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METO[A OUIHIOBAHHA EOEKTUBHOCTI NiAPO3AINIB XIMIHHOI O,
BIONOrYHOro, PAQIALIMHOMO TA AAEPHOIO 3AXUCTY MIA YAC
AEPO30JIbHOMO MACKYBAHHSA BINCbK BIf, BE3MIJTOTHUX NITANIbHUX
ANAPATIB 3 ONTUKO-EJIEKTPOHHUMU CUCTEMAMU HABEEHHSA

3 02130y Ha 3HAUHT 3MIHU MONCIUBOCTEN 3ACODI8 YPAXCEHHSA NPOMUBHUKA e(PeKMUBHICIb CUIL | 3AC00i8 XIMIUHO20,
6ionoeiuno2o, padiayiinoco ma s0epHo20 3axucmy 6iucbk Habyeac axkmyanvHocmi. Cb0200HI HAAGHI Memoou
OYIHI0BANHS ePeKMUBHOCMIE CUT | 3aC0018 XIMIUHO020, 0i0102TUHO20, Padiayilino20 Ma IOEPHO20 3AXUCTY OEMOHCIMPYIOMb
00MedICeHHs Yy 8pAXYB8ANHI NOGHO20 NepeniKy (Dakmopie, fAKi 6NAUBAIOMb HA NOKA3HUKU epeKmUsHOCMi GUKOHAHHA
3a80aHb AEPO30ALHO20 MACKYBAHHA, WO BUMARAE iX YOOCKOHANEHHA.

Memoto cmammi ¢ 8uC8imaIeHHA Memoody OYIHIOBAHH edekmueHocmi niopo3dinie Ximiunozo, 6ion02iuH020,
padiayitinoco ma s10epHo20 3axXucmy nio 4ac aepo301bHO20 MACKYBAHHS IlICHK 8I0 OE3NIIOMHUX TIMATLHUX ANapamie 3
ONMUKO-ENIeKIMPOHHUMU CUCTNEMAMU HABEOEHHS.

Memoou docnioxncennn. Y pobomi GUKOPUCIIAHO AHATTMUYHI MEMOOU, MAMEMAMUYHOZ0 NPOSPAMYBAHHS MA
meopii timogipHocmi. Ananimuuni memoou Oanu 3mMo2y ubpamu HeoOXiOnul KilbKicHUull CKiad 3acobdie XimiuHoeo,
bionoziunozo, padiayitinoco ma s0epHO20 3AXUCMY GIUICLK 3 YPAXYBAHHAM MUy 00 €KMa 3aXucmy, YOOCKOHANEHHS
SKICHO20 CKAady 3acobigé XiMIuH020, DION02IuH020, padiayiliHo20 Ma s0epHO20 3aXUCMY 304 PAXYHOK GNPOBAONCEHHS
NepcneKmueHUx 3paskié aepo30bHO20 MACKY8AHHA. Memoodom yinouucenbHo2o MamemMamuiHo2o JAiHilIHO20
Npocpamy8aHHs po38’s3aHa ONMUMI3ayiliHa 3a0a4a BU3HAYEHHs CKIAAdy 3aco0i8 aepo301bH020 MACKY8AHHA, AKI
3a6e3neuams MACKYBAHHA BILICbK NPOMALOM MAKCUMATbHO20 Yacy. Memoou meopii tiMo8ipHOCHI 003804UNU KOMNIEKCHO
niditimu 00 BU3HAYEHHS Y3d2albHEeH020 NOKA3HUKA epeKmusHOCmi — CIMYneHs 3MeHUWleHHs KiNTbKOCHI YPaditCeHux
KpUMU4HUX eiemMenmis 06’ ekma ma tmMosipHOCmi 8UxX00y 6e3nilomuo2o Aimanwpio2o anapamy 00 06 ckma. Inmezpayis
yux memoodis 3abesneuuna RIOIPYHM 0as PO3POOIEHHS. MemOoQy, SIKUL OXONIIOE OYIHIOBAHHS eQOeKMUBHOCMI 6UKOHAHHS
3a60aHb XIMIUH020, DI0N02IUHO20, paAdiayiiHO20 Ma SI0ePHO20 3AXUCTITY, 30KPEMA aepOo301bHO20 MACKYB8AHHSL BIICDK.

Ompumani pesyrvmamu 00CAiONCEHHA. 34 PAXYHOK 3ACMOCY8AHHS V MemoOl Y3a2albHEeH020 HNOKAZHUKA
3MEHWEH S KITbKOCMI YPAXiCEHUX KDUMUYHUX eleMenmis 00 €Kma cmano MOJCIUBUM 3 OLIbUOI0 MOYHICINIO PO3pOOUmu
peKomeHOayii wooo 00TPYHMYBAHHS GUMO2 00 CKAAOY CU I 3ac00i6 XIMIYH020, 6i0N102iUH020, padiayiliino2o ma s10epHO20
3axucmy nio 4ac aepo3oibHO20 MACKYBAHHA BIICbK 6i0 Oe3NINOMHUX NIMATbHUX Anapamie 3 ONMUKo-eleKmpOoHHUMU
cucmemamu Haseoenns. Ha iominy 6i0 mux, aKi 3acmocos8y8anucs pauiuie, 3a3HaueHull NOKA3HUK 00380JA€ OYiHUMU
eghekm 30epedicennss  BiliCbK  (enemenmie 00 ’€kmig) i3 3ACMOCYBAHHAM 3AC00i8 AEPO30AbHO20 MACKYBAHMHS.
3anpononosano memoo, sAKuil po3pooIeHO WIAXOM iHmMe2payii anarimuyHux Memoois, MamemMamuiHo20 NPOSPaAMy8aHHs
ma memooie meopii UMOBIPHOCHII.

Enemenmu naykoeoi Hosusnu. Bnepuie 3anponono8ano nioxio 00 OYiHBAHHs e(heKMUSHOCMI GUKOHAHHS 3604Hb
aAepo30IbHO20 MACKYBAHHS BDAXYBAHHM KOepiyicHma npUKpumms 8IliCoK i 06 '€Kmig 3 ypaxyeaHHAM WeUOKoCmi i xapakmepy
CEPeOHbO2O GIMPY MA BEPMUKATLHOT CMIIKOCME NOGIMps1. Bukiadeno cnocio eusHaueHHs iMoSIPHOCI YPaXtCeHHs. OOUHOYHUX
006°exmig 3a 6i0cymHocmi abo HAABHOCMI AePO30bHO20 MACKYBAHHA 8 YMOBAX 3ACMOCYBAHHS NPOMUBHUKOM Oe3NiIOMHUX
JUMATLHUX ANapamise, 30Kkpema 3 ONMUKO-eI1eKMpPOHHUMU CUCIEeMAMU HABEOEHHS.

Teopemuune ma npakmuune 3navenna cmammi. Pezyiomamu 00CnioxicenHs Moxcyms Oymu UKOpUcCmani 0
B800CKOHANEHHS MemoOUYH020 3abe3neyeHHs Npoyecié OYIHIOBAHHA, NIAHYB8AHHA MA BUKOHAMHA 3A80AHb XIMIYHOZO,
6ion02iun020, padiayiinoco ma s0epHo20 3aXUCHy, RIOBUUEHHS eheKMUBHOCMI NPUTIHAMMS YNPAGIIHCOKUX PIUEHb
opeaHamu YnpaeuiHHs XIMIYH020, 0i0N1021YH020, padiayiinoeo ma sioepHoeo 3axucmy y 36pounux Cunax Yxpaiwu 3a
PAxyHOK BUKOPUCTAHHS MEMOOY.

Knrouoei cnosa: epexmusnicmo ximiunozo, 0ionoziuno2o, padiayitinoco ma A0epHo20 3aXUChLy, aepo3oabHe MACKYBaAHHs,
Memo0, AHATTMUYHT MEMOOU, MEMOO MAMEMAMUYHO20 NPOSPAMYBAHHS, MEmMoou meopii umosipnocmi, 30potini Cunu.
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Beryn

IMocTtaHoBKa nmpodaeMu. AHami3 JOCBiMy pOCIChKO-
YKpaiHChKO1 BIfHM CBITYHUTH NMPO aKTHBHE 3aCTOCYBAaHHS
MIPOTUBHUKOM PO3BiTyBUILHUX Ta yAapHUX OE3MIIOTHHX
mitTanpHUX amapartiB (mami — BrJIA) [1; 2]. HaitOinem
nomMpeHuMu MojenssMu briJIA s BeleHHS pO3BiIKH
(xopuryBaHHs BorHIO) € «Opnan-10», «Opnan-3Mpy,
«['panar-1, 2, 3, 4», «3acrtaBay, «Zala 421-08»,
«®opmocty. Bigmiueni Bunaaku 3actocyBanus briJIA mis
3IIMCHEHHS TUBEPCii Ha BAXKIMBUX 00’ €KTaX.

OmHUM 13 3aXO0/IiB, III0 BUKOPUCTOBYETHCS TSI 3aXUCTY
BIMCBK Bi il po3BimyBajdpbHUX Ta ynmapHuX brJIA €
aepo30JibHE  MacKyBaHHSA.  3pOCTaHHS  MaciTabiB
3aCTOCYBaHHS PO3BiAyBajdbHUX Ta yaapHuX BriJIA cyTTeBO
migBuIIye NMoTpedy BIHCHK B aepo30JIbHOMY MacKyBaHHI
ISl 3HWOKEHHA e()EeKTHBHOCTI BEICHHS IOBITPSHOL
PO3BIKM NMPOTHUBHMKA Ta Iii HOro 3acoliB ypakeHHs, a
TaKOX JIJIs BBEJICHHS NMPOTUBHUKA B OMaHy CTOCOBHO JIiit
cuJ1 000pOHH.

Aepo30yibHE MACKyBaHHS IMOKJIAJA€ThCS HA YACTHHH
(migpo3mainm) BiliCBK XIMIYHOTO, 010JIOTIYHOTO,
panmianiiinoro Ta spepHoro (mam — XBPSA  3axwmcrty),
MOXJIUBOCTI SIKMX HHUHI oOMmexeHi [3]. BimmosimHo mo
CrparerigHoro 000poHHOTO OI0JIeTeHs Y KpaiHu moTpedye
BHUpilIeHHs mpobiemMa ocHameHHs 30poiHux  Cui
VYkpainu (mami — 3C Ykpaiam) cydacHUM 030pO€HHSIM i
BIMICBKOBOIO (CTICHialIbHOI0) TEXHIKOIO, 30KpeMa, BIHCHK
XBPA 3zaxucty 3C Vikpainu [3]. Kpim TOro, icHyrouu
3aco0M aepo30JILHOTO MacKyBaHHS 30epirarorbes 3
NEPEBUIIEHHSIM TEPMiHIB, @ HasIBHICTh HOBITHIX OCHOBHHUX
3pa3KiB acpO30JbHOTO MACKyBaHHS CTAHOBUTH 5—6 % Bix
3aranpHOi moTpebu. Ile BIUMBae Ha e(EKTUBHICTH
aepo30JILHOI0 MacKyBaHHSI BICBK.

Jlnst  mpudAHATTS  OOTPYHTOBaHMX PIilIEHb MIOJO
YIOCKOHAJICHHS KUTbKICHO-SIKICHOTO CKJIQy HasBHUX CHJI
i 3aco6iB XBPS 3axmcty 3C VYkpainm HE0OXiIHO
BHKOPHUCTOBYBAaTH METOJ OIIiHIOBaHHS iX e()EeKTHBHOCTI,
30KpeMa 3ac0o0iB aep030JILHOTO MAaCKyBaHHS.

ChoromHi JuIs OIIHIOBaHHS €(QEKTUBHOCTI 3aco0iB
aepo30JIbHOTO  MACKyBaHHsS OpraHaMH  BIfICHKOBOTO
ynpaeminas ~ XBPS  3axumcry BUKOPUCTOBYETBCS
aJNTUBHUIM IHTETPalbHUAN IOKA3HHK BIUIMBY YMOB
BEPTUKAJIbHOI CTIHKOCTI TOBITPS Ha e(QEeKTUBHICTH
aepo30JIbHOTO MACKYBaHHS, B SIKOMY BHKOPHCTOBYIOTHCS
TUIIOBI YacTKOBI TIOKa3sHUKM (BEpTUKaJlbHA CTIHKICTh
MOBITPSI, TEMIlepaTypa TIOBITPsS, BOJIOTICTh TOBITpS,
MBUAKICT TPU3EMHOTO BIiTPY, XapakTep MPHU3EMHOTO
BITpY, aTMOC(EPHUI THUCK), IO MAIOTh Pi3HY PO3MIPHICThH
[4]. Ame mui 4YacTKOBi TIOKa3HWKH HE BpPaxOBYIOThH
MOXKJIUBOCTI CydaCHHUX PO3BiyBaIbHUX Ta ynapHux briJIA
nepeObyBaTd B padoOHiI JWCIOKAIil BIWCHK TPOTITOM
TPUBAJIOTO 4Yacy Ta BIUIMB INBUAKOCTI 1 Xapakrepy
CEepeIHhOTO  BITPY HA  TPHBAJICTh  aePO30JILHOTO
MACKyBaHHS. BopHodac,  BHKOpHCTaHHS LKA
XappuHITOHA [AacTh 3MOTY TIEPETBOPHUTH HATypalbHI
3HAYCHHS YAaCTKOBUX IOKA3HHKIB, SIKI MarTh pI3HY
PO3MIpHICTE y 0e3p0o3MipHY IIKaly Ta BpaxyBaTH BIUIMB
MIBUAKOCTI 1 XapaKkTepy CEpPeaHbOTO BITPY Ha TPHUBAJICThH
aepo30JILHOTO MaCKyBaHHS.

OTxe, akKTyalbHICTh CTATTI 3yMOBJICHA HEOOXITHICTIO
BpaxyBaHHS Yy METOJi OIliHIOBaHHS €()EeKTHBHOCTI
migposminie  XBbPSA 3axwcry mig 4Yac aepo3oibHOTO
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MacKyBaHHs Bilickk Bijg BnJIA BrumBy ¢akTopy 3aco6iB
PO3BIIKM Ta ypakKeHHs NMPOTHBHHKA, 30Kpema brJIA Tta
IMIBUAKOCTI 1 XapakTepy CepeaHbOTO BITpY Ha dYac
aepo30JIbHOTO ~ MAacKyBaHHA. MeTon  [acTb  3MOry
po3poduTti BUMOTH 10 CKiagy cwi i 3acobiB XBPA
3aXHCTy CTOCOBHO aepO30JbHOTO MAaCKyBaHHS BIHCBK Bij
pO3BigyBaIbHMX Ta ynapuux bnJIA pmns  ycyHenHs
HEBIIMOBIHOCTI M)XK MOXJIMBOCTSIMH 3aCO0IB PO3BIAKH i
YpaXXCHHS TPOTUBHUKA Ta HASBHUMH MOXJIHBOCTSIMH
CKJIaAy CHJI 1 3aC00iB aep030JIbHOTO MaCKyBaHHS.

AHaJi3 ocTaHHix gocaimkenb, 1 myoOaikaniii.
ITutaHHAM aepo30JILHOTO MAacKyBaHHS BIMCBK Bif il
3ac00iB MOBITPSHOI PO3BIAKU Ta YpakeHHS MPUCBSIUYEHI
HayKOBi po0oTH [4—7], y IKAX aBTOPH 30CEPEHKYIOTHCS Ha
MMUTaHHSIX TiABUIICHHS €()EKTUBHOCTI BUKOHAHHS 3aBJIaHb
aepo30JILHOI'O MacKyBaHHSI BIiCBK.

[IpoBeaeHuit OryIsi HASIBHUX JOCIIDKEHb 1 My OJTiKamin
CBIIYMTH, IO HU3KAa HAYKOBUX POOIT 30CEpe/PKeHi Ha
OI[IHIOBaHHI €(DEKTUBHOCTI aepPO30JILHOTO MACKYBaHHS SIK
omHoro i3 3aBmaHb XbPS 3axmcty. OnumH i3 BimoMux
METOJ[IB BUKOPUCTOBYE aAHAIITHYHY 3aJICKHICTh, SKa
BpaxoBy€ BIUIMB MIBUAKOCTI Mpu3eMHOro Bitpy [5]. 3a
JNIaHUMHU ~ OYIKYyBaHOi  METEOPOJIOTIYHOI  OOCTaHOBKH
00MpaEThCsl 3HAYCHHS IMBHIKOCTI NMPHU3EMHOTO BITPY B
paiioHi 00’€KTa, MO MPUKPUBATUMETHCS 1 Ha IMiJACTaBi
OTpUMaHOL bynkii 3JIEKHOCTI rnapameTpiB
aepo30JIbHOTO MACKyBaHHS BiJ] IIBHUIKOCTI MPHU3EMHOTO
BITPY YTOYHIOETHCS IUIONIA aEPO30JILHOI'O MAaCKyBaHHSI,
cTBoproBaHa i-uM 3acobom XBPS 3axumcry. B rpymax
METOJMK  TaKTUYHUX  PO3PAXyHKIB  OI[IHIOIOTHCS
MOJKJIMBOCTI Ta BU3HAYAETHCS MOTpeda B cUilax 1 3acobax
JUTS TIPUKPUTTS 00’ €KTIB 1 BUKOHAHHS TUIOBHX 3aBIaHb
aepo30JILHOTO  MAacKyBaHHS.  PO3paxyHOK  MiCTHTB:
BH3HAUEHHS TUIONII MAacKyBaHHS; JHUCTAHINA MK
pyOexamu aepo30JIbHOTO MAacKyBaHHS; 1HTEpPBaJiB MiX
aepo30JIFHIMH BOTHHIIAMH Ha pyOexax; 3araibHOTrO
YHcia BOTHHI; KUTBKICTh OJHOYACHO CIIaJCHUX IIAIIOK B
KO’KHOMY BOTHHIII Ta 3arajlbHOI BUTPATH IIAIIOK 32 Hac
aepo30JIbHOTO MacKyBaHHS [4]. OJHaK, HAsIBHI METOIU HE
BpPaxOBYIOTh BIUIUBY (DaKTOpy pO3BIAKH Ta YpaKCHHS
NPOTUBHMKA, 30KkpemMa brJIA, a TakoX MIBHAKOCTI i
XapakTepy CepelHbOro BITPY HA Yac aepo30JIBHOrO
MAaCKyBaHHS, IO B33a€MOIIOB’SI3aHO 3  BEIUYHUHOIO
YPa)XEHUX €JIEMEHTIB 00’ €KTIB.

Omxe, MOXHA 3pOOUTH BUCHOBOK, 1110 HasBHI METOH,
CIIPSIMOBaHI TEpEBaXHO Ha BH3HAYCHHS HEOOXigHO1
KUIBKOCTI i-UX 3aco0iB Ta BpPaxoBYIOTh HE B ITOBHOMY
00cs3i  crienm(iky BIUIMBY YMOB Ha €QEKTHBHICThH
3aCTOCYBaHHS a€pPO30JILHOTO MAacKyBaHHS, 30KpeMa Jacy
nepeOyBaHHS 3aco0iB PO3BIAKKM 1 ypakeHHsS B paioHi
JTUCITOKAIIT BIMCHK Ta iX aepO30JIbHOIO MacKyBaHHS.

MeTor CTATTi € BUCBITICHHS METOJIY OIIHIOBAHHS
e(heKTUBHOCTI MIJAPO3ALIIB XIMIYHOrO, Oi0JIOTIYHOTO,
panianiiHOro Ta SAepHOTo 3aXMCTY IiJ] 4ac aepo30JIbHOTO
MacKyBaHHS BIHCBK Bii OE3IIOTHUX JITAIBHUX anapariB
3 ONTUKO-CJICKTPOHHUMH CUCTEMaMU HABEICHHS.

BuxJiag ocHOBHOro Mmarepiaiay
JAOCJiIKEeHHS

Meron ckimamaeTbess 3 JBOX €TamiB 1 mependadae
MOCTITOBHICT /il HaBEIeHY Ha puc. 1.
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ETan 1. IlinroroBka BXiZHMX JaHUX [JI51 OLiHIOBAHHA e()eKTHBHOCTI 32CTOCYBAHHS a€P030J1bHOI0 MACKYBAHHS
BilicbK Bia aii po3BianyBasibHuX Ta yaapuux bnJlA

- CKJIaJ Ta MOKJIMBOCTI -wioma 00’eKTa, 1O MPUKPUBAETHCS (S), ximpkicTs Horo| |_ XapaKTepUCTHKH
tunoux OE cucrem, KPUTHYHMX €JIeMEHTIB (m), xpurepiit xuBydocti (EnadT))), THIOBHX 06’ €KTIB
SKi  3aCTOCOBYIOTHCS KIIBKICTh XMOHUX 00’ €KTiB (b); ' (7
- mowa AY, cTBOproBaHUX i-uM 3aco0oM AM (Su); s, mo
MpOTUBHUKOM —  Ha - xinekicTs BrJIA 3 BT3 npoTUBHHKA It YPaKEHHS THIOBUX| |MPMKPHBAKOTHLCS;
BrJIA s posBinku 00’exTiB (k), IMOBIpHICTh HaBEEHHSI BUCOKOTOYHUX OO€MpUNaciB| |- cknan Ta
00’€KTiB i HaBeIeHHS i(PH), HMOBIPHICTB HaBE/ICHHS BHCOKOTOYHHX 60€anna}ciB B\ 0K TMBOCTI
BT3; yMoBax AM (P ’n), paniyc ypaxeHHs (R)), KiibKicTb 3aco0iB AM nigpo3minis) AM
- yMOBU OOCTAHOBKH, i-ro THmy (x;); R . . BICEK PXB
A — -~ - 3HAUCHHA BEPTUKATBbHOI CTIMKOCTI MOBITPsA (v) Ta KpuTHYHA
fiMOBipHicTh TpornagaHHa AM (P,,), HMOBipHe BiaxuieHHs| |3aXUCTy
0OMesKEeHHs 6oenpunaca (E), iimoBipHicTh Buxomy BrmJIA 3 BT3 mo 06’ekra
(Pl;u.\‘)
ETtan 2. BusHayeHHs NOKa3HHUKIB e(peKTUBHOCTI
Baok 2.1 BusHaueHHs YaCTKOBUX MOKA3HUKIB
2.1.1 BuGip THmy 2.1.2 Bu3HaueHHs 3arajibHOI IUIOLLI pz}ﬁqﬂy, Lo 2.14 BmHaquH;{.
o6’ekta {7}, wo HpHKpMBaE;FbC?{ 3 ypaxyBaHH:M 3a/1aHOT KiTbKOCTi |- e(heKTUBHOI TUIOoLIi
MiIsSrae  NPUKPUTTIO, xuOHUX 00’ €ekTiB S;=(1+b)-S(7}) Ta Sepi NPUKPUTTS
Ta 3aco0iB AM Sepi = Sayiv
i-rotuny (i = 1,..., n) 2.1.3 Bubip 3Hau€HHs BUAKOCTI Ta XapaKTepy
CepeHbOrO BITPY 3a LIKaJO0K XappUHITOHA, V

2.1.5 3a0e3neunTy MaKCUMaJIbHHI Yac iCHyBaHHS AM Hall paifoHOM NMPUKPUTTS TUIoLIeto S;, AM
3IIMCHIOETHCA IeKiTbKOMa TUMaMH1 3ac00iB AM (i = |...n) 3 TAKUMU XapaKTEPUCTUKAMU Segi, ti, L ; TAKIM
YMHOM, 11100 CyMapHa IUIOLA NPUKPUTTS X S,y HE MepeBUILIIIA S;, a CyMapHa KiJIbKICTb 0/C, HEOOXiIHOTO

IUTst 00CITyroByBaHHS i-X 3ac00iB AM He mepeBuIilyBajia 00paHoro piBHs L

VoYY €

Xtix—max;
ZSe(/)/ XSSy 2L x=L; x>0
1L
2.1.6 Bu3sHaueHHs KUJIBKOCTI OYiKyBaHUX BIUIUBIB 110 KpUTHYHOMY eneMeHTy K =k / [(1+b)-m]
IT - 1T
2.1.7 IMOBIpHICTb ypakeHHs KpUTHYHOro enementa 3a| |2.1.8 IMOBipHiCT  ypake€HHA  KPUTUYHOTO
BincytHocTi AM Py = (1-(1-Ps))-Py, [5]| [enementa B ymoBax AM
ne Pp— AMOBIPHICTb BIIyY€HHS B KDUTUUHUI €JIEeMEHT P’ =(1~(1-Pp))-P 't Prp)-Powsy Poux=1/(1-+b) [5]
JL JL
2.1.9 Bu3HaueHHS BiTHOCHOTO 3MEHIIICHHSI HMOBIPHOCTI YpaXXeHHSI KPUTHIHOTO eJIEMEHTa B yMOBax AM
AP=(P,—P")/ Py. [2]
my Ey=

2.1.10 BuzHaueHHs koedilieHTa MPUKPUTTA 00°€kta K= Sep/ S , Ku € [0;1]

Buaok 2.2 BusnaueHHs y3arajlbHEHOTO NMOKa3HUKA — BEJTMUMHH BiTHOCHOTO 3MEHILIEHHS CepeIHbOT KITBKOCT
ypakeHHX KPUTUYHHX eJIEeMEHTIB B yMoBax AM

2.2.1 CepenHs KinbKicTh 222BemvuuHa  3meHmenns| |2.2.3 Cepenss Kiﬂ%i\slﬂ YPOKEHUX  KPUTHYHHX
) . €JIEMEHTIB B yMOBaX
YP@KEHUX KPUTHUHHX | KITbKOCTI YPaKeHHX KPHTHIHHX [y N’y = m- Ko Py +m-(1— Ki) P, 2]
€JIEMEHTIB 3a BiacyTHOCTI AM eJleMeHTIB B yMoBax AM : ’
N, =m-Py, Ki=0 AEni=(N,~N%) /N, [2]
) ’ ’ brok 3. Etan 1

Bubip rpaHUYHOTO 3HAYEHHS
NOKa3HUKa e(eKTUBHOCTI AM
JUI 0OpaHoro TUIy 00’ €KTa
Enav (T})

AHani3 pe3yJIbTaTiB, YTOYHEHHS
(3a HeoOXimHOCTI) BXigHUX JaHUX abo
3MiHa THMiB 3ac00iB AM

AEan = EnadTy)

BJiok 2.3 BUCHOBOK 110710 €(heKTUBHOCTI 3aXUCTY Bilichbk Bin Aii po3BiayBajbHO-yIAapHUX JiTalbHUX anmapaTiB AM, a
TaKOXX MOTPiOHOrO cKiamy 3acobisB AM

Pucynok 1 — Meton omiHfoBaHHS €(peKTUBHOCTI ITiIPO3AiTIiB XiMi9HOTO, 610JI0TIYHOTO, paiamiitHoro
Ta SASPHOTO 3aXKCTY ITiJT 9ac aepo30JbHOT0 MaCKyBaHHS BIMCHK BiJ OS3MIJIOTHUX JIITABHHUX alapaTiB
3 ONTUKO-CJICKTPOHHUMH CUCTEMaMU HABEACHHS
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[Nepummii eTam METOAY MICTUTh TPU OJOKH, B SIKMX
30iMCHIOETBCST  ()OPMYBAaHHS — BXIHMX JaHUX  IIOJO
po3BigyBabHUX Ta yaapHux BrJIA, siki 3aCTOCOBYIOTBCS
JUIl PO3BIJKM Ta YPaKEHHS BHUCOKOTOYHOIO 30pO€ro
(mami — BT3) 3 ONTHKO-EIEKTPOHHUMHU CUCTEMaMH
HaBEJICHHS,  XapaKTepUCTHUKA  THIOBHX OO0 €EKTIB
MIPUKPUTTS, CKJIAY Ta MOKJIUBOCTEH YaCTHH (ITiIPO3iJIiB)
aepo30JIbHOr0 MacKyBaHHS Biicbk XBPS 3axmcry, ymoB
00CTaHOBKH.

Ha JIPYroMy erari 3MIHCHIOETHCS BUOIp
(0OrpyHTYBaHHS) YaCTKOBHX 1 y3araJbHEHUX MOKa3HUKIB
OIIHIOBaHHS  C()CKTUBHOCTI  3aCTOCYBAaHHS  YaCTHH
(miapo3ainiB) aepo3oibHOrO MacKyBaHHs Biiicbk XBPS
3aXUCTy, OPIEHTOBHHUX HATIPSMKIB T IiIBUIICHHS, & TAKOXK
YMOB 1 OOMEXEHb.

Bubip moxa3HuKiB Uit OLIHIOBaHHS e(EeKTHBHOCTI
BUKOHAHHSI 3aBJIaHb a€PO30JILHOT0 MACKyBaHHS € OJIHUM i3
HalBa)XTMBIIIUX €TaIliB BUPIMIEHHS HAYKOBOTO 3aBIaHHS
METOJy OIiHIOBaHHA e(heKTUBHOCTI. J[yst IbOTO 371 ICHEHO
YTOYHEHHS TOKAa3HHUKIB BUKOHAHHS 3aBJIaHb apO30JIHHOTO
MAacKyBaHHS, BEIMYNHA SKUX ITOBHHHA XapaKTEPHU3yBaTH
CTYMiHb 3MEHIICHHS KUIBKOCTI ypaK€HUX KPUTHIHHX
€JIEMEHTIB 00’€KTa B yMOBaX BIUIMBY 3ac00iB PO3BIAKH i
ypaXeHHs MNpOTUBHHUKA. JlJs MOCSATHEHHS Ili€i MeTH
[IOE€IHAHO BigoMi aHamiTHYHI MaTeMaTH4Hi Mozaenl 3
MaTeMaTHYHUMU MOJIEJIAMU IMOBIPHICHOTO
(cTOXacTHYHOTrO) XapakTepy, sKi MOTpiOHO po3poluTH Ta
SIKi JIO3BOJISITH BPaXOBYBATH BIUIMB BHITAJKOBHX (PaKTOPIB
omeparlii Ha MOXIJIMBOCTI MiIPO3AITIIB  aepO30JLHOTO
MacKyBaHHS BUKOHYBATH 3aBIaHHS.

3 omsiay Ha Te, 110 BUKOHAHHS 3aBJaHb IMiAPO3.iIamMu
XBPS 3axucty 3 aepo30JbHOTO MAacKyBaHHS KPHTHYHHX
€JIEMEHTIB 00’ €KTIiB IPUKPHTTS 33 CBOEIO CYTTIO HAJIEXKHTB JI0
cdepu Oe3mexn 3acTOCYBaHHs BIHCBK, a caM IIpoLec
BUKOHaHHS HHMMHM 3aBIaHb 3HIDKYE IMOBIPHICTD Ypa)KeHHs
BiiCbK  (00’€KTiB), [UIA  OIHIOBaHHA E(PEKTUBHOCTI
aepo30JLHOTO0  MacKyBaHHS y  poOOTi  3acTOCOBAaHO
MOEHAHHA ~AHATNITHYHUX METOMIB 1 METOMiB  Teopii
IMOBIPHOCTI.

VY SKOCTI MMOKa3HUKIB 0OUPAIOTHCS:

YaCTKOBI TIOKa3HUKU — KOCQIIIEHT MPUKPHUTTS 00’ €KTa
(Ki), IMOBIpHOCTI ypasKeHHS OJMHOYHHMX OO0 €KTIB 3a
BIZICYyTHOCTI aep0O30JILHOTO MacKyBaHHs (Py) Ta B yMOBax
aepo30JIbHOr0 MackyBaHHS (P’)), CTyHiHb BiZHOCHOTO
3MEHILIECHHS WMOBIPHOCTI ypaxXeHHs 00’€KkTa B yMOBax
aepo3osnbHOrO MackyBaHHS (AP), edexTHBHa IUIOIIA
NPUKPUTTSA 00°€KTIB (Sep), CEpeHst KUIBKICTh YpaKEeHHX
OJMHOYHUX 00’€KTiB 0€3 3aCTOCYBaHHS aepO30JILHOTO
MackyBaHHS (V,) Ta i3 3aCTOCYBaHHSIM aepO30JIBHOTO
MackyBaHHSA (N} );

y3araJbHEHHII TOKa3HWK — CTYNmiHb 3MCHIICHHS
CepeHbO1 KITBKOCTI YpaKeHUX KPUTHYHUX EJIEMEHTIB
00’€KTIiB, IO NPUKPUBAIOTHCS, B yMOBaX AM (AE4u).

B3aemo03B’s130k MK ~ NOKa3HHUKaMH  €(QEKTUBHOCTI
3aCTOCYBaHHS  vyacTMH  (MiAPO3ALTIB)  aepO30JILHOTO
MacKyBaHHS BIHCBK XiMI4HOTO, GioJioriuHoro,

paaiaiitHOro Ta SACPHOrO 3aXUCTY BiJ J1ii PO3BiyBaIbHUX
Ta yJapHUX OE3MIOTHUX JITaJbHUX anapariB HaBeJACHUN
Ha puc. 2.

Koediuient IMOBipHiCTb IMOBipHicTb MakcHMaTbHHit
TPUKPHTTA YPaKEHHS 3a YPaXKEHHS B 4ac 3aCTOCYBAHHA
06’€KTa BifICyTHOCTI AM ymoBax AM AM ()
(K») ") ")
Kinbkictb Kinbkictb B ETIETT IMOBipHiCTb
ypam‘eﬂnx eﬂeMeHTlB yYpaKEeHUX €JIEMEHTIB iMOBIpHOCTI Bgz{O)]y brJIA no
3a BiACyTHOCTI AM B yMOBE{X AM ypaKeHHS 0 e/lflsl B gMOBaX
(]V‘) (N 41) (AP) ( r;z/.\')

v v v

V3aranbHeHul MOKa3HUK

(AE,)

CTYIIIHb 3MEHILIEHHS CEPEIHBOT KUTPKOCTI YPaXKEHNX KPUTHIHUX €IEMEHTIB 00’ €KTIB,
110 MPUKPHBAIOTHCS, B yMOBax AM

A 4

BHCHOBOK 1110710 €()eKTHBHOCTI 3aCTOCYBAaHHS a€PO30JIbHOI0 MACKyBaHHS BIfChK
Bifl AT po3BidyBanbHUX Ta yaapHux brJIA

Pucynox 2 — Cxema B3a€M0O3B’3KiB MK IIOKa3HUKaMH e()EKTHBHOCTI 3aCTOCYBaHHS YacTHH (IiPO3/iIiB)
aepo30JILHOTO MAaCKyBaHHsI BIICBK XIMIYHOT0, 010JI0TT4HOT0, pa/iiallifHOTO Ta SAEPHOTO 3aXUCTY BiJ Jii pOo3BiIyBaIbHUX
Ta yZapHUX OE3NUIOTHHX JITAIFHUX anapariB
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VY 6noui 2.1.1 3xilicHioeThest BUOip THIY 00’ €kTa {7},
SIKAU TAIsrae aepo30JbHOMY MAacKyBaHHIO, TIOYaTKOBOL
KUTBKOCTI JUMOBHX MamuH (n = 1) neBHOTO TUMY {i}.

Y Onomi 2.1.2 Bu3HAYAEThCA TOTPiIOHA ILIOINA
npukputt S;=(1+b)-S(7;) Ta mnomi AY Syvi=n;-S;.

VY oOnoui 2.1.3 3xilicHIOETBCST BUOIp 3HAYEHHS CTaHy
NOBITPsT 3a IIKajlol XappuHrroHa. Haituacrime
00MEXYIOThCS TPhOMA TPajaIlisIMU ITKaTH XappHHITOHA,
SIKI  BIANOBIAIOTh PiBHAM BIUIMBY IIBHIKOCTI Ta
XapakTepy CEpPEAHBOrO BITPY  «MAJIOCTIPHUSATIMBHI,
«TIOMIPHO ~ CTIPUSATIIMBHIA», «CHPUATIHBHI». Tomy B
METOJHUIII TPOMOHYIOThCA 007acTi, sKi BiAMOBITAIOTH
PIBHSAM «MAaJIOCHPUATIUBUI, IOMIPHO CIPUSITIUBHID»,
(CTIPUATIMBHN» 1 XapakTepU3yIOTbCA  IHTEpBajIaMu
(0,00-0,37), (0,37-0,69), (0,69-1,00) BigmoBixHO.

Y Omoui 2.1.4 BH3HaYaeThCs C(PEKTHBHA ILIOIIA
MPUKPUTTS 3 ypaxyBaHHSIM BIUIMBY IIBUAKOCTI Ta
XapakTepy CePEeIHBOTO BITPY Sep= Sayi'V.

Y Onomi 2.1.5 Bu3HayaeTbcs MOTPIOHA KIiJBKICTH
3ac00iB  aepO30JILHOTO MACKyBaHHS 3 ypaxyBaHHIM
00’ €KTy PUKPHUTTSL.

CyTHICTP LBOrO eTalmy € Te, II0 pPO3B’SI3YETHCS
onTUMI3allifiHa 3ajada  I[UIOYMCENBHOTO  JIIHIHHOTO
MIpOTpaMyBaHHA 3HAXOKEHHIM MaKCHMAaJIbHOTO
3HAYEHHS ITOBOT PYHKIIII:

Xtixi—max. (1

Bupaz (1) ommcye 3acTtocyBaHHS —aepo30JbHOTO
MACKyBaHHS BIMCHK 3 YpaxyBaHHSIM 0OMEXKEHb, IO CKIIJ
3ac00iB aepoO30JHHOTO0 MACKYBAaHHS i-TO THITy BHKOHAE
3alaHuil 00CIT aepO30JIPHOTO MAcKyBaHHS BIHCBHK 100
NPUKPUTTS Iwiomi S; 3a yMOBM MakcuMmizauii dacy
aepo30JIbHOT0 MAacKyBaHHS BIHCHK, OO cyMapHa IUIOINIa
MPUKPUTTA XS, HE IEPEBUINMINIA S;, a CyMapHa KiJIbKiCTb
0c0o00BOT0O CKJIay, HEOOX1THOTO I 00CIYrOBYBaHHS i-X
3ac00iB aepo30JILHOTO MAacKyBaHHS HE IEpEeBHIyBaya
obOpaHoro piBHA L:

ESE(], ixi <8y XLixi <L;x; > 0. 2)

SIKmo oTpuMaHa BeNMYHMHA O00CATY aepo30JbHOTO
MAacCKyBaHHSI BIMCBK MIOJO0 MPUKPHUTTS IUIONI S, Oiibima
abo JMOpIBHIOE 3aJaHiif, TO I CBIAYUTH PO Te, IO
MOXJIMBOCTEH cKIIamy 3aco0iB aepo30JILHOTO
MacKyBaHHS — JIOCTaTHbO.

VY 6nomni 2.1.6 — BU3HAYAETHCS KUIBKICTH OYiKYBaHHX
BIUIMBIB [0 KpUTHYHOMY eiemenTy K =k /[(1+b)'m].

VY 6nomni 2.1.7 — BU3HAYAETHCS IMOBIPHICTh ypasKeHHS
OIMHOYHOTO O00’€KTa 3a BIJACYTHOCTI aepo30JbHOTO
mackyBanus Py, = (1 — (1 — Pg)¥)-Py

Y 6momi 2.1.8 — BU3HaYa€THCS IMOBIPHICTh Ypa)keHHS
OJIMHOYHOTO 00’ €KTa B yMOBaX aep030JbHOTO MAaCKyBaHHS
P’y =1 -1 P’ P'ril(Prp) Pour; Poux = 1/1+D).

VY 6unomi 2.1.9 BIZIIOBITHO bi(o) BHU3HAYEHNX
IMOBIpHOCTEH  ypakeHHA OJMHOYHOTO 00’€KTa 3a
BIZICYyTHOCTI aepO30JILHOIO MacKyBaHHS Ta B YMOBax
aepo3oibHOrO  MackyBaHHs (P, P)y)  IIpOBOAMTHCS

BHU3HAYCHHS CTYIICHS BiJTHOCHOTO 3MCHILICHHS IMOBIPHOCTI
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YPa)XEHHSI OJJMHOYHOTO 00’€KTa B yMOBax aepo30JbHOTO
MmackyBaHHA AP = (P, — P’)/P,.

Y 6nonti 2.1.10 — BU3Ha4YeHHS Koe]ili€HTa IPUKPUTTS
00’exta Ki7 = Seg/Ss.

VY 6noui 2.1.11 Ha mixcTaBi BU3HaUYEHHUX 3HauYeHb (V)
Ta (N’y) BU3HAYAETHCS CTYMiHb BiJIHOCHOTO 3MCHIICHHS
CepeHbO1 KITBKOCTI YpaKeHHX OJIWHOYHUX OO0 €KTIB B
YMOBaxX aepo30JbHOr0 MacKyBaHHS (AE.y).

Orpumane 3HadeHHS (AE4y) TIOPIBHIOETBCS 3
BHMOTaMH JI0 €(PEKTUBHOCTI 3aCTOCYBAaHHS aepO30JILHOTO
MacKyBaHHsI BiHChK dYacTHHaMH (IMiApO3IinaMu) BIHCHK
XBPS zaxucty (E gam).

Hapauni, 3rifHO 31 CXeMOO METO/Iy OTPHMaHa BEIMYHHA
AEAMm TIOpIBHIOETBCS 3 TOTPIOHOIO BEIMYMHOIO Ergy. 3a

BIAIIOBIAHOCTI MPUAHATOT YMOBH AE v > Enam
BBQXKA€THCS, 1o e(eKTUBHICTh 3aCTOCYBaHHS
aepo30JILHOIO  MAacKyBaHHsS  BiJNOBia€  moTpiOHIN

edexruBHOCTI. SIKIIO 3a3HadeHa yMOBa HE BUKOHYETHCS,
aNropuT™M MeTOoAy Iiependavae TOBEpHEHHs Ha eTarl
(dhopMyBaHHSI BXiIHHX NIaHWX, iXHIO YacCTKOBY 3aMiHy i
MPOBEJCHHS TMOBTOPHHUX PO3PaxXyHKIB /0 OCSTHEHHS
noTpiOHOT BeTuauHU AE 431 .

Omxe, Ha BiAMIHY BiJ HaJBHUX METOMIB, Y
3alpOIIOHOBAHOMY METOMI 3/IMCHIOEThCS BHU3HAUCHHS
NOKa3HWKa,  sSIKMA  Oe3loceperHbo  XapaKTepu3ye
MakCHUMaJIbHUH  4Yac  3acTOCYyBaHHS  aepo30JIbHOTO
MacKyBaHHS BilicbK. KpiM TOro, 3amicte cHpoOLIEeHOTO
IiIX0My, 3aCHOBAHOTO Ha BHUKOPHCTaHHI  BIUIUBY
MIBUAKOCTI TIPU3EMHOTO BIiTPY, B METOIHIII BUKOPHCTaHA
mKajga XappHHITOHA, sKa Jaja 3MOTY TEpeTBOPUTH
HaTypaldbHi 3HAYCHHS YACTKOBUX ITOKa3HUKIB CTaHY
aTMOC(EepHOTO TOBITPs (BEepTHUKAIbHA CTIHKICTh MOBITPS,
TeMIlepaTypa TIOBITPs, BOJOTICTh TIOBITPs, IIBHIKICTH
MPU3EMHOTO  BITPY, XapakTep MPHU3EMHOTO  BITpY,
aTMocepHUil THCK) PI3HUX po3MipHOCTEH B 0€3p0o3MipHY
IIKaJly Ta BpaxyBaTH BIUIMB IIBUAKOCTI 1 Xapakrtepy
CepeHbOTO BITPY HA TPUBAIICTH Yacy aepo30JbHOTO
MaCKyBaHHS.

Jlist mepeBipKH Ipane3aTHOCTI METOJy IPOBEACHO
YUCEJIbHUN eKCIICPUMEHT, JJs I[bOI'0 TNPHUHHATI TakKi
NPUIYIIEHHS Ta OOMEKEHHS:

00’ €KT sABIISIE COOOIO MIONTUHHY ITiJTh, IO CKIATAEThCS
3 OKPEMHX KPUTHYHHX €JIEMEHTIB O0HOBOTO MOPSAKY abo
MTO3UIIIH;

WiIBHICTE posnofiny BrnJIA mpoTuBHHMKAa IO BCiX
KPUTHUYHHUX eJleMEHTaX OOHOBOTO MOPSJIKY BBaXKAETHCS
OJIHAKOBOIO;

THIIOBI 00’€KTH, 1X KPUTHYHI €JIEMEHTH Ta KpHUTepil
OLIIHIOBaHHS €()EKTUBHOCTI 3aCTOCYBaHHS aepo30JbHOTO
MacKyBaHHS BIHCBK Bij Jii pO3BiIyBaJIbHUX Ta YAapHHUX
brJIA naBeneHi B Tabn. 1 [6]. KputnuanMu eneMeHTaMu
€: KoMaHaHO-1TabHa MamuHa (gan — KIIIM), koMmangHO-
criocrepexxanii  myHKT (mani — KCIT), OoiioBa MmammHa
mixotn (mami — BMII), 3eniTHa caMoXimHa YyCTaHOBKa
(manmi —3CY), camoximHa apTwiepilicbka yCTaHOBKa
(mami — CAY), KOMaHTHUI MyHKT (mami — KIT),
panionokauiiiHa cranuis (nani — PJIC), myHKT ynpasiniHHs
(mami — I1Y).
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Tabmuwns 1

TunoBi 00’ €KTH, iX KPUTHIHI €IEMEHTH Ta KpUTEPii OI[iHIOBaHHA e()EKTHUBHOCTI MiAPO3AiIiB XiMIYHOTO, O10JIOTIYHOTO,
pamiamiifHOTO Ta SAIEPHOTO 3aXUCTY i Yac aepo30JbHOTO MACKYBAHHS BIMCHK Bijl OS3MMIJIOTHUX JIITAJTHHHUX anapaTiB

3araanHa ) bnJIA npoTuBHMKA IS )
THIOBI 06’ €XTH TEKICTR KpuTnuni YP@KCHHs THIIOBHX 00’ ekrip | BIICOTOK | ['paHIIHE 3HAYCHHS
AKCHHS S CJIEMEHTH K . KPUTHYHOTO MOKa3HUKa
P enepMeHTiB o1 00’€eKTiIB ;;)I?:Ti;ﬂ Bcroro  |ypaxenns, %| epextuBHOCTI AM
KIIM 2
KII omop (om6bp) 2 B3 ) 4 35 0,65
KCII-1 2
[o3uuii mp (mp) 10 BMIT (rank) — 9 o1 11 46 0,54
KCII-1 2
[Mo3uuii spabamp 7 3CY 6 o1 8 43 0,57
KCII-1 2
[o3uwii ecabamp 5 CAY _4 o1 6 30 0,7
KIT-1 2
Ho3uuii pap 7 PIIC_6 o1 8 70 0,3
Acporpod | 5 V=1 2 32 30 0.7
0a3yBaHH: aBiallii mitak — 30 mo 1

1. BubpaHo BXinHi naHi.

Jlnst mpukpuTTA mo3umii 3pabdatp (mami — o0’ekT) 3i
CKIIaAy MiapO3/iTy aepo30JbHOI0 MAaCKyBaHHS MOXKYTh
OyTH BUIIJICHI:

nuMoBi MamuHM TJ/IA-2M 3 yTOYHEHOIO TUIOIICIO
Swyria = 0,116 xm? i gacom mii t774 = 180 xB;

numoBi mamku Y I 3 Seymm = 0,005 km? 1 uacom nii
tynqur = 10 xB;

MaKCUMallbHa KiJIbKICTh 0c000BoOrO criany 120 moog.,
JUIA 3acTOCyBaHHs onHiel mumoBoi mamman TJA-2M
Ly =2mon., JUMOBHUX IIAIIOK VLI
Ly = 15mon./500mr,

BeprukanpHa cTiiKicTh moBiTps v = 0,3.

OOG’€KT TPUKPUTTS — EIEMEHTH OOHOBOTO TOPSAKY
(KpUTHYHI eleMEHTH) — CTapTOBI MO3MIII IyCKOBUX
ycranoBok ta KCIT (m = 7).

ITnoma 06’ exta npukputTa S = 0,5 KM2.

KinpkicTs XxuOHUX 00°€KTIB b = 2.

Kinbkicts nitansHux anapatis 3 BT3 npotuBHuKa 115
YpaXXCHHS CTapTOBHX IO3MINH MYCKOBHX YCTAaHOBOK Ta
KCII k=8 ox..

Kputnyna WMOBIPHICTh MPOTIISAIAHHS aepO30JbHOrO
MACKyBaHHS, CTBOPIOBaHA OJHUM 3aCO0OM aepO30JIEHOTO
MackyBaHHs Py, < 0,1;

IMOBipHE BIAXWIICHHS BHCOKOTOYHOTO OO€mpumacy
E<10wm.

Paniyc ypaxenns R, = 10 m.

IMOBipHICTH HaBEJCHHS 3a BiACYTHOCTI a€pO30JIHHOTO
MackyBaHHs P,~0,95.

[TokaszHuk >XMBYy4OCTi 0OpaHOro 00’€KTa 3a PaxyHOK
aepo3osbHOro MackyBaHHs E ;741 (7;) > 0,70.

2. BignoBigHO 10 METOly BU3HAYCHO 3arajbHy ILIONLY
paiioHy, 110 IPUKPUBAETHCS:

S, = (1+b) -S(T)) = (1 +2)-500 = 1,5 xm>.

3. lns Bu3HaYCHHS e()EKTHUBHOI IUIOIII acpO30JIbHOTO
MacKyBaHHsS OOpaHO piBeHb BIUIMBY BEPTHKAIBHOI
crifikocTi moBiTps 0,3 — «MATOCTIPUATINBUID .
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4. EdpexTrBHAa TUIONA aepPO30JBHOTO MACKYBaHHS,
CTBOpIOBaHa ojHieto MammHoo TIHA-2M i omHiero
mariko Y /Il ctaHOBIATH BiAIOBIIHO:

Se(])T,Z]A = SayT/]A'V :0,1 160,3 = 0,034,
Se(],y/]w =Oayyaury :0,005'0,3 = 0,0015 KMZ.

5.Y pesynpraTi po3B’si3aHHS ONTHUMI3AIifHOI 3amadi
OTPUMAEMO, M0 MAKCHUMAaJbHHH 4Yac 3aCTOCYBaHHS
aepo30JILHOTO MacKyBaHHsI 3a0e3mneydars x| = 27; x, = 424,
10 HE CYNEPEYUTh OOMEIKECHHSIM.

6. IIpoBesieHO BU3HAYEHHS KUIBKOCTI OYIKYBaHHMX
BIUIMBIB 110 OJJHOMY KPUTHYHOMY CJICMCHTY i OTPUMAHO,
0 KUIBKICTP OYIKyBaHMX BIUIMBIB 10  OJHOMY
KPUTHIHOMY €JIEMEHTY HEe IPUKPUTOTO 00’ €KTa CTAHOBHUTH
K = k/m=8/7=1,14, a B yMOBax NPUKPUTTS 00’ €KTAa:

K=k +b)m]=8/(1+2)7=0,4.

7. 3 ypaxyBaHHIM BiIXWJICHHS OO€TPHIIACY Ta pajiycy
YpaKeHHs, MMOBIpHICT, BIy4YeHHS Ooempumacy B
KPUTUYHHN €JIeMEHT cTaHOBUTHME P, ~(,996.

8 3 ypaxyBaHHsAM 3HaueHb P, Ta K BHM3Ha4eHO, IO
HMOBIPHICTh  YPaXKCHHS KPHUTUYHOTO CIIEMCHTA 32
BiJICYTHOCTI aepO30JbHOTO MACKYBaHHS CTAaHOBHUTHME
P, = 0,948, a B ymoBax AM (P, = 0,029).

9. BusHaueHO HMOBIPHICT, HaBEJCHHS KEPOBAaHHUX
pakeT B yMOBaX acpO30JbHOTO MACKyBaHHS:

P’H(Pnp) =Py -Ppp= 0,950,1 = 0,095
10. MmoBipricts BHxomy Hocis BT3 10 06’ekta 3

ypaxyBaHHSIM KUTBKOCTI XHOHUX 00’ekTiB (b =2)
CTaHOBUTH Py, =~ 0,333.

11. Ctyniap 3MEHIEHHS WMOBIPHOCTI  YpaKeHHS
KPUTHYHOTO  €JIEMEHTA B  yMOBaX  acpO30JILHOrO

MacKyBaHHSI CTAHOBHUTHME!
AP = (P,— P’,)/P, = 0,948 — 0,029 = 0,91.

12. 3 ypaxyBaHHSM KUIBKOCTI KPUTHYHUX CIIEMEHTIB Y
MeXax 00’€KTa, 110 NPUKPHUBAETHCS, Ta HMOBIPHOCTI
YPa)KEHHS] KPUTUYHOTO eJIeMEHTa B yMOBaX aepo30JIbHOTO
MAacKyBaHHS IIPOBEJEHO BH3HAUCHHS CEePeIHbOI KIIbKOCTI
YpOKEHUX KPUTHUYHUX €JIEeMEHTIB 3a  BiJCYTHOCTI
Aepo30JbHOT0 MAacKyBaHHS Ta B yYMOBaxX aepO30JBbHOTO
MacKyBaHHs: BilmoBigHO oTprMaHo:
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N, =mP,=7-:0,948 = 6,636 <7,
Ny=m Ky Py +m (1-Kp) P,=
=70,2:0,029 + 7 (1-0,8) 0,948 = 2.

13. CrymiHb ~ 3MEHIIEHHS  KUIBKOCTI  Ypa)KEHHX
KPUTUYHHX  €JIEMEHTIB B  yMOBaX  aepo30JbHOTO
MackyBaHHSI AE = (N, —N’))/ Ny,=(7-2)/7=0,71.

14. T'panndHe 3HAYCHHS TOKa3HUKA e(QEeKTUBHOCTI
aepo30JLHOT0 MacKyBaHHS It 00paHoro TUIY 00’ €KTa:

E 1am (T7) — 0,70.

15. OTpumMaHe 3HaYCHHS CTYTICHSI 3MEHIIICHHS KUTbKOCTI
YpaXKEHUX KPUTHYHHX €JIEMEHTIB B YMOBax aepo30JIbHOTO
MacKyBaHHS (AE ) TIOPIBHIOEMO 3 TPAaHUYHUM 3HAYEHHSM
NOKa3HUKa e(EeKTHBHOCTI aepO30JbHOTO MACKyBaHHS s
obpanoro Ty 00’ekta Ema (7). Ockinpku 0,71 > 0,70, To
BB@KAEMO, M0 C(EKTUBHICTH BHKOHAHHA  3aBIaHb
aepo30JIbHOTO MacKyBaHHS BiIIOBIIA€ 33JaHOMY PIBHIO.

Y pa3i HEBIONOBIAHOCTI yMOBI mependavyaeTbes
MMOBEPHCHHST Ha eran (OPMyBaHHS BXITHUX JaHHX, IX
YTOUHEHHsI (3MiHa) 1 POBEJCHHS NOBTOPHUX PO3pPaxyHKIB
JI0 JOCSTHEHHs moTpiOHOT BenmuuHU AFE 4. 30Kpema,
MOXYTb YTOYHIOBATUCH THUIIM 3acO0IB aepo30JbHOIO
MacKyBaHHS, OOMEXEHHS KIJIbKOCTI OCOOOBOTO CKIIaay
(M), ximpkicTh XHOHUX 00’€kTiB (b), MO MOTPEOYIOTH
aepo30JbHOT0 MAacKyBaHHS Pa30M i3 OCHOBHHM 00’ €KTOM.

Tako>k MpoBeJieHi KOHTPOJIbHI PO3PAXYHKH 3
oIiHIOBaHHs e(eKTUBHOCTI miapo3ainiB XbPS 3axucty
M1 9ac aepo30JIbHOr0 MACKYBaHHS aepOIpoOMy
0azyBaHHS aBiallii, IKMH TPUKPUBAETHCS CHIAMM 1
3ac00aMu MiAPO3/ily aepO30JILHOIO MacKyBaHHS OKpeMOTl
Opuraau miaTpUMKH. BUkopucTaHi BXiHI 1aHi, 3MiCT
SIKMX HaBeJEeHO y Talr. 2.

Tabmuns 2

BximHi maHi 11 OIliHIOBaHHS €(heKTUBHOCTI BUKOHAHHS 3aBJaHb a€p030JbHOTO MACKYBAaHHS aepopoMy 0a3yBaHHS
aBiarii Ta pe3yJbTaTH PO3PaxyHKIB

BXimHi gaHi Ta pe3yabTaTH PO3PaxyHKIB

BapianTu BXiTHUX NTaHUX IS OI[iHIOBaHHS €()eKTUBHOCTI

BHUKOHAHHS 3aBIaHb AM

1 | 2 3 | 4
Po3mipu aepoipomy 0a3zyBaHHs aBiailii, o 1500 x 1500
[IPUKPHUBAETHCS, M
IIBuaKiCTH BITPY, M/C 1 2 3 3
KinbkicTh MammuH aepo30J5HOTO MaCKYBaHHS
TIA-2M. on 13 13 13 14
I'pannuHe 3HaUEHHS TTOKa3HUKa e(heKTHBHOCTI AM| 0.7
Juist 00paHoro THIy 00’ €KTa (KpUTEpii) ’
[Toka3HKUK e(heKTHBHOCTI 0,74 | 0,71 | 0,67 | 0,72

PegynpraT = 4MCENBHOTO  EKCHEPUMEHTY
HaBEJCHOTO IPHUKJIaIy CBIIYATH MPO TaKe:

3a 1-MM BapiaHTOM CTYIiHb 3MEHIIEHHS KUIBKOCTI
YPa)KEHUX KPUTHYHUX €JIEMEHTIB B ymMoBax AM Oinblie
IPaHUYHOI'O  3HA4YEHHS  NOKa3HMKAa  e(EeKTUBHOCTI
aepo30JIbHOT0 MAacKyBaHHS JUIi OOpPaHOTO THITY 00’ €KTa,
0 J03BOJSIE 3pOOUTH BHCHOBOK IPO BIATOBIIHICTH
3a1aHOMY PiBHIO €()eKTHBHOCTI BUKOHAHHS 3aBAaHb AM;

3a 2-MM BapiaHTOM, MIPH OJHAKOBIH 3 1-UM BapiaHTOM
KiTpKOCTI 3aco0iB AM, ane 30UIbLIEHHI IMBHIKOCTI
MIPU3EMHOTO BITpY 110 2 M/C, epekTuBHICTH AM 111e Oyne
JIOCTaTHbHOIO;

3a 3-UM BapiaHTOM, IPH OJHAKOBIH 3 MONEpeIHIMHU
BapiaHTaMH KiJbKOCTI 3aco0iB AM Ta 30inblIeHHI
LIBUAKOCTI MPH3EMHOTO BITPY 10 3 M/c, CTyHiHb
3MEHILIECHHS KUIBKOCTI YPaXKEHUX KPUTHYHUX €JIEMCHTIB B
yMoBax AM MeHIIE TpPaHMYHOTO 3HAYCHHS ITOKa3HHKA
eexruBHOCTI AM miist 0O6paHOTO 00’ €KTa, IO BKAa3ye€ PO
HEBIMOBIAHICTh  3aJaHoMy  kpurepito.  IIpoGiema
BHPIIIYETHCS 3aBASKA JOAABAHHIO INE OJHI€I JUMOBOI
mamman TJJA-2M a00 3aMiHU ITATHUX JUMOBUX MAIIuH
Ha 3aco0u AM OUITBIIOT TPOTYKTUBHOCTI, PO IO CBIAYUTH
4-nii BapiaHT.

BuCHOBKH i MePCNEKTUBY MOJAIbIINX

ISt

AOCJIIKEeHb
OmKke, y CTarTi BHCBITIICHO METOJ| OIHIOBAHHS
e(pCKTUBHOCTI ~ MIOPO3JUTIB  XiMIYHOTo,  OIOJOTIYHOTO,

pazmianiifHOTO Ta SIEPHOTO 3aXUCTy i Yac acpo30JbHOTO
MacKyBaHHs BICHK BiJl O€3MIJIOTHUX JITAJbHUX arapariB 3
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OITHKO-EJIEKTPOHHUMH CUCTEMaMH HaBECHHSL.

HoBu3HOI0 3a1pONIOHOBAHOTO € BpaxyBaHH: KoedillieHTa
NPUKPUTTS BIHCHK i 00’€KTIB 3 ypaxXyBaHHSAM LIBHUAKOCTI i
XapakTepy CepeAHbOro BITpy. Takok, BUKIAJEHO crocid
BU3HAYEHHS HIMOBIPHOCTI ypa)KEHHS OJJMHOYHMX 00’ €KTIB 3a
BiZiIcyTHOCTI a00 HAasBHOCTI aepO30JILHOIO MacKyBaHHS B
YMOBaX  3aCTOCYBaHHS  TNPOTHBHUKOM  OE3MUJIOTHHX
JITaTbHUX arapariB, 30KpeMa 3 ONTHUKO-CJIEKTPOHHUMHU Ta
KOMOIHOBaHMMH CUCTEMAaMH HABEICHHS.

[IpanespaTHicTh MeTONy [OBelEHa pe3yJbTaTaMH
YUCENLHOTO EeKCIIEPUMEHTY. 3a3HauyeHe CBIMIUTH TIPO
MOXJIUBICTh BHKOPHCTAHHS METOLY M OLHIOBaHHS
e(heKTUBHOCTI MIAPO3ALIIB XIMIYHOrO, Oi0JOTIYHOTO,
panianiiHOro Ta SAepHOTo 3aXMCTY IiJ] Yac aepo30JIbHOTO
MacKyBaHHS BIHCBK Bii OE3MIOTHUX JITAIBHUX anapariB
3 ONTHKO-CJICKTPOHHMMH CHUCTEMaMH HaBEJICHHS. 3a
00paHMMH YaCTKOBUMH Ta y3arajlbHeHUM NOKa3HHKaMH, a
TaKOX YIOCKOHAJICHHS KUIbKICHO-SIKICHOTO  CKJIaTy
HasBHUX  3acO0iB  aepo30JbHOTO  MAcKyBaHHA 3
ypaxyBaHHSM BIUIUBY Ha 4ac 3aCTOCYBaHHS aepo30JIbHOTO
MacKyBaHHS CydYacHHX 3aco0iB pO3BiAKH, 30KpeMma,
0€3MIOTHUX JITALHUX arapaTiB Ta MOKa3HUKIB BITPY.

Mertox € pO3BHTKOM METOJUYHOTO anapary OLiHIOBaHHS
e(pCeKTUBHOCTI CHJI 1 3aco0iB XIMIYHOTO, OIOJOTIYHOTO,
pazianiiHOTo Ta SIEPHOTO 3aXKUCTY Ta OCHOBOIO (POPMYBaHHS
NPaKTHYHUX peKoMeHalii 110710 TTiIBUILICHHS
e(eKTUBHOCTI ~ aePO30JLHOTO0  MAcKyBaHHS  YacTHHAMH
(migpo3ainaMu) XiMiyHOTO, OlOJIOTiYHOTO, pajiamiiiHOro Ta
simepHOTo 3axucTy 30poitanx Cun Ykpainu.
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[lepciekTBaMu  MoOJanbIIMX  JOCHI[DKEHb €
PO3pO0JICHHS, HA MiCTaBl HABEACHOTO y CTATTI MiAXOMY,
MeTOoNy po3B’si3aHHA  iH(OpPMaLiHHO-PO3PaXyHKOBUX
3aja4 sl OpraHiB  BIMCHKOBOTO YINPABIIHHA ILOJ0
OLIHIOBaHHS  e(EeKTHBHOCTI  MiAPO3AUIB  XiMIYHOTO,
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Formulation of the problem in general. Given the significant changes in the capabilities of enemy means of
destruction, the effectiveness of chemical, biological, radiation and nuclear protection forces and means of troops is
becoming increasingly relevant. Currently, existing methods for assessing the effectiveness of chemical, biological,
radiation, and nuclear protection forces and means demonstrate limitations in accounting for the full range of factors
that affect the effectiveness of aerosol masking tasks, necessitating their improvement. The purpose of this article is to
outline the method for evaluating the effectiveness of chemical, biological, radiation, and nuclear protection units in
protecting troops from unmanned aerial vehicles using optoelectronic guidance systems during aerosol camouflage.

Research methods. The work employs analytical methods, mathematical programming, and probability theory.
Analytical methods enabled the selection of the necessary quantitative composition of chemical, biological, radiation, and
nuclear protection for troops, taking into account the type of protection object. This approach also improved the qualitative
composition of chemical, biological, radiation, and nuclear protection means by introducing promising samples of aerosol
camouflage. The method of integer mathematical linear programming solved the optimisation problem of determining the
composition of aerosol camouflage means that will ensure the camouflage of troops for the maximum time. Probability theory
methods enabled a comprehensive approach to calculating the generalised efficiency indicator, which measures the degree of
reduction in the number of affected critical elements of the object and the probability of the carrier of high-precision weapons
reaching the object. The integration of these methods provided the basis for developing a method that assesses the effectiveness
of performing chemical, biological, radiation, and nuclear protection tasks.

Literature review. A review of existing research and publications reveals that several scientific works have focused
on assessing the effectiveness of aerosol masking as a component of chemical, biological, radiological, and nuclear
(CBRN) protection. One of the known methods employs an analytical dependence that accounts for the influence of
surface wind speed. According to the expected meteorological conditions, the value of the surface wind speed in the area
of the object to be covered is selected, and based on the obtained function of the dependence of aerosol masking
parameters on the surface wind speed, the area of aerosol masking created by the i-th CBRN protection means is specified.
In groups of tactical calculation methods, the capabilities are assessed, and the need for forces and means to cover objects
and perform typical aerosol masking tasks is determined. The calculation includes: determining the masking area;
distances between aerosol masking boundaries; intervals between aerosol foci at the boundaries; total number of foci;
the number of simultaneously burned checkers in each fire; and the total consumption of checkers during the aerosol
camouflage. However, existing methods do not account for the enemy's reconnaissance and defeat factors, including
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unmanned aerial vehicles, as well as the speed and nature of the average wind, which are interconnected with the
magnitude of predicted troop losses, on aerosol camouflage time.

Research results. It has been found generalized indicator of the reduction in the average number of critical
elements of the object affected in the method, it became possible to develop recommendations with greater accuracy to
substantiate the requirements for the effectiveness of the composition of forces and means of chemical, biological,
radiation and nuclear protection during aerosol camouflage of troops from unmanned aerial vehicles with optical-
electronic guidance systems. Unlike those used previously, this indicator enables you to assess the effect of preserving
troops (or elements of objects) using aerosol camouflage. A method is proposed that integrates analytical methods,
mathematical programming, and methods of probability theory.

Research novelty. for the first time, an approach to assessing the effectiveness of aerosol camouflage tasks is
proposed, taking into account the cover coefficient of troops and objects, taking into account the speed and nature of the
average wind. A method is presented for determining the probability of hitting single objects in the absence or presence
of aerosol camouflage, under conditions where the enemy utilises unmanned aerial vehicles, particularly with optical-
electronic guidance systems.

Theoretical and practical significance. The results of the study can be used to improve the methodological support
of the processes of assessment, planning and implementation of tasks of chemical, biological, radiation and nuclear
protection, and increase the efficiency of management decision-making by the management bodies of chemical,
biological, radiation and nuclear protection in the Armed Forces of Ukraine through the use of the developed method.

Conclusion and future work. The article outlines the method for evaluating the effectiveness of CBRN defence
units during aerosol camouflage of troops by unmanned aerial vehicles equipped with optoelectronic guidance systems.
The novelty of the proposal lies in considering the cover coefficient of troops and objects, taking into account the speed
and nature of the average wind. Additionally, a method is outlined for determining the probability of hitting single objects
in the absence or presence of aerosol camouflage, under conditions where the enemy utilises unmanned aerial vehicles,
particularly with optoelectronic and combined guidance systems. The effectiveness of the method is proven by the results
of a numerical experiment. The above suggests the potential application of this method to evaluate the effectiveness of
CBRN defence units during the aerosol camouflage of troops by unmanned aerial vehicles equipped with optoelectronic
guidance systems. by selected partial and generalised indicators, as well as improving the quantitative and qualitative
composition of existing aerosol camouflage means, taking into account the influence of modern reconnaissance means,
in particular, unmanned aerial vehicles, and wind indicators on the time of application of aerosol camouflage. The
method involves developing a methodological base for assessing the effectiveness of CBRN protection forces and means,
as well as the basis for forming practical recommendations to enhance the effectiveness of aerosol camouflage by units
(subunits) of the CBRN protection forces of the Armed Forces of Ukraine. The prospects for further research include the
development, based on the method presented in the article, of information and calculation tasks for military command
bodies to assess the effectiveness of CBRN protection units during aerosol camouflage of troops by unmanned aerial
vehicles equipped with optical-electronic guidance systems.

Keywords: effectiveness of chemical, biological, radiation and nuclear protection, aerosol masking, method,
analytical methods, mathematical programming method, probability theory methods, Armed Forces.
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