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Anorauis. Hocnimxeno BB 10-TH I€HHOI MOCYXH Ta JOJATKOBOTO KOPOTKOYACHOTO BHCOKOTEMIIEPATypHOTO CTpPECy Ha 3MiHHU
CTPYKTYpH Ta GyHKLIOHATBHOI akTHBHOCTI (hotocuctemu 11 y 1BOX copTiB 03uMoi mieHUi pi3Hoi crifikocti. [TokazaHo, 1110 KOpoT-
KOYaCHHUH BUCOKOTEMIIEPATYypHHI cTpec Oibllle BIUIMBAE HA 3MIHH CTPYKTYPHU Ta 3HIKECHHS (DYHKI[IOHAJIBHOT aKTUBHOCTI HIXK MOCY-
xa. Bka3zaHi 3MiHH y CTiiKOTO COPTY MEHIII 3HauHi, HDK y HecTilikoro. 3a Aii mocyxu y CTiliKoro copTy GpopMyeTbcs HecrenudiuHa
CTIHKICTB JI0 Z1ii BUCOKOI TeMIIepaTypH, sIKOI y HECTIHKOTO COPTY HE BiAMIUAETHCS.

Knrwwuosi cnosa: Triticum aestivum L., o3uma nuenuys, pomocucmema 11, Huzbkomemnepamypua gayopecyenyis, inoykyis @y-

opecyenyii xnopoginy.

Beryn. CyuacHuii po3BHUTOK LUBLNI3amMii Big3HAYAETHCS
OypXJMBHM POCTOM HACEJICHHS IUIAHETH, 110 IPU3BOANTH
JI0 3arpo3u HecTadi MPOoAOBOIbCTBA. LIst mpobiema Moxe
OyTu BUpilICHA JHIIE 3aBASKH CTAJIOMY PO3BUTKY CilIbCh-
KOT'0 TOCIIOJIapCTBa, Ha 3aBajll SIKOMY CTOSTH IJI00aibHI
sminu kimimaty [1]. OcobimBe Mmiciie cepen abiOTHYHHUX
(akTopiB, IO BILUIMBAIOTH HA PICT, PO3BUTOK Ta MPOAYK-
TUBHICTh POCIIMH, MOCIA€ mocyxa, Jist SKOI 4acTo MOCH-
JFOETHCSI BUCOKMME Temmepatypamu [2, 3]. 3a BomHOTro
nedinury 3aBnsku Hectauwi CO; BHACTIIOK 3aKPUTTS
MIPOANXIB, TTOPYIIEHHS CHHTE3y XJIOPOQLTiB, MOPYIICHHS
TPAHCIIOPTY E€JIEKTPOHIB, 3MiH Y (POTOXIMIYHHX peaKIisx
Ta PEeakKIisXx BiAHOBJIEHHS], MOPYIIEHHS CTPYKTYPH XJIO-
pOILIACTIB, 3aTPUMKH BiNTOKY aCHUMINATIB iHTiOyeThCS
npotiec portocuntedy [4]. IlimBuieHi Temreparypu BH-
KIIMKAIOTh PYHHYBaHHS KHCCHb-BUAUIAIOYOTO LEHTPY Ta
npoteiniB  orocucremu 2. Takoxx nisi nmx ¢axkropiB
NPU3BOJNUTE JI0 NPOAYKYBaHHS aKTUBHHX (OPM KHCHIO
Ta, SIK HACIIJIOK, PO3BHTKY OKHCIIIOBAJILHOTO CTpECy.
BBaka€eThCs, 10 CTIHKICTH POCIMHHOIO OpPraHi3mMy [0
ctpecy Ha 70 % 3aneXuTh BiJ CTIHKOCTI HOro (POTOCHH-
TETUYHOTO arapary. ToMy BHBYEHHS 0coONMBOCTEH aja-
nTamii mporecy (OTOCHHTE3y IO il CTpecy y COpTiB 3
PI3HOO CTIMKICTIO Ma€ Ba)KJIIMBE 3HAYCHHS I PO3POOKH
KpUTEpiiB BiIOOPY HA KapoO-TOCYXOCTiHKicTh. DoTocHC-
tema 11 (OCII) sBiste cOO0F0 KITFOUOBHIA MaKPOMOIICKY IS
pHUII MeMOpaHHUH CYNEpKOIUIEKC, KU 3HIHCHIOE PO3-
LICTUICHHST MOJIEKYJI BOJM il BUJIEHHS KUCHIO Y MpOIeci
¢dorocunTesy. et KOMIUIEKC 3aiiMae BaKIMBE MICIC B
oprasizauii yJbTPAaCTPYKTYPH XJIOPOIUIACTIB, 3aBJSKH
SIKiM 31IHCHIOETBCS IEPBUHHUI TIporiec GoTocunTesy [5].
Cyneprommieke @CII € 0cobnuBO YyTIUBUM JO TaKHX
(hakTOpiB 30BHIITHHOTO CEPEAOBUIINA SK ITiIBHIIEHA TEM-
neparypa ta BoxHui aediuut [6]. 3a nil crpecoBux YuH-
HUKIB (oTocucrema Il posrsaaerbes ik HaHOLIBII ypas-
JMUBa KJIOYoBa JaHKa (orocuHTe3y [7, 8, 9]. Tum He
MEHII, HaBiTh AKIIO MIBUAKICTH (POTOCUHTEY IIPU MOMIp-
HOMY TEIUIOBOMY CTPECi 3HaYHO 3HMKYETHCS, TO ITOILIKO-
mokeHHss @OCII  (He3BOpOTHE 3HIDKEHHS (POTOXIMIUHOI
aKTHBHOCTI), SIK TpaBWIO, He3HadyHe. [lomiKoKeHHs
OCII mposiBiseThCs nHIIE 3a il JOCTATHHO BHUCOKHUX
Temneparyp, yacto Oinbme 45°C [10], a npu nomipHOMY
TEIUIOBOMY CTpeci Ta He3Ha4yHOi IHTEHCHBHOCTI CBiTJa

aktuBHicTE @CII, K mpaBwWiIO, 3 YaCOM BiTHOBIIOETHCS
[11]. He 3Baxkarouum Ha WIMPOKUN CIEKTP IOCHIIKEHB
MEXaHI3MIB Jii pi3HHX CTpeciB Ha (HOTOCHHTCTHIHHHA
amapat, ocoOIHMBOCTI CTpecoBoi peakiii Ta GopMyBaHHS
HecrienupiyHOi CTIHKOCTI y PI3HUX COPTIB O03MMOi Tiie-
HUI 3aJIMIIAIOTHCA 10 KiHLI HE3 ICOBAHUMU.

Metorw poGoTi OyJ0 JOCHTIDKEHHS OCOOIMBOCTEH
CTPYKTYpHO-(DYHKITIOHATBEHUX 3MiH poTocuctemu 11 3a mii
MOCYXH Ta KOPOTKOYAaCHOTO BHCOKOTEMIIEPATypHOTO
CTpECy y COPTIiB 03UMOI MIIICHHMIII Pi3HOT CTIHKOCTI.

Martepiaau Ta metoau. s gociimkeHb BUKOPHUCTaHI
nBa coptu o3uMmoi mmeHumi Opeckka 267 Ta IlepnmHa
Jicoctemy. Copt Opechka 267 BBa)XaeThCS CTIHKHM.
ZKapo-mocyxocrilikicts omiHIO€ThCS Y 8,5-9 GamiB. Copt
Hepmuua Jlicocteny — MeHm cTiifkuii. Moro ouinka xa-
PO-TIOCYXOCTIHKOCTI CKiafae 5-6 Gaiis.

O3uMy MIIEHHIIO JTOCTIIPKYBaHUX COPTIB BHCIBalu Ha
JIOCIITHUX AUISTHKaX [HCTUTYTY ¢i3iosorii pociuH i reHe-
tikn HAH Ykpainn posmipom 3x1 M y BepecHi micsiii.
I'pyHt - cipuii nepHoBo-mig3onectuil. Buecennst NPK -
CTaHJapTHE 3a TEeXHOJIOTiel BHUpolyBaHHs. Ilicns mepe-
3UMIBJI ¥ BiIKPUTOMY TPYHTI POCITHHH OyIIO0 Tiepecake-
HO y 10-TH KT BererauiiiHi mocyauHu. 1 KOHTPOIEHUX
pOCTHH 37iliCHIOBaNH TONUB I 3a0e3nedeHHss 60-70%
TIOBHOI BOJIOTOEMHOCTI TpyHTY. I DOCHIAHUX POCIMH
Ha (a3i HBITIHHSI CTBOPIOBAIUCH YMOBHU IOCYXH MIPOTITOM
10 guiB pu 30% moBHOT Bomoroemkocti (I1B). JomaTko-
BO, 3pi3aHi JIMCTKU MIICHHUI[l 3 KOHTPOJBHHUX Ta JOCII-
HUX (TI0CyXa) POCIHH MPOTPIBAJIM Y TEMPSBI MPOTIroM 5
xB npu Temneparypi 45°C. Jlns nporpiBy JHMCTKH TOMi-
Ay B 11eJ0(paHOBHI MAKeT 1 3aHYPIOBAJIM Y BOJY MOTPi-
OHoi Temneparypu. BumiproBanus iHaykuii ¢iayopecueH-
1ii XJI0podiny NMPOBOAWIH 33 CTaHAAPTHOIO METOIHKOIO
JUISL TeCTyBaHHS (DOTOXIMIYHOI aKTMBHOCTI 3a Iapamer-
pamu iHIyKUiitHOT KpHUBOI.

Jlist BUAINIEHHST XJIOPOIUIACTiB BiIOMpaIN Nparopuesi
JUCTKHU. JINCTKM rOMOTEHI3yBalIM 2 XBHJIMHHU HA TOMOTe-
Hizatopi MPW - 302 (TlonpIma) B cepeToBHII, IO MiCTH-
g0 50 MM Tpununy pH 7,6, 0,4 M caxaposu, 10 MM
NaCl, 5 MM MgCl,. Ilicns 9oro roMoreHaT MpoITyCKalu
yepe3 2 mapu 05131 Ta HeHTpUdyTyBamu Ha HEHTPHUPY3i
Eppendorf 5810 (HimewuwHa) 5 XBWJIMH 3i MIBHAKICTIO
400g mis ocamkeHHS (hparMeHTiB KIITHH, KPOXMaJIBHUX
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3epeH, Ttomo. CynepHaTaHT LEHTPU(YTyBald BApYTe
npotsirom 10 xBuiuH 31 mBuakictio 1000g, orpumyroun B
ocani ¢pakuito xyoporuiactiB. Ocal pecycreHyBay,
IIpOIycKar4u oro uepe3 kampoH, B 10 MM TpuLIMHOBO-
My Oydepi pH 7,6 3 nogaBanusam 0,1 M caxaposu, 10 MM
NaCl, 5 MM MgCl,.

Criexktpu HU3BKOTEMIIEpaTYpHOI (uryopecuentii (77 K)
BHAMIPIOBAJIM 32 JOITIOMOTOIO YHIBEpCANBbHOI CIIEKTPOQITy-
opuMeTpruHOi ycTaHoBKH [12], po3pobienoi B maboparo-
pii. Jns HE3BKOTEMIIEpaTypHUX BiMipIOBaHb BUKOPHCTO-
BYBAJINCH TOBITPSHO-CYXI IUTIBKH CYCIIECH31i XJIOPOIIIACTIB
Ha CKJIAHIN miuacTUHIN aiamerpoM 16 mM. Ha mmacTuHky
Hanocwtn 0,06 Mi 3pa3ka 3 KOHIEHTpALIE XJI0podiry
0,3 mr/mi. Kinnesa kinpkicts xnopodiny cknanana 0,018
MT Ha 3pa30K i TOBIIMHA IUTIBKY JAOPiBHIOBAJIA TPUOIH3HO
0,1 mm. [TornuHaHHS y MakCUMyMi 4YepBOHOI CMYTH CTa-
HOBHJIO 10 %, 110 00YMOBITIOBAJIO MiHIMAEHY peadbcopo-

740

MNepnuxa
Nicocreny

IHT. donyop., YM.op

680 700 720 740 760 780 800

Narwisua yeuni um

IHT. donyop., ym.oa.
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uito ¢uryopecueHuii i, 3aBAsSKH bOMY, MiHIMAIBHY abe-
pauito cnektpy. IlniBku BuCylIyBanyM B TEMHOTI IiJ Ba-
KyyMHHMM KOBIakoM Ha npotssi 5-10 xB. BumiproBanus
HU3BKOTEMIIEpATypHHUX CIIEKTPiB (hIyopecueHIii nmpoBo-
qumy B miamasoHi 650-800 HM, B nu(ppoBOMY BUIIIII, 3
kpokoM 0,5 HM, ClleKTpajbHa MIMPHHA NIUTHHHA CKJIamana
2 HM.

Biomoriyna Ta aHaMITHYHA TTOBTOPIOBAHICTH TOCTIIB —
TpHUpPa30Ba.

Pe3ysabTaTH Ta ob6roBopenns. Ha puc. 1. mpencras-
JIeHi CIIEKTPH HU3bKOTEMIIEpaTypHOi diryopecrientii (77
K) xmoporutactiB o3umoi nmennti copty Ilepnuna Jlico-
cremy (Hectiiikuit) Ta Oneckka 267 (criiikuii). B crekr-
pax HHU3BKOTEMIIEpaTypHOi (hIyOopecueHIlii BUIPOMiHIO-
BaHHIO aHTeHU (oTocucTemu Il BiamoBimae KOPOTKOXBH-
JIBOBA CMyTa 3 MAKCUMYMOM O1iJ1s1 685 HM.

N

=)

Opecbka 267

@®

660 680 700 720 740 760 780 800

NosxuHa xBUni. HM

Puc. 1. Cnexrpn HE3bKOTEeMITepaTypHOi (ayopecuenuii (77 K) xmopomnactiB o3umoi mmenuni copty [lepiamna Jlicoctemy Ta

Opecbka 267.

1 — xoHTpos, 2 — nporpis 45 °C 5 xB., 3 — mocyxa, 4 — nocyxa + nporpis 45 °C, 5 xs.

3 HaBeNEHMX JaHUX BUAHO, IO 3a Iii mocyxu (puc.l,
kpuBa 3) y copty Ilepauna Jlicoctemy cTpyKTypa KOpOT-
KOXBHJILOBOI CMyTH ()IyOpecleHIii CyTTEBO 3MIHIOEThCS,
a y copry Omecpka 267, nuiie BifOyBaeThCs HE3HAYHHIA
3CyB MakCHMyMY BHUIIPOMIHIOBaHHSI Y KOPOTKOXBUIJIbOBY
CTOPOHY, IHTEHCUBHICTb Ta CTPYKTypa CMYTH JIOCTOBIpHO
He 3MiHIThCsI. KopoTkouacHuUil porpiB XJIOpOIUIacTiB
KOHTPOJILHUX pociuH (puc.l, kpuBa 2) BUKIHMKaB OUIbII
ICTOTHI 3MIHM CTPYKTYpHU Ta IHTEHCHBHOCTI KOPOTKOXBH-
mp0Boi cmyru. Y copry [lepnmna Jlicocreny crocrepiras-
Csl CYTTEBHH 3CYB MakcUMyMy (DIyopecleHIii y OBrox-
BIJIBOBY CTOPOHY Ta 3HIDKEHHS ii iHTEHCHUBHOCTI. s
OiumbII cTifiKOTO copTy, Onmechka 267, BigOyBaIOCh TITBKA
3HAYHE 3HMXEHHs IHTEHCHBHOCTI BHIIPOMIHIOBaHHS (o-
tocuctemu II. ¥V BuUmanmky, Koim KOPOTKOYACHHH TPOTPIB
npu 45 °C naknanascs Ha pociHu, ski npoTsaroM 10 gHiB
3pocTaiu B yMOBax mocyxu (puc.l, kpusa 4), mOCHICHHS
e(eKTy CIOCTepirajgoch JIMIIEe y MEHII CTiKOro copTy —
Iepnmaa Jlicoctemy. Y 6inmbin crifikoro copty, Onecbka
267, He BiAMIYaloCh MOCWICHHS pyHHYBaHHA (hoTOCHC-
temu Il 3a cymicHol nii mocyxu Ta Terua, a HaBIaKH,
3MiHM OyJIM MEHIIMMH, HiXK IIPU IPOTPiBaHHI XJIOpoIuiac-
TiB, 0JIepKaHUX 3 KOHTPOJILHUX POCIIUH.

3MiHM aKTHBHOCTI (DOTOCHHTETHYHOTO arapary BUMi-
pIOBaJIMCh 32 MapaMeTpaMy KpHBoOi iHAYKIII (iyopeciie-
HOil (Tadu. 1). ecaruaeHHa nocyxa IpU3BOAMIA 10 TIEB-
HUX 3MiH IapaMeTpiB iHAyKIiitHOI KpuBoi. B mepmry gep-
Ty, y BCiX copTiB migBuiIyBaBcs piBeHb Qb-
HEBiTHOBIIOIOYMX IEHTPIB, M0 MPU3BOIWIO IO 30iib-

menHs mokasHuka (Fpl/Fmax). [Ipu mpomy, piBeHb «Bif-
kputux» HeHTpiB (Fo) mpakTinuHo He 3MmiHIOBaBcs. Ilapa-
MeTp Fv/Fmax (moTeHmifiHMA KBaHTOBHH BUXiI (OTOCHC-
temu II) TakoX MpakTUYHO HE 3MIiHIOBAaBCS. 3HaYHO Oi-
meIMi BIUAB Ha mapaMeTp Fv/Fmax Bim3rawaBcs 3a mii
BHCOKOI TeMIiepatypu. Y OinbIn criiikoro copty, Omechka
267, 3amxeHHs napamerpy Fv/Fmax Oymo MeHIIuM, Hix
y MeHII cTiiikoro coprty, [lepnuna Jlicocremy. OmHouac-
Ha JIisl IOCYXH Ta BHCOKOI TeMIIepaTypy NPU3BOIMIA IO
3HAYHOTO 3HIDKEHHS (QYHKLiIOHAIBHOI akTmBHOCTI. [lo-
repiie, IpakTUIHO Bci Qb-HEBiAHOBIIIOOYI IIEHTPH Tepe-
XOAWIN [0 CTaHy «BIIKPUTHX» IEHTPiB. IHTEHCHBHICTBH
Fo HaBiTh mepeBHIlyBana iHTCHCHUBHICTb IIATO, IO 3a-
3BHYail CIIOCTEPITAETHCS Y BUMAAKY JIii OCOOIMBO JKOPCT-
KHX CTpeciB. 3HAYHOIO MIpOIO 3HIKYBAaBCS Iapamerp
Fv/IFmax. Ane, sk i mpu AOCITIKEHHI HU3bKOTEMIIEPATY-
pHOI ¢uryopecueHii, HaKJIafaHHS KOPOTKOYaCHOTO TEM-
IIepaTypHOTO CTPECY Ha POCIMHH, IO 3pOCTAlI B YMOBax
10-Ti meHHOI MOCYXH, y MEHII CTIHKOTO COPTY - MPH3BO-
JAIIO 10 OLTBIIOTO 3HIKEHHS (PYHKIIOHAIBEHOI aKTHBHOC-
Ti, B TIOPiBHAHHI 3 OKPEMOIO Hi€f0 MOCYyXH abo MpPOTpiBYy,
y OUTbII CTIHKOTO COPTY — BigMidamach MEHIIA BTpara
(¢yHKIiOHABHOI akTHBHOCTI (otocuctemu I, HiX mpu
MIPOTPiBaHHI XJIOPOIUIACTIB, OJEPKAHUX 3 KOHTPOIBHHUX
pOCIHH.

TakuM YHMHOM, TIOKa3aHO, IO 3MIiHU (PYHKI[IOHATBHOI
aKTUBHOCTI BiJMOBITAIOTh 3MiHAM CTPYKTYPHOI Ooprasiza-
uii ¢porocucremu Il y 0obox copriB. 10-Tn meHHa mocyxa
NpU3BOJMIA 10  HE3HaYHMX  3MiH  CTPYKTYPHO-
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¢dyHnkiioHansHoi opranizanii ¢ortocucremu I y meHmn
CTIHKOro COpTy, Ta Maibke HE BUKJIMKAJIA TaKUX 3MiH Y
CTIHKOro copTy. BinbI CyTTEBI 3MiIHM CTPYKTYpH Ta (yH-
KLIOHAJILHOT aKTUBHOCTI (poTocucTemu II B Xxopormiactax
KOHTPOJIbHUX POCJIHMH BHUKJIMKaB KOPOTKOYACHUH BHUCOKO-
temnepaTypHuii crpec ( 45 °C, 5 xB.), ki 6y/1u GiIbIIMME
Yy MeHII cTifikoro copty. HaxmamaHHS KOpOTKOYacHOTO
BHCOKOTeMmIepatypHoro crpecy ( 45 °C, 5 xB.) Ha nucTKU
1 XJIOpOIIIACTH 3 POCIHMH, IO 3pOCTaTd B yMoBax 10-tm
JIEHHO1 TTOCYXH, TMOCHIIIOBAJI0 PYHHYBaHHS ()OTOCHCTEMH
Il y menm crifikoro copty (Ilepmmma Jlicocremy), a y
Oinpm criiikoro copty (Onecbka 267) edekr OyB MeH-
MM HDK TP Aii BUCOKOI TEMIIepaTypH Ha KOHTPOJIbHI
pocnuau. TakuM YMHOM, MOKHA Ka3aTH, IO 3a Jii mocy-
XM y CTIHKOro copTy (GopMyeThcs HecrenudiyHa CTiid-
KIiCTh JI0 il a0iOTMYHHMX YHHHHKIB. Y HECTIHKOrO COpPTY
BUHHMKHEHHS HeCcIIeU(IYHOT CTIMKOCTI HE BiAMIYaIOCh.
IosicHeHHs TakuM 3MiHaM Mo)ke OyTH 3HaiieHe mpH
JIOCTIKCHHI TIPOTETHOBOTO CKJIaMy XJIOPOIIIACTiB. Buss-
JICHO, IO CTIMKUI COPT BXKE Y KOHTPOJIBHUX POCIHH Bij-
PI3HSBCS IMiIBUIIEHUM BMicTOM TpoteiHiB 36 k/a (mac-
TOXiHON okchpaasa), 21 k/la (imribirop mpoteas), 16 k/a
(Tpumepizauis ¢orocuctemu I Ta crabimizamis cucremu),
SIKi 3aXUILIAI0Th MEMOpaHHI CTPYKTYpU (POTOCHHTETHIHO-
rO amapary Bif pyHHyBaHHs. 3a Jii MOCYXH BMICT IHX
MPOTETHIB 301IBIIYBaBCSl Y 000X COPTIB, ajie y HECTiIKOro

COpTY, HaBITh B IIMX YMOBaX, iX BMICT HE JOCAraB TOTO
piBHS, siKuii OyB B KOHTPOJILHUX POCIIMHAX CTIHKOIO COp-
Ty (HeomyOIiKOBaHi JaHi aBTOPIB).

Taomuus 1. 3miHa napamerpiB KpuBoi iHAYKIIT (ayopecueHil
XJIOPO(DITY JHCTKIB 03UMOI MIICHUIII 32 OJTHOYACHOI JIii MOCYXH
10 1i6, 30% T1B) Ta nporpisy (45 °C, 5 xB).

Copt/00pobka Fpl/Fmax | Fv/Fmax
Iepauna Jlicocteny KOHTp 0,41+0,04| 0,72+0,02
Iepmuna Jlicocteny xonTp. np. 45°C  |0,05+0,01| 0,55+0,03
[epauna Jlicocteny mocyxa 0,42+0,03| 0,69+0,02
Iepauna Jlicocreny mocyxa + mp. 45°C|0,31+0,02| 0,48+0,03
Opecbka 267 KOHTP 0,49+0,02| 0,73+0,01
Onecbka 267 kontp. np. 45°C 0,17+0,03| 0,59+0,02
Oneceka 267 mocyxa 0,44+0,03| 0,73+0,01
Ognecbka 267 nocyxa + np. 45°C 0,15+0,03| 0,63+0,02

BucnoBknu. 3a xii 10-Tu 1eHHOT MOCYXH Ta KOpOTKOYac-
HOTO BHCOKOTEMIIEPAaTypHOTO CTpecy BigOyBalOThCs
CTpYKTypHO-(yHKIiOHaNMBHI 3MiHE (oTocmctemu Il y
000x coptiB o3umoi mmieHuri. KopoTkogacHH BHCOKO-
TeMIICpaTypHUH CTpeC NPHU3BOJAWTH 10 3HAYHO OLIBIIOT
3MiHH CTPYKTYpH Ta BTpaTH (HyHKIIOHATBHOI aKTHBHOCTI
¢dorocucremu II Hixk mocyxa. Bei Bka3aHi 3MiHH y CTiiiKO-
r0 COpPTy MEHII 3Ha4Hi, HiX y Hectiiikoro. Kpim Toro, 3a
Jii oCyXHu y CTiHKOro copty GopMyeThes HecrenudiuHa
CTIHKICTb 10 il BUCOKOT TeMIEpaTypH, SIKOi y HECTIHKOTO
COPTY HE BiJIMIYa€ETHCA.
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Structural and functional changes of photosystem Il in different varieties of winter wheat under the combined action of

drought and high temperature
V. V. Shevchenko, O. Yu. Bondarenko

Abstract. We studied the effect of a 10-day drought and additional short-term temperature stress on changes in the structure and
functional activity of photosystem Il in two varieties of winter wheat of different resistance. It is shown that short-term high-
temperature stress has a stronger effect on structural changes and a decrease in functional activity than drought. These changes in the
resistant variety were less pronounced than in the unstable variety. During drought, a resistant variety forms nonspecific resistance to
the action of high temperature, which is not observed in an unstable variety.

Keywords: Triticum aestivum L., winter wheat, photosystem 11, low-temperature fluorescence, chlorophyll fluorescence induction.
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Abstract. The research reveals natural landscape and anthropogenic factors and their impact on the formation of spatial and territori-
al structure of the international transport corridor. As the object of the research is Western part of Ukraine, the analysis of natural and
anthropogenic factors was conducted in Chernivtsi, Zakarpattia, Ivano-Frankivsk and Lviv regions.

Keywords: natural landscape, transport infrastructure, international transport corridor, functional space axis, spatial and terri-

torial structure.

Introduction. According to scientific and technical litera-
ture Western part of Ukraine is defined to be the Carpa-
thian region of Ukraine that is the territory in administra-
tive bounds of Zakarpattia, Ivano-Frankivsk, Lviv and
Chernivtsi regions. The specificity of spatial and territori-
al structure of Carpathian region is its terrain division into
three macro level areas: foothills Zakarpattia, Prykarpattia
and mountainous part — mountainous area of Ukrainian
Carpathians. The main local mountain range is Vododil-
nyy ridge that extends from south east to north west. This
feature of natural component (relief) caused the character
of spatial and territorial structure of the region such as
parallelism of spatial structure planning system of reset-
tlement to the main Vododilnyy ridge of Carpathians.
Zakarpattia and Prykarpattia are densely populated areas,
whose resettlement system had been forming for ages on
the basis of natural carcass and the pattern of connections
among objects of ethnic communities that had populated
this area [2].

Thus, three parallel spatial axes had been formed: the
main spatial formative axis, the area of valuable natural
mountainous landscape, mountain range of Ukrainian
Carpathians; and two functional spatial axes of urbanized
anthropogenic landscape: Zakarpattia and Prykarpattia.

Analysis of the region resettlement system showed that
it is based on historic team site localities, namely, centers
of the resettlement system: Lviv, lvano-Frankivsk, Cher-
nivtsi (Prykarpattia); urban agglomerations: Uzhhorod,
Mukachevo, Khust, Tyachiv, Rakhiv; and centers of eco-
nomical growth: Yasinya, Vorokhta, Kosiv, Vyzhnytsya,
Storozhynets' (Zakarpattia) [2].

Prykarpattia is characterized by zones of influence that
involve cities — functional urban areas and Zakarpattia
forms functional clusters (border territories) due to the
specificities of natural landscape conditions and cultural
and ethnical peculiarities (Lemkivshchyna,
Boikivshchyna, Hutsul'shchyna) [1].

The object of the article is examination of the natural
landscape conditions and transport infrastructure effect on
formation and further transformation of functional plan-
ning of organization of inhabited areas of Western region.

In terms of intensification of integration processes
across Western Europe, Ukraine has chosen the path of
close cooperation with Europe, the problem of the Carpa-
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thian region (Zakarpattia) border areas activation and
international transport corridors (##3,5, "Baltic Sea-Black
Sea") throughout the Carpathian region, in particular on
the territory of Prykarpattia, becomes increasingly im-
portant. The processes of concentration of international
cultural objects and economic relations have prompted a
formation of international transport corridors.

One of such corridors can be international transport
corridor Warsaw—Lublin—Lviv—lvano-Frankivsk—
Chernivtsi-Suceava—Bucharest, in a short form
"Prykarpattia” (authors' suggestion). This transport con-
nection can be viewed as addition to the existing direction
"VIA Carpatia” (available).

International transport corridors (ITC) are considered
to be multi-layered integrated spatial planning structures
that include highways with appropriate infrastructure and
adjacent territories. Infrastructure comprises supporting
facilities, access roads, border crossing points, service
points, cargo and passenger terminal facilities, etc. Au-
thors recommend using the base of available transport
links to point out the area which will join natural and
anthropogenic landscape in the single substance "nature—
human—infrastructure™, the area with all necessary condi-
tions for the formation of space for technological process
(traffic) and linear functional spatial structure. In other
words, ITC is spa- tial and territorial structure that
accumulates traffic, ele- ments of resettlement system,
infrastructure objects and other facilities ensuring vital
activities of the population. Adjacent territories of
transport corridor are proposed to be divided into two
zones: the radius of 4 km (60min walking distance)
and the radius of 50 km (60min transport accessibility).

To investigate the development of international
transport corridor "Prykarpattia" Western region of
Ukraine is examined. Functional space axis of interna-
tional transport corridor, within indicated administrative
areas, is determined by the configuration and the shape of
mountain range. Besides the mountain range of Ukrainian
Carpathians, the territory under consideration includes
another component of the relief: The Podolian Upland
(Podilska vysochyna) extends from south east to north
west and supports the main axis of ITC. Geographical
limits of the Carpathians and The Podolian Upland func-
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tion as natural boundaries of spatial planning formation of
international transport corridor. The linear isomorphic
territorial structure with core of socio-economic concen-

Vi Carpatia®
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tration and urban development is the basis of planning
organization.

ROMANIA

b)

Pic.1. Roads and transportation network scheme: a) across Ukraine; b) across border areas of Western regions of Ukraine.

Integral part of international transport corridor
"Prykarpattia” structure is natural landscape and natural
reserve fund objects such as: Yavorivskyi National Park,
The Roztochia Biosphere Reserve, Vynnykivsky forest-
park, Halytsky National Park, Hutsulshchyna National
Park, Prut River Valley, Cheremosh River Valley. Natural
landscape, as well as relief, form natural boundaries of the
international transport corridor.

Prykarpattia region is marked by the density of the riv-
er network due to orthography. The biggest rivers of the
region are Western Bug, Dniester, Prut. Prut River is a
tributary of the Dunabe. The direction of Prut's and Dnie-
ster's currents goes from northwest to southeast. So, the
courses of the main rivers of the region influence spatial
planning organization of anthropogenic landscape.

During the investigation of river valleys (Dniester,
Prut), it was discovered that the rivers considerably affect
the development not only of resettlement aspect (for ex-
ample in cities like Ivano-Frankivsk, Chernivtsi, Halych,
Kolomyia, Sniatyn) but also of location and nomenclature
of road traffic infrastructure, formation and intensity of
transport connections with regional resettlements. It can
be assumed that the territory can potentially be used to
create international transport corridor “Prykarpattia”.
Transport corridor along river valleys ties elements of
team site carcass of the area with elements of neighboring
countries (Lviv, Ivano-Frankivsk, Chernivtsi cities with
Suceava, Bucharest in Romania and Zamos$¢, Lublin in
Poland). The river valleys influenced the development of
composite spatial planning axes of the territory. The main
axis is, certainly, along the river valley from southeast to
northwest of the city. Branches of the main axis form
major entrance roads to localities. In cities like lvano-
Frankivsk and Chernivtsi they cross city centers (Ha-
lyts’ka Str., Konoval'tsya Str., Hetmana Mazepy Str.,
Korsuns'ka Str., Halyts'kyi Shlyakh Str., Khotyns'ka Str.).

An analysis of researches of this problem. Analysis
of factors influencing the 1TC building showed that main
directions of transport and communications development
in Western Region are north to south, southwest to north-
east and east to west (pic.1). Highway of international
significance M19 Domanove (to Brest) — Kovel' — Cher-
nivtsi — checkpoint Terebleche (to Bucharest) lies in the
direction north to south. The direction southwest to north-
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east M06 Kyiv — Chop coincides with ITC "Venice —
Kyiv" (transport corridor #5). International transport
corridor "Berlin — Kyiv" (transport corridor #3) runs in
the direction east to west.

A purpose of the article. Available transport connec-
tions demonstrate the adaptation intensity of the Western
part of Ukraine. Socio-economic potential of the north-
west to southeast direction is underused. Densely populat-
ed localities, well-developed manufacturing industry
(mechanical engineering, appliance manufacturing, con-
struction industry, food processing and light industries,
ethno-cultural industries, etc.) wane in crisis. Lack of
infrastructure service objects and transport linkages, like
National Highways, reduce investment appeal of adjacent
areas, and that in turn affects employment of the region.
Lately there has been a trend of increasing labor migra-
tion to neighboring countries in search of employment
(table 1).

Introduction of the ITC "Prykarpattia" program can
stimulate the growth of revitalization processes of territo-
rial potential, including economic activity. Thus, accessi-
bility to business premises will inevitably lead to progress
of every component like community and economy.

Localities of the Ukrainian territory, appearing in ITC
influence zone under consideration, are resettlements of
Ivano-Frankivsk region: Rohatyn, Burshtyn, Halych,
Kolomyia, Sniatyn; Lviv region: Bibrka, Novyi Rozdil,
Zhydachiv, Peremyshliany, Khodoriv; Chernivtsi region:
Hertsa, Kitsman, Luzani, Vashkivtsi). The ITC will func-
tionally affect the processes of spatial planning organiza-
tion transformation of unified territorial communities
(UTC). These include: Zabolotiv, Kolomyia, Kornytsia
Mateivetsi, Nyzhnii Virbizh, Zahvizdia, lvano-Frankivsk,
Uhryniv, Verkhnia and Kalush UTCs in Ivano-Frankivsk
region; Novi Strilyshcha, Khodoriv, Bibrka, Davydiv,
Maheriv UTCs in Lviv region; Novoselytsia, Vanchikiv-
tsi, Mahala, Kitsman, Mamaivtsi, Nepolokivtsi UTCs in
Chernivtsi region.

Population density in regional centers is: 1742 people
per km? in Chernivtsi; 2826 people per km? in lvano-
Frankivsk; 3982 people per km? in Lviv. The indicator
varies from 250 people per km? to 1700 people per km? in
towns of regional and district importance, appearing in
ITC influence zone under consideration [3,4,5].
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velopment in the directions Lublin — Warsaw (Poland)
and Bucharest (Romania).

Suceava (Romania) and Zamos¢ (Poland) are the clos-
est cities to the border that will be affected by the ITC
"Prykarpattia”. The ITC can potentially have further de-

Table 1. Statistical data concerning the number and migratory population movements

lvano-Frankivsk region [3]
Population Migration
Number of people Number of ar- Number of de- Migration bal-
Year .
(thous. people) rivals (people) parted (people) ance (people)
2008 1381,1 5786 5925 -139
2014 1382,6 15054 13813 1241
2019 13733 16578 16310 268
Lviv region [4]
Population Migration
Year Number of people _Number of ar- Number of de- Migration bal-
(thous. people) rivals (people) parted (people) ance (people)
2008 2559,8 31106 31837 -731
2014 2538,4 28130 26587 1543
2019 2522,0 35083 33984 1099
Chernivtsi region [5]
Population Migration
Year Number of people Number of ar- Number of de- Migration bal-
(thous. people) rivals (people) parted (people) ance (people)
2008 904,5 - 660
2014 904,5 10949 9552 1397
2019 904,4 9627 9580 47

Conclusions and recommendations for further re-
search. The implementation of paving "bridge" between
ITC "VIA Carpatiya” and PEC Baltic Sea - Black Sea by
transport corridor "Prykarpattia” is not only an impetus
for the improvement of regional transport network. The
ITC also encourages the development and transformation
of local resettlement system and team site localities, and
optimizes urban processes of the region.

It should also be noted that optimization of the urban
processes in the area will endanger both natural region

socio-economic territory development ITC performs the
role of stimulant of renewal process and sociogeosystem
intensification. Growing border cooperation will prompt
industry cluster formation for management and interaction
of border areas.

In conclusion, the potential of Prykarpattia natural and
anthropogenic resources including relief features, green
areas, river network, road transportation infrastructure,
current resettlement system and spatial landscape charac-
teristics, create particularly favorable conditions for the

and anthropogenic landscape: additional anthropogenic  development of international transport corridor

burden on adjacent areas and natural landscape. Besides,  "Prykarpattia".
due to the establishment of joint international program of
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AHoTanif. Y cTaTTi Z0CIiHKEHO MiKpOMOPGOIIOTi0 KBITKH ASSKUX MPEACTABHHUKIB MOpsAKY Asparagales Ta mpoaHali3oBaHO 30Halb-
HICTB TiHerero i OyZIoBy cenTaJbHOro HeKTapHUKa. Hamr migxix Hagae HaM MOXKINBICTD JU(EPeHIIIFOBATH BUIH Ta POJH 3a PO3TaIly-
BaHHSIM Ta HasIBHICTIO PI3HUX BEPTUKAJIBHIX 30H THEIE0 Ta 0COOJIMBO CENTATEHUX HEKTapHUKIB. CTPYKTypa riHEeNero B IOCIiKyBa-
HUX BUJIB Ma€ CyTT€BI BIIMIHHOCTI B JOBKHMHI 30H 3aB’s31 Ta 30H CENTAIFHOTO HEKTapHUKA, a TAKOXK Y B3a€EMO3B'I3KY yCIX TPHOX

THUITIB BEPTUKAJIBHOI 30HAJIBHOCTI TiHewes.

Knrwouoei cnoea: 3as’a3v, cineyeil, cenmanbHull HeKMAPHUK, MOPHON02is KEIMKU.

Beryn. CyuyacHa MoOJNeKyJsipHa CHCTEMaTHKa IIpH 100y-
JTOBI T1JIOK CITOPiAHEHOCTEH POIMH 1 pOIiB HE 3aBXKIU Bpa-
XOBY€ MOP(OIIOTiUHI 03HAKHU KBITKH Ta IUIOXTY, a SKIIO i
BPAaXOBY€ TO HEJOCTATHIO KiIbKICTh. 30KpeMa 03HAKU BHY-
TPILIHBOI CTPYKTYpPH TiHeLes Ta IOy, HOro 30HATBHOCTI
Ta OyJIOBY CENTAJIbHOTO HEKTapHUKA HE BPAaXOBYE B3arali.
Mopdomoru mykawTs HOBi MOP(OJIOTIYHI 03HAKH, O3HAKH
BaCKyJISIpHOT aHATOMIT KBITKH 1 BUBYaIOTh MOP(OTEHE3 CH-
cTeMH KBiTKa-1wtia. He Mo)kHa BUBYATH JIMIIE KBITKY, I0-
TpiOHO OOOB’SI3KOBO BHMBYATH IIE 1 IUTiZ, TOMY IO AESKi
MOp(hOIIOTIUHI O3HAKH TUTOLY 3aKJIaNaloThCs Ha CTadil KBi-
TKH, HaNPUKIJIAM, MOJBifHA JOp3abHa JKIIIKA, CBITUUTD Y
MOJATBIIOMY PO3BUTKY IIPO JIOKYNILUIHE PO3KPUBAHHS
IUTOTY, BUBYCHHS SKOI HA CTaAli KBITKM HaM HE /A€ YiTKOI
YSIBU PO HEOOXiTHICTH TOJBOECHHS IPOBIiMHUX IMy4KiB. Ta-
KOX MOTPIOHO BHWBYATH KBITKY y IOCTaHTCTHYHIN (hasi,
TOMY 110 BUBYAIOYH ILTiJ| KOPOOOUKY, HAITPUKIIA, HEMOXK-
JIMBO BMBYMTH LUISIXU 11 (GOpMyBaHHS HE BUBUHUBILY IPU
1bOMY OYyJIOBY KBITKH.

Koporkuii orssix myosikauiii mo temi. I'ineit oqaono-
JIBHUX € TPEIMETOM BEJIMKOI KiTbKOCTI JociimKenb [4, 5,
10]. 3okpema jociipKeHb y rany3i (GinoreHii ta eBOIOLil
kBiTku [11, 12]. Pogu Dracaena ta Sansevieria e criopin-
nennmu [2, 18], pauime ix BimHOCHIM a0 poauHu Aga-
vaceae [1, 18], Convallariaceaea [13], Dracaenaceae [2,
16], Ruscaceae [6] i 3a cyuacHO0 MOJIEKyJIsIpHO-(ioreHe-
THUYHOIO CHCTEMATHKOIO IIi PO BITHOCATHCS /10 BEJIUKOI
reteporenHoi poaunu Asparagaceae sensu lato [8, 9, 17].
IMosa Pynan 3 rpynoro Haykosiiis [13] — 3ailicHuim kiaau-
CTMYHUN  aHali3 JesKUX [PEJCTaBHUKIB  TOPSAKY
Asparagales Ha OCHOBI MOJICKYJIIPHUX TAaHUX Ta MOP(OJI0-
TIYHUX O3HAK KBITKH, BKIIOUYMBIIN AESIKI O3HAKH TiHEIIETO.
barato BUeHHX BBa)alOTh JOCUTh CXOXKHMH 32 OYZ0BOIO
JIOCIHI/KeHI POJH, ale HiSKUX JIarHOCTUYHHMX O3HaK Ti-
HELEI0 paHille He BAKOPUCTOBYBAJIOCH JUIS HUX.

Meta. AHaji3 BHYTPIIIHBOI CTPYKTYPH THELEIO Y IBOX
BujiB poxy Dracaena ta necstu BuaiB poay Sansevieria
BiJINIOBIJTHO IO JESIKMX IiJIXOJIB, SIKi paHilIe He 3aCTOCO-
BYBAJIMCh JUIS ONMUCY IIMX poxiB. Jlo CTPYyKTypH TriHeuero
MH 3aCTOCYBAJI KOHIIETIII0 BEPTHUKAIBHOI 30HAIBHOCTI
rinenero 3a B. Jlsitndensuepom [7]. 3riguo 3 miero KoHIe-
IIIi€10, ICHY€ 1Ba TUITM CHHKAPITHOTO TiHEIEI0, eBCHHKAP-
MHUK Ta remicuHKapmHUA. OCTaHHIM XapaKTepH3y€EThCs
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KOHT'€HITaJIbHAM 3POCTaHHSM y JaTepalibHIi 9acTHHI cTO-
BITYMKA, TOAI SIK BHYTPIIIHS YaCTHHA 3aB’sA31 Ma€ IOPOXK-
HUHY a00 3pOCTAa€THCS MOCTIEeHITAIBRHO (IepManbHO). Ta-
KW TiHEIeH Mae TP BepTHKAaJIbHI 30HU: TeMiCHHACIIHIia-
THY TeMICUMIUTIKaTHY Ta aCUMILUTIKaTHY 1 4acTo BiH Ma€ ce-
NITaJbHUI HEKTApHUK. BUBUSHHS 30H TiHEIEIO 1 oAablie
BUKOPHCTAHHS MOP(OJIOTIYHUX O3HAK KBITKH Y CKJIaJaHHI
MOJICKYJIIPHP-(DIIOTCHETHYHUX CUCTEM JI03BOJUTH OLIBIII
YiTKO 11eHTU(IKOBYBATH BHIH, POAU Ta poanHu OIHOI0-
JIbHUX.

Martepiaan i meTonu. Pociuaumit MaTepian OyB 3i0pa-
Hull y botanivromy caxy imeni A.B. ®omina KuiBcskoro
HaIllOHAIILHOTO YHiBepcuTery iMeHi Tapaca IlleBuenka, y
HamionansHoMy OotaHiuHOMY cany iMerni M. M. ['puiika,
Ha Kadenpi OotaHikn CXiTHOEBPOIIEHCHKOTO HAIliOHAIH-
Horo yHiBepcuteTy iMeHi Jleci Ykpainku Ta ¢ikcyBamu y
70% eranodi. J{1st MOXKIIMBOCTI HOCIIKEHHS Oy/I0BH KBi-
TKH TIi]T CBITJIOBUM MiKPOCKOIIOM BUKOPHCTOBYBAIH METO-
JIMKY TIPOCOYEHHsI MaTepiany napadiHoM Ta 3a JI0IOMOTro0
CTaHIAPTHUX METOJIB BHI'OTOBJISUIM cepii 3pi3iB TOBLIM-
HOto 20 MKM. 3pi3u papOyBanu y cadppanini Ta Actpa biay
(Astra Blau) i poOuiu 3aniBKy KaHaJICHKHM 0aib3aMOM.
Hudporsi mikpodororpadii Oyim 3pobIieHi 3a JOTIOMOT00
mikpockonia LABOVAL 4 CARL ZEISS (Jena) Ta kamepu
CANON 1000 D. Bucora BepTHKaIbHUX 30H TiHEIECIO
Oyna OoTpHMaHa TICNs PO3PAaXyYHKY IOTEPEUHUX 3Pi3iB.
CekTanbHUI HEKTapHUK — HaHWBaXKIUBIMIA OCOOJIHMBICTH
KBiTKM mopsnky Asparagales. Moro BuBuanmm BinmosimHo
J0 Tunosoriunoro maxoxy [3, 14, 15] i ananisysanu ioro
BepTUKANbHY 30HaIbHICTH [10].

Pe3ysbTaTH Ta o6roopenHsi. ['iHerei y AocCmimKe-
HHUX JBOX BuAiB poxy Dracaena ta pmecstu BHIIB poay
Sansevieria tpumepHuii. 3aB’ 136 BEpXHs, OBaJIbHA Ta 3 HE-
PiBHOIO TIOBEpXHEI0. 3aB’513b Ma€ TPH THi3/a 3 OHUM Me-
JliaHHUM aHATPOITHUM HaCiHHMM 3a4aTKOM y KO)KHOMY THi-
3711 Ta 3 JOBI'MM CENTAILHUM HeKTapHUKOM. KoxeH HaciH-
HUH 3a4aTOK Ma€ 100pe po3BUHYTHH (QyHIKYISApHUHA 00TY-
parop. CTOBIUMK amiKaJdbHUH, JIemo 3uroMophHuii abo
3MIlIeHUH y CTOpoHYy. TpH KaHaJM CTOBIYHMKA (QOpMYy-
IOTbCS Yy CTOBMYUKY. BUIiIEHO TpW OCHOBHI YacCTHHHU
3aB’s131 y gocipKyBaHux BuliB. OCHOBA 3aB’s31 — MapeH-
XiMHE JTHO 3aB’sI31, 1HOJI i3 CENTATbHUMHU HEKTapHUKAMU.
CenTanbHi HEKTapy MPUCYTHI y BEPXHill YaCTHHI OCHOBH
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3aB’s3i y S. parva, S. trifasciata. S. dooner, S. grandi-
cuspis, S. fernwood. T'uizga 3aB’s3i — OCHOBHA YacTHHA
3aB’s31, 3 TphOMa MOPOKHUHAMH, BKPUTHMH BHYTPIIIHIM
eIiJIepMiCOM Ta LIIJIMHAMH CEeNTalbHUX HEeKTapHUKiB. Ha-
CIHHI 3a4aTKW KpIIUATBCS Y CepenHid YacTHHI THI3[J
3aB’s131, QYHIKYIIOC KOPOTKHUI 1 BEpTHKAIBFHO CIPSIMOBA-
HUil. MiKkporriie moBepHyTe AOHH3Y, CKIaJeHe BHYTpIII-
HiMH ToKpuBaMu. J[ax 3aB’s31 — 9acTWHA HAJ TPbOMa THi-
3MaMH 3aB’s31, € € KaHaJIM CTOBITYHKA, SKI MPOJIOBXKY-
IOTBCS 10 PiBHA, 1€ BiIKPUBAIOTHCS CENTAIbHI HEKTAPHUKH
Ta 30epiraeTbes CTpyKTypa cToBmdrKa. KoHCTpyKITis maxy
3aB’s131 BiZPI3HAETHCS Bl CTPYKTYpH CTOBIYMKA 3HAYHO
OiJIBLIMM JlIaMETPOM Ta HasBHICTIO CENTaJIbHUX HEKTapiB
— IBOX OCOOJIMBOCTEH, XapakTepHHUX sl OYJ0BU 3aB’si3i.
VY D. surculosa, S. parva ta S. grandicuspis kaHaiu cTOB-
ITYMKa PO3MIllIeH] He amikaibHO, a mpuban3Ho Ha 120-140
MKM 3MillIeH] Ha BEHTPaJIbHY CTOPOHY THI3/ 3aB’si31.
BinmoBimHO m0 KOHIENIii BePTUKAIbHOI 30HAIBHOCTI
rinenest 3a B. JIsitadensuepom [7], Mu BHOIMIN 90THPH
BEpTUKAJbHI 30HU TiHEIis B JOCIIIKYBaHUX BUIAX: CH-
HaCcUHJiaTHA 30Ha — Haiikoportira 30Ha TiHerer (60-180
MKM) 3 TphOMa OKpEeMHMH THi3gamu 3aB’si3i. s mocmi-
JUKYBAHHMX BHUJIIB e HE TUIIOBO, OCKUIBKY € BHPa3Hi MOpo-
JKHUHHM CeNTaIbHUX HEKTapHUKIB. SIK 1 THi3Aa 3aB’s131, mo-
POXXHUHH HEKTapHUKIB HE 3€JIHaHi Mk c000I0, y 1l 30Hi
€ IICTh YITKUX MOPOXXHUH — TPH THi3Ja Ta TPU CENTalIbHI
HEeKTapHUKH. [ eMicMHacIMiaTHA 30Ha — 30HA 3 TPhOMA HE
3’€IHAHUMH THI3aMH 3aB’s131 Ta TPUKYTHOIO IIUTHHOIO Y
neHTpi. JAucTanpHi YaCTHHY Li€l MUTMHA YTBOPIOIOTH CETI-
TanbHY HEKTapHY NOPOXKHUHY, ajie LIEHTpalbHa YaCTHHA €
MTOCTT€HITAILHO 3aKPUTOXO 1 Ma€ BUTILA IBOX PSIB eITiJie-
pMansHEX KniTuH. L{g 30Ha mosra [tabmurs 1, 2], mexiaH-
HHU{ HACIHHMI 324aTOK IPUKPIIUICHH 10 TIONepeyHol 30HU
KOXXHOTO THi3za. ['eMicUMIUTIKaTHA 30HA — 30HA YaCTKOBO
3pOCINX TUIOAOJUCTKIB, JIe 3'SBIAIOTHCS BEHTPAJIbHI Ii-
JINHH TJI0I0JTMCTKIB, aJIe MOCTICHITAIBHO 3aKPHTI 1 BUIUMI
SIK JIBa PN SMiIepMaIbHUX KIITHH. Y IIi#f 30HI cenTalib-
HUI HEKTap TaKoX MPUCYTHIH, sIK 1 y reMiCHHACIHAIaTHIN
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30Hi, 1 M€ KOHI'€HITAJIBHO 3POCIY 30BHIIIHIO CTiHKY. L[5t
30Ha MPUCYTHS Y BEPXHIH YaCTHHI T'HI3[| Ta HA axy 3aB’s13i
y S. hyacinthoides, S. grandis, S. aethiopica, S. spicata, S.
severuticosa, D. fragrans, D. surculosa. List 30Ha BincyTHs
vy S. trifasciata, S. parva, S. grandicuspis, S. doonery, S.
fernwood. AcumrutikaTHa 30Ha — 1151 30Ha 32 B. JIstitHdenn-
HepoM [7] He Mae KOHTEHITANIBHOTO 3TATTSA MiX TUIOIOIH-
CTKaMH. MU BHU3HAeMO (YHKIIOHATHHO aCHMILTIKAIIHHY
30HY 0€3 3IUTTS MK TUTOIOJTUCTKAMH Ta CTPYKTYPHO acH-
MILTIKaiiHy 30HY 3 HOCTTEHITaIbHUM 3JTHTTSIM, 3aBISKA
SIKOMY (OPMYETBCS CTOBITYMK Ta TPHHMOYKA. Y HOCII-
JUKYBaHHUX BHJIIB IUIOJOJIUCTKU B I 30HI 3pOIIYIOTHCS
MOCTreHiTalbHO. L[5 30Ha MOYMHAETHCS Ha PiBHI, Jie KOXKHA
LIIJIMHA CENTalIbHOIO HEKTapHWKa O00'€qHYEThCS IHCTa-
JIBHO 3 CeNTAJIBHOK OOPO3CHKOIO [Tabmuus 1, 2].

CenranbHi HEKTapHUKH HAasBHI B3JOBXK YCI€l BHCOTH
3aB’s131, BOHM TIOKPUTI CEKPETOPHHUM €IIiIepMicOM Bif ca-
MOI1 OCHOBM 1 HE MalOTh BHBIJIHOTO KaHAIy, SIK 1e OyIo
npumnyriero E. Taymanowm [3], as1s Bcix BHIIB 3 cenTaib-
HUM HEKTapHHKOM. AJie HACIpaBXi, BOHH MAlOTh aIliKa-
JFHO PO3TAIIOBaHI CEKPETOPHI CENTallbHI OOPO3EHKH, Ja-
CTO 3HAYHOI JOBXXHMHH, PO3TalllOBaHi Ha naxy 3aB’s3i. Cri-
HKHM OOpPO3EHOK BKPHTI TaKHM K€ CEKPETOPHUM eIiZiepMi-
COM, IO 1 CTIHKH IIUTHH CENTaJbHUX HEKTAPHHUKIB, 1[0 PO-
OuTh iX 100pe NOMITHUMH Ha nodapOoBaHKX AUTIHKaX. 3a
omucoBoi knacugikarii P. IlImigra [14], cenransuuii HeK-
TapHHK y BCIX JOCITIIPKyBaHUX BUJIIB € HE JAOIPUHTHHUM,
a 'y BEpXHIil 4acTHHI — iHOAI 3JierKa JabipuHTHHUM (y BH-
niB Sansevieria). 3a E. Jlaymanom [2] BoHM BHYyTpilIHI B
HIDKHIN YacTHHI Ta 30BHIIIHI (30BHIIIHI) Y BEpXHiil yac-
THHI (CcenTanbHi O0PO3CHKH).

VY uux BUAIB CHHACIUAIaTHA 30HA MICTHTH PO3AUTHHHUN
CeNTaNbHUI HEKTapHHUK, TOMY MU BB2)KAEMO 11 pe3yJIbTa-
TOM 3aranbHoi MOP(OTeHEeTHYHOI TpaHcopMalii MaTo-
YKH 3 CeNTaJIbHUM HEKTapHUKOM. BUHMKHEHHS CHHacLy-
JIlaTHOT 30HU y TeMiCHHKApIIHOMY TiHelei 3yMOBIIIOE He-
00XimHiCTh po3mmpeHHs knacudikarii rinenero [7], 0cob-
JIUBO JJIs1 TaKCOHIB OJTHOAONBHUX.

Taoauus 1. BucoTa 30H rinenest Ta CeNTaIbHOTO HEKTAPHUKA Y BUJIB poay Sansevieria

B £ o L, 5 E
g 5 5% 5 s
= o =3 o &
30Ha, b 1% o © o =
MkMm 2 w
I'ui3ga 3aB’s3i 720-800 800 840-940 620-820 600-820
OcHoBa 3aB’s131 500 480 280 420 420
Jlax 3aB’s13i 700 180 280 500 280
BucoTa KBiTKOJIOkKA 500 480 280 420 420
CuHaciyiiaTHa 30Ha 60 100 140 160 120
I'emicuHacugiaTHa 30Ha 660 480 660 440 400
I'emicuMITIiKaTHA 30HA — — — — —
AcuMIUTIKaTHA 30HA B 3aB 5131 700 400 400 500 280
CenrtaJibHUIT HEKTAPHHK 3arajioMm 1530 1100 1320 1220 980
BucoTa po3aiibHOTO CeNTanbHOTO HEeK- 280 180 100 100 260
TapHHUKa
HexkTapna minnHa 700 385 280 500 280
HexrapHa mrinuna / cenranbHU HEKTa- 46 35 21 41 29
pHHEK 3arajioM *, %
OcHoBa — rHi3Aa — gax 3aB’a3i, % 26-42-32 33-55-12 19-62-19 26-44-30 30-50-20
CenTanpHu# HEKTApHUK 3arajiom * / 76 75 91 74 70
3aB 36, %0
CernrranbHuil HEKTapHUK 3araaom * / 19-21 14 1,6 1,5-2 1,2-1,6
rHi3ga 3aB’s31
* Tlpumitka mo Ta6a. 1 1 2: CenTajpHUIl HEKTAPHUK 3arajioM — L€ CyMapHa BHCOTAa HEKTapHOI MOPOXHUHHU (BHYTPILIHBOTO
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HEKTapHHKA) Ta HEKTapHOI IIIIMHA (30BHIIIHBOTO HEKTAPHHUKA).

Ta6auus 2. Bucora 30H riHenes Ta cenTanpHOro HEKTapHHUKA y BHIIB poAiB Sansevieria ta Dracaena

[
[4+] [%2]
Bux | o %) = « LS % g

—_ he] =] =] =1 ey >

88 | & £ 8 £ 2 2
30ma, 22 5 g = 2 £ 2
MKM = w % o o a a
T'Hizna 3aB’s3i 1180- 00-960 820 740-800 840-940 1000- 800-860

1460 1250

QOcHoBa 3aB’s31 680 540 200 180 320 340 260
Jlax 3aB’s13i 760 740 360 560 620 420 580
Bucora KBITKOJIOKA 1400 540 320 180 320 340 260
CuHacIyIiaTHa 30Ha 160 180 140 160 60 180 100
T'emicuHaciyiaTHa 30Ha 900 660 540 560 740 520-880 680
TemicuMIIIiKaTHA 30HA 680 420 260 440 360 360 360
AcuMInTiKaTHa 30Ha B 3aB 531 760 740 360 560 620 100 580
CenranbHU# HEKTAPHUK 3a- 2700 1880 1300 1340 1440 1250 1140
rajom
Bucota po3ainbHOro cenra- 740 260 260 240 0 100 0
JIBHOT'O HEKTAPHHKa
HexrapHa minnHa 400 440 240 200 400 100 280
Hexrapha minuna / cenraib- 15 23 18 15 28 8 25
HUH HEKTApHHK 3arajiom™, %
OcHoBa — rHi3ga — 1ax 25-48-27 | 25-41-34 | 15-59-26 | 12-51-37 | 17-49-34 | 19-57-24 16-50-34
3aB’s131, %
CenranbHUI HEKTAPHUK 3a- 98 87 94 89 77 62-71 68
rajgoM * / 3aB’s136, %
CentanbHUN HEKTapHUK 3a- 1,8-2,3 2-2,35 1,7 1,7-1,8 1,5-1,7 1,0-1,2 1,3-1,4
rajoM * / THi3zaa 3aB’s131

* [Ipumitka 10 Tabn. 11 2: CenTaabHUI HEKTAPHUK 3arajioM — Ie CyMapHa BUCOTa HEKTAPHOI IOPOKHUHU (BHYTPILIHBOTO HEKTa-

PHHKA) Ta HEKTapHOI IIIJTMHH (30BHIIIHBOTO HEKTAPHUKA).

Jlo mocimipKyBaHUX BHUAIB MU 3aCTOCYBAJIH MOHSTTS Be-
PTHKAIBHOI 30HAIBHOCTI CenTanbHOro HekrapHuka [5, 10].
BianoBigHO 10 HBOTO, MOXKHA BUAUTUTH TaKi BEPTHUKAIbHI
30HH B CTPYKTYPI THIIOBOTO CEMTAIBHOIO HEKTapUKa aHa-
JIOTIYHO BEPTHKaJIbHUM 30HaM riHerero 3a B. JlaiiH]ens-
HepoM [7]. Takumu 30HAMH €: 30Ha PO3ALIBHOIO CENTab-
HOTO HEKTapHHKa, 30Ha 00 €[HAHOTO CENTATbHOTO HEKTA-
PHHKA — 30Ha 3 TPhOMA HEKTAPHUMHU TIOPOKHUHAMHE, 00'€-
JHAHUMH B HEHTPI 3aB’s131 3arajibHOK €IiJIepMOI0, 30HA
30BHILIHLOTO HEKTApHHKA ab0 HeKTapHa MiinHa. 3ara-
JIbHA BHCOTA CENTAbHOTO HEKTApPHHKA BKIIIOYAE BUCOTY
PO3IUIBHOTO CENTaIbHOTO HEeKTapHHUKa, 00’€JIHAHOro Ta
Bucoty HekTapHoi miiyman [10]. V Buais Dracaena uekra-
pHa NIUTHHA BITHOCUTHCS 10 BUCOTH CENTAIbHOTO HEKTAp-
uuka sk 1/10, Tofi sIK y mpencTaBHUKIB pody Sansevieria
e criBBigHomeHHs nocarae 1/3 go 1/2.Mu BuaingeMo oc-
HOBHI THITH BEPTHUKAJIBHOT 30HAIBLHOCTI T1HELEIO B 1IJIOMY:

A - D.surculosa, S.suffruticosa (Han cuHacHUIIaTHOO
30HOI0 HAasBHI HACTYIHI 30HM: reMicuHacuuaiaTHa (dep-
THJIbHA), TEMICUMILIIKATHA 1 aCHMILTIKaTHA, a CeNnTalbHi
HEKTAPHUKU 3'SIBISIFOTHCS ITICIIS THI3/ 3aB’531);

B - D.fragrans (kopoTka cHHacuuIiaTHa 30Ha, hepTu-
JbHA TEMiCHHACIHMJIaTHA 30Ha 3 MEIiaHHO MpPUKpIIlIe-
HMMHJ HACIHHUMHM 3a4aTKaMH, T'€MICHMIUIIKaTHA 30HA Ta
aCHUMIUIIKaTHa 30HAa Ta CENTaJbHI HEKTAPHUKU 3'SBIIS-
FOTBCS TTCIISE THI3 3aB’5131).

C - S.parva, S.trifasciata, S.dooneru, S.grandicuspis,
S.fernwood (kopoTka cuHacummiaTHa 30Ha, (pepTHIbHA re-
MiCHHACITUIIaTHA 30HA 3 ME/TIaHHO MPUKPITUIEHUMHU HACIH-
HUMH 3a4aTKaMH, aCUMILTIKaTHA 30HA, TeMiCHMILTIKaTHA

30Ha BIZICYTHS, @ CENTAJIbHI HEKTAPHUKH 3’ SIBIISIOTHCS TIe-
pen THi3IaMu 3aB’si31).

D - S.hyacinthoides, S.spicata, S.aetheopica, S.grandis
(pencraBiieHi CHHACHUAIATHOIO, TeMiCHHACIHMIATHOIO,
reMICUMIUTIKATHOI Ta aCHUMILIIKATHOIO 30HAMH, a CEIlTa-
TIbHI HEKTAPHUKH 3’ SBISIOTHCS TIEPE/T THI3MaMH 3aB’5131).

E - Polygonatum multiflorum (xBi kpaiiosi siitexri-
TUHH, TeMICUMILTIKaTHA 30Ha (PePTUIIFHA, HE BIIOYBA€THCS
MTOCTTeHITAIbHE 3POCTAaHHS y TeMICUMILTIKATHIH 30Hi, Ka-
HAJI CTOBITYHKA 3’€THAHI, MPUAMOYKA BiIKPUTA).

BucnoBku. VY riHenei qociIKyBaHUX BUIIB BHSBICHO
BHCOKY OCHOBY 3aB’si31 Ta Jax 3aB’si3i. Lleii rinemeii € remi-
cuHKapmHUM Sensu lato, Tomy 1o BiH MiCTHTB remicuHac-
UIIATHY 1 TEMICHMILTIKATHY 30HH, ajIl¢ TAKOXK Ma€ CHHAC-
UJIaTHY 30HY, XapakTepHy Ul €BCHUKApIHOTO THUILy Ti-
Herest. Y JesKux BUJIB Sansevieria BimcyTHs remicumimi-
kaTHa 30Ha. CTOBIYMK CKJIAIa€ThCs 3 aCHMILIIKATHOT
30HHM. 3arajibHa BHCOTA CENTAJLHOTO HEKTapHUKAa 3HAYHO
MIEPEBHUIIIY€E BUCOTY THI3] 3aB’ 531, OCKUIEKH y TaXy 3aB’s31
HaJI THI3JJAMH € CEKPETOPHI HEKTAPHI MIUTMHA Ta PO3ALIbHI
cenTalibHI HEKTAPHUKK B OCHOBI 3aB’si3i (y Sansevieria).
Takuil THN 30HANBHOCTI TIiHEICID paHillle HE BUSBIIABCA
quist BuiB Dracaena ta Sansevieria. [IpucyTHICTh Ta BU-
COTa Pi3HUX BEPTUKAIBLHUX 30H 3aB’ 5131, TIHEIIEIO Ta CenTa-
JBHOTO HEKTapHUKa, a TaKOoXX B3a€MO3B'I30K BCIX IMX
TPHOX THIIIB BEPTHKAJIHHOI 30HATHHOCTI TAIOTh HAM MOX-
JUBICTh OUTBII TOYHO AM(EPEHIIIOBATH TOCIiIKYBaHUI
BU/M. A JOCHIAMBIIN OyI0BY IOy ONMCAHUX MPEICTaB-
HUKIB, JATH MTOSICHEHHS AEIKUM MOP(OIIOTIIHNM O3HAKAM,
SIK1 3aKIaJal0THC Ha CTalil KBITKH.

15



Science and Education a New Dimension. Natural and Technical

Sciences, VIN(28), Issue: 233, 2020 July.  www.seanewdim.com

REFERENCES

. Bogler D. J. Phylogeny of Agavaceae based on ITS rDNA se-
quence variation // Amer. J. Bot., 1996, Vol. 83. P. 1225-1235

. Bos J. J. Dracaenaceae In: K. Kubitzki et al. (ed.), The families
and genera of vascular plants. Ill. Flowering plants //
Monocotyledons: Lilianae (except Orchidaceae), Springer.
1998. P. 238-241.

. Daumann E. Das Bliitennektarium der Monocotyledonen unter
besonderer Beriicksichtigung seiner systematischen und phy-
logenetischen // Feddes Repert, 1970. — Bd.80, H. 7-8. S. 463-
590.

. Dyka O. Flower morphology and vascular anatomy in some
representatives of Urgineoideae (Hyacinthaceae) // Thaiszia -
J. Bot., Kosice, 2018, 28 (2). P. 125-143

. Fishchuk O., Odintsova A., Sulborska A. Gynoecium structure
in Dracaena fragrans (L.) Ker Gawl., Sansevieria parva N.E.
Brown and Sansevieria trifasciata Prain (Asparagaceae) with
septal emphasis on the structure of the septal nectary // Acta
Agrobotanica, 2014, 66 (4). P. 55-64.

.KimJ. H.,KimD. K., Fores T. F. Fay M. F., Chase M. W. Mo-
lecular phylogenetics of Ruscaceae sensu lato and related fam-
ilies (Asparagales) based on plastid and nuclear DNA se-
quences // Ann. Bot., 2010, Ne 106. P. 775-780.

. Leinfellner W. Der Bauplan des syncarpen Gynoeceums / W.
Leinfellner // Osterr. Bot. Zeitschr. — 1950. — Bd. 97, H. 3-5. —
S. 403-436.

. Lu P.-L., Morden C. Phylogenetic Relationships among Dra-
caenoid Genera (Asparagaceae:Nolinoideae) Inferred from
Chloroplast DNA Loci // Systematic Botany. 2014, Vol. 39, Ne
1. P. 90-104.

. Lu P.-L., Morden C. Phylogenetics of the plant genera Dra-
caena and Pleomele (Asparagaceae) // Botanica Orientalis —

Journal of Plant Science, 2010, Vol. 7. P. 64-72.

10. Odintsova A, Fishchuk O. The flower morphology in three
Convallariaceae species with various attractive traits // Acta
Agrobotanica, 2017, 70(1). P. 1705-1719.

11. Rudall P. J. Unique floral structures and interative evolution-
ary themes in Asparagales: insights from a morphological
cladystic analysis // The Bot. Rev., 2003. — Vol. 68, Ne 4. P.
488-509.

12. Rudall P. J. Homologies of inferior ovaries and septal necta-
ries in Monocotuledons // Int. J. PI. Sci, 2002. Vol. 163. P. 261-
276.

13. Rudall P. J,, Conran J. G., Chase M. W. Systematics of Rus-
caceae, Convallariaceae: a combined morphological and mo-
lecular investigation / P. J. Rudall, // Bot. J. Linn. Soc., 2000,
Vol.13, Ne 4. P. 73-92.

14. Schmid R. Functional interpretations of the morphology and
anatomy of septal nectaries // Acta Bot. Neerl., 1985, Ne34 (1).
P. 125-128.

15. Smets E.F., Ronse Decraene L. -P., Caris P., Rudall P.J. Floral
nectaries in Monocotyledons: distribution and evolution //
Monocots: systematics and evolution. Melbourne: CSIRO,
2000.

16. Takhtajan A. Flowering plants. Springer, 2009. 871 p

17. The angiosperm phylogeny group. An update of the
angiosperm phylogeny group classification for the orders and
families of flowering plants APG IV // Bot. J. Linn. Soc., 20186,
181.P.15

18. Wunderlich R. Die Agavaceae Hutchinsons im Lichte ihrer
Embryologie, ihres Gynoreum // Staubblatt und Blattbaues Os-
terreichische botanische Zeitschriff, 1950, Bd. 97, Ne 3-5. S.
437-502.

Comparative flower morphology of some Asparagales representatives in the light of modern molecular taxonomy

0. S. Fishchuk

Abstract. The flower morphology of some representatives in the order Asparagales is investigated in the article and the gynoecium
zonality and the structure of septal nectary are studied. Our approach provides us with the possibility to differentiate the species and
perhaps the genera after the location and presence of various vertical zones of the gynoecium and nectary particularly. The gynoecium
structure in studied specied has differences in the lenght of the gynoecium and septal nectary zones, and also in the interrelation of all

of these three types of vertical zonality.

Keywords: ovary, gynoecium, septal nectary, flower morphology.
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Anoranis. Orysin niTepaTypHUX PKEpes JO3BOJIMB BUSBUTH HEOOJIKH METOJIB MEepepoOJICHHS MOJiMiHepalnbHUX pyd. dns 3meH-
IIEHHS TPUBAJIOCTI ITpoLiecy B MOPIBHSHI 3 XJIOPHIHAM BHITYTOBYBaHHSIM HaMHU PO3po0IIeHO croci0 mepepoOIeHHs MoliMiHepaTbHIX
PYA IUIIXOM BITYTOBYBaHHS HACHYCHHMH CyNb(GaTHUMH pO3YMHAMH. JI7s1 BUBYEHHS OCOOIHMBOCTEH CyNb(aTHOTO BHITyTOBYBaHHS
[[iIKaBO BUKOPHCTOBYBATH, HacaMIepe]l, caMe MeTOJl 00epTOBOTo JMCKY. Lle 103BOIHII0 BUBYUTH KiHETHYHI 3aKOHOMIPHOCTI CyIIb(a-
THOTO BHJIyTOBYBAHHS Y HOPIBHSHHI 3 TEXHOJIOTIEI0 XJIOPHIHOTO BHIYTOBYBaHHS. 3'ICOBaHO, IO B 000X BUIIaJKaX KOHCTAHTH IIBH-
JIKOCTI PO3YMHEHHS OJIM3bKI MK co0010. Lle cBiTUuTh Ipo Te, 10 B MpOLEci CyNb(paTHOTO BUIYTOBYBAaHHS MIPOAYKTH BUCOTIOBAHHSI
KPHUCTaNII3yIOThCs B 00'eMi po34MHy 1 He OyAyTh BHSBISATH TajdbMyrouoi aii Ha mpouec. OTke, 3aMiHa XJIOPUIHOTO BUIYTOBYBAaHHS
cynb(paTHIM He 3HIKY€ MIBUIKOCTI IPOLECY 1 NpuHece HU3KY IMepeBar, 1[0 BU3HAYal0Th TEXHOJIOTIUHE Ta anaparypHe opOpMIICHHS

rajypriiHOTo mepepoOIeHHS COIbOBHUX PY/I.

Kniouogi cnosa: noniminepanvui pyou, Kinemuxa po3uuHents, 06epmosuii OUCK, CyIbpamme Uy208Y8aHHS.

Beryn. IlepepoOienHs moniMiHepanbHUX Py IPYHTYETh-
sl Ha B3a€EMHOI PO3YMHHOCTI COJIEHl y IT'STUKOMITOHEHTHIH
cucrteMi  K*, Na*, Mg?' ||SO2", Cl-, H,0- B
NpoLeci PO3UMHEHHS TAaKUX PYJ COJBOBHH CKiIaa piakol
(a3 npencTaBIATHME CyMill cynb(aTiB i XJIOPHIIB Ka-
Ji10 1 MarHiro Ta HaTpito xmopuay. OCKUIEKH HATpPil XJI0-
PUI B BUXIiTHIM CHPOBHHI MiCTHUTBCA Y BEIBMH BEIHKHX
KITTBKOCTAX Ta PO3YMHHICTH HOTO BEJIHKA, PO3YMHH, IO
YTBOPIOIOTHCS, MPAKTHYHO 3aBKIAM HACHYCHI B IEPIIY
4gepry 3a ramiToM. BwmicT iHmIMX conell B po3uuHi 3aie-
KUTD 5K BiJl COCTaBa BHUXiJHOI CHPOBHHH TakK i Bi yMOB
PO3YHHEHHSI.

HesBaxkatoun Ha HasBHICTH B AaHIil CHCTEMi YHCIICH-
HUX CyJIb(aTHHUX 1 CyJIb(aTHO-XIOPUIHUX COJIel 1 KpHc-
TAJIOTIIPaTIB, a TAKOXK 3IATHICTh IIUX CIIOJYK JIO CTIHKUX
nepecuieHb, 0 POOUTH NepepoOsIeHHsT CUPOBHHH BEJb-
MU CKJIaHUM TEXHOJIOTIYHHM 3aBIAaHHIM, 3HAYHUH 3CYB
IOJIIB KPUCTANI3aIil coel B 3aJIS)KHOCTI BiJI TeMIIepaTy-
PH TIPOIIECY Ta IHIIUX TEXHOJIOTIYHUX (PaKTOPIB TO3BOJIIE
MIPOBOJUTH TIOMALJT BHXIJHUX KOMIIOHEHTIB i OTPHUMYBAaTH
HEOOXiJHI MPOAYKTH B YUCTOMY BUTJIISIL.

Hamu po3pobnero HOBuWil radypriiiHuil cmoci0 mepe-
poOJIeHHS! TONIMIHEPAILHUX Y/ LUISIXOM BHJIYTOBYBaHHS
HacHYEHUMH CyibhaTHUMH po3unHamu [1, 2], sikuil mae
LIy HU3KY TIepeBar y HOpIBHSIHHI 3 TPaJHULIiHHOI TEXHO-
JIOTIE0 XJIOPHIHOTO BUITYyTOBYBaHHs [3].

Jliist inTeHcuikanii OCHOBHOI CTafil rainyprifiHoOro Ie-
pPEepOOJICHHST TMOJIMIHEPAIBHUX pPyA HEOOXITHO 3HATH
KIHETHKY PO3YHHEHHS MiHEepaliB, sIKi BXOIATH IO CKJIATY
pyaH.

Meta. Kinetnyni 0co0nMBOCTI MeTOIy CyJb(aTHOTO
BWIIyTOBYBAaHHS BH3HAYalOThCs HHM3KOIO (AKTOpPIB, Po3r-
JSAHYTUX Y Judy3iiiHO-KiHeTHYHIN Teopii po3unHeHHs [4,
5]. Hacammepen — me iHIUBiAyaJlbHI BIACTHBOCTI OKpe-
MHX MiHEpaJiB, O BXOAATH N0 CKIamy pyau. Bimomo,
o OUTBIIICTh 13 HUX HAJIEKUTHh A0 IH(y31HHOPOIUUH-
HUX. BUKIIOYeHHAM € JaHrOeHHIT 1 Ki3epHT, sIKi po3duH-
HSIOTBCSI B KIHETHYHIH 007acTi, IO € OJHIEI0 13 MPUYHH
TPUBAJIOCTI BCHOTO MPOIIECY.
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[Hma mpuyWHA 3a7E€KUTh BiJ CHCIU(IKK MEXaHi3My
npotiecy BuiIyroByBaHHs. Haiiwactimie kpucranivHi npo-
JOYKTH peakiii BUAUIAIOTBCS He B 00'eMi po3uuHy, a Ha
TIOBEPXHI 36pEH MiHEpaliB, IO PO3YMHAIOTHCS, YTBOPIO-
I09YM 3aXHCHI IUIBKH. BOHM TajbMyroTh mHporec po3du-
HEHHS @X IO MOBHOTO Horo mnpunuHeHHs. Came muMm
TIOSICHIOETHCSL IIPAKTUYHO MOBHA BiJICYTHICTH PO3YNHHOCTI
y TIOJITaNiTy 4epe3 yTBOPEHHsS Ha HOro MOBEPXHI 3aXHC-
HOT TUTIBKH 13 KaJbIlilo cynbdary.

Y 3B'I3Ky 3 BHUKIAICHHUM, I[IKaBO BHBYHMTH, Hacamiie-
peln, KIHeTUYHI 3aKOHOMIPHOCTI CyJb(aTHOTO BUIIyTOBY-
BaHHJ.

Marepiann ta Meronu. Kinetwuni ¢akropu BimHO-
CATHCS 10 HaWBaXKJIMBIIIMX MapaMeTpiB, 0 BU3HAYAIOThH
TEXHOJIOTIUHE Ta anaparypHe o(OpMIIEHHS rajlypriiiHoOro
MepepoONICHHS CONBOBUX pyd. HeoOXimHO BiI3HAYUTH
BaXIIUBICTh BHOOPY METOIWKH JOCIHIIKECHHS, OCKUIBKH
yepe3 iX pi3HOMAHITTS 1 CKIaJHOCTI CaMoro sBHINA JaHi
PI3HHX aBTOPIB Ba)KKO MOPIBHSAHHI, YaCTO HEBIATBOpEHI i
HE MOXYTh OyTH BUKOPUCTaHI Ha npakTuil [6].

Cepell eKCIIEpUMEHTAIBHAX METO/IIB TOCIIIIKCHHS Me-
XaHI3My KIHETUKH PO3YMHEHHS TBEPIMX TiI HaWOIMbLIMNA
iHTEepec mpeacTaBisge MeTon 00epToBOro aucka [5, 7]
3aBJISIKM HACTYITHMM HOTO INepeBaram: MOBEPXHs JKCKA €
OJTHAKOBO JIOCTYHHHUU B MU(y31HHOMY BIIHOIICHHI;, ILIO-
111a IOBEPXHI 3pa3Ka, SKUH PO3UMHSIETHCS, 3aIMIIAETHCS B
mepediry JOCHixy CTaloro; TigpOoANHAMIYHI YMOBH JIETKO
KOHTPOJIFOBATH 1 BapilOBaTH 3MIiHOK YaCTOTH OOCpTaHHS
3pasKa.

Takox 00epTOBHH IHCK 3aCTOCOBYIOTH SIK 1HEPTHHUH
€JICKTPOJ JUISl BUBYECHHS MEXaHI3My 1 KIHETHKH eJeKTpO-
XIMIYHUX peakuiid, MBUAKOCTI KOpO3ii METaliB, y MOJs-
porpadidyHOMY aHami3i Ta A BU3HAYEHHs KOe(Dilli€HTIB
nudy3ii pisHEX pedoBUH. [[UM METOIOM BIAETHCS BUSBHU-
TH YMOBH TPOTiKaHHS mporeciB y audy3iiHil, KiHeTHd-
Hiit a6o 3mirraHoi oonactsx [8, 9, 10].

Takox MeTo7 06€pTOBOTO MCKY YCIIITHO BUKOPHCTA-
€TBCS IS JOCIHIDKEHHS PO3UYMHEHHS CIPECOBAHMX Tab-
JIETOK OPraHIYHUX PEYOBHMH Ta HEOpraHiuHUX coiyei [11,
12]. V mux poboTtax AOCIHIIKEHHS MIPOBOIMIN B 001aCTi,
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Jle pO3uMHEHHs BinOyBajocs 3a Au(y3iHHUM MeXaHi3-
MOM.

VY sKocTi 00'€KTiB JOCHiIKeHHs1 oOpaHi ramiT 1 JlaH-
roeiiniT. Takuii BUOIp MOSCHIOETHCS, HACAMIICPEH, THM,
II0 BOHHU BIJHOCATHCS A0 MiHEpaliB 3 DI3HUM THIOM
PO3YMHEHHS — MEPIIUH po3unHAEThCA Audy3iiiHe, NpyTuit
— KiHeTH4YHO. JI0 TOTO 3K 1 rajiT i JJaHrOCHHIT € OMHUMHU 3
OCHOBHHX KOMIIOHEHTIB ITOJIiIMiHEpAIbHOI Py, a TAIiTO-
JaHTOCHHITOBUH 3aJIMIIOK MaiXe MOBHICTIO CKIaJaeThCs
3 IUX JABOX MiHEpaiB.
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Cxemy J1abopaTopHOl yCTaHOBKM HaBeJeHO Ha puc. 1 i
BOHA BKJIIOYAE KOJICKTOPHHH €JEeKTpoABUTYH 9 3abesmne-
YEHUH MaTPOHOM, Y KU KpIilUTHCS obeprarounii Ban 5 3
MIPUCTPOEM ISl IPUETHAHHS TabJIeTKU coui 1 3a jgornomo-
rOI0 MOCTIfHOTO MarHiTy. 3ajaHa 4JacToTa OoOepTaHHs
YCTAQHOBJIIOETBCSI MOCTAYaHHSIM JABUTYHA 32 JIONIOMOTOIO
tparchopmaTopa JIATP 1 KOHTpOMOETHCS 32 JOIOMOT OO
TaxoMeTpuuHOTro reHeparopa 10 3 mrdpoBUM MiNiBOIBT-
metpoM 11.

Puc. 1 — Cxema exkcriepuMeHTaNbHOT yCcTaHOBKH: 1 — TabneTka codi; 2 — i30mor0unii map; 3 — cTaneBuil quck; 4 — MarHiT; 5 —
2 2 & 2
obeprarounii Bai; 6 — MOCyIMHA 3 PO3UYUHOM; 7 — EMHICTB (COpOUKa); 8 — TepMoMeTp; 9 — enekTpoaBuryH; 10 — reHepaTop TaxomeT-
puunuii; 11 — MiniBoIbTMETP.

TabneTkn 111 KOCTIKEHb BUTOTOBIISIIN MIPECYBAHHAM
IpiOHOKpHUCTATigHUX coyedl. 1o OTHOTO 3 TOPIB MPHK-
JICIOBAJIM CTaJeBY IUIACTHHKY 3, LIO I03BOJIUIO JIETKO
MpUeAHYBaTH 1 3HIMaTH TabjeTky 1 3 Bamy 5. BokoBy
MOBEPXHIO TAOJIETKH 3aXMIIAIU BiJi PO3YMHEHHS BOJOC-
TIHKAM KJI€EM 1 KinbleM 3 TOHKOI rymu. IlomepemHbo
TabJeTKy B 310paHOMY BHJII 130JIFOBAIM BiJl pO3UHMHY TOH-
KOCTIHHAM KOXKYXOM, pa3oM 3 BaJOM pO3MIlIyBalu B
CKJISHIII 3 PO3YMHOM O, SIKy TEPMOCTaTyBaJIH, i BUTPUMY-
Bayn He MeHII 30 XBWIIMH JUIsl HArpiBaHHA 10 TeMIepary-
pu nocmigy. IToTiM KoXyXx 3a0upany i BMUKaIH €JIEeKTPO-
JIBUTYH 9, IOTepesHbO BUCTABJICHWN HA 3aBllaHE YMCIIO
o0epTaHb 3a KaniOpoBaHUM rpadikoM.

B KiHIII KOXHOTO IOCITiy TaOJIETKy 3HIMalH, CTapaH-
HO TPOMOKaNu (igbTpyBajJbHUM MarepoM 1 BH3HAYAIIU
BTpaTy MacH 3Ba)KyBaHHsSM. 3a OJIepKaHHUMHU [AHUMH,
3HAIOYU TPUBAIICThH AOCIIAY, PO3PaxOBYBaIN LIBHIKICTH
PO3YHHEHHSI.

Pe3ysbTaTH Ta iX 06roBopeHHsi. [l CriBCTaBICHHS
JIBOX TANyPTrifHAX METOMIB (XJIOPUIHOTO 1 CyIb(}HaTHOTO)
CIOYaTKy BHBYAJIM KIHETHKY PO3YMHEHHS TaJITy B PO3-
YMHaX HATPIIO XJIOPHIY.

JIMCKH CoJli BUTOTOBIISUTH MPECYBaHHAM JPiOHOKPHC-
TAJIYHOIO HATPil0 XJIOPHIY 3a MUTOMOro Tucky 500
MIla. CnpecoBani TabIeTKH BOJOJIIM BUCOKOIO MIIIHIC-
TIO 1 Mall TYCTHHY OJIU3bKY JI0 TYCTHHH MOHOKPHCTATY
HATPIO XJIOPUAY: MOPHUCTICTh HE MepeBuilyBana 5...6 %.

JocmipkeHHST TIPOBOAMIN B PO3UMHAX HATPIIO XJIOPH-
Iy ONM3BKHUX 0 HACHYEHHS, 32 TOMIpHOI IMIBUAKOCTI. 3
MOTIEPEIHIX JTOCTiNiB OyJI0 BCTAHOBJIEHO, IO JUIS I[HOTO
pylIiiiHa cuiia npouecy AC — C* —C HOBHHHA CTaHOBH-
™ nopsaaky 31...33 r/n. KoHueHnTparis po3unHy y BCiX
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nociigax Oyna ogHakoBoro 24 % (283,2 r/m), ryctuHa — p
= 1,18 r/cm®, nunamiuna B’sa3kicts — p = 1,8 - 102 Ia - c,
KiHeMaThyHa B’s3KicTh — v = 1,53 - 1078 m?/c, KoeQiIieHT
augysii — D = 1,64 - 10° m%/c.

Hocnimu mposeaeHo 3a temmeparypu 20 °C, gactoTn
obepranp Big 100 mo 1000 o6/xB. [diamerp cmpecoBaHOi
tabnetku ctanoBuB d = 0,0212 M, mioma MonepeyHoro
neperuny S = 7,056 - 10" m2. TigpoauHaMiuHe HOJIOKEH-
o-R

A%
BaJICTh AOCIIMIB T 32 PiKCOBAaHUX 3HAYCHB TEMIECPATYPH i
4acTOTH OO0EpPTaHHS CTaHOBHJA 3BHYaiHO 5, 10 i 15 xBU-
TUH. Y KOXHOMY JIOCTiAi BU3HAYAIN BTPATy MacH Taldire-
TKHA. YMOBH JTOCTIJIIB 1 OJlepKaHi pe3yJIbTaTH HaBEIICHO B
1...6 croBmax Tabm. 1.

Jaii 3a ycepeTHEHOIO JIIHIHHOI 3aJeXHICTIO BTPaTH
Macu Big yacy Am = f (1) oOuHCIIOBa M MUTOMY ILIBHUJI-
KICTh po3yuHeHHS V = Am/S Juisi KOXKHOTO 3HAa4eHHs n.
Bpaxaroun, 110 BeJIMYMHA PYLIIHHOT CHIIM TIPOLECY B XOJIi
JIOCITi/Ty 3aJIMIIAETHCS CTAJIOK0, PO3PAXYHOK €KCIEePUMEH-
TaIbHUX BEJIMYMH Koe(il[ieHTa IIBUIKOCTI PO3YMHEHHS
TIPOBOJIMIIN 32 PIBHSHHAM:

K —_Am Vv, )
ATt-AC-S AC

Jisi MOpIBHSHHSA PO3PaxOBYBAJIM TaKOX TEOPETUYHI
3HAYEHHS KOEe(]IiNi€HTIB MIBHIKOCTI PO3UYMHEHHS 3a (op-
MmyJoro JleBuua [5]:

K, =0,62-D**.v"°. @)

PesynpTatn po3paxyHkiB HaBegeHo B 7...10 cToBmIpx
tabmuni 1.

Hsl OLIIHIOBAJIM 3HAYEHHSIM KPHUTEPIID Re — . Tpu-

2.



3a po3paxyHKOBUMH JIJaHHUMH Ha pHC. 2 HaBeJcHa 3a-
JIeXKHICTh KoeillieHTa MIBUAKOCTI PO3UMHEHHS Bifl KyTO-
Bili mBHaKOCTI 06epTanms 3paska, K =flVw ).

Jns nopiBHAHHA Ha rpadiky HaBeJICHO TEOPETHUYHI
3HAYeHHs KOE(ILIEHTIB IIBUAKOCTI PO3YMHEHHS, SKI Y
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MeXax HPHUITyCTUMOI MOrpiliHoCTi ao0pe 30iraroThes 3i
3HaueHHsAMH K, 10 opepkaHi €KCIIEpUMEHTAJbHO, aje
TUIbKM y nudy3iiiHil obsacTi 3a JaMiHAPHOTO PyXy Piau-
HU 011151 TOBEPXHI 3pa3Ka.

Tabauus 1 — ExciepuMeHTalIbHI Ta pO3paxyHKOBI JaHi KiHeTUKU po3unHeHHsI NaCl B XJIOpHIHOMY pO34HHIi

. ExcniepumeHTambHI .
YMoBH focainy i Po3paxyHKoB1 BEnTUUnHU
5
n,06/x8 | o,pare | o | Re-10° T, ¢ Am-10°, V10, K10 | K, 10, 5-10°, m
KT kr/(cM?) Mm/c M/c
300 0,0801
100 10,47 3,24 0,73 600 0,1899 0,84 2,61 2,66 2,43
900 0,2430
300 0,1034
200 20,94 4,58 1,45 600 0,1945 0,978 3,04 3,77 1,72
900 0,2405
300 0,1524
300 31,42 5,6 2,18 600 0,2890 1,14 3,55 4,6 1,4
900 0,4255
300 0,2023
500 52,36 7,24 3,63 600 0,3842 1,81 5,63 5,63 1,09
900 0,3935
300 0,2226
550 57,57 7,59 3,99 600 0.4874 2,1 6,54 6,24 1,03
300 0,2170
600 62,80 7,93 4,35 600 0.6023 2,45 7,62 6,52 0,99
300 0,3197
800 83,74 9,15 58 600 0.6253 2,95 9,18 7,53 0,859
900 94,20 9,71 6,54 600 0,6804 3,21 9,99 7,99 0,79
1000 104,7 10,2 7,25 600 0,6922 3,27 10,17 8,68 0,77
) 00TiKaHHs TIEPEXOANUTh Y TypOyJIeHTHHH. 3aMICTh MpaBu-
5 - JIbHUX CHIpaJbHUX (Iryp TpaBJICHHS, HA MOBEPXHI JUCKY
= YTBOPWINCS 3ariMOJICHHS; BOHA BHUIVIAAANA CHIBHO IIOI-
w4 ) neHoro. [InomuHa moBepXHi cTae HEMOPIBHAHHOIO 3 Te-
u / 2 pepi3oM IUCKY i pi3KO 301MBIIYETHCS, BHACHINOK IIBHI-
10 Y KICTB MPOIECY TAaKOXK 301TBITY€ETHCS, IO BiIOOpaKaEThCS
9 V‘l 3JIOMOM Ha KiHEeTHYHili KpuBil 3a Re = 4,35 - 10°.
8 L / B TypOynenTHi#t 001acTi TaKOX CIOCTEPIraeThCS Ji-
7 _ 7 // HilfHa 3aJIe)KHICTh MK MIBHAKICTIO po3unHeHHs K i kyTo-
6 - Jéﬂ BOIO MIBUAKICTIO OOEpTaHHs 3pa3KiB \/c_o, ajne MpojaoB-
5 KEHHsI TPSAMOi He MPOXOJUTh Kpi3h MOYATOK KOOPAWHAT,
4 » a BIITHHAE Ha OCi aOcuuC 3HAYCHHS KyTOBOI MIBHIKOCTI
3 o Jo =1,25.
2 // [IpoBeneHi mociiKEHHS CBiMYaTh MPO BiAMIOBIIHICTH
1 / - eKCTIEPUMEHTAJIbHAX JAaHUX TEOPETUYHHM IIOJIOKEHHSIM
- JUISL TIPOCTOTO PO3YMHEHHS, TOOTO ISt PO3UYMHEHHS OJTHi€T

0 1 2 3 4 5 6 7 8 9

10 Vo, (pan/c)*

Puc. 2 — 3anexHicTh KoedillieHTa MBUAKOCTI PO3YHHEHHS BiJT
KyTOBOI MIBUAKOCTI 00epTaHHs 3pa3ka: 1 — TeopeTHuHI 3Ha4YEH-
HS; 2 — IPaKTHYHI 3HAUYEHHS.

3 pHUCYHKY BHJIHO, IO JTiHiIi{HA 3aJIC)KHICTh, SIKa BUILIH-
Bae 3 Teopii JleBuda, criocTepira€ThCs TUNBKH 10 3HAYCHD

Jo = 7,0 (Re=3,63-10°). Tyr BinGysaerhcs naminap-
HUIl peXnM OOTIKaHHS Ta PO3YMHEHHS BiIOyBaeThCA 3a
Tudy31HHAM MEXaHi3MOM.

ITix wac mpoBeneHHS NOCTiHKEHHS BUUTH B KIHETHUHY
007acTh 1 JOCATTH TPaHWYHOI IMIBHUAKOCTI Aupy3iHOTO
PO3YMHEHHSI He BAajocs. BHaciigok 30UIbIICHHS MIBHI-
kocti obepranHs noHan 500 06/XB., TaMiHAPHUI PEXHUM
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comi y Bogi. [IpoTte mpuiiHsATa 0O PO3POOICHHS TEXHOIO-
riss  cynb(aTHOrO BHIYTOBYBAaHHS XapaKTEPU3YETHCS
CKJIQJIHUM TIPOIIECOM BHCONIOBaHHA. Tomy mnomambmni
JIOCITI[KSHHS OyJId MPUCBSIUEHI caMe IIbOMY ITHUTaHHIO.

PozunHeHHS HaTpiO XJIOPUAY B pO3YMHAX HATPIIO Cy-
ne(aTy CympOBOIKYETHCS BHUCOJIOBAHHAM 1 KpHCTai3a-
miero ocranaboro [1]. Bukimkae iHTepec MOpiBHAHHS
MIBUKOCTI PO3YMHEHHS HATPIIO XJIOPUAY y BOJI Ta y
pO3YMHAX, HACHYEHHX 3a HATPil0 cynbdaroM. 3 IIi€r0
MeToro OyJIM IpOBeAEHI Taki Jociiau 3a temmnepatypu 20
°C.

Ji1s1 HOpiBHSIHHS pe3YJbTaTiB JIOCIIPKEHHS BaXKIIMBUM
MIUTAHHSAM € NPaBHIBLHUN BUOIp pyIIiiiHOT cniM mmpouecy.
Jnst npuiHATHX yMOB pyIIiiHY cuily Tpeba po3paxoBy-
BaTH SIK PI3HMII0 'PAaHWYHOI KOHIEHTpalii HaTpilo XJIOo-



pUIYy y €BTEKTHYHOMY PO3YMHI 1 KOHLEHTpauii iforo y
pobouomy po3umHi. B mpomy Bumagky pymiiidHa cuia
nporecy 3a HaTpilo xjopuaoM nopisHioe AC = 36,1 r/m.
PoGounit po3unn mae Takuit ckian (% mac.): Na,SOs —
9,2; NaCl — 20,2; H,O — 70,6. OnepsxaHuii po3udH Mae
ryctuny p = 1227 xr/m°, qMHAMi4Ha B’S3KiCTh JOPIBHIOE
pw=2,51-10%Tla - c, kinemaTu4Ha B’s13KicTb v = 2,04 -
108 m%/c.

Metoauka TpOBENCHHA MOCTIIKEHb Ta OOpOOJICHHS
oJlepKaHUX HaHWX Oyila aHAJOTIYHOI METOIMIII, OIIHCa-
HOi BHmIe. Pe3ynmpTaTé eKCIEepHUMEHTIB 1 pO3paxyHKiB
HaBezeHo y Tabi. 2 Ta Ha puc. 3.
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OpepkaHi pe3yiabTaTH CBiqYaTh, IO JIHIHHA 3aJICK-
HICTh Koe(illi€eHTa MIBUAKOCTI PO3YMHEHHS Bif KYTOBOI
HIBUJIKOCTI OOEpTaHHs 3pa3ka 30epiraeTbCs y BCHOMY
niama3oHi ImBHUAKOCTI oOepranHs 3paska (100...900
00/XB.), OCKUIbKM 3HAuUCHHsS KpuUTepito PelHombaca mif
Yac TMpOBEACHHS MOCTiAIB B Cymb(paTHUX PO3YMHAX HE
nepesuitye Re = 4,9 - 10° i pesxum 0oOTikaHHS He mepexo-
IUTh B TypOyneHTHHW. JlamiHapHa 00NacTh OOTIKAHHA
MATBEPIKYETHCA EKCIIEPUMEHTOM: BI3yaJIbHO YITKUMH
cripanbHUMH (irypaM# TpaBICHHS Ta PIBHOMIPHICTIO
PO3UMHEHHS 3pa3KiB.

Taoauus 2 — ExciepuMeHTalIbHI Ta po3paxyHKoBi fdaHi Kinetuku po3urHenHst NaCl y Hacudyenux po3unnax NazSOq

YMoBH focmigy ExcnepuMeHTasIbHI AaH1 Po3paxyHKOBI BETMUUHH
n, 06/xB | o, pan/c \/;) Re-10° T,¢C Am-10°, V10, K, 10° K, 10 3-10°,
KT Kr/(c'M?) M/C M/c M
300 0,0539
100 10,47 3,24 0,54 600 0.1192 0,556 1,57 0,958 6,61
300 0,1683
200 20,94 4,58 1,09 600 0.2654 0,84 3,034 1,35 4,68
300 0,1100
300 3142 5,60 1,63 600 0.2374 1,12 4,04 1,65 3,83
300 0,1787
500 52,36 7,24 2,72 600 03276 1,56 4,32 2,14 2,96
300 0,1839
600 62,83 7,93 3,26 600 0.3950 1,79 4,96 2,345 2,70
300 0,2052
800 83,77 9,15 4,35 600 0.4146 1,96 1,96 2,706 2,34
300 0,2205
900 94,25 9,71 4,90 600 0.4901 2,22 6,15 2,87 2,21
o MPOBEACHHS JOCITI/PKCHb OYB CHHTE30BAaHMU IITYYHHN
ui' nauroeitnit [13].
< Byna 3pobnena crpoba MpoBeCTH AOCHIHKECHHS KiHe-
w pL THKH PO3YMHEHHS JAaHTOCHHITY METoZIoM 00epTOBOTO
. / ICKy Ha JabopatopHOMy cTeHai (puc. 1). 3 miero MeToro
1o ’/‘V OJIep)KaHUH IMITYYHHUH JaHTOCHHIT IpecyBaiy y TabiIeTKH
9 niameTpoM 22 MM i BHCOTOIO 5 MM Ha TIpeci 3a MUTOMOTO
8 » tucky 500 MIa. L1i TabneTKu cIikaiucs 3a TeMIepaTypH,
. / ONMM3BKIM 10 TeMIepaTypu IUIABIEHHS JUIl BHIAJICHHS
. / S},/ 2 Mmikpomnop. KoediuieHT mopucTocTi, BU3HAYSHUH 3 reome-
" TPUYHUX PO3MIpIB 3 ypaxyBaHHSIM IIUILHOCTI JIaHTOEHI-
: / Ty HE NepeBHITyBaB 5 %.
4 — PesynpTaramMu NOCHIZIB MiATBEPIAKEHO, IO JAHTOEH-
3 . 74 HIT BIZIHOCHUTBCS JI0 COJICH, SIKi PO3UMHSIIOTHCS KIHETHYHO.
2 // 30BHIMIHIMA 03HAKaMH IIHOTO € BiICYTHICTh IMPaBIIIbHUX
1 ,J/ ° CHipaJ‘IBOBI/II[H?IX.(l)ipr TPABIIEHHS HA JIACKY, XapaKrep-
HUX JUIS INCKIB 13 HATpifo0 XJIOpHAy. 3aMiCTh HHX Ha MO-

0 1 2 3 4 5 8 7 8 9

10/w , (pan/c)t?
Puc. 3 — 3anexHicth Koe(illieHTY HIBUAKOCTI PO3YNHEHHS
HATPil0 XJIOPUAY BiJ KyTOBOI IIBHIKOCTI 00epTaHHS 3pa3Ky: 1 —
Y pPO3UHHI HATPIIO XJIOPHIY; 2 — y PO3UMHI HATPIIO CyNIbdary

JoctaTHRO BenmuKka PO30KHICTH MK NMPAKTHIHUMH i
TEOPETUYHVMH 3HAYEHHSAMHU Koe]illieHTa IIBHAKOCTI
PO3YMHEHHS! MOXKHA MOSICHUTH IIEPECHUYCHHSIM PO3YHHY 32
HATpil0 Cynb(haToOM, IIO CHOCTEpIrajocs y XOAi MpoBe-
JICHHSI eKCIIepUMEHTYy. B mporeci po3uMHEHHs HaTpiio
XJIOPHY HE CIIOCTEepiranocs yTBOPEHHs ApiOHMX KpHCTa-
niB NapSO4 Ha ToBepXHi TUCKY 1 B 00’€Mi pO3UnHY, JIMIIIE
yepe3 JesKUI 9ac Ha JHI CyAMHU BUPOCTAJIN KPYIHI KpH-
CTaJIM HATPIIO Cynbdary.

UYepe3 BiACYTHICTH
JTIOCTaTHBOI ~ KUIBKOCTI

y HamoMy pO3MOPS/KECHHI
MPUPOJAHOTO  MiHEpaly s
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BEpXHi JIAHTOCHHITOBOTO JUCKY CIIOCTEPIraroThCs IITiH-
roBi (KpamkoBi) TOTTHOJEHHS 1 MOTIM pPO3TPICKYBaHHS
3paska. [lomiOHI sBHIA criocTepiramucs TaKoX IIJ Jac
po0OTH 3 ITUCKaAMH 3 MPUPOIHOTO JIAHTOCiHITY B POOOTI
[14]. Tobro mms MOCHIIKEHb PO3YMHEHHS JIAHTOCHHITY
METOJI 00epTOBOTO ITUCKA HE MPUIATHHNA Ta HEOOXigHO
KOPHUCTYBATHCSl TPAAMLIHHOIO METOJMKOI0 B peakTopi 3
MIIIAJIKOIO.

BucnHoBku. MeromoM 00epTOBOTO JUCKY BHUBYEHO
IIBUJKICTH PO3YMHEHHS Y BOAL 1 Y HACHYCHHUX PO3YHHAX
HaTpifo Cyib(daTy CHpecoBaHHMX TaOJIETOK raiity. 3'aco-
BaHO, 110 B 000X BHMNaKaX KOHCTAHTH MIBUAKOCTI pO3YH-
HeHHs OJm3bKi Mix coboro. Ile cBimuuTh mpo Te, MO B
npoueci cyiab(paTHOrO BWIIYTOBYBaHHS IPOJYKTH BHCO-
JIIOBaHHS KPUCTANI3YIOTECS B 00'eMi pOo3uMHY 1 HEe OyayTh
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BUSIBJIITH TraJibMyto4oi aii Ha npouec. OTxe, 3aMiHa XJIO-
PHIHOTO BHWIIyTOBYBAaHHS CYJIb()aTHUM HE 3HIDKYE LIBH[-

KOCTi npoueca i IMMPUHECE HU3KY ICPECBAr.
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Investigation of the kinetics of the dissolution of minerals by the rotating disk method
L. V. Ivanchenko, V. Ya. Kozhukhar, V. V. Brem
Abstract. A review of the literature revealed the disadvantages of the methods of mineral ores' processing. To reduce the duration of
the process in comparison with chloride leaching, we have developed a method of processing polymineral ores by leaching with
saturated sulfate solutions. To study the features of sulfate leaching, it is interesting to use, first of all, the rotating disk method. This
allowed us to study the kinetic patterns of sulfate leaching compared with the chloride leaching technology. It was found that in both
cases the dissolution rate constants are close to each other. This indicates that in the process of sulphate leaching, the products of
salting out crystallize in the extent of the solution and will not show inhibitory effect on the process. Therefore, the replacement of
chloride leaching with sulfate does not reduce the speed of the process and will bring a number of advantages that determine the
technological and instrumental design of galurgical processing of salt ores.

Keywords: polymineral ores, dissolution kinetics, rotating disk, sulphate leaching.
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AHoTamis. B crarti 00rpyHTOBaHO CYKYNHICTh YaCTKOBHX ITOKAa3HUKIB Ta y3araJbHEHUH ITOKAa3HUK IS OI[IHIOBaHHS e(eKTHBHOCTI
(YHKIIOHYBaHHS CUCTEMH PaJiOCBITIIOTEXHIYHOTO 3a0e3MeueHHs aepoApoMy Oa3yBaHHS TaKTHUYHOI aBiamil, (Pi3MUHMI 3MICT SIKOTO
TIOBHICTIO BiJIIIOBiJla€ MUILOBOMY IPU3HAYEHHIO CHCTEMH, 3a0e3edye 00’ €eKTHUBHE OIiHIOBaHHS eekTHBHOCTI ii QyHKI[IOHYBaHHS B
YMOBax BEICHHs CYYacHHX oreparliii (00HOBHUX Jiif) Ta BpaXOBy€e YMOBH, 33 SKHX 3MIHCHIOETHCS YIPABIiHHS MOJbOTAMH JEPXKABHOT

aBiaii B paiioHi aepoapomy.

Knrwouosi cnosa: noxasnux epexmugnocmi, egpekmugnicms QyHkyionysants cucmemu, paoiocgimiomexniune sabesnevenns, ae-

Ppoopom 6a3yeanis, MaKmuiHa agiayis.

Beenennsi. JlocBin 3acTocyBaHHS 30pOWHHMX CHJI MPOBiJ-
HUX KpaiH CBiTy B JIOKaJIIbHUX BilfHaX i 30poiHUX KOH(DIII-
ktax KiHg XX moyatky XXI cTomiTe miATBEpIUB CTiHKY
TEH/ICHITII0 3POCTAaHHS POJIi Ta 3HAYYIIOCTI 3aCO0IB MOBI-
TPSHO-KOCMIYHOTO HaIlaJy Y BHPIMICHI HE TiTBKH BEITUKOL
KiJIBKOCTI orepaThBHUX (OOHOBUX) 3aB/aHb, ajie i y 10-
CSATHEHHI KIHIIEBUX BOCHHO-TIONITHYHMX IIJIEN BIHCHKO-
BOTO MPOTUCTOsHHA. Ha ChOrOAHANIHIN JCHb BiCHKOBA
aBiaIfisl 3aJMIIA€ThCS OCHOBHOIO YIApHOK CHJIOK, sKa
3/aTHA HAaHOCHTH PaKeTHO-aBialiiiHi y/Japu Ha BCIO TJIH-
OuHy TeaTpy BOEHHHUX Jid abo TepuTOpii Aepias, IO
npotucroats [1]. EdexruBHicts i 3acTocyBaHHs 3aje-
KHUTh BiJl yCiX BHIIB OOHOBOTO 3a0C3MEUYCHHS OTHUM 3
SIKUX € pamiocBiTioTexHiuHe 3a0e3nedeHHs (PCT3), sike €
CKJIaJIOBOIO panioTexHigHoro 3abesmedeHHs (PT3) asia-
mii.

KopoTtkuii orasigx nyb6aikauiii mo temi. Pesynbratu
MIPOBEICHOTO aHANI3y OCTaHHIX HAYKOBUX ITiIXOJIB, MO-
Jienieidl Ta METOJMK IOJO OLHIOBaHHS e(EeKTUBHOCTI
(YHKI[IOHYBaHHSI CHCTEMH 3B’SI3Ky Ta paJiOTEXHIYHOI'O
3abe3reueH s CBimuaTh mpo Hactymue. B poborax [2-7]
Juist oriHtoBaHHs cucreMu PCT3 3acTOCOBYIOThCS CTOXA-
CTUYHI TIOKa3HUKH, KI XapaKTepu3yoTh Mpoliec 3abe3mne-
4yeHHs 3B’s3Ky Ta PT3 i 3a10BOSIBHSIOTH BUMOTaM, IO
BUCYBAIOTECS JI0 HBOTO, a caMe, CBOEYACHOCTI, JT0CTOBIp-
HOCTI Ta CKPUTHOCTI POXOJKeHHs iH(opmarii. Pexome-
goamismMu  UKAO wmoxmmBocti cucrtemu PCT3 monmo
3a0e3reueHHs MOJIbOTIB B 30HI apOJPOMY BH3HAUAIOTHCS
BUMoramu 30HajabHOI Hasiramii RNAV 1 [8,rmobansHuii
mwiad 18-30pp], a moa0 3abe3nedeH s MOCaaKu MOBITPSI-
Hux cyneH (I1C) — merogukamu Ut BU3SHAYECHHS LLTICHO-
cTi Ta Oe3mepepBHOCTI 0OCIYroByBaHHS, SKi MOOyIOBaHi
Ha OCHOBI «mepeBa pusuKy» [9ikao] i cmpsmoBaHi Ha
OIIiIHIOBAaHHS BIUIMBY (DYHKIIOHYBaHHS 3ac00iB CHCTEMH
PCT3 ski 3a6e3meuyioTh MOCaaKy Ha PU3HMK BTPATH IOBi-
tpsHoro cyana (IIC) mix wac BMKOHaHHS MOcCajIku. 3a-
NPONOHOBaHA B MeTOAMKaxX [2-7,9] CyKymHICTh MOKa3HH-
KiB edeKkTUBHOCTI (PyHKIIOHYBaHHS CHCTEMH 3B’I3Ky Ta
PT3 nHe B noBHiH Mipi Bianosizae MeTi (yHKIIOHYBaHHS
cucremn PCT3 aepompomy 0asyBanus TA B omeparmisx
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(OoitoBUX MisiX) 1 HE AO3BOJIIE BU3HAYKMTHU CTYIIHb FOTOB-
Hocrti cuctemu PCT3 aepoxgpomy Oa3zyBanHS 10 3a0e3rie-
yeHHs nocaaku [IC B meBHUX METEOpPOJIOTIYHNX YMOBaX,
3 ypaxyBaHHSIM yMOB, BCTaHOBJCHUX IPaBHJIAMH BHKO-
HaHHS MOJBOTIB jepxaBHoi aiamii ([IpaBumna) [10], 3a
SIKUX 3IIHCHIOEThCS YIPABIIHHSA MOJIBOTAMH B paifoHi
aeponpomy Oa3yBaHHS. ToMy BHHHKAae HEOOXIiTHICTH B
BU3HAYCHHI MOKA3HHUKIB €(EKTHBHOCTI (DYHKIIOHYBaHHS
cuctemu PCT3 aeponpomy 0Oa3yBaHHs B onepauisix (00-
HOBHX IisAX).

OTxKe, MeTOI CTaTTi € OOrpYHTYBaHHS CYKYIHOCTI
MOKa3HUKIB e(EeKTUBHOCTI (YHKIIOHYBaHHS CHCTEMHU
PCT3 aepompomy Oa3yBaHHs TakTuuHOi aBiamii (TA),
BUKOPHCTAHHS SIKMX JI03BOJIUTH OUIBII KOPEKTHO ONHCATH
OCHOBHI TIpOILIECH, IO IHUPKYIIOIOTh B CUCTEMI y cydac-
HUX yMOBaX BeJICHHS omneparliit (0oioBux miif).

OcHoBHa yactuHa. OmiHOBaHHA e(DeKTUBHOCTI (yH-
KIIOHYBaHHs OyIb-IKOi CKIagHOI cucTteMu (y T. 4. 1 Bili-
CHKOBOT'O MPHU3HAYCHHS) 3/IHCHIOETHCS 3@ BiANOBITHUMHU
noka3HuKamu Ta kputepismu [11-14]. Pesymbrar Bupi-
mIeHHs 3aBjaaHbp cucremoro PCT3 aepoapomy Oa3zyBaHHS
TA B onepauisx (00HOBUX [isiX) NOUIIBHO OILHIOBaTH
TAKUM MMOKa3HUKOM, SIK €()eKTHUBHICTB, IiJ] KO MAEThCS
Ha yBa3l y3araJibHeHa BJIACTHBICTb CHCTEMH, sIKa Xapak-
TEpU3ye CTYMIHB I MPUCTOCOBAHOCTI /10 BUKOHAHHS IIOC-
TaBJICHHUX Iepe]l Helo 3aBAaHb y 3a/laHuX yMOBax obOcra-
noBkH [11-14]. OcHoBHuMu 3aBHaHHAMHU cuctemud PCT3
aeponpomy Oa3yBaHHS TA € 3a0e3nedeHHs JIITAKOBOMIH-
HS B 30HI BiIITOBITATBHOCTI aepoIpoMy Ta 3a0e3neueHHS
HOCAJIKH IMOBITPSHUX CYyJeH [5], BIeHb Ta BHOUI, B MPOC-
THX Ta CKJIAJHUX METEOyMOBAaX 332 BCTAHOBJICHHM METEO-
MiHiMyMoM aepoapomy [15].

OrminroBanHs €(peKTUBHOCTI (DYHKITIOHYBaHHS CUCTEMH
PCT3 aepoapomy 6asyBanns TA B omeparii (0oiioBux
JisIX) TIPOTIOHYETHCS 3AIMICHUTH 32 TPhOMa TpyNaMu IOKa-
3HUKIB:

edexry (U ), sxmil xapakrepusye MeETEOPOIOTIYHMI
MiHIMyM aepoapoMmy Oa3yBaHHs TakTH4YHOI aBiamii, Ta
BKJIIOYa€ MiHIMAJILHO JIOIyCTUME 3HaYeHHS BUJMMOCTI Ha
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3I1IC i BHCOTH HIKHBOI MEX1 XMap, IPH SIKUX Ha JaHOMY
aepopoMi JI03BOJISIETHCS] BUKOHYBATH 31T 1 mocaaky [1C;

qacy (1), skuil xapakTepu3ye TOTOBHICTH CHCTEMH
PCT3 aeponpomy 6azyBanas TA mo 3abe3nedeHHS TOT-
PiOHOTO METEOPOJIOTITHOTO MiHIMYMY B YMOBaxX BOTHEBO-
TO BIUIMBY Ha 3JIITHO-TIOCAJIKOBY CMYTY;

pecypcis (Burpar) (C), skuil xapaktepusye HasBHHUN
CKJIa]l Ta pe3epB 3ac00iB PaliOTEXHIYHOTO 3a0C3MCUCHHS
a TaKOX MOXJIMBOCTI CHUCTEMH TEXHIYHOTO 3a0e3IeueHHs
3B 53Ky, PT3, aBTOMaTn30oBaHmuX Ta iHpOPMAMiHHUX CHUC-
TEM IIOJO iX BIXHOBIEHHA. Buxoxsdm 3 XapakTepHCTHKH
MepepaxoBaHUX BHUIE TPyH ITOKA3HHUKIB OIiHIOBaHHA
edextuBHOCTI QyHKIioHYBaHHA cucteMu PCT3 aepon-
pomy Ga3yBanHS TA B omepanii (OOHOBHX [isiX), 3aBIaH-
HS MiABUIIECHHS €(EeKTHUBHOCTI QYHKI[IOHYBaHHS CHCTEMH
PCT3 aeponpomy 6asysanns TA B omeparrisx (0oiioBux
JisIX) MOXIIMBO c(opMyIIIOBaTH 3a aHaioriero [3, 4], a
came: IIpu 3agaHoMy 00’eMi pecypciB, sIKi BUIUISIOTHCS,
Ta 3amaHoMy uaci rotoBHocTi cuctemu PCT3, 3Haiitu
Takuil cnoci0 opranizaiii cucremu PCT3 aepoapomy
0asyBanHs TA, mpu SKOMY JOCATA€THCS HAUOUIBIIMN
KiHIIeBUH pe3ybTaT (eekrT):

U—->max, mpu t<t ., C<C - (1)

3 MeTo10 BHOOpPY TOKa3HUKIB €(eKTUBHOCTI (DyHKIIIO-
nyBanHs cucremu PCT3 aepompomy OaszyBanus TA siki
BIZMOBiAtOTh MeTi ii (hyHKLIOHYBaHHS JOLIBHO BU3HA-
YUTH BIUIMB BHYTPIIIHIX Ta 30BHIIIHIX (akTopiB, sKi
BIUIMBAIOTh Ha e(eKTHBHICTD 1i (yHKUioHyBaHHA. OCHO-
BHUM BHYTPIIIHIM (DaKTOpOM, SKHH BIUIMBAE HA PEKTH-
BHICTh (pyHKIiOHYBaHHs cuctemun PCT3 aepompomy Oa-
3yBaHHA TA IOUITHHO BHU3HAYHTH MPUHHATHHA MOPSIOK
VOpaBIiHHSA TOBITPIHUM PYXOM B padOHI aepoapomy,
skuii Bu3Havaethest [IpaBunamu [10]. 3rigHo 3 [paBuna-
MH, TOPSIIOK YIPaBIiHHA MOBITPIHUM PYXOM MOBITPSHUX
CylleH JepKaBHOI aBiaIrii B palioHiI aepoJpoMy Mae€ Ha-
cTynHi oco0iuBocTi. KepiBHULTBO MOJbOTaAMU 3I1HCHIO-
€TBCS Ha TIJCTaBl TaHUX CIHOCTEPEKEHb 3a MOBITPSIHUMHU
CyllaMH Bi3yaJIbHO, 32 JOTIOMOIO0 PATIOTEXHIYHUX 3aCO-
0iB 1 3a JOMOBIIMH ekinaxiB. Ha aepoapomax, He 001a-
JTHAHUX 3aco0aMM PajioJIOKaNifHOTO KOHTPOJIIIO, 103BO-
JSI€EThCS TIPOBOJHTH, TOJLOTH 0O€3 pajiiofoKaliifHOro
koHTpoito [1C 3 MakCHMaJIbHOIO HIBUAKICTIO MOJIBOTY 110
300 xm/rox ane 3a HasSBHOCTI CTIHKOTO JBOCTOPOHHBOTO
pamio3B’si3Ky Ta 3a0e3MeYeHHs MOCTIHHOTO Bi3yalbHOTO
KOHTpoIro 3a monsotamu [IC. BpaxoByroun Te, mo Jita-
ku TA (Mil-29 (Mil-29VB), Cy-27 (Cy-27YB), Cy-25
(Cy-25YB), Cy-24M (MP) Ta iHmIi) MaroTh MaKCHMAaNbHi
MIBUAKOCTI, sKi Oimbmii 3a 300 km/rom, To s 3abesre-
YEHHsI 37IbOTY, MTOCAJIKHA Ta TIOJHOTIB B palioHi aepoapoMy
MOBITPSHUX CYIEH B PI3HOMAaHITHUX MOTOJHUX YMOBax
paniosnokauiiiHa cucrema nocaaku (PCII), Ha BigMiHy Bix
IHCTPYMEHTAJIbHOI CHCTEMH IOCA/IKH, Mae 00OB’SI3KOBO
nepedyBaTu B ckiani cuctemu PCT3 aeponpomy. [Ipore,
B 3B 513Ky 3 Ba)KJIMBICTIO Bi3yaJIbHOTO OPI€HTYBaHHS €Ki-
naxy I1C, 3acTocoByBaTH ii Ayt 3a0e3neUeHHs MOCaIKN
miTakiB 6e3 cBiToTexHiuHOro obmagHanus (CTO) mo3Bo-
JSIETHCS BACHB B IIPOCTHX METEOYMOBAX.

Y 3B’s3Ky 3 IIUM, A1 3a0€3MedeHHs MOIbOTIB B pailoHi
aepoApoMy Ta MOCAAKH JIiTaKiB BHOUI B IIPOCTHX METEO-
YMOBaXx, a TaKOX BJICHb 1 BHOUI B CKJIQ[[HUX METEOYMOBaX
aepoapoM 6a3yBaHHs Mae Oytu obmamHanuil sk PCII Tak
i CTO. Cywmicne 3actocyBannst PCII Ta CTO aepompomy
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JI03BOJIsIE 3a0e3MednTd mocaiky JiTakiB TA BIeHb Ta
BHOYI B IPOCTUX Ta CKJIQJIHUX METEOYMOBAX IIPH JaJIbHO-
cTi npsiMoi BuaumocTi > 1100 M Ta HIDKHINA TpaHULi XMap
B paloHI OJMKHBOTO pagioMapKepHOro MyHKTy > 200 m
[15]. HomatkoBe 3amyueHHs mo ckiany cuctemu PCT3
iHcTpyMenTansHOi cucremu mocanku (pasom 3 PCIT ta
CTO) nossosse 3a0e3neunth 6e3neune 3HmwkeHns I[1C 1o
HIDKHBOI TpaHHIi XMap B paiioHi OMIKHBOTO pagiomap-
kepHOTO TyHKTY > 110 ™ [15]. TIpoBencHuit anami3 30B-
HIIIHIX 1 BHYTPIIIHIX (aKTOPiB JO3BOJISE 3pOOUTH BUCHO-
Bok, wo edexr (U) Bin dyukuionysanns cucremu PCT3

aeponpomy 0Oa3yBaHHS TA MOXIHBO BH3HAYHTH SIK Me-
TEOPOJIOTIYHUI MIHIMYyM aepoapoMy, 0 HEero 3abe3medy-
erbest, a PCII ta CTO ocHOBHUM 0O0JagHAHHSIM CHCTEMH
PCT3 aepoapomy s 3abe3MeueHHs 31b0TY, MOCAIKU Ta
noipoTiB TA B paiioHi aepoIpoMy, a TAKOXK BJCHb 1 BHO-
Yi, B MPOCTHX Ta CKJIAJAHUX METEOPOJIOTIYHHX YMOBaX.
3a3HaueHe o0JyiaHaHHS 00O0B’S3KOBO Ma€ BPaxOBYBAaTHCh
IIpu BU3HaueHHi pecypciB C .

[TepeBaxkHa OLNBLIICTH a€POJPOMIB, IiJArOTOBICHUX B
MUPHHI Yac BiJIOMi IPOTUBHUKY, HABITh B TUX BUIAKaXx,
KOJIM aBiallis Ha HUX He 0a3yeThcs. 3 MOYaTKOM OOMOBHX
Il IPOTHBHUK 3a OIIOMOTOI0 CyYacHHX 3ac00iB pO3Bif-
KM IIBUJKO BUKPHE OCHOBHY YacTHHY aepOJpOMIB, Micus
po3TanryBaHHs SKHAX HoMy He Oyio Bimomo padime. Pa-
30M 3 TUM, IPOTUBHHUK MOJKE BIJINBATH Ha NMPAKTUYHO BCi
BUKPHTI aepOJpOMH, B MEXax TeaTpy BOEHHHX IiH 3 Me-
TOK PYHHYBaHHS 3IITHO-TIOCAJKOBOI CMYTH, 3HHUILICHHS
a0 TOILIKO/PKEHHS JITaKiB, 3aC00iB yIpaBiiHHS, 0C000-
BOT'O CKJIaJy Ta 3amaciB MarepiajibHuX 3aco0iB. [Ipu mpo-
My HPOTHBHHUK MOXE BIUIMBaTH Ha aepPOJPOMH DPi3HUMH
3ac00aMu BOTHEBOTO YPa)KCHHS, OCHOBHUMHU 3 SIKHX €
KpHJIaTi PakeTH MOBITPSIHOTO Ta MOPCHKOTO Oa3yBaHHS Ta
aBianiiini 3acobu ypaxenns [1]. Bucoka edexkTuBHicTh
yZAapiB IO aepoApoMaM, a TaKOX CKIAJHICTh LIBHIKOI
MIATOTOBKM BEJMKOi KUTBKOCTI HOBHX aepoOApPOMIB Ta
NIPUXOBYBaHHS IX PO3TALIyBaHHS JO3BOJIAIOTH 3pOOHTH
BHCHOBOK IIPO T€, 1[0 BOTHEBMH BIUIMB NPOTHBHUKA HA
aepoJIpOM € OCHOBHUM 30BHIIIHIM (aKTOpOM, SIKHA
BIUIMBa€ Ha e(QEKTUBHICTh (YHKIIOHYBaHHS CHCTEMH
PCT3 aepoapomy.

MOXJIMBOCTI CHUCTEMHM TEXHIYHOro 3abe3redeHHs
3B’s13ky, PCT3, aBTOMaru3oBaHMX Ta iH(pOPMAIIHUX
CHCTEM Ta XUBYYICTh 3ac00iB cucremu PCT3 Bu3Haua-
THMYTb 4acoBi nokasauky { .

CyKyIHICTh TIOKa3HUKIB €(PEeKTHBHOCTI (YHKIIIOHY-
BaHHs cuctemu PCT3 aepompomy OasyBanus TA y cy-
YaCHHUX YMOBAaX BEIICHHA orepamiii (00HOBHX miif) BH3HA-
Yajach BIIIOBIJHO JI0 OCHOBHHUX BUMOT, SIKi BUCYBAIOThCS
1o Hei, a came [10-13]:

BIAMOBIHICTH MeTi omnepalii (0oioBuX Aiil);

YYTIWBICTh JO OyIb — SKHUX BIUIMBIB 30BHINIHIX Ta
BHYTpIIIHIX (haKkTOpiB;

MPOCTOTa 0OYUCIIEHb TTOKA3HUKIB,

JIeTKa IHTEPIPUTOBAHICTB;

MOBHOTA OLIHKY (DYHKI[IOHYBaHHS CHCTEMHU.

ToMmy, B SKOCTI YaCTKOBUX ITOKa3HHKIB €()EeKTHBHOCTI
¢ynkuionyBanns cuctemu PCT3 aeponpomy OasyBaHHS
TA B omnepanii (6oiioBux misix) MOXyTb OyTH OOpaHi Ta
po3risAaTHCS:

P — IMOBIPHICTb BHXOy 3 Jlally i-ro 3aco0y cuc-

eux.i

temun PCT3 aepoapomy Oa3yBaHHS TaKTH4YHOI aBiaiii



BHACJIIJIOK
i=12...n,
ckimany cuctemu PCT3 aepoapomy 6azyBaHHS TaKTHYHOT
asiarii;

Pyp.i
PCT3 aeponpomy 6a3yBaHHS TaKTHYHOI aBiariii;

eKCIUTyaTaliiHIX MOIIKOKEHb, e
N — KUIBKICTh 3ac00iB, SAKI BXOIATH O

— IMOBIpHICTh Ypa)KeHHA i-TO 3ac00y CHCTEMH

tm(),,_ ; — dac BimHOBIEHHS i-To 3aco0y cuctemu PCT3
aepoapoMy 0a3yBaHHS TaKTUYHOI aBiarlii;
tgi@ n don—NOIYCTUMHUI Yac BIIHOBICHHS CHCTEMH

PamioCBITIOTEXHIYHOTO 3a0e3MeUeHHs aepoapoMy Oa3zy-
BaHHS TAKTUYHOI aBiarlii.

3a3HaueHa CYKyIHICTh MOKA3HHUKIB €(PEeKTUBHOCTI (y-
HKuionyBaHHa cuctemu PCT3 aeponpomy 6azyBanas TA
B orepartii (6oifoBux misx) Ta ix xapakrep [14]:

YyTIMBUH — JI0 BIUIMBY Bpa)kalouux (hakTopiB cydac-
Hux A3Y; 10 yMOB eKcCIuTyaTalii, TEXHIYHOTO CTaHy 3a-
cobiB PCT3, cTany Ta CIpPOMOXHOCTEH CHII 1 3aco0iB
TEXHIYHOT0 3a0e3rne4yeHHs QYHKIIOHYBaHHS CUCTEMU;

JI03BOJISIE — BU3HAYUTH OCHOBHI HAIIPSIMKHU B aHAIi3i 1
PO3BUTKY TMO3UTUBHUX BiacTuBocteid cuctemu PCT3
aepoapoMy Oa3yBaHHI TA 11 3a0e3lmedeHHS OUTBII
KOPEKTHOTO OMHCY IMPOIIECiB eKCIUTyaTallii i BiTHOBICHHS
3aco0iB PCT3 y xoxi ix 60HOBOTO 3aCTOCYBaHHS Ta OIi-
HIOBaHHSI €(QEKTHBHOCTI (DYHKIIOHYBAaHHS CHCTEMH Y
CydJacCHHX YMOBaX BEJCHHS orepariii (00HOBHX Iiif).

3anponoHoBaHi B poboTax [2—7] y3aranbHeHi MOKa3-
HUKH e(peKTUBHOCTI (D)YHKI[IOHYBaHHS CUCTEMH 3B’sI3Ky Ta
PT3 He MoOxyThb OyTH 00OpaHi B SIKOCTI y3araJbHEHOTO
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MOKa3HUKa e(QEeKTUBHOCTI (YHKIIOHYBaHHS CHCTEMH
PCT3 aepoapomy Ga3yBanus TA B omepauisx (0oioBuX
JisiX) TOMY, IO HE BIiAMOBINAIOTH ii IIUTLOBOMY HpH3HA-
YEHHIO, a caMe, He JI03BOJISIFOTh BU3HAYMTH CTYIiHb TOTO-
BHOCTI cucremu PCT3 1o 3abe3neueHHs: MOCaJKu MOBIT-
PAHHUX CYJICH 3a METEOPOJIOTIYHUM MIHIMyMOM aepoapo-
My.

3a yMOBH, IO TIOJIHOTH B paiioHi aepoapomy OazyBaH-
Hs TA 326€31meqyoThCs BiAMOBIAHO 10 BUMOT 10 30HAIb-
Hoi HaBiramii 3a crarmaprom RNAV 1 [[JIOb mnan
HUKAO] edexruBHicTs QyHKIiOHYBaHHA cuctemu PCT3
MIPOTIOHY€EThCS OLIIHIOBATH 32 HACTYNHHUM Yy3arajJbHEHHM
MIOKa3HUKOM:

Pmﬁ_c_ PCT32m (t) — IMOBIpHICTb 3a0€3MeUeHHs CUC-

temoro PCT3 aepompomy Oa3yBaHHsS BH3HAYEHOTO Me-
TEOPOJIOTIYHOTO MIHIMYMY .

BucHoBok. B crarti 00rpyHTOBaHO CYKYITHICTH 4acT-
KOBHX IIOKa3HMKIB €(eKTUBHOCTI (DyHKIIOHYBaHHS CHC-
temu PCT3 aepogpomy G6a3yBanHs TA, a TakoX y3aranib-
HEHW MOKa3HWK, KU HA BIAMIHY BiJl iCHYIOUHX BiIIIO-
Bija€ MeTi (PYHKIIOHYBaHHS CHCTEMH PaIiOCBITIOTEXHi-
yHOTO 3a0e3neyueHHs aepoapomy OasyBanHsa TA Ta xapa-
KTepu3ye crpoMoxHIicTh cuctemu PCT3 3abesmedyBaTu
KOHKpPETHI 3HaueHHs METCOMIHIMyMy aepoapomy Oazy-
BaHHJ JIITaKiB TaKTUYHOI aBiawuii B omepauisx (0oioBux
JisX) 3 ypaxyBaHHSAM YMOB, BCTAHOBJCHHX MNpaBUIAMHU
BUKOHAHHS IMOJBOTIB Jep)kaBHOI aBiamii [9], 3a sKuX
3IIMCHIOETBCST YIPaBIIiHHS MOJbOTAMHU B PadoHI aepon-
pomMy Oa3yBaHHSI.
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Choice a set of indicators to assess the effectiveness of the radio lighting system of the aerodrome of tactical aviation base

during operations (combat operations)

A. Davydov

Abstract. The article substantiates a set of partial indicators and a generalized indicator for assessing the effectiveness of the radio

light support airbase tactical aviation, the physical content of which fully meets the purpose of the system, provides an objective

assessment of its effectiveness in combat operation and, which manages the flights of state aviation in the area of the aerodrome.
Keywords: efficiency indicator, system functioning efficiency, radio lighting support, base aerodrome, tactical aviation.
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Abstract. The definitions and properties of fundamental solution for nonlocal multi-point in time problem for evolution equations with
pseudodifferential operators constructed at variable symbols is given. The solvability of multi-point problem in the W type spaces is
installed and the integral image interpretation of solution is given.
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Introduction. A rather broad class of differential equa-
tions with partial derivatives are linear parabolic and B-
parabolic equations, whose theory originates from the in-
vestigation heat equation. The classical theory of the Cau-
chy problem and boundary-value problems for such equa-
tions and systems of equations is constructed in the works
of I.G. Petrovsky, S.D. Eidelman, S.D. Ivashyshen, M.I.
Matiychuk, M.V. Zhytarash, A. Friedman, S. Teklind,
V.0. Solonnikov, V.V. Krehivsky and others. The Cauchy
problem with initial data from the spaces of generalized
functions of the type of distributions and ultra-distributions
was studied by G.E. Shilov, B.L. Gurevich, M.L. Gorba-
chuk, V.I. Gorbachuk, O.l. Kashpirovsky, Ya.l. Zhyto-
myrsky, S.D. Ivashyshenym, V.V. Gorodetsky, V.A. Lito-
vchenko, etc.

A formal extension of the class of parabolic type equa-
tions is the evolution equations with pseudodifferential op-
erators (PDOs), which can be represented as A =
171 [a(t,x; 0)l,,], {x,0} cR" t>0, where a is
a function (symbol) that satisfies certain conditions, I, ™!
is a direct and inverse Fourier or Bessel transform. PDOs
include differential operators, fractional differentiation and
integration operators, convolution operators, Bessel opera-
tor B, =d?/dx*+ (2v + 1)x"1d/dx, v>-—-1/2,
which in its structure contains the expression 1/x and for-
mally represented as B, = F}[—0?Fp, |, where Fy, is
the integral transformation of Bessel and others.

Today, in the theory of the Cauchy problem for evolu-
tionary pseudodifferential equations in questions of the
correct solvability of the Cauchy problem, the image of the
solution in the case where the initial conditions are ele-
ments of different functional spaces (in particular, the
spaces of generalized functions), significant results are ob-
tained, native and foreign mathematicians (M. Nagase, R.
Shinkai, C. Tsutsumi, Yu.A. Dubinsky, S.D. Eidelman,
M.V. Fedoryuk, Y.M. Dryin, V.V. Gorodetsky, etc.).

One of the generalizations of the Cauchy problem for
partial differential equations is the nonlocal multi-point in
time problem, where the initial condition w(t,)|;=o = f IS
replaced by the condition ¥, a,u(t,)l¢=¢, = f, where
to=0, {t;,....t} < (0,T], {ag, @y,...,an} € R, me
N — are fixed numbers (if ¢y =1, a; = a, =...= a,, =
0, then obviously we have a Cauchy problem.) Nonlocal in
time problems refer to nonlocal boundary-value problems
for equations with partial derivatives. Nonlocal problems
arise when modeling different processes and practices of
boundary-value problems for equations with partial
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derivatives with nonlocal conditions (see. eg., [1, 2]).

Many mathematicians have been involved in the study
of nonlocal boundary value problems using different
methods and approaches (see, for example, [3-11]).
Important  results were obtained concerning the
formulation, correct solvability and solution construction,
and the conditions of regularity of boundary conditions
were formulated for important cases of differential
operator equations.

This paper investigates a nonlocal multi-point in time
problem for evolution equations with pseudodifferential
operators constructed at variable symbols by Fourier
transform. The analytic function of a pseudodifferential
operator symbol character makes it possible to understand
such an operator as an infinite-order differentiating
operator with variable coefficients acting in a certain space
of analytic functions. This gives a definition of the
fundamental solution of the specified problem and
investigates the properties of such a solution, establishes
the solvability of the multi-point problem. An integral
image of the solution is found.

Previous data. Consider the function w:[0,+o) —
[0, +o0), which is continuous and increasing, with w(0) =
0, lim w(x) = +oo. Set O(x) = Jy w(&)dE for x > 0.

The function Q has the following properties:

1) Q is a differential function increasing by [0, 4+0),
and Q(0) =0, xEerQ(x) = +o0;

2) Q is a convex downward function [12, p. 8], that is

V{xy, x5} € [0, +00): Q(x;) + Q(x2) < Q(x; + x2).

We define the function Q on (—oo,0] in an even way.
Next, consider the function u: [0, +00) — [0, +00), which
has the same properties, like the w function. Set M(x) =
Jo u(®dé , M(—x) =M(x) for x=0. Using the
functions M and Q, B.L. Gurevich [13] introduced a
series of spaces, which he called spaces W . Here are
definitions of some of these spaces.

The space W, is constructed by the functions Q and
M and is defined as the set of integer functions ¢: C — C
that satisfy the inequality |@(z)| < ¢exp{ —M(dx) +
Q(by)}, z = x + iy, with some positive constants ¢,d, b,
dependent only on ¢. W3 can be represented as a union
of count-normalized spaces W,\ff where W,\%cf consists
of those functions ¢ € W, for which the inequalities

lo(x + iy)| < cexp{~M(ax) + (by)},

z=x+1iy €C,
where a is an arbitrary positive constant less than a and
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b is arbitrarily constant greater than b. If for ¢ € W,\?;f
we set
llellsp = suplle(2)] x
Z€eC

x exp {(—=Q((b + p)y) + M(a(1 - §)x)}],
{6,p} c{l/n,n =2},
then with these norms the space W, becomes a
complete perfect countable-normalized space [12, p. 16].
Combining the spaces W, overall a = 1,%, ..and b =

1,2, ... matches the space W

The spaces W are taken by the Fourier transform to
spaces of the type W. To state a related assertion, we
introduce the notion of Young dual functions.Let M (x)
and Q(y) be functions defined via the functions u(¢) and
w(n) respectively. If the functions p and w are mutually
inverted, that is, u(w(n)) =n and w(u(€)) = &, then the
functions M(x) and Q(y) are said to be Young dual.
Examples of mutually dual functions are the functions

M(x) =xP/p, Q(y) =y?/q, 1/p+1/q = 1.

We denote by W;7(R) the set of functions given by R,
which are narrowing functions from W, by R. The
correct formula is [12, p. 32]: F[W(R)] = = W, (R),
where F is the Fourier transform, Q, and M, — functions
Young dual to the functions M and , respectively.

For arbitrarily fixed a, 8 > 0 we set

SER) = 5P = {p € C*(R)| 3¢, 4,B >0
vi{k,n} cZ, Vvx € R:
lxkp™ (x)| < cA¥B™kken"A),

The spaces introduced can be characterized as [14, p.

210]. The spaces Sf are non-trivial at a + 8 =1 and

form dense sets in L,(R). Sf consists of those and only

those functions ¢ € C*(R), the inequality

lp™ (x)| < cB™n™ exp(—alx|*/*),n € Z,,x ER,
hold with some positive constants ¢, a, B dependent on

the function ¢.

If 0<f<1and a=>1-p, then Sf consists of
those and only functions ¢ € C*(R) which analytically
continued in the complex plane and satisfying inequality

lo(x + iy)| < cexp(—alx|"/* + bly|Y =),
c,a,b>0.

Note that S¥ = w2, where M(x) = x/%, Q(y) =
y/ABo<a<1,0<pf <1, a+f =1

The spaces of Sf by Fourier transforms are reflected in
spaces of the same type, namely, the formula is correct [14,
p. 245]: F[S] = Sg.

Problem statement. Consider the function a(t, x; o)
given by [0,T] x R x R which satisfies the conditions:

1) a(t,x; o) is a continuously differentiating function
of the argument t € [0, T] (for fixed x,0); a(t,x;0) isa
continuously differentiable function of x (for fixed t, o)
bounded by R;

2) for fixed t, x, the function a(t, x; ), as a function of
variable o, permits analytic extension into the whole
complex plane, while

Ve>0 3¢, >0 Vo+iteC:
la(t,x; 0 + it)| < c, exp{M (o) + Q(e1)},
v(t,x) €Nl =[0,T] xR
(ie, a(t,x;") multiplier in W space);
dc,a,b > 0:
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lexp {a(t, x; 0 + iT)}| < cexp{—M(ao) + Q(b7)},
V(t,x) € Iy
(ie, exp{a(t,x;")} € Wi).
We also consider that M satisfies the condition: 3¢, >
0Vx € R: M(x) = co|x|%, with fixed parameter a > 2.
Consider the pseudodifferential operator A, constructed
by a symbol a(t, x; 0):
(AY)(x) = F o la(t, x; g)ana[w(x)] (0)](x),
vy € Wy, ' (R),
where M;, Q, — functions Young dual to the functions
M and Q, respectively.From the properties of the
functions a(t, x; ), it follows that Ay € K(R) for
every t € [0,T], where K(R) is a normalized space
consisting of continuous functions ¢ bound for R with
[l@|] = sup|e(x)|. Note also that A can be understood as
x€R

the operator of differentiation infinite order (see. [15]), ie
A=3Y7, ck(t,x)(—iD,)* , provided that a(t,x;o) =
Y% o ck(t,x)ak is the Taylor series of the function
symbol a by the variable ¢ (at the fixed ¢, x).

Inthe band I'; = {(t,x):0 <t <t <T, x € R}
we consider the problem of finding the solution of the
evolution equation

ou(t,x) /ot = Au(t,x), (t,x) €ell'y, (1)
which satisfies the conditions:
u(t,x) = uy(t, x) + u, (¢, x),
m

e lim  (t,%) - kz pilim s (6,3) = (@), (2)
lim u,(t,x) =0,(3)
t->T+0
at each point x € R for the fixed function @ E
Wyl®R),  meN, (...t} C (0,40)
{ty,....tm} € (1, T] are fixed numbers, and u>
mYpe; U 0<1t<t; <..<t, =T. Problem (1)-(3)
is called nonlocal m-point (multi-point) in time problem
for equation (1).
Main results. At a fundamental solution of the problem
(1)—(3) we understand the function
Z(t,x1,8) =V(t,x1,) + It x1,8),
(tx)ell's, 0<t<t<T, (€R,
which has the properties of:
VLZ(t,x;7,¢) =0, L =L(t, x;A,0d/dt):= =a/
dt — A, ie Z, as a function of (t,x) (at the fixed ,¢§) is
the solution of equation (1);

2 ulim, [ Vs 06 -
R
—Z Hy lim J V(t,x;7,9)e§)dé = p(x),
k=1 - k]]g

Jim [ 16 0@ = 0

R
at each point x € R for an arbitrary function ¢ €

Q
Wy, (R).

To construct the function Z, we use the Levi method (by
parametrix). To this end, we fix a(t,x;0) at (t,x) =
&, x€[r,T], £ €R and consider the m -point
problem for evolutionary equations with constant symbol
a(x,§;0):

L(x,&A,0/0t)v(t,x) =0, (t,x) €'y, (4)
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p Jim v(t,3) - kzl Helim (e, ) = (o), (5)

@ € Wy (R).
Solution v € Cl((r,T],W,\zl(R) of problem (4), (5)

will be sought by means of the Fourier transform. We find
directly, that

v(t, x) ==ﬁ!

where
G(t —TX X E) = FU_—}x[Q(t -TnX 6! O-)]v
Qt—1,x¢,0) =exp{(ty —1)alx,§;0)} X

X (u - Z weexp{(tx — Da(x, & 0)}>
k=1

The properties of function G depend on the properties
of function Q, since G = F~1[Q]. Using the results
obtained in [16, p. 192], we come to the statement that there
exists c,a, b > 0, which are independent of ¢, t, y,¢ such
that for @ and its derivatives (by the variable o) estimates

Gt—1,x—w;x,5p(wdw =

G(t —T,X X f) * (p(X),

are valid
be\"
ID20( ~ 28,0 < o7 e e, (g)
n
ne€zZ, o€R,
where p,, is a solution of the equation cw(c) =n, n €
Zy, w=10Q"\

Due to the Stirling formula
n! =2mnn"e"e?/(12M) 0 < § < 1. Then, using (6)
and the estimate M (o) = cylo|% o € R, find that

a
|DIQ(t — 1, x:¢,0)| < ceV2m [q (g)q <l;_e> X
a

X exp{—(t — 1)y|a|*} <
< ¢bq%exp{=Co(t — 1)|0|*}, q € Z,,

where ¢, = cc,ev/2m (the properties of the sequence
{pq,q € Z.} are taken into account here; see [16, p. 168]).
We are directly convinced that the true inequality

|lo¥exp {—c;(t — D)]0|*}| < (¢ — )/ *BFEM/,
keZ,,

where cj = é,/2, B = (aé,’'e)™V/<.
inequality follow the estimates

lo*D3Q(t =7, x:€,0)| <
< ¢, B¥(t — 1)/ |k/apaga x
x exp{—co(t — D]o]}. (7)

Based on the estimates (7), we conclude thatat t >t
the function @, as a function of the argument o, is an
element of the space S} ,.

Next, we use the ratios

xIDEF[p](x) = i**9F[(0*p(0))@] =

From the last

=0 [ (@ p(a)@eds,
R
(k,q} € Z,, @ €Sl
Consequently,
XIDEG(t — 1, x,§) = 2m) ™M (=11 x

X J (O-kQ(t -17,x5¢, —g))(Q)e—ixadO_.
R

From the results given in [14, p. 243] implies that the
double sequence my, = kk/%qq | {k,q} c Z, , satisfies
the inequality

kq

Myg_1g—
——A2 <y(k+q), v >0
kq
Then, applying the Leibniz formula for the product
differentiation of two functions, the estimate (7) and the
last inequality we find that

I(c*Q(t —7,x;§,—0) | =
q
- Z CP(a)PQUP(t —1,1;,~0)| <
p=0

< |okQW(t — 1, x;&,—0)| +
k(k—1
+kq|0_k—1Q(q—1)(t —-1,0&—0)|+ 7( 5 )
xq(q = D" QU (t —1,x;§,—0)|+...<
< ¢ [B¥bImy, (¢ — 1)K/ +
+kqB* b my,_y 4 (¢ — 1)~ *TD/@ 4
k(k—1
k-1
2
X (t — 1) 6D/ag | Je~eot=Dlol* <
< ¢,B¥bImy, (t — 1) /% x

q(q — 1)Bk_zbq_zmk—z,q—2 X

Tl/tx mk—l,q—l 1 TZ/a
Mg ke T Yo
X g KTLATL ( _y(q — 1) K242 4y
kq mk—l,q—l
x e~Cot-Dlol% <
k 1/a
< ¢;B¥bImy, (t — 1) @[l + ¥ k+q) +

272/
y°T e (-0l
oo pege (kT @M Je eI <
< ¢, BEDI My (t — 7)K% e~Co(t=Dlol" =
= ¢,B¥pI(t — 7) K/akk/agae=co(t=Dlal",
where B, = Be?T"/“/(®B) p = peyT"/*/®B),
Consequently,
|xID¥G(t — 7, x,6)| <
X X
< ¢,(2m) ' Bfb{ (t — 1) K/ekK/ g1 x

+

X f exp{—cy(t — 1)|o|*}do <

R
< ¢3BY b (t — ©)" D/ % g, (k, q} C Z,.
Then
IDEG(t —1,x; x,8)| <

<

biq“
< C3Bf (t - T)_(k+1)/akk/ai21f|—q

< ¢, BF(t — 1)~ (k+D/afk/ag=bolxl x € R,k € Z,,
where b, = by1. The following statement is correct.

Lemma 1. The function G, as a function of variable x,
is an element of the space 511/“. For functions G and its
derivatives (the variable x), the inequality

IDXG(t —7,x;x,8)| <
< ¢, BF(t — T)~(k+D/apk/ag=bolxl | € 7., x € R,
holds, constants c,, By, b, > 0 are independent of t —

Tl Xl f
The function

28
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Gt — 1,3 08) = (21)2 f e
R

—1,x§,0)e *do (8)

is a continuous function of the argument t € (z,T].
Indeed, it follows from (7) that for t >t, >t true
assessment
|Q(t —7,x;§,0)| < cexp{—(t, —T)colol*}, o ER.

From this we already see that the integral (8) coincides
uniformly in an arbitrary band {(t,0): T<t, <t<T,
o € R}, so the function G is continuous at every point in
the interval (t, T]. Similarly, the differentiability of G by
the variable t is proved.

Let G, = G(t —1,x;7,0), @ € WAzl(lR) c S1. Taking
advantage of the continuity property of the Fourier
transform in S spaces and the formula

Flo = Gol = Flo] - F[Go] = Fle] - Qo
Q =0Q(t—1,70,0)
we find that

m
e lim Flp « Gol = > piclim Flp » Go] =

k=1

m
= Flo] (Mtl}ﬂoQo - kZI Hk}f&QO)-

Note that

m
plim Qo= > wilimQy =1

k=1

Then

m
B lim Flp « Gyl = ) i limFlp » Go] = Flo]

k=1
Consequently,

m
wlim (@ * Go) - kz pilim (0 # Go) = .
Since, on the other hand,

0+ Gy = [ 6t —nx=En0pEds,
R
then for an arbitrary function ¢ € W,\?ll (R) true value

‘utE‘g‘f—lO

R
-3 f Gt —1,% — &7, 0)(E)dE =
k=1 R
= 0(x) (9)

at each point x € R. Note that (9) implies a relation

Gt—1,x—¢&1,0)0()dé —

lim
tot

u lim

t->7+0
R

—Zuk 1 | Gt~ 12~ 6T 0eE)dE

k=1 R

= o(x) (10)

at each point x € R for an arbitrary function
Q
Wyt (R).
From the above results we also get that G(t—
T,x — & 1,§), as a function of t,x (for fixed t,£), is the

Gt —1,x—§7,8)e(§)dé -

lim
t-t

(ONS
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solution of equation (1). Therefore, G(t —t1,x —¢&;1,§)
can be taken as a function of V(t,x; t,§).
Let
I(t,T,x) =
t

j du f Gt — mx — & 1w O, E)dE, (11)

T R
where ¢@(t,x) is a function set to [0,T] xR,
continuous on t, ¢(t) € Wy *(R) for every te
[0,T]. The following statement gives the formula for

applying the operator d/dt to the integral (11).

Lemma 2. The following formula holds:

aI(t, T, x)
at
t
= [ du [ 560 = nx = Em PG E)dE +
T R
+o(t,x). (12)

Proof. Consider the family of functions {I,(t,,x),

0 < h <t -1}, where

S

I(t,7,x) =
t—h
=f duja(t—u,x—s;u,syp(ﬂ,f)dfz
T R t—h
= f gt p,x)du,

T

gt x) = f Gt — i x — & 1, E)p(u, E)dE.

R
Applying the Lopital rule of differentiation of integrals
depending on parameters, we find that

t—h
alh(t’r’x)—f 0 t du+g(t,t—hx) =
T = atg(,u,x)u g, ,X) =

t—h Ta
:] dujaG(t—u,x—E:u,f)¢(ﬂ,€)d€+

T R

+f Gthyx —&t—h&e(t —h&)dE.

R
We prove that {I,, 0 < h <t — 7} coincidesat h = 0
with the function I(t,t,x), and {%f’, O<h<t-—

r} coincides with h — 0 uniformly with respect to t the
right side (12). Then, using the corresponding theorem
from the mathematical analysis, we obtain that the function
I(t,T,x) is the differential of t, thus the equality (12)
holds.

From Lemma 1, the estimate follows

Gt —px—&udl <
< ¢o(t — )M exp{—bo|x — &I},
Since sup |o(w, &)| <c, V¢ € R, then
UE[O,T]

f|6(t—u,x—f;u,f)| N ©)1dE <

R

< &(t—p) Ve j exp{—bolx — [} dé =
R
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= (-,

¢ =c f exp(—bolyl}dy = 26,b5".

R
Hence we get that

T

|I(t, T, x) —I(t,T,x)| < f (t—w) Yedu =

t-h

hl—l/a
= , 1-1 0, 2,
1-1/a Ja > a>
that is }linalh(t, 7,x) =I1(t,7,x). Let

Bh(tﬂx)::
t—h
[ au [ L6 -px—Emewod
_f uu{at( wx = & u O s,

Tt Bt x) =
fuf
R

| @

G(t —ux— f; u, f)@([l, f)df

(o)

t

T

Since

aG . = (2 -1
a (t—,u,x—f,,u,f)—( T[) X

t-h

X f a(u,&0)Q(t — u,u; &, 0)e”0=94d¢,

T
then, taking into account the method of estimating |G|
(see proof of Lemma 1) and the properties of the symbol-

function a (see condition 2)), it is found that
0
— — — & <
|at6(t wx—&ué)| <

<co(t— W Vexp{-alx— ¢}, (13)

where constants cj, @ > 0 are independent of u,&; in
A=

this case, for the integrand
la(u, & 0)Q(t — u, u; &, 0)| the inequality holds

A < bexp{M(ec) — M(a(t — u)o)}, where £ > 0 isan
arbitrarily fixed parameter. The convexity property of M

implies inequalities
exp{M(eo) — M(a(t — w)o)} <
< exp{=M((a(t —p) —€)o)} =

a a
= exp {~M (5 (t = W)0)} < exp{—do(t ~ )01},
if we set € = a(t — ) /2. Further proof of (13) is carried

out under the scheme prove estimates for the |G]|.

Taking into account (13) and the
sup|e(u, &)| < ¢ find that
wé
d
f|aa(t—u,x—f;u,f) o OldE <
R

< L(t—p)~ve,

where constant L > 0 is independent of ¢, u, x.

follows that

1Bt ) — B(t,0)] < L f (t — ) Vedy =
h

th—l/oi_

= — 0
1-1/a
at h — 0 uniformly with respect to t.

From the results given in Lemma 1, it follows that for

G(h,x — &t — h,§&) the estimate is correct:
1G(h,x =&t — R, §)| < ch™/“exp{—bo|x — ¢},

inequality
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which is uniform with respect to t. Hence, from relation
(10) (which should be considered p =1, y; =...= y, =
0) and the continuity properties of functions ¢(t,x) by the
variable t implies that

[ 6tz =gt =h o0t - hOdE - p(ex)
R
h—-0,
is uniform with respect to t. This proved that the family
of functions {dI,/dt, 0 < h <t —71} coincides with
h — 0 uniformly respect to t to the right side (12). The
proof of the lemma is complete.
Further operator A in equation (1) we understand as an
operator acting from the space X in K(R), where the
symbol X denote the space consisting of functions ¢ €

Wiyt (R) with norm | ||| == sup[y (o)l

Lemma 3. 1. Let ¢(t,x), (t,x) €[0,T] X R, be a
function, continuous on the variable t, ()€

WAfll(IR). The following formula holds:
t

Al(t,T,x) =fd,ujAG(t—u,x
T R

—&w e $Hdé . (14)

2. The estimate for AG is correct

[AG(t —px — &)l <
<c(t—p) V%xp{—alx—¢&|}, t>u=0,

constant ¢,a > 0 is independent of ¢, u.

The proof of Lemma 3 is carried out according to the
scheme of proof of Lemma 2.

On the basis of Lemmas 2, 3, we conclude that with the
above restrictions on the function ¢ the following formula
holds:

t
LI(t,T,x) = fdy X

« f LG(t — i x — & 1,8, §)dE + o(t, %),

R
the LG function satisfies the inequality
ILG(t —T1,x — &1,8)| <
< c(t — 1) Y% xp{—alx — &}, (15)

where c,a > 0 is independent of ¢, 7, t > 1.

Let us now proceed to constructing a fundamental
solution of a multi-point problem for equation (1); this
solution looking as the sum of:

Z(t,x;1,8) =6t —1,x—§&1,8) +T(t,x;1,8),(16)
(t,x) € 'y, where
I(t,x;7,é) =

t
- j du j Gt — px — 1 )P 13 7, E)dr, (17)
T R

G is a function defined earlier. We choose the function
®(t,x;7,&) so that Z, as a function of t,x, satisfies
equation (1). Applying the operator L to Z and taking into
account formulas (12), (14), we find that this will be the
case if and only if

D(t,x;1,8) =Kt —1,x1,¢&) +
t

+fduf K@ —wx;u,m)®wn;t,§)dn, (18)
R

T



where K(t—1t,x;7,§) =—-LG(t—1,x—&;1,&) . The
series

®(t,x;7,) = Z K (t—7,x18), (19
m=1
K, =K, K,(t—1,x;1,&) =
t

- f dp f K(t = B.x; By Kms (B — 7,17, €)d,

T R

is a formal solution of the integral equation (18). We
examine series (19) for absolute and uniform convergence
at 0 <6, <t—rt <T.Tojustify the convergence of this
series, let us evaluate the kernels of K,,,. Note that |K;| =
|[LG| holds (15). To evaluate the kernel K,, we use the
following auxiliary statement.

Let

I(x,6) = f exp{—a(lx —y| + |y — ED}dy.a > 0.

R
For integral I true inequality
1(x,§) < c(e)exp{—a(l —&)|x — &I}, (20)
where 0 < e <1 is a fixed parameter, and c(¢) =
2a 171, Indeed, consider the function ¢ (y) = |x — y| +
|y — &|. We are convinced that it satisfies the inequality
o) =|x—¢&| Fixed 0<e<1. Then

I(x,$) =

= exp{—a(1 - )[x — £]} f exp{—asp(y)}dy =
R

= exp{—a(1 — &)lx — &) f exp{—acly — £[}dy =
= c(e)exp{-a(l — &)|x — £},

where ¢(¢) = 2a~te~1. Taking into account (15) and
(20), we estimate the kernel K,. So,

Ky (t — 7,237, 8)] sf 4B x

X ] |K(t =B, x; Bm| - [K(B —T,m;7,9)]dn <
R

< sz<f(t—ﬁ)'a(ﬁ —1)7*

T R

% e—a(lx—n|+|n—§|)> dp <
t

<t [ - p@ - x

T
x f e—alx=nl+m={D gy <
R
< cc(e)(t—1)"*B(1—-1,1—-2) X

xXexp{—a(l—-¢)|x—=¢|}, 1=1/a; (21)
here used the formula

b
j (t—a)*Y(b—t)Y ldt =

a
=(b—-a)**Y"'B(x,y), Re x>0, Re y>0,
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B(-,) is a beta-function. Taking into account (21), we
estimate the kernel Kj:

t
|[K;(t —1,x;7,8)| < J. dp x

xf IK(t = B,x; B - [Kp (B — 7,3, )\dn <
: <c3c(e)B(1—-21,1—-2) x

x f (t = B) (B — D)2 x

% fe—a(lx—nl+(1—£)ln—fl)dn)dﬁ

R
Introduce: () = |x —n| + |n — &|. Then
|K3(t —1,x;7,8)| < c3c(e)B(1—2,1—-2) x
t

x [~ py s - o1 ap x

x f lexp{—a(1 — £)g(n) — aglx — l}dy
Since gu;(n) > |x —£], then

f e-ai-e0pm-aclr-nlgy < ¢(g)e-at-elr-El

R
where c(e) = [ exp{—aelx —n[}dn = 2(ae)™ . In
addition,

t

| €-p@ - orap -

=(t—-1)*3B(1 - 1,2—-21).
Therefore, |K;| is estimated as follows:
|K3(t —7,%;7,8)] <
<c3c¢2(e)B(1 -1 1—A)B( —1,2—21) x
x (t — 1) **exp{—a(l — &)|x — ¢|}.

Using the method of mathematical induction prove that
Kn(t —17,%,7,8)| < c™c™ 1(e) X
XB(1—-21-)B(1—1,2-21)x

XB(1—-2,3—-31) X ..X
XxB(1—-A(m—-1)—(m—DA)(t-1)" 17 x
x exp{—a(l —¢&)|x —&|},m = 2.
Taking into account formulas
B(z,w) =T(2)I'(w)/T'(z + w)
(T is a gamma-function), T'(1 + x) = xI'(x) we find
that
B(1—-21-2)B(1—2,2-21)B(1 —213-3})..
XB(1l-A(m—-1)—(m—-1DA) =
r(1—A)r1—=)ra—-mnre -2
B r1 -A))raa-2a
It — Nr@ - 30 ..r(m-1)1 -1)

r(4(1-2a)..r(m(1-2a)

rm@a-2a
=1 -A)——, m=>2.
F(m(l - /1))
Thus, for the series Ypo_o K, the following estimates
hold:




Kn(t—7,518)|< ) [Knt—1,578)] <
TZI ZI
<c(t-o) e+ T (OMA - Dt — 1) x

x Z MM (£)(t — T)MID x

o Fm(l -
rm(1 - /1))
<c(t—1)te WSl 4 711 - D)t —1)* %
- rm -2
X Z Cm ¥
F(m(1-2)
m=2
Because of the Stirling formula
1 6
V2m e*x* ze12x, x > 0, 0 < O < 1,we have that
' (wg) o 1
< 0 ) =
I'(mw,) mmwo
9022\/2”@, (1)0:1_/1.
The Iast estimate implies the convergence of a series

-2
Z B =29
r(m(1-2)’
Since, the series Ym_1 K, for 0<8,<t—7<T
coincides absolutely and evenly, and its sum is a function
of ®(t,x;7,¢&) for t > 7 is a continuous function of the

arguments x, &. Set € = 1/2; then inequality holds for @
@, x;7,9)] <

-2 a
< dy(t — ) Pexp {—5 x—¢l}. (@22)
This estimate ensures the convergence of integrals (17),
(18). It follows that the integral in (18) is equal
t

e-a(1-8)lx=¢| <

Cm(e)Tm(l—l) e—a(1—£)|x—€|.

I'(x) =

B =c-c(e)T A

Z fdufK(t—u.x:u.n)Km(u—r.n;r,f)dn =
m=1r

Ez&mdtTXTﬂ

So, @ isthe solutlon of equation (18).
Recall that the correct estimate for |G| is
|G(t —TLX— flrﬂf)l <
< c(t—1)texp{—alx — &|}, 1=1/a, (23)

where constants ¢,a > 0 are independent of ¢,t (see
Lemma 1). On the basis of inequalities (23), (22), (20), we
estimate T'; while in (20) put € = 1/2. So,

t

W@Jﬂfﬂsfdyx
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xfm@—um—nmmnw¢mmnfwms
R
t
Scfa—m*w—n*x
T

x fe—a|x—n|—%m—f|dn dy <
R
< &(t — 1) Pexp {—%lx —el). @9
From estimate (24) implies that for any continuous
bounded on R function ¢ is

[ Irex0.01 lo@las < -2 x
R

a
x f exp {—le - f|}d§ =d,t'"?", 1-21> 0.

R
From this we already get that at every point x € R the
boundary relation holds

lim [ 16.%0.90()d =0,

R
On the basis of the obtained results, we claim that the
function
Z(t,x;1,8) =V(t,x1,¢8) +T(t,x;1,¢),
V(t, 1,8 ) =G6({t—1,x—¢&1,%),
is a fundamental solution of the nonlocal m-point in
time problem for equation (1), and the function
u(t,x) =

fvaxoawa&+fr@xoama&—

=u,(t,x) + uz(t x), (25)

(t,x) € (0, T]XR, @ € WMll(]R), is the solution of this
problem at T = 0. We summarize the results obtained in
the form of the following statement.

Theorem. m -point problem for equation (1) with
parameter T = 0 is solvable in class X, with the solution
given by formula (25); u(t, x) is a continuous function of
x bound for R forevery t € (0,T].

Conclusions. A solution of nonlocal in time multi-point
problem for evolution equation with a pseudodifferential
operator constructed at variable symbols in a class of
bounded continuous on R functions is established. The
definitions and properties of the fundamental solution of
this problem are given.
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AnoTanis. CTaTTd cupsIMOBaHA Ha BU3HAYEHHS aBTOPCTBA YKPATHCBKOMOBHHX TEKCTIB 3a JJONIOMOTOIO IITYYHHX HEHPOHHUX MEpEeX.
Jlns izeHTHdiKarii aBTOPCHKOi HAIGKHOCTI TEKCTY CTBOPEHA HeHpocHcTeMa, OCHOBHUMH €IEMEHTAaMH SKOi € OJIOKH CTEMIHTY, BEeK-
Topu3alii, knacudikamii Ta Bisyamnizauii pe3ynpraTiB. [Ipu gociipKeHHI pOOOTH CUCTEMHU Ha JAHUX TBOPIB YKPATHCHKUX MUCbMEHHH-
KiB OyJI0 OTpUMaHO pe3ynbTaT kiacudikaii Ha piBHI 98% mpu momapHOMy MOPiBHSAHI JBOX aBTOPIB.

Knrouosi cnosa: asmopcmeo mexcmy, wmyuna HeluporHa mepedica, ykpaincbkomosni mexcmu, Text Mining, eexmopusayis, cme-

MiHe.

Beryn. Croropni cepen meroaie Data Mining 3aBmaaHHs
Text Mining 3aliMalOTh JOCUTH BaXKJINBE Miclle, IO MOsIC-
HIOETHCSI 3HAYHNM TOIIUPEHHSIM TEKCTOBOI iH(popMarii Ta
HEOOXinHicTIO i1 0OpOOJICHHS pI3HUMH METOJaMH IS
IOCATHEHHS pI3HUX mimeil. HalOimpmr crxmagHuMH 3a-
BIAHHAMH B IIiH Tanmy3i € Kiacuikamis CTHIIIO TeKCTy Ta
BU3HAYCHHS HOTO HAJIS)KHOCTI TBOPY IIEBHOMY aBTOPOBI.
Hacammnepen 1i ckimagHoOIII MMOB’SI3aHi 3 METOJIOM IOIEpe-
JTHBOTO OOpOOJIEHHSI TEKCTOBOi iH(pOPMAIi, OCKIIBKU
HEOOpOOJICHI aHi € TOCIIOBHICTIO CUMBOJIB, SKi HEMO-
KIIMBO MOJAaTH Oe3nocepenHbo 10 CaMHUX aJrOPHUTMIB,
OCKUJIbKH OUIBLIICTh 3 HUX OYIKYIOTh YHCJIOBI BEKTOPH
¢byHKIi# (QikcoBaHOTO pO3MipYy, a HE TEKCTOBI JOKYMEHTH
i3 3MiIHHOIO JOBXKHHOIO. ToMy came QopMyBaHHS 3 TEKC-
TOBOi iH(OpPMAIii YUCETPHUX NAHUX Y BHUTIIAAI BEKTOPIB
ab0 MaTpuIlh € HeOOXiTHOI YMOBOIO ii IMOAaNbIIOro 00-
poOieHHs.

KopoTtkuii orusin nyoJaikauiii 3a teMoro podoru. YV
CBIiTI 0arato JOCIHITHHUKIB 3aiiMarOTHCS MpoOIeMaMHu po3-
POOKH METOIIB JMOCHIKEHHST TeKCTOBOI iH(popmarrii. Ce-
pen HHX MOXHa BijzHaumTu poborty P. Sallis ta S.
Shanmuganathan [1], siki BUB4YaaK aBTOPCTBO TEKCTIB 16-
ro CTOpiydsi 3a JOINOMOIOI0 JOJaTKOBUX CTAaTHCTHYHHX
METOB, TaKUX SK METOJ] ToyIoBHHX KoMIoHeHT (PCA),
IITy4YHUX HEeHpoHHHX Mepex (ANNS) Ta 0coOiamMBOI Tex-
HIKMA Bi3yami3amii Ha OCHOBI CaMOOPTaHI30BHOi KapTH
Koxonerna (SOM). ABTopu [2] BUBYAIH MUTAHHS iCHTH-
¢ikarii JmiTepaTypHUX TEKCTIB 3a JOIMOMOTOI MITYYHUX
HEWPOHHNX MEPEXK, AKi JO3BOJISAIOTH OTPHUMATH CIIPABKHIN
pe3yIbTaT I BU3HAYCHHS KaTeropil TeKCTy 3 BipOTigHIC-
TI0 95%. OntHaK aBTOpH HE 3MOTJIM BU3HAYMTH XKaHD JIiTe-
paTypHOro TEKCTy, BIpOTiAHICTh ckianana juiie 75%.
ABtopu [3] omucyrOTh BHM3HAueHHs Ta Kiacudikaiiro
BUKOPHCTaHHS MeTaOpUYHOI MOBH B ICTOPHYHUX HiMe-
IBKAX POMaHax 3a JOMOMOTOK 1€papXidyHOIro KIaCTePHO-
ro migxoxy. ABtopamu [4] mpoBeneHO pO3pOOJICHHS CHUC-
TEMH pO3Mi3HaBaHHS aBTOPCTBA TEKCTIB aHIJIHCHKOIO
MOBOIO, TOUHICTh SIKOi CKJIa/laJia Ha Pi3HUX JlaTaceTax Bil
73% no 92%. ABtop [5] nmpoBomuB Kiacu(ikamio YOTH-
pPBOX CTWIIB pOCiiichkoi MOBHM — HayKOBOTO, OQiliiHO-
JIJIOBOTO, XYAOKHBOTO Ta ITyOIIIUCTHYHOTO 32 IO0MOMO-
IO CTATUCTHYHUX METOJIB, TOYHICTh KIAcU(piKaril
ckiana 88%. Asropu [6] Bu3HAUarOTH aBTOPCTBO iCTOPH-
YHUX JOKYMEHTIB Ha mpukiaai Yimesma Illekcmipa 3a
moromororo metoaiB RBF 3 tounictio 96-99%. 3acrocy-
BaHHSI HOBHMX TEXHOJIOTIH J10 3a/1aul BU3HAYCHHS aBTOPCh-

KOI HAaJEXHOCTI yKpaiHCbKOMOBHHX TEKCTIB JIO3BOJIUTH
TIOKPALIUTH iICHYI0UI pe3ynbTaT. Tox MeToro 1iei podoTn
€ CTBOPECHHS BHCOKOC(EKTHBHOTO IiJXOLy JUI BH3HA-
YEeHHsI aBTOPCHKOI HAJIEKHOCTI YKPaiHChKOMOBHOTO TEKC-
Ty.
Marepiaan Ta MeToau. Y BEIMKOMY TEKCTOBOMY HO-
KyMEHTI IIE€BHIi CIIOBa TPAIUISIOTHCS Jy’>Ke 4acTO Ta MAIOTh
3MiHHI 3aKiHYCHHS, IO € XapaKTepHUM AJIsI YKpaiHCHKOI
MoBU. TOMy Ha HepIIOMY eTami MPOMOHYEThCS BUAAIUTH
BCl 3aKiHUEHHS CIIiB, JJIsI Y4OTO MOXKHA BHKOPHUCTOBYBATH
aIaliTOBaHUH TiJl YKPaiHCbKY MOBY BapiaHT KJIACHYHOTO
CTEMIHTY, onucanuii y [7].

3 iHmoro OOKy, JesiKi CJOBa, IO TPAIUISIOTHCS JTyXkKe
9acTo, MAaTEMYTh Ay)Ke MaJlo 3Hauymoi iHdopMarii mpo
(dakTuuHU 3MicT mokyMmeHTta. SIkOM Taki HaHi MPSIMOTO
MiApaxyHKy TepenaBaTi O0e3rmocepenHbo 10 KiacugikaTo-
pa, i TepMiHM 3aTiHIOBaJIH O YACTOTH OLIBII PiIKiCHHUX,
aJe IIKaBIUX TEPMiHIB, MPUTAMAHHUX TOMY YH iHIIOMY
MIICBMEHHUKY. TOMy y SIKOCTI aJTOpUTMY BEKTOpH3amii
Oyno obpano came TfidVectorizer. 3rigHo 3 1M METO0M
Bara MEBHOTO CJOBa INPOIOPLIHHA YacTOTI BXKUBaHHS
I[LOTO CJIOBA B JIOKYMEHTI i 0OEpHEHO MPOIOpIIiiiHa Jac-
TOTI BXKMBaHHSI CJIOBA B YCIX IOKYMEHTaX KOJIEKIIii.

TF _IMF (t,d)=TF (t,d)x IMF (t,d)

Yacrota TepMiHa, TOOTO KiJbKICTh pa3iB, KOJIH TEPMiH
BUHUKAE B IIEBHOMY TEKCTi, MHOXHThCS Ha KOMIIOHEHT
IDF, sikuiit OOYMCITIOETHCS SK:

1+M
— + y
1+ MF (t)

ne M — 3aranpHa KiTBKICTh JOKYMEHTIB y Ha0Opi JOKyMe-

IMF (t) =log

uris, MF (t) — KiIBKiCTh TOKyMEHTIB y HaboOpi JOKyMe-

HTIiB, 0 MicTsaATh TepMiH t. Otpumani Bektopu TF_IMF
HOPMaJIi3y0ThCS €BKJIi JOBOK HOPMOIO:

vect vect
vect

norm ~

Ivectl” R (vect )
i=1

Ha mouatky cTBOpeHHs Iie Oyja TepMiHaJbHA CXeMma
3BaXyBaHHS, po3polieHa Juisl MOIIyKy iHdopmanii, Bin-
Terep BOHA 3HAMIUIA 3aCTOCYBaHHS NPH IONEpenHIN
00poO11i TeKCTiB mepel Kiacudikallieo Ta KiacTepu3arii-
€10 IOKYMEHTIB.

HactynmauMm etamom € eran knacudikartii gaamx. J{is
LBOTO TPOMIOHYETHCSI BAKOPUCTOBYBATH HITY4YHI HEHPOHHI
Mepexi: 1Bi Moaudikalii MamIMHA OMOPHHUX BEKTOPIB —
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SVM (Support Vector Machines), taki six SVC (C-
Support Vector Classification) i SVR (Epsilon-Support
Vector Regression) Ta OaraTolmiapoBHil NEpLENTPOH —
MLP (Multi Layer Perseptron).

BararonrapoBuii mepUENTPOH Ta aJITOPUTM HAaBYAHHS 3
yunteneM ommcaHo y [8-9], BiH peamizye QyHKIiIO
f () R™ — R' musxom HapuaHHs Ha0bopy OaHux, ae M

— PO3MIpHICTh BXIJTHUX JIaHUX, @ 1 — PO3MIpHICTh BHXiJ-
HUX JJaHWUX. BXigHI 1aHI MOXHA ONHCATH TaK:

X = (%, X0 Xy )T

J(W,b):%izi“[%”mb(x(n

[Nepmia ckiasoBa — 1€ MOKa3HUK CEPEIHbOKBAIPATH-
YHOT TIOMMJIKH; JIpyTa — PEryJIIOI0uui WieH, sIKUi Iparae
3MEHIIUTH Bark i Joromarae 3amoOirTd 3aiiBUM TpeHy-
BaHHAM. KoedilieHT 4 KOHTPOIIIOE BITHOCHY Ba)KJIMBICTBH
000X wJieHiB y (yHKIIT BUTpaT.

3arajbHOI0 METO HaBYaHHS € MiHiMizamis W , 1 B
[IbOMY BHUIAJKY TIepe/ II0YaTKOM TPEHIHTY BCi HapaMeTpH

s nll
w i b1

JIKOBOi BEIUYMHH, OM3bKoi 70 Hymsa. OmHy iTepailiro
IPaJi€HTHOTO CIIYCKY MOYKHA 3aITUCATH TaK:

MOBUHHI OyTH iHILiaNi30BaHi y BUTJISII BUIA-

w1 —wy —adWLJ(W b),
i
4 d
bi(l 1) Zbi(')—amJ(W:b),

1
JIe 0L — ImapaMeTp IBUAKOCTI HABYAHHS.
Bectu Bci yacTkoBi moXifgHi (yHKIii BHTpar 3a 10-
MOMOTO0 CHHANITHYHUX Bar Y BUIJISI:

d 1ad ) () 0
—Wij(l)J(w,b)——m;—dwﬁ(l)J(w,b,x )+ A,
d_ ——1 y —d (D) ()
oW —mg, 0 3 (W by, yt),

BHeceHHst 10 yBaru S-HOMHJIOK A1 i-ro HeHpoHy N,
mrapy y BHTJISIL:

Sia1

ZW |+1 I(Zi(l))r

Jle HaNAIITyBaHHs HapaMeTpy HPOBOAUTHLCS 3TiHO i3]
f(z")=a"(1-a")
1 1

OTxe, y pe3ynbTaTi MOXKHA BBECTH B PO3LIIS]
HelfipocucTeMy sl BHU3HAYEHHS HAJIEKHOCTI TEKCTY,
CTPYKTypa sKOi TmpejacTaBlieHa Ha pucyHky 1. Jlus
Bi3yamizamii OTpUMaHHX pe3yJbTaTiB BUKOPHCTOBYETHCS
6i0moTeka Lime.
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KoxxeH HeHpoOH y mNpHXOBaHOMY IIapi NEPETBOPIOE
3HAa4YEHHS 3 MONEPEeJHBbOrO LIapy 3 ypaxXyBaHHSIM CHHAIl-

TUYHUX Bar KOXKHOTO MIapy ZWiXi Ta 3 HEJiHIHHOIO
i-1

(dyHKII€I0 aKTHBAL] Yy BUMIIAI rinepOoiyHOrO TaHTeHCY .

Ha Buxopi 3'BISETbCS 3HAYEHHS BHXITHOTO CUTHAIY V.

OckinbKy HaBYanbHa BHOIpKa € (hiKCOBaHO, TOOTO CKila-

naeTbes 3 M HAaGOPiB BXiTHUX TAaHMX (X('), y(')), MOKHA

TpEHYBaTH HEWPOHHY MEpPEXKy OHJAllH 3a JONOMOTIOI0
TPagi€eHTHOTO CITyCKy. 3arajbHa (QyHKIIiS BUTpAT MaTHMe
BUTJISAL;

n, 1.8 S

222( Oy

I=1 i=1 j=1

ANN’s

DataSet .
classifier

mmmp Stemming =y Vectorizer

Lime's
visualization

Pucynok 1. Heiipocucrema jy1st BU3Ha4CHHS HAJIC)KHOCTI
TEKCTY

PesyabTaTnn Ta ix o6roopenHsi. byno mnposeneHo
JOCITI/KCHHS 3 BUSIBJICHHSI aBTOPCTBA JUIS PI3HUX yKpaiH-
CBKMX THCHPMCHHUKIB-KIIACHWKIiB. Sk BXimHi maHi OyJo
B3sTi TBOopH IBaHa Barpsmoro, Iana Kapmnerko-Kaporo,
I'puropis Keitku-OcHoB'sHerka, Onpru KoOwisHCBKOT,
IBana Kommsapescekoro, Banep’sna IligmoruipHOTO,
Muxaitna Crapunbkoro, IBana ®@panka, Mapka BoBuka,
Omnekcannpa JloBxkenka, Muxaiina KoiroOuHCHKOTO,
[Manreneiimona Kymima, ITanaca Mupnoro, Muxkonu
XeunboBoro, IOpisi SIHOBChbKOrO. 3araibHa KiIbKICTh
YPHUBKIB TEKCTY JUIsl KOXKHOI IIapy aBTOPIB CKJajaajia Bil
800 mo 1000. Cuig 3a3HaYUTH, 10 HEMAE KOAHUX CKJIA-
HOIIIB TIpH (POpMYyBaHHI JaTaceTy, OCKUIBKH BCi JaHI € y
BIIKPUTOMY JOCTYIIi. 3 KOKHOTO TBOPY OYJIH B3STi YpHB-
ku po3mipom 160-170 cumiB. [licis BekTopH3amii po3mip-
HICTh BEeKTOpY ckiamae 16931x1. PesynpraTn momapHOTO
TIOPIBHSHHS JIBOX aBTOPIB IPEJICTABICHO HA PUCYHKY 2,
3BiJIKM 100pe BUIHO, IO TOYHICTH Kiacudikamii Buia 3a
98% 3a yMOB BHKOPHCTaHHs KpOCBamimallii, 1o mobpe
BuaHO B croBmuuky K-FOLD.

CJ1iJ1 BII3BHAYUTH, 1110 BUKITIOYEHHS €Taly CTEMIHTY Te-
KCTy TPOXH TMOTIpINy€ 3arajbHi pe3ynbraT Kiaacugikarii
— B cepelHROMY Ha 1%.

BibmioTreka Lime mo3BoNsie BH3HAYUTH XapaKTepHi
O3HAKH KOKHOT'O 3 aBTOPIB, Pe3yJbTAaTH IOPIBHIHHS TEK-
criB BoBuka Ta MupHoro 3a momomoror 0i0mioTexu
Lime npencrasieHo Ha pUCYHKY 3, Bi3yamizamito TepMi-
HiB, mpuTamMaHHuX came IlaHacoBi MupHOMY, IpeacTaB-
JICHO Ha PUCYHKY 4.
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xo |KFOLD Crpysrypa IV | VALUES | ACCURACY Tum
/ o BarpsHuit
10/0.3 SVC F1 = 0.9958 0.9947 e o
/ - JIOBAKEHKO
10/0.3 SVC F1 = 0.9867 0.9871 S
10/0.3 SVC F1~09874 | 09858 e e
OBUOK
10/0.3 SVR F1 = 0.9948 0.9934 " BT,
OILIFOOHHCBKHI
/ 5 JIOBXEHKO
10/0.3 SVR F1~09880 |  0.9883 S
10/0.3 SVR F1 = 0.9883 0.9868 i
s S - BoBUOK
10/0.3 MLP F1=0.9916 0.9895 _DRIpRERR.
KomroOHnHChKHIT
10/0.3 MLP F1 = 0.9895 0.9897 g}:’m",‘“’.
(OBCBKHH
p - MupHmit
10/0.3 MLP F1=09904 | 09891 S

Pucynok 2. Pesynsratn po6oTH KiacudikaTopa Ha OCHOBI PI3HUX apXiTEKTyp MITYYHUX HEHPOHHUX MEpPEK

) Prediction probabilities Bosuox Mupanit o -
xotp Text with highlighted words
Bosuok [000 ] oo P o . :
I ey Hipal! - Tinek it ayT-Ho. AK Burykys il Beix max. Hll Bcix Gasap &HTT. xTO 3pas B nepersx Tor
MupHwit 1.00 o1 TOKpHK Ta GpaB 3a i1, TOT 3aXOILTioBa KHTT i cBo Gnctp X1, Muan Jiil Biepen, Buepen.- To
yel KILZa fl0T HACTILL, 3a7IHBA, TO Bepra’l HaBepX, NMIAKILIA BIOP, 3HOB Hec!l fll rpe0eHsCT XBILT - Ak
01 e nox #€ susociut B Geper... Xou 60/1i71 IHOA y Haul 1171811 IOMAT GOK, a BCe-Tak BiH., X0u i HeTBepl
e Hor, cTyn i 1y # ze xor ke TpevTan fior ayx. J8-rax sin GyB rocriozap i ni. 2 {8 .
0B nonuxay, §e HailMIT. IBIIK BiH 3418 3 HOB cBoiM MicH HA cTap 38Mi - | mizsepT i mix ced: BoH fioM
oo TUTOILT, POIULT - CTaBAT il OAHTT ffor! a XTo Tepelsk, To 3a1a3 10 ced Wl XyTip, ¥ cen, IpoK/mH
pean HOH Bix. HOB /1011, /1eH 3a IHeM TAT 3ILICHH JKITT, IPOIaloy 0CTAHH CBO 100p - BIKYIIH Gi1eT, 32
i KoTp GapIIIHIIK-KIL H€ 2108 if nonopiH Wik.... 3a 666 KT Becer. PO3KIllTH, 063 fipati. 683 xronor.
o1 Tepe1 806 - yOOr 0/KIBAHH BIK, MO, TALAK Hpall Hd CTApICT. TipK TYPGOT, 3aMICT CTIOK, 883 mar
2 rpou, KO AIUIK BCMi 10T BiMOT, 083 cTymH 3eMu1. KOEP 32 CTap JI0Br GAHK TApaXHYT 3 MOTOTK. .. K
{ agean TF % <d
. e fior HE MPOKTHH Tak? )
j0.01
Ge3) s .4
0.01
A
0.01
cob|
Micn
00
crap)
0.
#K)

acc 0.9838815789473683
1 0.9860507321603647

PucyHok 3. Pe3ysibTaTu MOpiBHAHHS TeKCTiB BoBuka Ta MupHOTO 32 10omomMororo 6i6miorexu Lime

Local explanation for class MupHun

KOTP
Ha
¥C 1

npau -

HOB 1

3EMA 1

iHOA
He 4

HATT 1

Ges
*ua
o6

Micy

cTap 1
aK -

-0.0106-0.0075-0.0056-0.00250.0000 0.0025 0.0050 0.0075 0.0100

Pucynok 4. Bizyanizamis nexcem, npuramannux [lanacosi MupHoMy, 3a monomororo 6i6miorexu Lime

BucHoBkn. Y pesynbrati anpo0arii Helipocuctemu juis  OyJlo OTpuMaHO TOYHICTh Ha piBHI 98%. Pesymbratn
BU3HAYEHHSl HAJGKHOCTI TEKCTy Ha Jaraceri, W0 Bidyami3amii J03BOJISIOTH BH3HAUUTH  HAWOUIbII  Ta
CKJIQJIA€THCS 3 TEKCTIB TBOPIB YKPAiHCHKUX MHCHbMEHHHUKIB,  HAWMEHII MPUTAMaHHI KOXKHOMY 3 THCbMEHHHUKIB JIEKCEMHU.

3
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Determining the author's affiliation of a Ukrainian-language text using a neuro-system for determining the affiliation of a
text
M. Lupey
Abstract. The article is aimed at determining the authorship of Ukrainian-language texts using artificial neural networks. To do this,
a neuro-system was created to determine the ownership of the text, the main elements of which are the blocks of stemming,
vectorizer, classification and visualization of results. The system’s work was approved on excerpts from works of Ukrainian writers.
A classification result of 98% was obtained with a pairwise comparison of the two authors with each other.

Keywords: text authorship, artificial neural network, Ukrainian-language texts, Text Mining, vectorizer, stemming.
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AHoTauisi. CrpoeKTOBaHO [BOIIAPOBI Ta TPHUIIAPOBI ONTUYHI HMOKPHTTS, SIKI MPOCBITIIOIOTH MiAKIAIUHKY 3 MOKA3HHKOM 3aJIOMJICHHS
ns=1,51 mnpu mamiHHi CBiTJIa MiJ KyTOM Ha HMIMPOKMX CNEKTPaNbHHUX Aiara3oHax A s- Ta P-Tossipu3aniil. IIpu mpoBeneHHI po3paxyHKiB
BHUKOPHCTOBYBAcs METOZ 0araTOBUMIPHOT'O TTOLTYKY I-aJIrOpHTM.

Knrouosi cnosa: r-anzopumm, onmuuHi npoceimniooyi NOKpUmms, onmumizayis, nadiHHa ceimaa nio Kymom.

Beryn. MaremMaTtuyHe MOJICIIOBAHHS € OCHOBOIO BUBUCHHSI  IOTh YHIKajJbHI Y CBOEMY pOJi SIKOCTi, IO BiAIOBIIAIOTH
OUTBIIOCT]I CYy9aCHMX TEXHIYHMX MPOoOJeM i pO3BHTKY Oara-  YiTKMM BHMOTaM ONTHYHUX KOMYHIKaIitHux cmctem. Ilep-
TBOX Cy4YaCHHX IHHOBALIHUX TEXHOJOTi. BakamBuM 00'e-  II0YeproBHM 3aBJaHHSM IPU KOHCTPYIOBAaHHI TAKHAX CTPYK-
KTOM JOCII/DKEHHS, IO BHMara€ 3acTOCYBaHHA METOIB  Typ 3aJMINAETBCS 3a0e3MeYeHHS MaKCHMAaJIbHOI CEICKTHB-
MaTeMaTHIHOTO MOJICITIOBAHHS, € ONTHYHI MIApyBaTi CTPYK-  HOCTI Ta KCIUTyaTaliifHoi HaAiifHOCTiI TaKWX CTPYKTYp IIiJ
Typu. Taki CTPYKTypH, CTBOPIOBaHI IIIIXOM HAIWJICHHS  YaC BHKOPHCTAHHA MiHIMAIBbHOI KUTPKOCTI TOHKOIUTIBKOBHX
TOHKHX JIICNEKTPHYIHKX [IaPiB, 3HAXOUITh MIMPOKE 3aCTOCY-  IIApiB y CTPYKTypax [2].

BaHHS B CYYacHHMX ONTHYHHX MPHUCTPOSX, MOB'I3aHUX 3 Metoto naHoi poOOTH € NOCIIIUTH CTPYKTYpH IIBO- Ta
BUBYEHHSIM 1 ()OPMYBaHHSIM ONTHYHOTO BUIPOMIHIOBAaHHS, &  TPHIIAPOBHX IOKPHUTTIB, sIKIi O €()eKTHBHO MPOCBITIIOBAIM
TaKOX B TAKUX OOJIACTSX BHUCOKHMX TEXHOJIOTiH, K Jla3epHA  IMIAKIAAWHKY-CKJIO MPH MAiHHI CBITJA MM KyTOM B IIHPO-
TEXHIKa, OINTOENCKTPOHika, TenekomyHikaiii [1]. Bimomo  kOMy cEKTpaJbHOMY [iama3oHi.

BUKOPHCTaHHSI ONTUYHUX CTPYKTYP B PI3HOM@HITHHUX CHC- Metoauka po3paxyHkiB. /Iyl po3paxyHKy CHEKTpaiib-
TeMax: y 3aJadax CKOJIOTIYHOTO KOHTPONIO, MOJEpHi3alii  HHMX XapaKTepHCTHUK ONTHYHHMX OaraToIIapoBHX HOKPUTTIB
TEMIIEPaTypPHHUX CEHCOPIB, BHCOKOYYTIHMBHX IPUCTPOIB I OyJeMO BHKOPHCTOBYBaTH MatpmuHHil Meton [3]. LlinmboBy
OTPUMAaHHA TEPMIYHOTO 300pa’keHHS, HANpPHUKIAN 300pa-  (YHKIIO IS MPOCBITIIOIOYOro MOKPUTTS OyIeMOo 3a/1aBaTH
JKEHHSI BiIOMTKIB MaJbI{iB JFOIUHU TOIO. BoHU € mpaktud- y Burjsi [4]:

HO HE3aMIHHHUMH B Tajly3i TEIEKOMYHIKAIIii, OCKIIBKH Ma-

- 1 - 172 , 1)
Q(a,14,)= max F(n, d ): T,%X[L;Tz(n' d, 4, ))
ne T — koedillieHT NpoITyCKaHHs, 3aIeKHUI BiJl BEKTOPa L — A, — A 1- )
3HAUEHb TIOKA3HHUKIB 3QJIOMJIEHHS T A +
n=(n,,n,,.., N,_,,N, ), BEKTOPa 3HaEHb reoMeT- [Ipr TpOEKTyBaHHi iHTEPHEPEHIINHNX TTOKPUTTIB GyIe-

pudHOI ToBIMHA d — (dl,dz,..., d
HU XBWI A4, L —9HCIIO TOYOK CITKH CIIEKTPaJIBHOTO iHTEep-
Baiy Bin A, 10 A,, NpH PIBHOMIPHOMY HOTO pO3NIOZii 3
KpoKkoM AA :

dk) Ta JOBKH- MO OOMEXYBAaTH BEPXHI Ta HWKHI TPaHHMII MOKA3HUKIB 3a-
JIOMJICHHSI Ta TEOMETPHUYHI TOBIIMHH IIAPIB B HAIIEPE]T 3a,1a-
HUX MEXax:

k-17

OOMeXeHHS Ha MMOKA3HUKHY 3aJIOMIICHHSI [IapiB TIOB’s3aHi  MEXaHIYHOI CTIMKOCTI mapiB. Sk mpaBmiio, ONTHYHY TOBIIH-
3 HasIBHICTIO IUIIBKOYTBOPIOKOYNX MaTepialliB, sIKi BUKOPHC-  Hy Liapy BUOMpArOTh He OLIBLIO, HK 4 . Takum unHOM,
TOBYIOTBCSI IPH BUTOTOBJIEHH] NOKPHTTS. HinkHe oOMerxeH-
Hsl HA TOBUIMHY LIapiB MOXke OyTH MOB’si3aHE 3 HEOOXi/IHIC-
TIO OTPUMAaHHS CYUUIBHHX IUTIBOK HAa MiJIKJIaJMHKaX, IO
MAaOTh MIKPOHEPIBHOCTI MOBEpXHi, a00 3 0OMEeXeHHsIMH 3a
Yy TIUBICTIO BUKOPHCTOBYBaHOT KOHTPOJIbHO-
BUMIpIOBaNbHOI amaparypu. PeamsHo jmin CTAHOBHTb

TIPY MaIIMHHOMY KOHCTpPYFOBaHHI TIOKPHUTTIB Ha BiZIMIHY BiJ
AQHAIITUYHUX METONIB OOMEXEHHS Ha MapaMeTpH IIapiB
BpPaxoBYIOTh Y)Ke Ha eTari (popMyITtoBaHHS 3a/1aui.
OOMexeHHst (3) MOXKHA JIETKO BUKITIOYUTH BHUKOPHUCTO-
Byroud npuiioM [5], skuil moyisirac y BMKOPHUCTaHHI HOBOI
3MminHOI Z , 110 moB’s13aHa 3 X CIBBiIHOIIEHHAM BULY

50 am. BepxHe 0OMexeHHs 3a3BM4aii 0B’ A3aHe 3 BUMOTaMu
p

.2
Xj:ijin"'(ijax—ijin)S'n z; (4a)
abo
X : 72 L x. . -
X, — _Jmax~] jmin = j=12m. (46)
: 2% +1
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Puc. 1. Kpusi koedilieHTiB MPOITyCKaHHSs JBOIIAPOBOTO
TOKPHTTS IPH TajiHHI CBITJA i KyTOM Oy = 45°

O/, 49)= 0957

]
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3a J0MOMOror0 MeToj 0araTOBUMIPHOTO IIOUIYKYy [-
anroputMy [6] croyatKy 3HaXOAMMO ONTHMANBHI HapameT-
pu ¢yHkuioHany (1), a mani miadHpaeMo MOKa3HUKH 3aJI0M-
JIGHHSl pEeaJbHUX MartepiaiiB, sIKi OMKYi 10 OTPUMaHHX
TEOPETUYHHX pe3ybTatiB. [1icis mporo (ikcyemo mokasHu-
KH 3QIOMJIEHHS Ta OIITMMIi3y€EMO TOBIIHHHY miapis[7].

Po3riisHEMO MOKIIMBOCTI  TIPOCBITJICHHS  TBOIIAPOBUM
MOKPHTTSIM IiAKJIaJUHKU-CKIIA B ITHPOKOMY CIIEKTPAIBHOMY
JianasoHi Opy MajiHHi cBiTaa mig kyrom Oo=45° (puc. 1).
[licnst mpoBeneHHs  OOYMCICHB IS S-TIOJSIpW3ALil
OTPUMAEMO ONTHYE MOKPUTTA, SKE Ma€ HACTYIHY
CTPYKTYpy: mepimmii map TtoBumuHOW 0:1=191,6 HM 3
marepuany Al,Os, mokasHuk 3amomiieHHs sikoro Ni=1,62,
Jpyruii map HamamoeTbes: 3 Matepiamy NasAlFg, skuii mae
MOKa3HHUK 3ajoMieHHs N;=1,35 i reoMeTpuyHa TOBIIMHA
fioro cranoButh 0,=140,1 um. 3HaueHue HiMLOBOT (YHKII
(1) pisee 0,957 (puc. 2). Ilpuuomy mpu A=218 um
OTPUMAEMO  MAaKCHMyM  KOe(illieHTa  IpOITyCKaHHSI
Tm=0,993, a mpm A=348HM oTpuMaemMo MiHIMyM
Koe(iIierTa IpomycKaHHs T max=0,859.

O(4.4,)=0,998

p-IONApH3ania

Puc. 2. ClIpoeKTOBaHi IBOIIAPOBI ONITHYHI HOKPUTTS JUIsl IIPOCBITIICHHS M AK/IaIHHKH-CKJIA IPH NadiHHI CBiT/Ia mix KyToM Oo=45°

Jlns p-mossipu3aniii Mpy MajeHHI CBITJAa ONTHMAIIBHOO
BUSIBIJIACH HACTYITHA JIBOIIAPOBA ONTHYHA CTPYKTypa (pHC.
2). dns mepmioro mapy B3sto matepian SiOp, sikuit mae
MOKa3HUK 3aJoMJIeHHA N1=1,43 Ta HaHOCHUTHCS IUTIBKA 3
reOMETPUYHOI0 TOBIMHOIO (h=62,4 HM, apyruil miap
HamwoeThest 3 Marepiany NasAlFs 3 mokasHukom
3ayoMiteHHs Np=1,35 i MOBUHEH MAaTH T€OMETPHYHY TOBIIH-
ny 0,=94,4 um. 3HauenHs 1iboBo1 (yHkiii (1) piBae 0,998.
IMpugomy mpu  A=618 HM  oTpuUMaeMO  MakCHUMyM
koediienra npomyckaHHs Tm=0,999, a npu A=200 H™m
OTPUMAEMO MiHIMYM Koe(]illieHTa TPOMYCKAHHS T max
=0,993. I3 pucyHky 1 BUIHO, 110 HA BCOMY CHEKTPAILHOMY
JiarnazoHi  Koe(illieHT — TPOMYCKAaHHS  CIPOEKTOBAHHX
MOKPUTTIB Mae OUIbLII 3HAYEHHS JUIsl P-TIOJsIpU3allii, HiK
JUTSL S-TIOJISIPH3AILT.

Oyukmionan (1) it TBOMAPOBOi CTPYKTYPH TIPH TAAIHHI
CBiT/A Mij KyToM Op=55°, Malouu NpaBy IPaHUIIO B MEKAX
850 mo 1200 HM mpw S-ToIAPU3ALIT TSt ONITHMI3ALIil TTOKa-
3y€ NPAaKTUYHO HE3MIHHMHA pe3yibTaT B OKOJI 3HAYCHHS
sHadeHHs (0,930. [Ipu p-monspuzarii Tak camMo 3HAYCHHS
(yHKIIOHATTy TPaKTHYHO HE 3MIHIOETHCS 1 TPUMAETHCS B
okomi 3HadeHHs 0,999. Ilpm mamiHHI CBiTIA M KyTOM
66=60° s mpaBux rpaHuI B Mexkax 850 1o 1200 aM pu
s-mosstpm3arti Bix 850 mo 1200 HM 3Ha4YeHHS (QyHKIIOHATY
MPaKTUYHO HE 3MIHIOETHCS 1 TPIMAETHCSA B OKOJI 3HAUCHHS
0,908, a npu p-nonsipuzariii 3Ha4eHHs QyHKIIOHATY TpUMa-
€ThCsI B OKOJi 3HaueHHs 0,997. BimMiTUMO Ba)<JMBUiT (QakT:
CIIPOEKTOBAHI J[BOIIAPOBI ONTHYHI HMOKPHUTTS IS TPOCBIT-
JICHHS TIJKJIAJUHKA-CKIIA MPU TAJiHHI CBITIA TiJ KyTOM
O0=45° noKa3yroTh TaKOX eEKTHBHI Pe3yJIbTaTH MPOCBIT-
JIeHHs i Ipu IafiHHi cBiTa mix Kytamu Gg=50"Ta Op=60°.

39
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Puc. 3. Kpusi koedimieHTiB POITy CKaHHS TPUILIAPOBOTO

N . — )
TIOKPUTTA NIPU TTaZIIHH1 CBITJIA M1 KYyTOM 90 — 45

Po3riisHEMO MOXKIMBOCTI TPOCBITJICHHS TPHIIAPOBUM
TIOKPUTTSIM TiJIKJI8/IMHKU-CKJIA B ITUPOKOMY CHIEKTPAILHOMY
Jianas3oHi Opy NajiHHI cBiTIa mix KkyroM ©Go=45° (puc. 3).
[Ticns mpoBeieHHsT 0OUNCITIOBATIBHOTO EKCIIEPHUMEHTY IS S-
noJIsipU3allii OTPUMAEMO ONTUYHE TOKPUTTS 3 HACTYITHOIO
crpykryporo: mepmmii  map — AlO3 3 MoKa3HHKOM
sasioMeHHs1 N1=1,7 Ta reomerpuuHoiO ToBINMHOW 01=175,1
HM, JpYrHil miap cKiagaTuMeThbes 3 Martepiany SiOp, skuid
Mae€ MOKa3HHK 3aJIOMJICHHs N>=1,43 Ta MOTpiOHO HANMWIUTH
IUIBKY 3 TeOMETpHYHOK ToBUMHOKW 0,=59,7 HM, Tpertiii
map HamwmoeTbest 3 Martepiany NasAlFs, skuit Mae nokas-



HUK 3a7oMIIeHHsI N3=1,35 Ta onTHMAanbHOIO JUIs HEOTO Oyie
reomerpuuna ToBiuHa 03=83,0 M. 3Ha4YeHHS IiIHOBOI
¢yukuii (1) pieee 0,959.  Ilpmuomy npu A=224 am

04,45 )= 0,959

L

L]

n=1,7

S-IOMAPHIa0LE
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OTPUMAEMO  MakCHMMyM  Koe(illieHTa  TpOIyCKaHHS
Tmex=0,991, a mnpu A=352HM oOTpUMaeMO MiHIMyM
KoediLieHTa nporyckaHHs Tmax =0,864.

4.4 )= 0997
o |

n={37

p-0ONAPH FAMiA

Puc. 4. CipoeKTOBaHi TPHIITAPOBi OTITHYHi TIOKPUTTS ISl TPOCBITIICHHS TTi TKJIa/IMHKH-CKIA TIPU MA/iHHI CBITIA i/ KyToM Og=450

Jnsa p-momspusamii, mpu TaAiHHI CBITJIA WX KyTOM
O0=45° Gyna crpoeKkTOBaHa HACTYIHA TPUIIAPOBA OITHYHA
ctpykTypa (puc. 4). Jlns mepimoro imapy B3ATO Matepian
PbTe 3 moka3uukoM 3amomiieHHs N1=1,57 Ta reOMETPHIHOO
TOBIIUHOIO (11=228,7 HM, I APYroro Iapy BUKOPUCTAEMO
Mmarepian SiO, 3 mokasHUKOM 3anomiieHHs Ny=1,43 Ta
reOMETPHYHOI0 TOBIMHOK 02=65,9, mis Tperboro mapy
Bukoprcraemo marepian NasAlFg, sikuii Mae MoKazHHK 3a-
nomneHHsS N3=1,35 Ta omTMManbHOIO I HBOTO Oyze
reoMeTpuHa ToBIKHA 03=82,6. 3HauCHHS HiITbOBOT (PyHKII
(1) piere 0.997. Ilpmuomy mpu A=249 HM oTpHUMaEeMo
MakcUMyM Koe(illieHTa mporryckaHHSI Tma=0,999, a mpu
A=393 HM oTpHMaeMO MiHIMYM Koe]ili€HTa TPOIyCKaHHS
Tmax =0,993. I3 pucysky 3 BHIHO, IO 5K 1 JUIs ABOLIAPOBOT
CTPYKTYpH JUIsI TPBOXILIAPOBOI CTPYKTYpH Ha BCHOMY
CIIEKTPAJIbHOMY ~ Jiamna3oHi  Koe(illieHT  NpoITyCKaHHs
CIIPOEKTOBAHUX IIOKPUTTIB Mae OUIbII 3HA4YEHHS IS S-
TOJISIpH3ALIT, HDK JUTs P-MOJISIpH3aLil.

PosrisiHemo moBeniHky dyHkmioHamy (1) st iHmmx
KyTiB nafinns. Jis kyta nagines Gp=50° npu 36ibIIeHH]
npaBoi rparumi A» Big 400 mo 600 HM I s-ToysIpU3anii
3HadeHHS (yHKIiOHaNa crmamae crpimkime Bix 0,987 mo
0,961, Hixx mpu 30uUTBIICHH] TIPaBOi TpaHuLi A> Big 600 mo
1200 am — Bix 0,961 no 0,948. Hdnst p-monspuzamii rpadik
(yHKITIOHANIA HAOIDKAETHCS 0 TPSAMOTL, 3HAYCHHS (PYHKI-
OHama TpHu 30UTbIIeHHI TpaBoi Tpanmii A» Bim 400 mo

1200 um cranosuts 0,999. Jns kyra ©Oo=55° mpu S-
noysgpu3anii  (PYHKIIOHAT TpH 301UTBIICHH] MPaBol TPaHUII
A2 Bix 400 no 600 M ctpimMko cmagae Bix 0,984 mo 0,950, a
mpu 30UTbIIeHH] TpaBoi rpanumi Ap Bim 600 mo 1200 HM
3HadeHH: (yHKIIOHANA crajae noButbHiNIe — Bix 0,950 no
0,933. s p-nonsipuzauii rpadix (yHKIioHana HaOImKa-
€TBCS JIO TPSIMOi TaK caMo, SIK 1 MpW MaJiHHI CBITJIA Mij
kytom Og=50° Ipu 36inbIenHi npasoi rpanuii A2 Big 400
no 1200 um 3HavyeHHs ¢yHkuioHany cranoButh 0,999. Ilpu
naiHHi ceiTia mix kyrom G=60° mpu s-monspuzanii PpyHx-
LioHas, mpy 30uTbIIeHHI npaBoi rpanuni A Big 400 mo 600
M, crazgae Bix 0,976 mo 0,932, a npu 30UIbIICHH] TIPaBOT
rpanuii A> Big 600 mo 1200 HM, 3HayeHHS (yHKI[IOHAIA
crnanae noBiabHime a0 0,911. Ipu p-nomspusaiii npocte-
KYEThCS CIaaHHs (YHKIIOHATA TPH 30UTBIICHHI MPaBol
rpanuii A2 Bim 400 mo 500 M Bix 0,999 mo 0,997 Bimmo-
BijiHO. [Ipu mopansuiomy 301IblIeHHI paBoi rpaHuLi Az 10
1200 u™M 3HauyeHHs ¢yHKLioHay cranae ao 0,996.

BucHoBku. CripoeKTOBaHI TPUIIAPOBI ONTHYHI TIOKPHUTTS
€ eexTHBHEM TSI TIPOCBITIICHHS TIiKJIAIMHKH-CKIIA TIPH
nafinHi cpitia mig kyramu Gp=50°, Gp=55°Ta O;=60°.

Po3paxoBaHi [mBOImIAapoBI Ta TPWINAPOBI  ONTHYHI
MOKPUTTS. MOXKHA pealli3yBaTd Ta BUKOPUCTOBYBAaTH Ha
TIPAKTHIL.
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Designing anti-reflective optical coatings for a wide spectral range at a different angle of light incidence

O. Mitsa, V. Petsko, N. Borkach, O. Kondrat, D. Soroka

Abstract. Two- and three-layers anti-reflective optical reducing the reflection of substrate with a refractive index of ns = 1.51 were designed
for the incident light angle variation on the wide spectral range for s- and p-polarizations. The method of multidimensional search r-

algorithm is used for calculations.

Keywords: r-algorithm, optical anti-reflection coatings, optimization, light incidence at an angle.
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Abstract. A multi-point in time problem for a parabolic equation with power singularities of arbitrary order in coefficients for time
and spatial variables is considered. The existence and uniqueness of the solutions of the problem in the Holder spaces with degree

weight are established.
Keywords: degeneration, impulse action, apriori estimation.

Introduction. Nonlocal multi-point in time problem ap-
plies to nonlocal boundary value problems for partial dif-
ferential equations whose theory is developed intensively
since the seventies of the last century. The study of such
problems is conditioned by many applications in the fields
of mechanics, physics, chemistry, biology, ecology and
other natural sciences, that arise in mathematical modeling
of various processes [1, 2, 3].

At present, the theory of equations with degenerations
and singularities is extensive field of mathematical
knowledge with many areas of scientific research. It takes
an important place in the theory of partial differential equa-
tions, as at the expense of many analytical results, and
thanks to numerous applications in various sections of
mathematics and physics [4, 5].

This article suggests an algorithm for solving the non-
local multi-point in time problem for the parabolic second-
order equation with degree singularities and degenerations
in coefficients by time and spatial of variables arbitrary or-
der for some set of points. The existence and uniqueness of
a solution of the problem is proved in Holder spaces with
degree weight.

Previous data. In paper [6] for a second-order parabolic
equation problem with oblique derivative and impulse
influence was reviewed. In paper [7], the problem of
optimal control of a system described by the oblique
derivativeproblem and the integral condition for a time
variable for a second order parabolic equationwith power
singularities in the equation and boundary condition
coefficients is investigated. The coefficients of the
equation and the boundary condition have power
singulation arbitary order in the time space variables on
some set of points. With the help of modified methods
developed in the study of boundary-value problems
forparabolic equations with smooth coefficients, a priori
estimates, the existence and uniquenessof the solution of a
nonlocal parabolic boundary-value problem with
degeneracy was established.

This article is a continuation of research for nonlocal
parabolic equations with degeneracy.

Problem statement. Let n, t,, §;, ...ty Ty

be fixed positive numbers, 0<t,<t <...<t,,
ty <n<tyg. N#L, Ae{l,2,...,N}, let Q be

some bounded domain, Q—R"™™, dimQ<n-1.
Let us denote

gy ={t.x) 1telty, ty ), xe QFU{(t,x) it =n,

x e R"\ Q}. In the domain IT = [ty ty. ) x R™ we
consider a problem of finding the function u(t,X),
which, for (t, X) ¢ IT o) satisfies the equation

(Lu)(t, x) z[at - EH;AH (t.X)0,,0, +

i,j=1

) ()9, + Ay (63 Ju(t ) = T (6.2, @
i=1

and condition for the time variable

N
Uty +0,%)+ 2 b (ut;. ) =o(x). (2
j=1
The power singularities of coefficients of the differential
equation (1) at the point P (t, X) € IT\IT, are character-

ized by functions Sl(Bi(l),t) and SZ(Bi(Z),X) ;

@ _
s (B®,t) =|t—mPi if
s, (B17,1) =1 if

t-m<1,
t-m[=1,

5,3 %) =p"" (%) if p(9<1 5, (BP,x)=1
if p(x)>1, p(x):in(fl|x—z|, BM & (~o0,00)

ve{l2} B = (BM,...,p0") ,

B=p",p?).

Let’s denote by (Xl(l) ,...,Xi(l),..., Xr(11)) the coordi-

nates of the x® e R",

1 1 2 1
D xD X&) D

point
, Xr(ll)) are the coordinates
of the point xX?DeR", 7, a, q(l) ) q(z) , Y(l),
y(Z)’ H(jl), M(j2)
1>0, g >0, v >0, u(jv) >0, ae(0,1),
[1] isthe integer partof |.Let D be an arbitrary closed

ISCRn, Q:[toatNJrl)XD )

are real numbers, j €{0,1,...,n},

domain,
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Pl(t(l) X(l)) R(t(z) X(l)) H. (t(l) X(2))

) L 1 L I ) L
i1 e{l,2,...,n} are arbitrary points of the domain Q,
Q c I =[ty, ty,1) xR", Qo =QN1Il).

Let’s define the functional space in which we study
problem (1), (2).

H' (v:B;0;Q) is set of functions u(t,X) of space
L, (IT) , which have continuous partial derivatives in
Q\Qgy of the form dJat, 2i+|r[<[1] and a finite

value of the norm

luiviBiaiQly = 2. uiviBiaiQllyyy +

2 j+Hr=l
+(U;7;B;0;Q),
where, e.g.,
lu;v:B;0;Qlly =(sup|u(R,)]) =u; 1]y,
P eQ

Ju7iB:0:Ql 4 = 30D | (0% + 217,495, (0 + 2172x)
P eQ

. n
x|ofolu(P)[[ Tsu(r (r® =), tW)x
i=1
XS, (rI (Y(Z) _ Bi(Z) ), X(l))],

U aQ)y = >, {i sup 7[Sl(q(1)+|y(1),t(2))><

2j4+rl=[1] Lv=1(P.H, )=Q
n
x5,(@® +2j32 [ Tsy (rp2 1), (5 =B, ) x

i=1
-{1}
X

x5, (<{1I1BD 1) 5, ({1 3y - @, 1)) x® - x? |
x|otu(R) - 8jatu(H,)

1+

e f[sﬂq‘l’ +179,6)5,(g® + (1| r Py? x@)x
(P.R)=Q

n
= {172}
x [ [s:(=B®, D) s,(1 (v? B xO))t® @[T
1]

x| 836;u(R)—aJa;u(p1)|]}.
Marked here:
s,(a.f) =min(s (a.tV), s,(a,t®)),
5,(,%) = min(s,(a,x"), 5, (a,x?)),
0% =0%of .on

Let’s assume that the initial date of problems (1), (2)
satisfy the following conditions:

a) for the arbitrary vector &=(g,,...,&,) V(t,x) Il
the following inequality holds

mlgf< D) A5 B2.05 B0

i,j=1

2

xs, (B, )3, (BSP), )E.& <m, €%,

T, fixed

s (1,15, (1P, ) A € HE (v;B;0;TT) ,

[rl=r+..+r .

T, are positive  constants  and

511,15, (0 X) Ay e HE (;B;0:TT) |, Ay 20,
s (BP.1)s (B, 15, (B, x)5, (B, x) A €
e H*(v;B;0;Q)
(v)

Y™ = max{max (2+B™), max (uf —BSV)%“% '
ved{l2};

b) functions
@pe H**(7:B,0;R")

feH"(y:Bpe: 1)
bj(x)C*“(R")

N ~
b () [<hg <1, 7=(0,v?), p=(0,?).
j=1

Main results. Let’s formulate the main result of the
work.

Theorem 1. Let conditions a), b) be satisfied for prob-
lem (1), (2). Then there exists a unique solution of problem
(1), (2) in the space H 2**(y;B;0;I1) and the following
estimate is correct:

Jusv: B0, , <clf5viBino: T, +
oo, )=8. ©

To prove Theorem 1 we construct a sequence of
solutions of problems with smooth coefficients, the
boundary value of which is the solution of problem (1), (2).

Evaluation of solutions of problems with smooth

coefficients. Let I, =TIN

~{(t,x)ell: s, (L)>m ™t s, (L x) > m, '}, m=(m,,m,),

m >1, m,>1 be a sequence of domains that, for
m, =0, m, —>oo converges to IT\I1 .

In the domain IT we consider the problem of finding
the function u,(t,X) , that satisfies the

equation
n

(L, )(t,X) E[at - 281000, +

i,j=1

n
+ 228 (100, +89(60) Uy (0= T €2, @
i=1
and condition for the time variable

N
U (o +0, X) +ij (U (5, %) =@ (X).  (5)
j=1

Here, the coefficients a;;, a;, @, and functions f,

i ’
. O, for (t,x) eIy, coincide with A;, A;, A and
f,o respectively. For (t,x) eIT\I1,, the coefficients

a;, a;, @y, and functions f_, @ are continuous ex-

ij! i’

tensions of the coefficients A;, A;, A, and functions
f,
IT\IT,,, m=(m,m,).

Let us find the estimate of the solution to the problem

¢, from the domain II, into the domain
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@), (5). In the space C2**(IT) we introduce the norm ><|8t1'6;um(R)—836;um(Pl)|,
|Umsv:B; 0 TT]|, . which, for every m s equivalenttothe  d,(a,f) =min(d,(a,t®),d,(a,t®)),
Holder norm determined by the same way as d,(a, %) =min(d,(a X(l)) d,(a X(Z)))_
lu;v;B; 0 TT[, , but instead of the functions s,(BY 1)

O_y@|s&814 .0 _p0 ;@
and s,(B?,x) we take d,(BP,t) , d,(8?,x): It |XV Xy |_ 4 ndl(Y By tT)x
xd,(y® -B? %) =T, then

_g®
d, (B®,t) = max(s, BP,t),m ") it B >0 and
E, <26 % |upiviBiOiIIf,. (9
: IO <267 %|u_ ,
d, (B®,t) = min(s,(B®,t),m ") it p® <o;

- O _@]> & o ) 2y =
dz(Bi(z),x):max(sz(Bi(z),x),mz_Biz) if B >0 and [t -t |_16d1(2y Dda (27, x7) =T,

hen
(2) v\ _ mi (2) B2\ e a(2) t
d, (B ,x)_mnj(sz(Bi X),myt ) if B <O. E, <2 %||uy;v:B; 011, - (10)

For the solution of the problem (4), (5) we have a lving the i lation i lit
correct theorem. btApp ying the interpolation inequalities to (9), (10), we

Theorem 2. Let u,, be the classical solutions of prob- 0 alnE <.t B 0: .
lem (4), (5) in the domain IT and let conditions a), b) be 5 =& ||um,y,B, ’H”2+a +C(8)”um’H”0' (11)
satisfied. Then for u,,(t,x) the following estimate is true Let [x® —x@|<T,, and [t® -t@[<T,. We as-

N sume that d, (2y®,7) = d, (27", tW),
[up [< ¢ lon@=Y1b; )[R+ f;TT], |- (6)

m m é ! , i 1, d,(2y®, %) =d,(2y®,xD) , P xP)ell . In the
Inequality (6) is proved by the scheme of proving of domain IT we write problem (4), (5) in the form
Theorem 2.5 [8, p. 27]. B n @ o)

Theorem 3. If conditions a), b) are satisfied then for (Louy) = [5t __Z &j (t,x )axiaxj Jum =
the solution of the problem (4), (5) the following inequality )=l
is true: n @ .

Jum:7.B,011 ], <l fsviBings T, + = 2. [3 (t) —ay (7 xT)0,.0y U -
- i,j=1
JowiBoR'], ) @ :

Proof. Using the definition of the norm and _Zai (t’x)axium =8 (L, X)uy, + fr, (%) =

interpolation inequalities from [9, 10], we have = _F (i f 12
lum3 v B 0TI, , < (&%) (Ui viBi 0TI, + = Fin (6 XUg) + 1 (6), (12)
+c(e)uy: I, Up (o +0.X) =y, (t,X),  (13)
) . . N
where e is an _arbltrary real number, £€(0,1) Thisis | pare v, (1, %) :(pm(x)_zum(tj,x).
why it suffices to evaluate the half norm =1
(Up;v:B;0;IT), . From the definition of the half norm Let V., be a domain from T

it follows that, in I1 there exist the points B, R;, H,,, for V. ={(t,x) eTl, |t _t® < 8§T2 | X _x® <e,T,
€ ) 1 — l 1 1 — l

which one of the following inequalities is true . .
ie{L...,n}}. In problem (12), (13) we make the substi-

Ml )
5 lugiviBiom®@|  <E, 8e{lL2}  (8) ion Uy, (t,X) =V, (t, X) :
Where i y; =d; P, t)d, (B, xP)x.. As a result, we are ob-
E = z {Zdl((zJFO‘)Y(l)at(l)) x sessed
2j+rl=2v=l

n (Lvy)(ty) = [at - >d, (8P t9)d, (B, tM)
<[ Ty (-rB® D), (r, (v? =), 0)d, (-ap 1) x ij=1
i=1

B «d, (B2, xD)d, B?,xV)a. (t®,xDyo. o }v _
xd,(-a(y® =), Rx{P —xP [ x 2 2] i %% |¥m

x|afajuy, (B) —8fafu, (H,)], = '(:m(t,g;v,;)+ fm((t,y)), (14)
- V. (t,+0,y)=vy,(t,, V), (15)
Ey= 2 di(@+a)r® Ddy(@-Ir|+a)y® x®)x O oo
2 j+Hr=2 where y=(d1(—[31 it )dz(_Bl X )yl,---,
n . —al2 d (B tD)d, (B, xH) ).
XHdl(_riBi(l)'t)dz(n(y(Z)_ﬁi(Z))’X(Z))h(l)_t(Z)' Tk i (1)n &) n(1) @) @)y @
i=1 Let’s denote Yy;~ =d, (B;~,t"7)d, (B;”, X)X,
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1 2 1
W, ={ty)[t-tP|<el,, |y, - yO | < e, T, }
and take the triply differentiable function p(t,y) that sat-
isfies the conditions

1, (ty)eW,,, O0<p(ty)<l
0. (t.y)&Wsy,, [0/o%u[<c)
xd, (-2 jy® ,t®) x

n
[ Tdpry®,x®).
i=1

Then the function Z_(t,y) = u(t, y)v,,(t,y) isaso-
lution of the Cauchy problem

(LZy)(tY) = 30,0 ) (B 1)«

i,j=1

u(r,z) =

xdy (B x)d, (B xD)ay (€0 x V)
x[ﬁyi paijm +6yj pﬁyivm]+
n
+Vp, |: Zdl (Bi(l) ,t(l)) dl(B(jl) ,t(l)) d, (Bi(Z) ’ X(l)) %
ivj=1
xd, (B xP)ay (¥, x%)a, 0, - s

+ulFy + f]= R + iy, (16)
Z,({t+0,X) =y, (t, Vuto, ). A7)

On the basis of Theorem 5.1 from [8, p. 364], for the
solution of problem (16), (17) the following inequalities
are true:

ly® —y®[ " |ojayz,, t,yP) 8o}z, (. y?)|<

SR

Hrw 2oy 1getgy) = Bme (19)

—al2 j
[t 1@ |ajarz, @, y)-0)0Z,, (1?,y)|<

<¢B,,
2j+|r|=2.
Taking into account the properties of the function
u(t, y) we obtain

|F? + ufi, < 0,y (—(2+ o)y ™t @) x

C*(Ws/4)

xdy(—=(2+ )Y@ xB) (v, :7:0,0,Wy, |, +
Vi i Waya o + 1 Frni 710,27 Wayy [l ), (29)

W @)
v l2ee gu ety < Cada(=(+ )y 18

xdy(—(2+ )Y@, xD) |y i 7:0:0Wy [, (20)

Substituting (19), (20) into (18) and returning to the
variables (t,x), we obtain
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Es <y (| Fri v Bi2vi Vo[l + [ T 7o Bi2viVay [, +
U Vasally +[|Um:v.B; 0 Va4 ||, +

Avmitfosl, ) @
Given the interpolation inequalities and estimates of the

norm of each additive of the

expressions F,, w,,, we obtain the inequalities

Es < (&) (n+2)+&°n?)|uviB;0Vay [, +
+¢luy, ;V3,4||0+ Cs (|| frnsvsBitto:Vays ”a +

S NI AHOAYA I} 22)

where ) )
[ Bi0Vas |, < cllomi7BOR"

o [Umiv.Bi 0 Vaya [, )-
Using inequalities (6), (8), (11), (21), (22) and choosing
¢ and g, sufficiently small, we obtain

the estimate (7).
Theorem is proved.

Now let’s establish the existence of a solution to the
problem (4), (5).

Such a theorem is correct.

Theorem 3. If the conditions a), b) are satisfied then
the unique solution to the problem (4), (5) exists for which
the estimate (3) is valid.

The solution of the problem (4), (5) is constructed in
the form

U (6,) = [ Zn (& Xt EWg (tg, E)AE + 0o (£, %),
Rn

+
2+a

Where @ (t,X) is the solution of the Cauchy problem
(Llu)m)(LX) = fm(t1x)1 0‘)m(to +0, X) :(Pm(x), (23)

where Z_(t,X,7,&) is fundamental solution of the

problem (23). Satisfying the condition (5), we obtain

N
Un (t +0,3) + 0y (%) [ Zin (15, X,to, E)up (t9, )dE =
=1 R"

N
j=L

Given the restrictions on functions bj(x) by the

method of successive approximations the solution of the
integral equation (24) is constructed. Substituting it into
(23) we obtain the solution of the problem (4), (5) for
which the estimate (7) is valid.

Proof of Theorem 1. Because

s Binos T, < F5v:Bipo: ]|,

om:7:B:0:R"| <c|o;7;B;0:R"

then based on the estimate (7) for the solution of the
problem (4), (5) the following estimate is true

lum;viB;0:11],,  <B, (25)

the right-hand side of inequality does not depend on
m=(m;, m,) . Moreover, the sequences
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UPy={u,},

U ={d, (" .0, (@ -B{* . %0, up (1.3,
U1 ={dy 2y 0, (v B, )

xd, (1% =B )0, 0, up ()3,

U7 =1d,(2y",1)d, (2v® ) 0,u,,(t, %)}

are uniformly bounded and equicontinuous in the domain
Q . According to the Arzela theorem, there exist

subsequences {Uéqvk)}, uniformly convergent in Q to

UMY, ve{0,1,2,3}. Since Q is an arbitrary domain,
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QcII, then passing to the limit for my —oo ,
problem (4), (5), we find that

u(t, x) :U((,O) — is the unique solution to the problem (1),

mzk —> 0 in

(2), in the space H 2+o (v;B;0;IT) . Theorem is proved.

Conclusions. The necessary and sufficient conditions
for the existence of the unique solution of a multipoint
problem for parabolic equations with degeneration are es-
tablished. Estimates of derivatives
of the solution of the problem in the Holder spaces with
power weight are found. The order of the degree weight
depends on the power of the degree features of the coeffi-
cients of the equation.
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AdoTtanisi. CTaTTIO MPUCBSYEHO OKPEMUM IPOLIECaM aBTOMATH3ALil TUHAMIYHUX TeoiH(pOpPMAIiHHUX CHCTeM I 3ajad 3AiHCHEHHS
MOHITOPHHIY pPerioHaJbHUX pecypciB. B poOoTi mpencTaBieHoO aHami3 psAAy po3poOieHHX MPOAYKUIHHMX MPaBHI i3 3aCTOCYBAHHSAM
METOJy JiepeBa pillieHb. PO3MITHYTO 0COOMMBOCTI BUKOPUCTAHHS MapalieIbHUX OOYHCIEHb MiJ Yyac 0OPOOKM BENMMKUX MACHBIB JaHUX
iH(OpMaIIHAX CHUCTEM 3 BUKOPHCTAHHS Ta IUIaHyBaHHS TepuTopid. HaBeneHo cnoci6 mepenadi, 30epiraHHs Ta Bi3yajisalii MacuBiB
reonpoctopoBux ganux auHamivHoI I'IC y dopmati XML. 3anpornoHoBaHO Mifxi MO0 aBTOMATH3aLil JOKYMEHTOOOIrY pe3yibTaTiB
TIJIOTHOTO TIPOEKTYBAHHSI IIPH ONIPAIIOBaHHI FEONPOCTOPOBUX JAHHX.

Knrouosi cnosa: ounamiuna ceoingpopmayiiina cucmema, MOHIMOPUHE, PeLiOHAbHI pecypcu, NPOOYKYIUHI MOOe, 8i0MBOPEHHS Oa-

HUX, napanenvHi 004ucieHHs, 00KYMeHMoooie.

Beryn. 3i cTpIMKUM pO3BUTKOM TEXHOJIOTIH YCHILIHHMA
PO3BUTOK TOCIOIAPCHKOT MisIBHOCTI 3a0€3MeUy€eThCs 3a
JIONIOMOTOI0 po3ropTanHs iH(opmaniiHux cucrem (IC) Ta
3[IHCHEHHS] MOHITOPHHTY.

OmnpalrroBaHHsA BEIMKHX OOCATIB iH(pOpMaIi, 3MiHH Y
HOPMAaTHUBHOMY TIOJI, ONEPaTHBHE BHPILICHHSA ITOTOYHUX
3aB/laHb NMOTPEOYIOTH MIBUAKOTO NMPUHHATTS PIlICHb, Y3To-
JoKeHHs B quHaMini [1]. TakuM 9UHOM CTa€e akTyaJbHUM
HaJIeXXHE TPOEKTYBaHHS IOTY)XHOI iH(pacTpykTypn na-
HUX, 30UIbIIYyEThCS MOTpeba B PO3rOpTaHHI JAWHAMIYHUX
reoindopmaniiinux cucrem (JAI'IC) — iHTerpoBaHux cuc-
TEM T'eONPOCTOPOBUX JAHMX, SIKI 3[aTHI BiJpa3y TPaHCIIO-
BaTH 3MiHH Y KOPHUCHY iH(popMariito [2].

MOHITOPHUHT Yy 3aralbHOMY PO3YyMiHHI Iependadae cuc-
TeMy 30upaHHs, peecTpallii, 30epiraHHs Ta aHaji3y HeBe-
JIUKOI KUTHKOCTI KIIFOYOBUX O3HAK ab0 TMapaMeTpiB OIUCY
TIEBHOTO O0'€KTY /I BUHECEHHS CyIDKEHHS IpO HOTo I10-
BEJIIHKY Ta cTaH B miiomy [3].

MoHITOpUHT HEOOXITHUA TPH CHUCTEMAaTHIHOMY BiJIC-
TEXEHHI TaKUX PETIOHAJBHUX PECYPCiB, SK: BOJHI, CHEpre-
TUYHI, iH(OpPMaLiiiHi, 3eMeTbHI, KIIMaTHYHI, JIKyBaJbHI,
MiHepaJibHi, peKpealliiiHi, POCIMHHI Ta TBapuHHI. 3rigHo [4
— 5] npoBeneHHs MOHITOPHHIY pEriOHaJbHHX PpecypciB
3a0e31euy€eThCsl CTBOPEHHSIM BiZIKPUTOI AMHAMIYHOT iH(O-
pmaiiinoi cuctemu (IC), sika BimoOpakae cTaH PO3BUTKY
perioHiB Ykpaiuu Ta 3a0e3mnedye mpo3opicTh MpencTaBie-
HUX JaHHX.

B npoMy KOHTEKCTi BayKITUBEM € pO3BHTOK Takux IC, sk
kanactpu, ['IC ta 6a3u reonpocropoBux ganux (BI'T) [6],
3 SIKAMH TIOB'SI3aH1 JIep>KaBHI OOJIIKH, PEECTPH Ta CTATUCTHU-
YHi 3BITHOCTI.

CyuacHi auHamiuHi ['IC MICTSTh psii MOKa3HUKIB, IO
3MIHIOIOTBCSI B 9aci 32 CBOEIO CYTTIO, 200 3aKOHOAaBUO, Ta
iHpopmamig Tpo fAKi € HEemOBHOIO. PO3yMIiHHS NPHYNH
BIJICYTHOCTI YaCTHHU JAHUX € BKJIUBUM JUISi KOPEKTHOT
00pOOKHM BCHOTO MAacHBY JaHHX. SIKIIO 3HAYSHHS MTOBHICTIO
BIZICYTHI y BHIIQAKOBOMY IIOPS/AKY, BHOIpKa JaHWX, HMOBI-
pHO, IIE € PETNPE3EHTATUBHOO I HACEeNeHHsS. 3a iHIINX
00CTaBHH aHaJi3 MOXKE OyTH yIepePKeHUM.

PiBeHp posropraHHs, jeramizanii iH(opMariiHOTO
npeacTapieHHs B auHamidHUX [1C 3aiexurts Bijg BEUMOT
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LJILOBOTO KOPHCTYBaya, MaciTady OXOIUICHHS TEPUTOPIH,
sIKOCTI 310paHoi iHpopManii Tomo. OYeBHIHUM € TOIIYK
MiHiMi3aLil pecypcHUX BUTPAT Julsl 3a0e3MeueHHs IBUAKO-
rO IPUUAHATTS PillleHb LIOAO NUTaHb IPOCKTYBAHHS, ILIa-
HYBaHHS1, OHOBJICHH Ta NIPEIICTABICHHS PE3yJIbTATIB.

3 umHOM 4acy iH(opMarris, ska MiCTUTBCS Y BHXiTHHX
JIAHHX 3BITIB, YCKJIAIHIOETHCS Ta 30LIBIIYEThCS B 00’ €Max.
TakoX 3MIHIOETBCS YSBJICHHS IIOAO JPYKOBAHOIO JOKY-
MEHTa, OCKUTBKH BiH MOXKEC MICTHTH TaKi KOMIIOHCHTH, SK
rpadiky, 300pakeHHs], CKJIaJHI PO3paxyHKH, Jiarpamu Ta
0araTo iHIIOTO.

Otxe, B rpolieci OOy JOBH MOHITOPHHTY PEriOHaIbHUX
pecypCiB BUHUKAE Psiji MPOOJIeM, SIKi 3aBayKarOTh HAJICHKHO-
My npoektyBanH0 JII'IC: HEOAHOPIIHICTh JAHKX B IFOUHX
IC; nmy6mroBaHHs Ta KOHQIIIKTHICTH 1H(pOpMaIii B peecTpax
Ta CHCTEMaX SIK y NAIICPOBOMY TaK i B eJICKTPOHHOMY BH-
TJISIIL; BIICYTHICTB IESIKUX BiIoMOCTel B perioHanbHuX IC;
CKIIAJHOLII BUKOPHCTAHHS 3HAYHUX MACHBIB apXiBHUX
MaTepiaiiB; HOBi BUMOTH JI0 3MICTy €IEKTPOHHUX JOKyMe-
HTIB TIPO OKPEMi T€ONPOCTOPOBI 00’€KTH IPH MEPEXOi Ha
€BPOIICIChKI CTAaHTAPTH BEICHHA OaHKY Treorpadiqaol
iHdopmalii; OLIBIIICTE NPOEKTHUX PILIEHb B TEMaTHYHUX
IC noci peanizytotscs 6e3 ypaxyBaHHs. MaiHOBOI CTPYKTY-
pu3aii Teputopii; icHye noTpeda y BiIKPUTOCTI Ta akTya-
JIBHOCTI BIZIOMOCTE# Mpo MaifHOBI 00’€KTH; 3MiHU B ajMi-
HICTPaTUBHO-TEPUTOPIATLHOMY yCTPOI.

Bunrkae HeOOXiqHICTh y PO3POOJICHHI HOBHX ITiIXO/IIB
mobynoBu ['IC perionansHuX pecypciB. Taka TeXHOMOTIS
Mae nependayaTH J1Ba BUIAIKH, sIKi CTOCYIOTHCS:

e 00poOKkK 3HAYHOTO 00’€My B)KE HAKONUYCHHUX 3a
MUHYJII POKU JaHUX B iHPOpMaNifHNX CUCTEMaX;

e 100yJ0BH CHCTEMH, 10 peajl3ye Mmpouexypy Bilr-
BOPEHHSI TPOMYIICHUX JAHUX 13 3aCTOCYBaHHSIM HPOIYK-
LiitHO1 MozeNi Ta mapajebHUX O0YHCIeHb i 9ac 00po0-
KM BEJIMKMX MAaCHBIB JIAHUX.

Koportkuii orasan myoaikaniii. st 3nitficnenss edek-
THBHOTO BHKOPHCTAaHHS Ta IUIaHYBaHHS pPEriOHAIbHUX
pecypciB icHye Oararo iH(GOpPMAIHAX 1 TEXHOJOTIYHUX
HAMPsIMIB, SIKi PO3IIISIHYTI Y TOCHiKeHHi [7].

VY pob6oTi [8] 3anporioHOBaHO BCTAHOBIIOBATH MOPSIIOK
indopmariiiHoi B3aemonii Mix IC 1 BUKIIOUEHHS 11y0-
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JIFOFOYHMX TIPOIIECIB.

VY poboti [9] nepmioimomocti IC HUKYOrO MOPSIKY
NPEJICTaBISIOTECS SIK TIOCHIAHHS 4Yepe3 K04l B YCIX iH-
mmx [C Bumoro nopsaxy. PosrisHyTo Meron yHidikanii 3
paHXyBaHHSM, 1110 CTBOPIOE Oaszuc Juist (POpMyBaHHS HOBOT
kBamiikoBanoi crpykrypu nuHamignoi I'IC Ta BI'l. Ta-
KAH TiAXig Bee e He yOesmedye Bi MPONyIIeHUX JaHHX,
aye BU3HAYCHI paHTH IiJICUCTEM JO3BOJISTH PO3POOIATH B
MOJATBIIOMY YiTKi HOPMATHBHO-TIPABOBI TIpaBMiIa IIOMO
BIATBOPEHHS TaKMX JAaHUX B IpoIieci iHPopMaIliifHOi B3ae-
MoOIiI.

[Ipu omparroBanni iHdopmarii perioHanbHux IC MOXK-
JIMBI BUIAJIKH MPOIYIIEHUX AaHUX abo «missing datay, mo
B JIep>kaBHOMY KomiIUtekci cranaapTiB [10] BusHauaeThCs,
SIK 3HAQYEHHs], 10 HE € TOTOBUMH ISl NOCTavyallbHUKA Jla-
HuX. JlaHi yacTo BiCYTHI 3arajioM abo MICTSTh MOMUIIKH.
L1i popmu HeBHU3HAUEHOCTI JTaHUX MAOTh PI3HUH BIUIUB Ha
OOTpYHTOBaHICTh BHCHOBKIB B JIOCTI/DKEHHSX: BiICYTHI
MIOBHICTIO BUITAJKOBUM YHHOM, BiJICYTHI BHIIQJKOBO 1 Bif-
cyTHI He BUnaakoBo [11]. Jlesiki mpomyieHi qaHi KOHIen-
TyalbHO 1 THMYacoBO B po0OoTi [12] mpormoHyeThes 3ami-
HIOBATH BiZIOMHMH 3HAYCHHSIMHU.

B nmocnimkenni [13] Haromoriyethes, M0 MapKyBaHHS
MPOMYIICHAX JaHWX Ha OCHOBI BajiJallii Joromarae BU-
3HAYMTH TMPOIMYILIEH] BIJOMOCTI PO 00’€KTH Uil KOPHTY-
BaHHS. ABTOpY NPOAEMOHCTPYBAI METO/H sl BUPILICH-
HS TaKWX 3aBlaHb, II0 JO3BOJSIOTH BU3HAYUTH OOCATH
MOMMJIOK Ta CIIOCOOH TX BUIIPABIICHHSL.

VY pob6ori [14] BU3HAueHI mepeBaru Ta HEIOJIKH BHKO-
HaHHS JHIHHAX Ta NapajJelbHUX AITOPUTMIB OOpPOOKH
nmaanx. OmHak, mapanenbHi oOuncieHHs B IC e akryaib-
HUMH TIpU 3[IiHCHEHHI orepalliii Hajg (QYHKISIMH BiITBO-
PEHHS IPOTYIIEHUX JaHHX.

B crarti [15] po3rismaroTeCs CriemiajibHi IpOrpaMHi
KOMIIOHEHTH 10 JO03BOJIIFOTH aBTOMAaTH3yBaTH MPOLEC
CTBOpPCHHS JIOKYMCHTIB Ha OCHOBI IIPOCTOPOBHX Ta OIEpa-
LIMHUX JaHUX.

Meta po6Gotu. [To0y0Ba METOLy BHUpIIICHHS MPoOe-
MH HEBHU3HAYCHOCTI Ta OHOBJCHHS BiIOMOCTEH, 0OpPOOKH
BEJIMKMX MAacHBIB JaHUX 1H(GOPMAliHHUX CHCTEM IUIaHy-
BaHHA Ta BHKOPUCTAHHA TEPUTOpPid mpu (HOpMyBaHHI,
BIJIHOBJICHHI Ta BHUKOPHCTaHHI IeONpPOCTOPOBHX NAHHUX Y
331a9aX MOHITOPHHIY PETIOHATBHHUX PECypciB, IIO 3aCHO-
BaHWI Ha MPOAYKILiHHIH MOJaHHS TaHUX.

Pe3yabTaTH Ta ix 00roBopeHHs. 3TiHO PE3yIBTATIB
MOMEPEAHIX JOCIiKeHb YHiI(iKOBaHHMH CKIaJa BiJOMOCTEMH
JI03BOJIIE MOOYyBaTH HOPMATHBHO MPUIHSATHI CKJIAIOBI
migcucteM (kimacu, fomen) [7].

YTBopeHi cTpykTypHi 3B’a3ku B BI'J] y Takomy pa3i € Bi-
JIOOpaKEHHSIM T'€OMETPUYHO-TIPABOBHUX IIPABUII B CHUCTEMI
ruiaHyBaHHsA(pHC. 1).

Ha puc. 1 nokazano, sik npu GopMyBaHHI TPOCTOPOBUX
KJIaciB IeornpocTOpoBUX 00’ €KTIB ra30po3MOAiIbHOI Mepe-
xi yHidikosanoi IC mictoGyaisroro kagactpy (IC MKY)
3aCTOCOBYIOTBCSl JIaHI 3 HAsBHUX, paHille CHOpPMOBaHUX
Bitomocteit IC Tpancmopty, enepretuku Ta 3B'3ky (IC
TE3Y).

3nauna vactuHa (80%) iHdopMamii mpo HABKOIMIITHE
CepeNIOBUINE CIPUUMAETLCS JIIOMUHOK BizyasnbHO. CTBO-
PEHHS Bi3yalbHHUX 3aC00iB ONHUCY AAaHUX, IO 30€PiraroThCs
B TpaIUIIHUX TaOIMYHUX 0a3ax MaHUXE CTae MOKITMBUM
3a gonomoror popmaty XML. Taka cTpykTypa oprasiza-
i JaHUX aKTHBHO BUKOPUCTOBYETHCS B IC, MOB’A3aHMX 3

47

Science and Education a New Dimension. Natural and Technical Sciences, VI11(28), Issue: 233, 2020 July. www.seanewdim.com

TeonpoCTOPOM.

—

———

«FeatureType»
IC TE3U::Tpy6onposoau

Biacraub sla npoeklii
wpaituix nposoals A0
yacmH

6Gyavnds | cnopya

Blacraus slg
HaRGaMMOl

Blacranl sl kabemsHoi
wakanbawiao
Gyauis, cnopya |
nlazemHmux mepexm

[

'MOBHi NO3HaYeHHA
Riametp Tpy6m

— 108 MM

+ [Jiamerp 1pybu
+ |HOBKC NPU3HAYEHHA

e He pHoTl
mepexd

[

v

Atpubytu
rasopo3snog,inbyoi
Mepexi

NpU3HaYeHHn
rasonposogis

i IHAe Ko
|
|

— 76 MM

32 Mm

«FeatureType»
IC MKU::F'a3opo3noginbHi mepexi

+ Bigcrani 8ig kabenoHoi kaHanizayii 4o ByauHKIs, Cnopya i NiA3eMHUX Mepex
+ Bigctaub Big HANGAMKYOT NIA3EMHOI | HKEH ePHOT Mep exi
+ BigcTaHb Big NPOEKLii KPaWHiX NPOBOAIS A0 HAanBamKymnx 4acTuH ByauHkie i cnopyg

Puc. 1. HpI/I;LII/IH (I)Z)pMyB;lI;ﬁ;{ Kﬁacy F&Eposnouiandi Mepexi B
IC MKY

Buxopucranast XML yMOXIUBIIOE 4YacTKOBE OHOB-
JeHHs1 30epekeHuX naHuX. lle o3Hayae, mo mpu 3MiHi
OKpEeMHX BiZIOMOCTEH B 0a3i TaHUX HE 00OB'SI3KOBO MOBHIC-
TIO OHOBJIIOBATH CTPYKTypoBaHi nani. Kpim Toro, 3actocy-
BanHsi XML no3Bosisie cTaHnapTu3yBatu 0a3u reoJJaHux Ta
cucremMu oOMiHy iH(popMmariero (cepis cranmaptiB [SO
19100).

Jus toro mo6 moOymoBaHa Momenb auHamigHOl ['1C
Oylla HOPMATHBHO MPHUHHATHOO, MPOIYIICHI JaHi MPOIIo-
HYETBhCS KOPUTYBAaTH 3a JOTIOMOTOI0 MPOIYKIIHHOT Mozei
NPEJICTABJICHHS. 3HaHb Y BHIVIAJl NpPaBHI BUIY «SKILO
(ymoBa), To (ist)».

OCKIiJIbKY paHTH MiJICHCTEM HasBHUX BIIOMOCTEH BKa-
3YIOTh Ha TOCIIJOBHY 3aJICKHICTh OMHHMX IIJICHCTEM Bif
IHIIMX, XapakTep 3B’s3KiB MK MiJICUCTEMaMHU CTA€ OJHO3-
HayHuUM. TakuM urHOM, yHidikauis 3 paH)XyBaHHSIM yCY-
Ba€ OKpeMi HEIONIKH TPOAYKIIHHIX MOJCICH: HEsSCHICTH
BiITHOIIICHP TPABUIT; CKIIATHICTh OLIHKHU 3HAHB; CKIIATHICTh
MIEPEBIPKHA HECYTIEPEYHOCTI TPOAYKINHA; HeIeTepMiHOBa-
HICTB.

Ha mepuiomy etamni moOyIoBH MpOIyKIiHHOT MO BU-
3HAYAIOThCS iHQOpMaMiiiHi mapu (K1acH), sKi IMoB’sI3aHi 3
BIITBOPIOBAHUMH BiJJOMOCTSIMU. JIpyruii eTan CKiIaiaeThes
3 PO3POOKH CIIEHAPII0 Ta AITOPUTMY BiATBOPEHHS IPOILY-
LIEHHUX BIIOMOCTE#! 1110710 00’ €KTIB IOCITIIKEHHSI.

[MpuHnmn peamizarii mpoIyKIiiHOT MOJIETI Ta aJrOPUT-
MY BIITBOPEHHS BiJIOMOCTEH PO3IIITHEMO Ha JIBOX MPUKIIA-
Jax:

) BIIHOBIICHHS TIPOMYIIICHUX 3€MEIbHUX JUISHOK B KH-
TJIOBiH 30HI HACEIICHOTO MYHKTY;

0) OHOBJIICHHA 3HAYCHb AaTPUOYTIB TEOMPOCTOPOBHX
00’ekTiB Kiacy «J/lepeBa», SK TpeNCTaBHHKIB JIICOBUX
Haca/KeHb.

Indopmaniiini mapu (Knacu) XapakTepu3yloTh 3eMelbHI
JUITHKA Ta TIPEJCTaBHUKIB JICOBUX HAacaPKEHb (IepeBa).
Ha puc. 2 HaBeieHO ONUH i3 ClieHapiiB BIATBOPEHHS IPO-
MmymieHoi iHpopMariii, 3a SKAM BiIOMO, Ky caMe AUISHKY
MIPOIYIIEHO, 1 SIKOI0 Mae OyTW [IOMyCcTHMa HOpMaTHBHA
IJI0IIA B TAHOMY JKUTJIOBOMY MacuBi. [IporpamHua peasiza-
LISl AJITOPUTMY BiTBOPEHHS HPOIYIIEHUX JTaHNX BHKOHA-
Ha B cepenoBuui po3poOku Digitals [16] 3a momomororo
BOY/I0BaHOT MOBH IIPOTPaMyBaHHS CKPHIITIB.

BuxinHoto € iHpopMais, sIKy BiJIHOBJICHO 3a JIONOMO-
TOI0 AJITOPUTMY BiITBOPEHHS NPOMYLIEHUX AaHuX. [Hdop-
Malisi BUBOJHUTBCS HAa MOHITOp, a TakoX 30epiraeTbcst y
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¢aiini popmaty XML 3 3anmucom BiIoOMOCTEH NP0 BIiZJHOB-  JICHI 00’ €KTH.

Katanor koopgwunar || Hi
zemencHOl QinAHKK

eigcyTHin?
T
Tak *
Euzﬂf\éem-_lﬁ . Nowyk HaseHmx » Hi CymimHi zemensHi Beig karanory
ronoeHoi Bygisni e leg— e AINAHKW goCTYNHI? KoopaWHaT
KomnAekci cnopyp) Tak

BigomocTti npo

®acagHa cTopoHa <
s CYyMiMHHUKIE

AOMOBOAOAIHHA Tak - -
BUzZHaveHa? i eHi? Bigomocri npo
HOPMaTHEHY
Tak Hi Tak
naouy
Mowyk enemeHTiE Nobyaoea
= NOKPUTTA noniroHy
l Y QopmyBaHHA
i AeT GineHi Mnowa zemensHol | 1o Kondirypauis KOHTYpY 33
I Tak inAHKkM eignoeigac eBignoeigae NpUPOgHMMM Ta
YepeoHi ninii ] . > M noBnuz’ Al - Al A lg—{"PVPOA
pozpobneni? @ Bice synuyi icrye? PPP:aﬂBHi? Y ACNYCTHMHM TononorivHum WTY4HUMMK
Hopmam? npaeunam? pYb
o * I # i T Hi nobanzy
BuzHaveHHA NoBygosa sici ®opmyeaHHa yzbiue Ta Hi Kopurysanns
—HTEOPIIAc’PHﬁTa‘_ synuyi BERARIE a0 no Gyaoau > naowi zemenksHo] Bunpaenennsa
EERAOHUX ATHIH Aoporu AINAHKK TOMOAOTIHHUX
NOMHACK

Tak

Mepegaya 44 reHepayia
aTpyEUTHBHMX AaHKUX Ao
zemencHol AiNAHKKW

Puc. 2. CrieHapiii BinTBOpeHHsI IpOIyIIeHOT iH(opMaItii 171s Ki1acy «3eMelbHi TUITHKI (3a0apBieHi OJIOKHU BIAMOBIIAIOTE BiIOMOCTSAM
OKPEMHX MiJICHCTEM)

Takuii miAXin JO3BOJSAE BUIIPABISATH TPOMYIICHI AaHI  MOKyMeHTamu (puc. 3).
MOBHOIIIHHO a00 B MeXaxX, JO3BOJECHHX HOPMATUBHUMHU
-

Puc. 3. Bigyanizamis BigTBOpeHHs 3eMeNnbHUX MUITHOK y [13 «Digitals»

[MporpamHa pearnizaiisi TakoX BKJIOYA€E Bi3yalli3allito

MaCHBIB TEOIPOCTOPOBUX JaHUX Ha OCHOBI BH3HAYCHHS
oo . o .
TCOMETPHIHUX TPUMITHBIB 00’exTiB y (aini, mapameTpu- ST r——
3alii X 00’€KTIB Ta MOMIAPOBOI0 BUBEJCHHS Ha €KpaH. «fepesor[] «flepesan =
: : : _ Knac «Motik Ekzemnnaapie».
."AHaJ'IIS HasIBHOTO apCeHAITY 3300613. 06p061<.1/1 iHpOpMa Sunrymaral @"Loes! disde\root ik xmP)

il BH3HAYMB JIBa KOHIENTYAIbHO PI3HUX MIAXOMH JUIS

MPOEKTyBaHHs iH(popMamiifHOI cHCTeMH: JiHIHHI Ta mapa- s CrEETT

nesnbHi o0unciienHs. Ha yMKy aBTOpiB OLJIbII EPCIIEKTH- B SENEyESHHARapde

BHUM € TlapajiejibHa METOI0JIOTiss 00pOOKH MAaCHBIB JTaHUX, «p'um;'m""“

AKYy NIPEJCTaBICHO HIKIC. OTpMMATH 2MiHHY «3anuT» = y « flepeei» cepep, «flepes».
Jliis peanizaiiii mapajiesibHOro OOYKCICHHsSI 00paHO Me- AsParallel() ge «flonomixkHuk»

toj AsParallel() 6i6miorekn PLINQ MoBUM nporpamyBaHHs ¥ enucky 2actaplanx pepes 06upac koxHe AP

C#. . . Burnuk metogy «3anutr.AsParallel().Jna koxHoro
TakuMm yMHOM peali30BaHO HACTYIIHUHN AJITOPUTM: 3BC- («Odepeso» => «[JloNOMiMHWUK®.3aNOBHEHHA

PHEHH 10 0a3u TaHWX — BU3HAYCHHS MPEIMETY OMILTKU P e "aPa""“]Pa""“ Bix
. . 3acTapinvx gepee
Ta 0OpaHHS BiJIIOBITHOTO MpaBWIa — BU3HAUYCHHS METO.LY
00po0OKH (JiHilHMIA ab0 mapanensHuil) — cUcTeMa 3BepTa- rumunmernp‘y knac «lotik Exsemnnapis.

€ThCs JI0 AAep HPOIEcopa Ta BUKOHYE OOPOOKY 3rifHO 3“"‘“"[“'u'e\pf;::’)’:ﬁ:;"““' e

o0paHux (yHKIiH (IpaBWiI) — 3alKC PE3yNIbTATIB BiTHOB-

JIEHHS TAHUX.

Puc. 4. KonrentyanbHa cxema BiJTBOPEHHS IPOIYIICHUX JaHUX
Ha OCHOBI MapajiebHUX 00UNCIICHD
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KoHnenTyanapHy cxeMy BiATBOPEHHs NPOIYIIEHUX Ja-
HHX 3a JIONOMOTOI0 MPOYKIIHHOT MOJIeNl Ha OCHOBI napa-
JICTbHAX OOYUCIICHB, 3aCTOCOBAHY JJIs BIIHOBICHHS iH(O-
pmarii kiacy «JlepeBay», HafaHo Ha puc. 4.

Jist TOpiBHSHHS pe3yJIbTaTiB JIHIMHUX Ta MapaelbHUX
o0unciieHb 00paHO HEBEIHKE JIICOBE HACAHKEHHA 3 KIIbKi-
CTIO eK3eMIIIpiB Kiacy «epesa» y 3225 omguuunne. Bu-
KOPHCTOBYIOUH PO3POOJICHY MPOMYKIIHHY MOIETh aKTya-
mizamii BimomocTel, MoBoro C# peanizoBaHO JBa ITiAXOMH,
OIUH 3 SKUX OyB JOMOBHEHWH MapaJieIbHAM OOYHCIICH-
HAM. Y Tabn. 1 moka3aHO pe3yibTaTd BUKOHAHHS JIBOX
JITOPUTMIB BiITBOPEHHSI BTPAUCHUX JaHHUX BiIOBIJHO HA
OJTHOMY Ta YOTHPBOX HPOIECOpax.

Ta6auus 1. [lopiBHAHHS pe3ynbTaTiB 00pOOKH JaHHX Ha OJHOMY
Ta AEKUIBKOX IpOIIecopax

Jlinini TTapanenshi
Mopnens | IIpomecop |Pesynbrar|o0uucieHHs, | 00YMCICHHS,
CeK CeK

Lapt Intel(R 1 0,7811523 | 0,1090094

aptop | Intel(R) 2| 0,7700069 | 0,1168123
Toshiba| Core(TM) i5

- 3 0,7450330 | 0,1481569
Satellite | CPU M 460 @

L655 2 53GHz 4 0,7750003 | 0,1389646

5 0,7888944 | 0,1199223

Ha nopiBHsIHO He3Ha4Hil 3a piBHEM 3aBaHTA)KEHOCTI 3a-
navi (BiATBOPEHHS BiOMOCTEH €K3eMIULSIPIB OIHOTO JIICO-
BOTO MacHBY) pe3yJbTaTd IApaJIeIbHOTO OOYMCICHHS B
cepenHpOMy Oinbllie HiXK y 6 pa3iB mBUAIIC 3a JiHIAHI.
Sxmo BuKOHYBaTH 00pOOKY NaHWX JIICOBUX MAacHBIB BCi€l
obmacti abo KpaiHM 1 [OOJAaTH psI IHIIUX CKJIagHO-
CTPYKTYpPOBaHUX 3alMTIB IIOO BIATBOPEHHS BiIOMOCTEH,
TO 3aCTOCYBaHHS IapajelbHUX OOYMCIEHh MOXKHA BBaXKa-
TH LIIJTKOM BUTIPABIaHHUM.

KinrieBum eramoM moOyZ0BH MOHITOPUHIY PEriOHab-
HHUX pecypciB Micisl Bamifalii, BIATBOPEHHS MPOMYILEHUX
JIAHUX Ta Bi3yajizalii € CTBOPEHHs MPOEKTHOT, a00 3BITHOI,
JIOKYMEHTAIIi.

IMporuec po6oTH 31 3BiTaMK MOXKHA TPEJICTABUTH Y TaKii
MOCTIIOBHOCTI: BIIOPSAKYBAaHHS IpadigHOTO Ta HOPMATHB-
HOTO KOHTEHTY — OOpaHHsA MAOJIOHYy MOKyMEHTamii —
(dopMyBaHHS CTOPIHOK 3BiTy —TIONEPEOHIA IIeperisia
pe3yJsIbTaTiB — JIEMOHCTpALil POEKTHUX JOKyMEHTAIliH,
3BiTiB, IPE3CHTAIIIM.

[Iponiec oOpanHs mabaoHy JOKyMEHTAIlii B OCHOBHOMY
3aJIEKUTh BiJl TEMAaTHKH BIJOMOCTEH, IO HAIXOIATh, Ta
HOPMaTUBHOTO MIAIPYHTS (opMyBaHHs 3BiTy. JlaHi 0co0-
JIUBOCTI TPSAMO BIUIMBAIOTH HA JU3AMH CTOPIHOK Ia0I0HY
JIOKyMEHTA.

Just mpuknazy po3risiHEMO OJMH 3 0a30BUX KapTorpa-
¢iuaux marepianis IC «/lepiaBHuii 3eMeIbHAN KagacTpy»Y
— Ka/1acTpOBUI1 TUIaH 3eMeNbHOI NUITHKH. J{M3aifH CTOPiHKH
Ka/IacTpOBOTO IUTaHy Mae CBOi OOMEXEHHsS Ta NpaBHiIa
I110JI0 HAITOBHEHHsI KOHTEHTY. BimoBiqHO 10 BUMOT 111010
BMICTY JIOKyMEHTY pO3pOOJISIOTBCS CKJIaJoBi 00 €KTH
CTOpiHKH 3BiTY (pHC. 5).

s Toro, mo6 y Ko)KHOMY 00’€KTi CTOpiHKH BigoOpa-
JKaBCsI BiAMOBITHWN BMICT JaHUX, HEOOXIJHO MOTEPETHHO
BUKOHATH €Tall BIOPSIKYBaHHs IpadiuHOro Ta HOPMAaTHB-
HOT'O KOHTEHTY.
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Ockisnbku 30epirati Ta nepenasaru KoHteHT BI'JI me-
penbauaersest y XML-dopmari, To 1 st IC «lepxkaBHoro
3eMeNLHOrO KanacTpy»” HeoOXimHo chopMyBaTy HeOOXin-
HUI iana30H BiZIOMOCTEH Y HAJIC)KHOMY BUIJISIII.

KoxeH Takuii KOpTeX BiIOMOCTEH € pe3yJIbTaToM IHOC-
JigoBHOTO BrutydeHHs 3 BI'Jl HeoOXiqHUX TaHUX, SIKi TOTIM
TPAHCIIOPTYIOTHCS JI0 sApa TeHepaTopa 3BiTiB.

Jlns peadizariii 3aaa4i moOyA0BH 3BiTHOI iH(OpMAITii 3a-
CTOCOBaHO TporpaMHuii mpoaykt «FastReport» [17], 1o
sIBJIsIE cOOOFO TTOEHAHHS U3aliHepa Ta TeHepaTopa 3BiTiB.
Mae pizai MoxmuBocti g mwiatrgopm  WinForms,
ASP.NET i MVC Framework, cyMmicHHIi Ta 4YacTKOBO
IHTETpOBaHMI CBOIM (YHKI[IOHAIOM 3 KapTorpadidHuM
penaktopom «Digitalsy.

OB'EKT

"I'padigani noan"

&=
OB'€KT
OB'EKT "Omac mexx"
"¥moeHi mosHaueHna"
OB'EKT
OB'€KT "TabaHuA KOOPIHHAT, I0BAHH
"Posmmpena eKcILTiKaNia AIEETH, SHPESTIMIRE I3
yrigs" BHYTPIlIHIX KVTIE

OB'EKT
"3piTHocTi 3a doprranm Ne 11-3em un
12-3em, um 1 5-3enr, um 1 6-3em”

OB'EKT

"Iramn"

Puc. 5. Konnenrt HanoBHeHHs cTOpiHKH «KamacTpoBuii mnam»
IUTS TEXHIYHOT IOKyMEHTAIIIi 13 3eMJICYCTPOIO

BucHoBKH. 3arnpornoHOBaHO MPOLEAYPY BiJTBOPEHHS
npomnymieHnx AaHux B IC 3a 0MOMOro0 MPOXyKINHHOT
MOJIEJI 13 3aCTOCYBAHHSM MapaeIbHIX 00YHCIICHD MMif] Yac
00pOOKH BEIMKUX MACHBIB JaHUX.

3ampormoHoBaHo croci mepeaadi, Bizyalizarii Ta 30epi-
TaHHS BIOPSIKOBAaHHUX T'€OMPOCTOPOBHUX JIaHUX 3a JJOIIOMO-
roto XML-CTpyKTyp.

PesynpraTi Bisyamizamii y moeaHaHHI 3 HOPMATHBHUM
HaNOBHEHHSIM TOTOBI JUIA MOJAHHS JI0 OOTOBOPEHHS IPO-
Mmajoto. Taka NOKyMEHTalis MOXe OyTH MepCIeKTHBHUM
IUIAHOM PO3BUTKY 200 MPOEKTHUM DILIEHHSM JJIsl J0CHi-
JDKYBaHOI TEPUTODIi.

[MpencraBneHi NPOIECH MOXYTh CTATH CKIIAIOBOIO Me-
TOJ0JI0Ti1 TTOOYTOBH MOHITOPHHTY PETiOHAIBHIX PECYPCiB,
sIKa JI03BOJIUTh HOPMATHBHO CTBOPIOBATH BapiaHTH MOjie-
JIel TIepCTIEKTUBHOTO PO3BUTKY TEPUTOPIIL.
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Automation processes of dynamic geographic information systems in the tasks of regional resources monitoring

0. V. Zarytskyi, O. B. Kostenko, O. I. Chub

Abstract. The article is concerned with single automation processes of dynamic geographic information systems in the tasks of regional
resources monitoring. In the paper a review is given of the analysis of a number of the developed production rules with application of a
method of a tree of decisions. Features and parallel calculations during processing of large data sets of information systems on use and
planning of territories are considered. The method of transmission, storage and visualization of geospatial data arrays of dynamic GIS in
XML format is provided. An approach to the automation of document flow of the results of pilot design in the processing of geospatial

data is proposed.

Keywords: dynamic GIS, monitoring, regional resources, production models, data reproduction, parallel calculations, document

flow.
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Abstract. To define the features of the opioid effect on the morphological state of the hemocapillary channel of the common bile duct, a
study was performed on 24 adult white male rats, which were injected for 6 weeks with the opioid «Nalbuphine»..The method of elec-
tron microscopy has been used. The results of the study showed that the first changes of the hemocapillary ultrastructure of the common
bile duct wall developed after 2 weeks of nalbuphine administration to experimental animals, they increased during the following terms

of the experiment and had all characteristic signs of angiopathy.

Keywords: bile duct, capillaries, ultrastructure, opioid, experiment.

Introduction. The morphology of the bile ducts remains
one of the most current problems of modern medical sci-
ence, as evidenced by a large number of scientific literature
on the study of bile outflow paths under physiological
norms and in various pathological conditions [1, 2]. The
damage of the bile duct mucous membrane epithelium due
to autoimmune imbalance, viral or bacterial infection, toxic
substances or developmental abnormalities, leads to severe
structural changes in the liver, leading to high mortality [3].
Particular attention researchers focus on therapeutic and
surgical treatment of bile duct pathology [4]. The number
of bile duct surgeries has increased by 56% over the last 10
years (about 4,100 surgeries per year), with a postoperative
mortality rate of 2.1% [5]. The widespread use of narcotic
drugs in clinical practice to obtain analgesic and anti-
inflammatory effects requires a comprehensive morpholog-
ical study of the organ structural organization under the
influence of opioids [6].

A brief overview of publications on the topic. In re-
cent years, the importance of drug-induced lesions of the
liver and bile ducts has significantly increased [7]. Opioids
are used to obtain an analgesic effect in patients with acute
cholecystitis or acute cholangitis. [8]. Single studies are
devoted to the influence of opioids on the morphological
state of the digestive system organs [9, 10]. It has been
found that in cholestatic liver diseases, the concentration of
endogenous opioid peptides increases in the blood plasma,
which indicates a close functional relationship between the
hepatobiliary and opioid systems. It has been described the
rapid progressive destruction of the bile ducts associated
with the use of narcotic agents [11] and the effect of the
ketamine opioid on the bile ducts [12, 13]. Among non-
obstructive etiologies of bile duct dilation, the opioid con-
sumption predominates [14]. Opioids can cause an increase
in basal pressure and frequency of phase contractions in the
Oddi sphincter, which leads to the dilation of the bile ducts.
In patients without clinical symptoms, the normal level of
bilirubin and alkaline phosphatase, and without obstructive
factors, it is described the relationship between increased
bile duct diameter and opioid dependence. In professional
literature, there are more and more reports that the structur-
al changes of the organs, caused by the use of opioids, are
preceded by the reorganization of the vessels in the
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hemomicrocirculatory channel of these organs, characteris-
tic for microangiopathy [15]. We can predict the negative
effect of opioids on the hemomicrocirculatory channel of
the bile ducts. However, there are practically no studies on
the structural organization of the hemocapillary channel of
the bile duct walls under the conditions of opioid usage.

The aim of the study — to define the features of the ul-
trastructural organization of the hemocapillary channel in
the common bile duct under the conditions of nalbuphine
six-week administration in the experiment.

Materials and methods. The studies were performed
on 24 adult white male rats, aged 4.5-5.5 months and
weighing 180-200 g. Experimental animals were divided
into 3 series: in the first series (5 animals), it has been stud-
ied the ultrastructure of the hemocapillary channel in the
common bile duct after 2 weeks of nalbuphine administra-
tion, in 2" series of experiments (5 animals) at the ultrami-
croscopic level, the changes of the common bile duct mi-
crovessels were studied after 4 weeks of the experiment,
and in 3" series of experiments (5 animals), it has been
found restructuring of the hemocapillary channel in the
common bile duct in white rats after 6 weeks of nalbuphine
administration. 9 white rats, which were injected with sa-
line, were as control. Administration of nalbuphine was
performed intramuscularly according to the following
scheme: | week — 8 mg/kg, 1l week — 15 mg/kg, 111 week —
20 mg/kg,.1V week — 25 mg/kg, V week — 30 mg/kg,.VI
week — 35 mg/kg. The method of electron microscopy was
used in the study..Ultrathin sections of the common bile
duct were prepared on an ultramicrotome UZHTP-3 using
glass knives. The tapes of silver or light lemon color sec-
tions were selected for the study. The sections were con-
trasted first in a 2% solution of uranyl acetate and then lead
citrate..The study and photographing of the material were
performed using a microscope UEMV-100 K at an acceler-
ation voltage of 75 kV and magnifications on the micro-
scope screen of 1000-12000 x.

All animals were kept in the vivarium of Danylo Halyt-
sky Lviv National Medical University, the experiments
were conducted according to the provisions of the Europe-
an Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes (Stras-
bourg, 1986).
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Results and discussion. In electron microscopic exami-  tours, the small intussusceptions were observed..In the
nation of the hemocapillaries in the common bile duct of  lumen of microvessels, the accumulation of blood elements
white rats after 2 weeks of nalbuphine administration, it has  was observed; in the lumen of hemocapillaries, erythro-
been revealed that the microvessels mostly retained their  cytes also had an altered shape (image 4). The basement
usual structure, but in some cases, there were capillaries membrane is thickened and acquired a ,,blurred” and un-
with an enlarged lumen. The nuclei of single endothelial  clear shape.
cells lost their proper shape (image 1). The perinuclear
space was insignificantly enlarged. On the periphery, the
cytoplasm of some endothelial cells is dilated, others -
indurated in the form of a strip, and represented by a large
number of ribosomes, polysomes, and micropinocytic
vesicles. The basement membrane integrity preserved, but
in some areas, it is thickened and no clear outer contour.
The granular endoplasmic reticulum is sometimes repre-
sented by dilated tubules containing single ribosomes, the
Golgi complex - cisterns and a large number of bubbles
with light content. In the matrix of mitochondria in weak
electron density, the single dilated cristae are visible.

oy

Image 2. Hemocapillary of the common bile duct wall in white
rats after 4 weeks of nalbuphine administration. Electronic micro-
photography. The magnification: x8000.

Image 1. Hemocapillary of the common bile duct wall in white
rats after 2 weeks of nalbuphine administration. Electronic micro-
photography. The magnification: x4000.

After 4 weeks of nalbuphine administration, in the he-
mocapillaries of the common bile duct wall, there have
been found the significant changes — their wall thickened,
the endothelial cells are swelled, their cytoplasm contained
numerous mitochondria and free ribosomes. The nuclear
part of the cytoplasm protruded into the lumen of the he-
mocapillary (image 2). In the nucleus of endothelial cells,
the chromatin lumps are located on the periphery of the
nucleus. In some places, the apical plasmalemma protruded
into the lumen of the vessel and formed microvilli. The
endoplasmic granular endoplasmic reticulum is represented
by vacuoles, the Golgi complex contained dilated vesicles,
in the mitochondria, it is a sparse matrix and single cristae.

After 6 weeks of the experiment, the lumen of most ca-
pillaries had an incorrect shape, there was significant ede-
ma with a reduced electron density of the cytoplasm of the
endothelial cells (image 3). The contours of the nuclei are
unclear, have the elongated shape with homogeneous
chromatin, which was concentrated in lumps, located near
the nucleolemma, and the number of nuclear pores is
strongly decreased. The lumenal plasmalemma of endothe-
lial cells with weak electron density had a protrusion and,
in some places, formed microclasmatosis. Desmosomes = )Y :
between adjacent endothelial cells are destructured. The Image 4. Hemocapillary of the common bile duct wall in white

pericytes were characterized by unclear and uneven con-  rats after 6 weeks of nalbuphine administration. Electronic micro-
photography. The magnification: x4000.

Image 3. Hemocapillary of the common bile duct wall in white
rats after 6 weeks of nalbuphine administration. Electronic micro-
photography. The magnification: x4000.
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Conclusions. The first changes of the hemocapillary ul-
trastructure in the common bile duct wall developed after 2
weeks of nalbuphine administration to experimental ani-
mals and they increased during the following terms of the
experiment. In the conditions of 6-week nalbuphine admin-
istration, the main manifestations of microangiopathy of
the common bile duct wall were: edema of endotheliocytes,
the enlightenment of their cytoplasm, destructuring of the
mitochondrial apparatus, vacuolation of granular endo-
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plasmic reticulum, protrusion of endotheliocytes into the
lumen of capillaries, formation of cytoplasmic growths,
shape change, fragmentation of endotheliocyte nucleus,
formation of intussusception by nuclear membrane, con-
densed marginally placed chromatin, loosening, fragmenta-
tion of the basement membrane, change in the shape of the
hemocapillary lumen, adhesion of blood elements to the
wall of the microvessel.
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Abstract. The first signs of disruption of the ultramicroscopic structure of the tricuspid valve of the white rat heart were detected
after 2 weeks of experimental exposure to nalbuphin, which was manifested by changes in the thickness of the endothelial cell in its
various parts, a decrease in the number of microvilli on the surface of endothelial cells and swollen cells. In the course of the experi-
ment lasting 6 weeks, destructive changes increased, which led to the disorganization of the structure of the tricuspid heart valve of
the white rat. Changes in the shape and size of endothelial cells, their loss of contact with the destroyed and homogenized basement
membrane, the destruction of collagen and elastic fibers. The connective tissue exposed as a result of endothelial damage is infiltrat-

ed by blood lipids, indicating the onset of fatty degeneration.

Keywords: heart, tricuspid valve, opioid, nalbuphine, experiment, ultrastructural.

Introduction. Anesthesia is one of the most important
tasks in the work of a doctor, because pain is the main
cause of suffering and treatment of patients for medical
help [1]. According to WHO, about 90% of all diseases
are associated with pain, and patients with chronic pain
are five times more likely to seek medical treatment,
compared with the underlying disease [2]. The history of
medicine has long been associated with the use of opioids
as the main means of analgesia [14]. There is an increas-
ing trend in the world of opioid use, which contributes to
the improvement of somatic, visceral and neuropathic
pain [4]. However, it should be noted that doctors are
reluctant to prescribe opioids, except in cases of acute
pain (surgery, trauma, childbirth) or cancer patients, fear-
ing side effects, leaving a large number of patients with-
out real help, condemning them to suffering [3]. Opioids
improve the effectiveness of analgesia and the quality of
life of patients [5]. Not infrequently, the opioid arsenal
and physicians' knowledge was limited to the use of mor-
phine, which has long been the 'gold standard' [8]. How-
ever, the biggest problem with the use of morphine is the
lack of a 'boundary effect' and linear dose-response [9].
Nowadays, the opioid agonist-antagonist-nalbuphine is
widely popular [6,7]. The analgesic effect of nalbuphine
is not inferior to morphine and does not require special
control, unlike the latter [10,11]. Unfortunately, there are
no data on the influence of the opioid mean of nalbuphine
on cardiac function, namely ultramicroscopic changes of
the valve apparatus of the heart under the influence of
nalbuphine, some studies are observational and the avail-
able conclusions are insufficiently substantiated [12,13].

Aim. To establish the features of the ultrastructural or-
ganization of the tricuspid white rat heart valve with long-
term administration of opioid in the experiment.

Marepiaau i meroau The study was performed on 25
mature white male rats aged 3.0 months and body weight
160-180 g. The experimental group consisted of 20 ani-
mals to which Nalbuphine hydrochloride (Rusanpharma
LTD., India) was injected intramuscularly every day dur-
ing 6 weeks. Administration of nalbufin was conducted
intramuscularly as follows: | week — 8 mg/kg, 1l week —
15 mg/kg, 111 week — 20 mg/kg, 1V week — 25 mg/kg, V
week — 30 mg/kg, VI week — 35 mg/kg [15].The control
group consisted of 5 white rats to which saline solution
(Indar, Kyiv, Ukraine) was injected. The animals were
removed from the experiment in the second, fourth and
sixth weeks.
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All animals were kept in a vivarium within the Danylo
Halytsky Lviv National Medical University. The experi-
ments were conducted in compliance with the provisions
of the “Guide for the care and use of laboratory animals,
8th edition, 2018.” Euthanasia was performed by way of
overdosing intraperitoneal anesthesia using Thiopental
sodium (Kyivmedpreparat, Kyiv, Ukraine). The research
material was presented by ultrathin sections of the white
rat heart valve.

Electron microscopic study was conducted in compli-
ance with generally adopted methods. Electron micro-
scopic examination of the valve of white rats was per-
formed on a TEM-100 transmission electron microscope.
They were photographed using a SONY-19 digital cam-
era.

Results and Discussion. The first signs of disruption
of the ultramicroscopic structure of the white rat's tricus-
pid valve of the heart were detected after 2 weeks of ex-
perimental exposure to nalbuphine. There is a change in
the thickness of the endothelial cell in its various parts:
the nuclear zone containing the endothelial nucleus is
thinned, the number of openings (fenesters) increases in
the peripheral zone. The nucleus retains its elongated
(oval) shape. The number of microvilli on the surface of
the endothelial cell decreases. The endothelial cells are
still bound by tight contact contacts. The endothelium is
located on a relatively thick basement membrane, which
has a thin-fibril structure (image 1).

ot

Image. 1 Ultrathin section of endothelial cells at the base of the
white rat tricuspid valve with 2-week nalbuphine exposure in the
experiment. Electronic micrograph. ST: 8000.

1-oval endothelial cell nucleus; 2- thinning of the endothelial
cell nuclear envelope; 3-zone organelles; 4- reducing the num-
ber of microvilli on the surface of the endothelial cell; 5- endo-
thelial cell connection with the basement membrane.
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Dense unformed fibrous connective tissue is represent-
ed by thick tufts of collagen fibers, which are oriented in
different directions. Collagen fibers are swollen, their
divergence is lost, and homogenization of elastic fibers is
indicated, which indicates the onset of surface layers
loosening (image. 2). Fibroblasts retain the appearance of
large cells with processes. Smooth myocytes have a fusi-
form shape and the presence of seedlings on the surface.
They are enveloped by a thin basement membrane to
which collagen fibrils are attached.

A iR . 2 =R 3
Image 2 The connective tissue basis of the white rat tricuspid
valve of the heart in 2-week exposure to nalbuphine in the ex-
periment. Electronic micrograph. ST: 4000.
1- cross-sectioned tufts of collagen fibers; 2- longitudinal direc-
tion of collagen fibers; 3- swelling and homogenization of sur-
face layers of collagen fibers; 4- smooth myocyte.

In the long-term exposure to narcotic analgesics of
nalbuphine, there were destructive changes in the ultrami-
croscopic structure of the bicuspid white rat heart valve.
There was a decrease in size and change in the shape of
the endothelial cells, thinning of the peripheral sections of
endothelial cells, partial or complete destruction of their
plasmolema, appearance in the cytoplasm of vacuoles
with myelin-like structures, deformation of the nucleus
with thickening or destruction of nucleolema, as well as
the destruction or compaction and homogenization of the
basement membrane with which the endothelial cells lost
contact. The number of microvillis on the surface of the
endothelial cell decreases, or the tight closing contacts
between the endothelial cells are broken or destroyed
(image 3).

In places of desquamation of the endothelium, layers of
smooth myocytes with signs of increased synthetic activi-
ty were found, in the cytoplasm of which there were tu-
bules of the endoplasmic reticulum with numerous ribo-
somes, large mitochondria and polysomes. The cytoplasm
of other smooth myocytes contained single organelles,
vacuoles with fine material, and membrane structures that
formed myelin-like formations. The endomysium formed
between muscle cells, elastic and thin collagen fibers is
destroyed. There is a stratification of elastic fibers, micro-
fibrils swell and lose contact with glycoproteins.

The connective tissue, exposed as a result of endotheli-
al damage, is infiltrated by blood lipids. In response,
lipophages accumulate in the lesion sites, and fat deposits
accumulate in the intercellular space. The surface layers
are loosened: swelling, homogenization of collagen fibers
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and their merging into small foci, often fragmentation of
necrotized collagen beams, the latter becoming homoge-
neous and electron-dense (image 4). The fibroblasts are
not densely arranged, chaotic, and have an elongated
shape with two or three processes. The cytoplasm of cells
contained one large drop of fat, which displaced the nu-
cleus to the periphery directly to the cell membrane. This
indicated the beginning of the degeneration of the loose
fibrous connective tissue into adipose tissue.

Image 3. Ultrathin section of endothelial cells at the base of the
tricuspid white rat heart valve with long-term exposure to nal-
buphine in the experiment. Electronic micrograph. ST: 8000.

1- deformed nucleus with destroyed nucleolem; 2- change in the
shape of the endothelial cell nuclear envelope; 3- thinning of the
cytoplasm of endothelial cells; 4- reducing the number of mi-
crovillis on the surface of the endothelial cell; 5- homogeniza-
tion of the basement membrane; 6- inclusion of vacuoles with
myelin-like structures.

Image 4. The connective tissue base of the tricuspid white rat
heart valve with 6-week nalbuphine exposure in the experiment.
Electronic micrograph. ST: 4000.

1- loosening of the surface layers of collagen fibers; 2- fragmen-
tation of necrotized collagen beams; 3- stratification of elastic
fibers: swelling of myofibrils and loss of their connection with
glycoproteins; 4- a splash of fat;

Conclusions. Analyzing the results of the experimental
study of the ultramicroscopic structure of the tricuspid
white rat heart valve with long-term opioid exposure, we
can talk about the destructive changes of the main com-
ponents, which become noticeable from the 2nd week of
the experiment and lead to the gradual degeneration of the
valve apparatus into the fatty tissue closer to the 6th week
of the experiment.
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Introduction. Modern rates of development in any sphere
of activity require a person to constantly develop
personality, increase of competence and acquisition of
new skills and abilities. [1]. This also applies to scientific
activity because it is creative and intellectual, and requires
scientists to constantly develop, update knowledge and
skills [2]. Risks and conflicts may arise in the
implementation of scientific projects, in particular, it may
be related to behavioral factors [3]. In [4] the activity of
scientists and their real behavior, which may result in an
irrational component, was analyzed, possible causes of
their ineffective and unethical behavior are given.
Therefore, there is a need for further research on the
impact of risks and conflicts, taking into account
behavioral factors on the implementation of scientific
project.

Brief overview of publications on the topic. In most
cases, management decisions are made in conditions of
risk, uncertainty and conflict. Thus, the peculiarities of
the decision-making process, both private and public, in
these conditions are of great interest, in particular for
positive analysis in order to understand the behavior of
the decision-maker, and for regulatory analysis - to make
recommendations on features of business management or
policy decisions [5].

Analysis of decision-maker’s behavior in these
conditions includes an understanding of how he assesses
factors that affect the situation in respect of which it is
necessary to make a decision. These reasons include the
following: natural phenomena, political events, changes in
legislation, tax regulation, fluctuations in prices and
exchange rates, competition, fulfillment of contractual
obligations, personal preferences, etc. This study can be
useful in decision-making in scientific projects in
conditions of risk, uncertainty and conflict.

Classical economic theory considers human as a
rational being who makes decisions based on possible
risks, maximizing own benefits, and thinks mostly
logically and rationally [6]. But due to the rapid changes
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taking place in the world (the information revolution, as a
result, began the process of transition of society from
industrial to post-industrial, or information, which
accelerated globalization and internationalization), there
was a new view of the person who accepts decision.

In particular, a person mostly departs from rational and
clear thinking under the influence of such emotions as
fear, passion, hatred, which called into question the vision
of human as a completely rational being. In addition, this
view of the human essence through the prism of
psychology formed the foundation for the development of
a new science - behavioral economics, which is based on
economic and psychological sciences and provides an
opportunity to study errors or distortions in solving
business problems [6, 7]. These studies provide a basis for
taking into account the influence of behavioral economics
factors in management of scientific projects.

In [8] authors found that development of project
management systems, programs and project portfolios
depends on their environment. In particular, it is noted
that significant changes in the environment from "rational
economy" to "behavioral economy" require additional
research on the effectiveness of existing methodologies
application, knowledge systems and competencies of
project managers.

The foundation of environmental change lies in
changing the paradigm of decision-making in
management from rational to irrational paradigm. Modern
approaches to the formation of "behavioral economy", its
specifics in terms of decision-making processes in project
management and anomalies that affect these processes are
investigated. A content model of diagnostics of
application for models and methods of project
management in "behavioral economy" is given. The
patterns of project managers’ behavior in creating a
project product and project management are studied. Such
patterns allowed the authors to identify bottlenecks in the
application of modern project management methodologies
in a "behavioral economy". This study will be useful in
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the process of applying the principles of behavioral
economics in scientific projects.

Based on publications’ analysis, it can be concluded
that risks, uncertainty and conflict can have both negative
and positive effects on success of any project, including
scientific, so the factors of behavioral economics in the
management of scientific projects require more detailed
study.

Purpose. The purpose of this study is to identify
factors of behavioral economics in scientific projects and
determine their impact.

Materials and methods. The project management
standard [1] contains detailed key concepts, new trends,
considerations for adapting project management processes
and information on how to apply tools and methods in
project implementation. Project managers can use one or
more methodologies in the implementation of project
management processes listed in specified standard.
Project management views the decision maker as a
rational person, but in today's world, scientists are
increasingly paying attention to the study of irrational
human behavior, in particular acting in conditions of risk,
uncertainty and conflict.

Results and discussion. The study of behavioral
economics is based on experimental observations, various
types of research, surveys, testing, but recently
increasingly used econometric analysis of data collected
during field research [7, 9].

Fundamental in the theory of behavioral economics is
the rejection of the theory of traditional rational behavior
and analysis of the irrational component of economic
agents’ behavior. In order to understand how the economy
works and how to manage it effectively, it is necessary to
understand exactly how agents and market participants
think in the process of making various management
decisions.

But this requires understanding and studying the
irrational grain behind human feelings, thoughts, and
actions. Based on all the research conducted, behaviorists
conclude that people make all sorts of management
decisions that do not always correspond to the model of
rational choice.

Behaviorists  suggest that by analyzing the
psychological aspects of decision-making, it is possible to
predict behavioral errors that may be made by individuals
and analyze the impact of mental states of individuals on
their behavior in making important management decisions
[9].

In the theory of behavioral economics and behavioral
finance there are three main tools in the study and
analysis of behavioral economics [8]:

1) heuristics - people often make decisions based on
creative, unconscious thinking, which is not always
logically correct;

2) frame - people use the semantic framework to
understand and act in certain cases;

3) market inefficiency - market decision errors that
lead to various market anomalies, including incorrect
pricing, inefficient allocation of resources.

In [10] it is noted that the competency approach is
based on two concepts: a) competence - the area of
activity or function performed by the employee; 6)
competency - a description of the potential ability of the
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employee to carry out successful activities within certain
competencies.

In addition, the studies of domestic and foreign authors
provide many different typologies of competencies [11,
12], in particular, there are three levels in the structure of
competency:

a) integration competency — the ability to integrate
knowledge and skills and to use them in practice;

b) psychological competency, which is a developed
system of emotions, able to provide adequate perception
of the world around and practical behavior of people;

¢) competency in specific areas of activity, which is
expressed in the ability to work with people, overcome
uncertainty, implement plans, etc.

Modern development processes, which are based on
project management methodologies taking into account
the formation of breakthrough competencies, are
characterized by the following factors [10, 12]:

1) increasing the factor of dynamism and uncertainty;

2) change of lifestyles at all levels: global, social,
organizational, individual,

3) implementation of competence standards
education;

4) increasing the role of horizontal mobility of workers
during working life;

5) transformation of many professions,
globalization and accelerated demarcation;

6) strengthening the role and complicating the tasks of
personal development (“lifelong skills™);

7) decentralization of responsibility for the quality of
work;

8) the need for the employee to realize the high "value"
of the decision in a particular workplace;

9) the need for a correct assessment of the individual
contribution of a particular worker to the unique
production result, this is due to the specifics of single or
small-scale production at the enterprise;

10) inclusion personal qualities’ evaluation of the
employee’s work that provide motivation to increase
productivity;

11) high adaptability of the competency model in the
selection, motivation, evaluation and development of
employees.

Based on the above factors, we can conclude that
human behavior in any activity can lead to disruption of
the project’s implementation or to its timely and quality
completion, so in order to reduce the risk of irrational
human behavior, it is proposed to apply the principles of
behavioral economics in scientific projects [10, 12].

Behavioral economic theory considers that its main
task is to study the influence of various mental states of
individuals in making economic or managerial decisions
[7].

The most common conclusion reached by behavioral
economics is that people often understand and interpret
the situations they find themselves in, not as the standard
model of rational choice suggests. Behavioral economists
[7, 13] insist that behavioral errors made by individuals
are predictable.

In certain circumstances, even competent, functionally
successful people begin to act irrationally, against their
own long-term interests. Therefore, changing the
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situation, even in small details, can provoke a person to
completely different reactions and appropriate behavior.

Various deviations from the model of rational choice
can be conveniently divided into two major classes -
cognitive errors and defects of will.

However, most of these deviations can be
synchronously seen as a manifestation of intellectual
limitations and lack of self-control.

The most important psychological dysfunctions in the
field of human resources management in scientific
projects include the following (Fig. 1):

Epistemic self-confidence
Unproductive communications "-‘.‘ ;"‘
Scattering goals }-\ ""-‘.‘ "‘. [/ ,A{ DunningKrueger effect

Factors Of Behavioral
| Revaluation of finandal resources Ii Procrastination

Economics In
Excessive funding of tasks }—/

Emotional condition

I

Scientific Projects
Conflict of interests Mistakes of optimism and pessimism

’ ] cObjectivtys llusions

Fig. 1. Factors of behavioral economics in scientific projects

1. Epistemic self-confidence [14, 15] — reluctance to
admit that human knowledge is limited, in particular:
people overestimate their knowledge and underestimate
uncertainty, narrowing the range of possible uncertain
situations, so many people are prone to "tunnel" and
"narrow" thinking. In scientific projects, this behavior can
lead to the loss of leading positions in the development of
science.

2. «Anchoring» [15] — making managerial decisions on
the basis of the first received data, in particular, it is based
on a consciously or unconsciously established strong
conditioned-reflex connection. This may be the result of
making wrong decisions that will contribute to the
emergence of risky and conflict situations in the scientific
project.

3. Dunning-Krueger effect [15] — making wrong
decisions by incompetent people who are not able to
realize it because of too much confidence in their own
knowledge and competence. Due to the fact that most
scientific projects are implemented in conditions of risk,
uncertainty and conflict, such behavior may be grounds
for losing the opportunity to become the first in a new
direction of scientific research.

4. Procrastination [15] — postponing cases "for later”,
usually the most complex cases, which has negative
consequences - unfinished work in time and negative
destructive emotions - guilt, shame, anger. In a scientific
project, this can lead to untimely and low-quality
execution of existing projects, as well as the loss of new
orders.

5. Emotional condition [7, 13] — can have a great
influence on a person's choice, in particular: in
psychologically "hot" states, such as anger, fear,
admiration, excitement, etc., individuals are able to make
ill-considered decisions. On the contrary, in "cold" states -
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calm, composure, sober thinking, etc. - a person is able to
make informed decisions. Based on the characteristics of
scientific project, we can conclude that such behavior of
any of its stakeholders’ can lead to risks and conflicts.

6. Mistakes of optimism and pessimism [7, 13] — the
mistake of optimism makes people overconfident in
making decisions. Its essence - in underestimating the
likelihood of adverse events that can cause serious, often
irreparable harm to humans. There is the opposite mistake
- pessimism, which makes people the most insecure,
forcing them to exaggerate the likelihood of adverse
events. Any stakeholder of a scientific project in this state
can influence both negatively and positively, the decision
concerning the project.

7. «Objectivity’s illusion» [7, 13] — subconscious bias
is present in every person and very often it contradicts the
proclaimed values. Person, even on the basis of the best
motivations, in the decision-making process is influenced
by unconscious thoughts and feelings. This can lead to a
loss of future prospects for both: scientific project team
and the project itself.

8. Perfectionism [7, 13] — confidence in the possibility
of achieving the best result, the desire to bring each action
to excessively high results, scrupulousness, concentration
on mistakes, doubts about the quality of work tasks;
susceptibility to criticism, imbalance in self-esteem and
others. Such behavior in a scientific project can lead to
the loss of available resources (time, human and financial)
and project failure.

9. Conflict of interests [7, 13] — a situation in which the
employee's personal interest may influence the decision-
making process and cause damage to the interests of
society or company that is the employee’'s employer. Any
scientific project stakeholder is interested in the success
of the project, which can further improve its prospects,
but it can also harm the project itself due to the fact that at
any stage it may exceed the interests of the project.

10. Excessive funding of tasks [15] — making an
incorrect or ill-considered decision by any stakeholder of
the scientific project on the expenditure of available funds
for tasks that are not of strategic importance, but are
important for implementation, at the stage of current
work.

11. Revaluation of financial resources [15]
overestimation of the necessary resources by any
stakeholder of the scientific project of the request for
financing of each separate task of the project.

12. Scattering goals [15] — dragging or distracting
stakeholders’ attention in scientific project from the
strategic goals of the project.

13. Unproductive communications — inability of any
project stakeholder to find a common language with
others in the process of its planning and implementation.
Non-implementation of the communication plan in the
scientific project, which may contribute to the failure of
the project and the emergence of risks, uncertainty and
conflict.

14. Egocentrism — the focus of the project stakeholder
on own goals, aspirations and experiences; and the
inability as a result to perceive another person as a
different personality. Such behavior in a scientific project
can lead to risks, uncertainty and conflict, as well as loss



of resources (human, material, time), failure to perform
project work, etc.

Conclusions. According to the results of the study, the
factors of behavioral economics that may affect the
process of planning and implementation of a scientific
project were considered and analyzed, in particular, new
factors were added to the previously proposed ones:
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unproductive communications and egocentrism. Thus, we
can conclude that one of the main problems of behavioral
economics is the difficulty of building a model of optimal
behavior in terms of risk, uncertainty and conflict based
on the true utility function, ie interests and factors
influencing the scientific project for a particular person in
certain conditions.
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Amnoranist. HaBeneHo pe3ysbTaTi JOCIIKEHHS TOPUCTOI KepaMiKy Ha OCHOBI CHPOBHHH PI3HOTO TEHE3HCY SIK (paKIioOHOBAHOTO HAITOBHIO-
Bava. BigzHaueHO 0COOIMBOCTI XiMiKO-MiHEPAJIOTIYHOTO CKJIaJLy, GHEpTeTHYHOrO CTaHy IIOBEPXHI HAIIOBHIOBAUIB Ta IIOPOBOI CTPYKTYPH Ma-
Tepiay Mmicis MBUAKICHOTO BUMay. [loka3aHo MOMIIMBICTh BUKOPHUCTAHHS BIIXOIIB HEPYAHOI IPOMHCIIOBOCTI — BiJICIBIB IpaHITy 3aMiCTh

KEpaMiyHOT0 IAMOTY SIK (PaKTOpy pecypco30epekeHHsL.

Knrouoei cnosa: kepamixa nopucma, wamom, epanim, XiMiHuLl Cknao, ¢azosutl CKiao, ToQIbHICMb, GUNA, NOPUCTIICTTb.

Beryn. IMopucti GinbTpyBanbHi MaTepiaad Ta CUCTEMH 3a-
CTOCOBYIOTBCSI B PI3HUX 00JIACTSX HAYKH, TEXHIKH, TPOMHC-
JIOBOCTI, y CUTCBKOMY T'OCHOapCTBi, MeauIuHI. [Ipn ibomy
NPUIUIETHCS yBara ITiIBUIIEHHIO TOKa3HUKIB BIACTHBOCTEH
Ta eKCIUTyaTAIlIHOT HAIIITHOCTI IUITIXOM ONTHMI3aIlil TEXHO-
JIoTii BUPOOHUIITBA, OA30BUM EIIEMEHTOM SIKOi € BHXIiJHI CH-
POBUHHI MaTepiainm.

[pakTryHe PO3MOBCIOKEHHS B CUCTEMax (DUIbTPYBaHHS
Ta OYMIICHHS OTPUMAIM KepaMiuHi opucTi Bupodu [1-3]. B
3B’513Ky 3 MM BUKOHAHO PsI] PO3POOOK IO PO3IIHUPEHHIO aco-
PTHMEHTY BHPOOIB BIATIOBIAHO IO HATPSMKIB YMOB iX €KC-
ruyaTariii [4-7].

[Mopucty kepamiky ms GinbTpanii Ta aepanii OTpUMYIOTb
M0 TEXHOJIOTI], 110 0a3yeThCsl Ha PEryJIloBaHHI MapameTpiB
MOPUCTOCTI IIUIIXOM BUKOPHCTAHHSI IIAMOTY TIEBHOT'O IPaHy-
JIOMETPUYHOTO CKJI/ly Ta CHCLIaIbHUX 3B A3yI0urX. Bupoou
(hopMyIOTh METOIAMH HaIIBCYXOr0 IPecyBaHHs abo TpamOy-

OOpaHi Ju1s1 IOCTIPKEHHS MaTepiajin BiIPi3HA€THCS 3aCTO-
CYBaHHSIM BHXi/THOT CHPOBHHH PI3HOTO TIOXOJDKEHHS:
BIJICIBH TPAHITY € BiJIXOJI0M BUIOOYTKY Ta mepe-
POOKH IPUPOAHOTO KAMEHIO;
YaciBosipcbkuid mamot (poda Y1) € crienianb-
HHM TIPOIYKTOM BHUITATy BOTHETPHBKOI MNIMHU MiCLIEBOTO PO-
JIOBHILA HA MAaKCUMAaIbHY Temrepatypy 1320 °C.

JocmimkyBaHi BUXiZHI MaTepiajy CyTTEBO BilPi3HAIOTHCS
3a XIMIKO-MiHEpaJIOTi9YHIM CKJIaIOM Ta (Pi3UKO-XIMITHIMHI
BJIACTUBOCTSIMH.

3a xiMiyHIM cKI1agoM rpoba I BiCiBiB rpaHiTy 3HAYHO Bi-
JPI3HAETHCA Bifl YaciBOsPCHKOro Y1 1Mo BMICTY AIOKCHHY Kpe-
MHII0, OKCHJTy aJIIOMIHIIO MPU KUIBKICHOMY CITiBBIHOILICHHI
SiOz: Al,O (5,8 mpotu 1,8), Ginbiimm BMicToM FeOs, tykHO-
3eMeNIbHUX OKcHIB (5,27 mpotu 1,14 %), y>KHUX OKCHIIB
(7,86 mpotu 2,58 %) Ta 3a cymor0 RO+R20 (tabu. 1).

Tadauus 1. XiMigaMiA CKIaJl CHPOBUHHHUX MaTepiajiB

www.seanewdim.com

BaHHS, CyIIaTh Ta BUIIAIIOIOTH P MaKCUMaJIbHIH TeMIiepa- BuicT okcuis, Mac.%

Typi 1150-1200°C. TTpu tomy TexHonoriuni Butparu rermo- | KOAIPOOH 555 AT 5 T 5. 770, [ Ca0 [MgO[NazO] KeO | st
BOI €Heprii BU3HAYAIOTHCS HE JIUIIE BICOKOIO TEMITEPATyPOIO T 69,25 11,97 | 2,15 3511,76|2,65|521| 3,00
BUIIATY BUPOOIB, a i BAKOPUCTAHHAM KEPAMIYHOTO IAMOTY, 4l  |59.53[ 33.74 ] 1.10 |1.03]0.47]0.67]0.69]1.89]| 0.29

1110 € MPOAYKTOM BHIIAJTy INIMHUCTOI CHPOBUHH. OTXKe 3aMiHa
KepaMIiYHOTO IIaMOTy Ha BIJTOBIIHI 32 BJAaCTHBOCTSIMHU Ta
IPaHyJIOMETPII0 MPUPOJIHI Marepiaid, MoXe cTaTth (akTo-
poM pecypco30epekeHHs y BUPOOHMIITBI MOPUCTOI Kepa-
MiKH.

BuGip BUXiZHMX CHUPOBHHHMX MarepiayiB NoTpedye Ior-
JIOJICHHSI YSIBJICHD PO (Di3UKO-XIMIYHHIA CKJIa]] Ta BIIACTHBO-
cti. [Ipu 1poMy OKpiM XapaKTEpPHUCTHUK MOPUCTOCTI, IO BiJl-
HOCSITB IO OCHOBHHX (hakTOpiB (inbTparii Matepiaiy [8,9], 3
CyYaCHMX TO3MIIiH XiMil ITOBEepXHi Ta (i3HMIHOI XiMii CrITiKa-
TiB e()eKTUBHICTH BUKOPHUCTAHHS IIOPHCTOI KEPaMIiK{ Ma€ 3a-
JIEXKATH TAKOXK BiJl BIACTUBOCTEH MaTepiaiB, sIKi 3aCTOCOBY-
I0Th SIK HanoBHIOBaY [10], B TOMY YHCIIi BiJ] eHSPTETUIHOTO
CTaHy MOBEPXHi Ta MipH JiO(QUIBHOCTI.

Merta po6oTn. MeToto 1aHoi pobOTH CTajio BUBUEHHS MO-
JKJTHBOCTI 3aMiHHM B TEXHOJIOTT TOPUCTOI KEPAMIiKH €HEPTrOEM-
HOTO [IaMOTY Ha NMPUPOJHUI MaTepiai Ha OCHOBI KOMILIEKC-
HOTO aHali3y XiMIKO-MiHEpaJIOTiYHOrO CKIIaJly, BIACTHBOC-
TEeH MOBEPXHI Ta XapaKTEPUCTHK MOPUCTOCTI.

XapakrepucTuka 00’€KTiB Ta MeTOAIB J0CTiIzKeHHS.
OO0’eKTaMy JOCIIDKEHHS CTAIN MOPHCTI KepaMidHi BUpOOH
JUtst (DUTBTPYBAHHS, OUHIICHHS PIIMH 1 ra3iB, BATOTOBIICHI HA
OCHOBI PI3HOBH/1iB CHPOBHHHHUX MaTepiaJliB - BiJICIBH IPaHITy
TOB «OwmensHiBebkuit Kap’ep» (JKuromupcebka 00nacTs) i
mamoty [TAT «YaciBosipchkuii BOTHETPHUBKHMH KOMOIHAT»
([onenpka o0macTs).
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Pesynbratu pentreHoda3oBoro aHaiisy, MpoBEIEHOIO 3
BUKOpUCTaHHM TudpakTromerpy JPOH-3M, no3Bonmm Bu-
SIBUTH OCOOJHMBOCTI MiHEPAJIOTIYHOTO CKJIAAY MOCTIIKyBa-
HUX MatepianiB. O4eBHIHO, IO CTPYKTYPHI OCOOIMBOCTI J10-
CITIDKyBaHHUX TIPOO BU3HAYAIOTHCS BiIMIHHOCTSIMH KPHCTATI-
9yHUX (pa3, IX KUTbKICHOTO CIiBBITHOIICHHS Ta CTYTICHEM PO3-
BUTKY ckio(asu (puc. 1,2).

Taxk, mpo6a I BiZICIBIB IpaHITy XapaKTepu3yeThCsi PO3BHU-
HEHMMH KpUCTATIYHMMU (a3aMu KBaplly Ta pPi3HOBHIIIB
THOJILOBOT'O IIIATY, HASIBHICTIO OIOTHTY.

[Tpoba 4aciBOSpCHKOTO IIAMOTY 3HAYHO BiIPI3HSIOTHCS
BiJl BIJICIBIB IpaHITY HAsBHICTIO KpUCTATIYHHX (Da3 MyJiTy
3Al,032Si0, Ta kpHCTOGATITY, MEHIIIUM PO3BHTKOM CKIIO
¢azm.

Enepreruunmii ctan noBepxHi Ta JiogiibHicTh MaTe-
piajiB. 3 oriiiny Ha arperaTHHI CTaH MaTepiaiiB MpH QLUIBT-
parii B cuctemax raso- i BOZOOUMIIECHHS MOXKHO BHAUTHTH
JIBa THITH TIOBEPXOHb po3aity §as: eaz - meepde mino (I'-TB)
ma piduna - meéepoe mino (P-TB), B pomy 3B’s13Ky y moci-
JUKEHHSIX OyJI BUKOPHCTAaHI METOIH OLiHKY €HEePTeTHIHOTO
CTaHy TMOBEPXHi YaCTHHOK IaMOTY 110 3MOUYYBaHHIO IIPU Ha-
TikaxHi [11].

XapaKTepHOIO OCOOIMBICTIO BKa3aHOTO METOJTY € MOKITH-
BICTB OI[IHUTH OTHOYACHO CTYTIiHb 3MOYYBaHHS YaCTHHOK I10-
JISIPHAMH 1 HETIOJSIPHUMH PiAMHAMH (BLATIOBIAHO Boja i OeH-
3011), KoedilieHT GinpTpalii i MUToMy e()eKTHBHY ITOBEPXHIO.
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Puc. 2. Indpakrorpama npoou mamoty U1. [TosHadeHHs: V kBapiy, A KpUCTOOAIIT, + MyJIT

3a OTpUMAaHUMH EKCTICPUMEHTATFHUMA JaHUM (TaOlL. 2)
CTOCOBHO 3MOYYBaHH: Bojor0 mpoda I BifciBiB rpaHiTy Xa-
PaKTEpU3Y€ETHCS BBIYI MEHIIMM IOKa3HUKOM BH y mopis-
wsaHi 3 UI: 0,41 poTu 0,82.

Hemonsipanmu pimpHaMu (G€H30I1) TOCIIDKYBaHI MpooH
3MOYYIOTCA Tiplie, Hixk Bonoro. [Ipu ipoMy mpoda BiZCiBiB
IrpaHiTy Takox nocrtynaetbesst Ul 3a nokasnuxom Br'=0,36
npotu 0,43.

BiamoBizHo 3a 3HAYCHHSMH KOe(DilieHTY JHOGITBHOCTI
npoda BiciBiB rpaniTy nepepuinye Y1 — 0,88 mportu 0,52.

INokazuuku koedinieHTy GiTBTpalii MOIIPHUX 1 HEMOJI-
PHUX DPILAMH JUIS AOCHIDKYBaHUX HPOO CYTTEBO PI3HATHCS.
IMpu oMy npoba I BinciBiB rpaniTy nepesuurye U1 3a koe-
Qimienramu QinbTpaii no Boxi - 4,73-10° nporu 2,30 - 10
em-¢/r Ta o Gensony - 1,18 <10 mporu 0,72- 10 em3-c/r.

3a noka3HUKaMH e(heKTUBHOI MMUTOMOI MOBEPXHi MO BOAI
Ta 1o OeHzoiy mpoba I' BiCIBIB IpaHiTy 3HAYHO MOCTYIIA-
etbcs Yl, mo cTaHOBWTH BimmoBimgo 2,6 Ta 1,1 M¥T
npotull,l Ta 6,6 M.

IMopoBa cTpykTypa KepaMiku micjisi MBUAKICHOT0 BH-
naJy. [Ipu BUToTOBIEHHI 3pa3KiB MOPHUCTOI KEPaMiKi Ha
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OCHOBI IAMOTY JJOTPUMYBAJIICh TEXHOJIOTIYHOTO periame-
HTy iHCcTHTYTY «HUHCTpOoiikepaMikay 11010 TpaHyIoOMeTpii
HaroBHIOBa4a (Tab. 3) Ta ckiamgy Macu: 85 % mamory, 15
% 3B's13y1040T0 (piZKe CKIIO).

Taoauug 2. BracTiBOCTI MOBEPXHi MIAMOTY

. . | [Tutoma ede-
3MOYyBaHHS OPU HATIKAHHI CrHBHa VaosHii
Kon Koedirtient dinbrparii,
po6u K108 em3-c/r TIOBCPXHA, tgd
M2/T
BOJIA OCH30J1 BOJIA OCH30J1

r %% %‘% 2,56 1,08 0,013

qi 9 o 11,08 662 [0,030

3pa3Kku KepaMiku 111 BUIIpoOyBaHb JOpMyBalIH Ha Tijpa-
BIIIYHOMY IIPEC, CYILIHIN Ta BUIIAJIIOBAIH B IPOMHUCIIOBIH po-
JIMKOBIH Tevi 3a MIBUJIKICHUM PEXHUMOM: IPOTATOM 55 XBH-
JIMH MPY MaKCUMaIIbHI} Temneparypi 1125 °C.

Pesynbrati BUNpOOyBaHb CBifYaTh, IO BiIMOBIAHO IO
BKa3aHUX BHIIE BiIMIHHOCTEW MiHEPATIOTI9HOTO CKIIa Ty



Tabsmus 3. [paHynoMeTpuyHuUil CKIaj IaMoTy

Bumicr ¢pakuiii mamory (Mm), %
Koanpobu =151 1"105 | 0502 | <02
T 10 | 20 25 25 20
gl 10 | 20 25 25 20
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npoda I" Ha OCHOBI BiJICIBIB rpaHiTy BinpizHseTbes Big Ul
MEHILIOIO MIpOIO CITIKaHHS 3a MOKa3HHUKAaMH1 BOJIOTIOTJIMHAHHS
(12,0 mpotu 10,6 %) ta ysBHOI ryctunu (1,78 mpotu 1,91
r/em®). TIpy bOMY BU3HAYAIOTHCS Bi/IMIHHOCTI Y XapaKTepy-
CTHKaX IOPOBOi CTPYKTYPH KepaMiku(Taodi. 4).

Ta6uus 4. XapakTepHChHKH NOPUCTOT KEPAMIKM Ha OCHOBI [IAMOTY IIICJIs INBHAKICHOrO Bunany Ha 1125 °C

Kon Bogo-norim-HanHs VsBHaryc- Ictunna ryc- - Hopucricts,% p
o6 W, % S ——— BIIKpUTa | 3aKpuTa | 3arajgpHa | IIMTOMA YacTKa BIIK-
18 113 II putux nop, Alls
r 12,0 1,78 2,58 21,40 9,60 31,00 69,0
41 10,6 191 2,74 20,31 9,98 30,29 67,1

OuesuHo. o nipoba I' mpu Aemnto OB y TOPiBHIHHI
3 Y1 3arampHiit mopucrocti (31,0 mpotu 30,3 %) xapakrepu-
3YEThCS OUTBITIOI0 TTMTOMOIO YacTKOO BiKpUTHX Top — 69,0
mipotH 67,1 %, 110 BaXITHBO YIS IPAKTUIHOTO BUKOPUCTaHHS
B cucteMax (iIbTpamii Ta piAMHO- 1 ra3004MIIeHHs. B cBotO
yepry npoda Ul Bif3HAYA€THCS NEMIO OUTBIIAM PO3BHTKOM
3akputrx nop — 10,0 mpotu 9,6 %.

BucnoBkn. 1. Bigoma TeXHOJIOTiSl BATOTOBJICHHS IOPHUC-
TOI KepaMiku 0a3yeThCsl Ha BUKOPUCTaHHI (hPpaKIiOHOBaHOTO
IIaMOTY SIK OCHOBHOTO KOMIIOHEHTY-HaroBHIOBa4a. [Ipote
IaMOT OTPUMYIOTh Y KepaMiqHOMY BUPOOHHIITBI SIK IPO-
IYKT BUCOKOTEMITEPATyPHOTO BHIIATY IJIMHUCTOI CHPOBHHH.
OTKe 3aMiHa KepaMivHOTO IIAMOTY Ha BIATIOBI/IHI 3 Biac-
THUBOCTSIMHU Ta TPAHYJIOMETPi0 TPUPOIHI MaTepiam, 30K-
peMa BiJICIBH TpaHiTy, MOXKE CTaTH (PaKTOpoM pecypcosoe-
PEKEHHS Y BUPOOHHUIITBI MOPUCTOI KEPAMIKH.

2. ITopsin i3 TpaHyJIOMETpPi€l0 HATIOBHIOBAYIB. MAIOTh Bpa-
XOBYBATHUCh XIMiKO-MiHEpAIOTIYHMI CKIIa]] Ta €HEPTeTUIHUI
CTaH IOBEPXHi, III0 B CBOIO YePry 3aJIeXaTh BiJ] 0COOIMBOC-
Tel reHe3ncy MarepiaiiB. Tak, mpoba MpUPOIHOT MarMaTHd-
HOI MOPOJM — TPaHITy CYTTEBO BiNPI3HAETHCS Bij Kepamiy-
HOTO IIaMOTY OLTBIIMM BMICTOM CKiI0(a3u Ta KpUCTATIYHUX
(a3 MONBLOBYX IITATIB, a 32 EHEPreTUYHUM CTaHOM ITOBEPXHi
— OutbmmM KoedilieHToM (inbTpanii Ipyu MEHIIH NTHTOMIH
eeKTUBHII ITOBEPXHI.

3. OtpumMaHi pe3yIbTaTé BUIPOOYBaHb CBiTUaTh, IO TIPH
OJTHAKOBIIl TpaHyJIOMETpii HAITOBHIOBAYiB, OJJHAKOBOMY 3a
THUITOM 1 KUTBKOCTI 3B'I3yI0YOMY, OJJHAKOBOMY crioco0i ¢op-
MYBaHHS Ta PeKAMi BUTIATy KepaMiKa Ha OCHOBI BiJICIBiB Tpa-
HITY XapaKTepU3y€eThCs PIBHUMU 13 3pa3kaMy Ha OCHOBI IITa-
MOTY XapaKTepUCTHKaMH 3arajbHOi Ta BIIKPHUTOI MOpHC-
TOCTI.
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Abstract. Research results of porous ceramics on the basis of raw material with different genesis as a fractionating filler are expounded. The
features of the chemical and mineralogical composition, power state of fillers surface and pore structure of material after the speed baking are
studied. Possibility of utilization of wastes from non-metallic industry - granite screenings instead of ceramic chamot as resource saving factor
is shown.

Keywords: porous ceramics, chamot, granite, chemical composition, phase composition, liophilicity, baking, porosity.
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AHoTauisn. AnpiopHO HEeBITOMHMII OITOBHII MOTIK 3 KaHANTy 3B’SI3Ky Ta Iepefadi JaHUX HPECTaBICHO SK BHIAJKOBY BEIHUIHMHY. 3a
00MeXEHOI0 KUTBKICTIO CIIOCTepEXKEeHb OLiHEHO HOro OCHOBHI XapaKTepPHUCTUKH — MaTeMaTHYHE OYIKyBaHHS H JUCHEPCilo KiTbKOCTI
onuHMLE y BUOipHi. Po3pobneHo crenianbHe mporpamHe 3a0e3MedeHHs, SKe JO3BOJIIE 3aBAaHTAXXKUTH JOBUIBHY BHOIpKY 0iTOBOTO
MOTOKY, OLIHUTH ii OCHOBHI CTaTHCTHYHI XapaKTEPUCTUKHU Ta BimoOpa3uTu pe3ynbTatu. OTpUMaHi pe3ynbTaTu MpeAcTaBieHi y Tabd-

nuni # rpagivHo.

Knrwouogi cnoea: 6imosuii nomik, ananis, umMogipHicms, 6ubIpKa, Mamemamuyne OYiKy8aHHs, OUCNepPCis, OYiHKa.

Beryn. I[Ipu npoBeseHHI aHajii3y amnpiopHO HEBiJOMOIO
0iTOBOTO MOTOKY HOTO MOKHA MPEIICTABUTH SIK BHITAIKO-
By BeNMYMHY. BUHHKae HEOOXigHICT OTPUMAaHHS ii cTa-
TUCTHYHUX XapaKTEPUCTHK 32 OOMEKEHOI0 KIIBKICTIO
CIIOCTEPEIKEHb.

Orasa myOaikauniil 3a TeM010 J0CTilXKeHb BKa3ye Ha
PO3BHHEHICTH METOJUYHOTO alapary aHalli3y MepemKeBUX
MPOTOKOJIIB Tepefayi JaHWX 1 IX JIAHIFOTIB HAa BHIUX
piBasax momeni OSI [1, 2, 3], a Tako BU3HAYCHHS BHIY
Moaysiiil Ha mepiiomy piBHi Mogeni OSI [4], icHyBanHs
OKpeMHX MiAXOAIB OO BU3HAYECHHS BHIY 1 IapaMeTpiB
3aBajoctiiikoro komysauus [5]. IlyGumikarriii, siki BUCBIT-
JIIOIOThH 1HII aCTeKTH aHaji3y OITOBUX IMOTOKIB Ha mHep-
momy piBHi iepapxii Mmogeni OSI, Hemae.

1011000111010100010001100011

MeTo10 poGOTH € OIiHKa MaTEeMaTHYHOTO OYiKyBaHHS
1 mucmiepcii KiIbKOCTI OAWHUITL y BUOIPIN 3 ampiopHO He-
BiJOMOTO GITOBOTO TIOTOKY.

Martepiaau i MmeToau. AnpiopHo HeBimommii GiTOBHMIt
NOTIK, IO NPUHMAETHCS 3 KaHay 3B’A3Ky Ta Iepenadi
IaHUX,  TNPEACTaBUMO  TI'CHEPANbHOK  CYKYIHICTIO
Y()={yo, Y1, ... Yz}, Vi € {0, 1}, ne n — HOomep Oity
(puc. 1). CraTuctiuHa WMOBIpHICTH TOTO, IO Yn=1, — P1,
BIJIMOBITHO, IMOBipHiCTH TOrO, WO Yn=0, — Po=1 — p1.
MMoBipHOCTI P1 i Po MOXKYTh 3MIiHIOBATHCH 3QJIEKHO Bif
iHdopMarii, 1110 nepefaeThes B KaHal 3B 53Ky 1 nepeaadi
JIaHUX, Ta METO/IIB KOJYBaHHS, 1[0 3aCTOCOBYIOTHCSI.

110001010101000110101

Puc. 1. [Ipukian 6iTOBOro MoToKy, M0 NPUHAMAETHCS 3 KaHATY 3B 53Ky Ta Iepeiadi JaHuX

Kimpkicte omuannb N1 y IOBIMBHIM BUOIpI HOBXKH-
HOto L, L<<Z 3 renepanpHOi cykymnHOCTi Y(N) — AUCKpET-
Ha BWIaAKoBa BenmumHA. Kimbkicte omgmauis Ni, yHOp-
MoOBaHa 10 noBxuHM BuOipku L, F=Ni/L — Takox auc-
KpeTHa BHIIQJIKOBA BEJIMYHMHA, SKa MOXE NMPUHAMATH 3HA-
yenns Big 0 10 1 i He 3aeKUTh Bill JOBKUHU BHOIPKH.

BusnaunMo aiama3oH MOXKIMBHX 3HAaY€Hb BHUIIAIKOBOT
Benmunan F. s 1iporo mposenemo K crocrepexens. Y
KOXKHOMY Jociii OpaTumeMo BHOIpKY aoBkuHOIO L i3
reHepasibHOI cykymHocTi Y(N), miapaxoByBaTHMEMO B Hili
KUTBKICTh oguHUIE Ni i HOpMyBaTHMEMO i 10 TOBKUHH
Bubipku: F=Ni/L. [lns 3abe3medeHHst HE3aIeKHOCTI BH-
0ipOK TIOYAaTOK BUOIPKU y KOKHOMY CIiTYHOUOMY CIIOCTE-
PEKeHH1 3cyBaTMMeMO Ha L BiJHOCHO MOdYaTKy momepen-
HBO1 BUOIPKH.

CnpoMO>KHY HE3MillleHy OIIIHKY MaTeMaTH4HOro O4i-
KyBaHHs BUNIaKoBOi BenmuuuHu F oOuncnumo 3a dpopmy-

2 fi
i1
k

oo Mg =M[F]= [6], ne fi — 3HaueHns Bunaaxo-

Bol BenmuuHM F, mo cnocrepiraiocss B i-My JOCIiji.
CrnpoMOXXHY HE3MIIeHyY OIiHKY JUcTepcii 00urcaumo 3a

i(fi — g

(bopmyItoro IS,: = IS[F]: i=1 1 [6]. Ouminky

CepeHPOKBAIPATHYHOTO BIAXIICHHS, SKE OULTBIN HArJs-
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JAHO XapaKTepulye pOSCi}OBaHHﬂ BHUITAJKOBOL BCJIIMYHWHU,

BupasuMo: S =+ Dg [6].

3a HepiBHicTIO YeOunieBa HMOBIPHICTh BiIXHICHHS
BenuynHA F Bix CBOro MaTeMaTHYHOTO OYIKYBaHHS HE
MeHIIle, HiXK Ha J0/IaTHE YHUCIIO 8, OOMEXeHa 3BEpXy Be-

D
nuuuHoio De/a?: P(]F -mg | > a)S —g [6]. Toknamaroun
a

a=30F, OTPUMYEMO IUITHKY NPAKTUYHO MOJIMBUX 3HA-
YeHb BHIIAJKOBOI BEIHMYMHHU MF£30F, IMOBIPHICTH TOMA-
JaHHA B Ky Benmunan F He Merme (,88.

PesysabTaTh i ix odrosopenns. [[is ananizy 0iToBHX
NOTOKIB y cepemoBumii mporpamyBanus Visual Studio
2019 moBoro mporpamyBanuss C# po3pobneno CII3, sike
JI03BOJISIE 3aBAHTAXXKUTH JOBUIBHY BHOIpKY OITOBOTO IO-
TOKY, 3JIMCHUTH OOYMCIICHHSI 32 HaBEJCHUMH BUpa3aMu
Ta HaTJIAHO BiOOPa3UTH OTpUMAaHi pe3yIbTaTH.

Jis mpoBefieHHsT eKCIIepUMeEHTiB Oyiio obOpaHo 0iTo-
BUH TOTIK 3 KaHAJy 3B 513Ky, OPraHi30BaHOTO 3a CTaH/AAp-
TOM [7], 3 KOPHCHUM HaBaHTAKCHHSIM.

OTprMaHi OLIHKM MaTeMaTUYHOTO OYiKyBaHHS 1 cepe-
JHBOKBaPATHYHOTO BiJAXMJIEHHS HOPMOBAHOI KIIBKOCTI
OJIMHUIL y BUOIPIT AJIs Pi3HUX JTOBXKHUH BHOIPOK 1 KiJTbKO-
CTi CIIOCTepe)XEHb MpeIcTaBiIeHi y Taou. 1.

IMpu kinekocTi cioctepesxens k=450, nomxuHi BUbip-
KH y KOXHOMY croctepexxeHHi L=450 orpumano Taki
OLIHKM HOPMOBaHOi KimbkocTi omuuuub: Mg = 0,505,

8,: =0,027 . IlpakTiuHO MOXJIKBI 3HadeHHs — Bix 0,424
no 0,586. Ha puc. 2 HaBenmeHi pe3ysbTaTH OOYHCIICHHS
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HOPMOBAHOI KiTbKOCTi OOMHHLG y BHOIpIi 3a pe3ynbra- sy mpu k=450 i L=450.
TaMM CHOCTEpEeXeHb, a Ha puc 3 — ricrorpama ii posmnomi-

Tab6auns 1. OuiHKM MaTeMaTHYHOTO OYiKYBaHHS 1 CepeAHPOKBAPATHYHOTO BiIXWICHHS] HOPMOBAHOI KIJIBKOCTI OIMHMILIG Y BHOIpII

Jlowxuna Bubipku L
100 200 300 400 500
100 Mg =0,519 mg =0,518 Mg =0,514 mg =0,511 Mg =0,513
» G =0,064 G = 0,050 GE =0,043 G =0,036 GE =0,034
2 200 mg =0,518 mg =0,511 mg =0,511 Mg =0,508 Mg =0,507
é o =0,065 op =0,043 G =0,037 op =0,032 o = 0,029
g 200 mg =0,514 Mg =0,511 mg =0,508 Mg =0,507 Mg =0,506
Q -~ -~ -~ -~ -~
5 o =0,061 op =0,041 g =0,035 op =0,031 GE =0,027
A
g 400 mg =0,511 mg =0,508 mg =0,507 Mg =0,506 mg =0,505
5 o =0,059 op =0,041 o =0,034 o =0,029 o = 0,027
500 Mg =0,513 Mg =0,507 Mg =0,506 Mg =0,505 Mg =0,505
G =0,059 G = 0,040 op =0,033 o =0,029 o =0,026
0.8
0.6 1 ¥
I [ i . f n i
I"‘lflll‘lﬂ yﬁ.l "‘IL\ '.-u'l.l’l. l'palll,‘-'" W, u-\,nJ “il\ M "Jllllr "W"‘L"n" "'I'.-'th“lllr Ih"‘llllll “'lli | 'd.llf g .f‘llir"'.lﬁ.1I|I f |||| 1"#' |||—.f|u,f.\,\lh '.'ll,.ulﬂl "hll qr,‘j\.’.l,‘ "‘l‘\ﬂ.lrl IJi.‘Ji_.ﬁIII-‘ ..II I'mw N '||| i'l‘\l1|| ‘h['lllﬂ"r- A NA;\ “.-1 III\ J“Ilﬂ "IL_
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0
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Puc. 2. HopMoBaHa KiJIbKiCTh OJIMHHUIIb Y BUOIPIIi 32 pe3yJibTaTaMH CIIOCTEPEKECHb
0.05
0.04 |
0.03 I
0.02 II
0.01
0 i
0 0.2 0.4 06 0.8 1

Puc. 3. IicTorpama po3mnoaixy HOpMOBaHOT KUTBKOCTI OAWHHUIB y BUOIpIIi

BucHoBku. TeopernyHi 3aieKHOCTI 1 OTpUMaHi ekc-  OYIKyBaHHsM i aucnepcieto. [1o Mipi 30UIbIIEHHS JOBXKH-
MEPUMEHTAIBHO JIaHl BKa3ylOTh HAa MOXIIMBICTh MPEACTa-  HU BUOIPKM 1 KUIBKOCTI CIIOCTEPEKEHb OI[IHKA MaTeMaTH-
BJICHHS alpiOpHO HEBIiIOMOTO OITOBOTO MOTOKY SK BHUIMA-  YHOTO OYiKYBaHHS HAONIDKA€TbCsA 1O il iCTHHHOTO 3Ha-
JIKOBOI BEJIMYMHHY, SIKa XapaKTePH3y€EThCsl MATEMAaTUYHUM  YCHHS, a AUCIIEPCist 3MEHIIYEThCS.
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AHoTauis. 3ama4a JOCATHEHHS PO3PI3HIOBAIBHOI 31aTHOCTI PaioJOKAIIMHIX CTAHIIN 10 piBHS, AKUH € JOCTATHIM I pO3Mi3HABAHHSA, €
aKTyaJIbHOIO Ha TerepintHii yac. CyyacHi METOIY HiJBUILICHHS PO3Pi3HIOBAJIBHOI 34aTHOCTI 3a0€31eUyI0Th ACTABHICTh PalioIOKaLiifHOTO
300paKeHHs, STka MOYKe KOHKYPYBATH i3 CHCTEMaMH BHIOBOTO OIJISITy ONTHYHOTO Jliara3oHy XBHIb. B maHilf cTaTTi 3anporoHOBaHO METON
NoOYIOBH CHCTEMH NpHIMaIBHO-TIEpeJaBATbHIX aHTEH PEIIiTOK CHHTE30BAHOI alepTypH, SIKiil T03BOJIsIE 3MEHIIUTH TOCTPOTY HpobiemMu
HEJOCTaTHROTO EHEPreTUYHOrO pIiBHA, Ta IPOBECTH PO3PAXyHKH PO3PI3HIOBAIBHOI 3MATHOCTI 3a IUIAXOBOK MAIBHICTIO AT N-

OIIPOMiHIOBAYiB.

Knrouoei cnosa: padionokayis, peulimka cUHmMe3068aHoi anepmypu, HA0BUCOKe PO3PI3HEHHS, AHMEHA.

Panionoxariiini cranii (PJIC) ormsmy 3emuri, siki BCTaHOB-
JIOIOTBCA HA JITAKaX Ta KOCMIYHMX JHTAJbHUX araparax,
JIO3BOJIIIOTH  OTPHMYBATH ~ PaJiofioKaliifHe 300pakeHHS
3eMHO1 TIOBEPXHi Ta 00 €KTIB, IO HA Hilf 3HAXOIATHCS, He3a-
JIEXKHO BIJl METEOPOJIOTTYHUX YMOB Ta DIBHS IPHUPOIHOTO
ocBiTIeHHA MicteBocTi. [Ipn IbOMyY IiISTHKA OTJIALY MOXKE
3HAXOIWUTHCS HA Belukiil Biacradi Bim Hocis PJIC 1 martm
3Ha4HI TeoMeTpuyHi po3Mipu. Kpim Toro, cydacHi meronu
MIJBUILECHHS PO3PI3HIOBAJILHOI 3aTHOCTI 3a0e3MeuyloTh
JICTAJIBHICTL PaTIOJIOKAIIHHOTO 300payKeHHsI 3¢MHOI TIOBEp-
XHI, sIKa MOXKe KOHKYPYBATH 32 SIKICTIO 13 CUCTEMaMH BUJIO-
BOT'O OIJISIY ONITUYHOTO Jliana3oHy XBuilb. Lle, B cBOIO uep-
Iy, BIIKPHJIO HIMPOKI MOJIMBOCTI BUKOPHUCTAaHHS PaJiioJio-
KaIlifHUX 3ac00iB JWCTAHIIMHOTO 30HIYBAaHHSA 3eMII Ui
BUpIIICHHS 3aBIaHb KapTorpadyBaHHS MICIIEBOCTI, BH3HA-
YEHHSI JILOJIOBOI OOCTAHOBKH, BEICHHS I'€OJIOTIIHUX Ta EKO-
JIOTIYHMX JOCTIKEHb, CKIAaHHS KapT POCIMHHOCTI Ta
CHITOBOTO TIOKPOBY, BHSIBJICHHS MAJIOPO3MIPHHX OO0’€KTIB,
HaToBUX TwIAM 1 Take iHmie. Ile BHUMarae Bij CydacHHX
pertitok cunTe30BaHoi aneptypu (PCA) motpedy B mansHO-
CTi /il y JIeKiIbKa JAECATKIB KUIOMETPIB Ta HAJIBUCOKY pO3pi-
3HIOBAJIbHY 3/IaTHICTb.

[Tpobnema oTpUMaHHS HaIBUCOKOTO PO3PI3HEHHS B CMY-
roBii PJIC i3 cMHTe3yBaHHSAM arepTypH ITiIBUIICHOI Jajlb-
HOCTI Jii B 3araJlbHOMy CEHCI BHMarae MOJOJaHHS oOMe-
JKEHHA Ha JOOYTOK PO3pi3HIOBATBEHUX KOOpAWHAT (cdepny-
HOCTi ()POHTY XBWIII 30HIYBaJbHOTO cHTHaNY). Kiacwdana
crpykrypa PCA HamBrCOKOTO po3pi3HEHHS Ma€ OOMEKCHHS
Ha NOOYTOK pO3Pi3HIOBAIFHUX KOOpauHAT (Kputepiit JletiTa)
[1]. Take mOCTATHBO KOPCTKE OOMENKEHHS IO JATBHOCTI il
CKJIaJa€ JIeKIIbKa KIJIOMETPIB JUIsi PO3PI3HIOBAILHOT 37aTHO-
CTi, sIKa JIOPIBHIOE J0JIi METpa.

Cytaicth ooMesxenb a1t PJIC 3 PCA HaaBrcokoi po3pis-
HEHOCTI, TOOTO IPH PO3PI3HEHOCTI 32 IUITXOBOK MaJIbHICTIO
(86x) Ta HaxmmeHowo nambHicTio (Or) Mmemie, HiX 1+3 M,
TIOJISITAE B TOMY, LIO MPU CMYTOBOMY PEXHMI OTJISITY pO3pi-
3HIOBAJIbHA 3JJATHICTB 32 MIISIXOBOIO TAJIbHICTIO BU3HAYAETh-
cs1 ropu3oHTAIEHUM po3MipoM anTeHn PCA. Tlpu Bukopuc-
TaHHI OJIHIET aHTEHH JUIS TIepe/laBaHHsI 30HIyBAILHOTO CHUT-
HaJTy 1 NpUHOMY BiOWTOrO CHUTHaIy BOHA JOpPIBHIOE 3a
pi3HUMH pKepenamu iHpopmarii Bif 0.5d, no 1.5dr [2-
6]. s T migBUIIEHHS HEOOXiJAHO 30UTBIIYBATH MIMPHHY
niarpamu cripsimoBatocTi (J1C) B ropH30HTANBHIN IIIOMINHI.
Ile, 3 omHOrO OOKY, 3MeHIIye KOe(ilieHT CIpSIMOBaHOI i
(KCH) cranmji, a 3 iHIIOro — 30UIBIIY€E Yac ONPOMIHEHHS
uimi. KpiM Toro, npu 3MeHIIeHH] po3Mipy elIeMEeHTY po3pi3-
HeHHs OF X 8X 33 {HIMX PIBHMX YMOB 3MEHITYETHCS Bifl-
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HOILCHHSI CUTHAJI/IIyM Ha BXOJl NpHiiMaya, M0 TOTIpIIye
SIKICTD paJioJIoKaLiifHOTO 300pakeHHs. ToOTO TpH 3amaHil
SIKOCTI 300paKeHHsI 3MEHIITYETHCS JATBHICTB 1Tii PCA.

BpaxoBytoun Te, mo npu koHcTpytoBaHHI PCA po3pis-
HIOBAJIbHY 3/IaTHICTh 32 HAXWJICHOIO Ta IIUIIXOBOIO JAJIbHIC-
TIO HAMAraroThCsI 3pOOUTH MPUOIM3HO OJHAKOBHMH (OX
or), BIJHOCHE TOTIPIICHHS MAaKCUMAIBHOI JadbHOCTI il
cmyroBoi PCA mipu miABUINICHH] PO3pi3HIOBAIBHOT 30aTHOCTI
BU3HAYAETHCS CIIBBIJHOIICHHIM
R _d;

R d.

TobTo MakcuMmanbHa manbHICTe Ail PCA miHiliHO 3MeH-
IIyETHCS 13 MOKPAIICHHIM JTiHIHHOI PO3pi3HIOBAIBHOI 3/1aT-
Hocri (puc. 1).
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Puc. 1. 3anexHicTh BiTHOCHOT JANBHOCTI [Iii Bifl BITHOCHOTO PO3Mi-
py aHTeH

[pobnema HemocTaTHROTO eHepreTuyHoro piBHsA B PCA
HaJIBUCOKOI PO3PI3ZHEHOCTI TOJISTae B TOMY, IO JUIs IiJBU-
IICHHI PO3PI3HIOBANBHOI 3aTHOCTI 33 IUISXOBOIO JajbHIC-
TIO HEOOXiTHO 3MEHITYBATH TOPH3OHTAIBHINA PO3MIp TPHii-
ManpHO-TiepeiaBanbHOi anTtenn PCA. Lle 3MeHiye enepre-
TUYHMAN TOTEHIIA] CTaHIil, a, BIAMOBIIHO, 1 MAKCUMAJIbLHY
JanpHicTh Aii. KpiM TOro, MiABHINEHHS PO3PiI3HIOBAIBHOI
3aTHOCTi BiATIOBITHIM YHMHOM 3MEHIIYE €HEprito BiIOWUTTS
BiJI €JIeMEHTAa PO3PI3HEHHS, 1110 TAKOXK BUKIIMKAE 3MEHILICHHS
JATTBHOCTI [Ti1 Tipu (piKCOBaHiH SIKOCTI 300payKeHHSI.

Inest yacTKOBOrO BHpINIEHHST NPOOJIEMH HEJOCTATHBOTO
eHepreriaHoro piBHs B PCA HajgBHCOKOI pO3pI3HEHOCTI
TIOJISITA€ Y BUKOPHUCTAaHHI CHCTEMH 3 JICKUIBKOX MpHHAMaIIb-
HO-TIEpE/laBIbHUX aHTEH 3 BUCOKUM KOE(DII[iEHTOM CrIpsi-
MoBaHol aii  Grpy 1 Gripm, Alarpamu cpsMOBAHOCTI SIKMX
npu 00’exHanHi cTBoprotoTh JIC antennoi cucremu PCA,
mo 3abe3rnedye OTPUMAHHA IOTPIOHOI PO3PI3HIOBATHEHOT
3[aTHOCTI 3a IUIIXOBOIO jalnbHicTIO. [Ipy mpakTnuHOMY
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koHcTpytoBaHHI Takux PCA 1 imes notpeOye neTanbHOT
PO3pOOKH Ta OOTPyHTYBAHHSL.

[No-nepire, GaxkaHo, 1100 aHTEHHAa CHCTEMa CMYTOBOi
PCA wmana MakcMManbHO JOIMYCTHMHHA JUIS HOCIS CTaHIil
po3Mmip.

Io-npyre, mmpura JIC B TOPH30HTAIBHIN IDIONIHHI (KyT
CHHTE3yBaHHS amepTypu) 3a0e3ledyeThesl JT0JaBaHHIM
okpemux JIC, 0 yTBOPIOIOTECS aHTEHAMH, SIKi (POPMYIOTb-
cs1, HATIPUKJIaJl, Ha 0a3i 0JJHOTO MapaboJiYHOTO pedIieKTopa,
IULIXOM PO3TAallyBaHHS B HOTo (pOKaJbHIM IUIOIINHI JeKi-
JMBHKOX BHUIIPOMIiHIOBaYiB. BumpomiHroBawi MOBHHHI OyTH
pO3TaIoBaHi Ha BiJCTaHi, IO 3a0e3nevye MEepeKpuTTs iX
J1C, Hanpukiiaz, Ha piBHI OJIOBUHHOI HanpyxkeHocTi. TooTo
mmprHa JIC B Topu30HTaJIbHIN TUIONMHI OKPEMOT aHTEHH B
LBOMY BHIIA/IKY
0, = MH

.k
e A — JOBXWHA XBUJI CUTHAITY 30HIyBaHHS;

lor — ropusoHTaNBHMIT po3Mip pediekTopa;

k — koedimieHT BHKOPHUCTAHHS TOBEPXHI PO3KPHUBY
pedrexropa;

| — xoedimient posumpenns JC npu Bimtiky Ha pi-
BHi, BigMiHHOMY Bix 0,7Um.

Kyt Bimxmrenns JIC ompoMiHroBaya, sIKiii 3MiIlIEHO
Ha BigcTaHe Ax Bif ¢okyca mapabomigHoro pediekropa,
nopiBHioe [8]

3

—%sin ¥,

PT"

@

PT

2V, — KyT pO3KpUBY aHTEHH.
KoeiiieHT BUKOPUCTAHHS MOBEPXHI PO3KPUBY J3EpKa-
JIBHUX TapaOoJIYHUX AHTEH 3BUYAHO 3HAXOAUTBHCS y Me-
xax 0,6—0,8[8].

PesysbTaTi eKCIepHMEHTANBHUX JOCIIKEHb CBiIYaTh,
10 TIpH KyTi Bigxuwienns Makcumymy JIC Ha 5%-10° posiu-
pernst JIC € He3HAYHUM, K 1 30UIBIICHHS PiBHA OOKOBHX

Jc
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TIETIOCTOK, Ta HUMH MOXKHA 3HeBaxxuTh. [nst GpopmyBaHHs
omHonemoctkoBoi JIC IUISIXOM BIJIIOBIHOTO PO3TallyBaH-
HS OKPEMUX OIPOMIHIOBaYiB y (hOKaIbHIN IUIONMHI pedie-
KTOpa BU3HAYMMO BiJcTaHb MK HUMH Ax. KyT mix Harpsi-
MKamu MakcumyMiB JIC cycimHIX ONpOMiHIOBa4iB MOBHHEH
nopieuroBaty mmpuHi JIC Ha piBHi 0,5 Bil MakcUMajbHOTO
3HaueHHS. [liZicTaBysAIOuM 3aMiCTh KyTa BIIXWICHHS O 10
criBBimHomeHus (3) 3Havenns mmpuan JIC 3 Bupasy (2),
OTPHUMAEMO

4
MA 28X G 4
Klpr lpr
3BifICH BiICTaHb MiXK OTIPOMiHFOBa4aMHU
A
Ax=—H~ ®)
2k -sin

Jnst tvnoskx 3Havens K i Wo Bincrans mMik onpominiosa-
gaMu Ax € OUTBIIOF0, HDK po3Mip xBuiboBoay. [lnpuna J1C
(KyT cuHTe3yBaHHS) aHTEHHOI CHCTEMH 3 N OIPOMiHIOBAYiB
BU3HAYAETHCS 5K
0o =P= (n—1)|f;—7‘+% :%[p(n—l)ﬂ].

pr Klpr  Klpr

INoTeHmiiiHa po3pi3HIOBaIbHA 34aTHICTE cMyroBoi PCA 3
TaKOI0 aHTEHHOIO CUCTEMOIO JOPIBHIOE

A lpr
x = =—— 3
28 2[u(n—1)+1]

B 3amexxHOCTI Bif KITBKOCTI ONPOMIHIOBAYiB BiTHOCHE

MOKPAILCHHS PO3Pi3HIOBAJIEHOT 31aTHOCTI CTAHOBHTD

O _ (n—1)+1=144(n—1)+1.

ox’

3HaueHHS BITHOCHOTO TIOKPAIICHHS PO3pPI3HEHOCTI 3a
IULIXOBOIO JANBHICTIO BiJl KUIBKOCTI ONPOMiHIOBadiB (3a
ymoB niepekputtst JIC anrten Ha piBai 0,5Um) HaBeneHO B
Tabmmi 1 Ta BimoOpaeHo Ha puC. 2.

©)

U]

®)

Ta6auusa 1
n 1 2 3 4 5 6 7 8
ox/ &x' 1 2,44 3,88 5,32 6,76 8,30 9,74 11,18
2~2
2 OX R <3| G % SxSr ®
! ~\ 6anmdWre, kTn ¥
10T Ox’ ! Wk, KTn
HE ne G — xoediuient cpsamosanoi aii antern PCA;
1 . b N — KUIBKICTh OKPEMHX ONPOMIHIOBAYIB,
8 ! P TepeTBOpUMO criBBimHOMmEeHHS (9) 3 ypaxyBaHHsIM (6) Ta
N Bu3HaueHHs KCJI
6T b ! 4n 10
e Lo G ="7lpglpr (10)
1 | : 1 | A
4T ¢ i i ! i i PH TIOBHOMY BHKOPHCTAHHSI [TOBEPXHI PO3KPUBY pediek-
N TOpa
4 ¢ 2
2 ! | ! _
i i Lo : i ! R <3 PeeplbBlpr [(n 1)+1]0_ SxSr (11)
0 1‘ 2‘ ?; All 5 é 7‘ 8‘ 'n BigHocHe 3011bIIeHHS z[anLHQCTi nii emyrooi PCA, 1o

Puc. 2. CtyniHb MOKpaIeHHs pO3pi3HEHOCTI Bl YHCIIa OIPOMIHIOBAUiB

Bigminaor0 ocobmmBicTio cMyroBoi PCA 3 13epKalibHOO
aHTEHOIO 3 JIEKIJIbKOMa OIPOMIHIOBaUYaMHU € 1i eHepreTHKa,
sIKa 3HaYHO Kpallla, HiXK eHepreTHka aHTEHH 3 OJHUM OIIpO-
MIHIOBaueM TIpU KIACHYHIM CTPYKTypi MOOYJIOBH CMYTOBOT
PCA.

Busnaunmo nanbHicTh aii cMyroBoi PCA, 110 Mae aHTeH-
Hy CHCTEMY 3 JEKUIbKOMa ONpOMiHIOBaYaMH. Buxopucras-
1M OZIHY 3 (hOPM 3aIHCy AaNbHOCTI il [7]

Ma€ aHTCHHY CUCTEMY 3 N OIIPOMIHIOBAYaMH, ,HOpiBHIO€
(12)

’

X o qln-n e

Nipr
e n=2,3,4, ...
Ipu ogHAKOBIH PO3PI3HEHOCTI 3a NITISIXOBOIO JATBHICTIO

er _ [n-1)+1]. 49
TobTo
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R =-n+1Fn .

3

(14)

2,5

2

1,5

1

<

" 05

BigHocHe miBHIIeHHS
JIAJLHOCT [Iji

0
0

2

4

6

8

10

KinbkicTb onipomiHtoBa4iB
Puc. 3. EdexrrBHicTs Bukopucranas B PCA HagBHcOKoI po3pizHe-
HOCTI aHTEHHOI CHICTEMH 3 JIeKiTbKOMa ONPOMiHIOBaYaMH
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3HauCHHSI BITHOCHOTO 30UIBIICHHS NAIBHOCTI JIii TIPH Tie-
pexpurti IC B ropu3oHTaNIbHIN uIomMHI Ha piBHI 0,5 Big
MaKCUManbHOro 3HaueHHs (1=1,44) HaBeneHo B Tabmmil 2
Ta 300pakeHo Ha aiarpami (puc. 3).

JI1 BU3HaYEeHHs BIUIMBY PO3IJIIHYTOI aHTEHHOI CUCTEMU
Ha JaibHICTh Ail cMyroBoi PCA npu 301IbIICHHI pO3pi3HIO-
BAIBHOI 3/aTHOCTI TEPEeTBOPUMO cIiBBinHOMmMEHHS (9) 3
ypaxyBaHHsM (7)

Taommus 2
n 1 2 3 5 6 7 8
R'/R 1 1,44 1,71 1,92 2,09 2,24 2,37 2,49
2 2 12
R<3 PcepIPBIPFGyu[}J'(n_l)_Fl]‘ lpr Sr —3 MSr (15)
- ANTOAWk,, K Tn 2[u(n-1)+1] 8NTAWk,, K Tn

CnissinnoureHns (15) 103BoJsie 3po0OUTH BHCHOBOK, IO
BUKOPHCTAHHSI J3€PKaJIbHOT aHTCHH, SIKa Ma€ N OIPOMIHIO-
BayiB, PO3MIIIEHUX Y PSIOK B (hOKaNbHIl MmiomuHi pediek-
TOpA, JIO3BOJISIE MOKPAIUTH PO3PI3HIOBAJIBHY 3[aTHICTh 3a
LUIIXOBOIO anbHicTIO B p(N — 1)+1 pasis, npu upoMy 1ajib-
HICTB JIif 3MEHIIIYEThCS B 3(/1 pazu.

n

Hanpukmnan, 1uist oTpuMaHHs pO3pi3HIOBAIBHOT 31aTHOCTI
0,3M B cmyroBiii PCA Moke BHKOPHUCTOBYBATHCH JI3epKa-
JbHa TapaloyliyHa aHTeHa 3 OJHHMM OIPOMIHIOBaYeM 1 3
ropusoHTabHEM po3mipom dr = 0,6 m (PCA “Lynx”) [9].
Ilpu 30iTBIICHHI TOPH30HTAIBLHOTO PO3Mipy pediiekTopa
aHTeHH 110 3,2 M Ta IpH 3aCTOCYBaHHI 4-X ONpPOMIHIOBAYIB,
III0 pO3TANIOBaHi B PSAIOK Y (POKaNbHIH IDIONINHI, TadbHICTh
Iii Oye 30LTBIICHO y 1B pa3u.

TakuMm 9MHOM, 3ampoTIOHOBaHO Meton moOyxoBu PCA,

SIKUH JI03BOJISIE 3MEHIIUTH TOCTPOTY HEJJOCTATHBOIO EHEpre-
THYHOTO DIBHS Ta TOKPAIUTH EHEPreTUYHUH MOTEHIla
PCA wHaznBucokoi pospisneHocti. IIpornonyerscst OyayBaTi
AHTEHHY CHCTeMy Ha 0a3i OJTHOTO J3epKaIbHOrO napadosiy-
HOTO pedIiekTopa, B (GOKaNTbHINA IUIOMIHHI SKOTO PO3MIIITY-
I0TBCSl TOPH3OHTAJEHO JEKIJIbKa OKPEMHUX aHTCHHHX OIpO-
MiHroBauiB. [IpUIHATI CUTHAIM KOKHUM OKPEMHM OTIPOMi-
HIOBaYeM KOTEPEHTHO IiICyMYIOTBCS Ta MOAAFOTECS Ha BXIJ
npuiiMaya SK CHTHAIM OIHOICIIOCTKOBOI aHTeHH. Taka
no0OyZI0Ba aHTEHHOT CHCTEMH JIO3BOJISIE TIOJ0JIATH TEOPETH-
YHY MEXKY PO3PI3HIOBAIBHOI 3[JaTHOCTI 32 HLIIXOBOIO Jailb-
HICTIO, IO TOPiBHIOE O,5dr , Ta CyTTEBO TiIBHUIIUTH JaTb-

HOCTI Aii 32 paXyHOK yCKJIa[HEHHs aHTeHHU Ta 11 (igepHoro
TPAKTY.
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Calculation of the resolution of the receiving and transmitting antenna system in lattices of the synthesized aperture of ultrahigh

resolution
O. O. Slyusarchuk, V. V. Rudenko, S. M. Nikolaev

Abstract. The task of achieving the resolution of radar stations to a level sufficient for recognition is relevant today. Modern methods of
increasing the resolution provide detail of the radar image, which can compete with the systems of species inspection of the optical wave-
length range. This article proposes a method of constructing a system for receiving and transmitting antennas lattices of the synthesized
aperture, which allows to reduce the severity of the problem insufficient energy level, and calculate of the resolution over the distance for n-
irradiators.

Keywords: radar, lattice of synthesized aperture, ultrahigh resolution, antenna.
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AmnoTamuis. B crarTi HaBeneHO KOCHIHKEHHS aHTUMIKPOOHOT i1 pO3YMHY Mii i IUTpaTy cpibiia 1o MaTOreHHUX eHTepoOaKTepii BUIIB
Klebsiella Pneumoniae Ta Enterobacter Aerogenes, ki, B TaHUH 4ac, 3yMOBIIIOIOTE eHTepoOakTepiosu B 6;pkii. [TokasaHo, mo po3anH
Mini i uuTpary cpibia HposIBISB HU3bKY aHTHMIKpOOHY Jif0 Ha rpaMHeratuBHi matoreHHi mikpoopranizmu sunis Klebsiella
Pneumoniae ta Enterobacter Aerogenes. TlepcIeKTUBHUM € YIOCKOHAICHHS CKJIay Ae3iH(MEKTaHTY, 3 METOKO ITiABUIICHHS aKTHBHICTI
Ta CUHEPri3My MiX CKJIaJOBUMH JJIS TIOCHICHHS OaKTEPUIIMIHOTO BIUIMBY Ha IATOTCHHI eHTepoOaKTepii 6K

Knrwuoei cnoea: oucbaxmepiozu 60xcin, npoghinaxmuxa, oesingexyis, Klebsiella Pneumoniae, Enterobacter Aerogenes, oucko-

ouhy3itiHuil memoo.

Beryn. Cran 310poOB’sl CLUIBCHKOTOCTIONAPCHKHUX TBApHH,
IITHI Ta OJKIT B YKpaiHi BIUTUBA€E HA peHTa0CIbHICTh TBA-
PUHHHIIBKUX MiANpueMCTB. B octanHil 4ac BinOyBaeThCs
panukaibHEe OOMEKEHHs aHTHOAKTepialbHUX IPETapaTiB
Yy TBapHMHHUIPKUX TocmomapcTBax. [e3iHdikyrodi 3acodu
SIBISIFOTHCSI alIbTEPHATHBOIO AaHTHOAKTEPialbHUM IIperapa-
tam [6]. Ha choroanimHiii aeHb npodigakTHKa HETO0OI-
HEHa, X04a BOHA € KJIF0YEeM /10 €(peKTUBHOI TisUTbHOCTI TO-
cnopapctB. [IpaBuiibHE BHKOpHCTaHHS YHIBEpPCaIbHUX
ne3iHdiKyouuX IpenapaTiB € rOJIOBHOIO YaCTHHOIO IMPO-
rpaMu 3aXUCTy TBapHH Ta mroaei [5]. Punok mpemaparis
u1s 00poTHOH 3 eHTepoOaKTepio3aMu OMKLT IyKe BY3b-
kuid. ToMy OIliHKa €(PEeKTHBHOCTI BIPOBAKCHHS B POOOTY
Oyap-SKAX TpenapaTiB Ui MPOQUIAKTHKA Ta 03J0POB-
JICHHS OJ[KIJI € BaXKIIMBOIO CXOAMHKOIO B OpTaHi3arii 0310-
poBYKX Ta MpodiTakTUUHUX 3ax0iB [4].

EdexTuBHiCTh TiKyBaHHS OakTepialbHUX iH(pEKIIH y
TBapHH Ta NTHIIl BU3HAYAETHCS PAI[iOHATBHICTIO Ta 00TpPY-
HTOBaHITIO 3aCTOCOBYBaHsI aHTHOIOTHKIB, TOMI SK y Taty3i
O/UKUTPHUIITBA BUKOPHCTAHHS aHTHOIOTHKIB 3a00POHEHO
yepes nepexij ix y men. Tomy mouiyk Ta BU3HaYESHHS 4y T-
JIMBOCTI OaKTepiii 10 Jii NpoOIOTHYHUX Mpenaparis Ta Je3-
iHpikyrourx 3aco6iB Mae BaxkJmBe 3HaueHus [9, 14].

KopoTknii oryisig my6aikaniii mo Temi. 3rigHO OCcTaH-
HIiX TIpalb BITYM3HIHAX Ta iHO3EMHHX aBTOPiB, OakTepia-
JMBHI XBOpPOOHW OUKIT HAOMPArOTh BCE OUIBIIOTO IOIIH-
PEHHS Ha rmacikax YKpaiHu, IesKuX KpaiH €Bporu Ta AMe-
puxu [3,10], mro 3aBmae OMKITEHUITBY 3HAYHUX €KOHOMi-
YHUX 30UTKIB. AKTyaJbHUM HMHUTaHHSAM € BUBYEHHS 0CO0-
JMBOCTEl caHalii opraHi3my OKia 3a iHMeKUiiHuX 3a-
XBOpIOBaHb. TOMY YIOCKOHAJICHHS METOJIB BUIUICHHS,
imeHTHdikarmii Ta KyTbTUBYBaHHS 30y THHUKIB €HTEpOOaKTe-
pio3iB METOHOCHHX OJUKIN € HAMO1MBII BaXKIIMBOIO TEMOIO
JUIsl BUPOIILYBaHHS 3[J0POBHX Ta CHIIBHUX OJDKOJIMHHUX Ci-
Meil.

AHamni3yloun JOCHIKeHHS BITYM3HSIHUX Ta 3apyOixk-
HUX aBTOPIB, BIIMIYCHO, IO B KHUIICYHUKY OKOIU Mic-
TUTBCS TIPEJCTaBHUKK He MeHme 10 poniB Gakrepii, mio
HajexaTh o poauH Enterobacteriaceae Kilebsiella,
Enterobacter, Providencia, Proteus, Citrobacter, Hafnia,
Escherichia, Pantoea, Morganella, Serratia [7]. Ilopy-
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IICHHS MIKpOOHOTO Tei3aky KUIICYHHKA OIDKIT MPHU3BO-
JIUTH 10 3axBoproBaHHs [3]. IlepcrieKTUBHUM € MOLIYK Op-
TaHIYHUX JAe31H()EKTaHTIB IJs 3aCTOCYBaHHS y Taly3i
OUKUTPHUIITBA, IO TA€ 3MOTY BUPOOIATH OpTraHivuHy IIpo-
IOYKIIIo He JINIIE B MeXax YKpaiHM, a i CBITY BIIOMY.

Crionmyku esTKuX MeTalliB, 30KpeMa KapOOKCHIATH Cpi-
Ona 1 Mizai, oTpUMaHi yKpaiHCBKUMH Ta 3aKOPJOHHUMH
BYCHUMH, € OJHUMH 3 MEPCHEKTUBHUX aKTUBHUX (hapma-
LEBTUYHUX IHIPEJIIEHTIB JJIsl CTBOPEHHS HOBOT'O KJIacy aH-
THOaKTepiaJbHUX 3aC00IB B pi3HUX JIIKapChKUX (opmax [1,
15]. OxHiero 3 ToOBHUX (apMaKOIOTiYHUX BIACTHBOCTEH
TaKUX IMPETapaTiB € aHTUMIKPOOHA [Iisl, TOMY 1X BUKOpPHC-
TOBYIOTb IEPEBAXKHO SIK aHTUceNTHKU [8]. Came ToMy ak-
TyaJbHOIO TPOOJIEMOI0 € BUBYCHHS BITIU3HIHNX aHTHMIK-
pOOHHUX IpernapariB 3 MUTPaTaMH METANIB 3 METOIO iX 3a-
CTOCYBaHHS Y OJUKIJTbHALITBI.

Hinao Hamroi poboTu Oyno BH3HAYCHHS AKTUBHOCTI
€KCIIEPUMEHTAJILHOTO Ae3iH(PEKTaHTy (PO3UMHY LUTpATy
MiZi i mUTpary cpibsa), moa0 KyJbTyp eHTepoOakTepiit
omxin sunie Klebsiella Pneumoniae ta Enterobacter
Aerogenes in vitro.

Marepianm i meroau. [1nst poboTH Oyu BUKOPHUCTaHI
KyJIbTYPH TATOTCHHUX CHTEPOOaKTepid OMKII BHIIB
Klebsiella Pneumoniae ma Enterobacter Aerogenes oTpu-
MaHi Bifl XBOpUX O/pKONMHEX ciMeit 3 macik [liBHiuHO-3a-
ximHOTO perioHy Ykpainu. BuamineHns Ta inmeHTH(IKAIIIO
JOCIIDKYBAaHUX MiKpOOPTaHi3MiB OKiT MPOBOJUIN Ha
0a3i HayKoBO-IOCHiIHOI MabopaTtopii kadenpu MikpoOio-
Jorii, (hapMakoIIorii Ta emiz00ToNoril (haKyIbTeTy BeTepH-
HapHOT MeAUIMHN JKUTOMHPCHKOTO HAI[IOHAJILHOTO arpo-
exosioriunoro yHiBepcurery (QKHAEY) Ta JlepxaBHoi yc-
taHoBHU "JKutoMupcekuii 061acHU 1ab0paTOPHUHA EHTP
MiHiCTepCTBa OXOpOHH 370poB's Ykpainu" y 2018-2019
pp- KyabsTypu 36epiratotbes y xomoauinbHHKY 3a t 5—7 °C i
NepeciBaloTbCsl METOJIOM IITPHXa HA CKOIIGHWH arap y
mpobipku 3 inTepBasioM B 30 mi6 Ha cepemoBume MITA
(M'sico-TIeNTOHHUIT arap).

Po3unn nutpary mini i nutpary cpibna OyB HamaHWH
Ham TOB ,,CT'TI” MBC M. Kuesa. [le3ingdekrant 3actoco-
BYBAQJIM B HATUBHOMY CTaHI i B TAKUX KOHICHTpamisx — 1:2,
1:5, 1:10, po3Benennx Ha crepuibHOMy 0,9% NaCl. [oc-
JHKeHHS TIPOBOIMINACA JUCKO-TU(PY3iIHHAM METOJIOM.
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Jluckn BiacHOpYY OOpOOJISUTM TOCIIKYBaHUM Iperiapa-
TOM y BKa3aHHMX KOHIEHTpauisx. Ekcrosumist mpocoueHHs
JckiB cranoBmia 20 xBuwiuH. B waiky Ilerpi BHOchim o
1 M1 GakTepiasbHOrO IHOKYJIATY Ta 1o 20 M1 cepeloBHUINa
AMX (arap Mronnepa-XiHTOHa), MiC/Is 9YOr0 KPYrOBUMHU
pyxamu po3MiITyBaJiil BMICT YalIoK 10 ogHOpigHOocTi. Ha
3aCTHTJIE CEPEIOBHUINE BUKIANAIN JUCKH, IPOCOYCHI Ae3-
iHpexTanTOM. JloCHiKeHHS IPOBOAMIIN HAa CEMH YaIllKax
[eTpi amst KOXKHOI KyJIBTYpH, 32 IKUMH CIIOCTEPiraiu Tpu
100M.

Pe3ysabTaTi i 00roBoperHs. Y npodisakTuili eHTepo-
OakTepio3iB OJUKIN BaXKJIMBE 3HAYCHHS Ma€ NONEPETHE BH-
3HAYCHHS aKTHBHOCTI XapakTepy Aii HOBHX MpenapaTtis in
Vvitro mepen anpobauieto Ha nacikax. [Ipu 6akTepionoriu-
HUX JIOCJI/DKEHHSAX aKTUBHOCTI 3pa3Ka PO34YMHY LUTPATy
Mmini i uuTtpary cpibna Ha KyneTypu Buaie Klebsiella
Pneumoniae Tta Enterobacter Aerogenes BcraHOBiEeHa
fforo OakTepiocTaTHYHA Jis TPH HATUBHOMY 3aCTOCYBaHHI,
3aBIIIKM HAsBHOCTI T€HIB, SKi KOAYIOTh aATe3UHH, i 3yMO-
BIIOIOTH (POpPMYBaHHsS OIOIIIIBKM Ha TIOBEPXHI cepelo-
Bua [16]. biomiiBka MEHIIOT IITBHOCTI y 30HaX MPUTHI-
yenns pocty Klebsiella Pneumoniae giamerpom 27,3+0,17
MM (puc. la (B)). Ta Enterobacter Aerogenes — 19,6 £ 0,13
IHTepIIpeTye nanuit pesynstar (puc. 16 (B)).

Puc. 1. BizyanpHi 3mMiad Ha 1 100y npu 6aKTepioIOTigHOMY J10C-
JIDKEHH1 aKTHBHOCTI 3pa3ka PO3YHMHY IUTPATy Mifi Ta MUATPaTy
cpibna Ha kyneTypu Klebsiella Pneumoniae (a) Ta Enterobacter
Aerogenes (0) :

B — 0akTepiocTaTU4HAa JIisl, T — OAKTePHUIIUIHA JTist

Haiibinpimumit giaMeTp 30HM MPOCBITIICHHS PEeCTpyBa-
BCs Ha GiorutiBui 3 KynbTypamu Oakrepiii Buay Klebsiella
Pneumoniae mpu HATHBHOMY 3aCTOCYBaHHI mpenapary
(14,14+0,35 mm). Ilpu iHImIUX PO3BEACHHSX Ae3iH(peKTa-
HTY TPOSIB OAKTePUIUAHOI i 3HAXOTUBCS B MEXaX Bij
9,85+0,45 MM — mpu po3seaenHi 1:5 mo 11,14+0,45 mm —
npu possenenHi 1:2 (puc 1 (r)). MikpoopraHiamMu BHIY
Enterobacter Aerogenes Gynu cridikimmmmu 10 ae3iHgpex-
TaHTY MPH BCIX 3aCTOCOBAHHUX PO3BEICHHSIX, IO MOSICHIO-
€MO HAasIBHICTIO y HUX I'€HIB acoliallii BipyJeHyreHaMH, re-
HIB MYJIFTHPE3UCTEHTHOCTI 0 JIIKapChKUX 3ac00iB 1 HMO-
BIpHO J10 Ne3iH(peKTaHTiB (reHu JlakTamasu) [12] Ta Buco-
KHM aJIalTalliiHUMK BIaCTUBOCTAMHU (Tab. 1).

Ha Bingminy Bim MikpoopraHi3miB Buay Enterobacter
Aerogenes, entepobakrepii Buay Klebsiella Pneumoniae
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MICTATh cHeUU]IYHI AETEPMIHAHTH BipYJIEHTHOCTI — KaI-
CyJIbHI TeHH acoliifoBani 3 Mykomnoiicaxapuaamu (HMV-
rinepMyKOBICKO3HUH ()EHOTHIT), SIKi 34aTHI HOTJIMHATH T10-
3UTHBHO 3apsi/pkeHi ionn Ag + 1 Cu +. YV naHomy BUNaaky
cnu3oBa kamcyna eHrepobaktepii  Buay  Klebsiella
Pneumoniae ciryrye He Tak 3aXHCHOKO 000JIOHKOIO, SIK OfI-
HUM i3 (DaKTOPiB «IIPUTATYBAHHS KaTiOHIB METANIB aHiOH-
HUMH 3QJIMIIKAMH CiaIOBOi KHCIOTH. [IpoHMKat0YH B KITi-
THHY, 3pa30K UTPATy Mifi Ta cpibiia MOPyIIye CTPYKTYpY
JHK mixpoOHoi kituau [11], mmo 3ymoBmoe 11 mi3uc.

Ta6a. 1. 3onu npurHiueHHs pocty KyieTyp Bunie Klebsiella
Pneumoniae ta Enterobacter Aerogenes 3pa3ka pO3UHHY LIHT-
aTy Mini Ta quTpaty cpibna Ha cepegosumi AMX (n=7)

Klebsiella Enterobacter
Pneumoniae Aerogenes
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®DapMaKkoJIOTivHI BIACTUBOCTI TpemnapaTiB cpidna BH-
3HAYAIOTHCS CIICIU(ITHO0 Oi0JOTIYHOI0 aKTUBHICTIO i0-
HiB Ag +, 5IKi YTBOPIOIOTBCS TIPH JUICOIIiamii Horo 3'€JHaHb
[13]. Migs Gepe ydacTs y mepebiry 0araTboX Ba)KIIHBHUX
MeTa0OoIYHNX TPOIIECiB, a TAKOXK HA/Ia€ 3HAYHY OaKTepio-
CTaTHYHY 1 OaKTEPUIMIOHY IO 3aBJISKH MOIIKOKECHHS
TUIA3MAaTHYHUX MEMOpaH, HyKJICTHOBUX KHCIIOT i AECTPYK-
uii cynb¢rigpwisHux rpyn Oinki [2]. Kpim Toro, moui-
JIbHO 3BEPHYTH yBary, 10 akTHBHICTb CyMIiIlll CHIOJIYK cpi-
O7a 1 Mizi 3aJeXHTh BiJl IX OTPUMaHHs, PO3MIpy YacToOK i
KOHIICHTpAIlii X B PO3YWHI, TAKOX CJiJ 3iCTaBUTH (hak-
TOPH, BiJl IKUX 3aJISKUTH CHJIa IPOTUMIKPOOHOI il JaHmX
CITOJIYK.

BucnoBku.

1. JocmimKxyBaHIA pO34XH ITUTpaTa cpidia i Miai y pomi
Ne3iHPEKTaHTy B Pi3HUX KOHIICHTPAIiSX BHSBISIIOTH HU-
3bKy aHTHMIKpOOHY [Iif0 Ha rpaMHEraTHBHI MiKpOOpraHi-
smu BuaiB  Klebsiella pneumoniae Tta Enterobacter
Aerogenes.

2. IlepcrieKTHBHUM € YIOCKOHAJICHHs cKiany nesiHde-
KTaHTy, a caMe, aKTHBHICTh Ta CHHEPri3M MK CKJIaIo-
BUMH, 1110 OCHJINTh OaKTEPUIIMAHUH BIUIMB HA MATOTCHHI
eHTepoOaKTepil OmKil.

3. [IpobneMy mpodiIaKTHKH Ta JIKyBaHHS €HTepoOak-
Tepio3iB OJIKIJI YACTKOBO MOKJIMBO BHUPIIIATH 3aBISKH 3a-
CTOCYBAHHIO MPENaparis, 10 CKIaay SKUX BXOAATH CPi0diIo
Ta MiJlb, TaK SIK BOHH, Ha Bi]MiHYy BiJl aHTHOIOTHKIB, HE BU-
KJIMKAIOTh CEJIEKIII0 PE3UCTEHTHHUX IITaMiB MiKpOOpraHi-
3MIB.
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Investigation of antimicrobial action of copper citrate and silver citrate solution at enterobacteriosis in bees

T. O. Romanishina, A. R. Lakhman, O. Ye. Galatyuk

Abstract. The article presents a study of antimicrobial action of copper citrate and silver citrate solution on pathogenic enterobacteria
of Klebsiella Pneumoniae and Enterobacter Aerogenes species, which currently cause enterobacteriosis in bees. The solution of copper
citrate and silver citrate has been shown to have a low antimicrobial effect on Gram-negative pathogens of the species Klebsiella
pneumoniae and Enterobacter Aerogenes. It is promising to improve the disinfectant composition in order to increase activity and
synergy between the components to enhance the bactericidal effect on pathogenic enterobacteria of bees.

Keywords: bee dysbacterioses, prevention, disinfection, Klebsiella Pneumoniae, Enterobacter Aerogenes, disco-difusion method.
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