

Kt :\\:Vii Tt — koaddunmeHT Tpanchopma-
TOpa, IJIe W1, W2 — YHCIIO BUTKOB IIEPBUYHOM H
BTOPUYHON 0OOMOTOK.
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NHAyKTUBHBIH JaTYUK
Us = k[[ 8,
rJie¢ € — CMEIICHUE;
U¢ — BBIXOJHOE HAMPSIKEHUE TaTUMKa.

3J’IeKTpI/I‘IeCKI/Iﬁ ABHUIaTeJIb IMMOCTOAHHOI'0O TOKA

x d
/%\5@ Tﬂd—(,’[)+03=k;[U,

+
U B § rae T —TIOCTOSTHHAsE BDEMEHH JIBUTATEIIS;
Ky — ko3 durmeHT nepeaaun ABUTaTEIS;
U — HanpspkeHue Ha ynpaBIisionieil 00OMOTKe;
® — yTJI0Basi CKOPOCTh BpaIlleHUs Baja.

?\X DJIEKTPOMATHUT
U X= k|\/| U,
rae X — IepeMeIleHre CepACUHNKA MarHuTa;
U — HanpsbkeHre Ha 0OMOTKE MarHHTa;
Km — KO3 puIMeHT nepenadn 3JIeKTPOMarHuTa.
Pecusep
7
dp

1
o

X} . . - —_
ﬁoﬂaﬁa il i Tp dt +p=kyo,
¥imeua
’ — rae P — JaBICHUE B PECUBEPE;

( — yroJl MOBOPOTA 3aCJIOHKH;
Ty, Ky — mapametpsl pecusepa.

MemOpaHHBIN JATYNK TaBJIEHHS

P
X= kz[ Ap,
rae AP — OTKIIOHEHHWE JaBJICHUS OT 3aJaHHO-
X ro 3HA4YCHUS;

X — TIepeMeIeHre MEMOpaHBI;
Ky —x0adduiineHT nepeaaun gaTunka.

IlopuieHb ¢ ppIYaromM M 3acJIOHKOM

1\ Ap=p1—p ([):kHAp,

—
- m I1€ (@ — yroj nOBOPOTa 3aCIOHKU;
Ap — nepemnan 1aBJICHHUI Ha NOPILIHE;
ki — koo unmenT nepenaun.
"
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KoHTpOoIBHBIE BOITPOCHI

1. Kaxk momyuuts nepenarounyto pynkuuto CAY, 3Has ee quddepeHunansHoe
ypaBHEHUE?

2. Kak momyuuts auddepenumanbioe ypaBHenue CAY, 3Has ee mepenaToy-
HYI0 QYHKLIHIO?

3. B uem ornuume MeXAy IMepenaTOuHbIMH (YHKIMSIMH Pa3OMKHYTOH U 3a-
MKHYTOM cucTeMamu?

4. Kak nonyuuts nepenarounyto pyukiuio CAY no ee cTpykTypHOii cxeme?

5. Uto Ha3BIBAIOT aMIUIUTYIHO-9aCTOTHOM XapakTepucTukon (AUX)?

6. Urto Ttakoe dazo-yactoTHas xapakrepucTtuka (OUX)?

7. Kak moctpouth aMIMTy1H0-($ha30ByI0 XapakTepucTuky (ADX)?

8. Uem ornmuarorcs yactoTHbie XapakTepucTuku (AUX u ®UYX) ot jorapud-
MUYECKHUX 4acTOTHBIX xapakTepucTuk (JIAUX u JIOUX)?

9. Uro Takoe mepexoIHas XapaKTEPUCTHKA?

10. Kaxk cocraBnsieTcs TJIaBHBINA onpeneauTensb [ 'ypBuma?

11. Kakyro nepenaTouHyro (pyHKIUIO (3aMKHYTOM WJIM Pa30MKHYTOW CHCTEMBI)
HEO0OXOJIMMO MCMOJIb30BaTh B Kputepuu a) ['ypBuma? 6) Muxaitnosa? B) HalikBu-
cra?

12. Kakum 06pa3oM cyauTh 00 YCTOMUMBOCTH 1O KpuBoi MuxaiinoBa?

13. Kak gomxna npoxoauts ADX pazomkHyTo#l cuctembl, uToObl CAY Oblia
YCTOMYUBOM?

14. Kak onpenenauTb 4acTOTy Cpe3a CUCTEMBbI?

15. Kak Haiitu 3amacsl yctouuBocTH a) o AD®X cuctemsi? 0) mo JIYX?

16. UYro Ha3biBatOT KO3 GUIIMEHTaAMH OITHOOK?

17. Kaxk ux onpenenutsb?

18. Kak HaiiTH yCTaHOBUBIIYIOCS OIIMOKY, €CIH HW3BECTHBI KOI(PPUIMSHTHI
OmuOoK?

19. Kaxk ompenenuth a) BpeMs perynupoBanus CAY? 6) mepeperynupoBanue?
B) K0JIeOATENbHOCTh MEPEXOAHOTO Tporiecca’?
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