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AHoTalisA. Y CTaTTi HAaBEACHO PE3yJbTaTU AOCIIDKEHHS PIiBHS 3a0e3MeUeHHs MPOAYKIIEI CaJiBHULTBA HACEICHHS YKpaiHH B paMKax
TIPOJIOBOJIEYO] Oe3nekd. PO3rIIHYTO MOHATTS <dIpoIOBONIBYA Oe3rieka» B il comiaabHOMY CHpsMyBaHHI. JIOCTIPKEHO MOKAa3HUKA (OHIY
CIIO>KMBAHHS IUIOIB, AT i BHHOTPaLy B IMHAMII Ta BUSBICHO TEHIEHIIi 3MiH. [IpoBefieHO TOPIBHSUIBHMIT aHai3 HOPM CHOXKHBAHHSI TIPO-
JIYKIii rajmysi Mo NpUpOAHO — KIIMAaTUYHUX 30HaX YKpaiHu. Po3paxoBaHO MOKa3HUK JOCTATHOCTI CIIOXKMBaHHS (PPYKTIB y MOPIBHSAHHI 3
paLioHaTbHIMHI HOpMaMU. BCTaHOBIEHO MPHYMHN HEOCTATHHOTO PiBHS CIIOXKKBAHHSA IUIOJIB B PalLlioHI YKpAiHINB Ta MOJANIBIIT HAPSIMKI

TN,

Knrouosi cnosa: npooosonvua besnexa, npomuciose cadiGHUYme0, HOPMU CHONCUBAHHSL, (POHO CROANCUBAHHSL NPOOYKYIL, PigeHb 00CHAMHO-

CMi CNOJCUBAHHSL.

Beryn. YkpaiHa € arpapHOio IepkaBoro, SKa MA€ BEINIE3-
HUH TOTEHLiaT IOAO 3a0e3MedeHHs MPOAYKTAMH Xapuy-
BaHHsI HACEJICHHS B paMKax IPOJoBOJbYO0i Oe3neku. [Ipono-
BOJIbYA O€3MeKa € BaKIIMBOIO IEPEAyMOBOIO JEpPIKaBHOTO
CYBEpCHITETY Ta CKOHOMIYHOI He3anekHocTi. Crpareris
arpapHoi MOMITUKK YKpaiHH IOCTYIOBO peasli3y€e TaKTHYHI,
OIEpPaTUBHI Ta JOBrOCTPOKOBI IIiJTi IIOJI0 3a0€3MCUCHHS Ha-
CeJIEHHSI MiHIMaJIBHO HEOOXiJJHUM OOCSTOM MPOJIOBOJIBCTBA
3a PaXyHOK BJIAaCHOTO BUPOOHUIITBA Ta OE3MOCEPEIHBOT MijI-
TPUMKH CLIBCHKOTOCTIOZIAPCHKOTO BHPOOHHUITBA 3 OOKY
JIEpIKaBHL.

["ayry3p IPOMHCIIOBOTO CaliBHUIITBA € IDKEPENIOM 3a0e3-
TIEYEHHS TJI0JaMH, STofiaMu Ta BHUHOTpajgoM. [IpupomHo —
KIIIMaTH9HI YMOBH Ta PECYpCHHH IOTCHINAN TO3BOJIIIOTH
OTPUMYBATH BHUCOKiI BpOXai SIKICHUX (PYKTIB 3 BEIHKAM
BMICTOM MO>XMBHHX PEYOBHH Ta BiTaMiHIB, THM CaMuM 30a-
radyloud palioH xap4dyBaHHs ykpaiHuiB. [liBien» Ykpainu
3a WOro KINMaTUYHUMHU Ta TeorpadiuHUMU XapaKTepHCTH-
KaMHM HaWOUIbII TNPUIHATHHUA 1O BHCOKOINPOIYKTHBHOTO
BUpOOHHUIITBA TIOAIB. Lleii perioH Mae OB HK B IHIINX
30HaX IUIoN] OaraTopivHi HacaKeHHs KicToukoBux. Cydac-
Hi TEHIEHIIii pO3BUTKY Tajy3i CaliBHUIITBA, BIPOBAKCHHS
HOBITHIX TEXHOJIOTiii BHpOLIYBaHHS OaraTOpidHMX Haca-
JUKEHb, BUBEJICHHS HOBHX COPTIB, a TakOoXX HOBI CIIOCOOH
30epeeHHs, 3aMOpPOKyBaHHSI Ta TepepoOKH (PYKTIB 3a
OCTaHHI JecATUPIYYS 3HAYHO TOKPAIIMIN TTOKa3HUKH BHUPO-
OHuITBA Ta peamizanil. OHaK, OCTaHHI JOCHIDKEHHS TTOKa-
3yIOTb, 11I0 HOPMH CIIOYKMBAHHS IIMX HPOJYKTIB B ITOPIiBHSH-
Hi 3 aQHAJIOTIYHUMHU MOKAa3HMKaMH PO3BHHYTHX KpalH CBITY
Jy’)ke HU3bKi. TOMy Tiepe]] MPOMUCIOBHM CaiBHUIITBOM
MOCTAalOTh BCE HOBI Ta HOBI 3aBJIaHHS LIOJ0 30LIBILICHHS
BUPOOHHMIITBA Ta peaizallii MPOAYKIi Ha BHYTPILIHBOMY
PHMHKY 3 MeTOI0 3a0e3IeyeHHs HacelleHHs ppyKTamu Ta 30i-
JIBLICHHSI TIOKa3HHKA JIOCTAaTHOCTI CIIO>KUBAHHL.

Orusin my6aikaniii mo Temi. [IpoGiemu 3abe3neueHHs
HaceJIeHHS NPOIYKTaMH Xap4dyBaHHS B paMKax MPOJIOBOJIb-
4oi Ge3MeKH MOCTIHHO 3HaXOMAThCS Yy IO 30py HAYKOBIIB.
[lumu nuTaHHSAMHM 3afiMalOTHCSl Taki YKpaiHCBKI BYEHi, SIK
[1.T.Cabnyk, O.L[oituyk, LI.Vmauepnu, B.M.ITacxasep,
K.B.Beperoswii [2] H.M.Kotsuipka [1], M.B.Mictok [9] Ta
iamm. J{ocTipPkeHHIO pO3BUTKY PUHKY IUTOZOBO — SITITHOL
TIPOYKITii MIPUCBSYEHI Tpari O.M.[IIecromans,
B.A.PymeeBa, A.lCamo, H.C.Pymoi, M.IO.I'ymuna,
B.B.IOpunmmna, A.A.PuxTepa Ta iHm.

Cepen BaroMux mparb OCTAHHIX POKIB CIiJ BiI3HAYUTH
npani B./.ITacxaBepa «CydacHuii CTaH MPOJOBOILUOI 6€3-
nekn» Ta «[eHAeHIii Ta mpoOJIeMH HaIiOHAJBHOTO TIPOJIO-
BOJIBYOTO CIIOKUBAHHS», B SKUX BIH PO3MIILAAE TCHACHIIT
3MiH MOKa3HHUKIB 3a0€3MeYCHHS] OCHOBHIMH BHIAMH TIPO.LY-
KUii Ta MOPIBHIOE 1X 3 QHAJIOTIYHUMHU TIOKa3HUKaMH PO3BH-
HyTux Kpait [3,4]. OOrpyHTyBaHHIO METOJMYHHX ITi/IXOIiB
10710 (POPMYBAHHIO Ta OI[IHKU PIiBHS MPOIOBOJILUOT OC3IIEKU
npucesiaeHi npaiti K.B.beperosoro «IIpusitumnu ¢popmyBaH-
HS TIPOJIOBONTEYOL Oe3nekn Ykpaiam» [2] ta O.0.3e1eHchKoi,
C.M.3enencekoro, H.O.Anemryrinoi «MeToandHi miIxo
JIO OL[HKH PIBHS POIOBONIBYOT Oe3meki» [5].

Meta. Meta myOmikarii mojsirae y HOCTIIKCHHI 3MiH
TIOKA3HUKIB 3a0€3MICUCHHS HACENCHHS IUIOJJOBO — STiITHOT
MPOIYKINEID y paMKaxX 3arajbHOro (POHIY CIIOKMBaHHI,
OI[IHKU IMX MOKa3HHK 1o obnactsx 30Hu Cremy Ta ITiBaHs
Ykpaiuu, IpOBeICHHS MOPIBHATHHOT OLIHKK 3 TIOKA3HUKAMHU
MIHIMaJIbHOTO Ta PalliOHaJFHOTO HOPM CIIOYKMBAHHS; BH-
3HAa4YEHHS] BEKTOPY 3MiH IIUX IOKA3HMKIB, OKPECJICHHS Ha-
HpsIMIB J1ii, SIKI IPU3BEYTh JIO POCTY MOKA3HHUKIB.

Marepiaau Ta meroan. Excrieptu [IpomoBonbdoi i citb-
CBhKOTOCTIOApChKoi KoMicii Opranizanii O0’eTHaHUX Hamii
PO3KPHBAIOTH 3MICT TEPMIiHY TPOIOBOIBYOI OCS3IIEKH SIK 3a-
Oe3rneyeHHs TapaHTOBAHOTO JIOCTYITy BCiX MEIIKAHIUB Yy
OyIIb — KU Yac 10 MPOJIOBOJIBCTBA B KUTBKOCTI, HEOOXIIHIH
JUISL AKTHBHOTO Ta 3J0POBOTO KUTTS. MOro CK/Ia0BUMH €
HAsIBHICTh, CTAOUIBHICTh, MOCTYIHICTh J0 DKi. 3a CloBaMH
H.M.KoTBuIbKOi MPOBIiIHI KpalHU CBITY PO3IIISLIAIOTH MPO-
JIOBOJIbYY O€3MeKy SIK BaXJIMBY YMOBY BHYTPIIIHBOI MOJIi-
THUYHOI Ta COI[ialbHO-EKOHOMIYHOI CTaOIIbHOCTI KpaiHH 1 il
30BHIIIHBOT HEe3aIeKHOCTI. [IpooBObUa Oe3reKka € OJHUM
i3 BaXKJIMBUX ACIEKTIB €KOHOMIYHOT MOJIITHKH, SIKa CIIPSIMO-
BaHa Ha 3a0e3MeUeHHs CTa0UThHOTO BUPOOHHIITBA OCHOBHUX
MPOJYKTIB Xap4yyBaHHs, JOCTYIHOCTI iX OTPHMAaHHS Ta BH-
KOPHUCTaHHS HACCJICHHSIM BIANOBIAHO JO (Pi3i0JOTTYHIX
HOPM CIOKHBAHHSI 33 PaxXyHOK BJIACHOTO BHUPOOHHMIITBA [1,
c.18]. K.B.Beperosuii miKkpecioe MOCUICHHS POl Jepka-
BM y CTBOPEHHI YMOB IIi/IBUIICHHS IOTEHLay arpapHoi
cdepu, 60 11 € OTHUM 3 MIPIOPUTETHUX HATPSIMIB PO3BUTKY
HALIIOHANBHIl exoHOMiKH [2, ¢.109]. B.J.ITacxaBep Buinse,
10 CBITOBA CTATHCTHUYHA MPAKTHKA MPOIIOHYE 1B MOPOro-
BHX KpHTepii MiHIMAJIIBHOTO PiBHS MPOJOBOJIEUOi OE3MEKH B
cepeTHpOMY IO KpaiHi. JlocTaTHiCTh XapuyBaHHS BU3HAYAETh-
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¢s1 IOTO €HEePTreTHYHOIO MiHHICTIO. JIOCTYIHICTD XapuyBaHHS
BUMIPIOETHCSI BUTPATAMH Ha IIPOJIOBOJIBYI TOTpedu [3, ¢.7].
OCHOBHIMH HOPMAaTHBHUMH IIPOTYyKTaAMHU XapayBaHHI Ha
CBOTOJIHI € MICO 1 M’SICOTIPOIYKTH; MOJIOKO 1 MOJIOKOIIPO-
JIyKTH; XJTi0 1 XITiOOMpOoMyKTH; SIAIIA, KapTOIUIsA, OBOYi i Oa-
IITaHHi; TUIO/HM, SAroau, BUHOTpas [6]. 3 mepemiveHux mpo-
IYKTIB BUJIHO, IO TUIOJOBO — SITiNHA MPOJIYKINS € CKIaI0-
BOIO PAIliOHY JIFOJWHH, TOMY IO MU 1i CIIOKMBAHHI JIFOTIHA
oTpuMmye Oarato BiTamiHiB. J[oOOBa eHepreTHYHa ILIHHICTH
pawioHy JFOJMHE cTaHOBUTH 2500 KKal, IpH IIEOMY 55 Bij-
COTKIB JI0OOBOTO PaIliOHy MOBUHHE 3a0€3IeUyBaTHCS 3a pa-
XYHOK CTIOYKHBaHHSI IPOIYKTiB TBAPUHHOTO TIOXOKEHHS [ 7].

KaopiiiHicTs, KKal

3000 2954 2969
2939
2900 5933
2016 2799
2800 / 7737
2700 d
2661 2707
2600
2500 T T T T T T T T
2000 2005 2010 2012 2013 2014 2015 2016 2017
Poxn

L ] KauopiiinicTs, Kkan

Puc. 1. KasopiliHicTs 7000BOTO paIlioHy YKpaiHIIiB 3a Iepios 3
2000 - 2017p.p.

KaropiiiHicTe 1000BOrO pariioHy YKpalHI[B MpPOTATOM
OCTaHHIX 4 pOKiB 3HayHO 3HM3WIACE. Skmo y 2013p. meit
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MOKA3HKUK CTaHOBMB 2969kka/mo0y, To y 2017p. BiH 3HU3H-
BCst J10 BinmiTku 2707kkan/mo0y, a came Ha 8,8% (puc. 1) [8].

CepenHs eHepreTHyHa MiHHICTh TPOIYKTIB JOOOBOTO pa-
IOHY Ha JIFOJTMHY B PO3BUHYTHX KpaiHax BHIIA, HDK B YKpa-
iui: y CHIA ne#t nokaszuuk gopisHioe 3800kkai, y Kanami —
3590kkau, Tomi sik y Tlompmm — 3400kkan, Pocii - 3054kkan,
1110 3YMOBJICHO OLJIbII BUCOKUM CIIOXKHMBAHHSAM XJi000y104-
HHUX TIPOIYKTIB 1 KapTOIUi 3aMiCTh CIIOXKMBAHHS IHIIHX
CKJIaZI0BUX IIPOJOBOJIFYOTO KOIIMKA - M'ICHUX 1 MOJIOYHUX
nponykris [9, ¢.113 - 114].

Hopmu MiHIMaIbHOTO CTIOKMBaHHSL (DPYKTIB UL AiTeH,
IIPH IbOMY OCHOBHE CIIOKMBAHHS IOBUHHO MNPHIIAJaTH Ha
si0myKa, y Birii Big 6 1o 18 pokiB mopiHIOIOTE 30,4KT Ha piK
Ha OAHY IUTHHY. 3arajbHi HOPMH MiHIMAJBbHOTO CIIOKH-
BaHHSA (PPYKTIB, ATIA AT PaLle3qaTHOTO HACETICHHS CKIIaae
60kr Ha pik Ha oxHy roauHy [10].

Bananc mponoBomsuoro 3abe3medeH s IWIOA0BO — STi-
HOFO MPOIYKII€IO CBIAYUTH Mpo HacTymue (Tabn.1). V 3Bit-
HOMY pOIli BUPOOIeHO 2458THC.T WIOMIB, 0OCT IMIIOPTHUX
onepatiiii — 819THC.T, 1 BiH IEpEeBUIIYye aHAOTIYHMI MOKa3-
HUK ekcriopty - 291tuc.T y 2,8 pasu. Todto Ykpaina y
2017p. Ginblie 3aBo3UTh (QPYKTIB, aHDK BIANPABIISE HA €KC-
mopT. 3HayHa YacTHHA IMIIOPTY — IIe €K30THYHI (PyKTH
(6ananu Ta nUTpycoBsi) [8]. POH CHIOKUBAHHS TLIO/IB, ST
Ta BUHOTPAIy B JUHAMIII 32 OCTaHHI NECATUPITIS 3HAYHO
Bupic. Tak, sxkmo y 2000p. CHOXHBAaHHA CTAHOBHJIO
1439THC.T, a B po3paxyHKy Ha 1 ocoOy 29,3kr, TO BkEe y
2017p. 1i MOKa3HUKH BHpOCTH 10 2242TtHc.T Ta 52,8KT, T0O-
10 Ha 55,8% Ta 80,2%. OmHak, HE3BaXKAIOUM HA IIE, ITOKa3-
HUK CIIOXXMBAaHHS (DPYKTIB HWXKYHMM, HDK MiHIMaJbHa TIOTpe-
0a, 1 e y 2013p. BiH J0CAT MaKCHMAJIBHOTO PIBHS 56,3KT
1 MPAKTUYHO MPUOIU3UBCS 10 BiAMITKH O0KT.

Tabunus 1. bananc mionis, Arig i BUHOrpajy (BKIIIOUAa0UM KOHCEPBOBAHY Ta CYIISHY IPOAYKILIO B IIEPEPAXyHKY Ha CBIXKY)

2000 2005 2010 2013 2014 2015 2016 2017 | 2017 mo 2000,%
BupoOHHULTBO, THC.T 1966 2133 2154 2871 2435 2539 2385 2458 125,0
IMmoprT, THC.T. 179 860 1130 1172 856 588 732 819 457,5
Ekcnopr, THe.T 88 305 353 392 350 324 283 291 330,7
DoHp CTIOKUBaHHS, THC.T 1439 1750 2203 2560 2249 2179 2119 2242 155,8
y po3paxyHKy Ha 1 0coly, Kr 29,3 37,1 48,0 56,3 52,3 50,9 49,7 52,8 180,2
VY 3B’513Ky 3 THUM, L0 KO>KHA TIPUPOJTHO - KITIMAaTHYHA 30Ha g 70

VYKkpainu Mae cBol 0COOIMBOCTI PO3BUTKY Taily3i CafliBHULIT- g 61,1
B, CBilf aCOPTMMEHT MPOYKIIii, JOCTYIHICTh IUIOMIB Ta AT/ oy 60 —-\—
3a I[iHOKO, TO 1 CIIOKUBaHHs Oy/e pisHuM. 3ona Creny mpej- 2 50 - - _/! . 3—_ -
craBiena 8 obnacrsavu. JluHamika (OHIY CIOKMBAHHS B 'S w’® o= L a6
po3paxyHKy Ha ofHy ocoby 3 2000p. mo 2017p. B cepeaHbo- Y AT 45\8‘
My BUpociia npakTuiHo Bipidi. CraHoM Ha 2017p. no Ykpa- Er 30 447 : 481
HI pakTHYHE CHOKUBAHHS IUIOAIB, STiA Ta BUHOTPAIY CTa- g ' 382
HOBUTH 52,8KT 3a pik Ha omHy ocoOy, i B TOpIBHSHHI 3 g 20
2000p. pict cranoBus 80,2%. HaiiOinbine 1e#l mokasHUK B E 10
JIUHAMIII BUpic 1o 3amopi3pkiid Ta MuKonmaiBchkiid oOmac- g 0

=

O

TSX, @ caMe B 2,7 pa3u. AJie 3a po3MipaMy HaWBHII TOKa3-
HUKH 3adikcoBaHi y 2017p. mo JninpornerpoBerkii Ta One-
CeKili obmacti - 61,1kr Ta 57,6kr BiamoigHo. Hatimemiri
MIOKa3HUKHU crokuBaHHs y JIyraHcekiit Ta JIoHerpKii 061a-
crax — 38,2xr Ta 41,7kr [8].

s tenmenmis no ob6mactsax IliBaHsa YkpaiHu Ta 30HH
Creny BinoOpakeno rpadigno (puc.2). Ha rpadiky nokasza-
HO MiHIMaJTbHa HOpMa CTIOKUBaHHS — 60KT Ta cepenHii mo-
Ka3HUK 10 YkpaiHi craHom Ha 2017p. — 52,8 kr, a Takox
TIOKa3HHUKH 1O 00JIacTsIX.

Jlinponetposceka
Jlonenbka
3anopizbka
KipoBorpascbka
Jlyracbka
MukonaiBchka
Onecbka
XepeoHchka

Ooaacti Ykpainu 30uu Creny

W B cepenHboMy o YKpaiHi

= Hopma MiHIMaJIbHOTO CTIOKHBAaHHS

= Obnacri 301 CTemy

Puc. 2. Jlunamika Crio>KMBaHHSI IUIOIIB, SITi/T Ta BUHOTPAy B 30Hi
Creny YkpalHu B TIOPIBHSIHHI 3 CEPEIHIM TOKa3HUKOM Ta MiHiMa-
JILHOIO HOPMOIO crioxkuBanHst y 2017p.



https://uk.wikipedia.org/wiki/%D0%A0%D0%B0%D1%86%D1%96%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%A0%D0%B0%D1%86%D1%96%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D0%B0%D0%B4%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8C%D1%89%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%96%D1%8F

3ona Jlicocteny npexacrasnena 9 obmactsamu. CTaHOM Ha
2017p. MakCHUMaJbHO BHCOKHM ITOKa3HHUK CIIOKHBaHHS
¢pyxTiB O0yB mo KwuiBchkiit, YepHiBenpkiii Ta BiHHUIBKIH
obuacTsx, a came 75,8kr, 61,7kr Ta 58,2Kr BiAMOBIIHO.

B 30mi [omiccs crarom ma 20017p. HaiiOuIBIIE CIIOKH-
BaHHs (DPYKTIB 3adikcoBaHe y 3akapnarchbkiii, IBano - dpa-
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HKIBCBKi# Ta JKuromupchkiit odomactsax — 51,3kr, 49,2kr Ta
49,0kr BizmosigHo [8].

O1iHKyY piBHS JOCTATHOCTI CITO’KUBAHHS TUIOJIOBO — SITi/I-
HOI TIPOMYKIIii TPEICTABICHO SIK TOPIBHSIHHS TOKa3HHKIB
(axTHIHOTO (POHITY CIIOKUBAHHS Ta PAIiOHATIBHOI HOPMH SIK
no obnactsx IliBnus Ykpainu (tabm. 2) Tak 1 B nijlomy 3a
2017p. (Tab6m.3)[8].

Tabamus 2. [Toka3HUK JOCTATHOCTI CIIOKHBAHHI [I0I0BO — siriqHO1 npoaykiii y 201 7p.

[Nokazuuku CroxuBaHHs IpoayKii 3a oonactsamu [lisauas Yipainu
3amopi3bka MukonaiBcbka Onecbka XepcoHCbKa
CnoxxuBaHs Ha 1 0co0y, KT 49,7 51,3 57,6 48,1
ParioHansHa HOpMa, KT 90,0 90,0 90,0 90,0
KoedirieHT JOCTATHOCTI CIIOXKHBaHHA, % 55,2 57,0 64,0 53,4

Ilo obmactsx I[liBmHS YKpaiHu crOCTepiraroTbCs HU3BKI
TIOKA3HUKN CHOKMBaHHSA (PYKTiB. Bei mokasHUKHM HIDKU1
HIX B cepenHpoMy 10 YKpaiHi (52,8kr), mmme Oneckka 00-
nmactb Mae 57,0kr. KoedilieHT MOCTATHOCTI CIIOXKHBaHHS
CBIJTYMTH TPO TE, IO B ILOMY PETIOHI CIOXKNBavi MOKPHBA-
I0Th CBOIO MOTpeOyY y CIOXKMBaHHS (DPYKTIB IPU paLlioHaIIb-
Hili HOpMi Y 90KT JUIlIe HA OJIOBHHY.

Taéauus 3. [Toka3HHUK JOCTATHOCTI CIIOKMBAHHS IPOIYKTIB

xapuyBaHHs Ha 2017p.
Pamionansua| ®aktuune TTokasHuk
HOpMa, KI' | CITOXKHMBAHHSA, | JIOCTATHOCTI
KT CITO’KMBaHH, %

Xni6 i xmibonpoaykTr 101,0 100,8 99,8
M'sico 1 M'COmpoayK- 80,0 51,7 54,6
™
MOoJIOKO 1 MOJIOKOII- 380,0 200,0 52,6
POIYKTH
S () 290 273 94,1
OBoui Ta OartadHi 161,0 159,7 99,2
Inomu, sromu Ta 90,0 52,8 58,7
BUHOTPAJT
Kaprorust 124,0 143,4 115,6
ITykxop 38,0 30,4 80,0
Oumist  pocnMHHA BCIX 13,0 11,7 90,0
BUJIiB

Bananc crioxuBaHHS OCHOBHUX MPOIYKTIB XapdyBaHHS
(tabm.3) cBimuuth, mo y 2017 p. B YKpaiHi CHOXABaHHA
MIPOAYKTY «KapTOIUIs» TepeBurrye Hopmy Ha 15,6%. 3a
TaKUMH TPOJIOBOJIIBYMMHE TPYIaMH, SK: «XJIi0 1 XJ1i0ompoy-
KTH», «IHIS», «OBOYl Ta OallTaHHI», a TAKOXK «OJIsl POC-
JIMHHA BCIiX BUIIB», ()aKTUYHE CIIOKMBAHHS MPAKTHIHO JI0-
PIBHIOE paIlioHaNIbHIN HOpMi. BincraBanHs Bi pariioHabHOT
HOPMU CIIO’KHBaHHS CIOCTEPIraeThCs 3a HACTYIIHUMHU IPYy-
MIAMH: «M’SICO 1 M’SICOTIPOJYKTH» — Ha 45,4%, «MOJIOoKO i
MOJIOKOIIPOAYKTI» — Ha 47,4 %, «QUTOJIH, ATOITN i BHHOTPAI»
—Ha 41,3 %. ToOTo crnokuBayi HAMArarOThCs 3a0€3MEUUTH

BJIaCHI MOTpeOH 3a PaXyHOK EKOHOMIil KOIITIB Ta 3aMIHOIO
OJJHUX TIPOJYKTIiB Ha iHIII, 5IKi a00 OLIBII [emeBi, a00 Ba-
JIUBIIII 1 CKJIAal0Th OCHOBY PAIiOHY XapIyBaHHS.

PesyabraTn Ta ix o6roBopenHsi. PesympraTom moci-
JDKEHHS € CIipo0a MpoaHalli3yBaTH Ta OLIHWUTH PIBEHb CIO-
JKMBAaHHS IUIOZIOBO — SITIJTHOIO MPOAYKIIEI HACEICHHIM
Ykpainu. Marouu BelnUKuil PUPOAHO — PECYPCHUN IOTEH-
ian, Tpeba 3BEpHYTH yBary Ha Te, sIK BiH PO3KPHUBAETHCS 10
MPUPOJTHO — KJIIMATUYHUX 30HaX KpaiHW, YW B HOBHIH Mipi
MAIPHEMCTBA — BHPOOHHUKH TIPOIYKIIii CaIiBHUIITBA BHUKO-
PHCTOBYIOTH IPHPOJIHI PECYPCH, UM BILUTMBA€E Taka 30HAIbHA
criemiaiizamisi Ha MOKAa3HWKH HOPM CIIOXWBaHHs. Hakaib
HaceneHHs [1iBaHs YKpaiHu CIIOXMBa€ IUIONH Ta SITOAM IO
HOpMaM 3Ha4YHO HIDKYE HiK B obmactax Jlicocremy. Curya-
151, SIKa CKJIAIach, A€ MiJCTABH A0 MOJAJBIINX JOCTIIKEHb
NIPUYHH TAKOTO CTaHy pedeil Ta JOCIIKEeHHS eKOHOMIUYHHX
YUHHUKIB BIUTHBY.

BucnoBok. TakuMm YHHOM MOXHA 3pOOUTH BUCHOBOK,
o B YKpaiHi, fika Mae BEJIMKHHA HPUPOJHO — PECYPCHUIA
MOTEHIIAT Ta MOKJIMBOCTI 320€3MEeUUTH BIaCHHUMH CHJIaMU
BHYTPIIITHE CIIOKUBAHHSI TUIOJIOBO — SITiHOT MPOAYKIIil, Ha-
CETICHHS BITIyBa€ CyTTEBUH HeQilUT (PPYKTIB y CBOEMY
pauioni xapuyBaaHs. CepenHs HOpMa CIIOKHUBaHHS HE J0pi-
BHIOE HaBiTh MiHIMaJTbHOI TOTPeOH (60KT), i JHIIE Y ASTKIX
obmactsx (KuiBcpkilt, JJHimporneTpoBerKii Ta UepHiBeIbKiii)
e nokasHuk Bumie. Ha [TiBnHI YkpaiHu moka3HUKH cepe-
Hi HK TI0 iHIIMX perioHax. TpaauiiiHo, y KyJIbTYpi CIIOKH-
BaHHS YKpaiHIIiB, IUIO/M MOCIAI0Th YMHHE MiCIE, OJJHAK Y
Pe3yJIbTaTi BILUIMBY OLTBII CKOHOMIYHHX YMHHUKIB, OCTAHHI
BUMYILICHI €KOHOMHUTH Ha KymiBili (pYyKTIB Ta BijjaBaTH
niepeBary TakiM IpOJyKTaM, sIK XJIi0, MOJIOKO Ta M'sICO, Kap-
TOIUISL. Ayie BHOIp NMpPaBUIIBHOTO BEKTOPY Jiif, SIKi MOBHHHI
CTOCYBaTHCh MapKETHHTOBOi TOBApHOI, IIHOBOI Ta 30yTOBOL
TIOJIITUKY, B TEPCHEKTHBI NPHU3BENE O TMO3UTHBHHX 3pYy-
[IeHb Ta 3MiH HOPM CIIO’KUBAaHHS YKPATHIIB Ta ITiIBUIICHHS
X KaJIOPiHHOCTI paIlioHy.
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Industrial gardening in the South of Ukraine within the framework of food security

1. V. Kolokolchykova

Abstract. The results of the study provide levels of horticulture products to the population of Ukraine in the framework of food security. The
concept of "food security» is considered. The indicators of the Fund of consumption of fruit in dynamics are investigated, tendencies of
changes are revealed. The analysis of norms of consumption of production of branch on climatic zones of Ukraine is carried out. The indica-

tor of sufficiency of consumption of fruit in comparison with rational

norms is calculated. The reasons of insufficient level of consumption of

fruits are defined. A new approach to the methodology of urban agglomeration planning in Ukraine.
Keywords: food security, industrial gardening, consumption norms, Fund of consumption of products, level of sufficiency of consumption.
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Abstract: The aim of the paper is to present the current state of urban outdoor recreational spaces, explore its content and the functional
structure, principles of arrangement and attractiveness to the city residents by the example of Ternopil. Conducted surveys gives the possibil-
ity to distinguish the needs in places for outdoor recreation for people within their residential areas and highlight the main problems of exist-

ing recreational cores.

Keywords: recreation, recreational cores, multi-storey residential living areas, urban recreation.

Introduction. The primary requirement of modern society is
the formation of a comfortable, attractive, safe environment
in the residential urban areas, which will contribute to the
recreation and maintenance of public health. These compo-
nents are interconnected and interdependent, and the means
of their solution is the formation of multifunctional recrea-
tional cores appropriate for different age categories needs.
However, in most cases, recreation within the city has a cul-
tural and consumer’s form. The problem of organizing poly-
functional recreation cores in residential areas of the city
determines the relevance of this work.

Modern researches focuses on the fact that it is the ability
to rest and restore the physical and spiritual health of urban
residents within the territories of their residence is the key to
a healthy society [1-3]. To do this, it is necessary to develop
urban recreation and form the appropriate recreational cores,
which will be available to different segments of the popula-
tion at any convenient time for them.

Goals. The purpose of the study is to formulate a reason-
able assessment of the real situation of the functional organi-
zation of recreation cores in the city on the territory of resi-
dential multi-residential buildings and examine the real
needs of residents of multi-residential residential areas on the
example of Ternopil. It can serve as a basis for formulating
an urban planning rationale for the development of recreation
cores in residential areas of cities.

Literature review. The theoretical basis of the study is
formed in researched works of Panchenko T., Rodichkin 1.,
Osichenko G. Danylko N., Golub A., Zubrichev O., Novikov
V., Wojciechowski N, Ujma-Wasowicz K., Lis A., Pilarchyk
A. and others.

The definition of recreation adopted in the study, which at
the interdisciplinary level, is interpreted as a way to restore
physical, spiritual and mental forces, as well as cultural, edu-
cational and sports activities of people associated with a sys-
tem of certain means in specialized territories in their spare
time [4-7]. The need to implement these processes in the
immediate proximity of places of living causes deepening of
knowledge about recreation in the theory of urban planning
and the outlining definition “urban recreation”- a method of
short-term recreation for residents associated with the habitat
of various age categories in conjunction with functional and
planning structure of the city. In the study "city" is the type
of settlement is accepted, which, according to the Ukrainian
classification of cities, differs in size, is multifunctional and
has an expressive territorial planning organization. Urban
recreation can take place in the defined landscape and recrea-
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tional areas of the city, specially adapted architectural and
urban planning facilities outdoor (playground, sports facili-
ties and other parts of the city that forms recreational areas
for inhabitants of residential developments) and indoor (thea-
ters, cinemas, gyms etc.) types [8, 8]. The concept of “urban
recreation” is not limited with the definition of ways to rest
for city residents, but is connected with the formulation of
basic provisions defining the techniques and principles for
organizing recreation cores in the city. The recreational core
specifies the phenomenon of urban recreation in the context
of urban planning and is considered as a place of concentra-
tion (concentration) of recreation activity that has a visually
and physically defined territory. The rules that regulate it cor-
respond to the legal principles defined atthe legislative level.

Material and methods. To achieve the objectives of the
study, the process covers a three-stage method: the first is the
identification recreational cores in the structure of the resi-
dential areas in the city of Ternopil; the second - researching
the characteristics of their functional and planning organiza-
tion and conducting a survey among its actual or prospective
users; the third is the analysis of the results and identification
of problems; the fourth is the formulation of conclusions.

The methodological basis of the study was general scien-
tific and special methods at the empirical and theoretical
levels. The general scientific methods of research included
groups of methods - data collection and accumulation of
facts: field surveys, observations (active - searching and fix-
ing the desired angle of vision of the recreational cores and
purposeful - fixing attention only on the object of study),
comparison (comparison of selected indicators, functional
processes, phenomena, a functional planning solution among
themselves), photographic recording (recording images of
the current state of use, space-spatial solution of the Recrea-
tion cores with the help of special media), measurements,
surveys, description. Special methods for the study - the use
of architectural, urban planning and interdisciplinary ap-
proaches. The complex of special research methods includes:
urban planning analysis (location of recreation cores in the
structure of residential areas, functional zoning analysis),
sociological survey, morphological description.

A survey of residents opinion was conducted by direct in-
terviewing residents (face to face) that was carried out in
May-July 2018 in Ternopil’s areas of multi-storey residential
developments among 126 respondents (56.3% of respond-
ents- women, 43.7 men; 12.7% children 10-13 years old,
16.7% - young people 13-16 years old, 30.2% - young peo-
ple 16-24 years, 19.0% - adults aged 25-44 years old, 6.3% -



45 -60 years old, 14.3% - 60-75 years old, 0.8% - 75-89
years). Respondents in each of the selected locations were
interviewed in a standard form on a half-closed questionnaire
(combined - with open answers and closed, where it was
suggested to choose one of the available options). The survey
was designed to obtain the basic information about the resi-
dent (gender, age, family size, presence of children), facts
about open recreational areas that are available to them in the
proximity to their homes (types of recreation, character of
the property (private, semi-public, public), limits of walkable
distance form recreational cores to their dwellings, frequency
of use of recreational cores), their attitudes and preferences
regarding the use of recreational cores (about how they are
used, other additional forms of activity that have place on the
recreational objects, their ideas about comfort, safety and
control, what new recreational spaces they would like to
have, what can beimproved inexisting openspaces). Theyalso
highlighted the most important elements that should be present
in a place available for recreation. The results of the survey al-
lowsto supplementthe factorsand objectives of the design.

Results and discussion. For the study of the recreation
cores in the areas of a multi-storey residential developments
the city of Ternopil was chosen. It is one of the cities in the

western region of Ukraine with characteristic clusters of
res- idential multi-family apartment buildings that were
built in the 70-80s. Problems associated with territories of
this type

Fig. 1. Territorial organization of Ternopil

These areas are characterized by residential development
represented mainly by 5-9 storey apartment buildings - typi-
cal for neighborhood planning of a period of 70-80 years
with spacious courtyards (figure 2), often exaggerated court-
yard areas connected by pedestrian alleys. The functional
planning organization of the territories was carried out in
accordance with the requirements of the town planning of the
Soviet period: children's play- and sportsgrounds, recreation
places for adults, green areas, driveways, parking lots and
household sites. These requirements fully met the needs of
that-day society and moved to the regulatory standards of
independent Ukraine without significant changes [10]. Ac-
cording to the norms, the obligatory presence and the mini-
mum areas of recreational areas as part of the territory of
multi-family residential buildings is defined depending on
the prospective amount of residents. Thus minimum area of
playgrounds for children of preschool and young school age
is 0.7 sg. m per person, for recreation of the adult population
— 0.1 sg. m per person and areas for physical exercises — 0.2
sg. m. per person. For providing acoustic comfort for people,
the distance from the indicated recreational areas to the win-
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in Ternopil are also characteristic for other cities in the west-
ern region (Ivano-Frankivsk, Uzhgorod, Rivne, Lutsk).

Ternopil is a city of regional importance, located in the
central part of the Western region of Ukraine. The population
is 218, 653 thousand people. The area of the city, according
to the existing boundary, is 4283 hectares. Multi-apartment
residential buildings areas occupies up to 478.53 hectares,
which is 11% of the total area (or 85.1 % of the total residen-
tial area). And according to the Project City's Masterplan [9]
to 2031 the territory of multi-storey residential buildings will
increase for 166.6 ha more. Therefore, the question of
providing comfortable living environment in areas of multi-
storey residential developments that provide recreational
facilities is very important both for the perspective new de-
velopments and for improving the existing ones. Study of the
process of modernization of living environment shows that,
unfortunately, without a comprehensive, scientifically based
assessment, in most cases, are concentrated on improving
only material content (replacement of gaming or sport
equipment) and landscaping elements (coatings, outdoor
lighting etc.).

The territory of Ternopil consists of 9 residential areas
(figure 1): 5 - historically established; 2 as a result of connec-
tion of the surrounding villages, 2 that build up according to
the city’s Masterplan.

Fig. 2. View on Ternopil's residential area «Alyaskay, typical for neigh-
borhood planning of a period of 70-80 years

dows of residential and public buildings must be at least 10
m for recreational ground for adults, 12 m - for children’s
and, depending on noise characteristics, from 10-40 m - for
sportsgrounds. Therefore, the urban regulatory documents
are in process of revising and improving [11]. Project of
DBN B.2.2-12: 2018 in September, 2018 were developed,
were for example minimum area for recreational cores for
adults increased to 0.2 sq. m per person and for physical ex-
ercises in 10 times — 2.0 sg. m per person. However, with the
introduction of new standards, the question of organization
of recreation cores, which would cover the needs of all
groups of the population, remained unsolved. From the very
list of recreational grounds, we can see the absence of a
compulsory arrangement of places for young people recrea-
tion and defined peculiarities of location and organization for
elderly people recreation. The current state of the formation
of comfortable and accessible recreational cores in living
environment requires new approaches that will fulfil the con-
temporary needs of society in the context of sustainable de-
velopment of the city.



To gather information about current situation in urban
recreation the author conducted site surveys of 826 recrea-
tional cores within the residential areas of Ternopil in the
period of 2017-2018. For the detailed analysis, one of the
districts of the city (area — 1.028 sg. km) was selected (fig.3).
The characteristics of analyzed objects were systemized
through photo, mapping and tabular representations. The
current state of the recreation cores was evaluated with the
following criteria: target age-group (children, youth, adults

@ playgrounds
sport facilities

O sportsgrounds

o gazebos
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and elderly), its function (play, sport, physical exercises,
social, creative and educational), quantitative indicators (di-
mensional characteristics of space, area), functional area
saturation (monofunctional, polyfunctional), types of con-
tents and activities, layout character (its shape, peculiarities
of planning structure- compact, linear), its location, degree of
enclosing, number of observed users, time of usage, degree
of attraction.

Fig. 3. Territory of detailed survey, a-“Sonyachnyy” district, mapping recreational cores: b- recreational core of group of buildings repre-
sented with typical playground and gazebo for adults

During the observation period (during 21-27 of May,
2018) on 2 locations (fig.3b, fig.4a), which was carried out
from 10:00 to 19:00 on weekdays and weekends, most of the
visitors that spend free time at the recreational cores and
surrounding areas: younger schoolchildren (58% from
13.00), mothers with children (15% - during day), pensioners
(with small children (10%, mostly in morning hours till af-
ternoon) independent recreation -13 % from 14:00). Young
people and adults spend a minimum of time on the residen-
tial areas on working days (4% in the evening).

Most objects are monofunctional. The main types of rec-
reation cores are children’s playgrounds (82%),
sportsgrounds (13%), places for adult recreation (4%). The

analysis of the existing state showed that not all age groups
are provided with organized places for recreation, the indi-
vidual needs of each group are not taken into account. There
are practically no places for adults and older people recrea-
tion (single gazebos and benches for sitting). Recreational
cores for young people within the city are organized mainly
in city parks (major types - skate parks and sports zones),
however, the daily need of young people for recreation with-
in residential areas is completely ignored. Groups of young
people, observed during research, used for gathering chil-
dren’s playgrounds or other places not purposed for recrea-
tion (retaining walls, stairs etc.).
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Fig. 4. Organization of recreational cores near residential development on the example of residential areas of the city of Ternopil

The character of the residential areas planning determined
the openness of the yard territories, so the type of property of
majority of the analyzed objects (91%) is semi-public.That
means that they are intended for use by residents of nearby
houses, but at the same time - open and accessible to other
people. Some of the recreational cores that belong to the
building’s territory of newly built houses or those that creat-
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ed an association of residents and defined their closed private
territory, belong to objects of limited use exclusively by resi-
dents of a building or groups of buildings and do not provide
open access for other residents of the area. Last may cause
lack of recreational cores for residents nearby, as those ob-
jects that used to be in common use becomesprivate property.



According to its area, the recreational cores are divided
into small, medium and large. The area depends most often
on the type of use (public location, public) and its location in
the structure of the residential area (recreational core of
building or group of buildings, the projected load (number of
visitors). Analyzed objects were categorized in three groups:
small - sizes from 10 to 500 sg. m., medium - from 500 to
3000 sq. m. and large - more than 3000 sq. m. The
morphological diversity of spatial schemes can be reduced to
three groups of cores along the outline of the plan or outline:
simple geometric (regular geometric shapes - rectangular,
triangular, circular), derived from simple shapes (changing
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proportions, changing angles) and complex (a combination
of simple shapes -intersection, overlay, exception, repetition).

From the analyzed objects, 98% of the playgrounds are
located on flat plots, without any hills or any other level dif-
ferences. Such planning decisions do not satisfy the needs of
children in movement and “conquering peaks”. Observations
confirm that often children choose sloping areas with coat-
ings (mainly parts of footpaths) or create homemade height
differences (Fig. 5¢). Such solutions reduce the comfort of
the territory (the conflict of functions: walking route - play-
ing area)

b c

Fig. 5. Organization of recreational cores near residential development on the example of residential areas of the city of Ternopil a- Sport
facilities, b- children’s playground, ¢ -self-made springboard

Degree of attraction of recreational cores was collected
from the interviews results. The interviewers were asked to
estimate the level of visual attractiveness, comfort of using,
and state of equipment of the recreational cores near their
buildings in grades from “very bad”, “bad”, “good” and “ex-
cellent”. Only 2.6 % were totally satisfied with the current
state and evaluated as “excellent”. The average answer was
“bad” or “good”. And 52 % answered that they would spent
more free time for recreation if comfort conditions improves.

It is also important to note that analysis of design solu-
tions and built objects of recent years shows positive trends
in the formation of recreation cores. Many private investors,
while building new residential buildings, beginning to pay
attention to the residential environment outside the building,
realizing that organizing recreational cores is an important
element in creating a comfortable living environment that
bases on principles of uniqueness, attractiveness, availability
for all, functional zoning,

Conclusions. Analysis of the current state of recreational
cores in Ternopil gave the information about current state of
recreational cores in the areas of multi-storey residential de-
velopments that are common to other cities of the western
region of Ukraine.

The main problems of the formation of recreational cores
in areas of multi-storey residential developments in Ternopil
can be defined as:

- diversity: not all age groups are provided with orga-
nized places for recreation, the individual needs of each
group are not taken into account;

- the degree of functional arrangement and equipment is
low, contents do not suit the users requirements

- lack of attractiveness, diversity of playing equipment,
aesthetic pleasure; most of the objects are typical and do not
form the uniqueness of place;

- not-satisfying technical state (old equipment, ruined sur-
face coverings, pavement, connection of materials, etc.);

- lack of means, providing additional comfort (lighting,
sun shading, shelters etc.)

- necessity of implementing principles of universal design
—inclusive, available for all age groups and levelsof mobility.

Creating recreational cores within areas of multi-storey
residential developments re essential for creating healthy soci-
ety. The recreational cores as the inherent part of the residential
environment, must be adequately equipped, organized and ar-
ranged; accessible, attractive and fulfill needs of all groups of
people in recreation. Further research will be aimed at devel-
oping recommendations on the organization of recreational
cores on the territory of multi-family residential buildings.
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AHHOTamus. B cTaThe paccMOTpEHBI BOIIPOCH! BIHMSHHS COBPEMEHHBIX KOHCTPYKIMH Ha 3HEProd((EeKTUBHOCTH JKWIIbS CperHei
9Ta)XHOCTH B KOHTEKCTE HCIIOJIH30BAHHS BO30OHOBIISIEMBIX MCTOYHUKOB SHEPrUM (COJHIIA, BETPA, BOJIBI M 3€MJIM), C/eNIaH MEepBhIA
IIar K KOMIUIEKCHOW CHCTeMaTH3aluK (akTopoB, KOTOpbIE BIMSIOT Ha GOpMUPOBaHHE (YHKIMOHAIEHO-IULIAHUPOBOYHOH U 00BEM-
HO-IIPOCTPAHCTBEHHON CTPYKTYpPBI KHJIBIX JOMOB € 3HEeprocOeperaliMmu TeXHOJIOorHaMU. [Ipr 3TOM ocyliecTBiIeHa 0o0mas Kiac-
cu(UKALUS JKUIbs, B KOTOPOIl ONpPEAEIeHO 3HAYMMOE MECTO CErMEHTa MCCIEA0BAaHUH — XUIIbs CPEIHEH 3TAKHOCTH C JIEMEHTAMU
000pynoBaHus, OTBEYAIOLIee TPEOOBAHUSIM COBPEMEHHBIX 3HEPT03((EKTUBHBIX TEXHOJIOTHIA.

Knrouesnvle cnosa: xoncmpykyuu u Mamepuaibl, IHep20IPHEKMUSHOCIb HCUNbA, HCUTbE CPEOHEN FMANCHOCMU, KIACCUDUKAYUs

HCUTIBIX OOMOB.

Beenenue. Pazpurue XUIbIX JOMOB CPEIHEN 3TaXKHOCTU
[0 BCEMY MHpPY CTPEMHUTEIBHO IpHOOpeTaeT Bce Ooee
LIMPOKOTo nmpuMmeHeHus [1-6]. B Hacrosiiee Bpems, xu-
JIple A0OMa CpeAHENW 3TaKHOCTH UMEKOT MTHOBEHHYIO pe-
aKIMio Ha J11000e HOBOBBEACHHE B Pa3MYHBIX OOIIe-
cTBeHHBIX c(epax xu3HH. C MOMOLIBIO COBPEMEHHBIX
TEXHOJIOTHH, TaKUX KaK HaHOTEXHOJIOTHH, MOXKHO CO3Jia-
BaTh CBEPXIPOYHBIE M JIETKHE KOHCTpyKuuu [5-8], a ¢
MIOMOIIBI0 TE€HHON HWH)XEHEepUH, MOXHO IPEJOCTaBUTh
apXUTEKTOpaM HOBBIE CTPOUTEIBHBIC MaTEPUAIbI, KOTOPbIE
CrocOOHBI PaCTH M Pa3BUBATHCS MPSIMO Ha CTPOUTEIHHON
miouaake. CoBpeMEHHBIE JKUIIbIE IoMa CPEIHEHN 3TaKHO-
CTH SIBJIAIOTCSI OTKPBITOM CUCTEMOM JUIsl UHTETPALIMK BCETO
HOBOT'0, YTO IMPOUCXOJUT B MHUPE, U BCETO TOTO, YTO OHU
ycrenu BoOpaTs B ce0s1 Ha TPOTSHKEHUH THICSIEIICTHH.

Ha coBpeMeHHOM 3Tarie pa3BUTHs OOLIECTBA TPOSBIIS-
eTcsl Ype3BbluaiiHasg KOHTPACTHOCTh M HEOJHO3HAYHOCTh
[9]. ITpupoaHbie KaTaKIU3MBbI, Pa3THYHbIE SKOJIOTHUECKHE
IIPOTHO3BI, HECTAOMJIBHOCTh CHTYyallUd B 3KOHOMHUKE U
MIOJIUTHKE Hapsly C HAYYHO-TEXHHYECKHUM IIPOTPECCOM -
«MH(OPMAIIMOHHBIM B3PBIBOM» U IOBBIIIEHUEM KauecTBa
JKU3HU NPUBOAUT K POCTY XAOTUUECKUX HIIEMEHTOB B
OOIIECTBEHHOM CO3HAaHWH W KyInbType. VIMEHHO TakuMm
nepuojaM HEONPEAEIEHHOCTH U «IHTPONMUHOCTHY YEIl0-
BEK M OOIIECTBO OCOOCHHO OCTPO HYXIAIOTCS MHPOBO3-
3pEHYECKUX OPHUEHTHUPOB, IJIAHOB U CTPATEruil AajbHEH-
LIEr0 Pa3BUTHS KWIBIX JOMOB CpeIHEN 3TaKHOCTH. J[ist
MIPEJCTaBICHUS O OyAyIieM - HEOOXOAMMBIM CTAHOBUTCS
OCMBICIICHHE COBPEMEHHOCTH.

Jenas mporHo3 OyIyliero, >KUIble JOMa CpeaHel
STaKHOCTH CIIOCOOHBI BHECTH CBOM KOPPEKTHUBBI, KOTO-
pBIe SABISIIOTCS BHJIOM YEIOBEYECKOM [eATeNbHOCTH W,
MIPOSIBIIAONIEH ceOst upe3BhIYaitHo pasHooOpasHo [10]. B
HUX €CTh MECTO, KaK MCKYCCTBY, TaK M HayKe, KakK IpakK-
THKE, TaK U TeOpUu. PoJib KUIIBIX TOMOB CpEIHEN ITax-
HOCTH, KOTOPBIE SIBIISIIOTCS B BHIE NPOBUIHUIIEI Oy IyIIEro
B COLMOKYJIBTYPHOM U3MEPEHUM — HeCOMHEHHa. OcMbIC-
JIMBasi, U3y4asi ¥ aHaJIU3UPYsl COBPEMEHHbIE KUJIbIe J0Ma
CpeIHeN TaKHOCTH, MOJKHO CIIPOTHO3HUPOBATH TaIbHEH-
IIMe TeHJCHIWH W OCHOBHBIE BEKTOPHI HAIMIPABICHHOCTH
pa3BUTHSA, CIETaTh NEPBBIN AT K pa3ragke OJvmKaliero
nx OyIymiero Kak 4acTH KyJlbTyphl M BCETO MHpa.

Kpatkuii 0630p nydoaukanuii no teme. B pemenun
JM000T0 KHUIIOTO JI0OMa OJHUM W3 TJIABHBIX SBISETCS BHI-
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00p ero KOHCTPYKTUBHOU cXeMbl. U3 pe3yIpTaToB aHAIH-
3a 3apy0e’KHOTO ¥ OTEYECTBEHHOTO OIIBITa NMPOEKTUPOBA-
HUSL M CTPOWTENbCTBA 3HEProd(Pp(eKTHBHBIX JKUIBIX II0-
MOB, OTPEICIIONINMH B PELICHHH NPOOJIEM MX SHEPro-
obecrieueHns: U 3HeProdpHEeKTUBHOCTH SIBISIOTCS Ipa-
BUJIHO BBIOpaHHBIE HMX 00OpYJOBaHHE, MaTEpHANbl U
koHcTpykmuu [11-14]. OueHouyHBIE XapaKTEPUCTHKH,
olpeAeNAoNe BBHIOOp MaTepHana W KOHCTPYKIIHH,
JIOJDKHBI OCHOBBIBAThCSA HAa KOMIUJIEKCHOM OlLleHKE BHEII-
HUX MPUPOAHO-KIUMATUYECKUX YCIOBHH, INPaBMIBHO
cOPMYIHPOBAHHBIX KPUTEPHAX OIEHKH HECYIIMX KOH-
CTPYKTHBHBIX W TEIUIOM3OJIALOHHBIX CBOWCTB pa3ind-
HBIX MaTEepHaJOB, METOJOJIOTHH pacueTa MPOYHOCTHBIX U
TETIJIOM30JALMOHHBIX CBOHCTB KOHCTPYKIWH, TPHMEHE-
HUM TaKOW KOHCTPYKTHUBHOH CHCTEMBI, KOTOpas ObI 1M03-
BOJISAJIA TIEPEIUIAHUPOBAThH NTOMEIEHUE B 3aBUCUMOCTH OT
MOTPEOHOCTH KUJIBLIOB, (PMHAHCOBBIX BO3MOXKHOCTEH W
OT YCIIOBUHM 3WMHEW W JIeTHEeH SKCITyaTaluu 3JaHuid (c
BO3MOXHBIM CE30HHBIM PACIIMPEHHEM M CO3JaHHEM YHHU-
BepCalbHBIX MpocTpaHcTB) [11, 12, 14].

C TOuKHU 3peHHs METOUKH IPOBEICHHS UCCIIEOBAHUS
1enecoobpasHo ObUIO OBl MCIIONB30BATh B ONPE/IEIICHHN
KOHCTPYKTUBHOIM CHCTEMBI METOJI KOMIUICKCHOTO (DyHK-
LMOHAJIBHO-CTPYKTYPHOTO aHann3a (C BBIIBICHHEM €ro
BIMSHHUA Ha IUIAHUPOBOYHYIO CXEMY M KOHCTPYKIUH),
BMECTE C CHCTEMHBIM aHAJIM30M M CPAaBHHUTEIbHBIM aHa-
m3oM (akropoB BiusHuA. [IpeacraBnsiercst menecoo0-
Pa3HBIM IO XOY HCCIIeI0BATEIbCKOI pabOTHI ONIPEaeATh
HEKOTOpHIE IPHHIIUIIBI U METOI0JIOTHIO €€ TPOBEACHUS.

B pa6orax [7, 9] mox >HeprodpHEKTUBHBIM KUIBIM
JIOMOM TIOJ[pa3yMeBaeTcCs 37aHKue, y KOTOpPOro o0BEeMHO-
IUITAHUPOBOYHBIE W KOHCTPYKTHUBHBIE PELICHHS, a TAKKe
CHCTEMBI WH)KCHEPHBIX KOMMYHHKAIMH, ¢ OOIIEPHHS-
TBIMH (DYHKIIMOHAJIBHBIMH TPEOOBaHUSIMH, yJOBJIETBOPS-
IOT NIPH 3TOM IPHHLMIYY OOECIeUYeHHs MaKCHMaJbHO-
BO3MOKHOM 3KOHOMHUU BCeX BUAOB dHepruu. Kpome toro,
aBTOPOM BBIJIENIEHO HHEPrOaKTUBHOE 3[aHUE, JUIL KOTO-
pPOTO OTJIMYUTENbHAs CIIOCOOHOCTh 3aKIIIOYAETCS B yJaB-
JUBaHUM M TIepeade BO BHYTPEHHIOIO HHEPTETHUECKYIO
CHCTEMY WIH B OIPEJeNICHHBIE TTOMEIICHUS YHEPTHH OT
BO300HOBIISIEMBIX HCTOYHUKOB (CONHEYHOH, TEIIOBOM
SHEPTUU 3€MJIH, BETPOBOH U JIp.).

B pabore [16] moka3zaHo, uTo 3HeprodddexTHBHbIE
KIJIBIE IOMa SIBJISIFOTCA HambOosiee OMM3KUMHU K KOJIOTH-



YECKOMY JOMY, HOCKOJBKY IMOHSATHIO 3Heprodddexrus-
HOCTH IIPUCYIIa XapaKTEPUCTHUKA SKOJIOTMYECKOTO JOMA.

[IpuHumn BeIOOpa MaTepHana HapyXHOH OOJHIIOBKU
3[aHUS] YYUTHIBaeT HauOosiee OOIIME MOJNOKEHHs, OTHO-
csiyecst K BEIOOPY MaTepHasia KOHCTPYKIMU U KPUTEPH-
SIM, OIPEAEIIIOIINM STOT BEIOOp (NMPHHIHAIT YCTOHIUBOH
(9KOIOTUYHO) apXHUTEKTYPHI: SKOJOTH3AIMS TOpoma M
OKpYXAaIOIIEH CpeAbl; SKOHOMHMS TEIIa W SHEPTUH II0
oMy W B MacmTabax kuioro odpasoBanwms [13]; ymyd-
IIeHne KOM(OPTHOCTH TOPOJACKONH Cpensl M 3I0pPOBbS
monei. A.H. TeTuop BBISBISIET HEKOTOpBIE MOKA3aTEIH,
BJIMSIIOIINE Ha BBHIOOP HKOJOTMYHOIO MaTepHana Ha pas-
HBIX dTanax LUKJIa XXU3HU: 100bYa ¥ HOATOTOBKA UCXO/-
HBIX KOMIIOHEHTOB; U3TOTOBJICHUE ¥ OpMIIEHHE MaTEepH-
ana; SKCIUTyaTalus, WCIIOJIb30BaHHE, PEMOHT; YTHIIHM3a-
LIMsT; IOBTOPHOE HCIIONIb30BaHUe. Tak, Ha 3Tamne M3roToB-
JICHUs] MaTepraslia OCHOBHBIMH IOKa3aTEJSIMUA SKOJIOTHY-
HOCTH MaTepHaJia aBTOp CUUTACT: MUHUMAIIbHBIEC 3aTPATHI
SHEPTUU TIpH ero 00paboTKe W M3TOTOBJICHUW, MUHH-
MaJIbHOE 3arpsS3HEHHE CPEAbl NMPH M3TOTOBICHUH, MUHH-
MaJIbHOE KOJIMYECTBO OTXOJOB MpH H3roToBieHHMH. Ha
JTamne JKCIUIyaTallM, WCIONb30BaHUS W peMoHTa A.H.
Ternop BaXHBIMH CUUTACT CIEAYIOUIME IO0KA3aTelu:
037I0pPOBJICHHE Cpellbl 3/1aHUH; OTKa3 OT HCIIOJIb30BaHMS
BPEIHBIX COIYTCTBYIOIINX MaTepUasoB (KJIeeB, pacTBO-
pureneii, 106aBoK pacTBOPOB M T.II.); OTCYTCTBUE KaKUX-
00 3arpsi3HEHUH Cpelpl; MPOCThIE TEXHOJOTHH IPU
CTPOUTENBCTBE, OTACIKE U DKCIUTyaTallii; MaKCUMaJIbHas
JIOJTOBEYHOCTh, MPUTOJHOCTH Ui HOBTOPHOTO HCIIOJb-
30BaHHS M peMOHTOB. [lo MHeHHIO aBTOpa [14] yTnimsa-
s TOJDKHA OBITH TIPOCTOM, Hambosee MOJHONW M He-
SHEProeMKOH (B TOM YHCIIE C MOJYYEHHEM TEIUIOTHI IPU
C)KUTAHHN), @ TAKXKE JOJDKHA ITPEyCMATPUBATHCS BO3MOXK-
HOCTB IIOBTOPHOT'O NCTIOJIb30BAaHMS B KAKOKH-TTHO0 (hopme.

Henb. HccinenoBars BIHSHHE COBPEMEHHBIX KOH-
CTPYKLUMI Ha 5HEpProdpQeKTUBHOCTh KHUJIbS CpeIHEH
STa)XHOCTH B KOHTEKCTE HCIIOJIb30BaHUsI BO30OHOBIIsIE-
MBIX UCTOYHUKOB DHEPTUU.

Marepuansl u meroasl. Vcxons M3 NpoBeAeHHOTO
aHaJIN3a COBPEMEHHBIX MAaTE€PHANOB, K TIOJTHOCTHIO 3KOJIO-
THYHBIM (OMOMIO3UTUBHBIM) MOXKHO OTHECTH CTPOHTENb-
HbIC MaTC€puajibl, MU3TOTOBJICHHBLIC U3 BO300HOBIIIEMBIX
MIPUPOIHBIX PECYPCOB, TPEOYIOINE MUHUMAIIBHBIX 3aTpat
SHEPrHH B MPOLECCEe U3TOTOBJICHUS, OKa3bIBAIOLIUE MTO3H-
TUBHOE BIIMSIHME HA 3/I0POBbE YEJIOBEKAa M HE BpEIsIHe
€My, He 3arpsi3HsIoNIIe IPUPOJHYIO CPEAy MPHU UX H3ro-
TOBJICHHUH, TTOJIHOCTBIO PEIUPKYIHPYEMbIE (pa3iiararomnii-
ecsl) B Mpolecce 3aMKHYTOTO IMKJIa MOCJE BBITOJIHEHUS
GbyHKIMHA 1OAOOHO MarepualiaM  JKHBOH  IPHPOJBI
(Hamnboiiee pacmpOCTPaHEHHBIM W3 HUX SIBISIETCS JIpeBe-
cuHa). TpeOoBaHUSAM OSKOJOTUYHOCTH COOTBETCTBYIOT
clenylone MPUPOJHbIE MaTephalbl: JepeBo, 0aMOyK,
COJIOMa W HEKOTOpbIE PacTHTENIbHBIE MaTepualisl: Topod,
IepcTh, BOWIIOK, KOXa, MPoOKa, HATypaJbHBIH KaMeHb,
XJIOIIOK U HaTypaHLHbIﬁ ECJIK, HATypaJIbHbIC KJIEHU, OJIN-
ba, kayuyk [8, 9, 13].

K yc10BHO 3KOJIOTMYHBIM (M3rOTOBJIEHHBIM M3 IIUPOKO
MPEACTABIICHHBIX B 3eMHOM KOPE IMOJIC3HBIX UCKOMMACMBIX,
HE OKa3bIBAIOIINUX BPCIHOI'O BJIHAHHA Ha OKPYXKAIOUIYIO
cpeny W Jrofiei) — K OMONIO3UTUBHBIM OTHOCSATCSI KEPaMHU-
YecKHe W3ZENusl, KUpHu4 (Yepemnuna, IUTUTKa), CTEKJIO,
6eToH, ctains [3, 13].

K HE’KOJIOrnYHBIM CTPOUTENBHBIM MaTepHaiaM, orac-
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HBIM BO BpeMs NPHUMEHEHHS WM YTWIM3ALMH, OTHOCSTCS
IUIACTMACCOBBIE M3JICIHS, CHHTETHYECKHE KpacKu, pac-
TBOPHTEIH, JIaKH, THIPOHU30JUPYIOIINE MaTepHabl, BbI-
JICTSFOLIME ONAacHBbIE WCIApPEHUs U JIETy4yhe BellecTBa —
amMMuak, heHos(popMabICT I, TOTYOJI, OKCUI ¥ JTHOKCH]
YTIIeposa, CEpHUCTBINA aHTHAPUJ, TbLUIb, BOJIOKHA, PTYTh,
MepkanTad, xjaop, ¢rop [13]. A.H. Teruop obGparmaer
TaK)ke BHUMaHHE HA YHEPrOEMKOCTh MAaTEPHAIOB B CBS3U
C HEOOXOIMMOCTHIO SKOHOMHUH YHEPTHH: OYEHb BBICOKHI
YpOBEHb dHeproeMkocty — amoMuHui (200-250), mmact-
Maccsl (50-100), menp, HepkaBetomas craib (100); BbI-
cokuii ypoBeHb — ctaib (30-60), muak (25), crexno (12-
25), uement (5-8); cpeqHuil ypoBeHb — KHPIINY M 4epe-
nuna u3 riauesl (2-7), runc (1-4), 6eronnsie 6xoku (0,8 —
3,5), 6eron (0,8 — 1,5), npesecuna (0,1 — 5); HU3KHIA ypo-
BEHb — TIECOK, 30714, TPYHT (MeHee 0,5 rmx/T).

Kpowme toro, mo nanueiMm A.H. Tetunopa [14] maTtepua-
JIB OKA3bIBAIOT BIMSHHE HA OKPYXAIOUIYIO CPERy: HM3[e-
TUs W3 KaMEHHOW KIIAAKH SKOJOTWYHBI, MHHHMAJIBHO
3arps3HSIOT BO3MYyX; OCTOH YacTO 3aKPhIT OTACIKON M
M03TOMY MHUHHMAJIBHO 3arpsA3HSAET BO3IYyX; METaJlIbI
MIPAaKTHYECKH HE BBI3BIBAIOT 3arps3HEHMS BO3AyXa 3a
UCKIIIOYEHHEM Ipoliecca MOIUPOBKH, OYUCTKH WU CBap-
K{; JPEBECHHA HE 3arpsi3HseT BO3JYX 33 HCKIIIOYECHHEM
CKJICUBAHUSI HEKOTOPBIX JEPEBSIHHBIX U3/EINH; IIPU IIPO-
W3BOJICTBE TUIACTMACC MOTYT BBIACIATHCS IOTEHIIMAIBHO
OIIaCHBIC BEIECTBA BBUJY MX M3TOTOBJICHUS M3 TPOAYK-
TOB nepepaboTku HedTH U MpHUpoAHOro Trasza. B mpouecce
BBIOOpPAa MaTEpHAJIOB UI BO3BEIACHHUS 3HEProdddexTus-
HOTO JKWJIOTO JIOMa HEOOXOIMMO TpUAEPKUBaThcA Oa-
JaHca UX (YHKIHOHAIBHBIX, KOHCTPYKTHBHBIX, SKOJIOTH-
YECKUX W OKOHOMHYECKHX XapaKTEPUCTHK (CHIKCHHE
00beMa UCIIOIb30BaHUS TIPHUPOIHBIX PECYPCOB, CO3IAHHUE
yZoOHOTO Hale)XHOTO M 0E30IacHOTO0 MecTa IPOXKHBa-
HUsT). DHeprod(eKTUBHOE NEpPEBSHHOE NOMOCTPOCHHE
HMMEEeT XOPOIUINii MOTEHINAI AJIsl CBOETO Pa3BUTHSA B CEBeE-
po-3amanHoM peruoHe Mpana, rae cocpenoroueHs! Oosee
MIOJIOBMHBI 3allacoB JIPEBECHHBI cTpaHbl (Oonee 1 % mu-
POBBIX 3allacoB JAPEBECHHEI). [lepeBSIHHOE TOMOCTPOEHHE
B EBponie, CIIA u Kanazne nocrurio 60sblioi ruOKocTH
CTPOUTENBHBIX CUCTEM JUIS OBICTPOTO BO3BEICHHS JOMOB,
OOJIBIIOTO THUIOJIOTHYECKOTO MHOT000pa3us C BO3MOX-
HOCTBIO WH/IMBHUIIyalbHOTO HPOEKTHPOBAHMS, MPOCTPaH-
CTBEHHOTO  MOJICTIMPOBAaHMWS, MEpEIIaHUPOBAaHUA U
tpanchopmaruu nomenienuii [11, 13].

CHmXeHHe meperpeBa B TEIJIBI NEpHOJ ToAa OCy-
IIECTBISIETCS 32 CUET OKPACKH KpBILI U CTEH (TEIUIOBOM
3¢ (EeKT Ha CBETIION TOBEPXHOCTH 3aBUCHUT OT TeMIIepary-
PBI HAPY)KHOTO BO3/lyXa, a HA TEMHOI OBEPXHOCTH — OT
yriia TajeHusl COJTHEUHBIX JIy4eH), TI03TOMY B XOJIOJHBIX
paiioHax BBIOMPAIOT TEMHBI [BET KPOBIH U CTCH, & B
TEIUTBIX paifoHax (Ha IOre) — CBETNIBIA. BHemrHss oOmu-
LIOBKAa CTEH W KPOBJIM WIPAIOT OINpPEAEIAIONIYI0 POJIb B
aKKyMYJIMPOBaHHMHU Teruia coiHua. Kpome Toro, ans co-
OmrosteHnst TpeOOBaHMI HKOJIOTUIHOCTH, IKOHOMHUYHOCTH,
HaJIe)KHOCTH W KOM(OPTHOCTH, W yMEHBIIEHHE 3aTpar
IIPU TPAHCIIOPTUPOBKE MaTepHajoB HEOOXOAMMO OpHEH-
THPOBaThCS HA MECTHBIE DKOJOTMYHBIE CTPOUTEIbHBIE
MaTepualibl, MECTHBIE TPAJUIMU TOMOCTPOCHHS H TIepe-
JIOBbIE MHHOBAIIMOHHBIE TEXHOJIOTHH, aJallTUPOBAHHBIE K
MECTHBIM ycioBusiM [5, 14].

[TpuHIMn BeIOOpa KOHCTPYKLIMHU HApY>KHOW OOJIMIIOB-
KA CTEH TpelycCMaTpUBaeT HECKOJIBKO HalpaBJICHHH



IPENPOEKTHOTO HCCIENOBAHUSA: C OJHOH CTOPOHBI
HapyXHasi OOJMIOBKa JOJDKHA 3allMINATh OT BHEIIHHX
HETaTUBHBIX BO3ACHCTBHUI OKpy»Karoliel cpeasl (Xono4a,
3HOS, U30BITOYHON COJTHEYHOW pajuanum); MUHUMHU3UPO-
BaTh TEIUIONOTEPH M BBIXOA TeIUIa M3 3/IaHMs; CIIOCO0-
CTBOBaTh AKKyMYJSIIMM W TEHEPHPOBAHMIO TEIIOBOH
SHEPTHM BHYTPH 3/aHMs Oyiarojapsi rpaMOTHOMY TEILIO-
BOMY 30HHPOBAaHHIO C BBIAEICHHEM OyQepHBIX 30H. B
HacTosmiee BpeMs OOJBIIMHCTBO TPAJULIHNOHHBIX KOH-
CTPYKTHBHBIX PEUICHUI HAapyXHBIX CTEH M MOKPBITHI
3laHUN JAJIEKO HE B IOJHOW MEpE YIOBIETBOPSIET BO3-
pociuM TpeGoBaHHsIM K SHeprocoepekeHuto. JleraapHoe
paccMOTpeHHe KOHCTPYKIIMM M MaTepUaNoB HapyKHOU
OOJIMIIOBKY 3/1aHHMs SIBIISIETCSI OCHOBOM KOHCTPYHPOBAaHUS
OTPAKAAIOUINX 3JIEMEHTOB >KWJIOTO 3JaHMs, MPHUHIUINA
OIICHOYHBIX KPUTEPHUEB C YYETOM IOBBILIIEHHBIX TEILIO-
3aIIUTHBIX TPeOOBaHUH K WH)KCHEPHBIM DEIICHHSM II0
MIPOEKTHPOBAHUIO HHEProdPPeKTUBHBIX 00BEKTOB. Tak,
HanpuMep, UCXOs U3 CaHUTapHO-TUTHEHHYECKHX HOPM,
yCIOBU KOM(OPTHOTO NPOXMBAaHMSA M TPeOOBaHMHA K
PE3KOMY COKpAIIEHHIO YHEPro3aTpaTr Ha 000TpeB BHYTPH
3[aHNs], SKOHOMHUYECKH IIETIECO00Pa3HbIM SBISIETCS TIPH-
MEHEHHE TPaJUIMOHHBIX CTEHOBBIX MAaTEpPHAJIOB U MHO-
TOCJIOWHBIX (hacajoB B HOBOM CTPOHUTENLCTBE M IPU pe-
KOHCTPYKLIMM CTapbIX 37JaHUH (CHCTEMa Hapy>KHOTO
yTEIUIeHNs] «MOKpBIH (haca]] ¢ TOHKOCIOHHOW INTYKaTyp-
KOi»). «MOKpBIif» THN (acajHBIX CUCTEM I103BOJISET
CHHU3UTh 3aTpaThl Ha MaTepHalbl OTPaKAAIOUINX KOH-
CTPYKIMA M OOJMIIOBOK MOBEPXHOCTH, MPEIOCTaBIIAA
OoNbIIE BO3MOXKHOCTH B APXHUTEKTYPHBIX DPEIICHHUAX
(YyTerumTenb TEHONOJINCTHPOJIBHBIE WM MHHEpPAIOBaT-
Hble TUIUTHI). Kak 4eToBeK MOXET MOJydaTh SHEPIUIO U
TEIUIO W3BHE (HampuMep, OT oborpeBartensi) U BEIpadaThI-
BaTh €€ M3HYTPH (3aHMMasiCh (HU3MUECKUMH HATPY3KaMH),
Tak W 37aHUE, MOXKET, MOJy4yasl SHEPrHi0 U3BHE, U BBIpaA-
OaTbIBass ee BHYTPH B IIpoliecCe >KH3HEAEATEIHHOCTH,
MaKCHUMaJIbHO COXPaHUTh 3Ty JHEPruro Ojaronaps mpa-
BUJIGHO BBIOPAHHBIM TEXHOJIOTHSAM, CTPOUTEIHHBIM MaTe-
puamaMm ¥ KOHCTpyKuusM. Ilo3ToMy o4yeHb BakHO 3HATh
XapaKTepUCTUKH TPAIULIMOHHBIX M HOBBIX MaTepHAJIOB U
KOHCTPYKIMH, IOCTYNMAIOIUX HA PBHIHOK CTPOUTEIBHBIX
Mmarepuaios [6-9, 14].

Hanpumep, npupoaHslii KaMeHb NMPUHSTO CUYUTATH OA-
HUM M3 JIYYIIHX OTAEIOYHBIX MAaTEpPHAIOB B CTPOUTEIb-
CTBE, KPOME TOTO, OH SIBJISIETCSI OJJHUM M3 HEPBBIX TPAIH-
LHOHHBIX CTPOUTEIBHBIX MATEPHAJIOB, U3 KOTOPOTO IMPH-
HATO OBUIO Ha BSKYIIEM U 0€3 BSDKYIIEro pacTBopa (c
00paboTKoit 1 6e3 00pabOTKU KaMHs) COOPYKaTh NEPBbIE
CTCHOBBIE KOHCTPYKLIMH 32 HECKOJBKO TBHICAYENCTHH IO
Hauiei spel. B Hamie BpeMs OH CTayl HEAOCTYIHBIM JUIS
MHOTHX TIOTpeOuTeneld u3-3a BBICOKOH IIEHBI Ha 3TOT
Marepuall, ero TPaHCIOPTHPOBKY M YCTaHOBKY [3, 14].
CoBpeMeHHass MPOMBIIIIEHHOCTh IPEAIaraéT BMECTO
TSXKEIOr0 U JOPOroro MPUPOJHOrO KaMHsI HCIOJIb30BaTh
€ro 3aMeHUTENb — 0oJIee JETKUH UCKYyCCTBEHHBIH KaMEeHb
(20-30 % Beca HaTYpaIbHOTO KaMHs).

OpHUM U3 ITIAaBEHCTBYIOIIUX M BEAYLIUX CTPOUTEINb-
HBIX MaTepHaJIOB, CO3JAaHHBIX YEJIOBEKOM I KOMIIEHCA-
UM HEXBATKH MPUPOJHOTO KAaMHSA B CTPOUTEIBCTBE,
aBisiercs kupnud. OH 10 CHX TIOp MacCOBO HCIIOJIB3YeTCS
BO MHOTHX CTpaHaX B XHJIOM CTPOUTEIHCTBE, B TOM YHC-
Je W B dHeprocOeperatonieM. Kupnuda obecnednBaer
HAJISKHYIO 3BYKOM3OJSIIMIO (a MYCTOTHBIH KHpPIHY —
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TEMJION30JIALIMI0), OTHE3AIMUTY M 3allUTy OT BHEIIHHX
(aKToOpoOB, a TaKXKe IMO3BOJIAET BOIUIOTUTH B JKH3Hb JIIO-
OyI0 apXHUTEKTYPHYIO el (CBOOOIHBIY IUIAH C JIFOOOH
IUIACTUKOW cTeHbl). KupnuyHasi Kilajika 3CTETHYHO BBI-
IJSINT W B WHTEpbepe M Ha acane 37aHus, NpHIaeT
MIOMEIICHUIO YIOT U 3allMIIEHHOCTh JOMAIIHEro odara, a
Omaromaps MEITKOpa3MEpPHOCTH caMOTro KUpIu4a (B OTIH-
e OT NPUPOJHOTO KaMHA), U3 3TOr0 MaTepHaia MOKHO
OPTaHM30BBIBAThH JIIOOYIO IUIACTUKY CTEHBI B IUIAHE 371a-
Hus. brnaromaps cBoMM KadecTBaM, KHPIHYHBIC CTEHBI
JaCTO WCHONB3YIOTCS KaK HapyXHBIE OTPaKIACHHSA B CO-
BPEMEHHBIX COOPHO-MOHOJIMTHBIX JOMax B YKpawHe W
Hpane. XapakTepHbIM AJIsi KHPIIMYHBIX CTEH SIBJISAETCS TO,
YTO OHHM, MPOITyCKasi BiAry, JbIIIAT, COXPAHSIIOT AEKOpa-
THUBHOCTb CIUIOINHON KHPIHMYHOW KIIaJKH M IEPEBSI3KU
IIIBOB, OTJIMYAIOTCS BHICOKMM CONPOTHBICHUEM TEIJIONe-
penauu (0OCOOEHHO C Y4ETOM COBPEMEHHBIX OTKPBITHH M
HAaHOTEXHOJOTUH yTemaeHus ¢acafoB, NPUMECHEHHEM
ITyCTOTHOTO KHPIMYa U CIELHUAIBHBIX yTeInTenei). Bee
9TO NOAJCP)KUBACT OOIINH YPOBEHb PaBHOBECHS BIIAXKHO-
CTH ¥ JHEProcOEpexeHust JoMa, CO3JaeT KOM(OpPTHHIE
YCIIOBUSI TPEOBIBAHMUS B IOMEIICHUH JTIOICH.

PesyabTraTel M HMX o0cyxkneHme. IlepcrieKTUBHBIM
HalpaBJIeHUEM B pa3paboTKe KOHCTPYKIUI COBPEMEHHBIX
9HEprod(PEeKTUBHBIX JKUIBIX JOMOB SIBISICTCS CO3JIaHHE
BEHTWJIMPYEMBIX (hacasioB, KOTOPbIE MMEIOT CIIEIYIOIINe
MPEeMMYIIECTBA: aKKypaTHbIH M 3CTETUUYHBIA BHEIIHUI
BUJI, JJUTENBHBIA TNEpUOJ SKCIUTyaTaluu Oe3 peMOoHTa
(6bomee 50 mer), mpocToTa B SKCIUTyaTalldH, BBICOKHE
TEeMJIO- ¥ 3BYKOM3OJLSIIMOHHBIE CBOIMCTBA, BO3MOYKHOCTH
OCYIIECTBIISITh MOHT@X KPYIJIbId rox u T.4. [Ipn stom
€CTh M CYIIECTBEHHBIC HEAOCTATKH: OTHOCHTENbHAs Oll-
HOTHITHOCTHh apXHUTEKTYpPHBIX PEIICHHUH, TOCTATOYHO BBI-
COKasi CTOMMOCTB, CIJIOKHOCThH BBITTOJHEHUS JEKOpaTHB-
HBIX 3JeMeHTOB. OOJIMIIOBOYHBIE SKPaHbl B yCTPOMCTBAX
BEHTWJIMPYEMBIX (acasioB MOTYT OBITh WU3TOTOBJICHBI H3:
[EMEHTHO-BOJIOKHUCTBIX M acOECTOLEMEHTHBIX ILIHT,
QIIOMHHHUEBBIX U CTaJbHBIX KOMIIO3UTHBIX TaHelnei, da-
CaJHBIX MaHeJel-KacceT, INIUT U3 Kepamorpanura. Ilo-
JOOHBIH YpOBEHb IPOCKTUPOBAHHMSI W CTPOUTEIHCTBA
oTpedyeT pasBUTHS IPOEKTHO-CTPOUTENBHON 0a3bl M
MaKCHMaJIbHOTO MCIIOJIb30BaHMS MECTHBIX CTPOUTEIHHBIX
MarepuasioB (¢ pa3paboTKOil pekoMeHIaumil Il Bcex
MIPOEKTHO-CTPOUTEIBHBIX 30H).

BreiBoabl. B pabote, mpu uccienoBaHUM BOIIPOCOB
BJIIMSHUS COBPEMEHHBIX KOHCTPYKLHMI Ha 3Hepro3ddex-
THUBHOCTb XWJIbS CpPEeIHEH STaKHOCTH B KOHTEKCTE HC-
HOJIb30BaHUSI BO30OHOBJISIEMBIX HMCTOYHHUKOB OJHEPTUH
(comHna, BeTpa, BOABI M 3€MJIM), CIENaH INEPBBIA mar K
KOMIUIEKCHOM cucTeMaTH3aluuu (HakTopoB, KOTOPbIE BIIU-
SIOT Ha (popMuUpoBaHKe (QYHKIIMOHAIbHO-TUIAHHPOBOYHON
U 00BEMHO-TIPOCTPAHCTBEHHON CTPYKTYPBI KHJIBIX JOMOB
C SHeprocOeperalomuMi TexHolorusiMu. B pabote ne-
TabHO MNPOaHAJM3UPOBAHbI JINTEPATYPHbIE HCTOYHHKH,
KOTOpBIE CIIOCOOCTBOBANIM YTOUYHEHHIO HEKOTOPBIX OIIpe-
JICTICHUII U TEPMHHOB, HENOCPEACTBEHHO KaCalOIINXCs
BO300HOBIISIEMON SHEPTETUKU B OTPACIH KHMJIOTO CTPOH-
TEJIBCTBA CpeaHel sTaxkHocTH. Kpome Toro, mpeasoxena
obmast knaccuuKanus XKWwibsi, B KOTOPOH OINpeIeseHO
3HaYMMOE MECTO CETMEHTa MCCIEIOBAHUIN — KUIIbsS Cpel-
HEH 3TaXXHOCTH C 3JIEMEHTaMH 000pyIOBaHHUS, OTBEYAIO-
mee TpeOOBaHUSIM COBPEMEHHBIX JHEProd(QeKTUBHBIX
TEXHOJOTHH.
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Modern constructions and energy saving technologies in residential construction
Moradi Pour Omid, S. V. Semka
Abstract. The article discusses the impact of modern structures on the energy efficiency of medium-rise housing in the context of the
use of renewable energy sources (sun, wind, water and earth); with energy-saving technologies. At the same time, a general housing
classification was carried out, in which a significant place in the research segment was determined - middle-level housing with
equipment elements that meets the requirements of modern energy-efficient technologies.

Keywords: structures and materials, energy efficiency of housing, middle-rise housing, classification of residential buildings
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AHoTamis. Y po0oTi po3risIaloThCsl OCHOBHI METOIM ICHTU(IKAIIT Ta KUTbKICHOTO BU3HAYCHHS TIECTUIHIIB Y CIOBO-MEINYHIN MpakK-
THIII 1 MOXKJITMBICTH BHOOPY METOJTY, B 3AJISKHOCTI BiJ] TOCTABICHOTO 3aBIaHHS TIEPE/ TOKCUKOJIOTaMHU.
Knrouosi cnosa: necmuyuou, 6ion02iunuil Mamepian, moHKOWApo8a XpomMamozpagpis, 6UCOKoepeKxmueHa piOuHHa Xxpomamozpagisi.

Beryn. AKTyasdbHICTH TEMH TIOJISITA€ Y TOMY, IO HA Terle-
PpilIHIi Yac mecTUIUAN BUKOPHCTOBYIOTECS O3 ypaxyBaH-
HS TPUPOTHO-KIIMATUYHUX OCOOIMBOCTCH IMiUIATA0YHX
00poOLi TepuTOpiil, MOPYLIYIOTBCS PETJIAMEHTH BHKOPHC-
TaHHS TECTULMAIB, HE IOTPUMYIOTHCS BIANOBIIHI Mipu
Oe3reku mpu poOoTi 3 mecTunuaamMu. HaceneHHs B IiioMmy
- TOOTO JMION, SKI HE MPOXKMBAIOTh B PAfOHAX 3aCTOCYBaH-
HS TICCTUIMIIB, - MiJNAETHCS BIUIMBY TECTHIUIIB B pe-
3ynbTaTi BXKUBAHHS B DKy NPOMYKTIB XapuyBaHHS 1 BOJIH,
10 MICTATH IIi XiMi9HI PEYOBUHH B 3HAYHO MEHIIIH, 3aIH-
IIKOBOI KOHIGHTpAllii — M€ MPHU3BOIUTH JIO TPAridHUX
BHIIAJIKIB.

Jlist BUBUECHHSI B3a€EMO/IIT OTPYTH 3 OPTaHi3MOM BaXKJIUBE
PO3YMIiHHS MPOIIECIB TOKCUKOMHAMIKH 1 TOKCHKOKIHETHKI
otpytH. TOKCHKOIMHaMiKa BigoOpakae BIUIUB OTPYTH Ia
pi3HI CTpyKTYpu 1 (GYHKUII OpraHiaMy, MeXaHi3MH IOro
crenuGivHOT i1 1 «BUOOPUOT TOKCUYHOCTI», TOOTO 3aTHO-
CTi MMOIIKO/KYBATH TEBHI KIITHHU a00 CTPYKTYPH 1 TOPY-
nryBaTH ix QyHkuil. TOKCHKOKIHETHKa XapaKTepU3ye M-
XM HAJIXODKEHHS Ta PO3IOJALTY OTPYTH, Horo OiorpaHcdo-
pMallito Ta BUBEACHHS 3 OPTaHi3My.

Krnacugikarist mecTHIUAIB 32 XIMIYHOIO TIPHUPOJIOIO.

3a XIMIYHOIO CTPYKTYpOIO PO3PI3HAIOTH MECTHIIAIH:
XJIOpOpTraHiuHi, ¢docdopopraniudi,  pTYTHOpraHiuHi,
MHUII’ IKOBMICHI, TIOXiZJHI MOYCBHHH, I[aHICTI CIIOIYKH,
MOXiHI KapOOMIHOBOI, TiO- i TUTIOKAPOOMIHOBOI KHCJIOT,
npenapary Miji, HoxigiHi peHomy, cipku Ta ii moxixHuxX.

XopopraiuHi (reKcaxjaopaH, XJIOPHIAH, MOJIXJIOPIIi-
JIGH Ta iHIII)-B CKJIAJI SIKMX IPUCYTHI atomu xjopy. Lli
3’€JIHAHHS XapaKTEPHU3yIOThCS TOKCHYHOIO [I€I0 Ha KIIi-
THUHHI €JeMEHTH BHYTPIIIHIX OpraHiB. B pe3ymbrari 4oro
MOPYIIYEThCS POOOTa BCiX BHYTPIMIHIX OpraHiB. CMepTh
MOX€ HAaCTaTH yepe3 KUIbKa TOAWH ITCIIS BIUIMBY PEUYOBHH
Ha JIFOTUHY Ha (DOHI SBICHHS TOKCHYHOTO CHIIC(AIITY.

®docdopopraniuni (tiodoc, kapdodoc, mepkanrodoc,
xJ0podoc Ta iHII) — AKi BMIIIYIOTb ¥ CBOEMY CKJIasi ¢oc-
¢op. Born mpuraidyioTs Aif0 (epMeHTa XosiHecTepasH,
TUM CaMHM TIOpPYIIYIOTh TIPOLIECH Tiepeaadi HEepPBOBUX
IMITyTIBCIB Yepe3 3’ €HaIbHI eleMEHTH HEPBOBHX BOJIOKOH.
[Nopymenns iHepBalii BHYTPIIIHIX OpraHiB, SKi NPH3BO-
JITH 110 TopyieHHs ix ¢ynkuiin. CmepTs Bin aii gpochopo-
praHiyHUX 3’€[HaHb HACTA€ Ha INPUKIHII MEPIIMX CYTOK
TICIIST OTPYEHHSL.

MinboBMmicHi 3’enHaHHA (Cynbdar Mini, 6oprocska pi-
JMHA Ta 1HII) TIPM KOHTAKTI 3 TKaHMHAMH BHSBIISIOTH
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nponajody Jito. B pesymprati iX mii Ha BHYTpimIHIX
OpraHax pO3BHBAIOThCs AUCTPodiyHi 3MiHKM. CMepTh Ha-
crae Ha 3-4 100y [1].

Kitacuoikarist 3a HarpaBIeHHSIM BUKOPHCTAHHSI.

B 3anexHOCTI Bil IpU3HAYEHHSI OTPYTOXIMIKATH PO3Ii-
JSIFOThCSL HA JIEKIJIbKa TPYI, KOPOTKa XapaKTepUCTHKA
JESKUX 3 HUX HABOJHUTHCS HIDKYE.

1) Axkapurmy - st 6opoThOH 3 KITiIaMu.

2) Amprumumy - Ui 3HHUIICHHS BOZOPOCTEH Ta 1HIIHMX
TIPE/ICTaBHUKIB BOJHOI POCIMHHOCTI.

3) ApOopuiumy - Ui 3HUIICHHS HeOaXXaHOi IepeBUHHOL
Ta 4arapHUKOBOI POCIIMHHOCTI.

4) bakrepunuau - s 60poTsOu 3 OakTepismu i OakTepia-
JILHUMH XBOPOOaMHu.

5) I'epOituau - 11t 6OpOTHOH 3 COPHUMHE POCTHMHAMH.

6) 3oonuau (POACHTHUIMIN) - JJIst OOPOTHOU 3 TPU3YHAMH.
7) [HCEeKTUIMIH - TS 3HHUIICHHS IIKiUTHBUX KOMaX.

8) JlimOarumy (MOMOCKOIUAN) — ISl 60pOTEOM 3 MOJIFOC-
KaMH.

9) Hemaroummu — st 60poThOM 3 KPYIJIMMH YepBaMu
(HemaTonamm).

10) ®yHrrinman — it 60poTHOH 3 XBOpoOAMH POCIHH.

Jlo ducna oTpyTOXiMIKaTiB BiTHOCATHCS i 1HII PEUOBHU-
HH, 1[I0 BUKOPHCTOBYIOTBCS ISl CTUMYJISILIT POCTY POCIIHH,
BUJIQJICHHS JIUCTS (AedomiaHTH), I MiACYIIyBaHHS POC-
JIUH TIepe]] 30MpaHHsAM BPOXKAI0 (ICCHUKAHTH), & TAKOXK Ti
1110 BUKOPUCTOBYIOThCS ISl BIJUSIKYBaHHS KoMax (periene-
HTH) 94 JUist X npuBaGiiroBanHs ( arpakrantu) [3].

Oco0MBY aKTyaJbHICTh TOCTpI Ta XPOHIYHI OTPYEHHs
mpuAdaTy B OCTaHHI JECATIIITTS BHACTIIOK HAKOITIMICHHS
B HaBKOJIMIIHBOMY CEpEJOBHIIl BEIMYE3HOI KUIBKOCTI
pi3HEX XIMIYHUX TpernapatiB - OuTbIIe 5 MITH HalMeHy-
BaHb. bmmspko 60 THC. mpenapariB BHKOPHCTOBYETHCS
Oe3rocepelHEO B MOOYTI Y BUIIIAI Xap4oBHX J00aBOK
(5500 maiimenyBaHb), Jikapcbkux 3aco0iB (4000 HaliMeHy-
BaHb), mectuiwaiB (1500 HaiimeHyBaHb), mpemapariB mo-
OyTOBOI XiMii, KOCMETHUHHMX 3ac006iB Ta iH. [4].

Mera naHoi poOOTH — TMPaBHIIBHICTE BHUOOPY METOITY
aHaJi3y B 3aJIe)KHOCTI BiJl MOCTaBJIEHOI 3a7adi - BCTAHOB-
JIeHHs (paKTy OTPYEHHS, UM BHU3HAYCHHS 3aJIMIIKOBOT Killb-
KOCTI HECTUIUIB B Xap4OBHUX HPOAYKTaX.

Marepiann Tta meromu. JoCTiUKEHHS MPOBOIMIIHCS
BiZIHOCHO OioJioriyHOTO Marepiany 16 yozei, siki 3aruHy-
JIM B HAaCJIJIOK OTPYEHHS MECTHULIMIAMHU Ta BIHOCHO Xap-
YOBHUX TNpPOJYKTIB (pociuHHa oiis) 12 3paskiB, Ha HasB-



HICTh 3aJIMIIKOBOI KiJBbKOCTI mectuuuaiB. Posrmspanucs
«BHCHOBKM eKcHepTiBy» ILOJO0 OTPYEHHS HNECTHLHUIAMM.
Jlnst BUSIBIEHHS NECTHLMAIB y OioJjoriyHOMY Matepiai
3aCTOCOBYBaNKCh xpomatorpadiuni ruiactuaku SilicaGel
60 Fos4, TOBIIMHA APy — 0,25MM Merck posmip 10x10.
Jisi BU3HAYCHHS 3aMIIKOBOi KUIBKOCTI IIECTHIHIIB Y
Xap4OBHX MPOIYKTaX BUKOPHCTOBYBAIKCH XpoMaTorpadu:
Kpucran — 2000 (razoBa xpomarorpadis) ta Agilent 1260
Infiniti (BucoxoedekTHBHA piguHHA Xpomartorpadis). «Bu-
CHOBKH €KCIIEPTiB».

Pe3yabTaTn Ta ixHe o0roBopeHHs. [Ipunyun memooy
TIIIX nonsirae y po3IiJIeHHI HE OJHAKOBO BJIACTHBHX, IO
PO3ALISAIOTHECS OPraHiYHUX PEYOBHUH J0 HEPYXOMoi (a3u Ta
CTalllOHAPHOTO COpOeHTy. OTpUMaHi OYMINEHI CKCTPaKTH
HAHOCHJIMCSI HAa XpoMaTorpadiyHi MIIACTHHH, SKi TOMila-
JHCS Yy Kamepy HacH4eHYy CHCTEMOIO PO3YMHHUKIB, SIKi
BUKOHYIOTB POJIb PYyXOMOi (azu.

Ilix niero KamigApHUX CHJI PO3YMHHHUK PYyXa€eThCs
B3JIOBX IIapy COPOCHTY 1 3 pIi3HOIO MIBHUIKICTIO MEpEeHO-
CUTh KOMITOHEHTH CYMIIlli, IO TPH3BOAMUTH IO iX pO3MIi-
neHHs. [ImacTuHKM iMmperHyBaimcsi po3unHHHKaMu. Ha
IUTACTHHKAX TPOSIBILUINCS KOJIBOPOBI IUISIMH; 32 KOJIBOPOM,
¢dopmoro M 1 BenuurHOK Rf, 1110 € XapakTepucTUKoo
MPHUPOIM KOMIIOHEHTA - ineHTH(diKyBaIn mecTuuumn [2].

Bu3HaueHHS 3QJIMINIKOBUX KUTBKOCTEH MECTUIIMIIB Y BO-
i, IPYHTI Ta Xap4OBHX MPOJIYKTAX BiJHOCHUTHLCS JI0 HaliBa-
JKJIMBIIIMX 3aBAaHb €KOJOTTYHOI, TOKCHKOJIOTIYHOI Ta aHa-
mituyHoi Ximii. 3 iHIIOro OOKYy, HEMOJIIMBO PO3pOOUTH
MIPOCTY 1 yHiBepCcallbHy METOIVKY JJISI BUIUICHHS 1 TIOALTY,
HAIPHUKIAJ, BCIX KIJAciB OPraHiYHHAX IECTHINIIB. Bimbm
TOTO, YaCOM BHHHUKAIOTH TPYIHOIII IIPH PO3ILUICHHI CyMiIIi
MIECTHIMY 1 TIPOAYKTIB HOTO PO3KJIaJaHHS.

J1st BU3SHa4YEHHS 3aJIMIIKOBHUX KUIBKOCTEH MECTHINIIB B
00'eKTax 30BHIMIHBOIO CEPEIOBHUINA a XapYOBHX HMPOAYK-
Tax HeOoOXiHO MaTH TOYHI, YyTJIMBI 1 crieudiuHi METOIu.
Bce mmpiie 1o aHanmi3sy necTHIUIIB 3aI1y4atoThes (i3UKo-
XiMIUHI METOJM aHamizy — rasoBa xpomarorpadis ta pi-
JUHHA XpoMaTorpadis.

I'a3oBa xpomarorpadisi — yHIBepcallbHUIT METOJ| pO3/Ii-
JICHHS CyMilIed pPI3HOMaHITHHX PEYOBHH, II0 BHUIAPOBY-
I0Thcs 0e3 po3kiaieHHs. [Ipu 1IboMy KOMITIOHEHTH CYMIIIi,
0 PO3IUIAETHCS TIEPECYBAIOThCA MO XpoMmarorpadidHiit
KOJIOHIII 3 TOKOM iHepTHOro ra3y (ra3-Hociit). Cymimi, 1o
PO3IINIAETECS GaraTopa3oBO PO3MOIUIIETECS MK Ta30M-
HocieM (pyxoma (¢asa) Ta He JISTIOUYOI HEPYXOMOKO PiJIKOFO
(azoro, HaHeceHUH Ha 1HEpTHUIT MaTepian (TBepAuil HOCIH
)., SIKUM 3arOBHEHa KoJIOHKa. [IpyHIMO po3nojineHHs —
HEOJ[HAKOBA CIIOPiTHEHICTh OPTaHiYHMX PEYOBHH JIO JIETIO-
4oi pyxomoi (a3u i crauioHnapHiii ¢asi B kosoHti. Kommo-
HEHTH CYyMIllli CEJIEKTUBHO YTPUMYIOTBCS HE PYXOMOIO
(hazoro, a MOTIM BUXOJSATH 3 KOJIOHKHU 1 PEECTPYIOTHCS Jie-
TeKTOpoM. CHTHAJ IETEKTOpa 3aIlliCy€EThCS Y BUIIISL XPO-
MarorpaMi aBTOMAaTHYHHMM HOTEHIIOMETPOM (CaMOIHC-
11eM) abo peecTpyroThCs Ha eKpaHi KoMmil totepa. Edexrus-
HICTb PO3MOUICHHS CyMillli 3pOCTaE 3 30IBIIEHHSM YHCIIa
€JIEMEHTapHHUX AaKTiB PO3NOAUIEHHS PEYOBHH MK PyXo-
MOIO Ta He pyxoMoto (azamu [5,6].

OpHak 4iNbHE Miclle cepell HUX Ma€ BUCOKOS(PEKTHBHA
pimmaHa xpomatorpadis( BEPX). Bukopucranus BEPX
JI03BOJISIE PO3POOUTH METOIUKY BU3HAYEHHS MECTHLIUIIB 3
JIOCTATHBOIO JUTS TIPAKTUYHUX MiJIEH 9y TIHBICTIO.

Bucokoedextnra pinnaaa xpomarorpadis (BEPX) —
1Ie METOJI PO3/AUIEHHSI PEYOBHH, Y SIKOMY pyXoMoio (a3oro
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€ piguHa, a HepYXOMOIo (ha3010 € TOHKOJHCIIEPCHA TBEpAa
pedoBHHa, a0 piaMHA, HAHECEHA Ha TBEPAMH HOCIH, abo
TBEpPIMH TOHKOJIMCHEPCHUH HOCIH, XiMiYHO Moau(ikoBa-
HUH BBEACHHSAM OPraHiYHUX Ipyl. Po3jineHHs pedoBHH y
pinuHHINA XpomaTorpadii 6a3yeTbesi Ha MexaHi3Max copo-
1ii, Po3Moaiiay, i0HOTO 0OMiHYy ab0 PO3AUICHHS 32 PO3Mi-
pamu Moekyn. PozmineHHsT BigOyBaeThCS y KOJIOHIN pi-
JTUHHOTO XpoMmatorpada, J0 SKOI IiJg BHUCOKAM THCKOM
TOIAEThCs piguHa. Lle 703BoIIsIE pO3MUIATH CKIIaIHI CyMili
PEUOBHH IIBHIIKO 1 TIOBHO (CepeHii yac aHamizy Bix 3 10
30 xBuimH) [7].

PimuHHMiA Xpomarorpad CKiIaaaeTbes 3 CUCTEMHU MoAadi
pyxomoi ¢a3u, Onoka BBOAY mpoOH, XpomaTorpadiqHoi
KOJIOHKH, JETEKTOpa 1 PeecTpylodoro mpucrporo. Pyxoma
(a3za 3a3BHYall MOJAETHCA MiJl THCKOM i3 OJHI€T ab0 JeKi-
JIBKOX €MHOCTEH 1 TpOTiKae yepe3 OJOK BBOAY IMPOOH,
KOJIOHKY, a MOTIM 4epe3 AETEKTOp i3 33aHOI0 IIBHKICTIO.
Curnan BiI JeTeKTOpa MEPETBOPIOETHCS, MiJICHITIOETHCS i
PEECTPYETBCS Yy BUTILANI XPOMATOTpaMH, aHAJOTIYHO IO
XpOMaTorpaMu y Ta30Biil xpomarorpadii.

st BBoIy poOu BUKOPHCTOBYIOTH TIETIIEBI 03aTOPH,
CTeIialibHi MIKPOIIIPUIT 200 CHCTEMY aBTOMATHYHOTO
poOoBiIoopY.

Piguuauii xpomarorpad) — 1e CKIaIHININA HiX Ta30BHI
xpomarorpad npuiazn. Lle mop’s3aHo 3 ThM, IO cucTeMa
MoJIayi eJIFOCHTa MICTHUTh JEsKI TOJATKOBI BY3JIU: CHCTEMY
Jierasailii, MPUCTPid JUIl CTBOPEHHS TPAAIEHTY, HACOCH Ta
BUMIpIoBaui THCKy. Hacocu MOBHMHHI 3a0€3MEeYUTH IIBHI-
KicTh oToKy Bix 0,1 10 10 Mi1/xB mipu THCKY 110 400 aT™.

Temmneparypy XpoMaTtorpagidHoi KOJOHKH IMiATPHUMY-
FOTh TOCTiHHOM. CKIIaa pyxoMoi (a3u Moxke abo 3ajHIia-
THCh TIOCTIHHMM TIPOTSATOM BCHOTO aHAII3Y (i30KpamuuHe
enorosantst), abo MOKe 3MiHIOBATHCH BIAMOBIIHO 10 3a/1a-
HOI IIporpamu (gpadicummue entorosarist) [8].

BEPX 3BH4aliHO BHKOPHCTOBYIOTH HPsIMi KOJIOHKU J0-
BxuHOIO 10, 15, 25 cM 3 BHyTpitHIM fiametpom 4-5,5 MM.
Y MIKpPOKOJIOHKOBUX XpoMmarorpadax BHUKOPHUCTOBYIOTbH
KOJIOHKH JIOBXHHOIO 5-6 cM 1 fiamerpom 1-2 mm. Kosonku
BUTOTOBJISFOTH 31 CKJ1a ab0 HepkaBiro4oi cTami (puc.1.).

KosoHKM 3amoBHIOIOTh YaCTMHKaMHU COpOEHTY abo TBe-
pOTO HOCi, Ha TIOBEPXHIO YAaCTHHOK SKOTO HaHEceHa
TOHKa ITUTIBKa piagkol Hepyxomol ¢aszu. PosMip gacTHHOK
TBEPAOTO HOCIsA CTaHOBUTH 5-10 Mkm. TBepamit HOCiH TO-
TYIOTb 3 TIOBEPXHEBO-IIOPUCTUX MaTepialliB — CHIIIKAreo 3
MPUBUTHMH HA TIOBEpXHI pI3HUMH (YHKIIOHATBHUMHI
rpylamH, altoMOrellfo, TOPUCTHX CTEKOJN, MOJTIMEPHUX
COpOCHTIB TOIIIO.

Pinka Hepyxoma (a3a, HaHeceHa Ha TIOBEPXHIO TBEPJIO-
ro Hocisi, craHoButh 0,75-1,5 % Bix Macu TBEpIOrO HOCIS.
3BHYAIHO ISl PO3/AIICHHS TIOJIIPHUX PEYOBHH BUKOPHCTO-
BYIOTh MOJISIpHI Hepyxomi a3y 1 MaJIONOJISIpHI pyXxomi
(a3u. HeromsipHi peyoBHHH AUIATH Ha HETIOJSAPHUX HEPY-
XoMuX (ha3ax 3 BUKOPHCTaHHSM MOJISIPHUX PYXOMHX (a3.
Pinknmu HepyxoMHuMH (azamy CIy’XaTb PEHOBHHH Pi3HOI
XiMIYHOT PUPOAHN: TIIKOII, HITPUIIN, CHIIIKOHH TOILIO.

Y BEPX BHKOPHCTOBYIOTH SIK HOpMaIbHO-(ha30BHH, TaK
1 obepHeHO-(a30BUil BapiaHTH. Y MEpIIOMY BHUNAJKY I10-
JISIPHICTH HepyxoMoi (a3u BHIA 32 TONSAPHICTE PYXOMOL
¢a3m, y Apyromy, HaBIaKkH, MOJSIPHICTH HEPYXOMOi (a3h €
HIDKYOIO BiJl TIOJIIPHOCTI pyxoMoi asm.

st Ge3rnepepBHOTO KOHTPOIIIO CKIIAJly €NI0ary, SKHi
BUTIKa€ 3 KOJOHKH, Yy PiAMHHIN Xpomarorpadii 3BuuaiiHo
BUKOPUCTOBYIOTh AH(EpeHwLiliHi pedpakroMeTpH, (oTo-



MetpuuHi, Y®-cnekrpooTOMETpUYHI, JIIOMIHECLIEHTHI 1
KOHAYKTOMETPHUYHI JIETEKTOPH.

Mpuctpiit Ana

8B80AY npobu |
Hacoe Konowka | 3

3miwysay
eNIOBHTA

NPUCTPI

Herekrop

Puc. 1. Cxema O6ynoBH piquHHOTO XpoMarorpada

Judepenmiiiamii  peppakTomMeTp —IIe YHiBepCaTbHHIHA
ZeTekTop. BiH 103BONsiE BU3HAYMTH 3arajbHAN MOKa3HUK
3aJIOMJICHHS] CHCTEMH IPO0Oa-eII0eHT, TOOTO CHI'HAJI JAI0Th
yCi KOMIIOHEHTH, TTIOKa3HHUK 3aJOMJICHHS SIKUX BiIPi3HAETDH-
Cs1 BiJ TOKA3HMKA 3aOMIICHHS €ITIOCHTY. Voro uyTimBicTs
» 10 r, miamazon ninilHocTi craHoBUTH 4 mopsamku. Lleit
JIETEKTOP YyTJIMBUI 10 3MiHH TEMIIEpaTypH, TOMy BHUMarae
TEepMOCTaTyBaHHSL.

Y®-geTekTop — MpaIoe Mpy OAHIN 1 Til ke TOBKHHI
XBHJIL, IIIO BiJIMIOBIIa€ HAMOLIBIN IHTCHCUBHIM JIiHIT PTYTHOT
JIaMIX HU3BKOTO THCKY A=253,7uM. DyopeclieHTHa IpHC-
TaBKa JI03BOJIIE 30yKyBaTH BUIPOMiHIOBaHHS 3 A=280HM.
Y®-perekTop HAWOIBII YYTIIMBHM € Yy BHMAgKaX, KOIHU
MOJISIpHI  KOC(IIliEHTH CBITJIONOTIIMHAHHS KOMIIOHCHTIB
BHCOKI, a EJIFOCHT HE MOTJINHAE B YIIBTPadioseToBii obmac-
Ti CIIEKTpy. Y TakOMy BHIIAJIKy MOXXHa BHKOPHCTOBYBATH
METOJI TPAIiEHTHOTO emtotoBaHHA. [1pn A=254HM € MOKITH-
BICTh BU3HA4aTH Oyb-sKi apOMaTH4HI CHIOJIYKH, OLIBLIICTD
KeToHiB Ta anbaerigis (e=20-10%). YD-nerektop cenexTu-
BHHUII, nae MoxuuBicTh Bu3Hauatu 10 r, Horo miamaszoH
JIHIKHOCTI » 5 TOPSAKIB.

doTomeTpu Ta CrIeKTPOHOTOMETPH JaI0Th MOKJIUBICTh
NpaioBaTyu 1pu Oyab-akid poexuHi XBUI (190-650 HM),
BOHH PEECTPYIOTH 3MiHY IMOTJIMHAHHA B Yaci MU ITIEBHIH
JIOBXWHI XBWIII a00 B 3yIMTUHEHOMY TOTOIl €IIOCHTY 3Hi-
MafoTh crnektp. llIBuakozanucyrounii cnekrpodoromerp
3aIiCy€e BCIO CIEKTpalibHy obnacts 3a 20c. CrnekrpodoTo-
METPHYHHI AETEKTOp 3 JiHIHKOI0 i3 211 mioaiB Ha miaKIia-
Il 13 KPEeMHII0 Ja€ MOXIIUBICTh BUMIPIOBATH OTHOYACHO
BEJIUKY KUIBKICTh CMYT TIOTJIMHAHHS y BY3bKOMY 1HTEpBai
MOBXHMH xBWIb., Otpumany indopmaiiito 00poOse
KoMIT'foTep 1 30epirae B mam’siti i moOymoBu rpadika.
OnyopecleHTHI AETeKTOPY YyTJIUBILI Bijl CIEKTPOOTO-
METPHYHUX TIPUOJIM3HO Y CTO Pa3iB. IX 3aCTOCOBYIOTH Ul
BU3HAYCHHS MiKPOIOMIIIOK.

Inentudikamito pedoBrH y BEPX 3BHuaitHO MpoBOASTH
OJIHHM 13 TAKAX CIIOCOOIB:

- OPIBHAHHSA 4Yacy YTPHUMAaHHS DPEYOBWHH, IO IOCHi-
JUKYETBCSI Y BUIIPOOOBYBaHii 1po0i 1 po34nHI MOPIBHIHHSL.
Po3unH MOpIBHSAHHS — Lie PO3YMH YMCTOI JIOCIHIKYBaHOT
PEYOBHHM, TPUCYTHICTD SKOI MependavaeTbes y BHIPOOO-
BYBaHi# 1po0i.

- IOPIBHAHHSA BITHOCHOTO Yacy YTPHUMYBAaHHS aHaJi30-
BaHOI PEYOBMHH y BUNPOOOBYBaHiH Mpobi i po3umHi mopi-
BHSIHHS. BiJHOCHMII 4ac yTpUMYyBaHHS — II¢ BiJJHOLICHHS
4acy yTpUMYBaHHsI aHaJIi30BaHOT PEUYOBUHHU JI0 4acy yTpH-
MYBaHHsI PEYOBHHH, B35TOI 32 CTAH/IAPT;

Peectpytoumi
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- NOPIBHAHHS XpOMAaTOrpaMH BUIIPOOOBYBaHOI Mpodu 3
XpOMAaTOrpaMol0 PO34MHY MOPIBHSIHHS ab0 Xpomarorpa-
MOI0, HABE/ICHOIO Yy OKpEMili CTaTTi.

Haifuacrime BUKOPHCTOBYIOTh niepuinii criocid. Jpyruit
Ccroci® JOIIIBHO BUKOPHCTOBYBATH, SIKIO YMOBH XpoMa-
TorpadyBaHHA € BaXKKO BIATBOpPIOBaHMMH. TpeTiii crmoci
JOIIJTFHO 3aCTOCOBYBATH UIA TPENapaTtiB POCIMHHOTO i
TBAPUHHOTO ITOXOKCHHSI.

KinpkicHe BHW3HAYCHHS MPOBOIATH METOIOM a0COIIOT-
HOTO KaJTliOpyBaHHS Ta METOIOM BHYTPIIIHBOTO CTAHAAPTY.

AbcomoTHe KamiOpyBaHHA. Lleii MeTox momsrae y mo-
OynoBi kKaniOpyBansHOro rpadiky 3aJexHOCTI IUTOLI MiKiB
JIOCITIDKYBAHOT PEYOBUHHU BiJ ii BMiCTy (KOHIICHTpAIIl) B
npo6i. st bOTro TOTYIOTH psili CTaHIAPTHUX PO3YMHIB 3
PI3HOI0 KOHIEHTPAIEI0 JIOCHIKYBaHOI PEYOBUHHU (HE
MEHIIIE 5 PO3YHMHIB KOXKHOT KOHIIEHTpAIlii) 1 aHaIi3yl0Th Ha
xpoMmarorpagi. s KOXKHOTO 3HAYCHHS KOHIICHTpAIT
PO3paxoBYIOTh CepeqHe 3HAUCHHS IUIOMII MiKiB 1 OyIyloTh
rpaxyroBajbHUN Tpadik - rpadik 3aJeKHOCTI IUIOMII XPO-
MaTorpaiqHOTO MKy JOCTIKYBaHOI PEYOBHHH BiJ KOH-
neHrparii abo BMicTy wiei crionyku y po3uuHi. [Ticms mpo-
r0 Yy THX CaMHX YMOBaX XpoMaTorpadyoTh AOCIIIKyBaHY
mpo0y 3 HEBIIOMOK KOHIICHTPAIIEIO (ICKUIbKA Mapaiciib-
HUX JIOCTIDKEHb), BUMIPIOIOTH IJIOILY iKY AOCIIIKYBaHOT
PCUOBHHH 1 PO3PaXOBYIOTh CEpPeIHI 3HAYCHHS IUIOIII ITIKIB.
3a rpaayroBabHUM TpadikoM 3HAXOISATh KOHIICHTPAILO
AHAIII30BaHOT PEUYOBHHHU Y BUIIPOOOBYBAHOMY PO3UHHI.

Meros BHYTpIlIHBOTO CTaHAapTy. el MeTox nonsrae y
BHECEHHI JI0 PO3YMHY JOCIIIHKYBaHOI PEUYOBHHH BHYTPILI-
HBOTO CTaHOAPTy. BHyTpimHIN cranmapt (pedoBHHA-
CTaH/APT) — IIe, K MPaBUIO, ONM3bKA 332 XIMITHOIO CTPYK-
TYpPOIO JI0 JOCIiKYyBaHOI PEYOBHHH CIIONYyKa, K SKOI Ha
XpOMaTOorpami 3HaXOJIMUTHCS IOPYY 3 MIKOM IOCHiKyBaHOT
PCYOBHHHU.

I'pagyroBansHiM rpadikoM OO METOLy € rpadik 3a-
JISKHOCTI BIJHOILIEHHSI IUIONI TIKiB JIOCIIXKYBaHOI pedo-
BUHH /IO IUION ITiKiB BHYTPIIIHBOTO CTAHJAPTY BiJ BMICTY
(KoHLIEHTpawil) AOCHTiPKyBaHOT pedoBHHM B mpobi. Jlis
[[OTO TOTYIOTh PSAJl CTaHJAPTHUX PO3YMHIB 3 Pi3HOK KOH-
LEHTPAIEI0 MOCITIKYBAaHOI PEYOBHHU (HE MEHIIE 5 po3-
YHMHIB KOXXHOI KOHIIGHTpalii) i OJHAKOBOi KOHIICHTpAIil
BHYTPIIIHBOTO CTAHAAPTY. 3 LIUX PO3UHHIB TOTYIOTh IPOOH
3MIITyBaHHSAM OJHAKOBHX 00’€MIB PO3YHHIB IOCIIIKyBa-
HOi pEYOBHHHM 1 BHYTPIITHEOTO CTAHIAPTY, SKi aHATI3YIOTh
Ha xpomatorpadi. s KoKHOTO 3HAYEHHS KOHIICHTpAIil
PO3paxoOBYIOTh CEpPeIHE 3HAUCHHS IUIONII MIKIB 1 OyIylOTh
rpaayroBajibHUi rpadik - rpadik 3aaeKHOCTI BiIHOIICHHS
IUIOIII TIKiB JIOCII/PKYBAaHOT PEYOBMHH 1 BHYTPILIIHBOTO
CTAHJApTy BiJI KOHIEHTpalii ado BMICTy IOCIIKyBaHOT
pedyoBHHM Yy pozumHi. {1 BUIPOOOBYBAaHOTO PO3UMHY
npoOy rOTYIOTh aHAJIOTTYHO. 3a rpayoBajJbHUM rpadikom
3HAaXOJITh KOHILCHTpALII0 aHATI30BaHOI PEYOBHHH y BH-
IPOoOOBYBaHOMY PO3UHHI.

[aHi, orpuMani B pe3ynbTari aHaiizy meronom BEPX,
TMIPE/ICTABIISIOTh, BKAa3yI04H, 3BUYAHO, HACTYIHI XapakTe-
PHCTHKH: pO3MipH XpoMaTorpadidHoi KOJIOHKH 1 MaTepial,
3 SIKOTO BOHA BHUTOTOBJICHA, TUI HEpYXoMoi (ha3u, po3Mip
YaCTHHOK HEpyXoMol (a3, TemIeparypy KOJOHKH, IIBH/I-
KICTb 1 CKJIaJl pyXoMoi (a3u, THI JeTeKTopa.

O060B’SI3KOBOIO YMOBOIO € TIOTIEpPETHS TIepeBipKa Mpuia-
THOCTI XpoMaTorpadiqHoi CUCTEeMH IS PO3AUICHHS JOCTi-
JDKYBaHOI CyMIIIIi, 30KpeMa:
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- BI/IHOCHI 4acH yTPUMYBaHHS JIOCIIJUKyBaHHX PEUOBHH
MaroTh OyTH OJM3BKMMU /10 3a3HAUYCHUX Y METOJIMIII BEJIU-
YHH;

- YHCIIO TEOPETUYHHX TapUIOK (€hEeKTUBHICTH XpOMATO-
rpaidHOi CHCTEMH), pO3paxOBaHE 3a 3a3HAYECHHUM MIKOM,
Mae OyTH He MEHILIMM 3a3HAYCHOT BEJIMYNHY;

- Koe(ilieHT PO3MiNICHHs 3a3HAaYCHHX ITiKiB, PO3paxoBa-
HUHA 3 XpoMaTorpaM pO3YHMHY IOPiBHSIHHS, Mae OyTH HeE
MEHIIE 3a3Ha4YCHOI BEJIMYHHH;

- BITHOCHE CTaHAApTHE BiIXWICHHS, PO3pPaxOBaHE IUIA
BHCOTH a00 IUIOINI 3a3HAYE€HOro Imika ado TXHIX BlIHOIIEHD
JI0 BUCOTM a0 IUIomli MiKa BHYTPIIIHBOIO CTAaHIAPTy 3
XpOMaTorpaM po34YHMHY MODIBHSHHS, Mae OyTH He Oinblie
3a3Ha4€HOI BEJIMYMHM; JUISL PO3PaxXyHKY BIJHOCHOTO CTaH-
JIAPTHOTO BIJIXWJICHHS BHUKOPUCTOBYIOTH JaHI 3BHYAHHO
IATH mapaebHuX xpomarorpam.[9]

JocnimkenHss nmpoBoauincs Ha 0a3i MuKoJIaiBChKOTO
00macHOro OIOpO CYHOBO-MEOMYHOI €KCIEPTH3H, Y BT
CYIOBO-MEHYHOT TOKCHUKOJIOT 1.

3a momomororo Meroxy TIHIX Oymo BusBieHO y Gioo-
TiYHOMY Martepiali mectu 00'ekTiB —Metadoc; y 7 — ¢oc-
¢damig; y 4 — xmopodoc; y 3 — dramodoc; y 2 — docdin
IUHKY. 3TiHO 11eHTH(IKOBAHUX MECTUIIMIIB, TOBOIUINCH
KIJIbKICHI BHU3HA4eHHs1 BMicTy mnectuuuiB. [Ipu nopanb-
LIOMY MOPIBHSHHI BMICTY MNECTHIHIIB 3 CMEPTEIbHUMHU
piBHsIMH, OyJI0 3'sICOBaHO, 1110 3a3Ha4€Hi PiBHI EPEBUIIICHO

y Zekiybka pasiB. [Ipy aHanizi Noka3HUKIB pe30pOuiiiHux
opraHiB (IIUTyHOK, JIET€Hi) BCTAHOBJICHO J[Ba LIISIXH [OTpa-
IUITHHS TIECTULIUAIB 10 opraHizmy. Y 10-Tu 00'ekTiB moT-
parusiHHSL BigOysocs 4yepe3 LUIYHOK, y 6-TH 00'€KTiB —
4yepe3 TUXaibHi MUISXH.

Mertomamu I'X ta BEPX BusiBneHi 3aIMIIKOBI KUTBKOCTI
MIECTUIHIIB TiaMeTOKcaMy Ta KapOeHAa3iMy y KUIBKOCTI ,
o He nepesuinye ['JIK y pocmunmiit omii [10,11].

BucnoBkn. Jlns inenTH(ikamii Ta KiUTBKICHOTO BU3HA-
YEeHHS MIECTUIUIB Y CyIOBO-MEIUYHIH MPaKTHII iCHY€e TpU
3arasibHONIpUHATUX MeToan — THIX, I'X, BEPX.

Bepyun no yBaru Tod (pakT, MO0 B OpPraHi3Mi JIFOJUHU
MIPUCYTHICTh MECTUIMIIB HE MOXKJIMBA, MMPH JOCIIIKESHHI
GioMarepiaiy JrOJeH, sIKi TIOMEpJIM B HACHiJOK OTPYEHHS
MIECTUIMIAMH, JOCTATHHO 1IeHTH(DIKAIT IECTHUIIN/IIB.

Ilpu nmocnmiKeHHI XapuyoBHX MPOJYKTIB, MECTHIUIA
11eHTH(DIKYIOTBCS 1 BU3HAUAITHCS 1X 3IUIIKOBA KUIBKICT.
Jis Takux mociimpkeHb HeoOXimHI (i3uKo-XiMidHI METOH.

Jist inenTrgikanii mecTHuAiB GiomorivHOMY MaTepiari
HaWIOMiIBHIIE BUKOpHCTOBYBaTH Metox TIIX.

[Ipy BU3HAYCHHI 3aJMIIKOBOI KITBKOCTI TECTHIWIIB Y
Xap4oBHX MPOIYKTaX BHKOPHCTOBYIOTh BHCOKOUYTJIHBI
meroau — I'X ta BEPX.

3azganeriip NpoAyMaHWil Ta NpoaHai30BaHMU BHOIp
METOJy JOCII/IKEHHS, HaJlaCTh MOXJIMBICTh I10JaJIbLIOTO
MABUIIICHHS SKOCTI CYJJOBO-MEIMYHHX JOCIIIKCHb.
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Abstract. The research paper proposes and determines the effectiveness of information technology for analyzing and forecasting
time series with fractal properties based on linguistic modelling. The information technology for analyzing and forecasting time
series with fractal properties based on linguistic modelling is superior to its competitors/analogues and confirms the high quality of
development with the possibility of implementing the system when required.

Keywords: information technology, analysis, forecasting, financial time series, linguistic modelling, fractal properties.

Introduction. Modern economic theory, having under-
gone a complex evolution, differentiating into a multitude
of schools and directions, consistently reproduced a sig-
nificant difference in approaches to forecasting. From the
60°s of the 20" century to date, the structure of the econ-
omy of the developed countries and methods of econo-
metric analysis have undergone fundamental changes [1].
The linear approach to the analysis of economic systems
becomes irrelevant and ineffective due to the fact that
modern economic processes are not in a state of strict
determination, self-regulation, clear certainty. It is not
able to reflect the behaviour of the economy in conditions
of uncertainty, instability and imbalance. Therefore, the
topical issue of the introduction of mathematical appa-
ratus into the process of modelling arises.

The economic field is characterized by phenomena that
evolve and fluctuate in time. Over time, prices, economic
conditions, the flow of a particular production process
change. The set of measurements of this kind of indicators
over a period of time is a time series [2].

Since the beginning of the 21% century, the issues of
the natural language and speech modelling have become
topical in the studies of many scholars, which is due, first
of all, to the rapid development of applied linguistics [3,
4]. There was also an increase in the number of linguistic
models to solve the main practical issues in various
spheres of application. The term “model”, in the context
of linguistic modelling, is understood as the typical model
construction, which represents the standard [4].

The scale of the concept of “model” is due to different
branches of linguistics, as well as to the different volume
of material that needs to be modelled. Analyzing the con-
ducted research of A.F. Losev [3], 27 main linguistics-
related meanings were singled out as of the beginning of
the 60’s. In the modern scientific world, the concept of
"model"” is interpreted in different interpretations, which
differ slightly from one another. It should be noted that it
is necessary to agree with A.F. Losev, who noted that
“any model is a structure, but not every structure is a
model” [3]. This is a generalization of the fact that when
exploring the structure, type, paradigm, an idea arises that
a certain class of objects that is not always a model is
behind each concept.

The possibility of modelling is based on the fact that
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the model, in some sense, reflects any properties of the
original, therefore, the relevant theories that would indi-
cate the limit of permissible simplifications is important
in the process of modelling. As we see, the essence of
modelling is to replace the original object with its model,
while preserving only the essential properties of this ob-
ject in it, which makes the modelling method relatively
limited in its capabilities, but rather objective in obtaining
results. Thus, the tasks of modelling include the construc-
tion of models, their study and verification in the process
of proving the veracity of knowledge [9].

The mechanism of constructing a model of dynamic
processes that may have fractal properties of the use of
linguistic modelling is described in [10]. The very process
of constructing a linguistic model based on the time series
of a dynamic process is described in [11].

Fractal behaviour is revealed in time characteristics of
processes and phenomena occurring in media with a self-
similar structure. Fractal time series are a whole class of
fractal curves, widely used in describing and modelling a
variety of phenomena. They describe such phenomena
that seemingly have nothing in common: the Brownian
motion, the behaviour of the exchange rate in the financial
markets, the change in water level in lakes and rivers, etc.

The use of fractals in the modelling of time series, in
particular, such a characteristic of the time series as frac-
tal dimension, allows determining the momentinwhichthe
system becomes unstable and ready to move to anewsstate.

Materials and methods of research. Financial time
series demonstrate a high degree of nonlinear variability,
especially at high frequencies, and often demonstrate
fractal properties. When the fractal dimension of the time
series equals zero, this is due to two characteristic fea-
tures: fractal processes reveal heterogeneity - high proba-
bility of extreme or distant fluctuations, usually with
irregular intervals; fractal processes also demonstrate the
symmetry of exposure - the proportionality of the rela-
tions between the vibrations at different fluctuations.

The signs of fractality in the financial markets do not
imply a chaotic behaviour that resembles a coincidence
generated by a small number of deterministic equations.
Fractality in large-scale multidimensional systems, such
as financial markets, is stochastic [12]. This type of frac-
tality usually occurs as a result of multiplicative interac-



tions between two or more stochastic processes.

Most of the modern literature on nonlinear variability
[13-15] in the financial markets was based on the diffu-
sion of volatility with a multitude of random factors.
Volatility diffusers with a multiplicative relationship
between stochastic factors tend to generate fractality.

At large distances, the financial series can be modelled
using structural equations, which are not fractal, as a rule.
In this sense, it is reasonable to characterize economic
time series as a manifestation of fractal properties on
short horizons, but with asymptotic similarity to equilib-
rium. In some cases, the basic structural equations also
give rise to fractality [16].

The clearest example is the exchange rate which is
most likely conditioned by differentials in real rates of
return. Let X, be the exchange rate, I, be the interest rate,
e - waiting count, &, - the residual component of the fi-
nancial time series, F - the foreign currency. The structur-
al equation has the following form:

Xt = wp + Wi Xe_1 + W[y — 7f) — (I — E)] + & (€Y

As noted in [17], the adoption of coefficients of sto-
chastic processes can lead to nonlinear variability. On this
basis, the expression [(I, — n{) — (I;; — m§,)] involves
fractal behaviour. In addition, nominal and real interest
rates can also be fractal, so the difference in the real rates
of return is in itself the difference between two independ-
ent fractal processes.

The methodology of time series modelling is based on
the decomposition of a time series into components and
modelling of the values of each component separately. In
the framework of this study, it is proposed to apply ag-
gregation to each row, that is, the decomposition of a
series into short intervals whose values are similar by any
sign. From the standpoint of mathematical science, aggre-
gation is considered as the transformation of the original
model into a model with a smaller number of variables
and constraints, which gives an approximate (in compari-
son with the original) description of the investigated pro-
cess or object.

The main factor in the study of the fractal structure of
financial time series is the finding of fractal indicators
within the series under study. In [18], it is proved that the
fractal dimension is close to 1.5 (u = 0,5) is valid only
for 15-25% of the financial time series, which is an unsat-
isfactory indicator; the remainder of the time behavior of
the series differs significantly from the Brownian motion.
This fact is due to the fact that the sections of abnormal
behaviour have a short duration. At the same time, large-
scale data arrays (from several hundred to several thou-
sand points) are required for normality validation by
standard methods. There will be a large number of sec-
tions with different behaviours within the interval used to
validate normality by standard methods. When calculating
the test values, the characteristics of persistent and anti-
persistent sections are compensated and the final values
will be close to normal.

On the basis of the foregoing, let N be the number of
events, L - a characteristic length, and D - the fractal di-
mension; let’s fix the value for the financial time series
D = 1.

Probabilistic measure of dimension is determined using
the formula:

[N(IY; = Ye—1 D) > L/N(Y; = Y;—1 DI/L.
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The proportion of observations lying outside the L
threshold for the total sample varies depending on:

[N(IY; = Yot D) > L/N(Y, = Y, D] = L4, (2,

where asymptotic equality is designated as =. In this
sense, dimension is a measure of entropy or randomness.

The measurement varies according to the threshold,
and therefore is often measured as an asymptotic limit as
the threshold approaches zero. The modification of this
method is the estimation of the average heterogeneity of
the process, using the codimension C, the result of which
is the difference between the dimension of the enclosure
d and the fractal dimension D:

C=D-d.

If C # 0, the process is called fractal.

At low degrees of fractality (close to zero) the process
is more homogeneous: there are few extreme fluctuations.
Conversely, more extreme events or fluctuations beyond
the threshold are characteristic of higher values of C. The
process becomes less homogeneous, shorter, rarer, and
more volatile.

The relations between codimension and symmetric
scaling are set by the following equations in which 7 is a
time scale from 1 to T, where T is the largest time scale; u
is the index; q is a series of scaling indicators. The scaling
symmetry has the following form:

u(lYe = Yo | = [u(Y, - Yc—1|q)][(T/T){(q)]' €))
where ¢ — a function that includes three parameters

C,H, a:
{(q) = qH —{[C,/(a — D](q" — @)}, where a # 1, )
{(q) = qH — (C1qlng),where a = 1. (6)

The parameter C; is the encoding associated with sam-
ple size scaling. When C; = 0, {(q) is a linear trend.
When C; # 0, the curvature of the axis {(q) depends on
the codimension and probability distribution. The coeffi-
cient a characterizes the probability distribution. The case
a = 2 corresponds to the Gaussian distribution, while
a = 1 corresponds to the Cauchy distribution. Most
economic processes show 1 < a < 2. In this case, the
distribution has heavier tail areas than the standard norm,
and variance changes over time. An interesting property
of the series, both < a < 2and 0 <C; < 1, is that
integration usually does not lead to smoothing. Instead,
the integral will show discrete jumps.

The coefficient H characterizes the fractality index,
that is, the decreasing value when the delay between two
identical pairs of values in the time series increases. The
designation H actually derives from the Hurst exponent,
or the recalled range factor [17]. However, in this frame-
work, H is rated as one of a series of scaling factors. This
statistics is related to the additive constant integration
order. For the process I(0)H = 0,5. For a nonstationary
process, the integration order can be restored by evaluat-
ing the pace of change [19]. This method is reliable both
for nonlinearity and for fractional integration orders.

(3)

Results. The object of research is a time series of the
following type: {X(x)}(x =1 +1), 7

where X(x) is a time series with fractal properties,
which is characterized by the tuple:

kX
{ ’/M(k?c)},u(k;‘) > [01])=1+), ®
J
The initial data is given in Figure 1. The total data vol-



ume is 53,208 items.
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Fig. 1. Distribution chart of the time series with fractal properties

Let the value of the linguistic variable (term) according
to the set be:
U ={0;0,1;0,2;0,3;0,4;0,5;0,6;0,7;0,8; 0,9; 1},
consequently:
V — high, then: u,(u) = u,u € U;
BV — higher, then: up, (W) = Vu,u e U,
DV — very high, then: pg,,(w) = u?,ue U,
. lL,bu=1,
ZV —too high, then: u,, (u) = {O,u <1
N — low, then: u,,(w) =1 —u,u e U,;
BN — lower, then: pp,,(w) = V1 —u,u e U;
DN — very low, then: g, (w) = (1 —w)?,ue U,

ZN —too low, then: u,,(w) = {22 z 1',11 eU.

uelU,;

M1
uM2
= M3
uM4
u M5
= M6

M7

M8
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Fig. 2. Distribution chart of consolidated sets in relation to
the weight of the time series with fractal properties

On the basis of the formation of consolidated sets, with
respect to weight of the time series with fractal properties
within the time distribution, according to the expressions
ex(k =1—7), the corresponding values will have the
following form (Figure 2).

The value of k of the given time Ay (k01222018 =
1+ 7) can be found using the following compositional
rule:

A = G° BR (kzo12:2018 = 1—7), ©)
where G, is a reflection of the decomposition in the
form of a fuzzy subset.

Ay is a fuzzy interpretation of the k" given time series
with fractal properties in accordance with the vector
(0; 0,1; 0,2; ...; 1).

As a result of the analysis of time series with fractal
properties, an analogue of the considered time series is
obtained, which is presented in Table. 1
The next step is to determine a set of each individual
level:

Ay ={ulpa(w) 2 a,u e U}, (10)
and the average number of elements in the time series
with fractal properties:

n

M) =Y ) e iy € 4g.

k=1
For comparison, let’s list the values obtained in the
study of the developed system and the analogues accepted
for consideration (Table 2) and carry out the analysis of
the obtained data.

Table 1. The model of the time series with fractal properties

Value of the member- Year of the study

ship function 2012 2013 2014 2015 2016 2017 2018
0 0.01336 0.06154 0.06605 0.06197 0.05911 0.02490 0.09856
0.1 0.02943 0.07104 0.13332 0.08033 0.08209 0.10539 0.09838
0.2 0.04637 0.06262 0.06776 0.07003 0.09687 0.11207 0.10367
0.3 0.04224 0.0382 0.00388 0.03881 0.08680 0.08037 0.09490
0.4 0.06240 0.06202 0.07227 0.07266 0.08378 0.10092 0.10067
0.5 0.07584 0.04944 0.05809 0.05728 0.07753 0.08920 0.12964
0.6 0.04709 0.06536 0.06150 0.05959 0.09358 0.10662 0.12987
0.7 0.05853 0.05927 0.06629 0.07139 0.09045 0.10769 0.05897
0.8 0.03217 0.05248 0.08441 0.06972 0.05911 0.08540 0.06209
0.9 0.02905 0.04812 0.05445 0.06071 0.11357 0.09258 0.06308
1.0 0.06128 0.11871 0.07055 0.04853 0.10423 0.1089 0.10084
Analogue A, Ay A, As A, As Ag A,
Evaluation 0.452549 0.626222 0.071477 0.482427 0.086108 0.92193 0.04611

Discussion. The use of information technology for
analyzing and forecasting time series with fractal proper-
ties will allow for a high level of forecasting, and conse-
quently, the fullest possible realization of the capabilities
of the analytical system. The study of the methods of
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adaptive type showed that the Brown model only works
with a small time horizon. The trend and seasonal changes
are not taken into account. Information technology for
analyzing and forecasting time series with fractal proper-
ties is universal and allows adapting the process of plan-




ning the forecast of financial time series to the level of
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development of the initial series.

Table 2. Results of the mathematical analysis

Automated system
of analysis and Time series fore- Time series fore- Ti . . Automated system of analysis
: . . ime series forecasting ; . .
forecasting of the casting system casting system Holt - and forecasting of the financial
. A - system Winters method . .
Factor |financial time series| Brown method method time series
linguistic modelling
Avgra_ge Variance Avgra_ge Variance Av_era_ge Variance Avgra_ge Variance Avgra_ge Variance
deviation deviation deviation deviation deviation
Efficiency 0.84 0.81 0.48 0.24 0.48 0.24 0.54 0.49 0.36 0.29
Innovation 0.42 0.21 0.48 0.24 0.48 0.24 0.48 0.24 0.42 0.21
Data and
forecasting| 0.84 0.96 1.4 3.6 1.12 2.09 1.2 2.4 1.44 2.61
scope
Data
. 0.84 0.96 0.54 0.49 0.4 0.4 0.9 1.05 0.76 0.81
categories
Priority 2.1 5.69 1.04 1.64 1.44 2.81 1.28 2.09 15 2.69
Ultimate
solution 0.84 0.96 0.6 0.6 0.4 0.4 0.82 1.01 0.84 0.96
level
State 0.42 0.21 0.48 0.24 0.42 0.21 0.5 0.25 0.42 0.21
Forecast
quality 0.56 0.44 0.7 0.65 0.6 0.6 0.54 0.49 0.6 0.44
factor
Client
0.32 0.16 0.72 0.64 0.9 0.89 0.72 0.64 0.32 0.16
assessment

Conclusions. The paper identifies the effectiveness of
information technology for analyzing and forecasting time
series with fractal properties based on linguistic modelling.

According to the study, it is worth noting that the de-
veloped information technology for analyzing and fore-
casting time series with fractal properties based on lin-
guistic modelling surpasses its competitors/analogues in
terms of all indicators, indicating the high quality of the
development and the possibility of implementing the
system in real work when required.

The verification of the efficiency of information tech-

nology for analyzing and forecasting time series with
fractal properties has confirmed, based on real data, the
possibility of ensuring objectivity during forecasting. The
use of information technology for analysis and forecasting
of time series with fractal properties will allow ensuring a
high level of forecasting with the fullest possible realiza-
tion of the analytical system. The developed information
technology for analysing and forecasting time series with
fractal properties is universal and allows adapting the
process of planning the forecast of financial time series to
the level of the development of the initial series.
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AHoTamisi. Y cTarTi po3riIsgacThesl MaTeMaTHIHE MOJETIOBAaHH HMOBIPHOCTI HETJIAaCHOTO OTpUMaHHA iH(opMaii HoTeHmiiHnM Ho-
PYIIHHKA SIKE 3BOAUTHCS 10 MOJETIOBaHH BIUIMBY HOPYITHUKA HA 3aXHIIAEMY CHCTEMY 3 ILTI0 OTPUMAHHS MOXKIIMBOTO KaHAITy BUTOKY
iHdopmarii i sBIsIe cob010 hopManti3oBaHUN OIHC CIEHAPIIB y BUTIIAI JOTIKO-aITOPUTMIYHOT IIOCIIJOBHOCTI JIiif MOPYIIHUKIB, KilTb-
KiCHHX 3HAa4Y€Hb, 0 XapaKTepPHU3yIOTh Pe3yIbTaTH il i PYHKIIOHAIPHNX (aHATITUIHHX, YUCEIFHAX a00 AJITOPUTMIYHHX) 3aI€KHOC-
Tel, 110 ONHCYIOTh MPOTIKAIOTh MPOLECH B3a€MOJIi NOPYIIHUKIB 3 eJIeMEHTaMH 3aximaeMoro o0'ekra. OqHak momiOHi migxoau 1o
MOJICITIOBAHHS HE TO3BOJIAIOTH KiJbKICHO OIIIHUTH aKTYyaJbHICTh 3arpO3H aTak Ta BpaxyBaTH L0 HAHBAXIUBIIIY XapaKTEPHUCTHKY.
Tomy 3anponoHOBaHO BapiaHT KUTBKICHOT OLIHKK MOXIIMBOCTI HECAHKIIIOHOBAHOTO OTPUMaHHS iH(opMaLii 3 okpeMiit iHpopMamiiHOT
CHCTEMH, PO3po0JIeHa yYHIBepcaIbHa METOIUKA. Y HIBEPCATBHICTD Lieii METOIMIII JO3BOJISIE MOPIBHIOBATH MiXK COOOI0 CKITaIHOCTI pe-
anizauii pi3HOPIJHNX aTak, 3aCHOBAaHMX Ha Pi3HUX MPHUHIUIIAX peai3alii, B 3aralbHOMY BHIIAJKy BUKOPHUCTOBYIOTh a0COIOTHO Pi3Hi
3a CBOEIO MTPUPOJIOI0 KaHaI! BUTOKY iH(popmanii. Ha ocHOBI 3anponoHoBaHiit MeToauIli po3po0IIeH MiaxXi/] 1o MaTeMaTHIHOMY MoJIe-
JIFOBaHHIO HMOBIPHOCTI OTPHMaHHS IIOPYIITHHKOM HECAaHKIIOHOBAHOTO JIOCTYITY JI0 iH(opMamii BXe Ha IepIIoMy IiJrTOTOBYOMY eTare
KOMIUIEKCHOI IIepeBipKy, 110 B MOJAIBIIOMY J03BOJIUTH PEasIbHO OLIHUTH (iHAHCOBI, ONEpaTUBHI i TEXHIUHI 3ac00U 3axucTy iHpOP-
Maii.

Kniouosi cnosa: 3axucm inghopmayii, mamemamuyte M0OOen08aAHHs, MEMOOUKA GUSHAUEHH UMOBIPHOCHI, 3ACO0U He2NacH020
ompumanHs ingpopmayii.

Beryn. 3axucer iHpOpMAIii-TOCHTE JOpOTe 3aHATTSA, MO  MiAXOAY i iH.), mependadae BUKOPUCTAHHA B SIKOCTI Hal-
moTpe0ye He TIMBKH pa30BUX, a i MOCTIHHUX BUTpaT. TOMy  TpOCTIIIOTO eJeMeHTa Oe3MeKH 3arpo3y aTakd Ha iHQop-
3axXMIIATH HEOOXiHO TibKK Ty iH(OpMaIlio, BUTIK k01  MariiiHy cucremy [1, 4-5].
MOX€E IPHUBECTH 0 €KOHOMIYHOTO, MOPaJIbHOrO abo iH- PazoM ¢ THM y BCiX 3a3HaUY€HHX JDKEpenax MaTeMaTH-
Ioro 30MTKY HiJIPHEMCTBY, OpraHisamii, Il KEpIBHUITBY.  YHE MOJEIIOBAHHS IOPYLUIHUKA 3BOJUTHCS IO MOZEIIO-
Heo0xigHO po3yMITH HE TITBKH, 1[0 U HABIIIO Tpeba 3aXi-  BaHHs BIUIMBY MOPYITHUKA HA 3aXHIIAEMY CUCTEMY 3 I[LITIO
IIaTH, @ ¥ HAaCKUIbKW CIIJI 3aXUCTUTH KOHKPETHHI BHJ  OTPHMaHHS MOXXJIMBOIO KaHAIy BUTOKY iH(opmamii i sB-
0XOpOHIOBaHUX BimoMocteil. Ile no3BonuTH qudepeHiio-  Jisse cobor GpopMatizoBaHUi OMHUC CICHAPITB y BUTIISLII JIO-
BaTH 3aX0/11 3a0e3nedeHHs Oe3neky iHpopMallii Ta CKOpo-  TIKO-aJrOPUTMIYHOI MOCHIJOBHOCTI il HOPYIIHHKIB, Ki-
TITH TIM CAMHUM BHUTpPATH Ha iX MpOBeJeHHs. 3apyOKHIA U JIbKICHUX 3Ha4€Hb, 110 XapaKTepU3YIOTh pe3yJIbTaTh Aii i
BITUM3HSIHUI JOCBIJI TPOBEJICHHS POOIT 3 BUSIBIICHHS 3ac0-  (DYHKLIOHAIBHUX (aHANITHYHHX, YUCEIBHUX 200 anropuT-
0iB HErJIaCHOTO OTpUMaHHA iH(OpMAIll (Iadi MO TEeKCTy  MIYHUX) 3aJIeKHOCTEH, MO OMUCYIOTH MPOTIKAIOTh IIPO-
HOI) mokasye, mo aii mo miArOTOBIN U MPOBEACHHIO KOM-  IIECH B3a€EMOJI{ MOPYIIHUKIB 3 €IEMEHTAMH 3aXiIaeMOro
IUIEKCHUX CIIEIliaIbHUX IMEPEeBipOK MPUMIMICHb JOMIIBHO  00'ekTa . OmHAK MOAIOHI IMiIXOQH 10 MOJICTIOBAHHS HE JI0-
YMOBHO PO3IUTHTH HAa TP €TAIX: MiJrOTOBYii, eTan 0e3-  3BOJSFOTH KiJIbKICHO OLIHUTH aKTYaJbHICTh 3arpo3d aTak
TOCepeIHbO MPOBEJICHHS CIIEIiajbHOI MEePEeBIPKH MPHMi-  Ta BPaXyBaTH II0 HAWBa)KJIMBIIIY XapaKTepHCTHKY. Tomy
IICHb Ta 3aKIIOYHUI ertam. HaiiBaxxuBimme micue cepel  MOTPiOHO 3allpONOHOBAH BapiaHT KUTEKICHOT OI[IHKH MOX-
pOOIT MiZArOTOBYOro eTary KOMIUIEKCHOI CIelialibHOT Me-  JIMBOCTI HECAHKI[IOHOBAHOTO 3HIMaHHsI iHdopmauii iHpop-
PEeBIpKH NpHMillleHb 3aiiMa€e BHUSBJICHHS a00 YTOYHEHHS  MaliifHOi CHCTEMH 3aMOBHHKA.
HMOBIPHOTO MPOTHUBHUKA, SIKUH 3/11HCHIOE TIEPEXOIICHHS Meta. Po3pobOka BapiaHTy KiJIbKICHOI OLIIHKH HMOBIp-
iHpopMmarii 3a rornomoroto 3aco6iB HOIL. Pusuk HOI indo-  Hiit MOXIMBOCTI HECAaHKIIIOHOBAaHOTO OTpUMaHHS 1H(OP-
pmauii 3 iHGOpMAIiifHIi CHCTEMH HEMOMJIMBO OLIHUTH  Malii 3 iHpopMauiiHOT CHCTEMH 3aMOBHHKA.
0e3 o0y 10BM MOJIelTi MTOTEHIIIHHOTO MOPYIIHUKA Oe3MeKH Buxsian ocHoBHoro Mmarepiany. MaremartiyHa Mo-
BXKE Ha MEepIIOMY eTarie pooiT. JieTb TOTEHLIHOTO TOpYIIHWKA TOBHHHA BPaXOBYBaTH
Koporknii anani3 jiTepaTypHHUX JaHHMX Ta MOCTAHO-  3aI[IKaBJICHICTH 3JJOBMHCHHKA B peajti3alii aTaku Ha KOHK-
BKa Mpo0dyeMu BinburicTs BiTOMUX MiJXOIB IO MOZIEJIIO-  PETHY iH(pOPMAIliiiHy CHCTEeMY 3 METOI0 OTPUMAaHHS iH(pO-
BaHHJ, 1110 BIZPI3HSIOTHCS TUM, SIKI TapaMeTpH MPH MoJie-  pMallii abo mopymeHHs ii iIiCHOCTI TOOTO BpaxoByeTecs
JIIOBaHHI HUIMU BUKOPHCTOBYIOThCA B SIKOCTI BXiiHOT iHpo-  moreHniiina moxiusicts HOI.
pMartii i SIKi XapaKTepUCTHKH MOJIEITbOBAHOI CHCTEMH PO3- Bigznaunmo, mo no0ymoBa MOJIeNi MOPYITHUKA € KITFO-
PaxoBYIOTBCS 1 HAOXOAATH Ha BUXig Mozaeni (ByayroTecs  4OBHMM NMUTAaHHSAM HE TLNBKM NMPH BU3HAUYEHHI MOMXIIMBUX
MOJIeINTi 3 BUKOPUCTAHHAM Teopii iMoBipHOCTeH, Bumagko-  kaHaiuiB HOI ane i xapaktepucTuk 06e3mexu iHpopmamiii-
BHX TIpor1ieciB, mepesx Ilerpi, Teopii aBTOMATIB, TeOpii rpa-  HUX CHCTEM B LIIOMY.
¢iB, HEUITKUX MHOXHH, Teopii KaTacTpod, EHTPOITHOTO B manumit wac momeni MOTEHIIHHOTO MOPYIIHUKA Oe3-
meku (HOpMYIOTECS K HaOip MPHUITYIIEHb PO MOXIUBOTO
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NOpYIIHHUKA Oe3reku, Horo kBamidikarii, TeXHIYHUX 1 Ma-
TepialIbHUX MOXIMBOCTX 1 T.11. [Tpu 1ibomy OyyeThes He-
¢dopManbHa MoJeNb MOPYIIHHWKA, L0 BiloOpakae mnpu-
YMHY i MOTHBH i, allpiopHi 3HAHHS, TIEpeCIIiyBaHi i,
X MPIOPUTETHICTH AJIS MOPYIIHUKA, OCHOBHI IIJISIXH AOCS-
THEHHS [TOCTaBJICHUX ITiJIell: criocoOu peari3arii BUXiTHUX
BiJl HBOTO 3arpo3, MicIe i XapakTep Jii, MOXIINBA TaKTHKa
i T.1. B KiHIIEBOMY paxyHKy MoJiOHA MOJEITb BUKOPUCTO-
BY€THCS 3 METOIO BHSIBIICHHS CYKYITHOCTI aKTyaJIbHUX aTakK
JUTA KOHKPETHOT iH(pOopMamiiHOi CHCTEMH, I SKOI IIaHy-
€ThCs poOO0Ta 10 BUABIICHHIO 1 OIOKyBaHHS 3ac00iB HeTJa-
CHOro otpuManHs iH(opMalii, camMe aKTyaJbHHX, OCKi-
JIbKH TMOTEHIIHHO MOXIIMBI KaHalli BUTOKY BH3HAYaIOTHCS
MOXJIMBICTIO IX TEXHIYHOI peajizauii (apXiTeKkTypa, BUKO-
pHCTOBYBaHI MporpamHi i anmaparHi 3acobu i T.11.). Mozens
MOPYIIHUKA TOBUHHA BPaxoBYBaTH JOCUTH Oarato ¢akro-
piB, He BCi 3 SKHMX HiIIAIOThCS POPMali30BAHOMY OIHCY.
Le, mepm 3a Bce, piBeHb 3alliKaBICHOCTI B OTPHMaHHI He-
CAHKI[IOHOBAHOTO JOCTYITY 10 KOHKpEeTHOI iH(opmarii, e
piBeHb KBaTi(iKalii HOPYIIHAKA, IO T03BOJIIE HOMY 31il-
CHHUTH Ty YH iHIIIY aTaKy, oro iHhopMOBaHICTh PO BHUSB-
JIeHHS. 1 yCYHEHHS PI3HOMY pOJY BpPas3IMBOCTCH, HasB-
HICTB BIATIOBITHHUX IHCTPYMEHTAJIBHUX 3aCO0IB I 31iiic-
HEHHS aTaKH, IHPOPMOBAHICTH PO peaizoBaHy B KOHKpe-
THIH iH(OpMauLiiiHii cHUcTEeMi TEXHOJIOTII0 (MOXXIUBICTH
OTpHMaHHs MoAi0HOT iH(popMaLIiTl), B TOMY YHCIi TEXHOJIO-
risx 3axucty iHdopmauii, mporpaMHOMY 3a0e3NeUeHH,
pernamenTs Ta iHme. CKIaaHICTh 00JIKY BCiX IUX (OTXKe
BaXXKO (HOpMaITi30BaHUX) YMHHUKIB OOYMOBIIOETHCS HE
TIBKH 1X KITBKICTIO 1 pI3HOMAHITHICTIO, aJie 1 CKIIaIHICTIO
(dopmarizarii OyIb-sIKUX 3aIeKHOCTEH MK HUIMH (HaTlpH-
KJIaJ, TIOPYIIHUK MOX€e HalHATH BHCOKOKBaJIi(hikOBaHOTO
(axiBIs [UIs 3OIHCHEHHS aTakd, MOXe MPUI0ATH BiIIOBI-
ITHI aBTOMAaTH30BaHI 3aCO0M 3MIHCHEHHS aTaku - peai3y-
BaTH CKJIaJHY aTaKy, He BOJIOJIIOYHU MPHU [[bOMY HAJIEKHY
kBamidikarito, i T.1.). Pa3oM 3 TUM, HaM HeoOXinHa SKaCh
IHTerpajibHa OIliHKa, IPHUYOMY KUIbKICHA, IO JIO3BOJISE
BpaxyBaTu BCi 1i ()aKTOpH, 1HAKIIE HEMOXIUBO IPHUCTY-
IIUTH 10 pOOIT MO HepeBiplli MPUMILEHb Ha HAasIBHICTH 3a-
c00iB HETJIACHOTO OTPUMaHHs 1H(pOPMAIIT JJIs1 KOHKPETHOT
iHdopmaniiinoi cucremu. [1]

Bxpaii BaXITUBUM € 1 HACTYITHHI MOMEHT TIOPYIIHUK 3a-
[iKaBJICHAN B OTPUMaHHI KOHKPETHOI iH(opmarii, ocki-
JBKU caMe 10 00poOIroBaHo1 iH(popMaIlii 3T0BMUCHHUKOM i
3IMCHIOETHCSI HECAHKIIIOHOBAHHUH OCTYII. [IJIst IIbOTO BBE-
JIeMO MOHATTS nofiOHOT iHdopMmariitHoi cucTeMu, Tin
KO0 OyneMo pO3yMiTH cUCTeMy, OOpoOHY momiOHY
(3micT, 00cAr), B i1ealti JUist MPOEKTYBaHHS aHAJIOTIYHY iH-
¢dopmartiro.

Buxopsum 3 Toro, 1o nopyurHuk indopmariitoi cuc-
TEMH MOXKe OyTH OXapaKTepHU30BaHHUil CKIIAIHICTIO peajti-
30BaHUX iM aTak Ha iHOPMaIiiiHy cuCTeMy, BU3HAYHM, SIK
KUTBKICHO OI[IHUTHU CKJIaIHICTh aTakW, BBEJEMO KUIbKICHY
Mipy CKJIQIHOCTI aTakH, OCKUIBKH B 3arajlbHOMY BHIAJIKY
CJIiJi TOBOPUTH PO T€, UM TOTOBHUHA (3aliKaBICHUH 1 MOXe)
MOPYIIHKUK peajli3yBaTH aTaky neBHOi ckiaaHocti. [Ipn
LIbOMY, SK BiJ[3HAa4aJM, 1 MOXIIHMBI KaHaJli BUTOKY iH(OP-
Mariii , i BIacHe peasbHO BHKOPHCTaHHI KaHaNi MO CBOIH
CyTi pi3HOPIAHI, KITbKICHA )X Mipa OBUHHA OYTH €IMHOIO.

3BepHEMOCS JI0 OCHOB Teopil iHopmarlii, po3ymiroum,
1o st yemimHoro 3aiticaenns HOI (aTaku) 11010 okpemo
B3STOTO KaHAJy BUTOKY iH(opMamii MOpyITHUK MOBHHEH
BOJIOZITH BiANOBINHOIO 1H(OPMALIEIO MO0 MOXIUBOCTI
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HOI - indopmarito mmpo Te, 1110 TaKka Bpa3JIUBICTb IM BHSB-
JIeHa 1 He BUPILICHO BIACHUKOM iH(opMarii, To6To neBHOT
KibKicTIO iH(popMarii moo 3arpo3u HOI indopmarrii.

OCKINBKH HAC I[IKaBUTh BHKJIIOYHO WMOBIPHICTH TOTO,
0 KaHaJ OTpUMaHHs iHopMauii mpucyTHi# B iHpopma-
LiifHIN cucTeMi— 3arpo3a aTaKu peaibHa, IPH IIbOMY MOX-
JUBI IBa pe3ybTaTy MO/Ii: KaHaJ JJIs OTpUMaHHA iH(Op-
Marlii mpucyTHe abo Hi, TOOTO KINBKIiCTh iHPOpMAILIii 1010
Bpa3IMBOCTI B JAHOMY BHITAJKy CIIiJ] PO3TIIAATH SIK IMO-
BipHICHY Mipy. Y HamoMy BHIIQIKy HEBH3HAYEHICTh MO-
JKHA PO3TIISIIATH CTOCOBHO OYIb-SKOI MOMIIMBOCTI OTpH-
MaHHs 1H(popMallii, IKa MOKe BUKOPHCTOBYBATHCS TIOPY-
LITHUKOM ITpU 3[ifICHeHH] aTaKu, HMOBIPHICTb MPUCYTHOCTI
SIKOi B CHCTEeMi BU3Ha4aeThes K 1 — Poa (me Poa WMOBIip-
HOCTI MEPEKPUTTSI KaHATy OTpUMaHHs iHpopmariii) [2]

[MopymHuK [is 3MIHCHEHHS YCIIIIHOT aTaku MOBUHCH
BOJIOZIITH BiIMOBITHOO iH(POPMAII€IO MO0 MPUCYTHOCTI
KaHAJTIB BUTOKY iHpOpMamii B 3araipHii iHpOpMaIiiiHii
cHcTeMi BIacHUKA iH(popMarii, TOOTO OTpUMATH JaHi, IO
3MEHIIYIOTh HEBU3HAYCHICTh Yy BIJHOIICHHI JAHOTO Ka-
HaITy oTpuMaHHs iHpopmamii. O4eBUIHO, IO YAM BHUIIIE
3arpo3u OTpuMaHHA iH(popMarlii 3HadeHHs Poa HMOBipHO-
CTi IEPEKPUTTS KaHaTy OTpUMaHHs iHdopmauii, TUM cKiIa-
JIHIIIIE TOPYITHUKY 3AIACHUTH BIAMOBIIHY aTaky. 3 ypaxy-
BaHHSIM CKa3aHOTO CKJIAMHICTh peaizaiii aTaku (To3Ha-
yuMo ii Sa) MOXke IHTepIpeTyBaTUCs K IMOBIpHA Mipa Ki-
nbkocTi iHpopmarii /(Poa), SIKUME TOBHHEH BOJIOIITH 3710~
BMHUCHUK Juts peanizanii HOI o BusiBneHOMy KaHay, sSiKa
Moe OyTH BH3HaYeHa HACTYITHUM YHHOM [2]:

Sa=I(Poa) = -log,(1 - Poa)

KopeKTHICTh BUKOPHUCTAHHS AaHOI METOIUKH AJIS OLi-
HKM peaizalii 3HiMaHHs iH(pOpMaIii 0 BUSBIECHOMY Ka-
HaJIy OOTPYHTOBYETHCS BHKOPHUCTAHHIM JIOTapHU(PMiuHOT
¢yHKUIT (y HAIIOMY BUIAAKy 32 OCHOBOKO 2, OCKUIBKH Y
MOJIT MOKIIUBI [IBa pe3yNbTary), IO JO3BOJISE BiIIOBIA-
HUM YMHOM BpaxyBaTH He JiHIHHICTh (GYHKIT 3MiHM CKJIa-
JHOCTI peastizailii mOPYIIHUKOM 3HIMaHHS iH(hopMaIlii Bix
3MiHM 3HaYeHHs fiMoBipHOCTI Poa: Sa=f(Poa)

[MpoinmrocTpyeMo ckazaHe MPUKIAIO0M, JUIS YOTO HOPiB-
HAEMO CKJAIHOCTI peaii3allii JBOX MOXKIUBUX KaHAIiB
3HIMaHHA iH(popMaIii , Hexall A OJHOTO 3 HUX (TIPHUITyC-
THUMO 3 BUOPOAKKYCTHYHOMY KaHaJly) 3HAUEHHS XapakKTe-
puctuku Poa cranoButh 0,7, a A iHIOIOTO (€IIEKTpOMar-
HiTHOTO BHIpoMiHioBaHHs) — 0,99. baunmo, mo B mep-
woMy Bunaaky Sal=1,74, y apyromy Bunaiaky Sa2 =6,64,
TOOTO peaiizailisi 3HIMaHHsS iH(MOpMAIT O IPyromMy Ka-
HAITy JJIs TOPYIIHHKA B 3,82 pa3u CKIAAHIIIE, HiX peai-
3alliss MOXKJIMBOCTI 3HIMaHHS iH(pOpMaIIii 1o MepIoMy Ka-
Haiy (To0TO oMy 3HamoOUTHCS B 3,82 pasu OiIbIIe Killb-
KOCTI iH(opMaIii mpo MOKITUBUHA KaHAT 3HIMaHHSA iHPOP-
Marlii) 3 METOI0 3HATTSA HEBU3HAYCHOCTI 111010 HASIBHOCTI B
CHCTEMI IIbOTO KaHATY.

OnuHWIS CKIAIHOCTI peatizaiii 3arpo3u ypa3iuBOCTI
Sa=I(Poa) =1 3agaerbcs ymoBoro Poa = 0,5, mo Bu3Ha4yae
Te, 110 KaHaJ 3HIMaHHA iH(popMarii 3 piBHOIO HMOBIPHICTIO
MpUCYTHSA B iH(OpMAIIiitHii cucTeMi BIIaCHUKA U Hi.

OCKINBKH 3arpo3y aTakéd CTBOPIOE BIATIOBiAHA CYKYII-
HICTB BHSIBJICHHX 1 HE YCYHYTHX B CHCTEMi KaHAJiB BUTOKY
iH(opMaii, CKIaAHICTh aTaky IS MOPYIIHUKA B 3araib-
HOMY BHUIAJIKy BU3HAYAETHCSI CYKYITHOIO CKIIAIHICTIO aTak
yepe3 KOXKEH PO3KPUTHI MOXIIMBUI KaHAJI 3HIMAaHHS iH-
¢dopmarii. SIKI0 po3MIAHYTH aTaKy SK HOCIiI0OBHICTb BU-



KOPHUCTaHHs MOPYIIHUKOM BUSIBJIICHHX 1 HE YCYHYTUX B CH-
cTeMi KaHaJIiB 3HIMaHHA iHpopMarii , 1110 MaroTh XapakTe-
puctuku Poar i Sar, r=1,...,R, MOXXxHa BBECTH KUIbKICHY
XapaKTEepPUCTUKY CKIaaHoCTI aTaku [(Poa ) (mo3HaumMmo ii
Sa), ne Sa= I(Poa), sika BU3HAYAETHCS KUIBKICTIO iHpOpMa-
1ii, SIKOI0 TOBHHEH BOJIOAITH MOPYIIHUK AT 3MiHCHEHHS
YCIHINTHOI aTaKH, SKOI CTBOPIOIOTH 3arpo3y KaHAIy OTpHU-
MaHHA iH(QopMaIlii R BusBIeHNX B cucTeMi 1 HE YCYHYTHX
BJIACHUKOM iH(opMamii (3 ypaxyBaHHSIM TOTO, IO TTOMii
BUHHMKHEHHSI KaHAJIIB HECAHKIIOHOBAHOTO OTPUMAaHHS iH-
(dopmarii € HezaneKHUMH, a YMOBOIO peajizalii nopymi-
HHUKOM 0e3I0ocepeIHbOr0 OTpUMaHHs iHpopMarllii € HasB-
HICTH B CHCTEMi OJIHOYAaCHO PI3HOMAaHITHUX KaHaJiB BH-
TOKY iH(opMarii:

Sa= I(Poa) = —log, (1 - Poa) = —log, [[®,(1 - Poar)

ne Poa :l-H§=1(1 - Poar),~ iWMOBIpHICTh TOTO, IO B
Oynb-SKAi MOMEHT Yacy MOXKJIFBE OTPUMAaHHS iHpopMa-
ii.

BuxoprcToBYIOUH X BiAMOBiIHE BIACTUBICTH JOTapH]-
MiB, MOXKEMO 3aIHCaTH:

Sa=I(Poa) = ¥R, I(Poar)= YR ; Sar

IIpu upomMy iHdOpMAILIis, Ky OJepKaB MOPYITHUK BH-
KOPHCTOBYIOUM KaHall 3HIMaHHS iH(opMarii, po3risia-
€ThCSA 3 TOYKU 30py ii KOpHCHOCTI (WiHHOCTI) I JOCST-
HEHHS [TOCTAaBJICHOI NPAaKTUYHOI METH — B HAIIOMY BHIa-
JIKY JUIsl 3I1HCHEHHS! MOPYIIHMKOM YCHILTHOTO 3HIMaHHS
iHpopMmarii 3 iHpopmaniiiHOT cuCTeMH BIIaCHUKA.

Bukopucranns B iHbOpMaIiiiHiii cucTeMi CUCTEMU 3a-
XHCTY 301IBIIYE 3HAUCHHS CKJIa{HOCTI peai3allii BiamoBi-
JTHOT aTaku Ha iHQOpMalLiiiHy CUCTEMY Ha BEIMYHHY 3aXH-
cTy iHpopmarii.

3a3HaynMo, 1110 XapakTepucTuka ASa Moxe po3risiaa-
THCS B SKOCTI TaK 3BaHOI Teopil iHpopMarii mparMaTHaHOL
MipH KiTbKOCTI iHpOpMAIlii, BU3HAYAETHCS B TAHOMY

BUMAJKY 3a (YOPMYIIOF0:

ASa=log,(1 — Poaicx ) —) log,(1 — Poazax ) =
10g2 (1—P0a1cx))

(1—Poasax)

ne Poaicx i Poa3zax — iMOBIpHOCTI TOTOBHOCTI 10 Oe31ie-

YHOI eKCIUTyaTallil iCXOMHOI 1 3aXHIeHol (IpH BUKOPHC-
TaHHI CHCTEMH 3aXHCTY) iHQOPMAIIITHIX CHCTEM.

YHIBEpCANBHICTh JaHOI METOTUKH OOYMOBIIOETHCS
THM, 1110 BOHA JJO3BOJISIE MOPIBHIOBATH MK COOO0I0 CKJIaj-
HOCTI peastizarlii pi3HOPIJHHUX aTak, 3aCHOBAHUX Ha PI3HUX
MPUHIUITAX peati3aril.

s moganeinol moOymIOBH MOl MOPYIIHWKA BBE-
JIEMO TOHSTTS Koe(il[ieHTa TOTOBHOCTI MOPYIIHUKA 3IiHC-
uutu HOI - Kra .

KoedirieHT TOTOBHOCTI NOPYIIHUKA 3MIHCHUTH aTaKky
Kra moTpiOHO BU3HAYATH CTOCOBHO JI0 KOHKPETHOI iH(OP-
MamniiHOI CHCTEMH, IO KOHKPETHHUX KaHalaxX BUTOKY iH(O-
pMartii 3 iHopMaIiiftHOT ccTeMu i cucTeMH ii 3axucty. Ha
NpakTHIi TpU BHUPIMIEHHI 3aj1adi 3axucry iHdopmarii
MOX€ pO3MIIAIaTHCs sSKach momiOHa iHdopmariifHa cuc-
TeMa (aHaJIor), 1110 XapaKTePU3y€eThCsl 0OPOOKOI0 aHAIIOTi-
4yHO1 iH(opMariii, o i BU3HaYa€E 3a1iKaBICHICTh 1 MOXKIIH-
BocTi nopymHuka. [l{omo ananora, K mpaBuio, iCHye Bij-
MOBiJHA CTaTUCTHKA peaizoBaHuX (y TOMY YHUCIHI 1 BiOu-
THX) Ha iHpOpMaLilfHy CHCTEMy aTak B IpoIeci i eKcIuTy-
ararii.

3 ypaxyBaHHSIM CKa3aHOTO MaTeMaTHYHa MOJIEJb ITOPY-
IIHMKA (IHTerpajbHa KiTbKICHA OIliHKA 3alliKaBJICHOCTI Ta
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MOXKJIMBOCTI pealtizanii 3T0BMHUCHUKOM JIsl aTaKH Ha KOH-
KpeTHy iH(pOpMaIiliHy CHUCTEMY) MOXXe OyTH HpeacTaB-
JieHa HACTymHUM yiHOM|[3]:

San = max{Saam, m=1, ..., M},

JIe SaH — MakcHMallbHa CKJIAJHICTh peaii3oBaHuX (3
ypaxyBaHH:AM 1 BifOWTHX) B OXiOHIN iH(pOpMamiifHill cH-
CTeMi arak, sIKi XapaKTepu3yrThcsi PoaH, BU3HaueHa Ha
MHOKHHI BUSBJICHAX KaHANIB BUTOKY iH(popMmariii 3 momaio-
Hoi iH(opMaIiitHOi cucTeMu (aHaIOT) B MpoIeci 11 eKCIuTy-
aramii Saem, m=1, ..., M.

Matoun 3HauY€HHSI XapakTEPUCTUKU Sa — XapaKTepuc-
THKa CKJIAHOCTI peaji3auii BapiaHTy 3HIMaHHs iH(OpMa-
uii 3 iHdopmaniitHOT cUCTeMH, 1 3HAUEHHS XapaKTepuc-
THKH SaQH— XapaKTePUCTHKa MaKCUMaJbHOI CKJIaJHOCTI
peanizoBaHMX B MOMIOHIH iH(pOpMamiiHIN cHCTeMi aTak,
MOJKHA BU3HAYUTH IIyKaHy

XapaKTepUCTHUKY KoedilieHTa TOTOBHOCTI (a60 HMOBIp-
HOCTI) MOPYIIHWKA 3MIMCHUTH aTaKy CKIaJHOCTI Sa Ha
KOHKpEeTHY iHpopManiiHy cucremy Kra:

_{Say/Sa,ﬂKLuo SaH < Sa
Kra=
1, akmo SaH = Sa
Buxonsuu x 3 TOro, 1o
Kra = Sa_H :10g2(1—Poan)
Sa  logy(1-Poa)

KoedinienTKra MOXe iHTepIpeTyBaTHCs SIK 3HAYCHHS
CTYICHS, Y SIKy TpeOa 3BeCTH 3HaUYCHHs IMOBIPHOCTI 3ili-
CHEHHS aTaku Ha iHpopmariiiiny cuctemy (1 — Poa) , st
OTpUMaHHS 3HAUeHHS IMOBIPHOCTI aTakH, sIKYy MOXe YCITi-
IHO peanizyBary nopymsuk(1l —Poarm).

Sk 6aunmo, 11 pO3paxyHKY 3HAueHb IIYKAaHOI Xapak-
TEPUCTUKH HE OTPIOHO BUKOPHCTAHHS OyIIb-SIKHX €KCIIe-
pTHUX owmiHOK. [Ipy posrisHyTOMY HiIXoxAi 1O MOJENo-
BaHHS BUKOPHCTOBYIOTHCS TUIBKH CTOXaCTHUHI TapaMeTpr
3arpo3, BPa3IHMBOCTI i CTATHCTHKA IIOA0 OE3MEeKH eKCILTy-
aTamii aHAJOTIYHUX CHCTEM JJIsi KOHKPETHOI iH(QopMarliii-
HOi cucteMu. 3 BUKOPHCTaHHSIM BBEICHOTO KoedimieHTa
TOTOBHOCTI 3JIOBMHUCHHUKA 3[IICHUTH yCITIIIHY aTaKy CKia-
THOCTI Sa Ha iHopMmariitHy cuctemy Kra (mopymrHuk ro-
TOBHH 3IICHUTH MOIIOHY aTaKy — XapaKTePUCTHKA TIOPY-
ITHHUKA), KA MOXE PO3TIISAAATHCS K HMOBIPHICTD peaiza-
i1 MOPYIIHUKOM YCHIIITHOT aTaKu 32 YMOBH HEMOXKJIMBOCTI
iHpopMaiiHOT CHCTEMH 10 3aXUCTy iH(pOpMAaLi 110 BiIHO-
IICHHIO JI0 IaHOT aTaKu, 10 BU3Ha4Ya€eThesi yMoBoto Poa=0,
3 ypaxyBaHHSM TOro, 10 iH(opMmamniiiHa cucTeMa rorosa
JI0 3aXMCTY LI0JI0 aTaKH 33/Ia€ThCsl XapaKTePUCTUKO Poa
(xapakTepucTrka O€3MEeKH IOJ0 HECAHKLIOHOBAHOTO
oTpuMaHHS iHpopMarlii), GopMyma AT po3paxyHKy HMO-
BipHOCTI peaiizauii B Oy/Jb-KHii MOMEHT 4acy yCHiIIHOT
aTakd Ha iHpOpMaLiiHy cucteMyPa Mae HACTYITHUI BH-
LIS

Pa =Kra [[®,(1 — Poar)

VIMOBipHiCTH TOTO, IO yCHilIHA aTaka He Oy/e 3.ilc-
HeHa Ha iHQopMariifHy cucTeMy, IO BHU3HAYAETHCS SK
Poa:

Poa=1—Kra[[R,(1 — Poar)

3anpornoHoBaHa METO/IMKA JI03BOJISIE BXKE Ha MEPIIOMY
eTari MpoBecTH HMOBIPHY OLIHKY HETJIACHOTO OTPUMAaHHS
iHpopManii IPOTHBHUKOM.

BucHoBku. 3anponoHoBaHa yHiBepcalbHa METOJHKA,
METOJIMKA KA Ma€ YHiBepCaIbHICTh TOMY, III0 BOHA J03BO-
JIsi€ TIOPiBHIOBATH MiX COOOK0 CKJIAHOCTI peasizamii pi3-
HOPIAHUX aTak, 3aCHOBAHMX Ha PI3HUX MPHUHITUIAX Peai-

ZIOgl—Poa(l - Poan)
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3allii, B 3arajlbHOMY BHIIaJKy BUKOPHCTOBYIOTH a0OCOJIIO-
THO Pi3Hi 33 CBOEIO MIPUPOJIOI0 KaHAIM BUTOKY iH(pOpMaItii.
Ha ocHOBI 3anpornoHOBaHUI METOIMII PO3POOIICH MiAXig
10 MOJICTIFOBAHHIO HMOBIPHOCTI OTPUMAaHHSI MOPYLIHUKOM

HECaHKI[IOHOBaHOT'O JOCTYIy 10 iH(popMalii BXke Ha 1ep-
LIOMY MiATOTOBYOMY €Tarie KOMIUIEKCHOT IepeBipKy, 110 B
NOJaJbIIOMY JO3BOJIMTh pEAlbHO OLIHWUTH (DiHAHCOBI,
OIlepaTHBHI 1 TEXHIYHI 3aCO0M 3aXUCTy iH(pOpMAIIii.
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Methodology for determining the probability of secret information received by the potential violator
A. A. Laptev
Abstract In the article, the mathematical modeling of the probability of the tacit reception of information of a potential violator is
reduced to the simulation of the influence of the offender on the protection system with the purpose of obtaining a possible channel of
information leakage and is a formalized description of the scenarios in the form of a logic-algorithmic sequence of offending actions,
quantitative values characterizing the results of actions and functional (analytical, numerical or algorithmic) dependencies describing
the processes of interaction of violators from an element we are protecting the object. However, similar approaches to modeling do not
allow to quantify the relevance of the threat of attacks and take into account this critical characteristic. Therefore, a variant of quanti-
tative assessment of the possibility of unauthorized access to information from a separate information system is proposed, a universal
methodology has been developed. The versatility of this technique allows one to compare the complexity of the implementation of
heterogeneous attacks, based on different principles of implementation, in the general case, using completely different channels of
information leakage by nature. On the basis of the pre-defined methodology, an approach to mathematical modeling of the probability
of an offender of unauthorized access to information is developed at the first preparatory stage of the complex verification, which in
the future will allow to really assess the financial, operational and technical means of information protection.

Keywords: information protection, mathematical modeling, probabilistic methods, tacit means of obtaining information.
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AHoTtanisi. Po6oTta npucesyeHa BCTAHOBIEHHIO 0COOIMBOCTEH BiTHOBICHHS (YHKLII cepIieBO-CYANHHOI CHCTEMH 32 IOKa3HUKAMU Yac-
TOTH CEPIIEBHX CKOPOUYEHB 1 apTepialbHOTO THCKY ITiCIIs J030BaHOI (hi3MIHOI poOOTH y IOHAKIB TipChKUX paioHIB 3aKapnaTchKol 00JacTi
B 3QJI€)KHOCTI BiJl COMaTOTHITY i KOMIIOHEHTHOTO CKJIaJy MacH Tina. BoHM XapakTepH3yroThcsl THM, 110 PH HaBaHTAKEHHI IHTEHCUBHIC-
Tio 1 Br Ha 1 Xr Macu Tina y 10HaKiB TipCEKUX PaiOHIB €HIOMe30MOP(GHOTO Ta 30aIlaHCOBAaHOTO COMATOTHIIB CIIOCTEPIraeThesi Haiibi-
JIBIHAIN BiJICOTOK 0CI0 13 MiZIBUIICHUAM JiaCTOJIYHAM THCKOM, 8 HABAHTAXXCHHS HA BEJIOEPrOMeTpi IHTCHCHBHICTIO 2 BT Ha 1 Kr Macu Tina
BUKJIMKAJIO TTiABUIIEHHS JIaCTOJIYHOTO THCKY JIMIIE y IOHAKIB 3 BHCOKHM BiJHOCHUM BMICTOM >KHPY Ta HOPMAJILHUM BiTHOCHAM BMicC-

TOM CKEIIETHHX M’SI31B.

Knrwouosi cnosa: ¢hisuune 300pos’s, comamomun, 0iacmoniyHuLl muck, IOHAaKU.

Beryn. @opmyBanHS (i3HIHOTO 3M0pOB’ST BiIOYBA€THCS
ITiT BIUIMBOM CHIOT€HHMX Ta €K30I€HHMX YMHHHKIB [2, 3].
[Mpruomy TpuBanuii BIJIMB €K30TCHHHX UYMHHHKIB MOXeE
BUKJIMKATH B OpraHi3Mi 3MiHH T€HETHYHOTO XapakTepy.
Tomy HamioHanpHI Ta NOMYJSLINHHI BiAMIHHOCTI MOpdo-
(YHKLIOHATIBHUX TOKAa3HUKIB CTUMYJIIOIOTH HAYKOBLIB JI0
TMOIIYKY BIHOCHUX CTaHAAPTIB ISl KUTENIB OKPEMHX pe-
rioHiB [1, 4, 8]. 3okpema B YKpaiHi iCHYIOTb TepHTODII 3
€KOJIOTIYHUMH OCOOJIMBOCTSIMH, SIKI BU3HAYalOTh TOPMOHA-
JMHHAN CTATYC MEUIKAHIIB X PEriOHiB, COMAaTOMETPUYHI
IIapaMeTpy, OKpeMi KOMIIOHEHTH COMATOTHILY, KOMIOHEH-
THUH CKJIaf Tina, QyHKOiOHANEHUIA cTaH [5, 6, 7]. OgauM 3
TaKWX PErioHiB € 3aKapmnarTs. ABTOPH BKa3yIOTh Ha Xapak-
TepHI BiAMIHHOCTI (Pi3MYHOTO PO3BUTKY, NESIKHX OioXiMid-
HUX 1 (QYHKI[IOHAIIBHUX MMOKAa3HHUKIB MEIIKAHIIB 3aKapraT-
TSI IOPIBHSHO 3 MEIIKAHISIMU 1HIINX PETiOHIB, OB’ A3yI04H
JaHuii (peHOMEeH 3 HM3bKUM BMICTOM y KpPOBI MELIKAHIIB
3akapmaTtchKoro perioHy Ttipeoimuux ropmowis [1, 4]. ¥V
cepii poOIT BITYM3HAHHUX Ta 1HO3EMHUX BUCHHX IMEPEKOH-
JIMBO JIOBEJICHO, IO CKJIAIO0BI (Pi3MYHOTO 370pPOB’S 3yMOB-
JIeHI COMATOTHITIYHOIO MPHUHAISKHICTIO. 3 OISy Ha Iie,
HE3aJIeKHO BiJ BiKy 1 craTi JIOOWHH Ui 3OiHCHEHHS
00’€KTHBHOTO aHaNi3y CcTaHy (pi3MIHOTO 3A0pOB’ST HEOOXi-
JTHO YiTKO BA3HAYWTH, SIKi 3HAUCHHS I Mexi (iziomoriaamx
KOJIMBaHb (DYHKIIOHAJIBHUX IMOKA3HHUKIB CEPIIEBO-CYANHHOI
CHCTEMH, 3aJIeKHO BiJi KOMIIOHEHTHOTO CKJIAJly Tija, MpH-
TaMaHHI 3J0pPOBOMY HacCeJIeHHIO 3aKapraTchKoi 00nacTi.

MeTa po0OTH — BCTAHOBUTH OCOOJIMBOCTI BIJHOBJICHHS
(GyHKLIT CepleBO-CYyJMHHOI0 CHUCTEMH 3a MOKa3HUKaMHU
YaCTOTH CEPIIEBUX CKOPOUEHb 1 apTepiaIbHOTO TUCKY MiCI
no30BaHoi (hiznyHOI POOOTH y IOHAKIB TiIPCBKUX PalOHIB
3akapraTcbkoi 00JIaCTi B 3aJISKHOCTI BiJ COMATOTHNY i
KOMIOHEHTHOT'O CKJIaJ{y MacH Tija.

Marepianu i MmeTogu. B mocmimkeHHsIX Opanu ydacth
I0HaKM BikoM 17-21 poky, sKi IIPOXKMBAIOTh B TIPCHKHX
palioHax 3akapmartchkoi 001 KingbkicTe oOcTexeHnx
FOHAKIB cTaHoBUIa 124 ocobu, 1o ckiano 52,5% Bix 3ara-
JBHOI KUTBKOCTI obcTexeHnx. JlocmimKyBaHi BUKOHYBaIN
Ha BenoeproMeTpi "BOM 02" nBa HaBaHTa)KeHHS 3 iHTEp-
BaloM 5 XBWiMH. YacToTa meAaroBaHHS IPH HEPLIIOMY i
JIPyroMy HaBaHTaKEHHAX CTaHOBWIA 60 00EPTIB 3a XBHIIM-
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Hy. IloTyXHICTH poOOTH 3aexana Bi MacH Tila: TPH
NepIIOMY HaBaHT)XKCHHI BOHA BHPAaXOBYBaJach i3 po-
3paxyHKy | Bt Ha 1 kr Macwu Tina, a ipu gpyromy — 2 Bt
Ha 1 kr mMacu Tina. Oapasy micis podoTH i Tpudi 1o i 3a-
BepiieHHIO (depe3 1,2 1 3 XBWIMHM) 3MiHCHIOBABCS KOH-
TPOJIb 32 YaCTOTOIO CEPIIEBHX CKOPOYEHb 1 apTepiajbHUM
THCKOM 32 JIOTIOMOTOI0 MOHITOpa CEpLEBOr0 PUTMY
SIGMA SPORT PS4 ta mnynbcoraxorpaga BEURER
PM70. Comarorumn Bm3Havanu 3a MetomoM Xit-Kaptepa,
SIKHH BBa)KA€THCSI yHIBEPCAJIIbHUM, TOMY PEKOMEHIYEThCS
Ui OOCTEXEHBb JIONeH pi3HOI PacoBOi IPHHAIEKHOCTI,
Pi3HOI cTaTi, MHUPOKOTO BIKOBOTO Aiama3oHy (Bix 14 mo 70
POKiB), a TakOX 3a0e3Medye TPHOXKOMIIOHEHTHY (’KHPOBY,
M’S30BY Ta KICTKOBY) aHTPOIIOMETPUYHY OLIHKY. 3a JJOTIO-
MOT'0I0 JJAHOTO METO/1y MOJKHA KUIbKICHO OILIIHUTH TepeBa-
ry: eHgomopdii abo BiJHOCHOTO OXHPIHHS, Me30Mopdii
a00 BIJHOCHOTO PO3BHUTKY CKEJIETHO-M’S30BOI CHCTEMH,
exroMopii abo BiZIHOCHOT JIHIHHOCTI (BUTATHYTICTb TiNa).
KoykeH KOMNOHEHT BU3HAYABCsI B HE3MIHHIH MOCIIiIOBHOC-
Ti: eHnomopdis — mMezomopdiss — ekromopdist, siKi BHpa-
KAIOTHCSI YMCIOBUMH 3HAYEHHAMH (aHTPOIOMETPHIHHUMHU
MOXIJHAUMH) 3 TOYHICTIO JIO OJHIET JecAToi. 3a METOI0M
Xit-Kaprepa coMaToTHIT BU3HAYAIH TpadiqHIM cr1ocoOoMm,
TOOTO aNrOPUTMOM, OCKIJIBKH 32 alITOPUTMOM BHPaxOBYyBa-
TH COMATOTHII 3py4Himre. KOMITOHeHTHUI CKi1aa MacH Tina
BU3HAYAIN 3aCTOCOBYIOUM iMIemaHCHU wmetonq Body
Composition Monitor “Omron BF511”, 3a gonomororo
SIKOTO OL[HIOBABCS BiJICOTKOBHI BMICT JKMPOBOI Macu (Iti-
JIUKIpHUI Ta BiCLEpaJIbHUI KHMp) Ta BIJCOTKOBUIl BMICT
ckeneTHUX M’s3iB.  CratucTudHy OOpOOKY Marepiany
3nidcCHIOBaNIM 3a fmormomororo mporpam Excel 7.0 ta SPSS
Bepcii 10.0 i3 BukopucranHsM t-kpurepito CTbIOJICHTA.

PesysabTaTn gociaimkeHHs: Ta ix ooropopenns. [Hdo-
PMaTHBHHUM TTOKa3HHKOM (DYHKI[IOHAILHOI TOTOBHOCTI Op-
raHi3My 10 BUKOHaHHS (Di3M4HOT POOOTH MOKE CIY)KHUTH
LIBU/IKICTh BIJIHOBJICHHSI YacTOTH CEPIEBUX CKOPOYEHb
(UCC). Ipn noxparnieHHi (GyHKIIOHAILHOTO CTaHy OpraHi-
3My mBHAKICTH BimHOBIEeHHS YCC micns npunuHeHHS ¢i-
3UYHOI POOOTH 3pocTae. Byno BCTaHOBIEHO OCOOJIMBOCTI
BigaoBNeHHA YCC y 1oHaKiB Tipchkux paioHiB 3akapmart-
CBbKOI oOstacTi, Ta0i. 1.
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Taéauus 1. Junamika Bigaosinenss YCC micist HaBaHTa)KEHHS HA BEJIOEPrOMETpi y I0HAKIB TipCHKUX paiioHiB 3akapaTchkoi oolL.,

n=124 (M+m)
36impmenns YCC npu 3menmrenns YCC (yaxB™Y) mic/is NpUNMHEHHAS HABAHTAXKEHHS
HaBauTaxeHHl, ya'xs? | uepes 10 ¢ | uepes 20 ¢ | uepes 30 ¢ | uepes 60 ¢ | wepes 120 ¢ | uepes 180 ¢
130-140 10,2+0,71 |18,6+0,78 |30,4+1,18 |33,2+1,28 |37,2+1,14  |38,6+1,29
180-190 12,8+0,58 |22,6+0,89 |31,4+1,14 |43,8+1,21 |55,9+1,34 |56,8+1,21

VY mepily XBWINHY BiTHOBHOT'O MEPiOLy BEIMYMHA 3Me-
HieHHst YCC maibke He 3aleXUTh Bil IHTGHCHBHOCTI Ha-
BaHTaKECHHS, OJTHAK, B TI0JAJILIIOMY POCTEXYETHCS NpsIMa
3aJICKHICTh MDK IHTEHCHUBHICTIO HAaBaHTA)XCHHS Ta CTyIIe-
HeMm 3HmwkeHHs YCC. Tak, y ronakis mpu UCC 130-140
ya-xB! uepes 120 ¢ BOHa 3MEHINMIIACH B CEPEHBOMY Ha
37,2+1,14 yn-xel, a mpu uacrori 180-190 ym-xB?! Ha
55,9+1,34 yn-xs™ . Uepes 180 ¢ BigHOBHOrO IEepiofy mpu
YCC 130-140 yn-xp™? i 3HIKEHHS CTAHOBUIIO B CEPEIHbO-
My 38,6£1,29 yn-xs?, a mpu wactoti 180-190 yu-xB?! —
56,8+1,21 yzx-XB'l . Opugomy, 3i 120 ¢ go 180 ¢ BigHOBHO-
ro riepioy 3HIKeHHS YCC 3HaYHO YIOBIIBHIOETHCS.

BaximBUM actekToM IMpOBEICHOTO HAMH JOCIIKEHHS
BUSIBUBCS aHAJTI3 peaKIlii apTepiallbHUX CYyJIUH Ha 1030BaHy

¢iznuHy poOOTy y FOHAKIB TipCBKHUX PalOHIB 3aKapmaTch-
KO1 00:1., Tabm. 2. Bimomo, 110 HaBaHTa)KEHHS IIUKIIYHOTO
XapakTepy BHKJIMKAIOTh XapaKTEepHY pPEeaklilo apTepialib-
HUX CYJIIVIH, SIKa B HOPMI NPOSIBIISIETHCS TIIBULIIEHHSIM CHC-
TOJIIYHOTO Ta HE3MIHHICTIO 200 3HMYKCHHSM J[IaCTOJIIYHOTO
THCKY. I[TiBHMINEHHS CHCTONIYHOTO THUCKY TOJIOBHUM YH-
HOM IIOB’S3aHO 31 30UIBIICHHSIM CHJIM CEPIEBUX CKOPO-
YeHb, a 3HIDKEHHS J1aCTOJIIYHOIO THUCKY — 3 PO3IIHUPEHHIM
apTepion y M’s3ax, sKi MpaIroroTs. [1iABHIIEeHHS AiacTomi-
YHOTO THCKY PO3LUHIOETHCS SIK HETaTHBHA PEaKLis CyIUH
Ha (i3uuHEe HaBaHTAXEHHS Ta CBITYUTH MO JAOLIBHY Ti-
TIEPTOHIO0 200 TIMEePTOHIYHY XBOPOOY.

Taéanus 2. BincoTkoBe CITiBBiIHOIICHHS THITIB 3MiH J[iaCTONIYHOTO THUCKY IPH J030BaHNX (Di3MYHMX HABAaHTA)KEHHSX y FOHAKIB Tip-
CBbKHUX paiioHiB 3akaprarcbkoi obnacti, N1=124

ToTyxHicTh Tun 3MiH iaCTONIYHOTO THCKY, Yo
HABaHTAKECHHS Hwxue BuxigHoro JHopiBHioe BuxizHoMy | DeHOMEH HecKiH4YeHHO- | Bmiie BuXigqHOTO
PpiBHS PIBHIO TO TOHY PpiBHs
Tipceki paiionu (n=124)
1 Brxr?t 89,6 , - 37
2 Brxrt 60,4 - 37,5 2,1

VY nmesxux oci0 Mmij 9ac BUKOHAHHS IMKIIYHOI poOOTH
piBeHB IiaCTONIYHOrO THUCKY MOXKE 3HH3UTUCA 1O HYJIL.
Take siBuIle Mae Ha3By «(EHOMEH HECKIHYEHHOTO TOHY.
Hacnpagni niacToniuHuid THCK NPH LIbOMY HE OITyCKaEeThCs
Hiokde 40 MM. pT.cT. BuHnkHeHHs «(peHoMeHy HecKiH4YeH-
HOTO TOHY» IIOB’S3aHO 3 OCOOJMBOCTSMH METOJUKH
BUMIpY aprepiajbHOro Tucky. Tonu KopoTkoBa, siki mpo-
CITyXOBYIOTBCS T1ijl Yac BUMIpPIOBaHHS apTepiajJbHOrO THC-
KY, € HACIIIKOM TYpOYJIEHTHOTO PyXY KpPOBi Kpi3b 3BYXKe-

Hy MamKeTKor aptepito. Komm nmiamerp cymuHH mOBep-
TAETBCS 10 BHUXIJHOTO, pyX KpOBI HaOyBae JaMiHApHOTO
XapakTepy 1 TOHM 3HUKalTh. OnHaK, Nmpu Qi3UYHOMY
HABaHTKCHHI 00’€MHA MIBHIKICTh KPOBOTOKY y M’s3ax
3pocTae, 10 MOXKE BUKJIMKATH TypOYJICHTHHI pyX KPOBI 10
apTepii HaBITh HOPMAJILHOTO JiaMETPy, TOMY 110 BUHUKAE
HEBIATOBIIHICT MiXK 00’€MOM KpOBI, 1[0 POTIKA€E IO ap-
Tepii, Ta AiaMeTpoM camoi apTepii.

Taéanus 3. BincoTkoBe CITiBBiAHOIICHHS TUITIB 3MiH J[iaCTOIYHOTO THUCKY NPH J030BaHNX (Di3NYHMX HABAHTAXKEHHSX y IOHAKIB TipCh-
KUX paifoHiB 3akapmaTchKkoi 00acTi 3aIeKHO BiJl coMaTroTuiry, N=124

[oTyxHicTh Twn 3MiH [iacTONIYHOTO THCKY, Yo
HAaBaHTAKCHHS Hwxue BuxigHOTO HopiBHIOE DeHOMEH HECKiH- Bumie Buxin-
piBHS BUXIJJTHOMY PiBHIO YEHHOI'0 TOHY HOTO piBHS

Ennomesomopdu (n=42

1Brxr? 59,7 29,6 - 10,7

2 Br-krl! 51,8 - 48,2 5,8

Mesomopdu (n=29)

1 Brxr? 72,8 25,4 - 1,8

2 Br-krt 66,7 - 33,3 -
Mesoekromopdu (n=19

1 Brxr?! 81,4 17,8 - 0,8

2 Br-xrt 62,8 - 37,2 -

Exromopdu (n=6)
1 Brxr? 76,7 22,0 - 1,3
2 Brxrt 69,3 - 30,7 -
36anancoBanuii comarorun (N=28)
1 Brkr 61,8 33,0 - 52
2 Br-kr! 48,9 - 46,3 48

TakuM dYHHOM, «()EHOMEH HECKiHYEHHOTO TOHY» €
(i310JIOTIYHOI0 03HAKOIO. SIK MATONIOTIYHE SIBHINE, «(PEHO-
MEH HECKIHYEHHOTO TOHY» PO3IIIIIAETHCS JIUIIE TOJI, KO-
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JU BiH PEECTPYETHCS MPOTATOM OLIbINe, HIX 2 XB ITCISA
npunrHeHHS (Hi3Un9HOT PoOOTH. Y XOIi NOCHTIKESHHS HAM
BJIAJIOCS BCTAHOBHTH, IO Cepell 0OCTEIKEHUX FOHAKIB ITiCIIS



3aBEPILICHHS KOHCTaTyIOYOro eKCIIEPUMEHTY peecTpyBala-
Csl KUIBKICTB 0Ci0, y SKHX JI030BaHA po0OOTa Ha BEIOCPIo-
MeTpi BHKJIMKaJla HEraTHBHY peakiio cyauH. KijabkicTb
FOHAKIB 13 MiJBUIIEHUM J[IaCTOJIYHUM THCKOM ITiCJISi BUKO-
HaHHs poOoTH noTyxHicTio 1 Bt Ha 1 kr Macu Tina craHo-
Buna 3,7%, a micis BUKOHAHHS poOOTH MOTYXHICTIO 2 BT
Ha 1 Kr mMacu Tija KUIBKICTH Takux ocid cranosmma 2,1%.
«DeHOMEH HeCKiHIEHHOTO TOHY» CIIOCTEpIraBcs y FOHaKiB
JIUIIE TIC BUKOHAHHS POOOTH MOTYXHICTIO 2 BT Ha 1 kT
MacH TiJ1a, KUIBKICTB 0ci0 cranoBuna 37,5%.

IIpu anami3i TUHAMIKH 3MiH AiaCTOJIIYHOTO THUCKY IIPH
JI030BaHMX (DI3MYHMX HABAHTAXKEHHSIX y FOHAKIB TiPCHKUX
paiioHiB 3akapnaTchKoi 00JI. 3aJIS)KHO Bii COMATOTHUITY MU
BCTaHOBWJIM, 10 HAWOINBIIMKA BIACOTOK OCIO i3 IiaBHIIE-
HUM JIaCTOJIIYHMM THCKOM ITICJIi BUKOHAHHS POOOTH TO-
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TyxHicTio 1 BT Ha 1 Kr Macu Tina cTaHOBMIIA y €HJIOME30-
MOp}iB Ta y IOHAKiB 31 30aJaHCOBAaHMM COMATOTHUIIOM, a
came 10,7% Ta 5,2% BiamosigHo, Tadu. 3. Ilpu Benoepro-
METPUYHOMY HaBaHTaXXEHHI iHTeHCHBHICTIO 1 BTt Ha 1 kr
MacH Tijla y IOHaKiB 3MEHIIYEThCS KUIBKICTh 0Ci0 31 3HU-
KCHHSM JIaCTOJNIYHOTO THCKY 3a PaxyHOK 30LTBIICHHS
YHCcia THX, y KOTO CIOCTepiraeTbes «(peHOMEH HeCKiHIeH-
HOrO TOHY». Ilpn mpomy, ymmie y eHmoMe3oMopdiB Ta y
FOHAKIB 3i 30aJIaHCOBAHMM COMATOTHIIOM CIIOCTEPIraeThCs
5,8% Ta 4,8% oci0 BiINOBiAHO, y SKUX PiBEHb iacTONIY-
HOTO THCKY BHWIIE BHUXiJHOTO PiBHA. Y IOHAKiB iHIIHNX CO-
MaTOTHITHHX TPYII HiC/Isi BAKOHAHHS POOOTH MOTYKHICTIO 2
Br Ha 1 kr Macu Tina BigCyTHI 0cOOM 3 IiIBUILEHUM Jiiac-
TOJNIYHUM THUCKOM.

Taéauus 4. BincoTkoBe CITiBBIAHOIICHHS TUITIB 3MiH /[iaCTOMIYHOTO THCKY MPH A030BaHUX (DI3HYHUX HABAHTAXKEHHSX Y FOHAKIB Tip-
CBbKHUX paiioHiB 3akaprnarchbkoi 00JIacTi 3aJIeKHO BiJl BiIHOCHOTO M’Si30BOT0 KOMIIOHEHTY MacH Tina, N=124

[otyxHicTh Twrt 3MiH JIIaCTOJIIYHOTO THCKY, %
HABaHTA)KCHHS Hioxge BuxigHOTO JopiBHr0oE ®DeHOMEH HeCKiHYeH- Bume Buxin-
piBHS BUXIJJTHOMY PiBHIO HOT'O TOHY HOT'O piBHS
Hopmanbhuii BMicT ckenetnux M s3is (33,3 — 39,3 %), n=76
1 Brxr? 72,8 23,7 - 3,5
2 Brkr?! 59,2 - 36,2 47
Bucokuii BMicT ckeneTHux M s3iB (39,4 — 44,0 %), n=39
1 Brkr 74,8 22,4 - 2,8
2 Br-krt 70,1 - 29,9 -
Jy>xe BUCOKHI BMICT ckenteTHux M’si3iB (> 44,0 %), n=9
1 Brkr! 69,4 26,3 - 4,3
2 Brxr! 57,3 - 42,7 -

Sk cBimyate maHi Tabm. 4 QYHKIIOHAJIBHI MOKIHBOCTI
CepIeBO-CYMHHOI CHCTEMH 3a TMTOKA3HUKOM 3MiH J[IacTOIi-
YHOTO THCKY 3aJIe’KaB BiJl BMICTy M’SI30BOrO KOMIIOHEHTY,
a came: JIMIIE y I0HAKIB 3 BIIHOCHUM HOPMaJIbHHUM BMICTOM
nmanoro komroHeHty (33,3 — 39,3 %) mu crnoctepiranu 4,7
% oci0, 5Kl Maiy piBeHb JIaCTOJIYHOIO THCKY BHIIE BUXI-
JTHOTO PIBHSI, TO/I SIK y IOHAKiB 3 BUCOKMM Ta JIy>K€ BHUCO-
KUM BiJJHOCHMM BMIiCTOM M’SI30BOT'O KOMITOHEHTY HE 3ape-

€CTPOBAHO 0Ci0, y SIKMX J1030BaHa po0OTA Ha BENOSPrOMeT-
pi motyxHicTio 2 BT Ha | Xr Macu Tijlla BUKJIHKaNa IiIBH-
LIEHHSI JIaCTOJIYHOro TUCKY. «@DeHOMEH HeCKiHYEeHHOTro
TOHY» CIIOCTEpIraBcs y IOHaKiB, sIKi BUKOHYBaJH poOOTY
NPU  BEJIOEPrOMETPHYHOMY HaBaHTa)KCHHI 1HTEHCHUBHICTIO
2 Bt Ha 1 Kr Macu Tijia HE3aJCKHO BiJl BMIiCTY M’S30BOTO
KOMIIOHEHTY.

Tadmauus 5. BincoTkoBe criBBiHOLIECHHS THIIIB 3MiH IaCTOJIYHOTO THUCKY TPH J030BaHUX (Pi3NMYHIX HABAaHT)KEHHSAX Y FOHAKIB Tip-
CBhKHX paiioHiB 3aKaprnaTchKoi 00IacTi 3aIe)KHO BiJl BITHOCHOTO BMICTY KHPOBOTO KOMIIOHEHTY MacH Tinia, =124

[otyxHicTh Twn 3MiH [iacTONIYHOTO THCKY, Yo
HaBaHTKCHHS Hwxue BuxigHoro JIOpiBHIOE BUXIZTTHOMY deHoMeH HeCKiHUEH- Buie BuxigHoro
piBHs piBHIO HOT'O TOHY piBHS
Husbkuii BMicT xupy (< 8,0 %), n=1
1 Brxr?! 74,6 21,8 - 3,6
2 Brkr?! 68,4 - 31,6 -
Hopwmansauii BMicT xupy (8,0 — 19,9 %), n=104
1 Brxr?! 71,3 25,5 - 3,2
2 Br-xrt 62,8 - 37,2 -
Bucokwii Bmict xupy (19,9 — 24,9 %), n=19
1 Brkrt 59,8 32,9 - 7.3
2 Brxrt 46,7 - 48,6 47

Sk cBiT4aTh HaBENCHI BHINE AaHI TabJ. 5 cTaH cepreBo-
CYIMIHHOI CHCTEMH 3a TMOKa3HHUKOM 3MiH [iaCTOJi9HOTO
TUCKY 3aJIC)KaB BiJl )KHMPOBOTO KOMIIOHCHTY, JIMIIE Y FOHA-
KiB 3 BHCOKHM BiJJHOCHMM BMicToM xupy (19,9 — 24,9 %),
Mu crnioctepiranu 4,7 % oci0, sKi Maiu piBeHb TiacTOJiY-
HOTO THCKY BHINE BHXIJHOTO PiBHS, TOAL SIK Y IOHAKiB 3
HOPMAaJIbHUM Ta HHU3bKMM BiJHOCHHM BMICTOM JXKHDPY HE
3apeecTpoBaHO 0Ci0, y SKUX J030BaHa poOOTa Ha BeJoep-
romeTpi motyxHictio 2 Bt Ha | Kr Baru Tina BUKIJIMKaia
I IBUIICHHS JiaCTOJIYHOTO THCKY. «DEeHOMEH HECKiHYCH-
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HOTO TOHY» CIIOCTEpIraBcs JIMIIE Y IOHAKIB, SIKi BUKOHYBA-
JU poOOTY MPH BEIOSPTOMETPUYHOMY HABAHTAKCHHI 1HTE-
HeuBHIcTIO 2 BT Ha 1 kT Macu Tina. Haii6inbima KinbKicTh
Takux oci6 (48,6%) criocrepiranach cepes FOHaKIB 3 BUCO-
KHM BiTHOCHUM BMICTOM XHDY.

BucHoBku. [IpoBeneHi qocmiKeHHS 3aCBITUUIIN, 10 Y
00CTe)KyBaHUX IOHaKiB JUHAMIiKa BiTHOBJICHHS 4YaCTOTH
CEPIIEBUX CKOPOYEHb ITiCJII pOOOTH Ha BEIOEPTOMETPI, sKa
MiIBUIIAIA YacTOTy CcepueBux ckopodeHb g0 130-140
ya-xB?l (B aepoOGHOMY peXHMMi €Hepro3abe3nedeHHs), mo-
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4yaToK i CyTTEBOTrO 3HIDKEHHs 3apeecTpoBaHo yepes 30 ¢
micns 1 npunuHeHHs. [licns poOoTH, M0 BUKIIUKANIA TTij-
BUUICHHS YaCTOTU cepleBuX ckopoueHs 10 180-190 ya-xs
! (y 3mimanOMy pexuMi eHepro3abesledyeHHs) MOYATOK
CYTTEBOTO 3HIKEHHS BiMivaeThes yepes 120 c.

BusiBieHo BiAMIHHOCTI peakii apTepialbHUX CyIUH Ha
JT030BaHi (i3NIHI HABAHTAXKEHHS 3aJI€KHO BiJl COMATOTHUILY
Ta KOMIOHEHTHOT'O CKIIaay Tina. BoHH XapakTepH3yrOThCs
TUM, IIO TIPH HaBaHTaKeHHI iHTeHcuBHicTIO | BT Ha | kT
MAacCH TiJla y FOHaKiB TipChKUX PaiiOHIB €HIOME30MOP(PHOTO
Ta 30aJaHCOBAaHOTO COMATOTHIIIB CIIOCTEPITaeThCsl HahOi-

JIBIIAHA BiZICOTOK OCIO 13 MiABUIEHUM I1aCTOMIYHUM THC-
KOM TIiJl yac BUKOHaHHs (i3nyHoi poboTH. [lo3oBana pobo-
Ta Ha BEJOECProMETpi 3 HABAHTKCHHSM IHTEHCHBHICTIO 2
Bt Ha 1 kr Macu Tina BUKJIMKaja IMIIBUILEHHS A1aCTOJIY-
HOT'O THCKY JIMIIIE Y FOHAaKIB 3 BUCOKUM BiJTHOCHUM BMiCTOM
KHPY Ta HOPMAJIbHHM BIZHOCHHM BMICTOM CKEJICTHHX
M’si3iB. ToOTO, TIepeBara XHPOBOTO KOMIIOHEHTY Ta BiITHO-
CHE 3MEHIIICHHS M S30BOTO KOMIIOHEHTY y COMATOTHII Ta
KOMITOHCHTHOMY CKJIQJi Tilla IOHAaKiB TipCBKHUX paioHIB
BHUKJIMKaJIa HeTAaTHBHY PEaKLifo CyIHH, a caMe i JBUILECHHS
JaCTONIYHOTO THCKY BHUIILE BUXiTHOTO PiBHS.
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Recovery dynamics of the function of cardiovascular system of young men from the mountain areas of Transcarpathia with dif-

ferent somatotype and the body mass composition
O. A. Dulo, N. M. Hema-Bahyna

Abstract. The work is devoted to the establishment of features of restoration of the function of the cardiovascular system by the parame-
ters of heart rate and blood pressure after metered physical work of boys from mountainous regions of Transcarpathia, depending on the
somatotype and the component composition of the body weight. They are characterized by the fact that when the intensity of 1 W per 1
kg of body mass of boys from the mountainous regions then endezomorphic and balanced somatotypes showed us the highest percentage
of persons with increased diastolic pressure, and the exercise on a bicycle ergometer with the intensity of 2 W per 1 kg of body weight

caused increased diastolic pressure only to boys with high relative fat content and normal relative skeletal muscle content.
Keywords: physical health, somatotype, diastolic pressure, young men.
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Abstract. The exhale chemical components and functional classifiers analysis of a human body with ischemic heart disease has been
performed. Three different approaches (binary logistic regression with multiple independent variables, stepwise binary logistic re-
gression and group method of data handling) were used to determine informative classifiers of cardiovascular system pathologic
condition diagnosis. Comparative analysis of classification models creation was done.

Keywords: efficiency evaluation, classification model, group method of data handling, cardiovascular system, ischemic heart dis-

ease.

Introduction. The creation of computer diagnostic sys-
tems for timely pathology diagnosis is one of the biggest
priorities nowadays. The use of such systems in the mod-
ern medical practice allows early disease diagnosing and
prescription of adequate medication or surgical treatment.
The examples of such systems are bioresonance therapy,
heart rate [1, 2], phaser [3] and Holter [4] monitoring,
exhale air components definition method [5] and others.

A great number of researches are done every year in
the automatic classification and mathematical simulation
fields in order to minimize the errors during the diagnos-
tic systems operation. Patient’s initial data analysis is a
typical approach of automatic diagnosis (healthy - un-
healthy binary classification) for informative attributes
selection and prediction model creation on their basis.

Diagnostic attributes selection methods are widely de-
scribed in researches [6]. The correct selection of attrib-
utes set used for classification models simulation is of a
current interest because it increases the quality of diagno-
sis and decreases diagnostic system cost. The process
includes such stages like initial attribute space construc-
tion and attribute selection, which resolves to minimiza-
tion of a constructed space. In addition, the researchers
face a problem of stable classification models creation,
which are to be realized as information systems, and their
usage in various medical institutions due to research re-
sults multicollinearity. That is why attributes selection
method choice and classification model creation on their
basis are important nowadays. Research goal is an effi-
ciency evaluation of existing approaches used for classifi-
cation model creation of human body pathologic condi-
tions.

Ease of use. In order to find a possibility of achieving
the goal the information technology of human cardiovas-
cular system examination by exhale air components was
analyzed and used. Cardiac function pathology namely
ischemic heart disease (IHD) was analyzed. Ischemic
heart disease is a cardiac muscle medical condition
caused by balance disorder between coronary circulation
and myocardial metabolic needs. IHD is one of the most
spread diseases and common causes of death and disabil-
ity in advanced economies.

The technology is based on exhale chemical compo-
nents complex and patient's main physiological parame-
ters. The information technology of exhale chemical
composition analysis method and its realization in the
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form of definition information system is easy and conven-
ient to use by medical employees and provides enough
necessary information for a researcher and dedicated
specialist. It also solves the problems not only of the most
common cardiovascular disorders correct and timely
diagnosis, but also provides the possibility for researched
disease screening diagnostics and preventive measures
planning in medical institutions.

Development of hardware and software definition in-
formation system realizes such an approach [5]. This
system includes the device and software for processing
and analysis of directly taken data. A basic and important
element of this type of information system (realized in
device) is the choice of a set of chemical sensors, using
which the direct analysis and recognition of the "gas por-
trait" of the air expired by a human is carried out. Seven
electrochemical two- and three-electrode sensors of am-
perometric type are implemented in this system. The
values of signal from chemical sensor are the attributes
which used to build classification models.

In National Institute of Cardiovascular Surgery of the
AMS Ukraine the exhale chemical components of 72
patients with IHD were researched. Diagnosis was prelim-
inary determined via different diagnostic methods: Elec-
trocardiography (ECG), coronary catheterization, phono-
cardiogram (PCG), magnetic resonance imaging (MRI)
and others. Apart from taken exhale probes the anamnesis
of general body condition and physiological data (age,
height, weight, sex, systolic and diastolic pressure etc.)
was obtained. The patients' median age was 52 years, in
this group were 46 men and 26 women.

The examination of 63 apparently healthy persons was
done in National Technical University of Ukraine «Igor
Sikorsky Kyiv Polytechnic Institute». In addition the
anamnesis was obtained and the exhale air chemical com-
position was analyzed. The patients' median age was 55
years, in this group were 40 men and 15 women.

All patients were randomly divided in two groups -
training and control ones. The training group consisted of
108 (80%) of observations and was used for diagnostic
models creation. Control group consisted of 27 (20%)
observations accordingly and was used for evaluation of
the model sustainability and possible use for real infor-
mation system creation. Each model was evaluated by the
sensitivity and specificity classifiers, as well as by correct
forecast value total percentage.
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Y (X,

Group comparison statistical methods, mathematical
methods for prediction model creation (binary logistic
regression with multiple independent variables (attrib-
utes), stepwise binary logistic regression and group meth-
od of data handling) were used.

The classification model which is obtained after the se-
lection of attributes is the equation of the binary logistic
regression (BLR) as shown in equation (1).

1
P=—" ()
1re Y

Where P is probability of occurrence of the forecasted
developments (definition of diagnosis); e - natural loga-
rithm base; y = anXn + an-1 Xn-1 + ... + ap — a linear function
that determines the degree of influence the amount of
significant prognostic attributes on the value index and
the probability of occurrence P of the predicted develop-
ments; a;.,» — the logistic regression coefficients; X;. » —
factors affecting the value of the probability of occurrence
PI7].

The higher the probability of an event, the more certain
that the event will occur (P > 0.5). In the opposite case,
when P < 0.5, the event impossible.

General view of the classification model obtained by
group method of data handling (GMDH) determined after
a search of the reference functions (Kolmogorov-Gabor
polynomials) as shown in equation (2).
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GMDH does not determine the probability definition of
diagnosis in contradistinction to BLR [8]. The diagnosis
is confirmed after analyzing the obtained sign of value by
the classification model. The positive value indicates the
high risk of determing the diagnosis, while negative value
— low risk.

The predictive value of included attributes in the clas-
sification models was estimated using p-value [9].

IBM SPSS (Statistical Package for the Social Sciences)
Statistics 22.0 and GMDH Shell were used.

Solution of the problem.Attributes selection methods
are used in data analysis for down-weighting [10], com-
puter-aided learning standard algorithms usage simplify-
ing [11] and irrelevant attributes removal. Such methods
are also used to solve the multicollinearity problems in
regression tasks [12]. The task of optimal attribute subsets
selection is one of the main preliminary data handling
tasks. Attributes selection methods are based on some
functional minimization, which represents the researched
attribute subset quality. In [13] there was made an over-
view of the existing attribute selection methods and their
classification according to the used quality functionality
and optimal attribute subset search strategy.

If multicollinearity is present in regressive tasks, the
usage of attribute selection methods contributes to param-
eter evaluation stability and their dispersion decrease.

One of this problem solutions is the usage of attributes
selection methods with various regularizes or addition
strategies and attributes deleting with the help of statisti-
cal tests for added attribute importance check. The exam-
ple of such strategy is an approach with previous initial
attribute space, selection of statistically important attrib-

utes and creation of classification models on their basis.

Standard statistical methods (correlation analysis and
group comparison methods) are used for selection of
important attributes. As a result 6 classifiers were select-
ed. On their basis classification bias and slope were found
using binary logistic regression with multiple independent
attributes (Table 1).

Table 1. Modeling results quality evaluation during attributes
preselection with the help of standard statistical methods

Attributes Bias and slope p
Age, years -0.090 0.008
Sex (1 - male, 0 - female) 0.600 0.002
Oz Level 0.311 0.001
NHs Level 2117 0.009
HF Level -0.472 0.001
COz2 Level -0.672 0.001
Constant -6.623 -

Receiver operating characteristic curves (ROC-curves)
reflecting the quality of the classifiers were presented in
Figure 1.

—

=
[

sensitivity
sensitivity

100 - specificity 100 - speciﬁcity.
a) b)
Fig. 1. ROC-curves: a) — training group; b) — control group.

Model performance has been evaluated by sensitivity
and specificity classifiers, estimated from training and
control groups (Table 2).

Table 2. Modeling results quality evaluation during attributes
preselection with the help of standard statistical methods

Group Training | Control
Sensitivity 875 27.3
Specificity 85 18.3
Correctly ranked data total percentage 86.3 24.6
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Table 1 and 2 results show that, despite of training
group obtained model high accuracy, sensitivity and spec-
ificity attributes of the control group were too low. This is
caused by multicollinearity of selected classifiers. That is
why the present approach in not justified in terms of clas-
sification model stability realization for diagnostic sys-
tems.

As a next step the method is used, which checks the
importance of addable or deletable attribute (Table 3).
This method is called stepwise binary logistic regression
[14] with various procedure combinations of adding or




deleting attributes.

Model performance has been evaluated by sensitivity
and specificity classifiers, estimated from training and
control groups (Table 4).

Table 3. Modeling results with the help of stepwise regression

Attributes Bias and slope p
Age, years -0.082 0.013
Oz Level 0.323 0.038
HF Level -0.470 0.002
CO2 Level -0.761 0.001
Constant -6.403 -

Table 4. Modeling results quality evaluation with the help of
stepwise regression

Group Training | Control
Sensitivity 875 66.7
Specificity 85 56.7
Correctly ranked data total percentage 86.4 64.4

Achieved results analysis has shown accuracy classifi-
ers increased by 39.8% in the control group thanks to
attributes selection with the help of stepwise procedures.
Nevertheless clinical evaluation of selected attributes
showed that such attribute like sex was not included in the
model, which is considered one of the most important
attributes from predictive point of view according to dif-
ferent literature data.

ROC-curves reflecting the quality of the classifiers
were presented in Figure 2.

:

sensitivity
sensitivity

100 - specificity 100 - specificity
a) b)
Fig. 2. ROC-curves: a) — training group; b) — control group.

In order to achieve the goal, the group method of data
handling was used. The method is based on recursive
selective sampling of the models, which are used to create
new ones. Modeling accuracy is increased on every next
recursion step thanks to model complication. The optimal
model is obtained through accuracy classifiers evaluation
in the control group. Such approach not only allows to
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solve the attributes selection problem, but also provides
model sustainability based on data, which were not in-
cluded in the modeling.

Classification model, obtained with this method, is as
follows:

y =-16,454 - 0,009 * HF * CO; + 0,389 * O, + 2,925 *
NO; - 0,006 * Age * O, + 0,262 * Age + 0,003 * Age *
NO — 14,133 * NO, * H,S — 0,362 * Sex * NH3 + 0,141 *
NO,* CO, — 0,0007 * O, * CO, — 0,025 * Sex * HF.

ROC- curves reflecting the quality of the classifiers are
presented in Figure 3.

g

i

sensitivity
sensitivity

100 - épeciﬁcity 160 -. specificity
a) b)
Fig. 3. ROC-curves: a) — training group; b) — control group.

Model performance has been evaluated by sensitivity
and specificity classifiers, estimated from training and
control groups (Table 5).

Table 5. Modeling results quality evaluation with the help of
argument group consideration

Group Training | Control
Sensitivity 90.2 91.7
Specificity 87.8 98.7
Correctly ranked data total percentage 89.1 85.7

Apparently this method is the most reasonable to be
used for diagnostic systems development since it provides
the best results in control group.

Conclusion. Comparison characterization of approach-
es efficiency for information attributes selection was
carried out and classification models for human body
pathologic conditions diagnosis (ischemic heart disease)
were created.

The efficiency of group method of data handling was
proved by the values of sensitivity (Sn), specificity (Sp)
and the total number of correctly classified values in the
control group (total sensitivity of 91.7, specificity of 98.7
and correctly ranked data total percentage of 85.7).

In comparison with the GMDH the binary logistic re-
gression with multiple independent attributes showed the
lower result: Sn = 27.3, Sp = 18.3 and correctly ranked
data total percentage of 24.6). Also, the stepwise binary
logistic regression showed the lower result: Sn = 66.7, Sp
= 56.7 and correctly ranked data total percentage of 64.4.
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AHoTamisi. Y cTaTTi IpecTaBieH] pe3yabTaTH HOPiBHSUIBHOI OIIIHKY e()eKTHBHOCTI BUKOPHCTAHHS TPHOX HAMIIOMYJISIPHIMINX artocTe-
piopuux TectiB — tecty lledde, Tecty Trioki Ta nonpasku borheppoHi 11 BU3HAUCHHS JOCTOBIPHOCTI PI3HUIN y BHKUBAHHI KOTOPT
MOJICIIBHOTO BH/IY Ha Pi3HUX CTafisX OHTOI€HE3Y 3a Pi3HOrO CTPECOBOr0 HaBaHTaXKEHHS. SIK MOJebHUI BUJ BukopucTaHo D. mela-
nogaster, sk cTpecoBi YHHHUKHM — CaJOBI IMeCTUNNAN. BcraHoBieHo, mo 3acTocyBaHHS MonpaBKu boHdeppoHi MoIimbHIIIe, KON
BILUTHB [TOPiBHIOBAHUX CTPECOBUX YMHHHKIB JOCUTH KOHTPACTHUA, a TecTy ThIOKi — KOJIM 00MIBa YNHHHUKH CYTTE€BO MPUTHIYYIOTh BU-
JKUBaHHs 0coOuH. 3actocyBaHHs TecTy e de B koropTHOMY aHali3i He peKOMEHIOBaHE.

Kniouoei cnosa: xozopmuuii ananis, mecm Toioki, nonpaexa bonghepponi, mecm Illepghe, D. melanogaster, necmuyuou

Beryn. KoropTHmii aHaimiz — BaXJIMBHHA HAmpsM JOCITi-
JDKeHb Cy4JacHOi memexoiorii. OmHiero 3 mpobieM Horo
e(heKTUBHOTO 3aCTOCYBAaHHS € ONTHMi3allis CTATHCTHIHUX
I IXOIB, SKi O¥ JTO3BOJIMIIA 00’ €KTUBHO OI[IHUTH Pi3HUIIO
Yy BIDKUBaHHI OCOOMH TMOPIBHIOBAaHMX KOTOPT Ha Pi3HUX
CTallisfX OHTOTeHe3y. 3aCTOCYBAaHHS MOIYJSIPHOTO HEemap-
Horo Kputepito CThIOJIEHTa AJIsl KOTOPTHOT'O aHANI3Y, SIKHIA
nependavyae MOPiBHSHHS TPHOX, YOTHPHOX, M'STH 1 HABITh
O1IpLIOT KIJTBKOCTI HE3aJIS)KHUX TPYI € He JIMIIE MaJIo iH-
(hopMaTUBHUM, ajie¢ i 3YMOBIIIOE TOMIJIKOBO 3aBHIICHUIN
KPUTUYHHUI piBEHb 3Ha4YyIIOCTi. AJpke t-TecT [uis Hesase-
JKHUX CepellHiX OyJie IepeBipsATH, UM I1i IBA CEPEIHIX 3HA-
YHO BiZPI3HSAIOTHCS OJTUH BiJ OJHOTO, 33 YMOBH, IO BOHU
€ €IMHIMH JJBOMa ITOpiBHIOBaHNMH cepenHimu. Le, B cBotO
4epry, 30UIbIIye HWMOBIPHICTH BHUIIAJKOBOTO BHUSBICHHS
CTaTUCTHYHO 3HAYYIIHX BiIMIHHOCTEH TaMm, Jie X HacIpa-
Bl Hemae. [lana mpo0ireMa Ha3UBA€ETHCS MPOOIEMOI0 MHO-
KUHHUX mopiBHAHB [1]. TlepcrieKTHBHUM y 1BOMY TLIaHI
0aunThCs 3aCTOCYBaHHS anocTepiopHux TecTiB (post hoc
TECTIB) B paMKax OJHO(AKTOPHOIrO IHCIEPCIHHOrO aHa-
nisy ANOVA (one-way ANOVA). Ha Biaminy Big mpoc-
TUX MONAapHHX MOPIBHSAHB, IPHU 3aCTOCYBAaHHI arnocrepiop-
HHUX TECTiB PO3PaXOBYIOTHCSI HOBI KPUTHYHI PiBHI 3Hauy-
IIOCTi IS TIOTIAPHOTO MOPiBHAHHSA Tpym. OTHAaK Ha Bif-
MIHY BiJl CTAaHIAPTHOTO t- TECTYy B IbOMY BHITAIKy BHYTpi-
ITHBOTPYIIOBA TUCIIEPCIisl OLIHIOETHCS 32 BCIMA JaHUMHU, a
HE TUTBKU 33 TUMH, 5K HaJe)KaTh IO TapH IIOPiBHIOBAHUX
rpym. Cepex anocTepiopHHUX TECTiB HaifyacTilie 3acTOCo-
Bytoteest Tpu: TecT llledde (Scheffe test), rect Trioki
(Tukey test) Ta monpaska boudepponi (Bonferroni correc-
tion).

Crucauii orasig myOaikauniii mo temi. Jleski aBropu
3a3HAYal0Th, IO TIONIpaBka boHpeppoHi nae rapHi pe3yiib-
TaTH TPH HEBENHKill (10 5) KUIBKOCTI MOPIBHSAHB, HATO-
MICTh BOHa HE IPALIOE MPU BEJUKIH KiJIBKOCTI Tpym — i3
30UIBIICHHSAM IX YHCIa JIyXe CHIBHO IaJa€ MOTYKHICTh
tecty [2; 3].

Inmni aBropu HazmaroTh nepesary tecty llledde [4], 3a-
3HAYalO4u IpU IbOMY, IO BiH HE YYTIMBUH 10 TOpY-
HIeHHs 00’eMiB BUOIPOK Ta PiBHOCTI AUCIIEPCiH 1, 10 TOTO
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K, BUKOPUCTOBYE JIiHIHI KOMOIHAIT CepeHiX Pi3HUX BH-
0ipok, Ha BiAMIHY Big Tecty TBIOKi, SKHHA pO3TILAae
TIJIBKY TIOTIAPHI TIOPIBHSAHHS.

B iHmi# my6mikarii [5] mi sk aBTOpH HAroJI0NIyOTh, 1110,
SIKIIO MeTa TOJIATaE B TOMY, 100 OyTH sSKOMora OiibI
BIICBHEHHMH, IIO TII€BHE JIKyBaHHA Ma€ e(peKT, TO
JIOLITBHO 3acTocoByBatH came TecT Illedde.

R. W. Day ta G. P. Quinn [ 6] BBaXkaroTh, 1110 3aCTOCY-
BaHHs TecTy TbIOKI € OUIbIl e(QEeKTUBHHM, HIX TECTy
ledde. [Tpu npomMy aBTOpH BUXOIUIIH 3 TOTO, IO B iX J10-
CIII/DKEHHSX MOTYXHICTh TecTy ThIoKi cTaHOBMIA ~ 53%,
a motyxHicts Tecty lledde — mumre 35%.

Mera D0CaiIsKeHHs — MOPIBHATH ¢()EeKTHBHICTD 3aCTO-
CYBaHHsI PI3HHX allOCTEPIOPHUX TECTIB ISl OLIHKH BILTHBY
CTPECOBHX YMHHHUKIB Ha po3BUTOK Koropt D. melanogaster
Meigen, 1830. V monepeanix myGuikamisx Hamu Oyna 10-
Be/ieHa e()eKTHBHICTh BUKOPUCTAHHS KOTOPTHOTO aHali3y
IUTOJIOBOT MYIIKM JUIS E€KOMOHITOPHUHTY TEXHOT€HHO
TpaHchopMOBaHUX TepUTOpii [7].

Jl1s1 JOCATHEHHS TOJIOBHOT METH PE3yJIbTaTH arocTepi-
OPHOTO TECTYBaHHS PO3TIISAAINCS KPi3b MPU3MY JIBOX IH-
TaHb!

. YM BUSIBJISIIOTH aIOCTEPIOpHI TeCTH 301XKHICTH
II0/10 NPUHHATTA UM BIJXWICHHS HYJIHOBOI TiIIOTE3U MpH
MTOpIBHSAHHI TTAp BapiaHTIB 3 Pi3HUM CTPECOBUM HaBaHTa-
JKCHHSIM 1 SIKIIIO Hi, TO SIKHH 3 TECTIB € HAWTYTIIUBIIINM;

. SIKy WMOBIPHICTP TIOMHIIOK JAlOTH amnpoOOBaHi
TECTH IUIS THX Tap BapiaHTIB, NMPH TOPIBHAHHI SIKUX BCI
BOHH TIPOZEMOHCTPYBIU 301KHICTh Y NPUIHSATTI albTep-
HATHUBHOI TiMOTE3N.

Sk cTpecoBi YMHHHKH OYJH 3aCTOCOBaHI TPH IIECTH-
UM Pi3HOT MPUPO/N T4 TOKCHYHOCTI.

Marepianu Ta meroan. Ha qHo npo6ipok 3ainuBanm ra-
psiue MOXKMBHE CTaHAAPTHE CEpPE/IOBHUINE, B SIKE B JTOCIHil-
HHUX BapiaHTax J0JaBajy MECTULIMIHN Y TIOBHUX a00 MOJIo-
BHHHHX POOOYHX J103aX. Y KOXKHY 3 IBOX IPOOIPOK OHOTO
BapiaHTy momimanu mo 8 cammiB abo mo 8 camok D.
melanogaster miuii Oregon-R, siki yrpumyBamu 72 TOIUHH
mpu 25°C y tepmoctari. Ilicis nporo y BiciM HOBHX TIpo-
0ipOK OJHOTO BapiaHTy 31 CBIXHM ITOKUBHUM CEPEIOBH-
mieM 0e3 MEeCTUIHMIIB BHCAKYBaJH 1O JHIH camili Ta of-



HOMY CaMITIO JJTs cXpernryBaHHs. CaMok depe3 100y Buaa-
JISIM 1 TIoMimayii B Jamku [letpi Ha 4OpHUYHO-arapoBi
IUTACTUHKH, SIKI YTPUMYBaJIH B TEPMOCTATI MPH TEMIIEpa-
Typi 25°C. Ilicns 8 roquH caMOK BUAAIISIIH, 1 3iICHIOBAIIN
00K SI€Tb, TMYMHOK, JsLIeIoK Ta iMaro [8]. [ToBTopHicTE
OJTHOTO BapiaHTy BOCBMHUKpATHA.

CrannmaptHe noxuBHe cepenosuie [9] Ha 1 1 Bogm Mi-
CTHJIO TaKi IHTPEIi€HTH: MaHHA KpyTia — 35 T, IpIXKIKI CyXi
— 70 T, arap-arap — 7 T, Iykop — 17 T, IpoIioHOBa KHCIOTa
— 0. 8 M, pomsunku MmeneHi — 40. YopHmuHO-araposi
TUTACTHHKY MICTHIIH Ha | JT BOJH TaKi CKIIaoBi: 25 T arapy,
25 r nykpy, 250 M yopHUUHOTO cOKy Ta 15 M 10%-Horo
Hinariny (5 vy 50 M eranony).

Hmxye HaBeneHa cTHCIa XapaKTEpUCTHKA 3aCTOCOBA-
HUX IJIsI JOCHIDKEHb MECTHIUAIB 3rimHo odimiiHOTO
caiiTy MeCTHIUIB 1 arpoXiMiKaTiB, JO3BOJIEHUX 10 BUKO-
puctanss B Ykpaini [10] .

Cucremunii incektuuna “Mocninan, PIT” 3apeectpoBa-
Huii B Ykpaini 3 16.01.2012. Tepmin aii peectpamii 10
31.12.2021. ®ipma nocTavanbHUK iHCEKTHIUAY — Hinmox
Copna Ko., JITH, (SInowHist). [{ir040r0 pe4oBUHOIO € ariera-
MITPUJI, SKAH HAJISKUTD 0 XIMIYHOI IPYITH HEOHIKOTHHO-
iniB. Bmict aneraminpuny ctanoButh 200 T/KT pemapary.
“Mocminan, PIT” Hane:xuTh 10 3 KI1acy TOKCUYHOCTI.

Cuctemuuit ¢pynrimun “Xopyc 75 WG” 3apeectpoa-
Uil B Ykpaini 3 27.09. 2012. Tepmin nii peecrparii 1o
31.12.2022. ®ipma nocravansHuK pyHrinuny — CHHreHTa
Kporm ITporexkma AT (ILIBeiinapis). iro9oro pedoBHHOIO €
LUIPOANHII, KU HaJeXKHUTh NO TPYyNU aHUIIHOMipaMi-
nuHiB. Bmict munpoauniny 750 r/kr mpemapaty. “Xopyc
75 WG” HanexxuTb 10 3 Kilacy TOKCUYHOCTI.

Cucremunii pynrinun “Tomncin-M 500, KC” 3apeectpo-
Banuit B Ykpaini 3 20.11.2012. Tepmin aii peectpariii 10
31.12.2023. dipma nocravanbHUK QyHrinuay — Hinnox
Cona Ko., JITH, (Slnowuist). [liro4oro peuoBuHOIO € Tioda-
HAT-METWJI, SKUH Hale)KUTh IO Tpymu OeH3iMia3oliB.
Bwuicr tiodanar-metmry 500 r/kr npenapary. “Toncin-M
500, KC ” Hanexutp 10 2 KjIacy TOKCUIHOCTI.

J1s1 MOXKITMBOCTI 3aCTOCYBaHHS OJJHO(AKTOPHOTO JIHC-
nepciiinoro ananizy (one-way ANOVA) Oynu BpaxoBaHi
JIBl BOXKJIMBI YMOBH: HO-Tiepliie, BUOIpKK Oyin nepeBipeHi
Ha HOPMA&JIBHICTh PO3MOALTY 3a JOIOMOIOI TecTa
[Hamipo-Yinka (Shapiro-Wilks test, p > 0,05). danwuii
KpHTEpiii BAKOPUCTOBYEThCS ISl TIepeBipku rinmore3u HO:
«BUMAJKOBA BEJIMYMHA X PpO3IMOJLIEHa HOPMAJIBHO» 1
PEKOMEHIIOBaHMI ANl TEpeBipKM  HOPMaJIbHOCTI
HeBenukux BHOiIpok (N <= 50); mo-apyre - excrepeMeHT
OyB CIDIAaHOBaHMW TaKHUM YHHOM, INOO 3a0e3rmednTH
TOMOTEHHICTh  JWCIEpCid  BCIX  EKCIepHUMEHTAIbHUX
BapiaHTiB. [l 1mpOTO Bigpasy HaOupaidw piBHOMipHHA
KOMIUIEKC, TOOTO OJHAKOBY KUIBKICTH CIIOCTEPEXEHb B
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rpynax. KinbkicTh TOBTOPHOCTEH y BapiaHTi CTaHOBHIIA 8,
KUJIBKICTh CaMOK B3SATHX I CKUIAHHSA SI€Ub B OIHIN
MOBTOPHOCTI Takox cTaHoBmwia §. Ilo 3aBeprieHHIO
eKCIePUMEHTY TOMOTCHHICTh OucIiepciii BuOipok Oyia
nepeBipena Levene’s test, p > 0,05.

CrniovaTky MopiBHIOBAJIM BCi IPYNU MK 00010 3a 10110~
MOTOK0 OJHO(AKTOPHIO AUCIIEPCIHHOTO aHami3y (One-way
ANOVA). ko ANOVA niaTBepaKyBaia HasBHICTh pi-
3HUIIl, BUKOPHCTOBYBAJIM allOCTEPiOpHI TECTH AJIsI MHO-
KMHHOTO TOPIBHAHHS (IOPIBHIOBAJIM €KCHEPUMEHTAIbHI
BapiaHTH omapHo, 30epiratoun 3aranbhy o = 0,05). Amke
ANOVA He BKazye, sKi TPynH BiAPI3HAIOTHCA OIWH Bix
OITHOTO, a TUTHKH Ha HAasIBHICTh TaKuX BiaMiHHOCTEH. Tomy
micas OTPUMAHHS CTAaTHCTHYHO 3Hadymoro F-tecty 3
ANOVA, 3Haxomunm, SKi CepenHi COpHUsIN oMY ede-
KTy; TOOTO, AKi BapiaHTH (TPYIH) OCOONMBO Bigpi3HA-
IOTBCS OJMH Bix oxHoro. s mporo y mporpami STATIS-
TICA moc1i1oBHO BiiKpUBaIK Taki BKiIaaku: More results
—Post-hoc —»Tukey HSD —sBonferroni —Scheffe.

Pe3ysabTaTh Ta ix 00roopenHs. Y tadmumi 1 mpencra-
BJICHI pe3ynbTaTu KoroprtHoro anamizy D.melanogaster,
OTpUMaHi JJIs BapiaHTiB 3 Pi3HUM MECTUIMTHUM HaBaHTa-
HKESHHSIM.

VYci 3acToCOBaHi anocTepiopHi TECTH, 3aCBITUMIH, IO
32 YMOB BBEJICHHS B II0O)KMBHE CEPEIOBUILE IOJOBHHHOT
pobouoi no3u iHcekTHuuay “Mocminan, PII“ kinbkicTh
BifkmageHux camkamu D. melanogaster seup (B-ant No2)
Ta c(hOpMOBAaHNX 3 HUX JUIHHOK (B-aHT Ne3) TOCTOBIpHO
MIePeBHUIIIYE iX 3HaYCHHs B KOHTpoIi (B-HT Nel) Ta y Bapia-
HTax 3 oboma ¢yHrinumamu (B-aHtu Ne3 Ta Ned) (Tadm.
2,3,4). HaroMicTh BBEJCHHS B MOXKUBHE CEPEIOBUIIE I10-
JIOBUHHUX pOOOYNX 7103 QYHTIIHUIIB HE CIIPUINHSE CTUMY-
JSIOil MepIuX ABOX CTaAild PO3BHTKY KoropT. Hapmaxw,
MOPIBHSHO 3 KOHTpoJeM, “Toncin-M® y moyioBuHHIN po-
00uiif 7031 raabMy€e BiIKIaJaHHS caMKaMu s€lb Ta (op-
MYBaHHS 3 HUX JIMYMHOK, a “Xopyc 75 WG — ransmye do-
PMYyBaHHS JINYMHOK, ajie JOCTOBIPHO HE BILIMBAE HA BiK-
nananHs sienp. [Ipu oMy yci anoctepiopHi TecTH MmiaTBe-
pown, mo “TonciH-M* 3aiiicHIOe OUTBIIMIA TabMiBHUH
BIUIMB Ha OPMYBaHHS JIHIMHOK, HiX “Xopyc 75 WG*.

Ha cranii nsutedok Ta iMaro BIUTHB MOJIOBHHHHUX PO0O-
9HX 103 000X (PYHTIUIIB Ta IHCEKTUIHY CTA€ OTHOCIIPSI-
MOBaHMM. TpH 3aCTOCOBaHI allOCTEPIOPHI TECTH 3aCBIATY-
I0Th JIOCTOBIpHE 3HW)KEHHSI KIIBKOCTI 3a3HAUYCHUX OHTOre-
HetnyHux Gopm D.melanogaster y Beix mocmiaHux Bapia-
HTaX MOPIBHSHO 3 KOHTPOJIEM, aJie B NEPEeBaXKHIN OLIbIIO-
CTi JIEMOHCTPYIOTh BIJICYTHICTbh JJOCTOBIPHOT PI3HMII MiX
CaMUMH JIOCJITHUMU BapiaHTaMH. BUHATOK CTaHOBUTS pi-
3HUIIA Y KUTBKOCTI iMaro Mix JI0CJiJHUMH Bapiantamu No2
Ta Ned .

Taoauus 1. Pesynprati koroptHoro ananizy D. melanogaster 38 ymoBax pi3HOro mecTHIMAHOTO HaBaHTakeHHsI (N=8)

Ne . S JInauHKH Jlsneuku Imaro
B-aHTY [lecTumma, KOHIEHTpALis
Nel KonTposs 193 +£15,44 136 +£11,29 113 +£ 8,59 99 £5,45
3a yMOB 3aCTOCYBaHHS MOJOBHHHUX POOOYHX 103 MECTUIIH/IIB
Ne2 “Toncin-M*“, 1 r/n 132 + 8,90 78 £ 5,46 38+£251 342,77
Ne3 “Xopye 75 WG, 0,15 r/n 193 + 16,91 102 + 8,98 38 +2,77 27+1,76
Neq “Mocminan, PIT“, 0,063 r/n 252 + 28,00 170+ 18,02 41 + 3,03 25+ 2,28
3a yMOB 3aCTOCYBaHHsI MIOBHUX POOOYHX 103 MECTHIIMIIB
Ne5 “Toncin-M*, 2 r/n 185+ 21,15 108 + 11,02 23+1,93 18+1,31
Ne6 “Xopyc 75 WG, 0,3 r/n 208 + 28,52 94 + 9,49 61 + 3,60 59 + 4,96
No7 “Mocninan, PIT, 0,125 r/n 4+1,20 2+0,40 1+0,20 1+0,08
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Tabauus 2.3navuenns iiMosipHocreii (P-3nauenns) npu 3actocyBanHi TecTy ThIOKi IS OIIHKY Pi3HUII MK BapiaHTaMH

Situs — %2 po6oY0i 1031 ECTUIHIIB Slifns — noBHa po6oUa J103a MECTUIU/IB
Error: Between MS = 344,75 Error: Between MS = 377,00
1 2 3 4 1 5 6 7
1 0,0162 1,0000 0,0193 1 0,9557 0,7821 0,0002
54 00 86 59 13 33
2 0,0162 0,0162 0,0004 5 0,9557 0,5058 0,0002
54 54 04 59 91 34
3 1,0000 0,0162 0,0193 6 0,7821 0,5058 0,0002
00 54 86 13 91 31
4 0,0193 0,0004 0,0193 7 0,0002 0,0002 0,0002
86 04 86 33 34 31
JlvauskH — 2 poOOYO0T 1031 ECTUIIHIIB JIMuuHKA — IOBHA POO0Ya J103a MECTHIIU/IIB
Error: Between MS = 137,75 Error: Between MS = 80,750
1 2 3 4 1 5 6 7
1 0,0015 0,0309 0,0309 1 0,0214 0,0021 0,0002
32 59 59 64 27 31
2 0,0015 0,1337 0,0002 5 0,0214 0,2971 0,0002
32 06 59 64 11 31
3 0,0309 0,1337 0,0006 6 0,0021 0,2971 0,0002
59 06 43 27 11 32
4 0,0309 0,0002 0,0006 7 0,0002 0,0002 0,0002
59 59 43 31 31 32
Jlsneuxu — %2 pob0901 O3 NECTHUIH/IIB Jlsaneuky — moBHa poOoYa /1032 MECTULN/IB
Error: Between MS = 27,000 Error: Between MS = 21,000
1 2 3 4 1 5 6 7
1 0,00023 0,00023 0,00023 1 0,0002 0,0002 0,0002
1 1 1 31 31 31
2 0,00023 1,00000 0,89161 5 0,0002 0,0002 0,0018
1 0 9 31 46 13
3 0,00023 1,00000 0,89161 6 0,0002 0,0002 0,0002
1 0 9 31 46 31
4 0,00023 0,89161 0,89161 7 0,0002 0,0018 0,0002
1 9 9 31 13 31
Imaro — 4 pobo4oi 1031 necTHIUIIB Imaro — moBHa po6oya 103a MECTUIHIIB
Error: Between MS = 10,500 Error: Between MS = 12,750
1 2 3 4 1 5 6 7
1 0,0002 0,0002 0,0002 1 0,0002 0,0002 0,0002
31 31 31 31 31 31
5 0,0002 0,1097 0,0379 5 0,0002 0,0002 0,0019
31 30 24 31 31 08
3 0,0002 0,1097 0,8718 6 0,0002 0,0002 0,0002
31 30 27 31 31 31
4 0,0002 0,0379 0,8718 7 0,0002 0,0019 0,0002
31 24 27 31 08 31

Ipumitku. TyT 1 B Tabm. 3 Ta 4 HyMmeparllis BapiaHTiB 30ira€Thes 3 MOJaHOI0 y Tabm. 1. UepBoHMM KOJIBOPOM BUALICHI P-3HaueHHs,
AKi JI0piBHIOIOTh, a00 MEHIII Bifl 3a1aH0r0 piBHsA 3HaunMocTi ( < 0,05).

SAxmo tect Hledde ta mompaska bordeppoHi miaTpu-
MYIOTb HYJBOBY TilOTE3y, TOOTO BIACYTHICTh PI3HHUII MiX
MU BapiaHTaMH, TO TecT ThIOKI ii CIIpoCTOBYE 1 3acCBia-
4ye HasiBHICTB JJOCTOBIPHOI Pi3HUII Mi>k HUMHU. [Ipu ibomy
TecT THIOKI MATBEPIIKYE OLTBIIHIA Ta ThbMiBHAN BILTUB T10-
JIOBUHHOI po00d0i iHcektuiuay “Mocminan, PII“ Ha mpo-
1[EC MIEPETBOPEHHSI JISUICYOK B iMaro MOPiBHSHO 3 aHAJIOTi-
YHOIO /103010 QyHTiuay “Tomcin-M* .

BB moBHHX po0OYHX 03 MECTHIUAIB HA PO3BUTOK
koropt D.melanogaster cyrreBo Bipi3HAETHCS Bifl BIUIUBY
MTOJIOBUHHUX. 32 pe3yabTaTaMH yCiX TPbOX allOCTEPiOPHUX
tectiB, yHritmam “TonciHn-M* ta “Xopyc 75 WG y no-
BHIl po0O0Yiii 1031 JOCTOBIPHO HE BILTUBAIOTH HA KUTBKICTh
S€b BIAKIAJCHUX caMKaMH. HaTomicTh BIIMB iHCEKTH-
muay “Mocminan, PIT“ y noBHiH po0oudiil 1031 BHSABIS-
€TBCSl CHJIbHO iHTriOyrounM. Mae micue 48-kpaTHe 3MeH-
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[ICHHS KUTBKOCTI S€I[b TOPIBHAHO 3 KOHTpoJeM. J{oCTOBI-
PHICTb IIbOTO BIUIMBY TAaKOX IiATBEP/UKEHa TPHOMA arioc-
TepIOPHUMH TECTaMHU.

VYcima Tectamu 3acBiIYeHO, M0 00WABa QYHTIOUAH Y
MOBHIH POOOUii 71031 ITOCTOBIPHO MPHUTHIYYIOTH (Popmy-
BaHHS JIMYMHOK MOPIBHSHO 3 KOHTPOJIEM, a PI3HMI MiX
UMM TOCTIIHUMH BapiaHTaMU € HeI0CTOBipHOW0. Hato-
MiCTh IPUTHITYBAaHUH BIUTUB MOBHOI po004o0i 103H iHCEK-
tuimay “Mocminan, PIT Ha dopMyBaHHS JTHYMHOK, SIK 1
Ha yTBOPEHHS S€Ib, HA MOPSAO0K OUTBIINNA TOPiBHAHO 3 Y-
HI1IUJaMH.

VYci amoctepiopHi TECTH AEMOHCTPYIOTH JOCTOBIpHE
3MEHIIEHHS KUIBKOCTI JISUIEYOK Ta iMaro, yTBOPEHUX caM-
kamu D.melanogaster mij BIUTHBOM MOBHHX pOOOYMX 103
YCIX JOCIIPKEHUX MECTUIHIIB 1 HASBHICT JTOCTOBIPHUX
BiZIMIHHOCTEH MiX Bcima Bapiantamu. [Ipu mpomy cuia
LLOTO BIUIMBY 3MEHIIyeThCS B psiny “Mocminan, PII“
>“Toncin-M* >“Xopyc 75 WG*.
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Ta6muust 3. 3nauenns imMoBipHOcTel (P-3Ha4eHHsT) npy 3acTocyBanHi monpaBku bondeppoHi s owinky pi3HMLI MiXK BapiaH-

TaMH

St — /2 pobouoi 1031 EeCTHLUIIB Slitusg — noBHa poboya 103a MECTUIHIIB
Error: Between MS = 344,75 Error: Between MS = 377,00
1 2 3 4 1 5 6 7
1 0,022929 | 1,000000 | 0,027587 1 1,000000 1,000000 0,000014
2 0,022929 0,022929 | 0,000283 5 | 1,000000 1,000000 0,000019
3 1,000000 | 0,022929 0,027587 6 | 1,000000 1,000000 0,000008
4 0,027587 | 0,000283 | 0,027587 7 | 0,000014 0,000019 0,000008
Jlmauaky — %2 po60901 1031 MECTHIUIIB JIM4nHKY — TIOBHA po6oYa 103a HEeCTUIHAIB
Error: Between MS = 137,75 Error: Between MS = 80,750
1 2 3 4 1 5 6 7
1 0,001831 0,045191 0,045191 1 0,030703 0,002651 0,000000
2 | 0,001831 0,220123 0,000069 5 | 0,030703 0,556810 0,000003
3 | 0,045191 0,220123 0,000614 6 | 0,002651 0,556810 0,000009
4 | 0,045191 0,000069 0,000614 7 | 0,000000 0,000003 0,000009
JIsanedxu — 2 po6090i 103U MECTUIHIIB Jlsneuku— moBHa poOoya J103a MECTUIHIIB
Error: Between MS = 27,000 Error: Between MS = 21,000
1 2 3 4 1 5 6 7
1 0,000001 0,000001 0,000001 1 0,000000 0,000004 0,000000
2 | 0,000001 1,000000 1,000000 5 | 0,000000 0,000045 0,002221
3 | 0,000001 1,000000 1,000000 6 | 0,000004 0,000045 0,000001
4 | 0,000001 1,000000 1,000000 7 | 0,000000 0,002221 0,000001
Imaro — 2 po6ouoi 1031 mecTUINAIB Imaro — noBHa po6oua 7j03a HECTHIHIIB
Error: Between MS = 10,500, df = 8,0000 Error: Between MS = 12,750, df = 8,0000
1 2 3 4 1 2 3 4
1 0,000000 0,000000 0,000000 1 0,000000 0,000005 0,000000
2 | 0,000000 0,176696 0,056023 2 | 0,000000 0,000004 0,002347
3 | 0,000000 0,176696 1,000000 3 | 0,000005 0,000004 0,000000
4 | 0,000000 0,056023 1,000000 4 | 0,000000 0,002347 0,000000
Ta6uuus 4. 3Hauenns iimoBipHocTel (P-3HaueHHs1) npu 3acrocyBanHi Tecty Llledde 1t oninky pi3HULI MiXK BapiaHTaMH
St — /2 po6ouoi 1031 eCTHIUIIB Slifns — noBHa poboua 103a MeCTUIUAIB
Error: Between MS = 344,75 Error: Between MS = 377,00
1 2 3 4 1 5 6 7
1 0,025229 | 1,000000 | 0,029852 1 0,966375 | 0,825775 | 0,000019
2 | 0,025229 0,025229 | 0,000386 5 | 0,966375 0,577122 | 0,000027
3 | 1,000000 | 0,025229 0,029852 6 | 0,825775 | 0,577122 0,000011
4 | 0,029852 | 0,000386 | 0,029852 7 | 0,000019 | 0,000027 | 0,000011
JInamnHkH — %2 po6OYOT 1031 MECTHLUIIB JInarHKM — TTOBHA poboya 1032 NEeCTULHIIB
Error: Between MS = 137,75 Error: Between MS = 80,750
1 2 3 4 1 5 6 7
1 0,002351 0,046528 0,046528 1 0,032890 | 0,003350 | 0,000001
2 | 0,002351 0,179842 0,000097 5 | 0,032890 0,365685 | 0,000005
3 | 0,046528 0,179842 0,000820 6 | 0,003350 | 0,365685 0,000013
4 | 0,046528 0,000097 0,000820 7 | 0,000001 | 0,000005 | 0,000013
JIstneuxn — 2 pob0o90i 1031 MeCTHIUIIB Jlsnedku — moBHA poboya 1032 TECTHIIU/IIB
Error: Between MS = 27,000 Error: Between MS = 21,000
1 2 3 4 1 2 3 4
1 0,000001 0,000001 | 0,000001 1 0,000000 | 0,000006 | 0,000000
2 | 0,000001 1,000000 | 0,915877 2 | 0,000000 0,000064 | 0,002828
3 | 0,000001 | 1,000000 0,915877 3 | 0,000006 | 0,000064 0,000002
4 | 0,000001 | 0,915877 0,915877 4 | 0,000000 | 0,002828 | 0,000002
Imaro — % po6040i 1031 MECTUIHIIB Imaro — moBHa poOoua /1032 MEeCTHIUIiB
Error: Between MS = 10,500 Error: Between MS = 12,750
1 2 3 4 1 2 3 4
1 0,000000 0,000000 0,000000 1 0,000000 0,000007 0,000000
2 | 0,000000 0,150355 0,056294 2 | 0,000000 0,000006 0,002982
3 | 0,000000 0,150355 0,899959 3 | 0,000007 0,000006 0,000000
4 | 0,000000 0,056294 0,899959 4 | 0,000000 0,002982 0,000000

3aCBIIYMB NPUHHATTS aJbTEPHATHBHOI TIMOTE3HM 3aMicTh
HYJIbOBOI, TOOTO ITPOSIBUB MEHIIIY KOHCEPBATHBHICTB.
OKpeMHM HalpsIMOM HAIIUX JOCIiKEHb CTAJIO IOpiB-
HSIHHSL MMOBIPHOCTEH TOMMIIOK, SIKi JIaloTh arpoOoBaHi
st koroptHoro ananmizy D.melanogaster amoctepiopHi

OTxe, NOPIBHIOBaHI allOCTEPiOpHI TECTH Y IepeBakHii
O17BPIIOCTI BUIAJKIB MIPOJIEMOHCTPYBAIH 301KHICTh 1100
NPUHHATTS Y¥ BIIXWUIICHHS HYJIbOBOI rimore3u. Jlumie B ox-
HOMY BUIIJIKy TecT ThIOKi, BCyIieped BOM iHIITHM TecTaM,
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TECTH, y BUIAJKaX, KOJM ajbTepPHATHBHA Tinore3a Oyia
HUMU NIPUIHATA, HATOMICTB HYJIbOBA TiNoTe3a OyJia BiaXu-
JeHa. SIKIo Ha T IPUHHSTTS aJbTEPHATUBHOI TilOTE3N
cepesiHi 3HaYeHHS IOPIBHIOBAaHUX I1ap BapiaHTIB € JOBOJI
KOHTPAaCTHUMH 1 BiJPi3HAIOTHCS OlbIIe, HIXK B 2 pasu, TO
morpaBka Bordepponi ta tect lledde narots menme P-
3Ha4YeHHs, HUK TecT Toioki. Hampukmax, mpu omiHmi pi3-
HUIIl MDK CepemHIMH KiNBKOCTSMH iMaro y KOHTPOIi (B-
anT Nel) Ta mocmimHWX BapiaHTax 3 HMOJOBHHHHMH po0O-
guMH 1o3aMu recTanuAiB — No2, Ne3 ta Ned, konu cepenHe
3HAa4YCHHS B KOHTPOJI MEPEBUIIYE CepenHi y 3a3HaAYeHUX
BapianTax y 2,91; 3,67 ta 3,96 pasu BiANOBiAHO, TONpPaBKa
Boudepponi Ta Tect lledde natore MeHmry iiMoBipHICTH
MTOMMUJIKH, HiJK TecT ThIOKi. AHANIOTIYHY KapTHHY CIOCTE-
piraeMo i npu MOpiBHIHHI CepeHbOT KiJIbKOCTI JIAJICYOK B
KOHTpoJbHOMY (B-HT Nel) Ta mocmimHux BapiaHTax Ne2,
Ne3, N4 3 mOIOBHHHUMH JI03aMU TIECTUIHIIB, IC CEPEIHE
3HAYCHHS B KOHTPOJIi IIEPEBHIIY€ BiAMOBIIHI cepenHi 3Ha-
YeHHS B IOCHIAHUX BapiaHTax y 2,97; 2,97 ta 2,76 pa3is
BignoBigHO. | B maHoMy Bumaaky morpaBka boHpeppoHi
ta tect Uledde, miaTBepHKy0Un anbTepHATHBHY TiIlo-
Te3y, MAOTh MEHIIY WMOBIPHICTh TOMWJIKH, HIX TECT
Trroki. [Ipu nmopiBHAHHI cepeHiX KiTbKOCTEH JIMUUHOK Y
nocnigaux Bapiantax Ne2 (Tomncin-M“, 1 r/m) Ta Ned (“Mo-
crinan, PIT“, 0,063 r/n), ne pi3HHIL MK CEpeIHIMU CTa-
HOBHTH 2,18 pasu, monpaska boudeppowni ta tect lledde,
Ha TJIi NPUIHATTS aJbTEPHATUBHOI IIIOTE3H, TAKOXK Jal0Th
MeHIIe 3Ha4eHHs WMOBipHOCTI, HiX TecT Thioki. [lpm
IIbOMY B YCiX 3a3Ha4€HHMX BHUIaAKax nompaska borgep-
POHI 1a€ MEHITy IMOBIpHICTh MOMIJIKH, HixK TecT Ledde.
Tob6To mompaska boHheppoHi 3acBigaye OLTBITY JOCTOBI-
PHICTB pi3HUII MK CYTTEBO KOHTPACTYFOUUMHU CEpEIHIMH,
Hik TecT Trioki. A tecT Lledde 3a mux ymoB 3aiimae mpo-
MDKHY TO3HII0 3 OUTBIIAM HAOMIDKEHHSM JI0 TTOTPABKA
BoudeppoHi.

HaroMicTb, KO pi3HULA MiX cepeTHIMU MeHIIa Hixk 2
pasu, TecT ThIOKi, 32 YMOB IPUHHSTTS albTEPHATUBHOT I'i-
MOTE3H, JIa€ MEHIY HMOBIPHICTh MOMHJIKH MOPIBHSHO 3
JIBOMA IHIIUMH TeCTaMu. Tak, IPH OIHIN PI3HHII MiXK ce-
penHIMHU KiJIbKOCTSMHU siElb B KOHTpoui (B-HT Nel) Ta mo-
cimiganx Bapiantax Ne2 (“Toncie-M“, 1 r/1) i Ned (“Moc-
mingan, PIT“, 0,063 r/n), ne BigMiHHICTH CTAHOBUTH 1,5 Ta
1,3 pasu BiamoBixHO, TecT THIOKI Jae MEHITY HMOBIpHICTB
MOMIJIKM TIPW TIPUHHATI aNbTEPHATHBHOI TIMOTE3H, HIXK
noripaBka bordepponi ta Tect ledde. Taka sx 3axkoHOMI-
PHICTh Ma€ Micle TpH HOPIBHSAHHI CepeHIX KUIbKOCTEH
JIMYMHOK y KOHTPOJI Ta JOCTigHMX Bapiantax Ne2, Ne3,
Ne4 3 monOBUHHUME POOOYNMU 103aMH IIECTHUIIMIIB, /1€ Ce-
pelHi 3Ha4YeHHs B I0CIITHUX BapiaHTax BiJAPI3HSIOTHCS BiJl
CepeNHbOTO 3Ha4eHHsI B KoHTpoui B 1,74; 1,33 ta 1,25 pa-
3iB BiAmoBiaHo. [Ipu 1pomy tect ledde y Beix 3a3nave-
HUX Mapax MOPiBHIOBAaHMX BapiaHTIB Jae OiIbITy HMOBIp-
HICTH MOMMWJIKH, HiX TonpaBka boudepponi. TodTo yum
OmmK4l Mk co0OI0 cepellHi 3HAYCHHS, THM Kpaiie pi3-
HHIIO MDXX HUMH YJIOBIIOE TecT ThIOKi, MEHIIIE MONpaBKa
Bondepponi i me menme tect Lledde.

OxpeMo cI1iji pO3TIISTHY TH Pi3HUIIO MK BapianTamu Ne2
(“Tomcin-M*, 1 1/m) Ta Ned4 (“Mocminan, PIT“, 0,063 r/m)
3a CepeHbOI0 KiJIbKICTIO iMaro, Jie CIiBBiIHOIIEHHS cepe-
JIHIX cTaHOBUTH 1,36. JInme Tect ThioKi MiATBEpIUB HASIB-
HICTB JIOCTOBIpHOI Pi3HUII MK CEpeIHIMH IIUX BapiaHTiB
3 fimoBipaicTio 0,0379, HaToMmicTs onpaBka borepponi
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ta tect llledde HE 3Mornm crpocTyBaTH HYJIBOBOI TiIlO-
TE3H, OCKLIBKH 3HAYCHHS KMOBIPHOCTEH 32 KOXKHUM 3 LIUX
TECTIB JIs1 JAHOTO MOPIBHSAHHS X04a 1 HE3HAYHO, aJle nepe-
BuiryBaia 0,05. IIpy 1bOMy NEpEeBHUIIEHHS 32 TECTOM
edde 6ymno pewro OinbimM, Hix 3a nonpaskoro boudep-
POHi.

VY BapiaHTax 3 MOBHUMH [03aMH TIECTHIHIIB MaEMO
aHaJIOTi9Hi 3aKoOHOMIipHOCTI. Tak, mpu OWiHII TOCTOBIPHO-
CTi PI3HUII MIX CepeHIMU KUJIBKOCTSMH SI€Nb Y JOCIiA-
HOMy BapianTi Ne7 (“Mocminan, PIT“, 0,125 r/m) Ta Bapia-
HTax Nel, No5, Ne6, siki Bimpi3HAIOTHCA Bil 3a3HAYCHOTO Ba-
pianty B 48,25; 46,25; 52 pa3u BianoBiaHO, TonpaBka box-
(deppoHi ae HaliMEHINy HMOBIPHICTH IIOMIJIKK HA TJIi M-
TBEP/UKCHHS aJbTCPHATUBHOI TiMOTE3H, ACHIO OUIbIITYy
nmoBipHicTe mommiku nae tect lledde i Haibinpury —
tecT Thloki. AHaJOT1YHI HMOBIPHOCTI MOMMIIOK 3adikco-
BaHi Ha TJIi BU3HAHHA aJIbTEPHATHBHOI TIMOTE3H IIOJI0 Pi3-
HUII MK CepeIHbOI0 KUTBKICTIO JTUIWHOK Y JOCIiITHOMY
BapianTi Ne7 (“Mocrminan, PIT%, 0,125 r/71) Ta iHmmx Bapi-
aHTax, AKi BIIPI3HAIOTHCA BiJ] 3a3HAYEHOTO BapiaHTy B 68,
54 Ta 47 pa3. HatoMicTs Ipu OPiBHAHHI CEpeIHBOI KilTb-
KOCTi THYUHOK MiX BapianTtamu Nel, No5 ta Ne6, me pis-
HUI MK cepenHiMu He mepeuinye 1,26—1,45 pasu, Ha
TJIi BU3HAHHS AJbTEPHATHBHOI TiMOTE3W 3a BCiMa OCIi-
JUKCHUMH TecTaMH, TecT ThIOKI Jae HalMeHITy HMOBIp-
HICTh NTOMUIIOK, OUIbINY — monpaBka boudepponi Ta Haii-
ouneiry — tect ledde.

BonHouac Ha Tii BU3HaHHS aJbTEPHATUBHOI TilOTE3H
moripaBka bordeppowni ta Tect Lledde maroTe Oimpmry mM0-
MUJIKY, HiXK TecT ThIOKi, KoM 3Ha4eHHs OLTBIIOTO 3 Mopi-
BHIOBaHHX CepelHiX HabmmxaeTses 1o 20, TOOTO € T0CUTh
HU3BKHAM HaBiTh, KO BOHO BiIPi3HSIOTHCS Bill MEHIIIOTO
CepeIHbOro 3HaYCHHA Ounbmie, HiX y 2 pasu. Taka curya-
mis 3a¢ikcoBaHa, HANIPHUKIIAA, TIPU TTOPIBHIHHI cepenHbO1
KUTBKOCTI JISJICYOK Ta IMaro y BapiaHTax 3 MOBHUMH PO0Oo-
yuMu fo3amu nectuiuaiB Ne5 (“Tomcin-M*, 2 /71 ) Ta Ne7
(“Mocminan, PIT“, 0,125 r/n ). TocToBipHa Pi3HHI MiX
Bapiantamu OyJia 3aikcoBaHa ycimMa TecTaMH, poTe WMo-
BIPHICTh TIOMMJIKM Ha TJIi HPUHHSTTS ajJbTePHATHBHOI Ti-
NOTE3M 3pOCTaja B TAKOMY psily: TecT ThIOKI < MomnpaBKa
Bondepponi < Tect Lledde.

BucnoBku. Tect Thioki € HailOinbLI JliOEpaIbHUM 1
HOro 3aCTOCYBaHHsI JOIIIbHE, KO KiJIbKICTh OCOOMH Ha
OCTaHHIX CTaJisX PO3BHUTKY (JISUICYKH, iMaro) mopiBHIOBa-
uux koropt D.melanogaster pizko 3MeHIITyeThCsI BIZIHOCHO
KOHTPOJIIO Mi/l BIULINBOM KOXKHOTO 3 ITOIIAPHO ITOPiBHIOBA-
HHUX CTPECOBHMX YMHHUKIB. Cepen NOoCHiKEHNX anocTepi-
OpHHX TecTiB norpaBka boHpeppoHi nae HaltMeHITy HMO-
BIPHICTh NOMMJIKH MPH NPUHHATTI albTepHATUBHOI TriMo-
Te3H, SIKIIO MOPIBHIOBaHI Cepe/iHi 3HAYCHHS € CYTTEBO KO-
HTPACTYIOUHMH 1 BiIPI3HAIOTHCS Olnblile, HIX y JIBa pasy,
aJle TP 1IbOMY 3Ha4YeHHsI OLIBLIOTO i3 MOPIBHIOBAHUX Ce-
pennix 3HauHo Oinbine 3a 20. HatomicTh, Konu MOpiBHIO-
BaHi CepefHi € CI1a0K0 KOHTPACTYIOYHMH 1 BIIPI3HIIOTHCS
MEHIIe HiX y 2 pa3u, HaliMeHIly WMOBIPHICTb NMOMMWIIKA
TIPY TIPUHAHSTTI aJIbTEPHATUBHOI TinoTe3n Aae tecT ThIoKi.
3acTocyBaHHs TecTy ThIOKI € OUIBII IPIOPUTETHHM 1y BH-
TIaJIKy, KOJIM 3HaYeHHs O1JBIIOro 3 NOPIBHIOBAaHUX Cepe-
HiX MeHire 3a 20 a00 HAOIMKAETLCS [0 LOrO YUCIa, Ha-
BITh SIKIIO ITPX IIbOMY BOHO IIEPEBHIIYE MEHIIIE 3 INX 3Ha-
4yeHp Oinpmre, HX y 2 pasu. Tect Hledde BusBUBCS Haii-
OUTBII KOHCEPBATHBHUM 1 MOPIBHSHO 3 IBOMA IHIINMH Te-
CTaMH JIEMOHCTPYE BHIIlI WMOBIpHOCTI TOMMUJIOK Ha TIi



MPUAHATTS abTCPHATUBHOL TIilIOTE3HU, K y BUIIAJKY CH-
JIBHO KOHTPACTYIOYHX, TaK 1 cTA0KO KOHTPACTYIOUHX Cepe-
THIX.
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Comparative analysis of the effectiveness of a posteriori tests in cohort analysis (by example D. melanogaster)

S. S. Rudenko, A. V. Tom'yuk, S. S. Kostyshyn

Abstract. The article presents the results of evaluation of the effectiveness of using most popular a posteriori tests —the Sheffe test, the

Tukey test, and the Bonferroni correction for to determine the reliability in the difference in cohort survival of model species for

different stresses. As a model species, we used D. melanogaster and as a stress factor we used pesticides. It is found that the use of the

Bonferroni correction is more appropriate when the effect of the comparable stress factors is quite contrast, and the Tukey test - when

both factors significantly suppress survival of individuals. The use of the Sheffe test in cohort analysis is not recommended.
Keywords: cohort analysis, Tukey test, Bonferroni correction, Sheffe test, D. melanogaster, pesticides.
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AHoTauis. B ocTtaHHI poKH iHTEHCHBHO BHBYAIOTHCS OCOOIMBOCTI B3a€EMO3B’S3KiB MCHUX0(]i310J0TI4HOr0, PYHKIIOHATHHOTO CTaHIB
opraHi3My Ta ()i3UYHOI Ipane3gaTHOCT] CTYIEHTIB, IO CHCTEMaTHYHO 3aHMAaIOThCS CIIOPTOM. Y TIpOLECi TOCHIIKEHHS, cepel KOH-
THUHT'CHTY BHUSBJIECHO OUIBIIICTH JIETKOATIIETIB i3 HAMIPHOIO €KCTPABEPCHBHICTIO, a BUBYEHHS X ICHMXO0(i310JOTIYHIX BIACTHBOCTEH
JTaJI0 MO>KJIMBICTH CTBEPUKYBATH PO BHCOKY 3[aTHICTh IIBUAKO pearyBaTH Ha ITOJIPAa3HUKU Ta BUKOHYBATH IeBHI mii. Tak, y jerkii
aTieTHni Ha (oHI CHCTEMaTHYHHWX BHCHA)XIMBUX TPEHYBaHb, CTYJCHTH HEPETHHAIOTH MEXY 3pHBIB IICHXOEMOLIHHOTO CTaHy, IO
3HIKY€E e(EeKTHBHICTh HAaBYAJIBbHOI, TPEHYBaJbHOI Ta 3MaraibHOi AisiibHOCTI. TOMy BHHHKAae HarajibHa NOTpeda BIPOBAKEHHS
KOMIIJIEKCY 3ac00iB BiTHOBJIECHHS A ONTUMIi3allii (yHKIIOHAIHHOI TOTOBHOCTI JO BUKOHAHHS CIIENX(iYHOTO HAaBaHTAKEHHS CTyZe-

HTIB JIETKOATJIETIB.

Knruoei cnosa: ncuxogizionoziuni enacmuocmi, GyHKYIOHATbHUL CINAH OP2AHI3MY, CHOPIMCMEHU-1e2KOAmAemuy, eKCmpasepCis.

Koporknii orasan my6aikaniii no remi. OauMu 3 rosno-
BHUX 3aBJaHb (PI3MYHOTO BHXOBAHHS y BHINMX 3aKJagax
OCBITH YKpaiHU € 3aJIlydeHHS CTYJCHTIB A0 CHCTEMaThd-
HOTO TiABHIICHHS PiBHA PYXOBOi aKTUBHOCTI, 30epeKeH-
HS 1 3MIIHEHHS 370pOB’s, 3a0€3M€YEeHHS BHCOKOTO CTy-
TICHIO PO3BHUTKY PYXOBHUX SKOCTEH, onTHMi3amii (yHKIIio-
HaJIbHUX MOJJIMBOCTEH OpraHi3My MOJIOZI, NMpUAOaHHS
CICIiaJbHUX 3HAHb, HABUYOK Ta YMiHb, HEOOXIMHUX IS
MaiioyTHBOT podeciifHOl AiSIBHOCTI.

Ha cporonni B YkpaiHi Ta B KpaiHax OJMIKHBOTO 3apy-
ODIOKSI CIIOCTEPIraeThesl CTiMKa HeraTHMBHA TEHICHIIS JI0
30UIBIIEHHST KITBKOCTI MOJIOZI 3 HM3BKMM 1 HMKYMM 32
cepeHii piBHAMHU (I3UIHOTO 30POB’s Ta (Pi3UUHOT Mmif-
rotoBku [4]. OpHi€0 i3 comiadbHO 3HAYUMHUX TPUIHH
BOr0 SIBHINA € IiABUIICHHS ICHUXIYHMX, €MOLIHHUX Ta
CTPECOBHX HaBaHTa)keHb TOIIO [1].

B ocraHHI pokH iHTCHCHBHO BHBYAIOTHCS OCOOIMBOCTI
B3a€MO3B’S3KiB TICHXOEMOLIWHOTO CTaHy Ta (i3mgHOI
Mpane3qaTHOCTI CHOPTCMEHIB-CTYIEHTIB: CTPUIBIIB 3
JIyKa, raHq0oJICTIiB, JIETKOATIETIB, OOpLIB, a TAKOXK CTY-
JIeHTCbKkoT Mool y uinomy. Lli poOoTu Bu3HA4arOTh
0co0MMBOCTI BIUIMBY ()i3UUHUX HaBaHTa)XKEHb HA IMOKa3-
HUKH (QYHKIIOHAIBHOTO CTaHy LEHTPaJbHOI HEPBOBOT
CHCTEMH Ta PO3yMOBY Mpalle3aTHICTh. BUABICHI OCHOB-
Hi MeXaHi3MM ONTHMAaJIbHOI, HaNlpy>K€HOI Ta Hea/leKBaT-
HOI ajanTamii 10 BaXKKOi M’s30BOi poOOTH. AJle HeoCTa-
THBO € BHBYCHI B3a€MO3B’S3KHM MOKa3HHKIB (Pi3myHOI Ta
TICUXOJIOTIYHOI TIpale3aTHOCTI Ta OCHOBHHX CHCTEM
OpraHi3My (CepIieBO-CYIHHHOI, KapiOperyIsSTOpHOT), Mo
3a0e3neuyroTh aJanTallif0 CTYISHTIB JierKoatieTiB. Ta-
KAM YMHOM JOCIi/KeHHA ncuxogizionoriaHoi Ha ¢oHi
BHKOHAHHSI CTIOPTHBHOI, HABYAILHOI JiSUTBHOCTI CIIOPTC-
MEHIB € aKTyaJbHOI0 MEIHKO-010JIOTIYHOI0 MPOOIEMOI0
croroaenns [3].

Binomo, 110 3aiiMarounCch TPEHYBAIBHOIO TISITBHICTIO 3
METOIO MiJBUIICHHS CTIOPTHBHOI MaHCTEPHOCTI CTYACHT-
ChbKa MOJIOAb MiJIBHUINYE piBeHb MOp(hodyKIiOHATEHOTO
CTaHy OpraHi3aMy y LiJOMY Ta ONTHUMi3ye cTaH (i3UdHOT
MMIJATOTOBKH.

TpeHyBanbHA AiSUIBHICTE CTYJICHTIB Y TI03aHABYAIbHUI
Yac BIUTMBA€E Ha (JOPMYBAHHS MOPAIBHO-BOJIBOBHX SKOC-
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Tei X mcuxodi3ioNoriuHy MiArOTOBICHICTb.

Ha cporonni B yMOBax COLiaJIbHOI Ta CIOPTUBHOI CHC-
TeMH KOHKYPYBaHHS, CTYJECHTH, KPiM BHCOKOI (i3HIHOI
MiATOTOBIICHOCT, TOBUHHI JOTPUMYIOTHCS TAKTHKH ade-
PCHTHOTO KOMIIOHEHTY NUIIXOM JHHaMiYHOTO PO3BUTKY
MOpaJbHUX, BOJIBOBHX 1 CTICIIalIbHUX MCUXIYHHUX SIKOCTEH
Ta MOTHBAILII.

Tak, y nerkiii atneruni Ha (OHI CUCTEMAaTUYHHUX BHU-
CHXJIMBUX TpPEHYBaHb, CTYJCHTH MEPETHHAIOTH MEXY
3pHUBIB IICHXOEMOLIIHOTO CTaHy, 110 3HUXKYE e(EeKTHB-
HICTh HaBYaJbHOI, TPEHYBAIBHOI Ta 3MarajibHOI AisIbHO-
cri [3, 4].

ToMy, 0370pOBIICHHS Ta ONTHMI3alis QyHKIIOHAIBHO-
ro Ta Mcuxo(]i3ioIO0TigHOTO CTaHy MOJIOINX JIETKOATICTIB
— IIe OZIHE i3 TOJIOBHMX 3aBAaHb (PI3MYHOrO BUXOBAaHHS B
YMOBaX BHUIIUX 3aKJaiB OcBiTH. J{s peamizamii Bumesa-
3HAYEHOTO 3aBJIaHHS CIIiJ] MOTHBYBATH CTYIICHTCHKY MO-
JIOZb [UIIXOM BIIPOBAJPKCHHS PI3HUX MOTHBALIHIX KOM-
MTOHEHTIB y Ipo1Ieci X pi3MyHOT0 BHXOBAaHHS Ta CIIOPTY.

OTXe aKTyaJbHICTh JaHO1 MPOOJIEMHU 30CepeKeHa Ha
HOIIYKaX HOBUX IIJXOJIB Ta NUISIXIB ONTHUMI3allil ICHXO0-
(i310JI0TIYHOTO CTaHy CTYACHTIB JIETKOATJIETIB Ta 1X (yH-
KI[IOHAJIbHOT TOTOBHOCTI 10 BHKOHAHHS CHEHU(IYHOrO
HaBaHTAXXEHHsI y N03aHaBYAIILHUH Yac.

Mera: omiHKa BIUTHBY IICUXO()i310JIOTIYHAX BIACTHBO-
CTeHl Ha NOKA3HWKH (PYHKIIOHAIFHOTO CTaHy OPraHi3My
CHIOPTCMEHIB-JIETKOATIICTIB.

Martepianu i meToau. AHaii3, y3araibHEHHS, CUCTE-
MaTH3allis COLIOJIOriYHOI, IeJaroriyHoi, COILiaJIbHO-
TICUXOJIOTIYHOI Ta METOAWYHOI JIiTEpaTypH 3 METOI0 BH-
BUCHHA MNpPOOJIEeMH 1 BHU3HAYEHHS TEOPETUYHHUX OCHOB
JOCITiPKEHHST; CTPYKTYPHO-JIOTIYHNH aHaIli3 3MiCTOBUX Ta
TEXHOJOTIYHUX OCHOB; TIEaroridHe CIIOCTEPEKEHHS;
AHKETyBaHHS 32 METOJMKOIO Ai3eHKa JUIsl OI[iIHKA CHUMII-
TOMOKOMIIIEKCY €KCTpaBepcii-iHTpoBepcii i HeHpOTHU3IMY
(emomiiiHOT CTa0iMBHOCTI).; METOAM OIIHKU (Hi3HIHOTO
PO3BHTKY, Ta (yHKIIOHAIBEHOTO CTaHy OpraHi3My.

[Mix wac mociimkeHHs Oyino obcrexxeHo 16 roHakiB 19
— 21 poxkiB, sKi 3aifiMaKCs JIETKO aTJIETUKOI (creniati-
3allisl CIPUHT) y TPyHax MiJBUIIEHHS CIIOPTHBHOI Maiic-
TepHOCTi (criopTrBHa KBatidikamis: I pospsn) Cymcbkoro



JIep>)KaBHOTO IejarorivHoro yHiBepcurety imeni A.C.
Makapenka. st 1ociigpKeHHsl HeHpOIMHAMIYHUX (QyHK-
Ll BUKOPHUCTAHO NporpaMHui Komiuiekc ““/liarHocr-1”
BiNOBiTHO 10 MeToauku M. B. Makapenka, B. C. Jlu3o-
ry6a [2]. Jlana MerommKa XapaKTepH3YETbCS BHCOKHM
piBHeM iH(GOPMATHBHOCTI Ta HAMIIHOCTI, TO3BOJSIE YHH-
KaTh Cy0 €KTHBHI (PaKTOpH IOCIiMKYBaHUX OCi0 Tim dac
OIIIHKH BJIACTUBOCTEH HEPBOBOI CHCTEMHU.

BmsHaueHHs (YHKIIOHAIBHOI PYXJIMBOCTI HEPBOBHX
nporeciB (OPHII) 3xificHIOBaIOCS 32 TOKa3HUKAMU IIIBH-
JIKOCTI, SIKOCTi Ta KiNBKOCTiI mepepobienHoi iHpopmarii B
YMOBax “3BOPOTHOTO 3B’S3KY”: UMM OUIbII OE3MOMUIIKO-
BOIO Oylla peakiiss JOCIHiJKyBaHOTO Ha Npe’ sIBICHHS
CUTHAJIB, THUM HIBUAKICTH MOSIBU NOAPa3HUKIB 3pocTana i
HaBIIaKH.

Takum umHOM, Tix yac pociimkenns OPHII anamizy-
BaJINCS TIOKa3HUKU 4acy BUKOHAHHS 3aBIaHHs, TPUBAJIOC-
Ti MiHIMaNbHOI EKCHO3WIlii Ta BHXOIY Ha MiHIMAIbHY
excrio3umito. [licis 3aBepIIeHHS TECTyBaHHS, OTPHMaHi
pe3ynbpTaTi OyIIM aBTOMATHIHO 30€pEeKeHi B apXiBi JaHUX
Microsoft EXCEL 2010.

OTpuMaHi IaHi TiAIsarand MaTeMaTH9HINA Ta CTaTUCTH-
YHii 00poOIll 3a JOMOMOIO TMPHUKIATHOI HPOTrpaMu
«STATISTICA 8.0». lns mnepBHHHOI MiArOTOBKH Tao-
JHMIB 1 MPOMDKHHUX PO3paxyHKIB BHKOPUCTOBYBaBCS Ia-
ket Excel

Marepianu Ta iXx o6roBopennsi. AnanTauiiiHi 3MiHH
(YHKIIOHAJIBHOTO CTaHy OpraHi3My IOTPeOYIOTh KOM-
IUIEKCHOTO KOHTPOIIO Ta KOPHUT'YBaHHS IICHXO(i3i0oriv-
HUX OCOOJMBOCTEH UI YCIIITHOTO BHKOHAHHS criermdi-
YHOTO HABAaHTA)KCHH.

BbararokoMrnoHeHTHICTh ()aKTOPiB €K30I'€HHOTO Ta €H-
JIOTEHHOTO CEpPeIOBHIIA Ta KOMIUIEKCHICTh 1X BIUIMBY Ha
MOopGhOQYHKITIOHANEHUI CTaH CTYIEHTIB JISTKOATIIETIB Ta
MMOKAa3HHUKH YCIIIHOCTI HABYAJIBHOI 1 CIIOPTUBHOI Tisijib-
HOCTI TMOTPEOYIOTh CHCTEMHOMY IMiJIXOAY O YAOCKOHA-
JICHHSI YMOB Ta oOpradizauii HaBYaJbHO-TPEHYBaJbHOTO
nporecy.

CrieruipiuHui TiAXix 1aCTh MOMJIMBICTH JOCSITH BHU-
COKHX CHOPTHUBHHX PE3YJIbTATIB 3 MiHIMAJIILHUM CTyIIEHEM
pU3HKY (popMyBaHHS HETaTHBHUX 3PYIICHDb (DYHKI[IOHAIb-
HHUX MOXITMBOCTEH OpraHi3My CTY/ICHTIB JIETKOATJIETIB.

VY mpormeci IOCTiKCHHS HAMHU OyJIO BHU3HAUYCHO, IO
OUTBILICTH MPEICTABHUKIB KOTOPTH PECIIOHICHTIB MOTEP-
Maf0Th Bl TOTO, IO TPEHYBAJIbHI HABAHTAXKEHHS IO€M-
HaHHI 13 HABYaHHSM Ta BUBUCHHSM HOPMATHBHHX AMCIIH-
IUTIH TIPOBOJISITHCSL HA TJII XPOHIYHOI BTOMHM Ta €MOIIHHO-
IO BUCHA)KCHHSL.

Yacri (i3uuHi Ta IICHUXOJIOTIYHI MTEPEeBaHTAKEHHS MPU3-
BOJISITh JI0 TIEpEHANPY)KEHHS Py QYHKIIOHAJIBHUX CHCTEM.

JlocmikeHi ckap)KaTbes Ha CTaH TPUBOTH, TOPYIICHHS
CHY Ta BIJICYyTHOCTI BiJ4yTTs BiIHOBICHHA. TpHBAaicTh
TaKUX CHMITOMIB 3 OOKYy HEpBOBOI CHCTEMH MOXYTb
HEMUHY4Y€ TIPHU3BECTH IO 3HIDKEHHS (DYHKIIOHAJIBHOTO
CTaHy OpraHi3My Ta Pi3HHX NepeNnaToJOr YHNX CTaHIB.

[Toka3HUKHM CcepleBO-CYJMHHOI Ta AMXAJIBHOI CHCTEM
00CTE)XEHOr0 KOHTHHICHTY BiJIOBifaNN HaBEJECHHM B
CHemiajbHIi JiTepaTypi BIKOBUM HOpPMaM Ta HE MajH
3HAYHMUX BIAMIHHOCTEH MK BIKOBHMHM TpyHaMu, Koedimi-
€HT Bapiamii 3HaX0ANBCA B MEKaxX 3HAUCHHS.

BusHadeHo B3a€MO3B’ 30K MiXK CIeliallizaiielo CTye-
HTiB JIETKOATJETIB Ta TMOKa3HUKaMHU (YHKI[IOHAIEHOTO
CTaHy CepleBO-CyJMHHOI cHCTeMHU. Pi3HHISI BeIMYHMH
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cucromniyHoro aprepiansHoro tucky (CAT) «ctpubku y
JIOBXKHMHY» Ta «CHPUHTEPiB» cTaHoBMIa 7,17% (Bianosia-
Ho; P>0,01). BcraHoBneHO BiACYTHICTH BiMiIHHOCTEH
TIOKa3HUKIB JiacToiiiuHOrOo aprepianbHoro THeky (JAT)
[0 1oB’s13aHO 3i cTabimizamiero JJAT 3a paxyHOK HEepBO-
BOI peryJilii, Ta BUIPAMIIIOUOTO eQeKTy nepudepiiHo-
TO OMOpY.

TakuMm YMHOM y TIpOIeCi JOCTIIKCHHS BCTaHOBIICHO,
10 (i3i0OTiYHAN CTaH OPraHi3My CTYACHTIB BU3HAYABCS
Ha JIOCTaTHHOMY DiBHI, IO € IEPEeIyMOBOIO IJISI ONTHMI-
3amii QYHKIIA pspy Qi3ioNOTIYHUX CHCTEM Oprasmy y
TOMY YHCJI 1 32 JOMOMOTOI0 POTPaMH BIUTMBY MCHXOJIO-
TIYHUME METOJIaMHU 1 3aCO0M BiTHOBJICHHS Ha (DYHKIIOHA-
JIbHY TOTOBHICTH IO BUKOHAHHS CIelH(]iYHOr0 HaBaHTa-
JKEHHsI CTY/ICHTIB JIETKOATJeTiB. Y MPOTHJIEKHOMY BHUIA-
JKY € MOJJIMBICTh BHHUKHEHHSI IEPEIYMOBU PO3BUTKY
NepeinaToOriYyHUX CTaHiB, IO Y MPOIECi YKUTTEMIsIb-
HOCTI MOXYTh TPOTPECYBAaTH IO CKJIaTHOI CHUCTEMHOL
TIaTOJIOT .

BinMiHHOIO pPHCOIO MOCTIIKYBAaHOTO KOHTHHTCHTY
CTala XapaKTepUCTHKAa ITOKa3HWKIB YacTOTH CEPLEBHX
ckopoueHb (UCC) Ta apTepiaabHOrO TUCKY 3 TOYKH 30PY
JIOBFOTPUBAJIOl aJanTailii CepreBO-CyIMHHOI CHCTEMH 10
BIIpaB aHaepoOHO-aecpoOHOTO xapaktepy. Cepem mocii-
JDKEHOTO KOHTHHI'CHTY BHSIBJICHO NPOSIBU (YHKIIOHAJb-
HOi €KOHOMi3allil CepUEeBOCYANHHOI CHCTEMH 13 3HIIKeE-
HuM nokazHukoM YCC y craHi criokoro Huk4e (i3ioori-
4YHOT HOPMHU (CHOPTUBHA OpajguKapnisi). AHaJIOTIUYHA TeH-
JICHIIIST BHUABIICHA 1 BITHOCHO (YHKIIOHAJIHHOI XapakTe-
PUCTHKH 3HIKEHHS apTepiabHOTO THCKY (CHOPTHBHA
TIMOTOHI).

Tak BCTaHOBIECHO, IO CIIOPTHBHA TiNMOTOHIA IIPHUTa-
MaHHa 56,78% IOHaKiB, IO 3aliMalOThCsS CTPUOKAMHU y
JOBXHHY, Ta 63,45% artieriB-cnpuHTepiB. XapakTepHi
BIIMIHHOCTI CIIOCTEPIraji i MO0 CIIOPTHBHOI OpaguKap-
Iii — 67,89% ta 71,45% Biamosiguo (p>0,01).

VY npoueci BU3HAYEHHS] CUMITOMOKOMILIEKCY €KCTpa-
Bepcii-iHTpoBepcil i HelipoTuaMy (emouiiiHoi crabiibHO-
CTi) 32 METONMKOK AM3EHKa, JOCIIIKEHI OCOOIUBOCTI
TEeMIIEPAaMEHTY KOHTHUHIEHTY CTYJEHTIB JIErKOATJETiB.
Jis TeMIiepaMeHTy CTYIEHTIB CHOPTHUBHOI CIIeIiami3amii
XapakTepHa MOKa30Ba aMILTITyJa KOJUBAaHb (BiJ MiHIMa-
JBHOI IO MaKCHMAJIbHOT). Y OHUX CHOPTCMEHIB I Tiepe-
XOJH 3IHCHIOIOTHCS JIETKO 1 HEBUMYIIECHO, a y 1HINX — 3
BEJIMKOIO HANPYTOIO 1 YaCTUMHM 3pHBaMH.

Bij TeMriepaMeHTy 3ai1€KHTh, HACKIIBKU IIBHIKO JIIO-
JIUHA BKJIFOYAETHCS B POOOTY 1 3 SIKOK MIBUAKICTIO 3HH-
KYETBCSI TeMIT AisIbHOCTI. Tak B pyXxoBiil aii Temmnepa-
MEHT BUPAXKAETHCS B CHJII, IIBUAKOCTI, PUTMI 1 TEMIIi BCiX
NICHXOMOTOPHHX IPOSIBIB JIFOIUHH.

BupaxeHicte excrpaBepcii € neperyMoBOI HEWpOTH-
3alii Ta IICUXOEMOIIIITHOT HeCTaOLIEHOCTI, IO MOJXKE TIPH-
3BECTH J0 3pUBY aJanTalifHuX mpoueciB. Ane cepeaHii
piBeHb  eKcTpaBepcii  CYNpOBOIKYETHCS  CHIIBHO-
CTaOUIbHUMHM TIPOSIBAMH TICIX0(]i310JI0TIYHOTO CTAHY Ta €
HEOOXiTHOI0 yYMOBOIO JIsi HPOJYKTHBHOTO BIIPAIbOBY-
BaHHS CTYJCHTIB JIETKOATJIETIB iJl Yac IO€JHAHHS HaB-
YJanbHOI TPEHYBAIBHOI iSTBHOCTI.

JlocmipKyoun  iHIUBIyBaIbHO-THTIOJIOTIYHI XapaKT-
PHUCTHKH TIPEJCTaBHHUKIB CTYIEHTCHKOI KOTOpTH, Oyia
3arocTpeHa mpoOieMa HaaMipHOI eKCTPaBepCHUBHOCTI Ta
BH3HAUEHO NTaHWH TIOKa3HUK y 36,48+4,56% nerkoatie-
TiB, IO CBIYNTH MPO BHCOKHH PiBEHb HMOPHOCTI 3pHUBY



afanTalifHuX MOIHBOCTed. Toi K MPOsIBY iHTpaBepcii
OyJi XapakTepHi Uil BIpOTiTHO MEHIIOI KUIBKOCTI CTY-
JICHTIB OPIBHSHO i3 ekcTpaBepciero (Binnosinxo p>0,01).
Bkazanuil (axkT miATBEpIKYe pe3yJibTaTH HONEpenHiX
HAYKOBHX JIOCIIJKEHb, IO AJISl CIOPTCMEHIB JIerKoarJe-
TiB XapaKTepHa eKCTPaBEPCHUBHICTb.

5,86
18,32 36,48

39,34

DO BupaxeHUl eKCTPABEPT;
DOexcrpasepr;
BinTpasepr;

ITIHOOKUH IHTpaBepT;

Puc. 1. [uauBinyanbHO-THIOJIOTIYHI  OCOOJMBOCTI
CTy- ICHTIB JIETKOATJIETIB (eKCTpaBepcis-iHTpoBepcis) %

Ha npyromy erami mpoBeaeHO aHaii3 cTaHy Hcuxodi-
310JIOT1YHHMX TOKa3HHUKIB CTYJIEHTIB JIErKOoaTieTiB (puc.2).
BusiBieHo, mio 3apeectpoBaHMi NCHX0(i3i0M0TTYHHI
MOKa3HUK ()YHKIIOHAIBLHOT PyXJIMBOCTI HEPBOBUX IPOIIe-
ci (OPHII), m1o 3a cBoiM 3MicTOM BioOpaxae 3MaTHICTh
IHAMBIIA IIBUIKO PEaryBaTH Ha MOJPA3HUKUA Ta BHKOHY-
BaTH TMEBHI Aii, 3HAYHO BWINUHA y IIPEICTABHHKIB, SKi
Malyd XapakTepHI 1HIUBIAYyaJlbHO-THIIOJNOTIYHI TIPOSBH
ekcrpasepcii (40,3442,89 y.o. ta 71,45+4,56 y.o., Biamo-
BigHo p>0,01).

71,45

80 -
3648 40344 39,34

60 £

40 ¥

20 1

o 1 =
BHUpaKEHA CepeIHs eKCTpaBepcCis
eKCTpaBepcis;

OpiseHs ekTpaBepcil; OOPHIT

Puc. 2. locnimkeHnHs GpyHKIIOHATEHOI pyXJIMBOCTI HEPBO-
BHUX IIPOLIECIB Ta BUPAXKEHOCTI ekcTpasepcii (%0)

JocratHili piBeHb eKkcTpaBepcii He BHCHa)XKye HEPBOBY
CHCTEMY TOMY IpoOBigHA ii (QYHKIS Ha HOPSIOK BHIII,
TIOPIBHSIHO 13 BHCOKMM piBHEM ekcTpaBepcii. OTxe y
Takux JerkoatieTiB nputamanHe ®PHII Ginbin Bucokoro
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3HAYEHHS, OCOOJIMBO IMiJ Yac 3MarajbHO-TPEHYBAJIbHOI
JISUIBHOCTI, € BiJl HUX BHMAaraeTbCsi MakcuMalbHa Je-
MOHCTpaLisi CIOPTUBHHUX PE3YJIBTATIB.

Bimomo, 1o ofHi€0 3 XapaKTepHUX OCOOIMBOCTEH
TPEHOBAHOI'O Ta OPraHi3My € HEpiBHOMIpPHICTh (hyHKIiO-
HyBaHHA (isionoriuamx cuctem. Tomy, B XOAi IOCIi-
JDKCHHS TIPOBEJICHO IOPIBHSHHS BETETaTHBHOIO CTaTyCy
CTYACHTIB 1 BCTAHOBIICHO CTAaTHUCTUYHY BiIMIiHHICTH IO
MOYaTKy BIPOBAIKCHHS alTOPUTMY BIUIMBY IICHXOJIOTid-
HUMH METOAAMH i 3aCO0M BiTHOBJICHHS Ha ()yHKITIOHAIB-
Hy TOTOBHICTH O BHKOHAHHS CIICIU(IIHOTO HaBaHTa-
JKEHHsI CTY/ICHTIB JIETKOATJIETIB Ta MiCIIs.

3Bakaro4M Ha BUIICBKa3aHi (pakTH, OYI0 BHOKPEMIICHO
Ta NMPAaKTUYHO 3aCTOCOBAHO KiJIbKa BHIB BiJHOBIICHHS
(YHKI[IOHAJIBHOTO CTaHy OpraHi3My JIErKOaTjeTiB, a ca-
Me: BiJJHOBJICHHS 13 3aCTOCYBAHHSM IIEaroriuHux (4ep-
T'YBaHHS HaBaHTa)XX€Hb, BIJHOBIIIOBAJILHI TPEHYBaHHS,
BiTHOBJIOBAJIBHI JHi, IUKJIH); ICHXOJOTIYHUX; (DI3HIHIX;
(Macax, BOHI MIPOIICTypH, BiTHOBICHHS IUIIXOM BIUIHBY
Ha OIOJIOTIYHO aKTHBHI TOYKH) 3aCO0IB BiTHOBJICHHS Ta
KOMIUIEKCHUX CHCTEMH BiJTHOBJICHHS.

3a TOMOMOTO0 aHaNi3y pe3yAbTaTiB TOCIIIKEHHS IIic-
Jisl BIIPOBADKCHHS CJIEMEHTIB MCUXO(]i310J0TIYHOrO pO3-
BaHTa)XCHHS BCTaHOBJICHO YDPIBHOBA)XEHICTh BEreTaTHB-
HUX TIPOIECIB y BCIX BIKOBHMX KaTeropisx. Biporigna
BIIMIHHICTh YPIBHOBa)KCHOCTI BETCTATUBHUX MPOIIECIB 710
MOYaTKy Ta y KIHII JOCHiJ)KeHHs Oyjla BCTAHOBJICHA Y
crioptcMeHiB 21 poky BiamosinHo; p>0,01.

[TepcriekTHBOIO MOAANBIIMX HAYKOBUX IOCIHIIKEHb €
BUBYEHHS 3aKOHOMIPHOCTEH BIJHOBHHUX IIPOIIECIB, Xapak-
Tepy CTOMJICHHS 1 METOMIB, IO MiABHINYIOTh e()eKTUB-
HICTH BiTHOBJICHHS 1 aKTUBHOTO BiATIOYNHKY JISTKOATIICTIB.

BucHoBku. V nerkiii atnetnni Ha QOHI CHCTeMaTH4-
HUX BHCH@KJIMBUX TPEHYBaHb, CTYICHTH IEPETHHAIOTH
MEXY 3pHBIB IICHXOEMOIIIHHOTO CTaHy, IO 3HIKYE edek-
THBHICTh HAaBYAJIbHOI, TPEHYBAJIBHOI Ta 3MarajbHOI Ais-
nbHOCTI. TOMY BHHMKae HarajibHa 1oTpeda BIIPOBaKEH-
Hsl TIPOTPaMy BIUIMBY MCHXOJOTTYHUMH METO/aMH 1 3aco-
01 BiJJHOBJICHHSI Ha (D)YHKI[IOHAJIbHY TOTOBHICTH JI0 BHKO-
HaHHs crenn(iuHOro HaBaHTAXXEHHS CTYJIEHTIB JIErKOAaT-
JIETiB.

OYHKIIIOHATPHAN CTaH OpPTaHi3My CTYJCHTIB JETKOAaT-
JIETIB BIANOBiZaB BIKOBO-(i310IOTiIYHIH HOpMi. Y JIErKo-
aTJeTiB 3arocTpeHa npodiieMa HaJMipHOT €KCTpaBepCHB-
HOCTi, IO CBiIYUTH TPO BHUCOKUH pIBEHb IMOBIPHOCTI
3pHUBY aJaNTaliiHUX MOXKIMBOCTEH.

JocmimkeHHs ncuxoQi3ioNoridYHuX MOKa3HUKIB CTyIe-
HTIB JIETKOATJIETIB y OLIBIIOCTI BUIMA/AKIB BUSBUIN BHUCO-
Ky 3/IaTHICTh IIBWJIKO pearyBaTH Ha IMOJPa3HUKH Ta BHU-
KOHYBAaTH MEBHI JIii y MPeJICTaBHUKIB, SIKI MaJlld XapakTe-
PHI IHIMBI1yaJIbHO-THIIONOTTYHI POSIBU €KCTPaBEPCii.

3 METO MiABHIICHHS (QYHKI[IOHATHHOI TOTOBHOCTI 0
BUKOHAHHS CHEHU(IYHOTO HABAaHTA)XEHHS JIETKOATJETIB,
III0 HABYAIOTHCS Y BHIIMX 3aKJIaJax OCBITH, HaMu OyJ0
BIIPOBA/PKEHO KOMIUIEKCHY CHUCTEMY BiJHOBJICHHS Opra-
Hi3MY.
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Influence of psychophysiological features on the functional state of the organism of athletes

Yu. Tonkopei, O. Skyba, A. Leonenko, S. Cherednychenko

Abstract. In recent years, the peculiarities of the interconnections between the psycho-physiological state and the functional state of
the organism and the physical capacity of athletes-students are studied intensively. Among the contingent revealed most athletes with
excessive extroversion. The investigation of psycho-physiological properties indicated a high ability to react quickly to stimuli and
perform certain actions. In the field of athletics, against the backdrop of systematic exhausting training, students cross the line of
failure of the psycho-emotional state. This is reduces the results of training, training and competitive activities. There is a need to
implement a set of recovery facilities. To optimize the functional readiness to perform a specific load of athlete students.

Keywords: psychophysiological properties, functional state of the organism, athletes, extraversion.
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AHoTamnist. Y po0OoTi po3IIsHYTO NUTaHHS BIUIMBY (OPMH BaTepIiHil Ta GopMu it MiCI po3TalIyBaHHS MONEPEYHOi BUIMKH Ha I10-
BepXHI BaTepiliHii Ha e()eKTHBHICTh 3HIDKEHHS 11 onopy. B po0oTi ommcyeThest MopemoBaacsi OOTiKaHHS BaTepiliHii mpy 3MiHi 11
BUTHHY 70 IOTOKY Ta BiJ] HHOTO, & TAKOX Ipollec Bepudikarii MicIid po3TalryBaHHS Ta GOpMHU BUIMOK Ha moBepxHi Barepiinii. [Ipu
MpaBUJIbHOMY BHOOpi MicIyl po3TallyBaHHs 1 mapaMeTpiB (GopMH BHIMKH CHOCTEPIraeThCs MEPepO3MOIiy THCKY Ha MOBEpPXHi
00’€eKTy, 110 MOXKe OyTH BUKOPHCTAHO JUI 3MEHIICHHS IIOBHOTO OIOpY 00’ €KTa.

Knrwowuoei cnoesa: suimku, npuxopOoHHuil wap, onip, muck, 6amepiinis.

OnTuMizallis METOJIIB 3HM)KCHHS OIOPY BOJAU SIBISETHCS
aKTyaJbHOIO 3aJadelo rinpoauHaMmiku cynsa. IIpore nw-
TaHHS MPOCKTYBAHHS Ta BIOCKOHAJICHHS METOIIB B Cy-
YacHIW MPaKTHIll Bce e HE MOBHICTIO BHBYCHO. BoHH
BUPIIIYIOTECS 32 JOIIOMOIOI0 HAYKOBHX 3HAaHb Ta iHXKe-
HEpHOTo J0cBiny. [[pakTHYHE BUKOPUCTaHHS €KCIepUMe-
HTQJIBHOTO Ta YHCEJIFHOTO MOJCIIOBAaHHS B 3aJadyax BH-
BYCHHSI METOJIB 3HIKCHHS OIOpY CYyAHA 3a3BHYail 3BO-
JIUTHCS 10 METOAY CIIpo0 Ta MOMHIOK. ToMy MOXXIIHBICT
BUKOPHCTaHHS BHUIMOK Ha MOBEPXHI Cy/HA CIIOYaTKy BH-
KOHYyBaJlach Ha YMOBHI# BaTepJiHii.

Ha cporoHimHiil aeHs 3’ siBUJIacs HOBA TEHICHIS BU-
KOPHUCTaHHS TOBEpPXHI M’sga ans romedy. [Ipm mocmi-
IokeHi M’saa i ronbgy B CFD makerax Oynma orpuMaHa
Bi3yali3amis IOTOKY sIKa JEMOHCTPYE, IO TOYKa BiPUBY
y M’si9a A1 rofibga 3MIITyeThCS BHU3 3a TEUIi€HO IO Bif-
HOIIICHHIO JT0 TOYKH TiagKoi cepu. KpiM Toro, OCKiIbKH
ITMOWHA JTYHOK CTa€ TIIMOIIOK B CyTep KPUTHYHINA 00Ja-
CTi, TOYKa BiJIpUBY 3MILLYETHCS BBEPX 110 MOTOKY, a 30HA
cnigy crae Outbiioro. JleranbHe BUBYEHHS BIUIMBY KOH(DI-
ryparil JIyHOK Ha OIip IIapy OIMKCYEThCs B poboTax [1],
[2]. TIpu BuKOpHCTaHI qaHOI KOHIIEMINii HA MOBEPXHi aB-
TOMOOUIS TIOKa3aJ0 3MEHIICHHS CIHOXMBaHHS IajuBa
npuban3Ho Ha 11% [3]. Bynu nocnijkeHHi Ta 3acTocoBa-
Hi JIyHKH y Bejocnoprti [4]. Bymu mpoBeneni excniepume-

JlamiHapHy
TIPHKOPI OHEMIE

B'szxuii mamap

HTH 3 HAaHECEHHSM JIYHOK Ha KOPMOBY IOBEPXHIO MOJEIi
cyaHa [5].

MeTtoro mi€l CTAaTTi € AOCTiIKeHHS e(QeKTHBHOCTI
BIUIMBY BHIMKH Ta (pOpMH BaTepiiHil Ha NPUKOPIOHHHHA
mrap JUisi 3MEHIICHHS OTOPY TePTA.

Ha 3moueHili moBepxHi 00’€KTa MOJICKYIISIPHI CHUTH
MDX 00’€KTOM Ta BOZIOIO IPUBOAATH 0 TOTO, IO YaCTHH-
KM BOJY NMPAKTUYHO HE MAIOTh LIBHUIKOCTI BiTHOCHO IO-
BEpxHi 00epTy, 10 3a3BUYail HA3UBAIOTh YMOBOIO KOB-
3aHHsA. Ha HeBeswKiil BigCTaHI BiJ MOBEPXHI HMIBUAKICTH
HE JIOPIBHIOE HYJIIO 1 YUM Jaji BijJ MOBEPXHI IIBUIKICTH
CTae OJIKYOIO IO IIBHUIKOCTI HAOIraroyoro moToky abo
IIBHIKOCTI pyXy 00’ekTy y Bomi. Ha modatky oOTikaHHS
TIOTIK € TIaBHUM 1 06e3 mepemkoa To0To taMiHapHuM. Ha
JesIKifi BiICTaHI B IOTOIl BUHHUKAIOTh 30ypPEHHS, CTBO-
PIOIOTBCS HEBENUKI BHUXpU 1 BiIOYBaeTbcs Mepexig B
OUTBII XaOTHUYHHUH, TYypOYIICHTHHH TPUKOPIOHHUHA IIap
SIKHHA (OPMYETHCS 3 CYMIIII BEIMKUAX Ta MaJNX BHXpIiB. B
cepelliHi TypOyJIEHTHOTO MPUKOPJOHHOTO LIapy, MOPS 3
MIOBEpXHEI0 00’€KTa, € Ay’Ke€ TOHKMH Mif Iap, 0 Mae
ToBuMHY 0,1 MM 1 SIBJISIETBCS JIaMiHAPHUM, HaBITh KOJIU B
HbOMY MOXYTh BMHHKATH KOPOTKOYACHI CILJIECKH KOJIHU-
BaHb [6]. O6macti mOTOKY, SIKi BiIOYyBaIOTHCS Ha MOBEPXHi
YMOBHOT BaTepJIiHi 300paxkeHi Ha pUCYHKY 1.

TypOynerTHIS
TIPHKOP/IOHHMI
map

Bixop

Puc 1. YTBOpeHHS mapiB HA MOBEPXHI yMOBHOI BaTepIiHii

YmoBHa BarepuiHist nocmimpkysanacs y CFD makeri
Flow Vision npu 1150My 3MiHIOIOYH BHT'HH BaTepIiHii 110
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MOTOKY Ta BiJl HBOTO Ul OTPUMAHHS XapaKTEPHHX Kap-
THH 00TiKaHHS (puc.2).
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Puc 2. Bizyamizaris nosst THCKy IpH 00TiKaHHI YMOBHOI BaTepuIiHii

Jaii npornoHyeThCsl BCTAHOBUTH OJIHY MONEPEUYHY BH-
iMKy Ha TOBEpPXHI YMOBHOI BaTepIIiHil K OIWH 3 BapiaH-
TiB iMiTamii edexty M’sga aus roabdy. OCKinbku oxHa
BHIMKa BiTHOCHO IUIOMII MOBEpPXHI M’sda IOCUTH Maja,
npubsm3no 0,1%, TO BIUTUB O/HIET BUIMKUA MOYKHA PO3IIi-
HIOBATH SIK €JIEMEHT IOPCTKOCTI. BIUIMB MIOPCTKOCTI Ha
Mepexii NPUKOPIAOHHOTO IIapy AY)KE 3aleKHTh BiJ Qop-

MPVUKOPAOHHWI Wap 3 04HUM
©/1eMEHTOM LWOPCTKOCTI

JlamiHapHI
TIPHKOPIOHHMIE IIap

MH, PO3MIpYy Ta MICI pO3TamlyBaHHS BUIMKH. B poboti
BukoHaHoto [Ipannrmem 1 [lmixtiarom (1934), Iait
(1957) Bu3Hae, 110 KOIHA TIOBEPXHS HE € iJ€aTbHO TIIajl-
KOIO, TOMY HEOOXiTHO BU3HAYATH IOIYCTUMY IOPCTKICTh
MOBEpXHi. BIUMB eneMeHTa IOPCTKOCTI Ha TYpOYJIEHT-
HUI mepexin 300paxenuii Ha puc.3 [7].

MPUKOPAOHHWI Wap
FNafKoi NNacTUHU

"

i

Puc 3. [lepexin npukopAoHHOTO miapy ta edexr mopcrkocti (ITait, 1957)

3a paxyHOK €JIEMEHTY IIOpPCTKOCTI mepexin BinOysa-
€TbCs OB PI3KO Yy MOPIBHSHHI 3 IVIAJIKOI0 MTOBEPXHEIO.
3a mannmu nocmimpkenns [paiinena (1953) npu 36inbme-
Hi BHCOTH €IEMEHTY LIOPCTKOCTI, N, Touka mepexony, X,

HaOJIMKAETHCS A0 TMOJIOKCHHSA CaMOro €JeMEHTa, Xp.

Re*10°

Cr*10;,
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IpaBuabHO PO3pO0JicHAa BHIMKA BILIMBATUME HA MEPEXia
pexuMy OOTIKaHHS, a caMe Maiike MUTTEBO HEPEXOIUTH
BiJl TaMiHaPHOTO MPHUKOPIOHHOTO MIapy B TYpOYICHTHHIA
MIPUKOPIOHHUH mIap.

B-E-E-E  BaTEPIiHIA
e—s—s—o BATCPIiHIA 31 3MIIICHHAM BUTHHY 70 TOTOKY
»—— BATEPIIHIA 3] 3MIMCHHAM BUTCHY BiJ{ IOTOKY
+——— BaTeIiHiA 31 3MINICHHAM BUTCHY Bifl IOTOKY 2
e——e—e BaTepIiHiA 3 BCTAHOBICHHAM BUIMKH ITOCEPEIUHI
BaTePMiHiA 31 3MIIIEHHAM BHIMKH B IIOTOKY
s—s—s—s BATEPIiHiA 31 3MINICHHAM BHIMKH 10 OTOKY
=—s—s—s BATC)NiHIA 3 BCTAHOBICHHAM BHIMKH
emncHoi Gopmu mocepeniHi

Puc 4. Bapudixarist o0TikaHHs1 yMOBHOI BaTepItiHii
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Puc. 5. Bizyaunizaiiis po3moainy THCKY IIPH BCTaHOBJICHI BHIMOK

Ie migBuiye B’SI3KICTHHI OMip, ajic 3aTPUMYE MO,  BUIMKH. A came BiIOyBaeThCs MEPEPO3MOMALT THUCKY, a B
THM CaMUM 3HIDKYHOUM THCK. [l Toro moO BHUIMKA  CepelHi BUIMKH CTBOPIOETHCS IOJIC HU3BKOTO THCKY 32
BILIMBAja Ha 3HIKCHHS ONOPY Ta BIUIMBAJa Ha MPHUKOP-  PAaxXyHOK YTBOPEHHS B HhOMY MaKPOBHXDY.

JIOHHU# 11ap, 1l po3Mip MOBHHEH MEPEBUIIYBATH JOIMYC- Jlasti 3MiHIOEMO TEOMETPit0 BHIMOK Ui Oi1bII0i edek-
TUMY HIOPCTKICTh B PIBHIHHI: TUBHOCTI. Po3rismanocs 4OoTHpW BapiaHTH TeoOMeTpii sKi
100-v :
_ e 300pakeHHi puc. 6.
h‘su - 8 1 P p
. . .. ”
1e V — KiHETUYHUM KoediuieHT B a3K0cTi pinunau [—], \_/ Q/
c

1 — mBMaKicT HAGiral4oro NOTOKy abo pyxy 00’€kTy B a B
piauHi.

[puiimatoun 10 yBaru, IO PO3MIPH BUIMKH MaiOTh
MIEPEBHIYBATH YMOBHU AOIYCTUMO]I IIOPCTKOCTI CIIOYaTKy

po3Mipu BHIMKH Oynu mpuiHATH 5% BiJ IOl YMOBHOI kﬁ M
BaTepiiHii. 3a pe3yapTaTaMu po3paxyHKiB Oyno modymo-
BaHO rpadik (puc.4.) Ha TKOMY 300pakeHa e(EeKTUBHICTH r

. . . . 6
BUIMKHU 3 PI3HUM MICHEM PO3TaIllyBaHHAM I10 BIJHOIICH-

HIO JIO IJIaJIKO1 YMOBHOI BaTEPIiHii.
Ha xaptumi Bi3yamisauii THCKY Ha TIOBEPXHiI yMOBHOi  JIns MOSACHEHHsS SABHUIN fAKi BifOyBalOThCA B CEpEIMHHI

BaTepliHii (PUC.5) MOXKHA CIOCTEPIraTh SK 3MIHIOETBCA  BUIMOK PO3IIIAHEMO KApTHHY T0OJIs IIBMKOCTEH (puc. 7 )
XapakTep PO3MOiTy TUCKY B 3aJIS)KHOCTI BiJl pO3MIIICHHS

Puc. 6. ['eomerpist BUIMOK

Puc. 7. Ilone mBuakocTel B BUIMKaX pi3HOMaHITHOI KOH(irypamii

AHaNi3yloud TPHUBEICHHI BHINE 300paKECHHS MOXXHAa 32 OTPHMAHHUMHU Pe3yJbTaTaMH MiATBEPIUKYETHCS, IIO 3a
CKa3aTH, L0 Yy CepelyHi yCiX BHIMOK THCK HHM3bKHHA 32  paxXyHOK BCTAQHOBJICHOI BUIMKH 3MIiHIOETHCS KapTHHA PO3-
paxyHOK BUXPOBOTO [LUIMHY. MOJITy THCKY Ta PO3MOALTY B'SI3KICHUX HAIpYT B3JIOBXK

OoroBopenHs: B mexax naHol poOOTH BUKOHAHO NO-  mHoBepxHi Batepuinil. [Ipu il ycTaHOBII Ha MOBEPXHIO
cifpKeHHs e(heKTHBHOCTI BUIMOK Ha MOBEPXHI BaTepiiiHii.  00’ekta mijg yac Horo pyxy B piiuHI BcepeluHi BHIMKH
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CTBOPIOETHCSI MAKPO-BUXOD, B CEPEIMHI SIKOTO TUCK 3HH-  KOPIOHHUII MIap 3 METOIO OKPALIEHHS e()eKTUBHOCTI
KYETBCSI, 110 CHPUsIE 3MEHLICHHIO TOBIIMHU NPUKOPAOH-  3MEHIICHHS [TIOBHOI'O ONOPY 00’€KTIB, a caMe MoNepeyHol
HOro 1apy. Pe3ynbratn po3paxyHKiB MOKa3aid, 0 OpU  IpodiIboBaHOI BUIMKH. BUKOHAHO BeNMKY KilNbKIiCTh Ba-
NPaBWJILHOMY PO3TallyBaHHI Ta NMpH BUOOpI MpaBWIbHOI  piariif 3 Micuem Ta (hopMoro BUIMOK Ha IIOBEpXHi BaTep-
(dbopMH BHIMKM MOXXHA 3HM3MTH OIIip BaTepiiHii npubnu-  miHii, a Takox Gopmu camoi Batepiinii. Hagani many-
300 Ha 10%. €TBCSI JOCITIIKEHHS €()eKTUBHOCTI BUKOPHCTAHHS 1aHOTO
BucnHoBok: B naniit poOoTi po3rissHyTO MEPCIEKTHB- METOJy Ha JHIIIOBi OBEPXHi Cy/IEH.
HICTh BUKOPUCTaHHS METO/a aKTHBHOTO BIUIMBY Ha IIPH-

JITEPATYPA

1. Aoki K., Muto K., Okanaga H., Nakayama Y. Aerodynamic 4. Collins S. Rough around the edges, Journal Racecar Engineer-
characteristic and flow pattern on dimples structure of a ing, 2006, pp. 42-14.
sphere// 10" International Conference on Fluid Control, 5. Donnelly, K. J. Reduction of Ship Resistance through Induced
Measurements and Visualization, Moscow,Russia, 2009 Turbulent Boundary Layers// Florida Institute of Technology,

2. Chang-Hsien Tai, Chih-Yeh Chao,Jik-Chang Leong, Qing- Melbourne, Florida, 2009, p. 1-74.

Shan Hong. Effects of golf ball dimple configuration on aer- 6. Allroth, J. A CFD Investigation of Sailing Yacht Transom
odynamics, trajectory, and acoustics// National Ping-Tung Sterns// Chalmers university of technology, Sweden, 2003, 17
University of Science and Technology, 2010, p. 1-11 p.

3. Chear, C. K., Dol, S. S. Vehicle Aerodynamics: Drag Reduc- 7. Jlepuun, C. M. Cuiibl, HeHCTBYIOIIHE HA MUIHHIP MAajoro
tion by Surface Dimples// International Journal of Mechanical yumaenus [Texcr] / C. U. JleBHuH //A3poruapo- MexaHuka
and Mechatronics Engineering, 2015, Vol:9, No:1. IUI0X000TeKaeMbIX KoHCTpyKimit. — JI., 1983 — C. 101.

REFERENCE

7. Devnin, S.1. Sily, deystvuyushchie na tsilindr malogo ud- tion].Leningrad, Aerohydrodynamics of poorly streamlined
lineniya [The forces acting on a cylinder of small elonga- structures., 1983.101p.

Calculation of the resistance of different forms of waterline and waterline with installed recess on its surface by methods of
calculated hydrodynamics
Y. M. Korol, J. S. Bodnarchuk
Abstract. The paper considers the influence of the shape of the waterline and the shape and location of the transverse recess on the
surface of the waterline on the efficiency of reducing its resistance. The paper describes the simulated waterline flow when it is
changed to bend to and from the stream, as well as the process of verifying the location and shape of the recess on the surface of the
waterline. With the correct choice of location and the shape of the recess, there is a redistribution of pressure on the surface of the
object, which can be used to reduce the total resistance of the object.

Keywords: recesses, boundary layer, resistance, pressure, waterline.
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Abstract. It is proposed to identify the stakeholders of the organizational project in the field of aircraft maintenance and analysis of
factors that may have a positive or negative impact on its realization. For this purpose the author proposes to use an improved PES-
TLE analysis by way of introduction of the BE factor, presents the scheme-algorithm of PESTLE analysis and the stages of its carry-
ing out. It is proved the results of this analysis will allow the project manager and his team to react promptly and efficiently in case of

emergent factors.

Keywords: project approach, organizational project in the field of aircraft maintenance, stakeholders, PESTLE analysis, factor,

behavioral economics.

Introduction. Project management is widely used in
many industries in the world that is why it is worthy to
serve as a tool in realization of organizational projects in
the field of aircraft maintenance. There are the projects
for the creation and opening of new aircraft maintenance
companies. These projects are partly organizational, part-
ly technical. In the process of implementing such a pro-
jects, there are many issues of both legal and organiza-
tional nature that are related to the owners of such con-
tracts.

Therefore, there is a need for a more detailed analysis
of the external and internal environment of these projects.

A brief overview of publications on the issue. The
current state of the development of the project manage-
ment methodology [1] suggests managing the human
resources and stakeholders of the project, and within the
framework of that management certain procedures are
being carried out for the identification, analysis, devel-
opment of monitoring, control and response measures, but
still there is a need for a more detailed analysis of the
project environment.

In [2] the author divided the perception of the firm into
an internal and an external one, in other words these are
stakeholders whose interests and requirements should be
satisfied. This work provides an opportunity to carry out
analysis of the internal and external environment and can
be used to plan and implement an organizational project
in the field of aircraft maintenance.

S. D. Bushuev [3] proposed models and methods for
creative project management based on the creativity of
project team members that allow use human potential
efficiently, but this is not enough for management of
external stakeholders of an organizational project in the
field of aircraft maintenance.

In the work [4] an algorithm for identifying of project
stakeholders that describes the sequence of this process
and that can serve as a basis for stakeholder analysis of
any project is proposed.

The authors in a piece of work [5] conducted a re-
search on understanding the nature of stakeholders and
their groups, particularly in determining the need for
stakeholder analysis as a means of mitigating of conflicts,
risks, conducting of a dialogue and enhancing the sustain-
ability of a company, and as a consequence, the structural
and logical sequence of stakeholder analysis is proposed.
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This study can also be the basis for an analysis of stake-
holders of an organizational project in aircraft mainte-
nance.

In the work [6] the authors conducted a preliminary as-
sessment of the stakeholders of organizational projects in
the field of aircraft maintenance aimed at taking into
account their both positive and negative influence in the
process of planning and implementation of these projects.
Taking into account of this information enables the pro-
ject manager and his team to ensure the effective and
timely implementation of this project in order to meet the
needs of stakeholders.

The author [7] proposed to consider factors influencing
stakeholders in an organization project in the field of
aircraft maintenance, and may represent potential risks
that might negatively affect the implementation of this
project by way of conducting a PESTLE analysis of the
principles of behavioral economics.

Thus, the review of publications showed that, to date,
there is a need for a more detailed analysis of stakeholders
of organizational projects in the field of aircraft mainte-
nance, taking into account the principles of behavioral
economics.

Goal. The purpose of this study is to improve PESTLE
analysis by taking into account of the principles of behav-
ioral economics in the process of implementation of the
organizational project in the field of aircraft maintenance
that henceforth will let perform a more detailed analysis
of the environment of the project.

Materials and methods. Carrying out of any project,
including the organizational project in the field of aircraft
maintenance, is accompanied by satisfaction of the needs
of its stakeholders. At the same time, it is possible to put
in a position of determination of certain needs of a stake-
holder and of the work of the project that ensure the ful-
fillment of this need.

Each project has its stakeholders that might be affected
by the project and might have a positive or negative im-
pact on the project [1]. Some stakeholders may have a
limited ability to influence the work or final result of the
project, while others may have a significant impact on the
project or its expected results. Research and analysis of
emergencies in projects that received a wide response
indicate the importance of a structured approach to identi-
fication, setting of priorities and stakeholders’ engage-



ment. The ability of a project manager to identify properly
and manage correctly all stakeholders determines a suc-
cess or a failure of the project. To increase the chances of
success in the process of identifying and involvement of
stakeholders, it is necessary to proceed immediately after
the approval of the statute, appointment of a manager and
commencement of the project team formation.

Stakeholders’ satisfaction must be identified and man-
aged as one of the project objectives. The key to effective
stakeholders’ engagement is to focus on continuous
communication with them, including team members, to
understand their needs and expectations, resolving of
issues when they arise, management of conflicts of inter-
ests and encouragement of stakeholders’ involvement in
the decision making process and project work.

The process of identifying and engaging of stakehold-
ers for the benefit of the project is iterative, because the
operations concerning their identification, setting of prior-
ities and engagement should be reviewed and updated on
a regular basis and, at a minimum, during the following
periods of time when:
the project passes through different phases dur-
ing its life cycle;
the existing stakeholders complete the project or
new stakeholders become a part of the stakeholders’
community;
in the organization or in the wider community of
stakeholders significant changes are happening.

The process of stakeholders’ identification comprises
their regular identification, analysis and documenting of
the relevant information on their interests, involvement,
interconnection, present and potential impacts on success
of the project. The key benefit of the process is that it
gives the project team the opportunity to identify a specif-
ic focus to attract each stakeholder or stakeholders’ group.

The following methods can be used to collect data on
project stakeholders:
questionnaires and surveys present written sets of
questions designed to collect quickly information from a
larger number of respondents. This method is best suited
to work with different audiences in situations where rapid
collection of information is required when respondents
are geographically distributed and when statistical analy-
sis might be appropriate;
brainstorm is used to create in a short period of
time a list of ideas, it is carried out in a collective envi-
ronment and under the guidance of a moderator. This
method consists of two stages: the collection of ideas and
their analysis.

The following methods can be used to analyze the in-
formation about the stakeholders:
stakeholders’ analysis, that discloses a list of
stakeholders and information concerning them, in particu-
lar their position in the organization, their role in the pro-
ject, rates, expectations, attitudes (level of project sup-
port), and their interest in project information. Stakehold-
ers’ stakes may include the following: interest (level of
interest in the final product of the project), rights (legal,
moral or property), knowledge (experience), contribution
(financial, material);
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analysis of existing project documents and les-
sons learned from previous projects for identifying stake-
holders and identifying other supporting information.

Project stakeholders can be divided into internal and
external. For a more accurate and weighted assessment of
the environmental factors (opportunities/threats) of an
organizational project in the field of aircraft maintenance
it is proposed to use the PESTLE analysis that is a modi-
fied version of the PEST analysis [7, 8, 9].

Results and their discussion. PESTLE analysis shows
how political (P), economic (E), social (S), technological
(T), legal (L) and environmental (En) factors may and (or)
do affect realization of projects, particularly an organiza-
tional project in the field of aircraft maintenance [8, 9].

The main purpose of PESTLE analysis is to determine
the factors that satisfy two criteria [9]:
they are beyond project management;
they have a certain level of influence on the pro-

ject.

All factors shall be to be thoroughly analyzed and their
possible impact on the project shall be assessed. To get
the most complete picture of impact of external factors on
the project experts of the project team with different func-
tional responsibilities should be included in the process of
their determination.

The algorithm for PESTLE analysis includes the fol-
lowing steps [9]:

Step 1. Identification of factors that may have an im-
pact on the project environment (P, E, S, T, L, E). To
accomplish this task it is necessary for each identified
project stakeholder to make a list of factors that may have
an impact on the project. At this stage project experts can
work independently or in groups. Brainstorming may also
be organized to identify and compile a list of factors.
Information and understanding of the situation in the
project is the most important stage of any analysis. To
obtain a realistic picture of the variability of the environ-
ment of the project it is necessary to carry out a survey of
experts from the project team that have different roles. All
open information about the project should be explored.
After allocation of the factors it is necessary to combine
them into six standard groups: political (P), economic (E),
social (E), technological (T), legal (L) and environmental
(En).

Step 2. Collection of information on the dynamics and
nature of change of each factor (P, E, S, T, L, E). After all
factors that may have impact on the project have been
identified and classified, it is necessary to assess the prob-
ability of change and occurrence of a factor according to a
five-point grading scale, where 1 means the minimum
probability of a factor change and 5 is the maximum
probability of change, in particular, they can be estimated
as follows: 1 — from 0 to 20%; 2 — in the range of 20-
40%; 3 — about 40-60%; 4 — about 60-80%; 5 — from 80
and close to 100%.

The assessment is better done not individually, but
among the group of experts. According to the results of
the expert survey the average score for each factor is
derived, which depends on expert estimates.

Step 3. Analysis of significance and degree of influence
of each factor (P, E, S, T, L, E). After all factors that may
have impact on the project are identified and classified,
one must assess the level of impact of each of the factors.
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The assessment of the “power” of any factor is a subjec-
tive expert evaluation according to a grading scale from 1
to 3, where 1 means the influence of the factor is incon-
siderable, i. e. any change in the factor practically does
not affect the project; 2 means the influence of the factor
is moderate: only a significant change in the factor affects
the project; and 3 means the factor influence is critical
(high): any fluctuations cause significant changes in the
project.

The assessment of the degree of influence of each fac-
tor is based on expert evaluation, based on statistical
processing of each individual expert.

1. Determination of factors that may
influence the project environment

v v
1.1. Factors 1.2. Factor
P,E,ST,LLE BE
v v

|
2. Collection of information concerning
character of change of each factor (P, E,
S, T,L, E, BE)

v
3. Analysis of importance and level of
influence of each factor (P, E, S, T, L, E,
BE)

v

4. Compilation of a consolidated table of
improved PESTLE + BE analysis

v

5. Derivation of results
of improved PESTLE
+ BE analysis

End

Fig. 1 The algorithm of improved PESTLE analysis due to
the introduction of the BE factor

Step 4. Compilation of a consolidated table of im-
proved PESTLE analysis. The next step is to calculate the
impact of the factor on the basis of the probability of its
change — this demonstrates the real significance of each
factor for the project among all the factors affecting the
project. This indicator allows assess how much the project
team should pay attention to and control this factor of the
project environment change. It is calculated as the proba-
bility of change of the factor, weighted by the force of
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factors. The higher the actual significance of the factor is,
the more attention and effort should be given to reduce
the negative impact of that factor on the project.

Step 5. Derivation of the results of the improved PES-
TLE analysis. In order to complete the analysis, it is nec-
essary to draw conclusions: for each factor to show the
influence of the factor on the project and plan the
measures to be taken to reduce the negative impact of the
factor and maximize the positive impact of the stated
factor on the project. In addition, it is necessary to identi-
fy who from the project team members will supervise the
factor changes, the frequency of that supervision and the
thresholds for the factor change.

The author proposes to improve the PESTLE analysis
by incorporating a separate factor — the environment of
behavioral economics [10], which we will call the BE
factor (Behavioral Economics), where the stakeholders of
the project are characterized by irrationalism, which,
however, may be controlled due to the existence of certain
laws, in accordance to with the irrational — in terms of the
traditional economy — behavior can be explained and even
predicted.

The algorithm of the improved PESTLE analysis by in-
troducing of the BE factor is given in the form of a block
diagram (Fig. 1) [8].

Consequently, the algorithm for carrying out of improved
PESTLE+BE analysis includes the following steps [8]:1.
Determination of factors that may influence the project
environment: 1.1. Factors P, E, S, T, L, E; 1.2. BE factor. 2.
Collection of information concerning character of change of
each factor (P, E, S, T, L, E, BE). 3. Analysis of importance
and level of influence of each factor (P, E, S, T, L, E,
BE). 4. Compilation of a consolidated table of improved
PESTLE+BE analysis. 5. Derivation of results of im-
proved PESTLE+BE analysis.

Conclusions. The author proposes to improve PESTLE
analysis by way of studying of the principles of behavior-
al economic (BE factor), as well as its application in pla-
nification of an organizational project in the field of air-
craft maintenance. With the PESTLE + BE analysis the
project manager and his team cannot only identify factors
and assess their possible impact on the project in the fu-
ture, but also appoint the persons responsible for control
and monitoring of unfavorable change of factors and
development of measures to be taken in advance to tackle
these planification changes. Despite of the fact that prepa-
ration of some measures may take a long time, change of
factors will no longer be a problem for the project team.
The project team will be ready in advance for many future
events. And this, in turn, will allow faster reaction and
greater flexibility — in fact by way of mobility increasing
by simply using of improved strategic analysis tool.
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AnoTanisi. Po3risgHyTO CcomiansHy Ta eKOHOMIYHY poiib pekpearii. OOrpyHTOBaHO HEOOXIIHICTh OHOBJICHHS Ta CTBOPEHHS HOBHX
00’eKTiB KOpoTKO4YacHOI pekpearii. [IpoananizoBano pexpeariiiHuii noTeHmian Ykpainu ta IBano-@®pankiBcekoi obmacti. Buxopuc-
TOBYIOUH HIU(PPOBY MOJEIB pebedy, po3po0ICHO MPOSKT pO3TAIlyBaHHS TPAC JJIS TEPSHKYPY 3 ypaxyBaHHIM MPUHIUIIB palliOHAb-

HOT'O BUKOPHCTAHHS 3eMEJIBHUX PECYPCiB.

Knrwowuoei cnosa: pexpeayiiini mepumopii, pekpeayis, 3emenvhi pecypcu, mepeHKyp, yu@dposa mooeisb penvedy.

Beryn. CyvyacHuid TUHAMIYHUNA TEMIT )KUTTS BACHAXYE (i-
3WYHI Ta NCUXIYHI pecypcu ojeid. HeoOXigHICTh mocTii-
HOTO BIOCKOHAJICHHS Ta OKpAIleHHs MpodeciifHNX HaBH-
KiB 3311 TOTO, IIOOH 3aTUIIATHCS 3aTpe0OyBaHUM WICHOM
CYCITUTBCTBA, 3aCTaBIIE OC3yNMUHHO IMPAIFOBATH Ta BUPI-
IIyBaTH BCi NMTaHHS HETaiHO, B PEXUMI peabHOTO Jacy
Ta 0e3 3atpuMok. OmHak, TpuBana Oe3nepepBHa 3alHI-
TICTh Y PEXKXHMMi OH-JTai{H HE MO’KEe HE BIUITMHYTH HETaTHBHO
SIK Ha CTaH 3/I0POB’s, TaK i Ha MOKa3HUKH SIKOCTI pOOOTH.
Ileit MOMEHT HE TUIBKM JOCIHIPKCHWIA, ajic i HacmpaB.i
BpaxoBaHuil y rpagikax poOOTH NpaliBHUKIB MEPETOBUX
3aKOpJOHHUX Ta BITYM3HSHUX OpraHizauiil (ckopouyeHa
TPUBANICTh poOOYOro JHS, TOJATKOBI BHUXIJHI HI, OIJIa-
4YeHi aDOHEMEHTH JJIsl 3aHSTh CIOPTOM To1O). OYeBHUIIHO,
110 MUTaHHS aKTUBHOTO BIATIOYMHKY Ta peKpeamnii Jroaei
CTae Aenali aKTya bHIIIAM.

KopoTkuii orisig myoaikamiii. Benmnka KigpKicTh Hay-
KOBHUX IMyOITiKaIiH, sIKi TOPKAIOTHCS 3acaj PO3BUTKY TypH-
CTHYHO-PEKpeaminHoi Taiy3i, CBITIUTh PO aKTyaTbHICTh
1poro mutanHs. Y crarti [1] mocmimkeno nocein kpain €C
y cdepi yIpaBIiHHS TYPU3MOM 1 PEKPEalli€lo Ha JepiKaB-
HOMY 1 perioHajbHOMY piBHX. Ha OCHOBI mpoBeieHNX aB-
TOpaMH JIOCHI/DKEHb 3allPOIIOHOBAHO MOJIEN YIpaBIIiHHS
TYpU3MOM 1 pEeKpealli€ro, TAaKOK MPOAHATI30BaHO EBPOTICH-
CBKHIi TOCBI/I BUKOPHCTAHHS OpPraHi3aliifHOro MexaHi3my
JIep>KaBHOTO YIPABIiHHS PO3BUTKOM TypHCTHYHO-pEKpea-
niffHOro cekropy. MeToauka po3paxyHKy IHTETpasbHOT
OIIIHKH TYPUCTUYHO-PEKPEAIifHOTO MOTEHINially PerioHiB
VYkpainu pospodieHa y [2]. V mpani [3] 3anpornonoBaHo
KpHTepii BU3HAYCHHS TYPUCTHYHO-PEKPEALiIIHOTO MTOTEH-
Iiajry TepUTOPpii K YNHHUKA PO3BUTKY €KOJIOT1YHOTO Ty-
pu3my. Orisit GopM TepuTOpiaibHOT opraHizaiii TypucTH-
YHO-PEKpealiifHOl JiSJIbHOCTI, 3 aKLIEHTOM Ha KOPOTKOYa-
COBY Ta MOOYTOBY peKpeartito 3aiticaeHo y [4].

Merta. 3amnponoHyBaTi CriocoOM PO3IIMUPEHHs BapiaH-
TiB Ta TUISTHOK, IPUAATHUX JIJISI KOPOTKOTPUBAJIOT peKpea-
i1 Ha JTIOKaJIbHOMY PiBHIi, OIIMPAIOYNCh Ha HASBHI peKpea-
LiTHO-03/I0POBYI PECYPCH 3 JOTPUMAHHSM ITPUHIIMIIB OTI-
TUMaJBHOTO BUKOPUCTAHHS 3eMEJIbHUX PECypCiB.

Bukiaang ocHoBHOro martepiany. BusHaueno, mo pek-
pearis — 1e IIPOKE KOJIO CTIeU(IYHUX BUIIB AisTTBHOCTI
JIOJIeH, CIPSIMOBAHUX HA BiTHOBIICHHS (i3MYHMX 1 TyXOB-
HUX CHJI, peastizallisl IKUX MPOXOJUTh Ha CIeIiani30BaHIX
TEePUTOPIAX Yy BIIBbHMK yac. Pexpeamiro 3a ii TpuBasicTio
KIacu(iKyIOTh Ha MIOJICHHY, KOPOTKOYACHY 3 TTOBEpHEH-
HSM Ha HOYIBJIO Y MiCIsI ITOCTIHHOTO MPOKUBAHHS 1 6e3
MTOBEPHEHHS (peKpearis y BUXiJHI THI HAIPUKIHI THKH),
a TaKoXXK TPUBAIY 3 HOYIBJICIO 032 MICIIEM TOCTIHHOTO
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nposkuBanHsL. ll{onenHa pexpearis 341CHIOETHCS HA TEPH-
TOPISIX MPO’KUBAHHS, HANIPUKIIAM, Yy CIIOPTUBHUX LEHTpPaX,
MAPKOBUX 1 IUBDKHUX 30HaX. TepHTopianbHO KOPOTKOYa-
CHa peKpeartisi 0OMeKy€eThCSI MiCHKOIO 1 IPUMICHKOIO 30-
HOIO y pajiyci KiTlbKaroAMHHOI HimoxigHoi abo TpaHcHop-
THOI JTOCTYIHOCTI. 31iliCHCHHS TPHUBaJIOi peKpearii Tepu-
TOpiabHO He OOMEXeHe. 3a BKa3aHOIO 03HAKOIO II0/ICHHA
1 KOPOTKOYAaCHA peKpearist CIliBIajgae 3 TAKHUM MOHATTSIM
SIK BIATIOYMHOK, a TPHUBAJIa peKpeallisi 3 HOYIBJIEIO 11032 Mi-
CIIEM MOCTIITHOTO TPOXKHMBAHHS 32 CBOEIO CYTTIO BiAIOBI-
nae Typusmy [5].

be3cyMHIBHO, TypHCTHYHA M0i3/1Ka Ma€ OLIbLIe epeBar
y TIOPIBHSIHHI 3 KOPOTKOYACHOIO peKpeali€ro moodimsy Mi-
cisl nmpoxuBaHHSA. OfHaK, 6epydH 1O yBar" NEpeBa)KHO
KOPCTKUHN rpadik poOOTH Ta 00MEKEeHY KUTBKICTh THIB Pi-
YHOI BIIIYCTKH, a TAKOXXK OOMEKEHY IIATOCIIPOMOKHICTh
MepeBaXHOT OUIBIIOCTI YKPAIHINB, BaXXJIUBO PO3BUBATH
JIOKaJIbHI peKpeariitai TepuTopii.

[MoxpameHHs Ta MOZEpHI3allisl ICHYIOUHX peKpeariii-
HHUX 00 €KTIB, @ TAKOYK CTBOPEHHS] HOBUX MOJKE BHPILIUTH
PSZ1 Pi3HOIUIAHOBUX, ajie BAYKJIMBUX MMUTAHb!

- 3a0e3MeUeHHs] HAJICKHOI pekpeariii HaceneHHs (Po3-
HIMPEHHsT PI3HOMAHITHOCTI BUIIB JO3BLLIS Ta 03]I0POB-
JICHHSI 3 MiHIMaJIbHUMH (PIHAHCOBHMH Ta YaCOBUMH BUTpa-
TaMH) JJISl BiTHOBJICHHS (Di3UYHOTO Ta MCUXIYHOTO CTAHY
JIIOJIEH;

- ONTUMaJbHE BUKOPHCTAHHS 3E€MENBHUX Ta IHIINX
MIPUPOHHUX PECYPCIB IS pealtizallii HasBHOTO peKpeartii-
HOTO MOTEHIIANy;

- OHOBJICHHS 200 CTBOpPEHHS 00’€KTiB iH(pacTpyKTypH
(moporu, ITyHKTH MEIUYHOI JIOTIOMOTH, 00’ €KTH TOTEIb-
HOT'0, KOMEPIIIHOTO Oi3HECY TOIIO) IS MOKPAIIECHHS CO-
[IAJIbHOT'O CTATYCY Ta PiBHS 0JIATOYCTPOIO HACEICHOTO Iy~
HKTY O1JIs1 3aIUTaHOBAHOTO 00’ €KTY peKpeartii;

- CTBOPEHHS HOBHX POOOYMX MICIb JJIsl Y4ACTKOBOTO BH-
piteHHs npobiaeMu 6e3po0iTTs;

- 3a0e3redeHHs JOAATKOBUX HAIXO/KEHb 10 MiCHEBHX
OFOJDKETIB, IO Y MEPCIEKTHBI MOBUHHO IMOKPAIIyBaTH Pi-
BEHb XKHUTTS HACEJICHHS.

Hemoxi1BO BiamToByBaTu pekpeaniiHi 00’ €KTH y Mi-
CIIEBOCTI, sIKa HE BOJIOJI€ PEKpEALifHUM HOTEHIliaIoM.
Tomy BapTo 3a3HAUNTH, IO OCBOEHI Ta MOTEHILIHHI peKpe-
ariifHi TepuTopii 3aiimarote 12,8 % Teputopii Ykpainwm,
10 € JOCTATHIM IIPOCTOPOBUM 0a3MCOM IS PO3BUTKY ITi€l
ramy3i. Po3BUTOK pekpearii Ta Typu3My I TOKPAIICHHS
€KOHOMIYHUX ITOKa3HHUKIB IIPOTOJIOMIEHO OHUM i3 IpiopH-
TETHUM HaNpSAMKIB TiSUTBHOCTI K Ha HaI[lOHAIEHOMY, TaK
1 Ha peTiOHATBHOMY PiBHSX.



VYpaxyBanus [lep>kaBHOT cTparerii perioHaJbHOrO po3-
BUTKY YKpaiuu Ha mepion no 2020 poky Ta BU3HaYCHHS
0cOONMMBOCTEH TUIAHYBaHHS PETIOHAJIBLHOTO PO3BUTKY
IBano-®paHKiBChKOiI 00JIACTI BHKIJIQJIEHO B TOJIOBHOMY
IUIaHYBaJIbHUM J0KyMeHTi — «CTpareris po3BUTKY IBaHO-
@pankiBcrKkoi 06macti Ha epiox 10 2020 poky».

Crparteri€io MOCTaBICHO BaYKIINBE 3aBIAHHS — IEPETBO-
putn IBaHo-®paHKiBOIMHY B CaMOOYTHINA Ta CaMOI0CTaT-
Hill Kpaii, y IKOMY HO€IHYIOTBCS €BPOIEHCHKI MIHHOCTI 3
BIKOBUMH HALIOHAJHPHUMHU TPAIMIISIMHU, BIIKPUTHH IO
criBOpani KylnbTypHHUH, TYPUCTHIHHN, KypOPTHO-pEeKpea-
uiitHui neHTp Ykpainu, period 3 kompopTHUM Ta Oe3ned-
HUM JKUTTEBHM CEPEAOBHILIEM 1 BUCOKUM DIBHEM collia-
JIbHO-ZyXOBHOTO JKUTTSI.

[IpuponHi ymoBu IBano-®pankiBchKoi 001aCTi 1ar0Th
mijgcTaBy Uit (OPMYBaHHS peKpeauiiHuX TEpPUTOpil Ko-
POTKOYACHOTO BiJIIOYMHKY 1 3aJy4eHHS PEKpEaHTiB 3 iH-
mux o0sacTeil.

IIpoBeneHi OmiHKa MPUPOTHO-PECYPCHOTO MOTEHINIATY
paiioniB IBaHO-@paHKiBCHKOI 007acTi, Ta OIiHKA peKpea-
LiHO-TYPHUCTHYHOI iHPPACTPYKTYpHU CBITIATH PO BUCOKI
moka3Hukn Hangipasacekoro, JommHcbkoro, Kocieb-
koro, Konomwuiickkoro paiionis. Y toit yac sk Taymaiib-
kuif, boropomuancekuii, CHITUHCHKUI 32 TAHUMHU KpH-
TEPisIMU JICIIO BiJICTAIOTh.

CkJanachk Taka cuTyauis, mo y Kapnarax HacuueHicTh
TepuTopiil pekpearrifinumu 00'ektamu Bucoka (IlosstHuirs,
S6nynuns, Bopoxra, Spemue, Tarapis, KociB). Ane ko-
KCH PEKpeariifHuii 00’€KT 0OMEXY€eThCS peKpeariitHo
€MHICTIO TEPHUTOPil — KUTBKICTh BiIMOYMBAIOYUX, 5K 0e3
CYTTEBOI MIKOAM JUTA IPUPOJHOTO KOMITIEKCY MOXKYTb IIe-
peOyBaTy Ha TIEBHIN TepUTOPii Y NEBHUN MTPOMIKOK Hacy.
ToMy cTBOpeHHS HOBHX 00’€KTIB y palfOHaX 3 MEHII PO3-
BUHEHOIO TYPHUCTHYHOIO iH(QPACTPYKTYPOIO HE TUIBKH Y
MEPCICKTHBI 3a0e3meunTh M (iHAHCOBI HAIXOMKCHHS,
ane il cupusTHME PO3BaHTAKEHHIO IPCHKHUX JIAaHTIA(TIB,
JIaCTh MOXKJIMBICTB ISl BITHOBIICHHS! IIPUPOJIHUX PECYPCIB.

3a miJICyMKOM 3/IiiCHEHOTO BHIIE aHalli3y, MPUUHSITO
pIlLICHHS MO0 CTBOPEHHS IPOEKTY BJALITYBaHHs Tpac
Juis TepeHKypy y Tiymaiipkomy paiioni IBaHo-DpaHKiBCh-
KO1 00J1acTi.

Tiymanekuit paiioH BiTHOCHTHCS J0 JOTAIliHUX paiio-
HIB, OCHOBHHM BHIOM HMOI'0 IiSUILHOCTI € CUIBCHKE T'OCIIO-
JTAPCTBO; IOTYKHI i IIPUEMCTBA TIPOMHCIOBOCTI — BiZICY-
THi. Posrmsamatounm ¢izuko-reorpadidyae po3TamryBaHHS
cena IcakiB BkazaHOro pailoHy, MOXKHA CTBEP/IXKYBATH, LI0
JlaHa MICLEBICTh J00pe 3abe3neueHa MPUPOIHO-PEKpea-
uiitHuMu pecypcamu: JIHICTPOBCHKHUIT KaHBIOH, MICISI 1JIst
IUIABaHHS, JIICHCTA TEPUTOPIs, JIiKyBanbHi Boau. [1o6mu3y
HeMae HIBUAKICHUX Marictpaieil Ta 3aBOJIiB, 110 FTOBOPHUTh
PO YucTe aTMOCc(hepHe NOBITPSI, sIKE HE MOCTYMAETHCS Tip-
CBKOMY.

Ceuo IcakiB posramoBaHe Ha cxoai Tirymanbkoro pai-
oHy B oporpadiuHomy paiioHi — IIpuanicrpoBcbke [lo-
KYyTT$, sIKe 1le Ha3uBaroTh Tiymadu-I'opoieHKIBCEKOIO BH-
COYMHOI0, Ha BijcTaHi 12,6 KM BijJ paiioHHOTO eHTpY. LI
BHCOYMHA JIGKUTH Ha MiBHIY Bij piuku [IpyT i mpoctsra-
€ThCS JI0 JTONMMHU piku JHicTep. AOGCOMIOTHI BUCOTH MicC-
LIEBOCT] cATaoTh Bix 186 M 1o 277 M. Micuesicts ropou-
CTa, 13 CXUJIaMH TIEPEBaXKHO MMiBHIYHO-CXiTHOT €KCITO3UIIii,
yxuioM Bif 3° 1o 8°. CyMma akTHBHHX TEMIIEPATyp CKIIaJIae
2400°-2500°, pigna ximekicTs omamiB 610-750 mm. Cepe-
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JIHS TpUBAJIiCTh Oe3Mopo3Horo nepiony 155-160 nuis. Pe-
Jbe( MICIIEBOCTI CIPHUATIMBUMA Ul MaHJPIBOK TYPHUCTIB
yciX BIKOBHX Ipyn y Oyap-siky nopy poky. Ha oxomwmii
cella € TpaBepTHHOBUI Bogocnan [{iBoYi Clib03H, KK BBa-
KAETHCS TPEKPACHUM NPHUPOJHUM YTBOPEHHSIM 1 Haje-
KHUTB J0 ITaM'ITOK pupoau Ykpainu. Jlictatucs mo Bomo-
CIagy MOJKHA SIK 31 CXHITy KaHBHOHY, TaK MPUYAIHBIIHN 10
Oepera Ha Tu1aB3aco0i. Bucora Bomocmany 5 M.

OO6rpyHTYy€eMO BUOip BUIy pekpearii. Broms mporyis-
HOK TI0 PiBHIN MICIIEBOCTI, y YepryBaHHI 3 MiIHOMaMH Ta
CITyCKaMH, Ha TPEHYBaHHA M 5132 CepILs, ITOKPAIECHHS KPO-
BOOOIr'Y Ta 3MEHIICHHS OKUPIHHA JOCIINB e HAIPUKi-
Hii XIX cr. HiMeuskuii npogecop 3 Mionxena Makc Ep-
Tenb ( Max Oertel). Horo MeTos oTpuMaB Ha3By TepeHKYD,
TOOTO JKyBaHHS JaHAIIA(TOM, KOJIM A0 KJIIMaTUYHOTO
BIUIUBY TipCHKOi Y¥ MOPCHKOI MiCLIEBOCTI IOJJA€THCS aKTH-
BHHH pyX. OTxe, mepBicHO “TepeHkyp” (Bix ¢p. Terrain —
MicreBicTh 1 HiM. Kuren — mikyBaTn) — 11e METOJl caHaTo-
PHO-KypOPTHOTO JIiKyBaHHS, 110 Tiepeadadae 1030BaHi ¢i-
3WYHI HABAaHTAKEHHS Y BUTILAAL MIIIOXiTHIX TPOTYIISTHOK,
CXOIDKCHP y TIepeCciueHii MICIIEBOCTI 32 ICBHIMH, PO3Mi-
yeHrMH Mapmipytamu. ChOTOAHI TEpMiH “TepeHKYp’ dac-
Tillle BUKOPUCTOBYIOTH JJIsl IO3HAUSHHS CHELialIbHO MpO-
KJIaJCHUX MapIIpyTiB, MPHU3HAUYEHHUX ISl JIKYBaJIbHOTO
XO/iHHs. Baknupo, 110 BIaIITYBaHHS TaKUX Tpac He Ie-
penbauae pyHHIBHOTO MEPETBOPCHHS 3eMENIbHUX JJISTHOK,
BTPYYaHHs Y NPUPOAHI JaHIAPTH, 3ay4eHHs 3HAUHUX
(iHaHCOBUX 1HBECTHLIH (SIK 1€ BiIOYBa€ETHCS, HATIPUKIIA,
pu Oy MiBHUITBI TipCHKOMIDKHIX Tpac). HaromicTs, oTpH-
MYye€MO HE TUNBKHM BIiNMMOYMHKOBHH, CCTETHUHHM, ane U
03710pOBYNii e(eKT.

PosristHeMO muTaHHS pO3TallyBaHHSA 00 €KTY 3 TOUKH
30py YNpPaBIiHHS 3eMENbHUMHU pecypcamu. Teputopis Ha-
IIIOTO 3aIliKaBIEHHS YaCTKOBO PO3TAaIIOBAaHA Y MEXKax peri-
oHasbHOTO JNaHAmadrTHOro mapky ‘“/IHicTpoBchkuMil” Ta
HaJIeKUTh 1O 3eMellb IPHPOIHO-3aMOBIHOIO IpU3HA-
yeHHA. HopMaTHBHUMH JOKyMEHTaMH IependadeHo 00-
MEKEHHS TOCIOIAPCHKOI0 BUKOPHUCTAHHS TaKUX 3€MEllb.
[Ipote ogHUM i3 TOJIOBHUX 3aBJjaHb CTBOPEHHS PETiOHAIb-
HUX JaHAma(THUX MAapKiB € 3a0e3neueH st yMoB Juis ede-
KTUBHOTO TYPHU3MY, BIIMOYMHKY Ta IHIIUX BH[IIB peKpea-
LiifHOT AIATBHOCTI B IPUPOJHUX YMOBAX 3 JI0JICPKaHHIM
PEKUMY OXOPOHHM 3aIlOBITHUX HPUPOJHUX KOMIUICKCIB 1
00'exTiB. BukopucroByroun 300paxeHHs Ta TUYPOBY MO-
Jenb penbedy, OTpUMaHi 3 IPOrpaMHOro 3a0e3NedeHHs
Google Earth, ctBopeno TpuBuMipHE 300paskeHHs MOBEP-
XHI, KapTH YXWIIIB Ta eKCro3uLii Micierocrti. [ani 3amnpo-
€KTOBAHO JIBa MapUIPYTH Pi3HUX PIiBHIB CKIJIQIHOCTI MO0~
nanHs (puc.1), a ast iX KiIbKiCHOT XapaKTepUCTHKH TT00Y-
JIOBaHO MO3J0BXKHI mpodini penvedy. Jlerkuit mapmpyr
(3esieHa MyHKTHPHA JIHIS) MA€ BHUIJIA KOJIA; Yac IMPOXO0-
okeHHs cTaHoBUTHh 20-30 xBwinmH. KpyTm3Ha mimiioMiB
CTaHOBMTH 3-5°, 3araibHa MpOTSKHICTH opiBHIoE 1150 M,
a BUCOTa HAWBUIIOI TOUKH — 274 MeTpiB Haj PiBHEM MODS.
I3 mikaBUX Miclb TYT 3HaXOAWTHCS HEBEIMKE 03€pO, B
SIKOMY MOXKHa KyIIaTHCS, Ta JBa MicUs ISl BiAMOYHMHKY.
[lepenbadena cBepuIOBHHA 13 MIMTHOIO BOjOK0. Bincrans
BiJl TTOYATKy MapuIpyTy OO0 HEpIIOr0 MiCIs BiAOYHHKY
CTaHOBHUTH 350 M i3 IJTABHUM CITyCKOM O BinMmiTku 246
MeTpiB. Ilicas mpyroro Miciis BiAIOYNHKY, PEKPEAHTH Py-
XalOThCS BrOPY CTEXKOIO MPOTSDKHICTIO 640 MeTpiB 1 Ha
LBOMY MapLIPYT 3aKIHYYETHCSI.


https://uk.wikipedia.org/wiki/%D0%A2%D1%83%D1%80%D0%B8%D0%B7%D0%BC
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XapaxrepucTuxa mapmpyty Nel (erxwmit)
3aransaa npoToKHITE - 1150 M

KinskicTs MicIs 18 BUMOTHHKY -2
Maxkcm nepenazx

BHCOTE—42 M

Biacraus: 640 M
Tlepenan sucors: +42 M
Vxun micuesocri +3°45'

h{};czgez nui)motnnnry Ned ﬁ

Biacrans: 650 M
Ilepenan BucoTH: +46 M
Yxun micnesocti +4°02'

Ozcepo-
MapmpyT Nel

www.seanewdim.com

XapaxrepucTuxa Mapmpyty Ne2 (Crurammii)
3aransHa HPOTHKHITS - 2650 M

KinsxicTe Mics ns BiNoYHEKy -4
Makcumanrsanii nepenajy

BrcoTH=91 M

Biacrass: 350 M
Ilepenax BacOTH: -28 M
Yxun micnesocri -4°34'

A< Mgy oy

Biacrans: 350 M
[epenax Bacoma: +31 M
Vxun micnesocri +5°03"

icue BimmogHuxy No2
EXYH2 T ™

Mapmpyr Ne2

Biacrans: 650 M

/ Iepenan sucoru: -91 M
Vxun micuesocri -7°58"

/ionocnm "isodi Cbo:

o %_l{ic]%l;ixmo-xmky Ne3

«—  p. duicrep

Puc. 1 — Cxema 3anpoeKTOBaHUX Tpac A TEPEHKYPY

Jpyruii MapumpyT XapakTepH3yeThCsl BUCOKUM piBHEM
CKIamHOCTI (IIO3HAYCHO POXKEBOIO CYIIBHOKO JIHIED).
Crexka 3alpoeKTOBaHa MPOTsHKHICTIO 2650 M 1 11 nopo-
TaHHA 3aiiMae 1-1,5 roguaun. JlaHuit MapmipyT € TOCHTH ITi-
KaBHM i3 MaJIbOBHHYHNM KpaeBUAOM Ha piuky duicrep. [To-
YaTOK MapmIpyTy CHIBHAIA€E i3 IMOYATKOM TEPIIOT CTEKKU
Ha OJHAKOBi¥ BHUCOTI. BchOro HamivuyeThCss YOTUPH MicCIIs
3YIHHKH, JI¢ MOKHA ITOMUTH BOJIU Ta BiINOYUTH. BincTaHp
MDK IEpIIOIO 1 APYTok0 3yITMHKaMHU CTaHOBHTH 110 350 me-
TpiB i3 crryckom 1ipu yxwii 4,5° Ta migiioMoM 3 yxuiaom 5'.
Jlami, kpyTH3HA CITyCKY 3pOCTa€ i CTEXKa Bele M0 PiuKd
Juictep. Ha miciieBocTi 3HAXOAUTHCS TUISDK 13 00J1aHA-
HUMHU MICISIMH JUJIS KynaHHS. BimxumuBmivch BiJ Mapii-
PYTY Bropy IO Tedii pidky, MOKHA OTISTHYTH Bogocnazn [i-
Bodi cip0o3H. [1i7 yac pyxy MapmpyToM 3yCTpidaTUMyThCS
JIBA HEBENHWKi CTpyMKH. [licimst TpeThOi 3yNHMHKH JOBeE-

neTbes nofonaTu 650 meTpis Bropy i3 yxusnom 4°. Tyt mo-
JKHA TIEPETIOYHTH 1 IPOJIOBIKUTH CBill PyX CTEXKOIO BrOPY
MPOTSDKHICTIO 640 METPIB, € 1 3aKIHYYETHCS MAPIIPYT.

BucHoBKkH. 3aranoM, po3BUTOK peKpeartii BAXIJINBE M1~
TaHHS SK U COLIyMY, TaK 1 eKOHOMIKH. AJDKe, 3 OIHIET
CTOPOHH, Y Pe3yIbTaTi OTPUMYEMO COMiaTbHAN e(heKT: po-
3BHTOK OCOOMCTOCTI JIFOAWHU Ta BiTHOBJICHHS 3JI0POB’s. 3
€KOHOMIYHOI CTOPOHH, CTHMYJTFOBaHHS pEKpearii mpUCcKo-
PIO€ PO3BUTOK T'OCIIOIAPCTBA, PO3IIUPIOE 3aHATICTh HACe-
JIEHHS 332 PaxXyHOK peKpeariitHoro o0CciayroByBaHHs, PO3-
BHBAa€ CyMDXHI raiy3i, BIUINBAa€ Ha JOXOIW HACEICHHS Ta
HaIOBHEHHS OIOIKETIB.

VYkpaiHna Boioji€ 3HaYHUMH TUTOIIIaMH TEPUTOPIiH 3 1mo-
TY)KHUM peKpeaniiHuM moTeHmianom. [Ipiopurer po3Bu-
TKY TYypPHUCTHYHO-PEKpeariiiiHoi raiy3i 3aJeKiiapoBaHO Ha
3arallbHOJICpKaBHOMY Ta PerioHANbHOMY piBHAX. Ha mpu-
knani [BaHo-@panHKiBChKOi 007ACTi BHIHO, IO ACSKI paii-

59



Science and Education a New Dimension. Natural and Technical Sciences, VII(24), Issue: 200, 2019 July.  www.seanewdim.com

oHH (TipcbKa YacTHHa 00JIaCTi) XapaKTEepHU3YIOThCS 3HAU-
HOIO LIIJIBHICTIO peKpeauniiHux 00’€KTiB, TOMY TaM CIIO-
cTepiraeThcs 3HaUHE HABAHTAXKEHHS Ha TIPUPO/IHI JTaHAIIA-
¢GTH, BUCHaXXCHHS MPUPOAHUX pecypciB. s po3BaHTa-
YKEHHsI TaKMX PaliOHIB Ta OJJHOYACHOTO PO3BHUTKY iHILUX,

JUIsl 3a0e3NeueHHs] JTOCTYMHOI KOPOTKOYacHOi pekpearii
JUISL HaCEJICHHS — 3alpOIIOHOBAHO, SK OJUH 3 BapiaHTIB,
PO3BHBATH peKpealliiiii 00’ €KTH, 0 00CITYrOBYIOTh Tpacu
JUIsL TepeHKypy Ha mnpuknani cena IcakiB Tiymarpkoro
paiiony IBano-®paHkiBchKOi 00JIaCTi.
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Short-term recreation objects designing in the territory of the Precarpathian region

0. Gera

Abstract. The social and economic role of recreation is considered. The necessity of reconstruction and creating new objects of short-
term recreation is substantiated. The recreational potential of Ukraine and lvano-Frankivsk region is analyzed. Using the digital model

of relief, the project of the terrain cure trails location was developed

taking into account the principles of land resources rational use.

Keywords: recreation areas, recreation, land resources, terrain cure, digital model of relief.
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AHoTanisi. Y crarTi NpoBeJeHO NOPIBHUIGHUIN aHaJl3 3aCTOCYBaHHS HIMPOKOCMYTOBHX Ta BY3bKOCMYTOBHX CHIHAJIB UL IIepenadi
iH(popMmarii y TenekoMyHikamiifHIX Mepekax. [Ioka3aHo mepeBary 1o TakiuM MOKa3HHUKaM SIK €HepreTHIHa CKPHUTICTh, 3aBaIOCTIHKICTB,
Ta rapaMeTpudHa CKpHUTicTh. Ha mincraBi 1b0ro 3po0iIeH0 BHCHOBOK IIPO JOIUIBEHICT BUKOPHUCTaHHS MIMPOKOCMYTOBUX CHTHANIB Y
TEeNeKOMYHIKaliifHIX Mepe)Kax CHCTEM BiIEOCIIOCTepEKEHHs 00’ €KTIB iH(pOPMaiHHOT TIsITEHOCTI.

Kniouogi cnoea: sioeocnocmepesicenns, Kauan eumoxy ingpopmayii, ingpopmayis 3 obmedxnHceHum OOCMynom, WUpOKOCMy208Ull cue-

Han, 06 ' ekm iHGopmayitinol OisLibHOCI.

Beryn. B ymoBax cy4acHHX II00ainbHHX Ta PErioHaJbHUX
iHpOpMaIIfHUX TPOTHCTOSIHB, AECTPYKTUBHUX KOMYHIKa-
TUBHHX BIUTMBIB, TOIIUPEHHS iHPOPMAIIiIHOT eKcIaHcii Ta
arpecii, 3aXHUCT HalliOHANBFHOTO iH(pOpMaLifHOTO TPOCTOPY
Ta TapaHTyBaHHA iH(OpMaIiitHOI Oe3MeKH CTalTh IpiopH-
TETHAMH CTPATETiYHUMH 3aBJaHHAMH Cy4acHHX JCpPKaB y
cucTeMi TNOOaNbHUX iHQOpMAIiHUX BiTHOCHH. 30epe-
KeHHS 1H()OPMALIIHHOTO CyBepeHIiTeTy, popMyBaHHS e(eK-
TUBHOI cUcTeMH Oe3reKkH B iHpoOpMaIlliiHii cdepi € akrya-
JIBHOIO MPOOJIEMOI0 1 I YKpaiHH, sika 9acTo € 00’€KTOM
30BHIIIHBOT 1H(OpPMAIHOT eKkcraHcii Ta pyHHIBHOTO iH-
¢dopmauiitHoro BroprueHHs. Best 1 6e3miv 3arpo3 cTpyk-
TYpY€EThCSl y HACTYIHI TPYIHU 3arpo3: BUTOKY iHQopmarlii
MatepiaJbHO-PEUYOBUM KaHAJIOM, HECAHKIIOHOBAHHUX il 3
iHopMaIiero, 3HAIIEHHS MaTepiabHIX HOCIiB iHPpOopMaIIii
i BIUIMBOM 30BHIIIHIX (iznunux nomniB [1]. Besmiu 3a-
rpo3 iH(popMaIiifHiii Oe3memi BUMAraroTh BiAIIOBITHUX
i3 3aco0iB e(eKTHBHOI NPOTHUIIl BUTOKY iH(opmamii 3
00’exTiB iH(pOpMaLiifHOT AiSUIEHOCTI MaTepiaibHO-PEYOBUM
KaHasioM € cuctemu Bimeocrnocrepexxenus (CBC) [2], 1o
JIy’Ke BaXJIMBO s 3abe3reueHHs iHdopMmariiHoi Oe3re-
ku. Ha croroani icuye 6e3miu tumie CBC, ane Bci BOHH
mo0yI0BaHi 3a OJTHOIO 3arajibHOI0 cxeMoro (puc.1).

ITincucrema TenekomyHikariiHa ITincucrema
CIIOCTEPEIKECHHSI [ mijcucremMa ! 00poOKH Ta
(Bineoxamepu) peecTpanii
indopmarri

Puc. 1. Cxnaz cucremMu BiIeOCTIOCTEPEKEHHS

Koporkuii orasn my6umikaniii. CyyacHi cHCTeMH Bi-
JIEOCTIOCTEPEIKEHHSI TIPE/ICTABIISIIOTE COOOI0 MPOTrpaMHO-
arapaTHUH KOMIUIEKC NpHU3HAYSHWH JUIS 3alucy BiJeoiH-
(dopmartii Ta mepenadi ii 10 MicII IeperisiAy 9u 30epiran-
ust [3]. 1st 1IbOTO BUKOPUCTOBYIOTH BiJIeO3anuc Ha Crelri-
aNizoBaHI MPUCTPOI, SIKI MOXYTh POOHUTH K y Oe3mepeps-
HOMY pEXHMi, Tak 1 B pEeXHMi IOKaJpOBOTO 3amucy i3
3aJ]laHAM 1HTEPBAJIOM HYacy MiX KaJpamu, 3 00OB’SI3KOBHM
3alMCOM TOTOYHOrOo 4Yacy U gatu. CaMOK KPUTHYHOIO
maakoro CBC, sika BmacHO i BU3HAa9a€ OCHOBHI XapaKTepH-
CTHKH CHCTEMH y LIIOMY, € TeIeKOMYHiKalliiiHa mijcucTe-
Ma. Ha croromni s moOymoBHM TelIeKOMYyHIKaLliitHUX
migcuctem CBC BUKOPUCTOBYIOTBC ABa miaxomu. Ilep-
mmil  (KNacHYHUH) IOJArae y 3acTOCyBaHHI JPOTOBOTO
3B’s13Ky, Npyruil (iHHOBauilHMIT) Oa3yeThCs Ha BHKOPHC-
TaHHI panio3B’s3ky. IlepeBara 3acTocyBaHHS IPOTOBOTO
3B'I3Ky — MOXJIMBICTh 3a0€3MEYNTH 3aBaJI03aXMUIIEHITH
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iHdopmarii, HeoNiKK — BEJIMKI MOHTa)KHI BUTPATH SIK 4acy
TaK 1 TpolIeH; y NesSKUX BHIJKaX yCKJIaJAHEHICTh CaMoro
TpoLiecy MOHTaXy, Ta HeecTeTH4HicTh. [lepeBaru 3acTocy-
BaHHSA padio3B’s3ky icHyrounx CBC — Mam MOHTaXHI
BHUTpaTH, Manuii vac posroptanHsi CBC, eCTeTHUYHICTb,
IHOBAILIMHICTh;, HEIONIKM — HH3bKa 3aBaJI03aXMILEHICTH
iH(popMarii miy Jac 1 mepenavi y Mepesxki, 10 € HeITPUHHS-
THUM y THTaHHAX iH(popMariiHoi O0e3mekn. Huspka 3aBa-
JI03aXHIICHICTh O0YMOBJICHA 3aCTOCYBaHHSIM BY3bKOCMY-
roBux curHaniB (BCC) y TenexkoMyHiKalliifHUX MiJgcucTe-
Max icHyrounx CBC, abo po3poOHHK B3araii HE BKazye
THIT paliOCUTHAITY 1 3aCTOCYBaHHS TAaKUX CUCTEM ISl 3aXH-
cTy iHpopmalii Ha 00’ekTax iH(oOpMamiHHOT MisSTTEHOCTI
TeX Hece NMEBHUI pU3HK. By3bKOCMYTOBHII CHTHAJ JIETKO
PO3BiATH, MPHUIYIINTH, 3iMITYBaTH. TakuM YHHOM aHaJIi3
ICHYIOUHMX IiJXOJIB, IO 3aCTOCOBYIOTBCS JIJISI OpraHi3arlii
riepenadi iHGopMallii y TeneKkoMyHIKalliiHUX ITiICHCTEMaXx
CBC moxa3ye, 1m0 BOHH HE IO3BOJIIIOTH y TOBHIH Mipi
BHPIIINTH 3a/1a9y Mepeaadi inpopmariii y cucremax oOesre-
KU 00’exTiB iH(OpMaliiiHOT misibHOCTI. ToMy, 3aBHaHHS
IIOJI0 YIOCKOHAJEHHsS METONIB mnepenadi iHdopmarnii y
cydacHux CBC € akTyanpHUM.

Meta. OOrpyHTYBaHHs BHKOPHCTaHHS UIA mepenadi
iHdopmarii y tenexomyHnikauiiHid migcuctemi CBC mu-
pokocmyroBux curHaiiB (LLICC), sik 0HOTO i3 MOMIIMBUX
LIISIXIB IOA0 3a0€3MeUeHHsT BUCOKOT 3aBaJ03aXHIIEHOCTI
niepenadi iHopMarii mpu 30epeKeHH] IHITNX MO3UTUBHUX
SIKOCTEH 3acTOCyBaHHS paio3B’si3ky. s mOcsSTHEHHS
3a3HaueHOl METH HEOOXiJHO 3pOoOUTH MOPIBHAIBHUI aHa-
ni3 Bukopuctanas LIICC ta BCC y tenekoMmyHiKamiitHii
mepexi CBC.

Marepianu Ta Metoau. JIisi TOCATHEHHST TIOCTaBJIEHOL
METH TPOBEJICHO aHaJli3 HayKOBO-METOJUYHOI JIITepaTypH,
3aCTOCOBAHO CHCTEMHHM MiJXif, TEOpito mepeaadi iudop-
Mariii.

PesyabTatn Ta ix obroBopenns. Ilepme — Ginbma
eHepreTM4Ha CKpPUTHicTh. EHepretMyHa CKpUTHICTh
niepenadi [IICC monsirae y 3MeHIIeHi JaabHOCTI HOTo po3-
BizikM Rp TeXHIYHMMH 3aC00aMM CIIOCTEPEKEHHS IPOTUB-
HUKa. BimoMo 1110 JanpHICTh PO3BIAKH MPONOpIiiiHA Kope-
HIO KB3JIpaTHOMY 3 MOTYyXHoCTI Pc (eHeprii) curnary, mo
BHIIPOMIHIOETBCS, IHIIAMH ciioBamu R ~ /P _ . BpaxoBy-
104H, IO HIMPOKOCMYTOBHI CHIHAll MOXKHA TPEICTaBUTH
SIK KOMIIO3UILIIIO N BY3bKOCMYIOBHX, TO IPU OJHAKOBOI
ereprii HICC i BCC, ta 3a yMOBOIO II0 3aKOH BHYTpIlI-
HboiMITyTbcHOT Moyl (Manimyssiuii) IIICC e HeBino-



MHM THPOTHBHHKY, BIIHOIIEHHS AaybHOCTI po3Binku BCC
ta IIICC Bu3HayaeThCs Bupasom [4]:

P

C
Rmcc — n — 1 (1)
Reee /P.  +/n

To6to, naneHicTh po3Biaku LLICC ey ~n pa3iB MEHIIIO0
Hibk BCC. Kpim TOTrO, TIpM ZOCHTH BEIMKOMY N MO>KIHBO
3a0e3MeunTH Tepenady CUTHaly 3 ITHTOMOIO IMIJIBHICTIO
€Heprii MEHIIOI HiK MUTOMa HIUIBHICTh MPHUPOJHUX MIy-
MiB. B 1IpOMy BUITaAKy pO3Bi/lka CHTHAITY B3araji MOMIJIMBA
JIUIIE 32 YMOB 3HaHHS HOTO BHYTPIITHBOI CTPYKTYPH.

Jlpyre — napaMeTpu4Ha CKpHUTHicTh iHGopManiiino-
ro o6miny. [lapamerpuuHa CKpHUTHICTH iH(pOpMauiiiHOro
o6ominy HHICC 3a0e3neuyeThest TOCTaTHBO CKIIAHAM KOAY-
BaHHSIM CUTHay HOTO €JIEMEHTapHHMH CKJIafioBuMH [4].
Hagite npu dikcauii ¢axry nepenaui LICC, mis BuaiieH-
Hs 3 HBOTO iH(OpMaLil HEOOXiJHO 3HATH MapaMETPH IIOTO
KoIyBaHHS. Lle ABIs€ThCS TyXKe CKIIaJHOO 33/1a4€t0, SIKIIO
BpaxyBarTH, IO TIPH JIOCTATHRO BENMKiil 0a3i CHTHAITY Killb-
KICTh MOX/IMBUX 3HAUeHb CHTHANy K Oyme BH3Ha4aTHCA 3a
BIJIOMHM BHPa30M PO3PAXYHKY KUIBKOCTI MOXJIUBHX IIepe-
CTaHOBOK [5]:

k=n".(2)

nie N — kigbkicTh quckper y 1ICC;
M — KUIBKICTh 3HAYEHB, SIKi MOXKE IPUHMATH CUTHAJ Y AUC-
KpETI B 3aJIEKHOCTI BiJ1 IOTY>KHOCTI aI(paBiTy CUTHAJIIB.

Tpere — BHCOKa 3aBagocTiiiKicTh. 3aBaJOCTIHKICTD,
nipu BukopucranHi LHICC, 00yMOBITIO€ThCS, IICUIICHHSIM B
n pasiB IIICC nHa Buxoni y3romkeHoro npuiimava. Y [4]
HaBeseHa (OpMysa, sKa TIOB’SI3y€ BIJHOLICHHS CHI-
Ha/myM (0°) Ha BUXOAi MpuiMaya 3 BiIHOIIEHHAM CHI-
HaJl/IyM Ha BXoJi p? i 623010 curuany B:

q° = 2B p*(3)
e p2 = Po/Py (P., Py, — notyxHocti IICC Ta 3aBajn);
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o> = 2E/N., E — enepria IICC, N, - cnekrpanbHa
UIBHICTH yMy y cMmy3i LIICC.

BiaHOIIEHHs CHTHANI-IITYM Ha BUXOi (2 BU3HAYae po6o-
ui xapaktepuctuku npuiiomy IICC, a BigHOmIEHHS p? -
EHEPrETHKY CHTHaly Ta myMmy. HeoOxinHa BenwunHa Q>
Moxe OyTH OTpUMaHa HaBiTh Akmo p°<<l. Jlns Lporo
nocratapo Jumie Budpati LLICC 3 mocuTh BEMUKOI0 6a3010.
Burpam mo 3aBamoctiiikocti mpu Bukopuctanai LICC
OOYMOBIIOEThCS HEBIIOMHM JUII TIPOTHBHUKA 3aKOHOM
PO3TIOIiTy eHeprii CHTHAITy B YaCTOTHIiH Ta 4acoBoi obac-
Tax. Bimsomenns Y curHan/3aBaga y LbOMY BHUIIAKY
Oy/ie MaTH BUTJIST;

HEc(f ,t)dfdt

[P " C)
[ JE,(f.t)dfdt
t, f
ne:Ee, E; - eHeprig curaay Ta eHepris 3aBaH BiAIIOBiTHO;
te, fc - wacoBa Ta yactorHa 06aacTi BiANOBIAHO, B AKHX
BimOyBaEeTHCS Iepeiaya CUTHAIY.

BpaxoByroun Te, IO I HPOTUBHHKA € HEBITOMHMH
o0uacTi tc ta fo BimHOIIEHHS curHai/3aBaja 3a OJHAKOBUX
ymoB st LIICC Oyne kpauym Hix st BCC.

BucHoBku. IlinBonsuu miICyMOK HPOBEIEHOTO JOCII-
JDKSHHSI, MOJKHA CKa3aTH, LIO ICHYIOUl TeJIeKOMYHIKalliiHi
migcucremu CBC He y noBHOMY 00Cs3i 3310BOJILHSIIOTH
CydacHUM BUMoraM. Po3B's3aTv HpoTHpiv4si MiXK BUMOTa-
MH LI0/10 3a0€3MeUeHHs] MaIuX MOHT)XHHUX BUTpAT, Majo-
ro yacy posropranis CBC, ecTeTMYHOCTI Ta BHCOKOI
CKPHMTHOCTI, 3aBaJJ03aXHIIEHOCTI, IMITOCTIHKOCTI J103BOJIsIE
3aCTOCYBaHHS y TelleKoMyHikamiiHid migcucremi IICC.
Takum unnoMm 3actocyBanss LLICC y TenekoMyHiKaiiifHOT
migcuctemi CBC, 103BOJsi€ CTBOPUTH CHCTEMY Iepenadi
JIAHKMH SIKa 33/I0BOJIBHSIE Cy4aCHHM BHMOTaM.

[puBeneHi pe3ynbraTd MOXYTh OYTH BHKOPHCTaHI INpU
MPOEKTYBaHHI Ta pO3poOlll TEeNeKOMYHIKalliHHUX [iJICHC-
temM CBC 00’exTiB iHpOpMaLiitHOT TisUTBHOCTI.
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Application of broadband signals in telecommunication networks of video surveillance systems of information activity objects

A. N. Kotenko, A. M. Zidan, S. V. Bodrov, V. V. Sobchuk

Abstract. The article provides a comparative analysis of the application of broadband and narrowband signals for the transmission of
information in telecommunication networks. The advantages are shown by such indicators as energy concealment, noise immunity, and
parametric concealment. Based on this, it was concluded that the use of broadband signals in telecommunication networks of video

surveillance systems of information activity objects.

Keywords: video surveillance, information leakage channel, restricted access information, broadband signal, information activity ob-

ject.
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AmHoTamis. [IponoHyeThes JiarHOCTHKA 0araTomponecOpHUX CHCTEM SK OCHOBHHUI METOJT TOCATHEHHS HAMIIITHOCTI Ta BiIMOBOCTIHKOCTI
obiamHaHHS. Y CTaTTi MOCIIKYIOTBCS OCHOBHI MPUYMHA BUHUKHECHHS HECTIPABHOCTEH, CydacHi MiXON JiarHOCTHKH 0araTomporeco-
PHUX CHCTEM Ha 00’eKTax BUPOOHHULTBA. Po3risaaioTses mepeBaru Ta HeOJMIKU TaKUX MigXOiB. AHANTI3yIOThCS OCHOBHI METO/U CaMo-
JIiarHOCTYBaHHs 0AaraTONPOLECOPHUX CHCTEM Ta OCOOJIIMBOCTI iX BUKOPUCTaHHS.

Kniouogi cnosa: camooiaznocmysanus, 6iomMoeocmitikicmy, 0iazHOCMUKa 6a2amonpoyecopHux cucmem, HaoiluHiCmb.

Beryn. Y Ham Hac MpakTHYHO B KOXKHOMY HiJIIPHEMCTBI
BUKOPUCTOBYETHCSI OOYMCITIOBAJIbHI CHCTEMH, CHCTEMH
aBTOMATHYHOTO ympaBiiHHA Toino [1]. 3aBisku Takomy
X0y JOCSTAETHCS MiJBHIIEHHS MPOJYKTHBHOCTI, TOK-
palleHHsl SKOCTI MPOAYKLIl Ta MOJIIILIEHHS YMOB Mparli
JIIOAEN.

HapifiHicTh Ta KOPEKTHICTH POOOTH OOYHMCIIOBATIBHUX
CHCTEM Ta CHCTEM YIPaBJIiHHSA Ha 00 €KTax BHPOOHMIITBA
SIBIIETBCSI OCHOBHMM OpraHi3aliiiHO-TEXHIYHUM 3aXO0Z0M
3MEHIIICHHS PU3UKY BHHHKHEHHS TEXHOTCHHHX KaTacTpod
Ta aBapiid. [Tommiku B po0oTi (00 BiIMOBH) TAKHX CHCTEM
MOXYTb IIPU3BECTH 10 HeOa)KaHUX HACIIKIB, TOB'I3aHUX 3
BeNMUKAMH (HIHAHCOBUMHU Ta JIIOJCKKUMH BTpaTaMu, 3 cep-
HO3HUMH eKOJIOTTYHMMH KaTtacTpodamu. Haiibinbiry Hebe-
3MEKy MPEACTABISIOTh aBapil, Ki BUHUKAIOTh Ha 00'€KTax
SIZIEPHOI €HEPreTUKH Ta XIMIYHOTO BUPOOHUIITBA.

KopekTHiCTh poOOTH CKJIaJHUX CHCTEM JOCSTaeThCs 3a-
BISKH 30UIBIIIEHHIO BiIMOBOCTIMKOCTI. OCKUIBKH 31 30151b-
IICHHSIM KUTBKOCTI KOMIIOHEHTIB CHCTEMH, 30LTBIIYETHCS
HMOBIpHICT, BiqMoB. Taki cHCTeMH TOBHHHI BKITIOYATH
MeXaHi3MH ISl BUSBIICHHS IOMUIIOK Y PO0OOTi, peKoH(ITy-
pariii Ta BiTHOBJICHHS TicIst 300iB.

Orusin myOaikaniid 3a Temoro. BinqMOBOCTIHKICTE —
BJIACTUBICTh CHCTEMM BHMKOHYBaTH 3ajaHi (QyHKUIi mpu
HECHPaBHOCTI OJHOTO a00 AEKUIPKOX CKIIAJ0BHUX KOMIIO-
HeHTiB. [lin HecnpaBHicTIO OyneMO PO3yMITH Takuil cTaH
€JIEMEHTa CUCTEMH, TIPH SIKOMY BiZIOYBa€ThCS PUITHHEHHS
Horo ¢yHKIiOHYBaHHS a00 HEKOPEKTHA poboTa.

HecnpaBHicTs MOXXHa OXapakTepU3yBaTH TAKUMH T1apa-
METpaMH: TPUBAJICTh (TIEpeXiHa UM IIOCTiifHA); CTYIIiHb
(;ToxasbHa 9M r00aIbHa); BU3HAYEHICTH [2].

TuMYacoBUMH HECTIPAaBHOCTSIMU € TIOPYIICHHS (DYHKITi-
OHAJEHOCTI OOMEKEHOI TPUBAJIOCTI, SIKI BUKJIMKAHI THMYa-
COBHMH HECHPAaBHOCTAMH KOMIIOHEHTIB a00 ILIIXOM
30BHIIIHBIO BTpy4aHHs (30BHIHI 3aBaau). [locriiini He-
CIPABHOCTI BUKJIHUKAHI OCTATOYHUM 300€M KOMITOHEHTIB.

CrTymiHb HECNPAaBHOCTI BWU3HAYAE KUTBKICTh JIOT1YHUX
€JIEMEHTIB B KOMII IOTepHIH cucTeMi, (YHKI[IOHAJIBHICTH
SAKAX OJHOYACHO TIopymIeHa. JIoKambHi HecIpaBHOCTI
BIUIMBAIOThH JIMIIE Ha OJUHUYHI CKJIaf0BI cucTemMu. ['moba-
JIbHA HECIIPaBHICTH MOPYIIYye POOOTY JEKIIBKOX CKIIAzo-
BUX, MOAyJiB abo yciei cucremn. Takok BOHM MOXYTb
CTOCYBaTHCh BUXOJY 3 JIaJly KDUTHYHO Ba)KJIMBHX BY3JIiB.

BusHaveHuii craTyc HeCIIpaBHOCTI 03HAYa€ MOXKIIMBICT
ii mpaBMIILHOTO 1 CBOEYAaCHOTO JiarHocTyBaHHs. [Ipy mosiBi
HEBH3HAYEHOCTI Ma€ MiClle NPUXOBAaHHHA MPOSAB, SKUH 3
4acoM MO>K€ TIPU3BECTH JI0 BiJIMOBH BCi€l CHCTEMH.

63

OCHOBHHMMH NPUYNHAMH HECIIPaBHOCTEH MOXYTh OyTH:
MOPYLIEHHS YMOB €KCIUTyarallii Y1 oOciyropyBaHHs o0na-
JIHAHHS, TIOPYIICHHSI TEXHOJIOTII BHTOTOBJEHHS, (hi3uuHe
3HOIIYBaHHS €JIEMEHTA; HEJOCKOHANICTh KOHCTPYKTUBHUX
XapaKTEePUCTHUK.

Jlns 3a0e3neveHHsT HaTIHHOCTI Ta BiJMOBOCTIHKOCTI B
CHCTEMaX pealizyloThCsl IPOLEAYPH TIarHOCTHKU, KOHTPO-
JIF0, HAJUJIMIIIKOBOCTI Y OpraHi3allii cucTeMH 1 omeparmiii ta
PpeKoOH(Irypaii mcIs BUSBICHHSI HECTIPABHOCTEH.

B cydacHHX KOMIT'FOTEpPHHUX CHCTEMaX OCHOBHHM 3acO-
0OoM 3a0e3IeueHH BIIMOBOCTIMKOCTI €JIEMEHTIB SIBIIIETHCS
BUKOPUCTaHHS NPUHIUITY aBTOMAaTHYHOTO CaMOJIIarHOCTY-
BaHHs cucTemu [3-6].

Merta. MeToto po0OTH SIBISETHCS TOCTIDKEHHS Ta aHa-
JIi3 OCHOBHHUX MiAXOJIB JIarHOCTUKU 0araToIpoleCOpHUX
CHCTEM SK OCHOBHOI'O METOJMY 30iJbLICHHS BIIMOBOCTIi-
KOCTI 1 HaJIHOCTI 6araToNpoOIECOPHUX CHCTEM IS 3MEH-
IIIEHHSI PU3MKY BUHHMKHEHHS aBapiil Ta karactpod Ha Bu-
poOuuITBi. MaTtepiaim Ta Mmerogu. OCHOBHIMH METOJa-
MH JIOCIIDKEHHS SBIAETHCA aHaI3 METOMIB IIarHOCTHKH
0araTonpounecopHuX CHUCTEM, OITMCAHWX B HAYKOBHX JIiTe-
paTypHHX JDKepernax, Ta MOACIIOBaHHS CaMO/[iarHOCTYBaH-
Hs1 0araToIponecopHOi CHCTEMH IIPOT PAMHUMHU METOIAMH.

Pe3yabraTn Ta ix 00roBopeHHs. 3ac00M MIarHOCTHKH
TIOAUIAIOTHCS. HA TPU BUJIM. NIPOTPaMHUH, arapaTHHH, 1po-
rpamHo-amapatHuid. [Ipu mporpaMHOMY MiIXO[i AiarHOC-
THKH OCHOBHHMM IHCTPYMEHTOM BHSIBJICHHS HECHPaBHUX
€IIEMEHTIB SBJIIETHCS CIICIiai30BaHe MporpaMHe 3abesIie-
yeHHs. [Ipore, Takuil miaxin BuMarae, mooO NEeBHI OCHOBHI
OJIOKH CHCTEMH Oy CIIpaBHi.

AmnapaTHe TeCTyBaHHS BY3JIiB CHCTEMH BiJOyBaeThCs 3a
JIOTIOMOTOI0 JI0JITATKOBOTO OOJI[HAHHS, SIKE JI03BOJISIE BH-
MIpPIOBaTH PiBEHB HAIIPYTH, CTPYMY, PiBHIB JIOTIYHIX CHT'Ha-
JIB TOIIO: TECTEPH, OCIIMIIOrpadu ad0 JIarHOCTHYHI TUIATH.

IporpamHo-anapaTHuii 3aci0 mosisrae y KoMOiHyBaHHI
Honepe/iHiX 3aco0iB JiarHOCTHKHM cucTeMu. [lpukianom
TaKOTO MiAXOy € BHKOPHCTaHHS CHEIiaJbHUX Omeparii-
HUX CHCTEM.

CamomiarHOCTyBaHHA — TIPOIEC TECTYBaHHS KOMII 0-
TEpHHUX CHUCTEM, IPH SKOMY KOHTPOJIb 1 JiarHOCTHKA (yH-
KI[IOHYBaHHs €JEMEHTIB IMOKJIaJAa€ThCSI HA CaMy CHCTEMY.
Takuii miIXiJ] BUKOPUCTOBYEThCS y HIarHOCTHYHIA MO
[penapara-Meria-Uena [4].

3ajava JIarHOCTHKM TOJATAE Y MOIIYKY HECHpPaBHUX
€JIEMEHTIB y CHCTEMax 3a JIONOMOT'OI0 BUKOPHCTAHHS II€B-
HOTO aJTOPUTMY, KU Ma€ BHCOKY €(eKTHBHICTH BifHOC-
HO pecypciB mam’sTi Ta yacy. TakoXX alropuTM ITOBHHEH
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MaTH BHCOKY YHiBepcalbHICTh B pamkax Bu3HaueHoi mome- {1, 2, 3}, 1l ckiax BiAmoOBigae KiIbKOCTI MPOLECODIB y
Ji CHCTEMHM Ta NPOCTy peajli3allilo Ha Cy4aCHMX MOBaxXx  0araTonpolecopHHX cuctemax. Baru pedep rpada MoxyTb
IIpOrpaMyBaHHS. maru 3HaueHHs 3 mHoxuHH {0, 1, X}, siki o3Ha4YarOTH

st eeKTUBHOT 1arHOCTUKYU 0araTonpoleCOPHUX CUC-  CIPABHICTH IMPOLECOPa, L0 TECTYEThCS, HECIPABHICTH Ta
TeM JOILIJIBHO 3aCTOCYBAaTH METOJ MOJENIOBAHHS, IO JI0-  HEBH3HAYECHWH pe3yJIbTaT BiIIOBITHO.

3BOJISIE JTOCIHIKYBAaTH OCHOBHI IapaMeTpH CHCTEMH, Bill- B 3aranpHOMYy BHIAAKy iCHye 1IBa MiIXOIW IO BHpi-

KAHYBIIH (DakTOpH, SIKi HE BIUTMBAIOTH 3HAYHOIO MIpOIO HA  IIEHHA 3a/1adi CaMOJiarHOCTYBAaHHS KOMIT FOTEPHUX CHC-

poboTy obOamHAHHS. TeM: LEHTPATi30BaHe CaMOiarHOCTyBaHHs, JCIICHTPaIIi30-
OpmHNM 3 HAWPOCTIOBCIO/DKEHHUX BUIIB (POPMATBHMAX MO-  BaHE CaMOiarHOCTYBaHHS.

JeNel IpeICTaBlIeHHs 0araTonponecOPHUX CHCTEM BBaXKa- [Ipu LeHTpani30BaHOMY TECTYBaHHI BY3IIH CHCTEMH Te-

€TbCsl Tpad-MOIeTb, KA IIe Mae€ Ha3By AIarHOCTHYHOTO  CTYIOTh OAWH ofHoro. CopaBHI €IEMEHTH BH3HAYalOTh
rpacda. Lle no3Bossie abcTparyBaTucs BiJ peajizaiii cucre-  iICTHHHHUH CTaH yCiX HIIMX CKJIaZoBHX cucteMu. [Ipu mpo-
MH (TOTOJIOTISI 3B’3KiB, THIT MOJYJICH, BUAM 3B SI3KIB MK~ My pe3yJIbTaTH MAIiarHOCTHKH, OTPUMaHi 3a JIONOMOTOIO
MOJYJISIMU TOIIO) 1 3aCTOCOBYBaTH €JIMHUM MEXaHIi3M JUIl ~ HECHPaBHUX EJIEMEHTIB MOXKYTb MaTH BHIIaJJKOBUH Xapak-
aHaiiza Ta TOLIYKY HECHpPaBHOCTEH /I HEOAHOPIAHUX  Tep i He BioOpakaTH CIPaBXKHil CTaH CUCTEMH.

KOMIIOHEHTIB CUCTEMH. Jnst 00poOKM OTpHMaHUX 3HAYECHb BHKOPHCTOBYETHCS

JiarHoctnuHuii Tpad — OpieHTOBaHMII 3BakKeHMH Trpad)  JOJATKOBUH NPOLECOPHHN E€NEeMEHT, SKMH Ha OCHOBI
B3a€EMOTECTYBAHb IIPOIIECOPiB OaraTONPONECOPHOI CUCTEMH.  OTPUMAHHX JAHWX TECTYBaHHS NPHIMAaEe pIilIEHHSA MO0

[loTyXHiITP MHOXMHHU BEpIIMH TaKOTO Tpada BU3HAYa-  KUIBKICHOTO 1 SKICHOTO CKJIAAy CIPAaBHUAX 1 HECIPaBHUX
€ThCS KUIBKICTIO mporiecopiB y cuctemi — N. Baroro ij  By3miB cuctemu. Takuii 004MCIIOBaNIbHHUI BY30J TIOBHHEH
pebpa rpada miarHOCTHYHMX 3B S3KIB CIYTYe pe3yiabTaT  MAaTH BHUCOKY BiIMOBOCTIHMKICTB, aipke TPH BHXOML HOTO 3
TeCTyBaHHS i-M mporiecopoM j-ro. Ilpumdomy Mae wmicne — Jay CTa€ HEMOXIIMBUM AIarHOCTYBaHHS BCi€l CHCTEMH.
KOJYBaHHS TPbOX BUINAJKIB JIarHOCTUKH: HECIPABHICTh BukopucranHs JEeUEHTPai30BaHOTO MiAXOMy O3Hayae
MPOIIECOpa, M0 TECTYETHCS, CIPABHICTH MpoIlecopa, IO MO BCiel cMcTeMH Ha pOOOTO3MATHY Ta HECIPABHY Yac-
TECTYETBCS Ta CTAaH HEBU3HAYEHOT'O PE3yJIbTaTy, 0 BUHU-  THHU. T1 €JIEMEHTH, SIKI MalOTh CTaTyC HECIIPaBHHX 130110~
Ka€ MMPU TECTYBaHHI HECTIPABHUM EJIEMEHTOM CHCTEMH. FOThCS BiJl MPOIICCY aHai3y MaHuxX TectyBaHHs. OOpoOka
Pe3yJIbTaTiB TECTYBaHHS BiIOYBAETHCS BUKIIIOUHO HA CIIpa-
BHHX €JIEMEHTaX CHCTEMH.

BucHoBok. TakuM 4MHOM, OCHOBHHUM CHOCOOOM 3aI1o-
OiraHHS BHHUKHEHHIO aBapiii 1 TEXHOTEHHHX KaTacTpod
SIBISIETHCS TTIABUIICHHS TEXHOJIOTIYHOI Oe31mekn BUPOOHH-

1 YHX TPOIECIB Ta eKCIUTyaTaliifHOT HaIIfHOCTI 00Ia THAHHS
3a JIONOMOTOI0 3a0e3NeyYeHHs HamiiHOCTI KOMII IOTE€PHOI
cucteMd. HalOLnbm po3moBCIOKeHHH cIociO ITiABHIIICH-
HS BI]MOBOCTIMKOCTI Cy4acHHX OOYHCITIOBATLHHX CHCTEM
Ta CHUCTEM YNPAaBIIHHS € NPHHIMI CaMOJIarHOCTYBAaHHS.
IepeBaramMu Takoro MmigXOy € aBTOMATHU3aIlisl [iarHOCTHU-

Pucynox 1.— ITpuknas JiarHocTHUHOTO rpada KM CHUCTEM, L0 O3HA4Ya€ 3BEICHHS 10 MIHIMyMY BIUTHBY
JIFOJICBKOTO (haKTOpy, LIBHAKE 3HAXO/KEHHS HECIPaBHOC-

Ha Puc.1 HaBeneHO ouH 3 MOXKIMBHX BapiaHTiB rpada Teit Ta HaiffHICTD PE3yNBTATIB.

JIarHOCTUYHUX 3B’s3KiB. MHOXXHHA BEPIIMH S CTAaHOBHUTH

JITEPATYPA
1. IMarmapee H.K. ABTOMaTH3alusi THIOBBIX TEXHOJIOTHIECKIX Assignment Problem of Diagnosable Systems. // IEEE Trans.
nporeccoB Meramioodpaborku. - Kues; Opecca: Buma k., Electronic Comput.- 1967. - Vol. EC-16, Ne6.- P.848-854.
2002.-312c. 5. Romankevich A.M., Romankevich V.A. Diagnosis of multipro-
2. Avizienis A. Design of fault-tolerant computers//Fall Joint Com- cessor systems under failure of more than half processors // Au-
puter Conf. -1967, AFIPS Conf. Proc. VVol.31, pp. 733-743, 1967. tomation and Remote Control. — 2017. — Vol. 78, Issue 9. — P.
3. Muxkenagze M. A. Pa3BuTHe OCHOBHBIX MoOJeieil caMOauarHo- 1614 —1618.
CTUPOBAHMS CIIOKHBIX TEXHHMYECKHX chcTeM. / ABromarnka u 6. PomankeBnu B.A. CamorecTHpoBaHHE MHOTOIPOLIECCOPHBIX
Tenemexanuka. - 1995. - Ne 5. - C. 3-18. CHCTeM C WIMHHOK apxurtekTypod // PamioenexkTponHi i

4. Preparata F.P., Metze G., Chien R.T. On the Connection koM foTepHi cuctemu. - 2014. - Ne 5. - C. 96-99.

REFERENCES
1. ShaparevN.K. Typical Technological Processes of Metal Working Remote Control. - 1995. - Ne 5. - P. 3-18.
Automation. - Kiev; Odessa: Higher sch., 2002. - 312 p. 6. Romankevich V.A.Self-Testing of Multiprocessor Systems with
3. Mikeladze M. A. Development of the Main Models of Self- Bus Architecture// Radio Electronic and Computer Systems. -

diagnosis of Copmlex Technical Systems. //Automation and 2014. - Ne 5. - P. 96-99.

Providing fault tolerance and reliability of multiprocessor systems to reduce the risk of disasters and accidents at industry
N. V. Chekhunina, L. O. Mitiuk, O. V. Zemljanska, N. A. Prahovnik
Abstract. The diagnostics of multiprocessor systems proposed as the main method of achievement of reliability and fault-tolerance of
equipment. The article researches the main causes of failures of multiprocessor systems and modern approaches to the diagnosis of those
systems at production sites. Considers the advantages and disadvantages of such approaches. And analyses basic methods of self-diagnostics
of multiprocessor systems and their usage.

Keywords: self-diagnosis, fault-tolerance,diagnostics of multiprocessor systems, reliability.
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AHoTalis. 3anponoOHOBAaHO MaTEeMaTUYHY MOZENb UL PO3PAXyHKY MiHIMAQJIbHO IPUITyCTUMOI JOBXHHU pyKaBa IOXKEKHOTO KpaH-
KOMIUIEKTY JUTs JTIKBifamii IToKexKi Ha MOYaTKOBIH cTafii B IpUMIIEHH] JOBUIbHOTO IUTaHyBaHHs. [TokazaHo, 1o TOBKHMHA pyKaBa BH3HAYa-
€TBCSI He JIHIIe TabapuTaMy MPUMIIIEHHS, a 1 HOro 1HIWBIyaJIbHIM BHYTPIIIHIM IUIAHYBAaHHSM Ta MiCIEIIOJI0KEHHAM TOUYKH ITi IKITIOUSHHS
KpaH-KOMIUIEKTY JI0 CHCTEMH BHYTPIIIHBOIO BojonocTadyaHHs. e 00yMoBiIoe HeoOXiTHICTh TOOYIOBH aBTOMATH30BaHOI CHCTEMH TIPOCK-

TYBaHHsI TAPAMETPiB TOKEKHOTO KPAH-KOMILIEKTY.

Knrouosi cnosa: nosicedxcruti Kpan-KOMIIeKm, MiHIMATbHA O0BXHCUHA PYKABA.

Beryn. OnauM 3 eneMeHTIB Cy4acHUX OyIiBeNb € cucTeMa
BHYTPIIIHEOTO IPOTHIIOKEKHOTO BOAOIIOCTAYaHHS, BUKO-
PHCTaHHS SIKOI JIO3BOJISIE BUPILIMTH TWTAHHS YCHIIIHOTO
raciHHs MOKeX B Oy/iBISIX HA TIOYaTKOBOMY €Tarli 3a paxy-
HOK BBEJICHHS BOTHETACHOI PEUOBHHY B OCEPEHOK ITOXKEXKI
Bimpasy micis ftoro BusiBienus [1]. TloxexHi KkpaH-
komruiektd (ITKK) € 0OOB'S3KOBUMH 11 BCTAHOBJICHHS B
KHUTIIOBUX OYiBIAX BUCOTOIO TIOHAX 47 M, a TAKOXK B IHIIIIX
OyIIBISX y BIOMOBITHOCTI Bi iX XapaKTepHCTHK (TUI OyIi-
BJi, 00’€M, BHCOTA, CTYIIiHb BOTHECTIHKOCTI, KaTeropis BH-
POOHUIITBA 3a OXKEKHOIO Ta BHOYXOIOKEKHOIO HEOC3MEKOI0
Ta iH.) ['acinns 3a gomomororo TTKK 3xificHIOEThCS caMuMu
MEIKAHIIMH JKUTJIOBHX Oy1iBesb a00 nmpaiiiBHUKaM1 HEXKH-
TJIOBUX, HE OUIKYIOUH IPUOYTTS MOXKEKHUX ITiAPO3/ILIiB, TOO-
TO Maiike O6e3rocepe/THF0 3 MOMEHTY BHSIBIICHHS OCEPE/IKY.

Kommmrekramis [IKK mepenbadyae ocHameHHS #Oro mo-
KEKHUM PYKaBOM JICKIJIBKOX CTAHIAPTHHUX JIOBXKHH 3aJICK-
HO BiIl BHYTpIMIHIX TabapuTiB mpuMimieHHS. Mk TaM, pi3-
HOMAHITTS BapiaHTIB IUIAHYBAJIGHUX PIllICHb U BKa3aHUX
NpUMIlIeHp (amapTaMeHTiB, oQiciB, LEXiB TOIIO) MPU3BO-
IUTH 1O HEOOXiJHOCTI BIPOBAIDKCHHS iHAWBITYaTBHOTO
MiaXoay, TOMy IO JIMIIE caMi rabapuTh MPUMIILCHHS He
JIO3BOJISIFOTH &/IEKBAaTHO OLIIHUTH HEOOXIiJHY JOBXKUHY pyKa-
Ba, OCKLILKH BHYTPIIIHE [UIaHYBaHHs Oy/iBJI MOXKE MPH3Be-
CTH 10 HEOOXITHOCTI 3HAYHOTO MOJIOBKEHHSI pyKaBa, 0CO0-
JIMBO TPY BEJMKIN TUIOIII 1 BEJIMKIH MPOTSHKHOCTI BHYTPIIL-
HIX CTiH MPUMIILIEHHS. 3pO3yMLJIO, 110 HEZOCTATHS JJOBKHHA
pyKaBa IPU3BOIUTH JI0 YHEMOXIIMBIIEHHS NO/iadi BOJM Oe3-
TIOCEPETHRO B OCEPENIOK TMOXKEXi, a HAUIMIIOK ITOBXHWHA
TIPM3BOJUTE 0 BiJUYTHHX BTPAT HAIOpY, 3BaXKalouH, Ha K
TIPaBUJIO, MAINH JllaMeTp pyKaBa Ta HEBEJIMKHIA THUCK B TIPO-
THUIIOKEIKHIN Mepexi, 0COOMBO B KUTIOBUX MPUMILICHHSIX.

TakuM 9HHOM, iCHY€E TIPOTHPIYYS MiXK HOPMaMH KOMILITE-
kramii [TKK Ta HeoOXimHICTIO BpaxyBaHHS OCOOIMBOCTEH
KOYKHOT'O OKPEMOT'0 TIPUMIIIICHHSI.

Orusin myouaikaniii mo Temi. B [2] BukiianeHi ocHOBHI
BUMOTH JI0 XapakTeprcTrk ckiaagoBux [IKK. BigmosigHo mo
ux BuMor [TKK KOMITIEKTYIOThCSI pyKaBoM (JIOBXKHHA Y-
kaBa — 10 30 m). JlaHa HOpMa Ga3yeThCsl HA TIPHUITYCTUMIM
BEIIMYMHI BTPATH HAIOPY, ajie He MICTUTh HAYKOBOTO 00IpY-
HTYBaHHS IIOJI0 CITIBBiHOIICHHS JOBKUHU PyKaBa i BHYT-
PILIHBOT apXITEKTYPH IIPUMIIICHHSL.

[pu po3paxyHKy ONTHMaJIBGHOI IOBXHHH PYKaBHOI JIiHII,
IO TIPOKJIAJIAETHCS TIPH TACiHHI MOXKEeXK 30BHI, CIiJ] BiIMITH-
T poboTy [3]. HaBeneHna B Hili Mozenb MPaBOMOXKHI JIHILIE
JUI 3HAXOJDKEHHSI HaWKOPOTIIOi Tpack IpoMDK Oy[iBerns
(He3B’s3HUX OMYKINX 06 €KTIB), TaK caMo, K i MOJIeIb, 110
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HaBeJieHa B poooTi [4].

TakuM 4YWHOM, B JiTepaTypi BiACYTHI JOCHIZKEHHS IO
3HAXO/PKCHHIO MIHIMAJIBHO IMPHUITYCTUMOI JOBXUHU pyKaBa
TMOXKE)KHOTO KPaH-KOMIUIEKTY BCEPEAWHI NPUMILLIEHHS JIOBi-
JIBHOTO TTAaHYBaHHS.

Meta. MeToro po60TH € o0y 10Ba MATeMaTUIHOT MOJIEITi
JUISL pO3paxyHKY MiHIMAJIGHO HPHITYCTHMO] TOBXKHUHH PyKaBa
TOKEKHOTO KPaH-KOMIUICKTY U JIKBigamii MOokeki Ha
TIOYATKOBIH CTaIii B MPUMIIIEHH] JOBLUTFHOTO IUTaHYBaHHS.

BinmosigHo, HEOOXiTHO PO3B’A3aTH 33a1a9y 3HAXOKCHHS
HaWMeHIIOi MOXIIMBOT JoBKHMHM L JiHii, sika NoB’s13ye Mix
coboto Touky A minkmoyenns [IKK no Bogorony i koxHy (a
OTXKe 1 HalOLIbLI BijytasieHy) Touky B npuminieHss. Pazom 3
THM JIiHist AB MOBHMHHA HE MEpeTHHATH CTIHU NMPUMILICHHS,
TOOTO IL{JIKOM HANeXaTH OJHO3B’s3HI obmacti () ioro
BHYTPIIIHBOTO MPOCTOpy. TakuM YUHOM MOTpeOye pillieHHs
oNTHMi3aLiliHa 3a1a4a

L ag = max(min L),
LcQ

Marepiau i metoau. 3poOUMO IEKUTEKA MIPUITYIICHB:

1 Bynemo BBaxaTH NpPHUMIMIEHHS OHOIIOBEPXOBUM
(y BUMAmKy NEKiTbKOX MOBEPXiB KOKCH 3 HHUX TMOBHHEH
ocHamryBatucs BrnacHuM ITKK, T00TO KOXEH 3 TMOBEpXiB
MOXKHA BB2)KaTH OKPEMHM IPUMIILEHHAM). TakuM 4HHOM
Ma€eMo 3a/1a4y Y IBOBHUMIPHIi ITOCTAHOBIII.

2. KoxHe 3 npuMillieHb JINThCS Ha BiACIKK (KIMHa-
TH), TIPOXiJI B SIKi € BUIbHUM.

3. BHyTpimmHilf KOHTYp IDIaHy MPUMIMICHHS MOYKHA
OITICATH Y BHUIJIAMI JIAMAHUX TPSIMHX, TOOTO BIACYTHI KpH-
BOJIiHIIfHI €IeMEHTH BHYTPIIIHBOI apXiTeKTypH (KpyTJi Ko-
JIOHH, HAITIBKPYTII epKEPH TOIIIO).

4. Bynemo BBakaTH, 110 €IE€MEHTH IHTEp €pY >KHTIIO-
BuX OymiBens ab0 eIeMEHTH IPOMHCIOBOTO abo0 iHIIIOTO
00MnajiHaHHsI HEXKUTIOBUX Oy/iBesb HE BIUIMBAIOTH HA IIY-
KaHy MiHIMaJbHO puItycTUMy JioBxkuny L pykasa ITIKK. B
TOMY BHUIAJKy KOJIM BOHHU BIUIMBAIOTh, TO IX HEOOXIJHO BHE-
CTH JIO TUIaHY.

5. Bbynemo BBaxkaTH, 110 JOBXXHHA CTPYMEHS BOJH,
[0 OTPUMYETHCS HA BUXOJIi 3 PO3IOpOILyBaya JA0piBHIOE
(3rigno [5] £ =3m).

6. BBaxkaeMo po3mip ocepeiky TakuM, L0 HOro Mo-
YKHA HaKPUTH CTPYMEHEM BOJIU 3 OJTHOTO MOJIOYKEHHSI.

HeoOxigHO OIiHUTH MiHIMAJIBHO HPHITYCTUMY JOBKHHY
L pykasa ITKK, T00TO 3HaiiTu TaKy HOro JOBXKHHY, LI00
MOXKHa OyJI0 TOCTaBUTH BOJY Bifl NPOTHIIOKEKHOI Mepexi
JI0 KOXKHOI TOYKM IIPUMIIICHHSI, BPaXOBYIOUH TPH LOMY
JIOBKUHY CTpyMeHst £ .

@



PosrisHemo nesike npumituenss. Micuenonoxxensst [TKK
(iKCcOBaHO 1 BU3HAYEHO NPOEKTOM OyaiBHMITBA. OnuIeMo
MPUMIIICHHS 3 BHYTPIIIHBOK YacTHHOK ) KOHTYPOM He-
OITyKJIOro GaraTokyTHuKa Q. 3a1aMo JaHuil 6araToKyTHHK
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Puc. 1. [puxiaz miaHy IpUMILIEHHS

OtpumaeMo napaMeTpuyHe PiBHAHHA 0araTOKyTHHKA ) .
B 3aranpHOMY BHIJIAAZI, BAKOPUCTOBYIOUYH B SIKOCTI Iapame-
TPy HOTOYHY JOBXKHMHY P HOro mepuMmerpy, Ky BiAMIpsieMo
B/l TepIIOi BEPLIMHU IPU O0XOIi KOHTYPY B JOJNATHOMY
HampsIMKy, Ma€EMO PiBHSHHS
X =&(p);
_ &)
y =(p),
Jlo 1aHOTO KOHTYpY 3aCTOCYEMO HPOLEYPY 3HAXOIKEH-
HsI ekBigicTanTy [6]

x=c(p)+ hIvE)/op :
J@cm)/ap)? + (@x(p)/ap)?
J@cm)/ap)? + (@x(p)/op)?

ne h — exsimicranTtHa Bincranb. B JTAHOMY KOHTEKCTi BOHa
SBISIE 0000 JIOBXKUHY cTpyMeHst /. OOpaHHs 3HaKkiB B
Bupasi (3) MOBHHHO OYTH Y3rOMKEHO I BIPHOTO OIUCY
BHYTPIIITHBOI Y¥ 30BHIMHBOI €KBITICTAHTH.

Mixcramsroun (2) B (3), OTpIMAEMO MMapaMeTPHIHE PiB-
HSHHS CKBificTaHTHOI JiHii. Ha puc.2 HaBemeHO TpHKIaj
Takoi minii (£ =1M).

Cuiji 3ayBa)KuTH, 1O €KBiJICTAHTHA JIIHISL € TaKo, IO
MIepeTHHAE caMy ceOe i po30rBae BHYTPIIIHIO OJJHO3B’SI3HY
obnacte {2 Ha JEKibKa HE3B’S3HMX, WO 3HAYHO YCKIAJI-
HIOE Mofaiblry poooty. Tomy Ha HacTymHOMY eTami Oyio
BHUPILIEHO CKOPHCTATUCS JIMIIE THM (DaKTOM PO3B’SI3Ky MO-
nem (1)-(3), mo HeoOXimHO IIyKaTd BiACTaHB HE O Haii-
OLTBII BiITAJICHOI TOYKHY MPUMIIICHHS, & MOXKHA 3MEHIITUTH
10 BicTaHp Ha Beamuuny ! .

B 11p0My Buna/iKy MOXKHa OTpHMAaTH po3B’s130K 3azadi (1)
BHKOPHUCTOBYIOUH TEOPit0 MepexxeBux rpadis [7].

Bynemo BBakaTH, 110 KOXKHA 3 N BEPLIMH OaraToKyTHHKA
Q € BepumuHO0 Tpada. MiCLENoNoKeHHs MiKIIOYEHHS
IIKK 1o BomoroHy OyneMoO BBaXKaTH JOJATKOBOIO BEPIIH-
Hoto. [Tobymyemo pebpa rpacda B TpH eTarm.

Ha mepmomy erari 3’€ZiHaeEMO KOXXKHY BEpIIMHY 3 KOXK-
HOI0, YHHKaluu MoBTOpiB. Beboro orpumaemo N(n—1)

HeopieHTOBaHUX pebep. s HaBeneHOTO MPUKIAAY TaKUX
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HabOpOM HOro BEpLIMH B JAEKAPTOBIH CHCTEMI KOOPJIMHAT.
[pukian Takoro mpumimieHHs 300paxeHo Ha puc. 1 (Ha-
BMHCHO OOpaHO NPHMIIICHHS 3 HENpPSMUMU KyTaMH is
PpO3rIIsiLy OLIBII y3arabHEHOTO BUITAJIKY).

|
N L 7
\ \
10 1 Sy
I:I
15 | N
20 |

M

Puc. 2. ExsizicranTa 111 TAaHOTO MPUMIIICHHS

Oyne Outbin Hix 1800, ToMy HeMae ceHCy 300paXkyBaTH Ha-
CTUTBKH LIUTEHY MEPEXY.

Ha npyromy erami nepeBipumMo siki 3 pedep rnepeTHHaITh
KOHTYp 0ararokyTHHKa (TOOTO HPOXOASATH Kpi3b CTIHH).
INepeBipky Ha mepeTH 3poOMMO 3a JIOMOMOTOI0 METOIB
O0YHCITIOBAIIFHOI TEOMETPii, a caMe BIIIOBITHO O TIPOIIe-
naypu [8]. BumyuuBium Taki pedpa otpumaemo rpad, o
300paeHo Ha puc. 3

Ha tpethoMy erami mepeBipuMo sKi 3 pedep 3HAXOIATHCS
BcepenuHi CTiH. [l mpoTo 3HaNIEMO KOOPIWHATH CEpelrH
KOXKHOTO 3 pebep 1 MepeBipuMO, YM HAJICKATh OTPUMAHI
TOUYKEBHEOIMYKIIOMY 3B’SI3HOMY OaraTOKyTHHKY, IO OIHCYE
KOHTYp CTIH mpuMillieHHs1. [IpuHanexHicTh Touku Oararo-
KYTHHKY 3’SCYEMO 3a JOMOMOTOI0 iHImoi mporenypu [8].
ButyumBiim Taki pedpa, otpumaeMo rpad, 1mo 300paxkeHo
Ha puc. 4. TakuM YHHOM OTPUMYEMO MepeneBHH rpad, sKuii
3B’s13y€ MiXk COOOI0 BCI BEPIIMHH KOHTYPY TPUMIIICHHS ped-
pamH, B3IOBXK IKUX (PiznaHO MOxke TpoxoautH pykas [TKK.

OCKUIbKM KOOPAMHATH BEPIIMH KOHTYPY INpPHUMIIIEHHS
BiZIOMi, TO Bi/IOMi 1 BificTaHi Mi>k HUMH. TOMy MO>XKHa 3aCTO-
cyBatu anroput™ Jlelikerpu [7] nomyKy HaKOpOTIIOT Bijic-
TaHi MK TOYKOIO A Ta KOKHOIO 3 BEpPIIIMH KOHTYPY MPUMi-
mienHs. Cepell 00paHMX BiicTaHeH 00MpaeMo HaHOLIbIITY — 11e
1 € IIykaHa HaliMeHIla MpUIycTUMa JioBxkuHa pykasa [TKK.
Hapuc. 4 xupHoro JiHi€ro HaBeieHa JaHa KOH(Irypartist.

Pe3ysbTaTh i ix 00ropopenns. 3amporoHOBaHa Mpolie-
Jlypa BiIIYKaHHS MiHIMAJIbHO IPUIYCTAMOI OBXHHH PY-
KaBa IPOTHUIIOKEKHOTO KPaH-KOMIUIEKTY € YHIBEpCaIbHOIO
JUISL OJTHOTIOBEPXOBHX TNPHUMIILIEHb 31 CTIHAMH, SKI MOXYTb
OyTH OmmcaHI JIAMaHOK JIiHI€0. BXimHUMU NaHuMH IS
HaBeJICHOT MOJIENi € JIMIE KOOPIMHATH BEPIIMH KOHTYPY
NIPUMIIIEHh Ta MICHENOJIOKEHHS. TOYKU MiIKIIOUSHHS JI0
Boziorony camoro [TKK.

[TpoBeneHi JOCTI/DKEHHS JUIsl TIPUMILIEHb PIBHUX rada-
pHTIB, aje pi3HOTO BHYTPIIIHBOTO IUIAHYBAHHS B JESKHX
BHIIQJIKaX TOKa3aJld BiZIMiHY B HEOOXIiHI JOBXWHI pyKaBa
IIKK 6impm Hix B 2 pasu. Haifwacrime crangaptaa 30 mMet-
pOBa JIOBXKMHA pyKaBa He 3a0e3redyBayia 0CTaBKH BOJU B
HAWOLIBII BiIaneHi TOYKH IpUMIIeHs 3 Tabapuramu 20x20
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abo 25x15 metpiB (1pu GikCOBAHOMY MICLIETIONIOKEHH] TOY-
ku nigmoueHns [IKK). B Takomy Bunajky HeoOXigHO abo
30UIBLIYBATH JOBXUHY PYKaBa, IO MPH3BOIUTH IO BTPATH
Haropy, abo 3MIHIOBaTH MICIICTIOJIOKEHHST TOYKH ITiIKITIO-
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Puc. 3. JIpyruii eran no0ymnoBu rpada

BucHoBkH. 3anpoTIOHOBAHO MaTeMAaTH4HY MOJENb BH-
3HAa4YEHHS MIHIMAJIBHO MPUITyCTHMOI JOBXHHM pyKaBa MO-
AKEKHOTO KpaH-KOMIUIEKTY Ha €Talll MPOeKTyBaHHI. B Tomy
BUIAJIKY, SKIIO OTPUMAaHA JOBXXWHA HE MEPEBHIIlYE CTaH/Ia-
pTHY noBxuHy pykasa IIKK, pykaB Moxe OyTH Aemo yko-
POUEHO, 110 MPU3BEJiE O 3MEHIIICHHsI BTPaTH Haopy i, Bil-

yeHHs [1KK, 1m0 notpeOye BHECEHHS! KOPEKTHB B IUIaHYBaH-
HSl BHYTPILIHBOTO BOJIOTOHY 1 BUPILIEHHIO ONTHMI3aL[iiHO]
3a1a4i po3MilIeHHs JaHol Touku. st me OUIBIIMX NpHuMi-
IIeHb HeOoOXiqHO TX KoMIuteKTais Oubiroro KinbkicTio [TKK.
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Puc. 4. Tperiii eran moOynoBu rpada

MOBIHO, OUIBII BHCOKOI IHTEHCHBHOCTI IIOa4l BOIH Ta
OUIBIII IIBHAKOI JIIKB1AALT OMXKEXKI.

B Tomy x Bumamky, komm noexwuHa pykaBa IIKK Oyme
3aMaJior, HEeOoOXiMHO MpHHMAaTH IONATKOBI DIIICHHS, IO
TIOB’513aHi 3 POEKTYBAHHSM JIAHOTO IPUMIIIICHHSL.
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Determination of the minimum allowable length of the sleeve of the fire truck kit

S. Shcherbak, O. Petukhova, O. Tarasenko

Abstract. A mathematical model is proposed for calculating the minimum acceptable length of the sleeve of the fire crane set for the
elimination of the fire at the initial stage in the room of arbitrary planning. It is shown that the length of the sleeve is determined not only by
the dimensions of the room, but also by its individual internal planning and location of the connection point of the crane kit to the system of
internal water supply. This necessitates the construction of an automated system for designing the parameters of the fire crane set.

Keywords: fire crane set, minimum sleeve length.
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AHoTamnisi. 3arpoOHOBAaHO T€OMETPUYHY MOJENb PO3KPUTTS B YMOBaX HEBAroMOCTI KapKacy rnapaOoiidyHol aHTeHH 3 BUKOPHCTaH-
HSIM CTep)KHEeBOI KOHCTPYKI1, HOAIOHOI YOTHPHOXJIAHKOBOMY MasTHHKY. [lepeMileHHs TaHOK KOHCTPYKIIi BiIOyBaIOTECS 3aBASKU
I IMITyJIBCiB MIPOTEXHIYHUX JBUTYHIB Ha KiHIIEBI TOUKH JIaHOK. OIIC pyXy 0/ep KaHOTO iHEpIiHOTO PO3KPUTTS CTEP>KHEBOI KOHC-
TPYKLI1 BUKOHAHO 3a JJONIOMOTOI0 piBHSAHHA Jlarpanxa qpyroro poay, i, 3BaKat0yd Ha YMOBH HEBAroMOCTi, TOOYAOBAHOTO 3 BUKOPH-
CTaHHSM JIMIIE KiIHETHYHOI €Heprii CUCTeMH. AKTYalbHICTh TeMH BH3HAYA€ThCA HEOOXINHICTIO YIOCKOHAIECHHS Ta JOCIIKEHHS
HOBHX TE€XHOJIOT1YHHX CXEM PO3KPUTTA KapKaciB KOCMIYHHX iH(pacTpyKTyp. Y TOMy YMCIIi KapKaciB MapabosliYHuX aHTEH, €IeMeH-
TaMH SIKUX € CciM' 0OIHAaKOBUX CITiBGOKYCHHX MapaboJ, oJep:kaHUX OOSpTaHHSAM 3 IIEBHUM KYyTOBUM KPOKOM HAaBKOJIO CHIIBHOI OCi.
Kpim Toro, ikaBUMu MaroTh OyTH HOBI TEXHOJIOTi] BUKOHAHHS MOHTaXHHUX POOIT Ha OpOiTi 3 BUKOPHCTaHHAM KOHCTPYKLiH MexaHi-
YHUX 3aXBaTiB (THITy «pYKH poO0Ta»), pO3TalllOBaHMX 30BHI KOCMIYHHX anapariB. Bu3HaueHo mapameTpy Ta II0OYaTKOBiI yMOBH 3aIly-
CKy PyXY YOTHUPHMJIAHKOBOI CTEp)KHEBOi KOHCTPYKILIi 3 METOI0 OJepKaHHS HEOOXIIHOTo po3TalryBaHHs JaHOK. [TokasaHo, mo st
BIIPOBA/KEHb BapiaHTIB IHEPIIHHOTO PO3KPHUTTS HEOOXIJHO 3aCTOCYBaTH KOMIUIEKT YHI(iKOBaHUX HMIPOTEXHIYHUX IPHUCTPOIB, BEIH-
YHHHM IMITYJIbCIB SIKMX BU3HA4YaIOThCsl KoopauHatamu Bekropa U'={0.1, 1.9, 1.3, 2.5} yMOBHHX oIuHHUIE. € MOXIIHBICTE HOOYyBaTH
rpadiku 3MiHM y 9aci QYHKIiH 3Ha4ueHb KyTiB 5K y3arallbHeHNX KOOPAMHAT, a TAKOXK MEPLIMX Ta APYIHX MOXITHHUX HUX QyHKUid. B
pe3yabTaTi MOXKIMBO HAJaTH OLIHKH CHJIOBMM XapaKTEpPUCTUKaM CHCTEMH B MOMEHT TaJbMyBaHHS (3yITHHKHU) MPOIECY PO3KPHUTTS.
PesynbTatn mpu3HAUEHO UISI TEOMETPHYHOTO MOJIEIIOBAHHS BAPIiaHTIB PO3KPHUTTS YOTHPHUIAHKOBHX CTEPKHEBHX KOHCTPYKIIH B
yMoBax HeBaromocti. Hampuxiaza, kapkaciB 11 opOiTanbHAX iHPPACTPYKTYp, a TaKOK MEXaHIYHHX MAaHIMTyJSATOPIB I 3aXBaTy
KOCMIYHHX 00’ €KTIB.
Knrouosi cnosa: womupunankosa cmepiicnesa KOHCmMpYKYis, pOSKpUMMms. y Heeazomocmi, pienanns Jlazpamsca opy2ozo pooy.

IMocranoBka mpo6Jsemu. Y OublnocTi BUNaAKIB pedpiek-  GararokoMrnoHeHTHHX MexaHiyHux cucrem EULER. Aue
TOpHI aHTCHU KOCMIYHOTO 0a3yBaHHS CKJIAJAalOThCS 3 KO-  3a3HAYCHI MPOTPaMHI MPOIYKTH HE pO3paxoBaHi 6e3 Bij-
PCTKOrO Kapkacy, sSIKM{ TicJs JOCTaBKH Ha OpOiTy HeoO-  MOBIOHMX HanOyJOB Ha peasti3allilo iHepLiifHOro cnocody
XimHO TpaHc(hHOpMYyBaTH i THM CaMHM HaJaTH HOMY po3-  PO3KPHUTTS 0araToIaHKOBHX KOHCTPYKMHii. B pobotax [8-
paxoBaHy ¢opmy KoHcTpykmii. KommoneHntn Benmkora- 13] HaBeIeHO pe3ynbTaTd, OJiep)KaHi IOIEPEIHBO Ha
OGapUTHHX KOCMIYHHMX CTEPXHEBUX KOHCTPYKIIH JOCTaB-  TeMy AaHOi pOOOTH.
JSI0Thes Ha opOity y 3ropHyToMy BHrisdi [1]. Ipu pea- ®opmyT0BaHHA 1ineli craTTi. MeToro cTarTi € po3-
Ji3anii po3KPUTTS YOTUPHIAHKOBOI CTEPKHEBOI KOHCTPY-  pOOKa reOMETPUYHOI MO MPOIECY PO3KPUTTS B YMO-
KIii y HeBaroMocTi BUHHMKA€e MpobieMa BUOOPY CHOCOOIB  Bax HEBArOMOCTI KapKacy MmapaboJiuHOi aHTEeHH 3a JIOIO-
akTuBalii ii pyxy. B sxocTi 3aco0iB iHILiIOBaHHS PO3K-  MOTOK CTEPKHEBUX KOHCTPYKILM, aHAJOTIYHHX YOTH-
PHTTSI TIPOTIOHYEThCS BUKOPUCTOBYBATH IMITyJIBbCHI PEaK-  PbOXJIAHKOBOMY MasTHHKY. J[Jisl iHII[IFOBAHHS PyXy KOHC-
THBHI JBHI'YHH (THITy IipomaTpoHiB [2]), BcTaHOBIEHHX  TpyKuii HEOOXiAHO 3MOJETIOBATH IO IMITYJILCHUX IpO-
Ha KIHIIEBUX TOYKAaX JIAHOK CTEp)KHEBOI KOHCTPYKLIi.  TEeXHiYHMX PEAaKTUBHUX JBUTYHIiB, BCTAHOBJIEHHX Ha KiH-
AJpxe mipoTexHIUHI IPUCTpoI HabaraTo JIETIi i JeMeBIl  IIEBMX TOYKaX JIAHOK KOHCTPYKIIi.
MIOPIBHSHO 3 3aco0aMy iHIIIIOBaHHS PO3KPHUTTSI KOHCTPY- OcHoBHa yacTuHa. O6epeMo ysIBHY IUIOIIUHY 3 JeKa-
KIil, TAKUMH, SIK €JICKTPOJABUIYHH a00 NMpYXHWHHI NpH-  PTOBMMH KoopauHaTamu OXy, Ha sikii B yMOBax HeBaro-
ctpoi 3 Tepmonam’arTio [3]. Lle Bkasye Ha JOLIJIBHICTD  MOCTI Ma€ MEepeMIlyBaTHCSA YOTHPUIAHKOBA CTEP)KHEBA
JIOCHIIPKEHHSI MOJIENIi PO3KPHUTTS Kapkacy napaboyiyHOi — KOHCTPYKIis. BoHa ckiagatuMeTbes 3 4OTHPHOX HEBaro-
aHTEHH B YMOBaX HEBAaroMocCTi 3 BUKOPHUCTAHHSAM CTEPX-  MHX HEPO3TSDKHHX CTEPXKHIB JOBXKHUH Li, Lo, L3 1 Lg, map-
HEBUX KOHCTPYKIIM 3 IMITyJbCHUMM JBUTYHAMH Ha KiH-  HIPHO 3’€JJHAHMX MiX COOOI0 BY3JIOBUMH IIMJIIHAPUIYHIUMHU
LEBUX TOYKAX IX JIAHOK. mapHipamu 3 Macamu M, Mz, M3 i Ma. Pyx Ge3 Tepts y
AHaui3 ocTaHHIX gocaigskenb. Ha mpakTumi 3acToco-  HMIITHAPUYHUX IIapHipax 3ade3rneuye nepeMillleHHs] BaH-
BYIOTh KapKacHI TPOCOBI CHCTEMH PO3KPHTTS, /€ 3a JO-  TaxiB JHIIe Y Mexax oOpaHoi ysBHOI ruromuHu. ToOTO
IIOMOTOIO €JIEKTPOABUIYHIB Ta TPOCIB 3MIHCHIOETHCSA CHH-  IMJIIHAPHYHI IAPHIPH Y By3JaX KOHCTPYKIIi 3a0be3meuy-

XpOHi3allis 3MiHM BEJIMYMH KyTiB MDK CYMDKHMMH JIaH-  OTh ii PO3KPUTTS JIMIIE Y MeXaX aOCTPaKTHOI IJIOIIUHH,
kamu [4, 5]. Arne 3acTocyBaHHS TPOCOBOI CHCTEMH PO3K-  SIKA IIPOXOAUTD YEPE3 HEPYXOMY TOUYKY KOHCTPYKIIIi.
PHUTTS Ha MPAKTHUI 0OMEXEHO po3MipaMH KOHCTPYKIIII Ta [Towarok meproi JaHKKU CTEP>KHEBOI KOHCTPYKIIT 30i-

HEOOXITHICTIO CHHXPOHI3yBaTH IO €JEeKTPOJABUIYHIB, Ta€ThCsl 3 MOYaTKOM KoopauHar O. Y SKOCTI HaNpsIMKY
IO € CAMOCTIMHOIO 3a7ia4yel0 MpH BENMKIN KITbKOCTI Ja-  Biuliky obepemo Bick OY. Y3aranbHeHMMH KOOpJIMHATA-
HOK. Po6Gora [6] mpucBsdeHa METOMy PO3pPaxyHKY po3kK- MM BBakaTumeMmo kytu Ui(t), Ua(t), us(t) i ua(t), yrBopeni
PHTTSI BEJTMKOTa0apUTHUX KOHCTPYKIIN 3 BAKOPUCTAHHSIM  HA IUIOLIMHI BIIIOBIAHUMH JIAHKAMH 3 HANpPSIMKOM BijJIi-
nporpamaux komiuiekciB MSC.Software. B poGori [7]  ky (puc. 1).

HaBEJICHO TPUKIIA] PO3PaxyHKY PO3KPHUTTS 3a JOMOMO- 3amyck pyXy CTEp)HEBOI KOHCTPYKII y HEBaromMocri
rO0 KOMIUICKCY aBTOMAaTH30BaHOTO JHHAMIYHOTO aHAMi3y  3IiHCHIOETHCS HUIAXOM BHOOPY BEJMYHMH IMIYJbCiB, Ha-
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Puc. 1. Cxema YOTHPHIIAHKOBOI CTEP)KHEBOT KOHCTPYKIIT

JaHUX KOXHOMY 3 KyTiB BigxwieHb. Hampukman,
U'={u1'(0), uz’(0), us'(0), us'(0)} o3mauae, IO i~-TOMY BaH-
TaXy Macor M; HajaHo iMmmynabc BeiamduHor Mju;’(0),
(=1...4). TobTo KyTaM pO3KpHUTTs Ui(t) HATaHO MMOYATKOBI
musuakocti Ui'(0), (i=1...4). 3 BpaxyBaHHSIM HaJaHOI peak-
THBHUMH JBUTYHAMH MHUTTeBuX miBuakoctedr Ui'(0),
u2’'(0), us'(0) i u4'(0), crepkHEBa KOHCTPYKIIS Halli Mae
pO3KpHBaTHCs 3a iHepiieo. KoxHui mipoTeXHIYHUH BU-
I'yH (TUIy MipoNaTpoHa) NOBUHEH 3a0€3MEUnTH PO3paxo-
BaHy BEJIMYHMHY IMIYJbCY. PeakTHBHI ABMI'YHH HOBHHHI
3aKpiIUIIOBaTHCS Tak, o0 iX nii Oynu cnpsMoBaHi 1O
HOpMaUJIi 10 BiITIOBITHOT JIAHKU B TUIOIIMHI PO3KPHUTTS.

Jns onucy pyxy 4OTHPHIIAHKOBOI CTEPIKHEBOI KOHC-
TPYKLII CKJIAQJEMO Ta PO3B’SDKEMO CHCTeMY piBHsHB Jlar-
paHXa Ipyroro pomy. 3a JOIOMOTOI0 y3arajJbHEHHX KO-
OpIMHAT OOYHCITIOEMO KOOPJMHATH BY3JIOBHX TOYOK:
%, () = Lysin(uy(D); Yi(t) =Ly cos(u,(t));
X,(1) = %, (1) + Lysin(uy(t));  Yo(t) =y, (t) + L, cos(u,(t));
X3(1) = X, (1) + Ly sin(Ug(1) )iy, (1) = v, (1) + Ly cos(uy(1));
Xo() =X, +Lsn(uy(): ya(t) = ys(8) +L,cos(u,(t). (1)

3a yMOBH BiJICYTHOCTI OWCHIIATHBHUX CHII 1 3 Bpaxy-
BaHHJM «HYJIBbOBOI» IOTCHLIaJbHOI CHEeprii OMmUC PO3K-
PHUTTSI CTEP)KHEBOI KOHCTPYKLII Ha YSIBHIW IUIOMIMHI BU-
KOHAeMO Ha OCHOBI JIarparHKiaHa:
L=0,8[m, (7 + ;%) +m, (x5 +y5 ) +my (7 + 27 ) +m, (7 + v )| ()

Onuc pyxy YOTHPHIAHKOBOI CTEPIKHEBOI KOHCTPYKIT
OJIEP)KUMO y BHUIJISZI CHCTEMH 3 YOTHPHOX IUdepeHiia-
JIBHUX PiBHsIHB Jlarpamka JApyroro poay BiIHOCHO (yHK-
it ug(t), uz(t), us(t) i us(t) (3 mpuuKHU TPOMI3IKOCTI TYT
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He HaBezneHO). [Ipy po3B’si3aHHI CHCTEMH DIBHSHB CIIJ
BpPaxoOBYBaTH KOOPJIMHATH TaKMX BEKTOPIB: JOBKHH Ja-
HOK creprkHeBoi koHeTpykuil: L={L1, Lo, L3, L4}; 3HaueHs
Mac BaHTaxiB (mapHipiB): M={mi, My, M3, M4}; 3HaYCHB
mouaTkoBux KyTiB Bimxunens: U={ui(0), uz(0), us(0),
us(0)}, a TakoXX 3HaUEHB MMOYATKOBHX IIBUIKOCTCH, HaIa-
maux kytam Bimxuiaens U'={u;'(0), uz’(0), us'(0), us'(0)}.
Bci 3HaueHHS mapaMeTpiB B yMOBHUX BEIMYHHAX.

3 BpaxyBaHHSM BiIITOBITHUX ITOYATKOBHX YMOB CHC-
TeMy piBHSAHB Jlarpamxa Jpyroro poxy po3B’s3aHO METO-
noM Pynre-KyTTu B cepefoBHILI MaTeMaTHYHOTO MaKeTy
maple, 1 ogepxaHi HaOMIDKEHI PO3B’SI3KK MO3HAYCHO CH-
mBonamu Ui (t), Ux(t), Us(t) i Us(t). B obpanuii Ha rmio-
muHiI cucteMi koopauHat Oxy 3 BHKOPUCTaHHSIM OZEp-
KaHUX PO3B’S3KIB BH3HAYAEMO KOOPAWHATH BY3JIOBHX
TOYOK B MOMEHT 4acy t. /s boro BUKOPUCTOBYEMO BH-
pasu (1) ot 0OUMCIIEHHS KOOPJUHAT BY3JIB CTEPIKHEBOI
KOHCTPYKILIi 3a JIONOMOIOI0 y3arajJbHEHHX KOOpAWHAT,
3aMiHUBIIY TaM MaJli Jitepu U Ha Benuki U.

BpaxoByroun 004MCIIeHI KOOPJHHATH BY3JIiB CTEPIKHE-
BOI KOHCTPYKIii K (yHKIII B Waci, moOyqyeMO Kaapw
KOMII'I0TepHOI aHiMallii mpouecy po3kpurTs. B pesynpra-
TI CIIOCTEPEXEHHS 3a MPOLECOM PO3KPHUTTS OOHpaeMo
MOMEHT 4Yacy t=to 3ymMHKM PO3KPUTTS Ta BH3HAYaEMO
napametpu cron-koay Ustop={U1(to), Uz(to), Us(to), Ua(to)}.

Y BU3HAYCHUI 32 JONOMOTOI0 KOMIT FOTEpHOI aHiMalil
yac to pO3KpUTTS HEOOXiJHO 3ynUHHMTH. BpaxoBaHo, 110
0araToJIaHKOBY CTEP)KHEBY KOHCTPYKIIFO Ha OpOiTy moc-
TaBJSIIOTh Y CKIIQJICHOMY BHIVISAI (HAOYHO L€ Haramxye
NoOYTOBUI METp y CKJIaZeHOMY cTaHi). Bekrop 3HaueHb
MOYATKOBHX KYTIB BIOXWJICHb MAaTHME KOOPIMHATH
U={n/2, —1/2, n/2, —1/2}.

Jus popmyBaHHS Kapkacy KBa3zimapabonoina (Ha3BaHO
UL KOPEKTHOCTi) 0OpaHO OIHAKOBi JOBXHHU JIAHOK
L={3, 3, 3, 3} i macu BanTaxis m={1, 1, 1, 1}. Ha kinie-
Bi TOYKH JJAHOK MEXaHi3MiB nepeadadeHo BILTMBATH ITipo-
TEXHIYHUMH IPUCTPOSMH, BEJIMYHUHU IMIYJBCIB SKUX
BU3HAYAOTHCS KoopauHaTamu Bektopa U'={0.1, 1.9, 1.3,
2.5}. 3HaueHHsI BCiX MapaMeTpiB B yMOBHHX BETMINHAX.

Yac interpyBanHs cuctemu piBusHb 7=1.55. Ha puc. 2
HABEICHO Kajapu cxeMd (GOPMYBaHHS KBasimapabom,
HaOJIM)KEHY YOTUPUIIAHKOBUMH CTEP)KHEBHMH KOHCTPYK-
uissmu.  KoopauHatamMu BEKTOpa «CTON-KOAY» OyIyTh
Ustor={0.1642, 0.7710, 1.006, 1.435}. Ha caiiri [14]
HAaBEJICHO aHIMAaIliifHI 300pakeHHs, SKi MiATBEPIKYIOTh
oJIepXKaHi pe3yJIbTaTH.

02468% 02468 02468 02468 024638
6 ] 6 6 6
4 4 4 4
27 2 2 2
0 T— 0 0 0
) 2 -2 -2
wE -4 -4 -4
-6 6 -6 -0
a 9] 6 2 0

Puc. 2. Kaapu nporecy po3KpUTTs cXeMH KBa3inapabo:
a—t=0; 6-1=05;6—-t=1;2—-1t=1.2; 0 —-t=1.55

Ha puc. 3 300paxeHo ¢opmy Kapkacy KBasimapaboio-
ina, omepkaHy oOepTaHHAM HaBKoJi0 oci Ox KBazimapa-
6ouu 3 puc. 2, e.

Jlo mepeBar mipoTeXHIYHUX MPUCTPOIB, HA SKUX Oa3y-
€TBCS 3aMPOIIOHOBAHA CXEMa PO3KPHUTTS 0araTojJaHKOBOT
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CTEp>KHEBOI KOHCTPYKIIii, CIIil BiIHECTH: Mally Bary i jae-
LIEBU3HY; MOXJIMBICTh HaJalITyBaHHS Ha pPO3paxOBaHy
BEIMYUHY IMIYJIbCY; CTIMKICTH /IO IEpEeBaHTaKEHb B MPO-
1eci JOCTaBKU Ha opOiTy; He MOTPeOYIOTh PO3KOHCEPBY-
BaHHS Ta TECTYBaHHS IMEpel 3aIlyCKOM PO3KPHUTTS KOHC-



TPYKLI{; MOXJIMBICTh aKTHBI3awLii Aii TUCTaHLINHHO 3a 10-
MIOMOTOI0 PaJiOCUIHaNIB a00 PEHTIeHIBCHKOTO BHIIPOMi-
HIOBaHHS.

BucHoBku. B3aemHe po3TalryBaHHS €JI€MEHTIB YOTH-
PHJIAHKOBHX CTEP)KHEBHX KOHCTPYKIIH, sSIKi HaOIMKArOTh
KBazimapaboiy Ta KBa3imapabOooin, JOMiITbHO BH3HAYATH
3a JONOMOTOI0 KOMIT'IOTepHOi aHiMarii. AHami3 KaapiB
aHiMamii J03BoJIstE OOpaTH HEOOXiAHWH MOMEHT dacy
¢ikcarii (3ymMHKN) pO3KPHUTTS, KON BUHUKHE HEOOXiIHE
ULl BUKOPUCTaHHS (y JAHOMY BHUIAJIKY - Y BUIIANI KBa-
3imapaboii) B3a€EMHE pPO3TAITyBaHHS JIAHOK CTEP)KHEBUX
KOHCTPYKIIIH.
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y X
Puc. 3. Koncrpyxkuis, sika
Habmkae GpopMy KBasinapaboioina
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Geometrical modeling of the unfolding of spatial rod structures, similar to the four-link pendulum, in weightlessness
L. Zapolskiy, S. Shevchenko
A geometrical model of opening in the zero gravity framework of a parabolic antenna with the use of a rod structure similar to a four-
link pendulum is proposed. The movement of the links of the structure occurs due to the action of the pulses of pyrotechnic engines
on the end points of the links. The description of the motion of the obtained inertial disclosure of the core structure was carried out
using the Lagrange equation of the second kind, and, taking into account the conditions of weightlessness, constructed using only the
kinetic energy of the system. The relevance of the topic is determined by the need to improve and research new technological
schemes for disclosing the frameworks of space infrastructures. Including frames of parabolic antennas, elements of which are a fam-
ily of identical confocal parabolas, obtained by rotation with a certain angular step around a common axis. In addition, interesting
should be new technologies to perform installation work in orbit using the structures of mechanical grips (such as "hands work"),
located outside the spacecraft. The parameters and initial conditions for launching the motion of a four-bar core structure are deter-
mined in order to obtain the necessary arrangement of links. It is shown that for implementations of variants of inertial opening it is
necessary to apply a set of unified pyrotechnic devices, the magnitudes of which pulses are determined by the coordinates of the vec-
tor U = {0.1, 1.9, 1.3, 2.5} conventional units. It is possible to construct graphs of the time variation of the functions of the angles as
generalized coordinates, as well as the first and second derivatives of these functions. As a result, you can get an estimate of the pow-
er characteristics of the system at the time of braking (stopping) the process of disclosure. The results are intended for geometric
modeling of variants for the disclosure of four-bar core structures in zero gravity. For example, frames for orbital infrastructures, as
well as mechanical manipulators for capturing space objects.

Keywords: four-bar core construction, opening in weightlessness, Lagrange equations of the second kind.
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