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IMPROVEMENT OF THE PRESSURE DYNAMICS MODEL IN THE MASK
FOR A POWERED AIR PURIFYING RESPIRATOR AS AN OBJECT OF
CONTROL

Mera. BiockoHaneHHs iMiTaliiHOT MOJENl MOTOPU30BAHOTO (PUIBTPYBAILHOTO pecHiparopa,
oOrpyHTYBaHHS HEOOXIJHOCTI IJIAaHYBAaHHS Ta TPOBEACHHS IOJATKOBUX CKCIICPHMEHTIB. Bu3Ha-
YeHHsI TapaMeTpiB Ta MIATBEPIKEHHS aJeKBATHOCTI IMITAIliiHOI MOJelNi 10 00’€KTa KepyBaHHSA —
MOTOPH30BaHOTO (DUTETPYBATBHOTO pPecIipaTopa.

Metoauka gociaigkenb. JlocmiakeHHs BUKOHYBAINUCA HA €KCIIEPUMEHTAIbHOMY 3pa3Ky IILIs-
XOM aKTHUBHOTO €KCIIePUMEHTY. JIJIsT OTpHMaHHS CTATHYHOI XapaKTePUCTHKH MOCIIJOBHO 301JIbITY-
BaJI KEPYIOUMi CUTHAJ — IIBUIKICTh 00epTaHH BEHTHIIATOpA 3 KpokoM 200 06/XB Ta peecTpyBaiu
IificHe 3HaYeHHs — THCK B Maclli pecmipatopa. Ha migcraBi naHuX ekcriepuMeHTy moOy/10BaHa cTa-
TUCTUYHA XapaKTEPUCTHKA Ta BU3HAUEHA 3aJIC)KHICTh KOe(illieHTa MOCUIICHHS MOJIEN1 IO KEPYIOUOro
BILTUBY. [lepeBipka oTpuMaHOi MOIEIi Ha aeKBATHICTh 10 00’ €KTa KePYBaHHS BUKOHAHA 32 KPHUTE-
pieM anekBatHOCTI Dimepa.

Pe3yabTaTu nociiazkeHHs. 3a pe3yjabTaTaMu JTOCHIKEHHS BCTAHOBJICHO, [0 CTATUYHA XapakK-
TEPUCTHKAa MOTOPU30BAHOTO (iIbTPYBAIBHOTO peciipaTopa, sSK 00’€KTa KepyBaHHS, 32 KaHAJIOM
«IIBUJKICTh 00€pPTaHHSI BEHTUJISITOPA — TUCK B Macll» € HEJIIHIHHOI0, a KOe(IIIEHT TTOCHIICHHS JIi-
HIHHO 3aJIeKUTH BiJ] 3HAYEHHS KepyIYoro BIUIMBY. Ha mifcTaBi aHamizy OTpUMaHuX JaHUX BJOCKO-
HaJICHO IMITAIlIHHY MOJIeTTh MOTOPHU30BaHOTO (PUIHTPYBAIBLHOTO pecHiparopa.

HaykoBa HoBu3Ha. BcTaHOBIIEHO, IO CTaTHYHA XapaKTEPUCTHKA MOTOPU30BAHOTO (iIbTpyBa-
JBHOTO pecripaTopa y BU3HAYCHOMY Jl1alla30H1 KEPYHYOro CUTHANY € HETIHIWHOI Ta KOEe(IIIEHT
MOCUJICHHS JIIHIHHO 3aJ1eXITh B1Jl IBUIKOCTI 00OEpTaHHS KPHJIATKU BEHTUIIATOPA.

IIpakTuyHe 3HaYeHHs. BU3HaueHo 3ajexHICTh KOoe]illieHTa MOCUIIEHHS B1J IIBUJKOCTI 00ep-
TaHHS KPUJIATKH BEHTWIATOPA. AJIEKBATHICTh BIIOCKOHANIEHOT IMITaIliifHOT Moiesi A0 00’ €KTa Kepy-
BaHHS ckinajgae 92%. BaockoHaneHa iMiTaiiiiHa MOJEIb MOTOPU30BAHOTO (PUIBTPYBAJIBLHOTO PECIIi-
paTopa J103BOJIsIE BAKOHYBATH JOCHIKEHHS PeXKUMIB POOOTH 3 METOIO BU3HAYEHHS BUMOT 0 Kepy-
BaHHS MTPOIIECOM TI0JIadi IMOBITPS JIO0 MAaCKH Ta MOJAIBIIOTO CHHTE3Y CHUCTEMH KEPYBaHHS 3 BUKOPH-
CTaHHSIM PETYJISITOPIB Pi3HOTO THUITY.

Knrwouoei cnosa: momopuzosanuil inempyeanvhuti pecnipamop, iMimayitina mooenv, 00Ci-
00iCeHHs1, KoeiyieHm NoCULeHHs, Kpumepii aKocmi MoOeii.

Beryn. KinbkicTs mpodeciiiHux 3aXBOprOBaHb OPraHiB AMXAaHHS HAa YKPATHCHKUX

MIIMPUEMCTBAX MOCTIMHO 3pocTae. 3a OCTaHHIN piK, 3rigHo 1HGopmarlii DoHy corria-
JBHOTO CTpaxyBaHHs YKpaiHu, iX yvactka ckiana 41,6 % Bij 3arajbHOi KUIBKOCTI
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npodeciiHuX 3aXBOprOBaHb. JIikyBaHHS IIMX XBOPUX NOTPEOy€E 3HAUHUX KOLITIB, a Ce-
penHs cyMa IIOMICSIUHUX BHUILIAT nepeBuirye 11 mupa. rpH. [1].

JIytst oumnIieHHs TOBITPS Ta 3a0€3MeUYeHHS 3aXUCTy OpraHiB IUXaHHS BiJ aepo30-
JIiB, TIapiB Ta ra3iB, IO CTAHOBIIATH HEOE3MEKY /IS 30POB'S Ta KUTTS JIOJUHU y Pi3-
HUX POOOYHX CepeIOBHUIAX BCE YACTIIIE 3aCTOCOBYIOTHCSI MOTOPH30BaHi (HiIbTpyBa-
aeH1 pecnipaTopu (MDP). KinpkicTs Bukopuctandss M®P mBuako 3poctae y pizHUX
rajiy3six MpOMHCIIOBOCTI Ta MEIMYHUX 3aKJIaJaX, 0COOJIMBO MPU HAJA3BUYAWHUX CUTY-
aIfisX Ta crajaxax maHJAeMIYHUX 3aXBOPIOBaHb [2].

3a0e3neueHHs] KOpUCTyBaya YUCTUM MOBITPSIM Mpu BUKopuctanHi M®OP Bukony-
€THCS Uepe3 NIUTHLHO MPUIIETITY IBMACKY, BUTbHUN KanTyp ado mosioM. MOP ctBoproe
MOTIK MOBITPS, 110 3a0e3Meuy€e BUCOKUM KOS(DIIIEHT 3aXUCTy, OUIBIIMKI HIXk Oaratopa-
30Bi1 enactomipHi HamiBMacku abo FFR N95. Bianosigao 10 [3] BiH Mae koedimieHT
3aXHUCTy HE MEHIIE 25 i BUIBHO MPWIETJIUX KAIIOIIOHIB 1 10JoMiB, 50 11 HaIiB-
MacoK, 110 IIIIbHO MPUJIATatoTh, 1 1000 mist manopamuux macok. B M®P Bukopucro-
BYIOTbCSI BUCOKOE(DEKTUBHI OBITPsHI (Ppu1bTpu 17151 TBepAuX yacTok (HEPA). @iunpTpu
HEPA wmatoth Takuii xe piBeHb QiabTparliii, sk 1 P100 (To6T0 GiasTpyroTh HE MEHIIIE
99% uactunok giamerpoM 0,3 MKM 1 € MaclIOHENIPOHUKHUMU ). BcTanoBieHo, 1o M®OP
MarOTh HaWBHUILHUWA CTYIIHb 3aXUCTY OPraHiB JUXAaHHS yepe3 OLIbIl BUCOKY €(EeKTHUB-
HICTb iX QUIBTPYIOUUX €JIEMEHTIB, a TAKOX MIATPUMAaHHS 30BHIIIHHOTO TO3UTUBHOTO
TUCKY [4].

IMocranoBka 3aBaanHsi. KepyBaHHs THCKOM MOBITpsI B MaHOpaMHiit maciii MOP
3BOJIUTHCS JIO MIATPUMKU OallaHCy Mk HEOOX1THOIO BUTPATOIO MOBITPS, SKa 3MIHIO-
€THCS B 3AJIEKHOCTI BT P13MUHOTO Ta/a00 NMCUXIYHOTO HABAaHTAXKCHHS JIOJUHU, HUXK-
HBOTO PIBHS HAJIUIIIKOBOTO TUCKY Ta BEPXHBOT JOIMYCTUMOT MEX1 TUCKY B MAacIii, 10
00yMOBIIOETHCS BUMOTaMu [S]. PerymtoBaHHsl BUTpaTH MOBITPSI B Maclll BUKOHY€THCS
3a paxXyHOK 3MiHU IIBUJKOCTI OOEPTaHHS KPUJIATKA BEHTUISITOpA OJOKY MOAadl OYu-
IIEHOTO MOBITPA.

Jo cTabinmi3anii HaJJIMIIKOBOTO TUCKY B MacIll peciiipaTopa BUCYBaIOThCS JOCUTh
KOPCTKI BUMOTH. 3HM)KEHHSI TACKY HUKY€ HYJIbOBOTO PIBHS, TOOTO CTBOPEHHS PO3Pi-
JDKEHHS M1/ 9ac BAUXY, IPU3BO/IE A0 MOTPAIUISTHHS HEOUHUIIIEHOTO MOBITPS A0 MACKH 1,
BIIMOBITHO, J10 JIET€Hb JIIoAMHU. HanMipHe miaBunieHHs Tucky (Buiie 370I1a) Buxiu-
Ka€ MiJIBUILICHI 3yCWUIS TIPU BUIUXY Ta MOXE MPU3BECTHU 0 OapOTpaBMU JIETE€Hb [6].

Bigxunenns tucky B Macii M®P Bij 3a1aHOro 3HaYEHHS IOB'SI3aHO HE JIMIIIE 3
[UKJIITYHUM BIUTMBOM JUXaHHS JIFOJIMHU, aJI€ ¥ 3 HE JOCTATHIM 3YCUJUISM MTPUTUCKAHHS
MAacKH JI0 00m4us [7] Ta HeMHIRHO 3MIHOKO THUCKY B MacIli, 0 00YMOBJICHO BJjlac-
TUBOCTSIMHU KOHCTPYKTUBHHX €JIEMEHTIB pecIiparopa.

[TepeBaxkna OubmIicTh cydacHuX M®P MaroTh Bif 2 10 6 piBHIB peryIrOBaHHS
BUTpPATH TOBITPS, K1 3a/1al0ThCS KOPUCTyBaueM BiacHOpyd. Takwii criociO 3aBaaHHA
BUTPATHU IPYHTYETHCS CYTO Ha BJACHUX BIIUYTTAX JIFOJJMHU, IOJI0 TOTPEOH Y KUITBKOCTI
MOBITPS Ta HEOOXIAHUX 3yCHIUISIX MpHU AuxaHHi. HecBoeuacHa 3MiHa BUTPATH MOBITPS
710 MacKH pecIiipaTopa i yac BIUXY MOKe MPU3BECTH JI0 TOTPATUISTHHS HEOUHIIIEHOTO
MOBITPS B MIJIMACKOBUM MPOCTIP KPi3b HEMIUIBHOCTI B3JI0BK MOJIOCH OOTIOpAIIii.

CTBOpEHHsI CUCTEMHU KEpYBaHHS, IO BPAXOBYE OCOOIMBOCTI (DYHKIIIOHYBAaHHS
MO®P Bumarae BAOCKOHAJIEHHS IMITaIliifHOI MOJENI, IO Y CBOIO 4HEpry motpedye
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TOCIIKEHHST POOOTH pecIipaTopa y PeKUMi MOCTYNOBOTO 301IbIIICHHS 3HAYEHHS Ke-
PYIOYOTO CUTHAITY.

JIJ1st TOCSTHEHHS] BU3HAYEHOT METH JOCIIHKEHHS, HEOOX1THO BUKOHATH HACTYITHI
3aBJIAHHS:

—  BUKOPHCTOBYIOYH €KCIIEPUMEHTATBLHUHN 3pa30K IS TOCIIPKSHHS PEKUMIB PO-
6ot M®P oTpumaty Ta MpoaHasi3yBaTH JUHAMIYHY Ta CTATUYHY XapaKTEPUCTHKH;

—  BJIOCKOHAQJIUTH iMiTaliiHy Mojenbs MOP;

— TIATBEPJUTH aJICKBATHICTh OTPUMAHOT MOJCII 10 00’ €KTa KEpyBaHHS.

OcHoBHa vactuHa. KOHCTpyKIlisS €KCIIEpUMEHTAIBHOTO 3pa3ka IS JOCIHi-
mxeHHs poootu MOP npeacrasiena Ha puc. 1.

Puc. 1. Konctpyxkiist ekcriepumenTanbHoro 3pazka MOP

OcCHOBHUMU MapaMeTpamu, siki KOHTPOIIOIOThCS mpu podoTi MODP € Tuck B 30H1
po3pimkenHs (MK GiabTpamu (1) Ta BIAIEHTPOBUM BEHTHIIATOPOM 3 KPUIIATKOIO (2)),
HAJTMIIIKOBHUI TUCK Y TAaHOpaMH1i Mactli (4) Ta BUTpaTa moBiTpsl, 1110 MPOXOAUTH Yepe3
THYYKHIA TOBITPOIpoBif (3).

B po6ori [8] moka3zano, 1110 M®P, sik 00’ €KT KepyBaHHSI, € HECUMETPHYHHUM 1 HOTO
MaTeMaTU4YHa MOJIENIb OMUCY€EThCS CUCTEMOIO TU(epeHLIaIbHUX PIBHSIHB:

In —dy (t)
dt

Tcdyd—g[t)+y(t) :Kn-x(t), npu cnaoi.

+y(t):Kn.x(t), npu niotiomi, "

3rigHo MeToaaM, BHKIageHUMH B [9] Oyso OTprMaHO AWMHAMIYHY XapaKTepHC-
TUKY €KCIIepUMEHTaJIbHOTO 3pa3ka M®P (puc. 2).
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MOPSIAKY.
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Puc. 3. Ilepenarouni ¢hyHKIIiT pu migiiomi (a) Ta criafi (6) Tucky nositpst B maciii MOP

Hani aiis moOy10BU CTaTUYHOT XapakTepucTuku (puc. 4) Oyau oTpuMaHi Iuis-
XOM TOCJITOBHOTO 301JIbIIIEHHS KEPYIOUOT0 CUTHAIY — IIBUJIKOCTI OO€pTaHHS BEHTH-
asTopa 3 kpokoM 200 06/XB Ta peecTparlii JIHCHOTO 3HaYeHHS — TUCKY B Maciii MOP.

147



Automation, Computer-Integrated Technologies and Robotics

27000 ——— 1200
% 5000 =—[1IBUaKiCTE, 00/XB =
g“ ~O-Tuck, Ila
55000
&
54000
8
.2 3000
§I2000 )
<
glOOO D_D,,lj{..
0 0
0O 5 10 15 20 25 30 35 40 45 50 55 60

Yac, ¢
Puc. 4. Jlani 115t toOy10BU CTaTUYHOT XapaKTEPUCTUKU

AHami3 oTpuMaHUX pe3yJbTaTiB MMOKa3aB, 0 CTaTUYHA XapakTepuctuka MOP y
niamaszoni 2200-6200 06/XB € HeTiHIHHOIO (pHC. 5).
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Puc. 5. Cratnuna xapakrepuctuka MOP

3a J0MOMOTOI0 TIOJIIHOMIAJIBHOT aPOKCHUMAllli OTPUMAHO PIBHSIHHS, K€ OMUCYE
3QJIEKHICTh TUCKY Y MAaCIIi BiJ] IIBUAKOCTI OOEPTaHHS BEHTHIISITOPA!

y = 0,00003x* — 0,0252x — 5,061, (2)
7€ X — MBUAKICTh 00EPTaHHS KPUJIATKHA BEHTHIIATOPA, 00/XB; ) — TUCK y MAacCIli pecti-
paropa, I1a.

Koedimient nerepminanii ckmagae 0,99. lle mo3Bomsie 3p0OUTH BUCHOBOK, IIIO
OTpYMaHa 3aJIC)KHICTh BIJIMOBI/Ia€ CTATUYHIN XapaKTEPUCTHUIl 00’ €KTa KepyBaHHS.
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Puc. 6. 3anexHnicTs BimHOIIEeHHS KoedirienTa nmocuneHHs (« Tuck/IIBuakicTh
oOepTaHHs») B/l BUJKOCTI 00€pTaHHS KPUJIATKU BEHTHIIATOPA

OTpumaHa 3aJIeKHICTh (AUB. pUC. 6) CBITYUTH, 0 KOEDIIIEHT MOCHIICHHS Ji-
HIAHO 3pOCTAa€ MPH 30UTBIICHHSIM THCKY:

y =0,0000285* x —0,02774456, ©3)

7€ X — MBUAKICTb OOEpTaHHS KPUJIATKH BEHTHIATOPA, 00/XB; ) — BIAMOBIIHUNA KOe]i-
1ieHT nocuiienHs, I1a/(006/xB).

Koedimient gerepminarii ckias 0,99, 1m0 103BoJIs€ BAKOPUCTATH OTPUMAHY 3a-
JIEXKHICTh Y MaTeMaTuuHii mozeni (1).

Takum ynHOM cucTema piBHSIHB (1), Moke OyTH MpeAcTaBiIeHa SIK:

0,59287 dyd—it) +y (t) =0,0000285* x (t) —0,02774456, npuniotomi,
(4)
0,6542 dyd—it) +y (t) =0,0000285* x (t) —0,02774456, npu cnaoi.

BpaxoByroun (4) BrockoHaieHo iMiTaiiiny monens M®P, ctBopeHy B cepenio-
Buiili Matlab 3a ananoriero 3 [10]. OTpumana Mojenb HaBeZieHa Ha pUCYHKY 4. Pe3yib-
TaTu rpadivHOTO MOPIBHAHHS POOOTH 00’ €KTa KEpyBaHHS Ta IMITAIIfHOI MOJEIl Ha-
BEJICHI HA PUCYHKY 7.

[lepeBipka ageKBaTHOCTI IMITALIHHOT MOJIEN] 10 00’ €KTa KEpyBaHHS BUKOHAHA 3a
HOPMOBAHOIO CEPENHBO KBAIPATUYHOIO MOMMIIKOIO [11]:

>> nrmse = goodnessOfFit(Model, Object, 'NRMSE') * 100.0

nrmse =

92.2635

Pe3ynbpTaTi MojentOBaHHS BIAMOBIJAIOTh €KCIIEPUMEHTATLHUM JTaHUM Ha 92%,
110 MEePEBHUIIY€ MOKa3HUK 82%, oTpuManuii y poooTi [9].

Ha mingcraBi 3aranbHOTO aHami3y MPOIECIB BAMXY/BUAUXY, TpadidHOTO MOPIB-
HSIHHSI TIEPEBIPOYHUX JAHUX Ta CTATUCTUYHOTO aHajli3y, BCTAHOBIICHO, III0 OTPUMaHa
IMiTaIiiiHa MOJIeJIb aJieKBaTHA 00’ €KTY KEpYBaHHA y 33JJaHOMY Jl1alia30H1 TUCKY.

149



Automation, Computer-Integrated Technologies and Robotics

|aoedsylopd O]

1naloo

4

qIrOIYON BHUIIBLIN] “/ "OUJ

B ANMML BHHOhEHE IHALRLIHaMdau 43

B ML —“H

R

-

—lw

i

X4

<l

3 ‘| :ATeUD JBh BHUILIO(]

]

X #ls

Gl

Zrsaa

I19HHET 319Hhodagod] |

F

favuug olonhoiAdam
MmsdueH BHH3hBHENY

A|_|®:Eu WMEOMNLERO| |
L

Lu24

nding

yaauo ue4
ndu

9G¥, 200 N.05620000°0 [«

%202
dina _
i b wanrpodn Hul M E
ra— W Lo [
y : > [
T\ 0 < < 331043 dn N
N nclu {4
2 ‘] -AwouTiu 28R BHULDO]|
3oedsyIopn O » =
* LBEESO
|[apop X
Oy
s
219
l « ua4

._ @.

X 4+
A

“BX/00 ‘BHHELdRQ0 ALaHTVa] ‘anurue houiday

A

495¢FLL20°0 - N.05820000°0

lf—e

150



Asmomamu3zayis, KoMn 10OMmepHO-iHMe2po8ani MexHoa02ii ma pobomomexHika

OO JOHUIITRLINI BL BHHRIAdON I3 00 ML0Q0d BHHEHAIAOL OIOHRI(pRAI HIRLIIALd] g "OU]

001 06 0z 0L 09 05 OF 0g 0 0l 0

______ T - SO R Y SR - SO N A WY el [

.............. 00

gUEL oML m m m m |
.................... .. R R e e L™ R S e A
m LB WM e : m m : :

_ _ 008
B WM

ool 06 08 04 09 05 OF 0g 0z ol 0
_ _ _ _ _ _ _ _ _ 000¢

@00 ‘BHHE LS00 9LOMHTHA ‘anurug MMhoiAdey : : : : :
L . ... P T PR RRTEE — — m .................. m .................. m ......... 000%

—_ .. ................. e S I —] _U__U__U_W

.......................... |_U__U__U_m

| | | | | | | 0000
"G00 ‘BHHELDS00 9LOHTWMA anurua KhoAday

151



Automation, Computer-Integrated Technologies and Robotics

BucnoBku. Jlocnoimkernas mokazanu, mo M®P € 06’ ekTom kepyBaHHS, SIKUH Mae
HECUMETPUYHICTh MEPEXiTHUX XAPAKTEPUCTUK MPH MIAAOMI Ta CHaji CHUTHaia Kepy-
BaHHs Ta HEJHIAHY CTATUYHY XapaKTEPUCTHUKY.

Bignomenns koedimienta nmocuneHHs «Tuck/IlBuakicte oOepTaHHSD JIHIHHO
3MIHIOETHCS B 3QJIEKHOCTI BiJl IIBUJIKOCTI OOEpTaHHS KPUJIATKU BEHTUJISATOPA.

AJIeKBaTHICTh BJIOCKOHAJICHOI IMITAIIHOI MOJIeIl 10 00’ €KTa KepyBaHHS CKJiajia
92%.
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ABSTRACT
Purpose. Justification of the need to improve the simulated model of the powered air-purifying
respirator, substantiating the need for planning and conducting additional experiments. Determination
of parameters and confirmation of the adequacy of the simulation model to the object of control — a
powered air-purifying respirator.

Methodology. The research was carried out on an experimental setup by means of an active

experiment. To obtain a static characteristic, a sequential increase in the control effect — the speed of
rotation of the fan in steps of 200 rpm was performed, and the actual value — pressure in the respirator
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mask — was recorded. Based on the experimental data, a statistical characteristic was constructed and
the dependence of the model amplification factor on the control influence was determined.
Verification of the obtained model for adequacy to the control object was performed according to
Fisher's adequacy criterion.

Findings. According to the results of the study, it was established that the static characteristic of the
powered air-purifying respirator according to the channel "speed of rotation of the fan — pressure in
the mask™ is close to linear, and the amplification factor depends on the value of the control influence.
Based on the analysis of the received data, the simulation model of the powered air-purifying
respirator was improved.

Originality. It was established that the static characteristic of the powered air-purifying respirator in
the defined range of control influence is non-linear and the amplification factor depends on the speed
of rotation of the fan blades.

Practical value. The dependence of the amplification factor on the speed of rotation of the fan blades
was determined. Adequacy of the improved simulation model to the control object is 92%. An
improved simulation model of a powered air-purifying respirator allows you to perform a study of
operating modes in order to determine the requirements for controlling the air supply process to the
mask and further synthesis of the control system using various types of regulators.

Keywords: powered air-purifying respirator, simulation model, research, amplification factor, model
quality criteria.
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