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AHOTAIISA

Kmimos I. I'.  IlimBumienHs eexkTUBHOCTI  (QUIBTpYBIBHUX  3ac00iB
1HMBIIyaNbHOTO 3aXUCTy JJI1 YMOB HaJ3BUUYailHUX cutyalliil. — KBamidikarmiiina
HayKOBa po0OTa Ha MpaBax PyKOIIUCY.

Hucepraitis Ha 3700yTTS HAyKOBOTO CTyIleHs JokTtopa ¢utocodii 3a
creriagbHICTIO 263 — 1uBUIbHA Oe3neka (26 — rmuBinpHaA Oesneka) — Hamonansauii
TEXHIYHUM YHIBEpCUTET «/IHIMpOBChKA MOJIITeXHIKa», Di3UKO-XIMIYHUN 1IHCTUTYT
3aXMCTy HaBKOJUIIHBOrO cepenoBuuia 1 moanau MOH VYkpainu, MiHicTepcTBO
OCBITH 1 Hayku Ykpainu, J{Hinpo, 2024.

VY nucepTaiiiHOMy JOCIIKEHHI, 1[0 € 3aBEPIICHOI HAYKOBOIO POOOTOIO,
MOJIaHO PEe3yJIbTaTH BHKOHAHHS AaKTyaJbHOTO HAYKOBO-TIPUKIAAHOTO 3aBJaHHA,
10 MOJISTae B 3a0€3MEeUeHHI 3aXUCTy OpraHiB JUXaHHS KOPUCTYBAYiB BiJ KUCIHX
rasiB, 30KpeMa JIOKCUAY CIPKH, IIIJIAXOM PO3POOKH HOBUX XEMOCOPOEHTIB KUCIUX
rasiB Ta KOHCTPYKIIii (pIIbTPYyBaIbHOIO 3aC00y 1HIMBIAYaJTILHOTO 3aXUCTy OpPraHiB
muxands (mam — 3130/]) 3 mpuMycOBOKO TOJA4Yer0 MOBITPS 1 MOXKJIHBICTIO
aBTOMATUYHOI'O PETYJIIOBaHHA 00’€MY MOBITPSIHOIO MOTOKY Y BiAMOBIAHOCTI 10
xapakTepy (i3uYHOro HaBaHTaXEHHS KopucTyBaua. [Ipuyomy 3aci6 mae miatu
MPOTATOM YChOTO TEPMIHY MOT0 €KCIUTyaTarlii Ta MATPUMYBATU HAJICKHUA PIBEHb
3aXMCHUX BIJIACTUBOCTEH 3a JOMOMOTOK) MOCTIMHOTO MOHITOPUHTY KIFOUOBHX
napameTpiB.

[IpoananizoBaHo JmiTepaTypHi Jpkepena 3 1HGOPMAIIED MPO KUIbKICTh
NOTEHIIITHO HeOe3neuHnX 00’ €KTIB B YKpaiHi, IIKIAJUBI JJIS 3I0pPOB’S JIIOJUHU
(dbakTopu B yMOBax HACTaHHS HAJ3BUYANHUX CUTYyaIlIl, a TAKOXK BiAOOPaKEHO JaH1
npo JpKepena YpaKeHHs LUBUIBHOTO HACEJNeHHS Ta Npo BiJoMi 3acodu
IHIUBITyaTbHOTO 3axUCTy. JlOCHIPKeHO HasBHI PO3pOOKHM IMX 3aco0iB, CTaH
NPOIECIB  OCBOEHHSI I1XHHOTO BHUPOOHMIITBA Ta BIPOBAKCHHs, BHU3HAYCHO
0COOJIMBOCTI €KCIuTyaTallii GpuIbTpyBaJbHUX PECHIpPATOPIB, Kl 3aCTOCOBYIOTH 1]l

yac eBaKyallii JIto/Ie 13 30H HaJ3BUYAMHIX CUTYaIlii.
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BusiBieHo OCHOBH1 Hemoiiku MoTopoBaHuX (¢iabTpyBadbHux 3130/,
30KpeMa: HU3bKa €(PEKTUBHICTh BEHTUIISATOPA Yepe3 3HAYHUI OIip MOTOKY MOBITPS,
KU BHHHMKAE B MOBITPONPOBOJI Yepe3 HE3HAUHI PO3MIpH MOBITPSHUX KaHAIIB;
Hee(eKTUBHAa poOOTa CUCTEMH KEepyBaHHS, KOJU B YMOBax Pi3KOTrO MiJBUIIEHHS
Butpatu noBiTps (moHan 300 1/xB.), MOB’sA3aHOI 3 BUKOHAHHSM Ba)XKOi pPOOOTH,
BCHTWJIAITOP BMHKAETHCS 13 3aIi3HEHHSIM; HU3bKAa BCMOKTYBaJlbHAa CITPOMOXHICTh
BIJILIGHTPOBAHOTO BEHTWJISITOPA, Yepe3 10 HOT0 BUKOPUCTAHHS HEMOXKIIMBE B pasi
3a0pyaHeHHs aTMOChEepH JEKITbKOMa BUAAMHA TOKCUYHUX PEYOBHH.

AOu noCarTH 3a7aHUX TOKA3HUKIB KOedilll€HTa 3aXUCTy (PUIBTPYBaTbHUX
3ac001B 1HUBIIyaTbHOTO BUKOPUCTAHHS (pECIipaTopiB), 10 BiJIOMOTO aJITOPUTMY
B iX POEKTyBaHHI OyJI0 JOJAaHO Ba KPOKH, SIKI TO3BOJIAIOTH MPOBOIUTH KOHTPOJIb
3aXMCHUX BJIACTUBOCTEH MaKETIB III€ HA €Talll IXHbOi pO3pPOOKH, a Jlaji KOPUTyBaTU
MOKA3HUKYU B pa3l BIAXUICHHS BiJ 3allJITAHOBAHUX TEXHIYHUM 3aBJaHHSIM.

[Ipu upomy Oyno 3’scOBaHO, 10 3HAYEHHS Koe(dillieHTa 130JISIIii MacKu
HIABUIIYETHCS 32 PaxXyHOK 30UIbIIEHHS NPUTHUCKHUX 3yCHUJb 0O0TIOpaTopa o0
o0nnyus KopuctyBaya. [{boro MokHa JOCATTH HE TUIBKM LUISIXOM PIBHOMIPHOTO
pO3MOAUTY TMPUTUCKHUX 3YCWIb 1 TIJBHUINCHHS €JAaCTUYHOCTI Marepiaiy
o0TIOpaTopa, a W IUIAXOM BUKOHAHHS HAa HOMY CHELIaJbHOI PO3AUIBHOI CMYTH,
SKa YpaxoBY€ OCOOIMBOCTI aHTPONOMETPUYHOT OYJOBH OOIMYYSI.

[IpoBeneni 3axoau [alOTh 3MOTYy OOIPYHTYBaTH TEPMIH 3aXHUCHOI il
MPOTUTa30BUX 1 TPOTUIUIOBUX (UIBTPIB, 00 YHUKHYTH OTPYEHb KOPUCTYBayiB
yepe3 NOTPAIUISHHS  IIKIAJUBUX ~ aepo30JiB Yy  MIAMAacKOBHM  MPOCTIP
bineTpyBasibHoro  3130]], omgHouacHO 3amobirtu  HagMipHOMY  (DI3UYHOMY
BUCHAKEHHIO JIIOJIMHU Y€pe3 3pOCTaHHs Nepenany TUCKY Ha (iIbTpax.

Jlis ocsiTHEHHS 1l€T METH PEKOMEHJOBAHO OCHAIyBaTH 3acO0U 3aXHUCTY
CHeliaJbHUMHU 1HAUKATOpAaMU BU3HAUYEHHS 3a0pyJIHEHHS MOBITPS Ta BEJIUYMHU
nepenagy THUCKY, a 3apajld MIJIBUINCHHS HAAIMHOCTI 3aXUCTy KOPHUCTYBadiB
GbinpTpyBaJIbHI 3aCO0M MarOTh BUKOHYBAaTH (DYHKIIi OMEPATUBHOTO KOHTPOIIO
Omopy JAWXaHHIO. BukopucTanHs HaroiniB’s 3abe3meuye KOHTPOJIh BUHUKHEHHS

MOXXJIMBHX 3a30piB 3a CMYror OOTIOparii TiJ dYac TPOBEACHHS PI3HHUX
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BUPOOHMUUX Omeparliii, o CIpHUsie BCTAHOBJICHHIO PEaJbHOTO TEPMIHY 3aXHMCHOI
1ii GiabTpiB.

VY pe3ynbTaTi MOAETIOBAHHS 3ac00aMH MPOTPAMHOTO CEPEOBHINA BILUIUBY
BOJIOTOCTI TTOBITPSI HA TEPMIH 3aXMCHOI il MPOTUTa30BUX (PiILTPIB JIOBEICHO, IO
HaWOUIbIIE KITBKICTh YJIOBIIOBAHMX HEOE3MEUYHUX aepo30JIiB 3aJCKHUTh BiJl
MIBUAKOCTI (PUIBTPYBaHHA Ta HEPIBHOMIPHOCTI 3aBaHTa)XEHHSA ajcopOepa Ha
IJIOMMHY (GUIbTpa Yepe3 PI3HMINK0 PO3MIPIB MOT0 BXIHOTO 1 BUXI1JHOTO OTBOPIB.
OcTaHHI 3ampONOHOBAaHO 3MEHIIUTH, BCTAHOBUBIIM B HHUX PEIIITKH PI3HOI
KOHCTPYKIIIi BiJipa3y Micjsi BXIAHOTO OTBODPY.

CdopmyiroBaBiid ¥ 3aCTOCYBaBIIM TEOPETHYHI OCHOBU TMPOEKTYBAHHS
pecriparopiB, OyJi0 CTBOPEHO HOBY KOHCTpyKIit0 ¢uibTpyBasibHOro 3130/,
PO3paxoBaHOI0 Ha MPUMYCOBY Moaauy MoBiTpsi. KOHCTPYKIliIO TOMOBHEHO HOBUM
€JIEMEHTOM — 1€ OJIOK KOHTpOJIIO MapaMeTpiB MOBITPSHOIO MOTOKY (00’eMy,
IIBUJIKOCTI, TEMIIEpaTypH, BOJIOTOCT1), SIKUW HAIXOAUTh Yy MiJAMACKOBHUI MIPOCTIp
pecmiparopa abum 3a0e3neunTH JOCTaTHIM 00’eM TOBiTps. biok 3aiiicHIOE
KEpyBaHHA KUIbKICTIO 00€pTIB BEHTWJIATOPA Y 33JaHOMY JAlana3oHl, sSiKa 3aJIeKUTh
Bl YaCTOTH Ta TJIMOMHM JUXaHHS KOPUCTyBaya IMiJ BIUIMBOM (HI3UYHOTO
HAaBaHTAKCHHS.

OCHOBOIO pPO3pPOOKM KOHCTPYKIII MOTOPOBAHOTO pecIipaTopa CTajio
OOTpyHTYBaHHS BHOOpPY MOro CKJIAJOBHX: XEMOCOPOCHTIB KHCIHUX Ta3iB
MIPOJIOHTOBAHO1 Jii; THITy MACKH, SKa TPWIATAE 10 OONMMYYsS KOpPUCTyBada 3
MOTPIOHOIO MIITTBHICTIO Ta TIPH IIbOMY Oe3mnedHa il KoM(pOopTHA; BEHTUIATOPA, SIKAN
nojae HeoOXiTHY KUIBKICTH TOBITPS B MIAMACKOBUM TPOCTIP 3 ypaxyBaHHSIM
onopy (puIbTPiB 1 EMHOCTI akyMyJsiTopa. DYHKIIISE KOXKHOTO €JIEMEHTa peciipaTopa
Ma€ COpPUSTH JOTPUMAHHIO 3aJaHOTO TEPMIHY POOOTO3MATHOCTI CHUCTEMH, IO
BIJIMOBIZIA€ YETBEPTOMY KPOKY aJTOPUTMY CTBOPEHHsI 3aC00iB 1HAMBIIYaIbHOTO
3aXHUCTY OpPraHiB JUXaHHS, a caMe KOHTPOJIIO IXHIX 3aXUCHUX BJIACTUBOCTEH i
yac po3poOKH MakeTa.

3a pesynbTaTaMu MOJENIOBAHHS PYyXy IMOBITPS uepe3 OJIOK OYUILEHHS

ecniparopa OyJjl0 BCTAHOBJICHO, IO 00’ €M ITOBITPSHOIO MOTOKY, SIKHI ITOTPaIlIsie
M
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B II1JIMACKOBHM MPOCTIpP, JIHIAHO 3aJ€KUTh BiJl YaCTOTH OOEpPTaHHS KPUJIbYaTKU
BEHTUJISITOPA, OJHAK KOJIM OIip MOBITPSHOTO MOTOKY 4epe3 (PiIbTpU MEPEBUILUTH
7-7,5 mbap, TO 3aleXHICTh CTa€ HENIHIMHOIO, SIK HACTIAOK 3MIHM XapakTepy
(b13MYHOTO HaBaHTAXKEHHS.

Po3po6iieni iMmopTo3amiHIOOUl IMIOPETHOBAHI BOJIOKHUCTI XE€MOCOPOEHTH
(IBXC) 3a6e3neuyoTh HOpMOBaHI BUMOTH JJIsl IPOTUTa30BUX PUIbTPiB Kiacy E1
(mioxkcup cipku) Ta IBXC kucnux rasiB 3 BI3yalbHOIO 1HAMKAIIEIO “CIpallfOBaHHS
nuHamiuyHO1 mormuHAIbHOT emHOCTI (IBXC-I). Haszeami IBXC Ta IBXC-I
BIIPOBA/DKEHO B MPAKTUKYy Ta BHUKOPUCTOBYIOTbCA JJIi  BUTOTOBJICHHS
npoturazoBux enemeHTiB 3130/1.

[Ticns mpoBeAeHHS IMITALIHUX JIA0OPATOPHUX BHUIPOOYBaHb Ha MPEAMET
JOCIIJIKEHHSI ~ 3aXMCHOI  €(EeKTUBHOCTI  (PUIBTPYBaJbHUX  pECHIpaToOpiB 3
IPUMYCOBOIO TI0JIaY€l0 MOBITPS OYyJO0 MIATBEPIKEHO, L0 CEPEeIHs BEIMYMHA
Koe(ilieHTa 3aXUCTy BUIPOOYBAaHUX 3pa3KiB KOJIMBAETHCSA B Mexax Bia 99,93 no
99,97, 1110 BIJINIOBITa€ BUMOT'aM CTaHIAPTY.

BusznaueHo, 110 BUTpata MOBITPA MiJ Yac €KCIUlyaTalli YMCTUX (LIbTPIB
cTaHoBUTH 165 1215 nm3/xB BignosigHo 10 pexumis podotu «Hopma» i «Typ6o»,
a xomu QinbTpu 3a0pyaHeHi, To — 131 1 185 am®/xB. BCTaHOBIEHO TaKoX, IO
HAJJIMIITKOBUM THUCK Yy MiJAMAacCKOBOMY IPOCTOpI HE TepeBuIlye 2,5 mOap, a 1e
BiritoMmy Bianoeigae BumoraM JICTY EN 12941:2004.

CTOCOBHO CTaOUIBHOCTI TEXHIYHUX IMOKA3HUKIB MPUCTPOIO OYUILEHHS
MOBITPs, TO BOHA TiepeOyBae B 3aJaHOMY Jiana3oHl, KOJH 3aps]l aKyMyJISATOPHOI
Oarapei mapku «DinogyLi-Pol 11000mAh 14.8V 4S 25C ne mmwkue 12 B, abu
BeJIMYMHA CTpyMy Oyiia He MeHIoro 1,6 A.

VY po6oTi JOCTIIKEHO BIUTMB KOHCTPYKTUBHUX MapaMeTpiB (HUIbTPYBaIbHOI
KOpOOKM pecriparopa Ha ONip AUXaHHIO 1 Ha TPUBAIICTh 3axXUCHOI ii
MPOTUTa30BUX (DUIBTPIB HACUUEHUX TPAHYJIbOBAHUM aKTUBOBAHUM BYTULIsAM. Byso
3'SICOBAaHO TaKy 3aJIe)KHICTh: SKIIO Maca COPOEHTYy HE3MIHHA, TO 30UIbIIECHHS

mwiomi  ¢iapTpa 3YMOBIIOE ICTOTHE 3HM)KEHHS OINOPY JWUXaHHIO, TOMAl SIK
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3MEHILICHHS apy TOBUIMHU COPOEHTY 3YMOBIIIO€ 3HMKEHHSI TPUBAJIOCTI 3aXUCHOI
nii pinbTpa.

3a3HaueHo, MmO 30UIbIIEHHS IOl (UIPTpa MPU OJHAKOBHUX pPO3Mipax
BHUXIJIHOTO OTBOPY (UIBTPYBaJIbHOI KOPOOKM 1 KjlalaHa BUAUXY, MPU3BOJAUTH 10
HEPIBHOMIPHOTO PO3MOALTY IIBHAKOCTI (inbTpalii Ta BiAMpamrOBaHHS OKPEMHUX
TISHOK 1hoTo (inbTpa. HaiiOinmbilie HaBaHTaXKEHHS i Yac Tporecy copOrrii
(mornuHaHHSA) IIKIMBUX Ta3iB 3a3HAa€ AUIIHKA (UIBTPY HABIOPOTH BUXITHOTO
otBopy. Ilpu npomy, yum Oinblna CyMipHICTH JiameTpa (impTpa 3 AiaMeTpoM
BHUXIJIHOTO OTBOPY, TUM OijIbIlIa TPUBAJIICTh 3aXHCHOI [1i, SKIIO TOBIIMHA IApy
COpOEHTY OJIHaKoBa. 3a yMOBHM PIBHOMIPHOI IIBHUJKOCTI (UIbTpallii MOXHa
BU3HAYUTH Yac 3aXWUCHOI [ii (uIbTpa 3 TIpaHylaMH aKTHUBOBAaHOTO BYILULIA
CKOPHUCTABIIUCH PiBHSAHHAM (3). Pe3yynbTaTv NpoOBEIEHUX JOCIHIHKECHb SIBISIOTH
co00I0 JaHl JUisl MPOEKTYBaHHS PECHIpPAaTOpiB, IO BIANOBIAAIOTE KOHKPETHUM
BUMOTaM €KCILTyaTarfii.

HaykoBa HoBHM3Ha pe3yibTaTiB poOOTH 30CEPEIKYETbCS B OIMMCAHUX
HIDKUYE acTeKTaX JOCHTIKEHb!

1. bByno yoockonanewo:

- METOAMYHI MIAXOAH 10 PO3POOKH MOTOPOBAHMX PECHIPATOPIB KIOYOBUM
MOMEHTOM £KOi 0yJI0 MOJEIIOBAHHS PyXy MOBITps 4yepe3 010k ouniueHHs 3130/],
[0 J03BOJISIE BUSIBJISITH 1 KOHTPOJIIOBATH 3aJaHUN 00’€M MOBITPSHOTO TOTOKY,
AKUU TMOTpaIuisie B MIJMACKOBUN TMPOCTIP MPUCTPOIO 10 OpraHiB JAUXaHHA
KOpHCTyBaua Ha TIJACTaBl JIHIAHOI 3aJeXHOCTI BIJI YacTOTH OOEpTaHHS
KpUJILYATKH BEHTWIATOPA, KOJIA OMip MOTOKY mepedyBae B fianaszoni Big 1 mo 7-
7,5 mbap;

- HAyKOBO-METOJUYHUUI THCTpYMEHTAapin TUIA BU3HAYECHHSI
KOHCTPYKTUBHUX MapaMeTpiB (QUIbTpyBaibHOI KOpPOOKHM pecripaTopy, lie Oyio
3aCTOCOBAaHO TPaHyJbOBAaHE AaKTHBOBAHE BYTI/UIL, HAa OCHOBI 3a0e3MeYeHHs
PIBHOMIPHOTO PO3MOJIIITY Macu COpPOCHTY 3 ypaxXyBaHHSM BOJIOTOCTI TOBITPS 1

HIBUIKOCTI (DIIBTPYBAHHS,
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- IMITalliHy MOJIEJb, SIKa JIJa€ MOXJIMBICTh PO3PaxXyBaTH TEPMIiH 3aXHCHOL
J1i TpoTUra3oBuX (QUIBTPIB BiJ BIUIMBY JIOKCHAY CIPKH, a TaKOX JI03BOJISIE
YHUKHYTH SIK OTPYEHb KOPHCTYBayiB uepe3 MOTPAIUIAHHSA MIKIAJIMBUX aepO30JIiB Yy
MIIMACKOBUM TPOCTIP, TaK 1 30UIBIIEHHS OMOPY AMXAHHIO Yepe3 HAKOIMMYCHHS
3aliBOi BOJIOTU y (DUIBTPi, 3 ypaxyBaHHSIM KOHLIEHTpalii TOKCUYHOI PEUYOBUHH M
TEMIEPATypy HABKOJIHUIIIHBOTO CEPEAOBHUIIIA.

2. Habys nooanvuioco po3eumxy.

- WAXiA A0 po3poOKHM Ta TMPOEKTYBaHHS HOBUX  KOHCTPYKIIN
GIIBETPYBAIBHUX MOTOPOBAHKMX PECIIPATOPIB, B OCHOBI AKOTO OyB OOIPYHTOBAaHUMN
nia0ip THUIIB CKJIQJ0BUX YaCTUH IMX 3aco0iB, a caMe: MacKH, sKa 3abe3mnedye
NOTPIOHY HIUIBHICTh NPUJIATAHHS JO OOJHMYYSl KOPUCTYBaya Ta XapaKTEePU3YEThCS
BIJIMOBIJTHAM pPiBHEM O€3MEYHOCTI i KOMPOPTY; BEHTUIATOPA, 3/IATHOTO MOJJaBaTH
HEOOXIJJHY KIJIBKICTh MOBITPSI B MiJMACKOBHUI MPOCTIP HA OCHOBI JAHUX MPO OMIp
(GUIBTPIB Ta €MHICTh aKyMyJsTOpa IJs MIATPUMKH NpaLe3qaTHOCTI CUCTEMHU
BIIPOJIOBIK 3a/1aHOT0 TEPMiHY E€KCILTyaTalii.

IIpakTH4He 3HAYeHHS BUKOHAHOTO JOCIIKEHHS MOJSrae y po3poOsieHH1
yAOCKOHaNIeHO1 KOHCTpyKuii (inbrpyBansHoro 3130/ 3 mpumycoBoro mojayero
NOBITPS, JIe, Ha BIIMIHY BIJ BIAOMHX 3ac00iB, y MPUCTPIA OYHUIIEHHS MOBITPS
BBEJICHO 3MOHTOBAaHUW MK OJIOKOM KepyBaHHS Ta OJIOKOM >KUBJICHHS Yepe3
CTabUI3aTOp HAIMPYTH, CHCIMIAIbHUM OJIOK KOHTPOJIO TMapaMeTpiB MOBITPSHOTO
notoky. Jlo Toro x 3aci0 oOsagHaHO OaratoPyHKIIOHATBHOK CHUCTEMOIO
JATYMKIB, BCTAaHOBJICHMX B MOT0 KOPIyCi, 3aBISKH YOMY BiJI0yBa€ThCA
pETyJIIOBaHHS OCHOBHUX TapaMeTpiB TMOBITPSHOTO TOTOKY B IMiIMacCKOBOMY
npoctopi. [IpakTuynoi Baru HaOyBa€ i€ BJOCKOHAJICHHS  aJTOPUTMY
IPOEKTYyBaHHS 3ac001B 1HIUBIAYaJIbHOTO 3aXUCTY OpPTraHiB JUXaHHS IIJISIXOM HOro
JIOTIOBHEHHS JTOJIATKOBUM €TarioM KOHTPOJIO 3aXMCHHUX BJIACTUBOCTEH E€JIIEMEHTIB
KOHCTPYKIIIi pecripaTopa Ie B Ipoiieci po3poOku Horo makery. Takox Oyiu
BIJIMIPAIlbOBaH1 Pi3HI PEKUMH POOOTH MOTOPOBAHOTO pecHiparopa 3aaJis Toro, abu
KOHTPOJIIOBaTH 00’€M Ta SKICTh OYMILEHOTO MOBITPS, SIKE BIMXA€E KOPUCTYyBay 3

ypaxyBaHHSIM 4YacTOTH W TJIHOMHM #Oro JuXaHHd B YMOBax (i3UYHOTO
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HaBaHTaXeHHA. [lpu 1bOMY peTenbHO MAOCHIIKEHO 3aXHCHI BJIACTUBOCTI
GIIBTPYBAIBHUX €JIEMEHTIB MPUCTPOI0. 3alPONOHOBAHO CKJIaJU BOJAHUX PO3UYMHIB
3 BHKOPHUCTAHHSIM TaypaTy Kallifo Ta MOHOeTaHojamiHy misi orpuManHs [IBXC
kucnux rasziB; IBXC kucnux rasiB 3 MacHBHOIO 1HIUKAIIEI ‘‘CIIpallbOBYBaHHS’
nuHaMivHO1 mormmHAIEHOI emMHOCTI (IBXC-I). 3actocyBannst IBXC-1 mo3Bommmo
CBOE€YACHO BI3yaJlbHO BH3HA4YaTH MOMEHT ‘‘CIIpallbOBYBaHHS  TUHAMIYHOT
nornuHanbHOi eMHocTi TIIE 3130]I, a oTxe, HOpMyBaHHS iX BUKOPHCTaHHS.
Ha3Bani xeMocopOeHTHM 3alifHO B TMPOTUTa30BUX W Ta30MUIO3aXUCHUX
pecnipatopax «KJIEH» Tta «IIIAXTAP», sxi BuroroBusitorbes JlocmiaHum
BupoOHUIITBOoM ®XIZHCIJI MOH 1 HAH VYkpainu (M. Oneca).
[Ipioputer 1 HOBM3HA 3alIPONIOHOBAHUX TEXHIYHUX PIIIEHb Ta iX MPAKTUYHE
3HAYEHHS MiJITBEPHKEHO TphoMa MaTeHTaMHu Y KpaiHu Ha KOPUCHY MOJIEIIb.
KurouoBi cioBa: pecriipatop, NpOTUTa30BUI €JIEMEHT, HAroJIiB's, MBMAackKa,
Kapkac, KOe(]illeHT 3axuCTy, KOe(DIII€HT TMiJICMOKTYBaHHs, IIUIbHICTh

MPUJISTaHHS, TIOKCHI CIPKH.

SUMMARY

Klimov D.G. Increasing the efficiency of filtering personal protective
equipment for emergency situations. - Qualifying scientific work on the rights of
manuscripts.

Thesis for the degree of Doctor of Philosophy in the specialty 263 — civil
security (26 — civil security) — Dnipro University of Technology, Ministry of
Education and Science of Ukraine, Dnipro, 2023.

The dissertation as the completed scientific work provides the solution of the
urgent scientific and applied task, which consists in ensuring protection of workers'
respiratory organs by developing a new design of a filtering respirator with forced
air supply with the ability to automatically adjust the air flow volume in
accordance with the nature of the user's physical activity throughout the entire
service life while maintaining the proper level of protective properties of the

device through constant monitoring of key parameters.
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The analysis of literary data was carried in relation to the number of
potentially disruptive facilities in Ukraine, hazardous factors for human health in
the case of emergencies. The article provides data on the sources of civilians and
existing personal protective equipment for their development, production
mastering, introduction and exploitation features of filter respirators used in the
evacuation of people from emergency zones.

It is shown that the main disadvantages of motorized filtering equipment are:
low fan efficiency due to the significant resistance to air flow that occurs in the air
duct due to the small size of the air ducts; inefficient operation of the control
system causes the fan to turn on with a delay in cases of a sharp increase in air
flow (more than 300 I/min) when performing heavy work; low suction capacity of
the centrifugal fan, which does not allow its use in an atmosphere polluted by
several hazardous substances.

Achieving the set indicators of the protection coefficient of filtering personal
respiratory protection equipment (respirators) is ensured by adding two steps to the
existing algorithm. It allows to control the protective properties of the models at
the stage of their development with further corrective actions in case of their
deviation from the planned indicators of the technical task.

It has been determined that the insulation coefficient of masks is improved
by increasing the clamping force of the mask's face piece to the user's face. This is
achieved by evenly distributing the clamping forces and increasing the elasticity of
the face shield material, as well as adding a special dividing strip on the face shield
that takes into account the peculiarities of the anthropometric structure of the face.

This makes it possible to justify the appropriate period of protective action
of gas and dust filters and to avoid both poisoning of workers due to the ingress of
harmful aerosols into the undermask space of the filter respirator and excessive
physical exhaustion due to an increase in pressure drop beyond the normalized
substances by equipping filters with special indicators for determining air pollution
and the value of the pressure drop. Also, to improve the reliability of employee

protection, filter respirators are equipped with functions for controlling of
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breathing resistance, headband placement to control possible clearances behind the
obturating line during various production processes and to set the actual period of
protective effect of the filters.

As a result of modeling the effect of air humidity on the protective effect
period of gas filters, it was found that in the appropriate software environment, the
greatest impact on the amount of hazardous aerosols captured depends on the
filtering capacity and the uneven distribution of the adsorbent over the filter area
due to the difference in the inlet and outlet openings. It is proposed to reduce this
effect by using different designs of grids that are placed right after the inlet.

Based on the proposed theoretical foundations of respirator design, a new
construction of a filtering respirator with forced air supply has been developed, in
which a new element has been introduced - a unit for controlling air flow
parameters (volume, speed, temperature, humidity), which enters the undermask
space to provide the required volume of air to the undermask space of the filtering
respirator by controlling the number of fan revolutions in a given range, taking into
account the user's breathing frequency and depth, depending on physical activity.

The basis for the development of the design of the motorized respirator was
the justification for the choice of its components: a mask that provides an
appropriate fit to the user's face and is characterized by an appropriate level of
safety and comfort; a fan to ensure the supply of the required amount of air to the
undermask space, taking into account the resistance of the filters and battery
capacity to maintain the system'’s performance in a given period in accordance with
the fourth step of the algorithm for the development of personal respiratory
protection means - control of the protective properties of the respirator construction
elements at the stage of model engineering.

As a result of modeling the air flow through the respirator cleaning unit, it
was found that the volume of air flow entering the undermask space to the
respiratory organs of the user depends linearly on the fan impeller speed. However,

when the resistance to air flow through the filters reaches more than 7-7.5 mBar,
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the dependence becomes nonlinear, which is connected with a change in the nature
of physical activity.

Based on the simulation laboratory tests to determine the protective
effectiveness of filtering respirators with forced air supply, it was found that the
average result of the protection factor of the tested samples ranged from 99.93 to
99.97, which meets the standard requirements.

It was determined that the air flow rate is maintained for clean filters at 165
and 215 dm3/min for the "Normal" and "Turbo" operating modes, and for
contaminated filters - 131 and 185 dm3/min. It was found that the overpressure in
the undermask space does not exceed 2.5 mbar, which fully meets the requirements
of DSTU EN 12941:2004.

It was defined that the stability of the technical indicators of the air
purification device is maintained within a given range when charging the Dinogy
Li-Pol 11000mAh 14.8V 4S 25C battery at least 12 V to ensure a current value of
more than 1.6 A.

The influence of the design parameters of the filter box on the breathing
resistance and the time of protective action of the gas filter saturated with granular
activated carbon was studied. This made it possible to establish the fact that, at a
constant sorbent mass, an increase in the filter area significantly reduces breathing
resistance, but a reduction in the sorbent thickness leads to a decrease in the time
of the filter's protective effect.

It is shown that an increase in the filter area, with the same dimensions of
the filter box outlet with an exhalation valve, leads to an uneven distribution of the
filtration capacity and the depletion of filter sections. The greatest load on the
sorption of harmful gases is in the area opposite the outlet. The larger the diameter
of the filter is compared to the diameter of the outlet, the longer the protective
action time for the same sorbent thickness. Under the condition of a uniform
filtration rate, the time of protective action of the filter with activated carbon
granules can be determined by the obtained equation (3), which allows to design

respirators that meet specific requirements.
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The scientific novelty of the obtained results is as follows:

improved:

- methodological approaches to the development of motorized respirators
based on modeling the air movement through the purification unit, which allows
detecting and controlling a given volume of air flow entering the undermask space
to the user's respiratory organs based on a linear dependence on the fan impeller
speed, which is in the range from 1 to 7-7.5 mBar;

- scientific and methodological tools for developing the design parameters
of a filter box with granular activated carbon, based on ensuring a balanced
distribution of the sorbent mass, taking into account air humidity and filtration
capacity;

- a simulation model for calculating the protective action period of
ammonia gas filters and avoiding both poisoning of workers due to the ingress of
harmful aerosols into the undermask space and an increase in breathing resistance
due to the accumulation of excess humidity in the filter, taking into account the
concentration of the harmful substance and the ambient temperature.

further developed:

- an approach to the development and design of new constructions of
filtering motorized respirators based on the justification of the choice of its
components: a mask that provides an appropriate fit to the user's face and is
characterized by an appropriate level of safety and comfort; a fan to ensure the
supply of the required amount of air to the undermask space, taking into account
the resistance of the filters and the battery capacity to maintain the system's
operation for a specified explotation period.

The practical significance is in the development of an improved
construction of a filtering respirator with forced air supply, which differs from the
known ones in that the air purification device includes a control unit for monitoring
air flow parameters, connected between the control unit and through the voltage
regulator with the power supply unit, and a multifunctional system of sensors

installed in the device housing, with the ability to regulate the main parameters of
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air flow in the undermask space. In addition, ways to improve the algorithm for
designing personal respiratory protection equipment by adding an additional step
to control the protective properties of respirator construction elements at the stage
of model engineering are proposed. Also, the modes of operation of the motorized
respirator have been developed which allow controlling the volume and quality of
the inhaled purified air, taking into account the frequency and depth of the user's
breathing during physical activity, as well as the protective properties of the filter
elements of the device.

The priority and novelty of the proposed technical solutions and their
practical significance have been confirmed by three utility model patents of
Ukraine.

Key words: respirator, gas mask element, headband, half mask, frame,

protection factor, suction factor, tightness of fit, sulfur dioxide.
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Tepminu i BUBHAYEHHSA

3aci0 inguBinyaabHoro 3axucty opraniB quxanus (3130/) — npuctpiii,
MPU3HAYEHUHN JIJIs1 3aXUCTY OPraHiB JUXAHHS JIOJWHU BiJl i TOKCUYHUX PEYOBHH
PI3HOTO MOXO/KECHHS.

@inbTpPyBaAJbHI 32C00M IHAMBIAYAJbHOI0 3aXMCTY OPraHiB AUXAHHA —
NPUCTPIN, SKUM BHKOPUCTOBYIOTHCS TUIBKM TOMi, KOJHW BMICT KHCHIO B
HABKOJIMIITHROMY TOBITP1 >17% (3a 00’eMoM) Ta 3a yMOBH OOMEKEHHS BMICTY
BIJIOMMX MIKIJUIMBUX Ta30MoMiOHUX jJomimok. 3acrocyBaHHs 1ux 3I130/]
3a00pOHEHO Y BAXKKOJOCTYMHHX Ta TOTaHO MPOBITPIOBAHUX OO0 €KTaxX Malioro
00’eMy (IIMcTEepHAX, KOJOAS35X, TPYOOIIpoBOIaxX, Ieyax TOIIO).

@inbTP — NPUCTPINA, MPU3HAYECHUN JJI1 BUITYYaHHS 31 BAUXYBAaHOTO MOBITPS
TOKCUYHUX a€pOJAMCIIEPCHUX YACTUHOK a00/1 ra3iB Ta mapis.

Omnip AMXaHHI — TPOTHUIIS MOTOKY MOBITPS MiJl Yac HOro BAMXaHHS (OMIp
BJIUXY) a00 BUJUXaHHS (OMip BUJUXY) MOBITPS, 110 CTBOPIOE pecIipaTop abo ioro
ckianoBi (GiabTp(K), KIananu BAUXy 1 BUauxy). Onuuuii Bumipy omnopy — Ila abo
MOap (1 mOap = 100 ITa).

KoeginieHT mizcMOKTYyBaHHSl YNIPOJOBK CMYTI'M OOTIOpallli — BiIHOIIEHHS
KUIBKOCTI aTMOC(EpPHOTO TMOBITPsA, SKE MPOHHKAE Kpi3hb HENIUIBHOCTI, IO
YTBOPIOIOTHCS Mk OOJIMYYSIM 1 OOTIOPATOPOM, A0 KIJIBKOCTI BAMXYBAaHOTO MOBITPS
(pO3paxoBY€THCA y BIJCOTKAX).

KoedinieHT npoHMKHeHHS — BIJHOIICHHS KIJIBKOCTI aTMOC(HEpPHOTro
NOBITPS, SIKE OMHUHAIOUM (PUIBTPYBAJIbHY MIBMAacky abo0 (iIbTpU HAAXOAUTH IiJT
yac JUXaHHS B MiAMACKOBUM MPOCTIP KPi3h HENIUIHLHOCTI MO CMY31 OOTIOpaIlii Ta
HErepMETUYHOCTI BY3JIB KJAlaHiB BAMXY/BUAMXY JI0 3arajibHOi KUIBKOCTI
BJINXYBAHOTO MOBITPs (PO3PAXOBYETHCS Y BIJICOTKAX).

HaroJioBHuii rapuityp (HaroJiB’s) — 3aci0 mpuamTyBaHHs MIBMAacKH Ha
00JMYYl Ta yTPUMAaHHS i1 B pOOOYOMY CTaHi.

OnHopa3oBe BUKOPUCTAHHS — TepMiH, skuii o3Hadae, mo 3130]] abo

GIBTp MiAIATae 3aMiHi MICs OHOKPATHOTO BUKOPUCTAHHS.
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BCTYII

BpaznuBum MicueM y NpUCTpOsX 1HAMBIAYaIbHOIO 3aXUCTY OPTaHiB IUXaHHS
3 HATypaJbHOIO TIOAAuYel0 TOBITPS € BHCOKAa WMOBIPHICTh MPOHUKHEHHS
3a0pyJHEHb Yepe3 LIUIMHU MK MAacKOI Ta OOJMYYSM KOpPUCTYyBaua, 110 MOXKHA
MOSICHUTH TIOSIBOIO PO3PIKEHHS B IMIIMACKOBOMY IPOCTOPI i Yac JUXaHHS.
HlimuHN 3’ SBASIOTHCS Yepe3 AaHTPOIOMETPUYHI OCOOIMBOCTI OOIMYYS, PyXHd
roJIOBU, BHACIHIJIOK CJA0KOr0 yTPUMaHHsS HArojiB's Ta 3 IHIIMX MPUYHH.
BBakaeThCs, 1110 B HA3BaHUX THUIIAX 3aXUCHHUX MPUCTPOIB MPOCOUYEHHS 3a0py/THEHD
B I1JIMacKOBUI npocTip Moxe csaratu 10 20% Bix 3arainbHOro 00'eMy BIMXYBAHOTO
noBiTps [1]. KpiMm Toro, kKoiam mocTiiHO 3pOCTarOTh BUMOTH JO 3aXUCTYy OpraHiB
JUXaHHS KOPUCTYBaYiB BiJ IIKIJJIMBUX 3a0py/IHEHb, BUHUKAE HarajibHa norpeda B
MOCUJICHHI KOHTPOJIIO 3aXUCHUX BJIACTUBOCTEH TAKUX MPHUCTPOIB Mij Yac iXHHOTO
BUKOpUCTaHHA. Lle moBHOW0O Miporo crtocyeThesa cydacHux 3130/ 3 mpumycoBoro
MOJAa4Y€IO MOBITPSL.

CkimagHa  KOHCTPYKIISL Takoro pecmiparopa MnoTpedye  MOCTIHHOro
MOHITOPUHTY  €(EKTUBHOCTI POOOTH HAarHiTaJIbHOTO BEHTUJISITOpA  4epes
BUHUKHEHHS 3HAYHOIO OMNOpy TMNOTOKYy moBITps. Lleil omip BuHHKae B
MOBITPONPOBO/II Y€pe3 HEBEIMKI PO3MIPU MOBITPSHUX KaHaiB. HeoOXigHICTh
poOOTHM BEHTWIATOpPA Ha NIABUIIEHUX OOepTax CTBOPIOE 3HAYHUUA IIYyM 1
IPU3BOJUTH 10 HMIBUAKOTO PO3PSAKaHHS aKyMyJssiTopa. buibiie Toro, HecrpaBHa
poOoTa CHUCTEMU KepyBaHHA (UIbTPYBaJbHUM pECHIPATOPOM MOXKe OyTH
MPUYMHOI0 BMUKAHHS BEHTWJISITOPA 13 3aIMi3HEHHSM, OCOOJIMBO B yMOBaX Pi3KOTO
30uTbIIeHHsT BUTpatu ToBiTps (monaxm 300 7/xB.) mig Yac BUKOHAHHS
KOPUCTYBaue€M BaXKoi poOoTu. B omucaniéi cutyarlii B migMackoBOMYy MpPOCTOpI
MOK€ BHMHHMKATH BIJ’ €MHUH THUCK, LI0 MOTEHIINHO 3yYMOBUTh MPOHUKHEHHS
He(UITPOBAHOIO MOBITPS 3a CMYTry OOTIOpauii Ta 30UIBIIMTH KOHLEHTpAIiIo
ByTIJIeKHCIIOro ra3y. Kpim Toro, 3 orsiagy Ha oOMEXeHY BUTSKHY CIPOMOXKHICTb
BIJIIICHTPOBAHOTO BEHTUJISITOPA, HOTO HE MOKJIMBO 3aCTOCOBYBATH B aTMocdepi,
3a0py/IHEeHIM KUIbKOMa PI3HUMH HEOE3NeYHUMU pPEYOBMHAMH, 110 BHUMAarae

YCTAaHOBKM KUIBKOX TMPOTHUTa30BUX (DUIBTPIB TMOCHIOBHO. YcCe TeperiueHe
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BUKJIMKA€ HEOOX1IHICTh pO3p0oOKH HOBOI KOHCTPYKIi (inbTpyBasibHOro 3130/1 3
MPUMYCOBOIO MOAAYEIO TMOBITPSL.

3B's130k po00TH 3 HAYKOBMMH IUIaHAMM, Nporpamamu, temamu. o
JYcepTaliiftHol poOOTH YBIHIUIM pe3yJIbTaTH JOCTIKEHb, BUKOHAHHUX 3T1IHO 3
TEMAaTUYHUMHU TUTAHAMH  HayKoBo-mochigamx pooit HTY  «JlaimpoBchka
noJyiTexHikay Ta @DI3UKO-XIMIYHOTO 1HCTUTYTY 3aXHCTy HABKOJHUIIHBOTO
cepenopumia 1 moauaun MOH Vkpainu ta HAH VYkpaiam, Ha Taki TeMmu:
«Pecypcosbepiratoua Te€OTEXHOJOTIYHA 1 TiAPOJUWHAMIYHA [apaMeTpu3allis
BUJIOOYTKY MAaJIONOTYKHUX 3alaciB MIHEpaJbHOI CHPOBUHU Yy TEXHOTEHHO
HaBaHTaXeHOMY cepenoBui» (Ne nepxkpeecrparii 01170006753, 2017 p.);
«Po3pobka yHiBepcalbHUX 3acO0IB 1HJMBIAYyaIbHOIO 3aXUCTy MPOJIOHTOBAHOIL il
nozABiiiHOoro mpuszHaueHHs» (Ne JIP 01170000376, 2017-2018 pp.). Y mux
JOCIIKEHHSIX aBTOP OpaB y4acTh SIK BAKOHABEIIb.

Meta po6oTH i 3aBIaHHS JOCJHiIKeHb. MeTOI0 IBOTro JOCIIKEHHS 0YJI0
BU3HAYCHO TMIJABUIIEHHS €(EeKTUBHOCTI 3aco0iB 1HJMBIAYyaJbHOTO 3aXHCTy B
yMOBaxX HaJA3BUYAMHUX CUTYyallld. ¥ 3B’A3KYy 3 UM OyJIO 3alJIaHOBAaHO PO3POOKY
HOBoro Tuny (insTpyBansHOoro 3I30J] 3 HpUMyCOBOIO TOJAYEIO IOBITPS Ta
BOY/ZIOBAHOIO CHUCTEMOIO ABTOMAaTUYHOTO PEryJIIOBaHHS 00'eMy MOBITPSHOTO
notoky. Ilepenbaueno, mo 1sg cucrema Oyje pearyBaTd Ha 3MiHY (Hi3UYHOTO
HABAHTAKEHHSA KOPUCTYBaua, 3a0e3Meuylourd MOMy ONTUMAIbHUI PIBEHb 3aXHUCTY
MPOTATOM BCHOTO poOodoro uacy. KilrodoBi mapameTpu OpPUCTPOIO MIJISTaloTh
MOCTITHOMY MOHITOPUHTY, a0U MATPUMYBATH HATIWHICTh 3aXUCHUX (PyHKIiH. Jls
JOCSITHEHHSI IIOCTABJICHOT METH HEOOX1HO BUPIIIUTH JeKiIbKa 3a1a4:

1. [IpoBecTn aHadi3 TEOPETHUUHUX IMIJIXOMIB JO PO3PAaXYHKY TPUBAIOCTI
3aXMCHOT /i1 MPOTUTA30BUX (PUIHTPYBATHLHUX €IEMEHTIB.

2. YIOCKOHQJINTH TEOPETHYHY MOJICTh JJISI BH3HAYCHHS TEPMIHY 3aXHCHOI
Iii MpoTUra3oBUX (UIBTPIB, y SKiM Oyno O B3STO 10 yBaru BIUIMB BOJIOT'OCTI
MOBITPS Ta Pi3HI BEJIMYMHHA MOTO BUTPATH.

3. Po3pobuTi HOBY KOHCTPYKIIIIO peciipaTopa 3 MNPHUMYCOBOIO I0JIaY€El0

HOBITPS Ta 3 aBTOMAaTUYHUM PETYJIOBAHHSAM O0’€My MiJIMacKOBOTO OYHIIEHOTO
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MOBITPS 337aHOi SKOCTI BIAMOBIHO JO PEXKHUMY HABAaHTAXXEHHS KOPHUCTYyBaua,
HE3aJISKHO B1JI HASBHOCTI IIKIJJIMBUX PEUYOBHUH Y MOBITP1 poOOUOT 30HU MPOTITOM
yChOTO TEPMiHY POOOTH, a TAKOX TMEpea0avyuTH MiATPUMAHHS HAJICKHOTO PIiBHS
3aXMCHUX BIACTHUBOCTEU MPUCTPOIO.

4. IIpoBecTH eKCIIEpUMEHTaNIbHY J1a00paTOpHy MEpeBipKy e(PEeKTUBHOCTI
poOOTH CKJIQJOBUX CHUCTEM TMPHUCTPOIO OYMILIEHHS TOBITPS 1 3aXUCHHUX
BJIACTUBOCTEH HOBOTO MOTOPOBAHOIO pECIipaTopa BIJIOMY.

5. Cknactu 1HCTPYKIIO A KOPHUCTYBadiB pecriparopa 3 MNPUMYCOBOIO
M0/1a4€l0 MOBITPs, OMUCABIIN BIMOBIIHI peKUMHU POOOTH MOTOPOBAHOTO 3aC00Y.

O0’ekT  JocCHiIpKeHHA  —  MOTOpoBaHI  (UIBTPYBaJbHI  3acoOu
1HAMBITyaJIbHOTO 3aXUCTY OPTraHiB AUXaHHS.

IIpenmer  fgociigkeHHss  —  OpOLEC  CTBOPEHHS  MOTOPOBAHMX
GUIBTpYBAIbHUX ~ MPOTUIWJIOBUX  IMIBMAcOK, IO BIAMNOBIJAIOTh  KOHLEMIIIT
YHIBEPCAIBHOCTI 1 BAMOTraM HOPMAaTUBHUX IOKYMEHTIB Y KpaiHH.

OcHoBHa igest poOOTH MOJSATaE B TOMY, a0U MOJIMIIUTH 3aXUCT IIUBUTIHHOTO
HACEJIGHHS BiJ] BIUIMBY IIKIJJIMBUX PEUOBHMH 3a PaxXyHOK YAOCKOHAJICHHS
KOHCTPYKIli  (iIIbTPYBAILHOTO MOTOPOBAHOTO  pecriparopa  J0JaTKOBUMHU
CHUCTEMaMH, sIKi MepeadayaloTh aBTOMaTUYHE PETYIIOBaHHS 00’ €My T1JIMACKOBOTO
OUYMIIEHOTO TOBITPSI 3aJaHOI SKOCTI BIANOBIIHO JO PEXUMY HABaHTAKEHHS
KOPHUCTYBaya, HE3aJIEKHO Bl HAIBHOCTI TOKCUYHUX PEYOBHH y MOBITPI poOOUOi
30HM MPOTATOM YChOIO TEPMIHY pPOOOTH, a TaKOX 3a0€3MEUUTH MiITPUMaHHS
HAJIE)KHOTO PIBHS 3aXMCHUX BJIACTUBOCTEH MPUCTPOIO.

MeTtoau aocizkeHHss. Y BUKOHAHHI JUCEPTAIiitHOT poOOTH OyJI0 3aiisHO
CUCTEMHO-CTPYKTYPHUM MIAXIJ IJIs aHaI3y HAyKOBUX Ipallb MPOBIJHUX CBITOBUX
YYEHHX I0JI0 BUMOT HOPMATHBHO-TIPABOBHUX aKTIB 3 OXOPOHU IMpalli, JAep>KaBHUX
CTaH/JapTIB, L0 PErVIAMEHTYIOTh 3aCTOCYBAaHHS 3aC001B 1HAUBIIYaIbHOTO 3aXUCTY
opraHiB auxaHHs. IlepeBipKy aJeKBaTHOCTI 3alpOIOHOBAHOT MAaTE€MaTHYHOI
MOJEJ JOCIIIKEHHS 3A1HCHIOBAIIM METOAAMH MAaTEMAaTUYHOI CTAaTUCTUKH, a I
yac BHU3HAYCHHS pe3yJbTaTiB HATYPHUX EKCIEPUMEHTIB 3aJisi BCTAHOBICHHS

OCHOBHUX TIOKa3HUKIB pOOOTH pecHipaTopiB, KOPUCTYBAIUCh CyYaCHHUMU
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BHUMIPIOBAJIbHUMHU NPUJIAaMH, @ TAKO)K METOANKAMH, SIKI BIINIOBIIaI0Th YUHHUM
Jiep’KaBHUM CTaHJlapTaM.

HaykoBa HOBHM3HAa pe3ylbTaTiB POOOTH 30CEPEIKYETHCS B OMUCAHHUX
HIDKUE acreKTax AOCHIIKEHb!

1. Byno yoockouaneHo:

- METOJWYHI MIAXOU A0 PO3POOKH MOTOPOBAHUX PECHIPATOPIB KIFOYOBUM
MOMEHTOM SIKOi OYyJI0O MOJIEIIOBAaHHS pyXy MOBITps yepe3 0s10k ouniueHHs 3130/,
IO JI03BOJISIE BUSBISATH 1 KOHTPOJIOBATH 3aJaHUN 00’€M MOBITPSHOTO IMOTOKY,
KU TOTparuisie B MIJAMACKOBUHA NPOCTIp HPUCTPOIO 1O OpraHiB JUXAHHA
KOpHCTyBaua Ha TiJCTaBl JIHIAHOI 3aJeXHOCTI BIJI YacTOTH OOepTaHHS
KpUJIbYATKH BEHTWIATOPA, KOJIA OIIp MOTOKY nepedyBae B aianas3oHi Big 1 mo 7-
7,5 mbap;

- HAYKOBO-METOAWYHUUI 1HCTpYMEHTapii TUTSL BU3HAYCHHS
KOHCTPYKTUBHUX THapaMeTpiB (PUIbTPYIOUOI KOPOOKM pecmiparopy, ne Oyio
3aCTOCOBAHO TIPaHyJIbOBaHE AaKTHMBOBAaHE BYIUJUI, Ha OCHOBI 3a0€3NECYEHHs
PIBHOMIPHOTO PO3MOALTY Mach COpOEHTY 3 ypaxyBaHHAM BOJIOTOCTI MOBITPS 1
MIBUIKOCT! (QUTBTPYBAHHS;

- IMITaliliHy MOJENb, sIKa Ja€ MOXKJIMBICTh PO3paxyBaTH TEPMIH 3aXHUCHOI
Iii MPOTUTra3oBUX (UIBTPIB BiJ BIUIMBY JIOKCHUAY CIPKH, @ TaKOX JO3BOJISIE
YHUKHYTH SIK OTPY€Hb KOPHCTYBauiB Yepe3 MOTPAIUISHHS HIKIJIUBUX aepO30JIiB Y
MIMACKOBHM MPOCTIp, TaK 1 30UIbLIEHHS OMNOPY JUXAHHIO Yepe3 HAKOMWYEHHS
3aifBOi BOJIOTU y (PUIBTPi, 3 ypaxyBaHHSIM KOHIICHTpaIlli TOKCUYHOI PEYOBHHH W
TEMIEPATypU HABKOJIMILIHBOTO CEPEAOBHUIIIA.

3. Habys nooanbuio2o po36umxy:

- MmOxig A0 pO3poOKM Ta TPOEKTYBaHHS HOBUX  KOHCTPYKIIIH
GIBTPYBAIBHUX MOTOPOBAHMX PECIIPATOPIB, B OCHOBI AKOT0 OyB OOIPYHTOBaHUMI
nia0ip TUMIB CKJIQJ0BUX YaCTUH LMX 3aco0iB, a caMe: MacKu, sika 3a0e3mnedye
NOTPiIOHY MIUIBHICTh MPUJISATAHHS IO OOJHYYSl KOPUCTYBada Ta XapaKTEePU3YEThCS
BIJIMOBIJTHUM PiBHEM 0€3MeYHOCTI 1 KOM(DOPTY; BEHTHIATOPA, 34aTHOTO MMOJAaBATH

HEOOX1HY KIJTBKICTh MOBITPS B MiJMACKOBHUI MPOCTIp HA OCHOBI JAHUX TPO OTMIp



25
GUIBTPIB Ta €MHICTh aAKyMyJIATOpa I MIATPUMKH Tpaie3aaTHOCTI CUCTEMU
BIIPOJIOB3K 33JIaHOTO TEPMIHY €KCILTyaTallli.

HaykoBe 3HaveHHs1 TONsiTa€ y BU3HAYECHHI 1 OOTPYHTYBaHHI MapameTpiB
MOTOPOBAHOTO 3aco0y 1HIUBIyaJIbHOTO 3aXMCTy Ha OCHOBI aBTOMATHYHOIO
perynoBaHHs 00’€My MOBITPSHOTO TOTOKY 3 OIJISIIy Ha XapakTep (i3UyHOTro
HAaBaHTa)XCHHA KOPHCTyBaya Ta B PO3paxyHKy Ha BeCh TEpPMiH eKCIUTyartamii 3
HNIATPUMAHHSAM  HAJIEKHOTO PIBHA 3aXMCHUX BJIACTUBOCTEM MPHUCTPOIO 32
JIOTIOMOTOI0 TIOCTIHHOTO MOHITOPUHTY HOT0 KIIFOUYOBHX MapaMeTpiB.

IIpakTnyHe 3HAYEHHS] BUKOHAHOIO JIOCIIDKEHHS NOJISArae y po3poOieHH1
yAOCKOHaNIeHO1 KOHCTpyKIii (inbrpyBansHoro 3130/ 3 mpumycoBoro mojayero
NOBITPS, J1€, Ha BIIMIHY BIJ BIAOMHX 3ac00iB, y MNPUCTPIA OYHUIIEHHS IMOBITPSA
BBEJICHO 3MOHTOBaHMI MIDK OJIOKOM KepyBaHHA Ta OJIOKOM J>KUBJICHHS 4epes
CTaOUI13aTOp HAINpPYTH, CHELIAIbHUM OJIOK KOHTPOJIIO MapaMeTpiB MOBITPSHOTO
notoky. Jlo Toro x 3aci0 oOsagHaHO OaratoPyHKIIOHATBHOK CHUCTEMOIO
JATYMKIB, BCTAaHOBJIEHMX B HOr0 KOPIyCli, 3aBISKH YOMY BiJI0yBa€ThCA
PEryJIIOBaHHS OCHOBHUX MapaMeTpiB IMOBITPSHOTO MOTOKY B IMMIJIMacCKOBOMY
npoctopi. [lpakTnunoi Barm HaOyBae 17es BIOCKOHAJICHHS  QJITOPUTMY
MIPOEKTYBaHHS 3ac001B 1HAMBIIYAIBHOIO 3aXUCTY OPraHiB AUXaHHS ILIIXOM HOTo
JIOTIOBHEHHS JTIOJIATKOBUM €TarioM KOHTPOJIO 3aXMCHHUX BIIACTUBOCTEH E€JIEMEHTIB
KOHCTPYKIIi pecmiparopa Iie B Mpoiieci po3poOku ioro makery. Takox Oynu
BIJIIIPAllbOBaH1 PI3HI PEKUMHU POOOTH MOTOPOBAHOTO pecHiparopa 3aajis Toro, abu
KOHTPOJIFOBaTH 00’€M Ta SKICTh OYMILEHOTO TOBITPS, SIKE BIMXAE KOPUCTYBay 3
ypaxyBaHHSIM 4YacTOTH W TJIMOMHM HMOro JuXaHHd B YMOBax (pi3UYHOTO
HaBaHTaxeHHs. [Ipu 1mbomMy OyJi0 peTeNbHO JOCHIKEHO 3aXHMCHI BJIACTHUBOCTI
GITBTPYBAIBHUX €JIEMEHTIB MPUCTPOI0. 3aPOTIOHOBAHO CKJIAU BOJAHUX PO3UYHHIB
3 BUKOPHUCTAHHSIM TaypaTy Kajlilo Ta MOHOeTaHojaMiHy i orpumanHs IBXC
kuciux razi; IBXC kucinux raziB 3 MacMBHOIO 1HAMKALIEIO “‘CHOpallbOBYBaHHS
nuHaMivHO1 mormmHaAIbHOT eMHOCTI (IBXC-I). 3actocyBanns IBXC-1 mo3Bommio
CBOEYACHO BI3yaJbHO BHM3HAYaTH MOMEHT “‘CIpallbOBYBaHHS  JIMHAMIYHOI

nornuHanbHOi eMHocTi TITE 3130]I, a omxke, HOpMyBaHHS iX BUKOPHCTaHHSI.
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Ha3Bani xeMocOopOeHTHM 3a[isiHO B TMPOTUTa30BUX U  Ta30MuiI03aXUCHHUX
pecmiparopax «KJIEH» Tta «IIIAXTAP», sxi BurotoBmstorbes JlocmimHum
BupoorunTBoM GXI3HCIJI MOH 1 HAH VYkpaiau (M. Oneca).

YupoBaakeHHs1 pe3yabTaTiB podoTH. BupoOHude BIpoBaKeHHS 3aC001B
1HIMBIIyalbHOTO 3aXHUCTy OpraHiB JuxaHHid B Di3UKO-XIMIYHOMY I1HCTUTYTI
3aXMCTy HaBKOJUITHBOTO cepenonuia i mroaguau MOH ta HAH VYkpainu, a Takox
y Mpolleci BUKOHAHHS TakuX JepkOromkeTHUx Tem: «Po3poOka yHiBepcaabHUX
3ac00iB 1HAWBIAYaTLHOTO 3aXHUCTy MPOJOHTOBAHOT il MOABIHHOTO MPU3HAYCHHSD)
(Ne 1P 0117U000376, 2017-2018), «HaykoBi 3acaju NMpOEKTYBaHHS 1 OCBOEHHS
JIOCITITHOTO BUPOOHMUIITBA JIETKUX PECHIPATOPIB MOABIHHOTO Tipu3HadeHHs» (N JIP
01220000864, 2022-2023) Tta «HaykoBi 3acagw CTBOpPEHHS TiOpHIHUX
BOJIOKHUCTUX (UIBTPYBAIBHUX MaTepiaiiB s 3aco0iB 1HIMBIAyaJbHOTO Ta
KoJIeKTUBHOTO 3axucTy» (Ne JIP 0124U000930, 2024-2026), y skux aBTOp OpaB
y4acTh $IK BHUKOHaBellb. Pe3ynbTaTu poOOTH BUKOPUCTAHO B MiATOTOBII
HaBuajgbHOro  mociOHuka  «lIpoekTyBaHHST ~ 3acO0IB  KOJIGKTUBHOTO  Ta
1HMBIyaJIbHOTO 3aXMCTy MpPalliBHUKIBY, MPU3HAYEHOTO [JIsi CTYJEHTIB BUIIMX
HaBYAJIbHUX 3aKJIadiB, 30KpeMa THX, IO MPOXOJATh IIATOTOBKY Ha Kadeapi
OXOPOHM Tpalll Ta HUBUIbHOI O0e3neku HTY «/[HinmpoBchKa MOMITEXHIKA», a TAKOK
M 4Yac BUKOHAHHSA  CTyJAEHTaMM  KBajiikamiiHuX  poOIT  JIpyroro
(MaricTepchbKoro) piBHsI BUIIOi OCBITH.

OOrpyHTyBaHHAI 1 [JOCTOBIPHICTH HAYKOBHX I10JI05K€Hb, BHCHOBKIB
peKoMeHaliil TiATBEPIKYETHCS KOPEKTHICTIO MOCTAHOBKHM ¥ BUPIIICHHS 3a1a4
Ta BUKOPUCTAHHSM JOCTOBIPHUX BUXIIHUX JaHMX, IO BiIOOpaX)aroTh Pe3yIbTaTH
TEOPETHYHUX 1 EKCIePUMEHTAIBHUX JOCIIDKEHb, 3aCTOCYBAaHHSIM CY4acHOTO,
anpoOOBaHOTO MAaTEMaTUYHOTO arapary; OOIPYHTOBAaHMM BHOOPOM 3arajlbHUX
MOKa3HUKIB 1 KpUTEpIiB MaTEeMaTUYHUX MojeeH; 30LKHICTIO pe3yJbTaTiB
TEOPETUYHUX 1 EKCTIEPUMEHTAIBLHUX JOCIIPKEHh 3 HEBU3HAUCHICTIO BUMIPIOBAHb,
gka He mepeBuinye 15 %; BUKOHAHHSM JOCIHITHO-KOHCTPYKTHBHUX PO3POOOK
MiBMacoK Ta (UIbTpYyBaJdbHUX KOPOOOK; JTOCBIIOM MPAKTUYHOIO BTUICHHA 1]1ed

CTBOPEHHSI 1XHIX KOHCTPYKIIiH; pe3yJbTaTaMu €KCIEPUMEHTAIBHUX BUIIPOOYBaHb
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YIOCKOHAJIEHUX KOHCTPYKIIIH pecrnipaTopiB, a TaKOX THX, 110 PO3POOJIEHI BIEPIIIE;
HAsBHICTIO YITKOrO (DI3UYHOTO TPAKTyBaHHS OTPUMAHUX PE3yJIbTaTIB iXHBOTO
BIIPOBAKCHHSI B MPAKTUYHY J1SUTbHICTb.

OcoOucTHii BHecok 3a100yBaua. JlucepTailis € cCaMOCTIHHO BHUKOHAHOIO
HAYKOBOIO pOOOTOI0, y fAKIM BHMKIIAJEHO aBTOPCHKUN MiIXiA A0 OOTPYyHTYBaHHS
KOHCTPYKIIi MOTOPOBaHUX (IIBTPYBAIBHUX PECIipaToOpiB, A€ Oylo 3adisiHO OJIOK
KOHTPOJIIO 3a MapaMeTpaMu IMOBITPSHOTO MOTOKY, SIKWA OyB BMOHTOBaHWM MIiX
OJIOKOM KepyBaHHSA Ta OJOKOM >KMBJICHHs uepe3 crabimizaTop Hanpyru. [lo Toro x
3aci0 oOnagHaHO OaraToyHKIIOHAIBHOK CHUCTEMOIO JIaTUMKIB, BCTAHOBJICHUX B
HOT0 KOpITyCl, 3aBIIKM YOMY Bi1JIOYBAa€ThCA PETYJIIOBAHHS OCHOBHHUX IapaMeTpiB
MOBITPSHOTO MOTOKY B IMIAMAacKOBOMY IPOCTOpl1 pecriparopa. BHecok aBTopa B
po0oTH, OITy0IiKOBaH1 y CIIBaBTOPCTB1, KOHKPETHU30BAHO B CIIUCKY MyOJiKaIlli, 11e
30KpeMa BCTAHOBJICHHS 3aKOHOMIPHOCTEH MpPOLECy MPOXOKEHHS MOBITPSIHOTO
NOTOKY 4epe3 MNOpuCTHM (uibTpyBanbHUl Marepian [l], sAKI MOKa3yloTh
3aJICKHICTh TIEpenajgy TUCKY Ha (QUIBTpax pecripaTopa B yYMOBaX 3MIHHOI
HIBUAKOCTI (PUIBTPYBaHHA BiJl 00’€My M 4acTOTH JUXaHHS JIIOJAWHH, a TAKOX BiJl
napameTpiB QUIBTPY; CKIIAJaHHA PEKOMEHIAIN 00 Mmiadopy (UIBTPYBAIbHUX
3ac001B 1HAMBIAYaJIBLHOTO 3aXUCTY OPraHiB AUXAHHS 3 OIJISAY Ha KIHIIEBUN TEPMIH
iXHbOT Jif, KOJHM CIOCTEpIraeThCs YCKIAJHEHHS IuXaHHsA [2]; mocCiiKeHHS
3aXMCHUX 1 €PrOHOMIYHMX BJIACTMBOCTEM HOBHMX KOHCTPYKIIINA pecripaTopiB [3];
po3poOKka MeToay AOCHIIKEeHHsS [4]; mepeBipka poOOTO31aTHOCTI KOHCTPYKIII ¢
YTOYHEHHS B3a€MOJIii MIJK eJIeMEHTaMU KOHCTPYKITi [5, 6].

Anpobania  pe3yiabtatiB  po6oTH. OCHOBHI HAyKOBI PE3yJbTaTH
avcepraniiiHoi pobotn Oyio TPEeACTaBICHO IIiJI dYac TakuxX 3axofdiB. V
MixHapogHa HayKoOBO-TIpakTU4YHa KoH(pepeHiist «be3mneka >XKUTTEISIBHOCTI Ha
TpaHCHOPTI Ta BUPOOHHUIITBI — OCBITa, Hayka, mpakTuka» (13—15 Bepecus 2018,
M. XepcoH); VI MDKHapoaHa HayKoBO-TIpakTHMUHa KoH(epeHuisa “be3neka
KUTTEMISUTLHOCTI Ha TPAHCIIOPTI Ta BUPOOHHUIITBI — OCBiTa, Hayka, mpakTuka’ (11—
14 Bepecuss 2019 m. Xepcon); I'eorexHiuHi mpoOjemMu pPO3pOOKH POIOBHIIL:

Martepiamu XIX mixkHapogHoi koH(epeHiii Monoaux BueHux (28 xoBTHS 2021,
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M. [lainpo); MuikuHapognuii  ¢opym «besneuna, koMdopTHa, CHpPOMOXKHA,
tepuTopianbHa rpomaa» (11-13 xoBtHs 2023, M. JIHIIPO).

Ilyoaikanii. Yceoro 3a pesyiabTaTaMyd AWCEPTALIMHUX TOCIIIKCHb
omyOsikoBaHo 17 poOiT, cepen skux: 1 — y MDKHApPOJHOMY >KypHaJl 3 BUCOKUM
1HAEKCOM LIUTyBaHH:, 1 — y MIXKHApOAHOMY XKypHaii Ta 6 B (aXxOBHUX >KypHaJax,
3 — mateHTH YKpaiHH Ha KOPHCHY MOJielb, 4 B Te3aX HayKOBUX KoH(pepeHIril 1 2
B IHIIUX BUIAHHSX.

CTpykrypa Ta odcar aucepramii. /{ucepramiitna poOoTa CKIagaeThes 3i
BCTYITy, II’SITH PO3/iJIiB, BACHOBKIB, CIIMCKIB BUKOPUCTaHUX juKepen (196) na 147
CTOpiHKax. 3arajlbHuil ooOcsar nuceptamii — 199 cropiHok, y Tomy uymcii 53

puCyHKH Ta 42 TabmnwuiIi.
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PO3LTI 1
AHAJII3 CTAHY MIATAHHS. META TA 3ABJAHHS JOCJIIUKEHD

1.1 AHaJji3 BIUIMBY BPa’Kal04uX YMHHMKIB HAA3BUYAWHMX CUTYyallid HA

310POB’Sl IUBIJILHOTO HACEJIEHHS

OnHi€10 3 OCHOBHUX MICIH CHUCTEMH ITUBUILHOTO 3aXUCTy YKpaiHU € 3aXUCT
HaceJIeHHs 1 TepuTopiil Bix Hamx3Buuaiinux cutyariii (HC). be3neka mig gac Takmx
CUTYaIll}l 3aJIeKUTh BiJl €()EKTUBHOCTI pearyBaHHs CUCTEMH Ha HUX, sIKa MMOBHHHA
BIJINOBIJIATH PIBHIO Ta Xapakrtepy 3arpo3 [1-3]. ¥V JlepxkaBHOMYy peecTpi
MOTEHIIMHO HeOe3neuHnX 00'eKTIB YKpaiHU MICTUThHCA JOKIaJHa 1HQopMarlis mpo
nmoHax 24 TUCAYl O00'€KTIB, BKJIIOYAIOUM IPOMHUCIIOBI MiANPUEMCTBA, IIAXTH,
Kap'epH, razo-, HaQTO- Ta NPOAYKTONPOBOAH, TIAPOTEXHIUHI CIIOPYIH, 3aTI3HUYHI
CTaHIlli, MOCTH, TYyHEJl, Miclsi 30epiraHHs HEOE3NMEUHUX PEUYOBUH TOIIO.
[Tpubnu3zHo 10 THCSY 3 HUX BBaXKalOThCsl 00'€eKTaMu MiJIBUINEHOI HeOe3neku. Lls
KUIBKICTh TOTEHIINWHO HeOe3NMeYHuX O00'€KTIB TOCTIHHO CTBOPIOE 3arpo3y
BUHUKHECHHS HAJA3BHUYAMHUX CUTYyallli TeXHOTeHHOro xapaktepy. Y 2020 porri
CIIOCTEpITanocs 3pOCTAaHHS 4YWCiIa HAA3BHYAWHUX CHUTYaIid, CHpUYUHEHUX
panToBUM OOBaJIoM OyiBeIb Ta CHOPYJ, MOXKEXKaMH Ta BUOyXaMH, a TaKOX
npobjieMaMu y CHCTEMax 3a0e3MeUeHHs XUTTEBO BAXKIMBHUX pecypciB. OMHIEO 3
HaMOUIBIIMX 3arpo3 ISl LUBIJIBHOTO HACENIeHHA € moxkexi. lle moscHIoeThCs
GyHKIIOHYBAaHHAM  yYKpPaiHCBKUX  XIMIYHMX, HadTOo- 1 Ta30mepepoOHHUX,
KOKCOXIMIYHUX, METaJypriiHUX Ta MAIIMHOOYMIBHUX IMiJMNPUEMCTB, a TaKOXK
HIMPOKOi Mepexi HadTo-, Ta3ompoBOMAIB 1 AISUIBHICTIO HAQTOBUX 1 Ta30BHX
MIPOMHUCIIOBOCTI, @ TaKOX y BYTuUTbHUX ImaxTax Ta iH. [Tonag 80% moxkex MaroTh
coIliajbHl TMPUYMHM, Takli SK Hembajae TIOBO/DPKEHHS 3 BOTHEM, MaJliHHS,
HEMpaBWIbHA CKCIUIyaTamis eJIeKTPONPHIAIiB, OMNAIIOBAIbHUX CHCTEM Ta

HEeOoOepe)KHE TTOBOKCHHS JITCH 3 BOTHEM.
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VYci npuponaHi, TexHOreHH1 1 couianbHO-mojiTuuHl HC (moxexi, aBapii,
KaracTpopu, TEPOPUCTUYUHI AKTH TOIIO) CYNPOBOKYIOThCSI BUHUKHEHHSIM 30H 3
MIIBUMEHUMU TEMIIEpaTypaMH Ta BUKHAJAMU TOKCHYHUX PEUYOBHH B HABKOJIMIIIHE
CEpEelIOBUIIE, 1[0 MOXKE CTaTU MPUUYUHOIO YPaKEHHS OpraHiB JAMXaHHS Ta IIKIpH
moauau [4]. Tomy 30epekeHHs 370pOB'S 1 PaIe31aTHOCTI HACEICHHS B YMOBax
BUKOHAHHS SIKOTO TmependadeHo y crarti 26 3akoHy Ykpainu «[Ipo wmiciese
CaMOBpSyBaHHS B YKpaiHi», 3 METOIO MiABHUIICHHS PIBHA 3aXHCTy HaCEJICHHS,
TEPUTOPIi CUILCHKOI paiu BiJ HaA3BUYAWHUX CHUTYyallld TEXHOTEHHOTO 1
IPUPOIHOTO XapaKTepy BUHHUKAE MOTpeda y MaTepialibHO-TEXHIYHOMY OCHAIIEHHI
MIPO3/1TIB IIUBUIBHOTO 3axucTy 313 11s1 BUKOpUCTAHHS Mij Yac eBaKyallii 13 30HU
YPKEHHS Ta HaJaHHS HEBIJIKIATHOI JOMOMOTH MOTEPHUINM, a TAKOK CTBOPEHHS
onepatuBHoro MarepianbHoro peszeppy JACHC Vkpainu 118 eQpeKTHBHOro
pearyBanHs Ha Haciiaku HC.

Ha nanuit yac Ouibliia 4acTHHA HACEJICHHS, 10 HE 3aiiHATa 0e3M0CcepeHbO Y
chepl TpyaoBOI IISUIBHOCTI (AITH Ta MiJUTITKH, YYHI Ta CTYJAEHTH, HEMPAIIOHYl
MEHCIOHEPH, XPOHIYHI XBOpPl Ta THUMYACOBO HeMpaie3gaTHl TPOMAJsSIHU) HeE
BPaxOBY€ThCA MPU CTBOPEHHI HOPMATUBHOI 0a3u AaHux npo norpedy B 3130/1. B
pe3yabTaTi IS IUX KaTeropid rpoMajisiH He pO3pOOJISIOTECSA 1 HE BUPOOISIOTHCS
313 anmexBarHi BIKOBUM, (i310JIOTTYHUM 1 1HIIMM iX OCOOJHUBOCTSIM, TOOTO 3HAYHA
YacTHHA LMBUIFHOTO HAaceNeHHS YKpaiHu (PaKTUYHO 3aJHIIAETHCS 0€33aXHCHOIO
[5].

CrtyniHb 1 XapakTep MOPYIICHHS HOPMAIbHOI JKUTTEMISUIBHOCTI OpPTaHi3My
(mopasku) 3ajekaTh B IUIAX1B HAJIXOKEHHSI IIKIIJTMBUX PEUYOBUH JI0 OpTraHi3My,
0COOJIMBOCTEM MeEXaHI3MIB TOKCHYHOI 1ii, (a3oBOT0 cTaHy, KOHIIGHTpaIli 1
TpuBanocti ii naii. Jlo HaWOUIbII Bpa3NMBUX NUIAXIB MOTPAIUISHHA TOKCHYHHMX
PCUOBHMH B OpPTaHi3M JIFOJMHU HaJIe)KaTh OPraHu nuxaHHs [6, 7].

B npanmit wac He icHye 3aradbHONPUMHSITOI Kiacudikailli TOKCHYHHUX

PEUYOBHUH, SIK1 € OJHUMU HaWHEOE3IMEeUHIIINX 32 MEXaH13MOM TOKCU4YHOi fii. [IpoTe
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HaWOLIBIIOTO TMOMIMPEHH (3 JEKIIbKOX ICHYIOUMX) OTpUMalM KJiHIYHA 1
natoreHeTuyHa Kiacudikarii [8].

3riHo 3 KIHIYHOI0 KiIacuQiKalli€lo TOKCHYHI PEUOBUHH MIAPO3ALISIOTH Ha
IIICTh TPYII:

I — pedoBUHM 3 IEPEBAKHO 33 TyIIINBUM BIUTHBOM;

II — pe4oBHHU TIEPEBAKHO 3araJbHOOTPYHHOI Jii;

III — peyoBuHHU, SIKI MaIOTh 33 IyIIUIMBY Ta 3arajJbHOOTPYHHY 10,

IV — mneiipoTponHi OTpyTH, WIO0 [iI0OTh Ha TEHEpaIlilo, MPOBEACHHA 1
nepeaavy HepBOBOIO IMITYJIbCY;

V — peuoBUHH, SIKI MAIOTh 33IyIIIMBY Ta HEUPOTPOIIHY JiI0;

V| — MeTaboiuHi OTpyTH.

Y BuMagKy NaTOTeHETUYHOI Kiacudikaiii TOKCHYHHUX PEUYOBUH, sKa
HalOUIbII KOHKPETHO B1JI0Opakae HaANpaBJIEHICTh TOKCHYHOI /il Ha MEBHI OpraHu
JIOJIMHU, 1X MAPO3AUISIIOTh HA YOTUPH TPYIH:

| — HepBOBI (HEHPOTPOIIHI) OTPYTH;

Il — xpoB'stH1 OTpPYTH;

Il — pepmenTHi oTpyTH;

IV — nonpaznroroui.

XimiyHa HeOe3MeKka TOKCUKAHTIB 30UIbIIYEThCS OaraTokpaTHO B pasi
TEIJIOBOI aKTWBIi3allii MPOIECIB TUIABJIICHHS, BUMAPOBYBAHHS 1 JecopOrii, KoJu
BHACJIIJIOK BUTOKY a00 BHUKHJY TOKCUYHMX PEUOBHH 4Yepe3 pyHHyBaHHs abo
pPO3repMETH3AIlII0  TEXHOJIOTIYHOTO  OOJIaJIHAHHS, CXOBHUII 1 KOMYHIKAIIN
BiIOYyBA€ThCSA  3a0pyJHEHHS  HABKOJMIIHBOTO  cepeloBuilia (MPU  IHOMY
30UIBIIYETHCSI  BIPOTIIHICTh  PO3MOBCIODKCHHS  TOXKEXK1 4Uepe3  3ailiMaHHs
JTUCTIEPTOBAHUX 1/a00 Ta30MOMIOHUX TOPIOYMX PEUYOBWH), a TaKOXK KOJHU
OJTHOYACHWM BUKHJ IIKNIMBHX PEYOBHH Ta TMOXKEXKa CYMPOBOIKYIOTHCS
3MEHILIEHHSM BMICTY KHCHIO B TOBITpPl, IO CYTTEBO BIUIMBAE Ha TEPIOJ
IHTOKCHKAIIIl 1 CYMPOBOKYEThCSI KHUCHEBOIO HEIOCTATHICTIO OpPraHiB Ta TKaHWUH

(rimokcis).
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B tabn. 1.1 npencrasneni I'JIK pedoBuH, 110 yTBOPIOIOTHCS MPU MOKEKI B

pe3yJIbTaTi 3TOPSHHS PI3HUX MaTepiaiiB, 1 XapakTep Ta HACHIAKU X TOKCUYHOI Jii

Ha JIFOAVHY.

Tabnuys 1.1

Peakuiii opranizmy JII0AMHH HA JiI0 TOKCHYHUX pedoBHH [9]

Marepianu, AKi npu

'K s, TEPMIYHOMY PO3KJIaJlaHHI .
ToxkcukanT 3 . . Peaxuii opranismy JIt0IHHH
MT/M BUJIUTSIFOTH TOKCHYHI
ra3o0no0/1i0HI pEYOBHUHHU
Monookcug 1,0 Opranivni Marepianm Y KpOBi YTBOPIOETHCS KApOOKCH-
BYTJICITIO HITYYHOTO 1 TPUPOIHOTO remorio6in (HbCO): 3anamopoucHHs,
MMOXOIKEHHS HYyJI0Ta, OJIFOBaHHS, CIIAOKICTh;
ypaKeHHSI HEPBOBOI Ta CEPIIEBO-
CYIMHHOI CHCTEM; BTpaTa CBiJIOMOCTI,
CMEpPTh
[ianucTHit 0,01 A30TOBMICHI pEYOBHHH: ["onoBHuIA 6111b, HYTOTA, OJIFOBAHHSI,
BOJICHb BOBHA, IIOBK, IIIHOMOJI1YpETaH,| MEeYiHHS B HOCI, CIIbO30TeYa, KaIIelb,
MOJIIaKPHIIOHI TP BTpaTa CBIIOMOCTi, CMEpPTh
Hiokcun 0,04 JlepeBuHa, BoBHA, deTp, BponxonHeBMOHIs, HAOPSIK JIETEHIB,
azoTy HIKipa, JIbOH, TIOJTICTUPOL, KHCHEBA HEJOCTATHICTh, YPAXKCHHS
[IBX, monicynb@oH, TYMOB1 | BEpXHIX AMXaIbHHUX HUIAXiB, CMEPTh
BUpOOU
Hiokeun 0,05 CipkoBMicHI MaTepiaiu bponxocnasm, 3HMKEHHS
CIpKHU MYKOIIMJIIAPHOTO KIIIPEHCY,
M1BUIIICHHS Yy TIUBOCTI MOBITPSTHUX
HUIAX1B, HOpYILIEHHS Audy31iHOT
3/IaTHOCTI JIeT€Hb
CipkoBo- 0,05 CipkoBMicHI MaTepiaan 3araTbHOTOKCUYHA JIisl, TIOJPA3HEHHS
JIEeHb ouel 1 IUXaJbHUX IUIAXIB
Xmopuctuii 0,2 [IBX, nepesuna, [{CII, Cma3Mm quxajibHHUX HUISIXIB, PsICHA
BOJICHb ¢anepa, namip CJIb030TEeYa, OMIK CIM30BUX 000JIOHOK,
HaOPSIK JIETCHIB
dTopucTuii 0,05 PedoBuHM, K1 MICTATb Bupasku Ha cnmu3oBux 000J0HKaX
BOJICHb (¢ TopoBaHi BYTIJI€BOHI ouell 1 BEpXHIX TUXaAJIbHUX MUISIXaX,
HOCOBI KpOBOTEYl, CI1a3M IropTaHi i
OpOHX1B, HAOPSIK JIET€HIB, YPaXKECHHS
I[MHC
Awmiak 0,04 BosHa, moBK, Psicua ciapo30teua, OiIb B OUax,
TTOJTIaKPUIIOHITPHII, TIOJTIaMif], | Kallemb, 3a1yXa, 3allaMOPOYCHHSI,
noJiiyperan ONtOBaHHSI, HAOPSKH TOIOCOBUX
3B'SI30K 1 JIETEHIB
AKponein 0,03 JlepeBrHa, MOJTINPOMiIEH, Karens, O1roBaHHs, 0011 B %KUBOTI,

nanip, HaQ TONPOAYKTH

CUHIOUIHICTbH I'y0, YIIOBIJIbHEHHS
MyJIbCY, HAOPSK JIETeHIB, BTpaTa
CB1JIOMOCTI1, MOXKJITUBAa CMEPTh
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IIpooosocennus mabauyi 1.1

®docren Henmae [IBX, xmopsmicHi Matepianu | C1b030TOYUBICTb, Kalesb, Hy10Ta,
f— MOZIPA3HEHHS BEPXHIX AMXATbHUX
NUIAXIB Ta 0YeH, HAOPSK JICTCHIB
dopmaib- 0,03 Hepesuna, JICII, dhanepa, Mae noapasHIOYy Jif0
JEerig Tarip, HeHJIoH

OmauM 3 HaWOIIBII TOKCHYHHMX Ta3iB, MO0 YTBOPIOETHCS TMPH TOXKEXKI, €
okcun Byraero (1), sskuit He Mae KOIbOPY, 3amaxy, NEPEBUIIy€E TYCTUHY TOBITPS B
1,25 pasy, cinabko pO3YMHSIETHCS y BOJI Ta Kpalle B OpraHIYHUX PO3YMHHUKAX.
[Tpu waaxomxenHi CO B nereHi BinOyBaeTbCcsd PO3YMHEHHS MOrO B KpPOBI Ta
B3a€EMOJIISI 13 TEMOIVIOOIHOM, TPUYOMY YTBOPIOETHCS KapOOKCUTEMOTIO01H
(HbCO), HesnatHuii ans TpaHcmoptyBaHHs KucHO [10]. OcHOBHI cuMmTOMH
OTPY€EHHSI OpraHi3My: HyJ0Ta, OJIOBOTAa, 3alMaMOpPOYEHHS, OCIabIeHHS 30Dy,
BTpaTa cBioMocTi. Di3uyHl HaBaHTaXEHHS MPUCKOPIOIOTH IIi mporecu. [lepmri
CUMIITOMH OTPY€HHS (TOJIOBHHMI O11b, PO3MIMPEHHS CYANH LIKIPU) BIJ3HAYAIOTHCS
npu  BmicTi  kapOokcuremornodiny 10 —20 %,  30UIblIEHHS ~ BMICTY
kapOokcuremorsiooiny a0 40 %  CynpoBOJKYETBCA  OCIAOJICHHAM 30Dy,
3allaMOPOYCHHSAM, HYJIOTOIO, OJIIOBOTOIO, a B JEAKHX BHUMAAKaX — BTPATOIO
cBimomocti. JleranbHa kouueHtpailiss CO, 3a SKOHO CMEpPTh JIIOJIMHU HACTaE
npotsiroMm Big 60 mo 3 xBuiuH, 3HaXonuThes B Mmexax 0,2 — 1% abo 0,0023 —
0,0115 kr/m®.

Jlo 1HIIMX Ta30MoII0HUX CIHOJYK, K1 YTBOPIOIOTHCS MPH MOKEkKAX 1 MOKYTh
CTaTH NMPUYMHOIO OTPYEHHS Ta HABITb CMEPTI, € TOKCHUYHI KHCII ra3u (I10KCH]
Byrierio (IV), miaHoBoaeHb, XJIOPOBOACHD, (PTOPOBOJCHD, TIOKCH a30TY, JIOKCH/I
CIpKH, CIpKOBOJICHb, OIITOBA KHCJOTAa), OCHOBHI rasu (amiak), a TaKOX Mapu
OpraHiyHuX croyyk (akpojein, QopMmalbaeria, ameTaableril, apoMaTH4HI

BYIJICBOJIHI) Ta iH..
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1.2 Bumoru 10 3aco0iB iHAUBIAYaJIbLHOT0 3aXMCTy OPraHiB JAMXAHHS B

YMOBAX HAA3BHYANHUX CUTYyalii

3aranom a0 3I3 BIAHOCATH: 3aCO0M 3aXUCTy TOJOBH (KACKH, IIOJIOMH,
IIANKH, KalelloXu, KOBMAaKW), o4yeil (OKyJsipu), OpraHiB JUXaHHs (pecHipaTopw,
MPOTUTA3H, CAMOPSATIBHUKHU), Tija (3aXHMCHI KOCTIOMH, HAKWIKH), HIr (4000TH,
oordoptu, kamomr, 60T, OaxinM), 3aXHCHI OakTepiosoriyHi 3acoOu (MHUOUI
3acobu, kpemu Ta Masi). OmHAK, 11 MUBUTFHOTO HACEICHHS HAWBaKIMBIIIUMU €
3acO0M 1HIUBITYATIBHOTO 3aXKHCTY OPraHiB JUXaHHS, HEOOXITHICTh BUKOPHUCTAHHS
SKHUX JUJIs eBaKyalii nepenbauena [IpaBunamu noxxexHoi Oe3neku Ykpainu (Hakas
MinictepcTBa BHYTpimHIX crpaB Ykpainu Ne 1417 Bixg 30 rpynus 2014 p.) Tta
Konmekcom mmBiIbHOrO 3axucty Ykpainu (Bim 02.10.2012 Ne 5403-VI) [11].
VY3arajapHIOIOYM BUMOTH MOYHA CKa3aTH, 110 OOCIYroBYIOUHI MepcoHall OyAiBeb
(roTeni, KEMIIHTH, TYPTOKUTKH, IIKOJU-IHTEPHATH, OyIMHKH JIJIsl IPECTApIINX Ta
IHBaMIAIB, OUTA4Yl OyJWHKH Ta 1HIN OYJIBJII 32 BUHATKOM JKUTJIOBHUX OYIUHKIB)
NMOBUHEH OyTH 3a0e3nmedyeHuid 3aco0aMy 1HAMBIIYaIbLHOTO 3aXHUCTy. 30Kpema
BianoBigHo 1m0 JIBH B B.2.2-24:2009 «IIpoekTyBaHHS BHCOTHHX KHTJIOBUX 1
IpPOMAJICBKUX OYJIMHKIBY» BHCOTHI T'POMAJChKI OyIMHKM MOBHHHI OyTH OCHaIIEH1
3ac00aMU 1HIWBIIyaJIbHOTO 3aXUCTY OPraHiB AUXaHHS Ui CAaMOPSITYBaHHS JItOIEiH
i 9ac mokexxi. KimbKicTh 3ac001B 1HAMBIAYaIBHOTO 3aXHUCTY OPraHiB JUXaHHS
BU3HAYAETHCS PO3PAXYHKOM, SKUH BpaxoOBY€ CEPENHIO KIIbKICTh BiABIIyBadiB
[12].

3aco0u 1HAWBIYaTbHOTO 3aXUCTy OPraHiB JUXaHHS IS CaMOPSTYyBaHHS
JFO/IeH TiJT Yac MOoXexi (CaMOpATIBHUKM ) HeoOXinHo nependayaru [13]:

- Ha po0OYMX MICIIX, pO3TAllIOBaHUX HAa BUCOTI OlbIie 26,5 M;

-y IpUMIIIEHHSX 13 MaCOBUM NepeOyBaHHSM JIIOJIEH;

-y TOTeTbHUX HOMEpax;

- B 00'€KTOBHUX MyHKTax noxexxoracinus 10 mr;

-y MOXeX00€3MEeUHUX 30HaX 3T1JIHO 32 PO3PAXyHKOM.
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PoGoui wmicust mepcoHany, 10 3a0e3nedye eBaKyallilo, He0oOX1JTHO
OCHAIIlyBaTH I1HIUBIyaIbHUMH 3ac00aMHM 3aXUCTy OpraHiB JHUXaHHS JUIs
CaMOPSATYBAHHS JIFOJCH MM/ Yac MOXKEXKi, a TAKOXK 3ac00aMM JIOKAJTLHOTO 3aXUCTy
(3JI3) Bix migBUINEHUX TETUIOBUX BILIMBIB.

3 ixmoro Ooky BiamoBinmHo Ao JIBH B.2.2-20:2008 Bynuuku 1 cropynu.
[oTeni 3aco0u iHAMBIAYATLHOTO 3aXKCTY JUI CAaMOPITYBaHHs MOTpiOHI [14]:

-y TOTEJbHMX HOMEpax Ta MPUMIIMICHHIX i1 OOCIyroByIOYOro
MIEPCOHAITY,

-y TOTENsIX YMOBHOIO BUCOTOIO TIOHA 26,5 M kateropii 3* 1 Giblie,

-y roTensx Kareropii 4* 1 BuUIlle HE3aJeKHO BiJi YMOBHOI BHCOTH, CIiJ
BJIAlITOBYBaTH Mwadu 30epiraHHs 3aco0iB 1HAMBIAYAJBHOIO 3aXUCTy OpPraHiB
JTUXaHHS I CaMOPSITYBaHHS JIFOJICH I11]1 Yac MOXKEexi.

Jlo toro > BiamoBiAHO 10 IlpaBui mokexkHOi Oe3meku sl HaBUYAJIbHUX
3aKJIaJiB Ta YCTAaHOB CHCTEMH OCBITM YKpaiHW, 3aTBEPIKCHHUX HaKa30M
MinictepctBa ocBiTH 1 Hayku Ykpainum 15.08.2016 Ne 974 y 3aknmagax Ta
yCTaHOBaxX 3 LUI0A000BUM TniepeOyBaHHAM YYHIB/BUXOBAaHLIB HEOOXIJIHO
3a0e3neunT GQiIbTPYBATBHUMH IPUCTPOSIMU JIJISE CAMOPSTYBAHHS 1111 4ac MOMKEK1
3 pO3paxyHKy Ha MaKCUMAJIbHY KUJIbKICTh JAITEH.

Takox 1CHye Tp1 HOPMAaTUBHHUX JIOKYMEHTH, K1 PErJIAMEHTYIOTh BUOIp yCiX
31301 ny1st KOpUCTyBadiB MIAMPUEMCTB B TOMY YHUCHI 1 JIJIT YMOB HaJ3BUYAMHHIX
CUTYyalliil — ue:

- JACTY EN 529 «3acobu iHAMBIAYaJbHOTO 3aXUCTy OpPTraHIB JUXaHHS.
Pexomennaiiii momo BuOOpy, BUKOPUCTAHHSD.

- JJHAOIT 0.00-1.04-07 «IIpaBuna BuUOOpPY Ta 3acTOCYyBaHHS 3aco0iB
1HUBITyaIbHOTO 3aXUCTY OPTaHiB JTUXAHHS.

- COY 10.1.00174102-018:2011 «Cuctema 1 TexHI4HI 3acobu
CaMOpATYBaHHS TIpHHMKIB. BuOIp Tumy caMOpsATIBHMKA 1 MICLb PO3TAlllyBaHHS

3ac001B KOJIEKTUBHOTO 3aXHCTYy OPraHiB JUXaHHS B TIPHUYUX BUPOOKAX).
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OnHak >KOJHMM CTAHJApPTOM HE BHM3HA4Y€HI HI THII, HI KJIac 1 Mapka
CaMOPSATIBHUKIB, SKI HEOOX1JIHO BHUKOPHUCTOBYBaTH caMe I TOPSTYHKY
[IUBUILHOTO HACEJIEHHS.

Tax JACTY EN 529 Bka3ye, mo pillleHHs JUisi BUOOpPY NpUHAMAEThCS Ha
OCHOBI OLIIHKHM PU3HKIB, aJie¢ TIOACHEHb SIK ii MPOBOAUTH HaXallb HE HA/IA€.

Ha Bimminy Bix BiTunsHsHOTO 3akoHOAaBcTBa B CIIIA B cranmapti OSHA 29
CFR 1910.110 «HacranoBa oo AOTpMMaHHS Ta PEKOMEH Al 00 KepyBaHHS
O€3MeKOI0 TMPOLIECIB» BKA3YEThCS, IO KOXKEH TMpAI[iBHUK TIOBUHEH OyTH
3aXUIIEHUN 3a JIOMOMOTOI TPbOX CIOCOOIB, fKI MependadaroTh: CTaHIAPTHI
BupoOHMui mnponeaypu (SOP) nmns yHUKHEHHS B TOMY YHCII 1 BUHUKHEHHS
MOKEXKi; TOAATKOBI CUCTEMM 3aXUCTYy, SKIIO BUHMKJIA aBapiiiHa CUTyallis; MJIaH
pearyBaHHs Ha Ha/I3BUYANHI CUTYaIlil 3 IETAIBHUM OIKUCOM MPOLEYPH MOPITYHKY
moaeii [15].

Big poGoTonaBisi BUMaraeTbCsi MPOBECTU JETaJbHUM aHAl3 32 METOJIOM
process hazard analysis (PHA), ne¢ BHU3HAYMTH PU3MKA BUHHKHCHHS IOXEXKI,
BUKHUJIB CWJIBHO OTPYMHHX PEUOBMH Ta €KOJOTIYHUX HEOe3NeK, L0 I03BOJIUTh
3pOOUTH HACTYIHUM KPOK — BCTAHOBJIEHHS HACIHIJIKIB JUISI 3[OPOB'S 1 KUTTS Ta
pamKyBaHHS CaMOTO PU3UKY 3a BEJTMYHHOIO SKOTO MPUHMAETHCS PIIICHHS BUOOPY
TOTO YH IHIIOTO 3aCO0Y 1HAMBIyaTbHOTO 3aXUCTy OpPraHiB AuxaHHs [16].

B ymoBax piznoro piBas HC HeoOxinHO, m106 313 Oynu agexkBaTHUMH PIBHIO
HeOe3neku. B mpoTunekHOMY BUIIAIKY «HAUIMIIKOBHI 3aXUCT TMPHU3BEAC 0
HaJMIpHOTO (h1310JIOTIYHOTO HABAaHTAXXCHHS KOPUCTYBada, a HEJOCTaTHIA — 10
foro ypaxkeHHs. [Ipuuomy TuM OUIBIIOMY, YUM MEHILE 3aXHUCHI MOXJIUBOCTI 313

BIJINOBIJIAIOTh PEAJIbHOMY PIBHIO HEOE3MEKHU.

1.3 ImnperHoBaHi BOJOKHHCTI XeMOCOPOEGHTH [JiOKCHAY CipKH,

NPU3HAYEeHIi 1)1l BUTOTOBJICHHS MPOTUTa3oBux ejemMeHTiB 3130/]

[linBumeHHs piBHSA €KOJIOTIYHOT HeOe3NMeKM B yMOBAaX BOEHHOTO CTaHy

MOB’sI3aHEe 3 PYyWHYBaHHSAM a00 TOIIKO/DKEHHSM B pE3ynbTaTi OOHOBUX i
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MIIMNPUEMCTB, SIKI €  HaWOubmuMH  (peaJbHUMU  a00  TMOTEHLIMHUMU)
3a0pyaHIOBaYaMH HABKOJHUIIHBOTO cepenoBuina y mupHuii vac [17]. Cepen
OCHOBHHUX aBapiHUX BHUKHJIB B aTMoc(epy HIAMPUEMCTBAMH KOKCOXIMIYHOTO
BUPOOHHUIITBA € JioKcua cipku (po3zain 1.1) [18-20].

Hiokcun cipku (SO2) I1 knacy nebesnexu (UK, = 10 mr/m3, TJIK,, = 0,5
mr/m3, TJIK, = 0,05 mr/m®) € oquuM 3 HalOLIBII PO3HOBCIOIKEHUX KOMIIOHEHTIB,
o BHAUIIOTECS B atMmochepy [21, 22]. Benuka HebOesneka ICHye Ha
HiANPUEMCTBAX, 1€ BUKOPUCTOBYEThCS SOy, MPU BUPOOHUIITBI CipYaHOi KHCIOTH,
TPUOKCHUIY CIpKH, Cylb]iTiB, rigpocynbdiTiB 1 TiocynbdatiB [23]. besnocepenne
3aCTOCYBaHHS [IIOKCHUJI CIPKM 3HAXOJIUTh Y TANepoOBOMY Ta TEKCTHIBHOMY
BUPOOHMIITBAX, NPH KOHCEPBYBAaHHI (PYKTIB, ATLA, UIsl 3amOOIraHHS BUH BIJ
CKHUCaHHS, IJs Je3iH(ekiii npumiimienb, piakuii SOz 3aCTOCOBYEThCA SK
XOJIOJTOAreHT Ta PO3UNHHUK.

OnHiero 3 3a/1a4 BB OXOPOHU TIpalll Ha TepeIiueHuX MiANPUEMCTBAX €
3a0e3nedeHHsT  poOdourMx Ta  1HXKEHEepHO-TexHiuHoro mnepcoHany  3I[30/]
criopsipkeHux npoturazouMu  enemeHTamu (IITE), ski 3paTHI  morauHaTH
TOKCUYHI KuCHi Ta3u (30kpema, SO7), B ymoBax HC, xonu KOHIIEHTpaIlisi aBapiitHO
ximMiuHO HeOe3neunnx peuoBuH (AXHP) y moBiTpi HeBigoma [24].

B pobGorax [24-33] momaHO pe3yJabTaTh JOCHIKEHb CHIBPOOITHUKIB
OXI3ZHCIJI MOH 1 HAH Vxkpaiam (M. Opjeca), cnpsMOBaHHUX Ha pPO3pOOKY
JOCTYITHUX XeMOCOpOEHTIB KuciIux (30kpema, SO2) abo/i OCHOBHMX (30Kpema,
NHs) raszis 1 3130/] Ha iX OCHOBI, 30KpeMa MPU3HAYCHUX MJIA 3aXHCTYy OpPTraHiB
nuxands Bim AXHP i#ramsmiiinoi naii; po3risHYTO NHTaHHS IMOAO0 (i3uKo-

XIMIYHHMX BJIACTUBOCTEN JT1OKCHUIY CIPKH.

Toxcuunicmsv diokcuoy cipku
Jliokcua CIpKH JIi€ APATIBIMBO Ha CIW30B1 OOOJOHKU AUXAIBHUX HUISXIB Ta
oueit; OLTBII BUCOKI KOHIIGHTpAIlll BUKIMKAIOTH 1X 3arajieHHs, 110 BUPAKAETHCS B
KalllJll, XpHUIOTi, ME4YiHHA Ta O0Jl B TrOpii, TPyAsIX, CIbO30TEYl, HOCOBHX

KpoBoTe4yax. BBaxaroTh, IO CMepTh HacTae BiJ 3a1yXy, CHa3My T0JIOCOBOT
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3

niiauHd. BiguyTtHuii mopir 3amaxy SO, — 3 mr-m™®. Po3agparyBaHHs B ropii

BUKJIMKae KoHmeHtparis 20 — 30 MI-M, noapasHeHHs ouend — S0 MI-M 3, pu 60

3 3

MT-M™° CITOCTEpPIra€ThCsA CHIJIBHE KOJOTTS B HOCI, UXaHHs, Kamienb, 120 Mr-m

3

MO’KHa BUTpUMATH Juiie 3 xBwinHU, 300 Mr-M™ — nume | XBUIMHY, cMepTelbHA

KoHIeHTparlis — 400 MI-M3 npu excro3uttii 0,5 — 1 rox [34].

B nanuii yac 6arato yBaru npuauisieTbCsl 1€TaIbHOMY BUBYEHHIO MEXaHI3MY
nii SO, Ha KMB1 OpraHi3MHM Ha KJIITHHHOMY pIBHI: PO3IJIAJIA€ThCA MOro Ais Ha
noBepxHi Ta BcepeawHi. [lokazaHo, 1m0 TIOKCHU CIPKH BIUIMBA€ Ha KIITHHHI
MeMOpaHu JAPDKIKIB Ta PYyHHYE IXHIO CTPYKTYpY; BIH TaKOX [ll€ BCEpeAuH1
KJIITUHY, 1HT10YI0YM €H3UMAaTUYHI CUCTEMH, 1 MOKE MaTH MyTareHHy aito [35, 36].

Mytarenna gis SO, Hajana MiACTaBY JESKUM JTOCTIAHUKAM BUCJIOBUTHU
JTYMKYy, IIO CTIHKICThb, 110 HaOyBaeTbCid JO HBOTO OpraHi3Mamu, € HACIIIKOM
CKOPIIlI€ TEHETUYHUX 3MIH Y XpOMOCOMax, HiXK Moro ¢izionoriynoi aii [35]. 3rigHo
3 nanuMu [35] 1HriOyroua aKTUBHICTH 10HI30BaHUX (hOpM MpHUOJIM3HO B 5-6 pasiB

HUXKY€E, HDK MOJIEKYJIsIpHOTO SO).

Xemocopbenmu diokcudy cipku 05 cnopsoicenms 3130/

B 4KOCTI BOJIOKHHUCTHUX XE€MOCOPOEHTIB KHMCIIUX, OCHOBHUX 1 HU3KU 1HIIUX
raziB Ta TMapiB TPAAUIIIAHO BUKOPUCTOBYIOTHCS 10HOOOMIHHI BOJIOKHHUCTI
matepianu (IBM), xemocopOiIriiiHi BIaCTUBOCTI SIKUX 3a0€3MEUyIOThCSI HASBHICTIO
B iX CKJIaJi MakpOMOJIEKYJ XIMIYHO aKTUBHUX TPyl PIi3HOTO Xapakrepy, IO
pearyroTh 3 ra3o- Ta MmapomnojiOHUM KOMIIOHEHTOM-3a0pynHioBadem [29, 37, 38].
Haxanb, Ha Teputopii Ykpainu IBM He BupoONsiOThCS, a iX BapTICTh Ha
MIDKHApPOJIHOMY PHUHKY TOCTIMHO 30uiblryeThes. KpiM TOro, mpu BUTOTOBJIEHHI
IBM BUKOPUCTOBYIOTh JOCHTHh WIKIJJIMBI CIOJTYKH, Taki SK EMIXJIOPTIAPUH 1
auMeTwiIcyibdar [38], 1m0 YCKIaJHIOE MOKIMBICTh HAJIAIITYBAaHHS BJIACHOTO
BUPOOHMIITBA B CHUTY HU3KHU TIPUYMH €KOJIOTIYHOTO XapaKTepy.

VY 3B’s3ky 3 mum criBpobitHukamu OXIZHCIJI MOH 1 HAH VYkpaiau (M.
Opeca) Oyno  BXKUTO  3aXOAIB  IMIOAO  PO3pOOKM  ambTEPHATUBHUX

IMIIOPTO3aMIHIOIOUMX ~ BOJIOKHUCTHUX XEMOCOPOEHTIB HOBOTO TOKOJIHHS 3
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JIOCTYITHOT 1 HEIOPOTr0i CUPOBUHM BITUM3HSHOTO BUPOOHUIITBA — IMIIPETHOBAHUX
BoJIoOKHUCTUX XemocopOeHTiB (IBXC) [27-33], sxi BigpizustoThes Big IBM Tuwm,
110 TIOTJIMHAHHS Ta3y BiOYBAE€ThCSI HE aKTUBHUMH TPYIaMU, IO XIMIYHO BXOJSTH
JI0 CKJIaJly BOJIOKHA, & peareHTOM, HAaHECEHUM Ha MOBEPXHIO BOJIOKHUCTOTO HOCIS.

3 MeTOI0 3’SICYBaHHS MPUHIIMIIOBOI MOKJIMBOCTI 301TBITICHHS TOTJIMHAIBHOT
3patHocTi IBXC kuchamx rasiB Ha OCHOBI a30TOBMICHHX OpPraHIYHMX OCHOB —
MoHoetanonaminy (MEA) [39] ta nmomietunennoniaminy (PEPA) [40] numsixom
BBEJICHHS B IMPOCOYYBAIbHI PO3YMHH MPOMOYyTepiB-Moaudikatopis (Prom) Oyio
MPOBEICHO JOCHIJKEHHsI copOIii BoasHOoro mapy 1 okcuny cipku (IV) [30]
HETKAHMM MaTrepiajiloM Ha OCHOBI TIOJIIECTEPHUX CHHTETUYHUX BOJIOKOH,
IMIIperHoBaHuX BoAgHMMHU po3unHamu MEA Tta PEPA (1 monenbHux
XeMOCOPOEHTIB), M0 MICTATh HacTymHi Prom: xmopumu Hatpito (NaCl), xamito
(KCI) Ta mitiro (LiCl); #iomun kamiro (KI); kapbonatu Hatpiro 1 kamiro (Na,COs 1
K2COs3); munatpieBy cinmb ermwineHaiaminTeTpaontoBoi kuciaotu (EDTA); rminun
(Gly); dopmansaerin (CH20O) ta kporonoBmii anpiaerin (CsHeO) mpu pizHHX
CITIBBITHOIIICHHSX KOMIIOHEHTIB (1B. Ta0md. 1.2).

Hocmimxenns xemocopoO11ii SO, TPOBOIWIN B CTATUYHOMY Ta TUHAMIYHOMY
pexumax [39-52]. HocmimxeHnHss xemocopOuii SO B JHHAMIYHOMY pEXKUMI
OpPOBOAMIM B yMOBaxX, HaOMMKEHUX [0 peanbHol ekcrutyatamii  3[30/:
konuentpauis SO, B rasonosirpanoi cymimi (ITIC) — 150 mr/m® (15 TK)
BimHOCHA BoJioricTh I'TIC ¢ — 90 % (miniliHa mBuakicTh moTtoky I'TIC — 2,0 cMm/c,
06’emua — 0,001 mM%/xB). 3axucHy e)eKTUBHICTH MaTepialliB OLIHIOBAJIN 33 YACOM
ix 3axucHOl mii (7,5, XB). Yac 3axucHOi 1ii (ikcyBasd y TOM MOMEHT, KOJIU
KoHIenTpamnis SO, 3a IWapoM JOCIIKYBaHOTO MaTepiany craHoBuma 1-3 mr/m3,

Jlunamiuny akTUBHICTH (A, MI/T) po3paxoByBaid HACTYITHUM YHHOM:

CV-z,
A== o (1.1)
m

ne C — xonnentpauis SO2,mMr/M3; V — 06’em Ha mBuakicts I'TIC, M3/xB; M — maca

JOCIIIKEHOT0 MaTepiany, T.
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Tabnuya 1.2
XapakTepucTUKU Ta pe3yiabTatu BulipoOyBans IBXC kuciux rasis

Ne Am Prom BMicT KOMITOHEHTIB y Tox , XB JIA", JI-pa

3/m MIPOCOYYIOYOMY PO3YHHI, Mac. Mmr(SO2)/r
Am Prom

1. MEA | - 5,0-15,0 - 67-127 6,2-18,5 [39]
2. MEA | NaCl 0,25-15,0 0,25-5,0 90-1010 | 30,2-114,3 [41]
3. | MEA | Glycine 5,0-15,0 5,0-15,0 92-453 13,4-66,2 [42]
4. MEA | CH;0 5,0-15,0 2,5-1,5 101-250 9,3-23,0 [43]
S. MEA | EDTA 5,0-15,0 1,9-9,3 274-1025 | 56,0-173,0 [44]
6. MEA | H3BOg3 0,25-5,0 0,77-1,55 141-331 21,2-49,7 [52]
7. | MEA | C4HeO 5,0-15,0 2,0-5,0 139-331 | 12,8-30,5 [45]
8. PEPA | - 1,0-10,0 - 75-595 25,5-86,6 [40]
9. PEPA | LiCl 1,0 0,53 174 43,2 [30]
10. | PEPA | Li,CO3 1,0 0,46 248 50,6 [30]
11. | PEPA | NaCl 1,0-4,3 0,86-3,45 256-437 | 87,3-130,5 [46]
12. | PEPA | KI 0,5-7,5 0,50-3,75 97-785 33,5-188,4 [47]
13. | PEPA | Na,COs3 1,0-4,3 0,33-2,65 190-401 | 65,8-130,5 [48]
14. | PEPA | K2COs 1,0-4,3 0,43-3,45 195-437 | 65,3-130,5 [49]
15. | PEPA | Glycine 5,0-10,0 13,0-18,0 420-773 | 62,5-112,3 [50]
16. | PEPA | EDTA 5,0-10,0 1,86-10,0 294-920 | 54,6-157,9 [51]

*HaBeeHO Jiana3oH 3HAYEHb

3riiHO JAaHUM, HaBeAeHMM B Tadja. 1.2, BBeaeHHs Prom nmo cknaxy IBXC-
MEA ta IBXC-PEPA mnpu3BoAuTh 10 ICTOTHOTO 3OUIBIICHHSI 3HAY€Hb T;4 1,
BIZIMOBIIHO, JIA oTpumanux 3paskiB npu norauHanHi SOj. Ileit edekt 3 Touku
30py aBTopiB [30] MO’XKHa TOSICHUTH 3HAYHUM 30UIBIICHHSIM BOJIOTOBMICTY
MaTtepialiB, IO MiATBEPKYEThCS MTPOBEASHUMH JTOAATKOBUMH JTOCTIHKESHHIMH X
rigparanii Ta mnorauHaHHA okcuay cipku (IV)B  cratmunux ymoBax [53].
Bcranosneno [30], mo, Ha Biaminy Big IBXC-MEA, sBenenns H;BO3 Ta CH,0 no
ckianay IBXC-PEPA ne npu3BoauTh 10 301TIBIIIEHHS HOTO 3aXUCHUX BIACTHBOCTEH
o0 SOx.

3 ypaxyBanHsMm mganux [41, 44, 46-49, 51], mpocouyBajbHI PO3YHHH
MOTPIOHO TOTYBaTH TaKUM YHHOM, 1100 MOJISIPHE CITiBBIIHOIICHHS KOMIIOHECHTIB
MEA a6o PEPA (B mepepaxynky Ha aminauii N); NaCl, Na,COs;, EDTA (B
nepepaxyHky Ha Na); KI, KCI ta K,CO3 (B nepepaxynky K) cranosmiio N: Na (K)
=2,0:1,0.
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HocmipkeHHss xemocopOiiii okcuay cipku (IV) B craTuyHMX yMOBax
nokazanu [53], mo cyxi 3pa3ku IBXC-PEPA-Prom mpakTuiHO HE TMOTJIMHAIOTH
SO;. 3raune 301TBIICHHS KUTBKOCTI XeMOcOpOoBaHOTO SO7 CIIOCTEPITA€THCS MiCIIs
nocsarHeHHs 3HadeHb P/Ps> 0,5, KOdu YTBOPIOIOTHCSA MEHII MIIHO ITOB’s3aHi
MTOBEPXOBI TiIpaTHI MIapy 1 3’ ABIAE€THCSA TaK 3BaHa “‘BUTbHA’ BOJA, MO OEpe y4acTh
B Tiporieci xemocopoOitii [30].
3BepTae Ha ceOe yBary ToH (axT, 10 KUIbKICTh MOTJIMHYTOTO OKCUAY CIpKH
(IV) 3pazkamu IBXC-PEPA-Prom, 3Ha4HO niepeBHIlye CyMy MapIiialbHUX BHECKIB
CKJIQJIOBUX KOMIMOHEHTIB [53]. BCcTaHOBIEHO CTEXIOMETPUYHUN CKJIaJ MPOMYKTIB,
10 YTBOPIOKOTHCS Mpu xeMocopOirii SO, po3podiaeHuMu aBTopamu [53] 3pazkamu
IBXC-PEPA-Prom.
Buecenns no6aBok no ckinaxy IBXC-PEPA mpu3BoauTh 10 CHHEPTIYHOTO
30UIBIICHHS. KIIBKOCTI 3BOPOTHO (BUAAISIETHCA BaKyyMyBaHHSIM) COPOOBaHOTO

SO; 3paskamu IBXC, cuMbaTHO 3MIHIOBAHOTO 31 CTYIIEHEM iX TiApaTarii B psaLy
[53]:
IBXC-PEPA-1,5nH,0< IBXC-(PEPA+0,5nGly)-2,0nH,0<
< IBXC-(PEPA+0,25nNa,CO3)-3,6nH,0<
< IBXC-(PEPA+0,5nNaCl)-4,5nH,0< IBXC-(PEPA+0,5nKI)-5,5nH,0<
< IBXC-(PEPA+0,25nK;C0Os3)-5,7nH,0.

3a3HayeHa 3aJIeKHICTh ONMKUCYETHCS PIBHAHHIM BUIY:
Asp0p.(SO2) = -0,0295 + 0,3062-a0,90(H20), (1.2)

okpim 3paskiB IBXC-0,5(KI-1,3H,0), IBXC-0,25(K,C0O3-4,0H,0) Ta IBXC-
(PEPA+0,5nGly)-2,0nH,0.

ITokazano [30], mo mnocunenns rigparamii IBXC-PEPA 3a paxyHok
BHeceHHs B #oro ckiman neopraniunux (LiCl, NaCl, KI, Li,CO3, Na,CO3 i K,CO3)
1 opraniynux (EDTA, Gly) no6aBok CynpoBOIKY€TbCA 30UIBILIEHHSIM HOTro
cTaTU4HOi (y T.4. “000pOTHOI” 1 ‘“‘HE3BOPOTHOI”) Ta AMHAMIYHOI MOTJIMHAIBHOI
emHocTi 1og0 SOj. Ilpuyomy B OUIBIIOCTI BHIAJKIB CHOCTEPIra€ThCs

CUHEPIiYHUMN e(eKT.
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Opnnak, K BKa3aHO BHMIle, 3axucHI Xxapaktepuctuku IBXC momo SO,
nociikyBanuchk criBpooiTHuKamu OXIZHCII MOH 1 HAH Vkpainu numie B
yMOBax, Koiu KoHIeHTparis BkazaHoi AXHP B razomositpsHoi cymimi [TIC
ckaagana 150 mr/m. Bimomi IBXC kucmux rasis [27, 30, 32, 39-52] me
3a0e3MeuyloTh HOpMOBaHI BUMOTU [54] mist mpotura3zoBux ¢(ineTpiB kiacy El
(miokcuna cipku), sSKAMA MoXkHa Oymo O crnopsypkatu 3130 mmst 3axucty
KopucTyBauiB B yMoBax HC, 3yMOBiIeHUX aBapiiHUMH BUKUJAMU KHUCIUX Ta3iB,

30kpema SOx.

1.4 AHajgi3 KOHCTPYKIi# icHYHOYHX (QiIbTPYOUYMX Ta i301H0BAJTbHHUX

3ac00iB IHAUBITYAJBHOI0 3aXUCTY OPraHiB AMXaHHA

3a npunmunoMm qii 3I130] mnomuistorbess Ha  QUIBTPYBAIbHI, — SIKI
BUKOPHUCTOBYIOTh B YMOBaX JOCTAaTHBOTO BMICTY KHCHIO B HaBKOJIHMIIHBOMY
CEpelOBUILI, Ta 130JI0BajJbHI, L0 PEKOMEHIYIOTbCS JI0 3aCTOCYBaHHS IMpH
KOHLIEHTpalii KUCHIO MeHIe 17 % Ta npu 3HaAYHOMY MEPEBUILECHHI nepeadadyeHol
HOPMH IIKIJJIMBUX PEYOBHH B HABKOJMITHROMY IOBITpi, TOOTO B atmMocdepi, ska
a0COJIFOTHO HeMpUIaTHA JUTsl quXxaHHs [55].

Jlist 3a0e3nedeHHst HaAidHOro 3axucty opradiB auxaHHs 3130]] moBuHHI
BIJINOBIAATH HACTYITHUM BHUMOTaM: MaTWl HU3bKUN OMIp JUXAHHIO JUISl 3MEHILIEHHS
CTOMJIFOBAHOCTI KOpUCTyBaya; 3a0e3leuyBaTd BIUXAHHS YUCTOTO MOBITps 0e€3
Horo 3a0pynHEHHsI Yepe3 MiJACMOKTYBaHHS B 0OJacTi CMyru OOTOpailii; MaTu
Majuit “MepTBUNA” 00’€M i 3am00iraHHs BAUXAHHIO MOBITPS, 110 BUANXAETHCS, 3
nigBuieHuM BMicToM COp; JIETKO 1 IBUIKO NPUIIAIITOBYBATHUCS; OYTH JIETKUMU 1
MIIIHUMH; TATPUMYBATH 33J0BUTHHUIN PiBEHb KOM(POPTHOCTI, OO0 CTUMYIIIOBATH
BUKOPHUCTAHHS, 3HIDKYBAaTH BTOMY 1 CIPHSITH 30CEPEMKEHHIO YBarWm TOTO, XTO
HUMHU KOPHCTYETHCS, MAaTH HU3bKUW PiBEHb LIYMYy AMXaJIbHOTO KJamaHa, o0 He
BIJIBOJIIKATH KOpHCTyBaya [56].

Yci GinpTpyBabHI 3ac00M IHAMBITYAILHOTO 3aXUCTY (pecmipaTopu) MOKHA

MOJUIMTH HA JIBa BEJIMKUX MIIKIACH 32 CIIOCOOOM IMOjayvi MOBITPS Y TMiIMACKOBHIMA
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npocTip: mpumycoBuit (puc. 1.1) 1 camoBucMokTyBanHs (puc. 1.2). Ilepmri
SBJIAIOTH COOOI0 CHCTEMHM, IO CKJIAJAOThCS 3 JIMIbOBOI YacTUHHU, TypOoOIIOKa,
3a0e3MeyeHoro GuIbTpamMu 1 BIAMOBITHUMH KJIallaHaMH 1 3’ €THyBaJIbHOTO [IUIAHTY.
[IpuHIMN 111 MoJsITae B TOMY, 1[0 OYUIIIEHE TOBITPS 32 IOMIOMOTOIO MOBITPOIYBKH
HATrHITA€ThCS MiJA JHUIBOBY YaCTUHY, 3a0€3MEUylOud MiABHILEHUN THCK, IO HE
J03BOJISIE  3a0pYyAHEHOMY TIOBITPIO 3 po00Y0i 30HM TOTPAILIATH JO JIETCHIB
npariBHuka (puc. 1.3). JIpyri — ckiafarThes 3 JIMIILOBOI YaCTUHU Ta (DUIBTPIB 32
HEOOXITHOCTI KJIAlaHiB BAWXAaHHS Ta BUAWXaHHA. [lpuHmmm aii mossirae y
MIPOXOJIPKEHHI MOBITPA 3 IOMIIIIKaMU 4epe3 JAesiKuid HaOip pi3HOMaHITHUX (PUIBTPIB
3a paxyHOK CTBOPEHHsI P13HUIII TUCKIB y migMackoBomy rpoctopi. s mux 3130/]
BAXKJIMBO 3a0€3MEUUTU JOCTaTHIA piBEHb 130JIIOBAaHHS OpraHiB JAUXaHHS, 3a

PaxyHOK BIIMOBIIHOT KOHCTPYKIIli 00TIOpaTopa.

Pucynox 1.1 — ®inerpyBanshi 3130/ Pucynok 1.2 — ®instpyBanehi 3130/
3 IPUMYCOBOIO TIOJa4€t0 MOBITPS 3 CAaMOBUCMOKTYBAHHSAM
(PAPR) (Elastomeric Face Piece)
HaniitHe 130110BaHHS OpraHiB AUXaHHS BiJ IIKIIJIHBOTO HABKOJIHUIITHHOTO
CepelOBHINA JIOCSATAETHCS Yy JIMIEBHX YaCTWUH, OOTIOpATOp SKUX MOXKE
BUJIO3MIHIOBATHCH BPAaXOBYIOUM aHTPOIOMETPHUYHI BiAMIHHOCTI 00Jnyb. CiaObKum
MiclleM OOTIOpaTopa BBaXKAEThCS 30HA TMepeHiccs, Je 1 (IKCYeTbCs HalOUIbIa
KUIBKICTh MiJICMOKTYBaHb HEQUIHTPOBAHOTO MOBITPs. ToMy 3ycHiiisi BUPOOHUKIB

HaIpaBJeHHI HAa BUBYCHHS aHTPOIMIOMETPUYHHUX MapaMeTpiB O0IMYb, 3yMOBICHHUX
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BIKOM, YMOBaMHM IIpalli, HaIllOHAJIBHICTIO Ta IHIIUX Ta MOJCIIIOBaHHS KOHTYPIB
YIIUTFHIOBaYa 3 BUKOPUCTAHHSAM CydacHUX 3d-TEXHOJIOTIH.

Jis  caMOpATYyBaHHS ~ IUBUIBHOTO  HACEJCHHS  MOXHa  OOMEXKEHO
3aCTOCOBYBAaTH MPOMUCIIOBI MPOTUTA3HU, KOJU JOCTEMEHHO BiZIOMO, sIKa TOKCHYHA
pEUOBMHA 3HAXOJUTHCS B HABKOJMIIHBOMY CEPEIOBUIII, K, HAPUKIA, e OyiIo
npu aBapii Ha 3aJi3HUYHOMY TpaHcnopTi B JIbBIBCHKIA 00JacTi, KOJH [0

aTMocepH HaIiiIIIa BeIMKa KiJIbKICTh 5K0BTOT0 (hochopy [57].

3abpynuene
TIOBITPA
OYHIAETHCS

TPOXOLAYIH IEPE3
dinsrp

4
3alpynHeHe
TIOBITPA
TIPHMYCOBO
BTATYETBCS
TIOBITPOIYBKOIO
yepe3 GiTbTp

Jluuepa 9acTiHA

TTinCMOKTYBaHHA
3a0pyIHEHOTO TIOBITPS

] 4epes MiTHHHE MK 06IHT9AM
e | i miBMacKOX BHKITHKaHI

; HETaTHBHHM THCKOM

TIpOCOYYBaHHS MIOBITPS
\—(Hepes MOZKIHB] ITUTHHY
BUKIHKaHi TO3HTHBHAM

THCKOM

Pucynox 1.3 — Pizunsg mixk pecrmipaTopaMd 3 TPHUMYCOBOIO ITOJAYCHO
MOBITPS 1 CAMOBUCMOKTYBAHHSIM

Hait6inpmmoro momupeHHs SK OUTBII MPOCTI 3a KOHCTPYKIIED OTPUMAIIN
GUIBTpYBaJIbHI IPOTUTA3U, MPUHITUI 3aXUCHOT 111 IKMX 3aCHOBaHUU Ha DiIbTparlii
YAaCTUHOK aepO30JII0 1 copOIlii TOKCHMYHUX MapiB 1 Ta3iB 3a JOTOMOTrow (PiabTpiB 1
XE€MOCOPOEHTIB, PO3MIIIEHUX B CHEMiAIbHUX (PUIBTPYBATBHO-TIOTJIMHAIBHUX
kopoOkax (®@IIK) abo marpoHax; BHUIMXYBaHE TOBITPS BUAAIAETHCI 3
1IMACKOBOTO MPOCTOPY HA30BHI Yepe3 KJIarmaH BUANXY.

3a MpU3HAYEHHSAM CydacHl (UIBTPYBaibHI MPOTUTAa3U MiAPO3AUISIOTECS Ha

BIMCHKOBI 1 IIUBUIbHI, SIKI BUKOPHUCTOBYIOTHCS JUISl 3aXHMCTY BiJl Paji0aKTHBHOTO
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MUy, OTPYWHHX PEUOBHH (30KpemMa 1 OOMOBHX), OaKTeplaJlbHMX aepo30JiiB Ta
MIPOMHUCJIOBI — BiJl HEOE3MEYHUX JIOMIIIOK Ha BUPOOHUIITBI.

3aranbHUANA ~ BUTJISAN ~ BIMCBKOBOTO, IIMBUIBHOTO Ta  MPOMHCIOBOTO

GUIBTpyBaIbHUX MPOTUTA31B HaBeIeHUH Ha puc. 1.4.

Pucynok 1.4 — 3aranpHuii BUTJISI BIHCHKOBOTO, IIUBLIBHOTO Ta TPOMUCIOBOTO
(GiIBTpyBaNbHUX MPOTHUTA3iB: a — BilickkoBuit MS53(Avon Protection Systems, Inc,
CIIA); 6 — uuBuibHUi ['T1-9; B — npomucnosuii [TT1D-700

B Vkpaini TOB “Hayka” Bupo06isie BiticbkoBi npoturazu ®I1-M95Y (taba.
1.3) Ta ®I1-MO5Y, siki 3i0pani 3 koMIutekTyounx ¢ipmu «Scott Health & Safety Ltdy.

Tabnuys 1.3
dinsTpyBasibHui nporuras GII-M95Y [52]

TexHIYHI TapaMeTpy MpoTUrasa
Onip BAMXY BUIMXY, MOAp

Onmip Banxy 30 /xB <0,45
Onmip Bauxy 95 1n/xB <10
Onmnip Buauxy 160 51/xB <12

Bwmict CO2 B migmackoBomy mpoctopi:| < 0.5 %

KoedimienT 3axucty (B madopatopuux | > 10 000

YMOBaXx)
3axwuct Bigx XBOP, rox > 24
) . ITone 30py,%
Marepianm, 3 AIKHX BUTOTOBJICHI ehexTBHC: 86
KOHCTPYKTHBHI €JIEMEHTU MTPOTUTA3Y —
MiHIMaJIbHE: 70
JIumpoBa YacTUHA Xamo-0Oytito- |[Maca, T 460
ermactomep  |6e3 dinbTpa: 720
BuyTpimHs HanmiBMacka CuaikoH |3 GUIBTpOM:
Kmananui guckn CutikoH
Oxysip [Tomiamin  |CTpok 30epekeHHsI B 3aBOJICHKII 20
YIIAKOBLIi, POKIB
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[li 3pi3ku, 3a€0UIBIIE, SBISIOTHCS KJIOHAMH BIJIOMOTO BIMCHKOBOTO
npoturaza HATO, nanpuxnan, M95 RC (Benuka bpuranis) abo M95 Gas Mask
(DirnsHmIIN).

OxkpeMuii Kjac CKJIAgal0Th MPOMHUCJIOBI NMPOTUra3M, sKi po3paxoBaHi Ha
BHCOKI HABaHTAXCHHS 1 MOXXYyTh BHUKOPHUCTOBYBATHCS B CaMUX HECTPUSTINBHX
BUPOOHUYMX YMOBAX JUIsSl 3aXMCTy OpPraHiB JAUXaHHs, 0OIUYUs Ta o4ei poOiTHHKA
B1JI BIUIMBY IIKIJJIMBUX PEUOBHUH y BUIJISAI Ta3iB, MapiB 1 aepo30iB (MUY, TUMY,
TyMaHy) IPUCYTHIX B OBITPi BUpOOHUYHX MpuMminieHb [58-61].

Ha BigMiHy BiJg BIMCHKOBHMX a00 LMBIIBHUX IPOMHUCIOBI IMPOTUTA3H
cnopsamxkatotbess OIIK, sxi mMatoTh BUOOpUY 3AATHICTH MOTJIWHATH CHUIIBHOJIIOYI
orpyiHi peuoBuHu (CJIOP), koTpi MICTIThCA Yy MOBITpI poOOYOi 30HU
KOHKPETHOT'O BUPOOHMIITBA, Y TOM yac sk npu BuHUKHeHHI HC HeoOXiqHui 3axucT
OpraHiB JMXaHHS Bl IIMPOKOrO CIEKTPY TOKCHUYHUX PEYOBHH, 3a3BUYail, HABITh
PI13HOI XIMIYHOI IPUPOIH.

B saxocti npukiany B Tabn. 1.4 HaBeaeHO MapKyBaHHs Ta JEsSKI TEXHIYHI
xapakrepuctuku GuibTpiB pipmu « MSA Safety Company» (CIIA), mpuzHaueHUX
Ui BAKOPUCTAHHS y CKJIaJIi MPOMHUCIIOBHX mpoTurasis [53].

Jlesiki TUNM UMBUIBHUX NPOTHUra3iB, sKI BUKOPHUCTOBYIOTHCS B CHUCTEMI
LIMBUIBHOTO 3aXMCTy, Ta iX TEXHIYHI XapaKTEpUCTUKW HaBeaeHi Ha puc. 1.5 1 B
tabn. 1.5. OkpiM MUBUIBHUX MPOTUTA31B IS JOPOCIHX, BIIOMI IUTAYl IPOTUTA3U
(puc. 1.6), nanpukinan, [1I® (mpotura3 nutsunid GiabTpyBalbHUN), PI3HUX THUIIIB,
MoaudiKaiiil 1 po3MipiB JIMIBOBOI MAaCKH, SKUW MPU3HAYCHUHN I BUKOPUCTAHHS
niteMu BikoMm 1,57 pokiB (iHmekc «/l» y Ha3Bi mporturasa) ta ans 7—17 poki
(imgexc «IlI») BiamoBigHO.

Ha Binminy Bix QinbTpyBadbHUX, 130JIFOBaJIbHI MPOTUTA3HU OE3MOCEPETHBO
HE TMOB's3aHI 3 aTMOcC(eporo, 3aBASKA YOMY MOXIIMBO TPOBEAEHHS poOOIT B
O0e3kucHeBit aTMocdepi ab0 HaBITH B PIAKUX CEpPEIOBUINAX, HAMPHUKIAI, I

Bozo10 [56, 57].
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Tabnuys 1.4
®iasTpu pipmu «MSA Safety Company» (CLLHA) [54]
Konosuii Kitac 'K, .
Kortip Tun (Cuare, XB)* PPMV 3axucrt Big CLOP Cranpapt
1 2 3 4 5 6
1 1000 |IIpocri opraniuni rasu i napu 3
KOpUYHEBUI | A 2 5000 |TemMriepaTyporO KUITIHHS BUIIIE 65
3 8000 |°C
1 1000 |IIpocri Heopraniuni rasu i mapu
cipumii B 2 5000 |(okpim CO), Hanpukian, Cla,
3 10000 |H2S, HCN ... JACTY EN
L 1000 Jliokcu cipku Ta 1HII KACHTI 14387
. un W Ta 1HIII KUCIT
FKOBTHH E g 150000000 ra3u i mapu
1 1000
3eJIeHUH K 2 5000 |Awmiak Ta iloro opraHiuHi MoXiJaHi
3 10000
40(ma rpyma 1) | > 100  (IIpocTi opranivuHi rasu i mapu 3
20(usirpym 1) | >500 [TeMIEpaTyporo KHITIHHS, 110
kopuuHeBuii | AX 60 rpyrm 2) | > 1000 JIOPIBHIOE 200 HIDKYE
; 5000 65°C. TibKH 7Sl OTHOPAa30BOI0
20(ans rpyma 2) | = BUKOPHCTAHHS
Oxkcuan azoty, Hanpukiaaa NO,
cuHii-O1mit | NO-P3 (=20) 2500 |NOg2, NOx,Ta aepo3oibHi
YaCTUHKHU
YEPBOHUI- Ha-P3 (= 3000) 16 [Tapu pTyTi Ta aepo30JbHI
Olmit g YaCTHHKU
YOPHUUI CcO (= 20) 10000 |MOHOOKCH]I BYTJICIIO [I;IILI\I 15 483?8270

* — MakCUMaJIbHUH yac BUKOpPUCTaHHA (iabTpa

Pucynok 1.5 — l{uBisibHI QUIBTpYBaIbHI MPOTUTA3H:
a—ITI-7; 06 — Y33 BK; 8 — M3C BK 3 mackoro MI'Y
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Tabnuys 1.5
TexHiuHi XapaKTepUCTHKH NUBIIbHUX MPoTHUTa3iB [55]
MAPKA IIPOTHUT A3A
I'TI-7xb V33 BK V33 BK M3C BK 3
HaiimenyBaHHs TY I'-10- 3 pinbTpamu ¢ pimtbTpamu BK| Mackoro
MOKA3HHUKA 110382; TY I'- BK 320 600 MI'Y B3
10-1104-82 | TV 8027-344- | TY 8027-344- | 07 187.000
05795731-2007 | 05795731-2007 TY
1 2 3 4 5
Omip TUXaHHIO Ha BIMXY IPH
HIBHJIKOCTI 1.'IOCTII/IHOF(:)3 180 176 295 184
noToky nositps 30 am°/xBs,
I1a
KoedimienT mpoHUKHOCTI
PIIC 3a acposonem 0,0001 0,001 0,001 0,0001
CTaHJAPTHOT'O MACJISTHOTO
tymany CMT, %, He O
KoedoimieHT miicMOKTyBaHHS
aepozoro CMT i mumpoBy 0,0001 0,0001 0,0001 0,0007
JacTHHY, %, He OLIBII
5860““ IHTCPBALTEMIEPAIP: | (L 40) +(+40) | (- 40) + (+50) | (- 40) + (+50) |(-40) +(+40)
["aGapuTHi po3Mipu, MM 285x250x115 — — —
Maca KOMILIEKTY npoTHTraza 0.90 111 1.45 11
0e3 CYMKH, KT, HE OiJIbIII
["apanTiitHUi cTpOK
30epiranHs B 3aBOJCHKOMY 15 10 10 12
BIIAKYBaHHI, POKiB, HE MEHIII:

£
=

a

Pucynok 1.6 — {utsaui ¢pinetpyBanbHi npoturasu: a —4A1 YOUTH SURVIVAL
GAS MASK (unknown, Izpaine); 6 — [11®-7; B — [TAD-T/]

Sxmo npu BuHWUKHEHHI abo mikBigarii HachmigkiB HC y moBiTpi HasBHi

HeBigoMi pedoBuHu (OibIIe 0,5% 3a 00'emom), Bucoki koHueHTtpamii CJIOP, a

TaKOX MPU 3MEHIIIEHOMY BMICTI KucHo (meHtie 18% mpu mHopmi 21%) HEoOXiaHO

34aCTOCOBYBATH JIMIIC

130JIFOBAJIBbH1

NpPOTUTAa3d aBTOHOMHI

abo

IIJIAHTOBI,
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(puc. 1.7), B AKUX OpraHu JUXaHHs, 00IMYYs Ta 0Yi 130JIbOBaH1 Bijl HABKOJIUIITHLOT
3apakeHoi aTMocdeprd Mackoro (III0JIOM-MAacKOK), a BJIACHE MpOIeC TUXaHHS
3a0e3Mevyy€eThCs, BIAMOBIAHO, TOJAYCI0 TUXANBHOI CyMilll 3 1HAWBIAYyaIbHHUX
JUKEpell MOBITPONOCTayaHHsl a00 MoJayelo MPUIIATHOTO JUIsl AUXaHHS TOBITPS 3

YUCTO1 30HU 110 MUIAHTaX.

Pucynox 1.7 — [3omtoBanbHi ipoturasu: a — nutanrosuii [1111-1; 6 — muxanbuuit
amapar 31 ctucHeHnM ToBITpsiM «Spiromatic QS» («(INTERSPIRO ABy, [1IBeris); B —
IuXambHuM anapat 3aMkHyToro nukity All "AJIbDA"

3ayie’)XHO BiJ KOHCTPYKIUi JIiHIT TMOJaBaHHS YHUCTOTO TOBITPS IIJIAHTOBI
MPOTUTA31 MOXKYTh BUTOTOBJISATUCS SIK 13 camoBUcMOKTyBaHHsM (ITLL-1C, TTHI-16,

[1111-15-20), Tax i 3 MPUMYCOBOO TIOAAYECIO MOBITPSI 32 JoromMororo pyunoro (ITIL-
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20 PB, I1II1-40 PB) a6o enextpuunoro (ITLI-20 DPB), IT1111-40 3PB) cnonykaua
BUTpaTh. ABTOHOMHI mpoturazu (All) migpo3aIAOTECS Ha pe3epByapHI
«Spiromatic QS», Driager PSS® 7000, KUII-8), B sikux nuxaHHs BiIOYBa€eThCsS 3a
pPaxyHOK KHCHIO a00 CTHCHEHOIO TOBITps, IO TMOJA€TbcS 3 OayoHa, Ta
pereneparniiini (II1-46, II1-46M, II1-6, ATl «AJIb®AY, ne ToTpiOHUHN TSI TUXAHHS
KHCCHh BUBUIBHIOETHCS 3 PETCHEPATUBHOTO TATPOHA, 3allOBHEHOTO 3€pHAMU
MEePEKUCY HATPIIO 3 JOJIABAHHIM T1IPOKCUY KaJbIIIIO.

B AIl Bimkputoro mukiy (akBajaHT) TPOAYKTH BHUANXY BIABOISTHCS B
aTMocdepy 31e01IbIIoro 4yepes cremianbuuil kinamad. B All 3aMkHyTOTrO ITUKITY
BUJIMXYBaHE MOBITPSI OUUIIYETHCA B IIOKCHIY BYTJICLIO 1 30arauyyeThCsi KUCHEM Y
pEereHepaTHBHOMY IMAaTPOHI Ta 3HOBY MOJAETHCSA HAa BAWX. MaemMo 3a3HAYMTH, IO
130JTI0BJIbHI TIPOTUTA3U BHACIIZAOK CBO€i KOHCTPYKIIII, CKJIAQHOCTI eKCIUTyaTallii,
sKa MoTpeOye HAaIBHOCTI CHEI[iaIbHUX HaBUYOK (Tabiy. 1.6), BUKOPHUCTOBYIOTHCS
BUKJIIOYHO  JIMIIE  JOPOCIUMH, 3Ae0UIbIIOr0 —  OIAISIMH  PATYBAJIBHUX
CHEIITIPO3AUIIB Ta aBapiiHO-PATYBAILHUMU 1 Ta30JMMO3aXUCHUMH CIIyKOaMu
MPOMUCIIOBUX MIAMPUEMCTB 3 TOTEHIIMHO HEOE3MEYHUM BUPOOHUIITBOM.

Tabnuys 1.6
OCHOBHI XapaKTePUCTUKHU JeSIKUX I30/1I0BAJILHUX NPOTUTa3iB [68]

[IpoTuras
XapakTepucTuKa " «|Spiromatic| Drager PSS
HII-5 IT1-6 AIl "AJIb®A Qs i BG4 plus

Maca criops1KeHoro 36 1
amapara, K& <52 ) <14 <175 5,5
Yac 3axucHoi nii Ha
cyuii (mia BOAOK0), XB:
y CTaHi CIIOKOIO 200 (120) 150 _ _ _
IIPY BUKOHAHHI
aBapiiftHo- 75 (90) 40 240 <120 <240
PATYBAJIBHUX POOIT
0ot (BXTUXD) | 330x040x130 | 330x240x125 | 584x430x178 | — | 595x450x185

HecnpusitauBuii BmiuB mnpoTurasziB Ha (hi3i0JIoriuHl (QYHKIIT OpraHizmMy
OOyMOBJIEHMII ~ OMOPOM JMXaHHIO, KOTPUH BUHUKAE TIPU  TPOXOJKEHHI

BJIMXYBAHOTO TIOBITPSI KPi3b (IIBTPYBAIBHO-TIOTIWHAIBHI TMPUCTPOI, HIKIIIUBAM
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M1IMAaCKOBUM TPOCTOPOM, OCKUIbKM BHUJAMXYBaHE TMOBITPS, LI0 3HAXOAUTHCS B
HBOMY 1 MICTUTh 110 4% AiOKCUAY KapOOHY, MOBTOPHO HAJAXOAUTH Yy JIETE€HI MPH
BJIMXY Pa30M 3 OUYHUIIEHUM aTMOC(EPHUM MOBITPSM, BILUTUBOM JIULIOBOI YaCTUHU
poTUrasa, sika MOripilye BUAUMICTh, NpudanzHo Ha 40% 3ByXKye Mmoje 30py,
YTPYAHIOE MOBY, a IIOJIOM-MacKa, KpiM TOTO, 3HUKYE TOCTPOTY CIIyXY.

[Tpu miABHUILIEHH] 30BHIMIHBOI TEMIEPATypH Ha JUISTHKAX IIKIPH, K1 HIUIBHO
CTUKAIOThCS 3 TYMOIO IIOJOM-MAacKd, MOPYILIYETbCS TOTOBUJAUICHHS, IO
OpU3BOAUTH 70 TMeperpiBaHHsA 1 HAOpSAKIB TKaHUH OOJUYYS;, MpPU 3HIKEHHI
TEeMIIepaTypy — MOKJIMBI MICIIEB1 BIIMOPOKEHHSI.

3acTocyBaHHsA 3aMalioi 3a PO3MIPOM TyMOBOI IIOJIOM-MAacKd BHKIIMKA€E
MEXaHIYHE CTHUCKaHHS TKAaHWH TOJOBHM, MOPYUIEHHS MICHEBOIO KpPOBOOOITY Ta
CWIbHI 0O0JBOBI BIAYYTTS B 0OJacTi HaAOPIBHUX AYT 1 MO TOTOBIIEHUX Kpasix
II0JIOM-MacCKH.

Takum 4MHOM, OmMip AMXAHHIO, MEXaHIYHUN THCK JIMIbOBOI YaCTUHU Ha
HIKIPH1 MOKPUBU BEPXHBOT YACTUHU T'OJIOBU Ta OOJIMYYS JTIOAMHH, rabapuTH, Maca i
OOMEKEHHSI TIOJISI 30py € HAWBaKJIUBIIIMMH €PrOHOMIYHMMHU XapaKTePUCTUKAMHU
nporturasiB. Tak, TEXHIUHI XapaKTEPUCTUKU ACSIKUX IUBUILHUX (UIBTPYBATBHHUX
npoturasiB (Tadia. 1.5) mokasyroTh, IO KpIM BIAHOCHO BEJIMKUX rabapuUTIB 1 Macu
BC1 BOHU MarOTh JJOCUTh 3HAYHUH OMIp AUXAHHIO HA BIUXY; BIIMITUMO, 1110 BKa3aH1
3HAa4YEHHS OTPUMAHI IPH IIBUAKOCTI MOCTIHHOrO MOTOKY moBiTps 30 1M3/XB, TOOTO
BI/IMOBIJAIOTh CTaHy CIOKOK ab0 BUKOHAHHS JErkoi poOoTu. BaxkimBo Takox
BIZIMITHUTH, 110 MONEPEAHBOTO T000pY MO PO3MIpax JIMIbOBOI YACTUHU MOTPEOYIOTh
Oyab-Ki TPOTUTA3M, & HABUYKU IIOJI0 1X MPABWJILHOTO HAJIATAHHS 1 KOPUCTYBaHHS
HaOyBaIOThCS TUIBKU B PE3YJIbTATI IIJIECHPSIMOBAHOTO HABUYAHHS M TPEHYBAaHb.

Came a1 30epekeHHs KHUTTA 1 30pOB’Sl IIUBIJILHOIO HACEJICHHA B yMOBax
HAJ3BUYAHOI CUTYyallli BUKOPUCTOBYIOTHCSI CAMOPATIBHUKHA — Cy4yacH1 e(peKTUBHI
KoMIiekcH1 313 opraHiB AMXaHHS 1 30py JIOJUHU BiJl TOKCHYHHUX aepo30IiB,
TOKCUYHUX Ta3iB 1 MapiB, TOJIOBU Ta Wi BIJ BIUIUBY BIJKPUTOTO TMOJYM's, SIKI
BUKOPUCTOBYIOTHCS IIPU aBapisx AJisl €Bakyalii 3 BUPOOHUUYUX, aIMIHICTPATUBHUX

1 )KUTIIOBUX TPUMIIIECHb, a TaKOX — ocepenky BuHukHeHHs HC. Bimminna puca
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CaMOPSTIBHUKIB — MOXJIMBICTh 1X HEralHOro 3acTOCYBaHHSI ITUBUIBHUM
HACEJICHHSIM PI3HOTO BiKYy 0€3 MOInepeHbOoro MpuIiacyBaHHs HaBITh 32 HASBHICTIO
3HAYHOTO BOJIOCSTHOTO MOKPHBY HA TOJIOBI KOPUCTyBada Ta OKYJISPIB MPUOIU3HO Y
90% BuHukHeHHs aBapid abo HC, xonu HecnpusTIMBa CUTYyallisl PO3BUBAETHCS
IOPOTSATOM XBWJIMH 1 HaBiTh CeKyHJ. IIeBHOIO MIpOIO0 CaMOpSATIBHUK MOXKE CTaTH
€IMHUM 3aC000M TOPATYHKY KOPHCTyBaya B €KCTpPEMalbHIN CHUTYyalli 3a YMOBH
HOT0 «KPOKOBOI» JIOCTYMHOCTI, KA 3HAYHO Kpallle peali3yeTbCsl AJis HOPTATUBHUX
BUPOOIB, OCKIJIBKU iX MPOCTIIIE HOCUTH 13 CO0O00, MPOCTilIe 30epiraTi y MicLix
MacOBOTO CKYMYEHHsI Ta Ha NUISIXaX eBakyallli JroAeil. Y ¢l BiIoMl caMOPSTIBHUKU
OCHAIIIEHI YHIBEPCAIbBHUMHU 32 PO3MipaMH 3aXMCHUMH KaIomoHaMu (II10JIOMaMHu),
K1 00epiraroTh TOJOBY 1 BOJIOCCS BiJ ICKOpP MPU KOPOTKOYACHOMY KOHTAaKTI 3
BIJIKDUTUM TMOJYM'SSIM Ta JO3BOJISIIOTH BUKOPUCTOBYBATH iX JIIOJSM, IO MarOTh
oopoay, Byca, o00'eMHY 3adiCcKy, OKyJsipu. B Tabn. 1.7 HaBejeHI OCHOBHI

BIIMIHHOCTI caMopsTiBHUKIB B 31301 iHImIMX K1aciB.

Tabnuys 1.7
OcHOBHI BiAMiHHOCTI yHOpMYBaHHs caMopATiBHUKIB Bix 3130/ inmmx kiacis
N IIpoturasu
Biaminn1 . = -
CaMOopsITIBHUKA BiiicbKOBI, IS cHCTeMU .
O3HAKU IIpomucnosi
113
Merta BHKO- 3HIKEHHS PU3UKY 3a0e3neueHHs 3axuCT OpraHiB JUXaHHS
pUCTaHHSA ypakeHb MPU BUXO/1 3 | 00€31aTHOCTI nepcoHaly Bif ail
HeOe3NeyHoi 30HU B | (IIpale3aaTHoCTi) B TOKCUYHHX T'a3iB, apiB,
ymoBax HC YMOBaXx, Ta IIpH JIKBAALIl | aep030J1iB, IO MPUCYTHI Y
Hacniakis HC HOBITP1 poOOYOi 30HU
Kopucrysaui . Oco6nuBuil CKaj BIUCHK 1 .
[{uBinpHE HacETECHHS [Tepconan miagnpreMcTB
¢opmyBanHs 113
KpatHicTh Bu-
OnnHopazoBo bararopa3oso bararopa3oso
KOPHCTAaHHSA
TpuBamicts
P 15-30 xB T'onunan T'ogunan
BUKOPHUCTAHHS
Hiroui 3a3Buyaii BijoMi 3 TaHUX
KOHIEHTpAIlii, Hesinomi XIMIYHOI Ta pagioaOTiqHOT Bimomi
JI03H PO3BIIOK
Hopwmu i mo-
PAIIOK BUKO- He BcTa"oBneH1 Bcranosieni BcranosieHi
PUCTaHHS

[3omoBanpH1 camopsTiBauku (IC) — nuxanpHl amapaTv, MpU3HAYEHI IS

€KCTPEHOr0 3axUCTy OpraHiB JAHUXaHHSA, 30py 1 IIKIpU OOJWYYs JIIOJEH B
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HEMpUJATHIM I JuxaHHsA aTtMocdepi mpu eBakyallli, BUKOHAHHI aBapiiHO-
PATYBJIBHUX [1; PEKOMEHIYEThCS 3aCTOCOBYBATH IPH BMICTI y TOBITPl 30HU
aBapii un HC 006'emHOi "acTku BiTbHOTO KHCHIO MeHIIe 17%, HasBHOocTi AXHP,
B1JI IKMX HE 3axuIae (GUIbTp MpoTUrasa (MeTaH, alleTUJICH 1 1HII BYTJIeBOIH1) a00
KOHIIEHTpAIIisl IKUX MEePEBUIILY€ 3aXUCHI MOXKIMBOCTI 1HIUX TUMiB 3130/,

Icaytoth IC HacTymHuX TUMB [69]:

- 3 TBepauM JoKepenoM kucHioo —3130/] pa3oBoro BUKOPUCTaHHS, is
SKOTO 3aCHOBaHa, Mo-Tiepiie, Ha pereHepanii razoBoi nuxanpHoi cymimi (I'1C),
IO 3alOBHIOE BHYTPIIMIHIA 00'€éM CaMOpSATIBHUKA 1 BUKOPUCTOBYETHCS IS
JIUXaHHS B KOHTYP1 CaMOPSATIBHUKA 32 PaXyHOK MOTJIUHAHHS XIMIYHOIO PEUOBHUHOIO
BUJINXYBAHOTO JIOKCHIY BYTJICLIO 1 BOJOTH, a Mo-Apyre, — Ha aonasanHi B ['JIC
KHCHIO 3 TBEPOro JDKEepena KUCHIO;

- 3 XIMIYHO 3B'S3aHUM KHCHEM — 3ac10 pa3oBOTO BUKOPUCTAHHS, /il SIKOTO
3acHoBaHa Ha pereHepaiii ['/JIC B KOHTyp1 caMOpSTIBHUKA 32 paXyHOK NOTJIMHAHHS
XIMIYHOIO PEYOBUHOIO BUJUXYBAHOTO JIOKCHUJLY BYTJICIIO 1 BOJIOTH 3 OJIHOYACHUM
noaaBanHsM 10 ['JIC kucHro, 10 BUAUISETHCS TIPU XIMIYHINA peaKIlii;

- 31 CTHCHEHHMM KHCHEM — 3aci0 ojHOopa3oBoro abo OaraTopa3zoBOIo
BUKOPUCTaHHA, [is SKOro 3acHoBaHa Ha perenepauii ['J/IC B KoHTypi
CaMOpATIBHUKA 3a paxyHOK TOTJMHAHHSA XIMIYHOIO PEYOBUHOKO J1OKCHUIY
BYIJICITIO, IO BUJUXAEThC, 1 gogaBaHHsM B I'JIC kucHIO 3 OanoHa 31 CTUCHEHUM
KHCHEM.

V¥ Bcix TuniB 3a3HadyeHux IC mHagmumok ['JIC BUBOAUTHCS HA30BHI Yepe3
KJIallaH HaJJIMIIKOBOTO THCKY. BUWKOpPUCTaHHS XIMIYHO 3B'S3aHOTO KHCHIO
3a0e3nedye JOBrOCTPOKOBE (HE MeHII I'STH pokiB) 30epiranns IC y crani
TOTOBHOCTI Ta HE BUMAarae JIoJJaTKOBOTo 00CITyrOByBaHHs MpH ekcrutyarariii [70].

B cucreMi IUBIIBHOTO  3aXHCTYy  BUKOPUCTOBYIOTH:  IIMBLIBHUH
130JTIOBAJIbHUNA ~ CaMOPSITIBHUK IT'IC-25 CaMOPATIBHUK  MPOMMCIIOBUN
i3omoBansauit CITU-20 (CITM-50), ta inmm (tabm. 1.8). HaitOinbim npugaTHUME
JUIST BUKOPHCTAHHS IMBIIBHUM HaceJIeHHAM Yy pa3i BuHHKHeHHT HC €

binsTpyBasibHI camopsaTIBHUKH (CD).
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Tabnuys 1.8
TexHiuHi XapaKTePUCTHKH i30/1I0BAJILHUX CAMOPATIBHUKIB [71]

o Mapka 130J1I0BaJIbHOT'O CAMOPSITIBHUKA
Texim Drager Saver |®enuct-300-
XapaKTEPUCTUKHU CIIT-1 (%F- 15 5 CIIN1-50 ITUC-25
Yac 3axucHoi nii npu
eBaKyarii, He 15 15 30 50 25
MEHIII, XB
TemneparypHuii
Jiarma3oH 3aCTOCYBaHHS, 0-+60 (-15) 60 (-10) 60 0...+60 (-5) +60
°C
["abaputHi po3mipu, Mm: |1 10x230x%270/ 260%510%190 [150x480x170[140%260%330[110x195%310
Macg po00YOi YaCTHHH, 18 6.9 3.0 25 2
He OLIbII, T

C® xnacudikyiors: 1 — 3a mpu3HaueHHAM (JJ11 3aXUCTY 0COOOBOTO CKIIATy
HEBOEHI30BAaHMX (OpMYyBaHb, MPALIOIOYOr0 Ta HENPALIOYOro JI0POCIOro
HaceJIeHHs, JiTe BikoM 7-16 pokiB, miteir Bikom 1,5-7 pokiB 1 ocid 3
nocJIa0JIeHUM 370pOB'AM, JiTed BikoM 110 1,5 pokiB); 2 — 3a (hyHKI[IOHATILHUMU
(mns 3aXMCTy OpraHiB AMXaHHS, 30py Ta WIKIPH TOJOBH JIOAWUHHU) 1 3aXUCHUMH
(MPOTUIUIIOB1, TPOTUTA30BI 1 Ta30MUII03aXUCH1) BIACTUBOCTSAMU; 3 — 32 CIIOCOOOM
nonanns noitpa (3130/] 6e3 narnitanus nositpsa ado 3130/1 i3 MITDIT).

Knacudikauis 3130 1 dopmyatoBaHHS TEXHIYHMX BUMOI 3a CIOCOOOM
MOJaHHS TOBITPS, IO OYMINAETHCS, € BaXIUBOKW BiaMmiHHicTIO COY MHC 75.2-
00013528-002:2010 Bix iHIUX CTAaHAAPTIB, OCKIIBKH, sIK Oyae MOKa3aHO HIDKYE,
acoptuMeHT 3I30/] i3 mpuMycOBUM TOJaHHSM TMOBITPS B OCTAaHHI POKU 3HAYHO
HOLLIUPIOETHCA.

ChorogHi MPOTMOHYETHhCS  JOCTaTHS  KUIBKICTh  CAMOPSTIBHUKIB  JJIst
BUKOPUCTAHHS HEMIITOTOBIICHOIO JIoAuHOI0 B ymoBax HC, ski, Haxamb,
BUITYCKAIOThCS 32 KOpJAOHOM. IlepeBaskHa iX OUIBLIICTh OCHAIEHA MATPOHHUMU
GbiapTpamMu, 110 JA03BOJIAE 33 PaXyHOK (DI3UKO-XIMIYHUX BIACTUBOCTEN COPOLIIIHO-
GITPTpYBAIBHUX ~ MaTepiaiiB 1 HU3BKOTEMIIEpaTYpHUX  KaTali3aTopiB
3a0e3reuyBaTy  YJOBJIIOBAHHS  a€pOJUCIEPCHUX YacTOK 1  HeWTpamizailito
TOKCUYHUX TIapiB 1 Ta3iB Ta BHUMYCKaTH (DUILTPHU, MPU3HAYEHI JJIS BiATIOBIIHHMX

yMoB ekciutyaranii 3a HC [72, 73].
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Y Tabn. 1.9 HaBenaeHl TeXHIYHI XapaKTEPUCTUKH (PiIbTPYBaTbHUX
CaMOPSTIBHUKIB, SKI BIJIPI3HSAIOTHCSA SIK 3a KOHCTPYKINEO, TaK 1 3aXHCHHUMH,
30KpeMa 1 TEepPMO3axXHWCHUMH, BIJIACTUBOCTIMH [74-76]. «Parat-C», «OBAK»,
SWEDE CBRN Escape Hood», «Sundstrom SR77-87», «KIMI PLUSy, «I'’13K»
(tabm. 1.9). 3 Tabn. 1.9 BuAHO, IO y NESKUX BUMAAKAX TEXHIYHI XapaKTEPUCTUKU
(GiMBTPYIOUMX CaMOPATIBHUKIB HaBeaeHi mpu BuTpati 30 IM3/XB, IO € TUIOBHM
JUIst JieTkoi pobotu. Hampukinaza, omip auxanHio juist camopsatiBHuka "CITY-1'3"
cranoButh 147 Ila (mpu Butpati mositps 30 aM3/XB), MI0 HAa MEPLIMI MO
3HaYHO MEHIIe, HDK y Bumajky camopstiBHuka "lllanc-E", ge omip auxanHio
cranoButh 720 Ila (3a mamumu npu BuTpati nopitps 95 am%/xB). Onmak y
CTPECOBOMY CTaHI JMXaHHS TMPUCKOPIOETHCSA, IO TMPU3BOJUTH A0 3HAYHOTO
30UTBIICHHSI PEalbHOI BUTPATH BIAMXYBAHOTO TMOBITPS 1, BIAMOBIAHO, OMOPY
JTUXAHHIO.

OCKUIBKM TOXEX1 € HalyacTIIO NPUYMHOI0 HaJA3BUYAWHUX CHUTYaIliH,
KOMITOHEHTH CaMOPATIBHUKIB MOBUHHI BIJMOBIJATH HACTYITHUM BUMOTaM:

- IIOJIOMHU-MAacKd He MOBHHHI AedopMyBaTHCs TpHU 3MIHI TeMIepaTypu
HABKOJIMITHKOTO cepenoBuia Bijg minyc 30°C go mtoc 70°C;

- CKJAJOBI YAaCTUHM CAMOPSTIBHUKIB TOBHHHI OyTH CTIMKUMH [0
3aiiMaHHs, BUTPUMYBATH [110 BIAKPUTOrO MosyM's 3 TemiepaTyporo (950+£50)°C
npotsarom (5+0,2) ¢ Ha Biacrani (20+2) MM, He 3aliMaTuCs a00 TOPITH MPOTITOM
OUIbILIE HIXK S5 € MICTS BUITYUYEHHS 13 TOTyM's;

- IIOJIOM-MAacKd MalTh 3aJMIIATACA TEPMETUYHUMU TICIS BIUIMBY
TeII0Boro NMoToky 8,0 kKBT/M, mKepeno sSIKoro po3TanioBaHoO Ha BiacTaHi 175 mm
B1JI HUX.

3MEHIIIeHHS] TETUIOBOTO BIUIMBY Ha TOJIOBY KOPHCTyBaua JOCSTAETHCS 3a
pPaxyHOK BUKOPHUCTaHHSI TEIJIOBIAOMBHUX METaNi30BaHUX MaTepialiB 1/abo ais

BUTI'OTOBJICHHS IIOJIOM-MACOK 3 TKaHHWH 3 HU3bKOIO TCHJ’IOHpOBiJIHiCTIO.
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Tabnuys 1.9
TexniuHa xapakTepucTuka AesiKuX QUIbTPYBaJIbHUX CAMOPATIBHUKIB
MAPKA
«SWEDE
CBRN «Sundstrom «KIMI
o «Parat-C» | «9BAK» Escape SR77-87» PLUS» «C3K»
TexH1uHI
Hood»
XapakTe-
PUCTHKH —
e 00 ¢
. Macka3 |PsatyBanbHmii| Macka 3 Macka 3 Macka 3 Macka 3
Koucrpykuis
Kantypom | kamromoH KanTypoM KanTypoM KanTypom KalTypoM
*
I'abaputh, mm| 90x140x200 | Z65x130 |155x235x130(120x120x170 «xuiensko- |189x153x133
BUI»
Maca, r 550 312 550 590 150 800
Yac 3axmcHol
nii 3a AXHP, >15 >20 >30 >30 > 20 >30
XB.
CO, NHs, CO, HCl, NHs, Cla, CO, HC], NHs, CCls, | CO, NOgo,
TMepertix SO, H2S, HCN, HF, H2S SO, H2SO4, | HCN, H2S, | Cl2, HCN, | HCI, HCN,
A)?HP HCN, HCI, | SO, NHs, | HCI, CsHe, | SO, NH3, H>S, SOy, H>S, SO,
NOx. Cl2,CeHs, |3apin, 30maH, CesH12, akponein | NHs, CeHio,
aKpoJIeiH VX-ra3u aKpoJeiH aKpoJeiH
Hagsuicte xe- + + + + + +
MOCOPOEHTY
Onip nuxas-
HIO Ha BIUXY,
[P BATpPATIi 800 (95) —* 800 (95) 800 (95) 166 (30) 800 (95)
MOBITPS,
mv®/xB), ITa
. [Tonixmopor-
.o ... | Boraecriiika N
Bornecriii- | Bornecriii- peHoBUI
. . . o . TKaHWHA 3 Nomex, %
Martepianu  |kuii MaTepialn| KUAMOMIIMI/, . ) JIaTexc, _
P\V/C Kapton® HN AIOMIHIEBUM [IOJTIKapOOHaT nonuTeTpa-
MTOKPUTTSIM
¢dTopeTuseH
Boruecriii-  |[KopoTkodacH . macka — 150; 100
KicTh,°C o 1o 1000 285-437  He biem 800 +70 kantyp — 200| He Ginbin 2XB
Burorosie- 1SO 9002 TV 6-
HU BiAmo- DIN 58647 ISO 9001 |GA 209-1999| EN 143 ' | -00209591-
. NFPA 701
BiJTHO 10: -392-93
Kpaina- . . .
BEPOBHNK I'epmanis | P@-Kanana CIIA [IBemis I3pains PO
HITO First Line Duram
Driagerwerk Sundstorm BAT
Bupobuuk «Accormarus Technology, . Rubber
AG & Co. Kpunak» LLC Safeti Product. «EXM3»
Tepmi mpu- 6 5 3 75 5 3
ITATHOCTI, P.
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1.5 Oco6iuBocTi BHUKOPUCTAHHSI CAMOPSATIBHUKIB 3 MOTOPOBUMU

NMOBITPOHATHITAILHUMH (PiIbTPYIOUMMH IPUCTPOSIMHU

VY 3B'a3ky 3 MABHUIIEHHAM BUMOT J0 Oe3neku 1 edextuBHOCcT 3130/,
BIJICYTHICTIO CbOTO/IHI YHIBEpPCAJIbHOT Macku abo I10JI0Ma, 1/1€ajIbHO MPHIIETIINX JI0
o0mmuus Oyb-SKOTO KOPUCTYBaya, HASBHOCTI MiJICMOKTYBaHHS (Xo4a 0 1 B Mekax
BUMOT JIIFOYMX CTAHJAPTIB) B 130JIOBAJIBHUX 1 (DUIBTPYBAIILHUX CaMOPSATIBHUKAX,
HE3HAYHUM YacoM iX 3aXUCHOI Jii Ha0yB PO3BUTKY HaIpsiMoK 31 cTtBopeHHs 3130/
3 MOTOPOBUMH MOBITPOHATHITAILHUMH (PUIbTpyBabHUMHU NpUcTposiMu (CMITOIT)
(3a iHO3eMHOIO TepMiHoJoriero — powered air purifying respirators, PAPR), sixi 6
JTIO3BOJIMJIN JIFOJWHI TPUBAIMKM Yac mepeOyBaTH B HEOE3MEUHOMY CEpeIOBHINI Oe3
noripiieHHst (pizuyHoro camomnouyTTs. OO'€KTUBHUM YMHHHUKOM, IO CIIPHUSE
nposiBy KOHKypeHTHHX mepeBar CMII®DII nepen tpagumiiHumu (QUIbTPYIHOUHMMA
3130/1, € npucytHicTh B armMocepHoMy noBiTpl B ymoBax HC mmpoxoro crekrpa
TOKCUYHUX PEUOBHH PI13HOT MPUPOJIU, BIOBUTH KU y TIOBHOMY 00Cs131 (GUIBTPyBaIBHI
enemenTy TpaauuiiHux 3130/] He B 3M031, a CTBOPEHHS YHIBEpcaJbHOrO (PuibTpa 3
JIOCTaTHBOIO COPOIIIAHOI0 €MHICTIO TpH3BEAE J0 30UIbIIEHHS HE TUIBKA HOTO
rabapuTiB 1 MacH, aJie 1 TOYaTKOBOTO ONOPY JAWXAHHIO, 1[0 HETATUBHO MIO3HAYAETHCS HA
(bi3MYHOMY CaMOTIOTYTTI JIFO/ICH, OCOOJIMBO 3 OCIA0JICHUM 3I0POB'SIM, 1 JtiTel [77].

3 TOosBOIO  MaloradapuUTHUX  BUCOKONMPOIYKTUBHUX  E€KOHOMIYHUX
BEHTUJISITOPIB Ta €HEPTOEMHHUX JKEPEIT KUBJICHHS 3 MAJIUM CTPYMOM CaMOPO3PSAY
npu 30epiraHHi CTaji0 MOKIJIMBHUM CTBOPEHHSI CIIOHYKadiB BUTPATH, SKI MOXHA
HOCHTH 13 CO00¥0, 3/TaTHUX TIOJIOJIATH IABUIIICHHUM OIip yHIBEpCaIbHOTO (iabTpa 1
TUM CaMUM 3HU3UTH HABAaHTKEHHS HA OpraHu IUXaHHS JoAuHdA. B Tabmmmi 1.10
HaBegieH1 feski CMITDII, npunaTHi Ay excrutyaraiii sk JITbMUA PI3HUX BIKOBUX
KaTeropi, Tak 1 JAOpPOCIMM HaceleHHsM. Sk mpaBuino, yci Bimomi CMIIODIT
CKJIQIal0ThCS 3 HACTYMMHUX KOHCTPYKTUBHUX €JIEMEHTIB: 3aXMCHHUN KaIOIIOH a0
MOBHOJIUIIFOBA Macka; (PuUIbTpyBadbHUN TATpOH ab0 (GiAbTp, MpUHAYCHUH IS

OUYHMIIEHHS BAWXYBAHOTO MOBITPS; MOPTATUBHUN BEHTUJIITOPHUN OJIOK 3 JDKEpEIoM
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KUBJICHHS (Typ000Ji0K). 3a3Buyail (QuUIBbTpyBaJbHUN TATPOH 1 OJIOK CIOHyKaua
BUTPATH KPIIUIATH Ha IPyasx a0o Ha mosici kopuctyBaua [78].

B nanuit yac B 3a7€XHOCTI BiJl TUCKY, 1[0 CTBOPIOETHCS B IMiIIOJOMHOMY
(mamackoBomy) npoctopi, CMIIDII noaunsaoThCss HAa JBAa TUIH: 3 HETaTUBHUM
TUCKOM (Negative-pressure types) i 3 mHO3UTHBHHM THCKOM (pOSitive-pressure
types). ¥ 3130/] neratuBHOTO THUCKY (pibTpu 200 (PiIBTpyBaNbHI MATPOHU UYepe3
MOBITPONIPOBITHUN IIUIAHT 1 KJIamaH BAWXY MPHUEIHAHI A0 MacKu (IMBMAcCKH), IO
IIUTHHO TIPUIISITAE 0 00Ul KOPUCTYBayva.

3aB/ASKH HEraTUBHOMY THUCKY B I1JIMAacKOBOMY IPOCTOPI, 110 CTBOPIOETHCS
BEHTUJIITOPOM, 3a0pyHEHE aTMOC(EpHE MOBITPS HAAXOAUTH Yepe3 QiIbTP Y 30HY
JIMXaHHS;, BUIWXyBaHe, 30aradueHe JIOKCHUIOM BYIJICIIO 1 MapamMu BOJU TOBITPS,
BUBOJIUTHCSA 4Yepe3 CIeliaIbHEe BUTSIKHE MPUCTOCYBAHHS, 3aKpIIJICHE HAa MACIIL.
['epMern3aniss Macku Ha OOJMYYl KOPUCTyBada JOCATAETbCA 3a pPaXyHOK
HEraTUBHOTO THUCKY B MIAMAacKOBOMY IMpOCTOpl. 3a3HayMMO, LI0 BHACIIJOK
3acTocoBaHOro  mpuHIUNy pobotn CMIIDII 3  HeraTMBHHUM  THCKOM
KOMIUIEKTYIOThCSl TIJIbKM MOBHOJIMIILOBOIO MACKOK a00 MiBMAacKO0, sIKI MOXYTb
OyTH po3TaIlIOBaHI il 3aXUCHUM KaITIOIIOHOM, IIIOJIOMOM ab0 ekpaHoM [79].

[Ipore 3 pocCBigy eKciulyaTalli pecmiparopiB Ta MpOTUrasiB (ski 3a
MPUHIIUIIOM POOOTU € MPUCTPOSIMU 3 HETaTUBHUM THCKOM) BIJOMO, IO MOKJIMBA
po3repMeTu3allisi Macku (MIBMAacku) MpU TOMaJaHHI BoJOcCS abo OyIb-aKuX
IHIIMX CTOPOHHIX OO0'€KTIB MIK HEIO Ta LIKIPOIO KOPUCTYyBaya, BHACIIOK YOTrO
3a0py/IHEHE TOBITPS 3aBISKH HETaTHBHOMY THCKY B ITIJIMACKOBOMY IPOCTOP1
JErKO NMpoHUKae y 30HY AuxaHHs. CMII®II 3 mo3UTUBHUM THUCKOM CTBOPIOIOTH
OUIBII HAIIMHUM 3aXUCT KOPUCTYyBaya 3aBISKH TOMY, 110 BiA(QUIbTpOBaHE MOBITPS
HArHITAETHCS BEHTWISATOPOM B TMACKOBUM MPOCTIP B KUIBKOCTSIX, IO 3HAYHO
MIEPEBUIYIOTh TIOTPEOH ISl AUXAHHS.

Hapasi yci Bigomi cBiTOBI BUpOOHUKHM BUroTOBIAIOTH 3I30/[ 3 Gnokamu
MIPUMYCOBOI MOJ1a4l TOBITPS, OJTHAK BOHU YACTIIE € MPOMHUCIOBOTO MPU3HAYCHHS:
CIOPSIKEH1,  37e0UIBIIOro, MPOTHACPO30JILHUMM 1/a00  creliaii30BaHUMU

binpTpamMu, po3paxoBaHUMU Ha YJIOBIIOBAHHS KOHKPETHUX TOKCUYHUX PEUYOBHH;
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cami K OJIOKM 3 JDKEpelIoM >KMBICHHS pPO3paxoBaHi Ha BUKOPHUCTOBYBAHHS
MPOTATOM POoOOYOT 3MIHH, a OT)KE MaIOTh JIOCUTh BEJIMKI Tabaputu Ta Macy (TabiI.
1.10). o Toro X BOHH HE 3aXHIIAIOTh BiJI il MOHOOKCHTY BYTJICIIIO.

Tabnuysa 1.10
3130/ 3 6;10kamMu puMycoBoi noaayvi mosirps [80-82]

Texnri SR 500 Myccon 2000 | Versaflo TR-300 | 3M JUPITER
XapaKkTePU-THKH
3aranpHUN m m
BUTJIST
-
e
Maxkcnmansaa
ob'emna 225 120 + 200 190 160
BUTpaTa
TOBITPS, aM3/XB
3arajipHa Maca, 1,49 1,10 1,15 1,48
KT
Kuac 3axucty P3; A2P3;
P — P3; A1IBE2K1P3 P3 P3; A1B1E1l ABEP3;
ABEKP3
Yac
Oe3nepepBHOT 8 8 12 8
poboTu, Tox;

€IMHUMH BIJJOMHUMH CaMOPSATIBHUKAMH 3 OJIOKaMH TMPUMYCOBOi Tojadvi
TOBITPS, SIKI PEKOMEHIYIOThCS JIJISl 3aCTOCYBaHHSI IIUBUILHUM HACEJICHHSAM B YMOBaxX
HC, e «Scape CO/CBRN 30» (ILC Dover, LP (CIIIA)) ta «Israeli Bardas Gas Mask
Hood» (Shalon Chemical Industries, Ltd (Ispains). o nepesar «Scape®CO/CBRN
30» cnix BiHEeCTH: BOYJOBAaHUN BEHTUJISITOP, KM aBTOMATHYHO 3aIyCKA€THCS B
MOMEHT BHiIMaHHs camopsTiBHUKa, LED-1HaukaTop curnamizye kopuctyBadeni (y
TOMY YKCII 0cO0aM 3 MOPYIMICHHSIMH CIIyXY) PO poOOTY BEHTWISATOPA, TAHOPAMHE
none 3opy. llpm domy emHICTP BOYZOBaHOTO JO TMPOTUTA30BOi KOPOOKHU
yHiBepcasibHOTO (GiibTpa 3abesneuye 30 XB. OE3MEPEPBHOTO 3aXUCTY OpPraHiB
JUXaHHS Bl TOKCUYHUX PEUOBUH (30KpeMa OOMOBHX 1 MOHOOKCH]Y BYTJICIIO Ta

THITUX TOKCUYHUX Ta31B, 1110 BUAUISIIOTHCS TPU MOXKEXK1).
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1.6. AnaJji3 BiaacHux pusukiB moropoBanux 3130/1

Jlnis poBeZIeHHsI OIIHIOBAaHHS BJIACHUX pU3UKIB MoTopoBanux 3130/, sxi
XapaKTepU3yTh 1X HEJOJIKH, 1[0 MOXYTb BUHHUKHYTH IiJ 4Yac €KCIUTyaTarlii
ckopucTaeMoch anroputMoM Metoay "FMEA", sxuit no3Boisie Ha OCHOBI
3aCTOCYBaHHS OpTaHI3alliifHUX, JOTTYHHUX 1 MAaTEMaTUKO-CTATUCTUYHHUX TMPOLETYP
po3paxyBaTd paHT MpIOpUTETY TPOodeciiHOro pu3MKy BUMKHEHHS HeOe3neyHoi
CUTyaIlii Ha OCHOBI TPbhOX TOKA3HMKIB TSHKKOCTI HacHiakiB (S), WMOBIPHOCTI
BUHUKHEHHsI BiIMOBU/iHIIMACHTY (O) Ta MOXIMBOCTI BUSBJICHHS ACPEKTY, SIKUN
OB’ si3aHM 3 HeOe3neuHoto Aieto ado 6e3 aii (D). OcranHiil moka3HUK MOB’sI3aHUN
TaKO)X 3 BU3HAYCHHSIM BIUIMBY IICMXOCOLIAJBbHOTO CTaHy TMpalliBHUKa Ha
BUHUKHEHHS JIIOJICHKOI MOMUJIKUA - HeOe3neuHoi aii abo 6e3 fii. 3a BEIMYUHOIO
paHTy pHU3HMKY IPOBOAUTHCA BUOIp 1 OOIPYHTYBaHHS pPalllOHAJIBHUX PILIECHb, SIKI
cupsiMOBaH1 Ui miaBUILeHHS Oe3neku npu poOoTi A3C. [etanbHO 11 eKcnepTiB

3a anroputmMoM metony "FMEA" (puc. 1.8) omucano B cranaapTi [82].

.

__ Hazard B
identification

|

¥ ¥ ¥
Failures (S) flConsequences (0)
L |

Risk assessment
RPN= Sx0xD

0] Algorithm
g improvement

Yes

Pucynox 1.8 — Anroput™m aiii ipu MpOBEICHH1 OIIHIOBAHHSI PU3UKY METOJIOM
"FMEA" [83]

I'pyna excrnieptiB (Tabn. 1.11) ouiHtoe Tpu ocHOBHI (pakTopu mpodeciitHoro

PU3HKY U PEKUMY MOMJIMBHX MOTEHIIHHUX HeOe3NeK: TSHKKOCTI HacHiaKiB (S),
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HMOBIpHOCTI BHHUKHEHHs BigMoBu/iHiuaeHty (O) ta usiBienHs aedekty (D).

Jo6yTok 3a3HaueHux komnoHeHTiB S, O Ta D no3Bose Bu3HaunTu 3HadyeHHs RPN
3a (hopmyitoro [83]:

RPN =S x O x D, (1.1)

Ominka mpodeciifiHOro pHU3UKy, sIKa OTpUMaHa 3a alTOPUTMOM METOIy
"FMEA" tpuBae 1o noBHoi iieHTu(ikaii 3HaueHHss RPN, 1110 Bka3zye Ha HaWBHII
3HAYCHHsSI BENUYMHU TpodeciiiHoro pusuky. HaitOinpmn BIIMBOBUMHU (akTOpaMu
paxyroThcs Ti, y sikux 3HadeHHs RPN nepesutnye 150 6anis [83]. Jlnsa Bu3HaueHHS
MOKa3HUKIB TSKKOCTI HACJIIJIKIB (S), HMOBIPHOCTI BUHUKHEHHS
BimmoBr/iHIIMAeHTy  (O) Ta  MOXIMBOCTI  BHSBICHHS  HEOE3MEYHOTO
ncuxocoriansHoro crany (D) 3acrocoByerbcs mikana Bigx 1 go 10, me 1 -
HaliMEHIIIa BeJIMYMHA MMOKa3HuKa, a 10 Haib11bma.

VY pa3l HEBUKOHAaHHA BKa3aHOi HEPIBHOCTI PE3yJbTaTH OLIHOK OyIyTh
BBAXKATHUCS BUKHUIAMH, SIKI HEOOXiqHO BUKIOUUTHU. [Ipn yomy 3 ekcnepramu, 110
Jany TaKy OIIHKY TPOBOAWTBCS PO3’SICHEHHS JJI1 BHUSABICHHS TPHYUH
OOTPYHTOBAHOCTI iX BHMOOpYy OaiiB MmiJ 4Yac MPOBENEHHSA eKcrepTu3n. KpuTuuHi
3HAUEHHS CTaTUCTUK BUOMPAIOTHCS BUXOJSYHU 13 3aKOHY PO3MOJLIY BHUIIAIKOBOI
BEJIMYMHU. Pe3ynbTaTi OLIHIOBaHHS PU3UKIB HaBeneHl B Ta0m. 1.11.

Takum 9MHOM, IO HEIOJIKIB TaKMX CaMOPSATIBHUKIB CJiJ] BITHECTH CKIIAJIHY
KOHCTpYKUit0 (puibTpyBanbHOro 3130/, sika BUMarae nocTiiHOro MOHITOPUHTY 32
e(EeKTUBHICTIO POOOTH HATHITAIOYOrO0 BEHTHJIATOpA Yepe3 3HAUYHHUUA OMIp MOTOKY
MOBITPS, KMl BUHHUKAE y TOBITPOIPOBO/I1, 3yMOBJICHUI HEBETUKUMH PO3MipamMu
MOBITPSHUX KaHaJI1B, HEOOX1HICTh pOOOTH Ha MiABUILIEHUX 00epTax, 10 BUKJIMKAE
3HAUYHUW IIyM Ta MIBUIKE 3HWKEHHS PIBHS 3apsay akymyisaropa. Kpim Toro,
Hee(ekTuBHA poOOTa CUCTEMU KepyBaHHS (IITPYBAILHUM PECIIpaTOpOM, SiIKa Y
BUIAJIKaX PI3KOro MIABUILEHHA BUTpaTH mnoBiTpa (Ounbme 300 1/xB.) mpu
BUKOHAHHI BaXXKOi poOOTH, BMUKAE BEHTUJISITOP 13 3aMMi3HEHHSM, 110 TMPU3BOIUTH
JI0 YTBOPEHHS IIiJT MacKOK BiJ’€MHOTO (HETaTMBHOTO) THCKY, a 3HAUYUTh MOXKE
MIPU3BECTH JI0 MiJICMOKTYBaHHS HE(DIILTPOBAHOTO MOBITPS 32 CMYTOr0 OOTIOpaIlii, a

TaKOX J10 30UTBIIIEHHS KOHLIEHTPAIlii BYTJIEKUCIIOTO ra3y.
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Tabnuya 1.11

Pe3yibTaTu OLiHIOBAHHSA PU3UKY

Jlara: Cxema/(poTo mpoaykTy BinnoBinaiabni Migmuc

3pa3ok: SBATBEPJAXKEHO:

(mIbHMIISA, TIEX, BUPOOHHIITBO) (mocana, npi3BuIe, iHiriam)
Hupexrop HBII Cranmapt Bacunsuenko M. C.

HOTOAKEHO:

(mocaza, mpi3BuILe, iHIIIATH)

Komy 3arpo:xye BusiBjieHa

HeBiIMOBIAHICTH:
CIOKHBAYAM 3acTymHUK JupekTopa 3 BupoOHunrea Haymor M. M.
Onuc Po3paxyHok uuciaa N
Kon . . . . . 3ano0ixkHi 3axoau
q)yHKI[lﬂ MOKJINBO1 Onuc Mo:KINBOI . . IPIOPUTETHOCTI PUSUKY
Tpoay- NPOAYKTY | HeBiXNMOBiTHO NPUYUHHA Omnuc nacinkis
kry | POAYELY . P S | O | D |RPN
CT1
- 3HAYHUH OIip MOTOKY
TOBITPS;
= - HEBEJIHKI PO3MipH " SMCHIICHIA
o 1. HecrabinbHa . . (GiTBTPYBANBHOT 31IATHOCTI
E HOBITPSHUX KaHAIB; . )
= pobora - 06O Ha MiBMacKu; 9 7 5 315
= BEHTHJISITOPA p - 3MEHIIICHHSI KAPKACHOCTI
= MiABMIIEHNX O0epTax; | ..o - J1oaaBaHHS OJOKY
CE - 3HIKCHHS PiBHS KOHTPOJTIO 33 TApaMeTPaMu
S 3APALY AKYMYIATOP- TIOBITPSAHOTO MOTOKY;
'é - HEJIOCTATHIN THCK - 3MeHIIeHHs QiTbTpy- - HOHaBaHHfI .
3 CTMCHYTOTO TIOBITpS; BaJILHUX BIIACTHBOCTEH barato(yHKIIOHATBHOI
E\ 2. Hesianosiama - MiIBUIIEHHS] BUTPATH | (3HMXKEHHS EJIEKTPO- CHUCTEMH JAaTYUKIB,
a poBoTa cHCTeMH moBiTps (Oimbmre 300 CTaTUYHOTO 3apSAKY); . 8 7 6 336 BCTAHOBJICHUX B KOPITYCi
= 1/XB.); - BUHUKHEHHS MOXJIUBOCTI IDHCT .
KepyBaHHS . . . p POrOo;
5 - YTBOPEHHS MiJ po3puBy QinbTpa;
= . i . - peryJiroBaHHS OCHOBHUX
=< MAacKOI0 BiJl’€MHOT0 3MEHILECHHSI THJI0OEMHOCTI . ;
g (HETATHBHOTO) TUCKY. | MIBMAcKw. [apaMeTpiB MOBITPAHOIO
8 MOTOKY B ITiJIMaCKOBOMY
é’( - uepes MIBUJIKE pocTOopi
3a0pynHeHHS QinbTpPY;
8 3. Husvxa - qep}:; 3HaqH1(?171 P - BTpaTa 3aXHCHUX
— BCMOKTYBaJIbHA DS P . 10 7 5 350
™M . TepMiH eKCILTyarTartii; BJTACTHBOCTEH ITIBMACKH.
CIIPOMOKHICTh .
- yepe3 3HaYHHuN 00csT
TIOBITPSI.
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Takok  HHM3bKAa  YCMOKTYBajJbHa  CIIPOMOKHICTb  BIJILIEGHTPOBAHOTO
BEHTUWJISITOPA, IO HE J03BOJIIE MOTO BUKOPUCTaHHS B aTMocdepl 3a0pyaHeHid
JEKiITbKOMa PI3HUMH MIKIJIMBUMU PEYOBHHAMH, IO MOTPeOye MOCIHiTOBHOTO
BCTAHOBJICHHS JIJISl 3aXMCTY OJIHOYACHO JEKUIBKOX MPOTUTa3oBUX (inbTpiB. Bee
nepepaxoBaHe BUMarae po3poOKu HOBOi KOHCTPYKIlli ¢impTpyBasibHOTO 3130/] 3
IIPUMYCOBOIO ITo1aueto moBiTps [85, 86].
3a3HayuMoO, 1110 BHUKOPUCTAHI MpPU iX po3poOlll TEXHIYHI PIMIEHHS s
BUPIIICHHS MUTaHb KEPYBAaHHSA MOTOKOM TOBITPS, IO MPOXOAHUTH 4epe3 (PiibTp,
3MEHIIICHHs Ta0apuTIB 1 MacH KOHCTPYKIIii, BU3HAYEHHS HEMPHUAATHOCTI (PUIBTPIB
JUIs TOJAJIBIIOI eKCIulyaTalii Ta 1H., B OCHOBHOMY, CTOCYIOThCS €KCILTyaTalii
IPOMUCIOBUX  MpWIaAiB, KOJIM MOpsA 31  CHeHU(PIYHUMHU  3aXUCHUMU
BJIACTUBOCTSIMUA  B@XXJIUBY pOJIb  BIJIICPAIOTh €PrOHOMIKA 1 MOXKJIMBICTD
0araTopa3zoBOro BUKOPUCTAHHS IMPUCTPOIO, TPUBAIIICTh MOro 0e3nepepBHOi poOOTH
0e3 mig3apsaky (ado 3aMiHKN) JKepesa KUBJICHHS, cyMmicHocTi 3 iHmmmu 313 [87].
[Ipu pozpobui x 3I30/[, mo BuxopucroBytoThcs B ymoBax HC, komu
HEOOXITHUHM Yac 3aXMCHOI il BIJIHOCHO HEBENMKUU (HOpMoBaHe 3HaueHHS 30 XB.
BIJIMOBIHO JI0 BUMOT), TIEPIIIOUEPIOBY YBary MPUIUISIOTH BIIMOBIIHOCTI JIFOUYUM
CTaHJapTaM TaKHX NapameTpiB, IK 3aXUCHA €(PEKTUBHICTh 3a MIMPOKUM CIIEKTPOM
AXHP (CHOP) ixransumiitHoi Aii, cTIMKOCTI 3ac00y A0 il BUCOKMX TeMIEpaTyp,

YHIBEPCAIBHICTh 1 IPOCTOTA Y BUKOPUCTAHHI.

1.7 Mera T4 3aBAaHHA JOCTiKEeHb

3axucT AMXaJbHUX OPraHiB PATIBHHMKIB Ta LIUBLILHOTO HACENIEHHS MiJ 4Yac
BUHUKHEHHSI HAJ3BUYAHUX CHUTYaIlli, TAKMX SK TEXHOTCHHI aBapii, MOUTUPEHHS
HeOe3MneyHux BipycHUX 1H(eKiid, O0HOBI Mii, TEPOPUCTHUYHI AKTH Ta IMOMKENKI
PI3HOrO TOXOKEHHSI, OCOOJIMBO B YMOBAaX HEBIJOMOIO CKJIaAy TOKCHYHHX
PEUOBHUH y MOBITPI, € HAI3BUYAWHO BaXKJIMBOIO M aKTyalbHOIO 3a7aueto. OTHUM 13
croco0iB ii BUpIIEHHS € po3po0Ka ePEeKTUBHUX 3aXMUCHUX 130JIALIIIHUX 3acO0IB 3

NPUMYCOBHM TIOJaBaHHSM TOBITPS, fKI BIJIMOBIJAIOTh TaKUM BHUMOTaM:
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0aratopyHKIIOHAJIBHICTh, MPOCTOTAa KOHCTPYKIli, MiIHIMaJIbHUN Yac MiATOTOBKH
OPUCTPOI0 Ta KOPHUCTyBaya [0 eKCIUTyaTallli, KOHTPOJIb eKCIUTyaTaliiHuX
napaMeTpiB MPUCTPOIO MiA dYac 3axUCHOi pobotu. B Toil ke wyac anami3
KOMEPIIMHOTO PHUHKY TPOJaXKIB TMOAIOHMX MOTOPOBAHUX (UIBTPYBaTBHUX
pecmipaTopiB BKa3ye, MO HE TaKk Oarato W BUPOOHUKIB MOXKYTh JO3BOJIUTH
BUPOOHMIITBO BIAMOBIMHUX TPUIAIIB, OCKUIBKA HEOOXITHO 3a0€3medynTH SK
BIIMOBIHUM PIBEHBb TEXHOJIOT1H Ta 1 3HANTH IUISIXU JIJIsI 3MEHIIIEHHS COO1BapPTOCTI.

Tak, Bimomi BUpoOHHKH, Taki sik "Drager Safety AG&Co. KGaA", "UVEX",
"Delta Plus", "Sundstrom Safety AB", "3M", "Mine Safety Appliances",
3aiMaroThCa PO3POOKOIO 1 BAPOOHUIITBOM ITUX 3aCO0IB.

OnHak 10 HeloIIKaMH BIIOMUX KOHCTPYKIIIH €:

- HenmocrtatHs eekTUBHICTh BEHTWISATOpPA BUHHUKAE Yepe3 3HAYHUU OMip
MOTOKY MOBITPS Y HOBITPOIPOBO/II, 3yMOBJIEHUN BIJHOCHO MaJUMH PO3MIpaMu
NOBITpAHUX KaHamB. lle mnpu3BoAMTH OO0 HEOOXIJHOCTI MpaloBaTH Ha
MIJBUIEHUX 00epTax, M0 BUKIMKAE 3HAYHUN IIyM Ta IIBUAKE PO3PSIHKEHHS
aKyMYJISITOpa, 10 MOYKe OYTH IITKIIJTUBUM JJIS 37I0POB’ST KOPUCTYyBaya.

- HemocrtaTHi 3axucHI XapaKTEpPUCTUKU XEMOCOPOEHTIB KHCIUX Ta3iB,
30KpeMa JIIOKCULY CIpKH

- Cucrema KepyBaHHS HE 3aBXIU €(DEKTHBHO TMpaIlO€, OCOOJIMBO MpHU
pi3koMy 301IbIIeHH] BUTpaTH moBiTps (Oibire 300 j1/XB.) mig 4ac BaKKOi poOOTH.
[le Moke mpU3BECTH A0 3ali3HCHHS BKIIOUCHHS BEHTHJIATOpPA Ta YTBOPCHHS
HEraTUBHOTO THUCKY TIIJT MacKOI, IO MOXKE BHUKIUKATH TI1JACMOKTYBaHHS
He(UTBTPOBAHOTO TOBITPS Ta 30UTBIIIEHHS KOHIIEHTpPAIlli BYTJIEKHCIIOTO Ta3y.

- Hwuszbka NOTYXHICTh BIJUEHTPOBAHOIO BEHTUJISITOpA OOMEXYy€e Horo
eheKTHBHICTh Yy BHJAJCHHI 3a0pyJHEHb 3 TOBITPS, IO YCKJIATHIOE MOTO
BUKOPUCTAaHHA B aTmocdepi, 3a0pyJHEHIH AEKIIbKOMa PIi3HUMU TOKCUYHUMU
pedoBuHamu. Ile Moke moTpeOyBaTH BCTAHOBJICHHS KIJTbKOX IPOTHTAa30BHX
GbITBTPIB OCIIIOBHO /17151 3a0€3MEUCHHS HAJIEKHOTO 3aXHUCTY.

Meta 1bOro JIOCHIIKEHHS TOJISTa€ B IMiABUIIEHHI €(PEeKTUBHOCTI 3aco0iB

1HAMBIAYaIbHOTO 3aXUCTy B YMOBax HaJ3BMuUaiiHUX cutyauid. lle nocsraerbcs
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IUISIXOM PO3POOKM HOBOI KOHCTPYKIIi (pinbTpyBanbHOro 31301 3 mpumMycoBoro
MO/IaY€I0 MOBITPS T4 ABTOMATUYHUM PETYIIIOBAHHAM 00’€MY MOBITPSHOTO MOTOKY
B 3QJEXKHOCTI BIJ] IHTEHCHUBHOCTI ()I3UYHOTO HABAaHTAXKEHHS KOPUCTyBaua
MPOTATOM BCHOTO TEpPMIHY ekcruryaTarii. lledt miaxim 3abe3medye MiATPUMKY
HAJIC)KHOTO PIBHA 3aXHWCHUX BIIACTUBOCTEH MPHUCTPOIO IIISXOM MOCTIHHOTO
MOHITOPHHTY KJIIOUOBHUX MapaMeTpiB.

JInst qOCSATHEHHS JJaHOT METH HEOOX1THO BUPIIIUTHU JEKUIbKA 3a1a4:

1. [IpoBectn aHami3 TEOPETHYHUX MIAXOMIB JO PO3PAXyHKY TEPMIHY
3aXMCHOT /i1 MPOTUTA30BUX (PUIHTPYBAJIBLHUX €JIEMEHTIB.

2. Y IOCKOHAJIUTH TEOPETUYHY MOJEb JUJIsl BU3HAYEHHSI TEPMIHY 3aXUCHOI
IPOTUra30BUX (QUIBTPIB 3 ypaxyBaHHSM BILJIMBY BOJIOTOCTI IOBITPS 3 PI3HOIO
BUTPATOIO TIOBITPSI.

3. Po3pobuty HOBY KOHCTPYKIIIO pecHiparopa 3 MPUMYCOBOIO IMOAAYCIO
MOBITPS 3 AaBTOMAaTUYHUM PETYIIOBAHHIM 00’ €My Ta 33JaHOi SKOCTI IiIMACKOBOTO
OUYHUIIEHOTO TOBITPS Y BIAMOBITHOCTI 0 PEXKUMY pOOOTH KOPUCTYBaya HE3AJIECKHO
BIJl HAsBHOCTI LIKIAJUMBUX PEUOBUMH y MOBITPI poOOYOi 30HH HA MPOTS3l yCHOTO
TEPMiHY pOOOTH 3 MIATPUMAHHSM HAJICKHOTO PIBHS 3aXHCHHUX BIJIACTUBOCTEH
PUCTPOIO.

4. Po3poOuTH XeMOCOPOEHT MPOJIOHTOBAHOI /1ii BIIMOBIIHO A0 Kjacy 1 yMOB
ekcrutyarartii [54].

5. YI0CKOHAUTU KOHCTPYKIIIO (PIbTPYBAIBLHOTO MTPOTUTA30BOI0 €IEMEHTY
JUTsT 30UIBIIIEHHST TEPMIHY 3aXMCHOIT [I1i, 32 paxyHOK 3a0e3MedeHHs] pIBHOMIPHOTO
BiJIIIpaItoBaHHs (QUTFTPYBAIBHUX IIAPIB, YEPE3 PO3MOILT OBITPSIHOTO MMOTOKY.

6. [IpoBecTu excriepuMeHTaIbHY JIaDOpaTOpHY MEPEBIPKY SIK €(PEeKTUBHOCTI
poOOTH CKIAJAOBUX CHCTEM IMPHUCTPOIO OYMINEHHS MOBITPA, TaK 1 3aXHUCHUX
BJIACTMBOCTEH HOBOTO MOTOPOBAHOTO pecIiparopa

7. Po3po0uTy IHCTPYKIIIO Ji KOPHUCTyBada pecripaTopa 3 MPUMYCOBOIO
MO/Iauel0 TMOBITPS 3 BU3HAYCHHSM BIMOBIAHUX PEXKUMIB POOOTH MOTOPOBAHOTO
pecrmiparopa.

OCHOBHI pe3yJIbTaTH JOCIKSHHS omy0JtikoBaHi y [2, 24, 76, 78].
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PO3JILI 2
TEOPETUYHI 3ACAJU MPOEKTYBAHHS ®LJILTPYBAJBHUX
3ACOBIB IHJUBIJIYAJBHOI'O 3AXUCTY OPTAHIB IUXAHHS

2.1 3araJpHi NPUHUMIM CTBOPEHHSI HOBUX (iabTpyBaJbHHX 3ac00iB

iHIUBINYaJILHOTO 32XUCTYy OPraHiB IMXaHHA

3axucT OpraHiB JWXaHHS BiJl Aaepo30JiB 3aJHINAETHCS AKTYyaJIbHOIO
npobiemoro. BupimenHs 1€l npoOJeMU  BEIMKOI MIPOI  3aJeKHUTh Bij
IPAaBWIBHOTO BUKOPUCTAHHSA SIKICHUX OJHOpa3oBUX abo 0araropa3oBHX
pecniparopiB. EdeKTUBHICTh iX 3aCTOCYBaHHSI 3JICKUTHh Bl (DI3UKO-XIMIYHUX
BJIACTUBOCTEN  (DUIBTPYIOUMX Ta  COpPOIINHHO-(PIIBTPYIOUMX  MarepiaiiB 1
KOHCTPYKIIi MIBMAacKH pecnipaTopa, sKa MOBHHHA 3a0€3MEYUTH HAIINHY 130JISL1I0
OpraHiB JUXaHHS MpaliBHUKA B1Jl MOTPAIUIIHHS IKIJIMBUX PEUYOBHUH.

[Iporiec KOHCTPYIOBaHHsS 3aXHCHHX 3ac001B 1HJAMBIAYyaJIbHOTO 3aXHCTY
opraniB guxanHs (3130]]) MoxHa oxapakTepu3yBaTH SIK KOMIUIEKC poOIT 3
MPOBEJICHHS TOIIYKY 116, MPUHITUIIIB, BIAMOBIIHUX PO3PaxyHKIB Ta JOCIIIKCHb
CIOpPSIMOBAaHUX Ha 3a0€3MEUEHHS 3a/laHUX XapaKTePUCTUK Ta PO3POOKU TEXHIYHOI
JOKyMEHTalli, HEOOX1AHOi JIsi CTBOPEHHSI 1 BUIOTOBJIEHHS HOBOTO MPOAYKTY
BIIMOBIAHO 70 BHUMOI TEXHIYHOTO 3aBmaHHA. Llei mpoiec MokHA TIOJaTH y
BUIJISIAI  YOTHPHOX  CTaJlid: MOPOEKTHOI, MIArOTOBYOi, BUPOOHMYOI, Ta
MOCTBUPOOHNYOI OIIHKK BiamoBigHocTi [1]. Ha mpoekTHii cTagii BUKOHYIOThCS
MapKETUHTOBl ¥ TMEpPeAnpOeKTHI MOCHIKEHHS 1 (GopMyeThes iHGOpMAIlsS s
MIArOTOBYOI CTajii, Ha SIKIM BUKOHYETHCS OpraHi3aliiiHO-€eKOHOMIYHA MiArOTOBKA
BUpPOOHMIITBA 1 miaAroToBka matepianiB. KonctpytoBanus 3130/] Ha nanuit yac y
OUIBIIOCTI BHUIIAJKIB BHUKOHYETHCA EBPUCTMYHMMHU METOJAMH, $SIKI OCHOBaHI
NEepeBaXHO Ha epyAullii Ta IHTYilli po3pOOHUKIB, JOCBIJI MOMEPEIHIX PO3POOOK,
0a3 maHux mpo BiOMi aHajoru. Tomy BiH MOKe OyTH MPEACTABICHUN HACTYITHOO

CXEMOI0, sIKa BiJI0Opakae OCHOBHI €Taru MpoeKkTyBaHHs (puc. 2.1).
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Axicte  koHcTpykuid 3130/  BuU3HAYaeThCA  eKCIUTyaTaliiHUMU
XapaKTEepPUCTUKAMU CKJIQJIOBUX €JIEMEHTIB, SIKI TOBMHHI BIJMOBIAATH 3a3HAYCHUM
BUMOTaM BKa3aHWUM Y HOPMAaTHUBHUX JOKyMeHTaXx. HalOiabIl BaXJIHMBUMHU €
HacTymHi [2]:

- Iloka3nuku edekTHBHOCTI QIIBTPYIOUMX EJIEMEHTIB, SIKI BU3HAYAIOTHCS
3a (pyHkioHanbHUM nipusHadeHHIM 3[30/], BkmtodaroTh KOedIIi€eHT TPOHUKAHHS
Ta MUJIOMICTKICTb.

- Epronomiuni mapameTpu BY3JiB KIAMaHHUX CHUCTEM BIUXY-BUAHXY,
obnacTi oOTropallii, eJIeMEHTIB KPIIJIEHHS JHUIFOBOI YAaCTUHU BKJIIOYAIOTH OIIIp
BJIUXY Ta BUAUXY, BMICT JIOKCHIY BYIJICIIO Y BAUXHYTOMY ITOBITP1, BIIMOBIAHICTh
JUIBOBOI YACTUHHU AHTPOIIOMETPUYHUM PO3MipaM o0Jau4us, 00JacTIM BUAMUMOCTI
Ta YITKOCTI MOBH.

- ITloxa3Huku HaAIRHOCTI, TaKi SIK MOXJIUBICTh 30€pEXKEHHS BIACTUBOCTEU

IPOTATrOM 3aJ€KJIAPOBAHOTO TEPMIHY 30€piraHHsl, BKIOYAIOTh Yac 3aXUCHOI Jii.

I ETAI'I — AHani3 ymoB ekcnnyarauii 3130[.

AHani3 WwkignMBMX BUPOOHNYNX YAHHUKIB.

mmpp- BU3HAYEHHS KOHCTPYKTUBHUX i
ekcnnyarauinHmx napametpis 3130[

I I I ETAI'I ==p PO3po6ka maketie 3130[] 3a gonomoroto

3D- mopgentoBaHA

v

IV ETAI-I — 3:::::;33?;%3 BUNPOOYBaHHA

Pucynox 2.1 — OCHOBHI €Tanu iCHyr04Oro ajJropuTMy po3poOKH HOBHX
3130

JIOCSITHEHHSI ~ 3aJlaHUX TOKA3HUKIB SKOCTI MOXJIMBE TUIBKA TIPH
BUKOPUCTaHHI BIJNOBIAHMX OCHOBHHMX Ta JIOMOMIKHHUX MaTepialliB, IPH YMOBI iX
nepepoOKH y BUPOOM BIAMOBITHO JI0 PO3POOJICHUMX TEXHOJIOTIYHUX MPUHOMIB 3
NOJaJbIIUM KOHTPOJIEM OTPUMAaHMX TEXHIYHUX XapaKTEpUCTUK B MPOLEC]
71a00paTOPHUX BUITPOOYBaHb, BUKOHAHHSIM KOPUTYBAJIbHUX A1l MPU 1X BIAXUJIECHHI

B1J] 3aIJTAHOBAHUX TEXHIYHUX 3aBIAHb.
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B ¢inerpyBanbaux 3130/] 3aXxucT opraHiB JuxaHHS 3a0€3Me4y€eThCs TphoMa
MPOLIECAMU:

- 130JIFOBAaHHSM OpPTaHiB IUXaHHS BiJl HABKOJHUIITHLOTO cepenoBuia [3, 4];

- YJIOBJIIOBAaHHSM aepo30JIiB PI3HOTO IMOXO/DKCHHS (M1, AWM, TyMaH)
G1IbTpyBaNbHUMHU €IEMEHTAMU;

- OUHMIICHHSIM TOBITPA BiJ Ta3iB Ta TapiB  XeMOCOpOEHTaMH,
10HOOOMIHHUMHU ~MaTepiajlaMi, AaKTUBOBAHMUMH BYIJICIIEBUMU BOJIOKHHUCTUMHU
MaTepiajJaMH Ta KaTajai3aTopaMu.

Otrxe, ¢uibtpytoui 3130]], BIAMOBIAHO 7O CBOro (PYHKI[IOHAIBHOTO
MpPU3HAYEHHS, TOBUHHI 3a0e3MedyBaTh OYMINECHHS BJIMXYBAaHOTO TOBITPS BIJ
HEOE3MEeYHNX PEUOBMH JO KOHIICHTpAIlii, sKa HE TIEPEBUINYE TPAHUIHO
nomyctumy. [IpuHiun 3axucty y HUX 0a3yeTbes Ha 000B’SI3KOBIHM 130711111 OpraHiB
JIUXaHHS BIiJl HABKOJHUIIHBOTO CEPEAOBUINA, BUKOPUCTAHHA MaTreplajiB, IO
3a0€3Meuyl0Th OYMCTKY TMIOBITpS BIJ a€pOJUCHEPCHUX YACMUHOK PIZHOTO
MOXO/PKeHHs (MWJjI, JUM, TyMaH), ra3iB abo mapiB. B tabn. 2.1 HaBegeHo naHi
CTOCOBHO TIiJI00PY KOHCTPYKTUBHUX €JEMEHTIB pecHipaTopiB, BUXOASYU 13
MOCTABJICHOTO 3aBJaHHS — 3aXUCTy KOPUCTYBAdyiB BiJI KOHKPETHOTO MIKIJTUBOTO
YUHHUKA.

Ax BumHO 3 Tabn. 2.1 Ha 3axucHI Ta eproHomiuyHi BiactuBocTi 3130/]
BIUTMBAIOTh KOHCTPYKTUBHI €JIIEMEHTH JIMI[LOBOI YaCTUHU (UIBTPYBATBHHUX
KOpPOOOK Ta BJACTUBOCTI OCHOBHHX Ta JIOMOMIKHUX (PUIBTPYBaJIbHUX MaTepiaiB.

Hapenenuii migxig po3po6ku 3130/ noBrorpuBaivii 1 MPU3BOIUTH JIO
CUTYyaIliii, KOJIU CIIPOCKTOBaHA 1 BUTOTOBJICHA MiBMacka MOpajbHO 3acTapiia i He
BIIMOBIZAa€ IIBUJIKO3MIHHUM yMoOBaM. ToMy BiJoMi BHUPOOHUKH IIUPOKO
BUKOPUCTOBYIOTh  JIJIi  MPOEKTYBaHHS  TBMAacOK  pECHipaTtopiB  cyd4acHi
KOMIT FOTEpHI TEXHOJOT1i rpapiyHOr0 MOJEIIOBAHHS, MPU I1[OMY aJTOpPUTM

po3poOku HoBUX 3130/] Mae i’ ITh MOCTIAOBHUX €TaIiB [5].
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Tabnuysa 2.1
OcHoBHI TexHiYHi 3aBIaHHA NpH po3podui koHcTpykuiil 3130/]

AepoaucrepcHi YaCTUHU Pi3HOTO MOXOKEHHS

I kignmuBi vurHUKU . .
(1, MM, TyMaH), TOKCUYHI ra3y 1 napu

Enementu GpinbTpyrounx
31301, sixi 3a0e311euyoTh
3aXUCT BIJT IIKIJJIUBAX
YUHHUKIE

OOTrOpaTopy Pi3HUX KOHCTPYKIiH, y TOMY YMCII IINHHI;
GbUTBTPYIOYi €JIEMEHTH BY3JIM KJIalaHiB BAUXY 1 BUAUXY; €JIEMEHTH
¢ikcarii.

[3omsris miMackoBOTO MpocTopy; (HiabTpallisi, y TOMY YUCIi IO
[Tpuntun aii cMy3i 00TrOpaIlii, TepMETUYHICTD 32 PaXyHOK IIUIEHOTO
MPWIATAHHS MEJIOCTKA KJIANaHiB BUIUXY 1 BAUXY J0 CIJUIOBUHU

[ToBiTpoHENTPOHUKHI MaTepianu (ryma, CUIIIKOH, TTOJICTHIICH Ta
iH.); ¢pinbpTpyroui marepianu (IBXC-I, Byrienesi BOJOKHHUCTI
MaTepialii, KaTajai3aTopu HU3bKOTEMIIEPaTypHOT'O OKHCHEHHSI,
GbUTBTpYBaIbHI MaTEpialin); TOTMOMIKHI MaTepiajin.

Marepianu

KoedimienT mincocy:

- yepe3 cMyTy OOTIOparlii;

KoHTpoIbHI MOKa3HUKK | - Yuepe3 KIIallaH!u BAUXY 1 BUAMXY.

Koedirient nponnkanns uepe3 GimbTpyrounii Mmarepias.
Yac 3axucHol ail.

1. JlocaimkeHHs] aHTPOIIOMETPUYHUX XAPAKTEPUCTUK OOJIMY KOPHUCTYBAayiB,
JUISI 9OTO OCTaHHIM YacoM INMMPOKO BHUKOPUCTOBYIOTH 3D ckaHyBaHHS 3
BIJIMOBITHOI0 0OPOOKOIO JJIsI BU3HAYEHHSI PEAIbHUX PO3MIPIB (HAIPUKIA] MOXKHA
ckopuctaTuch MetomoM «Active Shape Models», abo wmeron 00’eqHaHKMX
MoJiesiell), a Ui BH3HAUYCHHSI B3a€MO3B’S3Ky MiK HopMaumo | 1 ruromumHONO 7
HEOOX1THO 33/1aTH MapaMeTpu KaMepHu CKaHepa 1 MPOoeKTopa ix po3MilieHHs (puc.

2.1) 3 MaTpu4HOrO piBHIHHA [6]:
[0,1-d(H] xPp[xy,2)]" =0 (2.1)

ne Pp — mpoekmiiitHa Matpuis HpOeKTopa; (X, y, Z) — KOOPAMHATH TOYKH, SIKi
HajeXaTh HOpMai, T — KIJTbKICTh MPOEKIIIH.

2. IloGymoBa mmdpoBUX MojAeNeld TOJOBH KOPUCTYBAdiB JEKIJIHKOX
TUIIOPO3MIPIB 3 BU3HAYEHUMHU KOOpPJMHATAMU KIIOYOBUX MapameTpiB 3a SIKUMHU
OyIlyeThCS TIOBEPXHS IMIBMACOK, HAMOUIBII BIJIMBOBUMHU € IIMPUHA 1 JOBXKHHA
o0JMYYs, BUCOTA HOCA, TOBKMHA TY0; Ha OJiep>KaHiil XMapl TOYOK BiJICKAHOBAHOTO
300pake€HHsSI TOJIOBU 3 TIOMEPEIHbO BU3HAYHUMU KOOPAMHATAMU IIIKCENIB
HAHOCHMO PO3MITKY Ha 300pakeHHs. BoHa mpejcraBise Habip Bextopis d = (di,

dy, ... dn) emeMeHTamMu, SKHUX € iHAeKCH BepinrH d; 0a30BO1 MOMIrOHAIEHOT MOJIEITI
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[7]; BexTOpH 3a1at0THCS JIOMAHORO, SIKA IPOXOAUTH YePe3 BEPUIMHA MOJIEI; KOXKHA
JIOMaHa OMHCY€E OJHY XapaKTepHy pucy oommuyus (puc. 2.2);

3. Ilo6ynoBa 3D moBepxHi miBMacku 3a mornomoroto NURBS- moBepxons,

B- crnaiiniB abo 3a paxyHOK 1HIIOTO HMU(POBOTO THCTPYMEHTAPIIO 1 BIAMOBIIHOTO

MIPOTrPaMHOTO 3a0€3MEUCHHS, BAXJIMBUM €TaroM € YHi(iKallis KOHCTPYKIN 3a

CXOXUMHU aHTPOIIOMETPUYHUMH JaHUMH, (YHKIIOHATLHUM MPU3HAYCHHSM;

moOy/IoBaHa MOBEPXHsSI MOXKe OyTH JIEKIJIbKa pa3iB MEPETBOPEHA B Pi3HI MOICII:

«Polygon», «CAD- wmopenb», «FE- wmomens», B sSKkuX OUIBII JETATIBHO

BIJINPAIbOBYIOTHCS KOKE€H €JIEMEHT KOHCTPYKINi JUIsl OJIep’KaHHS MaKCUMAaJIbHOT

TOYHOCTI 300pa’KE€HHS 1 BIAMOBIIHOCTI po3mipam obnuuus (puc. 2.3);

CkaHoBaHUH
00’ eKT

C p [ITaGnon
IMJICBITKH

4 .CC
300pakeHHs

Pucynok 2.2 — Cxema noOynoBu Mojieni onTuaHoi Tpianryisii: C, 1 C, - ONTHYHI
IIEHTPH MIPOCKTOpPaA 1 KaMepH
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OuiHKa 3MiHM KOOPAVHAT aHTPONOMETPUUYHUX TOHOK
o6nuy4Ys npauiBHUKa Bif MiMiKu NpU BUKOHAHHI M
it

pOO!

BCTaHOBMEHHS KOOpAMHAT
CkaHyBaHHs Mobyposa KII04OBMX aHTPOMOMETPHHMX
ronoBu ROIITONAITEHOL TOYOK 06nMyYsA NpauiBHUKa
moaeni A

RS

fw'.

Pucynox 2.3 — Etanu Bu3HaueHHS KOOPIUHAT aHTPOIIOMETPUIHHUX TOUYOK OOIAIYS
npariBHUKa

4. TlipGip BIAMOBIZHOTO TAaKeTy (UIBTPYBAIBHUX MarepiaiiB  Jyis
BUTOTOBJICHHA TIIBMacku peciipaTopa, HaNpukiag — MOMi(pYHKIIIOHATIBHIX
XEMOCOPOEHTIB JUIsl YJIOBJIIOBAHHS TOKCHMYHMX Tra3iB Ta mapiB abo QuIbTpiB i3
3aJJaHUM TEPMIHOM 3aXMCHOi [ii BIAMOBITHO JIO YMOB eKCIUTyaTamii s
GbiIpTpyBaNTbHUX MIBMACOK Ha TAHOMY €Talll MOXKJIMBUN PO3PaxyHOK iX KapKaciB
Ha MIIHICTh Ta €JACTUYHICTh IS 3a0€3MEUYCHHS MOXKJIMBOCTI TpUMatu (popmy
miggac  Mporecy BAWXaHHSA Ta 3MIHIOBAaTH TEOMETPII0  BIIMOBITHO [0
AHTPOMIOMETPUYHUX BIIMIHHOCTEH oOnmuus (Hampukiaaa y nporpami «ANSY Sy,
MO>KHA 3pOOUTH CUMYJIIOBAHHSI PyXY MOBITPS, MPOAHAII3YyBaTH BIUIUB Ha MIBMACKy
TEMIIepaTypy, THUCKY, MEXaHIuHOi Jedopmanii Ta NPUTUCKHUX 3yCWIb) s
€JIaCTOMEPHUX TIBMAacOK BHHUKAE HEOOXIJHICTh Yy PO3pPaxyHKy pO3MIpiB
(GIBTPYBaJIBHOI KOPOOKH: JiaMeTpa, TOBIIMHHU Ta PO3MIPY BHUXIJHOTO OTBOpY,
OCKUJIbKHM 1€ BIUIMBA€E Ha PO3MOJLUI MOBITPSIHUX MOTOKIB y cepenHi ¢iapTpa, a B

pe3yabTaTi 3a0e3neuye 3aJaHuil TepMiH 3aXHCHOI 111 (puc. 2.4, puc. 2.5).

Pucynok 2.4 —ETtanu mo6ynoBu « NURBS»- moaem miBmMacku pecriparopa
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Pucynox 2.5 — Mogens aiis po3paxyHKy GiabTpyBaTbHOT KOPOOKH 3 (hiIbTpOM
pecniparopa

5. Po3poOku MpOEKTHO-KOHCTPYKTOPCHKOI JMOoKyMmeHTalli. [lomatkoBo B
JAHOMY aJTOpPUTMiI TiependadeHa MOKIUBICTh CTBOPEHHS MAaKeTy ITIBMacKd
pecripaTopa, /¢ KJIIOUOBUM € BCTAHOBJICHHS HEOOXIHUX HAWBAXKIUBIIIUX TOUYOK
328 SKUMH MOXKHAa OTpUMaTH KOHTYp €JIaCTOMEPHOi MiBMAack. 3apas
BUKOPHCTOBYETHCSI METOJ KOMIIOHEHTIB, SKMW 0a3yeTbcs Ha JECATH PI3HUX
napameTpax oOJMYUs KOPUCTYBauiB, SKi MOTIM BUKOPUCTOBYIOTh ISl PO3PAXYHKY
KOMIUTICKCHMX TTOKa3HUKIB — Tak 3BaHuX komnoHeHTiB PC1 1 PC2 [8].

PC1 (mepmmii xommoneHT) = 0.343264* (mmpura romoBu y noba) +
0.426498* (mmpuna nuig) + 0.372717* (mwmpuHa Iung 3a KyTaMd HUKHBOI
mienenu) + 0.329648* (momxkwuna nuist) + 0.363474* (Bigctanp mMixk OpoBamu) +
0.372241%* (mmpuna ronosu) + 0.113578* (Bucorta Hoca) + 0.301125* (mupuna
Hoca Ounst pota) + 0.202311%* (mmpuna nepenicest) + 0.193650* (moBxuna HOCA).

PC2 (mpyrmii kommoneHT ) = -0.152951* (mmpuna romoBu y noba) -
0.039087*(mmpuna st - 0.093279* (mmpuHa Ui 3a KyTaMu HIDKHBOT ST
abo riumbuHa obmuyust) + 0.359799* (nmomxwuna i) - 0.173099* (Bimctanb MK
opoBamu) +0.013306* (mmpuna romosu)+0.551842* (Bucora noca) - 0.210833*
(mumpuHa HOCA OLIs pOTa).

3a MaHUMU KOMIIOHEHTaMHU BC1 THMHU OOJWYb KOPUCTYBadiB MOAUISIIOTH HA

I’sITh OCHOBHUX KaTeropii: maii, KOPOTKI — IIMPOKi, CepeaHi, JOBI1 1 BHUCOKI,
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Benuki (puc. 2.6), 3a SKMMU B NOAAJIBIIOMY (DOPMYIOTh BUMOTU J0 KOHCTPYKITIi

3130/1.

£
2
(=]
-10-
3 Long / Narrow
© .20 -
E Small Medium Large
S 301 :
£ Short / Wide
T -40
o
§ -50 T T T T
240 260 280 300 320

First Principal Component

g%

Long/ Short/
Narrow Wide

23g

Medium Large

Pucynok 2.6 — Po3nojin po3mipiB 00114 KOPUCTYBAYiB HA 5 KaTeropii 3a
xommoHeHtamu PC1 1 PC2 [8]

3ayBaKyloud, IO 3 KOKHUM POKOM MIJABUIIYIOTHCS BUMOTH JI0 3aXUCTY
KOPUCTYBauiB, a TaKOX KOHKYPEHTHY OOpOTbOy MIX BEIy4YHMMH BUPOOHHUKAMU
3aco0iB 1HAMBIAYadbHOTO 3aXMCTy OpraHiB JUXaHHS 3a PUHKUA 30yTy, NaHWN
QITOPUTM HEOOXITHO TOCTIHHO MOJIEPHI3yBAaTH 1 YIOCKOHAIIOBATH 3 METOIO
CKOPOYCHHS 4acy BUIOTOBJICHHS IIBMAacKd 1 MIiJBUIIECHHS SKOCTI KIHIIEBOTO
npoaykty. ToMmy mpu po3poOili  (QiIbTPYyBaIbHUX PECHIPATOPIB  BAXKIMBO
BpaxyBaTH:

- ocobnmuBOCTI (OpMyBaHHS KapkKacy IMIBMAcKH IIiJl Yac BHU3HAYEHOTO
BIUTUBY KOMIUIEKCY (pakTopiB, siki O BpaxOBYBaJIM 3MIHY aHTPOIOMETPUYHHX
XapaKTEPUCTUK OOJUYYS KOPUCTYBAYIB B TOMY UHMCJI1 32 BIKOM Ta CTaTTIO;

- MapaMeTpu BUPOOHWUYOrOo cepefoBuina (MIKpOKIIMAT, SKICHUH 1
KUIBKICHUM  CKJIaJ HEOEe3MeYHMX Ta IIKJIMBUX BUPOOHUYMX YMHHUKIB,
BJIACTUBOCTI CyYaCHHUX MaTepiajiB);

- pEeXUMHU BUKOPUCTAHHS (TPUBAIICTh, UUKIIYHICTh, MEPIOJIUYHICTD),

BAXKKICTh 1 HAMPYXEHICTh AISUTBHOCTI KOPUCTYBAUiB 3 MIHIMI3AIl€I0 JTOJATKOBHUX
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PHU3HKIB, MOB’SI3aHUX 3 EJEKTPHU3aLIE€0 1 MeperpiBaHHsAM KOPHUCTYBAYiB Il Yac
BUKOHAHHS TPYJOBHX 3aBJ/IaHb;

- B3a€EMO3B’S3KM  MDK  CTpyKTypHUMH  enemeHtamu 3130/ ansa
3a0e3reueHHs X QyHKIIIOHAIBHOT IITICHOCTI;

- ontumMizarniitai moneni 31301 3a kpurepisMu 3aXHUCTy, HAIIMHOCTI Ta
€pProHOMIYHOCTI 3 ypaxyBaHHSM BHMOT HOPMAaTHBHHX JOKYMEHTIB, 11O Ja€ 3MOTY
MO0JIaTH MPOOJIEMH, K1 paHilie He OyJI0 BUPIIIEHO.

AHani3yroun cy4acHi TEHJIEHIIi MOXXHAa CIPOTHO3YBaTH, IO MOKpPAIECHHS
QITOPUTMY PO3POOKM IMIBMAcok Oyae BiIOyBaTHUCh B cdepl TMOIIYKY HOBUX
¢(heKTUBHUX METOJIIB 3:

- IIBHUJKOI OOPOOKH CTATUCTHUYHHUX JAHUX AHTPONOMETPUYHUX MapaMETPIB
o004 3 METO NOOYJOBM ayTEeHTHUYHOI HM(PPOBOI MOJENl TOJOBH, siKa O
JI0O3BOJIsTIa BpaxoByBaTH Yy MU(GPOBOMY 300pa)K€HHI 3MIHM pUC OO0JIUYYS
KOPHUCTYBAauiB 32 BIKOM, CTATTIO 1 HALIIOHAJILHICTIO;

- KOpekTHoi moOymoBu 3D moBepxHed IiBMAack, ski O TO3BOJISIIU
BpPaxOBYBAaTH 3MiHH IHIUBITyaTbHUX PUC JIFOJWHM JJII BUTOTOBJICHHS O0OTIOpaTopa
ITBMAacCKH;

- TEpPEeBIPKH SIKOCTI PECIipaTopiB, K Ha eTami po3poOKH, Tak 1 Ha eTari
BUTOTOBJICHHS TIPOEKTHOTO 3pa3ka, IO JO3BOJUTH BHOCUTH KOPEKTUBU Y
mo0yI0BaHy MOJIENb JUIs 3a0e3MeUeHHs BUCOKOT ITIJILHOCTI MPUJISTAHHS,

- 00paxyHKy yacy 3aXHMCHOI il 3 ypaXxyBaHHSM pI3HMX SIK KJIIMATHYHHUX,
TaKk 1 eKCIUIyaTallliHUX T[apamMeTpiB, M0 BUMAara€ TONIYKY HOBITHIX
GITBTPYBAIBHUX MaTEPialiB 3 BIIMOBITHOIO 1HIUKAIIIEIO X BIIACTUBOCTEH;

- TEOPETHYHOTO PO3pPaxyHKY 3axHCHOi €(EeKTHUBHOCTI pecHiparopis, LIO
JO3BOJIUTh HA  €Taml MPOCKTyBAaHHA TMPOBECTH  OIIHIOBAHHS  3aXHCHHX
BJIACTUBOCTEN pecHmipaTopiB 3 YypaxyBaHHSAM SK (YHKI[IOHAJIbHHUX, TaK 1
eKCIUTyaTalliiHuX MapaMeTpiB.

3acTocyBaHHS Cy49acHHX MIIXOJIB 0 MpoekTyBaHHs 313 103BoJIsSIE 3HU3UTH
BUTPATH, 3MCEHIIUTH CTPOK BHKOHAHHS KOHCTPYKTOPCBKHX PpOOIT, a TaKoX

3a0€e3I1eYn Ty NIBUIKE 1 IKICHE BUTOTOBJIEHHS OCHAILIEHHS.
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3azHayeHl 11ei MOXyTh OyTH peani3oBaHl I[UIAXOM  PO3pOOKHA 1
BlocKOHaJIeHHS GuibTpyBanbHuX 3I130/1, sKi, BIAMOBIAHO JO0 KOHCTPYKTOPCHKHUX
pillleHb, MOXYTh 3a0e3MeuyBaTH 3aXUCT HE TUIBKM OPTaHiB JAMXaHHS, a U CIyXYy,
HIKIpK OO0JMYYS Ta Wi HpPU YMOBI BIJMOBIIHOCTI BHMOraM HOPMaTHUBHUX
noxkymenTtiB (H/I), nepepaxoBanux y T3.

Buxonsuu i3 BHIE CKa3aHOTO MPOIMOHYETHCS YAOCKOHAICHUN aAITOPUTM
PO3POOKH MAcOK, SIKAW BIPI3HSETHCS Bij] ICHYIOUOIO HASBHICTIO JBOX JOJATKOBUX
eTamiB: TEPEeBIPKH 3aXWUCHUX BiacTuBocTer ¢uipTpyBanpHux 3130/ Ha erami
MPOEKTYBAHHS Ta PO3POOKH HOBUX KOHCTPYKIIM (PUIBTPIB 3 MOJATBIINM TECTYBAaHHAM
MaKeTIB JijIs 3a0€3MeYeHHS BIAMOBIAHOTO KoeilieHTy 3axucTy (puc. 2.7).

I ET AI-I : AHani3 ymoe ekcnnyatauii 31301.
AHanis WkignMBux BUpOOHNYNX YMHHUKIB.

Bu3Ha4eHHA KOHCTPYKTUBHMUX i

eKkcnnyarauinHmx napametpis 3130

Po3po6 i 313011
[ BT AT = s 2"
v
IV ETAI-I -— MepeBipka 3aXMCHUX BNAaCTUBOCTEN HA eTani

PO3POOKN

‘|

V ETAI-I Bubip cdinbTpyBansHux maTepianis,
BUTOTOBNeHHA Ta TeCTyBaHHA MakeTiB
Pucynoxk 2.7 — Y nockoHasieHa npoIiie/lypa MpoeKTyBaHHSI IMIBMaCOK

AKiCTh KOHCTPYKIIH, IO pPO3POOJISIOTHCS, SK BIIOMO, BHU3HAYAETHCS
XapaKTepUCTUKAMH KOHCTPYKTHBHHX €JIEMEHTIB, $KI TIOBMHHI BIANOBIIATH
3a3HAYCHWM BHMOTaM BKa3aHUM Yy HOPMAaTHUBHUX JOKyMeHTax. Hai0imbim
BOKJIMBUMU € HACTYTIHI:

- TOKa3HUKHU TMPU3HAYEHHS (PUIBTPYIOUUX EJIEMEHTIB, SIKI BU3HAYAOTHCS
¢yukuionansHuM npusHaueHHAM 3130/1: xoedimieHT npoHUKaHHS, Yac 3aXMCHOT
Al

- EproHOMIYHI TOKa3HWKH BY3JIB KIAMAHHUX CHUCTEM BAMXY-BUIUXY,

CMyru oOTIOpallii, €JeMEHTIB KpIIJICHHS JHIOBOI YAaCTHUHM: OMIp BAUXY Ta
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BUJINXY, BMICT JIOKCHUIY BYTJICHIO Yy BIUXYBAaHOMY TIOBITpi, BIJAMOBIAHICTH
JUIBOBOI YAaCTUHU AHTPOIOMETPUYHHUM po3MipaM oOJIuYus, TMOJsl  30pYy,
pO30ipAUBICTH MOBH;

- TOKa3HUKM HaIIMHOCTI (MOXIMBICTh 30€pEKECHHS  BJIACTUBOCTEH
IPOTATOM 33JEKJIApPOBAHOTO TEPMiHY 30epiraHHs): yac 3aXHCHOI Aii, KoedilieHT
MIPOHUKAHHS.

JlocsITHEHHSI 3aIlJTaHOBAaHUX MOKA3HUKIB SIKOCTI MOYKJIMBE IIPU BUKOPUCTAHH1
BIJIMOBIIHUX OCHOBHHUX Ta JIOTIOMDKHHUX MaTepialiB, MPU YMOBI iX MEpepoOKH y
BUPOOH BIJMOBIIHO JI0 PO3POOJICHHX TEXHOJIOTIYHUX MPUUOMIB 3 IOJATIBIITUM
KOHTPOJIEM OTPUMAHMX TEXHIYHMX XapaKTepPUCTUK B TIpoleci JabopaTOpHUX
BUNPOOYBAaHb, BHKOHAHHSAM KOPUTYBAJBHUX 1 MpU I1X BIAXWIEHHI BIJ
3arutaHoBaHuXx T3.

[lepeniueHi MOKAa3HUKH MAIOTh YMCEJIbHI 3HAYEHHS Il KOXKHOTO THITY 1
KJIaCy MOTOpOBaHOro (QuIbTpyrodoro pecmiparopy (®P) BiamosigHo 10 BHMOT
HOpMaTUBHOI JokyMeHTallli. Bubip ®P 3xilicHioeThCs Ha TiacTaBl BU3HAYCHHS
YMOB 1X BUKOPUCTAaHHS.

Bigomo, 1m0 SKiCTh OYMCTKH TOBITPS, IO BHUJIUXAETHCS, MPH OJIHAKOBIM
IHTEHCUBHOCTI JIUXaHHS Y BChOMY 1HTEpBal BIPOTIAHUX (PI3UYHUX HABAHTAXKEHb
MpomopliiiHa BUTpAYEHO1 €HepTii Ta mojosaHHo onopy. Ha minacrasi msoro ®OP
KJI1acU(PiKyIOThCS HACTYITHUM YHMHOM [9]:

- ®P 3  (QinpTpyrouMM  KOpPIyCOM  JIMLBOBOiI  YacTHMHH  (JIerKi
MPOTHUAEPO30JIbHI, TOJETIIeHI MPOTHAEPO30JbHI 3 KjamaHamMu 1 0e3 HuX,
ra30MUIO3aXUCHI);

- ®@P 3 kopnycoM JHIILOBOI YaCTMHH 3 MOBITPOHENPOHUKHUX MaTepiaiiB
(IPOTUTIIUIIOBI, MPOTHUTA30B1, TA30MMUII03AXKCHI).

OCHOBHMM €JIeMEHTOM KOHCTpyKIli @®P, 1m0 Bu3HA4Yae JOCSATHEHHS
MaKCUMaJbHOTO 3axXHUCTy, € cMyra ooOTiopaiii. ToMy BaXJIMBO pPO3IJIAHYTH
MOKJIMBOCTI CTPYKTYp KOHTAaKTy KOPIYCYy JHUIIOBOI YAaCTHHH 3 TOBEPXHEIO
00JIMYYs B 3aJIKHOCTI Bij THCKY, SIKMI MOXJIMBUH TP 1X KOHTaKTi. Bimomo, 110

CTyrIiHB FepMeTI/I‘—IHOCTi KOHTAaKTYy 3 00JIMYYSM BU3HAYAETHCS HAaHMEHIIIMM THCKOM.
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BenuuuHa TMCKy Ha OOJMYYsl KOPUCTyBaya YMOBHO TOJIIJIEHA HA TPU IHTEPBAJIU:
Majoro HapaHTaxkeHHS — g0 1...2-10° kIla (10 xrc/cm?), cepemHbOro — Bij
1...2-10° kIla mo 2-10* kIla Ta BUCOKOTO — IIPU THCKaX, sKi NePEBUILYIOTH 2-10%
[10]. Tuck, mo yTBOPIOIOTBHCSA BIA Jii CMyru OOTIOpalii Ha M’SKI TKaHWHU
00IMYYs, CKJIa/la€ BETUYUHY MOPAIKY TUCIYHOI a00 MEHIIIOT YACTUHKH BEPXHBOTO
JIMITYy MalluX HaBaHTaXeHb. Takli HaBaHTAXCHHS B TEXHIIl BiJHOCATH JI0
«TOTEPETHHOTO CTUCKAHHS» [11]. Tomy, 0COOJIUBICTh KOHTaKTy
MOBITPOHETIPOHUKHUX KOPITyCiB JHUI[FOBOI YaCTUHU 3 M SIKUMH TKaHHMHAMU
o0MMYYsl TOJSAra€ B TOMY, LI0 BHUKOPUCTAaHHS TE€PMETHYHOCTI 3 BHCOKOIO
HAAIMHICTIO BIPOJOBX TpuUBaJoro nepeOyBaHHs B PP moBuHHA nocsratucs 3a
paxyHOK HMU3bKOTO KOHTAaKTHOTO THUCKY, TOOTO KOPITYC JHIIbOBOI YaCTUHU MOBUHEH
TIIBKU TOPKATUCS O0IUYYSL.

MoXJIMBICTh 3a0€3ME€YEHHsI T€PMETUYHOCTI YIPOJOBXK CMYTd OOTIOparii
KJIAMaHiB BAWXY 1 BUAUXY B KO)KHOMY KOHKPETHOMY BUIQJIKy BUMArae mepeBipKu.
Aptopamu [12, 13] Oynau BHOpPOBa/PKEHI METOAMKA 3 3aCTOCOBYBaHHSIM
JAKTUIIOCKOMIYHOI TuliBKH. OTprMaH1 Ha Hill BIATHCKU UTIOCTPYIOTh 300pa)K€HHS
KOHTaKTy, L0 BUHHUKJIO, 1 HAa SKOMY MOKHa BHUJUIMTH TOYKH KOHTakTy. [lpu
M1JCOC1 MOBITPSI MPOXOIUTH MOMIXK BUCTYMIB, 110 BUHUKHYJIH. MOKHA BIJI3HAYHUTH,
o (akTUYHUM KOHTAKT HAa PI3HMX JUISHKAaX MO BCii cMy31l oOTropauii Oyze
pizanM. OTpuMaHi 3aJIeKHOCTI TOPUCTOCTI KOHTAKTy Ha PI3HUX JUISTHKAX BiJl
TUCKY MOKa3ylOTh, 10 B 00JIaCTI MaJMX TUCKIB MOPHUCTICTh KOHTAKTY 3HUXKYETHCA
NMoBUIbHO. lle MOSICHIOETBCS THM, IO IPH HAOJIMKEHHI TUTIBKHM IIiJT THCKOM YycCe
OlblIIe MIKPOBHUCTYIIIB BXOJSTh 3 HEIO B KOHTAKT, HE BUKIUKAIOUM 3HAYHUX
CTUCKaHb IIMX MIKPOBHUCTYMIB. Ha AUISHIN 2 MIKpOBUCTYNH NpHU 301IbILIEHH] TUCKY
nehOpMYIOThCS, 301IBIITYIOYUCH 110 TOBIIKHI, 110 CYIPOBOIKYETHCS 30UTHIITEHHSIM
HIUIBHOCTI KOHTAaKTy. [Ipy 1boMy HOBITPST MK BUCTYNIAMH BHUTICHSIETHCS 4epe3
Kpai kaHaiy. [Ipy BUCOKMX THUCKaxX, IO BIAMOBIAAIOTH Ha Tpadiky AUIAHIN 3,
IIUIBHICTh KOHTAKTy CSra€ CTaHy, 3a SKOTO MIKPOBHCTYIH, 3’€IHYIOUHUCh MIXK
co00I0, CTBOPIOIOTH 3aMKHEHI 30HH, [Ji€ TIOBITpS YTBOPIOE 130JIbOBAHI

«OynpOaImKmy, MO CIUTFONIYIOTBCS MiJI TUCKOM OOOJIOHKH Ta CTBOPIOIOTH Ha
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BIITUCKY BWIJISA] 30UIBIICHHS MOPUCTOCTI. 3a TaKMX THCKIB YTBOPEHHS I1JICOCY
BXKE BUKITIOYAETHCA.

OTpuMaHi BHCHOBKM CIiJ] TO€JHYBAaTH 3 IHIIMMH TMPOLIECAMH, IO
BiIOYBaIOThCSI B KOHTAKTOBaHOMY mIapi. Jlo HUX BITHOCATHCS KOJWBaHHS KOPITYCY
JUIHOBOI YAaCTUHU MiJ AI€I0 TUXaHHA Ta JI€I0 Ha KOHTAaKT MPOAYKTIB OOMiHY
pevoBHH y mIKipi 06muyyst. [leprii 3MIHIOIOTECS 32 aMILIITYIOI0 B 3aJI€)KHOCTI BiJl
IHTEHCUBHOCTI BHKOHYBaHUX HaBaHTa)X€Hb Ta OMNOPY JIHIT BAUXY 1 BHAMXY BIJ
minyc 1,86...2,94 kIla (20...30 rc/cm?) mo mmoc 0,686...0,98kI1a (7...10 rc/cm?).
Jpyruit BUJ mpoleciB YUHUTh TUIBKU TO3UTUBHY JAiI0 HA HIUIHHICTH KOHTAKTy Ta

3HUKEHHS MiICOCY.

2.2 3a0e3nedyeHHs i30JII0BaHHSI OPraHiB JMXAaHHS MACKaMM Bil

HaAaBKOJMIIHbLOTO CEPECAOBHUIIIA

[30;110BaHHs OpraHiB JAMXaHHS BijJ HaBKOJMIIHBbOTO ceperosumma y 3130/
3MIMCHIOETHCS TI0 CMY31 IMIUIBHOTO MPWISITAHHS iX JUIbOBOI YACTUHH 0 00JIMYYs
JIIOJTMHY, SIKa HA3UBAEThCSI CMYTOIO0 OOTIOpAIlli, a TAaKOXK 3a JOMOMOTOI0 KJIamaHiB
Buauxy. CMyra oOTropaliii Macku SIBJisi€ COOOI0 3aMKHYTHH KOHTYp 1 MPOXOAUTH
yepes 7100, CKpOHI, MIOKU, MiA00PiAAs; MBMAcKU pecriparopa — 4epes3 mepeHiccs,

IOKH 1 migoopiaas (puc. 2.8).

Pucynok 2.8 — Mexi cmyr o6Tropartii auneux yactud 31301
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Y cnpaBHomy 1 mpaBwibHO migiOpanomy 3130/ HamxomKeHHS
He(PUILTPOBAHOTO TOBITPS Yy IMIJIMACKOBHI IPOCTIP MOXKJIMBE TUIBKH 3a CMYTOIO
oOTIOpallii 1 HEeNIUIbHOCTI KJanaHiB BUAUXy Ha (a3l Bauxy. Take HaAXOIKEHHS
aepo30iIiB, rasiB 1/a00 mapiB TOKCHYHUX PEYOBUH B IIJIMACKOBHUM MPOCTIp HE
BUKJIMKAHO M1JCMOKTYBaHHSM, PYIITHHOIO CHIIOIO SIKOTO € PO3PiIKEHHS, CTBOPEHE
P BAUXY.
Po3pikeHHss JOpIBHIOE PI3HMIN aTMOC(EpPHOro THUCKY 1 THCKY B

i AMacKoBOMY MpocTopi Ha (a3l Bauxy [14]:
Pani = Puix = V(Rx + R +Ro), (2.4)

ne Puiy — mepeman tucky mig mackoto, Ila; Ry — aeponunamiunuii omip QuibTpa;
R — aepoauHamiyHMil omip KiamaHa BuUauxy; R, — aepoauHamMiyHUR omip
oOTIoparopa; | — JUHAMIYHA B’S3KICTh MOBITps, [la ¢; V — MBUAKICTE pyXy
MOBITPS, M/C.

Takum uYWHOM, 4dYHCENbHE 3HAYCHHS PO3PIMKCHHS 3aleKUTh BiJ
aepoguHamiyHoro onopy ¢instpa 3130/, omopy kiamaHiB BAUXY, a TaKOX BiJ
o0cAry JIEreHEeBO1 BEHTUJIALIT (XBUJIIMHHOTO OOCATY JUXAHHS).

[TimcMOKTYBaHHS TaKOXK 3aJICKHUTh BiJl HEIIIJIBHOCTEH SIK CMyTH OOTHOpaIlii,
TaKk 1 KJalaHiB BHAMXY Ta iX 1HepIiiHoCcTi. [[Is OIIHKM PIiBHSA 130JISIIIHHUX
BJIACTUBOCTEN BUKOPUCTOBYIOTH KoedimieHT i3omoBanHs (KI) mig numboBy
YacTUHY, SKUI JOPIBHIOE BIAHOIIEHHIO KOHIIEHTpalii mapiB (ra3iB) i aepo30.IiB,
110 HAaIIMIUIM Yy TAMACKOBUM MPOCTIpP 3a CMYTror0 OOTIOpalli 1 KJlalaHiB BUIUXY,
70 KOHLEHTpaIlli BiAMOBIIHO MapiB, ra3iB 1 aepo30JiB y 30BHIIIHBOMY MOBITPI.
Moro BU3HAYAIOTh PO3PAXyHKOBO. J{JIsl I[OTO BCTAHOBIIOIOTh 3aralibHy KiTbKiCTh
3a0pyIHIOIOYOi PEYOBMHHM IMiJI MAaCKOI, BUXOASYM 3 BEIMYMH BUTPAT TOBITPS
yepe3 GIIBTPU 1 HEMIIIBHOCTI 3a CMYTOI0 OOTIOparii, a TakoXX Koe]iIieHTiB

MPOHUKHEHHS KPi3b QIIBTPH 1 MiICMOKTYBaHHS [15]:

Ci = ColQu Ky + QueKre ) t, (2.5)
ne t — uac, xB; Q, — BUTpara noBiTps uepe3 GinbTp, AM/XB; Q, — BUTpaTa MOBITPs

uepes3 3a30pH, IM°/XB.
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3BiacH KOe(ILIEHT 3aXUCTy pecripaTopa JOPIBHIOE:

1+QHC

Ky =0 - Rk . (2.6)

Ci Kn + the K
b

A 3 miei QopMynaum MOXKHa OTPUMATH BHUpa3 ISl PO3PaxyHKy KoedilieHTa

{1+ %HC}
Ki - i KHC ’

130JIFOBAHHA.

(2.7)

ne BinHOMmIEHHS QuyQg— 1€ NMOKa3HUK IIUIBHOCTI HPWIATaHHS IIBMAaCKH [0
oOmuuus. L BenmuuMHa 3al€XHUTh Bl KOHCTPYKLII OOTHOpaTopa 1 po3MipiB
00T Ys.

Panimie npoBesieH1 TOCTIKEHHS MOKa3alld, 10 PyX MOBITpsS depe3 QUIbTp

JaMiHapHUM, TOMY BUTpaTa IMOBITPA 3aJIEKUTh BiJ Ilepenaay TUCKY JiHiHHO [15]:
Qp =KgAp, (2.6)

ne Ap — nepenan Tucky Ha (inbrpi, I1a; kg — koediuient onopy diasrpa, m>/H-c.
3 iHmoro 60Ky BUTpaTa MOBITPS Yepe3 3a30pH TaKOXK OB’ si3aHa 3 TIEpenajaoM

TUCKY 3a (popmyioro [16]:
Qpe = ke (Ap1 —Ap), (2.7)

ne Api — mepernan TUCKY Ha pecriparopi 0e3 3a3opis, [1a; k. — KoedimieHT onopy
LKA 3a cMyTOor0 obTIopaii, m*/H-c.

3anexHiCTh NOKasHMKa winbHOCTI K, Big mepemamy THcKy Oyne
BIIOOpaXkaTW BUTpATy TOBITpS uepe3 3a30pu. ToJl TMOKA3HUK IIUTBHOCTI

MPWISTAHHSA MIBMACKH JI0 O0JIMYYSl MO’KHA BU3HAYUTH 32 (HOPMYJIOIO:

K, = Que _ (Aps—Ap)k, | 28)

Qo Ap

1e ky =Ky /Kee.
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3arayioM, BUTpATy 4epe3 3a30pv MOXKHA BU3HAYUTH 3a opmysioro [17]:
Qs =ks(4p)(ds)’, (2.9)

ne Q, — BUTpaTa MOBITPs Yepe3 BUTOKHU 3a CMYIolo oOTropalii, AM%/xB; Ky, a, b —
KOHCTaHTH, SIKI BU3HAYAIOTHCS EKCIEPEMEHTAIBHO JIJIi KOKHOTO THITy IIBMAacCOK;
ds — po3Mip OTBOPIB Misk OOTIOPATOPOM 1 OOTUIUSM JIFOTUHH.

AHati3 BUIIle HaBeJeHUX (hOPMYJIT JIJIsl BU3HAUCHHsI Koe(illieHTa 130JIF0BaHHS
MOKa3ye, 0 0 OCHOBAHUX IIJISX1B 3MECHIIICHHS ITiICMOKTYBAaHHSI MOKHA
BIJTHECTH:

- 30UIbIIEHHA OMOpy OOTIOpaTopa, 3a PaxXyHOK PpO3MIMPEHHS CMYTU
oOTropalii, pIBHOMIPHOTO pO3MOAULY MNPUTUCKHUX 3YCHJIb, II1JIBUILECHHSI
€JIACTUYHOCTI MaTepiary 00TIOpaTopa;

- 3MEHUIEHHS IHEPUIMHOCTI KJallaHa BUAMXY 3a PAaxXyHOK 3MIHM HOro
KOHCTPYKIIi 100pY BIAMOBIAHOTO PO3MIPY Ta MaTepiaiy;

- BBEIEHHSM pO3JAUIBHOI CMyrH oOTropaiii, sika O ypaxoByBaJia
0COOJIMBOCTI AaHTPOIOMETPUYHOI OyI0BH 00INYYS;

- 3MEHIICHHS Oomopy (PUIBTPIB 3a PaxXyHOK 3MIHM KOHCTPYKIi ¢iasTpa i
nia00py BIANOBIAHKUX (DUIBTPYBATbHUX MaTEplaiB.

st Bu3HA4YeHHS KoeillieHTa 130JIF0BaHHS MIBMAacoK ab0 MacoK MOKHA
CKOPHUCTATHCh EKCIEPUMEHTAIILHOIO TEPEBIPKOI0 BEITUYMHM  IM1JICMOKTYBAaHHS
3a0pyJHEHOTO TOBITPSI, SKa OMUCAaHA Yy BIAMNOBIAHUX cTaHaaptax. st 1poro
BUKOPHCTOBYIOTh CIHEIIaIbHI aepo30Jii XJOPUIY HATPil0, MACISHOTO TyMaHy Ta
i, Bimomi # iHIN MeToau noAiOHUX BUNpoOyBaHb. Hanpukiaz, 3a 10moMOror
MOPIBHSIHHS BUTPATHU MOBITPS 10 MOKJIMBUX BUTOKIB 32 HEUIUIBHICTIO 0OTIOpaTopa

Yyepe3 BUSHAUYCHHSI PO3PIHKEHHS Y M IMaCKOBOMY MTPOCTOPI.



93
2.3 InHoBamiiiHi pilIeHHs MO0 30ULIbIIEHHA Koe(imieHTa 3aXHCTy

3ac00iB iHAUBIAYaJIBHOI0 3aXMCTy OPraHiB JUXAHHS

Bucokuii piBens 6e3neku xopuctyBayiB 3130/] mij yac iX BUKOpUCTaHHS
3a0€3MeuyeThCs 32 JOIOMOTOK KOHTPOJIIO:

- HagifHOCTI (UIBTpa WA Yac eKCIUTyaTallii, [0 J03BOJISIE BYACHO
BUSIBUTH, KOJIU (PLIBTP BTPATUB €(PEKTUBHICTH 1 MOTpeOy€E 3aMiHHU.

- TepPMETUYHOCTI MPUIISITaHHS MIBMAacOK (UIBTPYBAIBHUX PECHIPATOPIB 10
00MYYsl KOPUCTYyBaya, 10 JOIOMAarae€ BUSBUTH BUHUKHEHHS IIUIMH MK JIULEM 1
MBMAacKOI0 4epe3 po3ciadiieHHs a0 3MIIIEHHS CTPIYOK HATrOMiB'A.

- TOCTIMHOTO 1 CBOEYACHOTO BUKOpHUCTaHHS (uibTpyBasibHOro 3130/, 1o
JI03BOJIIE BU3HAYUTH TPUBAIICTh €(PEKTUBHOIO 3aXUCTy KOpPUCTyBauya MJis
OO0YHCIIEHHS! €KCIO3UIIIIHOI J03M TOKCUYHUX PEYOBHH, IO MOTPAMHIN 0 JIETCHb
(HampuKiaa, po3paxyHOK BEJIMYMHH MAJIOBOTO HABAHTAXKCHHS).

Bumorun mono KkoHTpomo 3a  edexTuBHICTIO BukopuctanHs 3130/]
NEPEBAXKHO BUPIIIYIOTHCA HUISIXOM BKIIFOUEHHS /10 1X KOHCTPYKIIi PI3HOMAaHITHUX
1HIUKATOPIB, SIK1 HAJIal0Th 1H(GOPMAIIIIO y peaTbHOMY Yaci.

[TouarkoBo Takuii miaxix OyB 3aCTOCOBaHWM ISl MOHITOPUHLY TEPMIHY
3aXMCHO1 n1i mpoTura3oBux (GuUIbTpiB. OCKUIBKM peakilis JIOAMHM Ha 3amax
HIKIJJIMBAX PEUYOBUH Y MPOCTOPI MMiJT MACKOIO € THAMBITYaIbHOIO 1 MOXKE 3aJIeKaTH
BIJl PI3HMX YMHHHUKIB, TO BaXXJIMBO BpPAXOBYBAaTH I[I0 BapiaTUBHICTb. 3T1JIHO
JIOCITIJIKEHb, TIOPIT CIIPUNHATTA 3anaxy y 95% nrofeil 3HaxoAuThCsl B MEKax BiJl
16 no 1/16 Bim '"cepemuboro" 3HaueHHsA. Takum YwHOM, y 2,5% BIH MOXe
NepeBUILYBaTH CEpPeIHE 3HAUEHHs OUTblI HIXK y 16 pa3iB. Hanmpuknaz, skio aeski
JIOU pearyrTh Ha 3amax xsuopodopmy mpu konnentparlii npubdmauzno 1 I'IK,
1HIII MOXYTh HE pearyBaTH HaBiThb MPU 3HAYHO BUIIMX KOHUEHTpalisx. Tomy
BUPOOHMKHU 3alPONOHYBAIM KOHCTPYKIIT (PIIBTPIB 13 CHELlaJbHUMHU AaTYUKaMHU,
110 JTO3BOJISIIOTH BUSIBIISITH 3a0pyaHeHHs noBiTps ([IBD).

Ha npomucioBoMy piBHI BIPOBa/XKE€H1 aKTUBHI 1HAMKATOpU (puc. 2.9), sKi

MOHITOPATH CTYMiHb 3a0pyIHEHHS TMOBITPA Ta HAJAIOTh Bi3yaJllbHHM a00 ayio
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CUTHaJ, a TAaKOXX IACHUBHI, SKI 3MIHIOIOTH KOJIP IMOIJIMHAYIB y 3aJ€KHOCTI BIJT
HACUYCHHS KOPOOKM IIKIJJIMBUM Ta3oM. BuxopucTtanHs (GUIBTPIB 3 IMaCHUBHOIO
iHaukamiero  (puc. 2.10) 3HAYHO 3HHU3WIO PH3UK OTPYEHHS KOPHCTyBada

HeOE3IEeYHOIO KOHHGHTpaHi€I-O TOKCHUYHUX PCYOBHH, K1 MOJXYTbH IIOTpAIIMTH IO

JIETCHb.
®poHm ®inbmp KormposibHa pe4oeuHa
adcopbuiri nonadae 8 kamepy demexkmopa
Momik |<€1—®inkTp—> l
fiosimps S I]I__ onmu4xa a6o
akycmu4vHa cu2Hanilzayisi
gieo” -
Oamd4uk iHOukauyii sukopucmaHHs hinsmpy (QIB®) y
MOXHO npodoexxyeamu mepmMiH 8 UKOPUCMAaHHS
euxkopucmoseysamu inemp | pinbmpy 3akiH4yemscsi

Pucynok 2.9 — Cxema poOOTH aKTUBHOTO 1HAMKATOPY JJIs1 BU3HAYCHHS
TEPMIHY 3aXUCHOI JTii mpOTHra3oBUX GinbTpiB [17]

36inbwysanbHe

CKJ10 ,
IHOukamop pyxy noeimps

IHOukamop, wo 3miHtoe konip
npu ennusi 2asy

it |__——*[llopoxHuUHa eHympi
copbeHmy

BepxHill ekpaH,

ympumyearouwuu
copbeHm \

y6uxa 3aHypeHHs
iHGukamopy e copbeHm

HixHil ekpaH,
ympumyearouwui
copbeHm

7 | .
Copb6eHm lMepe2opodka 3

1‘ omeopamu
Bxid nosimps

Pucynox 2.10 — Cxema po60OTH TaCUBHOTO 1HAUKATOPY ISl BUBHAYCHHS
TEPMIHY 3aXHCHOI Jii mpoTUrazoBux GiabTpiB [17]
HemonaBHo 3'sSBUIMCH HOBI KOHCTPYKINI MPOTHUIIIOBUX (IIBTPIB, SIKi
BHUKOPHCTOBYIOTh KOHTPOJb mepenanay TUcKy (puc. 2.11 — 2.12). Ile#t miaxin
JT03BOJISIE BCTAHOBUTU TEPMIH 3aXUCHOI All (PuIbTpa, KOJU MU OCIAa€E Ha HOTO

MOBEPXHI, 3 ypaxyBaHHSIM MaKCHUMaJIbHOTO MPHUITYCTUMOTO OMOpPY MOBITPSHOTO
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MOTOKY, SIKUW € MPUHUHATHUM JIJIsi KOPUCTyBaya 1 He BUMArae J10J4aTKOBUX 3HAUYHUX
(b13UYHUX 3yCUJIb TIPU JUXaHHI.

KpiM TOro, KOHTpOJb UIUIBHOCTI MPWJIATAHHS MIBMAcKH 10 OOIMYYS
KOpPUCTYBauya MOXHa 3a0e3MeUrTH 3a JOMOMOTOI0 JaTurMKa KOHTPOJIIO Tepenany
TUCKYy Yy TmiAMackoBoMy mpoctopi ¢inerpyBamsHoro 3I30[. Lleir martuumk
3'€THY€THCSL OJJTHOYACHO 3 MiAMACKOBUM MPOCTOPOM Ta aTMOC(hEepHUM MOBITPSIM, a
Horo BHXIJ MIIKIIOYEHUN 10 OJoKa KepyBaHHS Ta oOpoOku iHdopMmalii, SKuAn
nepenae aaHi 10 6goka curHamizaiii. ¥ 01omi KkepyBaHHA Ta 00poOku iHpopMarlii
30epiratoThCs AaHi MPO MIHIMAIBHUN 1 MaKCUMaJIbHUM MOJIMBHUM MOYATKOBUMN
omip JUXaHHs QUIBTPIB peciipaTopa.

SIKIIO BUSIBISIETBCS, IO TIEPETaj] TUCKY MEHIIE MiHIMaIbHOTO 3HAYECHHS, 11€
MOKE€ CBIJUUTH NpPO HEMpPaBUIbHE HOCIHHSA IIBMacku abo ii CHOB3aHHS, IO
noTpedye KOpPUTYBAIbHUX 3aXOiB. Y BUMAAKY MEPEBUIICHHS TPAHUYHOTO OMOPY
JIMXAHHIO, TAaKOXK OyJle MOJIaHO CUTHAJI PO HEOOX1THICTh 3aMiHU (DUIBTPIB IiJT Yac
eKCIUTyaTallii pecriparopa.

IIle omHMM cOCOOOM KOHTPOJIIO 32 IIUIBHICTIO MPUJISITAaHHS MIBMACKHU /10
OoONMMYYs € BHUKOPUCTAHHSA IMACHBHOTO I1HAMKATOpPA, SKUH BI3yalli3ye HEIOJIKH
NpwIsiraHHs yepe3 3MiHy koubopy (puc. 2.10). [Ins 1mporo y KOHCTPYKIIii
00TIOpaTopa BUKOPUCTOBYIOThCS TNep(opoBaHi OTBOPHU, SKI 3aMOBHEHI TEMHHUM
JATEKCOM Ha 30BHIIIHHOMY IIapi, /1€ MICTUTHCS] TEPMOXPOMATUYHUHN MITMEHT (pHC.
2.13). Ilicnsa HarpiBaHHS, SKE¢ BiOyBa€eTbcs dYepe3 TEIUIOOOMIH 3 TOBEPXHEIO
HIKIpKU 00JIMYYSl, TIITMEHT 3MIHIOE CBO€ 3a0apBiieHHS. TakuM 4YMHOM, MICIIs, 1€ €
HEJIOJIIKY TMPUJISITaHHS, MATUMYTh 1HIIIE KOJLOPOBE 3a0apBIICHHS, OCKUIBKH TETLIO

MEHIIIE€ POHUKAE Y 111 00JIaCTI.
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Pucynok 2.11 — Cxema npoTUNMIOBOTO (DUIBTPa 3 JATYMKOM TUCKY JIJIst
BU3HAYCHHS TEPMIHY 3aXMCHOI /i1 Yepe3 BCTAHOBIICHHS IPAHUYHOT BETUYHHU
OTOpY MOBITPSIHOMY MOTOKY: 3aXUCHUM ekpaH 1, kopmyc 2, popdinetp 3,
abcomoTHU PiIBTp 5, meperopojika 4, KiJiblieBa MpokIaaKa 6, 670K BUMIPIOBAaHHS
TUCKY 7, TaTYMK TUCKY 8, OJOK KepyBaHHs 9, iHnukaTopy Tucky 10 [18]

vivvvivvly VvV vivvy

Pucynok 2.12 — Cxema npoTHUIIHIOBOTO pecripaTopa 3 JaTYUKOM Mepenany
TUCKY JIJIsl KOHTPOJIIO IIUIBHOCTI TIPWIISITAHHS MIBMACKH JI0 00JIMYYs: TliBMacka 1;
¢binbTpyBabHAa KOPOOKa 2; crieliaJbHUM KpIMUIbHUM rapHiTyp 3; Harois s 4;
KJIanaH BUJMXaHHS 5; TaTYuK TUCKY 6; TymOiep 7; inaukatopu 8 [18]
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Pucynox 2.13 — 3aranennii Burisig ¢iunsTpyBasibHoro 3130/ 3 epexrom
Bi3yautizallii MiCllb HEUIIJIbHOTO MPUJISTaHHs 00TIOpaTOpa MIBMACKU JI0 00IMYYS
KOpHUCTYyBaua: MmBMacka 1; KiiarnaH BUTUXaHHS 2; 00TIOpaTop 3 IJTIBKOIO TEMHOTO

JaTeKcy 3; MPUTUCKHUM efleMeHT 4; KpinwibHa rapHitypa 5 [19]

JUJ1s TOCTIMHOTO KOHTPOJIKO CHJIM HATATY €JaCTOMEPHHUX CTPIUOK pecripaTop
MO>KHA BJOCKOHAJIUTH, BUKOPUCTOBYIOUHN OJIOK iHAMKAIII CHuth HATATy (puc. 2.14).
Pecmipatop 3 ¢iabTpoM poO3MINIye€TbCS HAa OO0JMYYl Ta 3aKPITUIIOETHCA
€JIACTOMEPHUMU CTpIYKaMH HaromiB’4 (6), siki MaroTh 010K Bizyamizauii (7). Iicas
BJISITAHHS pecripaTopa Ha 00JIMYYsl KOPUCTyBada, OJIOK Bizyai3allii BUKOPHUCTOBYE
3MIHY KOJIbODPIB, $IKy BHUSIBISIE IOMIYHHUK, Ta 3BYKOBY CHUTHajJi3alll0 Jis
BU3HAuUEHHS cuiau HaTary. [lpuHmum poOoTu Onoka TPYHTYEThCS HA 3MiHI
€JIEKTPUYHOTO OIOpPY IMiJ Yac PO3TATYBaHHS CIELIaJbHOTO THYYKOrO JaTYHKa.
[leit naTuuk 3’€qHAHUNA 3 TUIIOBOIO CXEMOIO PO3JUIIOBaYa HAMpyTrH, € A0 HbOTO
JIOAAEThCS 3MIHHMM pe3uctop. KoHTposiep OIliHIOE CUTHAJ 1 Haja€ BIAMOBIIHUN

pe3yabTaT uepe3 CBITIOBI Ta 3BYKOBI 1HAMKATOPH.



Pucynok 2.14 — 3araneuuii Burisig ¢piastpyBaibHoro 3130/ 3 61okom
Bi3yalli3allli CUJIM HATATY €JIaCTOMEPHUX CTPIYOK HATOJIB’SI: €1acTOMIpHA
nmiBMacka (2) 3 BMOHTOBaHUMH KJIanlaHamMu BUANXY/BIUXY (3), ooTioparop (4),
naTpoH 3 GuibTpamu (5), Ta e1acCTOMEpH1 CTpiuKH HaromiB’s (6), 670K Bizyasizarlii
cunu Hatary (7). biok Bizyamizanii cuiiv Hatsry (7) CKIagaeThCcsi CBITIIOBUX
iHauKaropiBs (8), natuuka (9), kopnyca (10), 3 xpanoBoro Mexanizmy (11),
KpiruieHHs it cTpidok (12), mmeldy (13), koutponepy arduino (14), koHTposepy
(15) akymynsatopHoi 6atapei (16), 3BykoBoi curnanizauii (17), KHOKH
YBIMKHEHHS/BUMKHEHHS (18)

VY pe3ynbTaTi NpoOBEIEHOI pOOOTH, BAXKJIMBO 3a3HAYUTH, 1110 pOOOTOIaBEIb
Hece MOBHY BIIMOBITAIBHICTH 3a MpaBWIbHUI BUOIp Ta ekciutyatarito 31301, a
TaKOX 3a 1X MpaBUJIbHE Ta CBOEYACHE 3aCTOCYBaHHs Ha poboyomy Micii. Ipore,
3a0€3MeYNTH HaJIeKHUIN PIBEHb 3aXHCTY KOPUCTYBauiB 0€3 MOCTIHHOTO KOHTPOJIIIO
32 BUKOHAHHSIM BCTAQHOBJICHWX BHMOT IIIOJI0 3aCTOCYBaHHS PECIipaTOpiB CKJIAIHO
yepe3 HeOakaHHS a00 HEBMiIHHA KopucTyBayiB. lle BuMarae mnoumryky HOBHUX
MIIXOMIB ISl IMABUINEHHS OO0I3HAHOCTI KOPHCTYBaudiB IOJM0 HEOOXITHOCTI
Bukopuctanusa 3130/ ta 3actocyBaHHs OUTbII €PEKTUBHUX MOJETEH, SIKI MOXKYTh
OyTH BiJICTE)KEHHI 3a iX poO0TOI0 Ta mokasHuKamu [19].

Sk Oyno Bim3HaveHo panimie, epekTuBHICTh 3[130/] 3aMeKuTh Bl ACKITHKOX
(dakTopiB, BKJIIOYAIOYM MPOHUKHEHHA HEBIAQIILTPOBAHOIO TIOBITPS 4Yepes
MPOMIDKKM MK MAacKO Ta OOJWYYsIM, a TaKOXk BYACHICTh iX BUKOPUCTaHHS B
yMoBax 3a0pynHenoi armocdepu. Haxanb, mpu po3pobui JCTY EN 529 ne Oyno
BCTAHOBJICHO OYiKyBaHl KoedimieHTn 3axucty s Beix tumB 3I30/], mo
OPU3BOJUTH JO BHUCOKOIO PHU3MKY BHKOPUCTaHHS HEE(PEKTUBHUX 3aXHCHHUX

npuCTpoiB. J0AaTKOBO, BIACYTHICTh NEPEBIPOK 130JI0IOUMX BIACTUBOCTEH MpHU
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BUOOpI Macku (IBMAcKu) MOXKE TPU3BECTH 10 OTPUMAaHHS IMpalliBHUKAMU
pecripaTtopiB 3 HEIOCTaTHIM PiBHEM 3aXHUCTy. Takui MiAXiJ cipusie HEOOAaUHOMY
craBieHHi0o 10 BukopuctanHs 3130/ Ta BTpaTi OOBipH 10 IX 3aXHCHUX
xapaktepucTuk. I[lto mpobiaeMy MokHa Oyyno © BHPINIUTH, BUKOPUCTOBYIOUH
konkpetHuii ctagaapt CIIA 29 CFR 1910.134 aGo BHicIIM BiAMOBIIHI TTOTIPABKU
no icuyrouoro JCTY EN 529. Opnak, Hapa3l Takux Al He BimOyloCs, TOMY
BUHUKAE HEOOXITHICTh B YyJOCKOHaJeHHI IcHyroumx wojaened 3130/ s
3a0e3MeyeHHs HaJIHHOTO 3aXHUCTy KOPUCTYBAYiB.

He Bupimena npobGiema i mpaBuisHOro Bubopy 3130/ 3 ypaxyBaHHAM
HOT0 MPUIHATHOCTI MpalliBHUKOM (YMOBH TIpaili 1 BUKOHYBaHa poboTa). Ko s
3aXMCHUX BJIACTUBOCTEN MO>XHA BUKOPUCTOBYBATH YITKI 1 HAYKOBO OOIpYHTOBaHI1
BkaziBku cranmapty CIIA, 1o mnuranns Bubopy 3I30J1 misa: rapsuoro
MIKPOKJIIMATy Ta PI3HUX BHUIIB pOOIT 1 YMOB — HE BHUPIIICHE MOBHOLIHHO 1 Ha
3aX0Jll, € JUIIE OKpPEeMl 3arajibHi BKa3iBKH; 1 iX BUKOHAHHS HE € HOPUIUYHO
000B'SA3KOBUM 17151 pOOOTOABIIS.

Jlns 3a0e3nedyeHHs] BIAMOBIAHOIO TEPMIHY 3aXMCHOI Jli MPOTUra30BUX Ta
MPOTUMTUIIOBUX (PUIBTPIB, @ TAKOX JJII YHUKHEHHS OTPY€Hb KOPHCTYBadiB uepe3
NOTPAIISHHA IIKIAJMBUX aepo30JiB Y MIAMACKOBHI MNPOCTIp (UIBTPYBAIBHOIO
3130/] Ta HaaMipHOTO (DI3UYHOTO BUCHAXKEHHS Yepe3 3pOCTaHHS Nepenaay TUCKY
MOHAJ HOPMOBaHI PiBHI, PEKOMEHIYEThCS BUKOPUCTOBYBATH (UIBTPU 31
CHeniaJbHUMHU 1HAMKATOPAaMHU, SIKI JO3BOJISIIOTh BU3HAUATU CTYIIHb 3a0pyIHEHHS
MOBITPS Ta Mepernaj THUCKY.

JInst miABUIIEHHS HAMIAHOCTI 3aXUCTy KOPHUCTYBAdiB PEKOMEHIYETHCS
OCHaIllyBaTU (UIbTPYBaJIbHI peciipaTopy (YHKIISIMU ONEPATUBHOIO KOHTPOIIIO
OMOpy JWXaHHIO. TakoXX BaXJHWBE PO3MIIICHHS HArodiB'ss JUIsl KOHTPOJIIO
MO>KJIMBHX 3a30DPIB 32 CMYI'Ol0 OOTIOpAIlii i/l Yac BUKOHAHHS P13HUX BUPOOHUUUX

orepalliid Ta BCTAaHOBJIEHHS PEaJIbHOTO TEPMIHY 3aXHMCHOI J1i (QUIBTPIB.
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2.4 Po3poOka HAYKOBHMX 3aCa/l CTBOPEHHS MPOTUTa30BUX (PiIbTPIB 1JIst

yiaoBaoBaHHsd AXHP inraasimiiinon aii

KinmeBoro MeToro jaHoi poOOTH € CTBOPEHHS 1 MOjajibllia OpraHi3allis
BUPOOHHIITBA BUCOKOC(HEKTHBHOTO (iIBTPYBAIBHOTO 3ac00y I 3a0e3leueHHs
KOPHUCTYBadiB MiANPHEMCTB, Ha SKUX MOXJIuBe 3apakeHHs AXHP inramsmiitaoq
Iii, 30KkpeMa KUCIUMHU Tazamu (B ToMy uucii SO;), a TaKOX HACEJICHHs, IO
NpoXHUBaEe Oe3nmocepeHiii OMM3BKOCTI 0 JKepena HeOe3MeKH, 1 1HOJMI CKiIa/ae
JIECSITKU TUCSY 0OCl10.

Cnopsymxennst HaceneHHs1 BucokoBapTicHuMu 3130/], BUKOpPUCTaHHS SIKUX
noTpedye creniaibHO1 NIATOTOBKY, HA JaHUN yac 0yJio 6 HEIOPEUYHUM, TOMY IIO:

- Bigomi 31301 cnopsmxkeHi QinbTpaMu, 3aIOBHEHUMHU aOcOpOeHTaMu 1
NOTJIMHAYaMHU BiJ WLIJI01 HU3KKM OTPYWHHX pedoBUH. OO’€M MOINIMHAYIB TpH
BurotoBieHH1 3130]] BH3HauaeTbCs BUXOASYM 3 MAKCUMaJbHUX KOHIICHTpAaIin
AXHP 1 yacom nepeOyBaHHs B HhOMY. TOMy, BOHU MalOTh JOCTAaTHbO BEIUKUN
00’€M 1 BUCOKY BapTICTh;

- 3130/ wmarwTh BeNUMKUN Omip, MO Npyd MABUMIECHUX (DI3UUHUX
HAaBaHTAKCHHSX, HAMPUKIIAJ, TIPH €BaKyarlil 3 30HU YpaKCHHS HEMIiATOTOBICHHUX
KOPHUCTYBaYiB, € JHKEPEIIOM 3HAYHUX CHEPTETHYHUX 3aTparT;

- BHCOKHH OIp € TPUYUHOI BUHUKHEHHS 3HAYHOTO PO3PIIHKEHHS B
nigMackoBoMy mnpoctopt 3130/[, mo mnigBUIIye BUMOTH 1O T'€PMETHUYHOCTI
KOHTAaKTY JIMI[LOBOI YaCTHUHU 3 MOBEpXHEt0 00mnyust. HeoOXinHa repMeTHYHICTh 110
cMy3l 0OTIopamii y JaHOMYy BHIIaJKy MOXE JOCSTaTHUCS TUIBKM 3a PaxyHOK
MIBUINEHHS TUCKY MaTepiajay JIMIbOBOI YaCTUHHU B 30HI KOHTAKTY, 1[0 BUKJIUKAE
3HAYHI BEJIMYMHH MEXAHIYHOTO BIUIMBY JIMI[LOBOT YACTUHU Ha M’SIKI TKAaHWHU
00JMYYs Ta BIUIMBAE HA KPOBOOOIT.

KonnentyanbHi ocHoBH TipoekTyBaHHs ®OP Buxnageni y miaposaum 2.1.
Opnak npu mnpoektyBanHi PP monBiitHOr0 mpU3HAYEHHS I 3aXUCTYy BIJ
JTIOKCUIY CIpKM TIOBMHHI Oynu OyTH BpaxoBaHI HACTYIHI OCOOJUBOCTI:

KOHCTpYKIlisi ¢inmbTpa P moBruHHA 3a0e3medyBaT MOXKIUBICTH BUKOPUCTAHHI Y
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akocTi xemocopOenty IBXC 3 mnacuBHOW IHAMKAIIEID «CIPAIlbOBYBAHHSY,
norIMHAIBHUN 1map ¢uibTpa E1 moBuHEH 3abe3nedyBaTH BiAMOBIJIHICTH 4acy
saxucHoi mii Bumoram JICTY EN 14387:2017 1 ckiagatucss 3 JUCKIB,
BurotoBiieHux 3 IBXC a6o IBXC-I, sxi OynyTh 3amoBHITH yBeCh 00’ €M KopIryca
¢biabpTpa, mpu 11bOMY, OMip PLIBTPa HE MTOBUHEH NepeBuIryBatu Bumoru H/I.

VYnoBmtoBaHHs MIKiATUBUX peuoBuH PP Oazyerscss Ha (i3UKO-XIMIYHOMY
mporiecl iX mornuHaHHA — copOuii. Ilpy 1mpoMy, ko copOeHT 3abesnedye
3HEIIKO/KEHHS 32 PaXyHOK CTPYKTYPH CBOTO TOBEPXHEBOTO IIapy, IIeH Iporiec
Ha3UBaIOTh aJICOPOIIIETO.

[Ipyn ¢izuuniit agcopOuii 3IHCHIOIOTBCA TPU THUIH MIKMOJIEKYJISIPHOI
B3a€MO/III:

- JIUCTIEpPCHA B3aEMOJIS, KOJIM MOJICKYJIH aJCOPOEHTY 1 COpOCHTY MaroTh
3HAYCHHS JTUIIOJIBHOTO MOMEHTY OJIM3BKi 10 HyJSA. SIK TpHKIaa MOXHA TIPUBECTH
BUITAJIKH, KOJIM aKTUBOBAaHE BYT1JUISI aicopOye mapu BYTJICBOTHIB;

- 1HAYKIIHHA B3a€EMOJISA, KOJW OJWH 3 JIBOX YYaCHHUKIB IpOIECy Mae
MOJICKYJIM 3 TOCTIHHUMH AWMONSAMH. SIK TpHKIag MOXHAa HABECTH BHUIIAIOK
acopOIii JIOKCH Ty CIpKH 3 aKTUBOBaHUM ByriuisiM [20];

- Opi€eHTalllilHa B3a€EMOJIA, KOJM MOJEKYIH, SK aacopOeHTy, TaK 1
a7copOyI0U0i PEYOBUHM, MAIOTh MOCTIMHUI ENEKTPUYHUN JUIOJb, HANPHUKIAI,
npu acopOiii mapiB BOJU CUITIKATEIEM.

Pyuriiinoro cuioro azacopOuii € rpaaieHT KoHueHTtparii. [Ipu agcopOuii
BiI0yBa€eThCs 3MiHa eHeprii E cuctemu «pedoBrHa - TBepe TUo». Yum Ounbia E,
TAM MIIHIIIE B3a€MO3B'SA30K aJCOPOIIITHOT MOJEKYIH 3 MOJEKyJIaMH TBEPIIOTO
Ti1a. HagmuikoBa eHeprist npu aacopOIiii BUAUISIETbCS Y BUTIIS I TEIIa.

Jlns1 mmosicHeHHsT aicopOIii mapiB MpH BIAHOCHO HEBEIMKUX KOHIICHTPAIISX
HEOE3MeYHUX XIMIYHHUX PpEYOBUH B TMOBITPI HA MIKPONOPUCTUX COPOEHTAX,
30KpeMa Ha AaKTMBOBAHOMY BYTUUIl, OTpUMalla IIMPOKE 3aCTOCYBaHHS TeOpis

00'emHoro 3anoBHeHHs Mikporop (TO3M) Jlybinina-Panymikesiya [21]:
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i -
RTInF)F;5
0
a=—6exp|—| ———
vl 7| BE, (2.10)
Ps_Cs
P C (2.11)

7€ a — BeJIMYMHA PIBHOBAXHOI ancopOiii, MMonb/r; Wy — TrpaHudHHN 0O0CST
afcop6uiiinoro mpocrtopy, cm®/r. Jlng aktuBHOro Byrimis Wo = V mm; V* —
MOJISIpHUNA 00'€M IIKIJIMBOI PEYOBMHU B aJCOpPOOBAHOMY CTaHl, MMOJL/T. B
IHKEHEPHHUX PO3paxyHKax MpuiAMaroTh, mo V * = Vi, (Vpiy - MomsipHuil 00'eM
pEYOBMHM B piKOMy cTaHi); R — yHiBepcanbHa ra3oBa mocTiiiHa, R = §8,31441
JIx/(monb * K); T — Temneparypa, K; Ps — Tuck Hacuuenoi napy pedosunu, [1a; P —
napuiagbHuil THCK mapa pedoBuHH, [la; Cs — KOHIEHTpalis HAacCM4YEHOro mapa
pedoBHHM, Mr/i1; C — KOHUEHTpallisl napy pedyoBUHH, MI/J; Eq — xapakTepucTiiHa
MOJISIpHA eHepris ajncopOirii, kJ[k/Moib, XapakTepusye po3Mip MIKpomop: Xy =
12/Eo; B — xoedimient addinnocTi, 32 Hi3UYHUM 3MICTOM JTOPIBHIOE BiTHOIICHHIO
MOJISIpHUX AudepeHiiaibHuX poOIT aacopOuii mpu aacopOiii OAHOTO MOJs
IITK1IJTMBOT PEYOBHUHHM 1 OJTHOTO MOJII O€H30J1y (CTaHIApTHOT PEUOBUHHU ).

3a momoMororo Ii€i Teopii MOXKHA OI[IHUTH 4Yac 3aXUCHOI i (QUIBTPIB Bif
TOBUIMHU a/1COPOEHTY. PO3PI3HSIOTH TpH CTa/lli JUHAMIKH a1cOpOLii.

[lepma cragisi Ha3WBA€THCS CTAAIEI0 MUTTEBOIO TNPOHMKHEHHS, TaK SK
KOHLIEHTpAalis, BIJMOBIIHA MPOHUKIMBOMY 3HAUYEHHIO, MPAKTUYHO MHUTTEBO
IPOHUKAE B TMOMIMHAIOUMA map Ha TaubuHy Lp. I[lpm npomy mMIBUAKICTH
MEPEMIIICHHS. BUCOKHX KOHIICHTpAIid MiHIMallbHa, a IMBUIKICTH IEPEMIIICHHS

MaJjMX KOHIIEHTpallid MaKCUMasbHa.
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L{s cTanis onucye cmiBBigHOMEHHIM [22, 23]:

C L5
—" —exp| - 1 (2.12)
0
v C
Ly=—In"2, (2.13)
Ba Cn
ne Cop — movyaTkoBa KOHIIEHTpalis (MOCTiiHA) mapiB y 3a0pynHeHomMy noBiTpi; Cp —
noporoBa (IIPOCKOKOBA) KOHIEHTpalis mapiB; P* — edekTUBHUNA KOEPIIieHT
MacoIepeHoCy .

Jpyra crajis — HeCTalllOHapHa CTajisl XapaKTEePU3yEThCS TUM, IO Ha I
CTa/ll IBHUJIKICTh MEPEMIIIEHHS BUCOKUX KOHIEHTPALlM MOYrHA€E 301IbITyBaTHUCH,
a MIBUJKICTh MAJIMX KOHUEHTpALIN — 3HUKYBATUCSA, TOJI1 YacC 3aXUCHOI 11 MOYKHA

BHU3HAYMTH [24]:

_aa () 23v G

t3 - it} "
CoV Ba Cn

(2.14)

ne a, — emmipudHud KoedimieHT (B OutemiocTi BumaakiB a, = 0,3-0,9). Bin
XapaKTepHU3ye BIIMIHHOCTI afCcopOIlii OKpEMUX 13071bOBAaHUX TpaHyJsl COpOCHTY 1
rpaHyJ B IOTJIMHAIOYOMY IIapi.

Tpetst cTazis, Tak 3BaHa CTalllOHApHA CTajlsl, HACTA€ B TOM MOMEHT, KOJH
IIBUJIKICTh PI3HUX KOHIIGHTpAIli TOPIBHIOETHCA 1 Hamaimi ¢GPOHT amcoporii
NEepPEMINIY€EThC 3a MOTJIMHAJIBHUM IIApOM 3 MOCTIMHOI IIBHUIKICTIO aAcopOLii 3

3BiJICH Yac 3aXUCHOI il QiabTpa OMUCyeThes piBHIHHIM [25]:
t; =k(L-h)=kL -1, (2.15)

Je K — KoeiIieHT 3axucHoi i, XB/cM; h — TOBKHWHA HEBUKOPUCTAHOTO I1apy, CM;
T — BTpaTa yacy 3axXUCHOI Jii, XB.

@i3uyHui 3MiIicT KoediuieHTiB piBHsAHHA [lumoBa: k — wac 3axucHoi mii
HOTJIMHAIOYOTO Iapy OJWHWYHOI JoBkuHM mpu L > Lo; h — nmoexuna miapy
copOeHTy, sika He Opayia yyacTb B ajacopOiii mapu (razy) AXHP inramsmiiinoi mii
0 MOMEHTY JOCATHEHHsI 4acy 3aXWCHOi Ail; T — PI3HUIA Yacy 3axUCHOI nii

«ieanbHO» MIUXTHU 1 peaJbHOI ITUXTH.
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['eomeTpuynuii 3micT koediieHTiB piBHsAHHS [llnioBa: Kk — TaHTeHC KyTa
HaxXWIy TPSAMOIIHINHOT TUISTHKY 3aJIe)KHOCTI Yacy 3aXMCHOT i BiJl TIOBXKUHHU IIapy
(mpu L > Lg); h — Bigpizok oci abcmmc, MmO BiACIKAE IPOJOBKECHHIM
MPSMOJIIHIMHOTO JIJISHKHU 3aJIeKHOCT1 4acy 3aXHUCHOI Ail BiJ JOBXKHHU IIApy; T —
BIJIPI30K OCi OpAWHAT, IO BiJACIKAE TPOJOBKCHHSIM TMPSIMOJIHIHHOT UTSTHKA
3aJICKHOCTI Yacy 3aXMCHOT JIii BiJl JOBXKWHU mapy [26].

OCHOBHUMU NMPUYMHAMHU HEMTOBHOTO BUKOPUCTAHHS aJICOPOIIHHOT 31aTHOCTI
MOTJIMHAIOYOTO IIapy B AMHAMIYHHUX YMOBax €: KiHETHUKa ajcopOIlii 1 MO370BXKHE
nepeHeceHHs. B peaibHUX yMOBax MOTJIMHAHHSA IIBUAKICTH a/1IcOpOIIii BeIuKa, aje
He Oe3MmexkHa. [IoB370BXKHE MEPEHECEHHsI MOB'S3aHE 3 MPOSBOM TPHOX €(EKTIB:
CTIHOBUH e(eKT BHMHHMKA€E 32 PAXyHOK MEHIIOro, HDK B OO0 €Ml IIHUXTH,
aepOoIMHAMIYHOTO OINOPY IIapy T'PaHyILOBAHOTO COPOCHTY OJIM3BKO CTIHOK; €(DEeKT
IpaHyJIsAIil BUHUKAE 32 PaXyHOK PI3HHX PO3MIPIB I'paHyJ COPOEHTY; IPyHTOBHIA
edeKT MOB'A3aHUM 13 3aCTOCYBAHHAM MPYKUH Ta 1HIIMX MPUCTPOIB, HEOOXITHUX
JUTSL TIITACKAHHS [IUXTH 1 3a11001iraHHs 1i IepecuIianHsl.

[Ipu ancopOmii rasiB BYyTUIbHUM (UIBTPOM 3 aKTUBOBAHOTO BYT1ILIA
OCHOBHOIO TMEPENIKOAO0 € BOJIOTICTh. Y OUIBIIOCTI BUTIAJKIB B aTMOcdepi € OaraTo
BO/siHOI napu (npu Tucky 1 atm 1t = 250°C BigHOocHa BosoricTs 50% Biamosinae
15 700 ppm (uacTuH Ha MLIbIOH 3a 00'emoM). Tomy Oyiia po3poOiieHa creriaibHa
MOJIE€Nb 3 HACTYIMHUMM TNPUIYIICHHAMH [JIs1 OLIHKM 3MEHIIEHHS COpOIiitHOI
emHocTi [27, 28].

1. Ha 3patnicte copbenty mnornuHatu AXHP inramsmiinoi gii (A)
BIUTMBAIOTh MOJICKYJIU BOJIU, SIK1 afcCOpOYBaIMCh a00 CKOHJIEHCYBAJIUCh HA COPOCHTI
(BOHM BIUIMBAIOTh Ha JOCTYMHY JUIsl cCOpOIii eMHICTh copOeHty). B Toit ke uac
MOJICKYJIM BOAM, IO 3HAXOMASTHCS B IMOBITPI HE 3aBa)aroTh aJCOPOIl MIKITUBUX
rasis.

2. AncopboBaHa BoJIOra BILIMBAE TIIBKH Ha COpOLiHHY eMHICTh (inbTpa (We)

3. IIpu NpoOHUKHEHH] ICHY€E pIBHOBara Mik ra3oM, TBEpJOIO Ta PiIKoI0 a3y 1

y BOJIOTOCTI Ta Yy aJICOPOEHTY.



105
4. Icnye neBHa (mocTiiiHa) KOHIEHTpallis [P] ogHOpiIHUX MIKpOHOp, B SKUX
MO3K€ MICTUTHCS a00 n MoJiekys Boau WP, abo m monekyi aacopOeHTy AmP.

PiBHOBary i koHcTaHTH piBHOBaru K, i Ky MoxxHa Bupasutu tak [29]:

MA + P < AmP, MW + P < Wa P (2.16)
Ka= [AmPY/[P]IAI™, Ky = [Wa P)/[P][W]" (2.17)

A7 KOHIEHTpaliii mapiB i Bojsgnoi mapu (Mr/m®), [A] i [W] BiamosigHo.
Konnenrpariisi mip, B sSIKi MOK€ MOTPANUTH aJCOPOEHT ad0 CKOHJIEHCOBaHa BOJA

[29]:
[P] = [Plo — [WnP] - [4mP] (2.18)
[Toennapmm piBHSHHS 2.16 — 2.18 oTpuMyeMo:

Xa = {bmKa[A]"H{L + Ku[W]" + KJJA]" } (2.19)
1Xa = ({1+KJ[A]™ } / {mbK[A]™}) + (KI{mbK[A]")*[W]" (2.20)

PiBustHast (2.22) mOB'SI3y€ BEIWYHMHY, 3BOPOTHY €MHOCTI COpOCHTY, 3
(crymeHeM) KoOHIIEHTpallii mapiB BOAU. SIKIIO MPUUWHATH 3pOOJIEHI MPUIMYIICHHS
po piBHOBaXHI YMOBH, TO B piBHsSHHI (2.20) apyruit uien popiBaroe 0, i mpu
NOCTIMHIA KOHUEHTpalii B MOBITPI, IO OYHUILYETHCS OTPUMAEMO BEIUYHHY,
3BOPOTHY 4acy npockakyBanHs 1/t, = [A]V/XM, ne V — 06'emna Butpata (M>/XB),
M, — maca aktuBoBaHOTO Byriuis, Mmr (2.22). Takum uwmHom, 1/t, Takox €
dbyukIiero Big [W].

BenuuuHa, 3BOpOTHAa BimHomeHHio emHocti X, g0 X (abo wacy
npockakyBanHs tb 1o t’b) mpu 3amaniii xonuentpauii Bogu [W'] moxke OyTn

BHpPAKCHA SK:

X/ Xo = {1+ KA/ (L+K W [W+K[A]™) 3+

(2.21)
H{(Kw[W]"sat)/ (1+Ku[W]"+K[A]M) HRH)"

ae [W] = [W]sa(RH), [W]sat - xonmenTpariiss mapu Bogu mpu Bosorocti (RH =
100%), a RH BupakeHa sik 1ecATKOBHM api0. 3ayBa>KMMO, 110 JiHisA piBHSIHHS 2.23

(puc. 2.15), mene abo gopiBHIOE 1.
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t3/t2B

[¥]

HHIT 9ac 3axucHol mil
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40 50 60 70 80 90

Binuoc
)

BinHOcHa BONOTICTE TIOBITPA, %0
Pucynox 2.15 — I'padiku qyist GinbTpiB, BATPUMAHKUX y BOJIOTiH aTMocdepi,
moOy1I0BaH1 BIJIMOBIIHO JI0 3alIPOMOHOBAHOT MOJE1
Ha puc. 2.16 HaBeneHO pe3yJbTaTH MOJEIIOBAHHS PYXy MOBITPSHOIO
MOTOKY Yepe3 NPOTUra30BUU (PIILTP 3 PIZHOI BOJOTICTIO MOBITPS, OCTATOYHI
pe3yJbTaTH 4acy 3aXMCHOI i 3a PO3pOOJICHOI0 MATEMAaTUYHOIO MOJEIUTIO 0
pe3yJibTaTiB BUMIPIOBaHb HaBeJeHI B Ta0. 2.2. Xoua BUMIPIOBAHHS MPOBOIAIIUCS
JUIS. aKTHBOBAHOTO BYTULIS Ta afcopOatiB, IJIs PI3HUX KOHIIEHTpPAIIIH, I PI3HUX
3a7laHUX KOHIICHTpAIlld TPOHMKHECHHS 1 PI3HUX BIIHOCHUX BOJOTOCTEH, BCI
oTpuMaHi pesyiabTath Jg00pe BiamosigaroTh mpsmiii minii (R > 0,99) [30].
Haiimenmi 3Hauennst R Oynu orpumani juis pe3yiabTaTiB BuMmiproBanHs (3) Jonas,
alle 1e CKOpIIIe TMOSCHIOETHCS MAJICHBKMM YacoM IpockakyBaHHs (1-25 xB.).

3Ha4yeHHs n 3MIHIOBaucs Big 4 o 7.5.

9352
8867
8381
7896
741
6926
441
60956
5470
4985

OTHOCHTENGHAA BRAKHOCTE [%]

Pucynox 2.16 — MoaentoBaHHs BiAMIPaIOBaHHS aJCOPOCHTY 3 PI3HOIO
BoJIoTiCTIO TTOBITPst 85 % (1); 50 (2)
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Tabnuys 2.2

Korment- | Tlpom- I[iapa30H Yueno 3HauCHHS PO3PaXyHKOBHX
xepeno I'asu . BIJIH. IapaMmeTpiB

partist KHEHHS BOTOL. TOYOK o R Int X

1 OPTafIaHl | 9460 pom | 0.10 0-0.9 6 34 |09821 | 098 | 031
CIIONYKH

5 tpuxnope | 300 mr/m 0.50 0.5-0.85 5 7.0 |0.9995 | 0.72 | 18.56
THJICH (50 ppm) 0.10 0.5-0.85 5 6.0 | 0.9991 | 0.73 | 14.63
3 tpuxnope | 600 mr/m3 0.50 0.5-0.85 5 58 109999 | 0.84 | 11.34
THJICH (100 ppm) 0.10 0.5-0.85 5 50 |0.9987 | 0.81 | 10.04
4 tpuxaope | 1000 mr/m® 0.50 0.5-0.8 5 4.9 |0.9998 | 0.84 5.79
THJICH (170 ppm) 0.10 0.5-0.8 5 42 109989 | 0.80 | 5.02
5 tpuxnope | 1300 mr/m® 0.50 0.5-0.8 5 51 | 1.0000 | 0.86 | 4.98
THJICH (220 ppm) 0.10 0.5-0.85 5 42 109968 | 0.87 | 4.31

Pesynbratu MopemtoBaHHs (Tabi. 2.3) mokaszalid, M0 HAa 4Yac 3aXUCHOI il
BIJIMBA€ HEPIBHOMIPHUWA PO3MOAINA HIBUAKOCTI MOBITPSHOTO MOTOKY MO IUIOLI
binpTpa Yyepe3 pi3HUII0 B PO3MIpax MiX BXITHUM 1 BUXIIHUM OTBOpOM (iibTpa.
[Ipy TeopeTMYHOMY pO3paxyHKy IepeadadaBcsl pIBHOMIpHUW mpouec (iibTpamii
no Bciid moml ¢inerpa. OpgHak y (UIBTpI B IPOLECI HACHMYEHHS YacTo HE
paIoTh nepudepiitHi IISHKY 4epe3 HEPIBHOMIPHICTH MIUTBHOCTI 3alIOBHEHHS
¢b1apTpa COPOEHTOM 1 HASIBHICTH (PIYKTYyalllii TOBLIMHU 1 MOPUCTOCTI PLIbTPA, SKI
MOXYTh OyTH 0OYMOBJIICHI SIK HEJAOJIIKAMH TEXHOJIOT1l BUTOTOBJICHHS (PiIbTPIB, TAK
1 YTBOpIOBATHCS B TPOIECI TPAHCIOPTYBAHHS 1 YCTAaHOBKH (DUIBTPIB B KOPIYC
dinsTpa [31, 32]. Bigznaunmo, 1m0 3a3Buyail mpu 1a00paTOPHUX BUIPOOYBAHHAX
(b1TBTPIB BUKOPUCTOBYETHCS YCTAHOBKA, B SIK1M (DUIBTP KPIMUTHCS B CIICIAIBHOMY
3aTHCKaYl, IpU LbOMY BUXIJHUH OTBIp HEOOMEXKEHHI 1 BCS MOBEpXHsS (iibTpa
npaitroe piBHomipHo [33]. Tlpu ycraHoBII (iIBTPYHOUMX €JIEMEHTIB KOpITyca
bimpTpa pPO3MOMAUTIOBAYIB  TOBITPS,  SIKI

3aIlIPOIIOHOBAHO BHKOPHUCTAHHA

PO3MIIIYIOTBCS  Tiepes;  (QUIBTPYIOYMMU  €JIE€MEHTaMH, 100 3abe3neuyBaTu

PIBHOMIPHHMI TIOTIK MOBITPS 3a BCi€r0 UIOIIEI0 Kopiycy ¢inbrpa (puc. 2.17).
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Monens 1 Koo

OtBip D= 12 mm OtBip -D= 8 MM OtBip —D= 6 MM

Mognens 2 [llecTurpaHHUK

OtBip -D= 8 MM

Mopens 3 CekuiliHa pemriTka

OtBip — Koma D= 12 mm Otsip — Kona D= § mm OtBip — Kona D= 6 MM

Pucynoxk 2.17 — Mopeni penrniTok jisi 3a0e31e4eHHs] pIBHOMIPHOTO PO3TOILITY
MOBITPSTHOTO MOTOKY 3a TUIoMIeto (PiibTpa

TakuM 4YMHOM, MOJENb MIATBEPIKYE, IO HAa AUSHIN  (inbTpa,
pPO3TAIlIOBAHOTO HABIPOTH BUXIAHOIO OTBOPY, (UIBTPYIOUMH IIap IIBHJLIE
HAaCHUYY€EThCS IIKJIMBUMHU TMapaMH, IO NPU3BOJUTH JO MPUCKOPEHHS MOSBU

HeOe3neyHOo1 MPOHUKHEHOI KOHIIEHTpaIlli 3a ¢piabTpom (puc. 2.18).
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Pucynok 2.18 — MoaemntoBaHHs pyXy MOBITPs Yepe3 NPOTUTa30BUM (PUIBTP: 3MiHA
nepenaay TUCKY Ha AUIAHKaX QUIbTpa BUXOASUU 3 pO3MIPIB (PLIBTPYBAIBHOT
KOpPOOKH

Tabnuys 2.3

Pe3y.m>TaTn MOJdCJIIOBAHHA

Hiametp Cepenniii nepenan | CepenHs MBUAKICTh Inoma ¢inbTpa, sika
Mopens OTBOpPY, MM | TUCKY Ha (iibTpil, [1a | pinbTpyBanHs, cm/c 3aIiAHa y MPOIIEC
’ ’ ’ ¢inbTpanii, %
12 189 6 72
1 8 187 5 81
6 192 7 65
12 187 5 74
2 8 185 4 83
6 190 6 69
12 186 3 76
3 8 184 2 84
6 189 4 72
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BUCHOBKMU 3A PO3I1JIOM 2

1. JlocsiTHEeHHS 3a/laHuX TMOKAa3HUKIB KOe]IIieHTa 3aXUCTy (PUIBTPYBATIBHUX
3aco0iB  IHIMBIAYyaJIBHOTO  3aXHCTy  OpraHiB  JuXaHHsA  (pecripaTopiB)
3a0e3meuy€eThCs 3a PAaXyHOK JOJaBaHHS JO BIJIOMOTO alropuT™My 3 iX
NPOEKTYBaHHS JIBOX KPOKIB, SIKI JO3BOJISITh MPOBOJWUTH KOHTPOJb 3aXHCHUX
BJIACTUBOCTEH MAaKeTiB Ha eTami iX po3poOKM 3 TMOAAJBIIUM BHUKOHAHHSIM
KOPUTYBAJILHUX I TP BIIXWICHHI MOKA3HUKIB Bij 3aIlUIAHOBAHUX TEXHIYHUM
3aBJIaHHSIM.

2. BcranoBneHno, 1mo Koedili€HT 130JI0BaHHS MAacOK TOKpPAIy€eThCS 3a
paxyHOK 30UIbIIEHHS NPUTHUCKHUX 3YCWJIb OOTIOpaTopa MacKu A0 OOIu4ys
KOpHUCTYBaya, L0 JOCATAETbCA HE TUIBKM 32 PaXyHOK PIBHOMIPHOIO PO3MOILITY
MPUTUCKHUX 3YCWIIb Ta MIJBUIICHHS €JIACTUYHOCTI Martepialy oOTioparopa, a u
JI0JIaBaHHSAM CIHEeIalbHOI PO3AUIBHOI CMYTHM Ha OOTIOpaTopi, sika O ypaxoByBaja
0COOJIMBOCTI AaHTPOTIOMETPUYHOT Oy0BH 0OIUYYSI.

3. Ansa  3abe3neyeHHs  €pEKTUBHOCTI  3aXUCTy  KOPHCTYyBadiB i3
BUKOPUCTAHHSAM TPOTUTAa30BUX Ta MPOTUMUIOBUX (UIBTPIB 1 YHUKHEHHS
MOXJIMBUX PHU3HUKIB OTPYEHHS 4Yepe3 MNPOHMKHEHHS UIKIJJIMBUX aepo30JiB Yy
nigMackoBuil npoctip pinsTpyBansHoro 31301, pekoMeHayeThCsl BCTAHOBJICHHS
CHeIiajJbHUX 1HIUKATOPIB Ha (PUIBTpax il BU3HAYEHHS CTYIEHS 3a0pyIHEHHS
NOBITPS Ta nepenagy TUCKY. JlogaTKoBO, ISl MIABUIIECHHS HAIIAHOCTI 3aXHCTY
KOPHUCTYBauiB, (UITPYBAJIbHI PECHipaTOpU MOXKYTh OyTH OCHAIICH! (QYyHKIISIMU
ONEpPaTHUBHOIO KOHTPOJIO OMNOPY JUXaHHIO, PO3TAllyBaHHSAM HarojiB's IS
BUSIBJICHHSI MOKJIMBHUX 3a30piB MiJ] 4ac PI3HUX BUPOOHMYMX OIEepamii, a TaKox
BCTAHOBJICHHSIM PEAIBHOTO TEPMIHY il (PUIBTPIB.

4. B pe3ynbTari MOJIETIOBaHHS BIUIMBY BOJIOTOCTI TOBITPST Ha TEPMiH
3aXMCHO1 [1i MPOTUTra3oBUX (UIBTPIB BCTAHOBIEHO, WIO0 Y BIANOBIAHOMY
MPOTPAaMHOMY  CEPEOBUII, HAWOIIbII BIUIMB HA KIIBKICTh YJIOBIIOBaHHS
HEOE3MEeYHUX  aepo30JliB  3aJEeKUTh  BIJl IIBUAKOCTI  (PIIbTpyBaHHA Ta

HEPIBHOMIPHOCTI 3aBaHTaXEHHS aficopOepy 3a Iuioniero GiabTpa 4epe3 Pi3HUIO Y



111
BXiITHOMYy 1 BHXiJHOMYy OTBOpax, IO TMPOMOHYETHCS 3MEHIIUTH 3aBISKH
3aCTOCYBAHHIO PI3HMX KOHCTPYKIIM PEIITOK, SKI PO3MIIIYIOThCS Biapaszy Micis
BX1JTHOTO OTBOPY.

OCHOBHI pe3yJIbTaTH AOCHIIKEHHS onmyOsikoBani y [19, 20].
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PO3/ILI 3
PO3POBKA IMIIPETHOBAHOI'O BOJIOKHUCTOI'O XEMOCOPEBEHTY,
1110 3ABE3NEYUYE HOPMOBAHI BUMOT'H JIJISI TIPOTUTA30BUX
®LIbTPIB KJIACY E1 (JIOKCHJ CIPKH) JJIsI CIIOPSIIPKEHHS 31301

3.1 JocaimxeHns XiMIYHMX AacHeKTIiB NpoueciB xemocopoOuwii aiokcuay

CipKH BOHMMM PO3YMHAMU COJIeH

AMminn, 30kpema amiHocnuptd (AM), HaWOLIBII IIUPOKO MPOTECTOBaHI B
SIKOCTI XeMOCOPOCHTIB KHUCIIMX Ta3iB, HAPUKJIA JiOKCUay cipku [1-4]. Sk 3a3Ha4YeHO
B po3aini 1.3, panime [4-12] cniBpo6iTHukamu GXIZHCII MOH 1 HAH VYkpainu
Oyyo po3po0JICHO TUIOPS IMIPErHOBAHUX BOJIOKHUCTHX xemocopOenTiB (IBXC)
pecIipaTopHOTO MpU3HAYEHHS Ha OCHOBI MoHoeTaHojiamiHy (MEA); BusiBieHO
MO3UTUBHUM €(EeKT BBEIEHHS TiApo(duI3yIUnX A00aBOK-IPOMOYTEPIB 1O CKIIATy
IBXC Ha ixHi 3axucHi BiaactuBocTi 1mono SO; [4, 7, 10, 11].

B ocranHniii yac Benuka yBara JOCIHIJHHMKIB MPUJLIEHA aMIHOKHUCIIOTaM (sIK
albTepHATUBAM  aMIHOCMUPTIB) 1t yioBieHHa SOz,  OCKUIBKM  BOHHU
MPOJEMOHCTPYBAIM BHUCOKY PEaKI[iiHy 3AaTHICTH IOJ0 BKa3aHOTO TOKCHKAHTY, €
€KOJIOTIYHO YUCTUMHU Ta JEMOHCTPYIOTh I1HIII CHPHUSTIMBI BIACTHUBOCTI, TaKl SIK
HU3BKI JICTIOYICTh Ta TOKCHUYHICTh, @ TaKOXX BHCOKY 3JaTHICTH J10 O10pO3KJIaJaHHS
[13-16]. OcobmuBe Micue cepel  amiHOKHMCIOT 3aiimae Taypun  (Tau,
NH,CH,CH,SO3H) — eauna cysiabdokuciaoTa mpupoIHOro moxomkeHHs [17], ska €
0araTOTOHHaAXKHUM MPOayKToM [ 18].

OOMEeXEeHICTh JIITepaTypHUX JAHUX MPO XapaKTep B3a€MOJIi J1OKCHAY CIpPKH 3
BOAHUMHU pO3YMHAMHU cojedl Tau, CKiIaj Ta BIJHOCHY CTIMKICTH BIJMOBITHUX
MPOJIYKTIB B3a€EMOJIIi CTUMYJIOBAJIa MPOBEACHHS MOCHiKeHb [19], MeTta sKux
noJyiAirajga y BHUBYEHHI XIMIYHUX AacHeKTIB mponeciB xemocopbuii SOz BOAHUMHU
po3unHamu Taypaty kaniro (TauK) ta Taypaty Monoetanonamonito (TauUMEA) B
obnacti 298 — 313 K, a Takox B po3poOLi XeMOCOPOEHTY MPOJOHTOBAHOI i, IO

3abe3neuye HopMoBaHi BuMoru [20] st mpoturazoux ¢insTpiB kiacy El (miokcun
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CIpKH), IKUMH MOkHa Oyno 6 crnopsypkatu 3130 ayist 3axucTy KOPUCTYBayiB B
ymoBax HC, Ha OCHOBI OTpUMaHUX JaHUX.

VY nocnimkennsax sukopucroByBaym Tau (CASNo 107-35-7), MmoHOeTaHOIaMiH
(MEA; “for synthesis”), rigpokcu Kaiito (4.4.a.). Moaensni 0,1 M BogHI pO3YHHH
TauK Ta TauMEA roryBanmu nuisixom B3aeMoii Tau i3 BiMOBIIHUMU OCHOBAMH B
EKBIMOJIIPHUX KUIBKOCTSIX. MeToauka TPUTOTYBaHHS BOJHUX PO3YHMHIB Ta
NPOBEJICHHS XPOHOMOTEHIIO- Ta XPOHOKOHIYKTOMETPUYHOTO Ta30METPUYHOIO
tuTpyBaHHs SOz MOJENIBHUX PO3YHHIB JIETANIBHO ONKcaHa B poboTax [21, 22].

Sk Bonokuuctuii Hociit (BH) Oyio BuOpaHo HeTKaHE TOJKOMPOOUBHE MOJIOTHO
st guibTparii Ha OCHOBI Bicko3HOTro BojiokHa (COM-OLL; TY V 33.1-01530125-
015:2007) ToBIMHOK 4 MM i MOBEPXHEBOI I'ycTUHOK 300 r/M% Y MOpiBHAIBHMX
yMoOBax jaociipKyBanucs: 3pa3ku BH, mo mictare MEA a6o/i TauK. Meroauka
MPUTOTYBaHHS Mpocouyrounx po3unHiB Ta oTpumanHs IBXC Ha iX OCHOBI
ananoriuda [23]. BumnpoOyBanus IBXC 3miiicHIOBaIMCh B JHUHAMIYHUX YMOBax,
HaOmKkeHux 10 peanbHoro BukopuctanHs 3130 B ymoBax HC 3rimno [20]:
xoHnentpanis SO, y rasonosirpsriii cymimi (I'TIC) — 2700 mr/m® (270 TJIK),
BimHocHa Bojoricte I'TIC — 90+95 %; mBuakicte motoky ITIC — 2,0 cwm/c.
EdextuBHicth oTpumanux 3pa3kiB IBXC mnopiBHIOBaJIM 3 MPOTOTUIIOM 3a YacoM
3aXUCHOT [T (Ts,, XB.) Ta CTYIIEHEM “‘CrpalibOBYBaHHS xeMocopOeHTy (1, %). Yac
3axucHOI nii ¢ikcyBanm, komm KoHIeHTpamis SO, 3a mapom Marepiany aocsrajia
pias 10mr/m® (TIK= 10mr/m3).

Ha puc. 3.1 — 3.4 mnomani pgaHi xpoHo-pH-, XpoHOpemokc- Ta
XPOHOKOHAYKTOMETPUYHOTO TUTpyBaHHS BomHMX 0,1 Momb/m posumHiB TauK Ta
TauMEA razononioanm SO, mpu 298 — 313 K. Crpubkam Ha inTerpampHux pH-
METPUYHHUX KpUBHX TUTpyBaHHs (puc. 3.1) BIANOBIAIOTH MaKCUMyMU Ha
nudepeHIliiHNX KPUBUX TUTpYBaHHS (puc. 3.2; tadmn. 3.1), moxiono [21, 22]. Ilepmri
ebektrn  (cTpuOKM Ta MaKCMMyMH, BIIMOBIIHO) Ha BKa3aHUX  KPUBHX

CIIOCTEPIrarOThCA IPH CHIBBIAHOIIEHHAX Qso,: Qrauk = (0,40 = 0,44) : 1,00 ta Qso,:

Qraumea= (0,34 = 0,49) : 1,00, momiomo N,N-miajkiIMOHOETaHOJIAMIHAM Ta

Mopdominy [24], ane Ha BigMiny Bigx MEA, N-metmimono- (MMEA), ni- (DEA), N-
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metunai- (MDEA) ta tpueranonaminy (TEA; Qso,: Qam = 0,50 : 1,00) [22]. Lle
3YMOBJICHO YTBOPEHHSM Cyib(}iTiB Ta ix H-3B’s13aHUX acomiaTiB i3 1HIIMMHU 10HAMH,
noaioHo [25]. [TonoxxeHHs apyrux edekTiB Ha pH-MeTpUYHUX KpUBUX BIAMOBIIAIOTH
cniBBigHOMEHHAM Qso,: Qrauk = (0,77+ 0,90) : 1,00 Ta Qso,: Qraumea= (0,66+ 0,90) :
1,00, na Bigminy Bix [22] (Qso,: Qam = 0,90 : 1,00).

PH pH
12 10 r
10 8
8
6
6
4
4
2
2
0 | 1 | O | | |
0 0.05 0.1 0.15 0 0.05 0.1 0.15
Q(SO,). Moms/1 Q(SO,). MomB/1
a b

Pucynox 3.1 — Iurerpansui pH-MeTpuuni kpuBi TuTpyBanHs Boguux 0,1 M po3unHiB
TauK(a) ra TauMEA(b) razonoaionum SO,. T (K): 298-1; 303-2; 308-3; 3134
Hns TauK ta TauMEA (mmpu 298 — 313 K Ta 298 — 308K, BiamnoBiaHO)
BEIMYMHU TIEPIIUX MAKCUMyMIB Ha AudepeHiinnux pH-meTpuuHux KpuBUX
TUTPYBAHHS 3 MM1JIBUILIEHHSIM TeMIIEPATypH 3MEHIIYOThCA (Tadu. 3.1), mo 3riaHo [22]
3YMOBJICHO TiIPOJITUYHOIO CTIMKICTIO YTBOPEHMX CHOJYK. BenuuuHu apyrux
MakcumymiB mis TauK B oGmacti 298 — 308K mpaktuuHO He 3anexaTh Bij

TEeMIIepaTypHu.
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Pucynoxk 3.2 — Jludepenuiitai pH-

90 . METPUYHI KPUBI TUTPYBAHHS BOJIHHUX
80 | 1 0,1 M pozuunniB TauK (1) Ta
70 TauMEA (2) razononionum SO» ripu
S 60 298 K.
L
% 50
Eoa0 |
30
20
10
0
0 0.05 0.1 0.15
Q(S0O,), Mo/
Tabnuys 3.1
XapakrepucTuku pH-MeTpUYHUX KPUBUX TUTPYBAHHSA
0,1 M po3uuniB TauK ta TauMEA ra3zonoaioHuM JioKCHIOM CipKH
T,K 1-unit Mmakcumym 2-uii MaKCUMyM
SO2:TauK pH dpH/dpQso, SO.:TauK pH dpH/dpQso,
(TauMEA) (TauMEA)
TauK
298 | 0,40:1,00 8,15 10,87 0,80:1,00 3,85 98,1
303 0,44 :1,00 7,58 12,29 0,77 : 1,00 3,88 99,1
308 0,40:1,00 7,98 8,54 0,77 : 1,00 3,90 100
313 | 0,44:1,00 8,06 7,02 0,90:1,00 4,40 119
TauMEA
298 0,37 :1,00 7,58 9,06 0,69:1,00 3,75 83,9
303 | 0,34:1,00 7,55 8,20 0,66 : 1,00 3,55 82,9
308 0,43:1,00 7,84 7,00 0,90:1,00 4,25 100
313 0,49:1,00 7,88 8,48 0,83:1,00 3,85 101
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Pucynok 3.3 — IaTerpanbhi (a) Ta qudepenmiiini (b) pemokcmeTpuyni KpuBi
tutpyBaHHs BogHoro 0,1M po3unny TauK. T (K): 298 — 1; 303 — 2; 308 — 3; 313 — 4.

Tabnuys 3.2

XapakTepUCTHKH PeI0KC-MEeTPUYHUX KPUBUX TUTPYBAHHA
0,1 M po3uuniB TauK ta TauMEA razonoaioHum JioKCHIOM CipKH

T,K 1-nii MiHIMYM 2-Wii MIHIMYM
SOz TauK | E,mB | dE/dpQso,, SOz TauK | E,mMB | dE/dpQso,,
(TauMEA) MB (TauMEA) MB
TauK
298 | 0,43:1,00 193 -83,4 0,80:1,00 152 160
303 | 0,46:1,00 230 -125 0,80:1,00 173 158
308 | 0,43:1,00 245 -500 0,80:1,00 180 127
313 | 0,40:1,00 270 -311 0,80:1,00 210 158




0.15
Q(S0O,). monb/1
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b

0.15
Q(S0O,). MonB/T

Pucynok 3.4 — KounykroMerpuusi kpuBi TUTpyBaHHs BogHUX 0,1 M po3uuniB TauK
(a) ta TauMEA (b) razononionum SO,. T (K): 298 — 1; 303 — 2; 308 — 3; 313 — 4.

Tabnuys 3.3

XapakTepUCTHKH 3JIaMiB Ha KOHIYKTOMETPUYHHUX KPUBUX TUTPYBAHHA
0,1 M po3uuniB TauK ta TauMEA ra3onoaioHum QioKCu0M CipKu

T, SO, TauK Ak, SO, TauK AK, SO, TauK AKk,
K (TauMEA) Cm-mL (TauMEA) Cm-m?t (TauMEA) Cm-mt
TauK
298| 0,43:1,00 -1,03 0,74 :1,00 -1,43 1,09 :1,00 -1,63
303| 0,48:1,00 -0,98 0,74 :1,00 -1,36 1,06 :1,00 -1,57
308| 0,43:1,00 -1,02 0,77 : 1,00 -1,48 1,11: 1,00 -1,71
313| 0,43:1,00 -0,39 0,74 :1,00 -0,61 1,17 :1,00 -0,78
TauMEA
298| 0,34:1,00 -0,59 0,63:1,00 -0,96 0,94 :1,00 -1,16
303| 0,34:1,00 -0,77 0,60 :1,00 -1,10 1,00:1,00 -141
308| 0,40:1,00 -0,88 0,66 : 1,00 -1,23 1,02:1,00 -1,73

313| 0,37:1,00 -0,24 0,63 :1,00 -0,42 -
[TomoxeHnHnss MakcuMyMmiB Ha audepeHmiianx pH-MeTpuYHHX KpPUBHX

TUTpyBaHHs 301iratoThcs, moaiono MEA, DEA, MDEA 1 TEA [22], gk 3 MOJI0KEHHSIM
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CTpUOKIB Ha IHTETpaJbHUX Ta MaKCUMyMIB Ha JTU(EPEHIINHUX KPUBUX PEIIOKC-
METpUYHOTO THUTpyBaHHS (puc. 3.3, Tabn. 3.2), Tak 1 3 MOJOXXEHHSAM 3JlaMiB Ha
KOHAYKTOMETpUYHUX KpuBHX (pHcC. 3.4, Tabn. 3.3). Bix’emui 3HaueHHs AK BKa3ylOTh
Ha YTBOPEHHS B JOCIIKYBaHHX PO3UMHAX CIAOKOIMCOIIMOBAHUX YaCTHMHOK abo/i
MEHIIl PYyXJIUBUX 10HIB [19], MmO MATBEPIHKYETHCA MTaHUMH MaTEMaTHIHUX
pPO3paxyHKiB, HABEJCHUX HIKYE.
Disuxo-ximiuna modenb. Y BomHuUx posunmHax TauK (momiOHO comsam
aMiHOMeTaHCyIbGoHOBOT kucioth (AMSA) Ta 11 N-ajakiIoBaHMX IMOXITHUX
(YAMSA) [25]) 3mauenns pH> 7,0, 1m0 3yMOBICHO  TiapoOJIi30M

amiHOoeTaHCyJb(PoHaT-10HIB (peakuis 3.1) 3 yTBOpeHHSIM LBITTEPIOHIB [26]:

NH,CH,CH,S0,0~ + H,0 2 N H3CH,CH,S0,0+ OH". (3.1)

Pozunnenns SO, y BOIHHUX po3unHax (peakuis 3.2) CympOBOIKYIOTh

YTBOPEHHSM BIAMOBIAHOTO MOHOTiAparty (peakiiis 3.3) [22]:
SO} ;* SO%; (3.2)
SOS + H,0 : SO,-H,0. (33)

OcraHnHi#l py B3aEMOJIT 3 KOMIIOHEHTAMH XEMOCOPOIIIIHOI CHCTEMHU YTBOPIOE
cynbitHi crnonyku (piBHsHHS 3.4-3.7; pH< 10,30), siki mepeTBOPIOIOTHCS B
riapocynbdiTHi (piBHsHHA 3.8, 3.9; mepmmii ckadok TUTpyBaHHS Ha pH-MeTpuuHiii
kpuBiit). OcTaHH1 JABa MPOIECH 3aBEPIIYIOThCS B ciaboiryxkHOMYy cepemoBuili (pH
7,45 + 7,70), na Bigminy Big Boguux 0,05 + 0,20 monw/a pozuuniB MEA(pH 6,65 +
6,80) [19]. B Toumi cepeaunu mnepiioro ckauka TuTpyBaHHs (pH7,58 + 8,15)
nounHaeThest peakiis (3.10); mpu nboMy mapainenbHO mepediraroTh peaxiti (3.4),

(3.6) — (3.9). B xucnomy cepenonuiii Mae miciie peaxiis (3.11).

SO,H,0 +20H 2 SO3™ + 2H,0 (3.4)

ANH,CH,CH,S0,0™ + 4H,0 + SO, 7 { N HsCH,CH,S0,0 }4(S027) + 20H-  (3.5)
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{ N H3CH2CH28020_}4(SO g_) + SO,-H,O + ZOH_:

(3.6)
N
> {N H3CH2CHQSOZO_}2(SO§_) + 2H,0
N
{ N H3CH,CH,S0,0 },(S02") + SO,-H,0+ 40H ™, 37
2 {NH,CH,CH,S0,0 },(S037) + SO5™ + 4H,0
SO,H,0 + SO5™ 2 2HSO, (3.8)
N
{N H3CH,CH,S0,0 }»(SO37) + SO2-H,0 ?
(3.9)
N
: {N H3CH2CH28020_}2(HSO§) + HSO;
SO,-H,0 + OH™ 2 HSO; + H;,0 (3.10)
+
S0,-H,0 + { N H3CH,CH,S0,0 },(SO37) + 2H,0 2 (311)

. 2{NH2CH2CHQSOQO_}(HSO§) + 2H;0"

[Momanemre momaBanHsS SO, TPHU3BOAUTH JO TEPEXOAY TiAPOCYIb(ITHHX
cnoyiyk B mipocynbditHi (piBHsuHs 3.12, 3.13), a mpomecu (3.1), (3.6) Ta (3.7)

npunuHsAoThes. [lpu nboMy posnounHaeTses peakuis (3.14), tak ax pH < 7,0.

SO,-H,0+ HSO; —S,02 + H;0" (3.12)
n
SO,-H,0+ N H3CH,CH,SO,0~ +{NH,CH,CH,SO,0"}(HSO3; )+ (3.13)
+ H,O0—> {NH2CH2CH25020_}2(SZO§_)+ 2H;0"
SO,-H>0O + HZOj HSO; + H3O" (314)

B Ttoumi cepenunu npyroro ckauka tutpyBaHHs (pH 3,85 + 4,40) mporec
(3.11) 3ynunsiersesi. Hactynae nonuxenns pH 3ymoBieHo yumiie nporecamu (3.12) -
(3.14). B Touni KiHIg Apyroro ckauka THTpyBaHHS Qso,: Qrauk = (0,90 + 0,97) : 1,00
3aBepiryerbesi nponec (3.13). Tlomanmemie 3B’s3yBanHs SOz 3yMOBJIEHO MOTO

rigpararieto (3.3) Ta peakiisimu (3.12), (3.14).
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[Tponiecu yrBopenHs Buiie 3raganux cyiabditHux (I — ) Ta rimpocynbdiTHux
(IV, V) acomiatiB 3a paxyHOK €JCKTPOCTaTHUYHUX B3aeMojiii Ta H-3B’s3yBaHHS,

aHajIoTiyHO [25], MOXKHA TakoX onucatu piBHSHHSIME (3.15) — (3.19), BignoBiAHO.

b1 +

4 N H3CH,CH,S0,0™ + SO 2~ 2 { N H3CH,CH3S0,0 }4(S027) (3.15)
+ A +
2 N HsCH2CH,S0,0™ + SO2™ 2 { N H3CH,CH,S0,07},(8027) (3.16)
A1
2NH,CH,CH,S0,0 + SO%™ 2 {NH,CH,CH,S0,0 },(S05") (3.17)
+ pv 4
2N H3CH,CH,S0,0™ + HSO; .~ {N H3CH,CH,S0,0 },(HSO3) (3.18)
Vavi
NH,CH,CH,S0,0 + HSO; & {NH,CH,CH,S0,0 }(HSO3) (3.19)

Byno po3paxoBaHO KOMIIOHEHTHHUM (10HHUH Ta MOJIEKYJIIPHUI) CKJIaJ] CUCTEMHU
SO, — TauK — H,O nmpm 298 — 313 K[19]. 3rizHo oTpuMaHuMm JaHumMm, Tau y
BKa3aHOMY po3uuHi npu Qso,: Qrax < 0,28 (pH = 9,25) icHye nepeBaxHO y BUrIIAmi
anioniB NH;CH,CH,SO,0~ (puc. 3.5, xpuBa 6). Ilpu 30uIbIIEHH] KUIBKOCTI
norauHyToro SOz 10 Qso, : Qrauk < 0,50 (pH > 7,50) 3MeHIIy€eThCS KOHIIEHTpPALIis
BKa3aHUX aHIOHIB 3a PaXyHOK HOTO T1POJIITUYHOTO TMEPETBOPEHHS B IBITTEPIOHU
(xpuBa 6; peakiis 3.1) 3 MOCHIAOBUM 3B’SI3yBaHHAM Y Tipotaypar-cyiabditai I Ta II,
taypat-cynbditHuit Il Ta rigporaypar-rinpocynsditauii [V acomiatu (peakmii 3.5 —
3.11). Ilopan 3 UMM CTyHiHb 3B’SI3yBaHHS Ta30no10HOTO TOKCUKAHTY Yy BUIJISII
BKa3aHux acouiatie (kpuBa 5; HaiiBuma npu Qso, : Qrax = 0,20) 3MiHIOETHCA
aHTHOATHO KIIBbKOCTI Qso, B 00macti 0,20 < Qso, : Qrauk < 0,50, moxiono TEA [22]. B
o6macri icHyBanHs cnonyku I1(0,17 < Qso,: Qraux < 0,35) BirHOCHMI BMICT CyIbgiT
10HIB (kpuBa 3) 30UIBIIYETHCA 13 3POCTAHHSAM BKA3aHOTO CIIBBITHOIICHHS; B

HaMOLIbII cipusTIuBUX ymoBax acormiaty III (0,17 < Qso,: Qrauk < 0,35) monbHa

yacTka ioHiB SO5  KonmpaeThes B Mexax 87,2 + 97,0 %.
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0 0.01 0,02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Qs0,- MOIB/I

Pucynox 3.5 — Jliarpamu 4acTKOBOTO pO3MOALTY pi3HUX (OPM B3aEMO/IIT Y CUCTEMI
SO2— NH2CH>CH2303K — H20 3anexHo Bin Qgo, mpu 298 K. Nj — MonbHa qacTka.

Nz [502 - HO]  _[Hsos] | _lsof | | 2ls,0f ]

Qo ' Qo Qs Qso,
_Ci+Cu +Cu+Cuv .y _|NH2CH.CH,S0,0" |
- ’ 6 — )

QSOZ QAm
{N H3;CH,CH,S0,0" }

Ns

N _4‘C|+2‘C||+2'C|||+2'C|V
) 5— .
QAm QAm

[Moganeme normuHanHs SO, (PH< 7,00) cympoBOIKYEThCS 3MEHIICHHSIM

N7=

N
BMicty N H3CH2CH,SO,0™ 3a paxyHOK iX 3B’S3yBaHHSI B TaypaT-TiApOCYIb(ITHHIMA

acomiatr V Ta NMOHWXEHHSM CTymneHto 3B’s3yBaHHsS SOz (Big 66,1 mo 22,0 %) y
BUTJISIZII BKA3aHOTO acoifiaTy. 3a X YMOB BiJOYBAa€ThCS BIJIHOCHE HAKOMUYEHHS
rigpocynbgir-ionis (kpusa 2) no 74,6 % mpu Qso,= 0,08 Monb/n B pe3ynbTaTi
peakmiii (3.8) ta (3.10), mo BiAmoBimae ApyroMy MiHIMyMy Ha nudepeHIiiHii
peAOKCMETpHUUHIi KpuBiil TUTpyBaHHs (Tabn. 3.3). BignocHuit Bmict SO2-HO
(xpuBa 1) S,02 (xpuBa 4) He mepesumye 0,9 %, TOMy iCHyBaHHSM Taypart-

nipocysb(PITHOTO acoliaTy 3HeBaKalu.
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lon-monexynsipanii ckian cuctemu SO — TAUMEA — H;O ckimannimmii, Hix

SO, — TauK — H,0, 1110 3yMOBIICHO JOIaTKOBUMH B3aeMOisIMU [22]:

HOCH,CH,NH3 + H,0_ HOCH,CH;NH; + H;0* (3.23)

S02-H,0 + 2HOCH,CH,NH, > (HOCH,CH,NH3),S05 (3.24)
S02-H,0 + (HOCH,CH,NH3),S03 2 2(HOCH,CH,NH3)HSO; + H,0 (3.25)
S02-H,0 + (HOCH,CH,NH;),S03 2 (HOCH,CH,NH3),S,05 + H,0 (3.26)

[TomoxeHHST TOYKHM KIHI[I JOPYroro CKadyka TUTPyBaHHS Ha pH-meTpudHHX
KPYBHUX BIAIOBIJa€ MEHIIOMY 3HAYEHHIO CTE€XIOMETPMYHOIO CHIBBIAHOMEHHS Qso,:
Qraumea, HIK Qso,: Qrauk,3a omHiei x Temmeparypu (puc. 3.1). Lle ciguuth mpo Te,
110 TPOoIIeC “CHpalbOBYBaHHS XEMOCOPOEHTY y MEPIIOMY BHUIIAJIKy, HE3BAXKAIOUU Ha
nonatkoBi B3aemoii (3.23) — (3.26), HacTae panilie, HDK y apyromy. Kpim Toro,
Jpyra CUCTEMa XapaKTEePU3YEThCS BUIIMMH 3HAYCHHIMH pH mpu o1HaAKOBOMY BMICTI
norauHyToro SOo, 0 T0AATKOBO BKa3y€ Ha OUIbINY €(hEeKTUBHICTh HOTO 3B’ sI3yBaHHS
[19]. Tomy mpoBOAMTH PO3pPaXyHOK 10H-MOJEKYJSIPHOTO cKiany cuctemu SO, —

TauMEA — H,0O BBakaioch HEIOIILHUM.

BimomocTi mpo ckman s mpocouyBanHs BH Ta pesynbraté mopiBHSIBHUX
BurpoOyBanb 3pa3kiB IBXC naeneni B Tabi. 3.4. 3 niaBuiieHHsM Bmicty MEA a6o
TauK B ckmami mpocodyrounx pO3YHMHIB 3POCTAE T;, BIAMOBIAHUX 3paskiB IBXC-

MEA a6o IBXC-TauK (Ta6:. 3.4), 1110 OMUCY€ETHCS PIBHIHHIMH BUIY:
Ts1= 9,95-Cymea— 2,27'CMEA2; R%= 0,9941 (327)
Ts0= 19,54-Craux + 18,50-Crauk?; R? = 0,9868 (3.28)

Cryninp  “copanpoByBanHs” IBXC-MEA aHTHOATHO 3MIHIOETBCA 13 BMICTOM

XeMOCOpPOEHTY B HOTO CKJIai:



n=47,93 - 19,36-Cmea; R* =0,9736,
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(3.29)

B pe3ynbTari BHUHeceHHA mapiB MEA Ta mponaykTiB B3aemojlii 3 MOTOKOM Tra3o-

noBiTpsiHoi cymimn (I'TIC), mo y3romxyerbes 13 nanumu [27]. TliaBUIIEHHS BMICTY

TauK B cknaai IBXC cnpusie ctyneHio iIXHbOTO “CrpanibOByBaHHS

n=41,81 + 43,00-Crauk; R?>=0,8391. (3.30)
Tabnuys 3.4
Cxiaam npocoyyo4ux po34yuHiB Ta xapakrepuctuku IBXC Ha ix oCHOBI
Ne KomMnonenTu BMicT KOMIIOHEHTIB Ty, XB. n, %
3/T y PO3YMHI IS y IPOCOYYIOUOMY y CKJIal
IPOCOYYBaHHS PO34MHI, MOJIB/JT IBXC,
MMOJIb/T
1 MEA 0,25 0,134 1,5 43,64"
2 MEA 0,50 0,269 2,5 38,40"
3 MEA 0,625 0,336 3,0 34,217
4 MEA 0,83 0,448 3,5 32,47°
5 MEA 1,00 0,537 3,7 28,80"
6 TauK 0,125 0,158 3,0 49,46™
7 TauK 0,25 0,316 6,5 51,93
8 TauK 0,50 0,632 12,0 53,917
9 TauK 0,625 0,790 21,5 77,16™
10 TauK 1,00 1,264 37,8 84,08
11 MEA 0,25 0,134 o
TauK 0,125 0,158 100 60,66
12 MEA 0,25 0,134 ok
TauK 0,25 0,316 120 53,16
13 MEA 0,25 0,134 e
TauK 0,50 0,632 190 56,05
14 MEA 0,25 0,134 o
TauK 0,625 0,790 39.2 99,62
15 MEA 0,50 0,269 e
TauK 0,125 0,158 3,0 10,36
16 MEA 0,50 0,269 e
TauK 0,25 0,316 8,5 25,69
17 MEA 0,50 0,269
TauK 0,50 0,632 26,0 S7,13
18 MEA 0,50 0,269 o
TauK 1,00 1,264 10 2,21

N - crynine “cripanpoBysanHs” MEA 3a peakiiero(3.24)
1 - cTymine “cnpanpoByBanHs” TauK 3a peakmiero(3.19)
1 - ctynisb “‘crnpanboByBaHHs Tauk 3a peakmiero(3.19) Ta MEA 3a peakiiiero(3.25)

*kk
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Baecenns no ckimany IBXC na ochosi 0,25 mons/n MEA (IBXC-0,25MEA)
TauK npu3BOAUTH 1O CHHEPTIYHOTO 30LIBIIEHHS KUTBKOCTI copOoBaHoro SO;. Ipu
IIbOMY TIJBHIYETHCS CTYMiHB “‘crpampboByBaHHs” Tauk 3a peakriero (3.19), a MEA
“ciparpoBy€e” OunbIn raubIie, Hik y Bunajaky IBXC-0,25MEA, ax m10 yTBOpeHHI
rizpocynbdiTiB 3a peakiiero (3.25).

ToOto, y nanomy Bumaaky 3pasku IBXC-0,25MEA-TauK € xemocopbeHTamu
TIOKCHIY CIpKH TpoJIoHroBanoi 1ii, a cam TauK cioyXuTe HOpoMOyTOpOM-
moaudikaropom moao IBXC-0,25MEA, 3ano6iratoun BuaeceHHro MEA 13 moBepxHi
IBXC motokom I'TIC 3a paxyHOK yTBOpEeHHsS 10HHMX acoliariB (moaioHo [25]) Ta
crpusitoun Outbin rrdbokomy “‘cripanpoByBanHi0” HOCH,CH;NH,, ananoriuno [23].
Js IBXC-0,50MEA 3adikcoBaHo nvine ofgHe MOJsipHE criBBigHomeHHs MEA
TauK = 1,0 : 1,0 y npocodyroduoMy po34HHi, IPHU SKOMY CIIOCTEPIraeThcs CiHEprivyHa
Tl XeMOCOPOEHTIB 11010 yioBMoBaHHS SO3.

TakuM  YMHOM, CIIOCTEpITA€EThCS  CIHEPriYHE  MOCHJICHHS  3aXHUCHUX
BinactuBocteil mono SO, Ta cryneHiro ‘“‘crnpanpboByBaHHs” IBXC-0,25MEA 3a
paxyHOK BHECEHHs B ioro ckian noodasku-npomoytepa TauK; III'E, cnopsmxeni
po3pobsieanmu  3pazkamu IBXC-0,625TauK, IBXC-1,00TaukK, IBXC-0,25MEA-
0,625TauK Ta IBXC-0,50MEA-0,50TauK 3a6e3nedyioTh HOpMOBaHI BUMOTH MJist

npoturazoBux (GuibTpiB Kiacy El (miokcua cipkm).

3.3 Po3podka IBXC 3 mnacuBHOW IHAMKALIEW ‘“CHpanbOBYBAHHSA”

JTHUHAMIYHOI OTJITHHAJIBLHOI EMHOCTI

[Ipn BHUKOpHUCTAaHHI BIJIOMHUX pECHIpaTOpiB MOMEHT iX ‘‘ClpalbOBYBaHHS
BCTAHOBJIIOETHCS TIpAIliBHUKAMU BIJIUTIB OXOPOHHU Mpallli Ha OCHOBI JaHUX IIO/I0
normHabHOT emHocti  ([ITE), BakkocTi po0OOTH, IO BUKOHYE KOPHUCTYBad,
pe3yibTaTiB 1HCTPYMEHTAIbHUX BUMIPIOBaHb PiBHSI 3a0pyJIHEHHS MOBITpPs MiJ Yac
eKcIUTyaTarlii KopucTyBadueMm peciipatopy abo opranosientuyHo [3]. Ilpu nmpomy B
NepiioMy BUNAAKY ISl OJiepKaHHS HeoOxigHoi 1H@opMalii moTpiOHI cheuiajibHe

oOnagHaHHS Ta MIATOTOBICHUN TMEPCOHAN, a B JPYroMy — MOMEHT “MpPOCKOKY”
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BCTAHOBJIIOETHCA CYO’€KTMBHO 1 MOKE MPUBECTH JO OTPYEHHSI KOpUCTyBada. ToOTO
CyTTeBUM Henosik Bigomux ¢uibTpyrounx 3I[30/], npusHaueHHX i1 3aXUCTy Bil
AXHP ixransamiigoi aii, B TOMy YMCIIl KACTUX ra3iB, — HEMOXKJIMBICTh CBOEYaCHOTO
BU3HAYEHHSI MOMEHTY ‘‘CIpallbOBYBaHHS IWHAMIYHOI MOrMHAIBHOI eMHOCTI [IT'E —
¢ikcarii MPOCKOKY COPOTUBY Yy MIAMACKOBHUH MPOCTIp.

Tomy Oymu  po3pobieHi  xemocopbentu  kucimx rasiB  (IBXC-I),
“crpallbOBYBaHHS” JAMHAMIYHOI MOTJIMHAJIBHOI €MHOCTI SKMX MOXJIMBO Bi3yaJbHO
BU3HAYMUTH 3a 3MiHOO 3a0apBienHs [I'E Ha 3BOpoTHIN CTOPOHI M 9ac “TpOCKOKy”
copOTuByY, aHanoriuto [3, 28]. Bouu onepxkani nuisixom npocouyBanns BH Boguumu
po3urHam, o MicTaTh 0,25 M MEA, 0,625 M TaukK, no cknagy siKux g0aaBajuch
KUCJIOTHO-0CHOBHI iHAuKaTopu (Ind; 0,04 %) 3 iHTEepBanioM nepexoy 3a0apBICHHS y
mexax pH 3,0 + 10,4, ananoriuno [3].

Bunpo6ysanns IBXC-I 3aiiicHIOBaJIUCh B YMOBaxX pPEaJbHOIO BHUKOPHUCTAHHS
31301, omucanux Buimie. BigomocTi mpo pe3ysbTaTd BUMNPOOYBaHb OJIEPKAHUX
3pa3kiB IBXC-I npuseneni B Tabi. 3.5. BcTaHOBIEHO, 1110 MOMEHT NOYATKY 1HBEPCIi
Koapopy Ha 3BopoTHIN ctopoHi III'E 13 IBXC-I Bi3yanbHO BH3HAYAETHCS, KOJH
xoHuentpanis SO, 3a ¢imeTpom gocarae 1-2 mr/m® (CJK= 10 mr/m3). 3rigno
OTPMMaHUM JIaHMM, MOMEHT ‘‘cnpauboByBaHHs  IBXC-I Bi3yanbHO MOXHA
3aiKCyBaTH JIUIIE 32 JOTIOMOTOK OpPOMKCHIIEHOJIOBOTO CHHBOTO, KCHUJIEHOJOBOTO
OpPaHXXEBOTO, METUIIOBOTO 4epBOHOTO, Tporeoain OO0 Ta GpeHoI0BOro 4epBOHOTO 3

1HTEepBaJIOM Iepexoy 3abapienns y mexax pH 4,4 + 10,4,

Tabauys 3.5
XapakTepucTHKH iIHIUKATOPIB Ta 3a0apBJieHHs 3pa3KiB IBXC-I Ha ix ocHOBI
Ne | Innukarop InrepBan pH 3abapsuenns IBXC-I
3/m nepexomay Ticost
3a0apBICHHA | TIOYATKOBE | “‘CIpallbOBYBaHHS
[3] 2
A3omiT™IH 4,5-8,3

Jlakmoin 4.4-6,4

BbpomkcunenonoBuii cuHiit 6,0-7,6
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IIpooosocenns mabauyi 3.5

4. Bpomdenonopuii cuHiit 3,0-4,6
S. Konro uepBonmit 7,0-8,8
6. Kcunenonouii opanxxeBuit 6,4-10,4
7. MeTtuiioBHil YepBOHUI 4.4-6,2
8. | Tpomeonin OO0 7,4-8,6
9. deHoI0BUH YEpBOHUHN 6,8-8,4

Otpumano no3uTuBHI Biaryku npaumiBHukie MII “TOP” (m. Opneca), TIpAT
“Yxpaincekuii rpadit” (M. 3anopixoks) ta [IpAT “/IHINpOBCHKHI MeTaTypriiHHA
koMOiHaT” (M. JIHIOpPOM3EPKMHCHK) IIOJ0 3aXUCHUX, EKCIUTyaTallifHux 1
E€pPrOHOMIYHMX  XapaKTePUCTUK TNPOTUTa3oBUX Ta razonwiozaxucHux OP,
cnopspkenux [II'E 3 IBXC Ta IBXC-I (Ta0:. 3.6).

Tabnuys 3.6

Jlerki QisibTpyroui razonuiio3axucHi pecniparopu, mo cnopsikawtbes [ITE 3
IBXC [19] Ta IBXC-I

HaiimenyBanHs1, TUII, KJIac pecriparopa

(BIAMOBIAHICTH BUMOTAM), TEXHIYHI YMOBH Ha 3axucHa QyHKIIIs
BUPOOHUIITBO
«KJIEH»FME1
(ACTY EN Kwucni ra3u i mapu KUCIIOT

14387:2017)

«KJIEH» FM E1P2 . .
(JICTY EN Kucimi rasu 1 mapu Kucnor,
14387:2017) aepoUCIIEPCHI YaCTUHKHU
P e «IHAXTAP» FME1
S 7\\\<\® (ACTY EN Kuconi ra3u i mapu Kuciaor
L AN 14387:2017
Dy N «IIIAXTAP» FM
e E1P2 Kucoti rasu i mapu Kucior,
TV V 28.2-01530125- (ACTY EN aepoUCTIEPCHI YaCTUHKHU

022:2022 14387:2017)
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BUCHOBKMU 3A PO311JIOM 3

1. Po3pobneni IBXC kuciamx rasiB MPOJIOHTOBAHOI Mii, IO 3a0e3meduyioTh
HOPMOBaHI BUMOTH JIJIsl TPOTUTa3oBux (pinbTpiB kiacy E1 (miokcuy cipku).

2. Po3po6neno IBXC-I kucnux rasiB, MOMEHT “‘CHpallbOBYyBaHHS JUHAMIYHOT
MOTJIMHATLHOI €MHOCTI SKMX MOJJIMBO BI3yaJbHO BH3HAYUTH 32 3MIHOIO
3a0apBJICHHS ITPOTUTA30BUX EJIEMEHTIB II1]T 9ac “IPOCKOKY’ COPOTHURY.

3. 3pazkamu IBXC ta IBXC-I3a 11 1 ta 2 cnopsimkatotsest [II'E mpoturazosux
Ta razonuiiozaxucHux OP.

OCHOBHI pe3yJIbTaTH JOCITIKSHHS ormy0JtikoBani y [19, 29].
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PO3/ILI 4
PO3POBKA KOHCTPYKIIi PECHIPATOPA 3 IPUMYCOBOIO
MOJAYEIO OBITPS

4.1 Po3podka koHcTpykuii ¢iibTpyBansHoro 3130/ 3 npumycoBoro

Noa4ver0 NoBiTps

Y nmaHoMy po3fiii MpeACTaBiCHI pe3yiabTaTH PO3pPOOKH OJOKa OYMIIEHHS 1
NPUMYCOBOTO TIOJIaBaHHsS TMOBITPS Yy TMIAMACKOBUM TPOCTIp MPU3HAYCHUN IS
BUKOpUCTaHHs Yy ckiaal ¢usTpyBasibHoro 3I30J[ abo camopsTiBHHKA, IO
3a0e3nedye 3axWCT OpraHiB JUXaHHS Bl A€POAMCHEPCHUX YAaCTOK PIZHOIO
MOXO/KeHHsT (TWJI, JIUM, TyMaH), a TaKOX KHCJIMX, OCHOBHUX Ta IMPOCTHUX
HEOpPraHIYHUX CIOJYK y BUIUIAMI Ta3iB Ta mapiB Ta okcunay Byriemto (II) [1, 2].
[TpuHumn Aii 6710ka OYMIIECHHS MOBITPS MOJISITAa€ B TOMY, 110 3a0pyAHEHE 30BHIIIHE
MOBITPST OUYMILYETHCS 3aBISKH acHipalifHO-(QiIbTPYyBaIbHIA CHUCTEMH 1 uepes
3’€IHyBAJIbHU IUTAHT MMOJAETHCSI Y MiJIMACKOBUI mpocTip KopucTyBada (puc. 4.1). V
MOPIBHSHHI 3 ICHYIOUMMH MPOTOTUIIAMHU, KOHCTpYKIis ¢iabTpyBansHoro 3130/ 3
MIPUMYCOBOIO TMOJAYE0 MOBITPS BIAPI3HAETHCS HASBHICTIO CIELIAJIBHOIO OJoKa
KOHTPOJII0 O0’€My Ta SIKOCTI OUYMILEHOTO IMOBITPs, sIKe Bauxaerbcs. Lled Onok
IpaIfoe B aBTOMAaTUYHOMY PEXHMI, PEryJIooud 00’ €M MOBITPS y MiJIMaCKOBOMY
MPOCTOpP1 3 YypaxyBaHHSIM YacTOTH 1 TJIMOWHM JUXaHHS KOPHUCTyBaya IIiJ| dYac
BUKOHAHHS (i3MYHUX HaBaHTaxeHb [1, 3].

Po3pobnena xkoucTpykiis ¢insTpyBasibHoro 3130/ 3 mpumMycoBo mojavero
noBiTps (nuB. puc. 4.2) CKIagaeTbCs 3 3aXUCHOrO ImIoysioMy-Macku (1), skuit
TePMETUYHO MPUJISITAE O OOJMYYS KOPUCTyBaya 3a JOMOMOTOK0 obOTioparopa (2) i
(GIKCyeTbCS 3 MOJKJIMBICTIO PETYJIOBAaHHS CUJIM NPUTHCKAHHSA 3a JIONOMOTOIO
peminuiB Haroui's (3). [llonom-macka (1) mae kinananu Bauxy (6) ta Buauxy (7) ta
3'€lHaHa THYYKUM TO(PPOBAHUM TOBITPOMPOBOAOM (5) 3 TPHUCTPOEM OUHUIIEHHS

noBITps (4).
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Ha puc. 4.3 noka3zaHa KOHCTPYKIiS NMPUCTPOIO JJIs OYMILECHHS MOBITps. Y
KOpIyCl I[LOTO MPHUCTPOIO PO3MIllIeHI: OJOK KEpyBaHHs, CTabuIi3aToOp HaINpyru 3
OJIOKOM KHUBJICHHA, OJIOK KOHTPOJIO IMapameTpiB MOBITPSHOTO MOTOKY, a TaKOX
OaraToyHKIIIOHAJIbHA CUCTEMAa JIaTUYHUKIB, BCTAHOBJICHUX Y KOPITYCl IIPUCTPOIO (JIUB.
puc. 4.4, 4.5), sika 103BOJISIE PETYJIIOBATA OCHOBHI TapaMeTPH MOBITPSHOTO TIOTOKY Y
MiIMacCKOBOMY MPOCTOpl HUIIXOM KOHTPOJIO KUTBKOCTI OOEpTIB BEHTUJISTOpPA B

3a/laHOMY Jliarma3oHi.

ardino

s \Bijf? 3 npeay

/

Pucynox 4.2 — 3aranpauil BU QiIbTPyBaIBLHOTO PECIIPATOPY 3 IPUMYCOBOIO
MojJa4ero MOBITPS HA KOPUCTYBayi: 11oJIoM-Macka 1; o6Tropartop (2); pemiHii
HaroJiB’s (3); mpucTpiit ouuiieHHs NoBITPs (4); rodhpoBaHUI TOBITPOIPOBO/]

(5);knanan Bnuxy/Buauxy (6, 7)
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Pucynok 4.3 — CxeMaTn4HO-KOHCTPYKTUBHA cxeMa ¢inbTpyBaibHoro 3130/ 3
MPUMYCOBOIO MOJIauet0 MOBITPs: mosoM-Macka (1), o6Tioparop (2), pemiHiii
HaroJiB’4 (3), npUCTpii OUMILEHHS MOBITPs (4), THYUKUA roPpoBaHHI
MOBITPOIPOBO (5), KianaH Bauxy (6), kiamnan Buauxy (7), KOpyc IpucTporo
ouuteHHs oBITPs (8), pinbTpyBanbHi enemenTH (9), 610k kepyBanus (10), TymOnep
«Bmukanns/Bumukanss» (11), kaonka Nel (12) — «KopuryBansnst indopmarrii» (dac,
JIEHb THOKHSI, MICSI[b, TEMIIEPATypa HABKOJIHUIIIHHOTO CEPEIOBHIIA, BOJIOTICTS);
kHorka No2 (13) «KopuryBanus pexxumy» (aBTOMaTUYHHUI PEKUM, TYPOOPEKUM,
aBapiiiHuil pexxum); kHomka Ne3 (14) - «[ligcBiTka AUCIIICIO»; CBITIIOBI IHIUKATOPH:
- CBITJIOBUM 1HIMKATOP YEPBOHOT0 KOIbOpy (15) - «ABapis», CBITIIOBUN 1IHIUKATOP
CUHBOTO KOIbopy (16) - «Typ0Oo», CBITIIOBHIA IHIUKATOP 3€TE€HOr0 Konbopy (17),
kapta nam’sT1 (18), nucrneit (19), ryunomosens (20), po3’em A Nia3apsIKu
enemeHTIB xuBieHHs (21), USB-po3’em nns nigkmoueHHs k [IEOM nns
HAJTAIITYBAaHHS 1 KOPUTYBAaHHS MPOTpaMHOro 3a0e3meueHHs] poOOTH MPUCTPOIO AJIs
OUMIIEHHS NOBITPs (22), 6110k KOHTpOIIO (23), 6JI0K >KUBJIEHHS (24) B CKJIa]] IKOTO
BXOJSITh TPU €JI€MEHTa KUBJICHHS (25), kanai (26), BeHTuisTop (27), KOHTpOJIEp
(28), TaxomeTp (29), crabimizarop Hanpyru (30), TATYUK KOHTPOJTIO HASTBHOCTI TTHITY
B atMoc(epi podouoi 30HU (31), TaTYMK KOHTPOIIO TEMIIEPATypH 1 BOJIOTOCTI B
aTMocdepi pobodoi 30uu (32), TATYNK KOHTPOJTO KOHIIEHTPAII1 ByTJIEKUCIOTO Ta3y B
aTMocdepi pobodoi 30uu (33), TATYNK KOHTPOITIO THUCKY B 30HI HU3BKOTO THCKY (34),
JATYNKU KOHTPOJIIO THCKY B 30H1 BUCOKOTO TUCKY (35), AATYUK KOHTPOJIIO
TEMIIepaTypH 1 BOJIOTOCTI B 30HI BUCOKOTO TUCKY (36), miirpiBa4 OYUIIIEHOTO
noBiTps (37).
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UNOR3 strong curHanisauis

Mnara ‘
KomyTauii -
Aatyuk nuny Csitnosa

SD8011 CepBonpueopg iHaukauin

a)

Mpeobpa3oearens
11,188 12B

BeHTUNATOP LEHTPODEXHbINH
BFB1012VH

[laTunk AaBneHna
ubdepeHUManbHbIA
MPXV7002DP

B0K KHOMOK

®

JIMTWIA-MOHHBIE
aKKyMYNATOpG!

18650
(3wr. no 3,7B)

Mpeobpasosarent
3,7Be5B

P 3BykoBan
CUrHanu3auua

SDS011 CeetoBan MHAMKaLMA

0)

Pucynok 4.4 — CxeMu 0;10Ka KOHTPOJIIO 32 TapaMeTpaMHU MOBITPSIHOTO TTOTOKY 3
pI3HUMH BapiaHTaMu BeHTUJIATOPIB (TuIl. 1) (a) 1 Tum 2 (0) (cioHyKayiB)
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VY ¢inpTpyBagbHOMY pecripaTopi 3 MPUMYCOBOIO MOJAY€I0 MOBITPS BTLICHO

KiJIbKa peKUMIB (DYHKI[1IOHYBaHHSI:

- aBTOMAaTHYHUU PEKUM IPYHTYETHCS HA BXIAHMX CUTHAJaX BiJ JATUMKIB, 11O

MOHITOPATH MapameTpu noBiTps. s iHpopmarliis nepenaerbcs 10 KOHTpoJiepa, e

MPOBOAUTHLCA 11 aHaI3 3a MEBHUM aJrOpUTMOM (IMB. puc. 4.6), 1 3A1HCHIOETHCS
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KepyBaHHsI o0epTaMH BEHTHJIATOPA, MIAIrPiBaYeM OUYMIIEHOTO TMOBITPSI, 1HIUKAIIEI0
Ta CUTHaI3aIl€10, IO B1IOOpAKAEThCA HAa €KpaHi 0J10Ka OYMIIEHHS TOBITPS;

- pexum TypOo, SKUH aKTHUBYETbCS B pa3l 3HAUYHOTO 3a0pyIHEHHS

(GUIBTpYBIBHUX €JIEMEHTIB 3 METOI0 30uIbllieHHs 00epTiB BeHTwisiTopa. Lle

PETYIIOETHCA KOHTPOJEPOM MPU OTPUMaHHI BiANOBIAHUX CHUTHAIIB BiJl NAaTYUKIB

KOHTPOJTIO;

-+ - o b
batt cell batt cell ~ batt cell

Pucynox 4.5 — KOHCTpYKTHUBHI €JIEMEHTH KOKHOTO 0JIOKA, IO SIBISTIOTHCS
CKJIAJIOBUMU TIPUCTPOIO OUHINICHHS MTOBITPS
- aBapiiHUl peXHuM, SKUA BKIIOYAETHCS TPU MIHIMAJIBHOMY 3apsiil
aKyMyJIsITOpa 4Yd TpPH JOCATHEHHI KPUTUYHOI BETUYMHU TEpemaxy THUCKY JUIs
IIBUJIKOTO BUXO/Yy MpalliBHUKA 3 HEOE3MEUHO1 30HH.
B T1abn. 4.1 wnaBemena petasbHa 1HQOpMAIA TIPO PEKUMH POOOTH
¢uerpyBasibHoro 3130/ 3 mnpuMycoBOIO TMOjayer0 TOBITPS 3  BIANOBIIHUM

B1J1I0Opa)XKeHHSAM Ha JUCILIET:
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1 [loyaTok )

HanawTtyBaHHsa nopTiB

[HiLjani3auis CBBOAy / BIESNY:
KOHTPONEpa TBOPEHHS (hanny
ANA 3anucy gaHux

@ Ha KapTy Nam'sTi

34MTYBaHHS
3HaYeHHS

MopTiB BBOAY,

[lepeBipka aBapinHNX
cuTyauin

KOHTpOrnb KOHUEHTpauii
okcuay syrneuto (CO,)

BuaHauyeHHa HeobxigHOT
BUTPATM MOBITPSA

KOHTPOMb LUBUAKOCTI
obepTaHHsa BEHTUNATOPA

Bu3Ha4yeHHs1 HafiHOCTI
nuny y NoBiTPONpoBoAi

KoHTponb Temneparypu

MOBITPS

BuaHayeHHst
HeobXiaHOCTI
3amiHn QinbTpa

3anuc iHpopmalii
Ha KapTy nam ' ari

Bu3aHayeHHs
HeobXiaHOCTI
OCYLLEHHS MoBITPS

Pucynox 4.6 — Anroput™ po6oTu 010Ka kepyBanHs (insTpyBanibHOoro 3130/ 3
IPUMYCOBOIO MTO/IaY€I0 TIOBITPSA

Ocob6muBicTio pobotu ¢iasTpyBaigbHoro 3130/ 3 mpuMycoBO MoaaueHO

MOBITPSI B aBTOMAaTUYHOTO PEKUMI pOOOTH € MOCTIMHUA KOHTPOJb MEpenaay TUCKY

(po3piKeHHs) MOBITPSIHOTO MOTOKY Yepe3 3MiHY piBHS Hampyru B Aiana3oHi Bifg 0,5

B 10 4,5 B 3a popmysioro [4]:
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Vou = VS % (0,2 x P +0,5) + 6,25%VFSS, B (4.1)

ne Vout — piBEHb HAPYTH BUX1AHOTO curHany, B; VS — nanpyra xxusnenns, B, VS =5
B; VFSS — noBHmit MacimTaOHU MPOMIKOK HalpyTH, BUSHAYAETHCS K alreOpaiuHa
PI3HUIIA MK BHX1JIHOIO HAMpPyror MPU MOBHOMY HOMIHAJILHOMY THCKY 1 BUX1JIHOIO
HAIpPYro MpU MIHIMaJIbHOMY HOMIHAJIBHOMY THCKY, B; P - THCk (po3pimkeHHs) y
natuuky, klla. Curnan BiJ AaTyuka nepemnany THUCKY HAAXOIUTh IO aHaJIOTOBOTO
NOpPTY KOHTPOJEpa, € MePETBOPIOIOTHCS IIJIOUMCENbHI 3HaYeHHs B Mexkax Bia 0 10
1023 BiamoBiAHO.

OpepxaHi  3HAYEHHS] BUKOPUCTOBYETbCS JJII KOPEryBaHHSA  IIBHJKOCTI
oOepTaHHA BEHTWIATOPA, SKE BIJOYBAa€TbCS HACTYNHMM YHHOM: SIKIIO THUCK
3MEHIIYEThCS (BIIOYBAETHCS BAMX), TO IIBUJIKICTh OOEpPTAHHS BEHTUJISTOPA, fKa
KOHTPOJIOETHCA TaXOMETPOM IT1JIBUIIYETHCS, 1, HaBMaKkH, (BAOYBa€TbCA BUIUX), TO
IIBUJKICTh BEHTWISTOpPA - 3MEHIIyeTbcsd. PillleHHS npo 3011bIICHHS/3MEHIIECHHS
IIBUJKOCTI MOBITPSHOTO MOTOKY (OPMYETHCSA Yy KOHTPOJEPl Ha OCHOBI MOPIBHSHHSA
TIMCHUX Ta MONEpPEHIX BHUMIPSHHUX 3HAY€Hb IMEpenagy THCKY Y To(ppoBaHOMY
MOBITPONPOBO/IL, 3 YPaXyBaHHIM MOTOYHOI IIBUJIKOCTI 00€pTaHHS BEHTUJISATOPA, L0

BHU3HAYA€THCA TaXOMCTPOM BCHTHIIATOpPA.



141
Tabnuus 4.1

Pexumu pynkuionyBanns ¢puibrpyBanabHoro 3130/1 3 npumycoBoro nogavero

NnoBiTps

3o00pakeHHs iHGOpMAIIii TUCIUICIO 0I0Ka
KEpYBaHHS B 3aJICKHOCTI BIJI pSKHMY POOOTH

AJTOPUTM BMUKAHHS TIPUCTPOIO Y
BIJINIOBITHOMY PEKHMI

1. ITinroroBKAa NPUCT

010 10 po0oTH

Hexb muxus, dama, micaub Yac Temnepamypa Bonozicme CmyniHe 3apsidy

17

=

ukn  Typ6o asapin (M12:36 20°C W60%
6 ‘ B.17, 30 nmnua
KAM

les

Ix

-~ ||~
N

Jlns akTHBallli MPUCTPOIO MOTPIOHO
YBIMKHYTH IepEeMUKaY
"Bmukanus/Bumukanss” (11). ITics
bOTO Ha JAMCIUIET OJ10Ka KepyBaHHS
(10) 3acBITHTBCS CBITIIONION 3EICHOTO
koapopy "Bxi." (17). ITotim MoxHa
BIJIKOPUTYBATH 1H(POPMAIIIIO Ha
JUCILIET 3a JOIIOMOI'0OI0 KHOIIKH
"Kopurysauns indopmarii” (12),
BKJTFOYAIOYH JICHb TYKHSA, ATy,
MicCs1Ib Ta Yac (TOAMHU, XBUJIMHH).
Takox nepeBipseTbcs TEMIepaTypa
Ta BOJIOTICTh MOBITPS B pOOOUIiii 30Hi.
OYHKIIOHAIBHICTD IIJICBITKH
nuctuies (19) nepeBipserbes 3a
JIONIOMOT OO0 KHOIKH "BMuKaHHS
ninacBitku" (14). s omiHKY piBHS
3apsiny O0Ka KUBJICHHS (24)
NEPEBIPAETHCSA IHAUKATOP CTAHY
3apany (25), AKUil MUTOTUTb, SIKILO
3QJIUIIIKOBA EMHICTh €JIEMEHTIB
KUBJICHHS (25) ckilagae MeHiie 25-
30%. Y pa3i 3HMKEHHSI HAPYTH Ha
akymyJssitopi 1o 2,8-3 Bentusitop
(27) aBTOMaTHYHO BUMUKAETHCSI.
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IIpooosoicenns mabauyi 4.1

2. IlpoayBKa NPUCTPOIO OYUILIEHHSI TOBITPS

{06 moyaTu IPOAYBKY MPUCTPOIO,
Cro4aTKy Tpeba BBIMKHYTH TyMOJiep
"Bmukanus/Bumukanss” (11). Iics
1boro Ha aucruiei (19) 6ioka
kepyBaHHs (10) 3acBITUTBCS
CBITJIOZ10/1 3€JIeHOTO KoJibopy "Bxi."
(17). IToTiM HaTUCHITH KHOIIKY
"Bmukanns miacBiTku" (14) 1 KHOTIKY
Y X ) e "Kopurysanss pexumy" (13). 3a
JIONIOMOT0r0 KHONKK "KopuryBaHHs
— pe>KI/IM}:'" (13) BCTaHOB;H"IOGT.BCH
pexum "aBromatnauuii”. [licus
bOT0 BEHTUJIATOD (27) mouHe
oOepTaTHCs, HAaTHITAIO4H MOBITPSA 3
HABKOJIMITHHOTO CEPEIOBUIIA B
mosomM-macky (1). Ilix gac poro
BEHTWISATOD (27) mpalroBaTuMe Ha
nocTiitHiM mBuAKocTi. KopuctyBau
MO3K€E MEePEBIPUTH, UM HAJIXOIUTh
MOBITPS B IIOJIOM-MAacKYy,
MPUTUCHYBIIIH JI0 HEl TIOJOHIO PYKH.

lo

KOPHIYBaHHA KOPWIYBaHHA  BMWKaHHA
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IIpooosoicenns mabauyi 4.1

3. Po0oTa mpuCTPOI0 B ABTOMATUYHOMY PeKUMi

[HaMKaIis TUCIUICIO PU HAsIBHOCTI MUY B
aTMocdepi.

1—7 (827 30 e YBATA T2
i\
= E 19
10
1 13 14
[HauKanis IUCIUIEIO IPY HasIBHOCTI B
aTMocq)epl CO,
17
19
10
i 13 14

|

[nauKaris qucrieto mpy HasIBHOCTI B
aTMOC(pepl mxmy 1CO,

13 14

[HAMKALiS AUCILIEIO P BTpATi
repMeTH3alli MpUcTporo

~\ <X,
RIS

-
S

I~
=
[~
|~

Jlna aktuBaiii poOOTH MPUCTPOIO Y
ABTOMaTUYHOMY PEKHUMI CTIOYATKY
Tpeba HATUCHYTH TyMOJIep
"Bmuxanns/Bumukanas” (11). [Ticns
1boro Ha aucruiei (19) 6imoka
kepyBaHHs (10) 3anmanuThCs CBITIONIO0N
3esneHoro koiasopy "Bxi." (17). [lotim
HATHUCHITH KHOMIKY "BMukanHs
niacBiTku" (14) 1 KHOTIKY
"Kopurysanns pexxumy" (13). 3a
JIOTIOMOT 010 KHONIKM "KopuryBanHs
pexumy" (13) BCTaHOBIIIOETHCS PEKUM
"apromatnuauii". I1iciag nuporo
BEHTWISITOP (27) po3nouHe
o0epTaTucs, HarHITalOYW MOBITPS 3
HaBKOJIMIITHEOTO CEPEIOBHUIIA B
pOCTIp 1ojaoM-Macku (1).
KopucTtyBad noBUHEH HaJIITH IOJIOM-
Macky (1) Ha oOnuyus 1 peryaroBaTu
HIUTBHICTh MPUTHUCKAHHS IIOJIOM-MacKu
(1) 10 royIOBM 3a JOTIOMOTOIO PEMIHIIIB
HAroJiB's, a TAKOXK YBXKHO MIEPEBIPUTH
kKoM(popTHE MpUTHCKaHHS 00TIOpaTopa
1o oommyyst. Kpim Toro, kopuctyBau
NOBUHEH NEPEBIPUTH FT€PMETHUYHICTD
3'elHaHHS PUIBTPYBaIbHUX €JIEMEHTIB
(9) 3 xoprrycom (8) ouuliryBaya MmoBiTps
(4), 3'eqnanHs kopmycy (8) ounnryBaya
noBiTps (4) 3 roppoBaHUM
MOBITPOBOJIOM (5) 1 3'€THAHHS
ropoBaHOTrO MOBITPOBOIY (5) 3
mosom-mackoro (1). ITicas mepesipku
IPUCTPOIO OUUIIICHHS MTOBITPS,
KOPHUCTYBau Hajdrae mosuom-macky (1)
1 3aKPITUIIOE IPUCTPIN OUUTIICHHS
noBITps (4) Ha MOACI 382 CHUHOIO JIs
3pYYHOCTI.
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IIpooosoicenns mabauyi 4.1

4 PoboTa npuctporo B pe:xxkumi Typoo

Jns aktuBaii pexumy "Typ6o"
IPUCTPOIO, CIIOYATKY Tpeba HATUCHYTU
tymOnep "Bmukanns/Bumukanas” (11).
ITicist mporo Ha guctiiei (19) 6:10ka
kepyBaHHs (10) criamaxHe CBITIOI0
3eseHoro koasopy "Bri." (17). Hani,
HATHUCHITH KHOMKY "BMukaHHs

[HMKAIisS TUCIUICIO TPU HAassBHOCTI B mincpitku" (14) i kHonky

atmocdepi may i CO» "Kopurysanns pexumy" (13). 3a
i . JIOITOMOT010 KHOTIKHM "KopuryBaHHs
1—6 pexumy" (13) BCTAaHOBIIIOETHCS PEKUM
— g s "Typ60", Ipu IbOMY CBITIIOTI0]
10 S eoco I cunboro konwsopy "Typ6o" (16) Oyne
11 13 1 aKTUBOBaHM, a Ha auctuiei (19)

ll
II
l|

3'sBUTHCA nonepekeHHsa 'Y BAT'Al",
"®OUIBTP". ITicns ibOro BEHTUISATOP
(27) noune obepTaTucs Ha
MaKCHMaJIbHO MOXKJIMBUX 00epTax,
HarHITar04M MOBITPS 3 30BHIIIHBOTO
CepeIoBHIIA B IIPOCTIP IMIOJIOM-MaCKH
(1) m1st JOCTaBKM 10 OpraHiB AUXaHHS
KOpPHCTYBaya.

3HalOYM YacTOTy MPOXOKEHHS IMIYJbCIB CHTHATy TaxOMETpa, MOXKHa

po3paxyBaTy MIBUIKICTh 00EPTaHHS BEHTWISITOPA 32 (hopmyJioro [S]:
N =30 x f,, 06/xB.

Curnan 3 Taxomerpa f, mogaeTbess B KOHTPOJIEP, [ TIOPIBHIOETHCS 3 YaCTOTORO
f;, 110 BiAMOBiAae HEOOXiTHIM BUTpaTI MOBITPS 1 B pa3i BUHMKHEHHs ymoBH f, > f,,
sKa TAKOX 3aJIa€ThCsl PEKUMOM Ipalli (BIAMOBIAHO MPOTPaMHOrO 3a0e3rnedyeHHsT Ha
KOHTPOJIEP1): JIETKHI PEKUM POOOTH, SKUM XapaKTEPU3YETHCSA IMOAAUCIO TOBITPS -
140-160 n/xB. (00epTH BEHTHIATOPA 3HAXOAAThCA B miamasoni 800-1000 xB™);
cepeaHii pexxuM poOOTH, IKUN XapaKTepu3yeThes nogadeto mositps - 170-180 n/xs.
(obepTn BEeHTHIATOPA 3HAXOAAThCA B miamazoHi 1100-1200 xB); Baxkuii pexnm
po0OTH, SIKUW XapaKTepU3yeTbCs Mojavero noBiTps Ha piBHI 190-220 i/xB., (00epTH

BEHTHJIATOPA 3HAXOHAThcsa B mianmasoHi 1300-1700 xB™l). Imdopmauis 3 mardmka
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nepenajgy TUCKY MOCTIMHO HAIXOIUTh 10 0JI0Ka KOHTPOJIIO Ta 30€piraeThCs Ha KapTi
am’ sITi.

Hatunuk CO; — yMOBHE TIO3HAYEHHS BHUIPOOYBAHUX EJIEKTPOXIMIYHUX
CEHCOpiB, fKI BHM3HA4YalOTh KOHIIEHTpamito okcuay Byriemro (II) B moBitpit 3a
JIOTIOMOTOI0 BUMIPIOBAHHS €JIEKTPUYHOTO CTPyMYy [6], 110 TeHEepY€eThCS HAa PoOOUOMY
€JIEKTPO/I1 y TPOIIECi HU3bKOTEMIIEPATYPHOTO EIEKTPOXiMiuHOTO OKUCHEHHS CO».

BigMiHHUME  OCOOJIMBOCTSMHU BHUKOPHCTAaHUX EJIEKTPOXIMIYHMX JTaTYMKIB
okcuay Byriento (Il) e€ miHIMHMIA BUXIAHMIA CUTHAN MPOMOPIIINHUN KOHIEHTpAIii
ra3y, 10CTaTHbO BUCOKa CEeJIEKTUBHICTH 10 CO,, Majie €eHeprocnoKMBaHHs, 110 HAJla€e
MOXJIMBICTh 3aCTOCYBaHHS 0OaTapelHOro J>KUBIECHHSA, a OTXKE 3aCTOCYyBaHHS B
MOPTATHUBHIN €JIEKTPOHIL, Majii rabapuTHI PO3MIpH 1 Bara; ix KOHCTPYKUIS € BIOpO- 1
yAapOCTINKOIO; BIAMOBiAae craHjgapram 3 cydacHux Bumor Oesnmeku UL 2034
(Underwriters Laboratories, CIIIA) [7]i ACTY EN50291.

JKuBieHHs 060Ka OUMILICHHS TOBITPS €JIEKTPUUYHUM CTPYMOM pPeai3yeThes 3a
JIOTIOMOTOI0 aKyMyJiaTopHOro 050Ky (AB), y sikoMy B SIKOCTI JKepelsa >KUBJICHHS
BUKOPHCTaHA YOTHUPHOX €JIEMEHTHA JITIA-MOJIMEpHA aKyMyJsITOpHa Oartapes
«Dinogy Li-Pol 6000mAh 14.8V 4S 30C» [8], KOHTPOJIb 3a PO3PSAAOM KOTPOI i yac
poOOTH IPUCTPOIO 311MCHIOETHCS OJIOKOM MIKPOKOHTpoJiepa (puc. 4.3) TAKMM YHUHOM,
1100:

- 3BYKOBUM Ta CBITJIOBUM CHUTHAJIAaMH TIOTIEPEIUTH KOPHUCTyBada IIpo
3QIMIIOK 4Yacy poOOTH TPUCTPOK0 HA PIBHI HE MEHII S5 XB. (11 MOKJIMBOCTI
CBOEYACHOTO 1 0€3MEYHOTO 1 TOKUJAHHS POO0YO0i 30HN);

- TIpH 3HIKEHHI Hampyru Ha Oyab-skomy 3 4-x enemeHnTtiB Jo0 3,2 + 3,0 B, 3
METOI0 3aro0iraHHs HaJAMIPHOTO PO3PsAY 1 BUX0ay OaTapei 3 Jlaay BEHTHISATOP abo
TypOOOGIJIOK MOBHICTIO BIAKIIOYAETHCS.

Sk Oyae mokazaHo HWKYEe, 4Yac Oe3mepepBHOI poOOTH OJ0Ka OYMIICHHS
HOBITPsL 10 O€3MeYHOro piBHA po3psipkeHHs Oarapei «Dinogy Li-Pol 6000mAh
14.8V 4S 30C» ckmanae ve menm 2,5 rof [9]. [lpu HeoOXigHOCTI OUTBIIT TPHUBAIOTO
yacy po6otu B Ab (6e3 3MiHM HOro KOHCTPYKIIi) MOXKHA 3acTOCyBaTu Oartapero

«Dinogy Li-Pol 11000mAh 14.8V 4S 25C» y npomy pasi yac 6e3nepepBHOi podOoTH
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IPUCTPOIO 30UIbIIyeEThCA 10 He MeHm 5,5 rox [9]. Takox Ab o6nagHano
BOYZIOBaHHUM Y JIEKOPATUBHY KPHIIKY KOPIYCY CBITJIO3BYKOBHUM OJIOKOM IHJIMKAIII{
(BI), o mo3BOJIsIE KOHTPOIIOBATH PIBEHHb HANMPYTH OaTapei mepes moyaTkoM abo Ha

Oyib-sIKOMY eTarli poOOoTH 0J10Ka OUMIIICHHS TTOBITPS.

4.2 O0rpyHTYBaHHA BUOOPY 3aXHCHOI MAaCKH

BaxxnmnBoro CKJIaJ0BOI0 YaCTHHOK I1HAWBIAYaJTbHOTO 3aXHCHOTO TPUCTPOIO 3
IPUMYCOBOIO TOJa4€l0 TIOBITPSI € TMOBHOJMIILOBI MAacKH, sKi 3a0e3MeuyroTh
130JTI0BaHHS OpraHiB JUXaHHS KOPUCTYBaya B1J] HABKOJUIITHHOTO cepenoBuia. Bina ix
3arajibHOi KOHCTPYKIli, (opmu oOTiOpaTopa, KIAamaHHOI CHUCTEMU Ta 1HIIUX
CKJIaJIOBHX 3ajiekaTh eproHomivdi 1 3axucHi BiaactuBocTi 3130/ B mimomy. Tomy
BUHUKAE 3allIKABJICHICTh y JOCHIIKEHHI XapaKTepHUX O3HAK MACOK BiJ BIJOMHUX
BUPOOHUKIB 3 METOI0 BU3HAUYCHHSI HAMOUIbII MPUUHITHOT KOHCTpYKIi. Jiia aHami3y
Oynu BUKOpHUCTaHHI HaitOouibml Bimomi 1 mommupeHi macku: 3M Full Facepiece FR-
7800B, AVON CBRN FM12, SURVIVAIR Opti-Fit CBRN Gas Mask, North Safety
Products 54501 CBRN, MSA Millennium CBRN Gas Mask, MSA Ultra Elite CBRN
Gas Mask, XxapakTepuCTUKH SIKHX 3yCTPIYalOThCA B BIAKPUTHX JIKepesax 1H(popmaii
[9-20]. OcHoBHI iX XapaKTEepUCTHKHU HaBECHI y Tao. 4.2.

VY mepmriit poGoTi aBTopamu Oyja BUKOpHCTaHa pedTuHTroBa cuctema 3a 100
OasbHOIO MIKaoro. it ouiHku Oynu 3aaisH1 10 BUCOKOKBaNII(PIKOBAaHUX E€KCIIEPTIB,
SK1 OI[IHIOBAJIU iX 32 KPUTEPISMHU:

- JIETKICTh HaJSTaHHA Ta 3HIMAHHA,
- 0€3MeyYHICTh Ta 3pYYHICTH;

- KOM(OpPTHICTH JMIILOBOI YaCTHHH;
- CYMICHICTb 31 HIKIPOIO;

- 1oJje 30py;

- MOBHE CIUJIKYBaHHS,

- KOM(OPTHICTH TUXAHHS.
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Tabnuys 4.2
@inbTpyBaJbHI MACKH Bil 2€p030.J1iB i rasis
. SURVIVAIR Opti- North Safety . . . ..
3M Full Facepiece . MSA Millennium MSA Ultra Elite | Driger Full Face
Mapxka FR-7800B AVON CBRN FM12 Fit CBRN Gas Products 54501 CBRN Gas Mask | CBRN Gas Mask Mask 7000
Mask CBRN
300pakeHHst "
' i
"
. . . . Pi3n00Buii, 3 . . . . . Ny
Tun 3’enHaHHA pi3p00BHI pi3pOoBHUit . pizpOoBHit pi3s0oBHii pi3p0oBHi -
TMO31I10HYBAHHAM

Marepiau Butyl Rubber butyl/silicon rubber Butyl Rubber Thermoplastic Hycar rubbe Hycar rubbe EPDM

Elastomer

IIpu3navenHs, odnacti

PexoMeHy€eThCSl BUKOPUCTOBYBATH Y BIHCHKOBHUX, MOKEKHHUX Ta CAaHITAPHHUX ONEPaIlisiX, a TAKOXK Y PI3HUX rally3sx MPOMHUCIIOBOCTI IIPH HAaI3BUYAIHUX
CHUTYAaIISIX SIK JUISl CIIOPSIDKEHHSI CAMOPSITIBHUKIB BiJl BCIX BUJIIB O10JIOTIYHUX Ta Pai0aKTUBHHUX aepO30IIiB

3aCTOCYBaHHSI . : o .
(mun, TyMaH, MM, CMOT, BIPYCHI YacTKH), 8 TAKOX JUIs Ta3iB i mapis
Mae yHikanbHuii  |Mae He3HAYHHH Benuke mose I'azoBa macka yopHa 3|[llectuToukoBe Cynep M’ sikuii OO6Tr0paTop
IO TBIHMIA BHYTpIIIHIHN 00’ €M 0030py, €IMHOYO KpiTUIeHHS HAToJTiB s, |0OTIOpaTop 3 rubber |moaBiiHMIA 3 TphOMa
oOTrOparop, mo (HM3BKHI IPOQINTE), IIe | IMaCOYHUK nojikapboHaTHOO  |TpyOouka Juis Hamois, |Head Harness. YIITHHIOBAIbHAMUA
T /ABUIILY € 3a0e3nedye HU3bKUH BHUKOHAHMH 3 JIH3010, BHYTPIIIHBOK ABA KJIAIIAHU Benuke none KpasMH ISt
MIPUIATHICTH Ta BMmicT CO2 10 0,76% i CHJIIKOHY JUIA OKYJISIpHOIO / BUJVXAaHHA y orisiny, Clear 3py4YHOTO Ta
3aXHCT Ta HE3HAYHUH o11ip KOM(OPTHOTO Ha3aJIbHOIO YalIeYKOK ITiJMACOYHUKY, Command 6e3nedHoro
TIepETOBOPHY JIMXaHHIO0. Mae MIPWIATAHHA, TTh |1 YOTHPMa peMiHHUMH MEeXaHIi4YHa MOBHA T ICHITIOBaY PO3MIIIEHHS
MeMOpaHy, sika [EPEroBOPHY MeMOpPaHy 1|TOYOK KPIIUICHHS  |/DKTyTaMu nmiagparma. rOJIOCOBOI Mepeayi. [IPaKTHIHO Oy 1b-5KOT
MIZICHJIFOE TOJIOC.  |amapart Jyis nuTTs. B HAroJis’s, siKe KoM’ rotepunii IT’ a1 TOUOK dbopmu o0y,
OcobmuBocTi Maeb cTpiuok 00TIOpaTopi po3MmillieHni [BUKOHaHe Y popMi JU3aiiH MacKu Ha KpirsieHHs TyMOBHX |[1’STh IMPOKUX

KpimJieHHs
HAaroJs’s.

ST

crnenianpauit “pillow”,
SIKMH TO3BOJISIE HIIJIBHO
MIPHUCKATH MACKy 110

o0syust. Mae6 npy>kHHUX

PEMEHIB KpiryIeHHs
HaroJjiB’s i eN1acTH4HY
CITKYy, sIKa 3MEHILy€
HaBaHTAXKCHHS Ha
rojoBy. JIBi BepxHi
MIPSDKKU PeryJIbOBaHi

CITKH, ITOBIMHMI
CHITIKOHOBHUIA
oOTrOopaTop.
TpyOxka uist HanoiB,
TIeperoBopHa
MeMmOpaHa

ocHOBI oninku 8000
oci0. Macka HU3bKO
npodinbHa 3i
3MEHILIEHUM BMICTOM
COa,. Jlerke
peryIItoBaHHS.

CTPIYOK HAroJIiB’sl.

TOYOK KPIiIICHHS
CTPIYOK HArOJIiB 4.
Benuke nosne 3opy.
CrieniiasibHa
BEHTHJIALIIIHA
cucrema. Mictutb
CUCTEMY 3B’A3KY.
Mae perynboBaHi
peMeHi HaroJiB 4.
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[Ipouenypa BunpoOyBaHb CKJaganach 3 BUKOHAHHS PI3HMX (PI3MYHUX BIPAB:
XOJIIHHS 31 MIBHJKICTIO 6 KM/TOJ; MOBOPOTH TyidyOa Ta TOJOBH, PO3MOBa, HAXWJIH
Tyny0a, IPHUCITaHHs Ta 1HIMX 3 OJSTHEHWMH MAacKaM{ Ta BIAMOBIICH HA aHKETY i3
3alUTaHHSIMHU CTOCOBHO 3arajbHOi OIlIHKHU. BiamoBiai Oyiau 3rpynoBaHi y Taosn. 4.3.

3 mpoBeneHUX MOCTIIKEHh MOYKHA 3pPOOMTH BHUCHOBOK, IO HA 130JTFOBAJIbHI
BJIACTHBOCTI MIBMAaCOK HANOUIbINE IJIMBAE AHTPOIIOMETPIs OOJWYYs, KOHCTPYKIIis
oOTrOpaTopa (YIILJIbHIOBaYa) Ta HAroJIB’s, THIl MaTepiady 3 SIKOI0 BHUTOTOBJICHA
Macka, BUJ BUKOHYBaHUX poOiT, po3TairyBaHHs (QUIbTpA.

Excniepramu Oynu BiMiueHI1, SIK BaJll KOHCTPYKTUBHI PIIICHHS TaK 1 HEJIOIKH.
Hampuknan,  Mmo3UTUBHO — BiIMIYEHI ~ MOMJIMBICTH ~ 3MIHM ~ PO3TalllyBaHHS
(1IBTpYBaJIBHOI KOPOOKHM 3 pi3HMX OOKIB Tak 1 mo neHtpy AVON CBRN FM12;
M’SIKH 00TIOpaTOp, 0 MOBTOPIOE KOHTYp obnuuusi y MSA Millennium CBRN Gas

Mask (puc. 4.7), 3pyune Haromnis’s y MSA Millennium CBRN Gas Mask.

Tabnuys 4.3
Pe3yabTaTH eKCIIEPTHOL OLIHKM MACOK
Howmep 3aranpHa | Jlerkicte | besneunicts, | KomdopTHicTh [Tone Komdoptricts
MacKH OLIIHKa OJISITaHHS 3pYUHICTb 30py JUXaHHS
1 69 15 18,2 17,7 14,7 3,4
2 68,8 17 16,7 16,8 15,1 3,2
3 67,8 16,7 17,4 16,2 14,1 3,5
4 66,4 15,3 16,7 17,6 14,2 2,7
5 65,8 15,2 16,8 16,3 14,1 3,4
6 62,4 14,5 16,1 15,1 13,4 3,3

Jlo HeraTMBHUX XapaKTEPUCTUK MAaCOK CIiJI BIIHECTH KOHCTPYKIIIO MPSHKOK
HaroJiiB’s, M0 BUKJIMKAJIO TPUBAILY MIATOHKY Macku oco0iuBo BiamiueHy y 3M Full
Facepiece, 3myliye ekcriepTiB BII3HAYMTH, IO PO3MIPH MIIMACOYHUKIB HE 30BCIM
CHIBITaJIajiu 3 po3MipaMu Macok. baraTo Hapikaub 0yJ0 1 10 GOpMH HOCOBOT YAIlIKH 1
Baru (QUIBTPYBAJIbHUX KOpPOOOK, $IKI 3HAYHO BIUIMBAjIM Ha Mpale3JaTHICTh. 3a
JTAHUMHU TIPOBEACHOI EKCMEPTHOI OIIHKM HaWKpamor Oyjia BHU3HAHA MacKa i

nomepom 1 — Full Facepiece FR-7800B.
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Pucynox 4.7 — CMyfa oOTropauii macku MSA Millennium

Buxonsun 3 pe3ynbTaTiB MPOBEACHOTO aHai3y HHU3Ka IHIIMX aBTOPIB
3alpoIOHyBajla PEKOMEHAIll IMIOJ0 TMOKPAIICHHS 130JI0BAJbHUX BIACTHBOCTEH
macok [31, 32], mpoBena MOPIBHMAJIbHI JOCTIIXKEHHS 3 BHU3HAYEHHS KOEQilll€HTa
M1JICMOKTYBaHHA y JabopaTopHux ymoBax Mixk Mackamu Full Facepiece FR-7800B 1
Dréager Full Face Mask, sika BBa)xaeTbCsl Kpalllol0 €BPOMNEHCHKOI Mackow [33],
BU3HAYMIJIa TIPOOJIEMHI MICI MAacoK, J¢ (PiKCYeThCs HaWOIbIIE MMiJICMOKTYBaHb Ta
yAOCKOHAJIWJIA IPOTPAMH IIIOJI0 MPOESKTYBAHHS MACOK.

Tak, HaWMpOCTIIIMM CHOCOOOM TOKpAIIEHHS 130JIF0BAJIbHUX BIACTHBOCTEH €
3aCTOCYBaHHS IMOPOJOHOBHUX BCTABOK y MOPOKHUHY 00TIOpaTopa (puc. 4.8). Ognak, 3
OomyOJIIKOBAaHUX JOCHIPKEHb BHUAHO, IO KpalloK KOHCTPYKIIE€ OOTHOpaTopa €
noaBitHuM yurpHIOBaY (double-bladed respirator seal y Dréager Full Face Mask
(tabin. 4.4), Toai ik HAMOUIBII MPOOIEMHUMH MICHSMH MACOK, BU3ZHAIOTHCSI 00J1aCTh
ik, jae ¢ikcyerscs 70 % mMiACMOKTYyBaHb. BCTaHOBJIEHO, IO Ha 130JIFOBAJIbHI
BJIACTUBOCTI BIUTMBA€ KBamidikallis 1 TpeHyBaHHS poOITHHKIB. Macka MOXe uepes
pI3HI NPUYUHMU CIOB3TH Y MOCIAOWUTH MPUTHUCKHI 3YCWUIS MiJl Yac BUKOHAHHSA

BIIpaB, M0 TMOBUHHO OyTH Bigpa3y BIAMIYEHE 1 BHUIPABICHE KOPUCTYBAYEM.
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Pucynokx 4.8 — Ilinronka Macku 10 OONHMYYS 3a JOIMOMOTOIO IOPOJIOHOBHUX
BCTaBOK y 00THOpaTOp

Tabnuys 4.4
Pe3y1bTaTH eKClIePUMEHTY
®opma 00U [limcMOKTYBaHHS, MJI/XB KinbkicTh
DRAGER 3M Full YYaCHHKIB
OsBasbHe 00IMYYs 2,5 44 15
[IpssMmokyTHE O0IMYUs 5,5 450 14
3a0KpyTyIeHEe 00 IIYs 2,8 146 9

BigmiTumo, 110 BUNAAKy BUKOPUCTAHHS 3ac00IB 3aXUCTy 3 MPUMYCOBOIO
MO/Iauet0 TOBITPS YacCTUHA BHUINE3TaJaHuX (PaKTOpiB, K1 TOTIPHIYIOTH 3aXHUCHI
BJIACTUBOCTI OY/I€ BIJICYTHSI, OCKIJIbKH 1]l MACKOIO OyJi€ CTBOPEHO MIJIBUIIICHUMN TUCK,
10 MIHIMI3Y€ MOTPAIUISHHA JI0 OPraHiB IWXaHHS MIKIIJIUBUX AoMimoK. OIHaK, ICHY€
WMOBIPHICTh 3MEHIIEHHS M1IMaCKOBOTO THCKY 4Yepe3 MaJiHHs MMoAayl MOBITPs HIKYE
160 n/xB moOB’s3aHOr0 13 3a0MBaHHSAM (IIBTPIB 1 3POCTAHHAM iX OMOPY,
po3repMeTu3aIllii 1 yTBOPEHHS IILIKH 1] YaC BUKOHAHHS POOIT 3 MIAHATTSIM TOJIOBHU Y

yBepX, Oiry Ta HempaBUJIbHOMY BUOOPI Macku [34].
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4.3 OOrpyHTYBaHHSI BUOOPY BEHTWISATOPA JJI51 NPUCTPOIO OYUIIIEHHSA

NoBiTPS

Binomo [35, 36], mo pyxoBa aKTHUBHICTh JIOJIUHH Ta IHTCHCHUBHICTH JUXaHHS
B3a€MOINOB'sI3aH1: TOTJIUOJICHHS 1 TOYacTiIaHHS JUXaHHS B TMpoleci poboTu
OpU3BOJAATH A0 30UIbIIEHHS MHUTTEBHX OO'€MHHX BUTpAT MOBITPSIHUX MOTOKIB Ha
dazax IUXaNbHOTO IUKIY, 30KpeMa IX MAaKCUMaJbHOI BEIMYMHHU. Tak, SKIIO B
PEXHMMI CIIOKOK0 BOHM JOPIBHIOKOTH Npubmu3no 25+30 nm%/xB, a npu 3BUdaiiHii
X001 moauHa croxkubae 50 qM%/xB (4acToTa AUXaHHA 25 HMKIIIB/XB, pa30BHil 00CAT
BIMXYBAHOTO MOBITPA 2 AM%), TO NpU BaXKUX (i3MYHMX HABAHTAKEHHSX JIETCHEBA
BeHTHIIALIA carae 157 av/xB (MakcumanbsHa BenuunHa) [37]. OTke, oOcAr TOBITPS,
KWW TMOBMHEH IMOJaBaTUCh Y MIIMACKOBHM MPOCTIP MOBUHEH CTAHOBUTH HE MEHIIIE
160 nm/xB. [Ipraomy HEOOXiZIHO BpaxyBaTH OIIp (iILTPYBAIBHUX €IEMEHTIB, SKi
MOXYTh OYTH SIK TMPOTUIUJIOBUMH, NPOTUTA30BUMU, TaK 1 KOMOIHOBAaHHUMH,
aepoJAMHaMIYHUH omip SKUX O€e3M0CcepeIHbO BIUIMBAE HA PEXKUMH POOOTH CIIOHYyKauya
BUTpATH.

Amnaniz Bimomux panux [38-40] moka3ye, MmO Ha BiAMIHY Bl 3acoOiB
CaMOPATYBAaHHA 3 MPUMYCOBOIO MOJAYCI0 MOBITPSI, MPU3HAYCHUX JIJISI BUKOPUCTAHHS
MBUILHUM HacesneHHsiM B yMoBax HC [41-43], B KOTpux BHUTparTa MOBITPS CKJIagae
40—45 nm3/XB, BEHTUIATOPHI OJIOKM HNPOMHMCIOBOTO IPU3HAYCHHS, SIKi CIIOPSIKEH]
MPOTUAEPO30JIbBHUMH  1/a00  cremiaii3oBaHUMU  (QUIbTpaMu  JJIS  YJIOBIIIOBAHHS
KOHKPETHHUX aepO30JIbHUX YACTUHOK Ta TOKCUYHUX PEYOBHH, 3a0€3M€UyIOTh BUTPATY
nositps Bix 170 mo 250 am3/xs [44].

J1st piabTpiB, 110 CEpiifHO BUIYCKAIOTHCS, B JIITEPATypl BIACYTHI JaH1 100 iX
aepOMHAMIYHOTO OMOPY Ha BKA3aHMX MIJIBUIEHUX BUTPATAX, OCKIJIBKH BIAMOBIIHO
no JACTY EN 14378:2017 [41] Ta JICTY EN 143:2002[22] mMakcuMaJIbHU# OIIip
JTUXaHHIO, TOOTO omip (QUIbTPa, HOPMYETHCS MPU MAKCUMAJbHIA BUTpaTI HOBITPs 95
am¥xe.  Tomy, Hamm OyaM  €KCIIEDMMEHTAILHO  BHM3HAYEHI  3HAYCHHS
aepOJMHAMIYHOTO ONOPY Ta30MUII03aXUCHUX (UIBTPIB, IO CEPIHHO BHUITYCKAIOTHCH,
nns sutpar nositpsa 30, 95, 120 i 160 am%/xs. Sk BMaHO 3 HaBeneHux B Tabm. 4.5

JaHUX, OPM MaKCHUMaIlbHIi BUTpaTi MoBiTps 160 1M%/XB MakCHMaIbHE 3HAYCHHS OIOPY
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He mnepesulrye 12,4 mOap: 1l JaHi MalOTh BaXKJIMBE 3HAYCHHS JUII BHUOOpY SIK

BIJITOBITHOTO BEHTWJISITOPA IS CIIOHYKa4a BUTPATH, TaK 1 JIJIs1 BUBHAYCHHS MiHIMAJIbHOT
KIJIBKOCTI MOYIMBHUX JIJIs1 BAKOPUCTAHHS BiIOBIMHUX (DiabTpiB (TA0I. 4.5).

Tabnuys 4.5

AepoauHaMiyHMii onip AesIKUX cepiiHUX GiIbTPIB Pi3HOro PyHKIiIOHAIBLHOIO
NpU3HAYEHHs B Jiana3oni BuTpaTu nositps 0160 av°/xs.

Butpara, 3HaueHHs aepOAUHAMIYHOTO OIIopy, I1
IMY/XB. PO py, 1id
®ineTp «PITA PireTp
P2» bpus-
2001" A1
0 0 0 0 0 0
30 0,1 0,87 1,77 1,31 0,58
95 0,56 3,7 6,8 5,15 2,6
120 0,88 51 8,85 6,9 2,67
160 1,45 7,55 12,4 10 3,79

OTxe, 10 BEHTWIATOPIB, NPU3HAYCHUX JUII BHUKOPUCTAHHS B SKOCTI
cnonykauiB ButpaTtu (CB) B 3[130/] 3 npuMycOBHM NOJIaBaHHSIM OYMILEHOTO MOBITPS
B ITITIMaCKOBHI MPOCTIpP, BUCYBAIOTHCS TaKi BUMOTH, a CaMe:

- 3abe3nedyeHHs1 HEOOX1HOT BUTPATH;

- CTBOPEHHS HAmopy MOBITPSHOTO TOTOKY, JOCTaTHHOTO ISl 3a0€3MeUeHHs
3aJlaHO1 BHUTpATH TP NPOKAUYyBaHHI TOBITpS depe3 OGUIBTp 3 ypaxyBaHHSIM
3pOCTaHHs OTIOPY OCTAHHBOTO MPH 3ANUIICHHI;

- eHeprocrnoxuBaHHs (BpaxoBytoun, 1o CB Mae mpammpoBata Bif

ABTOHOMHOI'O JKCpPCLila )I(I/IBJ'ICHHH).

4.4 OOrpyHTyBaHHsi BHOOpPY AaKYMYJATOPIB s  3a0e3ne4YeHHs

NMPane3IaTHOCTI NPUCTPOIO OYHUILIEHHS MOBITPA

EnexTpuuHi akyMyJIaTOpH — BTOPUHHI XIMIYHI JKEpeJia eJIEKTPUIHOTO CTPYyMY
Oaratopa3oBoi Aii, B SKUX 3aBISKH OOOPOTHOCTI BHYTPIIIHIX XIMIYHUX IPOIIECIB B
IUKIIL «3apsa-po3psiay 3a0e3medyeThesi X Oararopa3oBe MUKIIYHE BUKOPHUCTAHHS,
IIUPOKO 3aCTOCOBYIOTH B SIKOCTI PE3EPBHHUX JDKEpEN eHeprii, a TakKoX i

ABTOHOMHOTI'O CJICKTPOKHUBJICHHSA piSHOMaHiTHI/IX eJIeKTPOTeXHi‘{HI/IX HpHCTpOTB Ta
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CHUCTEM Ha aBTOMOOLILHOMY, MOPCHKOMY, MOBITPSIHOMY 1 3aJII3HUYHOMY TPAHCIIOPTI,
B PaJIOTEXHIIl, HAa TEJICPOHHUX 1 CICKTPUUHUX CTAHINAX, EICKTPOMOOUIAX, IS
OCBITJIEHHS 1 CUTHaJi3alii HAa INTYYHUX CYIMyTHUKaX 3eMili, KOCMIYHUX araparax
TOIIIO.

Icnye pmocute GaraTo BHIIB aKyMyJSTOPIB, 3aCHOBAaHMX Ha PI3HHUX
SNIEKTPOXIMIUHUX CXeMaxX, SKi1 BIAMIHHI 32 CBOIMH XapaKTEPUCTHKAMU Ta ONTHUMI30BaH1
JUTSI 3aCTOCYBaHHS B PI3HOMAHITHHUX YMOBaX 1 3 PI3HOIO 1HTEHCHBHICTIO. B Tabmn. 4.6
HaBEJICHI OCHOBHI THIH aKyMYJIATOPIB, siki HAOyJIW MOIIMPEHHS 3aBISKU OE3MEeYHOCTI
BUKOPHUCTAHHSI, IPUIMHATHUM TEXHIYHUM XapaKTEPUCTHKaM 1 BAPTOCTI.

Tabnuus 4.6
Kaacudikaunia akymyasaTopaux 0arapei [47]

Po6oua Hanpyra | IIutoma

Tun Cdepa 3acTocyBaHHs [No3Haue |Temmeparypa, |€IeMeHTa, | eHepris,
HHS °C B Br-rog/xr
1 2 3 4 5 6

 ABTOMOOLJTBHUIA Ta /T TPAHCIIOPT,
TENICKOMYHIKaIlii, CHepreThKa, B
TOMY YHCITi aTbTepHATUBHA, CHCTEMU
HAKOIMYEHHsI eHeprii

EntexTpokapu, piukoBi Ta MOPCHKI
Cy/iHa, aBialis

Hikens-conpoBUii Na/NiCl| -50... +70 2,58 140

Hikens-xagMieBuit Ni-Cd | -50...+40 |1,2:1,35 | 40-80

Barizo-ikenenui | L 00L W1 SIEKTDOTPAHCIIOPTY, Ni-Fe | -40 ...+46 1,2 100
JTAHLIFOTH KePYBaHHsI

Hikens-BoaneBuii [Kocmoc Ni-H; — 1,5 75
EnexrpoMo0ii, 1ehiopuisTopy,

Hikenb-MeTan-  [pakeTHO KOCMIYHA TEXHIKA, CHCTEMU

CiIpUIHAN ABTOHOMHOI'O €HEPrO-TIOCTAYaHHs], Ni-MH | -60... +55 1,2-1,25 6072
pajioarnaparypa, OCBITIFOBTHLHA
TEXHIKA.

Hikenb-nunkoBuii |[Potoanaparu Ni-Zn -30 ... +40 1,65 60
Cucremu pe3epBHOTO KUBJICHHS,

CBI/IHHGBO: 0OyTOBA TEXHIKA, ATBTEPHATUBHI Pb 40 . +40 2112217 | 3060

KHCITOTHUN pKeperta JKUBJIEHHS], TPaHCIIOPT,
[IPOMUCIIOBICTH TOILIO

CpiGHo-1mHKOBHUI |BilickkoBa chepa Ag-Zn -40 ... +50 1,85 <150

Cp 161.{0_ . Kocmoc, 3B'130K, BIMCHKOBI TexHOIOTl | Ag-Cd -30 ... +50 1,6 45+90

KaMi€BHH

[ {nHK-OpomMuUCTHIT |— Zn-Br - 1,82 70+145

[{uHK-XTOpHUIA |- Zn-Cl -20 ...+30 1,98+2,20 | 160+250
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Haii6inb111e po3noBCIOIKEHHSI OTPUMAITH JITIEBI aKYMYJIATOPH, SIKI € JISTTIUMH 1
KOMIIAKTHIIIUMU 3a HIKeIb-KaaMmieBl a00 HIKEIb-METAITAPUIHI, 10 TOJACKYI € JTy)Ke
BKJIMBUM, OCKUIBKY TPOMI3IKUI BOKKUI aKyMyJISITOp MOXKE CTaTy Ha 3aBajli U poOOTI
3 aKyMYJSITODHUMH — TIPUCTPOSIMH, HAMPUKIA[: MOOUTBHUN  €JIEKTPOIHCTPYMEHT,
aBTOHOMHI1 TypOOOJIOKH IPUMYCOBOT'O MTOJaBaHHsI TIOBITPSI TOIIIO.

Y HOBITHIX JTIEBUX aKyMyJISITOpaX METaleBUNA JITIH 3aMiHEHHHA OLIbII
0€3MeyHOI0 10HHO (POPMOIO, 110 JO3BOIMIIO TOJIMIIMTH iX BUOYXO- 1 BOTHEHEOE3euH1
BJIACTHBOCTI, MOB’513aHi 3 BUCOKOIO PEAKIIIHOIO CIIPOMOXKHICTIO JIITIIO. 3 I€I0 %K METOIO
yci 0€3 BHUKIIIOYCHHS aKyMyJISITOPHI €lIeMEHTH Ta Oarapei HeoOXIJHO OCHAIyBaTH
BOY10BaHOIO a00 30BHIIIHBOIO CUCTEMOIO KOHTPOJIIO PEXHUMIB 3apsiLy 1 po3psiLy, 3aBISIKH
AKOI PI3KO 3HMXKYETHCSI PU3MK MMOSIBU B aKyMYJISITOPI METAJIEBOIO JITIO — OCHOBHOTO

YHMHHHUKA BUOYXOHEOE3MEeUHOCT JITIH-I0HHOTO aKyMyJISITOpa.

Tabnuys 4.7
IHopiBHSA/ILHI XaPaKTePUCTUKH AKYMYJISITOPIB 3 Pi3HUMH eJIEKTPOXiMIYHUMH
CUCTEMaMHU
Enementn
Hikenp . oy JIiTivi —
[TapameTtp B Hikenpb — Csunueso - | Jlitiit — ——
. .| MeTanriipuHi KHMCJIOTHI 10HHI Mep
KaJIMi€BI i
1 2 3 4 5 6
Enepreruuna mineHicTh, WTom/K 45-80 60-120 30-50 110-160 | 100-130
[TuToma eHepris:
— Barosa, Br.rox / kr 3(1)06 EO 40 + 80 25+50 100 +180
— 00'eMHa, Brrox /am° 170' 150 + 240 55+100 250 + 400
Tunosa emicts (Cr), AToa O’gg N 0,05+13,5 0,7 +20 0,4-+6
Bryrpiunii ‘C’Eéfﬁ%"m 1810'520 200-300 <100 | 150-250 | 200-300
yip ’ g) (ipu 6 B) (mpu 12B) |nmpu 7,2B | npu 7,2B
E;C;:;’Hﬁ‘:; fif;ﬂé E;’ifi’f 1500 300-500 200-300  |500-1000| 300-500
MI0YaTKOBOI, %) (80) (80) (80) (80) (80)
Yac mBHAKOTO 3apsiiy, ToJ 1 2-4 8-16 2-4 2-4
dopma KpHBOi PO3psTy TIOCKA TUIOCKA OXHJIa TJIOCKA
CTifikicTh 210 nepesapsy cepeHs HU3bKa BHCOKA Hi};fza HU3bKa
CaMopo3psia 3a MicsIIb 20 30 5 10 ~10
(mpu t =20+ 5 °C), %
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IIpooosoicenns mabauyi 4.7

1 2 3 4 5 | 6
HominansHa
Hampyra
eireMenTa, B 1,25 1,35 2,0 3,6-3,7
Crpym
HaBaHTAKCHHS: >2C >2C
- MKOBHIA 20C 5C 5C 1Ci IC1
- OIITUMAILHUI 1C 0,5C u HmxKue 0,2C HIDKYE HIDKYE
MiHimanbpHa
Harpyra
[P IOBHOMY
po3psni, B 0,5-0,7 B 0,9 1,7-1.8 2,4
KKJI mo emHOCTI,% 60 + 90 60 +90 80 + 85 90 +99,9
Temneparypa
eKCILTyaTarii . N - .
(TinbKi po3ps), (-20) + (+60) (-10) + (+40) (-15) = (+50) (-20) = (+60)
°C
[TepioguaHicTh
00CIyrOByBaHHSI 30-60 60 — 90 (3-6) He notpiGue
JTHIB (MICSIIIIB)
gg;ﬁ;lﬁ(;?i; TOKHBI_)g %)fl?y no|  Toxu Eg3pﬂﬂy 3HauHe SHIDKCHHS ‘HI/IKJIyBaHHSI 3
Y — 3-8 CT. EMHOCTI 1TpH PI3HOIO MIMOMHOIO
WIBUICHH 33PN, Mosxcusuii CT 361\14HLII(I)§HI: 1| 3aps pglglz);'[rill}ll";)M HE
Mpr | ot sapax.| “ 0 D e e 4w
HemH6OKOM.y Hpu uactux TeMIeparypi. Heo0Oxignuii 3axuct
HUHICLY BatiH] fiepesapsax baxxanuit B1JI Iepe3apsKEeHHS,
H696XIHHHHV H696XIHHHHV OydepHuil pexxuM | mepepo3psaIy Ta BijJ
nepioaUIHUN nepiouIHUN poBoTH BEIUKHX CTPYMIB
nopo3psia ao 1 B | nopospsin no 1 B
Tepwi 5 1 1 10
30€epiraHHs, poKH
[TopiBHsUIBHA
THIIOBA IIiHA 50 60 25 100 100
aKyMyJisTopa (7,2) (7,2) (6) (7,2) (7,2)
(nampyra, B), y.o.
[{ina Ha UMK, Y.0. 0,04 0,12 0,10 0,14 0,29
[TouaToxk
KOMEPIIIHOTO 1950 1990 1970 1991 1999
BUKOPHUCTAHHS

JliTid-nosmiMepHuiA ~ akyMmysiATop — (JITIM-IOHHUH — MOJIMEPHUM  aKyMyJIATOp;

lithium-ion polymer battery; adpesiatypu: Li-pol, Li-polymer LiPo, LIP, Li-poly) — me

BIOCKOHAJICHA KOHCTPYKIS JITIH-IOHHOTO aKyMyJATOpa 3 BUKOPHCTaHHSIM TBEPIOro

EJIEKTPOJIITY.

Cnim 3a3HauMTH, IO BHACHIIOK HE3HAYHOI 10HHOI MPOBIIHOCTI TBEPAOTO

ENIEKTPONIITY TpU KIMHATHIA TeMIeparypi, CHpaBKHI JITIH-MONIMEPHI aKyMYJSITOPH
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MOXKYTh TIpAIfOBaTH JMIIe Mnpu Temneparypax noHaa 40 °C, omxke /g HUX HE0OXimHI
CUCTeMH IIIrpiBy akymyssaropa. ToMy TIpeBakHa OUIBIIICTh aKyMyJSATOpIB 3
MapkyBaHHAM «Li-Pol», 1m0 BUKOpUCTOBYIOTbCS B MOOUTRHUX TenedoHax, UPpPOBiii
TEXHII1, paJlOKEpOBAaHUX  MOJIENSAX  TOIIO  HACMOpaBal €  JITIH-IOHHUMHU

aKyMyJISITOpaMU 3 TIOJIIMEPHUM eJIeKTpoiToM [49].

4.5. Po3poOka 0JIOKY KOHTPOJIO (QiIbTPYBAJIBLHOIO pecmipaTropa 3

NPUMYCOBOI0 MOJAY€CI0 MOBITPS

CreniaiibHUN 0JIOK KOHTPOJIIO TTapaMeTPiB MOBITPSHOTO MOTOKY MOOYI0BAHHIMA
Ha ocHOBI wMmoxyns “Arduino Uno R3 Strong" (po3poGnenmii Ha 0asi
MikpokoHTpoJiepa "ATmega328P-AU"), sikuii BUKOHY€e HacTymHi 3aaay4i [10 - 12]:

- KOHTPOJb Ta KEPYBaHHS pPEeKUMaMHU POOOTH BEHTUIISITOPA,

- KOHTPOJb TUCKY B 30HaX HU3BKOTO Ta BUCOKOTO THUCKY;

- KOHTpoJib BMICTy Byrjiekucioro razy (CO2) ta nmuiy y BIUXYBaHOMY
MOBITPI;

- KOHTPOJIb TEMIIEPATypPH Ta BOJIOTOCTI MOBITPS;

- CHUTHaJI3allisl y BUIJISA1 CBITJIOBHX 1 3ByKOBUX CUTHAJIB.

BJ10K KOHTPOJII0 BUKOHYE HACTYTHI (DYyHKIIII:

- 3abesreuye cTabimizalliio piBHS 3aJJaHOT BUTPATH MOBITPSHOTO MOTOKY;

- TpHiiMae Ta MEPETBOPIOE 3TITHO 3 MPOTPAMHUM aJTOPUTMOM AaHAJIOTOBI Ta
g poBi curdanu piBaga CO2, HaIBHOCTI MUJTY, TEMIIEPATYypPU Ta BOJIOTOCTI MOBITPS;

- KOHTPOJIIOE Mepenaay TUCKY Ha (iIbTPYBAIIbHUX €JIEMEHTAaX;

- BUJA€ BIANOBIHI CHUTHAJIM JUIs BKIIOYEHHS CBITJIOBOI Ta 3BYKOBOI
1HAAKAL].

[Mpuniunosa enekTpuuna cxema moxyist "Arduino Uno R3 Strong"” (ma 6a3i
MikpokoHTpoJiepa "ATmega328P-AU"), npencrasiena Ha puc. 4.9 [44]. OcHoBHI
TEXHIYHI MapaMeTpu MIKpOKOHTpoJiepa HaBeaeHl B Tabm. 4.8 [45]. "ATmega328P-
AU" - 11e MIKpOKOHTpOJIEp, SIKUM BHUKOPUCTOBYEThCS B Moayhi "Arduino Uno R3

Strong" B sikocTi ocHOBHOTO KOHTposiepa. "ATmega328P-AU" - MikpokoHTpoJep 3
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cimeiictBa AVR; 1ie 8-0iToBUil MpUCTpii, apXITEKTypa IIUHM JAHUX 1 BHYTPIIIHI
pericTpu SIKOTo IMpHU3HAUYCHI JUIsi 00poOKH § MmapajeabHUX CUTHAIB JaHux. B Moy
"Arduino Uno R3 Strong" BukopucraHo MikpokoHTposiep "ATmega328P-AU" B
kopryci TQFP-32, mo o3Havae, mo BiH Ma€e 32 KOHTAaKTH B KBaJIpaTHOMY KOPIMYCi
(SMD Ttum aj11 moBepXHEBOTO0 MOHTaXY). LI KOHTaKTH BKITIOUAIOTh B c€0€ KOHTAKTH
KUBJICHHS 1 BBOJY/BHUBONY. BimbIIiCTh KOHTAakKkTIB € OaraTo(yHKIIOHAJIBHUMH, IO
03HAYae, 1110 OJMH 1 TON K€ KOHTAKT MOE BUKOPUCTOBYBATHUCS B PI3HUX PEKUMaX B
3aNeXHOCTI BiJl TOTO, SIK BiH HaJAIITOBaHWW B MporpamMHOMy 3a0esnedenHi. lle
3MEHIIye€ HEOOX1JIHY KUIbKICTb BUBOJIB, OCKUIBKM MIKPOKOHTPOJIEPY HE MOTPIOHO
OKpeMHuil BUBII Uil KOXHOi  (yHKmii. MakcumaipbHa 4acTtoTta poOoTH
MikpokoHTposiepa "ATmega328P-AU" carae 20MI'n. KepamiuHuii pe3oHATOp
16MI'tr (CSTCE16MO0V53-R0) migkmtodaeTses 10 mopTiB MikpokoHTpodiepa XTALI
1 XTAL2. JIns poOOTH MIKpOKOHTpOJEpa Ha MaKCHUMalbHINA TakTOBIM yacToTi (20

MI 1) HanipyTra *uBJeHHsI Mae OyTu He MeHLe 4,5 B.

ic2
NCP1117STS0T3G
El 4

B

Pawer
. (green) S ;
p— TS42 SB2
RESET pwmp = im ¥ I E
1 Ve vce [4
Z’_@_)T'D_' IC1 ' e e =
e D
[ REsE 2] PCE(RESET) RS itiom
T
H — m PB7(XTAL2/TOSC2) DHTZ2
R0 w7 7 +5V: 1] vec
:_I?STCE‘WCV*"” il PBE(XTAL1/TOSCT) 7] 00T
A.R‘E= 20 AREF 3 NC
-c§:=J- AL 2 avce e
AGND GHD
I R3 10kOm
50 —lﬁ_
DHT22
+8V. VCC 1
4 oOT | 2
NC 3
P s fvee gy EEEH
= ~p GND
VCe MH.2108
[=(] V] Vi 1
1::.|T 2 denp Bo(s GHD_[2 |
GND PBIMOSIOSCIE R TRE
1 32(SSIOS TR EN LEE )
Go B1(OCIAPWM) [Z T8 I E
PBO(ICP) A28 =17
ADCT 2247 i
ADCH 848 LCD 1804 (12C}
PCH(ADGS/SCL) 2245 =
uc:au\m:_/usnng A —
POTIANT) pggéﬁggg FENS) oo —{Vee
] e ar
305011 a &
o T EDANCKITO) PcolADCO Fa
w0 12 PD3(INT1/PWM) L TS
= PD2(INTO) =]
s PD1(TXD) T e
Ve s 2§ PDO(RXD) J__%T
tn ? GND wmexv7o020R

ATMEGA328P-AU

Pucynok 4.9 — [IpuHIMnoBa elekTpruuHa cxema 010Ky KonTposepa "Arduino
Uno R3 Strong" [44]
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JKuBneHHs MIKpOKOHTpOJIEpa MOXKE€ BHKOHYBAaTHUCh uepe3 pos'em micro-USB

abo uepe3 KIEeMHU MiTKIIOYCHHS JpKepenia IMOCTiHOro crpymy. JlJis >KUBIICHHS
MIKpDOKOHTpOJIepa MoOKe€ OyTH BHKOPHCTAHE JDKEPENIO TMOCTIHHOTO CTpyMy 3
Hanpyroto Bix 3 o 9 B. Crabimizanis Hanpyru Ha piBHI 5 B 3a0e3nedyerncs
perymaropom NCP1117STS50T3G. nsa ¢inpTpamii «rymy» pKepena KUBJICHHS
nomani kongeHcatopu C4 1 C6 mo 100 ud. Konmencatopu mnepenarmThb
BHCOKOYACTOTHI «ITyMOBI» CUTHAJIM HA 3eMJIIO 3 HU3BKUM omopom. J[Jist 3aXucTy Bif
enexkTpoctatnaHoro po3psany Bim RESET no Vcc Bcranosneno gion VD2. Takox as
3ano0iraHHsl TMOMHJIKOBOMY CKUJAHHIO B «IIIYMHOMY» CEPEIOBHUIII BUKOPUCTAHO

pesuctop 10 kOwm.

Tabnuys 4.8
OcHoBHIi TexHiYHi XapakTepucTukn Mikponpouecopa "ATmega328P-AU" [45]
Anpo 8-6itHuit AVR
Yacrora npouecopa AVR max. 20Mri
ITaM'siTB

EEPROM (II13IT) 1 Kb

SRAM (O3II) 2 Kb

FLASH ROM 32 Kb

Taitmepu:
8bit 2
16bit 1
RTC\Real Time Clock (peanbHuii yac) 1
PWM (IIIIM-niepeTBoproBayi 8bit, BUXin) 6
3aranpHa KUIbKICTh NOPTIB BXOAY/BUXOMY: 23
Amnasiorosi, 1o 10bit (BxiJ) 8
IMTocnmimosauit UART / Serial 1
IMocmimosauii SPI Master/Slave 1
[Tocminosuuii 1*°C 1
[{udposi BX0oau\BUXOIH 12
Kusnenns miaatu "Arduino Mega 2560" 1,8-5,5B

Mikpokoutponep "ATmega328P-AU" mae tpu mnoptu: PORTC, PORTB i
PORTD. Bci kOHTakTH IHUX MOPTIB MOXKYTh BUKOPHUCTOBYBATHCS ISl U(POBOIO
BBOJIy-BUBOJIy 3arajlbHOr0 MpPHU3HAUYCHHS a0o0 I ajdbTepHATUBHUX (PYHKIIIH.
Konrtaktu PORTC Big A0 no A5 moxyTts Oytu Bxomamu ALIIl. Takox € kijgbka

KOHTAKTIB, sIKI MOYKHa HayamtyBatu sik Buxija [HIIM (PWM) [46].
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Curnan BiJ TaXOMETpa BEHTWJIATOPA HAAXOAUTh Ha KOHTAaKT A2 KOHTpoOJiepa,
Ileit curHam TOPIBHIOETHCA 3 BIJAMOBIJIHMM 3HAYCHHSIM Yy TMporpami (3HauyeHHs
3aJIeKUTH B peKUMy poOOTH TpUCTporo). Ha OCHOBI IThbOTO TOPIBHSHHS OCTaHHIN
BupoOnsie curHan IIIM i kepyBaHHS 4acTOTOO OOEpTaHHS KpUIbYATKU
BeHTWIATOpa. Curnan IIM HaaxoauTs Ha KOHTAKT DO.

s BimoOpakenHsa iHpopmaiii mpo poOOTy MPUCTPOIO OYMILEHHS MOBITPSA
BUKOPHUCTAHO piKokpuctainiynuid aucrieid LCD 1604, 1m0 miakIrouyeHu 10 MOy
"Arduino Uno R3 Strong" uepe3 intepdeiic 12C, no xonrtaktiB A4 (SDA) Ta
AS5(SCL). 12C (Inter-Integrated Circuit) - mocimigoBHa INKMHA JaHUX, IO
BUKOPUCTOBYE JIB1 JIBOHAIPABJICHI JiHII, SKI MIATSITHYTI JO HANpPYyTH >KUBIEHHS Ta
KEpOBaH1 yepe3 BIAKPUTHI KOJEKTOp a00 BIAKPUTHHN CTO - MOCIIIOBHA JIIHISA JaHUX
(Serial DAta) 1 nocninoBHa miHis TaktyBaHHs (Serial CLock).

Jlnst 3a0e3meyeHHs BUCOKOI TOYHOCTI 1 CTab1IBHOCTI pOOOTH MOAYJIS B HBOMY
3aCTOCOBaHUM NMpeun31iHUN 31BO€HUN onepatiitauit migcuioBady OPA2277PA, sxuii
BUKOHYE POJIb MTOTEHIIIOCTaTa, TOOTO MIATPUMYE MOTEHINan Ha BUBO1 R martumka Ha
HYJIbOBOMY piBHi [18].

[ndopmariiss mpo TemrmepaTypy Ta BOJOTICTH TOBITPS B HABKOJUIIHBOMY
cepeZoBUIIl Ta B To()pOBAaHOMY MOBITPOIIPOBO/I1 30MPAETHCS 3a JOMOMOTOIO TaTUUKIB
DHT22. Hdarumk DHT22 ckmagaetbcs 3 ABOX YacTHH - €MHICHOTO JaT4YWKa
TemriepaTypu 1 Tirpomerpa. llepmmii BUKOPUCTOBYETHCS MJIi BHUMIPIOBAHHSA
TEeMIIepaTypH, APYTUMA - JUIsl BOJIOTOCTI MOBITPs. Yim, 110 3HAXOAMTHCS BCEPEAMHI,
BUKOHY€ aHAJIOTO-IM(POBI TEPEeTBOPEHHS 1 BUAAE UUMPOBUN CHUTHAN, SKUN
3UATYETHCS 3a JOMOMOTOI0 MikpokoHTpoJiepa. [atunku DHT22 migkmtoueHi 10
koHTakTiB D&, D10 [19].

Hatunk HassBHOCTI uimy SDSO011 (J1azepuuii) y mOBITPOIIPOBOII MAKITIOYECHUH
yepe3 koHTakth DO 1 D1 (RX, TX) no mnocmigoBHoro inrepdericy UART
(YHiIBepcaJlbHUI aCMHXpPOHHUH MpuiiMau/mepenasad). B pa3i HasgBHOCTI MUy B
ropoBaHOMYy TIOBITPOTIPOBOAI Ha JHUCIUIET BHUCBITIIOETHCS  iHQoOpMalis —
«YBAT'Aly, «IIJI». dns BuOOpy pexumy poOOTH MPUCTPOIO Ta KOPUTYBAHHS

iH(MOopMaIlli BUKOPUCTaHI KHOTIKH, 1110 TiaKIoueH 10 koHTakTiB D11, D12, D13. Jlns
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IIBUJIKOTO 1H(POPMYBaHHS KOPUCTyBauya BUKOPUCTAHO CBITIOAI0AHI 1HaukaTopu (D5,
D6, D7) ta ryunomoBens (D4). [ns perynioBaHHS BHUTpAaTH TMOBITPS OyB
BUKOPUCTAHUN TaXOMETPUYHHI MEPETBOPIOBAY 3 aKClaJbHOIO TypOiHOIO, CTBOPEHUN
Ha OCHOB1 MayorabapuTHOTO OCHOBOTO OE3KOJIEKTOPHOIO BEHTHJIATOPA 3arajibHOro
npusHadenHs tan HA4010V4 [47]. Moro BiZMiHHICTIO € HAasBHICTH JeBiTALiHHOI
MmarHiTHOT cuctemu ("Magnetic Levitation System"), koTpa HelTpaizye BIacHy Bary
poTopa 1 cTablIi3ye HOro MOJ0KEHHS HE3aJICKHO B1JI MPOCTOPOBOTO PO3TAIlyBaHHS,
IO BHUKJIIOYa€e BiOpaiiro B poOOTI BEHTWIATOpPA Ta JO3BOJISE 30UTHIIMTH TEPMIH
6e3aBapiiinoi pobotu 10 60000 roxa. mpu 40 °C ta 65% BoJIOTOCTI. Y BEHTUIISATOPAX
3a3HAYCHOI'O THITy IOJIOKEHHS poropa (kpuwibuaTku 3 4 momtocHUM (N-S-N-S)
KUTBIIEBUM MarHiTOM, BU3HAYAETHCS TaTYMKOM XOJUia, BOYJOBAaHUM JI0 CIEHIaIbHOI
Mikpocxemu Ttuiy "FS276", BHYTpIIIHI KOMYTaTOpHU SIKOi BUKOPHUCTOBYIOTHCS ISt
KOMyTaIlli 0OMOTOK 30y/>KeHHSI Hepyxomoro cratopa. Ha Buxomax MiKpocxemu,
dbopmyroTbCs 1Ba MPOTU(A3ZHUX IMITYJIbCH, KOXKEH 3 SKUX MOXe OyTH BUKOpPHCTaHA
st (GOpMyBaHHST TaxXOMETPUYHOTO CHUTHalTY. [l BUKOpHUCTaHHS BEHTUIISATOPA
"HA4010V4" B sKOCTI TaxoMmeTpa, BaXKJIMBO HE JOMYCTUTU MPOTIKAHHS CTPyMy
yepe3 oOMoTku 30ymkeHHs L1 1 L2, ToOTo mepemKkoauTH CTBOPEHHIO MarHiTHOTO
Mojsi B CTaTopi, a, 3 IHIIOro, 30€perTy JAaHIIOT XUBJICHHS Mikpocxemu D1, sike
3MIMCHIOETBCS 4epe3 Ti K cami oOMoTku. [loctaBneHa 3amaya Oynia BHpIlIEHA
3aMiHOI0 OOMOTOK 30ymKkeHHs cratopa pesuctopamu R1 1 R2. Koncrpykiis
BeHTWIsiITopa HA4010V4 npuBenena nHa pucynky 4.10, ii  moompamtoBaHHS
nependayae TeMOHTaX 0OMOTOK 30Yy/KEHHSI Ha JAPYKOBaHIM IUIaTI By3Jia KEPyBaHHS
BEHTUJIATOP 3 MOAAJIBIIOI YCTAHOBKOIO TOJJATKOBUX PE3HUCTOPIB.

Jns BimoOpaxkeHHST Ha JUCIUIe] KOMI'IoTepa iHdopmalii npo Xij mpouecy
HaJaro/pKeHHs (BUOIp MpOrpaMOBAaHOTO PEXKUMY, YCTAHOBKA MOPOTIB CUTHAIIIZAIN 1
T.I.) po3po0JeHo rpadiuyHuil 1HTEepdeic KOopucTyBada (CyKyHHICTh YHI(IKOBaHUX
IporpaMHHUX 3aco0iB, 1[0 peai3ylTh B3aEMOJIII0, a TakoX 1H(opMmalliiiny,
CJIEKTPUYHY 1 KOHCTPYKTUBHY CYMICHICTh PI3HUX (YHKIIOHAJBHUX €JIEMEHTIB B

iH(hOopMaIiiiHIA CUCTEM]) — B IKOMY €JIEMEHTH 1HTepdeicy (MEHI0, KHOTIKU, 3HAaYKH,
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CIIMCKH 1 T. 1.), IO MPECTaBJIeHI KOPUCTYBAu€Bl Ha JIUCIUICT, BUKOHAHI y BUIJISII

rpadiyHUX 300paKeHb.

Byszon, wo
onpaubobye

Kopnyc

Kpuneyamka

Pucynok 4.10 — Konctpyxkiiis (a) Ta 30BHIITHINA BUTJIST MOJEPHI30BaHOT
JIPYKOBAHOI IJ1aT KepyBaHHs BeHTU siTopa HA4010V4 (6).

3aznayeHuit rpadiuyHui 1HTEpeEehc KopuUCTyBaya 3a CBOEK CYTTIO €
JIarHOCTUYHOIO TIPOrpaMol0, KOTpa SIK MPU MpOrpaMyBaHHI, Tak 1 MijJ 4ac poOOTU
0JIOKY OYHIIIEHHS MOBITPS B PEXKUMI PEaIbHOI0 Yacy 3a0e3neuye KOHTPOJIb 3a:

- BIAMNPABICHUMH Ta MIPUNUHATUMU JaHUMU (KOHTPOJIb 1HTEpPEICyY 3B'3KY);

- TEeMIepaTypHHMH JaHUMH, 110 OTPUMAHUX 3a JIOMOMOTOI IH(POBOTO
TEPMOMETPA 1 MOXKYTh OyTHM BUKOPHMCTaHI JUIsl KOPEKIl BIUIMBY TEMIIEpaTypu Ha
BHUMIPIOBaH1 apaMeTpu;

- Hampyrow akKyMyJsTOpHOiI OaTtapei 3 MOKJIMBICTIO KaliOpyBaHHS MEXi
PO3PSIKEHHS,

- KOHIICHTpAII€0 JBOX TOKCHYHUX Ta3iB Yy BJMXyBaHOMY TOBITpI  3a
JIOTIOMOTOI0 BIIMOBIAHUX JATYMKIB; MOXKIIUBICTIO KaJTiOpyBaHHSI OCTaHHIX, & TaKOX
MporpamMyBaHHs TOPOTiB MOMEPEHKYBAIbHOT CUTHAITI3AITIT, K1 HATAIITOBYIOTHCS;

- 3aJJaHUM 3HAYCHHSIM BHUTPATH TOBITPS 3AIMCHIOETHCS IO CUTHAjax BiJl
naTurkKa Xoiuia (€ MOXJIMBICTh KamOpyBaHHS), BMOHTOBAHOTO JIO TaXOMETPHUYHOTO
BUTPATOMIPA;

- JHIA KepyBaHHs (MiAICPiB HAMIBIPOBITHUKOBOIO TATYMKA OKCHUJTY BYTJIEIIO
(IT) MQ-7, 3Byko- 1 BiOpocHurHaizaris);

- CTaHOM IHAMKAUIMHMX CBITJIO JI0IB, IO B1IOOPaXKaAIOTh PEXKUMHU POOOTH

0JIOKY OYHIIIEHHS MTOBITPSI.
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Ha mnporpamMHoMy piBHI TakoX IMependadyeH0 MOXKJIUBICTh KalaiOpyBaHHs
MOKa3aHb JIATUYMKIB TOKCHYHUX Ta3iB, BUTPATH TOBITPS 1 PIBHSA PO3PSIKESHHS
aKyMyJISITOPHOI OaTapei 3MiHOIO BiAMOBITHOTO KoedillieHTa MHOKHHKA.
JliarHocTnyHa mporpaMa HamucaHa Ha MoBi Delphi 7 1 mpeacTaBiise co0oro
BUKOHaBuMi Qaitn y popmari «. EXE; iHcTansuist nporpamMu He NOTpiOHA.
Po3apykiBKM TEKCTIB KOMI'FOTEPHHUX MporpaM (JIICTUHTH) JJIsl TPOrpaMyBaHHs
pobounx mapameTpiB TypO0OJIOKa 1 peKHUMIB KEpyBaHHS HUM B IIpolieci poOOTH, a

TakoX rpadigroro inTepdelicy KopucTyBada HaBeeHI B Joaatkax A1 1.

BUCHOBKMU 3A PO3A1JIOM 4

1. 3anponionoBana KOHCTpyKiiss (inbrpyBaigsHoro 3130/ 3 mpumycoBoro
[I0/1AY€I0 MOBITPA B IKOMY BBEJICHUI HOBUI €JIEMEHT — CHEladbHUN OJIOK KOHTPOJIIO
rapaMeTpiB MOBITPSHOTO MOTOKY (00’ €M, MIBUJIKICTb, TEMIIEPATYPA, BOJOTICTh), SIKUI
HAJXOAUTh Yy miamackoBuil mpoctip. Lle mo3Bossie 3abe3meynT HEOOX1THUM 00’ eM
MOBITPS Yy MiAMAacKoBUil npocTip gunbTpyBansHoro 3130/, 3a paxyHOK KepyBaHHS
KUTBKICTIO O0EpTIB BEHTWISITOPA y 3a/IaHOMY J1alla30Hi 3 BPaxXyBaHHSAM YacTOTH Ta
INIMOWHU JUXAHHS KOPUCTYBaya B 3aJIEKHOCTI Bl (PI3MYHOTO HABAHTAKEHHS.

2. [IpakThuHa IIHHICTH MOJIATAE y PO3POOI YAOCKOHAIEHOI KOHCTPYKIIT
dinpTpyBasibHoro 3130/] 3 mpUMYCOBOIO TOAAYEIO MOBITPSA, SKA BIAPI3HAETHCA Bl
aHaJIOTiB JJOJATKOBUM OJIOKOM KOHTPOJIIO 32 IMapaMeTpaMu MOBITPSHOTO MOTOKY, IO
3a0e3neuy€e KOHTPOJIb 3aXMCHHMX BIIACTUBOCTEH (UIBTPIB B pe3ynbTari O0OpPOOKH
JaHUX CUCTEMHM JaTUYMKIB BCTAHOBJIECHUX B KOPILYCl IPUCTPOIO.

3. OOrpyHTOBaHM BHOIp CKJIQJIOBUX YaCTUH pecHipaTopa 3 MTPUMYCOBOIO
MoJlayero TMOBITPs: MackKa, sika 3abe3rnedye BIAMOBIAHY IIUIBHICTh MPHIATAHHS 0
o0NMYuYs KOpHUCTyBaua Ta XapaKTepU3YETbCA BIAMOBIIHUM pIBHEM O€3MEYHOCTI 1
KOMQOPTY; BEHTWIATOP [JIsi 3a0e3MedYeHHs Mojaadl HeoOX1AHO1 KITBKOCTI TOBITPS Y
MIMACKOBHM TIPOCTIp 3 YypaxyBaHHSAM oOmopy OGUIBTPIB Ta aKyMyJIaTop s
HIATPUMKH 33JJaHOTO TEPMIHY MPaAE3/IaTHOCTI CUCTEMHU.

OCHOBHI pe3ynbTaTH AOCHTIKeHHs onmyOJTikoBaHi y [3, 4, 6, 12, 15, 23]
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PO3/JIIJ 5
NTOCJIKEHHS EKCILTYATAIIMHUX BJIACTUBOCTEM
PECHIPATOPA 3 IPUMYCOBOIO MMOJAYEIO ITOBITPS

5.1 JlaGopatopHi BUNpPOOYBaHHSI NPale3IaTHOCTI 0JIOKAa KepyBaHHS

¢insTpyBasbHoro 3130/1 3 npumMycoBoI0 oxavero MoBiTps

[Ipouenypy TectyBanHsl MakeTy Ojoka kepyBaHHs (pirpTpyBambHOro 31301
3 MPUMYCOBOIO IOAAYE€I0 MOBITPS BUKOHYBaJIM Yy Ja0OpaTOPHUX YyMOBax 3a

JIOTTIOMOT'OXO CIIEIiaTbHOTO CTEHAY (IHUB. pHc. 5.1).

MakeT Typ606noKy

nOBiTpﬂ »n» Z IE: ==l MoBiTpA

Pucynox 5.1 — biok-cxema creHy 1ij1st BUIIpoOyBaHb MakeTy O0Ka
KepyBaHHS: 1 - IMITaTOpHU OMOPY MOBITPSIHOTO MOTOKY (PUIBTPIB; 2 - BEHTUIISATOD; 3 -
TaXOMETPUYHUMN TaTYUK BUTPATHU MOBITPS; 4 - THYYKUN TPyOONpOBiT 715t
BUMIPIOBaHHSI IBUIKOCTI MOTOKY MOBITPS; 5 - TaTYMK aHEMOMETpa; 6 - OJI0K
YKUBJICHHSI; 7 - ociisiorpad; 8 - yactoromip; 9 - nudepenuianbHuil Manometp; 10 -
010K KepyBaHHS aHeMoMeTpom 'DT-8880"

Cxema BUNPOOYBAJBLHOIO CTEHAY BKJIIOYAE B ceO€ MOCIHIJOBHE 3’ €IHAHHS
GbITBTPIB, MPUCTPOIO JJIS 3a0€3MEUEHHST BUTPATH MOBITPS Ta JATYUKA THCKY, SKHM
po3TamoBaHuii y ropoBaHOMY TPYOOMPOBO/Ii, 1€ TAKOX PO3MIIICHUN aHEMOMET).
KoHTposib 32 4acToTOI0 00EpTaHHS TaxoJaT4yvka Ta (GOPMOIO0 BUXIIHHUX CHUTHATIB
3MIIMCHIOBABCS 3a jgonomororo uacrtotomipa "U3-57" 1 ocummorpada "C1-94"
B1IMOBIIHO. [IIBUIIKICTH MOBITPSHOTO MOTOKY 1 MEpenaj TUCKY BUMIPIOBAINCH 32
nonomororo anemomerpa "DT-8880" (miamazon BumipiB - 0,1+25,0 m/c; po3aiibHa
3natHicTh - 0,01 m/c; BigHOCHa moxubOka £+ 5%) 1 enekTpoHHOro audMaHoMeTpa

"Testo 512". KonTposab TemmepaTypyd TOBITpS Ta aTMOCHEPHOTO THUCKY
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3MIMCHIOBABCS 3a JIONIOMOrow Oapometpa-aHepoina "BAMM-1" (BimHOCHa
noxu6ka £+ 0,8 MM pT. cT.) Ta Tepmometpa "TJI-02" (BigHOCHA moxuoOka + 0,5 °C).
Jlnis imiTanii 3pocTaHHs OMOpy MOBITPSHOMY MOTOKY depe3 (iabTpu B Jaiana3zoHi 4-
10 mbap BukopuCTOBYBaBCS ClieliaIbHUNA PETYIIIOI0UN KOHYCONOMI0HUN 1bep,
KU TPUETHYBABCSA 0 OJHOTO 3 BXIAHMX MHaTpyOkiB y Kopiyci crenmy. llpu
IIbOMY BPaxOBYBaJOCs, IO OIip, 3a3BUUaid, He TiepeBuIIye 9-10 mbap.

Pesynbrati 51a00OpaTOpHUX TECTIB MPOTOTUIy OJOKa KEpyBaHHS 3
BeHTWIITOpoM "tum 1", ski mpencrtaBieHi y Tabm. 5.1 Tta Ha puc. 5.2,
JIEMOHCTPYIOTh, WO MOTPiOHMH o6car mosiTps (He Menme 150-160 am3/xB)
3a0e3MeuyeTbCss Ha MOBHOMY PEXUMI, a 3aJIEKHICTh 4acTOTH OOEpTaHHs Kpuiia
BEHTWJISATOPA Mae€ JiHINHUN Xapaktep. OIHaK NpU 3MiHI ONOPY, SIKU CTBOPIOIOTH
GIBTPH, LA 3aJICKHICTh CTa€ HENMHINHOI (puc. 5.3), 1 KOJIM OIip MOBITPSIHOMY
noToKy nocsrae 7-7,5 mbap, o0'em moBiTpss 3HMXKYeTbcs A0 MeHIie Hix 150
IM/XB, MO0 € HENPUMHATHUM 1 BMMarac BKIIFOYEHHS JOJATKOBOTO KaHAIy IS

3HIKEHHS Onopy (QUIBTPIB.
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Pucynox 5.2 — I'padiku 3anexHOCTEH BUTpATH MOBITPS BT YaCTOTH
oOepTaHHs BeHTUsITOpa "IN 1" HEMonepHizoBaHoro (1) 1 MoaepHizoBaHoTO (2) 3
3aMiHOI0 OOMOTOK 30Yy/IPKEHHSI CTaTOpa pe3uCcTOpamMu

[Tounnatoun 3 90-X pOKIB MHUHYJIOTO CTOPIYYsl, PO3poOKa pecrmiparopiB i
MPOTUBOTA3IB 3 MEXaHIYHUM HATrHITAaHHSAM TIOBITPS B TMiAMAacKoBHi abo

H1II0JOMHUI pocTip yepe3 GpiabTpyBanbHI enemeHTH (PAPR) ctana aktuBHO!O.

[TosiBa Takux MOTOPOBHX MOBITPOHATHITAIBHUX (DUIBTPYBaJIbHUX MPHUCTPOIB
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(MII®IT) [4] Oyna cyTTeBOIO, OCKUIBKU 3a AOBTHH MEPioj] ICTOPIi pecripaTopiB HE
BJIAJIOCS PO3POOUTH yHIBEpCaIbHY MacKy 31 cMyroro oOTroparii, sika 6 Ha 100%
migxoguina g0  obmuyus  Oynmb-aKoro  KopucTtyBada [5].  BukopucranHs
GUIBTPYBaAILHUX PECHIPaTOPIB 3 TPUMYCOBOIO M0J1aU€0 MOBITPS, KPIM YHUKHEHHS
MiICMOKTYBaHb 3a CMYTOIO0 OOTIOpamii Ta MOJITHICHHS AWXaHHS MOPIBHSIHO 3
tpaaumiitaumu  pimetpyBameHuMu  3130/I, Takox  JO3BOJIIE  CTBOPUTHU

koMIuiekcHu 313 13 3aXucTOM 30py, CIyXy 1 TOJOBH KOPUCTYBaya.

Tabnuys 5.2
Pe3yabTatu BUnpoOyBanb Makera 3 BeHTuiasgsTopom ''HA4010V4"
Hamnpyra Yacrora HIBuakicTh 00 emia [Iepenan Tucky Ha
JKUBIICHHS obepTaHHsA MOBITPSIHOTO ];IP(I;I;?TE BXO/Il TYpOOOIIOKY,
BEHTUJISATOpA, B BEHTWJISAITOPA, [T TIOTOKY M/C i /)?B mbap
BeHTHIIATOP "Tum 1" (3BUYAHUIN)
9,00 32,0 0,83 191,6 4,5
10,00 56,3 1,00 230,8 6,0
11,02 70,4 1,15 265,4 7,0
12,03 80,5 1,27 293,1 8,0
12,99 89,6 1,34 309,26 8,50
14,00 96,4 1,41 325,41 9,50
BeHTHJIATOP "THI 2" (MOJIEpHI30BaHUil)
10,92 33,1 0,49 1523 4,0
11,99 51,6 0,55 1777 4,5
13,06 57,8 0,59 1916 50
13,23 66,5 0,6 203,1 5,0
13,82 73,8 0,63 210,0 54

Ockinpku 3130/ 3 TO3UTHMBHUM THCKOM CTBOPIOIOTH O1IBIN HaIIMHUI
3aXMCT MPHU 3MEHIICHOMY OTOpYy JAMXaHHIO, Ha JaHWUH 9ac caMe BOHM CKJIQJIar0Th
OCHOBHY 4YacTKy MPHUCTPOIB 3 MEXaHIYHHUM HATrHITAaHHSAM TOBITPS, IO CEPIHHO
BUITYCKAIOTHCSA JJISI BHKOPHUCTAHHS B yMOBaxX 3 OCOOJIMBO BaXKMMH YMOBaMHU
npaii. Bigomo [6, 7], 1110 pyXoBa aKTUBHICTh JIFOJJUHUA Ta IHTCHCUBHICTh JUXaHHS
B3a€MOITOB'sI3aHI: TOIJIMOJICHHS 1 IOYaCTIIaHHS JHWXaHHS B Ipoleci poOoTu
MPU3BOJATH 10 30UIbIIEHHS MUTTEBUX 00'€MHUX BUTpAT MOBITPSHUX MOTOKIB Ha
dazax IUXaNIbHOTO IMKIY, 30KpeMa iX MaKCUMalbHI BEeIWYWMHU. Tak, SKIIO B
PEXHMMi CIIOKOIO BOHH JOPIBHIOKOTH Mpubmm3Ho 25+30 nm3/XB, a npu 3BHYAlHIN

X0Ib01 JMoauHa croxuBae 50 mM%/XB (dactota nuxaHHs 25 HUKIIB/XB, pa3oBUi
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00CAr BAMXYBAHOTO MOBITPs 2 AMS), TO NpU BaXKUX (i3MYHMX HABAHTAKEHHIX

JlereHeBa BeHTUALIA carae 157 am®/xB (MakcuManbHa BenuuuHa) [8].
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Mepenan TUCKy Ha inLTPyBanbHUX efieMeHTax

Pucynok 5.3 — I'padiku 3anexHOCTEH BUTPATH MOBITPS 1 4ACTOTH 0OEpTaHHS
BeHTWIsATOpa ''Tum. 1" HemoaepHizoBaHoro (1) 1 Tunm 2 MozaepHizoBaHoro (2) 3
3aMIHOI0 OOMOTOK 30YJIPKEHHSI CTaTOpa PE3UCTOPAMH BiJl 3MIHM BEJIMYUHU OINOPY
GbIBTpIB

Otrxe, oOcar moBITpsA, IO mnpokadyerbes uepe3 ¢umbtp 3130/ 3a
noromororo MIT®IT moBuHEH CTaHOBHTH He MeHIne 60 mTM3/XB. ToMy BUHHKIIA
HEOOX1IHICTh caMe y 3a0e3leueHi MOHITOPUHTY 3a BUTPATOIO MOBITPS came 3a
PaxyHOK 3ampoBaKeHHsI OJI0Ka KepyBaHHS 3 HASBHICTIO 0araToyHKIIOHATHHOL
CHUCTEMHU JaTYMKiB, BCTAHOBJCHUX B KOPITyCi TMPHUCTPOI. bBIoK kepyBaHHS €
HECKJIQJHUM Yy  BHUTOTOBJICHHI, Ma€ HEBHCOKY BapTiCTh, 3abe3nedye
MOBTOPIOBAHICTH OTEpalliii 1 3a1aHl MOKa3HUKU MPAIE3AaTHOCTI 3 BEHTUISTOPOM
"tun 1". PazoM 3 TUM icHye HEOOXiAHICTh MOAAIBIIMX JOCIIKEHb OCKUIBKUA Ha
BEIMYMHY BUTpPATH TIOBITPS 3HAYHO BIUIMBAIOTH PI3HOMAHITHI JOMIMIKKA Y
MOBITPSHOMY TOTOIIl, SIKI MPU3BOAUTH JI0 MIJBHUIIEHOTO 3HOCY TMap TEPTSA 1 TUM
caMUM IIOTIPIIYIOTh Mpare3aaTHicTb. OHAK B JAHOMY BHITQJIKy, BPaXOBYIOYH TOU
dakt, mo B ONOIi KEpyBaHHS BEHTWJIATOP PO3TAIIOBYETHCA TICIS JIOCUTh

e(EeKTUBHUX Ta30MUI03aXUCHUX (UIBTPIB, HOro 3aMUJICHICTh MOXKHA BBaXKaTH

He3HayHOw [9]. B sKkocTi (iabTpyBaldbHHX €JIEMEHTIB MOXKHAa 3aCTOCOBYBATH
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CTaHJApPTHI TMPOTUNHWJIOBI, TMPOTHra3oBl abo KOMOIHOBaHI  (QUIBTpU, iX
OOTpyHTYBaHHS BHOOpY 0a3yeTbCcsi Ha PO3YMIHHI BEJIWYUH 00'€MHUX BHUTpaT
MOBITPA Ha (azax IUXATbHOTO IIUKITY.

OCHOBOIO TEXHOJIOTIYHUX IIePEeyMOB CTBOPCHHS IMOJIOHUX OJIOKIB €
JOCATHEHHS B  00JacTi  KOHCTPYIOBaHHSA  MajorabapuTHUX  Oe3IIyMHHX
TypOOBEHTUJISITOPIB, JKEPEN EJIEKTPOKUBIEHHS N0 HHX, a TaKOX PO3BUTOK
MIKPOEJIEKTPOHHUX 1 MIKPOMEXaHIYHUX MPUCTPOIB, IO JIO3BOJMIU CYTTEBO
3MEHIIUTH MacorabapuTHI XapaKTePUCTUKU KOHCTPYKIII B I[IIOMY 1 ONTUMI3yBaTH
TuXalbHUM pexkuMm B HoBoMy mokoiinHl 3I30/[. B Tto#t ke uac OUIBIIICT
NEPETBOPIOBAYIB BUTpPATH 3a0€3ME€UylOTh TOYHICTh BHUMIPIOBAHHS JIUIIE B TOMY
BUIAJIKY, KOJM PO3MOJLI IIBUAKOCTI B mepepi3l TpyOompoBoay chopmMoBaHO 1
BIJIMIOBIJIa€ pexxuMy Tedii. HasBHICT, B rodpoBaHOMYy TpyOONpPOBOJII MICIEBUX
omopiB 1, oTxke, Aedopmalii MOTOKY NPU3BOJAUTH A0 301IbIICHHA MOXUOKH
BUMIpIOBaHHA. Hampukinaa, mnoka3aHHs TyYpOIHHOTO BHUTPATOMIpa MOXKYTh
3MmiHUTUCA 10 10% mnpu HasBHOCTI KOJIIHA NEpe] MEepEeTBOPIOBAUEM BUTPATU B

3aJIEKHOCTI B1J pajiilyca KOJIIHA 1 BIICTaH1 MK HUM 1 IEPETBOPIOBAYEM.

5.2 ExcniepuMeHTAbHI 10C/IIIKeHHs] BILIMBY PO3MipiB GLILTPYBaIbHOL

KOpPOOKM Ha TePMiH 3aXHCHOI Ail MPOTUTa30BUX PiabTPIB

JIyist BU3HAYEHHST TEPMIHY 3aXHCHOI 11 32 MPOHUKHEHHSIM IIKIIJTUBUX MapiB
MO>KHA CKOPUCTATUCS PIBHSAHHAM 3alpONOHOBaHUM J[yOMHIHMM 1 BIOCKOHAJIEHUM

Binepom-/Ixonacom [10]:

t, =" 2L Zin (25)), (5.1)

Co LV, ky Cc

ne tp — TepMiH 3axucHoi 1ii, xB; W — copOuiiiHa eMHicTb, 1/T Byriuis; Co —
KOHIIEHTpAllid IIKi/UIMBOi pe4oBMHM B NOBIiTpi, r/cM®; Q — o0'eMHa BHUTpaTa
nositps, cm/c; W — maca a ) : Dp — ) fem®;

P4, ; JCOpOCHTY, T; P — HACUIIHA T'yCTHHA COPOCHTY, I/CM”,
Ky xoedimienT mBuakocti agcopOiiii, C — KOHIEHTpallis, gKa 3adikcoBaHa MIiCs

¢insTpa, r/cm®; H — ToBIMHA GinbTpy, cM; V| — MIBUAKICT IOTOKY HOBITPS, CM/C.
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Jlns po3paxyHKy COpOIHHOT €MHOCTI 3aJaHO1 OPTraHi4HOi CHOJYKH IpHU
VJIOBIIOBaHHI  3BHYAMHUM  MEXaHI3MOM  aJIcOpOIlii MOXXHA CKOPHCTATHUCS

piBHsiHHAM PagymikeBuya [11]:

W, = Wyd, exp |- ([fTT)2 m(%2)) |, (5.2)

ne Wo — 06’eM MIKpomop akTMBOBAaHOTO Byrimis, m°/r; Eq — 6a3oBa eHepris
ancopOuii, x/bk/Monb; d; — ryctmHa amcopOeHTy, I/M°; Ps — THCK HapiB IIpu
temneparypi T, K, ski 3Haxomarbcs B HeajacopboBaHomy ctani, Ila; R —
yHiBepcanbHa razoBa cranma  (8,314-10° xJx/(moms -K)); B — xoediuieHT
addiHHOCTI.

Bigznaunmo, 1o st oTpuMaHHsl copOIiiiHoi emMHocTi We (T/T Byruuis) B
KO)KHOMY  OKpeMOMY  TMO€JHAHHI  Ta3/BYyruuisi  HEOOXITHO  MPOBOJUTHU
€KCIIEpUMEHTAaJIbHI BUMIPIOBAHHS Y BIJIMOBIJIHUX YMOBax (KOHILIEHTpaLlis, BUTpaTa
noBITps 1 Bojoricth). [Ipu oMy KoedilieHT MIBUAKOCTI aJcopOIii OpraHiuHux
CIIOYKM TIpH 1X VJIOBIIOBaHHI aKTHBOBAaHWUM BYTULIAM K, JOCHTH 100pe
BU3HaueHU B poborax Jlomepika. BiH 3amexuTh Biag JIHIHHOI IIBHIKOCTI

¢inpTparii V, (cm/c) 1 JiameTpa rpaHys akTHBOBaHOTO BYTiLst 0y (eMm) [12]:
kv — 4830’33Vlo'75d51'5.
Koedimient addinHOCTI (COPIAHEHHS) BU3HAYAETHCS 3a JOMOMOIOIO
MOIISIPHOI moJspusyemocti Pe (cm®/mons) [13]:
B = 0,086P27>,

3 ornsAy Ha Te, IO BUTPATY MOBITPS MOXKHA BUPA3UTHU Yepe3 HIBUAKICTH
¢binpTpallii 1 IOy MONEPEYHOro IMepepidy, a 4ac MPOHUKHEHHS 3aJIeKUTh BiJ

TOBIUHU COPOCHTY, PIBHAHHS 5.1 MOXKHA IEPETBOPUTU HA BUPA3:

— _ %4 Co—C
i = Cg Vi Wepy | Hy — 210 (225) ) (5.3)

Bupaz 5.3 mnoB'sizye edekTuBHICTH ajcopOiii 3 po3Mipamu (UIBTpa,

MIBUAKICTIO (iIbTpaIlii 1 KOHIICHTPAIIEIO MIKIAJIMBOI PEYOBUHM. 3aar09M BKa3aH1
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MOKA3HUKU MOJKHA MII0UMpaTH mapamMeTpu KOHCTPYKIi (uUIbTpa 3 MIHIMAJIbHUM
OTIOPOM JIMXAHHIO 1 MAKCUMAJILHUM TEPMIHOM 3aXHUCHOI Aii.

3a3Buyail B TEXHIYHOMY 3aBJaHHI Ha PO3pOOKYy 3aco0iB 1HIWBITyalIbHOTO
3aXHMCTYy OpraHiB JUXaHHS BKa3ye€ThCs 3a0pyAHEHICTh 1 BUTpATa MOBITPS (XIMIUYHUN
CKJIaJ, KOHIICHTpAIlis) 1 MiHIMaIbHUN TepMiH 3axuicHOi mii. IlimcraBuBImM 111
napamMeTpu y PiBHSHHS 5.2 Ta 5.3, OTpUMaeMO PIiBHSHHS 3 JIBOMa HEBITOMUMU -
MONEPEYHUM Iepepi3oM (Tak SIK BUTpaTa 3aJIe)KUTh BIJ JIHIMHOI MIBUIKOCTI 1 BT
wionii), 1 ToBuMHOW0 ¢uabTpa. Lle mo3Boisie 0OYMCIUTH HEOOXITHY TOBIIHHY
¢binpTpa 1 00cIT COpOCHTY — ISl PI3HUX MOTIEPEUHUX TMepepi3iB. AHal3 HABEICHOT
dbopMynu TOBOPUTH MPO O€31i4 Pi3HUX BaplaHTIB KOHCTPYKIi ¢inabTpa (Tiolmia,
TOBILIMHA, OOCAT) 3 OJHAKOBUMHU COPOLIIMHMMM BIaCTUBOCTAMHU. Tomy s
KOHKPETHOTO 3aco0y 1HAMBIAYaIbHOTO 3aXUCTy 3 MPUMYCOBOIO MMOJAYCI0 MOBITPS
OyB MpOBEACHUN EKCIIEPUMEHT JJI1 BH3HAYEHHS pALIOHAJBHUX MapaMeTpiB
KOHCTPYKIUIi (PUTbTPYBaIbHOI KOPOOKHU.

Ha nepiomy erari po60oTu poBOIUIOCS BUSHAYCHHS MEepenaay TUCKY MpU
pyci TmoBITps 4epe3 (UIBTpyrOUl KOpOOKH, 3amoBHEHI copOeHTom. [l 1boro
BUKOPUCTOBYBAJIM IM'ATh OAHOTUITHUX IMJIIHIPUYHHUX 3pa3kiB (puc. 5.4, 3 pizHUMU
po3mipamu (aiametp kopoOku Df, miamerp xpumku Dk, ToBmumHa ¢inprpa Hf 1
TOBIIMHA KOpoOkM 3 Kpuiukoro Hk) s 3abe3reueHHs OJHAKOBOTO 0O0CsTY

aKTUBOBAHOTO BYTi/LIA (Ta0. 5.3).

Pucynok 5.4 — Bua KOHCTpYKIIi (UIBTPYBaJdbHOI KOPOOKM 3 Ta30BUM
bueTpoM: 1 - kopryc (inbTpa; 2 - KpuIllKa KOPOOKH 3 BXITHUM OTBOPOM; 3 -
razoBuil GiIbTP; 4 - OTBIp KiIanaHa BAUXY; 5 - MPOTUIIUIOBUN PLIBTP; 6 - penriTka
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JiameTpu KopoOOK BapiroBaivcs Bij 7 10 15 cM, a ToBmuHMU Big 1,5 no 4

cM. Jliamerp BuximHoro orBopy dv JUIs BCIX KOPOGOK CTaHOBHB 3 cM. Moro
BEeIIMYMHA 3aJICKUTh B PO3MIpy KIalaHa BAWXY (JiaMeTp 3HAXOIUTHCS B
niama3oHi Big 2,7 m0 3,2 cMm). OUIbTpU BUTOTOBJSIIM 3 aKTMBOBAHOT'O BYTULIS

mapku CKT-6A 3 ryctunoro 356 r/am® i posmipom wactunok 1 ... 1,5 mm.

Tabnuys 5.3
Po3mipu QpiibTpiB, siKi BUKOPUCTOBYBAJMCS VISl AHAJI3Y TAPaBJIIYHOIO
onopy

I"a3oBwii QimbTp Topmunua, Hf cm | MHiamerp Df, cm [Tnomia, cM? 06’em, cM®

1 11 14,5 123 134

2 1,6 10,1 80 128

3 2,5 8,0 50 125

4 2,8 7,5 44 123

5 3,2 7 39 123

BumiproBanns mnepernany THCKy mnpoBojauiu BiamnosimHo go JACTY EN
13274-3: 2005 «3aco0u 1HAUBIAYaJbHOTO 3aXHUCTy OpPraHiB AUXaHHI. Metonu
BunpoOyBanHs. YactuHa 3. BusHaueHHs onopy AuxaHHs». CyTb METOAY NOJIATAE
y BUMIPIOBAHHI PI3HUIN CTaTUYHUX THUCKIB JIO 1 MICIs (UIBTPYBaIbHOT KOPOOKH,
npu 3a7aHii BuTpati nosiTps. Kopodka npu 1ibOMy pO3MILIY€THCS B CIIELIAIBHOMY
3aTHCKY, L0 BHUKJIIOYAE MIJCOC MOBITPsI MoOB3 (inabTpa. IIpoTaryBaHHs MOBITPsS
3MIIMCHIOBAJIOCS  €JIEKTPOACIIPATOPOM 3 PECcHUBEpOM Uil cTabumi3alli MOTOKY.
Butpara mnoBiTps KOHTPOJIOBABCS 3a JOMOMOIOI poramerpa. JlochipKeHHs
MPOBOJIMIIM TIPU 3MiH1 BUTpaTH moBitps Bix 20 1o 160 n/xs.

Ha napyromy erami excnepuMEHTadbHUX JOCTIIKEHb MPOBOJUIN OLIHKY
3aXMCHO1 /i1 BUTOTOBJIEHUX (DUIBTPIB 3 BUKOPUCTAHHAM BIAMOBIAHOI MAacKH, sKa
po3TaloBYBaJlaCh Ha MAaHEKEHI ToJIoBU. MaHEKeH TOJIOBU 3  MAacKOIo
pO3TallOBYBaJIM B CIHELIAIbHIM Kamepi, Ky 3alOBHIOBAJIU Ta30MOBITPSHOIO
cymimmto (I'TIC), mo MiCTUTHh KOHTPOJIbHE TOKCHYHY PEYOBHHY - IUKJIOTEKCaH.
['TIC oTpumyBanu 3a AOMOMOIOIO CIELIaNbHOI AUHAMIYHOI YCTaHOBKH, B SIKIH Y
CTaOUIbHUI TOTIK razy-HOCIs (OYMILEHOTO BiJ] CTOPOHHIX JOMIIIOK 1 OCYHIEHOTO
MOBITPSI) 3 IOCTIMHOIO BUTPATOIO MOAABaBCS 3 OAI0OHA IIUKIOTEKCaH.

Jlist oTpuMaHHSI CTaOUIBHOIO MOTOKY ra3y-HOCISi BUKOPUCTOBYBAIM OJIOK

MIJTOTOBKHA, IO MICTUTh O€3MaclIsIHUN KOMIIpEcop, pecuBep, 3abe3nedeHui
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3pa3KOBUM MaHOMETPOM 1 PEryJisiTOpOM THUCKY, CUCTEMY (UIbTP-MOTIMHAIOYUX
MIPUCTPOIB ISl OUMILEHHS TOBITPS B MUY, MapiB BOJW, AOMIIIOK OCHOBHHUX 1
Kkucaux ra3ie. CTajicTh BUTPATH ra3y-Hocis 3a0e3mneduyBaia 3a paXyHOK MIATPUMKU
MOCTIMHOTO THCKY Ta3y B PECUBEPI.

[TpurotoBany I'BC, mo MicTuTh KOHTpoOJbHE TOKcHuHYy pedoBuHy (KTB),
IOPOCTATANM  €JIEKTPOACIipaTOpOM 3 TMOCTIMHOIO BHUTPATOI0 YEpe3 CHUCTEMY
GbUIbTpIB, KOPOOKY 3 ra30BMM (UIBTPOM 1 BU3HAYAJIM Yac, yepe3 SIKUHA TOKCHYHA
pEUYOBHHA BHSABISIETHCS 3aco0aMy I1HAWKAI B MiaMacKoBOMYy Tmipoctopi. s
BUSIBJICHHS 1uKJorekcany B ['BII B mizMackoBOMy MpOCTOpi BUKOPUCTOBYBABCS
MaJIOIHEPUIMHUM EJNeKTPOXIMIYHUN JaTYMK 3 TIOCTIMHOI Yacy MeHIe 2 C,
BCTAHOBJICHUHN O€3MOCEepPEIHbO B MiAMACKOBOMY MpocTopi. CTaTUCTUUHY 0OpOOKY
pe3yabTaTiB BUMIPIOBAHb MMPOBOJIUIIH, SIK PEKOMEHJ0BaHO B [14].

[lepmmii etan poOOTH OyB MPUCBAYEHUN OLIHII BIUIUBY PO3MIPIB (PiIbTpa
Ha Moro omip MOBITPSHOMY NOTOKY. OTpUMaHi pe3ynbTaTH OyJM OYIKYyBAaHHUMH
(puc. 5.5). BuaHo, 10 3MEHIIIEHHS TOBUIMHU 1 30UIbIICHHS JiaMeTpa (uIbTpa
JI03BOJISIE ICTOTHO 3MEHUIUTH Mepernaj TUCKY Npu 30epexeHHl o0cAry copOeHTy

noctiitHuM (Hanpuknaz - y Gpiastpis 1, 3 Ta 5).
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Pucynok 5.5 — 3anexxHicTh Onopy NoBITPSIHOMY MOTOKY BiJl BUTPATH MOBITPS KPi3b
GIBTp
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Ha npyromy erami BuH3Hauaad HACKUIbKM 3MiHAa mapameTpiB (PiabTpiB
BIUIMHE Ha Yac 3axucHOoi mii. s mpukimamy Bi3bMEMO pPEUYOBHHY IHUKIIOTEKCAH
(MonexynspHa maca 86,18 r/mMons; monspusosanicte 51,5 cm®/Mons) (Tabn. 5.4).
Jns  obuuciieHHs COpOLiHOT €MHOCTI BHUKOPHUCTOBYBaiau dopmyny 5.2, i
orpuMany, mo We s mukiaorekcany ctanoButh 0.00972 r/r. Toni npu 3amaHiid
KOHIIEHTpali, aiameTpi ¢iabTpa WOTro TOBIIMHI 1 BHUTpaTi MOBITPS MOXHA
obuncnuT Yac 3axucHoi g1i. Pesynmpratm HaBemeni B Tabm. 5.5, Jlus
HiATBEP/DKCHHS OTPUMAHUX pe3yJbTaTiB OyB MPOBENEHUN EKCIEPUMEHT II0
BU3HAYCHHIO Yacy 3aXMUCHOI Jii, SKUM MOKa3aB, 1[0 €KCIIEPUMEHTANIbHI 3HAYEHHS

3HAYHO MeHIIe po3paxyHkoBuX (Bin 50% mo 80%).

Tabnuys 5.4
3HaYeHHA MapaMeTpiB, sIKi BUKOPUCTOBYHOThCS 1JIs1 PO3PAXYHKY
ITo3nayenHs YucnoBe 3HaUYCHHSA OuHUII BUMIPIOBAHHS
['ycruna, pp 0,6548 r/cm?

. mr/am® ipu aTMocepHOMY
Konuenrpamisa, C 17,5 tucxy(101.3 rlla)
Butpara nositpsi, Q 30 J/XB
Ky 3447 1/xB

Tabnuys 5.5
Pe3yabTaTi 004HC/ICHD | eKCIIEPUMEHTAJIBLHUX JTOCJIZKEHb Yacy 3aXUCHOI Ail
(inbTpyrOUNX KOPOOOK AJIs1 Pi3HUX KOHCTPYKUI GibTpiB

Konre- ) Tepmin 3axucHoT mii
) Hiametp, | ToBmmHa, Butpara, .
HTpaIlis, GUIBTPYBAIBHUX KOPOOOK t196 XB
mr/am° M oM /X PoszpaxoBane | ExcepumeHTanbHe

14,5 0,83 84 37

10,1 1,70 84 46

17,5 8,0 2,12 30 84 55

7,5 3,10 84 61

7 3,56 84 72

Otpumanuii pesynaprarT (Tabn. 5.5) MOXXHA TOSICHUTH HEPIBHOMIPHUM
PO3MOJLIOM MIBHUIKOCTI MOBITPSHOTO MOTOKY MO IWionm ¢iabTpa 4Yepe3 3CyB
BUXIJTHOTO OTBOPY IMOAO HEHTPY (iIbTpyBanmbHOI KOpoOku. [Ipu TeopeTnuHomy
po3paxyHKy Tiepen0OadaBcs piBHOMIpHUW Tmporiec (uibTparii mo BCiid IIIOMII

¢inpTpa. B excnepuMeHTi, y 4acTuHi (UIbTpa, sfKa pO3TAlIOBaHA HABIPOTH
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BHUX1JIHOTO OTBOPY, IIBUJIKICTh MOBITPSHOI'O MOTOKY OyJja iCTOTHO OuNbIle, HIXK Ha
pemti #oro wactuHu. lle chpusino OLIBII IIBUJIKOMY HACHYEHHIO TpaHyll
azcopOeHTy ra3oM B I1iif o6macTi 1 HacTaHHs Pa3u npoHuKHEHHs. [Ipu npomy iHIIA
yacTriHa (PiIbTpa CBIH pecypc A0 KiHIIA e He BiAmpalltoBaa.

Takuit ctan ¢inpTpa B Mpoleci HACUYCHHS MOSCHIOETHCS TUM, IO IS
JOCATHEHHSI 3MIIIEHOTO BIHOCHO IEHTPY BHUXIIHOTO OTBOPY KOPOOKH,
nepudepiitHi IMIBKK MOBITPS TMOBUHHI OYyJIM TOJOJATH aepOJUHAMIYHUN OITip
3a30py MiX (UIBTPOM 1 KOPITyCOM KOpoOku. KpiM TOTO, CTUKAIOYUCH 13 3aHBOIO
CTIHKOIO KOpOOKH, mepudepiiiHi IIBKM 3MIHIOIOTH HAMpsIMOK PyXy, a B Mipy
MEepeMIIICHHS IUX I[IBOK IO 3a30py BIOYBAE€ThCS 3MIITYBaHHS IIBOK MOBITPSI, SIK1
MaloTh Pi3HY IIBHUAKICTB 1 pI3HUI HanpsMOK pyxy. Bce 1ie npu3Boauth 10 BTpaTh
TUCKY Ha MICIEBHUX OIOpax 1 B 3a30pl Mk (PUIBTPOM 1 KOPITyCOM KOPOOKH, IO
30UTbIIy€E OMIp PYXy 1, BIAMOBIAHO, 3MEHINYE MIBUAKICTE pyxy. Yum nami
nepudepiiiHi MIBKM 3HAXOASATHCSA Bl BHUXIJTHOTO OTBOpPY, THUM OuIblIe OHIp iM
HeoOX11HO mojonatu. MoientoBaHHsl MOTOKIB MOBITPS 32 JIONOMOI'OI0 IpOorpaMu

SolidWorks, minTBepKyrOTh Halle npumyieHHs (puc. 5.6, puc. 5.7).

102025.12

o ' — :
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Taenenne P2l

Pucynox 5.6 — MopaentoBanHs pyXy OBITPS 4epe3 ra30BHi PLIbTP
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Pucynok 5.7 — 3miHa mepemnaay TUCKY Ha JUISHKaxX (UIbTpa BUXOASYH 3
pPO3MIpPiB BXITHOTO OTBOPY

Takum 4MHOM, MOJIEJTb MIATBEP/IKYE, IO HA AUIAHII (LIBTPA pO3TALIOBAHIMI
HABIPOTH BHUXIIHOTO OTBOpPY (UIBTPYIOUMHA 1Iap IMIBUAIIE HACHYYETHCS
HIKIJUIMBUMU TIapaMH, 110 MPU3BOAMTH /10 NPUCKOPEHHS MOSIBU HEOE3Me4HOl
IIPOHUKHEHO1 KOHIEHTpAIlii 33 (PLIETPOM.

[HI1I0F0 MPUYMHOIO 3MEHIIIEHHS Yacy 3aXUCHOI Jii puIbTpiB 3 AiameTpom 10-
15 cM Moxke OyTH BIUIMB HEPIBHOMIPHOI IIIILHOCTI 3amoBHEHHs (UIbTpa
COpOEHTOM 1 HASIBHICTh (DIYKTyallidi TOBIIMHM 1 MIOPUCTOCTI (PIIBTPA, SIKI MOKYTh
OyTh OOYMOBIIEHI SIK HEIOJIIKAMU TEXHOJIOT1I BHUTOTOBIICHHSA (UIBTPIB, TaK 1
yTBOPIOBATHUCA B TNPOLECI TPaHCHOPTYBaHHS 1 YCTAaHOBKM (UIBTPIB B
¢b1pTpyBasibHY KOpOOKY. O4EeBUAHO, IO BIUIMB LIMX MPOLIECIB HA Yac 3aXMCHOI il
Gb1IBTPIB MAJIOTO JllaMeTpa 1 BEJTUKO1 TOBIIMHK Oy/1€ 1ICTOTHO MEHIIIHA.

Biaznaunmo, 1o 3a3Buuaid mpu J1abOpaTOpHUX BHUIPOOYBAHHIX (DIIBTPIB
BUKOPUCTOBYETHCS YCTAHOBKA, B SKIA (PUIBTp KPIMHUTHCS B CIHEMIAIbHIN KaMepi,
NpU 1IbOMY BHXIJIHUM OTBIp HEOOMEXEHO 1 BCS TMOBEpXxHS (GUIbTpa MpaItoe
piBHOMIpHO. Y TOM XK€ 4ac MpHU YCTaHOBIl B pecmipatop, GUIbTp KPIMUTHCS 3a
JIOTIOMOTOI0  CTEIialbHOI MaH)XETH, a BHUXITHUN OTBIP OOMEKYETHCS PO3MIPOM
KJIallaHa BIIUXY.

VY OumbIIocTi pechiparopiB Horo giamMeTp CTaHOBUTH OJu3bko 27 - 32 mMm. B
poOoTi [13] BKka3yeTbes, 110 TaKUH PO3MIp KJIAMAHIB BAUXY CIPHUSE MiHIMATHLHOMY

OPUPOCTY  OMOPY JAMXAaHHIO TMpPU  IIBUAKOMY 1  CBOEYACHOMY  HOTO
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“cripallbOBYBaHHIO” TIPYU BUIUXY IS 3aXHCTy (inbTpa. OgHAK, 3 TOSBOIO HOBUX
OLBIN €TaCTUYHUX MaTepiajiB, 3'ABISETHCS MOXKIMBICTh 3a0€3MEUUTH HaIIAHY
poboTy KjamaHa MpU BEIUKUX Horo posmipax. Kpim Ttoro, ansg 3MeHIIEHHS
HEPIBHOMIPHOCTI PO3MOALTY CepeIHbOI MBUIAKOCTI (UIbTpalii mo 1o ¢GiasTpa
JOLUTBHO 30UTBIIUTH 3a30p MUK (IIBTPOM 1 KOpIycoM (iIbTpyBalIbHOI KOPOOKU
a00 Ha/JaTH BHYTPILIHIN CTIHII KOPOOKH KOHyconoAioHy dhopmy [12]. 361nbIeHHS
pO3MipiB KJlamaHa 1, BIANOBIZHO, JlaMeTpa BXITHOTO OTBOPY, a TaKOX
BJIOCKOHAJICHHSI KOHCTPYKIIi (PiIbTpye KOpoOKM 3 ra3oBUM OGiabTpoMm, Oyne
CHOPUSTH TOJIMIIEHHIO PO3MOJLTY IIBHJIKOCTI MOBITPSHOTO MOTOKY IO TUIOII
GbiIbTpa, 0 B CBOKO UEPry J03BOJUTH 3a0€3MEUUTH HEOOXITHUN Yac 3aXUCHOI dil

(GIBTPYBAIIBHUX KOPOOOK MPHU 3HUKEHOMY ONOP1 JUXAHHIO.

2.3 JlaGoparopHi HOCJTiIKEHHS 3aXMCHOI e exTUBHOCTI

¢pinsTpyBasbHOro 3130/1 3 npuMycoBoOI0 1024 €I0 MOBITPS

3anponoHOBaHUM NPUCTPIA 3 MPUMYCOBOIO MOJAYEI0 MOBITPS BaXKIMBO
nepeBipuTH Ha e(EKTUBHICTh 3a KOE(IIIEHTOM 3aXHUCTy Ta 3a0e3IeUCHHSIM
HEOOXIJTHOI BUTPATH MOBITPS Yy MIAMAacCKOBOMY HPOCTOpI BiA omopy QiiabTpiB
IPUCTPOIO OuniIeHHs. BaxxinBo, 1mo6 00’eM MOBITPA y MiAMAacKOBOMY MPOCTOPI
OyB He MeHmmM - 120 aM%/xB 3 MokuBicTIO 36inbmenHs 1o 170 aM%/xB mpm
onopy ¢ubTpiB a0 15 wmbap. Taka BeauyuMHA JO3BOJUTH MIATPUMYBATH
MO3UTUBHUM THUCK B MIJMAacKOBOMY MPOCTOpPI MAacK, 1 TUM CaMuM, JIKBilyBaTh
MiJCMOKTYBaHHS Yepe3 HeIJIbHOCTI 3a cMyrot oOTiopaii. Kpim Toro, ogHum 3
BAKJIMBUX MOKA3HUKIB € KOE(ILIEHT 3aXKUCTY, 3HAUEHHSI SIKOTO MOBUHHO OyTH HE
MeHiie 99,9.

B ocHOBy pocnipkeHb Oyjia TOKIaJeHa MpoIeaypa €KCIepUMEHTaIbHUX
BUNPOOYBaHb, 10 BKJIOYAIa BU3HAUYEHHSA KOE(IIEHTIB MPOHUKHEHHS 1 3aXHCTY
binsTpyBasibHoro 3130/] 3 mMpUMycOBOIO TMOAAYEIO TMOBITPS 3 TECT-aepO30JIEM -
XJIOPUAOM HaTpildo Ha JOOPOBOJBLAX-BUIPOOYyBayax, BHU3HAYEHHS BUTPATU

MOBITPS, IO TOJAETHCSA OJIOKOM OYHUINEHHS y MiJMACKOBUN TPOCTIP MAacKd Ta
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CTBOPIOBAHUN TPUCTPOEM TO3UTUBHHUI THCK BCEPEIWHI II0JIOMa a00 KaIrolioHa
BianoBigHO 10 BuMor cranaapty JACTY EN 12941:2004.

[TepeBipky 3axucHoi epexTuBHOCTI PinbTpyBasibHOTO 3130/] 3 mpuMycoBoiO
nojavyer0 TOBITPS NPOBOJWIM Ha CcHEIiaJbHOMY cTeHAl (puc. 5.8), skuii
BignoBimae Bumoram crangapty JCTY EN 13274-1:2005. Bin cknamaetscs 3
yJIbTPa3ByKOBOTO T'€HEpaTOpy TECT-aepo30Ji0, BHUMPOOYBaIbHOI KaMepH, Je
3HaXOAWINCh BUINPOOyBau, crnekTpodoromerpy "Selmi C-115E" (BupoOHUK
"SELMI" LLC: Cymu, Ykpaina) 3 BOyZOBaHUM acIipaTopoM Jyig BiaOopy mpo6. B
SAKOCT1 TeCT-aepo30Jt0 BUKopucTOBYBaBca 0,1% po3unH XJIOpUAy HATpIitO, SIKIA
MJCYIIyBaBCs 1 MOJAABCs y BUIPOOyBaldbHY Kamepy 3 BuTparoro mositps 100

IM/XB.

6 1 2 43 1210 8 9

Pucynok 5.8 — BumpoOyBanbHa ycTaHOBKa JJIsi BU3HAuUEHHS KoedirmieHTa
MPOHUKHEHHSI XJopuay Hatpito: 1 - gedrekrop; 2 - TpyOompoBim; 3 - miHiA
Bi100py ipoOu aTMocdepu B Kamepi; 4 - BiIOIp MpoOH 3 TOAMACOYHOTO TIPOCTOPY;
5 - mojmaya IMXajabHOTO MOBITPS; 6 - BUIMpOOyBajdbHA Kamepa; 7 - TpemOaH; 8 -
po3nwmoBad; 9 - BentmwisTop; 10 - Hacoc; 11 - dortomerp; 12 - kmaman
nepemMukanss; 13 - qomatkoBa nogada nmoBitps; 14 - GinbTp; 15 - yncte moBITPS;
16 - manomeTtp; 17 - cuctema oAty a3 BANXY-BUIUXY

['enepaTop TecT-aepo30t0 3abe3meuyBaB PO3MOIiT aepO30JIbHUX YAaCTHUHOK
y Mexax Bim 0,02 mo 2 MM i3 cepeaHbomacoBuM giamerpom 0,6 MKM.

PiBHOMIpHICTh HOr0 pO3MOALTY Yy BUIOPOOYBalbHIA Kamepi 3a0e3nevyBajach

CUCTEMaMHU BEHTWIAIIT Ta mojayi TecT-aepo3oiito. [Ipu 1boMy KOHIIEHTpaIlis B
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30H1 JMXaHHS BUMpoOyBaya IIiJi 4ac JOCHTIIKEHb IMOCTIMHO KOHTPOJIOBANAch 1
cknagana 8+4 wmr/m3. Jnd BUMIpY KOHIEHTpalii IiJi MAackol pecmipaTopa
BUKOPHCTOBYBABCS CIEIlaTbHUIM MPOOOBIAOIPHUK, IKUN 3aCMOKTYBAaB MOBITPSI MIXK
HocoM 1 rybGamu. [IpoOGu aepo3osibHOI cymimmi y kKamepli Ta Yy IiJIMAaCKOBOMY
MIPOCTOPI pectipaTopa BimOupamm ogHodacHo. [Ipu nboMy 3a0ipHUK TPo0 y KaMepi

Ta y MiJMacKOBOMY MPOCTOPI 3HAXOAMBCS Ha OJTHOMY piBHI (puc. 5.9).

(110 dpoTomerpa

Pucynok 5.9 — Cxema npo6oBiA0ipHOTO 30HTY

IBUAKICTH BIACMOKTYBaHHS MOBITPS 1 B MEPIIOMY 1 B JIPYrOMYy BHITaJIKaX
ckimagana 3 amY/xB. Ilpu npoBeneHHi BMNpoOyBaHb JOCTITHMN  3pasok
ocHamryBaBcs (inbrpamu Mapku FRPA P2 «particle filtewr, apyroro kiacy
3aXUCTy, fAKI BIANOBiAaNM BuUMoram cra"mapty [13], ToO6To ix KoedilieHT
IMPOHUKHEHHS TECT-aepO30JII0 CKIIaJaB He Oinbiie 6 %.

B pe3ynbrari eKCiepuMEHTAILHOTO JOCIHIIKEHHSI BU3HAYaBCs 3arajlbHUN
KOe(DILIEHT 3aXUCTy peclipaTopa 3 TPUMYCOBOIO MOAAUECIO MOBITPS 32 HOPMYJIIOH0

[14]:

100
PF =—
K, (5.4)
ne Kp — xoedilieHT NPOHMKHEHHS TECT-aepo30Ji0, SKHHM BiIOOpakae

MPOHUKHEHHSI a€pO30JII0 uepe3 PUIbTP 1 YUIUIbHIOBAIIbHY CMYTY MK OOJMYYSIM 1

MIBMAaCKOIO.
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Y BumpoOyBaHHI NpUMMaIM y4acTh IIICTh JOOPOBOJIBINB (0OMWYYS -
€BPOTICOITHOT pacH): JIBl )KIHKM Ta YOTHPH YOJIOBIKA, BIKOM Bija 23 10 44 pokiB y
BIAMOBIIHOCTI 10 TMapaMEeTpUYHUX pO3MipiB oOmuuusi (tabm. 5.6), saxkux
MOTEePETHBO NPOIHCTPYKTYBAIM  WIOJIO PaBUIBLHOTO BUKOPHUCTAHHS
¢binsTpyBanbHoro 3130/] Ta mpoBenu BiANMOBIAHY MEPEBIPKY MPABHIIBHOCTI HOTO
OPUWISITAaHHS 10 00auyYsl. SIKIo B mporeci BUMIpoOyBaHHs BUHUKATA HEOOXITHICTh
BIIPETYJIFOBAaTH KPITJICHHS IMIBMAacKd, TO BIgOyBajgach 3YyNHHKA (iKCyBaHHS
BEJIMUMHU MIIMACKOBOI KOHIIGHTpAIIil TECT-aep0o30JIt0, AKa MOHOBIIOBAJIACh MIiCIA
BIJIHOBJICHHS BUX1JTHUX [TApaMETPIB CUCTEMHU.

BunpoOyBaui mig yac JOCHIDKEHHS BHUKOHYBAJd IIOCHIJIOBHO BIIpaBU
nepenbayeHl craHpapToMm [15]: 3BuuaiiHe [uXaHHS; TIIMOOKE IUXAHHS; PYyXHU
rOJOBU 31 CTOPOHM B CTOPOHY; PyXHM TOJIOBHM BBEPX 1 BHHU3; pO3MOBa BIOJIOC;
x0/1p0a Ha OIroBid AOPIXKII 31 MBUIAKICTIO 6 kM/ToA. Kpim Toro, 1o1aTkoBo st
MOJICJIFOBAaHHSI BUPOOHHMYMX OIEepalniid BIATBOPIOBAIOCH MPUCIIAHHSA, HAXWIA Ta
MOBOPOTH TyJly0a, iMITyBasiach poOoTa 3 po30HMpaHHs 3aBalliB (OCKUIbKK JaHUMN
IPUCTPIA MOKE 3aCTOCOBYBATUCH IIPH JIKBIAALl aBapiiiHUX CUTYyalllil Ta HaAaHHS
nornomoru norepniinM). KokHa BripaBa BUKOHYBaJIaCh MPOTITOM 2 XB. Y KOXKHOIO
BUNPOOyBaua poOWIM OApa3y TpH 3aMipy 3a KOXKHOK BIpaBor. Pesynbrar
OCEpEIHIOBABCS 1 3aHOCUBCA y crieniaibHy Tabn. 5.6 y mporpamy «AAS-2009», B
AKIH Tepen0ayeHo BU3HAYEHHS CTATUCTUYHUX JAHWUX Y BIAMOBITHOCTI O BUMOT

cranmapry [16].

Tabnuys 5.6
Po3mipu 00/1M4Yb YYACHUKIB €KCIIEPUMEHTY
Bicora [upuna o0au4us, MM
06T MM 129-139 140-145 146-155
(1 30Ha) (2 30Ha) (3 30Ha)
136-126 1 BunpoOyBau 1 BunpoOyBau -
125-116 1 BunpoOyBau 1 BunpoOyBau 1 BunpoOyBau
115-105 - 1 BunpoOyBau

[lepenq movyaTKOM MOCHIDKEHHS BHUMpPOOyBadi MPOXOAWIM HABYaHHS 3

HIATOTOBKH MPUCTPOI0 A0 PoOOTH Ta podOTa B aBTOMATHUYHOMY («HOpMay) 1
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«Typ6o» pexxumax. Ilepen BUnpoOyBaHHIM YyCi1 aKyMyJISITOPHI OaTapei 3apsiiKain
no 100% mTaTHOI €MHOCTI, KOHTPOJIIOIOYM HAIpyry Ta BHYTPIIIHIA omip Ha
KOXXHOMY €JIeMEHT1 Oarapei okpemo. Hamani akymynsTopHy OaTapero MmiaKII09ain
710 0JI0Ka OYUIICHHS 31 3HAYEHHSAM BEJIMYMHU CTAJIOro ctpymy pospsany 1,7 A. Iin
yac BUIPOOYBaHb IHJIMKAIIIO PIBHIB HANpPyru 3A1ACHIOBANM 3a 1HIUKATOPaMU
BCTAHOBJICHUMU Ha 1HQOpMaIIiiiHii maHemi.

Hactynmaum mokasHMKOM, SIKMM TIAJIsraB TepeBipil  Oyja BUTpaTa
OYHIIIEHOTO TOBITPS, IO MOJAETHCS 10 MIAMACKOBOTO POCTOPY (PUIBTPYBaIHLHOTO
3130/1 3 mpuMycoBol Tojgadero MOBITps. JlJg 1mpOoro Ha MaHEKEH TOJIOBU
oJAranach 3axucHa Macka. [IoBITpstHMI TOTIK, SIKMI TOJaBaBCs y M1IMAaCKOBHMA
MPOCTIp 4epe3 TpyOKy, L0 BCTaBJICHA B MAaHEKEH1, MOTPAIUISIB 10 BUTPATOMIPY
PM-0,4-1,6, sskuM BHU3HAYaJIaCh MOro KUIBKICTh, MPH I[bOMY 3a JOIIOMOTOIO
eJIEKTPOHHOTO MikpoMaHoMeTpa («Testo 512») KOHTpOIOBaBCs PIBEHb Mepenany

TUcKy (puc. 5.10).

3 4 5 6

L

1 2 / 6

Pucynox 5.10 - BumpoOyBambHa ycTaHOBKa JUisi BHU3HAYCHHS BUTPATH
MOBITPSHOTO MOTOKY: | - BIIyCKHUI KaHAI; 2 - MIKpOMaHOMETp; 3 - BUTpaTomip; 4
- PeryysiTop; 5 - BCMOKTYHOUMA TPHUCTPIN; 6 - BUXIAHUN OTBIp; 7 - PETyISATOP
MOTY>KHOCTI1
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HectabunpHICTh MiATPUMAHHS 3aJaHOTO PIBHS BUTpPATH TMOBITPS, sKa

pO3paxoByBajiach Ha OCHOBI €KCIIEPUMEHTAILHUX JaHUX 32 (POPMYJIOIO:

5, :(QmaxQéQmm).loo,% (5.5)

1€ Qmax, Qmin, Q; — MakcuMalbHe, MiHIMaIbHE 1 cepeiHe apu(MeTHUHE 3HAUCHHS

3 YHCJIa eKCIEePUMEHTAJIbHO BHU3HAYEHMX NaHMX; Op — HECTaOlIbHICTh BUTpATH
MOBITPS 3a Yac O6e3MepepBHOI pOOOTH MPUCTPOIO.

PesynpTatn mpoBeneHUWX EKCHEPUMEHTATbHHUX JOCTIIKEHb OCEPETHEHHX
KOe(DIIIEHTIB 3aXUCTy BUNPOOYyBaIbHUX 3pa3kiB GuibTpyBasnibHOro 3130/ 3
IPUMYCOBOIO TIOJJa4€l0 TIOBITPS 3a TeCT-aepo30jeM XJOpUAY HaTpilo Ha
TO0OpOBOJIBIISIX HaBeleHI B Tabn. 5.7. BumpoOyBaHHS TPOBOIWINCH Ha JBOX
pexumax «Hopma» 1 «Typ0o», OCHOBHOIO BIIMIHHICTIO, SKUX € BUTpaTa MOBITPA,
10 MOJIA€THCS 0 MIIMACKOBOTO MPOCTOPY (PLIBTPYBATBHOTO MPUCTPOIO.

Tabnuys 5.7
Busnavenns koediuieHTy 3axucty QpinbTpyBaiasHoro 3130/ 3 npumycoBoro
nojayvero nopirpsa Ha pe:xxkumax «Hopmay i «Typ60o» Ha 100poOBOIbLAX

BunpoGysau PeﬁfHMml; ii?;ﬂ BI/ITpaTa3n0BiTp;1 Omip ¢inbTpis, Koedirient
X JIM°/XB. MOap 3aXUCTY
MOBITPSI
1 «Hopma» 102 3,3 99,95
«TypOoy» 143 5,6 99,97
5 «Hopma» 108 3,5 99,98
«Typboy» 146 5,7 99,93
3 «Hopwmay 101 3,4 99,95
«Typ6o» 155 6,1 99,96
4 «Hopwmay 107 3,4 99,99
«Typ6o» 145 5,7 99,97
5 «Hopmay 97 3,1 99,93
«Typ6o» 143 5,4 99,95
5 «Hopmay 109 3,8 99,97
«Typboy» 146 5,6 99,96

Hactynnum ertanom Oynia mepeBipka MakCUMaiIbHOI BUTPATU MOBITPS, SIKY
MOK€ PO3BUTH (DUIBTPYBaIBHUIN peCHipaTop 3 MPUMYCOBOIO MOIaUEI0 MOBITPS 31
CHIOPSA/KEHUMHU TPOTUTA30BUMHU (PIIIBTPAMH 3 OTIOPOM TMOBITPSHOMY IMOTOKY TIPH

sutpari 95 nm®/xs 3,1 mbap, mo Bigmosimae Bumoram craHaapty [16]. 3mina
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orniopy (piabTPiB IpH 301IBIIEHI BUTPATH MOBITPS HaBeaeHa B Tabi. 5.8. OTpumani

pe3yJIbTaTH MPU PI3HUX PeKUMaxX PoOOTH I YMCTOro (GiIbTpa HABEICHI Ha pUC.

5.11 Ta mMakcMMaIbHO BiAMpanboBaHOTO (BimmparboBaHoro AP > 15 mbap) — Ha

puc. 5.12. Jlane mocmipKEHHS BiMOBITHO O BUMOT cTaHAapTy [15] mpoBoauThcs

OJIHy TOJWHY, 100 MPOJEMOHCTPYBATH 3a0e3MedYeHHs CTa0lIbHOCTI PE3yIbTaTiB.

3rigHo 3 BuMoramu [16], 06'eM MoOBITpsI, 110 HAAXOAUTh A0 MACKH BiJ MIPUCTPOIO

OYMIIEHHS TOBITPS 33 OJMHHMINIO Yacy, MOBMHEH OyTH He MeHie Hix 120 aM3/xs.

Sk BumHO 3 HaBeneHMX Ha puc. 5.11 Ta 5.12 rpadikiB, BUTpaTa MOBITPs uyepes

uycTi GineTpu ms pesxumin pobotu «Hopmax i «Typ6o» carae 165 i 215 nm3/xs

BiJNOBiMHO, a yepes 3a6pyaneni - 1311 185 am%/xB.

Tabnuys 5.8

Pe3ysbTaT BUMIPIOBAHHSA ONIOPY NMOBITPSTHOMY NMOTOKY (PUILTPIB pecnipaTopa 3
NMPUMYCOBOK MOIa4€10 MOBITPS

Burpara, vxe. MaxkcumMansHa BEITMHHA OTIOPY MPU PI3HHX 3HAYCHHS Bixurenns, %
BUTpATi MOBITPs, MOAp
95 3,1 6,0
120 4,3 2,3
160 6,1 1,6
197 8,1 3,7
. 230
o 2
o o —
2 210
g
‘& 190
2
e 170
g 1/""‘—_‘\4»;/ W =,
“ 150
0 10 20 30 40 50 60
Yac, xB.

Pucynox 5.11 — BuznaueHHs MakCUMaJIbHOI BEJIMYUH BUTPATH MOBITPS MIPU
yuctux pinprpax Ha pexumax «Hopmay (1) 1 «Typ6o» (2) pinbrpyBamsHOTO

3130/] 3 mpuMyCOBOIO MOJAYECIO TTOBITPS
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Yac, xB.
Pucynok 5.12 — BuzHaueHHsI MaKCUMaJIbHOT BEJTMYMHU BUTPATH MOBITPS TIPU

MaKCHUMaJIbHO 3a0pynHeHux ¢iunpTpax ¢pinsrpysBansHoro 3130/] 3 mpumycoBoro
nojiauero nositps 3 onopom AP > 15 mGap Ha pexumax «Hopma» (1) 1 «Typoo»

(2)

ExcniepumenTalibHe BU3HAYEHHSI HAJIMIIKOBOTO (TIO3UTUBHOIO) THUCKY, IO
CTBOPIOETHCS OJIOKOM oumlIlieHHs y pexumax «Hopmay ta « TypOo» y miamosoMHoMy
npoctopi ¢puibTpyBabHOro 31301 3 mpuMycoBOIO MOJaYeI0 MOBITPSI HABEICHI Y
Tabm. 5.9

Tabauys 5.9
Pe3yibTaTii BUMipHOBaHHSI HAVTHIIKOBOT0 TUCKY Y MI/IMOCKOBHOMY NPOCTOPI
¢iasTpyBasbnoro 3130/1 3 npuMycoBoI0 Moa4€r0 NOBITPS MPH YUCTUX

diabTpax
[Tepesipeni HaanumikoBuil THCK, MOap y pexxuMax
3pa3ku «Hopmay «Typbo»
1 15 2,2
2 1,7 2,5
3 1,7 2,1
4 1,6 2,2
5 15 2,4
6 1,7 2,5

[leBHOIO mepeBarord  JaHOTO  JOCHIIPKEHHS  HajJ  JabopaTOpHUMU
BUMPOOYBAHHIMH, SKI pPErJaMEHTOBaHI BIAMOBIMHUM cTaHmaptom [16] €
MO>KJIMBICTh BUMIPIOBAHHS 3aXMCHOI €(EKTUBHOCTI HE TUIBKM Ha MIHIMAJIBHUX
TEXHIYHUX TMOKa3HUKAX OYMIIyBaua TMOBITPS, a TaKOX 1 HA MaKCUMaJbHUX, SIKI
XapaKTEePHU3yIOThCS 30UIBIIEHOI0 BUTpaTol0 MOBITps. llepenbavanocs, mo mpu

30UIbIIEHH] BUTPATH MOBITPS MOKA3HUKH 3aXHUCHOI €(PEKTUBHOCTI MOKPAIISATHCS
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4yepe3 MIJBUILNCHHS MO3UTUBHOTO THCKY Y MIIMAacKOBOMY MPOCTOPi, IO 1 OYyJIOo
JIOBEJICHO Tij yac BUmpoOyBaHb (Tady. 5.9). OmHak mpu bOMY BCE X TaKH
MOJKJIMBE 301IbIIEHHST Koedilll€eHTa TPOHUKHEHHS TECT-aepo30I0 uepe3 GiipTpu,
110 3yMOBJICHO 3POCTAHHSM HIBUIKOCTI (PUIBTPYBaHHA, a OTXKE 1 MEHIIUM 4acoM
nepeOyBaHHS aepO30JIbHUX YAaCTHHOK BCepeieHi (iIbTpiB, MO MOTIpIIye edeKT
YJIOBJIFOBAHHS YaCTUHOK [17].

Opnep>xaHuil OCepeTHEHUN pe3yNbTaT KoePIllieHTa 3aXUCTy BUMPOOYBaHUX
3pa3kiB KojduBaBcsS B Mexax Big 99,93 mo 99,97. lle miaTBepmkye, mo y
[iMacKOBOMY IPOCTOpPl CTBOPIOBABCSI JOCTaTHIN MMO3UTUBHUN THUCK, SIKUH
YHEMOXJIMBIIIOE MMIJCMOKTYBAaHHS a€pO30JbHUX YaCTUHOK Yepe3 HEILIUIbHOCTI 3a
cMyroro oOTwopamii. HasBHu niama3oH po3KHAy pe3yJbTaTiB MOSCHIOETHCS
HEOJHOPIAHICTIO KOe(IIlieHTa MPOHUKHEHHS (UIBTPYBAIBLHUX EJIEMEHTIB, fKI
BUKOPHUCTOBYBAJINCH ISl BUIPOOYBaHb, ajié BiH 3HAXOAUTHCS B JOMYCTHMHX
Mexax. OpepkaHuid pe3ysbTaT MIATBEPIXKYE 1 TOW (PaKT, IO BEHTUISATOP
3a0e3neuye piBHOMIPHY BUTPATY MOBITPSI IPOTIATOM BCTAHOBJICHOTO TEPMIHY.

B xoai qocnikeHHsT TaKOokK BUSIBIICHO, 110 Mij 4ac pexxumy « Typ6o» 00’ em
MOBITPS Y TMMAcCKOBOMY MPOCTOP1 OyB OLIbIN CTAOUIBHIIINM, MO MOSCHIOETHCS
M0JIaYeI0 MAaKCUMAaJIbHOI HAMPYTH KUBJICHHS, sIKA 3MEHIIY€E pearyBaHHS CHCTEMU
Ha CHUTHAJM 3BOPOTHOTO 3B’SI3Ky 3 TaxoJaTuWKa I PEryTioBaHHS YacTOTH
oOepTaHHsl KPWJIbYaTKU BEHTWJISATOpa. BigmiTUMO, MO0 MpU BUHUKHEHHI JaHOI
CHUTYallll cCUCTeMa CIOBIIIA€ KOPUCTyBaya BINOBIJHUM CBITI03BYKOBHM CHUTHAJIOM
«3amiauTtu GineTpy» [18, 19].

JlomaTKoOBO ~ BCTAHOBJIEHO, 00  CKCIEPUMEHTAJIbHO  BHU3HAYCHUU
HAJJTMIITKOBUM THUCK B IMIJAMAcKOBOMY IPOCTOpI HE mepeBuirye 2,5 MOap, 1o
I[IJTKOM BIAMOBIIa€ BUMOTaMm 1. 6.5 cTaHAApTy 3T1HO /10 SKOTO BiH HE MOBUHEH
Oytm Outbmn HiK S5 MOap. CraOUIbHICTP TEXHIYHUX [OKAa3HUKIB MPUCTPOIO
OUMIIEHHS TOBITPS MIATPUMYEThCS B 3aJaHOMY Jlama3oHl TpH  3apsii
akymyJasiTopHoi Oatapei mapku «Dinogy Li-Pol 11000mAh 14.8V 4S 25C wne

Hkue 12 B qiist 3a6e3nedeHHs: BEIMUUHUA CTpyMy He HuKue 1,6 A.
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BUCHOBKHU 3A PO3/I1JIOM 5

1. BcranoBneHO, 1O 00’€M TMOBITPSHOTO TMOTOKY, SKHA MOTpAIUIIE Y
MIIMACKOBUM TIPOCTIp JI0 OPraHiB JIMXaHHsS KOPUCTyBaua JIHIMHO 3aJIeKHUTh Bij
4acTOTH OOepTaHHS KpPUJIIbYATKH BEHTWISATOPA, OJHAK NPU JOCATHEHHI OIOpPY
MOBITPSHOMY TMOTOKY uepe3 GinpTpu Oinbiie 7-7,5 mbap 3anmexHicts crae
HEJIHIMHO¥O, 1110 OB’ SI3aH0 31 3MIHOIO XapakTepy (Hi3WYHOTO HaBaHTAKEHHS.

2. YV pe3ynbTari NpOBEACHHUX IMITAlIHHUX JTa0OpAaTOPHUX BUIPOOYBaHb 3
BU3HAYCHHS  3aXHUCHOI  €(PEKTUBHOCTI  (PUIBTPYBAJBHUX  pECHIpaTopiB 3
IPUMYCOBOIO TI0JJa4€I0 MOBITPS Ha BUIIPOOYBayax BCTAHOBJIEHO, 110 OCEPEIHEHUIN
pe3yibTar KoedillleHTa 3aXUCTy BUIPOOYBAHMX 3pa3KiB KOJUBABCA B MEXKaX BiJl
99,93 o 99,97, 110 BiJMOBITa€ BUMOTaM CTaHIAPTY.

3. BusHaueHo, 1110 BUTpaTa MOBITPS MIATPUMYETHCS I YACTUX (DUIBTPIB HA
piBHi 165 1 215 am%/xB 1na pexumis podotu «Hopma» i «TypOo» BiamosigHo, Ta
s 3a0pyaHenux — 131 1 185 aM>/xB. BeTaHOBNIEHO, 1O HAUTMIIKOBHI THCK B
M1 IMAaCKOBOMY IIPOCTOPI1 HE MepeBUILyeE 2,5 MOap, IO HIJIKOM BIJINOBIJIa€ BUMOTamM
JCTY EN 12941:2004.

4. BuzHaueHO, M0 CTaOUIbHICTh TEXHIYHUX TIOKA3HUKIB MPHUCTPOIO
OUMUIEHHS TOBITPS MIATPUMYEThCS B 3aJaHOMY Jlama3oHl TpH  3apsiil
akymysstopHoi Oarapei mapku «Dinogy Li-Pol 11000mAh 14.8V 4S 25C we
Hkue 12 B aiist 3a0e3nedeHHst BEIMUMHUA CTpyMy He HuKue 1,6 A.

5. JlocmipKeHO BIUIMB KOHCTPYKTHBHUX MapaMeTpiB (PuUIbTPyr0d0i KOPOOKH
Ha OMNIp JUXAHHIO 1 Yac 3axUCHOI Jii MPOTHra3oBuX QUIBTPIB HACHYCHHUX
rpaHyJIbOBaHUM aKTHBOBAHUM BYTLIIJISIM.

6. [TokazaHo, 110 MpU MOCTIHHINA Maci cOpOEHTY 301IbIIeHHS TUIONT (PiTbTpa
ICTOTHO 3HI)KY€ OMNIp JAUXaHHIO, MPOTE 3MEHILICHHS TOBIIMHU COPOEHTY,
NPU3BOJUTH 1O 3HWKEHHS dYacy 3axucHoi nii ¢iabTpa. 30UIbIICHHS IUIONI
GbinpTpa, TpU OJHAKOBUX PO3Mipax BUXIITHOTO OTBOPY (DUIBTPYBaIbHOI KOPOOKH 3
KJIAlIaHOM BUAUXY MPU3BOAUTH JIO0 HEPIBHOMIPHOTO PO3MOJLITY IIBUIKOCTI

binpTparmii 1 BiAMpamoBaHHA AUIIHOK (umbTpa. HaliOinbine HaBaHTaXEHHS 10
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copOrii MIKIMBUX Ta3iB BIAYYBa€ JUISHKA HABOPOTH BUXITHOTO OTBOpy. Uum
OinpIie aiamerp (UIbTpa MOXKHA MOPIBHATH 3 JIIaMETPOM BUXITHOTO OTBOPY, THM
Oinple yac 3axucHOi Nii Mpu ONMHIA 1 TIA e TOBIIMHI COpOEHTY. 3a yMOBH
PIBHOMIPHOT IIBUAKOCTI (iabTpallli BU3HAYUTH Yac 3axUCHOI il (uibTpa 3
rpaHyJaMd aKTUBOBAHOTO BYTL/UISI MOXHAa 3a OTPUMAaHUM piBHSIHHAIM (3), 110
JI03BOJISIE IPOEKTYBATH PECHIPATOPH, IO BIAMOBIAAIOTH KOHKPETHUM BHMOTaM.

OCHOBHI pe3yJIbTaTH JOCHIKSHHS onyOikoBani y [11, 12, 19]
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3AT'AJIBHI BUCHOBKHA

Y nuceprariiiniii poOOTi, 110 € 3aBEPIICHUM HAYKOBHM JIOCIIIKCHHSM,
PO3TISTHYTO BHKOHAHHSA aKTYyaJbHOTO HayKOBO-TIPUKJIAJHOTO 3aBIaHHSI, SKe
noJjisirae B 3a0€3MeUeHH] 3aXUCTY OpraHiB JUXaHHS KOPUCTYBAYiB ITiJl Yac iXHbOI
eBakyallli 13 HeOe3MeYHMX 30H, 10 BHHHKAIOTh 3 HACTAHHSIM HaJI3BHYANHHUX
CUTYyaIlii, IOB’SI3aHUX Y MEPIIy Yepry 3 BUKHIOM 3HAYHOI KITBKOCTI TIOKCHUIY
cipkd. OCHOBHMM MUISIXOM BHUPIIIEHHS 1OTO 3aBllaHHA OYyJI0O CTBOPEHHS HOBOI
KOHCTPYKILIi MOTOpoBaHOro ¢iabTpyBaibHOro 3130/] Ha OCHOBI OOIPYHTOBAHOIO
BUOOpPY HOro CKJIaJ0BUX YACTHH, 30KpeMa. THIy MacKH, siKa 3/1aTHa 3 MOTP1OHOIO
HIUTHHICTIO TPWIATATH J0 OOJUYYsS KOPUCTyBada Ta Mae Oe3nedHi ¥ KoMQpopTHI
XapaKTEPUCTUKU; BEHTWIATOPA, AKUM CHOpHSIE y MOAAadl HEOOXITHOI KIJIBKOCTI
MOBITPS B TIJMAaCKOBHIM TMpPOCTIp 3 YypaxyBaHHSIM oOmNopy (uUIBTpiB, a TaKOX
aKyMyJISITOpa, €MHICTh SIKOTO MOJKE MIATPUMYBaTH pPOOOTO3AATHICTH CHUCTEMU
IPOTArOM 33JaHOr0 TepMiHy eKcruryartauli. Ha BigMiHy Bia BIIOMUX KOHCTPYKLIN
y HOBIH 3aJ1HO CIEliaJbHUN OJIOK KOHTPOJIIO MapaMeTpiB MOBITPSHOTO MOTOKY,
BMOHTOBaHUN MK OJIOKOM KepyBaHHSI Ta OJIOKOM >KHUBJICHHS 4epe3 cTadlii3aTop
Harpyru. [lpu npoMy HOBHiA mpucTpii oOnagHaHO  OararoyHKIIIOHAIBEHOIO
CUCTEMOIO JIaTYMKIB, BCTAHOBJIEHUX y HOT0 KOPIYCi, SKi POOJSATH MOMXKIMBUM
PEryJIIOBaHHS OCHOBHUX MapaMeTpiB IMOBITPSHOIO MOTOKY B IMMIJIMacCKOBOMY
npocrtopi 3I30/1.

3anpoBaKEHHS ONMMCAHUX 3aXO/1B Ma€ TaKl pe3yiabTaTH:

1. Byno BH3HAaY€HO OCHOBHI HEAOJIKHM MOTOPOBAHMX (UIBTPYBAIBHHUX
3ac001B 1H/IMBIyaJIbHOTO 3aXUCTYy OPTaHiB IMXaHHS, a caMe: HU3bKa €(h)eKTUBHICTh
BEHTWJISITOpA 4Yepe3 3HAYHHWKA OMip TMOTOKY TIOBITPS, SKHA BHUHUKAE Y
MOBITPOIIPOBOJII  Yepe3 HE3HA4HI PO3MIPH TMOBITPSHUX KaHATIB; Hee(heKTHBHA
poboTa cucTeMU KepyBaHHS MPHUCTPOEM, KOJIM B YMOBAaX Pi3KOTO IiBUIICHHS
Butpatu noBiTps (moHan 300 n/xB.), MOB’A3aHOI 3 BUKOHAHHSM Ba)XKOi poOOTH,

BEHTUJIITOP BMHKAETHCS 13 3aII3HEHHSIM; HU3bKAa BCMOKTYBaJIbHA CITPOMOXHICTh
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BIJILIGHTPOBAHOT'O BEHTHJIATOPA, YEPE3 10 MOr0 HEMOXKIMBO BUKOPHCTOBYBATH B
pazi 3a0pyaHeHHs atMocdepH KUIbKOMa PI3HUMU HIKIVIMBUMU PEYOBHHAMH.

2. [TigTBepKEHO, 1O AOCATHEHHS 3aJlaHuX MOKAa3HUKIB KoedilieHTa
3axucty inprpyBanbHux 3I130]] (pecmipatopiB) 3abe3reuyeTbcsl 3a paxyHOK
JIOTIOBHEHHSI aJTOPUTMYy TIPOEKTyBaHHS JBOMa KpOKAaMH, SIKI JIO3BOJIAIOTH
IPOBOJAUTHA KOHTPOJIb 3aXMCHUX BIACTHBOCTEH MAaKeTiB MPHUCTPOIO HA eTami iX
pO3pOOKM 1 KOPUTYBAaTH 3axHCHI XapaKTEPUCTUKH B pa3l iX BIAXWICHHS BIJ
MOKAa3HUKIB, 3alJIAHOBAaHUX TEXHIYHUM 3aBJaHHIM.

3. BcranoBneno, 1m0 3HadYeHHs ~ KoeilieHTa  130JAI1i  MacKu
HIABUIIYETHCS 32 PaxXyHOK 30UIbIIEHHS MNPUTHUCKHUX 3YCWIb OOTIOpaTtopa Jo
o0NMMYYs KOpPUCTyBada, LIO0 JOCSTAETbCS HE TUIBKH ILIJISXOM PIBHOMIPHOTO
pO3MOAUTY TPUTUCKHUX 3yCWJIb 1 TMIJIBUIIEHHS €JaCTUYHOCTI Marepiaiy
o0TIOpaTopa, a i 00NallITYyBaHHSIM Ha HbOMY CHEL1adbHOI PO3JLIILHOI CMYTH, SKa
Ma€ ypaxoByBaTH 0COOJIMBOCTI aHTPOIIOMETPUYHOI Oy1I0BUA 00JIMYYS.

4, JloBeneHo, 1O Yy BIANOBIIHOMY MPOTPAaMHOMY  CEpPEIOBHIII
HalOUIBIIMKM BIUIMB HA KUIBKICTh YJIOBIIIOBAHHS HEOE3MEYHUX aepO30JiB UUHATH
Taki (akTopu: IIBUAKICTh (UIBTPYBAaHHS, HEPIBHOMIPHICTh 3aBAHTAKCHHS
azgcopOepa Ha TUIOMMHI (UIBTpa Yepe3 PI3HUIIO PO3MIPIB BXIAHOTO Ta BUXITHOTO
OTBOpIB. BrmuB nux ¢akTopiB 3apOIIOHOBAHO 3MEHIIMTH 3aBJISKH 3aCTOCYBAHHIO
PENNTOK PI3HUX KOHCTPYKIIH, PO3MIIIEHUX Bipa3y MICJisl BXIJHOTO OTBOPY
¢inpTpa.

5. Po3pobneno IMITOPTO3aMiHHI1 IMITpETHOBaHI1 BOJIOKHHCTI
XEMOCOPOCHTH KHCIMX Ta3iB, SKi 3a0e3Me4YyioTh HOPMAaTHUBHI BHUMOTH O
BUKOPUCTAaHHA TMpoTurazoBux ¢uibTpiB kiacy El  (miokcupa cipku). Llei
XEMOCOPOEHT Mae (YHKII0O TAacCHMBHOTO  ‘‘CIIpallbOBYyBaHHSA  JMHAMIYHOI
NOTJIMHATIBHOI €MHOCTI, fIKa Bi3yaJIbHO BU3HAYAETHCA 32 3MIHOKO 3a0apBJICHHS
MPOTUra30BUX EJIEMEHTIB Mijf Yac “NMpPOCKOKY” aBapiiiHO XIMIYHO HEOE3MEHYHHX
PEYOBHUH IHTAJISAINHOT ii.

6. CrpoekToBaHO HOBY KOHCTpyKUIO (uibTpyBainsHoro 3130/ 3

OPUMYCOBOIO TIOJauel0 TOBITPS, B SKy BBEACHMI HOBUN e€JIEMEHT — OJIOK
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KOHTPOJIIO MapaMeTpiB MOBITPSHOTO MOTOKY (00’eMy, IIBHUIKOCTI, TEMIEpaTypH,
BOJIOTOCTI), SIKUW HAIXOIUTh y MiAMAcCKOBUU mpocTip ¢insTpyBasibHoro 3I30/1.
[leii KOMIIOHEHT Ja€ MOXKIMBICTb KOHTPOJIIOBAaTH HEOOXITHUN 00’€M MOBITPs
NUISIXOM KEpPyBaHHS KIJIBKICTIO O0OEpPTIB BEHTHJISATOpPA B 3aJlaHOMY Jiala3oHi 3
ypaxyBaHHSM 4YacTOTH Ta TIWOWMHU JWXaHHS KOPHUCTyBada B 3aJICKHOCTI BiJl
(b13MYHOrO0 HaBAHTAXCHHS.

7. OOrpyHTOBaHO MPONEAYPY BUOOPY CKIAJOBUX YACTUH pecHipaTopa,
30KpeMa THWIly MAacKH, siKa JOCTaTHhO IMIIRHO Tpwisirana O g0 o0mmaus
KopHcTyBaua Ta Oyna 0 Oe3neuHoro i KOM(POPTHOIO; BUAY BEHTUIISATOPA, 3JaTHOTO
Mo/IaBaTH HEOOXIAHY KUIBKICTh MOBITPsA B miamackoBuid nipoctip 3130/] 3 ormsimy
Ha MapaMmeTpu onopy GUIBTPIB Ta €MHICTh akyMyJjsiTopa. llepenidueHi ereMeHTH
OPUCTPOI0  MAlOTh MIATPUMYBAaTH CBOIMH  QYHKIISIMH  3aJaHUd  TEePMIH
pare3aTHOCTI CUCTEMH, 1110 BIJIIOBIJIa€ YETBEPTOMY KPOKY AJITOPUTMY PO3POOKU
3ac001B 1HJMBIAYaJIbHOTO 3aXUCTy OpPraHiB JUXAaHHS, a caM€ KOHTPOJIIO 3aXUCHUX
BJIACTUBOCTEH €JIEMEHTIB KOHCTPYKIII1 pecripaTopa Ha eTari po3poOKU MaKeTy.

8. 3a pesyiabTaTaMi MOJCIIOBAHHS W JTOCTIHPKEHHS PyXy MOBITPSl 4epes
OJIOK OYMIICHHSI pecripaTopa BCTAHOBJICHO, IO BEJIWYHWHA 00 €My MOBITPSHOIO
MOTOKY, SIKMI MOTpAIvis€ B MIAMACKOBHUI MPOCTIp, JIHIHHO 3a1€KUTh BiJl YaCTOTH
oOepTaHHsl KpWJIbYAaTKU BEHTWISATOPA, OJHAK SIKIIO OMIp MOBITPSHOMY MOTOKY
yepe3 (inbTpu mepeBuinye 7-7,5 mbap, TO 3aieXHICTh CTae HENIHIWHOIO, a 1€
CBOEI0 YEProl0 IMOB’SI3aHO 31 3MIHOKO XapakTepy (I3MYHOTO HaBaHTAXKEHHS
KOpPHUCTYBaua.

Q. BusnaueHo, 1mo BuWTpara TOBITPS MiJ Yac eKCIUTyaTalllii YHCTHX
¢ineTpiB y pexumax podoru «Hopma» i «Typ6o» cranosuts 165 i 215 nm3/xB.
BinnoBinHO, a 3a6pyaHenux — 131 1 185 qm3/xB. BcTaHoBIEHO, MI0 HAUIUMIIKOBHIA
TUCK Yy MiIMAaCKOBOMY MPOCTOPI MPUCTPOIO HE MepeBUILye 2,5 MOap, 110 MOBHICTIO
3as0BoJbHsEe BuMoraM JICTY EN 12941:2004.

10. Sk mokazanmm pe3ynbTaTH JOCIIIKEHb, 30UIbIICHHS TUIONI (PiIbTpa
IIPU OJJHAKOBHUX PO3Mipax BUXIJIHOTO OTBOPY (UIbTPYBaIbHOI KOPOOKH 1 KIlaraHa

BUJIUXY TPHU3BOAUTH O HEPIBHOMIPHOTO PO3MOJALTY IMIBUAKOCTI (inbTparii Ta
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BIIMPAaIlbOBYBaHHS OKpeMHX AULTHOK (iabTpa. Haitbinbie HaBaHTaXXEHHS IT1]T Yac
nporecy copOiii (MOTJMHAHHS) MIKIJJIMBUX Ta3iB 3a3HA€ JUIAHKA (QUIBTPY
HABMPOTH BUXIAHOTO OTBOpPy. YuMm Ouabmie miametp ¢iabTpa CYMICHHHN 3
J1aMeTPOM BHXIJIHOTO OTBOPY, TUM OUIbIIE Yac 3aXHUCHOI Jii IPH OJIHAKOBIM
TOBIIMHI IIapy COpOEHTY. 3a YMOBU PIBHOMIPHOI IIBUAKOCTI (DUIBTpalii MOKHA
BU3HAYUTH TPUBAIICTh 3aXUCHOI il QUIbTpa 3 TpaHyJaMH aKTUBOBAHOTO BYT1ILIA,
CKOPUCTABIIUCH OTPUMAHUM JUIS [IbOTO PiBHIHHSIM.
3 ornsay Ha BH3HAUEHI BHUIIE 3aJICKHOCTI CTa€ MOKJIMBUM IPOCKTYBATU

pecIipaTopH, sIKi BiJIMOBIIal0Th KOHKPETHUM BUMOT'aM €KCILTyaTartii.
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Honatoxk A
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nonitexuika», 49005, M. [minpo, npocn. [Imutpa SIBopmuubkoro, 19,
€JIPTIOY 02070743.

EKcTiepAMEHTAIBHEE 3pa30K MOTOPOBOTO (BibTPYBANLHOIO peciiparopa.

HTY «Jlninporceka mnomirexuixka», 49005, M. [uinpo, npocm. Jmutpe
Sleoprunskoro, 19, €APITIOY 02070743.

3asBKH Ha NPOBEJCHHA BHIPOOYBaHb, 3apeecTPOBAHOI Y BHIPOOYBWILHIMH
nabGopatopii 3a Ne B3-59/2020 Bin 31.08.2020 p. Jlorosopy mpo

crigpoditnureo  Mixk  HTY  «lluinposceka mnomitexnikan T1a TOB
«CTAHIJAPT KATIITAJI IHBECT».
AKT  nmepemavi  3paswis  migcyrwii. Ha  eunpoOysamus  magauo

eKCIIepMMEHTAIBHHIA 3pa30K ¥ KiNBKOCTI | mT. Ta 3MiHHI QiABTPH 10 HBOTO.
31.08.2020 p.

08.09.2020 p.

3rigHo 3aBIaHHA Ha NpoBeaeHHA BunpoOysaHs Bix kad. OIT ta LI HTY «IT».

Temneparypa nositpst - 20-21 “C.

Binnocna sonoricts — 68-74 %.

[TpucTpiii cxnanacTbes 3 MOTOPOBOTO HATHITAIBHOTO MPHCTPOIO, SKHIl 3'€AHYETHCH
MaCKOI0 Yepes LIUIaHT, MiCIb JUIs NpHEaHanns AsoxX diaeTpis (abo omnoro ¢inerpa a
JArIYIIKK) TA BUIIYCKHHX KJIamaHis.

Cexyunomip enextponnnii HS-43, yeranosxa 3 BusHayens KoedilieHTa MPOHHKAHHS
i 3aranbHOro KoediUi€HTY NPOHHKAHHS NPOTHAEPO30MBHOrO (BINLTPa, POTAMETpH
I'V3, mikpomanomerp enexrporinnii Testo 512.

JACTY EN 13274-1:2005 «3aco6u iHAMBIAYANbHOrO 34XHCTY Opradis IMXaHHA.
Meroau BunpoOysanus Yactuna 1. BusHadenHs xoedilieHTa NPOHMKAHHSA |
3arajlbHOro KoeQilieHTa NPOHHKAHHSD.

ACTY EN 13274-3:2005 «3acobu inauBiZyanbHOTO 3aXHCTY OPraHiB JMXaHHS.
MeToaun BunpoOyBanp yacTHHA 3. BU3HAUCHHS ONOPY AMXAHHION.

3pazku nepesipsanncs 0e3 OY/b-SKOro MonepesHLOro BIUTHBY.

3paskam Oynm npucsocni peectpauiiini Homepu: B3-59/2020 Nel ans motoposoro
¢ineTpyBaiBHOrO pecmipatopa Ta B3-59/2020 Nel-1 - B3-59/2020 Nel-12 s
$inpTpiB 10 HEOTO,

Pesynomamu cmocylomvea spazkie, y momy 6uzuadi, y akomy ix dyio ompumano.

cropidka | 32

2am

wannoi 1ab
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PesynbTaTh BanpobyBane
Pesynomamu 3 koeinienny nponukania i 3a2ansnozo Koedinicnma nponuKaHiA MOMOPOEo2o
pitempysaibno20 pecnipamopa

Homep : Xoninua Pyxu Pyxu . o
BHIpoGyeaya ):«zzlx::‘ MOBYKM, | FOIOBOIO ronosoi0 | [IpOMOBASHHA ):::;"::r iiﬂi l:“:;

Ta PEKUM raub aux. | niso/npaso | Bropy/BHu3

1 Hopma 0,05 0,02 0,03 0,04 0,06 0,08 0,05
1 Typbo 0,02 0,03 0,04 0,04 0,03 0,02 0,03
2 Hopma 0,01 0,02 0,02 0,045 0,01 0,02 0,02
2 Typbo 0,04 0,07 0,08 0,08 0,1 0,05 0,07
3 Hopma 0,03 0,05 0,05 0,07 0,04 0,06 0,05
3 Typbo 0,02 0,05 0,04 0,04 0,06 0,02 0,04
4 Hopma 0,005 0,01 0,005 0,005 0,008 0,005 0,01
4 Typbo 0,02 0,025 0,04 0,02 0,03 0,04 0,03
S Hopma 0,04 0,07 0,08 0,06 0,1 0,06 0,07
5 Typbo 0,01 0,06 0,03 0,07 0,08 0,08 0,06
6 Hopma 0,01 0,04 0,05 0,03 0,04 0,02 0,03
6 Typbo 0,02 0,05 0,02 0,03 0,06 0,04 0,04

Pesyavmamu unpo6yeans 3 eUIHAUEHHA SUMPANII NOGIMPA, O CINBOPIOENBCA NPUCIIPOEM
Ilo3navenns 3paska PesciM poGOTH Npuaazly | Bumipsne 3HAUEHHA BHTPATH OBITPSA, M’ /XB.

B3-59/2020 Nel-1 Hopwma 102
B3-59/2020 Nel-2 Typbo 143
B3-59/2020 Nel-3 Hopma 108
B3-59/2020 Nol-4 Typbo 146
B3-59/2020 Nel-5 Hopma 101
B3-59/2020 Nel-6 Typbo 155
B3-59/2020 Nal-7 Hopma 107
B3-59/2020 Nel-8 Typbo 145
B3-59/2020 Nol-9 Hopma 97
B3-59/2020 Nel-10 Typbo 143
B3-59/2020 Nal-11 Hopma 109
B3-59/2020 Nel-12 Typbo 146
Pesynomamu sunpodyeans 3 gusnavenna onopy (hitempy, o 6CMan06IEHo na npucmpoi
ITo3naueHHs 3paska PesxuM poGoTH npuiany BuMipsHe 3HaueHHS onopy (ineTpy, MOap.
B3-59/2020 Nol-1 Hopma e
B3-59/2020 Nel-2 TypSo 5,6
B3-59/2020 Nel-3 Hopma 3,5
B3-59/2020 Nel-4 Typbo 5,7
B3-59/2020 Nol-5 Hopma 34
B3-59/2020 Nel-6 Typbo 6,1
B3.590/2020 Nal-7 Hopma 3.4
B3-59/2020 Nel-8 Typbo 5,7
B3-59/2020 Nel1-9 Hopma 3,1
B3-59/2020 Nel-10 Typbo 5.4
B3-59/2020 Nol-11 Hopwma 3,8
B3-59/2020 Nol-12 Typbo 5,6
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09.09.2020 nporokon sunpobysans Ne 59/2020 (B3) moroposmii pecniparop
Mpusdirsa Pesyarare nnpodysans POIN0BCICIKYIOTECR AHLIC HA 3PIIKM, WO NPORALWAN BHIPOGY saHM
JATBP AR N, FATOPOMACTHCA HACTRORO 260 NOBHICTIO NEPEAPYKOBYBATH NPOTOKOA, 3 TAKOHK DY L= KM
BUNPOGY R NOT NaTopiropil
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