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XMenbHULbKUI HALIOHATIBHUN YHIBEPCUTET

OILIIHKA CTIMKOCTI 3AMKHYTOI CUCTEMU ABTOMATHUYHOI'O
PETYJIOBAHHS 3A JOIIOMOI' OO YACTOTHUX KPUTEPIIB

B po6omi npedcmaesieHO pe3yabmamu oYyiHKU cmilikocmi cucmemu agmomMamuyHozo pezyarweaHus (CAP) wagu
X0/100UMbHUKA 3a 00NOMO2010 YacmomHux kpumepiie Muxatinoea ma Hallkeicma. Cmilikicmb cucmemu € Heo6Xxi0HOH
ymosorw moxcausocmi CAP gupiwysamu nocmaegseHi neped Hew 3aedamHs. Oyinka cmiilikocmi cucmemu 3a O0aHumu
KpumepisiMu BUKOHYEMbCS1 HA OCHOBI XApakmepucmuku, moémo no6ydosu zodozpaga. Po3zeasiHymo po3e’sizaHHs
nocmas/ieHoi 3adavi 3 BUKOPUCMAHHAM PIZHUX npo2paMHux cepedosuwy, makux sik LabVIEW, MathCad, MatLab.
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EVALUATION OF THE STABILITY OF THE AUTOMATIC CONTROL SYSTEM BY FREQUENCY CRITERIA

The paper presents the results of the evaluation of the stability of the automatic control system (ACS) of the refrigerator cabin
using the frequency criteria of Mikhailov and Nyquist. Stability of the system is a prerequisite for the ability of the ACS to solve its tasks. The
evaluation of the stability of the system according to the criteria is performed on the basis of the characteristic, that is, the construction of
the hodograph. Solving the problem using a variety of software environments such as LabVIEW, MathCad, MatLab is considered. The
availability of mathematical packages enables the use of PCs for the construction of hodographs, including the Mikhailov and Nyukvist
hodographs. The MathCAD software package has built-in functions that will allow us to perform the necessary calculations and decompose
the equation into real and imaginary parts. In the LabVIEW program environment, the program is a cyclic block with a limited number of
iterations (calculated from the Nyquist criterion frequency and step), and separately the numerator and denominator coefficients in the form
of a one-dimensional array of data, which, in turn, are calculated according to the formulas given in the elements of the calculation. Elements
of the calculation are standard subprograms of polynomial calculations, in which numbers are considered in the complex form and after
mathematical actions are decomposed into real and imaginary parts, after which according to the coefficients of the actual and imaginary
part a graph is drawn on the front panel. In the Matlab software environment, there are necessary built-in functions for calculating the
Nyquist criterion, but to find the Mikhailov criteria, the program needs to be written completely from scratch. The analysis of ACS in various
ways has shown that the use of software environments such as LabVIEW, MathCad, and Matlab increases the accuracy of system stability
determination. However, it requires not only to know the basics of programming to write the necessary file-programs, but also to have basic
knowledge of the theory of automatic control, in order to bring the equation of the transfer function of the ACS to the desired type of
program.
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Beryn

i criiikicTio cucrem aBromaruuHoro peryioBaHHs (CAP) B 3aranbHOMy BUNaaky posyMitots [1, 2] 11
BJIACTUBICTh TOBEPTATHCS B TOYaTKoBe (ab0 OMM3pKe MO TOTO) IOJIOKEHHA WICHsA 3HUKHEHHS [ii (axTopis
(30ymKkeHb), SIKI BHBEIHM CHUCTEMY i3 CTaHy Mo4aTkoBoi piBHoBaru. CTIiHKiCTh CHCTEMH € HEOOXIJHOK yMOBOIO
spatHocti CAP BupinlyBaTH ocTaBieHi nepes Hero 3aBIaHHsI.

Bimomo [1-3], mo npu BuBencHHI piBHAHHS 3aMKkHyTOoi CAP B 0aratboxX BUTIAIKaX BHKOPHUCTOBYETHCS
JiHeapu3allis HENIHIMHHX 3aJeXHOCTeH 3a JomoMororo psnxy Teimopa. BuBemene TakuM 4YHHOM pPIBHSAHHA
Ha3WBA€ETHCSI PIBHSIHHAM MEPIIOTO HAOGIMKEHHS.

[lpu n >4 Hemae aHAIITHYHOrO PO3B’SI3KY XAPAKTEPUCTHUHOrO PIBHSHHS. 3HAXOIUTU KOPEHi npu OLibII
BUCOKHUX [OPS/IKAX BaKKO, TOMY OyJI0O pO3pOOJIEHO METOIM aHaji3y CTIMKOCTI 3 KpUTepiiB 0e3 3HaxOMKEeHHS
KOPEHIB.

[cHy1OTB 1Ba OCHOBHHX BHIM KPUTEPIIB CTIHKOCTI: anreOpaiuHi Ta YaCTOTHI.

AHaJii3 oCTaHHIX Txepes

Jlo wacTtoTHMX KpuTepiiB cTilikocTi CAP BigHOCSITH: Muxaiinosa, HalikBicta, Merox D-po30UTTs Ta iHIII.

Kpurepiit Muxaiinosa 0yB 3anpornoHoBannii B 1938 poui 1 € aysxe 3pydHHUM JUlsl aHAJI3Y JITHIHHUX CHCTEM,
0COBIIMBO BHCOKOTO mopsiaky (n>5) .

O1iHKa CTIMKOCTI CHCTEMH 3a JaHUM KPUTEPi€EM BUKOHYETHCS HA OCHOBI XapaKTEpUCTHKH abo romorpady
Muxaiinosa, sika OyIy€eThCS HACTYIIHUM YHHOM:
B noniHoMi XapaKkTepUCTUYHOTO PIBHSAHHS 3aMKHYTOT CUCTEMH:
-1
ag-p"+a - p" T .. tag_y-pta, =L(p) (D
BUKOHYIOTh IMiJCTAaHOBKY p = j-@, micid 4oro Bupa3 rogorpadga Muxainopa OTpUMYIOTb Yy BHIVILIL:
. . n . n—1 .
L(jow)=ay(jo)" +a(jo)"  +...+a,_1(jo)+a, .
Bupas L(jw) ninate Ha asi yactunu — giiicny A(@) iyseay jB(w), TobTo:
L(jw) = A(w) + jB(®), )

Ie Alw)=a, — an_2w2 + an_4a)4 - an_6a)8 +..

42 Herald of Khmelnytskyi national university, Issue 6, 2017 (255)



Texuiuni Hayku ISSN 2307-5732

B(w)=a,_ 1o —an_3a)3 + an_5w5 -
3ajaroun 3HAYEHHs ® B Mekax Big 0 10 + 00 Ha KOMIUIEKCHi muiommHi B koopaunartax A(w), jB(w)
Oynyrots romorpad Muxaiinosa, pamiyc-sektop L(j@) skoro mpu 3mini @ Bixm 0 mo + 00 obGepraersesi MpOTH

TOAMHHUKOBOI CTPIJIKH.

Orinka cTiKOCTI 37iMCHIOETBCS 32 BUIJIIOM 1 po3MileHHsM kpuBoi L(j@) BiIHOCHO KBaJpaHTIB
mwionmen A(®) — jB(®) (puc. 1).

dopMmyJia KPUTEPItO: UIsl CTIMKOCTI 3aMKHYTOI CUCTEMH HEOOXIZAHO 1 J0CTaTHBO, 00 rogorpad) moyabiiu

o0epTaHHs 3 TOUKH, SIKa JICKUTh HA JTIMCHIN Bici IpaBOpYY Bif HyIsl, 00EpPTAIOUUCh MMPOTU TOAWHHUKOBOT CTPIIIKH 1
HiZle He MePETBOPIOIOYKCH B HYJIb, TPOUIIOB TIOCTIJOBHO 71 KBAaAPAHTIB KOMIIJICKCHOI [LUIOIIHHH, TOBEPHYBIIINCH Ha

KyT % -n [1].
B0 JBe)
n=l1

Ao N Ad)

/ﬁ |

Puc. 1. Ilpukaagu rogorpada MuxaiiaoBa Jis cTilikux (a) Ta HecTilikux (0) cucrem

A 4

AMepHUKaHCHKUH BUEHHH PO3POOMB KpUTEPiH CTIMKOCTI Ul MOCIIIDKEHHS eJIEKTPOHHUX IiICHIIIOBAYiB 31
3BOPOTHHUM 3B’s13k0M. OcoOmmBicTs kpuTepito HaifkBicTa B TOMY, 110 BiH Aa€ 3MOTy:

- OLIHIOBATH JIMHAMIYHI BIIACTUBOCTI 3aMKHYTHX CHCTEM 32 YAaCTOTHHUMH XapaKTePUCTHKAMH
BIJIIIOBITHUX PO3IMKHYTHX CHCTEM;

- IOCIHi/KyBaTH IMHAMIYHI BIACTHBOCTI 3aMKHYTOI CHCTEMH 3a BiICYTHOCTI PiBHSIHD AWHAMIKU CHCTEMH
a0 11 OKpeMHUX eJIEMEHTIB.

VY 1upoMy pasi OCTaTHRO MaTH EKCIIEPUMEHTabHI YaCTOTHI XapaKTEPUCTUKH CUCTEMH a00 BiAMOBITHUX
JIAHOK, SIKi MOXKYTh OyTH BH3HAUCHI Ha pealbHUX €IEMEHTaxX cucTeMH abo Ha iXHiX Momensix [1, 2].

Dopmyna kputepito [2]: s criikocti 3amMkHyTOl JNiHIHHOT CAP HEoOXiqHO 1 AOCTaTHBO, MO0 IpH pyci
Toukd N B3JI0BXK aMIUITYJHO-(DA30BOI 4aCTOTHOI XapaKTEPUCTHKU PO3IMKHYTOI cucreMu npu 3midi @ Big 0 mo
+00 BekTop CN, nouarok sikoro yiexuTs y Touui C 3 koopauHaramu (-1, jO), moBepHyBCs Ha KyT:

T
pcN =(n—n + ZM)E , 3)

e n, 1| — BIANOBIZHO CTENEH] XapaKTEPUCTUYHUX PIBHAHB 3aMKHYTO] i pO3IMKHYTOI CHCTEM;
M — KUTBKICTh TOJaTHUX KOPEHIB y XapaKTEPHUCTHYHOMY PIBHSHHI PO3IMKHYTOI CHCTEMHU.
Ha npaxruui, sk npaswio, #=Hny, i tomy npu m =0 ymoBa CTIfiKOCTI 3aMKHYTOI CHCTEMH MaTHMe

surmsiny @cn =0 [1].

Ha puc. 2 nokazano A®X 1BOX CHCTEM y PO3IMKHYTOMY CTaHi, SIKi IiCJs 3aMUKaHHS OyayTh CTIMKOIO
(xpuBa 1) Ta HecTiiKo0 (KpHBa 2).

Ilpu HasBHOCTI A HyJIBLOBHX KOPEHIB y XapaKTEPHCTHYHOMY PIiBHSAHHI PO3IMKHYTOi CHCTEMH MOYATKOBA
Touka ADX 3 @ =0 He nexuUTHL Ha Mpasik monoBUHI AiticHoi Bici. ToMy 11 3acTocyBanHs Kpurepito Haliksicra

A®X B UbOMY BHIIAJIKY JOTIOBHIOETHCS JyrOK HECKIHUEHHO BENMKOTrO pajiyca-exkropa kyta /2 -k (puc. 3) [1-
3]
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Puc. 2. A®X criiikoi (1) Ta HecTiiikoi (2) 3aMKHYTHX CHCTEM y Puc. 3. A®X criiikoi (1) Ta HecTiiiKoi (2) 3aMKHYTHX CHCTEM Y
PO3iMKHYTOMY CcTaHi po3iMkHyTOMY cTaHi npu oxHomy (1) Ta ABOX (2) HYJILOBUX

KOPEHsIX XapaKTepHCTHYHOTO PiBHSIHHS PO3IMKHYTOIO CTaHY

Buxuiaj ocHOBHOT0 MaTepiairy
B sikocTi npukitaay Juist OiHKH cTifikocTi 06upaemo CAP madu XonoaunbHUKA.

Qoc

Puc. 4. KoncrpykrusHa cxema CAK temmniepatyporo B madi Xxo101M/IbHIKA

I'epmernuna mada (puc.4) noOyTOBOr0 XOJOAWIFHHKA OXOJIOKYeThcs BumnapaukoM (B) xomomumbHOT
Mamuay (XM), sikuit 3a6upae temo 3 madu notyxsictio () . Terwio 3’sBseTbes B madi mepeBaKHO 38 PaXyHOK

TEMI0BOro notoky (. 330BHi BcepenuHy yepes CTiHKY madu. B cranomy pexumi KiIbKICTb Tea, 1o 3aX0AUTh 3
KiMHaTH B mady 3a OAMHMITO Yacy Oy/e TOPiBHIOBATH KUIBKOCTI TEIIIA, SIKE BIAOMPA€ETHCS XOJIOAMIBHOIO MAITHOIO

.. . . ° o . .
3 madu 3a oguHUIIO Yacy. [1pu 3MiHi 30BHIIIHBOI TeMIepaTypH f,. Temmeparypa I, B madi Oyne MiHATHCS, 9OTO

HE TMTOBUHHO OYTH.

B CAP Temneparypoto BcepeauHi madu BUKOPHCTOBYETHCS TMHEBMAaTHUHWN maTdwk (1) Temmeparypw.
Tuck napu B HbOMY HPSIMO TPOHOPLIHUI TemiepaTypi HoBITps BeepeauHi mwadu. Tuck napu gaTyrka CTBOPHOE
CHJIy HATHCKaHHS Ha NOpPIBHIOBAIBHHUN €JIEMEHT, Ha SKUH B IPOTWIEKHOMY HanpsMKy nie npyxuHa (IIp).
3MIIICHHS TIOPiBHIOBAJIHHOIO €JIEMEHTY MEXAHIYHO II/ICHIIIOETHCS 1 3MIHIOE MPOMOPIIHHO XOJI0A0NPOTYKTUBHICTH
XOJIOAMIBHOI MamuHU depe3 peryisrop (PXM) (macmpaBni B moOyTOBMX MaIlMHAX YacTillle BUKOPHUCTOBYETHCS
peneiiHa 3aJIeKHICTh XOJIOAONPOAYKTUBHOCTI BijJl 3MIIICHHSI MOPIBHIOBAJIBHOTO €JeMeHTy, ojHak peineiHi CAK
BIJIHOCSTBCS 10 HEJIHIHHMX CUCTEM 1 aHai3 1X OUIbII CKIaaHui) [4].

l Qoc
an tow
4,®_, Kouo > Koo/ (Ton p+1) ——  Ku/(Tup+1) N
kﬂ./(Tp,p+1) <

Puc. 5. CtpykrypHa cxema CAP madu xo1oanisHuKa

CAP onucyeTbcsi HACTYITHUM PiBHSIHHSIM:
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k
(T P+ DTy p+ 1) Ty p+1)
ne T, — Yac 3alli3HEHHs CIPAIOBAHHS XONOAMIBHOI MamHH, T, = 0,004[c];

T,, — crana yacy madu, 7,, =0,01[c];
T}, — crana yacy mueBmogatunka, 1, = 0,003[c];

k, —xoediuient nepenaui posimknyroi cucremu, k, =350 [4].

Bukopucraemo nexinbka croco6iB orinku criiikocti CAP madu xonojuipHUKa 32 HaBEeJCHUMHU BHIIE
kputepismu Muxaitnosa ta Haliksicra.

1. Cnoci6 «pyunuiiy [4]

Jlis mojanboro o0paxyHKy HaM HEOOXIJHWM JIMIle 3HAMEHHUK PiBHSHHS (4), SIKUA MU 3MIHIOEMO 10
BUTIIANY:

L(p)= (g P+ D) (T p+ D) (T, - p+1) +k, ©)
BukoHyeMO IiICTaHOBKY 3HAUCHB B PIBHSIHHA Ta 3aMiHy p —> j-@.
L(jo)=0, 00000012(]'(1))3 + 0,000082(‘]'0))2 +0,017(jw)+351. (6)

3rizHO piBHAHHA (2) BUKOHYEMO PO3MOJiI PiBHSHHS (6) Ha JIHCHY Ta YSBHY YaCTHHY
L(jo)=(351-0, 000082(02) + j(0,0170)—0,000000120)3).
IMpu ® =0 mnoninom npuiime 3nadenns 351. Ie o3navae, wo npu ® =0 nouarkosa Touka romorpada
MuxaiitoBa NeXuTh Ha IIHCHINA Bici y Toumi i3 3HayeHHsM 351. Kpim Toro Touka romorpaga Oyne jexaTd Ha

nmiicHoi  Bici i npu 3HaYEHH] 0= \/ 0,017 / 0,00000012 =376,4 i i abcuumca Oyne
nopismiosarn 351 —0,000082 ~376,42 =339,4. TIpu ®=4/351/0,000082 = 2069 niiicha wacTHa nOpiBHIOE

HYITIO i TOYKa rojorpada 3aiime MicCIIe Ha YSABHIM Bici 3 OPJIUHATOIO

0,017-2069 —0,00000012 - 2069° = —1027,6 . 36ibIIeHHS YaCTOTH TPU3BEIE IO Bl €MHOI TIMCHOT YaCTHHH Ta
BiZ’eMHOT ysiBHOT yacTiHU. Bci 1i po3paxyHKH ocTaTouHO oopMIleHO y BUrisiai rogorpada MuxaiisoBa Ha puc.6.

[epeBipuMo HeOOXinHI i AOCTATHI yMOBM CTiHKOCTi 3a romorpadom Muxaitnosa. [lo-nepire, moyaTtok
rogorpaga — Touka Ha AIHCHIN Bicl npaBopy4 BiJ Hyis 3 kKoopauHaramu (350,0) — criBnajae 3 HEpIIO0 BUMOTOO
kpurepito. [To-npyre, rogorpad odepraeTbcsi NPOTH FOAMHHUKOBOT CTPLIKH, 11O 1 1oTpiGHO. [To-Tpere, romorpad He
npoxoauTh uepe3 Touky (0,0), mo Takoxk HeoOXiqHO A cTilikocTi cucteMu. Homepn KBaapaHTIB, SIKi MOCIIZOBHO
npoxoauTh roporpad — 1 i 4, ui Homepn — He MociligoBHI. Bumorn no Burisiay roxorpada MuxaiiioBa mono
criiikol CAP He 3a/10BOJIBHSIOTHCS 1 BCSI CUCTEMA TP TAKMX 3HAUEHHSX MapaMeTpiB Oy/ie He CTIHKOIO.

Kpurepiit HaiikBicra 3acrocyemo 1o ADX po3iMKHYTOI cHCTeMH Ha pHC.5. XapakTepHCTHYHE PIBHSIHHA
PO3IMKHYTOI CHCTEMH Mae OIOHWH HyJbOBHH KOpiHb. Tomy A®X posiMkHyTOi cuctemu mpu ® =0 mae 4 =00,

¢ =-m/2. Nonosrtoemo ADX ayroro 7/2 sk Ha puc. 3 i oniHoeMo KyT nosopoty Bektopa CN i3 3MiHOKO ® Bif

0 1o . Biu ckiage B Hamomy sunaaxy 180° a6o 7. Lleii kyT He HopiBHIOE HymO, i 3 Kputepito Haiiksicta
3aMKHYyTa cUcTeMa Oye HEeCTIHKOIO.

IB(w) Afw)
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Puc. 6. 'onorpag MuxaiiaoBa

2. Cnocib agmomamu306anuil
HasiBHICTh MaTeMaTH4YHUX ITaKeTIB Jae MoxJuBicTh Bukopuctar I1K mis moOyaoBu romorpadis, y Tomy
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guci i rogorpadis Muxaitnosa ta HaiiksicTa.
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2.1 3 suxopucmanusm npoepammozo npooykmy MathCad [4]
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Sk npukiaj Ha puc. 7 HaBelleHO 1o0yHoBY Takoro rogorpada, 3 BuzHaueHHsM AiiicHol (Re) Ta ysBHoi (Im)
yacTuH rogorpada Muxaiinosa.

Cucrema He CTilKa Tak SIK HE BUKOHYIOTBCSI YMOBH CTIHKOCTI, rogorpad odepraeThcs IPOTH TOANHHUKOBOT
CTPLIIKH, aJie He MMPOXOJUTH MOCIIJOBHO 7 KBaJIPaHTIB.

Kpurepiit Haiiksicra 3actocyemo 10 A®X posimMkHyTOl crcteMn Ha puc. 7. XapaKTepUCTHIHE PIBHIHHS
PO3IMKHYTOI CHCTEMH Ma€ OIWH HyJLoBUM Kopinb. Tomy A®X posimMkaytoi cucremu mpu ® =0 mae 4 =00,
¢ =-m/2. Jlonosuioemo A®X ayrow 7/2 sk Ha puc.7 i ouiHEMO KyT 10Bopoty Bektopa CN i3 3MiHOW @ Bij

0 mo oo. Biu cknane B Hanomy Bumaaky 180 a6o n. Lleii kyT He HOpiBHIOE HYIIO, ToHOrpad OXOIUIOE TOUKY {-1;
jO} Ha KOMILIEKCHIH MIIOMKHI, TOMY i 3 KpuTepiro HaiikBicTa 3aMKHYyTa cuctemMa Oyie HeCTiHKOIO.

2.2 3 sukopucmarnuam npoepamuozo cepedoguwa LabVIEW [5]

JList mepeBipKy CTIHKOCTI crcTeMn 1o kpuTepito HalfkBicta Hanmemo nporpamy B cepenosuili LabVIEW
Ta BUKOPUCTAEMO HACTYIHE PiBHSHHS:

k, (T, -p+1)- -p+1
Wro(p): wly-p+1D)-(ty, - p+1) , 7)
[(ty P+ D) (T, p+D)-(Ty-p+D]+k,
Ie k,, —xoediuient nepenadi madu, k,, = 0,7[2pa0/Bm] [4].

- . B
Za it
:

Plilea ; !
Build XY Graph
F Xinput

XY Graph ¥
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Puc. 9. Ilepenns naneab NporpaMu A1 00paxyHKy cTilikocTi

[Iporpama npezncrasisic cod0t0 NUKITIYHUI OJI0K 3 0OMEKEHOI0 KUIbKICTIO iTepaliil (sika BUPaxOBYETHCS 3
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MOKa3HHUKIB KpuTepito HaiikBicra 4acTOTOI Ta KPOKOM) Ta OKPEeMO KOe(IlI€HTH YHCEIbHHKA Ta 3HAMEHHHKA Y
BUIJIAI OJHOMIPHOTO MacHuBYy AaHHX, KOTPi, B CBOIO Yepry, 00paxoBYIOTHCS 3a 3aJaHUMHU B €JIeMEeHTax 00paxyHKy
¢opmynamu. EnemenTH 00paxyHKY IPENCTABIAIOTH COOOI0 CTAHAAPTHI IiANPOrpaMH TOIiHOMIaIbHIX 00paxyHKIB,
B SKUX YHCIA PO3TIIAAIOTHECS B KOMIUIEKCHOMY BUIUIAI Ta IIiCT MaTeMaTH4HUX il pO3KIafaloThCs Ha JilicHy Ta
YSIBHY YacTHHH, TICNS YOTO MO KoedimieHTaM JifCHOI Ta ysIBHOT YacTHHM OymyeThest Tpadik, 0 BUBOJUTHCS Ha
JIMLOBY HaHEIb.

A®UYX po3iMKHYTOI CUCTEMH 00epTA€ThCS IPOTH F'OJAMHHUKOBOT CTPLIKK Ta HE OXOILIOE TouKy {-1;j0} Ha
KOMILICKCHIH ruromuHi. OTke, 3aMKHYTa CHCTEMa CTikKa.

2.3 3 suxopucmanuam npozpamuoco cepedosuwa MatLab [6]
Jns onepxanust AOYX konkpernoi CAP citig BUKOPHCTOBYBAaTH MOKJIMBOCTI MporpamyBaHHsS aiimy-
crenapiro. Bignosigauii ckpunt s daitny CAP matume HacTymHUI BUTIIS:

% Bseoenns nepedamounux ynxyiti 010Kig

W1=tf([0.000084 0.0049 0.7], [0.00000012 0.000082 0.017 351])

% Ilepedamouna ¢ynrxyia CAP no 3adaiouomy enaugy y MiHiManbHiti peanizayii
Wekv= minreal(W1)

% Ipusedenns nepedamounoi Qynxyii do cmandapmuoi popmu 3anucy
[cislznam]=tfdata(Wekv,"V'); n=length(znam),

Wekv=tf(cisl/znam(n),znam/znam(n))

% Ooeporcanns 3uavenv W(jw) y euensnoi 00HoMipHO20 macugy npu 3mini yacmomu 6i0 0.1 0o 900 pao/c
w=linspace(0.1,900,400000); W=freqresp(Wekv,w); W=W(:);

% Ilobyoosa oceii koopounam i ADUX i3 animayicio

plot(real(W),imag(W),'w'); xlabel('P(w)"); ylabel(ljgw)"); title("ADUX");

dx=1.1; xI=dx*min(real(W)); x2=dx*max(real(W)); yl=dx*min(imag(W));

y2=50;

line([x1 x2],[0 0],'Color','k','Linewidth’,2); line([0 0],[y1 y2],'Color",'k','Linewidth',2)
grid on; hold on; comet(real(W),imag(W),0);

plot(real(W),imag(W),'b’,'Linewidth',3)

Transfer function:
8.4e-005 s"2 + 0.0049 s + 0.7

1.2e-007 s"3 + 8.2e-005 s"2 + 0.017 s + 351

Transfer function:
700 "2 + 4.083e004 s + 5.833e006

§"3 +683.3 5”2 + 1.417e005 s + 2.925e009

Transfer function:
2.393e-007 s”2 + 1.396e-005 s + 0.001994

3.419e-010 "3 + 2.336e-007 s"2 + 4.843e-005 s + 1

TyT yHkuia w=linspace(a,b,nn) HoOpMye NiHIMHNUA MacuB piBHOBIAAANEHUX 3HAYE€Hb YacToTU
pPO3Mipy 7X17 , MOYATKOBMM i KiHLEBMM €NemMeHTaMMn SIKOro € Toukm a i b. ®yHkuia W-=freqresp(sys,w)
dopMye Ha CiTUi YacTOT w TPUMIPHUI MacuB 3Ha4YeHb OYHKLiT KOMMNMEKCHOI 3MiHHOI Vjw). Lle noe'ssaHe
3 TUM, L0 BOHA 3acTOCOBHa i onsa 6araTomipHMx mMogenen (3 gekinbkoma Bxogamu i Buxogamu), VA w)
AKX NpeacTasnsie coboto maTpuuto. MNepli ABa iHAEKCU NO3HaYalTb PSAOK | CTOBMNELb Y Ui MaTpuui, a
TpeTih — Homep Toukn ADPYX. [Ina cuctemm 3 OQHMM BXOAOM i OOHMM BMXOAOM 3PYYHO MEPETBOPUTU
TPUMIpHUA MacuMB B OOHOMIpHUI komaHgow WEW/(:). ®yHkuia cometf cnyxknTb Ans adimauii

npeacTaBneHHs pesynbTaTiB po3paxyHkis. Pesynbtyova AOYX maTtnme Burnag, HasegeHun Ha puc. 10.

A®YX 3aMKHYTOI cCHCTEMH 00epTaeThCsl MPOTH TOAMHHUKOBOI CTPLIKK Ta HEe OXOIUTIOE Touky {-1; jO} Ha
KOMIUTEKCHIN miomuHi. OTke, 3aMKHYTa CHCTeMa CTilKa.
Bukopucrasmm piBHSHHS (7) Ta po30HBIIN HOT0 Ha MIHCHY Ta YSBHY YaCTHHH OTPUMAEMO:

P(j) =0,0000820° + 351
O(jo) =0,00000012° + 0,01 7w
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BukopucroBytoun BOynoBany ¢yskuito plot() B MatLab nmo0ynyemo rogorpad MuxaiisioBa Ta BUZBHAYUMO

CTIKICTb CUCTEMHU:

k=351;

| MATLAL .

Do amacc ao8| =

£ Shortouts [ How io Add (B Wiat's New
i abebiiosind ok e

Lommand Wedow
B o Naams » Documests + MATLAR = |8) @ @ New o MATLAS? Watch this Vicken s Goreas, o read Geting Staried.

| [ Transfer tunction:

i 2.383e-007 52 + 1.396e-005 5 + 0.001304
X sy Lo
E untithed rat

3.419e-010 371 4 2.136e-007 52 ¢ 4.8430-005 5 + 1

3> ¥ Bnegeams nepeasTowsee gyneullt Smowin
WI=2E ([0 0084 0.004% .71, [0.00909012 0.000082 0.017 3511}
® Nepenatodna gywmiis CAX no Bomany y Wini i
Weky= minreal (W1}

b T wymRaly g
leisl, (Wekw, "w"1
wWekverf (cisl/znam(n) , znan/ znam (n} )

fopsat samecy

* Omspmasts swaveis Wilv) ¥ meeasel camosipioro ackmy fps minl wacroms i 0.1 ao $00 paaid

w=linapace (0.1, 900, 400000) ; W-Eregrosp(Wekv. o) W=N(:);

\ feSyncea ocoll ecopmowt & MK 1s anlmaulen

plat (real (W), inag (W), 'u’ ) xlabel ("Fivl ‘)7 ylabel (*3q0w) *); title( Aeux');
da=l.1l3 =L L LS LS LLEER i B
y2as0;

Linef{xi x2),10 8], 'Color’, 'k*, ‘Linevideh’,2); Line(i0 01,1yl ¥y2), ‘Color’, 'k*,

qrid on; hold on: comet{real (W), imag (W}, 00
plot (real (W), imag (W), 'B', 'Lisewideh’, 3)

Transfer function:
B.dm-00% =2 ¢ 0.0049 8 ¢ 0.7

1.20-007 5°3 ¢ §.20-005 a=2 ¢ 0.017 5 ¢ 351

Transfer functionm:
T00 372 ¢ 4003004 5 ¢ 58130006

23 4 683.3 a2 + 1417005 2 ¢ 2.925¢009

Tranafer functica:
2.393e-007 5°2 4 1.396e-00% 5 + 0001994

Seort il 10 view dirtals
1419010 5°3 + 2.336e-007 =72 ¢ 4.843e-005 3 ¢ 1

g

‘Linewidth*,2)

Puc. 10. A@YX CAP, orpumana mic/isi BAKOHaHHS (aiijry-cuieHapiro

al = 0.00000012;
a2 = 0.000082;
a3 =0.017;

for w=0:0.01:900,
Njw= al*((W*)"3) + a2*(w*i)"2) + a3*(w*i) + k;
Re = real(Njw);
Im = imag(Njw),
plot(Re, Im, 'x')
hold on
end
hold off
grid on
axis([-20 360 -80 120])

NG| AMA7C BT E| 6 comio
 Shortcits 2 How o Add (4 What's New

3> Ik = 3515

al = 0.00000012;
42 = 0.000083;
a3 = 0017

for wm0:0.01:900,
TR LT LU IO S TV A SIS LY CLTT S
R = real (Hivli
I = imag (Wjwl:
plocine, Im, 'x")
held an
end

hold otf
grid oa
axis([-20 360 -80 1200)

Select a ke 1o view details

feos

- plat treal (W), imag 4, *b', ‘Linewids
% Doegenns nepemaroum gynmuik 8
CWI=LEA[0.000054 0,004 0.70. [0.00
¥ NepopoTouna gymmiis CAK no samsr
Welors minreal (W)
4 Mpepegenns pepesaTowHcl gymmail
Ledal, znam] ~cfdata (ekv, 'v'1: n=lt
- Welwett {cial fznam (n) , znan/ e (n) §
4 Ogepmannn swawess Wil ¥ memeg
wmlinspace (0.1, 900, 400000) ; WeEre:
% NofSyacna ocell scopmeas | ASNX

- plat (real (W], kmag (¥, *u" ) alabol
- dw 7 xlsdu*min{real (N)); xde=dx:
Lyz=S:
Linetlxl 227, [0 01, *color’, k', 'L
~grid ooy hald oy comet {real (W),
plntlmﬂln.mam.'h-.'lezq
. | .

=0 s x| Woranecs - x|
0 | Sk 9 ca|

Ve [

R AL T

285807 -T2 284 B4

A0 AL

grid on
[axis((-20 360 -A0 1201}
br= 3315
Al = 0.00000012:
a2 = 0.000082;
a3 = 0.017:
Far weD 500,
FHjws al® ((wti)=3) & a2e (i) )
R = realingu ;
i o= imagiWivlg
Fpletike, Im, ‘x'}
hald on
| ena
-hold off
| grid on =
axist1-20 3e0 -60 1200} i

Puc. 11. Togorpad MuxaiijioBa oTpuMaHmii y nporpamHomy cepenoBuini MatLab
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CucreMa He CTiiiKa TaK sIK HE BUKOHYIOThCSI YMOBH CTIHKOCTI, roforpad o6epraeTbesi MPOTH TOJUHHUKOBOT
CTPLUIKH, aJIe HE MPOXOJUTH IOCTIJOBHO 7 KBaIPaHTIB.

Bucnosku

HaiinpocrimiM, Ha Hall MO, € KOPHCTYBaHHA mnporpamHmM mpoaykrom MathCad, st sikoro
HEeoOXisHO 3Haru Jsmie nepenaBainbHy (yHKUit0 po3iMkHyToi CAP Ta 3HauyeHHs koediLieHTIB. 3a I1OIIOMOIOIO
BOyznoBanux ¢yHkuii nporpamuuii nponykr MathCad camocriiiHo 3Haiine ysiBHY Ta HifiCHY 4aCTUHH PIBHSHHS Ta
no0Oyye HeoOXiHI HaM rpadivHi 3aIeKHOCTI.

[pn Bukopucranui nporpamuoro cepenosuuia LabVIEW TpebGa mary HaBuuku podotu 3 noOynoBu OJI0K-
CXEM Ta KOPHUCTYBaHHS LHMKIAMUH Ta MareMaTHYHUMHU (QYHKIISIMH, KpIM TOro 3amuc KoeQilieHTIB MOTpiOHO
BUKOHYBaTH B 00CpHEHOMY NOPAAKY. BusHaunTH cTiliKicTh 3a KpuTepieM MuxaiinoBa HeMOXHa uepe3 BiACyTHICTH
BOY/I0BaHUX (PyHKIIiH B IPOTpPaMHOMY CEpPEOBHIIL.

B nporpamuomy cepenoBuii Matlab € HeoOximul BOynoBani (yHKHii 1s 0OpaxyHKy KpHTEpiio
HaiikgicTa, ajne aJst 3HaXO/PKEHHs KpUTepito MuxaiiioBa nmporpamy HeoOXiJiHO HCATH MOBHICTIO 3 HYJIS.

Amnaniz CAP pi3HuME criocobamul TOKasaB, 1110 BUKOPUCTAHHS MPOrpaMHUX cepenosuil, Tumy LabVIEW,
MathCad, Matlab, miaBuIIye TOYHICTH BH3HA4YEHHS CTiHKOCTi cuctem. IIpore BuMarae He TUTBKM 3HATH OCHOBH
HpOrpaMyBaHHS Il HAlMCAaHHS HeoOXinHuxX (aii-nporpam, aige 1 BosioJiTh 0a30BUMM 3HAHHs 13 Teopil
aBTOMAaTHYHOTO KEPYBaHHS UL TOTO, 00 TPHBECTH piBHSAHHA TepenaBaibHOi ¢yHKii CAP mo HeobXimHOTO
TIporpami BUAY.
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