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YKPATHCHKA HABITAIIIMHA CYITYTHUKOBA CUCTEMA:
CTAH 1 IIEPCIIEKTUBH

AnoTtanis. [IpoananizoBaHi OCHOBHI [1if04i i IEPCTIEKTUBHI HaBiramiiiHi CyIyTHHKOBI CHCTEMH CBITY, y TOMY YHCII H peri-
OHAaJIbHI, 32 TOYHICTIO MO3UIIIOHYBaHHSI, 30HOIO TIOKPHTTSI, KUTBKICTIO BUBEICHUX Ha OpOITy KOCMIYHHX arapaTiB, aKTHBHICTIO
OHOBJICHHSI CUCTEMH TOIIO. BiamideHo, 110, 3aIe)XHO BiJ MpOrpaMyBaHHs, yCi BUIIEHA3BaHI HaBIraIiiiHi CUCTEMH € B3aEMO-
CYMICHUMH i MOXYTh (DYHKIIIOHAIBHO JIOTIOBHIOBATH OJ[HE OJHOTO. Jl0IaTKOBO IiIBHIIUTH TOYHICTH HO3HMIIIOHYBaHHS MOX-
JIMBO 3 BUKOPHCTaHHSM IIO0ATEHNX cucteM audepenniitaix monpaBok SBAS (Space Based Augmentation System) y ITiBHi-
yHiii 1 [liBnenniit Amepr, B €Bpori i SnoHii, a st kopekuii GPS—nannx Ha Tepuropii YKpaiHi BHKOPHCTOBYIOTECST METOIN
xopuryBanHs DGPS i RTK 3 nazemHunx 0a30BuX craHiiid. J{ociipKeHO MOXIMBOCTI YKpaiHChKOi KocMivHOI ramysi. [Ipoana-
ni3oBaHa 3aTBeppkeHa Konmermist [lepskaBHOT KOCMIYHOI TIporpaMH, ska Iepenodadae 3amyck cymyrHuka «Cig-2-30» 3 TepMi-
HOM eKCIUTyaTallii 5 pokiB, i mojaJbIIe MOpiYHe HOoro JOMOBHEHHS KUJTbKOMa CYIMYTHHKAaMH YIPOIOBX 1T’ SITH pokiB. [Tompn
TIO3UTHBHI 3pYIIEHHS B yKpaiHCBhKil KOCMI4HIN raity3i BUSBJICH] HEOMIKH i poOIeMH ii TOBHOLIHHOTO PO3BUTKY: HEZIOCTATHE
(inaHcoBe 3a0e3MeUeHHsI, HECTIHKe TPaBOBE JICPKABHE PEryNIOBAaHHS, HEOOXIAHICTh JIOBIOTPUBAIMX HAYKOBHX JOCIIIKEHb
JUTSL OLIHKK PiBHS siKocTi no3uiionyBaHHs. CynyTHUK «Cid-2-30» He 3Moke 3a0e3neunTr YKpaiHi MoBHY iHQopMamiiHy He-
3aJICXKHICTh, @, OTXKE, 1 (PIHAHCOBY HE3AICKHICTh BiJl IHIIMX MOCTAYaIbHUKIB KapTorpadiyHux 3HIMKIB, Tak SIK OTPHMYBaHi
3HIMKHU OYZIyTh MaTH BiJIHOCHO HEBHCOKY PO3/iJIbHY 3JIaTHICTh. BiMiueHo, 1110 He3BaKarouH Ha MPOOIEMHI MTUTAaHHS, € TOCTPa
HEOOXiHICTh PO3BUTKY BJIACHOI YKPATHCHKOI HaBiraliifHOi CHCTEMH JUIsl OTpPUMaHHs IH(PPOBUX 300pakeHb MOBEPXHi 3eMiti. Y
JIepIKaBH 3 SIBUTHCS. MOYKIIMBICTh TIPOBEICHHS ITOCTIIHOr0 Oe3MepepBHOI0 MOHITOPUHTY Pi3HHX SIBHIL, Taly3ei, CEKTOpIB, Ta-
KHX SIK 3eMJICBIIOPSIHIX, arpapHHX, €KOJIOrTYHUX, apXITeKTYPHO-0yIIBEIbHUX, EKOHOMIYHOT'O NIPOrHO3YBAaHHS, KITIMaTHIHHX,
MPAaBOOXOPOHHUX, BIHCHKOBUX TOMIO. 3aBIsKK e(peKTHBHIH pOOOTI YKpaiHCHKOI HaBIraumifiHOI CYIMYTHHKOBOI CHCTEMH
3’SIBUTHCSI MOMJIMBICTH OpaTH y4acTh y Pi3HHX MI>KHAPOAHHX MPOrpaMax, 30KpemMa 3 0CBOEHHs MicsILisl, HOBHOLIIHHO iHTETpy-
BaTUCs y €BpOIEiChKY KOCMIUHY CHCTEMY, L0 Tependayae Yroma npo acouianito Ykpainu 3 €C.

KawuyoBi ciroBa: HaBiramiiiHi CymyTHUKOBI CHCTEMH, TOUHICTh ITO3UIIOHYBAHHS, 30HA IIOKPHUTTSI, MOHITOPHHT .

Beryn

IMocTranoBka npodiemu. B tpasni 2020 poky 0yno
OIPUITIOZIHEHO TPOEKT moctaHoBu Kabinery MiHicTpiB
VYxpaiau «[Ipo BHecenns 3miH 10 [lopsiaky moOymoBu
JlepkaBHOI I'eoe3UIHOI MEpexi», 3TIHO SIKOTO «CKJa-
JoBUMH JlepkaBHOI reoie3ndHOl Mepexi, KpiM reojie3n-
4HOT (TUIAHOBOI) 1 HIBEMPHOI (BUCOTHOT) MEPEX, € yKpa-
{HChKa TOCTIHOAIOYA (TIEpMAaHEHTHA) MepeKa CIOCTe-
peXeHb TIO0AIbHUX HaBITAllIHHUX CYITYTHHKOBHX CHC-
teM (THCC)» [1]. Bimomo, mo Ha croromHi YKpaiHChKa
Meperka mepmaHeHTHHX | HCC-craHmiéi Hamiuye Tpoxu
OlLIBIIIE COTHI CTAHIIM, 3 IKUX MEHIIIE AECATH BXOIITh JI0
€Bporeiicekol nepmaneHTHOI Mepexi GPS-cranuiit EPN
ta Mixuapomaaoi Mepexi 1GS [2]. Vkpaina mae Moxin-
BICTh OTPUMYBATHU [aHi 3 21-TO CYMyTHHKA IHIINX KpaiH,
30kpema €C. Ha sxanp, nocmyru miatHi. Hapasi moctano
mpoOJIeMHe MATaHHS IIO/I0 BiTHOBICHHS POOIT I10 3aIryc-
KY YKpaiHCBKOTO CYITyTHHKA AWCTAHIIIHHOTO 30HTyBaHHS
Bemiti «Cig-2-1» («Ciu-2-30»).

AHani3 ocTaHHIX AocTaixKeHb i mydaikaniii. [Jo-
CIIJDKCHHSMH PO3BUTKY TJI00aNFHUX HABITAIiiHUX Cy-
IyTHUKOBHUX CHCTEM, TEXHOJIOTill CYITyTHHKOBOi HaBi-
ramii 3aiiManmcst 0arato BITYM3HSHHX Ta 3apyOiKHHIX
HayKoBLiB, Takux sk. I['peir JIxum, JIx. Posenay,
B. B. luk, H. Xomcki, I'. P. I'pomos, FO. A. ConoBses,
A. W. T'yces, B. Tonmon, 1. 3a6apa Ta immi. Ixui npami
TIOCIAI0Th BaYKJINBE MiCIE Y CydacHid Teopil i mpakTu-
i, JO3BOJAIOTH YCBIIOMHUTH HalI3BUYaiHY aKTyallb-
HICTh, HEOOXiIHICTh MTPOBECHHS HACTYITHUX TEOPETH-

HUX 1 IPaKTUYHUX JIOCIHI/PKEHb, 30KpeMa Ui PO3BHUTKY
KOCMIYHOI rajry3i B YkpaiHi.

MeTta cTaTTi — JOCTIIUTH MOXKJIMBOCTI YKpaiHCh-
KOI KOCMIYHOI Traiy3i, NpoaHaIi3yBaTH HEOOXiIHICTh
CTBOpPEHHS BJIACHOI HABITaI[IIIHOI CHCTEMHU Uil OTpH-
MaHHsI IU(PPOBUX 300parkeHb MOBEPXHI 3eMJIi, a TAaKOX
JUISl MOHITOPHHTY SIBUIIl Ha TEPUTOPIii YKpaiHH.

Bukian ocHOBHOT0 MaTtepiaay

I'HCC mnpencraBisie co00I0 CHCTEMY CYITYTHHKO-
BOi HaBiramii, CTBOpEHy 3 METOI IO3HI[iOHYBaHHSA
00’€KTiB, BU3HAUEHHS MIBUIKOCTI i HAMPSIMKY iX PYyXY.
Ha manmit gac 6mu3pko 200 opraHizarii, sSKi 3aiMaiOTh-
cs1 30opom 'HCC-gannx 3 6a30BUX CTaHIIH IO BCHOMY
cBiTy, 00’emnani B IGS (International GNSS Service),
sKa, B CBOIO YePTy, BXOAUTH 10 MiKHapoIaHOI acoriamii
reomesii.

OCHOBHI Jif04i 1 IEpCIIEKTUBHI HaBiTaliifHI CyITy-
THHKOBI CHCTEMH, B TOMY 4HuCii ¥ perioHanbHi: GPS
(CIIA), TJIOHACC (Pocis), GALILEO (€Bpocoro3),
BeiDou (Kwurait), QZSS (Snowist), NavIC (Tumis). GPS
(Global Positioning System) — amepukaHcbKa TI06aITE-
Ha HaBiramiiHa CymyTHHKOBa CHCTeMa, OCHOBHE IPH3-
HAYEHHS AKOi Ha CHOTOJHI — 3a0e3ledYeHHsT HaBirariin-
HOIO iH(pOpMAaIli€r0 BIHCHKOBUX 1 IIMBUTFHHUX CITOKHBA-
4iB. J103BOIISAE B PEeXIMI pEalbHOTO 9acy B OyAb-SIKOMY
Mici 3emiti, B Pi3HMX TOTOAHWX YMOBaX BH3HAYaTH
MICIIEpO3TalIyBaHH 1 IIBUIKICTh 00 €KTIB. 3a 001acTio
3actocyBanHs GPS-mpuiimadi noaiisioTs Ha TOOYTOBI
(HaBiramiiiHi), aBTOHOMHA TOYHICTh MO3HIiOHYBaHHS
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SKHX He mepeBuirye 3-5 M, 1 npodeciini. [Ipodeciiini
GPS-mpuiimaui, B CBOIO 4epry, MOKHA PO3JLIMTH Ha
npuiimMadi st kaprorpadii i ['IC, reonesnuni cucremu i
cnenianbHi (GPS—Momymi, 3 SIKMX CTBOPIOIOThCS BOYIO-
BaHI CHCTEMH HaBiralii /I TpaHCIOPTHHUX 3aco0iB abo
CHCTEMH CHHXPOHi3alii JJIsl MiMPUEMCTB SHEPTreTHUKH,
MOOIJIBHOTO 3B 513Ky, pajio i Tenebauenns) [3]. Amepu-
KaHChKa CYIYTHHKOBA CHCTEMa CTBOpHJIA KiJIbKa ITOKO-
JIHb CYIYTHHUKIB. Po3paxyHKOBHH TepMiH CiryOu Iie-
pIIMX HaBiralifHWX amnapaTiB CTaHOBHB 5-12 pokis.
Tepmin pobotu cymyTHHKIB TpeThoro mokominHs GPS
I, sixkmit pyakuionye 3 2018 poky, 30imbIIeHWE 110
15 pokie. 3a momomoror GPS Il MoxHa BU3HauUaTH
MICIIE3HaXO/PKEHHS 3 TOYHICTIO 10 1-3 M Ui UWBiIb-
HUX KOPUCTYBayiB (MOMJIMBOCTI CYIYTHHKIB APYTroro
mokomiaaA — Big 3 M mo 10 m). Kpim Toro, amapar
OCTaHHBOTO TIOKOJIIHHS Ma€ MiJBHIIEHY 3aBaJiOCTiH-
KicTb. JI1s1 MOBHOIIHHOI pOOOTH HAaBiramiiHOI CUCTEMH
HEOOXiTHO MaTH SK MiHIMYM 24 [iIOYMX CYITyTHUKA.
Bcroro Ha HaBKOJNO3eMHY OpOITY YCIIIIHO BUBEIEHI
74 cynytHuka. B manumii yac (3 ypaxyBaHHSM 3aIlyCKy
6 mucronana 2020 poky) Ha opOiTI 3eMii 3HAXOAATHCS
33 cynyrHuka, 3 HuX 31 amapar nepemae HapirariiHi
CHUTHAJIH.

[Mpunun poboTH POCiiiChKOI HaBIraIiiiHOI CyIyT-
uukoBoi cucrema [JIOHACC nopiOHuii 10 CUCTEMU
Hasirauii NAVSTAR GPS: npomnonye HaBirawiiiHi cur-
HaJIM CTAHAAPTHOI 1 BUCOKOI TOYHOCTI sl 3a0e31eueHHs
TMO3UI[IOHYBaHHS 1 OTPUMAaHHSI CUTHAIIB Yacy, ki Oyiau 6
JOCTYITHUMH JJI yCiX IMBUIbHUX crnoxuBauiB [JIO-
HACC mno BcboMy cBiTy Ha mocTiiiniit ocHoBi. Ha choro-
JIHI cucTeMa Haiiuye 28 CymyTHUKIB, 3 HUX 23 — mparo-
10Th 3a npu3HadeHHsM. Y xkoBTHI 2020 poky BinOyBcs
3alyCK KOCMIYHOI'O arapaTy HOBOro MOKOJiHHA «lJo-
Hacc-K». Ha cboroziHi 0CHOBY OpOiTabHOIO TpyITyBaHHS
CHCTEMH CTAHOBIISITH KOCMiuHi amapatu «I'JoHacc-My.
3amiHa opOitanpHOro rpymyBaHns Ha «[okacc-K» mo-
3BOJIUTH 3OUIBIIMTH TapaHTIHHUNA TEPMiH eKCIuTyaTaril
no 10 pokiB, a TOYHICTh — JO IECSATKIB CAHTUMETPIB.
I'JIOHACC 3ab6e3mnieuye OUIbII TOYHE TTO3UIIOHYBAHHS B
MBHIYHUX mHpoTax, a GPS — y cepennix.

I'mobGanbHa HaBiraijiifHa CyNMyTHHKOBa CHCTEMa
GALILEO ctBOpena €Bpomeiicbkum Cor030M y B3ae-
Mozii 3 €BpONEHCEKMM KOCMIYHHM areHTCTBOM IS
3a0e3IeueHHs He3aJeKHOCTI KpaiH WieHiB B cdepi Ko-
OpAMHATHO-YaCOBOTO Ta HABITAIlIHHOrO 3a0e3TedeHHs.
Excnepumenranpii cymyrauka GIOVE-A i GIOVE-B
Oymu 3amymeni Ha opOity 28 rpymas 2005 poky i
27 xBiTHs 2008 poKy BiJIMOBIHO.

Ocuosre 3aBnanaa GIOVE-A mossiraiso B OiHIN
TOYHOCTHHX XapaKTePUCTHUK HABITaIlifHUX paioCHUTHA-
niB GALILEO y Bcix yactotHHX fiana3oHax, a GIOVE-
B — B TecTyBaHHI HaBIramifHOrO KOPHWCHOT'O HAaBaHTa-
JKeHHs. /[Ba mepmmx HaBiralifHUX KOCMIYHHX amapaTH
(KA) 6ymu 3amymeni 20 sxotast 2011 poky.

[IpoTsirom 9oTHPHOX POKIB HA OpOITH OYIIO BUBE-
JeHo 22 xocMiuHMX amapat (3ammanoBaHo 30 KA).
GALILEO 3a0e3neuye xopomie MOKPUTTS Ha IMIHUPOTaX
70 75° MiBHIYHOI IIMUPOTH, TOYHICTH ITO3MIIIOHYBAaHHS
Moxe csrata 1 M [6].

Kuraii 3aBepmmB opMyBaHHS HaBiramiiHoi cuc-
temu «BeiDouy, 3amyctusmm y kocmoc 23 uepsas 2020

POKY CynyTHUK cucteMu beigoy-3, sikuii cTaB ocTaH-
HIM B OpOiTaJbHOMY YIpPYNOBaHHI BIIACHOI CHCTEMH
Hagiranii KHP. 3a monmomororo BeiDou moxna Bu3Ha-
YUTH  pO3TallyBaHHA  00’€kTiB B A3iarchko-
THux0OKeaHCPKOMY PErioHi 3 To4HICTIO 0 10 cM.

Cucrema «BeiDou» po3pobiieHa 3a NPHHIUIIOM
CYMICHOCTI 13 3apyOi>kHUMU aHanoramu. KiieHTH ycho-
rO CBITY 3MOXYTb KOPHUCTYBATHCSI YOTHPMa CYIyTHH-
KaMH 3 KpallUMH CUTHaJaMH HaBiramii coijibHo abo
He3alIe)KHO ONMH Bij omHOro. B manmii yac cucrema
«BeiDou» BcranoBmia MexaHism cmiBmpari 3 GPS,
I''IOHACC 1 GALILEO nnst cripusiHHS B3a€MO3B’SI3KY
Ta 3a0e3MeueHHs TOCHYT. 3TiTHO 3 JAHUMHU KUTAHCHKUX
3MI, B nanmii yac Oinbine 120 kpaid KOPUCTYETHCS cep-
BicamH, 10 0a3yIOThCS Ha JJAHWX, OTPHUMAaHHX 3a JOIOo-
Mmororo «BeiDouy, BKIrOUatOUM BIICTEKEHHS PYXY CY-
JICH B MOPTax i 00poThOY 3 HACIIIKAMU CTUXIHHUX JIHX.

SlnmoHCchKa KBazi3eHITHA CYIYTHHKOBA CHCTEMa
QZSS (perionanpHa) mpu3HaueHa ISl 00CTyrOBYBaHHS
CHOXMBaUiB B THUX0OKEaHCHKOMY—A3iaTCBKOMY perio-
Hax. [lepmmii kocmiunuit amapat Michibiki 6yB ycmim-
HO 3amyleHUH Ha HaBKOJO3eMHY OpOiTY y BepecHi
2010 poky. OcraHHI{ 3alycK YeTBEPTOro CYMyTHHKa
OyB 3aiviciennii y 2017 poui. Cucrema QZSS nparitoe y
B3aemonii 3 GPS. Kocwmiuni amapatu Michibiki mocu-
JA0Th CUTHAIIM Ha OJHaKoBHX 4dacrtorax 3 GPS, Ttomy
CYNYTHUKH aMEpPHKAHCHKOI 1 SIMOHCHKOI HaBIiraliidHUX
CHCTEM BUKOPHUCTOBYIOTb SIK €IMHE CYIIYTHHKOBE YIPY-
MyBaHHS, 10 Ja€ MOXIIUBICTh CTAOIIbHO 3MIHCHIOBATH
BU3HAUCHHS KOOPJHMHAT 3 BUCOKOI TouHicTio. Kpim
TOrO, BpPaxoBylUM 0OcoOmuBicTh cucremu QZSS moc-
TIHHOTO PO3TalllyBaHHS OIHOTO 13 CYNMYTHHKIB MaiiXke B
3eHiTi Haj SIMOHChKUM apXimnenarom, B KPYIHUX MicTax
3 M[UILHOIO MICHKOIO 3a0Y/I0BOIO MOXHOKa BHMIiPIOBaHb
Oyle 3MeHIlIeHa 10 AeUUMETpOoBOi ToUHOCTI. J{o Toro x
Tpeba BIAMITHTH, IO CUCTEMa KBa3i3€HITHUX CYITyTHHU-
KiB MOXe OyTW BUKOpUCTaHa B skocti 3aminu GPS.
QZSS Mae BaJIMBe 3HAYEHHS 3 TOYKH 30py 3abesre-
yeHHs Oe3mexu i s Snowii, i mis CIIA [5].

VY tpaBui 2006 poky Iuuis 3aTBepamia mporpamy
CTBOPEHHS CHCTEMHU PEriOHANbHOI HABITAI[MHOI CYMyT-
HukoBoi cuctemMu IRNSS, sgxa moBuHHA 3a0e3leUnTH
aBTOHOMHE HAaBIralliifHO-TUMYAacoOBE 3a0e3IeueHHs Ha
Iunificekomy miBocTpoBi. [lepmmii HaBiramiitHuiA KoC-
miunuit amapatr IRNSS-la 6yno 3amymieno 8 mnwumHs
2013 poky. ®opmyBaHHS IITaTHOI OPOITAIEHOTO YIpPy-
myBaHHS 3 7 KOCMIUHHX amapaTiB Oyilo 3aKiHYeHO B
2016 pomi. Toni x cucrema ¥ oTpuMana HOBY Ha3BY —
NaviC.

Cucrema NavIC Hamae crioxpBadaM 3 OJHOYACTO-
THOIO amlapaTypor0 10HOCQEpHi IMOmpaBKA Ha OCHOBI
nmapameTpiB 10HOC(EpHOI TOYKOBOI CiTKH, 3a0e3meuyio-
YW TAM CaMHM TOYHICTh BHU3HAUEHHS MICII pO3TaIIy-
BaHHS CHOXKHMBaya, SKy MOXKHA IOPIBHATH 3 TOYHICTIO,
OJIepKyBaHOI TMPH BUKOPUCTAHHI JBOYACTOTHOI amapa-
TYypH.

OCHOBHI XapaKTepHCTHKH HaBIramiiHUX CyITyTHH-
KOBHX CHCTEM CBITy 3BereHo y Tabm. 1. Ilikao, mio,
3aJIeXHO BiJ IPOrpaMyBaHHs, yCi BHIIEHa3BaHI HaBira-
IifHI CHCTEMH € B3a€EMOCYMiCHUMH i MOXXYTh (hYHKITiO-
HaJIbHO JIOTIOBHIOBATH ONHE OfHOTrO. [linBHIIEHHS TOY-
HOCTi TO3WIIOHYBaHHS JOCATA€THCS BHUKOPHUCTAHHIM
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r00aJbHUX cHcTeM Au(epeHniiHuX mornpaBok SBAS
(Space Based Augmentation System), mo MoXHa 1oc-
JIBHO MEPEKIIACTH, SIK «KOCMIYHI JOMOMIXHI CUCTEMI»:

WAAS (curnamm poctynsi B IliBHiunii 1 [liBmeHHIH
Awmepurti), EGNOS (y €Bpomi), MSAS i QZSS (y Ano-
Hil).

Tabnuya 1.- XapakTepucTHKA HaBiraiiiHUX CymyTHUKOBHX CHCTEM CBIiTY

Posnouaro | BuBeneno Ha op0ity cyny- | /[laTa ocTan- TouHicTh

IF'HCC—cucremu | cTBOpeHHS THHUKIB (IIPAIIoOIOTH 32 HbOTO0 3aMyCKY | MO3HIiOHY- 30Ha MOKPUTTS

cHCTeMH, piK MpPU3HAYEHHSIM) CYNYTHHKA BaHHSI, M
GPS (CIIIA) 1973 33 (31) 06.11.2020 p. =20 Hagkoo3eMuuii mpocrip
ZIJ;)O HACC (Po- 1982 28 (23) 25.10.2020 p. ~3,0 Hagkonozemuuii mpocrip
GALILEO (€s- 1994 22 (18) 17.12.2015 p. =4,0 Hagkonozemunii nmpocrip
POCOI03)
BeiDou (Kuraii) 1994 45 (39) 23.06.2020 p. ~3,0 Hagkoo3eMuuii mpocrip

. N SmoHis, pationn [liBgeHHO-

QZSS (Smowis) 2002 4 (%) 09.10.2017 p. ~0,5 Cxinoi Asii, Ascrparis
NavIC (Tamis) 2006 8 (7) 31.08.2017.p. ~ 10,0 [HiliceKuit miBOCTPIB

s xopekiii GPS—nanux Ha Teputopii Ykpainu
BHUKOPHCTOBYIOThCS MeToau kopuryBanus DGPS i RTK
3 Ha3eMHHUX 0a30BHMX cTaHmid. [ludepeHimiaabHuii pe-
xuM DGPS 3abe3neuye neunmerpoBy TouHicTh (1 — 3
M) BH3HAY€HHsI Micliepo3TalryBanHs o0’ekty. Llei me-
TOJI € OCTATHBO TPOCTUM 1 SKOHOMIYHHM, TaK SIK B PO-
00Ti 3aCTOCOBYIOTHCSI OAHOYACTOTHI aHTeHH. [l BHUCO-
KOTOYHOI KOOpAMHAIT, 3HAXOMKEHHS TUIAHOBHX KOOP-
JIMHAT 1 BUCOT TOYOK TomorpadiyHoi MmoBepxHi i3 caH-
TUMETPOBOIO TOYHICTIO BHKOPHUCTOBYETHCS PEKUM
RTK. Hns poboru B pexxumi RTK HeoOXinHi qBovacTo-
THI aHTEHH, SIKI Jal0Th MOMJIMBICTh KapTorpadyBaHHs
JUISTHOK TEpUTOpPIl 3 T'€0AE3WYHOI0 TOYHICTIO Ha BCIH
Teputopii nokpurts mepexi RTK.

BukopucranHs MeTO/IB KOpeKIii OTpUMaHuX Ja-
uux DGPS i RTK € nocuth epekTHBHIM Yy BHCOKOSIKIC-
HOMY oOnajHaHHi 1 npodeciiiHoMy mporpamMHOMY 3a-
6esneuenHi [4]. OCHOBHUM HEIOJIKOM € T€, IO OTPH-
MaHHsI MONPABOK Y PETLHOMY Yaci — Iie IJIaTHI mociy-
TH.

[IpoananizyBaBuiM Mir04i HaBiramiiiHi CHCTEMH,
0auynMo, [0 KOXKHA 3 LMX HAaBIralliHUX CHCTEM Maec
CBOIO 1CTOpPII0 CTAHOBJIICHHSI i BCECBITHHOTO BH3HAHHS,
sIKa TIJKpIIUIeHa JOBrOTPHBANICTIO HAYKOBHUX JOCII-
JDKEHb 1 BOJHOYAC 3HAYHUMH (PIHAHCOBUMH BKIIAJICH-
HAMHU. YKpPaiHCHKUHA CYIIyTHHK IHCTAHI[IHOTO 30HIY-
BaHHA 3emui «Cidy-2-1» MOXKHA Ha3MBaTH KOCMiYHHM
noBrooymnom, 60 pobory Hag HEM modanu me y 2013
potii, mo0 3amyctuT B kKocMoc y 2017 pori, mpore 3a
OpakoM (DiHAHCYBaHHsI 3allyCK KOCMIYHOIO arapary
OyI10 BiAKIAZEHO.

B ocranne VYkpaina 3amyckama CBi CYITyTHHK
«Ciu-2» Ha cBOIlf pakeTi-HOCii «/[HIPO» 3 pocificbKOro
kocMmozapomy B 2011 pori. 3amyck KOCMIYHOTO amapary
O0yB mpucBsueHnii 20-piuaro HeszanexHocti Ykpainu.
3aMicTh 3aIJTAaHOBAaHHUX 5 POKIB CYIIYTHHK Yepe3 BTpaTy
€HeprorocTadyaHas mpoOyB Ha opOiTi wmie 16 MicsIiB.

Cynyrauk «Ciu-2-30» € momudikamiero «Cig-2-
1», Takox Bupobnernii y Juinpi B Kb «IliBnenaey. Bin
Mae OyTtH 3amymiennii Ha gyectsb 30-piuus HesanexxHocti
VYxpainu fimoBipHO B rpyaHi 2021 poky 3a 10moMororo
pakeru Falcon 9 xomnawnii Inona Macka «SpaceX». 3a
JaHUMU Jlep>kaBHOro KOCMIYHOTO areHTCTBa YKpaiHH
CTaH TOTOBHOCTI CYITyTHHKa CTaHOBHTH 75 %. I'oTOB-
HICTh HAa3eMHHX CTaHIIH, sSKi OyqyTh KepyBaTH HUM Ta

npuitMath, 00pobmsaT iHpopMmanito — 35 %. CynyTHHK
TIOBHICTIO 310paHuid, TPOBOISTHCS ENEKTPUYHI BHIIPO-
OyBaHHS (DYHKILIIOHYBaHHS HOr0 CUCTEM.

3rigHo 3 migpaxyHkamu Jlep>kaBHOrO KOCMiYHOTO
areHTCTBa, JJIA 3allyCKy YKpaiHCBKOrO CYIyTHHKAa He-
00xizHO He MeHiie 140 MJIH rpuBeHb (JIMIIE HOCTYIH
«SpaceX» MoxyTh obiditics B 1 MiH momapis). Ilepe-
MOBHMHH 3 KOMIIaHi€ro IimoHa Macka TpUBaIOTh 3 KiHIIS
MHHYJIOro poky. Hapasi oOroBOproroThCsSl TEXHIYHI MO-
MeHTH, 00 cynyTHUK «Ciu-2-1» OyB po3pobneHuil mis
3aIycKy Ha iHMIi pakeri [7].

Ha cporonni 3arBeppxena e Konuenis [ep-
JKaBHOT KOCMIYHOI TMporpamu, sika mnepezadadae, mo cy-
nyTHuK «Cig-2-30» 3 TepMiHOM eKCILTyaTauii 5 pokiB
Oyne JOMOBHEHHUH KiJIbKOMAa CYIyTHHKaMHU. ix cnix 3a-
MyCKaTh Maibke mopoky. OUiKyIOTh Ha yXBaJeHHS Haii-
OommkunM yacoM Jlep)kaBHOT KOCMIYHOI MPOrpamMu, sika
rapaHTye rajy3i maibke 3 MIpJ, I'pPHUBEHb LIOPIYHOIO
(hiHaHCYBaHHS YIPOIOBXK I’ SITH POKIB.

3amyck yKpaiHCBKOTO CYNYTHHKAa — L€ LOUIIX OO0
4yacTKOBOI 1H(OPMAIlitHOI HE3ale)KHOCTI, JT03BOJIUTH
3a0I2/KYBaTH YMMalli KOIITH Ha KOCMIYHUX 3HIMKaX.
3’SIBUTHCSI MOXKJIMBICTH OTPUMYBATH OUIBII TOYHY 1H-
(dopmariito npo Te, 1o BinOyBaeThes B Kpumy, B Hop-
HOMY 1 A30BCHKOMY MOpsIX, Ha KopaoHax 3 Pociero,
Binopyciero 1 Ha oKynmoBaHUX TepUTOPisIX. MoXHA 3/iii-
CHIOBATH aHaJIi3 EKOJOTIYHUX MPOOJIEM LUX TEPUTOPIMH:
3aTOIUICHHS IMaxT Ha Tepuropii [lonbacy, mpocimaHas
JKUTIIOBUX paiioHiB (Hanpukian, M. Cyxoninbcek Jlyra-
HCBKOI 00JIaCTi, piBeHb MPOCiIaHb IPYHTIB — 29 cM/pIK).

KepyBatu cynyTHuKOM 1 00poOiisaTH iH(pOpMALIi0
3 HpOro Oyne HarioHanpHUI HEHTpP yIpaBITiHHS Ta BU-
mpoOyBaHHS KOCMIYHUX 3ac00iB, SIKHH ITiAIOPSIKOBA-
Huit [lepkaBHOMY KOCMigHOMY areHTCTBY. [IpoTe cymy-
tHHK «Ciu-2-30» He 3Moxke 3abe3neuntd YKpaiHi MoB-
Hy iHpOpMAIiiiHy He3aJIeXKHICTh. 3HIMKA 3 IHIIAX KOC-
MIYHHX amapaTiB 331 BIICEKOBHX IIiJICH JOBENeThCA
kymnyBati 1 Hagami. «Ciu-2-30» Mae po3AuIbHY 37aT-
HICTP 3HIMKIB 8 M. SIKII0 HOro MaHi MOPIBHATH 31 3HIM-
KaMH, 3HATHMH 1HO3€MHHMH CYIYTHHKaMH 3 PO3JiJb-
Hoto 3matHicTio 50-70 cM, TO 3po3ymino, mo «Ciu-2-
30» mepemaBaTME MEHII JeTanbHy iH(opMmariro. Ha
oTpuMaHUX (POTO 00’€KTH BETUYMHOIO 3 JITaK MAaTHU-
MyTb BT Kparok. Tomy «Ciu-2-30» MOXHa HAa3BaTH
OTJISIIOBMM CyNMyTHHUKOM. Ha Horo maHi ayxe 4eKkaroTh,
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30KpeMa, y MIHICTepCTBaX Ta BiJOMCTBAax, SKi Ha Tl
3eMeNbHOI peopMH MalOTh 3BIPUTH JIaHI 3€MENIBHOTO
KaJacTpy 3 CYNyTHHKOBHMH 3HIMKaMH. YpsIl MaTUMe
MOXIIUBICTH TIEPEBIPHUTH 1 T€, YU TOTPUMYIOTHCS BEJIHKI
3aBOJIM EKOJIOTIYHUX HOPM, SIK TPAIfO€ arpapHUi cek-
TOp: HATIPHUKIIA]], CKUTHKHU TIONIB AIHCHO 3aCisTHO; POOUTH
€KOHOMIYHI MPOTHO3H 1 MMPOTHO3HM MIOJ0 3MiHU KIJIIMaTYy.
MoskHa BiJCIi/IKOBYBAaTH HaJMIpHI Omaad y MiBHIYHIHA
yacThHI YKpaiHu 1 3HaUHy TOCYXY y MiBJCHHUX ii peri-
OHaX.

[IpaBoOXOpOHII Ta PATYBAJBLHUKU TEX XOUYTh Ma-
TH OINEPaTHBHHUN JOCTYH JO CYIMyTHUKOBHX 3HIMKIB,
o0 MaTu MOXJIMBICTh 3yNUHATH KOHTPAaOaHIMCTIB Ha
cymii i Ha MOpi, 3HATH, A€ TIOYaJIUCS JTICOBI MOXKEXKi, a0u
BYACHO X TaCUTH, 100 BOJIOMIITH TIOBHOIO iH(OPMAIIi€0
1010 MacuITadiB moBeHel. MiHICTEpCTBO TOBKIJUIS TEX
Oyne criBnpairoBaty 3 JlepkaBHUM KOCMIYHHM areHTc-
TBOM, 100 B MaiOyTHbOMY MAaTH 3MOT'Y MOHITOPUTH
BUpPYOKH JIiCy, BYaCHO pearyBaTH Ha HE3aKOHHI pyOKH,
BIJICT&)KYBaTH CTaH BOJONM Ta 3a0pyIHEHHS IMOBITpS,
3IIHCHIOBATH MOHITOPUHT Haap (BUSIBICHHS HE3aKOH-

HUX KOMAHOK, Kap’€piB, HE3aKOHHHX CMITTE3BAJIUIIL,
3a0y10BY IPUOEPEKHO-3aXHUCHIX CMYT).

BucHoBKH

PHUHOK KOCMIYHHX ITOCIYT CTPIMKO PO3BHUBAETHCH.
VYkpaina, Ha mgymMKy roioBu Acomianii «Kocmoc», Mae
BCl IIIAHCH CTaTH CEpHO3HUM TpaBLEM Ha HHOMY, OpaTn
y4acTh y Pi3HUX MDKHapOIHHX Iporpamax, 30Kpema 3
OCBOEHHS MicsIls, MOBHOIIIHHO 1HTErpyBaTHC Y €BpO-
MEHCHKY KOCMIUHY CHCTEMY, IO Iepedadae Yroma mpo
acorriariro Ykpainu 3 €C. lle 103BONUTH HIIUM Tay-
35IM €KOHOMIKHM OTPHMATH 3aMOBJICHHS i CTBOPUTH HOBI
poboui micus. Takox 1e BiAKpUBae aBepi sl iHO3EM-
HUX 1HBECTHIIN B YKpaiHCBKHIT KOCMOC.

VY Hac € Ha3eMHI CTaHIIl CIOCTEPEKEHHS, Ha3eMHI1
craHii nmpuitoMy 1 00poOkK CynmyTHHKOBOI iH(opMarlii
3 Oyab-SIKOTO CYITyTHHKA: 1 YKpaiHChKOro, i iHO3eMHO-
ro. € MOXIMBICTh TOKa3aTH e€pEeKTUBHICTH pOOOTH Ha-
3eMHUX CTaHIid. BoHM MOXXyTh OyTH BKJIIOUEHI B €BPO-
NelchKy 1H(PacTpyKTYpy 1 CHIBIPALIOBATH 3 HA3EMHHU-
MH crafmismu €C.
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Ukrainian satellite navigation system: status and perspective
S. Nesterenko, D. Yermolenko, O. Shefer, A. Kliepko

Abstract. The main operating and perspective navigation satellite systems of the world are analyzed, including several
regional regions, by positioning accuracy, coverage area, number of spacecrafts launched into orbit, activating system updates. It
is shown that, depending on programming, all above-mentioned navigation systems are compatible and can functionally com-
plement each other. Further improvement of positioning quality is possible with the help of the global system of differential cor-
rection SBAS (Space Based Augmentation System) in North and South America, Europe and Japan. Methods of DGPS and RTK
from ground base states are used for correction of GPS-data in Ukraine. The possibilities of the Ukrainian space industry are
studied. The Concept of the state space program is analyzed. It provides launching the satellite "Sich-2-30" with a service life of
5 years, as well as its subsequent annual addition by several satellites during the next 5 years. Previously positive changes in the
Ukrainian space industry revealed the shortcomings and problems of its full development: lack of financing, instability of legal
state regulation, the need for long-term research to assess the level of positioning quality. The Sich-2-30 satellite will not be able
to provide Ukraine with full information independence, and, consequently, financial independence from other suppliers of carto-
graphic images, as the obtained images will have a relatively low-level optical power. It is noted there is the need to develop its
own Ukrainian navigation system to obtain digital images on the Earth's surface. The state would get the possibility of continuous
monitoring of various phenomena, industries, sectors, such as land management, agricultural, environmental, architectural and
construction, economic forecasts, climate, law enforcement, military and others. Due to the effective operation of the Ukrainian
navigation satellite system, it is possible to participate in various international programs, including the Moon exploration. It’s
also provided fully integration into the European space system, required by the Association Agreement between Ukraine and the EU.

Keywords: navigation satellite systems, positioning accuracy, coverage area, monitoring.
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MOHITOPHUHI 3MIH CTAHY CIZIbCBKOI'OCIHHOJAPCBKHUX 3EMEJIb
3A JAHUMHU ®PAKTAJIIBHOI'O AHAJII3Y KOCMIYHUX 3HIMKIB

AHoTanis. BigcyTHicTh 3arabHUX IMiXOAIB 10 OLIHKU CTaHY CLIBCHKOIOCIIOAAPCHKUX 3eMelb 3a qanumu J133 mokasye,
1110 3aj1a4a MOHITOPHHTY 3MiH IX CTaHy € JI0 KiHII He BUPIIIEHO0. Y CTaTTi PO3IIITHYTa MOKJIMBICTh BUKOPHCTaHHS (paK-
TaJBHOT0 aHaNi3y KOCMIYHHX 3HIMKIB cymyTHHKa Sentinel-2 ciTbChKOroCHOAAPChKHUX 3€MeNlb ISl BU3HAYSHH 3MiH X cTa-
HY MiJl BIUIMBOM Pi3HUX YMHHUKIB. OLliHEHI XapaKTepHCTUKH KOCMIYHHX 3HIMKIB cymyTHHKa Sentinel-2 3amanoi Tepuropii
3 CUIBCBKOrOCIIONAPCHKUMY TTONISIMU Ha HUX. HaBeneHo mopsiok mo0ynoBy mosst ppakTalbHUX pO3MIpHOCTEH Ta po3paxy-
HKY (hpakTasbHOI pO3MIPHOCTI 3 BUKOPHCTaHHSIM METOJIB, SIKi HalfgacTile 3aCTOCOBYIOTh Ha MPAKTHII VIS aHAMNI3y -
POBHX 300pakeHb — METOIH IMTOKPHUTTS i pm3Mu. [lokazaHo, M0 po3paxyHoOK i Bizyamizamis [IOP kocMiYHUX 3HIMKIB ClTb-
CBKOTOCHOZIAPCHKHX 3€MeITh J03BOJISE 3IHCHIOBATH X CEIMEHTAIIII0 1 BUIIIISATH MEXI IIPOBEACHHX MOIBOBUX POOIT, 3MIHY
X y gaci Ta OI[IHIOBaTH IX CTPYKTYpY IIiCIIs 3aBepIIeHHs poOiT. Bi3HageHo, mo mij 9ac GppakTalbHOro aHali3y KOCMITHIX
3HIMKIB CyITyTHHKa Sentinel-2 JOIIIBHO BUKOPHCTOBYBATH MiHIMAaNBHI abo pisHUII (pakTadpHUX po3MipHocTeil. [lokasa-
HO, IO JJIsl aBTOMATH3allii IpoIecy CerMeHTallii pi3HUX CTPYKTYp Ha KOCMIYHOMY 3HIMKY MOJKHA 3aCTOCOBYBATH TiCTOT-
pamy II®P i cenexTrBHI 300paskeHHs. 3arpoOIIOHOBAHO METOJ] MOHITOPHHTY 3MIH CTaHy CUILCHKOT'OCITOJIAPCHKHX 3eMeIb 3
BHUKOPUCTAHHSIM (ppaKkTaIbHOrO aHANI3Y, SKHH JO3BOJISIE BU3HAYATH MEXi aHOMAaIii Ha 300pakeHHi, T0YaTOK 3MIiHN CTaHy
3eMelTb, 00CST MPOBEJEHNX POOIT Ta IX TPHBAIIICTH, 8 TAKOX OLIHIOBATH CTPYKTYPY 3€MEITb.

Karo4oBi c10Ba: MOHITOPHHT CTaHy CUIBCBKOTOCIIONAPCHKUX 3€Mellb, KOCMIUHUH 3HIMOK, ()paKkTaiabHUi aHaIi3, (pak-

TaJIbHA PO3MIPHICTB.

Beryn

MOHITOPHHT CITBCHKOIOCIIOAAPCHKUX 3€MENb J10-
3BOJISIE PETYIISIPHO OTPUMYBATH iH(QOPMAIIIIO PO CTaH i
CTPYKTYPY 3€MENbHHMX IUISHOK Ta IOCIBHHMX IUIOLI, a
TaKOXK 3I1ACHIOBATH BUABJICHHS IIASHOK 3€MJi, L0 3a-
pOCIIM YarapHUKOM, a00 MaloTh €po3iiiHi MOpyIIeHHS,
30iblIeH] BOJIOrY, 3a00/I0YyBaHHS Ta IHII BHIH Jie-
rpazaanii 3emui [1]. Kpim Toro, arpoekonoriuHuii MOHi-
TOPUHT J03BOJIS€ OLHIOBATH (BUABIATH (DaKTH) BIUIUB
MIPUPOJHHUX, TEXHOICHHUX 1 aHTPOMOreHHHUX (aKTOpiB
Ha MOCIBHU CLIIBCHKOTOCITOAAPCHKHUX KyIbTYp [2].

VY cydacHHX yMOBaxX IUHaMiKa MPOBEACHHS Cilb-
CBKOTOCIIOIAPCHKUX POOIT MOTpeOye OnepaTHBHOI OIli-
HKU iX pe3yJibTaTiB 1 CTaHy CIJIbCHKOTOCIIONAPCHKUX
KyJbTyp. BupimreHns mux 3aBmaHb 3a0e3mneuye perys-
pHHH KOCMIYHHUN MOHITOPUHI 3€Melb CiJIbChKOIOCIIO-
JapCchKOTO NMPHU3HAYEHHS, KU 3a0e3ledye onepaTHB-
HiCTh (aKTyaslbHI 3HIMKH OTPUMYIOTHCS 3 TIEPiOIMHIC-
TI0O 5-8 1i0), 00’eKTUBHICTH (OTpHMaHi JaHi BimoOpa-
KAIOTh PeabHUN CTAH POCIMHHOCTI), €WHE MPEICTAB-
JIeHHs pe3yabTaTiB (iHpOpMAIlisl HAAXOAUTh BiJ BijKa-
TMOpOBaHMX JATYHKIB) Ta OTJIAHAOBICTH (OTPUMYIOTHCA
3HIMKH BEJIHKOI IDIOMI 3 IPOCTOPOBOIO PO3ALTEHOIO
smarHicTio Ha piBHi 10-30 M) [3]. Kpim Toro, ocranuiMm
YacoOM CIIOCTEPITae€ThCS TEHACHINS 3POCTaHHS JOCTYII-
HOCTI 10 JAaHWX AWCTAHIIHHOTO 30HAYBaHHI. Hampu-
KJIaJa, KocMivHi 3HIMKH Sentinel-2 HamaroThCa KOPUCTY-
BayaM y BITBHOMY JOCTYIi uepe3 Mepexy l[HTrepHeT
(icHye akTyajgpbHa Ta TOCTIHHO TONMOBHIOBaNbHA 0aza
KOCMIYHHUX 3HIMKIB), IIIO0 JO3BOJISIE X 3aCTOCYBAHHS IS
BHUpIIIeHHs pi3HOMaHITHUX 3amad [4, 5]. CymyTHUKH
Sentinel-2 103BONSIFOTE  OTPUMYBATH ITMPOKOCMYTOBI
MYJBTHCIIEKTPATbHI 300pa)KEHHS 3 BUHCOKUM IPOCTOPO-
BHUM pO3TIONiTIOM (B omHOMY mikcem 10 M) 3a mormomo-
roro 3HiMansHOi amapatypu MSI (Multispectral Instru-
ment) y 13 croekrpansaux miamasonax [5]. Kocmiumi

3HIMKM CymyTHHKa Sentinel-2 Ha 3amaHy TepHTOpilO
MOJKHa OTPUMYBATH 2 pa3u Ha THKICHb.

Bci 11l YMHHUKH € 1y)Ke BaXXJIMBUMU JJIs1 OpraHiza-
1[i1 MOHITOPHHTY CLIbCHKOTOCTIOIAPCHKHUX 3€MENb, alle y
O1nBIIii Mipi JIOCTOBIPHICTh OIEPXKYBAHUX PE3YJIbTaTiB
3aJIeKUTh BiJ] ClIOCOO0Y OOpOOKHM KOCMIYHHMX 3HIMKIB, a
KOPHCTYBauiB I[IKaBUTh KIHIEBUI pe3ynpTarT 1 Horo
NpeCTaBICHHS IS IPUHHATTS YIPABIiHCHKUX PillICHb.

BinbIIicTh METO/IB MOHITOPUHIY CTaHy CLIBbCHKO-
TOCTIIONAPCHKHX 3€MeNb 0a3yloThCSd HAa BHKOPHUCTAaHHI
Bereramiiaux iHmekcis (icHye Omm3bko 160 BapiaHTiB
TakuX iHaeKciB) [6], ki BU3HAYAIOTHCS EMITIPHIHO i Bpa-
XOBYIOTh (DI3UUHI BIACTHBOCTI CBITIIA, BiJOMBaIOYy 3/1aT-
HICTh POCJIMH Ta 1HIII BaXJTHBI XapakrepucTuku. Haiioi-
JIbIIIE PO3MOBCIODKEHHSI OTPHMAB HOPMAJIi30BaHUI pi3-
HureBuii Beretamiiumii ingexc (NDVI). B [7] npuseneni
pe3ynbTaTd nociipkeHs 3MiH iHnekcy NDVI piznovaco-
BUX KOCMIYHMX 3HIMKIB CLUTBCHKOIOCIIOAAPCHKUX 3EMElTb.
Y poboTi BKa3zyeThCs, MO ISl PO3PaxXyHKY IHICKCY
NDVI HeoOxiaHO naHi 3 OImKHBOTO 1H(pauepBOHOro Ta
YEepBOHOIO KaHANIB, IO NPH3BOAUTH 1O YCKIIATHEHHS
OTpPHUMAaHHS BHXiTHOTO 300paxkeHHs. Y poOoTi [8] Takox
BKazyeThcs, o iHAekc NDVI y 3HauHii Mipi 3aI1€KATH
BiJI KUIbKOCTI aKTHBHOI OlOMacH Ta cTae HeeeKTHBHUM B
TIepi0IU, KOJM POCITHHHICTH € MOCIabIeHor0 abo crocTe-
piraeTbcst HU3BKUIL PiBEHb BEreTallii.

Takox Wi BUPIMICHHS 3aa9 MOHITOPHHTY TIiJICTH-
JHHOI TIOBEpXHi Ta OIIHKM ii CTaHy y TelepilHiil yac mm-
POKO BHKOPHCTOBYIOTBCSI JJaHI TIMEPCIIEKTPATBHOI 3HOM-
ki [9]. CremianeHi alrOpUTMH aHAJi3y TaKUX 3HIMKIB
JIO3BOJISIIOTH BH3HAYATH CIIEKTPAJIbHI MAapaMeTpH MOIJIH-
HaHHS POCIIMHHOCTI. AJIe JTO arnapaTypyd OTPAMAHHS Tilep-
CIIEKTPAJIFHIX 3HIMKIB BICYBAIOTHCS BHCOKI BUMOTH MO0
ii abcomoTHOTO 200 BITHOCHOTO PaJiOMETPUIHOTO Kasio-
PYBaHHS, SIKe y MONAIBIIOMY BIUIMBAE HA SKICTh OTPHMa-
HHUX JaHWX 1 HA JIOCTOBIPHICTH PE3yNbTaTiB iX OOpPOOKH.
Bce e npuBoaMTE 10 30UIBIIEHHS CKIIAHOCTI 1 BApPTOCTI
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amapaTypy OTPUMAaHHS KOCMIYHHX 3HIMKIB, 8 TaKOX JIO
YCKJIaIHEHHS aJITOPUTMIB X 00pOOKH

[lepcrieKTHBHUM HampsIMKOM ITiIBHIIEHHS iH(Op-
MaTHBHOCTI KOCMIYHMX 3HIMKIB, SKi OTPUMYIOTHCS
TIJIBKH B OHOMY Jiamna30Hi XBHJIb, € 3aCTOCYBaHHS Me-
TomiB (pakTansHOro anamizy 3oopaxkens [10, 11]. Pizna
CKJIaJIHICTh TIOBEPXOHb Ta POCIMHHOCTI MPUBOAMTH IO
pizHuX QopM nUPpPOBOro 300payKEHHS, CKIAIHICTH
SIKUX MOYKHA KIUIBKICHO OLIHUTH 3a JIOIIOMOT'OI0 BEJH-
yuHH (PpakTansHoi posmipHocTi (DP). ¥V pobori [12] Ha
OCHOBI JTaHHWX AWCTAHIIHHOIO 30HIYBaHHS T4 BHKOPHC-
taHHss OP mnokazaHa MOXJIIMBICTH PO3NOAUTY PI3HHX
TUITIB IPYHTIB, a y poborti [13] moka3ana MOXJIHBICTH
3aCTOCYBaHHS (h)PAKTAIHHOTO aHaJi3 KOCMIYHHUX 3HIMKIB
Sentinel-2 mns omiHKM CTaHy MOCIBIB KYKypyA3W Ha
pizHux ¢a3zax Bereraiii. Aje B Iux pobOTax He poO3IJs-
JTAIOTHCSI MUTAHHS MOHITOPUHTY 3MiH CTa@Hy CUTBCBKO-
TOCIIOJIAPCHKHUX 3EMEb, SIKI BUKJIMKaHI BIUIMBOM Pi3HUX
YUHHUKIB. Y 3B’S3KY 3 UM HPEICTABISE MPAKTUIHHHA
iHTEepec mpoBecTu aHaii3 BennunH OP kocMmivHMX 3HI-
MKIB il 4aC 3MIiHU CTaHY CUILCHKOTOCIOJAPChKUX 3e-
Mellb, IKi 00YMOBJICHI PI3HUMHU YUHHHKAMHU.

MeTta cTaTTi: PO3MIAHYTH MOXIIHMBICTH BUKOPHUC-
TaHHs (PPAKTAJIBLHOIO aHANI3y KOCMIYHHMX 3HIMKIB Cliib-
CHKOTOCIIOJAPCHKUX IIOMIB U BH3HAUGHHA 3MiH iX
CTaHy MiJl BIULIMBOM Pi3HUX YHMHHHKIB.

XapakTepuCcTHKAa KOCMIiYHUX 3HIMKIB
CiJILCHKOroCnoAapcLKUX MoJiB

MOHITOPHHT CTaHy CLIBCBKOTOCIIOAAPCHKUX  3e-
Mellb Ha BEJIMKHUX TEPUTOPIsSX BUMarae OaraTto yacy Ta
BENHMKUX JIIOJCBKHX TpYyAOBHTpar. Jlmst 3mificHeHHs
e(peKTUBHOrO MOHITOPHMHTY X cTaHy OyIeMO BHKOpPHC-
TOBYBAaTH KOCMIYHI 3HIMKH CymyTHHKa Sentinel-2, siki €
y BUTBHOMY JOCTYTI B Mepexi [nTepHer [4, 5].

Ha BigMiHy BiJ BAKOPHCTaHHS BEreTalliiiHUX 1HICK-
CiB, KOJIM HEOOXIJIHO 3aCTOCOBYBATH JIaHi ACKUJIBKOX CIIEK-
TpaJIbHUX KaHANIB, Mijl Yyac (paKkTaJbHOTO aHali3y JOocCTa-
THBO OJIHOTO KaHaiy. PO3IJITHEMO MOKIHUBICTH BHKOpHC-

TaHHS OMVDKHBOTO 1H(PPAaYEepBOHOrO Jiara3oHy CYITyTHHKA
Sentinel-2, sikomy BimmoBinae kanan b8 (832 um). B ipomy
KaHasti (IKCYIOThCS JaHi, O (OPMYIOThCS 32 PaxyHOK
BIZIONTTS COHSYHOTO BUIIPOMIHFOBAHHS XJIOpO(iIIOM poc-
mvH. JInst OIiHKM 3MiH CTaHy CUTBCHKOTOCHOIAPCHKUX
3eMenb OyI0 CTBOPEHO 0a3y KOCMIYHMX 3HIMKIB 3 CYITYT-
HuKa Sentinel-2 3emens BigbXyBaTchbkoi CUIBCHKOI pajy
UyriBchkoro paiioHy [lonTaBcbkoi oOnacti, mepeBaxHY
YaCTHHY SKHX 00pOoOIIsie MPUBATHE CLTLCHKOrOCIIONaPChKeE
mimnpuemctBo «/lpyx0Oa». baza KocMiYHMX 3HIMKIB Mic-
TUTH 300pakeHHs 3a 2018 pik y 4oTHphoX mianazoHax (b2,
b3, b4 — kananu BumEMOro aianaszoHy; b8 — mmpoka cmyra
ONVKHBOTO 1H(PAYEepPBOHOrO Jiana3oHy) 3 MPOCTOPOBUM
pospisHeHHsM 10 merpiB. Ha puc. 1, a-T i npukiagy
HABEJICHO KOCMiuHI 3HIMKM KaHamy b8 cymyTHuKa
Sentinel-2 cranom w©Ha 04.06.18 (a), 26.06.18 (6),
29.07.18 (B), 05.08.18 ().

Sk BUIHO Ha puc. 1, HA KOCMIYHMX 3HIMKaxX CyIy-
THHKa Sentinel-2 Bi3yaJbHO PO3MOIUISIOTBCS 3EMII
CITbCHKOTOCTIONIAPCHKOrO MPU3HAYEHHS, 1X MEXi, a Ta-
KO BHJIUIAIOTBCS €IEMEHTH MPUPOHOTO JaHImadTy
(piukw, sipu Ta iH.), @ TAKOXK IITY4YHI 00 €KTH, CTBOPEHI
moneMu (oporu, OyauHkW Ta iH.). Ilpu npomy mons
MaloTh Pi3Hy (OPMY 3 PI3HHM THIIOM CUJILCHKOTOCIIO-
JApChKUX KYJIbTYp Ha HUX. AJle Bi3yaJbHO BHU3HAUUTH
THII IUX KyJIbTYp HEMOXKIHMBO, & BU3HAYECHHS 3MiH CTa-
HY TIOJIIB € B&)XKUM 3aBJaHHAM 1 MOTpedye pizHOYaco-
BUX KOCMIYHHX 3HIMKIB.

J1s ofaibIoro AOCHiPKeHHS 3MiH CTaHy 3eMeb
Oynmu BHOpaHi 4OTHpH MOJs, sIKi Ha puc. 1 mo3HaveHi
KBaj[paTamu i udpamu:

—mnosie 1 3 mociBamu Kykypya3u (puc. 1, a, 6) Ha
SIKOMY MPOBOJIMIIKCS M0JIbOBI podotu (puc. 1, B, 1);

—mnosie 2 3 mociBamMu Kykypymsu (puc. 1, a, B, T)
HaJl SIKUM B OfIHY 100y Oynu xmapu (puc. 1, 0);

—mnosie 3 3 mociBamu cousinHuKa (puc. 1, 6, B, T)
Ta TiHi XMap Ha HOMY (puc. 1, a);

—mnone 4 3 mociBamu stamens (puc. 1, a, 6, B) Ha
SIKOMY MPOBOJIMIIKCS MOJIbOBI podotH (puc. 1, r).

Puc. 1. 3emni BinbxyBarcbkol ciibebkoi pamu craHoMm Ha 04.06.18 (a), 26.06.18 (6), 29.07.18 (8), 05.08.18 (1)
B OIDKHBOMY iH(ppauepBoHOMY Aiama3oHi (kanan b8)
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Jns monmaneimoro (¢pakTalbHOTO aHajii3y 3MiH
CTaHy CIJIbCHKOI'OCIIOIAPCHKUX 3€MEIb 3 BUXITHUX KOC-
MIYHUX 3HIMKIB (sKi 30epiratorbcs y 06a3i 1aHUX) HEOO-
X1JTHO TIPOBECTH TIOTIEPEAHE BUPi3aHHS 300pakeHb BHO-
paHux i gochimkeHHs moni (puc. 1). Ha puc. 2, a-3
HABEJCHO €JIEMEHTH KOCMIuHMX 3HIMKIiB (kaHanm bY) 3
mojieM 1 3acisiHUM KyKYpYI30H0 Ha 3€pPHO, Ha SKOMY 3
YacoM TIPOBOJWJIMCS TOJNBOBI POOOTH. 3HIMKH Oynu
BuOpani y pisHuii yac, cranom Ha 01.06.18 (a),
14.06.18 (6), 29.06.18 (B), 29.07.18 (r), 05.08.18 (),
08.08.18 (¢), 10.08.18 (x), 18.08.18 (3), mo6 mokazatu
HasIBHICTh Ha HUX PI3HOTO CTaHy moiisi. 300pakeHHs Ha
pHc. 2 TpencraBieHi y Tpajamisx ciporo ¢opmary
*.bmp i mMarote po3mipu 56x56 mikceniB, TIpH BOMY
orreparii NoJMIMIIeHHs IKOCTI 300pa)KeHHs He MPOBOIU-
mcst. Po3mip 300pakeHHst 56x56 mikceniB OyB BHOpa-
HUH 3 MIpKyBaHb OTPUMAaHHs OJHOPIJTHOI CTPYKTYpH
TIOJIS Ha 3HIMKY.

AHaJti3 JaHuX, HABCJICHUX HA PHC. 2, TIOKA3ye, 10
Ha 3HiMKax craHomM Ha 01.06.18 (a), 14.06.18 (0),
29.06.18 (B) criocTepiraeTbcsi OJHOpPITHE TONE 3 KYKY-

pyA3010 Ha pi3HMX cranisx Bererauii. Ha 3HiMkax cra-

HoM Ha 29.07.18 (1), 05.08.18 (m), 08.08.18 (¢),
10.08.18 (k) BumHO, 10 MPOBOAMIIMCS TTOJILOBI POOOTH
1 cTaH moJs 3MIHIOBaBCS, a Ha 3HIMKY CTaHOM Ha
18.08.18 (3) poboru Oynu 3akiH4YeHi i 3HOBY cIiocTepi-
raeThesl OHOPIJHE I0JIe, ajie y)Ke 30paHe. Aue Bisya-
JIHHUI aHaNi3 J03BOJISE JIMIIE SIKICHO OIIHUTH MacIITa-
6u poOiT 1 3MiHy cTpykTypu nons. KinpkicHa oOIiHKa
IIUX 3MiH 0€3 MOJAIBII0T 0OPOOKH HEMOKIIHBA.

Ha puc. 3,a, 0 HaBemeHO elEeMEHTH KOCMIYHHX
3HIMKIB (KaHan D8) 3 momem 2 3acisHUM KyKypyI30i0
cTaHoM Ha 26.06.18 (a) i cranom Ha 29.06.18 (0), konu
HaJ UM TojeM Oyimu Xxmapu. 300pakeHHS Ha pHC. 3
TaKOXK MPEACTaBieHi y popmati *.bmp i MaroTh po3Mi-
pu 56x56 miKcemiB.

SIK BUJTHO 3 Bi3yaJIbHOTO aHaJli3y KOCMiYHHX 3HIM-
KiB, HABEJICHUX Ha PHUC. 3, 300paKCHHS OJIs CTAHOM Ha
26.06.18 (a) Mae OmHOpIMHY CTPYKTYpy, a CTAaHOM Ha
29.06.18 (0) mae mesiki 3MiHM, 1O MPOSIBIISIOTHCS Y BH-
IS HEOTHOPITHOCTEH CBITIIOTO KOJIBOPY.

Sk 1 y momnepeqHbOMy BUNAAKy O3 MOJaJIbIIOL
00pOOKM KUIBKICHO OLIHUTH 3MiHY CTPYKTYpH 300pa-
JKEHHsI HEMOKJIUBO.

0 r 3 0

EnemenTn kocMivHUX 3HIMKIB (kaHan b8) 3 monem KyKypya3u

Puc. 2. Ha noni npoBoaumucs moiboi podoru, cranom Ha: 01.06.18 (a); 14.06.18 (0);
29.06.18 (B); 29.07.18 (r); 05.08.18 (1); 08.08.18 (€); 10.08.18 (:x); 18.08.18 (3)

Ha puc. 4,a, 0 HaBeIeHO eNEMEHTH KOCMIYHHX
3HIMKIB (kaHait h8) 3 momeM 3 3acCiSHUM COHAIITHHKOM
cranom Ha 01.06.18 (a) i cranom Ha 04.06.18 (0), xomu
Ha IIe ToJIe Majana TiHb BiA XMap.

Po3mip 300pakeHHs Ha puUC. 4 TaKOXK CKIANa€e
56x56 mikceniB. Sk 1 y momepeaHix BHIIAAKax, 300pa-
KeHHs1 mojis Oe3 anomaniit (cramom Ha 01.06.18) mae
OMHOPIAHY CTPYKTYpy, a MOsBa aHOMaJii (CTAaHOM Ha
04.06.18) mposiBnsieThes y 3MiHI HOro cTpykTypu. Ale
IIiJ] YaC BUHUKHEHHS aHOMAIil 32 PaxyHOK TiHI XMapH,
3MiHa CTPYKTYpHU 300pakKeHHS Bi3yallbHO MPAKTHIHO HE
CIIOCTEPITAEThCS Y 3B 3Ky 3 HU3BKUM KOHTPAaCTOM MiX
300pakeHHsIM TIONSA 1 300pakeHHSAM TiHI XxMapu. Tomy
BHSBUTH ii HA 300paKeHH1 TyXKe BajKKO.

Ha puc. 5, a, 06 HaBemeHO eNEeMEHTH KOCMIYHHX
3HIMKIB (kaHax b8) 3 monem 4 3acisHuM sumeneM (cra-
HOM Ha 29.07.18 (a)) Ha sIKOMY TPOBOIMIIICS TMOJHOBI
pob6otn (cranom Ha 05.08.18 (6)). Posmip 300paxeHHs

Puc. 3. Xmapu Haj nosem:
26.06.18 (a); 29.06.18 (6)

ckiazae 56x56 mikceniB. 3HIMKU LLOTO MOJIsI OYJIU BH-
OpaHi Ans AOCTiIKEHHS BIUTMBY HA OIIHKY 3MiHU CTaHy
TIOJISL THITY CLTBCHKOTOCTIOAAPCHKOI KYIBTYpPH Ta Pi3HO-
TO XapakTepy Horo oopooKu.

Sk BUIHO Ha pHc. 5, 300pa)kKeHHS MO CTAHOM Ha
29.07.18 Mae CTpYKTYpY, AKa BiIpi3HAETHCS Bill CTPYK-
Typu TIONIB HaBeAeHWX Buie (puc. 2, B, pHC. 3, a,
puc. 4, a), 1o MPOSBISIETECS Y HABHOCTI Ha 300pakeH-
Hi TIONHOBOi TOPOTH Ta IHIIMX Tpajaliil ciporo BCHOTO
OIS,

Ctpyktypa o0OpOoONEHOro TIoNs CTaHOM Ha
05.08.18 Takox BIAPI3HAETHCS Bij 300pa)KeHb MOJBO-
BUX POOIT, HABEJCHUX HA puUC. 2, T-XK. J[JIst KiabKicHOT
OLIIHKH 3MiH CTPYKTYpH 300pa’keHHs TONI HeoOXiITHO
TIPOBOJIUTH TTOJAIBITY 00pOOKY.

TakuMm 9UHOM, Bi3yadbHHUN aHaJi3 KOCMIYHHX 3Hi-
MKIB JIO3BOJISIE JIMIIE SIKICHO OIIHIOBATH 3MiHY CTaHy
CLTBCHKOTOCIIOZIAPCHKUX 3EMEITb.
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Puc. 4. EnemMeHTH KOCMiuHKX 3HIMKIB (kaHai b8)
3 IIOJIEM COHSIITHHKA Ta TiHI XMap Ha HbOMY,
cranoM Ha: 01.06.18 (a); 04.06.18 (0)

Po3pizHeHHS THITY TOJISI 3 PI3HUM POCIMHHHUM TO-
KPHBOM 1 BU3HAYEHHsI THITy aHOMaJlili, sika criocrepira-
€ThCS Ha KOCMIYHHX 3HIMKax CUIbCHKOTOCIOAAPCHKUX
3eMellb TIIBKH 32 Pe3yJbTaTaMU Bi3yallbHOTO aHali3y €
BaXXKMM 3aBJIaHHSM.

[IpoBenemMo 0OpOOKY KOCMIYHHUX 3HIMKIB CYITyTHH-
ka Sentinel-2, po3MIAHYTHX BHIIE CUTHCHKOTOCIOAAPCH-
KHX 3eMenb, y JiTHiN mepiox 2018 poky (3 01.06.18 mo
28.08.18) 3 BUKOpHUCTaHHM (PPaKTATLHOTO aHANI3Y.

BusiBienns 3MiH cTaHy 3eMeJib 3
BUKOPHUCTAHHAM (ppaKTaJbLHOI po3MipHoOCTi

Ilig yac MOHITOPHHTY 3MiH CTaHy CLIBCBKOTOCIIO-
JapChKUX 3eMeNb 3 BUKOPUCTAHHAM KaHany D8 cymyt-
Huka Sentinel-2 Hociem iH(poOpMarii Ha 300pakeHHI €
CBITJIOBI XBWJI y OMIDKHBOMY iH(pauepBOHOMY Jiama-
30Hi, 110 JOPMYIOTHCS 38 PaXyHOK BiJIOUTTSI COHSIYHOT'O
BUIIPOMIHIOBAHHS Yy 3aJI©KHOCTI BiJ] XapaKTEPUCTHK
migcTHIbHOI TnoBepxHi. CBITIIOBa XBWIIS TIEPEHOCHTH
iH(popMallifo PO 00’ €KT 3aB/SIKK TOMY, LIO Pi3HI Hapa-
METPH CBITJIOBOT XBHWIII MOJIYIIOIOThCS BIJIOBIAHO 10
BJIACTMBOCTEH TOYOK IMiJCTHILHOI MOBEpXHi. B pe3yib-
TaTi OTPUMYEMO DI3HOPIJHY MATPHUIIO 3HAYEHb IHTCH-
CHUBHOCTI BIJIOUTTS COHSYHOIO BHIIPOMIHIOBaHHS Bil
3eMHOI MMOBepXHi (KocMiuHe 300pakenHs1). Po3mip mar-
PpHIIi JOPIBHIOE PO3MIPY KOCMIYHOTO 300paKeHHSI.

OCHOBOIO (hpaKTaILHOTO aHali3y KOCMIuHUX (1U-
¢bpoBux) 300pakeHs € mMoOymoBa MO (PpaKTaTBHAX
poamiprocreii (ITOP). [Mpouec nodynosu [IOP nerans-
HO posristHyTo y poboti [11]. ITix gac moGymosu I1DOP

POBOJMTHCS CKaHyBaHHs 300pakeHHs |(X,y) «Bik-

Hom» W, po3MipoM NxM miKCcelniB, 3 KPOKOM IepeMmi-
meHHs S (mpu S=1 «BIKHO» € TaKWM, IO «KOB3a€», a
mpu S>1 — mo «crpubae»). Ha xoxxHOMY Kpori (mis
KOKHOTO TIOJIOKEHHSI «BiKHA») BH3HAYAETHCS UHCENbHE

3HaueHHs OP (Di, j) y «BikHD» W 1 3amucyeTscs B MaT-

puiito D, sika Ha3uBaeThCs «IoNeM (pakTalbHUX PO3Mi-
pHocteit». Posmip TIOP Oyne menme po3Mmipy KocMid-
HOTO 300pakeHHS Ha BEITHIUHY «BIKHA»

(x—=n)x(y—m). Tlix gac noGynosu IDP y pobori
PO3MipH KOCMIYHOIO 300pakeHHs (X X Y) GyayTh CKia-

mati 56x56 miKcewmiB, a PO3MIPH «KOB3AIOUOTO BiKHA
OynmyTb 3MiHIOBaTHCS Bif 4x4 mikceni g0 32%32 mikceni.

OpakranbHa PO3MIPHICTh € JPOOOBOIO BEITUYH-
HOIO, SIKa XapaKTepu3ye CKIATHICTh (ITOpi3aHicTh) Gop-
MH, IO 3alOoBHIOE mpocTip. bimemomy 3HadeHHro OP
Bi/IMOBi1a€ OiybIlIa CTYIIHb 3aIlIOBHEHHS TPUBHMIPHOTO

a 0

Puc. 5. Enemenrn kocMiunnx 3HiMKiB (kaHar b8)
3 [OJIEM STYMEHIO, Ha SIKOMY TIPOBOJIMIIKCS TTOIbOBI
pobotu, cranom Ha: 29.07.18 (a); 05.08.18 (0)

TIpe/ICTaBNIeHHsT 300pakeHHA. IcHye Oarato MeroniB
PO3paxyHKy pO3MIPHOCTI, ajie BCi BOHH BKIIOYAIOThH
miipaxyHok 00’emy abo momi ¢pakranbHoi (opmu i
TOrO, SIK BOHA 3MIHIOETHCS B PI3HMX Maciitadax. 3aie-
JKHO BiJ 1IbOr0 icHYIOTh pi3Hi T OP [10]. dpakra-
JIbHA PO3MIPHICTh CHJIBHO 3aJISKUTh BiJl TOrO, 5K 1i BU-
3HaYaTH, TOOTO OKPiM (HOPMYIH VIS PO3PAXyHKY HEOO-
Xi7IHO 3amaTh croci6 ii Bu3Ha4YeHHs. Ha mpakrtuii Haii-
yacrile A1l aHanizy HuGpoBUX 300pa)KeHb 3 BUKOPHUC-
taHHAM OP 3acTocoByOTH MeTOA MOKpUTTA [14] i Me-
tox mpusmu [15]. Meron mokputts po3paxyHky DP
peani3zye BH3Ha4YeHHs po3mipHocTi Xaycnopda-besiko-
BUYA, SIKa OMHCYETHCS TAKUM BHPA30M:

logN (&)
, = lim———=, )
¢—>0 log (1/ 8)

Jie € — JOBKMHA CTOPOHHU Ky0a (MakcumasbHa JOBXHHA
JIOPIBHIOE PO3MIPY «BIKHA»), KM HOKPUBAIOTh MHO-
xuHy 300pakeHsst; N(€) — KifbKicTh KyOiB, 1110 HAKPH-
BAalOTh TPUBHMIpHE YSIBICHHS 300paKCHHS.

Meroxn npusmu pospaxyHky DP 3abesneuye Bu-
3HAa4YEeHHs PO3MIPHOCTI TAKMM BHPa30M:

D, = 1im 292 (*) @
¢-0log(1/¢)

Jie € — IOBKMHA CTOPOHU OCHOBH 3pi3aHOi MpU3MH (Ma-

KCHMaJbHa JIOBXHMHA JIOPIBHIOE PO3MIPY «BIKHA»);

P(g) — roma noBepxHi pu3Mu (il BepXHBOI TpaHi).

Besnocepennpo 3a UMy popMynaMu po3paxyBaTi
OP 300paxkeHHs MiJCTUILHOI MMOBEPXHI HEMOXKIJIUBO.
Ilopsinok BuzHaueHHs P nosnsirae y HaCTYyIIHOMY.

Ha mepmmomy erami peanizamii METOAY MOKPUTTA
BHOMPAETHCS NESKUN KyO 3 CTOPOHOIO JTOBXKUHOIO € 1
UM KyOOM TNOKPHBA€ETHCS TPUBHMIpHE IpeEICTaBICHHS
300paxkenHs (MHOkuHA [). Ha gpyromy erami migpaxo-
BYETBCS CKUTBKU KyOiB 3 CTOPOHOIO € HaKPHUBAIOTh BCIO
mHOkuHY | (306paskenss) N(g).

Ha mepmomy erami peamizarii METOAy IpPHU3MH 3a
JAHMMH SICKPABOCTI 300payKeHHs Y KyTax «BikHa» (OCHO-
BU TIPU3MH) PO3MipoM € OPMYETHCS BEPXHS TPaHb MPH-
3MH, a Ha JPyroMy eTarl po3paxoByeThes il miomra P(g).

Ha Tperpomy erami B 000X MeTOmaX MPOBOISATHCS
obunciiennst N(g) i P(g), BimmoBigHo, I IEKITBKOX
IHIIAX BENWYWH € (HATPUKJIAM, pyra BEeIHYNHA MOXE
JIOpiBHIOBATH €2 = €1/2, TpeTs — €3 = 1/4, a ueTBepTa —
€4 = £1/8). B pe3ynbTati BU3HAYAIOTHCS, HATIPHUKIIA, TI0
gorupu 3HaueHHst N(g) i P(g). Yucno 3HaueHs (TOYOK)
3aJIeXHTH BiJl CTPYKTYpH ((OpMH) BUXITHUX AAHUX.
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Jaimi B 000x meromax OymyroTbesi rpadiky jora-
pubmiunoi 3amexnocti log N(e) a6o log P(e) Bin
log 1/e. 3a omepkaHUMK TaHUMHU 3IiHCHIOETHCS JTiHiHA
alpOKCUMAIlisl OJIepKaHUX 3aliekHOCTeH. st ampok-
cuMallii HaifyacTille BUKOPUCTOBYETBCS METOJ HaiiMe-
Hmmx kBazapatiB (MHK), skuif mo3Bonsie aBTOMaTruzy-
BaTH MPOLIEC aHANI3Y KYTiB HAXWITY JUIsl PI3HUX BXiJHHAX
nannx. Ha 3aBepmiansHOMy erami ¢paxranbHa po3mip-
HicTh D BU3HAYAETHCS SK TAHTCHC KyTa HAXUITY aImpoK-
CHMOBAHHUX TPSIMHX.

TakuM YUHOM, OOYHCIICHHS Pi3HHX T€OMETPUIHUX
rapameTpiB TPUBHMIPHOTO YSIBICHHS 300pakeHHS 1
BUKOPHUCTaHHS METOY HAHMEHIIINX KBAIPATiB JO3BOJISIE
Bu3HadaTH OP xocmiunuX (1MpoBHX) 300paKeHb.

[icnst pospaxynky [TMP MoxHa 3ailCHUTH HOTO Bi-
3yaJizaliro, To0To Bech niara3on 3MiH @P, mio € y [IOP,
po30MBaeThCs Ha AEKiIbKa PiBHIB (IIOPOr'M CerMeHTalrlil).
[Tpu upoMy KOXKeH piBeHb BiIOOPaXKAETHCS BiITOBITHUM
KOJIbOPOM (BUIUISIOTBCS CETMEHTH 13 3amaHuMu OP).
[Tpn OnU3BKHUX CTPYKTYpax 300pakeHb B CYCIIHIX «BiK-
Hax» P Mmarorh Onm3bKi 3HaueHHS (BiJIPI3HSIOTHCS B
YEeTBEPTOMY 3HAKy ITicisi KoMH). «BikHa» 3 OMU3bKHMH
3HaueHHsIMU OP MoxyTh OyTH 00’ €/1HaHI B OKpemi o0na-
CTi, sIKi 320€311eUyI0Th CETMEHTAIIi 10 300paKeHHSI.

Jns npukiagy Ha puc. 6, a-€ HaBeJEHO Bi3yallbHi
npezctaBieHns [IOP po3paxoBani Ui KOCMIYHHUX 3HIM-
KiB 3 TI0JIEM | 3aCiIHUM KyKypy[30l0 Ha 3epHO Ha SKOMY
MIPOBOJIWIIKCS NOJILOBI poboTH, cTaHOM Ha 29.06.18 (a),
29.07.18 (6), 05.08.18 (B), 08.08.18 (r), 10.08.18 (xm),
18.08.18 (¢), sixi nokasaHi Ha puc. 2, B-3. HaBeneni [1DP
KOCMIYHHX 3HIMKIB OyJIM 1OOY/IOBaHI 3 BUKOPUCTAHHIM
METONy NPHU3MHU 1 «KOB3aIOHOI'0 BIKHa» pPO3MIpOM 55
niikceniB. Jlianazon 3MiH @P po36uBaBcs Ha 5 piBHIB.

Sk BumHO Ha puc. 6, Bizyamizauis [IOP no3Bonse
MPE/ICTABUTH PO3IOII YaCTHH 300pa)KEHHs 3 Pi3HOI0
CTPYKTYpOI0, TOOTO 3AiIHCHUTH #oro cermeHranito. Ha
puc. 6, a BUAHO, 110 MOCIBH KYKypyA3u Oe3 0OpoOKH,
TAKOX MAIOTh JIESKI OCOOJMBOCTI, sIKIi Ha BUXIJIHOMY
300payKeHHI Bi3yaJbHO He CrocTepiraloThcs. Ha
puc. 6, 6-n BumHO, Mo moOyaoBa 1 Bizyamizatis [1DOP
JIO3BOJISIE JIOCTI/DKYBAaTH 3MiHY CTaHy CLIBCHKOTOCIIO-
JAPCHKUX 3€Mellb, sIKi OOYMOBIIEHI MPOBEICHHIM
nonboBux poOiT. Ha TIOP nobpe Bu3HAuatOThCS Mexi
JIUISTHOK TIOJISL Ha SIKMX MPOBOASIThCS poboTh. Kpim ToO-
ro, BHIUISIOTHCS MEXKI HENaBHO IPOBEIEHUX POOIT,
0COOJIUBO 1€ BUJIHO Ha puC. 6, 0, B, e BUAHO JBI MEXi,
OJlHA — BIJIOKPEMJIIOE MUISHKHA IO 3 PI3HUM THIIOM
MOBEPXHI, a 1HIIA — IUISIHKA 3 PI3HUM 4acOM HPOBE/ICH-
Hsl TIOJIbOBUX POOIT.

HeoOxigHo 3a3HaymMTH, IO HA BHXIJHMX KOCMIid-
HUX 300paKEHHS Bi3YaJIbHO MPOSIBIISETHCS TITBKH MEXKa
3 PpI3HMM THUIIOM TOBEpXHi (auB. puc. 2, T, ). Ha
puc. 6, T, I BUAITSIFOTBCS JUISTHKH TIOJS, HA SIKMX pO0O-
TH III¢ He 3aKiHYeHi, TOOTO BHIISIOTHCS JTOKAIBbHI aHO-
Mmamnii nons. [IOP kocmivHOro 3HIMKa MiCsT 3aBEpIICH-
HS TIOJIbOBHX POOIT (pHC. 6, €) TaKOK Ha€ MOXIJIUBICTH
OLIHUTH 3MiHN cTPyKTypH mons. Tak Ha IIDP mposs-
JISIOTHCS MITITHKY TOJA 3 pisHUMH 3HaueHHAMHU DP, ski
XapakTepU3ylOTh PI3HWM THN MiACTHIBHOI TOBEPXHIi
00yMOBJIEHHUH SIKICTIO TIPOBEIEHHS MOIBOBUX POOIT (Ha
BHXITHUX KOCMIYHUX 300pakeHHsI BOHH Maihke He Tpo-
SIBJISTFOTBCS (IUB. pHC. 2, 3).

I €
Puc. 6. [IOP xocMivyHEX 3HIMKIB 3 IOJIEM KYKYpYI3U Ha
SIKOMY IIPOBOJMIIHCS TIONBOBI POOOTH, CTAHOM Ha:
29.06.18 (a); 29.07.18 (6); 05.08.18 (B);
08.08.18 (1); 10.08.18 (m); 18.08.18 (€)

TakuM yMHOM, pO3paxyHOK Ta Bizyamizauis [IOP
KOCMIYHUX 3HIMKIB CUIbCHKOTOCIOJAPCHKHUX 3EMEllb
JIO3BOJISIE 31MICHIOBATH IX CErMEHTALU0 1 BUALIATA Me-
K1 MPOBEACHUX MONBOBUX POOIT, 3MiHY IX Yy 4aci Ta
OL[IHIOBATH X CTPYKTYpY MiCJisl 3aBEPIICHHS POOIT.

Kpim ¢pakranpHOro aHamizy KOCMIYHHX 300pa-
JKeHb 3a JIONIOMOroro 1odynoBu 1 Bizyamizamii [1DOP, 3a
JIOTIOMOT'OF0 PI3HOYACOBUX KOCMIYHHMX 3HIMKIB 1 po3pa-
XyHKY X ®P MokHa 3/11iCHIOBATH MOHITOPUHT ITOYATKY
1 3aKiHYEHHsS MOJILOBUX poOIT 3a BenuuuHow DP. Sk
3a3Havanocs Buie, Beanunan OP 3amexars Bijg CKiaa-
HOCTI (IIOpPI3aHOCTI) MepenaiB sICKPaBOCTi 300paXKeHHs,
ToMy 3MiHa BennunHu OP Moxxe OyTr BUKOpUCTaHA [UIst
BUSIBJICHHsI 3MiHU cTaHy mons. J[ns pospaxynky P
KOCMIYHHX 3HIMKIB CLJIbCHKOI'OCIIOIAPChKUX 3EMEb
BHUKOPUCTOBYBABCS NPOTPAMHUI KOMIUIEKC (paKTab-
HOTO aHaii3y 300pa)eHb, KU JOKIAJHO OMUCAHUNA Yy
pobori [11]. Jlanwuii KOMIUTEKC TO3BOJISE aHATi3yBaTH
300paxkeHHst y rpamauisx ciporo (y dopmari *.bmp) 3
BHKOPHCTaHHSIM «KOB3aI0YOT0» 1 «CTpHUOAI0UOroy «Bi-
KOH» B AKHX po3paxoByeTbcsd @P METOmOM MOKpPUTTS.
Kpim Toro, nependadeHa MOXIJINBICT TOOYIOBHU TiCTO-
rpamu I1DP, ii ananiz i moOyxgoBa ceneKTUBHUX 300pa-
JKeHb BHOpaHoro nianasony ®P. Takox y mporpamHo-
My KOMIUIEKCI peayi3oBaHa MOKJIHMBICTh BU3HAYCHHS
MiHIMaJIEHOTO 1 MaKCHUMalibHOTO 3HaueHHs DP, a Takox
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po3paxyHKy cepenHboro 3HaueHHs OP Ha [IOP. 3a no-
TIOMOT'OI0 ITPOTPaMHOT0 KoMILIeKkcy Oynu BusHadeHi OP
KOCMIYHUX 3HIMKIB CLIbCBKOTOCIIOJIAPCHKHUX 3EMENb Yy
mitHi niepion 2018 poky (3 01.06.18 10 28.08.18).

Ha puc. 7, a-T HaBesieHO pe3ylbTaTH PO3paxyHKY
MiHiManpHuX OP (a), Mmakcumansanx OP (6), cepenHix
@P (B) i pizauups OP (T) KOCMiYHMX 3HIMKIB 3 ToeM 1
KyKYpyI3U Ha SKOMY HpPOBOJAWIINCS TOJHOBI POOOTH.
CyuinsHoro JiHiero mo3nadeni P, mo po3paxoByBaiu-
csl y «BiKkHI» 4x4 miKcens, INTPUXOBOIO — Y «BIKHI»
16x16 mikcens, MITPUX-IYHKTUPHOIO — 32%32 miKces.

Sk BUAHO 3 aHANI3y JIaHWX, HABEIEHUX Ha pHUC. 7,
Bci BenmunHu P, mo BU3HaYaMCs i yac (pakTaib-
HOT'O aHali3y 3MiH CTaHy I0JIsl, MalOTh CBOI OCOOJIMBOC-
1i. Tak miniManeH1 OP (puc. 7, a) HAMOUIBII Yy TIIUBI 10
3MiH CTaHy 3€MHOI ITIOBEPXHI.
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Puc. 7. 3minu minimaneraux OP (a), makcumansaux OP (0),
cepennix OP (B) i pisauips OP (T) KOCMIYHEX 3HIMKIB 3 ITOJIEM
KYKYPYZ3H Ha SIKOMY IIPOBOIIINCS MOIBOBI poOOTH

Tak n0 mouyaTtky monboBHX poOiT MiHiManbHI OP
KOJIMBAIOThCS ONMM3BKO 2,9 s «BiKHA» 4Xx4 miKcens i
Onmu3bKo 2,95 miusa «BikoH» 16x16 1 32x32 mikcens, a 3
nogatkoM po0Oit 29.07.18 minimMansHi @P 3MeHIIyIoThCS
no 3HayeHb  Dyimaxa = 2,554, Dynisx16 = 2,654 1
Duins2x32 = 2,706. ITig gac mpoBeaeHHs poOIT MiHIMATB-
Hi OP mis «BikoH» 16X16 1 32%32 mikcens 3MIHIOIOTHCS
HE 3HAYHO 1 KOJIMBAIOTHECI OJIM3BKO 2,6 1 2,68, BiamoBij-
HO. Bukopucranus «BikHa» 4x4 MmiKcesst J03BOJSE 10C-
JI/KyBaTH CTaH TPOBENCHHS MOJIbOBUX POOIT, TaK CTa-
HoMm Ha 05.08.18 i 08.08.18 minimansHi ®OP BinpizHs-
IOTHCS HE 3HAYHO 1 ONMU3BKI 10 3Ha4eHHA 2,5, CTaHOM Ha
10.08.18 cmocrepiraeTbes HaiimeHte MiHiMansHe OP —
Duinax4 = 2,33. Ilicns 3akiHYeHHS ITOJIBOBUX POOIT MiHi-
manbHi OP 3HOBY 3pocTaroTh 1 KOJMBAIOThCS OIM3BKO
2,87 nas «BikHay 4x4 mikcens 1 Oau3bko 2,92 It «Bi-
KoH» 16x16 1 32x32 mikcens.

TakuM YUHOM, MiJ] Yac 3MiHH CTaHY CLIBCHKOTOC-
MO/IAPCHKUX 3eMeNb, 00YMOBJIEHHX MOJILOBUMH DPOOO-
TaMH, CHOCTEPIraeThCs 3MEHIICHHS MiHiManbHUX DP,
NpU 1IbOMY BHKOPHCTaHHS «BIKHa» po3MipoM 4x4 mik-
censi HalOLIBII MPUAATHE YIS aHaJi3y XOAY MPOBEICH-
Hs1 TIOJIOBHX POOIT.

Bukopucrannst MakcumaibHux OP s anamizy
3MiHM cTaHy momns (puc. 7, 6) € MeHIn iHpOPMATHBHIM,
aJle BUKOPHCTaHHs «BIKOH» piBHUX 32x32 mikcens 1 Oi-
JIbIIIE JIO3BOJISIE BU3HAYUTH TI0YaTOK MOTBOBUX POOIT, TaK
craHoM Ha 29.07.18 i 05.08.18 makcumanbhi ®P nopis-
HIOKOTE Dyake2007 = 2,862 1 Dyaxcos.0s = 2,873, BiamoBigHo,
TOOTO BOHM 3HWXKYIOThCS. HeoOXifHO 3a3Ha4yuTH, IO
cranom Ha 08.08.18 1 10.08.18, konu poboTu 1e TpHBa-
nu, MakcumasibHi OP Oynu Ha piBHI MakcumaibHuX DOP
0e3 poOit Ha momi. [lo modarky i mTicis 3aKiHUEHHS
MONBOBUX PoOIT MakcumanbHi OP y «BikHI» 32%32 mik-
Ccellsl KONMBAIOThCSL Ha PiBHI Oi3bkoMy 2,7. MakcuMalib-
Hi OP npu BuKOpHCTaHHI MEHIIUX «BIiKOH» 4x4 1 16x16
TiKcels He 3MIHIOIOThCS i/l 4ac MPOBEICHHS MOJIbOBHX
pOOIT i HAa BCbOMY IHTEpPBAJI CIOCTEPEKEHb KOMTUBAIOTHCS
OJIM3BKO 3HaYeHb 2,99 12,98, BiAOBiHO.

TakuM 4MHOM, BUKOPUCTaHHS MakcumanbHUX OP
JUIS aHaJi3y 3MIiHM CTaHy CLIbCHKOTOCIIONAPCHKHX 3e-
Mellb MOXJIMBE TUIBKHU MiJI Yac 3aCTOCYBaHHS «BIKOH)»
piBHHX 32%32 mikcens i Olibllle, BUKOPUCTAHHS MEH-
IIMX «BIKOH» He 1H(OpMaTHBHO. AJie OJHOYACHE 3Me-
HILIEHHS MiHIMaIbHUX 1 MakcumanbHux OP moxe xapa-
KTEpU3YBaTH HASBHICTh Ha IIOJIi BEIMKHUX aHOMAJiH
(po3mip sSIKHX BHIIE pO3MIpy «BiKHa» B SIKOMY CITOCTE-
piraetscs 3MeHImeHHS MakcuMmansHHX DP), a 3meH-
meHHs MiHiMansHIX OP 1 He3MIHHHICTh MaKCHMAaTbHUX
OP Moke XxapaKTepu3yBaTH HAsBHICTH Ha II0JIi HEBEIH-
KAX aHOMAaii (po3mip SKUX MEHIIEe pO3Mipy «BiKHA» B
SIKOMY CTIIOCTEpIiraeThCcs 3MEHIIeHH MiHiMaTbHUX DP).

Cepenni 3nauenns OP (puc. 7, B) € iHpopmMaTHB-
HHUMHU JJIsL aHATi3y 3MiHH CTaHy MOJIS, SKIIO BUKOPUCTO-
BYIOThCSI «BiKHa» po3Mipom Ouitbie 16x16 mikcens. J{o
MOYATKy 1 TicJs 3aKiHYeHHS MOIbOBHX POOIT cepenmHi
O®P nist BCiX «BiKOH» KOIWMBAIOTHCA HA PiBHI OMM3BKOMY
2,96. [TouaTky MOIBOBUX POOIT BiIMOBIAAIOTH HACTYIHI
cepenHi DP: Dcp4><4 = 2,943, Dcp16><16 = 2,877 i
Dep3ax32 = 2,779. Iig yac npoBeneHHs pobit cepenHi OP
3MIHIOIOTECSI HE 3HAYHO, HAWOLIbINE 3HKEHHS cepel-
HiX @P crocrepiraerscst mig 4yac 3aBepIIeHHS POOIT,
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cranoM Ha 08.08.18. TakuM YMHOM, BUKOPHCTaHHS ce-
pennix ®P no3Bonsie aHaNi3yBaTH 3MiHM CTaHYy CilbCh-
KOTOCIIOAAPCHKUX 3€MeJIb TINBKH i1 4ac 3aCTOCYBaHHS
«BIKOH» po3MipoM Oinbmie 16x16 mikceniB. BusHauutn
XapakTep IMPOBEACHUX IIOJHOBHX POOIT 3a CepeaHiMU
3HaueHHsIMH DP Baxko.

Iopsx 3 MiniManeauMu OP, dyTiuBUMU 70 3MiH
CTaHy  3eMHOI  IIOBEpXHi €  pizHuULi 0l
AD =D D, (puc.7,1). Tak 10 movyarky moibo-

Maxkc MIH
BHX poOiT pizHumi ®P cxiamarore Menmie 0,1 s «Bik-
Ha» 4x4 mikcens Ta menme 0,05 1 0,025 amsa «BiKOH»
16x16 i 32x32 mikcens, BIANOBIAHO, a MICIs 3aBEpILICH-
HA poOit pizHuI P cknamators Menme 0,13 st «Bik-
Ha» 4x4 mikcens Ta menme 0,08 1 0,03 mia «BiKOH»
16x16 1 32x32 mikcens, BimnoBigHo. ITix wac mpose-
JICHHS TIOJILOBUX poOIT pizHuui PP 30imbmIyroThes i3
3MEHILIEHHSIM pPO3MIpYy «BIKHa» 1 JOCATalOTh HaWO1Ib-
mux 3HayeHb 10.08.18 ADygxq = 0,668, AD1gx16 = 0,376 1
AD33x3, = 0,3. HepiBHomipHe 30inbuieHHs pisHuns OP
I 4ac MpoBENEHHS pOOIT MOXKE XapaKTepu3yBaTh ix
obcsar (rwtonry oopobsieHoro mosst). OcoOIuBO Tie Tpo-
SIBIISIETBCS TIJI Yac 3aCTOCYBaHHS HEBEIHMKOTO «BIKHa»
4x4 mikcens 1 BEIUKOro «BIKHA» 32X32 mikcens, s
«BIKOH» cepenHbporo po3mipy pizauist P Ha mpotsizi
NPOBENICHHS POOIT MPAKTHYHO HE 3MIHIOETHCA. Takum
yuHOM, pi3HUI OP y «BikHI» po3mipom 4x4 mikcens
JI03BOJIsIE 3[1MCHIOBATH MOHITOPHUHT 3MiH CTaHy CiJIbCh-
KOT'OCTIO/IAPCHKHUX 3EMEb.

VY Tabn. 1 HaBeneni Benuunad PP mix yac o0Opoo-
KM [UIMX KOCMIYHHUX 3HIMKIB 3 ToJieM | 3acCisiHUM KyKy-
PYA3010 Ha SIKOMY MPOBOJMIIKCS MOJIBOBI pOOOTH, TOOTO
BHUKOPHCTOBYBAJIOCS «BIKHO» po3Mipom 56%56. Sk Bu-
JIHO 3 aHami3y naHux taom. 1, P uigoro KocMi4HOro
3HIMKY TaKOX J03BOJISIE BU3HAYUTH 3MIHY CTaHy 3€MHOT
MOBEPXHI MiJ Yac MPOBEACHHs MOJbOBUX POOIT, sKa
MIPOSIBIISIEThCSL Y 3MeHIIeHHI BeinduH OP, a pi3ni Benu-
yuHU OP 1pu 11bOMY JI03BOJISIFOTH OL[IHIOBATH X 00CHT.

Takox 3 maHux Tadm. 1 BuaHO, o BeauunHu OP
TIOJISL 3aCiSTHOTO KYKYPYZA30I0 Y YepBHI OyIyTh BUIIE y
nopiBHsiHHI 3 OP 30paHOro mosist y KiHIl CepIiHsl, ane He
3HAYHO (BIAMIHHICTb Y IPYrOMY 3HAKY MICJIsSi KOMH).

Tabnuys 1 — dpakTaabHi po3MipHOCTI HIMX KOCMIYHUX
3HIMKIB 3 moJieM 1 3acissHUM KyKypya3010

Jlata D Jlata D
01.06.18 2,958 05.08.18 2,792
04.06.18 2,965 08.08.18 2,737
14.06.18 2,965 10.08.18 2,690
16.06.18 2,957 18.08.18 2,956
21.06.18 2,959 23.08.18 2,942
26.06.18 2,953 25.08.18 2,946
29.06.18 2,947 28.08.18 2,943
29.07.18 2,801

TakuMm grHOM, T Yac QpaKTaIbHOTO aHAJI3y KO-
CMIYHHMX 3HIMKIB cymyTHHKa Sentinel-2 s oIiHKH
3MiH CTaHy CIJThCHKOTOCIIONAPCHKUX 3€MENh OIITEHO
BHUKOPUCTOBYBaTH MiHiManbHI DP (3meHmenHs OP)
a60 pizHui OP (30inbHIeHHS Pi3HUIB) Y «BIKHD» PO3-
Mipom 4x4 mikcens. Pozpaxynok ®P y «BikHax» pi3HO-

TO po3Mipy 1 OJHOYACHE 3aCTOCYBaHHS MiHIMaTbHHX i
MakcuManbsHuX OP 103BOJISIE OLIHUTH PO3MIpH aHOMa-
Jiii Ha moui (XOA4y NPOBECHHS OJIBOBHX POOIT).

IIpoBenemo (dpakTampHUIA aHaNi3 KOCMIYHUX 3Hi-
MKIB 3 TIOJISIMH 2-4, €JIEMEHTH SIKUX HaBeAEHO Ha puc. 3-
5. Iix gac po3paxyHKiB OyJIeMO BUKOPHUCTOBYBAaTH «Bi-
KHO» po3MipoM 4x4 mikceds.

Ha puc. 8 HaBeneHO pe3ynbTaTé po3paxyHKy Mi-
HiMabHUX P KOCMIYHUX 3HIMKIB 3 MMOJIEM 2 3aCisTHUM
KYKYpYI300 Ta XMapaMH HaJl HUM, €JIeMEHTHU SKHX Ha-
BeJICHI Ha puc. 3.
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Puc. 8. 3minu miniMansHux P KOCMIYHMX 3HIMKIB
3 [oJIeM KyKYpY/A3H Ta XMapaMy HaJl HUIM

SIK BHIHO Ha pHC. 8 TMOsSBa Haja IMOJEM XMap
29.06.18 mpuBOIUTH 10 3MEHIICHHS MiHIMabHOI DP,
ajie BenuyrHa 3MeHIneHHs P Oyae MeHIne Hix i yac
aHaJIi3y KOCMIYHOTO 3HIMKY T0JIsl Ha SIKOMY TIPOBOJISITh-
cs1 monboBi pobotu. Tak pizHui P kKocMiuHOro 3HIM-
Ky mossi 3 xMapamu cknanae AD; = 0,3, a pizuuns OP
MmiJi Yac TMPOBEICHHS TMOJLOBUX pOOIT JIOPIBHIOE
AD; = 0,667 (auB. puc. 7, 1), TOOTO y 2,22 pa3u MEHIIIE.
TakuM uuHOM, BUKOpHUCTaHHs MiHiManbHUX OP abo
pizuuie OP no3BOJIsIE BUSABISITH 3MiHY CTPYKTYPH KOC-
MIYHOTrO 300pa)keHHsI, sike 00YMOBJICHO II€0 MPHPO-
HHUX SBUI (XMap).

Ha puc. 9 HaBeseHO pe3ysibTaTH pO3paxyHKy Mi-
HiManpbHuX OP KOCMIYHUX 3HIMKIB 3 IIOJIEM 3 3acCisHAM
COHSIIIHAKOM Ta TiHI XMap Ha HbOMY, EIEMEHTH SIKUX
HaBeJieH1 Ha puc. 4. 3 aHani3y JaHWX Ha puC. 9 BUAHO,
IO MosiBa Ha KOcMidHOMY 3HIMKY 04.06.18 TiHi Bin
XMap MPHU3BOIUTH JI0 3MEHILIEHHs MiHiManbHOT DP. Ane
pizauiss  DP  KoCMIYHOrO 3HIMKY TOJNS 3 TiHIO
(ADs=0,481) y 1,6 pa3iB Ginbilia MOPIiBHSIHO 3 Pi3HU-
neto @OP kocMiuyHOro 3HIMKY TMOis 3 XMapamu
(AD2=0,3) i y 1,39 pa3iB MeHIlie TIOPIBHIHO 3 Pi3HHU-
rero OGP KOCMIYHOTO 3HIMKY ITOJIS i 9ac TMPOBEICHHS
nonsoBHuX pobit (AD1 = 0,667).
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Puc. 9. 3minu miniManbsHux OP KocMiYHHMX 3HIMKIB 3
MOJIEM COHSIIHUKA Ta TiHI XMap HA HbOMY
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TakuMm yrHOM, MiHiMalTbHa ®P KOCMIYHOrO 3HIM-
Ky TONIA 3 TIHIO BiIPi3HAETBCA Bixg MiHiMansHUX OP
IHIINX aHTPOIOTCHHUX 1 MPUPOIHUX SIBHII, IO JTO3BO-
JIs€ 3AIMCHIOBATH X PO3PI3HCHHS.

Ha puc. 10 HaBeneHO pe3ynbTaTu po3paxyHKy Mi-
HiMaJTbHUX ®P KOCMIYHHUX 3HIMKIB 3 MMOJIeM 4 3aCisTHUM
S[YMEHEM Ha SKOMY IPOBOIMIINCSA TIOJIbOBI POOOTH,
CJIEMEHTH SIKUX HaBeneHi Ha puc. 5. Ileli Bumagok aHa-
JIOTIYHUHM aHami3y mojisi 1 3acisHOrO KyKypyn3o0lo, aje
MIPOTSDKHICTD MOJBOBHX POOIT pi3HA Ta iHIIMH THI KY-
JIBTYPH, siKa 0OpoOIIsiIacs.
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Puc. 10. 3minn MiiMaibHEX OP KOCMIYHMX 3HIMKIB 3
TIOJIEM STIMEHIO Ha SIKOMY TIPOBOJIVITUCS TIOJIbOBI pOOOTH

Ha puc. 10 BumHo, mo 05.08.18 cmoctepiraerscs
3MeHIIeHHsI MiHIManbHOT P Ha KOCMIYHOMY 3HIMKY, 1110
CBITYMTH TIPO 3MiHY cTaHy nois. [Ipu oMy pizuuis OP
ckiamae ADy = 0,715, o 6musbko a0 pisauii OP kocMi-
YHOTO 3HIMKY TOJIS 3 KyKYPY/300 i/l Yac MPOBEICHHS
nosboBux po0OiT (AD; = 0,667) 1 Binpi3HseTbCS BiA pi3-
b OGP kocMivHMX 3HIMKIB MOJS 3 XMapaMu 1 mojst 3
TiHIO Big xMap. ToOTO MOXKHA CKa3aTH, 10 3MiHA CTaHy
1ot 0OYMOBJICHA MPOBEACHHSM MOJBLOBUX poOIT. Takum
YHHOM, (DpAaKTAIbHUI aHAJi3 JI03BOJISIE BU3HAYUTH KOC-
MIYHI 3HIMKH 3 aHOMAJIbHUMH JUITHKAMU Ha HUX 1 po3pi-
3HUTH YUHHHUKH, 10 HA HUX BIUIUBAIOTb.

J1yis1 aBTOMaTH30BaHOTO PO3ALJICHHS (CerMeHTallil)
PI3HUX CTPYKTYp Ha KOCMIYHOMY 300paKeHHI MoOxe
Oyru moOyjoBaHa TicTorpama po3paxoBaHoro [IDP i
CTBOpPEHI CENEeKTHBHI 300pa)keHHs (300pakeHHs, Ha
SIKMX BIIOOpaKalOThCsl €NEMEHTH, SIKi BiJINOBIIAIOTH
3amanoMy fgianazony ®P). Ha puc. 11 HaBeaeHo ricror-
pamy IIOP kocMmivuHOro 3HIMKY 3 MoJieM KYKypyl3u Ha
SIKOMY TIPOBOJWJIMCS IIOJIbOBI POOOTH, CTaHOM Ha
29.07.18, sxmii mokazaHo Ha puc. 2, T. [To oci abcrmc
BinknaneHi 3naueHHs OP, sxi € Ha [IOP, a o oci opau-
HaT — yacTora nosisu OP Ha [IDP.
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Puc. 11. Ticrorpama [IOP kocMivHOTO 3HIMKY 3 TIOJIEM KYKY-
PYA3M Ha SIKOMY IPOBOIMIIKCS MOJNBOBI pOOOTH,
cranoM Ha 29.07.18

Sk BunmHO Ha puc. 11, Ha ricrorpami JiBopyd € 1o-
BIUH «XBICT», SIKHH TATHETbCA BiJ 3HaYeHb OP 2,54 mo
2,92, a mpaBopyu y miamasoHi Big 2,92 no 2,999 icuye
MiK TiCTOrpaMy, A€ 3rpynoBaHa OuIbIIa KijdbKiCTh 3HA-
yenb OP. [loOymyemMo ceneKTHBHI 300pa)KeHHS IUX
nIBOX miara3oHiB OP.

[lig yac cTBOpEHHS CEJIEKTUBHHX 300pa)KeHb KO-
OpJIMHATH BCiX «BiKOHY» i3 3HaueHHAMU P B HUX 30epi-
raroThCsl y 1mam’ati koM 1otepa. [licist 3aBnanHs niama-
30ny 3MiHu ®OP, Ha MOYaTKOBOMY 300paskeHHI BimoOpa-
JKAFOTHCSI «BiKHa» B Akux ®P BXonsTh B 3aaHmii miamna-
30H. Ha puc. 12 HaBeneHO CeNeKTUBHI 300pa)KeHHs KO-
CMIYHOTO 3HIMKY 3 IOJIeM KYKYpYy/3U Ha SIKOMY IIPOBO-
JIJTHCS TIONTbOB1 poOoTH, cTaHoM Ha 29.07.18:

D=254-292(a); D=2,92-2,999 (6).

Sk BumHO Ha puc. 12, mepiioMy Jiarna3oHy ricror-
pamu [IOP BiAMOBiAaI0TE MEXIi TUISHOK IMOJIS Ha SIKUX
MPOBOIITUCS pOOOTH, a APYroMy Jiana3ony — 6e3moce-
penHbO cami IISHKH. AHAi3 CEJICKTUBHOrO 300pa-
JKEHHsI IPYroro Jliana3oHy TaKoX J03BOJISIE BU3HAYUTH
(omocepeIKOBaHO) MEXi IUX MIISHOK. st gociimKeH-
Hs (ppaKTanbHOI CTPYKTYpH CaMHX JUISHOK ITOJISI JIOLi-
JBHO 3BY)XYBaTH IOYaTKOBMM niamazoH D =2,92—
2,999 miky ricTorpaMmu, HalpHKIa, MoOyIyBaTH ceje-
KTUBHI 300pakeHHs s miamasonis D =2,92 — 2,93,
D=292-293 i 1.4, a mOTIM — Ui Jiama3oHiB
D=2921-2922,D=2922-29231irT. 1.
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Puc. 12. CenexTuBHI 300pa>keHHS] KOCMiYHOTO 3HIMKY
3 TTOJIeM KYKYpYI3H Ha SIKOMY HPOBOAMINCS
noJIbOBi pobotu ctanoM Ha 29.07.18:

D =254 2,92 (a); D = 2,92 — 2,999 (6)

Takum unHOM, TOOYIOBa CEIEKTUBHUX 300pakeHb
IO3BOJISIE BU3HAYATH MEXI AHOMAJIbHUX IUISHOK Ha
MONl 1 aHAN3YBaTH CKIIAJHICTH IIOYAaTKOBOTO 300pa-
JKEHHSI.

MeToa MOHITOPUHTY 3MiH CTaHy
CiIbCHKOIr0CNOAAPCHKHUX 3eMellb

IIpoBeneHi Buie AOCTiIKEHHS HO3BONSAIOTH 3a-
MIPOIIOHYBAaTH METOJ] MOHITOPHHTY 3MiH CTaHy CUIbCh-
KOTOCIIOAAPCHKHX 3€Mellb 3 BUKOPUCTAHHAM (ppaKTaiib-
HOTO aHaji3y, CHpOIIeHa CXeMa SIKOro IT0OKa3aHa Ha
puc. 13.

Sx BumHO Ha puc. 13, Ha MepUINX JBOX €Tamax BH-
3HA4YalOThcd OO0 €KTH MOOCHipKeHHA. Ha mepmomy —
OTPUMYIOTBhCS KOCMIYHI 3HIMKU CynyTHHKa Sentinel-2
3a/1aHOi TepuTopili 3 Mepexi [HTepHeT, HampuKIam 3
cepBicy Copernicus Open Access Hub, sxwmii
MiATPUMYETBCS €BponenchKIM Kocmiyanm
ArencrBom [4, 5].
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aHOMaJIii Ha 3HIMKY
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ﬂ [TobynoBa i anami3 ricrorpamu [IOP Ta
CTBOPEHH S CEJICKTUBHUX 300paKeHb

Busnauenns mex Ouinka CTpyKTYpHU
MPOBEJICHUX POOiT 3eMellb
8] V3aransHEHHS pe3yNbTaTiB MOHITOPHHTY

3MIH CTany CiJILCLKOFOCHOZ[apCBKI/IX 3C€MCJIb

Puc. 13. Crpouiena cxema METOy MOHITOPHHTY
3MiH CTaHy CiJIbCbKOTOCHOIAPCHKHUX 3eMeTb
3 BUKOPUCTAHHSM (pPaKTaIbHOrO aHAIi3y

Ha npyromy erami 31iliCHIOETbCST BHOIP CLIBCHKO-
roCIoapChbKUX 3eMelb (IOMiB), sIKi HEOOX1THO JoCIi-
oKyBaTH. LI mosst BU3HAYal0ThCs 3aMOBHUKOM, a KOPH-
CTyBa4 3HAXOJUTH iX Bi3yaJbHO HA KOCMIYHOMY 3HIMKY
1 micns BUSIBIICHHS MPOBOAWTH BHPi3aHHS 300pa)KeHb
TIOMIB 33JaHOT0 Po3Mipy. JlJst IOCHi/PKEHHS 3MiH CTaHy
3eMeb KOPHUCTYBa4 CTBOPIOE 0a3zy pi3HOYACOBHX KOC-
MIYHHX 3HIMKiB BHOpaHHX TOMIB, sika 30epiraeTscs y
TIOCTiHIN 1aM’SITi KOMIT F0Tepa.

Ha tperbomy erami BHOHpaEThCS pO3MIp «BiKHAY,
sike Oyne Opatu ygacts y moOynosi [IOP, a takox Be-
JMYMHA «CTPUOKa» (SKIIO KPOK TIEPEMIIIICHHS «BIKHA
JOPIiBHIOE 1, TO «BIKHO» € «KOB3AIOUMM», a SKIIO KPOK
6inprre 1 — «crpubarounm»). Po3mip «BikHa» BHOMpa-
€TBCS Y 3aJISKHOCTI BiA CTPYKTYpH 1 po3Mipy 300pa-
JKCHHS, a 30UIBIICHHS BETMYUHHA «CTPUOKA IIiIBUIIYE
MIBUIKICTE 00poOKM 300paxkeHHs (moOymoBu I[IDP).
Bimem moknmamHO MiAXin M0 BHOOpPY WX TMApaMeTpiB
HaBezieHo y pobori [11].

Ha gerBepToMy erarii po3paxoByeThCs MmoJe (pak-
TagpHUX po3MmipHocTel (IIDP), mpu mpoMy BH3HAYCHHS
BenmuurH PP JOITBHO MPOBOIUTH 3 BUKOPHCTAHHSM,
abo meromy mokpurts [14], abo meromy mpusmu [15].

Po3paxoBani 3Hauenus @P 3 koopaMHATAMH «BIiKOH», B
SKAX BOHHM BU3HA4asucs, 30epiraloTbCs y maM sTi
KOMIT I0Tepa. [Mo6ymoBa  II®P €  ocHOBOIO
(pakTaspHOrO aHaMi3y.

Ha m’sitomy etani npoBoauThes Bizyanizamist [IOP
3 momaiblmM Horo aHamizoMm. Ilim wac Bi3yamizartii
[1DP BuOMpaeThCs KIMBKICTH PiBHIB PO3OUTTS Jiamaso-
Hy 3MiH BenmunH @P na [1IOP. Koxen 3 piBHIB mo3Ha-
YAEThCS TIEBHUM KOJIHOpPOM a0 rpajarieto ciporo. 3a
PaxXyHOK IIbOTO 3JIHICHIOEThCS CETMEHTAITS 3MiH CTaHy
3emenb. BizyanbHuit ananiz [IOP no3Bomnse BU3HAYUTH
MEXi aHOMaliid Ha 300pakeHHI (IpOBEIEHHX pOOIT,
BIUIMBY TIPUPOAHUX YNHHUKIB Ta iH.).

Ha mocromy erami 3 BUKOPHCTaHHSM cepii KocMi-
YHUX 3HIMKIB JUIS SIKMX PO3paxoBYIOThCs cepenni P,
MmiHiManbHi OP, makcumansai OP Ta 1X pi3HUII, BU3HA-
Ya€eThCsl MOYATOK 3MIHM CTaHy 3eMellb, 00csr npoBeje-
HUX POOIT, IX TPUBAIICTh Ta aHAII3YIOTHCS aHOMAJIi Ha
3HIMKY, 110 BUKJIMKaHI NPUPOJHUMHU 200 aHTPOIOreH-
HUMH YUHHUKAMHU.

[Tobynosa i anaxni3z ricrorpamu [1®P Ha chomomy
erari 103Boisie BU3HauuTH posmnoxain OGP na [IOP (vac-
TOTY TIOSIBM) 1 XapakrtepHi Jiana3zonu 3MmiH ®P, a cTtBo-
PEHHsI CEJCKTUBHHMX 300pakeHb — BH3HAYMTH MEXi
aHOMaJIiii Ha KOCMIYHOMY 3HIMKY (IIpOBEJEHUX POOIT Ta
iH.) 1 OLIHUTH CTPYKTYpY 3€MeNlb Ha Pi3HUX IUITHKaX
TIOJIS.

Ha 3aBepurajibHOMYy (BOCBMOMY) eTari MpOBO-
IUTHCS y3aralbHEHHS pe3ylIbTaTiB MOHITOPHHIY 3MiH
CTaHy CUIbCHKOTOCIIOJAPCHKHUX 3eMenb. [lpu 1pomy
00’€HYIOTbCS BCl AaHi, 1m0 OylyM OTpUMAHI mijJ Yac
(pakranpHOro ananizy: Bizyamizauis [IOP, cepenni OP,
MmiHiManbHi OP, makcumanbhi OP, pizuuni OP, cenek-
TUBHI 300paKCHHS.

Takum 4YMHOM, 3aCTOCYBaHHS PO3POOJIEHOTO Me-
TOAY I03BOJISIE 3/IHCHIOBATH MOHITOPHHI 3MIiH CTaHy
CUILCBKOTOCIIOIAPCHKUX 3EMEb.

BucHoBku

BingcyTHICT 3aranbHUX MiAXOMAIB 10 OILIIHKU CTaHy
CLILCHKOTOCIIOZIAPCHKUX 3eMellb 3a Janumu J133 moka-
3ye€, 10 33/1a4a MOHITOPUHTY 3MiH iX CTaHy € aKTyallb-
HOIO 1 JIO KIHIIS HE BUPIILIEHOIO.

JlJiss MOHITOPHHTY 3MiH CTaHy CLIBCBKOTOCIIONap-
CBKHX 3€Mellb MOXKE 3aCTOCOBYBATHUCH ()paKTaIbHUH
aHali3 KOCMIYHMX 3HIMKIB cymyTHHKa Sentinel-2, ski €
y BUTBHOMY JOCTYTI y Mepexi [HTepHer.

OCHOBOIO (paKTaIbHOTO aHATI3y KOCMIUHHUX (IH-
(poBux) 300paxkeHs € TMOOymoBa MO (pPaKTATBHAX
PO3MipHOCTEH, i Yac SKOro MPOBONUTHCS CKAHYBAHHS
300pakeHH «BIKHOMY 3a[IaHOTO PO3MIipy Ta 3 3aJJaHUM
KpPOKOM TiepeMimmeHHs. [ KOKHOTO TOIOKEHHS «BiK-
Ha» BU3HAYAEThCS yKcenbHe 3HaYeHHs PP, Aka 3ammcy-
€ThbCsl B Marpuiro OP.

Poszpaxynoxk i Bisyamizamist [IOP kocMigHIX 3HIM-
KiB CUTBCHKOT'OCIIOJAPCHKUX 3eMeTh T03BOJISIE 3iHCHIO-
BaTH iX CErMEHTAaIlil0 1 BHUOUIATH MEXi IMPOBENECHUX
MOJBOBUX POOIT, 3MiHY iX Yy Yaci Ta OIiHIOBATH iX CTPY-
KTYpY TICIIS 3aBEPIIEHHAS POOIT.

Busnradeno, mo mig gac (pakTadpbHOTO aHANI3y
KOCMIYHHX 3HIMKIB CYIyTHHKa Sentinel-2 st omiHkm
3MiH CTaHy CUIBCBKOTOCIOAAPCHKHUX 3€MENb JOLIIBHO
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BHUKOpHCTOBYBaTH MiHiManbHI ®P abo pizanii ®P mix
yac 00poOKH 300paKeHHS «BIKHOM» po3MipoM 4x4 mik-
censa. 3MenmieHHss MiHiManpHNX DP abo 301IbIIeHHS
pizaumi @P € 03HAKOI HASIBHOCTI aHOMAJHHOTO SBHUIIA
Ha KOCMIYHOMY 3HIMKY. PospaxyHok ®P y «BikHax»
pi3HOrO po3Mipy i OfHOYacHE 3aCTOCYBaHHS MiHIMalb-
HUX 1 MakcuMaidbHUX DP mo3BONSIE OWIHUTH PO3MIipH
aHoMaJii Ha ITOJIi.

[Tokazano, mo miHiMansHI @P i pizuumi ®P koc-
MIYHMX 3HIMKIB IOJIB Ha SKMX HasBHI aHOMAaJIi, IO
00YMOBJICHI PI3HUMHU aHTPOIOTCHHUMHU 1 MPUPOTHIUMH
YHHHUKAMU, MalOTh Pi3HI 3HAYCHHS, 110 JO3BOJISE 31TiH-
CHIOBATH iX pO3pPi3HECHHS.

JIis BH3HAYEHHS MEX aHOMAalbHHX [iISHOK Ha
MOJSAX 1 aHadi3y CKIAJHOCTI KOCMIYHOTO 300pa’KeHHS

TaKoX MOXKHa 3acTocoByBaTH ricrorpamy [1OP i moOy-
JIoBaHI 3 {i JOMOMOTOI CEJICKTHBHI 300pa)KEHHS, IO
JIO3BOJISIE aBTOMATH3YBATH IPOIEC CErMEHTAllli pi3HMX
CTPYKTYp Ha KOCMIYHOMY 3HIMKY.

3arporoHOBaHO METOJ] MOHITOPHHTY 3MiH CTaHY
CUTBCHKOTOCIIOZIAPCEKUX  3€MeNb 3  BUKOPHUCTAHHSIM
(pakTaybHOTO aHai3y, SKUH J03BOJISIE BU3HAYATH MEXI
aHOMaJIiii Ha 300pakeHHi (MPOBeJEHUX pPOOIT, BILUIUBY
NPUPOJIHNUX YMHHUKIB Ta iH.), MOYAaTOK 3MIHH CTaHy
3eMellb, 00CST TPOBENEHHUX POOIT Ta iX TPUBAIICTH, a
TaKOX OLIIHIOBATH CTPYKTYpY 3€MeJb Ha Pi3HUX JiJISH-
Kax MOJs.

Ilix yac moganbIIUX JOCHIIKEHB, AOIIBHO 3/IiHC-
HUTH (PaKTAIBHHUN aHAJ3 1HIMUX KaHATIB KOCMIYHHX
3HIMKiB Sentinel-2 i 300pakeHb MOMIB PI3HUX PO3MIpIB.
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Monitoring changes of agricultural lands condition according
to fractal analysis of space imagery

R. Pashchenko, M. Mariushko

Abstract. Absence of the general going near the estimation of agricultural lands condition from remote sensing data
shows that a task monitoring of their condition changes is not decided to the end. In the study possibility use fractal analysis of
space imagery satellite Sentinel-2 agricultural lands are considered for determination changes their condition due to different
factors. The descriptions of the Sentinel-2 space imagery for the given territory with agricultural fields on them are estimated.
The order construction of the field fractal dimensions (FFD) and calculation of fractal dimension is resulted with the use methods
which more frequent all apply practice for digital images analysis are methods of coverage and prism. Showed that a calculation
and visualization of agricultural lands space imagery FFD allows to carry out their segmentation and select the limits of conduct-
ed field works, time-history of them and to estimate their structure after finish of works. Certainly, that during space imagery
satellite Sentinel-2 fractal analysis it is expedient to use minimum or differences of fractal dimensions. Showed that for automa-
tion of process segmentation different structures on a space imagery it is possible to apply the histogram of FFD and selective
images. The method monitoring changes of agricultural lands condition is offered with the use fractal analysis which allows to
determine the anomalies limits on the image, beginning change of the lands condition, volume of the conducted works and time-
history of them, and also to estimate the lands structure.

Keywords: monitoring the condition of agricultural lands, space imagery, fractal analysis, fractal dimension.
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PO3POBKA MOJEJII HABYAEMOI'O
JJII ABTOMATHU30BAHOI CUCTEMHA KEPYBAHHAA )
TPEHAKEPHOIO INIITOTOBKOIO IIVIOTIB HUBIJIbBHOI ABIAILII

AHoTanisi. B crarTi po3misHyTO Ipoliec CTBOPEHHS MOJIeIi HABUAEMOT0, K OZHI€T 3 CKIa0BUX aBTOMAaTH30BAHOI CUC-
TEMH KepyBaHHS TPEHAKEPHOIO ITiATOTOBKOIO MUIOTIB MUBLIBHOI aBiamii. [IpoaHanizoBaHo icHYIOUi MeTOAN MOOYIOBH MO-
JIeTi HaB4aeMOro Ta ocoONMBOCTI iX pearizamii, a came: oBepielHy, epTypOamuiliHy, pi3HUIEeB] Mozeni. Bu3HaueHo KOM-
TIOHEHTH MOJIEJi HaBYaEMOT0, OCOOJIMBY yBary HpHIUICHO KOMIIOHEHTY - TICHXOJOTYHOMY Hpodiie ocodbucrocti. 3 ypa-
XYBaHHSAM CIielr ik JbOTHOI AisVIBHOCTI B NCUXOJOTIYHUH MPodiab 0cOOMCTOCTI MOzl HABYAEMOr0 KpiM HOro 3araiib-
HHMX OCOOMCTICHHX SIKOCTEH 3aIpOIIOHOBAHO JOJATKOBO BKJIIOUUTH Ti XapaKTEPUCTHKH, 110 MOXKYTh BIUTMBATH Ha YCHilll-
HICTh BUKOHAHHS NPOrpaMH TPEHaKEPHOI MiJIrOTOBKU i 0OYMOBIIEHI CTPYKTYPOO Ta 3MiCTOM AisUILHOCTI IIJIOTa IPH €Kc-
uryaraunii Jlitaka. s BU3Ha4YEHHS LUX JIOJATKOBHUX SIKOCTEH NpOaHai30BaHO ONOpPHi ()parMeHTH MisVIbHOCTI MiJOTIB i
(axTopw, Mo HeoOXiqHI T TX yCIiNIHOI peaiizamii. 3ampoOHOBAHO CTPYKTYPY MOJENi HaBYaeEMOro, sika moOyaoBaHa 3
ypaxyBaHHSM HCHXOJIOTIYHHX aCHEKTiB 0COOMCTOCTI, SKi BIUIMBAIOTh HA JILOTHI 3110HOCTI Ta X PO3BUTOK

Kaw4yoBi cioBa: Moxens HaBYaEMOro, TpeHa)XkepHa IiATOTOBKA, aBialliiHUI TpeHaxep, MCUXOJIOTiYHUH Mpodiib oco-

OuCcTOCTI.

Beryn

IMoctanoBka npodnemn/ AHami3 CTAaTHCTHYHUX
JAHAX LIOJ0 Oe3NEKH IOJLOTIB CBIAYMTHL, IO 3HAYHA
yacTuHa aBiauidHux noxin (75%) o0yMoBIIeHa JHOJCh-
KuM (aKTopoM, 3 SKMX Maibke IOJOBHMHA IIOB’S3aHA 3
HenoJikaMu y TpodeciiiHiii MiATOTOBII aBialidHUX
¢axismis [1].

HesBakarouu Ha Te, 1110 MPUHIMUIH JHOTHOI iJI-
TOTOBKH Maibke He 3MIHHJIHCS, CydacHI YMOBH BHMara-
10Th MoJM(IKAIT ICHYIOUHX MiIXOMIB 10 TMpodeciiHol
MATOTOBKY MaiOYTHIX MIJIOTIB 1 3aCTOCYBaHHSIM HOBHX
MiXO/IB 710 HABYAHHS 3 BUKOPHUCTAHHSAM CY4aCHUX 1H-
¢dopmamiitaux TexHonorii. CrenudigauM eramoMm mpo-
(eciifHOI MATOTOBKY MaHOYTHIX IIJIOTIB € TpEeHAXKepHA
MMATOTOBKA, IMEPIIOYEProBOI0 3a7adueio SIKOl TpaauIliii-
HO BBa)KaJoch (pOpMyBaHHS aBTOMATH30BAHHX CEHCO-
MOTOpHUX Hi#l peduexToproro piBaA. Ilo mipi ymocko-
HAJIGHHS CHCTEM YIIPaBIiHHSA CYJaCHUMH IMOBITPSHIMH
CyIHAMH 3pOCTa€ PONIb Ta 3HAYCHHS 1HIWBITyaIbHUX
BKJIMBHX NPO(ECIiiHNX SIKOCTEH JTHOTHOTO CKIIATY, IO
BHMarae BHECCHHS BiJAIOBIMHMX KOPEKTHB J0 Tpode-
CIffHOI MiATOTOBKM MalOyTHIX minoTiB. PopMyBaHHS Ta
PO3BUTOK TpodeciiHUX HABHYOK MOTpeOye 3HAYHUX
YacoOBHX Ta (hiHAHCOBHX BUTPAT. 3aCTOCYBAaHHSI aBTOMa-
THU30BAaHUX TEXHIYHMX 3ac00iB HABUAHHS B TAKUX YMO-
BaXx JI03BOJISIE TIIBUIIMTH 3MEHIIUTH BUTPATH Ha MiATO-
TOBKY Ta €(EeKTHUBHICTH MpOIleCY HAaBYaHHA (SIKICTH Ta
HIBUJIKICTB) JIBOTHOTO CKIIMy 32 PAXyHOK MOMJIMBOCTI
3a0e3MeueHds BCiMa BUAAMH HEOOXiTHOI HABYAIILHOI
iHpopMaii, KOHTPOIIO pEe3yabTaTiB Ta (HOPMYBAHHIO
IHIMBIyabHOI TpaeKkTOpii HaBYAHHA 3 ypaxyBaHHIM
0COOJIMBOCTEH MiTOTA.

AHaJi3 ocTaHHIX AocaikeHs i myOaikanii. [Tu-
TaHHSM TOOYZOBH aBTOMATH30BAHHX CHCTEM HAaBYaHHSI
i3 3aCTOCYBaHHSIM MOJIeJIeil HABYAEMOTO, SIKI BPaxoBY-
I0Th IHAMBIAYyalbHI 0COOMMBOCTI Asi popMyBaHHs iH-
JIMB1TyaJIbHOT TPAEKTOPIl HABUAHHS IIPUCBSIYEHO 0araro
po0it, Hanpukiaxa [2]. [luranHs, npucBsdeHi ocoOu-
BOCTSIM e()eKTHBHOI OpraHi3aiii TpeHa)KepHoOi IiqroTo-
BKH HaBeleHi B poborax [3-4]. HemoctatHbo po3risiHy-
Ti MMUTAHHS, OB 5I3aHi 3 MOOYAOBOI MOJIEN HABYAEMO-
ro, caMe 3 TOYKH 30py Crelu(iku JIbOTHOI JisUThHOCTI
Ta 0COOJIMBOCTE MPOIECY TPEHAKEPHOI MiArOTOBKH.

MeToro cTaTTi € OOIPpYHTYBaHHS Ta po3poOKa MO-
JIeTll HABYAEMOTO 3 YpaxXyBaHHSM crHelu(ikd JbOTHOI
MIIIBHOCTI SIK CKJIQZOBOI aBTOMAaTH30BAHOI CHCTEMH
KepyBaHHA TPEHAXKEPHOIO MiATOTOBKOIO IJIOTIB ITHBi-
JIBHOI aBiarii.

Bukiag ocHOBHOro marepiany

TpeHaxkepHa MiATOTOBKA € Ba)XJIUBUM 3aCO00M
npodeciiHol miAroTOBKH JIHOTHOTO CKIIATy i Ma€ CyTTe-
BUI BIDIMB Ha (OpMYyBaHHS y MiJOTa HAaBUKIB 1 YyMiHb
B3a€MOJIi 3 MOBITPSHUM CYJHOM B YMOBAaX BILUIMBY BHY-
TPIIIHIX Ta 30BHINHIX (akTopiB. BoHa € momepemnHiM
€TaroM JIbOTHOI JiSUTBHOCTI 1 BHpimIye 3aBOaHHSA (op-
MyBaHHS TOTOBHOCTI MaifOyTHBOT'O IiJIOTA 10 BUKOHAH-
HSl JIBOTHOI TPAKTUKH, BHKOPHCTOBYIOUH JUIS IIHOT'O
pI3HOMaHITHI 3acO0HM Ta METOAM MIarHOCTUKH Ta KOpe-
TyBaHHS NMPOQECIiTHO BAXKIIMBHUX SKOCTEH.

Po3BuTok cydacHWX iH(pOpMamiiHUX TEXHOJOTIH
HaJla€ MOJJIMBICTH PO3MIMPUTH KOJIO MOMKJIMBOCTEH Y
chepi HaBuaHHS. Po3risHEMO mpomec TpeHa)KkepHOl
MiATOTOBKK 3 TOYKM 30py CKIamHoi cucTeMu. Tak,
00’€KTOM KepyBaHHS B Takiii CHCTEeMi € HaBYaeEMHH
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(cayxad), a B SIKOCTI KepyIO4Oro NMpHCTPOI0 — aBTOMa-
THU30BaHA CHCTEMa KepYBaHHs TPEHAKEPHO MiATrOTOB-
koo (AC KTII). Buninumo meBHi pucH, 10 XapakTepHi
B JJAaHOMY BHIAJKY JUIsl 00’ €KTa KepyBaHHS:

- IHOWBiTyalBHICTH NMPOLECY HABYAHHS IS KO-
JKHOTO 00’€KTa OOYMOBIIOE CTOXACTUYHICTH ITOBCIIHKH
HaBYAEMOT'O;

- BIJICYTHICTh MATEMaTHYHOI OIMUCY HABYAEMOTO;

- BapilOBaHHS XapaKTEPHCTHK HABYAEMOTO, MIO
00YMOBJICHO HECTAIIOHAPHICTIO CKJIATHOTO 00’€KTa
KepyBaHHSI.

Bkazani hakTopu cBim4aTh 1o HEOOXiTHICTH CTBO-
PEHHS MOJIEeTIi HABYAEMOTO.

3rinHo [2] MozentoBaHHS 3HAHb MPO HABYAEMOTO
BHUKOHY€ETHCS 3 HACTYTHHUMH ILIIMH:

BCTAHOBJICHHS TOTO, SIKHii BiH €, TOOTO HOro mose-
JIHKOBA MOJEJE 3a JOIIOMOIr0X0 3ac00iB JIarHOCTUKH,

BCTAHOBJICHHS TOr'0, IKUM MH XO4eMO HOro 6avu-
TH, TOOTO CTaHIApPTHA HOPMATHBHA MOJEINb, SKa Mic-
TUTh HEOOXITHI BUMOTH I MalOyTHHOrO (axiBIid i
sSIKa MOPIBHIOETHCS 3 MOBEIHKOBOI MOJICILITIO;

BCTAHOBJICHHA TOI'O, SKHUM BiH MOXEC CTaTH, Ha-
NPUKIIAJ 3 YpaXyBaHHIM MO KOMITETEHIIIH.

BUIisr0Th JEKiabKa MiAXOIIB 10 CTBOPEHHS MO-
JieTi HaB4aeMoro. 3rigHo [2] mijg MOJEIUTI0 KOPUCTYBa-
Ya pO3yMIIOTh CYKYIHICTh HOro mapameTpiB (Xapakre-
PHCTHK), a TAaKOXK HaOIp MpaBwmII, sIKi Y BIIIOBIAHOCTI 110
LUX TapaMeTpiB KEPYIOTh MPOLECOM CIUIKYBAHHS CHC-
TEeMH 3 KOpHCTyBaueM. IHImil minxin nependavae, 1o
MOJICJIb HABYAEMOIO - 1I€ CYKYITHICTh MapaMeTpiB, MIO
BUMIPIOIOThCSI IEBHUM YHHOM B TIpolieci poOOTH 3 Ha-
BYAEMHMM 1 sIKIi BM3HAQUYalOTh CTYIMiHb 3aCBOEHHS HUM
HaBuanbHOro Marepiany. Ilpu cTBopeHHi mozeni Oyxe-
MO KEpyBaTHCs IEpIIMM MiJXO0IOM TOMY, IO BiACYT-
HICTh METOJIB Ta CIOCO0IB pOOOTH 3 MapamMeTrpaMu Ha-
BYaeMOro 3HavHo 3BYyxye moxiuocti AC KTII.

IpaBuia MOBHHHI KOpEryBaTH MOJENb HABYAEMO-
ro 3a pe3yIbTaTaMi HOro poOOTH 3 CHCTEMOIO, IO J0-
3BOJIUTH BHKJIAMady (IHCTPYKTOpY) 3JIHCHIOBATH aro-
PUTMiYHE HAJAIITyBaHHS MOJENi, TOOTO KepyBaTH MO-
JEITIO.

Mopenb HaBYaEMOT0 MiCTHTh y cOOl HACTYIHY 1H-
¢dbopMariro: Il HABYaHHS, MOTOYHUI CTaH MPOLECY
HABYaHHA, OCOOJIMBOCTI MOJAaHHA HABYAIBHOTO MaTepi-
aiy Ta BHOOPY IMEpEeBipOYHHX 3aBlaHb Ta IpaBUia KO-
peryBaHHS MOJENI 3a pe3ylnbTaTaMH POoOOTH HaBYAEMO-
ro [2].

Cepen winelr TpeHa)KepHOI MIATOTOBKU € HAOYTTH,
MATpUMKa a00 yJOCKOHAJICHHS MPAKTUYHUX YMIiHBb IO
JiSIM eKIMaXky B PI3HUX YMOBax Ta B OCOOJMBHX BHITA-
Kax y IOJBOTI.

[loTrounnii cTaH mporecy HaBYAaHHS 10 CYTI SBIISIE
c00O0!0 TIPOEKIIIF0 TEOPETUYHOI MirOTOBKH CiIyXada Ha
MOJIEINTb TIPEIMETHOI 00TacTi 1 MICTHTB BiIOMOCTI IIIOIIO
pe3yNbTaTiB 3aCBOEHHS CIyXayaMH TEOPETHYHHX JIHC-
OUIUTIH HABYAJIFHOTO TUIaHy. BUKopucTaHHA Takoi Mo-
JeNi JO3BOJIMTH 3IMCHIOBATH aJalTHUBHE YIPABIiHHS
TPEHaKEPHOIO IiATOTOBKOIO.

Hami npoBeneMo aHami3 iCHyIOYMX METOIB MOOY-
JIOBH MoJiei HaByaeMoro. Cepes IPOCTHX METOMIB BH-
JITMMO OBepJIeiiHy Mopenb, sika 0a3yeTbCs Ha IONO-
JKEHHI, [I0 CTPYKTypa 3HaHb HABYAEMOTO Ta CUCTEMH €

AHAJIOTIYHAMU 1 3HAHHS HABYAEMOIO € IIiJIMHOXHHOIO
3HaHb cucteMu. CTyIiHb 3aCBOEHHS 3HAaHb 3 IEBHOI
TEMH TTO3HAYAETHCS 32 JOMOMOTOI0 JESIKOro aTpulyTy,
SIKAH BU3HAYAETHCS B TIPOLIECI TECTYBAHHSL.

Binbin ckimagHO0 € pizHuneBa moziens [2]. B mpo-
meci MOOYMIOBH MOENi CHUCTEMa aHaNli3ye BiJIMOBIiI
HABYAEMOTO 3 CTAJIOHHUMH, SKi 3aKJIAJICHI B CHCTCMI.
s pi3HUIL € OCHOBOIO MOOYJOBH MOJIEINI, IMPH IIbOMY
ICHYe MOXUJIMBICTh ypaxyBaHHS HE TIJIbKH BiACYTHICTBH
TIeBHUX 3HaHb Y HABYAEMOTO, aJie i iX HeBipHE 3acToCy-
BaHHS.

e onna anmpTepHaTHBA — mepTypOamiiHa MOAENb
[2], nepenbauae, MmO CTpyKTypa 3HATh KOPUCTyBaya i
CHCTEMH MOXYTh HE cCIiBHajgatu. B naHomy BUNaaKy
B)XKJIMBUM E€JIIEMEHTOM € BHM3HAU€HHS MPUYMHH PO3XO-
JUKEHHS B 3HAHHSX JUIsl 3amo0iraHHs HEBU3HAYEHOCTI
mozenmi. Cepel] TAKMX TIPUYMH MOXYTh OYyTH: HeloCTat-
Hiil 00’€M 3HaHb, HEYBAXKHICTh, HEBIPHE BUKOPHCTAHHS
3HaHb, HEBIPHI 3HAHH, BIAMOBI/Il HABMAHHS TOIIIO.

BinbIm rHYYKOI € MepekeBa OBepliciiHa MOJIENb,
110 sIBJIsIE COOO0 Tpad, BEPIIMHH SKOTO BiI00paxkaroTh
HOHATTA Ta (a00) yMiHHS, a Iyr'W - BiJHOLIEHHS MiX
HUMHU. KoXKHIi BepIIUHI Ta 1y31 CTaBUTHCS Y BiJIIIOBII-
HICTh BeJIMUMHA a00 MHOXKMHA BEJIUYMH, SIKI XapakTe-
PH3YIOTH CTYIIHb BOJIOJ[IHHSI HABYAEMUM JAHUM ITOHSIT-
TAM a00 YMIHHAM 3 JIOIYCTHMHM HACHTiJyBaHHAM Bep-
IIHH.

Bu3HaunMMo KOMIOHEHTH MOl
(MOD) :

o0nikoBi gaHi HaB4yaemoro (0a3oBuil MPOQIiIb)
(Dy),

nicuxolnoriyde npodiab ocodrcTocTi (TIcuxonoriy-
Huit npodins) (Ds),

HaB4Ya€eMoOro

BXIIHMHA pIBeHb 3HaHb Ta YMiHb HABYAEMOTO
(z

nO‘i) !
BHXIJHUI piBeHb 3HaHb Ta yMiHb (Z,,,),

METOJ/IM BUSIBIICHHSI 3HAHB Ta yMiHb (A),
METOZH IICHXOJIOriYHOro TecryBaHHA (A,.,.) Ha

OCHOBI SIKMX BCTAHOBIIIOETBCS ITICHXOJIOTIYHE MPOodisib
HAaBYa€EMOT0.

TepMmiH "3HaHHSA" BKIIOYAIOTH y ceOe ABa KOMIIO-
HEHTH: JIeKJIapaTHBHI (TEOPETUYHA IMiArOTOBKA) Ta MpPO-
HenypHi 3HaHHA (PilIeHHS TPAaKTUYHUX 3a7a9).

BbazoBuii mpoise Mae HACTYITHHIA BUTIIS;

D1=<P’K1Z(;x> (1)

e P=(p1,....pn) - MHO)XMHA TIEPCOHAIBHUX JaHUX

HaByaemoro (I1Ib, HaBwanpHa Tpyma, CIEIiaNbHICTD,
Bik, ctath Tomio), K - kBamidikamis HaBuaemoro (y
JTAHOMY BHTIAJIKY MA€ETHCS Ha yBa3i piBeHb HASBHOI KJia-
cHoI KkBami(ikarii maoTa abo ii BiICYTHICTE I Kypca-
uri), Z,. =(7,....Z,,) - BXifiHM{ piBeHb 3HaHb, Mix
SKAM Ma€ThCs HA yBa3i MHOXKHMHA PE3yNbTaTiB TEOPETH-
YHOI MiATOTOBKH.

Ha puc. 1 HaBeneHO THTIOBY cXxeMy oprasizamii Ta
MPOBEACHHS MiATOTOBKH Ha TPEHAXKeEPI.

Jani po3risHeMo OiMbII JETalbHO KOMITOHEHTY
Moz - IICHXOoJIoriune mpodine ocoducrocrti (Dy).
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Puc. 1. Cxema miroToBKH Ha TpeHaXXepi

[HIMBIyabHICTE XapaKTEPU3YETHCSI CYKYITHICTIO
IHTEJIEeKTyalbHIX, BOJLOBUX, MOpAJIbHHUX, COLIaJIbHUX
Ta IHIIMX PUC OCOOWCTOCTI, SIKI TTOMITHO BiJIPi3HSIOTH
JaHy JIOAWHY Bil iHmMUX Jronei. o iHIWUBiTya bHUX
0COOJIMBOCTEH BiTHOCATHCSI CBOEPIHICTH BIAYYTTIB,
CHPUUHATTS, MHUCIICHHS, TaM'siTi, ysSBH; OCOOIMBOCTI
iHTepeCiB, HAXWIIB, 3I0HOCTEH, TEMIIEpaMEHTY, XapakK-
Tepy ocobucrocTi. HeoOXiHICTh 1HIUBIAYaTBLHOTO i
X0y 00yMOBIICHA MOXJIUBICTIO BIUIMBY Ha OCOOUCTICTh
4epes 11 iHAUBITyabHI 0COOIMBOCTI, Yyepe3 «BHYTPIMIHI
yMOBW», 0€3 ypaxyBaHHS SKHX HEMOXIJIMBHHA I10-
CMPaBXKHBOMY Ji€BUI HABYAITLHO-BUXOBHUIA poiiec [5].

3 ypaxyBaHHSAM cHerm}iKu JIbOTHOI JisUTHHOCTI B
TICUXOJIOTuHE NMPodisb 0cOOMCTOCTI MOJENI HAaBYAEMO-
ro KpiM BHIIE3a3HAUEHNX 3arajbHUX O0COOJMBOCTEN
HEOoOXiJHO JIOJIATKOBO BKIJIFOYUTH Ti SIKOCTI, IO CITPHS-
I0Th YCHIIIHOMY BHKOHAaHHIO MPOrpaMu TPEeHaKepHOI
HirOTOBKH, OOYMOBIICHI CTPYKTYpPOIO Ta 3MICTOM [isl-
JILHOCTI TMIJIOTa NPH eKCIUTyaTallii JliTaka.

Jl1s1 BU3HaueHHs IUX TONAaTKOBUX SIKOCTEM CKOpPHU-
CTAEMOCh JOCTI/DKCHHSIMHU aBTOpiB [6], sikumu Oyio
BUJIJIGHO ONOpHI ()parMeHTH [IisUIbHOCTI  MLJIOTIB
(OD M) 3 ypaxyBaHHSIM IMIMPOKOTO BUKOPUCTAHHS BHUCO-
KOABTOMAaTH30BAaHUX IIOBITPAHUX CyIeH. [Ipu mpomy
Kkputepisimu Binbopy Takux O®J] Oynu: uvactoTa 3y-
cTpidi )parMeHTa MisUIbHOCTI, IHTEHCUBHICTb JisUTBHOC-
Ti Ta crilikicts. [lani HaBenemo nepenik Bkazanux OD/]
3a CTyIIEHEM X IPIOPUTETHOCTI:

1. OnepyBaHHS CHUCTEMOIO YIPABIiHHS TOJBO-
TOM.

[IpuitHATTS pillleHb.

Komynikartis.

Pyune ninoryBaHHSI.

Bubip HEOOX1IHUX CTAHIAPTHUX MPOLEITYD.
. Mii 3 obnagHaHHAM B KaOiHi.

Amnani3 Bkazanux O®J] no3Boinsie CTBEpKYBaTH,
mo OD/I 1,2,5 € moxigHUMU Ail HA OCHOBI Mpodeciii-
HUX 3HaHb Ta nocBiny; OD/] 4 Ta 6 — kpiM BHIIETIEpE-
paxoBaHHMX [iii MOTPeOYIOTh BiMUpAIIOBAHHS IIISIXOM
0araTOKpaTHOrO MOBTOPEHHS Ta 3aCTOCYBAHHS METOMIB
BHUPOONIEHHA mpouexaypHux 3HaHb, ODJl 6 motpedye
CHeliaJbHUX 3HAHb Ta HABHKIB 1 II0 € OCOOJIMBO BaXk-
JIMBUM BHXOBAHHS Ta PO3BHUTKY TaKUX SIKOCTEH K 37aT-
HICTh B3a€EMOJIATH Ta CIIJIKYBATUCS, OpPTaHi3aTOPCHKi
3110HOCTI TOIIIO.

3maTHICTh MPUIMAaTH CBOEYACHI Ta OE3MOMMIKOBI
PIIIEHHS € ONHIEI0 3 BAXIMBUX XapPaKTEPHUCTHK TPode-
CIMHOI JisUTBHOCTI ITLI0TA.

Jlo 4ncia Takux yMOB BiTHOCSITHCS: HAsBHICTH (pa-
KTOpiB pU3HKY, BUCOKA IICHXOJIOTiYHA "HiHA" MisIIBHOC-
Ti, yCKIAgHEHHS (QYHKIOIA omeparopa, pO3IMIHpPEHHS
JianazoHy MIBHAKOCTEH MPOILECiB, HIO YHPaBISIOTHCS,
301IBIIEHHS TEMITY IisSUTBHOCTI, MOHOTOHHICTH POOOTH B
YMOBax OUYiKyBaHHS CHT'HAIY IO i, MOETHAHHS Pi3HUX
Mo i Jiff B OAHIN AisIBHOCTI, mepepoOKa BEIUKHX
00’emiB 1 morokiB iH(opmanii (TIepeHaBaHTaKeHHS 1H-

o LN

dhopmariiero), nedilUT Yacy Ha BUKOHAHHS HEOOXiTHIX
Ii¥, cKIamHa TUHaAMiKa 3MiHU (DYHKIIIOHAJTBHUX CTaHIB,
BUHHMKHEHHS aBapiiHUX CUTyalii, Hectaya iHdopmarii
(ceHcopHHI T0J07), OOMEKEHHS PYXOBOi AKTUBHOCTI
(mpodeciiina rinokinesist) Tomo [5].

Benuke 3HaueHHs Mae (HOpMyBaHHS MOPAIBHHX,
BOJIbOBHX Ta IHIIMX XapaKTEPOJIOTIUYHHUX SKOCTEH 0co-
OucToCTi, 30KpemMa CTYIiHb PO3BUTKY ITOYYTTS BiJIOBI-
JIATbHOCTI.

OpmHUM 3 HaOUIBII PO3MOBCIOKEHNM (pakTOpiB,
IO BIUIMBAIOTh HAa NPUHHSATTS PILICHHS ONEPaTOPOM €
nedinur yacy abo oOMexxenuid Jimit yacy. I[Ipodecis
[IJIOTa BBAYKACTHCS OAHICIO 3 HAWOUIBIN "MIBUAKICHUX"
onepaTtopcbkux mpodeciit. Kpim Toro nedinur vacye
OJIHIEIO0 3 CYTTEBUX XapaKTEPUCTUK aBapiliHUX CHUTya-
miid. MiHIMaJIBHI Ta MakCUMaJIbHI 3HAUEHHs 4acy HpH-
Homy Ta 00poOKH iH(pOpMAaIl NPO aBapilo B peaIbHOMY
MOJBOTI CKJIAJal0Th: Yac BU3HadeHHs asapii: 0,2 - 0,4
CEKyH/H, 4ac Ha NPUHHATTA pimeHHd 1,2 — 15 cexyHA.
3rigHo Moxenm misutbHOCTI omepatopa ACK, mio 3ampo-
noHoBaHa B.I1. 3ingenxo [4] curyauis nedinury vacy
OIHCYETHCS BUPA30M, CKIIQJIOBUMH SIKOI'O € HACTYIIHI:

t; - ac mpuifomy iHopMaLii onepaTopoM,

t, - gac 00poOku iH(opMaLii onepaTopom,

t3 - yac Ha BUKOHaHHS KEPYIOUOro BILIHUBY.

[pu upbomy cutyariist JediKUTy 4acy OMUCYETHCS SIK

>4 <T,

ge T - 3agaHuii TpaHUYHHIN Yac.
Cepen MHOXHHU (DAaKTOpiB, IO BIUIMBAIOTH Ha

CKJIAJZIOBY Zti BU3HAYUMO Ti, II0 CTOCYIOTHCS OCOOHC-

TOCTI IIJIOTA, a CaMe:

1. HenmocratHs HaBueHicTh, Hec(OpPMOBaHICTh
npodeciiiHiX 3HaHb, YMiHb T4 HABUYOK.

2. HecnpustiuBuii (yHKIIOHATBHUNA CTaH JIFO-
IUHA (HAIIPHUKIIAJ BTOMJICHICTB).

3. TlcuxivyHa HAMPYKEHICTh, LIO CIIPHUSE IO EMO-
iIfHO-MOTOPHHM, €MOIIIIfHO-CEHCOPHUM Ta E€MOIHHO-
IHTEJIEKTYaIbHIM MOPYIICHHSIM.

4. TaauBigyanbHO-TICHXOJIOTIYHI 0CcOo0IMBOCTI
MPOLECIB CIIPUUHSTTS, MUCITICHHSI, MOTOPHHX KOMIIOHE-
HTIB, JIeSKi 3 HUX € THIIOJIOTI9HO 00YMOBICHUMH.

5. Tlo3uTHBHI Ta HETAaTHBHI OCOOUCTICHI XapaKTe-
puctuku moauHU. Jlo MepIioi rpymu MOXKHA BiIHECTH
HAQ/ITNIIKOBE TIOYYTTS BiAIOBITAFHOCTI 3a HACTIAKH
CBOIX [iHi, MO 3a3BWYail MPHU3BOAUTEH M0 HAJIHIITKOBOL
00epeKHOCTI, BIMIYTTS HENOITYCTUMOCTI MTOMMJIOK, TO-
YYTTSl HEBIIEBHEHOCTI B CBOIX CHJIaX, HEFATUBHA MOTH-
BalIlis IOI0 JAHOTO BUAY MisLTHHOCTI.

Jami po3riasHeMo JesKi acleKTH MCUXIYHUX Tpo-
LIECIB B IISUIBHOCTI aBlamiiHux croerjamictis. OgHuM 3
HaOIBII BaXKIMBHUX TICHXIYHUX TPOIIECIB € maMm'saTh. B
npotieci podOTH MUIOTy HEOOXITHO KOPUCTYBAaTHCS Be-
JTUKUM 00’ e€MoM iH(popMaIlii, sika 3HAXOIUTHCS B OIepa-
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TUBHIH (iHpopMamis 1010 MPOrHO3Y MOTOIN Ha 3IIBOTI,
MapuipyT, MOTOYHI ITapaMeTpH IOJbOTY, iH(OpMaris
BiJl aBiaJuicIieTdepa TOIIO) Ta JIOBrOCTPOKOBOI Imam’sTi
(TexHoOTIS POOOTH, NMPHU3HAYEHHS aBiallifHUX TpHIIa-
JIB).

HeBin’eMHOIO yMOBOIO YCHIIIHOTO 3aCBOEHHS
JILOTHOI CIICIIaTbHOCTI € BHCOKHI PiBCHb IHTEICKTYa-
JIbHUX 3710H0CTel. [10 HaMOIIBIN BaXKIMBUX CKJIaJIOBUX
TaKuX 3/1i0HOCTEH BiTHOCSATH: MUCIEHHS, piBEHb PO3BHU-
TKY NPOCTOPOBUX YSIBJIEHb, 3IAaTHICTH JI0 CHCTEMHOTO
aHaJi3y Ta NPOrHO3YBaHHSA. MUCIEHHS, Y CBOIO 4epry
BOJIOJIi€ TAKMMHU SIKOCTSIMH SIK: KPUTHYHICTh, THYYKICTb,
IMOWHA, TOCTPOTA, MIBUIKICTh, CAMOCTIHHICTS.

3a3BU4ail CTPYKTypa OCOOMCTOCTI BKIIIOYA€E Ha-
CTYIHI CKIIAJIOBi: TEMIIEPaMEHT, XapakTep, 3A10HOCTI,
BOJIbOBI SIKOCTi, €MOIIii, MOTHBH, COIliaJibHI YCTAaHOBKH,
noTpedu, sIKi MOXKYTb OyTH JiarHOCTOBaHi 3a JIOIOMO-
TOI0 THX YH 1HIIMX 3aCO0IB.

OnHi€l0 3 BH3HAYAJIBHHX CTOPIH OCOOMCTOCTI
aBiarfiiinoro (axiBig € Horo MoTuBaliiiHa chepa Ta
chepa notpeb [5]. Came 11i 0cOOIMBOCTI € HEOOXiTHOIO
YMOBOIO 3aCBOEHHS Oy/ib sIKOi npodeciiHoi IisTbHOCTI
Ta  BU3HAYalOTh  Xapakrep 1  (YHKIIOHAJIBHO-
€HepreTUYHHI PiBEHb BiIIOBITHOI JIisSUILHOCTI.

He MeHIII BayKJIMBOIO € eMOIIiHO-BOILOBA cepa.
e moB’s13aHO 3 THUM, IO €EMOIIii BILTHBAIOTh HA MHOXH-
HY MO3KOBHX CHCTEM, IIO PEryJIOIOTh MOBEIIHKY JIO-
JIMHH, TPOLIECH CIIPUAHSITTS Ta BUJIy4eHHs iHpopmarii 3
ram’siTi, BErero-CyAnHHi (yHKIIT opranizmy. Y BUIaj-
Ky BUHUKHEHHsI aBapiiHUX CUTYalliil eMOLiiiHa Harpyra
MOXE BHUKJIHMKATH IMIYJIbCUBHI Aii (HENpaBWIbHUIA BH-
0ip KHOIOK Ta TyMOJepiB) a00 HaBNAKH YIIOBUILHEHHSI
abo MpomycK [iif, K pe3yibTaT BUHUKHEHHS TajibMiB-
HOI peaxuiii.

Po3pi3HAIOTE TPH THITH €MOLIHHOI HANPYXEHOCTI
3 TOYKH 30py BIUIMBY Ha IPOLEC JHOTHOTO HAaBYAHHS
[5]:

1. Hesnauyna Hampyra, sika IIBHIOKO 3HHKA€ 1 He
BIUTMBAE Ha MPOLEC JTHOTHOI'O HABYAHHSL.

2. JloBra Ta BUpa)keHa HAlpyra, sika BIUIMBAE Ha
MpoLleC HABYAHHS, alie MiIJISIrac KOpeKiii 3a J0moMo-
TOI0 CIeMialbHUX TPEHYBaHb

3. MoBra Ta BHpa)keHa HAIpyra, sKa HEe MiJurae
KOpEKIIii i € OCHOBOIO IJIS BijpaXyBaHHS KypCaHTa.

PeanpHy HebOe3meky SBIAIOTH COOOI0 Ipyruii Ta
TpeTii THITH.

HactymHrM KOMITOHEHTOM OCOOHMCTOCTI € TeMIIe-
paMeHT, KUl € CTIMKOI BIACTUBICTIO, HA BIAMIHY IIO-
TIEpeHiX, AKi MiAIAraloTh KOPEryBaHHIO Ta PO3BHUTKY B
mporeci AismbHOCTI. OCOOIUBOCTI TeMIEpaMeHTy 0CO-
ONTMBO TPOSIBITIOTHCS MMiJ[ Yac CTPECOBHX CHTYAIid 1
BIUIMBAIOTH Ha TpodeciiiHy mpuAaTHICTh, IKa XapaKTe-
PHU3YETHCS MIBUAKOID 3MIHOI alTOPUTMIB POOOTH B
YMOBax BENUKOI KUTBKOCTI iHQopmamii 1 moTpedye
LIBUJIKOTO PEaryBaHHs Ta CBOEYACHOTO NPHUHHATTA pi-
mIeHb. TeMIepaMeHT BHPaKa€eThCS B CHII, PYXJIUBOCTI
Ta YpiBHOBAXEHOCTI HEPBOBUX MPOIECIB, BHU3HAYAE
CTiliKicTh omeparopa 10 emoriiiuoi Hampyru []. Tax
MEJIAaHXOMIK XapaKTepU3yEThCS ITiABUIIEHOI0 eMOLIiiHI-
CTIO, BPA3JIMBICTIO, 1[0 MOXKE MPU3BECTH A0 IMITYIbCHB-
HUX a0o rampMiBHUX ail. [HepTHiCTH (rermatukis B
YMOBax IIBUIKUX 3MiH TOBITPSIHOI OOCTaHOBKH MOXeE

NPHUBECTH JIO PIi3KOTO TrajJbMyBaHHS HOrO MCHXIYHUX
NPOIIECiB, PO3TyOIEHOCTI. XONCPUKH XapaKTEPU3YIOTh-
Csl HAJUTHIIKOBHM ONTHUMIi3MOM Ta CaMOBIIEBHEHICTIO,
110 MOXKE COPHYMHHUTH MEPEOLIHKY CBOTX MOXKIIMBOCTEH
Ta TIPUBECTH N0 aBapiiiHOl curyauii. besmeuHicte Ta
MOBEPXHEBICTh CAHTBIHIKA MOXE CTBOPIOBATH YMOBH
HEa/ICKBATHOTO CIIPUHHSATTS AIHCHOCTI.

BkazaHi 0co0JIMBOCTI CBiTYaTh PO OCOOJIHBE 3HA-
YEeHHs Ta HEOOXIJHICTh BCTAHOBJICHHS Ta BpaxyBaHHS
THITy TEMIEPaMEHTY, & TAKOXX MPOBENECHHI J0IATKOBOI
pOOOTH 3 METOI KOPEKIN1 HOro OKpeMux O0COOIHBOC-
Tel.

XapakTepoJoridHi 0COOJNIMBOCTI (XapaKTep) 0co-
OUCTOCTI TaKOXK MPOSIBISIFOTHCS Y PI3HUX BHIAX JIisUTb-
HOCTi. BOHM HazmaroTh MOXIMBICTH 3 JIESKOIO JIOJNIEI0
BIPOTiZIHOCTI MPOrHO3YyBaTH Aii aBiadaxiBus y MEBHHX
CHUTYaIIisIX.

3mi0HOCTI TaKOX € BaKIUBUM €JIEMEHTOM, SIKUI
MPOSIBJISIIOTHCSL B YMiHHI €()eKTUBHO BHKOHYBATH IIEB-
HUA B JTISUTBHOCTI. ICHYIOTh TUIBKH Y PO3BHUTKY i HE
MOXXYTh BUHUKHYTH 1032 MEXaMH II€BHOI AisUIbHOCTI. B
OCHOBI 3JIIOHOCTE JIekaTh 3aJlaTKU — CTPYKTYpa , IO
MOYMHAE Peasi30ByBaTHCh NPH MEPIIUX CIPO0ax Misiib-
HOCTI. MPOBITHOIO € 3IaTHICTh J0 HABYAHHSI.

Criz 3a3HaYUTH, 110 KYPCAHTH, SIKI BiJPI3HSIIOTHCS
MHOXKMHOIO  1HAMBIIYaJbHO-TICUXOJIOTIYHUX  SIKOCTEH
MOXYTh OJJHAKOBO YCIIIIIIHO 3acBOIOBaTH mpodecito
niora. Ileit ¢akr mnoe's3aHuii 3 KOMIIEHCATOPHUMU
MOXITUBOCTSIMH OpTaHi3My, TOOTO JiesiKi HeraTHBHI pu-
CH HE CTaloTh CYTTEBOIO 3aBaJ0l0, Y BHIAIKY, SKIIO
BOHHU KOMIICHCOBaHI BIAMOBIAHUMH MO3UTUBHUMH SIKOC-
TSMH.

Jani nepepaxyemo Ti (akropu, 10 COPUSIIOTH yC-
MIITHOMY OCBOEHHIO JILOTHOI [isUTBHOCTI [ 7]:

1. TlcuxiuHe Ta coMaTWU4HE 3/I0POB’sl, €MOILliiiHa
CTIHKICTh Ta BUCOKA 3aBaJIOCTIHKICTB.

2. Bucoka moTuBalisg OCBOEHHS JILOTHOI cIHellia-
JILHOCTI.

3. Tlo3uTuBHI SIKOCTI yBaru, mam’siTi Ta MHCIICH-
HSL

4. Po3BHMHYTE MOYYTTS 4Yacy, OCOOJIMBO MiKpOiH-
TEpBAaIiB.

5. IIBuAKICTH Ta TOYHICTH PYXOBHUX PEAKIIiH.

6. 3aaTHICTH MIBUIKO Ta OYHO OPIEHTYBATHUCS Y
TIPOCTOPi.

7. 3pmatHicTe MO aHTHIMMOAmii (TIepemOayeHHs)
TIOIA.

VY mpomeci BUKOHAHHS MONBOTY IJIOT B3a€EMOIIE
HE JIUIIE 3 TEXHIKOIO, a i 3 IHIMIMMH WICHAMH eKiMaxy.

HapiiiHicTh Ta €QEKTHBHICTH iSUIBHOCTI EKilaxy
3alIe)kaTh HE TINBKH Bifl iHOWBIAyaldbHUX SKOCTEH Ta
npodeciiHOro MOCBiMy CIIemiallicTa, aje W BiI 3J7aro-
JDKEHOI yJacTi BCiX B 3aralibHiH CIIpaBi Ta BiJ OCOOMCTI-
CHHMX BITHOCHH B €KiITaxi.

OTxe KOMYHIKAaTHBHI YMIHHA MarOTh 3HAYHHUN
BIDIMB Ha €(EKTUBHICTH MiJ Yac BUPOOJICHHS Ta TPHii-
HATTS PillIeHb y MPOLEC] JIbOTHOI eKCIUTyaTamii IMoBiT-
PSHOTO CyIHa SK Yy CTaHAAPTHUX TaK i B OCOOJIMBHX
CHTYallisiX ToNboTY [8].

[Tpu mpoBeneHH] NepeBipKy HAa TPEeHaXKepi 1HCTPY-
KTOp (IHCTPYKTOp - €K3aMEHATOp) OILIHIOE, B TOMY YHC-
i, 1 mii eximaxy B miytomy. Skmio nii abo 6e3misTpHICTD
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YJIeHa €KillaXy pOOWTh HETATHMBHHU BIUIMB Ha OE3MEKY
MTOJHOTY, TO MOYKITUBE MPUUHATTS PIIICHHS PO TOAT-
KOBY ITiICOTOBKY.

Cepen mpodeciiiHO-BaXITMBUX SIKOCTEH MaiOyT-
HBOT'0 TIJIOTA 3a3HAYMMO HACTYITHI:

- yMiHHS TOOYIyBaTH KOHIICNTYalbHY MOJICITH
00pa3y NOJNBOTY Ha OCHOBI aHAJITHYHUX JTAHHX;

Tabnuys 1 — IapameTpu Moaesi HABYAEMOTO

- YMiHHS BHKOHATH CEJIEKIil0 poOOYMX Tirmore3
MOXJIMBHX JIi}f Ta MPOrHO3YBAaTH PO3BUTOK CHUTYAIIi;

- YMiHHS NIPUHHATH €JMHE BipHE PillICHHS;

- YMiHHS B AYMKax BIJTBOpIOBAaTH 00pa3 Jisuib-
HOCTI, IPUIHSTH Ta peali3yBaTH PillIeHHS.

Hami, B Tabn. 1 mpencraBuMo mapameTpu Mozeni
HAaBYa€EMOTO.

Tun ganux Mpodins

XapaKkTepHCTHKH

Bazosnit mpodine

TlepconanbHi paHi

CnenjaasHICTh

Ksauidikamis

Pisenn TCOPETUIHUX 3HAHDb

Crarnuni

OcobwucticHuit podias

Oco6muBocti BHJT

Oco06MBOCTI TMi3HABAJIBHUX MPOIECIB

Xapakrep

TIpodeciitna MoTHBaIIis

KomyHikaTHUBHI yMiHHS

JluHamivHi

3aBaHHs HaBYaHHSA

CreHapiii TpeHa)KepHOT MTiAr0TOBKU

peSy.]'[LTaTI/I BilIHpa]_[}OBaHHH nonepe}mix 3a1a4

PesynbraTtn KOHTpOIIIO (EK3aMeHY)

HaOyri HaBuuxu

Tab6s. 1 MicTUTh SIK HE3MIHIOBaHI JaHi (CTaTHYHI),
Tak 1 3MIiHIOBaHI (OMHAMIYHi), TOOTO Ti, IO IOCTIHO
KOpETYIOTbCSI B TMPOLIECI IPOBEICHHS TPEHAXEPHOI
miaroroBkd. Ha ocHOBI ganux 3 tabnuuil npeacraBumMo
MOJIeJIb HABYAEMOTO Y BUTJISIIII CTPYKTYPHU 3 MHOXKHUHOIO
CTATUYHUX TAa JUHAMIYHMUX €JIEMEHTIB K ckianoBoi AC
KTII (puc. 2). BinbIIicTs aBTOMATH30BAHUX CHCTEM, 110
MICTATh MOJIENIb HAaBYAEMOrO MOOYIOBaHI 3a CTPOro
MPOITMCAHUM AJITOPUTMOM Ta BU3HAYEHUM CIIOCOOOM
noOyznoBu camoi Mojeii. B Takomy BUManky Moenb
HABYAEMOI'0 BU3HAYAETHCS THMU MapaMeTpaMu, siki 00-
paHi po3poOHUKOM JUTs TOOYAOBH MOJIENI 1 sIKi cHcTeMa
cipoMokHa pospaxoByBatu [8]. Lleit miaxin € mocuTh
PO3IIOBCIOKEHUM, ajie TIPH [IbOMY CUCTEMa HE BOJIOJIIE
THYYKICTIO 1 Ma€ OOMEXEHHS 3 TOYKU 30Py MOMIIUBOC-
Tell KopucTyBada 1o ii HaNAMTYyBaHHIO. AJBTEPHATHB-
HAM BapiaHTOM € 3a0e3MeYeHHs MOMXJIIMBOCTI 3a/laHHS
JOBITFHOI MHOXKHHHU TIapaMETPiB Ta alTOPUTMY IIOBO-
IDKEHHS CHCTEMI B 3aJI€KHOCTI BiJ X 3HAYEHB.

®opMyBaHHS MOZEIi HABYAEMOTO MOXE 3HiHCHIO-
Batucs "3 Hyis', MmO mependadae BiICYTHICTH OyIb-
SIKMX 3HaHP MIONO0 HABYAEMOTO 1 MOTpedye EeBHOTO Ya-
COBOT'O 1HTEpBAIY.

Hpyruil minxin — BH3HAYEHHS BHXIAHOI MOJEINi
nepest MoYaTkoM poOOTH CUCTEMHU.

YMOBOIO i1l BU3HAYCHHSI CHCTEMOIO BIPHHX Ke-
PYIOUHX BIDIMBIB € HAasIBHICTh METH TPEHAXKEPHOI ITiJIro-
TOBKH, SIKYy TOBHHEH JOCATTH HaBYAEMHUHA Ta KpHUTEPii,
3TiIHO SIKUX OI[HIOETHCS CTYIiHb JOCSTHEHHS MOCTaB-
JIEHHX I[iJIEH.

[peacraBnena Mojenb J03BOJIsSE 30epiraTd BCHO
MHOXHWHY JaHUX, 0 HEOOXiHA JUTS aHATi3y Ta iHAWUBI-
Jyajizarii mpouecy TpeHa)KepHOI IMiJrOTOBKH.

BucHoBku

TpeHaxxepHa MiATOTOBKAa € Ba)XKIMBHM €TaIloM
npo¢eciiHOi MiATOTOBKU JHOTHOTO CKIIANy, SKHi
CHpHUsi€e ycmixaMm JIbOTHOTO HaBYaHHS, (HOpMyBaHHIO
BHCOKOI HaJAIMHOCTI mijota B pi3HMX yMoBax oOcra-
HOBKH.

3acTOCYBaHHS Cy4aCHHMX IMOBITPSIHUX CYICH 3 BH-
COKMM pIBHEM aBTOMaTH3allil 30UIbIIyE poJib Ta 3HA-
YeHHsI 1HAWBIAYaJbHUX BAXJIMBUX MPOQPECiHHUX SKOC-
Teii JTbOTHOTO CKJIAJy 1 moTpedye iX ypaxyBaHHS B MPO-
eci mpogeciiHol miroTOBKH.

AKTyalbHHM B TaKHUX YMOBaX € 3aCTOCYBaHHS aB-
TOMATH30BaHUX CHCTEM KepyBaHHS TPEHAXXEPHOIO ITif-
TOTOBKOIO, B SIKMX BaXJIMBOIO CKJIaJOBOIO € MOJEINb
HaBYA€EMOTO, K2 BPaXOBYE IHAWBIAyaIbHI OCOOIMBOCTI
0COOHMCTOCTI 1 Ha X OCHOBI J03BOJIsIE (YOPMYBATH 1HIH-
BiJlyami3yBaTH TpPA€KTOPII0 MPOBEIEHHS TPEHAKEPHOI
MM ATOTOBKH.

B po6orti BU3HaYeHO OCHOBHI CKJIaI0B1 MO Ha-
BYAEMOTO.

OcobmuBa yBara MPHUIUIAETHCS TICHXOJIOTIYHOMY
podit0 0COOMCTOCTI, IKUH BpaxOBYE Ti XapaKTepH-
CTHKHU 0COOHMCTOCTI, AKi Oe3mocepeIHbO BILTUBAIOTH Ha
VCIIIIHICTE TIPOXOPKEHHS TPeHAKePHOI MiATOTOBKH 1
o0yMoBITeH] cnenn(iko JHOTHOI JiSUTBHOCTI Ta TPYH-
TYIOTBCS Ha JOCIHIDKEHHSX IHKEHEpHOI Ta aBiamiiHOi
TICHX OJIOT 1.

IMomampmi mocmimkeHAsT OyayTh CIpPSIMOBaHI Ha
PO3pOOKY CTPYKTYypH aBTOMAaTH30BaHOI CHCTEMH Kepy-
BaHHA TPEHAXEPHOIO ITArOTOBKOIO, KIIOYOBHM €JIe-
MEHTOM SIKOI € MOZIEJIb HABYA€MOTO.
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Development of a trainer model for automated control system
for civil aviation pilots simulator training

V. Verkhovsky, I. Zakharchenko, R. Tarasov

Annotation. The article discusses the process of creating a student model as one of the components of an automated
control system for civil aviation pilots simulator training. The existing methods of constructing a student's model and the peculi-
arities of their implementation are analyzed, namely: overlay, perturbation, difference models. The components of the student's
model are determined, special attention is paid to the component - the psychological profile of the personality. Taking into ac-
count the specifics of flight activity, in the psychological profile of the personality of the student's model, in addition to his gen-
eral personal qualities, it is proposed to additionally include those characteristics that can affect the success of the simulator train-
ing program. They are due to the structure and content of the pilot's activity during the operation of the aircraft. To determine
these additional qualities, the supporting fragments of the pilots' activities and the factors necessary for their successful imple-
mentation were analyzed. The structure of the student's model is proposed. It is built taking into account the psychological as-
pects of the personality that affect the flying ability and their development.

Keywords: student's model, simulator training, aviation simulator, psychological profile of a personality.
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HepxaBHU yHIBEpCUTET iHPpACTPYKTypH Ta TexHoiorii, Kui, Ykpaina

METOJIM MOPEXIJTHOI ACTPOHOMII B CYYACHOCTI

Anoramnisi. Ha Terepimniii ac Meroau i 3acobu MOpeXiHOI aCTpOHOMIi € €JMHIMU JTyOTIOI0YNMH CTOCOBHO TTI00ANBEHHUX
HaBiraniifHUX CyITyTHUKOBHUX CHCTeM. MopexifHa acTpOHOMIsI oIlepye METOIaMH Ta 3acobaMy JUTs BU3HAUEHHS MiCIs CY/I-
Ha y BIAKPUTOMY MOpi. 3 PO3BUTKY CydacHHX iH(OpMAIiHHUX TEXHOJIOT1H NoJaacs IHTEHCHBHA pO3po0Ka KOMII IOTEPHUX
MeToJiB B acTpoHaBiranii. [llupoke BUKOpHUCTAHHS B CyJacHiil HaBiramiiHii MPaKkTHII HOBITHIX CYITyTHHKOBHX CHCTEM 00-
cepBamii HiSK HEe 3HIMA€ aKTyaJbHOCTI METO/IB aCTPOHOMIYHHMX OOYMCIEeHb. ACTPOHOMIUHI COCOOM BHU3HAYEHHS MAIOTh
ICTOTHI IepeBary, a came — HeOecHI CBiTWIIA € PUPOAHUMH "nMaTuMkaMu'' HaBiramiifHoi iHdopmarii, mpuraoMy iX TOCHTH
0araro, IO JO3BOJISIE OIHOYACHO BECTH BUMIp ISl PO3paxyHKy €JIEeMEHTIB AEKUIbKOX i3ocTaiiil. TpuBaroue IIBHIKE
YCKJIaJHEHHSI YMOB CYJHOBOJIHHSI, OCOOJIMBO B paifoHaX iHTEHCHBHOTO CYJHOIUIABCTBA, CTUMYIIOE PO3BHTOK aBTOMATH30-
BaHWX HaBITaIifHUX KOMIUIEKCIB, SIKi peai3oBYIOTh 3a3Ha4eHI METOIW MOPEXiTHOI acTpOHOMii. ACTPOHOMIYHI METOAN
MOXYTh OyTH aBTOMAaTH30BaHi 3a JJOIIOMOTOI0 aCTPOHABITAI[IHUX CHCTEM, IO 3HAYHO 30LIBIINTE HMOBIPHICTE 3aCTOCY-
BaHHS [IUX METO/iB, CKOPDOTHTH Yac i MiIBUIIUTH TOYHICTH PillleHHs HaBiramiiHUX 3aBmaHb. B cTaTTi HaBeneHa CTPYKTYp-

HO-()yHKITIOHAJIbHA CXE€Ma aBTOMATH30BaHO! aCTPOHABITAIIIHOT CHCTEMH.
KutrouoBi ci1oBa: actpoHaBiramiiiHa ciucteMa, MOpeXiiHa acTpOHOMisI, HaBiramisi, CyJJHOBOXIHHSI.

Beryn.

MopexizHa acTpoHOMisi Mae 3HAYHHMH HUIAX PO3-
Butky. llle mo 70-x pokiB XX croxmitrs ii MeTomu 3a-
Jiiajiacd OCHOBHUMM AJIs1 OK€CAHCBKUX BHU3HAYCHb MiC-
LENOoJIOKEHHs cyaHa. HaykoBi JociikeHHs 1[bOro Ie-
pioay 30cepemKyBallucsi B OCHOBHOMY Ha po3poOii Ma-
TEMaTHYHUX MOJIENEH y3araJbHEHOrO CIOCO0y OTpH-
MaHHs JIiHIA MOJIOKEHHS, METO/IIB TMOMEePEAHIX 00UHC-
JIEHb Ta aCTPOHOMIYHUX TaOJIHIIb.

3 pO3BHUTKY Cy4acHHUX iH(QOPMAIIHUX TEXHOJIOTIit
rovajacsi IHTEHCUBHA PO3pOOKAa KOMIT IOTEPHUX METO-
niB B actpoHasiraii. llIupoke BUkOpUCTaHHS B cydac-
Hill HaBiramiiHii TMPaKTUIl HOBITHIX CYIMyTHHKOBHX
cucTeM oOcepBallii HiSIK He 3HIMA€e aKTyaJlbHOCTI METO-
JIIB aCTPOHOMIYHHMX 00YHCIIEHb. ACTPOHOMIYHI CIIOCOOU
BH3HAYEHHS MAIOTh ICTOTHI MepeBary, a came — HeOecHi
CBITHJIA € MPUPOAHUMH "HaTuyukamu" HaBiramiiHol iH-
¢dbopmarii, npuuoMy iX IOCHUTH 0ararto, IO JTO3BOJISIE
OJTHOYACHO BECTH BHMIp JUIsl PO3PaxXyHKY EJIEMEHTIB
JeKibKoX i3ocraniii. HebGecHi cBiTHina 3a0e3medyroTh
MOXIIUBICTh BU3HAYCHHS KOOPJIUHAT CY/HA B OyIb-sKiii
yactuHi CBITOBOrO OKeaHy. ACTPOHOMIYHI CcHOCOOM
BU3HAYEHHS MICIl Cy[JHA € aBTOHOMHHMH; MPAKTHYIHO
HeMae 3aco0iB, sIKi M030aBIISATh CYHO MOXKIIMBOCTI acT-
pOHOMIUHHUX OOCepBalliii Mpy BUBEICHHI 3 JIATy €NEeKT-
poobnanHaHHS.

Y MOpPCBKOMY IUIaBaHHI OCHOBHHM € IITYPMAaHCh-
KU METOJ CYIHOBOAIHHS, SIKHH CKIIAA€ThCs B PEryIIsi-
pHOMY BH3HA4Y€HHI MiCLENONIOKEHHS cynHa. Pe3ymbra-
TH OOYHCIIEHb MTOKA3YIOTh IOJIOKEHHS CyJHA II0J0 He-
0e3meK, CIYTYIOTh Ul KOHTPONIO Ta KOPeKIii BU3Ha-
YeHHS MiCLENONIOKeHHs. B ycix Bumagkax Hapirariiiaa
Oe3reka IIaBaHHS 3aJEKUTh, HacCaMIIepel, Bill YaCTOTH
Ta TOYHOCTI BH3HAYCHb MICIS, YHACIIOK 4OTO BU3HA-
YeHHS MICIII Cy/IHA BITHOCSTH IO OCHOBHHX 3aJ]a4 HaBi-
ramii. Cepex Oaratb0Xx Ta pPI3HOMAaHITHHX 3aXOIiB,
CIpPsSIMOBAHMX HA MIJABHIICHHS OE3IIEKH MOpETUIaBaHHS,
IOMITHA POJb HAJEKUTHh YIOCKOHAICHHIO Teopii W
MIPAKTHKA BU3HAYCHHS MICIICTIONOKEHHsI cyaHa. Teopis
BU3HAYCHHS MICICIIOJIOKEHHS CyJHA 32 JONOMOIOI0
acTpOHOMIYHMX oOcepBamiii CTBOproBajacs i po3BHBa-

Jacst 3yCHJUIIMU 0araTboX IOKOJiHb MOPSIKIB 1 BYEHUX
pi3HuX KpaiH. Ha xanb, 3 pO3BUTKOM CHCTEMHU CYIYT-
HHUKOBOT'O TTO3MIIIFOBAHHS yBara 0 METOJIB MOPEXiTHOT
acTpoHOMI{ moyana pi3ko 3HMKyBaTucs. OCHOBHA POIb
MOpEXiJTHOT aCTPOHOMIT B Cy4acHHUX peallisix — e 3aJIH-
IIATHCS aBTOHOMHOIO PE3EPBHOI0 CHCTEMOI0 BH3HAUCH-
HS MiCISl Cy[Ha, IIO 3/1aTHA 3a0e3MeyrTH 0e3neKy Mo-
perulaBaHHs B YMOBAaX BiJIKDHTOTO MODSL.

[porpec y MopexiaHiii acTpoHOMIT B 00JacTi mif-
BUILEHHS TOYHOCTI oOcepBaliii mo 3ipkax Ta IHIINX
CBITHJIaX MOXIIMBHH IIUIIXOM PO3BUTKY METOJIIB MOpe-
X1/IHOT acTpOHOMIi.

MeTtoa cTaTTi € aHai3 METOJIB MOpEXiJHOI acT-
poHOMIT Ta po3pobKa CTPYKTYpHO-(YHKIIIOHATBHOT
CXeMM  aBTOMATHU30BAaHOI  CYIHOBOI  CTPYKTYpHO-
(yHKIIOHATIBHOT cXeMa aBTOMAaTH30BaHOI acTpOHaBira-
LIIIHOI CUCTEMHU.

Amnauni3 my6aikaniii. Ciij 3ayBaxuTy, 10 METOIH
MOPCHKOI aCTPOHOMIi BTPATHJIM CBOIO MOMYJISIPHICTH 3
PO3BUTKOM CHUCTEM CYIyTHUKOBOI HaBirafii, a KUIbKiCTh
nmyOTiKamii Moa0 JaHOT TeMaTHKKA HEBITMHHO MaJlac.

BaxnuBuM € mociipkeHHsT KiHg XX — Mo4aTky
XXI cromirrs Mimmka M. O. [1], Mankosa O. O. [2].
CyuacHi J1ociipKeHHsT TIPOLIECiB aBTOMATH3AIT pillieH-
HS 3aBJaHb MOPEXIiJHOI acTPOHOMIl IpEACTaBleHI B
poborax Ceemmnikosa M. JI. [3], JIykamosoi M. B. [4].
JonatkoBumu KepenaMu € MoHorpadii, mapyIHHKH
Ta MOCIOHHUKH 3 MOPEXiTHOI aCTpOHOMIi BITYM3HIHHUX Ta
3aKOPIOHHUX cremiamicTis [5-8].

OcHOBHA YaCTHHA

Ha remepimHiii yac BUKOPUCTaHHS iH(OpMAIliii-
HUX TEXHOJOTiH Ta eJeMEHTIB IU(POBOI TEXHIKH Mae
oco0MBe 3HAUYEHHS B CHCTEMaX KOMIUIEKCHOI CYIHOBOI
aBTOMATH3AIlil, y TOMY YHCIi W y CUCTeMi aBTOMaTH3a-
I1i1 TIPOIIECiB CYITHOBOIIHHS.

[Ipobnema aBTOMATH3AI{ IPOIIECIB CYTHOBOMIHHS
MICTHTh y €00l TpH OCHOBHHX HAIPSIMKHU: OTPUMaHHS
HaBiramiifHol iHpopmarii, 00poOKy HaBiramiiftHoi iH}pO-
pMariii, ynpaBiIiHHSA CyTHOM SK 00'€KTOM aBTOMATHIHO-
ro perymtoBaHHS. KOXHWIA 3 WX HANPSIMKIB MiCTHUTBH
pi3HI mpoGsiemH, NesiKi 3 SIKMX BHUpIIIeHi, 0arato sKux
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BUPILIYIOTHCS], 1HIII YeKalOTh CBOTO pillleHHS. Y THTaH-
HIX 00pOOKM HaBirariiHoi iHpopMarlii MOXXHa BiJ3HA-
YWUTH, 10 CTBOPEHHS €IMHOI METOMOJIOTiI PO3paxyHKY
JHIA TOJIOXKEHHS Ta PO3paxyHKy KOOpIMHAT CyJIHA
3HAYHO CIPOCTHTH OOPOOKY a3MMYTaJIbHHX, LIBHIKIC-
HO-BHCOTHHMX Ta IIBHJKICHO-a3UMYTAJIbHHUX CIIOCOOIB
BH3HAYEHHS MICIETIONOKEHHsT cyHa. He3zBaxkaroun Ha
PO3BUTOK CYIYTHHKOBHX CHCTEM HaBiraiii, acTpOHOMi-
YHI CIOcOOW BH3HAYEHHS MICIIENIONOKEHHSI HE BTPATH-
JU CBOTO 3HAYeHHs JUIs 3a0e3NeueHHs] HaBiramiifHoi
Oesniekn maBanHs [8]. HaBiTh mpu nopanpmiomy pos-
BHUTKY DJIOOAJbHUX HABIrallifHUX CHUCTEM aBTOHOMHI
ACTPOHOMIYHI CHOCOOM BH3HAYEHb MiCIEIIONOKECHHS
HA/IOBI'O 3AJIMINATHCS SIK pPE3epBHI uepe3 HaAilHICTh
ceKcTaHTa i XpoHoMeTpa. A Jyisi BU3HAYECHHS [TONPaBKU
KOMITaca y BiIKpUTOMY MODI ITOKH HE iCHY€ 1HIIHUX CIT0-
co0iB.

JudepeniianpsHi METOAN MOpPEXiJHOI acTpOHOMIi
BiJIKPUBAIOTh MOXKJIMBICTh BH3HAYEHHSI MiCIICIIOJIOKEH-
HSl 32 KOPOTKOCTPOKOBHUMHM CIIOCTEPEXKEHHSIMHU OJIHOTO
CBITHWJIA, IO 3MIIHCHIOETHCS Ha TPOT:A3i 5-10 XBHIUH.

I[lpu pocraTHii TOYHOCTI  IHCTPYMEHTAJIBHO-
BUMIPIOBAILHUX 3ac00iB (MopsiaKy 3') BOHM 31aTHI 3a-
663HC‘II/ITI/I CEPEAHBLOKBAAPATUYIHY IOMMJIKY ITOJIOXKEH-
Hs1 £500 M.

[TomiOHa MOPIBHSIHO BUCOKA TOYHICTh Pa30M 3 BiJl-
3HAYCHOIO MEpeBaror IudepeHIliaIbHuX METOIIB BH-
Marae yBaru JI0 pPi3HHMX acleKTiB MUTaHHS, HAIPHKJIA,
3arajJbHOi METOIO0JIOTIi BH3HAYEHHS MiCIEHOI0KEHHS,
NPUHIMITIB 11 1HCTPYMEHTALHO-TEXHIYHOTrO 3IiHCHEH-
HS, OOIpYHTYBaHHS  palliOHAJIbHUX  IH)XXEHEPHO-
KOHCTPYKTOPCHKHX pilleHs. [IpoTrsrom TpuBanoro gacy
MOpEXiJiHa aCTPOHOMisl pO3BHBajacs 0e3 MPUHIIUIIOBHX
3MiH, HUISIXOM YJIOCKOHAJICHHS! IHCTPYMEHTApilo, CTBO-
PEHHSI pallioCeKCTaHiB, IO Yepe3 IX CKIAAHICTh il Bap-
TICTh ITOKH IIMPOKO HE 3aCTOCOBYIOTHCS Ha MalMX KO-
MepuiiiHux cynHax. HalOinbin icTOTHI 3MiHM TOB's3aH1
3 BUKOPHUCTAHHSIM OOYMCIIOBAILHOT TEXHIKH.

VY pPO3BUTKY MOPEXIIHOI aCTPOHOMIi BHUSIBIISIFOTHCSI
Taki TEHJCHIIT: po3po0Ka alrOPUTMIB JUIsl €INEKTPOHHO-
OOYHMCITIOBAILHUX MAIMH Ta CIOCOOIB MPUCKOPEHOI
00pOOKH CIIOCTEPEKEHD; MOCIHIPKEHHS! Ta 3MEHILICHHS
BIUIUBY CHUCTEMAaTHYHHX 1 TpyOMX MOXHOOK BHMIIB;
BiIMOBa BijJi HEee(EKTHMBHUX YACTKOBHX CIIOCOOIB, Ha-
MIPUKIIAJ], 13 HaOJIM)KEHUMH MEpHIiOHAJIbHUMH BHCOTA-
mu. [lIBuaxocTi cyneH, mo 30iIbIIYIOTECS, 1 IIUTBHICTD
CyIHOIUTABHUX TMOTOKIB 3aTOCTPIOIOTH Ae(iluT yacy Ha
KamiTaHCbKOMY MicTKy. Llum 00ymoBIeHHH 3poOcTaro-
YHii iHTEpeC He TUTBKU 0 aBTOMATH3allii, ajie i 10 Me-
TOIB TPHUCKOPEHOi OOPOOKH aCTPOHOMIYHHX CIIOCTe-
pExeHb.

Sk mokaszye mpaktuka [1, 7, 8], 3HauHa yacTHHA
(GyHKI[IOHATBHOT MISTTBHOCTI CYJHOBOJIS TMOB's3aHa 3
BUKOHAHHSIM DI3HUX, Y TOMY YHCII JOCHTh CKIaJHUX,
o0urciIeHb. YHACHIIOK IHOrO KalliTaH Ta MITypMaH y
CBOI# MPAKTHIII MIUPOKO KOPHUCTYIOTHCS CIEHiaTbHIMH
TaOIUIIMA, HOMOTpaMaMu, TpadikamMu Ta iHIIAMH TIO-
CiOHMKaMH, TI0 TPOXU IOJIETTIYIOTH 1 CHPOIIYIOTH iX
mpamto. Jlaneko He 3aBXKIM BUKOPUCTAHHS IMOCIOHWKIB
JIO3BOJISIE BUPINTYBAaTH 3aJadi MOPCBKOi acTpOHOMIi
MIBAIKO ¥ OE3MOMMIKOBO. Y BIAIIOBIZHOCTI 3 IOCHI-
mokeHHsM [7], 3 405 3amau 3 acTpoHOMIii, BHKOHAHHX

CYZAHOBOJISIMH CEPEIHBOI KBaJidikamii, TOMWIKH Oyin
norymieHi B 184 Bumamkax. TakuM 9uHOM, IMOBIpHICTB
MIOMIJIKH TIpH pimenHi nocsirae 0,45. O4eBumHO, M0 Ha
JIOTIOMOTY CYHOBOJIiI0 IOBHHHI MPUHTH MPOCTI Ta 3py-
YHi y BHUKOPHUCTaHHI iH(OpMaIiitHO-00UNCIIOBABHI
CHCTEMH, CIICIiallbHO pPO3po0JeHi ab0 MPUCTOCOBaHI
JUIS pIllICHHs HaBiramitHux 3agad. Ha psai cyneH yxke
3apa3 BIPOBAPKCHI aBTOMATH30BaHI HAaBIraIliiHi KOM-
TUIEKCH, SKi 3BIJBHSIOTH CYIHOBOIS Bij OaraTtbox 00-
YHCIIOBAIBHUX onepariii [3, 4].

[Ipu BuOOpi MeTONy Ta pO3paxyHKOBHX alrOpPHT-
MiB HEOOXiJIHO, MO-Tiepiie, MaKCHMAaJIbHO CHPOCTHTH
BBCJICHHS BXIHHX JaHWX, MiJBUIIUTH HAOYHICTH Ta
iH(pOpPMaTHBHICT, OTPHUMaHUX pe3ynbTatiB. [lo-mpyre,
HaMararoThCsl YHUKHYTH BCTaBOK Yy NporpamHe 3a0e3-
TeYeHHs Ta 11 JOMOBHEHHS 3 MOKPOKOBHMHU PO3PaxyH-
KaMH{, a TaKOK HEOOXIJHICTh 3aMUCy NMPOMDKHHX pe-
3yJIbTATIB 3 MOAANBUIMM iX BBeneHHsAM. Hapemri, mo-
Tpere, O0akaHO YHUKHYTH HEOOXITHOCTI aHali3y 3HAKiB
y Tpolleci po3paxyHKiB, BUKOPUCTAHHS Pi3HUX TPaBHI,
TaOJUIb Ta Jiarpam.

[Tpn npOoMy MOXKIIMBA BiIMOBA BiJl 3arajbHOIPUI-
HATOTO MeTOXy (hOpMYyBaHHS JIiHIH MONIOXKEHHA Ta TOB'-
sI3aHOT 3 HUM TpadiuHOl MPOKIAAKH IUX JTiHIA. 3aMICTh
JiHIA TONOXEHHs (IOTUYHUX) Oe3MocepeIHbO PO3TJIs-
ArOTHCS BUXIAHI i30miHii-i30cTanil — Maili Kojia Ha He-
OecHill cdepi 3 pagiycami, siKi JOPIBHIOIOTh BUMIPSHUM
HaBIramiiHUM TapamMeTpaM — BUCOTaM CBITHI ho1 Ta ho
[9].

[To-meprire, Biamazae HEOOXIAHICTH Y IOCHUTh
CKJIaHOMY PO3PaxyHKY 3YHCICHHUX 3HA4YEHb BHCOT Nc1
Ta hc2.

[Mo-npyre, ycyBaeTbcsi NPUHLIMIIOBA MTOXHOKA Bill
3aMiHM 130JHIA (Ayr KpUBHX) 1X JIHISMH TOJOXEHHS
(morrmuHKMMU 10 nKX ayr). Ha 1o npuHIKUIIOBY morpiii-
HICTh HAKJIQJIAETHCS OXHUOKA camMoi rpadivHoi moldyno-
BU.

VY pesynbrati o0OcepBoBaHe Micle CyaHa Mo, SIK
TOYKA TMEPEeTHHY 130MiHid, Oyae HabaraTo OmK4e 10
ICTUHHOTO MIiCIlSl, HDDK TOYKa MEPEeTHHY IOTHYHHX 0
130MMiHIH (JIIHIH MTOJOXKESHHS).

CymapHa noxuOKa Ipu I[bOMY MOXKE JOCSTTH JIe-
KiJIbKOX MIIb. [Ipy CTBOpeHHI mporpamHoro 3abesre-
YeHHsI METOJ iTepaliii 3py4HO BHKOPUCTOBYBATH MpHU
BU3HAUCHHI MICIIA Cy[IHA 1O BHUCOTax ABOX 3ipok (abo
3ipKH ¥ TTAHETH).

Jns mporo B piBHSAHHS 130IMiHIW-130cTamii (Koma
PIBHHX BHCOT)

z1=(90°-h1) = const ta 2z, =(90°-h2) = const

i ICTaBISIOTECSA KOOpAUHATH (01:2; t1:2) Ta oOcepBOBaHi
BUCOTHU h12 000X 31pOK.

Toxni mMae Miciie cucteMa IBOX PiBHSHB IOAO ITy-
KaHNX 00CEpBOBAHUX KOOPAWHAT (o Ta Ag:

sin hy; =singg +Cos g - C0SJy x
XCOS(t:plile%/o);
sin hyp =sin@q + COS Qg - COS 5 x

xcos(t:pz J_rk\,'f,o).

25



Cucmemu ynpaesiinns, nagizauii ma 36'a3xy, 2021, eunyck 3(65)

ISSN 2073-7394

Ha nepmmii mormsin cucrema He CKiIajHa: J1Ba piB-
HSHHS Ta JBi HeBimoMi. OnHAK BOHU € (QYHKINSIMH Pi3-
HUX TPHUTOHOMETPUYHUX (YHKIIH, OTXKe HEeoOXiIHO
BHKOPUCTATH METON iTepaliii (MOCIiqOBHUX HAOIH-
JKCHB).

I'eomeTpryHO iTepaniiHUI MPOIEC Ma€ TAKHA BH-
TJIST Y KOXKHOI HACTYIHOI TOYKHM YTOYHIOETHCS OJIHA 3
KOOpJIMHAT, HANPHUKIAM, CIHOYaTKy IIMpOTa (P, a MOTIM
JIOBTOTa A.

Ha ocHOBI BHIIEBHKIIaJIEHOTO MOKHA 3pOOHTH Ta-
KM BUCHOBOK NPO iCHYBaHHSI JIBOX OCHOBHHX HUISXIB
MiJBUIICHHS ©()EKTUBHOCTI BUKOPUCTAHHSI METOIIB
MOPEXiTHOI acTpOHOMII:

- 301IpIIEHHS KiJBKOCTI BUMIiPIOBAHHUX acTPOHAaBi-
raiifHIX napameTpis;

- BHKOPHCTAHHS CIelialbHUX TEXHIYHUX 3ac00iB
BUMIDIB Ta X 00poOKH.

TakuM 4MHOM, MOXKHA 3pOOHUTH BHCHOBOK IIPO He-
OOXiZIHICTh PO3POOKM Cy4YacHHX aCTpOHaBIiraIliifHUX
cucreM (AHC) mns MOpChKHX CYIEH, IO JO03BOJIATH
AaBTOMATU3yBaTW IIPOIEC BHMIPIOBAHHS acCTpPOHABIra-
LiHHUX TapaMeTpiB.

[To6ynoBa cynnoBoi AHC nmoBuHHa OyTH 3acHO-
BaHa Ha TAKHUX MMPHUHIIMIAX !

1) yHiBepcaibHICTh, KOMIAKTHICTh, MPUIATHICTH
YCTaHOBKH Ha CY/IHI OY/Ib-IKOT0 MPU3HAYECHHS;

2) 3abe3nevyeHHsT MakCUMyMy MOBIpHOCTI aBTO-
MaTHU30BaHOTO BHUMIpPy OIHOYACHO JEKIJIbKOX acTpOHa-
BiraiiiiHuX napamerpis;

3) BUKOPHCTAHHS NP MMOOYIO0BI KOMILICKTYIOUHX,
BXKE OCBOEHHMX IIPOMHCIIOBICTIO;

4) 3acTOCYBaHHS MOIYJIHHOI KOHCTPYKIIil, IO 0~
3BOJISIE BapirOBaTH (DYHKI[IOHATBHUMH MOKJIHBOCTSIMH;

BumiptoBanbHui npuctpin

OnTnyHa cxema 3 Ternekamepor .

5) maTematiune 3a0e3nedenHss AHC moBuHHE 110-
3BOJISITH BUPIIIYBATH 3aBJaHHSI MOPEXiIHOI acTpOHOMIi
AaBTOMAaTUYHO, O€3 3aydeHHs JI0JaTKOBHUX TaOJHIb, 3
MOXJIMBICTIO aBTOMAaTH30BAHOTO IIEPIOJMYHOIO BiIHO-
BJICHHS aCTPOHOMIYHHMX KOOpJIMHAT;

6) pocrora iHTepdeiicy;

7) MOXKJIMBICTh KOMIUIEKCYBAHHS 3 1HIIUMHU CYIO-
BUMH HaBiramiiHUMU MPUIIaaMH Ta CHCTEMaMHU;

8) Bapricth cepiitnoi cynHouit AHC noButHa Oy-
TH TPUIHATHOIO ISl CYTHOBJIACHHKIB M CyJHOIIaBHUX
KOMIIaHiH.

AHC noBruHHa BUpINIyBaTH Taki 3aBIaHHS:

1) aBToMaTHYHE (OPMYBAHHS ILIOUIMHH IITYYHOTO
ICTHHHOT'O TOPU30HTY;

2) pO3paxyHOK EeKBATOPiaIbHUX Ta TOPU3OHTHHX
KOOpAMHAT CBITHJI 3 METOI0 HaBEJEHHS HA CBITWIIO BHU-
MipIOBAJILHOTO TIPUCTPOIO;

3) HaBeJeHHsT HA CBITHJIO BHMIpIOBAIBHOTO MPH-
CTPOIO Ta BUMIpP acTpOHaBIraliiiHUX HapaMeTpiB sK B
ONTUYHOMY Jiana3oHi, TaK i MO PaIiOBHIIPOMiHIOBaH-
HIO;

4) 00pobka Bciei BHUMIpsHOI acTpoHaBiraminHoi
iHpopMmarii B peasibHOMYy MaciiTali yacy, BigoOpaxeH-
HSl pe3yNbTaTIB 1i€l 0OpOOKH Ta X TPAHCISALIS B CUCTE-
MU aBTOMAaTUYHOT'O YHCIICHHS;

5) BU3HAYEHHS MICIS Cy/IHA, HANPSIMKY reorpadi-
YHOrO MeEpHiaHa, BUIPABIIEHb CHUCTEM Ta TNPHIAJIB
KYpPCOBKa3yBaHHS;

6) BU3HAYEHHS Ta 30€pEeKEHHS TOYHOTO YaCy;

7) oIiHKa IPUPOIHOTO OCBITIECHHS.

CrpykTypHO-(DYHKIIIOHAJIbHA CXEeMa aBTOMAaTH30-
BaHOI CY[JHOBOI aCTpPOHABIraliliHOI CHCTEMH HaBeJeHa
Ha puc. 1.

Heb6ecHi ceiTvna

3 (A
o

T
‘\.,__“ /
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BuiCoTOI0 T4 asnmMyTom aHTeHa pajiocekcTaHa
A AL ctabinisoBaHa nnartdopma
., AR,
KyTn 6opTOBOI
" A |Aa MpuBig cTa6inisauil - - CMC.Te,Ma
: . o . cTabinisauii
ALKV, i KiNbOBOI Kay4ku
3 ik fik
b | e
. i, b
_ . ) e Cuctema
O6uuncnioBanbHUR MpucTpint ynpaBniHHA cMcTemoto Ta
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puctp 34MCNEHHSA
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Puc. 1. CtpykrypHO-( yHKI[IOHATBHA CXeMa
ABTOMATHU30BAaHOI CYTHOBOI aCTPOHABITALlIHHOI CHCTEMH
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CdopMynpoBaHi TPUHIAIY TTOOYIOBH Ta 3amadi
cymaoBoi AHC, moCBi pO3BUTKY TaKHX CHCTEM JI03BO-
JISIFOTH 3pOOWTH BUCHOBOK IPO TaKHH MEperiK eleMeH-
TiB, SIKi TIOBMHHI BXOAWTH JIO CKJIaJy aBTOMaTH30BaHOI
CY/ZIHOBOI acTpoHaBiraiiiHoi cucremu (puc. 1):

1) cuctema crabinizauii B IUIOMIMHI iCTHHHOTO TO-
PH30HTY;

2) BUMipIOBaNbHHI MPUCTPii Ha cTabimi3oBaHill y
ITUTOLIMHI iICTHHHOTO TOPH30HTY IIATPOpMI;

3) obuHuCIOBANIBHUI TPUCTPiK i 0OpOOKH acT-
poHaBiramiiHoi iHpopmarii.

3asBIECHUI BHINE MPUHINI MOAYJIHHOCTI aBTOMa-
THU30BaHOI CYJHOBOI acTpOHABITalifiHOI CHCTEMH Iie-
pendavyae MOXKIIMBICTH CTBOPEHHS IIJIOrO CiMelcTBa
cynaoBux AHC nuist pi3HEX KIaciB CymiB, IO pO3pi3-
HSIIOTBCS 32 CKJIQJIOM OOJIaIHAHHS, TEXHIYHUMHU Xapak-
TEPUCTUKAM Ta 33 BapTICTIO.

€IMHUMU 11 TAKUX CHCTEM ITOBUHHI 3aJIMIIATHCS
MaTeMaTHUYHE 3a0e3MEeUCHHS Ta OpraHizarlist inTepdeiicy
KOpHCTyBa4a CHCTEMHU.

BucHoBku

Teopist Ta mpakTHKa BU3HAYCHD MiCIICIIONOKCHHS
CyJlHa PO3BUBAIOTHCS CHUIBHUMH 3YCHUIUIIMH MOPSKIB
Ta BUYEHMX, IO HEOOXITHO I 3a0e3rmeueHHs Oe3MmeKu
MOpeIIaBaHHS.

CratucTuyHi JOCHIPKeHHSl HaBiramiiHoi iH(pop-
Marii OyayTh IPOMOBXKYBAaTHCS 3 METOI YTOYHEHHS
OL[IHOK TIOXHMOOK Ta KOpEJIii, NMPUHHATHX y SKOCTI
amnpiOpHUX, a TAKOX ISl BUSBICHHS 3AJI€KHOCTI TaKHX
OLIIHOK BiJI yMOB BUMIpiB.

Po3pobka Mi>KHapOZHUX BHMOT JI0 TOYHOCTI Cy[-
HOBOJIIHHSI Ta TPHUHHSATA pErjaMeHTalisl TaKuX BHMOT
TIOPOJDKYIOTh MTUTAHHS TPO Te, sIKi THIH cyaAiB (iX HaBi-
raifiiiHe o0JaJHaHHA) i B SIKMX YMOBaxX IUIABaHHS 3aJ10-
BOJIBHSIIOTH Ha3BaHMM BHMoOram, abo 1o tpeda 3poduTu
JUTSL 1X 3aJI0BOJICHHSL.

VY po3mmpeHiii MOCTaHOBII Ie MUTAHHS TOB'SI3aHE
3 JIOCIIJDKEHHSMH BIUIMBY JIFOJICBKOTO (hakTopa, AWHA-
MIKH Ta TPAaEKTOPHHUX XapPaKTEPUCTUK CYIEH, a TaKOX
HaJliiHOCTI (PYHKIIOHYBaHHS TOJNIEPraTUYHOI CUCTEMH
CYJTHOBOJIIHHS B IILJIOMY.

TpuBaroue MBHAKE YCKJIQJAHEHHS YMOB CYIHOBO-
JIiHHS, 0COOJIMBO B pallOHaX IHTEHCUBHOT'O CYIHOILIAB-
CTBa, CTUMYJIOE DPO3BUTOK aBTOMAaTH30BaHHWX HaBira-
IIHHUX KOMILICKCIB, SIKi Peali30ByIOTh 3a3HAYCHI METO-
JI MOPEXiJTHOT acTpOHOMII.

ACTpPOHOMIYHI METOI MOXKYTh OYTH aBTOMAaTH30-
BaHI 3a JOMOMOIOI0 aCTPOHABITALliHHUX CHUCTEM, IO
3HAYHO 30UIBIIUTH WMOBIPHICTh 3aCTOCYBAaHHS LIUX Me-
TOJIB, CKOPOTHTh YacC 1 MiABUIIUTH TOYHICTH PIIICHHS
HaBiraiiiiHux 3aBIaHb.
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Modern marine astronomy methods
O. Daki, N. Urum, V. Fedunov, O. Bajak

Annotation. At present, the methods and means of nautical astronomy are the only redundant ones for global navigation
satellite systems. Naval astronomy operates with methods and means for determining the position of a ship on the high seas. The
intensive development of computer methods in astronavigation began with the development of modern information technologies.
Modern navigation practice is based on the widespread use of the latest satellite observation systems. However, this in no way
diminishes the relevance of astronomical computation methods. Astronomical methods of determining the location of objects
have significant advantages. The main one is that it is the celestial bodies that are natural "sensors" of navigation information.
The presence of a large number of celestial bodies allows simultaneous measurements to calculate the elements of several
isostages. In the modern world, the rapid complication of navigation conditions continues, especially in areas of intensive
shipping. This circumstance stimulates the development of automated navigation systems that implement the indicated methods
of nautical astronomy. Astronomical methods can be automated using astronomical systems. As a result, the time is significantly
reduced and the accuracy of solving navigation problems is increased. The article provides a structural and functional diagram of
an automated astronavigation system.

Keywords: astronavigation system, nautical astronomy, navigation, navigation.
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XapkiBcbkuii HatioHanbHui yHiBepcutet [loBitpsuux Cun imeHi IBana Koxkeny0a, XapkiB, Ykpaina

METO/ IPUMHATTSA PIIIEHHS 3 ®OPMYBAHHS ITIOTOKIB JIITAKIB
JJISI BAXOJY HA ITIOCAJZIKY 3 BUKOPUCTAHHSIM HEUITKHX
HEWMPOMEPEXEBUX TEXHOJIOI'TIA

AHoTamisi. Po3rimsmaerscss MeTON TPUHHATTS pimieHHS 3 (OpMyBaHHS ITOTOKIB JIITAaKiB UL 3aXOQy Ha IIOCAIKy 3
BHUKOPUCTAHHSIM HEUYITKHX HEHpOMepeKeBHX TeXHOMOTriH. [logaHo cxeMy mponecy yrpaBiiHHS ITOBITPSHAM PyXOM KepiBHUKA
TIOJIGOTIB B 30HI Bi3yaJIbHOI'O KOHTPOJIO. Bi3HaueHi OCHOBHI cxeMH (hOpMYBaHHS ITOTOKIB JIITAaKiB JUIS 3aXOMy Ha IIOCAJKY,
copMoBaHa MHOXKMHA TIPaBHII SIKa € ITOYATKOBOIO 0a30l0 MpaBWI. U1l KOKHOTO MPUKIIAAY, OTPUMAHOro Ipu (HhopMyBaHHI
HaBYAJIBHOI BHOIPKM 3a pe3ylbTaTaMH HPOrHO3YBAaHHS BapiaHTy (opMyBaHHS HOTOKY JITaKiB, BH3HAYalOThCS HEUITKI
CTyIEeHi TIPUHAJIEKHOCTI 3aJaHUX 3HAYEHb JIHTBICTHYHOI 3MiHHOI 10 BimmoBimaumx FOU , koXHOMY HaBYaIbHOMY
MIPUKJIAIY CTaBIAThCA y BimmoBigHicTh IHMT2, HediTKi CTymeHI HPHHANEKHOCTI A0 SKHX Y BIIIOBIJHUX 3HAYEHHSX
JIHTBICTUYHHX 3MIHHUX € MaKCHMaJbHUMH. MeTa cTaTTi: YJOCKOHAIEHHS METOIy NMPUIHATTS pilleHHs 3 (OpMyBaHHS
TIOTOKIB JIITAKiB JUIS 3aX0/Ty Ha IT0CAKy 3 BHKOPHCTAHHSAM HEUITKHX HEHpOMepeKEBUX TEXHOJOTIH.

KitrouoBi ciioBa: ¢popMyBaHHS OTOKIB JIITaKiB, YIIPaBITiHHS MOBITPSIHIM PYXOM, TpyIia KepiBHUITBA HOILOTaMH, JIIHTBiC-
THYHA 3MiHHA, IHTepBaJIbHA HEYiTKa MHOKHHA JPYTOro THITY.

Beryn

IToctanoBka nmpoOaemu. OCHOBHOIO METOI PO3-
Ni3HaBaHHS BapiaHTy (OPMYBaHHsS IOTOKIB JITaKiB
(®II) mis 3axomy Ha TMOCaJIKy MPU MOBEPHEHI Ha ae-
POIAPOM Micisl BUKOHAHHS OOHOBOrO 3aBIaHHS € BigHE-
CCHHs TX (OopMasi30BaHUX OIMHUCIB 10 BIAMOBIAHUX Kila-
ciB. ABTOMAaTH3allisi MPOLEAYp PO3Ii3HABAHHS € eleMe-
HTOM aBTOMAaTH3allii MPUHHATTS pillleHb. 3a pe3ylibTa-
TaMH pO3IMi3HABaHHs OOWOBHMX MOPSJKIB TOBITPSHUX
CyJIeH IPUIMAIOTh PillIeHHS 100 BUKOHAHHS MaHEBPIB
IU1s1 TOOYJOBH €MHOTO MOTOKY MOBITPSHUX CYIEH ANA
MOCAJIKK 3 METOIO MOIEPEKEHHS 3iTKHEHb Ta eKOHOMi-
YHOI BUTpaTH nanusa [1].

Crneuudika IisuTbHOCTI 0CIO Ipynmu KepiBHHITBA
nonbotamu (I'KplIl) mpu BupimieHHI 3aBAaHHs yrpas-
JIHHS MOBITPSHUM PYXOM, & caMe Pi3Hi MiIXxoau Jo il
BUPIILICHHS, OIHOYACHE BUPIIICHHS KIIBKOX 3aBJIaHb,
CTBOPIOE HABAHTAXKEHHS HA Jii 0Ci0 TPyIH KepiBHUITBA
monboramu [1-3].

ToMmy, akTyaJIbHAM € HAIPSIMOK TOCHIKEHb po0o-
TH 0Ci0 IpyNmU KEpiBHUIITBA MOJIbOTAMH, IOB'S3aHHUN 3
Ppo3po0Kor0 1H(GOPMALIIHHOT CUCTEMH YIIPaBIiHHS MOBI-
tpsiuuM pyxoMm (YIIP). Bona no3Bonsie iHTErpajibHO
OIIIHIOBATH Pi3HI MOKA3HUKH SKOCTI IX AiSIIBHOCTI 3 BU-
KOPUCTaHHSAM aBTOMATH30BaHUX POOOUNX MICITh.

AHnani3 giteparypu. Teoperndni Ta METOIONOTI-
YHI MUATaHHA NOOYAOBH IHTEIEKTYaJbHOI CHCTEMH JIO-
CHUTh TIOBHO BUKJIaJcHI B [4-6]. DopmyBaHHs iHpOpMa-
ifHOI CHCTEMHU B aHAJOTiYHIN CHCTEMi KOHTPOIIO 3a
TIOPSIKOM BHKOPHCTAaHHS HOBITPSHOTO MPOCTOPY PO3T-
nsryTi B [7-8]. 1i Ta iHII poOoTH B aHaIi30BaHOI mpe-
JIMETHOI 00J1acTi 6a3yI0ThCs Ha MPUIYIIeHHI, 1m0 iHpo-
pMariiiHi O3HaKW, IO MiAJATAIOTH BilOOpPa)KCHHIO, €
BimoMnmu. OmHAaK NUTaHHSA O€3MOCEePEeTHHOrO PO3Mi-
3HaBaHHS BapiaHTiB ®IIJ] 3 BUKOpHCTAaHHAM METOMIB
IHTepBAJIBHOI ~ HEYITKOI MHOXWHH  JPYroro  TH-
my(IHMT?2) i HeUiTKOiI JIOTiYHOI CHCTEMH iHTEpPBaIBHO-
ro Tunty 2 (HJIC 1T2) B mawiii mitepatypi He po3riisiia-
fotbest [9-10]. V [11-16] posrisHyTi TIHTaHHSA aBTOMA-
TH3alii mporeciB BUPOOJICHHS PillIeHh B CUCTEMax YII-

paBmiaHsa. Y [17;18] pospobieHo dopmanizoBaHuit
OIMC 3HaHb MPO MpOUEC BUZHAUYCHHA HaHpHMKiB T'0JIOB-
HOTO yZAapy 3aco0iB MOBITPSHOIO Hamaay MPOTHBHUKA,
ane 0e3 ypaxyBaHHS MOXIIMBHX BHIIB HEBU3HAUEHOCTI
LIUX 3HaHb.

[Mpobnema ynockoHasjeHHs npogeciiHol MmiAroTo-
Bku oci6 I'KpIl, B Tomy uucini 3 BUKOpUCTAHHSM 1H(]O-
pMaliiiHOl CHUCTEMH YIpPaBIiHHSA MOBITPSIHHUM PYXOM
Ju1st GopMyBaHHS YMiHb 1 HABHYOK B CKJIaJHil 0OcTaHo-
BIll, 3aJMIIAETECI HEIOCTATHHO MOCHTimKeHor. JlaHa
cHCTeMa JI03BOJIMTh aHaJli3yBaTH, KOHTPOJIOBATH U iH-
TErpajibHO OLIHIOBATH Pi3HI MMOKA3HUKH SKOCTI JisUTb-
HOCTI 0Ci0 TpyIH KEePiBHUIITBA MOJIbOTAMHU.

Merta cTaTTi. YI0CKOHAJICHHS METOAY MPUAHATTA
piteHHs 3 popMyBaHHS OTOKIB JIITaKiB JJIsl 3aX0Ay Ha
HOCaAKy 3 BUKOPUCTaHHIM HEYiTKHX HEHPOMEPEKEBUX
TEXHOJIOTIH.

Bukian ocHOBHOT0 MaTtepiaay

[Ipu moOymoBi HEYITKOI HEWPOHHOI MepeneBol
mozeni npouecy YIIP HeoOXiaHO TOCHIHKYBaTH HaTik-
HicTh poboTr KoxkHOI ocodu ['KplIl mono ¢popmyBanus
MOTOKIB JIITaKiB y CBOTif 30HI BiJIIOBIIAJILHOCTI, y T.4. 3
ypaxyBaHHAM BHHHKHEHHsS HELITATHUX CUTYyaLlid y Io-
BiTpi i Ha 3emui [19-21].

[ITo6 He ycKiIagHIOBATH caMy HEMPOHHY MEPEeKY i
He 301TBIIyBaTH Yac 1i HABYaHHSA, 3YIMIMHIMOCS Ha JOC-
JiKyBaHHI HamiitHOCTI poOOTH KEpiBHUKA TONBOTIB Y
30HI Bi3yanpHOTo KOHTpOmoo. Came B Il 30HI aKyMy-
JIOETBCS Bes 1H(OpMAIlis Mpo MOBITPSHY i Ha3eMHY
o0ctaHoBKy. KpiM TOro, kepiBHHK IIONBOTIB 3aiiMae
nenTpainsHe Micre y ckiaai ['Kpll

Cxema nporecy YIIP ¢pakTHdHO SIBIISIE€ TTOCHTIIOB-
HUA KOHTpONb 3a noBiTpsauME cyaHamu (I1C) Ha pis-
HUX eramax monsoty (puc. 1). Ilpm nmanyBanui YIIP
HEOOXiZHO CITiBBiTHOCHTH 3a/IaHE MICIle PO3TAITYBaHHS
I1C 3 paxTraamM.

JIxepeno: po3po0eHo aBTOPOM 3a JaHUMHU [22;
23].I1o3umis 1. Y BcTaHOBIEHY TOAWHY IUIAHOBOIO Ta0-
JUIEI0 KePiBHUK ITONBOTIB TO3BOJISIE 3aITyCK JIBUTYHIB,
0COOMCTO YNpaBIIIE PyXOM JIITaKiB Y ITPOIEC] PYITiHHSL.
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4. 31T 5 NOCALKA

- [03Bin; - [03BiJ

- BMK. dopcaxy; - 3MNCBinbHa

- HanpsMOK po3biry; - U, V BiTpy Bignosiaae;

- KyT Habopy BMCOTH; -
- NpUBUPaAHHA Waci.

KOHTPOAb rAicaam Ta
HanpamKy Ha 3MMC;

- BUWPIBHIOBAHHA.

______________________ adl

MPOBIT
- HanpAMOK;

- raNbMyBaHHS;

- 3BifbHeHHA 3MC.

3. MOMEPEAHIN CTAPT
- p038in Ha 3MC;

- 3MNC BinbHa;

- U, V BiTpyY Bignosiaae;
- MK BinbHUIA.

Y

A

2. PYIIHHA
- WBWAKICTD;
- MapuwpyT;
1. 3AI'|.yCK - PO3XO4MKEHHA.
- [O3BIN;
- KOHTPO/Ib;
- BUPY/IIOBAHHA.

Puc. 1. Cxema nporiecy ynpasiliHHS NOBITPSHUM PyXOM KepiBHHKA ITOJIBOTIB B 30Hi Bi3yaJIbHOrO KOHTPOJIIO
(mxepeio: po3pobIieHo aBTOpOM 3a qaHumu [22; 23])

[Mo3uwis 2. Y mpotieci pyniHHS KePiBHHUK MOJIbOTIB
CTeXKHTh 32 BUTPUMKOIO LIBHJKOCTI PyXy, MapupyTy i
posxomkenHs 3 iHmmmu [1C Ta mepenikonamy.

[ozuuist 3. Ilicns qonoBidl JILOTYUKA PO TOTOB-
HICTh JIO0 37bOTY J03BOJIsi€ (3a00poHsiE) 3miT (10 panio
abo cBiTiiohopamu) 1 KOHTPOIIIOE PyX JIiTaKa Bij 1ovart-
Ky PO3TOHY JI0 BUXOJy 32 MEXI Bi3yaJbHOI BUAUMOCTI.
ITpn upoMy yBara 3BepTAa€THCS HA BUTPUMKY HAIpSIMy
PO3TOHY, CTBOPEHHS 3JIITHOTO KyTa, BUTPHUMKY 0OHOBO-
ro HOPSJKY B TPYIi, KyTa HaOOpy BUCOTH, IPUOUPAHHS
mIaci.

[ozumist 4. [Ipu BIAXWISHHSX Y MPOIEC 3JIbOTY, a
TiM OLJIbII IPY BUHUKHEHHI aBapiiiHOI cuTyalii, KepiB-
HUK IIOJILOTIB TIOBUHEH YMITH MUTTEBO OIIIHIOBATH CH-
TyaIito, MIBUAKO W TPaMOTHO YXBAJIIOBATH PIlICHHS i
nisiti pitnyde. I[lpu 37mb0OTI JliTaka KEPiBHUK TMOJBOTIB
MIOBHHEH O€3MepepBHO CTEXKUTH 3a HUM, HE BiIBOJIKa-
FOYNCh Ha PIIIEHHS 1HINX MUTaHb.

[o3mmis 5. Ilicast momoBiAi IHOTYHKA TIPO TPOXif
pamiomasika KepiBHHK IMOJHOTIB MMEPEKOHYETHCS B TOMY,
mo 3IIC BinpHa, 1 Jae H03BiM Ha mocaaky. [lo Moxiu-
BOCTI Bi3yaJIbHO 3HaXOIUTh JITaK, IO CHTHAMI3aIil (10-
MIOBi/Ii) BiJI CIIOCTEPIralovoro 3a maci MepeKOHYeTHCS B
iX BUIYCKY W KOHTPOJIOE TIIiCaAy 3HIDKCHHS, HAmpsM
3ax0qy ¥ BUKOHAHHS ITOCANIKH, HAJAI0UX TIPU HEOOXin-
HOCTI JIbOTYHKY JOIIOMOTY.

[o3umis 6. Y nporeci mpobiry KepiBHUAK MOIBOTIB
CTEXHUTh 32 BUTPHUMKOIO HAIPSMY, BUITYCKY TajbMiBHO-
ro mnapamryra ¥ mpouecoMm raiabMyBaHHS. fKIIo napa-
IIyT HE BUWIIOB (HE HAMOBHUBCS) abo obipBaBcs, He-
raifHo momnepe/pKae npo 1€ JIbOTYUKA 1 Jae KOMaHIy Ha
OibII eeKTHBHE BUKOPHUCTOBYBAaHHS TaJIbMIBHOI CHC-
Temu Jitaka. Ilicnst 3akiHYeHHS NPOOITY KOHTPOIIOE

3BUTBHEHHS 31iTHO-TIocankoBoi cmyru (3I1C), ckunanus
rajJbMiBHOTO Tapalryra i 3apyJroBaHHs JIiTaka Ha CTO-
SHKY.

Oco0nuBo ckianaum enemenTom B YIIP € dpopmy-
BaHHs MOTOKY JIiTakiB. lle MOSCHIOETBCS THM, IIO 1€
BinOyBaethes B 30H1 3I1C, sika Mae 0OMeXeHy MPOITyCK-
HY 3/1aTHICTb, 1110 3aJIKUTh BiJl TAKUX (aKTOPIB:

— XapaKTePHUCTHUK EJIEMEHTIB JILOTHOTO HOJIS;

— METEOpPOJIOTIYHUX YMOB;

— IIOCAaJJOYHHX CHCTEM, 5IKi BUKOPUCTOBYIOTHCS;

— ILOTHO-TEXHIYHHUX XapakTepuctuk [1C;

— BCTaHOBJICHUX HOPM €LICIIOHYBaHHS;

— opranizanii pyxy [IC y 30Hi 37bOTY 1 OCAJIKH.

3a3Buyail Kinbka (PakToOpiB € HEeIBHUMH. ToMmy y
npoleci BJIOCKOHAICHHS MOJENi BHIUISIOTh TMEBHHUN
HaOlp KpuTepiiB, sKUil MOXKe JOmoBHIOBaTHCS. BiH He
BIUIMBA€ HA CaMy CHCTEMY, aJie SIKiCHO MOKpaIlye “nop-
Tper” 00'€KTa AOCIiKEHHS.

IToTiM cKIIamarOTh TpaBWIA HEWITKUX MPOXYKIIIH
Buny IF-THEN B3aemonii BusiBieHux unHHHUKIB. Dop-
MYIOTBCSI BHOIPKH ISl HABYAHHS HEUYITKOI HEHPOHHOI
Mepexi.

Jami, TpyHTYIOUHCh Ha 3HAHHSAX E€KCIIEpPTiB BU3HA-
4alOThCA BapiaHTH (OPMYBAaHHS IIOTOKY JIITaKiB TPHU
BukopuctanHi 3IIC, a TakoX KiTBKICTH 1 3HAYUMICTH
(hakropis, mo BrorBar0Th Ha OITJL

Haii6inpmm cxmaganm Bapiantom ®ITI 3a TexHOMO-
rigHot0 Tporieaypoto npu BukoprctanHi 3I1C € “mocaaka
micns 3mpoTy”’. Ha BigMiHy Bim BapiaHTiB “3miT Tcis
3IMBOTY’ 1 “37T MiCTS MOCAAKK’, KOITU KePiBHUK MOIBOTIB
Moxke 3atpumatu [IC, sike 3mitae, Ha Oymb-sSKUM HEOO-
XiTHUI Yac, y mporeaypi “nocauka Micis 3160Ty” KepiB-
HUK TIOJIbOTIB NTOBHHEH a0CONIOTHO TOYHO PO3PAXyBaTH
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BCl 4acoBi iHTepBaiM 115 3a0e31eueH s Oe3neKn MoJbo-
1iB. [Ipy BUKOHAHHI TpoLleAypH “TIOCajKa IICI MOoca-
K’ IHTEpBAJ MDK JITakaMd 3a0e3NedyyloTh KEepiBHUK
OIDKHBOI 30HH 1 KEPIBHUK 30HHU ITOCAJIKH.

TakuM 4WHOM, BH3HA4YeHi OCHOBHI cxemu DIIJI.
KokHa 3 HHMX XapakTepu3yeTbcsl TEBHOIO KUIBKICTIO
(baxTOpiB, 110 BIUIMBAIOTH Ha €(PEKTHBHICTH K OKPEMO-
ro mporiecy-0JIoKy, Tak i Bcboro YIIP B minomy. dak-
TOpH, 110 BIUIMBAIOTH Ta iX 3HAYMUMICTh, BU3HAYAIOTHCS,
B OCHOBHOMY, 3 MipKYBaHb 1 IOCBi/ly €KCTIEpTiB.

dopmainibHe TpeCTaBIeHHs MTPOrHO30BaHUX Bapi-
antiB PIIJI sk CyKymHOCTI HEYITKHMX TNPOAYKIIHHUX
mpaBwi1 abo (GopMyBaHHSA 0Oa3u MPaBHI IS KOXKHOTO
MoxuBoro Bapianty @Il y pamkax po3poOJieHOro
METONly 3[IMCHIOEThCS 3a pe3yiabTaTaMu (OpMYyBaHHS
OIKCIB KJIAciB 3riaHO 3 Bupasamiu (1, 2):

t .
Mnoc(oj) = Msad(o) ! @
BN pQ” Bl p2 @

ne minrBictuuHi 3MiHHI (JI3) MatoTh Taki HaiiMeHyBaH-
HS. “KUTBKICHMH CKaa OOMOBHX MOPSIKIB”; “HampsM
3aX0[y Ha Mocajky”’; “IIMpHHA PO3IYCKY OOHOBHX IO-
pAAKiB”;  “rmuOMHA PO3MYCKY OOHOBUX MNOpPSIKIB”;
“sHaynMicTh [1C, 1010 TepIoYeproBocTi 3axoay” Bij-
noBigHO (2). TIpy 1IbOMY BHKOPHCTOBYIOTHCS MpaBHIIa
HEYITKUX MPOIYKILi R :

NP QP <P
FOU| Ag |,FOU| A5, |.FOU| Ag |,
cf = . (3)
P P
FOU (Anh ) FOU (AAk j
3 mornsay MaTeMaTH4YHOi (opmalizamii, HediTke
HPOIYKIiiHE PABUIIO, IPEACTABICHE BUPA30M

NP P P nP 2P
ij = <0Li ,(18 YO Oy, O ) 4

NP . .
ae Apnj — THI IHMT2, mo npencrasise gaHi opo Ki-
neKicaui cxian [1C B j-my GoitoBoMY MOpsiAKY i onu-

P .AP
Ccye MOXJIMBI 3HaueHHs BimnoBigHoi H3 (xiN ; qu —
THY THMT2, o npencrapise IaHi Ipo HANPSM 3aXO0-
Iy Ha TIOCAAKy j-T0 OOHOBOTO MOPSAKY M OMHICYe MOX-

P P
MBI 3Ha4YeHHS BimmoBigHoi H3 oc(qg ; All—‘“ — THI
IHMT2, mo npencrapisie qaHi PO MIUPHUHY PO3MYCKY j-
ro OOHOBOTrO MOPSIIKY W OMHCYye MOXJIMBI 3HAYCHHS
P 4P
Biamosignoi H3 oql‘ ; Al'—['lh — THI IHMT?2, mo mpen-
CTaBIIAE€ AaHI MPO TIHOWHY PO3IMYCKYy j-TO OoifoBOro
TIOPSIIKY ¥ OMUCYE MOXKJIIMBI 3HA4YeHHs BiamosimHoi H3
P .,P

ahH ; Afk — THY THMT?2, mo npeacrasise naHi nIpo
3HAYUMICTB j-TO OOHOBOT'O MOPSIKY H OIMUCYE MOXKIIHBI
3HAUEHHs BiAMOBiIHOT HewiTKOl 3mirHOI (H3).

Jlane HediTKe TpoaykitifiHe mpaswmio (3) posris-
JA€THCS K HEUiTKa iMIUTiKaMis Burisay [24 — 26]:

A>B. (5)

e Ag X u BgY — IHMT2, mo npencraBisitoTh
BIJIMIOBITHO YMOBY 1 3aKJIFOYEHHS (110 OMUCYIOTH MOX-
nuBi 3Havenns H3). IIpu npomy B sBisie co6oro omHoO-
ToukoBy THMT2, st sixoi pg(y)=1 (upu mpeacras-
nenHi IHMT2 cnocoGom BepTHKambHOrO cpizy), X —
obnacTe BH3HAa4YeHHS yYMOBH (y 3arajbHOMY BUIAIKY
X =Xy xXgx.x Xy i A=A xBAyx..xA)), Y - 06b-
JacTh BU3HAYCHHS 3aKIIOYEeHHs (HOMepa KiaciB i3

_lcP
MHOXKHHH C ) _{Cj })

MiHiManbHa KUTBKICTH C(OPMOBAHUX HEYITKHX
NPOAYKUIHHMX TpaBwi BiAmosigHo a0 (3), (4), Bixnosi-
JIa€ TMOTY>KHOCTI MHOKHHN MOKITUBOT KitbkocTi [1C, ski
OJTHOYACHO 3HAaXOMATHCS y MOBiTpi card Cp = |Cp| =m,

MPOTHO30BAHKX Y TUIAHOBIHM TaONHII Y XOJi MiATOTOBKH
JI0 BUKOHAaHHs 0OWOBOro 3aBnaHHs. Toni HEYiTKe Mpo-
JyKIiiHe MpaBuIlo, 110 BU3HAYA€E TPHHAIEKHICTH Bapi-

anty ®IUI no knacy cP , MATUME TaKui BUIJIST Y ABOX

BapiaHTax (HOPMAILHOTO MPEICTABICHHS:

P P P P P P
(RJ— if BN iS(xiN and BQ is<>c(qg and B" i5a|" j
(6)

P P P P
&(BH isaf! and p isof then pNCY =c}-°j;

. ~NP ~aP ~LP NHP ~ZP
R - Ani XASq x Arg) X Arh X Axg - )

3 MeTor0 3a0e3meueHHs MOBHOTH TOYAaTKOBOI Oa3u
npasui (BIT) npo posniznaBanus Bapianty OILT:

— JUIsL KOXKHOTO MPUKIIay, OTpUMaHOro npu ¢op-
MYBaHHI HaBYAJIbHOI BUOIPKH 3a pe3yJabTaTaMU HMPOrHO-
3yBaHHs Bapianty ®OI1J], BU3Ha4alOThCSl HEYITKI CTYyIEHI
MPUHAJIEKHOCTI 3a/laHuX 3Ha4yeHb JI3 10 BiANOBigHUX
FOU ;

— KO)KHOMY HaBYaJbHOMY IPHUKIIANy CTABIATHCS Y
BiamoBigaicte THMT2, 3rimso 3 Bupaszamu (8) — (11),
HEYITKI CTYNEHI MPUHANIeKHOCTI, 10 SIKMX Y BIAMOBI/-
HUX 3Ha4eHHAX JI3 € MakcHMaabHUMH.

P
oclN = "MeHble n%l, n%z 11c",

P
oc'z\l ="B Jiana3oHi n|21, n|22 - anl, nr22 1c,

I
N
= NP S (NADL (N-D)2 (N-D)L ®)
OLN_1="B JiamasoHi Ny SN -ng ,

nﬁN‘l)z 11C",

P
oc“ = "OinbIIe nl\ll, n;\lz 11C,

P
e ociN — H3, mo onucye MOXXIMBHHA KUTBKICHUH Tia-

na3oH [1C, mo 3axo/s1h Ha nocaaky i =1,...,N .
Q. .
o ="1-# nanpsamox”
707 _

QF _M i "
oy = — I HanpsIMOK
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P
ae och — H3, mo onucye MmoxnuBuil Aiana3oH Hamps-

MiB 3aX0/y Ha mocaaky g=1,...M .

P
oc{‘ ="MeHIme n}l, n%z KM,
P
05 ="B mianasoni n|21, n|22 - nr21, nr22 KM,
L 10
L : (L1 (L-D)2 (LDt (10)
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ae oqlq — H3, mo onucye MoxxIMBUil liana30H 3Ha4EHb

ruOuHM po3iycKy 6oitoBux nopsakis I[1IC h=1,...,H .

CdopmoBana Tak caMO MHO)KHHA [IPABUIT Y BUTIIS-
ni BupasiB (6), (7) € mouyarkoBoro BII. Jlani npaBuia
(OpPMYIOTBCS Ul KOXKHOT'O TPOrHO30BAHOTO BapiaHTy
OIUL. Hapani BOHM € BXiIHUMHU JAaHHUMHU MeTony (op-
Mauizanii 3HaHb PO BHSBJICHHS 1 PO3IMi3HABAHHS Bapia-
utiB OI1J] Ha OCHOBI HEWITKMX KiIacH(]iKaTOPIB.

TakuM 4MHOM JUTsi 3a0€3IeUeHHs] HeCynepeuHOCTi
BII nonsirae B ToMy, 100 He IOMYCTHTH B Tporeci ¢o-
PMYBaHHSI HEYITKUX NPOAYKIIHHUX MpPaBUI BUIAJKIB,
KOJIIM OfiHa 1 Ta  cama komOiHamis TepmiB JI3 mpuBo-
JMTh 10 Bu3HaueHHs pizHux BapiantiB OITJI. Iopsaok
BUKOHAHHS OTepalliii i3 3a0e3neyeHHs] HeCylepeyHOCTI
BIl mns posmiznaBanus Bapiantie ®ILJ] aHanoriunwmii

TIOPSIAKY BUKOHAHHS Omepalii i3 3a0e3leueHHs] Hecy-
nepeyrocti BIl mns posmizHaBaHHS CKIagHUX (TPYIIO-
BUX) 00'€KTIB.

BucHoBxku

Y po0OTi pO3TISIHYTO METOJT IPUHHSTTS PILICHHS 3
(hopMyBaHHS TTOTOKIB JIITAKIB JUIsl 3aX0AY Ha MOCAIKY 3
BUKOPHCTAHHAM HEYIiTKUX HEUPOMEPEKEBUX TEXHOIO-
riif. PozpobneHo cxemy iHpopmariiiHoi cucTteMu mpo-
necy YIIP, mo omucye ¢opmyBaHHS MOTOKY JIITaKiB y
30Hi Bi3yaJbHOIO0 KOHTPOJIO B YMOBaX HEBH3HAYEHOCTI
1 3 ypaxyBaHHSIM BIUIMBY Ha IPOIEC HEYITKHUX (DAKTOPIB.
BusnaueHi peanbhi cxemu OIJI, B KOXKHI# 3 IKUX BHIII-
JISIFOTHCSI 3HAYYINI (PaKTOPH, 110 BIUIMBAIOTH Ha €EKTH-
BHICTB SIK OKPEMOro OJOKY-TIpOLIECY, TaK 1 yHpaBiiHHS
MOBITPSHUM PYXOM B Iijiomy. JIJsi BH3HAUCHHS CXEM
OIJI, xinbkocTi (hakTOpiB, SIKI BIUIMBAIOTh Ha MPOLEC
Ta X 3HAYMMOCTI Y BUKOPHCTaHi 3HaHb 1 JJOCBiIly eKc-
MepTiB, SIKI 3MIHCHIOIOTH peajibHe KEePIBHUITBO MOJIbO-
TaMH Ha aepozipomax 30poitnux Cun Ykpainu.

OTprMaB nozjanbIMii PO3BUTOK MeTof (hopmaiti-
3anii 3HaHp Npo NporHo3oBai Bapiantu OIJI, B sikomy,
Ha BIZIMIHY BiJl BiZIOMHX, pO3poOJieHHiT amapaT ¢opma-
nizauii moOya0BaHO HAa OCHOBI TiOPUAHOI HEUITKOI HEM-
POHHOI Mepexi, L0 peaji3ye HEeWiTKi omeparii Hax iH-
TepBAJbHIMH HEUITKUMH MHOXHWHAMH PYroro THITY i €
130MOp(HOIO MMOYATKOBIH 0a31 HEUITKUX MPOAYKIIHHUX
npaBwi. HapuanpHa BUOipKa /Uil BU3HAYEHHS [10YATKO-
BOi 0a3u mpaBuil POPMYETHCS 32 pe3yNbTaTaMi BUKOPH-
CTaHHS B3a€MOIIOB’SI3aHUX YaCTKOBHX MaTeMaTHYHUX
Mmozenel nporHozyBanns Bapiantie ®ITJI. e no3zBomnsie
aBTOMAaTHU3yBaTH Ipoliec (JOpMyBaHHS MOYATKOBOI 0a3u
MpaBWJI LUISIXOM CIIBCTaBJICHHS KOXKHOT'O HPHUKIAAY 13
BUOIPKH BIANOBIJHOMY OKPEMOMY IIPaBHIY; BpaxyBaTH
HEBM3HAYEHICTh  JIHIBICTHYHUX T4  IHTEPBAJIBHO-
OL[IHIOBAHUX TMapaMeTpiB MNPOrHO30BAHMX BapiaHTIB
OIIJI 3 BUKOPUCTAHHSM IHTEPBAIBHUX HEYITKUX MHO-
JKHH JPYrOro TUIY; YCYHYTH CY0'€KTHBHICTH MU BUOO-
pi Buy 1 napametpiB QyHKIIH NPUHATIKHOCTI Y HEYiT-
KUX BHCJIOBIIIOBAHHAX IPAaBWI, a TaKoXK 3a0e3NeUnTH
MOXKJIUBICTh aBTOMATHYHOTO HAOYTTA 3HAHb IUIIXOM
HaBUYaHHS TIOpPUIHOI HEYITKOI HEHPOHHOI Mepexi Ta
po3mapaieuTi OOUUCICHHS 3 peati3alli€ro BiIoBiIHO-
TO aliTOPUTMY HaBYaHH Ha rpadiuHUX MPOLECOPaXx.
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Decision-making method for formation of aircraft flows for landing using fuzzy neural network technologies
I. Mazhara

Abstract. When constructing a fuzzy neural network model of the air traffic control process, it is necessary to investigate
the reliability of each flight crew member in the formation of aircraft flows in their area of responsibility, taking into account the
occurrence of abnormal situations in the air and on the ground. The purpose of the article: to improve the method of decision-
making on the formation of aircraft flows for landing using fuzzy neural network technologies. Schemes of the air traffic control
process is actually a sequential control of aircraft at different stages of flight. When planning air traffic, it is necessary to
correlate the specified location of the aircraft with the actual one. Then make the rules of fuzzy products of the type IF-THEN
interaction of the identified factors. Samples are formed to train a fuzzy neural network. Then, based on the knowledge of
experts, the options for the formation of the flow of aircraft using the runway, as well as the number and significance of factors
influencing the option of forming the flow of aircraft are determined. Thus, the basic schemes of formation of streams of planes
are defined. Each of them is characterized by a number of factors that affect the efficiency of both the individual process unit and
the entire air traffic as a whole. Influencing factors and their significance are determined mainly from the considerations and
experience of experts. The method of formalization of knowledge about predicted formation of the flow of aircraft variants was
further developed, in which, unlike the known ones, the developed formalization apparatus is built on the basis of a hybrid fuzzy
neural network, which implements fuzzy operations on interval fuzzy sets of the second type and is isomorphic to the initial
fuzzy production rules base. The training sample to determine the initial base of rules is formed based on the results of the use of
interconnected partial mathematical models for predicting formation of the flow of aircraft variants. This allows you to automate
the process of forming the initial base of rules by comparing each sample from the sample to the corresponding individual rule;
take into account the uncertainty of linguistic and interval-estimated parameters of the predicted options for the formation of
flows using interval fuzzy sets of the second type; eliminate subjectivity in choosing the type and parameters of membership
functions in fuzzy statements of rules, and to enable the automatic acquisition of knowledge by learning a hybrid fuzzy neural
network and parallelize calculations with the implementation of the appropriate algorithm for learning on graphics processors

Keywords: formation of aircraft flows, air traffic control, flight control groups, linguistic variable, interval fuzzy set of
the second type.
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! Xapxkischkuii Hanionanpuumit yHiBepcuter Iopitpaaux Cun imeni Isana Koxeny6a, Xapkis, Ykpaina
2HamjionanpHa akagemis HamioHamsHOI reapaii Ykpainu, XapkiB, Ykpaina

YJIOCKOHAJIEHHSI CUCTEMHY OPTAHI3AIIII OBJIIKY
AOPOXKXHbO-TPAHCHHOPTHUX TTPUT'OA Y HIAPO3ALIAX, BIMCBbKOBHUX
YACTHUHAX 1 3’€JHAHHAX HAINIOHAJIBHOI I'BAPII YKPAIHHU

AnoTtanin. [Tokazana HeOOXiTHICTh YIOCKOHAIICHHS CHCTEMH OpraHi3allii 00Ky JOPOKHEO-TPAHCIIOPTHHX MPHUTOI, IO CTa-
JIHCS y TAPO3/IiIax, BIHCPKOBHX YacTWHAX i 3’exHaHmsax HamionansHoi rapaii Ykpainu (HI'Y). IIpoanarnizoBaHi mpHauHA CKO-
€HHs1 TOpOKHBO-TpaHciopTHHX nprrof (JITII) Ha moporax kpainu. 30ip cratuctiaHnx qanux npo JITI1 no3BonuTh BCTaHOBHTH
OCHOBHI (haKTOpH, 0 BIUIMBAIOTH HA BUHUKHEHHS aBapiil Ta po3poOnTH OOTpyHTOBaHI 3aXOIH II0 ITiIBHIIECHHIO OE3IeKU PyXYy,
1110 TIpUBEIE JI0 3HIDKEHHST PIBHS aBapiifHOCTi Ha aBTOMOOUIGHUX Jioporax YKpaiHu. [Is oliHKH piBHs aBapiifHOCTI Ha aBTOMOOI-
JIBHUX J0pOTax BHKOPHCTOBYIOTHCS HACTYITHI MOKA3HMKM: AO0COIOTHI ITOKa3HNKW; TIMTOMI MOKA3HHUKH, IO SIBIISTIOTH COOOIO Bif-
HOIIEHHsI a0CONTIOTHMX ITOKAa3HUKIB aBapiiHOCTI; BiTHOCHI TIOKa3HUKH. B po0OTi MPOIOHYETHCS B SIKOCTI KUTBKICHOTO MTOKa3HUKA
oomiky ATIT y HI'Y 3actocyBaTy BiTHOCHMIf IOKA3HUIK - 3arajibHy IHTEHCUBHICTh BHHHKHEHHS JOPOXKHBO-TPAHCIOPTHUX HPHTOJT
y BilCBKOBIH 9acTuHI (Imiapo3aisi). 3anpornoHOBaHMI MOKA3HUK JO3BOISIE OLIHWTH PIBEHb aBapiiHOCTI y BIMCHKOBIi YacTHHI
(Ttiipo3 i), MOPIBHATH HOTO MiXK BIFCBKOBUMH YaCTHHAMH 1 BYXUTH 3aXOAIB [IOA0 YCYHEHHSI IPUYHH JIOPOXKHBO-TPAHCIIOPTHIX
nipuro. [Ipono3utii no ymocKoHaJIeHHIO CTPYKTYpH KHUTH 00Ky TOpOKHBO-TPAHCIIOPTHUX MPHTOA BifiCBKOBOI YaCTHHH J10-
3BOJLIIOTH YOCKOHATIUTH OOJIIK TOPOKHBO-TPAHCIIOPTHHX TIPHTOl, BASHAYUTH NPIYHUHH 1 3aKOHOMIPHOCTI X BHHUKHEHHSL.

Kaw4doBi cinoBa: aBapiﬁHiCTB, JAOPOXKHBO-TPAHCIIOPTHA ITpUroaa, NPUINHN JOPOXKXHBO-TPAHCIIOPTHUX MPUT'OI, ITOKa3-

HUKH aBapiiHOCTi, aBTOMOO1JIbHA TEXHiKa, OOJIIK 1 OLliHKa POOOTH MaIInH.

Beryn

IToctanoBka mpoOaemn. 3a manuMu HartioHanb-
Hol [Tominii Ykpainu, Ha moporax Hamioi KpaiHH KOXeH
JeHb BinOyBaeTbesi Onm3bko 500 TOpPOKHBO-TpAHC-
noptaux npurox (ATII). 3 mouatky 2021 poxy cranoch
29545 ATII, wo nHa 19,5% 6inbiue, Hixk y 2020 poui. B
HUX TpaBMyBasocst 3696 i 3arumyo 415 oci6 [1].

VYkpaina € oqauM 3 JiepiB y €Bporri 3a HaciiiKa-
mu JTII. Tak, y kpainax - unenax €C na 100 tuc. Ha-
cenenns npunazaae 5 3arndnux y ATII, B Ykpaini Takuii
MOKa3HUK CTaHOBUTH 12,5 0ci0, 110 Oinblle ceperHboe-
Bpomneiicekoro mokasuuka zHa 150% [2-4]. Cepen romo-
BHUX NPUYUH KaTacTtpod i aBapiii Ha aBTOMOOLILHOMY
TPAHCIIOPTI BUIUIAIOTHCS TakKi [5]:

1. IlopyuieHHS IpaBII ZOPOKHBOTO PYXY.

2. HeszanmoBinbHuil craH IOpIr Ta JOPOXKHBOI iH-
(pacTpyKTypH.

3. [Mopy1eHHs pexxuMy nparli Ta BiANOYHMHKY BOJIIiB.

4. HexTyBaHHs npaBuiaMu Oe3MeKH Ha aBTOMOOI-
JIEHOMY TPaHCIOPTI.

5. TexHiuHAa HECIPABHICTH MAIIIHH.

6. YrpaBmiHHS aBTOMOOUTBFHOIO TEXHIKOIO y CTaHi
QJIKOTOJIFHOTO CII'STHIHHSL.

Hocmimkenns moka3ytots - JTII BimOyBatoThCst
TOMY, IO BOJil, MIIIOXOIH, MACAKUPH, BETOCUIICIUCTH
NOPYLIYIOTh HpaBmiIa JOPOXXHBOTO PYyXY, NMpPALiBHUKA
aBTOTPAHCIIOPTHHUX ITiNPHEMCTB MOPYLIYIOTH MpaBHiIa
TEXHIYHOI eKCIUTyaTamii TPAaHCIIOPTHHUX 3ac00iB, KepiB-
HUKaMH OpTraHi3alliil 37iICHIOETECS HE3aJOBITHHUN KO-
HTpOIb 3a craHoM nopir. B Posmopsmxenni KaGinery
MiHicTpiB Ykpaiau Big 30 tpaBHs 2018 p. Ne430-p
«IIpo cxBanenHs: HamioHampHOI TPaHCTIOPTHOI CTpaTerii
VYkpainu Ha niepion 1o 2030 poky» BH3HAYEHI 3araibHi
mpobeMu, o moTpeOyroTh po3B’si3aHHa. Cepen HuX:

- BHCOKHI PiBE€Hb CMEPTHOCTI Ta TPaBMAaTHU3My B
pe3yabTaTi JOPOXKHBO-TPAHCIIOPTHUX TPHTOL;

- HEJIOCKOHAIICTh MPaBOBOTO MeXaHi3My, HOpMa-
THUBHO-IIPABOBOT'0 PETYIIOBAHHA Ta ACPKABHOI'O KOHT-
pouto y cepi Oe3reKH Ha TPaHCIIOPTi:

- HEIOCKOHATICTh CHCTEM MOHITOPHHTY JOpPOXK-
HbO-TPAHCIIOPTHUX IPUrOA, IX CTaTUCTUKU Ta YIPaB-
JIHHS PU3UKAMU;

- Hee(peKTUBHHUI MiXif JO PO3B’sA3aHHs MPOOIEMU
BHCOKOT'O PIBHS aBapiiHOCTI Ta TSDKKOCTI 11 HACHIAKIB 1
CTBOpPEHHSI HAyKOBOTO MIAIPYHTS AisUIBHOCTI y cdepi
6e3meKku JOPOXKHBOTO PYXY;

- BIJICYTHICTh KOHKPETHHX BHMIPHHUX IiJIel 3 mij-
BUILICHHS PIBHA O€3MEKU TOPOKHBOI'O PyXY, BiJIOBiA-
HOT'O CKOOPIMHOBAHOTO TUIAHY il y 3a3HaveHiit cdepi;

- HEe3a0BUIBHUI TEXHIYHWI CTaH 3HAYHOI KIJIBKO-
CTi TPAHCIOPTHHUX 3acO0iB Ta BIACYTHICTH CHCTEMH
3/IIHCHEHHS] KOHTPONIO 3a OE3IMEeYHICTIO TPAHCIIOPTHUX
3ac00iB MiJ] Yac X eKCIUTyaTallii;

- HU3BKUI piBEHb 3aIPOBAPKEHHS TA IIPAKTHYHOTO
3aCTOCYBAaHHS HOBITHIX TEXHOJIOT1H 1 TEXHIYHUX 3aCO0IB
oprasizaiii JOpo>)KHbOTO PYyXy, aBTOMAaTU30BaHUX 3aCO-
01B KOHTPOJIIO Ta PETYIIOBAaHHSA JOPOKHBOTO PYXY;

- HemocTaTHE (iHAHCYBaHHS 3aXOIiB, CIIPSIMOBA-
HUX Ha 3amo0iraHHA Ta 3HIDKEHHSA PIBHS aBapiitHOCTI,
3MEHIICHHS KUTBKOCTI JOPOKHbO-TPAHCIIOPTHHUX TIPH-
roJl 3 TSHKKUMH HACTIIKaMHU;

- Hee(heKTUBHA CHCTEMa CIIOBIIIEHHS MPO TOPOXK-
HBO-TPAHCIIOPTHI IPUT'OU Ta €KCTPEHOI JAOIMOMOTH II0-
CTpaXKJaJIMM BHACITIZIOK JOPOKHbO-TPAHCIIOPTHUX TPH-
roj (He3aI0BIIbHUM CTaH JOMEANYHOI JTOMIOMOTH B Tie-
Py TOOUHY MiCISI JOPOXKHBO-TPAHCIIOPTHOI IPUTOIIN);

- HU3BKWH pPIBEHPb MIATOTOBKH BOMIiB Ta BIACYT-
HICTh e()eKTUBHOTO KOHTPOITIO 32 JTisSITBHICTIO aBTOIIKLIT,

- HU3BKUH PiBEHb BUXOBAHHS CYCITUTBCTBA Y cdepi
0e3neKkn JOPOKHBOTO PYXY.

B naka3i komanmyBada HamionameHOI rBapaii Yk-
paiau Bing 27 rpymas 2016 poxy Ne 900 Bm3HAUeHO,
10 OCHOBHMMH 3axofaMu mozao nonepemxenns AT e:

© Tabynenko B. O., Maprewnsik O. I1., Kyxenosuu B. L., 2021
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- JoJep)KaHHs y BICPKOBUX YacTHHAX Ta MiApO3-
JiJIax CTaTYTHOTO HOPSIKY, OPraHi30BaHOCTI Ta BUCOKOI
BiJIMOBITAJILHOCTI BCHOTO OCOOOBOTO CKJIAy 3a 3aKpill-
JICHY TEXHIKY;

- 3a0e3meueHHs TOYHOro AoTpuManHs [Ipasui mo-
POXXHBOTO PyXy i MpPaBHJ KEPyBaHHS TPAHCIOPTHUMH
3acobamu,

- MOCTiifiHEe BIOCKOHAJICHHS HABHUYOK KEpPYBaHHSI
MAaIIMHAMH BOJIHCHKUAM CKJIAJIOM;

- TPOBEJCHHS SKICHOIO IHCTPYKTYBaHHsS BOJIiB
nepe/i BUKOHAHHSAM 3aBJIaHb;

- mig0ip cTapMX MallvH 3 YHCiia HaWOiIbII Juc-
LUIUTIHOBAHUX BiHCHKOBOCIYXOOBIIIB, iX CHCTEeMaTHYHE
HABYAHHS 1 peTeNbHa MiArOTOBKA J0 KOXKHOTO TIepeBe-
3CHHS;

- BHCOKa BHMOIJIMBICTh KOMAaHMPIB | HayabHHU-
KiB, TOCTIHHHUI KOHTPOJIB 32 poOOTOIO BOAITB Ha MapIi-
pyTax pyxy; . )

- Y)KUBAaHHS KOHKPETHHX 3aXOJiB IMOAO KOXHOI
JTTI, perenbHe po30upaHHs ii 3 0COOOBHM CKJIaJIOM;

- 320XOYEHHS 0COOOBOI'0 CKJIaTy 3a YCIiXH, J0Cs-
THYTI B ekcrutyaTanii mamuH 6e3 JITTL.

Hunst edexrrBHOT OOpOTHOM 3 aBapiiHICTIO Ha J0-
porax HeoOXiJHO 3HATH MPUYMHH 1 3aKOHOMIpHOCTI il
BUHUKHCHHS. Cy‘-{aCHI/IM MCTOAOM BU3HAYCHHA MPUYUH
ckoenns JITII, oriHkd e(hEeKTUBHOCTI 3aXOMdiB IO Mif-
BUILIEHHIO O€3MEeKU JIOPOKHBOI'O PYXY € aHaji3 CTaThC-
tnuHux nanux npo JTIT [6]. Anani3 unis ATII, npu-
YUH 1X CKOEHHS, BU3HAYEHHS MOKA3HMKIB TSKKOCTI Ha-
cnigkiB Big JATIT po3kpuBaroTh BIUIMB Jiii 30BHIIIHIX
¢daxropiB Ha BuHukHeHHst JTII. 36ip craructuuHHX
nauux 1mpo ATII 1o3BonuTh BCTAHOBUTH OCHOBHI (hak-
TOpH, 110 BIUIMBAIOTh HA BUHUKHEHHS aBapiil Ta po3po-
OuTH OOIPYHTOBaHI 3aXOI¥ 1O TiJIBUILIEHHIO Oe3reKu
PyXYy, L0 IIpUBENE 0 3HWKEHHS PIBHs aBapiiiHOCTI Ha
aBTOMOOUIBHUX JIOporax YKpaiHu.

[cHyIOTh Taki MOKa3HUKHU aBapiiHOCTI [7]:

1) aOcomroTHI MOKa3HUKK (3arajbHa KiJbKICTh
ATII, cymapsi Brpatu Big ATII, kijgbKicTh MOpaHeHUX,
KUIBKICTh 3arMOIUX Ta T.1.);

2) MUTOMI ITOKAa3HMKH, IO SBJISIFOTH COOOI0 BiIHO-
LIeHHs a0COJIOTHUX ITOKA3HHWKIB aBapidHOCTI (MUTOMa
JIONsl 3iTKHEeHb y 3aranbHii kimbkocti JTII, mutoma
JIOJISl TIIIOXO/IIB Y 3arajibHii KUTbKOCTI MOTEPIILIHX );

3) BiaHocHi noka3uuku (kinekicts JTII, mo mpu-
magae Ha 1000 TpaHCOpTHHX 3ac00iB, Ha 1 MiNBHOH
KiJIOMeTpiB Mpoobiry i iHmi).

AOCOIOTHI MTOKa3HUKH JAIOTh 3arajibHE YSBICHHS
PO piBEHb aBapiltHOCTI, TO3BOJISAIOTH MPOBOIUTH IOPi-
BHSJIBHHHN aHATI3 JJIs KOHKPETHOTO PETiOHY Ta TOKa3y-
I0Th TEHACHLIIO0 3MiHM IbOro piBHiA. Habip mmuTommx
MTOKAa3HUKIB aBapidHOCTI XapaKTepU3ye iX CTPYKTYpY i
JIO3BOJISIE TTOPIBHIOBATH Pi3HI aBTOTPAHCIOPTHI MiANPH-
€MCTBa MK CO00I0.

BimHOCHI MTOKa3HUKHM € HAHOIIBIIT eEKTHUBHUMU Ta
JO3BOJIAIOTH TIPOBOJWTH TOPIBHSUTBHUN aHAli3 PiBHSI
aBapiffHOCTI Pi3HMX PETIOHIB. AJle €MHOIO IiIXOMY IO
3acrtocyBaHHA MoKa3HUKIB 00miky JATII B HaykoBii -
Teparypi He HaBeeHO. ToMYy pO3pOOIICHHS TOKAa3HUKIB
o0mixy JITII 3anuimaeTscst akTyaTbHAM 3aBIAHHSM.

AHani3 ocTraHHIX AocHiKeHb i myOsikaniii.
[Tpobnemu 3abe3nedeHHss 6€3MEYHOTO PyXy aBTOMOOI-

JB TOCTIKYIOTHCSI B 0arath0X HayKOBUX poborax. Y
CBITOBI INpaKTHII BHAIJIEHO KiJIbKa METOIB OILiHIO-
BaHHS BIUIMBY OpraHi3amil JOpPOXHBOT'O pyXy Ha aBa-
pittaicts. Cepen Takux MertoxiB [8]: MeTox migCyMKO-
BOro Koe(illieHTa aBapifHOCTI; METOJl BU3HAYECHHS KO-
edimieHTa Oe3rmeKn; MeToJ aHallizy KOH(IIIKTHOCTI Tpa-
HCIIOPTHUX TIOTOKIB; METOJ/ €KCTPAITOJIALIl; METO aHa-
Ji3y TPAHCIOPTHUX 3B'S3KiB; METONU OaraTohaKkTOpHO-
ro aHaji3y; METOAM EKCIIEPTHHX OLIHOK. AJie HaHIo-
MIMPEHINHA METOJ AOCIiIKEHHs Oe3IeKH TOPOKHBOTO
pPyXy — 1€ KUIbKICHHH 1 SIKICHMI aHalli3 JIOpOXKHBO-
TpaHcropTHUX npuroa. [Ipu npomy, y 6aratbox Hayko-
BUX TPALSIX 3 AOCIIKEHHS O€3MEKH JOPOKHBOTO PyXY
TIPOBE/IEHO JIOCHIPKEHHSI HOBUX METOJIIB IIPOrHO3YBaH-
HS aBapidHOCTI B KOHKPETHUX YMOBaX JIOPOXKHBOI 00-
craHoBKU. Tak, B po0Ooti [9] mpoaHami3oBaHi MeTOAM
MPOrHO3yBaHHS IHTEHCUBHOCTI pyXy MalIuH Ta aBapiii-
HOCTI Ha aBTOMOOUTBHMX MAaricTpassaX: HaBEICHO mepe-
Barv i HEMOJIKM ICHYIOUMX METOJIB Ta PEeKOMEHIAIlii
IIOJIO TX 3aCTOCYBAaHHS B Cy4aCHHX YMOBaX. Y HayKOBid
poboti [10] BHCBITICHO iCH0 MIOAO MPUCTOCYBAHHS
METOJ1iB MaTeMaTUYHOI CTATHCTUKH JJIsl IPOrHO3YBaHHS
aBapifHOCTI 3a pe3yiabTaTaMM HIOPIYHMX 3BEAEHb. Y
pobotax [11-14] po3pobiaeHo HU3KY peKOMeHaMii 11o-
IO TIOMNIMIIEHHS CTAHOBUILA HAa aBTOMOOUIBHUX Maricr-
payigx IDISIXOM JOCHTIHKEHHS HMOBIPHOCTI CKOEHHS
JIOPO’KHBO-TPAHCIIOPTHUX TPUro] TPH B3aeMoAii pis-
HHX TPAHCTIOPTHHUX MOTOKIB.

HopMaTHBHO-TIPABOBUMHE JOKYMEHTAMH 3 TIUTAHb
00poThOM 3 aBapifiHICTIO Ha JOporax Ta MiHiMi3aii
HeratuBHux HacmigakiB JITI1 y HI'Y e: Hakaz MBC Bix
13.06.2017 Ne 494 «Ilpo 3arBepmkenHs [lomoxeHHs
npo ciyx0y O6e3neku AopoxkHbOro pyxy HationanbHoi
reapaii Ykpaiuu», Haka3 KomanayBaya HamionanbHOT
rBapail Ykpainu Big 27 rpyass 2016 poky Ne 900 «Ilo-
PSIIOK opraHizaiii Ta eKkcIuTyaTaiii aBToOMOOUTBHOT TeX-
HIKM, IHIIOrO MaiiHa HOMEHKJIATYpPH aBTOMOOUIBHOT
ciyx6u HarionansHol rBapaii Ykpainu». Ane B mepe-
JiYeHuX po0OTax BIACYTHI MOKAa3HHWKHU, SIKI O Morim
BUKOpUCTOBYBaTHCH ripu ananizi ATITy HI'Y.

MeTa €TaTTi - YIOCKOHAIUTH CHCTEMY OpraHiza-
il o6niky JTII 3 aBTOMOOUTBHOIO TEXHIKOIO Y MiAPO3-
Jijax, BIMCHKOBHX 4acTuHax 1 3’ egHanpsax HI'Y mos-
XOM BBEJICHHSI TIOKa3HHUKa OLIIHKK Bi1THOCHOI aBapiiiHOC-
Ti aBTOMOO1JIBHOI TEXHIKH.

Bukiag ocHOBHOro marepiany

O6nik JTII opranamu BHYTpIIIHIX CIIpaB MPOBO-
JIUTHCS 332 MICIIEM iX BHHHUKHEHHS 1 MICIIEM peecTpariii
TPaHCIOPTHUX 3aco0iB. BpaxoByroum, mo s ckia-
nmanaa nepBuHHNX MatepiamiB JTII Bumaraeroes BUiz
Ha MiClle TPHUTOOU CHiBPOOITHHUKIB YIMOBHOBa)KEHOT'O
nigpo3niny Hamionansroi nomimii Ykpaiau i mo peect-
patis Ta ananiz JITII oxommoroTs Benukuii o0csT pobo-
TH, TIOBHA JIOKYMEHTAIlis i 3BITHICTH B YIIOBHOBa)KEHO-
My migpo3aini HamionanpHOi momimii BemeThcs HE TIO
Beix JATII, a Timpku 1O THX, Y SIKUX € TTOpaHEHi i 3aruo-
nmi. Ha kokHY mpurony, sika MiUiarae BKIIOYCHHIO B
JiepKaBHY CTaTUCTHYHY BiJIOMICTB, 3aIIOBHIOIOTH KapT-
Ky obmiky ATII. ATII 3 maTepiansHUME BTpaTamu 0e3
JKepTB OepyTh Ha OOJIK 1 aHANI3yIOTh MICBHKi, palOHHI
yIOBHOBakeHI mifpo3ainm HamionansHol mominii. Ymo-
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BHOBaXXEHI mmifpo3aimu  HarionameHOi Tomimii  mpu
orpumManHi moBigomiteHas nipo JTII 3 yuacTro 3apeect-
pOBaHMX Ha OOCIIYTrOBYIOYii TepHTOpPii TpaHCHOPTHHX
3aco0iB mepeaarTh (MMCEMOBO, 10 Tene()OHY) BiTOMOC-
1i ipo i JITII agminicTparnii mianpremMcTB i oprasiza-
mif — BJIaCHUKAM TPAHCHOPTHHUX 3aco0iB. Bimomocti
npo JTII, mo BUHMKIM B pe3yiabTaTi HE3aJ0BIILHUX
JIOPOKHIX YMOB, MEPEIAOTHCS JTOPOKHIM 1 KOMYHAJIb-
HUM OprasizamisM. YTOBHOBakKeHI miapo3aian Harmio-
HAJIBHOI MOMIIIT HE PiAlle OIHOTO pa3y B MicAIlb Haja-
10T MOXJIHBIiCTh 3Bipstn Aani npo JATII npencraBHu-
KaM BiJIOMCTB, aBTOTPAaHCIIOPTHUX MiANPUEMCTB, JOPO-
KHIX KOMYHaJbHUX OpraHi3ailiil 3a MOKa3HUKaMH, Iie-
pendaueHnMu (HOPMOIO 3BITHOCTI, 1 3aBipSIOTH MPaBH-
JIBHICTD LUX JaHHX.

3rigno Hakxazy MBC Big 13.06.2017 Ne 494, no-
cazioBi 0coOM Ciy)kOuM O€3leKHn JOPOKHBOTO PYXY
(CBJ1P) HamionanbHoi rBapnii YkpaiHu BemyTh OOJIK
ATII B enextponHomy Burisizi. Bimomocti npo ATII Ta
npo pobory CBJIP 3a 3BiTHHMII KBapTan MOAAIOTHCS 10
CBAP TonoBHoro ympasninas HamnionaneHoi rBapmii
VYkpainu mokBaprany a0 15 yucna Micsus, 10 Hacrae
3a 3BITHUM KBapTAaJIOM.

Koxna JITII BpaxoByeTbCsl y BIMCHKOBHX YacCTH-
HaxX (Miapo3mdijax), HaBYAIbHHUX BIHCHKOBHX YaCTHHAX
(tleHTpax), BUINMX BIMCHKOBHMX HAaBUaJbHHX 3aKiaaax,
0a3ax, 3aKyajiax OXOpOHH 3710pOB’s Ta ycraHoBax HI'Y
B kHu3i o0miky JTTI. OO6nik N1OpOXKHBO-TPAHCIIOPTHHX
NPUroJ] BEIEThCS 3 METOI0 OLIHKH CTaHy aBapilHOCTI,
anamizy npuunH JITII 1 BUTTS 3ax0AiB 10 iX yCyHEHHSI.

VY 3B’513Ky 3 Pi3HUM CTYIEHEM TSHKKOCTI HACIIKIB
JOPOXXKHBO-TPAHCIIOPTHUX HPHUIOA IS MOMJIMBOCTI iX
MOPIiBHSIHHS 1 KIJIBKICHOT'O aHai3y 3aCTOCOBYIOTh Pi3Hi
MIOKa3HUKH.

Y HI'Y 3acTocoBYIOTh a0COIOTHI MOKA3HUKH, ajie
HAMOUIbII MOUIMPEHUMH 1 00 €KTUBHHM BBaXKaIOThCS
BiJTHOCHI MOKa3HUKH, SIKi BPAXOBYIOTh IPOOIT MAaIHH.

[IporioHyeTbCst B SIKOCTI KiJIBKICHOI'O TIOKa3HHUKA
o6niky ATIT y HI'Y 3acTocyBatu BiITHOCHHMI MOKa3HUK
- 3aranpHa iHTeHcuBHICTh BuHMKHeHHs1 [ITII y Bilicbko-
Bilf wacTuHi (igposzini) 3a 3BiTHil nepion 9y ®:

_ k-9 (t) +kp -9, (1) + k3 - 93 (1)

Sy (1) 3

@)

ne 94(t) - inrercuBHicTs BunukHeHHs JTII y Bifichko-
Biif wacTuHi (IMiApo3aiii) 3 3arubiamMu 3a 3BiTHIN Tepi-
ox, l/tuc.xm; 35 (t) - inTencuHicts BuHuKHEHHs JTII
y BiliCBKOBIH 9acTHHI (IIiAPO3ALJIi) 3 TOCTPaKIATUMH 32
3BiTHIH nepion, 1/Tuc.km; 93(t) - iHTCHCHBHICTH BUHH-
kaeHHs [ TII y BilicbkoBili wacTuHi (Tizpo3mimi) 6e3
3aruONMX Ta TOCTpaKJalIWxX 3a 3BIiTHIM Tepio,
1/tuc.xm; Kri, K, K13 — KOedinienTH, mo BpaxoByOTh
TsoKKicTh HachiakiB JITII (BiamoBigHO: 3 3arubmumu, 3
MTOCTPaXKAaTNMHU, 0€3 3arHOINX Ta TOCTPAKIATNX).

IMokasamk Tsoxkocti ATIT Kt xomuBaerses Big 1/5
1o 1/40. Tsoxkicts mHacminkiB Big ATIT moxe Oyt oxa-
pakTepr30BaHa 3aIeKHOCTIMH (2 — 4 ):

Ko = Zn,ZZTﬂl B ZnﬂTHZ
n=w<. ~.

n
= Ky = 2. N3
n n
2N > i

B 2N

ne Ny — Xinbkicts JITIT y BificbKOBil 9acTiHA 3a 3Bi-
THIH niepiof 3 3arubauMu; Nyr2 — Kimbkicts JITTI y Bild-
CHKOBI{ 9acTHHa 3a 3BITHIH MEpiof 3 MOCTPaXKIAIUMIE;
Nyrr3 — kutekicts ATII y BilficbKOBiN 9acTHHA 3a 3BITHIN
niepiox 6e3 3arnONKX Ta MOCTPAKIAIMX; Nyr7 — 3arallb-
Ha kimekicte JITII y BilicbkoBil WacTWHa 3a 3BIiTHIH
nepioa. InrencuBHict BuHuKHeHHs [{TII y BilichkoBil
gacTuHi (miapo3ini) 3a 3BiTHIH nepiox I (t) € Takoro:

%i®) = ®)/(ej-Ls), @

ne ni(t) — xinekicte ATII neBHOro BUIY 3a Mepiof yacy
t; o j- Koe(ilieHT BaXKOCTI YMOB BUKOPUCTAHHS Ma-
muH 3a npusHaueHHsM (0,8 — Jerki yMOBH BHKOpHC-
TaHHA MalvH, | — HOpPManbHI YMOBH BHKOPHCTaHHS
MammH; 1,25 — BaKKi yMOBH BHKOpPUCTaHHS MallvH);
Ly - 3aranpHMif mpoOir MamMH BifCHKOBOI 4aCTHHH
(migpozniny) mixk ATII (no neproi ATIT), Tuc. km.
Ipukaax po3paxyHky
BusHaunty 3arajibHy iHTEHCHBHICTh BUHHKHEHHS

JTII y BiiicbKOBiM YacThHi (ITiapo3Iisi) SZ (), saxmo
kuteKicTh JITTI Oe3 3aru0iux Ta MOCTPAKAAIUX 3a Iie-
piox wacy t — 1(omHa); Koedilli€HT, 110 BPaXOBYE TsIK-
kicte HacmiakiB JTII ks= 0,75; xoedimieHT BaXkKOCTI
YMOB BUKOPHCTAHHs MAlUMH 33 NPU3HAYCHHAM O j =
1,25; 3aranbHuil MPOOIr MAaIIMH BIiHCHKOBOI YaCTHHU
(mizpo3ainy) mix ATII (mo mepmoi ATII) Ly = 125000
kM. 3a nornomororo ¢popmyan (1,2), BU3HAUUMO:
B 1 1

1,25-125000 156250

95(t) =6,4-10%1/x ;

-6
0+0+6,4-10 ° =2,1-1078 1/xm.

9z (t) =

Pe3ynbTaTi po3paxyHKy MPOIMOHYETHCSI BHOCUTH B
JornoBHeHy KHury o0miky 10pOXKHBO-TPAHCIOPTHUX
npuro]; BiiickkoBoi wactuHuU. [Iporo3uiiss MO IOMOB-
HeHHIO KHUru oONiKy JOpOXKHBO-TPAHCIIOPTHUX TPH-
TOJ1 BIiCHKOBOI YaCTUHU HaBejeHa Ha puc. 1.

TakuM 4MHOM, 3a JOIIOMOTrOI0 3ajexHocTei (1-5)
MOKHA BU3HAYUTHU 3arajibHy 1HTEHCUBHICTh BUHUKHEH-
s JTII y BiiicCBKOBIiif YacTHHI, IO JO3BOJISAE TIPOBOIH-
TH TIOPIBHSUIBHUI aHaJi3 piBHSA aBapiHOCTI B Pi3HUX
BifICPKOBHX YaCTHHAX.

BucHoBku

1. IlpomoHyeThCS B AKOCTI KUTBKICHOTO ITOKA3HHKA
obmixy JTII y HI'Y 3acrocyBaTy BiTHOCHWIA MOKa3HHK -
3araipHa iHTeHCHBHICTD BUHHMKHEHHsS J[TII y BilichKoOBiit
YacThHi (TApo3aiii). 3ampornoHOBAaHNN MOKA3HHUK I03BO-
Jsl€ OIIHWTH PIBEHb aBapiliHOCTI y BIMCHKOBIH YacTHHI
(migpo3 i), MOpiBHATH HOro MiX BICPKOBHME YACTHHA-
MH 1 BKHUTH 3aXO/iB 0 A0 ycyHeHHs npranH J{TIL.

2. Tlpomo3mmii MO YOOCKOHAJEHHIO CTPYKTYpH
Kuaurn o61tiky 10p0KHBO-TPAHCIIOPTHHUX TIPHUTO]] BilCh-
KOBOi YaCTHHH TO3BOJIFOTH YJOCKOHAJHTH OOJIK 10-
POXXHBO-TPAHCIIOPTHHUX TIPHUTOJl, BU3HAYUTH NPUYHHH 1
3aKOHOMIPHOCTI 1X BUHUKHEHHS.

35



Cucmemu ynpasiinnus, nagizauii ma 36'a3xy, 2021, eunyck 3(65) ISSN 2073-7394

BraziBkH moJ0 BeIeHHA KHATH
1. Kmura eegetsca & I omoesomy vopasmasl HI'Y, 3'emHaHE] 14 Bl CEROBLH
HACTHHI.
2. 3amicH BKHMI 3OHICHIOK TECE HA MiOCTAE] JOHSCSHE PO JOPOKHEO-
TPAHCIOPTH OpHIOTH | MaTepianie oTyx00B0T0 PO IyEAHHS .

Ne Tlepion Fineriere | Jaramesmit | Foediuicsr Foediisrr, | Irrencuemicrs
3m | coocepemswEs piging npobir ESMEDCTL FMOE | I suHEEReHEL 111
— BIEDQHCTEHHA | EPEXODENE
MATIHHE 33 TIEECTE
TpEIHEYSEEAM | H3CMIDHE
oTm
1 | Foeress — 1 125000 1.25 0,75 &, (1)=21.10"
W ITE d
TpYIOEHE KM st
2020

Puc. 1. Kuura o0611iKy JOp0XHBO-TPAHCIIOPTHHUX MPUT0f BIICEKOBOI YaCTHHHU.
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Improvement of the system of organization of registration of road accidents in divisions, military units
and formations of the national guard of ukraine

Volodymyr Tabunenko, Oleksandr Martsenyak, Viktor Kuzhelovych

Abstract. The article shows the need to improve the system of registration of road accidents that occurred in units,
military units and formations of the National Guard of Ukraine. The causes of road accidents on the country's roads are analyzed.
Collection of statistical data on road accidents will allow to establish the main factors influencing the occurrence of accidents and
to develop reasonable measures to improve traffic safety, which will reduce the level of accidents on the roads of Ukraine. The
following indicators are used to assess the level of accidents on highways: absolute indicators; specific indicators, which are the
ratio of absolute accident rates; relative indicators. The paper proposes to use a relative indicator - the overall intensity of road
accidents in the military unit (unit) as a quantitative indicator of road accidents in the National Guard of Ukraine. The proposed
indicator allows to estimate the level of accidents in the military unit (unit), to compare it between military units and to take
measures to eliminate the causes of road accidents. Proposals to improve the structure of the Book of traffic accidents of the
military unit allow to improve the accounting of road accidents, to determine the causes and patterns of their occurrence.

Keywords: accident, road accident, causes of road accidents, accident rates, automotive equipment, accounting and
evaluation of machines.
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®OPMYBAHHS IHOOPMAIIIHOI MOJEJII HAJIBOJHOI OBCTAHOBKH
JIJIT ABTOMATHU3AIIL ITPOIECIB CYIHOBOIIHHS

AHoTaunisn. B crarti 10BeleHO, IO OJHUM 3 TIEPCIICKTUBHHUX HAINPSIMKIB ITiABUIICHHS ¢()EKTUBHOCTI BUPINICHHS Ha3Ba-
HUX 3aBJaHb € BIPOBA/DKEHHS 1HTEIEKTYaJIbHUX 1H(OpPMAIiHHUX TEXHOJOTIH B mporecH iHpopManiiHOro 3a0e3medeHHs
TIPUIHATTS pileHs cyaHoBoAieM. OcHOBOIO iH(opMmariitHoro 3abe3nedeHHs — € noOynoBa iHpopMaLiifHIX Monenel Ha-
JIBOTHOI OOCTAQHOBKH, IO 3/1aTHI I IBUIUTH ONEPATUBHICTD Ta IPAaBIIbHICTD IPUHHSTTS PillleHb CYTHOBOIIEM 32 PaXyHOK
30UTBIICHHS 00CSTIB Ta pi3HOPIAHOCTI iH(popMarii, sika 00podisieThes. He3Bakaroun Ha 3HaYHE OCHAICHHS CYJacHHX CY-
JIeH TEXHIYHUMH 3ac00aMU HaBiramii Ta yrnpaBJIiHHS pyXoM, CIaOKHM MicIeM 3aJHIIaeThes “moacekkuit” dakrop. [lepena-
4a (QyHKUiil CyTHOBOAIS ITYYHOMY IHTENEKTY y CKJIaJli Cy4aCHHX aBTOMAaTH30BAaHUX CHCTEM He JIOLIIbHA, OCKUIBKY raly3b
IITY9HOTO IHTEJEKTY TUTBKH PO3BHBAETHCS, @ IHTENIEKT JOCBITYECHOI JIFOJMHH 3[JaTe€H Ha CHOTOIHINIHINA JEHb BHUPIIIyBaTH
OinbI ckinanHi 3aBaanHs. LLITydHWMIA IHTENeKT OIIIBHO BUKOPUCTOBYBATH B SIKOCTI CHCTEM IIATPUMKH NPUHHATTS pillleH-
Hs. JlomineHNM € opMyBaHHS iH(OPMAIIHHOT MOZIeNTi aBTOMAaTH30BaHO! CUCTEMH YIPABIIiHHS CYTHOBOAIHHSM Y BUIJISIAIL
JIOTIOBHEHOI peajIbHOCTI Ta 3aHYpPIOBATH CyIHOBOJIS Y TaKy JOIOBHEHY peaibHicTh. [100ynoBa HOBUX iHQOpMAIIITHIX MO-
JieTield 3 elleMEeHTaMH JOMOBHEHOI peabHOCTI MiJIBUIINTH CUTYaIiiiHy 00i3HaHICTh CYITHOBOJIS Y HAJBOIHIH 0OCTaHOBII,

OIEPATHBHICTb NPUHHATTS PillICHHS Ta IOBHOTY BPaXyBaHHs ()aKTOpiB.

Kar4dosi caoBa: Ge3nexu miaBanHs, iHQopMaliiiHi Mojei, HaBirauis, CyAHOBOIIHHS, YIPaBIIiHHS PyXOM.

Beryn

be3neka niuaBaHHS 3aJHIIAE€THCS OJHUM 3 TIPiOpHU-
TETiB aBToMaru3alii mporueciB cyaHoBoainHs. He 3Ba-
XKAIOYM Ha 3HAYHI JOCATHEHHS B raiy3i IITYYHOrO iHTe-
JIEKTY, 0OYJIOBH aBTOMAaTHU30BAHUX CHCTEM, CYIyTHH-
KOBOI HaBiraiii, npoOiema 3a0e3rneueHHs Oe3reKy Ha
MOPI 3aJIMIIAETHCS AKTYILHOIO.

VekmagHeHHst HaBOIHOI 00CTaHOBKH, ITiIBHILEHHS
IHTEHCUBHOCTI MOPCBHKHX TEPEBE3CHb B MEXaX I00ab-
HOTrO €KOHOMIYHOI CIIBIpAL MPU3BOIUTH O BUHHKHEH-
HS aBapiHUX CUTYaLlill, SCKpaBUM HPHUKIAJIOM SIKOI CTa-
no cimanHi Ha wMumHy 24.03.2021 poky cynHa-
KOHTeliHepoBo3a, NoBkuHOI 400 M, sike 3a0JI0KyBasO
Cyeupkuit kanan [1]. Jlana cutyarisi Bumarae HeoOXiJ-
HOCTI BJIOCKOHAJIECHHSI TPAJUIIHHUX Ta TOUIYKY HOBHX
METO/IIB MiBUIIECHHS e()eKTUBHOCTI BUPILICHHS 3aBJaHb
cynHoBOiHHS [2, 3]. OMHUM 3 MEPCIIEKTUBHUX HATIPSIM-
KiB MiJBUIIECHHS €()EeKTUBHOCTI BHPILICHHS Ha3BaHHUX
3aBIaHb € BIIPOBAJPKCHHS IHTEIEKTYaJbHUX 1H(OpMa-
LWIHUX TEXHOJIOTi B MpollecH iH(opMaliiifHoro 3ades-
MIEYEHHS TPUWHATTSA pilieHb cygHoBomieM. (OCHOBOIO
iH(popMarIiiiHOro 3ade3neyeHHs — € nodymoBa iHdpopma-
IMHUX MozeIel HaaBOMHOI 00CTaHOBKH, IO 34aTHI MiJ-
BUIIWTH OIEPATHBHICTh Ta TPABWIBHICTh MPHAHATTS
pIIIEHb CYTHOBOIIEM 3a PaXyHOK 30UTBIIEHHS OOCSTIB Ta
Pi3HOpIIHOCTI iH(pOpMALLT, sika 00POOIIETHCS.

B pe3ynpraTi NOBUHHI OyTH OTpHMaHi y3araibHEeHi
Ta CHCTEMAaTH30BaHI NaHI MpO HAaIBOAHY OOCTAaHOBKY,
TIpeJCTaBIICHI B 3py4Hii (GOpMi A CYTHOBOMIS.

HaiOinpm  TpyIOMiCTKIMH 3aBIAHHSIMH Yy3arajb-
HEeHHS Ta CHCTEeMAaTH3allii BiIOMOCTEl Mpo HaaBOOHY 00-
CTAaHOBKY € 3aBJaHHS CITLUTEHOI OOPOOKH ITOTOYHMX JAHMX,
0 HAIXOIATH BiJ Pi3HOPIMHUX iHPOPMALIITHIX Keper,
Ta 3HaHb EKiMaka Cy/IHa, SKIMH BOHH BOJOMIFOTE arpiopi.
Jlane 3aBgaHHSA MOXKe OyTH BHPIMICHO MIIIXOM 3aHYPEHHS
CYAHOBOJIIA 10 iHTEep(deiicy JOMOBHEHOI peaTbHOCTI 3 pO3-

poOkoro  BimoBinHux iH(opMmamiiHux Moxpened. Omxe,
(opmyBaHHs epekTHBHUX iH(pOpMaliifHUX Mozened Ha-
JIBOAHOI OOCTAHOBKH, SIKi 3/aTHI IMiJBUIIMTH OICPATHB-
HICTb Ta NMPAaBWIBHICTh MPUUAHATTS PILICHHS CYJHOBOIEM,
€ aKTyaJIbHUM HAayKOBHM 3aBJaHHSM.

Metoro crarTi € jgochijpkeHHs (akTopis, SKi
BIUIMBalOTh Ha (opmyBaHHS iHpOpMaNiiiHOi Mozemni
HaJIBOJHOI 0OCTAaHOBKH Ta (POPMYBaHHS IHTEJICKTYalb-
HOI Mojeii OOCTaHOBKH Ajisl 11 MOAAJBIIOr0 3acTocy-
BaHHS IIPH aBTOMATHU3Allii MPOLIECIB CYITHOBOIIHHSI.

AHai3 OCTaHHIX J0CTiIKeHb i myOJTikanii

3BEpTaOYMCh 10 BIIOMHUX JDKEpes 32 TEMOKO J10C-
JKeHHS, HEOOXIIHO TX YMOBHO PO3JIIMTH Ha JNEKiJb-
Ka B3a€MOIIOB’ I3aHUX TPYIL.

Jlo nepioi rpymu Jupkeper BiHeceMo myOuikarii 3
0e3MeKy CYyITHOBOMIHHS TaKMX BITYU3HSIHUX Ta 3aKOp-
nonuux ¢axieuiB sk JI.JI. Barymenko [4], A.C. Mab-
uesa [5], B.B. Actpeina [6], siki BUKOPHCTaHI 3 METOIO
aHaJi3y npeaMeTHol obyacti Oe3neku CyIHOBOIIHHS Ta
MicCIle aBTOMaTH30BaHUX cUCTeM B Hiil. Jlo apyroi rpy-
U JDKEPeI BiJIHeCeMO HOPMATHUBHI JOKYMEHTH 3 Oe3Iie-
KA CYOHOBOIIHHS, SIKi BiANpaIibOBaHI MIKHAPOIHIMH
oprauizamismu [7, 8], ski BukopucTani mis GopMyBaH-
HS BHMOT 00 MOOYIOBU iH(MOpMaLIHHUX Mojesen
ABTOMATH30BAHMX CHCTEM CYIHOBOMIHHA B YaCTHUHI
6es3mneku. Jlo TpeTroi Tpymnu Kepen BigHeceMo podoTu
3 MPOEKTYBaHHA iH(popMaIiitHoro 3abe3neueHHs Ta mo-
OymoBU MofeNell MTYYHOTO iHTEIEKTY TAaKUX BiTOMHUX
nocmimaukie sk C. Paccen [9], B.K. ®im [10],
K.C. Amerin [11], sixi BUKOpHCTaHi st OOTPYHTYBaHHSI
MOOYIOBY 1HTENEKTYaIbHUX MoJIernei inTepdeiicy.

YerBepTa Tpyma JHKepen CKIANAEThCs 3 IMyOJiKa-
il BITYM3HSHNX BYCHUX, MPUCBSIYCHUH MpoOiemi aB-
TOMaTH3aIlii 6e3neku cyaHoBomiHms [12 - 14].

BukopucranHs MaHWX JTEPAaTypHHUX DKEpeIN, iX
aHali3 JIO3BOJIUB 3POOWTH BHWCHOBOK, IO OCHOBHOIO
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TEHJICHIIIEI0 CYYacHOCTI € mMoOymoBa iH(opMamiiHuX
MoJesieH, siki opieHTyroThes Ha 3D MonenmtoBaHHI, BU-
HHUKA€ MPOTUPIYYS MPOTHPIYYS MK TpaguLiiHO chop-
MOBaHHM THUIIOM B3a€MOZii “JroIuHA”-“MamuHa” TpU
moOy/I0Bi 1H(POPMANIHHIX MOJEIECH Ta MOXKIHBOCTSIMH
cyJacHHX iH(pOpMaIiifHUX TeXHOJOTiH, mo Bxe y 2021
polli BKe JO3BOJISAIOTH IEPEHTH IO B3a€MOMIl ““JIFOJTH-
Ha”- “omepauiiiHe cepemoBuuie” mpu (HOpMYBaHHI iH-
(dbopmariitHuX MoJeneii HaaBOIHOI 0OCTaHOBKH.

OcCHOBHA YacTHHA

Epratuyna cucrteMa CyJHOBOJIHHS TpPENCTABIISE
CO00I0 IIiJIECTIPSIMOBaHY CKIIAJIHY CHCTEMY, y CKJIAIi Cy-
JTHOBOJIisI, 3HAPSUIA TisUTBHOCTI, MIPEIMETA JTIsUTHHOCTI Ta
BHYTpilIHbOrO cepenosuina [2, 13, 14]. Ha Tenepimniit
Yac y CyJHOBOJIIHHI 3aCTOCOBYETHCSI KOHIIEMIIisI TOOYI0-
BU e-navigation [15] s rapmonizoBaHoro 360py, iHTer-
pauii, oOMiHy, NpeACTaBIEHHS Ta aHai3y iH(popMmaii
IIO/I0 HAJBOIHOI 0OCTAaHOBKHU Ha OOpTi CynmHa i y Oepe-
TOBHX CITyXk0ax 3a JIOMOMOTOK EIEKTPOHHHX 3aCO0IB st
YAOCKOHAJTFOBAHHS MPOIIECY MePeXoay CyIHA Bij mpuya-
JIy 10 TIpUYaITy Ta BiJIMOBITHUX CEPBICIB, IO 3a0e3medy-
I0Th Oe3IeKy, OXOpOHY CYIIB, OeperoBoi iHppacTpyKTy-
PH 1 3aXHMCT HaBKOJMIIHLOTO cepepoBuina. E-navigation
NOBMHHA CIIPUSATH 1HTETpallii Ta yJIOCKOHAJICHHIO CYTHO-
BUX HABITAI[IHUX CHUCTEM, BKIIIOUAIOYM OEperoBHii cer-
MEHT Ta CHUCTEMH 3B'S3Ky m'sitoro mokoisiHHs. CyqHOBI
CHCTEMH, 1[0 BKIFOYAIOTh CEHCOPH, CTAHIAPTHHUIT iHTEp-
¢eiic Ta cucreMy ynpaBIliHHS OXOPOHHUMH 30HaMH Ta
OIOBILIEHHS, TIAHYETHCS 00’ €IHYEThCS B €TMHUN 1HTEr-
poBanuii komiuieke. [Ipodnema “nmoachkoro pakropy” Ta
3a0e3reyeHHs NPUIHATTS CyAHOBOIIEM iH(popMmalii €
HapKHUM KaMEHEM JIAaHOI KOHIICTIIII.

CynHoBogiil oTpuMye iH(opMallio Ipo HaJIBOAHY
00CTaHOBKY 4epe3 iHTep(eiic KopucTyBaya, SKuil npen-
CTaBJsiE COOOI0 KOMIUIEKC Iporpam, sKMil peanizyroTh
Jiajior KopucryBaua 3 iH(pOpMaliiHO CHCTEMOI0 Ha
BcixX crazisx 11 ¢yHKIioHyBaHHs. [HTepdeiic kopucry-
Baya € KJIIOYOBMM KOMIIOHEHTOM Yy NHTaHHI 3abe3re-
4YeHHst Oe31IeKn MOpEIUIaBaHHs, OCKUIBKHM caMe BiH iHTe-
rpye indopMarliiio Bijl pi3HOPIIHHUX JpKepen Ta 3abe3re-
4ye Iiasior JIIOJWHY Ta MAIIMHKU B TPaIUILIHHOMY Bapia-
HTI iHTepeiicy, a HOBull iHTepdelicom (iHTepec cepe-
JIOBHIIa 200 JTOMMOBHEHOI peasibHOCTI). Y 3B'SI3KY 3 THM,
L0 TEXHOJIOTisl JIOMIOBHEHOI pPEaNbHOCTI BBAKAETHCS
OnHi€T 31 CKIIAOBUX CHUCTEM KOMITIOTEPHOTO 30py, MO-
JKHa CTBEpIDKYBAaTH, IO AaHUN Qopmar iHTepdericy
MIiCTHUTD €IEMEHTH IITYIHOTO 1HTEIEKTY.

OcHoOBHUIA 00cAT 1HPOPMAILIT JIOIUHA OTPUMYE 32
JOIIOMOTOI0  30py. 3aBHaHHA iH(opMaIiitHoOI Momerni
HAJBOJHOI OOCTAaHOBKH IIOJISITa€ B TOMY, 100 3abe3rre-
YUTH TPUBUMIipHE MPEICTABICHHS Bi3yalbHOI'O Cepeno-
BHUII[A, IO MOXE CIYXHTH BiIIIPAaBHOI TOYKOK IS
MpoIieciB po3mi3HaBaHHA U Kiacudikallii, HacaMmmepesn
iHpopmaii po Gopmy 00'€KTIB Ta TMPOCTOPOBHI PO3-
mozin. Ile 3D npexacraBneHHs — 00’ €KTHA-OpPiEHTOBAHE,
a He OpiEHTOBaHE Ha CHCTEMY BimIiKy omeparopa. [H-
(hopmamiifHuil MiaXix Y IICUXONOTIi CIPUHHATTS PO3TIIs-
JIa€ CyTHOBOMIS SK CKIAIHY KOMITBIOTEPONOAiOHy cHc-
TeMy TepepoOKH BXimHOI ceHcopHOI iHpopmamii. [lei
TIpOIIeC PO3TIIAAAETHCS Y BUTILAII MTOCITiIOBHUX a0 ma-
paJleNbHAX eTaIliB, KOKHUH 3 IKUX BUKOHYE CrierudigHi

omeparii 3 meperBopenHsi iHdopmamii. KiHmeBa mera
iHpOpMAIIfHOrO MiIXOMy B CHPUHHATTI — CTBOPEHHS
CTPYKTYpHO-(DYHKIIIOHaIbHOT MOZENi, IO CKJIaJae 3
OKpeMHuX OJIOKIB, III0 BUKOHYIOTH (DYHKIIiIO, TTOIOHY 110
MOOYZI0OBY TIEPIIENTHBHOTO 00pa3y ICUXIKOK CYIHOBO-
s,

AHai3 30poBUX 00pa3iB, sKi (HOPMYIOTHCS 30pPO-
BOI0 CHCTEMOIO CYAHOBOis iepapxiunuil. [Ipuiitmemo
Oynp-sKuil 00pa3, 3a JOMOMOTO0 SIKOTO 3iHCHIOETHCS
Jlisl Ha 30pOBY CHUCTEMY CyTHOBOJis (Hampukian, Gop-
MYJISIp HaIBOJTHOTO 00’ €KTY) Y BHIJISAI po3noaity J (X)
y GararomipHomy npoctopi osHak {X}. IlpoOHa ais
MoOXe OyTH po3MOAiJeHa 3a AEKiTbKaMHU XapaKTepUCTH-
kamu. Enementu dpopmynspy J (X) MOXYTb OyTH OITH-

CaHi TaKUMH O3HaKaMH, SIK KyTOBUH a0o JiHIHHUN po3-
Mip, Opi€HTaIlis, BiIIaJICHICTh, MPOTSKHICTh, IIBHI-
KICTh MEPEMIIEHHs. B TPOIECI CIPUUHSATTS 300pakeH-
Hi J (X) CYTHOBOJIEM CPOPMYETHCS B 30POBOMY IICHT-

pl KOpHM TOIOBHOTO MO3KY Bi3yallbHHH 00pa3 R(x).

Bynemo BBaxatu R(X) — Momemno BinoGpaKeHHs.

Crnuparodnch Ha MOJENb 30POBOI CHCTEMH JIFOIHHU-
ornepaTopa y BianoBigHocTi 3 mapagurmoro [I. Mappa
[16], ominemo audepeHItian MepeTBOPSHHS Yepe3 yacT-
KOBI IEPETBOPEHHSI:

F{J{x},R{x}}zg‘i % %T'} AXj =

SXiJ /{Xi}AXi,

@

Il
.MZ

i=1

e SXi = R{Xi}/ J {Xi} Ta BU3HAa4Yae qudepeHiiaibHy
IyTJIHBICTh 30POBOi CUCTEMHM [0 3MiHH HPOOHOI il X;,
Ky Ha BinMmiHy Bia QyHkuioHany peduekcii moxHa
OLIIHUTH €KCIIEPUMEHTAIBHUM HIIIXOM.

Kinpkicte crpuiimManoi iHpopMaIii CyaHOBOmiIEM
OOMEXEHO MPOITYCKHOIO 3AaTHICTIO OKa, IO 3aJIeXKUTh
BiJ] iH(OpPMAIITHOT €MHOCTI 300pa)KeHHsI Ta 4acy peak-
il gronunu. [HbOpMaliiiHa €MHICTh 300paKeHHS BU-
3HAYAETHCA CIIBBIAHOLIEHHAM KIJIBKOCTI €JIEMEHTIB
iH(pOpMAIfHOrO TOJS Ta TMOMITHOIO SICKPABICTIO, IO
Mae JesKe YKCIO rpajalriil.

Ha sxicte poboTH cHUCTEMH BIUTMBAIOTH ITyMOBI
BJIACTUBOCTI KaHANIB Iepenadi, MPUAOMY Ta IIEPETBO-
penns iHpopmanii. BracHi mymn cucteMu BU3HAYAIOTH
MiHIMaJbHIHA TPAHUYHUHN PiBEHb BXiTHOTO CHTHAIY, IO
MOXe OyTH CUpHUHHATHI CHCTEMOIO. Y HBOMY 3B'S3KY
JuTst 3a6e3MeyeH s MOBHOTH omucy cucremu {@i} 1o Hei
JIOIUTBHO BKITIOYAaTH aOCONIOTHI TPaHWYHI YYTIHBOCTI
Sai , SIKI BU3HAYAIOTHCS IIyMOBHMH XapaKTEPUCTHKAMH

CEHCOPHOI CUCTEMH.

Po3pi3usatoTh TpW piBHI 30pOBOTO CHPUUHSTTS:
CEHCOpHMII; NepLUenTuBHUi; oneparopHuid. Ha cencop-
HOMY PiBHI CIIPHAHATTS BiIOYBa€ThCS BHUSABICHHS 00'€-
KTa 1 BUAUIEHHS HOTO 3 HaBKOJHUIITHHOTO CEPEIOBHIIA.
IIpomecn BUABNEHHS i BHAUICHHS BH3HAYAIOTHCS 3aKO-
HOMIPHOCTSMH 3aKOHIB CHpUHHATTA. lleprenTuBHMIA
piBEHb CIIPHHHSTTS XapaKTepU3yeThCsS 3aKOHAMH TOIO-
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JoriyHoi oprasizamnii 00'€KTiB, a ONEpPaTOpPHUIl piBEHb
MICTHTB Y OOl OLIIHKY 3HaY€HHs CHPUIMaHHUX 00'€KTIB,
YCTaHOBJICHHS BiJJHOIICHb Mi>K HHMH.

JocnikeHHs B cTaTTi cripsMoBaHe Ha iH(popma-
LifHI MOJIENi CYTHOBOJIIS B CEPEIOBHII, ¢ KOMITOHCH-
Ta peasbHOro (i3MIHOrO OTOUEHHSI B3AEMOJIIE 3 KOMIIO-
HEHTaMH IITYYHOro oTo4YeHHs. [Ipu 1IboMy CyIHOBOMII#H
OTPUMYE MOJIUBICTE 00pOONATH OiNbIIy KUIBKICTH
HaBIraliiHUX JaHUX 3 MiHIMAIBHOI IMOBIPHICTIO TIO-
MUWJIKH, 10 € BUHITKOBO BXKJIMBHM TIPU IU(DPOBi3alii
Ta aBTOMaTH3aLli] HOro JIisUTEHOCTI.

TexHoorist TOMOBHEHOI peaidbHOCTI (augmented
reality, AR) - TexHomoris, ska J03BOJSIE IHTETPYBaTH
iH(OopMaIliio 3 00'€KTaMU PEaTbHOTO CBITY ¥ opMi TeKc-
Ty, KOMITIOTEpHOI Tpadiky, ayio Ta IHIIMX HPeICcTaB-
JIEHb Y peXHUMi peansHoro yacy. IHpopmaris HaraeTbes
KopHcTyBauy 3 BUKopucTaHHsM heads-up display (iHam-
KaTop Ha JIOOOBOMY CKJIi), OKYJISIPIB a00 IIOIOMIB JIOTO-
BHeHoi peanbHOCTi (HMD) (iH1I0i (hopMU IIpOEKTYBaHHS
rpadiku s MoAUHY (HANpHKIak, IwiaHier)). TexHomo-
Tisl JOIOBHEHOI PEATbHOCTI TO3BOJISE PO3IIUPUTH B3a€-
MOJIi}0 CYJJTHOBOJIiS 3 HABKOJIMIIIHIM CEPEIOBHUILIEM.

TexHomorist  BipTyanbHOI peasbHOcTi  (Vvirtual
reality, VR) - 11e KOMILJIEKCHa TEXHOJIOTis, 1110 JJO3BOJISIE
3aHYpUTH JIIOJMHY B IMMEPCHUBHHUI BIpTyaJbHHUH CBIT
NpY BUKOPHUCTAHHI CITEI[iali30BaHUX MPUCTPOIB (II0JI0-
MIB BIpTyaJlbHOI peanbHOCTi). BipTyanbHa peanbHICTBH
3abe3neuye MOBHE 3aHYPEHHS B KOMIT'TOTEPHE Cepesio-
BUIIIE, 1[0 OTOYYE KOPHCTyBaua Ta pearye Ha ioro nii
NPUPOIHUAM YMHOM. BipTyasibHa pealbHICTh KOHCTPYIOE
HOBUI IITY4HUI CBIT, NEpEeJaHUil JIOJUHI Yepe3 Horo
BiIUYyTTS: 31p, CIyX, AOTUK Ta 1HIIII.

JltonmuHa MoXKe B3a€EMOJISITU 3 TPUBUMIPHUM, KOM-
'IOTEPU30BAHUM CEPEIOBHUIIEM, a TAKOXK MaHIIy/II0Ba-
TH 00'eKTaMu a00 BUKOHYBAaTH KOHKPETHI 3a/1a4i.

VY cBoili HainpocTimiii ¢popMi BipTyajabHa peab-
HicTh BKItodae 360-rpagycHi 300pakeHHs abo Bizeo.
JlocsrHeHHsT e(eKTy MTOBHOIO 3aHYPEHHS Y BIpTyallbHY
PEabHICTD JI0 PiBHS, KOJW KOPUCTYBa4d HE MOXKe Bifpi-
3HUTH Bi3yalli3allifo BiJl peajbHOi 0OCTaHOBKH, € 3aj1a-
4Yel PO3BUTKY TexHojorii. TexHomorii BipTyanbHOI i
JIOTIOBHEHOI PEaNbHOCTI SIBIISIIOTH COOOI0 CKJIAJHI TeX-
HOJIOTIYHI PO3pPOOKH, SIKI CKIIAJal0ThCs 13 CYOTEXHONO-
riit. Peanii XXI cTomiTTst 3MyIIyIOTh HE TIJIBKH CYJHO-
BOJIIB, ajie i BCIX CHOXKHUBAYiB IU(POBHX MOCIYT Iie-
pelTH B HOBY peajbHICTH (CepenoBHIIe), MO mependa-
Ya€e po3IUPEHe BUKOPUCTAHHS HU(PPOBUX TEXHOIOTIH.

CucreMa JOMOBHEHOI peaslbHOCTI MICTUTH y co0i
Pi3HI TEXHOJIOTIi Ta CEHCOpH, TaKi, SIK armapaTHi KOMIIO-
HEHTH Ul ypaxyBaHHS OOCTaBUH PEANbHOrO Cepero-
BHIIA Ta MPOrpaMHI KOMITOHEHTHU Ui 00'€ THAHHS pea-
JMBPHUX ¥ BipTyanbHHX AaHUX. Pe3ympTaToM € HOBHit
TIOTJISA HA pealibHe CepeOBHILE, JOTTOBHEHUN TaHUMHU,
OTPUMaHHMMH TEXHIYHUM LULIXOM. B3aemonist cyqHOBO-
Iist 3 iHpOpMAaIifHIM CepelOBHIIeM MTOBHHHE 3abe3rre-
YyBaTUCA TOYHUMH BHMipaMH TIOJOKEHHS B HPOCTOPI,
JUISA TOTO, MO0 BipTyallbHI 00'€KTH Malld BUCOKHHU CTY-
MiHB TpaBaONOAiOHOCTI. Taka MOXIUBICTD 3'SBISETHCS
3 PO3BUTKOM cHCTeM 3B's13ky 5SG. {71 OIiHKY MOI0KEH-
HS ¥ opieHTaIii, BizyamizaIlii JOCTYITHUX JaHUX 1 MOX-
JUBOCTEH B3a€MOIIii CHCTEMa JIOMTOBHEHOI peallbHOCTI
TIOBMHHA 00'€THATH Pi3HI TEXHOIOTI].

Ha puc. 1 mpencraBieHO apXiTEeKTypy CHCTEMH
JIOTIOBHEHOI peanbHOCTI st popMyBaHHS iHpOpMaii-
HOI MOJIeJTi HaJBOAHOI 0OCTaHOBKH.

CypaHoBogin

IHhopmaLiiHa Moaenb HaaBoAHOT
o6CcTaHOBKM

MporpamHuin KOMNNEKC AONOBHEHOT peanbHOCTi

MpucTpoi B3aemopii }4—‘ 3a6e3neyeHHs
BinctexenHs Ta TexHonoris PeHpepiHr
peecTpauis Bidyaniaauii

Mogenb

MporpamHe
npeacrtaBsneHHsa

Puc. 1. ApxiTekTypa cucTeMH JIOTIOBHEHOI pealbHOCT1 JUTst
(opmyBaHHS iHpOpMaNiHOI MOJIeIIi HAABOAHOI 0OCTAaHOBKH

OcHOBOIO €()eKTHBHOI CHCTEMHU TOMTOBHEHOI peaib-
HOCTI € pO3paxyHOK MiCIsl pO3TalllyBaHHs criocTepiraya
Ta #oro xapakrepuctuk [9]. bararodyHKIioHanbHI ceH-
COpU MOXYTh OyTH 00'€lHaHI IS TOCSATHEHHS HalKpa-
HIOrO pe3yJbTaTy B peajbHOMY Maciitadi. Y poborax
noyatky XXI cTomiTTH, MOB'3aHUX 13 MPOOIEMAaTHUKOO
IHTEJIEKTYaIbHOI CKJIJIOBOi MOPCBKOI epraruuHoi CcHc-
TEMH CYJHOBOJIsl, NMUTaHHIO 1HTepQelcy MPHIUIIETHCS
3HayHa yBara [3, 5, 6, 12]. [Ipore muTaHHA 3aIHIIA€THCS
BIZIKDUTHM, OCKUIbKH TEXHOJIOTIYHI PIillIEHHs JI0Terep He
3HAMIUTM MPAaKTHYHOrO 3aCTOCYBAHHS B OLIBLIOMY CTY-
TeHI y 3B'3KY 3 BiJICYTHICTIO METOAOJOT YHUX OCHOB, IIIO
HOBHMHHI TPYHTYBaTUCS Ha KOHLENTYaJIbHUX MPUHIMIAX
i cranmaprax. B ocHoBHOMY 0araTo aBTOpIB 30cepenKe-
HI Ha repenayl BU3HAYEHOI KUJIbKOCTI (DYHKIIH CYTHOBO-
JUis IITYYHOMY THTEJIEKTY 33 PaxyHOK OUTBIIOT HaidHOC-
Ti, TOYHOCTI 1 IIBUIKOCTI OCTAHHLOI'O.

[Ipu upomy crmig 3a3Ha4uTH TOM (aKT, IO MITYY-
HHUI THTENIEKT Ie 3HAXOIUThCS B CTaii CTBOPEHHS, a
JIFOJICBKHUI 1HTENIEKT, BOJIOJIIOYM MEHIIUMU SHEPrOBH-
TpaTamH Ta BETUKKM 00’€MOM Mam'siTi i MPOITyKTUBHO-
CTI HE 3aJII0€THCS MOBHICTIO. TaKUM YHMHOM, IOLIBHO
3aHYPUTH ICHYIOUHU JIIOJICHKUI 1HTENEKT Y JAOMOBHEHY
PEABHICTD Ta PO3IMIUPHUTH HOTO MOXKIUBICTD. Y 3B'SI3KY
3 PO3BUTKOM CHCTEM TiOpuaHOro inTepdeiicy (3Mimnana
peaNIbHICTD) Ta TOB'SI3aHOI 3 HUMHU Teopii IMMEPCHBHHUX
IHAYKOBaHHUX CEpeNOBUIN 3100yBa€ 3HAYCHHS IiAXiT
KOOIEpaTUBHOI aBTOMATH3AIlii, IO peasi3ye iIeoNIorio
aJanTHBHOI aBTOMAaTH3allli, sSIKa MOJArac B JUHAMIYHO-
MYy PO3IONiT (PYHKIIIH MK JTFOAWHOIO i aBTOMaTHIHOIO
YaCTHHOKO CHCTEMH. MeTa JaHOTo MiIXOAY — CTBOPEHHS
TiOpUIHOTO CEepeqoBHINA, Yy SAKIM JIOAWHA 1 MalldHa
NPALIOIOTh CHIJIBHO, JONOBHIOIOYM OIUH OmHOro. s
MOOYZAOBH TOTOYHHUX alTOPUTMIB OIMEPATHBHOTO KEPY-
BaHHS MOPCHKOIO €praTWYHOI CHCTEMOI0 HaWOiNbIIe
ICTOTHHM € JIOKaJbHUHN OIHC CTaHy 00'€KTa B IJIOMY Ta
B3a€MOIil OTO 3 HABKONHWIHIM cepenoBumieM. OmHak
yepe3 HeCTAIiOHAPHICTh WOTo JOIIIBHO 3alicaTH PiB-
HSHHAM CTaHy 00'€KTa Ta HaBKOJHIITHHOI'O CEPEIOBHUIIA
y hopMi 3arabHOTO PiBHAHHS IEPEXOIi

39




Cucmemu ynpaeninns, nasizayii ma 36'a3xy, 2021, eunyck 3(65)

ISSN 2073-7394

X [k+1]=®(X,U,F,t)X [k]+

+W (t)U [k]+G(t)F[k], @)

ne ®(X,U,F,t)- dyHkiis nepexoxy, WO BPaxoBye
3MiHu crany; U [k]— BEKTOp YIPAaBIAIOUMX Iiit; F [k]
— BekTop 36yprorounx giit; W (t)U [k] TaG(t)F [k] -
BEKTOPHI 1HTErpajbHI MEPETBOPEHHS YIPABISIOUUX Ta
30yPIOIOYH i,

JIoiIbHO BBECTH BEKTOP BHUMIPSHUX 3MiHHHX
cTaHy 00’ €KTY Ta CEpPENOBHUINA:

Y [k] = CX [K]+v[K], 3)

e v[k] - BEKTOp NIoXHOOK BuMipy; C - MaTpuId

3B’S3KY BUMIPSIHUX 3MiHHHX 31 3MiHHUMH CTaHy.

OnumemMo CKIafoBi iHPpOpMaNiHHOI Moaen Ha-
JIBO/IHOI OOCTaHOBKHM NPH 3aCTOCYBaHHI apXiTeKTypH
JIOIIOBHEHOI peabHOCTI (puc. 2).

3MiHa cknagoBux iHopmaLiiHoi mogeni

i i

BinobpaxeHHs
iHchopmaLlii

dopma NpecTaBneHHs

incbopmau 3HauyLwicTb iHchopmaLjii

Puc. 2. 3miHa ckaoBux iHpOpManiitHoi Mozei
IIPH MePeXOi 0 JOMOBHEHOI peaNbHOCTi

BinoGpaskennss indopmauii. Y TpaxuuiiHoMy
BapiaHTi B3aeMofil “moanHa”’-“maimHa” iH(opMaliio,
SIKY BUKOPHCTOBYBaB CYIHOBOIi, MOXKHa OyJ0 po3mi-

JIUTH Ha OIEpaTUBHY Ta anpiopHy. BinnoBigHo 10 KOH-

EEINT3

menmii B3aeMofii “iMronuHa”-“cepemoBHIe” TPOIOHY-
€THCS] BBECTH 11l OJMH THI iH(opManii — iHpopmaris B
pexuMi peanpHOro dacy. Ilo cyrti iHpopmaris cepemo-
BHINA 3aBXIM Oyna JOCTyIHA OIeparopy, aje paHilie
BOHA HE MICTHJIa BipTyaJIbHUX KOMITOHEHTIB, TOMY IO
3aco0oM IXHBbOro BimoOpakeHHs Oyna EOM (mmcrei
CHCTEM aBTOMAaTHU30BaHOI PaJiOJIOKAIIIHOI MTPOKIIAIKH,
eJIEKTPOHHA KapTorpadiyHa HaBiramiiiHa cucrema).

®opma npenctasiaeHHs iHgopmanii. Y podorax
3 eprOHOMIKH TPOIIIAIA€ThCA i7es Mepexoay A0 OlIbII
MPOrPECUBHUX Ta €MHUX (opM. B skocti Takoi popmu
TIPOMOHYIOTHCS Bi3yallbHI 00pa3u y ¢popmari 3D. OcHo-
BHOIO TTEPEBArol0 TaKOro MPEJCTaBICHHS iH(opMaIlii €
il iHTerpallis B €AMHUI 00pa3, 3MaTHAHN MBUAKO Ta IiTi-
CHO CIIpUHMATHCS JIIOAMHOIO-OIIEpaTopoM (CyTHOBO/II-
em). dopma Ta Komip Bi3yanbHOro obpasa I03BONSIOTH
CYJTHOBOJIIEBI CTESKUTH 3a 3MiHAMH BIMOBIIHOTO Tapa-
MeTpa (Kypc, MBUAKICT, MIMOWHA Ta iH.) 1 JIETKO BUSB-
JISITH BiIXWJICHHS BiJ HOPMH.

3naunmicTs indopmanii. 3HaunMicTh iHbOpMAaIii
BU3HAYAETHCS B 3AJISKHOCTI BiJl 11 3MICTOBHOTO HaBaH-
Ta)KEHHs1, BIJTHOCHOI Ba)XJIMBOCTI 1 KOPUCHOCTI TIPH pi-
IIEHHI KOHKPETHO!I HapirauiiHoi 3aaaui. Jlanuit indop-
MalifHUH CHEeKTp BU3HAYAEThCS PAHOHOM ILIaBaHHS,
0COONMBOCTAMM BIIACHOTO CyJHA, YMOBaMH BUIMMOCTI
ta iH. [Ipu upoMy ciiji 3a3HaYMTH, IO BipTyajbHA iH-
(dopmariis, y HoBoMy hopmarti B3aemonii crae iHpopMma-
1i€l0 PEKUMY PeabHOro yacy. Ii 3HauMMicTh HepeBa-
JKa€e CTa€ 3HAYMMOI BiZJHOCHO OyJb-sKO1 1HIIOI paHille.
Ha puc. 3 mpencraBumo mpukian moOyAoBH Takoi iH-
¢dopmariitaoi momeri [17].

[Ipu posriisai epraTUYHUX CHCTEM MUTAaHHS iH(O-
pMaliiHUX MogeNieil KOpUCTyBaya BUXOAUTH Ha Mep-
LM IIJ1aH.

AsnmyTansHa
wkana

AsumyT (kypc)
cyaHa

IHchopmaLis
kopucTtyBaya (miTka)

IHavkaTop Buay
3Bepxy (AIS)

‘ Lini Ha AIS ‘

KoopauHatun

3abopoHeHa

‘ Bu6ip ‘
30Ha

mapkepa

Puc. 3. [npopmariiina Mogenb HATBOAHOT OOCTAHOBKH 3 €IEMEHTAMH JIOMIOBHEHOI PeaibHOCTI (TIPUKIIA)

BucnoBku

3a  pesymbraTamu JTOCTIIKEHD
3’ICOBaHO:
- CTPIMKHI PO3BUTOK iH(OpMamiHHAX TEXHOJIOTIH

6G3HOCGPGZ[HBO BINTMBA€ Ha YOJOCKOHAJICHHSA aBTOMAaTH-

MIPOBEIECHUX

30BaHUX CHCTEM CYJHOBONIHHS, CIPSIMOBAaHHX Ha 3a-
Oe3redeHHs Oe3MeKY TUTaBaHHS,

- HE3BAKAIOYM HAa 3HAYHE OCHANICHHS CYYaCHHUX
CyAEH TeXHIYHMMH 3aco0aMH HaBiraimii Ta ympaBiliHHS
pyxoM, cmaOKMM MICHeM 3ajHIIaeTbes “MIOACHKHUN~

(axTop;
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- repenada (yHKOINH CyTHOBOMIS IITYYHOMY iHTeE-
JIEKTY y CKJIaJli CyJaCHHX aBTOMAaTH30BaHHUX CHCTEM HE
JIOIIJIbHA, OCKUIBKHU Tally3b HITYYHOTO 1HTENEKTY TiJIbKH
PO3BHBAETHCSI, @ IHTEJIEKT JOCBIIUEHOI JIIOMUHN 37aTeH
Ha CHOTO/IHINIHIM JIeHb BUPINIyBaTH OUIBII CKJIaJaHI 3a-
BaanHs. LTydHuil iHTENEKT MOIIEHO BUKOPUCTOBYBA-
TH B SIKOCTI CUCTEM MiATPUMKH MPUHHATTS PilLICHHS;

- JIOLUIEHUM € (opMyBaHHS 1HPOpMAIiHOI MO-
JielTi aBTOMAaTH30BaHOI CHCTEMH YIIPaBIIiHHS CYJIHOBO-
JUHHSAM Y BUIISII JOTIOBHEHOI PEeabHOCTI Ta 3aHYPIO-

BaTH CyJHOBOJISl y TaKy JIOIIOBHEHY PEaJIbHICTh;

- moOynoBa HOBHX iH(MOpMamiiHHX Monener 3
€JIEMEHTaMH JIONTOBHEHOI PeasIbHOCTI MiJIBUIUTH CHUTY-
aniifHy 00i3HaHICTh CYZHOBOJISl y HAaJBOAHIN oOcTaHO-
BIli, ONEPAaTHBHICTh MPUHHATTA pIlICHHS Ta HOBHOTY
BpaxyBaHHS (pakToOpiB.

HampsiMkaMu mmofaiibIMx JOCIIKEHb CIiJl BBa-
JKaTh 3aCTOCYBaHHS TEXHOJIOTI] HEWITKUX HEHpOHHHX
MepeX Ul pO3Mi3HABAaHHS CUTYyalill B HaJIBOAHIA 00-
CTaHOBIII ITPY aBTOMATH3alii MPOLECIB CYTHOBOIIHHS
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Formation of information model of above-water surface for automation of shipping processes
Hanna Shapiro, Oleksandr Aroslankin, Yevgen Postnikov

Annotation. The article proves that one of the promising directions for increasing the efficiency of solving the above
problems is the introduction of intelligent information technologies into the information support processes for decision-making
by the navigator. The basis of information support is the construction of information models of the surface situation, which can
increase the efficiency and correctness of decision-making by the navigator by increasing the volume and heterogeneity of infor-
mation processed. Despite the significant equipment of modern ships with technical means of navigation and traffic control, the
"human" factor remains a weak point. The transfer of the navigator's functions to artificial intelligence as part of modern auto-
mated systems is impractical, since the artificial intelligence industry is just developing, and the intelligence of an experienced
person is capable of solving more complex problems today. It is advisable to use artificial intelligence as decision support sys-
tems. It is expedient to form an information model of an automated navigation control system in the form of augmented reality
and to immerse the navigator in such augmented reality. The construction of new information models with elements of augment-
ed reality will increase the situational awareness of the navigator in the surface environment, the efficiency of decision-making
and the completeness of factor accounting.

Keywords: navigation safety, information models, navigation, navigation, traffic control
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MATEMATUYHA MOJEJIb BIGPOI'ACUTEJIA

AnoTtanisi. OMHNM i3 OCHOBHUX HAIpsIMiB TEXHIYHOTO IIPOTPeCy B MAIIMHOOYIYBaHHI SIBISIETHCS PIiCT MPOJYKTUBHOCTI 1
TOYHOCTI MEXaHIYHOI OOPOOKH JieTanel, IOKpaIIeHHS SKOCTI MOBEPXOHb, 0 00POOIISIOTHCS, KOTPI TTOB’sI3aHI 3 yIOCKOHA-
JIEHHAM BiOpaIiiiiHoi criiikocTi oOiaaHanHs. Bibpariiii 0OMeXyroTh MiIBUIICHHS PEXHUMIB pi3aHHs IMpH 0O0pOOIIOBaHHI Jie-
TayeH, MoripIIyloTh MOPCTKICTh ITOBEPXOHB, CTBOPIOIOTH HAKJISTI BEPXHIX IMIAPIiB, IIPH [[bOMY CYTTEBO 3HH3YIOTh TOUHICTh
00poOKH 1 CTIHKICTB Pi’KydOro iHCTpyMeHTY. BUHMKHEHHS KOIMBaHb 00YMOBIICHO 3MiHOIO PEXKUMIB Pi3aHH:, 30BHIIIHIMU
CHJIaMH 1 3MIHOIO ITapaMeTpiB MPY)KHOI CUCTEMH BepCTaT-IIpHCTOCYBaHHA-1HCTpYMeHT-neTans (BIII). I3 Bemmkoi kigpkoc-
Ti MaIIMHOOYIBHOTO 00JIafHAaHHS HAHOUIBII IMOMIMPEHUMH SIBIISTIOTHCSL BEPCTaTH U1l 00pOOIIOBaHHS T 00epTaHHS, TO-
KapHOI 1 KpyrJo-nutidysanbHoi rpyn (6iasnr Hixk 40%). ToMy 3HaYHE MiBUINEHHS TOYHOCTI i MPOAYKTUBHOCTI TOKApPHOI
00pOOKH HEXXOPCTKHX JeTalIeH THITY TiJl 00epTaHHS SBIISETHCS aKTyaIbHHM HarpsMOM B MaIIMHOOYAIBHiH raimysi, a po3-
poOIIeHHs CIOCco0iB 3aXUCTy Bif BiOpariii BiTHOCHTHCS O OCHOBHHMX HaHOUTBII Ba)KHMX HAayKOBO-TEXHIYHUX 3a/1ad. B rma-
HUI 9ac BiZioMi pi3HOMaHITHI METOIH 1 criocoOu 3HMKeHHS BiOpartiid. /o HuX Mo)kHa BiJHECTH: OajlaHCYBaHHS i 3piBHOBa-
JKEHHsI MaIllvH, 3MiHa XOPCTKICHUX, JeMI(YIOUYNX 1 IHEepIiHHIX mapameTpis obiagHaHHs. [ nepenidyeHux crnocoOiB Xa-
pakTepHa JUIsl KOXXHOTO pallioHabHa 001acTh 3acTocyBaHHs. BiOporacureni MaloTh 0cCOONMBE NIPU3HAUSHHS, TaK SIK BOHH
MOXXYTb OyTH BUKOPUCTaHI HE TUIBKH IIPU NMPOEKTYBAHHI i CTBOPEHHI KOHCTPYKILI, a 1 IPH eKCILTyaTallii s MOKpaIleHHs
HE3aJI0BUTFHHUX JUHAMIYHHX SIKOCTEeH 00JaHaHHs, KOTpPi BUSBIICHI IIPH BIPOBa/DKEHHI B BUpoOHHUITBO. [lepeBara BiOpora-
CHTEJIiB TaKOX IOJSATa€ B TOMY, IO NIPH 3HAYHO MAJIMX 3aTparax Ha iX CTBOPEHHS 1 eKCIUTyaTallil0 BOHHU JAalOTh MOXIIHU-
BICTh OTpHUMATH OakaHWil eeKT 3HIKEeHHS piBHA BiOpauiil. [Ipu pobori Bibporacurens Gopmye cuinosi aii, KOTpi nepena-
I0ThCsl Ha 00°€KT. 3MiHa BiOpaIifHOro cTaHy 00’€KTa TPH NMPUETHAHHI JUHAMIYHOTO TacUTeNs 3MiHCHIOETHCS K MUIIXOM
Mepepo3NOALTY KOMMBAIBHOI €Heprii Bijf racuTelst 10 00’ €KTa, TaK i Py JIONOMO31 PO3CifoBaHHS KOJIMBaHb. [leprmii cro-
¢i0 371ifICHIOETBCS HAJIATOJKEHHSIM TIPYXKHO-IHEpLIiHUX BIaCTUBOCTEH CHCTEMHU 00’ €KT-TaCUTElb HA PE3OHAHCHY 4acTOTYy.
Jpyruii crioci6 ocCHOBaHMI Ha MiBUIIEHHI IMCUIIATUBHUX BIACTHBOCTEH CHCTEMH IIISIXOM IPUEIHAHHS JI0 00 €KTa 0713~
TKOBHX CICLIAJIBHUX JEeMI(YIOUNX eJIeMEHTIB. B TakoMy BUIa Ky roOBOpSATH PO AMHAMIYHHI racHTENb 3 TepTAM. B ocHo-
BY AWHAMIYHHMX TaCHTEIIB MMOJOKEHO BUKOPUCTAHHS MACUBHUX €JIEMEHTIB (Mac, MpyXuH, AemidepiB) i aKTUBHUX, KOTpi
MAIoTh BIIacHI JpKepera eHeprii. /11 3HmKeHHs BiOpalliil, 110 BUHUKAIOTh IPH 00poOLIi Tii o0epTaHHs, HAMH OYIIO CIpOEK-
TOBAaHO 1 JOCHIPKEHO BiOPOracuTesb.

Kaw4doBi cioBa: maremMaTuyHa MOJECIIb, Bi6p0FaCI/ITeJ'H>, BJ'IaCHi, BI/IMyLI_IeHi KOJIMBaHHA, MeXaHivyHa CHUCTEMaA, ,I[I/IHaMi‘I—

Hi HaBaHTa)KEHHSI, [TOJATIMBICTh, KOJMBAJIbHI SBHUIIA.

Beryn

3HMKeHHsT BIOpaliil € OAHUM i3 MEepPCHeKTUBHHUX
HAIpsIMiB, KOTpi 3B’s13aHi 3 MpoOJieMaMu MILHOCTI, pe-
cypcy i 6esnekn [1-3]. Bunukaroui, B mpoieci BHKO-
HaHHS TEXHOJIOTIYHHX OIepalliid, BiOpaliiiHi HaBaHTa-
JKEHHsI TIOTIpPIIYIOTh POOOTY CHCTEMH, 3HWKYIOTh Ha-
JIHHICT 1 TpUBaJicTh ekcruyararii. [Ipu ekcruryararii
BEPCTATIB MiJ1 €10 CHJI pi3aHHS MOXYTh Jie)OpMyBaTH-
csl HOTo TIPYXKHI JTAHKH, B PE3YNIBTATI YOTO 3MiHIOIOTHCS
YMOBU pi3aHHS, TepTs. BHHUKHEHHS KOJIMBAJIBHUX
SIBUII] TIpU pOOOTI BEpPCTaTiB BiZl'€MHO BHSBIIIETHCSA Ha
TOYHOCTI OOpOOKH, 3HIDKYE TEXHOJOTIYHI MOMIIHBOCTI
oOagHaHHSA, a TAaKOXK 3MEHIITYE HOro JOBrOBIYHICTH. B
3B’S3Ky 3 IMM, MiABHUIICHHS MOKA3HUKIB IHHAMIYHOI
SIKOCT1 BEpCTATiB, B TOMY YHCIi iX BiOpOCTIHKOCTI, 5B-
JSIETBCS AKTYaIBHOO 3a7a4elo.

Orasa ocTaHHIX TKepes JOCTiAKeHb i myOmika-
niil. CTBOpEHHS HOBHX THIIIB MAIllMH, a TAKOX YIOCKO-
HAJICHHA ICHYIOYHMX IIOCTIHHO BHMAararmoTh YTOYHEHHS
METOMIB iX pO3paxyHKy, IO TAaKOX IIOB’S3aHO i3 HEOO-
XIHICTIO BUBYEHHS NHUTAaHb TUHAMIKH BiOpOTaCHUTEINIB.
Bimomi Tpm kateropiii BiOporacuremiB. J[o HHX BigHO-
CATBCA: BIOpoOracuTeni yaqapHOTro TUITY; TEPTS; AUHAMIYHI.

Astopu ['aBpunin A.H., Arratkina O.0O., PoxxoB
I.C,Cixopa E.A. [4] po3pobunu BiOporacurensb

B’A3KOTO TEpTS,, AKHH MOXKE BUKOPHCTOBYBATHCS B Ma-
MMHOOY/yBaHHI NPH METaJo00poOI| ISl TalleHHs KO-
JIMBaHb MPU TOKAPHIH 1 1LTIYBaNbHIN omepamisx gera-
Jiel TUIY Till 00epTaHHs. 3alpOIOHOBaHA aBTOPaMU KOH-
CTPYKIIisl BiOpOracHUTENs MOTJIMHAE SHEPTI0 KOJIMBAaHb 32
PaxyHOK B’SI3KOrO TEPTS B aBTOMaTHYHO HAJIArOKEHOMY
nianasoni. Hemonmikom 3ampornoHOBaHOrO BiOporacurenst
€ By3bka c(epa BUKOPHCTaHHS — TUTBKH Ui TLT 00ep-
TaHHS, B TOMY YHUCJ, HU3bKUI Aiana3oH poOOYMX 4acTOT
1 HeMOXKJIMBICTH TIePEHaIa K/ YacTOT TallleHHs BiOpariif.
Taxox BiOporacurens Mae CKIagHy OymIoBy.

Astopom bomninmm JLLA. [5] 3anpormoHoBaHa KOH-
CTPYKIIis BiOporacuTens ymapHoOi mii, sSKui Moxe OyTH
BUKOPHUCTAHUH U 3HIDKCHHS PiBHS BiOpamii Ha OimbIn
BHCOKHX dacToTaX. [lig gac pobotu Bibporacurens pos-
CiI0€ eHepTiio KOJIMBAHb 32 PaxXyHOK yaapy Macu BiOpo-
racuTes 10 OCHOBHIM Maci, 10 KoiauBaeThcs. Hemori-
KOM 3aIPOIIOHOBAHOTO BiOPOTaCUTENS SBISETHCS BIICY-
THICTh MOXXJIMBOCTI TEpEHANAAKH YaCTOTH KOJIHMBAHb,
IO racaTbes. ['pymoro aBTOpiB i KepiBHUNTBOM [ aB-
pumina A.H.[6] po3poOneHunii muHAMIYHWKA CaMOHAC-
TPOIOBAHMI TaCHTENh KONWBaHb. [ acuTenp Moxe OyTH
BUKOPUCTAHMI B MAaIIMHOOYAYBaHHI IS 3aXHUCTY Bij
BiOpamii pisHUX 00’€KkTiB. Jl0 HEMOMiIKiB MOKHA BiJHEC-
TH BIICYTHICTh MOJIMBOCTI OIIEPATUBHOI 3MiHH YacTO-
TH BiOporameHHs.
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BunisieHHs HeBHpilIeHUX paHilie YacTHH 3ara-
JIbHOI Mpo0aeMHu. ICHYIOTh TEXHOJOTIYHI 1 KOHCTPYK-
TUBHI METOJM TWiJABHIICHHSA BiOPOCTIKOCTI BEpCTaTiB.
TexHOMOrUHI METOIM peai3yloThCs IUITXOM OINTHMa-
JIHOTO PO3TAaIlyBaHHS 30H Pi3aHHS, ONTHMI3aIil pexu-
MiB pizaHHA. KOHCTpPYKTHBHI MeTOAM peasi3yloThCs
HACTYITHUM YHHOM:

CTBOPEHHSM OLTBII dKOPCTKUX KOHCTPYKIIiH;

ITiIBUIIEHHSM TOYHOCTI BEPCTaTIB;

0aJaHCYBaHHSIM 00EpPTAIOYHX CHCTEM;

BUKOPHUCTaHHIM DI3HHX TacuTeNiB, podoTa SIKHX
OCHOBaHa Ha PO3CiIOBaHHI €HEprii KOJIMBaHb.

Binbmricte 13 KOHCTPYKTUBHHX METOJIB peaji3y-
€THCS TUIBKU Ha CTaMisX CTBOPEHHS O0JIaJHAHHS i HOTro
MOHTaXy. banaHCyBaHHS 1 BHKOPUCTAaHHS T'aCHUTENIB
HANOLIBII i AXOINUTH JJIS 3MOHTOBAHOI'O BEPCTATA.

Haii6inpin yHiBepcagbHUM SIBISIETBCS METOJ BiO-
poranieHHs BiOpaliii MeTanopi3ajJbHUX BEPCTATIB 3 BU-
KOPHCTaHHSIM TaCHTENIB KOJIMBaHb, TaK SIK BiH HE BUMa-
rae BTpy4aHHsS B CUCTEMY BEpCTaTa i IPU MOXKJIHUBOCTI
MOXe BiOporacuTesnb MiJICTPOIOBATHCS IIiA Pi3HI THIH
BepcrariB. Ilpore, pu migOoOpi i BUKOPUCTAaHHI MOTIIH-
Ha4iB MOXKYTh BHHUKATH yXe€ HOBI IPoOJeMH, 3B’ s3aHi
3 IX KOHCTPYKTUBHUMH 1 TEXHOJOTIYHUMHU OCOOIHMBOC-
TsMu. Ha choromHimHiii MOMEHT He icHye HaHOiLIbII
YHIBEpCAJIBHOT0, 10 IIMUPOKO BUKOPHCTOBYETHCS, BiO-
poracsiaoro MpUCTPOro, SIKUi OU MiAXOMUB 10 OibIIOC-
Ti TPYI BEPCTaTIB, i TUM OB 10 BCIX.

Jlana po0oTa 1 HampaB/icHa Ha BUPIIICHHS, 3 BUKO-
pucrannsam 3acrocynky MathCAD, nutanb cTBOpeHHS i
JOCIIDKeHHsT BiOporacuTess, KOTpUH BIANOBiZaB O
BUILE IIEPEeNIiYeHNM BUMOTaM.

IMocranoBka 3aBaaHHs. Merow wi€l poboTH €
CTBOpPEHHS a/IeKBaTHOI (DI3MYHOMY IIPOILIECY MaTeMaTu-
4YHOI MoJIeNi BiOporacurens.

Bukaan ocHoBHOTO MaTepiany

Jiist TeOpeTUYHUX JIOCII/PKEHb BIOpOracurens Ha-

MH po3pobieHa po3paxy-

HKOBa CX€Ma TalleHH:

KOJIMBaHb, siKa 300paxe-

Ha Ha puc. 1. Ha pospa-

XYHKOBill cxemi (puc. 1)

JneMidyrounit 00’ ekT, mif

SIKUM  TIpUHAMAEThCS  Jie-

Tanb, MO O0OpOOIAETHCA,

Cn e MIPEICTABIEHUN  30Cepe-
IDKEHOI0 Macoro M.

Maca o006’ekta My

/\G:Z(l m HPEZICTABIAE CODOK0 Cy-

MapHy Macy Jneraii, IIo

r 00poOIse€TRCS 1 TITYHXKE-

pa BiOporacurens. B maci

IUTYH)Kepa BpaxoBaHi Ma-

CH BCIX pyXOMHX ereMe-

HTiB racurens. demmdy-

ounii  00’ekT  (meranb,

LLLS

Cz

/\/z—q(t)AL i

C1 Ci

F(t)
77T 77
Puc. 1. Po3paxynkoBa
cXeMa TalleHHs KOJIMBaHb

mo o0poOisIeThCsa) 3a-
KpiTUIeHWA B TepenHiii i 3aamnid 0abkax, M0 MarTh
xoperkocTi C,; 1 C,4; . IIpu 0OpoOui Ha meTans nie

36yproroua cita pizanas F (), kotpa mepemaersest Ha

CYNOPT, 10 MAa€ KOPCTKICTh C . JIas rameHHs Koju-

BaHb JIO J€Tali, M0 OOpOONIETECS TPUETHYETHCS BiO-
poracurens, 10 MOJIEITIOETHCSI Macol0 PYXOMUX eJieMe-
HTiB BiOporacurenss M, i Macoro IUIyHXKepa, 110 B3ae-
MOJIi€ 3 TIOBEPXHEIO JIeTalli 1 BKIIIOYAE CTUCHYTI MIPY>KH-
HH 3 J)KOPCTKICTIO Cj, . Bibporacutens Mae BIacHy skop-
CTKICTh KOHCTPYKII Cy .

B po3poOneHiii HaMu MaTeMaTH4HIH Mojemi
(puc. 1) mix xapakTepucTukamMu 00’€KTa , TOOTO, KOpC-
TKICTIO C; IPHUHAMAIOTHCS HPHUBEIEHI KOPCTKOCTI CHC-

temu BITIJ [1]:

_ (Cn6. + C3.6.)Cc

+cy+cypy s (D)
Cno. +Cs5.tC¢

np.

Ae Cp, Cyr Cev CugiCogCpp, — KOPCTKOCTI JeMrdy-

I04Y0ro 00’€KTa, JeTaii, 1m0 OOpOOIIIOETHCS, CYIOpTa,
MePEeHbBOT 1 3aTHBOT 0a00K, ipyxuH, H/M.
PiBHSIHHS pyXy 3aITUIIEMO B TAKOMY BHIJISII:

m X;+C X1 +Cpa (X = Xp)+vX1=F(t); (2)
m2 X.2+C2X2+QZ(X2—X1)+VX2=0, (3)
ne F(t)=P,; P,
TOTa BUMYIIEHUX KOJNMBaHb 00 €KTa, C; vflxoe(_biui-
X1, X0, X1, X2 —

HepeMileHHs 1 MBUAKOCTI Mac My 1 M, ; t — yac.

— cuia pizannsi, H; m— komoBa vac-
€HT, L0 XapaKTepU3ye 3aracaHHs;

[TouaTkoBi yMOBH TpejicTaBuMO y BUrsimi (1 =0)
X10=0, Xp0=0, X10=0, X20 =0, Fy =0. (4)

Hus 3pyunocti pinienns nva EOM cucremu pis-
HSIHb 3 BHUKOpHCTaHHsM 3actocyHky MathCAD mpuso-
JIUMO 11 10 TaKOro BUIIISAY:

my 27 () +Cyz(t) + Cpp [2() — (1) ]+ v2 (1) = F(b);
My () +Coq(t) +Cpz [A(t) — 2(t)]+ v (1) = 0.
Z(t)=v(t);

vy =-292 0y, G240 Y2+ L)
m m m m

q () =d(t); )
d'(t)= -2 q(t)- C12 q +C12 2(0) - q'(t);
2 2
k) =-2%2 50y S2 90y Y 2+ LRy,
h my
() = - 2 q@) -2 L +C12 20)- '),
my my

ne k(t),n(t) opuckopenns 3ocepemkeHnx mac My i
m, . ITicast mizcTaHOBKM MaHMX i3 Tabn. 1 otpumaemo

V (t) = 0,57F (t) —151393z(t) — 22164 2(t) +
+22164q(t) —8v(t);
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Z(M)=v(): q®)=d@:;
d'(t) = 219142(t) —8d (t) -

(6)
—26299q(t) —21914q(t);
k(t) =0,57F (t) —151393z(t) — 22164 z(t) +
+22164q(t) —8v(t);
n(t) =21914z(t) —8d(t) — 26299q(t) — 21914q(t);
IMouatkoBi ymoBu MaroTh BUrsia (t=0):
z2(0)=0, q(0)=0, v(0)=0, d(0)=0,

F(0)=0, k(0)=0, n(0)=0. (7

Po3B’si3anHs cuctemu piBHAHB (5) pobumo st
BiOporacurens, 110 Mae€ MapaMeTpH, SKi HaBeJCHI B
Tabn. 1. JIns BU3HAUEHHS [TPUCKOPEHb B CHCTEMI aude-
peHIaTBbHUX PiBHSAHB (5) 3amucaHi JBa piBHSIHHS IPHC-

kopers K(t) wmacu Z'(t)=K(t), ta N(t) wmacu
Q(t)=N().
Tabnuys 1 — Iapamerpu BiOporacuress
TMapamerpn O.;:[mmui Yuciosi
BUMIPIOBAHHS SHAYCHHSA
my KT 1,754
m, KT 1,774
P, H 3998
Q) ct 209
v - 14
G Him 265543
G Him 38876
&) H/m 46654

B pesysibraTi po3B’si3aHHS CUCTEMHU pIiBHsHB (5)
OTPUMYEMO 3HAYCHHS IIepeMillieHb, IIBUAKOCTEH, a Ta-
KOX IIPHCKOpEHb IeMI(yro4oro od’ekra My Ta pyxo-
MHX YaCTHUHU BiOporacutens m, .

[lix yac TeOpeTUYHHX HOCIIIKEHb 3MIHIOBAJIOCH
criBBinHowenHs xopcrkocteit Co [ Cy . Jani npuBoau-
MO HaMOULIBII XapakTepHi pe3yJabTaTH OOYHCIICHb, SIKi
MiATBEPKYIOTh 3HM)KEHHsI aMILTITYIU AeMI]yrdoro
06’exra (my).

Ha puc. 2 npuBeneHo o0UUCIIeHI 3HAYCHHS aMILTi-
TyOu Macu Ny, siKa IpeacTaBise AeMI(yodnii 00’ ekT
npu crmiesignomenni C, /C; =0,01, a Ha pucynky 3 —
npu criBBiaHomenni C, / C; = 0,005. [lopiBHsiHHS 3Ha-
4YeHb aMIUTITyad Macd My Ha puc. 2 i 3 mokasye 3HH-
JKeHHs 11 B [OBa pa3d TMpPH  CIiBBiJHONICHHI
C, /C; =0,005, sixe SIBASETHCS HAWOLIBII ONTHMANb-
HuM. Ha puc. 4, 5 npuBezieHi 3HaUeHHS IETKUX OCHOB-
HUX MTApaMeTPiB OTPUMAHUX IPH JTOCITIHKEHHSX.

[opiBHiotoun moOynoBaHi rpadikm, SK 3 ypaxy-
BaHHSAM 3aracaHis VvV Tak i 6€3 HbOro, MO)KHa 3pOOUTH
BHCHOBOK, IIIO 3HAYCHHS BiJIPi3HAIOTBCS HECYTTEBO 1
BHU3HAYCHI MapaMeTpW MArOTh OUTBII TOYHI 3HAYCHHS
TPU ypaxyBaHHI 3aracaHHs V.

24107

m

1x10

— 107

~ x0T

Puc. 2. 3mina nepemimenns Z(t) = X; Macu my

(ammigymu nemmndyrodoro 06’ ekra) BibGporacuTels),
CnisBigHomenHs sxopcrkocteit Cy / C =0,01

1x107°

5x107°F

0.5

— x0T

~ x0T

Puc. 3. 3mina nepemimenns Z(t) = X; macu my

(ammigymu nemmngyrouoro 06’ ekra) BibGporacuTers),
CnisigHomenHs xopcrkocteit C, / C =0,005

]
—0.6- o

—-200

Puc. 4. 3mina mBuakocri V(t) = Z'(t) Ta NPUCKOPEHHS
K(t) =Z"(t) macu my Bibporacuress

Jns mepeximHuX TpoIeciB, OKa3aHWX Ha pHC. 2,
3,415, xapakTepHe KOJHBAHHS NIEPEMilIeHb, ITBUIKOC-
Ti 1 IPUCKOPEHB MPYKHUX JTAHOK BiOporacuTes.

BukoprcTaHHS YHCIOBHX METONIB IHTETPYBaHHS
IudepeHIiaTbHuX PiBHSIHD JO3BOJISIE BHKOPUCTOBYBATH
3aIPONIOHOBaHY METOJMKY I PO3paxyHKy AHHAMIY-
HHX HAaBaHTAXEHb Y MEXaHIYHUX CHUCTEMax TaIllCHHS
KOJIMBaHb 3 BUKOPHCTaHHSIM BiOpOracHTEINiB.
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3107

2:107F

1:107F

—1x10F

— 2107

— 310
Puc. 5. 3mina epemimenns Q(t) = X, macu m,

Ta ii mBuakocti D(t) = Q'(t) =X,  Bibporacures

BucnHosku

1. B poboti Ha OCHOBI aHai3y TEHAEHIINH PO3BUT-
Ky TEXHOJOTiYHOTO OONaJHAHHS MPU3HAYCHOTO IS
i IBUIIICHHSI BIOpaMiiiHOT CTIMKOCTI BepcTaTiB Iist 00po-
OKM JieTanell THITy TiJl 0OepTaHHs Ta ICHYIOYMX TEXHid-
HHX pillIeHb BiIOPOTacHUTENIB, a TAKOXK 3 BUKOPHCTAHHSIM
MareMaTH4yHOro 3actocyHky MathCAD, nociimkeHo

BiOpalliifHy cMCTeMy B OCHOBY SIKOi TOJISITa€ 3MiHA iHe-
PLIMHUX 1 OPCTKICHUX BJIAcCTHBOCTEH BiOpO3axmCHOI
KOHCTPYKIII.

2. B po0oTi BH3HAUYCHI MEpPEMIIllEHHS, MBUAKOCTI
Ta TPUCKOPEHHS JIAHOK BiOPO3axMCHOI CHUCTEMH 3 BiO-
poracureneMm , a TaKOX TEOPETUYHO JIOCII/KEHO, 3 BU-
KOPHCTaHHSIM MAaTEeMaTU4HOrO IIPOrPaMHOIO Cepesio-
Bura MathCAD, ix nuHamiky.

3. 3acTocyBaHHS YHCIOBHX METOJIB IHTEIpYBaHHS
midepeHiadbHUX PIBHSIHD PyXY A03BOJISIE BUKOPHCTO-
BYBAaTH 3allpOIIOHOBAHY METOAUKY JJIsl PO3PAaXyHKY -
HaMiYHMX HaBaHT@XEHb Y NOAIOHMX BiOPO3aXMCHHX
CHCTEMaX .

4. Pe3ynbTaTH JOCTIKCHHS BiOpOTracuTess, 3 BH-
KOPHCTaHHSIM MaTeMaTHYHOT'O MPOrPaMHOro Cepesio

Buia MathCAD, MoxXyTh OyTH BHKOpUCTaHI NpH
NPOEKTYBaHHI, PO3PaxyHKy, BU3HAUCHHI OCHOBHUX IIa-
paMeTpiB Ta AMHAMIYHMX HaBaHTa)XEHb B JIAHKaX TOJi-
OHMX BIOPO3aXHMCHUX CHCTEM.

Bukopucranus pO3pobIIeHOro Ta
JIOCITIJPKEHOTO BiOporacurens 31 3MiHOIO iHEepHiHHUX i
JKOPCTKICHUX ~ BIACTUBOCTEH CHUCTEMH [a€ 3MOTY

3HU3UTH AaMIUIITyLy KONMBaHb O0’€kTa y 2 pasy,
PO3LIMPUTH POOOYY HYACTOTHY 00JacTh 1 IiJBHIIUTH
HPOAYKTUBHICTH 0OPOOKH.
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Mathematical model of the absorber
V. Lyutenko, V. Mastyukh

Abstract. One of the main areas of technological progress in mechanical engineering is to increase the productivity and accu-
racy of machining parts, to reduce the quality of the surfaces being machined, and to improve the wear resistance of the equipment. Vi-
brations interfere with the increase of the cutting mode during machining of parts, impair the surface finish, create a sticking effect on the
upper spheres, while significantly reducing the machining accuracy and the rigidity of the cutting tool. Occurrence of wobbles is caused
by changes in cutting modes, external forces and changes in parameters of the Lathe-attachment-tool-component (LATC) system. Out of
a great number of machine-building equipment the most widespread are workbenches for machining of bodies of wrapping, turning and
circular grinding group (more than 40%). Therefore, a significant increase in accuracy and productivity of turning of non-rigid parts of
the wrap-around bodies type is an urgent issue in the machine-building industry, and the development of methods of protection against
vibrations is one of the most important scientific and technological tasks. At the present time there are various methods and ways of
reducing vibrations. They can include: balancing and alignment of machines, change of rigidity, damping and inertia parameters of the
equipment. Each of these methods is characterized by a rational area of application. Vibration absorbers have a special purpose, as they
can be used not only in the design and construction of the structure, but also in the operation of the equipment to improve non-adverse
dynamic properties of the equipment that are seen in the implementation of the production. The advantage of vibration absorbers also
lies in the fact that at significantly low cost of their creation and operation they can obtain the desired effect of reducing the level of vi-
brations. During operation, the damper forms a force force that is transmitted to the object. Change of the vibrational state of the object
when the dynamical damper is connected is performed both by re-transmission of the volatile energy from the damper to the object, and
by means of spreading of the volatilities. The first method is carried out by applying the load-inertial properties of the system object-
absorber to the resonant frequency. Another method is based on increasing of the system's dissipative properties by adding additional
special damping elements to the object. In such a case we speak about dynamical damper with friction. Dynamical dampers are based on
the use of passive elements (masses, springs, dampers) and active ones that have their own energy sources. To reduce vibrations, which
occur during processing of bodies of rotation, we have designed and tested a vibration damper.

Keywords: mathematical model, damper, intrinsic, forced oscillations, mechanical system, dynamical loads, suppleness,
oscillatory phenomena.
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PROPOSALS FOR IMPROVEMENT
OF LOGISTIC SUPPORT OF STATE DEFENSE
FORCES UNIT THROUGH A VISUAL GRAPHIC
REPRESENTATION OF THE SITUATION AND THE APPLICATION
OF THE OPERATION RESEARCH MATHEMATICAL MODELS

Abstract. The subject matter of the article is the logistical support of the state defense forces unit in the
performance of its assigned tasks. The goal of the study is to develop of mathematical models for the complex
analysis of the basic forces and means of logistical support and to increase efficiency of planning of military unit
equipment with means of logistical support depending on change of a tactical situation. The tasks to be solved are:
to formulate the logistics optimizing problem for the professional activity of the state defense forces unit, which
includes the main units and technical support ones, in terms of operations research; to substantiate the possibility of
qualifying the material support of the state defense forces unit and the formation of a transport costs matrix using
ABC analysis; to identify technical solutions regarding ways to visualize information for a make-decision person on
logistical support and formulation of output information for the users in the required format. General scientific and
special methods of scientific knowledge are used. The following results are obtained: On the basis of use of modern
principles of stocks management the optimizing task of the management of logistical support for the State defense
forces wheeled and tracked vehicles unit can be formulated as an integer problem of linear programming of
transport type. according to certain features of the flow nature of logistics support in the competence of the deputy
commander of the Deputy Commander of the SDF armaments unit for the input information is sufficient to hold the
ABC-analysis and on its basis to form a matrix of transport costs. visualization of information in graphical mode will
enable to implement interactive display of material and technical support equipment deployment areas, locations of
collection point of damaged vehicles, maneuvering routes, evacuation of damaged vehicles, etc. Conclusions. The
task of finding the optimal logistics support plan for a State defense forces wheeled and tracked vehicles unit can
also be classified as transport and solved by the well-known line programming methods. According to certain
features of the flow nature of the drug in the competence of the deputy commander of the State defense forces unit
for input information is sufficient to conduct an ABC-analysis and on its basis to form a matrix of transport costs.
Visualization of information in the graphical mode will allow to realize interactive display of areas of location of
material and technical support equipment units, places of assembly point of the damaged cars, ways of maneuver,
delivery and evacuation of the damaged samples of weapons, etc.

Keywords: logistics support, wheeled and tracked vehicles, material and technical support equipment, integer problem
of linear programming of transport type

between elements of the system and objects of the
military order.
The system is supported and a class of

Introduction
Formulation of the problem and research tasks.

In the conditions of transformation of managerial
orientation in the direction to Euro-Atlantic integration,
the application of the operation research mathematical
apparatus acquires a new meaning.

The concept of material flow management, the
essence of which lies in the integration of all functional
spheres associated with the passage of the material flow
from producer to consumer into a single complex, is
called “logistic” and has found its functional application
in the military sphere.

The development of new mathematical models to
provide a comprehensive analysis of the main logistical
support (LS) forces and improve the effectiveness of
planning for the equipment of a military unit with
material and technical support equipment (MTE)
depending on changes in the tactical environment seems
relevant in this regard.

Analysis of recent research and publications on
the above issues shows the relevance of the study.

In [1] it was formalized a space-geometric
configuration of the logistic support system for
military training based on the analysis of signs (links)

mathematical methods (models) for determining the
location of the elements of the system on the area is
defined.

The issue of determining the approach to the
positioning of evacuation (repair and evacuation) units
in the operational zone (area) of responsibility for the
minimum total distance to the elements of the combat
order is considered in [2, 3].

The goal of the study is to develop of
mathematical models for the complex analysis of the
basic forces and means of logistical support and to
increase efficiency of planning of military unit
equipment with means of logistical support depending
on change of a tactical situation.

To achieve this goal the following research tasks
are solved:

- to formulate the logistics optimizing problem for
the professional activity of the state defense forces
(SDF) unit, which includes the main units and technical
support ones, in terms of operations research;

- to substantiate the possibility of qualifying the
material support of the state defense forces division and
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the formation of a transport costs matrix using ABC
analysis;

- to identify technical solutions regarding ways to
visualize information for a make-decision person on
logistical support and formulation of output information
for the users in the required format.

Main material

1. Formulation of the problem of optimizing
logistic support for the operational activities of the
state defense forces, which includes the main units
and technical support units, in the terms of
operations research.

Logistics is a rather new notion for us: the
bibliography has not yet defined it as a separate
scientific field in the Ukrainian enterprises that are only
now beginning to pay it some attention, and the
Ukrainian literary sources devoted to this problem are
represented in small numbers.

Nevertheless, the applied warehouse of logistic
research is widely reflected in stock management
methods in various industries. The most efficient
solution of logistic problems is achieved by using a
powerful mathematical apparatus of operations research.

As we know, the functioning of the units of the
state defense forces (SDF) must be provided with
certain resources: stocks of material and technical
equipment (MTE), availability of repair bodies,
maintenance personnel, etc. [4, 5].

Optimization of resource allocation is often carried
out according to the specified criteria and certain
limitations. These tasks can be included in the class of
transport tasks of linear programming.

Suppose that in the SDF area of responsibility
there are n units of wheeled and tracked vehicles
(WTV), each j-th of which requires the provision of
MTE resources in an amount not exceeding by,
j=1..,n

The operation of the main units is provided by m
types of logistics units, each of which has a resource
reserve &, i = I,...., m.

The cost of supplying an MTE unit from i to j
point is cjj.

The matrix Cj; = (cjj), i=1,..., m, j=1,..., n is
sometimes called the transport cost matrix. Its values
are determined by the activity orientation of the
enterprise.

When forming the matrix Cj; can be taken into
account not only the material cost of transportation of a
certain number of units of MTE resource and time, risks
or priority of displacement. The task is to create a
resource allocation plan that meets the needs and does
not exceed the available capacity.

Denote by xij, i=I,... m, j=I.., n — the
movement of a number of resource units from the i-th
support unit to the j-th main unit.

Then the total cost will be as follows:

m n
D2 CGijij -

i=1j=1

The optimal transportation plan X* will be called a
plan that provides a minimum amount of costs for the
transportation of all resources.

It should be noted that the semantic load of
coefficients ¢, i=1,...m, j=1,..,n can vary
depending on the specifics and conditions of the tasks
performed by the WTV unit. Thus, it is possible to
minimize time, fuel costs, risk, maximize efficiency,
etc.

Thus, of the problem of optimizing logistic support
for the operational activities of the state defense forces
units on the basis of using modern principles of
inventory management can be formulated as an integer
problem of linear programming of transport type:

Find a set

such that minimizes the objective function

F(x):Zicuxlj — min 1)

m
i=1 j=1

and satisfies the conditions

ixij :bj ) (2
>x, =a,, ®
X; 20, x, €Z, 4)
i=1,...,m, ®)
j=1,....n, (6)

We should note that expression (2) refers to the
provision of the WTV units with the full amount of
MTE equipment.

Similarly, view (3) means the condition of full use
of resources.

Taking into account the actual conditions of LS,
expressions (2) and (3) can be written as

;Xij < bi ’ (7)

jZ:; Xij < a‘i ) (8)
Under the condition

iai # Zn:bJ

i=1 j=1

problem (1)-(8) is called open, but can be reduced to
closed by piecemeal methods.
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In the authors' opinion, it is promising to use the
results of ABC analysis to form the coefficients cij,
i=1,...mj=1, .., n, namely, to take into account
the hierarchy of LS of the main units and relevant
logistics support ones.

Proceeding from this, as a focus of further research
can be requested a more sophisticated formulation of the
transport problem, namely the introduction of limits of
the form.

> rx, <b ©
> <a (10)
i=7,...,m, (11)
=1,..., n, (12)

The task of finding the optimal LS plan for a state
defense forces wheeled and tracked vehicles unit can
also be classified as transport and solved by the well-
known line programming methods [6].

2. Possibility to qualify the material support of
the SDF unit and to form a matrix of transport costs
by means of ABC analysis.

The authors consider the possibility to qualify the
material support of the state defense forces division by
means of ABC analysis, a method that allows to classify
resources depending on their significance. The
classification is based on the Pareto principle.

Regarding ABC analysis, the Pareto principle is
the following: reliable control of 20% of positions
allows 80% control of the system.

In business, the ABC-analysis principle and the
Pareto principle are most often used in logistics for
inventory management: regarding stocks of hardware,
components, suppliers, customers, etc.

For example, ranking stocks by value, we can
define:

category “A” (they say 10% of stocks, the value of
which is 70% of total production),

category “B” (20% of stocks, which account for
20% of total production);

category “C” (the value of which is 100%).

Thus, logistics managers should focus on the
management of category “A” stocks.

With respect to “B” stocks, the control can be
periodic, with “C” stocks being more generous [7,
8].

By analogy the authors propose to conduct ABC-
analysis and on its basis form transport costs matrix
Cyj = (cy), i=1,...., m, j=1,...., n for determined risks of
flow nature of LS of state defense forces unit.

Thus, as input information in the competence of
the Deputy Commander of the state defense forces
armaments unit, it is proposed to consider:

— availability, condition of armor and military
equipment (MTE);

— foreseen costs and losses, the need for and the
possibility of their comprehensive maintenance (MTE)
and repair (R);

— training and staffing of specialists, mechanics -
drivers and drivers for other units;

— possibility of using local industrial and economic
base (resources).

Using mathematical apparatus of factor analysis is
proposed to make the obtained data processing to form
their ABC - hierarchy.

Forming such a matrix manually is a very
important process, so there are systems for its
automation [9, 10].

3. Defining technical solutions for ways of
visualization of information for the make-
decisions person on logistics and the formation of
source information for users in the desired
format.

The main idea of LS improvement is to process
the input and output information in an interactive
mode, operational and optimal management of
material flows. In this regard, the authors consider it
appropriate to visualize the information for the PL
decision maker and generate the output information
for the users in the required format.

The “overlay” of the resulting solution on the
information of the mapping services and
technologies is proposed using Cash- and MIP-
mapping procedures.

This will enable use of cached copies of map
sheets at different scaling levels and visualize the
solution at the cost of efficient use of information
resources.

Cached copies of mapsheets of different scales
can be stored in a virtual storage and used by
control signals if there is an order to visualize the
information of the mapping service.

In this process, the image quality of map sheets
with different levels of detail is improved by using
textures with different separation capacities for
different objects of the same image, depending on
their size and depth.

Thus, visualization of information in graphical
mode will enable to implement interactive display
of MTE deployment areas, locations of collection
point of damaged vehicles, maneuvering routes,
evacuation of damaged vehicles, etc.

The prerequisite for technical implementation
of modernization of LS is the use of new
information  technologies, such as onboard
information systems of the "*Command and Control"
class (e.g., Hermes-C2), which can be installed
directly on armored vehicles [11, 12].

An airborne information system integrated with
Aselsan and Harris communications equipment can
also be effective for LS tasks.

Conclusions

1. The task of finding the optimal logistics
support plan for a State defense forces wheeled and
tracked vehicles unit can also be classified as
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transport and solved by the well-known line
programming methods.

2. According to certain features of the flow
nature of the drug in the competence of the deputy
commander of the state defense forces unit for input
information is sufficient to conduct an ABC-analysis

and on its basis to form a matrix of transport costs.

3. Visualization of information in the
graphical mode will allow to realize interactive
display of areas of location of material and
technical support equipment units, places of
assembly point of the damaged cars, ways of
maneuver, delivery and evacuation of the damaged
samples of weapons, etc.
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Po3podiienHst mpono3uuiii y10cKoOHaJeHHs JOTiCTUYHOr0 3a0e3ne4eHHs] MiAPOo3aiay cHl 000POHH 1epKaBU
4yepe3 BisyasibHe-rpadiuHe 300paskeHHs] 00CTAHOBKM Ta 32CTOCYBAHHS
MaTeMaTHYHUX Mo/ eJIeil T0CIiIzKeH sl onepanii

O. A. Maxoros, 1O. B. Ba6kin, K. JI. bakanos, B. I. Mockanenko, M. B. Mociituyk, C. B. ITickyn

AnoTtanisi. IlpexMeroM BHBYEHHSI B CTaTTi € JIOTiCTHYHE 3a0e3NEuYCHHs MigPO3JiNy CHI OOOPOHH AEpXKaBU IPU
BHKOHAHHI HUM 3aBJIaHb 33 NpH3HaYCeHHSIM. MeTO0I0 OC/iKeHHsI € PO3POOICHHST MaTeMaTHIHOI MOZeNei UIsl KOMILIEKCHOTO
aHaji3y OCHOBHHMX CHJ 1 3aco0iB JIOTiCTHYHOrO 3a0€3MeueHHs Ta MiIBUIIMTH e(QEeKTHBHICTh IUIAaHYBaHHS OCHAILCHHS
BiliCBKOBOI'O MiIp0o31ily 3acobaMu MaTepialbHO-TEXHIYHOro 3a0e3MeueHHs] B 3aJIeKHOCTI BiJl 3MiHM TAKTUYHOI OOCTaHOBKH.
3aBmaHHs AOCTiKeHHs: (HOPMYITIOBAHHSI 3a/a4i ONTHUMI3allil JIOricTHYHOro 3abe3neueHHs paxoBoi MisUTbHOCTI MiAPO3ILTY CHII
00OpOHH Jep)KaBH, OO CKIAany SIKOrO BXOIATh OCHOBHI MIAPO3INM  Ta MiAPO3AIIM TEXHIYHOI MiATPUMKH, Yy TepMiHAX
JIOCITI[DKEHHS OIepallii; oOIpyHTYBaTH MOXIIMBICTH KBadidikallii marepiaibHOro 3a0e3nedyeHHs MiApOo3aAily Cull 000pOHH
nepkaBu Ta (OPMYBAHHS MATPHLI TPAHCIOPTHUX BUTPAT 3a gomoMoror ABC-anamiza; BU3HAYCHHs TEXHIYHHUX PillIeHb MO0
LULIXIB Bi3yasizauito iHpopmalii mis ocodu, 110 MpuitMae pillieHHs 10 JIOTiCTHYHOMY 3a0e3neueHHI0 Ta (JOpMyBaHHS BHXiIHOT
iHpopMarii sl KOpUCTyBaviB y nmotpibHOMy (opmari. MeTox0JI0riYHOI0 OCHOBOK TOCIIXKEHHS CTAJId 3arajibHOHAYKOBI Ta
CreliagbHi METOAM HAyKoBOro mi3HaHHsA. OTpuMani Taki pe3yiabraTH. 3ajada ONTHUMI3allii JOTICTUYHOrO 3a0e3NeyYeHHs
(axoBoi AiSTBHOCTI MiAPO3ainy cui o0OpOHH AepxkaBu chOpMyIbOBaHA Yy TepMiHAX [MOCHTiKeHHs omepauiii. [lokazana
kBani(ikallis MaTepialbHOro 3a0e3neYeHHsI MiAPO3 iy CHiI 000POHHU JepiKaBH Ui POPMYBaHHS MATPHULI TPAHCIOPTHUX BUTPAT
3a gornomororo ABC-ananiza. BucHoBku. 3agaya onTuMizanii ynpaBiiHHS JOTiCTHYHUM 3a0€3MEUSHHSIM ITiIPO3/iy KOMiCHO-
FYCEHHMYHUX MAIIMH IiPO3aiTy cruil 00OOpOHH JepiKaBH HA OCHOBI BUKOPHCTAHHS Cy4aCHHX HPHHIMIIIB YIIPABIiHHSI 3aracamu
Moxe OyTH chopMyITbOBaHa SIK I[LIOYHCENbHA 3a/1a4ua JiHITHOro MporpaMyBaHHs TPAHCIIOPTHOIO TUITY. 32 BU3HAYEHHUMH PUCAMHU
MOTOKOBOT'O XapaKTepy JIOTICTUYHOro 3a0e3leueHHs] Y KOMIETEHIii 3acTyMHHKa KOMaHIupa MiAPO3Aiay CHI OOOpOHH
JIepkaBu  BXifHa indopmarii € goctaTHbOKO Ui mposeneHHs ABC-anamizy Ta Ha Woro OCHOBI (hOpMyBaHHS MAaTpHIl
TPaHCIIOPTHUX BWTparT. Bisyamizamisi inopmamii y rpadiuHoOMy peXuMi HaJacTh 3MOLY peati3yBaTH IHTEPAaKTHBHE
BiOOpaXkeHHss  padOHIB pO3TAlIyBaHHS IMiIPO3IiIIB MaTepialbHO-TEXHIYHOrO 3a0e3MedeHHs, Micis 30ipHOr0 MyHKTY
TMOIIKO/DKEHUX MAIIKH, UISIXH MaHEeBPY, IMiBO3Y Ta €BaKyallii MOIIKO/DKEHUX 3pa3KiB 030pOEHHS Ta BifICBKOBOI TEXHIKH, TOIIO.

KawuyoBi caoBa: norictudHe 3a0e3nedeHHs, KONICHO-TYCEHHYHI MAIIMHH, MaTepiallbHO-TeXHIYHE 3a0e3redeHHs,
LiJIoYKCeNbHA 3a/1a4a JIiHIHHOTO MPOrpaMyBaHHs TPAHCIIOPTHOT'O THITY.
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XapkiBcbkuil HatioHanbHUi yHiBepcuTeT IloBiTpsinux Cun imeni IBana Koxkeny0a, Xapkis, Ykpaina

BU3HAYEHHS ®AKTOPIB, AKI 3SHUKYIOTbh IIOKASHUKHA HAIMHOCTI
JUCKIB I'TA TA PO3POBKA 3AXOJIB ITO IX NIZIBUILIEHHIO

AHoTanisi. Y nasiii cTati npoBeIeHO aHA3 OCHOBHUX (PaKTOPIB, SIKi BIUIMBAIOTH HA HA/IIHHICTH ANUCKIB KOMIPECOPIB Ta
TypOiH, Taki SK: MPOEKTYBAIbHI, KOHCTPYKTHBHO-TEXHOJIOTIUHI Ta eKCIUTyaTamiiHi. [IpoBiBIIM po3paxyHOK Ha MIIHICTH
JICKY TYpOiHM BHCOKOTO THCKY OyIyIOThCS rpadikil 3MiHH HalpyXeHb Ta BH3HAYAIOTh KOE(Ili€HT MiCIeBOi CTaTHIHOI
MIITHOCTI 110 pajiiycy IHCKy. 3a pe3ylbTaTaMt JOCHIiPKeHb, 3alPOIIOHOBAHO 3aXON IiIBUICHHS HaIIHHOCTI JIUCKIB, a ca-
Me: BU3HAYCHO CyJacHY TEXHOJIOTIIO i1 Ha3BOK «bIIicky, sKa JI03BOIISIE 301IBIINTH KOS(IIIEHT 3amacy CTATUYHOI MIITHOC-
Ti UCKY Ta TeMIlepaTypy ra3y Inepen TypOiHO Ha 5-7% , 0 IPU3BOAUTH /10 30LIBIICHHS NOTYXHOCTI Ta JI03BOJISIE 30i-

JIBIIATH 9acTOTy o0epTaHHs poropa Ha 15-40%.

KawuoBi cioBa: ra3orypOiHHHIN IBUTYH, TapaMeTpH HAAIIHOCTI, HATIPY>KEHHSI, TUCK TypOiHM.

Beryn

IMocranoBka mnpodiaemu. KoHKypeHTOCTIPOMOXK-
HICTh Ta €KOHOMIYHA e()EeKTUBHICTD aBiallifHUX Ta3oTyp-
6inHux apuryHiB (I'T/l) BU3HauaeThesl piBHEM iX Hafiid-
HOCTi. JIUCKH SIBJISIFOTBCS OJJHUM 3 HAWOLIBII HATpyKe-
HUX CJ'ICMCHTiB Ta ONPEACTAaBIIAIOTh MAKCUMAJIbHY ITIOTCH-
HianbHy HeOe3IeKy 3 TOUKH 30py BTOPHHHHX PYHHYBaHb
eJIEMEHTIB KOHCTPYKIii. [IpuunHamu pyiHHYBaHHSI AUCKIB
MOXXYTb OYTH —KOHCTPYKTHBHI, —T€XHOJOTIUHI — €Kc-
TUTyaTaliiHi Ta iHmni ¢axkropy. 3aJaHuil piBeHb Ha[HHO-
CTi MOBHHEH 3a0e3NeuyBaTUCs B MPOAOBXK BChOTO Hacy
eKCIUTyaTallii [BUryHA. BUKOHaHHS 3poCTarouux morped
JI0 HaJIHHOCTI TUCKIB MOXE OYyTH JOCSTHYTO 3aBJISKU
pO3poO0Il  ONTHMAJIBHOI KOHCTPYKIIi, BIOCKOHAICHHS
TEXHOJIOT1i BUTOTOBJICHHS, MaKCUMaJIbHOMY Ta BHKOPHC-
TAHHIO MAKCMMAaJIbHUX MOXIIMBOCTEH Matepiany. Takum
YHHOM, IMUTAHHSIM MIIHOCTI JIMCKIB TIOBUHHO MPUILISATH-
csl MMiIBUIIICHA yBara [P MPOSKTYBaHHI Ta eKCIUTyaTailil.

AHani3 ocTaHHIX AocaigKeHb i myOaikaniii. Ha-
JIHICTE POOOTH ABUI'YHA 3aJISKHUTH BiJl TOYHOCTI PO30-
KM Ta SIKOCTI BUKOPUCTaHHS JeTajieid nBuryHa. Tak, y
pobori [1] 3anponoHOBaHO METOANKY OILIIHKK HaJiifHOC-
Ti MPOEKTOBAaHMX JeTajedl Ha eTami MPOSKTYBaHHS 3
ypaxyBaHHSM BiJXWJIECHb PO3MIpIB 1 PEKUMIB poOOTH
JeTai.

VY pobori [1] BUKIIa€HO HOBI METO/IU JIOKAIIEHOTO
HaINpYXeHO-1e()OPMOBAHOIO CTAaHY MPU TEPMOMEXaHi-
YHOMY HaBaHTA)XEHHI, HABEJCHO PO3PAXyYHOK MIITHOCTI i
JOBI'OBIYHOCTI 3 ypaxyBaHHSIM OCHOBHHX (DaKTOpiB, IO
BIUIMBAIOTh HA PECypC POTOpiB TypOoarperatiB. lano
AITOPUTMH 1 IX TpOrpaMHa peati3aiis, 0 T03BOJSIIOTH
po3paxyBaT IOJS TEMIIEpaTyp B pOTOpax IPH IOBiNb-
Hill 3MiHI TeMIepaTyp CepeIOBHIL.

Merta cTaTTi TONATAE Y PO3TIAAI OCHOBHHX IPO-
OmeM, AKi 3MYIIYIOTh BHUPINTYBAaTH Ui 3a0e3MCUeHHS
CTaTHYHOI Ta JUHAMIYHOI MIIIHOCTI JUCKIB;, BU3HAYEHHS
(akTopiB, fAKi BIUTMBAIOTh HAa TIOKA3HWKW HAMIHHOCTI
mckiB ['T/] Ta aHamizy 3axofiB 1O IX ITiIBHIICHHIO.

Buxkaa ocHOBHOTO MaTepiajy

3abe3neyeHHs MIIHOCTI Ta HAIIHHOCTI, IMiJ SIKOIO
pO3yMi€eThcs 3armoliraHds pyHHYBaHHS KOHCTPYKIi abo
HenmormycTuMol  aedopmartii eeMeHTIB  KOHCTPYKIII, €
OJIHI€IO 3 TOJIOBHHUX 3a/iad MPOEKTYBAHHS, BUPOOHHUIITBA

Ta eKCIUTyaTalliiHOro oOCIyroByBaHHs JIBUT'YHA Ta JIHC-
KiB B 1iyioMy. OCHOBHOIO KUTBKICHOIO XapaKTEPUCTHKOIO
HaJAIHHOCTI € BipOTiHICTL O0€3BIIMOBHOI pOOOTH JBUTYHA
B MIPOMIXKY 3a7iaHOro pecypcy. OcKiIbkM Ha cTajil mpo-
eKTyBaHHs JIBUTYHa 0e3MocepeHhO BHU3HAYMTH IIi Xapa-
KTEPUCTUKU Ba)KKO, UI OLIHKMA MIIIHICHOI HaIiHHOCTI
KOPHCTYIOThCS KOe(illiEHTaMH 3aracy MillHOCTI.
Haii0inpn Hanpy)KeHUMH KOHCTPYKTUBHHMH elle-
MEHTaMH Ta30Boi TYpOiHM € AMCKH, poOOYi JONATKU Ta
COIUIOBI amapaTtd. BOHM BUTOTOBISIIOTHCS 13 KapOMill-
HHUX XPOMOHIKEJIeBHX CIUIaBIB sIKi HaBe/ieHo y Tabu. 1.

Tabmuys 1 —Marepian nerasieii Typ6in (mxepeno: [2, C. 140])

Jerann Martepian
TypOiHa BUCOKOTO THCKY
1 | PoGoui nonatku EI;IEESZS:I/I;I)K
2 Juck OI1-742-1]1
3 Oo6epToBuii 1UdIEKTOp 21698
4 CoIuIOBI JIONIATKH JKC6K-BU
TypOiHa HU3BKOTO TUCKY
1 Po6oui sionatku JKC6K-BU
2 | Huck OI1-74111
3 | Ban OI1-74111
4 CoIuIoBi JIONaTKu JKC6K-BU

YMoBU po0OTH KOHCTPYKILiHHMX MatepiaiiB TPJ]
XapaKTepU3ylThCs 0araTo BUPA3HICTIO EKCIUTyaTalliid-
HUX (DaKTOpiB, IO AKUX B TEPITy YEpry CIiI BiOHECTH
BHCOKI piBHI HamlpyXCHHS Ta TEeMIIEpaTyp, iX IHKII4-
HICTh Ta TPHUBAJICTh, HASBHICTh XIMIYHHX aKTHBHUX
pobounx cepemopum] Ta iH. Ilix 9ac BUKOHAHHS MOJIHO-
THOTO 3aBJaHHS BimOyBaeTbcs OaratopazoBa 3MiHA
(hyHKIIOHATTFHUX TIApaMeTPiB ABUTYHA, KOXKHI JEKiIbKa
CeKyHJ] BiZOyBae€ThCS EBOJIOIIS JIITATBHOIO amapary.
3MIHIOIOTBCS WOTO MBHAKICTH unciao Maxa (M), TaH-
raxx, puckaHHs, Bucora noiboty (H) Ta 3MiHIOETBCA
gucio obeprie aBuryHa (n) , Butpara mositps (Gy) Ta
namiBa (Gpax), TEMIIEpaTypa ra3y Iicis KOMIIpecopa
(T,) Ta nepen Typ6inoo (T).[3-5]

OpmHuM 13 3aBIaHb MPOEKTYBAaHHS ABHUTYHA € 3a0e3-
TICUSHHsI TapaHTii TOro, MO 3a Yac eKCIDTyaTamii He
HACTaHE JKOIHE 3 TPAaHWYHHX CTaHIB HOrO E€IIEMEHTIB,
TOOTO HE MOPYIIATh YMOBH iX HOPMAaJIbHOTO ()YHKIIiO-
HyBaHHS. BHpimeHHs ObOro 3aBIaHHA — BH3HAYCHHS
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palliOHABHUX XapaKTePUCTUK MIIHOCTI TpU 3a/IaHUX
MOKa3HUKAX HaAiHHOCTI. 3 Teopii MIIHOCTI Npu 00 €M-
HOMY HAIPYKEHOMY CTaHi KOS(IIliEHT 3amacy MIIfHOCTi
3HAXOJUTH 32 YMOBOIO:

k=0,/0max =[o], 1)
Je O, — TpaHMId MII[HOCTi JUIi JAHOTO MaTepiamy;

Omax — MaKCHUMallbHE HANpy)KeHHs NeTalli; o — MiHi-

MaJbHEe JIOMyCTUME 3HAYCHHS Koe(illieHTa 3amacy Mill-
HOCTI.

MiniManbHe JOMycTHME 3Ha4YeHHs KoedilieHTta
3armacy MiIIHOCTI Ha OCHOBI HaKOIMYEHOTO JOCBiTy
KOHCTPYKIIii Ta ekciuryaTamii gopiearoe Kk =1,35...1,5.
Ipu BU3HAYCHHI 3aMaCy MII[HOCTI BUHHUKAIOTh TPYAHO-
IIi y BCTAHOBJICHHI BETMYMHHU TPAHUYHHUX HATIPYXCHb, 3
SIKUMH TIOPIBHIOIOThCSL po3paxyHKoBi. Taki mapamerpu
MIITHOCTI, SIK Me€Xa MIIHOCTI (TPHBajOl MIITHOCTI) MpH
(ikcoBaHill TeMneparypi abo Mexa BUTPUBAJIOCTI AaHO-
ro MaTepiany y BUpOOi - € BUMAJKOBUMH BEITUUHHAMH B
3BSI3KY 3 ICHYBaHHSIM JONYCKIB Ha XIMIiYHUHA CKJIaj
MaTepiajy i TeXHOJIOTril0 HOro ojepikKaHHs, HEOTHOPIN-
HICTIO TEMIIEPATypHOTO PEXUMY PI3HHMX IIABOK 1 30B-
HIIIHIX KJIIMaTUYHHUX YMOB, BIIXWJICHHAM YMOB T€pMi-
YHOT 0OPOOKHM COPTaMEHTY 1 1H.

3a xapaKkTepoM BTPAT Mparie CIPOMOXKHOCTI BiMO-
BU JIBUT'YHIB MOAUISIOTHCS HA JBI TPYIIH.

Jlo mepuioi rpynu HaJexaTh panToBi BiIMOBH, IO
HOCSITh XapaKTep BUIAJKOBOI'O BUKUAY: KPHUXKE pyHHY-
BAHHSA; IEPEBUIECHHA IDaHUL TEKY4ocTi B Oynb-sKiii
TOYILI JIeTal, JUIsl SIKOi 3aJuIIKoBi qedopmarii Hexoryc-
tumi. Jo Jpyroi rpynu HajexaTb MOCTYIOBI BiJMOBH,
BUHHMKAIOUl B PpE3yJbTaTi HE3BOPOTHOIO HAKOIUYECHHS
TIOIIKO/DKEHb B JIeTalli: HAKOIMYEeHHS IIaCTUYHUX Jieo-
pmaniii ( medopmariii MOB3y4oCTi), BTOMHHX MOIIKO-
JDKEHb, TIPUBOJISIYMX JIO PO3BUTKY TPILMHH, MEXaHIYHUI
3HOC Ta iH.

TakuM 4MHOM, NPU OLIHII HAMIMHOCTI JMCKIB He-
00XiJIHO BpaxOBYBaTH PAITOBI Ta MOCTYIOBI BiJIMOBH.

[oBeninka peanbHUX KOHCTPYKIH 0OOyMOBIEHO
B3a€EMOJIIEI0 LIIOr0 psiay (DaKTOpIB, IO MAKOTh SIBHO
BUPaXEHUH BUMAJKOBHH Xapakrep. Y 3B'S3Ky 3 IHM
BU3HAYEHHS! HAJIIHOCTI KOHCTPYKII HEMOXIHBO 0Oe3
3aCTOCYBaHHSI METOJIIB Teopii WMOBIpHOCTEW 1 MaTeMa-
TUYHOI CTaTUCTUKH.

Jo ocobmuBoCcTEl NHUCKIB 3 TOYKH 30Py OIHKH
MOKa3HUKIB HAIIMHOCTI BITHOCSATHCS:

— MOPIBHSHO HEBEIUKHUI 00CAT CTATHYHOI CYKYITHO-
cTi (B psizi BUMAIKIB ONMHUYHI €K3EMILLIPH);

— CKJIAIHICTD OTPUMAaHHS ITOCBIMYEHUX NAHUX IS
MOAAJBIIOI OOPOOKH METOAOM MaTeMaTH4HOI CTaTHC-
THKH;

— CKJIATHUN XapakKTep 1 B3a€MOIIOB'SI3aHICTD IMPOIIe-
CiB HAaBaHTa)KECHHS,;

— MIIBUINCHAN BIUIMB HA HAMIHHICTE KOHCTPYKIIIH
cTabITBPHOCTI TEXHOJIOTIYHMX TIPOIECIB 1 CKIIaJadbHUX
pobiT [6] .

HaBantaxkeHHs, sKi HOifOTh Ha KOHCTPYKINIO, SIK
MIPaBWJIO, HAMAIOTh 0araTopa3oBUil BIUIMB a00 pO3TOp-
TalOTh CBOI HMOBIipHI BIAacTUBOCTI B daci. MexaHidHI
BIIACTUBOCTI MaTepialiiB, BUTOTOBIEHWX B MAacOBiil Ki-
JIBKOCTI, MOXKYTh OyTH BHBYEHI B MMOBHil Mipi.

TaxuM 4MHOM, TIOBEIiHKA caMiil YHIKaJIbHIA KOHC-
TPYKIIi1 BU3HAYAETHCS BUITAIKOBUMU YHHHUKAMH Maco-
BOTO XapakTepy, IS KOXHOTO 3 SIKUX JOIMYCKAEThCS
CTaTHCTHYHE TIyMadeHHs HMoBipHOCTi. Ilepenbauntn
Ha OCHOBI IIbOTO CTATUCTHIHOTO MAaCHBY JaHHUX TTOBEi-
HKY KOHCTPYKIIIT - B IbOMY 1 MOJISTaE METa PO3PaXyHKY
HaTIHHOCTI JTUCKIB.

Jlns  aBianmiHUX CHJIOBHX YCTaHOBOK, BiJMOBa
SIKHX TIPU3BOAUTE IO TSDKKHX HACIIJIKIB, BEUKY HEOE3-
MIeKy CTaHOBJIATH PanToBi BigMoBH. HaitOinbmr yactim
MPOSIBOM PaNTOBHX BiIMOB € IOJIOMKH, AedopMartii i
PO3TPICKYBaHHS OKPEMHX JeTalei BHPOOIB 1 BY3TIB iX
KPITUICHHS, 10 BUKJIUKAIOTHCA HECHPUATIUBUM ITOE€]-
HaHHAM JIIOYMX HABaHTAXKCHb 1 (PaKTHYHOI MIITHOCTI

(puc. 1.)

Puc. 1. PyiiHyBaHHS ucKy TypOiHN

PyiiHyBaHHS 4epe3 MOPYLIEHHA MIIHOCTI MOXYTb
BUHUKHYTH B pe3yJbTaTi Hemepen0adueHHX MiCIIeBUX
Harpy>X€Hb, BUKJIMKaHUX HEPO3paxXOBaHUX CTaTUYHHUMHU
a00 [MHAMIYHUMM HAaBaHTAXEHHAMU B IIOEJAHAHHI 3
HEBUSIBJICHUMH BUPOOHMYMMH BiAXWICHHSAMH. 3a3Haye-
HI MICIIEBI HANpyru i HaBaHTAXEHHs, SK BHIAIKOBI
BEJIMUMHH, ICTOTHO BIJIPI3HSIOTHCS BiJl CEpEIHIX BEIH-
YHMH, NPUUHATUX MPU MIIHOCTI po3paxyHKax 1 OLiHI
pecypcy BupoOy [7] .

OO0unciIeHHs MiHIMaJbLHHAX 3allaciB MILHOCTI, IO
rapaHTyloTh HaJiiiHy poOOTY IPOTArOM pecypcy,
YCKIAQIHAEThCS THM, IO ABUTYH EKCIUIYaTYeThCAd B
pi3HEX pexxuMax. ToMy 3aBIaHHs PO HEOOXIiHI 3ama-
CH MII[HOCTI MOXXHA CTaBHTH TUIbKH B IMOBIpHICHOMY
TUIaHI.

Beenemo nonstTs QyHkuii sikocTi (3amacy mparie-
3maTHOCTI) [2]

P=Oppeo ~Op (2
Ae Oy,
Ti, MEKa BUTPHBAJIOCTI Ta IH.); 0, — pobo4a Hampyra B

0o — T'PaHMYHI HAIPYry (Mexa TPUBAJOi MilIHOC-

PO3paxyHKOBOMY HIEPETHHI.
Juis HaxiiiHol poOOTH JeTaii ABUTYHA HEOOXijiHe
30epexXeHHST yMOBH:

@o>0. 3

Ha napiitaicte pobotn mucka ['T]/l BImBaroOTh pi-
3HOMAaHITHI (aKTOpH, ane cepel HMX MOXKHA BHIITUTH
HaOLIBII OYEBHIHI, SKi MOXKYTh HaJJABATH HANO1THIIIIIA
BIUIMB Ha HamiiHICTH poboru. Ilpm BHpOOHMITBI i
napaMeTpy HEMOXIIMBO BUTPHMATH TOYHUMH, TOMY Ha
HHUX TIPH3HAYAIOThCS JOIYCKH 3 YpaxyBaHHSIM JIOCST-
HEHb CyYacHOi TEXHOJOTii, BUTPAaT Ha BUTOTOBJICHHS 1
BapTOCTI OCTATOYHOTO BHPOOW, YMOB 30ipKH, OIITH-
MaJIbHOI poOOTH 1 T.1. 32 BiACYTHOCTI JIOIMYCKiB, PO3KH-
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Jly TlapaMeTpiB i yMOB poOOTH, BHUpIO MaB MOXXJIHMBICTH
IpaIoBaTy 0e3BiIMOBHO. AJle B AIHCHOCTI JOMYCKH Ha
rapamMeTpd MOXYTb CKJIACTUCS HaHCIPHSTIMBIIINM
YMHOM, IO TPU3BOJWTH JO BTpPATH Npale3JaTHOCTI
BHpPOOY.

[IpoBonstun anaii3 poOOTH THUCKY TypOiHH IBHTY-
Ha, MOXXHA BHJUIMUTU Taki MapaMeTpH, sKi HaiOuIbII
OYEBHIHO BIUIMBAIOTH Ha Mpale3JIaTHICTh JHCKa 1 €
3pYYHUMH IS 3aMipiB:

— T€OMETPUYHI PO3MIpH;

— YacToTa 00epTiB;

— IIJIBHICTH MaTepiany JUCKa.

Jomyckn 1ux mapaMerpiB BH3HAYalOTh SKOMOTa
TOYHUMH. B iHaKIIOMY BHIIAAKy NaHHI (aKTOPH B CY-
KYITHOCTI 3 1HIIMMHU MOXYTh NPHBECTH 10 HeOaKaHWX
pesynbTatis [8].

Po3paxyHOK 3 BH3HAYCHHS HAIIHHOCTI JWCKY SIB-
Jsi€ 0000 PO3PaxyHOK YChOT'O POTOPY, B CKJIAJ SIKOTO
BXOJINTh KOHKPETHUH JMcK. Po3paxyHOK poTOpy BHKO-
HYETBCS 3 BpPaxyBaHHSIM eKCIUTyaTallidiHUX (haKTOpiB
BIUTMBOBHX Ha HAMPY)KCHHUH CTaH AUCKY. (puc. 2, 3)

Ba
—
BILIT ]~
Py
= |
I A 4 (%
B %
} p" .

Puc. 2. KonTypHe HaBaHTa)KeHHsI JHCKa
ra3oBoi TypOiHHU Ta HOro po3paxyHKOBa cXema
(mwxeperno: po3pobiieHo apropamu 3a qanumu [2, C.292])

IM akCcHMaTBHITH]
PEIKIAM

M=0, H-0 }
/

OpCOBaHH I
pexEUM

/M=T.13
H=0
400 5007.C

Puc. 3. TeruioBuii cTan aucka
(mwxeperno: po3pobiieHo apropamu 3a qanumu [2, C.146])

I3 oTpuMaHOro po3paxyHKy IJIsi MOAENI KOHKPET-
HOT'O IUCKY (OPMYIOTHCS TPAHWYHI YMOBH JUII BHKO-
HaHHS PO3PaXyHKY HalpyKEHOTO CTaHy JHUCKY. Xapak-
Tep PO3MOALTY HANPYT MO AWCKY HOCHTH HEPiBHOMIp-
HUM xapaktep. BUOinsfioThCS 30HM KOHIIGHTpAIlii Ha-
NpYKEHHS, KOTpi NPHHHATO HA3UBATH KPUTUYHHMH
30HaMH. SIK MpaBmIIO, y AMCKaX B IIi 30HH PO3TALIOBY-
I0ThCS 01711 OCHOBM MIXK ITA30BUX BHCTYIIIB, SIKI MOXYTb

MPUBECTH 710 PO3TpicKyBaHHs. HanpyXeHHsI KpUTUIHUX
30H BH3HAYa€ LUKIIYHUE pecypc neram. IIpuamnoro
BUHHMKHEHHS TPIIMH YacTille 32 yce € TepMiuyHa BTOM-
JIFOBaHICTh, II0 BHHUKA€ B MaTepiaji HpH IOBTOPHUX
TEpMIYHMX HaBaHTAXEHHAX B MOMEHT 3aITyCKy Ta 3Yy-
nuuku [T,

HeOe3neuni pyiiHyBaHHS IUCKIB MOXXYTh OyTH Ha-
CIIIZIKOM TIEPErpiBy Ta CTATHYHOTO IIE€PEeBAHTAKEHHS
(HanpuKIaa, BHACTIOK NMEPEBUIIEHHS OOMEXEHb yac-
TOTH o0epTaHHS pOTOpy). [MCKHM, 11O BUTOTOBIEHI 3
TOPYIICHHSIM HAJIS)KHOTO TEXHOJIOTIYHOTO IPOIIECy,
BHACJIIOK TPUBAJIOl pOOOTH NPU BHCOKUX TeMIEpary-
pax BTpayaroTh IUJIACTHYHICTh, IO MOXE MPU3BECTHU 10
iX KpUXKOro pyHHYBaHHS HaBiTh P BiTHOCHO HEBEIHU-
KOMY 301JIbIIIeHH] CTATHYHOI HampykeHocTi. [9]

30inbleHHs BiOpallii JBUTYHIB TIOBUHHI pO3IJIsiia-
THUCSI SIK CAMOCTIiiHa BiZiMOBa (200 HECTIPABHICTH), SIKIIO
1Ie HE € HACJIIKOM 1HIIOI BiJIMOBH, HaNPHKJIaa, OOpUBY
nonatky. [IpUuMHOI0 BUHUKHEHHS TMiJIBUILIEHHS BiOpa-
it I'TJ] Moxxe OyTH 3MiHA HATATIB MO IOCAIKOBHM
MosiIcCaM POTOPHHX Ta CTATOPHUX JIETANICH, Y TOMY 4MCIi
ocJ1abJIeHHs MiJ €10 BIAUEHTPOBUX CUII HATATY JMCKIB
Ha CBOiX IOCaAKOBMX MicliX. Bucoki BiOpamuii MOXyTh
BUHHMKATH B pe3yNbTaTi MOSBH NPH EKCILTyaTallii JBU-
T'YHa KPUTHYHUX (OJU3BKUX O pOOOYMX) YacToT odep-
TaHHsI, HATIPUKJIa, BHACIIOK HEAOCTATHHOI CTAOLIBLHO-
CTi PiBHS )KOPCTKOCTI OIOp.

VY psai BUNaakiB OyBae BaKKO BUIHAYMTHU MPUYH-
HHM BIIMOBM JBUTYHa. Hampukiana, pyliiHyBaHHS MOXe
OyTH NOB’si3aHa 3 TUM, IO JI0 11 HEAOCTATHLOI KOHCTPY-
KTHUBHOI MIIIHOCTI JJOIAJIOCh TEBHE BUPOOHUYE BiJIXH-
nenHst. He 3aBkau mpocTo 0JHO3HAYHO KBauli(hiKyBaTH
¢iznuHy npuyuHy BigmoBH. Tak, pylHYBaHHS JUCKY
TypOinu (puc. 4) Moxke OyTH HACHIiKOM BHOOPY HEHO-
CTaTHbO MIIIHOT'O MaTepiaiy JONAaTKH UM CaMOro JAMCKY.
TakuM 4KMHOM, BENHKA KUIBKICTh MOJOMOK TYPOIHHHX
JIONIATOK MAIOTh BTOMIIIOBABHUI Xapakrep. Lli momom-
KA BHHHUKAIOTh BHACIIZIOK 3MIHHHX HANpPYyXeHb, IO
BHUHHUKAIOTP B JIONATKAX IPH iX KOJTUBAHHSAX.

Puc. 4. PyiinyBaHHs 101aTOK TYpOiHK

Y OimpmiocTi BUMAAKIB pyWHYBAaHHS JIONIATOK
MOB’si3aHi 3 X pe30HAHCHUMU KOJNUBaHHAMH. HaiOinpin
HEeTPUEMHI PYWHYBAaHHS JIOMATOK BHACTIIOK KOJMBAHb
3a OCHOBHHM TOHOM, NpHU IIbOMY BiIOyBaeThcs 00OpHU-
BaHHS OUTBIIOI YacTHHU 200 HAaBITH BCHOTO IEpa JIOMaT-
ku (6151 KopeHs). [Ipy iHTEHCMBHUX KOMHUBAHHAX JIOMA-
TOK 32 OCHOBHHUM TOHOM BTOMIIIOBAJIBHUM pPYHHYBaH-
HSIM Ta PO3TPICKYBAHHSIM MOXKYTh MiIIaBATHCH i 3aMKH
nonaTok. [IpuauHn BiOpamiitHUX MOJOMOK TypOiHHHX
JIOIATOK [aJeKO HE 3aB)KIM ITOB’si3aHl 3 HEIOCTATHIM
3aKIaZieHuM 3amacoM MimHocTi. [lpw BHTOTOBIIEHHI
JIOTIATOK I 3armac y psfi BUMAIKIB MOXE 3HIKYBATHCh
yepe3 BIOXWICHHS PO3MIpiB JIOMATOK, a TaKOX IIPHIIa-
TUHD (TEXHOJOTIYHUX MOPYIICHb B IPOIECI TepMO0D-
poOKM), YTBOPEHHS y TOBEPXHEBOMY IIapi pO3TAryIO-
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YUX HaNpyXeHb Ta IHMMX (PaKkToOpiB, MO 3HIKYIOTH
omip BroMiOoBaHOCTI. OJHI€I0 3 TPUYMH 3MEHIICHHS
3ammaciB MIIHOCTiI B TIPOIIECi SKCILTyaTallii € Kopo3iiitHe
YIIKO/PKEHHSI MaTepially JOIaToK, Y TOMY YHCHl Ta30Ba
KOpO3ist TypOiHHHMX JIOIIATOK, SIKa BUKJIMKaHA HasBHICTIO
y HajJMBax Ta MPOMYKTaX 1X 3TOPSHHSA XiMiYHO aKTHB-
HUX 3’€THaHb. [7-9].

[Tpu poGoTi ra3oTypOIHHOTO IBUTYHA HA JIOMATKH
JUIOTh CTATHUYHI, MUHAMIYHI i TEMIlEpaTypHI HaBaHTa-
YKCHHsI, BUKJIMKAIOUH CKJIaJJHY KapTUHY HaIpYKEHb.

Takox dakropu, 110 NPU3BOISITH 10 HAKOITMYECHHS
YIIKO/KEHb: 3MiHHI TEpMi4HI Hampy>KEHHs, MOBTOpPHI
CTaTUYHI HANpPYKEHHS TPU BUCOKUX TeMIIEpaTypax,
reperpiBi  poOOYMX JIOMAaTOK (HANpHKIald, MicleBi —
4yepe3 HEpPIBHOMIpHI IO pajiycy MOJisi TeMIeparyp).
OcranHi pi3KO 3HWXKYIOTh OIip TPUBAJIOMY CTATHIYHOMY
HaBaHTA)XEHHIO, 110 MOXE IPU3BECTH 10 OOPUBY JIoMa-
TOK 13 XapaKTepHUMH CJIiJaMH1 IUIACTUYHOI Aedopmariii.
[leperpiBu COMIOBUX JIOMATOK BHKIMKAIOTHCS, 3a3BHU-
Yaii, KiJbLIEBOIO HEPIBHOMIPHICTIO TEMIIEPAaTypHOTO
TIOJIS.

TpimmHn Ta pyHHYBaHHS IUCKIB TypOiH BiJHO-
CATHCS JI0 HAHOLIBIN HeOe3MeuHuX BUIIB BIAMOB, 00 mpu
00pHBi YACTHHY AUCKY PyHHYBaHHS B 0araThoX BHIIAJIKaxX
HE JIOKANI3YIOThCS B MeXaX KOpIycy ABuryHa. Yacro, B
npoleci PO3BUTKY TPIlIWH, B TUCKY BUHUKAE 301IbIICHHS
piBHS 3araipHHUX BiOpaliii 1BUryHa (3 POTOPHOIO YacTo-
TOI0), 1[0 MOXKE CIY)KHTH JIarHOCTHYHOIO O3HAKOK IIi€i
BIZIMOBH Ta JIO3BOJISIE 3aII00ITTH PYHHYBaHHIO JMCKA MPU
CBOEYACHOMY BUMKHEHHI JIBUTI'YHA. [8]

Po3paxyHok Ha MILHICTh Tiepa JIONATKA BUKOHY-
€TbCS, BPAaXOBYIOUM BIUIMB TINBKM CTAaTUYHHMX HABaHTa-
KeHb. J|o HUX BIHOCSTBCS BiJLIGHTPOBI CHIIM Mac (Baru)
JIONATOK, SIKI 3’ SIBJISIIOTHCS TIPH 00epTaHHI poTopa, i ra3o-
Bi CWJIM, IIO BHHHUKAIOTH IIPU OOTIKaHHI ra3oM Mpodiito
repa JIONATKA 1 B 3B’S3Ky 3 HASBHICTIO PI3HMII THCKIB
ra3y mepejl 1 3a JONaTKow. BiAleHTpOBI CHIM BUKIIHMKa-
10Th IeopMallii po3TAryBaHHs, BUTHHY 1 KPYTIHHS, ra3o-
Bi — nedopmarii BuruHy i kpytiHHs. HampyxkenHs kpy-
YEHHs BiJl BIJILIEHTPOBHX, ra30BUX CHJI clIab0 3aKpydeHHX
poOoOUNX JIOMATOK KOMIIpecopa Mall, 1 HUMH 3a3BHYaid
HEXTYyIOTb. Hanpyru po3TSrHeHHS Bil BiILECHTPOBHX CHII
€ HalOuUThll CyTTeBUM. HampyxeHHs 3ruHYy 3a3BHYail
MEHIIl HANpY)KeHb PO3TATY, MPUYOMY 332 HEOOXIIHOCTI
JUIsL 3MEHIICHHS 3THHAJBHUX HANpYXEeHb B JIOMATII Bif
ra30BHX CHI ii MPOEKTYIOTh TaK, MO0 BHHUKAIOYi 3THWHA-
JBHI MOMEHTH BiJ] BiJIICHTPOBHUX CHJI OYIH TPOTHIICKHI
32 3HAKOM MOMEHTaM BiJ] Ta30BHX CHJ i, OTXKe, 3MEHIIIY-
BaJIM OCTAHHI.

[HTEHCHBHICTH Ta30BUX CHII Ha CEPEeIHHOMY pamiyci
B OKPY>KHOMY HAIPSIMKY BH3HAYAETHCA 32 POPMYIIOO:

G
h fz '(Wlu _W2u) .

J

R = (4)

Jns BU3HAUSHHS YacTOTH BIACHHX 3THHAIBHHX
KOIIMBaHb JIONATOK MO pi3HEX (opMmax (MPOCTUX UYH
CKJIaTHUX) KOPUCTYIOTHCS PI3HAMH METOaMH PO3paxy-
HKY, HAIIPUKIIAJ: €HEPreTHYHHM METOIOM.

3rifHO 3 IIMM 3aKOHOM JUIS BIJBbHHUX KOJIMBAaHb
NPYXKHOI CHCTeMH 0Oe3 ypaXyBaHHS CHJI OIOpYy Cyma
KIHeTUYHOI 1 TOTeHLiNHHOI eHepriii 30epiraeTbcst Bech

yac He3MiHHOI0. CyTh METOJy MOJIsrae B TOMY, IO
OOYMCITIOIOTECS MaKCHMallbHI 3HA4YeHHS ITOTEHIIHHOI
eHeprii JionaTky B ii KpaifHbOMY TOJIIOXKEHHI, a KIHETHY-
HOI eHeprii - B CepeTHbOMY.

OOepTaHHs JIONMATKU CITIJIBHO 3 JIMCKOM, Ha SIKO-
My BOHa 3aKpiIUieHa, BIUIMBAE Ha ii KOJIMBAHHS, TaK 5K
BIJIIIEHTPOBA CHJIa MParHe MOBEPHYTH JIONATKY B ITOJIO-
JKeHHsI pIBHOBArm.

Jlis BiIIEHTPOBOI CHJIM JIOMATKH IIPU3BOIUTH J10
TOTO X PE3YABTATY, IO 1 30UTBIIICHHS )KOPCTKOCTI, TOMY
4acTOTa BJIACHUX KOJIMBAHb JIONMATKU (JMHAMiYHa Yac-
TOTA) TiJIBUIYETHCSL.

JluHamiuHa 4acToTa BIACHUX 3THHAIBHHUX KOJIH-
BaHb JIOMATKH BU3HAYAETHCS 32 (POPMYIIOF0:

fdun = \l fc2 + Bncz' ) 5)

ne f — BnacHa yacToTa JIOMATKH; Ng— 4acTora 00ep-
TaHHs poTOpa 3a CeKyHxy, 00/c; B — koedimieHt mpo-
MOPILIHOCTI, 10 3aJeKUTh BiJl T€OMETpii JOMmaTKH i
(hopMu TIpYKHOT JiHii.

BusHaunBmm KoeillieHT 1 3a1aBIIUCh JEKiTbKOMa
3HAYCHHSMH YacTOT B Jiama3oHi poOOYHMX 4acToT odep-
TaHHS JIBUTYHA, 3HAXOIUMO BIJIIOBIJHI BEJIMYMHU JU-
HaMIYHHMX YacTOT BJIACHHMX KOJIMBAaHb JIONMATKU 1 Oymye-
MO YacCTOTHY Jiiarpamy.

st mobynoBu 9acToTHOI miarpamu (puc. 5) He-
00XiTHO HAHECTH Ha Tpadik Jiama3oH poOOYMX YaCcTOT
o0epTaHHs IBUTYHA BijJ 00OPOTIB Majoro ra3y J1o Mak-
CHMaJIbHUX 00epTiB.

fI/c

K=56 K=45 /]\-:9
7 f
1] lorie]
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Puc. 5. Yacrorna nmiarpama
(mxeperno: po3pobiiero aBropamu 3a ganumu [2, C.321])

3a gacrory oOepTaHHS POTOpa HA PEXHUMI MaJo-
ro ra3y npuitasaro asa [T/

N, = (0,8...0,9) Ny - (6)

Jns BU3HAYCHHS PE30HAHCHHUX PEXHUMIB POOOTH
IBHTYHA 3 ypaxyBaHHSAM IpPUHHATOrO MacmTaly Ha-
HEeCTH Ha rpadik IIy9IoK NpsSAMUX JiHIHA, 0 BUXOAATH 3
MOYaTKy KOOPAWHAT, SIKi IPEICTABIAIOTH COOOI0 YacTo-
TH KOJIMBaHHS FAPMOHIK 30yIKYIOUHX CHJI, OITUCYBaHHX
PIBHSHHSIM:

f.=k-n.,

6 Cc

™

ne K -TIopsiiok rapMoHIK 30yDKYFOUUX CHIT.
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Toukn mepeTHHy NMPOMEHIB 3 KPHBOIO 3MiHH Ja-
JIyTh PE30HAHCHI YacTOTH oOepTaHHs NBUryHa. Hass-
HICTh PE30HAHCHHUX PEXHMMIB B pOoOOUiil 30HI BHKIIOUE-
HO. 3a pe3yJbTaTaMu PO3paxyHKy OyIyeThCs YacTOTHA
Jiarpama.

Jucku TypOiH - II¢ HAHOLIBIN BiIIIOBINATIBHI
€JIEMEHTH KOHCTPYKLIH ra30TypOiHHUX IBHTYHIB. Bin
JIOCKOHAJIOCTI KOHCTPYKIIIH JTCKIB 3aJIEKUTH
Ha/lilHICTh, JIETKICTh KOHCTPYKIIll IBUTYHIB B LILJIOMY.
Mertoro po3paxyHKy € BU3HAUCHHS HAIIPYKEHb 1 3amacinB
MIITHOCTI B PI3HUX MEPETHHAX IO PaliyCy JIHCKa.

Jlucku 3HAXOMATHCS TiJ BIUIMBOM I1HEPIIIHHUX
BiJIIIEHTPOBHUX CHJI, III0 BUHHUKAIOTH NPHU OOEpTaHHI Bif
MacH poOOYHX JIOMATOK 1 BIIacHOi MacH MUcKiB. 11i cum
BUK/IMKAIOTh B JIMCKax HampyXeHHsS po3Tsary. Bia
HEepiBHOMIPHOTO HarpiBaHHS JUCKIB TYpOiH BHHUKAIOTh
TEMIIepaTypHI Hampyru, SKi MOXYTh BHKIHKATH SK
PO3TATYBaHHS, TaK i CTHCHEHHSI €JIEMEHTIB JNCKa.

KpimM HanpykeHb pO3TSATYBaHHS 1 CTHCHEHHS, B
JICKaX MOXXYTh BUHUKATH HANpPYrW KPYTiHHS 1 BUTHHY.
HampyxeHHsT KpydeHHs 3'SBISFOTHCS, SIKIIO JUCKH
nepeaaTh KpyTHUi MomenT [8-11].

3 mepepaxoBaHUX HaNpyXeHb HaWOIIbII 1CTOT-
HUMH € Hampyrd BijJ BIALEHTPOBHUX CHJI BJIacHOI Macu
JIMCKA 1 JIOMATOYHOr'o BIHII, & TAKOX TeMIepaTypHi (B
pa3i HepiBHOMIpHOTO HarpiBaHHs aucka). HampyxeHHs
3TUHY 3aJIeKaTh BiJl TOBIIMHM JHCKa 1 CIIOCOOY
3'eAHaHHA JUCKIB MDK cO0OI0 1 3 BaJIOM 1 MOXYTb OyTH
3HAaYHUMH JIMIIe B TOHKUX JHCKax. HampyxeHHs
KpPYYeHHsl 3a3BHYail HEBENMKI 1 B pO3paxyHKax B
OLIBILIOCTI BUMAJIKIB HE BPAXOBYIOTBCS.
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Puc. 6. Po3paxyHkoBa cxema JucKa
JUTSL BUBE/ICHHSI PiBHSHB HOT0 MIiI{HOCT1
(mwxeperno: po3pobiieHo apropamu 3a qanumu [2,C.293])

HanpyxeHHs Gr, BiJ BiIIIEHTPOBHUX CHIJI JIONATOK 1
3aMKOBOI YaCTHHHU 000/1a MOXe OYTH BU3HAYCHO SIK

2.0y Fetp-f -Zﬁ'waa)
27Z"Rk 'bk

, (8)

GR/'I =

JIe Z — YKMCIIO JIOIATOK Ha 000l JucKa; o px — Hampyra

B KOpPEHEBOMY Tepepi3i JIOMaTKH BiJl PO3TATYBAHHS
BIJILEHTPOBUMH CWiIaMK; F, — Ioma KopeHeBoro

MIEPETUHY JIONATKH;, O — IiIJIBHICTH MaTepialy IUCKa i

nomatkn; f — ruroma pamiaigbHOTO TIEpETHHY PO3pi3-

HUH gacTuHH obofna nucka; Ry — pamiyc meHTpa Barm
wiomi f; R, — 30BHImHIN paxiyc HepospizHOTrO 00072
nucka; by —mmpuHa oboma mucka Ha pamiyci Ry .

3a pe3ynbTaTaMy po3paxyHKy OyayloThes Tpadiku
3MiHU HampyXeHb OR,OT i 3amaciB MiIHOCTI O
paniycy mucka [4] .

TakyuM 4MHOM MOXHa CKa3aTH, IO 3a0e3neyeHHs
BHCOKOI 1 CTaOLIBHOI KOHCTPYKIIIHOI MIITHOCTI JTBUTY-
HIB, TiJl SKOI PO3YMI€ThCS MIIHICTh KOHCTPYKIII B
pearbHUX yMOBaxX poOOTH 3 ypaxyBaHHSM MeTaTypriii-
HHUX, KOHCTPYKTHBHO-TEXHOJIOTIYHHMX 1 eKCIUTyaTariii-
HUX (aKTOpiB - OJMH i3 HANpPAMIB BUPILIEHHS NpoOIe-
MH TIBUIIEHHS HadiitHOCTI AuckiB ['T/I.

[Momyk NuUIAXiB JDOCATHEHHS HAWOLIBIIOrO OMOpy
pyiHYBaHHIO MaTepiajly KOHCTPYKIii B HEpiBHOMipHO-
My MOJI TeMIeparyp NpHBiB A0 izel 3acTocyBaHHs Oi-
MeTaleBuX 3'€lHaHb (KOHCTPYKIIis, BiZioMa i/l Ha3BOIO
«bmuck»). [Ins BUTOTOBIICHHS TaKMX OiMeTalleBUX KOH-
CTPYKIIl MOXHa 3aCTOCYBaTH CIIOCIO 130T€pPMiYHOIO
MITAaMITyBaHHS, 110 JJO3BOJISIE 3'€HATH JIOMATKH 1 JHCK,
BUKOHAHI 3 PI3HHUX CIUIaBiB. TEXHOJIOTisI BUTOTOBIICHHS
TaKUX CKJIQJIOBUX KOHCTPYKI[IH 3aCHOBaHa Ha CIiKaHHI
JIONATOK 3 TIOPOIIKOBHM CILIABOM, YTBOPIOIOUUM JTUCK.
BukopuCTaHHS J11 3aMKOBOI YAaCTHHHU JIOMATKH MII[Hi-
IIOr0 TIPH BIAMOBIHUX YMOBaxX poOOTH CIUIABY, 3 SIKOI'O
BUTOTOBJISIFOTHCS TUCKU, a00 B3araji - BHHSTOK 3aMKO-
BOTO 3'€JIHAHHS JJO3BOJISIFOTH 3MEHIIUTH Macy podouoro
KoJeca, a Horo pecypc 301IbIIUTH.

['onoBHa nepesara Binck - MOXIIMBICTh 3HMKEHHS
Ha 20-30% macu pobouoro xoneca Besie 10: 3MEHILICHHS
IHepIIMHOCTI pOTOpa, a 3HAYUTH MOJIMIIEHHS HOro
JMHAMIYHUX XapaKTePUCTUK, TOOTO 3MEHIICHHS 4Yacy
NPUHOMHCTOCTI, TOJETIICHHs 3allyCKy IBHI'YHA, 3MEH-
IICHHS] TTMTOMOI Baru JIBUTYHA, 30UIbIICHHS TAIBHOCTI.
BizcyTHicTh 3aMKOBHX 3'€JlHAHb JIO3BOJISIE BUPILINTH
npoOsieMy pPO3MIILEHHS JIONATOK HAa JUCKY 1 YCYHYTH
BUTOKY B 3aMKOBOMY 3'€THaHHI, TOOTO ONTHUMIi3yBaTu
TYCTOTY PELIITKHU 110 ra30AMHAMIYHOT e()eKTHBHOCTI, 110
Mmoxe mpuBectd no miasuiieHus KKJ[ nma 1-1.2% i,
BIJIMOBITHO, JI0 BUTPAIly B MMaJIUBHI €KOHOMIYHOCTI.

! O-eks

Puc. 7. Texuosoris OiMeTaliyHKUX 3’ €IHAHD

BuKIt0YeHHSI KOHIICHTPATOPIB HANPYXEHb B 3aM-
KOBHX 3'€IHAHHAX JO3BOJISIE 30UIBIINTH IOBTOBIYHICTH
koneca B 2-3 paszu. 30inpmeHasa Ha 40-50% wmiHIMaIb-
HUX MICIIEBUX 3alaciB TPHUBAJOl CTATUYHOI MIITHOCTI
JIO3BOJISIE 30IMBIIUTH TEMIEpaTypy Ta3y mepen TypOi-
HOIO Ha 5-7%, 0 MPU3BOIUTH O 30LTBIICHHS MOTYX-
HOCTI Ta JTO3BOJISIE 30UTBIIATH YacTOTy OOEpTaHHS pPo-
Topa Ha 15-40%.
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BucnHosku

B cratri ocobnuBa yBara mnpencraBiieHa BU3HAUEH-
HIO OCHOBHHMX (PaKTOpIB sIKi BIUIMBAIOTh Ha HaJiiHICTh
muckiB I'TJl, Taki sK: KOHCTPYKTHBHI, TEXHOJOTIYHI Ta
eKcruryaTariiHi. Takoxk (axropiB, IO NMPU3BOIATH IO
HaKOIMYEHHS YIIKOJDKEHb: 3MiHHI TEpMiyHI HaNpy>KeH-
Hsl, TIOBTOPHI CTaTW4HI HAIPY>XEHHS NPH BHCOKUX TEM-
repatypax, IeperpiBu poOOYHX JIONMATOK (HAIIPHKIIAT,
MICIIEBI — Yepe3 HEepiBHOMIPHI [0 Pajiycy Mojsl TeMIepa-
Typ). Bucoki BiOpariii MOXXyTh BHHUKAaTH B Pe3yJIbTaTi

TIOSIBYL TIPY eKCILTyaTallii IBUYHA KPUTHYHUX (OJIM3BKHX
JI0 pOOOYNX) YacTOT OOEPTAHHS, HATIPHUKIIAJ, BHACIIIOK
HEIIOCTaTHROI CTAOUTLHOCTI PIBHS JKOPCTKOCTI  OIIOP.
BusiiieHO SIKi CHIIM Ta MOMEHTH JiFOTh Ha UCK, BiJl YOrO
3aJICKUTh PYWHYBaHHS JUCKIB Ta SKi 3aXOTH 3aCTOCOBY-
FOTh JiIs 30UTBIICHHS HAAIMHOCTI TUCKIB, a OTXKE 1 30171b-
IICHHIO peCypCy ABHTYHA. 3 ypaxyBaHH;IM yciX (akro-
piB, OyJI0 3aIPOITOHOBAHO CYJYaCHHIA CIIOCIO BUTOTOBIICH-
Ha auckiB ['T/ nuigxoMm OiMeTamiyHuX 3’€qHaHb. JlaHa
TEXHOJIOTisI Ma€ Ha3By «BJIMCK», sKa TO3BOJISE BUPIIIUTH
npoOseMy HaAiHHOCTI JMCKIB.

CHMUCOK JUTEPATYPU

1. Benoycos, A.U., buprep 1. A. IlpounoctHast Haie:)kHOCTE eTaneii Typbomamms / AWM. benoycos, U.A. Buprep. — Kyii0Os1-
meB: Ky-AH, 1983. — 75c.

2. Macsrin B. . KorcTpykiist Ta MiITHICTB aBialliifHUX IBUTYHIB : Kypc jekuiit / B. I. Macsrin, B. B. Camynees, H. M. Otpem-
ko. — X. : XVIIC, 2014. — 464 c.

3. CkybaueBckwuii, ['.C. ABuanoHHbIe ra30TypOHHHEIE ABUTaTeny. KoHCTpyKuus u pacuer aeraneid: YUeOHHK JUISl CTYIEHTOB
aBualmoHHbIX By30B /I".C. CkybaueBckuil.— M.: MammHuoctpoenue, 1974.— 520 c.

4. PacueT TepMOHANpPSDKEHUH M MIPOYHOCTH POTOPOB U KopirycoB Typoun / K.B. ®@ponos , FO.JI. Uzpaunes, H.A. MaxyroB n
np..— M.: Mammnoctpoenue, 1988. —239c¢.:

5. Temnonepenaya B OXJTaXJaeMbIX JeTaIsIX ra3oTypOMHHBIX JBHTaTeliel JeraTenbHbIX ammapatos/B.U. Jlokait ,M.H. Boxy-
HOB,B.B.XKyiikos, A.B. lllyknn.—M.: MammHocTpoenue , 1985. — 216 c.

6. Kocroukun, B.B. Hage)xxHOCTh aBHAIIMOHHBIX JBHTATeNed U CHIIOBBIX YCTAHOBOK: YueOHMK mist cryaeHToB / B.B. Kocrou-
KMH. — M: MamuHoctpoenue, 1976. —248c.

7. AxumoB, B.M. OcHOBBI HaJIe©)KHOCTH Ta30TYpOMHHBIX JABUTaTENei: YUeOHNK JUIS CTYCHTOB MAalllMHOCTPOUTEIBHBIX CIIeIH-
anpHOCTEH By30B /B.M. AkumoB. — M.: MammHocTpoeHue, 1981. — 207 c.

8. Illynos, B.A. MomuduKkarms oBEpXHOCTH AeTallell M3 KapOoMpPOYHbIX CTaleil CHIIFHOTOYHBIMU UMITYJTECHBIMH 3JIEKTPOHHBIMA
myukamu. /B.A. Illynos, A.I'. ITaiikuH, A.b. benos // ®usnka u xumus o6padorku Marepuanos. — 2005, — Ne 2. — C. 61-70.

9. Kab6nos, E.H. XKapocroiikie 1 Temo3anmTHbIe TOKPBITHS IS JIOMaTOK TYpOWHBI BRICOKOT'O IaBJIeHHs epcreKTHBHBIX ['T/]
[Onexrponnstii pecypc]. BUAM. — 2012.

10. Japuunos 3.H. Creunduka BXOIHOro KOHTPOJIA M BOIpOCH ero crannaprusaimu / 3.H. Jlapunnos // CranmapTsl n Kaue-
crBo. —1973. — Ne 8. — C. 24-26.

11. TexHonoru4eckoe odecrneueHNe IKCINTyaTallMOHHbIX XapakrepucTuk aeraneid ['T/I. JlomaTtku KoMnpeccopa M BEHTHI-TOpA:
moHorp. Yacts 1/ A. B. Borycnaes u ap.. — 3amopoxse, n3a. OAO “Morop Cuy”, 2003. — 396 c.

12. Texnonoruueckoe obecredeHne IKCIUTyaTalHoOHHBIX XxapakTepuctuk aetanedd ['TH. Jlomarku TypOunbr: moHorp.Yacts 2 /
A.B. borycnae, ®.M. Mypasuenko, I1./]. Kemantok, B.K. Sluenxo, A.f. Kauan, 9.U. Husupko, C.b. benukos, M.P. Op-
noB, B.E. 3amkoBoii, B.®. Mosrosoii, O.B. Py6ens. — 3amopoxse, nza. OAO “Morop Cuu”, 2003. — 420 c.

13. TIporpeccuBHBIC TEXHOJIOIMH MOJCIHPOBAHUS, ONTHUMHU3ALMU U MHTEJUICKTYaJbHOH aBTOMATH3AllMH 3TAaloB >KHM3HEHHOIO
LMKJIa aBHAIIMOHHBIX JBHraTesnell: moHorp. / A.B. Borycnaes, A.A. Onelinuk, A.A. Oneiinuk, J1.B. INaBnenko, C.A. Cy6o-
tuH; nox pea. J1.B. ITaenenko, C.A. Cy66oruna. — 3amopoxse: OAO “Motop-Cuu”, 2009. — 468 c.

14. Kumanos A.E., Kynosposa B.M., Mapkuna K.B., UrnareeB O.1. AHanu3 Harpy3ok, ACHCTBYIOLIMX Ha JIEMEHTBHI KOH-
crpykimu ['T] // Monopmo#i yuénsrii. 2012. Ne 11 (46). C. 52-60.

Received (Hanuiiina) 27.07.2021
Accepted for publication (TTpuiiasita 1o apyky) 25.08.2021

Determination of factors decreasing indicators of reliability of disks
of a gas-tube engine and development of measures to increase them

Valeriy Masyagin, Alina Hryhorenko, Katya Konokh, Oleksandra Khakhalkina

Abstract. In this article, special attention is paid to identifying the main factors that affect the reliability of the disks of
the gas turbine engine. Determining that dangerous drive control can occur when the engine is running in different flight modes.
The disks are under the influence of inertial centrifugal forces arising from the rotation of the mass of the blades and the own
mass of the disks. These forces cause tensile stresses in the disks. Uneven heating of the turbine blades causes temperature stress-
es that can cause both stretching and compression of the disk elements. In addition to tensile and compressive stresses, torsional
and bending stresses may occur in the disks. Torsional stresses occur when the discs transmit torque. Of these voltages, the most
significant are the voltages from the centrifugal forces of the mass of the disk and the scapula, as well as temperature (in the case
of uneven heating of the disk). The bending stresses depend on the thickness of the disk and the method of connecting the disks
with each other and with the shaft and can be significant only in thin disks. Torsional stresses are usually small and in most cases
are not taken into account in the calculations. From the obtained data we can say that for models of a particular disk are formed
boundary conditions for calculations of the stress state of the disk. Disks made in violation of the technological process, as a
result of prolonged operation at high temperatures, lose their ductility, which can lead to their tiny control, even in comparison
with a small amount of increased static voltage. For the results of the calculation of future graphics, the voltage on the radio will
change. and strength reserves. To increase the reliability of the disk, you can use various methods, such as the method of creating
a disk for the technology of bimetallic connection to the disk. This technology can increase the duration of the team by 2-3 times,
which will increase the service life.

Keywords: gas turbine engine, reliability parameters, strength, resource, stresses, turbine disk.
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IHEPEBIPKA I HAJTAIITYBAHHS ITAPAMETPIB TAI'OBOI'O EJIEKTPOIIPUBOAY
Y CTAHIOHAPHUX PEXKUMAX

AnoTtaunis. [Ipu po3pobii enekrporepenadi BITYM3HIHOTO Jau3enb-noizaa JIEJI-02 3 TIroBUMU aCHHXPOHHWMH JBHTY-
HaMH, BUPIIyBAJIOCS TUTAHHS MOXIIMBOCTI TIEPEBIPKM B yMOBaX JENO HOr0 OCHOBHHX XapaKTEePUCTHUK. I IIbOro moTpio-
HO Oyno 3a0e3NeunTy B CTAIllOHAPHUX PEKMMax HaBaHTAKEHHS Ta KOHTPOJIb POOOTH IH3eIb-TeHepaTOPHOI YCTAaHOBKH,
MIepeTBOPIOBaYa YaCTOTH i TATOBUX IBUTYHIB 0€3 BUKOPHCTAHHS IOJATKOBOIO ycTaTKyBaHHs. J[yis 3a0e3medeHHs HaIiliHO-
CTi eKCITyaTalifHAX XapaKTEePUCTHK IU3ENb-TI0i3]a B CUCTEMY KepyBaHHsI eJIeKTpoIepeadi BBeIeHa CHCTEMa KOHTPOJIIO 1
JiarHOCTHKY OCHOBHHUX IapaMeTpiB B mporeci pyxy. KpiM Toro, 3 ypaxyBaHHSM OCOOJIHMBOCTEH CXeMHM eleKTporepesadi,
nepetoaueHa MOXKJIIMBICTD MEPEBIPKH 1 HAAIITYBAHHS 1 ITApaMeTpiB y CTalliOHAPHUX pEeKMMax. [3 Mi€r0 METOIo 3aIporo-
HOBaHO Ta OOIPYHTOBAHO BHKOPHCTAHHS TaIEMOBOTO PE3UCTOpA Y SKOCTI HAaBaHTAXKEHHS JM3eb-TeHepaTopa, a IMepeTBo-
pIOBaY YacTOTH MPH IIbOMY HABaHTAKYEThCS HA 3arajbMOBaHi TATOBI ABUTYHH. [Ipy mpoMy crcTeMa peryiaroBaHHS 3au-
[IA€THCST 3aMKHYTOIO, & PEECTPALlisl TapaMeTPiB BUKOHYETHCS CHCTEMOIO KOHTPOITIO 1 iarHOCTHKH.

Kaw4yoBi ciroBa: TAroBuii acHHXpOHHHUH ABHUT'YH, TH3€Jb-TI0I3]1, CHCTEMa KOHTPOJTIO 1 AiarHOCTHKH, TaJIbMOBHIA PE3UCTOD.

Beryn

EdexTuBHICTH TIEpeBe3eHb 3aTi3HUYHUM TPAHCIIO-
pTOM Yy Tepury 4epry 3ajieKUTh BiJ HaJIHHOCTI HOro
poboru. Jlist 3abe3neveHHss HaIiHHOCTI POOOTH JIOKO-
MOTHBA B OTO CXeMY KepyBaHHS CKIIa[IOBOO YACTHHOIO
BBOJJUTBCSI CHCTEMa KOHTPOJIO 1 J[IarHOCTHKH, SKa BH-
Jla€ MalIMHICTY ornepaTuBHY iH(opmarlio npo poboty
HOro OCHOBHUX CKJIJOBUX: JW3EIlsl, eleKTporepeaadi,
CHCTEeMHU KepyBaHHs Ta iH. Y TOI e yac moTpiOHO me-
PEBIpATH 1, IPH HEOOXIMHOCTI, HANAIITOBYBATH Xapak-
TEPUCTHKH JIOKOMOTHBA B CTAalliOHAPHUX pEXUMAax.
OcoONUBICTIO CXEMU eJIeKTpoIepeaadl Jan3elb-1moi3aa
JEJI-02 € HasiBHICTh €NEKTPUYHOrO TaJIbMYyBaHHS, IO
JI03BOJISIE 3/IMICHIOBATH IEPEBIPKY XapaKTEPUCTHK M-
3eNb-TeHepaTopa HaBaHTAXKEHHSAM Ha TalbMOBHH pe3Hc-
TOp 0€3 BUKOPUCTAHHS JOAATKOBOTO YCTaTKYBaHHS.

AHani3 Jjitepatypu. BukoHaHHS cHCTEM peryiio-
BaHHS €JIEKTPONepeaueto 13 BUKOPUCTAHHAM Cy4acHUX
3ac00iB MIKpOMpPOIeCOpHOI TexHiku Ta MiKpoEOM nae
MOXJIMBICTb peajizyBaTh siKk e)eKTUBHE KepyBaHHS, TaK i
KOHTPOIIb POOOTH YCTATKYBaHHS TIpU eKcrutyaTarii [1-4].
OcHOBHA yBara aBTOpIB MPUALISETHCS MUTAHHIM CTBO-
peHHsI OOPTOBHX CHCTEM KOHTPOJIO 1 MIarHOCTHKH, SIKi
3a0e3MevyioTh MAIUHICTa HEOOXIAHOKW iH(pOpMAILIiEr0
PO poOOTY OCHOBHHX €JIEMEHTIB JIOKOMOTHBA, a TAKOXK
ABTOMATH30BAHUM CHCTEMaM 3 JAUCTAHLIHHUM KOHTPO-
JIeM OKpEMHX BY3IIiB JJOKOMOTHBA IIPH HOTo pyci Mo Te-
peroHy. Y TOM e Yac, MHTaHHIO CTallilOHAPHOI IepeBip-
KM TEXHIYHOTO CTaHy JIOKOMOTHBA HE MPHUIUICHO HAJIEK-
HOi yBarw, OCOOJMBO I aBTOHOMHHX JIOKOMOTHBIB i3
CYJaCHHUM TATOBUM aCHHXPOHHUM MPUBOIOM [5, 6].

B cratTi po3risigaeThes TUTaHHS MIEPEBIPKH, a, TIPH
HEOOXi/THOCTI, HaJaIlTyBaHHS XapaKTEPHUCTUK TATOBOI
enextporepenadi am3ens-moizga JAEJI-02 y cramionap-
HHUX peKMMax 0e3 BUKOPHCTAHHS JOIATKOBOIO yCTaTKy-
BaHHA. [ qocATHEHHS 1€l MeTH Oy10 IPOBEAEHO:

— aHaJNi3 CXEeMH eJEKTpomepenadi 3 ypaxyBaHHIM
peautizamii HeoOXiTHUX PEKUMIB poOOTH;

— PO3IIIS MOXJIMBOTO BUKOPUCTAHHS CUCTEMH pe-
TYJIIOBaHHS Ta CHCTEMH KOHTpOo i1 miarnoctrku (CK/I);

— PpO3poOKYy METO/IB TEPEeBIPKH XapaKTEepUCTUK
TATOBOI €JICKTpoIepeaadi Ta SIKOCTI pOOOTH CHCTEMH
aBToMatuuHoro perymroBanus (CAP) 6e3 BuKopHCTaH-
HSl JIOIATKOBOT'O YCTATKyBaHHS.

OcHOBHA YacTHHA

B mpomeci ekcrutyatanii mapamMeTpyd aBTOHOMHHX
JIOKOMOTHBIB MOXYTh BIAXWIATHCSA BiJl HEOOXiTHUX
3HAQ4YCHb, 110 HCIraTHUBHO IMO3HAYAETHCA HaA X TeXHi'—IHI/IX
1 eKOHOMIYHHX MMOKa3HUKaX. Y 3B'A3KY i3 UM, B yMOBax
JIeTI0 HeOOX1/THO MAaTH MOXIIUBICTh IXHBOTO KOHTPOIIIO,
BizHOBIIeHHsT 1 HanmamryBauHs [6-8]. [lpu HasBHOCTI B
JeN0 BOJSHOIO peocTara, IepeBipka Iu3elb-IreHepa-
TOpa BUKOHYETHCS HOTO HaBaHTAXKECHHAM Yepe3 IUTATHY
BUIIPSMHY YCTaHOBKY JJOKOMOTHBA Ha PEOCTar.

Peoctat sBisie coboro Oak, HAIOBHEHUH BOJOIO, Y
KW ONyLIeHI pyXoMi Ta HEpyXOMi eleKTpoau (IUIacTH-
HH). [0 pyXOMHUX 1 HEpyXOMHUX EJIEKTPOJIB IMPHETHAHI
CHJIOBI Kabeni BijJ| BHIPSMHOI YCTAaHOBKH JIOKOMOTHBA.
BenmunHa omopy peocTaTa 3aJ€XHUTh BiJl CTYIEHS 3aHy-
PEHHS Y BOAY PyXOMHUX IUIACTHH, L0 JO3BOJISEE BUKOHATH
KOHTPOJIb 1, IPU HEOOXIHOCTI, HANAINTYBATH HA BIAIO-
BIJIHICTh TEXHIYHUM BUMOTaM celeKTHBHY (1) 1 30BHiII-
HIO (2) XapakTepUCTHKU reneparopa (puc. 1) 3 oOMexeH-
HsIME 110 cTpyMy (A), Hanpysi (B) i moryxsocri (C). Ce-
JIEKTHBHA XapaKTEePUCTHKA BiJIIIOBiIA€ MOTYKHOCTI, SKa
BiOMpaeThCs BiJ AU3eIb-Te€HEpaTopa Ha TATY, 6e3 o0i-
Ky TIOTY)KHOCTi JIOMTOMIXKHMX HABAHTAKEHb 1 OIAJICHHA
CaJIOHIB BAaroHiB (AKIIO BOHO €). 30BHINIHS XapaKTeprc-
THKa — IIe TIOBHA IIOTY)KHICTb, SIKy PO3BHBAE NHU3Eb Ha
KOHKpEeTHI Tmo3uiii KoHTporepa wmammHicta (KM).
CTpyKTypHa cxeMma eleKTporepenadyi MOTOPHOTO BaroHa
mmsens-moizga JEJI-02 HaBenena ma puc. 2. Tsarosuit
TEHepaTop, 110 00EPTAETHCS BiJT AN3EIIS, Yepe3 BUMPSIMHY
ycranoBKy (BY) i aBToHOMHI iHBepTOpH Hanpyru (AIHI,
AIH2) xuBute TsATOBI acuuxporHi muryHn (TA/L,
TAJ12). OcoOnuBICTIO ITi€1 CXEMU € Te, MO Bif] TATOBOTO
rerepatopa depe3 BY Ta meperBoproBaui 4acToTH Biac-
HuX 1oTped (ITUBII) XUBIATHCS BCI JOMOMIDKHI CIIOXKH-
Badi, y TOMY YMCIIi ¥ omajieHHs BaroHiB. [Ipu mpomy ix
CyMapHa CIIO)KHBaHA IOTY)KHICTb CTAHOBUTH 45 KBT.
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Udmax

max

A

Ia"max I,g

Puc. 1. Xapakrepucruku reseparopa (Ud, ld,
P — BunpsiMizeHa Hampyra, CTpyM 1 TIOTY)KHICTh T€HepaTopa)

OyHKITIOHABHA CXEMa CHCTEMHU PETYIIIOBaHHS 1
KOHTPOJFO TIapaMeTpiB MOTOPHOTO BaroHa JH3EJb-
noizna JIEJI-02 maBenena Ha puc. 4.

Jbkepeno

BJIACHHX NOTpel

Mexaniuna

fe| &

nepenaya

My

KM

Komn'otepua
CHCTCMA KCPYBaHHA

Konici
napi

s

Mawwnicm

Jlusens [ Teneparop | BY > AIHI [ TAJTI
3] ATH2 |- TAJI2
IMUBIT []
L; R

Puc. 2. CTpykTypHa cxeMma eneKkTponepenadi
MOTOpPHOTr0 BaroHa au3enb-moizna JJEJI-02

I1pu enexrpuuHomy ransmyBansi TAJ] npamioroTs
y pexumi reHeparopiB i yepe3 AIH1 ta AIH2 naBanra-
JKYIOTBCSl Ha TaJIbMOBHI pe3uctop R, Tsarosuii renepa-
TOp BIAKIIOYAETHCA BiJ JIAHMIOTA MOCTIHHOI HAmpyru
BunpsimiisiueM BY, BeHTWII sIKOro 3ameprti 3BOPOTHOIO
HANpyro Ha HboMY. Ha au3enb-moi3zi 3acTOCOBaHO
IM3eNb 3 ENEKTPOHHUM PEryJIATOpOM. YHiBepcajbHa
XapaKTepUCTUKA AW3els HaBeAeHa Ha puc. 3.

TsiroBuit reHepatop siBisie COOOK0 CHHXPOHHY elle-
KTPUYHY MAallMHY 3 HE3aJeXHUM 30yOHHKOM, IO Mae
nBi TpudaszHi craTopHi OOMOTKH, BiJ SKHX 4epe3 BU-
NPSMIISTY. OJIEPXKYIOTh JKUBJICHHS TSTOBI 1HBEPTOPH, Iie-
peTBOpIOBaYl BJIACHUX MOTPeO 1 cUCTeMa OMaleHHs Ba-
roniB. TAJ] — ue TpudasHa acHHXpPOHHA pEBEPCUBHA
eNeKTPUYHA MalliHa 3 KOPOTKO3aMKHEHHM POTOPOM.
3aBnaHHsl 30yJHHKA TACOBOTO TE€HEpaTropa 1 peryiko-
BaHHS PEXKHUMaMU POOOTH eJeKTporepenadi 3.iicHIo-
€THCSI MIKPOIIPOIIECOPHOFO crcTeMoro [9].
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Puc. 3. YHiBepcanbHa XapaKTepUCTHKA
nusens 12V 183TDB

Puc. 4. OynkuionanpHa cXeMa CHCTEMH PETYIIOBaHHS
1 KOHTPOITIO TTapaMeTPiB MOTOPHOT'O BaroHa
nusenp-moizaa JJEJI-02

Ha puc. 4 npuBeneni Taki no3nayenus: KM — koH-
Tposiep MarumHicta; [T — TmepeTBOprOBaY 4YacTOTH,
N,, — HOMep TO3MLii KOHTpoIepa MalIMHICTa; Ny, ,
N,

’KHOCTI mmsens; Ny, N, — BHXimHI yacToTa oOepTaHHA

; — CHTHAJIK 3aBJlaHHS 4aCTOTH O6epTaHHH Ta MOTYy-

Ta MOTYkHiCTh Ausens; U,, — KOPHUIYrOUMil CHIHai

noryxHocti qmsens; U, , f, — Hanpyra i wacrora re-

2
Hepatopa; i, — cTpyM 30ymKeHHs reHeparopa; Uq, U, ,
fy, f, — 3aBmanns mapamerpis I4; f,;, fy,, Uy,
U,, — uactotu Ta Hampyru xusieHHs TAJ1 i TAI2;
57, 1y, — 3HaueHns akTtuBHOro crpymy TAJl i
TAI2; t,;, ty, — temmeparypa TAILl i TAJ2; ny,
N, — gactotu obepranus poropiB TAJ1 i TAN2; Iy,
Iy, —3Hauenns nmosHoro ctpymy TA/1 i TAZ2.

[MepeBipiyi miuIsAratoTh: IU3elb-TeHEpaToOp, Iepe-
TBOPIOBAY YaCTOTH, TSTOBI ACMHXPOHHI JABUT'YHHU 1 CHC-
TeMa peryJroBaHHs enexTporepenadi. OCKijIbky Ha JTU-
3eJb-TI0I3/l peai3oBaHa CUCTEMa EJIEKTPUYHOIO Iallb-
MYBaHHS, MPU SIKiil rabMOBa MOTYXKHICTh PO3CIIOETHCS
Ha raJbMOBOMY PE3HCTOpi, L€ J03BOJSE BUKOHATH Iie-
PEBIpKy XapaKTepHCTUK IH3eNIb-TeHepaTopa HaBaHTa-
JKEHHSIM 4epe3 IUTAaTHUI BUIPSMIIAY Ha TaJIbMOBUH pe-
3UCTOp MpPH TOBHIM TMOTYKHOCTI Au3ens 0e3 BUKOPHC-
TaHHs BOASHOTO PEOCTaTa.

Cxema BKIIIOYSHHS TalbMOBOTO peE3UCTOpa IpU
HaBaHTA)KCHHI JI3eNb-TeHepaTopa HaBeleHa Ha pHUC. O.
IIpu IbOMY TATOBI iHBEPTOPH BiAKIIIOYAIOTHCA Bif BU-
npsmisda. CUTHAMM 3 BUMIPIOBaJbHHUX IINYHTIB, SKi
MPOTIOPIIiHI BUIPSAMIEHOMY CTPYMYy HaBaHTaKEHHS
reHepaTopa, HaaXoIiITh y CXEMY PEeTyIIOBaHHSI KOHTPO-
JIFO 1 J1arHOCTHKH.

VY 3B’S3Ky 3 THM, IO BETMYHHA TaJIbMOBOTO PE3U-
cropa He3MmiHHa, xapakrtepuctuku Uy = f(ly) abo

P=Uq-ly mo mo3umisx KM MaroTe BUTIISI IpsMoi

miuii 3 (puc. 1). BumiproBaHa MOTY)KHICTH MOBHHHA
BIJINOBIATH HEOOXIiIHIM BIAMOBIAHO A0 YHiBEpCaIbHOI
XapaKTepUCTHKH Ju3els. Jlo Ckiraxy MiKpomporecopHoi
cucremu kepyBauus Bxomuth CKJI [9], mio icrorHo
CHpoIye BUKOHAHHS 11i€1 poOOTH, TOMY IIO BCi OCHOBHI
rapaMeTpy  eJeKTporepenadi BHUBEACHI Ha eKpaH
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KOMIT'oTepa K y LIU(pPOBOMY BHIi, Tak 1 y BHIJISAL
ocruiorpam. SIKicTb poOOTH U3eNb-TeHEepPaTOpHOI yC-
TAHOBKH BapTO PO3IJLIIATH B LIJIOMY, 3 OIVIALY Ha TOH
(axT, 10 CHCTEMH pEryJIIOBaHHS AW3ENs 1 TeHepaTopa
MaroTh Oe3MOCepe/iHi 3B I3KH 1 B3aeMHUH BIUIUB. Enek-
TPOHHUI pErynsaTop [u3els 3abe3nedye MiATPUMKY
3aJ]aH0i 4acTOTH OOEpPTAaHHS 1 MOTYKHOCTI O TO3HIIsX
KM npu 3MIiHHHUX yMOBax HaBaHTa)XEHHs, KpiM TOTro,
BH3HAYA€E 1 BUJA€ 30BHIIHIM CUTHAJ PO CTYIiHb 3aBa-
HTaXECHHsI JIM3eisl (CUTHaJ HEY3TO/KEHOCTI MOTYXHOC-
1i). CAP TsIroBOro reHeparopa (puc. 6) BUKOHAHA IO
KoMOiHOBaHOMY npuHIMITY: 3aMkHyra CAP mo Bigxu-
JICHHIO JIOTIOBHEHA PETYITIOBaHHIM 10 30ypEeHHIO.

I, dl ’_/Kx—

1, AIl

1L, AR

Puc. 5. Cxema HaBaHTa)KEHHs IM3€Ib-T€HEPATOPA HA FAIbMOBHUIA
pesucrop (B — Bunpsamirsty, Ud — BUNIpsIMIIeHa Harpyra reHe-
paropa, All, AI2 — aBronomHi inBepropy, K., Ki — koHTaxro-
pu, I111, I1I> — BumiproBaibHi myHtH, U, — Hanpyra reHeparo-
pa, ld — cTpyM HaBaHTaKCHHS HA PE3UCTOPI)

Curnan 3aBJaHHA €; y CHCTeMi PETyIIOBaHHSA TI'e-
Hepatopa (opmyeThbest sIKk QYHKIsSE 00epTiB aAu3ens €
(nmo3uwiii KM), a ioro xopuryBaHHsI 3[iHCHIOETbCS CHUT-
HAJIOM HEY3TrO/DKEHOCTI IOTYXXHOCTI Bl peryisropa

q3enst (€p;) 1 CHTHAJIOM BKJIFOUCHHS JONOMDKHHMX Ha-
BAHTaKCHb 1 OMANCHHS (Ecy):

e, =6 e, te,,.
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Puc. 6. Cxema popMyBaHHS XapaKTEPHCTHK
JM3elb-TeHepaTopa

3acTocyBaHHS KOMOIHOBaHOI'O IIPHHIMITY pEry-
JIIOBaHHS 3a0e3reduye Horo BUCOKY SIKICTh 1 IOBHE BU-
KOPHCTaHHS MOTYXHOCTI JU3eNs BIJAMOBIAHO MO Horo
XapakTepucTuk. Y Tadi. | HaBeleHl pe3yJabTaTH HAaBaH-
Ta)XEHHS JT3elb-TeHepaTopa Ha TallbMOBHU PE3HCTOP
MOTOpHOro BaroHa ausenb-noizga JEJI-02 y moropBa-
TOHHOMY JIeT0 «XPHUCTHUHIBKA» pErioHanbHOi imii
«OnechbKa 3aIIi3HALY.

Sk BumHO 3 Tabn. 1, xapakrepucruka P, = f(n)

[OBHICTIO BIANOBizac HEOOXIJTHUM 3HAYEHHSAM HA BCIiX
no3utisx KM, 110 miaTBep/KYETbCsl BUXIJHAM CHTHA-
JIOM perynsTopa Au3ens, sikuid gopiBHioe 5 B.

Tabnuys 1-Pe3yabTaTH HABAHTAKEHHS AH3€/Ib-TeHEPATOPA HA rAJILMOBHIi Pe3UCTOP MOTOPHOI0 BAaroHa AM3e/Ib-T0i31a
JAEJI-02 y moTOpBaroHHomy eno «XpHucTHHIBKa» perioHaabHoi ¢inii «Onecbka 3ami3HULS»

Ne mozumii KM 0 1 2 3 4 5 6 7 8
O06opotu u3ens, 00/XBHIL 800 800 | 1000 | 1200 1400 | 1600 | 1800 | 2000 | 2100
Ioryxnicts CI,Pr, kBT 68,5 72 129 191,7 250 330 381 441 462,3
CurHan peryisiropa JIu3ens, €, B 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0

BingxunenHs Bix 3HaueHHS 5 B o3HawyaioTh HEBiI-
MOBIJIHICTh TOTY)KHOCTI JU3eNsl HOro ONTHMAJIbHOMY
3HA4YeHHIO Ha KOHKpeTHiil no3uiii KM. IlepeBipka siko-
cTi pobotu neperBoproBada yactotu i TAJl y 3aMKHY-
Tiii CAP BUKOHYETHCSI Ha 3aralbMOBaHOMY JIOKOMOTHBI.
[Ipu pymanHi 3 Micus i po3roHi, eleKTpornepenaya 3a-
0e3medye CTaJiCTh TATOBOIO 3YCHIUISI, TOOTO TSATOBI
JBUTYHU TPAIIOIOTH 13 TOCTIHHUM MOMeHTOM (puc. 7).

A
I

s

f

Puc. 7. Mexaniuni xapakrepuctuku TAJl npu pymranti
3 MicIist i po3roHi (Mnyex — IyckoBHit MoMeHT, f — gacTota
XKHUBJII01 Hanpyru, f1 — gacrora, mpomopuiitHa gactori obep-
tan#s poropa, fk = fi — fp — gacrora xoB3anus poropa)

Ockinbku TAJl sHepyxomuii, To6to f = f,, Mox-

Ha KOPHCTYBATHCSl MOr0 CTATHYHUMH XapaKTePHUCTHKA-
MU, BBKAIOUH, I110:
M=1-d,

ne I —crpym dasu, ®=E/ f — marnitanit norik TAJI.

3amaroun pospaxynkoBe 3Hauenus f = f,, CAP

MATPUMYE TTOCTIHHOIO 3aJJaHy BEIWIHHY CTPYMY 1 Mar-
HITHOTO TOTOKY, 3ajexHo Bif nosuiii KM, to6To 3a-
Oesmeuye HEOOXigHE TATOBE 3YCWUIA AW3EIb-TIOI31a
IpH pymaHHi 3 Micid. 3a gopmMoro (a3HUX CTPYMIB i
Hanpyru Ha Buxofi [TY MoxkHa 3pOOMTH BHCHOBOK IIPO
cupasHicth II4 1 TA/I, a B miioMmy — 1Mo SIKOCTi poboTH
TATOBOTO enekTponpusonaa [10].

Ha puc. 8 HaBemena ocummorpama (GpasHOro CTpy-
MY TATOBOT'O JIBUTYHA B «CTOITIOBOMY» PEXKHMI IIPH Yac-
ToTi *kmBIsHoi Harmpyru ~ 0,5 11 1 mportec BKITIOUSHHS
eIIeKTporepenadi B peskKuMi TATH.

Kpim TOro, mpu cTaTHYHUX BUMPOOYBAHHIX MOXK-
Ha TIEPEBIPHUTH i, TP HEOOXITHOCTI, HANAIITYBATH 3a-
XHUCT eJNEKTpoIepeaadl Bil TEpPEBUINEHHS 3HAYCHHS
foro mapamerpis.

58



Ynpaeniuna ¢ cknaonux cucmemax

LA
200

~

v

4 t.c

Puc. 8. Ocumtorpama dasuoro crpymy TAJ] nipu 3araibMOBaHOMY JIBUTYHI

Po3pobiiennii MeTon nmepeBipKy XapaKTEepHCTUK Tsi-
TOBOI eNIeKTporepeiadl BUKOPUCTOBYETECS MPU EKCILTya-
Tatii quens-moi3aiB JIEJI-02 Ha Onechbkii 3a1i3HUII.

Pe3ynbraTté aHamizy M03BOMMIN PO3POOMTH METOX
MIepPEBIPKH XapaKTEPHCTHK TSATOBOI eJIeKTporiepeaadi Ta
skocti podotu CAP y cranionapHux pexnmax 0e3 BUKO-

pPHUCTaHHS JIOAATKOBOTO YCTaTKyBaHHS. 3arpoIIOHOBaHO
BUKOHYBAaTH TEPEBIPKY XapaKTEPUCTHK AM3ENb-TeHepa-
TOpa HaBaHTAKEHHSIM HOro Ha TalbMOBHH PE3UCTOp, a
neperBoproBaui yactotu i TAJ] — mpu 3aranbMoBaHHX
TATOBHX IBUTyHax. [Ipu BCiX BUIPOOYBaHHSX BHKOpPHC-
TOByeThesl 3aMkHyTa CAP enexTponpuBona, a KOHTPOIb
napameTpiB 3iiicHIoeThes 3a tonomororo CK/I.

BucHosku

[IpoBeneHo aHami3 cxeMH eJeKTporepeaadi Jau-
3enb-noizaa JIEJI-02 3 ypaxyBaHHsIM HOro xapaxkrepuc-
THK TIpYA pOOOTI B PEXKUMI TATH Ta EIEKTPUYHOIO Tallb-
MYBaHHsI, a TAKOXX peajtizallisi CHCTEMH aBTOMaTHYHOTO
PETYJIIOBaHHS 1 CUCTEMH KOHTPOJTIO 1 IaTHOCTUKH.
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Checking and adjusting parameters of traction electric drive in stationary modes
Valentin Noskov, Vasyl Blyndiuk, VVolodymyr Skorodielov, Hennadii Heiko

Abstract. When developing the power transmission of the domestic diesel train DEL-02 with traction asynchronous mo-
tors, the question of the possibility of checking its main characteristics in the conditions of the depot was decided. To do this, it
was necessary to provide in stationary load condition and control of the operation of the diesel generator set, frequency converter
and traction motors without the use of additional equipment. To ensure the reliability of the operational characteristics of the
diesel train, a system for monitoring and diagnosing the main parameters in the process of movement has been introduced into
the power transmission control system. In addition, taking into account the peculiarities of the power transmission, it is possible
to check and adjust its parameters in stationary modes. For this purpose, it has been proposed and justified to use a braking resis-
tor as a load of a diesel generator, while the frequency converter is loaded onto the braked traction motors. In this case, the con-
trol system remains closed, and the registration of parameters is performed by the monitoring and diagnostic system.

Keywords: traction asynchronous motor, diesel train, monitoring and diagnostic system, braking resistor.
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XapkiBcbkuii HanioHanbHui yHiBepcuter [loBitpsaaux Cuin im. I. Koxeny6a, Xapkis, Ykpaina

AHAJII3 METO/IB TA MOJEJIENA HPHﬁH%TTS[ PIIIEHDB HA YIIPABJIIHHS
YACTUHAMMU 3EHITHUX PAKETHUX BIMCbK TA TAKTUYHOI ABIAIIII

AHoTanisi. Y crarTi NPOBOANTECS aHAJIi3 METOAIB Ta MOJiesIell IPUHHSTTS PIlIeHHs B IPOLECi YIPABIIiHHSI YaCTHHAMU 3€-
HITHHX pakeTHHUX BIMCBHK Ta TAKTHYHOI aBiamii Il Yac PO3MOAUTY 3yCHJIb JUIS 3HHUIIEHHS HOBITPSHOTO NPOTHBHUKA. MeToro
po0OTH € BU3HAYECHHS CTYIICHS BIUIMBY MaTeMaTHYHUX allapaTiB METOAIB MaTeMaTHIHOTO MOJIENIOBAHHS Ta IX iHTETparii, Ha
(hopMyBaHHS aJFTEPHATHB KOMIUIEKCY 3ac00iB aBTOMaru3ailii. MeToIoorist MPOBEICHOr0 JOCIIHKEHHS BKITIOYAE eMITipUY-
HUI, TEOPETHYHUH Ta 3arajibHO JIOTiYHI MeToaH. [1i yac mpoBeIeHHS JOCHIPKCHHS BUSBIICHO BJIACTHBICTh METOJIIB HEUITKOL
JIOTIKH 3 TIIBUINCHHSM PiBHSI CKJIQJIHOCTI MOJIEIT, a 3 HEFO 1 KUTLKOCTI MPaBHII, TTOKPAITYETHCS ii MOKJIMBICTh OIKCYBAaTH pea-
JIBHI YMOBH IIIO J03BOJISIE BUPINIYBAaTH 3aBJaHHs, KOJIH TPAIMIiHHI METOIM HeeEeKTHBHI, a caMe Bi/ITOBIIHICTh BUMOTaM SIKi
BHCYBAIOTBCS II[O/I0 OOTPYHTOBAHOCTI IIPUIHATTS PIlIeHHs Ta MOXKJIMBOCTI OTPHMAaHHS TTOSICHEHHSL. BHKOPHCTOBYIOUH KiIacH-
YHY TEXHOJIOTIIO NPUHHSTTS PIMIEHHS 3 BiJITOBITHUIMH METOJaMH 1 MOJEIISIMHA MOXKHA MPOCITIIKYBaTH iX B3a€MO3B’S30K Ha
KOXXHOMY 3 eTamiB. To0To, 3a JOITOMOroro IepexpecHol epeBipKH METO/IB Ta MOJIENIEH O/THa OJTHOIO, TaK SIK B KOKHIH 3 HUX €
TiepeBary i HeJIoMKW. BUKOpHCTaHHS BUXITHHUX JaHUX OJHOrO METOY SIK BXiJHHMX B HACTYITHOMY €Talli i 3 IHIIMM METOJOM
Jla€ 3MOT'y He TUTBKY TepeBIpUTH BXIiJIHI JaHHI a i 30UIBIINTH KiJbKICTh aJIFTEPHATHB. 3 1HIIOI CTOPOHU B32€EMO3B’SI30K MOXK-
JIMBO TPAKTYBATH SIK HAONVDKEHUH 13 32 MHOXKHHH TIOCITITOBHOCTEH BUKOPUCTAHHS METOAIB 1 MoJienieil Ha pi3HuX piBHsX. To0-
TO B 3aJIGKHOCTI BiJl BHOPAHOI TIOCIITOBHOCTI peajtizallii METOJIB 1 MOJIeJIei Ha KOXKHOMY 3 €TalliB, MOXIIUBO OTPUMATH Pi3HI
MHOXMHH 3HaueHb. [IpakTi4HO miaxia Mmoo BUPOOKH abTepHATUB MIPUHHATTS PIMIEHHS UIs PO3IOJUTY 3yCHIIb MK 3€HIT-
HHMHM PaKeTHUMH BIHCbKaMM Ta TAKTUIHOIO aBialliero Moke OyTH peasizoBaHHi B KOMILIEKC] 3aC00iB aBTOMAaTH3allil 3a paxy-

HOK BIIPOBA/[PDKCHHS Me’TO}IiB Ta MO}ICJ'[Cﬁ CUCTEMU l'Ii)ITpI/IMKI/I l'IpHﬁHHTTS[ pimel—n—m.

Karo4doBi cioBa: npuitHATTS pillleHHs, METOJ aHaNi3y iepapXii, HeUiTKI MHOKMHH, HEUiTKa JIOTIKa.

Beryn

Jlnis BUpIIIEHHS 33724 OB’ SI3aHUX 3 OpraHi3alli€ero
Ta YIPaBJIiHHIM YaCTUHAMH 3CHITHUX PAKETHUX BIHCHK
Ta TAaKTUYHOI aBiallil, iIKi BUHUKAIOTh B MPOLIEC], CHUTBHOL
MITOTOBKY 1 3aCTOCYBaHHsI, BUHHKAE NOTpeda B MpHii-
HSTTI yNpaBJIiHCBKHUX pilieHb. KoykHe Take pilieHHs HO-
CHUTh CHUHEPTeTHYHUI XapakTep, SIKMH Oe3 BpaxyBaHHsI
MONEPEIHLOTO JTOCBIZY MOXE MPHU3BECTH JI0 PI3HMX 1 HE
3aBJK/IM TIO3UTHBHUX HACTiaKiB (pu3ukiB [1, 2]).

MocranoBka mnpodmemu. I[lix uac npudHATTS
YIIPaBIIHCHKOrO PIlIEHHS Ha PO3MOILT 3YCHIIb IIOI0
3HUILIEHHS TOBITPSHOTO IPOTUBHHKA MK 3CHITHUMH
paKeTHHUMH BiliCbKAMH Ta BHHHIYBAJIFHOI aBialli€lo,
nepen ocoboro sika npuiiMae pimenns (OITP) mocrae
HEOOXiTHICTh B PO3B’SI3Ky OaraToKpHTepialbHOI 3ajad4i
3 BUKOPHUCTaHHSM KOMIUIEKCY 3acO0iB aBTOMAaTH3allii
(K3A). Tobro OIIP moBuHHa BHOpaTH Taky ajibTepHa-
TUBY 3 MHOXHHHU copmoBanux K3A, sika O 3a10BiIb-
HWIA JOCSATHEHHS IUIl 1 METH BM3HAYEHOI'O 3aBIAaHHS.
Jnist 3a0e3mneyueHHs aieKBaTHOrO (pYHKIIOHYBAHHS allb-
TEPHATHB TPH PO3MOMiNI IHTENEKTYaAIBHOTO Pecypcy
BU3HAYUTU JOCTaTHIA oOCsST BXimHOI iH(opMmarmii 3 3a-
JAHOIO JIOCTOBIPHICTIO 3 BpaxyBaHHSIM [OITyCTUMHUX
YaCOBHUX TEPMIiHIB, sIKi HeoOXimHi s ii popmamizamii Ta
BUKOpUCTaHHSA. CTBOPUTH YMOBH SIKi O HO3BOJISUIH BH-
KOPHCTOBYBATH BeCh HaOip 3HAHB 3 JIOTIYHUM TIOSICHEH-
HSM B 3aJI©KHOCTI BijJf TOTOYHOI OOCTAaHOBKH B peaib-
HOMY MacmTali Jacy Ta y BIOIOBIAHOCTI IO 3aJaHOTO
piBHA edektuBHOCTI. ToMy 3 METOO BHU3HAYEHHS CTe-
TIEHIO BIUTMBY KOXXHOT'O i3 METOJIB pillIeHHs 3aBIaHHS,
BHHHUKA€ HEOOXITHICTh PO3TISHYTH TEOPETUIHE 1 MpaK-
THUYHE 3HAYCHHS KOXKHOTO 3 HUX.

AHami3 ocTaHHIX JoCTiIKeHb i myOuikaiii.
[IpuiHATTS pilieHs B XOZi CHUTBHOTO 3aCTOCYBaHHS 3e€-
HITHUX PaKeTHUX BICHK Ta BUHHIIYBATHHOI aBiallii 3/1iii-

CHIOETHCA B pi3HI/IX YMOBax 3 BUKOPUCTaHHAM MHOXWHU
napameTpiB, 10 NOTpe0ye BUKOPHCTaHHs OaraToKpuTe-
pilajbHUX METONIB 3 aBTOMATH3AIIIE€I0 MPOLIECY BUPOOKH
pimennst. Cepen HUX, NIMPOKE BUKOPHCTAHHsS HaOyIu
BUKOPUCTaHHS y3arallbHEeHUX KpurepiiB [3] 3 BaroBumu
koedilieHTaMu X BaXIMBOCTI [4], MeTo aHami3y iepap-
xiit (MAI) [5, 6], sKHit OCHOBaHHMII Ha MOMAPHOMY TIOPiB-
HSIHHI aJIbTepHATHB, Teopil irop [7], HewiTKUX MHOKHH Ta
Heuitkoi Joriku [8, 9]. Ilpore HEOOXiMHO BHU3HAYHTH
nepeBary ix BUKOPHUCTaHHS came Iiji 4ac MPUHHSTTS pi-
IICHHS B TPOLECI PO3MOALTY 3YCHIIb, IIOAO 3HHUILECHHS
MOBITPSIHOTO MPOTHBHHUKA 3€HITHUMH PAKETHUMH BiHChb-
KaM Ta BUHUIIYBaJIBbHOIO aBialli€o.

Meta cTaTTi — moiArae B JOCHI/PKEHHI CTYyNEHS
BIUIMBY MaTEeMAaTHYHUX amapariB METOMAIB MaTeMaThd-
HOTO MOJIENIOBaHHs Ta X iHTerpailiid, Ha (OpMyBaHHS
anprepHaTHB K3A.

Bukian ocHOBHOT0 MaTepiaay

Bupobnennst pimeHp mifg 4ac MiArOTOBKH Ta 3a-
CTOCYBaHHS BIMCBK (CHJI) CYIPOBOJDKYETHCS BILIHBOM
pi3HOpigHUX (HaKTOPIB, SAKi AiFOTH HA KOXKHOMY 3 €TamiB
dopmyBanHs pimeHHs. Pasom 3 THM HeoOXigHO Bpaxo-
BYBATH 3MIHH MapaMeTpiB, sIKi BiIOYBAIOTbCSA B 3aJIEK-
HOCTI Bix mux QaxTopiB. ToOTO CKiNbKH dacy (axTop
Jlie Ha TTapaMeTp a BiJIOBITHO 1 HA eTam i 0 SKUX Hac-
JMAKIB TPU3BOIUTH. JIJIi BUCBITICHHS MiIXOAY IOIO
BUSIBJICHHS CTYIICHIO B32€MO3B’ 13Ky METOJIIB 1 MOZETIEH,
SIKI BUKOPUCTOBYIOTHCS TIiJ] Yac TPHIHATTS PillleHHS Ha
VIIpaBITiHHSA BiCPKOBIMH YacTHHAMH Ha KOXHOMY 3
eTamiB OOpaHO KIACHYHY TEXHOIOTII0 TPHHHATTA pi-
IIIEHHS Ha OCHOBI TPHOX €TaIIiB:

- TIOCTAaHOBKA 3aB/JaHHS (IiarHOCTHKA MPOOIEMH);

- BUPOOJICHHSI BapiaHTIB aJbTePHATHB,;

- BigOip Ta pearizallis ONTUMAILHOTO PIICHHS (3
TIOTJISITy Ha BiJIIOBITHUIN KPUTEPIN).
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3a3Ha4ynMo, IO € OiIBII JeTai30BaHi MOJENTI eTa-
B TPUHHSATTS pIlIEHHS, SIKi 3TagyloThCsi B podorax
[10], mpote dhopmyBaHHS 3araqbHOI KAPTHHH HA OCHOBI
UX Mojeliel moTpedye BH3HAYEHHS JOJATKOBUX acrie-
KTiB, sIKi He OyIyTh BiIOOpaXKCHHI B JaHIN IMyOJiKaIlii.

I eran (mocraHoBKa 3a/adi) XapakTepHUH HopMy-
JIIOBaHHSM IIijIed abo iX CyKYIHICTIO, SIKi € CKJIaJIOBUMH

eJIeMEeHTaMHu MeTH abo caMolo MeTor0. BiH ckiamaerses
3 TaKUX KPOKIB sIK: OIMCAHHS MpoOieMu, 300py iHOp-
Mmarii (¢akTopiB, sSKi 3yMOBWIM IIpoOJIEMy) Ta aHai3
iHpopMarii.

®dopmaitizoBaHa MOJEIb 3aCTOCYBaHHS MOJIeNIeH Ta
meroniB erany “TlocraHoBKa 3aBmaHHA 300paXkeHa Ha

(puc. 1).

| OIUCAHHS POOIeMHI

I eran

30ip iHpOpMAIIT
TlocraHoBKa 3aBJaHHS p ingop

| a”ani3 iHdopmarii

| aHATITHYHI |
Mozeni | iMiTaniiiai |
| CTaTUCTUYHI |
| MIPOrHOCTHUYHI |
METON | eBPHCTHYHI |

| CHCTEMHUHHMM Tixiz |

Puc. 1. dopmainizoBana MOJeNb 3aCTOCYBaHHs Mojesel Ta Merois eramy “IlocraHoBKa 3aBIaHHS

II eran (po3poOka ajbTepPHATHBHUX PIllICHb) Xapak-
Tepu3yeThesi (hopMaizalli€lo 3HaHb y BIOBIHOCTI 10
iHpOpMaIifHOrO TMOTOKY 3  BCTaHOBJCHHSIM  B3ae-
MO3B’S3KIB MK OTPHUMaHOIO iH(opMaili€ro i chopMoBa-
HHMMH 3HAHHSIMU I aBTOMATH3ALli] IIPOLieCy BUPOOIICHHSI
piteHHs. ToOTO, BinOYBa€eThCsl y3araJbHEHHS OTPUMAHOL
iH(hopMallii y BIAMOBIHOCTI 10 METO/IONONI, sIKa peaizo-
BaHA B CHUCTEMI MIATPUMKH HPUHHSTTS PILICHHS 3 METOO
(opMyBaHHs aIbTEPHATUB HAa OCHOBI SIKMX 0C00a, sKa
MpUAMAE PillIeHHS 3pOOUTH BUCHOBOK 1 NIPUAME PIllICHHSI.

00poOka iHpopmari

II eTan BCTAHOBJICHHS
Bupo6ieHnHs BapiaHTiB B3a€MO3B'3KiB
AJIBTCPHATUB
(dopMyBaHHs
AIBTEPHATHB

CxuiazioBumu Apyroro eramy ‘“BupoOrnenHst BapiaHTiB ajb-
TepHaTHB” €: 00poOKa iHQopMarlii, BCTAHOBJICHHS B3ae-
MO3B’s13KIB Ta JOpMyBaHHS ajbTepHaTB. Mozeni siKi BH-
KOPUCTOBYIOThCS Ha JaHOMY eTami CXOXKI 3 MepHuM
eraroMm, MpoTe He BPaXOBYIOTHCS MOJIEINI SIKi BAKOPHCTO-
BYIOTBbCS JUId OOpOOKM JaHMX, IO 3HAYHO PO3LIMPHUTH
3arajibHy KapTHHY NPOLECY MPUHHSTTS PIILICHHS TUM ca-
MMM 30UIBIIMBIIM KIJIBKICTE 3B’SI3KIB AKI HEOOXIZHO 10C-
migutu. dopmarnizoBana Mozenb erary “BupoOneHHs Ba-
piaHTIiB anbTepHATHB” 300pakeHa Ha (puc. 2)

| JIOCITi JUKEHHS OTIepartiit

OIIIHIOBaHHS PU3UKIB

| CHUCTEMHHHUI MigXiz

Joriko popmaiizoBaHi

METOIH |

HEYITKOI JIOTIKH

| Teopii rpadis

HEYITKUX MHOKUHU |

| Teopii irop

Puc. 2. dopmanizoBana Mozens erany “BupobiieHHs BapiaHTIiB alnbTepHaTUB”

I eram (Bigbip Ta peamizaliisi ONTEMAIBHOTO PillIeH-
HsI) CKJIA/IA€THCS 33 TAKMX KPOKIB sIK: ()OpPMYBaHHSI KpHTE-
piiB, OIIIHKA AJIbTEPHATHB, OLIiHKA e()EKTUBHOCTI Ta MPHUii-
HATTS pimeHHs. Mogeni i mMeromu OymayTh cxoxi 3 2
€TaroM, TOJi MOXKHA CKa3aTH IO B 3AJISKHOCTI Bif BUOpa-
HOT'O METO/Y i BUKOPHUCTAHHS ii Ha KOXKHOMY eTalli MOJIEITb
sika Oy/e OMMCYBaTH BECh MPOIEC MPUHHATTS PIlICHHS
(BKJTFOUAFOYM OpraHi3alifo, OIMHKY MPUHHATTS PillleHHs i
HACHIAKIB Horo peamizarii) Oyme OymayBaTHCh i€papXidHO,
BHUKOPHCTOBYIOUH PE3YIIBTATH ITOMEPEIHIX PO3PAXYHKIB.

[lepeBarn BHUKOPHCTAaHHS METOJIB MPHU BUPOOIICHI
pillleHHsT BU3HAYAIOTHCS TakuMu Bumoramu [9, 11]:

- MOXJIMBOCTI BpaxyBaHHS IMOKa3HHUKIB €(eKTUB-
HOCTI BUKOHAHHS 3aBJIaHHS;

- OIEepPaTHBHOCTI BUPOOJICHHS PIllICHb;

- MOXIJIMBICTh BpPaxXyBaHHS 00MOBUX MOXKIHMBOCTEH
Ta crer(iKu 3aCTOCYBaHHS;

- OOTPYHTOBAHICTD IPUAHSTTS PilICHHS;

- MOKJIUBOCTI OTPUMAaHHS TTOSICHEHB;

- MOKITUBICTh BpaxXyBaHHS HACHIJIKIB 1 PU3HKIB.

JIst BU3HAYEHHS CTYIIEHIO BiJIIOBIAHOCTI BUMOTaM
3aIpPOIIOHOBAHO PO3TIITHYTH OCHOBI ACMEKTH METOJIIB,
SIKI BUKOPUCTOBYIOTBCS B TIPOIIEC PUHHSTTS PillICHHS.
BukopucToByloUM HaBENEHHH IpoOLEC NPUHHATTSA pi-
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IIEHHS MIKPECINMO, IO CKJIaJ0Ba (POPMYBAaHHS KpHUTeE-
piiB OHOYACHO 3AJISKHUTH BiJ psimy (akTOpiB Pi3HOTO
xapakrepy. ToOTo npH TOCIIKEHHI MH OTPUMYEMO 3HA-
YeHHs Pi3HUX IapaMeTpiB 3 CBOIMHU KPHUTEPISIMH (4aCTKO-
BuMH Kputepismu). OO’eaHaBIIM YacTKOBI KpUTepii B
3araJlbHUN KpUTEpi MU HIBEITIOEMO HenocTady edexTu-
BHOCTI OZIHOT'O NOKa3HUKA 3a JONOMOIOX KOMIIEHCALli 3
iHmmMu. ToMy BUHHMKae MapaJoKc B MIHHOCTI KPHUTEPIsL.
Konmm Benmuka IiHHICTH KPUTEpIl0 HE BIJIOBiae Horo
3HauymiocTi [3]. B Hamomy Bumajaky mpu oOwiHIi Goiio-
BHX MOXXJIMBOCTEH MU MOXKEMO KOMIICHCYBAaTH 4ac ITiji-
TOTOBKH JI0 BUKOHAHHS 3aBJaHHS YacOM BUXOAY Ha py-
01X mycKy. 3 iHIIOI CTOPOHM MOKHA TIOOYTyBaTH CHCTe-
My 3BOKEHUX KpHUTEpIiB Yy BiAIOBIAHOCTI J0 iCHYFOUHMX
METOJIIB 3 METOI 3MEHIIEHHS MOXHOKH PO3paxyHKiB
Ta/ab0 BUKOHATH OaraTOKpUTEpiaIbHy ONTHUMI3AIIIO.
MAI B NoOpiBHSHHI 3 BHKOPHCTaHHSIM Yy3arajibHe-
HOTO KPHUTEPII0 MOXIIUBO BHKOPUCTATH B CKJIAJJHUX
yMOBax (HEBM3HAYeHil MUHAMIYHiil 0OCTaHOBII) BHKO-
PHUCTOBYIOUH 1€papXiduHy CTPYKTYpy po30uToi Ha erne-
MEHTH CHUCTEMH 3 BHKOPHCTaHHSM CYO’€KTUBHUX 1
00’€KTUBHUX OIIHOK eKkcnepTiB. ToMy OIHHMM 3 eTamiB

MIPOBENICHHS PO3PAXYHKIB CIIiJ[ OMIHUTH JTOCTOBIPHICTH
OIIIHOK ekcrmepTiB i mpoBectu y3romkenHs [10]. Leit
METO]] MOYKEMO 3aCTOCYBATH JUIS:

BU3HAUCHHS aJIbTEPHATHUB,;

BU3HAUCHHS YaCTKOBUX KpUTEPIiB Ta (hopMyBaHHS
y3arajabHEHUil;

BU3HAUCHHS OINEPAaTHBHOCTI Ta OOIPYHTOBAaHOCTI
TpoLeCy MPUHHSTTS PillIeHHS;

TpyIyBaHHS BEJIMKOI KUTBKOCTI mapamerpiB (xapa-
KTEPHCTHK B KJIaCTEPH;

IHTEpIIPETYBaTH MPIOPUTETH 3a JOTIOMOTOI0 TeOpii
rpadis.

Iepapxiune 300pa’keHHs NpUBEAY HA OCHOBI pi-
HIEHHs1 337a4i e(eKTUBHOCTI OOHOBOTrO 3aCTOCYBaHHS
BUHHMIIYBaJIbHOI aBianii. [le mepimii piBeHb SBISIETHCS
METOI0, IPYTHi piBeHb y3arajbHEHHI MOKAa3HUKH, Tpe-
Till piBEHb YacTKOBI MOKa3HUKH. KoXKeH y3aralbHeHHH
MOKa3HUK B CBOIO YEpry Mae CBOIO TPYIY YaCTKOBUX
MOKa3HKKIB, NPOTE KOXXEH YACTKOBHI IMOKa3HHK MOXKeE
TaKOX BXOAMTH 1 J10 iHIIUX Tpym. PimieHHs takoi 3agayi
SBJSIETBCSL OJHUM 3 €JIEMEHTIB CHCTEMH IiITPUMKH
OPUAHATTA pitennst (puc. 3).

EdexruBnicts 60ii0BOr0O

1 piBeHb
3aCTOCYBaHHA
. TakTHKO TEXHIYHI ABiamiigi 3acoou . .
2 piBeHb OnepaTyBHICTh BapricTs
XapaKTECPpUCTUKH YpaXKEHHA
3 piserp 113, 114, 115, 116, 117, I18, Hl}é’ g?;nﬁf’grﬁ%nﬁ;‘% 116, 17, T110, 1121, T122, 1, T14, T15, 1114, 1125,
1011, 130, 132 sy 123, 124, T133, T135 126, T127, TI28, T129

Puc. 3. lepapxiune 300paxkeHHs 3a1a4i BU3Ha4YeHHs e()eKTUBHOCTI 60OBOIr0O 3aCTOCYBaHHS

Tobro mpuBeAeHUI MeETOH J03BOJISIE HE TUIBKU
BpaxoByBaTH (haKTOpPH SIKI BIUIUBAIOTH HA TPUHHSATTS
pIllIEHHS], IUISIXOM TOMapHOrO MOPIBHIHHSI, a i TOpiB-
HIOBAaTU aJIbTEPHATHBYU B 3AJISKHOCTI BiJ| CBOiX 3B’SI3KIB,
rpym i piBust [11]. Tlpote mamumit MeTox He mae mosc-
HEHb, 1[0 3YMOBIICHO NPHCBOEHHSM BaroBHX Koedilie-
HTIB Ha OCHOBI OCOOWCTOI IYMKH €KCIIEPTiB, iXHBOTO
cy0’€KTUBHOTO OaueHHS BaXIIUBOCTI.

[Nomepenni MeTonn mepeadavarOTs MPUAHATTS pi-
LIEHHS OJHIEI0 0CO0O0I0, SIKa HECE 3a HHOr'O BiAIOBiga-
nmeHICTE. B Teopii irop Ha pe3ynbTaT irpu BIDIMBAIOTH
pIIIEeHHS NeKibKa yYaCHUKIB, IHTEPECH SKHX MOXKYTh
Oyru pi3Hi. KoxeH Xif - 1e MpuHAHATTS pilleHHs, a ix
CYKYIHICTh 1ie crpareris [12], sika peamizyeTbcs st
nocsTHeHHs 1Mimi. [lpukimamom Moxke OyTH TPOBENCHHS
JIBOCTOPOHHBOI T'pH 3 BHM3HAYCHHMH IIPAaBWIIAMH, SKi
BH3HAYAIOTh MHOXKHHY CTpATeriii y4acHUKIB a 3 iHIIOI
CTOPOHHM HACTIIKH 1 MEpPEeMOry B pe3yIbTaTi BHOOPY
KoXHOI 3 crparerid. [IpoTe cTBOpeHHS ONTHMANBHOL
cTpaTerii BUMarae BHCOKMX IHTEIEKTyalbHHX 1 aHali-
TUYHUX 3MI0HOCTEH a ii peamizariiss MOXKe pyXHYTH TIPH
BUHUKHEHHI HEBPaxoBaHOro (pakTopy 4m mofii Ha Of-
HOMY 3 KpokiB. IIpore posrisin iepapxiunoi irpu [13]

JIO3BOJISIE PO3TJISIHYTH TTOCIIIOBHICTh XOJIiB Ha OCHOBI
SKAX MOXKHA TIOOyyBaTH irpoBy MOJENb 3 (piKCOBaHUM
MOPSIZIKOM SIKOTO OYIyTh JAOTPUMYBaTHCh OOHIBI CTO-
POHH TIPH MPUITHATTI PillICHb.

BukopucTaHHSI HEUITKMX MHOXKHH, HEYITKOI JIOTIKH
Ta HEYITKOrO MOJICIIOBAHHS JIO3BOJISE BHPILIYBATH 3a-
BIAHHS, KONM TpaguLiiiHi Metonu HeeekTuBHI. Onepa-
TUBHICTh Ta OOTPYHTOBAHICTh MPUIHATHX pIllIEeHb BUMa-
ra€ TO€THAHHS KUTBKOCTI Ta SIKOCTI iH(opMarii modynHa-
I0YM 3 YMOB OOCTAHOBKH 1 3aBEpUIyIOYU CIHEHU(IKOIO
3aCTOCYBaHHS BI3HAYEHUX CHII Ta 3aC00iB, SIKI BUKOPHC-
TOBYIOTBCSl. BHKOPHCTOBYIOUH TOIIEpEeIHI METOIH MU HE
MOXKEMO B TIOBHIA Mipi OIIHUTH IOBHOTY Ta IOCTOBIp-
HicTh BXigHOI iHpopMari. ToOTo me He MpOBIBIIH JOC-
JHKSHHS MU BXKE YITYCTHIIN TTOKA3HUKN KPUTEPIsT OIliHKH
O0TpyHTOBAHOCTI MpUHHATHX pimens [14]. Toxi HaBiTh
TIPY €KCTIEPTHIH OLIHII BU3HAYEHOI iH(OpMAaIlii BHHUKAE
moTpeda B MMOBTOPHIN OLIHII MPH 301UIBIICH] Y1 3MEHIIIe-
Hi KijbKocTi (hakTopiB. [IpoTe momepemHi MeToIN MalOTh
MICIIe B HEHITKHX MOJCIISX, KONH Pe3yIbTaTH MpPOBEIEC-
HUX PO3paxyHKiB € YaCTKOBHUM PE3YABTATOM ialia30Hy
TIPUAHSTTS BU3HAYCHOTO pilreHHs. g mpukiagy crpa-
Terist max/min, sika BUKOPUCTOBYETHCSI B TEOPIil irop mMae
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CBOIO peaizallito B HeuiTkoMy BuBozi [15]. [Ipote BHKO-
PHUCTOBYIOUM METOAM HEUITKOi JIOTIKH 3 IiJIBUIICHHIM
PIBHS CKJIQJHOCTI MOJIEJi a 3 HEIo 1 Yucia IMpaBmwi abo
HEYITKUX MHOXHMH TIOKpAILYEThCS 1l MOXKIIMBICTH OITUCY-
BaTH peanbHi yMmoBH. Lle 1ae HaM 3MOTY B 3aJI€KHOCTI BiJ
Jiara3oHy pilIeHp iX iepapxii 1 HAaCiJKOBHX 3B’S3KiB
BUAUINTH BIIACTHBICTh PE(IEKTUBHOCTI NMPUHHSATTS pi-
LIEHHS 3 BU3HAYEHUM CTYIIEHEM JIOCTOBIPHOCTI.

BucHoBku

BuKOpUCTOBYIOUH KIIACUYHY TEXHOJIOTIIO MPUHHSIT-
TS PIIICHHS 3 BIAMOBITHIMH METOIAMH I MOJACISIMUA MO-
JKHa TIPO-CIIJIKYBAaTH iX B3a€EMO3B’ 30K Ha KOXKHOMY 3

€ TIepeBard 1 HeAONIKA. BUKOPUCTaHHS BUXITHUX JaHUX
OJIHOTO METOAY SIK BXiJJHUX B HACTYIHOMY €Tami i 3 iH-
MM METO/IOM Ja€ 3MOTY He TUIBKH IIePeBIpUTH BXijHI
JaHHI a ¥ 30UTBIIUTH KUJIBKICTh aJIbTEPHATHUB. 3 IHIIOL
CTOPOHH B33€MO3B’SI30K MOXKJIMBO TpPaKTyBaTH SIK Ha-
OmDKeHNH 13 32 MHOXKHHH TIOCHIZIOBHOCTEH BUKOPHCTAH-
Hsl METOJIIB 1 Moyienei Ha pi3HuX piBHsX. T0oOTO B 3aex-
HOCTI BiJi BUOpaHOI TOCTIJOBHOCTI peaiizalii MeTomiB i
MojieNel Ha KOYKHOMY 3 €TalliB, MOXKJIBO OTPUMATH pi3-
Hi MHOKWHH 3Ha4eHb. [IpakTHYHO i IXi]] 10710 BUPOOKH
TBTEPHATUB MPUHHATTS PILICHHS VISl PO3IIOUTY 3yCHIIb
MDK 3€HIT-HUMH DaKeTHHMH BIHCBKaMH Ta TaKTHYHOO
aBiariero Moxke OyTH peai3oBaHUI B KOMIUIEKCI 3aC00iB

eramiB. ToOTO, 32 JOMOMOTrOI0 HEPEXPECHOi IMEpPEBIpKH
METOJIiB Ta MOJIesIeii OJIHa OJIHOIO, TaK SK B KOXKHIi# 3 HUX

aBTOMAaTM3amii 32 paXyHOK BIPOBA/PKEHHS METOJIB Ta
MojieNnel CHCTEMH T ATPUMKH TIPUHAHSATTS PiILICHHSL.
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Analysis of methods and models of decision-making for managing of air defense missile troops and tactical aviation
Maksim Pavlenko, Dmytro Kalinovskyi

Abstract. The article analyzes the methods and models of decision-making in the management of anti-aircraft missile
forces and tactical aircraft during the distribution of efforts to destroy the enemy air. The aim of the work is to determine the
degree of influence of mathematical devices of methods of mathematical modeling and their integrations on the formation of
alternatives to the complex of automation tools. The methodology of the study includes empirical, theoretical and general logical
methods. The study revealed the properties of fuzzy logic methods with increasing complexity of the model, and with it the num-
ber of rules, improves its ability to describe real conditions, which allows to solve problems when traditional methods are ineffec-
tive, namely compliance with the requirements for decision-making and feasibility getting an explanation. Using classical deci-
sion-making technology with appropriate methods and models, you can trace their relationship at each stage. That is, by cross-
checking methods and models with each other, as each of them has advantages and disadvantages. Using the output of one meth-
od as input in the next step and with another method allows not only to check the input but also to increase the number of alterna-
tives. On the other hand, the relationship can be interpreted as approximate from a set of sequences of methods and models at
different levels. That is, depending on the selected sequence of implementation of methods and models at each stage, it is possi-
ble to obtain different sets of values. In practice, the approach to developing decision-making alternatives for the distribution of
efforts between anti-aircraft missile forces and tactical aircraft can be implemented in a set of automation tools through the intro-
duction of methods and models of decision support systems.

Keywords: decision making, hierarchy analysis method, fuzzy sets, fuzzy logic.
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IMPOI'HO3YBAHHSI IIIH AKIIIA 3 BAKOPUCTAHHSIM
PEKYPEHTHOI HEMPOHHOI MEPEXI LSTM

AnoTtanis. [locnimKeHHs IPOBEICHO U 03HAHOMIIEHHS 31 CTPYKTYPOIO Ta IPHHIMIIOM POOOTH PEeKYpEeHTHOI HEHpOHHOT
mepexi LSTM (Long short-term memory) Ta aHasni3y MOXJIMBOCTI il BHKOPHUCTaHHS YISl TPOTHO3YBAHHSI I[iH aKIii oxHiel 3
BEJINKMX TEXHOJIOTIYHUX KOMMaHii. B poboTi omucaHo TeopeTHIHHI MaTepiall, 0 CTOCYEThCS PEKYPEHTHUX HEHPOHHUX
Mepex Ta Mepexxi LSTM. Ha npukimazi cTaTHCTHYHUX TaHUX akniid kommaHii Apple Oyimo mpoaeMoHCTpoBaHO poOoTy 00-
paHoro MeToxy Ta oOuHciIeHO OwiHkH skocTi nporaosy RMSE, MAE, MAPE i oniHeHO TOYHICTh KOPOTKOCTPOKOBOT'O
IporHo3y. Pe3ynbTaT HOCHIKEHHS OKa3ald, 10 PEKYPEHTHI HEHPOHHI Mepexi MOXHA 3aCTOCOBYBATH IS IIPOTHO3 Y-
BaHHS YaCOBUX PAMIB 1 MPH 1[bOMY OTPUMYBATH PE3Y/IbTAT 3 BUCOKOIO TOUHICTIO. Y MOAAIBIINX JAOCIIDKEHHAX OyIyTh 3a-
TIPOIIOHOBAHI 1HI BUIY HEWPOHHUX MEPEX Ta OILiHKa iX poOOTH Ha (iHAHCOBHX JJAHUX.

Kar4doBi cioBa: nmporHo3yBaHHA LiH, peKypeHTHa HelpoHHa Mepexxa, LSTM, omiHka sSKOCTi IPOrHO3Y, TOUHICTH KO-
POTKOCTPOKOBOI'O IPOTHO3Y, TPOTHO3YBaHHS YaCOBUX PSIIIB.

Beryn

ChOrosiHi My CIOCTEPIracMO HAaKOIMMYEHHsI BellU-
KuX oOcsriB iHpopMalii, siki MoTpedyTh BiMOBiTHOT
00pOOKM Uil TMPUHHSTTS MEBHUX pilieHb. [Ipobmemu
MaTEeMaTHYHOTO MOJENIOBAHHS CTalOTh BCe OlIbIIE ak-
TyalbHUMHU U e(pEeKTUBHOI opraHizamii ynpapiiHHI
MEeBHUMH CyO0'€KTaMH TOCIIOJAPIOBAHHS Ta E€KOHOMIiY-
HUMHU CIHIJIBHOTAMH 4epe3 Te, WO SKICTh NPHUHITHX
pillieHb 3HAYHOIO MIPOIO 3aJISKUTh BiJ| SIKOCTI MPOTHO-
3yBaHHs iX HacmigkiB. Came TOMY DillIeHHsI, TPHUHSATI
CBOT'OJIHI, TIOBUHHI IPYHTYBATHCS Ha IOCTOBIPHUX OLIiH-
Kax MOXIIUBOTO PO3BHTKY IPOLECIB Ta MOJIH B Maii0y-
THEOMY [1].

VY mepiof TEXHIYHOTrO MPOrpecy CIOCTEePIracThes
pICT BIUTMBY BEJIMKHUX KOpPIIOpalii, sKi BIEBHEHO 3aii-
MAIOTh JIITUPYIOUi MICIsl HA CBITOBOMY PUHKY Ta MalOTh
MUTbSpaHI TpUOYTKH. L[IHOYTBOpEHHS aKiliii CBITOBHX
TiraHTiB € JyXe IIKaBUM JUIs BHBUYCHHS MPOLIECOM,
SIKHHA, SK TPaBUIIO, € HECTAlllOHAPHUM, OCKUIBKH Mic-
TUTH TPEH]] Ta 3MiHHY Yy Yaci AUCHEpCito.

AwmepukaHcekmii cepBic «Yahoo! Finance» Hamae
IOCUTH JeTajabHI JaHl 10 TeMaM, IOB's3aHUM 3 Oli3He-
coM, (piHaHCAMH Ta EKOHOMIKOIO.

JoBinkoBa iH(opMallis BKIOYae B cebe KOTUPY-
BaHHS 1 peUTHHTH HIHHUX TManepiB, mpec-pemnizu Ta ¢i-
HAHCOBI 3BiTH KOMTIaHii [2].

s momryky 3aKOHOMIpHOCTEH B MacHBax TaHUX
BHUKOPHCTOBYIOTBCSI METOIM 1HTEIEKTYaJbHOI'O aHaNi3y
nmaanx. CporofHi Uit moOYI0BH MOMAETI ITHUPOKO BHUKO-
PHUCTOBYIOTHCS HEHPOHHI MEpexi.

LikaBuM MIBUAOM € pEeKypeHTHI HEHpPOHHI Me-
peXi, Ki MICTATh 3BOPOTHI 3B’SI3KM Ta MOXYTb 30epira-
11 iHpopMamiro. s BIacTUBICTh a€ 3MOTY MPOTHO3Y-
BaTH iH(OpPMaIif0, CITUPAIOYNCh Ha KOHTEKCT, 10 Ao
3Mory e(eKTHBHO BHPILIYBaTH LN psAA 3a/1ad: po3Ii-
3HaBaHHS MOBIICHHS, MOJIEIIFOBaHHS TOJIOCY, TIepeKia,
pO3Mi3HABaHHA 300pa)KeHb, NPOTHO3YBAHHS YaCOBHX
pAAiB Ta iHII.

Jlane moCHiKEHHS TPUCBAYECHE MOOYAOBI 1 Ha-
BYaHHIO HelpoHHO Mepexxi LSTM Ta anamizy il BuKO-
pUCTaHHSI JUTsS IPOTHO3YBAaHHS I[IH aKIid OIHi€T 3 BeNU-
KHUX TEXHOJOTTYHUX KOMIIaHiH.

IMocranoBka 3amadi. Y [OCHIIKEHHI CTaBIISATHCA
Taki 3ajadi: — aHali3 TEOPETHMYHOro MaTepiaiy o0
(yHKI[IOHYBaHHSI PEKYPEHTHHUX HEWPOHHUX MEPEeK; —
pO3po0IIeHHsT CTPYKTYpu Mepexi Ha MoBi Python; —
JIeMOHCTpalis (GpyHKIIOHYBaHHS HEHPOHHOI Mepexi Ha
BUOIpLi (iHAHCOBUX JIaHMX; — OLIIHIOBAHHS SKOCTI MPO-
THO3Y Ta aHaJli3 OTPUMAaHUX Pe3yNbTATIB.

AHani3z Jjiteparypu. 3ajaui NPOTHO3yBaHHS €
HaJ3BHYaliHO IONYJISPHUMH Y CaMHX Pi3HOMaHITHHX
rany3six JIisUIbHOCTI, BKIIIOYalO4YH Oli3HEC, E€KOHOMIKY,
(hiHaHCH, KIIIMATOJOTIIO, YIPaBIiHHA TEXHOJOTIYHUMHU
cHCTeMaMU, TeXHIYHUMHU 00’ekTamu 1 T. iH. Cepen cy-
YaCHUX JOCIHI/DKEHb, CHPSMOBAaHMX Ha BHCOKOSIKICHE
PO3B’sA3aHHA 3aJay MOJENIOBAHHA 1 INPOrHO3YBAaHHS
HeoOXiHO Bkazaty Ha [3-5]. V 1mx podorax po3B’si3yrOThCS
3a/1a9i MOZICITIOBAHHS 1 KOPOTKOCTPOKOBOT'O TIPOTHO3YBaHHS
MPOIIECiB Pi3HOI MPHUPOIM HAa OCHOBI perpeciiiHoro ta
0aifeCiBCHKOTO MiIXOMIB A0 aHami3y JaHux. [Ipu mpomy
yBara KOHIICHTPYETbCA Ha CTAIllOHAPHMUX Ta HECTaIlio-
HapHUX (iHAHCOBHX Ta €KOHOMIYHHX IpoIlecax 3 AeTe-
PMIHOBaHUMH TPEHIOAMH, SIKi 3 TOCTATHHOIO TOYHICTIO
MOJKHA OITMCATH NTETePMiHOBAaHUMH (PYHKIIISIMHU, HAIPHU-
KJIaJI, IOJTIHOMAaMH, eKCITIOHEHTaMH, TApMOHIYHUME (Py-
HKIISMH 1 T. iH. TakoXX MPONOHYIOTHCS alTOPUTMHU MO-
JISMOBaHHS 1 TPOTHO3YBaHHS BHOpAHMX MPOIECIB i3
3aCTOCYBaHHSM ajanTarii. AHaji3 BKa3aHHX Ta Oara-
THOX IHINHX JITEPATYpHHUX DKEpEN CBITYUTH, IO ChO-
TOZHI ICHY€ 3aIUT Ha HOBI MiIXOAU 10 MAaTeMAaTUIHOTO
MOJICITIOBAHHS 1 BUCOKOSKICHOTO TIPOTHO3YBaHHS Pi3HO-
MaHITHUX TIpoIieciB. ToMy CTBOpPEHHS aJIeKBaTHUX MOJIe-
JIeH Ta OI[iHFOBaHHS MPOTHO31B HA iX OCHOBi, OCOOIMBO
JUTA CKJIaTHUX HETiHIHAX HECTaliOHApHUX IPOIECIB €
BHCOKO aKTYaJIbHOIO 3a]a4elo.

HeBupimeni nuranns. OCHOBHUMHU 3aBIaHHIMHU
CYYacHHX MiJXOIIB 10 MOJETIOBAaHHS 1 MPOrHO3YBaHHS
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Ingpopmayiini mexnonozii

TIPOLIECiB Pi3HOI NMPHPOAN € 1MO0yI0Ba aleKBATHUX MO-
JeTiell CKJIQIHKUX 32 CTPYKTYPOIO HENiHIHHMX HecTamio-
HapHHX TPOIECiB, AKi 3a0e3reyaTb OTpUMaHHS BHCOKO-
SIKICHUX OIIIHOK TporHo3iB. Ilpy mpoMy HEOOXigHO 3a-
Oe3reynTr BpaxyBaHHS MOXKJIMBHX HEBH3HAUEHOCTEH
JaHUX 1 CTPYKTYpPH MOJIENI 3 METOIO ITiJBUIICHHS SKOCTI
MIPOMIXKHHX Ta OCTATOYHUX PE3YJbTATIB OOUYHCIICHb.

Meta cratTti. MeToo DOCTiKEHHS € aHaJli3 MO-
JKIIUBOCTI 3aCTOCYBaHHsI PEKYPEHTHHX HEHpPOHHHX Me-
PEX 10 MOJIEIIIOBAHHS i KOPOTKOCTPOKOBOTO MPOTHO3Y-
BaHHS HEJIIHIMHUX HecTanioHapHUX (iHAaHCOBHX Ipole-
ciB. [ po3B’s3aHHA 3a7a4i OymayTh BHKOPHCTaHI pe-
KYpPEHTHI MEpexXi sIKi MICTATh 3BOPOTHI 3B’SI3KH Ta MO-
XKyTb 30epiratu iHpopmariito.

BuKkJia 0CHOBHOTO MaTepiany

PexypenTHi HeiiponHi Mepe:ki Ta mepe:xxa LSTM.
JIro/ichKHii MO30OK TIPAIIFOE Tak, IO JOMHA JTyMae TMoc-
JIOBHO, TOOTO HE MOYHMHAE TyMATH KOYKHHUH HACTYITHHI
MOMEHT croyatky. Untaroun Oy/b-sIKUil TEKCT, MU PO3Y-
MIEMO 3MICT Ta 3HAYEHHs KOYKHOTO CJIOBA, BIIIITOBXYIO-
YHCh BiJl KOHTEKCTYy. TpajauiiiiHi HEWpOHHI Mepexi He
BOJIOIIOTE L[€F0 BIACTHUBICTIO 1 I1€ IX FOJIOBHUI HEIOIK.
VYsBUMO, HANPUKIIA[, 1110 HAM CTOITh 33j1a4a Kiacupiky-
BaTH MOJi, 0 BiAOyBatoThes y Ginbmi. Heapozymino, un
Mora O 3poOWTH 1ie 3BH4YaiiHA Mepexka, He OepydH 1o
yBaru norepe/Hi mofii y Gpijapmi.

Jnst BupinieHHs po3MIsiHYTOI mnpoOiiemu Oyiu
NpuayMaHi peKkypeHTHI HeWponHi Mepexi (Recurrent
Neural Networks, RNN), siki MicTsITh 3BOPOTHI 3B’SI3KH
Ta MOXYTh 30epiratu iHdopmanito. Ha puc.1 nokazano
cxeMaTH4Ha OyzmoBa Takux mepex. dparmeHt A orpu-
Mye Ha BXig X; i moBeprae h; HasiBHicTh 0GepHEHOTO
3B’S3KY Jla€ 3MOr'y nepeiaBaTi iH(opMalliio BiJ OJJHOrO
mapy Mepesxi o iumioro [6 —8].

Jyist Kpaimoro po3yMiHHS PEKYpEHTHY HEWPOHHY
MEpEexXy MOXHA 300pa3uTH y pPO3TOPHYTOMY, OLIBII
3BUYHOMY BHIJISAL, IO HE MICTUTh LUKIIB (pHc. 2). y
JIAHOMY TIOJIaHHI €JIEMEHTH € KOII€K OIHi€l 1 Tiel kK
camol Mepexi, KOKHaA 3 SKUX repenae iHpopMalio Ha-
CTYIHIHN KOmil.

Puc. 1. PexypenTHa HelipoHHA Mepeka

OcranHi kinpka pokiB PHM kopucTyroThes Benu-
KAM TIONUTOM [T BUPIMICHHS MUJIOTO PSAy 3a7ad: po3-
Mi3HABaHHS MOBJICHHS, MOJICTIOBaHHS TOJOCY, ITepeK-
Taj, po3mi3HaBaHHS 300pa)KeHb, MPOTHO3YBAaHHS Yaco-
BHX PsIiB Ta iHIII.

B OinbImocTi BUMaAKiB BUKOPHCTOBYIOTHCSI MOJIH-
¢ixoBaHi Mepexi, sk, Hanmpuknan, LSTM (Long short-
term memory). IIpo HEX OLTBII 1€TaIBHO OMMCAHO JAi
B poOOTi.
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Puc. 2. Pexypentna He171p0HHa Mepexa
B PO3TOPHYTOMY BHIJISIIL

HesBaxatoun Ha Bci nepeBarn PHM, icHye kinbka
npo0iieM, TIOB’s3aHUX 3 iX BUKOPUCTaHHAM. [Homi s
BUKOHAHHS 33]adl HaM MOTPiOHO TiJbKK HenaBHs iHpO-
pmauis. PosrisiHemo, HanpukIiaa, Mepexy, sika IporHo-
3y€ HACTYITHE CJIOBO Ha OCHOBI MONEPEHIX. Y BHIIAJIKY,
KOJIM TPOTHO30BAaHE CIIOBO OYEBHIHE 1 SBHO BUILIMBAE
i3 KOHTEKCTY, BIJICTAaHb MK aKTyaJbHOIO iH(pOpMAIi€to
i Miciem, Je BOHa 3Haa00MIach, HeBenuka (puc. 3),
TOMY MOXKHa 3 Jerkictio HaBunti PHM, BuKOpUCTOBY-
1041 iH(opMaIito i3 MUHYJIOTO.
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Puc. 3. PHM 3 HeBenuKoIo BiJICTAHHIO M)XK By3JIaMU

AJle MOXXYTh BUHHKHYTH BUMAJKH, KOJIHM HaM IIOT-
piOHO Oinbie KOHTEKCTy. JlomycTUMO, HaM TOTPIOHO
nepe0aYuTH OCTAHHE CJIOBO y TeKCTi «S1 xuBy B YKpa-
iHi. SI BIEBHEHO PO3MOBIISIIO YKpaiHChKOMO». Hanommxk-
4l CJIOBa MiJIKa3yIOTh, 1110 OCTAHHIM CJIOBOM OyJie MOBa,
ane mo0 BU3HAYMUTH 5K, HAM MOTPIOHO J[ICTATUCH CIIO-
Ba «YKpaiHi» 13 OUIbII JaneKkoro MUHyaoro. Takum
YHHOM, PI3HUIS MDK aKTHBHOIO 1H(OPMAIIIEIO 1 TOYKOO
ii 3acTOCyBaHHS MOXE CTaTH Qy)Xe Benukoro (puc. 4). B
pe3yabTaTi, 3 MIpOIO POCTY PO3MIpIB MEpPEXkKi BTPAYAETHCS
BJIACTUBICTb 3B’ 3yBaTH 1H(OPMALIIIO.
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Puc. 4. PHM 3 BenuKOO BiJICTAHHIO MiXK By3J1aMHU

TeopeTdHO, Takoi MPOOIEMH BUHUKATH HE TIOBUH-
Ho. JlogmHa MOXKe OOEpeXHO Mia0MpaTh MapaMeTpu
Mepexi Ui po3B’sA3yBaHHS 3agadi Takoro THiy. Ha
MIPAKTHUIll BUABWIOCH, 0 HaBunTr PHM Takum mapame-
Tpam HeMonBo. Lle mutanHs mocmimkyBamu 3erm X0ox-
paiitep (1991) Ta lomrya bermxkio (1994). Bornn 3Haimm
JIOBEJICHHSI TOT0, 10 I1e 3pOOHTH BKpail BaXKKO.

Long short-term memory (JloBra KOPOTKOCTPOKOBA
mam’siTh), ckopouyeHo LSTM — miaBHA peKypeHTHHX
HEHPOHHUX MEPEeX, Y SIKOMY peasli3oBaHO MOMJIUBICTH
HaBYaHHS TOBIOCTPOKOBHUX 3B SI3KIB.
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Bynp-sika pekypeHTHa HEWpOHHA MEpeka Ma€ BH-
IS JIAHITFOTa MOAYITIB HEHPOHHOI MEpexi, 10 MOBTO-
protothes. Y 3BuuaiiHiii PHM monyns mae mpocty Oy-
JIOBY 1 CKIIAJa€ThCsI, HAIPUKIIAT], 3 OIHOrO mapy i3 dy-
HKIli€t0 akTHBalii tanh (puc. 5).

Puc. 5. Jlanmror 3suyaitnoi PHM,
110 CKJIQIAETHCS 13 OJJHOTO MIapy

Crpykrypa LSTM Takox € aHIIOroM, ajie MOIyIi
MAalOTh OUTBII CKIIAJHY CTPYKTYpY. 3aMiCTh OJHOTO Illa-
py, sk y 3Buuaiiniii PHM, monyas LSTM wmictute 4o-
TUPH TIAPH, SIKi B3aEMOIIOTH MiXK CO00K0 (pHC. 6).

T\

Puc. 6. Jlanior LSTM, 110 ckitajaerbest
13 YOTHPBOX IIAPIB

OcnoBHuM KoMmnoHeHToM LSTM € cran koMmipku
(call state) — ropusoHTamBHA JiHIA y BepXHil YacTHHI
cxemu (puc. 7). BoHa npoxoauTh 4epe3 BCIO KOMIPKY i
Oepe y4acTp JIMIIE Yy JeIKHX JIHIHHUX [EePETBOPEHHSX.
Indopmariss Takok MOXKe HE 3a3HABATH KOAHHUX Mepe-
TBOPEHD, ITPOXOJIUH YEPE3 HE.

Ci_i ;

(x
T

Puc. 7. Cran KoMipKu

[Ipore LSTM wmoxe Bumansata iHdopmariio i3
CTaHy KOMIpKH, Il TpoIec peryiroeTses (iabTpamMu
(gates) (puc. 8). OinbTpHU MO3BOISIOTH MPOMYCKATH 1H-
(dhopmariiro Ha ImiICTaBi IESKUX YMOB. BOHU CKIIaatoTh-
cs 3 IIapy CUTMOiJalbHONM HEWpPOHHOI Mepexi 1 omepa-
i1 MOeTIEMEHTHOT'O MHOXKEHHL.

CurmoinanpHAN map MoBepTae YUCia Bill HYJIS A0
OIIMHMIII, SIKi ITO3HAYAIOTh, SIKY YACTKy KOXKHOTO OJIOKY
iHpopMmamii cix npomycTuTH fani no mepexi. Hyms B
JAHOMY BHINAJAKY O3Hadae "HE MPOIMyCKaTH HI4oro",
omuHUIA — "mpomyctutu Bee". Y LSTM icHyrots Tpu
Takux (UIBTpa, MO JO3BOIAIOTH 3aXWIIATH 1 KOHTPO-
JIIOBAaTH CTaH KOMIPKH.

_®_

Puc. 8. ®inetp PHM

[epmmm KpokoM poOOTH MEpeXi CITiJi BU3HAYUTH,
sKka iHopMallis y cTaHi KOMIpKH € HemoTpiOHo 1 ii
MOXHa BUKHHYTH. lle pimenHs mpuiiMae curmoinab-
HUH IIap, MO Ha3HBA€EThCS «mapoM (igpTpa 3a0yBaH-
us» (anri. forget gate level). Moro dymkiis momsrae B
ToMy, 106 npuiiMati Ha BXig Bt—1 Ta Xt i nosepratn
3HadeHHs Bix 0 10 1 1711 KOXKHOTO YHCIIa i3 CTaHy KOMi-
pKH Ci-1, ne 1 o3mauae «oBHICTIO 30eperti», a 0 —
«TOBHICTIO 3a0yTI» (pHC. 9).

fr=a (Wi lhior, 2] + by)

Puc. 9. ®inbTp 3a0yBaHHsA

HacTynHuM KpOKOM CITiji BUPIIIUTH sIKa HOBA iH-
(dopmaris Oyne 30epiratuck. Jlanuii eran ckiagaeTbes
i3 1BoX yactuH. CrovyaTky map miJi Ha3BOIO «Iap BXiJ-
Horo ¢inbTpa» (aHri. input layer gate) Bu3Hauae sKi
3HAUeHHsI Cig oHoBuTH. Ilicist goro map tanh Gymye
BEKTOp 3Ha4eHb HOBHMX KaHIMJATIB sIKi JOJAIyThCs B
craH komipku (puc.10).

iy =0 (Wi lhiy, @] + b)
€y = tanh(We-[he_1, 2] + be)

Puc. 10. Illapu Bxiguoro ¢insrpa Ta tanh

[Ticnst boro moTpiOHO 3aMIHUTH CTape 3HAYCHHS
CTaHy KOMipKk# Ha HOBe. JlJIT IIOTO CIiJ MOMHOXUTH
crape 3HaueHHs Ha fi, 06 3a0yTH Te, 1110 MU BUKHHYJIH,
i momaTd 3HAYeHHS HOBOro KaHmumata (puc. 10) — me
KaHAWJATH HAa HOBI 3HAYEHHS, MOMHOXKEHI HA YHCIIO,
0 TIOKa3ye, HACKIIBKA MU XO0YeMO OHOBHTH KOXKHE i3
3HaueHs crany (puc. 11).

~
T

l
v

Cy=fi*xCpy +ir %G

Puc. 11. Kpok 3aminun
CTaporo 3Ha4CHH: KOMiPKH Ha HOBE

66



Ingpopmayiini mexnonozii

OcraHHIM KPOKOM MOTPiOHO BUPIMINTH, AKY iHpO-
pMariro mepenatd Ha BuUXin. BuximHi maHi 0a3yroThCs
HA HAIIOMY CTaHI KOMIpKH 13 3aCTOCYBaHHSM JESKUX
¢inbTpiB. CUrmMoifanpHui map BUpinrye sKy iHpopma-
mit0 i3 cTaHy KOMipKd MU OyrmeMo BHUBOIUTH. [loTiMm
3HAYEHHS CTaHy KOMIpKH IIepexoisTh depe3 map tanh,
00 OTPUMATH HAa BUXOJI 3HAYCHHS B Jiama3oHi Big -1
n0 1, i MEepeMHOXYIOTHCSA 3 BHXIJIHUMH 3HAUYCHHSIMH
CUTMOITAJIBHOTO Iapy, IO Ja€ 3MOTY BHBOJUTH JIUIIIC
notpibHy iHdopmartito (puc. 12).

0 =0 (W [he—r, @] + by)
hy = o¢ % tanh (Cy)

Puc. 12. ®opmyBaHHS BUXITHOTO 3HAUSHHS MEpexki

IIpuxnan 3acrocyBanns mepexi LSTM na ¢i-
HAHCOBHX JaHUX. Y [FOMY JIOCIiKEHHI OyIyTh TPO-
THO3YBaTHCh JaHi 3aKpUTTA TOpriB Kommadii Apple.
OOpanmii naTacer MICTHTh JaHI TOpPTiB 3a OCTaHHI
5 pokiB. Burmsin 3HaliieHHX JaHUX MoaHo Ha pHc. 13.

OCHOBHI CTaTHCTHYHI XapaKTEPUCTHKH KOJOHKH
«Close» mogano y tatm. 1.

CTBOpPHUMO 1 HaBYNMO PEKYpPEHTHY HEHPOHHY Me-
pexy LSTM i nepeBipumo i poboTy Ha JaHUX 3aKPHUTTS
aknid xommanii. CTBOpeHa Mepexa CKIamaeThes 3 4
mapiB (puc. 14), BukopuctoBye ontumizatop Adam Ta
CepeHbOKBAIPATUYHY TIOMUJIKY, SIK (DYHKIIIIO BTpaT.

OO0panwmii JaTaceT PO3aUICHO HA 2 YaCTHUHH, 3 SIKHX
80% TtpenyBasibHa BHOipka, 20% — BamigamiiiHa. Pe-
3yJIbTaTH POOOTH HEHUPOHHOI MEpeki 300paKeHO Ha
puc. 15, ne cnouaTky rpadika MO3HAYECHO TPEHYBAJIbHY
BUOIpKY, HaJaJli — BaJiJalliiiHy, Ta HANPHKIHII MTO3HA-
YeHi CIIPOTrHO30BaHi 3HAYECHHSL.

High Low Open Close Volume Adj Close
Date
2015-12-07 29.965000 29.452499 29.745001 29.570000 128336800.0 27.173285
2015-12-08 29.650000 29.215000 29.379999 29.557501 137238000.0 27.161795
2015-12-09 29.422501 28.770000 29.410000 28.905001 185445600.0 26.562178
2015-12-10  29.235001 28.877501 29.010000 29.042500 116850800.0 26.688534
2015-12-11 28.847500 28.212500 28.797501 28.295000 187544800.0 26.001623
2020-12-01 123.470001 120.010002 121.010002 122.720001 128166800.0 122.720001
2020-12-02 123.370003 120.889999 122.019997 123.080002 89004200.0 123.080002
2020-12-03 123.779999 122.209999 123.519997 122.940002 78967600.0 122.940002
2020-12-04 122.860001 121.519997 122.599998 122.250000 78133200.0 122.250000
2020-12-07 124.570000 122.250000 122.309998 123.750000 78742725.0 123.750000
Puc. 13. Bursin nanux 1yt komnatii Apple
Model: "sequential”
Layer (type) Output Shape Param #
lstm (LSTM) (None, 60, 50) 10400
1stm_1 (LSTM) (None, 50) 20200
dense (Dense) (None, 25) 1275
dense_1 (Dense) (None, 1) 26
Puc. 14. Ctpykrypa mepexi
APPLE
pra)
@ 100
f=]
]
=
o o —
o
£
L
£
]
«©
m —rnin
—
o . + 4 —le
015 2016 017 2018 2019 2020 21
Date

Puc. 15. Pe3ynbTaTti mporHo3yBaHHs Ha JaHUX KOMIaHil Apple
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Tabnuysa 1 — CTaTHCTHYHI XapaKTepHCTHKH KoJIOHKH «Close»

Tabauysa 2 — OuiHKH SIKOCTi MPOTHO3Y

XapakTepucTHKa Oninka Tounicrs
o,
Maxkcumym Minimym Cepenne Meniana RMSE MAE MAPE mpormoy, %
133.948898 20.994093 48.579072 41.933216 3,916 2,838 3,173 96,827

AHaJyi3 oTrpuMaHuX pe3yabTaTiB. [3 rpadikis
BUJIHO, 110 MepeXa JOCHTh J100pe CIpaBIsEThCA 13 3a-
Jlavero MPOrHO3yBaHHS JaHUX.

3HavyeHHs, OTPUMaHi IUISIXOM IPOTHO3YBAaHHS, €
JIOCUTH OJIM3BKUMU JO peaNbHUX. AJIe JIUIIe OnHiel Bi-
3yaJbHOI OLIHKM HEJAOCTAaTHHO ISl BUBEACHHS BUCHOB-
Ky I[0JI0 pOOOTH MOJIENTi Ta MOPIBHSIHHS 3 IHIIUMHU MO-
JEJSIMU, JIJIsl IBOTO CJiJI MOpaxyBaTH OLIHKH SKOCTI
Mozerni, Taki, sk RMSE, MAE, MAPE [6, 9] (Ta6u. 2).

BucHoBkH
Y po6oTi Oy0 PO3MISHYTO MPUHIMII POOOTH pe-
KypeHTHOI HelipoHHoi Mepexxi LSTM Tta nepeipeno ii
poboTy Ha 3HauHii 3a obcsiroM TecToBid BHOipui. Ha

MPUKJIaAl JaHUX akIiid kommnanii Apple Oyimo mpomemo-
HCTPOBaHO po0OTy 0OpaHOTO METOLY.

3a pe3ynpTaTaMy OTPUMaHOro MPOrHO3y o0uuncIie-
Ho oninku RMSE, MAE, MAPE.

OTtpumanu TOYHICTh Ha piBHI 96,8%, 110 € TOCHUTH
TapHUAM ITOKa3HUKOM.

MoskHa 3poOWTH BHCHOBOK, II0 PEKYpPEHTHI Hew-
POHHI Mepeki MOXHa 3aCTOCOBYBATH JJIsI MPOTHO3Y-
BaHHS YaCOBUX PSI/IIB 1 PU IIbOMY OTPUMYBATH Pe3yJlb-
TaT 3 BUCOKOIO TOYHICTIO.

B monaneiioMmy MoxHa po3rIITHYTH poOoTy 1 iH-
MIMX BUAIB HEWPOHHUX Mepexi IS MpPOrHO3YBaHHS
(hiHAHCOBUX psZIiB, a TAKOXK IMOPIBHATH iX poboTy i3
3BUYHUMH PErpeciiHIMU MOJIEIISIMH.
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Forecasting stock prices
using the recurrent neural network LSTM

P. Bidyuk, Y. Huts, V. Gavrilenko, N. Rudoman

Abstract. Modern financial processes exhibit complex nonlinear structure and non-stationary behavior over short
and long time intervals. Such behavior can be explained by influence of multiple external stochastic disturbances and
complicated nature of the price-forming processes at stock exchange. The traditional approach to modeling and forecasting
behavior of such processes is based upon application of regression analysis and respective mathematical models. However,
this approach to modeling is not always successful due to complicated structure of the time series under study and limited
possibilities of the regression models to describe adequately nonlinear and non-stationary behavior of the processes select-
ed for analysis. That is why it is more appropriate to use as alternative approach neural networks that exhibit very often
superior characteristics of modeling and forecasting in comparison to regression models. This study was conducted to get
familiar with the structure and principle of operation of the recurrent neural network LSTM (Long short-term memory)
and analyze the possibility for its use to forecast the stock prices of one of the major world known technology companies.
The theoretical material concerning recurrent neural networks and LSTM network was described in the paper in a volume
providing the possibility for understanding basic principles of operation and practical application of the networks. Using
as example the Apple stocks statistical data, the functioning of the chosen modeling method was demonstrated and the
estimates of the quality of estimated forecasts such as RMSE, MAE, MAPE were calculated; and the accuracy of the fore-
cast was estimated. The results of the simulation achieved showed that recurrent neural networks can be used to predict
time series behavior and obtain the results with necessary high accuracy. Further research will suggest application of other
types of neural networks, static and dynamic Bayesian networks, and evaluation of their performance on financial data
exhibiting nonlinear and non-stationary behavior. Also it is planned to construct specialized decision support system based
upon system analysis principles that would contain all necessary functions for further enhancement of modeling and fore-
casting results.

Keywords: forecasting stock prices, recurrent neural network, LSTM, assessment of forecast quality, accuracy of short-
term forecast, time series forecasting.
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INIABUINEHHSA TOYHOCTI PO3III3HABAHHSA OBII'OBUX MOHET 3A PAXYHOK
BUKOPUCTAHHSA 3rOPTKOBOI HEMPOHHOI MEPEXI
3 JEKIVIbBKOMA BUXOJAMHU

AHoTanisi: Y po6GoTi po3mIsIHYTO IpoOIeMy po3Ii3HaBaHHS 300paykeHb 00IrOBUX MOHET 3a JOIIOMOTOI0 3TOPTKOBUX HEil-
poHHHX Mepesx. OnrcaHo TpauiHHMI TiaXix 10 BUPINIEHHS 3a1adi po3Mi3zHaBaHHS 300pakeHb, SIKUH Iepe0avac BUKOPH-
CTaHHS 3BHYaifHOI 3ropTKOBOI HEHPOHHOI MepeXi 3 OJJHUM BHXOJOM, ITOKA3aHO Ta MPOAHANi30BaHO OTPHUMaHi pe3yJIbTaTH.
Jlns minBUILEHHS TOYHOCTI pO3Mi3HaBaHHS OyJO 3aCTOCOBAHO apXiTEKTYpy 3TOPTKOBOI HEHPOHHOI Mepexi 3 JIeKUIbKOMa
Buxoaamu. OTpuMaHi pe3ynbTaTu Oyau MOPiBHSHI 13 pe3yabTaTaMu poOOTH 3BHYaiHOI Mepexi, Oynu HaBeIeHI MPUUYUHU
BIIMIHHOCTEH y pe3yJbpTaTax Ta IepeBart i HeJOMIKU KOKHOTO i3 PO3IIIIHYTHX I1XO0IiB.

Knw4oBi ciaoBa: 3ropTkoBa HelipoHHA Meperka, HeHpOHHA Meperka 3 IeKIIbKOMa BUXO0JaMH, PO3Ii3HaBaHHs 300paeHb,

MalInHHC HaBYaHHA.

Beryn

IMocTanoBKa Mpo6aemu. HaBiTh Ha CHOTOIHINITHIH
4ac, 32 YMOBHU CTPIMKOTO PO3BHUTKY 0€3rOTiBKOBOTO PO3-
paxyHKy, BUIIYCK METaJIeBUX MOHET SIK JUIsl 3BUYaiHOTO
KOPUCTYBaHHS, TaK 1 BUKIIOYHO JJIs KOJICKI[IOHYBaHHS
HE MPHUITUHAETHCSA. TOMy HEOOXIAHICTH OMI3HATU Ty YH
IHIy MOHETY MO>K€ BUHUKHYTH SIK Y KOJICKIIOHEPIB, TaK
1y 3amikaBIIieHUX JIIOAeH. J[11 moYaTKiBIiB Ta iHIIAX Ma-
JIOAOCBITUEHHUX OCi0 Taka 3aJada MOXKE CTaTH CYTTEBOI
npo0emMoro. Y TakoMy BUITAIKY HaWIETIINM PillICHHIM
€ PO3Ii3HaBaHHS MOHETH 32 ii 300paXKeHHAMH 13 JOTIOMO-
TOI0 MPOTPaMHHUX 3ac00iB, 10 HAAAYTh KOPUCTYBayeBi
0a30By iH(pOpMAaIiIO0 TIPO MOHETY 32 i 300pakeHHAMH 3
JBOX OOKIB.

ChOro/iHi HAMKpaIUM ITiIX0A0M JI0 PO3ITiZHABAHHS
300pa’keHb BBAXKAETHCSI BUKOPHUCTAHHS 3rOPTKOBOI HEH-
poHHOT Mepexi. Y JaHiit poOOoTi MpeJcTaBIeHO Pe3yib-
TaTH TIOPIBHSHHS POOOTH TPaAMIIiitHOT 3aropTKOBOT HEl-
POHHOI MepexXi Ta 3rOPTKOBOT HEHPOHHOT MEpexKi 3 JeKi-
JbKOMa BUXOJIAaMH JJIsI PO3Mi3HABaHHA MOHET Ha IPHK-
mani garacetry 300pa)keHb, MO MICTUTHh (oTorpadii cy-
YacHUX 00IrOBHX MOHET JEIKHUX KpaiH €BpoIy.

AHaJti3 ocTaHHIX JocaikeHb i myOJaikauniii. Tpa-
TUIIAHAH MOXiD 10 pO3Ii3HaBaHHS 300paKeHb MOJIATaE
y BHUKOPHCTaHHI 3BHYaifHOI 3ropTKOBOI HEHPOHHOI Me-
pexi, fika mpuiiMae Ha BXiJ] IEBHE 300pakeHHs Ta MOBe-
pTa€ BEKTOP YKCEN, IO BiOOPaKalOTh BICBHEHICTh HEH-
POHHOT MEpEeXi y BIAMOBITHOCTI 300paXKEHHS KOKHOMY

INPUT

CONVOLUTION + RELU

POOLING

CONVOLUTION + RELU

i3 3a1anux knacis [1-6]. Tlpu Takomy migxoi KOKHE 30-
Opa’keHHS y TPEHYBAILHOMY JaTaceTi BU3HAYAETHCS O
HUM 1 JIMIIE OZHUM KJIACOM, KW NOBHHEH IIOBHOIO Mi-
POIO OXapaKTepU3yBaTH AaHE 300paKEHHs I BU3HAYUTH
BIIMIHHOCTI Bin iHmUWX. s posmizHaABaHHA 00IrOBHX
MOHET KOKHOMY 300paKCHHIO MOHETH CTaBHUTBLCS Y BiJl-
MOBIZIHICTh XapaKTePHUCTHKA, 1110 MICTHTh HOMIHaI, IPpO-
IIOBY OJMHUIIO Ta KpaiHy MOHETH. TakuM 4MHOM OTpHU-
MaHi kiacu BUIy «1 xomiiika, YKpaiHa» JUisi KOXKHOTO i3
300paxxenb. [l kpaiH €Bpony MOXKHA OTPUMATH JIEKi-
JIbKa COTEHb TaKUX KJIACIB, IO MPY HEBENIUKIi KiJIbKOCTI
300paXxeHb y JaTaceTi Mpu3Beae A0 JOCHTh Majoro oo0-
Ccsry 300pakeHb y KO)KHOMY OKPEMOMY KJIaci.

Tpaauiiiiina 3ropTkoBa HeHpoHHA Mepexa (puc. 1)
CKJIQIAETHCS 13 TIOCIIIIOBHOTO YEepTyBaHHS LIapiB 3rop-
tku (convolutional layer) i3 ¢pynkuiero akrupamii ReLU,
SIKi SBJSIFOTH CO0OI0 HaOip (QImBTPIB, MO MiCHIS TPOXO-
JDKEHHS 110 300pakeHHIO (OPMYIOTh KapTH O3HaK JUIs
KOXKHOTO (QUIBTPY, 1 arperyBaHHs (pooling), siki BUKOHY-
I0Th MIiABUOIPKY 1 CIYT'YIOTH JUII CKOPOYEHHS PO3Mipy
npezcrasieHHs. Ha Buxoi Takoi Mepexi po3MIIIeHO
OJIMH a0o0 JeKiJbKa 3BMYaHUX MOBHO3B I3HUX HEWPOH-
HUX IHapiB st Knacudikarii 306paxensst [7].

Jis OLmbmiocTi 3agad po3Ii3HAaBaHHS 300pakeHb
3BUYHUM MiX0Z0M € BUKOPUCTAHHS TOTOBOT HEHPOHHOI
Mepexi, Hanpukinag VGG16 ado ResNet50, mo Oyna Ha-
BUcHa Ha Habopi 300paxeHs ImageNet, mis mepeHoCy
HAaBYAHHS 3 BEJIMKOTO JaTaceTy Ha MeHiuuit [8].

— CAR
— TRUCK
— VAN

D D — BICYCLE

POOLING FLATTEN SOFTMAX

FULLY
CONNECTED

%

FEATURE LEARNING

~

CLASSIFICATION

Puc. 1. Tpaguuiiina 3ropTkoBa HEHPOHHA Mepexa
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V nanit po6oTi, 3 oAy Ha crnenudiky BXiTHUX
JaHUX 1 0OMEXEHICTh pecypciB I HaBYaHHS HEHPOH-
HHUX MEpPEX, BUKOPHCTAHHS TAKHX MEPEK He BUIIPABIO-
Bye cebe i BHHUKae HEOOXiTHICTh y MPOSKTYBaHHI Biac-
HO1 HEHPOHHOT Mepexi.

®opmyTI0BaHHS MeTH cTaTTi. Merta maHoro moc-
JIJKEHHS T0JIsira€ 'y MoOyAOBI 3ropTKOBOi HEHPOHHOI
Mepexi s po3Mi3HaBaHHS O0IrOBUX MOHET KpaiH €B-
pormy. 337151 OIIYKY HalKpPaIoro pillieHHs PO3TJsIHYTO
TPamUIHUN TIAXIA 1O PO3Mi3HABaHHS 300pa)KeHb Ta
BHECCHO 3MIiHH JI0 MOJEII HEHPOHHOI MEpEeXi 3 METO
MIiBUICHHS TOYHOCTI PO3Mi3HABaHHS 300paXKeHb 3 ypa-
XYBaHHIM OCOOIMBOCTEH BXITHUX JaHUX.

Jis axicHOTO HaBUaHHS OyIb-AKOI 3rOPTKOBOI HEM-
poHHOI MepeXi HeoOXimHO 3a0e3MMeunTH SKOMOTa OiNb-
A TPEeHYBAJbHUH [aTaceT pPO3MIYeHHX 300pakeHb,
TOOTO 300paXKeHb, SIKMM TIOCTABIICHI Y BiJIIOBIHICTH ITe-
BHI KJIacH.

st mepeBaxkHoi OLNBIIOCTI 337a4 pO3Mi3HABaHHS
300pakeHb HEBAXKKO 3HAMTH TOTOBI IaTAaCETH HAa CIiellia-
Ji30BaHUX calfTax y Mepexi [HTepHeT, mpoTe AJIst JaHOTO
JOCITIKEHHS], 32 BIICYTHOCTI TOTOBOT'O JIaTECETy, BUHU-
Ka€ HeOoOXiJHICTh BJIACHOPYY PO3MITUTH 300paKeHH:,
10 3HAXOAThCA Y BUIBHOMY IOCTYII y Mepexi [HTepHeT
Ta BiacHi goTorpadii.

Buknag ocHOBHOro Mmarepiajy

Jlis maHOTrO MOCTiMKEeHHs Oyiio 310paHO maTacer,
o mictuTh Oinbie Hixk 40000 300paXkeHb MOHET, JI0
HBOTO YBIHIUIM cydacHi OOIroBi MoOHeTH YKpaiHu,
Ionsmi, BenukoOpuTanii Ta kpain €Bpocoro3y (ABCT-
pis, Augoppa, benbris, Barukan, I'penis, Ipnanmis, Ic-
manis, ITanis, Kinp, Jlarsis, JIutsa, JlrokcemOypr, Ma-
nmeTa, Monako, Hinepnanmu, Himeuunna, [Topryraimis,
Can-Mapuno, CrnoBauumna, CroBenis, OiHIAHTIA,
Opanmis, EcToHif), ychOoro MOHETH HalleXaTh 10 26
KpaiH. Yci 300pakeHHs OyJId MPUBEACHI IO CIIBHOTO
BUTIISILY 1 MatoTh mupuHy 300 mikcenis 1 Bucoty 150 mi-
KCEJIiB, OCKIIBKH KOXHE 3 HHX MICTHTh J[Ba KBaJPaTHUX
(150*150 mikceniB) 300pakeHHs1, Ha SIKUX 10aHO (HoTO-
rpacdii MOHETH i3 JBOX CTOPIH Ha OiIOMYy 200 CBITJIO-Ci-
pomy QoHi.

Jaracet Oyiio po3aiieHo Ha aBi yacTunu, 80% Bifg
3araiibHOi KUTBKOCTI CTaHOBJIATH TPEHYBANBHI NaHi, Ha
SIKMX Mepexa HapdaTuMeThbes, a 20% — TeCToBI, IKUX Me-
pexa «He Oauma», Ta Ha SKUX MepeBipsitacs ii pobora.
[Tix wac HaBYaHHS HEHPOHHOT MEpeXi TpeHyBaJIbHI JlaHi

Oymno 3HOBY po3xineHo Ha 80% BHKIIOYHO IJIS TPEHY-
BanHs Ta 20% i1 Bamigarii mig yac KOYKHOT €ITOXH HaB-
YaHHSA, IO JO3BOJIMJIO MIBUAKO BH3HAYHNTH IIEpPEHa-
BYAHHS.

UYepes cennigHi 0COOTMBOCTI BXiTHUX TaHUX, Ki-
JBKICTh TPEHYBAJIHHHUX 300pakeHb I MOHET KOKHOTO
KJIACY CYTTEBO 3AJIC)KUTH BiJl Yacy, IPOTATOM SKOT'O BOHA
BHUITyCKaJlacs Ta TUPaXiB BUMYCKY. SIK HaclioK, Haioi-
JIBIIIAM HEJIOJIIKOM 310paHOro JaTtaceTy € HepiBHOMIp-
HICTh PO3MOJIUICHHS 300pakeHb 3a KJIaCaMHU, HATIPUKIIA],
HalIMEHIIIe YChOTro 300paXKeHb 310paHo sl MOHET HEBe-
kol AHIOppH, a HaliOIbie — st MOHeT HimeuunHw,
SIKI BUITYCKAIOTBCSI OA[pa3y Ha 5 MOHETHHX JIBOpaX IyxkKe
BEJIMKIMH THPaKaMH. 3arajioM, 300pakeHHs Oynu po3-
monieHi Ha 212 kiaciB BUAY «HOMiHAJ, TPOIIOBA OJIHU-
HUILL, KpaiHay. Y mataceTi HasiBHI 8 TPOIIOBUX OJWHUII:
KOMiiiKa, TPUBHS, TPOIIL, 3JOTHIA, ICHHI, GYHT, €EBPOLICHT
Ta eBpo i 8 HomiHaumiB: 0.500, 1, 2, 5, 10, 20, 25 Ta 50.

Takox 70 naraceTy OyJo BKIIOYEHO SK 3BHYAiHI
00IroBi MOHETH, TaK i mam’siITHI MOHETH, 1110 OYJIN BHITY-
IICHI B O00Ir MEHIIUMH THUPa)XKaMH, 11€ TaKi MOHETH, SIK,
HAaIpHKJIIAJ, 1aM’ATHI YKpaiHChKi TPUBHI Ta TaM’SITHI MO-
HETH HOMIHAJIOM 2 €BpO y Kpainax €Bpocor3y. OcraHHi
JOCUTh CHJIBHO YCKIIATHIOBAIH IIPOIEC PO3IIi3HABAHHS,
aJDKe yci MOHETH €BPO MAIOTh CIITBHUM TU3aiH peBepcy,
i, X04a 3BUYaiiHi MOHETH MAOTh IHIUBIAYyaIbHI TU3aiHA
aBepcy AT MOHET KOXKHOI KpaiHH 1 iHKOJM 3a3HAYCHHS
HA3BU KpaiHW, Ha JESKHUX IaM STHIX MOHETaX BKa3iBKH
Ha KpaiHy OXO/KEHHS € JOCUTh HEMOMITHIMH 1 JUIS JTFO-
JTAHU.

Jliist po0oTH i3 HEHPOHHOI MEPEKEI0 OYyJI0 3aCTO-
coano cepenoruiie Google Colab, sike Hagae MOTyXHO-
CTi JJI1 CTBOPCHHSI, HABYAHHSI, TECTYBAHHS Ta BUKOPHUC-
TaHHs HeiipoHHHUX Mepex. biokHoTn Google Colab Ha-
JIal0Th MOXJIMBICTD MPAIIOBATH 3 BiIKpHUTOI 0i0mioTe-
KO0 11 MamuHHOro HaBdaHHs TensorFlow Ta Keras —
HanOynoBoro Haj Hero. TensorFlow minTpumye nekiiapka
MIOITYJIIPHAX MOB IIPOTPaMyBaHHs, IPOTE HAUOLITBII 3py-
YHUM Ta ONTUMAIFHUM BHOOpoM € came MoBa Python,
sIKa 3a3BUYAil BUKOPHCTOBYETHCS MIPU PO3POOIIi HEHPOH-
HUX MEPEK.

BpaxoBytoun crienngiky BXiJHHUX JaHHX, SIKi Iie-
penbauaroth mpsmokytHe (300%150 mikceniB) 300pa-
JKCHHS 3aMICTh TPAIHUIIHHO KBAaIPATHOTO Ta BY3bKO CTa-
HIApTHU30BaHe TMOJaHHS 300pakeHHs (IBi CTOPOHH MO-
HeTH Ha 6itomy abo cBiTiIo-cipomy (oHi), i 0OMEXEHICTH
pecypciB OyIo BUPIMIEHO 3aCTOCYBATH BIACHY HEHPOHHY
MEpEexKYy, IO 33Ja€THCS KOJIOM Ha pHC. 2.

model = keras.models.Sequential([

keras. layers.MaxPooling2D(),
keras.layers.MaxPooling2D(),
keras. layers.MaxPooling2D(),

keras. layers.Flatten(),

keras.layers.Dense(212)

keras.layers.experimental.preprocessing.Rescaling(1./255, input_shape=(150, 300, 3)),
keras.layers.Conv2D(64, 3, activation="relu"),

keras.layers.Conv2D(128, 3, activation='relu'),

keras.layers.Conv2D(256, 3, activation='relu'),

keras.layers.Dense(512, activation="relu'},
keras. layers.Dense(256, activation="relu'},

Puc. 2. 3aganns HeHpoHHOT Mepexi
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Inghopmauiiini mexunonocii

JlaHa HelipoHHA Mepeka € OCUTh MPOCTOIO i Mic-
TUTH TPHU TAPH MIapiB 3TOPTKH, MO0 MicTATE 64, 128 Ta
256 dimpTpiB po3mipy 3*3 i 4epryroThcA 3 IMIapaMu Mak-
cuMi3ariifHoro arperyBanfs (max pooling), o MicTSTh
¢inpTpu po3mipom 2*2, sKi BiTHAXOASTH 1 MepeaaloTh Ha
HACTYIMHHU IIap MaKCHUMajibHE 3HadeHHA. Ha Buxomi
HEHPOHHOT MEPEKi PO3MIIIICHO 2 MOBHO3B AI3HUX MIAPH i3
¢ynkuieto akruBanii ReLU Ta xinpkicTro HelipoHiB 512 i
256 1 01MH MOBHO3B sI3HMH MIap 13 212 HeHpOHIB A1 KI1a-
cudikauii. I'pad oTprmMaHoi HEHPOHHOT Mepeki MOJaHO
Ha puc. 3.

| input [ [(None, 150, 300, 3)] |
| output: [ [(None, 150, 300, 3)] |

‘ rescaling _input: InputLayer

input: | (None, 150, 300, 3)

(None, 150, 300, 3)

rescaling;: Rescaling

| input: I (None, 150, 300, 3) |
[ output: | (None, 148, 298, 64) |

‘ conv2d: Conv2D

\ input |(NonE-, 148, 298, 64) \

max_pooling2d: MaxPooling2D —
[ outpur: I (None, 74, 149, 64) J

[ inpur [ (None, 74,149, 64) |
\ output: | (None, 72, 147, 128) \

conv2d_1: Conv2D

} input: l (None, 72, 147, 128) ]
| ouput: [ (None, 36, 73,128) |

‘ max_pooling2d_1: MaxPooling2D

input: | (None, 36, 73, 128)

(None, 34, 71, 256)

conv2d_2: Conv2D

input: | (None, 34, 71, 256)
(None, 17, 35, 256)

max_pooling2d_2: MaxPooling2D
output:

l

input: | (None, 17, 35, 256)

‘ flatten: Flatten

output | (None, 152320)

input: | (None, 152320)
dense: Dense
cutput: | (None, 512)

input: | (None, 512)
(None, 256)

dense_1: Dense

output:

I

input: | (None, 256)
(None, 212)

dense_2: Dense

output

Puc. 3. I'pad HelipoHHOT Mepexi

PesynbraTin poOOTH Mepexi, OTpUMaHi Iicis HaB-
4gaHHA TpoTsaroM 10 emox y BUTIAAL TpadikiB TOYHOCTI
posmizHaBaHHS Ta (QYHKLII BTpaT Ha TPEHYBIBHHUX Ta
BaJimaniitHuX naHux (puc. 4).

Training and Validation Accuracy
o ﬁ 40

30

Training and Validation Loss

—— Taining Loss
Validation Loss

—— Taining Accuracy
Validation Accuracy [ 0.0

0 2 a 3 8 0 2 a 3 8

Puc. 4. I'padix TogHOCTI po3mizHaBaHHS Ta QyHKIIT BTpar

3a xapakTepoM TpadikiB BaligamiiHUX JTaHUX MO-
JKHa 3pOOHMTH BUCHOBOK, IIO 30UBIICHHS KUJIBKOCTI €I10X
MpU3BE/IE JHIIIE [0 IePEHABYAHHS, KOJIM MEPEeXka MOYHNHAE
«3aBYaTH» TPEHYBAJIbHI [JaHi, 301JbIIYI0YN PH IIbOMY TO-
YHICTP IX PO3Ii3HABAHHS, IPH Maihke HE3MIHHIM TOYHOCTI
Ha BaliganifHuX JaHUX. TOYHICTH pO3ITi3HABAHHS HA TecC-
TOBUX AaHuX ctanoBmia 0,9365 (puc. 5).

254/254 [ 1 -
18s 69ms/step - loss: ©.3274 - accuracy: 0.9365
[©.32737427949905396, ©.9365196824073792]

Puc. 5. PesynpraTn TeCTyBaHHS HEHPOHHOT Mepexki

[potsirom poOOTH Hall HEHPOHHOI MEPEKEIO OYIIO
MIPOBEJICHO JEKiNbKa EKCIIEPUMEHTIB 3 1i YCKJIQJIHEHHAM
OUIIXOM JIOJJaBaHHS JOAATKOBHX INapiB Ta HEHPOHIB,
MIPOTe Take YCKIaTHeHHS ceOe He BUIPABAANO, aJKe TOU-
HICTh PO3Mi3HABAHHS TECTOBUX JAaHHWX HE 3a3Halia CyTTe-
BOTO 30UIBIICHHS], 3AJMIIAIOUNCE Y Mexax 93-94%, npu
IFOMY 3HAYHO 30UIBIINBCS 00CAT HEOOXITHUX 00UHCITIO-
BAJILHUX PECYPCIB Ta Yacy HA HABYaHHS.

[Tpu aHanizi NpUYKMH AOCUTH HU3bKOI TOYHOCTI BHU-
KOPHUCTaHHS KJIACMYHOI 3rOPTKOBOI HEHPOHHOT Mepexi
MOJKHa MOMITHTH OJIHY i3 0COOIMBOCTEH JaHUX — MOTO-
YHE BH3HAUEHHS XapaKTEPUCTHK OOIrOBHX MOHET («HO-
MiHaJ, TPOILOBa OJWHHMI, KpaiHa») Hajgae NOCUTH BY-
3bKY KIacupikamiro 300paxeHpb 1 BEUKY KUTBKICTh KJa-
ciB (a came 212), B Mekax KOKHOTO 3 IKUX € JIOCUTh MaJIo
300pakeHb, a Maja KUTbKICT 300payKeHb TPU OaraTbox
KJIacax MPHU3BOIUTH 10 3MEHIICHHS TOYHOCTI HAaBYaHHS.

[Ipu mogampimoMy po3TIIAAl MOXKHA TTOMITHTH, IIO
KOKEH KJIac € CKIaeHUM 1 HOro MOYKHA PO3JIUTHTH Ha TPH
OKPEMHX XapaKTEePUCTHKH: HOMIHAJI, TPOLIOBY OJWHHUIIIO
Ta kpaiHy. KoxxHa i3 Takux XapakTepHCTHK OKPEMO HE €
JIOCTaTHBOIO ISl OHO3HAYHOTO BU3HAYEHHS IIEBHOT MO-
HETH, IIPOTE HE BaXKKO MOOAYMTH, 10 NP PO3Mi3HABAHHI
MOHET, HalpUKJIaJl, BUKIIOYHO 32 HOMIHAJOM, MOXXHA
OTpPHUMATH 3HAYHO MEHIIY KUTBKICTh KJIACiB JJIS Takoi K
KUTBKOCTI TPEHYBaJIBHUX 300pakeHb, 10 TpU3Bee 10 Oi-
JIBIIOT KUTBKOCTI 300pakeHb B MEXKaX KOKHOTO OKPEMOTO
KJIacy, a OTKe 1 IO KpaIIuX pe3yNbTaTiB pO3ITi3HABaHHS 32
JTAHOI0 XapakTepucTukor. Lle crocyerhes 1 po3mi3Ha-
BaHHS MOHET BUKJIFOYHO 32 TPOIIOBOIO OJTMHHUIICIO 91 Kpa-
iHoto. [Ipu 11bOMYy, B TOM Hac, sIK pO3LUIMPEHHS JaTaceTy 3a
paxyHOK JIO[IaBaHHs, HAINPUKIIAJ, 300pakeHb Cy4acHUX
00IroBMX MOHET IIIe OfHi€l KpaiHu, 10 KOMOIHOBaHOI Xa-
PaKTepUCTHKH HEOOXiTHO JOAATH OJIN3BKO JECSTH KIIACiB,
JI0 TIepeliky KJaciB KpaiH MOXKHA JOJAaTH JIMIIE OIWH
KJIac, a JIo TMepestiky KiIaciB TPOIIOBUX OJUHUIIb Ta HOMi-
HAJIiB — BiJT HYJIS IO IBOX KJIACiB.

VY BHUNa/IKy, KOJIM HEBEJIMKHH 32 pO3MipaMH JaTtacer
MICTHTh BEJHKY KUIBKICTh CKJIQICHUX KIAaciB, MOXKHA
3BEPHYTHUCS JO MEHIII MOMINPEHOT apXiTeKTypH 3rOpTKO-
BOT HEMPOHHOT MepeKi 13 JeKiIbkoMa BUXOJaMH, IO Tie-
pendadae oTprUMaHHS Ha BXiJ 300pa)KeHHS 1 TOBEPHEHHS
JIEKITbKOX BEKTOPIB BiJMOBIIHOCTEMH, 11O OTHOMY JIJISl KO-
JKHOT 13 JeKinpKoX kimacugikariii. Heifiponna mepexa 3
JICKITbKOMa BUXOJIAMHU Pealli3yeThCsl 32 paXyHOK po3ra-
JTy’)KeHHSI HSHPOHHOT MepeXi Ha IIEBHOMY €TalTi, 1110 MpH-
3BOJIUTH JIO YTBOPEHHS JBOX a00 OinbIne rinok. Taki po-
3rayy’kKeHHsS MO>KHa YTBOPIOBaTH Ha OyJb-KOMY eTarri
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HEHPOHHOT Mepexi. 3a3BUYail TaKy MepeXy BUKOPHUCTO-
BYIOTH TO[li, KOJIN BHHUKA€ HEOOXiTHICTh OTPUMATH JaHi
pizHEX (POpPMATIB 32 JOIMOMOTOIO Pi3HHUX MiAXOMIB 0 iX
00pOo0OKH, HaNpHKIIAA, KIacuQikarilo Ta pe3yabTaT pe-
TpeciiiHOTO aHami3y, MPOTe BOHA € AOPEYHOIO 1 A 30-
OpakeHb, SIKi MOXKYTb MaTH JCKiIbKa HEMOB I3aHUX Xa-
PaKTEepUCTHUK.

ITin wac po3mi3HaBaHHS OOITOBUX MOHET 3a JIOTO-
MOTOI0 3rOPTKOBOT HEHPOHHOT MepexKi i3 IeKIIbKOMa BHU-
X0/1aMH MO’KHa OTPUMAaTH TPH BEKTOPH BiATMOBITHOCTEH,
10 OZTHOMY JUII HOMiHaITy, TPOLIIOBOi OAMHHMII Ta KpaiHH,
IIPY [[bOMY TOYHICTb PO3ITI3HABAHHS ISl KOXKHOI 13 Xapa-
KTEPHUCTHK Oyae CyTTEBO OLIBIIOIO 3a TOYHICTH PO3IIi-
3HABaHHS 3BHYAITHOIO0 MEPEKEIO 13 OJHUM BHXOJOM 3 3a-
CTOCYBaHHSM CKJIQICHUX XapaKTEPHCTHK y SKOCTi Kia-
ciB. llle onHi€r0 3 IepeBar TaKoOTo MigX0IY € MOXKIUBICTD
OUTBII TOHKOTO HAJAIITYBaHHS HEHPOHHOI MeEpexi Ta
€KOHOMII pecypciB IpH HaBYaHHI, AKIIO MiCIs PO3Talry-
JKEHHsI Y SIKOCTI IIapiB T1JIOK 3aCTOCYBATH IMONEPEAHBO
HABYCHI MOJIEI, aJ’Ke IHKOJIA MOJICTI [T Pi3HUX Xapak-

TEPUCTHK MOXXYTh HaBiTh OTPEOYBATH Pi3HOI KiIBKOCTI
eToX TPeHYBaHHA. Y HaHif poOOTi MpencTaBieHO HEll-
POHHY MEpEexXy i3 po3raixy>kKeHHSIM Ha TPH TIKH Ha TT09a-
TKY MEpEeXi, IPIIOMY KOXHA i3 TUIOK IPeCTaBIeHAa O~
HUM IIapoM, SKUW SBJsSIE COOOI0 3BHYAIHY 3rOPTKOBY
Mozenb. [y 3aranbHOi HEHPOHHOI MepesKi BiIMIHHOCTI
MiX MICBHOIO ITOCITIZIOBHICTIO IIAPIiB Ta MOJAECILIIO, SIKA SB-
JI5i€ COOOK0 TaKy caMy TOCITIJOBHICTH IIapiB HE BUHUKHE,
IIPOTE 1€ TO3BOJINTH OKPEMO HABYHMTH MIEBHY T'JIKY Ta BU-
KOpHUCTaTH OTPHMaHi BarW y 3arayibHiii HEHpOHHIH Me-
pexi. Kox 3aranpHOT HEHpOHHOT MepeKi oJaHo Ha pHC.
6, a nmpescTaBIeHHs y BUTIIA1 rpady — Ha puc. 7.

input = keras.layers.Input((15e, 3ee, 3))
value layer = wvalue model(input)
currency_layer = currency_model{input)
country_layer = country_model(input)
new model = keras.models.Model(inputs

input,
input, outputs = [value layer, currency layer, country layer])

Puc. 6. 3aganHs HEHPOHHOT Mepexi 3 TPhOMa BUXOAaMHU

input:
input_1: InputLayer

[(None, 150, 300, 3)]

output:

[(None, 150, 300, 3)]

!

\

input: | (None, 150, 300, 3) input:

(None, 150, 300, 3) input:

sequential_4: Sequential sequential_3: Sequential

output: (None, 8) output:

: (None, 8)

(None, 150, 300, 3)

sequential_2: Sequential
output:

(None, 26)

Puc. 7. I'pad HelipoHHOT Mepexki 3 TPhOMa BUXOAAMH

Mopeni  value model, currency model Ta

country_model Bukopucrati y SKOCTi 3rpyHoBaHUX Ia-
PiB 1 SBISAIOTBECA MOJCISIMHU IJIsI PO3IIi3HABAHHS HOMi-
HaITy, TPOIIIOBOI OJWHMII Ta KpaiHu BignoBigHO. CTpyK-
Typa X Mojenel moAidHa 0 TpaauiiHOI MOJei 3ro-
PTKOBOT HEHPOHHOI Mepexki 1 Bigpi3HAIOTHCSA 3MEHIIe-
HOIO KIJIBKICTIO HEUPOHIB OCTaHHBOI'O IIAPY ISl KIacH-
¢ikarii — 8 11 MoIeIel HOMiHAITy Ta FPOIIOBOT OTUHHIII
1 26 s mozeni kpainu. HaByaHHS KOXKHOI 13 Mozeei
BiZI0yBajiocs OKpEMO, MPUIOMY PO3IOJIT JaHUX Ha Tpe-

Training and Validation Accuracy Training and Validation Loss Training and Validation Accuracy

HYBaJIbHI Ta TECTOBI 3aJIMILKBCSI HE 3MIHHUM, B TOH 4yac
SIK PO3IIOMALT JAHWX Ha BUKIIOYHO TPEHYBAJIbHI Ta Balli-
JamiiHi BiIpi3HABCS AN pi3HUX Moxenel. Pesympratn
HaBYaHHS MOJIEJIi JUIsl pO3Mi3HABaHHS HOMiHAITy, TPOIIO-
BOI OJIMHMIII Ta KpalHH MOAaHI HA puc. 8 y BUIIIAI Tpa-
(ikiB TOYHOCTI poO3Mi3HaBaHHS Ta GYHKIIIi BTpAT Ha Tpe-
HYBQJIbHHX Ta BajJigauiiHux nanux. TodHicTh po3mi3Ha-
BaHHS Ha TECTOBUX JaHuX craHoBmia 0,9941 mis HOMI-
Haiy, 0,9989 mist rpomoBoi oaunuii ta 0,9641 mis kpa-
au (puc. 9).

Training and Validation Loss Training and Validation Accuracy Training and Validation Loss

— Taining Loss
Validation Loss

100 ——
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Puc. 8. 'padiku TpeHyBaHHS MOJIENi PO3IIi3HABAHHS: @ — HOMiHAITy; O — TPOIIOBO{ OJIMHUIII; B — KpaiHU

3a oTpuMaHUMU rpadikaMu BUIHO, KOJIHU IS KOXK-
HOT OKpEeMOi MO/IeJli MOYNHAETHCS TIEPpEeHaBUYaHHS, 1110 JI0-
3BOJISIE BU3HAYUTH HEOOXIJHY KUTBKICTh €MOX HaBYaHHS
JUTSL KOJKHOT OKPEMOi MOJIEII.

[IpoanaiizyBaBIIM OTpUMaHi pe3yibTaTh JUIsl Tec-
TOBHX JaHMX MOJKHA ITOMITHTH, 110 TOYHICTh PO3IMi3Ha-
BaHHS HOMIHaJIy Ta rpOLIOBOI OJMHUII € JOCUTH BUCO-

KOI0, IpubIu3HO 99%, a TOYHICTH po3mi3HaBaHHS KpaiH
MeHIIa, y Mexax 96-97%. MeHma TOYHICTh HOSCHIO-
€TBCS, 30KpeMa OIIBIIOI0 KITBKICTIO KJIACiB Ta crierudi-
KOIO BXIJJHHX JIaHHMX, 30KpEMa HasiBHICTb Yy JaTaceTi 30-
OpakeHb IaM’sITHUX MOHET HOMIHAJIOM 2 €BpO yCKJaJ-
HIOE BU3HAYEHHS NPHHAJISKHOCTI IMX MOHET /10 MEBHOI
Kpainu €Bpocoro3y.
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254/254 |
[0.023559754714369774, ©.994071900844574]

] - 18s 69ms/step - loss: ©.8236 - accuracy: 8.9941

a

254/254 |
[0.003485651919618249, 0.9988884925842285]

] - 18s 7@ms/step - loss: ©.0835 - accuracy: ©.9989

6

254/254 [
[0.1752026081085205, 0.9640607833862305]

] - 18s 7@ms/step - loss: ©.1752 - accuracy: 0.9641

B

Puc. 11. Pe3ynpraTu TeCTyBaHHS MOJENi pO3Mi3HABAHHA: @ — HOMiHAIy; O — IPOIIOBOI OAMHMII; B — KpaiHU

HeBaxko mo6auuTy, IO TOYHICTH PO3Mi3HABAHHS
HOMiHaJy, TPOIIOBOT OIMHHMIII Ta KpalHU OKPEMO BHIIA 32
pe3ynbTaT, OTPUMAaHUM TPH 3aCTOCYBaHHI TPagHIiiHOL
MEpeXi, TP IIbOMY MH i3 JOCUTH BUCOKOIO BipOTiTHICTIO
OTPUMAaEMO TPaBWIBHO BU3HAYCHHUH HOMIHANI Ta Tpo-
IIOBY OAWMHHMIIIO.

SIKII0 BU3HAYMTH 3araJIbHy TOUHICTD PO3Ii3HABAHHS
300paXeHp SIK TOOYTOK pe3yJbTaTiB KOXKHOI 3 TLTOK, MU
OTPUMAEMO MiACYMKOBY TOUHICTb BenunHoro 0,9574, 110
MIePEBUILYE TOUHICTh TPAIHULIHHOT 3rOpTKOBOT HEHPOHHOT
Mepesxi Ha 0,0209, 110 € JOCHTh HEMOTaHUM MTPUPOCTOM.
[Tpu GinblI THYYKOMY HaJlalITYBaHHI 1 TPEHYBaHHI KOX-
HOi OKpeMOi MOJIEIIi, 1[0 BXOJAATh J0 CKJIaay 3rOpPTKOBOT
HEWPOHHOT MEpexi 3 TphOMa BUXOJaMH, MOKHA 1 Hajaii
TIOKPAIIUTH OTPUMAHHUHN pe3ybTar.

BucnoBku

3aja4a posmi3HaBaHHS MOHET 3a 300paKeHHSIM ue-
pe3 cBow creludiky IT03BOJSE 3aCTOCYBATH JEKiJIbKa
MIX0/iB 10 pO30HUTTS 300pakeHb Ha KJlacH, a OTKe 1 10
noOyZ0BH 3ropTKOBOI HEeWpOHHOT Mepexi. Y poboTi
OyJ10 HABEICHO TPATUIIIMHU iIX1/1, KOJIU KOXKHE 300pa-
JKEHHSl BH3HAYAETHCS OJHUM CKIAJICHHM KIacoM, IO

OJTHOYACHO BKa3y€ Ha HOMiHaJl, TPOILOBY OJMHUIIIO Ta
KpaiHy i HeHpOHHa Mepexa Ma€ OJIMH BUXiJ Ta MiAXia i3
BUKOPHCTaHHSIM HEHPOHHOT Mepexi 3 JeKIIbKOMa BHXO-
JlaMH, KOJIM KOYKHA 13 XapaKTepPUCTHK 300pa)KEeHHS SIBIISIE
co0or0 OKkpeMy Kiacu(ikamiro i HelipoHHa Mepeka Mae
TPH BUXOMH, 110 OJTHOMY JUIS KOKHOT 13 HUX.

Yepes BeIHKyY KiTBKiCTh MaJIAX 32 00csATOM 300pa-
KEHb KJAciB TpH TPaAHLIHHOMY MiOXOAi pe3yibTar
pO3Mi3HaBaHHS BUSBMBCS He HaiikpamuM, 93-94%, npu
LBOMY PO3TajyKeHHS HEHPOHHOT MepexXi Ha TPH T'IKK
JUIsL KOKHOI OKPEMOI XapaKTEpPUCTHKU HAAalo XOpo-
it pe3yastaT y 99% i HoMiHaly Ta TPOLIOBOi O/TU-
HuUi 1 95-96% mis kpainu. [lepeBaror Takoro miaxoay
€ MOXJIMBICTB OiJIbIII THYYKO HANAIITYBAaTH Ta HABUUTH
OKpeMi Mozemi Uil KOXKHOI XapaKTepUCTHKH Ta BHKO-
PpHUCTaTH iX y SKOCTI IIapiB OKPEMHX TiJTOK HEHPOHHOL
Mepexi. HemomikoM Takoro miaxoay € B IEKiIbKa pa3iB
OlbIIa KiMBKICTH MMapaMeTpiB HEWPOHHOI MEpexki, o
O3Hayae cyTTeBe 30UIbIICHHS Yacy Ha il HaBYaHHA Ta
BUKOPHUCTaHHsSI PECypCiB, NMPH LOMY OKpEME TpEeHY-
BaHHS BKJIAJICHUX MOJIENIeH 103BOJIUTh 3MEHIIUTH KiJib-
KICTh pEeCypciB, 110 OJHOYACHO 3aJisHi MiJ 4Yac HaB-
YaHH MEPEeXKi.
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Improving the accuracy of circulating coins recognition by using a convolutional neural network with multiple outputs
Ye. Vaivala, N. Tsyopa
Abstract. The article considers the problem of circulating coins recognition using convolutional neural networks. A traditional
approach to solving the problem of image recognition, which involves the use of a regular convolutional neural network with one
output, is described, the results are shown and analyzed. To improve the recognition accuracy, the architecture of a convolutional
neural network with multiple outputs was used. The results obtained were compared with the results of a regular network, the reasons
for the differences in the results and the advantages and disadvantages of each of the considered approaches were given.

Keywords: convolutional neural network, multi-output neural network, image recognition, machine learning.
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MOJUPIKOBAHUA METO CAMOBITHOBJIEHHS
ITPOI'PAMHUX CUCTEM 3 BUKOPUCTAHHAM JAMITY HAM’ATI

AHoTauis. [IpenmMeTroM cTaTTi € JOCHIKEHHS METOIB CAMOBIHOBIIEHHS MPOTpaMHUX cucTeM. MeTa cTarTi 1o-
nsrae y migBHIICHHI e()eKTUBHOCTI 3aC00iB CaMOBIJHOBJICHHS MPOrPAaMHHUX CHUCTEM LUITXOM PO3pOOKH MOIH(iKOBa-
HOT'O METOZAY CaMOBIHOBJICHHS NPOTPAMHHUX CHCTEM 3 BUKOPHCTAHHAM JaMIly Iam’sTi. BUKOpUCTaHUMH MeTOAaMHU
€ METOH AEKOMITO3HLIT CKIaJHUX CHCTEM, METOIU CaMOBIJHOBJICHHS IMPOrPAMHUX CUCTEM, METOIM TE€OPil MHOKHUH.
OTprMaHi Taki pe3yJabTaTH: MOAU(IKOBAHO MOAEI MPOTrPaMHUX KOMIIOHEHT CHCTEMH Ta OOYHCIIOBAIBHUX pecyp-
ciB, MOIM(iKOBAaHO METOJ CAMOBITHOBJICHHS IPOrPAaMHHX CHCTEM 3 BUKOPHUCTAHHAM AaMIry rnam’sti. BucnoBku. Po-
3po0iIeH0 MOIM(IKOBaHNH METOJ CaMOBITHOBICHHS PO3IOAIICHOTO IIPOrpaMHOTO 3a0e3nedeHHs] MPOTpaMHHX CH C-
TEeM 3 BUKOPHCTAaHHIM JaMIy ITam’siTi, SKUH Ha BiAMIHY BiJ iCHyl04oro, 3abe3redye caMOBiHOBJIEHHS POOOTH IpoO-
TPaMHOI CHCTEMH Ha BiAJaJeHUX pecypcax y TOMY CTaHi, B IKOMY BOHA Imepe0yBajia y MOMEHT BiIMOBH OJHOTO 3 P e-
cypciB, o BiAOyBaeTbCsA B yMOBaX 3MEHIICHHS KiIBKOCTI pecypciB.

Knaw4oBi ci1oBa: mporpaMHa cuctema, CaMOBiJTHOBJICHHS, PO3IOIJICHI PECypCH, 1aMII ITaM’sTi.

Beryn

PosnoxineHi mporpamMHi CHCTEMH pO3pPOOIISTIOTECS B
YMOBaXx IIEPMaHCHTHOTO PO3BUTKY allapaTHUX IUIaT(hopM,
OTepaIiifHuX CHCTEM, XMapHUX cepBiciB. YacTo BOHHU
MalTh CKJIaJHY pO3IMOJIUICHY CTPYKTYpY, & €JIeMEHTH
CHCTEMH PO3TalllOBaHi Ha BiAJajeHUX KOMII'foTepax ado
BipTyaJIbHUX pecypcax. [Homl BinOyBa€eThCcs BiiMOBa OJl-
HOT'O 3 MMPOrpaMHUX KOMIOHEHTIB, TiepBi30piB, KaHAaJiB
niepeziadi JaHux abo OAWH 3 33/IiTHUX CEpBICIB HE MOXKe
BIOpPATUCS 3 TMOTOYHMM IiJIBUIICHHSM HABaHTa)KEHHSI.
Takox 3aBXOM € WMOBIPHICTh BIUIMBY Ha (DYHKILIOHY-
BaHHA TPOTPAMHUX KOMITOHEHT 30BHIIIHIX (haKTOpIiB.
IcHye nmekinmpka MAXOMIB 1O BiTHOBICHHA (YHKIIOHY-
BaHHS CHCTEMM y TaKHX BHUIQJIKaX, 30Kpema 3abesre-
4eHHS (YHKIIOHATBHOI CTIHKOCTI Ta >KUBYYOCTi 00YIC-
JFOBaNBHOTO mpouecy [1].

OnHMM 3 ICHYIOYMX MEXaHi3MiB, sKi 3a0€31e4yroTh
(YHKIIOHANIBHY CTIMKICTh Ta JKHBYYICTh TEXHIYHHX CHC-
TEeM € CaMOBIJTHOBJICHHs. Y IMPOrpaMHHUX CHUCTEMax Tep-
MiH «CaMOBIIHOBJICHHS» BCTAHOBJIIOE BJIACTUBICTH OY/Ib-
SIKOT TIpOrpaMH, cepBicy abo omepariiifHoi cucTemH, ska
3[aTHA BUSBILITH CHUTYaIlil, KOJIM IporpamMa He (GyHKILO-
Hy€ CTaH/IapTHO, Ta 0e3 Oy/b-SIKOTr0 30BHIIIHBOTO BTPY-
YaHHS oOlleparopa 3pOOUTH HEOOXIIHI [il, SIKi BiTHOBJIATH
npare3laTHICTh CUCTeMH B 3BHYaliHOMy crani [2, 3].
Amnaroriysi aii Taka cucreMa Mo)ke BUKOHYBAaTH TaKOX Y
BUITa/IKaX HMOBIPHOI BiIMOBH IPOTpaM, anapaTHUX KOM-
MoHEHTIB abo kaHamiB mepenaui ganmx [3]. ITlpomec ca-
MOBIJTHOBJICHHSI POOUTH IMPOTPaMHY CHCTEMY 3IaTHOIO
MIepiOMYHO TIEPEBIPATH CBIM CTaH, MPUHAMATH PIlICHHS
1010 OTITUMI3aIlii, afanTaiii 10 Pi3HUX YMOB Ta BiJIHO-
BITIOBATH TPALE3JaTHICTb.

AHaniz myOJikauid. 3acobm caMOBiTHOBICHHS
MOXYTh OyTH peaji3oBaHi SK CaMOCTIHHO, TaK i 3 BUKO-
PHUCTaHHSM ICHYIOYHMX KOMIIOHEHTIB KOMII FOTEPHUX CHC-
TeM. BOHH MOXyTh BMKOPHCTOBYBATH araparHi 3acoOu
(hardware), cucremHe TporpamHe  3a0e3NEYCHHS
(middleware), Ta CTOpOHHE MpPUKIAIHE MPOrpaMmHe 3a-
OesneucHHs (software abo software system) [2-5].

CaMOBITHOBJIEHHSI Ha PiBHI MPHUKJIAIHOTO MPOTpa-
MHOTO 3a0e3MeueHHsI - 1€ 3IaTHICTh OKPEMOTO JI0JIaTKa,

nporpaMHoi cucteMu abo MpoLecy BiJHOBUTH Ipare3/a-
THICTh 3cepeannu [3, 5]. 3a3Buuaii, y mporpamHux ¢peii-
Bopkax (Hanpukiaz, y mardopmi NET abo BipTyasnbHii
MammHi Java), Taki BUMAAKu 0OpOOIAIOTECS BUHATKAMHU
(an exception), sSKi aHANI3yIOTh MOMHIIKY Ta MOXYTbH
3[1HCHIOBAaTH KPOKH TI0 1i BUIIPaBIECHHIO. Y BHIIAIKY BH-
KITFOUCHHS, TIPOTPaMICT Ma€ MOXIIMBICTD Pi3HOI peakuii:
irHOpyBatu 30iif Ta BUKOHYBaTH MporpaMmy Aaii, mepep-
BaTH BUKOHAHHA (eXit) Mporpamu, AomaTH (QYHKIUIO
(function) 06poOku, siKa BUMpPABUTH CHUTYaIlif0, ab0 B3a-
raji mepe3aBaHTaXUTH mporpamy. Ha choromui € edek-
THBHI 3ac00M 0OPOOKM BHKIIFOYECHH CaAMOIO IMPOTPaMOIo,
HaNpUKIIA[,  ICHYIOTh  INIA0JOHM  IPOEKTYBaHHS
(templates), siki aBTOMaTH30BaHO CTBOPIOIOTH MPOTPAMHI
cucTeMHu 3 PYHKILISIMU CaMOBITHOBIIEHH [6, 7].

Mo>JMBE TaKOX CaMOBITHOBJICHHS Ha CHCTEMHOMY
piBHI. 3a3BUuail BUKOHYETHCS OIEPAIiHOIO CHCTEMOIO,
¢peiiMBopkoM abo TimepBi3opoM. 3aco0M CHCTEMHOTO
PIBHS 3aCTOCOBYIOTBCSI JI0 BCIX IPOTpaM HE3aJeXKHO Bij
0cOONMMBOCTEH 1X BHYTPIIIHBOI peajizallii Ta mooymoBaHi
Ha CTaHJapTHUX cepBicax onepauiinux cucrem. Li 3acobu
MO>KHa BHUKOPHCTOBYBATH Ha Oy/b-SKOMY PIiBHI KOMII'O-
TepHOI CHCTEeMH, IO (PYHKIIOHYE M KEpyBaHHIM Mepe-
JKHOI omepariiitHoi cucteMu. Sk TpUKIan BiTHOBICHHS
CHCTEMHOTO PIBHS MOXXHa pO3INISIATH TOBTOPHUIT 3a-
ITyCK TPOLIeCy, IKUH BiAMOBHB a00 HE BiAIIOBITaE.

Skmo BinOyBarOThCS BIIMOBH amapaTHHX 3acoOiB,
CaMOBI/THOBJICHHS BiJIIIOBIJJa€ 3a IMOLIYK HOBUX PECYPCIB,
3a SIKUMH Oyze BifOyBaTHCS TEpepo3NOAiT MPOrpaMHHUX
KOMIIOHEHTIB 3 O00OB’SI3KOBUM BCTAHOBJICHHSM HOBHX
MepexHuX 3B s3KiB. EdekTuBHICTE poOOTH cucteMu y
TaKWX BUIAJIKAX 3aJ€XKUTh BiJl HASIBHOCTI IMiJICKCTEM MO-
HITOpUHTY, $Ki HAKOMWYYIOTh iH(OPMAII0 TMpO CTaH
mporpam, o0agHaHHSA, KaHANIB 3B 53Ky, Ta, Y BUIIQAKAX
BUSBIICHHS 300iB, 320€3MeUyIOTh MePEePO3NOIia KOMII F0-
TepHHX pecypciB [8-12].

IMocTanoBka mpodsemu. J[s peanizarii MexaHi3-
MIB CAMOBIIHOBJICHHS y TIPOrPaMHUX CHCTEMax iCHYIOTb
psan meroxiB. OmMH 3 HMX — METOJ| CaMOBIJIHOBIICHHS
nporpaM 3 BUKOPUCTaHHSIM Jamity mam’sti. Lle oauH 3
YHIBEpCAIbHUX METOIB, SIKMH 103BOJIsIE 30epiraTu CTaH
MPOrpaMHHUX KOMIIOHEHTIB y 4aci Ta OHOBIIOBATH CTaH
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TIpH TIepe3anycKy nporpaM. Takox 1eid MeTo/ € He CKJla-
JTHUM 3a pealizamiero i 6arato #oro erarmiB MOXKHA peati-
3yBaT BOYIOBaHMMH 3aC00aMHU OmepamiiHOl CHCTEMH
(manpukiaa, MexaHisMamu 0a3 maHmx abo aBTo3bepe-
KEHHS). AJle IIel MeTO]] cepesl iICHYIOUMX Ma€e HalOLTbIry
BapTICTh, BUXOATYH 3 00’ €MiB (i3UTHOI TaM’sITi 171 30e-
piraHHs IaHHX Ta Yacy BUKOHAHHSL.

Jnst 3MEHIIeHHST BapTOCTI BUKOHAHHS Ta PO3ILIU-
PEHHS MOXKJIMBOCTEIl 3aCO0IB CaMOBIIHOBIICHHS B TPO-
rpaMHHUX CHCTEMaX, 3alpOIIOHOBAHO MojUdiKaliio Me-
TOJY, SIKUIA TO3BOJISIE PO3MIIIEHHS JICKIJIBKOX IPOrpaM Ha
OJTHOMY OOYHCITIOBAJIbHOMY PeCcypci, BUKOHY€E MOCTIHHUH
MOHITOPYHT HasSBHUX BiJTAJICHUX PECYPCIB.

Mera cTaTTi noysATae y miIBUIICHHI e()eKTHBHOCTI
3ac00iB CaMOBiTHOBJICHHS TIPOTPAMHIX CHCTEM ILIIXOM
po3po0Ku  MOAM(IKOBAHOTO METOMY CaMOBITHOBIICHHS
MPOTPaMHMX CHCTEM 3 BUKOPHCTAHHAM JaMITy TIaM sITi.

MogeJii nporpaMHUX KOMIIOHEHTIB
Ta 00YHCTIOBAJILHUX pecypciB

B po6orti 6y0 BUKOpHUCTAaHO MOJIETI Ta BH3HAYCHHS,
siki Gysm BBezieHi B po6oTi [9]. Ha puc. 1 HaBeneHo cTpyk-
Typy OOUHCITIOBANBHOTO cepenoBuiia. [IporpaMHi koMmo-
HEHTH Pj, 5Ki € eneMeHTaMi MHOYKHHH TIPOrPaMHO1 cHcTe-
MH, CKITaJAI0THCS 3 IBOX CKJIAJOBUX: OIHAPHMIA KOy TIPO-
rpamu, SKui peanisye moeainky mporpamu (Cd), i noka-
npHUX ganHux (Dt), ski ¢popMyroTh cTaH Iporecy B KOKEH
MOMeHT dacy. Koa mporpam MoOXKHA PO3IUIMTH Ha Taki
rpymu: mpuknagaui (Cdy), monitopuary (Cdm), 36epe-
xenns qannx (Cds). Tak camo JIOKaIbHi JaHi MOKHA MOi-
JIUTH Ha BHYTPIIIHI JaHi Tporpamm, sKi (iKCYIOTh CTaH
(Dts) Ta mani MoniTopuHTY abo pesynsrary (Dty), mo me-
PEHAIOTECS B CHUCTEMY YIPAaBIHHSA OOYHCIIOBATBLHUM
TIPOLICCOM.

AKTHEHI KOMII'HTepHI pecypeH

Dts Der Cdy Cd: Celm
i
4
Koumm wTepHa Mepe:Ra
]
|
Dt Cleln 30epeseni gani nporpan

Pezepeni koM "woTepHi pecypeH

Puc. 1. CTpykTypa cepeoBHIlia BUKOHAHHS PO3IOALICHOT MPOrPaMHOT CHCTEMHU

TakuM 4YHMHOM, TNporpaMHa CHCTEMa MOXe OyTH
TIpeICTaBIIeHa MOJIEILIIO:

Ps=JR.i=1LN, "
P={J(cd, Dt} ={Cd,,Cd,,,Cd,, Dt,,Dt,}

ae N —KiIbKiCTb Iporpam B CHCTEMI.

3ampornoHyeMO HOBHH KOMIIOHEHT CHCTEMH CaMo-
BIJIHOBJICHHS, SIKMI JTa€ MOXJIMBICTh TPU HASBHOCTI TEKC-
Ty TporpaM Ta KOMIIUIITOPY, SIKUH TeHepye OITOBMIT KOJ
MPOrpaMHKX KOMIIOHEHT ITiJl YaCc BHKOHAHHS 3aBJIaHHSL.
Toxi 10 MHOXXHMHH TIPOTPAMHUX KOMIIOHEHT CHCTEMH JIO-
namo komminstop Cde, a o JaHuWX 3aBIaHHS J0JAEMO
(baitmu 3 MporpaMHUMH KOMIIOHEHTAMU Ha BHCOKOPIBHE-

BUX MoBax mporpamysanns Dtg,i=1 N .V rereporen-
HOMY KOMIT FOTEPHOMY CEPEIOBHII KiTBKICTh KOMITLISTO-
piB Cdg, k=1K sanexurs Bix KimbkocTi HMOBIpHUX

orepariiiHuX CHCTEM, Ha KX MOXKHA 3aIlyCTUTH IPOrpa-
MHHH KOMIOHEHT Pi. TakuM 4rHOM, MHOKHHA PECYPCIB,
sIKi BUKOPUCTOBYIOTBCS TIiJI 4ac Mporecy 00YUCIeHb, MO-
ke HaOyTH aTprOyTy 3a O3HAKOI0 MOIIMBOCTI OTPHMAaHHS
KOMITIJIhOBAHOI Bepcii mporpamMu Pi Ha 004HCITIOBATEHOMY

pecypci R;.
Beenemo dynxuito  ¢(Dtp, ,R;) , mo Buxonye oui-
HKY MOKJIMBICTh OTPHUMAHHS IporpaMu Pj mpu HasBHOCTI

BxinHoro xoxy Dtp, i :].,_N , KOMITUIATOPY JAJIsI TIpOTpa-

MHo-anapatHoi wiarhopmu Cdg,, k =1K, us OKpEMO-
T0 00YMCITIOBATLHOTO pecypey Rj:

P, sy 3Cd g, k =1 K,

(/’( Dt ’ R ) =
A D, 6 iHuWOMY 6UNAOKY

@

Sxkmo (Dt ,R;) # D, 10 MOMIMBA TIpOLIEYpa

cd
oTpuManHs mporpamuoro koay Dt, ——%— B s ana-

paTHO-TIPOrpaMHOi IIATPOPMH AAHOTO KOMI IOTEPHOTO
pycypey. OOumcimoBansHi pecypcu (3a3BH4ail  OKpeMi

KOMIT'0TepH) cTanoBnATh MHOXHHY R={R;},i=1LM,

Je j— HoMep Komir'torepa, a N— KUIbKICTH JOCTYITHHX
KoMIT'10TepiB y Mepexi. Cepell HassBHUX PECYpCiB MOXKHA
BUIUTUTH aKTHBHI Ra, SKi 3ajisiHi B 0OYHCITIOBATLHOMY
TIpOoIIeCi Ta Pe3epBHI, SIKi 3 OOKY CHCTEMH 3HAXOIATHCS Y
PEeXUMI TIPOCTOIO Ry
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R=R, UR, 3)

Byap-sxuii koMI’10Tep, Mo 3alydeHui 0 TpoLecy
PO3NOALIEHHX OOYHCIIEHh ONHCYETHCS MHOXXHHOIO TIapa-
METpiB, HANIPUKIAJ, apXiTEeKTYpOIO MPOIecopa, orepariii-
HOIO CHCTEMOI0, 00’€M OIlepaTHBHOI 1mam’sTi Tommio. B 3a-
JIGKHOCTI BiI THITY 3aBIaHb, [I1 MHOXKIHA MOXKe OyTH po-
smmpena [8]. MuokuHa pecypeis (3) 3a3BHuaii 3MiHIOETh-
cs1 (BUAAJICHHS, JO/IaBaHHsI KOMIIT FOTEPIB B CUCTEMY, 3aBa-
HTQ)KCHHS CEIMEHTIB KOMIT IOTEpPHOI Mepexi, EBOJIOLISL
KJIacTepiB, ONepariiHux cucTeM, apaieepis Toio). Ooumn-
CITIOBAILHUMHU PECYPCaMH MOXKYTb BHUCTYIATH SIK OKpeMi
KOMII FOTEPH, MIKPOKOHTPOJIEPH, TaK 1 JIOKaJIbHI, I7100a1b-
HI MepexKi, KJIacTepy, BIpTyalibHi, XMapHi 00YHCITIOBaYI.

MoaudikoBanuii MmeTox 3ade3nevueHHs
CaMOBiIHOBJICHHSI 3 BUKOPUCTAHHSIM JIaMILy
namM’gTi MPOrpaMHUX KOMIIOHEHT

Merton 3a0e3ne4eHHs] CaMOBITHOBIICHHSI 3 BUKOPHC-
TaHHAM JaMITy TIaM sITi MPOrpaMHHUX KOMIIOHEHT cepen
ICHYIOUHX METOJIB Ma€ HAHOIMBITY BapTiCTh BUXOITIH 3
00’eMiB (hi3M4HOT ITam’sITi Ta Yacy 30epeKeHHs 1 OHOBIICH-
Hs AaHuX. 3 iHIIOro OOKy, BiH Moxe OyTH peali3oBaHUM
BOYIOBaHUMH 3aCO0aMU CYYacCHHX OICpAIliHUX CHCTEM
abo BIpTyaJbHUX MamMH (IPHUKIAIOM MOXYTh OyTH 3aco-
61 MexaHi3My ribepHaiiii), Ta He € CKJIaaHuM 3 GOKY mpo-
rpamyBanms [13, 14].

PosrasaemMo eramm MOmM(IKOBAHOTO METOIY CaMo-
BiTHOBJIEHHS] O0YNCITIOBAJIGHOTO MPOIIECY B I'eTePOreHHUX
OOYNCITIOBAJIBHUX CHCTEMax Ha OCHOBI JaMITy I1am’sTi
TIPOTPaM.

1. Ha mepmomy erari BUKOHYETBCSI PO3IMOLT TIPO-
TpaM 3a KOMIT F0TepaMH 3TiJHO cXxeMH npu3HadeHHs. [Ipo-
rpamMM 3aBaHTaXYIOTHCS Ha BIIJIAJICH] PECYPCH, POXO/ISTh
iHiIfai3aio (MPUBOJITECS [0 MOYATKOBOTO CTaHy), Ta
OYIKYIOTh CHHXpOHi3allii Ta 3amycky. [loyaTkoBuii crtaH
yCiX TIporpaM 3 CHCTEMH BHMKOHYEMO IIUISIXOM BHKIIUKY
nporieypu 30epexkeHHs gamiry ram’ i Paamp i(to) st yeix
N nporpam, siki 3HaXOASThCS Y NPOrpaMHiid cuctemi. AT-
pUOYT Yacy Il yCiX JaHWX TOPIBHIOE 1HAEKCY MOYATKO-
Boro 4vacoBoro intepBany (q=0). Lle Hamae MOXIHBICTH
30epeKEeHHS Ta BIJHOBJICHHS ITOYAaTKOBOTO CTaHy Nporpa-
MHOI CUCTEMHU.

2. 3HaXO/LKEHHSI KOMIT'FOTEPHUX pPEcypciB, sIKi €
BUTBHUMH TIICIIS peaizalii CXeMn IpH3HadeHHs (IyHKT 1)
Ta MOTEHIIIMHO MOXKyTh OyTH BUKOPHCTaHI IS PO3MIIIICH-
H TIPOTPaM 3 3aBJIaHHSL:

M N
R =R, \UR,
m=1 i=1

r=Jv{R >R} 4

M
SIKILIO R® =@, RE:URm .
m=1

MoskiiBa cuTyallisi, KO OOYHCITIOBAJIBHUX PECyp-
CiB HEJIOCTaTHBO TAa MHOXKMHA KiIBKOCTI pecypciB 3 (3.2)
JIOPIBHIOE
R =0..

Toni, MOXKHA TIPUAHATH

MoxmBa MoauGikaIliss METOAy, B SIKOMY ITiJIMHO-
KHUHA BpaxoBYye KoeQimieHTH BUKOPHCTaHHS
KOMIT FOTEPHHUX PECYpCiB.

3. KoxxaOMy 3 pecypciB 3 MHOKHHH (4) CTaBUTBCS Y
BIATIOBIIHICTh MiAMHOXKHHA TPOTPAMHHUX KOMITOHEHTIB,
SIKI MOYKJIMBO BHKOHYBAaTH Ha JAHOMY OOYHCIIFOBAJIGHOMY
pecypei R%j . Jlnst oTpUMaHHS IMiIMHOXKHH BHKOPHCTOBY-
eTbesl QYHKIIA (2). AJTOPUTM 3HAXOKEHHSI MiIMHOKUH
TIOJISITAE Y HACTYITHOMY:

3.1. Inimiamizamis 3MiHHOT j=1, sika BiANIOBI/Ia€ 3a re-
peOir MOTEeHMIHHO BUTHHUX PeCypCiB 3 MHOXHUHH (3).

3.2. Ininjamizanis 3minsOl i=1, sKa Bixmosigae 3a me-
peoir ycix mporpaMHUX KOMIIOHEHT.

3.3. Brumouenns B miamuoxuny R pecypcy, sxuii
3a/I0BOJIBHSIE BUMOTaM (2):

R%i = R%j V(D ,R;);

3.4. 36imbinenns ingekcy i=i+1 . ko i<N, nepe-
Xix go 1Lar. 3.3.

3.5. 30umbmienns iHaekcy j=j+1 . Skio j<M, nepe-
X1 [0 ILII. 3.2.

4. Bu3HauWTH HACTYITHHH MOMEHT 4acy tg (=0+1
BHKOHAHHS JaMIly HaM’sTi IPOrpaMHHX KOMIIOHEHTIB.
BukoHaty mepeBipKy yMOB 3aKiHUeHHS 004HCIIeHb. SIKII0
YMOBa BHUKOHAHa, TIepexif A0 MyHKTY 9.

5. Ilpu nocsrHeHHi 4Yacy tq OTpUMaTH 30€peKeHHS
yCIX MPOrpaMHHUX KOMIIOHEHT MHOXHHHU

I:’dumpi (tq ) .

N
i=1

VY Bumazky, Koju yci MporpamMu BUKOHAHO, TIEPeXo-
JMMO JI0 TYHKTY 3. Y BHIaJKy, KOJW 3aJIMIIMIINCS IIPO-
rpaMu, a0 BIAIOBIOG BiIl MPOrpaMu OJEPXKaHO, Mepexo-
JIIMO JI0 TIYHKTY 6.

6. BusHauaeMo MiJMHOXKHMHY IIpOrpaMm 3 3aBJiaHHSI,
BiJI IKHX HE OTPUMAHO JaHKX (IAMIT [1aM’sITi He BUKOHAHO)

PE" < P.

. Ei
7. Jlnn otpumanoi MuokuHu P™" 3pobut mepe-
PO3IIOIIT PECYPCiB 32 HOBOIO CXEMOIO MPH3HAYEHHS:

Sh Err ={P Err RS Re}

3 ypaxyBaHHSM HasgBHOCTI BiJKOMIILUIFOBAHHUX IIPOTPaM-
HUX KOMITOHEHT. KOMMUIAIII0 MOXKIIMBO BUKOHATH 3a3/a-
JIeTip a0o i 9ac mepepo3noaiTy.

8. 3aBaHTakeHHsI IPOrpaM Yy BIMOBIIHOCTI 70 CXe-
MM NpHM3HAYEHHS Ha 0OuMCcIIoBanbHi pecypcn Sh™" . Bu-
KOHATH iHII[iami3amiio IporpaM Ta BiTHOBHTH CTaH IIPO-
IPaMH, BUKOHYIOUH (QYHKIIO P’gamp i(ty) [u1st yeix mporpam
(q=0) 3 muoxkuEn P . Tlepexin 1o myHKTY 2 naHOrO
METO[y.

9. 3aBepiIeHHsI BUKOHAHHS IPOTPaMHOTO 3aBJAHHS,
3aKpPHUTTS TIPOrpaM YIPaABIIHHS 00YMCITIOBAJIEHUM IIPOIIe-
COM.

MeTon BHKOHYE BiTHOBJICHHS (YHKIIOHAIBHOCTI
TIPOrpaMHOI CUCTEMH.

[Tix gac pobotu, MeTox moTpedye Yacy Ui BHUKO-
HAHHS TIepe3aBaHTAXEHHS Ta TOLIYK PECYpCy, OHOBICHHS
JIAHMX TIaM’sITi TIPOTPaM 31 3pO0JICHUX JaMIIiB MaMm sITi.
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IIpoTsiroMm maHOro 4Yacy cucTeMa MOXKE HE BiIIoBi-
JIATH, SKIIO TPU3YITHHEHO KPUTUIHI TIPOTpaMHi KOMITOHE-
HTH, 200 TIPOIOBKYBAaTH BUKOHAHHSA HAOOpY IHIINX (QYHK-
I

BucHoBku

ABTOpam¥u 3ampornOHOBAHO MOAMDIKOBAHUA METOT
CaMOBITHOBJICHHSI PO3MOJIIIEHOTO HPOTPaMHOTO 3ade3-
MEYCHHS MPOTPAMHUX CHCTEM 3 BUKOPUCTAHHSM JaMITy
mam’sati. Cepen HAUOITBIT BaYKITMBUX MOKIIMBOCTEH, IO
Ha/Ia€ METOJ, € CAMOBITHOBIICHHS POOOTH HPOTPaMHOL

CHUCTEMH Ha BiIJAJICHUX pecypcax y TOMY CTaHi, B KO-
My BOHa TepeOyBana y MOMEHT BiIMOBH OJHOTO 3 pe-
CypCiB Ta 3MEHIIEHHS KiJTbKOCTI pecypciB B MOPiBHIHHI
3 KJIacHYHMM MeToZoM. OCTaHHE € BayKJIMBOIO OCOOIH-
BICTIO, TOMY II0 CTaHAAPTHHUH METOJ € AyXKe PeCcypCHO-
3aTpaTHHUM.

HampssMkoM mopanblIMX JOCIHiKEHb METOAy ca-
MOBIJJHOBJICHHS MOXe OyTH po3poOka Moaudikarii
METONy, SIKMH 3MEHIIY€E 4Yac BiJHOBIICHHS IPOTrPaMHOi
CHCTEMH, 10 € BXJIMBUM JUIS NPOTPAMHHUX CHCTEM
peanbpHOTO Yacy.
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The modified method of self-healing software systems
using a memory dump

M. Volk, M. Gora, V. Demchuk, T. Olshanska, O. Tkalenko

Abstract. The article subject is the study of methods for self-healing of software systems. The purpose of the article is
to improve the efficiency of self-healing tools for software systems by developing a modified method for self-healing software
systems using a memory dump. The methods used are methods of decomposition of complex systems, methods of self-healing of
software systems, methods of set theory. The following results were obtained: the model of the software components of the sys-
tem and computing resources was modified, the method of self-recovery of software systems using a memory dump was modi-
fied. Conclusions. A modified method of self-recovery of distributed software of software systems using a memory dump has
been developed, which, unlike the existing one, provides self-healing of the software system on remote resources in the state in
which it was at the moment of failure of one of the resources, occurs in conditions of a decrease in the number of resources.

Keywords: software system, self-healing, allocated resources, memory dump.
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ANALYSIS AND SOFTWARE IMPLEMENTATION
OF MODULAR MULTIPLICATION-BASED BLOCK CIPHER

Abstract. This article highlights the ever-increasing need and importance of information protection and data safety in
modern reality, presents the possibilities of encrypting data using the tools of cryptography, particularly concentrating on
the Modular Multiplication-based Block Cipher. Review of available sources indicated that there are no publically
accessible software implementations of the algorithm available at the moment of writing this article. To achieve a goal of
creating such an implementation, information has been compiled for creating a comprehensible and adequate mathematical
description of the algorithm. Presented the information security system, an application in C # to encrypt files of any

extension using the block encryption algorithm MMB.

Keywords: MMB, information protection, information security, cryptography, complex methods of information

protection, encryption.

Introduction

Cryptography is an integral part of the information
security world. It is necessary whenever the secrecy of
communications is required to be kept or when
authenticity of an incoming message needs to be
proven. It can be used for developing multiple multi-
party protocols in such a way, that makes its surpassing,
cracking or cheating extremely difficult and
prohibitively expensive [1]. In fact, range of application
of cryptography is astoundingly wide and it would have
been impossible to compile any remotely complete list
of all the functional abilities that can be achieved
through its use.

Historically, the oldest and the main aim of
cryptography is confidentiality of the information and
there is a variety of methods and algorithms existing
that can be used for reaching such a goal. One of them
is the Modular Multiplication-based Block Cipher, also
known as MMB.

The research purpose. Study of mechanisms and
algorithms for personal data protection with further
development of a software product that provides an
interface for reliable encryption of confidential
information and becomes an easily accessible public
implementation of an MMB cipher, which at the
moment there is a lack of. Mathematical formalization
of algorithms, implementation of encryption algorithms,
substantiation of reliability of use, application of
algorithm.

Literature review. When analyzing issues related
to information security, it is necessary to take into
account the specifics of this aspect of security such as it
being an integral part of information technology - an
area that is developing at an unprecedented rate. What is
important here is not so much individual solutions
(laws, training courses, software and hardware) that are
at the current level, but mechanisms for generating new
solutions that allow to live in the pace of technological
progress.

With an increasing effect information has on our
life, so does its protection increasingly become a much
more prominent recurring topic in a variety of scientific
research. This applies to cryptography. But,

interestingly enough, it can be quite a challenging task
to find information on a specific method or algorithm,
especially if it’s less used comparatively to some other
more popular ones.

Majority of information about MMB cipher can be
found in the works of its creator himself, Joan Daemen
[2], but there are also works by other authors, such as
Wang M., Nakahara J., Sun Y [3] and Bruce Schneier
[4].

After a thorough review and analysis, we can
conclude that there are no easily available public
implementations of MMB cipher in any of the popular
programming languages, further supporting the
importance of the goals set by this work.

Research results

Block cipher of MMB has been created by Joan
Daemen[5] back in 1993 and was proposed as an
alternative to the IDEA cipher[6]. MMB was developed
specifically to withstand the differential cryptanalysis
[7]. Its main innovation has become the use of cyclical
multiplication inside of the Z,".1 group, where n — is the
length of a single word on which operations will be
performed upon. All internal operation in MMB are
performed with n-bit words. The creators of the cipher
proposed n = 32, thus multiplication are made inside the
Z,% _1range. It is also worth mentioning that

232_ 1= (216+1) . (28+1) . (24+1) . (212+1) . (23+1) -
= 65537257 - 17 -5 - 3=4294967295,

product of all the Fermat numbers. MMB is an iterative
cipher, which consists of six rounds. MMB operates
with 128-bit text sub-blocks and uses a 128-bit key.
Flowchart of the algorithm is presented in Fig. 1.

MMB operates with 32-bit sub-blocks of text (xo,
x1, X2, x3) and 32-bit sub-blocks of key (ko, ki, k2, k3).
This makes it convenient to implement the algorithm on
the 32-bit processors. Iterating with XOR operation, the
non-linear function f is performed six times.

The algorithm:

Xi=xi@ki, for=0to 3

f(xo, X1, X2, X3)

Xi = Xi@ ki+1, forI=0to0 3

f(xo, X1, X2, X3)
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Xi = Xi@@ ki+2, for =010 3
f(xo, X1, X2, X3)
Xi=Xi@ki, for| =0to 3
f(xo, X1, X2, X3)

Xi = Xi@ ki+1, for I=01t0 3
f(xo, x1, x2, x3)

Xi = X Ki+2, for | =0to 3
f(xo, x1, X2, x3)

Plaintext

i

Divided into 4 parts (X0, X1, X2, X3)

FORi=0to3

=Xi XOR K1

—Z

X0, X1, X2, X3)

FORi=0t0o3

=XOR Ki+l

2

X0, X1, X2, X3)

FORi=0t03

=XOR Ki+2

=2

f(X0, X1, X2, X3)

Merged X0, X1, X2, X3

v

Ciphertext

Fig. 1. MMB algorithm flowchart

Function f has three stages:

(1) x; = ci, for 1 = 0 to 3 (If all bits of input are 1,
then outputs bits are also all 1)

(2) If the least significant bit xo = 1
then Xo = xoP C.
If the least significant bit x3 = 1, then x3 = x3&@ C.

(3) Xi = X1 XiD Xi+1, for I=01t0 3

All indexed operations are performed by the
module 3. Multiplications at the stage (1) are performed
by the module 232-1.

In this algorithm if the second operand = 23%%-1,
then result is also 2%%-1.

Constants used:

C=2aaaaaaa;

co=025flcdb;

c1=2 * co;

02:23 * Co;

C:;;:Z7 * Co.

The constant C is the "simplest" constant with a
high ternary weight, zero least significant bit and no
circular symmetry.

The constant co has slightly different

characteristics. Other constants are offset versions of co,
and are used to prevent symmetry-based disclosure.

Decryption is the reverse process.

The MMB cipher block has the structure of a
substitution-permutation network (SP-network) and
works in 128-bit text blocks, uses a 128-bit key and has
six iterations. One round of MMB consists of four
transformations: j:

« o[K]: exclusive disjunction is applied to each
data word with sub-key block ki, where j is the index of
the round. The formal representation is represented in
formula (1), where @ means bitwise exclusive
disjunction, a;, ki € Z,z2 for 0 <i<3.

The operation o[k] is an involution and is the only
operation that depends on key in the round.

o[k 1(ap.ay,az,a5) = (ao @D ké,al © k{, a, D ké, a; @ ké) (D
¢ v: modular multiplication of each word of data
with fixed 32-bit constants Gi (Formula 2), where
a®b=a=bmod (2%2-1),
GO0 = 025F1CDBx,
Gl =2 ® GO0 = 04BE39B6X,
G2 =8 ®GO = 12F8E6DS8X,
G3 = 128QG0 = 2F8E6D81X,
which can be efficiently calculated because
(A *2¥) mod (2%2 - 1) = (A < x) mod (2% - 1).
In multiplication modulo 2%2 - 1, a wrapping effect is
observed, because 2%2 = 1 mod (2% - 1), which means

that the bits on the (32 + i)-th LSB (lower bit) position
are shifted to the i-th position of the LSB.

79



Cucmemu ynpaeninns, nagizauii ma 36'a3ky, 2021, eunyck 3(65) ISSN 2073-7394

This effect is similar to the multiplication The whole operation can also be described by
operation modulo 216 +1 in IDEA. formula 3.

?"(an;ﬂpﬁgjﬂg) = (an G Ga, B 6GLaE2 aE Gg} (2)

b
a@b=a+*bmod (232 -1) = (a* b mod 232 + lazg?- J) mod (232 — 1) (3)

Note that v is inverse but not involution. Each 32- « 1: data-dependent transformation that works on
bit multiplication can be interpreted as a huge 32 x 32-  two of the four inputs of the word (a,,a,a,a;z)

bit S-block, because one of the operands in the (Formula 4), where 'Isb' denotes the least significant
multiplication is always fixed. For any Gi there are two  (least significant) bit, and & = 2aaaaaaax; 1 is an
fixed points: 0 ® Gi =0, and (2% - 1) ® Gi =2%-1. involution and a nonlinear operation.

nlag,a,,a, a;) = (an ® (Isb(ay) * 8), a;,a,,a; @ (1 @ 1sb(a,) * 6)] (4)
e 0: the sole diffusion operation in MMB (Formula 5), where a; € Z,zz, at 0 <i< 3. 6 — involution
6(ag.a;.az,a;) =(a; ®a; @ aya; ®a; @ aza; ® a; ®az.a, @ a; @ ag)(s)
There are two pairs of operations that can be In each case, the key ki is converted into an
interchangeable: equivalent key 0 (k') or n (K)), respectively.

- - The J-th (full) round of MMB transformation can
(0, ofk’]) and (n. ofK’]). be represented by formula 6.

pUICD =6« 1+ y * o[k1(X) = e(n (v (g[ki][x)))) ®)
The complete process of encrypting plaintext P by the MMB algorithm is presented in formula 7.

MMB(P) = o[k®] = p[k®] = p[k*] = p[k?] = p[K?] = p[K'] = o[K°1(P)(7)

The C # programming language was chosen to Example of GUI is presented in Fig. 2.
implement the MMB cipher because it has the necessary By reading files directly as bit strings, application
set of tools for working with ciphers, and based on is capable of encrypting and decrypting data of any
experience. extension.
a5 MMB Encryption Engine — O X

® Key [ Show Key

Load Save Generate

Text File
Load File: Start encryption...
article.doc Encrypted
0.4368661 seconds
Encrypt Decrypt

Save

Fig. 2. GUI of a developed encryption system
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A custom format was developed to create, store
and utilize required cryptographic keys.

The program successfully utilizes the MMB
algorithm to perform inverse encryption and decryption
operations with all expected properties:

reliability,

robustness,

retaining cryptographic strength;

fast execution time.

Conclusions
People tend to protect their secrets. The
development of information technologies, their

penetration into all spheres of human activity leads to
the fact that the problems of information security are
becoming more and more relevant every year - and at
the same time more and more complex.

Therefore, information security is often considered

information security systems of one type or another.
However, the practical methods of building protection
systems are general laws that do not depend on the
technical features of their implementation.

In the course of the work a number of sources were
studied.

Presented  mathematical ~ formalization  of
algorithm, implementation of encryption algorithm,
substantiation of reliability of use, application of
algorithm.

Information security system, an application in C #
to encrypt files of any extension using the block
encryption algorithm MMB was developed, in
particular:

e Analyzed subject area;

e The general architecture of the program was
developed;

e The created program was tested;

e The program is successfully implemented.

as a set of informal recommendations for building
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AHaJi3 Ta mporpamMHa peaJjizaliss MOAyJIbHOro 6JI0OKOBOro mugpy
HA 0CHOBi MHOKEeHHS

I'. T'onogko, B. [loxonyn

AnoTtanis. JlronsaM BIacTHBO 3aXWIIaTH CBOi ceKkpeTH. Po3BUTOK iHQOpMAmiitHIX TEXHOJNOTIH, X MPOHUKHEHHS Y
BCi cdepu JTIICHKOT AiSIbHOCTI MPU3BOANUTH JI0 TOTO, IO MpobiaemMHu iHpopMamiifHOT Oe3Mekn 3 KOXKHUM POKOM CTalOTh BCE
Oinpmr i OinplI axkTyalbHUMH — 1 BOJHOYAC Aefani ckiaaaHimuMmu TexHomorii oOpoOku iHpopmanii Oe3mepepBHO
yIOCKOHATIOIOTHCSA, a Pa3oM 3 HUMH 3MIHIOIOTbCS 1 TNpakTHUHI MeToAu 3abe3medeHHs iHpopMaliitHol Oe3mexu.
besnepeuHo, yHiBepcaabHUX METOJIB 3aXHCTy HE iCHye, 6araTo B 4oMy ycIiX Hnpu noOyaoBi MexaHi3MiB Oe3neku ais
peanbHOI CUCTEMHU 3alie)KaTHMe Bif 1i 1HAMBIoyaTbHUX 0COOJNMBOCTEH, OOJIK SKUX MOTaHO MigmaeTbes Gopmamizamii. Tomy
gacTo iHpoOpMamiitHy Oe3leKy po3INIANalTh SK MEBHY CYKYIHICTh He(OpMaNIbHHX PEKOMEHIAIIW MO0 MOOYIOBI CHCTEM
3axucTy iH(popManii Toro ado iHmoro tumy. OgHAK 3a MPAKTUIHAMH NpUHOMaMH MOOYIOBH CHCTEM 3aXHCTy JEKaTh
3araibHi 3aKOHOMIPHOCTI, SIKi HE 3alie)KaTh BiJl TEXHIYHMX OCOONMBOCTEH iX peamizamii. Y miif cTaTTi BUCBITIIOETHCS
NOCTIHHO 3pocTatoua norpeba Ta BaXKIUBICTH 3aXUCTY iHpopMalii Ta Ge3Mekn AaHUX y CydacHHX peajisxX, mpeacTaBlieHi
MOXJHBOCTI IHGPYBaHHS JaHWX 3a JOIOMOTOI0 IHCTPYMEHTIB KpunTorpadii, 0COOIHBO 30CEpeIKyIOUYUCh Ha
MOJyJIbHOMY GouHOMY mHdpi Ha OCHOBI MHOKeHHS. OrIs] JOCTYIHUX JDKEpell MoKa3as, 0 HA MOMEHT HAIMCAaHHS L€l
CTATTi HEMae 3araJibHOJOCTYIHUX NMPOTPAMHUX pealizaniidl anroputmy. s HoCSITHEHHs METH CTBOPEHHS Takoi peanizamii
Oyna 3i0paHa iH(opMaIis Ist KOMIIIAIT 3p03yMIJIOTO Ta aJeKBATHOTO MaTeMaTHYHOT0 onmucy anroputmy. [Ipeacrasiena
MIpakTHYHa Po3poOKa CHCTEMH 3axHCTy iHpopmamnii, nogarok Ha C # mia muppyBaHHs QaimaiB Oyap -IKOTO pO3MHPEHHS
3a JONOMOToI0 aroputMy mudpysanus MMB.

KawuoBi ciaoBa: MMB, 3axucr indopmaii, indpopmaniiina Oesneka, kpunrorpadis, KOMIUICKCHI METOIM 3aXHUCTY
indopmarii, mudpysaHHs.
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PO3POBKA KOMIUVIEKCHOI'O IOKA3ZHUKA AKOCTI OBCJIYI'OBYBAHHA
HA OCHOBI IOCTKBAHTOBHUX AJII'OPUTMIB

AHoTanisi. PO3BUTOK CydacHUX TEXHOJOTiH TO3BOJISIE CYTTEBO PO3LMIMPUTH 1K(POBi mociyru. s 3a6e3nedeHHst HOCayT
B [HTepHeT-mpocTOpi K MPaBUIO BUKOPUCTOBYIOThCA MHpoTokonu nimicHocti SSL, TLS OpHak cTpiMKuEi pO3BHTOK
00YHCITIOBATBHUX TEXHOJOTIH H03BOJISIE 3TOBMUCHUKAM HE TUIBKH MOAWGiKyBaTH KiOep3arpo3u, a TakoK po3poOiIsaTH HOBI
LiTbOBI 3arpo3u. KpiM Toro mosiBa mMoBHOMACIITAaOHOI'O KBAaHTOBOT'O KOMII'IOTEpa, SK CTBEPKYIOTh cremiamictu HICT
CIIA, n03BOJHTH 31aMyBaTH CHMETPUYHI Ta HECHMETPUYHI KPUNTOCUCTEMH Ha OCHOBI anroputMiB I'poepa Ta Illopa 3a
noiiHoOMiadbHUH 4ac. B poGoTi mpomnoHyerhess Monmdikamis mportokonmy TLS Ha OCHOBI BHKOPHCTAaHHS, B SIKOCTI
aNropuTMa, KUK 3abe3mnedye CTifikicTh npoTokosry TLS, BUKOpPHCTAaHHS IOCTKBAaHTOBHX aJITOPUTMIB Ha OCHOBI KPHIITO-
KOJIOBUX KOHCTpykmiii Mak-Emica Ta Hineppaiitepa na emintuyHnx komax. Jmst IOCHI/DKEHHS BIIACTHBOCTEH
3aMpOMOHOBAHOTO IMiJXOAYy BHUKOPHCTOBYETHCS METOA 0araTOKpUTEpialbHOTO aHamidy, SKHi J03Boisie chopMyBaTu
KOMIUJICKCHUM TOKa3HHK SKOCTi oOcimyroByBaHHs. [IpencraBneHi AOCTiIKEHHS MiATBEPIKYIOTh, IO BHUKOPHCTaHHS
MOCTKBAHTOBHX aJTOPUTMIB B SIKOCTI aJITOPUTMY CTIHKOCTI B ipoTokoidi TLS 3a0e3neuyroTs miABUIIEHHS e()eKTHBHOCTI Ha
30% mpu BUKOpHUCTaHHI B Mepexi Ha ocHOBI Gigabit Ethernet, Ta B 2 pa3u npu BukopucrtanHi 10 Gb Ethernet.

Kamo4oBi cioBa: MOCTKBaHTOBHIA MEpiol, MPOTOKOI IUTICHOCTI, KPUITO-KOAOBI KOHCTpYKLii Hineppaiitepa, emnTuysi

KO/IH.

Beryn

®opmy 10BaHHA npolJjemMu. PO3BUTOK cyyacHUX
TEXHOJIOTiH, OOUNCIIOBAIBHAX CHCTEM CYTTEBO IOIIH-
PHB CIEKTp IHU(POBHUX MOCITYT MPAKTUYHO Yy BCIX raiy-
3aX JojcTBa. lle J03BONMMIIO 32 OCTaHHI IT'SITh POKIB
MONIUPUTH BUKOPHUCTaHHS KiOEPIPOCTOPY IMOAO CTBO-
pPEHHA e-TIocnyr, BUKOpHcTaHHS |0T-pedei, 3HAYHOTO
MOUIMPEHHS MOOUIBHHX TexHoJorid “G”, cTBOpeHHs
ymoB mnepexony Ha NGN-mepexi, 3 omHoro Ooky. 3
IHILIOTO MOUTMPEHHS Kibep3arpo3, HMIOpiuHy 3MiHY BeK-
TOpIB 3arpo3, MpuAOaHHI HUMH O3HAK TiOpHUIHOCTI Ta
CHHEpTi3My. B Takmx ymMoBaX BHCYBAIOTHCS OUIBII KOP-
CTKi BUMOTH MIOJO CUCTEM 3a0e3MCUeHHS BipOTiTHOCTI
Ta KOH(GIICHIIHHOCTI iH(OpPMAIIfHUX TOTOKIB, IO
CBOEI0 UYEProl0 BHMarae Momudikarii MexaHi3miB, II0
ICHYIOTBh Ta/a00 po3pO0OKYy HOBHUX ITiJTXOJIB IO 3a0e3-
MeYeHHs1 HEeOoOXIJHOrO pIBHS HamiMHOCTI Ta Oe3neku
SIKOCTI OOCIYrOBYBaHHSI Ta MPAIe3AaTHOCTI BiAMOBII-
HHUX CUCTEM Ta MEpPEeX B LIIJIOMY.

OpnHak 3 pOoCTOM OOYHCTIOBATBHUX MOMKJIMBOCTEH
3pocTae KijbkicTh Kibeparak Ha iH(opMmaliiiHo-KOMy-
HikamiitHi cucremu Ta Mepexi (IKCM), kibepdizuuni
cuctremu (CPS) Ta cucremu loT. Bekrop 3arpo3 B kibep-
MPOCTOpI TIOCTIHO 3MIHIOETBCS, 3arpo3d HaOyBaIOTh
03HaK TIOPUIHOCTI Ha CHHEPri3My, IO J03BOIsE (op-
MyBaTH [UIBOBI aTakd, CTBOPIOBATH HOBi Ta/ab0 MOIH-
¢ikyBatu 3actapini 3arpo3u. s 3abe3medeHHs Oe3neKn
SIK TIPAaBUJIO BUKOPHUCTOBYIOTHCSI CHMETPUYHI Ta HECHMe-
TpuuHi KpunTocucteMu. OfHAK 3 TMOSBOIO ITOBHOMACII-
TaOHOTO KBAaHTOBOTO KOMII'IOT€pa 3 BHUKOPUCTAHHSIM
anroputMiB ['poBepa ta Illopa, BoHM MOXYTH OyTH 371a-
MaHi, 0 MOXX€ MPHUBECTH JI0 XaocCy B KiOEpIpoCTOpi.
ToMy Ha CHOTOAHINTHIN Yac BUCYBAIOTHCS OLTBII KOPCT-
Ki BHMOTH IIOJO HPOTOKOJIB 3a0e3MeyeHHs MOCIyT
Oe3rekn — KoH(IeHIIHOCTI Ta mijicHoCTI. [Iprkmazom
TaKOro MPOTOKOJIi € mpoTokon Transport layer security
(TLS), sikuii 3a0e3medye HUIIXOM CUMETPHYHHX aJropH-
TMIB TOCITYTH O€3IeKH — IIUTICHICTh Ta aBTCHTUYHICTB.
TakuM 4MHOM B yMOBAaxX IOCTKBAHTOBOT'O IIEPIOJy CTa€

aKTyaJbHUM HayKOBO-NIPUKJIAJHUM 3aBJaHHSIM CTBO-
peHHsI HOBOTO 200 Moau(DiKallis JaHOTO MPOTOKOJTY.

Amnaii3z mireparypu. IlpoBenenuii anamiz nokas-
HUKa SKOCTI OOCIyrOBYBaHHS MeEpeXi BH3HA4Yae IBa
miaxomu 1o Horo 3abesneueHHs [1-5]. [Nepmmit migxin,
TIOJIATae B TAPAHTOBAHOMY 3a0€3II€4eHHI KOPHUCTYBaUYEBi
JOTPUMAaHHSA [ISSIKOi YHCIOBOi BEIMYHMHHM IIOKa3HHWKa
SIKOCTI 0OCITyrOBYBaHHS (3a0€3IEUCHHS BCTAaHOBIICHOTO
MIOKa3HUKA CEPEeAHbOI MPOIYCKHOI 34aTHOCTI, TOKa3HHU-
Ka 4yacy 3aTpUMKH Tepenadi i T.1.). JApyrui muxin noss-
rae B IPIOPUTETHOMY OOCITyrOByBaHHI KOPUCTYBaiB BiJlIo-
BIJTHO /10 BCTAHOBIICHOI i€papxi€lo Mepexi. TakuM YrHOM,
SIKICTb OOCITYTOBYBaHHSI 3aJISKHUTh Bijl CTYIIEHs MpUBLIeiio-
BAaHOCTI KOpHCTyBa4a abo TPYyIu KOPHUCTYBauiB, JI0 SKOI BiH
HaJeKUTh. [l YIIOBHOBaXKEHHMX KOPHCTYBadiB iH(OpMA-
HiifHO-KOMyHiKaiiHuX cructeM Ta Mepex (IKCM) sxicth
00CITyrOByBaHHSI HE TapaHTYEThCS, & TAPAHTYETHCS TUTHKU
piBeHs X npuBiNeiB. TakuM YHHOM OCHOBHUMH KPUTEPISIMI
SIKOCTI 0OCITyTOBYBaHHSI € HAMIHHICTh Ta Oe3IeKa, MPH IkO-
MYy pOJIb OCTAHHBOTO KPHTEpII0 3pOCTai0 3 MOMIMPEHHIM
M(POBUX MOCIYT Ta 3POCTAHHSIM PIBHSI OOUYHCITIOBAIBLHHIX
TEXHOJIOTiH.

IpoBeneHuii anam3 3arpo3 [6-10] mokasag, mo Ha
CBHOTOJIHI Ha Iepiie Micle BUXOMATh IIUJIbOBI 3arpo3u 3
XapaKTepHUMH pHUCaMH TIOPUIHOCTI Ta CHUHEPri3My, SKi
3a0€3MeYyroTh 3JI0BMUCHUKOBI @MEPXKEHTHI BIACTUBOCTI.

KpiMm TOTO, BEKTOp 3arpo3 CyTTEBO 3aIEKHTh Bif
OOUYHNCITIOBAJIBHAX MOJKJIMBOCTEH, 1 SK ITOKa3aB aHali3
[6-10] 6ypxuuBe 3pocTaHHs OOYHCITIOBAIBHUX MOXKJIIH-
BOCTEH, MOJMIJIMBICTH ITOSIBY HOBHOMAacIITaOHOTO KBaH-
TOBOTO KOMIT'IOTE€Pa JI03BOJISIE CTBOPIOBATH HE TIJIBKH
riOpuaHi 3arpo3n, a TaKoXX ITBOBI aTakd, SIKI MAaroTh
O3HaKd CHHEpri3My Ta JIO3BOJSIOTH 3JIOBMHCHHKAM
JIOMaraTucst CBOi METH B HAaHKOPOTIIi CTPOKH. B Takmx
yMOBax HeoOXigHa Moau(iKallis CydacHHX MPOTOKOIIB
3abe3neueHHs MociyT, Ta/abo po3podka HOBUX. B ymo-
Bax MOCTKBAHTOBOTO MEPioay HEOOXiTHO BHKOPHCTOBY-
BaTH KPUNTOCHCTEMH, SIKi 3/1aTHI IPOTUCTOSATH AJITOpH-
t™am Illopa Ta I'poBepa. OgHMM 3 NEPCHEKTHBHUX
HanpsIMKiB € JITOPUTMH Ha OCHOBI KPHUITO-KOJIOBHX
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koHctpykmiid (KKK) Mak-Enica ta Hineppatitepa. Tak
kiacuyHa cxemMa Mak-Emica € npeTeHaeHTOM Ha ajiro-
PHUTM IIOCTKBAHTOBOI KpHIITOrpadii, IKUil IPOBOAUTHCS
HICT CIUA [11].

B pobotax [6, 12] npomoHy€eTbCS BUKOPHCTOBYBA-
TU TIOPUIHI KPUNTO-KOZOBI KOHCTPYKIIIi, SIKi JO3BOJIS-
I0Th 3MEHIIUTH EHEPrOEMHICTh IpPU IX TNPAaKTUYHOI
peauizariii Ta 30eperTy piBeHb CTIHKOCTI.

PosrnsHeMo ¢GopmanbHHIA OMHC MaTEMAaTHYHOL
mogeni I'KKK Hineppaiitepa, sika 3a1a€ThCsl CyKyIIHIC-
TIO TaKMX €JIEMEHTIB [6]:

— MHOKUHA BiJKPUTUX TCKCTiB

M :{Ml,MZ’...qu }

ne M :{eo,em’...ehk ,ee_l} , Ve, e GF(q) ; he — cum-

BOIM BEKTOPY IOMHIJIKH, IO JIOPIBHIOIOTH HYIIIO,
1

/hFEe , To0To €i=0, V& eh;

— MHOXXHHA 3aKPUTHX TEKCTIiB
S= {80,81,...Sqr },

re ;= {85y Sy S, Sk, |1 ¥Sx, €GF(@);

— MHOXHWHA MpsSMHUX BifoOpakeHb (Ha OCHOBI
BUKOPHCTAHHS BIJIKPUTOTO KJII0Ya — MEPEBIPOYHOI MaT-
putii enintuasoro koay (EC)

@ ={01, 92,0} ,

ae @M > S, =12, e;

— MHOXXHHa 00€pHEHHX BiZoOpa)keHb (Ha OCHOBI
BHUKOPHUCTAHHA 3aKpUTOro (0COOHCTOro) Kiroya — Mart-
PHIb MAaCKyBaHHS)

o= {(Pfl,tpz_l,---,tpfl} :

e (Pi_l:srfhe —>M,i=12,..¢e;

— MHOXHHA KITFOYiB, SIKi ITAPaMETPHU3YIOTh MPSAMi
BimoOpakeHHs (BIOKPUTHH KIIOY yIIOBHOBAYXEHOTO
KOpHCTYBaya):

KU, :{Ku1ai KUp, 1 KU, }:
_JHEG yEc2  Eer |
aj Xaj Xaj
Ci

g

ne HE — HepeBipoYHa 7'X1n MaTPHLs 3aMacKOBaHOTO
IIi/1 BUMAAKOBUHA KOJ aiNreOporeoMeTpuyHoro 0JI0K0BO-
ro (n, k,d) xony 3 enementamu GF(Q),0 To6TO
KUig  o* : . .
¢ :M———>S ., i=12,...e, ai— nabip xoepi-
LIEHTIB MHOTOYICHA KpHUBOI a1...as, VaiGF(q), omHO-
3HAYHO 3a/1a€ KOHKPETHUH HAOip TOYOK KPHUBOi 3 MPOC-
Topy PZ;
— MHOXHMHA KJIIOYiB, sIKI apaMeTpU3yI0oTh 00ep-
HEeHi BioOpaXeHHs (OCOOUCTHI (3aKPUTHIT) KIIFOY YIIO-
BHOBa)KECHOTO KOPUCTYBaya):

KR ={KRy,KR;,...,.KR; } =
:{{X,P,D}l,{X,P,D}Z,...,{X,P,D}r},
{X,P,D}; ={x!,P', D'},
ne X' - MAacKyrua HEBUPO/DKCHA BHIAIKOBO PIBHO-
iMoBipHO copmoBaHa miepenoMm KimouiB K xK mar-
punst 3 enemenramu 3i GF(Q); pl MepecTaHOBOYHA

BUIIaJJKOBO PIBHOWMOBIPHO Cc(OpMOBaHa JHKEPEIOM

KTI0UiB NxN Matpuus 3 enementamu 3 GF(q); D' —
JiaroHanpHa c()OPMOBaHa JHKEPEIOM KITFOUIB MATPHUI 3

enementamu 3 GF(q), To6TO (pi’l : S*r—he KRi | M,

i=12,..,5 CkuaaHicTh BHKOHAHHSA OOEPHEHOTO BiJIO-

— * *
OpaxeHHS §; ! Ge3 smanns xmoua Kj € K moB’s3aHa 3

PO3B’SI3aHHSAM TEOPETHKO-CKIAHOT 3a/1a4i ICKOyBAHHS
BHUIIAJIKOBOTO KOy (KOJIy 3arajibHOTO MOJIOKEHHS).
— MHOXWHHA 30MTKOBUX TeKCTiB CFT,

CFT ={CFT;,CFTy,...CFT)};

— MHOXkUHa 30uTkis CHD,
CHD ={CHD,,CHD,,..., CHDqk} ;

— MHOXXHMHA NPSMOTro HaHECeHHs 30MTKy (Ha oc-
HOBi Bukopuctanns kiaoua — K'yyz, 1 anropurmy MV2)

1 2 S ; .
= =12,..
E {EKMvz ’EKMVZ’ ’¢KMV2 hi=L2..s

—  f(x),~ dumar (s6urox, CHD), C(x), — 3amu-

mwok (36urkoBmii tekcr, CFT); f(X)=n —|C(X)|, skuto
[C(X)|> r, ne r — nesikmit mapamerp, I €g qu ,o(r¢n;

— MHOXHWHa BimoOpaxenr MV2 Fnr , 10 3aJae
OileKTHBHE BiJIOOpa)KEHHSI MK MHOXHHOIO IEpPECTaHO-
BOK {S1, 87,50} i #Fy, #F) =#{(c, f)}=2"1;

— MHOXHHA OCMHUCJIEHOTO TEKCTY (Ha OCHOBI BH-
kopuctanss kiaro4a — K'yyo, 1 anropurmy MV2)

E_l:{E%ﬁvlvz_l’ liMvz_l""'E'il\/lvz_l}'
we B, LT+ [e0gf»ar it

f (x),— dmar (36utox, CHD), C(X); — 3amuimok (36ut-

koBuii Tekct, CFT); f(X)=n —|C(x)|, sxmo [C(X)|> r, ne
I — nesikuit mapamerp, I' €g qu .

BuxigHUME JaHUMHU TPH OIKCI PO3IISIHYTOI He-
CHUMETPHYHOIO KPHUIITO-KOJOBOI CUCTEMH 3aXHUCTy iH(}O-
pmarii €:

— HensiiikoBuit piBHOoBaxkHui kom Hanm GF(q),
TOOTO MHOXHMHA IOCJIiJIOBHOCTEW JOBXHHHM N Ta Bard
wW(ei) ;

— anrebporeomerpuuHuii O610K0BHH (N, K, d) KOz
C nang GF(Q), To6TO Taka MHOXHHA KOJOBHUX CIIiB

Cj € C, mo0 BUKOHYETBHCS PIBHICTH CiHT =0, ne H —

NepeBipoYHa MaTpHLs anredGpOreoMeTpUYHOro OJIOKO-
BOTO KOJY;
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— IV — Bekrop imimiamizamii, 1IV= |h| =% h. —
eseMeHTH ckopodeHHs (Ne — cHUMBOIM BEeKTOpY mOMMII-
KH, piBHI Hymt0, h/=1/2e, To6TO €i = 0, V'€j € h);

— MAacKyIoud MAaTpU4HI BiZoOpakeHHsS, 3aJaHi
MHOHHOIO Matpuub {X, P, D};, ne X — HeBupomKeHa

kxk matpuist wam GF(Q); P — mepecTaHOBOYHA NxN
marpuus Hag GF(Q) 3 oqHUM HEHYIBOBUM EIEMEHTOM B
KOXKHOMY DSIKY 1 B KOXXHOMY CTOBII MaTpuui; D —
JiaroHambHa NxN matpuus Hag GF(() 3 HEHyIbOBUMH
eJeMEHTaMHM Ha TOJIOBHIM JaiaroHali;

— I — geskuil napamerp,

_ n_4l.
R Zgn Zgn _{0,1,...2 1},
— N — gesKkui mapamerp

ner Zn Zo :{1,...2”};

— MHOXUHa BimoOpaxens MV2 — Fnr .
Ha ocHOBI piBHOBa)XHOTO KOAYBaHHS (DOPMYETHCS
sakpurnii Teker Cj € C 3a BBEACHNM BiAKPUTHM TeKC-

oM M;jeM 1 3agaHEUM  KIIOYeM H)I%CU ,
uedfl2,...,5}. Le 3ailicHioeThes nusixoM (HOpPMyBaHHS
CHHIPOMHOI (B TepMiHAX 3aBaJOCTIHKOr0 KOJyBaHHS:)

IOCiTOBHOCTI Sx_ , IO BIATIOBiA€ PiBHOBAXHIH IOC-
J
JI1IOBHOCTI
M; =e={eg,e,....en1}:

=00 5% 5

npudoMy Bara ['emiHra (KiIbKiCTh HEHYJIbOBHX €JIEMEH-
TIB) BEKTOpY e HE MEepEeBHIIYE BHIPABHOI 3JaTHOCTI
BHKOPHUCTOBYBAHOTO anrebpaiuHOrO 6JI0KOBOTO

(n,k,d) xomy: Vi:0<w(M;)<t =Ld7_1J

HotyxHicTh MHOXHH M Ta C BU3HAYAETHCS JIOMY-
CTUMHM CIIEKTPOM Bar W( M; ), TOOTO B 3arajlbHOMY
BHIAJIKY (IUIS BCIX IOIyCTHUMHUX 3HAYCHBb W(Mi )) Mae-

t . . .
MO: m:Z(q—l)' xCl' | ne Cr'1 — OIHOMIaJIBHHM KO€e-
i=0
n!

it(n-1)!"

Haii6inpi JOIIBHO BENUYHHY W(Mi) BUOUpaTH

Gitienr, C:, =

BiJINIOBiTHO JI0 HEOOX1THOT'O 3HAYCHHSIM PiBHS OC3MEKH.
Tomi mst W(Mi ) =const = W(e) MAa€eMo:
m= (q _1)w(e) « Cr‘:"(e),

a mnociinosuicte M; ={ep,€,....€p4} 3 MHOXKHHH
M ={M{,M,,... M} dopmyerscst sk

JIeSIKOTO  BiIOOpa’keHHs Y/ , peali30oBaHOTO HUISIXOM

pe3ynpTaT

HAJUTUIIKOBOTO KOJYBAaHHS HEIBIHKOBUMH PiBHOBAXK-
HUMHU KOJAaMH HEHAUIMIIKOBUX 1H(QOpMAIiliHUX IOC-
JIOBHOCTEH.

Copmosannii 3akpurtuit Texker C; €C  onmo-

3Ha4yHO Bianosinae Bekropy M; ={eg,€,....en1}-
Coopmyemo Bektop imimiamizauii IV=EC-h;, ne
hj — indopmarifini CMMBOJIH, 110 AOPIBHIOIOTH HYIIO,
|h| =k /2, to6ro 1;=0, VI eh. ®opmyBanHs yKOpO-
YEHOTO BEKTOPY MOMIIKY €x=€(A) — IV.
Binkpurnii k09 GpopMyeThCs MIISIXOM MHOKEHHS

MIePEeBIPOYHOT MATPHIIl aNTeOpOreOMEeTPUIHOTO KOy Ha
MaTpUIl MaCKyBaHHS:

HE = XY H.PY.D", ue{L2,..s},

ne HEC - nepesipoyna Nx (N —Kk) matpums anre6po-
reomerpuaHoro Gmokosoro (n,k,d) xomy 3 ememenTa-
mu 3 GF(q).

B amroputm MV2 HamxomguTe CHHIpPOMHA ITOCIi-
JIOBHICTB:

S n, =(en—he)xHZT .

B MV2 cunapoMHa MOCTiOBHICTE S r—h, Heper-

BOPIOETHCS Ha 3ATUIIOK 1 prar:

Kmv 2 :S*r‘he _)"f (X)i " + ”C(X)i ”

B kaHan 3B’A3Ky MOCTyMae "f (x); " ma "C(x)i ",
TpH 1bOMY Tiepesiaya Moe 3iHCHIOBATHCS AK 3a OJl-

HOMY, TaK i 110 IBOX HE3aJIC)KHUX KaHA/IaX.
Ha cropoHi mpuifoMy YIMOBHOBa)XEHHH KOPHUCTY-

Bau, SIKHMil 3HA€ TIPABUJIO HAHECEHHS 30MTKY Fy , Macky-
BaHHA (HaOip Marpums {X,P,D}, ={X",PY,D"}) i

BEKTOpY iHimiamizamii (KUIBKICTh 1 MicUsi HYJIBOBUX
CHMBOJIIB BEKTOPY MTOMUJIKH):

vl LECON [0 STEON B
(dbopMye KOJOBY IOCIHIIOBHICTh K oxHE (Oyab-sike) 3

. . * * T

MOXJIMBHUX DillleHb pIBHSHHA: S r-he = €X; -HXJ_ ,
o * o

TOOTO 3HAXOAWUTH TAKHH BEKTOP Cx; » AKHH po3KIana-

*
€TBCA Ha CYMY: Cx, =Cy. +M;, ne Cy. — OnHE (Oyne-
] ]

SIKG) 3 MOXJIMBHUX KOJOBHX CJIiB 3aMacKOBaHOTO Koay 3

T _
i><HXj =0.

Jani yrnoBHOBa)KEHHMI KOPHCTYBau, BHKOPHCTOBYIOYH
Habip wmatpuus {X,P,D}, ={X",P" D"}, bopmye
BEKTOD:

HEePEeBIPOYHOI MATPULIEIO H;_ , TOOTO ¢y
j

< =cx(0t) ()

. . *
TOOTO JAEMacCKy€ KOJOBY NOCI1JOBHICTb Cxi .

[Ticns mizcTaHOBKHM OTPUMA€EMO PIBHICTB!
_* * -1 -1
SN

e o) ()
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=C

AP ) ()

YTIOBHOBa)KEHUIA KOPHUCTYBad, SKHi c(hopMyBaB
BEKTOp, Ma€ MOXIIUBICTh 3aCTOCYBATH MIBUIKWH (ITOJTi-
HOMIaJIbHOT ~CKJIaJHOCTI) aJrOpPUTM 3aBaJOCTIHKOTrO
JIEKOTyBaHHsI 1 cpopMyBaTH TAKMM YHHOM BEKTOP

Sl )

M, -(D“ )71~(P” )71.

Jnst BimHOBiIEHHA iHGOPMAIHHOI PIBHOBAXHOI
nociigoBHOCTI M JOCTaTHRO 3HOBY NMOMHOXXHTH BEK-

X

Ta BEKTOP

M =

top M{ Ha matpuui mackyamms DY ta P!, ame B
IHIIOMY HOPSIKY:

M; =M -P".DY =
=Mi-(D”)_1-(P”)_1-P“ DY =M,

@®opMyBaHHS IIYKaHOTO BEKTOPY IIOMUJIKH €'
M = M+ IV.

AmHaii3 mpakTUYHOI peaiizalii anropuTMiB mud-
pyBarus / posmudpyBanas B KKK Hineppaiitepa
MoKa3ye, Mo Mpu (GOPMYBaHHI KpUITOTpaMu (CHHIPO-
My) micis (OpMyBaHHS BEKTOPY MOMIJIKH QJITOPUTMOM
PIBHOBaXHOTO KOJYBAaHHS HAa OCHOBI BEKTOPY iHiIliami-
3amii (dpopmyetsest TIBIT i mepemaeTbes 3aKpUTUMH
KaHaJIaMu a00 BEKTOp mudpyerses anropurMom MV2 i
MepelacThCsl JIBOMa HE3aJe)KHUMHU BiJJKPUTHMHU KaHa-
JIaM#) TIPOBOAUTHCSI CKOpOUeHHS — he (CHMBONH BEKTO-
Py MOMUIIKH, IO JOPIBHIOWOTH HYI0), h/=1/2e, T06TO
ei=0, Vejeh. Tlpu posumppyBaHHi KpunTorpamu
(micast oTpuMaHHS BEKTOpPY HMOMMJIKH, Tepe]] BUKOpPHUC-

A

T
A

1/

e

S .

| 4

[ B \

| 114

K

Kopucrtysau

JOL

—Tlosinomnenns ClientHello—
Tosinomnenns ServerHello——
‘ Ceprudikat cepBepy
«=3anuT ceprudikary KOpuCTyBada—

CeprudikaT KOpHCTyBaya—>|

—ITosinomienns ClientKeyExchange»,
I

—TIlosinomnenns SertificateVerify—r

OOMiH ITOBIAOMJIEHHSIMU

ChangeCipherSpec

OOMiH OBiTOMJICHHIMHA
Finished

TAHHSM QJITOPUTMY PIBHOBXHOIO KOJYBaHHS) JIJIst
oTpuMaHHs iH(pOpMAaIlii BBOIATECS “HYJIBOBI” CHMBOJIH
YKOPOUYCHHS.

Po3podsenns nporoxkoay TLS
3 BUKOPUCTAHHAM MOCTKBAHTOBUX AJITOPUTMIB
HA OCHOBi KPUNITO-KOAOBHMX KOHCTPYKIiH

B moTouHiit Bepcii mMPOTOKOITy AOCTYITHI Taki ajro-
purmu [13]:

— Ui oOMiHy KITFOUYaMH 1 TIepeBipKH X CIpaBXk-
HOCTI BHMKOPHCTOBYIOTh KOMOiHamii airopurmiB: RSA
(acumerpuunuii mm¢p), Diffie-Hellman (Ge3neunnii
00MiH kimoyamu), DSA (anroput™ nmgpoBoro mianucy)
i anroput™mu TexHouorii Fortezza;

— g cumerpuyHoro mupysanas: RC2, RCA4,
IDEA, DES, Triple DES a6o AES;

— s rem-(yskniin: MDS a6o SHA.

Opnnak mpoBeneHnit anamiz [14, 15] cygacHux 3a-
Tpo3 MOKa3aB, 0 BOHH HAaOyBalOTh 03HAK TiOPHIHOCTI Ta
cuHeprisMy. KpiM 1pOTO mMoOsSBA IMTOBHOMACIITAOHOTO
KBAaHTOBOTO KOMIT'IOTEpa CYTTEBO 3MEHIIYE CTIiHKICTh
ITOPUTMIB, SKi BHUKOPUCTOBYIOTHCS. KpHnTo-KomoBi
koHCcTpykuii Mak-Enica ta Higeppaiitepa 103BOJISIOTH
3a0e31eYnTH HeOOX1IHUI piBEHb CTIMKOCTI, ONepaTHBHO-
CcTi Ta JoctoBipHOCTI. lle miaTBepKyeThCS MPOBEACHNU-
MH TOTepeaHiMU qociipKkernsamu [6, 9, 12].

Ha puc. 1 3amporoHoBaHa cxemMa BHKOPHCTaHHS
KPHIITO-KOJOBUX KOHCTPYKIii B mpoTokoii TLS.

[pononyetsest BukopucToByBat KKK Mak-Emica
Ui 3a0e3medeHHs Oesmexu mepemadi ceptudikaTie (ix
00MiHy MK KOPHCTyBa4eM i cepBepoM), a I 3abe3rre-
YeHHs Oe3MeKH Tepeadi MOBiIOMIICHb 1 3aIUTiB — BUKO-
PHCTOBYBATH KPHUITO-KOIOBI KOHCTpYKIii Hineppaiitepa.
Takuit miaxia 3a0e3ne4nTh HEOOXITHUN PiBEHBb OE3MEKH 1
JIOCTOBIPHOCTI B yMOBaX Cy4acHHUX Kibep3arpo3 ta Oypx-
JIUBOTO 3POCTAHHsI OOUHCITIOBAILHUX PECYPCIB.

Cepsep

1001

KKK
Hineppaiitepa

B/1 dopmyBaHHS KIIIOYOBUX JaHUX

KKK
Mak-Enica

Cepsep KKK

Puc. 1. CtpykTypHa cxema npotokoiy TLS 3 BUKopHCTaHHSIM KPHIITO-KOIOBUX KOHCTPYKIIi
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Ha puc. 2 ta B Tabn. 1 HaBeneHi pe3yabTaTH IOCITi-
JOKEHb YacOBUX BHUTpAT Ha 3abe3redeHHs HeoOXiIHOTO
piBHs Oe3mexu B poTokoiti TLS.

AmHai3 puc. 2 mokasas. Mo U1 OOMiHY JaHWMU B
npotokosi TLS 3a0e3neuye HeoOXinHUIT piBeHb omepa-

THBHOCTI, TPHU IbOMY 3a0e3Medyloud 1 HeOoOXiTHMI
piBeHb Oe3MeKy.

Buxopucranas mponoHoBaHOi Moamikamii mpo-
TOKOJNy 3a0e3MeYlTh HOro BHKOPHCTaHHA B YMOBax
ITOBHOMACIITA0HOTO KBAHTOBOT'O KOMII FOTEpA.

500

(98]

kbps
3000

3]
n
=}
(=}

2000
1500
1000
500
0

15 64 128 256
—IIIpuaKiCTE KOIYyBaHHA

512 1024 50000 250000
IITBHIKICTE PO3KOAYBAHHT

100000
bytes

Puc. 2. Ouinka BUTpaT 4acy Ha BUKOHaHHS HQpyBanHs / posmmdpysanHs KKK

Tabruysa 1 — Ouinka BUTPAT Yacy HA BUKOHAHHSA
mudpyBanns / po3mudpyBaHHsA

Tabnuysa 2 — BapricTh po3ropTanHs Mepexi

KPHIITO-KOJ0OBHX KOHCTPYKIii Bamm Onuc napamerpy
. 1 Jly>ke BHCOKa BapTiCTh
KiabkicTs HIBuaxicrs Kouy- IBuakicTe Y - P
indopmanii, BaHHI, Pa3KOLYBAHHSI, 2 Bucoxka BapTicTh
Gaiit KOaiir/c KGaiit/c 3 CepenHst BapTicTh
15 1052 373 4 Husbka BapTicTh
64 2063 624 5 Jly’e HU3bKa BapTiCTh
128 2301 684
256 2535 693 Tabauysa 3 — HIBUAKicTh Mepenayi JaHux
512 2604 702 Bbamn | Onmc mapamMerTrpy
1024 2662 726 1 |Mana (10M6/c)
50000 2659 742 2 Cepennst (100 M6/c)
250000 2819 797 3 Bucoxa (1T°6/c)
100000 2874 773 4 Hyxe Bucoka (10I6/c)
5

Po3polka KOMIJIEKCHOTO MOKa3HUKA
SIKOCTi 00CJIyTOBYBAHHS HA OCHOBI
KPHUITO-KOJI0BUX KOHCTPYKILii

Jlnst OLIHKM KOMIUIEKCHOTO TOKa3HHMKa e(eKTHB-
HOCTI OyJi po3poOIieHi OmopHi Taduuii, IO JO3BOJIS-
FOTh BHUIIUIMTH Jiala30HH 3MiHH HEOOXITHHX MapaMer-
piB 1 BM3HAUMTH iX B yMOBHHX Oanax. Lleit mpoctuit
METOJI ZI03BOJISIE OTPUMATH JOCHTh aJIeKBaTHI pe3yibTa-
TH OLIHKH, 1 KpIM TOro, 00’€HATH iX 3 pe3yibTaTaMH
TOYHHX PO3PaxyHKiB 32 OKPEMHUMH KOHKPETHHUMH I1apa-
MerpaMu. B omopHux Tabn. 2-9 HaBeneHi mapamerpu
CHCTEM Iepesayvi TaHWX, SIKi BPaxOBYIOThCS B 1HTerpa-
JLHOMY TOKa3HUKY (DyHKLiOHaNIBHOI edekTuBHOCTI /P-
Mepexi [16].

Takum 9MHOM, Ha OCHOBI MOJIeTi Oarato(hakTOpHOTO
aHAJI3y MOXJIMBO ONMCATH aOCOJIFOTHO Pi3HI MapameTpH,
SKi B 1HIIMH CMOCIO aHAMTUYHO OO0 €ITHATH TMPAKTHIHO
HEMOXKJIUBO.

Hanzeruaiino Bucoka (40 I'6/c)

Tabnuys 4 — UMOBIpHICTH JOCTABKY NMaKeTy

Bbaau | Onuc napamertpy
1 Mama (> 0)
2 Cepenns (0.95)
3 Bucoxka (0.97546)
4 Hyxe Bucoka (0.999999)

Tabnuys 9 — PiBeHb 0e3nexn

Banu | Omuc napamerpy

1 KPUTUIHUI

Manmit

2
3 cepenHiit
4

BHCOKHIA
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Tabruys 6 — 3aTpuMKa MaKeTy

Tabnuysa 7 — IIpoRyKTHBHICTH Mepe:xi

Banu | Onuc napamerpy Baan | Onuc napamerpy
1 Benuka 1 Mana
2 Cepenus 2 Cepenus
3 Mana 3 Bucoka
Tabnuysa 5 — Yac 10CTABKH MAKETY Tabnuys 8 — PiBennb 3arpo3
Baau | Onuc napamerpy Baan | Onuc napamerpy
1 Hyxe Benuxwuii (1875 c) 1 Kputnunuit
2 Benukuii 2 BHCOKHI
3 Cepenuiit 3 cepeHiit
4 Mamuii (0.006 ¢) 4 MaJii
5 Hyxe mamuit (0.0003 c) 5 ITy>Ke MaJtii

Jlyist TOpPIiBHSIHHS ICHYIOUMX TEXHOJIOTIH mepenayi
JaHuX OyJo BiniOpaHO HACTYIHI: MaKeTHa KOMYTaIlis
3a CTaHAapTaMu III00ANTBHUX OOYUCIIOBAIBHUX MEPEK

(FOM): Gigabit, 10 Gb, 40 Gb Ethernet. ITopiBHsIbHI
XapaKTePUCTHKH 3a3HAYCHUX TEXHOJOTIH MoKa3aHi B
tabn. 10, 11.

Tabnuys 10 — IopiBHAUILHA XapaKTePUCTHKA MPOTOKOIy Ethernet

Textooris FOM Bapricrs IBuaxicTs nepeaadi I[osmnm.x naxerty, | UMoBipHicTh nnpaBuibHoi|  Yac nocraBku
nanux, Moir/c oiT JOCTABKHU NAKeTY, Prup.n nakery, t, ¢
Gigabit Ethernet BHCOKa 1000 1518 0.99999 0.006
10 GbE BHCOKa 10 000 1518 0.99999 0.006
40GbE BHCOKa 40 000 1518 0.99999 0.006
Tabnuya 11 — Y3aranbHeHa epeKTHUBHICTH Mepek nepeaadi AaHuX
YMoBHi 6anu
TexHosoris
3 BUKOpHCTaHHM TLS rpyna y3aranbHeHuH innekc eextu-| BimxocHa eexrus-
1 2 3 4 5 6 7 8 BHOCTI HiCI'L,%
Gigabit Ethernet 33|13 [1|2|1}1 1 54 10,6
10 Gb Ethernet 241322111 96 18,8
40 Gb Ethernet 115|133 |2|1|2] 2 360 70,6
Bcroro: 510 100
TexHoJOTis 3 BUKOpPUCTAaHHAM MoaudikoBaHoro TLS
Gigabit Ethernet 3/3|4|5|3|3|4]) 4 25920 40,9
10 Gb Ethernet 24|14 |5|3|3|4) 4 23040 36,4
40 Gb Ethernet 11514 |5|3|3]|4] 4 14400 22,7
Bceroro: 63360 100

BukopucroByroun nasi 3 Tadn. 2—10, orpumyemo
TabaMII0 y3arajgbHeHOT eeKTHBHOCTI Mepex nepeaadi
JaHUX, J¢ BigiOpaHi MOKa3HUKH BXKE MMOJaHO B YMOBHHX
Ganax B miana3oHi Bix 1 1o 5. Kpim nporo BpaxoByroThb-
Csl IOKA3HUKHU HE TUIBKK HAMIMHOCTI, a TaKOX 1 Oe3IeKu
B YMOBax LiJbOBHX aTak 3 O3HAKaMH CHHEPri3My Ta
riOpuaHOCTI, WO /O3BOJISIE OTPUMATH KOMIUIEKCHHUH
MOKa3HUK SKOCTI 00cimyroByBaHHs. B tabxn. 11 rpyma: 1
— BapTiCTh PO3TOPTaHHS MEpEeXi; 2 — MIBUAKICTH IIepe-
Jadi JaHuX; 3 — IMOBIPHICTh JOCTaBKH MakeTy; 4 — Jac
JIOCTaBKH MaKeTy; 5 — 3aTpUMKa MakeTy; 6 — MpOoAyKTH-
BHICTBh Mepexi; 7 — piBeHb 3arpo3; 8 — piBeHb Oe3neKu.

OTtpuMaHi pe3ybTaTH BUKOPUCTAHHS BiIMOBITHIX
TEXHOJIOTiH KiGepIpocTopy 3 BUKOPUCTAHHAM IPOTOKO-

ay TLS, Ta 3 BUKOPHCTaHHSAM 3alpONIOHOBAaHHUX MOJe-
Jiei Ta MeToiB oro moaudikanii y tabn. 11 cBiguars,
10 BUKOPHCTAHHS 3alpPOIIOHOBAHMX DIllIeHb HE TiJIBKU
30UIBIIIy€e MOKa3HUK PiBHS OE3IMEKH, a TAKOX J03BOJISIE
3a0e3MeUnTH MOXKJIMBICTH Iepefadi AaHUX 3 IMPSIMUM
BUIIPABJICHHSAM IIOMHWJIOK 33 PaxyHOK BHKOPHUCTaHHS
METO/IiB 3aBa/IOCTIIIKOTO KOJYBaHHS B KPUITO-KOJOBOT
koHCTpyKIii Himeppaiitepa, 10 JT03BOJISE ITiJBUIIUTH
PiBEHB SIKOCTI 0OCIYrOBYBaHHS 0 MAaKCUMaJIbHUX 3Ha-
4YeHb Oe3MeKH Ta HaliHHOCTI MPH BUKOPUCTAHHI TEXHO-
norii Gigabit Ethernet, ta 10 Gb Ethernet.

TakuM YMHOM, TPUBEACHI pe3yabTaTH CBIiITJ4ATh
Ipo HEOOXiIHICTh BUKOPHUCTAHHSA HOBHX, abo Moandi-
KOBaHHX/IHTETPOBAaHUX MeXaHi3MiB 3a0e3redeHHs He-
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0OXiTHMX piBHIB HaJilHOCTI Ta Oe3meku iHpopMmarlii B
iH(hOpMaIIHHNX cUcTeMax Ta KioepmpocTopi.

BucHoBxku

1. 3ampomnoHoBaHa cxema MOAM(IKOBAHOTO MPO-
Tokoy TLS Ha ocHOBi Moau¢pikoBaHMX (TiOPUIHUX)
KPHIITO-KOJAOBUX KOHCTPYKLIH 3a0e3rneuye HeoOXiTHUH
piBeHB CTIHKOCTi I0 CYy4acHHX 3arpo3 MOCTKBAaHTOBOTO
niepioxy. IlpoBeneHi qOCTiKEHHS MiATBEPIKYIOTb, IO
sacrocyBanusi MEC (EC) 3abesredye MIBHAKOIIIO Ha
piBHI HIBHIKOCTI KPHIITOIIEPETBOPEHh CHMETPHIHHUX
KPHUIITOAJITOPUTMIB, TOKa30By KPHUITOCTIHKICTH Ha OC-
HOBI TEOPETHKO-CIOKHOCTHOT 3a7adl JeKOJyBaHHS
BMIAAKOBOTO Koy (3abesneuyernes 10% — 10%° rpymo-
BHUX oIleparliif), i JOCTOBIPHICTh HA OCHOBI BUKOPHUCTaH-
HSl YKOPOYEHOTo ajare0poreoMeTpuyHOro Koay (3ades-

neayerscs P, =10°-10"%). Jina momanmpmoro 3meH-
meHHS TOTYXHOCTi andasitry (mons Tamya mo
GF (2%-2% npomnoHyeThcsi BUKOPMCTOBYBATH CHMCTEMH
Ha 30UTKOBHX KOJAX, IO JO3BOJIIOTH OJHOYACHO (op-
MyBaTH O0araToKaHaJbHI KPHIITOCHCTEMH.

2. YIOCKOHAJICHUH METOJ OIIHKH SIKOCTi 00CITyTo-
ByBaHHsI iH(poOpMaLifHUX CHCTEM Ha OCHOBI OaraTokpu-
TepianbHOI OI[IHKH, IO JO03BOJIWIO, HA BIIMIHY BiJ
ICHYIOUMX BHJIUIMTH Jialla30HM 3MIHU IapaMeTpiB KpH-
TepiiB HaJIilfHOCTI Ta Oe3NeKH BU3HAYHUTH iX B YMOBHHUX
Oanax. 3amponoHoBaHMH MoM(]IKOBaHUI NPOTOKOI
TLS na KKK Hineppaiitepa 103Boisie 301IBIIATH BiJI-
HOCHY ec(eKTHBHICTH B Mepexki Ha ocHoBi Gigabit
Ethernet 3 10,6% 1o 40,9%, a Ha ocuosi 10 Gb Ethernet
3 18,8% mo 36,4%, mo cBimunTe Tpo e(hEeKTUBHICTH
3aIpONOHOBAHOTO TiAXOTY.
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Development of a comprehensive service quality indicator based on postquantum algorithms
Serhii Yevseiev, Vladyslav Khvostenko, Kyrylo Bondarenko

Abstract. The development of modern technologies allows expanding digital services significantly. SSL and TLS integ-
rity protocols are commonly used to provide services in the Internet. However, the rapid development of computing technologies
allows attackers not only to modify cyber threats, but also to develop new-targeted threats. In addition, the advent of a full-scale
quantum computer, according to US NIST experts, will break symmetric and asymmetric cryptosystems based on Grover's and
Shor's algorithms in polynomial time. The paper proposes a modification of the TLS protocol based on the use, as an algorithm
that ensures the stability of the TLS protocol, the use of post-quantum algorithms based on crypto-code constructions of
McEliece and Niederreiter on elliptical codes. To study the properties of the proposed approach, the method of multicriteria
analysis is used, which allows to form a comprehensive indicator of service quality. The presented studies confirm that the use of
post-quantum algorithms as a stability algorithm in the TLS protocol provides a 30% increase in efficiency when used in a net-
work based on Gigabit Ethernet, and 2 times when using 10 Gb Ethernet.

Keywords: post-quantum period, integrity protocol, Niederreiter crypto-code constructions, elliptical codes.

88


http://www.cryptopro/

Ingpopmauiiini mexuonozii

ubDC 004.9

doi: 10.26906/SUNZ.2021.3.089

A. Kapiton', R. Baranenko? D. Tyshchenko®, O. Diachenko*

'National University «Yuri Kondratyuk Poltava Polytechnic», Poltava, Ukraine
2Uman National University of Horticulture, Uman, Ukraine
#Kyiv National University of Trade and Economics, Kiev, Ukraine

*Mariupol State University, Mariupol, Ukraine

PROSPECTS FOR THE CYBERSPACE DEVELOPMENT
AND ITS SOCIO-PSYCHOLOGICAL CONSEQUENCES

Abstract. The article is devoted to the analysis of issues and research of the influence of social and psychological fac-
tors that influence the formation of Internet-dependent behavior of the individual in terms of increasing the role of cyber-
space in today's conditions. The article examines the problems of interpersonal communication in the digital space, which
leads to the virtualization of the living space of modern man, causing a certain specific danger, special needs and depend-
encies. The results of scientific research in this area are analyzed, namely those devoted to the impact of information tech-
nology on humans, based on the specifics of digitalization of educational space, in terms of modern development of the in-
formation environment of the world. The authors explored the main types of activities on the Internet: cognitive, game and
communicative, which are directly responsible for specific personality changes.

Keywords: information technologies, cyberspace, Internet gaming disorders, virtualization, gaming.

Introduction

The purpose of this work is to identify the main
problems of the Internet on modern society. The task of
this work is to solve and eliminate as effectively as pos-
sible the pressure of information technology on humani-
ty. In recent decades, new information technologies
using personal computers and telecommunications have
been developing rapidly. Information technology is a
process that uses a set of tools and methods for collect-
ing, processing and transmitting primary information to
obtain information of new quality.

Analysis of recent research and publications. It is
necessary to analyze the destructive processes occurring
in the virtual socializing Internet environment, reflect the
research data on the impact of virtual reality on the pro-
cesses of socialization of youth, the factors of Internet
dependence and proposals for its prevention. According
to O. Evzikova, information is not matter and not energy,
but something else. E. Borodina, O. Shefer, S. Alyoshin
introduces the concept of information as a dynamic im-
age of the world around us, which is formed in the flow
of sensations integrated by a living being. The process of
accumulation of information was formed during the long
history of civilization, while improving the methods of its
transmission - from rock drawings to the emergence of
alphabetic writing [1, 2, 5, 6].

In today's world, we see that the most powerful
source of information is the Internet and the so-called
cyberspace created by it. The Internet in its develop-
ment has passed the way from the professional sphere of
communication of programmers to the sphere of free
communication, realizes wider in comparison with pro-
fessional personal interests. The Internet today is not
just a network of interconnected computers, but a com-
munity of people who use the Internet. In this regard,
the scientific literature claims the term "psychology of
the Internet." Research in this area, namely on the im-
pact of information technology on humans, mainly psy-
chological aspects, is conducted by scientists from
around the world.

Main part

When the development of the Internet was just be-
ginning, everyone was interested in the fact that the
useful can be extracted from the ability to communicate
using a computer. However, it is time to look at what is
happening as a social process, as each individual
through the Internet can convey their thoughts to a huge
number of people who together are trying to transform
reality. The WWW, as the Internet is called, has already
connected millions of users with invisible electronic
threads. Today we do not know how the individual and
social behavior of a person will be affected by commu-
nication, in which millions of people are involved, but
we can say with confidence that the impact will be, and
will be noticeable. For example, by participating in the
life of cyberspace, social minorities find strength and
influence, various movements are organized, and third
world countries make huge information leaps forward.
Therefore, all over the world now attach great im-
portance to those projects that involve the organization
of access of the general population to the Internet.

There are three main types of activities on the In-
ternet which correspond to personality changes: cogni-
tive; gaming; communicative [1, 3, 6]. In this sense, the
possibilities of the Internet are not limited, so it is right-
ly called a springboard into the future. Indeed, on the
one hand, today it is the world's richest treasury of
knowledge, which is the property of all mankind, but on
the other - the Internet has accumulated a huge amount
of negative information that also affects people. It is
necessary to analyze the destructive processes occurring
in the virtual socializing Internet environment, reflect
the research data on the impact of virtual reality on the
processes of socialization of youth, the factors of Inter-
net dependence, proposals for its prevention.

Modern man today is no longer a classic Homo
Sapiens, but a much virtualized bio-socio-electronic
subject, which directs its activity not only in the social,
spiritual sphere, the environment and the world of cul-
ture, but also in a new virtual environment that forms its
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new opportunities and needs. The living space of the
individual, a significant place in which is work, com-
munication, education, creativity, leisure, is supple-
mented by new opportunities and forms. Due to virtual-
ization, it first doubles when a person combines active
life in two dimensions (digital and real), and then there
is a gradual shift towards a virtual lifestyle (which re-
quires less effort and is controlled by the individual).
Significant changes associated with the introduction of
information technology in the surrounding modern
world, in its communication, education, work, leisure
and lead to the fact that in the field of values there are
new guidelines: information, mobility, accessibility,
speed of interaction, etc. In search of sources of com-
munication, creativity, knowledge, self-expression,
people are increasingly turning not to the real but to the
virtual sphere, which already dominates his conscious-
ness and life in a number of parameters.

Thus, the development of the Internet and the field
of high technology pose many problems, one of which,
in my opinion, is the problem of loneliness and aliena-
tion. Internet gambling addiction is currently classified
as a mental disorder only in the context of gaming (as a
gambling addiction), Internet addiction as a mental dis-
order is qualified by most researchers, although it raises
significant concerns. Potential addicts belonging to the
risk group are usually people prone to other types of
addiction, prone to depression, phobias, as well as diffi-
culties in the social sphere, in the implementation of
self-development. The transition of involvement in the
form of addiction is enhanced in the presence of exis-
tential, sociocultural and psychological factors. At the
same time, the formation of Internet gambling addiction
is a consequence of the development of consumer socie-
ty, advertising of gaming and media products, imposed
by producers of information products and resource
needs. Traditionally, there are “alienation as a universal
characteristic of human existence, as a characteristic of
the psychological state of man, and finally as a charac-
teristic of a certain social state, when a person's creative
activity is limited and he is enslaved by the product of

his own activity. Different grounds for alienation cause
different forms of its manifestation, so in this sense,
alienation is multifaceted.

This suggests that the solution to this problem lies
in different areas - both legal, regulatory activities of
sellers of Internet services and gaming products, and
social, cultural, interpersonal. The phenomenon of al-
ienation has existed at all times, it is not an absolute
affiliation of past years [3].

First of all, this problem came into the field of
view of physicians and psychologists, because the con-
sequences of the superiority of virtual communication
and computer games in some ¢ assess led to devastating
effects on the individual. Thus, among medical profes-
sionals, the approach has been established that a person,
spending all his free time playing computer games, feels
pleasure similar to drugs. We considers, Internet addic-
tion a new danger for a person, like a drug, the manifes-
tation of which is expressed both in increased arousal
and in the deepening of subsequent depressive states of
the user. A new type of dependence is manifested in the
desire for constant presence in the virtual world (playful
or communicative), neglect of real social ties, weaken-
ing of cognitive, creative activity, increasing passive.
Social factors in the formation of addictions are also
essential: it is the desire to communicate with others,
socialization, which in a high-tech society moves into
the information space. If a modern young person does
not accept these conditions, it inevitably finds itself in
isolation, as most young people belong to the Internet
generation, play video games, communicate on social
networks. Virtual communication due to distance allows
a person to be simultaneously in several places (physi-
cally he is present in one place, mentally - spends time
in another), being in unfavorable social conditions, feel-
ing his need for others, difficulties in real communica-
tion, a person looking for interaction with virtual friends
and partners, formed in the modern generation in a new
social need. Most gamers and addicts have problems
with real communication, although this is not a general
rule (Fig. 1) [1].
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In modern conditions, hyperactive and overly
communicative people find realization for themselves
also in virtual interaction, gathering a large number of
"friends", "followers", readers of their blogs, messages
in networks. However, the movement of attention, in-
terests, circles of acquaintances and friends in virtual
communities gradually weakens real social ties, its so-
cial circle is reduced, it becomes more closed and pre-
fers real meetings with people - Internet sessions or
games. Types of modern Internet addiction are becom-
ing more diverse, they are accompanied by online shop-
ping, viewing a variety of videos and photos, which take
up more and more time, displacing book reading, self-
education, creativity, real communication. However,
these processes are not spontaneous, inherent in the
individual; on the contrary, they are formed purposeful-
ly, as imposed on human needs by various advertising
firms, agencies for the production and sale of video
products. Games and media products are a profitable
commodity in the modern market, and their promotion
is aimed at the formation of modern man's interest, sat-
isfaction, and then the need for them. In this case, we
are dealing with the economic aspect of the problem of
forming an Internet gambling addiction. Society is sub-
ject to the paradigm of selling various services and
goods that are redundant for man, and in order to con-
vince him of the need to purchase them, you need in-
formation "tricks": advertising "cookies", banners, etc.,
which are crowded with social networks, games portals,
mail, educational and other sites. The video game busi-
ness (including game consoles and gadgets) focuses its

efforts on creating an imposed need for games, which
for people from the above risk groups can turn into ad-
dictions that require treatment.

However, it is important for society to realize this
problem as a threat to the individual (because in most
countries still prevails neglect of this problem) and the
creation of a legal framework governing the use of ad-
vertising in the information space, its gradual regulation
to protect people from manipulative influence not only
with physical threats, but also with threats to culture,
freedom, intelligence, etc.

Conclusions

Thus, the problems of virtualization of human liv-
ing space, the formation of the information society, a
powerful sector of services and entertainment are be-
coming objective factors in the development of new
addictions and lack of freedom of modern man. The
most significant subjective factors are related to psycho-
logical, existential, personal characteristics, the objec-
tive factors include social, cultural and economic. This
means that the solution to emerging problems can not
lie only in the field of medicine and psychology and
even in the field of education. It is unlikely to be able to
resist the efforts of the business community of the in-
formation world, or it will be local and private. That is
why it is advisable to carefully study this problem in
order to further analyze it and improve ways to elimi-
nate its negative impact on the development of person-
ality in terms of increasing digitalization of all areas of
today.
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IlepcnekTHBY PO3BUTKY KiGepnpocTopy
Ta 0ro coniajJbHO-TICUXO0JIOTiYHI HaCaiaKu

A. Kamiron, P. bapanenko, J[. Tumienxko, O. {sueHKo

Anoranisa. CraTTs OpUCBsIYCHA aHATI3Y MPOOIEMaTUKHU Ta TOCITIHKEHHIO BIUTUBY COL[IabHUX 1 ICUXONOTiYHHX (a-
KTODIB, sSIKi BIUIMBAIOTh Ha ()opMyBaHHs [HTEpHET-3a/Ie)KHOT MOBEAIHKK OCOOMCTOCTI B YMOBAaX ITiABUILCHHS 3HAYEHHS PO
KibeprpocTopy B yMOBaX CbOTO/ICHHs. B cTaTTi MocmimkeHo mpobiemMu MisKOCOOUCTiCHOT KoMyHiKalil B inppoBOMy mpo-
cTOpi, IO MPU3BOAUTH JI0 BipTyali3aiii )KUTTEBOrO MPOCTOPY CYYaCHOI JIFOJUHY, BUKIHKAIOUN MEBHY crieludidHy Hebe3-
neKy, ocobauBi moTpeOu i 3anexnocti. [IpoananizoBaHo pe3ylnbTaTH HAYKOBUX JOCHIKEHb B I[iif obnacti, a came Ti, 1[0
MPHUCBSIYEHO TeMi BIUTHBY iH(pOpMALiIHUX TEXHOJOTIH Ha JIOAWHY, CIHpaoYKuch Ha crenudiky nudposizaiii 0CBITHROTO
MPOCTOPY, 3 TOYKH 30pY CYIaCHOTO PO3BUTKY iHPOPMALIHHOTO CEpeOBHINA CBITY. ABTOpaMH JOCIiHKEHO OCHOBHI pi3HO-
BHUIU MisUTbHOCTI B iHTEpHET: Mi3HABajJbHa, IrpOBa Ta KOMYHIKaTHBHA, sIKi 0e3MOCEpPeIHBO BiAIMOBIMAIOTH 32 KOHKPETHI
3MiHH 0COOMCTOCTI.

KawuoBi cioBa: inpopmariiiai TexHonorii, Kibepnpocrip, [HTepHeT-irpoBi po3iaau, BipTyaisallis, FeiMepCTBO.
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Hanionaneauii TexHiYHMHA yHIBEpCUTET “XapKiBCHKUH MOMITEXHIYHUN THCTUTYT, XapKiB, YKpaiHa

PO3PAXYHOK E®OEKTUBHOCTI BUKOPUCTAHHSA OBYUCJ/IIOBAJIBHUX
PECYPCIB CAMOBITHOBJIIOBAJIbHOI KOMIT'IOTEPHOI CACTEMH

AHoTanisi. B crarti po3risigarorecs camoBigHOBIOBanbHI koM torepHi cucremu (CBKC). IIpeamerom mocii-
JDKEHb € METOAM PO3paxyHKY e(peKTUBHOCTI BUKOPUCTAHHS OOUYHCIIOBAIBHUX PECYPCIB y KOMIT IOTEPHUX CHCTEMAax.
Merta craTTi nojisrae y po3poOieHHI MIX0Ay 10 PO3paxyHKy € (QeKTHBHOCTI BUKOPUCTAHHS OOYHCIIOBAIEHUX pecyp-
CiB KOMIT IOTEpHOI CHCTEMH, OPIEHTOBAHOIO Ha OCOOJIMBOCTI CaMOBITHOBIIOBAIBHHUX CTPYKTYp. Bukopucranumun me-
TOAAMM € METOJH IOCIHIiDKeHHSI CHCTEM MacoBoro odcimyroByBaHHs. OTpHMaHi Taki pe3yabTaTH. (opMaiizoBaHO
3aBIaHHS PO3PaXxyHKY €(QEeKTUBHOCTI BHUKOPUCTAHHS OOYMCIIOBAJBHHUX PECYPCiB; pO3pOOIEHO aaropuTM IOMIYKY
MPUHHATHUX 3HAYeHb CTYNEHIO 3aBaHTAKEHOCTI ITydKa KaHaJliB KOMIIOHEHT; 3allpOIIOHOBAHO CIOCIO 3HAaXOIKECHHS
ONTUMAITBHOTO 1HpOpMaIiitHoro HaBaHtaxxeHHs kommoHeHTiB CBKC 3a koMIiekcHUM moka3HukoM. BucnoBku. Po-
3po0IeHO METO PO3paxyHKY e(pEeKTUBHOCTI BUKOPHUCTaHHS OOUYHCIIOBAIBHUX PECYPCiB KOMIT IOTEPHOI CHCTEMH, Opi-
€HTOBAHOI'0 Ha 0COOJIMBOCTI CAMOBITHOBITIOBAJIEHUX CTPYKTYp. MeToJ 103BOJIS€ NP CHHTE31 iHpopManiiHOi cTpyK-
Typu CBKC orpumarn 4nciioBi 3Ha4eHHs BiAMOBIIHUX XapaKTepUCTHK TEXHIYHHX 3aco0iB 6a3zoBoi mepexxi CBKC 3
METOI0 3a0€e3IeUeHHs CepeJIHbOr0 MiHIMAJIBHOIO Yacy JOCTABKH IOB1IOMJICHb 1 HMOBIPHOCTI BiZ]MOBH B 00 CIIyroBy-
BaHHI MTAKETIiB B JOMYCTUMUX MeEXaX.

Kao4oBi c1oBa: caMOBiJTHOBIIOBAJIbHA KOMII IOTEpHA CHCTEMa, CaMOBIIHOBJICHHS, 00UUCITIOBAIBLHI PECYPCH.

Beryn

CaMOBIZIHOBIIOBAJIbHI ~ KOMIT'IOTEPHI  CHUCTEMH
(CBKC) no3BOMNSIIOTH aBTOMATH4HO BHSBISATH 3001 y
npoueci (yHKIIOHYBaHHSI CHCTEMH Ta IIBUJIKO BiJTHOB-
JIETUCS TICIS HUX.

CaMOBiJHOBJICHHS 3aCHOBaHE Ha TaKHX eTamax:
nporpamMmHe 3a0e3neyYeHHsl, 1110 aBTOMAaTUYHO BIJICTEXYE
(G yHKI[IOHYBaHHSI CUCTEMHU; AiarHOCTYBaHHs NPOOJIEMH,
ABTOMATUYHE 3HAXODKEHHS BiJIOBIJHOIO pIlICHHS;
TECTyBaHHS 1 BIPOBAPKEHHS PILLICHHS 3 METOO BiJHOB-
JICHHSI CUCTEMH 10 HOpMasbHOI (yHKIioHyBaHHs. [lic-
751 YCYHEHHS IPO0JIeMH 3HOBY 3allyCKaeThcs IMKI ca-
MOBIJTHOBJICHHSI, 110 Mae Taki ¢yHkuii (puc. 1) mowi-
mopune, Tpoliec 300py BaxJmMBoi iHdpopmarii, HeoOXin-
HOI JJIA aHaJi3y, aHani3y8aHHsA, NONOMAra€ BU3HAYUTH
N0, Ky MOTPIOHO 3MIMCHUTH UUISIXOM MOpPIBHSHHS
iHpopMalii mpo craH i3 BUMOTaMH CHCTEMH; OideHOC-
myeanHs, TPOLEC BUABICHHS BCIX XXUTTEBO BaXKIUBHX
HECIIPaBHOCTEH, MOMUIIOK a00 3MiH y CHCTeMI; 8I0H0G-
JleHHs, CKIIaJaeThbesl 3 IUIaHyBaHHS Ta BUKOHAHHS; IUIa-
HYIOTBCS [i1, sIKi 0e3yMOBHO HEOOXIi/HI, TUIAaH BUKOHY-
€TBCS TOCKOHAJIO JJIsl TOCATHEHHs 0a)kaHOro pe3yibTa-
Ty JUIA TIPOTPaMHOTO 3a0e3MedeHHs uu cucremu [1, 2];
HAKONU4eHHs 3HaHb, U5 QYHKIIS € BAXKIUBOIO, OCKUIBKH
MICTHTH yCi BiATOBiIHI 3HAHHA, CIIOXKHUTI Ta OTPUMAHI
nonepeaHiMu gotupma Qyrxmismu [3].

AJe 3a0e3medyroud paHHE BUSABJICHHS 1 BiIHOB-
nerns koM totepHoi cuctemMu, CBKC mMoxyTh 3HaYHO
sHm3uTH ToKasHuku QoS [4-7]. Tomy BHHHKAE HeoO-
XIHICTh TiABUINEHHS €(EKTHBHOCTI OOUYMCIIOBAIBHIX
pecypciB cucTeMH, BpaxoBYIOUH Ha 0COOMMBOCTI (pyHK-
nionyBanass CBKC. IIpu npoMy HE0OXimHO MaTH Bin-
TIOB1THU anapaT OIiHKH e()eKTUBHOCTI.

AHani3 JitepaTypHux :kepes i mocTaHoBKa
3aBAaHH4. [ligxomu 1o OIiHKN eeKTUBHOCTI BUKOpPHC-
TaHHS OOYHCIIOBATBFHUX PECYPCIB CHCTEMH PO3TISTHYTI
y [8-11], ane BOHM He Opi€HTOBaHi Ha CaMOBiIHOBIIO-
BaJbHI cHCTeMH. TOMy MeTOI0 CTATTi € Po3poOIeHHS

MIiIXOy 10 PO3paxyHKy e(pEeKTHBHOCTI BHKOPUCTaHHS
OOYMCITIOBAILHUX PECYPCIB  KOMIT IOTEPHOI CHUCTEMH,
OpIEHTOBAHOTO Ha OCOOJMBOCTI CaMOBiIHOBIIIOBAIBHUX

CTPYKTYD.

HakonuyeHHsA MOHITOPHHT
3HaHb
BigHoBneHHs AHanizyBaHHA

\ [iarHoc-
TyBaHHA

Puc. 1. Luxi caMOBiIHOBIIEHHS
Pe3yabTaTu AociaitkeHb

1. ®opmadizanis 3aBIaHHA PO3PaxyHKy edek-
THBHOCTI BHKOPHCTAHHSI O0YHMCJIIOBAJBHHX pecyp-
ciB. [poriec QyHKITIOHYBAHHS KOKHOTO i-TO KOMITOHEH-

ta CBKC (i eilj ) MOJIEITIOETBCS Y BUTIISINI CHCTEMH

MacoBoro obciayroByBanHsa (CMO) 3 oOMexeHOo dep-
ro10, 10 SIKOI HAaJXOIHUTh IOTIK 3agBOK 3 IHTEHCHUBHICTIO
Aj Ta IHTEHCHBHICTIO 0OCimyroByBaHHs L. KinbkicTh
MicIp B 4ep3i M i-r0 KOMIIOHEHTa AOpiBHIOE M. Y
3arabHOMY BHIIQJIKy YEpTH TMOB's3aHI 3 0OMEXKEHICTIO
BXOJY 10 KOXXHOI'O MOIYJIsl. BXil yTBOPIOETBCS IydIKOM
13 N kxaHamiB 1 3aragsHUM Oy epom, M0 MICTHTH M ene-
MEHTIB Tam'sTi. Y BHUNAAKYy ITyaCOHIBCBKOTO IOTOKY
BXITHMX 3asBOK 3aBJaHHSA MiHIMi3aIlil cepeHBOT0 Jacy
3aTPUMKH MAaKeTa 3aIlUTy BUPIMIYETHCS MUISIXOM ONTH-
Mi3aLil cepeHbOro 4acy 3aTpUMKH I 'spec 3a KOMILIEK-
CHHM TOKa3HHKOM JUTSl KOYKHOTO i-TO KOMITOHEHTA!
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xi = F(n,m;), ()

J€ ¥ — CTYIiHb 3aBaHTA)XEHHs KOXKHOIO 13 N KaHaJB
xomnonenta CBKC.

JloknaHO pO3TISHEMO 3aBIaHHS BU3HAYCHHS Mi-
HiMaJIbHOI IMOBIPHOCTI BiZIMOBH B 00CITyrOBYBaHHI JUIS
3araJlbHOTO BUIAJKY XapakTepy IHTCHCUBHOCTI BXiTHUX
3asBOK. PO3paXxyHOK BEITUYHUHHU CEPEIHBOTO 3HAUYCHHS

MaKCHMaJIbHOI MMOBIPHOCTI BiJIMOBH Emf BH3HAYa-
€TBhCSl TAaKUMHU KUTBKICHUMH XapaKTepUCTHKaMH Mapa-
METpiB 1HTerpoBaHoi IporpamHoi miatpopmu: F —
obcar iHdopmaniitHoro odMiny; Vi — cepenHs mpomyc-
KHa CIPOMOXKHICTb KaHaliB; M — eMHIcTb OydepHoi
nam'siti. CepeaHst KUTbKICTh 3alHATUX KaHaJiB JUIsl I-TO
MOJyJIst 0a30BOT MEpEXi BU3HAYAETHCS SIK

nj+mj

1-P

P _p| 2
nimi~ni! 0 ()

Zi =pj
ne pj =Aj /| — IpUBEACHA IHTCHCHBHICTh IIOTOKY 3as-
BOK, NP IIbOMY HMOBIpHICTh BiJIMOBU B OOCIYTrOBYBaH-
HI 4eproBOro naxery, o0 Ha/AiHIIOB JI0 -T0 KOMITOHEH-
ta CBKC uepes3 BifICyTHICTb MicCLlb B 4ep3i € TAKOIO:

nj+m;

Prran = o — ©
11al nim|~ni!

a Ry — iMOBipHiCTH TOro, IO KaHAIW BiNbHI, HeMae

Yepru i 3asBOK Ha 00CIYrOBYBaHHS, PO3PAXOBYETHCS SIK

L1\
Z (n, X. +(ni )" 1=t @
n; ! 1=y
e yj =pj /N — CTymiHb 3aBaHTaXCHHS KaHATIB i-rO

xommonednTa CBKC.
CepenHsl KiJIbKICTh 3asIBOK, 1110 3HAXOAATHCS B Ue-
Pp3i, MOXKe OyTH 3HaliieHa sIK

mj
=Rfail 2 o M) (5)
a=1

CepenHsl KUIBKICTh 3asBOK JI0 I-TO KOMIIOHEHTa
BHU3HAYUTHCS 3 BHPA3Y:

Wi =7 +1;. (6)
3 ypaxyBaHHsAM BHpa3iB (2-5) Bupa3s (6) Oyae Takum:

— M .
Wi :niXi(l_Plfail)‘*‘PHailzaXi_(m' (@)
a=1

e cmiBBigHOIIEHHS € BipHUM IS OyAb-SKOTO
komrioHeHTa CBKC B sikoMy 3Ha4YeHHA p HE 3aIEXKHUThH

BiJl HATIPSIMKY TIepenadi, ToOTo
xi=pln~y. 8

VIMOBipHOCTI BTpaT B KO)KHOMY I-My KOMITOHEHTI
MOJKHA TIPUOIM3HO TOPIBHATH OIHE JI0 OIHOTO, TOOTO

R fail ~ P fail . )

BukopucroByroun ¢opmyny JliTTina mis okpeMux
monmyiis [12] maemo

'stpec = kW| . (10)

3 ypaxyBaHHAM (7) BH3HAYa€ThCS CEPEAHIA dYac
3aTPUMKH 325 BKH € TAKIM:

=~ m;
Prail ), ' o

+nx(1—5fai|)

y(mima) 4

1
T spec =; k (11)

Hexaii pomycTuMuii 4Yac 3aTpUMKH TIaKeTy B
CBKC ne nepesuniye GikcoBaHOTO 3HAUCHHS, TOOTO

Taccept (12)

T'spec < spec

3 11) BuU3HAYMMO CepeHI0 MaKCUMaJIbHY HMOBIip-

HicTe BTpatu 3asBok B CBKC B Mexax AomycTUMOTro
4acy iX 3aTpUMKHU:

m

—max = —(mi—

P fail Z(YTspec —knix) kz oy (mj—a) —knyy, |- (13)
a=1

Otpumana ¢opmyna (13) mae ekctpemyMm (Makcu-
MyM), aJITOPUTM TIOLIYKY SKOT'O PO3TJISTHEMO HUKYE.

2. AJTOPUTM TONIYKY NPHHHATHHX 3HAYEHb
CTYNEHI0O 3aBAHTA:KEHOCTI My4yka KaHagiB. OOunc-
JIMBIIH YaCTKOBY TIOXiHY:

P fail 163, =0, (14)
OTPUMYEMO JIOKAJIbHUM €KCTPEMYM, KOTPUH, BUXOIIYHU

. . . —Mmax .
i3 yHiMo#anbHOCTI P fail € rimobanpbHUM. AJMTHBHICTB
¢yukuii (10) i ymoBu (6) BU3HaYarOTh cenapadesbHICTh

P fail , Tomy
Ptail  dPtai
OP fail _ fail —0. (15)
ox, dy
[To3naunmo A= z TS%%%Ept Toni i3 (11) maemo:
P tail =(A—nix)/(zzi:l(ocx—(mi_a) - X)) (16)
3 iHmIoro 6oKky
m;
> oy M —my
A-npy = o . (17)
1S aum ~[mi~(a-D)]
1+ a(my —a)y,
i a=1

MigcraBuBum (17) B (16) orpuMaemo Bupas
JUTA BU3HAYCHHS CepPeNHbOi MaKCHMaJIbHOI HMOBIpHOCTI

. . t .
BIJIMOBHU 3a yac He OlIblle JOIYCTUMOIO TS%%CCEp :

Pfail =J/ [1+izzila(mi —oc)x_[mi_(a_l)]}. (18)
1

Aute maroTs Micte Bupasu (1), (2), sxi B cykymHOC-
Ti, 3 ypaxyBaHHsM (6), MOXKHA ySBUTH SIK

(nip)™ ™ 1
N; !nimi z (n|X) (n|X)

—max

P fail =

. (19)

Z(X

[Ticnst mepeTBOpeHHs (16) OTPUMAEMO:
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P = :
ail = -
Z (n.x) (ni-a) % (=)

o=l

(20)

JliBi yactunu BupasiB (20) i (15) e piBaEME. OT-
e, MOJKHB CTBEP/IKYBaTH:

O (ney)" () M

n;! i —(m;—a)
_ _— 1 =
0 - 1)
i
—1+ L > o(m; - o)y, 1Mi= (D],
i o=1
[Ticns HU3KK IepeTBopeHsb (21) oTpuMyeMo:
N n: ! i
> ()
a=0 ** (22)
m; -1 ) _
Z —1|x%, iel
a=1 X

Busnaunmo kopeni piBHsHHA (22). BoHu 3miHIO-
foTbcst B Mexax O0<y<1. Ilpu ¢ >1 cepenniit uac

3arpumku naketiB B CBKC i iMOBipHICTb iX BTpar 3Ha-
YHO 3pOCTar0Th. TOMy pillleHHs piBHsHHA (22) € mpu-
HHATHUMU 3HAYCHHSMU CTYIICHS 3aBaHTa)KEHHSI KaHAIIiB

Xaccept -

3. 3Haxo/KeHHsI onTHMAJLHOrO iHdopmamiii-
HOro HaBaHTa:keHHsA kKommnoHeTiB CBKC 3a kommuie-
KCHUM NMOKa3HMKOM. OTpUMaHUH pe3ynbTaT y BUMIIAAL
piBHsIHHS (22) NO3BOJISIE CTBEPAXKYBATH PO OJHO3HAU-
HE JOTPUMAHHS IPUIHATHUX ONTUMAJIBHUX 3HAYCHb
CTyINeHsI 3aBaHTakeHHs1 KaHaiiB kommnoneHTiB CBKC

opt ..
Xagcept , SIK MIHIMQJIBHOI'O CE€PEAHLOI0 4Yacy 3aTPUMKH

MaKeTiB NpH 3aJlaHii JOMyCTUMOI HMOBIPHOCTI iX BTpAT,
TaK 1 cepeHbOI MaKCUMaJIbHOI MMOBIPHOCTI BTpaT Ta-
accept
fail

TPUMKH TAKETIiB 3aJIeXKaTh, K BiJl HEOOXiTHOrO 3HAYCH-

accept
ail

keriB P . Ilpu 3aganomy pomycTMuMoMy 4aci 3a-

Hsl AMOBIPHOCTI BTpAT NakeTiB Py , TaK 1 Bif jory-

aceept

spec - MoxHa ckasatd,

CTHUMOI'0 4acy iX 3aTpUMKH

IO 3aTPUMKH TAKETiB € (QYHKIISMH JIMCKPETHUX 3Ha-
YeHb KUTBKOCTI KaHAJIB N 1 9rciIa MicIb y 9ep3i M.
PiBusinus (22) e ¢ynkuiero onniel 3minHoi y . e
HaJae MOXIJIUBICTh HE3aJISKHO BH3HAYHMTH INPUHHATHE
3HAUCHHS CTYIEHs 3aBaHTAXKEHHS KaHATy JUIsl KOKHOTO
MOZIYISt MEPEXI i reason - AJIE JJaHI PIBHSIHHS € TpaHC-

LHEHICHTHUMH. TOMY OTpUMAaTH TOYHHN aHaJiTHIHHIHA
PO3B's30K (22) HE MPEACTABISAETHCS MOXIIMBUM. Alle Iti
PIBHSIHHS MOXYTh OyTH BHpimIeHi abo uncenpHnM, abo

. opt .
rpadivHIM MeTooM. Bru3sHaunmMo 3Ha49eHHS (; Eeason i
BEJIMYMHY CYMapHOTO MOTOKY Ha BXOMi i-TO KOMITOHEH-
ta CBKC, 3amaHoro MaTpuIiero TsSKiHHA ”F,] " Heo06-

XiHA KiNBKICTh KaHANIB Tepenadi i-ro KOMIIOHEHTa
CBKC i ix npoITycKHY 34aTHICTb BU3SHAYUMO, BUXOISTIH
31 CITIBBIIHOIIEHHS:

L-2 K

opt Ai _ :
Vi 2l '

Xireason = _— = Lo

opt
Xi [r)eason = f(m;,n;),

(23)

ae K =L}
HeHnta CBKC, a V; =L .; — npomyckHa 31aTHICTh KO-

— CyMapHHil MOTIK HA BXOMi I-r0 KOMIIO-

’KHOTO i3 Nj KaHAaIiB.

OHTI/IMi?;aHiH 3a KOMIUICKCHUM ITOKa3HUKOM

X?g;son» BU3HAYCHUM Y (23), JM03BOINSIE BapilOBaTH Be-

nuyuHamu V. 3anexHo Bin kiacy Tpadika F mMoxHa
HAJIaTu OyIb-SIKY CYKYITHICTh KaHAJIB JUIsI KOMIIOHCHTIB
CBKC. IIpu upomy GopMyeThesl BipTyaJIbHHH KaHa 3i
3MiHHOIO ITPOITYCKHOIO CIPOMOXHICTIO. Takuii kaHan He

accept

3aNEKUTh BiJl HEOOXiAHOro 3HaueHHs Tgpec [Ipu

IbOMY MMOBIPHICTh BiZIMOBH B OOCIYrOBYBaHHI IaKeTa
Oyne 3amuIaTHCs B MeXaxX IOMYCTHMOrO 3HAueHHs

accept
POmK

3a/1aHOI0 IIMPUHOK CMYTH mpomyckaHHs. Ilpu npomy

Ile nmo3Boisie HagaTH CYKYIHICTh KaHAJIB i3

o opt o
3aJIMIIAETHCS NPUUHATHE 3HAYCHHA ) Fr)eason . CepeﬂHm

qgac 3aTPpUMKU ITaKETa B MCpC)Ki TaKOX 3aJIMIIA€THCA B

accept
Tspec

MEXax JOIMYyCTUMOI'O 3HAUCHHSA

YucenpbHUid METO]| pillIeHHs peayi3oBaHuil 3a Jo-
noMororo mporpamu Mathcad. Ha puc. 2 HaBemenwuii
BapiaHT pPO3paxyHKy 3aJIe)KHOCTEH MPOITYCKHOI 3/1aTHO-
CTi KaHany Ta oOcsiry OydepHOi mam'sTi Bij 3aBaHTa-
JKEHHS KaHAJiB.
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Ingpopmayiiini mexnonozii

[IpoBenenmii anami3 pe3yabTaTiB IOKa3aB, IO B
MEXaxX BCTAHOBJIEHHX 3HAa4YE€Hb IapaMeTpiB MOXKHA
3MIHCHUTH OOMIH MPOITYCKHOI 34aTHOCTI KaHAIy Ha 00-
car OydepHOi mam'sTi Ha BXOHi B JaHWHA KaHai. [lpu
IbOMY HEOOXiTHO MiITPUMYBATH CTAJIICTh SKICHHX IIO-
ka3HukiB CBKC (wac 3aTpuMkyn, HMOBIpHICTH BTpaTH
TMIAKETiB) B JOITYCTUMHX MEXKaX.

Otxe, 3aITpOITOHOBAHUH TIIXi 0 OTPUMAaHHS OIl-
TUMaJIbHUX 3HA4YeHb CTYICHS 3aBaHTAXCHHS KaHAIB
CBKC, T00TO IS KOKHOIO CaMOBIJHOBIIIOBAJILHOIO
KOMITOHEHTa PO3PaxOBYETHhCS KIJIBKICTh KaHATIB Iepe-
Jadi TaHWX 1 HeoOXiJHA MPOIYCKHY 3MaTHiCTh. Lle mae
MOXIIUBICT TIpH CHHTE31 iH(opMauiiHOl CTpyKTypH
CBKC orpuMaTy YUCIOBI 3HaYEHHS BiIMNOBIAHUX Xapa-
KTEpUCTUK TEXHIYHHUX 3ac00iB 0a30B0i MEpexi 3 METOIO
3a0e3MeueHHs] CepeHbOr0 MiHIMAJILHOTO Yacy J0CTaB-
KM TIOBIJIOMJIEHb 1 WMOBIPHOCTI BiZIMOBH B OOCIYrOBY-
BaHHI [TAKETiB B IOMYCTUMHX MEXaX.

BucHoBku

B pesynbraTi mpoBeneHNX AOCTIKEHb OTpHUMaHi
Taki pe3yibpTaTh: (HOpMai30BaHO 3aBJIAHHS PO3PAXYHKY
e(eKTUBHOCTI BUKOPUCTAHHS OOYMCIIOBAIBHUX PECYp-
CiB; pO3pOOJICHO aNTOpUTM MOIIYKY NPUHHSATHUX 3Ha-
YeHb CTYIEHIO 3aBaHTAKEHOCTI ITyyKa KaHaJiB KOMIIO-
HEHT; 3alpOIIOHOBAHO CIOCIO 3HAXO/PKEHHS ONTHMAllb-
HOro iH(OpPMAIITHOr0O HaBaHTaXXCHHS KOMIIOHCHTIB
CBKC 3a KOMITJIEKCHUM MOKa3HUKOM.

OTxe, po3po0IIEHO METON PO3PaxyHKY eeKTHB-
HOCTI  BUKOPHUCTAaHHS  OOUYHMCIIOBAJIBHHX  PECYpCIB
KOMIT FOTEPHOI CUCTEMH, OPIEHTOBAHOTO Ha OCOOIMBOC-
Ti CAMOBITHOBIIIOBAJILHUX CTPYKTYP.

Meron nmo3Bonse mpu cuHTE3i 1H(opMamiiHOT
ctpykrypu CBKC oTpumaTH YUCITOBI 3HAYEHHS BifIO-
BIJJTHAX XapaKTEPUCTHK TEXHIYHUX 3ac00iB 0a30BOi Me-
pexi CBKC.
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Calculation of computer resources use efficiency of self- healing computer system
Nina Kuchuk, Anna Shiman, Alevtina Filonenko, Serhii Bulba

Abstract. The article considers self-healing computer systems (ShCS). The subject of research is methods for calculat-
ing the efficiency of the use of computing resources in computer systems. The purpose of the article is to develop an approach
to calculating the efficiency of computing resources of a computer system, focused on the features of self-healing structures. The
methods used are methods of research of queuing systems. The following results were obtained: the task of calculating the effi-
ciency of the use of computing resources was formalized; the algorithm of search of acceptable values of degree of loading of a
bunch of channels of components is developed; the method of finding the optimal information load of ShCS components accord-
ing to the complex indicator is offered. Conclusions. A method for calculating the efficiency of using computing resources of a
computer system focused on the features of self-healing structures has been developed. The method allows the synthesis of the
information structure of ShCS to obtain numerical values of the corresponding characteristics of the technical means of the basic
network of ShCS in order to ensure the average minimum time of message delivery and the probability of failure to service pack-
ets within acceptable limits.

Keywords: self-healing computer system, self-healing, computing resources.
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OPERATIONAL ASPECTS OF WEB-APPLICATIONS DEVELOPMENT
BASED ON JAVASCRIPT FRAMEWORK

Abstract. The problem of using hypertext markup language HTML5 and cascade style sheets CSS3 while developing the
visual interface of applications in development framework based on programming language JavaScript was studied. The per-
formance features of main components of application infrastructure were analyzed. JSON format usage and influence on ap-
plication operation of such elements as repository data base, WEB-services, server and client side portion of application and
content delivery network were investigated. The main criteria of development socially minded applications with attractive vis-
ual interface on JavaScript and HTML5 were defined. The analysis of operational aspects of JavaScript programming language
and its usage while developing visual interface of applications and its further promotion in the world of hardware and software
was carried out. The research result is the information system development for courier delivery.

Keywords: JavaScript, HTML, JSON, REST, Ajax, browser, application, repository data base.

Introduction

After release version of HTML5 [1] appeared in
the beginning of current decade, this markup language
began to be used not only as language for determining
the web pages content, but also as markup language for
visual interfaces of applications in development frame-
work based on the programming language JavaScript
[2]. JavaScript is a programming language that allows
you to make a Web-page interactive, which responds to
user actions. It helps to make website pages more inter-
active, processes actions of website users. JavaScript
widely uses the capabilities of the environment, where it
is run. JavaScript became even more popular among
developers, when AJAX-technology appeared, which
led to a new stage in websites development. This pro-
gramming language is usually used as a built-in lan-
guage for programmic access to application objects. It is
most widely used in browsers as a scripting language to
make web-pages interactive. Along with HTML and
CSS, JavaScript is the third most important block, on
which most standard web interfaces are based. To un-
derstand how the language works, the user needs the
basic knowledge of HTML and CSS [3].

The aim of the article is to analyze the operation-
al aspects of the JavaScript programming language and
its usage while developing visual interfaces of applica-
tions and its further promotion in the world of hardware
and software.

The main material

For a long time there were no means of external
data storage using JavaScript. If it was necessary to save
the data, then you had to send the form to a webserver
and wait until the page reloaded. This interrupted the
process of developing fast and dynamic web applica-
tions. With appearance of Ajax technology (Asynchro-
nous Javascript and XML) [3] in Internet Explorer,
which was established by Microsoft the situation has
changed [3]. Shortly afterwards, software support for all
the features of XMLHttpRequest object that underlies
this technology was added to other browsers.

In the beginning of 2004, Google launched the
Gmail email application. The appearance of this service

became an innovative step for Google, as the applica-
tion provided its users with almost unlimited storage for
their e-mails. Gmail also marked an important innova-
tion in the functional structure of web applications:
web-page reloading was in the past[4]. In general,
Gmail due to using new Ajax technology is single-page,
fast and sensitive web-application, which has forever
changed the way of developing applications of this type.
Since that time, web-developers created applications of
almost all types including large-scale, cloud based
productivity suites, social API, like Facebook's JavaS-
cript SDK, and even graphically intense video games.

JavaScript has very rich object-oriented (OO) ca-
pabilities. JSON standard (JavaScript Object Notation),
which is used in almost all modern web applications for
both communication and data storage is a subset of an
excellent notation of JavaScript object literals. JavaS-
cript uses prototypal inheritance pattern. Prototypes of
objects are used instead of classes. New objects auto-
matically inherit the methods and attributes of their
parent object through a chain of prototypes [1].

While each application written in JavaScript is
unique, most of them have some common elements,
such as hosting infrastructure, resource management,
presentation, and behaviour of interface user.

The object notation JavaScript (JSON) is an open
standard, developed by Douglas Crockford. JSON is a
subset of JavaScript object literals syntax for using in
data presentation, transmission, and storage. Before the
JSON specification appeared, most client-server com-
munications were performed using much more verbose
snippets in the XML markup language. JavaScript de-
velopers use many web services that use JSON notation
and often define internal data using JSON syntax.

The JSON format is almost identical to the syntax
of JavaScript object literals with a few important differ-
ences: all attribute names and string values must be in
double quotes. Other values may appear in their literal
form; JSON records cannot contain cyclic links; JSON
cannot contain functions.

Before extended markup language XML (Extensi-
ble Markup Language) and data repositories JSON
appeared almost all services maintained relational data-
base management system (RDBMS). RDBMS contain

96 © Maslov A., Dzuban O., Derkach T. M., Dmytrenko T. A., 2021


https://astwellsoft.com/uk/blog/tehnology/ajax.html
https://astwellsoft.com/uk/web.html
https://astwellsoft.com/uk/blog/tehnology/html5-css3.html
https://astwellsoft.com/uk/blog/tehnology/html5-css3.html

Ingpopmauiiini mexuonozii

discrete data points in tables and group the data that is
displayed by viewing the tables in response to requests
written in the language of structured SQL requests [2].

NoSQL data repositories store all records as doc-
uments or document fragments, without using table-
based structured memory. Document-oriented data re-
positories typically store data in XML format, while
object-oriented data repositories typically use JSON
format. The latter is particularly well suited for web
application development, as the JSON format is used
internally for data exchange in JavaScript language.

Examples of popular JSON-based NoSQL data re-
positories include MongoDB and CouchDB. Despite the
current popularity of NoSQL, it is still possible to find
modern JavaScript programs based on MySQL data-
bases and similar RDBMS.

State transmission architecture REST (Representa-
tional State Transfer) is client-server communication
architecture, which provides division of entities between
data resources and user interfaces (or other consumers
of information resources, such as data analysis tools and
aggregators). Web services that fully follow REST
architecture are called RESTful. The server manages
data resources (such as user records), but does not im-
plement or include user interface. Clients are free to
implement the user interface (or not implement it) in
any form and in any language [4]. REST architecture
does not deal with how user interfaces are implemented.
It only deals with maintaining the state of the applica-
tion between the client and the server.

RESTful web services use HTTP method verbs to

report the server what ac-
tions the client means. The
S following actions are pro-
o\t vided (Fig. 1): create a hnew
(ResTAPY) item in a resource collec-
e 4 tion: HTTP POST; get a
# resource view: HTTP GET;
webpage_ update (replace) resource:
Fig. 1. REST AP HTTP PUT; delete a re-

~

phone

source: HTTP DELETE.
This corresponds to the four basic functions of the CRUD
interface (create, retrieve, update, delete), designed to
work with persistent data repositories. It is just necessary
to remember that in the REST view, the "update" action
actually means the "replace" action. Beginners spend
more than one day to create such crud. An experienced
developer, in well-developed framework, this process
takes several hours at the most. Slim, like other micro-
frameworks, does not provide any means of automation,
S0 you have to do a lot by yourself. For training purposes,
this is justified, but in industrial development, what can
be automated must be automated.

PUT or POST are usually confused to change a re-
sourse. REST makes it easier to resolve this collision
PUT is used if the client is able to generate its own secure
identifiers (IDs). In all other cases, POST is carried out to
create a new resource. In such cases, the server generates
a resource identifier (ID) and returns it to the client.

For example, you can create a new user including /
users / in the POST request, in the result the server will
generate a unique ID that can then be used to access the

new resource in / users / userid. The server will return a
new user view with its own unique URI. An existing
resource cannot be modified with a POST request; a
descendant can only be added to it [1].

Official HTTP RFC defines POST:

e Annotation of existing resources;

e Posting a message on a blackboard, in a news-
group, mailing list or similar group of articles;

e Providing a block of data, such as the result of
sending the form, the data processing;

e Extension of the database with an additive op-
eration. [9]

PUT request must be used if you want to change
the displayed user hame by specifying / users / userid to
record the user being updated. It should be noted that
this request completely replaces the user record, so you
need to make sure that PUT view contains everything
that is needed. The difference between PUT and POST
is that PUT is idempotent, it means that single and mul-
tiple calls of this method, with an identical data set, will
have the same result (without irrelevant effects), in the
case of POST, a multiple call with an identical data set
can cause irrelevant effects.

Based on the analysis, an information system for
courier delivery was developed.

The use case diagram was built, which reflected
the relationship between actors and use cases in the
system design (Fig. 2). For the system functioning, the
base has been designed and developed, in which con-
nections between objects are built (Fig. 3). The empha-
sis was on creating an easy-to-understand and use a web
resource in the architecture design. All fields and nec-
essary functionality are easily accessible (Fig. 4, 5)

AspretUserRotes

AsprietUsers

AspNetUsertogine

UserProduct
AspNetUserciaims S

Fig. 3. The information system database scheme
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LocTaska

(097) 016-14-44 | Bxig | Peccrpauin

kl Mowyk

J [ Kown

6

Kyp'epcbka gocTaska nep AOCTABKY A0 ABepert B MexXax
obpaHoro yacosoro sikHa. [locTaska 40 ABEpPeN MOXNMBA TiNbKK 3a HARBHOCTI Po6oYOro
nicpra y Bawomy aomi. Y pasi voro siacyTHoCTi a6o HECNPaBHOCTI 40 BAPTOCTI 4OCTABKM
BK/IONAETLCA Aonnata 3a niadom. PosMip AoNnaTH Po3paxoByETLCA 3ANEXHO Big Bark
Baworo 3amoBnexHs | nosepxy. BapTicTs Bu MOXETE YyTONHUTY Y ONEPaTOPA KOHTAKT-
UeHTpy.

Y sunagky, AKwo Bu He MOXeTe rapaHTyBaTH CBOKO NPUCYTHICTb NPOTAMOM BCLOrO
4acoBoro sikHa, 6yab Nacka, 38'AXITLCA 3 ONEPATOPOM KOHTAKT-UEHTPY.

Posknap BiKOH 4OCTABKM MOXHA NOAVBUTUCA, HATUCHYBILK Y NPABOMY BEPXHLOMY KyTi
CTOPIHKM Ha TaAMEp.

[ocTaska 8 30H4 o6nacTi Ta nepegmicta Kuesa: gueitbea cTopivky Mana goctasku
Mepen Tum, sk gocTasuT Bawe samosneHn, Mu Maemo nigTeepauTk y Bac aapecy Ta
YMOBM AOCTABKM

AnA 3aMoBneHb 3 goctaskow Ao 18:00 - go 09:00 notouHoro AwHs;
ANA 3aMoBneHb 3 goctaskow Ao 22:00 - go 13:00

Fig. 4. The information system homepage

Conclusions

The JavaScript programming language has a lot in
common with languages such as C #, C ++, Java, or
PHP.

The syntax of JavaScript is clear to anyone who
has experience with these languages, and this explains
the popularity of JavaScript, although it is important to
understand that internally JavaScript is implemented
quite differently from the compilers of these lan-
guages.

JavaScript has very rich object-oriented (OO) ca-
pabilities. JSON standard (JavaScript Object Notation),
which is used in almost all modern web applications for
both communication and data storage is a subset of an
excellent notation of JavaScript object literals [4].

{, (097) 016-14-44 | Bxig | Peecrpauia
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M'Aco, koabaca 2y
CHp, Monowa npogyKuis| !i )S &;\‘_
OBOM, DPYKTH, ArOM e - ‘ ‘
Conpow & —
3060 rp 3060 rpu é -
amoQ e || Q@A
Hanid pasga Wras 1 [I——— Baw Kowwk nopoxHi
1
/
/ 4 S
/.i«) @ =
3060 rpn 3060 rpH 3060 rpn
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Fig. 5. Order selection page

Currently, modern applications are developed on
JavaScript, the visual interfaces of which are better than
the visual interfaces of desktop applications. Recently,
JavaScript is actively promoted in the world of hard-
ware and software. Such projects as Arduino, Tessel,
Espruino and NodeBots are approaching the time when
JavaScript can be a common language for embedded
systems and robotics. Modern JavaScript programs are
the most sensitive and socially attractive among pro-
grams which were ever written. We can say that JavaS-
cript developers are in the centre of "revolutionary"
events in the history of computer engineering and the
Internet in real time.

On the basis of the analysis carried out, an infor-
mation system was designed and developed for creating
a courier delivery order in the work.
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DyHKUiOHAJbHI acTIeKTH CTBOPeHHs web-101aTKiB Ha ocHOBI TexHoJ10riii JavaScript
A. B. Macnos, O. C. I3t00an, T. M. Jlepkay, T. A. JIMurpenko

AHoTanisi. Po3risHyTO MUTaHHS BUKOPUCTaHHS MOBH rineprekcroBoi po3mitku HTMLS Ta kackagHUX TaOmuIb CTH-
niB CSS3 mpu po3pobui BizyanbHux iHTepdeiiciB momaTkiB B miaThopmax po3poOku Ha 0a3i MOBU MPOTrpaMyBaHHS
JavaScript. TIpoananizoBaHi 0co6aMBOCTI (HYHKIIOHYBaHHS OCHOBHUX KOMIIOHEHTIB iHGPaCTPYKTypH qoaatka. JlociimkeHo
Bukopucranus ¢popmary JSON Ta BIUIMB Ha poOOTY J0/aTKa TAKUX EIEMEHTIB, sIK CXOBHIIE JaHHX, BeO-cepBicH, cepBepHa Ta
KITIEHTChKAa YaCTHHU JIOJIaTKa Ta Mepeka NoCTaBku KoHTeHTY. CPopMyinbpoBaHi OCHOBHI Kputepii po3poOku Ha JavaScript i
HTMLS, couianbHo 3HAYYIINUX MOJATKIB 3 MPUBAOIMBUMH BizyaabHUMH iHTepdeiicamu. [IpoBeneHo aHami3 ¢yHKI[OHATBHIX
ocobnuBoOCTe# MOBHU mporpamyBaHHs JavaScript Ta BUKOpUCTaHHs 1i miJ yac po3poOKH Bi3yalbHHX iHTepQeiciB AomaTkiB i
MOJAJBIIOr0 MPOCYBaHHS i y CBIT TEXHIYHUX 3aCO0iB.

Kawuosi caosa: JavaScript, HTML, JSON, REST, Ajax, Gpaysep, 10aTOK, CXOBHIIIE JaHUX.
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! HartionanbHuii aepokocMiunumii yHiBepcuter imeni M. €. XKykoscbkoro «XAly, Xapkis, Ykpaina
2 XapkiBchkuil HallioHANbHUI TEXHIYHUI YHIBEPCUTET CilTbCHKOr0 rOCTIOfapcTBa, XapkiB, YKpaina

$HTIKTI mikporpadii, Xapkis, Ykpaina

BUBIP MATEPIAJTY TAPU JIs1 3BBEPI'AHHSA MIKPO®IJIbMIB
METOJIOM AHAJII3Y IEPAPXIN

AHoTaunin. 30epiraHas MiKpOQUIEMIB Ta X BUKOPHCTaHHS MalOTh BaXXIIUBE 3HAYCHHS JUISI 3a0IIa/DKCHHS 1H(OpMartii:
HalBa)KJIMBIIINX TEXHIYHUX, OyIiBENIBHUX, ICTOPHYHUX, KYIBTYPHHX Ta IHIIMX AaHWX. Ha cTaH MOKYyMEHTIB HEraTHBHO
BIUIMBAIOTh PEXUMH 30epiraHHs, (GpakTopy, sKi JUIOTH 32 MeKaMH JOIyCTHMHUX YMOB («OLTOBHH CHHAPOM», Oioioriuna
BPAa3IHBICTh, «HITPaTHUN CHHIPOM) Ta iHIII), SIKI MOKYTh BUKJIMKAaTH IIPUCKOPEHHS iX CTApiHHA 1 epequacHe pyHHyBaHHS
Ta 3aTPOXKYIOTH ICTOTHUM CKOPOYEHHSM TEepMiHIB 30€piraHHs apXiBHHX JOKYMEHTIB. Y CTaTTi BHKOPHCTaHI pe3yJabTaTH
aHaJIi3y 0coOIIMBOCTEH, IOPSIKY OpraHi3allii 3a0mamKeHHst MIKpO(MLTEMIB K apXiBHUX JTOKYMEHTIB 1 IPUYWH HOBHOI 1 Ya-
cTKOoBOI BTpaTtH iH(opmamii Ha HuX. Pe3ympTaTé HOBrOCTPOKOBOTO 3a0IIa/UKEHHS apXiBHUX JOKYMEHTIB 3ajekaTh He
TIJIBKY BiJ peskuMy 30epiraHss, a  MaTepialiB 3 SKUX 3po0JeHa Tapa. SIk MaTepiany I TapH PO3TISAAIOTHECS IIACTMAcH,
MeTanu, KapToH. JIJsl BUpIIIEHHs aKTyaJbHOI 33/1a4i BU3HAYEHHS NTPiOPUTETHOCTI BUKOPUCTAHHS PI3HUX MaTepiajiB JUIst
BHTOTOBJICHHS TapH It 30epiraHHs MiKpoQUIbMIB MOKa3aHa MOXJIMBICTh BUKOPHCTAaHHS METORY aHamidy iepapxiit. Llei
METOJI BiTHOCHTBCS J0 KJacy KpUTepIiaTbHUX i J03BOJISIE OINIBII 00 €KTHBHO NMPOBOJWUTH EKCIIEPTHY OLIHKY. [ omiHKn
oOpaHi Taki KpUTepii: aHTUTPHUOKOBI BIIACTHBOCTI, MEXaHIUHI XapaKTePHUCTHKH 1 IOXKeK00E3MEeYHICTh, 3aXHCT BiJI OLITOBOT O
CHHJIPOMY, Bara, BapTiCTh KOPOOOK.

Karw4osi ciosa: tapa, Marepian, MikpodineM, MeTas, KapToH, IU1acTMaca, 30epiraHHs, iepapxist, METOJI, KpUTEPii.

Beryn

HeoOxigHocTi 30epeskeHHs1 MiKpOQUIBMIB SIK apxi-
BHUX JIOKYMEHTIB 3aBXKIM MPUALISUIACcS 0co0NMBa yBa-
ra. 3 MOMEHTY X MOSIBU BXKMBAJIUCS 3aXOH 11010 30e-
pexeHHs ix BnactuBocteil. HenpaBuibhe iX 30epiranHs
a00 BUKOPUCTAaHHS MOXYTh INPH3BECTH A0 IOBHOI 1
4yacTKOBOi BTpatd iHpopmauii Ha MikpodiibMmax, sKi
30epiraroTh B c001 HAHBaXKIIMBIII TEXHIYHI, Oy/iBEJIbHI,
icTopuyHi, KyabTypHI Ta iHmi jani. [Ipu upomy ciin
YPaxoBYBaTH, 110 BapTiCTh MOBTOPHOI PO3POOKH IOKY-
MeHTallii, HalpHUKJIaJ, Ha POMUCIIOBY MPOAYKIIIO NPH-
63O y 50 pa3iB Oijiblia BAPTOCTI CTBOPEHHS CTPAxo-
Boro (OHIY MOKYMEHTalii, sKka CKJIaJae MeHIle 2-X
BIJICOTKIB BiJ IEPBUHHOI BapTOCTI PO3POOKH JOKYMEH-
tauii [1]. ToMy HEOOXiHO BUPIIIUTH aKTyalbHY 3a/1a4y
3a0e3meueH sl SIKICHOro 30epiranHs MiKpO(MiIBMIB sIK
apXiBHUX JIOKYMEHTIB.

Amnaui3 nyomikanii. B crarti [2] npoBeneno ana-
Ji3 3a0MIa/UKEHHST apXiBHUX JIOKYMEHTIB, KU 3a3Ha-
YHB, III0 MaTePiav i TEXHONIOT1i BUTOTOBJICHHS OLTBIIIO-
CTi KiHO- 1 (POTOXOKYMEHTIB po3poOIsUIHCS 03 ypaxy-
BaHHS HEOOXITHOCTI iX IOBrOTPHBAJOr0 apXiBHOTO
30epiraHss, TOMY iX KUTTEBUHA IUKJI, SIK MIPABHIIO, 1CTO-
THO KOpOTIIE, HIXK Yy TPaAWLiHHUX TOKYMEHTIB Ha Ma-
MIepOBii OCHOBI. 3a TOBrOTPUBAIOro 30epiraHHs KiHO- i
(OTOMOKYMEHTIB 4acOM BHSBISIFOThCS (200 TMOCHITIO-
IOTBCS) JEAKI OCOOJHMBOCTI CTapiHHSI OKPEMHUX BHIB
JOKYMEHTIB («HITPAaTHUH CHHIPOMY», «OITOBHHA CHHI-
pom», OionoriuHa BPa3IUBICTh TOIIO), SIKI HE BPaxOBY-
BaJIUCA HA CTAMifAX MPOSKTYBAaHHS 1 BUTOTOBJICHHS Bif-
moBimHUX BUPOOIB. Lli ocoOmMBOCTI B psifli BUMAIKIB
3arpoXKyIOTh ICTOTHUM CKOPOYEHHSIM TEpMiHiB 30epi-
TaHHS apXiBHUX JOKYMEHTIB, SIKi MOTPEOYIOTH CIIeIia-
JTBEHUX YMOB 30€piraHHs, MepioJUIHOr0 KOHTPOIIOBAH-
HSA iX CTaHy, a 9acOM 1 HEBiIKIIaJHUX 3aXO[iB 3 PECTaB-
pamii abo mepexomiroBaHHs. HaiiOinbmr HeraTuBHO

BIUIMBAIOTh HAa CTapiHHA 1 IepeAdacHe pyHHYBaHHS
apxXiBHMX [JIOKYMEHTIB CBITJIOBHH, TeMIepaTypHHUI,
BOJIOTICHMM Ta CaHITApPHO-TITIEHIYHUIA pexuMu 30epi-
raHHs apXiBHUX JOKyMeHTIB. CITiIbHUH BIUIMB ABOX i
Oinbure GakTopiB 3a MEXaMHU JOMYCTUMUX YMOB 30epi-
TaHHsI PI3KO 3HIKYE TPUBAJIICTh MKHUTTS apXiBHUX JOKY-
MEHTIB, 4YacOM pOOJISIYM HEMOXIJIMBUM 3a0€3MeUnTH 1X
30epexeHHs HaBiTh mpoTtsiroM 10 pokis.

Pe3ynbraTi HOBrOCTpOKOBOTO 3a0MLIaPKEHHS apXi-
BHHX JIOKYMEHTIB 3aJie)KaTh HE TUJIbKH, HAIIPUKIAJ, Bij
TEeMIIEpaTypHO-BOJIOTICHOTO pEeXXUMY 30epiraHHs, a i
MaTepiaiB 3 SKUX 3po0JieHa Tapa.

Bubip HeoOximHoro marepiany Tapu i 30epi-
TaHHS apXiBHUX JIOKYMEHTIB € aKTYaJbHOIO MPOOIEMOI0
i MOXKe OyTH BIJIHECEHHId 10 3arajbHOI 3aJa4l paHKu-
pyBanHs [3, 4]. MeTonu BUpIIIEHHS] TAKOTO THITY 3a/1a4
IPYHTYIOThCSI Ha MaTeMaTH4HINd Teopil NMpUHHATTS pi-
IIEHb 1 epe0avaoTh PO3TALIYBaHHS 00’ €KTIB y JesKii
MOCITIZIOBHOCTI BiJITIOBITHO JI0 3HAYEHB 1X MPIOPUTETHO-
CTi, TOOTO IPUBOIATH 0 CTBOPEHHS PAHTOBOI IIIKAJIH.

OpmHUM 3 HaWOUIBII BIJOMHUX 1 IIMPOKO BXKUBAHUX
METO/IiB paHKUPYBAHHS 00’ €KTIB JOCHIHKEHHS € METON
00pOOKH eKCIEepTHHX OIHOK, M0 TPYHTYETbCA Ha
NPUHIMIAX BUSBICHHS y3aralbHIOIOUO0i TyMKH €KCIep-
TiB [3-7]. HemomikoM Takoro miAXOmy OO OIHKH
00’€KTIB € Te, 0 IMOBIPHICTh ICTHHHOCTI KOJIEKTUBHOI
eKCIIePTHOI JYMKH B 3HAYHIA Mipi 3aJIeXKHUTH BiJ] YuCe-
JBHOCTI TPYIIN eKCIEPTiB Ta PiBHSA X KOMIIETEHTHOCTI, a
00poOKa OIIHOK Yy CKIaJHUX CHUTYAIisX (0COOIMBO TpH
poOOTi BITHOCHO BENMMKHX 32 KUTBKICHUM CKIIAZIOM
rpym) 0e3 creniaJbHO pOo3pOOJICHHUX TPOLEAYp HE 3aB-
KM Ja€ OCTOBIPHUIT pe3ynbTar.

OcHOBHA YaCcTHHA

VY nmaHiéi poOOTI Ha MPUKIAAi 3a7avi BU3HAUYCHHS
MPIOPUTETHOCTI BUKOPUCTAHHS PI3HUX MaTepialiB Ui
BUTOTOBJICHHSI Tapu Juid 30epiraHHs MikpoQinbMiB
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MOKa3aHa MOMKJIMBICTh BHKOPHCTaHHS METOAY aHali3y
iepapxiit (mami-MALI) [4] st BupimeHHs pobieM paH-
xupyBanHs. Lleif MeTox BiIHOCHTBCS 110 Kilacy KpuTe-
piadbHUX 1 JO3BOJNSE OULTBII OO0’ €KTHBHO MPOBOIUTH
eKCIIEpTHY OILIHKY. BiH OTpMMaB BHKIIOYHO LIMPOKE
TIOMIMPEHHS 1 aKTUBHO 3aCTOCOBYETHCS JO LILOTO JHS,
ocobsuso B CIIA.

B ocnoBi MAI BuKOpHCTOBYETBCS JiHIHHA 3rOpT-
Ka, aJie OLIHKM aJbTEpHATHB 1 Baru KpUTEpiiB 3HAXO-
IIATH OCOOJIMBUM CIIOCOOOM.

Tabnuysa 1 — Cxema iepapxii 3apaui

[epmmit eran MAI 3BomuThCS 10 BHIUJICHHS B OC-
HOBHIH 3a/1a4i JEKUTFKOX PIBHIB i MOMAJBIIOTO iX CTPY-
KTYpYBaHHS Y BUTJISI Aesikoi iepapxii. [lis npuknany,
IO PO3MIISANAETHCS, il€papXis mpoOieMu Moxke OyTn
TaKoro, K Ha Ta0y. 1. Illkama BiZHOCHOI BaXIMBOCTI ejle-
MEHTIB iepapxii HaBeAeHa y Tabi. 2, a MaTpHUs IONapHHUX
HOpiBHSHB — Yy TaOI. 3.

l'onoBHa 3amaua (Mera) hopMysIrOEThCS B piBHI 1.
PiBeHp 2 cKagaeThCsa 3 €JIEMEHTIB 3ajadyi, 110 BH3HA-
4aroTh a00 YTOUHIOIOTH KpUTepii 11 pimeHHs (A).

Pigens 1 Mera: npioputeTHHil BUOip MaTepianiB Ul BUTOTOBJIEHHS Tapu
Jutst 30epiraHHs MikpodiTbMiB
Enemenr 1 Enemenr 2 Enemenr 3 Enemenr 4 Enemenr 5
A1 A2 As As As
PiBens 2 .. .
. MexaHiuHi 3axucrT Bif .
AHTUTpUOKOBI Bapricts
. XapaKTePUCTHUKH. OLITOBOT'O Bara
BIIACTUBOCTI . KOpOOOK
[Noxexxobe3neuHicTh CHHIPOMY
B1 B2 Bs
PiBenn 3
IInactmacu Meramm Kapron
Tabnuya 2 — llkaJa BifHOCHOI Ba:KJIMBOCTI ej1eMeHTiB iepapxil
InTeHcuBHiCTH BiZHOCHOT
. BusHavenns IosicnenHst
BakamuBocTi (WilWj)
. . PiBHui1 (onHaKoBHIT) BKJIa/ 1BOX (hakTOpiB
1 PiBHa BaXIUBICTh (on ) an axrop
B JIOCATHEHHI METH
. . OCBIJ| 1 Cy/UKEHHS 1al0Th HE3HAYHY Iepe-
3 INomipHa nepeBara OJHOTO HaJl IHIINM Hocsin i cyn A aHHy rep
Bary oHoMy (GaxkTopy HaJ iHIIUM
JlocBif i CyDKeHHS JaloTh iCTOTHY a0
5 IcroTHa abo cuiibHA nepeBara CWJIbHY TIepeBary ofHoMy (GakTopy HaJ
IHIIHUM
Onnomy (aKTopy Hala€ThCst HACTLIBKU
7 3HayHa nepesara CHWJIbHA IIepeBara, 10 BOHA CTA€ IPAKTHIHO
3HaYHOIO
OueBuiHa riepeBara ofHoro (GaxkTopy Ha,
9 Hyxe cuibHa nepeBara A pesara ol ¢ Py Hall
IHIIUM
2468 IIpomixHi pileHHs 3aCTOCOBYIOThCSI B KOMIPOMICHHX BHITAI-
e MIX CYCIAHIMH CY/DKSHHSIMA Kax
SKio npu nopiBHAHHI Heporo Gpakropy
. 3 OJIEPXKYEMO OJIHE i3 € HaBe-
3BOPOTHI BEJIMYMHU NIPUBEJIC- JIPYTHM OJIEPIKYEMO OJTHE 13 BHIIC HABC
JEHUX yKcel (HanpuKiaz S), TO MpHU mopi-
HHX 4HCell .
BHSHHI Apyroro (axkropy 3 Nepumm oaep-
JKMMO 3BOPOTHY BenuuuHy (Tooto 1/5)
Tabauys 3 — MaTpuisi HONAapHUX NOPiBHAHB
Enement
. A A Aj An
BHILIOTO PiBHS
Aq W1/w1l W1/W2 W1/Wj W1/Wn
A, W2/w1 W2/W2 W2/Wj W2/Wn
A W1/w1 W1/W2 W1/W3 W1/W4
An W1/w1 W1/W2 W1/W3 W1/W4

YUHOM, 100 iX cyMa IOpiBHIOBaNA OOWHUII. SKIIO I
KpHUTEPif0 He iCHye 00’€KTHBHUX OLIHOK, meron Caarti
MIPOTIOHYE BUKOPHCTOBYBATH MAPHI MOPIBHIHHS.

Jaii HeoOXiTHO OTpUMATH OIIHKH KOXKHOI allbTe-
pHATHBH TIO KO)KHOMY KpHTEpito. SIKIIo iCHYIOTh OIliH-
KM, TO BOHH IIPOCTO BUIUCYIOTHCS 1 HOPMYIOTBCSI TAKHM
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Jo piBHS 3 BXOAWTH MEpENiK MPOMO3UIIii BiTHOC-

Tabnuya S - MaTtpuus 2

HO ToNoBHOI 3amadi (B), ski moBuHHI OyTH OILliHEH] 3 ™ B, B, B, S Yor
TOYKH 30pY JOCATHEHHS METH.
Jlis BUpIiNIEHHs TIOCTABIICHOI BUINE 3ajadi IMOTPi- B, 1,00 0,33 2,00 3,33 0,24
OHO CKJIACTH ITI'SITh MAaTpHIh JJIs eleMeHTiB piBHs III B2 3,00 1,00 5,00 9,00 0,64
(B-enementn, m =1,2,3, tabn. 4 8) i omHy (MaTpuLs 6, Bs 0,50 0,20 1,00 1,70 0,12
Ttabn. 9) — g enementiB piBHA 1l (A-enemeHTH, >S| 14,03
i=12,...5).
KoeillieHTH MaTpuIh NapHHX MOPiBHAH BH3Ha-  1a07uys 6 - MaTpuus 3
YaroThCS OOYHUCICHHSIM BEKTOpPY TNPIOPHUTETIB HACTYII- As B, B, B, S Ye
. . m
HUM 4HHOM: Heo6x1ﬂ§o MiZICMOBYBATH CYMY €JIeMeH- B, 1.00 5.00 033 6.33 034
TIB KO)KHOTO psiIka i HOpMalli3yBaTH PO3IMOILIOM Jii-
.. . B, 0,20 1,00 0,14 1,34 0,07
JICHHSIM KOXXHOI CYMH KO)KHOT'O €JIeMEHTa Ha CyMY BCIX
eJIEMEHTIB. Bs 3,00 7,00 1,00 11,00 0,59
Iepmvii eeMEHT Pe3yNbTYIOUOro BEKTOpY Oyne 2.S| 18,68
MPIOPUTETOM IEPIIIOTrO BapiaHTy, Ui - oro Ta
ilf [g] P P ¥> ApYT a4 Tabauys 7 - Matpuns 4
Ha.CTyHHI/HYI erarnom MAI e BU3HAYCHHS JIOKAJTb- Ay B, B, Bs S Yam
AKsOro pibsa hAOBiAHO A0 nta, nocranemns n || o0 | S00 | 083 | 435 | 029
P AAOBILHO 10 3ajat, o B, | 033 | 100 [ 020 [ 153 [ 010
eJIeMEHTaxX BHIIOro piBHA iepapxii. OfHUM 3 HaAiHHUX
METO/IIB BU3HAYEHHS JIOKAIBHUX NPIOPHUTETIB € po3pa- Bs 3,00 5,00 1,00 9,00 0,61
XYHOK 3HAYCHHS BIIACHUX BEKTOPiB MATpHIIi (a;) 28| 14,87
Tabnuys 4 - Matpuns 1 Tabnuys 8 - Matpuus 5
Ay B, B, B; S Yem As B; B, Bs S Yem
B, 1,00 3,00 0,33 4,33 0,29 B, 1,00 5,00 0,14 6,14 0,26
B, 0,33 1,00 0,20 1,53 0,10 B, 5,00 1,00 0,33 6,33 0,27
Bs 3,00 5,00 1,00 9,00 0,61 Bs 3,00 7,00 1,00 11,00 0,47
>S| 14,87 >S 23,48
Tabauys 9 - MaTtpuus 6
Meta Al A2 A3 A4 A5 S YAn
Al 1,00 0,20 0,33 0,20 0,20 1,93 0,04
Az 5,00 1,00 0,33 3,00 5,00 14,33 0,28
As 3,00 3,00 1,00 7,00 5,00 19,00 0,37
Ay 5,00 0,33 0,14 1,00 3,00 9,48 0,18
As 5,00 0,20 0,20 0,33 1,00 6,73 0,13
>S| 51,48

[IponoHyeTbes PO3paxyHOK 3HAYEHHS BJIACHUX
BEKTOPiB Matpuili (aij) TPOBOOHTH SK T€OMETPHYHE
cepenre 3i 3HaueHp WilWj 3a dopmynamu (3aransHuit
BUIJISI):

[(W/W1)-(Wa/Wa)... (Wi/W) .. (Wa/Wo)]Hr=ay;
[(Wa/W1)-(Wa/Wa)... (WalW) .. (WalW,)]r=ay;
[OW/Wi)-(WiIW5)... (WiW)) .. (Wi/Wa)]¥r=a;

[OWo/W1)-(Wo/Wa)... (WolW5) .. (WnlWo)]"=a,.

Ominka a0o0 HOPMYBaHHS BEKTOPIB JIOKAIbHUX
npioputetiB (Y;) MPOBOAUTHCS 32 (HOPMYIIOFO:

4

Yi= .
2 3
i=1

Po3paxoBaHi TakuM MeTOJIOM 3Ha4yeHHsA Y; HaBe-
JICHI B TaOIUIISAX MAaTPUIb 1 3BeZieH] B Tabmuiro 4. 3Ha-
YEeHHsI BEKTOPIB JIOKaJbHUX MPIOPUTETIB BUKOPHCTOBY-
I0Th JJIs1 BU3Ha4YeHHS riobanpHuX mpiopureTiB (P) ko-
’)kHOro enementy piBaA 11, ToOTO BimOyBaeThCs paHXu-
pyBanHs ambTepHaTUB (00’€kTiB). Benmumnay P 3maxo-
ISTh K CyMy TOMApHHUX OOOYTKiB 3HAYEHb BEKTOPIB
JIOKaJhbHUX MPIOPUTETIB €IEMEHTIB HIKHBOTO PiBHS Ha
BiJINIOBiTHI 3HAYCHHS €JIEMEHTIB BEPXHBHOTO PiBHS:

mamep.

P :YA.]. ‘YBlm +YA2 'YBzm ++YAn ‘YBnm_

OtpuMaHi BeMWIUHA Pjamep. IS PI3HUX MaTepia-
JiB HaBeneHi B Taomn. 10.

OTtpumaHi 3HAYEHHS BEKTOPIB TIIOOANBHUX TIPio-
PHUTETIB s TPHOX MaTepialliB TO3BOJSIIOTH PO3TAIITyBa-
TH iX y TOPSAAKY 3POCTAHHS TPIOPUTETHOCTI Yy TAKHA
pAA: mIacTMacu <METalau <KapTOH. TaxkuMm YHHOM BHI-
HO, 10 OCHOBHI 3yCHIIIS TOTPiOHO HANPaBUTH HA if-
BUILCHHS CIIO)KMBYHMX XapaKTEPHUCTUK KapTOHY.
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Tabnuya 10 - 3nayenns BekTopis JokaasHux (Y) i rnodansnux (P) npiopureTiB etemMeHTiB

YAn
0,04 0,28 0,37 0,18 0,13 Puarep.
YBm
Ye1 0,29 0,24 0,34 0,29 0,26 0,29
Yg2 0,10 0,64 0,07 0,10 0,27 0,26
Yes 0,61 0,12 0,59 0,61 0,47 0,45
BUCHOBKH HO-TpeTe, HapHi HOpiBHSIHHSI BUKOPUCTOBYIOTHCA

Bukopucranuii MeTos Mae MO3UTHBHI CTOPOHHU.

[o-nepmie, Baru KpuTepiiB i OILIHKM HE IMpPH3HA-
YaroThCS TPSMHUM PIilICHHSM JIOCTiHUKA, a BH3HAYa-
I0ThCSl HA OCHOBI MAPHUX MOPIBHAHB, X04a 1 3aJIMIIAETh-
Cs HEBM3HAYEHWM MOHSTTS OO TepeBaru B SKYCh
KUJIBKICTB pa3iB OIHOTO KPUTEPil0 HaJ| IHIINM.

[o-nmpyre, ysaBiaeHHs KpUTepiiB y BUTISIII i€papxil
IO CYTi BHYTPIIIHBO BiAMOBIIa€ CAMOMY TOHATTIO KPH-
Tepid. Kom MM BHKOPHCTOBYEMO OAHY TaOJNUIO 3
KPUTEPIsIMUA JUIS OLIHKM BEpXHIX a00 HWXHIX pIiBHIB
iepapxii (nepeBa), TO MH CHPOIIYEMO DillIeHHsI 3ajadi,
110 MOXKe OyTH HENTPUHHATHUM IPU OL[IHFOBAHHI CKJIaJI-
HHX aJbTEPHATUB.

JUI KUTIBKICHHUX OIIHOK, XO4Ya OCTAHHIM YacOM 4YacTo
BKa3yeThCs, 110 HaAiHHIIIE I KOPEKTHIIIe BUKOPUCTOBY-
BaTH TOMapHE TOPIBHSAHHS JUIS OTPUMAHHS SIKICHHX
pillIeHs.

He3Bakaroun Ha CBOIO YMOBHICTh Ta HEJOCTATHIO
KOHKPETHICTh, HABEACHHUI MPUKJIAJ CBIAYUTH PO MOX-
JIMBiCTh BUKOpHCTaHHs MAI ai1st pamykupyBaHHS IIHPO-
KOro Kojla 00’€KTiB NP BHpILIEHHI NMPOOJIEMHU NpHid-
HATTS pillICHHSI.

Criz 3ayBayKHTH, 10 ITPH aHANI31 BEJIMKOI KUTBKO-
CcTi 00’€KTiB iX MOTPiOGHO 3rpyNnyBaTH B IPYNH HE OUIBII
HDK 3 6-8 NpuONM3HO PIBHOBKIMBUX EJIEMEHTIB 13
MOBTOPEHHSIM TPOLIEAYPH PaHXUPYBAHHS BiJl IPYIH 10
TpyIH.
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Choosing material Tara for microfilms storage
by the method of analysis of the hierarchy

Oleksandr Piskachov, Iryna Piskachova, Vyacheslav Tkachenko

Abstract. Storage of microfilms and their use are important for saving information: the most important technical,
construction, historical, cultural and other data. The condition of documents is negatively affected by storage regimes,
factors that operate outside the permissible conditions ("acetic syndrome", biological vulnerability, "nitrate syndrome",
etc.), which can accelerate their aging and premature destruction and threaten to significantly reduce the shelf life of ar-
chival documents. This paper uses the results of the analysis of features, the order of organization of savings of microfilms
as archival documents and the reasons for complete and partial loss of information on them. The results of long-term sav-
ings of archival documents depend not only on the mode of storage, but also the materials from which the packaging is
made. Plastics, metals, cardboard are considered as materials for containers. To solve the urgent problem of determining
the priority of using different materials for the manufacture of containers for storage of microfilms, the possibility of using
the method of analysis of hierarchies is shown. This method belongs to the class of criteria and allows more objective peer
review. The following criteria were selected for evaluation: antifungal properties, mechanical characteristics and fire safe-
ty, protection against acetic syndrome, weight, cost of boxes.

Keywords: container, material, microfilm, metal, cardboard, plastic, storage, hierarchy, method, criterion.
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VIDEO AND AUDIO CONTENT ARE EFFECTIVE COMPONENTS
OF SOCIAL NETWORK DEVELOPMENT

Abstract. The questions of the necessity to develop a social network are considered. The developed social network is
offered for publishing new posts, adding and removing other members from the friends list, personal correspondence with any
member. Particular attention is paid to the issues of using video content and the reasons for the popularity of video content are
determined. A simple and user-friendly design is proposed to accomplish the task. The functions of the user in the developed
system are considered and the use cases diagram is constructed. The social network database is described. The choice of the
PHP programming language for the task implementation is analyzed and substantiated. Features of use and advantages of
Open Server and Bootstrap framework are considered. The use in the development of the social network Ajax - the technology
of developing web-applications has been substantiated. The work of the developed social network on the part of the user and
the administrator are described. Particular attention is paid to the authorization of the user on the network, for the safety of
pages. The test results are presented to check the system's correctness and the compliance of its implementation with the
requirements. The project has been uploaded to shared hosting, which makes the social network ready for use on the Internet.

Keywords: social network, video content, framework.

Introduction

A social network is a network where people form
their social relationships. The main advantage of social
media is that almost everyone feels safe and comfortable.
It's much easier to make acquaintances this way. Each
person feels equal in communicating with the other, it can
solve the poor self-esteem problem.

Sometimes people gather around common interests
and create a society. This can be a guarantee of
development for certain individuals. Programmers can
find people who will prompt and help if they have any
problems.  Artists can find inspiration for new art
creations. Others use networks for learning or even work.

Accordingly, the answer to the question of why
social networks are so popular in the modern world is
the simple fact that they have become an integral part of
modern people's lives. More than 4 billion Internet users
use social networks, but every day this number is
growing and does not plan to stop [1, 2].

Social media can take on different trends. For
example, Facebook and similar platforms are mainly
focused on exchanging photos, information, and statuses
between friends. There are also social networks in the
form of blogs, such as Twitter or Tumblr. Some
networks have a primary goal of forcing groups or
communities, and some highlight and reflect only
content that is intended for a specific user. The user uses
Facebook Messenger, WhatsApp, and other instant
messengers if he wants to communicate. YouTube, for
example, is needed when a person wants to watch a
video of his favorite blogger. And this can happen any
day, in any part of the world, but the information you
need will always be available. There are also social
networks for searching not only people who have
certain interests but also the objects of these interests
themselves: music, video sites, etc. [3-7].

The main material

During creating a social network, attention was paid
to the video content using. The reasons for the popularity

of video content were identified. The success of the video
has been confirmed by more than one study [8]:

- 80% of users will choose a live video of a
brand instead of reading a post (according to a
Livestream survey);

- Video is the content with the highest ROI
(according to half of the world's marketers);

- 76% of customers bought something only after
watching a video with a full description of the product
(data from Wyzowl).

Video catches, add color, "revives" the company,
brand, product. Mostly millennials (18 to 33) view
video content on social media. This is a huge pool of
potential customers. Video is about high engagement,
which is better than just reaching. Almost half of the
users buy something by watching a video on social
media networks, and social media algorithms give
preference to publications with video.

In the future, the video will grow even more,
especially for live broadcasts. Perhaps this will be the
main way to attract an audience. Now, when even an
ordinary pupil with gadgets aid and applications is able
to create "authentic" photos, and live broadcasts are
becoming real salvation. Technically, they are the
hardest to fake, but there are many ways to prove that
everything is happening “right now”. And most
importantly: it is inexpensive. Even ordinary people,
not just entrepreneurs, can create such content without
much investment of time and money.

During creating a social network for watching
video content, you need to remember:

- The first 10 seconds are decisive.

- Naturalness.

- The video should make you want to share.

- The main thing is not views, but contact.

- "No" - venality, "Yes" - interesting content.

- Humor and originality

- Brevity.

The design for a social network should be simple
and straightforward for the user. All pages should have
a similar theme and not differ in style. Using the Figma

© Simhayev A., Derkach T., Dmytrenko T., 2021
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system, we will develop layouts of software modules
and present the main ones (Fig. 2).

' Biological —_—

*Viewing saves time that is usually spent
processing letters. The speed of image
perception is 60 thousand times faster
than the speed of text perception. This is
how the human brain works.

B o J—

= With the help ofa video series, you can
convey much more information,
mmpressions than a single text or just
sound.

-

*Today, video is the content that 1s the
hardest to fake. It is alimost impossible for
an amateur to turn this around, and the
format of live broadcasts gives an
additional incentive to trust the eyes.

.

*The speed of life, the speed of
information exchange is now very high.
Instead of looking at photos, linking them
to a list of features and analyzing reviews
and individual blocks on the sales page,
it's much easier and faster to see a
comprehensive product overview.

Fig. 1. Video content popularity reasons

B nexus

IM's MpizBuwe

Fig. 2. User profile page layout

All pages of the system have a common color
scheme, which allows the user to switch between pages
without discomfort in the visual perception of
information.

For a more specific understanding of the user's
functions in the system being developed, it is necessary
to build a use case diagram.

A use case diagram depicts the interaction between
characters (users) and precedents (use cases) and
describes the logic of the system. It allows formulating
all the functions that the system supports and for which
users they will be available [9].

A character (actor) is any user of the system that
does not play a role in relation to it.

In this system, an actor can only be an authorized
member of a social network. A person can do the

following: add and edit information about yourself;
view all system users and their profiles; add and remove
other members from the list of friends; add new
publications where you can describe interesting
information; view your friends' posts; write comments
for any publications; write messages to other
participants in a personal chat.

The system's use case diagram is shown in Fig. 3.
The character is the user of the system.

YieacHK cHCTEMN
Coyianssz usgexs
Pescrpauin Amopn:a}

Cropiha ™

JosinounEH,

}—anmawa_:@)
nosuomj:m/,

Tonoska
CTOpIKEE

_

i
nyGnieayin ) EIETYEAHET
_ __/ f g
Mepemaz
pothinis Apyzis,
naanesA iz
ey AgysE

7 CrncaE

agysie
Mowyk cepea
YUSCHIKEE
l0AaEaHHA AT
cnnxy ApysE

HanncanxR
KougKTapis

Fig. 3. The use case social network diagram

As you can see in Fig. 3, the entire range of system
capabilities becomes available to the participant only
after authorization.

A database is an ordered collection of data that
share common properties and are designed to meet user
needs. Typically, they are used for dynamic sites with a
lot of data [10].

A database management system (DBMS) is a
complex of software and language tools used to create
and maintain the functioning of databases. They also
allow you to search and modify.

The main reason for the popularity of databases is
their usability. The syntax of the most popular DBMS
is as clear as possible and uses the words we know, so
every query can be read without any problems. It is also
easy to change the data because the information in the
rows can be interrelated and changing one will lead to a
change in all others that use it.

A relational database is a database built based on a
relational model, it stores information in spreadsheets,
and data retrieval from one table is done using a
relationship defined in another table.

Thus, the relational database supports what is
called the entity-relationship model. The main
advantage of this model is simplicity and ease of
understanding for the user. And the only constituent
structure of this system is the table.

It can also be noted that other data models can
occur from the entity-relationship model, therefore it is
the most general.

Let's describe the social network database. It
consists of the following tables:

a) user (it stores all user data):

- id (user id);
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- firstname (username);

- last name (username);

- birthday (date of birth of the user);

- phone (user's phone);

- address (user address);

- photo (personal photo of the user);

b) authorization (table for storing authorization
data):

- id (line id);

- email (e-mail);

- password (user password);

- confirm_mail (code that is sent to the user's mail
for confirmation);

- verified (message or user confirmed mail)

c) friends:

- id (line id);

- user_id (id of the user who made the request);

- friend_id (id of the requested user);

- status (status of relationships between users);

d) messages (message table):

- id (message id);

- sender_id (sender id);

- receiver_id (recipient id);

- message_text;

- message_time (time of sending);

e) post (publication table):

- id_post (publication id);

- author_id (author id);

- content (text of the publication);

- img (photo of the publication);

- likes (array of users who liked the post);

- comments (array of comments for publication);

- time (time of publication).

To implement the set task, the programming
language PHP was chosen.

Reasons for choosing a programming language:

1. Simple and convenient syntax. PHP can be
used even by beginners who can build small programs.
And PHP code is easy to read and modify.

2. The popularity of the language. More than 75%
of sites are written in PHP. In this percentage, the
largest contribution was made by CMS systems,
especially WordPress. Also quite popular are Joomla
and Drupal which are also written in PHP [11].

3. Detailed documentation. On the official PHP
site, you can find information about each component of
the language, examples, and terms of use, which makes
the use as convenient as possible.

4. Embedded in HTML documents. PHP code
blocks can be added to any part of an HTML document,
as well as to any part of a tag or its attributes. And it
doesn't break the structure of the document.

5. All PHP code is executed on the server. The
client can only see the result as an HTML document.
And site pages are dynamically created and quickly
generated.

We used Bootstrap - the most popular HTML,
CSS, and JS framework that is used for project
development. There are ready-made scripts and styles
inside the user's Bootstrap. And to use them, you just
need to add classes and HTML attributes to them [12].
The framework helps developers develop websites more

easily. If you develop a system from scratch, then all
CSS styles will have to be written from scratch, and this
may be more than one hundred pages of code. In
addition, various errors constantly appear during
development, the solution of which delays the
development.

The responsive version of the site using Bootstrap
is much easier to create than without it since all the
elements are pre-styled.

Also, the system complex package OPEN
SERVER was used as a web server. Open Server is a
portable local WAMP / WNMP server that has a
feature-rich manager program and a wide variety of
components. The main advantage of this software
package is those functions that are created specifically
for users, taking into account their recommendations
and wishes.

Open Server is a completely portable server that
does not have any system services. You can download
it to a USB flash drive and run it on any machine
without fear that something will not work.

Features of Open Server:

a) detailed viewing of the logs of all components
in real-time;

b) choice of HTTP, DBMS, and PHP modules in
any combination;

c) support for domain pointers, as well as a
convenient form of their configuration;

d) creating a local subdomain without losing the
visibility of the main domain on the Internet;

e) quick access to domains and module
configuration templates;

f) multilingual interface (Russian,
English).

MySQL was chosen as the database server - the
most popular system was created for database
management. This relational system uses all known
subsystems, namely: InnoDB, MyISAM, Archive, and
others. MySQL is a great solution for small
applications. On Unix servers, the possibilities are
maximized, because they have support for a lot of
threading, which increases the performance gain.

MySQL supports the SQL query language in many
extensions of the ANSI 92 standard, which various
DBMS cannot offer. It is also popular for its speed and
reliability. MySQL advantages:

a) performance;

b) ease of use;

c) free use with no fee.

At the developing social network stage, it becomes
necessary to use Ajax technology. Ajax is a web
application development technology that uses code on a
client machine to modify data on a web server. As a
result, web pages are dynamically refreshed without
reloading a full-page, interrupting data exchange. When
using AJAX, there is no need to update the entire page
every time, because only a specific part of it is updated,
which makes using the system much more convenient
[13]. The use of Ajax is done using Javascript, namely
the XMLHttpRequest object. It allows the client to
make HTTP requests (GET or POST) and parses the
response.

Ukrainian,
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Then the HTTP request goes to the address
specified in the URL to the file that will carry out the
calculation. Usually, this is a PHP file that interacts
with the database and sends a response which is stored
in XMLHttpRequest. This answer is analyzed and
displayed in the appropriate block instantly.

The stylistic design of the social network is based
on the interaction of white and blue colors of various
shades.

As a result of the software module's development,
the final product corresponds to the developed layouts
(Fig. 4 - 7).

First of all, the user goes to the authorization page
and is obliged to log in to use all the functions of the
system. If he independently tries to go to any page, the
system will automatically return him to authorization.
During entering, you need to specify your mail and
password.

NEXUS

EnextpoHHmii aapec

BeesiTh email

MNaponb

MNaponb

(] 3anam'atatv MeHe?

YBiTH

Hemae akkayHTa?

CTBOPUTM aKKayHT 3abym napons?

Fig. 4. Authorization window

# NEXUS

Acnan Cumaes

Fig. 5. User home page

If the user does not have an account, he can
register. After logging in to the account, the user gets to
his page.

After authorization, the user gets the opportunity
to use all the features of the system. The user has the
ability to edit personal information.

After selecting a chat, you can go to the personal
correspondence of the participants.

# NEXUS TR

Mon cropirea 3MiHa HanalLTyBaHb KOpUCTYBaua

MyGnieayii

Bevs sapoe 4012000 3

3mina naponio

Crapw mapane

Fig. 7. Personal correspondence page

You can see a list of your friends on the friends
page. Clicking the "Find Friends" button opens a modal
window showing all users of the system.

You can also note that this window implements a
dynamic search and by entering only one letter, you can
already reduce the number of displayed users.

By selecting one of the users, you can go to the
personal page, where you can view posts or change the
relationship with this user.

To verify the correct operation of the system and
compliance of its implementation with the requirements,
testing was performed, which consisted of three parts
[14]:

a) regression testing;

b) functional testing;

c) user interface testing.

As a result of the previous stages of work, a
serviceable system was developed, which is ready for
commissioning. For that, you need to upload the
finished project from the local server to the hosting.

Hosting is a service that allows you to host a
website on the Internet. It is saved and a suitable server
for it. Moreover, this site will be freely available at any
time, any day, while this hosting is active.
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To upload the site to the server, Fornex virtual
hosting was used [15].

This hosting has quite reasonable prices, and at
the same time has a user-friendly interface and detailed
system statistics.

After registering and creating a new domain, you
can start uploading project files to the server. This
procedure was done using the Filezilla app.

Conclusions

The work has developed a social network that
performs the main functions of the most popular social
networks, namely: publishing new posts, adding and
removing other participants from the friends list,
personal correspondence with any participant.

Particular attention is paid to the location of the

In the process of creating the project, the reasons
for the success of this system type were considered.
Using the example of the three most popular
representatives, the main secrets that made social
networks popular were considered.

Thanks to the analysis carried out, network layouts
were developed that make the interface the most user-
friendly and have all the necessary windows in the most
convenient access. Also, the developed database has all
the necessary fields for the functioning of the system.

During the development of the software product,
modern web technologies were selected and justified,
allowing the creation of interactive web pages.

With the help of modern resources, the project was
uploaded to virtual hosting, which makes the social
network ready for use on the Internet.

video feed on the social network.
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Bineo Ta aynio KOHTEHT - e)eKTUBHI CK/1a10Bi po3po0KH coliajibHOI Mepe:ki
A. C. Cimaes, T. M. [lepkay, T. A. JIMuTpeHKO

AHoTanisi. Po3rmsiHyTo muTaHHS HEOOXiqHOCTI pO3poOKH coLiaabHOI Mepexi. 3anmporoHoBaHa po3pobiieHa coliaibHa
Mepexa Uit myOJtikaniii HOBHX MOCTIB, JOJABaHHs Ta BUIAJICHHS 3 CIIHCKY ApPY3iB iHIINX YYacHHKIB, IEPCOHAIbHA MEPEIHcKa 3
Oynb-sikuM yuacHukoM. Oco0iMBa yBara IpHAiIeHa NUTAHHSAM BUKOPHCTAHHS BiJICOKOHTEHTA Ta BHU3HAYCHI MPUYMHH MOMYJISpP-
HOCTI BHJICOKOHTeHTa. J[Jisi peanizamii mocTaBieHOl 3aaa4i 3alpOIOHOBAHO MPOCTHIl Ta 3pO3yMINMIl sl KOPUCTYBa4a JH3aiiH.
Po3rmsHyTi QyHKIIT KOPHCTYBada y CHCTEMH SIKa PO3pOOIIS€ThCs, AL 9Or0 MoOynoBaHa aiarpama mpenenenTis. Onmcana 6asa
JaHUX colianbHoi Mepexi. [IpoananizoBano Ta o6rpyHTOBaHO BUOip MOBH mporpamyBanHs PHP, mnst peanizauii mocrasneHol
3amadi. Po3risiHyTO 0cO6aMBOCTI BUKOpHCTaHHs Ta nepeBaru Open Server Ta dpeiimBopka Bootstrap. O6rpyHTOBaHO BUKOpPHC-
TaHHS TP PO3poOILli COLiaTbHOI Mepexi Ajax TEXHOJOTIT — TeXHOJOTii po3pobku web—monarkiB. Onrcano poboTy po3pobieHol
cowiajgbHOI Mepeki 31 CTOPOHM KOpHCTyBada Ta aaMiHicTparopa. OcoOnuBa yBara HpHIUISEThCS aBTOpHU3alii KOpUCTyBaya B
Mepexi, A Oe3neKku cTopiHoK. HanaHo pe3ynbraTu TeCTyBaHHS, IUIS MEPEBIPKH MPAaBIIIBHOCTI pOOOTH CHCTEMH Ta BiITIOBIIHO-
cTi 11 pearnizanii 7o Bumor. [IpoBesieHo 3aBaHTaXEHHS MPOEKTY Ha BIPTyaJIbHUH XOCTHHT, IO POOUTH COLIaJIbHY MEPEeXy roTo-
BOIO TSI BUKOPUCTAaHHS B IHTEPHETI.

Kamo4doBi ciaoBa: couianbHa Mepexxa, BIICOKOHTEHT, PpEHMBOpK.
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SYNTHESIS TRENDS OF FORECASTING USING INDUCTIVE MODELING METHODS

Abstract.Modern development of computer technology and the possibility of implementing calculations in parallel allow
to solve increasingly large-scale problems of numerical modeling. The development of multiprocessor computing and
parallel computing makes it important to solve problems of optimization analysis. The optimization analysis is based on the
mass solution of inverse problems when the defining parameters of the considered class of problems change in certain
ranges. Thus, calculations of not only direct problems where it is necessary to model the phenomenon at the known initial
data, but also calculations of inverse problems where it is necessary to define on what defining parameters there is this or
that phenomenon become more and more demanded. This formulation requires multiple solutions of direct problems and
solving the problem of optimization analysis and construction of predictive trends. Sets of multidimensional parametric
data in the paper are considered as numerical solutions of the optimization problem. The construction of predictive trends
is implemented on the basis of the group method of data handling as a direction of induction modeling. The methodology
of visualization of results of calculation of parametric functions is realized. The scheme of Data Mining with application of
methods of visualization by means of the Matlab software environment is described.

Keywords: multiparameter functions, inductive modeling, group method of data handling, visualization, trends,

optimization of results, Matlab.

Introduction

Statement of the problem of synthesis of forecast
trends requires multiple solutions of direct problems and
solution of the problem of optimization analysis.

The final solution of such problems are
multidimensional arrays of discrete quantities that
express the dependence of the desired function (control
parameter) on the defining parameters of the problem.
The thus obtained multidimensional numerical results
require processing and analysis.

Initially, the methods of data analysis were focused
in the course of historical development on the processing
of the results of physical and engineering experiments, as
well as on the processing of the results of statistical
observations. Real physical experiments were conducted
in three-dimensional space. Therefore, the methods
designed to work with one-dimensional, two-dimensional
and three-dimensional results are well-established and
well-known. With the development of computing power
and algorithms, it has become possible to process huge
arrays of observational data and experiments in various
fields. Solutions of inverse and optimization problems
became possible, which became multidimensional arrays
that express the dependences of control parameters in the
multidimensional space of defining parameters.

We needed tools to analyze data implemented not in
three-dimensional but in multidimensional space.

Over the past decade, the analysis of
multidimensional data has become one of the main areas
of applied mathematics, actively developing and applied
in almost all areas of research.

Multidimensional Data Analysis (MDA) is one of
the most popular and sought-after interdisciplinary fields
of knowledge and an active tool for the synthesis of
various disciplines.

At first, the most intensive tools of AMD were
developed in applied analytical chemistry. That is why
there is another common name for AMD methods -
Chemometrics [1]. Today, the study of multidimensional
data is a key section of modern mathematical statistics,

analytical chemistry, environmental and geographical
research.

MDA methods are used in econometrics in the
analysis of financial and economic indicators, in
psychometry in the analysis of the results of
psychological surveys, in biology and medicine in the
processing of observations [2]. When creating databases
and developing DBMS methods and algorithms MDA are
used to create matrix operators designed to process data
placed in a multidimensional form [3].

One of the most well-known methods of analyzing
multidimensional data is the principal components
method and its generalization for nonlinear cases.
Methods of analysis of multidimensional data are
implemented in close relationship and interaction with the
methods of factor and cluster analysis. In problems of
mechanics of continuous media and computational
physics, which involve optimization analysis of
phenomena, the analysis of multidimensional data allows
to find the optimal conditions for the occurrence of a
physical phenomenon in the multidimensional space of
the defining parameters of the problem.

There are many different definitions of AMD,
dictated by the specific area and objectives of research,
the algorithms used. In our case, where the source of
multiparametric data functions are solutions to
optimization problems and visualization of results, the
following definition is used: This definition allows you to
formulate the problem in a more general form and avoid
the restrictions imposed by the use of specific methods
solved by the problem and other similar factors.

The results of such  calculations are
multidimensional arrays, the dimension of which
corresponds to the number of defining parameters. These
arrays require processing and visual representation for
data analysis. This requires a general scheme for working
with such data.

1. Analysis of recent research and publications

Inductive modeling is a self-organizing process of
evolutionary transition from primary data to explicit
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mathematical models, reflecting the patterns of
functioning of simulated objects and systems, which are
implicitly contained in the available experimental,
experimental, statistical data.

Inductive modeling (IM) allows you to select a
model of optimal complexity from a given class of
models to describe a limited set of experimental data. IM
is effective when there is no or partial a priori information
about a possible object model. This approach was
proposed in the 80s by Acad. A.G. Ivakhnenko [4] and
now IM is an integral part of Machine Learning and Data
Mining technologies. The theory of inductive modeling
based on the group method of data handling (GMDH)
using the method of critical variances [5], allowed to
explain the nature of the efficiency of GMDH as a
method of constructing noise-tolerant models with
minimal prediction error variance, and to solve the
problem of optimizing ]. The two-criteria method of
redefining the choice of the model using the criterion of
non-displacement of errors [7] allows to eliminate the
ambiguity of the choice of the optimal model.

The principles of designing and implementing
high-performance search algorithms of GMDH on the
basis of recurrent calculations [8], procedures of
parallelization of operations [9] and sequential selection
of informative variables [10] allow to increase the
dimensionality of the solved problems. The principles of
constructing hybrid architectures of iterative algorithms
of GMDH as a generalization of algorithmic structures
of multirow, relaxation and combinatorial types allowed
to develop a generalized iterative algorithm of GIA
GMDH [11] as a neural network with active neurons in
the form of COMBI algorithm for automatic detection.
The Department of Information Technologies of
Inductive Modeling of the International Research and
Training Center for Information Technologies and
Systems of the National Academy of Sciences of
Ukraine has developed theoretical and practical
foundations and algorithms:

- generalized relaxation iterative algorithm GRIA
GMDH, based on the use of high-speed recurrent
calculations and matrices of normal equations, which
allows to solve problems of inductive modeling of ultra-
large dimension [12];

- theoretical bases of a fundamentally new class of
enumerative and iterative algorithms of GMDH with the
use of recurrent-parallel calculations on cluster systems
[13] as a basis of highly efficient intelligent
technologies of inductive modeling;

- principles of designing technologies of
intelligent modeling of complex systems based on the
use of knowledge bases, inductive data analysis tools
and intelligent user interface [14]. Such technologies
should have three main tool levels: autonomous
modeling from an existing database; built-in modeling
as part of a real-time control system; complex modeling
of a complex system to identify the optimal modes of its
operation and critical scenarios;

- theoretical principles and tools for forecasting
interconnected socio-economic processes based on
statistical data in the class of discrete dynamic models
of vector autoregression [15];

- principles of hybridization of GMDH search
algorithms and genetic algorithms, on the basis of which
the COMBI-GA search algorithm was developed [16]

2. Statement of the research problem

It is necessary to synthesize a multi-parameter
function that will display the production data of the
main trends over the years of the agricultural holding,
use the algorithm of the process of optimization and
visualization of decision-making results. Agricultural
production was chosen as the subject area.

To solve the optimization problem, you must first
choose a mathematical method that would lead to the
final results with the lowest computational costs, or to
obtain the largest amount of solution search
information, which widely uses the method of
minimizing and maximizing linear and nonlinear
functions.

In the search for a solution, the problems of
processing and analysis of multidimensional volumes of
numerical information given in the form of
multidimensional arrays are considered.
Multiparametric data are considered in the work as
numerical solutions of the optimization problem and
visualization of the results of parametric functions.

The function of the synthesized mathematical
algorithm should be optimized, then display the
visualization of trends, for this purpose the
mathematical software environment MATLAB was
used.

Matlab Numerical Analysis Software Package,
which has an Optimization Toolbox, designed to solve
complex mathematical problems, contains programs of
well-known methods for minimizing and maximizing
linear and nonlinear optimization functions for
reliability, quality for various applications and tasks for
implementing various construction methods. graphs
[17].

The practical use of the mathematical method is
largely determined by the formulation of the
optimization problem, as well as the used mathematical
model of the object of optimization, the characteristics
of a particular subject area.

3. Basic material and results

The choice of a method of synthesis of forecast
trends is largely determined by the formulation of a
specific optimization problem, as well as a
mathematical model of the object of optimization [18].
The general scheme of analysis of numerical data is
given in Fig. 1.

The calculation must be implemented through a
multiparameter function that will display the production
data of the main trends of the agroholding over the
years, the algorithm of the process of visualization and
optimization of the program, which widely uses the
method of minimizing and maximizing linear and
nonlinear functions Optimization Toolbox, which is
designed to solve complex mathematical problems of
optimizing the cost of reliability, quality for various
applications and the implementation of various methods
of graph visualization.
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array of numeric data

general data processing

graphical presentation of S
data

analytical form of data
presentation

Fig. 1. General scheme of numerical data analysis

MATLAB is a high-level language of technical
calculations, an interactive algorithm development
environment and a modern data analysis tool. MATLAB
in comparison with traditional programming languages
(C / C ++, Java, Pascal, FORTRAN) allows to reduce
time of the decision of typical problems and
considerably simplifies development of new algorithms
[18]. MATLAB is the basis of the entire family of
MathWorks products and is the main tool for solving a
wide range of scientific and applied problems in such
areas as. object modeling and control systems
development, communication systems design, signal
and image processing, signal measurement and testing,
financial modeling, computational biology, etc.

The MATLAB core allows you to easily work with
matrices of real, complex and analytical data types.
Contains built-in functions of linear algebra (LAPACK,
BLAS), fast Fourier transform (FFTW), functions for
working with polynomials, functions of basic statistics
and numerical solution of differential equations. All built-
in MATLAB kernel functions are designed and optimized
by specialists and work faster or in the same way as their
equivalent in C / C ++, which is a programming language
for engineering and mathematical calculations. Large
library of functions simplifies work (including graphical
display of data). Key features:

platform independence, high-level programming
language focused on matrix computing and algorithm
development

* Interactive environment for code development,
file and data management

* Functions of linear algebra, statistics, Fourier
analysis, solutions of differential equations, etc.
Quantitative results of forecasting the main production
and financial performance of agricultural holdings are
shown in table 1.

Table 1 - Generalized results of forecast trends

The range of deviation of the
predicted value from the
control (%)

Characteristic

The cost of goods sold 0,23 - 5,08
Gross profit 0,64 —-3,77
Net profit 3,30-9,96
Costs 0,74 —5,06

* Rich visualization tools, 2-D and 3-D graphics

* Built-in Ul development tools for creating
complete applications on MATLAB

* Tools for integration with C / C ++, code
inheritance, ActiveX technology

* Access to .NET features.

MATLAB has more than a million production
users and scientists. The price of the basic commercial
version without tools is about 2000 dollars. US dollars
and only 100 dollars. USA for educational institutions
with a minimum set of tools.

MATLAB provides the user with a large number
of data analysis functions that cover almost all areas of
mathematics, including:

+ Matrices and linear algebra - matrix algebra,
linear equations, eigenvalues and vectors, singularities,
matrix factorization and more.

¢ Polynomials and interpolation - roots of
polynomials, operations on polynomials and their
differentiation, interpolation and extrapolation of curves

¢ Mathematical statistics and data analysis -
statistical functions, statistical regression, digital
filtering, fast Fourier transform and others.

+ Data processing - a set of special functions,
including graphing, optimization, zero search, numerical
integration and more.

+ Differential equations - solution of differential
and differential-algebraic  equations, differential
equations with delay, equations with constraints,
equations in partial derivatives and more.

+ Sparse matrices - a special data class of the
MATLAB package used in specialized applications.

¢ Integer arithmetic - performing integer
arithmetic operations in the MATLAB environment.

MATLAB got its name from MATrix LABoratory,
which was founded in the late 1970s by Clive Moler, who
later became head of the Department of Computer
Science at the University of New Mexico. He designed it
to give his students access to LINPACK and EISPACK
without having to master Fortran. MATLAB soon
became popular at other universities and attracted the
attention of applied mathematicians. Engineer John Little
fell in love with this product when he visited Moller at
Stanford University in 1983. Predicting MATLAB's
commercial success, he joined Moller and Steve Bangert.
They rewrote MATLAB in C and founded.

The MathWorks in 1984. The rewritten libraries
became known as JACKPAC. Apart from the
recognition of teachers of linear algebra and numerical
analysis, MATLAB has been recognized de facto by
specialists in working with digital images (eg
tomography).

MATLAB supports the creation of applications
with graphical user interface properties. MATLAB
includes a GUIDE (GUI development environment) for
graphical design of graphical user interfaces.
Visualization of imported data in the MATLAB
environment is shown in Fig. 2. Visualization of
forecast trends for the years 2019 - 2020 is shown in
Fig. 3,. 4. All modifications of GMDH for
autoregressive and distributive lag models demonstrate
high accuracy of the forecast.

The best accuracy is not clear GMDH, and GMDH
with fuzzy inputs. In addition, their advantage over clear
GMDH is that they do not use MNCs and are not
sensitive to the poor conditionality of the matrix of
input factors and autocorrelation of random variables,
which is so important for autoregressive models.
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Fig. 2. Imported data
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Fig. 4. Graphs of trends in the optimization of multiparameter
functions for 2020

The basic two-stage methodology for the synthesis
of forecast trends using the method of group
consideration of arguments is shown in Fig. 5. At the
first stage the synthesis of forecast trends with the use of
inductive modeling is realized [19,20]. The second stage
is the visualization of numerical trends in the MATLAB
software environment.

stage 1 +synthesis of forecast
— trends

Fig. 5. Methodology of synthesis of forecast trends
using the Group method of data handling

Conclusions
Taking into account the formulated input
requirements, a multiparameter  function  was

implemented and optimized to solve the problem of
optimizing the results of the main gross trends of the
agricultural holding by years. Any complex system
consists of separate simpler subsystems (elements).
Therefore, naturally, solving the problem of
multiparametric optimization for the system as a whole,
to set and solve the problem of multiparametric
optimization for its individual subsystems. At the same
time coordination of optimality of subsystems according
to their purpose and communications existing between
subsystems should be carried out.

The set of system quality indicators can be
considered as a vector, so multiparameter optimization
is also called vector.

To solve the problems of multiparameter
optimization, certain conditions must be provided. In
particular, it should be possible to change, within certain
limits, independent variables that affect quality criteria.

Any independent variable that can be changed
within certain limits and that has some effect on all
quality criteria or only some of them, is called a
controlled change.

This terminology is in a sense consonant with the
terminology of management theory. The set of all
controlled variables can be considered as a control
vector.

It corresponds to the point of n-dimensional
control space. The dependence of quality criteria on
managed variables is some reflection of the
management space on the goal space.

An effective compromise is a set of all target
points that cannot be further and evenly improved
within the available management capabilities. Thus, this
includes all points that are incomparable with each other
in the sense of improving or deteriorating the control
effect.

When implementing the derivation of optimization
data in the price indices of industrial producers and
sales of agricultural products of the agricultural holding.

The optimal search for the best solutions was
carried out, which significantly improves the value of
the system efficiency criterion. Thesis examines the
theoretical issues of optimization of multiparameter
functions, production data by years of the main trends of
the agroholding to optimize results, statistical decision
rules with procedures for solving the multiparameter
function for calculating statistics of agroholding trends
and effective management decisions.

The results of the study can be used for further
research on the synthesis of forecast trends and
optimization of modeling results by year of production
of agricultural enterprises and decision-making. A
numerical experiment was performed to process the
actual input data for multiparameter functions on the
price indices of industrial producers and the realization
of agricultural prices of gross trends by years.
Visualization of forecast trends with the help of
MATLAB software environment is performed.
Predicting trends are synthesized using the method of
group consideration of arguments, which is the direction
of inductive modeling, which shows the full adequacy
of the proposed methodology for the task.
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CuHTe3 MPOrHo3HMX TPEH/IB i3 3acTOCYBAaHHAM MeTOIIB iIHIYKUiHHOI0 MO/IeJIIOBAHHS
O. B. Cxaxkanina

Anoranis.CyyacHuil pO3BUTOK OOUHCITIOBAIBHOI TEXHIKM 1 MOXKIMBICTD peati3aiil 004YKCIeHb B MapaelibHOMY PexXuMi
JO3BOJISIIOTH BUPINIyBATH Bce OiMbIl MacmtaOHI 3aBIaHHS YHCENBHOrO MOJENIOBaHHS. Po3BHTOK OGaraTtomporecopHuit
O0YHUCITIOBAILHOT TEXHIKM Ta MapajesibHAX OOYHCICHb POOUTH aKTyallbHAM BHPILICHHsS 334a4d ONTHUMI3al[iifHOro aHamizy.
OnrumizaiiiiHuii aHami3 3aCHOBaHMI HAa MAacOBOMY pIILICHHI 3BOPOTHHX 3a/iad MPHU 3MIHIOIOTBCS B IEBHHX Jiala30HaX
BH3HAYANbHMUX [apaMeTpax PO3TIHYTOro Kiacy 3amad. Tak, Bce Olmblr 3aTpeOyBaHMMHU CTAlOTh PO3PAXYHKH HE TUTBKH MPSIMEX
3aBJIaHb, A€ MOTPiOHA MOJETIOBATH SBUILE MPHU BiJOMUX BUXIJHHX IaHHX, alie i PO3paxyHKUd 3BOPOTHHX 3a1ady, Je HeoOXimHO
BH3HAYUTH 32 SIKUX BHU3HAYAIBHUX TapaMeTpax BHHHUKAE Te YM iHIe sBuine. Taka MOCTAHOBKA BHMarae 0araropasoBOrO
PO3B'sI3aHHS MPSAMHX 3a7a4 1 pillleHHs 3a4adi ONTHMI3aI[iifHOro aHamizy Ta MOOYIOBH MPOTHO3YIOUMX TPEHIiB.. B poboTi
posrisaatoTees mpobiaemu Data Mining  GararoBuMipHHX 0GCATIB YHCIIOBOI iH(OpMAIL, 3aJaHUX Y BHUTJISAI OaraTOBHMipHHUX
MacuBiB. MHOXUHKM 0araTOBUMIPHHX MapaMeTPUYHHUX JaHUX B POOOTI PO3IILSIIAIOTHCS, SK UHCENbHI pIIICHHS 3amadi
ontuMizaiii. [ToOymoBa MPOrHO3yIOYHX TPEHIIB peati3yeThcs Ha 0a3i METOy TPYIOBOrO YpaxyBaHHS apryMEHTIB K HAMPSIMKY
IHAYKIiHOrO MoenioBaHHs. PeanizoBaHa MeTOmONOris Bi3yamizaiil pe3ynbTaTiB OOYMCICHHS MapaMeTPUYHHUX (YHKIIIH.
Onucana cxema Data Mining i3 3acTocyBaHHsIM METOJIB Bi3yanizaliii 3acobaMu mporpamHoro cepenosuins Matlab.

KawuyoBi caoBa: Oararomapamerpuuni (GyHKIii, iHIYKTHBHE MOJIEIIOBAHHI, METOA TPYINOBOrO YypaxXyBaHHS
apryMeHTiB, Bi3yaizallis, TpEH/IH, ONTHMI3allis pe3yabraris, Matlab.
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THE CONSTRUCTIVE IMPLEMENTATION OF LIEBIG’S LAW OF THE MINIMUM
IN THE PARADIGM OF SYNTHESIS OF A NEURAL NETWORK SUBJECT STATE

CLASSIFIER

Abstract. Liebig's law of the minimum is one of the fundamental laws in ecology, which states that the most significant
factor for the organism is the factor that deviates most from its optimal value and at the same time most significantly limits
the successful life of the organism, being the weakest link in the chain of its ecologic needs. Therefore it is very important
to identify the weak link in the life of organisms while classifying and predicting ecologic conditions. However, taking into
account ambiguity of the factor influence, compensation of the influence of some factors by others, as well as the synergis-
tic effect of influencing the result, Liebig's law should be considered as a law operating under conditions of a high degree
of uncertainty, which makes it difficult to apply it effectively in some cases. The purpose of the article is to find a deter-
ministic relationship of input factors with an objective function (a set of indicators of the study subject state), which in-
volves the synthesis of an ensemble of neural network models with forced learning on retrospective data examples, to en-
sure their adequacy, performance and accuracy, to create an algorithm for modifying the value of input factors for a given
class the state of the study subject for a pragmatic, highly effective use of Liebig's law in practice. In the paper it is consid-
ered a technology for quantitative evaluation of the determining force of influencing factors on the organism state based on
the synthesis of an ensemble of adequate models of the relationship between the space of input factors and the state of the
study subject. A quantitative differential evaluation of the influence of input factors on the state of the subject was carried
out; the adaptation of input factors to the objective state of the study subject was algorithmized. It expands the possibilities
of practical application of the Liebig’s law of the minimum, both in the quantitative evaluation of problematic ecologic fac-
tors, and in their variations to achieve the required state of the subject. The invariance of the developed technology for the
quantitative evaluation of the determining force of the input factors to the features of the subject area has been established,
which makes it possible to extend the obtained results to the animal and plant world and emphasizes the universality of the
provisions of Liebig's law.

Keywords: Liebig's law of the minimum, neural network, ensemble of neural network models with forced learning.

Introduction

Liebig's law of the minimum, formulated by
J. Liebig in 1840, is one of the fundamental laws in
ecology. It states that the most significant factor for the
organism is the factor that deviates most from its opti-
mal value and at the same time most significantly limits
the successful life of the organism being the weakest
link in the chain of its ecological needs [1, 2]. There-
fore, it is very important to identify the weak link in the
life of organisms while classifying and predicting of the
ecologic conditions. However, it should be noted that
the effect of a certain factor on various body functions is
ambiguous: optimum for some processes is not the
optimum for others, and vice versa. In addition, the
absence or deficiency of some ecologic factors can be
compensated by another factor with similar influence.
Sometimes there is a synergistic effect of influencing
the result and not always in the direction of increasing
the positive effect. This allows us to state that Liebig's
law should be considered as a law operating in condi-
tions of a high degree of uncertainty, which makes it
difficult to apply it effectively in practice in some cases
[2-4]. Thus, for its pragmatic, highly effective use in
practice, it’s necessary to develop a technology for
finding the deterministic dependence of the influencing
factors on the body state, convert this dependence into a
strict analytical and publicly available form and develop

an algorithm for fast and reliable modification of the set
of input factors to bring the body to the objective (opti-
mal) state.

Purpose of the study is to develop a technology
for evaluation of the influence of factors on the body
state based on the synthesis of an ensemble of adequate
models of the relationship between the space of input
factors and the state of the study subject, to provide a
quantitative evaluation of this influence and to make
algorithm of the adaptation of the input factors to the
objective state of the study subject. This expands the
possibilities of applying Liebig’s law of the minimum,
both in quantitative evaluation of problematic ecologic
factors and in their variations to achieve the required
state of the subject.

Task is to find a deterministic relationship be-
tween input factors and an objective function (set of
indicators of the state of the study subject), which in-
volves the synthesis of an ensemble of neural network
models with forced learning on examples of retrospec-
tive data, to ensure their adequacy, performance and
accuracy, to create an algorithm for modifying the value
of input factors for a given class of state of study subject
[3-7].

Results of research

Let’s establish the deterministic relationship of in-
put ecologic factors with the state of the subject in the
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classical way, using the Kolmogorov-Arnold theorem
about the representation of a function of several argu-
ments through the sum of the compositions of functions
of one variable [3], taking into account its analytical
transformation to the Hecht-Nielsen neural network
format [3-4]:
H
Y(X) =D Vi (WigXg +WipXo +.oot WinXp +U; ), (1)
i=1
where H is training sample dimension; o, v are
internal parameters of the neural network; n is number
of neurons; wiq, W,,...,W;, are neuron weights. Then

the adequacy of this statement (1) is achieved by forced
training of the neural network on a representative sam-
ple of examples.

Next, it is necessary to calculate the determining
force of the input ecologic factors.

It is appropriate to solve this problem using a prac-
tical evaluation of the Kharkevich information measure
[3,4], with the justification that any purposeful activity
is based on information that can be used for differential
factor analysis (of biological systems in our case). Ac-
cording to A.A. Kharkevich, there is a deterministic
relationship of information with the state and purposeful
behavior of the study object. And the measure of the
conditionality of the information value is determined by
the probability of achieving the objective from the re-
ceived information at multifactorial influence on the
study object [3,4]:

I} =log, (R 1P1), (2)

where PJ  and Pij are the probabilities of objective
achieving, respectively, before and after receiving in-
formation from the i-th factor; I is a quantitative

measure of the determining force of the i-th factor to
bring the study object into the j-th state.
The choice of this measure is due to the meaning

of the variables Pijand Pj, fixing, respectively, the

probability of the object’s transition to the j-th state
under the influence of the i-th factor and the probability
of an arbitrary transition of the object to the same state.
Expression (2) directly determines quantity of infor-

mation Ii‘ that affects the object at presence of i-th

factor. When quantity of information Iij >0, the i-th
factor contributes to the transition of the object into the
j- th state; when IiJ < 0, it prevents this transition; when

Iij =0, it does not affect the transition in any way, the

object is indifferent to the control action.

In the context of Liebig's law, this property implies
the ability to evaluate quantitatively the strength and
direction of ecologic factors through the magnitude and
sign of the information conditioning them. At the same
time, there are no fundamental restrictions on the nature
of the study object, the determining force and the num-
ber of influencing factors, which is essential when justi-

fying the application of this approach to modeling the
scheme for implementing Liebig’s law of the minimum.
In this case, the decision-maker has information about
the determining force of all input factors without excep-
tion.

With this approach, the practical solution of this
problem is reduced to minimizing the error function of
an artificial neural network during its forced training on
the examples of the set of initial historical data in a
given subject area [3-7]. In practice, the problem of
synthesizing of an adequate neural network is solved
expertly on the platform of a standard package of tech-
nical data analysis [8].

Thus, the algorithm for implementing Liebig's law
of minimum can be represented as follows: the states of
the study subject, as images, are described in the lan-
guage of their informative features, transformed into a
representative sample of historical precedents, fed to the
input of a neural network with a variable structure,
teaching methods, initial conditions, etc. [4]. After train-
ing the ensemble of models, the best one by perfor-
mance, accuracy and speed is selected from it. If neces-
sary, a separate application is created, for example, in
the "macro” option implementation mode.

Expanding the capabilities of Liebig's law, it is ap-
propriate to implement the option of modifying the
values of input factors for a given state of the study
subject. This is achieved by forming a residual (error)
function between the current and target state of the
study subject of the form:

_lM 2
E(X)—ZZ(y.(x) Yie ) @3)
i=1

where yi(xX) and yi;are, respectively, the current and
objective vectors of the state indicators of the study
subject. Next, the gradient of this error is calculated by
the vector of input ecologic factors and the modification
of the space of input factors is based on the following
computational procedures [3]:

X=Xy -grad E(x'), @)
where
of
67(X1' X111 %n)
1
i(xl,xz,...,xn)
grad E(Xq, Xy,..., Xp) =[/0%2 (5)

of
(X, Xo e, X
axn(l 210 %)

are components of residual function gradient.
Instrumental implementation of these computa-
tional procedures is carried out by one of the known
methods, for example, by the method of synthesis of a
dual neural network [3, 4]. In the process of neural net-
work model training two types of gradient of a complex
function are implemented: first one is formed from the
partial derivatives of the network error function by its
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weight coefficients; the second one is formed from the
partial derivatives of the mismatch function of the cur-
rent and objective states according to the set of input
control factors [7]. The functional diagram of the pro-
cess is shown in Fig. 1.

fH(A.A)

Fig. 1. The functional diagram of the synthesis
of a dual neural network

The current state yi (x) is instrumentally estimated
in the process of solving of yi (x) classification problem
arising from a more general formal problem of pattern
recognition according to the following rule:

G[H (@{og]) |, = sup, (6)

where [H (a),{wg })] is the rule for assigning a subject to

the appropriate class (k), wg € Qy, {w} is set of objects

in the class. Solution of (6) is achieved by optimizing of
rule (6) using one of the well-known methods [3, 4].

In order to form a training sample from the data-
base, it was used real information about the number of
sick patients, depending on the ecologic load in the
region (Fig. 2). Based on this set, a training sample was
formed with the allocation of three classes based on
their description in the space of 10 features (ecologic
factors) (Fig. 3).

The neural network training procedure is imple-
mented on the platform of a standard package of tech-
nical data analysis by a neural network module in the
“Decision Wizard” and “Network Designer” modes
with a variety of training methods, types of models,
sample power, dimension of input factors, activation
functions, architecture and network complexity [3, 8].

In our example, the performance acceptable for
practice (97%) in the classification mode was achieved
within (50-70) learning epochs, which is clearly illus-
trated by the table of characteristics of synthesized neu-
ral networks and training graphs for the best models
from the entire saved ensemble (Fig. 4, 5)/

The stable convergence of the iterative process and
the performance acceptable for practice on the training
and test sets, as well as the test control of the user's
observations by the values of the user corresponding to
the true classes [3,4] allow us to assert that the synthe-
sized models adequately implement the analytical de-
terministic dependence (1) of the subject's states on the
set of input ecological factors. Thus it is possible to
convert efficiently the results of the approximation of
the sought functional dependence (1) into an evaluation
of the determining strength of each factor on class of the
subject's state. This task was instrumentally solved by
activating the sensitivity evaluation option of the neural
network module of the technical analysis package [8],
and the result is presented in (Fig. 6) for the network
with the best performance from the final ensemble of
models (Fig. 4).

e v
Kox || Tosnen ceusc| cHcHY| cHC
mecTa|| oeer | Hheomo oEpaug % | NO |S02] CO |CnfH2 On| MnO2 | NH3 | Si02 H3 JMOCH | OCH3
] 13172 4541,78] 11348] 72534 38929 205 1111 48097 78,14 19,81 3337
2 1962 13277 4.48] 283873) 4748| 25047 3131 036 1008 0090|3744 10.04 16.66
3 210 11571 571 3031) 5677 1885 4,65 £.01 17 3.47 0.09 0.02 0,03
4 60.7 zeso] 12.85] 172.81] 290| s2msm 1513 o11] 2s8] 10787 1229 1.61 1,06
5 BE.7 11998 1352]  1201] 420] 38132 £.97 0.17 73 1102 138 036 0,66
6 403 14877] 3018]  3059] 2089] 3003 15.13 0.03 26 §37 1.95 0.4 0.7
7 426 3302 3s3g]  1eo74| 1T1s]  Ese .89 e EEE 4,65 .5 0.12 0,07
8 45.6 12423] 2724]  45.89] sag5| 8542 6.25 ool 41 137 0.07 0.04 0,01
Fig. 2. Fragment from the data set of the ecological load of the regions

1 2 3 4 5 [ 7 8 9 10 11
Mepi MNep2 Mep3 Mepd Meps Mepb Nep? Mepd Mepd Mepid | HoeMep
283673 4743808 2504,72 31,31 0,36 1003571 20,08 37,44 10,04 25,66 1
30,31 567,72 189,59 465 0,01 17 3,47 0,05 0,02 0,03 3
172,81 285,57 628 68 15,23 0.11 268 107,87 12,25 161 106 1
120.1 418,96 361.32 .37 0.17 7.3 11.02 1.38 0.36 0.66 1
30,59 208,89 309,83 15,13 0,03 25 2,37 1,85 0.4 0,7 2
19,74 171,92 859 2,39 0,01 3,08 4.65 0.5 0,19 0,07 3
4589 65.99 G542 6.25 0.01 4.1 1.37 0.07 0.04 0.01 2
45.06 565.2 218.76 2.63 0.01 5.56 30.35 1,34 0,12 0.06 2

Fig. 3. Fragment of a training sample with 10 variables and 3 classes
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||L-'1T0r|.1 mogenei (Tabnuua)

N | Apxutektypa | [Npowasogutens KonTp. TecT. Anroputm | DyHEUMA @-7 aKTHE. D-A akTHe.
HOCTE 06’5"\4_ NpoW3BOOWTENEH | NPOUM3BOLAWTENBH OﬁyHEHHH oL BKK CEPBIThIX Heﬁp_ BhIXOOHBIX
OCTh. 0CTb. Help.
21 MLP 10-8-3 99.00498 100,0000 97.61905| BFGS 75 SurponnA Nwnepbonwueckan Coditmakc
3 MLP 10-8-3 84,07960 92,8571 76.19048| BFGS 16 3wrponuA unepbonuueckan Coditmarc
4 MLP 10-8-3 97.51244 92,8571 90.47619 BFGS 66 3urtponuAa Munepbonuueckan| Cofmakc
5 MLP 10-8-3 97.01493 97.6190 95.23810| BFGS 58 3urponwA Munepbonwueckan Codgitmakc
6 MLP 10-8-3 96,51741 92,8571 868,09524| BFGS 76 3utponuAa Munepbonwueckan  CodTmarc
Fig. 4. The characteristics of the ensemble of synthesized models
Diagram of leaming for [1.MLP 8-7-3]
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Diagram of leaming for [8.MLP 10-8-3]
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Fig. 5. Diagrams of convergence of the learning process under different initial conditions
YyecTeuTensHocTe (Tabnuya ganHex)
Briboprw: Obyuarowan
Ceti Mep10 | Mepl | Mepd | Mep5 | Mepb | Mep? | Mepd | Mepd | Mepd [ Mep?
6.MLP 10-8-3 | 73.070911 38,29908| 32,07745 2877438 28,66677 18,06126 16,18869 1453044 7581324 6227305

Fig. 6. Results of evaluation of the relative sensitivity of input factors
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The higher the sensitivity of the factor, the more
;) - quantitative measure of the determining force of

the i-th factor to transfer the study object into the j-th
state according to expression (2).

This is the solution of the problem of constructive
implementation of the Liebig's law of minimum, when a
differential quantitative evaluation of the determinative
force of each factor on the state of the study object is
obtained.

After that, it is not difficult to select expertly the
user values for a given state of the subject or automati-
cally activate an algorithm for search of the required
ratio of factors to ensure the objective state, implement-
ing a functional scheme for the synthesis of a dual neu-
ral network (Fig. 1).

In this case, Liebig's law acquires an additional
property: not only to fix the degree of influence of each
factor on the study object, but also to purposefully
change the state of this object by expert or program
modification of the values of the input set of factors.

Conclusion

It was developed a technology for quantitative
evaluation of the determining force of influencing fac-
tors on the organism state based on the synthesis of an
ensemble of adequate models of the relationship be-
tween the space of input factors and the state of the
study subject. A quantitative differential evaluation of
the influence of input factors on the state of the subject
was carried out; the adaptation of input factors to the
objective state of the study subject was algorithmized. It
expands the possibilities of practical application of the
Liebig’s law of the minimum, both in the quantitative
evaluation of problematic ecologic factors, and in their
variations to achieve the required state of the subject.
The invariance of the developed technology for the
quantitative evaluation of the determining force of the
input factors to the features of the subject area has been
established, which makes it possible to extend the ob-
tained results to the animal and plant world and empha-
sizes the universality of the provisions of Liebig's law.
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KoncrpykTBHA peaiidanist 3akoHy MinimyMmy Jlibixa B mapaaurmi cuaTe3y
HeilipoMepe:kHOro KiaacudikaTopa cTaHiB cyd’ekTa

C. I1. Anpommn, O. M. Taiitan, O. €. 3uma

AHoTauis. 3akoH MiHiMyMy JIibixa — ofuH 3 (yHZaMEHTANFHUX 3aKOHIB B €KOJIOTi1, IKMIl TJIaCUTh, 10 HaHOLIBII 3HA-
YyIIUi U1 OpraHi3My ToH (axkTop, KU HAWOUTbIIE BiIXWIAETHCA BiJl HOTO ONTHMAIBFHOTO 3HAYCHHS 1 MPH IOMY HaHOiIbII
ICTOTHO OOMEXYy€e YCHIIIHY KUTTEISUTBHICTh OpraHi3My, OyAydd HaicnalIIo JIAaHKOIO B JIAHIFO31 HOTO E€KOJIOTIYHMX MOTpel.
Tomy mig gac kmacudikarii Ta MPOrHO3yBaHHI €KOJIOTIYHIX YMOB JIy)K€ BaXXJIMBO BU3HAYUTH CIa0Ky JTAHKY B JKUTTI OpraHi3MiB.
OpHak 3 OIJIAAy Ha HEOJHO3HAYHICTh BIUIMBY (DAKTODIB, KOMIIGHCAMLIIO BIUIMBY OJHHUX (DAaKTOpIB IHIIMMH, a TaKOX HASBHICThH
CHHEpPreTHYHOro eeKTy BIUIMBY Ha Pe3yJbTaT, MOXKHA KOHCTAaTyBaTH, 10 3akoH JliGixa ciif po3risgaTH sk 3aKOH, IIO Ji€ B
YMOBaX BHCOKOTO CTYIEHs HEBM3HAUCHOCTI, IO B Psi/ii BUIIAJKIB YCKIaJHIOE e()EeKTHBHICTh HOT0 3aCTOCYBaHHS Ha MPaKTHUII.
Mera cTaTTi — 3HAWTH AEeTePMiHOBAaHUIA 3B’ 130K BXiAHUX (aKTOPIB 3 LiIb0BOIO QyHKIIi€I0 (HAOOPOM MOKa3HUKIB CTaHy Cy0’ €KTa
aHauti3y), o nepeadayae CHHTE3 aHCaMOITI0 HeHpOMEepeKEeBIX MO/IeNei 3 PIMYCOBUM HAaBUaHHSM Ha NPHKIAaX PETPOCIICKTH-
BHUX JAaHWX, 3a0C3MEUYNUTH IX aJeKBATHICTh, MPOIYKTUBHICTh 1 TOYHICTh, CTBOPUTH aITOPUTM MOAM(IKaIil 3HAUCHHS BXIITHUX
GbakTopiB mix 3agaHMil Kiac cTaHy cy0'ekTa JOCHIUKEHHS I MParMaTHYHOTO, BHCOKOC()EKTHBHOIO BHKOPHCTAHHS 3aKOHY
Jlibixa Ha mpaktuii. B po6oTi po3pobieHa TEXHOIOTiA KUTbKICHOT OLIHKH JETEPMIHYIOUOi CHII (haKTOPiB, MO BIUIMBAIOTH HA
CTaH OpraHi3My, Ha OCHOBI CHHTE3y aHCcaMOJII0 aJIeKBaTHUX MOJeJiel 3B'I3Ky MPOCTOPY BXigHMX (akTOpiB 3i CTaHOM CyO'ekTa
ananizy. [IpoBeneHa kinbKkicHa AudepeHiaTbHa OLiHKA BIUIMBY BXiJHUX (hakTopiB Ha cTaH cy0'ekTa, aropuTMi30OBaHa ajarTa-
is BXiZHUX (aKTOpiB 0 LiMTbOBOro cTaHy cyb'ekra mociimpkeHHs. Lle po3IIMproe MOMKIMBOCTI MPAKTHYHOTO 3aCTOCYBAaHHS
3akoHy MiHiMyMy Jlibixa, Sk y KiJIbKiCHIM OLiHII MPOGIEMHHX eKONOTiuyHUX (PaKTOpiB, Tak i B Bapialisix HUMH JUIsl JOCSITHEHHS
HEOOXiTHOTO cTaHy cy0'ekTta. BcTaHOBIIGHO iHBapiaHTHICTH PO3POOIIEHOI TEXHOJOTI] KiMBKICHOI OLIHKH AETEPMIHYIOUOi CHIH
BXiTHUX (haKkTOPIB IO 0COOIMBOCTEH TpeaMEeTHOT 00JIacTi, IO JO3BOJISE MOMIMPHUTH OTPUMAaHI pe3yJIbTaTH Ha TBAPUHHHHI 1 poC-
JIMHHMH CBIT Ta MiJKPECITIOE YHIBEPCATIBHICTH MOJI0KEeHb 3aKoHy Jlibixa.

KawyoBi caosa: 3akon Jlibixa npo MiHIMyM, HeipoHHA Mepexa, aHcaMOJib HeHPOHHUX MEPENEBUX MoJeNeil 3 mpu-
MYCOBHM HaBYaHHSM.
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KuiBcpkuit HanioHansHUH yHiBepcuTeT OyniBHAITBA 1 apxitektypu, Kuis, Ykpaina

BUPOBHUYMI PU3UK JJIA BE3NEKHA MTPAIIOIOYNX HA BIIKPUTOMY
ITOBITPI BII TEMIIEPATYPHUX YMOB HABKOJIMIIIHBOI'O CEPEJOBHIIIA

AHoTanisi. B po0oTi mpeacTaBieHo AOCTIKEHHS 00 aHali3y BIUIMBY TEMIIEPATypHUX MOKa3HHKIB aTMOc(hepHOro
MOBITPsI YpOaHi30BaHUX TEPUTOPIN HA MOKA3HUKH 3a0pyAHEHHS IEPBUHHUMH Ta BTOPUHHUMHM €JI€MEHTaMH Ta BIUIUB fKic-
HOTO CTaHy TOBITPsl HA 3HAUYEHHSA BUPOOHUYOTO PU3UKY. 3alPONOHOBAHO AITOPUTM CUCTEMHOI 1€papXidHOi MOJENi OIliH-
K4 1 K1acudikanii BUpOOHUYOT0 PU3MKY I POOITHHKIB, SKi MPAIIOIOTh HA BIIKpUTOMY MOBITpi. [Ipencrasieni 3anexHoc-
Ti MDDK BOJIOTOBMICTOM B HOBITPi, TEMIIEpaTypHUMH ITOKa3HUKAaMHU Ta iHAeKkcoM 3a0pyaneHHs AQIPM2,5 B M. Kuesi 3a Ge-
pe3ens 2020poky. B3aeMoBIIIMB TemIlepaTypHHUX Ta SIKICHUX ITOKA3HHUKIB aTMOC(EPHOT0 TOBITPS HA 3{0POB’s IPAI[iBHUKIB
Ha BIIKpUTUX BUPOOHMUMX MaigaHunkax Ha gaHux 2016 poKy InpencTaBleHO Ha MPHUKIANi OKPEMUX aBTOMOOUIBHUX IILIS-
xonpoBoAiB M. KueBa, sIk 0JJHOTO 3 CaMHX CIIEKOTHHUX POKIB OCTaHHBOTO JecATWIITTA. [IpencTaBiieHi ceperHbOMICSIYHI
3HA4YeHHs 1HJEeKCY 3a0pyIHEHHSI aTMOC(EpPHOTO MOBITPS aepo30JIbHUMH YacTKaMu PM2,5MKM 1 BUPOOHHYOTO PU3UKY B 3a-
JISKHOCTI BiJf BTOPUHHOTO (hOpMajbIeTiAHOTO 3a0pyAHEHHS BHACIIIOK (OTOXIMIYHUX mepeTBopeHb. Po3podieHna mkama
knacugikamii MiX KiTbKiICHUIMU MTOKa3HUKAaMH BHPOOHUYOTO PU3UKY Ta MOKAa3HUKaMH 3a0pyIHEHHS aTMOC(EpHOTO MOBIT-
ps. Ctyniap HeGe3meyHOCTI BUPOOHUIOTO PU3UKY IO MEPEBUILECHHIO KOHIIEHTpAIlii HalO1IpI1 HeOe3eYHOro 3a0py THIOBA-
4ya MOKe OyTH BM3HAUCHA JaHUM ITiIXOAOM 3a pe)epeHTHHM 3HAuCHHSIM OKpEeMOro Ioka3Huka PedyabTaTn po6oTH cra-
HYTh B HaroJi mpy po3poOri pekoMeHamii o0 3aXKUCTy 310POB’s MPAIIOI0YNX B YMOBaX IIOCTYIIOBOTO ITiJBHIICHHS Te-
MIIEpaTypHHUX MOKa3HUKIB, @ TAKOXK MPH PO3pOOIi MicTOOYIiBETBPHUX HOPM OXOPOHH TIpaili Ha OyIiBEeTbHUX MaliJaHInKaX

Kawo4doBi ciaoBa: BupoOHNUMII pusnK, 3a0pyAHEHHS MOBITPS, TeMIeparypa, riodansHi KIiMaTHYHI 3MiHH, IIKala Kia-

cudikamiii pu3uKy, aIrOPUTM MOJAENTI PH3HKY.

Beryn

XapaKTepuCcTHKa BIUIMBY HA BUPOOHWYI YMOBH IIi-
JIBUILIEHUX TeMIIEpaTypHHUX MOKa3HHUKIB pO3riisjgaiacs B
JOCTIKeHHsIX OaraTbox aBropiB [1, 2 Ta in.].3rimHo
CHMCKY TpoQeciiHUX 3aXBOPIOBaHb 3aTBEPIKEHOTO
Haka3oM MiHicTepcTBa OXOpPOHHM 310pOB'S YKpaiHu,
MiHicTepcTBa COIIATBHOIO 3aXHCTy HAaceJICHHs YKpai-
Hu, MinictepcTBa npaui Ykpainu Bix 2 sotoro 1995 p.
N 23/36/9, npaiiBHUKH JTOPOKHBO-PEMOHTHUX OpTraHi-
3aliil AKi MPaNOTh HA BIIKPHUTIH TEPUTOPIi 3 aBTOTpa-
HCTIOpPTOM, OITyMOM Ta HIeOHEM, PYYHHM TpaMOyBaH-
HSM a00 €JIEeKTPOIUIMTOO MiAJal0ThCS TaKMM 3aXBOPIO-
BaHHSM, SK: TOCTPI XpPOHIYHI IHTOKCHKAIlii, TOKCHYHE
VIIKO/KSHHS OpTaHiB JUXaHHS, XBOPOOH MIKIpH, ajep-
riuyHi  3aXBOPIOBAaHHs, ITHEBMOCWIIMKO3M, BiOpauiiiHa
XBOp00a, CEHCOHEBpalbHA MPUTIYXYBATICT Ta iH. 3a
naaumu [3] 3adikcoBano, cranom Ha 13.07.2016 mpu
temnepatypi nositps +31 C, temmeparypa achamsty
ckiagana +53 C. Cumig 3a3HauuTH, MO TEMIEpaTypa B
TEIUIMH Tepiosl poky Moxe csrati noHan +31 C, tum
CcaMHMM TIPU3BOAMTH 10 MiJIBUILEHHS TeMIepaTypH ac-
(banbTy, OCKUIbKH Jli€ BIUIMB HarpiBaHHsA ac(aibTy BiX
ABTOTPAHCIIOPTY Ta 301IBIIEHHIO PU3HUKY 3aXBOPIOBAHO-
CTi NPAIiBHUKIB Ha BHIIE IepepaxoBaHi XBOPOOH.

JHepxaBHUMH caHiTapHUMH HOopMaMu «CaHiTapHi
HOPMH MIKpOKITIMaTy BUPOOHHYHNX MPUMIIIEHB» (Haii —
JCH 3.3.6.042-99) BcTaHOBIIEHO, IO BEPXHS MeEXa
TeMIepaTypyu Ha HOCTIMHHX poOOYMX MICIIX (ne mpa-
LIOIOYMIA TPOBOAWTE OiJbIIIe SIK IMOJIOBHHY CBOTO PO0O-
4Oro yacy abo He MCHII sSIK 2-X TOAWH IOCIIJIb), € TEM-
neparypa +28 C. Pobory mpu Temreparypi MOBITps
Buiie 37° C BimHeceHO 10 HeOe3meuyHoi. B manomy
BUIIAJIKy HE PEKOMEH/IYETbCS IPOBOAUTH POOOTH Ha
BIZIKpUTOMY MaiiaH4uky. OCTaHHIMH POKaMH IIOKa3-
HUKH I1JIBUIIEHOI TeMIlepaTypu (iKCyBalucCs pi3HUMH
CcUCTEMaMH MOHITOPHUHIOBUX CIIOCTEPEKEHb, SIK Jiep-

JKaBHOIO, TaK i mpuBaTHUMHU. CaMi BUCOKI TICPEBUILICHHS
TEeMIeparyp arMoc(epHOro TIOBITPS BiAMiIidamucs 3
rpynHs Mo Oepe3eHb MiCIIi.

MakcumanbHi 3HaYeHHS TEMIEpAaTypHUX IIOKa3-
HUKIB Ha MPOT:A3i OCTaHHIX POKiB B M. KueBi cioctepi-
raroTecsi peryispHo. Jara nepuoro nepeuiieHHs 30
°C crocTepiraiacs perysipHO BXKe B TPaBHI Ta Ha mova-
TKY YEpBHsI Ha POTS31 OCTAHHBOT'O JICCSTUIITTS, a J1aTa
nepioro nepesutienns 35 °C 1 cepmas 2010poky Ta 16
yepBHs 2016poky. 1o crocyeTbcs BUMIpPIB MOTOYHOTO
POKY, TO 3a cepenHbOi TemmepaTrypu 3a dyepBeHb 2021
poky 3a nanumu LlentpanbHoi reogiznunoi obcepBaTo-
pii im. b. CpesneBcbkoro BoHa craHoBmia +21,3°C, mo
Ha 1,8°C Bumie 3a kimiMatnaHy HOpMY. .3 23 110 26 4ep-
BHA Oymo mobuto ax 10 TemmepaTypHUX pEKOpIiB.
3a3HaueHO 6 MAHIB 3 MAaKCHMaJbHOIO TEMIIEPaTypPOIO
moitps Bume +30,0°C.3 a maHUMHU CIIOCTEpPEe)KEHb Ha
CTaI[lOHAPHUX IOcTax y rnepion 3 29 yepsHs 1o 05 nur-
Hs 2021 p. y moBitpi M. KuiB 3adikcoBaHo mepeBUIIeH-
Hs rpaHn4HO nomyctumux korneHntpami (I'JIK c. 1.) 3a
cepeaHb01000BMM BMICTOM B paifoHi JlapHHUIBKOI 1I10-
11i: 3aBUCIMX pedoBuH — y 1,0-1,2; miokcunmy azory —y
8,5 ; popmanpaeriny —y 3,1-3,6 pasn.

TakuM YMHOM, Ha CHOTOAHINIHIA JCHb aKTyajlb-
HHUM TOCTa€ HAyKOBO-TIPAKTUYHE 3aBIAaHH I10/10 OLiH-
K BUPOOHHMYOI0 PU3UKY JUIsl OE3MEKH Npalfolovynx Ha
BIJIKPUTOMY MOBITPi B YMOBaX IOCTYIOBOTO ITi/IBHIICH-
HSI TEMIIEpaTYPHUX TOKa3HHWKIB B JIITHI MICsIi POKY Ha
(oHi B3a€EMO3B 513Ky 3 IHIIMMH BIUIMBOBUMH (haKTOpaMu
Ut 300poB’st ( 3a0pyaHEHHsT aTMOC(hEepHOro MOBITPS,
ITyMOBE 3a0pyAHECHHS).

AHaJi3 ocTaHHIX JocjiqxkeHb i myoaikaniii. ba-
raTo AOCITIKEHb HA JaHWI Yac MPHUCBSUYCHO ITUTAHHIM
B3a€EMO3B’SI3KY MiX TIJABUIICHHSAM TEMIIEPATyPHHUX
YMOB Ta BTOPHHHOTO 3a0pyAHEHHS aTMOoC(hepHOro mo-
BITPsI MICBKOTO CEPEJOBHUINA BHACHIIOK (HOTOXIMIYHHX
neperBopenb [4-6]. KpiM Toro Ha ChOTrOAHIIIHINM J€HD
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Hueinvna 6e3nexa

HE PO3IIISIANOCS TUTAHHS BILIMBY IMiJIBUILICHHS 1HACKCY
3a0pyIHEHHS MOBITPS 3BAXCHUMH aePO30JIbHAMH JacT-
kamu PM2,5 BHaACIiJIOK MiIBUIICHHS TEMIIEPaTypPHUX
YMOB Ta BOJIOT'OCTI TOBITPS B JITHI CIIEKOTHI MIiCSAIIi
POKY Ha 3HAYCHHS BUPOOHUYIOI0 PU3UKY JUIs MPAL[iBHHU-
KiB OyIiBEIbHOI Ta aBTOJOPOXKHIX raixy3eidl eKOHOMIKH.
Ha cporonHiniHiii J€Hb OBEIEHO, IO TBEPIi YaCTKH
JiaMeTpoM MeHII 5K 2,5 MKM B atMocdepi MicTa € 3Ha-
YHUM TPEAUKTOPOM KUIBKOCTI MiATBEP/PKEHUX BUIA[-
kiB COVID-19. fIk BinmivaeTbcst B podoTax 3aKOpJIOH-
HHUX aBTOPIB, OYiKyBaHa KuUIbKicTh Bunaakis COVID-19
3poctae Ha 100% mpu 30UIbIICHH] 1HIEKCY 3a0pyTHEH-
Hs1 atMochepu Ha 20% [7,8].

B m4.1. npoxkymenty €C «llocibaux €C 3 omiHKH
PU3HKIB Ha POOOUOMY MICTi» 3a3HAYCHO J[BA OCHOBHHUX
MPUHIKITH, MO0 MPOBEACHHS OLIHKK PU3HKIB: OL[HKY
PUBHKY CIiI IDIaHYBaTH TaK, MO0 3a0E3MeYHUTH OXOII-
JICHHS BCIX BO)KJIMBHUX HEOE3IEK 1 PHU3UKIB; OLIHKY CIIiJ
PO3M0YaTH 3 CYTO TEOPETUYHHX MPUHIHIIIB, TOCTABHUBIIN
3aIMTaHHsL, 110 € MPUYMHOIO HAsBHOCTI HeOe3neku [9].

Buxonsuu 3 nepiioro nNpuHIMIY, IPU CHHEPreTH-
4Hil Aii 3a0pyJHEHOrO MOBITPs BiJ BUPOOHUYMX YMOB
Ha OyIiBEJILHOMY MalJaHYMKY Ta IiJABUIICHOTO PiBHS
3a0pyaHeHHS aTMOC(hEpHOro TMOBITPS Ha TEPUTOPIi
MicTa, Je TiepeOyBaHHS MPAIIOI0YNX € TIOBHUH poOounii
JICHb, BUHUKA€ MOTpeda B JOJATKOBUX TOCIHIKCHHSX
110/10 BU3HAYCHHS 3HAYCHb BUPOOHHUYOTO PU3HKY.

Meta pociiizKeHb NONArae y BU3HAYCHHI BUPOO-
HUYOT'0 PU3UKY BiJl XPOHIYHOTO IHTAJSAIIAHOTO BIUTHBY
JUIsl 0€3MeKH MPAaLIOIYUX MPH MiIBUIEHUX TeMIlepary-
PHHX TIOKa3HHKax aTMoc(epHOro MoBiTpsi ypOaHi3oBa-
HOI TEpPUTOPIi.

BukaaneHHs 0CHOBHOIO
MaTtepiajnay J0caiIKeHb

J1s1 BU3HAYEHHSI BUPOOHUYOI0 PH3HKY Ha BiJIK-
pUTOMY MaiilaHYMKy HEOOXiTHUH KOMIUIEKCHUN CHHEp-
TeTUYHAN TIAXiN 3 MaKCHMaJIbHUM BpaxXyBaHHSM BCiX
BIUTMBOBUX (DaKTOPIB, SKi CKIAAAFOTH HEOE3MeKy IUIs
30poB’s naHoi Kareropii mpamrorouux. [Ipm Takomy
MiAXO0/i TIOBMHHI OYTH BpaxoOBaHi y KiHIIEBOMY pe3yiib-
TaTi Ha Oe3MeKy NpaIIolYnX IIYMOBUI BIUIMB TOKCH-
KOJIOTIYHMH Ha (QOHI MiABHIICHUX TEMIIEPaTypHUX IIO-
Ka3HUKIB, a TaKOX B3a€MOBIUIMB TEMIIEPATYpPHUX Ta
AKICHUX TIOKa3HUKIB aTMOC()EpPHOTO MOBITPS HA 310-
POB’s TIpaIliBHUKIB.

AJITOPUTM LILOTO BpaxyBaHHsI, 32 J[yMKOIO aBTODIB
MOBUHEH 0a3yBaTHCS Ha MiTXOJl, MPEACTaBICHUM Ha
puc. 1.

@®opmyBaHHS BUPOOHHYOTO PHU3MKY Ha IpPAIIOIO-
YHUX BIJKPUTOTO MOBITPS 3 ypaxyBaHHSM OaraTopidHUX
TPEH/IiB Mi/IBUILICHHS TEMIIEpaTypy B yMOBax rio0ab-
HHUX KJIIMAaTUYHHUX 3MiH NPOAHaTi30BaHO 32 OKPEMHUMH
MOKa3HUKaMH{ 3TiJIHO JIaHUX MOHITOPHHTOBHX JDKEpel
crocTepekeHs Ha npukiani M. Kuesa. Apropamu mo0y-
JIOBaHI 3aleKHOCTI MK OCHOBHHUMH KOMIIOHEHTaMH
3a0pyIHEHHS Ta CEPEIHbOMICIIHUMH TEMIIEPATYPHUMH
ymoBamu po3pizi 2013-2021pokiB criocTepexens. JlaHi
3aJIEXKHOCT] MOKa3aJIM CYTTEBUH BIUIMB TEMIIEPATypPHUX
MMOKa3HUKIB Ha TIOKa3HUKHU 3a0pyIHEHHS aTMOC()EPHOTO
TMOBITPS, SIK IEPBUHHUMHM, TaK i BTOPUHHUMH NTOKa3HHU-
KaMH BHACJiJI0K (POTOXIMIYHUX TIEPETBOPEHB B NOBITPI.

BHPOEHIYMI PU3HK

Meteopomoriy ITymoEse ToKCHKOIOTIgHE
TIOKa3HHKH 3a0pyaHEHHA 3abpyaneHns

Qs Qys g---0y

HopmarueHi
ObMexReHHA

KpHTepii T4 HOPMATHEH]

HopmartueHi

oOMeKeHHT ODMEKSHHA

[ KOOPIHHYYHI ANTAPHOM ITPHUHATTS PIIIEHD

[ PEKOMEHIAIH 111010 YTIPAB/THCEKHX PIIIEH

Puc. 1. AnropuT™ cHCTEMHO] i€papXidyHOT MOAeNi
OLIHKH 1 KJacudikamii BUpoOOHIHIOTO PUKKY
JUTst OE3MeKH IPAIOI0UNX Ha BIIKPUTOMY IOBITpI

BcTanoBieHo, MmO JaHi 3aleKHOCTI MOXKYTh Oy-
TH allpOKCHMOBaHI 32 JOIIOMOTOI0 MOJiHOMIHAJIBHUX
¢GbyHKIIA ¢ KoedimieHTOM Kopensmnii B Mexax 0,65 —
0,87.

AHaJti3 1aHuX HEKaHIEPOTEHHOTO PHU3UKY Bija 3a-
OpyAHEHHST OCHOBHMMH KOMIIOHEHTaMH, IIO IEepeBH-
HIyI0Th peepeHTHI 103U Ta TEeMIEePAaTypHUMH MOKa3-
HUKaMu Ha npukinani JapHuupkoi o M. Kuesa B
po3pizi 2013-2021 pokiB MmoKa3zaB, IO HOTO CEpEIHE
3HadeHHs popiBHioe 13,3, Cmig Big3HAYWTH, [0 HA
aBTOpo3B’s3ni Jlapauipkoi miomi M. Kuea B 2019-
2020 pokax MPOBOIMBCS KAIliTAIEHUH PEMOHT IPOTK-
JDKOT YacTHHU. PU3MKH [UIs 310pOB’°S HAaceJIEeHHs BH3HA-
YaJmcsl KepYyUnCh AIF0UYMMHU B YKpaiHi MeTtoguaanmu
pexomermanissmu MP 2.2.12-142- 2007. Iaransmiitanit
XPOHIYHHMI HEKaHIIEPOTEHHUI PH3HK PO3PAXOBYETHCS 3a
CyMapHHUM KpuTepieM iHgekcy Hebesmekn (HI). 3a
MIPUHHATOIO KIacH(iKalli€ro piBHIB, OTPUMAHUNA PU3HK B
pationi Jlapuuipkoi miomti B M. KueBi OyB BU3HAYSHUI
SIK «3HAYHUI».

Ha 3HaueHHsS BUPOOHUYOTO PHU3UKY JUIS MPALIOIO-
YUX BIIKPUTHX MaWJaHYMKIB Yy BHIIQJKY IHIJIOBOTO
3a0pyJQHEHHS, CYTTEBHH BIUIMB 3/iHCHIOE KpIM TeMIle-
paTypHMX W TIIOKa3HHUKIB TaKOXX BOJIOTICTb IIOBITPS
(puc. 2).

Ha puc. 2 npencrasnieni 3a1eXHOCTI MiX BOJIOTO-
BMICTOM B HOBITpi, TEMIEPaTypHUMH ITOKa3HUKaMH Ta
inekcom 3abpynHerHs AQIPM2,5 B m. Kuesi 3a Gepe-
3enb 2020 poky.

ITpu BpaxyBaHHI MTUJIOBOTO 3a0pyIHEHHS s O€3-
MEeKH TPAIiBHUKIB aBTOJOPOKHBOI Ta OymiBEeJbHOI Ta-
Ty3ei A7l BU3HAYCHH]I 3HAYEHHSI BUPOOHNYOTO PU3HKY,
HEOOXIZTHO BpaxoByBaTH TaKoX (poHOBe 3a0pymHEHHS
AepO30JIbHUMH YacTKaMH JIaHOr0 paiOHHA MICTa, sKe
3aJIeXKHUTh BiJl METEOPOJIOTIYHUX YMOB 1 KIHETHUKH (i3u-
KO-XIMIYHOT'O TIEPETBOPEHHSL.
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JIs1 BCTAHOBJICHHS 3aJIC)KHOCTI MIXK KUJIbKICHUMH
MTOKa3HUKaMH 3a0pyTHEHHS aTMOC(EpHOrO MOBITPS Ta

HUX perjaMeHTax rpaHHu4YHO JOIMYCTUMHX KOHIIEHTpa-
i XiMI9HUX 1 O10JIOTIYHUX PEYOBHH B aTMOC(HEPHOMY

MTOKa3HUKaMH BUPOOHUYOTO PH3HKY Ta Oyio po3pobie- moBiTpi Hacenenmx wicup (Hakaz MO3Y  Big
HO mKaiy kinacuikamiii, ska rpyHTyeTbes Ha [irieniad-  14.01.2020, Ne52) Ta mpencrasiena B Tadm. 1.
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Puc. 2. 3anexHICTh MiX MTOKa3HHKaMH BOJIOTOBMICTY B MOBITpi (a) i TeMreparypHuMH mokasHUKamu (0)
Ta iHIeKCOM 3a0pyaHeHHs aepo3onapHuME dacTkamu AQIPM2,5 B M. Kuesi 3a 6epesens 2020poky
Tabruys 1 — KinbKicHi NOKa3HUKY BUPOOHUYOI0 PU3UKY TAa MOKA3HUKIB 32a0pyAHeHHsI aTMOCdepHOro NoBiTpst
KpaTHicTh nepeBuEeHHS
. . edepeHTHHUX 3HAYeHb 3HaveHHs
Ne Cryninb He0e3neyHocTi pedep .
OCHOBHHX 320py/JAHIOBaYiB BHPOOHUYO-
3/n (110 3HAYEeHHI0 BUPOOHUYOT0 PU3HKY) i
(OepeThbes no HalidiNIbIIOMY ro0 pU3HKY
3HAYEHHIO)
1 2 3 4
1 Besneunnii pisens pusuky. I[Ipu npomy piBHi OakaHa (LibOBa)
BEIMYMHA PU3HMKY HPH IMPOBEJICHHI 03JOPOBYHMX 1 MPUPOTOOXO- <1 <1
POHHUX 3aX0IiB
2 IMomipHo HeGe3meyHWii PiBEHb PU3UKY — NPHUITYCTUMHH JUTS BH-
poOHMYMX yMOB. 3a BIUIMBY Ha BCE HaceJeHHs, HEOOXiTHHUN IH-
HAMIYHHHA KOHTPOJIb I NOrIHOIeHe BUBYEHHS DKEPENT i MOXKIMBUX >1-2,0 1,0-10,0
HACII/IKIB IIKiUIMBUX BIUIMBIB JJIsI BUPIMICHHS MHTAHHS TIPO 3a-
XOJH YIPABIIHHS PU3HKOM
3 He0e3neynuii pM3MK — HENPUIYCTUMUN JUIsl HAceNeHHs, AJs
BUPOOHNYUX YMOB HEOOXiJHUI NUHAMIYHMH KOHTPOJIb 1 MOTIHMO- >20-9 50,0 -
JICHE BUBYCHHS JKEPEN i MOKIMBHUX HACHIJKIB IIKIIJIMBUX BILIH- ! 100,0
BiB ISl BUPIMICHHS MIUTAHHS TPO 3aXO0IU YIIPABIIHHS PUZUKOM.
4 Jy:xe HeGe3meUHMIA PIBCHb PU3UKY — PU3UK HETPUHHATHUH LIS
BHPOOHUYHMX YMOB i HaceneHHs. HeoOxiqHe 3aiiCHEeHHS 3aX0/IiB 3 >9 >100,0
YCYHEHHS a00 3HWKCHHS PH3UKY

Cryniap HeOe31eYHOCTI BUPOOHUYOTO PU3HKY IO
MIEPEBHIIEHHIO KOHIEHTpalii OJHOr0 HaWOUIbII Hebe3-
MIEYHOT0 3a0pyHIOBAaYa TAKOXK BU3HAYAEThCS 32 JAaHUM
IT1/IX0/I0M 32 OKPEMHM MOKa3HHKOM.

B sKkocti mpukiamy NmpUBEAEMO 3HAYCHHS PIiBHI
BHPOOHMYOTO PHU3UKY BiA (opmanbaerinHoro 3adbpyn-
HEHHSI OIS YOTUPHOX aBTOMOOITBHUX PO3B’SI30K: BYIL
Borarupcrka - Byn. JlyroBa - npocnekt Mapmana Tu-
MorteHka, Byl lllepOakiBcbkoro - Bys. CTelleHKa- BYIIL.
M.I'peuka ,yi. llycesa - Byn. Onenu Temiru- Bysn. Me-
nbHUKOBa Ta Bys. Onenu Teniru - nmpocnext C. banye-
pu - KypeniBka m.Kuesa. [lani aHamizy npeicraBiieHi
Ha puc. 3. [lns aHanizy Oyno B3siTO MOHITOPHHIOBI J1aHi
2016 poxy, AJisi OJJHOTO 3 CAMUX HANHCIICKOTHIIINX POKIB
OCTaHHIX JECSTH POKIB.

Ha puc. 4 npuBeseHo 3a1e)KHOCTI MIXK IaHUMU Ce-
PEIHBOMICSYHOTO 1HAEKCY 3a0pyIHEHHS aepO30JIbHUMHU
yactkaMn PM2,5 armocdepHOro moBiTpsi Ta JaHUMH
BUPOOHMYOr0 HEKaHIEpOoreHHOro pusuky st 2020
POKYy Ha OKpPEMHX aBTOMOOITHHHUX MUISIXOTIPOBOJIAX B M.
Kuesi.

IIpencraBneHi 3aeKHOCTI YAaCTKOBO 3TIIAJIKYIOTh
BIIMB METEO(aKTOPIiB Ha EMi30AWYHUH criayax 3a0py/I-
HEHHS TOBITPs (IIBUIKICTH IMOBITPS, BOJOTICTh, TEMIIC-
patypa), HaHi aHami3y MOHITOPMHIOBHX JaHUX 3a
OCTaHHI POKHM MiATBEPKYIOTh BiJIOMY TiloTe3y Mpo
CYTTEBHH BIUIMB Ha PiBEHb aepO30JILHOTO 3a0pYAHCHHS
MiCTa MNPHUPOAHUX HAA3BMYAWHHUX CHUTYyaliH(IIoOXKexi,
MUIOBI  Oypi, CHAJIOBaHHS CUILCHKOTOCHOAAPCHKUX
BiJIXO/Ii TOIIO).
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Puc. 5.3naueHHs iHAEKCY 3a0pyAHCHHS aTMOC(EPHOTO IOBITPS a8PO30JIBHAMH YacTkaMu PM2,5Mkm
JUISL OKPEMHX aBTOILIIXONPOBOAIB B M. KueBi st okpemux MicsimiB 2020 poky
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BucnoBku

1. OtpuMaHi 3aleKHOCTI Ime pa3 IiIKPECIIITH
B32€MO3AJICIKHICT TEMIIEPATYpPHUX YMOB, CTYIiHb 3a-
OpyaHeHHsT aTMoc(epHOro TOBITPs Ta, BIJIOBIAHO,
3HAYEHHS BUPOOHUYOTO PU3UKY JAJsl OE3IEKU Mpaliolo-
YHUX BIJKPUTOTO MOBITPsS OISt aBTOMOOUIBHHX pO3B’S-
30K. Takox CJiji BIAMITUTH PO HEOOXiMHICTh TUHAMIY-
HOT'O KOHTPOJIIO HNPOTSTOM POKY 32 BEJIMYMHOIO BHUPOO-
HUYOT'0 PU3HKY Ta YIPABIIHHS UM PH3HKOM.

2. [IpoBenenuit po3paxyHOK BEIWYWH HEKaHIIE-
POTCHHHUX PH3HUKIB BiJ 3a0pyIZHEHHS aTMOC(EpHOTO
MOBITPS 32 YMOB IiJBUIIECHHUX TEMIIEPATYpHUX YMOB
Ha mpukiani JapHAIBKOI IIIONII Ta OKPEMUX TpaHC-
MOPTHUX po3B’s30Kk M. KueBa mokaszas, mo Juist mpa-
LIOIOYUX, B YMOBaxX BIIKPUTOIO MOBITPsl iCHYE MOT-
peba y IUHAMIYHOMY KOHTPOJIO 1 MOTJIHOJICHOMY
BHBYCHHIO /DKEPEI 1 MOXKIUBUX HACHIAKIB IIKIAIABUX
BIUIMBIB. 332 TakMX YMOB iCHy€ MOTpeda MOAAIbIIOTO
yIIOCKOHAJICHHS CUCTEMH MOHITOPUHTY aTMOC(HEpPHOTO

MOBITPS B pailoHi aBTOTPAHCIIOPTHUX ILISIXOMPOBOJIIB
Ta BENUKHUX nepexpecTiB M. KueBa opranamu Jlepxa-
BHOI TipoMeTeopoNoTiyHOoi ciyx0m VYKpaiHu Ta
HdepxaBHOI  caHITapHO-CMiIEMiOJIOTIIHOT  CIIyXOH
MO3 Vkpainn.

3. JlocsTHEHHA NPUHAHATHOTO PIiBHSA PHU3UKY IS
MPAIIOIOYNX JIaHOT Kareropii B 30HaX MaKCHMalbHOTO
HOro 3HaueHHS! MOXKe OyTH JOCSATHYTO HIISIXOM BIpPOBa-
JOKCHHS BIIIOBITHUX 3aXOJiB, SKi KpPIM ITOCHJICHHS
3aX0/IiB II0/I0 1HJMBIIYalbHOTO 3aXHUCTy OOOB’S3KOBO
MMOBMHHI BKJIFOUATH TaKOXK 1 OpPraHi3alil0 pyXy TpaHC-
MOpTy, MakCUMallbHe BIPOBAPKEHHS EKOJIOTIYHO- YHC-
TUX BHUIIB TPAHCIOPTY Ta BUKOPUCTAHHS EKOJOTIYHO
O17BII YHCTOTO MAINBA.

4. PesynpTaTl poOOTH CTaHYTHh B HAroJi IpH po3-
poOIi pekoMeHIaIii momo Oe3MeKu MPAIFoIYnX B
YMOBaX IIOCTYIOBOTO IMiJIBUIIEHHS TEMIEPATypHHUX
MOKA3HUKIB BHACIIIOK TIIOOANBPHAX KIIIMAaTHUYHUX 3MiH,
a TaKoX IMPH po3podLi MicTOOYIBEILHUX HOPM OXOPO-
HU Tpani Ha Oy/iBeJIbHUX MaiIaHuUKaX.
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Production risk for safety of outdoor workers from the temperature conditions of the environment
E. Voloshkina, A. Kovalova

Abstract. The researches on the analysis of influence of temperature indicators of atmospheric air of the urbanized terri-
tories on indicators of pollution of the primary and secondary elements influencing a condition of air, on value of industrial risk
are presented. An algorithm of a system hierarchical model of assessment and classification of industrial risk for workers work-
ing outdoors is proposed. The dependences between air moisture content, temperature indicators and AQIPM2.5 pollution index
in Kyiv for March 2020 are presented. The interaction of temperature and air quality on the health of workers at open production
sites in 2016 is presented on the example of individual road overpasses in Kyiv, as one of the hottest years of the last decade. The
average monthly values of the index of air pollution by aerosol particles PM2.5 microns and production risks depending on the
secondary formaldehyde pollution in the case of photochemical transformations are presented. A scale of classifications between
quantitative indicators of production risk and indicators of air pollution has been developed. The degree of danger of production
risk will be determined by a separate negative indicator. It is determined by the excess of concentrations of this pollution over the
reference value. The results of the work begun in the development of recommendations for the protection of work efficiency in
the context of a gradual increase in temperature, as well as in the development of urban building codes for labor protection on
construction sites.

Keywords: production risk, air pollution, temperature, global climate change, scale of risk classification, risk model al-
gorithm.
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B. A. I'nusal, 1. B. Martseesa?, JI. A. 3o3yns?, C. B. 3o3yns?

! KuiBchbkuii HaliOHANBHAUN YHIBEPCHTET OYMiBHUITBA i apxiTekTypu, Kuis, Ykpaina
2 HanionanbHuii aianiiinuil ynisepeurer, Kuis, Ykpaina

JTOCJII)KEHHA 3AXUCHHUX BJIACTUBOCTEM 3AJII30BMICHOI'O KOMIIO-
SUTY IJIAA EKPAHYBAHHSA PEHTTEHIBCBbKUX BUTTPOMIHIOBAHb

AHoTanisi. Y po0GOTi eKCIIEPUMEHTAIBEHO JOCIIPKEHO €(heKTHBHICTh €KpaHyBaHHS PEHTI€HIBCBKUX BUIIPOMiHIOBAaHb KOM-
MO3UIIIHHIMH METAJIOBMICHIMH MaTepiajaMy 3 HallOBHIOBa4YeM i3 3aimiza. [lokazaHo, mo /Ui «M’SIKOT0» BHIPOMIHIOBAHHS
Koe(illieHTH expaHyBaHHS CKiIanaroTh 7 — 8. IlepeminryBaHHs pifkoi METaNONMOTIMEpHOI CyMillli YIbTPa3ByKOBHM BHIIPO-
MiHIOBaHHAM yacToToro 23 k' 3 ammitynamu 40 — 45 MkM 3Ha4HO miABUILYe epeKTUBHICTE ekpaHyBaHH (Y 2 — 2,5 pa3n).
Po3paxoBani MacoBi koeillieHTH 0cIabNeHHs PEHTI€HIBCHKOTO BUIIPOMIHIOBAHHS CBiI4aTh, IO U1 €HEPriii BUPOMIHIO-
BaHHA 8 — 12 keB 3amizoBMicHHI MaTepial Mae Kpallli 3aXHCHI BIACTUBOCTI, H’K MaTepial i3 BMiCTOM CBHHIIO. [laHo po3pa-
XYHOK ISl BpaxyBaHHs (hakTH4HOI I'YyCTHHH MaTepially Ul BU3HAYEHHS MacoBOro koediuieHra ocnadienns. IIpu npomy
3apsI0OBHI HOMEp €NIEMEHTA, SIKUi 3a0e31euye po3CiloBaHHS PEHTICHIBCHKOTO BUIIPOMIHIOBAHHS 3aJIMIIA€THCS HE3MIHHUM.
ITokazano, 1m0 Ieil TOKA3HKK CITijl IepepaxoByBATH JJIsl BU3HAUCHHS BHECKY IHIIUX, HIX (OTOC(PEKT, MEXaHI3MIB pO3Cito-
BaHHS 10HI3YI0YOTO BHIIPOMIHIOBaHHS (YTBOPEHHS eEKTPOH-TIO3UTPOHHUX Map, epekt Komnrona). [t niaBUIIEeHHS ede-
KTUBHOCTI KOMITO3UIIIMHUX PEHTICHO3aXHUCHUX MaTepialiB JOIIILHO MiIBUIIUTH TUCTICPCHICTH Ta BAarOBHIA BMICT3aJ1i3HOTO
KOHIICHTpATy y MOJiMEpHil MaTpuii. 3a CHiBBiIHOIIEHHS 3aJi3a Ta momiMepy 3:1 (3a Barorw) Martepian BTpadae THyYKICTb 1
MOJKE 3aCTOCOBYBATHCh Y BUTJISIII OOMUIIOBATBHUX IUTHTOK. J[JI i IBUIICHHS KOE(III€HTIB eKpaHyBaHHSA <OKOPCTKOT 0 BH-
MIPOMIHIOBAaHHS y MaTepial JOUIIbHO JOAaBaTH CIIONYKH BOJb(ppaMy y HEBEIHKiH KiNbKOCTI. [lepcneKTHBHIM HApSIMOM
JOCIiKEHb 1010 3aCTOCYBaHHs O€3CBUHIIEBUX MaTepialliB € MiABUIICHHS AUCIIEPCHOCTI HATIOBHIOBAYIB 3 €IEMEHTIB 3 MEH-

IIUMHU 3apAJ0BUMH YUCIaMU.

Kamo4doBi ciioBa: ioHI3yr0Ue BUNPOMIHIOBaHHS, KOMIIO3ULIHHIN MaTepiall, eKpaHyBaHHS, YIBTPa3BYK.

Beryn

3axucT HaceJIeHHs Ta MPAIIOIOYHX Bijl BIUTMBY 10HI-
3yI0YOT0 BUIIPOMIHIOBAHHS 3aJIMIIAETHCS B Y KpaiHi akTy-
ITBHOIO TPOOIEMOI0. 3HAYHOIO MIPOIO 1€ CTOCYETHCS Pe-
HTT€HIBCHKOTO BUITPOMIHIOBAHHS Pi3HOI % OPCTKOCTI ue-
pe3 3acTocyBaHHsI LMX BHIIPOMIHIOBaHb SIK POOOYMX Y
MIPOMHUCIIOBOCTI Ta OXOPOHi 310poB’s. Tak, Ha COrOAHIII-
Hill IeHpb yCi cTOMATONOTIUHI KabiHEeTH MOBHHHI OyTH 00-
JMaTHAHHI PEHTTEHIBCBKUMH amapaTaMu. Taki kabiHeTn
PO3TAIIOBYIOThCS, 3[€0UIBIIOTO, y XKUTIOBUX OyIMHKAX,
TOMY 3aCTOCYBAaHHS 3aXHCHHX KOHCTPYKILIH 13 BMicTOM
CBHHIIIO Ta Horo cnosiyk 3abopoHeHo. Ilomyk muuixis
CTBOPEHHsI MartepiaiiB Ha 3aMiHy MaTepialiiB i3 BMICTOM
CBUHIIIO € 3arajbHOCBITOBOIO TEH/ICHIIIEIO SIK Yepe3 Horo
TOKCHUYHICTb, TaK 1 BITHOCHO BHUCOKY BapTiCTh Ta CKJIAJ-
HICTh MOHTQXy 3aXHCHHX KOHCTPYKLiH. OJHUM i3 MOX-
JIMBUX 3aMIHHUKIB € KOMIO3UIIHHUI MaTepian Ha OCHOBI
noiMepy # 3aiiza Ta Horo cHouyK, 10 MOTpedye mpoBe-
JICHHSI PETEJbHUX EKCIIEPHUMEHTAIbHUX Ta TEOPETUYHHX
JOCITI/PKEHb.

AHaJi3 ocTaHHiX myOaikanii i mocaimkens. binb-
LIICTh JJOCIIJDKEHB Y IiH raiy3i CTOCYIOTBCSI MarepiaiiB
JUISL 3aXHCTY BiJl TaMa-BUIIPOMIHIOBaHb, SIKi 3a3aJIeriIh
e(EeKTUBHO EKpaHyIOTh PEHTI'CHIBCHKI BHUIIPOMIHIOBAaHHS
[1, 2]. V mmx poboTax po3rIIsmaroThCsl MaTepialii, ¥ SKUX
3aXUCHUMH €JIeMEHTaMH € TUCTIPO3iil Ta TaJoiHil, a Ta-
KOX CIOJIYKH €JIEMEHTIB 3 MaJlM 3apsiIOBUM YHCIIOM —
Oopa Ta myxHUX MeTaliB. O4eBUIHO, IO TaKi HATIOBHIO-
Badi, HABITh 32 BUCOKUX €(PEKTUBHOCTEH, POOIISATH 3aXHCHI
Marepiajan Jyke JOPOTMMH i HENPHIATHUMH JUISI Maco-
BOT'O 3aCTOCYBaHHs. HaBiTh 111 peHTreHO3aXUCHUX MaTe-
piaiiB 3aCTOCOBYIOTH KOMIIO3UIIiT Ha MOJIIMEPHIH OCHOBI 3
BMicToM BicMyTy Ta Bodb(dpamy [3]. Te x came crocy-
€ThCSI MaTepialy 3 ByrJIeLleBUMH HalloBHIOBauamu [4]. 3a-

3BHYail 3aXKCT BiJl BUIPOMIHIOBaHb PEHTIEHIBCHKOI Yac-
THHHU CIIEKTPa YacTOT (€HEpriif) MPOCTIIHiA, TOMY CTBO-
PEHHS MatepialliB BEIUKOI BapTOCTI €KOHOMIYHO HE BH-
mpaBaaHe. Bsarami BiIMIHHOCTI MaTepialiB, IO JTOCIHi-
IDKYFOTBCSI CTOCYHOThCS, B OCHOBHOMY, MaTepiajiiB Mart-
pHLb KoMo3uLiil. Y podori [5] ue eTunen-Binin-anerar 3
HAMOBHIOBAYEM 3 BOJIb(Gpamy, y [6] — moTieTHIICHH 31 CIIO-
JIyKaMu 0apiro, TPHOKCHIYBICMYTH Ta OKCHAY BOJb(-
pamy. 3aCTOCOBYETHCS TAKOXK EMOKCHIIHA CMOJIA Yepe3 Bi-
JICYTHICTb JIErpa/iallii 1miji BINIMBOM 10HI3yIOUHX BUIIPOMi-
HIOBaHb [7]. Y pobori [8] mocimipKkeHo MPUHIUITOBI MOXK-
JMUBOCTI ¥ BU3HAYEHI €HEpTii, I SKUX KOMITO3HIIHHUN
3aJi30BMICHHI MaTepian Oyae JOCTaTHBO S(PEKTUBHHIM.
3a3Buyail JiarHocTHYHe 00J1aIHAHHS HE TeHEPYE PeHTTe-
HIBCHKHX BHUIIPOMIHIOBaHb BHCOKHX €HEPTiil, 10 TOrO X
HaiOUThITy HeOe3MeKy CTaHOBISITH MOOIYHI (TApa3UTHI)
BUIPOMIHIOBAHHSI MaJIOT IHTEHCUBHOCTI, IS SIKMX BEJIHKI
Koe(iliEHTH eKpaHyBaHHs HE TIOTPiOHI.

Meta po60TH — JOCHIANTH KOedimieHTH eKpaHy-
BaHHS PEHTTE€HIBCHKHUX BHIIPOMIHIOBAaHb METAJIOMOIIMEp-
HHUMU KOMIIO3HIIISIMH Ha OCHOBI 3aJ1i3a Ta OT0 CIIOJTyK.

BuKJ1a]] 0CHOBHOTO MaTepiaJy

Jnst BUTOTOBIIEHHS 3pa3KiB BUKOPHCTOBYBABCS pi-
JIKUAY JTaTeKC Ta 3aTi30pyIHUN KOHIIEHTpAT (BMICT 3aji3a
60 — 68 %, cepeaHiit po3Mip 3aTi30PYIHUX YACTHHOK 22
— 23 mxMm). Konnentpat Burorosnero Ha [loxraBcrkomy
I'3K. Cyxwuit 3ami3opyIHUi KOHIICHTpAT IOJaBaBCs JI0
nmatekcy y kimpkocti 60 % (3a Baroro). Cymimm ciogaTky
IepeMimryBaiacsi MEXaHIYHO YIPOIOBX 15 XB., a OTIM
yrponosx 10 xB. OOpobisinacs yibTpa3ByKOM YacTo-
toto 23 k['w ammutitynoro 40 — 45 MmxM. OTprMaHa cyMil
HajMBajacs Ha IUIacKi MOBEPXHI IapamMH pi3HOI TOB-
e, [licns momimMepu3ariii 3pa3ku Oyiu roToBi 10 BHU-
KopucranHs. Po3mipu 3paskiB 0,2 X 0,2 M. BusHaueHHs

© TI'muea B. A., Marseesa I. B., 3o3yns JI. A., 3o3yns C. B., 2021
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€(eKTUBHOCTI 3aXHCTy 3IIHCHIOBAIOCS METOIIOM IIps-
mux BuMiproBab CPII-68-01. BumipioBaBcs piBeHb pe-
HTTEHIBCHKOTO BUTIPOMiHIOBaHHS JDKEpeTia mepes i mics
3aXHCHOTO eKpaHa. J[)epesioM peHTIeHiBChKOTO BUIIPO-
MIHIOBaHHS CITyI'yBaB MEJMYHUH PEHTI€HIBCHKHH arapar
Neo-Diagnomax 3 po6oYnMH HalpyraMu Ha PEHTTCHiB-
chKiit TpyOi 40 — 125 kV.

VY npotueci AociiKeHb BU3HAYAIIHMCS 3aXHCHI BiIac-
THUBOCTI MaTaJONOJIIMEPHUX KOMIIO3ULIH 0e3 3acTocy-
BaHHS YJIbTPa3ByKOBOi 0OPOOKH PiZKOi BUX1THOT cyMimi
1 00po6eHoi ynbTpa3BykoM (puc. 1).

X, MxP/ron
140
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0 d, MM
0 1 2 3 4 5 6 7 8 9 10

#*(e3 YIETPa3BYKOBOI 0OPOOKH CyMimmi

P .. X0 =160 MxP/TOon
3 VIBTPA3BYKOBOK OOPOOKOH CYMIII

Puc. 1. 3HmKeHHSA IHTEHCHBHOCTI PEHTT€HIBCHKOTO
BUIIPOMIHIOBaHHSI METAJIOIOJIIMEPOM Ha OCHOBI
3aJ1i30BMICHOTO TIOPOIIKY

Sx BumHO 3 TpadikiB, YIBTPa3BYKOBE MEpEMIlIy-

BaHHS METAJIOMONIMEPHOi CyMillli 3HAYHO IIiIBHIIYE

w/p. MY/Kr
4000

3aXMCHI BIaCTUBOCTI Marepiary. OueBHIHO, IIe OB’ s3a-
HO 3 TiIBUIICHHSAM IHCIIEPCHOCTI HAIIOBHIOBAYa, PiBHO-
MIPHICTIO ¥ OIUTBHICTIO PO3TalTyBaHHS METaJIeBHX dYac-
THHOK Y TiJi MaTpPHIl, IO MiABUIIYE IMOBIPHICTH B3ae-
MoJii peHTTeHIBCHKOTO KBAaHTa 3 PEYOBHHOI0. AJle Koe-
¢imieaTH expaHyBaHHI MaTepiatiB BiTHOCHO HEBEIHKI —
7-8, xoua JuIs1 OIIBIIOCTI YMOB eKCILTyaTallii peHTIeHiB-
CbKOT0 00JaHAHHS LiIKOM focTaTtHi. Taki epekTuBHO-
CTi MOJKHa MOSICHUTH TUM, IO ITiJ] Yac MPOBE/ICHHS EKC-
MIEPUMEHTIB 3aCTOCOBYBAJIOCS! PEHTTEHIBCHKE BUIIPOMI-
HIOBaHHS cHeprieto 6mu3pko S50 keB, mio 3rigso [8] Bin-
MOBi/Ia€ HAWHWKYIM e(h)eKTUBHOCTI 3aTi3a MOPIBHAHO 3i
CBUHIEM. J[OLiBHO po3paxyBaTH PO3IOALT ePEeKTHBHO-
CTi 3a7130BMICHHUX KOMITO3MIIH, SIKa 3aJI€KUTh BIJl Maco-
BOro KoedilieHTa ocnabieHus v = Wp, ae | — JiHii-
HUH kKoe(ilieHT oclabJieHHsI MaTepiany; p — ryc-
THHa Martepiany. KoedimieHT ocnabnenHs 3ane-
JKUTh BIl €HEpriii PeHTreHiBCHKOTO BHIIPOMIHIO-
BaHHA (puC. 2).

AHaii3 pe3yabpTaTiB CBIIUUTS, 1O JUIs eHeprii 8§ —
12 keB 3amizoBmicHuil MaTepias Ma€e Kpaiii (GpyHKI[ioHa-
JIbHI TIOKA3HHUKH, HIXK MaTepial Ha OCHOBI CBUHIIIO.

Jlyis OLIBIIOCTI MEAMKO-IIarHOCTUYHUX 3aCTOCY-
BaHb BiIMIHHOCTI CHEpTili, HABEIEHNX HA PHC. 2 HECYT-
TeBi. Y 3arallbHOMy BUITAQJIKy €HEpPris peHTT€HiBCHKOTO
BUIIPOMIHIOBAaHHSI 3aJISKUTh BiJl IMPUCKOPIOKOYOI Ha-
OpYrH y JaMIli Ta Martepiaiy, 3 SIKOT0 BUTOTOBJICHHUI
aHOJ TPYOKH. 3a IEBHHX YMOB MOJKHA BHPIIIUTH ITH-
TaHHS JOCTaTHOCTI 3aXMCHHX BIACTHBOCTEH 3alli30BMic-
HOT'0 KOMIIO3HUTY, 1110 3HAYHO CIIPOCTHUTH (hOPMaIbHI MPo-
[eIypH 3aCTOCYBAHHS PEHTICHIBCHKOT TEXHIKH.

\I
3500

S

10 20 30

40 50 60 hv, xeB

—~-3alli30 -*CBHHEIb

Puc. 2. 3anexxHicTh 3aXUCHUX BIaCTUBOCTEH MaTepialiB BijJ eHeprii peHTTeHIBCHKOTO BUIIPOMiHIOBAaHHS

Jis Manux eHeprii BHIPOMIiHIOBaHB IPEBAITIONO-
YIM MEXaHi3MOM pO3CIIOBaHHS PEHTI€HIBCHKUX KBAHTIB
€ dporoedekt. MacoBuit koedirieHT ocnabiieHHsT T/p 0J1-
HO3HAYHO BU3HAYAETHCS SIK:
T A

p ()2’ @)

ne Z — IOpSAKOBUI HOMEp eJIeMEHTa, SIKHi 3a0e3Iedye
3axucT, p — Horo rycrmHa, h — crama Ilnanka
(6,62:10% JIx-c); v — 4acTOTa PEHTT€HiBCHKOTO KBAHTA.

VY 1mpoMy cmiBBiIHOIIEHHI Z TMOPSAKOBUIT HOMED
MeTaly y nmepioauuHiil Tabnmili, came BiH 3a0e3mnedye 3a-
XHCT, aJle p MaTepiasy BiAPI3HAETHCSA BiJ TYCTHHH Me-
tairy. Hampuxnan, y qanomy Bumajaky (puc.l) KijgbKicTb
3aITi30BMicHO1 cybcrantii 60 %, To6To my = 1,5mp (Maca
Metany y 1,5 pasu Oinbmia macu noxiMepy). Lle tpeba
BpPaxoBYBaTH JUIA OL[IHOYHOTO PO3PaxyHKY 3aXHUCHHX
BJIACTUBOCTEN KOMIIO3HIIIH.

Skmo my = Kmy, a p = m/v , To p cymirui BU3Ha-
YaeThCs SIK:
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Husinona 6eznexka

— PP (k+1) (2)
P kpatpn

JIe P Ta P — TYCTUHA METAJTY | IOJIIMEpPY, 3aCTOCOBaHUX
JUIsl BUTOTOBJICHHS KOMITO3UTHOTO PEHTTE€HO3aXHCHOTO
MaTepiaiy.

Le#t miaxix CIyITHUA HE TUTBKY 7151 BAKOPUCTAHHS
criBBigHOMIeHH (1), a ¥ U1 BU3HAYCHHS BHECKY 1HIINX
MeXaHi3MIB PO3CilOBaHHS 10HI3YIOUHX BHIIPOMIHIOBAHb
(YTBOpEHHS eNeKTPOH-TIO3UTPOHHNX) Tap, epext Komn-
TOHA).

Sk 3a3Havanocs, epeKTUBHICTD JOCIHIIIKEHOTO Ma-
Tepialy He 30BCIM NPUUHSATHA IS <OKOPCTKOT0» PEHTIre-
HIBCHKOT'O BUIIPOMIHIOBAHHSI Ta FaMMa-BUIIPOMIHIOBaHb,
MOMIMPEHHX Y MEINYHIH Ta TEXHIYHHUX Tay3sX.

IIono BHKOpPHCTaHHS 3aTi30pPYyJHOTO KOHIICHT-
paTy, TO MOXIIMBI KibKa NUIAXIiB IiJBUIIEHHS SKOCTI
KOMIIO3UTIB Ha HOT'O OCHOBI.

Haiimpocrimmuii — 3011pIIeHAS BaTOBOI'O BHECKY 3a-
miza y momimep. [lonmepeHi eKCIepiuMeHTH CBiq4aTh, 110
BaroBe CIIiBBIiZHOIIECHHS HAaINOBHIOBAY-TIONIMED MOXE
Oytu 1 3:1. Ilpu 11boMy HOJIMEP € 3BUYAHHHUM B’ SDKYIHM
i BUpiO BTpauae THY4YKiCTh, aje y OUIbLIOCTI BHIIAJIKIB

OONUITIOBAaHHS TPHUMIIIEHB, 10 TOTPEOYIOTh 3aXHCTY,
3MIHCHIOETCS OOJIMIFOBAIbHUMH IINTKaMH. J{OIIIEHO
PO3TISIHYTH MOXIIUBICTh JOAABAHHS Y BHUXIAHY CyMIII
eKpaHYIOUHX eJIEMEHTIB THITY CHOIYK BOJb(ppamy, ajie y
MEHIINX KUTBKOCTAX NOPIBHIHO 3 iHIMMH Bupobamu. Lle
JIO3BOJIUTH HE 301IbITyBAaTH TOBIIUHY 3aJ1i30TI0TIMEPHAX
MaTepialiB, 0 y 0araThOX BHUIMAAKAX € KPUTHIHHM.

BucHoBku

1. ocmipKeHHs 10BEIH, 0 3aCTOCYBaHHS KOMIIO-
3UIIHOTO MaTepiairy i3 BMicTOM 3aii3a y KinekocTi 60 %
(3a Baroro) i OipIne edeKTHBHE IS 3aXUCTY Bill peHTTe-
HIBCHKMX BUIIPOMIHIOBAHE 3 eHeprisiMu § — 12 keB.

2. KoedimieHT expaHyBaHHS 3aJ1i30IOTIMEPHOTO
MaTepiary ans (pikcoBaHOi €Heprii BHIIPOMiIHIOBaHHS
MIPAaKTHYHO JIIHIIHO MiJBUIIYETHCS 31 30LIBIICHHAM TO-
BUIMHH €KpaHa.

3. [lns momepenHiX OLIHOK epeKTUBHOCTI KOMIIO-
3UIIIHUX MaTepiatiB y CIIBBIJHOIIEHHSX 3 IX po3paxy-
HKIB CIIi/l BpaXxoByBaTu (pakKTUUHY T'YCTHHY KOMITO3HILIT
3a BUKOPUCTaHHS 3apA0BOr0 YUCIa METalIeBOr0 HaloB-
HIOBava.
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The investigation of protective properties of iron-containing composite for X-ray shielding
V. Glyva, I. Matvieieva, L. Zozulia, S. Zozulia

Abstract. The paper presents experimental investigation of the efficiency of X-ray shielding by composite metal-contain-
ing materials with iron filler. It demonstrates that for “soft” radiation the shielding coefficients are 7-8. Mixing the liquid metal-
polymer mixture with ultrasonic radiation with a frequency of 23 kHz with amplitudes of 40 - 45 um significantly increases the
shielding efficiency (by 2-2.5 times). The calculated mass attenuation coefficients of X-ray radiation show that for radiation ener-
gies of 8-12 keV the iron-containing material has better protective properties than the material with lead content. It offers the
calculation, which takes into account the actual density of the material to determine the mass attenuation coefficient. In this case,
the charge number of the element that provides scattering of X-rays remains unchanged. It is shown that this indicator should be
recalculated to determine the contribution of mechanisms other than the photoeffect of ionizing radiation scattering (formation of
electron-positron pairs, Compton effect). To increase the efficiency of composite X-ray protective materials, it is advisable to
increase the dispersion and weight content of iron concentrate in the polymer matrix. At a ratio of iron and polymer 3: 1 (by weight)
the material loses flexibility and can be used in the form of facing tiles. To increase the shielding coefficients of “hard” radiation,
it is advisable to add a small amount of tungsten compounds to the material. A promising area of research on the use of lead-free
materials is the increased dispersion of fillers from elements with lower charge numbers.

Keywords: ionizing radiation, composite material, shielding, ultrasound.
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KuiBcpkuit HanioHaBHUH yHIBepcuTeT OyMiBHAIITBA 1 apxiTekTypu, KuiB, Ykpaina

3ACTOCYBAHHS EJIEKTPOMATHITHAX EKPAHIB
Y KOMILVIEKCI 3AXO/AIB 3 HOPMAJII3ALII PIBHIB
PIBUYHUX PAKTOPIB CEPEJOBUIIIA

Anoranis HaiGinem epexTuBHUM 3ac000M 3HMKECHHS PiBHIB €JIEKTPHUYHUX, MAaTHITHAX Ta €JICKTPOMArHITHHUX IO-
JIiB OTMPOKOT0 YaCTOTHOTO JAiana3oHy y BUPOOHUYNX Ta MOOYTOBUX yMOBAX € iX eKpaHyBaHHA. AJle y pealbHAX YMO-
Bax MOTpeOyIoTh Kopekuii i inmi ¢isuuni pakropu. [TokazaHo, Mo HAHOUIBII KPUTHIHUMHE 3 HUX € aKyCTHIHHH IIyM
Ta aepoioHHWH ckiax moBiTps. Lle 0OymMoBIIOE€ HEOOXiMHICTH 3AIMCHIOBATH HOpMalizamio (i3MYHUX (QakTOpiB Ha
KOMIIJICKCHIH OCHOBi. 3aCTOCYBaHHS y SKOCTI MaTpULi AJIS €JIEKTPOMArHiTHOTO €KpaHa MiHOJATEeKCy 1 HAaIlOBHIOBaYa
3 3aJ1i30pyAHOTO KOHLIEHTPATY J03BOJIS€ 3HU3UTHU PiBHI €JIEKTPOMArHiTHUX MOJIB 1 aKyCTUYHOTO IIyMY 0 HOPMAaTH-
BHHX 3HauyeHb. HaBiTh, st yacToTHUX cMyT 31,5 I'm ta 63 ['n 3a ToBmuHK ekpaHa 10 MM iHIEKCH 3HIKEHHS IIyMY
cknanaoTth 15-20 ab. st gactor 6-8 kI'1f neit mokasuuk ckinagae 40-45 nb, uio npuitHaTo ams GinbUIOCTi BUPOOHH-
qux yMmoB. [Ipy npomy KoedilieHTH ekpaHyBaHHS MarHiTHUX MOJIB MPOMHCIIOBOI YaCTOTH Ta €IEKTPOMArHiTHUX HO-
JIiB yIBTPAaBHCOKUX YaCTOT BiJNOBINAIOTh HOPMAaTUBHUM BHMoraM. [loka3aHo, 110 TOJIOBHHM (aKTOpOM JeioHizamii
MIOBITPSl € ENEKTPOCTATUYHI 3apsH, SKi HAKONMUYYIOThCS Ha IOJIMEPHUX HOBITPSX, SIKE O TOTO X € IMPHYUHOIO
CHpPSIMOBAHOTO PyXy IpiOHomucnepcHoro muty. IlepeBaroro JaTtekcy € BiICYTHICTh eJIEKTpH3alil MOBEpXHi, M0 J0-
3BOJISIE 3aCTOCYBATH HOT0 1JIst OOIHIIOBAaHHS OBEPXOHb BEIHMKUX IUTowI. [Ipn 1iboMy BiH Mae Mpy>kKHI MOy, OJIU3b-
Ki 32 3HAYEHHSIMH O MOJAYJiB MaTepiajiB, SKi TPaAHLIHHO 3aCTOCOBYIOTHCA AJIS IIyMomorinHaHHA. HallegekTuBHi-
IMM METOJIOM HOpMadji3auii Ta mMiATpUMaHHS Ha HOPMATHBHOMY PiBHI KOHLIEHTpAIlill aepoioHIB 000X MOJIIPHOCTEH €
3aCTOCYBaHHS NPHUCTPOIB IITYYHOI i0HI3aUii moBiTps. i piBHOMIPHOTO PO3MOALITY aepoioHIB y 00’ €Mi MpUMIiIIEHb
3aCTOCOBYIOTH PO3Ciiol0Ui ekpaHH. [lepeBaroro expaHiB 3 JATEKCYy € BiICYTHICTh YaCTKOBOTO MOTJIWHAHHS 10HIB Mif
4ac po3ciloBaHb. 3aIpOIOHOBAaHUI MiNXiJ 3 HOopMalizanii piBHIB €JIEKTPOMArHITHHX MHOJIB aKyCTHYHOTO IIyMYy Ta
KOHIICHTpalill aepoioHiB, pa30M i3 3aCTOCYBAaHHIM CHCTEM KJIIMaT-KOHTPOJIIO JIO3BOJIIE MIITPUMYBAaTH Ha HOPMATHB-
HOMY PiBHI yBeCh KOMIUICKC (Pi3MYHUX (PaKTOpiB BUPOOHWUYOro cepenoBuina. Ile HalOImbII aKTyaqbHO IS HPUMI-

IIeHb 00’ €KTIB KPUTHYHOT iHPPACTPYKTYpH (TOIOBHUX IIUTIB KEPYBAHHS, TUCIIETIYEPCHKUX TOLIO).

Knw4oBi caoBa: ¢i3uuni GpakTopH, elIeKTPOMArHiTHE 10JIe, aKyCTHYHUH IIIyM, €KpaHyBaHHS, aCPOiOHH.

Beryn

®i3uuHI (PaKTOpPH TEXHOTCHHOTO MOXOKCHHS
HEraTHBHO BIUIMBAIOTH Ha CTaH 3J0POB’S IIPAIIOIO-
yux. Y CydYaCHHX yMOBaX ICHY€ TEHICHIlisS MiIBU-
LICHHS TaKOTO BIUIMBY Yepe3 HAaCHYEHICTh MOOYTOBO-
T0 CepeloBHINA HKEpesaMd €JeKTPOMAarHiTHUX II0-
JIiB, aKyCTHYHOTO LIYMY, €iOHI3aI[il0 HOBITPs TOLIO,
1[0 00YMOBJIIOE 3HIDKCHHSI peadimiTalliiHOTO mepioay
(Bimmo4mHKY) BiZ BUpOOHWYUX BIUIHBIB. B cydacHHX
YMOBax MOCTIHHOTO BJOCKOHAJIEHHS TEXHIKH Ta Op-
ra”izanii BUpPOOHHUITBA 3MIHIOIOTECS HOPMATHUBHI
Jep>kaBHI Ta MiKHaponHi BuMoru. Taka peopraniza-
1ist moTpedye SK MOJIMIIEHHS HAI[lOHAJbHUX CaHiTa-
pHUX HOpM, TaK 1 MPOBEIEHHS MapaMeTpiB BUPOOHH-
4oro Ta NOOYTOBOTO CEpPEAOBHII Yy BIAMOBITHICTH
MpUHAHMHI HOpMaTUBHUM BUMOTaM.

Ha croroanimHiii 1eHp no6pe po3pobieHo cuc-
TEMU KEepyBaHHS MIKPOKJIIMATHYHUMHU HapaMeTpamu
MPUMIIIEHB, SKI BXOIATH 0 Neperiky ¢pisnuHux dax-
TOpiB — TeMmIleparypa, BiJHOCHA BOJOTICTh Ta IIBH]I-
KICTh CHPSIMOBAHOTO pPyXy IOBiTpsA. B Toif ke dac
CHUCTEeMH aepoioHi3allii MOBITPs ONpalbOBaHI HEIO-
CTaTHBO 3 TOYKH 30pYy B3a€MO3B’SI3KY 3 IHIIUMHU (ak-
TOpaMHu.

Lle  cTocyeTbcsi KOMIUIEKCY 3aXOJiB 3 €JIeKT-
pomarHiTHOI 6e3nexu. CUTyaTHMBHHMH MiIXia 10 HOp-
Maurizamii ¢i3udHuX (aKTOpiB HE 3aBXKIU BUIIpaBIA-
HUIl depe3 X CKIajHy IWHAMIKy y mpocTopi i yaci

yepe3 BHYTPIIIHI Ta 30BHIINHI BruMBH. HaiiOinbn
Ni€BHIA CIOCIO 3HMKCHHS PiBHIB TEXHOTEHHUX €JIEKT-
POMArHITHUX OB — €KpAaHYBAaHHS, MOXE HEraTHBHO
BIUIMHYTH Ha (QYHKIIIOHyBaHHs 3aco0iB 3B’A3Ky Ta
MOTY)XHICTh F€OMArHITHOrO MOJs. Y JEAKHX BUIA]I-
Kax MOPYIIYEThCS ACPOIOHHUN PEXUM TMPHUMIIICHb.
e motpebye AOCHiKEHHST Ta PO3POOJICHHST KOMILIE-
KCHOTO MiAXoAy OO0 HOopMaiizamii piBHIB HalOimbII
KpUTHYHUX (I3WYHAX (PAKTOpiB y BUPOOHUYUX Ta
no0yTOBUX YMOBaXx.

Orasn octa”Hix myOaikamin
i mociigKeHb

VY cydacHHX yMoOBaxX HaiOinbpIa yBara NpHILI-
€TBCS TOCIIDKEHHSM 3 MiHiIMi3amii KUTbKICHAX 3HaYCHb
€JICKTPOMArHITHUX Ta aKyCTHYHHUX TIOJIB.

3o0kpemMa, po3podIOThCs (Di3UUHI 3aCO0U 3aXUCTY
— Marepiajii 1 KOHCTPYKILIi JJIsl eKpaHyBaHHsI €IEeKTpH-
YHHUX, MarHITHUX, €JICKTPOMATHITHUX MOJIB Ta MOIIIHU-
HauiB mymy [1-4].

Haii6inbin eeKTMBHUMH MaTepiajgaMu JJisl eKpa-
HYBaHHS CIICKTPOMArHITHHUX IIOJIIB € KOMITO3UTH Pi3HO-
o CKIajy. IX mepeBaraMu € MeHI, MOPIiBHAHO 3 MeTa-
JaMu, KOeQillieHTH BiAOUTTS €IeKTPOMArHiTHUX XBHJIb
[5].

BinbricTs TOCTiIKEeHD 31 3HWKEHHS aKyCTUYHOTO
HaBaHTaXCHHsS y TPHUMIMICHHIX CTOCYIOTBCS PO3pO0-
JICHHS BIIMOBIMHUX OYHIBEIBHUX Ta O3J00JIFOBATBHUX
marepiainis [6, 7].
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Ane Marepiany s OJHOYACHOTO 3HMKEHHS PiB-
HIB €JICKTPOMArHiTHUX Ta aKyCTUYHHX IIOJIIB MPaKTHY-
HO HE pO3TIIaoThes [8].

MacoBe 3acTocyBaHHS NOJIMEPHHX MaTepialis,
HaBiTh y CHELiali30BaHUX IMPUMIIIEHHAX (aBiaJuCIIeT-
YepChKi) MOPOIKYE TPOOIIeMy IeioHi3aIil MOBITPS, 110
€ BKpai IIKiJIMBAM JIJIs 310poB’s [9].

AuJte po3poOKH Ta JOCIHIKEHHS Y LIbOMY HarpsiMi
y OUIBIIOCTI CTOCYIOTbCS MOJEIIOBAHHS MOIIMPEHHS
aepoioHiB Bix mkeperna mrydHoi ioHi3amii [10].

Ha choropmHiniHii JeHb MPAKTUIHO BIJACYTHS aJlb-
TEpHATHBA 3aCTOCYBaHHS €JIEKTPOMAarHiTHUX €KpaHiB y
BUPOOHMYMX YMOBax 3 OTJIIAY Ha IIUPOKUHA YaCTOTHHUH
CHEKTp Ta BUCOKI aMIUTITYX €JIEKTPOMArHITHUX MOJIiB.
Tomy aKkTyanbHHUM € PO3TISIHYTH MOXKIJIMBICTH 3aCTOCY-
BaHHS CKpaHyBaHHS y KOMIUICKC] 3 3aX0aMH HOpMaJTi-
3amii iHmuX (i3ngHEX (HaKTopiB, AKi MPsMO abo omoce-
PEIKOBaHO TOB’3aHi 3 PIBHAMHM SNEKTPHUYHHUX, MarHit-
HUX Ta eJIeKTPOMATHITHHX TIOJIB.

Mera crarTi — pO3pOOJCHHS METOIOJOTIYHUX
IIXO/1IB 13 3aCTOCYBAaHHS MaTepialiB [yl eKpaHyBaHHs
€JICKTPOMArHITHHUX IOJIB Ta 1X CKJIAJ0BUX OJHOYACHO 1
Yy KOMIUIEKCI 3 3aX0JaMH HOopMaJli3allii piBHIB aKyCTHY-
HOT'O IIYMY Ta aepOiOHHOTO PEXHUMY NPUMILIEHb.

BuKkJ1ag 0CHOBHOTO MaTepiaay

Posrnmsmati 3acobu 3HMKEHHS PIBHIB TEXHOTCH-
HUX TIOJIB T IMiABUILICHHS SKOCTI TOBITPS 32 aepOiOHHUM
CKJIaJIOM JOLIJIBHO Y TIOCHIIOBHOCTI iX IIPIOPUTETHOCTI y
Cy4acHHMX YMOBax Ta B3a€EMO3B SI3KY.

ExpaHyBaHHS €JICKTPOMArHITHUX IOJIB IIHPOKOTO
YaCTOTHOT'O Jiana3oHy HEOOXiJHO peaji3yBaTH 3 ypaxy-
BaHHSIM HACTYIIHUX BUMOT'

- 3HIDKCHHA PIiBHIB CNICKTPOMArHIiTHHX ITOJIB ITyKe
BUCOKUX 1 YJIIBTPaBHCOKHMX YaCTOT HE NOBHHHE CYTTEBO
BIUIMBATH Ha POOOTO-CIPOMO>KHICTH 3ac00iB 6e3ApOTOBO-
TO 3B’5I3Ky. 3aXHCT 32 paXyHOK BiIOUTTS MOTPiOHO MiHIMi-
3yBaTH;

- 00OOB’S3KOBMMH € 3HIDKEHHS DIBHIB MarHiTHOI
CKJIa/IOBOI €JICKTPOMArHITHOTO TIOJIs HAJTHU3bKOI YacTOTH,
B OCHOBHOMY IIPOMHMCJIOBOI (€KpaHyBaHHS eJIEKTPUYHOT
CKJIaJIOBOI HE € TIPOOJIEMOIO);

- EJIEKTPOMArHiTHI €KpaH! He TIOBHHHI 3HMKYBATH
HaIpY>KeHICTh MPUPOIHOTO TEOMArHiTHOTO ToJIst OuIbIe,
HiK yrBidi (Outsme 25 MxTom).

[Tpu mpomMy G6axaHo, 00 eNeKTPOMATHITHHIN 3aXHCT
TIOCTYTIOBO BIUIMBAB HA aKyCTHYHY OOCTAHOBKY Ta KOHIIe-
HTpAILLIO aePOiOHIB.

Taxi 111 MOXKITMBO peali3yBaTH 3a PaxyHOK 3aCTO-
CYBaHHSI KOMITO3UIIHUX MarHiTOMIeIeKTPUIHNX Matepi-
aJiB.

VY sgxocTi MaTpuIll AOUUTFHO BHKOPHUCTATH PiIKUHA
JIaTeKC, SIKMI MOXKHA OTPUMATH Y TOTOBOMY BHIJISAMI, IO
3HIDKY€E BapTICTh KiHIIEBOrO MNpoAykTy. HamoBHioBauem
MOKe OyTH KOHIIEHTpAT 3alli3HOI PyAH, TMEPEeBaKHOIO
CKJIaJIOBOIO SIKOTO € MAarHETHT.

BuroToBienHs Matepiaty 3aiHCHIOETBCS 3a IPUHIH-
TIOM TPAJIEHTHOTO €KpaHa 13 301IBIICHHSAM KOHIICHTpAITil
npibHoaucepcHoro HamosHioBada (10-20 MxM) Bif HOBe-

PXHI TTAJIHHS €JIEKTPOMArHITHUX XBWJIb JI0 BHYTPIITHBOL
noBepxHi. Lle nmocsraerbest oOpoOneHHsAM MmIapy pimkoi
CyMilI TMOTpPiOHOI TOBIIMHM HEOTHOPITHMM MOCTIHAM
MAarHiTHAM TIOJIEM.

JlocBig CBITYMTB, IO MOJIST MAKCHMAJIBHOIO HArpy-
xenictio 400-450 A/M mOCTaTHRO I OTPUMAHHS 3HAY-
HOTO TPajlieHTa KOHIEHTpaii. [ 0JOBHII YHHHNK — HEO-
HOPIHICT MarHiTHOroO mossi. Y 1bOMY BHIIAJKy Ha JIH-
LIbOBOMY OOl MaTepially KOHIIEHTpalisi MarHiTHUX dac-
THHOK He3HAa4YHA 1 B MPHUHIIAII peryipoBaHa. Lle motpibHO
JUISL MiHIMi3alli BIIOWTTSA EJEKTPOMATHITHHX XBWIb Y
HeOaxaHuii OiK, HaNPUKIIA] y 30HY NepeOyBaHHs JIIO/IeH,
abo Tepepo3moil iHTEHCHBHOCTI BHIPOMIHIOBaHHS Y
OymiBIi.

KoedirrieHT BigOUTTS BU3HAYAETHCS CIIBBIITHOIICH-
HSMH IMIICIAHCIB CEepEeOBUIIA PO3MOBCIODKEHHS CNIeKT-
POMAarHiTHUX XBHJIb TA 3aXUCHOTO MaTepiaiy:

z,-2,

M

r= ’
Z +Z,
ne Z, i ZM - IMIIE/IAHCH TIOBITPS Ta MaTepiaiy.

BpaxoByemo, 110

z,= |t
&
Ta
Z,M = i
ga

Jc Moy & o ~ MarHiTHa Ta J1CJICKTpU1HA CTaJl.

AOCOIOTHI MarHITHA Ta JiCNICKTPHYHA TPOHUKHICTB
Marepiany BU3HAYAIOTHCS CITiBBIIHOIICHHIMH:

W, =ttt 1a &, =&,

Je u, & - BIIHOCHI MarHiTHa Ta JAi€NeKTPUYHA NPOHUK-
HicTh Marepiany (st MiHiMi3ari koedilieHTiB BitOUTTS

MAaKCUMAJIbHO HAOJIM3UTH CIIBBIAHOIICHHS IL/ 0 OIIH-
P

HMIL).

BigHocHa MarsiTHa HPOHWKHICTH MarHeTury ~ 14,
TOOTO 3a HOro MajMX KOHLEHTpaliil y nojliMepi MarHiTHa
TIPOHMKHICTh OyJe 3HIKyBaTHCA. JlieJeKTpuuHi MpOHHK-
Hocri slarekciB 30-40, mo He € 3a70BUTbHIM. BpaxoBytoun
TOJIOBHY 3aj1a4y — 3aXHCT BiJ] €/IEKTPOMAarHiTHUX BIUIHMBIB
(0co0MBO MarHiTHOI CKJIa0BOi HU3bKOYAaCTOTHOTO €JIEK-
TPOMArHITHOTO TIOJISI), PO3PAXOBYETHCS HEOOXimHa st
moTpiOHOTO  Koe(ilieHTa eKpaHyBaHHS KOHIICHTpAIis
€KpaHyI04Yoro HaloBHIOBada (HaNpHKIal, 3a (OpMYJIOr0
JlopenTna). Bona BH3HaYae MarHiTHy NPOHUKHICTD MaTe-
piany 3a 1aHuM 00’ €MHHM BMiCTOM MarHiTHOTO HaIlOBHIO-
Baya.

st oTpuMaHHS TOTPIOHOTO iMITeNaHCy HEOOXiaHO
3a0€3MeYnTH BiMOBIHE 3HAUESHHS JTIEICKTPUYHOT TIPOHH-
KHOCTI.
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Jns narekciB BoHa ckiagae 30—40. Aune, sk mokasa-
HO y [11], mell moOKa3sHMK MOXKHa 3HU3UTU 3a PaxXyHOK
OTpUMaHHA TMiHONMaTeKkcy. JlienekTpudHa MPOHUKHICTH
3aJIeKUTH BiJl KPATHOCTI JIATEKCHOI MTiHH.

3a 3MiHM KpaTHOCTI BiJ 3 10 9 JieNeKTpryHa MPOHH-
KHicTh 3MeHmTyeThes 3 10 1o 4. [ToTpiOHY KpaTHICTH TiHO-
YTBOPEHHS MOXXHA BH3HAYHUTH 3 EMIIPHIHOTO CITiBBiTHO-
LIICHHSL:

£=16,65-K?,

ne K — xkpaTHicTh TIHOYTBOPEHHSI.

Taxuit miaxin, sk MOKa3aJIi MOMEPeIHI eKCIIePUMCH-
TH, JI03BOJISIE 3HU3UTH KOe(DillieHTH BiIOUTTS eJIeKTpoMar-
HITHUX XBWJIb YIbTpaBUcoKoi wactot 10 0,15-0,20, o,
CKOPIIII 32 BCE, € TEXHIYHO JOCSKHOI METOr0. J[j1s OimbInt
TOYHOIO BU3HAUCHHS IMIIE/IaHCY MaTepialy Ha KOHKPETHIN
YacTOTi BHUIIPOMIHIOBAHHS JIOLUTPHO CKOPHUCTATHCS CIIiB-
BiIHOIIIEHHSM:

j2rfu ’
o+ j2xfe

Jie j — ysIBHA OMHMIIS, ¢ - IMTOMA MPOBIIHICTH MaTepia-
ny, f— gacTora eneKTpOMarHiTHOT XBHUITI.

INoTpiOHY TOBIIMHY Marepiany BH3HAYAIOTh, BHXO-
JSTYH 3 CKBIBAJICHTHOI TJIMOWHY TPOHUKHECHHS TONS (3HH-
JKEHHSI 10 % BiJI [TOYATKOBOT'O 3HAYCHHS):

o=yrnfuo.

SIKIo JyIsl 3HWKEHHSI TEXHOTEHHOTO HU3bKOYACTOT-
HOTO MAarHiTHOTO TOJIsl MOTpeOye eKpaHyBaHHS BEpPTUKa-
JIbHA IDIOIIMHA 3 OPI€HTAIIEF0 38 MATHITHIM TIOJIeM 3eMIi,
HEOOXiJJHO pO3paxyBaTH EKpaHyBaHHS TOPU30HTAIBHOT
CKJIaJIoBOi reomarHitHoro moss (~ 46 mMxTn Ha mmpoTi
Kuesa). Lle moxmmBo i3 3actocyBanHsM (opmyn Peres
a00 OneneBChKOTO IS CTAIliOHAPHMX MAarHiTHHX IOJIB,
SIKi BPaxXOBYIOTh PI3HMH BMICT MarHiTHUX YacTHHOK Y
JeTEeKTPHYHIN MaTpPHIIi.

BukopucTaHHs MHOMATEKCY HAZa€ MOXIIMBICTD 3a-
CTOCYBAaTH €JIEKTPOMArHITHUH €KpaH Il OJIHOYAacCHOTO
3HIDKCHHS PIBHIB aKYCTHYHOTO IITYMY.

Bigomo, mo eeKkTHBHICTh IIIyMOIOTIMHAHHS 3ajIe-
JKWTP BiJl 3HAUEHb NPYKHUX MOJYIB 1 HASIBHOCTI HEOIHO-
pimHOCTEH Y MaTepiaii.

[pyxHi Moy JlaTekCy OJIM3bKI 32 3HAYEHHSIMU JI0
MOJYJIB TIOJIMEPIB, SKi TPAJUIIHHO BHUKOPHUCTOBYIOTHCS
JUISL 3aXMCTY Bifl Imymy. Jljisi naTekcy 3HaueHHsS MOIyJIst
IOura cranoBute 11 I'TIA, moayns Ilyaccona — 0,44; mist
Marepiaiy TBiHTeKC MOAyib FOHTa BiOMOBiZaE 3HAUCHHIO
15,7 TTIA, a moayns ITyaccona — 0,204 [8]. [lomaBanHs 110
ToJIiMepy MiHOYTBOPIOBAYa JIO3BOJISIE OTPUMATH Ti XK iH/e-
KCH 3HWDKEHHS IIyMy I MaTepiaiB y/Biui MEHIIO] TOB-
LIMHU.

[NonepenHi eKCrIepIMEHTH TTOKA3aJIH, IO IS OKTaB-
HUX cMyr yactoT 31,5 ta 63 ['1 ingeKcH 3HIKEHHS IIyMy
cknamarote  15-20 b, (ToBIIMHA Martepially CKiamana
10 mm), a qst gactor 4-8 kI'x — 40-45 ab, mo HaBiTh IS
OLTBIIOCTI BUPOOHMYMX YMOB I[IJIKOM NPHHHSTHE. 3 Tako-

TO MaTepiary MOXKIMBO BUPOOJISTH KOKYXH Ta OTOPOIKY-
BaJIbHI KOHCTPYKI{ IS MOTYXHOTO EJIEKTPOTEXHIYHOTO
obnanHanHs. Hanprkinaa, HanpyKeHiCTh MarHITHUX TIOJIB
TypOoreHepaTopiB motyxHicTio 150 MBT ckiamaroTh
1,6-1,7kA/m na Bigctamsx 10-15M, a piBHI mymy —
110-115 nbA.

Takox TOTPeOYIOTH OIHOYACHOTO 3HIDKEHHS DPiBHI
€JICKTPOMArHITHUX IOJIiB Ta IIYMY Y MPUMIIICHHSIX IIHUTIB
KepyBaHHs CHEPreTHYHMX OO’€KTIB Ta IHIIMX OO0 €KTIB
KPHUTHYHOI iHQPACTPYKTypH (HAIPUKIAJ, JUCTIETICPCHKUX
I IPUEMCTB ITUBLITHLHOT aBiartii).

IIpo6eMOr0 OCTaHHIX € HE3aI0BUIbHA SKICTh TIOBIT-
Pps 32 aepoioHHNM CKIIaoM [9].

[pryrHOIO € enexTpu3alis MOBEPXOHb, BUTOTOBJIC-
HUX 3 MOJIIMEPHUX MaTepiaiB.

[lepeBaroro JaTeKkciB € BiACYTHICTh HAKOIMYCHHS
TIOBEPXHEBUX 3aPSAIIB Yy MPOIIECi eKCIUTyaTallii 3 OyIb-sIKux
TPHYHH.

To6To 3aCTOCYBaHHS €JIEKTPOMArHiTHOTO Ta LIyMO-
3aXHCHOTO Matepialy Ha OCHOBI JIATEKCy HE CIIpHs€E, Ha
BIIMIHY Bijl 1HIIMX HOJIMeEpiB, JeioHizamii NoBiTps. Aue
JICiOHI3aIlis] 00YMOBITIOETHCS TAKOXK IHIITMMH YMHHUKAMU —
HE3aJ0BUTHHOIO SIKICTIO 30BHIITHBOTO TIOBITpS, MeETaJeBi
BEHTHJBSILIIFHI KaHAJH TOLLIO.

Tomy mi1s HOpMmamizauii Ta HiATPUMAaHHS Ha HOpMa-
THUBHOMY piBHI aepOIHHOTO PEKUMY MPUMIIICHb HEOOXiI-
HO 3aCTOCOBYBATH i0oHi3aTopu moitps. [Ipu npomy nori-
JIbHE 3aCTOCYBaHHS YJIBTPa3ByKOBUX iOHI3aTopiB [12], ski
JI0JIATKOBO HE TCHEPYIOTh O30H Ta CIIONYKH a3oty. Jlis
PIBHOMIPHOTO pO3IOALTY aepOiOHIB 3aCTOCOBYIOTH PO3Ci-
I0I0Yl €KpaHH, SIKi TeXK JOIIIHHO BUTOTOBJIATH Ha OCHOBI
JIATEKCy, 110 3HWKYE IOIIMHAHHS iOHIB IIOBEPXHEIO PO3-
CIFOBaY0i KOHCTPYKIIIi.

HaBeneHo miagxo[M, OIHOYACHO 13 3aCTOCYBaHHSIM
CHCTEM KIJIIMaT-KOHTPOJIIO JIO3BOJISIIOTH HOpMaJli3yBaTH i
HiATPUMYBaTH Ha HOPMATHBHOMY PiBHI YBECh KOMILICKC
¢bi3nuHKMX PaKTOPiB BUPOOHUYOTO CEPEIOBHINIA.

BucnoBku

1. OcHoBHUMHU (i3mUHUMH (PaKTOpaMu BHPOO-
HAYOTO Ta MTOOYTOBOTO CepeOBUINA, PiBHI AKHX IOT-
peOyrOTh KOPEKIIii € eJIeKTPOMAarHiTHI MOJs, aKyCTH-
YHUH IIyM Ta KOHLEHTpauii aepoioHiB. Taki 3axonu
JIOLIJIBHO 3alpOBAKyBaTH HAa KOMIUIEKCHIH OCHOBI 13
ypaxyBaHHSM iX MEBHOTO B3a€MO3B sI3KY.

2. 3acTocyBaHHS MarHiTHUX Ta €JIEKTPOMArHiT-
HUX €KpaHiB JOUIIBLHO 3JIHCHIOBATH 3 ypaxyBaHHSIM
akycTu4HOi oOcTaHOBKH. BupoOiieHHS ekpaHa Ha
OCHOBi MiHOJATEKCY I03BOJISIE HOPMAaTi3yBaTH piBHI
€JIEKTPOMArHiTHUX IIOJIB Ta aKyCTHYHOTO IIyMYy.
[Ipu upomy iHgexcu 3HMKeHHS mWymy (15-20 nb Ha
HU3BKiHM gactoTi Ta 40-45 nb Ha cepenniit) npuiHAT-
He 11 OyAb-sIKNX BUPOOHUYIHMX YMOB.

3. IlepeBaroto JlaTekciB € BiJICYTHICTh HaKOIIHU-
YeHHsI HA HUX MOBEPXHEBUX EIEKTPOCTATUYHHX 3apsi-
IliB, IO 3HMXKYE JICI0HI3aIil0 MOBITPSI MPUMILICHB. ix
JOLIJILHO BUKOPHUCTOBYBATH JUIsi BUPOOJIGHHSI KOHC-
TPYKIIH [T pO3CiIOBaHHS MOTOKIB MOBITPS BiJ MpH-
JaJiB MITYYHOT 10HI3aIlii.
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Application of electromagnetic shields in a set of measures
to normalize the levels of physical environmental factors

O. Panova

Abstract. Shielding is the most effective means of reducing the levels of electric, magnetic and electromagnetic
fields of a wide frequency range in industrial and domestic conditions. But in real conditions, other physical factors also
need to be corrected. It is shown that the most critical of them are acoustic noise and air ion composition. This necessitates
the normalization of physical factors on an integrated basis. The use of pinolatex and an iron ore concentrate filler as a
matrix for the electromagnetic shield allows the levels of electromagnetic fields and acoustic noise to be reduced to stand-
ard values. Even for the frequency bands of 31.5 Hz and 63 Hz with a screen thickness of 10 mm, the noise reduction
indices are 15-20 dB. For frequencies 6-8 kHz, this figure is 40-45 dB, which is accepted for most industrial conditions.
At the same time, the screening coefficients of magnetic fields of industrial frequency and electromagnetic fields of ultra-
high frequency comply with regulatory requirements. It is shown that electrostatic charges which accumulate in the poly-
mer air are the main factor in air deionization and they cause the directional movement of finely dispersed dust. Latex has
the advantage of having a non-electric surface, which makes it possible to use it for cladding surfaces of large areas. At
the same time, it has elastic modules, which are close in values to the modules of materials that are traditionally used for
noise reduction. The most effective method for normalizing and maintaining the concentrations of air ions of both polari-
ties at the standard level is the use of artificial air ionization devices. For uniform distribution of air ions in the volume of
the premises, scattering screens are used. The advantage of latex screens is the absence of partial absorption of ions during
scattering. The proposed approach to normalize the levels of electromagnetic fields of acoustic noise and the concentration
of air ions, together with the use of climate control systems, allows maintaining the entire complex of physical factors of
the industrial environment at the standard level. This is most relevant for the premises of critical infrastructure facilities
(main control rooms, control rooms, etc.).

Keywords: physical factors, electromagnetic field, acoustic noise, shielding, air ions.
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OBIPYHTYBAHHSI OCHOBHUX TEXHIYHUX BUMOTI'
10 3ACOBIB 3BHEHIKOI’KEHHSA PAJJIOKEPOBAHUX BOENIPUITIACIB

AnoTtanis. [IpoaHanizoBaHO MOXIIMBOCTI 3aCTOCYBaHHS HaJUIMPOKOCMYIOBUX CHTHAJTIB Ul (DYHKIIIOHAIBHOTO ypa-
JKEHHsI PaioKepoBaHUX OOENpHIAciB AT PaioeIeKTPOHHOrO 3aXUcTy ocoboBoro cknany mixposnurie HI'Y. IMokasaHo,
10 HaHOLTBII NTEPCIIEKTHBHUMH € CUCTEMH JUCKPETHO-0e3mepepBHOi Aii, SIki BHKOPUCTOBYIOTh CYMIIleHNI €MHICHHUI Ha-
KOITMYyBay €Heprii 3 BUKOPHUCTAaHHSIM T'€HepaTopiB IMITYJIbCHUX HAmpyr ApkajapeBa-Mapkca 1 y3ropkeHy 3 HUM aHTEHHY
CHCTEMY, 1[0 JO03BOJISIE BUIIPOMIHIOBATH €JIEKTPOMATHITHI IMITYJIECH BHCOKOI iHTeHCHBHOCTI OIliHEeHI eHepreTHyHi Ta Ipo-
CTOpOBI XapaKTEPHUCTUKH aHTEHHOI CHCTeMH 3ac00y (pyHKIIIOHAIEHOTO ypa)keHHs paliOKepOBAaHUX OOETIPHUIIACIB.

Kaw4yoBi ciroBa: aHTHTEpOPHCTHIHA OIEpallis, paJiokepoBaHui Ooerpunac; GpyHKI[IOHaIEHE ypaXkeHHs paj1io3aco0y.

Beryn

ITocTanoBka mpoOiaemMu. YMOBM BHMKOHAaHHS 3a-
BaHb 3 3a0e3MeUeHHs] HalllOHAJbHOI Oe3rekn YkpaiHu
HamionansHoto reapaiero Ykpainu (HI'Y), a came 6opo-
Th0a 3 JMBEPCIHHMMH, JWUBEPCIHHO-PO3BIAYBAILHUMHU
rpynamu (JIPT) mpoTHBHMKA Ta HE3aKOHHUMH 30pOWHU-
mu ¢opmyBannsimu (H3®D) min wac 30BHimHBOrO abo
BHYTPILIHLOrO 30pOWHOr0 KOHQJIKTY BHUMAraroTh BiJ
3aCTOCYBaHHS CIELIabHUX 3aXOJIB Ta 3aCO0IB MPOTHIIi
BUKOPUCTaHHIO TIPOTHBHUKOM paJliOKEPOBAHUX OOENpH-
naciB. AHaui3 nepebiry octaHHiX KOH(IIKTIB Ta HACIiJI-
KiB TEPOPUCTHYHHUX aTaK MOKa3ye Ha MOCTiIHE 3aCTOCY-
BaHHs 3aCO0IB TUCTAHIIHHOTO JAETOHYBaHHS BUOYXOBHX
NpUcTpoiB. Brcoka edexkTrBHICTH BUKOPUCTAHHS pajiio-
kepoBanux 6oenpumnacis (PBIT) moB’s3aHa 3 MOXKIIUBICTIO
KOHTPOJIIO MPOLIECY iX IETOHYBaHHS Y PeaIbHOMY PEXHU-
Mi yacy. Ha nanwii yac B HI'Y BincytHi Oynb-siki 3aco0i
3HEIIKO/KEHHST  PaJiOKepOBaHUX OOEMPUIACIB  TOMY
npo0JieMa paIioeIEeKTPOHHOTO 3aXHCTY 0COOOBOTO CKIIa-
ny nigposaitie HI'Y npu BukoHaHHI il 3 3a0e3nedeHHs
HAIllOHAJIbHOI Oe3MeKH IMpU 3aCTOCYBaHHI pajioKepoBa-
HUX OOEMPUIACIB € AKTYAIbHOIO.

AHani3 ocTaHHIX JOCHiIzkeHb Ta MyOJiKamiii.
OnHuM i3 pilieHb 3a3HaYEHOI IPOOJIEMHU € 3aCTOCYBaH-
HS TIOTY)KHUX eJieKTpoMarHiTHuX iMmyneciB (EMI) [1,
2]. Poboru, moB's3aHi 3 MPaKTUYHHUM BHKOPHUCTAHHSM
rereparopiB EMI, mocuts mobpe Bimomi, Hampukiax [1,
3]. TIpu po3pobiii 3aco0iB PamioeIEeKTPOHHOTO 3aXHUCTY
BY3bKHM MiCIIeM € camMe aHTeHHa cucTema. Ha manwmit
yac Ui aBTOOpPOHETaHKOBOi TexHiku HamionamsHOT
rBapfil Ta IHIIUX CHJIOBUX CTPYKTYp YKpaiHU BiACyTHI
0oOTpyHTYBaHHS OCHOBHHX TE€XHIYHHX BUMOT JI0 3aC00iB
sHemkomkerns PBIT [2].

TakuMm 9uHOM, MeTa CTATTi MOJNISKAE Y OOTPYHTY-
BaHHI OCHOBHHX TEXHIYHMX BUMOTI IO 3aCO0IB 3HEIIKO-
JUKEHHSI PaJliOKepOBaHNX OOEMPHIIACIB IS PaliOCIeKT-
POHHOT'0 3aXHCTy 0c0O0BOro cKiany miaposainis HI'Y.

OcHoBHui MaTepian

[IpoBenenmii BumIe aHai3 JOCTiIKEHb 1 HaBECHI
YHCeNbHI TapaMeTpu pPaJiOKepOBAHMX OOETIPHIIACIB
JIO3BOJISTIOTH BU3HAYHUTH €HEPTreTHUYHI Ta MPOCTOPOBI Xa-

PaKTEPUCTUKH AHTEHHOI CHUCTEMH Ui (DYHKIIiOHAITb-
Horo nonasnenns (OI1) PBIT [3].

PosrisitHemo HacTynHuUI BapiaHT.

1. Poboya wactora poOOTH pajioiiHil CTAHOBUTH
20 MI', 110 BiJMOBINAE JOBXKUHI XBHI Arep = 15 M.

2. AHreHa mnepejaBaya 1 mnpuiiMaya € JiHilHa
aHTeHa (BiOpaTop), I SIKOro KOe(iIlieHT CIpsIMOBAHOI
nii (KHI) D = 1,5 ockineku L << A. Y mianazoni 20 ...
100 MI'y nowxuna BiOparopa cknagae 0,05 ... 0,1
3 mipKyBaHb ckpuTHOCTI Bubepemo L = 0,050 = 75 cm.
Toni D =0,05.

3. Buxomsuu 3 maHux, HaBeAeHHX y poborax [4],
YYTJIMBICTh TIpHiiMaua Moxe OyTH oOpaHa TaKolo:
Upmin = 10 uxs .

4. UYyrmnuBicte mpuiiMaua, mepepaxoBaHa Y
HAIPYKEHICTh ENEKTPUYHOro T0JIsl Ha BXO[, 38 YMOBH,
mo koedinient kopucHoi aii (KKJI) anrenHo-dinep-
HOT'O TPAKTy 1 = 1, BU3HAYA€THCS BUPA3OM:

2.
60U min ~2,3mxB/l m. (D)

Enin =4|—_—
A%D
5. JlunamiuHuMi [Jiama3oH mpuiiMada CTaHOBUTH
50 nb. Toni Umax= 0,1B, Ey o =0,23B/m.
Pe3ynbTaT aHAJOTIYHUX PO3PAXyHKIB JUIS 1HIIKX
moxknmBux dactoT PBIT 3Beneni B a0 1.

Tabruys 1 — BelWYHHA HANPYKEHOCTi €JEKTPUIHOIO
1oJis1, o 3a0e3nevyye HopMmaabHy podoory PBIT
f, Umin, Emin, Emax,
MI' Am Lm D MKB MKB/Mm B/m
50 6 0,6 0,2 5 14,4 1,44
100 3 0,3 0,2 5 28,8 2,89
500 | 0,60 0,3 1 5 64,5 6,45
1000 | 0,30 | 0,15 1 2 51,6 5,16
2000 | 0,15 | 0,15 2 2 73 7,3
3000 | 0,10 0,1 2 2 110 11

Sk 3a3HadaeThcs B [5], MMHAMIYHMHA Jiama3oH
nmpuitMada B 3HAYHINA Mipi BU3HAYa€e HOrO MEpEerKomo-
3aXHWIICHICTh. BiNBbIIICTh iCHYIOYUHX CIIOCOOIB 3aBajo-
3aXUCTy BUSIBIIETBCS €(DEKTUBHUM JIMIIC TOMi, KOIH
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PiBEHb INEpPEeNIKON HE TEepeBHIIye AWHAMIYHHHN Hiamna-
30H. [HmIMMHK crnoBamu, sKmo copMmyBaTH TONE Ha
3aJaHiil YacToTi, M0 MepPeBUILYE Emax, TO MOXKHA TOBO-
pUTH TIpO HajiliHe OJOKYBaHHS NpHiiMada, TOOTO PO
HeMOXIUBICTh poOoTu PBIL. JInsg omiHkm BenwdmHH
HaNpY)XEHOCTI EJIEKTPHYHOTO MO MPHU3EMHOI XBHII,
IO PO3IOBCIO/KYEThCs Bin mepenaBada PBII, ckopuc-
TAEMOCS CIiBBIHOMICHHSM [6]:

1 j120n||_ exp(—jkR)
Je-j60ro] © A R

Je € O - JieNeKTpUYHa MPOHUKHICTH 1 MPOBITHICTH
3emuti; L - miHIHHUH po3Mip aHTEHH.

st cyxoi 3emuti BimnoBigHO 10 [6] 3 ornsimy Ha
HaBeJICH] BUIIE JIaHi OTPUMAEMO, IO JUIA frnep = 20 MI'm i
R=50M 3 ypaxyBaHHSM BTpaT Ha Tpaci y BHUNAJAKY
MPUIMOBEPXHEBOTO MOMIMPEHHS EIEKTPOMArHITHOT XBHJTI
(3aracannst 30 ab Ha 50 M) 1 BTpaT Ha HEY3TO/IKEHICTH O
nomsipusanii (3 n16) Epgy = 1,64 mB [ m . Ilpu 3men-

@

Epprr =

ILIIEHHI JIOBXKMHU PajioniHii (BiICTaHh MK IepeaaBadeM
CHTHAITy Ha miapuB 1 mnpuifoMHuM mpuctpoem PBIT)
3MEHIIYEThCSI KOe(IIIEHT 3aXUCTy, 110 OyJeMO BBaXKaTH
HenpunyctumMuM. [Ipy NpUHHATHX BUXIJHUX JaHUX aHa-
JIOTiYHI 3HAYEHHST BUXOATH 1 JUTS 4aCTOTH fep = 50 MI'11.
[lpumyctiMo, 1m0 pafioyacToTH  Jliana3oHy
20 ... 50 MI'y He BUKOPUCTOBYBaTUMYThHCSI HA BIJAKPHT-

UX JISHKaX JOPOTH JUIsl YPaXKeHHsI KOJIOHU BiChKOBOT
TexHIKH (OpOHETEXHIKH) 3 MipKyBaHb CKpUTHOCTI. Tomy
JUIsl TIOZIATIbIIMX PO3PaxyHKIB BHOepeMo pobouuii jia-
ma3od PBIT 100 ... 3000 MI'u. JIjs BU3HAYCHHS MOXK-
nuBocTel ¢yHKiioHanbHoro ypaxentus PBIT ckopucra-
€eMocs pe3ynbTaTaMu poOiT [7], B SKUX BHU3HA4YeHI
BIJIMIOBI/IHI PiBHI MOTYXHOCTI, I0 BUKJIMKAIOTH Jerpa-
Jallil0 HAIIBIPOBIIHUKOBUX TMPHIANIB MPUAMAIbHUX
NPUCTPOIB NIPU BHYTPIIITHBOCMYTOBOMY Ta H0O3aCMYTO-
BOMY BIUIMBaX €JIEKTPOMArHITHOIO BUIIPOMiHIOBAHHSI.
Enepreruunmii mopir s JOCSATHEHHsSI e(eKTy
Jerpajiaii paaioeeKTPOHHUX eIEMEHTIB BU3HAYA€ThCS
4acoM perakcallii TeIIoBHX MPOLECIB, sIKe YIS HaIliB-
MPOBIIHMKOBUX TMPHUIAMIB 1 THTErpaJbHUX MIKpPOCXeM
cTaHoBUTH 7, > 10 ... 100 He [8]. [Ipu BHMKOHAHHI yMOBHU

int

Ty < T3 JUISL TIOCWICHHSI TEIUIOBOTO BIUIMBY, IO BHKJIH-
Kae Jerpajamiio paaioeleMeHTiB, MOTPiOHI IepioAnyHi
nocnigoBHocTi Haammpokocmyrosux (HILC) curnanis.
Bupa3 mis omiHkd HE0OXiTHOI MOTYKHOCTI Ha BXOII
HaIliBIIPOBITHUKOBOTO TIPWJIaay, IO NPHBOIHUTH MO
foro merpanaii, mae Burysin [9):

Poeop = KnSpfn /\/T_ ! ®)

ne K, - mocTiliHa MOIIKO/KEHHSI, 10 3aJIeKHUTh B/ THITY
HAIBIPOBIIHUKOBOTO TIPWIANY; Ts - CYMapHHHA dYac
BIUIMBY TIOCHITOBHOCTI immynsciB Ha PE3, mo
BPAKAIOThCA; Sp—y - TLIOMIA P-N TIEPEXOY B CMZ,

Bupaz (3) nmo3Boms€ BH3HAYMTH  CyMapHy
TIOTYKHICTh, HEOOXI/IHY JUI Jerpananii eleMeHTiB Ipu
BIUIMBI Ha HEi MepioJuYHOl MOCIIIOBHOCTI IMITYJIbCIB
NpY B BHYTPIIIHLOCMYTOBOMY BILIHBI

int
P Oecp P Oezp K.y (4)
1 I03aCMYyroBOMY BILTHBI
ext
P, Oecp P, deechu J (®)
ne Kep — xoedilieHT, 10 BpaxoBye poO30IKHICTH

mupuay criektpa HIIIC curHamy i cMyru npomnyckaHHs
NPUIMaNbHOTO TPakTy; Koy — KOe(illieHT, 0 BPaxoBye
BEJIMUMHY PO30DKHOCTI CEepeAHbOI YacTOTH CIIEKTpa
HIIC curnany i pobodoi 4acToTH NPHHAMAIBHOTO
npuctporo PBII. ¥V Tabn. 2, 3 HaBeIeHO OIIHKY 3HAYEHb
HOTYXHOCTI IPH BHYTPIIIHBOCMYTOBOMY 1 HO3acMy-
TOBOMY BIUIMBI, JOCTaTHbOMY JUIs Jerpajarii pasmio-
CJIEKTPOHHMX ENIEMEHTIB TPH BIUIMBI MAayKu YJIbTpa-
KOPOTKHX IMITynsCiB TpuBamicTio 1z = 100 mc (HIT —
HamiBrpoBinHukoBi, IC — inrerpanshi, BIC — Bemuki
inTerpansHi cxemu) [7].

[MopiBHsuibHUK aHai3 Tabnm. 2 i 3 mokasye, L0
EHEPreTUYHO OUTBbII BUTIAHUM € PEXHM BHYTPIIIHBO-
CMYTOBOTO BIUIUBY, KU Ha3MBAETHCS TAKOXK PEKUMOM
"gepe3 BxiaHi aepi". Y pasi OII PBII came 1ieit pexxum
Oyme MaTH Miclie, OCKUIbKH Tepe0adyacThes, Mo KOKHE
BUOYXOBUIT IPUCTPiii 3a0e3MeUeHi aHTEHOO 1 Haall-
TOBaHHMM Ha KOHKPETHY, 3a3/aJIeri/lb HEBIJIOMY JIOBXKH-
HY XBUIIL.

Tabnuys 2 — OuiHKa MOTYKHOCTi P(')eep , MBT
Pint
Tun HII npunamy K Sp—n, cM? Ty, MC dezp
K= IOZ[B K= ISHB
Jionu HII,TpansucTopu 0,1 103 -5-102 102 3-2:102 10 — 5:102
Hionn HBY 0,01 10 - 510 10? 0,3-20 1-50
IC Ta BIC 0,1 104 -2.10° 10? 0,3—-6 1-20
Tabnuys 3 — OniHKa NOTYKHOCTI sztgp , MBT
ext
Tun HIT npunany K Sp-n, cM? Ty, MC Poeep » MBT
K@n=30ﬂB KK)1=40,HB
Jionu HII, Tpan3ucropu 0,1 103 -5-102 102 3-102—2-104 3-103—2-10°
Hiomn HBY 0,01 102 - 5.102 102 3-10* 2108 3-102-2-10*
IC Ta BIC 0,1 104-2.10° 102 3-10%- 6102 3-10%2-6:10°

Sk BUIAHO 3 Ta0l. 2, MaKCUMaJIbHA TIOTYXKHICTh ISt
BHYTPIITHBOCMYTOBOTO TPUAYIICHHS, HEOOXiTHA JUIs
Jerpaallii HaIiBIPOBITHUKOBUX IIOMIB 1 TPaH3MCTOPIB

cranoBuTh BenmmunHy 500 MBT. BukopucroByroun nani
Tabn. 1, MOKHA pO3paxyBaTH MOTYKHICTh CHUTHAIy, He-
00ximHy st DIT BubyxoBoro mpuctporo (tabur. 4).
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Tabnuys 4 — IOTYXKHICTH CHTHAJY, TOCTATHS
17151 HopMasbHoi podoTu PBIT

f, MI'1g LMo | LM D PHr;ax , Br
50 6 | 06 |02 313-107°
100 3 |03 |02 313-10°°
500 060 | 03 | 1 313-107°

1000 030 [ 015 | 1 5.1074
2000 015 | 0,15 | 2 5.1074
3000 0,10 | 0,1 2 5.1074

JIis mOCSATHEHHST MaKCHUMalbHOI MOTYXHOCTI 500
MBT (Tabn. 2), mo 3abe3meuye Aerpajaliio AiOmiB i
TPaH3UCTOPIB, BiJINIOBI/IHA HATIPY>KEHICTh €IEKTPUIHOTO
nons 6yzne matu Bennuuny: st 50 Ml - £=18 B/ m;
st 100 MITu - E=37 B/ wm; s 500 MI' - E =82 B/ wm;
s 1000 MI'p - £ = 165 B / m; moa 2000 MI'rp -
E=217 B/ m; nst 3000 MI'i - £ =308 B/ ™ [9].

Buxonsuu 3 TAKTHYHUX MipKYBaHb PO3TalIyBaHHS
HILIC 3aco0y ®IT PBIT B OoiioBux mopsiikax KOJIOHH,
IO PYXa€ThCs, BHOEPEMO MAaKCHMAJbHY JalbHICTh
pOOOTH MOCTAHOBHUKA MEPEIIKOA Ry0n = 20 M.

Jnst OIIHKM TeOMETPUYHUX PO3MIpIB aHTEHHOI
CHCTEMHU B SIKOCTI PO3PaxyHKOBOI BHOEPEMO CepelHIO
gacrory criektpa HIIC curnany [10]: fo = 1,5 T, st
K0l Enon (fo) = 180 B/mI'u. BiamoBinHo 10 dbopmynu
i7IeaTbHOTrO0 Pajio3B's3Ky (2) Iuisi HampaBJIEHHS TOJOB-
HOTO MAaKCUMYMY aHTE€HOI) CUCTEMH:

EnOM =4 GOPZ Dnom / RnOM ) (6)

ne Ps — mikoBa MOTYXKHICT IepeaaBaya IepemKos (Ha
gacroti 1,5 I'Tn), D, — makcumansauit KH/I anTeHn

HIIIC 3aco0u (yHKIIOHAIBHOIO YPaXKEHHsI, OTpUMac-
Mo, mo R:D, . =216 kBm .

nom

Ha puc. 1 HaBeneHa 3anexHicTh MK KoedilieH-
toM nocunenns (KY) aHTeHHOT cucTeMH 1 MOTYKHICTIO,
IO MiIBOAUTHCS, pPO3paxoBaHa BiAmoBigHO a0 (2) s
3a3HaYCHUX 3HA4YEHb HANPYKEHOCTI EIEKTPHYHOTO
moitst i AanbHOCTI. SIK mokasye anamis mitepatypu [11],
Ha CBOTONHINIHIA JIeHb pealbHO JOCSDKHI MeraBaTHI
PIBHI TOTYXXHOCTI, IO TEHEPYEThCS sl MOOUIBHUX
YCTAaHOBOK TPH JIOMYCTUMHX MacorabapuTHHX po3Mi-
pax. Hiarpama copsimoBanocti ([IC) anTeHHOi cuctemMn
moBuHHa Oyru sikomora Oimpm By3pkoro (KHJ Bm-
COKHIM) ISl 3MEHIIIEHHS BIDIMBY Ha CYCiZTHI pajio3aco-
6u i cucremu 3B's3Ky. Pasom 3 tum 30impmenns KH]
MIOB'SI3aHO 3 POCTOM T€OMETPUYHHUX PO3MipiB aHTEHHOI
CHCTEMH.

PsxBt
20,00

15,00 \

10,00 \

5,00 \

0,00 T
10 20 30 40 50 60 70 80 90 [)

non

Puc. 1. Crissignomenss mixx KHJT
AHTCHHOI CHCTEMH 1 MIOTYXXHICTIO, IO MiIBOAUTHCS

HeoOxinHo BpaxoByBaTH, L0 JUIl 3MEHIICHHS
BTparT IO MoJisipu3alii 6a)kaHO BUKOPHCTOBYBATH aHTEHY
3 KPYTrOBOIO TIOJISIPH3AIIE0 BUIPOMIHIOBAHOTO TIONs. B
SKOCTI TaKOl aHTEHU IPOIIOHYETHCS BHKOPHUCTOBYBATH
napa0oioix oOepTaHHS 3 OIMPOMIHIOBAdYeM Yy BHIJISAL
KOHIYHOI cCITlipalibHOi aHTeHHW, mo 30ymxyersess HILC
CHTHAJIOM  BIJICOIMIYJIbCHOTO THITy HaHOCEKYHIHOH
tpuBainocrti. [Ipumyctumo, mo KHJ{ anTeHHoi cucremu
D.axe = 100. KV, sxuii BusHauaetbes sk G =Dn (n —

KK]I), oyne menme KH/I i, B 3aransHOMY BHIIQ/IKY, 3a1e-
JKUTB BIJI €IEKTPUYHUX XapaKTEPUCTUK aHTeHHO-(ixep-
HOI crcTeMu. BukopucToByroun criBBimHoIeHHs [1]:

D =25000+30000/(2®8,5P2¢8,5P), @)

Mmakce
ae 268,5 P 2¢8’5 p - mmpuHa JIC B KyToMicueBiil i a3u-
MYyTaJIbHIN TUIONIMHAX BIAMOBIIHO B Tpajaycax, 3Hane-
MO, IO JJIs aHTeHH 3 romyacroro JC BennuuHa mupu-
HY Jiarpamu cnpsiMoBaHocTi 6yae 15,80°. 3 ormsny Ha
te, 110 mupuna JJC Moxe OyTH omiHeHa sik [1]

@05p =1/d, ®)

Je A - cepelHs AOBXKHHA XBII; - miamerp amepTypH,
3HaWIEMO, 10 pO3Mip anepTypu craHoBuUTh 0,875 M.
Juist 30inbIIeHHs] ONOpY BHUIIPOMIHIOBAHHS HEOO-
X1THO 30ULTbLIYBaTH €JIEKTPUYHI pPO3MIpU aHTEHHOL
CHCTEMH, a TaKOX Te, III0 HaliMEeHIIa YacToTa CIIEKTpa
fnep = 100 MI't (A = 3 M), ocTaTOYHO BHOEPEMO JiaMeTp
m3epkanbHoi antenu d = 1 m. [Ipu npomy pasneka 3oHa

antenn ckmaze R >2d? / Amin =20 .

BianosigHo no manux puc. 1 mis KHJ/I antenu
D =100 moTyxHicTb HaIIIUPOKOCMYTOBOro 3aco0y PII
PBII cxmane BemuuuHy Pr = 2,2 kBT 3 ypaxyBaHH:IM
BTpaT Ha TPaci MMPH MOIIUPEHHI Y3/I0BXK ITOBEPXHI 3eMJIi.
[Mpu Bucoti antenu 2 M 1 manbHOCTI AiT Dyon=20 M
miamerp "msiMu", sika poOpMyeThCS OCHOBHOIO IIENIOCT-
koro JIC HIIC antenn cknane Benmumuuny d, = 24 m. 3
OISy HAa Te, 10 3aCTOCYBAHHS iCKPOBUX T'€HEpPAaTOpIB
Mae OOMEKEHHS 32 KUIbKICTIO BUNPOMIHIOBAHUX CHIHA-
niB (1 + 3MIIH crnpanbOBYBaHb Uil OPOH30BUX 1 HiKele-
BUX ENIEKTPOJIB), MPHILYCTHMO, IO BHKOPHCTOBYETHCS
nociiioBHicTh 3 10 HAAMIMPOKOCMYrOBHX CHIHAJIB,
Hepiofl MPOXOKEHHS SIKuX cknagae T, =10 uc . VY min-

CYMKy c(opMOBaHa IIOCHTiIOBHICTh MAaTUME TPHUBAIIICTh
Ty =100Mmc . Takum yrHOM, Ha 8 M PyXy KOJOHH Oyne

BHKOPUCTOBYBATHCA MOCHiAOBHICT 3 10 Hagmmpoko-
CMYTOBUX IMIOYIBCIB, TOTYXHICTh KOXKHOTO 3 SIKHX
ckragae P = 220 Bt. Baxkaroun KiTbKICTb PO3PALIB ic-
KpOBOTO reHepaTopa ApkaabeBa-Mapkca piBHUM | MITH.,
1 3 orysimy Ha OOMEXEHHS 10 MOTY)KHOCTI OTPHUMAaEMO,
mo Oe3nepeppra mist HILIC 3aco0iB (yHKITIOHATBHOTO
ypaskeHHsI PaJlioKepOBaHUX OOEIPUTIACIB MOKE BUKOPHC-
TOBYBATHCS MPUOMIBHO Ha 280 KM IUIAXY.

3a HaBeJCHUX BHIIE TaHMX MOXHa DPO3paxyBaTH
BEIMYHHY KoedillieHTa 3axucTy (2). Y NpHITyIIeHHi, 110
P.=1Brt, Gu=2, Ay, =20«Iy, PsG,,, = 2,16 xkBm,
Afion = 3 I'Tu, orpumaemo, mo K = 0,4. Otpumane
3Ha4YCHHS € TIPUITYyCTHMHM IIPH BIAJAJICHHI TEpOpHCTa
Big Mici 3aknagerds PBIT na 50 m.
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[poanaizoBaHO MOXJIMBOCTI 3aCTOCYBaHHS Hall-
IIMPOKOCMYTIOBUX CHTHATIB I (pyHKIIOHAIBHOrO ypa-
JKEHHA pafiokepoBaHux Ooempurmacis. [TokazaHo, 110 Haii-
ouren mepcriektiBHuMH HIIC cuctemamu € cucremn
JIMCKPETHO-0e3nepepBHOI Aii, SKi BUKOPUCTOBYIOTh CyMi-
IIEHWH €EMHICHUI HaKONMMYYBa4 €HEprii 3 BUKOPUCTAHHIM
TeHepaTopiB IMITyJIIbCHUX Hampyr ApkaabeBa-Mapkca i
Y3TODKEHY 3 HUM aHTEHHY CHCTEMY, IO JIO3BOIISIE BU-
TIPOMIHIOBAaTH €JIEKTPOMATHITHI IMITYJIbCH BUCOKOI 1HTEH-
CHBHOCTI 3 HAallpY’>KEHICTIO eJIEKTPHIHOTO TOJIS 70 JIEKLITb-
KoxX KB/M 1 TpuBainictio ¢pponTy 6:1m3pK0 100 1IC.

OuiHeHi eHepreTuyHi Ta MPOCTOPOBI XapaKTepHc-
THKA QHTEHHOI CHUCTeMHU 3aco0y (YHKI[IOHATBHOTO
ypaskeHHsI pajliokepoBaHHMX OoempwuraciB. BcraHoBie-
HO, IO TPHU MOCTaHOBII 3aropomxysaiabHoi HIIIC me-
pemkoau Ha fanbHOcTi y 20 M HEOOXiJHO MaTH eHepre-
TUYHHUN TOTeHian BennyrHo 220 kBT 3 ypaxyBaHHIM

BTpaT Ha TMOMIMPEHHS Y3J0BX NoBepxHi 3emum. s
3MEHIICHHSI Maco-TadapuTHHX pPO3MIpiB IiepenaBaya
MIPOIIOHYETHCS BUKOPUCTOBYBATH T'OCTPOHAIPABIICHY
anrenny cucremy 3 KHJ/[=100.

3arporoHOBaHO BHKOPHCTOBYBATH TOCIIZOBHICTh
3 10 HagIIMPOKOCMYrOBHX CHUTHAJIB, MEPiOj IPOXO-
JokeHHs sikux ckinangae T, = 10 m/c. ChopmoBana mocsi-
JoBHICTH MaTuMe TpuBaiicte Tz = 100 mc. [Tokazano,
mo npu mupuni mikooi JIC a3epkanbHOi anTeHn 8°,
TpU AabHOCTI Aii 3ac00M (hYHKIIOHAIEHOTO ypa)KeHHS
paniokepoBanux Ooemnpunacis 20 M mupuHa 30HH ypa-
»eHHs1, cpopmoBanoi JIC aHTeHH, CTAHOBHUTH BEINUNHY
16Mm. TIpu BukopucTanHi mocnigoBHocTi 3 10 Haxmmpo-
KOCMYT'OBHUX IMITYJIbCIB, MIKOBA TOTYXHICTh KOXKHOTO 3
skux 0yge Puic = 220 BT 1 KIIBKOCTI PO3pPSIiB iCKPOBOTO
reHeparopa ApkajabeBa-Mapkca piBHUM | MIIH, OTpH-
MaeMo, 1o Oe3nepepBHa Jis HAAUIMPOKOCMYIOBHX 3a-
co0iB (DYHKIIIOHANBHOTO ypa)XCHHSI PajioOKepOBaHUX
OoenpurnaciB po3paxoBana Ha 280 KM IUIAXY.
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Justification of basic technical requirements for means of clearing radio-controlled ammunition
O. lohov, V. Maliuk, Y. Kaplun

Abstract. The possibilities of using ultra-wideband signals for the functional destruction of radio-controlled ammunition
for electronic protection of personnel of NSU subdivisions are analyzed. It is shown that the most promising are discrete-
continuous systems that use a combined capacitive energy storage using Arkadyev-Marx pulse voltage generators and an antenna
system matched to it, which makes it possible to emit high-intensity electromagnetic pulses. The energy and spatial characteris-
tics of the antenna system of the means of functional destruction of radio-controlled ammunition are estimated. It is established
that when setting up a barrier NSC obstacle at a distance of 20 meters, it is necessary to have an energy potential of 220 kW,
taking into account the loss of propagation along the Earth's surface. To reduce the mass and dimensions of the transmitter, it is
proposed to use a pointed antenna system. It is proposed to use a sequence of 10 ultra-wideband signals, the period of passage of
which is 7, = 10 m/ s. The generated sequence will have a duration t= = 100. It is shown that at the width of the peak DS of the
mirror antenna 80, at the range of the means of functional destruction of radio-controlled ammunition 20 meters, the width of the
damage zone formed by the antenna pattern is 16 meters.

Keywords: anti-terrorist operation, radio-controlled ammunition, functional damage to radio equipment.
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METO/IA 3ABE3IIEYEHHSA EJIEKTPOMATHITHOI CYMICHOCTI MOBLIBHUX
TEJJEKOMYHIKAIIIMHUX CUCTEM 3B’SI3KY

AnoTtanis. IIpegMeroM po3risigy cTarTi € mponec 3abe3neueH s eJIeKTPOMarHiTHOI CyMiCHOCTI B cCaMOOpTaHi3oBa-
Hill 6e3npoBiIHIH MepeXi NIUIIXOM 3aCTOCYBAHHS HAAUIMPOKOCMYTOBUX CHTHAJTIB 3 BUCOKOIO iH(OPMAIIITHOIO €MHICTIO.
Merta — po3poOka pexoMeHIamiii Imono peaiizamii Ge3mpoBiIHOrO MOOITBPHOTO PYyXOMOro 3B’S3Ky HpH Iepenadi
JMCKPETHHUX MOBIJIOMIICHb KAaHAJIOM 3B’S3KYy 3 aJIMTUBHUM IayCOBUM IIYMOM. 3ajaya — 3a0e3IEUeHHs YCTaJeHOi Ta
HaJiiHOI poOOTH HAAIIMPOKOCMYTOBOI CUCTEMH 3B’s3Ky. BHKOpHCTaHI MeTOAM: METOIM aHAIITHYHOIO MOJCITIOBAaHHS
Ta Teopii moreHuiiHOi 3aBagocTiiikocTi. OTpUMaHi HACTYIHI pe3yabTaTH. Po3pobieHo kpurepil 3a0e3nedeH s BUMOT
€JIEKTPOMATHITHOI CYMiCHOCTI MOOITBHHX TEJICKOMYHIKaIiiiHuX cucreM. Ha rpyHTI Teopii mOTeHIiaabHOI 3aBaI0CTii-
KOCTI ITOKa3aHa MOXKJIMBICTB YCTaJeHOi Ta 6e33aBagoBoi poOOTH TeIeKOMYHIKaliiHOI 0€3MpOBiIHOI CHCTEMH B YMOBAX,
KOJIM piBeHb iH(OpPMaLifHOr0 CUrHAly Ta IIyMy MaloTh OJIHE 3HaueHHs. JloBeleHa MOXIIMBICTb BUIIYUEHHS II€peIaHor O
iH(opManiiiHOro curHay i3 CyMili mMyMy Ta KOPHCHOTO CUTHATY IIUIIXOM KOpEJNALii MPUIHATOro Ta OMOPHOI'O CHI'HA-
niB. BucHoBku. IToka3aHo, 1110 BUKOPUCTaHHS TEXHOJIOT1] HAAIINPOKOCMYTOBUX CHTHAJIIB J03BOJISE 3iHCHUTH Oe3npo-
BiJJHYy NPHUXOBaHy Iepenavy iHpopmamii 3 Maloo MOTYKHICTIO BUITpOMiHIOBaHHS. [IpuaoMy Bennka 6a3a CUTHaITY J10-
3BOJIsIE 3a0€3MEUNTH yCTalleHy Ta 0e33aBaJoBy poOOTY TeleKOMYHIKAIiifHOi CHCTeMH 3B’S3Ky 3a YMOB, KOJIH piBEHb iH-
(dopMaIiifHOro CUrHaTy 3HaXOAMTHCS Ha PiBHI UM HIDKYE piBHS mIymy. [Ipu oboMy JOBeIeHa MOXKIMBICTH BHITYUEHHS
KOPHUCHOI'O CUTHAITY i3 cyMili iHpopMauiifHuX ABIKOBUX CHUTHAJIB Ta 01JI0r0 TraycoBOro HIyMy.

Kar4doBi caoBa: pyxoMuil 3B’30K; 3aBaJIOCTIHKICTh; 0a3a CUTHaJIA; KPUTEPIH eMc; KOpersLis.

VY TOit e yac iCHYIOUMH paiouacTOTHHH pecypc
nepeBaHTaXeHo (puc. 1), 0 BUKIMKAE 3HMKEHHS PiBHS
3aBaJI03aXHUINEHOCTI CHCTEM Ta SKOCTI HaJaHHX MOCTYT
(Q0S). Takox HarambHOIO cTae Tpobiiema 3abe3reyueH-
HSl BUCOKOI LIUIBHOCTI KaHAJIB 3B 513Ky, iX MPOIMYCKHOT
3JIaTHOCTI Ta 3aBaJIOCTIMKOCTI B YMOBax Jiii HEHaBMHC-
HMX Ta HaBMHCHUX 3aBaf [1 - 3].

Beryn

CrpiMKHii pO3BUTOK MOOUIBHUX CHUCTEM 3B’SI3KY,
Internet ta 6Ge3mpoOBIAHMX JOKAIBHUX MEPEX POOUTD BCE
OLIbII MPUOPITETHUM BHPILICHHsS mpoOiiemu 3abesrie-
YeHHsI BiJIIOBIJIHOrO PiBHSI €IEKTPOMArHiTHOI CyMiCHO-
cti (EMC) B cyuacHiii 0e3npoBiHii TeXHill 3B’ 3KY.

Hazenmm bX plerasmi, Asiamem B3
p/erarmil (miraxe PJIT0, poxsineess,

BTA,IA VBC).
1-30 Ml (sines. dixe. 3acror 1O0D- TOOD)

|
: VEX p/erasnil (miTaxs, L4 $A, Tpomochepesi CymyreEkosEE 318 A308 Pagiopenedaai
iy |FPI0,BTA.YC YBC.YVC 3B EI0N_ (aiTaxe, A BTA IBAIOR
| |xopaGais) 30-152, 225400 MTn TS5-0B5S AT L-ll ?n::Em.i C xopal) |200-1000 Mg
I 1,4-1,7ITx ais; 215400, 1,35-1,85TTn
l' 44-5TTx TO00-8400 MI'n 14.4-16.6 TTo
" PagiomosnemEs ". __--"'-_ -
{ M Mg-vlITh \ _'__,--"" 1__-—“_:_-
! | — -
] — _—-'--- c""'-’.
'i / _ -:-"'Ii.-- -
1w 05 AT A5 10 S0 100
) ¥ — -\
— rry
"’{. T —— — T
— =
Pamio-
Tenesizife Corosed Hagiragizi PEC Tascrosi o650 AMTn| |pipmmone
MOE.12EER 28-80 MTm 772-1215 MIm 1127,6; racrors EOM | |7 e 10293-11658MT
48,5790 MTn | |gpoo1800 MIm| |1575.4:1783,7 MTm 100-3000 MI'm| [0 -0 r: 20TTn

Puc. 1. Po3moain 3a po6ourMu yacToTamu 3aco0iB 3B’ 513Ky 1 HaBiraiii

IcHye HU3Ka METOMIB, sIKi 0a3yIOTHCS Ha PO3MOILITI
MDK OKpeMHMH 3aco0aMu MOOITBHOTO 3B’SI3KYy TaKUX
mapaMeTpiB, K 4acTOTa, 4ac, KO 1 MPOCTip 13 MiHIMY-
MOM B33a€MHHX 3aBaJl Ta MaKCHMaJIbHUM BUKOPHCTaH-
HSM XapaKTEepUCTHK cepemoBuina nepemadi [4]. Haii-
OUBII TOIMUPEHUMH € METO[ OaraToKaHAIBHOTO
3B 3Ky 3 yacoBuM poznogizoMm (TDMA) ta wacToTHUM

posnoginomM (FDMA). Ix 3aranbHuM MO3MTHBHMM MoO-
MEHTOM € YHHKHEHHS B3a€MHHX 3aBajJl MK CYCIOHIMH
IIITFHO PO3TAIIOBAHUMH KaHaJaMH 3B’S3Ky MUITXOM
BUKOPHCTAaHHS Yy Pi3HUX KaHaJaX OPTOrOHAJIbHUX CHT-
HAITIB.
[Ipu npOMy yMOBaMH OPTOTOHAEHOCTI CHTHAIIIB B
vacoBiii obmacrti X(t), me i= 1, 2, ..., € BAKOHAHHS YMOB:
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(oo}

f x(6) 2, (6)de = {
—00
AHAJOriYHO, y BUMAJKY BUKOHAHHS I[UX YMOB, CUTHAJIH
OpPTOTOHAIBHI 1 B YacTOTHIH obOnacti. OOuaBa MeToaH
TDMA i FDMA € HaiiOUIbII pO3MOBCIOIKEHUMH, CY-
MIIIEHHS SIKUX JTO3BOJISIE peajli3yBaTH MeTo]] OaraToka-
HAJILHOTO 3B’S3KY i3 KOJOBHUM PO3MOIiNICHHIM KaHAJiB
(CDMA), cyTb SIKOTO MOJIArae y BUKOPHCTaHHI HaIIIN-
pokocmyroBux curraiis (HIIC), mo nae 3mory BigHec-
TH WOro A0 I’STOrO IOKOJNIHHS CHUCTEM pajio3B’s3Ky.
[puyomMy HAAIIUPOKOCMYTOBUMH BBAKAEMO TakKi CHT-
HAaJIH, JUTS SKHX BUKOHYETHCS CITiBBiTHOIICHHS:
B=FT.>»1,
ne B, F,, T, — 06a3a, mmpuHa CIIEKTPY i TPUBAIICTh CH-
THaJTy BiJITOB1THO.
3a paxyHOK CTBOPEHHS CKJIQJHUX CHUTHAJbHO-
KOJIOBUX KOHCTPYKILIH iH(pOpMamiifHOrO CUrHaiy Iuisi-
XOM OJIHOYACHOT'O 3aCTOCYBaHHS IPOLECIB KOJYBaHHS Ta
MOAYJALT OTPUMYEMO CHUTHAJ, SIKUH 3aiiMae OiNbIry
CMYTY 4acTOT, Ma€ 3HAYHO MEHIIy HOro iHTeHCHBHICTh
y TIOPiBHSHHI 3 CUTHAJIOM IO PeajIi30BaHO IX MOCIiI0B-
HUMU TPOIECAMH Ta J03BOJISIE 3a0€3MEeYUTH OLIbII BU-
COKY e(eKTHUBHICTh Ta €HepreTHYHui BurHami [5 — 7].
Po3mmpeHHs CrieKTpy MPHU3BOAUTH A0 TOTO, IO CHTHAN
OLIIbII PIBHOMIPHO Ta MEHII HIUIBHO PO3MOJIISETBCS Y
BU3HAYeHIN 00nacTi cnekrpy. TakuM YMHOM, HE TUIBKH
i /IBUIIYETHCSl 3aBaJIOCTIMKICTh iH(pOpMAIii, HO 1 3HH-
KYEThCS IMOBIPHICTB Horo nepexoruieHHs. Lle oOymoB-
JICHO THM, L0 HE MAlOYM CHHXPOHI30BaHOI Komii po3-
LIMPIOIOYOr0 CUTHAINY, BiH Oyne ryourtucs y mymi. 3
OISy Ha Te, IO BUPIIIEHHS MPOOJIEeMHU opraHizallii
SIKICHOTO MOOUIBHOrO 3B’sI3Ky Ta 3axucty iHdopmailii B
0e3IPOBIIHUX pajlioMepekax MOJISATae y 3HWKEHHI PiB-
Hsl 3aBaJIOBOI eniekTpoMarHiTHol odcraHoBku (EMO), To
texHonoriss HIIIC curnaniB € HaiOUIbIl NPUIATHOO
JuId i mpakTUdHOro 3actocyBaHHA. CyTh ii momsarae y
nepenayi MajJonoTy)KHUX KOAOBAaHUX IMITYJIbCIB B JIyXKe
LIMPOKIi# cMy3i yactor 6e3 Hecydol yacToTu. [Ipuaomy
LIMPOKOCMY)KHICTh CHCTEMHU BH3Ha4Ya€ He aOCONIOTHA
BEJIMYMHA INUPHHU BUKOPUCTaHOI CMYIM 4YacToT, a
CHIBBI/IHOIIEHHSM CIEKTPY MOBIJOMIICHHS, SIKUIl BU-
3HAYEHO LIBHJIKICTIO OTpUMaHHs iH(opmarii, Ta mmpu-
HOIO crekTpa curHana. [Ipumyctumo, mo AF € mmpu-
HOIO CIIeKTpy moBigomieHHs, W — mmpuHa CHEKTpy
curHana, a T — TpuBaiicTs curaana. Jlooyrok B = WT €
0a30r0 curHaIy. 3a3BHYai IS MIUPOKOCMYTOBUX CHC-
teM W >> AF ta B > 1. Po3mmpioroun cMyTy 4acTor i3
AF no W BUHHMKa€ MOXJIABICTE 30UIBIIEHHS MIBAIKOCTL
nepenadi iHpopMarlii, ykopouyrouu nepeaani CUrHaIu 3

1,konui = j;
0,konu i # j.

BenuuuHU T = 1/AF mo T = 1/W , mpuuomy T; < T.
TakuM 4YHMHOM 10 HEPENAHOTO CHUTHATY BBOISTH NESKY
HAJMIpHICTh, BETHMYUHY SKOi BU3HA4a€ KOeIili€eHT po-
3mMpeHns crekTpy Ky = W/ AF - CaMe HasBHICTb L€l

HAJMIpHOCTI BU3HAYa€ TaKi BIACTHUBOCTI HAAIIHMPOKOC-
MYTOBHX CHCTEM, SIK MOXJIMBICTh TIEpEeOOPEHHS SBHUIIIA
0araTonpoOMEHEBOCTI, YCTAICHICTh JI0 3aBaJl, Ta MOXKIIHU-
BiCTh €(EKTHBHOTO BHWKOPHCTaHHSA CIEKTPY IiI dYac
BUKOPHCTaHHS IEPEBaHTaXEHOr0 YacTOTHOIrO Jianas3o-
Hy Ta I(POBOi 0OPOOKH CHI'HATY.

3HIKEHHS PIBHS €IEKTPOMAarHiTHOrO BHIIPOMIHIO-
BaHHS € OCHOBHMM MeTojioM 3abe3neduenHs: EMC B cucre-
Max Oe3mpoBigHOr0 MoOuTbHOro 3B°s3ky [8-10]. Tomy
CTIPUIHSTIINBAM IIOAO 3a0e3MeyeH s ycTaleHoi Oe33aBa-
JIOBOi pOOOTH € 3HIDKEHHS PiBHS 1H(OpMAIifHOrO CHUrHa-
Jy Ha BXOAl mpuiiMada a0 piBHS mymy. lle oOymoBmioe
KpuTepiit mono 3abesneueHHss BumMor EMC TenekoMyHi-
KalliifHIX cuCcTeM Oe3MPOBIIHOr0 MOOLITEHOTO 3B’ SI3KY.

KpuTepiii 3a6e3neuenns Bumor EMC
MOOITBHUX TeJleKOMYHIKAIIHHUX
cHCTeM 3B’ SI3KY

3rizHo Teopii moTeHnianbHOI 3aBanocTiiikocTi Ko-
TenbHiKOBa B.A. [11] rpaHHYHO IOCSIKHOI MEKEHO
3HIKEHHS PiBHS 1H(QOpPMaLiHHOrO CUTHATY [UIsl ycix 6e3
BUHATKY KJIACIB MPUIMalbHUX CHUCTEM € BiJIHOIICHHS
NO/IBIMHOT eHeprii curnany E 10 cnekrpaibHOi IiiTbHO-
CTi MOTY)XHOCTI IIyMy N, IO CKJIajae BETHYHHY:

Q= ZE/N0 = 2q,B,
Efr
me: 4o = NO_W — BIJJHOIICHHS CEPEIHBOI MOTYKHOCTI

curHany P, = E/T J0 TOTYXHOCTI MyMy Pyo = NoW
Ha BXOJi npuiiMayda, a B = WT e 6a3oto curuay.

3a3Buyaii, HKHI MeEXKa CITBBIJHOIICHHS CIEKT-
panpHUX IIiIbHOCTE# curHany Ngta 3aBaau N, ckianae
7 nb Ha BXOxi mpuiiMaua, 1110 TapaHTye WOro HOPMailb-
Hy poOoty. Takum 4nmHOM Leil piBeHb BiANIOBiJae Ha-
CTYITHOMY CIIiBBiAHOIICHHIO:

N,
—=<0,2. (D)
No

VY Toit e yac cnekTpaibHy HIJIbHICTE Ny BH3HA-
YarOTh HACTYITHUM CITiBB1THOILICHHSIM:

Ng = P/w = E/w T 2

ne P — motyxHicTh curHaiy; W— MupHHa CHEKTPY CUT-
Hany; E — enepris curnany; T — TpHBaIiCTh CUTHATY.

3 ypaxyBanHsM criBBiaHotens (1), (2) kpurepiem
BukoHaHHsi BuMor EMC crae BupillleHHsS HACTYIHOI
HEpiBHOCTI:

Efwrn, <02 @3)

IIpu upoMy criBBiaHOIIEeHHS (3) mpuiiMe HacTyM-
HOT'O BUIILALY:

2

JIle caM KpUTepiii BU3HAYEHO Yy TePMiHAX BiJHOIICHHS
cUrHai / IIyM Ha BXOAl mpuiiMaua (| Ta BHUIpAIly Bij
06pobku W T.

TakuMm 4iHOM 3ajada TMoJsTae B OOpaHHI TaKOro
BUTpAIy Big OOpOOKHM CHTHAaNy, KA OW TapaHTyBaB
JIOCTaTHbO HU3BKHUIA PIBEHD HOTO CIIEKTPAIBHOI MIiTHHO-
cTi Ng BiTHOCHO CIIEKTPAIIbHOI iHTEHCHBHOCTI MPHUPOJ-
Horo mymy N, Ha BXoxi npuiimada. [Ipu mpomy kpute-
pieM SKOCTI KaHAITy MOOLIBHOTO ITU(POBOro 3B’ 53Ky Ta
3abesmedeHHs BuMor EMC € BiHOIIEHHS CHTHAI/TITyM
(SNR, Signal-to-noise ratio).

MOXIMBICTE MONAIBIIOTO ITABUIIEHHS TOTEHIIIH-
HOI 3aBaJOCTIHKOCTI NMPUHMAIBHAX TPHCTPOIB OOIPYH-
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tyBaB CiensH [I. [12] y cBoiii TeopeMi, 3aCTOCYBaHHS
SIKOI CTIpaBeJIMBE TIIBKH Y THX BHIAJKaX, KOJIU HMIAPHU-
Ha CIIEKTPY CHWTHAIy OuIbllla, HIK LIMPHHA CIIEKTPY
myMmy. TakuM YHMHOM, €IMHO MOXKJIMBUM IIUISIXOM ITif-
BHUIIEHHS PiBHS 3aBa/IOCTIMKOCTI 13 MATPUMKOIO SIKOCTI
00CITyroByBaHHSI B OE3MPOBITHUX TEIEKOMYHIKaIliHHNX
pazgioMepelkax € 3acTOCYBaHHA HaALIMPOKOCMYIOBHX
(HUIC) curHamiB i3 HeniHIIHOIO 00pOOKOIO IX CIIEKTPIB.

Metoau 3a6e3nevenns EMC
MOOUIBHUX CHCTEM PyXOMOT0 3B’I3KY

B mudpoBux TerekoMyHiKamiiHUX CHUCTEMax SK-
iCTh MOOUTBHOTO 3B’sI3KY Ta BigmoBimHui piBeHb EMC
3a0e3MeuyoTh ABOMa METOIaMH: CTPHUOKOIIONIOHOI Tie-
penanamiryBanns yactoru (Frequency Hopping Spread
Spectrum — FHSS) Tta npsmoi mocmigoBHocTi (Direct
Sequence Spread Spectrum — DSSS). O6uzBi i MeToau
nepen0avyaloTh PO3IMOJIN BCi€i MIMPOKOI CMYrM 4acToT
Ha N migkaHaitoB. KoxHuit 13 IUX METOnIB Mae CBOI Ba-
mu. Onmnak, ycratkyBanHs FHSS 3nauno mpocrimie i
JICIICBIIE, & TAKOXK Ma€e OUTBIIY CTIHKICTh J0 IIHPOKOC-
MYTOBHX 3aBal.

Memoo cmpudKkonodionozo nepenanauimyeaHHs
yacmomu FHSS. Tlpu 3acrocyBanni wmeromy FHSS
CTaHIlisl Y KO)KHUH MOMEHT Hacy mepeae iHpopmaliiio
TUIBKU 110 OJHOMY 3 N MiJKaHAJIOB, PETYJISPHO NEPeMH-
Kalouuch Ha iHIME minkanan. L[i mepemukanHs BinOy-
BAIOThCS CHHXPOHHO Ha TiepesaBadvi 1 INpuiimadvi, mpu-
YoMy 1X TOCIIJIOBHICTh HOCHTH IICEBIOBHUIAIKOBHIA Xa-
pakTep i 3a3/aJeriap BiIOMUH TUTBKH JIaHil mapi «repe-
JaBadu-mipuiiMauy. [ peamizamii Takoro nepeMuKaHHsS
BUKOPHCTOBYIOTH BJACTHBOCTI meperBopeHHs Dyp’e, 3a
SIKMM 3[JICHIOIOMH 3TOPTKY 1H(OPMALITHOrO CHrHAITY 13
JIONIOMDKHOIO  (DYHKIII€I0, HATPHKJIaJ, EKCIIOHEHIab-
HOIO, OTPUMYEMO Y 4acOBiii 00JacTi MEPEeHECeHHsI CIIeK-
Tpy iH(GOPMALIHHOIO CHUTHATY IO IHILIOTO Jiana3oHy Y
4acToTHI# obnacti. TakuM YMHOM, MarO4u HU3KY JIOIO-
MDKHHX IMITyJIbCHUX (DYHKIIN 3’SIBISETHCS MOXIIUBICTH
JUIsl peaizaiii CTPUOKONOMIOHOTO TepeHaTallTyBaHHS
CHEKTPY 4YacToT iH(GOPMAIWHOrO CHrHANY JIO 1HIIOrO
4yacToTHOro jianasony. Ilpu npomy npuiimManbae obna-
HaHHS BUMIPIOE TIOTY)KHICTh PaiOCUTHANY 1 piBeHb 3a-
BaJ, T2 HA OCHOBI OTPUMAaHHX Pe3yJbTaTiB (HOPMYETHCS
CIIMCOK BIJIBHUX TA 3alHATUX KAHAIIB IUIA OJAJIBIIOTO
o0panHs kaHaiy. J{o crnimcky BKIIFOYEHO iH(OpMAILi0 MPo
CTaH KaHally 3B’S3Ky, J€ HU3bKE 3HAUCHHS MOTYXHOCTI
CHTHAITYy Ta BiICYTHICTh 3aBaJl B HAX CBIIUHTH IIPO HAsB-
HICTh BUIbHHX KaHAJIB. Ta HaBIIAKW, PUCYTHICTH BEIHUKO-
O PIBHS CUTHAJTY B KaHaJIi Ta/ab0 CHIIbHUX 3aBaJl CBiYaTh
mipo #ioro 3aiiusaTicTh. L iHopMarrist 103BoNsIE TIpU BCTA-
HOBJICHHI 3’€JJHAHHSA OOHMpaTH HaHOUTBII ONTHMAIBHUI
KaHaJ 3B’S3Ky 32 HAWMEHIIINM piBHeM 3aBaja. CkaHyBaHHS
JOCTYITHUX KaHAJIB BinOyBaeThCS SIK MIHIMYM OIMH a3 3a
30 cek. 3anmC JaHUX PO AKICTH 3B'SI3KY KOKHIM TpHIMa-
JBHO-TIEPEIaBaJIFHAM TIPHCTPOEM 3IIHCHIOIOTH Y BUIIISIL
Tabmmmi sixkocti 3B's3ky (The Link Quality Table), mo
SIBIISIE COOOIO TBOBUMIipHUI MacuB. Ha 0cHOBI 3amrcannx
MIOTOYHHUX 3HAYeHb JaHHUX PO SKICTH 3B'S3KY MEPEAatoTh
iH(pOpMaIlif0 3a MapmpyToM, IO 3a0e3medye sKiCTh
3B'SI3KY, SIKa TIEPEBHIYE a00 IJOPIBHIOE 3aJAHOMY TOPO-
TOBOMY 3HaueHHI0. PparMeHT caMOOpraHi3OBaHOI 0e3-
TIPOBITHOI MEPEXi HABEAECHO Ha puC. 2.

48 M6it/c

L

24 M6it/c

2 M6it/c 6 M6it/c

v

18 M6Git/c

L

Puc. 2. Opranizaris 38’s13Ky B CaMOOPTaHi30BaHIi
0e3MnpoBiTHII MepeKi

3aBsKM TakoMy Oe3nepepBHOMY JIHMHAMIYHOMY
BHOOpY Ta HAJAHHIO KaHAJIB 3B 3Ky 3MIHCHIOETHCS
e()eKTUBHE BUKOPUCTAHHS PaJlil04aCTOTHOTO PeCypcCy Ta
3abe3neuyrotees BuMorn EMC B cucremax 0e3npoBin-
HOT'0 MOOUIBHOTO 3B S3KY.

Memoo npamoi nocrnioosnocmi DSSS. Tlpu pea-
nizauii merony DSSS koxxeH Oit iHpopManii KogyeThCs
y BHIJISIZIL TIOCHIIOBHOCTI 3 N OiT, a BCi 111 N OiT nepena-
I0TBCS TIapalelIbHO 10 BCIM N mifKaHajdaM, NPUIOMY
QJITOPUTM KOJYBAaHHS 1HAWBIIYyaJbHUH NI KOXKHOI ma-
pH «IepeaBay-IpuiiMady», 3a0e3Medylodn, TaKuM 4YH-
HOM, KOH(igeHwiiHicTh nepeaadi. Lleit meTox no3Bosie
Jocsiraty OLIBILIOT POMYCKHOT 31aTHOCTI 1, 3aBIsSKU N-
KpaTHiil HagMipHOCTI, 3a0e3mneuye OBy CTIHKICT 110
BY3KOCMYTOBHX 3aBaJ] Ta JO3BOJISIE BHKOPHCTOBYBATH
iHpOpMaIliifHI CUTHAIM JY)K€ HU3bKOI MOTYKHOCTi, HE
CTBOPIOIOYH 3aBaj 3BUYAWHUM PaziONPUCTPOSIM.

[Mopanbuie ymockonasienus merony DSSS 3 me-
TOIO MIJBHIIEHHS PIBHS 3aBaJIOCTIMKOCTI TEIEKOMYHi-
Kaliif-HUX CHCTEM 3B’S3KY 3I1iCHIOIOTh HIISIXOM 3aCTO-
cyBanHss HIIC curnaniB 3 HenmiHIHHOIO 00pOOKOMO 1X
criektpiB [12]. Peanizaiito Takoro miaxomny 31iHCHIOIOTh
HACTYITHUM YHHOM.

Indopmaniiinuii ABIKOBUI CHTHAN CIIOYATKY PO-
3MIMPIOIOTH IIUIAXOM MHOXKEHHS HOTO Ha PO3LIMPIOIYY
KOJIOBY IIOCIIiJOBHICTh CHUTHAIIIB y BHIJIAI MTOTOKY eJie-
MEHTapHHUX CHTHAJIiB — YHIIB Ta BUIPOMIHIOIOTh HOTO
IO BITBHOTO TIPOCTOPY.

TakuM YHHOM 3AIMCHIOIOTH OJHOYACHE 3aBalloC-
TiliKke KOIYBaHHS Ta MOIYIELIIO iH(OpMAITiiHOro 0Ty, CTBO-
PFOFOUH CKJTA/THY CHTHATBHO-KOIOBY KOHCTpPYKITiro [13, 14].

J1st cTBOpEeHHS B OIHIHM CMY3i 4aCTOT HU3KH HE3a-
JeKHUX, 3aXUIICHUX Bill 3aBaJl KaHATIB 3B S3Ky J0MAT-
KOBO 3aCTOCOBaHO CHCTEMY OPTOrOHaIbHHX KoiB. [Ipu
[IbOMY OCHOBHE TOJIO)KEHHSI KO)KHOT'O YHITy 3pPYIIYIOTh
Ha dYac, MPOMOPIifHE IOTOYHOMY 3HAYCHHIO JESKOl
IICEBIOBUITAIKOBOI ITOCIIJOBHOCTI, JOJAaTKOBO 3ilic-
HIOIOYHM 3CYB HOro y 4aci Ha OJHH-IBa MOPSIKH BHUIIE,
HIK TIPU TIOTIEPEeTHHOMY YaCOBOMY ITO3HUIIIHO — iMITy-
JTBCHOMY KOAYBaHHI. B pe3ynbTati CIieKTp ABIHKOBOTO
CUTHAIIy ICTOTHO 3TIMAIKYETHCSA, CTA€ MTyMOITONIOHUM
Ta BXKE HE 3aBa)KA€ 1HIIUM MPUCTPOSIM, SKI MPALIOIOTh Y

136



Hagizauia ma zeoingpopmauiini cucmemu

Tik ke cMy3i. 3aBIIKH HIMPOKOCMY)KHOCTI CHTHAIY
3HWKYETHCSI OO MOTYXKHICTh, IPUUOMY Ha YK€ JIOB-
riii 6a3i — HIKYE pPiBHA OUTOro IMymy. 3aCTOCOBYIOUH
CHCTEMY OpPTOTOHAIBHHMX KOMIB JUISl YIPaBIiHHS 4Yaco-
BUMH 3aTpUMKaMM YHIIB, 3IiHCHIOIOTH OaraToKaHaJIb-
HUI 3B 530K 3axHIIeHOI iH(opMamii B pyXxoMHX Tele-
KOMYHIKalliIfHUX cucTeMax. TakuM YMHOM 10 0e3rpo-
BigHOI pagiomepexi HaaxonaTe HIIC curnanm 3 mepio-
JTIMYHOIO KOJIOBOK MOAYJIAIIIEIO CIICKTPa Y BiIMOBITHOC-
Ti 3 TOTOKOM JBiHKOBHX iH()OpPMALIHHUX CHMBOJIIB.

VY TOif e yac mIMpoKa cMyra 4acToT Ta HaJKOpOT-
Ka TPUBAJICTh YUITIB BHCYBAIOTh ITiJIBUINCHI BUMOTH IO
TOYHOCTI cHHXpoHi3awii. [HopmaniliHi curHamm Ta
CHUTHAJIM CHHXPOHI3allii 3HAXOJSTHCS Ha OIHOMY €Hep-
TeTHYHOMY PiBHi, a CIIeKTpajbHa IIUIBHICTh YCIX KaHa-
JIB 3HAXOJMThCS Ha PiBHI IIYMiB, TOMy CHCTEMa 3Ha4-
HOIO MIpOI0 3a3Ha€ MOTipIISHHS 3Ha4eHb IMOBIPHOCTI
6iToBOi MOXMOKM. 3MEHIINTH PIBEHb BHYTPINIHBOCHC-
TEMHHUX 3aBaJl Ta OITOBOI MOXUOKH 103BOJIsIE MeTox (ho-
pmyBanHs aHcamOmro cknagnoro HIIC indopmariiiiHo-
IO CHTHAY IIUIIXOM YacOBOI'O PO3/iJICHHS OMOPHOro Ta
iH(OpMaIifHOrO CUTHAJIIB, CXeMa peajli3alii sSKoro Ha-
BEJICHO Ha puc. 3.

B cxemi nepenaBaya 3aCTOCOBAHO TPHITO3MIIITHUI
KOMYTATOp, KU MPOTSATOM MEPIIO] MOJIOBHHU OITOBOrO
iHTEepBaJy 3aMHKae BUXiJ IepenaBada 0Oe3rnocepenHbo
Ha rereparop HILC curnany (G).

n() "
G DF | ‘

— DL2 —

DL1

(1)

\— DL3

]

«1»or
«0»

Puc. 3. Cxema ¢popmyBanns aHcam6Oiito ckiagaoro HIIIC
iH(popMaLiitHOro curHary

TakuM YHHOM TIPOTATOM mepiomy 4acy Ts/2 dop-
mytotb omopHuit HIIIC curnan. B cepeamni GiToBOro
iHTEepBaIy 3AIACHIOIOTh MEPEKIIOYEHHS KOMYTaTopa 10
OIHIET 3 ABOX MOXJIMBHAX IO3HIIN B 3aJIEKHOCTI BiI
MOTOKY NBIMKOBUX OITiB «OIWHHIIDY YH «HYIBY» Bif
oxepena inpopmartii. [Ipu npomy minis 3atpumkun DL1
3abesmnedye 3aTpuMKy curHany X(t) Ha momxoBuHy 6iTO-
Boro imrepsany Ts/2, a minii 3atpumkun DL2 Ta DL3
3aisHI Oe3mocepeHbO Ui (JOPMYBAHHS MMOTOKY JBIii-
KOBHX 0OiTiB. B pe3ynbraTi popmyeThess aHCaMOIb CKila-
JHOTO CHUTHANy, ¢ iH(QOpMamiiHIA CUTHAN, BiIOKpEM-
JIEHO y Yaci BiJl OMOPHOTO, Ta Ha omHOMY iHTepBami Ty
Ma€ TaKUH BUTIIS.

[ x®0st<T;
y(t)={x(t—§—T0), EStST;
(t-I-m1), I<e<T;

VY BiIBHOMY TpPOCTOpI Ha PO3MIMPEHHH CHUTHAJ,
CMyTa YacTOT SIKOTO JIOPIBHIOE CMY31 YacTOT KOZOBOI'O
CHTHAJTy — YMITy, BIUIMBA€ 30BHINIHSA 3aBaja. [IpuiHsTY
cymim ancambmo cxiagnoro HIIC indopmarniitnoro
CHTHAJy Ta 3aBa/id B MpHUHAMadi IIOBTOPHO MHOXKATh HA
CHHXPOHI30BaHy KOIIIO PO3IIMPIOIOYOro CHrHalmy. B
pe3yIbTATI OTPUMYEMO 3BY)KCHHI 1HPOPMAIIHHUKA CHT-
HaJl Ta CHTHAJ 3aBajid, CIIEKTpP SIKOro OyJe po3MMpEHO
MO0 BChOMY YacTOTHOMY Jialla3oHy LbOTO CHTHAIY.
Bynp-skuii HeOaXkaHWil cUTHAJ, OTPUMaHKUN y TpUiiMa-
yi, OyJe pO3IIMPEHO NIIIXOM MHOKEHHS TaKUM XK€ 4H-
HOM, SIK TIepeJjaBay po3IIUpIoe iHpopManiiHui CUrHAL.
Ile oOymoBneHo TuM, 110 iH(pOpMAaLiHHNI CHUTHAT MHO-
JKaTh IBiYi, TOMI SIK CUTHAJ 3aBaJiyl MHOXKAaTh Ha PO3IIN-
PIOIOYHI OMIOPHUI CHUTHAJ TUTBKH OAMH pa3. [lomanbiie
¢binbTpyBaHHA Ta KOpEJSIIWHUNA IpuiloM aHcamOIro
cxnagHoro HIIC inpopMamiifHOrO CHrHAIY T03BOJISE
OJJTHO3HAYHO BIATBOPUTH TNepenaHuii iHQopMariiHui
CHTHAJ.

Kopensitop BUKOHYE 3rOpTKY NPHUIHATOTO CUTHATY
3 OMOpPHHM, 3JIIHCHIOIOUN KOT€PEHTHHH CTHUCK HPHHHS-
TOrO aHcaMmOJI0 CHTHANIB IO CMYTH YacTOT MepelaHuX
MOBIIOMJICHb IIUISIXOM TOJBIHHOIO CIEKTPaIbHOIO Ie-
perBopenHst [15].

Tak mpu mpuiioMi IBIHKOBOT OJMHHUII KOPEISIIii-
Ha (YHKILIsS TOpiBHIOE +1, a mpu npuiioMi ABIHKOBOIO
HylIsl — IpuiiMae 3Ha4eHHs -1.

VY Oyap-sSiKuX 1HIIMX BHIAAKaX KopessmidHa (yH-
KISl JOpiBHIOE HyN0. HakomudeHHS B KOpemsTopi
npuiiMava 3a 4ac npuiiomy iHpopmariitHoro OiTy neB-
HOT KUIBKICTI YHMIIB, 10 KOAYIOTh KOXKeH 3 iH(opmariii-
HUX OITIB, ]a€ MOXJIMBICTh CYTTEBO MiJBHIIHUTH CIIiB-
BIJJHOLICHHSI CUTHAJI/IIYM, 3a0e3Meuyl0ud MOXJIUBICTh
nepenaui iHpopMalii B MIMPOKOMY YaCTOTHOMY Jiara-
30HI 3HAYHO HIKYE PiBHs Oijoro mymy [16], 3abe3me-
Yyrouu TakuM 4nHoM Bumord EMC miist pyxomux Mo0i-
JIbHUX NIPUCTPOIB.

Anani3

Amnani3 npoOieMu 3a0e3neueHHs] BUMOT eIeKTPO-
MAarHiTHOI CyMICHOCTI PyXOMHUX MOOUILHHUX O€3MpOBij-
HUX MPUCTPOIB M0KAa3aB, 110 OCHOBHUM METOJAOM Ii BU-
pIILICHHS] € 3HWKEHHS PIBHA BUIIPOMIHIOBAHHS €JICKT-
POMarHiTHUX TMOJIB.

Ha rpyHTi Teopil nmoTeHIianbHOI 3aBaJ0CTIHKOCTI
KotenpaikoBa B.A. mokazaHa MOXIIUBICT YCTaJIeHOI Ta
0e33aBaZioBOi pOOOTH TENEKOMYHIKaLiHHOI Oe3mpoBiI-
HOI CHCTEMH B yMOBaX, KOJIM piBeHb iH(OpMAILiHOr0
CHTHANly Ta IIyMy MaloTh OJHE 3HaueHHs. [lokazaHa
MOJKJIMBICTh BWIIYYCHHS IEpENaHOro iH(pOpPMAIiifHOTO
CHUTHAIIy 13 IIyMy [UIAXOM KOPENAIil MPHHHATOrO Ta
OITIOPHOT'O CHTHAIIIB.

BucHoBku

Bukopucranns texnomnorii HIIC 3B’s13Kky 3 po3ro-
JIJTOM y 9aci CHHXPOIMITYIIECY Ta iH()OpMAIifHOTO CHT-
HaJly JO3BOJISIE TAPAHTOBAHO 3a0€3IIEUUTH BUMOTH LIO-
JI0 3aBaJIOCTIHKOCTI, MPUXOBAHOCTI 1 Oe3MeKn KaHATIB
0e31mpoBiTHOrO0 MOOLTBHOTO 3B’A3Ky Ha YCiX eramai ix
PpO3poOKH, BUTOTOBIICHHS Ta eKcrutyaTallii. Lle mo3Bosse
3MiMCHATH OE3MPOBIAHY NPHXOBaHY Iepenady iHpop-
Mallii 3 MaJOI0 MOTYXHICTIO BUIIPOMiHIOBaHHSI.
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3acTocyBaHHS BeNWKOi 0a3u CHTHANTY Ja€ 3MOTy  HIDKYe piBHA mymy. [Ipu 1iboMy, JoBeneHa MOXKITMBICTh
3a0e3rneunTn ycTrajeHy Ta 0e33aBajioBy poOOTy TENEKO-  IILISIXOM KOpeNsilii MPUHHSATOrO Ta OMOPHOTO CHUTHAJIB
MYHIKamiifHOI CHCTEMH 3B’SI3Ky 3a YMOB, KOJIM piB€Hb  BHJIYYEHHS KOPHCHOTO CHTHANY i3 CyMimIi iH(popMarii-
iHpOpMaIiHHOTO CHUTHAJy 3HAXOAWTHCS Ha PIBHI YM  HUX ABIMKOBHX CHT'HANIB Ta O110T0 rayCiBCHKOTO IIyMY.
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Methods for ensuring electromagnetic compatibility
of mobile telecommunication systems.

V. Knyazev, V. Kravchenko, B. Lazurenko, A. Serkov, K. Trubchaninova

Abstract.The subject is the process of ensuring electromagnetic compatibility in a self-organized mobile wireless net-
work by using ultra-wideband signals with a high information capacity. The goal is to develop recommendations for the imple-
mentation of wireless mobile communication when transmitting discrete messanges over a communication channel with additive
Gaussian noise. The objective is toensure stabile and reliable operation of the ultra-wideband communication system. Methods
used: analytical modeling methods and thetheory of potential stability. The following results were obtained. A criterion for ensur-
ing the requirements of electromagnetic compatibility of mobile telecommunication systems has been developed. On the basis of
the theory of potential noise immunity, the possibility of stabile and interference-free operation of a telecommunication wireless
system in conditions when the level of the information signal and noise have the same value is shown. The possibility of extract-
ing a transmitted information signal from a maxture of noise and a useful signal by correlating the received abd reference signals
has been proven. Conclusions. It is shown that the use of ultra-wideband signal thechnology allows for wireless cover infor-
mation transmission with low radiation power. Moreover, the large base of the signal allows to ensure stabile interference-free
operation of the telecommunication communication system in conditions when the level of the information signal is at or below
the noise level. At the same time, the possibility of extracting a useful signal from a mixture of information binary sagnals with
white Gaussian noise has been proved.

Keywords: mobile communications; noise immunity; signal base; emc criterion; correlation.
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RESEARCH OF CONDITIONAL DIAGNOSTIC ALGORITHMS
MANY SOURCE OBJECTS

Abstract. Without regard to the swift increase of reliability of element base of modern special communication means
actual is a question of providing of their a fitness is to repair, of value of indexes of that regulated by leading
documents. Considerable time of permanent repair of special communication means occupies the search of defective
elements, that is why important enough improvement of the diagnostic providing. It is arrived at by the use of effective
algorithms of searching activity of masters that abbreviate the necessary amount of verifications of the damaged
apparatus. It is set that to 30 percent of refuses of special communication means conditioned by disrepairs their sources
of secondary power supply, that behave to the class of many source objects. In the article with drawing on modern
accomplishments of technical diagnostics and metrology, that was not taken into account before, research possible
variants of construction of conditional diagnostic algorithms. Also research their indexes of quality depending on the
structural features of object of diagnosticating and the brought results over of comparison. The terms of repressing
choice of algorithms of search of defects are set on the criterion of a minimum of mean time of renewal, the order of
decision of this task is formalized. The got results it is expedient to draw on during development of the diagnostic
providing of perspective special communication means, and also and at the improvement of existing. Thus, taken off
part of limitations that is used in the known methodologies, that allows to promote efficiency scientifically reasonable
practically implemented recommendations in relation to time of proceeding in special communication means at the

refuse of their sources of secondary power supply.

Keywords: diagnostic algorithm, many source object, average recovery time.

Introduction

Modern software-controlled means of special
communication (MSC) are constantly complicated in the
direction of automation of technological operations,
quality assurance and continuity of communication,
which leads to an increase in the number of elements,
which in turn does not contribute to the required values
of reliability.

Therefore, the problem of the effectiveness of the
diagnostic process during the current repair of the MSC
is quite relevant and requires a continuous solution and
improvement as technology develops.

That is, we have a contradiction between the
improvement of the MSC, increasing the number of
elements and the need to ensure the directive values of
reliability indicators. Its removal in modern conditions is
possible by improving the diagnostic support, namely the
introduction of effective algorithms for finding defects
during the current repair of the SC [1].

Analysis of SC failures shows that up to 30% falls
on the failure of secondary power sources [2-5].

It is established that the subsystem of power supply
of MSC belongs to the class of multi-output objects
(MO), which differ in the peculiarities of the process of
recovery [6, 7].

Therefore, there isa need to study the most effective
algorithms for diagnosing MO, which minimize the
average recovery time.

Basic material and results

Known methods of developing diagnostic software
MO [1, 2, 7, 8] do not take into account the results of

recent research in the field of technical diagnostics [9]
and metrology [10, 11]. To increase the accuracy of
estimating the value of the average recovery time, it is
proposed to take into account the probability of correct
diagnosis and metrological reliability of the measured
equipment (ME).

The value of these indicators in the known methods
is limited: that is, the probability of correct evaluation of
the test result at the time of diagnosis is equal to one, and
the ME is valid in advance.

These provisions do not correspond to the real
conditions of recovery of the MSC in the field [2, 5, 7].
These shortcomings are eliminated in this article, the
purpose of which is to study the conditional algorithms
for diagnosing (CAD) MO, taking into account the
probable indicators of the defect search process — the
probability of correct diagnosis and metrological
reliability of ME in contrast to known studies and
publications.

In the general case, the ME (power supply
subsystem, generator equipment or allocation of
communication channels in radio relay stations,
tropospheric communication stations or multi-channel
hardware field communication) can be represented in the
form of Fig. 1 (for power supply subsystems, it is a
transformer with secondary windings, rectifiers, filters,
voltage stabilizers), where M is the number of outputs (in
the general case — ME units), n is the number of typical
replacement elements (TRE) that are part of spare parts
with depth to which it is necessary to determine the
defect.

According to the recommendations [1], the general
CAD MO takes the form of Fig. 2.
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Fig. 2. General conditional algorithm
for diagnosing a multi-output object

The total number of inspections for this CAD is
equal to

Ky =(n+1)(1+log, (n+1))+

+n[(M -1)+ Y i+(M -1)log, nj:
=(n+1)(1+log, (n+1))+

+n((M -1)(1+log, n)+0,5(M -1)M —1),

and the average number of inspections when searching
for a defect is

Ky Ky

K=Tra =1
where L is the total number of MO elements.
In that case, the average recovery time of the MO
Kt,

Tl = pKP;
where t, — the average measurement time when
performing the test; p — the probability of correct
evaluation of the measurement result; P — metrological
reliability of the FTA.

In Fg. 3 shows the dependences of the average
recovery time of the MO on the number of blocks
(M 2)and the time of measurement (tB), provided that
p =0,9997 and P = 0,98 [10, 11], and L = 256.

Consider the second option for diagnosis:
measuring the output signals when searching for a faulty
unit and diagnosing it with CAD minimal form:

_ (M—l)(M+2); K, = Ks &)t_B

L
Ks="—n— loga 13 T, = (3 + ) 3

where K is the average number of checks when searching
for a faulty unit; K, — the average number of checks when
searching for a faulty replacement element. We believe
that in both cases use one ME. Unlike the first option, it is
a two-stage diagnostic process.

In Fig. 4 shows the dependences T, (M, t,), under
the same conditions as T;.

Fig. 3. The dependences
of the average recovery time of a multi-output object
on the number of blocks and the execution time of the scan
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Fig. 4. Dependencies of the average recovery time
in the two-stage process of diagnosing a multi-output object

Comparison of Fig. 3 and Fig. 4, shows that this
option is not better than the previous one, but with
increasing value of M we have a slower increase in
recovery time.

We consider further the two-stage process of
diagnosing: search of the faulty block by procedure of
trial replacements, and TRE as before. The procedure of
trial replacements is very simple and does not require
ME, but only a serviceable set of TRE as part of spare
parts, or the presence of a serviceable set of MSC. The
average recovery time

K.t
Ty = Kqt; + p,j—e;,
where t; is the average test execution time of the unit.

Dependencies T; (M, t,,) at t; = 1min are shown in

Fig. 5.
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Fig. 5. Dependencies of the average recovery time
when using trial replacement procedures
at the first stage of diagnosis
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The advantage of this procedure is performed if

tB
T, —T; —K6<pK—6P—t3) > 0,
that is
i > pKep
t3
This inequality is always satisfied because t, > t;
and p¥sP < 1.

When restoring the MSC in the field in the hardware
of the hardware at the first stage of diagnosis, it is
advisable to use a group search for defects, when
specialists simultaneously perform measurements of
parameter values. In this case, the maximum number of
block checks is equal to

M—-1
sz[ u ]'

where [A] means rounding the number A to an integer
value (for example, [2,1] = 3). And the average value of
the number of inspections in a group search for defects

i = BEn (K + 1)
r ZM )
Then the total recovery time of the MSC is equal to
Lo (Ke | Ke
T, =2 (5 +75):

P \pKr
The dependences of T, (M, t,) for p = 2 are shown
in Fig. 6.

30

25

"R/ﬁu=3m
20 1

Fig. 6. Dependencies of the average recovery time
of the product during the implementation
at the first stage of group search of the faulty unit

A comparison of the last two diagnosis options
shows that
Kitg

T3 - T4_ = K6t3 _pKFP > 0,
Provided
Ks K; 2
K, p*P > "

Since p¥rP <1, the number of specialists is
u> land K. < Ky provided % < u, which is always
executed, then T; > T,.

If there are no fuses, you can use the procedure to
disconnect the connectors or remove the units to search
for a short circuit in the power supply circuits. Then from
the beginning it is advisable to turn off 0.5 M and check
the power supply, then 0.25 M and so on until the

overload unit is installed. The number of simultaneously
switched off units at each step of the test is halved, ie the
total number of outages is equal to

M M, L M_ M o-i _ _9-M
N=—++to=MEL 27 =M1 -27").

i=
In this case, the total time of diagnosis is
Ts = M(1—-2"")t,log, M + t,K,/p*P,

where t, is the time to disconnect the (t, <t,)
connectors.

Dependences of Ts(M, t;) at t, =1 are given in
Fig. 7.

%7 Ty omm

Fig. 7. Dependences of the average time of diagnosing

the product with the disconnection
of the blocks from power supply

Since in the two-stage search for defects (first
block, then TRE) always increases the value of M in the
product, the search time of the block increases, and the
search time TRE decreases, the function T;(M) has a
minimum value that should be considered when
designing MSC. This value can be found by an
algorithmic increase in the value of M from one to L.

A comparison of options shows that always
Ts < T, because

2M log, M ts

UEDUED R

In the best case, if the facility has indicators at all
outputs of the power supply unit or the ability to check
the voltage with built-in FTA, their readings are checked
taking into account the probability of the preferred
choice, ie starting with the least reliable. In this case, the
total time of diagnosis is

_ M(tn + ti) tBKe
° p{wpl pfepz

if you use built-in and external ME with different
values of p and P, where t,, is the switching time of the
built-in device, t; is the time of evaluation of its
indicators.

The dependences of Tg(M,t,), at t, +t; =1 are
shown in Fig. 8 and also have a minimum value for a
number of blocks.

A comparison with the previous diagnostic
procedure shows that T, < Tswhen the condition is met

1 ty
7 my < .
pr PP(1—=2"M)log,M t,+t;
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1 Tain The average recovery time in all cases is equal to
=1 \—/4 _ TBi = Ti + ty < TBAOHJ

18 =3 min
20 | where i = 1, 6 isa variant of diagnosis, t,, —the average

—_— =72 froubleshooting time, T,,0n — allowable recovery time

according to guidelines.

2e =1 min
] —// Conclusions

s Analysis of the results shows that there is no
. universal diagnostic procedure.
° T M i i : . 7 . . The functional dependences of the average time of
Fig. 8. Dependences of the average time of diagnosing the diagnosis_ on the d_esign of the product and time in(_jica_tors
product on the number of blocks when using built-in and of operations, which differ from those known taking into
external measuring instruments account the quality of metrological support of the current
repair of the GCC, are obtained.

Thus, the article considers practically feasible In the future, it is advisable to use the results in the
options for diagnosing BVI and obtained a quantitative = method of choosing the algorithm for diagnosing BVI
estimate of the average time of diagnosis. depending on their design and recovery conditions.
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JocJiixzkeHHs yMOBHHUX aJITrOPUTMIB AiarHOCTYBaHHS 0araToBUXiIHMX 00’ €KTIB
JI. M. CakoBuy, C. €. I'nariok, C. B. Bonomiko, 0. B. MuporxandeHko

Anoranisa. He3Baxaioun Ha cTpiMKe 3pOCTaHHS HaIIHHOCTI eleMEeHTHOI 0a3u CydacHUX 3aco0iB CIEL[iaJbHOIrO 3B’SI3KY
AKTyaJIbHUM € IUTaHHs 3a0e3M1eUeHHs X peMOHTOIPHUAATHOCTI, 3HAUESHHS IIOKa3HHKIB SIKOI PErJIaMEHTYEThCs KePIBHUMH JIOKyMe-
HTaMU. 3HAYHUII Yac MOTOYHOTO PEMOHTY 3aCO0IB CIIEI[ialbHOrO 3B’SI3Ky 3aiiMa€ MOIIYK HECIPAaBHUX €IEMEHTIB, TOMY JIOCHUTbH
BA)KJIUBE YJJOCKOHAJICHHS JiarHOCTUYHOro 3abe3nedenHs. Lle nocsraerbcsi BAKOPUCTAHHAM €(EKTHUBHUX ajrOPUTMIB HOLIYKOBOI
JSUTBHOCTI MalCTPIB, SIKI CKOPOYYIOTh HEOOXiIHY KiJIbKiCTh HePEeBipOK MOIMIKOKEHOI anaparypu. Beranosneno, mo 10 30 Bizco-
TKiB Bi/IMOB 3aC00iB CIIELiaJIbHOTO 3B’ 513Ky 00YMOBJIEHO HECIIPABHOCTSMH X JDKepesia BTOPHHHOTO eNIeKTPOXKUBIICHHS, SIKi BiTHO-
CSITHCS 10 KJIacy 6araToBUXiZHUX 00’ €KTiB. B cTarTi i3 BUKOPUCTAHHSIM CYy4acHHX JAOCSTHEHb TEXHIYHOI 1iarHOCTHKH 1 METPOJIOTii,
SIKi HE BPaxOBYBAJIMCh paHillie, JOCIIKEHI MOXIIUBI BapiaHTH MOOYIOBH YMOBHUX aJrOPUTMIB IiarHOCTYBaHHs. Tako MOCHi-
JUKEHI 1X MOKa3HHUKH SIKOCT1 3aJI€XKHO BiJl KOHCTPYKTUBHHUX OCOOJIHMBOCTEH 00’ €KTa AiarHOCTYBaHHS i MPUBECHI Pe3yIbTaTH Mopi-
BHSHHSI. BCTaHOBIIEHO YMOBH MEPEBAYKHOIO BHOOPY alNrOPUTMIB MOIIYKY Ae(EKTiB 32 KPUTEPIEM MiHIMyMY CEPEIHBOTO Yacy Bil-
HOBJICHHsI, ()OpPMaITi30BaHO TOPSIIOK PillIeHHs [IbOro 3aBAaHHs. OTpUMaHi pe3ylbTaTH AOLUITEHO BUKOPUCTOBYBATH IIiJ] 4ac pO3po-
OKHM [IarHOCTHYHOTO 3a0e3MeYeHHs MIePCIeKTHBHIX 3aC00iB CIIENialbHOrO 3B 3Ky, 8 TAKOXK 1 MMPH yIOCKOHATeHHI icHyrounx. [Ipu
LBOMY 3HSITa YaCTUHA OOMEXEHb, SIKi BUKOPHUCTOBYIOTHCS Y BiJIOMHX METOAMKAX, 1[0 03BOJISIE ITiABUIIUTH ePEKTHBHICTH HAYKOBO
OOTPYHTOBaHHX MPAKTHYHO Peai3yeMUX PEeKOMEH/Allill 00 Yacy BiJHOBICHHs 3ac00iB CIIEHiAbHOrO 3B’ 53Ky IPH BiIMOBI 1X
JDKepes BTOPUHHOT'O EJIEKTPOKUBIICHHS.

Kiaw4oBi caoBa: anroput™ AiarHOCTYBaHHS, 0araTOBUXiJHUI 00’ €KT, CEpeHIN Yac BiTHOBICHHS.
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XapkiBchbKUH HallIOHANBHUI YHIBEPCUTET paioeNeKTPOHIKH, XapKiB, YKpaiHa

ONTUMIBALIA MEPEKHOI'O AJITOPUTMY ® YHKINIOHYBAHHA
KOMII'IOTEPHUX MEPEX INIIBUIIIEHOI )KUBYYOCTI
HA MOBLIBHIA IVIAT®OPMI HA ETAII IX IPOEKTYBAHHS

AHoTanisi. B crarTi po3risiHyTo 0cOOIMBOCTI BHOOPY MEPEKHOTO allTOPUTMY Ta c(HOPMYITHOBAHO 3a/1a9y HOro ONTHMI-
3amii Ipy MPOEeKTYBaHHI KOMIT IOTEPHOI Mepeski Ha MOOUIBHIH IIaT(opMi IUITXOM PO3POOKH KPHUTEPIIO KUBYUOCTI 3a3Ha-
YEHOr0 KJ1acy KOMIT FOTepHHUX MepeX. MeTolo cTaTTi € po3poOKa KpUTEpilo )KUBYJOCTi KOMIT FOTEPHOI Mepeki Ha MOOiJIb-
Hill aTdopmi U1 OJaIBIIOro HOro BUKOPUCTAHHS IPH NTPOSKTYBaHHI 3a3HAYEHOr0 KIIacy MEpe 3 METOI0 3a0e31eueH-
HSI HAJISKHOTO PiBHS JKUBYYOCTI Mepexi. OTpuMaHi pe3yJIbTaTH JO3BOJSIIOTH MPOIOBKUTH PO3BUTOK METOIMKH OL[IHKH
JKUBYJOCTI KOMIT'IOTEPHUX Mepek Ha MOOUTBHIH TatopMi B yMOBax JAECTPYKTHBHOTO 30BHIIIHBOIO BIUIMBY 33 HEOOXiN-
HOCTi TepeOymoBH 1i ToOmONOril; BHUpIMIYBaTH ONTHMI3amiiHI 3agadi MEpeKHOro alropuTMy (YHKI[IOHYBaHHS
KOMIT'IOTEpHHX Mepex Ha MOOUTBHIN TIaTdopMi Ha eTami iX cuHTe3y. J{oCmimKeHHs J03BOISIOTE 3pO0OHTH BUCHOBKH, 110
3aIPOIIOHOBAHUN KPUTEPi MOXke OyTH BUKOPHCTaHMI Ha eTarax IMpOeKTYBaHHS KHBYIOCTI KOMIT IOTEPHIX MEPEX Ha MO-
OinbHIH IaTdopMi, SKi XapaKTepH3yIOTHCS ITiIBHIIEHOO KUBYUICTIO Ta (DyHKIIOHYIOTh B YMOBAaX ITOCTiiHOI nepe0ynoBn
CXeM MapUIpyTu3alii JaHuX, Y TOMY YHCII 3a paxyHoK nepeOymoBu Tonosnorii. ChopMyITb0BaHO HAIIPSIMU TOJAIIBINOL PO-
00Ty, 30KpeMa B YaCTHHI MPOBEJICHHS JOCIIKEHHS [I0I0 BBEAEHHS B KOMII IOTEPHI Mepeki Ha MOOibHIN miatdopmi
CTPYKTYPHY 30MTKOBICTH 3 BU3HAUEHHSIM BY3JIB, sKi ITiJ] 9aC BUKOHAHHS MEPEkKel0 OCHOBHOI (YHKIIi, CTAlOTh Ypa3IHBH-

MH, TOOTO 3aXHCT SIKMX HEOOXITHO ITiJBHIIYBATH.

Kar4doBi cioBa: xuBydicTh, KOMIT IOTEpHA Mepeka Ha MOOIIbHIHN Iu1aTdopmi, ONTUMI3aLis, KpUTEpii.

Beryn

ITocranoBka mnpo6iaemu. [Iporarom ocraHHIX
I’SITH POKIB TEXHOJIOTIUHI MEpeTyMOBH MOPOIWIN Be-
JIUKY KUTBKICTh MOAWQIKalild KOMIT FOTEPHUX MEPEK,
BY3JIaMH SIKOi BUCTYIAIOTh PyXOMi 00’€KTH, SIK TO Oe3-
MITOTHI JIITAaJIbHI anapaTu, ApoHu, 60tH Torro [1-2].

OnHak, Ha BiIMiHY Bijl OUIBIIOCTI TEXHOJIOTIYHMX
pillieHb PO3BaKAILHO-IIOOYTOBOTO XapakTepy B O3Ha-
4eHill cdepi, ICHYIOTh rajy3i 3aCTOCYBaHHSI 3a3HA4EHO-
ro Kiacy Mepex, IMOB’si3aHi 3 TOKEKHOI Oe3MeKoro,
TEXHOJIOTIYHUMH IIPOIIECAMH Ha BUPOOHMITBI, BIHCHKO-
BO CIIpaBoro ToIo [3-4].

Po3pobka MeromiB  3a0e3nedyeHHs  KHBYYOCTI
KOMIT FOTEPHUX MEpEeK Ha MOOLUIBHIH miatdopmi B ymo-
BaxX JECTPYKTHUBHOT'O 30BHILIIHBOTO BIUIMBY Ta BHKOpPHC-
TaHHS METOJIMKH OI[IHKH KUBYYOCTI Ha BCiX eranax QyH-
KI[IOHYBaHHS MEPEKi € aKTyarbHOM 3amadcto [5-6]. I1s
3ajlaya OpraHiYHO BXOJHTH JIO CIMEWCTBA 3aja4 IiJIBU-
LIIEHHS )KUBYYOCTI TEXHIYHUX CHCTEM, HaJ[ BUPILICHHIM
SIKAX TIPAIIOE S/l BiIOMKX HAYKOBHX ki [7-8].

OpmHak TpW TPOEKTYBaHHI peaTbHUX KOMII O-
TEPHUX MEPEXK Ha MOOUTBHIN ru1aTgopMi BUHUKAE TPH-
KIaJHa 3a7ada, M0 TOJIATae y po3podili MeXaHi3My
BpaxyBaHHS ITOKAa3HUKIB XMBYYOCTI SIK KOMIIOHEHTIB
Mepexi, TaK 1 aNTOPUTMIYHOTO 3a0€3EUCHHS B ILIIOMY.
Taki Mepexxi TakOX MPHUHATO HA3MBATH KOMII IOTEp-
HUMH MEpeXaMH IIiIBUIIEHOI )XKUBYIOCTI HA MOOIIBbHIM
Mepexi ab0 BHCOKOMOOUTFHUMH KOMIT FOTEPHIMHU Me-
pexxamu [9] Mipriom 3a3Ha4eHOr0 TIOKA3HUKA € KpUTe-
pifi KHUBYYOCTI KOMIT IOTEPHHX MeEpeX Ha MOOUTBHIM
mwratdpopmi (KMMII). 3 meroro ¢opmamizarii gaHOoro
KpHUTEPiIo, PO3TITHEMO TaKi CYTHOCTi: MHOKHHY KOOp-
muHaT  X,Y,Z, KOOPAWHATH BY3JiB KOMII IOTEPHOL
Mepexi, 3HaUCHHS IHTEHCUBHOCTEH IOTOKIB JAHUX MIXK
HUMH, BUMOTH JI0 SKOCTI Ta HaAIHHOCTI Tepemadi na-
HUX, 1H(OpMAILIiS TTPO

3aTpaTH Ha CTBOPEHHsS BY3JiB Ta KaHAIIB mepeiadi
JaHuX MK HUMH. OCHOBHHM OOMEKCHHSM € CyMapHE
3HaueHHs 3aTpaT ctBopeHHs KMMII.

B TakoMy BHIIaJIKy HEOOXiJHO BU3HAYUTHU OITH-
MaJIbHE YHMCII0, KOOPJIWHATH PO3MIIIEHHS, €MHICTh 1
MPOJIYKTHUBHICTh MEPEKHUX BY3JIiB, TOMOJOTIIO Ta Tpae-
KTOPItO 11 3MiHH, TUHAMIKY 3HAY€HHS ITPOIYCKHOI 371aT-
HOCTI KaHaJliB repeiavi JaHuX.

PimenHs 3ajmaui B 3araJibHOMY BUIJISJI BUMarae
PO3POOKH CKIaIHOI0 MaTeMaTHYHOI'O amnapaTty, a OTpHU-
MaHHs YHCIIOBUX PE3YJIbTATIB — BEIMKOI'0 00CATY 00UH-
clieHb. Buxonmsuu 3 JMHAMIYHOCTI pyXy BY3JIIB B
KMMII Ta 3MiHM MOKa3HUKIB, SIKi BXOJSTh B PO3PaxXyH-
KOBHH amapar, pe3ylibTaT 004YHCiIeHb MOXe Oyne oTpH-
MaHMH JUIS CHTYyallii, sKa JOKOPIHHO 3MIHWJIACS B
KMMII 3 uacom. Tomy, B 3amauax TNPOEKTYBaHH:I
KMMII BBOmATBECS HOJATKOBI OOMEXKEHHS, LIO J03BO-
Jsl€e OTPUMATH MAaKCHMAJIbHO NPHUOJIDKEHE 3HAUYCHHS
JUIs. BU3HAYCHHSI HACTYITHOTO KPOKY y ()YHKIIOHYBaHHI
TaHHS Y SIKOCTI BY3JIB IHTEIEKTYaJIbHUX MOOUIBHUX
00’€KTiB).

TakuM 4YHHOM, aKTyaJIbHOIO € HayKOBO-IIPHKJIaHA
npobieMa 3abe3medeHHs 3aJaHOTO PIBHA IKHBYYOCTI
KOMIT FOTEpHOI Mepeki Ha MOOuUThbHIN miatdopMi Ha
eTari iX MPOEeKTYBaHHS IUITXOM PO3POOKH BiATIOBIAHO-
TO KPHUTEPIFO.

AHaJi3 ocTaHHIX AocaimkeHs i myOaikauiii. Ic-
Hy€ pSAA METOMIB BHW3HAYCHHS NOKAa3HHUKIB >KUBYYOCTI
KMMII, sixi MOXKHa TIOKJIACTH y SKOCTI MIATPYHTS IS
(hopMyIOBaHHA KPUTEPIFO JKUBYUOCTI.

Hanpuknan, y pobori [10] posrisHyro MeTon
MPSAMOTO TIepedOopy CTaHIB €IEMEHTIB Ta KaHaJliB BHCO-
KOMOOLTPTHHX Mepex. BiH 3acHoBanmii Ha Teopii bep-
HYJUTI 7S pO3paxyHKy HMOBIpHOCTI mepeOyBaHHS Me-
peXi B CTaHi, KOIU BIIMOBHIIA JIesIKa KiJIbKICTh €TeMEH-
TiB a00 3B’S30K MiX elIeMeHTaMH IopymeHo. Po3paxo-
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BaHI WMOBIPHOCTI HPOITOHYIOTHCS aBTOPaMH y SIKOCTI
(yHIaMEHTY Uil PO3POOKM MaTeMaTHYHOTO arapary
JUTst QOPMYITIOBAHHS KPUTEPIIO KUBYUOCTI.

Henonixom mganoro Meromy € Horo HU3bKa Npak-
THUYHA 3aCTOCOBHICTH: HEBHIIPABJaHE BUTPAYaHHs dyacy
Ha (hopMyBaHHS OIHApPHOT'O MPEJCTABICHHS CTAHIB BY3-
JB Ta KaHAJIB MDK HUMH. Yac oOYMCIIEHHS CTaHIB Ka-
HaJIiB Ilepesiadi JaHuX BHIIE, YAM BY3JIB, aje i Miaxo-
I piBHI B OIIHKaX OfHIi€T i Ti€l x Mepexi. OOmacTh
MIPaKTHYHOTO 3aCTOCYBaHHS 3aJIeKHUTh BiJl KUIBKOCTI
By311iB Mepexi. [Ipum Benmkux Mepekax 3 KUIBKICTIO
By31iB Oinbire 50, edextuBHicTs MerTomy mamae [10].
Takok BaXJIHMBO 3a3HAYUTH, 110, BJIACHE, KOMIOHEHTH
KMMII, B 3B’s13Ky 3 OOMEXEHHM €HEpreTUYHHM 3aria-
COM XONy, HE MOXXYTh BUKOHYBaTH €HEPrOEMHI po3pa-
XYHKH «Ha OOpTy», TOAI SIK yac mepenadi CIy>kOOBHX
JaHuX JJIsl IPOBEJEHHSI pPO3paxyHKIB Ha IiaTthopMi 3
OUIBIIMM EHEPreTUYHUM XOJOM MOXKE€ CIPHYHHUTH
Ha/JMIpHY LMPKYISIIIO CIY)KOOBHX NaHHX, YHM 3MEH-
muTH nponyckHy 3natHicte KMMII B ymoBax nuHami-
KU PyXY BY3JIiB.

Takox Bimoma pobota [11], y sikiii aBTOpH PUBO-
JSITh Y SIKOCTI PillICHHS TPOOJIEMH ajTOPUTM ONTHUMAaIIb-
HOTO PO3MIIIEHHS KOMYHIKallifHO-KepYyIOUuX IEHTpIB
PO3IJIAHYTOro Kiacy Mepex. Ponb obumcitioBaabHOrO
HEHTPY Ul PO3PAXyHKY KPUTEPIIO )KUBYYOCTI Ta MPUii-
HSTTS PIlICHb JUISl 3MIHU TPAEKTOPIl MOBEAIHKU Mepexi
BUKOHYE OKPEMUI By30JI MEpexi — 00UHCITIOBAY.

OCHOBHUM HENOJIKOM € 3MEHIICHHS THYYKOCTi
Mepei Ta KOHLEHTpALisi 00YHCIIOBAJIbHUX MPOLIEAYP
Ha OKpeMHX By3JaX, sKi HeoOXimHo pe3zepByBatu. On-
HaK BiJXijl BiJl JCLEHTpaNi30BaHOI CXeMH OpraHizailii
poborn KMMII 3menmnye ii kUBy4icTh B yMOBax 30B-
HIIIHBOTO BIUIMBY Ha pOOOTY Mepexi (HarpHKial, ene-
KTPOMAarHiTHe ypakeHHs Touio). Buxin 3 nmamy Bysia,
sIKMM Hece (DYHKIIT 00YUCITIOBaYa TPAEKTOPIT TOBEIHKH
Mepexi MOXKe TMPHU3BECTH /10 KaTacTpodiuHoi pyiiHamii
KMMIL

MeTo10 cTaTTi € po3poOKa KPUTEPi0 KHUBYUIOCTI
KOMIT FOTEpHOI Mepexi Ha MOOuUIbHIN mnardopmi uis
MOZAJIBIIOr0 HOro BHKOPHCTAHHS IPU MPOEKTYBaHHI
3a3HaYEHOT0 KJIacy Mepex 3 METOI0 3a0e3MeueHHs Ha-
JISKHOTO PiBHS )KUBYYOCTI MEPEKi.

OcHOBHA YaCcTHHA

3amgauy npoekryBanus KMMII [12] 3 ypaxysaH-
HSAM JOAATKOBUX BHMOT IO i KHBYYOCTI MOXKHA BHpI-
mmTH B aBa eranu. CrodaTky ogHuM i3 Metomdis [12]
BHU3HAYAETHCSA i CTPYKTypa, IO BiOINOBiZa€ BUMOTam
mepefadi MOTOKOBHUX JAaHUX 3 33/aHOi0 sKicTio. IloTiM
BHU3HAYAIOThCA HEOOXiqHI mapamerpu. ExemMenTn cTpyk-
Typu KMMIL, oTpumaHi Ha TepmIoMy eTami, MarTh
BIMOBiaTH TOKA3HUKY XUBYYOCTI HE HIKUE MiHIMa-
JNBHOTO piBHA. TakuM YHHOM, MiHIMAJIBHUM piBHEM
xuBocti KMMII € Takuit piBeHb, TIPH JTOCATHEHI SKOTO
€ MOXJIUBUM AocsTHeHHs xkuBydocTi KMMII 3a paxy-
HOK 3MiHH ii cTpykTypu. Ciomn MOXXKHa BiTHECTH JO-
JaHHSA Pe3epPBHUX KaHAJIB Iepenadi JaHWX (HU3BKOII-
BHUJKICHI KaHAJIU IS BiIIUICHUX BY3JIB), TiIBUIICHHS
CTYNEHIO 3aXHUCTy BY3JIB BiJl JECTPYKTUBHOTO BIUTHUBY
(IUTSIXOM  IeaKTUBAIll NESKUX JOMOMDKHHX (PYHKIIT),
OoOpaHHS MEPEXHOI0 alNropuT™My (Mapupyrusaii),

3MiHa cTparterii mepenadi ciy)kOOBUX JaHUX, 3MiHa B
anropuTMax (hYyHKIiOHYBaHHS BY3JIiB MEpPEXi TOLIO.

MiniManbHUIA piBeHb IS PI3HUX  TOHOJIOTIH
KMMII moxe Oyt HeomHakoBuM. Hampukmam, st
po3Tamy’)KeHHX MEepeX Taka BUMOTra 10 >KUBYYOCTI, SK
HAMOBIpHICT crpaBHOCTI By31a P(V)min =0,5. [pumy-
ctumo,  P(V) = P(V)min - Tomi xputepiit XuByJOCTI
MOXHA BU3HAYWTH [UIIXOM ONTHMi3alii MepeKHOro
anroputmy Z ¢yukuionyBanas KMMII (i, mpu otpu-
MaHHI Zgp , BUSHAYCHHS HMOBIPHOCTI p(E J)) Kracu-
YHa METOAMKA PO3POOKH TMOMIOHOIO POy KpHUTEpIiB
[13] mepenbavae 3acTOCyBaHHS KOMIUIEKCY 3aXOJIiB,
OJIHAK, B MEXax BBEJCHHX OOMEXKEHb B JaHiii poOoTi,
Oyme 3acTOCOBAHO ONTHMICTUYHHUH MiAXij, MOOymoBa-
HHUI Ha omTUMI3amii cTpaTeriunoi QyHKI1, sIKOK 3aja-
€TbCs TpaekTopis GpyHkuionyBanHs KMMIT.

OnruMizauisi MepeKHOro aJropuTMy (pyHKIio-
nyBanHss KMMII. MepexHuii anroput™ QyHKIiOHY-
BaHHss KMMII — ne cykymHicTh 00OMeXeHb 110 BHOOPY
MapuIpyTiB Mepeaadi JaHuxX MiX By3namu. BinnosinHo,
HEeOoOXiTHO ONTUMI3yBaTh JOMYCTUMI paHI' LUISAXIB Iie-
penavi JTaHMX Ta KUIBKICTh CTOBIIB aIpPECHOi TaOJHII
NPY PO3PaxyHKY MaplpyTH3allii.

301IbIIeHHS KUTBKOCTI IUTAXIB TIepeaayl JaHuX Mixk
By3JIaMU peecTpallii iHpopMallii B Mepexi Ta HUTF03aMH
nigpuiye imosipaicts P(E), ane, srinuo [10], Bigomo,
10 OCHOBHE 3Ha4€HHs1 MalOTh MapIIPyTH, L0 HE Tepe-

THHAIOTHCSA, K CKIAJAI0Th MHOKMHH M . 3GimblueHHs
JOIYCTHMOrO PaHry Z; MapIUpyTy Ta JOIYCTUMOI Killb-
KOCTI Zp CTOBHIB aJpecHoi TaOmuii MapiupyTu3anii
MPU3BOAUTH JI0 30UTBIICHHS KUIBKOCTI MapIIpyTiB OMOp-

Hol MHOkuHE M . Kinbkicth MapupyTiB route moxe
Oyt ayxe Benukoro, aje 3pocrands P(E) obmexene

3BEpXy 1, MOYMHAIOUU 3 JAESKOr0 aCUMIITOTHYHOrO 3Ha-

YeHHs, 30UIbIIEHHS KiIBbKOCTI NUIAXIB € HEIOLUILHIM.
Omxe, najl HeOoOXiITHO BHMKOHATH OITHMi3allifo

oOMeXeHb Z; Ta Z,. Hexail Z; — MepexHHil anropurm,

IpH SIKOMY 3Ha4YeHHS Z; Ta Z, NPUHMAIOTH i-Ty mapy
snadens (i=0,1,..,N). Ingekcom 1 3amaeTbes CKiaj-
HICTh MepexHoro anroputMmy. Hexait Z; e cxinanimmm
3a anroput™m Zy , skmo i > K . Ilpu oMy xo4a 6 ogHe
3HA4YEHHA Zj, Zp € Zj Oumbme Z;, Zp € Zy . Tomi: an-
TOpUTM Z( JO03BOJSIE Iepefady AaHUX TITbKH 10 Of-
HOMY MapLIpyTy B Mepexi; Z; — 110 OMHOMY 3 Mapuipy-
TiB L E M ; ZN — BiCyTHI OOMEXKEHHS Ha KUIBKICTh

MapmpyTiB. TakuM YiHOM, AJIS ONTUMI3AIii MEPEKHOTO
ANTOPUTMY HEOOXITHO BHKOHATH OIIHKY 3aJIEKHOCTI
BimHOMIEHH (1) Bill YKITaJeHHS MEPEKHOTO aJITOPUTMY:

_1-p(E@)
1-p(E(Z)’

ne P(E(Zj))- iivosiphicts crpaBHOCTI mifchcTeMn

8(2) @)

JIBYX BY3IB, MK SKAMHU BiOyBa€ThcS OOMiH JaHWMH,
TIPA MEPEIKHOMY anropuTtMi Zi («BYy30Jd peecTparmii iH-
(hopmariii» — «IIIr3 Mepexi») (ani - macucrema).

144



36130k, menekomyHikayii ma padiomexuika

Jnist cripoIeH s peCTaBIeHHS TiICUCTEMH MiX
JIBOMa BY3JIaMH, TIPOIIOHY€EThCST MozIenb (puc. 1).

Ha puc. 1 yapyHku $;,S5,S3,S4 — NMEPETHHU Tif-
CHCTEMH BiJHOCHO i MOJIOCIB, iX paHT Ta WMOBIPHICTH
crpaBHOCTI  P(Sj), SIKi BiJ YKIaIEHHS MEPEXHOro ai-
ropuTMy He 3ajexars. IlepeTuH Sy BiNOBiae MaricT-
panbHiA AiMAHOI Mepexi, ToMy Ha P(S;) BIUIMBae€

CKJIaJIHICTh MEpEKHOro aiaroput™y. Jms 300paskeHoi
Mojeni Ha puc. 1:

p(E(2))~ psp(s5(Z))) )

4
ne ps =[] pGsi)-

i=1
__h__ -':‘_"—___ __:'__ .I::____
a4
P osr=(byi) sy =(a;)
i bych a;=Ay
55 = (B}
b_{w 632 ,.Gl'kE ‘-fir
s3=(a;) S¢=(byr )
a; =Ar by €B _‘
e e

Puc. 1. CriporiieHa MoJienb IMiICKCTEMH MiXK JBOMa BY3JIaMU

Ipu i>1 3a ymoeu p(E(Z;))=>p(E(Zy)), Tomy
8(Z) >1. Iligcrasmsroun (2) B (1), mogaroum 10 4mce-

JIbHUAKA 1 BUPAXOBYIOYH 3 HHOTO 3HAMEHHHMK, MICIs Tie-
PETBOPEHHSI BUIVISII PiBHSHHS € TAKUM:

i\ [

Bepxwiil iHOeKC BiANOBiTa€ MEPEKHOMY aJITOPHT-

My.
[Ipu BemMKUX WMOBIPHOCTSX CIPABHOCTI BY3JIiB
Mepexi i IOBOJI CKIAJHOTO MEPEKHOTO aITOPUTMY

p(sg) ~1. Tlpu MepeskHOMY anroput™i Zj , TijicHcTeMa
Mictuth jauie musaxu B e M (ix kinpkicts route =ry,

Je ry — MiHiManbHUi 3 paHriB Bys3niB). Tomi:

p(sk) =1- 3" (1- p(e})) 4

k=1

IMomist € o3HAYae CIPaBHICTH MAPIIPYTY Ly € M,

10 MiCTUTh MariCTpajbHi BY3JH MiACHCTEMH B MEPEXi.
3 ypaxyBaHHSM HaBEICHOTO, BEpPXHSI MeXa CIIiBBiTHO-
meHns (1):

4
+ Ps
5 @) =1+ []pa-pE) 6
1- S i=l
O6sacTh MOXJIMBHX 3HaueHb O(Z) mpH 3aJaHHX
p(v) i AMHAMIKK HiIBUIIEHHS PaHTY IIOTIOCIB I, IIOKa-
3aHa Ha puc. 2. [lami HeoOXiJHO BU3HAYHUTH 3aJICKHICTh

8(Z) Bix yKIageHHs MEPEKHOIr0 aJrOPUTMY 338 YMOBH

p(Si5) <1i O6yap-sikomy i < N .

52 4
14t
p=1096
12¢ plv)=03
104
74
6 &
T | sz
.l &(Z)
I 3 4 3 r::

Puc. 2. O6nactb IMOBIpPHOTO MiJIBUILICHHS JKMBYJOCTI
32 PaXyHOK YKJIaJI€HHS MEPEKHOr0 AIrOPUTMY

5{2) &
232 pivi=i4; ;=2
2,0 /—\
1.8 pivi=04; ;=3

1.6
14
12
LOY pfup=0.5; 2;=2

r-

T2 3 4 5 1
Puc. 3. 3anexuicts crisgianomenns 6(Z)

BiJI 3MiHHM paHTiB TONIOCIB MiacucTeMu Iy

YV CKITaHeHHST MEPEKHOTO ANTOPUTMY TIPH MAIOMY
paH3i MOJNIOCIB MIiJCUCTEMH BUKIHMKAE 3HAYHE IiIBU-
IIEHHS YMCeNbHUKA Y (3) y MOPIBHSHHI 3 IMiJBHUILICHHM
il 3HAMEHHHKa, 10 TPH3BOIHTEH IO 3pocTaHHsI O(Z).
AJe 3 TiOBUINEHHSM paHTa TOMIOCIB MMiACHCTEMH, SIK
Buaro 3 (3), P(E(Z;))—> ps. Bianosinuo, 3sHaMeHHnK
(3) mpsimye mo mocriitHoi BemmumHM 1- Py . Y Tolt Xe
yac, 31 3pOCTaHHAM paHTY IIONIOCIB, YHCENbHUK (3)
npsAMye 10 Hyms, 60 p(s%) —> p(S5) . 3BijcH BUXOIHT,

mo mnpu 3amaHux  P(V) icHye MakcuMyMm  (yHKIi

8(2)=f (ra) .

3acrocoByroun TpadoaHANITHYHAA METON 1 TpHU
3amaHiit ctpykrypi KMMII, nami HeoOXigHO BU3HAYUTH
ONTHMAJIbHUA MEPEIKHUH anroput™ Zgpy .

Ha puc. 3 300pakeHi 3aIeKHOCTI BiJ MiHIMaJIbHO-
ro i3 paHriB nomociB Iy npu pisaux p(v) ta Z,. I'pa-
¢iku moOymoBaHO 3a pe3ynbTaTaMu po3paxyHKiB (3).
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JlocToBipHiCTh OTpHMaHHMX JaHHUX 3a (3) MiATBEpIKY-
eTbesi TpadikamMu, oTpuMaHuMH B cepemoBumn  GS

(puc. 4). Kpusi 2-5 noka3yloTh 3aJIeKHICTh p(E(Zi))
Bix p(v) mpm 2z, =1,2,3,4 BigmoeimHo. IIpu mpomy
z; =5. KpuBa 1 xapakrepusye 3ajexHICTb p(E(ZN ))
JUTSL Ti€T 5K Mepexi 6e3 oOMexeHb. 3 pHc. 3 BHIHO, IO
P(E(Z4))~ p(E(Zy)) . Banexnicts 8(Z) Bix 2y npu
(ikcoBaHOMY Z, —aHAJIOTi4Ha.

[Ipu ontTumizoBaHOMY MEPEKHOMY aITOPUTMI BHU-
O6opy MapHIpYTiB Iiepesiadi JaHUX CYTTEBO 3HIKYETHCS
¢yHkioHanpHa 30uTKOBicTE KMMII 063 3HIKEeHHS ii
)UBYyJOCTi. Tak, B TaOsI. 1 mpUBEIEHO KUTBKICTh pedep,
SIKI BXOJTh B MaplIpyTH Nepenadi JaHHUX B ITiJICHCTe-
MU «BY30JI peecTpauii iHpopmaii - IyTo3» Mpu pisHUX
MEpEeXHHUX aJrOPUTMaXx.

KorkHe peOpo Mae MIiCTUTH JIesIKy KUTBKICTh KaHa-
JIiB JIUIS TIepeiadvi MOTOKIB JaHUX JaHOI MiJCHCTeMH. STk
BUIHO 3 Ta0n. 1, mpu MepexHOMy anroput™i Zg cy-
MapHa KiJIbKICTh KaHaJiB IiJCHCTEMH Mae OyTH B JBa
pas3u BHILE, HDK NPU MEPEKHOMY alroputMmi Z,. Ane
BIZIMIOBIZIHO 10 300pakeHUX Ha puc. 4 rpadikis, auro-

putMu Z; npH i>4 PaKkTUUHO HE MPU3BOAATH 10 Mif-

BUILICHHS 3Ha4eHHs HMoBipHOCTI P(E) .
P(E) &

1] S
0,9
0.8 7
0,7
0,6
0,5
0.4
0,3
0,2
01t #

i e e e e e e e e

T oI 020304 0506 0.70.8 0,910 piv

Puc. 4. 3anexuicts xuBydocti KMMII Bix sxuByqocri i
BY3JIB IIpH Z) =5 ipisHUX Z,:KpuBa | — 0OMeXkeHb B Me-
pexi Hemae; kpuBa 2 — Z, =4; kpuBa 3 — Z, = 3;

kpuBa 4 — Z, =2; xpua 5— Z, =1

Tabnuya 1 — KiabkicTs pedep, 10 BXOASITH B MiIcHCTeMY HiIcHCTeMH «BY30.1 peectpauii iHdopmauii - muio3»

TP Pi3HAX MEPEKHUX AJITOPATMAX

MepexHuii KisbkicTb pedep, 1110 BXOASITH B IiACHCTEMY IiICHCTEMH «BY30J1 peecTpauii ingopmanii - nuiro3»
AJITOPUTM
7 ={2,2,) Dy D, D3 Dy Ds Ds D7
Zo=(31) 4 3 4 3 4 3 3
Z,=(4]) 10 10 10 9 10 6 8
Z,=-(32) 14 17 10 12 11 7 9
Z;=(4,3) 19 21 16 15 16 14 13
Z,=(54) 24 24 23 18 24 24 19
Z5 = (6,5) 38 41 35 29 36 38 29

3aranabHuil BUIJIA KpuTepilo skuByvocTi. Bpa-
XOBYIOUH MPOBEJCHY ONTUMI3AIlI0 Ta BUXO/SYH 3 TOTO,
10 KHUBYYICTh OKpeMo B3sitoro Byzna KMMII moxHa
OLIIHUTH SIK HIMOBIPHICTh HOTO BH)KUBAHHS, TO KPUTEPIid
xuBydocti KMMII mae BUTmsi iHTErpajibHUI BUI:

Kz= > Tj-
vIijel VIl jeCf i#] i=

ne I'j— dakropu, mo BIUIMBAIOTh HA JKUBYYICTh

KMMIL

OpmHak nmaHa Bapiallisi KpUTEpir0o OOMEXeHa yMo-
BaMuy, 1[0 OyJIM MOCTaBJIEHI Ha MOYaTKy podoru. Tomy,
BBOASYHN HOBI IIapaMeTpH, 3HIMaloul 0OMeXeHHs, KpH-
Tepi yCKIAJHAETHCSA TPOIOPIiifHA CKIaIHOCTI BBEAE-
HUX YMOB 3a0€3IeUYCeHHS KUBYJIOCTi. 3T1THO ONepenHiX
JOCITIDKEeHBb [5] Ta po3paxyHKiB [6], TiJ 9ac MPOEKTY-
BanHs KMMII, 3a3panerinp Moxke OyTH Bimomo, o
Hacnigky mii peskux ¢axropie Ha KMMII abo okpemi
BY3JIH, 3 YpaxyBaHHSIM 3aXOIiB 1o 3abe3nedeHHio Oe3-
TIEKH, — HECYTTEBI y TMOPIBHAHHI 3 iHMMMHU. Tomi Taki
(akTopu BITHOCATBHCS A0 PO3PAAY IPYTOPSOHHUX 1 3
PO3paxyHKy KpUTepilo >KHBYJOCTi (6) BHKIIOYAIOTHCS.

> TInir; +...+(—1)F]£[ri (6)
i=1

Po3paxyHok kputepito (6) Mmoxxe Oytu audepeHuiioBa-
HHH TaKOX 110 OKPEMUM TpylaM, HallpUKIag o (akTo-
paM 3HOCY eneMeHTHOi 0a3u (TpobiemMa «CTapiHHS)
a00 30BHILIHBOTO YPaXKEHHS BY3JIiB TOLIO.

Po3paxyHkH, 3rifHO MaTeMaTHYHOrO amapary, 3a-
IPOIIOHOBAHOTO BHILE, ITOKA3YIOTh, IO JUI JOBOJI
pO3rajgy:KeHHX MepeX ONTHMI30BaHI 3HAYEHHS JIOIYC-
TUMOIO 3HAYCHHs IMOBTOPHUX NPHHAOMIB Zjgpt <6 i

JIOITyCTUMOI KUTBKOCTi CTOBIIIIB aJpEecHOi TaOuuIi Ma-

puipyruzanii Zpopy <5, IO Yy PO3PAXYHKY KPHTEpito

JKUBYYOCTI BiamoBimHO ckiagae 0,3 ta 0,25.
BucHoBKH

3a pe3ylbTaTaMH IPOBEACHOI pOOOTH 3 ONTHUMI3a-
i MEPEKHOTO ANTOPUTMY (hyHKIIOHYBaHHS
KOMIT FOTEpHUX MEpEeX MiABHUIICHOI KUBYYIOCTI HA MO-
OuTBHIH TuTaTdopMi Ha eTarri iX MPOeKTYBaHHS YCHIIIHO
BHpiIlIEeHa HayKOBa 3a7ada PO3POOKH KPUTEPIitO KHUBY-
YOCTI KOMIT'IOTEPHOI MEpeXi Ta BCTAaHOBJICHA MOIIIb-
HICTh WOr0 3aCTOCYBaHHS NpPU NPOCKTYBaHHI 3a3Haue-
HOT'O KJIacy MEpeX 3 METOI0 3a0e3IeUeHHs HaJISKHOTO
pIBHS >KHBYYOCTI Mepexi. 30Kpema HOCSITHYTO TaKi
OCHOBHI PE3yJIbTATH:
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e chopMyTrOBaHa HAYKOBO-TIpUKJIAJHA 3a/1a4a
PO3POOKH KPUTEPIit0 KUBYUOCTI KOMITFOTEPHOI MEpexki
Ha MOOUITBHIH TuraTdopmi;

e OTpUMaNa TOMAJBIIUA PO3IBUTOK METOHMKA
OIIHKK  JKUBYYOCTI KOMIT IOTEPHUX MEPEX B YMOBaX
JIECTPYKTUBHOT'O 30BHIITHEOTO BIUIMBY 32 HEOOXiTHOCTI
niepeOyI0BH ii Tomosorii;

e BHpIIICHO ONTHUMIi3aliiiHy 3a1ady MepeXHOro
anroputMy (GYHKIIOHYBaHHS KOMIT FOTEPHHUX MEpeK
ITiJIBUIIEHOI JKMBYYOCTI Ha MOOUIBHIN Tutatdopmi Ha
eTari iX CHHTE3Y.

3anpornoHoBaHUi MiAXin Moke OyTH 3acTocoBa-

Cy KOMII'IOTEPHHAX MEpEX 3 KUIBKICTIO YYaCHUKIB O1JIb-
me 50 Ta po3ramyKeHOI0 MaIol MapIIpyTiB Iepenadi
JaHUX MDX BY3JIaMH peecTpamii iHpopMarii Ta muTo3y
Mepexi.

V¥ sixocTi mozankIIoi podoTH 3a TaHUM HAIPSIMKOM
MPOITOHYETHCSl BUKOHATH JOCII/KEHHSI 010 BBEICHHS
B KMMII cTpykTypHy 30MTKOBICTH 3 BU3HAYECHHSIM
BY3JiB, AKi MiJl Yac BUKOHAHHS MEPEKEI OCHOBHOI
(yHKII1, CTAIOTh Ypa3JIMBUMH, TOOTO 3aXHCT SIKMX He-
o0xizHo mimBuimyBatn [14]. OTpumaHi TeopeTHYHI
pe3yJIbTaTH MPU BU3HAYEHHI KPUTEPIIO )KUBYYOCTI IPO-
TIOHYETHCS TIEPEBECTH y TUTOLIMHY MPAaKTHYHOI IX 3aCTO-

HUM Ha €Talax MNPOCKTYBAHHS BKAa3aHOI'O B pO6OTi Kiia- COBHOCTI.
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Optimization of the network algorithm for the operation of increased survivability computer networks
on a mobile platform at the stage of their design

Vitalii Tkaghov, Andriy Kovalenko, Tetiana Fesenko

Abstract. The article discusses the features of choosing a network algorithm and formulates the problem of its optimiza-
tion when designing a computer network on a mobile platform by developing a survivability criterion for the specified class of
computer networks. The purpose of the article is to develop a criterion for the survivability of a computer network on a mobile
platform for its further use in the design of the specified class of networks in order to ensure an appropriate level of network
survivability. The results obtained make it possible to continue the development of the methodology for assessing the survivabil-
ity of computer networks on a mobile platform under conditions of destructive external influences when it is necessary to rebuild
its topology; to solve optimization problems of the network algorithm for the functioning of computer networks on a mobile
platform at the stage of their synthesis. The studies allow us to conclude that the proposed criterion can be used at the stages of
designing the survivability of computer networks on a mobile platform, characterized by increased survivability and functioning
under conditions of constant restructuring of data routing schemes, including by restructuring the topology. Directions for further
work are formulated, in particular, in terms of conducting a study on introducing structural unprofitability into computer net-
works on a mobile platform with the identification of nodes that, when the network performs its main function, become vulnera-
ble, that is, the protection of which must be increased.

Keywords: survivability, computer network on a mobile platform, optimization, criterion

147



AN®OABITHUA NOKAXYUK

AnpsommH C. I1 113 3axapuenko . B. 18 Omnpmanscka T. L. 74
Apocnankia O. O. 37 3uma O. €. 113 ITaBnenko M. A. 60
Babkin 1O. B. 46 3o3ymsa JI. A. 123 ITanosa O. B. 126
Baxak O. B. 24 3o3yms C. B. 123 ITamenko P. E. 8
Bakanos K. JI. 46 Toxos O. 1O. 130 ITickagos O. L 99
Bapanenxo P. 89 Kaminoscekuit /1. O. 60 Ilickavona L. B. 99
Bimok I1. L. 64 Kamiton A. 89 ITickyn C. B. 46
Bmurmok B. C. 56 Kamys €. O. 130 IToctHikoB €. €. 37
Bonmapenko K. O. 82 Knemnxo A. B. 4 Tloxonyn B. 78
Byns6a C. C. 92 Kusses B. B. 134 Pynoman H. B. 64
Baiisana €.10. 69 Kosanenko A. A. 143 Caxkosnu JI. M. 139
Bepxoscrkuii B. B. 18 KosansoBa A. B. 118 Cepxkos O. A. 134
Bonx M. O. 74 Konox K. M. 50 Cimaes A. C. 103
Bonomxkina O. C. 118 KpaBuenko B. L 134 Ckaxkanina O. B. 108
Bomnomxko C. B. 139 Kyxenosnu B. L 33 Ckopopenos B. B. 56
I'aBpmrenko B. B. 64 Kyayk H. T. 92 Tabynenko B. O. 33
laiitan O. M. 113 Jlazypenko b. O. 134 Tapacos P. B. 18
I'eiiko I'. B. 56 Jliorenko B. €. 42 Tumenko /1. 89
I'nua B. A. 123 Masxapa I. I1. 28 Txanenko O. B. 74
I'natiok C. €. 139 MaxoroH O. A. 46 Txauenko B. I1. 99
Tonoeko I'. 78 Mamok B. T. 130 Txa4oB B. M. 143
I'opa M. B. 74 Maprensk O. I1. 33 Tpybuaninosa K. A. 134
I'puropenxo A. M. 50 Mapromko M. B. 8 Ypym H. C. 24
I'yns €. B. 64 Macnos A. B. 96 ®enynos B. M. 24
Haxi O. A. 24 Macriox B. O. 42 ®decenxo T. T'. 143
Hemuyk B. T. 74 Macsrin B. L. 50 ®inonenko A. M. 92
Hepxau T. M. 96, 103 Marseena 1. B. 123 Xaxankina O. A. 50
3to6an O. C. 96 Mupomranuenko 0. B. 139 Xsocrenko B. C. 82
Hmvutpenko T. A. 96, 103 Mociituyk M. B. 46 Ipoma H. B. 69
Hstaenko O. 89 Mockanenko B. L 46 Mamnipo I'. B. 37
€Bcees C. I1. 82 Hecrepenko C. B. 4 edep O. B. 4
€pmonenko J1. A. 4 Hocxkos B. L 56 Hluman A. IL 92

HaykxoBe BupmanHs

CUCTEMMW YNPABIIHHA, HABIFALII TA 3B'A3KY

30ipHUK HAYKOBHUX Ipallb
Bumyck 3 (65)

Bingnosigansha 3a Bunyck K. C. Hecmepenko
Texuniunnii penaxrop 7. B. Veaposa
Kopexrop O. B. Mopo3osa
Kowmm'torepna Bepetka H. I Kyuyk, 1. IO. Ilemposcvka

Odopmnenns obknaauaku I. B. Invina

Cainourso mnpo aepxaBHy peecrpaiio KB Ne 19512-93/211P Bix 16.11.2012 p.

Mianucano no apyky 15.09.2021. ®opmat 60x84/8.  Ym.-npyk. apk. 18,5.  Tupax 120 mpum.  3am. 915-21
Anpeca pemakuii: Ykpaina, 36011, m. [Tonrasa, [lepmorpaBuesuii mpocmext, 24, Ter. (050) 302-20-71
Hauionanbuuit yniBepeuter «IlonraBcbka nosirexuika imeni IOpis Konnpatioka»

BinnpykoBaHo 3 rOTOBUX OpuriHai-MakeTiB y apykapui ®@OII ITerpos B.B.
€IMHUI AepKaBHUN peecTp IOPUINYHHUX 0ci0 Ta Gi3MYHUX OCi0 - AnprUeMIiB.
3ammc Ne 24800000000106167 Bix 08.01.2009.

61144, m. Xapkis, By I's. lluponinuis, 798, x. 137, ten. (057) 778-60-34
e-mail: bookfabrik@mail.ua



