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YK 614.842

MetoauyHi BKa3iBKM (peKOMEHAAIlli, 3aBJaHHS TOIIO) IOJ0 IPOBEACHHS
7a00paTOPHUX 3aHATh 3 JNUCHUILTIHA «CHCTEMH aBTOMAaTHYHOTO KOHTPOJIO Ta
CIIOCTEPEKEHH» 3a OCBITHBO-MPOPECIHOIO (OCBITHRO-HAYKOBOIO) IMPOTPaAMOIO
«Oxopona mpati». dypees B.O. 2025. 10c.

Y MeToauyHuX BKa3ziBKax Yy3araJbHEHUW MiAXI JO0 TMPOBEACHHS
Ja00paTOPHUX 3aHATh 3 CUCTEM aBTOMATUYHOTO KOHTPOJIIO Ta CIOCTEPEKEHHS.
CkiazneHl BaplaHTU 1HAUBIIYyaJbHUX 3aBJaHb OPIEHTOBaHI HAa KOMIUIEKCHE
pIILLICHHS 3a]1a4.

MeroauuHl BKa3iBKM MpPU3HAYE€Hl JUIsl KypCaHTIB 1 CllyXadiB BHIIUX
HaBuasbHUX 3akianiB JICHC VYkpainu 3a ocBITHRO-poeciiiHO0 (OCBITHBHO-
HAyKOBOI0) IporpaMmoro «OXopoHa mpari».



MOJIVYJIb 1. OcHoBU OYIOBH CHCTEM aBTOMATHYHOI'O KOHTPOJIKO Ta
CIIOCTEPECIKECHHS

Tema 1.1. TlpuHimnu nmoOyOoBH Ta MaTEMAaTUYHUKM  ONKUC  CUCTEM
aBTOMATHYHOT'O KOHTPOJIIO Ta CIIOCTEPEIKCHHS

Temu 1200paTOPHUX 3aHATH 3204HA (IMCTAaHLiHHA) ()OpMAa HABYAHHS

No | Ha3Ba Temu KinekicTh
3/T FOJINH
1 JlocaiKeHHST CHHTE3Y aBTOMAaTHYHUX CHCTEM 2

Pazom 2

Kpumepii oyinosanus 3unanv 3000y8auié Ha 1aOOpAmMoOpHOMY 3AHAMMI
(oyinoemucs 6io ) 0o 10 b6anig):

9-10 GaniB — 3100yBay BOJIO/Ii€ HABYAILHUM MaTepiajioM Y TOBHOMY 00Cs31,
rMMOOKO Ta BCEOIYHO PO3KPUB 3MICT YyCiX TMHTaHb, I dYac BIAMOBII
BUKOPHCTOBYBAB ITyHKTH HOPMATHBHUX JIOKYMEHTIB;

7-8 ©OanmiB — 1OCTAaTHRO TIIOBHO BOJIOAIE HABYAJBHUM MaTrepiajoM, B
OCHOBHOMY PO3KPHUTO 3MICT ycCiXx mnuTaHb. [lpu HamgaHH1 BIANOBIJI Ha JEAKI
NMUTAHHS HE BHCTA4Ya€ JOCTAaTHHOI TJIMOWMHU Ta apryMeHTallii, Mpu IhOMY €
HECYTTEB1 HETOUHOCTI Ta HE3HAYHI TIOMUJIKH;

5-6 GaiB — B IIJIOMY BOJIOIIE€ HAaBYAIBHIUM MaTepiajaoMm, ajie 6e3 rmmboKoro
BCEOIYHOTO aHami3y, OOIPYHTYBaHHS Ta apryMeHTallii, JOMYCKAaI4H MPU IbOMY
OKpeMi CYTT€B1 HETOYHOCTI Ta IIOMUJIKH;

3-4 Ganum — He B TOBHOMY O00Cs31 BOJIOJII€ HABYAJIBHUM MaTepiajoM.
HenoctatHhO pO3KpUTI 3MICT MNHTaHb, JOMYCKAIOYM TMPU IOMY CYTTEBI
HeTo4YHOCTI. [IpaBuibHA BIANOBIIb HA OJHE ITUTAHHS, 1HII — YaCTKOBO;

1-2 Ganu — 9aCTKOBO BOJIOJI€ HABYAILHUM MaTepiajioM, BIMOBI/I 3arajbHi,
JOMYIIEHO MPH IbOMY CYTTEBI TTOMUJIKH;

0 GamiB — HEe BOJIO/II€ HABUAILHUM MaTepiajoM Ta HE B 3MO031 HOTO BUKIIACTH,
HE pO3yMI€ 3MICTy NUTaHb. He 3Ha€ HOpMAaTUBHUX JOKYMEHTIB.

PO3PAXYHKU TA JOCJIIKEHHS ITAPAMETPIB CUHTE3Y
CAP

Pospaxysatu [-perymnsitop 1 mocniautu nepexiaHi xapakrepuctuku CAP
YacCTOTHU 1 00EPTIB MOKEKHOTO HACOCY 13 MapaMeTpamu:

T, = MNe 3a CIMCKOM B KJIaCHOMY XKypPHall; K =1; K, =1 -
[Tman BUKOHAHHS POOOTH:
1. 3anucatu piBHsAHHA quHaMiku CAP.
2. Ckuactu ¢pyHkuioHansHy cxemy CAP.

3. Buxonatu po3paxyHok CAP meTrogom craHgapTHUX KOE(DIIIEHTIB.



4. BukoHatu nociipkeHHs nepexinuux mpoieciB CAP nmpu nii cxigyacToro
CUTHAJIy TIEPEHACTPOIOBaHHS 1 30BHIIIHBOrO 30yproBaHHs Ha EOM.

OO0po6uTH 1 MpoaHaTi3yBaTH OTpUMaHI rpadidHi pe3yIbTaTu.

5. 3poOuTH BUCHOBKH.

Bukonanns pobomu
1. PiBHSIHHS TMHAMIKU:
* — _
- 00'eKTa peryJtoBaHHS: T,n+n=K m+K;f
L
- peryJsTopa: Tpm=g¢
- BUMIPIOBAJILHOTO TIPUCTPOIO: €=Ngy, —N

2. OyHKIIOHATBHA CXeMa CUCTEMHU MPU MTPOBEICHHI PO3PaXyHKIB:

/ K,
— T',p+1
€ I |m| K, |
 T.p M T,p+1

3. Pozpaxynok CAP MeTonoM cTaHIapTHUX KOE(]IIIEHTIB.

Busznaunmo nepenatHy QyHKIIIO W7 (p ) :
M3a0

1 ' K,
B Tpp Tﬂp+1 3 K .,
WV (p) = 1 K T T,T.p2+T K
N san 1+ . m P np + Pp+ m
Tpp Tap+1

HpI/IBCIIGMO OTPHUMAHC BUPAXKCHHA 10 CTAHIAPTHOI'O BUAY, pO3IIiJ'II/IBHII/I
YHCEILHUK 1 3HAMCHHHUK Ha Km, OJCPIKHUMO:

1 1

w (p) = =
%m TpT, + Tp 41 Tczapp2 + 2dT o, p + 1
p p
K K.

m

MiHIMaJIbHHI Yac IEPEXITHOTO IpoLecy t BIANOBIIAE TEKPEMEHTY
3aracanusa d=0,7, mpu bOMY TIEPEXiTHUN MPOTIEC BUXOIUTH TUTABHUM 3
nepeperynoBaHHsIM He Outbir 5%.



_ T,T .
t R min  — 3 Tcap ; TCZa —_Pr s odT = Te Bupimmsum
p Km p K .
OTpUMaHy CUCTEMY PIBHSIHB BIJTHOCHO trRmin 1 Tc, OJIEPKUMO:
Tcap - T
og 0 = lrnn =421, =Ty, =196T, K,
4. Pe3ynbTatul 1OCTIIKEHb
_ A — A
n ni___ /[ . N_..__. TS N
— 4 by ! t
m m i : : i
t t
BucHoBKku

1. MiHiMaJapHUI Yac peryJroBaHHSA BHU3HAYAETHCSA 1HEPIIHHICTIO 00'€KTa 1 HE
3aJIEKUTh BIJ BJIACTUBOCTEN perynsTopa. g oaepaHHA HaWKpamoi
SAKOCT1 PETyJIIOBaHHS MapaMeTpyu peryjsTopa IOBUHHI BIJMOBIIATH
BJIACTUBOCTSIM 00'€KTa yIpaBIIiHHS.

2. Huzpbki  guHamiyHi  BIAcTUBOCTI  [—perynstopa  mopo3ymiBarOThCs
BIJICYTHICTIO HAJIMIIIKOBOTO PEryJIOIYOro BIUIMBY Ha MOYATKOBOMY €Tarli
pPEryJIOBaHHS 1 TMOMEPEIHHOTO 3MEHIICHHS PETyIII0Y0ro BIUIMBY Ha
KIHIIEBOMY €TaIll peryJjtoBaHHs.

3. IligBuIIeHHS MWBUAKOAII PEryJsiTOpa MPUBOAMTH JO MOTIPIIEHHS SIKOCTI
pEryJIIOBaHHS.

2.2 BUKOHAHHSA IHAUBIAYAJIBHUX 3ABJIAHb TA 3AXHUCT
POBOTU

Pospaxysartu [I-perymnstop 1 gocmiauTu nepexiani xapakrepuctuku CAP
YacTOTH 1 00EPTIB MOKEKHOTO HACOCY 13 MapaMeTpamu:

T', = Ne 3a CHMCKOM B KJIIACHOMY JKypHaJl; K =13K;=1;

T,

qac pCryiroBaHHs t —
R 3a0 2



AW N =

[1nan BUKOHAHHS POOOTH:
3anucartu piBHsAHHA quHamiku CAP.
Cxnactu pynkiionansny cxemy CAP.
Bukonatu pospaxynok CAP MeTogom craHgapTHUX KOE(IIIEHTIB.

Bukonatu pocnimxenns nepexigaux mnponeciB CAP npu aii cxigdacroro
CUTHAJIy TIEPEHACTPOIOBaHHS 1 30BHIIIHBOrO 30yproBaHHs Ha EOM.
OO6po6uTH 1 MpoaHaNi3yBaTU OTpUMaHi rpadidHi pe3yIbTaTu.

3poOUTH BUCHOBKH.

Bukonanns pobomu

1. PIBHSIHHS TUHAMIKU:

' . - - — ~
- 00'exTa peryyroBaHHS: Tyn+n=K,m+K,f

- perynsTopa: T.mtm=K e

- BUMIPIOBAJILHOT'O IPUCTPOIO: E=n,, —n

2. OyHKIIOHATBHA CXeMa CUCTEMHU MPHU MTPOBEICHHI PO3PaXyHKIB:

f K,
— T,p+1
€ Kp m Kim — > ) »
T T.p+1 Typ+1

3. Pozpaxynok CAP MeToaoM cTaHIapTHUX KOE(]IIIEHTIB.

n

Busnaunmo nepenarny GyHkuiro W y (p).

3a

KP . I<m
W ) Tpp+1 Tp+1 K, Kny
p = =
- Ky  Kn  TpTp>+(Tp+Tp+(1+K,K,)

1+

Tpp +1 T ap+1
[IpuBeneMo oTpuMaHe BUPAKEHHS 10 CTAHAAPTHOIO BUJY, PO3ILIMBLIN

YHUCEIbHUK 1 3HaMeHHUK Ha 1+ (K K ), onepxumo:



K, K,
1+ K _K K

w (p) = L
%3&3 TPTH 2 + (TP + TII)
1+ KK, 1+ KK,

cap

bl Topp’ +2dT o p +1

Bunzo, mo posrasanyta AC onucyeTbes JaHKOK 2-T0 MOPSJIKY, BIACTUBOCTI
SIKOTO BiioM1. MiHIMaJIbHUHM Yac epexiAHOro mpoliecy t BiAMOBIIA€
nekpeMmenty 3aracanns d=0,7, mpu boMy MepexiTHAN TPOIEC BUXOAUTD
IJIAaBHUM 3 [IEpEPETyIIOBaHHIM He Oubil 5%.

t = 37T .0

2 Tl 5 (D) 2dT T+ Ta (2

PR ,K, 14 K,K,

R min

Pozninumo piBHSHHS | Ha pIBHSHHS 2, OAEPKUMO:

T  TpT, t 4o TeT,
- :> . = 5 _—m—m
2d T, +T,  min Tp+T,

3apatoun BenuuuHy Kp=1...10...100, nerxo Bu3Hauntu 3Ha4eHHs Tc.

_ tpT , : T - Teap T, :
42T —tp P2dT 5 — T pp
K, =(—2-1)/K > K, =(——3-1)/Ky -
P P
TéAP 2dT cpp

4. Pe3ynbTatul 1OCTIKEHHS

BucHoBku:

1. MiHiManbHUI Yac peryJroBaHHS 3aJIEKUTh Bij
BJIACTUBOCTEH peryistopa. YuMm BuUIE IIBUIKOMALS
perynaropa  (menme Tp), TUM MeHme  yac
perymoBaHHs. Ilpu 1bpOoMy SKICTH HeEpexiHOTO
POILIeCy HE MOTIPIIYETHCS.

2. Bucoki auHamiyHi MoxiuBocTi [I-perymnsitopa
MOPO3YyMiBaIOTHCS BEJTUKUMHU HaJTUIIIKOBUMU
pPETyIIOIYMMH  BIUTMBAMH Ha TI0OYaTKOBOMY €Tarli
peryntoBaHHs. Bennka moMuiika — BEJIMKUN BIUIUB. [
MOTIEPETHIM 3MCHIIIEHHSM PETYJIOI0YOTO BIUIMBY Ha
KIHIIEBOMY €TaIli.

{00 3MeHIIMTH Yac peryatoBaHHs, HEOOX1HO
CTBODHTH SIK MOKHA O1JIBIIIE DETVIIIOIOUE BILIUB HA



3axuct 1ab0paTOpHOT POOOTH KOKEH KYpCAaHT 3AIMCHIOE 1HIMBIAyalbHO,
MICJISt TIOTIEPETHBOT TEOPETUYHOT M1ITOTOBKH .

Cnyxaul caMOCTIHHO 3aKIHYYIOTh O(OPMIIEHHS 3BITYy 3 J1aOOpaTOpHOi poOOTH,
000B’S13KOBO B 3BIT1 IOBUHHO OYyTH:

— Tema Ta MeTa poloTH;

— OCHOBHI eTan# poOoTH;

— 3a pe3yJibTaTaMu JOCIIKEHb TOBUHHI OyTH BUCHOBKHU.

PexomenaoBana jiteparypa

1. OcaitHbO-TIpoeciitHa mporpama «OxopoHa mpaii» 3a CreniaibHICTIO
263 «lluBinbpHa Oe3neka» MIATOTOBKHU 3a nepuuM (0akaaaBpChbKUM) PIBHEM BUILOT
OCBITH B raysi 3HAHb 26 "[{uBinbHA oe3meka".

https://nuczu.edu.ua/images/topmenu/osvitnya_diyalnisti/osvitni_programi/2022/2
63 _op_bak.pdf

2. Hypees B. O., boupapenko C. M., Antomikin O.A., Manspos M. B.,
Mypurn M.M. 3acTocyBaHHS IIMPOTHO-IMITYJIBCHOI MOJIYJISALIT AJIS YHpaBIiHHSA
BUKOHABUYUM TPUCTPOEM AJANTUBHOI CUCTEMU MPOTHUIIOKEKHOTO 3aAXHUCTY.
[TpoGnemu Haa3Buuaiinux cutyariit. 2025. Ne 1(41). C.

3. Hypees B. O., Xpuctuu B. B., bounapenko C. M., Maisipo M. B.,
[IpokopreB M.I. MopentoBanHss poOOTH MAarHITHOKOHTAKTHOTO TEIUIOBOTO
MOXKEXKHOTO crioBiryBaya. [Ipobnemu Han3Buyaitnux cutyariii. 2024. Ne 1(39). C.
96-108.

4. Hypees B. O., Xpuctuu B. B., bongapenko C. M., Anromkin O.A.,
Mansapos M. B. Po3pobka wmaTeMaTW4HOi MOJEJI MarHITHOKOHTAKTHOI'O
TEIJIOBOTO MOXKEXHOro cnoinryBada. [Ipobmemu Hag3BuvaiHux cutyaunid. 2024.
Ne 2(40). C. http://repositsc.nuczu.edu.ua/handle/123456789/23359

3. HypeeB B. O., Xpuctuu B. B., bongapenko C. M., Mansipos M. B.,
Kopnienko P. B. MarematuuHa MoJenb MarHITHOKOHTaKTHOTO TEIUIOBOTO
MOKEKHOTO crioBintyBaya. [Ipobnemu Han3Buyaitnux curyauiid. 2023. Ne 1(37). C.
31-43. http://pes.nuczu.edu.ua/images/arhiv/37/3.pdf ISSN 2524-0226.

6. Hypees B. O., Xpuctuu B. B., bounapenko C. M., Maisipo M. B.,
Kopnienko P. B. Marematuuna Mojenb MarHiTHOKOHTaKTHOTO TEIUIOBOTO
MOXKEKHOTO crioBinryBayda. 2022. http://pes.nuczu.edu.ua/images/arhiv/35/21.pdf

7. HypeeB B. O., JIutsik O. M., Xpuctuu B. B. MatematuyHa MoJieJib
TEPMOPE3UCTOPHOTO  TMOXKEXKHOro  crmosimyBada. 2022, C.  286-296.
http://pes.nuczu.edu.ua/images/arhiv/35/21.pdf

8. JIutesix O. M., [lypeeB B. O., lleper’ssuko O. A. MaTematuuHne mMojie-
JIIOBAHHS HENIHIMHUX OCOOJIMBOCTEN NPONOPLIHHUX PETYJIATOPIB aJalTUBHHUX

CUCTEM Oe3IeKH. — 2020. C. 104-111.
https://nuczu.edu.ua/images/topmenu/science/zbirky-naukovykh-prats-
ppb/ppb48/14.pdf

9. Hypees B.O. BuznauenHs: [uHaMiYHUX MapaMeTpiB CHOBIIIYBayiB 3a
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Литвяк О. М., Дурєєв В. О., Дерев'янко О. А. Математичне моде- лювання нелінійних особливостей пропорційних регуляторів адаптивних систем безпеки. – 2020. С. 104-111.
Литвяк О. М., Дурєєв В. О., Дерев'янко О. А. Математичне моде- лювання нелінійних особливостей пропорційних регуляторів адаптивних систем безпеки. – 2020. С. 104-111.
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https://nuczu.edu.ua/images/topmenu/science/zbirky-naukovykh-prats-ppb/ppb46/Dureev.pdf

JTaHUMU EKCIICpUMEHTY. — 2019. C. 54-56.
https://nuczu.edu.ua/images/topmenu/science/zbirky-naukovykh-prats-

ppb/ppb46/Dureev.pdf
10.  Hypees B.O. HocnimxeHHsI BATPATHUX XapaKTEPUCTUK PO3MOIIIBUYHX
MEpeXX CIPUHKIEPHUX CHUCTEM BOJSHOTO moxkexoracinus. — 2019. C. 48-51.

https://nuczu.edu.ua/sciencearchive/ProblemsOfFireSafety/vol45/Dureev.pdf

11. Teopis aBroMatuyHOro YyrpaBiiHHA. [Ipaktukym [Enexkrponuuit
pecypc] : HaBu. moci0. s CTyI. chemiaabHocTi 151 «ABTOMaTu3zaiisi Ta
KoMIT ToTepHO-iHTerpoBani Texnomnorii» / H.I. Bypay, .O. IliBropak; KIII im.
Irops CikopchKoro, 2021. - 57 C.
https://ela.kpi.ua/bitstream/123456789/42076/1/TAU_praktykum.pdf

12.  ABrtomaruka ans 3amoOiraHHs BuOyxaM 1 moxkexkam. IlociOHMK./
Hepes'suko O.A. Ta 1HHOI. — Xapkie: ALY, 2024. - 279 c.
http://repositsc.nuczu.edu.ua’/handle/123456789/8497

13. CydacHl cUCTEeMH aBTOMATHYHOTO IMOXKeKoraciHHs: HaB4. [TociOHUK /
HYIL3Y. —X.: ©OII I[TanoB A.M., 2018. —276¢c. depeB’ssHko A.A., boHIapeHKo
C.M., Anromikin O.A., Mypin M.M., - Xapkis: HYII3VY, 2018.- 276 c¢. URL:
http://repositsc.nuczu.edu.ua’/handle/123456789/8497

14.  Kypc nekmiit «MaremaruuyHe MOJEIIOBAHHS Ta ONTUMI3AIlisl CUCTEM
oesnexkn» // Yxmamadi: Automkin O.A., bonmapeako C.M., Jlepes’sako O.A.,
JlutBak O.M., MypiH M.M., Xpuctnu B.B — Xapxis: HVYIL3Y, 2021
http://repositsc.nuczu.edu.ua’/handle/123456789/13121.

15.  KoHTpoJibHO-BUMIpIOBaJIbHI IPHIJIAJIA 3 OCHOBAMHU METPOJIOTII : KypcC
aekmii / O. C. CapgoBuii. — Muxkonaie : MHAY, 2016. — 84 c. URL:
http://dspace.mnau.edu.ua/jspui/bitstream/123456789/2275/1/Kontrolno-
vymiryuvalni_prylady osnovamy metrolohiyi.pdf .

16. TemnnorexHiyHI BUMIpPIOBaHHS 1 Tpwiagud : HaBy. mocib. / A. O.
Kypunos, B. M. Ko3sin. — Cymu : CyMcbkuit fep>kaBauil yniepcurer, 2015. — 189
c. URL: https://core.ac.uk/download/pdf/324243027.pdf.

17. MeroauuHi BKa3IiBKM JO BHKOHAHHS KYpPCOBOTO TIIPOEKTY 3
JUCHUTUTIHU «ABTOMATHYHI CHCTEMH MPOTHUIIOKEKHOTO 3aXUCTy». boHmapeHKo
CM., Mypin M.M., Anromkin O.A. - Xapki: HYL3Y, 2023.- 69 c. URL:
http://repositsc.nuczu.edu.ua’/handle/123456789/13730

18.  B.I. Tommncekuit, M.O. Iloxycros, I.I. JInutBunenko. IIpoextyBanus
CUCTEM aBTOMAaTHU3allil TeXHOJoryHuX npouecis. Xapkis, HTY «XIII», 2006.- 412
C.

19. ABtomaruka nansi 3amoOiraHHs BuOyxam Ta MOXKexkam. JlepeBsHKO
O.A., bounapenko C.M., Automikud O.A., Mypin M.M.- Xapkis: ALI3Y, 2024.-
278 c.

20. JABH B.2.5-56-2014 Cucremun mNpoTHHOXKEKHOrO 3axucrty. — K.:
MiHiCTepCTBO pPET1OHATBHOTO PO3BUTKY Ta OyniBHUIITBA YKpainu . — 2014. — 280 c.

21.  JICTY EN 54-2:2003 CucreMu mokexxHoi curHaiizaiii. Yactuna 2.
[lpunanu  NpuiMalbHO-KOHTPOJBHI — MOXKexH1.  Bua.  odimiine. —K.:
HepxcnoxuBcranaapt Ykpainu, 2004.
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