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1. Tema po6oTn Po3pobreHHs aBToMaTn3oBaHOi CUCTEMU KePYBaHHS BEHTUMALIEID B

KPUTTAX LMBINIbHOIO 3aXMCTy

EV](epiBHMK po6oTu Boponaesa AHHa OnekcanapiBHa, AoL,, K.T.H. (Mpi3BuLle, iM's, No 6aTbKOBi, HAYKOBUI CTYNiHb, BYEHE 3BaHHS) 3aTBEPAXEHI HAaKa30oM

3aknagy Buwoi oceitn Big, “ 7 2026 poky No
2. CTpok nogaHHsi cTyaeHTom pobotn  «9» YepBHsa 2026 p.
3. BxiaHi paHi go pobotn HopmaTusHi BmmorE-}JBH B.2.2-5:2023 "3axucHi cnopyau
LMBINBHOMO 3aXUCTY"; TEXHIYHI XapakTepucTukn npoMucnoBunx BeHTunsATopis Ta MNJIK Siemens S7-
1200; rpaHnyHO gonycTumi napameTpyu MikpoknimaTy (CO2, Temnepatypa, LWyMm); AOKYMEHTaLis
no sigkputoro AP| «[loBiTpsiHa TpuBoray.
1. 3MicT po3paxyHKOBO-MOSICHIOBANbHOI 3anMcku (Nepernik MuTaHb, siki NoTpibHO
po3pobuTn)
1. AHani3 npo6nemu noBiTPOOOMiHY B YKPUTTSIX Ta 0BI'PYHTYBaHHS BUKOPUCTAHHS LLAXTHUX
TEeXHOIOrIN.
2. OBr'pyHTYBaHHs Ta po3pobka iHXeHEepPHO-TEXHIYHWNX pilleHb afanTUBHOT BEHTUNALLT.
3. MNpakTuyHa peanisauis: aBTomMaTm3alis Ta gucneryepusalis cucTeMmn xuTrteaabeanedeHHs
Ha 6a3i TIA Portal Ta loT-TexHonorii.
1.I'IepeniK rpadivyHoro martepiany (3 TO4HUM 3HA4YEHHAM 0OOB’'A3KOBUX _KPECNEHb)_
_1. MopiBHsNbHWUIA aHanNi3 aepoAMHaMIYHMX CXEM BEHTUMSALIT YKPUTTIB.
2. CTpyKTypHa iepapxiyHa cxema aBTOMaTn30BaHOi CUCTEMM.
3. ®yHKuioHanbHa cxema aBTomaTmaauii (PCA) ob'ekTa.
4. MNMporpamHa peanisauis anroputmis lNIA-perynioBaHHs B TIA Portal.
5. InTepdperic (Jawbopa) cuctemu aucneryepusadii (Web-HMI).
6. [aTta Bugadi 3aBgaHHs 19.01.2026p.
KepiBHMK
3aBAaHHsA NPUIAHSAB [0 BUKOHAHHS

J'IEHL'J,APHVIVI MNAH Homep i Ha3Ba eTaniB KypcoBoro npoekTy (po6otun) TepmiH BUKOHaHHSA eTaniB npoekTy (pobotun) [pumitka
1. Nigrotoymn JTtotuin 2026 BrkoHaHo
2. AHani3 bepeseHb 2026 BukoHaHo
3. MNpoekTHOo-
obuncnoBanbHU
KsiTeHb 2026 BukoHaHo
4. KiHuesun TpaBeHb 2026 BukoHaHO

CryneHT Canin B.O.
(ocobuctui nignuc) (posLwmndposka nignucy)

KepiBHuK po6oTun Boponaesa .
(_Locobuctun nignuc) (posLmndpoBka Nianucy,)

« » 2026 p.

PEDEPAT

BakanaBpcbka pobota: 55 cTopiHok, 18 pucyHkis, 2 Tabnuui, 16 nocunaHb
Ha gxepena, 1 goaaTok.

Y GakanaBpcbkit poboTi 3anponoHoBaHO po3pobnNeHHs iHTenekTyanbHoi
aBTOMAaTU30BaHOI CUCTEMU KEPYBAHHS BEHTUMSALLIEID B YKPUTTSX LIMBINbHOTO



3axMCTy Ha 6asi NporpamoBaHmMX NMOriYHUX KOHTposepiB Ta loT-TexHonoril.
BnpoBamkeHHs Takoi aBTOMaTU30BaHOI cucTemu [03Bonsie cTabinidyBaTtn

napameTpu Mikpoknimaty (koHueHTpauito CO2 , TemnepaTtypy, BOnoricTb) Ta
niagTpUMyBaTN akyCTUYHUIA kKomdpopT. IHTerpadis cuctemu 3 gepxxasHum API

«[oBiTpsiHa TPMBOra» A03BOMSIE pearisyBaTyt anropuTM NPEBEHTUBHOTO

MPOBITPIOBAHHS, LLIO CYTTEBO 3HVDKYE PUSUK FNOKCIT NPy MacoBOMY CKYMYEHHI
niogen. BoHa MiHiMiaye BNnvB ntogcbkoro gaktopy, 3abesneyye BUCOKY TOUHICTb

MIA-perynioBaHHst NPOAYKTUBHOCTI MPOMMUCIIOBUX BEHTUMATOPIB (Yepe3

YacTOTHWI NepeTBOPOBaY) Ta rapaHTye kibepbeaneyHunii BigaaneHnin MOHITOPUHT

o6'ekTa Yepes nokanbHuin Web-iHTepderic.

Kntovogi cnosa: ABTOMATU30OBAHA CUCTEMA, YKPUTTA
LINBINbHOIO 3AXUCTY, MIKPOKTIIMAT, IMIK SIEMENS, TIA PORTAL,
|OT-LUSKO3, NIA-PEFYNATOP, WEB-IHTEP®EWC.

ABSTRACT

Bachelor's thesis: 55 pages, 18 figures, 2 tables, 16 references, 1 appendix.

The bachelor's thesis proposes the development of an intelligent automated
ventilation control system in civil defense shelters based on programmable logic

controllers and loT technologies.
The implementation of such an automated system allows stabilizing

microclimate parameters ( CO2 concentration, temperature, humidity) and
maintaining acoustic comfort. The integration of the system with the state "Air

Alert" API enables the implementation of a preventive ventilation algorithm, which

significantly reduces the risk of hypoxia during mass gatherings of people.

It

minimizes the human factor, ensures high precision of PID regulation of industrial
fans' performance (via a variable frequency drive), and guarantees secure remote

monitoring of the facility through a local Web interface.

Keywords: AUTOMATED SYSTEM, CIVIL DEFENSE SHELTER,
MICROCLIMATE, SIEMENS PLC, TIA PORTAL, IOT GATEWAY, PID
CONTROLLER, WEB INTERFACE.
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CMCTEMU KepyBaHHSA

BEHTUNSLIEIO B YKPUTTAX

LMBINbHOIO 3axuCTy
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3MICT

PO3AIN. 1 AHANI3 NMPOBNEMW NMOBITPOOBMIHY B YKPUTTAX TA
OBI'PYHTYBAHHSA BUKOPUCTAHHS LUAXTHUX TEXHOMNOTIN ............

3amixoBcbka O. J1.

1.1 CyyacHuin cTaH Ta HOpMaTUBHI BUMOTY 40 MIKPOKNiMaTy 3aXMCHUX CNopyzd B

WKP@THI ettt e h ettt et e et

1.1.1. KaTeropuaauis Ta on1c 3aXMCHUX CNOPY/ LMBINIbHOMO 3aXUCTY .........

1.1.2. ®izionoro-ririeHi4Hi OCHOBM KOMMOPTY B 3aMKHEHUX MPOCTOPaX .......

1.1.3. Anania sumor [JbH B.2.2-5:2023 Tta npobnematuka ix peanisadii .....

1.2. TlopiBHAMNBHWI aHarni3 NPOMUCIOBMX METOZAIB aepalLlii 3aMKHEHNX NPOCTOpIB Ta

OLiHKa TX aAanTaLIHOTO MOTEHLIAMY ...vviivieiiiieiiiieeieeetee et e et

1.2.1. CniBBigHoweHHs «llaxta — ByHkep»: [iuHamika npoLecis ..............
1.2.2. Cnoco6bu BeHTUNsALi: HarHiTaHHS NPOTU BUTSKKM ..o

1.2.3. AKTyanbHWiA CTaH iHXeHepHWX pilleHb B YKpaiHi Ta ixHi Hegormiku .....

1.3. AprymeHTauist HanpsAMKyY NoLUyKy Ta (POPMYBaHHS TEXHIYHOTO 3aBAAHHS ...... 23

1.3.1. KOHCTPYHOBAHHS MPOBIIEMM ...t
1.3.2. BusHaveHHs1 MeTu Ta 3aBAaHb HAYKOBOTO MOLUYKY .......ceecuveenuveenunennes

PO3LIJ1. 2 OBI'PYHTYBAHHA TA PO3POBKA IHKEHEPHO-TEXHIYHMX

PILEHb AOAMTUBHOI BEHTUNALIT BAXUCHUX CMOPYL ...

2.1 MatemaTtnyHe MOZentoBaHHs ra3oanHaMiYHMX NPOLIECIB Ta BU3HAYEHHS



aepoaVHaMIYHMX MAPAMETPIB MEPEXKI .......ooueiiriiiiiiiiie e 26
2.1.1. Po3paxyHok noBiTpoobmiHy 3a 6anaHcom aiokcmay Byrneuto (CO2) ........... 26
2.1.2. AepogvHami4yHMIN NpopaxyHOK MepeXi 3 THy4YKUX MOBITPONPOBOAIB ........... 28
2.1.3. O6r'pyHTYBaHHA BUOOPY B1COKOHaMipHOro obnagHaHHs (AHania
XaPAKTEPUCTUK P-Q)) ... 30
2.2. Po3pobka TeXHOMOri4HOi Ta KOHCTPYKTUBHOIT CXeMy afanTuBHOT BeHTUnALii . 31

2.2.1. bynoBa BEHTUNALINHOT yCTAHOBKM

2.2.2. MeTop po3noginy noBiTpsi Ta yCyHEHHS KMEPTBUX 30H»
2.2.3. BcTaHOBMEHHS Ta BUKOPVUCTaHHS B YMOBaX KPU30BUX OOCTaBUH .................. 33
2.3. MapaHTyBaHHs CTiNKOCTi pobOTW, EKOHOMISI eHeprii Ta NPUEMHOTO 3BYKOBOTO

cepefosuLia

2.3.1. Po3paxyHOK aKyCTMKM Ta 3ax0au LLUYMOINYyLLEHHS

3m. Apk. No gokym. Mignuc Oata
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2.3.2. EHepretTyHa aBTOHOMHICTD CUCTEMM.......oceveeeiieeiieeaieeeanteeaseeenneeenseeansseennnes 35
2.3.3. MNoTpeba y cinbTpauii Npy pagiauiftHii HEOE3MEL .....c..cevveeiiieiiieeiieeciees 36

2.4. OBr'pyHTYyBaHHs BUGOPY anapaTHO-CEHCOPHOI 6asn Ta BUKOHaBUYMX

MexaHi3miB

2.5. MaTemaTuyHa Mofenb MynbTUNnapaMeTpuYHOro KepyBaHHs ...
PO341N.3 MPAKTUYHA PEANIBALIA CUCTEMU KEPYBAHHA TA

PO3POBKA MPOMPAMHOIO 3ABESMEYEHHA ... 39
3.1. MNporpamHa peanisauis noriku MK (OdnanH-kepyBaHHS)...........ccccverereunnne. 39
3.2. Po3po6ka loT-wnto3y: API "losiTpsiHa TpuBora" Ta Be6-cepBep ..........c........ 42

3.2.1. InTerpauist 3 API "TIOBITPAHA TPUBOTA" ........ooiviieiiiieeiiieeiie e
3.2.2. 3axuweHunn Beb-iHTepdeiic (HTTPS) Ta kibepbesaneka

CIMNCOK BUKOPUCTAHUX OXKEPEN
[opatkn A
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BCTYN

AkTyanbHicTb. B ymoBax TpuBatoyoi 36poiHoi arpecii npotu Ykpainu

MUTaHHS LMBINbHOrO 3axXMCTy Habyno NepLIOYeproBoro 3Ha4eHHs. Tucavi nogen
3MYLUEHi MPOBOAUTM TPUBAIMWI Yac Y 3aXMCHUX CnopyAax PidHOro Tuny: Bif
cneuianisoBaHnX CXOBULL A0 HaWbinbL NpocTUx ykpUTTIiB (nigsanis). Jocsig
ekcnnyarauii Takux cnopyg y 2022-2026 pokax BUSIBUB KPUTUYHY Npobrnemy —
6pak abo HKU3bKY EEKTUBHICTL CUCTEM XUTTE3a6E3MNEYEHHS!, 30KpEMA BEHTUNALLT.
Y repmMeTuyHUX NPUMILLEHHAX MPKU CKYMYEHHI nogen CTpiMKo 3pocTae
KOHUeHTpauis giokevay Byrneuto (CO2), nigBuLLYETLCS BOMOTICTb Ta
TemnepaTtypa, Lo CTBOPIOE 3arpo3dy Ans 300pOoB’a Ta iCHYBaHHA(rinokcis, Tennosi
yAapu, 3aroCTPEHHs XPOHiYHUX xBopo6). YnHHi ByaisensHi Hopmn JBH B.2.2-
5:2023 "3axucHi cnopyam LMBINbHOMO 3aXMUCTy" BCTAHOBIIOOTb XOPCTKI BUMOTU
[0 NoBiTPooBMiHy Ta nmignopy NoBiTpsi, NpoTe ix peanisauis y ctapux byaisnsax
4acTo ycknagHeHa.

Y UbOMY KOHTEKCTi NEPCMNEKTUBHUM € 3BEPHEHHS 10 Hafa6aHb

ripHnyog06yBHOI MpomucnoBocTi. LLiaxTy ekcnnyaTytoTb 3aMKHEHi Nia3emHi
npocTopu (TynUKoBi BUPOGKM) B yMOBax MiaBuLLEeHOi Hebe3neku Bxe noHan
cToniTTsA. TexHonorii MicLEeBOoro NPOBITPIOBAHHS MPHUYMX BUPOOOK €
BiANpaLboBaHUMU, HAZIRHUMK Ta MOBINbHUMWU, L0 POBUTB X iAeanbHUMK ANs
BNPOBaKEHHS B CUCTEMI LIMBINBHOIO 3aXUCTY.

O6’eKT focnimxeHHs — npouecn 3abe3nedeHHss HopMaTVBHOTO MiKpoKniMaTy

B 3aXMCHMX crnopyaax LMBINbHOMO 3aX1CTY.

MpenmeT gocnigXeHHA — MeToamn Ta 3acoby BEHTUNALT TYNUKOBUX FMPHUYNX
BMPOBOK Ta MOXNMBOCTI iX aganTauii 4Ns yKpUTTIB.

Meta po60oTu nonsrae y niaBULLEHHI e(heKTUBHOCTI CUCTEM BEHTUNALLT
LUMBINBHUX YKPUTTIB LUINSIXOM PO3pO6KK iHXXEHEPHOrO pilleHHs Ha 6asi npuHUMNiB
LUaxTHOI aeponoril.

[Ins [OCSArHEHHA METW NOCTaBMNEHO Taki 3aBAaHHs:



3m. Apk. No gokym. Mignuc Oata
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1. MNMpoaHanisyBaTh cTaH BeHTUNALIT B YKpUTTAX YkpaiHu Ta Bumorn [1BH
B.2.2-5:2023.

2. JocnignTn cxemu NpoBiTPIOBaHHSA TYNUKOBUX BUPOBOK (HarHiTanbHi,
BCMOKTYBaSIbHi) Ta BU3HAYUTU iX NPUAATHICTb AN YKPUTTIB.

3. O6rpyHTYBaTV OOLINBHICTE BUKOPUCTAHHSA BEHTUNATOPIB MiCLIEBOrO
MPOBITPIOBaHHS Ta FHYy4YKMX NMOBITPO-NPOBOAIB.

4. BukoHaTn po3paxyHoK napameTpiB CUCTEMM BEHTUNALT ANS TUNOBOrO
YKPUTTS.

3m. Apk. No gokym. Mignuc Jata

Apk.
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PO3AIN. 1 AHANI3 NMPOBNEMW NMOBITPOOBMIHY B YKPUTTAX TA
OBI'PYHTYBAHHSA BUKOPUCTAHHS LUAXTHWX TEXHOMNOC N

1.1 CyyacHuii cTaH Ta HOPMaTUBHI BUMOIU 10 MIKPOKNIMaTy 3aXUCHUX CNopya

B YKpaiHi

MiaTprMaHHA CTINKOCTI CUCTEMW LUBIMIbHOMO 3aXUCTY B YMOBAaX Cy4acHMX
BiiCbKOBMX peanisix AUKTye noTpeby y BCeoXonmno4omMy niaxoai 40 iHKeHepHo-
TEXHIYHOro 3abecneveHHs MicLb TUMYacoBoro nepebyBaHHs rpoOMaasiH.
[onoBHo yMoBO Anst TpuBanoro nepebyBaHHsA MOAEN y 3aMKHYTUX 06’ekTax, €
niATPUMaHHA napameTpiB NOBITPSHOrO cepeaoBuLLa y Mexax disionoriyHmx
HopM. [ina doopMyBaHHS AoCnigHNULbKOT 6a3n HeobXigHO 3AINCHUTN AeTanbHUn
po36ip TMNOMOrii 3aXMCHUX KOHCTPYKLN, BUMOT piionorii Ta ririeHn o
MIKpOKIiMaTy, @ TakoX YUHHOTO PerfiameHTy.

1.1.1 KaTteropu3aauisi Ta Onmc 3axMCcHUX CNopya LMBINbHOMO 3axXMCTy

3rigHo 3 nonoxeHHsiMn Kogekcy UMBINbHOro 3axmcTy YkpaiHu Ta Hopmamu

[OBH B.2.2-5:2023 "3axucHi cnopyaun LMBINbHOIO 3axXMcTy", CYKyMHICTb 3aXUCHMX
06’exTiB sIBNSie coboto posranyxeHy GaraTopiBHEBY CUCTEMY, ENIEMEHTU AKOT
Pi3HATLCS 3@ CBOIM NPU3HAYEHHSAM, 3aXVICHUMW MOXKITMBOCTSMU, MPOMYCKHOK
CMNPOMOXHICTIO Ta MicLeM po3TallyBaHHs. Cnig BiA3HAYMTW , WO iHXEHEepHi
pilleHHs NOB’A3aHi 3 BEHTUMSLEI0, NPAMO 3anexaTb Bif Knacy camoi CopyAu.
Y HUHILLHIV NpaKTULi PO3pPi3HAOTL Taki OCHOBHI knacudikawyii:

1. CxoBuLa (repMeTuyHi 3axucHi 06’extn). Lie HanbinbLL iHXeHepHo-

CKInagHi cnopyau, po3pobneHi Ans 3axucTy YKPUBAEMOrO KOHTUHIEHTY Bif YCiX
BMAIB 30pOi MacoBOro ypaKeHHs (S4epHOoi, XiMivHoi, BionoriyHoi), a Takox Big
KOHBEHLIiHMX 3aco6iB BeAEHHS BiliHW. CxoBuLa AinsTbest Ha knacu (A-l, A-ll, A-
1Il, A-IV) 3anexHo Bia po3paxyHKOBOro HaAMMULIKOBOIO TUCKY YAAPHOT XBUIi,
SIKMA BOHU B 3MO3i BUTpUMaTK. HapixkHot BUMOroto Ansi cxoBuly, € abcontoTHa
repMeTu3aLis KOHTYpy Ta HasBHICTb NOBHICTIO aBTOHOMHMX CUCTEM
KUTTE3abe3MneYeHHs.

3m. Apk. No gokym. Mignuc Jata

Apk.
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2. Mpotupagiauiiti ykputts (MPY). MaeTbea npo HerepMeTnyHi

cnopyaw, YNe OCHOBHE 3aBAaHHS - 3aXMCT Bif iOHI3YHOro BUNPOMIHIOBAHHS Y
pasi paaioakTMBHOIO 3abpyAHEHHST MICLIEBOCTI, @ TaKoX Bif CBITIIOBOrO iMMynbCy
sfepHOro BUBYXy Ta 4acTKoBO Bif yAapHoi xBuni. 3assuyarn MNPY
06naLToByOTECS B MiABanbHUX NpUMILLEHHSX Byaisenb, Lo MakoTb BiANOBIAHUA
koedilieHT 3axncTy (ocnabneHHs pagiaLii) oropomKyBanbHUX KOHCTPYKLA.

3. O6’ekTn noagiiHoro npmaHadeHHs (ONM) Ta npocTi ykputTa. [lo

Liei rpyny HanexaTb HaA3eMHi Yv nig3eMHi cropyau, siki B MUPHUIA Yac
(hYHKLIOHYIOTb ANSt roCNoAapChKUX, CoLianbHO-KYNBTYPHUX YK NOBYTOBUX
noTpeb (mapkiHrv, Nig3eMHi nepexoau, Nigsanu XMTnoBux ByauHKIB, LLOKOMNbHI
noBepxu, rapaxi). B ocobnmemin Yac BOHWN BUKOPUCTOBYIOTLCSA ANS 3aXUCTY
HacerneHHs.

Baxnueo nigkpecnuTu, WO came NpocTi YKPUTTS CKnafaloTb NeBOBY YacTKy
doHay 3axucHux ob’ekTiB YKpaiHn. TeXHIYHWIA CTaH UMX NpUMILLEHb
XapakTepuayeTbCs BiACYTHICTIO criewianizoBaHOro iHXeHepHOro OCHaLLEHHS, WO
po6UTb iX BPa3nUBMMU 10 NMOPYLLUEHHSI CaHiTapHO-TirieHIYHNX HopM [2].



3m. Apk. No gokym. Mignuc Oata
Apk.
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Tabnuus 1.1 — Knacudikauisi Ta TeXHIYHI XapakTepUCTUKN OCHOBHMX TUNIB
3aXMCHUX CMOPYA LMBINbHOTO 3aXMUCTy
Twn cnopyam
OCHOBHI
HeGe3neyHi
YNHHWKW, Bif,
AKMX 3axuLiae
Bumoru oo
repMeTUYHOCTI
Tun BeHTUNALIT
(NPOEKTHWMIA)
CxoBuiLLe knacy
A-lV

YpapHa xBuns
(HagnuLwKoBUIA
Tnck go 100
kMa),
npoHuKato4a
pagiauis, 6ooBi
OTPYWiHI
peyouHu (BOP),
GionoriyHi
3acobu, BUCOKi
Temneparypu
(noxexi).

[MoBHa
repmeTu3adis. 3a
6esnevyeTbes
3aMKHYTUM
KOHTYpOM 3
BMKOPUCTaHHAM
repmoaBepen Ta
CTaBeHb.
KoHTpontoeTbes
nignopom
noBiTps.
MexaHiuHa
npumycosa. epe
nbavae Pexxumn |
(uucra), Il
(cbinsTpOBEHTUNA
uis) Ta lll
(pereHepauist —
onuioHarnbHo).
MpoTupapniauinH
e ykputTs (MPY)
rpynwu -1
loHizytoue
BMMPOMIHIOBAHHS
(papioakTuBHe
3abpyaHeHHs),
cBiTnose
BUMPOMIHIOBAHHS
, YaCTKOBO
yAaapHa xBuns,
ynamku.
YacTkoBa
repmetusauis. Y
LWiNbHEHHS
OropoaXyBarnbHK
X KOHCTPYKLIA,
[BEPHUX OTBOPIB



Ta BBOZIB
KOMYHiKaLLiiA.
MexaHiyHa abo
npupogHa. 3anex
UTb Bif

MiCTKOCTI.
O6oB'A3koBa
HasBHICTb
dineTpiB ANs
OYMLLEHHS Bif
nuny.
HannpocrTiwe
yKpuTTS (nigsan)
Ynamku
OyaiBenbHUxX
KOHCTPYKLIi#A,
3BMYaliHa 36pos,
BMByxoBa XBUns
(nobivHa gis).
Bumoru go
repmMeTUYHOCTI
BigcyTHi. [lonyck
aETbCA HasIBHICTb
LWinnH,
HeLLiNbHNX
npuTynis ABepew.
MpupoaHa
(aepauis). Yepes
[BEpHi 0TBOPU,
BiKHa-MPUAMKIN
abo BEHTUNALNHI
KaHanu.
Mpumitka: 3rigHo 3 IBEH B.2.2-5:2023, y cnopyaax noABiHOro
NPU3HaYeHHs Ta HAUMPOCTILLMX YKPUTTSIX MiCTKiCTIo A0 50 ocib gonyckaeTbes

3m. Apk. No gokym. Mignuc Jata

ApK.
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BMKOPWUCTaHHS CMCTEMU NPUPOAHOI BeHTUNsuii. OgHak Ha npakTuui, npu
LLiNbHOMY 3anoBHEHHI NiaBany, NpMpoaHa Tara He 3abesnevye BUAANEHHA
Hagnuwkis CO2.

Cnig akueHTyBaTh yBary Ha KOHCTPYKTUBHUX OCOBIIMBOCTSX HAMNPOCTILLIMX
YKpUTTIB. K NpaBumno, e 3arnmbneHi NpUMILLEHHS 3 MAacYBHUMU CTiHAMK
(6eToHHi 6noku, uerna)(Puc. 1.1), ski MmaloTb 06MexXeHy KinbkicTb BXOAiB/BUXOAIB
Ta HeBenuKi BIKOHHI NPopi3n (MPUAMKK), WO YacTo 3aCTaBNSATLCA MilLlKkaMu 3
niCKOM 4u I'pyHTOM ANs 3axuUCTy Big ynawmkis. Lis "6apukaga" daktnyHo
nepekpvBae kaHanv NpupoaHOro HaaxomKeHHst nosiTpst [1].

PucyHok 1.1 - Tunosumi po3pi3 HaNnpoCTILLOro YKpUTTA B MiABanibHOMY
npuMiLLeHHi ByamHkis [13]

1.1.2 ®dizionoro-ririeHi4Hi OCHOBM KOMOPTY B 3aMKHEHMX NPOCTOpax
MpoeKkTyBaHHsi BEHTUNALINHUX CUCTEM HEMOXIMBE 63 po3yMiHHSA disionoril
AMXaHHA Ta MexaHi3my Tennosigaavi noacbkoro opraHiamy. JlioamHa €
6ionoriYHo0 CUCTEMOIO, SiKa HEBMUHHO OOMIHIOETLCSA PEYOBMHAMM 3 OTOUEHHSIM,
cnoxveatoun kuceHb (O2) Ta BUBINbHAYM MeTaboniyHi KiHLEeBi NpoayKTu:

3m. Apk. No gokym. Mianuc data

Apk.
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[AioKcuA BYrmeLto Yu nNpocTille kaxyyu Byrnekucnuin ras (CO2), sonory 1a
TENNOBY EHeprilo. Y repMeTuyHO 3aKpUTOMy CepefoBuLLI Li npoueck HabyBakoTb
XKUTTEBO KPUTUYHOTO 3HAYEHHS.

3rigHO 3 HayKOBMMW CNOCTEPEXEHHAMM, Y CTaHi CNoKoto Aopocna ocoba
cnoxumsae 20-25 n/rof KACHI0, BUAINSAYN aHanoriyHunii o6’em Byrnekncnoro
rasy. [poTe, B yMoBax CTpecy, XxapaKTepHoro Ansi nepebyBaHHs B YKpUTTI nig Yac



6ombapayBaHb (BHAcNifoK BUKUAY aapeHaniHy, niaBULLEHOT PyXOBOi aKTUBHOCTI,
NaHiky Y1 eMOLIHOTO HanpyXXeHHs), iXHii 0OMiH PEYOBWH NPUCKOPIOETLCS, |
Buxig CO2 moxe 3pocTaTu o pastounx 40-50 niTpie 3a roamHy.

BnnuB giokenay Byrneuto (FinepkanHis).

Haibinbl HeGe3nevyHM hakTopoM ra3oBOro cepeioBuLLa € He HecTava KUCHLo, a
came HaAnuLLIOK BYrfeKucnoro ragy. linepkanHis — Le naTonoriYHMmn cTaH,
CNpUYMHEHUIA HaAMIpHMM NapuianbHum Tuckom CO2 y KpoB'stHOMY pycrii.
MocTynoBuit BNnuB koHUeHTpauii CO2 Ha noackbkuin opraHiam onucyeTbes
HacTynHum YnHom (Puc. 1.2):

0,04% (400 ppm): PiBeHb 4McToro atmocgepHoro noBiTpsi.

0,1% (1000 ppm): MpaHn4YHO JoNyCTUMa KOHLEHTpaLis Ans TpuBanoro
nepebyBaHHs y npumilLeHHsx (ctangapT ASHRAE). NepeBuLleHHst BUKNuKae
BifYYyTTS HecTaui NoBiTps, BigoMe sk "CMHAPOM XBOporo Gyaieni".

1,0-1,5% (1800 ppm): [No4aTkoBi 03HaKV OTPYEHHSI: YTPYAHEHE ANXaHHS,
niaBULLEHHSI apTepiarnbHOro TUCKY, MPUCKOpPeHe cepuedbuTTs Ta ronoBHUN Binb.
BHWKYETLCA KOrHITUBHA 34aTHICTb Ta BUHUKAE anaris.

3,0—4,0% (3000 - 4000 ppm): CunbHe OTpYEHHS. BUHMKAE iIHTEHCUBHUI
rofioBHWI Ginb, 3aNaMOPOYEHHS!, MOPYLUEHHS 30POBOrO Ta CIyXOBOMO CMPUAHSTTS,
emouiiHe 30ymKEHHS, WO 3MIHIOETLCSA MPUrHIYEHUM CTaHOM.

5,0% i Buwe (5000 ppm): KputuuHuii ctaH. Moxnuea BTpaTa CBiJOMOCTI,
CYAOMU, 3yNUHKA ANXaHHSA NpKU TpMBanin ekcnosuuii.

3m. Apk. No gokym. Mignuc Jata
Apk.
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Puc 1.2 - 3anexHicTb npaue3naTtHOCTi Ta KOTHITUBHUX (OyHKUIV NIOANHM Big

koHueHTpauii CO2 y noBiTpi

Bnnue BonorocTi Ta Temneparypu.

Okpim ra3oBoro cknagy, BupillanbHe 3Ha4eHHs MaroTb napaMeTpu Mikpoknimary.

JlloavHa HeynUHHO BUAINSE BOMOry (Yepes LUKIipY Ta OpraHu AWXaHHs) —

npnbnuaHo 40 go 90 r/roa y cTaHi cnokoto. Y nepenoBHEHOMY YKPUTTI BigHOCHA

BOSOriCTb CTpiMKO 3pocTae Ao 90-95%.

Paszom i3 nigBuLLEHHSIM TeMnepaTypy (sika 3pocTae 3a paxyHOK TennoBuAineHb

nogent — 6nmsbko 100 Bt/ocoby), Lie cTBOPIOE KniMaTuyHi yMOBW, NOAiIGHI A0

TponiyHmx. Bucoka BonoricTe napanisye Kro4oBuUiA MexaHiaM Tepmoperynsuii

NOOVHN — BUMAPOBYBaHHSA NOTY. AK HAacMigoK, Tifo neperpiBaeTbCA HaBiTb NpU

TeMnepartypax, siki y Cyxomy cepefoBULLi BBaxatTbCs KOMpopTHUMU (24—26°C).

[nsi ouiHKM Lboro eekTy BUKOPUCTOBYETLCSI MOHATTS "edpeKkTUBHOT

Temnepatypu” (ET) — iHTerpanbHa BenuuuHa, Lo BpaxoBye TemnepaTtypy,

BOMOriCTb Ta LWBWAKICTb PyXy NOBITPS. Y 3aCTilHUX 30Hax yKkpuTTiB ET Moxe

CArHyTU He6Ee3nevHoro piBHS, WO HECe PU3UK TEMMOBOro yaapy, 0cobnueo Ans
iiTHiX niogen Ta giten.
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Tabnuus 1.2 — MNMopiBHANBbHWIA aHani3 HOpMaTUBHUX BUMOT 0 0OCsriB nofgavi
CBIXOrO NoBITps
HopmatusH

un

LOKYMEHT /

CraHgapt

Pexwum / Knac
NPUMILLEHHS

Hopma

nopadi

noBiTps

(Ha 1

ocoby)
XapakTtepuctuka
cepefosuLia

EN

13779 (EBp
onencbkunin

cTaHaapT)

Knac IDA 3
(NpuMmiLLEeHHS
cepeaHbOi SKOCTI
noBiTps)

22-36

m3/rog,

KomdpopTHe
nepebyBaHHs,
BiACYTHICTb 3anaxis,
HopMarbHa po3yMoBa
aKTMBHICTb.

ASHRAE

62.1 (Ctan

napt

CLLUA)

Mpomapnceki byaieni
(WinbHe po3mileHHs)
~30

m3/rog (8.

5 n/c)

dizionoriYHnin onTUMym
[Ons TpyBanoro
nepebyBaHHs 6e3 Lwkoam
300pOB't0.

OBH

B.2.2-

5:2023 (Yk

paiHa)

Pexum | (Hucra
BEHTUMSALS)

10 m3/rog MiHimansHO
[0MYyCTUMUIA piBeHb ANsi
obmexeHOi pyxoBoi
aKTMBHOCTI B yMOBaXx
BOEHHOTO CTaHy.

[BH

B.2.2-

5:2023 (Yk



paiHa)

Pexum 11

(dinsTpOBEHTUNSALISA)

2 m3/roa PizionoriyHnn MiHiMym

BVKMBAHHS. [locTaTHbO

nvwe ans niaTpyMaHHs

CBIOMOCTi y CTaHi

MOBHOTO CMOKOH0.

AHaniTUYHUIA BUCHOBOK [0 Tabnuui 1.2:

K BUOHO 3 HaBeEeHUX AaHUX, YKPaiHCbKi HOPMY NMPOEKTYBaHHS 3aXUCHUX Cropya

3m. Apk. No gokym. Mignuc Jata

ApK.
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ans ocobnueoro nepioay (3okpema Pexum Il) opieHToBaHi BUKNIOYHO Ha
GionoriyHe BUXMBaHHSA Ta KopoTkodacHe nepebysaHHsi. Hopmatue y 2 m3/rof € y
15 pasiB MeHLw1M 3a KOMOPTHI eBponeincebki ctanaapTu [3]. Bpaxosytoun, Lo
MOBITPSIHI TPMBOMM MOXYTb TpMBaTW 5—8 roguH, HaBiTb AOTPUMaHHA Hopmu y 10
Mm3/rog (Pexxum |) 4acTo € HeQOCSHKHUM Y HANMPOCTILLMX YKPUTTSX 6e3
NPUMYCOBOI BEHTUNALT, WO NPM3BOAMTL A0 LUBMAKOT MMOKCIi Ta BTpaTh
npawue3faTHOCTI HAaCENeHHS.

1.1.3 Ananis Bumor [IBH B.2.2-5:2023 Ta npobnematuka ix peanisaujii
OCHOBHMM HOPMAaTUBHUM [XXEPENOM, LLO PErymioe NPOEKTYBaHHSA Ta
ekcnnyarauito 3axMcHux cnopya B YkpaiHi, € IbH B.2.2-5:2023. Llen aokymeHT
BCTaHOBIIOE YiTkMIA HaBip pexumMiB poboTu BEHTUNALINHUX CUCTEM, SIKi
3000B'A3aHi rapaHTyBaTh Ta 3abecneyyBaTyt He nuLle Nofaayy Yv NOMOBHEHHS
3anaciB KUCHIO, a 1 3aXUCT Bif 30BHILLHiX 3arpo3 [4].

3rigHo 3 UMK HOpMamK, CUCTEMU BEHTUMALIT CXOBULL, MatoTb Nepenbavartu
[Ba, a iHodi 1 Tpy pexxumu poboTu:

1. Pexxum | (3BuYaiiHe NpoBiTHpoBaHHs): 3abeanevye HaaXxomKeHHS
30BHILLUHBOrO MOBITPS, OYULLEHOTO Bif, MUY, AN AUXaHHS MeLLKaHLiB Ta
BifBeAeHHs HaaAnULKOBOro Tenna. Lien pexum € OCHOBHVM 3a YMOBW BifCYTHOCTI
safepHoro(paaialiiHoro) Yn XiMivHoro 3abpyaHeHHs.

2. Pexxum |l (pinsTpoBeHTMNALiN): Mepenbayae npokadyBaHHsS NOBITPS

Yepes creuianizoBaHi iNbTPOBEHTUNSALINHI ycTaHoBkM (PI1), Wo ycyBaloTb
TOKCWYHI CNonyKku, pagioakTuBHUi Nun Ta 6akTepianbHux 3acobis. Kntovosoto
KPUTUYHO BaXIMBOK BYMOTOK LibOr0 PEXMMY € CTBOPEHHS HAA ULLKOBOMO TUCKY
(nignopy) BcepeauHi cnopyau woHamMeHwe 50 Ma. Lien nignip HeobxiaHui ans
3anobiraHH NPOHUKHEHHIO 3abpyAHEHOrO NOBITPS BCEPEAVHY Yepes LinvHN Y
cTiHax Ta ABepsix (iHdinsTpauis).

3m. Apk. No gokym. Mignuc Oata

Apk.
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3. Pexum Il (pereHepauis nosiTps): 3acToCOBYETLCS y BUNAAKax NMOBHOT
isonsAuii cxoBMLLa (HAaNpWKag, Yepes3 30BHILLUHI0 NOXeXy abo Npu KPUTUYHO
BMCOKMX KOHLIEHTpaLii Hebe3neyHnx rasiB y NoBiTpi 330BHi).

Cnip koHCcTaTyBaTK, LLO peanisauis X BUMOT y HasBHOMY POHAI
HaMNPOCTILLNX CXOBWLL, CTUKAETHCS i3 HU3KOK CYTTEBUX NEPELUKOL,.

Mo-nepLe, Ans dopmMyBaHHS Mignopy NoBiTpst HeobxigHa BUcoka CTyniHb
repMeTUYHOCTI MPUMILLEHHS, LLO NPaKTUYHO HEMOXIMBO AOCAITU y CTapux
niaBanbHUX KOHCTPYKLISX, SIKi MatOTb YUCNEHHI TPILLMHK, NPOXOAN iHXEHEPHUX
KOMYHiKaLiil Ta HeLinbHi ABepi.

Mo-gpyre, iHCTanAUis cTauioHapHUX cucTem hiNbTPOBEHTUNSALT BUMarae
3HaYHOro NPOCTopy AnsA 0bnalTyBaHHA BEHTUNALINHUX Kamep, NPOKNagaHHs
MacuBHUX MeTaneBMX NOBITPOBOAIB Ta MOHTaXy repMeTU3ytoumnx knanaxis. B
yMoBax 06MeXeHOT BUCOTU NiABanbHUX NPUMILLEHb (YacTo MeHLe 2,2 M) Le €
TEXHIYHO BKpaw CKrnagHUM 3aBAaHHAM.

3rigHo 3 pesynbTatamy TEXHIYHOro obcTexeHHs, nposeaeHoro y 2023 poui,
6inbLu Hix 60% HaNNPOCTILLMX CXOBULL, HE MalOTb HaBITb MPUMYCOBOI BUTSXHOT
BEHTUNALT, NOKNagavnch BUKMIOYHO Ha NpupoaHy aepadito. OgHak, npupoaHa
BEHTUNALA PyHKLIOHYE Ha OCHOBI Pi3HWLi TemnepaTyp (rpaBiTauiiHnin edpekT) Ta
BNAMBOM BIiTPY. Y NiTHI nepioA, konv TemnepaTtypa 30BHILLHbOrO cepefoBmLLa
BULLA 3a TemnepaTypy niasany, NpMpofHa Tara 3Hukae abo BUHMKae edexTt
"3BOPOTHOrO MOTOKY", LLIO MOBHICTIO MPUMMHSE NOBITPOOOMIH [5].



Takum YMHOM, MOCTaEe HarasnbHa HaykKoBO-NpakTU4yHa npobrnema: icHye
HeOoOXiOHICTb NOLLYKY anbTepHaTUBHMX, THYYKMX Ta BUCOKOE(EKTUBHIX
iHKEHEepPHUX pilLeHb, siki 6 403BONMNN HABNU3UTK CTaH MikpoknimaTy
HaNNpoCTILWMX YKPUTTIB 40 BCTAHOBIIEHNX HOpMaTUBIB 6e3 HeobXiaHOCTi
noBHOMacLUTabHOi peKOHCTPYKLiT ByaiBenb.

3m. Apk. No gokym. Mignuc Jata

Apk.
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1.2 MNopiBHANBHMI aHani3 NPOMUCMNOBUX METOAIB aepaLlii 3aMKHEHUX
npocTOopiB Ta ouiHKa iX aganTauiiHoro noteHujiany

ABK BMPILLUTK NpoBnemy LMpKyNALii NOBITPS y CxoBuMLAX, AKi, 3BaXarodn Ha
CBOI KOHCTPYKLiIO Ta i30M4Lit0, HaragyoTb LUTYYHO CTBOPEHI nevepu, A0OLiNbHO
3BEpHYTUCS [0 HanpautoBaHb i3 ranysen, e poboTa y CKpyTHUX yMOBax €
3BMYANHOI NPaKTMKOI. Hanmbinbl peneBaHTHUM € AOCBIA ripHUY0400yBHOMO
CEeKTopy, a came - opraHisauii npoBiTPOOBMIHY y rnyxmx 3a60siX ByrinbHUX Ta
pyAHWX KonaneHb [6].

1.2.1 CniBBigHowweHHs «Llaxta — ByHkep»: [nHamika npouecis

3 TouKM 30py aepoauHamikm, cydyacHe bGombocxosuile abo nornubneHe
niaBanbHe NPUMILLEHHS Ma€e HU3KY CRiNbHUX 03HaK i3 NiPHUYOK BUPOGKOH:

1. leomeTpuYHa 3aMKHEHICTb: HeBenuka KinbKicTb TOYOK 4OCTYNY,

3HaYyHa NPOTSKHICTb KOPMAOPIB MPU BiAHOCHO HEBENUKMX Nepepisax.

2. BigcyTHicTb npupogHux pyLwiie: Ak y rmmbokin waxTi, Tak i B
repMeTn3oBaHOMY NiABani, NPMPoAHa KOHBEKLS 4acTo € BiACYTHbOK abo
HeOCTaTHLOK AJSt MOAOMNAHHS aePOANHAMIYHOIO ONopy.

3. HasBHicTb WKianNuBMX BUAiNEHb: Y KonanbHi e MeTaH Ta nun, B

ykputTi — CO2 , aHTPOMOTOKCHHM Ta BogsiHa napa. MeTtoaum ix po3BeaeHHs
(3He3apaxKeHHs1) € TOTOXHUMW.

TynukoBa BMpoOKa (CEerMeHT LIaxTu, SKUM Mae EAUHUIA LWINAX [0 NOTOKY
CBIXXOrO NOBITPS1) BEHTUIETLCS BUKITOYHO 3@ AOMOMOTOK NPUMYCOBUX
MeXxaHi3MiB - BEHTUNSITOPIB nokanbHoi Aii (BJ1[) Ta rHyukmx noeiTponpoBogais
(Tpy6). Lis cuctema gockoHano nacye Ao nnaHyBaHHS HANMPOCTILIMX YKPUTTIB,
SIKi HacTo € came TakUMU «FIyXUMU» Bifcikamm 6e3 HackpisHoi BeHTunALii (Puc.
1.3).

3m. Apk. No gokym. Mignuc ata
ApK.
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Puc 1.3 - HarHiTanbHuin cnoci6 npoBiTptoBaHHsS TynnKoBoi BUPoOKX: aHanor
nogadi NoBiTPsa B AanbHi KiMHaTW yKpuTTA [14]

1.2.2 Cnocobu BeHTUnsAUIi: HarHiTaHHst npoTn BuTsikkn

Y NpoMuncroBii aepoanHamiLi NPUAHATO BUAINATY TP KITHOYOBI

KOHdirypaLii, aHania skux Jonomarae BU3Ha4UTV ONTUManbHWiA BapiaHT Ans cdep
umBinbHoro 3axucty (Puc 1.4):

1. HarHitanbHa cxema (Force Ventilation): YucTe noBiTpsi 3akadyeTbest
BEHTUNSATOPOM Yepe3 Tpybonpoeia 6e3nocepeaHb0 A0 30HW MPUCYTHOCTI Nioaew
(abo poboyoro npoctopy). 3abpyaHeHe NOBITPS NPMMYCOBO BUTICHAETLCS Yepes
HasiBHi OTBOPY Ta BUXOAU HA30BHi 3aBASKN HAAMMLLKOBOMY TUCKY.

o MepeBara ans ykputTie: PopMye HaAMULLKOBUIA TUCK NOBITPS

(NO3NTUBHUIA TUCK), L0 NEePEeLLKOAXKaE NMPOHUKHEHHIO PagioaKTUBHOIO MUY Yn
TOKCUYHUX rasiB Kpi3b MIKpOTPILLMHK. Lle HanedeKT1BHiLLuiA meTog Ans
YCYHEHHS NoKanbHUX KOHLEeHTpaLin CO2.

3m. Apk. No gokym. Mignuc Jata

ApkK.
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2. Cxema 3 ButsiryBaHHam (Exhaust Ventilation): BeHTunsitop Butsirye
3abpyaHeHe NoBITPSA 3 MPUMILLEHHSI MO NOBITPONPOBOAY, @ CBiXe MOoBITPs
noTpannsie Yepes BXOAW YHACNIAOK CTBOPEHHS PO3PIAXKEHHS (HEraTMBHOTO TUCKY ).
o Heponik ans ykputTie: CTBOPIOETLCA ANCNEPCis (HEraTMBHWIN TUCK),

siKa, Nno CyTi, K<BCMOKTY€E» Hebe3neyHi peqoBunHU 330BHI Yepe3 Oyab-aki gedektn y
cTiHax. Lle abcontoTHO HENMPUNYCTUMO B pexumax 3axvcTy Bif 36poi macoBoro
YPaXKeHHS.



3. KombiHoBaHa cxema: MNepenbavae BUKOPUCTAHHS [BOX

BEHTUNALIHUX arperaTiB ANg 0QHOYACHOro HaaXO4XKEHHS Ta BUBEOEHHS NOBITPS.
Lle HanedekTMBHWIA BapiaHT, ane BiH BUMarae Hanbinblue eHeprii Ta cknagHiwmn
y iHCTansauji.

Puc 1.4 — Cxema MNopiBHSIHHSA aepoanHaMibYHUX CXeM ANSt YKPUTTIB

1.2.3 AKTyarnbHWI CTaH iHXEeHEepHUX pilleHb B YkpaiHi Ta ixHi Hegoniku
[MpoBeaeHWn MOHITOPWHT CTaHy 3axMcHUX cnopya y nepiod 2022-2024 pokis
3acBiguMB, LLO MOAEPHI3aLis BEHTUNALINHUX CUCTEM HalyacTilwe BiabyBaeTbCs
XaoTW4HO. TMMOBI MOMUITKM BKIHOYAIOTh!

3acTocyBaHHsA MOBYTOBUX OCLOBUX BEHTUMNATOPIB (TUMY TUX, LLO
BMKOPUCTOBYIOTBCS Y CaHiTapHuX By3nax). Bonn matotb H13bkui Hanip (30-50
IMa) i He3gaTHI «NPOLUTOBXHYTU» MOBITPS Yepe3 [OBri NOBITPOBOAMN YK
inNbTPaLinHi eneMeHTN; iXHs NPOAYKTUBHICTb 3HMKAE NPU MiHIManbHOMY OMopi.

3m. Apk. No gokym. Mignuc Jata

ApK.
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Bpak nigrotoBky NoBiTps. Y 3MOBMI Nepiog NoAaeTbCs MOPO3He

nositps (-10°C), Wwo npm3sBoanTb 4O LIBWALLOTO NEPEOXONOMKEHHS NPUCYTHIX
ntoaein, abo X BeHTUNALL B3arani BUMUKaloTb AN 36epexeHHs Tenna, Lo
CNPUYMHSIE 3ayXY.

AKyCTUYHE HaBaHTaxeHHs. [TpoMUCNOBI BTAryBanbHI/BULLITOBXYBabHi
arperaTu 6e3 enemeHTiB LUyMO3arfyLIeHHs reHepytoTb pieHb wymy 70-90 Ab, wo
Y 3aMKHyTOMY 6E€TOHHOMY NPOCTOPI MiABany CTBOPIOE HECTEPIHI YMOBM Ta
MOCUIIOE PiBEHb CTPECY.

lipH1MyogobyBHa ranysb Li Npobnemun BUPILLYE LUASIXOM BUKOPUCTaHHS
BMCOKOHaNipHMX BEHTUNATOPIB 306pakeHnn Ha pucyHky 1.5 3 peBepcnBHUM
o6epTaHHs Ta rHyYKMX apMOBaHWX MOBITPONPOBIAHWX CUCTEM, SKi NErko
iHCTanTLCA, PEMOHTYIOTECS Ta aAanTyoTbCA BiANOBIAHO A0 KOHirypaduii
BMPOOKH.

Puc 1.5, 1.6 — INopiBHAHHSA iHXEeHepHUX MiAXoaiB A0 BEHTUNALiT 3aMKHEHMX
npoctopis [15, 16]

JTliBOpYY: MPOMUCIOBMIA BEHTURSATOP MiCLEBOro NpoBiTptoBaHHst (BMI) 3
rHYYKUM pyKaBoOM (BMCOKMI Hanip, 34aTHICTb AonaTtu onip).

3m. Apk. No gokym. Mignuc data

Apk.
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MpaBopyy: TMNoBe No6yTOBE PilLEHHS 3 BUKOPUCTAHHSM MaronoTyXHOro
0OCbOBOTrO BEHTUNsITOpa (BiACYTHICTb Hanopy, HeedeKTUBHICTL). IntcTpauis
[EMOHCTPY€E TEXHOMOriYHY NpipBY Mix NpodecinHum obnagHaHHAM Ans
eKkcTpemaribH1MX YMOB Ta NoBYTOBUMM PiLLIEHHSIMU, siKi XMOHO 3aCTOCOBYHOTHCS B
YKPUTTSIX.

1.3 AprymeHTauisi HanpsiIMKy NoLlyky Ta popMyBaHHsi TEXHIYHOTO

3aBAaHHA

1.3.1 KoHcTpytoBaHHSA npobnemm

Cnupatounch Ha npoBeaeHui aHanis (nn. 1.1 1a 1.2), MoXHa YiTKO OKpecnuTm
KIH04OBY PO36GIKHICTb:

1. 3 ogHoro 6oky, icHye HaranbHa noTpeba y 3abe3neyeHHi HagitHUm
XUTTE3abe3neYeHHAM TUCAY HaMNPOCTILLMX CXOBWLL, 3A4aTHUX DYHKLIOHYBaTH
Npv BUCOKIiN LLINBHOCTI 3aNOBHEHHS NIOAbMM Ta Nif 3arpo30H0 30BHILLHLOIO
3abpyaHeHHs.

2. 3 iHworo 6oky, ycTaBneHi metToam kanitanbHoro 6yAiBHULTBA cuctem
noBiTpoo6MiHy (3rigHo [1IBH) € 3aHaaTo 3aTpaTHMK, JOBrOTPUBANUMU | YacTo
TEXHIYHO HepeaniCTUYHUMK y BXe iCHytounx 3abyaosax. [obyTosi BapiaHTK
[EMOHCTPYIOTb HU3bKY ePEeKTUBHICTb, a NpsMe 3ano3n4eHHs1 ripHM40a06yBHOMO
obnagHaHHA HEMOXIMBE Yepes Noro rabapuTit Ta BUCOKE eHEepProcnoXnBaHHS.
BrcHoBOK € 04eBMAHUM: HeObXiAHO ajanTyBaTh NPUHLMNK

aepoavHamikv ripHUYnX BUPOBOK(BUCOKUIA CTBOPHOBAHUI TUCK, MOAYTIbHE
BMKOHAHHS, THy4YKi NOBITPOBOAM) A0 creundiyHMx MacluTabiB Ta BUMOT 3aXUCHUX
cnopya LMBINbHOrO NPU3HaveHHs.

1.3.2 BusHa4yeHHs MeTun Ta 3aBAaHb HAyKOBOIO MOLLYKY

OcHoBHO MeTolo L€l npaLi € po3pobka HaykoBO 06I'pyHTOBaHOi MeTogonorii



[ANsi po3paxyHKy Ta NPOEKTYBaHHS LUBMAKO3GIPHUX CcUCTeM BEHTUNSALT Ans

3m. Apk. No gokym. Mignuc Jata

Apk.

[OPB.CI — 04.00.00.000 M3

24

3aXMCHUX KOHCTPYKLM, sIki cCnMpatoTbCs Ha NPUHLUMNW HarHiTanbHoi aepadii y
TYMNMKOBUX BUPODKaX.

[Ina LOoCSrHEHHS NocTaBneHol MeTn nepeabadyeHo BUKOHaHHS TakUX 3aBAaHb:
1. MatemaTnyHe onpautoBaHHs: Po3pobuTn matemaTuyHy Mmogernb, Lo
onuncye po3noAin 3oH koHueHTpauii CO2 Ta TeMnepaTtypHUX rpafieHTiB y
NPUMILLIEHHSIX 3i CKNaAHO reOMETPIEL, BUKOPUCTOBYHOUYN METOAN CTPYMEHEBOI
nogadi nosiTps.

2. O6rpyHTyBaHHsi napameTpiB: BcTaHOBUTY onTUManbHi aepogvHamivHi
XapakTepUCTUKN BEHTUNALINHOMO ycTaTkyBaHHS (MOTPiGHMIA Hanip i 06’emHa
BMTpaTa) ANs CTBOPEHHS pernameHTOBaHOro HafMULLIKOBOrO TUCKY Y
HErepMEeTUYHUX YKPUTTSX.

3. ®opMyntoBaHHS iHXEHEPHMX pilleHb: 3anponoHyBaTh KOHCTPYKTUBHI
CXEMM BMPOBaIXXEHHS THYYKUX NOBITPOPO3AiNIbHUX CUCTEM 3 METOK YCYHEHHS!
3acTilHWX 30H Y HaMBiOAaNeHUX KyTo4Kax CXOBULL.

4. EHeproeeKkTMBHICTb Ta aBTOHOMHICTb

dyHKUiOHyBaHHSA: [TpoaHanidyBaTy NoTeHUian iHTerpauii cucteM BiAHOBNEHHS
Tenna Ta 3abe3neqyeHHs XUBMEHHS Bif, HE3ANEXHNX AXXepen eHepronocTayaHHs.

3m. Apk. No gokym. Mianuc data
Apk.
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Puc 1.7 — Cxema nocnigoBHOCTI eTanis po6otun

Takuin NaHUXOK Al 4O3BONUTL CTBOPUTU YHIBEpPCAnbHY iHXEeHepHY
meTogonorito (Puc 1.7), sika moxe OyTv onepaTMBHO MacluTaboBaHa 3aansi
NiABULLEHHS PiBHS 3aXULLIEHOCTI HAaceNeHHsA B yMOBaX BOEHHOIO CTaHy.

3m. Apk. No gokym. Mignuc Oata

Apk.
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PO30IMN. 2 OBI'PYHTYBAHHSA TA PO3POBKA IHXXEHEPHO-

TEXHIYHMX PILWEHb ADANTUBHOT BEHTUNALIT

SAXVNCHUX CIMoPYya

Cnupatoymch Ha BUCHOBKM, 3pobneHi y nepliomy po3gini, ae 6yno

BCTaHOBIIEHO 3HAYHWI PO3PUB MiXX BUMOraMun 10 CUCTEM XUTTE3abecneyeHHs npu
TpuBaniv isonsuii/nepeHaceneHHi Ta MOXIMBOCTAMM iCHYHOUMX MPUPOOHMX
cucTeM aepalii, noctae HeMyHy4Ya notpeba y NPoeKTyBaHHI NPMMYCOBOT CUCTEMUN
BeHTUNALii. 3 ornaay Ha xapakTep 3abyA0BU HAWNPUMITUBHILLKX CXOBMLL, (FyXi
BiACIKM, 3annyTaHa KoHdirypauisi, BiACYTHICTb MPOLUMTUX BEHTUNALINHNX
KaHanis), HaWbinNbLW BUNpaBaaHUM Byae 3ano3nyeHHs METOAMK i3 ripHUYoi
cnpaBu, a came — CXeM MPOBITPIOBAHHS TYNMKOBMX 3ab0iB i3 3any4YeHHsIM
BEHTUNATOPIB NnokansHoi Aii (BJ11) Ta enacTUYHUX NOBITPOBOAIB.

2.1 MatemaTtnyHe MOAEentoBaHHs ra3ognHamiyHMX NpoLecis Ta

BU3HAYEHHS aepoanvHaMiYHMX napameTpiB Mepexi

CTBOpPEHHSI JiEBOT CUCTEMM NIATPUMKN XUTTEAIANBHOCTI 3060B’A3ye

BiAMOBMWTUCH Bif, HEPYXOMUX CTaHAAPTIB LLOAO YaCTOTH 3MiHM NOBITPSA HA KOPUCTb
ob4ymcneHb KOHLEHTpaLin HeGe3nevHx PeYoBUH, siKi 3MIHIOTLCS 3 NIIVHOM
yacy.

2.1.1 Po3paxyHok noBiTpoobmiHy 3a 6anaHcom giokeuay Byrneuio (CO2)

Konu npumileHHsi repmeTr3oBaHe Y mae 0bMexeHy BeHTUNALI,

KoHUeHTpauis CO2 3MiHIETbCA 3riAHO i3 3aKOHOM eKCMOHEeHTU. ABu po3paxysaTiu
noTpibHMIN 06’emHUIA NOTIK NOBITPS ( Lsupply ), 3aCTOCOBYIOTb PIBHSHHS, WO
onuncye MatepianbHuii 6anaHc rasoBux 3abpyaHioBadiB y Mexax Liboro
NPUMILLEHHS:

V.

dc

o

=GCO2-Lsupply:(Cout-Cin), (2.1)



3m. Apk. No gokym. Mignuc data
Apk.
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ne:
V — BiNbHWI 06'€EM NPUMILLEHHS, M3;
C — noTo4Ha koHueHTpauis CO2 y npuMilleHHi, n/m
3
T — yvac, rog;
GCO2 — cymapHe BugineHHs CO2noabmu, n/ron. Po3paxoByeTbes sk GCO2 =
N - gind, ne N — kinbkicTb ntogen, qind — nutome BuaineHHs (20-45 nirog
3anexHo Bif i3NYHOT aKTMBHOCTI Ta CTpecy);
Lsupply — BuTpaTa npunavBHOro nositps, M
3/rog;
Cout — KoHUeHTpauist rady y noBiTpi, Lo BMaanseTscs (MpUAMaeTbCst PiBHOK
KOHLEeHTpaLii B pobouiii 30Hi);
Cin — KoHUeHTpauis rasy y npunaMBHoMy atmoccepHomy nositpi (6n. 0,4
n/m3 abo 400 ppm).
Y ctanomy crtaHi (konu
dC
o
=0 ), bopmyna cnpoLlyeTbCsa A0 BUIMSAAY, Lo
3aCTOCOBYETLCS AN iHXEHEPHOro po3paxyHKy MiHiManbHOi nogadi nosiTpsa Ans
YTPUMaHHS ra3y He BULLE rpaHUYHO AoMyCTUMOT koHueHTpauii (Clim):
Lnecc =
GCO2
Clim-Cin
. (22)
Ak 6yno 3a3HaveHo B N. 1.2, Ans 36epexeHHs KOrHITMBHMX dyHKuin ClimHe
noBuHHa nepesuLysaTtn 1000-1500 ppm (1.0 — 1:541/m3).

3m. Apk. No gokym. Mignuc Jata
ApK.
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Puc 2.1 — OQuHamika HakonuyeHHs 4iokcmay ByrneLto y 3aMkHeHoMY o6'emi
YKPUTTS NPY BUMKHEHIN CUCTeMi BeHTUNALT

AHania rpadika (Pvc 2.1): MatemaTuyHe MoaentoBaHHsA AEMOHCTPYE NpsMy
NiHiHY 3anexHicTb 3pocTaHHsA KoHueHTpauii CO2 Big Yacy npv NoBHiN
repmeTu3adii NpuMiLLeHHs (BiACYTHICTb MOBITPOOOMIHY). Ak BUAHO 3 OTPUMaHMX
KPMBUX, MPW LLiNbHOMY 3anoBHeHHi YkpuTTs (0,5 M2 Ha 0coby, Lo xapakTepHo
ONs peanii NoBITPSIHUX TPUBOT), KPUTUYHA Mexa 36epeXeHHs! KOTHITUBHIMX
dyHkuUin (1500 ppm) gocsraeTbest Bxe Ha 30-1 XBUNvHI nepebyBaHHs. HaBiTb npu
[OTpVMaHHi HopmatusHoi nnowwi (1,0 M2 Ha ocoby), nimiT BUYepnyeTbcs 3a 60
XBUMUH. Bpaxosytouu, Lo cepeaHs TpUBanicTb NOBITPAHOT TpUBOrK B YKpaiHi
CTaHOBUTb 2-4 roauHu, rpadik 6e3anensiuiiHo 4OBOAUTbL HEMOXIBICTb
ekcnnyarauii HannpocTiWmx yKpuTTiB 63 cucTeMmn NpUMyCcoBOT MexaHiYHOT
BEHTUNALT.

2.1.2 AepoanHaMi4HUI NPOpaxyHOK Mepexi 3 THYYKVX NoBITPONPOBOAIB
BigmiHHOIO prcoto 3anponoHOBaHOI MeXaHiku € 3aCTOCyBaHHSA apMOBaHUX
rHYYKMX MOBITPONPOBOAIB, NOAIBHUX A0 TKX, LLO BUKOPUCTOBYIOTLCS Y
LaxTapcbkii cnpasi. MapaBnivyHuiA onip Takux kaHanie Big4yTHO BULLWIA, aHiX Y

1000
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LWinbHicTb 0.5 M2/0coby LWinbHicTb 1.0 M2/0ocoby MpaHnyHa mexa (1500 ppm)

3m. Apk. No gokym. Mignuc Oata
Apk.
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rmafKkvx OLMHKOBAHWX aHarmnoriB, Yepes3 BHYTPILLHIO roppoBaHICTb Ta pU3nK
NPOBUCAHHSA.

BtpaTtu Tcky Ha TepTs () BM3HavatoTbCs 3a chopmynoto [apci-Bericbaxa,
afanToBaHO AJS1 aePOANHAMIKU:

pfe=h:
|
dh

prv2

2

. (2.3)

ne:

A — KoediLieHT rigpasniyHoro TepTs (6e3po3mipHuin). Ans rHyykux Tpy6 BiH
3anexuTb Bif CTyNeHs PO3TArHeHHs pykasa. [Inst apMoBaHMUX NoniMepHux
pykaBiB A 3HaxoauTbes B dianasoHi 0.03 — 0.05 (npotu 0.015 ans ctani);

| — poBxuHa ainsiHku Tpybonposoay, M;

dh— rigpaBniyHui giametp, m;

p — ryctuHa nositps (1.2kr/m3);

V — LWBUAKICTb PyXy NOBITPsi, M/C.

3aranbHi BTpaTv TUCKY y CUCTEMI () BKI04AIOTb TAKOX BTpaTK Ha
MicLieBi NepeLlKkoan (BUrMHW, 3BYXXEHHS, BXiA A0 pinsTpyBanbHOro eneMeHTa):

=ZAPf+3 (€

prv2

2

ybPfilter}, (2.4)

OcoGnuBoi yearu 3acnyroeye cknafosa [APfilte. Onip dhinsTpis knacy G4-F7

nerpagye 3i ctyneHem 3abpyaHeHHs (HacudeHHs nunom) Big novatkosoro 50 Ma
0o KiHueBux 250-450 Ma. MpoekTyBaHHA CUCTEMU MaE I'PYHTYBaTUCSA Ha
3Ha4YeHHs1 KIHLIEBOTO OMopy LIMX enemeHTIB.

3m. Apk. No gokym. Mianuc fdata
Apk.
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PucyHok 2.2 — Entopa dbopMyBaHHs rigpoanHaMiyHoro npodinto

LUBMAKOCTEN Yy TpybonpoBoai

MpumiTka: Cxema eMOHCTPYE PO3BUTOK NMPUMEXOBOro Lwapy. MNpu
BMKOPUCTAHHI THY4KMX rodopoBaHux pykasiB (Ha BiAMiHy Big rnagkux Tpy6) uei
NPUMEXOBUIA LLIAP NiJAAeTbCst NOCTIiNHIN TypOynisauii Yepe3 HEPIBHOCTI CTIHOK,
L0 yHeMOXnuBNoe chopmyBaHHS cTabinizoBaHOro naMmiHapHoro npodinto Ta
MOSICHIOE KPUTUYHE 3pOCTaHHs KoedilieHTa Tepta A [7].

2.1.3 O6r'pyHTYyBaHHs BUGOPY BUCOKOHaNipHOro obnagHaHHs (AHanis
xapaktepucTuk P-Q)

OpHa 3 KNto4YoBMX MOMUIOK y 3abeaneveHHi cxoBuLL, BUCBiTNeHa y Poaaini 1,
nonsrae y BUKOPUCTaHHI NOBYTOBMX OCbOBWX BEHTUNSATOPIB. [Nst JOBEAEHHS
Hepfie3gaTHOCTI Takoro Niaxoay HeobXiAHWMI aHani3 aepoaVHaMIYHMX KPUBUX
BeHTUNsATOpIB (giarpam P-Q)(Puc 2.3).

PoGoya Touka cucteMun BEHTUMSALIT BU3HAa4YaeTbCs TOUKOLO, e KpuBa
xapaktepucTukm mepexi (P = k - Q2) nepeTMHaeTLCA 3 KPUBOKO XapaKTepUCTUK
CamMoro BEHTUNATopa.

1. MobyToBi BeHTUNSTOPU: XapaKTepuayoTbCsi MOXUIIOK KPUBOLO.

HagiTb HeBenuke 36inbLUeHH onopy Mepexi (Hanpuknag, nigknioyeHHs 10

3m. Apk. No gokym. Mignuc data

Apk.
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METpIB rHY4KOro KaHany Y1 BCTaHOBMEHHS OAHOr0 (insTpa) MUTTEBO 3MilLye
po6oYy TOYKY B 30HY KPUTUYHOTO NaAiHHSA NPOAYKTUBHOCTI (6rn3bKo Hyns).
2. MNpomucnosi pagianbHi abo WaxTHi 0cboBi BEHTUNATOpU: MatoTb

KPYTY XapaKTepUCTMKY Ta 34aTHi reHepyBaTy CTaTUYHUIA TUCK y Mexax 300-
1000 Ma. Ue possonse im gonati 3Ha4HMin onip inbTpiB Ta MPOTHKHUX MHYYKUX
maricTpanew, 3abesnedytoun ctabinisawito 06’emMmHoI nogavi.

BuicHoBOK: AQanTuBHI CUCTEM LIMBINBHOMO 3axXMUCTy BUMaraoTb
3aCTOCYBaHHS BEHTUNATOPIB, 34aTHUX NIATPUMYBATU CTAaTUHHUIA TUCK HE
meHLwe 300-500 MNa npu 3agaHoMy po6ovomy noToLli.



Puc 2.3 - MopieHsanbHa P-Q piarpama BeHTUNSTOPIB

2.2 Po3pobka TeXHOSOriYHOT Ta KOHCTPYKTUBHOI CXeMU aganTUBHOT

BeHTUNAUIT

Ha nigcraBi npoBeaeHnx poa3paxyHkiB MPOMNOHYETLCS iHTerpaLis MobinbHUX
HTI/IJ'IHLI,WIHI/IX KOMMJIEKCIB LUBUAKOrO PO3ropTaHHS.
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2.2.1 bypoBa BEHTUNALIMHOT yCTaHOBKM

Ak 6230BUIN MEXaHiI3M pEKOMEHO0BAHO 3aCTOCOBYBaTW KaHarnbHUI
BEHTUNSATOP 3MilaHoro noTtoky (mixed-flow) abo BigLeHTpoBUIA BapiaHT,
PO3MILLEHWI y KOPMYCi 3 aKyCTUYHOI i3onsuieto. Ha BiaMiHy Big CyTo 0CbOBMX
LUAXTHUX MOAENEN, BOHW CTBOPHOKOTb MEHLUMI PiBEHDb LUYMY, NPOTe
3abe3neyvyoTb HeOOXiAHMUI Hanip.

CknapoBsi Mmoaynto:

1. BxigHui natpybok, ocHaLLeHWIn 3aXMCHOO CiTKOI Ta Bokcom Ans

dinbTpa. (basosuii cTyniHb ouneHHs G4 ans rpybux YacTMHOK + A0AaTKOBO
F7/ByrinbHuin Ans HeTpanisauii NpogyKTiB ropiHHS).

2. BeHTunsaTopHuii By3on. O60B'I3KOBO OCHALLEHUIA MeXaHi3MOM

KOHTpONo LWBMAKOCTI obepTaHHs (Hanpuknag, EC-aBuryH abo
TpaHcdhopMaLiiHWIA perynaTop) Anst MOXMBOCTI NiANaLIToByBaTU Nif KiNbKiCTb
NPUCYTHIX.

3. MepexiaHnint enemeHT-gndy30op. Ans HagiiHoro 3'€AHaHHS 3 THYYKUM
MOBITPOMNPOBOAOM.

2.2.2 MeTop po3nopainy noBiTpsi Ta YCYHEHHS1 «MEePTBUX 30H»

3acTocyBaHHS rHy4KMX apMOBaHKX NOBITPONPOBOAIB AO3BONSE BNPOBaANUTH
CXeMy HarHiTaHHs NoBiTPs, sika CNPSIMOBYE CBIXXWI MOTIK MNOBITPSA
6e3nocepenHbo y HanbinbLw BigaaneHi ainsHky (“rayxi kytn'"), BUTICHAOUM
3abpyaHeHe NoBiTPs A0 BUXiAHOrO oTBOpY. Lle edekTBHO BUKntovae npobnemy
"KOPOTKOrO LUNSAXY", KONW CBiXKe NOBITPS, NOTPanUBLLKM Yepes BXid, oapasy X
BUBOAUTLCS, HE OMMBAaOYM OCHOBHUI 06’EM.

Cxema "BUTiCHEHHS NOTOKY":

Tpyba npoknagaeTbes nig cteneto (abo B3O0OBX CTiHW) A0 HanAanbLUOT TOYKN
ykpuTTS. MNoaada 3aiicHIETbCA Yepes KiHeLb Tpyou abo LunsxoM nepdopaldio
(y BMNagKy TEKCTUIbHUX NMOBITPONPOBOAM - COKETIB).

3m. Apk. No gokym. Mignuc Jata

ApK.
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EdbekT exekuii: MoBITPAHWIA CTPYMiHb, LLIO BUXOAUTL i3 pykaBa Ha 3HaYHIl
LUBMAKOCTI (4-6 Mm/C), 3a paxyHOK TypOYneHTHOCTI «3aTArye» y pyx 3HauHi

o6csrn HaBkONMLWHBLOTO NOBITPS. KoedilieHT exxekuii moxe gocsaratu
cniBigHoLeHHs 1:10 (Ha ofHY YacTUHY NPUNIMBY NPUBOAUTLCS B PYX AECATb
YacTuH NoBITPs 3 NpuMieHHs )(Puc 2.4). Lle 3abe3neuye sikicHe nepemillyBaHHs
Ta nikBigaLito nokanbHWUX 30H i3 BUCOKOI koHLeHTpauieto CO2.

Puc 2.4 - MpuHumnoBa cxema aganTvBHOI BEHTUNALT [-nogibHoro ykputTs:

1 — BXig (mxepeno cBiXkoro noBiTpst); 2 — MOBINbHWUI BEHTUNAUIRHWIA arperarT; 3
— FHYYKMI MOBITPONPOBIA; 4 — 30Ha eXeKLUii CBiXOro noBiTps; 5 — pyx
BUTiICHEHOrO 3abpyaHeHOro NoBiTps

2.2.3 BCTaHOBMNEHHS Ta BUKOPUCTaHHS B yMOBaXxX Kp130oBMX 06CTaBWH
KoHCTpyKTMBHO cucTema nepefdavaeTbCs SK Taka, WO cKnagaeTbes 3
okpemux bnokie. lNMogaTnuei NOBITPOBOAM (IKCYIOTLCS O HECYUYNX ENEMEHTIB



3m. Apk. No gokym. Mignuc data

Apk.
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(Tpy6onpoBopiB, rakie, NepekpuTTiB) 3@ AOMNOMOIOK 3aTUCKauYiB, L0 LUBUAKO
MOHTYIOTbCS, UM KapabiHiB. [naHoBWI Yac po3ropTaHHs NoAibHoT cuctemm
nBoma haxiBLsiMu po3paxyHKOBO CTaHOBUTL 15-20 XBUMMH, WO koM
Y3rofpKyeTbcs 3 noTpebamu LWoAo LWBMAKOIO pearyBaHHS LMBINbHOI 060poHN.
2.3 MapaHTyBaHHsI CTIKOCTi pO6OTH, EKOHOMIst EHEPrii Ta NPUEMHOIO
3BYKOBOIO CepefoBuLLa

3 ornagy Ha 0cobrnMBOCTi NPOMUCIIOBOrO YCTaTKyBaHHS (30Kkpema, reHepadis
LUYMY Ta CMOXWBaHHS pecypciB), BKpan BaXKNMMBO 3HU3UTK Lii SiBMLLA NpU
iHTerpaujii cucTeM y LUMBINbHI CxoBULLA.

2.3.1 Po3paxyHOK aKkyCTUKI Ta 3ax04u LUyMOrMnyLIEHHS

PiBeHb 3BykoBOro Tucky (LpA), Lo reHepyeTbCs BEHTUMNSILIMHUM arperatom
BMCOKOrO TUCKY, 34aTeH csiraTu 3HaveHb Big 70 o 85 gbA. Lle 3HayHO
nepeBULLlYy€e BCTAHOBIEHI ririeHiYHi HopMaTWBK Ans 30H, Ae Noan nepebysatoTb
TpUBanuit 4Yac (4e NpunycTMMmMM BBaxaeTbes piBeHb 40-50 ABA).

[nsi 3BMEHLLEHHS PIBHS LLYMY BXMBAETbCS HAbip KPOKIB:

1. MoHTax 3BykonornuHavis: LLlymosarnyLiyBanbHi npucTpoi

Tpy6yacToi abo nnactuHyacToi 6y0BM po3MmilLytoTbCs ogpasy 3a
BEHTUNSALINHNM anapaTtoM. 3HUXKEHHS LWyMy B Aiana3oHi cepefHix yactot (500-
1000 'u) gocsrae BenuuuHn 15-25 ab (Puc 2.5).

2. EnacTnyHi 3’egHaHHsA: BOHM YHEMOXIMBIOTb NEPeHEeCeHHs

KONnvBaHb Bif KOPNycy BEHTUNSTOPa 40 CUCTEMU MOBITPONPOBOAIB.

3. AKyCTWYHe YNOBINIbHEHHS THY4K1X NoBiTpoBoAiB: CaMi rHyYki

pykaBu (30Kkpema Ti, Lo MatoTb i30MLit0 3 MiHepanbHOT BaTh) CNyrytoTb siK
NPOTSKHI MMYLWHWKKW, NOFMUHA0YM aepoanHaMiYHUIA LIYM Bif pyXy MOBITPS B
300BX Tpacu (3racaHHs NpnbnuaHo 0.5-1.0 Ab Ha KoXeH MeTp AOBXUHM).

3m. Apk. No gokym. Mianuc fdata
Apk.
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Puc 2.5 - AkycTnyHa epeKkTUBHICTb TpyBYacToro LWyMornyLiHuka 3a
OKTaBHUMUW CMyramu 4actoT

2.3.2 EHepreTuyHa aBTOHOMHICTb CUCTEMU

3a ymoB MOXIMBYX "BriekayTiB"(3HeCTPYMIIEHb), KMTTEBO BaXBUM CTaE
niaTPUMaHHs OyHKLIOHYBaHHS CUCTEM BEHTUNSLT Yepe3 BUKOPUCTaHHS [xepen
HenopyLLHOro xusneHHs (OHX).

BuaHayeHHsi noTpibHoT eMHOCTI akymynsitopHoro 6noky (Cbat) 3giiicHoeTbes
3a HaCTYMHO 3amnexHiCTio:

Cbat =

Pload-twork

Ubat-n-Kdepth

. (25)

ne:

Pload — cnoxwviBaHa NOTYXHICTb BEHTUNATOPA (415 TUMOBOrO KaHanbLHOro
BeHTUNsiTopa Ha 500-800 m3/roa ue 6n. 100-150 BT);

twork — HeobxigHW Yac poboTu (TpuBanicTe TPUBOTU, NPUAMaEMO 6
roauH);

Ubat — Hanpyra akymynsatopa (12B abo 24B);

1000
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3m. Apk. No gokym. Mignuc Jata
Apk.
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n — KKA iHBepTopa (0.85-0.9);

Kdepth — koediuieHT gonyctumoro po3psay (0.8 ans AGM/GEL, 0.95 gns
LiFePO4).

Lle BinnoBinae ogHoMy cTaHgapTHOMY aBTOMOGiNbHOMY abo reneBomy
akymynatopy emHicTio 100 A-rof, Wo pobuTb cuctemy peanicTuyHo Ansi
BNPOBaAXEHHS.

2.3.3 Motpeba y inbTpauii Nnpy pagiauinHin Hebeaneui

MepenbavaeTbes, WO cucTeEMa NOBMHHA MaTy OMUi0 Ans iHTerpauii
INbTPYOYMX ENEMEHTIB KaceTHOro Tuny. Y 3BUYanHUX, MUPHMUX YMOBaX,
pocTaTHicTb dbinbTpauii Bignosiaae knacy G4 (3abecnevytoun 3axucT Bif
3aranbHoatMocdepHoro nuny). OgHak, Konu cnocTepiraeTbecsl 3Ha4YHe
3aIMMIeHHs, 3aiiMaHHs NopoxiB B NOBITPS (Hanpuknag, Yyepes obBaneHHs
Oynisenb y 6e3nocepeHini 6rnmabkocTi) abo BMHMKAE 3arposa pagiauiiHoro
3abpyaHeHHs (BHacniAoK ocifaHHsA padioakTUBHUX YAaCTUHOK Y MOBITPI), NOTpiOHa
iHTerpauis inbTpis, Wo 3abecneyytoTb GinbLu rMnBGoke ounLLEHHS, knacy F7-F9.
3acTocyBaHHS BUCOKONpoaykTuBHUX HEPA-inbTpiB y 6a3oBrx cxoBuLlax €
HeBWUNpPaBAaHWUM, af)ke BOHW reHepyoTb HaAMIpHWUIA aepoauHamivyHuiA onip, Wo
AnkTyBano 6 HeobxigHICTb BUKOPUCTaHHS TypOiH MPOMUCIIOBOrO Knacy 3 Aye
BEMUKOK MOTYXHICTHO.

2.4 O6r'pyHTyBaHHS BUOOPY anapaTHO-CEHCOPHOI 6a3n Ta BUKOHaBYMX
MexaHi3MiB

EdbekTnBHICTb po3pobneHoi cucTteMu HarHiTanbHol BEHTUNSLiT 6a3yeTbest Ha
HafiHOCTi MeXaHIi4YHMX KOMMOHEHTIB Ta TOYHOCTI BUMIpIOBaNbHUX NpUnazis.

1. BukoHasui MmexaHisamu ([MpyBoam Ta 3acniHku): B akocTi npusoay
BeHTUnsTopa (BMI) 06paHo HafiHWA aCUHXPOHHUIA TPUcha3HWI eNneKTPOABUTYH
3 KOPOTKO3aMKHEHUM POTOPOM. ApXiTekTypa cuctemn 060B'A3KOBO BKMOYae

3m. Apk. No gokym. Mignuc ata

Apk.
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MOTOPW30BaHi NOBITPSIHI 3aCMiHKM Ha NOBITPO3abipHOMY KaHari, OcHaLLeHi
€neKTPOnpPMBOAOM 3i 3BOPOTHO MPYXUHOO (TUny Belimo). Y pasi 3HukHeHHs
XKMBMEHHs1 abo XiMiYHOT 3arpo3m 330BHI, MexaHiyHa NpyxmHa repmMeTuyYHO
nepekpvBae KaHar, YHeMOXNMBIIOYY NOTPaNAHHA OTPYEHOrO NOBITPSA B
YKPUTTS.

2. CeHcopHa 6a3sa:

[atuunk Byrnekucnoro ragdy (CO2): OnTuyHuii iHppadepsoHuin ceHcop NDIR.
O6paHo Yepes BUCOKY TOYHICTb Ta BiACYTHICTb Aperidy NOKasHUKIB.

[aTymk Temneparypu Ta BONorocTi: NpoMMUCIOBUIA EMHICHUIA CEHCOP Y
3axuieHomy kopnyci (IP65) ons KOHTPONto TEMNOHAANULLKIB Ta PU3NKY
YTBOPEHHS UBIni.

[atumnk akyctnyHoro wymy (LLymomip): MEMS-mikpooH npomucnoBoro
BUKOHaHHS ANns dikcallii piBHS 3ByKOBOro TUCKy (AB), Lo reHepyeTbecst poboToto
noTy>xHoro BMIT.

Laruunk gpibHoamcnepcHoro nuny (PM2.5 / PM10): OnTuyHuid nasepHuin
CEeHCop PO3CitoBaHHs1, BCTAHOBMEHWI Y 30BHILLHBOMY KaHani Ans geTtekuii
LIeMEHTHOTO NUITY YK rapy Bif, pyViHyBaHb Ha MNOBEPXHI.

Bci 06paHi KOMNOHEHTU NiATPMMYIOTL CTaHAAPT nepedadi curHany 4...20 MA, wo
rapaHTye 3axuCT Bif enekTpomarHiTHux 3aBsag y nigsanax [9].

2.5 MartematvyHa mogenb MynsTunapameTpuyHoOro KepyBaHHs

3amicTb NPUMITUBHOIO penenHoro kepyBaHHs, y AaHi poboTi po3pobneHo
aBTOPCbKY MaTeMaTnyHy MOAerNb PO3paxyHKy HeobXigHOT NpoayKTUBHOCTI
BeHTUnsTopa (Vout). Mogenb BpaxoBye BaroBuii BHECOK KOXXHOro HebGe3neyHoro
dakTopa:

X — KoHueHTpauis CO2 (ppm), y — Temnepatypa (°C), z — piBeHb
napibHogmcnepcHoro nuny PM2.5 (mMkr/m3), Ta | — piBeHb akyCTUYHOTO LLyMy
(aB).

3m. Apk. No gokym. Mignuc ata

Apk.
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CnovaTKy abcontoTHi 3Ha4YeHHs 3 AaT4MKIB MPOXoAsTh NpoLleaypy

Hopmanisauii (nepeBefeHHs y BiacoTkm Big 0 Ao 100% Ans po6ouunx aianasoHis).



Micnsa uporo pospaxoByeTbesi 6a3oBa WBMAKICTL 38 POPMYIOK0 3BAXKEHOT CyMM:
Vbase +°k1: 22 +k2- 22 +k3 - 72 (2.6),

n&—«1, k2, k3 — Barosi koedilieHTN 3HavyLLOCTi NapameTpiB (Hanpuknag, k1 =
0.5 gna CO2, k2 = 0.3 ans Temnepatypu, k3 = 0.2 ans nuny).

[ins 3abe3neyeHHst kKOMOPTY 3aCTOCOBAHO LUTPadHY (YHKLi0 aKyCTUYHOTO

nemndysaHHs. Akwo wym | nepesuwye 75 b, Big 6a30B0i LWBMAKOCTI
BiAHIMaeTbCsA Kopurytoumnii koediuieHT. OgHak, 6a3oB1M NpaBuIom
XUTTE3abe3neyeHHs 3annwaeTbCsa anapaTtHe NepexonneHHs: SKWo
3HayeHHsa X abo y [ocsiratoTb KPUTUYHUX MEX, PO3PaxyHOK irHOPYeThbCS, i
cuctemi npumycoBo 3agaetbcs Vout = 100% [10].

3m. Apk. No gokym. Mignuc Jata

ApK.
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PO3AIN.3 NPAKTUYHA PEANI3ALIA CUCTEMU KEPYBAHHA TA
PO3POBKA NMPOIMPAMHOIO 3ABE3MNEYEHHA

[ornoBHOK METOI AaHOro po3finy € npakTuyHa peanisawis anropuTmis
KepyBaHHS BEHTUMAUIMHUM obnagHaHHAM yKpuTTa. [nsa 3abe3nedeHHs
HaMBMLLOro PiBHA HaginHOCTI (odnanH-poboTa) Ta cyyacHoi amcneryepusadii
(Be6-cepeep, HTTPS, API TpuBor), cuctemy peanisoBaHo 3a ribpuaHoto
apxitektypoto (Edge Computing). MpomucnoBuii piseHb peanisoBaHo Ha MK
Siemens S7-1200, a KomyHikaLiHO-Beb piBeHb — Ha 6asi MikpoKOHTponepa
ESP32, o BMKOHYE porb 3axuLleHoro loT-wwuntoasy.

3.1 MNporpamHa peanisauis norikn MNJIK (OdnaiH-kepyBaHH:A)
MporpamoBaHuin koHTponep Bignosiaae 3a 6e3nepebiliHy poboTy cuctemu
HaBiTb 3@ NOBHOI BiACYTHOCTI IHTepHeTY. Moro saBaaHHs — 3unTyBaTh AaHi 3
ceHcopiB (4...20 MA) Ta hopMyBaTV KEPYIOUMIA CUrHAM Ha YacTOTHUI
nepetsoptoBay BeHTunaTopa (0...10 B) (Puc 3.1).

[ns HanucaHHa norikv B cepeposui TIA Portal v20 BukopmctaHo MoBy
cTpykTypoBaHoro TekcTy SCL (Structured Control Language)/ FBD (Function
Block Diagram), sika 3a CUHTAKCMCOM € HabnmnXeHo [0 MOB BUCOKOIO PiBHS
(C/Pascal) i no3Bonsie peanisyBati cknagHi MatemaTnyHi obuncnenHs. [8]
BianosigHo Ao matemaTU4HOT MoZeni MynbTUNapaMeTpUYHOro KepyBaHHS,
sika Byna obrpyHToBaHa y nignyHkTi 2.5, norika MK wocekyHam obuncnioe
HeobXxiaHy NPoAYKTUBHICTb BeHTUNsATOpa. Y cepenosuLli TIA Portal uto
maTemaTuky peanizoBaHo moBoto SCL 1a FBD. MNJIK 3uutye "cupi” aani 4..20 mMA,
Hopmanisye iX y BiACOTKM, 3acTocoBye BaroBi koediuieHTn ana CO2 i
TemnepaTypw, a TakoX Haknagae wrpadHuii koediuieHT npu dikcauii
niABULLEHOTO aKyCTUYHOro WyMy. Ha pucyHky 3.2 HaBegeHo dparmeHT poboTu

3Mm. Apk. No gokym. Mianuc data

Apk.
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LibOro anropuTMy B PeX1Mi OHNaH-HanarofaxeHHsa (CumMynauii).

Puc 3.1 — AnapatHa koHdirypauis cuctemu (MJK ta HMI naHens) y
cepepnoBui TIA Portal (Network View)

Puc 3.2 — Po6ota o6umncneHHs MNnk 3 3agaHumy gaHHuMm
Ha ocHoBi o6paHoi anapaTtHoi 6a3u Ta po3pobreHux NnporpaMHUX anropuTmis
Oyno nobyaoBaHo 3aranbHi cxemu aBTomaTtusadii o6'exra.

3m. Apk. No gokym. Mignuc data

Apk.
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CTpykTypHa cxema (puc. 3.3) y3aranbHIoe iepapxito cucTemu Ta HanpsiMKn
nepegadvi AaHnx. BoHa 4iTko 4EMOHCTPYE MOAIN Ha NONbOBWIA PiBEHb (CEHCOPK Ta
MexaHi3amu), kepytoumii piseHb (MK SIMATIC) Ta piBeHb AncneTyepu3sadii 3
BUXO0OM Ha 30BHilLIHE API.

Puc. 3.3 — CTpykTypHa iepapxiyHa cxema aBToMaT130BaHOi cUCTEMU
XUTTe3abesneyeHHs yKpUTTa

[eTanbHy iHbopMaLiito Npo anapaTtHi NPOTOKOMM, TUMW CUrHamMIB Ta NiHilHi
3B'I3KM MiXK NMOMbOBMM OBNagHaHHAM i KOHTPONepom



Bigobpaxae PyHKLioHanbHa cxema asTomatusadii (puc. 3.4). Ak BUAHO 3i
cxemu, yCi NnepBUHHI NepeTBoploBadi nepeaatoTb iHdopmadito Ha MK 3a
[0MOMOroto 3aBafoCTinkoT cTpymoBoi netni 4...20 MA. NporpamoBaHuii
KOHTpOIep onpalpboBye MacvB AaHux i popmye aHanoroeuin curHan 0...10 B Ha
YactoTHun nepeteoptoBay (VFD) Ta anckpetHuii curdan 24 B DC Ha
€NeKTPonpuBig4 MOTOPM30BAHOI NOBITPAHOI 3acniHkm [11].

3m. Apk. No gokym. Mignuc Jata
ApkK.
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Puc 3.4 — ®yHkuioHanbHa cxema aBTomaTtusadii: QE — pgatyvku rasie Ta
nuny; TE — patumk Temnepatypu; SE — gatuuk wymy; M — BUKOHaBYi
MexaHi3Mm

3.2 Po3po6ka loT-wnto3y: API "lMoBiTpsiHa TpuBora" Ta Beb-cepeep

[ina peanisauii BioganeHoro MOHITOPUHIY Ta iHTerpauii 3 AepxaBHUMu
cepBicamu CroBiLLEHb BUKOPUCTAHO MiKpokoHTponep ESP32, akuit 3'egHaHuii 3
MNK yepes npomucnosuin iHtepdenc (Modbus TCP). MporpamHe 3abe3neveHHs
LUMO3Y HanmMcaHo MoBoto C++.

3.2.1 InTerpauis 3 API "MNoBiTpsiHa Tpusora”

LL{o6 YyHWMKHYTU 3a4yXu B NepLUi XBUIIMHWA MacoBOTrO CKYMYeHHs Noaen,
cucTeMa NoBUHHA pearyBaTu npeBeHTMBHO. ESP32 koxHi 15 cekyHa Hagcunae
3axuweHnn HTTP GET-3anuT o cepBepa CnoBilleHb

(Hanpuknag, api.ukrainealarm.com). IMpu oTpumanHi ctatycy "TpuBora", nnara

3m. Apk. No gokym. Mianuc data

Apk.
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nepepae komangy Ha MNI1K, akuii MMTTEBO BiAKPMBAE 3acriHKM i 3anyckae
BEHTUNSATOP.

MporpamHe 3abeaneyeHHs [0T-Lnio3y, WO BiANOBIAAE 3@ OTPUMAHHSA AaHNX

npo noBiTpsiHy Tpmeory Yepe3 API Ta nigHaTTa 3axuwieHoro HTTPS Beb-cepsepa,
po3pobneHo MoBoto C++. PparmeHTH Koay, WO BiANOBiAaloTh 3a aBTeHTUdIKaLo
Ta napcuHr JSON-BignoBigen, BuHeceHo y [loaaTok.

3.2.2 3axuiuenunn Beb-iHTepdenc (HTTPS) Ta kibepbeaneka

BaxnunBoto BMMOro 40 CUCTEM LMBINBHOIO 3aXUCTY € HEMOXIUBICTb iX
HeCaHKLOHOBaHOrO BiJKIMOYEHHS (3rOoMYy) Yepe3 mepexxy. Tomy Beb-cepBep, Skui
po3ropHyTo Ha nnati ESP32 ansi nokanbHoro kepyBaHHs (4epes TenedoH
KOMeH/AaHTa), Npauioe He No CTaHAapTHOMY BiAKPUTOMY NPOTOKONY, a
Bukopuctoye HTTPS (nopt 443) 3 nigTpumkoto TLS 1.2.

Ha Beb-cTopiHui, HanucaHii 3 BukopuctaHHam HTML/CSS Ta JavaScript, y
pexumMi peanbHOro Yacy BigobpaxatoTbes AaHi, siki ESP32 3abupae 3 MJK:
Cratyc TpuBoru (YepBoHuii/3enenunin).

MoTouHi pisHi CO2, Temnepatypwu, Munu (PM2.5) Ta LLymy.

MoTo4HWiA BigCOTOK NOTY>HOCTI BeHTunsATopa (1-100%).

Kronka "ABAPIA" (Biokpmsae 3acniHku Ha 100% npumycoBo).

OpraHizauis 6e3nekv BKIoYae:

1. Kpuntorpadiyre wndpysaHHa Tpadiky: BukopucTtanHs

6ibniotekn WebServerSecure.h gns renepadii SSL-ceptudikaris. Lie
yHemoxnuenioe ataky Man-in-the-Middle (npocnyxoByBaHHs Tpadiky B 6yHkepi).
2. ABTeHTudikauito: [locTyn Ao cTopiHku 3akpuTuii 6asosoto HTTP-
aBTeHTUdiKaLieto (NoriH Ta xelloBaHui naponk aamiHictpatopa)(Puc. 3.5).

3m. Apk. No gokym. Mignuc Jata
Apk.
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Puc 3.5 — EkpaH 6e3neyHoi aBTeHTUdiKaLii AucneTyepa 3 BUKOPUCTAHHSAM
npotokony HTTPS

3.3 TecTyBaHHs cuctemu

Y npoueci TectyBaHHsi 6yno 3iMiToBaHO ekcTpemarnbHi yMOBU:

1. CnpautoBaHHs Tpusoru: Cuctema ycniwHo otpumana JSON-Bignosiab
Big APl i 3anyctuna asuryH Ha 30%, BiAKpVBLUM MOTOPU30BaHI 3aCiHK.

2. 3poctaHHa CO2 ta Temnepatypu: MNMpu gocsrHeHHi 1240 ppm Ta 26,5-C,



MJTK kopekTHO B1paxyBaB NponopLito i 36inbLUMB NOTYXHICTb A0 85%.

3. AkycTuyHuI 6ap'ep: Mpu gocarHenHi 74 b wymy cuctema
HeobmeXxyBana po3riH, 3abesnevyroum KoMOopT.

4. Cnpoba 3nomy: MigkntodeHHs fo IP-agpecu Beb-cepeepa no nopty 80
(3BnuanHuin HTTP) Bigxunanocs anapartHo. MigkniodeHHs no nopty 443
BUMararno BBeAeHHs Krtoda 6eaneku.

3m. Apk. No gokym. Mignuc Jata
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3.3.1 BinobpaxeHHs iHdpopmaLii Ta ctaHiB (CTBOPEHHS LdpoBOro

OBiNHKUKa)

[Ins noneriwieHHs KepyBaHHS CUCTEMOL CTBOpeHO Beb-iHTepdeiic (Jawbopa),
Lo Mpautoe Ha pisHUx nnatgopmax. [1o HbOro MoXHa oTpumaTu 4OCTynN SK 3
nokaneHoi HMI-naHeni B ykpuTTi, Tak i3 6yab-sakoro mobinbHoro 6paysepa. Liew
iHTepdelic po3pobneHo 3 ypaxyBaHHAM npuHumnis UI/UX ausaiiHy Ans cuctem,
Lo 3a6e3neYyroTh XUTTEBO BaXXNUBY iHPPACTPYKTYpY, | AO3BONSE MUTTEBO
ouiHUTK piBeHb Ge3neku [12].

Y cTpyKTypi po3pobneHoro aawbopay npeacTaBrneHi Taki KOMNOHEHTU:

1. BaranbHuin nokasHuk 6esnekn (API Alert): Benvikuii 6aHep

iHpbopmaLinHOro xapakTepy, po3TalloBaHWI y LIeHTPanbHi YacTuHI ekpaHa. Y
3BUYaNHKX yMOBaXx BiH Mae€ 3eneHe Tro. Mpu oTpumaHHi curHany vepes API
[ep>XaBHOT CUCTEMU CMOBILLEHHS, BiH 3MIHIOE KOMIp Ha NyrbCyoYUI YEPBOHUN i
smBoauTb Hanuc "MOBITPAHA TPUBOTA". Lle Bi3yansHo niaTeepaxye
aKTMBaLito anropuTMy NPEBEHTUBHOI BEHTUNSALI.

2. CeKuist MOHITOPUHIY AaTuumKiB: Binobpaxae akTyanbHi NoKasHUKu

YOTUPLOX KIOYOBKX NapameTpis: BMicT CO2, TemnepaTtypa, piBeHb nuny (PM2.5)
Ta ryyHicTb LWyMy. KoxHa okpema kapTka gatyvka Mae AMHaMiYHUIA TEKCTOBUIA
ctatyc ("Hopma", "lMonepemxenHs", "MigBuLLeHnin"), a Takox 3miHie Konip
pamKu 3anexHo Bif CTyneHs HabnukeHHst 40 NOPOroBoro 3HayeHHs. Lie cnpollye
aHani3 AaHux Ans oneparopa, sikuii Moxe byt 6e3 TeXHIYHOI OCBITH.

3. Briok Bidyanisauii po6oTu cepBonpuBoiB: AK LeHTpanbHUii enemeHT
nawbopay BUKOPUCTOBYETLCS IHTEPAKTUBHA aHiMaLlisi BEHTUNsITopa MicLEeBOT
npumMycoBoi BeHTunauii (BMIT). LBuakicte obepTaHHs wiei aHimaLii To4Ho
BignoBigae BiacoTky notyxHocTi (Bia 10% 8o 100%), Akuii WwocekyHam
obumncnoeTbCa NporpaMoBaHnm fnoriyHum koHTponepom (MJ1K) Siemens Ha
OCHOBI po3pobneHoi MmatemaTuyHoi mogeni. IMia aHimauieto po3millieHo iHaukaTop,
LL|O NOKa3ye CTaH MOTOPU30BaHKX 3acniHok (41 BoHu "BIOAKPUTI", un

3m. Apk. No gokym. Mignuc ata
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"TEPMETWYHO MNMOBHICTHO 3AKPUTI" y pasi BUHUKHEHHS XiMiYHOT
Hebe3nekn abo 3arpo3mn nunosoro 3abpyaHeHHs)(Puc 3.6).

4. MaHenb pyyHoro kepyBaHHs (Override): Y BUNagKky BUHUKHEHHS
HeLuTaTHMX cUTyauin, BignosigansHa ocoba (KOMeHAaHT yKpUTTS) Mae
MOXIMBICTL akTMBYBaTH (hyHKLito "ABAPINHE BIOKPUTTA", HaTUCTHYBLIK
BiANOBIAHY YepBOHY KHOMKY. Lis Ais NoBHICTIO irHOpye BCi aBTOMATUYHI
pospaxyHku MK i nprMycoBo 3anyckae cucTemy BUTSHKKU Ha HarBuULLY
NOTYXHICTb.

Puc 3.6 — lNonosHa naxens Avcnetyepusadii (Web-iHTepdeiic) 3

OVMHaMIYHMM BigoGpaXKeHHsIM CTaHiB CEHCOPIB Ta BUKOHABYUX MEXaHi3MiB
MporpamHy peanisadito iHTEpakTMBHOrO Be6-crmynsTopa (LmMdpoBoro
[OBiliHMKA) BUKOHAHO 3 BUKOPUCTaHHAM cTeKy TexHororin HTMLS, CSS3 ta
JavaScript. CkpunT MicTUTb MaTemaTtnyHy mogens lMI[-perynioBaHHs, anroputm
aKyCTM4HOro AemndpyBaHHs Ta Noriky AnHamiyHoi SVG-aHimauii BUKOHaBUYmX
MexaHi3aMiB. [MOBHWIA NICTUHT BUXigHOTO kofy BeG-cuMynsaTopa HaBegeHo

y Oopatky A.

3m. Apk. No gokym. Mignuc data
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BMCHOBOK



Y pamkax BunyckHoi kanidikauiiHoi poboTtu Byno BupilleHe akTyanbHe
HayKOBO-NpUKnagHe 3aBAaHHs, NoB’sA3aHe i3 3a6e3ne4YeHHsIM HOPMaTUBHMX YMOB
PyHKUIOHYBaHHS LMBINbHUX YKPUTTIB. PO3B’A3aHHs Liei npobnemu OocarHyTo
LUNSAXOM pO3pObKM iHTENEKTYanbHOT aBTOMaTU30BaHOI CUCTEMU KEPYBaHHS
BEHTUNSLiel0. 3a pesynsratamMmu NPOBEAEHNX OOCNIAXKEHb Ta MPOEKTYBAHHS, Byno
3pO6neHO HACTYMHi BUCHOBKM:

1. MpoBeneHunit aHani3 HopmaTueHOI AokymeHTauii (OBH B.2.2-5:2023) Ta
Cy4acCHOro CTaHy YKpaiHCbKUX YKPUTTIB BUSIBUB Hee(DEKTUBHICTb 3aCTOCYBaHHS
noByTOBUX BUTSHKHUX cucTteM. OBrpyHTOBaHO AOLNbHICTE BUKOPUCTaHHS
NPOMMCNOBMX NiAXOAIB 3 ranysi LaxTHOI aepoanHaMiki, 30KkpemMa, 3acToCyBaHHS
NOTYXXHUX HarHiTanbHWX BEHTUNSATOPIB, OCHALLEHNX THYYKUMM
NOBITPONPOBOAAMM, ANSA YCYHEHHS 30H 3 MiABULLEHOI KOHLEHTpaLiEo
Byrnekucnoro rasy (CO2).

2. Po3pobrneHo koMMnmeKkcHy MateMaTuyHy Mofenb Ans

MynbTUNapamMeTpUYHOro kepyBaHHs. Ha BiaMiHy Big TpaamuinHux penemnHmx
cucTeMm, 3anpornoHoBaHa Moaens 3abesnedye 6e3nepepBHUn PO3paxyHoK
HeobXiAHOCTI NOTYXXHOCTI BEHTUNSTOpa (B Aiana3oHi 1-100%) Ha 6a3i 3BaxeHol
CyMM HOpMani3oBaHMx nokasHukie gatunkis CO2, TemnepaTtypu Ta YacTUHOK
nuny. JogatkoBo, peanizoBaHo OyHKLit0 LyMOo3arfyLleHHs, sika nependavae
3HIDKEHHS NMOTYXXHOCTI NpW NepeBuLLieHi piBHS WyMy 75 Ab, a Takox anroputm
anapaTHOro NepeXonneHHst KepyBaHHS Y BUMAAKY KPUYHOT 3arpo3un XUTTH.

3. CnpoekToBaHO anapaTHy 4acTuHy cucTeMu, Wwo 6a3yeTbes Ha

npomucroBomy noriyHomy koHTponepi SIMATIC S7-1200, yacToTHOMY
nepetsoptoBadi SINAMICS V20 Ta MynbsTUCEHCOPHIN Mepexi, ika npaLtoe 3a
NPOMUCNOBUM CTaHAapToMm (4...20 MA). Taka koHdirypauis 3abesneyye BUCOKUN
piBEHb 3aXMCTY Bif NepeLLKoA Ta HaAiNHICTb KepyBaHHA 3acniHkamu Ta
ACWHXPOHHUM [IBUTYHOM HaBIiTb Y YMOBaX 3amni306€TOHHMX KOHCTPYKLNA.

3m. Apk. No gokym. Mignuc Jata
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4. Po3pobneHo Ta NpoTecToBaHO NporpamHe 3abe3neyeHHsi B cepeoBuLLi

TIA Portal v20 (moBoto SCL/FBD). CTBOpeHO nokasnbHuin aucneTyepcbkuii Beb-
iHTepdperic (Oawbopn) i3 3abe3neyeHHsIM BUCOKOTO piBHsI kibepbesnekn Yepes
kpunTorpadidyHuii npotokon HTTPS (TLS 1.2).

5. BnepLue 3anponoHoBaHO Ta peanizoBaHo (Ha 6asi loT-Lnto3y)

anropyvTM NpPeBEeHTMBHOI BeHTUNALiT. CucTema aBTOMaTUYHO IHTErpyeTbest 3
nepxasHuM API «[oBiTpsiHa TpuBoray i 3anyckae nonepeaHio NpoayBKy YKpUTTS
(Ha 30% NOTYXHOCTI) LWe A0 MacoBOro nNpubyTTa fnogen, Wo CyTTEBO NiABULLYE
3aranbHUIN piBeHb 6e3nekn LMBINbEHOrO HaceneHHs B yMOBaX BOEHHOMO CTaHy.

3m. Apk. No gokym. Mignuc data
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Lopatkn A

JlicTuHr NnporpamHoro kogy Be6-cumynsaTopa (LMhpoBoro ABilHUKa) CUCTEMMU
avncnetyepu3aadii:
&ItIDOCTYPE html&gt;
&lt;html lang="uk"&gt;
&lt;head&gt;
&lt;meta charset="UTF-8"&gt;
&lt;title&gt;Smart Shelter - Lincoposuin aginHnk&lt;/title&gt;
&lt;style&gt;
body { font-family: 'Segoe UI', sans-serif; background-color:
#121212; color: #fff; margin: 0; padding: 20px; }
/ ExpaH noriny /
#login-screen { display: flex; flex-direction: column; align-
items: center; justify-content: center; height: 80vh; }
Jlogin-box { background: #1e1e1e; padding: 40px; border-radius:
10px; text-align: center; border-top: 5px solid #2196F3; }
input { padding: 10px; margin: 10px; border-radius: 5px; border:
none; font-size: 16px; }
button { background: #2196F3; color: white; border: none;
padding: 10px 20px; font-size: 16px; border-radius: 5px; cursor: pointer;
font-weight: bold;}
button:hover { background: #1976D2; }

/ Daw6opa /

#dashboard { display: none; }

.header { display: flex; justify-content: space-between; border-
bottom: 1px solid #333; padding-bottom: 10px; margin-bottom: 20px;}

.grid { display: grid; grid-template-columns: 1fr 1fr; gap: 20px;



.card { background: #1e1e1e; padding: 20px; border-radius: 10pXx;

/ TloB3yHku /

.slider-container { margin-bottom: 15px; }

.slider-container span { display: inline-block; width: 150px;
font-weight: bold;}

input[type=range] { width: 250px; vertical-align: middle; }

/ BeHTUnNsiTop Ta aHimadisi /
.fan-container { text-align: center; background: #222; padding:
20px; border-radius: 50%; width: 200px; height: 200px; margin: 0 auto; box-
shadow: inset 0 0 20px #000; position: relative;}
.fan { width: 100%; height: 100%; animation: spin linear
infinite; animation-duration: Os; transition: animation-duration 0.5s;}
@keyframes spin { 100% { transform: rotate(360deg); } }

/ Ctatycmu /

.alert-btn { background: #4CAF50; width: 100%; padding: 15px;
font-size: 20px; margin-bottom: 20px; transition: 0.3s;}

.alert-active { background: #f44336; animation: blink 2s
infinite; }

@keyframes blink { 50% { opacity: 0.7; } }

.status-text { font-size: 24px; font-weight: bold; text-align:
center; margin-top: 15px; color: #2196F3;}

.damper { text-align: center; font-size: 20px; margin-top: 10px;
color: #CAF50; font-weight: bold; }

.damper.closed { color: #f44336; }

&lt;/style&gt;

&lt;/head&gt;
&lt;body&gt;
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&lt;!-- ExpaH noriny --&gt;
&lt;div id="login-screen"&gt;
&lt;div class="login-box"&gt;
&lt;h2&gt; Bxig y cuctemy (HTTPS)&lt;/h2&gt;
&lt;p&gt;Aucnetyepusauis MK Siemens S7-1200&lt;/p&gt;
&lt;input type="text" id="user" placeholder="IloriH (admin)"
value="admin"&gt;&lt;br&gt;
&lt;input type="password" id="pass" placeholder="llaponb
(1234)"&gt; &lt;br&gt;
&lt:button onclick="login()"&gt;YBINTWN&It;/button&gt;
&lt;p id="error-msg" style="color: red; display: none;"&gt;HeBipHui
naponb!&lt;/p&gt;
&lt;/div&gt;
&lt;/div&gt;

&lt;!-- OcHoBHUIN ekpaH --&gt;
&lt;div id="dashboard"&gt;
&lt;div class="header"&gt;
&lt;h2&gt;Manenb kepyBaHHs ykputtam (Offline / Online Edge)&lt;/h2&gt;
&lt;div style="color: #4CAF50;"&gt; 3B'a3ok 3 MK
BCTaHoBneHo&lt;/div&gt;
&lt;/div&gt;

&lt;button id="alertBtn" class="alert-btn"
onclick="toggleAlert()"&gt; TPWBOI'M HEMAE (HatucHitb ans imitauii
API)&lt;/button&gt;

&lt;div class="grid"&gt;
&lt;!-- Briok 3apaHHsa napametpis (IMiTauis ceHcopi) --&gt;



&lt;div class="card"&gt;
&lt;h3&gt;ImiTauis ceHcopis (Bxoau B MIK)&lt;/h3&gt;
&lt;div class="slider-container"&gt;
&lt;span&gt;CO2 (ppm):&lt;/span&gt;
&lt;input type="range" id="co2" min="400" max="2000"
value="450" oninput="calculate()"&gt;
&lt;span id="co2_val"&gt;4508&lt;/span&gt;
&lt;/div&gt;
&lt;div class="slider-container"&gt;
&lt;span&gt; Temn. (°C):&lt;/span&gt;
&lt;input type="range" id="temp" min="15" max="35"
value="20" oninput="calculate()"&gt;
&lt;span id="temp_val"&gt;20&lt;/span&gt;
&lt;/div&gt;
&lt;div class="slider-container"&gt;
&lt;span&gt;Mun PM2.5 (mkr):&lt;/span&gt;
&lt;input type="range" id="dust" min="0" max="60"
value="10" oninput="calculate()"&gt;
&lt;span id="dust_val"&gt;10&lt;/span&gt;
&lt;/div&gt;
&lt;div class="slider-container"&gt;
&lt;span&gt;LLym BMIT (ab):&lt;/span&gt;
&lt;input type="range" id="noise" min="40" max="90"
value="50" oninput="calculate()"&gt;
&lt;span id="noise_val"&gt;50&lt;/span&gt;
&lt;/div&gt;
&lt;/div&gt;

&lt;!-- bnok Bisyanisauii (Buxoau 3 MNJIK) --&gt;
&lt;div class="card"&gt;
&lt;h3&gt;Bisyanisauis BukoHaBunx mexaHiamiB&lt;/h3&gt;
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&lt;div class="fan-container"&gt;
&lt;!-- MantoHok BeHTUnaTopa (SVG) --&gt;
&lt;svg class="fan" id="fanSvg" viewBox="0 0 100 100"&gt;
&lt;circle cx="50" cy="50" r="10" fill="#777"/&gt;
&lt;path d="M50 50 L50 5 A454500 180 15 2"
fill="#2196F3"/&gt;
&lt;path d="M50 50 L95 50 A4545 00 1 85 80 2"
fill="#2196F3"/&gt;
&lt;path d="M50 50 L50 95 A454500 1 20 85 Z"
fill="#2196F3"/&gt;
&lt;path d="M50 50 L5 50 A454500 1 1520 Z"
fill="#2196F3"/&gt;
&lt;/svg&gt;
&lt;/div&gt;

&lt;div class="status-text" id="power-text"&gt;MoTyxHicTb: 10%
(CanitapHa)&lt;/div&gt;
&lt;div class="damper" id="damper-text"&gt;3BACITIHKW:
BIOKPUTI&It;/div&gt;
&lt;/div&gt;
&lt;/div&agt;
&lt;/div&gt;

&lt;script&gt;
let isAlert = false;

/I ABTOpHM3aLis
function login() {
if(document.getElementByld("pass"”).value === "1234") {
document.getElementByld("login-screen").style.display =
"none";



document.getElementByld("dashboard").style.display =
"block";
calculate();
}else {
document.getElementByld("error-msg").style.display =
"block";
}

/I KHonka nositpsiHoi Tpusoru (API)

function toggleAlert() {
let btn = document.getElementByld("alertBtn");
isAlert = lisAlert;

/I ImiTauis 3atpumkn API (OHoBneHHsi pa3 Ha 15 cekyHa)
btn.innerText = "OnutyBaHHA cepBepa API (YekanTe)...";
btn.style.background = "#{f9800";

setTimeout(() =&gt; {
if(isAlert) {
btn.className = "alert-btn alert-active";
btn.innerText = "A MNMOBITPAHA TPUBOTA (MNpeBeHTMBHA
npoayska yBiMkHeHa!)";
}else {
btn.className = "alert-btn";
btn.innerText =" TPUBOI'M HEMAE (HatucHitb ans
imiTauii API)";
btn.style.background = "#4CAF50";
}

calculate();
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}, 1000); // Ana nemo 3atpumka 1 cekyHaa, B peanbHocTi 15
Cex.

/I TonoBHa maTtematuka (TouHa konist kogy SCL 3 TIA Portal)
function calculate() {
let co2 = parseFloat(document.getElementByld("co2").value);
let temp = parseFloat(document.getElementByld("temp").value);
let dust = parseFloat(document.getElementByld("dust").value);
let noise =
parseFloat(document.getElementByld("noise").value);

/| OHOBREHHS! TEKCTY Ha eKpaHi
document.getElementByld("co2_val").innerText = co2;
document.getElementByld("temp_val").innerText = temp;
document.getElementByld("dust_val").innerText = dust;
document.getElementByld("noise_val").innerText = noise;

let finalSpeed = 0;
let damperOpen = true;

/1 1. 1301AUIA (AKWOo KpUTUYHWUIA NN 3 BynuLi)
if(dust &gt; 45) {
finalSpeed = 0;
damperOpen = false;
}else {
/I 2. Hopmanisauis
let normCO2 = Math.max(0, (co2 - 400) / (1500 - 400) *
100);
let normTemp = Math.max(0, (temp - 20) / (30 - 20) *
100);
let normDust = Math.max(0, (dust - 10) / (50 - 10) *



100);

/I 3. 3BaxeHa cyma
let baseSpeed = (0.5 * normCO2) + (0.3 * normTemp) + (0.2
* normDust);

/I 4. Tpusora (miHimym 30%)
if (isAlert &amp;&amp; baseSpeed &lt; 30) baseSpeed = 30;

/I'5. AkycTndHe gemndysaHHs (LUTpad 3a wym)
if (noise &gt; 75 &amp;&amp; co2 &lt; 1500) {
baseSpeed = baseSpeed - ((noise - 75) * 1.5);

/I 6. ®iHanbHi nepesipku
if (co2 &gt; 1500 || temp &gt; 30) {
finalSpeed = 100; // PAaTyemo xuTtTs, irHopyemo Luym
} else if (baseSpeed &lt; 10) {
finalSpeed = 10; // CaHitapHWin MiHIMyM
}else {
finalSpeed = baseSpeed;

/I ObmexeHHs 0-100
finalSpeed = Math.min(100, Math.max(0, finalSpeed));

/I AHIMALIA BEHTUITATOPA

let fan = document.getElementByld("fanSvg");

let powerText = document.getElementByld("power-text");
let damperText = document.getElementByld("damper-text");
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if(finalSpeed === 0) {
fan.style.animationDuration = "0s";
powerText.innerText = "BEHTUIIATOP 3YTMUHEHO (I3onsuis)";
powerText.style.color = "#f44336";
}else {
/1 100% = 0.2 cekyHam Ha obepT (ayxe wsnako), 10% = 2
cekyHau (NoBinbHO)
let animSpeed = 2.2 - (finalSpeed / 100 * 2);
fan.style.animationDuration = animSpeed + "s";
powerText.innerText = "MoTyxHicTe BMI: " +
finalSpeed.toFixed(1) + " %";

if(finalSpeed === 100) powerText.style.color = "#f44336";
/I YepBoHuMIn
else if(finalSpeed &gt; 60) powerText.style.color =
"#ff9800"; // XKoBTwit
else powerText.style.color = "#2196F3"; // CuHin
}

/I BacniHkun

if(damperOpen) {
damperText.innerText = "S8ACIIHK: BIOKPATI";
damperText.className = "damper";

}else {
damperText.innerText = "S8ACINIHKN: TEPMETUYHO 3AKPUTI";
damperText.className = "damper closed";

}

}
&lt;/script&gt;
&lt;/body&gt;



&lt;/html

BIBNIOrPA®IMHA OOBIOKA

Tema 6akanaBpcbkoi poboTn — «Po3pobrneHHs aBTOMaTM30BaHOI cUCTeEMU
KepyBaHHS BEHTUMALLIEIO B YKPUTTAX LIMBINIbHOTO 3aXUCTy»

O6csr nosicHIoBarnbHOT 3anucky B apkyLuax — 55

Mepenik kpecneHb rpadivyHOI YacTUHU:

KBP.02.151.001M3 B3 — lMNopiBHANbHWIA aHani3 aepoanHaMidyHUX CXem
BEHTUNALT yKpUTTiB. Burnsag 3aranbHuii (1 apkyLu)

KBP.02.151.002MM3 B3 — CTpyKTypHa iepapxiyHa cxema aBTOMaTU30BaHol
cuctemun. Burnsg saransHuii (1 apkyi)

KBP.02.151.003M3 B3 — ®yHKuUioHanbHa cxeMa aBTomatum3auii (PCA)
ob'exta. Burnag saranbHui (1 apkyL)

KBP.02.151.004113 B3 — lNporpamHa peanisauia anroputmis MI1-
perynioBaHHs B TIA Portal. Burnsg 3aransHuii (1 apkyLu)
KBP.02.151.005M3 B3 — IHTepdeiic (Qawbopa) cuctemu aucneryepusadii
(Web-HMI). Burnsig 3aranbHuii (1 apkyLu)
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