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OLEHKA TOYHOCTU MUKPOMPOLIECCOPHOW CAP
NP OrPAHUNYEHUAX HA CKOPOCTb N YCKOPEHUE

3AOAIOLLEIO BO3OENCTBUA
I.B. 3bipsiHO8

MICROPROCESSOR AUTOMATIC CONTROL SYSTEM
ACCURACY ESTIMATION AT VELOCITY CONSTRAINT
AND MASTER CONTROL ACCELERATION

G.V. Zyryanov

PaCCMOTpeHLI BOIIPOCHI OUECHKHU TOYHOCTH CJCAALIIUX CHCTEM NPH MEIJICHHO MEHSIO-
meMced 3aaaruem B03llef/iCTBl/Il/l. HpOBe}leHl)I HCCIeA0BAHUA I HENPEPLIBHOIO U MHUKPO-
MPOLECCOPHOT0 BapUaHTAa CUCTEMbBI IIPHU HAJTUYIUHU U OTCYTCTBUHU KOMHeHcI/IpleIIIeﬁ CBSI3H.

Kniouesvie crosa: MUKponpoyeccopHas cucmema, movHocnis Cﬂed}zmeﬁ cucmemal.

Issues on accuracy estimation of servo systems at slowly changing master control are
considered in the article. Research for continuous and microprocessor variants of the system
at the existence or absence of compensating feedback is given.

Keywords: microprocessor system, accuracy of servo system.

1. Beogubie 3ameuanus. Tounocts CAP cre-
qamero tuna (CC) sBasieTcs OJHUM U3 TJIaBHBIX I10-
KazaTesell kKadecTBa MX (yHKIMOHUpoBaHus. Ha ora-
ne JMHAMUYECKOTO CHHTE3a JUIsl CPAaBHEHUs BapuaH-
ToB CC TOYHOCTH OIEHMBAIOT HEKOTOPHIM (PYHKIIHO-
HAJIOM OT 6bIHYHCOCHHOU COCTABIISIFOIICH OIIMOKH €,(1)
IIPY TUITOBOM 3aKOHE M3MEHEHUsI 33/1al0IIero BO3/IeH-
ctBun X(f) = X,(f). B dacTHOCTH, 3TO MOXKET OBITh
(yHKIMOHAN BHJa €,=max [€,(¢)|, Ha3bIBacMBbIi
MaKCHUMalbHOU Ouramuyeckou omudkou [1]. Tlpm
9TOM IEPEeXOJHasl COCTABIAIONIAsT OIIMOKH €,(f) He
YUUTBIBAETCSI, TIOCKOJIbKY PACCMATPUBACTCS CMAYUO-
HapHoulil pexxuM paboTel ycmouuusot CC B mpemdrno-
JIOKEHUHU TOTO, YTO MUNOGOU 3aKOH st X (7) Ha3HA-
4yeH npasuivbio. COOTBETCTBEHHO ATOMY Jajiee BbI-
6upaercs meton ananuza TogHoctd CC u cmocob ee
oOecrieyeHuUsI.

OnHako B OOJBIIMHCTBE CIIy4aeB anpuopHol
nHpopmanum o pearbHOM curHaie X(f) HeocTaToYHo
JUIs. Ha3HAYCHUS! KOHKPETHOTO BHJIA X (f), HO J0OCTO-
BEPHO M3BECTHHI (HANpuMep, U3 (PU3NUECKOro CMBIC-
Jla) OrpaHMYCHUSI Ha MaKCHUMaJIbHbIC 3HAYEHHsI CKOPO-
CTH ¥ YCKOPEHHSI 33/1AI0IIETr0 CUrHAA:

[ X(0) [= X, m [ X(0) [< X, (1
9710 COOTBCTCTBYCT TOMY, 4YTO BCC BO3MOKHBIC

gazosvie Ouazpammer (Tpaektopun) curHaia X(7),
T. €. Tpa)MKH Ha INIOCKOCTH «CKOPOCTh — YCKOPEHHUEY,
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MPUHAATISKAT MPSIMOYToapHOI obmactu I1 ¢ eHTpom
B Hayaje KoopauHat. Takoil curHan oObIYHO Ha3bIBa-
10T «MeIJIieHHO MeHstormmMcs curnanom» (MMC) [1].

OpueHTUPYACh HA YaCTOTHBbIE METO/Ibl aHAIN3A U
cuare3a CC, B MOAOOHBIX CIy4asx yJOOHO HPHUHATH
3a AuHaMudeckui sxBuBaieHT MMC X(7) He oauH, a
MHOXKECTBO CHTHAIIOB BHIA V,(f)=A,(®)-sin 0, rae
A,(®) 3amaercs popmyioit

A, (0) = min [Q,X—;’J . 2)
0 o
Jlnst KpaTKOCTH HAa30BEM TaKO€ MHOKECTBO CHUT-
HaJOB gupmyanvHuim cnekmpom (V-cnekrpom) MMC
X(#). 3aBUCUMOCTb aMIUIUTYJ A, 3TOr0 CHEKTpa OT
YacTOTHI () TIOKa3aHa Ha puc. 1.
OnuH M3 CUTHANIOB TaKOro CIEKTpa C aMILIUTY-
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Joil A, uuacToToi O, , rue
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m m
Ha3bIBAIOT «IKBHBAJIECHTHBIM TAPMOHUYECKHM CHTHa-
som» (OI'C).

I'eomerpuueckuit cmeicn V-cnektpa MMC co-
CTOUT B TOM, 4TO ¢haszosas ouacpamma II'C — 310
anunc S, BuucaHHbli B npsmoyronsHuk II (puc. 2), a
JiarpaMMBbl OCTAJIBHBIX COCTaBJISIONIMX V-criekTpa —

«TOPHU3OHTAIBHBIE» (S;) W «BEPTHKAJIBHBICY (Sg) II1-

Zyryanov Georgiy Valentinovich — Candidate of Science
(Engineering), Associate Professor of Control Systems De-
partment, South Ural State University; su@susu.ac.ru

198

BectHuk IOYpIY, Ne 23, 2012



OueHka mo4YyHocmu MukpornpoueccopHol CAP npu o2paHU4YeHuUsiX Ha CKOPOCMb U yCKOpPeHue

3adarouwe2o eosdelicmeaus

JIMIICBI, KOTOPBIE MOJHOCHIbIO 3ANONHAOT IIOLIAIb
anunca S ¥ UMEIOT ¢ HUM OOIIYyI0 TOPU30HTAIbHYIO
100 BEPTHKAIBHYIO OCh.
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Puc. 1. Amnnutyabl V-curHanos
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Puc. 2. ®azoBble guarpammbl V-curHanos

2. CpaBHenne CC no TOYHOCTH HA OocHOBe V-
cnekTpoB MMC. M3 cka3aHHOTO BEIIIE OYEBHIHA
CIIPaBEUTHBOCTH CIICAYIOMINX YTBEPIKICHHML:

1) xaxaplii U3 V-CUTHAJOB SIBISIETCS MEIJICHHO
MEHSIOIINMCS;

2) 6omee Tounoi Oymet Ta CC, KOTOpast BOCHPO-
W3BOJIUT KACObIl U3 CUTHAJIIOB V-CIIEKTpa C MEHBIINM
3HAYCHNEM aMIUTATY bl OIHOKH E,(M);

3) mo tpeboBanusaM k TouHoctu CC ammuuTyna
omuOku E,(0) Tpu BOCIPOU3BEACHUU KaAHCO020 W3
V-curnanoB ne 0oaicha OBITh OOJIBIIIE BETUYUHEI €,

4) tak kak S C I, a V-curHasel — 9acTh BO3MOX-
HBIX peanu3anuit X(f), To BOCIIPOU3BEACHNE KaKIOTrO
U3 HUX C OMIMOKOW €, He MOoodcem 2apanmuposams
TakoW e TOYHOCTH BocmpousBeneHuss MMC X(7).
DT0 HEOOXOAUMOE YCIIOBHUC;

5) ommbka Bocnpoussenenust MMC X(7)e, He

MIPEBOCXOAUT BEIHUYUHBI €,y = V2 €,, Tl €y, — OIINO-
Ka BOCHPOMW3BEICHHS KAXKIOTO W3 «yCWICHHBIX» B
V2 pa3 V-curHajoB, 3aMOJHSIOMUX IOJHOCTBIO
BHYTPEHHIOIO YaCTh IHUICA Sy, MPOXOJSILETro Yepes
BCE BEpIIMHBI NpsiMoyrosibHOM obmactu IT (cm.
puc. 2). IIpu stom u3 otHommenus S, D I O S cneny-
€T, 4TO £, < €,< \/ES

6) MHOYKECTBO V-CHTHAJIOB MOYKHO HCIOJIb30BaTh
B KadecTBe 3kBHBasieHTa MMC X(¢) npu cpaBHeHHH
o toyHoctu CC Ha sTane ux npoexktupoBanus. s

rapaHTHU BBIOJIHEHUS  TpeOOBaHMH 0 TOYHOCTH

CIIEIyeT 3a/1aBaTh €, < €,/ ﬁ .

3. Oodecnevyenne TouyHoctTm CC ¢ momombIo
V-cnexktpa MMC X(#). [Iycte MMC X(7) sBnstercs
3a0aiowum CHUTHAJIOM Ul HenpepbiHOU JTHHEWHOH
CAP creoaweeo Tina ¢ npou3gonvHoli CTPYKTypor n
nepenatouHoi Qynkuueii (I1D) mo ommbke D (p) =
=1->(p).

Tounocth padotsl Takoit CC Oynem OlEeHHBATH
BEJNIMYMHON €,,=max [€,(7)|. TToCKOJIbKY KOHKpETHBII
By X(f) 3apaHee HEM3BECTEH, TO OMPEACIUTh TOUHOE
3HaYeHHue €, HEBO3MOKHO. Ho Tak xak Jro60i u3 V-
curHaNoB V,(f) = A,sin ¢ MOXET OKa3aThCs peann3a-
ue X(f), ToO COOTBETCTBYIOIIAs €My BBIHYXKICHHAsS
ommoOKa €y,(f) OyoeT UMETh BUI €y,(f) = E,sin (©f + @y).
Bocnone3yemcst Heobxooumbim yciosuem obecrede-
HUS 33JaHHOW TOYHOCTH, IMOJIarasi aMIUTUTYy OIIHO-
k1 E, 0IMHAKOBOW U paBHOI! €, Ha JT000H, BKIIIOYAsT U
w:wi, 4acToTe, a 3HAYCHUS aMIUUTYI A, = A,(®)
IO TYHHSFOIIIUMUCS YCIIOBHIO (2).

OmnpenenuM JOMYCTUMYIO (HIDKHIOIO) TPaHUILY
F*(w) nns 3navennit unsepcroti AUX CC mo ommbke

—1 .
| CDS (j 0‘)) | 9
CHTHAJIa K ITIOCTOSIHHOM Ha BCEX 4acTOTax M3 JHaraso-
Ha W€ [0; ] ammmuTyne omuoku £, = €, (cM. puc. 1):

KaK OTHOIICHUE aMIUTATYIBI A,(w) V-

IS FH) = A(0) / £,5 | & (jo) |. )
Tornma, yuuteBas (opmyny (3) A7 9acTOTHI
O = W, , TOTYYHM
. B} 1 e e X
F*(wy)= A, /e, =<; 8= — =%,
84 ()

<]

)

rae O — omHocumenvHas BEIMYMHA JIUHAMHYCCKOM
OILIHMOKHY.

VYunteiBast (2) u (3), npencraBum GopMyiy Juist
F*(w) B Bujzie:

Sk &

X 0\) 3
FY(w) = = o< o,; 6
(0) = 6A =55 H 5 (6a)
X (0)? .
F* == TpHO > O,. 60

3nech (6a) OoTpe/eNisieT HWKHIOI TPaHUILy s
|CI)g1 (jo)| B Hu3kouactoTHOM (HY) nmuanaszone, a

BbIpakeHne (60) — aHAIOTHYHYIO TPAHMILy B BBICOKO-
gactotHoM (BY) nmuanaszone.

B cootBercTBHH ¢ (6a), (60) HalieM U TOCTPOUM
(puc. 3) rpaHUILY 3aMpeIeHHOH (10 TOYHOCTH) 00ac-
i L*(w) st JIAX Ly(w) = 20lg| @, (jw) |:

><

L) = 201g—8 = 201g€3 ~20lgwnpu 0 < 5 (7a)

(3)

[¥(@) = 20lg= 5= 20lg

N2
(“’g) — 40lg0

pH © > @, . (76)
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Eciu I1® no ommbdke D¢(p) mis CC ¢ npoussons-
HOU CTPYKTYpOH W3BECTHA, TO OLCHHTh 3HAYCHHE M-
HAMHUYECKOW OMIMOKH €; MOJKHO CIIETYIOIINM 00pa3oM:

1. Tlocrpouts rpaduk Ly(m) = 201g|d>g1 (o) |
Ha miockocth JIAX.

2. 3ajgarth HEKOTOPOE 3HAYeHHE O (HAmpUMED,
8=0,1) u moctpouts (puc. 3) COOTBETCTBYIOIIHIA
ATOMY 3HAYEHHUIO TpaduK 11 TpaHuiel L*(m).

3. Cwmectuth rpaduk L*(m) B BepTUKAILHOM
HaTIpaBJICHUU 10 KacaHus ero ¢ rpaduxom L () u

—0,05L,
OIPEIENIUTh BENUUMHBI Ly 1 6 = d* =107"9
4. HaliTi OICHKY I MaKCHMAaJIbHOHM OIIMOKU

< V2 8,=42 (8%) 4.
Hus CAP ¢ enuHWYHOW OTpHIIaTENFHOUW 0Opart-
ot cBs3pto (EOOC) |CI)Q1 (jo) | =1+ (jw)|, rme

W(j®) — yactoTHast nepepaTovHas QYHKIHS Pa3OMK-
HyTOH cucTeMbl. Tak Kak o06buHO O <<1, TO
(o) >> 1 | D, (jo) |=[#(jo)|. Tosromy L*(w),
HOCTPOCHHYIO IS 33JaHHOr0 & = 8%, MOXHO IpH-
OJIKEHHO CUMTATh TPaHUIEH 3alpenieHHON 00acTi
s JIAX L, () = 20lg|W(j®w)| pa3oMKHYTOH cHCTEMBI
B HY nnanasone, rae o < g, a |[W(jm)| >> 1. UmenHo
TaK MOCTyHAarOT B YaCTOTHBIX MeTofax cuHTtesa CAP
IIPU TTOCTPOGHUM HHU3KOYACTOTHOW YacTH HKeJTaeMOM
JIAX pa3omkHyTO#1 cucTemsl [ 1].

W3 puc. 3 cnmemyer takxke, uto CAP momxHa

L(w), nb

Ly(w)=20lg

UMeTh TopsIoK actatm3ma v 2 1. Ilpu v =1 xoadpdu-
[UCHT JOOPOTHOCTU MO CKOPOCTH Ky 2> Ky = (1); /8,
a npu v =2 k03hGHUIHEHT TOOPOTHOCTH MO YCKOpe-
Hu K > K= (né = (u)j )2 /8. JInd BBICOKOTOUHBIX

CC 6 << 1, uro gt CAP ¢ EOOC npuBomuT K HEOO-
XOJMUMOCTH OOJBIINX 3HAaYCHUH K03 duimenTos K, u
K, a Taxke K mpobieMaM OOeCTeYeHUsT YCTOWIHBO-
cti CAP 1 ycno>xHEeHHIO 3aKOHA PeTyIUPOBaHHUS.

IToBeicuTh TouHOCTH caensameid CAP, He yMeHb-
11asi ee 3arnacoB yCTOHYMBOCTH, MOXKHO MPUMEHEHHEM
rkomnencupyrower (naBapuantHoi) cBsizu (KC) mo
3ajaromieMy BoszeiictBuio X(7). CTpykTypHas cxema
Henpepuvisrol cnensmeit cuctemsl ¢ KC moka3ana Ha
puc. 4.

3necs Wy(p) u Wi(p) — I1® obwekTa ynpaBieHHUs
(OY) u xoppexrupyromero 38eHa (K3), a W (p) — [1D
komnencupytomeii cBs3u (KC), mcmompzyemoit mms
YMCHBIICHUS OMMOKK  ciexkeHus €(f). Jns Takoid
cucrems! I1® 1o ommnbke

D (p) = Pep(P)Pes(p), ®)
rae Pg(p) =[1 - Wp)Wo(p)]l — II® no owudke pa-
30MKHYmMO20 ~KOHTypa ympaBieHus, a Dy(p)=
=[1 +Wp)Wo(p)]'= TI® no owmbke 3amKHymozo
KOHTYpa.

U3 (8) cnenyer, uto Takas CC sBisgercs urepa-
IIMOHHOM: OMIMOKa Pa3OMKHYTOro KOHTypa (rpyObIid
KaHaJl) YMEHBIIACTCSl 3aMKHYTBHIM KOHTYPOM peryJiu-
poBanus (Tounbli kaHan). IIpu sTom xenaemas 1D

o7 (jo)

Ls =201g —

o —
\\ o = (D;
lgmy . i )
lgm, z[e}:c

Puc. 3. NpaHuua L*(w) AnA 3anpeLieHHon 0611acTi No TOYHOCTH

Wp)

<

— Wip)

‘l ¥(p)

—>Q—>» Wy(p)

v

Puc. 4. Cnepsiwias cuctema c Komnechpyrou.leﬁ CBA3bIO
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KC Buna W,(p) = Wofl( p) u3-3a unepuuonnoctu OY

OKa3bIBACTCSl HEpeau3yeMoil (MOPSIIOK YHCIIUTEIS
OOJIBIIIC TIOPSIIKA 3HAMCHATENS) U €¢ BBIOMPAIOT Ta-
KM o00pa3oMm, 4ToObI cooTBercTByromas eii UIID

W.(jo)= Wo_l( j®) B mmamazona wacrtot [0; ], rae

aMIUTUTYbl V-curHainoB A,(w) = €, (cMm. puc. 1). dus
BY numamazona, B xoTopoM  >> (), Bun W (jo) u
L(®) BBIOMpPAIOT € y4YeTOM YCJIOBUS (HU3HMUECKOIT
OCYIIECTBUMOCTH (PaBEHCTBO MOPSIKOB YHUCIUTENS U
saameHarens [1®). [Tocne BeIOOpa W,(p), mpoBepka
TpeboBaHMI 1O TOYHOCTH W/min oueHka €, B CAP ¢
KC BbIONHAIOTCS Tak jke, Kak M JUIS CHUCTEMBI C
EOOC (cm. puc. 3).

C yuerom (4) u (8), ycmoBue TpeOyeMol TOYHO-
CTH OTHOCHTENIbHO XapakTepucThk Dg,(jw) n L (w) =
=201g| D¢, (jw)| 3amumieTcs caeayromuM o0pasoM:

| @, () | < | @, (jo) | /F (@) ;
(€))
L) < L(0) - L*(o).

DTO YCIOBHE JODKHO BEHITIONHATHCS B TUANTa30HE
oT®=0 10 Wy = /3.

4. OneHka TOYHOCTH MHKPONPOLECCOPHOI
CC. B mukpomnpoueccopuoit CC ympaBisitoniee BbI-
yucnuTenbHoe ycrpoiictBo (YBY) Beimonnsier (yHk-
nuu u3Mepurens paccoriacoBanus (MP), koppexTtu-
pyromero 3BeHa (K3) um xommeHcupyromei cBs3u
(KC). SBnsasch ycTpOHCTBOM JUCKPETHOTO JCHCTBUS,
YBY BocrpuHuMaeT U npeoOpazyer TOJIBKO BbIOO-
pouHble (pemieTyaThie) 3HA4eHUs curHaioB X(kT,) u
Y(kTy), mpencraBieHHBIE ITOCICIOBATEIHHOCTSIMA
uppoBBIX KOJ0B. [Ipu 3ToM ams ycroitunBoit MIT CC

"
BCET/1a BBIIOJIHSIETCS YCIIOBUE (M, < Dy < W¢p < 2/T,.

Tax xaxk B HY nmanasone yactora W U ICEBHO-
gacrota A= (2/ To)tg(wTy/2) NpUMEpHO paBHBI, a
rpaMKy 9aCTOTHBIX W IICEBJOYACTOTHBIX XapaKTePH-
CTHK MPAaKTUYECKH COBMAJIAIOT, TO HET HUKAKUX OCO-
oenHocteld B onenke touyHoctn MIT CC mo cpaBHe-
Huto ¢ "HenpepbiBHOW CAP. Ilpu sToM ecnu ObLIH OTI-
penenenst Wi(p) u W (p) Iisl HEIPEPHIBHOTO BapuaH-
ta CC ¢ KC (cMm. puc. 4), T0 it «1mepeobopyaoBa-
HUS» e¢ B IU(POBYIO (MUKPOIIPOIIECCOPHYO) YI00HO
BOCITOJIB30BATHCSI METOJIOM AHAN0208020 NPOMOMUNA
(MAII) [2]. B aToM MeTOzAE MIar AUCKPETH3ALUHU II0
BpeMeHU 7T HaxoJsAT U3 ychnoBusi 1)< 28(p~ @5/ Wgp.
31ech 0, — YaCTOTA CPe3a; (P, — 3amac yCTOHYNBOCTH
mo ¢a3e (B pammanax!) mms sHempepsiBHOH CC ¢
EOOC (r.e. npu Wy(p)=0), a §, — oTHOCHTEIbHAS
BEJIMYMHA JOMYCTHMOTO YMCHBIICHHS 3araca yCTOH-
guBocTH 1m0 ¢aze MII CC mo cpaBHEHHIO C Hempe-
poiBHO# CC (Hampumep, §,=0,1).

JuckperHple mepenaTouHoil ¢yHKuuu Wi(z) u
W.(z) momyuatoT u3 Wy(p) u W,(p) 3amMeH0il iepemMeH-
Hoii Buma p = 2(z—1) / [(z+1)To].

5. IIposepka Tounoctu CC mpu MMC X(¥).
[ToCTOSTHCTBO aMILIMTYIBI OMIMOKH €, MPHU BOCIIPOU3-
BEICHUH KAdC0020 W3 V-CUTHAIIOB He eapanmupyem

Takoi ke TouHocTH CC mpu peasibHOM 3aJalolieM
MMC X(¢) (cMm. 3ameuanue 4 B 1. 2). IloaTomy akTy-
AJIBHBIM SIBIISIETCSI BOIIPOC O COOTHOIICHWH BEJIWYNH
(hakTHYECKOH OIMIMOKHU CIEeKEHUs €, = max|e,(f)| u €,
HaiiTu Benuuuny €,, aHAIUTUYECKU HEBO3MOXKHO U3-3a
HEONpe/IeICHHOCTH 3aKoHa n3MeHeHus X(7). Bocron-
3yeMcsi KOMOMHAIMEH pacueTHO-TEOPETHYECKOTO Me-
TOJIa ¥ KOMITBIOTEPHOTO MOJICIIMPOBAHMSI, 3a/1aBast JUIsl
uccnexyemoit CC mecmossiti cuenan X.(t) momurap-
MOHHYECKOTO BHIa KaK OJIHY M3 BO3MOXKHBIX peali-
sammii MMC X(7):

m
X(H)= Y A:sinwt . (10)
i=l
ITo rpaduxy X(f) HalimeM MakCHMaibHBIC 3Ha-
YEHUsI CKOPOCTH U YCKOPEHHUsI, a 110 HUM — V-CIIeKTp U
OI'C sroro curHama. 3artem, mo wusBecTtHou UIID
D (jo) = M(®) - exp{j@(®)}, TOTydUM BBIpA)KECHHE
TUTSL €,(7):

m
&y(1) = 21 AM () sin(o;f + g (;)) . (11)
i
Hanee mo rpaduky €,(f) onpenenuM BelIUYUHY
€, = max|g,(f)| U cpaBHUM €€ C OLCHKOW ISl €,, Haii-
JIEHHOI IT0 METOJIMKE, OIMCAHHOM B 1I. 4.
Takoe uccienoBaHKue MPH PA3INYHBIX COYCTAHHU-
X 4YacTOT ();, aMIUINTY] A; ¥ 4uCiIa TapMOHHUK M B
coctaBe X, (f) MPOBOAUIOCH JJIsl HEMPEPHIBHOTO U IS
MII Bapuanta CC co CTpyKTypHOH cxemoii puc. 4 npu
HAJIMYUH U TIPH OTCYTCTBUHM KOMIECHCHPYIOIICH CBSI3U
[2]. TTo pe3ynbraTam cpaBHEHUs BEJIUYUH €, U €, ObI-
JIM C/ICNIaHBI CIIEYIOIINE BBIBOJIBI:
1. Oumbka €, 6cecda Oomble, yeM OUIMOKA €,

HO MEHBIIIC BETMYNHBI /2 €.

2. OTHoIeHHE 7 = €,/€; HE MOCTOSHHO, a 3aBU-
CHT OT MapaMeTpOB AMIUIUTYIHOTO CHEKTpa CHUTHasa
X(?), T. e. OT 3HAUCHUIT (;, A; ¥ Y¥ICTIa TAPMOHUK M.

3. A m = 5 npu pa3nuIHBIX KOMOMHAIHSIX (); H
A; BenWuyMHA 7 MEHJET 3HAUEHWs B HMHTEpBalc
(1,05+1,2).

4. Beenenne KC c II® W, (p) omHOBpEeMEHHO
YMEHBINACT €, U €, npumepHo B (10+15) pa3 ¢ mpu-
OIKECHHBIM COXPAaHEHUEM NPEKHETO 3HAYCHUS VIS 7.

5. s CC ¢ MUKpOTIPOIIECCOPHON peann3anuen
K3 u KC ananoruunsle pe3ynbTaThl MOJTyUYeHBl MOJC-
JMPOBAHHEM B IPOIPAMMHOM MakeTe VisSim.
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