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AGRICULTURE

3MiHM BMICTY HIrMEHTIB Ta CTPYKTYPHHX NPOTEiHIB MeMOpaH XJIOPOILIACTIB
y PI3HHUX COPTIB 03UMOI IIIEeHUII 32 il MOCyXH
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AnoTamnis. JlocimipkeHO BMICT XJI0podiNiB Ta CTPYKTYpHHX IPOTEIHIB MeMOpaH XJIOpPOIUIACTIB Y COPTIB O3MMOI MIIEHHMII Pi3HOI
CTIHKOCTI y KOHTpOJI Ta 3a 1ii 7-MH JeHHOI nocyxu. BcTaHOBIIEHO, IO OUTBII CTiHKI COPTH BiAPI3HSUINCH IiJABHUIICHHM BMICTOM
HU3BKOMOJIEKYJISIPHUX 3aXHUCHUX NPOTEIHIB y KOHTPOII. 3a Iii MOCYXH BCi COPTH BTpaday XJI0po(dil Ta OCHOBHI CTPYKTYpHI HpoTei-
Hu. Ll BrpaTa Oyna OUIBIIOIO y MEHII CTiHKHX cOpTiB. IIpu bOMy BIZHOCHHMII BMICT HH3BKOMOJICKYJSIDHHX 3aXHCHHX IIPOTEHIB
30inpIryBaBcs. TakuM 4MHOM MOKa3aHO, 110 BMICT npoTeiHiB 36, 21 Ta 16 x/la Moxe OyTH OZHUM i3 MOJIEKYJISIPHUX MapKepiB MOCy-

XOCTIHKOCTI.

Knrwouosi cnosa: Triticum aestivum L., o3uma nuenuys, cmpykmypHi npomeinu (pomocunmemuuno2o anapamy, hiemenmu, no-

cyxa.

Beryn. O3uma miieHuns — oJlHa 3 OCHOBHHX CTpareriu-
HHX KyJbTYp JroacTBa [1], Ha BpoxkaifHICTh SKOi BIUTHBA-
10Th Pi3Hi cTpecoBi unHHUKHU [2]. OcobnuBe Micie cepen
a0l0THYHUX (PaKTOPiB, IO BIUIMBAIOTH Ha PIiCT, PO3BUTOK
Ta MPOXYKTHBHICTh POCIHH, Nocigae nocyxa [3]. Brpatu
BpOXKal0 TIICHWUIN, 332 PI3HUX YMOB IIOCYXH, MOXYTh
cxinanaru Bix 30 1o 90 % [4]. 3a BogHOTO HEediuuty, B
nepiry 4epry, BiIOyBaeTbCs 3aKpUTTS IPOAMXIB, IO
MPU3BOJNTH 10 MOPYIISHHS TpaHCHipauii i, K HACHiOK,
1o meperpiBy muctka [5]. Haiibinpimn gyTiuBumMu g0 mii
migBuIeHUX Temmeparyp € ¢orocucrema I (DC 1),
eNeKTpOHHUI TpaHcmopT Ta PyGicko-aktusasa[5, 6]. B
HACJIIJIOK TIOPYLICHHS TPAHCHOPTY €JEKTPOHiB, (oToCH-
HTETUYHUM anapaTtoM IpPOAYKYIOTbCS AaKTHUBHI (OpMHU
KHCHIO, SIKi MOXYTb IPU3BOJUTH /10 PO3BUTKY OKHCIIIOBA-
JBHOTO CTpecy Ta PyWHYBaHHS PANYy (POTOCHHTETHYHHUX
cTpykTyp [7]. Tak, HampuKIaa, OAHIEI 3 TAKUX CTPYKTYP
e Oinmok DI, pecuHTE3 SKOTO OJOKYETHCS AKTUBHHMU
¢dopmamu kucHio [7]. Mix THM, 30epeKeHHS] €IeKTPOH-
HOTO TPaHCIIOPTY Ha BHCOKOMY pIBHI MOXeE 3HAYyHOIO
MIpOI0 3HU3UTH TPOJYKYBaHHsS aKTHBHUX (POPM KHCHIO i
3aro0irTH PO3BUTKY OKHCIIIOBAIBHOTO CTpecy. Y POCIHH
iCHye JeKiJbKa MEXaHI3MiB, sKi 34aTHI HiATPUMYBATH
€JIEKTPOHHMM TPAaHCIOPT 32 YMOB NOCYXU. Takumu Mexa-
Hi3MaMu € GOTOAMXAHHS Ta IHUKIIYHUN TPAHCHOPT EJICK-
TpoHiB [5, 7]. Takok, OCTAaHHIM YacOM, BBaXKAETHCS, IO
iacroxunon-okcuaaza (PTOX) moxe BucTymaTH, SK
MIEeBHUH “KiTanaH”’, SKUil JO3BOJISIE BiIOMpATH HaJIHIIKO-
Bi €JIEKTPOHU 3 €JIEKTPOH-TPAHCIIOPTHOTO JIAHIIOTA, THM
camuM 30epiraroun enekTpoHHuH TpaHcmopT yepe3 OC 11
Ha BHCOKoMy piBHi [8]. Ockijgbku BiZOMO, IO CTIHKICTH
POCIIMH JI0 CTPECY 3HAYHOK MIpOIO 3aJIeKUTh BiJ CTiHKO-
cTi GOTOCHHTETHYHOTO amapaTy, TO MOXKHA IPHITyCTUTH,
10 pi3Ha Kapo-TOCYXOCTIHKICTh COPTIB 03UMOT MINEHUIT
MOJK€ BH3HAYATHCh caMme 30EepeKeHHSIM BUCOKOTO (yHK-
L[IOHAJBHOTO CTaHy (POTOCHHTETUIHOTO amapary.

VY 3B’s3Ky 3 IIUM, METOK POOOTH OyJIO JOCIHIKEHHS
ocoOnMBOCTE BTpaTH MIrMEHT-OIIKOBUX KOMIUIEKCIB
XJIOPOIIACTIB PI3HHUX 3@ MOCYXOCTIMKICTIO COPTIB 03UMOT
MIIEHNNI 3a Jii TOCYXH, & TaKOX BU3HAYEHHS IPOIYKY-
BaHHS 3aXMCHHX HU3bKOMOJIEKYJISIPHUX NMPOTEIHIB B IUX

copTax.
Martepiaau Ta metoau. i1 nocmimkeHs BUKOPHCTaHI
YOTUPHU COPTH O3WMOi TIICHWII pi3HOI  JKapo-

mocyxocriiikocti. [Ipu copToBHnpoOyBaHHI BOHU OTPH-
MaJi HacTyIHYy OIiHKy: Ilepnunua Jlicoctemy - 5-6 Oais,
HocraTok — 7-8 0amniB, [Togonsuka - 8 6aniB Ta Onmecbka
267 - 8,5-9 bamnis.

O3uMy MIIEHHIIO JOCHIIIKYBaHHX COPTIB BHCIBaJU Ha
JOCIITHUX AUISIHKaX [HCTuTyTy (i3iornorii pociuH i reHe-
tikn HAH Ykpaian posmipom 3x1 M y BepecHi micsii.
I'pyHT - cipuii nepHoBo-mia3onuctuii. Buecenns NPK -
CTaHJapTHE 3a TeXHoJIOTielo BUpolyBaHHs. [licns mepe-
3UMIBIII Y BIIKPUTOMY I'PYHTI POCIHHHU OYJIO mepecaKe-
HO y 10-TH KT BererauiiiHi mocyauHu. s KOHTPOIBHUX
pOCTHH 37iliCHIOBaNH TONUB I 3a0e3nedeHHss 60-70%
TIOBHOI BOJIOTOEMHOCTI TpyHTY. [ mocimimHuX pocinH
Ha (a3i HBITIHHSI CTBOPIOBAJIICH YMOBH ITOCYXH MPOTIATOM
7 muie mpu 30% moBHOI BostoroeMkocTi (I1B).

Jis BUAINICHHS XJIOPOIUIACTIB BiOWpANd TMparoplesi
JIUCTKHU. JINCTKM rOMOTEHI3yBaiy 2 XBHJIMHH Ha TOMOTeE-
Hizatopi MPW - 302 (Tosbia) B cepeIOBHIII, 10 MICTH-
m0 50 MM tpumuny pH 7,6, 0,4 M caxaposu, 10 MM
NaCl, 5 MM MgCl,. ITicnst 4oro roMoreHaT HpPOIYCKaIH
yepe3 2 mapu 0531 Ta HEHTpUPyYryBaiu Ha HEeHTpHDy3i
Eppendorf 5810 (Himeuumna) 5 XBWIHH 31 IIBHIKICTIO
400g mist ocapkeHHS BEMUKUX (parMeHTiB kmituH. Cy-
TIepHATaHT LEeHTpuGyryBaau Bapyre npotsirom 10 xBu-
muH 31 mBuakictio 1000g, oTpuMmyrodn B ocafi (pakiito
xyoportactiB.  Ocag  pecycrneHIyBanM, HpOITyCKalodn
fioro uepe3 kampos, B 10 MM tpunmHOBOMY Oydepi pH
7,6 3 nopaBanusaM 0,1 M caxapo3u, 10 MM NaCl, 5 MM
MgCls.

Enextpodopes xmopodin-0inkoBUX KOMIUIEKCIB MpO-
BOAWIM y moJiakpuiaMigHoMy remi [9]. Posmomineauit
rens MictuB 12 % akpimaminy, 0,1% OGicakpimaminy, 6 M
ceuoBuny, 0,375 M Tris-HCI1 (pH 8,9), 0,003 % mepcy-
medary amonito, 0,0003 % TEMED. Konnentpyrounii
reab mictuB 8 % akpinaminy, 0,1 % Oicakpiraminy, 6 M
ceyouny, 0,175 M Tris-HCI (pH 6,8), 0,003 % mnepcy-
mbdary amonito, 0,0003 % TEMED. TIens ¢apOysanu
opraniyHnM OapBHuKOM Brilliant Blue R B BogHOMY po3-
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ynHi 10 % ouroBoi kuciaoTH 3 nonaBanasM 30% ertaHoTy
12 rogun npu KiMHaTHIH Temneparypi. O0e30apBitoBaH-
Hsl TeJTI0 TIPOBOJIMIIM B BOJHOMY PO34HHi, 1110 MicTuB 10%
etanony Ta 10% ouroBoi kucnotu. IlmacTuHku remro
ckaHyBanu Ha ckaHepi ‘“Mustek ScanExpress 12000P”,
peectporpamMu 0OpOOIIIIHA 3a TOTIOMOTO0 KOMIT FOTEPHOL
nporpamu o0pobku reneit “Scnlmage”. ns inenTndika-
il CMyT BHUKOPHCTOBYBAIHM CyMill MapKepHHX OiNKiB
¢bipmu “SIGMA”, USA.

Bwmict mirmeHiB y nmcTkax Bm3Hawanmm 3a Wellburn
[10].

CCBY4.0

Bionoriyna ta aHamiTHYHA TTOBTOPIOBAHICTH JOCHTIIIB —
TpUpPa30Ba.

Pe3ynbTaTH Ta 06roBopeHHs. B Tabmumi 1 npencras-
JIeHI pe3yJbTaTh BUMIPIOBaHHS BMICTY HITMEHTIB B JIHCT-
Kax pI3HUX COPTIB O3UMOI MIICHHUII 3a Mii 7-MH JCHHOI
MMOCYXH. 3 HaBEACHUX pEe3yibTaTiB BUIHO, IO 3a il
IOCYXH Y BCIX COPTIB BMICT XJOpOQUTy y JHCTKaxX 3HH-
xKyBaBcs. Jlmsa Oimpmr cridikmx copriB, [lomonsHka Ta
Opecrka 267, me 3HWKEHHS OyJI0 HE3HAYHHM. Y MEHII
CTiiKHX copTiB, [Jocrartok Ta [lepnmua Jlicocremy, crmoc-
Tepirayioch 3HaYHE 3HIKEHHS BMICTY XJIOpOdiy.

Tadauus 1. 3MiHM BMICTY IITMEHTIB B JINCTKAaX Pi3HUX COPTiB 03UMOI IMIICHUII 32 Mii TOCYXH.

www.seanewdim.com

BapiaHT Xnopogi, Mr/r Kaporunoinu, Mr/t Xn/Kap
Oneceka 267 Kontposb 3,59+0,04 0,43+0,02 8,35+0,03
IMocyxa 3,26:0,04 0,45+0,02 7,24+0,03
TTonomstaka KonTtposb 3,79+0,05 0,41+0,02 9,24+0,05
[ocyxa 3,494+0,01 0,43+0,02 8,11+0,02
JocTatok Kontposb 3,69+0,07 0,39+0,05 9,46+0,07
ITocyxa 2,39+0,09 0,57+0,10 4.19+0,10
Mepnuna Jlicoctemy Konrpob 3,73+0,17 0,38+0,10 9,81+0,12
nocyxa 2,12+0,05 0,64+0,14 3,31+0,22

Bwmict kapoTHHOIAIB, HaBMAKH, JCUIO 301TBITYBaBCA Y
OUThII CTIHKWX COPTIB. Y MEHII CTIHKHX COPTIB 30i1b-
IICHHS BMICTY KapOTHHOINIB OylO IOCHTh 3HAYHHM.
CriBBiTHOIIICHHS XJI/Kap, 3a [ii HOCYXH, 3MEHIITYBAJIOCh Y
BCIX COPTIB, sIK 32 paXyHOK BTpayaHHS XJIOPOQLIiB, TaK i
3a paxyHOK 30iJbIICHHS BMicTy KapoTwHOimiB. [ligBu-
LIEHHS BMICTY KapOTHHOINIB TOB’S3YIOTh 13 CTapiHHAM

abo BmIMBOM cTpecoBux 4uHHHKIB [11]. TobGTo, 3 omep-
JKAHUX TaHAX MOXKHAa 3pOOHWTH BHCHOBOK, IO HECTIiHKi
COPTH O3WMO] IIICHUTI BiMIyBaIH OUIBII 3HAYHUI CTpec
HIX CTiliKi copTH.

B tabmumi 2 mpexncraBieHi 3MiHH BMICTy OCHOBHHX
MPOTETHOBUX KOMIUICKCIB (otocuctemu Il 3a mii 7-mu
JIEHHO1 IIOCYXH.

Ta6auus 2. 3MiHM BiTHOCHOTO BMICTY OCHOBHHX IPOTETHOBMX KOMILIEKCIB (oTocuctemH 1l B Xjoporuiactax pi3HUX COPTiB 03H-
Moi mreHuni 3a aii 7-mu geHHoi nocyxu (% Bij 3arajqbHOT0 OUIKY XJIOPOIUIACTIB).

BapiaHr CP 47 CP 43 D1/D2 C3KII
Opneceka 267 Konrtpons 3,70+0,27 2,2040,21 6,38+0,28 18,53+0,21
Tlocyxa 3,52+0,30 2,07+0,22 6,08+0,30 17,73+0,30
Tlomomstaka Kontposns 3,73+£0,21 2,45+0,16 7,32+0,35 18,67+0,21
TTocyxa 3,53+0,24 2,15+0,20 6,92+0,35 17,77+0,29
HocraTok Kontpoms 4,80+0,28 3,18+0,12 6,81+0,28 21,57+0,20
Tlocyxa 4,00+0,38 2,2840,18 6,01+0,33 19,29+0,28
Ilepnmna Jlicoctemy Kontpos 5,99+0,16 3,85+0,14 7,00+0,31 23,98+0,19
rnocyxa 4,87+0,18 2,05+0,20 5,88+0,33 20,16+0,27

AHati3 BiJMIHHOCTEH MO COpPTaM TOKa3aB Pi3HY HAIo-
BHEHICTh NPOTETHaMH (POTOCHHTETHYHOI CHCTEMHU XJIOPO-
wractiB. [lepeurHa doTopeakuis OC II mokamizoBana Ha
rerepoaumepi Di/D;. Came 6inku D1/ Dy yrBOprorotsh
aktuBHUHA peaknitHauit neaTp @C II. 3ora HamoBHEHHS
oUMH OiTKaMd B KOHTPOJBHHX BapiaHTaX XIJIOPOILIACTIB
POCJIMH TIIEHWIII 3HAXOAWUTHCA B YHCEIHHO OJIM3BKUX
3HAYCHHSAX. BBaxaeTbes, Mo i crabimisarii po3iie-
HUX 3apsniB B peakuiiiHomy neHtpi ®C II obos'a3koBa
Koomepailisi BHyTpilHbo1 Ta nepudepiiinoi anren (CP47
ta CP 43). 3 Tabnuui BUAHO, IO CHIBBIIHOIICHHS BHYT-
piHbO1 Ta nepudepiiinoi anteHn (3oHu CP47 ta CP 43)
KOJIMBAIOThCA B OMU3BKHUX Mexax ~1,5 mo BciM mocii-
JOKYBaHUM COPTaM.

BB 7-Mu 1€HHOT TOCYXH Ha POCIHMHH NPH3BOIUB
JI0 3MiH y BMicTi OUIKiB xJopomsiacTiB. AHali3 BMICTY
NIPOTEIHIB XJIOPOILIACTIB MOKa3aB, IO 3HWKEHHS (QyHKIi-
OHAJIFHOT aKTHBHOCTI MNEPEBaKHO OOYMOBIICHE pYyHHY-
BaHHAM OinKy peakuiiiHoro neatpy D1, a Takox aHTeH-
Horo Oinky CP 47 y Bcix JOCHIIKyBaHHX COPTIB, ajie B
pi3HOMY CTyTIEHi, B JTAHIIOTY BiJ OUIBIIOTO A0 MEHIIOTO:
[epnmaa Jlicoctemy-/loctarok-Ilogonsaka-Oxecrka 267.
Takox y BCiX COPTiB 3HIDKYBaBCS BMICT aHTEHHOTO OLIKY

CP 43 rta 6inkie C3K II. B Tabmuui He mpejicraBieHi
OinkH, sKi Hanexath KoMiiekcy @C I, ocKimbKH X BMICT
MIPAaKTHYHO HE 3MiHIOBaBCH.

B tabmumi 3 mpencraBieHO 3MiHHM BMICTY HHU3BKOMO-
JMEKYJSAPHUX 3aXHCHUX mpoteiniB 36, 21, 16 Ta 14 x/a.
Binok 36 k/la - Tak 3BaHa IJIACTOXIHOJOKCHIA3a, OIJIOK
21 x/la - Bogopo3unHHUH XI0podin-OuIoK mo cradimizye
@®C 11, 6inok 16 x/la crpusie Tpumepusanii @CI rta il
crabimizamii, 6inok 14 kx/{a HeoOXimHui s 3a0e3meueH-
HS HE0OXimHOT KOH(OpPMAIli A MIITEHOTO 3B'SI3yBaHHS
Ca** ta Cl'. HarmoBHEHHsI 30H KX MPOTEIHIB B KOHTPOJIb-
HHX BapiaHTax MOKa3ye 3MEHIIECHHS IX BMICTY T10 JIAHIIIO-
ry: Opecvka 267 — Ilononsinka — JJoctarok — Ilepnuna
Jlicocremy.

BusineHo, 1o mys1 IIacTOXIHOHY MOJXKE IpUHMAaTH y4-
acTh B MEPEHOCI EJIEKTPOHIB M0 MEXaHi3My XJIOPOILIAcT-
Horo auxaHHs (chlororespiration) 3a y4acTiO IIaCTHIIHOT
TepMiHanbHOI okcuaasy, (aurt. PTOX - Plastid Terminal
Oxidase) [12]. Tloka3aHo, moO B XJIOPOIUIACTaX POCIHH
TOMATiB Ta apabifoNCHCy MpPH BUCOKOTEMIICPATYPHOMY
crpeci Bmict PTOX migBumyerscst [13]. AxrtuBizaris
LUKJIIYHOTO TPAHCIIOPTY MOXKe OyTH BUKIIMKaHA CTPYKTY-
PHOIO peopraHi3amielo THIAKOITHOI CHCTEMH XJIOPOIUIac-
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TiB mpu 1ii ctpeciB. Ha choropnsmHiii nenp, PTOX inen-
TH(IKOBAHO SIK HOBUI OKHCHO-BIJIHOBIIOBAJIBHUN KOMIIO-
HEHT, MOB’S3aHUI 3 IMKIIYHUM Ta JIHIHHUM TpaHCHOp-
ToM. JlaHi iTepaTypHHX JpKEpes yKa3yroTh Ha HOABIHHY
pors PTOX: 1 — i akTuBHICT HEOOXiqHA /I e(hECKTUB-
HO1 AecaTypamii KapOTHHOINIB B JIMCTKAX HAa IIEBHUX €Ta-

CCBY4.0

max PO3BUTKY POCIMHHOTO OPraHi3My, aje He Ha BCiX, LIO
nepeabayae iCHYBaHHS HE3aJCKHOTO BiJ IUIACTUAHOT
TepPMIHAJBHOI OKCHIAA3H LUISXY U MOBTOPHOTO OKHC-
JICHHS TUIACTOXIHOJIA B TMO€JHAHHI 3 ()ITOEHOBOIO Jeca-
Typazoto; 2 — PTOX Gepe y4actp B MexaHi3Mi (oronu-
XaHHS B 3€JICHUX TKaHWHAX POciuH [14].

Ta6auusa 3. 3MiHA BMICTy HU3bKOMOJIEKYJISIPHUX MPOTEiHIB B XJIOPOIUIacTaX Pi3HUX COPTIB O3MMOI MIICHUII 3a Aii 7-MU JAeHHOI

nocyxu. (% Bij 3arajgbHOTO OUIKY XJIOPOILIACTIB).

www.seanewdim.com

BapiaHT 36 x/la, % 21 x/la, % 16 xk/la, % 14 x/1a, %

Opnecbka 267 KonTposb 10,24+0,12 9,68+0,38 11,04+0,34 5,924+0,33
TTocyxa 11,224+0,30 12,6+0,53 13,06+0,21 7,11£0,43

Tlomonsuka KoHTposb 7,83+0,11 9,44+0,22 8,14+0,09 5,67+0,20
ITocyxa 8,54+0,20 11,224+0,38 10,224+0,51 7,23+0,41

JocraTok Kontposb 7,65+0,23 8,03+0,21 7,82+0,30 5,82+0,23
ITocyxa 8,13+0,15 11,8+0,25 9,40+0,21 7,5540,12

Ilepnuna Jlicoctemy KonTposs 5,99+0,32 6,6+0,31 4,05+0,30 3,38+0,34
mnocyxa 5,91+0,23 11,20+0,22 6,07+0,52 4,55+0,32

AHai3 BMICTY JaHOTO NPOTEIHY B XJIOPOILIACTAX 3 PO-
CJIMH MIICHHUII, HAa SKi OYyJI0 HaKIaIeHO JIit0 7-MU JCHHOT
MOCYXH, TMOKa3aB 30UIbIICHHS HAMOBHIOBAHOCTI 30HU
npoteiny 36 k/la, ane B pisHomy ctyneHi. [l{omo Ounbin
MOCYXOCTIHKUX COPTIiB, TO B XJIOPOIUIACTAX 3 Iparopiie-
BUX JIUCTKIB POCIIMH MIIEHHULI 03uMOi coptiB [lomomnsHka
ta Onechka 267 BITHOCHHWH BMICT mAaHOTO TpoTeiny (36
k/la) micns 7-mu aHIB mocyxu OyB Oinpmmii Ha 10% HIX B
KOHTPOJILHHX BapiaHTax.

B xsoponnacTax JMCTKIB pociuH copty JlocTaTok, nen
MOKa3HUK 301IbIyBaBcst Ha 6 % BiJ 3arajibHOrO XJIOpO-
actHoro Oinky, a B copti Ilepnmuna Jlicocreny, mpu
TOMY, 10 30UIbIIEHHs crocTepirany a0 21 %, B BapiaHTi
7-MU IEHHOT MOCYXH, BIIHOCHUI BMiCT mpoteiny 36 k/la
BCE X TakM OyB HIDKYMM 332 KOHTPOJIbHI BapiaHTH MOCY-
XOCTIMKHX COPTIB. 3 I[bOI'0 BHUIUIMBAE, IO JIHCHO, MTOKa3-
HHUK BMICTy JaHOTO NPOTEIHY BIZHOCHTHCS O MapamMer-
piB, sKi TOB’s3aHi 3 PiBHEM TOJEPAHTHOCTI JO BOIHOTO
nedinury, Ta MOXe OyTH BHKOPHUCTAaHHM IIPH CEJEKIIii-
HUX poOOTax Ha MOCYXOCTIHKICTb.

HocmipkeHHss amanTtaniii pociMH 1O OCMOTHYHHX
CTpeciB BHSBIIM MPUCYTHICTH OinkiB 20-22 k/la, mo Mae
romororito 3 WSCP (WSCP — water-soluble chlorophyl-
protein) — BOmMOpO3UHHHKHN XJIOPOPiA-6LI0K, MO IHAYKY-
€TBCSl COJILOBMM cTpecoM. Pawimie Oyjo IokazaHo, L0
nakonundyenuss MPHK-22 mominentuay iHAYKYEThCS CO-
JILOBUM cTpecoM Ta nocyxorto [15]. Tlepenbadeno, mo e
OLTOK 3MEHIIY€E NPOTEea3Hy aKTUBHICTh B aIaITOBAHUX JIO

nocyxu nuctkax [16]. 3 tabmuii BUAHO, IO MOCYXa MO-
CHJIFOE TakoXX cuHTe3 mnpoteiniB 16, 14 k/la. [To3naueni
MOJIMENTUAN BITHOCSITHCS JI0 PaHHIX CBITJIOIHIYKOBaHUX
NPOTEiHIB, AKi (QyHKIIOHAIBHO MOXYTh OyTH 3ajisHI B
MeXaHi3Max CTIHKOCTI O IOCYXM Ta BHCOKHX TeMIIepa-
Typ. B KOHTpOIBHHX BapiaHTaX BMICT IIUX MPOTEIHIB, TaK
camo sk 1 it mpoteiniB PTOX, po3rarmoBanuii B JaHIO-
ry Big MeHmoro mo Oumemoro: Ilepimaa Jlicoctemy —
Hocratok — IlogonsHka - Opecbka 267. B crpecoBux
YMOBax, B TOMY YHCIIi i TIpu rinepTepmii, abcopOoBaHa
XJIOpO(LIOM €Hepris, sika HEe MOXKe OYTH MOBHICTIO BUKO-
pucrana B pOTOCHHTETUUHHX PEaKLisiX, BUKIHUKAE OKUCHE
MTOIITKOIKCHHS KJIITHH 32 Y4acTI0 aKTUBHUX (DOPM KHCHIO
Ta BUIBHUX paaukaniB. ToMy, BMICT Takux 3aXHCHUX
nporeiniB, sk PTOX, sxuil miaTpuMye eneKTpOHHHMN
TPaHCIIOPT Ha BUCOKOMY DiBHi, Ma€ BEJIMKE 3HAYCHHS ISl
30epeXeHHSI BUCOKOI (PYHKITIOHAIEHOT aKTHBHOCTI B YMO-
Bax CTpecCy.

BucnoBku. [TocyxocrTifiki COPpTH 03UMOi MIICHUIII BH-
PI3HSIOTBCS 30UTBIICHAM BMiCTOM HHU3BKOMOIICKYIIIPHUX
3aXUCHHUX MPOTEiHiB, 36, 21, 16 Ta 14x/]a, y KOHTPOJIBEHUX
pociuHax. 3a Ail MOCYXW Il COPTH BTPayalOTh MEHIIE
HIrMEHTIB Ta OCHOBHUX CTPYKTYPHHX INpPOTEiHIB (oToCcH-
cremu II. [Tpu 1ipoMy BiIHOCHHI BMICT HU3bKOMOJIEKYJISI-
PHHX 3aXMCHHX MPOTEiHIB 301nblIyeThcs. TakuM YHMHOM
MOKa3aHo, 110 BMicT mpoteiniB 36, 21 ta 16 k/la Moxe
OyTH OJHUM i3 MOJIEKYJISIPHUX MapKepiB MMOCYXOCTiHKOC-
Ti.
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Changes in the content of pigments and structural proteins of chloroplast membranes in different varieties of winter wheat

under the influence of drought

O. Yu. Bondarenko, V. V. Shevchenko

Abstract. The content of chlorophylls and structural proteins of chloroplast membranes in winter wheat varieties of different re-

sistance in the control and under the action of 7-day drought was studied. It was found that the more resistant varieties had an in-

creased content of low molecular weight protective proteins in the control. During the drought, all varieties lost chlorophyll and basic

structural proteins. This loss was greater in less resistant varieties. The relative content of low molecular weight protective proteins

increased. Thus, it is shown that the protein content of 36, 21 and 16 kDa can be one of the molecular markers of drought resistance.
Keywords: Triticum aestivum L., winter wheat, structural proteins of the photosynthetic apparatus, pigments, drought.
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Abstract. The prospects of using autonomous automatic solar orientation systems to increase the efficiency of small solar power
stations are shown. A simple clear astronomical geographical model has been created to develop an algorithm for programming
microcontrollers of autonomous trackers for an arbitrary point of the globe. The model is based on the geometric parameters of the
Sun trajectory in the celestial sphere. The necessity of establishing the exact local solar time of the point of the power station location

to achieve the maximum efficiency of its operation is shown.

Keywords: resource-saving energy, ground-based trackers, solar orientation systems.

Introduction. Nowadays, acceleration of the develop-
ment of resource-saving energy and improving of energy
efficiency are becoming global problems of all mankind.
For their successful solution it is necessary to take into
account a number of various interdependent factors: psy-
chological, informational, environmental, organizational,
political, economic, financial, technical, scientific, educa-
tional and others. In this regard, the development of solar
energy seems to be the most prospective of all modern
resource-saving energy areas. This is confirmed by the
adoption of "The European Green Deal" [1] in 2020.

The main disadvantage of solar energy, like all other
resource-saving technologies, is the higher cost of gener-
ated energy, compared to traditional sources. Therefore,
nowadays "large™ solar energetics is economically unat-
tractive. Its development is stimulated mainly by global
environmental and political motives, and the rapid growth
of solar energy capacity becomes possible only with gov-
ernment support, including dotations in the form of a
"green" rate. That’s why it can be said that the develop-
ment of resource-saving technologies in today energetics
is funded by almost every citizen of individual countries
and all mankind.

The efficiency of solar energy elements is determined
by their physical and technical characteristics, external
natural factors and technical conditions of their exploita-
tion. To increase the efficiency of solar power stations
and for adequate assessment of their energy generating
capacity, it is necessary to take into account all three
types of factors. In this case the transformation of solar
energy into a highly profitable sector of the economics
requires the use of all available opportunities to reduce
the cost of solar energy. To do this, you can take ad-
vantage of the fact that solar energy is widely available
everywhere. In our opinion, small solar energy with
placement of solar elements on already ready designs of
building of cities, villages and other geographical objects
has wide opportunities in this respect. This approach is
economically accepted by a number of positive condi-
tions. 1. Land plots with high cost shall not be traditional-
ly used. 2. Money is saved on structural elements of
placement of solar cells. 3. Losses for energy transporta-
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tion are significantly reduced, as the place of its genera-
tion practically coincides with the place of its use. 4.
Energy consumption in the modern utilities sector is quite
significant, the savings may also increase significantly
due to the refusal from long electric transmission lines.

In addition to noted above, there is a number of tech-
nical possibilities to reduce the cost of solar energy, for
example, by increasing the efficiency of energy elements.
But this factor requires increased investment and addi-
tional research and design research of the new solar sys-
tems. This paper analyzes the possibilities of reducing the
cost of solar energy using special technical systems of
spatial orientation of solar cells, the so-called trackers.
These systems set the optimal vertical and azimuthal
angle of incidence of sunlight on the solar panel. This
condition is provided by two main methods.

The first is the periodic seasonal manual reorientation
of the panels according to changes in the maximum height
of the Sun above the horizon. But the most likely loca-
tions for solar power generators for low energy are mostly
fixed hard-to-reach structures (roofs, windows, translu-
cent floors, etc.), for which, in most cases, manually
changing the angular orientation of solar panels is diffi-
cult or impossible. Therefore, for small energy it is advis-
able to use the second method of optimal orientation us-
ing autonomous automatic systems. The maximum eco-
nomic effect from operation of such systems is reached on
condition of constant maintenance by them of optimum
angles of orientation of solar elements. That’s why the
design of such systems requires the development of an
accurate control algorithm for these systems. And this
requires a detailed analysis of the relationship of technical
parameters of such systems with the geographical features
of their location and astronomical parameters of the Sun's
motion in the celestial sphere.

The main control elements of modern electronic track-
er systems are microcontrollers. Their use requires the
creation of an appropriate mathematical model and con-
trol algorithm for all devices. According to these features,
nowadays mainly two types of solar cell trackers are used:
space and terrestrial. They differ in the optimal methods
of tracking the spatial position of the Sun in the celestial
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sphere. For spacecraft, the use of photosensors for this
purpose is optimal [2]. For terrestrial solar energy sys-
tems, the optimal method is to calculate the coordinates of
the position of the Sun in the celestial sphere at the cur-
rent time of solar time [3]. This work is devoted to the
study of the issues noted above.

Literature review. For ground-based trackers it is
necessary to have a mathematical model of operation of
the control microcontroller. According to this model, an
appropriate algorithm and control program for the entire
tracking system is created. There are many studies devot-
ed to this problem [4-6]. But most of them are character-
ized by common errors, inaccuracies, lack of verification
of compliance with reality or too complex presentation of
theoretical material.. As a result, for students and novice
practitioners in the field of solar energy there are signifi-
cant difficulties in mastering the theoretical basics of
tracker systems. And to find out all the reasons why one
or another mathematical relation borrowed from literary
sources does not work is not justified to spend a lot of
time.

Purpose. We will try to create our own simplest astro-
nomical-mathematical model, which fully describes the
process of orientation to the Sun and is suitable for use in
microcontrollers trackers installed anywhere in the world.

Models and methods. Studies of the problems of ori-
entation of solar elements are associated with the visible
movement of the Sun in the celestial sphere. The last
means a sphere of a certain radius, with the center O (Fig.
1), which is located at a given geographical point. A
number of parameters important for the design of ground-
based tracker systems are associated with the celestial
sphere. The basic parameter of this sphere is its vertical,
which passes through the center O (Fig. 1). A large circle
of the celestial sphere that is perpendicular to the vertical
and passes through the point O is called the mathematical
(or true) horizon. A large circle of the celestial sphere,
which passes through the vertical and through the Sun
position point M is called the Sun height circle (Fig. 1).
The axis of the universe is a coded line around which the
visible rotation of luminaries on the celestial sphere con-
ditionally takes place. The great circle of the celestial
sphere, perpendicular to the axis of the world, is called the
celestial equator.

Vertical

Sun trajectory

Universe axis

Mathematicah
horizon

Celestial céualor /
“Hour circle
*Sun height circle
Celestial meridian-—
Figure 1 - The main celestial sphere parameters and Sun co-

ordinates; N - the north point, S - the south point, P - the north
world pole, P '- the south world pole
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Setting the coordinates of the orientation of the track-
ers is associated with the consideration of the apparent
motion of the Sun relative to the earth's surface in the
celestial sphere. At the same time, the actual motion of
the Sun in outer space is determined by its astronomical
coordinates. To orient the solar elements, it is necessary
to know the relationship between the geographical and
astronomical coordinates of the position of the Sun at any
time in the local solar time (local solar time LST) in a
given area.

To determine the LST the concept of the celestial me-
ridian of a large circle of the celestial sphere, which pass-
es through the axis of the world and the vertical of the
celestial sphere is used(Fig. 1). Thus for the beginning of
reference LST the moment of passage by the Sun of a
northern semicircle of a celestial meridian is taken. This
event is called the lower culmination of the Sun or the
true north and for it LST = 0. Accordingly, the true noon
corresponds to 12 o’clock LST. This corresponds to the
highest position of the Sun in the celestial sphere for a
given day at a given point on the globe.

In clocks, time is set administratively through the time
zones of the globe associated with their local standard
time meridians (LSTM). This meridian is used to denote a
specific time zone and to set the administrative solar time
t for points on the earth's surface located on this meridian.
Therefore, the administrative time we use in a given time
zone is the LST value for the standard meridian of that
time zone. It should be noted that for some countries the
time t used may differ from the solar administrative time
at certain time of the year when using daylight saving
time transitions. Such events should be taken into account
by the microcontroller program in the form of Ata correc-
tion, for the corresponding period of the year.

Results and discussion. Definition of LST. Within
one time zone, the LST varies widely. Therefore, for a
specific geographic location of a solar panel latitude D to
determine LST, a correction (in minutes) At =4 - (15 ° -
Nt - D) should be given during administrative time, where
N is the time zone number of a specific area. It should be
noted that the time zone numbers have a sign: for the
western hemisphere the time zone numbers start from
Greenwich (Nt = 0) and they are negative, and for the
eastern hemisphere the time zone numbers also start from
Greenwich, but they are already positive. In particular, the
time zones of Europe correspond to the numbers Nt = 0,
+1, +2, +3. Therefore, the correction At. can be both
positive and negative. In addition, it should be borne in
mind that the value of D is set separately for the western
and eastern hemispheres of the Earth in the range from 0
to 180 °.

The movement of the Sun in the celestial sphere is
quite uneven due to two main phenomena: a) our planet
moves in its elliptical orbit faster in the region of periheli-
on and slower in the region of aphelion; b) the plane of
the ecliptic (the trajectory of the Sun's motion in the ce-
lestial sphere among the stars during the year) has a cer-
tain inclination to the plane of the celestial equator. Such
effects are taken into account by the total correction to
time t in the form of an empirical relation, which is called
the equation of time [7] Ate = 9,87 - sin (2B) - 7,53 - cos
(B) - 1,5 - sin (B), where B =0.986 - (N - 81), and N is the
day number from the beginning of the year. In the given
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equation, the parameter B has the unit of measurement is
radians, and the correction Ate is the unit of measurement
of the minute. The Ate correction on each particular day
of the year is the same for observers at any point on the
Earth's surface.

Analysis of these relationships shows that for any time
zone, the maximum value of the time correction Ate does
not exceed 20 minutes, and the correction At_ 40 minutes.
Then the maximum total time correction for solar orienta-
tion systems can be taken equal to 1 hour. This corre-
sponds to the deviation of the direction of incidence of
solar radiation from the normal of the panel at an angle of
about 15°. This deviation will correspond to a reduction of
the energy flux falling on the panel by about 5%. This
deviation persists throughout the operation of the solar
panels. Therefore, calculations show that for the European
region, ignoring these corrections in tracker systems for
different geographical installation points of one kilowatt
solar panel will lead to total annual electricity losses in
the range from 50 kWh to 100 kWh. In our opinion, the
calculated losses for low-capacity power plants are signif-
icant. Therefore, the corrections Ate and At_ to the local
solar time are very important when designing the systems
of orientation of the elements to the Sun.

The main contribution to the time correction is made
by the component At.. In this case, it is defined once as a
fixed constant only when mounting the system in a given
area and does not change during operation of the installed
solar power plant. The Ate correction is constantly chang-
ing from day to day. The nature of these changes is such
that in the most active summer period of electricity gener-
ation, the majestic Ate does not exceed 8 minutes, and this
correction reaches its maximum value in the autumn-
winter period. As a result of introducing the Ate correc-
tion into the microcontroller program, it gives an average
daily energy increase of about 2% of the design capacity.

Thus, in solar orientation systems, the value of the ex-
act local solar time can be calculated by a simple relation:
LST =1t - (At_ + Ate + Ata). Accordingly, an independent
clock should be entered in the electronic orientation de-
vice and set to the administrative time t in the correspond-
ing time zone Nt. The data of this clock will be used by
the microcontroller to determine the order of actions of
the executing devices of the orientation system at each
time of LST operation of the solar panel.

Time angle calculations. In the development of orien-
tation systems, the values of LST are translated into de-
grees, entering the hour angle y, which is also called the
solar angle. To determine it, use the concept of the hour
circle (or the circle of inclination of the Sun) is a large
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circle of the celestial sphere, which passes through the
axis of the world and through the Sun (Fig. 1). Then the
time angle is called the angle y from the upper point of
the celestial equator (south point) to the hour circle of the
celestial sphere. The time angles are calculated in the
direction of the apparent diurnal rotation of the celestial
sphere.

According to the definitions of y and LST, there is a
difference between them, which corresponds to 12 hours.
Therefore, if the microcontroller of the orientation system
is configured to determine the LST for the area, the time
angle is easily calculated by the ratio y = (LST + 720) / 4.
Here LST is set in minutes, and the time angle v is calcu-
lated in degrees. Thus before noon in a ratio it is neces-
sary to take a sign "minus", and in the afternoon a sign
"plus™.

The Sun inclination, height and azimuth angles. By
definition (Fig. 1), the Sun inclination is the angle & be-
tween the celestial equator and the plane of the trajectory
of the diurnal motion of the Sun on a particular day of the
year (Fig. 1). The main astronomical coordinates of the
Sun's position M are its height h and azimuth a (Fig. 1).
The Sun height h is determined on the Sun height circle. It
is the angle between the plane of the mathematical hori-
zon and the point M. The Sun azimuth o is determined in
the circle of the mathematical horizon as the angle be-
tween the south point S and the Sun height circle. The
azimuths of the Sun are calculated in the direction of the
visible diurnal rotation of the celestial sphere.

Conclusions. One of the ways to solve the problem of
resource conservation is the most efficient use of material
and technical facilities of those solar power plants that are
being built. This is due to the fact that the production of
such facilities requires significant cost of raw materials
and energy. Therefore, their operation should give the
maximum possible positive effect. In this regard, the use
of autonomous automatic solar orientation systems to
increase the efficiency of small solar power plants is quite
promising. The cost of production of such systems does
not exceed 15% of the cost of a solar power plant. The
use of orientation systems in small solar power plants
increases the efficiency of energy generation by 30-40%.
We have created a simple mathematical model of the
algorithm for programming microcontrollers of autono-
mous orientation systems, which provides maximum
power from the installed small power plant. This model
can be used for equipment installed at any point on Earth.
The model is based on the principle of determining the
exact local time with reference to the geometric parame-
ters of the trajectory of the Sun in the celestial sphere.
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PHARMACEUTICS
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AnHoTanus. Llenbro uccaenoBaHus SBIETCS pa3paboTKa BOCIPOU3BOAUMOrO M JOCTYITHOTO METOJa CHEKTPO(GOTOMETPHU I KOIH4e-
CTBEHHOTO OIIPEICNICHUS HOBOTO OHOJIOTMYECKH AKTHBHOTO IIPOW3BOAHOTO MMHuAasona. Y@-chekTpsl mornomeHus 2,4,5-Tpubpom-
HMMHJa30J1a, CHATHIE B 3aBUCUMOCTH OT pH cpezbl B pasiMIHBIX PaCTBOPHUTEISIX ITOKa3alIH, YTO JUIS KOJMYECTBEHHOTO aHAM3a HanoOoee
OINTUMAJIBHBIM YCIIOBUEM SIBIIIETCSI KUCIAs cpefia, cosnanHas pacTBopoM 0,01M KucnoTs! XJIOpOBOJOPOAHOM NPH JJIMHE BOJIHBI 229+2HM,
TIPU 3TOM BEJIMYMHA Y/EIBHOTO TOKa3aTeNs noriomeHns cocrasiser 301.

Knrouesvie cnosa: npouszsoonoe umuoazona, 2,4,5-mpubpom-umudazon, xoiuvecmeennoe onpeoenetue, YD-cnekmpoghomomempus,

sanuoayusi.

Beenenue. [lenpeccust sBIsI€TCS PacIpOCTPAHEHHBIM IICHU-
XMYECKUM paccTpoiicTBoM. [Io oLeHkaMm, BO BCeM MUpPE OT
Hee cTpajaet Oonee 264 MUUTMOHOB YENOBEK U3 BCEX BO3-
pactHbIxX rpymi. [To qanaeiM BO3, ncuxudeckue paccTpoi-
CTBa TOBBIIAIOT PHUCK MPHOOPETEHHS APYTHX OOJIE3HEH,
HaIpuMep, CepIeYHO-COCY IUCThIE 3a00eBaHus 1 1uadet. B
Xy[IIHX CIydasx OHAa MOXXET NMPHBOAUTH K CaMOyOHHCTBY.
Esxeromno oxono 800 000 genoBek moruOaroT B pe3yibTare
CaMOYOMICTBA - BTOPOH IO 3HAYMMOCTH NMPHIMHBI CMEPTH
cpemu mozneit B Bozpacte 15-29 mer. PacmpoctpaHeHHOCTB
JIETIPECCUM B pa3iIMUHBIX CTpaHaX MMeEEeT OOJBINYIO Bapua-
0enpHOCTh, KoyeOercs ot 8 mo 12% B oOmieil cTpykType
3a00JIeBaHMil, IPU ITOM PHUCK Pa3BHTHS OOJIBLIOTO JieTpec-
CHBHOTO 31HM30/1a coctasisiet 15-20% [1,2].

OnuuM 13 Haubosee pPacTpoOCTPaHEHHBIX METOJIOB Jieue-
HUSI PACCTPONCTB JETIPECCHBHOTO CIIEKTpPA SBJISETCS TIpHUMe-
HEHWE aHTHUJIETIPECCAHTOB. AHTHIEIPECCAHTHI - ICUXOTPOTI-
HbIE JIEKapCTBEHHBIE CPEJICTBA, MPUMEHSIEMBIE, TIPEXIE BCe-
TO JUIsl JICYEHHS] JETIPECCHH, OKa3bIBAIOLIME BIMSHUE Ha
YPOBEHb HEHpOMEANATOPOB, B YaCTHOCTH CEPOTOHMHA, HO-
paapeHanuHa ¥ foaMuHa. Y JENpPecCUBHOTO OOJIFHOTO OHU
YIy4IIaloT HAaCTPOECHHE, YMEHBIIAIOT WM CHUMAIOT TOCKY,
BSUIOCTh, allaTHIO, TPEBOTY, OECHOKOMCTBO, pa3IpaKUTelb-
HOCTh U AMOLMOHAJBHOE HANpsDKEHHE, MOBBIIAOT NICHXH-
YECKYI0 aKTUBHOCTb, HOPMAIIM3YIOT (Da30BYIO CTPYKTYpYy M
MIPOIOIKUTENHHOCTh CHa, anmeTuT [3,4].

Ha xadenpe dapmarieBTHueckoit XUMUM ¢ KypcamMu aHa-
JIMTUYECKOW M TOKCHKOJIOTMYECKOW XumuM bamkupckoro
roCyJIapCTBEHHOr0 MeuIHcKoro yHusepcutera (BIMY,
VYa, Pocenst) XamymwmaemM D.A. ¢ coaBTOpaMH CHHTE3H-
POBaHO HOBOE MPOU3BOIHOE 2,4,5-TpuOpOM-UMHIA30]T
(2,4,5-Br-I), obnanaroriiee aHTHICTIPECCUBHBIM JIEHCTBHEM
[5].

Jlns BHenpeHHs B MEITUIMHCKYIO NPAKTHUKY HOBBIX OHO-
JIOTUYECKH aKTHUBHBIX COCIMHEHHWH HEOOXOIMMO H3ydeHHe
X (OU3MYECKNX M XMMHYECKHX CBOICTB, CTaHIapTH3aIUsA
KaueCTBEHHBIX MOKa3aTesel u pa3paboTka MpoeKTa BpeMeH-
HOTO aHaJMTHUYECKOTO HOpMAaTHUBHOTO JokymeHTa (BAHJ).
B ananmTHuecKnX HOPMATHBHBIX JOKYMEHTaX Il MICHTH-
(bMKaIMK ¥ KOJIMYECTBEHHOTO OIIPe/ieNIeHHs! JIEKapCTBEHHBIX
CpEJICTB Yallle BCEro NpeylaraloTcsi XpomaTorpaduyecKkue,
CIEKTPO(OTOMETPUYECKHE METOIBI. DTO CBSI3aHO C TEM, UTO
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JIAHHBIC METOBI O00JIaJAl0T BBICOKOH CICIU(PHIHOCTHIO,
YyBCTBUTEJIBHOCTBIO, TOYHOCTHIO, NMPAaBHIBHOCTHIO, TTOBTO-
psiemocTsio [6].

VccnenoBanue CreKTpaibHON XapakTepucTuku 2,4,5-
TprOpoM-uMHaazona B YD-0051acTi TO3BOIMIO HCTIONIB30-
BaTh JAOCTATOYHO HAJEKHBIM M JOCTYIHBIH METOZ CHEKTPO-
(oTOMETpHN A1 KOJIMYECTBEHHOTO AHAIN3a JAHHOTO BeE-
IIeCTBa.

Hens ucciaenosanus. Pa3paboTka BOCIIPOU3BOIMUMOIO 1
JIOCTYITHOTO METO/a CIIEKTPO(GOTOMETPHN I  KOJIHM4Ye-
CTBEHHOT'O OIpeJeIeHNUs HOBOTO OHMOJIOTMYECKH aKTHMBHOTO
MIPOU3BOTHOTO UMHA3071a.

Marepuanbl U Meroabl. Matepuansl: J1abopaTopHbIe
obpasiiel cyocTanmmu 2,4,5-tpudpom-umugasona (2,4,5-Br-1,
CAS: 2034-22-2), nonyueHHble Ha Kadeape dpapMaleBTHye-
CKOW XUMMHM C KypcaMH aHAJIIMTUYECKONW U TOKCHUKOJIOIMYe-
ckoii xumuu BI'MY (Yda, PD); cnekrpodoromerp CD-
2000 (P®), peakTHBBI ¥ PaCTBOPHUTEIH KATETOPHH «X.9.» U
«a.ga». Mertomsl: Y®-ciekTpooTOMETpHsI, TOTEHIIHO-
Metpus. Cratuctraeckast 00paboTKa pe3ysIbTaToOB UCCIIEO0-
Banust npoBoamiack o nporpamme STATISTICA-Version
10 (xommanusi«Stat-Softy, CIIA).

Pe3yabrarsl U o0cyxaeHue. Y D-CrieKTpbl TOTIIOMICHUS
2,4,5-1pubpoM-UMH/1a3051a, CHATHIE B 3aBHCMMOCTH OT pH
Cpefibl B Pa3iIMIHBIX PACTBOPUTENSAX MOKA3aIH, YTO I KO-
JIMYECTBEHHOTO aHAJIN3a HanOoJiee ONTUMANBHBIM YCIIOBUEM
SBJSIETCS KUCnas cpena, co3aanHas pactBopom 0,01M kuc-
JIOTBI XJIOPOBOJIOPOIHON MPH AJMHE BOJHBI 229+2HM (pH-
CYHOK 1).
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Pucynok 1 — Y®-cniextp 2,4,5-tpudpom-nmunazona 8 0,01M
XJIOPOBOIOPOIHOM KUCIIOTE
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Cornaco mnpaswiam GMP, BaxueWmM kpureprem
OLICHKH JII000H aHAINTUYECKON METOIMKH CIy>KHT JI0Ka3a-
TEJIbCTBO €€ BAIMJHOCTH, BKIIFOYAIOIIEH B3aMMOCBSI3aHHYIO
CHCTEMY XapaKTepUCTHK - CHEeUU(HYHOCTb, JIMHEHHOCTB,
TIPaBUIIBHOCTH ¥ BOCTIPOM3BOJMMOCTb.

Memoouxa onpedenenus aureiiHocmu (TIOCTPOCHUS Ka-
mmbpoBogHoro rpaduka): 0,0100r (TouHas HaBecka) cyO-
CTaHIIMHM TTOMEIIAIOT B MEPHYIO KOJIOY BMECTHMOCTBIO 50
MIL, pacTBOpsIOT B 25Mi 50%-HOTO 3THIOBOTO CIHpTA, JIO-
BOAAT O0BEM PacTBOpa PacTBOPUTENEM IO METKH U Tepe-
MEIIMBAIOT (pacTBop A).

B mepHsbie ko0b1 BMecTuMocThio 50 M1 nomeratot 2.0;
4.0; 6.0; 8.0; 10.0 mut pactBOpa A, TOBOJIT OOBEMBI PACTBO-
poB 0,01M X10poBOAOPOAHOM KUCIOTOM 10 METKHU U Iepe-
MEIINBAIOT. V3MEpSIOT ONTUYECKYIO IUIOTHOCTH TIOJy4YEH-
HBIX PacTBOPOB Ha CIEKTPO(OTOMETpE NpPH JJIMHE BOJHBI
229 uM B KroBeTe ¢ TommuHoH cnost 10mMM. B kagectse pac-
TBOpa CPaBHEHNSI UCTIONB3YIOT 50% STUIOBBINA CIIUPT.

Jns uccnenoBaHus JTMHEHHOCTH OBUT ITOCTPOCH Kalio-
POBOUHBIN TpadMK, MOKA3BIBAIOIINN 3aBHCHMOCTD OITHYE-
CKOH TUIOTHOCTH OT KOHIICHTPAIMM HCCIETyeMOH CcyOcTaH-
. Pe3ynbTaThl cTaTHCTHYIECKOH 0OpabOTKH pe3ysbTaToB
HCCIIEIOBaHMS TIOKAa3aId, YTO KOI(PQUIMEHT KOppesiiuu
JIMHEHHOTO perpeccuoHHoro rpaduka r mis 2,4,5-tpudpom-
nmuazona cocrapisieT 0,9995 (tabmua 1, pucyHok 2).

Ha ocHOBaHUM TOJIyYEHHBIX PE3YJILTATOB MOXHO YTBEpP-
KIaTh, 4TO COOJIIONAETCS JIMHEWHasi 3aBUCHMOCTb MEXIY
BCJIMYMHON ONTUYECKON IUIOTHOCTH M copepxanuem 2,4,5-
TpUOPOM-MIMHIA301a B UCCIIEYEMBIX PacTBOPax B HHTEPBa-
ne 0,008-0,04Mr/™Ma OT IeKIapupyeMOH BENHYUHBL JTOT
MHTEPBaJl MOXKHO OIIPEEINTh KaK aHATUTHIECKYIO 00JIacTh
METO/IUKH.

Tadmmua 1. - OneHka THHEHHON 3aBUCHMOCTH METOAUKH KOJINYe-
cTBeHHOroonpeeneHus 2,4,5-TpruopomM-IMIIa3ona
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ro CIMPTA, JIOBOJAT OOBEM pPacTBOpa pPacTBOPHUTENEM JIO
METKH 1 IepeMemuBaioT (pactBop A). 8Mi1 pactBopa A mo-
MEIIAIOT B MEPHYIO KOJIOY BMECTHMOCTBIO 50 MiI, TOBOZST
oobem pactBopa 0,01M XJIOpOBOIOPOJHON KHCIIOTOH 10
METKH ¥ TEepeMEIINBatOT. V3MepsioT ONTHYEeCKylO ILIOT-
HOCTh MOJIy9E€HHOTO PacTBOpa Ha CHEKTPO(OTOMETpE IpH
JUTMHE BOJHBI 229 HM B KIOBETE ¢ TOMIHUHOH ciog 10mm. B
KaueCTBE PacTBOpa CpaBHEHHS MCHONB3YIOT 50% 3THIIOBBINA
CIIUPT.

Ilpuecomoenenue pacmeopa pabouezo CMaHOAPMHOL0
obpasya (PCO) 2,4,5-mpubpom-umuoaszona: 0,0100r (Tou-
Hast HaBecka) PCO moMenaroT B MEpHYIO KOJIOy BMECTHMO-
cteto 50 mi, pactBopsitoT B 25 M1 50%-HOrO STHIIOBOTO
CIIUpTea JIOBOJSIT 00BbEM pacTBOpa PacTBOPHUTEIIEM 10 METKU
U nepeMeimBaioT (pactBop A). 8 M pactBopa A momena-
10T B MEpHYIO K0JI0y BMecTHMOCThI0 50 M1, 10BOJAT 00BeM
pactBopa 0,01M XJIOpOBOJOPOIHON KUCIOTOM IO METKH U
niepemernBaroT. Cpok roqHOCTH pacTBopa 1 Henens.

ITpaBUIBHOCT METOIMKH XapaKTEPH3YEeTCsl ONM30CTHIO
TIOJIy9EHHBIX PE3yJIbTaTOB WCIBITAHUN K JCHCTBUTEILHOMY
3HA4YEHHUIO ompenensieMol BeanauHbl. OHA ITOKA3bIBACT CH-
CTEMaTHYECKHE ITIOTPEIIHOCTH METOAA M BBIPAXKACTCS Kak
TIPOIIEHT PEreHepalMi TOYHO B3BEHICHHOTO KOJIHMYECTBA
aHaIM3UpyeMoro oopasiua. JlaHHasi XxapakTepuCTHKa BaJIU[I-
HOCTH YCTaHOBJICHa MO pe3yjbTaTaM aHajau3a Jabopartop-
HBIX 00pa3uoB cyoOcranuuu — 2,4,5-TpuOpoM-UMuIa30ia
(tabmuma 2). CpeaHuil MPOLEHT pereHeparid COCTABIISCT
98,33%, Bce MoOJy4eHHbIE NaHHbIC HAXOJITCS B MHTEpBaiES
99,6-100,5%. CunteTnyeckasi mpupoa cyOcTaHIUH 00bsiCc-
HSET HaJWYUe DPOJCTBEHHBIX IIPUMECEH, YTO OIpenerseT
TpeOOBaHMs K KOJNMYECTBEHHOMY CONCPXKaHMIO 2,4,5-
TprOpoM-nMuIa3ona - He MeHee 99%. PesymbraThr mccie-
JIOBaHMS! TTOKA3bIBAIOT YOBJIETBOPHTEIBHYIO TOYHOCTH Me-
Toaukd. OTHOCHTENIbHAS OIMOKA CPEAHETO pe3yibTaTa Co-
craBaeT +£0,2138%

cTUMOCTBIO S0MI, pacTBOpsIOT B 25Mi1 50%-HOro 3TUII0BO-
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No| Kounentpauus | Onrudeckast | - YaensHsrii | Merpororuue- Tabamua 2 - OreHKa NpaBUIbHOCTH METOIUKH KOJIMYECTBEH-
Cy6CTaHIH/H/I B | INIOTHOCTH, II0OKa3aTeib CKHE XapakTe- HOTO ONPEJIENIEHHS 2,4,5‘T'pI/I6p0M‘I/IMI/I,Ha30Ha
pactsope, C, % D HOFHEO}I__fSHm’ PHCTHRH Basto,Br | Haiineno, B % | MeTponoruueckue XapaKTepucTH-
iw Kd
1 0,0008 0,259 327,75 X =301,15 0,0100 99,59 n=5
2 0,0016 0,498 311,25 S=13,49 0,0100 100,12 Xep = 99,8699,
3 0,0024 0,705 293,75 Sx=5,51 0,0100 99,67 A xp=0,1923
4 0,0032 0,932 291,25 Ax =+14,16 0,0100 100,45 S=0,0785
5| 0,040 1,143 285,75 £=+2,76% 0,0100 99,98 XA Xep = 99,86+0,1923
r~=0,9995 £, % = 0,2138
1. 200 i > Bocmpon3BoauMOCTs aHATUTHYECKOW METOIVKU Xapak-
; / TEPH3YETCS CTETICHBIO COBMAICHUS PE3yJIbTATOB UHIUBHUILY-
o 1689y / QILHBIX OTPEIEIIECHU MPU MHOTOKPATHOM HCTIOJB30BAHMM.
§ : o : OtHOcHTENbHAST ONIMOKA CPEIHEr0 Pe3ysibTaTa COCTABIISCT
: o.o000 | g +0,38% (Tabnmma 3).
E ©.6000 - L Taoauua 3 - OneHka BOCIPOU3BOANMOCTH METOAMKH KOJTYE-
g ; i CTBEHHOTO ompesieieHust 2,4,5-TpuOpoM-IMIIa3071a
% ©.4860 Xi,mMmr | n Kep S AXep | Xept AXep Ecp, Y0
= 1 2 3 4 5 7 8
© 0.2000 gt , 100,33
5.,0002-0. 661000, 001560 . 62000 002500 . G53B0D , GHISHD . GHLRD 99,83
KoHueHTpauus, C, % 99,67
Pucynok 2 - KanmuOpoBouHslii rpadyk 3aBUCHMOCTH ONTHYE- 100,12
CKOI TIOTHOCTH OT KOHLEHTpALuH 2,4,5-TpruOpoM-UMHUIa3071a. %%74 9 | 99,98 |0,3633|0,1483| 99,98+0,1483 | +0,3812
100,45
Memoouxa  xonuuecmeennozo — onpeodenenus — 2,4,5- 99,08
mpubpom-umuoazona 6 cyocmanyuu: 0,0100r (TouHas 99,59
HaBecka) CyOCTaHIMM TOMENIAIOT B MEPHYIO KOJOy BMe- 100,05
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BoiBoapbl. [1o pe3ynbraTaM BauJalydy yCTaHOBIIEHO, YTO
pa3paboTaHHAss METOJMKA SIBISIETCS CHCHU(PHIHON JUIS
OmnpefesieHns]  KOJIMYECTBEHHOro  coiepkanus  2,4,5-
TpUOPOM-UMHUJIA30JIa B CyOCTAHIMH, XapaKTepU3yeTcss KOp-
PEKTHOM TOYHOCTBHIO U BOCIIPOM3BOJUMOCTBIO B aHATUTHYE-

CCBY4.0

CKOH 00JIacTH 10 OTHOILEHHIO K YCTAHOBJICHHOHM paboueid
KOHIIeHTpauyu 2,4,5-TpuOpoM-UMH/Ia301a B PacTBOpE, 4TO
M03BOJISIET MCHOJIB30BaTh €€ Ul JOCTOBEPHOM OLIEHKH Ka-
YecTBa CyOCTaHIIUH.
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Development of a spectrophotometric method for the quantitative determination of a new biologically active imidazole derivative
S. K. Ordabaeva, A. D. Assilbekova, D. G. Tleukabyl, A. D. Serikbayeva, I. M. Sharipov

www.seanewdim.com

Annotation. The aim of the study is to develop a reproducible and accessible spectrophotometric method for the quantitative determination
of a new biologically active imidazole derivative. UV absorption spectra of 2,4,5-tribromo-imidazole, taken depending on the pH of the
medium in various solvents, showed that the most optimal condition for quantitative analysis is an acidic environment created by a solution

of 0.01M hydrochloric acid at a wavelength of 229 + 2 nm, the value of the specific absorption index is 301.
Keywords: imidazole derivative, 2,4,5-tribromo-imidazole, quantification, UV spectrophotometry, validation.
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AHoTanisl. Y cTaTTi MiATBEpIKEHO HEOOXIHICT BUKOPUCTAHHS 3ac00iB (hi3MUHOI Teparii /11 BiHOBJICHHI CIIOPTHBHOI Hpalie3aTHOCTI
¢yTtOomicTiB 30ipHOI YKpalHU 3 QyT3aTy cepest CIIOPTCMEHIB 3 HOPYIIEHHSIM 30pY i THM CaMUM MOKPAIIyBaTH iX ()YHKIIOHAIbHI ITOKA3HUKI
Ta IICHX0eMONIHHMH cTaH. [1inTBeppKEHO IOy SIPHICTh Ta aKTYaIbHICTh 3aCTOCYBAHHS HOBITHIHM TEXHOJIOTIH BiTHOBIICHHS Ipane3aTHOCTI
(yTOOIICTIB 3 TTOPYIICHHSIM 30pY, TAKUX SIK — KpiocayHa. BeTaHoBwImM, 1110 MiIroTOBKa CHOPTCMEHA MapaIIMITIHI Iie - TIPOIEC YCIiX SIKOro
3QISKUTh Bil peaizamii 0araTb0X 3aBAaHb: (DI3UYHOI, TEXHIYHOI, TAKTUYHOI, MCHXOJIOTTYHOI, TECOPETHYHOI Ta 3MarajibHOi ITirOTOBKU
cropTcMeHiB. JloBeIeHO, MO3UTHUBHII BIUIUB Bill 3aCTOCYBaHHS (Di3i0TEpaneBTHYHUX 3aCO0IB Y TPEHYBATBHOMY IPOILIECi CIIOPTCMEHIB, 110
MATBEPHKEHO MOKPAIICHHSAM BCIX TMOKA3HUKIB 32 BCIMa KPUTEPISIMA METOIMKH JIIarHOCTUKU CaMOIIOYYTTsI, aKTHBHOCTI 1 HACTPOIO Ta TIO3H-
TUBHIMHU 3MiHAMH TTOKA3HUKIB IIEHTPATEHOI TeMOANHAMIKH (yTOOICTIB.
Knrouosi cnosa: sionoenenns, pymoéonicmu 3 nopyuieHHAM 30py, KpioCayHa, NCUX0EMOYIUHUL CIAH.

Beryn. Ha cporomsi BaXKIMBMM IIMTaHHSM 3aJIMIIAETHCS
BITHOBJIECHHS (DYHKIIIOHAIBHOTO CTaHy OpraHi3My CIOpTC-
MCHIB, BIJIHOBJIICHHS iX aJamnTamiifHUX pe3epBiB, a TaKOXK
JOCSITHEHHSI ONITHMAJIBHOTO PIBHS OCOOMCTICHOI amamramil
Ta MPOQECIifHO BOKIIMBHUX SKOCTEH, BIAHOBICHHS SIKOCTI 1X
xuTTs [4, 5.]. 3a nanumu H. 1. Apanosa [1 ] pi3ke 3pocTanHs
00’eMIB Ta IHTEHCHBHOCTI TPEHYBAJBbHHMX 1 3MarajibHUX
HaBaHTa)XEHb MPU3BOJUTD 10 MOP(ODYHKIIOHAILHUX 3MiH
y TKaHMHaX, a TaKOX JI0 BUHUKHEHHS TPaBM y BHUCOKOKBa-
Ti(hiKOBaHUX CIIOPTCMEHIB.

3a manmMu HaykoBIIB [1, 3, 4] BiIHOBITIOBAJIBHI 3aX0AN
MIPOBOJISITH B yMOBAX 3MaraHb, KOJIM HEOOX1HO 3a0e3neunTn
IIBUJIKE Ta 32 MOJKJIMBOCTI TIOBHE BiTHOBJIEHHS CIICI{iaIbHOT
(i3IIHOT Tpare31aTHOCTI Ta TICHXOJIOTIYHOT TOTOBHOCTI 10
HACTYITHOTO eTally 3MaraHb, Ta B MOBCSK/ICHHOMY HaBYallb-
HO-TPEHYBAJIFHOMY TIPOLIECI B XO/Ii BJOCKOHAIICHHSI 3araib-
HOI Ta CHeIiabHOI Mpale3aaTHOCTI, SKa, IIJIKOM OYE€BHJIHO,
noB’si3aHa 13 BTOMOIO. [liir0TOBKA CHOpTCMEHa Mapaiim-
ML 16 - MPOIeC YCIMiX SKOTo 3aJeKUTh BiI peamizaril
0araThox 3aBAaHb ( (Pi3MIHOI, TEXHIYHOT, TAKTHIHOI, ICHXO0-
JIOTIYHOI, TEOPETUYHOI Ta 3MarajbHOI MiJATOTOBKH CIIOPTC-
MEHIB), a 1X peai3arlis 3aJIeXKUTh Bl yMiHHS TPEHepa 3acTo-
COBYBAaTH TIEBHI 3aCO0M 1 METOJIH y 3aJI€KHOCTI BiJl KOHTHH-
TEHTY CIIOPTCMEHIB 1 YMOB, Y SIKMX NPOBOANTHCS TPEHYBaH-
Hi [7]. Came e 0OyMOBIIOE BaXKIIHBICTH MPOIECY BiTHOB-
JIGHHSI, OCKUIBKHM JIOCSITTH BHCOKHX DE3YJIbTAaTiB JIMIIE 3a
PaxyHOK 30LTBIICHHST 00 €MIB Ta iHTEHCUBHOCTI TPEHYBaIIb-
HHUX HAaBaHTaKCHb HEMOXJIMBO. Y 3B’SI3Ky 3 THM, IO HEJIO-
CTaTHsI KUIBKICTh JIOCIIZKEHb CIPSIMOBAaHA Ha BHBUYCHHS
HOBITHI¥ TEXHOJIOTIH BiHOBJCHHS IPAIC3ATHOCTI CIIOPTC-
MEHIB B CIIOPTUBHHUX irpax, KyId BKJIFOUA€THCS 1 3aHATTS
¢yTO0ITOM ((pyT3a10M) HE3BAKAFOYHM HA Te, 110 30ipHa KO-
MaH7a YKpaiHy 3 TIOPYIISHHSAM 30pY € JIiIepOM B CBITOBOMY
PEHTHHTY HaIle TOCTPKEHHS € aKTyaJIbHHIM.

Merta. BU3HaYNTH BIUIMB 3ac00iB (hi3W4HOI Tepamii y BiJ-
HOBJICHHI CIIOPTHBHOI IIparie3aTHocTi GpyTOoicTiB 30ipHOT
VYkpainn 3 ¢yT3amy cepen CHOPTCMEHIB 3 IMOPYIICHHSIM
30py.

3aBaaHHS TOCTIKEHHS .

1. Amnani3 Ta y3arajdbHEHHS HayKOBHX Ta METOAWYHHX
JOKEpelT,
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2. BU3HaYNTH TO3WTHBHUI BIUIMB BiJ 3aCTOCYBaHHS
¢izioTepaneBTHYHNX 3ac00iB Y TPEHYBAIBHOMY IIPOIIECi
¢yTOomicTiB 30ipHOT YKpaiau 3 pyT3amy cepe ClIopTCMEHiB
3 IOPYIIEHHSM 30Dy

Marepianu i MeTogn mocimxennsi. Y Tmporieci JOcCIi-
JDKEHHSI BUKOPHCTAHO aHaJli3 Ta y3arallbHeHHs HayKOBHX Ta
METO/IMYHUX JDKEPEN, NeJaroriyHii eKCIIepuMeHT, TIe/1aro-
TiYHE CIIOCTEpPEKEHHs, aHKETyBaHHS CyO’€KTUBHOTO CTaHy
32 METOJMKOIO MIarHOCTUKH CaMOIOYYTTS,aKTHBHOCTI 1
Hactpoto «CAH», Merogum MareMaTHYHOI CTaTHUCTHKH.
O06’exToM mocmimkeHHst Oy (yToomicTr 30ipHOT YKpaiHu
3 yT3aIy cepell CIIOPTCMEHIB 3 MOPYIICHHM 30py. oci-
JDKEHHS OyJ10 TIPOBEJICHO ITi/1 4ac HABYAIBHO-TPEHYBAJIbHHUX
300piB 30ipHOi M. AHTanis (Typeuunna). Y mporeci maHy-
BaHHS, OpraHi3amii Ta 3iHCHEHHS EKCIICPUMEHTAIBHIX
JIOCTI/DKCHb BUBYAIH S(EKTHBHICTh 3aCTOCYBaHHS KpiOTe-
pamii Juist BiIHOBJIGHHSI CIIOPTUBHOI Mpale3JaTHOCTI CIOPT-
CMEHIB 3 MOPYILICHHsIM 30py 30ipHOi YKpainu 3 dyT3amy 3a
JIOTIOMOTOK0 HACTYITHUX TOKa3HUKIB: YacTOTH CepLEBHX
ckopoueHb (UCC), CHCTONIYHOrO apTepiajibHOIO THCKY
(CAT), miactonmivyHoro aprepianbHoro thcky (JAT), myib-
coBoro aprepianibHoro Tucky (ITAT), ymapHoro o6’emy
kpoBoToKy (YOK), xprmHHOTO 00’eMy KpoBoTOKY (XOK)
y CTaHi CIIOKOIO, ICIISI TPEHYBAJIGHOTO HABAHTaXKEHHS IS
JarHOCTHKM BTOMH. Jl0 TEAAroriyHoro eKCrepuMEHTY
BBIHIIUTH CIIOPTCMEHH 3 HAIPY KEHICTIO MEXaHi3MIB aJarnTa-
il 10 (Gi3MYHOrO HABaHTAXKEHHS, sIKi HE MaJTU MPOTHUITOKA-
3aHb 32 CTaHOM 37I0pPOB’Sl, Ta MOTPEOYyBaIM 3aCTOCYBaHHS
HOBITHIX 3aC00IB BIIHOBJICHHS 3aIPOIIOHOBAHUX OpraHi3a-
TOpaMH HaBYAILHO-TPEHYBAJILHUX 300piB. TpuBaicTs 3a-
CTOCYBaHHS BIATIOBIHOI BiAHOBIIOBAIILHOI TIPOIEAYPH
CKJIaJiayia 3 pasu 3a BeCh MepioJl HABYATbHO-TPEHYBATEHOTO
300py, skuii TpuBaB 14 nHiB. TecTyBaHHS NICUXIYHOTO CTaHY
¢yTOoicTiB 30ipHOI YKpainu 3 GyT3aty cepes CHopTCMEHIB
3 NOpYIIEHHsM 30pYy 3a MeToankoro «CAH» npoBoaumocs 3
METOIO OIIHKH e(peKTUBHOCTI 3aCTOCYBaHHs 3ac00iB KpioTe-
parii y HaB4aJbHO-TPEHYBaIbHOMY mpoiieci [2].

PesyabTaTi qociizkenHs Ta ix odropopeHHs. OCHOBHI
TIOJIOXKEHHSI 3aCTOCYBaHHs MEANKO-0I0JIOTTYHUX Ta (izioTe-
paneBTUYHMX, IEeJArOTiYHMX 3acOo0iB BiJHOBICHHS BHUKJIA-
JaroThest y psai pobGit [7, 3]. 3a manumu HaykoBiis M.
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Cxpunku, M. b. Uxaiino, [. M. KpaBuenko, B. B. I'magosa,
B. O. Jlanuipkoro [7] miarotoBka ciopTcMeHa mapaitiMImii-
1S 1€ - MPOLIEC YCITIX SKOTO 3all eKUTh Bijl peatizarlii Oara-
THOX 3aBIaHb ( (DI3UYHOT, TEXHIYHOI, TAKTUYHOI, IICUXOJIOTi-
YHOT, TEOPETUYHOI Ta 3MarajibHOi MiZATOTOBKYU CIIOPTCMEHIB),
a iX peari3amis 3aJIOKHUTH BiJl YMIHHS TPEHEpa 3aCTOCOBYBa-
TH TIEBHI 3aCO0W i METOIM y 3aJIGKHOCTI BiJ] KOHTHHTCHTY
CIOPTCMCHIB 1 YMOB, Y SKHX NPOBOIUTHCS TPEHYBaHHA. Y
CyJacHill cHCTeMi MiATOTOBKH (PyTOOIICTIB 3 Pi3HIMH IIO-
PYWICHHAMH: 30py, CIyXy IIHPOKO BHKOPHCTOBYIOTHCS
¢izioreparneBTrHi ((i3MdHi) 3ac00M BiTHOBIICHHS 1 I1iIBH-
LICHHSI TIPALe31aTHOCTI JI0 SIKUX BXOJHUTH KpioTeparis.

Jnst perymroBaHHsI M'SI30BOTO TOHYCY Ta peliakcariii M'si31B

CCBY4.0

(yTOOIICTIB 3 MOPYIICHHSIM 30pY BUKOPHUCTOBYBAIIM OAWH 13
MeroiB (hisuuHOT Tepamii — Kpioteparmiro. [Ipouenypu B
KpiocayHl TPHMBajJM JBi-TPH XBWJIMHH, OJHAK BUKIIUKAIN Y
CIIOPTCMEHIB IIBHAKY TO3UTHUBHY PEaKilifo, a pe3yJbTar
criocrepiraBcst Bxe 3a 5-10 XBWIMH 1 TpUBaB He MeHIIE 6
romuH. Ilicns mpouenypu ¢dytdomictr 306ipHOI YkKpainu 3
(yT3aiy cepel CHOPTCMEHIB 3 IOPYIICHHSIM 30PY BiqdyBall
TOKPAILECHHS [ICHXOEMOLIIHHOTO CTaHy, a TAKOXK 3MEHIICHHS
OO0JTLOBHX BiTIyTTIiB B MiCIISIX TPaBMYyBaHHS.

Meronuka mociimkeHHs cy0 extuBHOTO crany «CAH»
3aCTOCOBYBANACh IS SIKICHOI OMIHKH Cy0’€KTHBHOTO CTaHYy
CIIOPTCMEHIB, SIKi Bi/IBiTyBanu KpiocayHy (tabm. 1).

Taéamus 1. 3MiHM NCHXiYHOTO cTaHy (QyTOOIICTIB MPOTIATOM HaBYAILHO-TPEHYBaJIBFHOTO 300py 3a Merozmkolo CAH

SkicTb IlepBun- 3aransHa cyma GaniB | Ilicis 3acTocyBanHs | 3arajbHa cyma OaiiB
HUI JI0 EKIIEPEMEHTY KpioTepariii, % TICIST eKIIepEMEHTY
ctan,%
CamomouyTTst 4,3 43 4,7 54
AKTHUBHICTH 3,2 30 6,2 62
Hacrpiit 4,3 43 58 58
Bceworo, cepeniii Oa. 3,9 5,8
3aranpHui mpupicT, % 19

MoykHa BII3HAUUTH 3arajbHy TEHJCHLIIO /10 3HWKCHHS
CaMOOIL[IHKH 32 BCIMa KPUTEPISIMH y CHOPTCMEHIB Ha Movar-
Ky HaBUAJILHO-TPEHYBAIBLHOTO 300Dy, Y 3B’S3KY 3 iX HaIpy-
eHuM rpadikom TpeHyBaHb. HaToMicTh miciis 3acTOCyBaH-
Hi (isioTepaneBTHYHOI Tporeaypu (KpiocayHa) —CIio-
CTEpPIraeThCsl TMOKPAIICHHS JAHWX, M0 OI[iHIOBAIUCH.
3aranbHa e(EKTHBHICTH PO3pPOOJICHOI TIPOrpamMH  IMOJIO
CaMOTIOUYTTs, aKTHBHOCTI Ta HACTPOIO BH3HA4YEHA Ha DIBHI
+1,9 %. Cnim Takok 3ayBaXKHTH, IO ITICISA BiIBiTyBaHHS
KpIOCayHH TOKpAIIECHHS BIACHOI OIIHKA CaMONOYyTTs
3a3HAYMIIM BCl CIOPTCMEHH. Pesynprath y rpadidHoMy
BUIVISIAI 3MiH TICHXIYHOTO CTaHy CHOPTCMEHIB IPOTAIOM
HaBYAIbHO-TPEHyBaJIbHOTO 300py 3a Metomukoro CAH
mojiaxi Ha puc. 1.

Omxe, aHATI3YIOYH PE3YJIbTATH, PECTABICH] Ha PUCYH-
Ky 1, MOXHa 3pOOHTH BHCHOBOK NP0 TIO3WTHBHHH BIUIUB
¢izioTepaneBTHYHUX 3ac00iB Y TPCHYBAILHOMY IPOIIEC
CIOPTCMCHIB TIITBEpIPKCHHS IIHOTO € TMOKpAIICHHS BCIiX
MOKA3HUKIB 3a BciMa kputepisiMu metonuku CAH. 3 meToro
BUBUCHHS BIDIMBY 3acO0iB KpioTeparii Ha (i3MIHUA CTaH
(GyTOOMICTIB Takok OyJO TMPOAHATI30BAHO iX TOKA3HUKH
LEHTPAJILHOI TeMOJMHAMIKH. AHAI3 OTPHUMaHUX IaHHX
MeIATOTIYHOTO SKCIIEPUMEHTY (KOHCTAaTyBaJBHOTO) ITiTBE-
PIMB MOPYLICHHS BET€TaTUBHOI PETYJIALii cepesi CiopTcMe-
HIB 3 MOPYLIEHHSIM 30Dy, TaK ITCIIsl TPEHYBAJIBHOTO 3aHSTTS
BCi TIOKa3HUKH JiSUTBHOCTI CEpLIEBO-CYANHHOT CHCTEMHU MaJI

JIOCTOBIPHY PI3HUIFO BIHOCHO JO iX BHXITHOTO PiBHS
(tadm..1). Xapaktep Ta TPUBAIICTH BiJJHOBJICHHS CIIOPTCME-
HIB MICJISI HABAHTA)KCHHS Ma€ CYyTTEBHI BIUIMB Ha iX Pe3yJib-
TaTH B 3MaraJibHii Ta TpeHyBaJIbHIl JisIBHOCTI, L0 MiJTBE-
PIDKYe HEOOXIZHICTh 3aCTOCYBaHHS 3ac00iB i MeToAIB (i3u-
YHOT Tepartii B epio/] HaB4alIbHO-TPEHYBaJIbHHX 300PIiB.
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Puc. 1. TToka3HUKH TICHXI9HOTO CTaHy (yTOOJICTIB 3 MOpyIIIe-
HsM 30py 3a Metoaukoro CAH Ha moyaTKy Ta B KiHIII HaBYaJIbHO-
TPEHYBAJILHOTO 300Dy

Taéamus 2. 3MiHa MOKA3HUKIB HEHTPaIbHOI reMoanHaMiku (M£m) y ¢pyTOoIticTiB B Hiepio/1 HaBYAIBHO-TPEHYBaJILHOTO 300py

www.seanewdim.com

Ha 0941y HABIATHHO-TPEHyYBATEHOC 360Dy B kiHIli mOYaTKy HaBYAIBLHO-TPEHYBAJIBEHOTO 300Dy
INokasHuku - -
Ha nouarky tpeHyBaibHoro | ITicnst TpeHyBanbHOrO | Ha moyarky TpeHyBaJbHOTO ITicist TpeHyBaJIbHOTO
3aHATTS (B CTaHi CIIOKOIO) 3aHATTS 3aHATTSI (B CTaHi CIIOKOIO) 3aHATTS
YCC, y/xs 64,3242.61 7408153 oo 62,32+0,76 64,71=1,10
CAT, mM.pT.CT 114,45+1,11 125,21£1,28  eee 113,35+0,99 119,51+£1,29
JAT, mm.pt.cT 65,55+1,51 70,21£1,23 63,33+0,89 64,11+0,68
[TAT, mm.pT.CT 56,53+0,92 59,30+0,34  eee 54,43+0,98 54,85+1,12
YOK, mn 84,5+1,61 87,32+0,29 82,80+0,13 82,62+0,94
XOK,1/xB 5,56£0,28 6,65£0,49 eee 5,34+0,87 5.47+0,85

Hpumimku: +*+ - p<0,001 npu MOpiBHSIHHI NOKA3HHUKIB B CTaHi CIIOKOIO Ta ITiCIIsl TPCHYBaHHSL.

3 MOpyIICHHsM 30py (popMyBalbHHI EKCIIEpHUMEHT) 3a
pesyibTaTamy Tabnuii 1 BUIHO, 110 BUKOPUCTAaHHS Kpioca-

Amnaii3 xapaktepy 3MiHM (YHKLIOHAJIBHOI T'OTOBHOCTI
¢yr6omicTiB 30ipHOI YKpainu 3 GyT3amy cepes CHopTCMEHIB
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YHH B TPEHYBAJIbHOMY IIPOLIECI CTAJIM MOJIYJIATOPOM aKTHB-
HOCTI aJIaliTUBHUX 1 PEryJIATOPHUX CHUCTEM OpraHi3My, Ipo
110 CBIZYaTh 3MiHH IIOBTOPHO OTPUMAHMUX MOKA3HHUKIB IIEHT-
paTbHOT reMOIMHAMIKH

VY ¢yTOoicTIiB B CTaHi CIIOKOO JOCTIIKYBaHI MOKa3HUKA
LEHTPAJIbHOI TEMOAWHAMIKH HA TOYaTKy Ta Ha 3aKiHUCHHS
HAaBYAIBHO-TPEHYBAIFHOTO 300pY CYTTEBO HE BiAPi3HSINCH.
OpHak Bi3HAYEHO JI0 MOYATKy 3aCTOCYBAaHHS 3ac00iB Kpio-
Teparii y cioptcMeHiB mokazHika YCC micist TpeHyBaHHS B
CTaHI CTOKOIO MOpiBHIOBaB 74,2, a MICNs 3aCTOCYBaHHSI
3aco0iB (hi3ugHOI Tepamii MoKa3HUK 3MeHmmBes Ha 12,9 %,
3MEHILEHHsI CHCTONIIYHOrO aprepiansHoro Tucky (CAT) Ha
4,5%, niacromiunmii tick (JAT) — Ha 8,7% BinmosimHO.
Takok BU3HAUEHO 3MIiHH B y1apHOMY 00’€Mi KpoBi - Ha 4,7
MJI, XBUWJIMHHOMY 00’€Mi KpoBi - Ha 1,2 JI/XB. Taka peakuis 3
OOKy CeplLeBO-CYAMHHOI CHCTEMH CBIOUHTH PO 3acTOCy-
BaHHs aJICKBaTHUX 3aCO0IB BiJIHOBJICHHS (PyTOOJICTIB 30ip-

CCBY4.0

HOT YKpainu 3 QyT3ay cepel CIOPTCMEHIB 3 MOPYLICHHIM
30py.

BucnoBkn. Beranosieno, mo kpiotepartist 1yt pyt0oti-
ctiB 30ipHOi YKpaiHu 3 QyT3ay cepel CHOPTCMEHIB 3 MO-
PYLICHHSAM 30py cHpHsie HOpMaitizauil (yHKIIOHAIBHOTO
CTaHy CepLEeBO-CYy[MHHOI CHCTEM 3a PaXyHOK TIJIHOOKOI
CTUMYJIAIIT CyuH (CIa3M) 3 TONAJBIINM iX PO3IIMPEHHSM,
a TaKkoX 30UTBIICHHS 1X (DYHKIIIOHAIFHUX PE3epBIiB Ta aKTH-
Bi3alii KOMIEHCATOPHO-TIPUCTOCYBAJIBHIX MEXaHi3MIB JIOB-
TOTPHUBAJIOl amanTallii. B pe3yiprari BUKOPUCTaHHS KpioTe-
partii Gi0JIOTIUHI TKAaHWHY Ta IIKIPSHI MOKPHBH HACHUYIOTh-
Csl aMiHOKHCJIOTAMH 1 MIKPOGJIEMEHTAaMHK, HEOOX1THIUMU JIJIsT

IlepcnexkTHBH NMOAAIBIINX TOCTIIKEHb NIepe10ayaoTh
BU3HAYCHHSI OCOOJIMBOCTEH METOIMKM PO3BUTKY IIBHIKIC-
HO-CHJIOBHUX SIKOCTeH (yTOOICTIB 30ipHOI YKpaiHu 3 ¢yT3a-
JIy CepeJi CHOPTCMEHIB 3 MOPYLIEHHSIM 30Dy .
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Rehabilitation tools in the training of football players of the national futsal team of Ukraine among visually impaired athletes

S. V. Savchenko, I. M. Skripka, M. B. Chkhailo, I. M. Kravchenko, V. V. Gladov

Abstract. The article confirms the need to use physical therapy to update the sports practice of development of Ukrainian national futsal

players among athletes with a violation of the zone and thus improve their functional performance and psychological condition. The

popularity and relevance of the use of the latest technology to restore the ability of visually impaired football players, such as - cryosauna,

has been confirmed. It is established that the training of a Paralympic athlete is a process of successful development due to the

implementation of many tasks: physical, technical, tactical, psychological, theoretical and competitive training of athletes. The positive effect

of the use of physiotherapeutic agents in the training process of athletes is proved, which is confirmed by the improvement of all indicators

on all criteria of diagnostic methods of self-defense, activity and mood and positive changes in the central hemodynamics of football players.
Keywords. recovery, visually impaired players, cryosauna, psycho-emotional state.
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AHoTamnis. B po6oTi oTpuMaHo aHaNITHYHHI BUpa3 IS pO3paxyHKy MaKCHMAJIBHOTO 3HAYEHHS! HEKOMIICHCOBAHOI IIBHIKICHOI IT0-
XHOKH Tipokommacy. Po3paxoBaHO 3HaYe€HHS HEKOMIIEHCOBAHOI IIBH/KICHOI IOXHMOKHM TipOKOMIIACY B 3aJ€KHOCTI BIX Pi3HUIN MK
MIOTOYHOIO 1 BBEJICHOIO B KOPEKTOP MIMPOTaMH, SKi MPEACTAaBICHO B TaOIHMIHOMY BHTIIAL. [IpencTaBieno rpadivHi 3amexHOCTI pi3-
HUIIl MK TOTOYHOIO 1 BBEJICHOIO B KOPEKTOP MIMPOTAMH BiJl MOTOYHOI IMUPOTH ISl MIBUIKOCTI cyaHA Bia 15 1o 30 By3miB 3 METOIO
BU3HAUEHHS J1aMla30HiB IIUPOT, B IKUX KOPEKTOP HE MOTPeOy€e OHOBJICHHS IIUPOTH.

Knrwuogi cnosa: mounicms cyoHo800iHHA, 2IPOKOMNAC, KOMNEHCAYia WBUOKICHOI NOXUOKU, 3a1UUKO8A WEUOKICHA NOXUOKA.

Beryn. Hagiramiiina Oe3meka CyTHOBOMIHHS B 3HAYHIH
Mipi 3aJIeXKUTH BiJ HOXHOOK HaBIraIiifHUX BUMIpPIOBaHb, a
TaKOX BiJ eKCIUTyaTaliifHol HagiifHOCTI TaTYMKIiB HaBira-
1iitHO1 iHpOopMaii.

Ha HaBiraniiiny 0e3neKky BIUIMBAaIOTh XapaKTEPUCTUKU
TOYHOCTI BHM3HAueHHs Kypcy. Tak sk B sKocTi 6a30BOro
npuwiaay, o BU3HAYA€E KypC CY/AHA, BUKOPHCTOBYETHCS
TipOCKOITIIYHUI KOMMAac, TO /0 BEJIMYUH HOTO MOXHOOK
HAroJOIIyIOThCSI BUMOTH, sIKi 3a0e3leuyloTh HeoOXinHy
TOYHICTh BU3HAUCHHS a3MMYTaJbHHUX HamnpsMKiB. B pasi
PYXy cynmHa mo cepudHiii MOBepxHi 3eMili BUHUKAIOTH
JIOTATKOB1 KYTOBI IIBUAKOCTI, SIKi SBJIAIOTHCS MPUIHHOIO
BHHHUKHEHHS IIBHIKICHOI TMOXHOKH. Ii KOMIIEHCAIs Te-
penbadeHa BiIMOBITHUM KOPEKTOPOM, B KM HEOOXITHO
BBOJIUTH IapaMeTpH pyXy CyAHa i foro mmpoty. Hecsoe-
JacHE BBEJCHHS IINPOTH CYAHA B KOPEKTOP BEZE JIO MOs-
BM 3QJIMIIKOBOI HEKOMIIEHCOBAHOI MIBHIKICHOT IMOXHOKH,
110 MOTIPIIY€E TOYHICTh TiPOKOMIIACY.

ToMy po3poOka crocoOy MiHIMI3aIl 3aIUIITKOBOT
HIBUKICHOT TOXHMOKHM TipoOKOMIIacy, 4YOMY MpPHUCBSYECHA
JlaHA CTATTsl, SIBJISETHCS AKTYyalbHUM 1 NMEPCHEKTHBHUM
HarpsiIMKOM.

Koporkuii orasy ny6aikauiii mo temi. B po6ori [1]
MpUBEJICHO iH(OpPMAIIito PO KIACHYHI 1 cydacHI KOMIacH
iHO3eMHUX (DipM, PO3TISIHYTO OCOOJHMBOCTI IX KOHCTPYK-
il Ta METOAWYHI MOXUOKH, MIPHHIUN POOOTH i KOHCTPYK-
IIis1 OTITHKO - BOJIOKOHHUX M CYIIyTHHKOBHX KOMIIACiB.

IToxuOKM TeXHIYHUX 3aCOOIB CYTHOBOMIHHS, 1[0 BHHH-
KaloTh B PI3HUX YMOBax eKCIUTyaTalil, 1 iX BIJIMB Ha 0e3-
NeKy MOpEIUIaBaHHs J0CHiKeHHI B poboTi [2]. Teopis u
MPaKTHKa MOPCHKUX HaBiraliiHUX MPHUJIaJIiB BUKIA/IeHa B
poGoTi [3], meTtansHO PO3LASHYTO MOXMOKH TPHIALB i
METOJH iX KOMIeHcallil.

CyyacHUM MOpPCBKMM CHCTEMaM BH3HA4Y€HHS Kypcy
pucBsidcHa poboTa [4], moka3aHo, MO BOHU MOXYTH OY-
TH TO3ULIHHMMHU Ta aHamTHYHUMH. OcoOnuBy yBary
NPUAITICHO MPUHOMIAM POOOTH aHANITUYHMM 0Oe3 IuIaT-
(OPMHUM ONTHKO-BOJOKOHHMM Ta CYIyTHUKOBHM KOM-
macaM. JleTanmpHi BiJOMOCTI BITHOCHO KOHCTPYKIIi MOp-
CHKOI HaBITaIiifHOT TEXHIKM 3aKOPJAOHHOTO BUPOOHHUIITBA
mpencrasieHi B poboti [5], a B poboTi [6] po3risHyTO
IHTETPOBaHI CHUCTEMH XOJIOBOTO MICTKY, SKi B CBOEMY
CKJIaJli MICTATh HaBiTaliifHI MpWIagy, IO BUKOPHUCTOBY-
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FOTHCS B IKOCTI TaTYUKIB HaBITaIiitHOT iHpOpMAIIii.

Meta. Metoro maHoi myOmikarii sBIsS€TbCS po3podOKa
MPOIEeTypH MiHIMI3aIlil 3aUIIKOBOI MIBUAKICHOI TOXHO-
KH TipOKOMITIACYy 3 aBTOHOMHHUM YHIPAaBIiHHAM YyTIUBOTO
CJIEMEHTY .

Marepianm i metoau. CyyacHuM ripokommnacam 3 aB-
TOHOMHHM YTPABJIIHHSIM YyTIUBOIO E€JIEMEHTY IIpHTa-
MaHHI METOAWYHI MOXUOKH, 10 SAKHX BiJHOCITHLCS LIBHI-
KiCHA, 1HepIliiiHa MOXUOKH Ta MOXHOKA BiJ] XUTABHUII CY/I-
Ha. 3HMKCHHS MOXUOKH BiJl XMTABUII CyIHA IOCSITAETHCS
KOHCTPYKTUBHUMH MipaMHU: 0 CKJIaQy YyTIHBOTO eIeMe-
HTY BXOZSATH IBa TiPOCKOIH, SKi 3a0e3MedyoTh HOoro ro-
PHU30HTANBHY CTa0iNi3aliio, 3aBIIKA 9YOMYy IIOXHOKa Bif
XUTaBUI CyIHA 3HIKYETbCA IO HE3HAYHHX PO3MIpIB i1
HEI0 MOXXHa 3HexTyBaTH. [y OUIBIIOCTI TipOKOMITACiB
JAHOTO THUIy ICHYIOTH PEKOMEHMAIii CyIHOBOMISIM JUIS
BpaxyBaHHs IHEpUIHOI NOXMOKM, sIKa BUHHMKAE dYepes
MaHEBPYBaHHS CY/IHA.

Jlnst KoMTeHcallii MBHAKICHOT MoXubku O, BUKOPHC-

TOBY€ETbCS BIATIOBIHUN KOPEKTOpP, SIKUI po3paxoBye ii
BeMYKHY 32 opmyoro [1]:
5 = VCosI'KK
Y 900cose,
qe V - WBUIKICT Cy/HA,;
T'’KK - TIpOKOMIIACHHUI KypC CyIHa;
@, - HOTOYHE 3HAUCHHS IIMPOTH IIABAHHSL.

POSanOBaHC 3HA4YCHHA H.IBI/I,Z[KiCHO.l. MMOXUOKHU §V KO-

PEKTOPOM BHKIIFOUAETHCS 13 IOKA3aHb TIPOKOMIIACY.

KomreHcarrist IBHAKICHOT MOXHOKH TipOKOMIIACY MOT-
pebye BBEIEHHS IIMPOTH B KOPEKTOP, AKEe MOXKe 3iic-
HIOBATHUCS JUCKPETHO TPH 3MiHI IIUPOTH IJIABaHHS CY/HA
Ha JIesKy BeluuuHy. [Ipy 1[bOMY BHHHKA€ MUTAHHS IIPO
JIOITyCTUMY PIi3HHIF0 MiXXK BBEICHHM 1 JIHCHUM 3HA4YCH-
HSMHM HIMPOTH, YUM BH3HAYAETHCS IEPIOJUYHICTh BBE-
JICHHSI IINPOTH TUIABaHHSI CY/THA B KOPEKTOP.

Po3risiHeMO 1e muTaHHs OUIBIN 1ETaTbHO.

PesysbTaTH i ix o6ropopenns. Ilpunyctumo, norou-

HE 3HAYCHHS HIUPOTHU IJIaBaHHA Cy/IHA CTAHOBUTDH Q’t ,aB

KOPEKTOp BBeJIeHa lMpoTa ¢ . B boMy BUNAJKy JificHe
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3HA4YCHHA IHBI/II[KiCHO.I. MMOXUOKH 5Vt BHU3HAYA€TbCA BUpaA-

30M: 5 = _V Cos/KK |
‘" 900cosg,
a KOPEKTOp BHKIIFOYaTUME MIBUIKICHY MOXHOKY §Vy, Be-
mmuuHa K0T BU3HauaeThest Gopmynoro: 5 _ VCOSTRK,
? 900cosg,

SIkmo noToyHe (0, 1 BBEIEHE ¢y 3HAYCHHA MIUPOTH

HE CHIBIAAaoTh, TO BUHHKAE HEKOMIIEHCOBAHA IMMOXMOKa
AS, pisHa pisHnmi mBHAKICHEX TOXHOOK Oy i O,

106T0: A8, =0, - Oy,
abo 3 ypaxyBaHHAM ojiepkaHux (Gopmyn ans O, i

5Vy OACPKUMO HACTYITHUU BUPA3:

pg, o VOSTKK L 1y el 1 ()
900 ‘cosp, cosg, Cosg, COS(p, +Ap)
ze qZ_\M, A@ - Pi3HHI MiX IIOTOYHOIO

900
¢ 1 BBEICHOIO B KOPEKTOP ¢ IIAPOTOIO.

MakcuManbHe 3HAaYeHHS HEKOMIICHCOBAHOI MOXHOKHU

AJ,,, nocsraetbes na [ KK=0, 3 ypaxyBaHHSM [BOTO

sanuiieMo ¢popmyiy (1) y Burmsmi:
A=t . @
cos@, Cos(p, +Ap)
e g = 513
900

Amnaiiz popmymu (2) mokasye, o 3aJIAIIKOBA TIOXHOKa
AS,,, € PyHKIi€I0 apryMenTiB V , ¢, 1 A .

Posrmsnemo sanexuicts Ad,, Bix @ i A@ upu di-
KcoBaHOMY 3HaveHHi V , Hanpukian 20 By3iiB. B usomy
BHIIAJIKY q*:-1,273°, ToMy (opmyiy (2) MOXKHa 3amuca-
TH B HACTYITHOMY BHIJISIAII:

AS, = _1’273[cos(¢t +Ap)—Cosp, 1
cos ¢, cos(p, +Ap)

IIpuiimatoun 3HaYEHHS A(/)e(—15,15) yepe3 5°, mus

3

mupoT @, i3 3Havenuamu 0°, 15°, 30°, 45°, 60° i 70° no

dbopmyii 3) PO3paxoByBaH 3aJICKHICTh

CCBY4.0

Al CHECK

Puc. 1. 3anexnicts AJ,,, = f (@, Ap) ans mmpor 0% i 15°

[Toxubka BiJ HETOYHOCTI BBEAEHHS IIMPOTH B KOpPEK-
Top AQ,,, TOBMHHA MATH 3HAYCHHS, K€ HE NIEPEBEPIIYE
0°,3 (0°,2 mpu mepenaui kypcy Ha pemitepu i 0°,1 mpu
TIEJICHTYBaHHI OPIEHTHPY). AHANIZYIOUH PE3yIbTaTH PO3-
PaxyHKiB, MOXKHA 3pOOHMTH BUCHOBOK, LIO IIPH IIUPOTAaX,

mo He mepesepuryiots 30°, noxubka AS,, <0°,3 npu

BBeseHHl mmpotn A@ <15°. Tlpu @,=45" 3Hauen-

1A, <0°,3, axkmo A@p <9°, y pumanxy @,=60°
semmunna AJ,, <0°,3 npu A@p <3’ i g1a mmporu

®,=70° noxubka AJ,,, <

vm —

0°,3 mpu Ap <1°,

TakuMm 4MHOM, MPU MIBUAKOCTI cyaHa 10 20 By3JiB B
miamazoHi mupot 0-30° BBEIACHHS MIUPOTH B KOPEKTOP
TPOBOJIUTBCS, KOMU A = 15°, B miama3oni mupot 30-

45° Ap = 9°, B miama3oHi mmpot 45-60° Ap = 3°iB
niamrazoHi mupot 60-70° A@ —1° HETOYHOCTI BBEIECHHS
LWIMPOTU B KOPEKTOp AJ,, He mepesepiye 0°,3. s

BOTO CKOPUCTAEMOCS (POPMYIIOIO (2), 3 IKOT BUXOJIHTE:
A, 1 1

g cosg, cos(p +Ap)
IokakeMO MOXJIHBICTH BHOOpY 3HaueHHS A@ s

Oy1b-sIKOT IIMPOTH 32 YMOBH, 1110 IOXHUOKY BiJl
3Haiizemo 3 ganoi hopmymu Bupas 1t Benmanan A

BpaxoBYHO4H, IIO:

Adyp = T(p1,00) - 1 1 A5, G —AS,,cos9,
Pe3ynLTaTH PO3paxyHKiB sl IUPOT, piBHUX 0° 1 15° cos(p, + Ap) ~ cos 0, - q - q cosg, '

mpuBeJeHi Ha puc. 1, a B Tabn. 1 mpuBeneHo 3HAYCHHS

3anuIKoBoi noxubku Ao, ,, JUisl 3a3HAYEHUX HIUPOT Bij

0° mo 70°.

Ta6auus 1. 3HaueHHs A§Vm mutst mpot Big 0° mo 70°
Ag’ -15 -12 -9 -6 -3 0 3 6 9 12 15
A50 0,045 0,028 0,016 0,07 0,02 0 0,02 0,07 0,016 0,028 0,05
A515 0,045 0,043 0,038 0,03 0,016 0 0,021 0,05 0,076 0,111 0,15
Ad,, 0,15 0,13 0,11 0,08 0,04 0 0,05 0,1 0,17 0,24 0,33
AS,, 0,33 0,28 0,23 0,16 0,09 0 0,10 0,22 0,37 0,54 0,75
Ad,, 0,7 0,6 0,5 0,4 0,2 0 0,4 0,7 1,2 15 2,3
Ad,, 15 1,3 11 0,8 0,5 0 0,9 1,9 3,6 6,7 10,9
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3 OCTaHHBOTO BUpa3zy BUXOAUTH:

" cos
cos(p, +Ag) = —— 2P
q - Aé‘vm COS ¢,
OTxe, cripaBeIIMBa PiBHICTS!
g’ cosg,
+Ap = Arccos(—————+—)
P +Ap (q —AévaOS(p[)

abo 07IepXKY€EMO PIBHAHHS 7St po3paxyHKy A :

q cosg,
Ap =Arccos(———)—¢, -
@ (q —Ac?vmcosm) @

Ockinbku A9, = 0°,3, To octatouno onepsxumo:

“cos
Ag = Arccos(— 1 SBP Ny g
g —07,3cose,
3a 0MOMOTrO0 JIAHOTO BUPa3y MPOBOIUBCS PO3paxy-
HOK 3aJI€KHOCTI A(p Bif (P, A7 Pi3HUX 3HAYEHb LIBMI-

KocTi cymHa: 15, 20, 25 i 30 By3niB. Ha puc. 2 moka3ana
3aJISKHICTD JOMYCTHUMOI Pi3HHUII IMIHPOT Ago BiJ ITOTOY-
HOI IIMPOTH IS BUAKOCTI cynHa 30 By3umiB. Js iHmumx
LIBHKOCTEH CyaHa 3anesxHicts A¢ Bin (0 mokasana Ha

puc. 3 —puc. 5.
AHani3z puc. 2 mokasye, 110 13 3pOCTaHHSM HIUPOTH
3HaueHHs Ag yOysae Bix 30 mo 0,17 y jpiamasoni mupot

0-85°. 3a momomororo onepaHoi 3aleKHOCTI MOKHA BH-
3HAUUTH HIMPOTH, B SKUX HEOOXiJIHO BBECTH HOBE 3HA-
YEHHsI IIUPOTH B KOPEKTOP. 3BEPTAEMO yBary, 1o moxmo-
Ky BBEIEHHS Ag, HE INEPEBEPIIYBATUME JIOMYCTHMOTO

3HaueHHa 0,3°, SKIIO TMOTOYHA IIMPOTa (P, HAJICKUTh
IHTEpBANY [¢.,¢,,,], MEXKI AKOTO 33[I0BOJIbHAE HEPIBHOCTI

((/’m_(/’i) <Ag,,,> AC 3HAYCHHA, ¢, @, i A("iﬂ BI/IGI/Ipa-

I
I0ThCS 3 OEP)KAHUX TpadivHNX 3aIeKHOCTEH.
Hanpuknan, mis mBuakocti cyana 20 BysmiB (puc. 4)
3a JIAHUM TPHHIMIOM OJIepKaHi HACTYIHI Aiana3oHU
LIUPOT, NP 3HAXOKECHHI MOTOYHOT LIMPOTH B SKUX KO-
PEKIlis MIMPOTH B HACTUIFHOMY KOPEKTOpi He MoTpiOHa.
OneprkaHi HACTYIIHI Jialla30HH MIAPOTH: [p, =0,¢, =20];

[p, =20,p, =33];

Puc. 2. 3anexuicts A(o Big mupotr (P, I MIBUAKOCTI

30 By3uniB
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A CHECK

Puc. 3. 3anexHicte A Bifl LIMPOTH ¢, JUIA WBHAKOCTI 25

BY3JIiB

A CHECK

Puc. 4. 3anexHicTs A(o Big mmpotu (D, mst MBHAKOCTI

20 By3miB

AIY CHECK

Puc. 5. 3anexsicTs A(D BiJ mmpoty (D mnst mBHAKOCTI

15 By3uniB

[p, =33,¢, =40]; [p, = 40,0, = 47];
s = 47,95 =52]; [9s =52,¢, =56]; [, =56,9, =60];
[p; =60,0, =63]; [@, =63,¢,,=65]. Hamani i3 3pocran-

HSM [IUPOTH ii BBEICHHS B HACTUILHUI KOPEKTOP MPOBO-
JUTHCS TIPH 3MiHI Ha 1°. AHAJOTiYHO 3HAXOJATHCS Jiamna-
30HH IIHAPOTH JJIS 1HIINX MIBUAKOCTEH, BHKOPUCTOBYIOYH
rpadiku puc. 3 — puc. 5.



Science and Education a New Dimension. Natural and Technical

Thejournal is published under Creative Commons Attribution License v4.0

BucHoBkH

1. OrpumaHo aHAITHYHUI BUpa3 JUIsl PO3PAaXyHKY Ma-
KCUMaJIBHOTO 3HAU€HHS HEKOMIICHCOBAHOI ILBUKICHOT
MOXHOKH TipoKOMIIacy.

2. PozpaxoBaHO 3HAa4E€HHS HEKOMIIEHCOBAHOI ILBHJIKi-
CHOI TOXMOKH TipOKOMITaCy B 3aJIe)KHOCTI BiJ pPi3HHII
MDX MOTOYHOIO i BBEJICHOIO B KOPEKTOp IIUPOTAaMH, SIKi
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MIPEACTABIICHO B TAOJMYHOMY BHIJISI.

3. IlpencraBieHo rpadiuHi 3aleXHOCTI PI3HULI MIX
TIOTOYHOIO 1 BBEJICHOIO B KOPEKTOP LIMPOTaMH BiJl MOTOY-
HOI IIMPOTH JJIsI IIBUAKOCTI cynHa Bin 15 mo 30 By3:miB 3
METOI0 BU3HAYEHHS Jialla30HiB IIUPOT, B IKUX KOPEKTOP
HE 1oTpedye OHOBIECHHS IIUPOTH.
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with the autonomous management of sensible element

In work analytical expression for the calculation of maximal value of the uncompensated speed error is got to the gyro-
compass. The value of the uncompensated speed error is expected to the gyro-compass depending on a difference be-
tween current one and entered in proof-reader by latitude, which are represented in a tabular kind. Graphic dependences
of difference are represented between current and entered in proof-reader by latitude from a current latitude for speed of
ship from 15 to 30 knots with the purpose of determination of ranges of latitudes, in which a proof-reader does not need

update of latitude.

Keywords: exactness of navigation, gyro-compass, indemnification of speed error, residual speed error.
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AHOTAaMifA. Y CTaTTi PO3TISIAETHCS 3aCTOCYBaHHS OIKOMIUIEKCHOTO OOYHCIICHHS MPU PO3PaxyHKY MEPETBOPIOBATLHUX MPUCTPOIB 3
06araTopa3zoBO0 MOJIYJIAIIEI0 JJIsl BUKOPUCTAHHS Yy aBTOHOMHHX 00’€KTaX BiJHOBIIOBAaHOI CHEPTETHKH. 3alporoHOBaHEe (HOPMYITHO-
BaHHS 3aBJaHb y TIMEPKOMILIEKCHOMY TO/IaHi H03BOJIMIO 3MIHCHUTH CTUCHEHHs 00pobmoBanbHOi iH(GopMarii. MeToa 6iKoMILIeKc-
HOTO MPEICTaBICHHs Nepeadavyae mpsMe Ta 3BOPOTHE OIKOMIUICKCHE MEPETBOPEHHS, SIKE I03BOJIIE OTPUMATH aHAJITHYHO TIOBHE pi-

LICHHS 010 aHAJI3y CHCTEMH 3 0araTOKpaTHOK MOAYJIALIEI0.

Knrwouoei cnosa: zinepkomniexcui uuciosi cucmemu, OikOMNieKCHe 004UCIeHHS, KOMymayilina QyHKYis, nepemeoprosanbti npu-
cmpoi 3 6a2amopazosor MoOYIAYIEK, GIOHOBTIOBANbHI OJicepela eHepail.

Beryn. CyuacHi cuctemu enexrponocradanust (CEIT) aB-
TOHOMHHX 00’€KTIB Ha OCHOBI BiJHOBIIOBAJILHUX JKEPEI
eneprii (BJIE) € HenmiHiHHUME Ta 6araTto3B’ I3KOBHMH CHC-
TeMaMH, B SKUX MAaIOTh MiCIle CKJIQJIHI IePeXiTHi MPoLecH
Ta MOKJIMBE BHHUKHEHHS KPUTUYHUX 1 XaOTHIHHUX PEKU-
MiB.

BusuenHs cTpykTyp rinmepuncioux cucteM (I'HC), ix
0co0NMMBOCTEH, METOAIB OOYMCICHHS Ta anpOKCHUMAIil
eJNeMEeHTapHUX (YHKLIH TiNepKOMIUIEKCHOI 3MIHHOI Aa€e
MOJKJIMBICTh 3aCTOCYBaHHS TAKHX CHUCTEM JJIs aHANi3y Ta
PO3paxyHKy MapameTpiB MepeTBOPIOBAILHUX NPUCTPOIB 3
0araToKpaTHOI MOJYJISILIEI0 IPYU BUKOPUCTaHHI y aBTO-
HOMHUX 00’ ekTax (AQ) BiTHOBIIOBAHOI CHEPTCTHKH. Y Jie-
SKUX BHMaakax 3actocyBaHHsA [UC nae 3Mory 3aMiHUTH
BHXIJHY 3a7a4y €KBIBaJICHTHOIO, TOOTO OOy IyBaTH KBa-
31aHAIOTOBY MOJIEIb pO3B’s13Ky [1-7].

Juis ehekTHBHOTO MOZIETIOBAHHS PO3B’S3KY 3a1ad, 0
CTOCYIOTBCSI IEPETBOPIOBABHIX IPUCTPOIB JUIST BUKOPHC-
TaHHS Yy BITHOBIIOBAaHUX JpKepenax eneprii (B/IE), y rine-
PKOMIUIEKCHIH YUCIIOBIN cucTeMi HEOOXIJHO 3HATH JilC-
HUH BUIIILL QYHKIIN y 1ill cucTeMi, TOOTO BUIJISA] CKIla-
JIOBUX (DYHKIIIH TINEPKOMIUIEKCHOT 3MiHHOT.

KopoTknii oryisin myo6Jikaniid mo remi. Ha choromui
BiJIOMa JIOCTATHBO BEJIHKA KUIBKICTh POOIT, MPUCBIUYCHUX
po3po0IIi Ta BUKOPUCTAHHIO BiTHOBIIIOBAHUX JKEpET CHe-
prii. Cnin Bim3Hauutu podotu luamoscekoro A.K., Ku-
punrenko O.B., IMusnsxka I'.I"., Kynpi C.O., Pesnosa B.®.,
Baceko I1.0., T"'aecpkoro O.10O, N'omoBka B.M., Bekipoa
€.A., Mxirtapssna HM., Bero6 P., Traiigemmra M., ®a-
peHOpyxa A.

MeTa nocizKeHHs TOJSira€ y pPO3BUTKY Teopii Oi-
KOMIUIEKCHOTO TEpPETBOPEHHSI Ul IMEPETBOPIOBAIBHUX
MPUCTPOIB 13 6araTropaszoBO0 MOJYJISIIEI0 PH BUKOPHUC-
TaHHI Yy aBTOHOMHHX OO0’ €KTax BiJIHOBIIIOBaHOI eHepre-
THKH.

Marepiaau Ta Metoau. CTaTTs IpyHTY€ThCS Ha ITyOuTi-
KallisX, J¢ PO3MJIAHYTI TIMEPKOMIUIEKCHI CHCTEMH YHC-
JICHHS, B TOMY YHCIi OIKOMIUIEKCHE ITEPETBOPEHHS. 3aCTO-
COBYIOTBCSI METOJIH aHAITI3Y Ta PO3PAXYHKY BHXIIHOTO CH-
THaIY.

Buknan ocHoBHOro Martepianxy. AITOpUTMH KOOPAH-
HATHO-TIAPAMETPUYHOTO KEPYBAHHS B iIHBapiaHTHHX IIepe-
TBOPIOBAJIbHUX CHUCTEMax CIPHYMHWIIM CEepio3HI TpyI-
HOIIi IPH aHANi31 HECTAaIliOHAPHUX HPOIECIB y MPHUCTPOSIX
i3 OaraTopazoBOI0 MOIYJIAIIE0, 110 mpaioTh 3 BJIE. 3
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METOIO BHPIIICHHS TAHOTO 3aBJaHHS, y SIKOCTI MaTeMaTH-
YHOTO anapaTy IOLILHO BUKOPUCTOBYBATH TiIEPKOMILIC-
KCHI CHCTeMH 4HclieHHsA. B manomy Bumaaky Buoip ['UC
3BOJIUTHCS 10 OIKOMIUIEKCHUX YHCEI, 38 AaHAJOTIEI0 3 Kia-
CHYHUM KOMIUICKCHUM YHCIIOM, SIKE Mae airedpaiuny
KOHCTPYKIIIFO BUIIISLY
Z=x +ix, +jxs+kx, =Yt _iemxm 1)
ne (x1, x5, x3, x,)¥ € R* — Touka eBKJIiZOBOTO TpoC-
Topy. Y Tabi.1 HaBeaeHO MHOXKECHHS Keni 6a3ucHux eie-
MEHTIB i€l TPYIIH.

Tab6u. 1.
bml 1 i j k
em
1 1 i j k
i i -1 k -j
j i K -1 i
k k i i 1

KoopauHaTtu TOYKH BUXIIHOTO €BKIIIZIOBOTO MPOCTOPY,
T00TO mificHI MHOXHUKY TipH 1, i, j, k, HazBeMo "KoMMIOHE-
HTamu" GikomImiekcy. OTxe, IPUIHHATA Y BU3HAYCHH] Ta0-
JUIISL BIAPI3HAETHCS BiJl BiIOBITHOI TaOMHIII IS KBaTEp-
HiOHIB (TIMEPKOMIUIEKCHUX YHCEN) TUM, IO Y IbOMY BH-
IaJIKy MHOKEHHS KOMYyTaTHBHE.

3a3HaunMo, IO iq, i, — YSBHI OAWHUII, IS SKUX i12
i2 =—1, onHak i; # *i,, a i3 = iy * i, IpHUOMY i3
1, i3 # £ 1. bikoMIuIeKCHI YKciIa MOXKYTh OyTH OTpUMaHi
KOMYTaTHBHUM IOJBOEHHSM TIOJISI KOMIUIEKCHUX YHCEN
KOMIUIEKCHUMH YHCJIAMH.

Kopuctyrounce anre6poro OGiKOMIUIEKCHOTO HEpeTBO-
peHHs1, po3rstHeMo goxaTok ['YC no mocmimkeHHs neperT-
BOPIOBAJIHUX MPHUCTPOIB i3 0araTOKpaTHOIO MOAYJISIIIEI0
st AO BJIE.

3 TOYKH 30py BHKOHAHHS YMOB iHBapiaHTHOCTI, JOBe-
JICHO, 1110 €IMHUM BapiaHTOM CTBOPEHHS CTPYKTYpPHO-iH-
BapiaHTHOI NEPETBOPIOBAILHOI CHUCTEMH € IIOCIiI0OBHE
3’€IHAHHS MOJIYJISITOpa Ta JAEMOJYJSATOPa y CHIOBOMY
TpakTi. CucreMa Ha OcHOBI iH(opMaIlii mpo BXiAHY, BUXi-
JHY HanpyTy Ta 30yproroun BIUTMBH, GOPMYE KOMyTaliiHy
dyuxuito Q(t). Jlns oTpUMaHHS KOMyTAIHHOT (yHKI

Q(t) cxopucraemocs popmyioro Eiinepa ta mpuseneMo

TpUroHOMeTpuuHUH psig Dyp'e o KoMmIIeKcHOT hopMu

Q@) = Zlcf=1 C(Zk—l) ' e](Zk_l)wt/ZZ)ﬂ C(Zn—l) sel@n-nat 2
ne i, ] — pi3Hi ysIBHI OJJMHHIII, 110 BiAMOBIIAOTH Pi3HUM
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yactoTaM {2 1 @. Takum ynHOM, KOMyTauiiiHa QyHKUis B
3arajbHOMY BUTJISIII MOXKE OYTH TpeacTaBieHa T00yTKOM
JIBOX Pi3HUX 32 YaCTOTOK (DYHKIIIi:
Q(®) = a(wt) - b(t) 3)
3MiHCHUBIN KOMILUICKCHE TIEPETBOPEHHS UIS CKJIAJ0-
BUX (YHKLIH Bupasy (3), oaepKIUMO
a(t) = Ay = aycosay, + iamsinam} @)
b(t) = By = bycosPy + jbysinSy,
Je m, k — HOMepH TrapMOHIKM st @ i 2 ; i, | — pi3Hi
YSIBHI OJIMHUITI, IO BiIMTOBIAAIOTH PI3HUM 9acTOTaM @1 {2;

21
amsinay, %foz a(t)cosmwtdt = %fom a(p/w)cosmede )

= ; 2 )
AmCOSAy = %fow a(t)sinmowtdt = %fo " a(@/w)sinmede;
2m
bysinfy = g J2 b(t)coskatdt =~ 2T b(A/Q)coskadA;

21
brcosfi = = [@ b(t)sinkQtdt = = [*" b(1/2)sinkdA,
()

npu 4yomy @ = wt, A = t.

ITixcraBuBmm Bupa3u (5) B (4), micas MEpPEeMHOKCHHS
Ay ta By, 3 ypaxyBauusam dopmyiu Eiinepa omepsKumo in-
TerpajibHe TEPETBOPEHHS, SIKE Ha3BEeMO OIKOMILICKCHHM
MIEPETBOPEHHSIM:

i D 1 .. p2n 27
Qmk = AmBy = =Y fo fo a(p/w) X b(4/
Nemee-ikidpdA (6)

OTprMaHe NEepeTBOPEHHS € NPSMHM OIKOMIUIEKCHUM
MIEPETBOPEHHSIM.

OOepHeHe OIKOMIUIEKCHE IMEPETBOPEHHSI BBEIEMO Ta-
KM YHHOM:

Q) = Q(9/@, /D) = 4= oo B0 Qi ™ P/ (7)
3 ypaxyBaHHAM BUpa3y (6) OoTpuMaeMo TOBHE Oi-
KOMITICKCHE TIEPETBOPEHHS B iHTETpasIbHIN (hopmi:
Q) = 5 2R oo Do ™I - [T [ a(p /) X
b(A/Q)e"mPe=ik2dpd A (8)
BikoMIIIeKCHE MEPETBOPEHHS MO3HAYUMO OIEPaTOPOM
Tk [Q(D)] = Qi 360 Qyye = Q(t), TO6TO BBOMMO TIO-
HATTSI OPUTIHATY 1 300pakeHHs1 010KOMIUTEKCHOT (DyHKIIII.

3a3HauuMo, 10 3 ypaxyBaHHSM BHUKJIAJIEHOTO, BijoMe
KOMIUIEKCHE MEPETBOPEHHS € YacTKOBUM BHUIAIAKOM Oi-
KOMIUIEKCHOTO, OCKiIBKM TpH mocTiiiux a(t) ado b(t),
koma m = 0 abo k = 0, BBeImeHi iHTErpaibHI MEPETBO-
penns (6) — (8) cTaroTh PIBHUMH 3 TOYHICTIO 10 OCTIHHUX
CMiBMHOKHUKIB 2i ab0 2] BijoMuM BHpa3aM KOMILICKC-
HOTO TIePETBOPEHHSI MepioanuHuXx QpyHKiiit [1].

Kopucryrouncs OCHOBHHUMHE TpaBHJIaMH aireOpu Oi-
KOMIUIEKCHOT'O [IEPETBOPEHHS Ta OIKOMIUIEKCHUMH 300pa-
KEHHSMH BEKTOPHHUX (YHKIIi, 300paxenns Ce*e/f ma-
3BEMO OIKOMIUIEKCHOI aMILIITYIO TileprapMOHiYHOT
¢ynkuii Csin(wt + a)sin(2t + f), a BenmuuHy iw +
jf2 = wy — OIKOMIUIEKCHOIO y3arajbHEHOI YacTOTOIO.
Ponb 1ux BENMYMH MPU JOCII/PKSHH] CUCTEM 3 6araTtokpa-
THOKO MOJAYJIALIEI0 aHAJIOTIYHA POJIi KOMILICKCHUX aMILTi-
Ty ¥ 4aCTOTH IPH PO3paxyHKy €JIEKTPUYHUX KiJl 3 rap-
MOHIYHHMH HaNpyraMu i CTpyMaMHu OJTHI€1 9acTOTH.

AMHaJIoriuHi MOHSATTS BBOAATHCS i st M, K — rineprapmo-
HiYHOI cK1anoBoi QpyHKii Q (t).

T'eomeTpiyHy iHTEpHpeTaIifo TiMmeprapMOHIYHOI (YHKIIT
MOYKHA BBECTH BEKTOPOM C, 1110 00ePTAETHCA 3 KyTOBOO IBH-
nxictio Q y cucremi koopauHat X10Y1, sika y CBOFO uepry ooe-
PTa€ETHCS 3 KYTOBOIO IIBHKICTIO (0 Y HEPYXOMil CHCTEMi KO-
opmuaar XOY (puc. 1), 3BiIKM BHUIUIMBA€E, IO TMPOEKIIIS
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mod[C,] na Bics 0X npoekuii mod[C; + C,] Bexropa C Ha
Bick 0Y1 nopisuioe Csin(wt + a)-sin(2t + f).

-«Q

y A

Puc.1. PO3nsiHyTY IOMIMHY MOYKHA BBYKATH OIKOMITIEKCHOIO, SIKIIIO
riokytacty, 1o oci 0X i 0Y BimmoBinaroTs miitcHii (1) 1 ysBHii (i1) ocsm
oty XOY i iicii (13) 1ysBHii (i,) ocsv wiommeu X10Y1. Tom
Bextop C Bifmosinae GikoMmnexcHii ¢yHkuii

C(t) = C - el@t+Dj(2t+B) = Ceos(wt + a) - cos(2t + B) +
+i; Ccos(wt + @) sin(t + B) + i,Csin(wt + a) cos(2t + B) +
+i3Csin(wt + @) sin(Qt + B) = mod[C,] + i;mod[C,] +
iymod[C3] + izmod[C,] 9)

Tpu mpoMy GikomriekcHa ammiityna C = C (t)|¢=0 BH-
3HAUNTHCS TIOYATKOBHM MOJOKEHHAM Bektopy C. Taxwuit
3B'130K GIKOMIUTIEKCHHX BEHUUH i BeKTopy C Mae MicIie e
mpua-d =b-c.

3anponoHOBaHU MeTOJ OIKOMILIEKCHOTO YHCICHHS
MOYKHA BBa)KAaTH y3arajibHEHHSIM Ha OLTbII a0CTPaKTHOMY
PiBHI BiJIOMOTO IHTErPaJbHOTO CHMBOJIYHOTO YHCICHHS
Ha 00JacTh (QYHKIIIH T1TepKOMIUIEKCHOT 3MIHHOI.

KopucTyrounch KOHKpPETHHMH CITiBBiTHOMICHHAMHU Oi-
KOMIUIEKCHOTO TEPETBOPEHHS MOYKHa aHali3yBaTH BUXi-
JIHY HaIrpyTy IepeTBOPIOBaJIBHOTO MMPHUCTPOIO 13 OaraTtopa-
30BOI0 MOYJISLIEO 1 37IiCHIOBATH MOJICIIOBAHHS CHCTEM
€JIEKTPOKHUBIICHHSL.

Ha ocHOBI npoBe/IeHUX TEOPETHYHHX JOCHIPKEHb PO3-
po6iteno psix I1I1 i3 6araTopa3zoBo0 MOAYJIAIIEIO Ta aall-
THBHUM KOOPJMHATHO-TIAPAMETPUYHUM KEPYBaHHAM Y
cKiaji cuctemu enekrpornocradanas 3 BJE, sxi nepenoa-
4ar0Th (OPMYBaHHS 33aHOI BUXIHOI HAIPYTH AOBLIBHOT
(¢opmMu 3 HEOOXiTHOIO TOYHICTIO 32 YMOBH 3a0€3IEUCHHS
iHBapiaHTHOCTI BUXimHUX KoopamHAT III1 mo Bumy mepe-
TBOPIOBAHOI €JIEKTPOEHeprii Ha BUXOJI IEPBUHHOI CHC-
temu 3 BJIE, a Tako 10 BIUIMBOBUX KOOpJMHATHO-Tapa-
METPUYHUX 30ypeHb

Jli1s1 anautizy 3a IOMOMOTO0 OIKOMITIEKCHOTO YHCIIEHHSI CTPY-
KTYpH TIEPETBOPIOBATHHUX TIPUCTPOIB i3 6aratokpaTHOO MOY-
ssiero st BJIE po3ristHeMo OUTBIN IeTalbHO BUPA3 TSl KOMY-
TAaIHOT QYHKIIIL.

VY 3aranpHOMY BHTYISI BUPa3 (2) Ma€e BUATIIS

_1k-1
S e

—_1)n—-1
%Zf:l{( 2112—1

Binomo [1], o mominomu Bix | 'y Bupasi (10) MoxyTh OyTH
MIpeCTaBJICHI B 3aMKHYTIH dopmi:

YN cos(2l — 1)a = =~ 202

N .lg] cos(2l—1)al’]}-cos(2k—1)wt

Q) = (10)

Z{Vﬂ[gl cos(2l—1)al]}-cos(2n—1).(2t

2

(11
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Topni Bupa3s (10) 3anumiersbest y BUMIIAL
I, ! k=1
g1 sin 2Nalz°° (-1)

cos(2k—1)wt

— sina) k=1"2k-1
— L
Q(t) T gysin2Naj Lo (-1 n—1)0 (12)
sina; En=1 2n-1 cos(zn-1)0t
[epeTBOPHUMO OCTaHHI# BUpa3 10 BUTIIALY
=~ _ Mk B (-DF L cosk-Dwt
Q(t) T 3% (-1 1cos(2n-1)at (13)
n=1
T s ’ .
_ g;sin2Na; ,g;sin2Nag
Heﬂn,k - /

sinaj] sinqg
3 MeTOr MONANBIIOTO CIpolieHHs Bupady (13) npen-
CTaBUMO HOro 3HaAMEHHHUK JJI1 MUTTEBOTO 3HAYCHHS apry-

MEHTY y BUIIISAI
- 1
Yo (-1 1-cos(2n —1)x = ~secx (14)
[ToMHOHMO YHCENbHUK 1 3HAMEHHHK BHpasy (13) Ha
cos Ot. Toxi 3 ypaxyBaHHSIM TOro, 110 (€OS X - secx = 1),
1 TIOBEPTAIOYHCh IO KOMIUIEKCHOI (DOpPMH TIPEICTaBICHHS
pamiB, otpuMaeMo Bupas (13) y Burmsmi

5 w D" ion- D k-
Q(t) — An,k Zn:lﬁel(zn 1)thZ?=1me](Zk 1)t

(15)
OTpuMaeMo BUXIOHHHA CHTHalI TIEPETBOPIOBAILHOTO

CCBY4.0

MIPUCTPOIO 13 OAraTOKPaTHOI MOIYJISLIEI0 B OIKOMILIEKC-
Hill popmi MOxe OyTH NpeCTaBICHO BUPA30M

Ui = AP (10) * 3= B0 SR oo f k) F(in2)  (16)

Jle y3arajbHeHa OIKOMIUIEKCHAa 4YacTOTa BiJIIOBigae
(+jpQ q =/

BucnoBku. Kopucryrounch OCHOBHUMHU TIpaBUJIaMHU
anreOpu OIKOMIUIEKCHOTO TEPETBOPCHHS Ta OIKOMIIIEKC-
HUMH 300pa)KeHHSIMU BEKTOPHUX (DYHKIIIH, MOXHA aHai-
3yBaTy BUXIIHUI CUTHAJ IEPETBOPIOBAJIBHUX MIPUCTPOIB i3
0araToKpaTHOI MOIYJIILIEI0 IS pi3HUX (GOpM BXiTHOTO
BILIVBY.

OIHUM 3 JOCHUTH EPCIIEKTUBHUX 3aCTOCYBaHb TiepPKO-
MIUIEKCHOTO BUPAXyBaHHs € TIEPETBOPEHHS CUCTEM JUde-
PEHITIATEHUX PIBHSIHB 3 METOIO CIPOIIEHHS a00 CTHCHEHHS
B ofHe piBHAHHI. ToOTO, 3arajbHe 3aBIaHHS TIEPCTBOPCHHS
MO>Ke OyTH ChOPMYITHOBAHO B TAKHHA CIIOCIO: 32 CHCTEMOTO JH(e-
PEHIIIATEHIX PIBHSIHD HEOOXITHO 3HANTH TaKy TilepUIrCIIOBY CH-
CTeMy, 32 JIOTIOMOTOFO SIKO1 BUXi/THY CHCTEMY MOJKHA CTUCHYTH B
OJIHE PIBHSHHS, PO3B 30K SKOTO MOJKHA 3aIMCATH B aHAJIITHY-
HoMy Burysii [8,9].
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Bicomplex analysis of converters for autonomous renewable energy facilities

N.V. Belenok

Abstract. The article covers the use of bicomplex approach in the calculation of converters with multiple modulation used in autono-
mous renewable energy facilities. The proposed method in the hypercomplex representation leads to a reduction in information pro-
cessing. The bicomplex representation method includes direct and inverse bicomplex transformation, which allows obtaining analyti-
cally complete solution for the analysis of a system with multiple modulation.

Keywords: hypercomplex numerical systems, bicomplex analysis, commutative function, multiple modulation converters, renewable

energy sources.
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Amnoranisi. Beryn. Pict kinbkocri iHpopMariii 1ocTynHOI B Mepexi iHTepHET € eKCIoHeHIIHHNM. DinbTpyBaHHs KicHOT iH}o-
pMmartii Bix HesikicHOT cTae aexaini BaxxauM. [lomryk iHpopMmanii 3 HaiHUX pKepel € BaXKIUBUM 3aBIaHHsIM. OJHe 3 BUCOKO-
SIKICHHX JUKepex iH(popManil - Ije HayKoBi JociiukeHHs. MeTo10 po6oTHn € o0y 0Ba CUCTEMH, SIKa MOKE KJIACTEPH3yBaTH
HayKOBI CTaTTi, BpaXOBYIOUH ii CEMaHTHYHI BJIaCTUBOCTI, Ta MOPIBHATH AITOPUTMH KJacTepu3alii uis miei 3amadi. Pe3ynn-
TaTu. [IpoaHanizoBaHO CTPYKTypy HayKOBHUX CTaTeil Ta BU3HAYEHO OCOOIMBOCTI, SIKi CJTiI BpaXOBYBATH IiJ] 4ac KacTepu3awii
cTaTel 3a IX TEKCTOBUMH CEMaHTUYHHMH BIacTUBOCTAMU. ONHcaHo mpolec MoO0yA0BU KIacTepiB. XapaKTepHCTHKU TEKCTOBOL
YaCTHHU KOHTEHTY NOIepeIHbO ChOPMOBAHO 3a JOMOMOTroro HeiiponHoi Mepexi BERT. Po3pobieHo cuctemy, sika onparibo-
BY€ TEKCTOBY YaCTHHY HAayKOBOI CTaTTi 1 Oyaye KiacTepu3awilo. AHai3 poOOTH po3poOsIeHOT CUCTEMH MOKAa3aB MepeBary i
HEJIOJTIKM METO/IB Knactepusanii. BucHoBkn. Bukopuctanus po3po0ieHoi cucTeMH, sika Ha BXiJl OTPHIMY€ XapaKTepUCTHKN
TEKCTOBOI YaCTHHH HAayKOBOI CTaTTi, Ja€ 3MOT'Y KOMIUIEKCHO OL[IHUTH 3B’SI30K HAyKOBUX CTaTel OJMH MiX IHIIHM, a TaKOX
IHTepIpeTyBaTH 1 3B’I3KN.
Knrwuosi cnosa: wmyunuii inmenexm, 00poOIeHHs RPpUpPOOHOL MOBU, KIACMEPU3AYIs.

Beryn. KinekicTs iHdopManii, ocTynHa HepeciuHiii 1O KiJIBKOCTI CNiB sIKi B HUX BX0ZATh. Kiactepusaito
JIFOIMHI POCTE SKCIIOHCHININHO, 11€ 3B’ 3aHO 3 JICTKICTIO  MPOBEJCHO Ha CTATT:X 3 “Bikimemii”.
CTBOPCHHS 1 MOIIMPEHHs iHpopMaIii 3a JOIOMOTOK V po6ori Beil et al. (2002) Frequent term-based text
Mepexi “IHTepHeT”, Ta cyyacHUX comialbHUX Mepex.  clustering [2] BUALIAIOTH ClieliaibHi ClIOBa-TPEICTaB-
[ndopmalito MOXkKe MOLMIMPIOBATH KOXKEH, XTO Ma€ O-  HUKHU TEKCTIB JyIsl 31iHCHeHHs kiactepu3aii. Li mpen-
CTYII JI0 IIUX MEPEX, a IIe - MUTbSIpAN JIIofiei. Bce Ha-  CTaBHUKH OTPHMAHO 32 PaxyHOK OOpaxyHKH YacTOTH
TaJbHO MOCTAE€ NMUTAHHS MEPEBIPKU NMPABWIBHOCTI iH-  BXXKMBAHHSA CIIB 1 TAKMM YHHOM OyJIO BHAIIEHO KIIIO-
(dopmartii. YOBi CIIOBA TEKCTY, IO IKUM OyIa 3pobJieHa KiacTepu-
OpmHUM 3 DKepel SKICHOT 1 TOCTOBIpHOT iHpopMarii  3arfis.
€ HAYKOBI CTaTTi B PCIIEH30BAHMX )KypHaNIaX. ¥ KOkHOI @ VY Iiif poOOTi pO3TIIAIaeThCsl KIacTepu3allisl TeKC-
TaKol CTATTi € ACKiNbKa JIIOACH-PEIICH3CHTIB, IKi KPpH-  TiB HAYKOBHX PoOiT. I X poOiT € XapaKTepHUM Ha-
TUYHO MTPOYUTAJIH CTATTIO, TIEPEBIPHIIM JIOTIUHICTh TAp  SIBHICTH CTPYKTypu. KoxkHa 31 crareil Mae Taky CTpyK-
rinore3a-BUCHOBOK, KUIbKICTh CTATUCTUYHUX JIAHUX Ta  TYpY:
croco0iB X 00pOOKH. aHOTAIIis;
[Tomryk BiANOBII HA IMOCTaBIIEHE 3aITUTAHHS Cepejl BCTYII;
BEJUKOI KUJIbKOCTI cTareii aBTOMaTn30BaHUM CIOCO- aHaJi3 IHIIUX poOiT;
OoM - 11e HeTpHBiajbHe 3aBAaHHs. Y 1iil podoTi Mu Oy- CeKIlii, [0 ONKCYIOTh CIOCIO NEePEBIPKH TiloTes;
JIYEMO aNrOPHUTM, SKHI CHPOIIye TIPYyNye HAYKOBI BUCHOBKH;
CTaTTi y KaTeropii U CIPOIIEHHS MOUTYKY BIIIOBIiIL JIOTATKOBI CEKIIIT.
Ha IIOCTaBJICHE 3alIUTaHHS Harmra pobota craBuTh mepen co00r 3aBIaHHS IO~
IMocTranoBka npodaemu. Knactepusauis - ogHa 3 Oy/IyBaTH aJrOPUTM, SIKMH BPaxoBYeE caMe L0 CTPYK-
HaAMOLIPIINX TeM HAayKH MPO JaHi. 3a/ava K1acTepusa-  Typy, TIIOTe3U i BUCHOBKH IS KJIACTEPHU3AIlil TEKCTIB,
il - 11e Mol 00 €KTIB Ha IpymH (KJIacTepy), sIKi y BU-  a TaKOX HOPIBHSATH Il AITOPUTMH KJlaCTepHU3allii.

MaJIKy TeKCTOBHX JIAHUX HECYTh CXOKi CEeMaHTHYHI Xa- MinroroBka BXiTHUX JaHMX ISl KJIaCTepU3allii.
paktepuctuku. Knacrepusauisi OyBae crpora i m’ska.  HaykoBi crarTi MawooTh crieudidHy CTpyKTypy po3ni-
Crpora kimactepusailis nepeadadae moOymoBy rpym - B, J[Js 3amadi KjiacTepusailii Mo TeMaTHUIl PO3TIISHY-

MHOXXUH 00’ €KTIB, 5IKi HE IEPETHHAIOTHCS 1 5IKi B OO €1-  THX nMTaHp (Timore3ot0 1 11 miaATBepIKeHHsIM abo
HaHHI Jal0Th BCIO MHOXHHY OO’€KTIB - YHIBEPCYM.  CIIPOILIEHHSIM) MU BUIUIIEMO TaKi MPU3HAKH, sIKi Oy-
Taka kacTepu3allisi € MOKPUTTSIM MHOXKUHH 00’ €KTIB.  JyTh IIEPETBOPEHI B TEKCTOBI XapaKTEPUCTHKH.

M’sika KjacTepu3allis - 1Ie TaKWid MOAUT 00 €KTiB Ha 1. Kurouosi ciosa

TPYyIIH, KOJIU OJHWH 00’ €KT MOXE HAJIEKATH BiJ OHOTO 2. AmHoTaris
JI0 JIeKUIBKOX I'PYTl OJHOYACHO. 3. Bceryn

Y pobori Hu et al. (2008) Enhancing Text 4. Tekct poboTH
Clustering by Leveraging Wikipedia Semantics [1] po- 5 BucHoBoxk

3TIISIA€THCS KIIaCTePHU3allisi TEKCTiB 0a3yl0unCh Ha OH- I'moTe3y i BiAMOBiAL MOAHO B aHOTAII{, BCTYII Ta
tonorii WordNet. B ix migxomi OyayroThCs Tak 3BaHi  BHCHOBKY, TOMY BOHH BPaxOBYIOThCS OKPEMO BiJl 3ara-
“mimku ciiB” (bag of words) - 11e BEKTOpH3aIlisi TEKCTy  JIBHOTO TEKCTY POOOTH.
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OTpuMaHHSl XapaKTEPHCTHK 3 TEKCTOBOI 4ac-
THHHU KOHTeHTY. 7151 reHeparii 03HaK 3 TEKCTOBUX Ja-
HUX OyJI0 BHKOPHCTaHO HEHPOHHY Mepexy, moOymo-
BaHy Ha OcHOBIi apxitektypu Transformer [3]. Ocki-
JBKW HaBYaHHA HEHPOHHOI Mepexi s oOpoOIeHHsS
moTpe0ye BeIMIe3HUX OOCSTIB JaHUX, TO IO CHCTEMY
MH TPEHyBaJH Ha OCHOBI IONEPEAHHO HABYECHOI Me-
pexi Ha MoBHEX Mozeiix cucremu BERT [4]. Ha Bin-
MiHy Bix cuctemu word2vec [5], cuctema BERT Bpa-
XOBY€ KOHTEKCTHY 3aJIC)KHICTD CIIIB B MEKaX pPEUCHHSI.
Ha Biaminy Bim cucremu RoBERTa [6], cucrema
BERT wmae kparnty MIBHIKOJIIO, IO CYTTEBO BILIMBAE
Ha 4Yac TPEHYBaHHs | BAKOHAHHS alTrOPUTMY.

Ha Puc 1. 300paxkeHO cxeMy HEWPOHHOI Mepexi
BERT. Lls cucrema ae 3Mory mpuifMaTy Ha BXOZI IIijie
pedeHHs, po3paxoByBaTH 12-piBHEBY HEHPOHHO-MeEpe-
KEBY apXiTEKTypy 1 OTpHMAaTH KOHTEKCTHO-3aJIeKHi
penpesenTanii cmiB. Le#t minxix Mae mepeBary Hap Ti-
JIXOJIOM HE3aJIeKHOTO 0OpPOOIICHHS CITiB, OCKITBKH Bpa-
XOBY€ KOHTEKCT, B SIKOMY KOJKHE CIIOBO BUKOPHCTOBY-
€TBCSI.

Cucrema BERT mackye ciioBa i HaMaraeTbcs IO
KOHTEKCTY TIepeJ0aunTH 1ii CII0Ba, TAKUM YHHOM JI0CS-
raeThCsl JOAATKOBUM PIBEHb y3arajbHEHHS 1 3MEHIIY-
€THCSl IEPEHABYAHHSI.

KoskHe c10B0 Mae BiamoBinHMiA 768-po3mipHuii Be-
KTOp, KW BiAIOBiga€ HOTO YHCIIOBIH perpe3eHTallil.
Jnst noOyoBH €IMHOTO 3HAYEHHS [UIS BCHOTO TEKCTY
3IICHEHO yCEePEAHEHHS 3a BCIMa CIIOBAMH B TEKCTI K
croci6 y3arajgpbHEHHS.

H - BekTOpHe NogaHHsA peYeHHs

A

e

11 bnokis TpaHcdhopmep

N /

A [ Y Iy
f

(1ots1 ) (oroea ) (Groso2 ) Grene )

1. Cxema pobotu HeliponHoi Mepexxi BERT.

MincymyBoByBanus. [y po3B’si3aHH 3a1a4i IMiJ-
CYMOBYBaHHS BCHOTO TEKCTY CTaTTi MH BHKOPHCTOBY-
eMo Mepexy Pegasus [7], sika Oyna HaTpeHOBaHA st
PO3B’s13aHHS 3aa4l ITiICyMOBYBaHHs TeKcTiB. L{e Heii-
poHHa Mepeska mo0yroBaHa Ha ocHOBI Mepexxi BERT,
sIKa B CBOKO 4epry 0a3yeThCsl Ha MOJIEII MTOOYI0BH HEli-
ponaEX Mepex Transformer. OcoOMUBICTIO HEHPOHHOT
Mepexi Pegasus € Te, mo BoHa aHanorigno 10 BERT
MacKy€ 4acTHHHM TeKCTy. Y cucteMi Pegasus ananori-
yHO 10 BERT MackyeTbcsl 4acTUHA TEKCTY, Y LIbOMY
pasi - [iyie pevyeHHs, a He OKpEeMi CII0Ba, i CHCTeMa Mae
3aBJIaHHs BiZIHOBUTH Iie peyeHHsl. Lle mokpantye y3ara-
JIbHEHICTh MEPEXi 1 MoKpalye HaaidHicTh 11 poOoTH.
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2. Cxema poboTH HelipoHHOT Mepexi Pegasus.

Knacrepu3zania. Anroput™ Kiractepu3alii 3Baxe-
HUH BIATOBITHO 1O HANIHHOCTI 1 PO3MIPHOCTI O3HAK.
Hait6inpin HagiiHUMH O3HAKaMHU MH BBa)Ka€EMO KIIIO-
YOB1 CJI0Ba, Iajll - BUCHOBOK, JaJl - aHOTAIlisA, Jajl -
mijcymyBaHHs ctarTi. Knactepusanist mpoBoamiach 3
nonomoroto anropurmy K-Means, lepapxiunoi kimac-
Tepu3allii Ta aIropuTMy “NOIIUPEHHS CHOPiJHEHOCTI”.

BumiproBanHs BiJCTaHel y BEKTOPHOMY IIPOCTOPIi
pedeHb Ta CIliB 0yJI0 3p00JIeHO Yepe3 KOCHHYCHY Bijc-
TaHb. BificTanb Mixk BekTopamu A i B Bu3HauaeTbcs 3a
Takor Gopmynu 3:

AB
similarity = cos(6) = A = :
[ L

Kaacrepuzania K-Means
3rifiHO 3 AJTOPUTMOM OMHUCAHUM Yy poOoTi [8] mis
NoOy/OBH KJIACTEPIB AJITOPUTM ITEPaTUBHO POOUTH
TaKi KPOKH:
1.  migpaXxyHOK IIEHTPOIJiB KiacTepiB
SIK Cepe/IHE 3HAYCHHS BEKTOpa Y BIIMOBi-
HOMY KJIacTepi;
2. JUTSL KOXKHOTO 00’ €KTY KJIacTepH3amii
IiIPaxoOBY€ETHCS 10 SIKOTO IEHTPOiga BOHA
Mae HaliMeHIIy BiJICTaHb;
3.  TpPU3HAYHATH A KOXKHOTO 00’ €KTY
HOMEp KJIacTepy BiJIOBIIHO IO TOTO SIKUH
[EHTPOI]] MaB HAIMEHIIy BiJCTaHb 10 KJac-
Tepy.
3nagenHs K ans K-means O6yno obOpano 63 mis
oTpuUMaHHs 63 KilacTepiB..
Iepapxiuna kaacrepusauis
Anroputm o0y I0BHU KJIacTepiB TaKWH.
Crnovatky Bci 00’€KTH HaJleXKaTb 10 CBOIX BIACHUX
KiactepiB. Jlai iTepaTHBHO BUKOHYIOTHCS TaKi KPOKH:
1.  BuOumpaerscs mapa knacrepiB A Ta B, siki ma-
FOTh HaliMEHIITy BiJICTAHb MiXk CEpPeIHIMH 3HAYCHHSIMHI
X BEKTOPIB;
2. kiactepu A Ta B 06’ eAHYIOTBCSA B OJIMH KJIa-
crep



AJNTOpUTM 3YNMUHSETHCS KOJIH JIOCATHYTO IEBHOTO
MOPOTY JAILHOCTI MIX KJIacTepamu, abo KOJH OTpH-
MaHO HEOOXiHy KiTbKicTh KitacTepiB K.

AJropuT™M “nomupeHHst cnopigHeHocTi”

Left anroput™ aHANOTIYHO 1O i€papxidHOi KiIacTe-
pu3ariii mpamoe iTepaTuBHO.

Hexaii X1 - Xn - Ha0ip TOYOK TaHUX, HE pOOIIAIH TIPH-
ITyIIeHb PO X BHYTPILIHIO CTPYKTYPY, 1 HEXAH S - Py-
HKIIiSA, SIKa KUTbKICHO BU3HAYA€ MOIOHICTh MK Oyb-
SIKUMM IBOMA TOYKAMH.

Jiaronans s (o010 s(i,1)} 0c0GIMBO BaXJIMBa, OCKi-
JIBKA BOHA MPEJICTABIIIE MEpPeBary eK3eMIUIIpa, IO
03Haua€, HACKUTBKYA WMOBIPHO, 110 KOHKPETHHU €K3e-
MIUTSAP CTaHE 3pa3KoM (IPECTaBHUKOM) IS KJIacTepy.
Komm miaronasn BCTaHOBIIEHO OJHE 1 T€ K 3HAYEHHS
JUTS BCiX BXO/IiB, 116 BU3HAYAE KiTBbKICTH KJIACTEPIB aj-
TOPUTM JacTh Ha BHXOIi. 3HAUCHHS IiaroHaii, Oym-
3bKE 10 MIHIMAJBHO MOXJIMBOI MOIXIOHOCTI - 1€ CTBO-
PIO€ MEHIIIE KIIACTePiB, TOMI K 3HAUCHHSI, OJIM3bKe a00
OiTBIIe 32 MAKCHMAIBHO MOIIMBY TOIi0HICTD, Ta€ Be-
JIMKY KUIbKICTh KiactepiB. lle 3HaueHHs 3a3BHuail
BCTAaHOBJIIOIOTh SIK CEPEIHs MOIIOHOCTI BCIX Map BXO-
IiB.

AJITOPUTM TIPALIOE NUIIXOM YSPIyBaHHS JBOX KPO-
KiB Mepeaayi MOBiIOMJICHb, SIKI OHOBJIIOIOTH JIBI Mart-
puii:

Matpuns "BigmoBimampHOCTI" R Mae 3HaueHHA
1(i,k), sIKi KiITPKiCHO BU3HAYAIOTh, HACKLUIEKH JOOpeE TIi-
IXOJIUTbH Xk, MO0 CITY)KUTH 3PAa3KOM IS Xi, HOPIBHIHO
3 IHIIUMU 3pa3KaMy KaHAUIATIB JUIA Xi.

Matpuns "moctymHOCT" A MICTHTh 3HAYCHHS
a(i,k), sKi TpeACTaBIAIOTh, HACKUIBKK "MOIITBHAM"
Oyio 0, 100 Xi BUOpaB Xk SIK HOrO MPUKJIAI, BPaXOBY-
FOYH MepeBary iHIIMX TOYOK IIOI0 Xk SK 3pa3ka.

OOuBi MaTpui iHiLiaMi30BaH1 10 BCIX HYIIB i MO-
KYTh PO3TISLIATHCS SIK TaOJIUIl KMOBIPHOCTEH KypHa-
miB. [ToTiM aJIrOpUTM BHKOHYE HACTYITHI OHOBJICHHS
iTepaTHBHO:
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CrnovaTtky HaJCHIAlOThCsl OHOBJICHHS IIPO BiJIIOBI-
JAIbHICTE 4:
(i, k) (i, k) — max {a(i, k') + (i, k')}
Weth 4.
[ToTiM MOCTYNHICTH OHOBITIOETHCS 32 HACTYIHHMU
dbopmynamu 5

a(i, k) < min | 0,r(k, k) + Z max(0, r(i', k))
i'2{ik}
a(k, k) « Y max(0,r(i', k)
#k 5.

ITeparii BUKOHYIOTBCS 10 THX IIip, HOKK MEXI Kila-
cTepa He 3aJIMIIATHCS He3MIHHUMU IPOTSITOM psity iTe-
pariif, abo He Oyae TOCATHYTO SKECh 3a3/IaJeTiIb BH-
3Ha4YeHe Yncio (iTepaiif). 3pa3Ku BUTATYIOTHCS 3 KiH-
[IEBUX MATPHIB K Ti, 49U "BiAOBIAaIBHICTE + JOCTY-
MHIiCTE" 11 cebe € mo3uTuBHOIO (TooOTO 1(i,1) + a(i,i) >
0).

Anpo6auisa aaropurmy. /s dopmyBanHs nara-
CeTy BHKOPUCTAHO HAyKOBi cTarTi omyOIikoBaHi B
poku 3 2015 mo 2020. {nst po6otu mu B3sum 4000 cTa-
Teit 3 pecypcey https://arxiv.org/. O6poOKa 1HX JaHHX i
OTPUMaHHS TEKCTOBHX XapaKTEPHCTHK Ha HEHPOHHIH
Mepexi Pegasus 3aiinsiia 144 rogunu podouoro yacy
Ha GPU.

Kaacrepuzauia K-Means. [Ins amropurmy K-
Means MH BHKOPHCTAIH 3HaYEHHA 63 U1 KUTBKOCTI
knactepiB. Lle umcno BuOpaHO 3 pospaxyHKy K =
sqrt(N), me N - KiIbKIiCTh KIacTepiB.

Jus Bizyamizanmii pe3ynpTariB MOOYIYEMO KiIacTe-
pu3ariii 3’eJHaHb Pi3HUX CTaTeH.

[epeBaru anropuTMy: JIETKO iIHTEPIIPETYBATH Ki1ac-
TEepH; JIETKICTh B KOHTPOJII KUIBKOCTI KJIacTepiB

Henoniku anroputmy: 00’€KTH Ha MEXI KJIACTEpiB
Ba)KKO BIJTHECTH JIO SIKOICh KaTeropii

Iepapxiuna kiaacrepusanisi. BepxiBka anroputmy
iepapxivyHOi KIactepu3aiii 300pakeHa Ha Puc 6.

.l.'.!': r!l [inl NME.

6. Bizyamizamis poboTu iepapxidHoi KiIacTepu3amii

Mpu 4iTKO IPOCITIIKOBY€EMO, TPU KaTeropii TEKCTiB
3a iX TEMAaTHKOIO:

1.  Computer Science, Mathematics
2. Physics
3. Quantitative Biology

[epeBaru anropuT™y: JI€rKO iHTEPIPETYBATH Kilac-
TepH 1 IX YaCTHUHM; MIBHIKOIS aropurmy. Hemomiku
ITOPUTMY: HU3bKOPIBHEBA l€EpapXis HE Ma€ CEHCY
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AJITOPUTM NOLIMPeHHs criopigHeHocTi. [Ipu aHa-
JTi31 yTBOPEHUX KJIaCTEPiB MU OOAYHIIH, 110 00’ EKTH B
KJIacTepax MaloTh YiTKO BHPaXKEHOI'O MPEICTaBHUKA,
SIKMH OIMCY€E BeCh KiacTep BLUIoMy. Lle no3Bossie iH-
TepIpeTyBaTH KJIacTep i poOOMTH HACTYIHI BHUCHOBKH
a00 MoUIyK 10 KI1acTepy.

[epeBaru anropuTMy: JIETKO iIHTEPIIPETYBATH Ki1ac-
TEepH; IIPOCTOTa KOHTPOJIIO NAIBHOCTI KJIAacTepiB depes
rapaMeTpu3allilo JAiaroHai; JErkicTh iHTepIpeTanii
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Henomnixu anropurMmy: 3Ha4HHH 4ac poOOTH i1 MOBI- [TpoananizoBaHO TaKi alNrOpUTMHU 0 KJIacTepu3anii
JIbHA CXOANMICTB aJrOPUTMY HAYKOBHX CTaTEH:
BucnoBku. Po3po0neHwnii anropuTM KiracTepu3aiii, 1. K-means;
SIKFH Ha BXiJ] OTPUMY€ XapaKTEPUCTUKN TEKCTOBOI Ya- 2.  iepapxiuHa KJIaCTEePH3ALis;
CTHHH HAYKOBOI CTATTi Ta KIFOUYOBHX CIIiB, OTPUMAHO1 3.  TOMMPEHHS CIOPiTHEHOCTI.
3a moromororo HeliponHoi mepexi BERT Ta Pegasus i [IpoananizoBaHo mepeBaru i HEONIKH KOKHOTO 3

3BKCHHUH BIATIOBIAHO MO BAXKITMBOCTI 1 PO3MIPHOCTI  METOJIB, @ TAKOK OCOOIMBOCTI BUKOPHCTAHHS.
BXi/IHUX O3HAK.
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Analysis of clustering algorithms of scientific papers using summarisation via neural networks.
M. Bevza
Abstract. Introduction. The growth in the amount of information available on the Internet is exponential. Filtering quality
information from low-quality information is becoming increasingly difficult. Finding information from reliable sources is an
important task. One of the high-quality sources of information is scientific research papers. The aim of the work is to build a
system that can cluster scientific articles, taking into account its semantic properties, and compare clustering algorithms for
this task. Results. The structure of scientific articles is analyzed and the features that should be taken into account when
clustering articles by their textual semantic properties are determined. The process of cluster construction is described. The
characteristics of the text part of the content are pre-formed using the neural network BERT. A system has been developed
that processes the text part of a scientific article and builds clustering. Analysis of the developed system showed the
advantages and disadvantages of clustering methods. Conclusions. The use of the developed system, which receives the
characteristics of the text part of a scientific article, allows to comprehensively assess the relationship of scientific articles to
each other, as well as to interpret these links.

Keywords: artificial intelligence, natural language processing, clustering,neural networks, summarization, bert, pegasus,
clusterization, neural networks.
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AHoTamnis. B po0oTi IpuBeseHO aNrOpUTM MONTYKY ONTHMAaIbHOI CTPATeTil pO3XOKEHHS CIIoco00M CKaHyBaHHS B CHUTYallil HeOe3-
MIEYHOTO 30JIVKeHHS YOTHPBOX CyzeH. B 3aBmaniif curyarii 30;1mkeHHs po3paxoBaHO 3HAYEHHS ONTHMAJIBHIUX KYPCIB yXIJICHHS TPHOX
CyJleH, 0 HeOe3NnevyHo 30IMKYIOThCs, Ta MiATBEPIKCHO Oe3MeKy iX po3XOomKeHHs. IMiTamifHUM MOJENIOBaHHSAM IPOLECy PO3XO-
JOKEHHS MATBEPKEHO KOPEKTHICTh BU3HAYCHHS ONTUMAIIBHOI CTPATETii PO3XOHKEHHS CIIOCOOOM CKAaHYyBaHHS.

Knrwouoei cnosa: be3nexa cyono8o0inHsA, nonepeodicents 3imKHeHb CYOeH, PO3X0ONCEHHs SpYNU CYyOeH, iMimayiline MOOen08aHH .

Beryn. 3poctaHHs IIBUAKOCTEH Ta MiIBUIICHHS iHTEHCH-
BHOCTI pyXy Ha BOTHHX MUIAXaX, 30UIBIICHHS pPO3MipiB
TPaHCIIOPTHUX CYJCH, TNIaBaHH B CKJIaJHUX HaBITaIifHUX
YMOBax poOIIITh MPo0IIeMy 3a0e3edeH s Oe3aBapiitHOCTi
CYJJHOIIJIABCTBA OJIHIEIO 13 HAWOUIBII IPIOPUTETHUX 1 AKTY-
anpHUX. 3abe3nedeHHs Oe3aBapiifHOCTI CyIHOBOJIHHS
BeJIe /10 OKPAIIaHHs OXOPOHH JIIOACHKOTO JXUTTS Ha MOPi
Ta 3HIDKCHHS IIKOJIY HABKOJHMIIHBOMY CEpENOBHUILY i
MaiiHy.

[MTonepemkeHHs 3ITKHEHb CyAEH NPYU IUIaBaHHI B CTHC-
JUX palfOHAX € OJHI€I0 13 HAHOLIBII aKTyaNbHUX MPoOIeM
3abe3neueHHs Oe3aBapiifHOCTI CyTHOBOMIHHS, BUPIIICHHS
SIKOT TIOTpeOy€e BAOCKOHAICHHS METOIIB OIIIHKH Oe3IIeTHO-
CTi cuTyaii 30,ImKeHHs Ta, B pa3i HEOOXiTHOCTI, crtoco0iB
OTIEPaTHBHOTO BHOOPY MaHEBPY PO3XOKEHHS.

KopoTkuii orisin nyomikamiii mo temi. B pabori [1]
JIOCIIZPKEHO TIPHHIIHUITY JIOKaJIbHO-HE3aJIEKHOTO M 30BHIII-
HBOT'O YIIPaBJIiHHS IPOLIECOM PO3XOPKEHHS CYICH, 110 He-
0e3rneyHo 30JMKAI0ThCS, @ TAKOXK NMPUBEACHO JETaIbHUI
aHaJli3 METOIB X peaizariii.

Y moHorpadii [2] po3riIsiHyTO METOI PO3XOIKEHHS CY-
JIeH B MOpi IDIIXOM 3MilleHHS Ha MapajelbHy JiHifo
HUBIXY, TPAYOMY IS PO3XO/KEHHS 3aCTOCOBYETHCS OTHA
CTpaTeris - 3MIIIeHHS Ha JIHIIO MapajelbHy IULIXY i
TUM abo0 IHIIAM KyTOM [0 JiHil BUXigHOTO Kypcy. [linBu-
IIEHHS e)EeKTUBHOCTI MONEPEKEHHS 3ITKHEHb Cy/IeH, 5K
3a3HAYAETHCS B Hil, MOXKe OyTH IOCSTHYTO CTBOPEHHSIM
HOBUX QJITOPUTMIB Ta IHTEJIEKTYAJIbHUX CHCTEM.

B po6oTi [3] po3risiHyTO MPUHIMI 30BHIIIHBOTO YII-
PaBJIIHHS TPOLIECOM PO3XOPKEHHS CYJIEH 1 HOTO0 OCHOBHI
nepeBary. [loka3aHo, [0 OCHOBHUMH METOJAMH 30BHIIII-
HBOT'O YIIPABJIIHHS ITPOIIECOM PO3XOKEHHS CYJIeH € 00J1a-
cTi HeOe3MeYHNX KYPCIB Cy/IeH, 1110 30JIMKYIOThCS, 11X He-
0e3NeyHNX MIBUIKOCTEH, 3a JOIMOMOTOI0 SKUX MOXKIIMBI
OIliHKa HeOe3MeKku cuTyaii 30JmKeHHS i BUOIp MaHEBPY
po3xomkeHHs. [Ipm BuOOpi Oe3meyHHX KypCiB PO3XO0-
JOKCHHS CyJICH 3 JOMOMOTOI0 00JIacTi HeOe3MeYHUX Kyp-
CiB 3aIIpOIIOHOBAHa MPOIEypa ypaxyBaHHsS TOYKOBOI Ha-
BirariiHoi mepemKko;Iu.

B po6oti [4] nnst curyarnii 30mKeHHS CyHa 3 ABOMa
IJISIMU 3aMIPOTIOHOBAHO COCi® popMyBaHHS 00IacTel He-
NPUITYCTUMHX 3Ha4eHb TapaMeTpiB pyXy Cy/Ha LI0/0 KO-
*HOT 3 HUX. OepkaHo NpOoIeaypy OLiHKH HEOe3MeKH BH-
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HUKJIO1 CUTYyaIlil 30IMKeHHS TI0 KOXHIH IiJi 3aCTOCYBaH-
HAM cpopMoBaHHX 0bIacTei.

[ToxazaHo MOXIIHMBICTH BUOOPY MaHEBPY PO3XOKECHHS
3araJbHUM yXWJICHHSM BiJ] IBOX IiJIel 3a TOITOMOTOI0 00-
JlacTel HeMPUIyCTUMKX 3Ha4€Hb ITapaMeTpiB PyXy Cy/Ha.
SIk mpuKIaa po3rJIsIHYTI TPH CUTYaIi] 30JIM)KEHHS CyHa 3
JIBOMa LIJIIMU.

AHaniTH4HI BUpa3u Mex obJacTei HeOe3MeyHuX KypeiB
1 HeOE3MEUHHX IIBHUAKOCTEH, 32 JOMOMOIOI0 SKHX 3/ific-
HIOETBCS ()OPMYBAHHS JaHUX 00JIacTell PH 30BHIITHHOMY
YIpaBIIiHHI IPOLIECOM PO3XO/KEHHS CYZICH NPHBEICHO B
poborti [5]. PosrmsHyTO mpomenypH OIHKH HeOe3MeKH
30JIMDKEHHS CYZAIEH 1 MaHEBPY 1X PO3XODKEHHS 3a IOMOMO-
roto obsacti HeOe3MmedHnX KypciB 1 o0macTi ix Hebesmeu-
HUX IIBUIKOCTEMN.

Opepxano (HOpMyJTH MeX 00JacTi HEHPUIYCTHMUX
3Ha4YeHb KypCiB OJJHOTO CYJHA i IIBUIKOCTEH 1HIIOTO Cy-
JIHA 1 3aIpOMOHOBAaHA mpoleaypa ii rpadiuHoro Bigmoodpa-
JKEHHSL.

B po6otax [6,7] 3amponoHOBaHO MPOICIYyPH BH3HA-
YEHHsI MaHEBPIB PO3XOJPKEHHS /15l aBTOHOMHHUX cyeH. Ha
Cy4acHOMY €Talli OCHOBHI PO3pOOKH MO JaHii mpoodiemi
TIPUCBSYCHI METO/IaM JUTS CUCTEM ITOTIEPEKeHHS 3iTKHEHb
ABTOHOMHUX CYJICH 1 PO3IOAUIEHUM aJITOPUTMaM UIsl CH-
Tyarii 30IMKeHHs IeKITBKOX CYJIeH, B SKHX BOHH MOXXYTh
OOMIHIOBaTHCSI HaMipaMH, BUKOPHUCTOBYIOUH CHCTEMY
AlS.

ITpuHIHUI i1 aBTOHOMHOT CYHOBOI CHCTEMH YXUJICHHS
Bix sitkaennst CA (Collision avoidance) Ta #ioro Teoperu-
YHEe O0TPYHTYBaHHsI PO3TIISIHYTO B po0OoTi [8], B sikiit mpu-
BEJ/ICHO JITOPUTM YXWJICHHS BiJl 3ITKHEHHS Ta IPOaHai30-
BaHi [IpaBuna yxunenns Bij 3itkHenHs: COLREG. Bkazy-
€THCSI, IO TOCHI/PKEHHS 11010 aBTOMATH3allii yIIpaBIiHHS
CYZHOM MOXYTb HOCUTH KJIACHYHMH IiJXiJ, 32CHOBaHUH
Ha 3aCTOCYBaHHI MaTeMaTHYHUX MOJIENICH Ta aJITOPUTMIB,
a00 KOMIT'TOTEpHUH XapakTep, KUl 6a3yeThcs Ha BUKOPH-
CTaHHI MITYYHOTO IHTEJNEKTY, 1 3rajiaHi MiAXOIU MOXYTh
OyTH BUKJIAJIEH] Yy BIANOBIZHUX KaTeropisx. Posmominbhi
ITOPUTMHU JJIS CUTYaIlii 30IMKEeHHS IeKIJIbKOX CYICH PO-
3TISHYTO B po6oTi [9].

Meta. Metoro gaHoi myOmikarii BIs€ThCS IMiTaIiiHe
MOJICIIIOBAHHSI aBTOMaTHYHOTO BHOOpPY ONTHMAJIbHOT
CTpaTerii po3X0/DKEeHHS JCKUIBKOX CYICH B CUTYyAIlii iX He-
0e311evHOr0 30/IMKEeHHS.

©|I. Burmaka, O. Yanchetskyy, D. Fedorov, E. Petrichenko 2021
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AK, =0, AK, =0,AK; =0, AK, =0

AK, =AK, +1 |*

minD,,, minD,, minD,,

TaK TakK

Hi i
Hi

CKaHyBaHHS IJIOIWHU K3 X K4

Puc. 1. Anroputm nouryky onTUManbHOT CTpaTerii po3X0o1KeHHs

Martepianm i MmeToau. B po6ori [1] po3risiHyTO yMOBY min D,,(AK,,AK,)> D,
BHOODPY ONTHMAJILHOI CTpaTerii pO3XOKEHHS JUId CUTYya- :
1oopy p PO3XOIL A Y min D,(AK,,AK ;) > D
i1 HeGE3MEeYHOTO 30IIKEHHS YOTUPLOX CYIEH MPH HEOO-
XIIHOCTI 3MiHHM KYpPCiB KOKHOTO 3 HUX, IO MA€ BUTJISL: min D,,(AK,,AK,)> D,
Q¥ = (AK? + AKZ + AK3Z + AK3) — min
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min D,,(AK,, AK,) > D, PosriasHeMo Opyruii eTan IepeBipky KOPEeKTHOCTI Po3-
paxoBaHOi CTpaTerii PO3XOMKEHHS: iMiTallifiHe MOJENIo-
BAaHHS IIPOIIECY PO3XOUKEHHS TPHOX CYIEH PO3paxoBa-
min D, (AK;,AK,) > Dy HUMH  Kypcamu —yXWieHHi K, =56° K, =169°

min D,,(AK,,AK,) > Dy

ne AKi - IPUPICT KypCy i -0 CyaHa; K, =347 °. [TouaTok mporecy po3X0PKEHHSI Ha TPETil ce-

min Dij(AKi,AKJ.) - ITUCTaHIlis] HAUKOPOTIIOTO 30JIU- KyHi nokasanuii Ha puc. 6.

JKCHHS MIX i-M Ta j-M CyJHaMU; Gy e (N ﬂ
D, - TPAHMYHO - JIONYCTHMA IUCTaHUis 30IMKEHHS. p——— B
Juis momyky onTUMainbHOI cTpaTerii po3XOopKeHHS 3a 3 K337 a1 :

JIOTIOMOTOIO Billle MPHUBEACHOI YMOBH B poboti [1] OyB CEEED BEEED w

3apONOHOBAHUM aJITOPUTM MOLIYKY ONTUMAJIBHOI CTpaTe- L

Til pO3XOMKEHHSI CIIOCOOOM CKaHYBaHHS, SIKHH ITOKa3aHO R

Ha puc. 1. D12-35
Bimzraunmo, 1m0 aHaIOT19HO TPOBOAUTHCS BU3HAYCHHS 413135

ONTUMAJIFHOI CTpaTerii PO3XOIKEHHS CIIOCOOOM CKaHY- D13-35

BaHHS JJIsI CUTyalill HeOe3neyHoro 30JIMKEHHS MBOX,

TPBOX 1 I'SITU Cy/IeH. |
Pe3ynbTaTH i ix 06roBopenns. /s cutyariii Hebesme- Drin 2202

YHOTO 30JIMKEHHSI TPHOX CYJIEH 3a JOTIOMOT0I0 PO3IJISHY- ——

TOrO anropuTMmy Oyna po3pobiieHa iMmiTaniiiHa mporpama .
BU3HAYCHHS ONTUMAJIbHOI CTpaTerii po3xopkeHHs. [Ipo-
rpaMoro nepeadadeHe BBEICHHS ITapaMeTpiB CUTYyaIlil He-
0e3reyHoro 30JMKEHHS, PO3PaXyHOK KypCiB yXHIICHHS
CyIleH JUis1 Oe3eTHOT PO3XO0HKEHHS 1 IepeBipKa ii KOPeKT- i it (B e
HOCTI IIJISIXOM TIPOTPaBaHHS OJep>KaHoi CTpaTerii. 2 i WA

SIK mpuKIIa] po3rIITHEMO HACTYIHY CHUTYallilo Hebe3Ie-
YHOT'O 30JIMKEHHS TPHOX CYJICH, SKa MOoKa3aHa Ha puc. 2 i
XapaKTepU3y€eThCs HACTYIIHUMHU [TapaMeTpaMu:

K, =87° K, =188° K, =347° V, =18 BY3, V, =24 wazess
BY3, V,=18 BY3, a,,=45° 0,;=135% @, =180° e

D,=35M, D,,=35 M, D, =50 M. ['paHnyna JHACTAHIIS

=3

Puc. 2. Cutyaris He6e3MEYHOTO 30JIMKCHHS TPHOX CyJICH

D12=35

HHEEHH

30JIM>KEHHST BUOpaHa piBHOIO 1 MM

IIporpamotro Oyim po3paxoBaHi 3HAUYEHHS KYPCIB YXH- o
JICHHS BCiX TPHOX CYICH, 0 HeOE3NMEeYHO 30JIIKYIOThCS, Dria=15
SIKi piBHI HACTYITHHM 3HaYCHHSM:
Ky, =56° K,, =169 °% K, =347° = »
3BepTaEMo yBary, o uis 0e3MeYHol PO3XOIKEHHS J10- —
CHUTP 3MiHHU KYPCIB IEPIIOTO i APYTOTrO CYICH. Puc. 3. Be3neuHe po3X0pPKEHHS [EPLIOTo i APyroro CyaeH
IepeBipka KOPEKTHOCTI pO3paxoBaHoOi CTpaTerii po3xo-
JKEHHS IIPOBOJMTLCS B JBA €TAIH: TI0-TIEpILIE, 32 JOHOMO- R i |y,
roro 00JiacTi HENPHUITyCTUMUX 3Ha4Y€Hb KYPCIB IepeBips- 2 K247 V21 012

€TbCsl Oe3neKka PO3XOMKEHHS KOXHOI Mapu CyJAeH, L0
30JIMKYIOTBCSI, 1, O-/IpyTe, IPOBOAUTHCS IMiTalliiiHE MO-
JIEITFOBAHHS MPOLIECY PO3XOUKEHHS TPYIH CYACH. W
Po3risiHeMo nmepiimit eTam ImepeBipkH KOPEKTHOCTI
cTparerii po3X0/PKEHHS TPhOX CY/IEH.
3 puc. 3 BHIHO, IIO JUI PO3PaxOBaHUX KypCiB YXH-
JMCHHSA K, = 56° 1 K,, =169 °, mepie i apyre cyaHa 6e3-

K1

MEYHO PO3XOJATHCS, MPUUIOMY JUCTAHIIIS HAWKOPOTIIIOTO
30JIKEHHS cKiagae 1,63 Mui.
Sk BUmHO 3 pHC. 4, mepiie i TpETe CyAHa, MPH Kypcax

yxunenns K, =56° i K, =347°, GesneyHo po3xo- Drint2 =1

JATHCS, IPU IIbOMY JAMCTAHIIiSI HAKOPOTIIOTO 30IMKEHHS B

piBHa 1,39 muui. e
3 pHC. 5 BUXOAUTS, 110 IPU IPOXOKEHHI KypCaMH YXH-

JeHHS K oy = 169°1 K ay = 347°, npyre i Tpete cyaHa 6e3- Puc. 4. besnieune po3xoIKeHHS MEPIIOTO i TPETHOTO CYICH

MIEYHO PO3XOMAATHCS Ha TUCTAHII HaWKOpOTIIOro 30iM-

. HUTyalis HaHKOPOTIIOro 30JMKEHHS IIEPIIOro 1 -
skenHs 1,02 Mui. Curyan 0pO 36 CPHIOTO 1 py

TOro CyJeH Ha aucTaHuiio 1,64 muii BinoOpaxxeHa Ha puC.
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7, sixa Mae micie Ha 334 ¢ IpoLecy PO3X0KCHHS.
Ha puc. 8 mokasana curyaiiss HaKOpOTHIOTO 30JH-
JKEHHsI APYTOTO 1 TPETHOTo CyZeH Ha quctanuito 1,01 mui Diz<164
NPaKTHYHO PIBHOI T'PaHUYHO - JOMYCTHUMOI JHCTaHLIl D13-192
30smkeHHs1. JlaHa cutyarist Hactynae Ha 414 ¢ micns mo- D23-1.39
YaTKy HPOLECY PO3XOIKECHHS.
Ha 562 ¢ micns mogatky mporecy po3XoHKeHHS BiIOy-
Ba€ThCA HAMKOPOTIIIE 30JIMKEHHS TIEPILIOTO i TPETHOTO CY-
JIeH, TUCTaHIIisA sikoro piBHA 1,39 mui. [lana curyamnis mo- 1334
Ka3aHa Ha puc. 9. K158
BucHoBkH Ka-163
1. IlpuBesieHO aIrOpUTM NOIIYKY ONTUMAJIBHOI CTpaTe- K347
ril po3X0KeHHs crocoOOM CKaHyBaHHS B CHTYyallii HeOe-
3MIE€YHOT0 30JIMKEHHS. YOTUPHOX CYyJICH.
2. Po3paxoBaHO 3HAUCHHS ONTUMAaJbHUX KYPCIB yXH-
JICHHS TPHOX CY/IEH, 10 HeOe3NeuHo 30JIMKyIOThCS, B 3a-
BIaHill cutyauii 301MKeHHs Ta MiITBEPKEHO Oe3neKy ix
PO3XOIKCHHA. Puc. 7. CuTyalis HaifkopOTIIOTO 36IMKEHHS TIEPIIOTO i
3. IlpencraBneHo pe3yibTaTH IMITALifHOrO MOJEIO- JIPYTOro CyeH
BaHHS NPOIIECY PO3XOMKCHHS, SIKI ITiATBEPIMIN KOPEKT-
HICTh BH3HAYCHHS ONTHUMAIFHOI CTpaTerii po3XOMKCHHS D12-1.88
croco0OM CKaHYBaHHSM. D1E-184

De3=1.02
1K= visad <],
2 K2=347 va=18
D12

K1

“ 1=414

K1=56
A=180

K2=163

K3=347

Drin2 =10
=" '

Ny=2 Puc. 8. Curyanis HaHKOPOTIIOTo 30JIKEHHS APYTOTO 1 Tpe-
TBOTO CYAEH

=1l e

Puc. 5. besneune po3XxoKEHHS IPYroro i TpeThOro CyaeH Dipez 0 =

D12=348 D13-139
D13=348 D23=1.98

D23=492

1562
=3 K156
K156 k2=189

(2-189 K3=347

K3=347

Puc. 9. Curyariist HalfkopoTIIOro 30MVKEHHS MepIIoro i Tpe-
TBOTO CyJCH

Puc. 6. I[TouaTox mporecy po3xXomKeHHS CyIeH
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Imitation design of determination of optimum strategy of divergence of ships in the situation of their dangerous rapprochement
I. Burmaka, O. Yanchetskyy, D. Fedorov, E. Petrichenko
Abstract. In work the algorithm of search of optimum strategy of divergence by the method of scanning is resulted in the situation of
dangerous rapprochement of four ships. The value of optimum courses of deviation of three ships which are dangerously drawn together
is expected in the inflicted situation of rapprochement, and safety of their divergence is confirmed. By the imitation design of process
of divergence shown correctness of determination of optimum strategy of divergence by the method of scanning.

Keywords: safety of navigation, warning of collisions of ships, divergence of group of ships, imitation design.
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AHOTAIif: PO3TITHYTO 0COOIMBOCTI IPOBEAEHHS PAHTOBOTO aHAJI3Y JUIS IPOTHO3Y €HEProCIIOKMBaHHS OyIiBeNb Ta CIIopya B YKpa-
Tai. PopMai30BaHO ONTHUMI3AIiHHI 3aJa4l y paMKax ONTHMI3allii HEHO3iB 3 BiANOBITHUMH OOMeXeHHAMH. {1 BiZOOpy Ta paHxKy-
BaHHS 3aXO/IB y paMKaX OKPEMHUX KJIaCTepiB 3alIPOIIOHOBAHO BUKOPHUCTOBYBATH TEXHOIIEHOJIOTTYHMH miaxia. IlepeBaroro 3anponoHo-
BaHOTO MiAXOMy A BUOOPY TPyH 3aXOMiB MO MiJBHIIEHHIO €HEPreTHYHOI eeKTUBHOCTI y OyAIBIAX € ONTUMAalbHE BiToOpaKeHHs
nporecy QYHKIIOHYBaHHS 00'€KTIB TEXHOLCHO3y B MalOyTHbOMY 3 ypaxXyBaHHIM MOXIIMBHX 3MiH TEXHOJOTI, iIHQPAaCTPYKTypH, a

TaKOK BUKOPHUCTAHHS PECYPCiB.

Knrwuosi cnosa: onmumizayis, mexHoyeHo3, eHepeemuuna egpekmugHicmo, 0yoieni

Beryn: Enepro3oepekeHHs BITHOCHTBCSI 10 YHCIIa BUIIUX
MPIOPHUTETIB AEP’KABHOT EHEPreTHYHOT NONITHKH Y KpaiHH,
CKJIaJIal04M OCHOBY €HepreTuuHoi cTpaterii 10 2035 poky.
[TinBuieHHs: eHeproe()eKTHBHOCTI 301IbIIyE peHTA0eIb-
HICTb, KOHKYPEHTOCIIPOMOXKHICTb, KUIBKICTb pPOOOYMX
MICITh, BUBUTBHSIE KOIITH IS pO3BUTKY Oi3Hecy. B [1] me-
penbadeHo, mo g0 2025 poky 3mebinbimoro Oyzae 3aBep-
IIEHO peOpMyBaHHS E€HEPreTUYHOTO KOMIUIEKCY YKpa-
{HH, MOCATHYTO MEPIIOYEProBUX LITHOBHX NOKA3HHKIB 3
Oe3rmekn Ta eHeproe(peKTUBHOCTI, 3a0€3MeUeHO HOTo iIHHO-
BalliifHe OHOBJICHHS Ta IHTETPaLil0 3 CHEPreTHYHUM CEK-
TopoMm €C. PiBeHb BUKOpUCTaHHS IOTEHIiay eHepro3oe-
PEKEeHHSI B Halllill iep kaBi € He3a/10BUIbHUI, HE3BaXKAIOUH
Ha psiJi NPUHHATHX 3aKOHO/IABYMX Ta IHIINX HOPMAaTHBHO-
NPaBOBUX aKTiB, CIIPSIMOBAHUX Ha €(EKTHBHE BHUKOPHC-
TaHHs NaduBHO-eHepreTnuHux pecypciB (IIEP), 3men-
IIEHHS 00CATY IX CIIOXMBaHHS Ta IMIIOPTY.

OpmHUM 13 CTIOCO0IB IMiIBUIICHHS eHeproeeKTHBHOCTI
€ eHeprozoepexenHs. O0'ekTaMu eHepro30epexeHHs Ta
i ABHUIICHHS SHEPrOe(EeKTUBHOCTI MOXKYTh OyTH TEXHIUHI
Ta eKOHOMIYHI CHCTeMH OyIiBEJb Ta CIIOPY I, MiATPHEMCTB
Ta OpraHizaiiii, Tajgy3eBa, periOHANbHA Ta HalliOHAaJIbHA
€KOHOMIKH.

AHaui3 cTany npo6JjeMu: BrnponoBx ocTaHHIX POKiB
BIIPOBAJPKEHHS Ta BUKOPHCTaHHS eHeproeheKTHBHUX TeX-
HOJIOTi# B OyMiBJISIX, HE3AJICKHO Bil KOMYHAIBHUX CIIYXKO
YM CHOXKHBauiB, 3pocia B JeKisibka pa3iB. EneproedexTu-
BHI TEXHOJIOTIT BU3HAYEHO SIK 3aX0J{ 3 MOJICPHI3aIlii Oro-
POUKYBAIBHUX KOHCTPYKIIH, IH)KEHEpHUX CHCTEM OyIi-
Bestb. CroKMBadi BU3HAIM, IO ITiIBUILICHHS PiBHS €HEPro-
e(eKTUBHOCTI - 11 HeOOXiTHUA IHCTPYMEHT, KU MOXe
3HAQYHO CKOPOTHTH BHUTPATH Ha €HEpro3ade3ledyeHHs Ta
MIPUHOCHTH IPUOYTOK B MailOyTHROMY. KpiMm TOTO, CIIOXKH-
BaYi TAKOXX YaCTKOBO MOKJIAIAIOTHCS HA eHeproe(eKTHBHI
TEXHOJIOT1, 00 33T0BOJLHUTH 3pOCTa0Ui MOTPeOH B €HE-
propecypcax Ta 3MEHIIMTH CBOI BUTpaTu. PO3BUTOK eHep-
roe(eKTHBHUX TEXHOJIOT1H MPOIIOHYE PS] TEXHIYHUX, EKO-
JIOTIYHUX Ta €KOHOMIYHMX TiepeBar. binbmie Toro, me ao-
3BOJISIE€ TIOKPALTATH KOM(OPTHICTH epedyBaHHS B OymiB-
JISIX Ta IPUBECTH iX XapaKTepPUCTHKHU 10 YHHHUX BUMOT. c-
HyIO4i eHeproe(eKTHBHI TEXHOJIOT1] BHKOPHCTOBYIOTHCS
Jutst OyniBenb HalpisHOMaHiTHIMX cdep. Taki 3axoau, sk
TepMidHa caHallisl, pPEKOHCTPYKIIisl, MOAEPHI3allisl iHKeHe-
PHHX MepeX, BUKOPHUCTAHHS albTEPHATHBHUX JKEpel
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€Heprii, Bce YacTillle 3aCTOCOBYIOThCS ISl Oy/IiBeNb, a Ta-
KOX 3 KOXXHUM POKOM BUXOJSTh HA HOBUil piBEHb PO3BHU-
TKY.

Uepes Han3BUUAiHy PI3ZHOMAaHITHICTH IMPOIIOHOBAHUX
ChOTOJIHI TEXHOJIOTiM Ta iX edekTiB BUOIp HEOOXiqHOTO
KOMILIEKCY 3aXO[IiB 3 MiABUIICHHS CHEProe(eKTHBHOCTI €
JIOCHUTH BiINOBINJIHAM pilICHHAM. BIMBH Takmx 3axo-
JliB MOXYTb OyTH SIK TO3UTUBHUMH TaK i HETaTUBHUMH, SIK
1 3 TEXHIYHOI, TaK i 3 EKOHOMIYHOi TOYKH 30py. Pazom 3
THUM, MiHIMaJIbHI BUMOTH JIO0 €HeproeeKTHBHOCTI Oymi-
BEJIb BCTaHOBIIIOIOTHCS HA OCHOBI JaHHX, PO3PaXOBaHUX
JUIsL €TaJIOHHHUX OYyJiBelb, 3 ypaxyBaHHSM BUMOT JIO Tell-
JIOBUX XapaKTEPUCTHKaX OrOpOJDKYBAaJIbHUX KOHCTPYKIIH
Ta eHeproeeKTUBHOCTI IH)KEHEPHHUX CUCTEM (BKIIIOUAIOUN
yCTaTKyBaHHs) OyiBeJIb BiJIOBIIHO 10 €KOHOMIYHO JOIIi-
JIbHUH piBeHb, IO BPaXOBYE PiBEHb JUCKOHTOBAaHHX BU-
TpaT Ha €HeProeeKTUBHICTh I0J0 PO3PAXyHKOBOTO TEp-
MiHy KOPUCHOTO BUKOPUCTAHHS KOXXHOTO €TAIOHY OyIiBITi
1 mudepeHIiHOBaHUHN 3aJIe)KHO Bifl (PYHKIIOHATBHOTO IIPH-
3HAYCHHS, BUCOTH OY[iBEINb i THITY OyAiBeIbHUX POOIT.[2,
3,7]

OcHoBHi pe3yabtatn podoTn: OO'ekTH OIOIKETHOI
cdepu Ta MyHinMnanbHOI iHpacTpykTypH B YKpaiHi € 10-
CHUTb BEJIMKMMH CIIO)KMBAYaMU TeIlIa, BOJHM, €JIEKTPOCHEp-
rii Ta majuBa. 3a pI3HMMHU OLIHKAMH, CyMapHE CIIOXKH-
BaHHs MAJIMBHO-CHEPIeTHYHUX PECypciB B IMX chepax
craHoBuTh 25-30% Bix kinmeBoro crmoxuBauus [2]. lpu
bOMY, OFOJDKETHI 00'€KTH IEPKaBHOTO ITiATIOPSIIKYBaHHS
B ITOPiBHSIHHI 3 1HITUMH, SK TIPABUIIO, CIIOKUBAIOTH O1ITBIIIE
€JIEKTPOCHEPTIi, perioHalbHi i MyHIIUIAIBHI - OUTBIIE Te-
1a i Boau. B cepeqHhOMY B BEJIMKHX 1 CepeIHIX MicTaX Ha
4yacTKy Oo/pkeTHOI cdepu npunanae ommspko 9-11% Bin
YChOTO EHEProCIIOXUBAHHS MiCTa, 00'€KTH Jiep>kaBHOT O10-
JOKETHOT cepr MOXKYTh JOAATH J0 Ii€i YacTKH e Ou-
36K0 5-6%. CTpyKTypa CIIOKMBAaHHS €HEPTOPeCypciB My-
HIIUMATBbHAMKA O0'€KTaMH 1 MiANMPUEMCTBAMHM B 3HAYHIN
Mipi BU3HAYa€ThCSA crierudikoro i mpodinem ix AisSIbHOCTI.
Jo rpynu Oro/KeTHHUX OpTraHi3amiii BXOAATH pi3HI ycTa-
HOBH OCBITH, OXOPOHH 3JIOpPOB'S, KyIbTypH i MHUCTEIITBa,
¢i3KyIbTYpHI 1 clOpTUBHI ycTaHoBH, 00'ektn MBC i Min-
000pOHHM, aJMIHICTPaTHBHI Ta aJMiHICTPaTUBHO-BHPOO-
HHU4l ycraHoBU. B ckitan 00'exTiB 610/)keTHOT cepH B oc-
HOBHOMY BXOJSITh Pi3Hi OyaiBii 1 Oy10BH, QPyHKIIOHANBHI
1 TOTIOMIXKHI CHIOPYAH, B PSi BUMIAJIKIB - BIACHI CHCTEMH
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KHUTTe3a0e3MeueH s (KOTeNIbHI, CHCTEMH BOJIO-, €IEKTPO-
MOCTa4YaHHs Ta iH.).

Cneundika BUKOPUCTaHHS €HEPropecypciB Ha IUX 00'-
exTax mpusezeHa B [8]. Pexum ekcruyararii i o6acth BU-
KOpPHUCTaHHSI €HEpPropecypciB Ha IUX 00'€KTax B 3HAYHIN
Mipi 30iraroThCsi, Mo 103BOJISE CHOPMYBATH JTOCHTH 3ara-
JBHAUN MAKeT TEXHIYHUX PIMIeHb MO0 eKOHOMII eHeprope-
cypciB. Kommekc 3axo/iB 3 eHepro30epe:keHHS Ta IiIBH-
IICHHS €HEepreTHYHO! e()eKTUBHOCTI JOCUTH Pi3HOMAHIT-
HUM 1 MOke OyTH po3AiICHHH Ha caMi pi3Hi rpymu. 3a BH-
TpaTaMH iX MOXIHBO KiIachu(ikyBaTH Ha MaJOBUTpATHI
(opranizamiiiHi), cepeTHLOBUTPATHI (3 OKYITHICTIO JI0 5 po-
KiB) 1 BUCOKOBapTicHi. L[5 knmacudikaris 3acTocoBy€eThCS B
PAAL METOIMYHHX MOCIOHUKIB | HOPMATUBHHX aKTiB.

3a (yHKIIOHAJBHICTIO eHepro30epirarodi 3axoqu Mo-
KyTh OyTH KiacudikoBaHi sk "macusni" Ta "aktusHi" [8].
[Tpu 11bOMy B KOMIUIEKC €HEpro30epirarouux 3axoiB 3a pi-
3HAMH 00'€KTaM MOXXYTb BXOAWTH Halpi3sHOMaHITHIMII 3a
CIPSMOBAHICTIO 3aXO/M: OpTaHi3aIiiiHi 3ax01u (BBEACHHS
MIPaBUJI, pETIAMEHTIB, CTAHAAPTIB, HOPMAaTHBIB, 3MiHa Tpa-
¢iky ¢yHKIiIOHYBaHHA 00'€KTy 1 T.O.), TEXHIYHI 3aX0AU
(pexoHCTpPYKIist OYiBITi, BCTAHOBJICHHS TOJATKOBOTO 00-
JlaTHaHHs, BAKOPUCTAHHS TEIUIa, 1110 BIIXOAUTH Ta iH.), pi-
3HI MOTHBALii{HI 3aX0/¥ 1 ME€XaHI3MH (EIEMEHTH CTHMY-
JIFOBAHHSI, IpOTarax/a i T.1.).

Po3pobka cucTeMHOTO MiIXoay — I HEOOXIIHICTb, 3Y-
MOBJICHA CYTTEBUM YCKJIaJHEHHSM 3a/1a4 CTPYKTYPHOI Op-
ranizauii Ta ynpaBJiHHS B CHEPI€THILI B YMOBaxX peopMy-
BaHHSI, 3pOCTAIOYOT0 HONUTY Ha EHePreTHYHI MOCIYTH B 1X
KUTBKICHOMY 1 SIKICHOMY BHUTJIAMI, CTaTYyCOM CIIO’KHBAaya,
SKUI CTaB aKTHBHHUM CY0'€KTOM OpraHisawniiHo-rocronap-
CHKHX BiTHOCHH, HOBUMH BHMOTaMH, I110 BUCYBAIOThCS CY-
CIUTBCTBOM JI0 KOHIICMIII1 iHTEeNeKTyali3amii CHEPTeTHKH —
koHmnermnii Smart Grid [2, 3, 6].

Tomy, pa3oMm i3 cCHOPMOBAaHMMH CHUCTEMHUMH IOCIi-
JOKEHHSIMH TEXHIYHUX CHCTEM JOLUIBHO X BHBYEHHS SIK
CHUILHOT BUPOOIB — TEXHOLIEHO31B, LI0 Nepeaoavae 3acTo-
CYBaHHS PSly HOHSTh, sIKi BUKOPUCTOBYIOTHCSI 00'€KTHB-
HOIO 3aKOHOMIPHICTIO, 1110 Ma€ 3aranbHuit xapaxrep [4, 5].
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TepMiH «TEXHOLIEHO3» 1 LEHOJOTTYHHUI MiAXix 10 1oc-
JIDKEHHS CKIIAIHUX TEXHIYHUX CUCTEM BU3HAYAETHCS SIK
LITy4YyHa CHCTEMa, CHUILHOTAa BUPOOIB 31 ciaOKuMHM 3B's13-
KaMU i € IMHUMH HITISIMH, 00MEKeHa B 9aci i pocTopi. YHi-
BEPCAIBHICTh IIEHOJOTIYHOrO MiAXOAy 1 cPopMyiboBa-
HOTO Ha HOTO OCHOBI 3aKOHY ONTUMAaJIbHOI TOOYIOBH TEX-
HOLICHO3Y JI03BOJISIE 3aCTOCOBYBATH TX JIJIsI OFOIKETHHUX Op-
rafizanii Ta ycranos [2, 4, 5]. JlocnimKeHHS TEXHOIICHO3Y
— IIe JOCTIDKeHHS LiJIOT0, KOHKPETHOTO 00'€KTa, M0 Mae
IHTETpaTHBHI BIACTHBOCTI, MOCIIHKCHHS, IO HPUIYCKAE
PYX BiI HiJIOTO 10 YaCTHH IPU BUBUYCHHI YK€ CKIIATHUX
IMOBIpHICHUX TE€XHIYHUX chcTeM [5].

MeTol0 TEXHOLEHOJIOTIYHOTO JIOCHI/PKEHHSI aHaIli3y €
CTAaTUCTHYHHUNA aHAaJi3, KPIM TOrO ONTHUMI3allisi TEXHOIIe-
HO3y (puc. 1). PaHroBi aHami3 BKJIOYA€E MPOIETypH 1HTEP-
BaJIBHOTO OLIHIOBAaHHS, apaMEeTPUYHOTO HOPMYBaHHS,
MIPOTHO3YBAaHHS Ta HOPMYBaHHS CIIOKMBAaHHS PECypCiB.
[ornuGieHwii aHai3 paHTOBUX MAPaMETPHIHHUX PO3MOIi-
JIB 1a€ MO>KJIMBICTh 3HAYHO IMiIBUIINTH €(EKTUBHICTH pa-
HTOBOTO aHaNi3y. 3a3HAYNMO, IO BiH 3IIHCHIOETHCA B Ta-
KHX TIpoueaypax sk nudiekc-anani3, GZ-anamni3, ZP-aHa-
i3 i ASR-ananis [8].

OpHaK CJiJl 3a3HAYMTH, [0 TEXHOIICHO3, 0E3yMOBHO,
CHCTEMa TEXHOTEHHOTO IMOXOKCHHS, a JUIsl MPOBEICHHS
onTuMmizallii TexHoueHo3y (puc. 1) BiAMOBIAHO 3 TOOYI0-
BaHMMHU TpadikaMu po3MOALTy HEOOXiTHO BU3HAUUTH OII-
TUMAaJIbHUIA O30T, baratopiuHuii MOCBiA TOCIIIKCHHS
TEXHOIICHO3IB B PI3HUX OOJNACTSIX JIIOACHKOI MisTBHOCTI
MOKa3ye 110, ONTUMAIBHOIO € Taka KOH(Irypailis CHCTEMH,
sIKa aHANITHYHO OIMKCYEThCS BOMAPAMETPUYHHM AaIpPOK-
CHMYIOYMM BHPa30M pPaHroBOro posmoaity. Exeprocmo-
*xuBanHst 06’ exta W (X) y sIKOCTi OCHOBH /17151 TOOYT0BH pa-
HTOBOT'0 MTApaMeTPHUYHOTO H-po3moiny BU3HAYAETHCS, SK:

W
W(X):r_ﬂl

Jie T — paHr 00’€eKTy; f/ — IOKa3HUK, KUl BU3HAYAE CTY-
MiHb KPYTU3HU KpHuBOi po3moainy; (1) Wi = Wmax — xKoHC-
TaHTa, 3a SIKy NPUHMAaeThCsl MAaKCUMaJIbHE 3HAYCHHS Ha-
OUTBIII KPYITHOTO CIIOKHBaYa.

www.seanewdim.com

S . ' 5
. 3ap7aHHT Panroeo —
Brminesss neHosy » BHIOVTEOPHOMTHX ¥ DapIMETPHYHHE OIHC
IapaMeTpLE LIEHO3Y
N 0 S . ¢ A
et [NoGynoea TadyIEOBAHOTO
CTYIIEHA Ky TH3HH w S
2 b PaETOBOTO POIMOOLTY Ta
Omrmaizams B i rpadi9HOrO PAHrOEOTO
EI—‘ID'}\' ke rmepoo:nlﬂ_{oro He IapaMeTpPHIHOTO
2l - POSIOTLTY. p . p
Ampoxcnania POMOILTY 1CHYIOI0I0
IJOSHO:[i_'IiB \- TEXHOIIEHOSY _/
Puc. 1. - Airoput™ NpoBeIeHHs] PAHrOBOTO aHaJIi3y JUlsl IPOTHO3Y €HEPrOCIOKUBAHHS OI0/DKETHHUX OpraHi3amiil Ta yCTaHOB
W, ne Ri — ingexc HaiHOCTI QyHKIIOHYBaHHS TEXHIYHUX
B =log, W(x) cucteM 00’ekTy, PSQIi - iHIEKC SKOCTi eNeKTpOomnocTa-

Haiikpamum BBaXaeTbcsl TAKUI CTaH TEXHOLIEHO3Y, IIPU
SAKOMY HapameTp 3HaxoauThcs B Mexkax 0,5 < <1,5 . Bixn-
MOBITHO JI0 3a3HAYEHOTO BHPAa3y MOXXHAa BU3HAYWUTH Jie-
SKHWH Jliana30H ONTHMAJLHUX CTaHIB cHCTeMU 1 rpadidHo
Bi10Opa3uTH HOT0 y BUIIISIL IKOICh CMYTH Ha rpadiky pa-
HTOBOTO po3moiny [2].

Camy onTuMizaniiiHy 3a7a4y BCepeliHi EHO31B MOXKHA
(opmManizyBaTH HaCTYyITHUM YHHOM:

Z(R,PSQ,ENV,,Pl.) —>extr,

37

yaHHs 00’ekty, ENVI - iHgeKc «ekonoriyHocTi» 00’eKTy,
Pli - innexkc peHTabeIbHOCTI 00’ EKTY.
CdopmynroBaHa y TakOMY BHTJISI ONTHMi3aliifHa 3a-
Jladya MaTUMe HacTYITHI OOMEKeHHS:
0< f,(R,ENV,) <1
f.(PSQ.,,Pl,)>1

HaBenenuii Ha puc. 2 paHroBuil mapaMeTpuUIHUN PO3-
TOJTLT TEXHOILIEHO3Y T10 CITO’KUBAHHIO €JIEKTPUYHOI eHepTii
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OI0/DKETHUMHM OpraHizauisMu Ta ycraHoBamu CoJiom’siH-
cpKOro paiiony 3a 2016 pik, HasiBHO LIIOCTpYE i€BICTH 3a-
MIPOTIOHOBAHOT'O MiJXOIY.

JlocmipkeHHs IEHO31B K MUIICHOCTI 3BOAATH JI0 iX CH-
CTEMHOTO ONHKCY 1EPapXiYHOI0 CUCTEMOIO IMOKA3HUKIB (10
000B'sI3k0BO Ays imeHTH(]IKamii 1IeHo3a) 1 T0 CTPYKTYp-
HOTO I[EHOJIOTIYHOTO OITHCY.

Ha erarmi crarucTruyHOro aHamizy i moOyI0BH eMIipud-
HOI MOJIeNi TPOIECy €HEePrOCIOXUBAHHS 3MIHCHIOETHCS
ITOBHOMACIITa0HA CTATHCTUYHA 00pOOKa TaHUX TI0 CIIOKH-
BaHHIO CHEPTETHIHHUX PECYPCIB, sIKa BKIIFOYAE B ceOe iHTe-
pBaJIbHE OLIIHIOBAaHHS, a TAK0XX PaHTOBUH Ta KJIACTEPHHN
aHaii3. PaHrosi aHaini3 103BosIste ynopsiakyBary indpopma-

W, KBTrog
250000

CCBY4.0

1110, 3/11IHCHUTH TPOTHO3YBAaHHS €HEPrOCIIOKUBAHHS OKpE-
MHUMH 00'€KTaMu 1 iHPpacTPyKTyporO B LIJIOMY, iHTEpBa-
JIbHE OI[IHFOBaHHS BUSBIISE B MUHAMILI 1 HAOYHO TIpECTa-
BJIsI€ 00'€KTH 3 aHOMAJILHUM €HEprocrokuBaHHsAM. Kiac-
TepHHUI aHa]i3 J03BOJILE PO30OUTH 00'€eKTH MO Tpymnax i
3IIHCHATH HOPMYBaHHs €HEPTOCIIOKUBAHHS 00'€KTIB B KO-
XHIN TPyHi 3 JETAIbHUM CTaTUCTUYHUM OIMCOM OTpUMa-
HUX HOpM [3].

[ToGymoBa paHTrOBOTO-TIAPAMETPUYHOTO  PO3MOILTY
3MIACHIOETHCS Ha OCHOBI JTaHUX IO €HEPTOCIIOKUBAHHIO.
PanroBmMit BUIOBHI pO3NOLT 3pydHO 300paKyBaTH B rpa-
¢iuniit popmi. Bin npeacrapisie co00I0 CYKyIHICTb TOYOK,
BiCh a0CITUC BINMIOBIJIa€ PaHTy BUJY, & BiCh OPJAWHAT — YH-
Clly 0COOMH, SIKMM Liei BUJ IPE/ICTaBICHUH.

200000 s
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Puc. 2 - PaaroBuii napaMeTpU9IHUI PO3NOILT TEXHOLEHO3Y O CIIOKUBAHHIO EJIEKTPUYHOI eHeprii Or0KEeTHIMHU OpraHi3alisiMH Ta
ycranoBamu CostioM’sSTHCEKOTO paiioHy 3a 2016 pik, TOUKH — eMIIIPUYHI JaHi, CyHiJbHA JIiHIs — alpOKCUMAaIbHa KPHBa

OCHOBHHUM 3MiCTOM PaHTOBOT'O aHANi3y BBAKA€THCSI Me-
TOJMKA MOOYTOBH PAaHTOBUX PO3MOALIIB 1 IX MOANBIIE BU-
KOPHCTAHHS 3 METOIO ONTUMI3aIlil 1ieHo3a. [IJ11 BUKOHAHHS
ONTHMI3allil CHCTEMH BUKOHY€EThCS IOPIBHSHHS 11€aJIbHOT
KpHUBOI 3 pEalbHOI0, MiCis BHBYEHHS CIiBBIJHOIIEHHS
KPUBUX MOJKHA 3pOOMTH BHCHOBOK: III0 HEOOXiIHO 3Mi-
HHUTH B [IEHO31, 1100 TOYKH PeabHOT KPUBOI MPArHy I Mo-
TpalUTH HA i/leabHy KpHUBY. 71 IbOTO BH3HAYAIOTHCS
crocoOu, 3acOo0M, MEXaHi3MH TIONIIIICHHS [EHO3Y 3 Me-
TOIO0 YCYHEHHsI aHOMallbHUX BiaxwieHb. [Ipn HaOmmkeHHi
eKCIIepUMEHTAJILHOT KPUBOI PO3IOTY 110 iIeanbHOI KpH-
BOI BHIY, THM CTaOUIBHIIIE CHCTEMA.

BucnoBku. [TepeBaroro 3anpornoHOBaHOTO MiIX01y AJIs
BUOOpPY TPy 3aXO0/1iB 110 MiJABHUIIEHHIO EHEPreTUIHOI ede-
KTUBHOCTI y OyHIBJISIX € ONTUMAaJIbHE BiZJOOpPa)KeHHs IPO-
1ecy (QyHKI[IOHYBaHHS 00'€KTIB TEXHOICHO3y B MalOyT-
HBOMY 3 YpaxyBaHHSIM MOXKJIMBUX 3MiH TeXHOJIOTII, iHdpa-
CTPYKTYPH, @ TaKOX BUKOPHCTaHHs pecypcis. [Ipu BuKo-
puctanHi MeToy 00K (PaKTOPiB BUKOHYETHCS, CTIOYATKY

BBEJICHHSM B QJTOPHTM MOJEINi YNPaBJSIOYHX BIUIHBIB,
Jlajli, peanizali€lo CTOXaCTUYHUX 3BOPOTHUX 3B'A3KIB, 1 5K
HACJIIJIOK OJTHOYACHOI0 PO3POOKOIO0 KiJTIbKOX MOKIIUBUX Ba-
PiaHTIB PO3BUTKY TEXHOIICHO3Y, a B MIOJIANIBIIOMY IIPH PO-
60Ti 3 MOJEIIIO, MOCTIHHUM JTOCITIIPKEHHIM aJ€KBaTHOCTI
pe3ysbTaTiB MojeoBaHHs. HemomikoM ¢ 3a3Ha4uTH,
IO METOJ, KM 3aCHOBAHUI Ha CTATUCTUYHIA MOJIE, K
i moniOHI METOAM, 3 BHCOKOK TOYHICTIO PO3PaxXOBYIOTh
3HAYCHHS KOPOTKOCTPOKOBOTO MPOTHO3YBaHHS (3TiAHO 3
JOCIIDKSHHSIMU TOYHHI POTHO3 MOYKHA OTpUMATH Ha 1 —
2 pOKH, HiciIs BOr0 HOMMIIKA Pi3Ko 3pocTae). Jpyrum He-
JIOJIIKOM € HEMOXITUBICTh peai3allii KpuTepiiB, siKi 3acHO-
BaHi Ha MOPIBHSHHI BapiaHTIB yNpPaBJIiHHS €HEProCHOXH-
BauHs1. L{i HeAOMiKM MOXKIMBO yCYHYTH. [ IbOTO HE00-
X1JIHE CTBOPEHHS AMHAMIYHOI aIaliTHBHOT MOJIENI, 1110 Bij-
OuBa€ Mpolec eICKTPOCTIOKUBAHHS HA TIMOUHY Bin 5 10 7
POKiB i Oinblie.
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Decision making optimization of the energy efficiency measures in buildings and structures based on the techno-technological
approach
S. Denysiuk, D. Derevianko, V. Vasylenko
Abstract: the peculiarities of conducting a rank analysis for the forecast of energy consumption of buildings and structures in Ukraine
are considered. The optimization problems within the framework of optimization of cenoses with corresponding restrictions are for-
malized. It is proposed to use a technocoenological approach to select and rank activities within individual clusters. The advantage of
the proposed approach for the selection of groups of measures to improve energy efficiency in buildings is the optimal reflection of the
process of functioning of the objects of the technocenosis in the future, taking into account possible changes in technology, infrastruc-
ture and resource use.

Keywords: optimization, technocenosis, energy efficiency, buildings
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Abstract. The article presents the method of anti-risk management of agro-industrial complex projects based on the critical path, as well as
the algorithm of anti-risk management method of agro-industrial complex projects based on the critical path was developed, which allows
when constructing the network schedule of the project to consider not only the duration of works, but also the value of risk of the project of
agro-industrial complex. The application of this method will help the project manager to manage project risks more effectively and, as a
result, to improve the quality and quantitative indicators of agricultural production.

Keywords: projects, risk management, method, risk management methods, agro-industrial projects.

Introduction. Project stakeholder management is an
important component of project management. The
stakeholders of the projects of agro-industrial complex have
their own specifics. Risks associated with project
stakeholders can be devastating for the projects. And given
the social role of agrarian projects, the collapse of such
projects is unacceptable. The products of agrarian projects
are the products of livestock and crop production in natural
or processed form. Ukraine is one of the key suppliers of
crop products to the world agricultural markets. Livestock
products of domestic producers are just beginning to be
recognized in the markets of the European Union. The
introduction of project management in the domestic agro-
industrial complex will help agricultural producers to
improve the quality and volume of crop and livestock
products, as well as will help to meet the demand of
domestic consumers and increase imports of agricultural
products. It should be noted that global trends in the
consumption of organic products and compliance with
requirements to reduce negative impact on the environment
in the production of products, contributes to the revision of
state regulation of agricultural production rules by domestic
producers. Despite the fact that consumers and government
agencies are stakeholders in agricultural projects, it is
necessary to consider their interests when implementing such
projects. But the implementation of these requirements
requires changes in the process of usual production for
farmers, bears, in addition to the additional costs, also the
resistance to changes of employees of agricultural enterprises,
who are also the stakeholders of agro-industrial projects.
When managing project stakeholders, the project team
encounters the need to resolve misunderstandings and
conflicts that arise during such project implementation. That

is why the qualitative identification of all project
stakeholders, definition of their mentality, interests,
expectations and requirements from the project

implementation, as well as the assessment of their influence
on the project and assessment of risks related to the project
stakeholders is an important element of the project
stakeholder management planning phase. During the
planning phase of the project, it is advisable to calculate the
option of planning full paths of works, so that the priority
criterion for determining the critical path is not the time of
the project, but the minimum risk. Such planning in agrarian
projects has significant advantages in that the collapse of the
project, due to the occurrence of the risk situation related to
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the stakeholders of the project, can lead to the closure of the
project, unacceptable in view of social effect of agrarian
projects. To solve this issue, the author proposes the method
of anti-risk management of agro-industrial complex projects
based on the critical path. This method takes into account the
specifics of the subject area and is a practical tool that can be
applied to projects in all sectors of agriculture.

Analysis of latest researches and publications.
Fundamentals of the theory of stakeholders were laid by R.E.
Freeman in the work [1], where the author defined the
concept of stakeholders. R.E. Freeman proposed hypothesis,
which was that the organization and its environment can be
represented as a set of stakeholders in its activities, the
interests and requirements of which should be taken into
account by managers [2].

T. Donaldson and L.E. Preston in work [3] have defined
the theory of stakeholders, as a management approach,
which recommends use of methods and practice that make a
philosophy of stakeholder management. This philosophy
aims to describe, understand, analyze and manage
stakeholders and provides a framework for analyzing the
behavioral aspects of stakeholder management.

When managing the stakeholders of projects, it should be
taken into account that the success of the project depends on
all stakeholders [4]. R. Sisodia, D. Wolfe, J. N. Sheth [5]
noted that none of the stakeholder groups can be regarded as
the main one. R. Mitchell, B. Agle and D. Wood [6] insisted
that it is necessary to manage all stakeholders, even those
who do not directly interact with the organization. The
stakeholders of the project should be considered as a single
structure, where all the elements are linked by common
interests.

In the work [7], project relationships are defined as
relationships between all project stakeholders in different
contexts. Time is a defining feature of the relationship - both
past and future influence current behavior in such
relationship. In addition, interactions underlie stakeholder
experiences and expectations. Each relationship is unique in
its content, dynamics, and impact on the parties involved. So,
it is not just a question of whether stakeholders and projects
are connected, but also how effectively they are connected
[8].

The stakeholder management of projects affects the
effectiveness of project implementation. C. Scott-Young, D.
Samson in the work [9] noted the importance of stakeholder
management to achieve project goals. To do this, project

©|K. J. Krol 2021

www.seanewdim.com


holis.diana@gmail.com
Typewritten text
K. J. Krol 2021


Science and Education a New Dimension. Natural and Technical Sciences, 1X(32), Issue: 255, 2021 Jul.
Thejournal is published under Creative Commons Attribution License v4.0

activities should pay more attention to the needs and
expectations of project stakeholders [10]. This idea is
supported by scholars in the work [11], which noted that all
responsibilities and roles, during the implementation of the
project should be considered as a response to the
expectations of project stakeholders. To begin with, in the
planning phase of project stakeholder management, the
project team identifies stakeholder expectations of the project,
then considering the project objectives, discovers the
possibility of matching the future project product with
stakeholder expectations. During the course of the project,
the stakeholder’s expectations are checked and, if necessary,
communications are made to adjust stakeholder expectations.
It is because if stakeholder expectations are not met, the
success of the project will not be fully achieved. For example,
inflated expectations can lead to stakeholder disappointment
with the results of relevant project.

Orlander and Landin [12] noted that communication with
stakeholders should be open, reliable, and informative. Trust,
integrity, and ethics are the foundation of good relationships
between project stakeholders.

0. Verenych in the work [13] noted that the organization
of interaction between the stakeholders and communication
are the most important competencies of project manager. The
reason for the lack of interaction and communication can be
a lack of integrated understanding of all project processes by
all participants.

In addition to expectations, the interests of each
stakeholder shall also be identified. Frank Harris [14] noted
that the wvarious interests of stakeholders should be
recognized by the project team and subject to constant
review. In the work [15] it is noted that incomplete and
untimely consideration of the interests of project
stakeholders can lead to unexpected issues and uncertainty in
the projects. The power / interest model [11, 7] is used to
determine stakeholder expectations and interests and is
widely used to analyze the influence of stakeholders in the
project.

Y.Y. Husieva [16] noted that the project should provide
only those functions, features or technical characteristics that
are necessary to meet the requirements of its stakeholders,
using only those resources for which the customer or
investor is willing to pay.

Ineffective stakeholder management leads to project
delays and cost overruns [11]. This statement also applies to
the agricultural projects. Scientific studies performed by
scholars [17, 18, 19], noted the need for a structural approach
to the identification, prioritization and involvement of the
stakeholders. It is noted that the success or failure of the
entire project depends on the ability of project team to
identify correctly and manage effectively all stakeholders of
the project [20].

Project management standards reflect the stakeholder

management processes. The most common are the following:

PMBOK PMI [20], P2M [21], ICB IPMA [22], 1SO 21500
[23].

For stakeholder management such models are used as:
Mitchell’s model of stakeholder significance identification,
in which each stakeholder is analyzed according to the
following indicators: power, legitimacy and urgency of
demands [2, 6, 24]; balance model of resource relations,
where relations between stakeholders are divided into
asymmetric and equivalent [2, 24]; network model, which is
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used to analyze relations and classify the stakeholders [25],
allows to identify the behavior of individual stakeholders and
to determine the behavior of the government in general,
peculiarities of positions in the community and the properties
of the network as a whole; Mendelow model, which allows
to identify and classify the interested parties by such
indicators as interest, i.e. desire to influence and power, i.e.
the ability to influence, which is reflected in a two-
dimensional coordinate system [24]; the model depicts an
assessment of the power of influence of the interested parties
and interaction between the interested parties through the
Freeman’s power [1, 24]; the stakeholder circle [26], which
represents a project surrounded by the project stakeholders;
the performance prism focused only on major classes of
project stakeholders [26].

In order to take into account the peculiarities of the
stakeholders of agrarian projects, the author developed a
conceptual model of mental space of the stakeholders of
agro-industrial complex projects and anti-risk management
of stakeholders of agro-industrial complex projects [27, 28,
29], as well as mathematical model of anti-risk management
of stakeholders of agro-industrial complex projects [27, 30].

Despite the fact that some of the critical risks for agrarian
projects are the risks associated with the projects concerned
[31, 32], there is a need to develop tools for the anti-risk
management of agrarian projects, which would take into
account the specifics of such projects

The aim of this study is development of tools for risk
management of agricultural projects.

Materials and methods. The methodological basis of the
study is the general scientific principles of research, the
fundamental provisions of the system approach, project
management methodology and the process approach.

Results. In project management, the criterion for
successful completion of the project is not always its
deadline. There may be cases where it is necessary to
complete the project with a limited amount of manpower, but
not necessarily quickly. Sometimes the main criterion for
project completion is not the shortest term and lowest cost,
but the minimum risk [31, 34]. In such situations on the
network model it is necessary to define all complete paths
and then choose one “critical” (by time, costs, risk or other
criteria).

The author in the work [35] presented a method for
determining all the complete paths of the network schedule
of agro-industrial projects, which allows to determine all the
complete paths of the network schedule of the project for the
subsequent selection of optimal path by the necessary criteria.
This method is an integral part of the proposed method of
anti-risk management of agro-industrial complex projects on
the basis of the critical path. The scheme of the method of
anti-risk management of agro-industrial complex projects
based on the critical path is shown in Fig. 1.

The method of anti-risk management of agro-industrial
complex projects based on the critical path consists of the
following steps, namely:

1. Filling the project risk management information base.
At this stage, the project team generates a list of risks of
agro-industrial complex projects that have been implemented
previously, and enters information on risk management into
the database. The project risk management plan is developed,
where the general approaches to risk management,
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classification, identification of risks and the mechanism of
response to the project risks are specified.

Filling the project
risk management
information base

Construction of the network schedule of the
agro-industrial complex project

)

Identification of all the complete
paths of the network schedule of
agro-industrial complex project

!

The project manager shall determine the

critical path of the agro-industrial complex
project

)

[To6ynosa citboBoro rpagiky npoexry AITK
(ocnoBHi kputepii T Ta R)

!

Construction of the network schedule of agro-
industrial complex project
(T and R basic criteria)

!

Development of measures

to reduce R on the critical
path of the agro-industrial
complex project

Fig. 1. The method of anti-risk management of agro-industrial
complex projects based on the critical path
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2. Construction of the network schedule of the agro-
industrial complex project. The project team builds the
network schedule of the agro-industrial complex project,
which is a network model with pre-calculated parameters,
which have temporal character. The basis in development of
network schedule of the project is the work, for which it is
necessary to take into account the availability of necessary
resources, the event, i.e. the fact that all the works that are
necessary for the next works are finished.

3. Identification of all the complete paths of the network
schedule of agro-industrial complex project. At this stage, the
project team determines all the paths from the initial to the
final event, which are called full paths. To do this, it is
proposed to use the method of determining all the full paths
of the network schedule of agro-industrial complex projects,
the detailed algorithm of which is given in the work [35].

4. The project manager shall determine the critical path of
the agro-industrial complex project. The project manager
determines the full path, which is the longest in duration
from all the full paths. To do this, the duration of each work
and event of the agro-industrial complex project shall be
determined in advance.

5. Construction of the network schedule of agro-industrial
complex project (T and R basic criteria). The project team
builds the network schedule of agro-industrial complex
project taking into account not only the duration of works
from the initial to the final event on the critical path, but also
the value of project risk.

6. Development of measures to reduce R on the critical
path of the agro-industrial complex project. At this stage, the
project team develops strategies to prevent and avoid project
risks.

As a result of the work we have the developed network
schedule, determined critical path on the criteria of time and
risk.

Conclusions. The method of anti-risk management of
agro-industrial complex projects based on the critical path
was developed, which allows to build a network schedule of
the project not only take into account the duration of works
on the critical path, but also the risk of the project, as well as
to develop measures to reduce the value of risk on the critical
path of the projects of agro-industrial complex.
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AnnHotanus. OG0CHOBaHO BIIMSHIE TAKOTO COLMATIEHOTO (akTopa, Kak MaHaeMust Ha (GopMHUpPOBAaHKE CIIPOCa Ha IIEKTPHUIECKYI0 SHEPTHIO B
VYkpanHe 110 pe3yJbTaTaM aHaJIi3a JIUTepaTypHBIX HCTOYHUKOB. BBIIBIIEHO CymiecTBeHHOE BO3AEHCTBHE TaHHOTO (pakTopa Ha OTpedIeHue
9JIEKTPUYIECKOH SHEPIHH CTPaHBI B IIEJIOM 1 Ha paclpeeieHne MOTPeOIeHIsT MKy CEKTOpaMH SKOHOMHKH, YTO MOITBEPXKIACTCS CTaTH-
CTHYECKUMH JaHHBIMH. KpoMe 3Toro, 0TMEYeHo, 9TO y)KeCTOUSHHS KapaHTUHHBIX MEPOIPHSTHI BIUSIOT Ha yPOBEHb NOTPEOICHNUS IIEKTPH-
yeckoi sHeprud. [Iporcxoaut nepepacnpeneseHue noTpeOaeHs MeXITy TpyIIaMy IOTpeOuTeneld, 0COOEHHO MEXITy YacTbio O(PUCHBIX HO-
Tpeburenei u ObITOBOrO ceKTopa. Takke 0TMEUEHO, UTO 3aKPhITHE OOIIECTBEHHOTO TPAHCIIOPTA M APYTHE OrPaHUYCHUS, BIMAIOLIIE Ha 00pa3
KU3HU HaCeJICHNs IIPUBOJIAT K XapaKTePHbIM H3MEHEHHUSIM B TIOTPEOICHUH IIEKTPHUECKOi SHepruu. Pa3spaborana MoJienb NPOrHO3UPOBAHNUS
CIpoca Ha 3JEKTPUYECKYIO SHEPTHIO ¢ y4eToM (akTopa IMaHAeMHi Ha OCHOBE SKCIIEPTHBIX OLEHOK C HCIIOB30BaHHEM 0alieCOBCKOTO MO

Xoja.

Knrouesvie cnosa: cnpoc Ha snekmpudeckyio SHEpeuio, NPOSHO3UPOsanue, 3Hepeocucmema, memoo baiieca, Covid-19, sxcnepmuas

OyeHKa.

Beenenne. JInbepanm3ariist SHEPreTHUECKOTO PhIHKA TIOCTa-
BUJIA Ha IIEPBOE MECTO BOIPOCHI IPOTHO3UPOBAHUS LICHBI U
Crpoca Ha 3JIEKTPUYECKylo dHepruro. s GpopMupoBaHus
aJIeKBaTHBIX MOJEJIEH NMPOrHO3UPOBAHMS HEOOXOANMO yUH-
TBHIBATH HOBBIC BBI30BBI BPEMEHH, KOTOPHIC BIMSIOT Ha ypO-
BeHb cripoca. OqHuM U3 Takux ¢aktopos ¢ 2020 roga crana
MaHAEMUSL.

B 2020 nocne Bemeimku nagemun COVID-19 npasu-
TEJILCTBA BO BCEM MHpE MPUHSIN PE3KUE MEpHI 10 CACPKH-
BaHUIO PacIpPOCTPaHEHUS BUPYCa, BKIIIOYAs JOKJIAyH, COIH-
aJIbHOE TUCTAHIMPOBAHKE, 3aKPBITHE IPEATNPUATHI U 3aIIpeT
Ha TIepEIBIKCHUE. DTH OTPAaHUYCHHS CYIIECCTBEHHO H3Me-
HSIOT PUTM TPYZa 1 )KU3HH JIFOJIEH, a CIIeJOBATEIBHO, IPHBO-
JUIT K 3HAUUTETFHBIM H3MEHEHHSM B IOTPEOHOCTH B JJIEKTPO-
SHEPruM M CTPYKType Harpy3ku. B VYkpauHe xecTkuid
nokaayH 011 BBeZieH KabmaeTroM MuHICTpOB YKpanHe! ¢ 12
Mapta 1o 3 anpens 2020. C 25 mapra Kabuner MuHHCTpOB
YKpauHbl BBEJl Ha BCEH TEPPUTOPUU Y KPAUHBI PEXKUM YPE3-
BBIYAfHON CUTyalluH Ha mepuon 1o 24 ampens [1], koTopsrit
3aTeM npouTiiH 10 11 mMas. Vike 4 Mast KapaHTHH IIPOTHIIN
JIo 22 Masi C OTHOBPEMEHHBIM €ro cMsirdenueM. M3-3a nonu-
TUKH OIPaHIYIEHHUN KPYIHBIE TOTPEOUTEIH 3JIEKTPOIHEPT UM,
HampuMep, TPEANpUATHS ¥ KOMMEPUECKHE YUPEXKJICHHs
OBUIM BBIHY>K/ICHBI 3aKPBITHCS WIIM NMEPEHTH Ha MUHUMAIIb-
HBIH YPOBEHb MCIIOIB30BaHMUs MOIIHOCTH. [TocKOBKY sroan,
B OOJNBIIMHCTBE CITy4yaeB, OCTABAINCH J0OMa, Harpyska Ha
KOMMYHAJIbHBIH CEKTOp HauMHaeT pacT. JlaHHBIN mporece
TIPUBOJIUT K 3HAYUTEIFHOMY U3MEHEHHUIO YPOBHS, POQHIIS,
COCTaB M CYTOYHOT'O PaCIpeieIeHHs CIIpoca Ha 3JIEKTPOIHEp-
ruio. V3MeHeHne pexuMa 3JIeKTpONOTPEeONeHNsT COOTBET-
CTBEHHO BJIMSET Ha pabOTy M yIpaBJIeHHE YHEPTOCHCTEMON.
W3-3a GpICTpOTO Pa3BUTHS TTAH/IEMUH I MEHSIOIIEHCS IPOTH-
BOSIHAEMIYIECKOH MOIUTHKN PaboTa SHEPrOCHCTEMBI CTall-
KHBaeTcs ¢ 0oJyiee BBICOKOHM CTENEHBIO HEONPEHEIECHHOCTH.
Kpome TexHmueckux MOCIEACTBUM, 3TO TaKKe BIMAET Ha
SKOHOMMYECKHE U IKOJOTMYECKUE aCMEKThI AJIEKTPOIHEpre-
THKU.

MHOroypoBHEBBIE OIPAaHUUYEHUS, CAEPKUBAIOLIME pac-
npoctpanearne COVID-19, cymiecTBeHHO HOBIHMSIIA Ha Xa-
pakTep oTpebIeHIs HOTPEOICHUS AIIEKTPOIHEPTHH,  TAKKE
Ha XapakTep W CTPYKTypy npodmist cripoca. Ilo mepe Toro,
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KaKk JKOHOMHKH TIBITAIOTCS OMNPABHUTHECS OT MaHACMHAU
COVID-19, ciipoc Ha 3JIEKTPOIHEPTHIO HAYMHAET MEICHHO
BO3BpAIIATHCS K JOKApPAHTHHHBIM 3HaueHUSIM. OTHAKO BITHS-
aue nangemun COVID-19 mpomomxaercs u Oyner uMeTh
JIOJITOCPOYHOE BIMSHUC HAa SHEPTETHKY W HAIY KU3Hb B I1e-
JIOM.

C 1991 mo 1997 ron motpebieHHE 3IEKTPOIHEPTHU B
VYKpauHe 3HaYMTeNIbHO CHU3MWIOCH 0 160 mipn. kBr.y, B
Havasie 2000-x cuTyalus HeCKOJIBKO CTaOUIM3UPOBAIack, HO
BEJIMYMHA MMOTPEOJICHHS CYIIECTBEHHO M3MeHmIach B 2018,
2019 u 2020 romy U COOTBETCTBEHHO cocTapisiia 135,72,
120,22, 117,90 mupn xBt. u. U3 npuBeneHHbIX AaHHBIX
MOYXHO CJIeNIaTh BEIBOJI, YTO PHEPrEeTHIECKAsl CHCTeMa Y Kpa-
WHBI pacCUUTaHa Ha 3HAYUTEIIHLHO OOJIBIINIA YPOBCHB TOTPEO-
JICHUsI, YeM HaOITI0gaeTcsl B MOCIeIHIE ToIbL. Takxke mpu Ta-
KOM 00beMe MOTPeOICHHs AIICKTPUIECKOM SHEPIHH, KOTOPOE
HaOmopanock B 1992 romy W3MEHCHUS B OIPENCIICHHOM
TpymIe HoTpeduTeneli CyIecTBeHHO He BIMSIOT Ha oOliee
notpebnenue B Macimrabe rocynapcrsa. Ho npu motpebie-
HUM Ha YpOBHE NOCIEIHUX JIeT HM3MEHEHHE B Tpaduke
Harpy3Kd OIPEAENeHHON TpYIIBl NOTpeOuTeNneH, ckopee
BCETO0, CYIIECTBEHHO MOBIMSIET HA KAPTUHY OOIIEro MoTped-
JICHUSI CTPAHBI.

C 1992 rona Ml HaOMFOJaeM TEHACHIINIO K COKPAIICHHIO
00BEMOB TIOTPEOJICHIS B Y KpanHe W OTHOBPEMEHHO TCH/ICH-
IO K POCTY JIOJH MOTPeOIICHNS B OBITOBOM CEKTOpE M, CO-
OTBETCTBEHHOTO €T0 HETaTUBHOTO BIIHMSHUS HAa PEXKUMEI pa-
00TBI Bcell sHeprocucTeMbl. [loaTOMy McclienoBaHue BIHs-
HUS BCIBIIIKY MAHAEMUU HA SHEPTeTUUECKUI CEKTOp YKpa-
WHBI, 2 IMEHHO Ha OBITOBOTO MOTPEOUTETIS, SIBISIETHCS I0CTA-
TOYHO BaXHOH U aKTyaJIbHOM 3a/1auel, TaK)Ke pacCMOTPEHHE
Pa3IMYHBIX 3TANOB MAHAECMHUH, KaK (aKTop BIMSHUS Ha I10-
TpeOeHne OBITOBBIX MOTPEOUTENICH MPH PEIICHUH 3a/1aud
MIPOTHO3UPOBAHMS MOTPEOICHNS.

KpaTknii 0030p my0inkanumii mo Teme. Bonpoc uccre-
JIOBaHHMS! BIIMSIHUS TIAHJEMHUH Ha SHEPreTHYECKUi CEKTOop M
Jpyrue cepbl 5KOHOMUKH CTPaHBbI SBIISIETCS OJHUM M3 JIO-
CTaTOYHO PpAacCIpOCTPAHEHHBIX, KOTOPBIE PACCMATPHBAIOT
YUEHBIX pa3HBIX CTpaH. B 4acTHOCTH, B HcclenoBaHuM [2]
npezactasned BiusHEe COVID-19 Ha yKpanHCKOM U BEHTep-
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CKHUH CEKTOPA 3JIEKTPOIHEPTETUKHU U OLICHUBAETCS €r0 UHTCH-
CHBHOCTb U JAWHAMMKa pa3BUTHs Ipolecca. B To sxe Bpems
JaHHas paboTa HE IMO3BOJISIET B IIOJHOM Mepe IPOBECTH
OLICHKY BIUSHUS (haKTOpa CITy4aitHOCTH IpU (POPMHUPOBAHUH
CIpOCa Ha MEKTPUIECKYIO YIHEPTHUIO [0 CEKTOpaM.

B craree [3] mpexncraBieH aHaMW3 BIMSHAS TaHICMUN
COVID-19 Ha sueprermueckuii peHOK [Tompmm. Taroke co-
JICPKATCS] aHATU3 TOTPEOICHNS IEKTPOIHEPTHU B NIEPHOJ
SKOHOMMYECKoro cmaza. Ho B myOnmkamym OTCYyTCTBYIOT
OIIpeIeICHHBIE OCHOBAHMSA ULl ()OPMHPOBAHUS OIPEAEIICH-
HBIX TNPEVIOKEHUH TSI IPOTHO3UPOBAHKS CIIPOCa Ha 3JIEK-
TPUYECKYIO SHEPTHIO B YCIOBUAX HEONpeAeNeHHOCTU. B pa-
6ote [4] mpoaHaIM3UPOBaHbI JAHHBIE O MOTPEOICHNUH JNIEeK-
Tpo3Hepruu 1o koHua Mast 2020 roza, ucciemyst Kak CIpoc Ha
ANEKTPOIHEPTHIO, TAK U MEPEMEHHbIE, KOTOPbIE MOTYT BIIH-
SITh Ha YPOBEHb HATPSDKEHUs B AJIEKTpoceTu. Bmecte ¢ Tem
00BEM aHATTM3UPYEMOT'O BPEMEHHOTO IIPOMEXKYTKa HE IT03BO-
JISIET B TIOJTHOM Mepe OLCHUTD (DaKTO CIYIaifHOCTH COIHAAITh-
HOTO TIPOIIECCca, YTO B CBOIO OYECPEAb BIUMSICT HA M3MECHEHUS
YPOBHS 3JIEKTPONOTPEOJICHUS B HCCIEyeMbIX pernoHax. B
[S5] wm3ywaercst BiOMsIHME KapaHTMHAa Ha SJEKTPUUYECKYIO
HarpysKy M HPOHM3BOZICTBO 3JIEKTPOIHEPTHH B CHCTEME pac-
IpesiesieHus UTaNbsiHCKOro roposa TepHu. OpHako HE XBa-
TaeT JaHHBIX I OLEHKHU INOJHOTHI BIMSHHA IMAaHAEMHUU Ha
SHEPrOCUCTEMY CTPaHbI WM PETHOHA.

B ommmuue OT npeaplIynMX HCCIEAOBAHUM, KOTOpBIE
OXBAaTHIBAJIM TOJIBKO HA4YaJ0 MaHAEMHYECKOTO Iepuoja, 3Ta
paboTa uMena IeTbI0 H3YYUTh U IIPOaHAIN3UPOBATh JaHHbIC
0 CIIpoce Ha JIEKTPHIECTBO B TEUECHHE OOJIEE UTUTEIHHOTO
Heprosia BpeMEHH. AHAIIN3 CIPOca Ha JIEKTPOIHEPTHIO TS
TpEX PETHOHOB MOKAa3all SIBHBIC TPU3HAKK ITHKE U COKpaIlle-
HHS CTIPOCa N3-3a MAHAEMHUH. B 0TIHdue oT nmpeblay X uc-
CIIeZIOBaHMI, TIPOLIECC aHaJIM3a CIpoca B 3TOi paboTe pazpa-
0OTaH Ha OCHOBE YCTPAHEHHs! KOPPEISLIN BPEMEHHBIX psi-
JIOB, TEHJICHIIMHA M CE30HHOTO BIMSHUS Ha aHAIM3 CIpOCca,
YTOOBI OXBATUTH TOJIBKO MOCIIEACTBUS aHAEMUH.
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Puc.1. I'padux cyrounoro norpetdienus OO 3a Tummdnsie cyTku B 2018, 2019 1 2020 ronax (a) ronosoe notpednenne B 2018, 201912020 ronax (6).

Kax ormewator B OCII, HanGonmpIInid criaf moTpedaeHus
9JIEKTPO3HEPT U B arperie HalJIio/1ascs! B IPOMBIIUIEHHOCTH.
B wactHocTH, Ha 21% MeHbIIIE NEKTPOIHEPT UM IOTPATUITH B
MAIlIMHOCTPOUTENBHON OTpaciy, Ha 17% - B TpaHCHOPTHOH,
Ha 13% - B MeTamtyprudeckoil. [1pu 3ToM ypoBeHb moTped-
JIEHUs1 HaceJleHneM yMeHblics b Ha 1% [4]. C 12 mas
2020 rona, mociie ocaabiieHusT KapaHTUHA, TSHJCHITHSI K CHU-
KEHHIO TTOTPEOICHNS AIIEKTPOIHEPTHH HECKOIBKO TPHOCTa-
HoBmIack. OTHaKO yBeJMUeHHE MOTPEOJICHNS SBISIETCS He-
CYIIECTBEHHBIM M CBS3aHO NPEHMYILIECTBEHHO CO CHIKE-
HHEM TeMIepaTypsI Bo3ayxa - 6osee gem 3°C oT mokazaresnst
ananorngsoro mepuoma 2019 [4].
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Hens. Lenbto paboOThI sIBIISIETCS BBISBICHUE BIUSHHUE Ta-
KOTO COLMaJILHOTO (paKTopa, Kak maHaeMus Ha (hopMHpOBa-
HHE CIIPOca Ha AJIEKTPUUECKYIO SHEPIUI0 B Y KpauHe; poBe-
JIeHHe KOMIUIEKCHOTO aHajIM3a W3MEHEHUH clipoca Ha 3JeK-
TPUUECKYIO DHEPTUI0 B YCIOBHSAX BBEJCHHS KapaHTHHHBIX
MEPOTIPHUSATHI 1 CHIKCHUS TIOTPEITHOCTH IPOTHO3UPOBAHMS
crpoca B OO ¢ y4eToM BIHMSAHUSA (PaKTOPOB MAHAEMHHU TIPH
MIPOTHO3MPOBAHUH CIIPOCA.

AHAJIN3 BJIMSIHUA NMAaHAEMHH Ha 00lIMe 00bLeMbI IOo-
Tpedaennsi B YKkpanHe. Ha mepBoM 3Tame mcciieioBaHUs
Ba)KHO HCCIICOBATh 3aJady NEPEKPECTHOTO BIMSHUS Pa3-
JIMYHBIX CEKTOPOB SKOHOMUKH M NOTpeduTeleld Ha (opMupo-
BaHME CIpOca Ha IMEKTPUUEcKyro sHepruto. Ilo naHHBIM
HammonanpHolt 3HepreTHueckor KoMmaHuu 'YKpaHepro"
(manee OCII), B iepBbIe TPH HENleH KapaHTHHA CPEHECY TO-
YHOE MOTPeOIICHUE IIEKTPOIHEPTUH C yUETOM MOTEPh B CETSX
B YKpauHe YMEHBIIUIOCH Ha 7,2% IO CpaBHEHUIO C aHAJIO-
rugHBIM TiepuogoM 2019 [4].

Ha cHmkeHne TOTpEOJICHHS 3NEKTPOSHEPTHN MOBIHSIIO
MOTEIVIEHUE: CPEIHECYTOUHas Temmeparypa B mapte 2020
6buta Ha 1,7° C BIme, yeM B Mapte 2019 [4]. B anpene 2020
CPEIHECYTOYHOE MOTpeOIeHNE HIEKTPOIHEPTHU B YKpanHe
CHHU3WIOCH 4yTh OOJIBIIIE, YeM B MapTe - Ha 7,5% 1o cpaBHe-
Huto ¢ anpenieMm 2019 roga. [Tpu atom B anpesie 2020 cpeane-
CyTOUHas TeMIIepaTypa Bo3ayxa Obuta Hibke Ha 1,2°C, ueM 3a
aHanorn4Hsli nepuon 2019 [4].

[TosTOMY OCHOBHOM MPUYMHOM cliaja NOTpeOIeHus B arl-
pene sBIsieTCs BBI3BAHHOE KapaHTHMHOM 3HAUUTENIBHOE CHU-
JKEHUE JIEJIOBOM aKTUBHOCTHU B cTpaHe [4]. KpynHeiimm no-
TpeOHUTEIEeM IEKTPOIHEPTHHU B Y KPaHHE SBIISIETCS TIPOMBIIII-
JIEHHOCTb, KOTOpasl MCIIOIb3yeT TOYTH MOJIOBHHY IPOHU3BO-
JIMMOM 3JIEKTPOIHEPTUH. BTOpBIM KpyITHEIM mOTpeOuTeneM
SIBISIETCS HACEINICHHE, HAa KOTOPOEe MPHXOIUTCS OoJiee TPETH
obmiero oobema [4].
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ITo cpaBHenuto ¢ maem 2019 roxa, cpeaHecyTodHOE TO-
TpeOJieHre AIIEKTPOIHEPTHH YMEHBIIIIOCH Ha 4,9%. B mae
HanOOJBIINMH CTIaJ OKa3aJll TPAHCIIOPTHBIN cekTop - 27%,
MalIMHOCTPOUTENbHAs 0Tpacib - 18,1%, KoMMyHaIbHO-ObI-
TOBBIE TpexnpusTust - 14,8%, numesas n nepepadarbiBaio-
11ast IPOMBIIIUIEHHOCTS - 8,4%, MeTamutyprus - 8,1% [4]. [Ipu
9TOM TIOTpeOJIEHHE 3IEKTPOSHEPTUHN HACEJICHHEM BBIPOCIIO
Ha 6,2%, a B CEKTOpPE XUMHUYECKON MPOMBIINUIEHHOCTH TIPO-
n30mnuIo yBenuueHue norpednenns Ha 10%. B mone obmiee
CPEIHECYTOYHOE MOTPEOIIEHNE YMEHBIIUIOCH Ha 6,6% [4].
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TTo uroram maru mecsies 2020 roga, HanOObILIEE CHIKE-
HHE NOTpeOICHHSI IIPOU30ILIO B MAIIHHOCTPOUTEIHEHOM CEK-
Tope - Ha 19% [4]. XuMuueckas U MeTaJLUTyprus nokasanu
pocr - Ha 16,8% u 10,8% cooTBeTcTBeHHO. B TpancnopTHOoM
CEKTOpE B sSIHBape-Mae MoTPeOICHHE AIIEKTPOIHEPTUH COKpa-
THIOCH Ha 7,8%. Bonblre HapacTwi moTpebieHne HaceneHus
- Ha 19,8% [4]. Kak otmewator B OCII, Bo Bpemsi KapaHTHHA
yTpeHHn# mik notpebnerns cmectmcs ¢ 9:00 Ha 10:00, a
uHorga - ¥ Ha 11 yacos. Ilpu 3TOM noka3aTenb yTPEHHErO
IMKa CHU3MIICS O0JIbIIe ApyTHe nokaszareny. Ecim 3a Hegemnto
JI0 KapaHTHHA B paboure MHU YTPEHHHI IMUK MOTpeOIeHHs
cocraBisul 18,5-19 I'B, T0 cpasy mocine BBEJIEHUSI CTPOTHX
KapaHTHHHBIX MEPONPHATHIA OH yMeHbIIwICs Ha 3,2 Bt [4].

Ilo mamemM OCII u3BECTHO, YTO OCHOBHAs NPHYMHA
YMEHBIIIEHHS] YTPEHHEr0 MH1Ka - OTCYTCTBUE TPAJULIIOHHOTO
YBEJIMYEHHUS IOTPEOJICHUsT YTPOM, KOTJla HauHMHAIOT padoTy
otuce! 1 Marazussl. CityKalye epecTaii MacCoBO MPUXO0-
IIATB YTPOM B O(ICHL, TAKOKE YTPOM paboTaio MEeHbIIIe 001Ie-
CTBEHHOT0 JICKTpOTpaHcopTa [4]. BeuepHuii Kk, KOTOpHIi
SBISIETCS. CaMbIM BBICOKHM IIOKa3aTesieM IOTpeOseHus, 3a
CYTKM [10 Hayaja KapaHTHHa coctaBista 19,2-19,6 I'Br. K
KOHILY aIpess OH yMEHbIIWICS npuMepHo Ha 2 I'Bt o 17,8
I'Bt, a 12-14 mas - no 16,3-16,8 I'Bt [4]. Ha pucynxke 1 npu-
BEJICHBI CyTOYHOE MOTpediieHue D0 mepruoa ¢ )KECTKIMH Ka-
PaHTUHHBIMHU MEPOTIPUATHAMH U TI0 CPABHEHUIO C aHAJIOTHY-
HbIMU nteproaamu B 2019 u 2018 rogax.

Bwmecre ¢ Tem, B tepuoa ¢ 2019 no 2020 rox yctaHOBIIeHAs
MOIIIHOCTH BO30OHOBIISIEMBIX HICTOYHUKOB SHEPTUH YBEITHYH-
Jlach TIOYTH B TpU pa3a, B 2019 roxy ycraHoBIEHHAs] MOLL-
HOCTh coctaBisiia 2,13 I'Bt. Ha 1 saBaps 2020 roga - 6,38
I'Bt. Takxe npou3BOIUTENN «3€IEHON» 3HEPTUU B Y KpauHe
HE HECYT OTBECTBEHHOCTH 32 HEOAIAHCHI B 9HEPTOCHUCTEME, A
sto mpeporatusa OCIL B 2020 roxy npobiema HeGaTaHCOB
B 3HEPrOCHCTEME CTAHOBHTCS €IIIe OCTpee, KaK BUIHO C aHa-
JIM3a, CUTYaLHIO TaKKe YCJIOXKHSAET BIMSHUE TaHIEMUH Ha
SHEPreTUYECKU CEKTOp. B TaHHBIX yCIIOBUAX U1 KOPPEKT-
HOT'O peIIeHUsI TOH NMPOoOIeMbl HEOOXOTUM HaICKHBIH METO-
JIOJIOTHYECKUH WHCTPYMEHT, KOTOPBIH MO3BOJIUT YYUTHIBATH
CIIy4ailHOCTb Mpolieca MaHAEeMHUH.

Ba)xHO OTMETHTb, YTO COLMANBHOE SBICHHE TaKoe Kak
MIAaH/IEMHS B TIEPBYIO OYEpElb BIIHSECT Ha OBITOBYIO IPYIILY
noTpeduTeneH, depe3 nepexo OONBIIMHCTBA PabOTAIOIEro
HaceJIeHNs Ha yJaIeHHbIH peKuM paboThL. A 3TO CBOIO Ove-
peab BIMSET U Ha IPYTHe TPYIIBI OTpeOuTeNel, Takiue KaKk
TpPaHCIIOPT, MPOW3BOJICTBO, y4eOHbIe 3aBeneHus u ap. [lo-
9TOMY MCXO/Isl U3 aHAITH3a TOTPEOIICHHS K U3MEHEHUSI B IPYTI-
nax MmoTpeOUTeNeii MOXKHO CIENaTh BBIBOJ, YTO B (HOPMHUPO-
BaHHWHU CIIPOCa Ha JIEKTPUYECKYIO SHEPTHI0 MMEET MECTO
¢akrTop ciyuaiiHocTh. Takke MocTaBleHHas 33/1a4a BaKHA
€llie TOTOMY, YTO B HEPTOCHUCTEME CTPAHBI MPAKTUIECKH OT-
CYTCTBYET pEryJUpYIOIasi BO3MOXHOCTb, IO3TOMY IIpH IIO-
SIBJICHUM TIaHJIEMHUN M CHIDKEHHIO TOTPEOJICHUS BayKHO pe-
LINTBH 33/1ady NPOTHO3UPOBAHUS U y4eCThb (haKkTop CIIydaifHO-
CTH.

Mertopn Baiieca ni1s pemennsi npo6JieMbl POTrHO3HPO-
BAHHUSA CIPOCA € MCIOJIb30BAHHEM JKCIEPTHBIX OLICHOK.
Iockonbky MBI paccMaTpUBAaeM PETPOCHEKTUBHBIE JaHHBIE
ANEKTPUIECKOTO MOTPEOJICHUS CTPaHBI U IIEJIOM U OTAENIBHO
TPYIII TOTpEOUTENeH, TO IMEET MECTO HEKOTOpasi HeoTpe ie-
JIeHHOCTh. Taroke B JAHHOM HCCIIEIOBAaHWU MBI pacCMaTpH-
BaeM COLMATBHBIN (haKTOp BIMSHHS HA BPEMEHHOW PsfI TO-
TpeOIeHNs SIeKTPUIECKON SHEPTUH, 2 UMEHHO (DaKTOp MaH-
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Jemuu. JlaHHbIH (hakTop MOXKET ObITh BRIP)XKEH, KaK JIMHIBU-
CTUYECKMMH XapaKTEPUCTHKAMU, TAK U B BUJIE LIIKAJIBI, TAKXKE
BHOCHT 3JIEMEHT HEOIPEIEIEHHOCTH, IIPU €r0 BKIIOYEHUU B
MIPOTHO3HYIO MOJIeJb. Tak Kak BIMSHHE COLMAJIBLHOTO (ak-
TOpa TaKoro, Kak KapaHTUH HACENIeHUsI JOCTaTOYHO TPYIHO
Y49eCTh, TO TIPHHSATO PEIICHHE MCIOIB30BaTh METO IIPOTHO-
3UPOBAHMS C TIPUBIICUCHUEM SKCIIEPTOB.

Merton bailieca ocHOBBIBaeTCs Ha TaK HA3bIBAEMOM DKC-
niepTHOM orieHke [ 10], koTopast mpuMeHsIeTcs B TeX CIIyJasix,
KOT/Ia PETPOCTIEKTHBHEIE TaHHBIE OTCYTCTBYIOT, MJIH HX KO-
JIMYECTBO HEOCTATOYHO IS TPOBEACHUS (POPMAIILHOTO aHa-
ymm3a. OUEHKH 3KCIIEPTOB HOCAT CyOBEKTHBHBIH XapakTep,
TIOCKOJIBKY BBINOJHSIOTCS JIFOJbMH. BiMsiHME Takoro coru-
AIIBHOTO SIBJICHUSI, KaK JII00ast MaHAeMus TpyIHO 0000UINTE
JUISL pa3pabOTKU PEKOMEH AL TP TabHEHIIeM pelleHIN
3a7auMl MMPOTHO3UpOBaHus crpoca Ha D3. B 2020 rogy To-
TaJbHBIA JIOKIAayH T0-pa3HOMY IOBJIWSI Ha HOTpeOlieHHe
Pa3IMYHBIX PErnoHOB U roponoB. CkaxkeM B ropone Kuese
OCTaHOBKa OOIIECTBEHHOTO TPAHCIIOPTa CYIIECTBEHHO IO-
BIIMSUIA HA TIOTPEOJICHHE 10 CeKTOpaM SKOHOMUKH H Ha TIO-
TpeOeHre ropoja B IeTOM. B HeOONBIIMX HaceTIeHHBIX
IyHKTaX Takas Mepa, Kak OCTaHOBKa TPAHCIIOPTA HE CyIIle-
CTBEHHO MOBNIUET HA YPOBEHb NMOTPEOIeHUs Toposia B Iie-
som. [Toatomy mipu ydere dakropa maHaeMuu B 3a1a4e mpo-
THO3UPOBaHMs crpoca Ha DO HeoOXOAWMBIM ITAIIOM SIBIISI-
€TCsl OKCTIEPTHAs OLICHKA BIMSHUSI COLMAIBLHOTO (hakTopa.

Basknoli mpo0iieMoli Ipy ONpeAeNICHHH POTHO3HBIX Olle-
HOK CIpoca SIBISIETCS yueT ObICTPO MEHSIOLIMXCS (PaKTOpOB,
¢dopMupyromux cam crpoc. PemeHne maHHON MPOOIIEMBI
0COOEHHO BaKHO B YCJIOBUSIX HECTAOMIBHOM SKOHOMHYECKOM
cuTyanuu B ctpae. [loaToMy B KadecTBe METO1a IPOTHO3H-
POBaHHS PEIICHO HCIONB30BaTh OaleCOBCKUI TOIXOM, OC-
HOBHBIM TPEHMYIIECTBOM KOTOPOTO SIBJISICTCS BO3MOKHOCTh
WCTIONB30BAaHMS KOPOTKUX BPEMEHHBIX DPSIOB CIIpoca Ha
3NIEKTPOIHEPTHIO.

IToxxon Batieca couetaer B ceOe TpH OCHOBHBIX MOMEHTA:

- apaMeTp UCCiIeyeMO MOJIEIH ABIISIETCA CITyYaiiHbIM 1
MOXKET OBITh TPAaKTOBaH Kak B OOLIEYNOTPEOUTENEHOM
CMBICIIE, TaK U B CMBICIIE HeonpeeneHHocTH. CiydaiiHoM ma-
pamMeTpa COOTBETCTBYET allpHOPHOE PaCIpeieIeH e,

- pe3yIbTaThl HAOMIOICHHUS U alpUOPHBIE PacTIpeeIcHHs
00BETMHSIOTCST TeOpeMoi baifeca ¢ melbio ToTy9YeHus amo-
CTEPHOPHOTO pacIipe/icNICHUs TapaMeTpa;

- CTaTUCTHYECKHH BBIBOJ[ OCYIISCTBIICTCS HCXOIS W3
MaKCHMH3AIMHU TIOJIE3HOCTH, B YACTHOCTH ¢ MUHUMHU3AIIEH
TMOTEPH CBA3AHHBIX C UCIIOJIb30BAHUEM JITAHHOT'O ITpaBUJia.

Hcnonb3oBanuio baliecoBCKOro mojxona TMOCBSIICHBI,
HarpuMmep, paboTs [6-10] 1 kK MpenMyIIIecTBaM MpH pelieHAN
3a/1a4y [IPOTHO3UPOBAHMS CIIPOCA MOXKHO OTHECTH:

- BO3MOXXHOCTb BKIIFOUYUTH PETPOCIICKTUBHYIO TaHHBIC
cripoca 1 chOPMHUPOBaTh MPEBAPUTENHHOE paclpeielieHIe
JUIS TanbHeHero ananmm3a. Korma HOSBISIFOTCST HOBast MH-
(opmars o cripoce, peAbLIYIINH arloCTEPUOPHBINA pactpe-
JIETICHUE MOYKHO HCIIONB30BATh KaK alPHOPHBII;

- TaKoKe JAHHBIH METOJ PEeKOMEHIyeTcsl HCIOJIb30BaTh
TIPY MaJIbIX BRIOOPKAX JIAHHBIX H B CITy4asX, KOTIa IMEET Me-
CTO HEOIPEIEICHHOCTb.

K HEIO0CTAaTKaM MOXXHO OTHECTH:

- 00BEMHHCTH PACUETOB;

- OTCYTCTBHE 0O0CHOBAHHOTO CIIOCO0a OTPEIeIeHNs MPH-
opa. baifecoBckue MeTompl TpeOyIOT HABBIKOB TEpeBOjA
CYOBEKTHBHBIX aNpPHOPHBIX YOEXKICHUH B MaTEeMaTHIECKH
copMyImpoBaH arpuopHEIE.
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Jlns pentenys 3aauul MPOrHO3UPOBAHUS CIIPOCA HA JJIEK-
TPUYECKYIO SHEPTHIO IIPOU3BOANTCS IPOTHO3UPOBaHUE (ak-
TOPOB, BXOJSIINX B COCTaB BPEMEHHOTO psijia Cripoca, OJIoK-
cXeMa MeTojja IPUBE/ICHa Ha PUCYHKeE 3.

WHpopmauma o
peTPOCNEKTUBHBIX AaHHbIX

AnpuopHan
uHpopmauma

Xt T(t)

P

bt b2 N(6,07) T N t

BRI

NPOrHo03rMpoBaHnA

Xn+t SZTH_E

Puc. 2. briok-cxema MeToza MporHO3UpPOBaHUsI C UCIONB30Ba-
HHEM 0alieCOBCKUIT ITOAXO]L.

IIporeypa mporHo3upoBaHys CIPOCca C UCHOJIB30BaHUEM
0aiiecOBCKHII MMOXOM SBIACTCS OJHUAM W3 MOJXOIOB, KOTO-
PBHIi 00ecrieurBaeT y4eT TaKoro AJIEMEeHTa, KaK IepCOHalb-
HBIH OTIBIT ¥ BKITFOUCHHE JIAIIA, IPUHAMAFOIIETo penieHne. Ha
MIEPBOM dTalle TPOILEAYPHl HFCXOQHAS alpHOPHOE OIeHKa
TPUHAMACTCS. HA OCHOBE OIIBITA, MPEABAPUTEIFHOTO ydera
TEHJCHIINN U3MEHEeHHUS KPUBOH CIIpoca 3a CUET OICHKH (hak-
TOpOB BimsHUA. Ha BTOpoM 3Tane ucnoisb3yercs: HHpopMa-
UL O MOTPEOJICHUH EKTPUIECKOH SHEPIUH U alpHOpHAast
OlLIEHKa KoppekTupyeTcs. IIpu mporHo3mpoBaHuH cIipoca
npe/rosaraemMasi oleHka 6 3a1aercsi pacipeesieHHeM Bepo-
SATHOCTH /i(6), KOoTOpas B nanpHeieM Oy/eT yTouHeHa pH
HamMIKH (HaKTUUCCKUX TAHHBIX CIPOCca. DTO pacrpeieicHue
BEPOSTHOCTH OTpPa’kaeT CyOBCKTHBHYIO WH(OPMAIIIO WITH
«YpOBCHB JIOBEPHsD» 10 OTHOIICHHIO K 6. B cirydae yBepeH-
HOCTH B BelWYMHE 0 3HAYCHWE NUCIICPCHU H30HPaeTCs
MEHBIIIE, B IPOTHBHOM CITyJae - OOJIBIIIE.

HcxonHo#t anpuopHO# WHGOPMAIMHN SIBISIETCST PETPO-
CTEKTHBHBIE JAaHHBIC €KEMECIYHOTO O MOTPEONCHUH 3JIeK-
Tprdeckoii sHepruu B Teuenue 2020 (puc. 16). s pacuera
HY’KHO 33/1aTh UCXO/IHBIE BeIMUMHBL. V13 aHaI3a JaHHBIX I10-
Tpebienns 2020 roaa SKCIEPT Ha OCHOBE aHAITN3a KapaHTHHA
U I[BETA 30HBI JIETIAET BBIBOJBI OTHOCHUTEIHFHO BO3MOXKHOTO
BJIMSTHUS COIMATLHOTO (PaKTOpa Ha YPOBEHb HOTPEOICHHSL.

IIpw 3TOM A7151 HOPMUPOBAHKS CBOETO CY>KACHUS IKCIIEPT
HCIIOJB3yeT OCHOBHBIE XapaKTEPHCTHUKH rpaduKa dJIeKTpIde-
ckoit Harpy3ku (TEH) P(t). TEH sHeprocucteMbl OTHOCSTCS
K KJIACCY HECTAI[MOHAPHBIX CITyYalHBIX mporeccoB. Cirydaii-
HOCTB TIPOIIeCCa OTPEeNIeNIeTCS B OCHOBHOM M3MEHCHUSIMU B
pexrMax paboThI CaMOii SHEPTOCUCTEME U PA3IMIHBIX COITH-
AIBHBIX IporieccoB. [lepnoandaHOCTs 00YCIIOBIEHA TOBTOPS-
IOIIAMCSL XapaKTepoM MOTPEOJICHNS SHEPTHH € MEePHOaMHU
paBHbIMU MecaLy. ' EH sHeprocucreMbl UIMeET, Kak IPaBuIlo,
XapakTepHyIOo (opMy U TIPH 3TOM BBIIETIAIOT APKO BBIPaKEeH-
HBIX MUK OCEHHbO-3UMHHI U CHaJ] — BECEHHbO-JIETHUH. Me-
CsiyHBIE TpadUKKM Harpy3KH MOXHO YETKO BBIJEIUTH MOCTO-
SIHHYIO 1 TIEPEMEHHYI0 4acTH. AHAJIN3 HCTOPUUYECKHX acIeK-
TOB JIaHHOW WH(OpPMamMK JaeT BO3MOXKHOCTb 3KCIIEPTY
copMUpOBATH BUICHUE O () BOSMOXKHBIX TEPHICHIIMSX.
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basobas 4acme

T mecsy
Puc. 3. Xapaxrepucruka u ¢popma rpaduka 31eKTpornoTpediie-
HUYS.

PesyabTaTsl H uX 00cy:k1eHHe. B kauecTBe ONEHKH Ka-
YecTBa POTHO3MPOBAHMS HA Ka)KIOM IIary UCHOJIb3YEM I10-
kazarens MAPE.

W3 pesynpTaToB nccienoBaHus (puc. 4) MOXKHO CHENaTh
BBIBOJI, YTO IOTPEUTHOCTh METOAA NMPOTHO3UPOBAHMS HAXO-
JMTCSI B TIPHEMIIEMBIX TPaHMIAX. B TaHHOM WcciIenoBaHNN
paccMaTpHBaICsl HE TOJIHBIHN CTIEKTP PeIeHHs 3a/1ad IIPOrHO-
3UPOBaHMS cIipoca Ha D0, A1 JABHEHIIETO NCCIIeIOBaHMs
MOKHO BKJIFOUUTH BOIPOCHI YIYYILIECHUsS Ka4yecTBa JKCIEPT-
HOM OLICHKU JJIs1 TIOBBIIICHUSA TOYHOCTU IMPOTHO3ZUPOBAHUA.
J17151 TOro MOYKHO CO3/1aTh BHYTPU CAMOT'0 aITOPUTMA LKAy
(akTOpOB WM NepeueHb (PAKTOPOB, BIMSIONIMX HA MaHe-
MUH, KOTOPBIC MOIrYyT IMOTCHUUAJIBHO BJIMATH Ha YPOBCHb
cripoca D0 B YCIOBUSIX PAaCPOCTPAHEHUs BUPYCHOW HH(DeEK-
LIMH.
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Puc. 4. Pe3ynbrarsl IpOrHO3MPOBAHHSL.

Takxe B JaabHEHIIEM UCCIIEI0BAaHUU MOXKHO PAacCCMATpPH-
BaTh PEIIEHUS NTOCTABIEHHON 3aJa4l TOJIbKO Ha PErHOHANb-
HOM YpOBHE M TaKXe C pa3pabOTKOH COOTBETCTBYIOIIEH
IIKAJIB! WM TepeyHs (aKTOpOB IS MOBBIIICHHS Ka4ecTBa
SKCIIEPTHON OLIEHKH.

BouiBoabl. Ilo pesynbraTaM aHaiu3a YCTaHOBJIEHO, 4TO
(baxTop CIy4afHOCTH, KOTOPBIH (POPMUPYIOT TAKHE COITHATb-
HBIE SIBJICHUS], KaK [TaHIEMHUS CYIIECTBEHHO BIMSIOT Ha IIPO-
recc (POpMUPOBAHMS CIIPOCA HA AMEKTPHIECKYIO SHEPTHUIO.

Tak kak (akTop CIIy4aifHOCTH TAKOro Mporiecca Kak MaH-
JIEMHS1 HEBO3MO>KHO BBIPA3UTh B MaTEMaTHIECKOH (opMe, TO
TIPEVIOKEHO YYECTh BIMSHHUE JAHHOTO (DakTopa C BOBJIEUE-
HUEM OHKCIIEPTHOM OLEHKHM B TPOLECC MNPOTHO3UPOBAHUS
crpoca.
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Paspaboranna mozmenb baidieca [uisi pOrHO3MpOBaHMs
CIpoca Ha AIIEKTPUYECKYI0 PHEPIUI0 C HUCIIOIb30BaHHEM
OLIEHKH JKCIEpPTa, KOTOpas MO3BOJIMIIA UCIIONB30BaTh KOPOT-
KHE BPEMEHHBIE PSi/Ibl PETPOCIIEKTHBHBIX JaHHBIX MOTpeOIIe-
HUSI 2JIEKTPUUYECKON SHEPIUU U y4YeCTb HEOIpeJIeNICHHOCTh
COIMAFHOTO (haKTOpa BIMAHIS aHASMUH B TIporiecce op-
MHpPOBAHUSI CIIPOCA Ha 3IEKTPUUECKYIO SHEPTHIO.

CCBY4.0

Pacuetni NpPOBOAUIIMCH C HUCHOJb30BAHUCM IJKCIICPTHBIX
OLCHOK, IMPOBOAMMBIX Ha OCHOBE OLICHKHU JKECTKOCTH KapaH-
THHA U 1IBCTA 30HKI, HeﬁCTBOBaBmHX B CTpaHe. FJ'Iy6I/IHa 00-
pa60TKI/I 3KCHepTHOI71 OILICHKHU TaK¥X€ BJIUACT Ha MOIrpEIIHOCTD
TPOrHO3UpPOBAHMSL.
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Using the Bayesian Approach to Forecasting Electricity Demand Taking into Account the Impact of Social Processes in Ukraine

D. V. Yatsenko, V. A. Popov, A. I. Zamulko, O. V. Adanikov

www.seanewdim.com

Abstract. The influence of such a social factor as a pandemic on the formation of demand for electric energy in Ukraine has been substantiated
based on the analysis of literary sources. A significant impact of this factor on the consumption of electric energy in the country as a whole and
on the distribution of consumption between sectors of the economy was revealed, which is confirmed by statistical data. In addition, it was
noted that the tightening of quarantine measures affects the level of electricity consumption. There is a redistribution of consumption between
consumer groups, especially between a part of office consumers and the household sector. It was also noted that the closure of public transport
and other restrictions affecting the lifestyle of the population lead to characteristic changes in the consumption of electrical energy. A model
has been developed for forecasting the demand for electrical energy, taking into account the factor of pandemics, based on expert assessments
using the Bayesian approach.
Keywords: electricity demand, forecasting, power system, Bayesian method, Covid-19, expert opinion.
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