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Methods of evaluation and forecasting of levels of electromagnetic radiation in urban
environments

Abstract: This article is devoted to the decision of the actual scientific and applied problem which consists in
the development of a method of definition of levels of the basic and secondary electromagnetic radiations in
the urban environments at the expense of petfection of models of their distribution. The necessity in the
increased efficiency of use of devices of monitoring of an electromagnetic situation on the basis of the analysis
of features of distribution of electromagnetic radiations in the urban environment and lacks of the existing
mathematical device for their desctiption is proved. The nature of the interference and the distance in real
operating conditions and the corresponding graphical and mathematical dependences were obtained, which
formed the basis of the method of improving the models of electromagnetic radiation propagation. Scientific
methods of synthesis of the detailed structural scheme of processes of detection and localization of
uncontrolled and unlicensed devices of information transmission on radio channels, including development
of the software for definition of a zone of electromagnetic accessibility indoors are substantiated. An original
approach, algorithm of functioning and methods of synthesis of search means in the conditions of radio
interference and detection of sources of electromagnetic radiation are developed.

Key words: secondary electromagnetic radiation; electromagnetic reach; radio wave propagation; Hut
model; COST 231 MWM; monitoring of the electromagnetic environment, attenuation factor.
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MeToAM OITiHIOBAHHA T4 IPOTHO3YBAHHA PiBHIB €A€KTPOMATrHITHUX BUIIPOMiHIOBAHB B
ypOaHi30BaHUX CEPEAOBUIIAX

Apmomayin: Aasa craTTs NpUCBAYEHA PIIIIEHHIO aKTYAABHOI HAYKOBO-IIPHKAGAHOI 3aAadl, KA ITOAATAE B
PO3pOOII METOAY BU3HAYCHHSA PIBHIB OCHOBHHX Ta ITODIYHHX E€ACKTPOMATHITHHUX BHIIPOMIHIOBAHD B
ypOaHI3OBAHUX CEPEAOBHIIAX 32 PAXYHOK VAOCKOHAACHHA MOAEACH IX  PO3IOBCIOAKCHHS.
OOIpyHTOBAHO HEOOXIAHICTD B IIABHIIEHI e(EKTHBHOCTI BHKOPHCTAHHS IIPHCTPOIB MOHITOPHHIY
EAEKTPOMATHITHO! OOCTAHOBKI Ha OCHOBI aHAAI3y OCOOAHMBOCTEH PO3IOBCIOAKEHHSA €ACKTPOMATHITHHX
BHIIPOMIHIOBAHb B YPOAHI3OBAHOMY CEPEAOBHIIL Ta HEAOAIKIB ICHYFOYOTO MATEMATHYIHOIO AIIAPATy AAf
ix ommcy. IIpeacTaBAGHO MOAEAD OINHKA CHEPIETHYHHX XAPAKTEPUCTHK CHTHAAIB B TOMII
CIOCTEPEKEHHA HA OCHOBI  CKCIIEDUMEHTAABHHUX AOCAIAKEHB — 3aTYXaHHSA  CACKTPOMATHITHHX
BUIIPOMIHIOBAHb B 3aACKHOCTI BiA YACTOTH, XapaKTEPy IICPEIIKOAN T4 BIACTAHI B PEAABPHHX YMOBAX
EKCITAYATAIIll Ta OTPUMAHO BIATIOBIAHI rpadpivHi Fl MATEMATHYHI 3AACKHOCTI, ITIO AITAU B OCHOBY METOAY
VAOCKOHAACHHS MOAEACH POSIIOBCIOANKEHHS EACKTPOMATHITHHX BHIIPOMIHIOBAHB. OOIPYHTOBAHO
HAYKOBI METOAHM CHHTE3y ACTAAI30BAHOI CTPYKTYPHOI CXEMH IIPOIIECIB BHABACHHA Ta AOKaAisarii
HEKOHTPOABOBAHHUX TA HEAIICH30BAHUX IPHUCTPOIB IepeAaBaHHA iH(OpMAIi IT0 paAlOKaHAAAX, IO
BKAIOYAIOTH PO3POOKY IPOTPAMHOIO 3a0E3IICYCHHS AAf BH3HAYCHHA 30HH EACKTPOMATHITHOL
AOCTYITHOCTI BCEPEAUHI ITpUMIITieHHA. PO3pOOACHO OPUTIHAABHUI MAXIA, AATOPUTM (PYVHKITIOHYBAHHSA
Ta METOAH CHHTE3Y 3aCOOIB ITOIIYKY B YMOBAX PAAIOIICPEIIIKOA Ta BUABACHHA AXKEPEA EACKTPOMATHITHHX
BUIIPOMIHFIOBAHb.

Kurwuosi cn06a: moOIidHI €AEKTPOMATHITHI BHIIPOMIHIOBAHHSA, 30HA EAEKTPOMATHITHO! AOCTYIIHOCTI
bl 5
PO3IOBCIOAKEHHS PAAIOXBHAB, MOAEAD XaTa, MoAeAb COST 231 MWM, MOHITOPHHT eAEKTPOMArHITHOL

Bcryn

Komraeken PaAIOMOHITOPHUHTY €AEKTPOMArHITHOL 0OCTaHOBKH IITIPOKO

06CTaHOBKH, KOeIIIEHT 3aTyXaHHS.

BHUKOPHCTOBYFOTBCA fIK IHCTPYMEHT AAfA BUPIIIIEHHSA IIPOOAEM Y PI3HHUX cpepax — BIA yIIPaBAIHHA
BUKOPHCTAHHAM PAAIOYACTOTHUX PECYPCIB AO BU3HAYEHHSA 0OAACTEN €HEPIETUIHOIO IIOKPHTTS
P OIIHIN AKOCTI paAlo3B’asky. Ha AOAQTOK AO KOHKPETHHX 32aBAAHDb PAaAIOMOHITOPHHIY
BUKOPUCTAHHA BHIIE3a3HAYCHUX METOAIB 3HAXOAUTb CBOI 3aCTOCYBaHHA AAfl  ITOTPEd
erexrpos3p’asky. lle, B CBOXO depry, IpPH3BOAUTH AO HEOOXIAHOCTI PO3PaXyHKIB 30HU
«IOKpHTTAY, 200 30HE EMA, T2 iHTerparito paslogacTOTHUX CHCTEM, HAWOIABII AOIIABHHX 3
TOYKH 30pPy BHUMOI €(DEKTUBHOCTI BUKOPHCTAHHA PAAIOTEXHIYHHX IIPUCTPOIB MOHITOPHHIY
€AEKTPOMArHITHOI OOCTAaHOBKH.

ITpukAasHa gacTHHA, AKA BUKOPHUCTOBYETHCA AASl BUPIITIEHHA AAHOTO 3aBAAHHSA, BKAIOYAE
IIEPEBIPKY aHAAITUYHUX INAXOAIB Ta PO3POOKY METOAIB 3a0€3IEYEHHA MOHITOPHHIY
€AEKTPOMATHITHUX BHIIPOMIHIOBAHb, OIIHKY OIIEPAaIliiHOl edEeKTUBHOCTI AAA 3a0e3IIedIeHHA
EAEKTPOMATHITHOI AOCTYIIHOCTI 3 ypaxyBaHHAM BIIAHBY ypOaHi30BAHOIO CEPEAOBHUINA HA
XapaKTep PO3ITOBCIOAKEHHA EACKTPOMATHITHUX BUIIPOMIHIOBAHE.

[Tpobaema  mipBmtieHHA — €PEKTHBHOCTI ~ BHKOPHCTAHHSA — IIPUCIPOIB  MOHITOPHHTY

EAEKTPOMATHITHIX ~ BHIIPOMIHFOBAHb CTaAa aKIYaABHOIO BHACAIAOK 30IABIIEHHA — KIABKOCTI



MDKHAPOAHUX KOHTAKTIB Ta AlOepaAisariii puMHKy 3acO0IB PaAlO3Bf3KY, a TAKOXK 3arpo3 3 OOKy
3AOBMICHUIKIB, fIKi 301ParOTh IH(MOPMALIIFO PO IIPOMHICAOBI Td EKOHOMIYHI TAEMHHIIL ACPKABHIX T4
KoMepIiHux ycraHoB. [losBa Ha HOBOMY piBHI IpOOAEMH 3aXHCTy IHQOPMAIL Ta PO3PAXYHKY
IIEpUMETPIB KOHTPOABOBAHUX 30H HAOYHO IIPOAEMOHCTPYBAAH TIEBHE HAYKOBE 1 OCOOAMBO TEXHIUHE
BIACTABAHHSA BITYM3HAHMUX 3aCOOIB PAAIOMOHITOPHHIY, 3AATHUX aACKBATHO IIPOTHCTOATH AAHHMH
3arpo3aM IIPH IIPOBEACHHI KOHTPOAIO PIBHIB E€AEKTPOMATHITHHUX BHITPOMIHIOBAHb, BHUABACHHI i
AOKAAI3aIlli  IOTEHIHO — HEDE3IEYHHX  AKEPEA  PAAlOBHIIPOMIHIOBAHHSA,  BHABACHHI
€AEKTPOMATHITHIX BHIIPOMIHIOBAHb 1 HABEACHD, 3AATHUX IIPHU3BECTH AO BHUTOKY KOH(DIACHIIIHOL
iHMOpM™ArIif.

Meror0 AQHOTO OPHITHAABHOIO AOCAIAKEHHA € ITNABHINEHHA €(DEKTHBHOCTI BHKOPHCTAHHA
IIPUAGAIB  PAAIOMOHITOPHHIY B YMOBAaX CKAAQAHOIO XapakKTepPy PO3IIOBCIOAKEHHA PaAIOXBHAD
BCEPEAHHI IIPHUMIITIeHb. BIATIOBIAHO AO IIBOrO OGYAO 3aIIPOIIOHOBAHO METOA PO3PAXYHKIB PIBHIB
OCHOBHHX Ta ITOOIYHUX EAEKTPOMATHITHHX BHUIIPOMIHIOBAHD AAfl IIOTPEO PaAIOMOHITOPHHIY,
IO 3AQTE€H BPAXOBYBATH BTPATH IOTYKHOCTI PAaAlOCHTHAAY HA IIOAOAAHHA PI3HUX THIIB
IeperIKoA BcepeAanHi npumittnens (baxmziapos, 2019). Buepire po3poOAEHO METOA OLIHIOBAHHSA
pIBHIB €AEKTPOMATHITHHUX BHIIPOMIHIOBAHb PAAIOTEXHIYHUMH 3aCOOAMH  MOHITOPHHIY
€AEKTPOMATHITHOI OOCTAHOBKH, ITIO ITOAATA€ B CHHTE31 YOTHPHOXETAITHOTO ITPOIIECY BUABACHHSA
iX AKepeA B ypOaHIZ0BAHOMY CEPEAOBHIII B YMOBAX CKAAAHOI CTPYKTYPH €ACKTPOMATHITHOIO
ITOAf, IO AO3BOASI€E 3MEHIITUTH TPHBAAICTD ITOIITYKOBOI'O IIPOIIECY Ta IABHIIATH AOCTOBIPHICTE
oaepikanol 1H@opmanil. TakoK YAOCKOHAACHO IIPHHIIUIINA OITHMAABHOIO IIPOEKTYBAHHSA
PAAIOTEXHIYHHUX BY3AIB Ta HPUCTPOIB MOHITOPHHIY EAEKTPOMATHITHOI OOCTAHOBKH dYepe3
BPAXYBAHHA ACTEPMIHOBAHUX Ta BUIIAAKOBHX BIAXMAEHB ITAPAMETPIB €ACKTPOMATHITHOIO ITOAS
BCCPCAMHI IIPHUMIIIEHb, IO AO3BOAHAO INABHIIUTH IHTEIPAABHY UYTAHUBICTH 3aCO0IB
MOHITOPHHIY €ACKTPOMATHITHOI OOCTAHOBKH T4 TOYHICTH IIPOTHO3YBAHHA €ACKTPOMATHITHOTO
IIOAA 3 YPaxXyBaHHAM OCOOAMBOCTEH AKEPEA BUIIPOMIHIOBAHb.

Bcei mpeacraBaeHi B AaHifl poOOTI aHAAITHYHI PE3yABTATH OTPHUMAHI 3 BHKOPHUCTAHHAM
HACTYIIHHX MATEMATUYHHUX alapaTiB: METOAUM TEOpil PO3IMOBCIOAKECHHA €ACKTPOMATHITHHX
BUIIPOMIHIOBAHb — AAf AHAAI3Y 3aTYXaHHA €ACKTPOMATHITHOIO ITOAfl B 3aA€KHOCTI BIA 9aCTOTH
Ta BIACTAaHI B PEAABHHX yYMOBAaX EKCITAYATaIlil; METOAHM MAaTEMaTHIHOTO MOACAFOBAHHA — AAA
IIEPEBIPKU  aACKBATHOCTI  PO3POOACHHX MOAGAEH Ta AATOPHTIMIB; METOAH OOpPOOKH
EKCIIEPHMEHTAAPHUX AAHUX — AAfl YTOYHEHHA MOAEAI PO3IIOBCIOAKEHHSA PAAIOXBUAD.

B mepeaiky AlreparypHHX AKEpPEA IPEACTABACHI IPOMIKHI €TAITH XOAY AOCAIAKECHHA
aBTOopamMu AaHOi crarti: «OCOOAHBOCTI BUOOPY MOAEAI PO3IOBCIOAKEHHA E€ACKTPOMATHITHUX
BUIIPOMIHIOBAHb BCepeAUH] pumirteHnss» (baxmiipos, 2019), «MeToarka MOAEpHI3aII MOAEAI
PO3IIOBCIOAKEHHA PAAIOXBHAD B CEPEANHI IIPUMIITIEHHA AAS IIOOYAOBH KOHTPOABOBAHOI 30HHU
koproparusHoi Mepexi» (baxwmiapos i Kosawk, 2019), “Evaluation of energy availability of means
to communicate with UAVs in conditions of radioelectronic countermeasures by the enemy”
(Bakbtiiarov, 2016), «O11iHKa MOKAHBOCTI IIEPEXOIACHHA CEMAHTHYIHO] iHdopMmariii 32 paxyHOK
ITOOIYHUX E€ACKTPOMATHITHUX BUIIPOMIHIOBAHDB Y BIAGOCHCTEMI IIEPCOHAABHOIO KOMII FOTEPay
(baxcmigpos, 2020), «[TopiBHAABHII aHAAI3 TIepeTBopeHHA Pyp’e, KOCHHYCHOIO IEPETBOPEHHSA
Ta BeliBAeT-1IepeTBOPEHHSA AK CIIEKTPAABHOIO aHAAIZY II(POBUX MOBHHX CUTHAAIBY (Konaxosuu
7 inz, 2015), “A Digital Speech Signal Compression Algorithm Based on Wavelet Transform”
(Konakhovych et al., 2016).



ITporrec BUABAEHHA AYKEPEA €ACKTPOMATHITHUX BUIIPOMIHIOBAHb B YMOBAX CKAAAHOI
€AEKTPOMArHITHOI 0OCTAaHOBKH

OAHHM 3 HAIIPAMKIB MOHITOPHHIY €ACKTPOMATHITHO! OOCTAHOBKH € ITOIMYK 1 BUABACHHSA
CIEIIAABHO OPIaHI30BAHMUX 1 IOTEHINWHHX paAlOKaHAAIB BHTOKy iHdopwmarii. Bussaenmsa
TEXHIYHUX KAaHAAIB BUTOKY — CKAQAHHUIT OaraTOETAIIHHUI IIPOIIEC, KU B CIIPOIICHOMY BHUTAAAL
MOJKe OYTH IPEACTABACHHH Y BUTASIAL CYKYITHOCTI psAAY erars (Lzocmpayia T).

BiA moBHOTH BHPIIICHHA 3aBAAHD IIOIIYKOBUM OOAAAHAHHAM 3aACKHTH TPHBAAICT
IIPOLIECY IIOIIYKYy 1 AOCTOBIPHICTH OAep:kyBaHOI iHdopmarii. [ToBHOoTa 1 MmIBHAKICTH iX
IIPOBEACHHA, €(DEKTUBHICTD IIOIIYKOBOI CHCTEMH, AOCTOBIPHICTH OAepskaHOi iHdoOpmMariii Ta
BIPOTIAHICTD IPUHHATTA PIIICHHSA 3aA€KATD BIA CTPYKTYPH ITOIITYKOBOI CHCTEMH 1 XapaKTEPUCTUK
BHKOPHUCTOBYBAaHHUX B HIH 3aCO0iB.

I ETan niepeabavae aHAAI3 IIOTOYHOTO 3aBAHTAKEHHA AlAITA30HY 1 HAKOIIMYEHHA AAHUX IIPO
YaCTOTH, PIBHI 1 XapaKTep €ACKTPOMATHITHUX BUIIPOMIHIOBAHb B POOOYOMY AlaIla30H1 9acTOT 3
IIPUB’A3KOIO AAHHUX AO Micis npuiiomy. [TiaA «BIAOMEMED BHIIPOMIHIOBAHHAMHU PO3YMIETBCA
CYKYITHICTb HAKOIIMYEHUX 32 IIEBHHI IHTEPBAA Yacy AAHHX IIPO 3aBAHTAKCHHA AlaITa30OHY,
OTPHUMAHHX 34 PE3YABTATAMU IIPOBEACHHA IIOTOYHOTO KOHTPOAIO. [ Ipu mpomy mepeadadaeTned,
10 HeOE3IeYHl CUTHAAN BIACYTHI, IIIO AOCATA€TBCA, HAIIPUKAAA, ITOCTYIIOBUM HAKOIIMYICHHAM
«BIAOMUX» BHIIPOMIHIOBAHB 3 PETEABHOIO IIEPEBIPKOIO KOKHOTO 3 BUIIPOMIHIOBAHb.

IT Eran. Ao miepeAiky «HEeBIAOMUX» BKAIOYAIOTHCA AAHI IIPO BUIIPOMIHIOBAHHS, CYKYITHOCTI
IapaMeTpiB AKUX 3aAOBOABHAIOTH 3aAAHUM KPHTEPLAM IIOIIyKy. Buxopucranaa «omnopHo
AHTEHH IIepeADadYae HAABHICTH Y CKAAAl ITOIIYKOBOI CHCTEMH AaHTEHHOIO KOMyTaropa, IO
3abe3Iedye MoYeproBe MAKAIOYCHHA OAHIET 3 IPUHOMHUX (B BHAIACHOMY IIPUMIIIICHHI) aHTECH
Ta «OIIOPHOD» AHTEHH, IO 3HAXOAUTHCHA 11032 KOHTPOABOBAHOIO 30HOIO IPHUMIIICHHSA, A€
3abe3redye HAAIMHIH IIPUIOM BCIX 30BHIIITHIX CHTHAAIB.

III ETan repeabavac IPOBEACHHS TECTYBAHHSA, IO AAC€ IIEBHHUI eDEKT fAK IIPU BUABACHHI
paAloMiKpodoOHIB O3 3aKpHUTTA (BUIIPOMIHIOBAHHA B BHAIACHOMY IIPHMIIIEHH] CIEIIaABHO
CHHTE30BAaHUX AKYCTUYHUX CHTHAAIB), TaK 1 IIPH IIPOBEAEHHI crrerpocAiaxens Ha [IEMBH
IITAAXOM BIAIIOBIAHOI MOAyAsIi iH(OpMaTuBHUX Hapamerpis Bunpominrosans (baxwiapos i
Kozawx, 2019; Bakhtiiarov, 2016).

Aas uxonanag 1V Erany HeoOXIAHO 3AIICHUTH IOPIBHAHHA MAKCHMAABHHUX (3 BUXOAIB
AHTEH B KOHTPOABOBAHIN 30HI) KOMIIOHEHT CIIEKTPa 3 PIBHAMU BIAITOBIAHUX KOMITOHEHT
IIOIIEPEAHBO HAKOIIMYEHUX Y BHAIACHOMY IIPUMIINIEHHI «BIAOMHX» EAEKTPOMAIHITHUX
BUIIPOMIHFIOBAHb (IIPM ABHIM BiACyTHOCTI BHIpoMmiHrOBaHL 3II) 1 rpaHmaHmM piBHEM AAA
BIAIIOBIAHOI 9aCTOTH, 2 IIOTIM 3a PE3yAbTATAMHU ITOPIBHAHHA HIPHHMAETHCA PIIIEHHA IIPO
HAABHICTD (BIACYTHICTD) «HEBIAOMHUX» BHIIPOMIHIOBAHb B KOHTPOABOBaHIN 30H1 (baxwigpos,
2020). KoopauHaty Ipu MOHITOPHUHIY €AEKTPOMATHITHOI OOCTAHOBKH OOpaHi 3 CYKyIIHOCTI

CHeKTpaAbHUX BiaAiKiB Xk (], #) ycepeanenux 1o R peaaisariifi eHEpreTHIHOIrO CIIEKTPA.

, 1 R 2
Xp(G,n) = - x Tfoa|em@m)|”,
A€ j — HOMEp aHTEHH, INAKAFOYEHOI AO BXOAY allapaTypy MOHITOPHHTY.
CepeAHs TOTYKHICTD BHITAAKOBOIO 1portecy U, (#), IPEACTABAEHOTO B Y4aCTOTHIH 00AAaCTi

CYKYIIHICTIO 3HAYEHD XR(},#7) HOMEPAMU BIA /yin AO My, IIPOIIOPIIIITHA CYyMI ITUX BIAAIKIB:



13j’m = 101g(2nm‘“‘ Xr(, n)) + u,nb,

N=Nmin
A€ U — IOHPaBOYHHUE KOCMIIEHT, SKHI BH3HAYACTHCA KAAIOPYBAHHAM AHTCHM 1 amaparypu
BHKOPHCTOBYBAHOTO KAHAAY MOHITOPHHTY eAeKTpomarHiTHOI oocranoBku (MEO).

3aIpoIOHOBAHA CTPYKTypa IIOIIYKOBOI CHCTEMH, fKA pEaAl3ye AAHHH aATOPUTM 1
3abe3redye HIpU IIBOMY INABHINEHY IHTETPAABHY YYTAHBICTH 1 MAKCHMAABHY IIIBHAKOALIO,
MICTHTB: KOMIIAEKT IITHPOKOAIAITA30HHIX aHTEH, OAHA 3 AKUX («OIIOpHA») BUHECEHA 32 MEKI
BHAIAGHOIO IIPUMIIIEHHA; KEPOBAaHUII aHTEHHHMI KOMYTAaTOp; KEPOBAHHH IIO YacTOTI
HPUNMAABHHUH TPAKT 3 ITUPUHOIO CMYI'H IIPOIYCKAHHA IIO IT4; anCTpif/'I aHaAoro—uH(bPOBoi'
OOpOOKM Ha OCHOBI IIBHAKOro mneperBopenHsi Pyp’e; kepyroduil IPUCTPIH i3 3MIHHOIO
CTPYKTYPOIO, fIKA BU3HAYAECTHCSA 3AIPOIIOHOBAHIM IIPOTPAMHIM 3a0C3IICICHHAM.

ITippumennsa edpexruBHOCTI BuKOpucranHa amaparypu MEO npu aamomy crocobi
3a0e31edy€eThCA: BUKOPUCTAHHAM ITaHOpaMHOTO aHaAidy Ha ocHosl LHUII® (Kownaxosuy i in., 2015;
Konakhovych et al., 2016); ckopodeHHAM 00CATY OOPOOAIOBAHUX AAHUX IIPH BUKOPHUCTAHHI 0a3n
«BIAOMHX» €AEKTPOMATHITHUX BHIIPOMIHIOBAHb 200 CHUTHAAIB 3 BUXOAY «OIIOPHOD) aHTEHH.

B ocHOBY AaHOTO CIIOCOOY ITOKAAAEHO BIAOME ITOAOMKEHHSA €ACKTPOANHAMIKI IIPO PI3HIH
XapakTep 3MIHH HAIPYKEHOCTI EACKTPOMATHITHOIO IIOAfl B OAIGKHIN 1 AAABHIN 30HAX.
KomMIioneHTH BEKTOpa HAIIPYKEHOCTI €AEKTPUYIHOIO IIOAf, BUIIPOMIHIOBAHOTO €AEKTPUYHUM

AHIIOAEM p, B CPEPHUYHNX KOOPANHATAX BU3HAYAFOTHCA BUPAZAMHU:

1 1 ik 5 ]
br = (73 - :_z) cos B|plexp[—iwt],
1 1 ik K2\ . R .
Bo = i (73 = 7) sin 8|plexp[—iwt],
E, = 0.

Ae 1, 8 1a @ — cpepuuni koopannary, Ey., Eg, E,- KOMIIOHEHTH HAIPY/KEHOCTI €ACKTPIIHOTO
oAl B C(DEPUYHHUX KOOPAMHATAX, &, [ — CGACKTPHUYHA 1 MArHITHA IIPOHHUKHOCTI BIABHOTO

CEPEAOBHIINA, (U - KPYTOBA YACTOTA BUIIPOMIHFOBAHHA.

AUIIOABHIIT MOMEHT OB A3aHUI 3 BUIIPOMIHFOBAHOI OTYKHICTIO W CITIBBIAHOITICHHSAM:

_ ot 212
W = ——ueulpl®,

MOAYAB HaHPY)KCHOCTi €A€KTpI/I"IHOI"O ITIOAA BU3HAYAETHCA BI/IpaSOMZ

Flo [f2w | 1 (1 K o 1(iﬁ)zﬁ-z
|E|_ u@w4\/(2n£)2(r6+r4)cos 9+(4ns)2<r3+r +r4 sin?o,

MaKCI/IMYM MOAYAA HaHPY)KCHOCTi €ACKTpI/I"IHOFO IIOASL IO BCIX MOKAMBHX HaHp}IMaX 9,

HpI/I 32AaHOMY 7 BU3HAYAE€TDHCS BHpaSOMZ

12w 1 1 k2 1 1 k2\% k2
Enax(r) = [ =i max{—(zmz (5 475) e ((r—s+7) +F)}’

Ha ia. 2 mpeacraBAeHi 3aA€KHOCTI MAKCHMAABHOTO 3HAYEHHSA MOAYAfl HAIIPYAKEHOCTI

€AEKTPHYHOIO MOAA E ., TIIO TOPOAKYETHCA TTOPIBHAHO MasonoTykHuME (100 MxBr 1 1 MBT)
axepesamu EMB 3 gactoramm 30 1 300 MI't B BuAlAeHOMY IIpumirtieHHi Ha BiacTaHAX R BiA 1
Ao 10 m. Ha tmx xe pucyHkax nmpuseaeHi 3asexsocti notyxaux (100 Br) amepea
€AEKTPOMATHITHUX BUIIPOMIHIOBAHb, HAIIPHKAAA, PAAIOMOBHHUX CTaHINN, BIAAAACHHX BIA

BUAIA€HOTO nipumimenss Ha 3 kM (Lzocmpayia 2).



AHaAl3 xXapakTepy 3MIHM KPHBHX ITOKasye, o B Oamkmiid (1.8 M) 30HI piBeHs
BHIIPOMIHIOBAHHSA BIA MaAOIIOTY/KHHUX AKEPEA, fAK 1 CAIA OyAO OdIKyBaTH, IIEPEBHINYE PIBEHD
IIOTY/KHIX, aA€ BIAAAACHHX AxepeA. AAf peaaisariii MOKAMBOCTI BHABACHHA MaAOIIOTYKHEX
PaAlOMIKpPOOHIB B YMOBaX CKAGAHOI 3aBaAOBOI €ACKTPOMATHITHOI OOCTAHOBKH 1 IIABUIIIEHHSA
eeKTUBHOCTI IIOIIIYKOBOI CUCTEMHU B BUAIAGHOMY IIPHMIIIIEHH] PO3MIIIYIOTBCH AeKiAbKa (2...4)
AHTEH 3 KBa3li30TPOIIHHUMH AlarpaMaMH CHPAMOBAHOCTI. BOHE BCTaHOBAIOIOTBCA 3 TaKHM
PO3PAXYHKOM, IIIO IIPH OYAB-AKOMY PO3MIIIIEHHI paAloMiKpodOHa HOTo BIACTAHB AO AHTEHH
ckAaae 1.5 MeTpiB, IO BIAITOBIAAE «OAMIKHIN» 30HI IPHHOMY.

Takuii METOA AA€ MOMKAUBICTD BUAIAUTH aHTEHY, CHTHAA 3 BUXOAY fAKOI Ma€ HAHOIABIIHIT
piBenb. [lum AocAraroTbesl Taki MOKAMBOCTI: BiACeAekTyBaTH BuirpominioBanusa 311 ma doni
BUIIPOMIHIOBAHb  INTATHUX  PaAlo3acoOIB; KOMIIGHCYBATH  HEPIBHOMIPHOCTI  Alarpamu
CHPAMOBAHOCTI KBa31i30TPOITHUX aHTEH B PI3HUX IIPOCTOPOBUX CEKTOPAX.

MOKAUBICTD INAKAIOYEHHS AO OAHOIO 3 BXOAIB KOMyTaTOpa 3OBHIIIHBOI («OITOPHOD)
AHTEHN ICTOTHO 30IABIIYyE WMOBIPHICTD PO3PIZHEHHA 3OBHIIIHIX 1 BHYTPIIIHIX AXKEPEA
BUIIPOMIHIOBAHb B CKAAAHIH E€AEKTPOMATHITHIM OOCTAHOBII, INABHIIYE IIBUAKOAIFO IIOIIYKY

HOBHUX CHTHAAIB.

MeToAMKA BUABACHHA AYKEPEA «HEBIAOMIX» €ACKTPOMArHITHIX BUIIPOMiHIOBAHB B 30Hi
€AEKTPOMATHITHOI AOCTYIIHOCTI 3 yPaXyBaHHAM ACTEPMIHOBAHHX T4 BUITAAKOBHUX BIAXHACHB
IIApaMeTPiB €AEKTPOMATHITHOIO TIOAA

Aara METOAMKA CKAAAAETHCA 3 HACTYITHIX KPOKIB:

1. PaalonmpmiiMaAbHUIT IIPUCTPIF HAAAIITOBYETHCA HA AIASHKY 9aCTOT, ITIO AOPIBHIOE CMy3i
AF(q) 3 nomepom g pobodoro Alamasony RD, g = 1,2,...Q, Q = %

2. AHTEHHHIT KOMyTaTOP IAKAIOYAE AO BXOAY npuctporo MEO «omopay» aHTeHy 3 HOMEPOM
J=1)

3. 3a BIAAIKOM CIIOCTEPEKYBAHOTO EHEPTETUYHOIO CIIEKTPA BXIAHOTO BHIIAAKOBOTO IIPOIIECY

Ha OCHOBI: 6'32,T0q. X Zneec Xp, PO3PAXOBYETHCSA OIIHKA IHTEHCUBHOCT] IITyMY.

~ Np-N,

4. TlpoBOAMTBCS BHUSBACHHS BY3bKOCMyIOBUX CHIHAAIB B cmysi wuacror AF(q) i
3aI1aM’ATOBYBAaHHSA BCIX KOMITIOHEHT, ITIO IIEPEBUIIIUAH IIOPOrOBE 3HAYECHHS.

5. AHTEHHHH KOMYTATOp IIAKAIOYAa€ AO BXoAy npucrporo MEO amrteny 3 momepom j =
2, ..., ] miCAs 90ro BUKOHYIOTHCS ALl BIAIIOBIAHO AO KpOKiB 3, 4.

6. AAS KOKHOTO 3 BUABAECHUX CHTHAAIB Uy, (, 1), = 2, ..., ] BU3HAUAIOTHCA HOMED /i cepeAHs

HOTYKHICTD, AAT AKOTO P} 1 MakcumanbHa, a Takox Py Aas omroproOi anTenw (j = 7).

7. AAfA KOKHOTO 3 BUABACHHX CHTHAAIB PO3PAXOBYETHCA OLIHKA BIAMIHHOCTI CITOCTEPEKYBAHOL

. . p jm .
irrencuBrocTi AP, o0 32 ipaBuaom: AP = 101g (;—) + (Ue —Ho)sAcj=2,.,]3
im
IIepEePaxXyHKOM IIOIPABOYHUX KOEMIIEHTIB U, Ta [, BIAIIOBIAHO AO ITapaMeTpiB aHTEH B
K3 («curaarbHIX») 1 «OITOPHODM.
8. BusHawaerpca KAAC AKEpeAd EAEKTPOMATHITHHX BHIIPOMIHIOBAHB G, BIAITOBIAHO AO

IIpaBHAa:



Py, AKIIO APCHOCT > APnop 2
¢m = { HE BU3HAY€eHO, AKIO AP, < AFyoer < APyop 2, A€ Pys - 00'cAHYE AsEpEAQ, TTTO
Psopns AKIIO APCHOCT < APnop 1

HaAexkaTh K3, a Py0py — BlAAAAEHI AKEPEAQ BUIIPOMIHIOBAHbD.

9. Aaal mporeAypa IIOBTOPIOETBCH AAA BCIX AIATHOK pODOYOro AlammasoHy, ToOTO All O

nyHkTaMm 1-9 aast ¢ = 21 T.A.

Buxopucrosysani noporn APpqnq 1 APpgp 2 MOKYTH B KOKHOMY KOHKDETHOMY BHITAAKY
KOPHIYBATHCA 3 YPAaXyBaHHAM BAACTHBOCTEH OOAACTI KOHTPOAFO 1 PO3MIIICHHSA IIPHAMAABHUX
arTeH. KpiM TOro, AaHi TOPOTH MOKYTh OYTH PISHUMH AAf PI3HHX AIASHOK CIIEKTPA BIAITOBIAHO
AO PEaABHHUX ITapaMETPIB €ACKTPOMArHiTHOI oOcraHoBKkH. Ha OCHOBI BHKAAAEHOIO MOXKHA
3pOOUTH BUCHOBOK, IO BUABACHI CTPYKTYPHI 3aKOHOMIPHOCTI PO3ITOAIAY €AEKTPOMATHITHOTO
IIOAfl BCEPEAHHI IPHUMIIIEHb MOXKYTb OYTH peaAi3oBaHi AAfl INABHINEHHA e(EKTHBHOCTI
BUKOPHUCTAHHA PAAIOTEXHIYHHX IIPUCTPOIB Ta 3aCODIB TEAEKOMYHIKAILIN AAf MOHITOPHHIY
€AEKTPOMATHITHOI OOCTAHOBKHM, IIOIIYKY IIPUCTPOIB HETAACHOTO 3HIMAHHA KOHMIACHIIIHOL
iHdopmamii Ta TEXHIYHHX KaHAAIB BHTOKY 32 PAaXyHOK IIOOIYMHHUX EAEKTPOMATHITHHX

BUIIPOMIHIOBAHb O(ICHOI TEXHIKH.

Omninka epeKTUBHOCTI BUKOPUCTAHHA PAAIOTEXHIYHUX IIPUCTPOIB MOHITOPHUHTIY

€ACKTPOMArHiTHOI 00CTAaHOBKH

ITian edekrusricTIO poboTH mpucTpoise MEO OyaeMO pO3ymiTH BIAHOIIIEHHS KIABKICHO
BHPQKEHUX PE3YABTATIB, OTPUMAHHX 32 AOIIOMOTOFO AQHOTO IIPHCTPOXO 32 3aAAHUI ITEPIOA Iacy, AO
ITOTEHIIFHIX 400 MAKCUMAABHO MOKAHBHX 32 TOH K€ ITEPIOA.

Edexrusricts Buxkopucranua mpucrpois MEO B 3Ha4YHIH Mipi 3aA€KHTB BiA HOTO
PYHKIIOHAAPHAX 1 TEXHIYHHX MOMKAHMBOCTEH, IO BHU3HAYAIOTH IX IIPOAYKTHUBHICTB Ta
BUPOOHUYY IIOTYKHICT IIPH BUPIIIIEHH] OCHOBHUX 3aBAAHD paAloMoHITOpunry (Kazwcreiil 7 i.,
2013; Cucmema ynpasainnsg axicnno, 2009).

BiammoBiAHO A0  AETEPMIHOBAHOTO  IIPOCTOPOBO-YACTOTHO-YACOBOIO  INAXOAY — AO
oriaroBanHA edexkruBHOCTI (pyHkuionysanusa upuctpois MEO  (Kazwonsin 7 in., 2015,
Kanwsnernerir 7 in., 2013) iX HPOAYKTHUBHICTH B 3araAbBHOMY BHTASAl BH3HAYAETHCA BHPA3OM
(Kauroserweii i in., 2015):

1 = AS X AF(T),

ae AS, AF u AT — naormma sorn EMA, gactoTHu# AlammasoH i gac KOHTpOARO; T' — mepioa wacy
(roanHa, 3MiHa, AODA).

Toal Bupobumay noryxuicts npuctrpois MEO wmowma orinuru sk (Kazwoeneiil ma i,

2015):
m =1l x Trm.MEO,
A€ Ty MEO — TIAQHOBHIT YaC PAAIOKOHTPOAIO (MICAI, KBAPTAA, PIK).

Texnonoria  BHKOpucranHA npuctpois  MEO  3aaexurs  BIA  KOHTPOABOBAHOL
PAAIOTEXHOAOTL], XapaKTepy BHUPIIIYBAaHUX 3aBAAHb, PIBHA aBTOMATH3AIli X BHpIIIEHHA i
kBaAidikarii orepaTopis.

Biaosiauo Ao (Cucrmeria ynpasiainmg axicmro, 2009) AeprxaBHe IAIPHEMCTBO «YKpalHCHKHUI

ACPZKABHHH IIEHTP PaAlOYACTOTY 3AIFICHIOE ITAAHOBUN ITEPIOAMIHUI (IITOMICAYIHIH) TeXHITHINA



PaAlOKOHTpOABL  BunpoMiHioBanb PE3 23  paAlOTEXHOAOIIH 3araAbHOTO  KOPHCTYBAHHSA
npotaroMm Ty, vpo = 21 pobodoro AHA mpu TpuBasocti pobowoi smiam T, = § roaus 3
HAAAHHAM IIOMICAYHOI Ta y3araAbHEHO! IIIOKBAPTAABHOI eAeKTpOHHOI 3BiTHOCTI 32 3T, ME0 =
63 pobounx AHA. [Ipm 11pOMy BHPIIIYIOTBCA Taki 3aBAAHHA MOHITOPHHIY €ACKTPOMArHITHOL
OOCTaHOBKHU 3 KIABKICHO BUPQ/KEHHMU PE3YABTATAMH:

®  KOHTPOAB BIAITOBIAHOCTI ITapaMeTpiB BUIIPOMIHIOBaHb 3apeecTpoBannx PE3 Hopmarusaum

AOKYMEHTAM;
®  KOHTPOAB 3aMHATOCTI CMyT PaAlOYaCTOT;
®  BUABACHHA HEAII[CH30BAHHX Ta HE3AKOHHO BCTAHOBACHHUX PaAlOIIepeAaBAHIB;
®  BHABACHHSA AKEPEA PAAIO3aBaA.

3 OararpoX IPHUYHH OO €KTUBHOIO i CyO’€KTUBHOIO Xapakrepy (HECIIPaBHOCTI amaparypu
KOHTPOAIO 1 TPaHCIIOPTHHUX 3ac00iB MOOiAbHHX npuctpois MEO, mepocTaTna kBasidikariis
00OCAYTOBYIOYOTO IepcoHaAy 1 iH.) Aesxi Tumu npucrpois MEO He MOKyTH OyTH BHKOpPHCTAHI
AASl BUKOHAHHS 3aBAAHDb PAAIOMOHITOPHHIY BECh IAAHOBHH IIepioA T, mpo- AAA BHABACHHSA
KOHKPETHUX IIPUYUH TAKOTO XaPaKTEPy AOLIABHO BBECTH IIOKA3HHK 1 KpuTepill epeKTUBHOCTI
BHUKOPHUCTAHHSA IIPUCTPOIB MOHITOPUHIY €ACKTPOMATHITHOI OOCTAHOBKL.

B sAxocti Takoro IOkasHHMKa IIPOIOHYETbCA KoedimieHT (IOKa3HUK edEeKTUBHOCTI)
BHUKOPHUCTAHHA ICHYIOUOro 1epeaiky npucrpois MEO.

O1iHIOBaHHA IOKA3HHKIB e(EKTUBHOCTI Ma€ BAKAUBE IIPAKTHYHE 3HAYCHHA. 3a

AOTIOMOTOFO ToKasHuka (Kazworcneiil 7 in., 2015):
T

E =
m1.MEO T

A€ TT, , TTy— PEAAbHA Ta OTEHIIIHHA IPOAYKTHBHI IMOTYKHOCTI.

Ominanrra edpekTrBHICTS POOOTH KOKHOTO HpHCTporo MEQO 3a rmaaHOBHIA IIepioa MoKHA:
Z J zj
_ 27=1% 2iz1 Tunmeo

Trm.MEO

B

Ae XX Z§=1_ IIOKA3HUKN IPOAyKTHBHOCTI npucrpois MEO B meBHOMYy IpOCTOpOBO-

YaCTOTHO-YaCOBOMY KOHTHHYYMI y3araAbHEHI 32 3aBAAHHAME 1 KAACaM PaAIOTEXHOAOTIH, Tnznj.MEO
— KIABKICTB POOOYHX 3MIH AAA BHPIIIIEHHA 3aA29]l MOHITOPHHIY €AEKTPOMArHITHOI OOCTAaHOBKH.

ITpoaeMOHCTPYEMO TIPAKTHYHY CHPAMOBAHICTH BUKAAACHOIO METOAMYIHOTO IHAXOAY AO OIUHKH
edpeKTUBHOCTI POOOTH 1 BUKOPUCTAHHA ICHYFOYOTO HiepeAiky puctpois MEO.

Buxoasun 3 supasy (Kaswcreiil 7 in., 2015):

AT = AT, + AT,

HEOOXIAHO BU3HAYHTH 1 PO3PAXYBATH IPOAYKIHBHI 1 HEIIPOAYKTHBHI BUTPATH YaCy ITPH BUKOHAHHI
IIPOIIEAYPH MOHITOPHHIY €AEKTPOMArHITHOI 0OcTanoBKU. BiattoBiauo Ao (Cuerienia ynpasiiria sxicnm,
2009) OyAO BU3HAYEHO, ITIO 3araAbHI HEIPOAYKTHBHI BUTPATH YACy BKAIOYAIOTH B ceOe:
e yac AT}; mOCTaHOBKH 3aBAAHB OIICPATOPAM HA 3MIiHY;
® ujC ATK¢ Ha IIPOBEACHHA KOHTPOAIO (pyHKIIOHYBaHHA r1pucTpois MEO;
e uac AT,y PyX AO MICITA IPOBEACHHS MOHITOPHUHTY;

e  uac AT, ma posroprauns / sroprauus npuctpois MEO;

e yac ATy, Ha kiHIIeBY OOPOOKY PE3yABTATIB PAAIOMOHITOPHHIY.



3 ypaxyBaHHAM TexHOAOT BukopucTanua npuctpois MEO HenpoAykTHBHI BUTpaTH Yacy
AASl  CTALIOHAPHHX, MOOIAPHUX 1 TOPTATHBHHX 3aCTOCYBaHb OYAYTb  BIAPISHATHCH.
Hermpoaykrusai BUTpaTH 9acy AAf crarioHapuux npucrpois MEO pospaxoByrorbesd fk:
zj — ATZ) zj zj
ATI—[er.CTau - ATns + ATK(I) + ATKO
Henpoaykrusai BuTparn d9acy AAfA MOOIABHHX 1 mopraruBHuxX npucrpois MEO
BU3HAYAFOTHCA HACTYITHIMU YaCOBUMH ITAPAMETPAMH:
zj — ATZ) zj zj zj zj
ATHer_MO6 = AT, + ATxcp + AT + AT,y + AT,
[Tpu mpOMY HEOOXIAHO BPAaXOBYBATH TaKOK Te, IIIO HE BCl MOOIABHI IPUCTPOI OTPEOYIOTH
B PO3rOPTAHHI almaparypu Ha MICIIEBOCTI 1 MOKYTb 3AIFCHIOBATH BHKOHAHHA HEOOXIAHHX
(PYHKIIOHAABPHUX OIIEpaliil B aBTOMATHIHOMY PEKUMI IIA 49ac pyxy. B mpomy Bumasxy dgac
zj _
AT,; =0.
A0 IIPOAYKTHBHHM BHTPAT YaCy HA MOHITOPHHI €ACKTPOMATHITHOI OOCTAHOBKH OAHOTO

PE3 craniornapunmu, MobiAbHIMHE 1 TOpTaTHBHIMEI 1TpucTposmu MEO Oyan BiaHeceHi:
zj1 - . . .
® uac ATMéo Ha BUKOHAHHSA OITEPAIIil 10 MOHITOPHHIY €ACKTPOMATHITHUX BUIIPOMIHIOBAHB;

zj1 .
gac Ha OO AHHA CACKTPOHHOTO ITPOTOKOAY B FOBAHD,
. AT, y Brmi

e uac A'I"Hzoj1 Ha IIEPBUHHY OOPOOKY PE3yABTATIB.

BiammoBiaAHO 3araApHI IIPOAYKTHBHI BHTPATH 4YaCy AAfA BCiX THmiB mpucrpois MEO
AOPIBHIOFOTB!

AT " = AT, + ATgT + AT,

AAfl TIPOBEACHHS BIAIIOBIAHHX PO3PAXYHKIB OYAO IPOBEACHO XPOHOMETPAK IIPOAYKTUBHUX 1
HEIPOAYKTUBHUX BHTPAT 9acy. PO3pOOAIOBAHHIT IIPUCTPI HA OCHOBI METOAY BUKAGACHOIO YMOBHO
rro3uagrMo AK AAB-511 Ta nopiBHAEMO HOrO XPOHOMETPAK BUKOPUCTAHHA 3 HANIIOITHNPEHIIITIMI
npucrposst MEO 1npm  OAHAKOBII TIPOAYKTHBHOCTI Ta BHPIITIEHHI 3aBAAHb MOHITOPHHIY

€ACKTPOMATHITHOI OOCTAHOBKHL.

. . zj1
3araAbHi HPOAYKTHUBHI ~ BHUTPATH  YaCy ATHp] AASL  3aIIPOIIOHOBAHOIO  IIPUCTPOXO

smenmuAuCh Ha 10 XB B IOPIBHAHHI 3 CEpeAHIM dacoM AAA MOOIABHEX npucrpois MEO, mo

. . . . . zj1
cranoBuTh 40 %; B TOPIBHAHHI 3 CEPEAHIM YaCOM AAfl CTAIlOHApHHUX Ipuctpois MEO ATHpj

3MEHIIIIAOCEH Ha 33 XB, 1m0 craHoBHTEH 68.75%. Pesyabrarn nopiBHAHHA 300paxeHi B TaOAMII

1.

BucHoBku
B pesyAbTaTi IpOBEACHNX HAYKOBHX AOCAIAKEHD 32 PO3TASHYTUMH IIPOOAEMAME OTPHMAaHI

Takl HAaHBAKAUBIITI HAYKOBI PE3yABTATH:

1. OOIpyHTOBAaHO HAyKOBI METOAM CHHTE3y OararoeTAITHOIO IIPOIECY BHABACHHA TEXHITHIX
KaHAAIB BUTOKY iHdpopMartii, 1Mo BKAFOUae erarm: orpumanid «isomuxy EMB (I), BusBaenma
«aesirommx» EMB (1), iaerrudixarii Ta orinkn Hebesmexu EMB i ITTEMBH (III) Ta mobyaosa
IIEpUMETPY KOHTPOABOBAHOI 30HH, AOKAAI3aIlii MICIA PO3TAITyBaHHA BHABACHOTO AKEPEA
€ACKTPOMATHITHIX BUIIPOMIHFOBAHD 1 IPOTHAL 3HIMaHHFO (BUTOKY) iH(opMmariii (IV). Pesyabraru
ITPOBEACHHX AOCAIAKEHD: «BiAOMD) BupoMinroBaHHA (1), mepeAik «HeBIAOMITX» BUITPOMIHFOBAHD

(I), mepeaikn ireHTudikoBanux EMB, mapamerpiB mmudpoBux paAlOCHTHAAIB 1 9acTOT



BUABAGHUX HOTeHIIHHNX KaHaAis sutoky (III), xoopAmHatn posraryBaHHA —AMKepeAa
€AEKTPOMATHITHIX BUIIPOMIHIOBAHb B BHAIAGHOMY IIPHMIITICHHI, (DOPMYBAHHA IIPHITABHIX
[IEPEIIIKOA HA YacTOTax iAeHTH(ikoBaHUX Akepea EMB 1 3HiokeHHA pIBHA HOOIMHHX
BHITPOMIHIOBAHB ITEPEBIPEHNX TexHITHMX 32c00iB (IV).

2. Po3poOAeHO OpHIIHAABHHIN —IAXiA, AATOPHTM  (DYHKIIOHYBAHHSA Ta MCETOAW CHHTE3Y
OAHOKAHAABHIX AITaPATHO-IIPOIPAMHIX 3aCO0IB IIOIIYKY Ta BUABACHHSA TCXHITHIX KAHAAIB BUTOKY
imdopmaril, IO BUPIIYIOTH 3aBAAHHA BHABACHHA HECAHKIIOHOBAHO BCTAHOBAGHOIO B
OOMEKEHOMY IIPOCTOPI PAAIOMIKPO(DOHA Ta 3a0E3IIEUyOTh IHABHITICHHS IIIBUAKOAL BUABACHHS B
YMOBAX PaAlOIEPEIIIKOA, B TOMY YHCAl BIA PAAIOMOBHUX CTAaHIIIH, BUABACHHA PaAlOIIEPEAABAYIB,
BHKOPHCTOBYBAHHX OYAB-IKIX BHAIB MOAYASAIIIL.

3. PospaxoBaHO 3araAbHI HPOAYKTHBHI BUTPATH YaCy ATHij Laas 3aIIPOIIOHOBAHOTO IIPUCTPOIO

MEO, 1o 3menmmancek Ha 10 xB (40 %) B MOpIBHAHHI 3 CEPEAHIM YaCOM AAA MOOIABHHX

npuctpois MEQO; B IIOpiBHAHHI 3 CEPEAHIM YacOM AAfA crarioHapHux npucrpois MEO

AT amermmmancs ra 33 x5 (68.75%).
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Iarocrpamis 2. 3aaexuicrs Emax Bia BIACTAHI AO AJKEPEAd BUIIPOMIHIOBAHHSA HA YaCTOTI:
(a) 30 MI'r; ipu 3Havensax noryxuaocti 1 MBr (Emax_1), 100 mxBr (Emax_2), 100 Br (Emax_3);
(6) 300 MI'tt mpu 3navennax notyxHocti 1 MBr (Emax_1), 100 mxBr (Emax_2), 100 Br (Emax_3).
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Tabaur 1. [TopiBHAHHA TPOAYKTUBHUX 1 HEIPOAYKTUBHHX BUTPAT YACY 11O BHpIIIeHHIO 3aBAaHb MEO

3a pobOUy 3MiHY

ATK-CIT6, UMS-100

Ilpoayrruem 3arpara uacy | Henpoayxruesi sarpatm
3a poSouy aiHy ﬂT?Pl, B qacy 3a p:.]nﬁoqy IMIHY
ﬁTz‘an, XB
Mobiasmmin
PM-1300 XX, PM-1300-2P3, 10 55
PM-1300-P3/5, PM-1300-
P3/5M
Cramionapxmii:
PM-172, PM-2500P, AIK-C, 33 5
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