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1. Mamemamud4Ha ouiHka sikocmi AC.

Ouninka sikocti (anamiz) AC npoBOAUTHCA 3 METOIO BUBUCHHSI CTATUYHUX UM JU-
HaMIYHHX BJIACTHBOCTEH cuctemu. Ha ocHOBI aHamizy (OpMyITIOIOTHECS BUMOTH JIO0 KOH-
KkpeTHux enemeHTiB AC.

KpuTepii cratuunoi Tounocti AC. CtaTiuHa TOYHICTH OIIHIOETHCS O BETUYHHI I10-
MUJIKU PETYJIIOBaHHS Ha CTAINX PeKUMax. PO3pi3HAIOTE:

€ - TIOMIJIKA PETYJIFOBAHHS MPH JI1i 30BHINTHHOTO 30yproBaHHs f;

€ 1, - IOMUJIKA PETYJIIOBAHHS MPU il CUTHAITY TIepeHacTPOrOBaHHS h.
Kpurepii nunamiunoi Tounocri AC:

t - 4ac mepexiTHOro MPOLECY;

Omay - MAKCUMaITbHUH BigHOCHMI 3a0poc PII y mepexignomy mporieci.

1.1. Mamemamuuna oyinka cmamuyunoi mounocmi AC.

Jlyist MaTeMaTUYHOI OIIHKU CTATUYHOI TOYHOCTI AC BUKOPHCTAIOTh TEOPEMY Trpa-
HUYHOTO CITIBBIAHOIIICHHS Teopii mepeTBopeHHs Jlamnaca.

Hexait ¢pynkuis kommiekcHoi 3MiHHOI F(p) € 300pakeHHsIM QyHKIIIT TiACHOT 3MiH-
Hoi f{(t). Tomi sKII0 Mexa iACHOT PYHKIIIT iICHY€, TO BOHA JIOPIBHIOE:

F(w) = lim (f(t)) = lim p-F(p)
t— o p—0
SIkmo £(p)— 306paKeHHs BIHOCHOTO BIIXWICHHS &£(f)—, TO MOXKHA 3aIIUCATH:

&(e0) =lim p- &(p) 1)

1e: &(c0) — BEIMYMHA MOMUJIKY PETYJIOBAHHS Ha CTAIOMY PEXUMI.

CrpykrypHy cxemy CAP npu aii 33 MoKHA TPEACTABUTH y BUTIIAIL:
f
€

— CAP |,

Toni mo BU3HAYEHHIO NepeaaTHOT QYHKINT MOKHA 3aITUCaTH:

_Ep) oy



3anumiemo (1) 3 ypaxyBanus (2):
g(0)=limp-W -
(o0) =lim p % f

SIkmo: €(©)=0 - cucreMa acTaTHYHA.

£(0)#0 - cHCTEMa CTATHYHA.
[Topsimok actatuaMy — nmopsaok curany 33, mo AC napupye 6€3 TOMUIIKH.
AC Oyje acTATHYHOK NEPLIOro MOPSJAKY, SIKIIIO BOHA MapUpye 0€3 MOMUIKU TLTBKU
CX1A9acThii OMMHUYHUM cuTHaI. CX119acTOMY OJIMHUYHOMY CUTHaTY 33 BIAMOBIIAE 30-
Opa’keHHS:

7(p) =1(p) = f(p) = %

— . 1
OTXKeE: &(0) = lim p'ng(p)'—_
p—>0 p

BHCHOBOK: TOMUIIKA JOPIBHIOE HYJIIO, SIKIIIO YMCEIbHUK mepeaaTHol GyHKIil Wy
MICTUTh 3araJIbHU MHOXKHHUK P.

AC 0yae acTATHYHOIO IPYIOr0 MOPSJAKY, SKIIO0 BOHA Mapupye 0e3 MOMIIKH CXiadac-
TUHA OOUHUYHWI CUTHAJ IIBUIKOCTI.

BHCHOBOK: TOMUJIKA JOPIBHIOE HYJIIO, SKIIO YUCEIBHUK MepeaaTHOl PyHKIT Wy
MICTHTb 3aralbHUH MHOXHHK p_.

ITo anaJiorii:
AC OyJe aCTATHYHOK TPETHOr0 MOPSIKY, SKIO BOHA Mapupye 6€3 MOMIIKH CXia4ac-
TUW OJMHUYHUM CUTHAN MPUCKOpPEeHHs. Lle MOXIMBO, SKIIO YMCENBHUK TIepenaTHoi Qy-

HKITIT Wg/f MICTUTB 3araibHHA MHOXKHHK p3.

Cxia9acToMy OAMHUYHOMY CHUTHATY IPUCKOpPEeHHs 33 BiAMOBigae 300paKeHHS:

z 1
f(t)=1t)=1(p)=—;

p

_ : £ 1
OTXKe g(0)=lim p-W¢ (p) —

p—0 p

BUCHOBOK: nopsiiok actatu3zmy AC BU3HAYAETHCS MOPSIKOM 3arajibHOTO MHOYKHHU-
ka p" y uncenbHuKII mepemataoi GyHKItii Wy




1.2. Mamemamuuna oyinka ounamiurnoi mounocmi AC.

AHATITHYHO BU3HAYUTH IMHAMIUHI TOKA3HUKN SKOCTi #,i Gmay MOXKHA ITiCIIS BU3HAUCH-
Hs nepexigHoi ¢pyukuii. OgHak skmo nopsnok AC Buie 3-ro aHaIITUYHE BU3HAYCHHS
JMHAMIYHUX TIOKA3HUKIB SIKOCT1 BUSIBISETHCS TPYIOMICTKUM.

VY Takux BUMAJKax 3aCTOCOBYIOTh YHCENIbHI METOAM OIIHKH SIKOCTI JTUHAMIYHUX
MPOIIECIB, MPH SKUX MO MaTeMaTHIHUX Moneinsix AC po3paxoBYIOTh MEPEXiAHy Xapakx-
TEPUCTHUKY, a MOTIM 3a TpadikoM BH3HAYAIOTH AUHAMIYHI KpUTepli akocTi. MOXyTh 3a-
CTOCOBYBATHCS HEMPSM1 METOIH OIIIHKU SKOCTI IMHAMIYHHUX MPOIIECIB:

- METOJI CTaHAAPTHUX Koe(ilieHTiB. SIKICTh MEepeXiHUX MPOIIECIB OILIHIO-
€THCS TIO CIIBBIIHOIIEHHIO KOE(IIIEHTIB XapaKTEPUCTUUHOTO PIBHSIHHS.

- METOJI YAaCTOTHUX XapaKTEePHUCTHUK. SIKICTh MepexiHUX MPOIIECiB OILiHIO-
€ThCSI TI0 BUY 1 XapakTepHux Toukax JIUX.
3 PO3BUTKOM OOYHCITIOBAIBHOI TEXHIKM HA TIEPIINE MICIIE BUCYBAIOTHCS YMCEJbHI Me-
TOJM OLIHKHU SKOCT1 TMHAMIYHHUX MPOIIECIB.

2. MoHATTA 3aKOHY perysitoBaHHA.

SkicTh TIporeCy perysroBaHHs (CTaTWYHA W JWHAMIYHA TOYHICTh) BU3HAYAETHCS
TUM, SIK PETYJISITOP Y TPOIECi YCYHEHHS HEY3TO/I)KEHOCTI BIIMBA€E Ha PO.

€ m
BII. Per. » OV

A

v

ToOTo, sika MaTeMaTUIHUH 3B's130K PD 13 cCUTHAIOM HEY3TOKEHOCTI.

3aK0HOM peryJlOBAHHS HA3MBAETLCS MAaTEMAaTUYHHI 3B'I30K PETYIIO0YOro (pakTopa
m 13 CHTHAJIOM HEY3TOJKEHOCTI ¢ B MPOIIECI PEryIFOBAHHS.

3aKoH peryJiIoBaHHA HE TUIBKK BHU3Ha4a€ BIacTUBOCTI AC, aye 1 CTPYKTYPY pery-
nasTopa. YuM CKIIaAHIIIE 3aKOH PETyIIOBAHHS, TUM OLIBII CKJIAJIHI €JIEMEHTH BKIIIOYa-
IOTBCS /IO CKJIaTy PEryJsTopa.

A) Iponopuiinauii 3akoH peryaioBanus (I1-3axoH)




m=K I € — i7iealIbHUM PETYJIIATOP.
([ ]

TH m+m=K e — peaJbHHM PETyIATOoP.

P® nponopuiitHuit moMuiIIl peryatoBaHHs. Bennka momMuika - BEIUKUN perymoro-
YU BIUTMB, Majia MMOMUJIKA - Maui BIUtHB. Lle oauH 3 HaWmpoCTIMMX 1 HAMOUTBII PO3-
MOBCIOJDKCHUX 3aKOHIB peryioBaHHsA. OJHAK, 3 aHaII3y MaTeMaTUYHOTO BHUPAKECHHS
3aKOHY BHIHO, 1110 3MiHa P® MOXIuBa TUIBKW MMPU HASSBHOCTI MOMMJIKH. Tak, SIKIO JJIS
napyBaHHs 30yproBanHs f(t) HeoOxigHa 3MiHa PD Ha BenmnuuHy m(t), TO IBOTO MOYKHA

m (1)

p
J1s1 3MeHIIeHHs1 TTOMUWJIKH TIPY MapupyBaHHi 3a1aHoro 30yproBanHs f(t) HeoOXin-
HO 30171bIIyBaTH KOe(IIIE€HT IiIcuIeHHs peryusaropa K.

JIOMOTTHCS TUTbKH NPU HAsIBHOCTI MOMUJIKU PETYJIIOBaHHS & (f) =

B) IuTerpyviounii 3axoH peryaioBanud (I - 3axKoH)

¢ 1
T.M=8 . M) =[-—)d
0" c
JIjist 1bOTo 3aKOHY IIBUAKICTH 3MiHU P® mpomnopuiiiHa moMuili peryiatoBaHHs g(t).
Uum Oinpllie TOMHIIKA, TUM OiIbINE IIBUAKICTH 3MiHM P®. 3 anamizy MaTeMaTHYHOTO
BUPXEHHS 3aKOHY BUAHO, 1m0 P® mepecrane 3miHioBaTHCS TUTbkU B Tomy BumnaiaKIl,

SKIIO ITOMUJIKA PCTYJIOBAHHA ,Z[OpiBHIOC HYJIIO:

m(t)=0 TUIBKU AKIIO g(t)=0

TobTo PETYIIATOP HAPOIIY€E BILUIUMB A0 ITOBHOI'O YCYHCHHS ITOMUWJIKH PCTYyJIFOBAHHS.

B) Iponopuiiio inTerpyruunii 3akod peryaoBanag (I11 - 3axkoH)

m(t) =K e(t) + Kﬂjs(t)dt

[le#i 3ak0H peryiaOBaHHS MICTUThH SIK MPOTOPIINAHY, TaK 1 IHTETPYIOUy CKIaJ0BY.
[TapameTpu peryasTopa BUOUPAIOTh TaK:

- Ha MIOYaTKOBOMY €Talll peryiroBaHHs npaifoe [1-cknamgosa, 3a0e3neuyodn MBH/I-
K€ YCYHEHHS TTOMUJIKH;

- Ha KiHIIeBOMY eTami mpamroe [-ckinanoBa, 3a0e3meuyoun HapoUTyBaHHS BILTUBY
JI0 TIOBHOT'O YCYHEHHSI TIOMUJIKH.

I') YekaaaHeHi 3aK0HU PeryJaoBaHHSA
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[Ipu ynpaBniHHI CKIaAHUM 00'€KTOM MOXE 3HATOOWUTHUCS yIPaBIiHHSA, 1[0 MOXKE

«riepeadavaT» PO3BUTOK MOAIN, TOOTO BUMepemkyBatu mo (asi cami moxaii. Takumu
BJIACTUBOCTSMH BOJIOIIOTh CKJIaI0B1 TU(PEPEHITIOI0UOT0 3aKOHY PEryJIIOBaHHS.

m(t) = Kpe(t)+ K, [e@)di + K ;(z) ,
0

B JI-3axoH1 BpaxoByeTbcs iHGOpMAIlisSs PO MIBUIKICTh 3MIHH TOMIJIKH PETYIIIO-

[ ]
BauHA & (1) . 3'BIAETHCS JOIATKOBHil PEryIIOI0UHiA BIUIMB, IO IMPHUCKOPIOE MPOLEC
[ ]

ycynenHs nommnk, skmo € (7)) 0 | i 3a6e3meuye momaTkoBe TanbMyBaHHS MPOIIECY,

[ )
sxmo € (¢)(0 .
Ha mpaxTuiii MOXXyTh 3aCTOCOBYBATHCS 1 OUTBII CKJIQHI 3aKOHHU PETYIIOBaHHS, 110
3a0e3MeuyroTh MO/IBiifHE IHTETPyBaHHS TOMIIKH:

t t )
m(t) = Kﬂg(t) * KHJ Jé‘(t)dl‘ T K,ZZ g(t) - III* ] 3aKoH pETyIIOBAaHHS,
0 0

YH, 10 BPAXOBY€ 3MiHY MPUCKOPEHHS TOMUJIKU:

m(t) = Ke(t) + Ky, [ t)de+ K ;(t) +K, £(0)
0

Bubip 3akoHy peryiroBaHHS MOBUHHUN OyTH OOIPYHTOBAaHUM 1 BIAMOBIJATH TMOC-
TaBJICHUM 3a7adyaM. Y CKJIQJIHEHHs 3aKOHY IMPUBOAHUTH 10 3aCTOCYBAHHS JI0JIaTKOBHUX
€JIEMEHTIB y PETyJIATOpi, TOJAATKOBUX BUTpPATaM €HEPTii, 30UIbIIEHHIO BAPTOCTI 1 3HU-
KEHHIO HaJ1MHOCTI.

—HIZ[I[2 3aKOH PETryJIFOBaHHS.

3. Bnnue BnactuBoctenn OP Ha CTPYKTypy perynartopa.

CTpyKTypa peryisaropa BU3HAYAIOThCS HE TIJIbKA BUMOTaMH JI0 SIKOCTI PETYTIOBaH-
Hs, ajle ¥ BJIACTHUBOCTI caMoro 00'ekTa. SIKk MU B)Ke BIJI3HAYaJIH, OJHIET 3 OCHOBHHX 3a-
BJIaHb ABTOMATUKH € 3a0€3MEeUeHHs CTIMKOCTI TMpoliecy peryiroBaHHs. JlocmimxyeMo
CTPYKTYPY PeryJIsITOpa, 1o 3a0e3nedye CTiiKe KepyBaHHS PI3HUMHU 00'€KTaMHu.

3aranpHa QyHKIIOHaTBHA cXeMa 3aMKHYTO1 AC Mae BUTIIS;

l f
Ysan € WPEF m WOP y

A 4
v




XapaxkrepuctuuHe piBHSHHS 3aMKHYTO1 CAP:

1+ W (pP)=0=14+Wpopr () Weop(p)=0

[IpencraBumo nepenatHy pynkuiro OY y Bugi:  W(p) = %.
p

Toni xapakTepucTUYHE PiBHIHHS Oye:

L+ W pgr () % = L(p) +Wpgr (p)- A(p) |

3amkayTa AC Oyae CTpyKTYypHO CTIMKOIO, SIKIO TepefaaTHa (PYHKIls peryisTopa Mic-
TUTh HEOOX1/IHI KOMIIOHEHTH CTIMKOCTI.

Ipukaan: Hexait nepenatHa Gyukuist OV sBnsie coboro xutnuBy auHamiuny danKII 3-
ro nopsinKII.

1
W(p)=—=.
Ip
XapakrepucTuyHe piBHAHHS 3aMKHYTOT CAP:
1
Ip
XapakTepuCTHYHE PIBHAHHS cucTeMu TpeThoro nopsaKIl B 3araipHOMY BHIL:

3 2
agp- +a,p” ta,p+a; =0
Bianosigno no kputepiro 'ypsutis AC 3-ro mopsiaKy CTiMKa, SKIIO MPU MTO3UTHUB-
HUX KOedillleHTaX XapaKTEPUCTUIHOTO PIBHSIHHS JOOYTOK CepeAHiX KOe]iIlieHTIB PiB-
HSIHHSL Olbie MOOYTKY KpaiHiX. Takum 4MHOM, JUIsl CTIMKOTO KepyBaHHS MepeaaTHa

GyHKITIS peryasTopa MOBUHHA MICTUTH yCl1 BIJICYTHI KOMIOHEHTH XapaKTEPUCTUYHOTO
PIBHSIHHSI 3aTaJIbHOTO BUJY:

m(p) 2
Wegr (p) = =ap ta,p+as
g(p)
Orxe: %zalg+a2 E+a3g_

2
3akoH perymtoanus J[“ /L1
Kpim Toro, mapameTpu peryisTopa moBUHHI OyTH yB'si3aHi 3 mapamerpamu OVY.

4. 3actocyBaHHsA Kl ana dhopmMyBaHHA CKNagHUX 3aKOHIB peryrioBaHHSA.

Haiinpocrimnn 3akoHM peryiroBaHHS MaloTh iCTOTHI Hemoiiku. I1 -3akoH peryito-
BaHHS BOJIOJII€ CTATU3MOM BIXKE B CUITy CBO€i mpupoau. U - 3akoH Mae HU3bKI TUHAMIYHI
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MOXIUBOCTI. TOMy Ha mpakTuili 3aCTOCOBYIOTh OlNbllle CKIaAHI 3akoHU KepyBaHHS 11,
TN i in.
1. 3acrocyBanns IlI- ckianoBoi 3aKOHY peryirOBaHHS 3a0e3leuye BUCOKI JWHAMIYHI
BJIACTUBOCTI (Bucoka mBUAKOIIsA) AC, ToMy mo GopMye HAITUIIKOBUM PETYIIOIOUMMA
BIUTMB Ha MIOYATKOBOMY €Talll 1 HOTro momepeHe 3MEHIIIEHHS Ha KIHIIEBOMY €Tarl pery-
JFOBAHHS.
2. 3acrocyBanns I- ckiamoBoi 3aKOHY peryitoBaHHs 3a0e3nedye rapHl CTaTUYHI MOKa-
3auku AC, ToMmy 110 (hOopMye HapOIlyBaHHS PETYIIOI0YOTO BILTUBY MPHU HASIBHOCTI CHT-
HaJTy HEey3ro/pKeHocTi. Hixk Olibllie BUCOKUH MOPSAOK acTaTU3My MOTPiOHO 3a0e3mneuu-
TH, TUM O1JIbIIIE BUCOKUM MOPSAOK IHTETPYIOUOi CKIIAJ0BOI MOTPIOHO BKIIFOUATH B 3aKOH
peTyITIOBaHHS
3. 3actocyBannsi /[- ckiasoBOi 3aKOHY PETYIIOBAHHS JTO3BOJISIE MIABUIIUTH CTIMKICTh
AC 1 momimmmtr guHaMidyHl BiactuBocTl AC. Hixk MeHIII CTIMKUHA 00'€KT, TUM OLIBIIE
BHCOKY TIOXiHY BapTO BBOJUTH B 3aKOH PETYIIOBAHHS.

Jlist popMyBaHHS CKJIQJHUX 3aKOHIB PETYJIOBaHHS HEOOXiJIHE 3aCTOCYBaHHS CIIe-
[iaJTbHUX KOPUTYBATBHUX MPUCTPOIB.

5. Peanisauis Il - 3akoHy 3a gonomoroto CI1.

PosrisiHeMO MOXKITUBICTh 3aCTOCYBAaHHSI 1HEPIIHHOT MO3UIIIIHOT JTAaHKHU SIK KOPHTY-
BaJBLHOTO MPHUCTPOIO. PO3risiHEMO perynarop, o BKITIOYAE MapajienbHe 3'€JHaHHS i/1ea-
JBHOT IHTErPYIOUOi Ta 1HEPIIIHHOT TO3UIIHHOI JaHOK:

€ 1 my m
> >
Tep
Koy my
Tepp+l

[TepenaTodna QyHKIliS peryasaTopa BU3HAYAE 3aKOH PETYJIFOBAHHS.
1 K.,

w = +
m
%o T, cp T+l
VY BUMaaKy HECYTT€BOI IHEPLUIMHOCTI CTATUYHOT IPUCTaBKU Tcp=>0, Te

1 — - - — —

m=Kg ,e+——8;,=>m :KCH5+I8dt =mung+my
T'ep 0

3aKOH PeryJIIOBaHHS MPOMOPLIHHO IHTErpYyIOUHHi.

6. Peanisauis Il - 3akoHy 3a gonomoroto 133.

PosrisiHeMO MOXXITMBICTH 3aCTOCYBaHHS peajlbHOTO JIAHKH, 110 AU(EpeHIitoe, sK
KOPUTYBaJIbHUM TpuUCTpiid. JlaHka, 1m0 AudepeHItitoe, BUpOOIIsie CUTHAI MPOMOPIIHHUN
MIBUIKOCTI BX1IHOT'O CUTHAJY, 1 B aBTOMATHIIl MOT0 Ha3UBAIOTh 130/ipoMoM. Po3risHemo
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PETYJIATOP, IO BKIIIOYAE€ 3yCTPIYHO-TIAPAJICIIBHC 3'€I[H3HH$I 11CaIbHOI 1HTET pYIOIIOI Ta

peanbHO1 qudPepeHiroroydoi JaHoK. ToMy 110 130JJpOM BKIIOUCHHH y 3BOPOTHHM 3B'S-
30K, TO BOHA Ha3UBAETHCA 130IpOMHUM (THYUYKHM) 3BOPOTHUM 3B'SI3KOM:

€ 1 m
—( X )—> >
Tep
Kip P
Tp+1 |

[lepenarouna ¢yHKIIS pEryiasiTopa BU3HAYA€E 3aKOH PEryIIOBAHHS.
1

W - T.p _ Tp+1
V% 1+L.& Tep-(Tp+D+Kjp
Tp Tip+l
VY BUmaaKy 3aCTOCYBaHHS IIBUIKOIIOUOTO IHTETpYyr04oi JaHku Tc=>0, Te
W, L, b
= K, Kp
T. 1 — T.- 1 (- — —
m=—¢+ €;,=> m = ‘8+—I8dt=mn+mi
K; K.p K, i 0 ’

3aKOH PETYJIIOBAHHS MPOIOPIIIHO IHTETPYOUHIA.
7. Peani3sauin Nl 3akoHy 3a AONOMOroto naHku, wWwo dgopcye.
7.1. Ilocnioosne éxnoueHHsA 1AHKU, W0 (opcye.

PosrasiHemo perymnsaTop, 110 BKIIOYAE MOCTIIOBHE 3'€THAHHA 1/1€alIbHO1 1IHTETPYIO-
401 Ta (popcyr0voi JIaHOK.

S o Ky(Typ+1) ——s

A 4

[lepenatHa GyHKIIA peryiaTopa BU3HAYAE 3aKOH PETYJIIOBAHHS.

WW:L~K¢(T@p+1), WW=K@T@+K¢_
& TCp & TC TCp
K.T K — K. T.- K. - — —
m=—2-—t¢g+—Lg;=>m=—2—-r+—>|edt=mn +m;,
T, Tep T, T 3

3aKOH PETYJIIOBAHHS MPOIOPIIITHO IHTETPYIOUYHH.
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7.2. Ilapanenvne 6Kn104eHHA N1AHKU, W0 opcye.

PosrnsiHemo perynsrop, 110 BKIIIOYa€e mapajenibHe 3'€THaHHS 11eallbHO1 IHTerpyo-
401 Ta (Popcyrovoi JIaHOK.

€ 1 m
T.p

A 4
Y

A 4

Ky (Tpp+1)

1
[lepenarouna ¢yHkuis perynstopa: W, , = P Ky,(Top+1).
¢ c

1 — - K, - = = = =
— , _ ) — ,
m=Kge+——=e+K T pe;=> m= K®8+—Jgdt+Kq,Tq, &=mn +mi+my
cP co
3aKOH PETYJIIOBAHHS: MPOMOPIINHUN THTErPyIOUnid Tu(epeHIIOI0UN.
[IN/I- 3axoH 103BOJIsIE€ OepKATH Kpaly mBUAKOAII0 AC 3a IHIIUX PIBHUX YMOB.

ToMy 10 Ha MOYATKOBOMY €Talli PETYJIIOBAHHS, KOJIU IIOMMJIKA HAPOCTAE & >0, PETYIIs-
TOp OpPMY€E NOTATKOBUM PETYIIOIOUNNA BIUIUB m ;. [Ipy IbOMY, YUM IIBHIIE HAPOCTAE
MOMHMJIKA, TUM OUTBIINIA BIUTUB GopMmye perynarop. Ha kiHIleBOMy eTami peryiroBaHHS,

KOJIM BEJMYMHA MOMMJIKM TTOYMHAE 3MEHIIYBATUCA & <0, peryasTop GopMye I0IaTKO-
BUI TAJIbMYIOUNA BHJII/IBAi MpoIieC IHTCHCUBHO JAeMI(Dipy€ETHCS.

m 15140

Takuii KOpUryBaJIbHUN MIPUCTPIH 3a0TOCOBYETHCS B CydacHUX eneKTpoHHuX AC.
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8. 3acTtocyBaHHsA KI1 ana komneHcauii iHepuinHocTi enemeHTiB AC.

Panime mu gymanu, 1mo AaTYUKU PEryboBaHuX napameTpiB B AC sSBIsIOTH COO0I0
11eapHy TO3UINMHY JIAaHKY. PeallbHi JaTYUKW BOJIOAIIOTH 1HEPIIIHHICTIO i Y IESIKUX BH-
najKax Ii€i IHepIIHHICTIO HE MOKHA 3HEBaKUTH. OYEBUIHO, UMM ITOBUIBHIIIE MPAIIOE
JaTYMK, TUM Ti3HIIIE (OPMYETHCS CUTHAT KePyBaHHS W TUM TIpIIe TAHAMIYHI MOKIIH-
BocTi AC. Tak, Hanpukiaza, BUMip TeMrepatypu rasiB aBianiinux [T/ 3nilicHIO€TbCS 3a
JIOTIOMOT010 TepMotap. JlnHaMika TepMONapu OMUCYETHCS PIBHAHHSAM 1HEPIIHHOT MO3H-
IIAHOT JTaHKH.

Wy (p) =t
T,p+1
[TocTiitHa yacy Tepmomnapu ctaHoBUThH T,=1...2c. OTxe, TIIBKUA Yac BUMIPY TeMIlepaTy-
pu raziB OyJe CTaHOBHUTH 3...6C MPU BUMO31 BUACHO PETYIOBAHHS TEMIEPATypH Ta3iB
2..4c. Taka BUMOTra € HE3MICHEHHUM TIpH 3BUYaitHOMY miaxonai. OJHaK 3aCTOCYBaHHS
KII mo3BoJisi€ iICTOTHO 3HU3UTHU 1HEPIIIHHICTh BUMIPY (DI3UYHUX BEJIMYWH 1 3a0€3MEUUTH
3aaadi nuHamiyHl BuMord AC y 1iiomy.

8.1. 3acmocysannsa KII ona komnencauii inepuitinocmi mepmonapu.

PosrissHeMo MOXIHMBICTh 3MEHITIEHHS IHEPIIMHOCTI TepMoniapH 3a gormomororo KI1.
Y cTaHOBUMO TTOCITIIOBHO 3 TEPMOTMAPOIO JIaHKa, 10 GOopCye.
Wiy (p)=Ky(Typ+1)
OyHKITIOHATBHY CXEMY TaKoTo 3'€THAHHS IMPEACTABUMO Y BHTJISII:

*

T, K, Cr o &, Cxop
T, p+1 Ei
e |
Ko TP

ExBiBanenTHa nepegaTHa QyHKIIIS:
K
/4 =—"r K, (T,p+1
ks (D) T,p+1 o(Top+1)
Axmo #a mapametpu KII Haknactu HactymHi oOMexxeHHs Ko=1; Te=Tr , 1m0 11i71-
KOM peaji3oBaHo, TO:

W ks (p)= K,



v

v

v

| -
»
=

Cxop

»
»

t

[neanmpHa  mo3umiiiHa  JaHKA
(imeampHa TepMomapa). Posrmsaemo
JUHAMIYHI TIPOLIECH B TaKOMYy KOM-
O0IHOBaHOMY JTaTUYHKY.

Excrionenra Ha BuXoni aude-
PEHITIOI0UO0T JTaHKK € A3epKajJIbHUM
BiTOOpaKEHHSIM E€KCIIOHEHTU TEPMO-
napu. CKIIaJieHHs IBOX I3€pKaTbHUX
EKCTIOHEHT JIa€ CX1T9acCTHi CUTHAL.

BHCHOBOK: 3aCTOCYBaHHSA KO-
PUTYBaIbLHOTO TPHUCTPOIO JI03BOJISIE
3MIACHUTHU iJIealbHUI BUMIp TeMIIe-
paTypH rasis.

Ha npaxTuii BmacTHBOCTI Tep-
MOIap MOXYTh ICTOTHO 3MIHSTHCS
3aJIe)KHO B1J] 30BHIIIHIX YMOB.

13

Tomy 3a nomomororo KII, mo Mae mocTiiiHi AHHAMIYHI TapaMeTpH, MOBHICTIO TIPH-

OYIIATA 1HEPIINHICT, TepMOmap He BIaeThca. ToMy Ha uep3i po3poOKa aJanTUBHUX

KII, nuramivHi mapamMeTpu SKUX MOTJIH 6 HEOOX1THUM 00pa3oM 3MIHIOBATHUCS.
3ayBaxkenHs1. 3actocyBanHs KII s kommneHcanii iHepHiiHOCTI TepMoIiap MOBHiC-

TI0 Buuepiye MoxumBocTi ganoro KII i ToMmy He Moxke OyTH BUKOPHCTaHE JIs TOJIII-

IICHHSI 3aKOHY peryIitoBaHHs. J[Jis MoMinieHHs 3aKOHy peryIloBaHHS HEOOXiTHE 3aCTO-

cyBanHs iHmoro KII.

9. 3actocyBaHHs Kl ansa niaBuweHHA ctinkocTi AC.

[TPUKJIA L. Hexait moTpioHO cTBOpuTH 3aMKHYTY CAP cTabimizarii kpeHy JiTaka.

Crpykrypna cxema AC Oyzie MaTu BUTTIS;

Yaan €
—» IIII IToclI

Osy Y
> oy >

Je: (- moroune 3nadeHHs Kllta kpeny nitaka;

Ysan - 337aHe 3HaYeHHs KIITa KpeHy sitaka;
0, - KIIT BimXuaeHHs eJIepOHiB;
€=Y;a,-Y - CHTHAJI HEY3TOPKCHOCTI.

PiBHsuasg nuaamiku enementiB AC:
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1. JliTak 3 BUXiJHUM CUTHAJIOM - KYT KpEHY:

= = 1= 1 — .
Ly+y= 75 ar + T /- pealibHa IHTErpyroya JaHKa.
2 3

R
Vo Tp-(Tip+D)
2. CepBonpuBo/1 (MiICHUIIOBAY ) MPOTIOPIHUIA:

T Son+8om =Ke; W(p)=

T.p+1
3. BumiproBanpHuil npuctpiii OyieMo AyMatd iieadbHUM 3 KOe(iIli€eHTOM IiJICH-

JIEHHS PIBHUM OJIMHHUIII. ; )
dyuknionanpHa cxema AC Mae BUTIISL. >
4 Tp(T,p+1) l
Y3an € K c 63n 1 Y
o —
T.p+1 T,p(T,p+1)

Jocnimkyemo ctatuaHy TouHicTh AC mipu 1ii cximuactoro curnaimy BB. I3 1iero

METOI0 BU3HAYMMO NepeaTtHy QyHkuiro W,
I o LR
W= LpTp+h LpTp+1) _ T
oy, Ke o (Tep+DT,p(Tp+D)+ K" (T p+ DL p(Tp+D+K,
Tep+1 T p(Tp+1) (Tep+ DT, p(Tp+1)

Ockinbku B uncenbHUKII nepenatnoi gynkuii W, HeMae 3araabHOr0 MHOXKHHUKA
«p», Te cucTteMa OyJie TpaIfoBaTH 31 CTATHYHOIO TTOMUJIKOIO TIPH 1T CX19aCTOr0 CUTHA-
7y 30yproBaHHS.

Jlnst Toro mo6 AC OyJa acTaTUYHOTO MEPIIOro MOPSJIKY, 3aCTOCYEMO THTETPYIOUHA

cepBonpuBif enepoHiB. DyHKIioHanbHa cxema AC npuiiMe BU:

f 1
> T,p(T,p+1) l
Vsan € 1 63H R 1 Y
Tep T,p(T,p+1)
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), IIbOMY BHIIAJK YUCENbHUKY IEPENATHOL HKlIﬁ W 3'IBIIAETHCS 3arajib-
y Y,y y y e/f

HUN MHOXKHUK «p» Yy HEepIIOMY CTYIEHI i cucTema OyJie acCTaTUYHOIO MEepPUIOro Mops/i-
KY.
1 1 T

- - 2T.p
W - LpTp+) _ LpTp+h) T
T TT,p* (Tp+D)+1  T.T,p" (Tp+1)+1
Tep T,p(Tip+1) T.T,p*(T,p+1)

JlochimKy€eMo CTIKICTh OTPUMAHOI aBTOMATHYHOT CHCTEMH 3a JOTIOMOTOI0 KPUTe-

pito ['ypBuna. Xapakrepuctuune piBHsiHHS AC Oyne MaTu BUTIISL:
T.T,p*(T,p+1)+1=0; T.T,T,p’+T.T,p>+1=0.
BuBia: aBToMaTnyHa crcteMa HecTilKa.
3piBHAEMO OTPUMAHE PIBHSIHHS 3 PIBHSIHHSAM TPETHOTO MOPSIKY 3araIbHOTO BUIY:
a,p’+a,p’+a,p+a, =0

3TiIHO 13 4acTKOIO kputepito ['ypBunia s cuctem TpeTboro nopsaky AC CTIHKHM,
AKII0 TIPH dp>0 TO3UTHUBHI BC1 KOC(IIIEHTH XapaKTEPUCTUYHOTO PIBHSHHA U MOOYTOK
cepenHix KoedilieHTiB Ounbie A00yTKYy KpaiHix. [[ns posrasHyToro Bumaaky a,=0.
JloOyTok cepenHix Koedilll€EHTIB MEHIIIe T00YTKY KpaifHiX, OT)KE aBTOMaTH4YHA CUCTEMa
HecTiiKa.

3abe3neuntu cridikicth AC mMoxHa 3a gonomororo KII - nmanku, mo dopceye. Yera-
HOBUMO JIaHKY, 110 (OPCYE, TOCIIIOBHO 1HTErPyIOUOMYy cepBonpuBoay. DyHKITIOHATH-
Ha cxema AC npuiime BUA:

7 1

7| T.p(Tip+) l

Youy <\ & KoTap+h) |20 1 Y

1
Tep T,p(T,p+1)

A 4

3aKoH peryroBaHHs nponopiiitHo iHTerpyrounit (I1I):

K,T K
W‘y =LK(1>(T(DP+1) =(p—<p+_<p .
¢ Tep T Tcp
Hocmimkyemo crivikicts AC.
XapakTepucTHuHe piBHIHHS 3aMKHYTOi AC:
l+— K, (Typ+l)————— =
Tep °7 "0 T Typ(T p+D)

TCszz(T1p+l)+K¢(T¢p+l):O,
T.T,T,p’ +T.T,p* +K,T,p+K,=0.
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Bunno, mo AC crana cTpyKTypHO CTIHKOi, TOMY II[0 B 3araJIbHOMY BH/II Xapak-

TEPUCTUYHOTO PIBHSHHS BTPUMYIOThCS BCi KoedimieHTu. BinmoBimuum BuGopom mapa-
metpiB KII moxxHa 3a06e3neuntu 3aani nuHamivdi BiactuBocTi AC.

Bugin. 3acrocyBanns KII migBumye ctiiikicts AC.

3ayBakeHHs1. MoxkHa 3a0e3neunTH Apyruil (TpeTiil) nopsaaok actatuzmy AC. I3 mi-
€10 METOIO0 3aCTOCYEMO I OJWH IHTErpyrounid mpucTpi. OgHak s 3a0e3reueHHs
ctirikocti AC 6yne nmoTpioHo 3actocyBanHs i gonatkoBoro KII. dyHkIiioHampHa cxema
perymisTopa MoXKe MaTH BUTJISI.

€ 1 1 m
o R @
Tep J L T.p

K,(T,p+1)

K,(T,p+1)

3aKOH peryatoBaHHS OyJe MaTy BUTIISA!

W% :(TL+I<¢(T¢p+1)J‘(TL+K¢(T¢p+1)j;

cP cP
1 1 0.
W, =——+2— (K,(T,p+1D)+(K, (T, ,p+1)) 5
=gyt 2y K Tap t D)+ (Ko (Top +1)
2K, T 2K
Wn/: 21 ~+ L2 4 ‘p+l{iTip2+2Kj,T@p+K;;
¢ To'p T. T.p
2K, T 2K
w, = k2 2Rele | 2Re 1 opey p+K2T?p?*;
ny @ 2 2 - @ " @
¢ TC TCp TC p
— 2K, T, & 2K, (- - = o
m=| K2 +222 |y ¢jgdr+iﬂgdt+21<;T¢g+K2T2g.
T, Te o T % v

CkopoueHo GopMyiy TaKOTO 3aKOHY MO>KHA TIPEJICTABUTH SIK 1815051016

[1- cknagoBa 3a0e3neuye TapHy JUHAMIKY.

I, I’ — ck1afoBi 3a6€3IedyoTh ACTATH3M 2-T0 IIOPSIIKY.

JI,JI> — cki1a10Bi 3a6€3MedyI0Th CTIHKICTh IIPOLECY KepyBaHHs.

Taki ckiagH1 3aKOHU KepyBaHHS peani3dyioTh B AC 3a 10moMororw 00pToBUX 004YH-
CITIOBATbHUX MAIIHH.

BucHoBKH:

Ha nexkirii 6y70 po3risiHyTO 3aKOHHU PETYJIIOBAHHS Ta iX peani3alis.

3aBIAHHA HA CAMOIIATOTOBKY:

1. Teopis aBromaruunoro ympasiiHas. [Ipaktukym [Enexkrponnwuii pecypc| : HaBd. mociO.
JUTSL CTY/I. criemianbHOCT 151 « ABTOMaTu3allis Ta KoMIl IoTepHo-iHTerpoBaHi TexHosorii» / H.I. Bypay,
1.0. TTisTopak; KIII im. Irops Cikopebkoro, 2021. — C 44-46.
https://ela.kpi.ua/bitstream/123456789/42076/1/TAU_praktykum.pdf
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10. BucHOBKH, ypaxyBaHHsI BIUIUBY BOEHHOTO CTaHY.

3acTocyBaHHSl BJIACTHBOCTEH AacTAaTU3MYy CHCTEeMH TNPH NMOKpPAlleHHI PiBHSA
NMPOXiTHOCTI BiliCbKOBOI TEXHIKH.

Pozpo6nennit B 2021 porrl HiMenbkoto o0opoHHO0 kKommaHiero Rheinmetall po6o-
TU30BaHUM HazeMHMM TpaHcmopTHHM 3acid Rheinmetall ACW 3 cucteMor0 KOHTPOIIIO
JIBUTYHA Ta aBTOMATHYHOIO KOPOOKOIO MEepeMHUKaHHs Tepeiay, 103Bojsie 30epiraTu 3a-
JaHy MIBUIKICTh PYXy IPH MEPEMIllleHi TI0 TepeciuHiil MICIIeBOCTI 3 MepernagaMi BHCO-
TH HEPIBHOCTEH.

Jlist mokpaiieHHs: poOOTH XOJ0BOi YaCTUHU Ta MiJABICKM OPOHBHOBAHOI MAIIIMHU B
CKJIQJIHMX YMOBaX, peali3oBaHe ypaxyBaHHS BX1JIHOTO CXiYaCTOr0 CUTHAITY IIBUIKOCTI.
[TinBumena npoxigHicTh ryceHnyHoro maci Rheinmetall ACW mpu 3miHI JTOpiKHUX
YMOB 3a0€3Me4y€eThCSl aCTaTU3MOM JIPYToro Ta TpeThoro piBHs. Lle mo3Bossie pyxaTucs
MEePECIYHOIO MICIIEBICTIO 3 TIEpema aMHi HEPIBHOCTEH 0€3 3MiHH MIBUIAKOCTI.

JlocsiraeThCcsl TaHa MOKIIMBICTh 3aCTOCYBAaHHSIM YCKIJIQIHEHOTO 3aKOHY PETYIIIo-
BaHHS 3 BUKOPUCTAHHSAM JIeKUIbKOX [-ckimamoBux 3akony. Lle 103BoIsII0 JOOUTHCS HYITb-
BOTO MOKAa3HUKA B YHCENBHUKY MepeaaTodHoi (QyHKIi, M0 Onucye TUHAMIKy poOOTH
XOJI0OBOi YaCTUHU OPOHOBAHOTO aBTOMOOLIS MU 3MiHI PiBHS Ta MOPSAKY BXIJHOTO CHUT-
HaJTy, 1110 OMKCYE 3MIHY XapaKTePUCTUK JOPOKHBOTO OKPUTTL.

3 HaBeACHOIO JICKIIITHOTO MaTepialy BiJOMO, IO TaKe 3aMpOBa/KEHHS 301IbIITy€
BapTiCTh XO/J0BOI YaCTHHU 3a PAaxXyHOK 3aCTOCYBAHHS YCKJIQJJHEHOTO 3aKOHY pEryJIo-
BaHHS, IPOTE II€ JO03BOJISIE BUKOHYBAaTH OOMOB1 3aBJaHHS, III0 B yMOBaX BIIOUTTS YKpa-
1HOIO 30pOIHOT arpecii pd € qyke aKTyaTbHUM.

TakuM 4MHOM, MMUTAHHS 110 CTOCYIOTHCS aHaJi3y pOOOTH aBTOMATUYHOI CHCTEMH
B aBTOMATHIll PAaHHHOTO BUSBJICHHSA HA/JI3BUYAWHUX CUTYAIlill € aKTyaJlbHUMH B yMOBaXx
30poiiHoi arpecii pd npotu Ykpainu.



