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TA «IHOOPMANINHE OCBITHE CEPEJOBHIIIE»

Ipuna baoiiiuyk

BUMTEINH iHQOPMATHKH Kadeapu iHPOPMATHKH Ta IHHOBAIIHHUX TEXHOJIOTIH B OCBITI

OOnacHui HayKOBUH JTiLIeH-IHTepHAT KOMYHAIBbHOTO 3aKJIa/1y BULLOT OCBITH « BIHHUIbKUI I'yMaHITAPHO-TIEAAT OT TYHHU
KoJe/k», ByJ1. HaripHa, 13, Binuauns, Ykpaina, 21000, albedaloraine@gmail.com;

ORCID: 0000-0002-9197-8092

O.1ena KocoBenb
KaHJUIaT MearoriqyHuX HayK,
CTapUIni BUKIIaAa4 Kadeapu MaTeMaTuKy Ta iHhOpMaTHKA

BiHHUIBKWI Jiep)KaBHUE TIearoriyHuil yHiBepcurer iMeHi Muxaiina KomroOurchkoro, Byn. Octpospkoro, 32,
Binnuus, Yxpaina, 21000, kosovets.op@vspu.edu.ua;
ORCID: 0000-0001-8577-3042

Ouiena Cos
KaHIUJAT MeAaroriYHuX HayK,
CTapIuii BUKJIaad Kadeapu MaTeMaTuky Ta iHpOpMaTHKH

BinHuupkuii gepxaBHUM TeparoriyHuil yHiBepcurer imeHi Muxaiina KouroOuncwekoro, Byn. Octposbkoro, 32,
Binnuus, Ykpaina, 21000, soia.om@vspu.edu.ua;
ORCID: 0000-0002-0937-299X

V crarti 311iCHEHO OIS JIOTTYHOT CTPYKTYpH nehiHiii moHATH «umbpom TEXHOJIOTI1» Ta «iH(pOopMAIliiiHe OCBITHE
cepenoBuIne». Ha ocHOBI aHaMizy YKPaiHChKHX mTepaTypHMx JDKepe1, HaMu 3’5ICOBaHO, 1110 B HAYKOBHX KOJIaX Ta HaIlio-
HAJIbHUX 3aKOHO/IABYMX JIOKYMEHTAX HE ICHY€E €IMHOTO nmxo;ly JI0 BU3HAYCHHSI IOHATTS «IU(PPOBI TEXHOOTI1». AKTHBHE
BUKOPUCTAHHS CyYaCHUX HU(POBUX TEXHOJIOTH B YMOBaX 3MIIIAHOTO Ta IMUCTAHIIHHOTO HABYAHHS CIIpUsiE (POPMYBaH-
HIO HOBOTO 1H(OPMALIIIHOTO OCBITHBOTO CEPEeOBHIIA YYACHUKIB OCBITHHOTO Tporecy. Jocuimkyoun cyyacHi uudposi
TEXHOJIOTI] B KOHTEKCTi peamizanii udpoBoi OCBITH B YKpaiHi, Y CTAaTTi 3BepTAEMO yBary Ha MepeBard 3acTOCYBaHHS
B OCBITHBOMY TIpOIieCi XMapHHUX TeXHONOTIH. [ToHSITTS «iH(OpMalliiiHe OCBITHE CEpeIOBHUIIE» MO-PI3HOMY BH3HAYATh-
CsI CY9acHOIO TICHXOJIOTO-TIEarOTiYHOI0 HAYKOIO, IO JIEMOHCTPY€E €MKICTh HOTO CYTHOCTI Ta aJbTepPHATHBHICTH MOTIIS-
JIB JOCTITHUKIB. [H(pOpMAaIliiiHEe OCBITHE CEPENIOBHUINE y CYKYITHOCTI 13 CyYaCHUMH IU(PPOBUMH TEXHOJIOTISIMHU CIIPHS-
10Th ()OPMYBAaHHIO OCOOJMBOTO OCBITHBHOTO CEPEOBHIIA B 3aKJaJaXx OCBITH, IHTEHCH(]IKYIOTh KOMYHIKATHBHI 3B S3KH
cy0’€KTIB HaBUAIBHOTO MPOIIECY, JTOMOBHIOTH OE3MOCEePEIHE CIUIKYBaHHS Yepe3 CyvacHi MeTonu, GpopMu Ta 3acodu
HABYAHHS ISl IHTEPaKTHBHOT B3aeMoii. [legaroriuni ocoOMMBOCTI iHPOPMAITIHHOTO OCBITHROTO CEPEIOBHUIIA 1 BUKOPHC-
TaHHS M(POBUX TEXHOJIOTIH B yMOBAX JAMCTAHI[IMHOTO T 3MIIIAHOTO HABYAHHS 1HIIIIIOE TIOSBY HOBUX OCBITHIX MPAKTHUK,
IO BiJNOBiTHO CcIipHse TpaHc(hOpMAanii OCBITHBOI CHCTEMH B IIJIOMY.

KurouoBi ciioBa: nndpoBi TeXHONOTII, IUPPOBI OCBITHI TEXHONOTII, iIH)OPMAIiiiHE OCBITHE CEPEIOBHIIIE.

Hinnocti ocBitn XXI cromitrsi Xapakrepusy- npolieci Ta ynpasJiHHI 3aKJIaaMu OCBITH 1 CHUCTe-
FOTBCSI 1HIIATUBHICTIO Ta CHPSIMOBAHICTIO Ha CTa- MOIO OCBITH Ma€ CTaTH IHCTPYMEHTOM 3a0e3MeYeHHs
HOBJICHHSI T4 OHOBJICHHSI OCOOHMCTICHHX SIKOCTEH, yCHiXy HOBOI yKpaiHCBKOT mKkomm» [2, c. 8]. 3a mux
KpPEaTUBHICTIO, KPUTUYHUM MHCIICHHSM, BHCOKOIO  YMOB, aKTyaJbHHM BBayKA€MO JIOCIIIPKCHHS TIOHSTTS
COL[IQJIbHOIO aKTHBHICTIO T KOMIIETEHTHICTIO yJac- 1 CyTHOCTI HU(POBHUX TEXHOJIOTIH Ta MOXKIUBOCTEH
HUKIB OCBITHBOTO TIPOIIECY y 3MIHCHEHHI COIiab- ix 3acTocyBaHHS B ocBiTHROMY Tiporieci 33CO.

HuX B3aemojiii. HaykoBigimu H. Mopse, B. Bewm- Ha ocHoBi anami3y miTepaTypHUX JDKEpe, HaMHu

oep, M. [magyH 3a3Ha4a€eThCs, MO BIPOBAHKCHHS 3’SCOBAaHO, 10 B HAYKOBMX KOJAaX Ta HAalllOHAJb-
nM(POBUX TEXHOJIOTIH € BaXIMBUM JIJIS BCIX cdep HUX 3aKOHOJIaBYMX JIOKYMEHTaX HE ICHYE €JIMHOTO

i ramyseii ocBitH [1, c. 29]. MiAXOMYy MO0 BU3HAUEHHS TOHATTS «IHUPPOBI TeX-
¥ Konmemnmii «HoBa ykpaiHCchKa MIKOJIa» aKIeH- HOJIOTii». Y KimacwmuyHoMy po3ymiHHi O. AHTOHOBa
TYETBCS yBara, 10 «HaCKpi3He 3acToCyBaHHs 1H(Op- ta JI. daminsgpcreka TirymMauarh HOro SK «...eJIeKTpo-

MaIlifHO-KOMYHIKAIIHHUX TEXHOJIOTiH B OCBITHHOMY HHUI croci0 oOpoOku Ta mepenavi iHopmarlii 3a
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MPO®ECINHA OCBITA

JIOTIOMOTOI0 3HAKIB KOJYBaHHS, 1[0 BUKOPHUCTOBY-
IOTBCSL Y KOMIT'FOTEPHIM TEXHIlll Ta KOMIT IOTePHUX
TexHoyiorisfx...» [3, c¢. 13]. O. bepHasiok Bu3Ha-
yae 1u(pOBI TEXHOJOTIT K «...TEXHOJIOTIi, B SIKUX
3aCTOCOBYIOTHCSI LM(POBI CUTHANIM JUIA Tepenadi
iHpopmarii...» [4, c. 84]. 3ayBaKUMO TaKoX, IIO
y 0ararbox Jep>KaBHUX 3aKOHOJABUYMX JTOKYMEHTaX
JOCIi/pKyBaHa JeQiHIIiS YacTO OTOTOXKHIOETHCS
13 TMOHATTSAMH «EJEKTPOHHI pecypcw», «uugppoBa
indopmaris». 3okpema, y Ilonoxenni «IIpo Hario-
HaJIbHY OCBITHIO €JIEKTPOHHY Iutardhopmy» [5], ska
€ TEXHOJIOTIYHUM 3a0e3rneueHHsIM pedopmu cepe-
HBOI ocBiTH «HoOBa yKkpaiHChKa IIKOJa», BUZHAYCHO
OCHOBHI 3aBlaHHS, (QYHKII, CTPYKTypa, 3acaiu
i1 (yHKIIOHYBaHHS Ta 0a30Bi MOHATTS: EIEKTPO-
HHUI KaOIlHEeT, eNeKTPOHHI MiIPYYHUKH, eJICKTPOHHI
OCBITHI peCypcH TOIIIO.

MeToro CTaTTi € aHaIIi3 ICUXOJIOTO-TIeIarOT Y HIX
Ta TUIaKTHYHUX HAYKOBUX JIOCIIJDKEHb IS IEMOH-
cTparmii €MKOCTI Ta aJIbTePHATHBHOCTI TMOTIISAIB
YKpaiHCHKMX HAYKOBILIB MO0 TIyMadeHb Ae(iHilii
«un@poBi TEXHONOII» Ta «iHPOpMaliiiHe OCBITHE
CEPEIOBHIIIEY.

AKTyabHOIO JJIS HAIIOTO AOCIIKCHHS € TyMKa
JI. ®aminspcbkoi [6], sika y3arajibHIOKOYH IXOIH
HAyKOBIIB J0 BH3HAYCHHsS LHU(POBUX TEXHOJO-
riii, BU3Ha4Ya€e iX K «...TEXHOJOTii, 0 3a0e3meuy-
IOTh TIPOIIEC KOMyBaHHS Pi3HOTO BHIY iH(OpMAIli,
0 BI3yasi3yeThCsi 3aco00aMM KOMIT FOTEPHOI TeX-
HIKM...». 3a3Ha4MMo, IO B MeEKaX JOCIiIKeHHS,
MOPsI]] 13 O3HAYEHUM TOHATTAM «IH(PPOBI TEXHOIO-
Ti» HaMH PO3TIITHYTO TOXiTHY AehiHIMII0 «ITH(POBI
OCBITHI TEXHOIIOTII», SIKYy Ha OCHOBI aHai3y JiTe-
partypHHX JoKepen [2—0], BU3HAayaeMo SIK Cyd4acHi
iH(hOpMaIITHO-KOMYHIKaIliiHI TEXHOJOTii, XMapHi
CepBICH Ta TEXHIYHI 3acO0M opraHizarlii mudpoBoTo
OIPAIIOBAaHHS HABYAJIBLHUX MarepialiB cy0’ekramu
OCBITHBOTO TIporiecy [6].

SIK IOKa3yIOTh ITPOBEICHI ICUXO0IO0TO-TIearoriyHi
Ta mumakTHdHI mociimkeHHs (B. bukos, M. Xai-
mak [7], H. Mopse [8], O. Cmipia [9]) meTonuku
HaBYaHHS Ha OCHOBI LU(POBHUX TEXHOJIOTIH 37aTHI
3a0€3MEeYUTH CTYACHTOLCHTPOBAaHE HABUYAHHS, ajall-
TaIlif0 10 0COOIMBHX OCBITHIX MTOTPeO Ta 3MiI0HOCTEH,
ypaxyBaTd iHIWBIIyaJIbHI MOXJIMBOCTI Ta 1HTEpECH
YYaCHUKIB OCBITHBOTO MPOIIECY, CTUMYJIFOBATH PO3-
BUTOK iXHBOI CaMOCTIMHOCTI W TBOPYOCTi, HaJgaTH
JOCTYN JI0 HOBHX JpKepen iH(opMarii, BUKOpHUC-
TaHHS KOMIT FOTEPHOTO MOJIETIOBAHHS JTOCIiKyBa-
HUX TPOLECIB i 00’ €KTIB TOIIO. Y CBOIX TOCIIIKEH-
Hwsix H. Mopse [8] ta O. Cmipia [9] po3rmisaaroTb
MOHSTTS Cy4acHOI mHU(pPOBOi OCBITH, BHU3HAYAIOUH
1 K «...00 €qHAHHS PI3HUX KOMITOHCHTIB 1 HaHCy-

YaCHIIINX TEXHOJIOT1H 3aBASKH BUKOPUCTAHHIO TTH(-
poBux muardopm™, YHIpoBaJUKEHHIO HOBUX i1HQOp-
MAaI[ifHMX Ta OCBITHIX TEXHOJIOTiH, 3aCTOCYBaHHIO
nporpecuBHUX (popM oprasizarlii OCBITHBOTO TPO-
LIeCy Ta aKTUBHMX METO/IB HaBYaHHS, & TAKOXK HaB-
YaJIbHO-METOAMYHUX MaTepialiB...».

Hocmipkytoun cydacHi UUQPOBI  TEXHOJOTIT
B KOHTEKCTI peaiizauii Lu(poBoi OCBiTH B YKpa-
ini, HaykoBmi A. I'ypxiit, P. I'ypesumu i M. Kane-
Mmiss [10] 3BepraroTh yBary Ha IepeBaru 3acTocCy-
BaHHS B OCBITHBOMY IPOLECI XMapHUX TEXHOJOTIH
Ta nMoOyI0BaHUX Ha 1X OCHOBI MEPEKEBHX CEPBICiB.
Huni XxMapHi TeXHONOTI] — 11e TeXHOIOTii BUTFHOTO
JIOCTYITY IO 30BHIITHIX OOYHCITIOBAIBHIX iH(OpMA-
IHUX pecypciB y BUTIISI CEPBICiB, 10 HAAIOTHCS
3a JONOMOTro10 Mepexi [HTepHer.

Ha nymxy B. buxoBa i M. Xamnaka [7, c. 49]
«...TOJIOBHA BiIMIHHICTh XMapHHX CEPBICIB Bij] 3BUY-
HOTO METONy POOOTH 3 MPOrpaMHUM 3a0e3TedeH-
HSIM TIOJISITa€ B TOMY, 10 KOPUCTYBad BUKOPUCTOBYE
HE pecypcH CBOro KoMII'toTepa, ado cepBepa CBOET
JIOKAJTbHOI MEpEeXki, a TOTYKHOCTI, SKi HATarOThCS
Homy sik InTepner-nociyra. [Ipu npomy kopuctyBay
Mae MOBHUH OCTYT JI0 BIACHUX JJAHUX 1 MOYKJIUBICTb
poOoTH 3 HUMU 3 Oyb-SIKOi TOYKH CBITY 1 3 OyIb-
SIKOTO TIPUCTPOIO, ajie He YTPyAHse cede ympaBiiH-
HSIM OIIEPaIifHOI0 CUCTEMOIO, POrPaMHOI0 033010,
OOUYUCITIOBAILHUMHU MOTYXKHOCTSMH, 32 JOTIOMOTOIO
SIKMX 111 poOoTa BigOyBaeThCs. .. ».

HudpoBa Ttpanchopmaris yKpaiHCBKOi OCBIiTH
Ma€ Ha METI MIJABUILEHHS il SKOCTI, JOCSITHEHHS
HOBHMX OCBITHIX pe3yJIbTariB, IO BiamoBijaau 0O
BUMOT'aM Cyd4acHOTO IHM(POBOro cycinberBa. Pos-
BUTOK ITU(POBOT OCBITH HIIIFOE TIOSIBY HOBHX OCBIT-
HIiX ITPaKTHK, III0 B CBOIO YEPTy CIIPHSIE TpaHCHOpMa-
11ii OCBITHBOT CUCTEMH B I[1JIOMY.

Sx cnymHo 3ayBaxkye A. 3aika [11], «...nud-
pOBi TexHOJNOTii, B yMOBaXx Cy4YacHHX OCBITHIX
peariif, CrIpsSIMOBaHI Ha OMaHYBaHHSI HOBHUMH 3aCO-
0aMHM IMOIIYKY, 3aCTOCYBaHHS Ta IepepOOTIOBaHHS
HaBYaJbHOI a0o HaykoBoi iHQopmauii, a came:
3aco0aMu KOMIT IOTEPHOI TeXHIKH, [HTepHEeTY, ay/io
Ta BimeoTexHiku. [luppoBi TEXHOIOTII CIPUIIOTH
(hopMyBaHHIO 0COOIHMBOTO ITUGPOBOTO CEPEOBHINA
B 3aKJIaJl OCBITH, IHTEHCU(IKYIOTh KOMYHIKaTHBHI
3B’SI3KM CyO’€KTiB HABYAJIBHOTO MPOLECY, IOMO-
BHIOIOTh O€3T0CepeHE CIIIKyBaHHS Yepe3 CydacHi
3aco0u...».

[Ipobnemu BnpoBaKeHHS LUPPOBUX TEXHOIO-
riif, y TOMy 4MCIi i XMapHHUX TEXHOJIOTiH, B OCBITHIN
MIpOIleC BUCBITIIEHO B poborax B. bukosa, M. XKain-
naka [7], H. Mopae [8], O. Cmipina [9], P. I'ypeBnua,
A. T'ypxis, M. Kanewmii [10], M. Kossip, T. Tkauenko,
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JI. HleBuenko [13] Ta in. Jocnimkytoun npaii o3Ha-
YEeHWX HAYKOBIIIB, MOKEMO CTBEPIKYBaTH, 3-TIOMIXK
nM(pPOBUX OCBITHIX TEXHOJOTiIH OCOONMBOI yBaru
3aCIYyrOBYIOTh XMapHi TEXHOJIOTII, 110 CTalld 0CO0-
JIMBO TOMYJIIPHUMH Y 3B’SI3KY 13 MEPEXOAOM OCBIT-
HBOTO TIPOLECY B «OHJIAHH-PEXUM» B yMOBax AMC-
TaHLIHHOTO Ta 3MIIIAHOTO HABUaHHS.

[IpoananizyBaBmm Matepianu BceykpaiHcbkoro
HAyKOBO-METOAMYHOTO |HTepHeT-ceMiHapy, Mpo-
BeZieHOTo [HCTUTYTOM iH(OPMAIIHHUX TEXHOJIOTIH
1 3aco0iB HaBuanHsa HAITH Ykpaiau, mprcBsaeHoro
TEHJICHIIISIM PO3BUTKY XMapHHUX TEXHOJOTIH, po3-
poOIi BipTyaJlbHUX HaBYAJIBHUX CEPEAOBHIL, IPO-
IrpaMHHUM 3a0e3MEeYCHHSIM XMapHOIO CEpeJOBHUIIA,
Oe3MeKky XMapHUX TEXHOJOTIH, COMialbHIMA Mepe-
*Kamu, 3acobamu BeO 2.0, XMapHUMH TEXHOJIOTI-
sIMH MOOUIBHOTO HaBUAHHS, 3ayBa)KMMO, IO Cepejl
HampsiMiB  3aCTOCYBaHHS LHU(POBUX TEXHOJIOTIH
XMapHi TEXHOJIOTil € ONHWMH 3 HaHOUIBII MpuBa-
OomuBux ans ocBiTaH [7]. [lpuuamHOIO 1HOTO € Te,
IO OJIepKATH JOCTYII 0 «XMaph» MOXKHA HE JTUILIE
3 [IK, ane i 3 Oyab-SKOro MpUCTPOIO, MiAKIIOYEHOTO
o Mepexi [HTepHeT. A uIs poOOTH MPOTPaMHOTO
3a0e3MeUCHHS «XMapH» BUKOPUCTOBYIOTHCS TIOTYXK-
HOCTI BiJIaJiecHOTO cepBepy 0e3 iX YCTaHOBKH,
JOCTYI 10 XMapy MOXKYTh MaTd OJHOYACHO THCAY1
JIFOICH, 110 MAIOTh TpaBa JOCTYILY.

AKTUBHE BUKOPUCTAHHS CY4YacHHMX IH(PPOBUX
TEXHOJIOTIH B YMOBaX JHMCTaHI[IHOTO HaBYaHHS
cupuse (GOpPMYBaHHIO HOBOTO iH(OpMAIIHHOTO
OCBITHBOTO CEPEIOBHIINA YIACHUKIB OCBITHROTO TIPO-
uecy. [HdopmalliliHe OCBITHE CEpEIOBHUIIE € CKa-
JIOBOIO  BIPTYaJILHOTO OCBITHBOTO CEpPEOBHUIIA,
SIKE MOYKHa TPAKTyBaTH SK iIMMEpPCHBHE HABUAJbHE
OHJIAWH-CEPE/IOBUIIIE, SKE& Ma€ METOAOJIOTIYHO
[UTICHY CHUCTeMy HaBYaHHs, 3a0esrieuye BiJKpu-
TUH IHTEpaKTHBHUN NWHAMIYHMN TpoLeC HaBYaHHS
y BIpTyaJbHOMY MPOCTOPI 3 BUKOPUCTAHHAM Cydac-
HUX NU(POBHUX TEXHOJOTIH, IO BPaXOBY€E 1HINBITY-
aJbHI OCBITHI 0cobimBOCTel cTyaenTa [12].

Po3risiHeMo JoriuHy XapakTepUCTHKY, TIPEICTaB-
JIeHY YKpalHCBKHUMH HAYKOBISIMH, MO0 IeiHimii
TTOHATTS «iH(OpMaIIiiiHe OCBITHE CEpEIOBHIIEC.

VYV maykoBux mparsx H. Mopze, O. Cmipina,
O. Kpauunn, O. Tpy6iuuHoi, A. Kynina npesen-
TOBaHO 1H(OpPMAIIIHHE OCBITHE CEPENOBUINE 5K
OCBITHIO CHCTeMy, M0 3abe3redye BiIKPHUTICTb,
BapiaTHBHICTh, 1HAWBIAyami3allifo HaBYaHHS, HOTO
aJlanTalio 10 3110HOCTeH, MOXKIUBOCTEH, IHTEpPECIB
Cy0’€KTIB TelaroriyHoi B3aeMojlii, pO3BUTOK iXHBOI
CaMOCTIHHOCTI Ta TBOPYOCTI, TOCTYII IO HOBHX JIXKE-
pen HaBYaIbHOI iH(pOpMaIIii, MOTHUBAITII0O CAMOOCBIT-
HBOI IisUIBHOCTI, GOpMyBaHHS iH(OPMAIIIHOT KOM-
HNETEeHTHOCTI TOWIO.

Tabnuus 1 — dedininii HOHATTS «iHPOpMAIlIiTHE OCBITHE CEPEIOBHIIE)

O. InpaeHko

IOC — cucremHO opraHizoBaHa CyKyIHICTb 1H()OPMAIIIHOTO, TEXHIYHOTO, HAaBYaJILHO-METOJMYHOTO
3a0e31eUCHHS], SIKe HEPO3PHBHO OB sI3aHE 3 JIIOJMHOIO SK Cy0’€KTOM OCBITHBOTO Iporecy [14].

O. CoxoioBa

I0C — opranizaniiiHo-MeTOM4HI 3ac00H, CYKYIHICTh TEXHIYHUX 1 IPOrpaMHUX 3aC00iB 30epiraHHs,
00poOneHHs1, nepeaaBanHs iHpopMaii, Mo 3a0e3nedyoTh ONepaTHBHUM JTocTyn a0 iHdopmarii
1 31iiCHEHHS OCBITHIX HayKOBUX KOMYHiKaii [15].

O. KpaBunna

I0C — e cucrema, y sikiii Ha iH(oOpMaIiiiHOMY piBHI 3a/1is1HI Ta OB’ s13aH1 MDXK COOOI0 BC1 yUaCHUKH
OCBITHBOTO TIPOLIECY: aAMIHICTpallisl 3aKJIaly — nejaroru — yuni — 6areku [15].

BBaxkae, mo IOC rpyHTyeThCs Ha iHTErparii iHGopMarii (Ha TpagumiiHNX 1 eNEKTPOHHUX HOCISX),

B. Kyxapenko

B. fIcBin KOMIT IOTEPHO-TEJICKOMYHIKalliHHUX TEXHOJIOTH B3aeMojii, BIpTyaabHUX Oi0IIOTEK, PO3MOAIICHUX
0a3 JaHNX, HaBYAJIbHO-METOAMYHNX KOMIUIEKCIB 1 PO3IIMPEHOTO anapary JUIakTuky [16].
B. buxos, IOC nocTiitHO pO3BHUBAETHCS, YMOKITHBITIOE peaTi3allito HOBUX parliOHAIBHUX Ii/IX0/IiB, 3aCTOCYBaHHS

iHHOBaLiitHUX (opM 1 MeTo/iB HaByaHHs [ 13].

A. Kynim,
H. Mopge,
O. Crnipin

I0C 3abe3medye CpUATINBI YMOBH IJIi OCOOMCTICHOTO Ta MpOo(ecifHOTO PO3BUTKY aKTHBHOI,
TBOPUYOi, KOMIIETEHTHOT OCOOMCTOCTI, 37aTHOT 10 peduiekcii, po3B’s3aHHSA PI3HOMAaHITHUX MPOOIeM
(HaBUQJIbHMX, JTOCIIIHHUIBKUX, MOOYTOBHX), CTBOPEHHS HOBUX 3HAaHb, €()EKTUBHOTO BH3HAYCHHS
CBOET KUTTEBOT MO3UITIT [8].

O. TpyOinuna

Tpaktye IOC sk cTBOpIOBaHy Cy0’€KTaMH OCBITH CHCTEMY, 3[aTHY 10 CAMOPO3BUTKY, y SIKill MiXK
Cy0’eKTaMH i KOMIIOHCHTAMH BCTAHOBIIOIOTECA 3B’A3KH i BIJJHOCHHHU Ha OCHOBI iH(OpMamiiHo1
JUSUTBHOCTI JUIst IOCATHEHHS OCBITHIX 3aBJiaHb. Lle 03Hauae, 10 Take Cepe/IoBHIIC Ma€ posrsIaTHCs
Yy JIBOX acleKTax: sK IPOrPaMHO-TEXHIYHMiA KOMIUICKC i sIK MeJaroriyHa cHcTeMa, a oTke, y Horo
NIPOCKTYBaHHI IIOBUHHI BUPILIYBaTHUCS HE TUIBKH IPOOIeMH 1HPOPMALIiHO-TIPOrpaMOBOTo XapakTepy,
aJsie ¥ mcuxoJoro-neaaroriydi nutanas [17].

1. SIkumanchKa

YUnm pi3HOMaHiTHiLue OCBITHE iH(pOpMaIiiiHe CepeoBHILE, THM e(beKTI/IBHiLue MPOIEC HABYAHHS
3 ypaxyBaHHAM lH,Z[I/IBl,Z[yaHBHI/IX MOKIIMBOCTCH KOKHOTO, HOTO IHTEPECiB, HAXMIIIB, CY6’€KTHBHOIO
JIOCBIY, SIKWi HAKOMMYCHWI B HaBYaHHI 1 peaJbHOMY >XHUTTi. BHOKpeMHMO IBi OCHOBHI ifei:
no-nepiie, HeoOXiAHICTh PI3HOMAHITHOCTI Cepe/IOBHIIIA HABYAHHS, [0 MOJKIIUBE i3 BUKOPUCTAHHIM
3aco0iB IKT; mo-npyre, BUMora iHInBiAyai3amii HABYaHHS, aIaNTallii oTo J0 Mi3HABAILHUX TOTPed
Ta IHTEPECIB THX, XTO HABYAETHCS [15].
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[lonsTTs «iHpOpMALiiHE OCBITHE CEpeTOBHILE»
(I0C) mo-pi3HOMY TIYMauuThCS CY4YacHOIO TICH-
XOJIOTO-TIE/IaTOTIYHO0  HAYKOI0, IO JIEMOHCTPYE
€MKICTh HOTO CYTHOCTI Ta aJIbTEPHATHBHICTH ITOTIISI-
IiB nochigHuKiB. B. BUKOB MporioHye BU3HAuaTH
IOC sk «...MaTepianbHO-TEXHIYHE, TICHXOIIOTO-
reJaroriyue, JUIAKTHYHE, KOMYHIKaTHBHE 3a0e3-
MIEUYCHHSI OCBITHBOTO TPOLIECY, 10 BKIIOUAE 3ac00U
HaBUYaHHS, sIKi 0a3yIOThCSI Ha 3aCTOCYBaHHI MOKIIU-
BOCTEH cydacHUX MU(GPOBUX TEXHOJOTIH, Ta 3a0e3-
reuye e(heKTHUBHY B3aEMOJIII0 Cy0’€KTIB OCBITHHOTO
mporecy B yMOBaxX JWCTAHIIHHOTO Ta 3MIIIaHOTO
HaBuaHHs.» [13]. BnacHi aedininii moustts «indop-
MarfifiHoro ocBiTHhoOro cepemouiiay (I0C) maroTh
Y CBOEMY HayKOBOMY IOPOOKY BimoMi YKpaiHCBKI
BueHi (Tabmuis 1).

Jiist NOpIBHSIHHST YaCTOTHOCT] BKUBAHHS PO3IIIS-
HYTUX TEPMiHIB y HayKOBHX POOOTax yKpaiHCbKHX
JMOCIITHAKIB, SKi TOCTYIHI y MMOBHOMY 00Cs31 i
O3HAOMIIEHHSI, HAMH OyJI0 BHKOPHUCTAHO TOIIYK
y Google Scholar 3a nepioz 3 2018 poky mo 2022 pik.
Pesynbrari 3anuTy 3a KIIOYOBUMH CIOBaMH «LUQ-
poBi TexHomorii» (2360 pobit) Ta «iHhopmarriitae
ocBiTHE cepenoBume» (81 pobora) cBimYaTh MPO
aKTyaJbHICTh OOpaHOi TEMHU JOCIIIKEHHS; IIUPOKE
KOJIO HAyKOBHMX JOCITI/UKEHb Ta HANpPSMKIB, Y SKHX
BHKOPUCTOBYIOTBbCS  ITU(PPOBI  TEXHOJOTI(; TIpo-
(beciiiHy CHpSIMOBaHICTh 3aCTOCYBAHHS TTOHSITTS
«iH(opMmalliiiHe OCBITHE CEepeOBHIIE», IO 3YCTpi-
YaeThCsI B OCHOBHOMY B HAayKOBHX JOCIHIKEHHAX
3 meparoriku Ta ncuxosorii. Ilomyk oxHO4YacHOro
BUKOPHUCTaHHS IOEIHAHHS CJIOBOCIOJIyYeHb «LUQ-
POBI TEXHOIIOTI1» + «iH(pOPMAIIiiiHEe OCBITHE cepelo-
BHUIIIE» 3yCTpivaeThes umie B 11 BibHOMOIINpIOBa-
HUX TIOBHOTEKCTOBHUX POOOTaxX HAyKOBLIB YKpaiHH.

Orxe, iH(OpMAIlifHE OCBITHE CEpPEIOBHIIE
y CYKYITHOCTI 13 Cy4acHUMH HU(PPOBHUMH TEXHOJO-
TiSIMH CHIPUSIOTH (POPMYBAHHIO OCOOIMBOTO OCBIT-
HBOTO CEpeIOBHILA B 3aKJIaaX OCBITH, IHTEHCHU]IKY-
IOTh KOMYHIKaIliiiHi 3B’SI3KH Cy0 €KTiB HABYAIILHOTO
poIriecy, JOMOBHIOIOThH 0e3MocepeiHe CIITKyBaHHS
4yepe3 cydyacHi MeToau, popMu Ta 3ac00M HaBYAHHS
JUIST THTEpaKTUBHOI B3aeMOJil. 3a3Ha4yeHi Nenaro-
riuHi  0cobimBOCTI  1HPOPMAIIHHOTO OCBITHBOTO
CepeIoBHIIA i BUKOPUCTAHHS TU(PPOBUX TEXHOJIOTIN
B yMOBaXxX JMCTAHI[IHHOTO Ta 3MIlIAHOTO HABYAHHS
IHIIIIO€ TOSIBY HOBUX OCBITHIX MPAKTHUK, IO BiJIO-
BiHO crpusie TpaHcopMaIllii OCBITHBOI CHCTEMH
B IILJTOMY.

[lepcriekTHBOO TOAAIBIINX JIOCIHIHKEHb BOA-
4aeMO 3IIHCHEHHS aHalizy JediHiliii MOHATH
«uudpoBi TexHONOTII» Ta «iH(OpMAIliliHE OCBITHE
CepelOBUILE» 1HO3EMHHMU HAayKOBISIMH, @ TaKOX

MOJIaHHS TOPIBHSUIBHOT XapaKTEPUCTUKH IHX Hay-
KOBUX TIyMau€Hb BiJ BITUM3HSHHUX Ta 3apyOiKHUX
JOCJIIJHUKIB.
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The article reviews the logical structure of the definitions of “digital technologies” and “information educational
environment”. Based on the analysis of Ukrainian literary sources, we found that in scientific circles and national legislation
there is no single approach to the definition of “digital technology”. The active use of modern digital technologies
in distance learning contributes to the formation of a new information educational environment for participants in
the educational process. Researching modern digital technologies in the context of the implementation of digital education
in Ukraine, the article draws attention to the benefits of using cloud technologies in the educational process. The concept
of “information educational environment” is defined differently by modern psychological and pedagogical science,
which demonstrates the capacity of its essence and the alternative views of researchers. The information educational
environment in combination with modern digital technologies contributes to the formation of a special educational
environment in the educational institution, intensifies the communicative connections of the subjects of the educational
process, complements direct communication through modern methods, forms and means of learning for interactive
interaction. Pedagogical features of the information educational environment and the use of digital technologies in distance
and blended learning initiates the emergence of new educational practices, which in turn contributes to the transformation
of the educational system as a whole.

Key words: digital technologies, digital educational technologies, information-educational environment.
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Aviation safety has become one of the most
important issues of aeronautical system. Safety
experts are constantly seeking means to improve
safety in order to reduce the already low accident
rates. Thus, in recent years more attention has been
focused on human factors that contribute to accidents.
Communication is one of them and the emphasis
is placed on it, meanwhile the role of language
proficiency and language use in aviation incidents
and accidents are being covered.

Research has shown that studies in the field
of aviation English language training covers a wide
range of issues, though, not many have been done
on the language assessment of aviation safety
threats and risks; and not many have received
a proper reflection in special literature. The studies
considered the issue of specialists’ training of radio
exchange interaction only from the perspective
of foreign language communicative competence
of an aviation specialist. In our opinion, the analysis
of radio exchange interaction peculiarities along
with the process of formation the professional
communicative competence of prospective aviation
operators (pilots and air traffic controllers) will
clarify the question of language assessment of safety
threats and risks in aviation and open the prospects for

students’ self-realization in their future professional
environment as well as in communication with
foreign colleagues.

It is worth to mention that these days
the training of students is provided under drastic
global and national changes. Firstly, the outbreak
of the COVID-19 pandemic which has created a new
paradigm of ‘life in social distancing’. In the sector
of higher education most universities were forced to
shift from conventional, face-to-face instruction to
distance teaching and learning [1; 2]. Secondly, in
light of the Russian Invasion of Ukraine and the threat
the war poses on civilians, including academics
and students who continue their work.

The objective of the current study is to consider
the issue of language assessment of safety threats
and risks in aviation, describing and analyzing
the basic characteristics and specific peculiarities
of radio exchange and the factors which cause
a communication failure; highlighting the ICAO
standards and recommended practices concerning
language proficiency requirements; outlining
the professional communicative competence
of a prospective aviation operator and summarizing
the students’ language difficulties (language errors
while using radio exchange phraseology; linguistic
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errors while using spoken language; audio errors;
subject errors) in the course of aviation English
language training.

To achieve the aim of our study, at the various
stages of the research, the following methods were
used: theoretical methods (analysis and synthesis,
comparison and generalization, analogy), methods
of structural-functional and systematic and activity
approaches.

We assume that taking into consideration
the specific features of radio exchange interaction,
communication failures which can arise in
the process of conducting radio exchange, the impact
of wvarious factors on communication failures;
and understanding the typical students’ errors while
learning a professionally oriented language will
minimize the probability and limit the language
failures in their future professional field.

Radio exchange interaction, its characteristics,
features, communication failures and the factors
which cause them. The development of modern
science and technology leads to the emergence
of specialized spheres of human activity, which
predetermines the emergence of specialized
communication areas. The life of the communication
participants depends on the level of proficiency
in a professional sub-language. The language
of professional communication of aviation specialists
coversspecificradio voice communicationinthe mode
“air traffic controllers — aircrew” while operating
a flight (flight communication); communication
of aircrew with ground personnel (maintenance
specialists, ground support crews, etc.) to ensure
the organization of the flight and its safety (ground
communication); communication with passengers
usually done indirectly as aircrew announcements
or directly in certain flights, if there arise situations
in the cabin that require cockpit crew intervention
to ensure flight safety. Thus, the aviation sub-speech
provides the process of professional communication
of aviators in preparation for the flight and in
the process of its implementation.

Aviation English (also known as Radiotelephony,
Airspeak, or Skytalk) is one of the varieties
of language for professional or specific purposes
(LSP — Language for Specific Purposes), invented
for a field of aviation professional activity, which has
specific features and is fundamentally different from
General English (GE). In Aviation language special
terminology is used to provide effective, clear, concise
exchange of information. Besides, Aviation English
has its own alphabet, and it consists not of letters,
but of words. It has been invented in order to avoid

misunderstanding due to noise or other situations.
Pilots and air traffic controllers use these words to
spell the letters and numbers in the message. The key
in ensuring flight safety is air-ground communication,
thatis, radio exchange between the air traffic controller
and the pilot. To ensure the safety of participants, it
is necessary to comply with the rules of professional
communication, which is considered a component
of the professional reliability of air traffic controllers
and pilots. The professional discourse of civil aviation
radiotelephony interaction plays a significant part in
providing safety both aircraft operation and traffic
control as discussed by Petrashchuk [3].

Civil Aviation Radiotelephony Interaction (RTF),
or Radio Exchange is realized in bilateral exchange
of information by means of radio communication
equipment between the aircraft crew and ground
control services and/or other aircraft, as well
as internal radio communication between crew
members. The main communicative aim of RTF is
successful interaction which includes informing
(message), request, and control of the aircraft
by ground services. To achieve the aim, aviation
operators should be ready to use plain language in
their professional environment — a more natural
language and non-coded, used in emergency
conditions during the flight, for example, such as
flight into deteriorating weather or a medical problem
of a passenger. It means that phrases of an aviation
specialist under the circumstances of danger should
be concise and understandable to take necessary
actions. Moreover, his or her speech should not
contain slang idioms and colloquial expressions.

Since interaction takes place over the radio,
contextual conditions for aviation linguistic safety
include some evident factors, such as “good working
radio equipment, effective language competence
assessments — particularly for international aviation”
as discussed by De-Matteis [4].

The basic characteristics of radiotelephony
interaction are the following as discussed by
Kyrychenko [5]: 1) conciseness, which provides
a concise expression of certain content with
a minimum number of language tools; 2) clarity,
or a clear demarcation of similar language means,
which prevents their confusion; 3) unambiguity, for
instance the use of language with a value that does
not allow misinterpretation of the statement.

As a process of distant communication, radio
exchange interaction has a number of its own
specific characteristics: 1) perception of information
about objects of control and the system itself
(the process of looking for information, its
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decoding, extraction of significant information
etc.); 2) processing of information (decision-
making, highlighting  problem situations,
comparing them); 3) making a decision based
on the data obtained in the process of analyzing
the information; 4) conveying the information about
the decision, the implementation of actions; 5) control
of the conveyed information/command performed by
the crew; 6) action coordination of the crew.

There are many features of radio exchange
communications that make it more difficult for
users of English as a foreign language. Firstly,
communication in another language is stressful.
Secondly, there is no visual contact using radio
exchange, making it even more difficult than face-
to-face communication, where we also receive
information through non-verbal channels, including
body language and facial expressions. Consequently,
flight and airplane control in radio exchange
communications with linguistic barriers and no
visual cues leads to many stressful factors.

In the process of conducting radio exchange
a communication failure can appear due to various
factors: complexity of information, which leads
to misunderstanding; psycholinguistic factors:
inadequate anticipation of a situation; language
factors: lack of knowledge of phraseology, incorrect
pronunciation of English words or the co-speaker
has a strong accent; psycho-physiological factors:
distraction due to fatigue and switching from one
problem to another, stress; technical factors: technical
problems with connection that causes obstacles
and bad audibility in the air. In such conditions
“the crew may lose their communication reliability
and adequacy, revealing the traditional elements
of frustration: confusion, lack of emotional stability,
loss of courage and determination, volitional qualities,
resistance to long-term monotonous work, reduced
attention functions when reacting to information,
switching to native language in extreme situations
and emergencies” as discussed by Moskalenko [6].
One of the difficulties for both pilots and air traffic
controllers that lead to a communication failure is
to distinguish voices sounding at the same time. So,
the content of English language training of aviation
operators, includes necessary working procedures,
basic speech intentions and typical ways of their
implementation, lexical and grammatical units used
in these communicative situations.

ICAO policy on language proficiency. Flight
safety is ensured both by the performance of high
professionalism and mobilization readiness of pilots
and air traffic controllers to act either in standard or in

emergency situations. Accident investigators found
a common contributing element: insufficient English
language proficiency on the part of the flight crew or
acontroller had played a contributing role in the chain
of events leading to the accident. Any failure or
mistake in perception or transmission the information
in English contains a serious risk of regular operation
system disruption “Dispatcher — Crew — Aircraft —
Environment” and, thus, poses a threat to flight safety.

Theanalysisofaviationeventsrelatedtothe “human
factor” in the operation of the “Dispatcher — Crew —
Aircraft — Environment” system using the English
language has become a serious argument for ICAO
to consider aviation English as one of the risk
factors along with errors in piloting, aircraft failures,
difficult meteorological conditions, etc. Prior to
the introduction of the Common English Language
requirements by ICAO, it was also possible to fly
and navigate air traffic without English. “There
were times when one flight crew member could
speak English and air traffic controllers worked
with the help of an interpreter” as discussed by
Grynyuk [7]. The initial reason for ICAQ’s decision
to develop standard rules for the use of the English
language was the resonant catastrophes.

In March 1977 at Tenerife Airport, when
583 people died in a collision at the runway when
two B-747s of KLM and PanAm took off. This
catastrophe is still the largest casualty rate in world
civil aviation. In investigating the crash, it was found
that the participants had different levels of aviation
English, and there was a misuse of common
English phrases in those cases where only standard
phraseology was to be used. In 1978 another
“language™ catastrophe followed already in the air,
when the British Trojan 38 and the Yugoslavian
DS-9 collided in the zone of responsibility of Zagreb
ATC. At the most critical moment, in the conditions
of intensive air traffic, the air traffic controller turned
to Croatian instead of English. At that time, it was
the biggest airplane collision in the civil aviation.
There were also cases when pilots in the Spanish
and French skies moved from English to Spanish
or French. At the same time, English-speaking
pilots became “lazy” and did not use the correct
phraseology while communicating with air traffic
controllers [7; 9].

ICAO had to pay very serious attention not only
to details, but also to the depth of aviation English
proficiency of pilots and air traffic controllers. In
2000, the Proficiency Requirements in Common
English Study Group (PRICESG) convened
for the first time. PRICESG was established by
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the Air Navigation Commission to assist ICAO in
advancing the language competency task, which
included, among other elements, the following
aspects: 1) to carry out a comprehensive review
of existing provisions concerning all aspects of air-
ground and ground-ground voice communications in
international civil aviation, aimed at the identification
of deficiencies and/or shortcomings; 2) to develop
ICAO provisions concerning standardized English
language testing requirements and procedures;
3) to develop minimum skill level requirements in
the common usage of the English language [8].

Concern over the role of language in
accidents led to the adoption of ICAO Assembly
Resolution A32-16, in which the ICAO Council was
urged to direct the Air Navigation Commission to
consider this matter with a high degree of priority
and complete the task of strengthening relevant
ICAO provisions concerning language requirements,
with a view to obligating Contracting States to take
steps to ensure that air traffic control personnel
and flight crews involved in flight operations in
airspace where the use of the English language is
required are proficient in conducting radiotelephony
communications in the English language. Thus,
in March 2003, the ICAO Council adopted a set
of Standards and Recommended Practices (SARPS),
which increased the English language proficiency
requirements for pilots and ATC air traffic controllers
involved in international flights. According to these
English proficiency requirements, the ICAO standard
phraseology should be used whenever possible,
and when the phraseology is not applicable, ATC
pilots and air traffic controllers should demonstrate
aminimum level ofspokenlanguageproficiency. From
5 March 2008, ATC pilots, ATC air traffic controllers
and aircraft station operators were to demonstrate
an ability to speak and understand the language used
for radio exchange communications, due to the ICAO
Scale 4 holistic criteria and language proficiency
scale. The purpose of the ICAO language proficiency
requirements is to ensure that the language
proficiency of pilots and air traffic controllers is
sufficient to reduce miscommunication, allow pilots
and air traffic controllers to recognize and solve
potential miscommunication. The language should
be a tool to identify and solve a potential problem
before it becomes a disaster. Rather than language
playing a contributing role, the object of ICAO
language proficiency requirements is for language to
play a problem-avoiding role.

The language proficiency requirements and Rating
Scale were developed to assess speaking and listening

proficiency  for aeronautical radiotelephony
communications. The requirements were also
developed for use in assessing proficiency in all
languages used for radiotelephony communications.
The scope and focus of the ICAO Language
Proficiency Rating Scale are specific [8]: the ICAO
Rating Scale addresses only spoken language; it does
not address reading and writing skills;

— the ICAO Rating Scale has a distinct
acronautical radiotelephony focus; it addresses
the use of language in a work-related aviation
context, voice-only communications, using strategic
competences for safe communications in case
of complications or unexpected turn of events,
and emphasizing intelligibility in an international
community of users;

— ICAO Operational Level 4 does not target
high degrees of grammatical correctness or native-
like pronunciation. Grammar, syntax, vocabulary
and pronunciation are judged primarily to
the extent that they do not interfere with effective
oral communication;

— the final rating is not the average or aggregate
of the ratings in each of the six ICAO language
proficiency skills but the lowest of these six ratings.

The enhanced language proficiency requirements
had been adopted precisely to improve the reliability
of radio communications in situations where
the standard phraseology was not sufficient.
ICAO Member States should ensure that their use
of phraseology is as close to the standard ICAO
phraseology as possible. Standard phraseology
is the minimum required level of professional
communicative foreign language competence. Native
speakers and other experienced users of English
should be aware of the dangers, learn strategies to
improve intercultural communication, refrain from
using idioms, colloquialisms and other jargon in
radio exchange communication, and adjust the rate
of speech. The minimum level of English proficiency
for an aviation specialist is level 4 on the ICAO
scale—Operational. Anaviationspecialistwhomasters
level 4 should have a clear and good pronunciation,
correct stress, rhythm of speech and intonation.
Speech tempo isn’t slow; the speaker should be
ready for spontaneous conversation. “Answers are
usually immediate, accurate and informative” as
discussed in ICAO Manual [8]. Since ICAO requires
the mandatory use of English “at the request of any
aircraft station and at all ground stations serving their
assigned airports and routes that are used to provide
international air communications”, and most flights
operated by Ukrainian airlines are operated ATC
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bodies in the airspace of our state are international,
then the language of radio exchange for Ukrainian
pilots and air traffic controllers is English, that is,
a foreign language that is specially studied by these
specialists in order to become an instrument of their
reliable and effective professional activity. Thus,
the main goal of prospective air operators’ training
is the formation of professional communicative
competence.

Formation of professional communicative
competence of a prospective aviation specialist.
Today special requirements have been put forward
on a modern aviation specialist — a professional who
is able to solve problems of theoretical and practical
significance, make decisions in different situations,
and have emotional resistance to extreme conditions
in the field of aviation professional activity. It
implies that prospective aviation pilots and air
traffic controllers should have sufficient knowledge
of English to perform their professional activities
[9; 10; 11; 13].

A communicative approach is focused on learning
through communication and forming a professional,
who can speak fluently, discuss topics referring
his professional activity without difficulties,
etc. A competence-based approach presupposes
the orientation of professional education. The main
requirement in the implementation of competence-
based approach is to create conditions for students
to solve problems, give them the opportunity to
see their achievements. The recommendations
of the Inter-Aviation Committee indicate the need
to develop “targeted comprehensive programs on all
aspects of the influence of the human factor on flight
safety” as discussed elsewhere [9; 12; 13].

Communicative and competence-based
approaches play a significant role in the formation
of prospective aviation specialists’ communicative
competence which defines the degree oftheirreadiness
to future professional activity. Communicative
competence of prospective pilots and air traffic
controllers consists of professional knowledge,
skills and abilities: ability to solve problems which
occurs in professional and socio-cultural language
environment as discussed elsewhere [9; 10; 11; 13].

The analysis of radio exchange interaction
peculiarities and the requirements for professional
communicative competence allow us to model
the typology of exercises for pilots and air traffic
controllers’ professional training. While elaborating
the complex of exercises we took into account
the following aspects: psycholinguistic features,
information overload, high pace of work, work

in stressful conditions, the pilot’s dependence on
extra-linguistic factors influencing the quality
of radiotelephony interaction etc.

In our opinion, the described below exercises
can facilitate the air operators’ training process
and help coping with real difficulties of professional
communication: 1) exercises to develop pronunciation
skills: fluency, pace, emphasis of words, clarity
of pronunciation; 2) exercises to develop the ability to
perceive messages under adverse conditions: due to
various obstacles and specifically created difficulties
(the numbers in reverse order, simultaneous listening
of two different texts, etc.; 3) exercises to develop
listening skills (listening to and understanding
a fragment of radiotelephony interaction, using
knowledge of the basic phraseology of RTF, code
words, forecasting, etc.

It is necessary to take into account such
a feature of their professional communication as
complete dependence on third-party factors that
affect the quality of radio traffic: a factor of time;
insufficient operational information, poor quality
of communication intelligibility surprise. The way
to overcome their impact on communication is to
form the psycho-physiological and communicative
readiness of the dispatcher for radio exchange
based on exercises that simulate the specific
features of real communication. The development
of exercises implies the possibility of training on
the basis of a training dispatch simulator, which
allows visualizing all controlled objects, setting
them the necessary characteristics (speed, direction,
etc.) and practicing the required communication
skills [9; 11]. However, within the framework
of a professionally oriented language course,
this opportunity is far from being accomplished
due to a number of technical and organizational
reasons. Teachers often have to simulate working
conditions directly at their classes using classical
teaching aids (textbook, audio player, etc.). To
overcome the teaching and learning difficulties in
this case, we can recommend the following types
of exercises for: 1) the development of listening
skills (phonetic dictation — an audio cut from call
signs, reported by pilots of different nationalities;
listening to the “pilot-controller” conversations
to identify the correct confirmation by the pilot
commands issued to him; listening to the “pilot-
dispatcher” conversations to compare the incoming
audio information with the proposed visual support
(map, flight path diagram, telegram, scenario)
and identify inconsistencies; 2) the spatial
representation of the air situation in a specific area
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of responsibility (students are invited to listen to
the pilot’s report and the “pilot-dispatcher” to record
navigation information of aircraft, speed, altitude,
courses, manoeuvres, time; construct the trajectory
of the aircraft in a longitudinal or vertical profile;
analyze the potential for controlling the aircraft based
on the proposed scheme of the responsibility area,
issued meteorological conditions); 3) memory (oral
counting in the mind, snowball game; listening to
multi-component reports of pilots, “pilot-dispatcher”
negotiations aiming at confirming the received
information or retelling without written recording);
4) communication skills (drawing a situation;
listening to an excerpt from the “pilot-controller”
conversations without the initial and final replicas
of the pilot and the controller to restore the situation;
playing the situation by roles).

Language difficulties the Ukrainian students
encounter while learning the Aviation English.
Language errors, in both understanding and speaking,
are failures to comply with a norm of the language
system or subsystem being used. Errors may be
isolated to one language item or negatively affect
the meaning of a whole message. However, inevitable
language errors should always be considered
and judged in the wider context of miscommunication
or failure to communicate successfully [7; 14; 15; 16;
17; 18]. Knowing and understanding the language
difficulties will apparently enable students to prevent
from making mistakes, and can be avoided in their
professional activity. Thus, regardless of the radio
exchange language registry being studied, prospective
pilots and air traffic controllers encounter two types
of errors — language and subject.

Language errors while using radio exchange
phraseology [19; 20; 21; 22; 23] occur in incorrect
reading of numbers: flight level one hundred (instead
of one-zero-zero), heading one-eighty (instead
of one-eight-zero).

1. Lexical errors are as follows: mixing of words
and expressions close in meaning but different in
use: cleared/approved, confirm/affirm/acknowledge,
maintain/continue, and replacing radio phraseology
units with spoken language: pick up heading 130,
wait for start-up, report in what weather conditions
you are flying now (Report flight conditions), etc.

2. Grammatical errors include violation
of word order and omission of significant parts
of the grammatical structure: Air France 1053,
foreign object on the runway — stop immediately
(instead of Stop immediately, Air France 1053,
stop immediately, foreign object on the runway),
and extension ofthe stable phraseology units by means

of a commonly used language: Expect departure
at 05 minutes (instead of Expect departure at 05).

Linguistic errors while using spoken language
[25; 26; 27; 28] include lexical errors: mixing
of words, terms and expressions similar in meaning
but different in the situation of using them: height/
flight level/altitude, over/above.

1. The use of “pseudo-international” words
(so-called “false friends of the translator”): shassee
(instead of gear), trap (instead of steps/stairs),
telescopic trap (instead of jetway), cabin (instead
of cockpit).

2. Errors in preposition: on what flight level
did you experience moderate turbulence? (instead
of what flight level...); Are you able to reach
FL340 via BUKET? (instead of by BUKET); Expect
departure in 55 (instead of at 55).

3. Mixing parts of speech and/or replacing
with cognate words: Roger, you’re too height for
the approach (instead of high); What assistant do you
need? (instead of assistance); Report fly conditions
(instead of flight).

4. Grammatical errors consist of errors in verb
forms: 1 hadn’t your flight plan; are you expect?
Have you come back?

— word order errors: This information gave
our neighbor sector (Our neighbor sector gave this
information);

— errors in selecting a subject: There is your
marshaller left of you (Your marshaller is left of you);

— errors in noun number selection: Roger,
passengers with heart attack (instead of passenger).

5. Audio errors include errors in numbers
and letters: Alfa/Tango/Echo, Echo/X-ray, Bravo/
Papa, 650/6500, and errors in the perception
of phrases based on misunderstanding a word or
phrase, presented in the Table 1:

Subject errors begin with the formation
of spontaneous false beliefs while ;acquiring subject
knowledge of the specialty [28; 29; 30; 31]. If they
are not corrected, they appear systematically in
unrealistic commands: (P) Request immediate return
to the field. — (C) Roger, you need to return, make
three-sixty turn. (C) Maintain FL 160, descend at your
discretion to FL 120. (P) Request immediate return
to Helsinki — (C) Roger, make right furn 190 degrees.

According to statistics, almost 80 percent
of aviation accidents and incidents are somehow
connected with the imperfect communication
and speech interaction of aviation operators. One
ofthe leading areas of professional activity of aviation
specialists is a professional communication, which
is considered a component of their professional
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Table 1 — Examples of errors in the perception of phrases based on misunderstanding a word or phrase

What was said by the pilot

What was heard

We’ll have to descend slowly

We’ll have to descend to ULLI

We have no emergency

We have an emergency

We’ll expect a tug

We’ll expect attack

There’s some music on the frequency

There’s some military on the frequency

Please, inspect our stand

Police expect us to stand

We have sparks on the right-hand side of the aircraft

We have a pax on the right-hand side of the aircraft

We have a quite rude man on board

We have a flight route plan on board

We’ll continue holding with other circuits

We’ll continue holding without circuits

The passenger’s become better

The passengers come back

We do need a tug

We don’t need a tug

reliability. Thus, the knowledge of professional
English has been defined as one of the crucial factors
for a modern aviation specialist, which affects
aviation safety. The conducted research proved that
the effectiveness of teaching English to aviation
students depends on the following points: pedagogical
conditions, modelling the situations applicable
to aviation specialists’ professional environment,
the use of authentic materials at classes, and clear
material selection which encourage the formation
of aviation specialist professional communicative
competence. However, we understand that they do
not cover the problem fully and, more likely, there
are other dimensions which need to be studied and,
possibly, be the prospects for the further research
of this issue.
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CraTTsl MpUCBsSYEHa MOBHIHN OIIHIN 3arpo3 Ta PU3MKIB Oe3IeKu aBiaiii. AKIICHTOBAaHO YBary Ha XapaKTepPUCTHUKAX
Ta 0COOJMBOCTAX Paaio0OMIHHOT B3aeMoii. PO3IISIHYTO CyTh «KOMYyHiKaliiHOrO 30010». HaromomneHno Ha pi3Hux dax-
TOpax, SKi CIPHINHSIOTH 30ii 3B°13Ky. OOTPYHTOBAHO Ba)KIHBICTh JOCTIKEHHS MPO(eCciiiHOI KOMIIETEHTHOCTI Mai0yT-
HIX aBilallifHUX EKCIUTyaTaHTIB (IUIOTIB Ta AucmeTdepiB). OMUCaHO TUMONOTII0 BHOPAB IS MiABUIICHHS €(EKTUBHOCTI
HABUYAJBHOTO Mpolecy MaiOyTHIX aBialliiiHUX omepaTopiB. BiH Takox y3aranbHIOE BUCHOBKH III0JI0 MOBHUX TPYAHOIIIB
CTYNICHTIB TIiJ] YaC HaBYaHHS aBiallifHOI aHIIiiichKOT MOBH (MOBHI MOMMJIKH ITi/l 4ac BUKOPUCTaHHA (paseonorii paxioo0-
MiHy; MOBHI IOMHJIKH T1iJ] YaC BUKOPUCTAHHS PO3MOBHOI MOBH; 3ByKOBI MOMMJIKM; TEMATHYHI TIOMHUIIKH). Y CTATTi TaKOX
PO3IIIAIAEThCS 3aMpOBAKEHHS] MKHAPOJHUX BUMOT BOJIOJIHHS aBialliiHOI0 MOBOIO. Bin BucBiTIIOE crangapti IKAO

Ta pCKOMCHAOBAHY MPAKTUKY OO0 BUMOT BOJ'IO,I[iHHfI MOBOIO.

Kuarouosi ciioBa: apiamiiiHa aHrmifickka MOBa, aBialiiiHa Oe3eka, MOBHA OIliHKA, MOBHI TPYIHOIIII, palio00MiH.
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The paper is devoted to the problem of students’ knowledge assessment, because very fact of a grade of a student in
a particular subject does not reflect his or her competences. The purpose of the research is the analysis of deviations, i. e.
identification of data that differ in any parameters in the total mass. Usually, students become more critical during their
education (from their point of view, subjectively or objectively) of the subjects they studied: something they do not need,
and something — is extremely important. Accordingly, this is reflected in the estimates. It is proposed to use the ideas
of spectral analysis, the method of nearest neighbors, plausible reasoning, fuzzy set methods and identification methods.
The idea of spectral analysis is that all student assessments are located at fixed positions: each assessment of indicators
in a predetermined place in groups of selected subjects. This rating can be the result of assessment of knowledge during
the module control, assessment of the course project, test results, etc. When using distance learning methods and tools in
the dialogue mode, the assessment is set by a program that monitors the assimilation of current material. Identification
of a specific spectrogram can be carried out using the method of the nearest neighbor and the Euclidean metric as a measure
of proximity. The presented appropriate algorithms of the student’s self-preparation process includes the main aspects
of education process. The proposed heuristics for decision making on the knowledge defines the presence of certain
trend, comparing the situation where the estimate does not exceed the standard deviation and the result of the observation
of the change in the estimate in the current and during the previous assessments. The developed approach helps to
assess students’ knowledge more objectively and to identify trends in the development of material, gaps in knowledge
and the aptitudes of students.

Key words: students’ knowledge, students’ aptitudes, data mining, spectral analysis.

1. INTRODUCTION. DATA MINING IN subjectively or objectively) of the subjects they read:
STUDENTS’ KNOWLEDGE ASSESSMENT something they do not need, and something — is

An existing methods of teaching and assessing extremely important. Accordingly, this is reflected in
students” knowledge and abilities have now  the estimates. On the other hand, teachers emphasize
become obsolete. The very fact of a high or low students’ importance of the subjects they read
grade of a student in a particular subject says little. (usually giving examples of how a “trifle”, that is
A systematic approach is needed to assess students’  not perceiving, and ignoring seemingly insignificant
abilities and inclinations. This approach should  facts, can lead to a catastrophe or failure to achieve
be based on the intellectual analysis of data [1] a goal) and thus, try to arouse interest in a particular
on academic performance and other activities section or subject in general. Here it is important to
(participation in conferences, social activities) for =~ know — the observed ignorance is characteristic of all
the entire previous period of study in absolutely all or only some listeners, what are the trends in different
disciplines relevant to the chosen specialty, both groups of students, etc. In addition, it is desirable
compulsory and optional. The purpose of such  to find relationships between individual indicators
an analysis is to detect deviations, i. e. identification ~ of general trends. Finally, it is very important to
of data that differ in any parameters in the total mass. summarize the built model (template) for application
Usually, as students get older and gain new knowledge, to new data in order to predict the genesis of each
they become more critical (from their point of view, of the listeners. All this, in fact, can be described by
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the term of data mining. To implement the proposed
approach, it is proposed to use the ideas of spectral
analysis, the method of nearest neighbors, plausible
reasoning, fuzzy set methods and identification
methods. The idea of spectral analysis is that all
student assessments (expressed in points, or rather, in
the scale [0,00...1,00]) are located along the abscissa
axis at fixed positions: each assessment of indicators
in a predetermined place in groups of selected
subjects. This rating can be the result of assessment
of knowledge during the module control, assessment
of the course project, test results, etc. In addition,
when using distance learning methods and tools in
the dialogue mode, the assessment is set by a program
that monitors the assimilation of current material.
After viewing the unit, the student takes a test and by
its results he turns to the unit that is poorly mastered
(and the number of iterations are taken into account
as an indicator of the weakness of the assimilation
of the material), or turns to the next subsection, which

must be studied. The algorithm of this procedure is
shown in Fig. 1-2.

It is possible to adjust the assessment as follows.
If the grade exceeds, for example, 80 points (or 0.8),
and the grades in related disciplines exceed 0.85,
the following correction factor n can be offered:

n
n=(L~-1)/(2N+ L)1/NY x;, (1)

i=1
where L — number of grades in related

disciplines exceeding 0.85, N — the total number
of grades, x; — grade of the i-th subject. In this
case, the adjusted estimate is lower if L =0,
is not changed at L=1 and increases with
increasingL.Thevalueoftheestimatex(i.,.)isdefinedas
x(i cor) = n,;. The graphic interpretation of that is
shown in Fig. 3.

Each student, as shown in Figure 3,
corresponds to his spectral characteristics,
and it is possible to formulate certain patterns

The task

i:—0,

I:—n

Find the
necessary
literature

NO

Do You have

watme?
: l k.

NO

Formulate the
question

YES

Formulate the

Leam the 1-th paragraph

question

Do You have

questions?

Yes

Figure 1 — A. Block diagram of the student’s self-preparation process
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that correspond to the assessment standards
(classes) of the Bologna process.
2. IDENTIFICATION OF THE
ABILITIES SPECTRUM
Comparison of characteristics with the standard
(template) with simultaneous indication of acceptable
tolerance in the scatter of characteristics 2 relative
to the standard will allow to unambiguously identify
them as belonging to a class, and the presence
of “strange” spectrum data will show obvious flaws
in student knowledge and the need course.
Graphical interpretation of the identification
procedure based on the evaluation of the Euclidean
metric, which characterizes the discrepancy between
the compared spectrogram and the standard [2; 3] is
presented at Fig. 4-5. Here 1, 2, 3, ... — disciplines S,
relevant to the profiling course, Oc — the score in
points (0.0-1.0), and the red line is the standard.
Identification of a specific spectrogram can
be carried out using the method of the nearest
neighbor [4], the essence of which is as demonstrated

STUDENTS’

at Figure 6. Here, the Euclidean metric is used as
a measure of proximity.

The test specimen (green circle) must be classified
as a blue square (class 1) or as a red triangle (class 2).
Ifk = 3 (solid circle), then it is classified as 2nd class,
because inside the circle there are 2 triangles and only
1 square. If k=5 (dotted circle), it is classified as
the 1st class (3 squares against 2 triangles inside
a larger circle).

The simplest algorithm of the method is as follows:
1. All points (Ai) of the data set are projected on one
axis. 2. The test point (At) is also projected on this
axis. 3. Find the two nearest points (to the right (Ap)
and to the left (Al) from the point (At)). 4. Measure
the distances between the two templates found
in p. 3 and the test point (At) and identify which
of the distances is shorter (Rd). In some cases, if
it is needed to identify causal links and predict
the dynamics of consolidation of student knowledge
in repeated testing (which objectively contributes
to better learning), a modification of the method

%

Check the knowledge of i-th paragraph

(tests, control questions)

i-th paragraph is
studied

Are there all
answers?

General testing on all
paragraphs

Testing is,
passed.

The end )

Figure 2 — B. Block diagram of the student’s self-preparation process
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of nearest neighbors may be used, which is based on
plausible reasoning in assessing within 2 [4].
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Figure 3 — Spectrograms for cases
N=5andL=2(A),L=0(B)andL=1 (C)

1,0

—__

\ - )
1 |
w ¥
1 2 3 4 i 6 7 S
1,0

‘ 085,

W N

1 2 2 4 5 6 7 Ky

Figure 4 — A. Graphical interpretation
of the spectrum identification procedure
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Figure 5 — B. Graphical interpretation
of the spectrum identification procedure
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Figure 6 — Example of classification
of k-nearest neighbors

The essence of the approach is that the spectrum
data are compared at points of interest with
the spectrum data at the nearest neighboring points.
If there is a consistent dynamics of the amplitudes
of the spectral lines at all adjacent points within
the standard deviation of 2, it can be considered
very plausible to have a certain trend that is credible.
The following heuristics can be used to estimate
the above trend:

IF ([STAB] AND [SIGNSTi+jEQ)])), ?)
THEN [HOT],

where STAB — situation where the estimate does not
exceed the standard deviation, SIGNSTi+jEQ —
the result of the observation that the sign of the change
in the estimate in the current assessment at all
points to the left and right of , i. e. at points i and
ij and from i to i +j, is the same with respect to
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the state at the same points during the previous
assessment, HOT — there is a certain trend. Graphical
interpretation of this approach is shown in Fig. 7.

Marks X;

A
P Gﬁu

26

26 2c
v 20

Blue gpectum -1 Red spectum - 2 Black gpectum — 3

Figure 7 — Comparison of spectra within
2 according to heuristics (2)

CONCLUSIONS. The approach discussed above,
thus, helps not only to assess students’ knowledge
more objectively, but also to identify trends in

the development of material, gaps in knowledge
and even the aptitudes of students to geoengineering
education and sciences. This students’ rating can
be the result of assessment of knowledge during
the module control, assessment of the course
project, test results, etc. Identification of a specific
spectrogram can be carried out using the method
of the nearest neighbor.
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He BijoOpaxkae Horo kommeTeHiii. MeToro 10CiPKeHHS € aHalli3 BiIXWIIeHb, TOOTO BUSBICHHS JaHUX, 10 BIPI3HAIOTHCS
3a Oy/b-sIKUMH TTapaMeTpaMU B 3arajibHiil Maci. 3a3BU4ail CTyAEHTH IiJ 4ac HaB4YaHHs (3 IXHbOT TOUKH 30Dy, Cy0’ €KTUBHO
Y1 00’ €KTHBHO) CTalOTh OUIbLI KPUTHUYHUMH 10 TIPEAMETIB, SKi BUBYAIOTh: IIOCh IM HE MOTPiOHO, a OCh — Ha3BHYaii-
HO BXJIMBO. BiamoBijgHo, 1e BiioOpaxeHo B OLiHKaX. 3alpolOHOBAaHO BUKOPUCTOBYBATHU if1€1 CIIEKTPaIbHOTO aHai3y,
METO/ly HAHOMMKINX CYCi/IiB, MPABIONOAIOHUX MIPKYBaHb, METO/IB HEUITKUX MHOXHH Ta METOMIB ineHTU(IKAIT. [nes
CIIEKTPAJBHOTO aHAJIi3y TIOJISITa€ B TOMY, IO BC1 OIIIHKHU CTYJCHTIB PO3MILIYFOThCS Ha (DIKCOBAHUX MO3MIIISAX: KOXKHA OLIH-
Ka MMOKA3HMKIB Y 3a3/1aJIeTiIb BU3HAYCHOMY MICIIi B TpyIax BUOpaHUX MpeaMeTiB. Liel pedTHHT Moxe OyTH pe3yibTaroM
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[nenTH(IKAIIF0 KOHKPETHOI CIIEKTPOrpaMy MOXKHA TIPOBECTH 3a JIOTIOMOTOF0 METOJY HalOImk4oro cycina. Pospobnenuii
HiXig Jomomarae OimbI 00’€KTHBHO OLIHUTH 3HAHHS YUHIB Ta BUSABHUTU TCHACHILI OCBOEHHS MaTepiaily, MPOTaTIHHH

B 3HAHHSAX Ta 3A10HOCTSX y4HIB.

Kato4oBi cj10Ba: 3HaHHS CTYJCHTIB, 3/1I0HOCTI CTY/ICHTIB, aHAII3 IAHUX, CIIEKTPAJILHUN aHaITI3.
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IlogaHo pe3ysbTaTH MEJAroridHOro JOCIIKEHHS 3 BUBYCHHS BIUIMBY BKIIOUEHb Mi3HABaJIbHOI iH(pOpMaNii mij yac
Buksafanus «TexHiunoi MexaHiku» B Konemki arpapHO-TEXHIYHOTO crpsAMyBaHHSA. MeTor poOOTH cTano BU3HAYCHHS
BIUIMBY KiTBKOCTI 3QJTy4CHOI B IIOSCHEHHS MMi3HaBaIbHOI iH(OpMAallii Ha e()eKTUBHICTH MPOBEACHHS TCOPSTUUHUX 3aHATH
Ta Ha SKICTh 3aCBOEHHS 3HAHb CTyICHTaMH. J[OCII/HKCHHS POBOAMIOCH B YMOBAaX HABYAIBHOTO MPOIECY 3 BUBUCHHS
JTucUILTiEN « TexHIuHa MeXaHikay B MapajieibHuX Ipymnax. [loyaTkoBuid BiUTIK SIKICHHX 3MIiH BU3HAYABCS 33 KOHTPOJIEM
3aJIMIITKOBHX 3HAHB CTYJCHTIB 3 BUBUCHHSI TIOTIEPETHIX TEM KYPCY Ta YaCTKOBO 3 CyMIKHHX JIUCIHMILTIH. ipenmeTy. Jloci-
TDKEHHS IPOBOIAIOCH IIUIIXOM IIPOBEICHHS 3aHATH y ABOX IPYIAX 33 PI3HOI0 METOAMKOIO: 3 IMHPOKAM 3ATyICHHSM ITi3-
HaBabHOI 1H(OpMAIIii 1 KITACHYHWH BUKIIAJ 32 TIIPYIHUKOM.

PesynbraToM TpoOBEIEHOTO JOCIIDKEHHS CTalli BUSBICHI 3aKOHOMIPHOCTI Y TIJBHIIEHH] SKOCTI 3HaHb CTYICHTIB.
BcTaHoBneHO, 1110 3aTy4eHHS MTi3HABAIBHUX BiICTYIIIB HA 3aHATTAX 3 TEXHIYHOI MEXaHIKU JO3BOJIHIIO TIOKPAIIUTH 3aralib-
HYy aKTHBHICTb CIPHIMaHHS 1 3aCBOEHHS HABUAJILHOTO MaTepiaiy. Lle BupakaeTbCs B MOKPAIICHHI SK SKICHUX TaK 1 KiJIb-
KICHUX Pe3yNbTaTiB IPU MPOBEICHHI MiICYMKOBOI EPEBIPKH Yy EKCICPUMEHTAIbHIH Py B OPIBHSHHI 10 KOHTPOJIBHO.

Karouogi caoBa: mizHaBanbHa iH(OpMAITisl, akTHBI3aLlls MI3HABAIBHOI JISUTLHOCTI, TEXHIYHA MEXaHIKa, 3aJIUIIKOB] 3Ha-
HHS, MTiJICYMKOBHIA KOHTPOITb.

Y cydacHOMY OCBITHBOMY CEPEIOBHIII, SKE BXKE YUCh HOBUMH 3HAHHSMH. 3aKITaad OCBITH B TaKHX

HAKOMUYKMJIO BEJIMYE3HY KIJIbKICTh 3HAHb, JTOCHTH yMOBax T[IOBUHHI YITKO BHOHpPATH KOHIICIIIiIO
CWJIBHO YCKJIQTHWJIOCH Ba)KJIMBE 3aBJaHHs HaBUaHHS HaBYaHHS, MPH SKiH MalOyTHIN (axiBenb OBOJIOAIB
1 BUXOBaHHA — IepelaTd JOCBiJ JIOACTBA HAllaJ-  CyYaCHUMH, aKTyalbHHUMH 3HAaHHSAMH Ha JOCTar-
kaMm. Ko)kHa ramy3s 3HaHb IPOJTOBKYE PO3BUBATHUCH, HBOMY piBHI. TpamuiifiHi OCBITHI Iporpamu, sKi
a indopmalliiine ToNe PO3MIUPIOETHCS TTOTIOBHIOIO- CYBOPO pPEmIaMEHTYIOTh MEpeliK MUTaHb, M0 Iij-
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JSTAlOTh  ONPALIOBAHHIO MPOTATOM  BiJBEAECHOTO
YKcia FOIUH, HE 3aBKAW BPAXOBYIOTh OCOOIMBOCTI
3aCBOEHHS TOTO YH 1HIIIOTO MaTepiary i MOKIMBOCTI
CIIpUHHATTS cTyAeHTIB. [Hdopmalis He pinko OyBae
JOCUTh HACHYCHA, M0 BUKIHMKae edekt Qopmarti-
3amii BUKIIQAy depe3 MmoTpedy BMICTUTH BeIHUYE3HI
obcsaru iHbopMarlii y oOMexeHI paMKH HaBYATbHUX
3aHATh. [ OMMHU BiBEAEH] Ha CAMOCTIMHE BUBYEHHS
Marepiajly TeX He 3aBXKAW MOXKHA PO3IISAATH SIK
BHXiJI, ajpKe, o0 CTY/IEHT IHCHO 3aIlpalfoBaB cam,
TTIOBUHHO 1CHYBAaTH ITI0JIE CaMO MOTHBAIIi1, TKE MOYKHA
chopMyBaTH 3alliKaBUBIINKA HOro IIiJ] 4Yac OYHHX
3ycTpiueil Ha 3aHATTsAX. lle MokHa 3poOutH abo
SICKpaBUMH TPUKJIAZIaMU 3 IPAKTUKH, a00 INOOKOI0
iHopmarriero, TP yMOBI, IO CTYAEHT CIpuiiMe il
BOXKJIMBOIO 1 BBa)KaTMME KOPHUCHOIO, a00 THIIUMH
3acobamu i nmpuiiomamu. 3 HaBeAeHUX (HAKTOPiB Ha
HaIlly JYMKY HaiKpalie miJl1aeTbcsl BAOCKOHAICHHIO
came OCTaHHi# croci0 — 3aydeHHs B BUKJIA] SICKpa-
BOI Mi3HaBaJIbHOT 1H(OpMAITi.

AHAJII3 OCTAHHIX JOCIHIJXKXEHD I ITYB-
JIIKALUIM 3 ITPOBJIEMU. Iutanus HeoOXigHOCTI
SIKICHOTO TIOJNIMIICHHS BUKIAJAHHSI Yy Cy4acHii
BUIIIN ITKOJII TMiTHIMAJIOCH y BEIMUYC3HIN KUTHKOCTI
JcepTaliifHuX poOiT. binbnricTs aBTOpiB MPOMOHY-
I0Th CBO1 IIJISIXW BUPILIEHHS AaHoi npooiemu. [Ipote
MOXXHA BUJUINTH JIESIKY IPYIly HayKOBLIB, JUIS SKHX

M JIBUILCHHS [113HABAJILHOT aKTUBHOCTI Yepe3 yIpaB-
JiHHA 1X AISUIBHICTIO HA 3aHATTSIX, B TOMY YHCIi
3airydeHHs IikaBux BifctymiB. Lle 3oxpema I bam,
A. I'pigenxo, JI. I'piagenxo, O. Jlsmenko, H. Pxer-
kui, A. Coxop, O. ®inaros, 5. HOpyenko Ta iH.
[1-12]. 3naunmii [ocBig POoOOTH B BOMY HANPSIMKY
HAKOITMYEHO TAaKOX aBTOpamH miei mpari [13—16].
SIk Bimomo yci HaBYaIbHI TUCIUTUIIHU CTYACHTH
YMOBHO TOAUISIOTh Ha HyHHI 1 1ikaBi. Bemwkoro
MIpOIO i€ 3aJIC)KHUTh BiJ] BMiHb 1 TIEJaroriyHOl Maii-
CTEpHOCTI BHKIIafa4da. 3HAWTH BHUXiJ 3 CHTYyaIlii,
KOJIM CIyXadi MepecTaroTh CIPHHUMATH HaBYATHHUI
Marepias He POCTo, 0COOIMBO SKIIO MOBA e PO
MOJAHHS TAaKMX AUCLMIUIIH, sIKI HAlOBHEHI CKJal-
HUMHU MaTeMaTUYHUMH PO3paxyHKaMH, MPaBHIAMH,
BHU3HAYCHHSMHU Ta YMOBHBOJAMHU. TaKWMH BIACTH-
BOCTSIMHU BOJIOJIIFOTh MaiKe yCi TUCIUATIIIHU (i3HKO-
MaTeMaTHYHOTO Ta 3arajJbHOTEXHIYHOTO HAIIPSMKY.
PoGora cTyaeHTiB Ha 3aHATTAX 3 TEXHIYHOT
MeXaHiKH y 3akianax Bumoi ocsita I-1I p. a. Buma-
ra€ JOCHTh BaroMoi Hampy>KeHOCTI BOJNI 1 yBarm.
[lpu BuUBYeHHI 11 y mepHIOMYy CEMecCTpi Ipyroro
Kypcy 3TigHO po0Oouoi mporpamu CTYICHTH IOBH-
HHI OMpAIIOBaTH BCIO TEOPETHYHY MEXaHIKy (IUB
puc. 1.), 3HaHHS 3 K01 HAKOMUYYBAJIUCH 1€ 3 Hal-
JaBHIMX 4YaciB (TepMiH «MeXaHiKa» 3ampoBa-
JIUB BUJATHUU CTapojaBHiil ¢inocod Apicrorenb

‘ 1. TeopeTuuHna MexaHika ’

Texniuna MexaHika

Craruka

2. Mexanika martepiajis
i KoHCTpyKIii

Kinemarnka

3pi3 (3cyB)

‘ 3. Jleraji MmamuuH ’

T
[(DpPIKIliﬁHi repeadi ]
T

[ 3y0uacTi nepenaui ]

Tlone neoazoziunozo

eKcnepumenmy

3rux [

1
UYeps’stuni nepenaui ]
1
[ ITacosi nepenayi ]
1
Jlanirorosi nepeiadi ]
1
[ Po3’emni 3’ eqHanus ]
1
[ Hepo3’emHi 3’€qHaHHS ]
[T

Bamm i oci,
MINIATHAKA, MYyDTH

Pucynox 1 — Crpykrypa po3ainiB aqucuurutian « TexHIdHa MeXxaHika
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/384-322 no wH.e/) 1 mporsarom Bciel icropii
HEBITMHHO 30aravyBainch, HaBiTh y CepeqHpoBiuYs,
KOJJM PO3BUTOK HayK rallbMyBaBCsl LIEPKBOIO. Tak
Tanineti /1564—1642/, Oyny4u IpOKJISITHIA 1IEPKBOIO
3a CcBOI acCTPOHOMIYHI BIIKPHUTTS 3aiiMaBCsi OIOPOM
MarepiamiB, skuii B CepenHbOBIUYI HE BHKIIMKAB
HeOesmeku pedniriitHoi nensypu [17]. Takox MokHa
3rajat Taki iMeHa sik Apximen, Pobepr I'yk, Icak
Hetoron, Jleonapno na BiHui — xofieH 3 HHUX HE
3aJIMIINB TEXHIYHY MeXaHiKy 0e3 BEeJIMYe3HOTO Hay-
KOBOTO NTOpOOKY. 3BICHO AWICIWIUIIHA, SKA BHBUYA-
€TBCSI TIPOTATOM Kypcy obcsiroM 216 TOIUH, 3 SKUX
Tpoxu Oinbine 100 aymuTopHUX, SKIIO i HaBiTH OirNI0
TOPKHETBCSI YCIX CBOIX PE3EpBiB, MEPETBOPUTHCS
y TIPOTOBOPIOBAHHS BUKJIaa9eM HEOOXiTHOTO MarTe-
piany — vacy Ha Oecijiy, TUCKYCit0, a TUM OlIbIIe
poboBY Ipy He Oyae. OHAK € BEIMKi CYMHIBH ILIO0
e(heKTUBHOCTI TaKuX 3aHATh — Ii3HABAJIbHA aKTHB-
HICTh HE OyJe OCTaTHhO CTUMYIIOBATHUCH HAaBITH
y HalIONUTJIUBIIIUX.

Hamu BucyHyTO Tinoresy, 3rifiHO 3 siKOI0 edek-
TUBHICTh 3aHSTh 3 TEXHIYHOI MEXaHIKHM MOXKHA 3Ha-
YHO MiJBUILUTH, SKIIO 3aly4yaTH y BHKJIAZ Pi3HO-
MaHITHy iH(popMariifo mi3HaBaIbHOTO 3MicTy. Byro
PO3pOOJICHO MpOrpaMy eKCIIEPUMEHTY 3 METOI0
MEPEeBipKH JaHOTro TpumyiieHHs. s mporo Oyno
HancaHo « KOHCIEKT miKaByX JIEKIiK» 10 yCiM po3-
IlijaM TEOPETUIHOI MEXaHIKH: CTATHII, KiIHEeMaTHIll
i quHamii [18; 19].

OCHOBHOIO METOIO pPOOOTH € aHaii3 e(eKTUB-
HOCTI NPOBEIEHHS 3aHATH MOAAHHS TEOPETHYHOIO
Matepiary 3 3aJTydeHHSIM ITikaBoi iHpopmartii. Jlmsa
peautizalii mocTaBIeHoT METH HEOOXiTHO PO3B’si3aTh
HACTYTIHI 3aBIAaHHS:

* BUIUINTH TOMAIOHI 3a 3HAHHAMH TPYIH IS
IIPOBEICHHS CKCIIEPUMEHTY;

* TPOBECTH KOHTPOIb
3 Kypcy ¢i3uku;

* micas BHKJIAAY Marepiany y JBOX TIpyrnax
3a PI3HUMH METOAMKAMH TPOBECTH ITiJICYMKOBHIA
KOHTPOJTB;

* MpoaHali3yBaTH
BHUCHOBKH.

METOAU JOCJIIKEHHS. Jlama po3poOka
MOKJIMKAaHA JIOKAJIi3yBaTH MpPOOJeMy i IBUIIICHHS
e(eKTHBHOCTI 3aCBOECHHS HAaBYAIBLHOTO MaTepiany
Ha [iKaBOMY BHKJaJi Marepiaiy 3 AUCHMIUTIHU TeX-
HiYHa MexXaHika Ha piBHIi 3akiaiB ocsiTu I-1I piBHiB
aKpeauTarlii, 9oro He 3yCTPIHeN B MPAIsIX I1HIITHX
HayKOBIIIB.

Excriepument mnpoBoauBcs Ha 0a3i Komemky
[IAATY, ne mpoTaroMm KidbKOX POKIB BiJOMpaHCh
[0 1IBI TPyHH IPYTOro KypCy MEXaHIdHOTO BiMIi-

3aJIMIIKOBUX  3HAHb

pe3yabrat 1 3po0OUTH

nerus: M-211, M-221. KinpkicTe CTymeHTIB Oyia
noj[i0Ha, OJHAK, HaXajb, a0COJIOTHOI PIBHOCTI
y PiBHI 3HaHb HE CHOCTEpirajgoch. 3 METOI0 oep-
JKaHHsI OUTBIII HAOYHUX PE3YJIBTATIB B AKOCTI EKCIIe-
pUMeHTansHO1 Oyiio oOpaHO Tpymy IMOYaTKOBI 3Ha-
HHS sikol Oynu Hiokaumu (M-221). JlocmimKyBaBcs
XapakTep 3aCBOEHHS HABYAJILHOTO Marepiaiy 3a pi3-
HUMHU MeToaukamu 3 po3niiiB «Kinemarukay (8 rox
TEOPETHYHUX 3aHATH) 1 «luHamika» (6 Toxm).

JocipKkeHHS TPOBOAMIOCH B YMOBaX HaBYAallb-
HOTO MPOIIECY 3 BUBUCHHS AUCIUILTIHU « TexHiuHa
MeXxaHiKka» B mapaieibHux rpynax. [lepex mocii-
JUKEHHSIM B KOHTpOJNbHIN (M-211) i excriepuMeH-
tanpHil (M-221) rpymax Oyno MpOBEAEHO BUMi-
pIOBaHHS PiBHS 3aJIMIIKOBUX 3HAHb 3 MOTEPEIHIX
TeM KypCy Ta YacTKOBO 3 CYMDKHHX JUCIHUILIIH.
Jns ekciepuMeHTaNbHOI Tpynu 0yi0 po3poOieHo
METOIWYHI MaTepialu 3 BKJIIOUCHHSM IIi3HABaIhb-
HOI iHdopMarii, mo B Tid 4K iHOIH Mipi cTOCY-
€THCS TEM, IKi BUBYAIHCH. TO/1 K B KOHTPOJIbHIN
TPy BUKIAJaHHS BigOyBaloch y CyBOpii BiAmo-
BiTHOCTI 70 TpagWuIiHHUX HaBYAITHLHO-METOINY-
HUX MaTepiaiis.

PE3VJIBTATU JOCJIIJ>KEHHS. Iepen mouar-
KOM EKCTIIEpUMEHTY CTy/IeHTaM OyII0 3aIpOITIOHOBAHO
BIJIMOBICTH Ha Psi/I MUTaHb, SIKI CTYACHTH BUBUYAIH
IpU BUBUYCHHI Kypcy ¢i3uku 3 posniny «Mexa-
Hika». Pe3ynbraru OIiHKY 3aJIMIIKOBUX 3HAHb Iij-
TBEPIWIH SKICHO BUIIUN DPIBEHb ITiJrOTOBIEHOCTI
Yy KOHTPOIBHIH rpyTi MOPiBHSIHO 3 €KCIIEPUMEHTAb-
HOIO — cepenHii 6ai BigmoBigHo 3,2512,09. V rpymi
M-211 marepian mojaBaBcst 32 3BUYAMHOK METOJIH-
Kot0. Y ekcnepuMeHTalbHiM Tpyni M-221 Buxia-
JAHHS TIPOBOJMIIOCH IHIIMM BUKJIQ/Ja4eM 3a BHIIE-
Ha3BaHUM «KOHCIIEKTOM...», 7€ KpiM OCHOBHOTO
Marepianxy MiCTHIIUCH TaKi BiJIOMOCTI:

— TIpW BUBYCHHI MIBUAKOCTI — MIBUJKICTh 3 TEO-
pii BigHOCHOCTI A. EifHImTeliHa;

— TIpH BUBYCHHI TOCTIHHOTO 1 PiBHO3MIHHOTO
PYXiB — aHami3 pyxy napamyTtucra abo Kparuii
Joiry (4oMy BOHA TMAJIar04H 3 BEJIMKOI BUCOTH IPH
g =9,81 He paHUTH JONUHY);

— TpW BHUBYCHHI CKJIATHOTO PYXy — BHIAAOK
3 (paHIly3bKUM JILOTYMKOM, SIKHI 3JI0BUB OOMOBY
KYJII0 PyKaMu;

— TpU BHUBYCHHI TEOPEMHU IIPO JOJaBAHHSA
IIBUIKOCTEH — MPOaHali30BaHO PyX KoJieca MOTATY,
B SIKOTO € TOUKH, [0 PYXaIOThCS B TIPOTUIIC)KHOMY JIO
MyHKTY MPU3HAYCHHS HAMIPSIMKY;

Lle nmameko He MOBHMHU MEpeNiK Mi3HABAIBHHUX
MWTaHb, SKi MPOTOHYBajoch BUHOCUTH. [lomama-
yack 14 1H(GOpMaIlisg 1Mo Mipi CTOMITIOBaHHS CTY/EH-
TiB, JUUIS IPUBEPTAHHS YBard 1 IOBEPHEHHS 3aHATTSI
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B nipupoaHe pycio. I[lix yac Takux BiAcTymiB 3a3BU-
Yyail BUHUKAIIO TIOXKBABICHHS ayauTopii. YacTo cry-
JIEHTH TIPOCHWIJIM HABOAUTH O1NIBIIIe TaKWX MPHUKJIA-
IiB, ONTHAK B 3B 43Ky 3 OpakoMm 4acy, JOBOAMIOCH
00MEXyBaTuCh OJHUM-IBOMA, a 332 YPOK A0 I SITH
TaKUMH BiJICTyamu, 1o 3aiimamu Omm3bko 20 %
HaBYaJIbHOI'O Yacy.

[Ticast ompanroBaHHsS BCiX TEM CTYACHTH HallM-
CalM MiACYMKOBY KOHTPOJIbHY pOOOTY, jae Oyiu
BKJIFOUEHI  mepeadavyeHi MpoOrpaMor0  TECTOBi
mutaHHA. Pe3ynbTaTH 00pOOKHM JaHUX TIOJAHO
Ha ricrorpamax pucyHkiB 2, 3 i 4. Tak Ha pucyH-
Kax 2 i 3 momaHo pesynbTaru HaOpaHux OaiiB
y KOHTPOJIbHIN 1 eKCTIEpUMEHTabHIN Ipynax. 3Ha-
YeHHS TIOJIJaHO Y BIJICOTKAaX CTYIEHTIB, Ki HaOpamn
BiamoBigHo 1, 2, 3, 4 i T. a. GaniB. [icrorpamu
MEePEBIPKU 3aJIMIIKOBUX 3HaHb (pUC. 2) Ta MiJICyM-
KOBOT'O KOHTPOJIIO (pHC. 3) HAOUHO JEMOHCTPYIOTh
HACKIJTBKU 3MIHIUIHCH pPE3yabTaTH TIPH IepeBipIl
3HaHb 1 MpH TiACyMKOBOMY KoHTpoui. Haseneni
JlaHl CBi/JUaTh, 110 HA MOYATKOBOMY eTari MiAro-
TOBKA CTYACHTIB KOHTPOJIBHOI IPyIH 3HAYHO Tepe-
Baxkana. CepenHiii HaOpanwii Oan ckiamaB 3,25,
TOAI AK B eKkcnepuMeHTanbHii smme 2,09. Ilpu
MPOXOJPKEHHI TEM 3a PI3HUMH METOIUKaMU KOHTp-
OJIbHA MEepeBipKa MMoKa3ana HACTYIHI pe3yJabTaTH:

KOHTpOJIbHA Ipyma 3 3,25 cepenHiit Oa 3HU-
3uBcs 10 3,04;

excniepuMeHTanbHa 3 2,09 migBuimumscs a0 3,39.

rpyna
i mudpu MOBHICTIO MiATBEPIKYIOTH MPABUIIb-
HICTh BUOPAHOT METOIUKH.

KonTponsHa rpymna ExcriepuMeHTanbHa rpyna
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Pucynok 2 — INicrorpama pe3ynbrariB nepeBipKu

3aJIMIIKOBUX 3HaHb (U(PH B JIETEH1 MOKa3yIOTh

KUTBKICTh TIOJJaHUX TTPaBUJIFHUX BIAOBIICH,

BiJICOTKH TIO IIKAJTi y — BIJICOTOK CTY/ICHTIB,
0 OZleP>KaJI BiIITOBITHUHN pe3yIIbTaT)

Pesynbraru  poGiT  Oyno  mpoaHani3oBaHO
1 3 iHIIOTO OOKY Ta IMOMIYEHO HACTYIHY 3aKOHOMIp-
HICTh, TIPOLTIOCTPOBAHY PUCYHKOM 4.

KonTpombha rpyna ExcniepumenTanbHa rpyna
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Pucynoxk 3 — I'ictorpama pesysbraTiB
IiJICYMKOBOTO KOHTPOJIIO

Slko mpu mepuoMy TeCTyBaHHI CTYIEHTH HEO-
X0ue, a MOYKJIMBO 3 OCTPaxoM BiJIMOBiTaIN Ha 3amu-
TaHHS, TIPO M0 CBITYUTH BEIUKA KUTHKICTh 3TaHHUX
poOIT 3 HE3alOBHEHWMH TIOBHICTIO TMOJSIMH, TO
B KIHI{l BOHM CTajayd Hadararto CMIJIMBIII 1 OXOUiIlle
BinmoBimanyu Ha 3anmuTaHHg. OcoOJMBO 1€ TOMITHO
0 KOHTPOJIbHIN TpyTIi. SIKIIO MpH epeBipIli 3aIuI-
KOBHX 3HaHb B €KCIIEPUMEHTAJIbHIN Tpy1Ii Oyiio 26 %
CTYICHTIB, AKI (DaKTHUHO 3427 MOPOXKHIH JIMCTOK
(B xoHTpONBHIN — 7 %) 1 53 % (33 %), siKi moKazam
HaJ3BUYAHO HU3LKHUI PiBEHb aKTUBHOCTI y MEKax
2-3 BIAMOBiEH, TO TPHU MiJCYMKOBOMY KOHTPOII
OnankiB Oe3 BiamoBizeil He Oyno B3araii (B KOHTp-
OJNIPHIN 3aJMITIIIOCH Ha TOMY JK PiBHI), a HU3BKO-
aKTUBHUX 3MeHImiIoch 1014,3 % (12,5 %).

Hagenemo 1ie Taki aaHi:

KOHTPOJIbHA 3 BcepeaTHboMy 3,9 TIpaBMITBHIX
rpymna BIMOBiIEH T ABUTIIIIOCH 10 4,9;
eKkcrepuMeH- 3 2,8 miaBUIIMBCS 110 5,5.

TanbHa rpymna

Yce 1e cBimuuTh Mpo HAOYTTS BIEBHEHOCTI CTY-
JICHTIB Y CBOIX 3HAHHSX, III0 TAKOX XapaKTEePHU3ye iX
iHpOpMAaIiiiHy ITiIKOBaHICTh THPOPMAIII€IO 1 BMiHHS
il 3acTocyBaru.

BMCHOBOK. TakuM 4MHOM €KCIIEpUMEHT Mpo-
Benenuit Ha 6asi Konemxky ITJIATY moBHICTIO TTif-
TBEP/MB TINOTE3y MPO TE, IO Mi3HABAIBHUN BUKIIA]
TEXHIYHUX HAyK MOXKE CIPHATH KpalioMy 3acBO-
€HHIO HaBYaJbHOTO Matepiany. Ilicast kinbpkapaso-
BOT SIKICHOT ampoo0arrii TakuxX 3aHsATh, MOXHa Oyi0 O
TOBOPUTH TIPO MOKJIMBOCTI JaHOi Teopii — 30Kkpema,
PO LIMPOKE 3aJyYeHHsI B HaBUYAIBHUU IMpolec Mmi3-
HaBaJIbHOT 1H(opMaii.
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KonTtponsna rpyma

ExcnepumenTanbha rpymna
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Pucynok 4 — INicrorpama KiTbKOCTI MOJIaHUX BiAMOBiIeH (ITPaBUIIBHUX 1 HEMTPABUIIbHUX):
a) IpU MEpEeBipIIi 3aTUIIKOBUX 3HaHb, 0) MPH IMiICyMKOBOMY KOHTPOJII
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The results of pedagogical research on the impact of the inclusion of cognitive information during the teaching
of “Technical Mechanics” at the College of Agricultural Engineering are presented. The aim of the work was to
determine the impact of the amount of cognitive information involved in the explanation on the effectiveness
of theoretical classes and the quality of knowledge acquisition by students. The research was conducted in
the context of the educational process of studying the discipline “Technical Mechanics” in parallel groups. The
initial count of qualitative changes was determined by the control of students’ residual knowledge of the previous
topics of the course and partly from related disciplines. subject. The research was conducted by conducting classes
in two groups according to different methods: with a wide range of cognitive information and a classic presentation
of the textbook. The number of students was identical, but, unfortunately, there was no absolute equality in the level
of knowledge. In order to obtain more obvious results, the group whose initial knowledge was lower was chosen
as the experimental one. The nature of learning material by different methods from the sections “Kinematics”
and “Dynamics” was studied.

The result of the study was to identify patterns in improving the quality of students’ knowledge. It is established that
the involvement of cognitive digressions in classes on technical mechanics has improved the overall activity of perception
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and assimilation of educational material. This is reflected in the improvement of both qualitative and quantitative results
in the final test in the experimental group compared to the control.

Key words: cognitive information, activation of cognitive activity, technical mechanics, residual knowledge, final control.
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Merta crarTi monsArae y BUSBICHHI KIIOUOBHX TCHICHIIH y OCBITHBO- -HAYKOBOMY HPOCTOPi 3 OIIAAOM iX mpodieMm
Ta pU3UKIB. B crarTi mpoanamizoBano 3a octanHi 30 poKiB CTiiKi TEHACHIII Y OCBITHBO- HayKOBOMY HpOCTOpl Vkpainn
Ta OJIMKHBOTO 3apy61>1<>x<ﬂ BuBteHO 1ymK# OKpeMiX JOCTIIHUKIB, 110 CTAHOBIATH MeHIIiCTh. Ha migcTaBi nux gymMox
BUSIBIICHO HETATHBHI TEHCHII, SIKi 3TPYIIOBAHO B CiM KITIOYOBHX HANpPSAMKH. L]i HAPSMKI OXOIUTIOIOTH OCBITHBO-HAYKO-
Buii npoctip Ykpainu. ToranbHuii «Bipyc mudpopizarii» i He 00i3HaHICTh OKPEMHX AOCIITHUKIB-MOMYAICTIB CIIPUSITH
BIPOBA/KCHHIO HAYKOBO HE OOIPYHTOBAHUX pillieHb. [IpeicTaBieHe J0CTiPKeHHS He BHIEPITYE BCIX aCMEKTIB 3a3HAUCHOT
npodnemu. TeopeTudHi pe3ynbTaTy, Mo OfepKaHi B IPOIIECi HAYKOBOTO MOIIYKY, CTAHOBIIATH MIAIPYHTS IS OIAIBIIOT0
ii BUBUCHHSI Ta BpaxyBaHHI MPU BUOOPI HOBHX PIllIeHb Y HAYKOBO-OCBITHROMY MpocTOpi. HaykoBa HOBM3HA poOOTH 1OJIS-
ra€ B TOMY, 1[0 BUSBJICHO CKJIAJHY OararoacrekTHy npobiemMy BHOOpY HayKoBO OOIpyHTOBaHOI cTparerii nuposizanmii
JKUTTS, BAPOOHHUIITBA 1 OCBITH, SIKa JO3BOJIHIIA O BAKOPUCTOBYBATH BC1 BEJIMUE3HI IIEPEBAry KOMIT I0Tepa i yHUKHYTH O1)1b-
11y YaCTUHY PU3HKIB.

[ToBTOPHICTB TOCTIKEHD MiATBEPIUKYETHCS aHATI30M 00paHUX [IUTOBAHWX JUKEpEN HayKOBUX BUJIAHHSX. st BUpI-
IICHHS [IOCTABJICHUX 3aBJIaHb BUKOPUCTOBYBAJIKCS TCOPETUYHI METOAU OCIIKEHHS: METOIH ICTOPHIHOTO aHATi3y s
aHAI3y ¥ y3araJbHEHHS HAyKOBOI JiTepaTypH 3a IpoOIeMor0 poOOTH; METOJ CTPYKTYPHO-TCHETUYHOTO aHalli3y Ta CHH-
Te3y, IPU YTOUYHEHHI 00 €KTy Ta MpeAMeTy JOCTiIKEHHS; METOJ aHaTITHYHO-TIOPIBHSUIBHOTO aHANi3y MPU aHAIITHYHO-
TOPIBHSJIBHOMY OIIIHIOBaHHI HOBHM3HU PE3YJIbTATIB JOCIIDKCHHS; CHHTE3 Ta y3aralbHEHHS — JUIS OOTPYHTYBaHHS METO-
JIONIOTTYHUX 1 METOAWYHHUX OCHOB JIOCII/IKEHHS; y3arajJbHeHHs — Uil ()OPMY/IIOBaHHS BUCHOBKIB 1 PEKOMEHAALIN 1110710
pe3YJII>TaTI/IBHOCTi

B crarri npoananizoBaHo 3a octanHi 30 pOKiB CTifiKi TEHICHIIIi Y OCBITHBO- HayKOBOMY HpOCTOpl Vkpainu Ta Omk-
HBOTO 3apy61>x>1<;{ Busuero mymkn okpemnx TOCIIAHHKIB, 0 CTAHOBJIATH MEHINICTH Ha miZcTaBi IUX TyMOK BUSIBICHO
HETaTUBHI TEHEHIIIT, SIKi 3rPYIOBAHO B CiM KITIOUOBHX HAPSIMKH. [[i HAPSIMKH OXOILTIOIOTH OCBITHBO-HAYKOBHUIA IPOCTIp
Vkpainu. TotanpHUIA «Bipyc IUQPOBI3ALIT» 1 He 0013HAHICTh OKPEMHUX JOCITI THUKIB-TIOMYJTICTIB CIIPHSIINA BIIPOBAHKCHHIO
HAyKOBO HE O0IPYHTOBaHHMX pilieHb. [IpeacraBieHe JOCIiKEHHS He BUYEPITy€ BCiX aCIEKTIB 3a3HaYeHOT IPOoOIeMH.
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HayxoBa HOBH3Ha poOOTH TONATae B TOMY, IO BHSBICHO CKJIAJHY 0OaraToacleKTHY MpoOieMy BHOOpPY HayKOBO
00rpyHTOBaHOI cTparerii U poBizalii )XUTTS, BAPOOHUIITBA 1 OCBITH, SIKa JI03BOJIMIA O BUKOPHCTOBYBATH BCi BEJIMUE3HI
HepeBary KOMII I0Tepa 1 YHUKHYTH O1IbITy YaCTUHY PH3HKIB.

Teopetnuni pe3ynbTaTu, MO OAEP:KaHI B MPOLECI HAYKOBOTO MOIIYKY, CTAHOBMIATH MIATPYHTS JUIS MOAAIBIIOTO
ii BUBUEHHS Ta BpaXyBaHHI IPU BUOOP1 HOBUX PillleHb Y HAYKOBO-OCBITHHOMY TPOCTOPI.

Crparerisg po3BUTy HU(PPOBOT EKOHOMIKH B OCBITHHO-HAYKOBOTO MIPOCTOPY MOJISATAE Y BUPILIEHHI KOMILIEKCY Ipo0iem
CYy4YacCHOTO CTaHy CHCTEMH OCBITH, HAyKH Ta (hiHaHCYBaHH:. Ha OCBiTI Ta HayIli 31 CTOPOHH A€P)KaBU €KOHOMHUTH HEMOKHA.

KuarouoBi ciioBa: TeHeHIIIs, OCBITa, HAyKa, TIPOOJIeMa, PU3HK, TU(POBI3AILis.

AKTVYAJIBHICTb POBOTU. Mu xuBemo
B €MIOXYy KapIWHAIBHUX 3MiH, IT00aji3amii Ta cTpiM-
KOTO TexHomoriunoro mporpecy [1]. lama crarts
3’sIBUJIACS B SIKOCTI OJHOTO 3 BIAIOBIACH HAa BUKJIHK,
KUHYTUI OCBITHBO-HayKOBOMY IIPOCTOpPY i Hac
maagemii COVID-19. ToraibHwmiA 1 eKCTpeHUi epe-
XiJl CBITOBHX CHCTEM OCBITH Ta HayKHd Ha IHUCTaH-
uiiHuid (BigmaneHuit) gopmar B3aemomii BCix Horo
cy0’exTiB. JIFOACTBO CTaj0 CBIAKOM TOTO, SIK 4epes3
COVID-19 «Bipyc nugposizarii» pizko 3aBOIOBaB
BECh CBIT IEPETBOPUBIIN KiOepmpocTip B HOBHIA
BUMIp T€OTOJIITHYHOTO CYNEPHHULITBAM 3 HOTO TMpO-
Onemamu Ta puzukamu [2].

[TocTanoBka mpoOmeMu i 3B’S30K 11 3 BaXKIH-
BUMH HAayKOBUMH 3aBHaHHAMH. JIoOitoBaHHS In(-
POBOT €KOHOMIKM YpsAOM Haloi JepiKaBW, CXBa-
nuBIIM KoHuenmuiro po3BUTKY HU(POBOT €KOHOMIKU
Ta cycmninbcTBa Ykpainm Ha 2018-2020 pokm [3],
CTBOPIOIOTECSI IIEPEAYMOBH 1O BHUHMKHEHHs Hera-
TUBHHX MMPOOJIEM Ta PU3HKIB B MaciTali KpaiHu.

OOpaHuii UIAX PO3BUTKY B YkpaiHi 1mdpoBoi
CKOHOMIKH BeZIE:

To-Tiepiie, g0 IHTeHCH(IKaIii BUKOPHCTAHHSI
Ta CIOXHUBAaHHS 1H(OpPMAaIiiHO-KOMYHIKAIIHHUX,
UU(PPOBHUX TEXHOJIOTIH Ta iHpOpMaLitHO-TEIeKOMY-
HIKaI[IHHUX CUCTEM;

Mo-7pyTe, TMOps 13 OOINIHUMH «30II0THUMHU
ropamm» yCIixy Ta JOCSTHEHHSIMH, NPUXOBYIOTHCS
KOJIOCAJTbHI HACJIIJIKW, HAMPUKIIA]] B HACIIIJIOK (opc-
Ma)XKOPHHX OOCTaBHH, SIK 1€ CTaJocs B HACIiIOK
COVID-19;

MIO-TPEeT€, MPUHITUIIOB] 3MIHH Y OpraHi3aii 0cBiT-
HBO-HAYKOBOMY MPOCTOPI MOXKITUBI, PU3UKH SKUX HE
JOCIHIJIKEHO.

AHAJII3 OCTAHHIX HAYKOBUX JOCIII-
JUKEHD 1 ITYBJIIKALIIA 3A HAIIPAMKOM.
Cepell cydacHHX JOCIIPKEHb PAKTUYHO HEMAE CIie-
LiaJbHUX HAyKOBHX Mpallb, SIKi 0e310cepeaHbo Top-
KaloThcs 3a3HayeHol Temu. OpHak Oararo aBTOPIB,
SIKi BUBYAJIH IIFO TIPOOJIEMAaTHKY, TaK UM 1HAKIIIEe TOP-
KaJHCsl MUTAHHS B32€EMO3B’SI3Ky Ta B3a€MOBIUINBY.
[epexin no uudpoBoOi €KOHOMIKM Ta CYCIiIbCTBA
VYkpainu Hece He mepegdaueHi nozuii, ToMy y cydac-
HUX IOCTIIKEHHSAX BiAMIYaOTHCS, IO B MPUHHATTI
pIlIEHBb BEJIUKE MICIIE 3aiiMarOTh HEeCIOAIBaHI MOIii,

MPUXiA SIKUX HIXTO HE YEeKa€: Bl «IOPHOTO JeOemsn)
Tane6a [4]. 1llo6 winiMi3yBaTH Hemnepea0adeHi
HACJIIJIKK Ta MO/l BIPOBA/KEHHS ITUPPOBOI EKOHO-
Mikd B YKpaiHi € HEMUHYYHUM BHACIIZOK MPOIECY
mmobarizamii. ABTOpU BBaXKAIOTh 3a MOTPEOy po3-
IJISIHYTH MATaHHS PO CTPATETiuHi HAPSMKH PO3BU-
TKY KyJBTYPHO-OCBITHBOTO Ta HAyKOBOTO IPOCTOPY
B eNoXy NHU(POBOT EKOHOMIKH.

B po6ori [5] A. A. Bepbunkuii mpuBeprae ypary
HAayKOBOTO CYCIUJILCTBa Ha MpoOJeMax Ta PHU3MKax
BiZl LM(POBOr0 HAaBUAHHS.

B po6orti [6] monaHo onuc MeSKUX HEraTHBHUX
TEHJIEHITIT B Talry3i cydacHoi ocBith B kpainax CH/J
B yMOBax mioOamizallil: KOHLENTYaJlbHUU IIJISIX
BUXOAY 3 KpU3H.

AmHanizyroun poOoty [7] MO)KHa BCTaHOBHUTH iX
HU3bKY KOMITETCHTHICTE Y cdepi HallioHAIhHOI 0e3-
MeKu YKpaiHu, MPOTE 30BCIM HE PO3KPUTO TIPOOIEMy
peanizaliii HamioHaJIBHOT OE3MEKH y Taily3i OCBITH
1 HayKH B3aralii, y T. 4. — mudpoBoi.

B po0orti [8] aBTOp MPUXOTUTH MIICTH KIIOUOBUX
npoOIieM 3a pe3ynbTaraMu iX aHaji3y IPUXOAHTH JIO
BUCHOBKY, 0 HU(poBa TpaHcopMallisi OCBITH —
SIBULIE CylepeuwinBe. BoHa poOuTh OCBITY mOCTYII-
HOIO Ta «MOOLITBHOIOY, TA€ MOYKITHBICTE MIBUIKO pea-
ryBaTH Ha MOTpebu cycminberBa. OnHaK, BOTHOYAC
MIOPOIXKYE Psi HEraTHBHUX HACIIJKIB, SIKi TIOTPIOHO
BpaxOBYBAaTH Ta IIyKaTH COCOOM 1X MOI0TaHHSI.

B po6ori [9] I. JI. TynpunHCKHI BUCBITIIOE KITFO-
YOB1 BUKJIMKY BHUIIOI IIKOJIHM HA TOTAIBHY ITU(PPOBY
TpaHc(OpMAaIIiIO OCBITH.

B po6ori [10] npuBepTae yBary Ha mpoOiiemy
JIeryMmanizaiii CyCHiJbHHUX BIJHOCHH, TOsBa
TIOOWHU «MacW», IO BTpPATHJIAa CBiil TBOpYH
NOTEHIIalNl, JIOAWHY — CIIOKHBa4ya KYJIBTYpHUX
Onar, aje He 3JaTHY 3a0€3MeYUTH MOAATBIINI PO3-
BUTOK IMBiMi3amii. ABTOp BBaxkae, mo Iudposa
KyJIbTypa Ma€ HEOHO3HAYHI HACTIIKH y PO3BUTKY
BITUM3HSHOT OCBITH. JlOCHITHUKY 3a3HAYAIOTh, 1110
MOBCIONHE BIPOBAKECHHS LUPPOBHX TEXHOJO-
rid TPU3BOAUTH JIO 3HWIKEHHS IHTENEKTYyalbHOI
KyJIbTypH cycriibcTBa. Konmm «mammHay IModn-
Ha€ BUKOHYBATH PO3BUBAIOYl JIONCHKUN 1HTEIEKT
(GyHKIii, pO3BHTOK NPUIHUHSAETHCSA, a PO3YMOBI
3M10HOCTI JAerpanyIoTh.
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VY crarti [11] BHCBITIIOIOTBCS OUIBII CYTTEBI
MpoOJIeMH Ta PU3WKH BHINOI OCBITH y KOHTEKCTI
CY4JacHMX MpOIECiB 1o0ami3aii Ta eBpoiHTerparii.
AKIICHTY€ThCSl yBara Ha mpooiaemax mpodeciiHoro
BUOOpPY Cy4acHOi MOJIOAl; 3B’SI3Ky BHILOI OCBITH
3 PUHKOM IIpalli; HecTadi BHUCOKOKBaJTi(hiKOBaHUX
KanpiB; TpaleBIaliTyBaHHS BUIIYCKHHKIB 3aKia-
JIB BHINOI OCBITH; BIJICYTHOCTI 3B’SI3KIB MIXX OCBI-
TSHAMK Ta MpauenaBlsIMM; Tpanchopmauii cydac-
HUX CHCTEM OCBITH B yTHJIITAPHO-NIPArMAaTHIHOMY
HaIpsIMKY; «IeTyMaHi3allii» cyJacHOi BUIIOi OCBITH.

ABTop pobotu [12] 3a3Hauae Mpo HEJTOCTATHICTh
MeIAroriyHnX, IICUXOJIOTIYHUX, MEIUYHUX HTOCIHI-
JDKEHb, MTPUCBIYCHUX MUTAHHSM 1 SBUILAM, IO CTO-
CYIOThCS T(dpoBizamii ocBiTH. BigcyTHICTH HayKoO-
BUX TMpOrpam, IOB’s3aHUX 3 MIJIECIPIMOBAHUMHU
1 BCEOIYHMMH IOCIIKEHHSIMU B OaHIM 00JacTi,
a TakoXX 3 BUBYCHHAM 1 aHAJIi30M 3apyOi’KHOTo
TocBimy. BiacyTHICTD MeXaHi3My BIUTMBY HayKOBHX
BHCHOBKIB 1 PEKOMEH[AII Ha TMPUHAHATI PIlICHHS.
I Bce 11e Mma€e HACTOPOXKyBAaTH.

[Ipore anami3 HayKOBO-METOOUYHOI JiTepa-
TypY Ta NEPIOANYHUX BUIaHb BUSBHUB BiJICYTHICTbH
TOCTIKCHHST 3 00’ €KTHBHOTO aHaJi3y TCHACHIIIH
B OCBITHBO-HAyKOBOMY HPOCTOPI 3 OIVISLIOM MPOO-
JIEM Ta PU3HUKIB.

Mera cTarTi noynArae y BUSIBICHHI KITFOUOBHX
TEHJCHITIH Y OCBITHRO-HAYKOBOMY TIPOCTOPI 3 OTJISI-
JIOM X Mpo0JIeM Ta PU3HKIB.

MATEPIAJI 1 PE3VJIBTATU AOCIIKEHbD.
[IpobneMa BUTOKY HAyKOBHX Ta HAYKOBO-TIEIaroriy-
HUX KafpiB 3a KopaoH. L1 mpobmema oOyMoBieHa:

Mo-TepIiie, BiIHOCHO HU3bKOMY piBHEM 3apIiiaTé
y BH3;

MO-JpyTe, 3 BIPOBADKCHHSM B YKpaiHi HOpPMH
akameMigHoi MoOUTpHOCTI [13], crama MoXIH-
BOIO Mirpallisi Ha erami HaBYaHHS B acHipaHTypi,
JOKTOPAHTYPI.

Menuie 1s mpoOsiiemMa CTOCY€ThCSI aJ IOHKTIB,
OCKUTBKM BIMCHKOBA CHCTEMH OCBITH YKpaiHH
€ (eHOMCHAIBHUM KOMIIOHEHTOM 3arajibHOi CHC-
TEMH OCBITH YKpaiHH.

3a manumu JlepkaBHOT CIy)XOM CTaTHCTHUKH
VYkpainu, KinpKicTe BuIyckHUKIB BH3, mo mpu-
W Ha poOOTy B HAyKOBI opraHizailii, ckiiajana
1 % Bij 3arajbHOT YUCEILHOCTI 3alHATHUX HAYKOBO-
JNOCHITHUMH po3poOkamu. SIKIO mpoaHamizyBaTh
TEH/ICHIIIT KIIbKOCTI HAyKOBO-TIEIarOTIYHUX ITPAaIliB-
HukiB y BH3, To mounnarouu 3 2013 poxy BimOyBa-
€ThCS 1X CKOPOUYCHHS YaCTKU KaHJIUIATIB 1 JIOKTOPIB
HayK, y 3arajbHii YMCENbHOCTI HAyKOBO-TIeJaro-
TYHMX TPaIiBHUKIB YacTKa KaHAWJATiB HAyK CKJa-
nana 48,76 %, noxropiB — 10 %, To BXKe Ha KiHEIh

2015 poxky i BificoTKH BiAmOBiAHO cKiIany — 42,49 %
ta 8,7 %. lle moB’s13aH0 B mepIILy Yepry 3i CKOPOUCH-
HSIM KUTBKOCTI CTY/ICHTIB Ta MIEHCIHHO PeopMOto,
mo Oyna mpoBenieHa B Ykpaini B 2015 pori.

[IpoGnema BUTOKY HOBHMX HAyKOBHUX PpE3YJIbTa-
TiB 3 YKpaiHH Ta IX CTaHOBIJICHHS CTa€ HaJOaHHIM
3alliKaBICHUX IHO3eMHUX BUPOOHHUKIB. L[5t mpobiema
€ KOMIUIEKCHOIO.

[lo-neprue, 3 BIIPOBAKEHHSIM HOBHUX
00O0B’SI3KOBUX BHUMOT ISl 3700yBadiB HAayKOBOTO
CTYIEHSl B YaCTHHI, II0 CTOCYETHCS OOOB’SI3KOBOTO
oryOIiKyBaHHS CTaTell y HAyKOBHX, 30KpeMa EJIeKT-
POHHMX, ()aXOBHUX BHAAHHIX YKpaiHHM, a TaKOXK
y HayKOBHIX NEPIOMYHIX BHJAHHSX THIIUX JICPKAB
3 HalpsMy, 3 SIKOTO MiATOTOBIICHO Jucepraiiio [14].
lle Bimkpwio MOXKIWBICTH BiJOOpa)kaTd OCHOBHI
HAyKOBI pe3yJbTaTH JUCEPTAIlil 3 Bi/IMOBIIHOT rarys3i
HayKW U1 IHIMAX KpaiH i 0OyMOBWJIO TIBUIKWIN
JOCTYTI 10 HOBH3HH Yepe3 Mepexy [HTepHeT.

[lo-gpyre, BOpOBaIKeHHS OLIHIOBaHHS SIKOCTI
HayKoBO1 poOoTH Ta iHaekciB muryBaHHs (h-iHmexc,
110-iHmeKC Ta iH.), KOJNW MyOJiKamii y BITIHM3HIHAX
JKypHajax OIIHIOETbCS HIDKYE, HDK B 3apyOik-
Hux [15]. e cnonykae 1o myOmikamii y HayKOBHX
NepioAMYHMX BUAAHHIX 1HIIMX JCpiKaB, HAPUKIIAL
y Scopus ta Web of Science. Lls Bumora € nepeny-
MOBOIO BUTOKY 3 YKpaiHW HAayKOBUX pE3YJbTarTiB,
TEXHOJIOTIi Ta IHIIMX BUIEPEKYIOYHX MEPCIEKTUB,
LUISIXOM BJIaCHOPYY Bigmatoud ifei ciayxOam Hay-
KOBO-TEXHIYHOI PO3BIJAKH 3aIliKaBICHUX 1HO3EMHHX
KpaiH, BUPOOHUKAM.

[To-TpeTe, mpakTHKa CBIAUUTD, 1110 Y TAKUX «EIIT-
HUX» HAyKOBHX BUJAHHSX aclipaHTH Ta JOKTOPAHTH
BHACJII/IOK HEYCBiJIOMJICHOCTI PO3KPHUBAIOTh HAYKOBI
pO3pO0KH, SIKi OXOTUTIOIOTH JIEP’KaBHUH 1 BINCHKOBHIA
CEKTOp, 1110 CTaHOBJISTh JACpPKaBHY TaeMHUIIO. Crij
3a3HAUUTH, IO JIPYKOM B «EIITHOMY» HayKOBOMY
BUJIaHHI BYEHI CTBOPIOIOTH JOJIATKOBO BIATIK TPO-
IITOBOTO MOTEHITIATY TIITXOM 000B’I3KOBOT TUTaTH 32
JpyK, He3BaXKaloun Ha Jekjapaiiro Bynamemrcykroi
HIIIaTUBH BIAKPUTOTO AOCTYIY 0 HAYKOBHX ITyOTi-
kauit (The Budapest Open Access Initiative). Ta
Ha XaJbh Maibke Bei myomikarii miatai. [Ipu mpomy
BUTPAUYAIOTHCSl CEPHO3HI TPOIITi HAa y4acTh y MiXKHa-
POAHUX pEUTUHTaX, 3apaji YOTO IEsKi yHIBEPCUTETH
HABITh BUIUIAIOTH BUKJIA1a4aM CIleliajbHi KOIITH Ha
IaTHi myOmiKaii, HaBKOJIO YOTO Ofpasy K CKJIaBCA
PUHOK opraHizalii Takux IMmyOikamii y sxypHaiax
Ta 30ipHUKaX, 110 1HJIEKCYIOThCA Y Scopus Ta WoS.
Te, mo ui 30ipku Ta XypHanu € pakTuuHO «Opar-
CbKUMHM MOTMJIAMW» TEKCTiB, L0 HE YHUTAIOThCH,
HiKOro He XBHIIO€. KOHTEHT HayKOBUX IMyOuiKariii
HIKOTO He 1ikaBuTh. Hayka nepeTBopuiacs Ha Habip
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HAyKOMETPUYHUX JaHUX — (POPMaIbHUX PEKBI3UTIB,
Tpoxu oOumeme [9, c. 133].

[To-ueTBepTe, momymsipu3allis TpaHcdepy TeXHO-
JIOTIH 3 METOI KoMmepitiamizariii [16].

ExoHomist Ha iHaHCyBaHHI OCBITHIX Ta HayKo-
BUX po3pobok. IloryxHe ¢dinancyBaHHs 3 Hemep-
JKaBHUX PE3EPBIB CIIOCTEPITAETHCS B PO3BUTOK FOPHU-
CTIpYJIeHIIi1, EKOHOMIKH, TYPH3MY, MCHEKMEHTY, SKi
MPUHOCATH IIBUAKE MarepianbHe 30aradeHHs. s
3a0€3MeUeHHs] TAaKUX IOUCLUIUIIH OCHOBHA CTaTTs
(hiHaHCYBaHHS — KOMIT FOTEpHE OCHAIIICHHS.

[pmmit cran y chepi pyHIaMEHTANBHUX HayK.
UYepe3 00’exTuBHI nNpuuuHHM (iHAHCYBaHHS BOa-
YaeThCsl TIIBKU JEp’KaBHE. Ta ChOroiHI HameBHE
HeMae KOIHOI HelepikaBHOI yCTaHOBH, IO (iHAH-
CyBaTUMe JIOCII/DKCHHS, Pe3yJbTaTH SKUX OYIyTh
npubyTkoBuMu yepe3 20-30 pokiB. A mis dyHzaa-
MEHTaJbHUX HAayK HeOOXiJHi i 1abopatopii ocHa-
IIeH] Cy9acHUM OO THaHHIM JIJIsl HAyKOBUX JOCIHi-
JoKeHb. Haxanb B cydacHUX pealtisix OCHOBHA CTaTTs
¢inancysanns — HJIP, kondepennii, n[pyk HaykoBUX
nyOnikamii. 3po3ymisio, mo piBeHb (iHaAHCYBaHHS
X CTaTeil Ha TMOPSIOK HWXKYUH 32 piBeHb (iHaH-
CYBaHHS TNPHUKJIQIHUX JOCHiKeHb. [lix BUMISIOM
IHHOBAIIWHOT JIsUTBHOCTI CTBOPIOIOTHCS YMOBH JI0
TpaHcepy TEXHOJIOTIH.

[IpobGnema 36epexeHHs PpyHIaMEHTAIBHOT OCBITH
VYikpaian. tygnnii momut Ha (axiBIiB €KOHOMIY-
HOTO IPOQ1ITI0 B Cy4yaCHUX PUHKOBHX YMOBAaX JIUKTY-
€TbCs moTpedbamu ernoxu HHGpoBoi ekoHOMikH. BoHa
MIPOSIBIISIFOTBCS. Y CUCTEMI OCBITH B HEOOMEKEHOMY
Xa0THIHOMY 3POCTaHHI Yhcia HemepskaBHHX BH3,
SIKI B CBOIO Yepry CHEMiali3ylThcs Ha IOPHITYHUX
Ta €KOHOMIYHHMX CHEUiaJbHOCTAX, a TAKOK Ha CKO-
POYCHHI TPAJAUIIHHUX IHCTUTYTIB, IO TOTYIOTh KBa-
nmiikoBanux imkenepiB [17]. Caix 3a3HaunTH, 10
Henepxaui BH3 He 3a0e3nedyiorh peanbHOi (yH-
JIAMEHTAJIBLHOT IT1ITOTOBKH.

Takox B YkpaiHi BiIOyBa€Tbcs CKOPOUEHHS Tpa-
TUIIHHAX 1HCTUTYTIB, IO TOTYIOTHh KBaui(hikoBa-
HUX iHKeHepiB. SIkmio mpoanamizyBatu mani Jlep-
KaBHOT CITy)KOM CTaTUCTUKK YKpaiHu, TO MOXKHA
BUSIBUTH CTIMKY TEHACHLIIO CKOPOYEHHS KIIBKOCTI
BUIIMX HaBU&IBHUX 3aKinafiB Ykpainu. Ha moua-
tok 2006/2007 HaB4amBHOTO POKY KinmbkicTh BH3
B Ykpaini cknanana 920, B tomy uucni I-II piBHiB
akpeauranii 570, III-IV piBHiB akpeanTauii — 350.
Ha mowarox 2015/2016 HaB4ambHOTO POKY iX Kilb-
KicTb ckopotuiach Ha 28,4 % i1 ckiagana 659, B Tomy
gucii [-II piBHiB akpemnuranii 371, -1V piBHiB
akpenutaiii — 288. lle oOymoBieHe, HacamImepen,
neMorpadivyHO Ta EKOHOMIYHOKO CHUTYAITIEI0 B Kpa-
iai. Cranom Ha 2015/16 H. p. yactka BH3 neprxas-

HOI Ta KOMYHJIBbHOI ()OPMHU BIACHOCTI CTAaHOBUTH
79,67 %, npusarHoi — 20,33 %. Hanami neit mokas-
HUK TOBUIBHO CKOPOYYETHCS.

TakuM 4YHHOM, EKOHOMIYHHH PO3BUTOK Kpa-
THM BHMarae BKJIaJICHb B MalOyTHE, CTpaTeTivHOTO
OaveHHs IePCIIEKTUBU 3aCTOCYBaHb CYy4YaCHHX TeX-
HOJIOTIH. A «310poBUH [Iy31» (OKYCYeThCS Ha
MOBCSKJICHHUX, CHOTOXBHJIMHHUX IoTpedax. Ko
po3rsanatn MaiOyTHe YKpaiHM 3 I1HHOBAIiTHUM
PO3BUTKOM 1 HayKOBHUMH IIPOPHBAMH, TO MOTPIOHO
opieHTyBaTHCs Ha PyHAaMEHTaJIbHY OCBITY MaliOyT-
Hboro. HeoOxinHO mounHaty roryBatH (haxiBLiB, sKi
OyayTh MOTPiOHI 3aBTpa, HABITH HE TUBIISIYUCH HA TE,
0 CHOTOJHI JUTSI HUX B KpaiHi HeMae poOOTH.

[ToMunkoBUM € jJyMKa aBTOpIiB CTaTTi Mpo Te,
mo mnepeBarn HUQPOBOi OCBITM Ta HaBYAIbHUI
noreHiian Facebook [1, c. 192]. Mu moromxkye-
MOCSI, III0 CaMOOCBITa BAOMA € PeajbHICTIO BXKE ChO-
ronHi, omqHak oHnaiiH miatgopmu Khan Academy,
Coursera, Prometheus, Wikipedia ta YouTube, sxi
PO3pOOIAIOTh PIZHOMAHITHI KypCH JUIsl HaJaHHS
MOCIYT BeO-HaBYaHHS HIKOJTW HE 3aMiHATH (yHIa-
MEHTAJILHOT OCBITH.

[Ipobnema BHHUKHEHHS imei HeMOTPiOHOCTI
BUIIOI OCBITH B3araiyi. [loBHY BiIMOBY BiJ BHIIOi
OCBITH TIPOTIOHY€ aMEPUKAHCHKAW  MUIbSpACD
P. Thiel [18]. Ha #ioro aymky, 4—6 pokiB IpoBeCHI
B BHILI — IIe BTpadeHi pokH XHUTT. CleliaabHICTh,
SIKYy CTYOEHT OTPHMA€, MOXKE 3HUKHYTH 3 PHHKY
pari 3a el gac [9, c. 128]. Taxi ysiBI€HHS € «T0ITy-
Ji3MoM» B OCBITHIN cdepi xurTsa. BoHn nos’s3ani
3 XHOHHM YSIBICHHSIM MPO LIBHJIKICTH Ta JIETKICTh
OTPUMaHHS HEOOXiTHIX 3HAHb.

[IpoGmema 3HeliHEHHS IUILIOMIB TIPO BHIIY
ocBity. IIpo o3HaueHy mpoOieM, OCh SIK OIHCYE
aBTop podotu [8]. Bece Oibliie i criemiajbHUX KOMITa-
HI{ MPOBaljepiB, IO 3/MIHCHIOITh OCBITHIO JIisiIb-
HICTbh, aJie He € MPSIMO MPUB’I3aHUMHU 10 YHIBEPCH-
teTiB. Ha ii mymMKy icHYye omocepeakoBaHnl 3B’ SI30K,
OCKUJIbKM BOHH YacTO 3aJy4aloTh KpallluX JIEKTOPIB
BUIIMX HABYAJBHUX 3aKJIaJiB A0 CTBOPEHHS OCBiT-
HBOTO KOHTEHTY JUIS OH-JIalH KypciB. L{sg TenmeHtis
MTOPOKYE TPOOJIEMY 3HIDKEHHS CTaTyCy YHIBEpCH-
TeTcbkoro jauruioma. CepTudikati OHIANH-KYpCiB
4acTO I[IHYIOThCS Yy POOOTOAABIIIB HE MEHIIE HiXK
YVHIBEPCUTETCHKUI JTUIUIOM, 32 BHUHITKOM Xi0a IO
HaHOUTBII MMPECTIKHUX Y CBITi yHIBEPCUTETIB.

IIpoGmemu Bin «umbpoBoi ocsituy. llepm 3a
BCe, MOTpiOHO pozidpaTucs 3 nouaTTaMu «L{udpose
HaBUaHHM» 1 «qudpoBa OCBiTa», AKI YaCTO BUKO-
PHUCTOBYIOTHCSl SIK CHHOHIMH, MO HEIPaBOMIpPHO.
Buxopucranns tepminy «lnudpoBe HaBuaHHSY, K
i moB’si3aHoro 3 HuUM moHATTS «lludposa aumak-
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THKa», TOOTO Teopis UU(PPOBOr0 HABUYAHHS, HE
BHKIIMKAIOTh CYMHIBY. ¥ HUX MOBa Hle TIpO 3aKOHO-
MIpPHOCTI, IPUHITUIH 1| MEXaHI3MH 3aCBOEHHS HaBYa-
IOYMMHU MTPEAMETHHX 3HaHb, yMiHb, HABHYOK, KOMIIE-
TEHIIH, B TOMY YHCIIi 3 BAKOPUCTAHHIM KOMIT FOTEpa.

A ocw Tepmin «lludpoBa ocsitay, sKuil gacTo
3yCTpiYaeThes B TEAArOTIUHIN JniTeparypi, HOpMa-
TUBHO-TIPABOBUX JIOKYMECHTaX 1 B IEAaroriyHOMY
noOyTi, HerpaBoMipauid. CripaBa B TOMY, IO CJIOBO
«OCBiTa» Hece B COOl TpW PI3HHUX CEHCY B 3aJIekK-
HOCTI BiJl KOHTEKCTY HOTO BXKUBAHHS B MOBI.

[lepmuii ceHC — 1e OCBITHIN IICH3 KOHKPETHOI
JIIOVHY, SIKHH Y BiAMOBIb Ha TUTAHHS, SIKa Y HHOTO
OCBiTY, Binnosigae: 3arajabpHa cepeqHs, npodeciiina
a0o BuwIA.

Jpyruii ceHC — cucTeMa OCBITH, SIK CyKYIHICTh
OCBITHIX Mporpam, iX peasi3yloTh OCBiITHI opraHiza-
1ii i cucTeMa yrpaBIiHHSI HUMU.

Tpertiii ceHC — TpOoIIeC OCBITH, IO CKIATAETHCS
3 HaBYAHHS 1 BUXOBAHHS B iX €IHOCTI.

Buxonsun 3 1MX BiIMIHHOCTEH, MPaBOMIPHO
BUKOPHCTOBYBAaTH TiNBKH TEPMiHU «UM(pPOBa CHC-
TeMa OCBITH» (a He «cucrema UpPOBOI OCBITH»)
1 «lnudpoBe HaBUaHHSS», OCKIIBKA KOMIT IOTEp HE
3aliMa€ThCsl BUXOBAHHSAM JIIOAMHU. MaOyTb, iHTYi-
THUBHO BiTUyBarO4H 1€, aACNTH HH(HPOBOr0 HABYAHHS
He roBopsTh npo «LudpoBe BUXOBaHH», XOBAIOUU
«ioro B TepmiHi» «lludposa ocBitay.

Ha mam nomisn, mosiBa nupoBOro HaBYaHHS
y CBiTi 1 OyKBaJbHE «CII'SHIHHS» HHM, Y TOMY
yucii B YKpaiHi, BiIOya0Cs Tif] BILTMBOM YOTHPHOX
00’ €KTUBHUX (haKTOPIB, IO MakKe 30ITIHCS B Yaci:

— YCHiXH KOTHITUBHHMX HayK, SIKi CTBEPIKY-
I0Th TIPH LILOMY, II0 MEXaHi3MH mepepoOku iHdop-
Marlii MO3KOM IIFOJIMHU 1 KOMIT FOTEpOM 1I€HTHYHI
(«xomr’roTepHa MeTadopay;

— CHaJKyBaHHS TEXHOJOTIYHOIO MiJIXOAy MO0
yOpaBIiHHA IPOILECOM HABUAHHS, PO3BUHEHOMY
(1960—-1970-11 pokun) B HUHI 3a0yTOMY IIpOrpamMoBa-
HOMY HAaBYaHHI-TIOTIEPETHUKY THU(POBOTO;

— TosiBa IHAYCTpIi MEPCOHATBHUX KOMIT IOTEPIB,
CcaMHX PI3HUX UUPPOBHUX MPHUCTPOIB i HEOOXiTHOTO
JUTst X poOoTH 00JIaTHAHHS,

— THCK Oi3HECy: BCIO ITI0 MPOAYKIIIIO TMOTPiOHO
MPOJIABATH, & CHCTEMA OCBITH — HEBUUEPITHUI PHHOK.

[opsin 3 BeNMYE3HMMH 1 1€ MaJOBUBUCHUMH
MOXIIMBOCTSIMH ~ IIM(POBOTO  HABYAHHA MOXKHA
Ha3BaTH LUIHIA Pl TPOOJIEM 1 PU3HKIB, OB’ I3aHUX
3 iX TOTaJIbHUM BIIPOBA/UKEHHSIM B CUCTEMY OCBITH:

— y CBITI HeMa€ MeaaroriuHoi abo IMCHXOJIOTo-
nenaroriunoi Teopii HUQPOBOro HaBYAHHS, HA SKY
MOTIIM O CHHpaTHcs BYMTEN, BUKJIA/Iadi KOJEIKIB
1 By3iB IIpH HOro MPOEKTYyBaHHI 1 BUKOPUCTAHHI,

TOJIi SIK YKOJICH 1H)KEHEp HE Bi3bMETHCS MMPOCKTYBATH
SIKMHCh TEXHIYHUH NMPHUCTPil 6e3 oropu Ha (GiznuHy
(ximiuHy, 0610JI0T1UHY) TEOPito;

— HEMae MEepPEeKOHJIUBUX T0Ka3iB IMiJBUIIEHHS
SIKOCT1 OCBITH 32 JOTIOMOTOI0 BHKOPHCTAHHS TU(-
pOBOTO HaBYaHHSI. 3 Ii€l MPUYHHH ICHYE CBIIOMUN
a00 HeyCBigOMIIEHUH omip U poBi3alii HaBYUaHHS
3HaYHOI YaCTHHH MEAaroriyHoro KOpIycCy KpaiHwu,
0COOJIMBO cepea BUYMTEIIB 1 BUKIIAMa4diB CTAPIIOTO
ITOKOJTIHHS

— TMpoIeC HAaBYAHHS 1 OCBITU peaii3yeThCs 3a
JIONIOMOTOI0  CIIIJIKYBaHHA menarora i yuHiB. Crmin-
KyBaHHS CKJIQIAETHCA 3 TPHOX KOMIIOHEHTIB — KOMY-
HIKaTUBHOTO, I1HTEPAKTHBHOTO 1 TIEPIECIITUBHOTO,
a TakoXX 3 JIBOX CTOpPiH — BepOasbHOI (CIOBECHOT)
1 HeBepOaNbHOI, 10 SKOI BITHOCSITHCS «MOBa Tila»
(mo3a, pyxwu Tina, BUpa3 o4ei i iH.) i eKCTpajiHrBic-
THYHI, 3ByKOBI XapaKTEPUCTHUKH MOBHU (IHTOHAITIS,
BHCOTA 3BYKY, TOH 1 iH.). 3TiIHO pe3yJbTariB JI0CITi-
JoKeHb [19] B c0Bi, HOCIT 3HAYCHHS, BiIOHMBAETHCS
TinbkH 7 % CEHCY CKa3aHOoro, B pyxax MOBI — 55 %,
excTpaminreictukn — 38 % a muumdpoBa TexHiKa
HE3/1aTHA BIOBIIOBATH TaKi TOHKOIIII.

Ha nymxy nocmimaukiB (JI. @. MapaxoBcbkui,
b. A. Cycs, I'JI. TynpbuumHCKMH) Big3HAYAIOTh,
0 TpPH BCE 3pOCTAIOUYOMY piBHI HHQpOBizallii
CYCIIUTBCTBA 1 CHCTEMH OCBITH BiJl IFOAMHH MTOTPiOHO
HE BOJIOAIHHS HEOOXiTHUMH AJIS JKUTTS 1 ipodeciii-
HOI ASTBHOCTI 3HAHHSIMH, a OTPUMAaHHS AOCTYILY J10
KOMII FOTepHOT CHCTEMH, JIe 3HAXOAHWTHCS MOTpiOHA
iHdopmamis. Bece me mpu3BOIUTH IO AeTpamamii
(GyHKIIT Tam’ ST JIIOAWHY, CIPUHHATTS, YSBH, TOIIO.

BUCHOBKMU. Takum ymHOM, MOXHa copmy-
JIIOBAaTH HACTYIHI BUCHOBKHU:

1. Amami3 mokasye, mo y 1990-x pokax Ykpaina
minpia Mo UUIBIXy OPTOAOKCAIBHOTO Jibepanizmy
MEPEeTBOPUBILIM MOTEHIIa]l Ha «IPUMITHBHO CHPO-
BUHHY €KOHOMIKY». Byna 3HHIIIeHa OCHOBHA YacTHHA
IpUKIagHOi Hayku kpaind, a B 2000-1 poku — KiJib-
KiCTh HAaBYAJIBHHUX 3aKJaJliB 32 POKAMHU CKOPOTH-
nacsi 3 920 y 2006 pori g0 659 y 2015 poui. 3a3Hae
CKOPOYEHHS 1 HayKOBO-TIEAArOTiYHUN Ta HAyKOBHIl
noteHmiary BH3, 3MeHIIyeThCSl 9acTka KaHIUIATIB
1 JIOKTOpIB HayK, a TakoX mpodecopiB i JIONEHTIB
y 3arajbHiil ii xinbkocti. Lle Hampsimy BigoOpaska-
€ThCS Ha PiBHI MATOTOBKH CydacHUX (haxiBIiB (hyH-
JaMEHTaJbHUX creuianbHocTeil. YacTka BHIATKIB
Ha OCBITY 13 3BE€JICHOTO OIO/KETY Ma€ TEHAEHIIIIO 710
ckopoyeHHsl. CTBOpEHHI IITyYHHUI OMUT Ha (axis-
IiB FOPUIUYHUX, CKOHOMIYHHMX 1 MEHEKEPCHKUX
CHELIaNbHOCTAX Yy CYYaCHUX PHHKOBHX YMOBax
poOuTh 0OMexeHHsd y TonuTi Ha ¢axiBmiB (yH/a-
MEHTAJIBHUX CIICIialbHOCTEH YKpaiHu.
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2. OyHIaMeHTalbHI JOCTIKEHHS BiJIrPaloTh
BaYUIMBY poiib. Ha iX OCHOBI MOXKHA BiIpOIUTH SIK
MIPHUKJIaHI poOOTH, TaK 1 BIHCHKOBY HayKy Ta OCBITY.
3 nep:kaBHOI TOYKH 30py, QyHAaMEHTallbHA HayKa
00’€KTUBHO HEOOXiJJHA KEPIBHUKAM, SIKI yXBaJIIOIOTh
CTpaTeTivHi 1 JOJICHOCHI PillleHHS.

3. Crin HaCTOPO’KEHO CTaBUTHUCS bi (o)
00OB’SI3KOBUX BHUMOT JUIS 3100yBadyiB HayKOBOTO
CTYNEHSl B YACTHHI, IO CTOCYETHCS OOOB’SI3KOBOTO
oIyOJIiKyBaHHsI CTaTell y HAyKOBHX, 30KpeMa elleK-
TPOHHUX, (aXOBUX BHUAAHHIX YKpaiHHM, a TaKoxX
y HayKOBHX TIEPIOAWYHMX BHJIAHHAX I1HIIUX Jep-
KaB 3 HaIpsIMY, 3 SIKOTO MiATOTOBIEHO TUCEPTALilo,
OCKIJIbKH BOHH OOYMOBIIOIOTH IIBHJIKHH JOCTYII
cyk0aM HayKOBO-TEXHIYHOI PO3BIAKH 3allikaBie-
HUX 1HO3EMHHUX KpaiH, BUPOOHUKAM JIO HOBHU3HU
yepes3 Mepexy [HTepHeT.

4. Crpaterist po3BUTYy UUQPPOBOi EKOHOMIKH
B OCBITHHO-HAyKOBOTO TPOCTOPY IIONISATAE y BHUPI-
IIEHHI KOMIUIEKCY MPOOJIeM CydacHOTO CTaHy CHC-
TEMH OCBITH, HayKd Ta (iHaHCyBaHHS, a came
3a0e3nedyeHHs (iHaHCYBaHHI OCBITHIX Ta HayKOBHX
po3pobok B VYkpaiHi He 3a «3aJHIIKOBUM TPHH-
LMTIOM», BHPIMIEHHS TMpOOJeMH BHUTOKY HAYKO-
BHX Ta HAyKOBO-TICJIaTOTIYHHMX KaJIpiB 332 KOPJOH
Ta HOBHX HAayKOBHX pe3ynbraTiB. Ha ocBiTi Ta Haymi
31 CTOPOHHU AEP>KaBU EKOHOMHUTH HEMOYKHA.

5. HeoOximHo po3poOWTH ameKBaTHY IICHXO-
JIOTO-TICIAarOTiYHy 1 BJIACHE IEJAroridyHy Teopiko,
IO OpPraHivyHO BKJIIOYa€ B cebe KOoMIT 10Tep, SIK 3aci0
HaBYaHHS 3 WOro JiMCHO BEIMYE3HHMMHU MOXKIIMBOC-
TSAMH OTPUMAaHHS, 30epiraHHs, IepepoOKn Ta Tepe-
navi inpopmanii. ToMmy € mijicTaBU CTBEp/KYBaTH,
10 BUKOPUCTAHHS OULTBII HIMPOKO HU(PPOBUX TeX-
HOJIOTiH € He OOIPyHTOBaHO HayKolo. BoHO HOCHTB
30BHINIHIA XapakTep, TOOTO Tak PoONATH y PO3BHU-
HEHHMX KpaiHax; Tpeba KOMYChb MpOAaBaTH BCIO IIFO
TEXHIKy, TaK BHUPIIIMIO KEPiBHUITBO HABYAIBHOTO
3akiasy abo opraHy ymnpaBiliHHS BCIM OCBITOIO, Ha
1€ BUJIIJIEH] KOIITH i T. TI. ToOTO BOYHOBYBaHHS IH(]-
pOBUX 3ac00IB y TpamguIliiiHy CHUCTEeMYy HaBUAHHS
3MIIACHIOETHCS 13 30BHINIHIX TIPUYHH, a HE TOMY, 10
OTpHMaHi BaroMi HayKOBi OCHOBH NPOIYKTHBHOCTI
X BUKOPUCTaHHS.

HaykoBa HOBHM3HA TOJISITA€ B TOMY, 11O BUSBICHO
CKJIaJIHy 0araroacrekTHy MpoOiieMy BHOOpY Hay-
KOBO OOI'PYHTOBAHOI cTpaTerii uudposizamii KuTT,
BUPOOHUIITBA i OCBITH, sIKa TO3BOJIHIIA O BUKOPHUCTO-
BYBaTH BC1 BEJIMUE3HI ITEpEBArd KOMIT IOTepa 1 yHUK-
HYTH OLIBIIY YaCTHHY PH3HKIB.

HaiiOnmx4or0o  MEepCleKTUBOI0  MOAAIBILIOTO
nociipkeHHs.  [IpeacraBneHe  mOCHimKeHHS He
BHUEPIIY€ BCIX aCTIEKTIB 3a3HaueHOi mpodiemu. Teo-

PETUYHI PE3yaBTATH, IO OACPKaHi B IMPOIIECi HAyKO-
BOTO TIONIYKY, CTAHOBJISITh MiATPYHTS JJIS TTOJAIIb-
moro i BUBYEHHS Ta BpaxyBaHHI IIPU BUOOPI HOBUX
pIllIeHb y HAYKOBO-OCBITHBOMY TPOCTOPI.
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Purpose. The purpose of the article is to identify key trends in the educational and scientific space with an overview
of their problems and risks. Methodology. The repetition of research is confirmed by the analysis of selected cited sources
in scientific publications. To solve the tasks set, theoretical research methods were used: methods of historical analysis
for the analysis and generalization of scientific literature on the problem of work; the method of structural and genetic
analysis and synthesis, when clarifying the object and subject of research; the method of analytical and comparative
analysis in the analytical and comparative assessment of the novelty of research results; synthesis and generalization — to
substantiate the methodological and methodological foundations of research; generalization-for formulating conclusions
and recommendations on performance. Results. The article analyzes stable trends in the educational and scientific
space of Ukraine and neighboring countries over the past 30 years. The opinions of individual researchers who make
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up a minority are studied based on these opinions, negative trends are identified, which are grouped into seven key
areas. These areas cover the educational and scientific space of Ukraine. The total “digitalization virus” and the lack
of awareness of individual populist researchers contributed to the introduction of scientifically unsubstantiated solutions.
The presented study does not exhaust all aspects of this problem. Originality. The scientific novelty of the work lies
in the fact that a complex multidimensional problem of choosing a scientifically based strategy for digitalizing Life,
Production and education is revealed, which would allow us to use all the huge advantages of a computer and avoid
most of the risks. Practical value. The theoretical results obtained in the process of scientific research form the basis for
its further study and consideration when choosing new solutions in the scientific and educational space. Conclusions.
The strategy for the development of the digital economy in the educational and scientific space is to solve a complex
of problems of the current state of the Education, Science and financing system. It is impossible to save money on
education and science on the part of the state. References 19.

Key words: trend, Education, Science, Problem, risk, digitalization.
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V cTarTi po3rmanaeTses mpodiaemMa KIIMOBOTO MUCICHHS CyYaCHUX 3100yBaviB mMpogeciiiHoi 0CBiTH, 3a3HAYEHO MPH-
quHN (POPMYBAHHS KIIIOBOTO MUCIICHHS Y CyJacHHX 3700yBadiB OCBIiTH, PO3KPHTO OCHOBHI XapaKTEPHCTUKH KIIIIIOBOTO
MHUCJICHHS, BUJIJICHO OCHOBHI PUCH HOCIIB KJIIMOBOTO MHUCJICHHS, 3alIPOMOHOBAHO KOHKPETHI MEAAroriuHi TEXHOJOTII,
METOAM Ta MPUHOMHU POOOTH HA 3AHATTAX IS 3700yBadiB 3 KIIMOBUM MUCICHHSAM. PO3IIAHYTO MO3UTHBHI 1 HETraTUBHI
CTOPOHH KJIIIOBOTO MUCIIEHHS y 3100yBauiB npodeciitHoi 0CBiTH.

[TprurHaMu MOSIBY KITIMOBOTO MUCIIEHHS €: 301IbIIeHHS oTpUMaHoi iHdopMmarii, 3poctanHs iH(opMaiiiHoi LBHUIKO-
CTi, pI3HOMAHITHICTb i JOCTYIHICTH iH(pOpMAIIil, 30LTBIIEHHS 0araTo3aIaq4HoOCTi.

V cTarTi 3aIpONOHOBAHO PONISIATH TTOHATTS «KIIIIOBE MUCIEHHS SIK 3aTHICTh JIIOAWHH CIPUIMATH HAaBKOJIMIIHIH
CBIT 3 JIOTIOMOTOI0 KOHKPETHOTO SICKPABOTO, yXKe BHPa3HOTO 00pasy.

KuarouoBi ciioBa: npodeciitHa ocBita, MUCIICHHSI, KIIOBE MHUCIICHHS, IIM(POBE MOKOIIHHS, IHPOpMAIIIHHE CYCIIIBCTBO,

TMIeJIarOT1YHI TEXHOIIOT1i, METO/H 1 IPUHOMHU HABYAHHSI.

ITIOCTAHOBKA  TIPOBJIEMU. [Motpedy
B iH(popMaIlii Ha Cy4acCHOMY eTarti PO3BUTKY CYCITiTh-
HHX BiTHOCHH MO)KHA TIPUPIBHIOBATH 10 BITAIBHHUX
noTped, TOOTO 3HAHHS CTAH0Th OCHOBOFO JKUTTE IS Tb-
HOCTI 0COOMCTOCTI y cy4acHOMY iH(popMaiiiHoMy
CYCHIJIBCTBI, 0€3 HUX HEMOXKJIMBO aJIeKBaTHO B3a€MO-
TSITH 3 HABKOJIMIITHIM CepeIOBUIIIEM — BIpTyaIbHUM
Ta peanbHuM (Pi3maHuM). Pesynpratu 10 CmiIKEeHHS
«YKpaiHChbKe TIOKOMIHHS Z: IIHHOCTI Ta OPi€EHTUPH»
(®onp im. @pinpixa Edepra B Ykpaini) 3acBiquyIOTh,
110 301TBITY€THCS 3arajbHIUA piBeHb iH(QOpMAIliitHOT
3QJIEKHOCTI CYCHIIBCTBA, MOB’SI3aHUNA BOTHOYAC SIK
3 HaJMIPHOIO TNEPEHACHYCHICTIO KOHTEHTOM, TaK
1 3 yOoCKOHaJleHHsM iH(OpMaLiiHO-KOMYyHIKail-
HUX 32C00iB Ta IXHBOIO IOCTYIHICTIO. 3TiTHO 3 OIH-
TyBaHHAM 2015 pOKy, SIKE OXOMIIO MOJIOIb BIKOM
14-35 pokiB, 67 % ykpaiHCBKOT MOJIO/I IIUTKOM 200
CKOpilie OyJu 3aJJ0BOJICHI CBOEKD OCBITOIO, a HE3a-
noBosieHnx Oymo 14 %. SIk mokasano JoCiiKeHHS
201 y, 3a0BOJICHIMH 1 AyX€E 3aJI0BOJICHIMH CBOEIO
ocBiToro Oyno Bixe 72 %, npore auiie 44 % Mojo-
X YKpaTHIIB 3aJIMIIATIHCS 33JOBOJICHUMH SIKICTIO
OCBITH B YKpaiHi 3arajioM, i TiJIbKM TpETHHA BBa-
JKaja, Mo yKpaiHChbKa OCBITa BIAMOBimae morpedam
cy4acHOro puHKy mpaii. OCKUIbKH OCBITHIH mporec
B yMOBax iH(OpMaLifHOTO CyCHiJILCTBA «BipTYyalli-
3yBaBCs», CyO €KTH LIOTO HPOLECY 3MYIICHI s
HaJaro/keHHs eQeKTHBHOI KOMYHIKarii, BHTpa-
YaTH YacTUHY CBOTO Yacy Ha rnepeOyBaHHS B MEPEexi
Iarepuer. Cepen HaMOMYNSPHIINX TPUCTPOIB, SIKi

BUKOPUCTOBYIOTH JOCIIJKYBaHi JUisi JIOCTYILYy JIO
Mepexi, €: cramionapHi 1K, HoyTOykH, riaHImeTHi
[IK ta cmaprdonu. ¥ 2014 poui kopucTyBadi Hajaa-
Banu mepesary crauioHapuuM IIK Ta HOyTOyKam,
SKi Oyau MOCTYMHI IJIi BUKOPUCTAHHS OUIBIIOCTI
JIOCITI/PKYBAHUX IIJJTITKOBOTO, FOHAI[LKOIO Ta paH-
HBOTO J1opocioro Biky. 3 2018 poky BiKe HaalOThCS
nepeBard BUKOPUCTAHHIO MOOUIBHUX MPUCTPOIB IS
KOPHCTYBaHHS MEPEKero, SIKi TIOPIBHSIHO 31 CTaIlio-
Hapuumu 1K 3aBxau nepeOyBaroTh y 30Hi JOCTYILY,
iX MOYKHa HOCHUTH 3 COOOIO Ta BOHH JIETKO MiAKIIIO-
yaroTeecsl 10 Mepexi. Came 3 miobanbHO0O 1HDOp-
MaTH3aIli€l0 CYCHTBCTBA Ta MPUCKOPEHHSM TEMITY
00MiHY 1H(OpPMAIII€IO, KA BCEJISIE BIICBHEHICTD CTY-
JICHTa y MIBUJKOMY BUPILICHHI CKJIaTHOTO AJISl HhOTO
3aBJaHHs, IOB’A3YIOTh SICKPaBiCTh IPOSIBY HOTrO
«ximoBocTi» [1].

AHAJII3 OCTAHHIX JOCHIKEHbB I TTYBJII-
KA. KiinoBe MHCIEHHs CydacHHX 3100yBadiB
npodeciiiHoi 0CBITH 3’ SIBUJIOCS BHACTIIOK PO3BUTKY
iH(OpMaIlifHOTO CYCHiIBbCTBA, Y SKOMY Bif FOHAKiB
1 AiBuar notpibHa indopmariiiina akTHBHICT 1 y4acTh
y TocTiiHiN iHpopMmamiliHiii B3aemonii. IHTepHer,
KOMIT IOTEepHI irpu Ta TeneOayeHHs MOCTIHHO BILIU-
BalOTh HA MOJIOJIE ITOKONIHHA. Y pe3ysbTari y Oinb-
IIIOCT1 MOJIOITUX JTFONEH (POPMYETHCS 1 pO3BUBAETHCS
kiinoBe mucnenns. Ha nymky I 'nua, xminose muc-
JICHHSI — 1€ BEKTOpP Y PO3BUTKY BiIHOCHH JIIOAMHHU
3 iH(opMarli€ro, sika BUHUKIIA HE BYOPA 1 3HUKHE HE
3aBTpa [2].
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CporozHi B HayKoOBil JiTepaTypi HaKOIHMYECHO
JNOCTaTHIA AOCBiA IOAO JOCTIKEHHS KIIIOBOIO
MHCJICHHSI OCOOMCTOCTI B CYJacHHX yMOBax iHQOp-
MaIifHOTO CYCHiNBCTBA. AJie B HAyKOBOMY CITiB-
TOBApHUCTBI IlIe HEMAa€ €IMHOI YITKOI Ta BHBAKEHOI
MTO3UIIIT OI0 CYTHOCTI, TIO3UTUBHUX 1 HETaTUBHUX
pHYC TBOTO TOHATTS, 3MiH 1 TpaHChOpMAIii Y TICH-
X111l JIFOIUHM, SIKI BUKJIMKAE CyYaCHUI METiaripoCTip.

VY €spomni Ta CLLIA Ha nanuii eHOMEH 3BepHYIN
yBary IIe B CepelnHi MUHYJIOTO CTOJNITTs. Brepiie
TEePMIiH «KJIIOBE» MUCICHHs (aHDI. clip — «Bimpi-
30K») OyB BUKOPHCTaHHI aHIIITHCHKUM (DY TYPOJIOTOM
E. Todpdnepom. Xapakrepusyrouu cydacHy KyJabTypy
OTpUMaHHS OyJb-sKOi iH(OpMaIlii, BiH HaroJomrye
Ha 11 ¢parmeHTapHOCTI Ta pisHOpigHOCTI. Came 111
0COOMBOCTI MOJaHHsI Marepiaity (GopMmyroTh (par-
MEHTapHi Ta noBepxHesi 3HaHHsA. E. Todduep pos-
ISIIA€ KIMOBY KYJBTYPY SK CKJIaIOBY 3arajbHoOl
iH(hOopMaIiiftHOT KyabTypu MaiiOyTHBOTO, 3aCHOBaHY
Ha HECKIHYEHHOMY MepexTiHHI 1H(pOopMaiiHuX
BIJIPI3KiB 1 KOM(OPTHOI JUIsl JFOJCH BiJIIOBIIHOTO
MeHTamrety [3].

M. MakimoeH y CBOIfl KHH3i, [0 BHHAILIA
B 1964 p., B mepiox CTBOpEHHS KOMIT IOTEPIB Tpe-
ThOro TokoJiHHsA (1959—1971 pp.), BiH mucag, 110
«CYCIINBCTBO, MepeOdyBarodl Ha Cy4yacHOMY eTarli
PO3BUTKY, TpaHC(OPMYETbCS B «EIIEKTPOHHE CYyC-
IIBCTBO» a00 «II00abHE CElo» 1 3a7a€ 3a AOIO-
MOTOIO €JIEKTPOHHHX 3ac00iB KOMYyHiKallii, 6araro-
BUMIpHE CHPUIHATTS CBITY. PO3BUTOK €1eKTpOHHHX
3ac00iB KOMYHIKaIlii TIOBEpPTA€ JFOJChKE MUCICHHS
JI0 IOTEKCTOBOI €IOXH, 1 JIIHIHA IMOCIIOBHICT 3Ha-
KiB miepecTae Oyt 0a30r0 KyJIbTypH [4].

Takox ¢paniy3bkuii comionor A. Mons B po6oTi
«Conionnnamika KynsTypu» (1967 p.) 3a3nHauus
XapaKTepHi pUCH KyIbTypu (Ha3BaHOI HUM MO3aid-
HOIO) B MOCTIHYCTPialbHOMY CYCIUIBCTBI [5].

xetimc MapTtun, skuii mependaduB  MOSBY
IaTepuery, noginss nronel Ha nBa tunu. [leprmii
TUTl — <JIIOJHA KHUTW» — OTPUMYE iH(POpMAIlito
3 KHUI, Ma€ «TpuBajie» MUcIeHHs. [onoBHa BiJ-
MiTHa pHca TAaKUX JIIOACH — BEJUKHN 00CAT yBaru
1 37aTHICTD 10 aHanmizy iHpopmauii. Jpyruil Tum —
«JTIOIM eKpaHy» — HaJiJeH] KIIMOBOIO CBiIOMICTIO,
BOHH KapJWHAIBHO BIAPI3HAIOTHCS BiJl TEPIIOTO
tuny. OKpiM TOTO, cydacHa MOJOIb NEPEBa)KHO
€ Bi3yaJlaMd 3a TUIIOM CIPHHHATTS iH(popMarii,
OCKUTBKHM 0auuTh CBIT CKPi3b MPU3MY «KapTHHOKY,
BiZeo300pakeHb, e W (GopMye HOBI BHUMOTH 10
METOJIMKM HaJaHHg iHpopMallii B HaBYAIBHOMY
nporeci [6].

Jlo BuBYEeHHsSI TPOOIEMHU KIIIIOBOTO MUCICHHS
3BEPTAIIMCS YUMAJIO CYIaCHHUX JOCIITHUKIB, a caMe:

@. I'ipenox, I. I'na, C. Jloxyxka, C. Xykosa, M. JIiT-
BinoBa, T. CemenoBchkux, C. Cimakosa, T. YnoBu-
upka, K. ®pymkin Ta iH.

IcHye HaykoBa IyMKa, IO OJHOYACHE CITPHIA-
HATTS iHPOpMAITii 3 KITFKOX JDKEPEIT, a TAKOXK CITPOOH
BUKOHYBAaTH OJHOYACHO KijbKa Jid, IO XapakTe-
PU3YIOTbCS AOCHTITHUKaMHU siK (eHoMeH Oararosa-
JTAYHOCTI, TIPU3BOAATH JI0 BUHUKHEHHS TPYIHOIIIB
y TIPOBE/IEHH] aHaIli3y i CHHTE3Y, OPIBHAHHS H y3a-
rajgpHeHHS. JItomaw, SKi MPaKTHKYIOTh Oararo3amad-
HICTh, HE 3JIaTHI 30CEPEIUTUCS HA BUKOHAHHI OJIHIi€T
Jii Ta HaMararThCsS BHKOHYBaTH KiJIbKa 3aBJaHb,
HaBiTh y THX BHWIIaJKaX, KOJHM II€ HETMOTPiOHO.
VY 3B’S13Ky 3 [IUM MOKHA TOBOPHUTHU PO MMO3UTHUBHHIMA
ACTICKT KJIITIOBOTO MUCJICHHSI, SIKUH TIOJISITAE y TOMY,
10 KJIIMIOBE MUCJICHHS CIIOHYKAE JI0 TUHAMI3MY ITi3-
HABaJIBHOI JIISUTPHOCTI Ta KpeaTHBHOCTI. BomHodac
1€ TOBOPHUTH 1 TIPO Te, MO 03 PO3BUTKY aHATITHY-
HOTO 1 JIOTIYHOTO MUCJICHHS, 3/IaTHOCTEH JI0 aHaTi3y
1 CHHTE3Y, 10 TIOPIBHSHHS i y3araJbHEeHHs, OOTPYyH-
TyBaHHS BJIACHMX IyMOK Ta Iepenada ix IHIIAM
TOIsIM HeMOKTuBi. OTke, CydacHa CHCTeMa OCBITH
Mae 3abe3neuyBatu (popMyBaHHS Ha3BaHUX 3/1aTHOC-
TeH, a TOMy B 11 METOJ/IOJIOTIYHIX OCHOBAX Ta IHHOBA-
[IHHUX TEXHOJIOTiSIX MalTh 3HAWTU BiJOOpaKEeHHs
peadnii indopMamiiHoro cycmiascTsa [1].

Awmepukancbkuii pogecop JI. Pozen BBaxkae,
1110 MOJIOJII JIFOJIM 3/1aTHI Mapasie]IbHO BUKOHYBATH J10
CEMU 3aBJIaHb. HAOWpaTH CMC-TIOBIJOMJICHHS, CIILI-
KYBAaTHCS 110 CKaKITy, IEPEBIPSITH €EKTPOHHY MTOIITY
TOIIO, 1 BCE Il POOWMTH TiA Yac TMEPerisigy Tele-
nporpam. [Ipote miaroro 3a O6aratozagaqHicTh CTa€
HEYBa)KHICTb, T1IEPaKTUBHICTh, BiJJaHHS NepeBaru
Bi3yaJIbHIM CHMBOJIAaM 3aMiCTh 3ariTHOJICHHS B TEKCT
[7, c. 104]. K. ®pymkiH BBaXkae, o BCi Il 00cTa-
BUHHU TOPOJIWIA OCOOIMBY KYJIBTYPY CIPHUHHSTTS
iHpopMalii, AKy HayKkoBelb Ha3WBa€ ajbTepHAamili-
HOMO (BiJ «aJbTepHAIIs» — «depryBaHHD»). Kirouo-
BUMH PHCaMHU albTEPHAIIfHOI KyJbTypH € BHCOKa
(parmMeHTapHIicTh iHQOPMAIIHOTO MOTOKY, BEIUKA
KUTBKICTB 1 PI3HOPIOHICTH iH(OpMaNii, Mo crpuii-
Ma€ThCA, & TAKO)K HABUYKHU IIBUJIKOTO MTEPEMUKaHHS
3 ogHUX (hparMeHTiB Ha iHMII [8].

Tak, 3rigpo 3 jgaomMu  jgomoBimi  «Emoxa
magux — 2025», rnobanpHuil 00Ciar OaHuX, TOOTO
indopmariii, B cBiti 1o 2025 p. mocsarae 163 3et-
tabaiT (1021 GaifT), TakoX, «3TiTHO 3 TPOTHO30M
IDC (International Data Corporation), sikio 3apa3s
Ha KOXKHY JIFOJIUHY TIPUIIAa€ MEHIIIE OJIHIET OMHUIT
TEXHIKH 3 BOYJJOBaHUMU JDKEpENaMH JIaHUX, «KHB-
TATH» T00anbHy 1H(QOpMAIlifHy eKOCHCTEMY, TO
yepes JeCATh POKIB 1IEH MOKa3HUK BUPOCTE /10 YOTH-
PBOX OJIUHUIIBY.
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OnHO3HAYHOTO BU3HAYCHHS KJIIOBOTO MUCIICHHS
HEMae, aje KO y3arajJbHUTH PsiI MiXOAIB 3 I[OTO
MMUTaHHS, TO MOXKHA 3DOOUTH HACTYITHHI BUCHOBOK:
«KIIINIOBE MUCIEHHS» — 1€ TpOoIeC BigoOpakeHHS
0e3nivi pi3HOMaHITHHUX BIACTHBOCTEH 00’ €KTiB, 03
ypaxyBaHHS 3B’S3KiB MK HUMH, III0 XapaKTeph3y-
€TBCST (PpParMEHTAPHICTIO 1HPOPMAIIHHOTO ITOTOKY,
QJIOTIYHICTIO, MOBHOIO PIi3HOPIAHICTIO iH(pOpMAIii,
IO HAAXOIUTh, BUCOKOIO HMIBHIKICTIO EPEMHUKAHHS
MDK dYacTuHamu, (parmeHTamu iH(opMarii, Bif-
CYTHICTIO TIIUTICHOI KapTHHHU CHPUUHATTS HaBKO-
JUITHBOTO CBiTY. TOMy miJ TEepMiHOM «KIIiMOBE
MUCIICHHS» PO3YMIETHCS 3BUYKa CIpUiMaTH iH(op-
MaITi0 32 JIOTIOMOTOI0 KOPOTKOTO, SICKPaBOTO, JyXKe
BHpazHoOro obpasy [9].

Take MHCIICHHS XapaKTepU3YEThCSI TTIOBEPXOBICTIO,
00pa3HicTIO, IHTYITUBHICTIO, HAa BiAMIiHYy BiJl Tpaau-
LIAHOTO MMOHATIHHOTO MUCIICHHS, B apCeHalli SIKOTO
LUTAN apceHas po3yMOBHX OIeparliii: aHaji3, CHHTE3,
MOPIBHSIHHS, a0CTparyBaHHs, y3arallbHEHHs, CHCTe-
Maruzauis Ta kacudikamis inpopmanii. [Tonsriiine
MUCIICHHST BKIIFOYa€ B ce0e MPUYMHHO-HACIIIKOBI
3B’SI3KH, MIPKYBaHHS 3a IUIAHOM «Te3a — OOTPYHTY-
BaHHS — BUCHOBOK». UnM OijbIlie pO3BHHEHE Y 3710-
OyBada OCBITH TMOHSTIHHE MHCJICHHS, TUM OUIBIION
MIpOIO BiH € YCHIIIHOIO JIOAWHOIO, TUM YCIIIIHIIIEe
BiH BIIOPAETHCS 3 JKUTTEBUMH 3aBJaHHAMHU. Y Cydac-
HOTO YYHS BiIOYyBaeThbes TEpeXil BiM TMOHATIHOTO
MUCJICHHSI JI0 KJTIIOBOTO MUCIICHHSI, TaK SIK Ha JIIOIUHY
i€ BEMMKHI TOTIK iHpopMmallii, 1 HoMy IiKaBile rnepe-
mistHyTA 10 300pakeHh 3 TEKCTOM B OIIHE PEYCHHH,
HiDK pounTatd 10 MOBHUX TEKCTIB.

Ha nymKy BUeHHX, KIIIOBE MUCIICHHS HE TIPUTa-
MaHHE JIFOJIMHI Bijl HApO/UKeHHs. BoHO HaOyBaeThCs
B 3QJIEKHOCTI BiJ CIIOCOOy CITOKUBAHHS 1 aHaJi3y
indopmarii, mo Hamxomauth. Crenudikoro cydac-
HOTO CYCIJILCTBA € mepesada iHdopmarlii 3a 1ormo-
MOTOI0 PYXOMOTO 300paK€HHsI, SIKE CYMPOBOIXKY-
€THCS 3BYKOM.

OTXe, CyTHICTh KIIITOBOTO MHCIIEHHS TOJSTAE
Yy TOMY, IIIO BOHO BMi€ IMIBHUJIKO TIEPEKITFOUATHCS MiXK
PO3pi3HEHHMMH CMHCIOBUMH (parmentamu. [Ipu-
YUHAMH TIOSIBU KITIITOBOTO MHUCJICHHS €: 301IbIIICHHS
oTpuMaHoi iH(opmarii, 3pocTanHs iH(OpMAaIiitHOT
IIBUIKOCTI, PI3HOMAHITHICTB 1 TOCTYMHICTH 1H(OP-
Mariii, 301IbIICHHS 0araTo3a aqHoCTi.

OueBuAHO, TPAAMLIAHI METONM BHUKJIAQJAAHHS
BHUKIIMKAIOTh CEPHO3HI TPYAHOII M 37400yBa-
9iB MpoQeCciiHOI OCBITH 3 BIIMIHHUM BiJ] TEKCTO-
BOTO TUIIOM CIPUIHATTS, KUTBKICTh SKHX 3 KO)KHUM
POKOM CTpiMKO 3pocTa€. JloCimiqHHUKIB, SKi PUILIs-
I0Th yBary i mpooiemi, MO)KHa YMOBHO TTOJIITUTH
Ha JBi Tedii — KOHCEPBATUBHY 1 mporpecuBHy. KoH-

CepBaTOpPU BHUCTYNAIOTh 3a YTPUMAaHHS CIPUHHATTS
Ta CBIAOMOCTI OCOOMCTOCTI B MEXKaxX KOTHITUBHOIO
CTHJIIO, SIKMIi OpI€HTOBAaHUH Ha JTIHIHHMIA TeKCT. Tomy
MUTAHHS TYT TOJIATAE, CKOpIlle BChOTO, Y CITIBBiJI-
HOIIICHHI 3IaTHOCTI 37100yBada mpodeciitnoi ocBiTH
JI0 aHai3y 1 BCTAHOBJICHHS NMPUYMHO-HACIIIKOBUX
3B’SI3KiB 3 YMIHHSIM ONEpaTHBHO 00pooisiTh iHDOp-
Mamio. Y KOHTEKCTI LBOr0 OUIBbII MPOTrPEeCHBHOIO
MOCTa€ He KPUTHUHICTh Y CIIPUHHATTI HOBOTO THUITY
MUCIICHHS, & KOHCTPYIOBaHHSI OCBITHBOTO MpOIIECY
BIJINIOB1JTHO JI0 HOBUX BUMOT, IHTEIPYBaHHS JI0 HHOTO
IHHOBAIIHUX 1HCTPYMEHTIB Ta METOIB, PO3MO.Ii-
JICHHSI 3aHATTS Ha JIOTI4HI OJIOKH IJISi TTOKPAICHHS
3aCBOEHHS HaBUAJILHOTO Marepiaiy. Henaneko-
IJISITHO 3BOJIMTH CTICU]IKY Ta CYyTHICHI XapaKTepHc-
THKH KJIIIOBOTO MHUCJICHHS TUIBKH JI0 TOTO, 110 BOHO
HPU3BOIUTD JI0 PO3CIIOBAHHS, BAKKOCTI KOHIICHTpA-
1ii yBaru, BiIICYTHOCTI aHAJIITUIHOTO KOMIIOHEHTY
touo. Kninosuii xapakrep orpumanHs iHdopmailii,
0e3yMOBHO, BUMarae HOBOTO Xapakrepy ii oOpoOku
Ta TOPOIKY€ HOBHHM THIl MUCJICHHS — KOHLENTY-
aJBHUHN, OCKITBKH OYEBHIHO, IO (YHKIII aHaJizy
Ta CHHTE3y HIKYIU HE TPOMNaaaloTh, a MEepeKIova-
I0ThbCA (MIEPEXOAATh) Ha HOBHMA, OLIIBII BUILMH PiBEHb
y3arajibHeHHs iHpopMallii Ta BUSBICHHS CMUCIIB,
a CBIJIOMICTb, sIKa, y CBOIO HYepry, pPO3BUBAETHCS
y BIZTIOBITHOMY KOHTEKCTI KJIIIOBOTO iH(OpMaIliii-
HOT'O CepelIOBHUIIIa, He MOXKE HE TIPOYKYBaTH €BpHC-
TUYHHUX PILIEHb TUX M 1HIIUX 3aBIAHb K y TOBCSIK-
JeHHIN MismpHOCTI, Tak 1 B mpodeciiniit [1]. Tomy
JIOTTUTHHO 3pOOUTH 3aHATTS 30BHI MPUBAOIUBHUM — I1€
Moke OyTH iHTepakThBHa (hopma, IiKaBi 3aBIaHHS
3 MPAaKTUYHUM PE3yJIbTaTOM TOLIO. BaxiuBy poib
BiJIiTpa€ CTBOPEHHS €MOIHOTO 1 TICHXOJIOTI9HOTO
KOMQOPTY y TIpoIIeci MOTaHHs HaBYaJILHOTO MaTepi-
aiy. PekoMeH1yeThCsl aKTUBHE 3aTydYCHHS CTY/ICHTIB
JI0 BUKOHAHHS 3aBAaHb JOCIHIIHUIBKOTO XapakTepy
3 000B’SI3KOBOIO TIPe3eHTaIlicr0 pe3ynbrariB. CriBn-
paus BHKJIaaya Ta CTYJCHTa B ayAUTOPHIN Ta 1o3a-
ayIMTOpHIA paboTi, BHCOKONpodeciiHul piBEHb
BUKJIQJIaHHS 3 BUKOPHUCTAHHSIM IHHOBAI[IHHIX METO-
JiB HaBUAHHS CKJIAJAIOTh Pe3epB ISl MiABHUIICHHS
MOTHBAIIi1 CTYACHTIB 10 HaBYaHHA. KiTimoBuii crrocio
pobotu 3 iH(pOopMaIIi€rO 10/Ia€ TUHAMI3MY IMi3HABAJIb-
Hill HAaBYAJBHIN AISUIBHOCTI, 110 JO3BOJISIE B yMOBaX
3pocTaHHsl 00CSTYy HaBYAIBHOIO Marepiayly JUHa-
MIYHO BHKOHYBAaTH HEOOXiTHI HaBYAJIbHI 3aBIaHHS,
0a3yrourch Ha NIMPOKOMY BHKOPHUCTAHHI MPUHIIAITY
Bizyaizanii HaB4anbHOI iH(popMalii, Ha i1ei cTpyk-
TYpyBaHHSI HaBYaJbHOTO Marepiany Ta Horo Qpar-
MEHTapHOTIO MOAAHHSI TOLIO.

AHai3 HayKOBUX JDKEPEN CBITUUTH, IO KIITIOBE
MUCJICHHSI Ma€ TIO3UTHBHI 1 HETaTUBHI CTOpPOHU. [0
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HEraTUBHUX CTOPIH KIIIIOBOTO MHCIEHHS MO)KHA
BiJIHECTH HACTYIIHE!

— Y HECKiHUCHHOMY MOTOIIi iHpopMaIlii CKIaTHO
BiJOKPEMHUTH BaXXJIUBE BiJl HEMOTPiOHOTO, JIOAMHA
BOHMpae Bcro iHpopMalio 6e3 po3dopy, 3a0yBaroun
po (GiTbTpario;

— BIimOyBa€eThCS 3HIKCHHS KOHIICHTpAIlii yBaru
Ha KOHKPETHIH, BaxKiil 1715 cIpriHATTA iHQOopMallii,
IMOCTIMHO X0YETHCS BIABOIIKTUCS Ha I[IKaBU A0k,
MIOTOPTATH CTPIYKY HOBHH;

— BImOYyBa€THCS 3HIKCHHSI KPUTHYHOTO aHAI3y
OCHOBHOI iH(opMarii;

— MAaHIMyJISATUBHUK XapakTep iHpopmarii yepe3
SICKpaBi KAPTUHKH 1 TY4HI PeKJIaMHi CIIOTaHH.

['onmoBHOIO 0COOIHBICTIO KITITOBOTO MHCIEHHS
€ Te, 110 BOHO IPYHTYETHCS TUIbKH Ha TOBEpXHE-
Biii iH(opMarlii. 3rilHO 3 JOCIHIKCHHSIMH BUCHUX
JIIOI CTaJIM MEHIIE YMTaTH TarnepoBUX KHUT. 3BU-
YaifHy KHUTY 3aMiHWIH Ha UG POBY ab0 ay/liOKHUTY.
3 omHOTO OOKY CHpOCTHIN (opMaT KHUTH 1 3p00nIH
{oro OLTBLI JOCTYIHHUM 1 3pyYHHM. 3 iHIIOTO OOKY
JIONMHA TIepecTana TaKTWJIBHO BiUyBaTH KHUTY,
BiIMOBHBIIIMCH BiJ| CIIOKiIHHOI 1 TMXOi arMocdepu,
B SIKI¥ HalKparie 3aCBOIOIOTHCS 3HAHHS.

Jlo III0CiB KIIMOBOIO  MHCIICHHS
BiJJHECTH:

— KJIIOBE MUCJICHHS IHTEJIEKTyallbHO PO3BaHTa-
JKye. 3ByUHTh TUBHO, ajieé MO30K HE MOXKE ITOCTIHHO
KOHILIEHTPYBATHCA Ha CKIanHil indopmanuii. Momy
MOTPIOHO BIATIOYUTH 1 IIEPEe3aBAHTAIKUTHCS,

— BigOyBaeThCsl MIBHJIKA pEakilisi Ha Henepea-
OaudyBaHl CHTyalii, B SKAX HEOOXITHO TPHHHSITH
pilieHHs TYT 1 3apa3. Y Takuii MOMEHT Ha JOIOMOTY
MPUXOJHUTH KITIMOBE MUCICHHS.

3 oaHoro 0OKy, y cyyacHOMY noToui iHdopmarnii
KJIIIIOBE MUCJICHHS 3a0e3ledye 3aXHUCT MO3KY Bif
iHpopMaIiiiHuX TepeBaHTaxeHb. Komn 3100yBadi
OCBITH BMIIOTh IIBUJIKO TEPEKIIOYATHCS 3 OJHOTO
JOKepelia Ha IHIIUH, TO BOHH HE TEePEBAaHTAXKYIOTh
MO30K HemoTpiOHor iH(opmamiero. IlIBunka peak-
ISt I03BOJISIE JIETKO BKIIFOYATHCS y POOOTY, OIaHoO-
ByBaTH HOBUI Marepiaj, e(peKTHBHIlIEC pearyBaTH
1 miymamroByBartucs mia Oyab-ski 3miHu. bararo-
3aJIa4HICTh TO3BOJISE JIFOMUHI OJHOYACHO CITyXaTH
MY3HUKY, CIUIKYBaTHCS B 4aTi, OPOANTH y MEpexi,
penarysatu otorpadii i mpu HbOMY POOUTH YPOKH.
3 iHImoro OOKy, MeJarord pooisATh aKIICHT Ha TOMY,
110 JIFOIeH 3 KITITMOBUM MHCIEHHSIM BaXKKO, & 9acOM
HEMOXXJTUBO BYHTH Y 3BHYHOMY PO3YMIHHI IIHOTO
cioBa. Bukiamawi BiAg3HAYarOTh HACTYIHI IIPO-
OeMu, OB’ sI3aHi 3 KJIIITOBUM MHUCIIEHHS y 3100yBa-
giB ocBiTi: 1. CydacHa MoJofp He Oakac BHBUATH
nepmiofpkepena. Ti, M0 HaBYAOTHCA, HE MOXKYTh

MOXHa

caMOCTIiiHO miaroTyBatu pedepar, KypcoBy podOoTy
3 ryMmaHiTapHoi a0o0 cHemiaJbHOl JUCIUILIIHHM,
2. Monoal oAy 3 KIIIIOBUM MUCIIEHHSM HE BMi-
IOTh TIPAIIOBaTH CaMOCTiiHO. 3. Y momed 3 Kili-
TTOBUM MHCJICHHSIM Pi3KO 3HIKYETHCS KOCQIIiEHT
3acBOEHHs 3HaHb. OTpHMaHa paHinie iHpopMaIis
HE 3aTPUMYEThCS B 11aM’siTi. 4. JIfo[uHa 3 KIIIIOBUM
MUCJICHHSIM HE MOXKE€ YCIIIIIHO HaBYaTUCS 1 POOUTH
yemimuy kap’epy. Taki mromm € ayTcaiimepamu
B HaB4aHHI 1 Kap’epi. 5. PiBeHp KpuUTHUHOI CBinO-
MOCTI JIFOZeH 3 KIIIMOBHM MHCIEHHSIM HU3bKui. L1
JOIM TIporpamMoBaHi. Bonn cipuiiHATAMBI 10 uynec,
TAaEMHHMIb, MICTHKH. 6. Y MOJIOAl 3 KJIIIIOBUM MHC-
JICHHSM CIIOTBOPIOIOTHCS MOPAJIbHO-€THYHI IliH-
HOCTi: CIIOCTEPIraeThCsi OcNaOIeHHs] MOYyTTs BiJ-
MOB1JAJILHOCTI, COBICTI 1 YecTi; BIACYTHE MOUYTTS
CHIBIIEPEKUBAHHS (CMEPTh HE BHKIIAKAE IKAIIO);
JIOM CTafOTh uHIYHUMU [10].

SIKki menaroriyHi TEXHOJIOTIT, METOIU Ta IPUHOMH
HaBUYaHHS, IO iICHYIOTb HA CHOTOJHI, MOXYTh OyTH
BHKOPHUCTaHI y TOBCSKISHHIH OCBITHIM IpakTHII
npodeciitHoi ocBITH?

[lepepaxyeMo Ti METOM Ta MPUHOMHU HABUAHHS,
sKi ceOe 3apeKOMEHJIyBajlHM y BUKJIAIAlbKii Mpak-
THUIli: IPOEKTHA JISUTBHICTh; IIEPEBEPHYTHH KIIACH;
JIUCKYCii; MO3KOBHHN IITYpM; N1e0aTu; GopyMH; Kpy-
Il CTOJM; CeMiHApH-AMCKYCil (IpymoBa JTUCKYCis);
MeTOJl KeHCiB (CuTyauiiHui aHami3); iHTeNeKTyalbHi
KapTu, MEHTalbHI KapTku (mindmapping); KOLIMK
i7eif; cXeMH-Bi3yalli3aTopH; CHHKBEHHH, NpUHOM
«Dimboyn», abo «Pub’sumii ckener»; podora i3
ICTOPUYHUMH JIKEpEJIaMu 3 aKI[EHTOM Ha Bi3yallbHi
JoKepena (MaJlloHKH, Tiakatd, ¢otorpadii, kapru,
KIHOIOKyMEHTH).

Takok XOTiTOCS © 3BEpHYTH yBary Ha OCBITHI
TEXHOJIOTii, NPUHOMH Ta METOIH, SKi € HaHOiLIbII
BIAIMMHU JUiss 3100yBaviB OCBITH 13 KIIIIOBUM
MUCJICHHSIM.

OmauM i3 MeTomiB poOOTH 3 IHTEpHET-IKEpe-
JIJAMHA € TEXHOJIOTIs «BeO-KBecT». BeO-kBecT — 1€
mpoOieMHe 3aBOaHHS 3 €JIeMEHTaMHU POJLOBOI IpH,
KO BUKOPHCTOBYIOThCS 1H(OpMAIIiiiHI pecypcH
IaTeprery. TemaTnka BeO-KBECTIB MOke OyTH Haii-
PI3HOMAHITHIIIO, TPOOJIEMHI 3aBIAHHSI MOXYTh
BIPI3HATHUCS CTyIEHEM CcKJagHocTi. Beb-kBectu
MOXYTh OyTH SIK KOMaHJHWUMH, TPYHNOBHMH, TaK
1 1HAMBI Ty aTbHUMHL.

Pesynbrati BUKOHaHHST BeO-KBECTY, 3aJI€KHO BiJ
Marepiaiy, 0 BUBYAETHCS, MOXKYTh OyTH ITpeacTaB-
JIeH1 y BUDVIAIZ1 YCHOTO BUCTYILY, KOMIT FOTEPHOI Ipe-
3eHTallii, ece, Be0-CTOPiHKH, 0a31 TaHWUX, HAyKOBOTO
JOCIIPKEHHS, TOKYMEHTa, IHTEPaKTHBHOTO KypCy,
iHTepakTUBHOI KHMTH [11].
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LikaBol0 Ta TMEPCIEKTUBHOIO, Ha HAIll OIS,
€ TeXHOJIOrig cKpaiOinry. Lle cTBOpeHHS HEBEIMKUX
3pO3YMIJIMX MAJIOHKIB, K1 POOJISTH JIEKIiI0 UM Mpe-
3CHTAIlI}0 3PO3YMUTIIINMU. YBECh JCKI[IHHUI MaTe-
pian Moxke OyTH PO3MILICHHH HA OJHOMY apKyIi
3aBJSIKM Bi3yamizaiii oTpuMaHoi iHdopmarii, ams
BOTO MOTPiOHA MOBEPXHA Ta KOIBOPOBI MapKepH,
(hmomactepu abo OB, IS BimeockpaiOy moTpi-
OcH KoMIT foTep (TaKET), KaMmepa Ta MporpamMu st
MOHTYBaHHSI BiJI€0.

losioBHA CcKMagHICTh VIS JIEKTOpa — L€ JOHECTH
70 ayIuTopii KIIIOYOBY IOYMKY, OCHOBHY izel0, HE
BTPAaTUTH 3MICT JIEKIlii, OMOBiJaHHS, Oeciinu, ToMy
Ba)KJIMBO NPUAYMAaTH Ta 00yMaTH 3a3JaJIeTib 11e10,
MiATOTYBaTH CIIEHApil TOTO, IO BU TOBOPHTUMETE,
Ta crpoOyBaTH BiMaIIOBaTH MaiOyTHIM CKpano.

Xorinocst © BiA3HAYMTH 1 TaKy TEXHOJIOTIIO, SIK
iHporpadika, cyTh siKOl — y Bizyamizamii JaHUX
Yd iJIeil 3 METOK JOHECEHHS CKJIaaHOi iH(popMma-
mii 10 ayauTopil MBHUAKUM Ta 3pPO3YMITHUM CIIOCO-
ooM. Takox iH(porpadika — me rpadidauil crocio
TTOIaHHA pi3HOMaHITHOT iH(opmarii. Sk 1 mpu cTBO-
peHHi ckpaiily, iHporpadika BYUTh KPUTHIHO MHC-
JIUTH, aHATI3YBaTH Ta BiAOWpaTH 3micT iHdopMmariii.

Haiixpamum cnocoboM mpu cTBOpeHHi iHporpa-
¢iku € po3duBKa ayauTopii Ha MIKPOIPYIH, KOKHA
3 SKHX OTPUMY€ 4Yac Ha BHMBYEHHs iH(opmamii Ha
Temy abo npoOieMy 3aHSTTS 3 METOIO iH(OTpadiky.

He MoxHa 3amummtd 0e3 yBaru TEXHOJIOTIIO,
siKa TOPKHYyJIacs Cy4acHOI OCBiTH, TrenMigikaris
(irpoBa TexHomoris). [eliMidikariss SK TEXHOIOTiS
TICHO TIOB’SI3aHA i3 3aCTOCYBaHHSAM ITpOBHX (opM
Ta MeToiB HaBYaHHS. OCOOINBO BYKIIMBO Y HALITOMY
KOHTEKCTI ~ MIpKyBaHb  BiJJ3HAQUWTH  MOTEHIliaN
KoMIT 1oTepHuX irop. Komm’rorepHa rpa mosnerurye
3aCBOEHHS MaTepiajly uepe3 BXODKEHHS B 00pas3.

BUCHOBOK. PosmsnyBmm y crarti ¢eHo-
MEH KJIIMOBOTO MHUCIIEHHA 3400yBaviB npodeciiinoi
OCBITH, a TaKOX PI3HOMaHITHI 1HHOBAIIilfHI Mearo-
riYHI TPUHAOMH, METOAM Ta TEXHOJOT1l, MOKHA KOH-
CTaTyBaTH PO NOAAIBIINH PO3BUTOK CHCTEMH TIPO-
(ecilinoi ocBiTH.

Hamr cormiym, Hama cucteMa OCBITH TEpPEKH-
Ba€ CKJIATHWH Tepiom TpaHchopmamii Ta mepe-
X0y BIm iHAyCTpiambHOI Qopmarlii 0 TOCTIiH-
nycTpiansHOi (iHGOpMAaIiitHOT) cTazgii pO3BUTKY
CYCHiJBCTBA, BiJI CYyCHiJIbCTBA, MOOYIOBAHOTO 3a

npuHIHAIOM KoHBeepa . dopaa, 1o nepcoHamizo-
BAaHOTO, 1HAMBIAYaJi30BaHOTO THUIYy CyCHiIbCTBA.
Ha croronHimHi#l AeHb € YUMaO PiI3HOMaHITHUX
IHHOBAIIHHUX TENaroridyHuX MPUHOMIB, METOIIB
Ta TEXHOJIOT1H, SIKI MOXYTh YCHIIIHO 3aCTOCOBY-
BaTHUCS Yy HaBYaHHI 3100yBayiB 3 KIIIMOBUM MHC-
JCHHSAM. Y CTaTTi MU TOPKHYJIHCS TUX TEXHOJIOT1H,
MPUHOMIB Ta METOMIB HaBYaHHS, SKi MalOTh Hak-
OLIBIIMEI TMOTEHIIAJ JJII PO3BUTKY Ta 3aCTOCY-
BaHHs B 0CBiTHIN npaktumi XXI cTomiTTs.
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The Article considers the problem of clip thinking of modern students obtaining professional education, underlines
the reasons of formation of clip thinking of modern students obtaining professional education, reveals basic characteristics
of clip thinking, highlights main features of clip thinking bearers, offers precise methods and tools of activity during
educational sessions for students with clip thinking and examines positive and negative sides of clip thinking in that
category of students as well.

While the scientific literature has gathered enough experience regarding exploring clip thinking of individual within
modern conditions of informational society, the scientific community has not yet developed unified, precise and balanced
position about essence, positive and negative features of that issue, about changes and transformations in human psychics
caused by modern media space.

After examining and aggregating scientific sources and approaches to that issue the conclusion could be made as
follows: “clip thinking” is a process of reflecting various diverse properties of objects, without taking into account
connections between them, that is characterized by fragmentation of informational flow, illogicality, full heterogeneity
of incoming information, high speed of switching between parts and fragments of information and lack of comprehensive
perception of surrounding world as well.

Hence, the definition “clip thinking” is considered as a habit to perceive information through short, bright and very
expressive image.

The essence of clip thinking is that it can quickly switch between disparate semantic fragments. The reasons for
the emergence of clip thinking are: increasing of the information received, increasing of information speed, diversity
and availability of information, increasing of multitasking.

Effective educational methods and techniques that have proven themselves in teaching practice with students
of professional education include: project activity, discussions, brainstorming, debate, forums, round tables, discussion
seminars (group discussion); case method (situational analysis); smart cards, mental cards (mind mapping); basket
of ideas; cinquain; Fishbone reception; web-quests; scribing technology, etc.

Key words: professional education, thinking, clip thinking, digital generation, informational society, pedagogic
technologies, methods and tools of education.
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PO3BUTOK YMIHb BI3YAJII3AIII HABUAJIBHOI TH®OPMAIIII
MAMWBYTHIX HEJATI'OTIB IPO®ECIMHOI OCBITH
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VY cTarTi 00TrpYHTOBAHO MICHXOJIOTO-NISAATOT1YHI 3aCa i Ta TEXHOJIOT1H0 PO3BUTKY YMiHb Bi3yalti3allii HaBuaabHOi iHPOp-
Martii MaifOyTHiX Tearoris mpodeciifHoi OCBITH B yMOBAX 3aKjajy BHIIOi OCBITH. BCTaHOBIEHO 3MICT TOHSTTS Bi3yasli-
3a11ii Hap4anbHOI 1H(pOpPMAIi SK CIIOMYYEHHS BU3HAYEHOTO CIIOCO0y 3a0e3MeUeHHS TOCATHEHHS TUAAKTUIHOT METH, SKa
JeTepMiHy€e XapaKkTep BizyalabHOI MOJENi 00’ €KTiB Ta MPOLECIB, 10 BUBYAIOThCS, 3aC001B Bi3yasi3allii, METOIUKO-TEXHO-
JIOTIYHUX KOHCTPYKTIB IX 3aCTOCYBaHHS, CHEIU(IKy AUTAKTUYHOI AISUIBHOCTI BUKJIa[jaua BiIMOBIAHO 70 1HAUBITyaIbHO-
TICUXOJIOTTYHUX 0COOIMBOCTEH 31100yBaya BUILIOT OCBITH Ta MOTPeO aKTUBI3ALl] HOr0 HaBYaIbHO-M13HABAIBLHOT JisTTBHOCTI
33171 CIIPUHHATTS, PO3yMiHHS HaBYaJIbHOI iH(MOpMaLii Ta popMyBaHHS Ha i OCHOBI 03HAUYEHUX KOMIIETeHTHOCTEH. Po3-
POOJIEHO XapaKTePUCTUKY YMiHb MalOyTHIX IeaaroriB mpodeciiHoi OCBITH MO0 Bidyasi3allil HaBYaIbHOI iH(OpMaIlii,
B SIKMX BTUTIOIOTBHCS iX TCUXOJOTIYHI, TEXHIUHI, TEXHOJOTIUHI SKOCTI Ta JUIAKTHYHI KOMIIETCHTHOCTI, & caMe: YMIHHS
TIOJIaHHS HABYAJIBbHOT 1H(OpMaIii, yMiHHSA TpaHCpopMalli HaBdanbHOT 1H(OPMAIIl, YMIHHS TEXHOJIOTI3yBaTH OCBITHIO
JUsTBHICTh. BeTaHOBIIEHO, M0 iH(GOpMAIIiHHI Ta KOMYHIKAIiifHI TEXHOJOTIi J03BOJISIOTh aKTUBI3yBaTH HABYAIBHO-ITI3-
HaBaJIBHY JISUTBHICTH 3100yBaviB BUIIOT OCBITH HA OCHOBI IIOCHUJICHHS HAOUHOCTI HaBYaJIbHOI iH(OpMAIT Ta IO THAHHS
JorigHOrO 1 006pasHoro crnocobiB ii 3acBoeHHsA. CxapakTepru30BaHa TEXHONIOTIS PO3BUTKY YMiHb Bi3yasi3arlii HaBYaIbHO
iH(opmanii MaitOyTHIX mexaroriB mpogeciiHol OCBITH K CYKYIMHOCTI CKIaA0BUX: KOHIETITyaJIbHOI OCHOBH (METOROIIO-
TiYHI Ta TEOPETHKO-METOAMYHI 3acay Bidyali3ailii; MeTa, 3aBaHHS, HAYKOBI ITiIXOM Ta TPUHIIUIH, [0 BU3HAYAIOTH
TEXHIKO-TEXHOJIOTIUHI aCTIeKTH Bi3yamisanii HaBuaJbHOI iH(oOpMallii), cy0’€KTiB OCBITHBOTO MPOIECY (METOAMKA BiT0O-
Py HPOAYKTHBHHX (pOpM, METOAIB Ta 3ac00iB, aIEKBATHUX yMOBaM Cy0’eKTUBIi3alii mpolecy Bidyasiszamii; opraHisaris
neJIaroriyHoi B3aeMoii B CHCTeMI «BHKJIa1a4i-300yBadi BUILIOT OCBITH-PO3pOOHHKH iH()OPMALIITHUX OCBITHIX pecypciB-
NpaLiBHUKU METOIUYHOI CITy>KOU-KePIBHUKH 3aKJIa/(iB BUILIOI OCBITH), TEXHOJIOT1YHOTO nporiecy Bizyasi3awii HaB4aIbHOT
1H(1)0pMau11 (BI/I61p TPO/IYKTHBHHX (bopm, MeTOAIB, 3aC00IB HABUAHHS, & TAKOXK BIAMOBIOHUX IM (hOpPM, METOIIB, 3aC00iB
Ta IPUHOMIB Bi3yasi3allii HaBdaIbHOI iH(QOPMAIIii; TPOEKTYBaHHS MOJIENeH Bl3yanLH01 HaBUYaJbHOI iH(pOpMAIIi y pi3HO-
BHUaX HAaBYAJIBHUX 3aHATH, SIKi peanizyloThes B YMOBaX iH(OPMAIIITHIX TEXHOIOTIH Ta JOMOBHIOIOTECS pOOOTOIO CTYICH-
TIB 32 1HAWBIIyaIbHUIMH OCBITHIMH TPAE€KTOPISIMH, METOJIMKAMH IHTEPAKTUBHOTO HABYAHHS).

KurouoBi ciioBa: Bizyamizamis, Bisyasisariis HapdaabpHO1 iHMOpManii, pyHKnil Bizyamizanii, yMiHHS Bi3yani3alii HaB9aIb-
HOT iH(opMarii, 3acobu Bizyaumisarii HaBuaidbHOI iH(OPMAIL{, TEXHONOTiS PO3BUTKY YMiHb Bi3yamizalil HaBYAIBHOI
iH(hopmarii.

AKTYAJIBHICTb POBOTU. AKTyanbHICTH 4aeTbCcss B POOOTY TEPIIO0 TPH O3HAHOMIICHHI
BUBUCHHS TPOOJIEMU PO3BHTKY YMiHb Bidyamizamii 3 HOBOIO iH(popmalicro. ToMy sl yCHIITHOTO OCBO-
HaBYaJIbHOI 1H(OpManii MaiOyTHIX Meaaroris mpo- €HHSI 3HaHb JOLUILHUM € TTOCHIICHHSI HA0UHO-00pa3-
(eciiiHol ocBiTH O3Ha4YaeTbCs IXHIMHM MOTpedamu HOI CKJIQJIOBOi MaTepiaily, IO MPEACTAaBISETHCS K
B IHTEICKTyaJIbHOMY, EMOIIIHHOMY Ta TBOPUYOMY mpoTuBara (B JeSKAX BHITaaKkax) abo0 HeoOXimHa

BiZIOOpakeHHI Pe3yNbTaTiB IXHHOT HABYATIHLHO-ITI3HA- «ormopay abCTPaKTHO-JIOTIYHOI KOMITOHEHTH.

BaJIbHOI IiSUTBHOCTI, SIKI JE€TEPMiHYIOTHCS 3pOCTaH- Taki yMOBH IUKTYIOTh HEOOXiIHICTH MOIIYKY
HSIM BHMKOpPHCTaHHsS LU(POBHUX 3ac0o0iB HaBYaHHS, OCBITHIX CTparerii Ta iHCTPYMEHTIB MiATPUMKH
YAOCKOHAJIIEHHAM MAaMCTEpHOCTI HAyKOBO-TIENaro-  MPOXYKTHBHOI HAaBYAJIBHO-MI3HABAIBHOI MisTBHOCTI
FIYHUX TPAIiBHUKIB MO0 IMOJAHHS HAaBYAJILHOTO 3m00yBadiB BUIOi OCBITH, IHHOBallIMHUX TEXHO-
Marepialy 3 BpaxyBaHHSIM OCOOHCTICHOTO Xapak- Jorii Bi3yanmizamlii HaBuasibHOI 1H(OpMamii, mpe-
Tepy CIIpUHHATTS iH(popMaLii Cy0’ €KTaM1 HaBYaHHS. 3eHTalii cy0’eKTaMu OCBITHBOIO NPOLECYy pillleHb
. besyrmmii [1, ¢. 7] miakpeciroe, MO mpaBa TiB- npodeciiinux (kBasinpodeciifHuX) 3aBaaHb, iHTEP-
KyJIsl «BIJIIIOB1Ia€» 3a 00pa3He MUCJICHHS, 3a LIIJTICHE nmpeTyBaHHA (akTiB i 00’€KTIB 3 BHKOPHCTAHHIM
CIPUHHATTS, 32 CHOPUHHSTTS MPOCTOPOBUX (opM, BizyaJi3zaiii, onepyBaHHS Bi3yaJIbHUMH OOpa3zamMu
a JIiBa — 3a MOBY, JIOTiKY, poOOTY 3i 3Hakamu. B abco- Ta CHHTE3y HOBHX oOpasiB Tompo. JI. binoycosa
JIIOTHOI OUTBIIOCTI JIFOZIe TpaBa TMiBKYJS BKJIIIO- ta H. XutenboBa [2] 3BepraroTh yBary Ha Te,
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IO OCKUTBKH IOTEHIlia] TEXHOJIOTiH Bizyarizallii
B OCBITHHOMY TIPOIIECi € BUZHAHUM, MPOTE iX BHKO-
PHUCTaHHS € TOCUTH OOMEKEHE 3 TOUKH 30py pealtiza-
i TUJAKTHYHUX [UICH 1 TepeBaXKHO CIPSIMOBYETHCS
Ha EMOUIHICTh BUKJIAAy HaBYAJIbHOTO Marepiamy.
ToMy mTpoOeKkTyBaHHA Ta pealizaiis TEeXHOIOTIH
Bi3yamizamii 3 MeTOI e()EKTHBHOTO IOCATHEHHS
OCBITHIX IJIel MoTpeOye MPOBEIEHHS BiAIOBIAHUX
JIOCITI/PKEHb, SIKI IHTETPYIOTh TIOTSHINIA METOI0JIO-
TYHO-KOHIIETITyaJbHUX Ta TEOPETHKO-METOIMYHUX
3acaja BUIIOI OCBITH 3 Cy4YaCHUMH iH(QOpMAIiHHUMHI
TEXHOJIOTISIMHU.

[ligrotoBky MaiOyTHIX memaroriB mpodeciii-
HOI OCBITH 10 MiSUTBHOCTI JOCIHIKEHO B TIpaIsixX
B. Anppymenxo, 1. Bormanosa, O. Boormenxko,
H. I'ysiit, JI. Kaguenko, C. Konosetip, JI. Muxaiinosa,
H. Huuxkano, P. Xmentok ta iH. 3apyOi>KHUH TOCBij
npodeciiiHol miIroTOBKHM IMEAaroriB, iHTETrpyBaHHS
CHUCTEMH BHINOi OCBITH B €BPOIECHCHKUN 1 CBi-
TOBHI OCBITHIM TIPOCTIp PO3IISAHYJIN HAyKOBIII
H. ABmentok, JI. [{sauenxo, K. Koryn, M. Mapy-
cutenp, O. Orienko, H. [loctpurau ta in. Jlocmin-
mukn B. bukos, A. I'ypxiit, M. XXanmak, H. Mopse,
B. Ocamumii, O. CmipiH Ta iH. po3poOWiIH i€Bi
HUIIXW MOJICPHi3allil OCBITU BiJIOBIIHO JIO MOTPEO
iHpopMaLiitHOro cycninbcTBa. TeOpeTHIHUM OCHO-
BaM Bi3yausi3amii B OCBITHROMY CEpEIOBHIII IPH-
CBSUCHO TIpalli sIK BITYM3HSHHUX, TaK 1 3apyODKHUX
HaykoBuiB (K. Bepbepr, M. Hdpynusik, E. [roBains,
H. Xurenrosa, B. 3a6omotauii, H. JIsamosa, B. Mos-
yaH, C. Cumonenko, A. Cupotiok, JI. Tumuyk,
S1. TonmompauK, I. ®emopyk, P. @pigxod, K. Ilarpi
Ta iH.). OKpeMi acrieKTH BUKOPHUCTaHHS Bizyastizalii
B OCBITHBOMY TIpOLIECi BHCBITIIEHO Y Tpamsix
P. Apnxeiima, I. I'apmaepa, A. 'ypxis, K. @pym-
kiHa, M. XomonHoi Ta iH. (TICHXOJIOTIYHI TiIXOIH);
B. Bukosa, C. Kapma, M. Jlima, Jx. Makkiumi,
H. Mopse, B. Ocanuoro, E. Tadi Ta iH. (mpuHIKATT
Bizyamizanii inpopmanii); O. baduu, M. dpyuusk,
K. Ocaguoi, T. Copoku Ta iH. (IHHOBAIiHI TTiIX0TH
MIPOEKTYBAaHHS TEXHOJIOT1H Bi3yamizaiii HaBYaJIbHOI
inpopwmartii); JI. Kopayou, A. Tkagosoi, O. [lumno-
BOi Ta iH. (aHami3 (QyHKUIOHATBHUX MOMKIMBOCTEH
TUTaKTHYHUX BidyanbHUX 3aco0iB); [I. besyroro,
M. Hpymsk, O. Migypinoi Ta iH. (mpobiemu mif-
TOTOBKH TI€/IarOTiB /0 BHKOPUCTaHHs Bizyasizarii
B ocBiTHbOMY mpoueci); I. Kocenko, M. Opemuiko,
b. Crapuuenko, C. lllymkeBud Ta iH. (CTBOPEHHS
CydJacHHUX croco0iB Bizyamizarii HaBdambHOI iH(OP-
Mallii Ta METOAMK iX 3aCTOCYBaHHS Yy BHKIIAIaHHI
HaByasibHUX aucuumiin). Oxpim Toro, I. BpsHue-
Boto Ta O. bpsHiieBuM [3] po3mISHYTO aKMEOJIOTid-
HAW MHOXig B TEAAroTigHii OCBITI, aHATI3yIOTHCS

HWOTO TEepPCHeKTUBH IMOAO0 (OpMyBaHHSI y MaiOyT-
HIX y4YUTENIB YMIHHS Bi3yalli3yBaTH HaBUAIbHUMA
Marepiai miJ 4ac MPOXOKEHHS HUMH BUPOOHUYOT
TMIeIaroTi9HOI MPAKTHKH 3i crierianbHOCTi. B. Jlorsi-
HEHKO [5] CHCTEMaTW30BaHO TEOPETUKO-METOMUIHI
Ta NPAaKTUYHI MiIXOAH LI0J0 BUKOPUCTAHHS 1H(O-
rpadiku Ui Bisyanizanii HaBYaJIbHOI 1H(OpMaii.
BucpitineHH0 IUAAKTHYHUX (YHKIIH TEXHOIO-
riii Bi3yamizamii, sIK iHCTpyMeHTa iHTeHcHiKarii
HABYAJIBHOTO MPOTIECY, MpuaiieHa yara JI. binoyco-
Boi Ta H. XKutennoBoi [2].

AHai3 3MICTy 03HaYCHHUX Tpallb 3aCBIAUYE I1iIe-
CIPSMOBaHI TMONIYKH HAyKOBIIMH IUISIXIB yTOCKO-
HaJICHHS OCBITHBOTO IPOIIECY, OMHUM 13 BAKIUBUX
3aBJaHb SIKOTO € IiJIrOTOBKa MaiOyTHIX IearoriB
npodeciitnoi ocsitu. Came Tol (akt, M0 y 3araib-
HOMY ODVISJII HAyKOBUX JOCIIPKEHb HE BHUSBICHO
poOiT, SKi CITeliagbHO MPUCBIUCHI TIpodIeMaM po3-
BUTKY yMiHb Bi3yamizalii HaB4albHOI iHpOpMalii
MaiiOyTHiX mexmaroriB mpodeciiinoi ocBith, 00y-
MOBHB MOXIIUBICTh TIPOCYBaTHCSI CaMe€ B IIbOMY
HarpsiMi. BuBYeHHS Teopii, y3araabHEHHS OCBIT-
HBOI MPAKTUKW HAJIATH MOXKJIMBICTh BUSIBUTH HU3KY
CYNepeuHOCTeH, a caMe: MK Cy4YaCHUMH BHMOTaMH
JI0 TIATOTOBKM MaiOyTHBOTO Tiejarora mpodQeciii-
HOI OCBITH Ta SKICTIO ()OPMYBaHHS i pO3BUTKY HOTO
npodeciiiHol KOMIIETEHTHOCTI, B T. 4. YMiHb Bi3yalli-
3auii HaBuanbHOi iH(opMmanii, HerocTaTHIM 1HDOP-
MaI[ifHO-TEeXHOJIOT1YHUM  3a0€3MCUCHHSIM, HEJO-
CKOHAJICTIO TIEJaroTiYHUX yMOB, HEOOXiTHUX IS
MPOIYKTUBHOTO MPOTIKaHHS ILOTO MPOIIECY.

Tomy MeTorO Wi€l cTaTTi € OOIPyHTYBaHHS TICH-
XOJIOTO-TIEIarOTIYHNX 3acaj Ta TEXHOJOrl po3-
BHTKY YMiHb Bi3yaumizamii HaB4ambHOI iHQOpMAIIii
MaiOyTHIX TIeIaroriB mpodeciitHoi OCBITH B yMOBax
3aknay Buioi oceit (3BO).

MATEPIAJI I PE3VJIBTATU JOCIIIKEHD.
Tepmin «Bizyamizamis» (Bim mar. visualis — 30po-
BUI) TpaKTyeTbCsl SAK OAcpKaHHSI (ITOTaHHS)
BUJMMOTO 300pa)KeHHs SIKUX-HeOylb MpeIMETIB,
SIBHIL, TPOLECiB, HEAOCTYNMHUX UId Oe3nocepes-
HbOro crnocrepexenss [4, c. 186]. A. IOpuenko
[12, c. 385] BuokpemiItoe (hyHKITIOHATBHY XapaKTe-
PHUCTHKY Bi3yaiizalii, ska TpaHC(OpPMY€E HaBUATbHY
inpopmanito y Bi3dyadabHy (opMy, LIO MiJBHUILYE
npoayKTUBHICTH 11 3acBoenHs. O. CemeHixiHa
ta A. IOpuenko [8] TpakTyroTh Bi3yamizaliiio 5K
crieruiuHy KaTeropiro JUIAKTUKH, sIKa Ma€ OLIbII
CKJIaJHy CTPYKTYpY, HDK TpaAWliliiHE TMOHSITTS
«HAOYHICTB», OCKUIBKH BOHA JOAATKOBO BKJIIOYAE
CUCTEMY il BUKJaaa4da 3 KOHCTPYIOBaHHA 00pa3y
MpeIMETIB YU SIBUI, AKi BUBYatoThCsa. B. IllepOa-
TIoK [11, ¢. 96] po3misgae Bi3yanizailito sik yHAO-
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YHEHHS, CTBOPEHHSI YMOB JUIsI Bi3yaJbHOI'O CIIOCTe-
peXeHHs; IK METOJI ITOIaHHA 1H(pOopMaIlii y BUTIIAAI
ONTHYHOTO 300pakeHHs (HANPUKIAA, Y BHUIIAMIL
MAaJIOHKIB 1 poTorpadiit, rpadikis, giarpam, CTpykK-
TYpPHHUX CXEM, TaOIUIlb, KapT i T. 1.).

Bce OUTBIIOro 3HaYEHHS B XOM1 ITIATOTOBKH Maii-
OyTHIX TmenmaroriB mpodeciiiHoi OCBITH HaOyBae
(opMyBaHHsI BI3yaJIbHOTO MHUCJICHHSI SIK OCHOBHU
YMiHb IIOAO Bi3yanizalii HaB4ajdbHOI iH(OpMaLii.
C. Cumonenko [9, c. 39] po3misinae Bi3yanabHe MHC-
JIEHHS SIK BUJ PO3YMOBOI IiSTTLHOCTI; ITiIKPECITIOE,
10 HA0YHI 00pa3u MalOTh BEJIMUE3HY iH(pOpMaIiitHy
€MHICTb, B SIKil € Micle MPOCTOPOBO-4ACOBUM,
JTUHAMIYHUM, KOJIPHUM 1 (IrypaTUBHUM XapakTe-
pUCTHKAaM TIPEIMETIB; B oOpa3ax BiIOWBarOTHCS HE
TiNBbKH (pyHJaMEHTAIIbHI IEPIICITHBHI KaTeropii, aje
1 BITHOLIEHHS! M)XK HUMH, SIK y paMKax ojHiel kare-
ropii, Tak 1 iHTepMozainbHi BigHowmeHHs. [TopiBHsIHO
31 CIyXOBUMH 1 pyXOBHMH 0Opa3amMH BOHHU Xapak-
TEPU3YIOThCS CyO €KTHBHOIO CHUMYJIBTaHHICTIO, IO
JIO3BOJISIE  MUTTEBO  «CXOIUTIOBATW»  BiTHOIICHHS
MiX eJIeMEHTaMu peajbHol abo ysaBHOI cutyanii. Ha
nymky H. Jlamosoi [6, c¢. 38-39], BisyanpHe MucC-
JIEHHS JIOTIOMarae aHajli3yBaTH, KJIacu(iKyBaTH,
CHCTEMAaTH3yBaTh 1 TBOPUO iHTEpIpeTyBaTH iH(Op-
Mallifo, 11¢ — HaUBUIIUKI PiBEHb PO3BUTKY HAOUHHX
BHJIIB MHCIECHHEBOI [iSTIBHOCTI, IO BioOpaxae
3B’SI3KW 1 BIAHOIIEHHS 00’ €KTHBHOI PEaIbHOCTI 3a
JIOTIOMOT'0I0 PI3HUX (hOPM BI3yalIbHOTO KOJIyBaHHS
Ha MeTaBepOaJbHOMY PiBHI.

AHai3 MCHUXOIOTO-NIeNaroriyHux mKepen [2; 3;
6; 11; 12] yMOXXJIMBUB BU3HAYCHHS 3MICTY TTOHSITTS
BizyaJizamii HaBuanbHOI iH(OPMALIiT K CHIONTYyUEHHS
BHU3HAYEHOTO CcHocoly 3abe3medeHHs! JOCATHEHHS
JUJIAKTUYHOT METH, SIKa IETEPMIHY€ XapakTep Bi3y-
ajgpHOi Mopeni 00’€KTiB Ta MPOIECiB, IO BHUBYA-
I0ThCsI, 3aco0iB  Bi3yauizallii, METOIUKO-TEXHOJIO-
IYHUX KOHCTPYKTIB iX 3acToCyBaHHS, crenudiky
JUOAKTAYHOI JISNIBHOCTI BUKJIa[ada BIJIOBIAHO IO
IHAMBITyaIbHO-TICUXOJIOTIYHAX OCOOJIIMBOCTEH 3710-
OyBaua BWINOI OCBITH Ta MOXJIMBOCTEH aKTHBI3amil
MOro HaBYAIBHO-MI3HABAILHOI JISUIBHOCTI 3aiyis
CIPUMHATTS, PO3YMIHHS HaBuanbHOi iHQOpMaii
Ta (QopMyBaHHS Ha i OCHOBI O3HAYEHHUX KOMIIe-
TeHTHOCTeH. JlMHaMidHMIA pPO3BUTOK iH(pOpMAIIiii-
HUX TEXHOJIOTIH JAeTepMiHy€e MIMPOKE 3aCTOCYBaHHS
BINOBIAHOTO 1HCTPyMEHTapilo Ui Bisyasizamii
HaBYaJIbHOI iH(opMaIlii.

B. IllepOatiok [11, c. 97] po3msinae y cydacHii
MPaKTHUIl BAKOPUCTAHHS SIK TPAAULIHHUX (Jiarpamu,
rpadiku, cxemu, TabJIuUIll TOIIO), TaK W 1HHOBAIIiH-
HUX (cTpareriuHi kKaptu, iHdorpadika, mpe3eHrarii,
CKpaiOiHT, KPOCCEHC TOIO) 3aco0iB Bizyasrizarlii.

Y mpoMy KOHTEKCTi BUKJIamadi KuiBchkoro Hario-
HAJILHOTO YHIBEpCUTETYy Oy[IiBHHIITBA 1 apXiTEKTypH
BUKOPHUCTOBYIOTh PI3HOMaHiTHI (OpPMH, METOAH,
npuiioMH Ta 3aco0W Bi3yamizarii Ha yciX eramax
MTOIaHHS HaBYAJHLHOTO MaTepiany: JEKIIHHNX, CeMi-
HApCHKUX, MPAKTUYHUX Ta JIAOOpATOPHHUX 3aHAT-
TSX JUISL BUBYCHHSI TEOPETUYHUX, METOMOJOTTUHHUX,
METOIMYHUX Ta IPAKTUYHHUX ACHIEKTIB 3MICTY OCBITH.
30kpemMa, TpeHaXepH, IHTeTIEKT-KapTH, IHTepaKTHBHI
HiApyYHUKH, OyKTpennepu, iHporpadixy, TexHomo-
rifo TaiMIIaiH TOIIO.

O. Mensenoscbka Ta B. Suenko [7] koHcTa-
TYIOTh, IO Bi3yami3allisi HaBYaJIBHOTO MaTepiaiy
morioMarae 3mo0yBadaM OCBITH B HOTO 3aCBO€EHHI,
poOJIsiuu Tpolec OTPUMAHHS HOBUX 3HAHb OUIBII
e(eKTHBHUM, a IOJAaHHS HaBYaNbHOI iHQOpMalii
y Bi3yasbHIA (hopMi cIIpolIye 3aCBOEHHS HOBOTO
MaTepiay, pOOUTh HOTO OUTBII CHCTEMAaTH30BAHUM.
OxpiM TOrO, HAayKOBII BOAUalOTh Yy JIABUHOIOI0-
HOMY TOTOKYy iHpopManii npuyuHy (QopMyBaHHS
y MOJOAI «MO3aiYHOTO» MHCICHHS Ta po3Misijaa-
I0Th IUTAHHS [PO AKTyaJbHICTh METOAY KOTHITHB-
HOT Bi3yasi3allii HaB4aubHOI iH(opMarlli. ¥ 3B 53Ky
3 IIUPOKUM BIPOBAKEHHSAM XMAapHUX OOYHCIICHB
B IIPOLIEC HABYAHHS aBTOPAMM INPONOHYETHCS JUIS
po3msany XMapHHii cepBic MS Sway, sikuit 103BosIsiE
BUKOPHCTOBYBATH KOTHITUBHO-BI3yaIbHUN T AXIT 10
CTBOPEHHSI ITPE3CHTALIIH.

I. Hlocrak [10, c. 181] Bupi3Hsie OCHOBHI (QyHK-
il Bi3yamizalii, a caMe — ITIOCTPaTHBHY Ta KOTHi-
TUBHY. [mrocTpaTuBHa (QYHKIIS peaji3yeTscs depes
NofaHHs HaByalbHOI iH(opMmamii y BHIISII rpa-
¢biuHnX, aHIMaUidHMUX, aymio- 1 Bigeo iMrocTpauii.
KorniTuBHa (yHKIliSI TEHEPYETHCS B JIOTIKO-ITI3HA-
BJIBHUX IPOLEAYPaX CHPUHHATTSI Ta OCMUCIICHHS
HaBUAJIbHOI IH(POpMAIi 3700yBaYaMK BUIIOT OCBITH,
CHHTE3yBaHHS Ta OLIIHIOBaHHS Ha LIl OCHOBI 3HAHB,
HABUKiB, yMiHb, ()OPMYBaHHS 1 pO3BUTOK BiJIOBIJI-
HHUX KOMIETEHTHOCTEH 3a JOIIOMOI'0I0 IIEBHUX MOJIE-
el 00’ €KTIB 1 MPOIIECiB.

Pesynbratu mposeneHoro aHanmizy mpaup [1; 5;
7; 8; 11] nmo3Bonuin HamM BHOKPEMUTU XapakTe-
PUCTUKY YMiHb MalHOyTHIX IemaroriB mpodeciiHoi
OCBITH IOJI0 Bi3yasizallil HaB4aJIbHOI 1H(OpMAIIii,
B SIKUX BTLIIOIOTHCS 1X IICHUXOJIOTIYHI, TEXHIYHI, TeX-
HOJIOITYHI SIKOCTI Ta IUAAKTUYHI KOMIIETEHTHOCTI,
a came: yMIHHS TIOJAHHS HaBYaIBbHOI iH(opmarii
(BimoOpaxaru Ta mepeaaBat iH(GpOpMAIIiIO B TEKCTO-
BOMY, TpaiuHOMY, 3BYKOBOMY, BiZieo- Ta aHiMamiii-
HOMY (hopMari 3a JIOTIOMOTOIO EJICKTPOHHHUX OCBITHIX
pecypciB; OMIYKY aKkTyalbHOI iH(opMaIlii; 3aCBOFO-
BaTH, 3aKpIiIUTIOBATH 3HaHHS Ta (OPMYBaTH BiJIO-
BiJIHI KOMIIETEHTHOCTI; OI[IHIOBATH pPiBEHb HAOYTHX
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KOMIIETEHTHOCTEH, BU3HAYEHUX OCBITHBOIO MpOrpa-
MOIO; OpraHi30ByBaTH TeNaroriyHe CHiIKyBaHHS),
yMiHHA TpaHcdopmallii HaByanbHOI i1H(pOpMAIii
(miaroToBKH, penaryBaHHsl Ta 0OpOOKH HaBYAIBHOI,
HaBYaJIbHO-METOIMYHO1, HAyKOBOI iH(opMarrii; 30e-
piraru Ta pe3epByBaTH HaBYAIBHY iH(QOpPMAILiIO; cHC-
TeMaTu3alii HaB4albHOI iH(OpMAIIil; MOMHUPEHHS
HaBYaJIbHOI 1H(OpMAIlii; 3a0e3rnedyBaTi JOCTYIl JI0
iHpOpMaIii 3 BUKOPUCTAHHAM PI3HUX EJIEKTPOHHUX
0a3 JaHWX Ta TEXHOJIOTiH), YMIHHS TEXHOJOTi3y-
BaTH OCBITHIO MisUTBHICTH (TIepemaBaTH HaBYAIBHY
iHpOpMAaIlil0 OJHOYACHO 3HAYHIN KUTBKOCTI 370-
OyBadiB OCBITH; 31MCHIOBATH aCHHXPOHHUU OOMiH
HaBYaJIBHOIO iHpOpMaIIi€to (TEeKCTOBUH, IpadidHMiA,
3BYKOBHWH) y TIENAroTivHIF B3a€MOJIii; OpraHi3oBY-
BaTW ayJMTOPHY Ta T03aayJUTOPHY pPOOOTY, KOH-
CYJIBTAIlil, 3aX0/IU MeJarorivHOr0 KOHTPOJIO; 3a0e3-
MeYyBaTH CUHXPOHHY Ta aCMHXPOHHY KOMYHIKaIliIo
y (opmari BimeokoH(epeHIIiil; opranizyBaTH Aiasio-
TiYHE Ta MOJIJIOoTiYHe 0OTOBOPEHHS 3aIIPOMIOHOBAHO1
HaBYAJILHOI TEMU; IPOBOJUTH OCBITHI €KCIIEPUMEHTH
3 BUKOPUCTaHHS 3acO0iB Bizyauizailii; 31iHCHIOBATH
IHHOBaIlIHY JISIBHICTE y cdepi MPOEKTYBaHHS
3aco0iB Bi3yalizamii HaBdaabHO iH(pOpMaIrii).
Pesynbsratu HaykoBUX fociimkens [1; 2; 3; 5; 6;
7;9; 10; 11] yMOXIUBIIOIOTH BUCHOBOK PO T€, IO
iH(hopMarliifHi Ta KOMyHIKaIliifHI TEXHOJOTIi CIyTy-
IOTh ¢()eKTUBHIM MEXaHI3MOM MOJEpHI3aIii OCBIT-
HBOTO TPOLECY 1 BIIKPHBAIOTH MOMIJIMBOCTI IS
Bizyanizanii HaBuaibHOI iH(pOpMALii, 0 J03BOJISIE
AKTUBI3YBaTH JisSUTBHICTH 37100yBaviB BHUIIOI OCBITH
Ha OCHOBI ITOCHJICHHSI HAOYHOCTI HaBYAJILHO1 1H(OP-
Mallii Ta MoeJHaHHsI JOTIYHOTO 1 00pPa3HOro CIoCo-
0iB 11 3acBoeHHs. Ha 11ili OCHOBI TEXHOJOTIS PO3-
BHTKY YMiHb Bi3yaumizamii HaB4anbHOI iH(OpMAIIii
MalOyTHIX TemaroriB mpodeciiiHoi OcBiTH BH3HA-
YaeThCsl HAMH SIK CYKYITHICTH CKJIQJIOBUX: KOHIICTI-
TyajqbHOi OCHOBHM (METOIOJIOTIUHI Ta TEOPETHKO-
METOAMYHI 3acaay Bizyalizailii; Mera, 3aBIaHHS,
HAyKOBI I1AXOIH Ta NPUHIIMIIH, 110 BU3HAYAIOTh TEX-
HIKO-TEXHOJIOTI4HI acleKTH Bizyauizamii iHpopmartii
B KOHTEKCTi il HayKOBO-TEOPETHYHOI, METOAMYHOI
Ta TPHUKIAAHOI CIPSIMOBAHOCTI), CyO’€KTiB OCBIT-
HBOTO TIpoIiecy (METOAMKA BimOOPY MPOAYKTHBHUX
dbopm, MeromiB Ta 3aco0iB, aJEKBATHUX YMOBaM
cy0’exTuBI3ali Mporecy Bi3yamisalli, HalJICHUX
Ha BpaxyBaHHsI 1HMB1lyaIbHO-IICUXOJIOTTYHUX OCO-
OnmuBocTel Ta TiepeBar 3700yBadyiB BHINOi OCBITH
o010 (OpMyBaHHS KOMIIETEHTHOCTEH, BU3HAUCHUX
OCBITHBOIO TIPOTPAMOI0; OpTraHizailis MeJaroriaHoi
B3a€EMOJIIi B CHCTEMi «BUKJIaJadi-3700yBayi BUIIOT
OCBITH-pO3pOOHWKH  iH(QOpMAIifHUX  OCBITHIX
pecypcCiB-TIpaIliBHUKA METOIUTHOI CITy)KOHM-KepiB-

HUKH 3aKJ1a/1iB BUIIOI OCBITH), TEXHOJIOTIYHOTO TIPO-
1ecy Bisyaumizamii HaBYaibHOI iHGopMamii (BuOip
MPOAYKTUBHUX (HOpM, METOIiB, 3ac00iB HAaBYaHHS,
a TaKoX BIAMOBIAHUX iM (opMm, METONIB, 3aco0iB
Ta TPUHOMIB Bisyamizalii HaBuanbHOi iH(pOpMa-
1ii; MPOEKTYBaHHS MOjENeH Bi3yallbHOI HaBUallb-
HOi iH(opMmarii y pi3HOBHJaX HABUAIBHUX 3aHATH,
AKi peami3yloThCsi B yMoOBax iH(OpMaIiiiHux Tex-
HOJIOT1H Ta JOMOBHIOIOTHCS POOOTOI0 CTYACHTIB 3a
IHIMBITyalbHUMH OCBITHIMH TPAEKTOPISIMH, METO-
JUKaM¥ 1HTEPAaKTUBHOTO HABUAHHS 3 ypaxyBaHHIM
0COOJIMBOCTEN TEJAarorivyHoro CHiIKyBaHHS B TIPO-
1eci OTpUMaHHSI TEOPETUYHUX 3HaHb, (POpPMYBaHHS
HABUKIB, YMiHb Ta JIOCBIAY JISUIBHOCTI Y BIJIIOBIJI-
HOCTI JI0 PO3rOPTaHHs BIAMOBIAHUX €Talli: aKTyasli-
3aI1ii KOMIIETEHTHICHOT c(hepHr, MOTHBAIIIl HABUYAHHS,
MOJTAaHHS HaBYAIHPHOTO MaTepiary, BHKOHAHHS KBa3i-
npodeciiHuX 3aBnaHp 3100yBadaMy BUINOI OCBITH
Ta KOHTPOJIBHO-OIIHHA JiSUThHICTh CY0’ €KTiB OCBIT-
HBOI JISUTBHOCTI).

BUCHOBKMU. TakuM 4uHOM, TEXHOJIOTiS PO3-
BUTKY yMiHb Bi3yamizallii HaB4aJibHOI iHQOpMaIii
MaiOyTHIX TiegaroriB npodeciiHoi OCBITH 3HAYHO
PO3IIMPIOE Tiarma30H MOJaHHS KOHTEKCTHHUX, CHTY-
amifiHuX Ta IMITAIIHHUX MOJEJe HaBYaHHS, SIKi
MOXYTh ONAHOBYBATHCS IMPOKHM KOJIOM 3/100yBa-
YiB BUILOI OCBITH Ha OCHOBI iIHTETPyBaHHS HAOUHHX
ySBJICHb JaHHX, JaKOHI3MYy B MOJAHHI BHYTPILIHIX
3aKOHOMIpHOCTEH (YHKI[IOHYBaHHSI Ta PO3BHTKY
MPOIECIB Ta SIBUI, SKI BUBYAKOTHCS, BHPIIICHHI
3aBIaHb IMIOI0 MOOYIOBH 3aJI€KHOCTEH MK O3Ha-
KaMH, SKi BU3HAYAIOTh 1X SAKICHUH CTaH, MOOITFHOMY
BiJTHOBJICHHI y 3700yBayiB BHIIOi OCBITH MPOTAIUH
y 3HaHHAX Tomo. OCHOBHY yBary HayKOBO-TIea-
TOTIYHMM MpaliBHUKaM HEOOXiTHO 30CepemKy-
BaTW Ha CydYacHHMX (QopMax MYIBTHMEAIHNHUX Mpe-
3CHTAIlill, 1[0 YPI3HOMAHITHIOE apCeHal CIOCO0IB
MOIaHHS. HaBYalbHOI iH(pOpMallii, PO3BUBAE Bi3y-
ajJpHE MUCJICHHS 37M00yBaviB BHUINOI OCBITH, T03BO-
JIsi€ TPYITyBaTH HaBYAIbHY iH(GOpMAIli0 Tak, 00
MaKCHUMAaIIbHO CTIPUSTH MPOILYKTHBHOMY 3aCBOEHHIO
HaBUYAJIBHOI iHpopMarrii.

[lepciekTBaMu TOAANBIIMX PO3BIJOK Y PO3-
[JISTHYTOMY THUTaHHI MOXYTh CTaTH JOCIiIKEHHS
3MICTY KOHIICNITYaJIbHOTO, CYO’€KTHOrO, TEXHO-

JIOTIYHOTO KOMIIOHEHTIB TpOIecy Bizyaumizarii
HaBYaJILHOI 1H(pOpMAIIii.
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The article substantiates the psychological and pedagogical principles and technology of development of skills
of visualization of educational information of future teachers of vocational education in a higher education institution. The
content of the concept of visualization of educational information as a combination of a certain way to achieve the didactic
goal, which determines the nature of the visual model of objects and processes studied, visualization tools, methodological
and technological constructs of their application, the specifics of didactic activities of the teacher according to individual
psychological characteristics and the need to intensify its educational and cognitive activities for the perception,
understanding of educational information and the formation on its basis of these competencies. A description of the skills
of future teachers of vocational education to visualize educational information, which embodies their psychological,
technical, technological qualities and didactic competencies, namely: the ability to present educational information,
the ability to transform educational information, the ability to process educational activities. It is established that
information and communication technologies allow to intensify the educational and cognitive activities of higher education
seekers on the basis of enhancing the clarity of educational information and a combination of logical and figurative ways
of mastering it. The technology of development of skills of visualization of educational information of future teachers
of vocational education as a set of components: conceptual basis (methodological and theoretical-methodical principles
of visualization; purpose, tasks, scientific approaches and principles determining technical and technological aspects
of visualization of educational information), subjects of educational process (methods of selection of productive forms,
methods and tools adequate to the conditions of subjectivization of the visualization process; organization of pedagogical
interaction in the system “teachers — higher education — developers of information educational resources — methodological
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service workers — heads of higher education institutions”), technological process information (choice of productive
forms, methods, means of teaching, as well as the corresponding forms, methods, means and techniques of visualization
of educational information; design of models of visual educational information in the types of educational activities that
are implemented in the conditions of information technologies are supplemented by the work of students on individual

educational trajectories, methods of interactive learning).

Key words: visualization, visualization of educational information, functions of visualization, skills of visualization
of educational information, means of visualization of educational information, technology of development of skills of

visualization of educational information.
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Jlns omTuMi3alii mpolecy eKoJIOro-BaJicoJOTiYHOIO BUXOBAHHS Ta KOPEKINi 3M0pOB’sl YUYHIB 13 0COOIUBOCTS-
MH IHTEIEKTYallbHOTO PO3BHTKY HEOOXiJHO BHKOPHCTOBYBATH TEXHOJIOTiIO TpupopoTepamnii. Hamu Bu3HaueHi
ONITHMAIbHI METOIH TICHXOJOTO-NEeJaroTiqHo] KOpeKmii cy0’€eKTHOTO CTABJIECHHS IO MPUPOAM: METOAW BHXOBAHHS
Cy0’€KTHOTO CTaBJICHHS JIO MPUPOJAHUX 00 €KTIB (METOJ €KOJOTiuHOI igeHTH(IKaIlil, METOJ eKOJOTri4HOi eMmarii,
METOJ eKOJOTiYHOI peduiekcii); MeToaH, CpsAMOBaHi Ha (GOPMYBaHHS CHCTEMH CKOJOTIYHUX YSBICHB: (METOM €KOJIO-
riunoi abianizamii, METOJ] €KOJOTTYHUX acollialiid, MeTO XyI0KHbOI perpe3eHTallil NPUPOAHUX 00’ €KTIB); METOIH
HABYAHHs MPAKTHYHO BTITIOBATH KOHKPETHI CTpaTerii, TEXHOJIOT1] eKOJI0T0-BaIeoNOriuHOT AIIBHOCTI. (METO/ eKO-

JIOT14HOT eKCIeKTallii, MeTo]] eKOJIOTi4HOl TypOOTH).

Ku11040Bi ¢J10Ba: €KOIOr0-BaieoI0riYHe BUXOBAHHSI, KOPEKIIist 3[0POB’SI yUHIB, IiTH 3 0COOIMBOCTAMU IHTEIEKTYaIbHOTO
PO3BUTKY, IPUPOIOTEPAITisl, METOIHN, MOJIOJIIII NIKOJISAPI, IHTErpOBAaHUH Kypc «S1 OCTIIKYIO CBIT».

I[TOCTAHOBKA ITPOBJIEMH. CrinbHo 3 niepe-
JIOBHMH JepKaBaMH CBITy YkpaiHa oOpayia MIIsx
CTaJOr0 pO3BHUTKY, IPIOPUTETHUMHU 3aBIAHHIMH
SIKOTO € COIllaJbHE Ta €KOJIOro-Bajeojoriune Oa-
ronojyyus HacejaeHHs. [IpoTe yCHilHO TOCATHYTH
HaMIi4eHOTO YpsIJ MOXKE JIAIIe ONMUPAOYHNCh Ha
MOpPaJIbHY Ta MPAKTHYHY MIATPUMKY KOKHOTO TPO-
MaJITHUHA KpaiHu.

[Tpu 11bOMY CYTTEBHMH MEPEILKOJAMH €, 3 OJTHOIO
00Ky, eKoJoriYHa HeOOI3HaHICTh Ta Oe3BiIIOBi-
JATBHICTh YaCTUHHU HACEJICHH:, 3 1HIIIOTO, — 3arpo3-
JINBAa CTAaTUCTUKA CTaHy Horo 3mopoB’s. CyMHOIO
peaie€ro ChbOTOJCHHS € 3aBUCOKH BIJICOTOK JiTei
MOJIOJIIIIOTO IIKUTLHOTO BiKY 3 OCOOIMBOCTSMU TICH-
Xi9HOTO Ta (hi3MYHOTO PO3BUTKY, AKi MOTPEOYIOTH
CTeIiagbHOI KOPEKIHHOI TOTIOMOTH, 3aJ0BOJICHHS

0COOJIMBHX OCBITHIX MOTped Ta MPOTYKTUBHOTO
BKJIIOYCHHS B CTOCYHKH 3 IPUPOIHIM Ta COLiaIbHUM
OTOYEHHSM [4].

Oco0aMBO aKTyaabHO 3a0€3MEUUTH TAKUX IITKO-
JsipiB 0Aa30BHUMHU  EKOJIOTIYHUMH (B TOMY YHCIi
W 310poB’s130epeKyBaNbHUMH) 3HAHHIMH, YMiH-
HSMU Ta HABHYKaMH, HEOOXiTHIUMH JJISl YCBiZOMIIE-
HOI, €KOJIOTIYHO-TPAaMOTHOI TTOBEIIHKN Ta CTUMYJISI-
i1 ICUXIYHOTO PO3BUTKY.

OCKINIBKY TpaaMLiiHI BUXOBHI cTpaTerii He
BpPaxoBYIOTh crHenudiky pO3BUTKY ICHXIYHHUX
MPOIIECiB OCOOMWBUX YYHIB, TO BUHMTEl 3aKja-
JIIB OCBITH MarTh BiAHAHTH €(PEKTHUBHI METO-
JUYHI THCTPYMEHTH ISl pealizanii TPUEAMHOTO
3aB/IaHHS CTOCOBHO TAaKUX LIKOJSIPIiB: aJanTyBaTH,
IUTiTHO I1HTETpyBaTH B CTOCYHKH 3 COIiaJJbHUM
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Ta TPHUPOAHIM JOBKIJUISIM, HABUUTH EKOJOTIYHO
0e3meyHo iX 3MiCHIOBATH.

META CTATTI BU3HAQUYCHHS METOIMYHUX
ACTICKTiB BUKOPHCTAHHS MPUPOAOTEPAIil SIK TEXHO-
JIOTiT €KOJIOT0-BaJICOJIOTIYHOTO BUXOBAHHSI T4 KOPEK-
11ii 3710pOB’ s yUHIB 13 0COOIUBOCTSIMY iHTEIIEKTYa b~
HOTO PO3BHTKY.

BUKIIAL OCHOBHOI'O MATEPIAJTY
JOCJIIJDKEHHS. BaxkmuBicTh 1 HEOOXIiTHICTH
MIPUIIETUICHHST OEepPEeXXIMBOTO CTABJICHHS IO IIPH-
pony, HaJaHHS €NEeMEHTAPHUX EKOJOTIYHWX 3HaHb
Ta YSABJICHb WIKOJSAPAM 3 OCOOJUBOCTSIMHU TCHXIid-
HOTO PO3BHUTKY migkpecitoBanu bidbik H. M. [1],
Buconpka JI. [2], HaBumenko I. B. [3], I. bieu,
A. Bopaynosa, O. I'pabopos, €. Kamninina, F0. Kon-
nparbeB, H. MoposoBa, I. VYcpaiicbka, I. [dynb-
HeB, . €pemenko, €. CrpedenboBa, B. BopoHkosa,
T. Tonorina, €. KosanpsoBa, H. Kansena, T. Jlia-
HoBa, T. Iloponwka, B. Cusornazosa, B. CunboB,
JI. Cmisak, JI. Croxok, T. llleBuproBa Ta iH., BU3HA-
FOUM €KOJIOTIYHE BUXOBAHHS OCOONMBHX JITEH Mpio-
PUTETHUM HaNpsSMKOM B 3aralibHili BUXOBHIH cTpa-
Terii ep>KaBy.

3ycuiuIsl Iejarora mpu IbOMY MarOTh CIPSIMO-
ByBaTHCSl Ha: 1) KOpPEKIilo Cy0 €KTHOTO CTaBJICHHS
LIKOJISIPIB JI0 MPUPOIU Ta FapMOHI3allil0 CTOCYHKIB
3 MPUPOJHUM JOBKULISAM; 2) KOPEKII0 MCUXIYHUX
TIOPYIIICHD Ta O3OPOBIICHHS MiTeH 5, c. 34].

[Ipore mnO3UTHUBHHI pe3yabTaT — I[AHOONNBE
Ta BIJNOBiIaJIbHE CTABJICHHS JI0 TIPUPOIHOTO CEpe/I-
OBHWII[A Ta BIIACHOTO 3/I0POB’S — MOXKHA OTPUMATH
JIUIIIE MUTSIXOM KOMITJIEKCHOTO BIUIMBY Ha €MOIIIHY,
CCHCOMOTOPHY, IHTEJEKTYyaJbHY 1 BOJILOBY cdepy
IICUXIKHU JIITEN.

Han3eru4aifHO TOTYXHHM 3aCO00M CTaHOBIICHHS

€ 00’eKTH 1 SIBUIIA HABKOJMIIHBOI MPUPOAH, TOMY
3 [OYaTKOBOI OCBITHBOI JIAHKM HEOOXIJHO CHUCTE-
MaTU4HO 3aCTOCOBYBAaTH BHXOBHHH Ta O3J0POBUHIi
MTOTEHITIaT TPUPOTOTEPAITIi.

CyTHICTh BUKOPHCTAHHS MPUPOAOTEparii B mMpo-
LEeCi eKOJOro-BajeoOriYHOTO BHXOBAHHS TOJISITAE
B (GOpMyBaHHI B YYHIB MOYAaTKOBHX KJAcCiB €KO-
LEHTPUYHOI HAyKOBOi KapTMHHU CBITY W aJexBar-
HOTO TIPUPOJIOBIAMIOBIAHOTO, TPUPOIO3AXUCHOTO
Ta 310pOB’A30epeKyBabHOTO XapakTepy Jisiib-
HOCTI LUISIXOM MOKpAIEHHS IXHBOTO MCHXO]i3ny-
HOTO 3/10pPOB 4.

[Ipupomoreparmist — 1e cnenmudigHa TEXHOIO-
Tisl, SIKa MUITXOM BIUTUBY Ha Y4HIB 00’€KTiB 1 sIBHII]
npuponu jpomnomarae: 1) 3miHCHUTH MpOQiNakTHKY,
3MIIIHEHHS 1 KOPEKIlit0 3A0pOB’s MiTel 3 mcuxodi-
3UYHUMH TIOPYIICHHSIMH; 2) aKTHUBI3yBaTH IIi3HA-

BallbHY [iSUTBHICT Ta PO3BUBATH PO3YMOBI 3i0-
HOCTI; 3) dopMyBaTH €KOJOTIUHY Ta BajCOJOTIUHY
CBIZIOMICTh (30KpeMa, MaHOOIUBE Ta BIAMOBIAIbHE
CTaBJIIGHHS Ta I[iHHICHE CHIPUHHSITTS TNPUPOIU
Ta BIIACHOTO 3710POB’s); 4) aManTyBaTH yIHIB MOJIOI-
KX KJIACIB 3 0COOIMBUMHM OCBITHIMH IIOTpeOaMu J10
KHUTTS Cepell IPUPOAH 1 COLiyMy.

[lnanyro4yn 3acTOCOBYBaTH TEXHOJOTII MpH-
ponmotepanii s (GopMyBaHHS €KOJIOTO-Balieo-
JIOT1YHOI KyJABTYPH MOJIOAIINX HIKOJSAPIB 13 OCO-
ONMMBOCTSIMU 1HTEJIEKTYaIbHOTO PO3BUTKY CIiJ
BpaxOBYyBaTH HACTYITHE.

1. 3micT mpUPOIOTEPANIEBTUYHOTO MaTepiary
Ma€ CTOCYBAaTHCS 00’ €KTIB Ta SIBUIII )KUBOT 1 HEKUBOT
MPUPOJN (XapaKkTepu3yBaTd iX CTaH, MO3UTHBHHUN
BIUTMB Ha TICUXIYHE 3JI0pPOB’S JIIOIWHU) 1 CIIOCO0IB
BHKOPUCTAHHS IXHBOTO 03[0POBYOTO PECYpCy, 1100
HaJaBaTH TPUPOAOTEPANICBTUYHI 3HAHHS, YMIHHS
Ta HaBUYKH, (HOpMyBaTH MPUPOI030EPEkKHI MepeKo-
HaHHS i TOBEIIHKY JIITCH.

2. IlpupomorepaneBTHUHUN MaTepian Ta MeTo-
JKa HOTO TMOJaHHS MAaroTh KOMITJIEKCHO BPaxoBYy-
BaTW TakKi I1HAWBIAyaJIbHO-BapiaTUBHI ITOKA3HUKH,
SK: BIK YYHIB, PiBeHb IICUXIYHOTO PO3BHUTKY, EKOJIO-
TYHUA JTOCBiJ, IHAMBIAyallbHI CEHCOpPHI E€TallOHH,
CTaH 3J0pPOB’S, OCOOJHMBOCTI CBITOCIIPHHHATTS
tomo [8; 9].

3aIMCHIOIOYM €KOJIONO-BAJIEOJIOTIYHE BUXOBAHHS
JTEH 3 0COOIMBOCTSIMU MICUXIYHOTO PO3BUTKY, TEX-
HOJIOTII0 TIpUpoxoTeparnii JAOPEYHO BHUKOPHUCTOBY-
BaTH SIK CKJIaJ0Bl METOIB IICHXOJIOTO-II€IaroriyHol
KOPEKIIii Cy0’€KTHOTO CTaBJICHHS JIO PUPOJIH.

I. Metonn BHUXOBaHHSI Cy0’€KTHOIO CTaB-
JICHHS 10 IPUPOAHMUX 00’ €KTIB.

1. B pamkax memody ekonoziunoi ioenmudi-
Kayii (TICUXOJIOTIYHE MOJICIIFOBAHHS IUISIXOM Iepe-
BTUIEHHS B 00pa3u 00’€KTH KMBOI YU HEXKHMBOI
MIPUPOJN), MO0 HANATH YSBIEHHS NPO Il 00’ €KTH
Ta JOTIOMOTTH 3PO3YMITH IXHIH CTaH, MIKOJISIpaM
MOYKHA 3alIPOTIOHYBATH CTaTH YYaCHUKAMHU KOHKYPCY
«lonocu micy» i BUKOHaTH HPHPOJOTEPANICBTHYHI
(3ByKOTEpAITis Ta TAHIIOBAIIbHA TEPAIlisi) 3aBIaHHS.

Juoaxkmuuna mema: NOMOTTHCS BITUYTTS YMOB-
HOTO B3JHTTS 3 MPHUPOJIOI0, PO3YMIHHS ii MOYYTTiB
1 moTpe0d, MoKpaleHHs ICUXOEMOLIIHHOTO CTaHy.

[lemaror npomonye 00’eHATHCS JTITSIM 3a Biac-
HUM O2)KaHHSM Y TPYTIH, 1 TOCTapaTHUCS SKOMOTa TOY-
HiIlIe BIATBOPUTH 3BYKH, AKI MOXKHA MOYYTH Y JiCi.
Ile MOkHa 3pOOUTH TOJIOCOM, YKECTaMH, MIMIKOIO
ta iH. [lo3mararucst y xoro BUHNLIO Kpaiue. B kinmi
MOJIITUTHCS BPAXKSHHSIMH BiJl pOOOTH.

2. Memoo exonociunoi emnamii. JIns axrtyaii-
3alii CIiBIEPEKUBAaHHS IIKOJISIPEM CTaHy MPUPOII-
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HOTO 00’€KTa Ta MPOOYIKEHHS CIIBUYTTS 10 HHOTO
KOPUCHO 3alpoIOHYBaTH YYHSM BHUKOHATH BIIPaBY
«binme ipupoIN», BUKOPUCTOBYIOUH 3aCO0M MY3HKO-
Teparii, i3oreparnii.

Huoaxmuuna mema: TpeHyBatu ysaBY, (aHTa-
3110, BUXOBYBAaTH J0AINBE CTABICHHS JI0 TTPHUPOJIH,
KOPHUTYBAaTH TICHXOCMOIIMHWNA CTaH (3BUIBHEHHS Bifl
NepeknBaHb, arpecii, CTpecis).

VY BcTynHil Oecifi BUMTENb MOTUBYE Ii3HAHHS
YYHIB 3alIUTaHHAMA: YW 3aBKAM BU MOXKETE PO3Y-
MITH 1HIOUX Jr0fei, a BoHM Bac? UM 0OIHAKOBO
JIOMU CHPUIMAIOTh Ta CTaBISATHCS A0 MPHPOIHOTO
orouenns? Illo mpupoga mMoxke BimdyBaT Bim Iid
monieii? SIk moTpiOHO CIiKYBaTUCS 3 TIPUPOJIOIO?

IIpocnyxasmm Bipm B. dompBapounoro «binb
npupoau» (i CyNpoBiA KIACUYHOI MY3UKH) KO-
nspi MaroTh omiBusME ((dapbamu) mokazatu Oinb
SUTMHY, TTAIIKA, MOPS TOIIO HA MAJIOHKY, a00 MpH-
JyMaTH BIIACHUH Bipim 4u TBip. B kiHIi mopimuTHcs
Bpa)KEHHSAMH Ta 3pO0JIEHUMH I ce0e BUCHOBKAMH.

3. Memoo exonoziunoi peghnexcii. Jlns anamizy
IIKOJIIPAMH  €KOJIOTIYHOT JOLITBHOCTI BIACHUX JIii
1 BYMHKIB CTOCOBHO TIPUPOAH MOYKHA 3aTisITH MY3H-
KOTEeparito Ta i3oTeparnito (Tpyu MOXJIHBOCTI apoMa-
Teparli) IiJi 4ac 0OrOBOPEHHS B KJIACl €KOJIOTTYHOT
cutyartii [ 10, c. 47].

Juoaxkmuuna mema: KyITbTHBYBATH YCBiJOM-
JICHE I[IHHICHE CTaBJICHHS IO MPUPOIN, HABUYUTH
aHaI3yBaTH CBOi BYMHKH CTOCOBHO HPHPOIHOTO
OTOYEHHS, TMOKPALIUTH EMOLIWHUN CTaH, 3HATH
HaIpyTy Ta cTpec.

CriouarKy Temaror IporoHy€e MIKOJISIpaM IMTOMH-
JMYBaTHUCS Kpacow TNpHpoaH. MoKHa IOKa3aTtu
Bifeo(iNbM YHM TPE3EHTALil0 3 KBITKOBUMH IeH-
3KaMU YU KOMITO3UINISIMH y CYIIPOBOJII KJIacH4-
HOI My3uKH (Hampukiaz, «lTamiiichkuii KOHIIEPT»
1. Baxa) [6; 7]. JlouinbHO aKTyami3yBaTH CIOraiu
YUHIB Mo iXHi eMouii i BiguyTTs Bij Oe3mocepen-
HBOTO CITIJIKYBaHHS 3 KBITaMU: SIKi BOHM Ha JIOTHUK,
SIK TIAXHYTh, SIKi OapBHUCTI.

Jami pith MaroTh OOMipKyBaTH i OOTOBOPHUTH
3MOJIENTbOBAaHY BUMTEIIEM CHUTYaIlil0: «BU BUNagkoBO
HE MOJMJIM BYACHO KBITH Ha IIKiIbHIA KirymOi. Lo
MOKYTb HETIOJIUTI KBITH TTPO Bac moaymaru?». [lena-
TOTY B2)XKIIMBO ITiJIBECTH KOXXHOTO Y4HS JIO BHUCHO-
BKiB, 1110: 1) pOCIMHU MOXYTh BBXKaTH HOT0 O€3BiI-
MOBITAJIbHUM 1 )KOPCTOKHM, OCKUIBKH IMOTEPIIA0Th
BiJ criparu 4epe3 3a0yAbKyBaTiCTh JUTHHU; 2) pOC-
JIUHA — TI€ 3€JICHI MOMIYHHMKH 1 Ipy3i, K1 OUHIITY-
I0Th TOBITPS1, IPUKPAIIAIOTH KUTTS, 03A0POBIIOIOTh
JIIOIMHY, TPUEMHO NaxHYTh Ta iH.; 3) 32 pOCIMHAMU
MOTPIOHO MOAMITUBO AOTNISIATH 1 He 3a0yBaTH CBOE-
YacHO TIOJIMBATH, TIPOCAITyBATH, ITiIITYIITyBaTH.

II. MeTtonu, cipsiMmoBaHi Ha (popMyBaHHs cHc-
TeMHU eKOJIOTiYHUX YHABJIEHb.

1. Memoo exonoziunux acouyiayiii MOXJIUBO
peanizyBaT BHUKOPUCTOBYIOUM IPHPOJOTEPAIICB-
TUYHY BIpaBy «JlepeBo» (nepeBorepartis).

Jluoaxmuuna mema: BCTAHOBUTH acOLIIaTHBHUN
3B’S130K y4HsI 3 00’€KTOM mpupoaw, mod chopmy-
BaTU €KOJIOTIYHO-BIAMNOBINAJIbHE CTaBJIEHHSA JI0
HBOTO T4 CKOPUT'YBaTH IICUXOEMOIIHHUI CTaH.

B mporeci 6e3mocepetHpOro CIiIKyBaHHS 3 TIPH-
pOIIOIO TIeJaroT MPOTIOHYE YUHSIM 00paTu sl cede
yrnonobane jaepeBo, OOIHHATH #oro i crpoOyBaTu
BiquyTH 1 BBiOpatH #oro cuiy. [ng mporo yuHi
BOpOOBX 10—15 XBWINH MalOTh YNIEPTUCS I’ ITaMU
B 3€MJIIO, MIITHO CTHCHYTH KyJIaKH 1 3IMIIHUTH 3yOH,
30CepeInTH TOMIA)] Ha JepeBi. Buutens Hamamro-
BY€ KOYKHOTO Ha CEaHC EHePreTUYHOT0 0OMiHY 3 poc-
JIMHOIO CIIOBaMH: «YSBH, III0 TH — MOTYTHE JI€pEBO,
Maer TOTYy)KHE KOpiHHS, Tebe He JIAKAIOTh HisfKi
BiTpH, Hiski Herapazau. Komm y Ttebe TpyaHom,
BaXKO Ha JyIi, TPUBOXKHO a00 CaMOTHBO, IUIAK-
CUBHUI HACTpiH, 3rajiail i CTaHb HE3IIAMHUM «JIepe-
BOM», 3allEBHU ceOe, 110 TH CUJIbHUH 1 3JaTHUH 3710-
Jatd Bce, 1m0 TypOye 1 gomortucs Oaxanoro. Tomi
TH 3 yCIM CIIpaBHIICS, 1 Bce Oyze moope». B mporeci
JiepeBoTeparii yuHi OMaHOBYKOTh MHUCTEITBO BOJIO-
IiTH Cc00010, TI030aBIIAIOTHCS CTpaxiB, HEBIIEBHE-
HOCTI y c00i, TPUBOTH, HaBYAIOTHCA CaMOAHAII3y
Ta YMIHHIO IPUIMATH PillICHHSI.

2. Memoo ekonoziunoi nabinizayii nomomarae
T IBUIIIATH MOTHBAIIIFO IITKOJISIPIB 3A1MCHIOBATH €KO-
JIOTIYHI Ta PUPOIOIFOOHI [Tii Ta IMOI0JIATH BITIYTTS
NIEPE)KUBAHHS, TPUBOTH, COPOMY, IMPOBHUHHU, PO34a-
pyBaHHA, arpecii, HEBIEBHEHOCTi, Oe3mopasHOCTi
Yyepe3 eKOoJIOTivuHy Hee()eKTUBHICTh 3BHUYHOI ITOBE-
ninku. o6 ycyHyTH nmabiami3allifo BUUTEIIb MOXKE
3aMpOIIOHYBAaTH MOJIOIINM IIKOJSpaM BUKOHATH
BIpaBy «MopaJibHa IuIeMa.

Juoakmuuna mema: BUKIUKATH EMOIIil, IIIO
HaJIAIITOBYIOTh HA CAMOCTIHHY CKOJOTIYHY IisTh-
HICTh, CIIOHYKATH Y4YHIB BHCJOBHTH CTaBJICHHS JIO
KOHKpPETHOTO (hakTy abo Mmojii, pO3KPUTH 0COOUCTI
Bpa)kKeHHS1, EMOIIii, TOTIOMOT'TH YCBITOMUTH HEOOXiI-
HICTh O€pPEXKIIMBOTO CTABJICHHS JI0 IPUPOIH IJIT OCO-
OUCTOTO 370pOB’SI.

B mporieci i3oteparnii BYMTENb MPOMOHYE YUHSIM
[IOMHJTYBaTHCST Kpacow mpupoau (IMokazye Bije-

odisbM, Tpe3eHTalito, KapTUHHU), SAKYy IICYIOTh
CMITTe3BaNIMING, OE3OMHI TBapUHM, IOHIBEUCHI
nepeBa. [licns meperisagy Y4HI  OOMIpKOBYIOTh

3anuTanHs BunTens: 1. Slkum y Bac OyBae HacTpii,
KO BU 3YCTPIYa€Te CMITTE3BAJIHINE CEePEe]] BYIHIIi?
2. Ym BimuyBaeTe BH HENMPHUEMHI TOYYTTS dYepes
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3a0pyaHeHHs MoBKiLIA? 3. SIki emollii BUKIUKaIH
y Bac MeperisiHy Ti KApTHHH TPUPOJIH, CTLTIOHIPOBaHI
monnHOoI0? 4. UK BUKIIMKAIOTh ¥ Bac 300pakeHl eKo-
JIOTIYHI Herapas3au OakaHHs JisTH, 100 BUIIPaBUTH
curyanito? Jlani y4Hi BUKOHYIOTh TBOpYE 3aBIAHHS
«I1106 3emuts cTana YUCTIMIOY, B IKOMY BiITBOPIO-
FOTh CBOi BPaXXCHHS 1 IPOTIO3UITIi.

KopuicHo 3amporoHyBaTtéd ydHSIM YSBUTH cebe
MENIKAHISIMH JIiCY, TOAyMaTy 1 3alucaTd YMOBH,
MOTPIOHI 1T HOPMAJIbHOTO 1 3pPYYHOTO IKUTTA
y JicoHacapKeHHI. Hampukian, 10 CIUCKY yMOB JJIs
JIEPEB Yy JIiC1 yUHI MArOTh 3allUCaTh: YUCTE MOBITPS,
JOCTaTHBO YHMCTOI BOAM, NpUOpaHe CMITTS, JOIVISL,
0opoTh0a 3 MIKITHUKAMH 1 XBOpPOOAaMH, HAsSBHICTh
THI3IIBETH TS ITaxXiB Ta iH. JloOpe mopydauTa miTsam
OoOMIpKyBaTH Ta 3amucard fil, ki 0 BOHH 3pOOHUTH
JUUIST TIOJIIITIIEHHSI YKUTTS JIICOBUX MEIIKAHI[IB, TOOTO
CKJIACTH IUIAH €KOJIOTTYHMX M.

3. Memoo xyo0oxcuvoi penpezenmauii npupoo-
Hux 00’eckmie¢ Tnependavae ¢GopmyBaHHS 00pa3iB
MIPUPOJIU B YUHS OpTaHiYHE MOEIHYIOUH 3aCO0H MHC-
TETBA Ta HAyKOBi 3HAHHS, SKi HaOyBalOTh €MOLIN-
HOTO 3a0apBiIeHHS, OT)KE€ OCOOMCTICHOT 3HAYYIIOCTI.
Lli 3aBmaHHS BYHWTENh BTUTIOE Yepe3 BHKOHAHHA
YUHSIMH  130TepaneBTUYHOI BNpaBH «MaroBaHHs
CBOIX BIAUYTTiBY.

Juoakmuuna mema: oOpraHizyBaTH CaMOBHpa-
JKEHHS YIHIB y XyHOXKHIX 00pa3ax, HAaBUUTH BimoOpa-
JKaTh MAaJIFOHKOM €MOIIil, BIIYyTi BiJ| CIUIKYBaHHS
3 mpuponor (6e3rnocepeHbOro Yu OMOCEepeIKoBa-
HOTO), BA3HAYUTH T4 HAJIAIITYBaTH Ha TIO3UTHUB TICH-
XOEMOITIHHUH CTaH YUIHIB.

Ha ypomi 3 iHTerpoBanoro xKypcey «5 nociiiKyro
cBiT» (Tema «OCiHHI SBHUILA B )KUTT1 POCIHHY) MiCIs
MeperIsiy 3 yIHSMU Bijieo (TIpe3eHTallii) 3 JUBOBU K-
HAMH OCIHHIMH Tieii3akaMu, OapBUCTUMHU OCIHHIMHU
KBiTaMU (y CYIpOBOJI KJIACHYHOI MY3UKH) Iejia-
rOr MPOIOHY€E IM 3rajgaTd BJacHi CIOCTEPEKESHHS
3a OCIHHIMH 3MiHAMHU HaNpUKIal, 3 POCIUHAMH
Ta TIOUTUTHCS CBOTMH BiTUYTTSIMH 1 BpDOKSHHIMH 32
JIOTIOMOTO0 OMIBIIIB um (hap6. B mporeci Ta micis
MAaJIFOBaHHS JITA MAlOTh BIJIbHO BUCJIOBIIOBATH CBOIL
MOYYTTS Ta Mpii, 0 JomoMarae iM po3KpimadunThcs,
MOJI0NIATH  TPUBOXKHICTh, HEPBO3HICTH, BPIBHOBA-
JKUTH arpecito, 0310poBUTHCA. HarmpukiHIi mkomspi
MOBHHHI CJIOBECHO (B TBOPYiil hopmi) pe3eHTyBaTH
CBill MaJIOHOK Nepe]] OMHOKJIACHUKAMH Ta JOTy4H-
TUCSL IO CKJIaJaHHS KOJIPHOI TaMH HACTPOIO, SIKY
TIeJIaroT YBa)KHO aHAI3ye, 00 MaTH YSIBICHHS PO
XapakTep maHywoodol B Kiaci armocgepu, camorno-
YyTTA Y4HIB, IXHE CTABJICHHS 0 3MICTY Ta METOIUKHI
HaBYaHHS Ta NPUPOAHUX 00’ €KTiB. BcTaHOBIIGHO, IO
JIOMIHYI041 Ha MaJTIOHKAaX YIHIB KOJEOPH 03HAYAIOTE!

a) YKOBTHH — COHIIE, CBITJIO, PaliCTh, 3BIILHSIE Opra-
HI3M BiJl TOKCHHIB, CTHMYJIIO€ TO3UTHBHE CIIPHI-
HSTTS JKUTTS, JJONIOMArae MmojoiaTi HEBIIEBHEHICTD;
0) YepBOHUU — TEIUIO, JKUTTS, Iis, HaJa€ TapHUN
HacTpiif Ta PINIyYiCTh; B) TIOMapaHUYEeBHA — J0OPO,
aKTHBI3y€ PO3YMOBY JIsUTBHICTB 1 TBOpUI 3/110HOCTI;
T') 3eJICHUH — HAUTIOTYKHIIINI TeparnesT, 100po3uy-
JTUBUH, 3MIIHIOE JTUCIHHILIIHY, TOJIIIIYE CaMOIIO-
YqyTTs; OTAKUTHUN — OCBIXKA€, 3aCTIOKOIOE.

3a /OMOMOTOI0 METONy EKOJOTi9HO-EMOIIii-
HOTO BIUTUBY Tegaror Gopmye O10€THYHI MOYYTTS
Ta EKOJOTIYHO-IPUUHATHI CTEPEOTUIH IOBEIIHKU
B JIOBKIJITi, OPTaHi30BYIOUM UYTTEBE CIPHUHHSITTS
(ciocTepexeHHs,  TOCHIKEHHS)  KOHKPETHHX
00’€KTIB TPUPOJAHOTO OTOYCHHS. 3 IIEI0 METOIO

JOLIBHO 3aJy4YWTH Y4YHIB BHKOHAaTH BIpPaBYy-
penakcariito «lIpupoma mixye» (apomoteparris,
3BYKOTEpAIIis).

Jluoaxmuuna mema: O3HAMOMHTH Ta HaBUHUTH
BUKOPHCTOBYBAaTH O30POBYi BIACTUBOCTI MIPUPOJH,
chopMyBaTu BMiHHS CEHCOPHO BiUyBaTH IPHUPOLIY,
JIOTIOMOTTH YCBITOMHTH B3a€MO3B’S30K 1 B3aEM03a-
JISKHICTB 3 HEI0, pO3BUHYTH NOTpeOy ii oOepiraTw.

Buxonytoun BmpaBy, IIKOJSPI MPOCITYXOBY-
10Th ayaio3anuc «lomocu Jicy» (3ByKH: CIIiB ITa-
IIIOK, IEJIECT JIMCTOYKIB, A3FOPKOTIHHS JDKepeda,
ITUTIHAS 3Mii, T3WKIaHHS KOMax Ta 1H.) Ta BIWUXa-
I0Th 3aM1ax ¥ JIIKyBaJIbHUX TPaB (MMOJYIEYKH 3 JIaBaH-
JI010, MEJNICOI0, PO3MapHHOM, M’SITOIO, LIABIIEIO,
pomMamkor). B xomi penakcamii y4Hi HaBUalOTHCA
CTPUMYBATH €MOIIii; 3 MiHIMAJIbHUMH HEPBOBHUMH
3arparamMu JIO0JaTH CTPECOBI CHUTYyaIlil; 3HIMAKTh
HaCJIIIKW PO3yMOBOi, HEpBOBOi Ta (i3uuHOI mepe-
BTOMH; MOKpALIYIOTh HAcCTPii Ta CaMONOYYTTS
(3HWKae TOMOBHHMHA Oinb, po3aparyBanHs. Jlomart-
KOBO ILIKOJISIPi TPUBYAIOTHCS BiT4yBaTH KHUTTS TPH-
pOoaM, IpUCITyXaTUCs 10 i1 3BYKiB, MIIIyIOUUCH (hop-
MaMH Ta PO3MAiTTsIM O0apB, poOISATH BUCHOBOK IIPO
EMOIIiIHY, €CTEeTHYHY Ta 030POBUY IIHHICTH TIPH-
poau, siky 0OOB’SI3KOBO TOTpiOHO oOepiraT st
MPHUIEIIHIX TTOKOTiHb.

III. Meroau HaBYaHHS NPAKTHYHO BTiJIIO-
BATH KOHKPETHi cTpaTerii i TexHOI0Tii eK0JI0r0-
BaJ1€0JIOTiYHOI AislJILHOCTI.

1. B pamxax memody ekonoziunoi excnexmayii
(BXOJDKEHHST) ITEAaror, 00 MCUXOJIOTYHO HAJAIITY-
BaTH MOJIOMIINX IIKOJISAPIB Ha BIATOBIIHY €KOJIO-
TIYHUM HOpPMaM 1 «BEMOTam» MPHUPOIHA B3aEMOJIIIO
3 HEI0, MOYKE CKOPUCTATHCS IPUPOAOTEPATICBTUIHUM
edexTom BrpaBu «HaoxuHii 3 mpuponoo».

Jluoakmuuna mema: MATOTYBaTH YYHIB JI0 TapT-
HEPCHKUX CTOCYHKIB 3 MPUPOJIOK0, HANIAIITYBATH Ha
NpUPONIOIIOOHY CTparerilo TOBENIHKKM B JOBKIJI,
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PO3BHMBaTH CEHCOPHI BiIUyTTs, aKTUBI3yBaTH YSBY,
aKTyali3yBaTH MO3WTHBHI €MOIIil Ta 3MIIIHUTH TICH-
xoi3uyHe 310pOB’.

BrpaBa Moxe BUKOHYBaTHCsl Oe3MOCEpeIHbO Ha
MicleBOCTI (il Yac MPOTYISIHKH, €KCKypcii), abo
Mearor OpraHi3oBy€ YSIBHMH CEaHC CIIIKyBaHHS
3 MaJbOBHUYMMH KyTOUKaMH HpUpOIU (Ieperisj
KapTuH, BifIco, IPE3CHTAIlii).

[leparor BnamToBY€ XBHIMHKH 3yCTpiui 3 MpH-
POZOI0, HANPHUKIAJ, KBITy4yOro JIyry, Ta 3alpoILlye
VUHIB ESAKUI 9ac TOMUITYBATHCS 1 HACOJOIKYBa-
TUCSI TIPUEMHUMH BpakeHHAMHU. [Ipu 1bomy aiTH
MaroTh abo OesmocepenHbo, abo YSBHO CHOCTEpi-
rati (pO3AMBIISITUCS, CIIyXaTd, HIOXaTH, TOPKATHCH)
Ta aHaJi3yBaTH CBOI BIIIYTTA.

VsBHUI ceaHC CHUIKYBaHHS 3 YyJAOBOKO YIOJO-
0aHOI0 JITBMU MICHMHOIO A00pe CyNpOBOIKYBaTH
KJIACUYHUMHU MEJIONIIMH, 3ByKaAMHU HPUPOTHOTO
MIOXO/DKEHHS, 3araxaMu JIyrOBOTO Pi3HOTpaB s,
aJpKe IIKOJIAp1 MMOBUHHI YABUTH cebe Ha Hill 1 cripo-
OyBaTH BIATBOPUTH «IO0a4YeHE», «IOUyTe», CBOI
emonii i OaxanHs y posnosini. [lemaror ckepo-
Bye mporec ¢aHTa3yBaHHS Ta BIATBOPEHHS HOTO
pesynbraTiB 3amuTaHHsMH: Koro 1 mo BU 3ycTpinm
1 mobayniy Ha «Ty3i»? SIki OapBU MmepeBakaloTh Ha
BamoMy «1y3i»? Sxuii xonmip Bam HaiOinbm npu-
€MHUH, 0albOPUTBH 1 MOKPAILLY€E BaIlIe CAMOIOYYTTS?
Ilo Bu uyeTe, sKi 3BYKH Bac paayroTh, a sIKi HACTO-
pOXyIOTE? SKkMMH apoMaTaMu HAIlOBHEHUH Balll
«1yr»? Un MOKHA MIOCH CKYLITYBaTH, SKHH CMaKx?
CrpoOyiiTe TOTOPKHYTHCS pyKaMH 0 JIyTOBUX TPaB,
TBapUHOK, POCH 1 BiUyTH iX Ha moTHK? CrpoOyiiTe
MOTYIISITH IO TpaBi OOCOHIXK, SIKi BITUYTTSI OTPUMY-
ere? IlomimiTecs 3 Ipy3sIMH CBOIMH €MOIISIMU Bij
MPOTYJISIHKY Ha «JTy3i»? Un 3MiHMIIOCS Balle camo-
mouyTTsI? [loMipkyiiTe, Tk TOTPiIOHO MOBOIUTH cebe
cepel NpupoH, mod OTpUMYBATH TapHUN HACTpIH,
MOKPALIYBaTH 3/10pOB’s?

KopucHo 3anpocuty z1iTeid BIATBOPUTH CBill eMo-
nidHUi cTaH y MamoHKY (cdortorpadysarn), 1mod
MIPOJIOHTYBATH IPUEMHI €MOIIi1 1 OTpUMaTH O1TBIITHIA
TepaneBTuaHui edekt [13; 14].

2. Memoo exonoziunoi mypoomu B hopmi TBOp-
qoro 3aBranHs «Kuura JlepeBa» (moenHye pisHOMA-
HITHI IPUPOIOTEPANIeBTUYHI 3aC00M) MEAAror 3acTO-
COBY€ ISl HAJIAIITYBaHHS YYHIB Ha aKTHBHI J1ii, 00
JONIOMOI'TH MPUPOAHUM 00’ €KTaM Ta BCUISKO CHPU-
ATH 1X OJI1aromnoyy4io.

Huoaxmuuna mema: HABUUTH BiIUyBaTH CIO-
piAHEHICTh 3 TPUPOJOIO; JOMOITHUCS PO3YMIiHHS
TOTANbHOI B3a€MOIIOB’S3aHOCTI Y MOBKII, MpH-
LIEITUTH BiAMOBIOAIBHICTD 1 [{IHHICHE CTABJICHHS 10
TIPUPOIH, CIIPUATH TPOSIBY €KOJOTIYHOT aKTUBHOCTI

VUHIB (CHIBUYTTS, MIATPUMKA, CITIBY9acTh, IMKIY-
BaHHS ), 3MIIHEHHIO TICUX0(I3UIHOTO 3710POB’sI.

[lig gyac nepeOyBaHHS B MPUPOJHOMY OTOUEHHI
(Ha eKkcKypcii, mpOTYISHII, ypOIli MITYBaHHS) YUHI
Ha TIPOIIO3UITII0 TIefarora BHOWPAIOTh ymomoOaHe
JIEPEeBO, SKe 32 IXHIMH Cy0’ €KTHBHUMH BiIUYTTAMH
MoKpallye ixHe camonovyTtsi. Bunrtens Gpopmymioe
3aBJaHHs: BIPOAOBX POKY criocTepiratu 3a Oyno-
BOIO, KUTTSIM Ta 3MiHaMH, 110 BiAOyBarOTHCS 3 UM
JIEPEBOM, TOMISIMH, 110 HOTO CTOCYIOThCS 1 (iKCy-
BaTH nobaveHe (BECTH LIOACHHUK CIOCTEPEKEHb,
poOutH 3amanboBkH, QoTtorpadysaru). B mpoueci
po0OTH IIKOJSIPI OXOue BHUKOHYIOTH JOPYUEHHS
BUUTEIIS: TIOPIBHIOIOTH OYIOBY JAepeBa 3 JIOACHKUM
TiJIOM (HaNpWKIaJ, Kopa JepeBa Haraaye HIKipy
JIOOUHH, KOPIHHS — HOTH, TULIS — PYKH); 3amMa-
JBOBYIOTH KOpY JlepeBa (3alITPUXOBYIOUH OJIiBLEM
MPUTUCHYTHHA O KOPH IIUIBHUH TMarip); cIyXamTh
mIernit croBOypa JepeBa; BAMXAIOTh 3alaxu; 3aHO-
TOBYIOTb CBOi BPaKEHHS NMPO BIAYYTTS Ta €MOLil
nepeBa; ¢paHTa3yOTh PO JIiaor IepeBa 3 BiTPOM,
COHILIEM, JOILEM; CKJIaJalTh IPO AEPEBO Ka3KH,
OTIOBIJJAaHHS, 3araJkd; PO3MOBISIIOTH 1 PO3MIpKO-
BYIOTh 3 oOpaHuM 00’ektoMm. KopucHo Harinutu
JUTEH JTOCHIKYBATH JTiKyBaIbHI BIACTHBOCTI CBOTO
JiepeBa, pejakcyBaTH Ois HbOTO, MOTJIAAaTH, o0e-
piraru, yacto HaBimyBaTu. KiHIEBUM NpomyKTOM
TBOPYOT Ta MPAKTUYHOT AISUIBHOCTI KOKHOTO ILIKO-
nsipa Mae ctatu Kaura Jlepesa, 1o MicTUTh 3anucw,
MAaJIFOHKH, 3BITH MPO aKTH TypOOTH, pEKOMEHAIlii
IIO/I0 €KOJIOTIYHO TPAMOTHUX Ta BaJICONOTIYHHX
CTOCYHKIB 3 JepeBoM. Kuuru JlepeBa y4HiB Kiacy
e1aror BUKOPUCTOBYE, 100 BIAILITYBAaTH BUCTABKY
«OKutTst MOro nepesay.

Cri migKpEeCIuTH, M0 HAI3BUYAWHO TTOTYKHHUM
BUXOBHHH, 3I[IIFOIOUUI T4 CTUMYITFOIOUUN PO3BUTOK
CEHCOPHOI, eMOLIHOT, MOpPaJIbHOI Ta 1HTEJIEKTyallb-
HOI cdepu yuHs e(eKT Jae opraHizallis Mmeaarorom
0e3MmocepenHbOT0 KOHTAKTY 3 00’ €KTaMH TPUPOIH
YH IPUPOIHUMHU MaTepiaiamMH.

BUCHOBKMU. Takum 4WHOM, TEXHOJOTiS MpH-
ponoteparii Ma€e MOCiaTH 3HAYHE MicCIleé B €KOJIO-
TIYHOMY BHXOBHOMY TIPOIIECi, OCKUTBKH 3aBISKH
Ji1 TPUPONHUX TICUXOJOTIYHUX CTHMYJIB Ha mep-
LUENTUBHUM, KOTHITUBHMH Ta MPaKTHUYHUHA KaHAJIU
(¢opmyBaHHsI Cy0’€KTHBHOTO CTaBJICHHS Y4YHS JI0
MIPUPOAM JOTIOMArae 3aisATH IMOBEIIHKOBI IICHXOJI0-
Ti4HI CTUMYIIH 1 B KOMIUIEKCI ()OPMYBaTH MO3UTHBHE
Y BiJINOB1IaJIbHE CTABJICHHS JIO MPUPOJIU 1 BIIACHOTO
30pPOB’sl, CIIOHYKaTd A0 EKOJOTiYHO U Baseoso-
TIYHO-JIONUTFHOI TIOBEMIHKH, KOPETYBaTH TICHXIYHE
1 pizmaHe 3M0pOB’ 4 NiTeH 3 0COOIMBOCTAMH IHTENEK-
TYaJIbHOTO PO3BHUTKY.
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In order to optimize the process of ecological and valeological education and correct the health of children with
intellectual disabilities, it is necessary to use the technology of nature therapy. We have identified the best methods
of psychological and pedagogical correction of the subjective attitude to nature: methods of educating the subjective
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attitude to natural objects: method of ecological identification (psychological modeling by transforming objects of living
or inanimate nature into images); method of ecological empathy (to actualize childrens’ empathy for the state of the natural
object and awaken empathy for it, it is useful to invite children to perform the exercise “Pain of Nature”, using the means
of music therapy, isotherapy); method of ecological reflection (to analyze the ecological expediency of childrens’ own
actions and actions in relation to nature, you can use music therapy and isotherapy (if possible, aromatherapy) during
the discussion in the classroom of the environmental situation); methods aimed at forming a system of ecological ideas:
(method of ecological labialization, method of ecological associations, method of artistic representation of natural objects);
teaching methods to practically implement specific strategies, technologies of ecological and valeological activities
(method of ecological expectation, method of ecological care).

The technology of nature therapy should play a significant role in the ecological educational process, because due to
the action of natural psychological stimuli on the perceptual, cognitive and practical channels of forming a subjective
attitude to nature helps to use behavioral psychological stimuli and form a positive and responsible attitude to nature
to encourage ecologically and valeologically expedient behavior, to correct mental and physical health of children with
features of intellectual development.

Key words: ecological and valeological education, correction of students’ health, children with intellectual disabilities,
nature therapy, methods, children of primary school, integrated course “I explore the world”.
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Environmental monitoring of the area of influence of pollutants of sewage is inextricably linked with the state
of atmospheric air parameters, which determines the final characteristics of the process. In this case, this interaction has
a significant impact on the development and functioning, as well as the durability of plant components of ecosystems.
Increasing the accuracy and reliability of monitoring results is due to the economic difficulties due to the high cost
of equipment (detectors, communication channels, multiplexing devices, security systems, etc.). The aim of the research is
to optimize the measuring monitoring network of toxic pollutants, taking into account the number and location of pollutant
detectors. The simplest developed method is based on taking into account the radius of the area of reliable detection, which
depends on the signal threshold of detection, which in turn depends on the background pollution and its fluctuations in
the control locations, the distance from the source of the emissions, the time of exposure of the detector (or the processing
time of the analysis), the level the actions of the control system (the values of pollution, the achievement of which should
trigger an alarm system to exceed the maximum permissible value of pollution), flow velocity.

The system approach to the analysis of heavy technogenic accidents and their ecological consequences is aimed
at the coordination and integration of the use of scientific research, the holistic coverage of the phenomena of interest,
the deepening of the study of the mechanism of accidents, the development of emergency processes in space and time,
the impact of the impressive factors of the accident on the environment. The developed methodology for the analysis
of the toxic pollutions, including waste with hexamethylenediamine, is built on a hierarchical principle, consisting
of blocks of analysis of accidents, examination of the consequences of accidents, a priori and a posteriori risk assessment,
as well as the adoption of managerial decisions.

Key words: monitoring, hexamethylenediamine, pollutant detectors, control system, legislative-administrative subsystem,
ecological information system.

INTRODUCTION. Today the issue of wastewater ~ widely used for the production of polyurethane
treatment is relevant chemical plants that contain  rubber, synthetic varnishes, adhesives, synthetic
hexamethylenediamine in the production cycle. fibers. HMD is moderately toxic, has irritating
Chemical companies that use AG salt as a source effects, causes burns and dermatitis of the skin,
for production synthetic fibers, dealing with = mucous membranes of the respiratory tract.
waste that enters the wastewater, namely, with Contaminated water is dangerous to humans by
hexamethylenediamine (HMD). HMD is used to enteringgroundwaterandreservoirsthroughthe ground.
obtain valuable polymer products — polyamides, Thus, there is chemical pollution substances of ponds,
nylons. In its interaction with phosgene, lakes, rivers and wells that are close to chemical
hexamethylenediisocyanate is formed, which is industry enterprises. In rural areas where there is
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none centralized water supply, this contaminated
water daily used for household needs and for eating.
The biggest problem is the ingress and accumulation
of untreated water in the human body, which, in turn,
contributes to the development of various diseases
and even death. Thus the monitoring of harmful
substances in the environment is the actual problem.
The aim of the research is to optimize the measuring
monitoring network of toxic pollutants, taking into
account the number and location of pollutant detectors.

In the automated monitoring systems an important
role is played by the choice of the number
and location of pollution detectors. As machines
and systems become more complex, this problem can
only get worse, and there is a clear and urgent need
to create comprehensive equipment management
programs that take into account the various
considerations required for efficient maintenance.
The modern approach [1] represents a strategy from
the cradle to the grave to maintain the operation
of the equipment, avoid the consequences of failures
and ensure the production capacity of the equipment.
Going far beyond traditional approaches, this
strategy includes quality and safety, human error
and software maintenance, as well as cost, reliability
and maintainability. From specialized books
and technical articles, authors collected and integrated
the latest achievements of engineering maintenance
into practical step-by-step plans designed to optimize
maintenance activities, extend the life of equipment
and minimize failures.

MODERN  APPROACHES TO  THE
ENVIRONMENT MONITORING. The
environmental consequences of rapid

industrialization [7] have resulted in countless
incidents of land, air and water resources sites
being contaminated with toxic materials and other
pollutants, threatening humans and ecosystems with
serious health risks. More extensive and intensive
use of materials and energy has created cumulative
pressures on the quality of local, regional and global
ecosystems. Before there was a concerted effort
to restrict the impact of pollution, environmental
management extended little beyond laissez-faire
tolerance, tempered by disposal of wastes to avoid
disruptive local nuisance conceived of in a short-
term perspective. The need for remediation was
recognized, by exception, in instances where damage
was determined to be unacceptable.

When analyzing such a complex system, as
the environment, the following principles should be
followed: simplification; consideration of processes
in dynamics; considering the possibility of ambiguity,

incompleteness and inaccuracy of information;
using a risk-based approach to impact assessment;
understanding the system as a hierarchical structure
able for adaptation and development [4]. All local
ecosystems in the region are interconnected and affect
the characteristics of neighboring local ecosystems,
usually requiring the adjustment of resources
and connections.

The definition of the optimal structure of measuring
environmental monitoring network is proposed by
displaying the area of contamination and evaluation
of dynamics of the pollution’s “spots” that uses
the methods of the theory of fractals and the theory
of sets and general topology [5].

Presented approach [6] allows, under conditions
of ensuring the requirements of the admissible
metric (radius of detectors sensitivity) and taking
into account the terrain and other features
of the migration of contaminants, to find such
optimal configuration of the monitoring system
that will provide reliable information on the state
of the environment in the controlled areal. Using
the proposed algorithm it’s possible to construct
a set of fractal contours of any configuration with
a given accuracy of reflections, which characterize
the distribution of contaminants of the same level
in the controlled areal, and to use the contours
of the same level, or surfaces, characterizing
the areal status at different times, to identify
the dynamics of contaminants migration.

Two specific concepts [8] served as the basis for
the control approach:

— the assimilative capacity concept, which
asserts the existence of a specified level of emissions
into the environment which does not lead to
unacceptable environmental or human health effects;

— the principle of control concept, which
assumes that environmental damage can be avoided
by controlling the manner, time and rate at which
pollutants enter the environment.

In response [9] to extensive evidence
of the serious contamination associated with
unrestricted management of waste, governments
have established standards for acceptable practices
for collection, handling and disposal to ensure
environmental protection. Particular attention has
been paid to the criteria for environmentally safe
disposal through sanitary landfills, incineration,
hazardous-waste treatment and the environmental
monitoring of toxic pollutions.

Thisreport[12] deals with the design and operation
of source and environmental monitoring programs
and systems relating to the release of radioactive
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material to the environment from authorized
(registered or licensed) practices under normal
operating conditions and during the decommissioning
of facilities.

The method of online control of pollution
in local areas involves the use of a specialized
mobile environmental laboratory with a trailer
for simultaneous collection and rapid analysis
as samples of air, water and soil in the area under
the flame of the alleged source of excessive pollution,
taking into account meteorological characteristics
and sampling emissions, as well as the measurement
of aerodynamic parameters directly on the intended
source of excessively normal pollution in the tube
to determine the intensity of emissions of hazardous
substances [2]. Then the test results are automatically
transmitted via the mobile Internet to the computer.
The proposed method of controlling air pollution
in local areas provides rapid analysis of the sample
of atmospheric air, water and soil in the flame zone
of the expected and source of excessively normal
pollution, taking into account meteorological
characteristics and industrial emissions, accurate
calculation of the contribution of industrial emissions
to the general level, air pollution and online detection
of sources of potential air pollution in local areas.

The practices considered include nuclear facilities
(power plants, research reactors, reprocessing plants,
fuel production plants, radioisotope production plants,
uranium and thorium mining and milling facilities,
near surface disposal facilities for radioactive waste)
and non-nuclear facilities, for example, hospitals,
research and educational establishments, and plants
that handle naturally occurring radioactive material
(NORM). It also deals with monitoring sites
contaminated as a consequence of past practices. It
does not, however, deal in detail with the monitoring
and surveillance of residues from the mining
and milling of uranium and thorium, as this is
a matter covered in a separate Safety Report [13],
or the surveillance and monitoring of near surface
disposal facilities for radioactive waste, as this is
covered in a further Safety Report [14].

NETWORKS AROUND SOURCES
OF EMISSIONS. An approach based on the analysis
of the ratio of the probability of registration
of the emissions P (n) and the cost of the control
system N (n) is possible in order to assess the amount
of detectors required for reliable control of the number
of detectors. This relation F' (1) has a maximum
corresponding to the optimal number of detectors.
Usually the cost of a data center Ny depends little
on the number of detectors and can be taken as

a constant. Similarly, the cost of one detector Nd does
not depend on the number of detectors in the system:

N(m) =N,+nN,
and
F(n) = p(n)/N(n) = N,'P(n)(2 + N, N, 'n)"".
In the case of zeroing the derivative F (n) by n,

we can obtain the expression for the optimal number
of detectors n,:

No N =[(1=p) "= 1][(1=p)oln(l=p)] ™" = n,,
where p =Sz / Sy is the probability of detecting
contamination by one of the detectors when
the contamination has spread to the S; area, while
the area of reliable control of the area by means
of a number of detectors, which is determined by

the sensitivity of the detectors used, covers the area
So, and
Pm)=1-(1-p)n.

Typically, the value of P(n) is determined, which
results in an approximate determination of the value
of'n, and then they find the relation N, / N,, at which
n=n,.

If the discharges are sufficiently long
and the pollution covers the entire area S,
the task of assessing the accuracy of the data on
the contamination of the region S,. by the data from
n detectors arises, which is determined as a result
as the ratio of the area S covered by the control to
the area S). The expression for R, which replaces
P (n), can be represented as

R=1-exp-SinS',),
where S is the area controlled by one detector.

Using the value R instead of P(n), we get
another expression to determine the optimal number
of detectors:

N/N, =p i [exp (pin,) — 1] — n,,
where p, = S,/ S, is the relative size of the area on
which data from one detector can be distributed.

In accordance with the above considerations,
assuming that the radius of control of one detector,
which is equal to half the radius of correlation
(the distance at which the normalized function
of the correlation of the pollution characteristics
of two adjacent detectors decreases by e times) is
3 km and R = 0.7-0.8, 80—110 detectors are required
for reliable control within a radius of 25 km from
the source of emissions.

But the development of the network of measuring
monitoring alone has no prospects, since this path
only states the current situation and does not allow
predicting its dynamics and trends, and the costs for
its creation and operation are quite large.
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Atthe same time, and the use of only mathematical
models of pollution migration and situation
assessment, that is, the use of so-called model
monitoring, cannot provide reliable information
support for making responsible decisions due
to significant modeling errors and ambiguity
of the results obtained. Exiting the situation is
possible by combining in one system of measuring
and model monitoring, that is, using the so-called
hybrid monitoring.

NETWORKS IN A CONTROLLED AREA. The
reliability of monitoring data is closely related to
the adopted concept of monitoring the system, with
which state-of-the-art assessment techniques are
used, with the degree of clarity and normalization
of analytical methods and/or analyzes, quality control
methods used, etc. In the process of analyzing the state
of the system it is not enough to answer the question
“present”, “how many present”, “in what form is
present”. It is necessary to consider all relevant
factors and the relation of the “Environment” system,
the influence of individual elements of the system on
one another and on the system as a whole in planning
and conducting the analysis, as well as interpretation
ofthe results. In this sense, it is interesting to consider
the structure of the organizational and methodological
system “Environmental analysis”, the conceptual
model of which is given in Figurel.

This system consists a number of subsystems.
The legislative-administrative subsystem (LS)

— |

Source The

of discharging environment

DS) E)

Type Water Air

Change in time Soil

Emission " Flora

intensity Fauna
Human

Legislative and administrative system

defines the research areas to be carried out,
the types of contaminations and their permissible
concentrations, the frequency and place
of sampling, the accuracy and reliability of the data
and their information value. Between the elements
of the subsystem LS there are certain information
relations. Thus,theelement“source ofpollution” (SP)
characterizes (as a rule, not very reliable) the types,
amount (intensity) of emission and time of release,
as well as the dynamics of emissions. This
element is considered as the basis for a number
of subsystems and elements of subsystems,
between which there are material relations. The
subsystem “Environment” (E) contains a number
of elements (“air”, “precipitation”, “water”, “soil”,
“flora”, “fauna”, “human”), among which, as well
as the element “sampling” there are certain ratios.

Each emissions of sewage in the reservoir affect
the disturbance of equilibrium in the distribution
of pollution in the environment. This, in turn, entails
a change in the dynamic equilibrium of material
flows. With the knowledge of all biological, chemical
and physical laws, every step and the transition in this
equilibrium can be understood and mathematically
described by models.

The ultimate goal of the analysis in a similar
situation is to describe the distribution of pollution
in the environment, taking into account the potential
risk for humans, and although neither the source
of contamination nor the details of material flows

l |

)

Sampling (S) Analysis (AN)
Timeliness Precision
Indicative at Reliability

| space '
Relevance

Information value (IC)

l

Required time
~ Result

System characteristics
Relevance VP, AN

Figure 1 — Conceptual model of the system “Analysis of natural and engineering wastewater systems”
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are accurately identified, calculating the exact load
of toxins per person.

An exhaustive description of the distribution
of pollution in the environment requires
the complete control of all toxins and knowledge
of their variations in space and time. Due to
the large number of elements in the subsystem E
and the inadequate knowledge of this subsystem
in general, a description of the ecological situation
and its full control are unlikely. Studies may be
limited to random samples whose contents may
differ from the characteristic element of subsystem
E. Therefore, the value of information obtained
during the analysis of samples should be determined
by factors such as time and space representativeness
and relevancy (the possibility of extrapolation
of the analysis of the sample into whole element
of subsystem E).

The “Analysis” element includes the procedures
necessary for measuring and quality control.
Analytical reliability is characterized by accuracy,
reliability, detection limits, statistical analysis.

The “Result” element should provide in numerical
form the properties of the investigated sample.
During the interpretation of the data obtained, it is
necessary to confirm the criteria such as relevancy
and representableness of the samples and analytical
reliability. If the evaluation of the results depends on
the efficiency of obtaining data, then it is necessary
to determine the optimal, as well as the maximum
allowable time. Although costs do not directly
affect the value of information, but under certain
conditions, they can restrict freedom when choosing
one or another procedure, so this factor should be
taken into account and, if necessary, set the maximum
permissible values.

The above system tracks various influences
and feedback between its individual elements
and subsystems. It can provide quantifiable
information that is available during
the analysis of samples, as well as characterize
the value of information to be approached on the basis
of accepted safety standards, determine the sampling
scheme and the necessary analytical procedures. At
the same time, it does not issue recommendations
to increase the sensitivity of analytical procedures if
the relevancy and representableness of the samples
are inadequate. Consequently, sampling, analytical
procedures, methods of quality control, formulation
of results, etc. should be adapted to the requirements
and conditions of the system as a whole. These
procedures can be standardized and optimized for
at least routine research after adaptation.

When choosing a sampling procedure,
especially when it comes to indicating both space
and time and relevance, the information value
has to be taken into account. Such assessments
should be made for each type of contamination. At
the same time, sampling intervals that determine
the sampleness of the sample should be recorded as
regular intervals of a single time scale (for example,
monthly: 0.003 — 0.03 — 0.25 - 0.5 -1.0 - 2.0 —
3.0-6.0—12.0). In order to determine the visibility
of space in each case, it is necessary to conduct
special investigations, since variations in space are
difficult to establish and calculate in advance. The
relevance of the samples can be evaluated under
conditions of adequate knowledge of subsystem E
and a clearly formulated problem. For example,
indicators such as plants and animals can have
a high degree of relevance if their contamination
can be used to extrapolate the contamination
of the environment.

The description of the analytical procedures
should be carried out in detail, the details
of the sample (the structure of the samples,
the number of samples, the components studied,
the working levels), the data of the standard analysis
procedure (characteristic of the procedure, the limits
of detection, the standard deviation of the method
used, the impact of substances that are outsiders for
this structure; requirements for time and cost).

The results must contain numeric data values,
mean values, number of individual definitions. Since
the quality of the results, despite the standardization
of analytical procedures, is subject to the effects
of random and systematic errors, the degree
of which changes over time, it is necessary to
monitor the quality of the results of the analysis
at regular intervals.

In the analysis of information and quality control,
particular attention should be paid to data that goes
beyond a possible range or less than a given value.
They need to be processed using special standard
procedures. Research results indicate that data that
does not fall into the most probable distribution
area is largely the result of measurement errors,
transitions and calculations, which are based on
uncertainty in the evaluation and interpretation
of data. Therefore, in order to increase the reliability
of the system state of evaluation results at all
stages of the collection, processing and analysis
of information, it is necessary to widely apply
methods of direct optimization based on the concept
of optimal use of experimental data, hybrid
monitoring and the selection of optimal models.
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METHODOLOGY OF ANALYSIS OF TECH-
NOGENICALLY-HAZARDOUS ENGINEERING
OBJECTS OF DRAINAGE SYSTEMS
AND ADJACENT TERRITORIES. The system
approach to the analysis of heavy technogenic
accidents and their ecological consequences
is aimed at the coordination and integration
of the use of scientific research, the holistic coverage
of the phenomena of interest, the deepening
of the study of the mechanism of accidents,
the development of emergency processes in space
and time, the impact of the impressive factors
of the accident on the environment. In this regard,
a methodology for the analysis of technogenically
hazardous drainage and adjacent areas has been
developed, built on a hierarchical principle,
consisting of blocks of analysis of accidents,
examination of the consequences of accidents,
a priori and a posteriori risk assessment, as well as
the adoption of managerial decisions (Figure 2).

The purpose of this system of analysis is
the formation of a set of alternatives to the emergence
and development of accidents, risk assessment
with the aid of a posterior distribution of accidents
and the analysis of the reliability of cases with
a given number of their occurrence and comparison
with the a priori distribution. In doing so,
the principles of interaction and interconnection
of various risks are fulfilled.

The methodology allows to analyze the sources,
conditions and circumstances of accidents and their
development processes, as well as to assess their
environmental impact for management decisions in
order to minimize environmental impacts.

Technogenic pollution with sewage supplies
huge losses to natural complexes and exacerbates
the danger of environmental disasters. Since it is
impossible to completely stop the flow of waste water
and industrial waste into biocenoses, the question
of biological regulation of anthropogenic loads

Matural and engineering drainage systems —l

Accident —* The striking T
A priori risk » Accident and Emergency - Risk
ASSESSIENT Analvsis Manaeement
Limitaticmn . Examination of I:i_]e The purpose of
conseauences of accidents ecological
Scientific and technical
aspects of safety
Identification of sources, D
causes and conditicns of ?';IE{EIFDUS -+
accidents and their anan
Mechanisms of Personnel, saviors, Assessment of
action of the population. environment negative action
- A posteriori risk
!Li ASSeSSIment
The risk is Impact assessment The risk is
acceptable unacceptable
Adoption of managerial Measures to
decisions reduce risk

Figure 2 — Structural scheme of the methodology of analysis
of technogenically hazardous objects and territories
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becomes of particular urgency. Unfortunately,
existing sanitary and hygienic standards are
based solely on the priority of protecting human
health and do not protect other objects of wildlife.
However, environmental standards should ensure
the conservation of populations of organisms,
even assuming the death of individual individuals,
and guarantee not only the well-being of natural
complexes, but also without reducing the economic
profitability of industrial enterprises in the region.
In solving the problems of environmental
normalization, it is necessary to directly determine
the norms of the biological system, which is
a rather difficult task, since there are possibilities
of functioning of systems of the superstructure level
in several met stable states, as well as the performance
of specific functions in higher-level systems. The
most characteristic properties of biological systems
are their ability to change the functional parameters
in order to maintain the system in optimal conditions.
Adaptation processes can take place at three levels:
adaptive reactions in organisms, adaptive reactions
of supers organism and adaptive microevolution.
One of the main tasks in the field of ecology is
acomprehensive analysis ofthe consequences of man-
made impacts on the components of the environment

Technological load
(pollution of sewage
and complexes)

Biosphere

and the responses to them in the biosphere, as well as
an assessment of possible transformations that will
allow decisions on the permissible levels of such
impacts (Figure 3).

An information base in the form of a geographic
information system is required to take into account
the influence of man-made factors on ecosystems,
the structural organization of which is shown in
Figure 4. Here the ecological information system
consists of two main units, the first of which is
the database of environmental data, and the second
is a database of knowledge about the processes
occurring in the natural environment.

The system accumulates in itself characteristic
of the region physical and physical-chemical
parameters that characterize the soil, hydrological
parameters, migration indicators of the components,
hydrodynamic indicators, etc.

Implementation of the proposed monitoring
system is also appropriate in emergency situations.

The Bioinformation Unit also contains relevant
materials that reflect the distribution of plant
communities within the considered territories, as well
as the biocenose-forming potential of phytocoenoses.
Thus, the relationship between the biotic and abiotic
components of the biosphere, which corresponds

Comprehensive analysis
of anthropogenic influences

Reviews of the biosphere
on man-made influences
(state of ecosystem stability)

Estimation of possible
transformations of elements
of the biosphere as a result
of man-made loads

Adoption of ecological
decisions on permissible
levels of man-made loads

Figure 3 — Scheme of influence of technogenic factors on components
of the biosphere
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to the bioinformation and geoinformation blocks,
which in turn constitute the information component
of an expert system that has the following
characteristics, is established with:

— the algorithm of solutions is constructed
by the system itself with the help of plausible
considerations and heuristics;

— system;

—  “understanding” in terms of the user’s
decision;

— is able to analyze and explain their actions
and knowledge;

— is capable of gaining new knowledge from
the user;

— provides communication of the natural
language interface with the user.

Increasing the level of pollution of reservoirs due
to the activity of industrial enterprises (including
engineering systems for drainage) leads to problems
in assessing the ecological status of reservoirs:

— clear zoning of the zones of the influence
of various factors on the level of pollution, due to
the availability of appropriate sources of pollution
of the reservoir and topographical (landscape)
features, and the effect of certain factors of self-
cleaning, as well as measures aimed at improving
the ecological state;

— the presence of a dynamic component
of the ecological status of the reservoir in general
and its individual landscapes, in particular, due to

seasonality, topography and the effect of external
factors;

— steady growth of the ecological load on
the reservoir;

— the dynamic nature of the spectrum
of pollution, due to changes in technology, the closure
and discovery of individual industries;

— manifestation in the effect of synergy.

Environmental monitoring of reservoirs should
provide for the following tasks:

— 1identification of the actual state of the reservoir,
including the range of toxic contaminants in water,
atmosphere and soil, as well as taking into account
the influence of synergy;

— analysis of the main sources of pollution
in terms of their contribution to the ecology
of the reservoir, including analysis of the impact
on the reservoir of treatment facilities, industrial
enterprises and metropolis, landfills and polygons,
sources of electromagnetic radiation;

— district mapping, which reflects both the actual
condition of the reservoir and the expected changes
in the near or distant future, the identification
of steady trends;

— certification of landscapes of a reservoir with
separate emission:

a — stable parameters which do not exceed
the established norms;

b — parameters that have come to the maximum
allowable values;

Information base

* Quantitative parameters that determine the environmental impact
e Behavior of environmental components under the influence

of negative factors

* Methodology for assessing the ecosystem's sustainability and
elaborating estimates of permissible environmental loads

The database
of environmental data

e Stock materials (articles, .
monographs, scientific
reports, normative documents) .

* Remote sensing data

(photographic and scanner

images, graphic and digital

records) .
*  Maps of various subjects

Knowledge base about the processes occurring

in the environment

Characteristic for the region as a whole the importance
of mass flow in water flows, deflation, erosion, etc.
Physico-chemical parameters of the environment
(hydrological parameters, migration indicators,
hydrodynamic indicators of surface waters, distribution
of pollution)

Distribution of plant communities, biocenose
formation, biocenose potential, accumulation

coefficient, indigenous and unintentional pollution
of pollutants in plants, etc.

Figure 4 — Structural organization of ecological information system
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in — parameters that went beyond the permissible
limits;

g — parameters, each of which does not go beyond
the permissible limits, but which form the combined
effect (the effect of synergy), which exceeds
the permissible values;

— processing (based on monitoring data)
recommendations aimed at stabilizing or improving
the status of the reservoir.

The procedure for assessing the status
of a reservoir in terms of the impact on this state
of a given facility for the treatment of sewage or
industrial plant under normal operating conditions
(taking into account the constant degradation
of equipment, networks, etc.) and as a result
of abnormal work (“design” accidents, peak loads,
etc.), as well as in the event of widespread accidents
and disasters, has two main problems:

— theabilitytomonitortheemissionsofpollutants,
their subsequent migration and metabolism, as well
as other factors affecting the state of the ecosystem
of'the reservoir, on the one hand, and on the other — on
its own state of the reservoir, its structure, functioning,
as well as its trends structural and functional changes;

— the possibility of identifying the observed
state or its trends with the corresponding
(alternative) standards, the characteristics,
reactions and consequences of which are known
and there are corresponding alternative ways
of transition from the actually formed metastable
states to the desired stable.

The problem of observation involves obtaining
information:

— the qualitative parameters of the reservoir
for a certain period, their statistically average
and extreme fluctuations during this period, as well as
the results of simulation of the impact on the reservoir
of the man-caused object for the entire life cycle
of the man-made object under conditions of its
normal exploitation, and, accordingly, the influence
as a result of the design and hypothetical accidents;
factors influencing qualitative indicators
(dumping of pollutants in normal, abnormal
and emergency modes, their distribution, secondary
migration, metabolism, hydro and other conditions
that facilitate or prevent the flow of processes that
lead to changes in the state of the ecosystem);

— modelsof processes for changing the ecological
status of the reservoir and the factors affecting these
processes and conditions;
heuristics  that characterize  outwardly
weakly related or unclearly defined sets of pairs
of “factors — states”.

In general, the problem of observation is
characterized by indicators:

— thatmay be physical availability, the possibility
of physical measurement or any other real observation
of a parameter or factor; Logical-mathematical
(if it is possible to calculate the value of a parameter
or factor by means of a mathematical model),
and availability in time, that is, the ability to measure
or calculate a parameter or factor in a time that will
not affect the timely assessment of the situation
and the adoption of appropriate measures;

— sufficiency including completeness, that is,
the exhaustiveness of the data, allowing an adequate
assessment of the situation; an alternative, that
is, the availability of such a number of sources
of information that will allow an adequate assessment
of the situation, even when data from some sources
will not be received or will be distorted; the efficiency
of information, that is, the timely receipt of data;

— including the reliability of the source data
and the estimated probability of the results of data
processing.

The identification problem is solved at three
levels:

— 1identification of relevance, that is, a certain
overwhelming (possibly mediocre, informal, fuzzy)
connection with one or another type of standard;

— identification of conformance, that is, a certain
rather transparent similarity of the standard,;

— confirmation of the identity of the standard.

The above requires have special approach to
monitoring the status of the reservoir. It should provide
three modes of monitoring the state of the system:

— periodic collection and analysis
of data reflecting the condition of the controlled area
(including comparing current control data with those
obtained at the previous stages of the control), as
well as taking into account the factors that infused it
at the time and affect the current stage of control both
direct and indirect;
causal control of the state due to the need
to assess the impact of new (that is only planned)
companies or sewage systems on the general
condition of the reservoir, or to assess the actual
impact of natural or man-made accidents;

— stochastic (selective) control of individual
landscapes in order to check pre-established trends
or the limits of actual fluctuation of environmental
indicators.

CONCLUSION. The system approach to
the analysis of heavy technogenic accidents and their
ecological consequences is aimed at the coordination
and integration of the use of scientific research,
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the holistic coverage of the phenomena of interest,
the deepening of the study of the mechanism
ofaccidents, the development of emergency processes
in space and time, the impact of the impressive factors
of the accident on the environment. The developed
methodology for the analysis of the toxic pollutions,
including waste with hexamethylenediamine,
is built on a hierarchical principle, consisting
of blocks of analysis of accidents, examination
of the consequences of accidents, a priori
and a posteriori risk assessment, as well as
the adoption of managerial decisions.
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np. [lepemorn, 37, Kuis, 03056, Ykpaina, aodi@ukr.net;

ORCID: 0000-0003-4632-3203

Irop €pemeen
JOKTOP TEXHIYHUX HayK,

npodecop kadeapu aBTOMATH30BAHOTO YIIPABIIHHS TEXHOJOTIYHUMH TPOIICCaMK

TaBpiiicbkuii HalioHabHUM YHIBepcuTeT iMeHi B. . Bepnancekoro, Byi. [Bana Kynpi, 33, Kuis, 04000, Ykpaina;

ORCID: 0000-0003-1968-0395

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)



EKONOriA

Exonoriuyanii MOHITOPUHT 30HM BILIMBY 3a0pYAHIOIOUNX PEUOBHMH CTIYHHX BOX HEPO3PUBHO IOB’SI3aHMH 31 CTAHOM
mapaMeTpiB aTMOC(HEPHOTO MOBITPS, 0 BU3HAYAE KiHIEBI XapaKTepPUCTUKH Tpomuecy. IIpu npoMy 11 B3aeMomis Mae
3HAYHHUH BIUIUB HA PO3BUTOK 1 (DYHKIIIOHYBAHHS, a TAKOXK HA JJOBTOBIUHICTh POCIMHHUX KOMIIOHEHTIB ekocucTeM. I1if-
BUIICHHS TOUYHOCTI Ta JOCTOBIPHOCTI PE3yIbTaTiB MOHITOPHHTY 00YMOBIEHO EKOHOMIYHUMU TPYHOIIAMHU YEPE3 BUCO-
Ky BapTicTh 00OnajHaHHS (CIOBIlyBauiB, KaHAIIB 3B 53Ky, IPUCTPOIB MYJIBTUIICKCYBAHHS, CHCTEM OE3MEKH TOIIO).
MeTo10 JOCHiXKEHHSA € ONTHUMi3allisd BUMIPIOBaJIbHOI MOHITOPUHIOBOI MEpEkKi TOKCHYHUX 3a0pPYAHIOIOUMX PEYOBUH
3 ypaxyBaHHSAM KiIBKOCTI Ta PO3TALIYBaHHS IeTEKTOPIB 3a0py/IHIOI0UNX pedoBUH. Halinpocrimmii po3pobnenuit MeTox
3aCHOBAHUIT Ha BpaxyBaHHI pajiiyCy 30HU HAIHHOTO BHSABICHHS, KU 3aJICKHUTH BiJl CHTHAJIBHOTO TIOPOTY BHSBICHHS,
SKHH Y CBOIO 4epry 3aJIeKHTh BiJl (POHOBOTO 3a0pYMHEHHS Ta HOTO KOJMBAaHb Y KOHTPOJIBHUX MICISAX, BIJCTaHI Bif
JDKEepeIo BUKH/IIB, 9ac OMPOMIHEHHS JeTeKTopa (200 yac 00poOKH aHami3y), piBEeHb JIili CHCTEMH KOHTPOJTIO, 3HAYCHHSI
3a0pyHEHHS, TOCATHEHHS SIKUX TIOBUHHO CIIPAIlbOBYBATH CUTHAI3AIIIO IS IEPEBUIIICHHS TPAHIYHO JOITYyCTUME 3Ha-
YeHHsI 3a0pyJHEHHS ), IIBUAKICTh TeUil.

CucteMHH# MiAXiJ 0 aHAN3y BaXKHX TEXHOTCHHUX aBapiil Ta iX €KOJNOTIYHMX HACIIJKIB CHPSMOBAaHWH Ha y3ro-
JUKCHHS Ta 1HTETpallil0 BUKOPUCTAHHS HAyKOBHMX JOCIIKEHb, ILTICHE BUCBITIICHHS SBUII, IO MPEACTaBISAIOTh 1HTEP-
ec, TOMMOICHHS BUBUCHHS MEXaHi3My aBapiif, PO3BUTOK aBapiifHUX MPOIECIB y MPOCTOPI Ta Yaci, BINTUBY BPaXKarouux
(akTopiB aBapii Ha HABKOJMIIHE cepenoBulie. Po3pobiena METo0MOr s aHai3y TOKCHYHUX 3a0py/AHEHb, Y TOMY YHCI
BIZIXO/IIB 3 TeKCaMeTHJICHIIaMiHOM, MOOY/I0BaHA 3a i€papXiuHUM MPUHLIUIIOM, IO CKIAJAEThes 3 ONOKIB aHaNizy aBapii,
eKCIEePTH3U HACIIIKIB aBapii, anpioOpHOi Ta alOCTEPIOPHOT OLIHKHI PU3KKY, & TAKOXK MPUMHATTS YIPABIIHCHKUX PillICHb.
Kuo4oBi cj10Ba: MOHITOPHHT, TeKCAMETHIICHAIAMIH, ICTEKTOPH 3a0pyIHIOIOUNX PEIOBHH, CHCTEMa KOHTPOITIO, 3aKOHO-
JIaBUO-aJIMIHICTpATHBHA ITIICHCTEMAa, EKOJIOTIUHA iH(OpMalliiiHa crucTeMa.

Cmamms naoinuna 09.02.2022
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VK 378.016-057.87 DOI: https://doi.org/10.32782/1995-0519.2022.1.10

3ABE3INEYEHHSA IHOOPMAIIMHOI BE3NEKH B YHIBEPCUTETAX
M1 YAC BINCBKOBOI'O CTAHY

Cepriii bauzniok
BHUKJIaJIad KapeIpy MaTeMaTHIHOTO MOJICTIOBAHHS

[IBH3 «MixHapogHuil €KOHOMIKO-TYMaHIiTApHUI yHiBepcuTeT iMeHi axajemika Cremana Jlem’sHuyKay,
By akajiemika Crenana Jlem’siHuyka, 4, PiBHe, Ykpaina, 33024,
ORCID: 0000-0002-4363-3524

Ouaer Onodpiiiuyk
KaHIUJIaT eKOHOMIYHHX HayK,
CTapUINii BUKIIaaa4 Kadeapn eKOHOMIKH Ta (hiHAHCIB

[IBH3 «MixHapoaHuii eKOHOMIKO-TYMaHITApHUE yHIBepcuTeT iMeHi akanemika Cremana Jlem’sHUyKay,
ByJ. akajemika Cremana Jlem’ssHuyka, 4, PiBHe, Ykpaina, 33024;
ORCID: 0000-0001-6495-2973

AKIIEHTOBaHO yBary Ha TPakKTyBaHHI MOHATTA «iH(opMalliiiHa Oe3neka». BH3HAYEHO MOTEHIIIHHI 3arpo3d MOXKIIH-
BOCTI MIBHAKOTO 06M1Hy 1H(1)opMaLue}0 3100yTTS HOBUX 3HAHB 32 JOIOMOTOI0 HOBHX lH(i)OpMaLIII/IHI/IX TEXHOIIOTIH, Po3-
BUTKY COLIaJbHHUX Ta 1HAWBIAyaIbHUX (GopM TBOpUOCTi. HaromomeHo, mo B yMoBax mpsiMOi BiiCEKOBOI arpecii 3 60Ky
Pociiicekoi @enepartii, akTHBHE TOMUPEHHS IEPKABOIO-aTPECOPOM z[e31H(bopMau11, BUKPUBJICHHS BiTOMOCTEH, a TaKOXK
BUIIPAB/IOBYBAHHS 200 3aIepeUCHHS 30poiinoi arpecii Pociiicekoi ®exneparii mpoTn YKpaiHH, BIPOBAIKEHO peani3aui}0
€IMHO1 lH(I)OpMaI_III/IHOI HOJITHKN. BHOerMneHo npo6neM1/1 iH(popManiitHoi 6e3MeKn B CyJaCHUX YKpaiHCHKHX yHmep-
CHUTETAaX: MPiOpUTE3allist OS3MEKH TS BiAMOBIIHOCTI HOPMATHBHAM BHMOTaM, iHEPIisl 3aBaKa€ ynlsepcheTaM ycmmHo
BHUPILIyBaTH MPOOJIEMH KOMII' I0TEpHOI Oe3MeKH, TPUXOBYBAHHS npo6neM 1H(bopMau11/1H01 Oe3mexu Bifg FpOMa):[CI)I(OCTl
I[eMOHCTpaIIlS[ KOMILIEKCHOT Or0poKpaTii peHTa6eJ‘ILHOCTl IHBECTHIIIH, BiICYTHICTH Y3TODKCHHX crpareriil. Binsnadeno,
IO JUIsl BUPIIICHHS mpo0ieMu Oe3eky, YHIBepcuTeTaM NOoTpiOHI Oe3medHi KoMyHiKamiiHi pinieHHs. Bka3zaHo Ha Bak-
nUBICTh 1H(pOpMaLiliHOT Oe3meKH B colialbHUX Mepexax — Instagram, Viber, Telegram. Buokpemneno ocHOBHI paBuiia
iH(hopMaliitHOi Oe3MeKH B COLIaJbHUX Mepekax. 3a3HAYEHO SK OAHY 3 KIFOYOBHUX 3arpo3 iH(popMamiiHoi Oe3rneku —
CTYICHTH HPOJOBXKYIOTh IUIHTHCS OONIKOBUMH JaHUMHU. AKICHTOBAHO yBary Ha HEOOXiTHOCTI 3armo0iraHHs OIHOYAC-
HOMY BXO[Y, [0 POOMTH KOPHCTYBAUiB BIIIOBIIaJIBHUMH 3a Oy/Ib-sIKi HE3aKOHHI Jiil, sIKi BOHM BKHMBarOTh. BkazaHo, 1110
BUKJIaJIa4i, CIIIBPOOITHUKY Ta CTYICHTH MatOTh OyTH MiAKIFOUEHI 0 MEpexi Mo-pisHOMY. Bifi3Ha4eHO, 110 KOMIT FOTepHE
3a0e3TeueHHs TIOBUHHO MOCTIMHO BIICTEXYE BCI MOJIIT BXOAY T4 CEAHCH, aBTOMATHYHO 3aCTOCOBYIOUH CIICialIbHI MOJTi-
THKH. 3a3Ha4€HO NPOOIeMy HaJaHHS JI03BOJTY CTY/ICHTaM 1 CITiBpOOITHMKAM BUKOPUCTOBYBATH CBOT BIIACHI PHCTPOI, 110
301IbIIy€e MaHCH HeOe3MeyHuX iHGOpMaiiHuX miil.

KurouoBi ciioBa: BilickkoBHil CTaH, BUIIA OCBiTa, IPONaraH/a, eJIeKTPOHHA MOIITa, KOJAyBaHHS, OCBITHIH POCTIp.

AKTYAJIBHICTb  ITPOBJIEMM  HOCIII- YHIBEPCUTETH 3 PO3BUHEHOIO iH(OPMAaLIHHOIO
JOKEHHS. JlectpyktuBHI Ta aecrtalimizyrodi iHQpaCTPYKTYypOIO 3[aTHI CTaTH KOHKYPEHTOCIPO-

iHQopMalliifiHl BIUIMBM 3arpoOXKyHOTh HacaMIie- MOXKHUM Cy0’€KTOM y CY4acHOMY MDKHApOITHOMY
pen Bpa3iMBHM €JEMEHTaM OCBITHBOI CHUCTEMHU. M00aIbHOMY OCBITHBOMY CepefoBHUIII. Y 3B’SI3KY
V Toii ke yac nisiecnpsMoBaHi Ta peryasipHi iHpop- 3 IIMM BaXXJINBUM ACIEKTOM JOCIHIJKCHHS pi3HOMa-
MaIiifHi aTak¥ dYacTO CTBOPIOIOTH CEPEIOBUIIE, HITHUX BHUMIipiB iH(opMamiifHOi Oe3neKn € BU3HA-

CHPUSTIUBE JUIs TOIJIMHAHHS, KOJIH Cy0’ €KTH YeHHsI piBHSA iHPOpMATH3AIlii OCBITHHOTO IIPOCTOPY
CTalOTh JI€30pPIEHTOBAaHMMHU Ta O€3MOpagHUMH  YKpPaiHCHhKHUX YHIBEPCHTETIB.

cnoxuBadamMu. CyCHUIBCTBO Ta KOXKEH TI'pOMajsi- AHAJII3 OCTAHHIX JOCIIKEHD
HUH SIKOI BC1 POKH HE3aJIe)KHOCTI nepedyBayn IijJ I IIYBJIIKALIA. He3axaroun Ha 3HAuHy Killb-
arpeCUBHUM BIUTHBOM PI3HOMAaHITHUX CyO’ €KTiB KiCTh HAyKOBHX IOCHiIKEHb, MPUCBIYCHUX TIPO-
iHpOpMALITHOTO MPOCTOpPY, SK BHYTPILIHBOTO, Onemaruiii 3a0esneueHHs iHPOPMAIITHOT Oe3neKH
Tak 1 30BHiHBOTO. J{n1s1 Ykpainu nuranus iHpop- B YKpaiHi, oOpaHa rmpodieMarrka € HOBOIO Ta OTpe-
ManiiiHoi Oe3neKku cTaso OCOOIMBO AKTyalbHUM Oye meranbHoro BuB4eHHS. [Ipu HamumcanHi ctarTi
y 3B’S3Ky 3 T BilfHOIO, sKy Beae Pocis B ocranHi OyaM BpaxoBaHI HANpAIlOBaHHS POy HAayKOBIIB:
poku. [HIIOIO BakIMBOIO MPUYMHOIO akTyamizamii ~ AnocoBa A. O., Bpxescekoi 3. M., Taiigyp I. 1.,
nuTaHHs iHdopMaliiiHoi Oe3meku € Te, 1o JIHIIe Hosxenko H. M., 3axapenko K. B., 3omorap O. O..
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Kampaum B. B., Kupuuoka P. B., Jlimuacekoi O. A.,
ITerpux B. M., XBopocr X. IO.

META JOCJIJDKEHHS - mpoanamizyBaTu
0co0nMBOCTI 3a0e3nedeHHst iHpopMaliitHOT Oe3neKn
B YHIBEPCUTETaX Mij 4ac BilICbKOBOTO CTaHy.

BUKIIAZL OCHOBHOI'O MATEPIAJLY. Karero-
pist iHbOopMaIIiitHOT O3MEKN PO3MISIIAETHCS K TaKa,
110 Ma€ TI00aNbHUI XapakTep, a ToMy noTpelye aHa-
Ji3y B cHcTeMi I00aIbHOTO iH(pOpMaliiHOrO Mpo-
cropy. Bu3HAuMBIIM OCHOBHI IepeBaru Ta PU3UKH
iaTeHcudikamii mepeadi Ta pyxy iHpopmariii B Komy-
HiKalifHOMY MPOCTOpi Ta B yMOBax iH(popMariiHO1
PEBOIIOLIT, BAPTO BiJI3BHAYUTH HEMOXIIUBICTH MTOBHO-
LIHHOTO BHUKOPHCTaHHS HOBUX IiepeBar B iH(opMma-
IHHOMY CYCITITECTBI 0e3 3a0e3MeUeHHsT HAICKHOTO
piBHs iH(OpMATTiiiHOT Oe3meku [6].

MOXJIMBOCTI  IIBHJIKOTO OOMiHY — iH(OpMa-
hi€ro, 3000yTTs] HOBHX 3HaHb 3a JOINOMOTOI HOBHX
iHhOpMAIITHUX TEXHOJIOTiH, PO3BUTKY COIlialb-
HUX Ta IHIUBIAyalbHUX (HOPM TBOPUYOCTI HA OCHOBI
ONEpyBaHHS BEIMKUMHU oOcsiramu  iHpopMmarii
MOXYTh HIBEJIIOBaTUCS 4Yepe3 HeHalieskHe abo 3710-
YMHHE BUKOPUCTAHHS HOBUX TEXHOJIOTIH Ul HaBi-
FOBaHHS, MaHIMTyTIOBaHHS Ta 1HGOpMAIiHOTO cabo-
Taxxy. OHUM 13 KITFOYOBUX 3aBJaHb Cy4acHOI HAyKH
€ TIOIIYK aJeKBaTHHUX IUIAXiB TI00AIEHOTO CTIHKOTO
OamaHCy MiX PO3BUTKOM iH(OPMAIiTHUX TEXHOJIO-
Tiff Ta BIOCKOHAJICHHSIM MEXaHi3MiB iH(OpMAaIiifHO1
oesneku. Came m100anbHICTh iHPOPMAIifHOT IUBI-
Ji3anii, uepes Ky JIIOU Ta CYCIiIbCTBO CTUKAIOTHCS
3 I0JaTKOBUMH BUKJIMKaMH Ta 3arpo3aMu iHpopma-
iHHIA Oe31elti, 3MiHIO€ CydJacHi HayKOBO-TIPAKTHIH1
migxonu o Hei [2].

BpaxoByioun OCHOBHI JECTPYKTHUBHI 30BHIIIHI
Ta BHYTpIlIHI iH(OpMAIliiiHI BIUIMBH SIK OCHOBHI
JUKepesa 3arocTpeHHs iHdopmarliitnol HeOe3meku,
BapTO BIAZHAYUTH iX 0coONMMBY roctpory. ChoromaHi
JieprKaBa 4M 3aKJiaj] BUIOI OCBITH HE B 3MO31 aJIeK-
BaTHO BIMOBICTH HAa BUKIUKH, SKi CTaBUTh TeEpe]
coboro mrobanpHuil iHGOpMaIiitHui TpocTip. Ase
SIKIIO TIPOBIJTHI JIEpXKaBH 3MOXKYTh 3aWHSITH aKTHBHY
MO3MILII0 B BOMY MPOCTOPi, TO Taki TpaHcpopma-
LifHI CYCHIILCTBAa B YMOBaX BilICBKOBOTO CTaHy, SIK
VYkpaiHa, aBTOMarTnyHO CTaHYTh 00 €KTaMHu iHQOP-
MaIliifHO1 arpecii.

B ymoBax BifiCBKOBOTO Hacy Ta 3 BpaxyBaHHSM
TOTO0, 0 OPMYIOTHCSI OCHOBU A€MOKPATUYHOI Jep-
KAaBHOCTI Ta TPOMAJSIHCHKOTO CYCIIJIBCTBA, MPOTHU-
CTOSATH 30BHINIHIM 1 BHYTPIMIHIM JSCTPYKTHUBHUM
iHpOpMaIifHAM BIJTMBaM MOKHA JIMIIE Ha OCHOBI
JOCBIly Ta PECYpCHO-TEXHOJOTIYHOI JIOTIOMOTH
OLITBII 3HAYYIINX CYO’ €KTIB CydacHOTo iHpopMaIriii-
HOTO TIpocTopy [4].

YpaxoByro4uu TpsSMy BIHCBKOBY arpecito 3 OOKy
Pociiicbkoi Denepariii, akTUBHE MOIIMPEHHS Jep-
JKaBOIO-arpecopoM  Je3iHpopmMalii, BUKPHUBICHHS
BIZIOMOCTEH, a TAKOK BUIPABIOBYBaHHs a00 3anepe-
geHHs 30poiHoi arpecii Pociiicbkoi Demepartii mpotu
YKpainu, 3 METOI0 JJOHECEHHS IpaBId PO BilHY,
3a0e3MeYeHHs] €AMHOI iH(QOpMAIiifHOI TOMITHKA
B 1iepiozn aii B YKkpaiHi npaBoBOTO PEeXUMY BOEHHOTO
CTaHy, YCTAHOBIICHO, 110 B YMOBaX BOEHHOTO CTaHy
peautizaitisi €TUHOT iHPOPMAIIIHOT ONITHKH € TIPio-
PUTETHUM TTUTAHHSM Hall[lOHAIBHOT Oe3mek [S].

MoxHa BHOKPEeMHUTH Pl TpoOiem iH]Op-
MariifHol 0e3nekrh B CYy4YacHUX  YKPATHCHKHX
yHiBepcuTeTax [7]:

1. [puopwuresartist Oe3reKky JIsl BiAMOBIIHOCTI
HOPMAaTHBHUM BUMOTaM. YHIBEPCUTETH — LI€ CKJIaIHi
oprasizarlii, MoIiJIeHi Ha KiJIbKa KOpIIoparlii, KokHa
31 CBOIMM BJIIACHUMH BHMOTaMH 3aKOHOJABCTBA
Ta npobdiaeMamu 0e3MeKkn. YHIBEpCUTET 30008’ 13aHU I
3aXUIIATH TaKi JaHi, K OI[IHKHU, Pe3yJIbTaTH TECTIB
Ta iH(pOpMAaIIiFO PO CTaH 310POB’sl.

2. lmepmis 3aBakae yHIBepCHTETaM YCITIIITHO
BUpIIIyBaTH MpOOJIEeMH KOMIT IOTEpHOi  Oe3MeKu.
OnuH 13 mapaJloKciB yCBIOMIICHHS KiOepOe3reku
TMOJIATAE B TOMY, 10 3HAHHS HE 000B’SI3KOBO MEPETRO-
pIOIOTBCS Ha [ii. bararo yHIBepCHTETIB yCBiIOMITIO-
I0Th TIPOOJIeMH O€3NEKH, 3 SKUMH BOHH CTHUKAIOTHCS,
1 HACJTIJIKK TIOPYIIICHb, aJIe BiJIKIIaat0Th 1€, OCKLILKU
npoOneMu 31ar0Thcd He3oNaHHuMHU. KapanHanbHa
riepeOymoBa KibepOesneku He € MBUAKUM abo Hemlo-
POTHM TIpOIIECcoM, i 3 ycimMa rmpobieMamMu yrpaBliHHS
YHIBEPCUTETOM MOXKE JICTKO T JIaTHCS THEPIIil.

Tparenist nporo mojsirae B TOMY, IO OUIBIIICTh
YHIBEPCUTETIB MOXKYTh JIETKO ITOKPAITUTH Kibepoes-
MEeKy 3a JIOTIOMOTOIO ITOCTYIIOBOTO MiAXOMy. 3MiHU
3 HU3BKMMH IHBECTHI[ISIMH, SK-OT 3alpOBaKCHHS
0e3MeYHOro PIlleHHsI eJEKTPOHHOI MOIITH, J103BO-
JSIFOTh  YHIBEPCHUTETAM Maike MHTTEBO 3HH3HTH
PU3HKH 3 Jy’Ke HE3HAUHUMH 3MIHAMH Ta HEBEIHKOO
KUTBKICTIO HaBUaHHS. L[i OCHOBHI 3MiHU TaKOX JTyXKe
nerko maciradysatu. [Ipocre 3anpoBaanBIM mug-
pPYBaHHS €JICKTPOHHOI MOMITH JO3BOJHUThH YHIBEp-
CUTETY pPO3IIOYaTH BHPINIYyBATH MPOOIEMHU OC3ITeKH
oprasizaiiii B 1ijIOMy.

3. IlpuxoByBaHHs npoOneM iHdopmaiiinoi Oe3-
neku Bifg TpomajachkocTi. Cepilo3He NOPYIICHHS
MOXKe TIPH3BECTH 1O JOpOTux ImTpadiB, IUIAHIB
BHIIPABIIEHHS Ta CYIOBHX I030BiB. Y pasi cep-
HO3HOTO TOPYIIECHHS YHIBEPCUTET MOXKE BUTpU-
MaTH MicsIli a00 HaBiTh POKH HETaTUBHUX BiJTYKiB
y 3MI [7].

VHIBEpCUTETH YacTO MalTh CIOKYCY 3aKpPHUTH
CBOi mpoOnemMu Oe3neku Bix rpomajchkocti. OqHaK
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e paKTHYHO POOUTH NOPYIIEHHS 111e O1IBILOIO KO-
JIOF0 JUTSL pemyTarii 3akiamy. SIKImo € MOXKIHBICTH
MIPOZIEMOHCTPYBATH, IO YHIBEPCHTET BKHBAE BCI
MOJKJIMBI 3aXO0JIU JUISI 3aXKMCTY CTY/CHTIB, BUKJIa 1auiB
1 CIiBpOOITHHKIB, TPOMAJICBKICTh 3BUHYBAaTHME Mpa-
IBHUKIB, K CIIPUYUHUINA TTOPYIICHHS.

4. JlemoHcTparliss  KOMIDIEKCHOI  OrOpoKpartii
peHTa0eIbHOCTI 1HBECTULI. Y Mipy TOTO, SIK yHi-
BEPCUTETHU CTAIOTh BCe Oijiblle CXOKMMH Ha Oi3Hec,
BOHHM CTHKAaIOThCSI 3 BCE OUTBIIUMH TPOOIEeMaMH
Oe3mekw, K1 BIacThBi Oi3HEeC-cTpykTypam. OpraHi-
3allii, sIK IPaBUIIO, iITHOPYIOTh 200 HETOPIHAHCYIOTH
iniriatuBu 3 1T-0e3meku, OCKUIBKH ICTOPHYHO OYII0
BaXKO TIOBECTH KOHKPETHY, BUMIpDHY peHTaOeb-
HicTh iHBecTHHid. [Ipm mbOMy HEMOXKJIMBO TOYHO
JU3HATHCS, KOJIU 3JIOBMUCHUI Xakep a0o iHcaiinep-
ChKa 3arpo3a 3alIKoJsTh iHhopMaLiiHuM 6azam, 4u
CKIJIbKY IIIKOJI BOHU 3aBIayTh.

BapTo Big3HaunTH TO3WTHBHY TEHIESHINIO 3pOC-
TaHHS KUTBKOCTI JOCHIKEHB, SKi JEMOHCTPYIOTH
pEeHTa0eIbHICTh 1HBECTUIIM BiJ BHpIMIEHHS MPOO-
niem Oe3reku yHiBepcuTety [7].

5. BincytHicTh y3romkeHux crpareriii. B yHiBep-
CUTETI KOXXeH Ma€ BIACHY IyMKY. Sk i B Oyab-sKiit
oprasisailii, KEpiBHUIITBO Ma€ CBOI BJIACHI MMOTJISIIN
Ha pedi, SKi MOXYyTh He Biamosimaru I[T-Oesmeri.
MoxyTh oOuparu Oe3neyHi pileHHs A eIeKTPO-
HHOI TIOIITH, SKI HE BIANOBITAIOTH MOTpedaM KiH-
LEBUX KOPUCTYBayiB, a0o, 3 iHIIOro 00Ky, oouparu
3py4Hi JOAAaTKUA 3 HENOJIIKaMu OE3IeKH, SKi BOHH
HE po3yMitoTh. Pi3HI (axymbTeTH TakoX MOXKYTb
MaTH Pi3HI MMPIOPUTETH Ta HATIOJIETIIMBO HAMaraTHCs
BUOparyu Oe3reyHi KOMYHIKaI[iifHI pillleHHSI.

[Ipobnema B TOMY, 1110 HabaraTo Ba)xye MPOTHUCTO-
STH TIpoOsieMaM Oe3reku 0e3 y3ropKeHOi cTparerii
B MacmTadi BCi€l opranizailii — 0COOIMBO I KOMY-
HIKAI[IfHUX pillleHb, TaKUX K Oe3neyHa eiIeKTpo-
HHA roira ta 0asa maHux. Bimminy moBHHHI MaTH
MOJKJIMBICTH O€3IE€YHO CITUTKYBATUCS OJMH 3 OIHHM,
a TakOX 3 IHIIMMM 3alliKaBIEHUMU CTOPOHAMH —
TaKUMU SIK CTYICHTH, OaThbKU Ta MIAPSJTHUKA — M0
BOHH HE MOXYTb 3pOOHTH, SKIIO KOKECH Ma€ 1HIINH
0e3MeuHuil IHCTPYMEHT €JIEKTPOHHO]T MOIITH.

Kpim Toro, 6arato pimeHp Oe3neKku HeaoCTar-
HBO 3pY4YHI IS TIOBCSKIACHHOTO CITUIKYBaHHS.
Sxio criBpoOITHUK (DiIHAHCOBOTO B1JIJIITy TOBUHEH
3B’sI3aTUCS 31 CTYIEGHTOM 3 HHUTaHb OQOPMIICHHS
HEOOXITHMX JOKYMEHTIB UM IPOBEJCHHS OIUIaTH
3a HaBYAHHS, TO B OUTBIIOCTI BUIAAKIB Oyme Hami-
cllaHO He3alu(pPOBaHUI ENEKTPOHHUM JTUCT, PU3H-
KyIOuH 0€3MEeKOI0.

[[{o6 BupinryBaru mpobiaemu Oe3neKH, YHIBEpPCH-
TeTaM TOTPiOHI Oe3MevyHi KOMYHIKAIliiHI pillIeHHs,

K1 € JJeTKUMHU, 3pYYHUMH Ta 3JaTHUMU BCTaHOBIIIO-
BaTH KOMYHIKAIIHI 3B’SI3KHU 3 yciMa 3al[iKaBJICHUMU
CTOpPOHAaMH — HaBiTh 3 TUMH, XTO HE XOUe€ BCTAHOB-
JroBaTu nporpamy [1].

Indopmartitina Oe3meka B COIMiaTbHUX MeEpe-
skax — Instagram, Viber, Telegram akTuBHO 00roBO-
PIOETHCS HA TPEHIHTaX, SIKi OPraHi3yIoTh BUKIa1aui
YHIBEPCUTETIB [UIsl CBOIX KOJIET Ta CTyaeHTiB. Ilpu
[IbOMY TOJIOBHHAW aKIEHT 3AIMCHIOEThCS Ha 3a0e3-
rnevyeHHl KOH(IACHIIHHOCTI Ta Oe3MeKkn IXHIX CTO-
PIHOK y colLliaJbHUX Mepekax. AKIICHTOBAHO yBary
Ha Mecenkepax Viber, Telegram, siki ctanu nomy-
JMSPHUMH JUTsL PO3TOPTaHHS pociiickkoi iH(opma-
iifHOT TIpOTTaranIn.

VY 1bOMY KOHTEKCTI HEOOXiJHO 3BEpHYTH YBary
YYaCHHMKIB OHJIAHH-TPEHIHI'Y Ha OCHOBHI NpaBHJia
iH(opMarliitHoT Oe3reku B collialbHUX Mepexax [3]:

— HaJaITyBaTH KOHQIIEHITIHHICT;

— NUIMTHCS  KOH(IACHLIHHOK  iH(pOpMaIIi€ro
JIMILIE 3 TAMH, KOMY JIOBipsi€Te;

— BHMKOPHCTOBYBATH «3HUKAIOU1 TOB1IOMIICHHS;

—  HIKOMY HE HaJaBaTH SMS-komu
I ATBEPIKCHHS,

— mepeniigatd  ICTOPIF0 dYaTiB 1  YIGHCTBO
B IpyIax;

— CKap)KUTHCS Ha KOHTAKTH, SKi 3Iaf0ThCs
axpaiCbKUMHU.

HocsirHeHHst OanaHcy MiX BIAKpUTOIO, alie 0e3-
MEYHOI0 MEPEXKEI0 3aJHUIIAETHCS MPOOIEMOI0 s
Bcix IT-BimmimiB yniBepcureriB. Lli ycxiagHeHHS
MIPU3BEIH JI0 JICIKUX BPaXKalOUnX MMOPYIICHb JaHUX.
Haiikpamuii crioci® ajst yHIBEpCHTETIB BIIOpATUCS
3 TAKUMH MEPEKEBUMH MOPYLICHHSIMH — L€ 3arpo-
BaAUTH JA00pe NPOAyMaHy CHUCTEMY KOHTPOJIIO
JOCTYITY IO MEPEKi Ta YIIPaBIiHHS i1eHTHDIKAITIETO.

HesBakaroun Ha OCBITY Ta IMiJBHIICHY OOi3HA-
HICTb, CTYJICHTH MPOIOBXKYIOTh AITMUTUCS OOJIKO-
BUMH JIaHHMH, OCKUIBKH 1€ HE BIUIMBA€ Ha IXHIil
BJIACHUH 1OCTym 10 Mepexi. Cepio3Hi HETONKH
Oe3rekrn MOKHA 3yNMUHUTH, 3aro0iralodn oxHovac-
HUM 3aHATTSAM 1 0OMEXYIOUH CTYACHTIB JIHIIEC OAHUM
MOKJTMBHM ITiJIKITFOUYEHHSAM 10 Windows y KoXKHOMY
oKkpeMoMy BuUMaiky. lle 3ynuHs€e HecaHKIIOHOBa-
HUX KOPHUCTYBauiB O€3MEpPEeIKoHO BHUKOPHUCTOBY-
BaTH AIACHI OOJIIKOBI JaHl OJXHOYACHO 3 3aKOHHHUM
BJIACHUKOM [2].

3armobiraHHs 0JJHOYaCHOMY BXOIly TaKOXX pOOUTH
3aKOHHHMX KOPHCTYBaYiB BiAMOBIJAIbHUMU 32 OyIb-
SIK1 HE3aKOHHI [Iii, SIKi BOHH BKUBAIOTh — YU TO CTY-
JEHTChKI BUTIBKM, 4M OUTBII CEpHO3HI iHCaiinep-
ceki araku. lle 3a0esmedye mocTym 10 KPUTHYHHX
aKTUBIB YCTaHOB, SIKi NPHUIHCYIOThCA OHIN 0co0i,
YHHUKAIOUW CHUTYallill, 1[0 CTOCYIOTBCS IMiA3BITHOCTI
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Ta HeBiIMOBHOCTI. [lomiTHkH Ta mporenypu MOKHA
Oyle TOCHIIOBHO 3aCTOCOBYBaTd [UIsl YCYHEHHS
MOpYIIEHb, AKi TIHCHO MAOTh MiCIIe.

Buknanaui, criiBpoOITHUKHM Ta CTYIEHTH MarOTh
OyTH i IKITI0YEHI A0 MEPEKi O-piZHOMY, 11100 piBEHb
JOCTYTY BiATIOBiZaB pOJIi KOXKHOI JIFOMWHU B aKaje-
MiuHIA ycTaHoBi. KpiM Toro, mpuiKmpki BUKIamadi,
BUKJIaJa4l Ta CTYICHTH MaroTh OyTH 3abesreucHi
OKpeMo, 00 rapaHTyBaTH, IO iX A0CTyN Oyae npu-
MMMHEHO Ticis ixHboro Bix’i3my. KoHTponmbs BXOMY
KOPHUCTYBadiB BiITOBITHO 10 KOPUCTYBAdiB, TPYI
KOpUCTYyBauiB ab0 OpraHizamiiHUX MigpO3/ALIiB
€ TIEpUIOIO JIiHIEI0 3axuCcTy A Mepexi Windows,
i mpaBa BXOAy MOBHHHI (I MOXYTh) HaJIaBaTHCS
3aJIeKHO BiIl pojIi KOpUCTyBada B opraHizarii. Taki
O0OMEKEHHS TAKOXK MalOTh BPaXOBYBaTH 1HIII KpHUTE-
pii, Taki sik poOoya craHilis a00 MPUCTpPii (BKIHOUA-
04X TIEPCOHANBHI MPUCTPOI), Yac, TOAUHU POOOTH
Ta THI ceaHcy (Bkirodatoun Wi-Fi ta VPN).

Hanpuknaa, cTymeHT, SKWid 3yMiB OTpUMAaru
OOJIIKOBI /1aH]1 BHKJIa/a4a, 3MOXKE OTPUMATH JOCTYII
no koHbigeHHiHOT iH(popMarlii (ex3aMeHarliiHi
3aMuTaHHs, pe3ybTaTH TOIIO0) 3 Oynb-sSK0i poOovOi
craHmii B Mmepexi. Oxnak € cnemianizoBani [T cep-
Bicu (manpukian, UserLock), siki 3ynmuHHTB 3710-
BXKHBAaHHS OOJIKOBUM 3alliCOM, JO3BOJIHBIIU aMi-
HICTpaTOpy BW3HAUaTH U KOXKHOTO KOPHCTyBada
Ta TPYyMy KOPUCTYBadiB poOOdYi CTaHIlii, SKi BOHH
MOXYTh 200 HE MOXXYTh BHKOPHUCTOBYBAaTH. Takum
YHHOM, CTYIACHT HE 3MOXKE YBIWTH 3a JOIOMOTOIO
00JIIKOBUX JaHUX BHKJIaJaya 3 KIMHATH, 001da HaHOT
poOOYMMH CTAHITISIMH 3 BITBHUM JA0CTyTIOM [7].

TakuM ke YMHOM MOXKHa OOMEXHUTH JOCTYH JIO
aJMiHICTpaTUBHUX poOouux Micb (Oyxrantepii,
(biHaHCIB TOIIO) i3 BU3HAYEHUX POOOYMX Micllb ab0
3a37aJieTigh BU3HAYEHOTO HAOOpY POOOYMX MICITh
(Hanpukian, y Bigan Oyxranrepii, KOHKpPETHOI
Oy/iBJIi TOIIO).

UserLock no3Bonse BOpoBaKyBaTH Ta CyBOPO
3aCTOCOBYBATH TOJIITUKY KOHTPOJIIO TOCTYITYy KOPHC-
TYBadiB 3a IOTIOMOTOI0 BXOY KOPUCTYBadiB. € MOX-
JIUBICTh KOHTPOJIFOBATH, KOJIH, JI€ 1 SIK JOBIO KOpPHC-
TyBadi MalOTh JOCTYII 0 PECYPCiB.

Komrr’toTepHe 3a0e31e4eHHs TOBUHHO TTOCTIHHO
BIJICTEXKY€E BCI MOl BXOMY Ta CCAaHCH, aBTOMaTHIHO
3aCTOCOBYIOUM CIICIiaIbHI TOJIITUKU JUJIS 3aro0i-
ranHs abo 3a00pOHHM BXOMY, OCTYIY JIO POOOYOi
CTaHIIi{ Ta Yacy BUKOPUCTAHHS / i IKITFOYCHHS.

VY pasi BUABIECHHS HEHOPMAILHOT a00 ImiIo3piiaol
MOBEJIIHKA Ha poOO0Uid CTaHIl JO3BOJIUTH aMiHi-
CTpaTopy BiJJajeHO BIAKIIOUUTH KOpPHCTyBaya abo
3a0JIOKyBaTH CEaHC i3 IEHTPaIbHOI KOHCOMI abo
OyIb-SKOTO KOMIT FOTepa B MEPEIKi.

Jlo3Boysitoun  CTymeHTaM 1 CIiBPOOITHHKAM
BUKOPHCTOBYBATH CBOI BIIACHI MPUCTPOI — 1, OTKE,
HEHaJIiiiHI MPUCTPOT — JAOCTYI JI0 PecypciB opra-
Hizanii nmepeOyBae B 30HI HeOe3meku. OCKUIbKH
UserLock 3axumiae mocTym Ao Mepexi IO BCiX
THIIIB ceaHciB, Bkaodaroun Wi-Fi, 1e m03Bo-
Jisie OopraHi3allii KOHTPOJIFOBATH CBOi 0€31pOTOBI
Mepexi Ta 3a0e3neuye 6e3neKy IIsl BAKOPUCTaHHS
BJIACHUX MPUCTPOIB [9].

BeO-inTepdeiic 103BoJIsIE AeNeryBaTi  ajJMiHi-
cTparuBHi TpaBa He-lIT-MeHEKMEHTY (HalpuK-
JaJi, BUKJIagadaM, KepiBHUKAM TOMIO) JUIS HiATPYTH
pobounx craHmiid (HAMpPUKIAA, CHCTEM y KIMHATI,
roBepci, OyiBIIi), 10 AO3BOJISE 3/1IHCHIOBATH HATIIST
Ta KepyBaHHsI (HANPUKJIAJ, 3aKpUTH ab0 PO30II0KY-
BaTH CeaHc Ha POOOYMX CTAHIIISIX).

[Ipomonytoun 1eii piBeHb aIMiHICTpyBaHHS, IIPO-
rpaMa Hajmae oOMeXeHi mpaBa Hamsmaqa s He-1T-
nepcoHaly, sSIKUH Kepye KOpHUCTyBadaMu, HE Haja-
104d iM JOCTymy 0 OUIBII BaXKIIMBUX HAJIAIITyBaHb
IPOrpaMHOTro 3a0e3leueHHs], 3ape3epPBOBAHUX IS
IT-amMinicTpaTOpiB.

Cucrema CIIOBIIIEHbP MOXE IJOIMOMOITH HaIaTh
YiTKe Ta TMOCIiJOBHE MOBIIOMJICHHS MPO MOJITHKY
oesnexu IT. YiTke TNOBiIOMIICHHS TPO FOPUIUYHI
HACJIAKA OTIOMarae 3MEHIITUTH HMOBIPHICTH TOTO,
0 CTYJICHTH HEHABMHUCHO BYHMHSATH 3JIOYMH a00
HAKUHYThCS Ha YSIBHY HECIIPABEIIHBICTh.

3a IOMOMOroI Takoro HporpaMHoOro 3abdesmne-
YeHHsS NesKl 3 TOTCHIIWHWX CIIeHapiiB, sIKi Terep
MOXKHA 3ar00IrTH, BKITFOYAOTh:

— CIOpaBXHi, aje CKOMIIPOMETOBaHi JIOTiHU
BiJl EKCIUIyaTOBaHMX KOPHCTYBadiB Temep MapHi
JUIS  3JIOBMHCHHX 1HCaiffiepiB a00 TOTEHIIHHUX
3JI0BMHCHHKIB;

— € MOXJIMBICTh 3aro0irTd HeoOepexKHil moBe-
JiHII KOPUCTYBAaiB, SIK-OT OOMIH apoOJIsSIMH, CIUIBHI
poOoui craHIii, 3amulIeHi po30JOKOBaHMMHU abo
BXiJl Ha KiJTbKa KOMIT FOTE€PiB OTHOYACHO;

— JIOCTYII JI0 Oy[b-SIKUX TAHUX / PecypcCiB Tenep
3aBKIM MOXKHA 1IeHTH(IKyBaTH Ta MPUITUCYBaTH
OKpeMOoMy KopHucTyBaueBi. Ll mia3BiTHICTH Bi/UIsA-
Kye€ iHCaiepiB Bia 3JOBMHCHHX Iiif i pOOHUTH yCix
KOPHCTYBauiB O11bII 00EPEKHUMH Y CBOTX JIifIX;

— Mifo3pijia aKTHBHICTh IO3HAYAETHCS Ipa-
nmopueM i jgae [T-Bigminam MOXKIMBICTH MHTTEBO
Bizmpearysaru [8].

KopucTyBaui MOXXyTh OTpUMYBaTH CIIOBIIIEHHS
3a JIOTIOMOIOI0 CIEI[iaJIbHO PO3POOJICHHUX TOBIJIO-
MJICHB 1 CHOBIIIECHb, BKIIOYAIOYH CIIOBIILIECHHS MPO
iXHI BmacHWW pAoBipeHWH noctymn. IHopmoBaHi
CIIBpOOITHUKY — II€ IIE OJHA JIHISA 3aXUCTy y 0e3-
el MepexX yHIBEePCUTETY.
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BUCHOBKMU. OcBiTHE cepeaoBHIe YacTo
Baxue 3abe3neunTH iH(oOpMaIiiiHy Oe3mnexy, Hix
y 3BHYAHUX KOMMaHisX 4 opraHizamisx. Tpamau-
IiifHa KyJIBTypa OCBITH CHpPHSE BUTLHOMY OOMiHY
iIesIMA Ta MUTTEBOMY JOCTYITy IO iH(MopMaIIii, mo
CTIpUsiE aKaJeMiYHil Micil Ta HijsiM Oy/b-SIKOTO YHi-
BepcuteTy. [T-KOMaH 1 MOBUHHI 3HAWTH BiJIIMOBIJI-
HUH croci0 30anaHcyBaTH 1i 3HAYSHHS JOCTYILY, SIKi
BHM3HAYaIOTh OCBITY, OJIHOYACHO 3aXHUIIAKYH JaHi
Ta iH(opmauiiiHi cucTeMmu.
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Emphasis is placed on the interpretation of the concept of “information security”. Potential threats to the possibility
of rapid exchange of information, acquisition of new knowledge through new information technologies, development
of social and individual forms of creativity have been identified. It was emphasized that in the conditions of direct
military aggression by the Russian Federation, active dissemination of disinformation by the aggressor state, distortion
of information, as well as justification or denial of armed aggression of the Russian Federation against Ukraine,
the unified information policy was implemented. The problems of information security in modern Ukrainian universities
are highlighted. Among them are priority of security for compliance with regulatory requirements; inertia prevents
universities from successfully solving computer security problems; hiding information security problems from
the public; demonstration of complex bureaucracy of return on investment; and lack of agreed strategies. It is noted
that to solve the problem of security, universities need secure communication solutions. The importance of information
security in social networks — Instagram, Viber, Telegram, is emphasized. The basic rules of information security in
social networks are highlighted. It is mentioned as one of the key threats to information security, that students continue
to share credentials. Emphasis is placed on the need to prevent simultaneous sign-in, which makes users responsible for
any illegal actions they take. It is stated that teachers, staff and students should be connected to the network in different
ways. It is noted that computer software must constantly monitor all logon events and sessions, automatically applying
special policies. The problem of allowing students and staff to use their own devices is mentioned as the one, which
increases the chances of dangerous information actions.
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EdexTuBHe ympaBniHHA MPOEKTAMU MOXKIHMBO JIMIIE 32 JOMOMOTOI BiIMOBIZHUX iHGOPMAIiHUX TEXHONOTiH
MIATPUMKH MPUAHATTA pilieHb. BaXJIMBUM aclieKTOM CTBOPEHHSA TAaKUX TEXHOJOTiH € BuOip Mopeni, 3a J0MOMO-
rO10 AKOi MOYKHA BUPILIYBAaTH OJpa3y JAEKiJbKa 3a7ay, a caMe — Y3TOMKEHHS OLIIHOK CTaHy MPOEKTY, MOJEIIOBAHHS
BILUTUBY MEBHHUX (DAKTOPIB 3 METOIO MPOTHO3YBAHHS, MONIYK ONTHMATBHUX YIIPABIIHCHKUX PIMICHb SK CYKYIMHOCTI
BIUTMBOBHX (DakTOpiB. YCiM IIMM BUMOTaM BiJIIOBIIa€ HEYiTKA KOTHITHBHA KapTa. AJie e(beKTI/IBHe 3aCTOCYBAHHS i€t
MOJIeNi MOXIIHBO Y TOMY BHITAJIKY, SIKIIO 6y/:[e BlemeHO TaK{ TPOOTIEeMH, SIK 3a0€3MeUeHHS CTIHKOCTI pe3ynLTaTlB
PO3paxyHKy IpH OyIb SKOMY 3MiCTi ManI/ILII 3B’S3KiB, a TAKOXX MPUOMPAHHS IIYMOBHX B3a€MHUX BIUTHBIB (haKTOpiB
0e3 (arampHOTO MOPYIIEHHS 0i3HEC-TOTIKN MPOEKTY. MeToto poboTu € 06prHTyBaHHH 3aCTOCYBAaHHS HEYITKHUX KOT-
HITUBHHX KapT IIPU CTBOPEHHI 1H¢)opMaumH01 TEXHOJIOT1] KepyBaHHS OpTraHi3aliiHUMHU NPOoIecaMy Y MyHIIUab-
Hill cdepi B yMOBaX HEBU3HAYCHOCTI Ta PU3HUKY.

CdopmyaboBaHO BUMOTH 10 iHCTPYMEHTAIBHOTO 3ac00y, a came: IHCTpyMEHTalIbHa CHCTeMa MOBUHHA MaTH 3aCO0H
CIIUTBHOI JIOTiYHOT Ta (DYHKI[IOHAIBHOT 00pOOKH, IO A03BOJISE BUPIIIYBATH SIK JOTIUHI, TaK 1 PO3PaXyHKOBI 3a/adi; cuc-
TeMa TIOBUHHA BPaXOByBaTU Oararo-ajbTepHATHBHICTh BUPILICHHS 3aBIaHb Ta 3aJIKHO BiJ BUMOT BHOMpaTu abo paii-
OHANIbHUIA BapiaHT BUpIlIEHHS, a00 cuM0103 Pi3HUX BapiaHTIB 3 METOIO MiJBHUIIEHHS PiBHS JOCTOBIPHOCTI pe3yJIbTaTiB;
IHCTpYMEHTallbHa cucTeMa Ma€e OyTH MPUIATHOIO Ha BUPILIEHHS AK NPIMUX, 1 3BOPOTHHUX 3aBIaHb.

CrBOpeHO (popMaIbHy HOCTAHOBKY 3aTrallbHOTO KJIAaCy 3a/1ad, IO TIOB’s3aHi 3 pO3pOOKOI0 iHCTPYMEHTAIEHOTO 32aC00y
MATPUMKH TPUHHSTTS PIICHb Y TPOIIECi YIIPABIIHHS MPOEKTAMH.

dopmaizoBaHo 3aa4y GOpPMYBaHHS KJIaciB CTaHIB KEPOBAHOI CUCTEMH, SIKa TOCTABJICHA SIK 3aJa4a Kiacu(ikaii
Ha 3BaXEHIN cTpyKTypi — rpadi, sSIKWH CIyrye JUId MOAAHHS TaHUX 1 3HaHb MPO 00’ekT. TMM caMUM OOIPYHTOBAHO
3aCTOCYBaHHS HEYITKUX KOTHITHBHHUX KapT JUI MOHITOPHHTY, IPOTHO3YBAHHS Ta ONTHMIi3alii yIpaBIiHCHKHX PillleHb
IPH KepyBaHHI MPOEKTAMH.

Bce 1e cnpusie BUKOHAHHIO OCHOBHOTO 3aBAAaHHS — po3poOui iHpopmaniiiHol TexHomorii MATPUMKH NPHi-
HATTS pillIeHb B OpPTaHI3alliifHUX Mpollecax YNpaBiIsSHHS MPOEKTaMU Ta MporpaMaMH y MYHIIMNATbHUX OpTaHax
Ta MiJIPUEMCTBAX.

KurouoBi ciioBa: MyHinumnaneHa cepa, NPOEKTH, MPUHHSTTS pillieHb, HEYITKa KOTHITHBHA KapTa, IPOOJIEMHU 3aCTOCYBaH-
Hs1, (popMaizariis 3a1a4.

AKTVYAJIBHICTb POBOTH. Po3pobka Ta pea- OpHak mparmMatuyHa MeTa BUALICHHS Oe3miui Bapi-
Ji3alis NPOEKTIB y MyHIIMNANbHIN cdepi OB s3aHa  aHTIB BHUPILICHHs 3ajadi Mojsirac y BUOOpI ONTH-
3 pi3HOMaHITHUMH PU3WKaMH MO0 CTPOKIB, 00CH- MaJBHOTO BapiaHTy pillleHHS, SAKid 3aJ0BOJBHSE
riB (iHAHCYBaHHS Ta SKOCTI BUKOHAHHs. 3 1HIIOTO BUMOTaM oco0wu, 1mo npuitmae pimensas (OI1P). Lle
0OKy, KO)KEH eTall MPOEKTY MOKe OyTH BHUKOHAHHM TIOSICHEOETBCS TUM, IO KiHIIEBUH pe3yNbTaT HE 3aJe-

pi3HUMH crioco0aMu, 3 Pi3HUMM BUTpaTamH i, Bia- JKUTB TPSMO Bijl BapiaHTy pillICHHS.

MOBiAHO, BTparamMu. OTXxe, BUPIMICHHS OyIb-sIKUX [losiBy pu3HMKy HEOOXiHO pO3MISIIATH pPa3oM
VIPaBIIIHCHKUX 33aBIaHb MOXKE MaTH Oararo-ajibTep- 3 TIpOoOJIEMOI0 HEBH3HAYEHOCTI (HETOYHOCTI, HEIO-
HATUBHUM XapakTep, IO TOJISATa€ B HASIBHOCTI JISSIKOT  CTOBIPHOCTi, HEHAAIWHOCTI) 3HaHb IPO YMOBH
MHOXKMHHU LUISIXIB JOCSTHEHHS LIJIBOBOI CHTYaLii. Ta MPOLECH, sKi BinOyBalOThCcA B 00’ €KTI Ta 30BHIIL-
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HBOMY CEpelOBHII, 3 IMOBIPHICHUM XapaKTepoM
BUHHKHEHHsT HeOakanmx moxiit [1]. [lix HeBm3Ha-
YEHICTIO Jalli PO3YMIETHCS CTaH HEOJHO3HAYHOCTI
PO3BHUTKY TONid B MailOyTHbOMY, CTaH HE3HAHHS
1 HEMOXKJIMBOCTI TOYHOTO TependaueHHsT OCHOBHUX
BEJIMYWH 1 TIOKa3HUKIB PO3BUTKY JIESKOTO MPOECKTY.
HeBusnadeHicte mepenbdadae HasIBHICTH (DakTOpiB,
MPU SIKUX PE3YNbTaTH A HE € JIeTepMiHOBAaHHMH,
a CTYMiHb MOXIJIMBOIO BIUIMBY LUX (akTopiB Ha
pesyibraTi HeBigoma. B ymoBax Takoi HEeBH3Haue-
HOCTI 3arlikaBjieHi ocoOu 3000B’s3aHI KOHTPOJIIO-
BaTH CUTYAII}0 Ta MPOTHO3YBATH PH3HMKH B MPOIECi
peatizamii mpoexTy.

IHCTpyMEHTOM, SIKMI JTO3BOJISE OIIHIOBATH OYi-
KyBaHI PU3WKH B yMOBaX HEBHU3HAYCHOCTI, 3a3BHU-
Yaif € MaTeMaTWYHUH anapar Teopii HEeJiTKUX MHO-
KUH [2]. AJnie aniapatr HEYITKUX MHOXKUH Ta HEUITKO1
JIOTIKH HE 3aBXIU JIOTIOMAara€ BU3HAYUTH MHOKUHY
3B’SI3KIB MDDK OKpeMHUMHU (haKTOpaMH Ta BiJICTEXKY-
BaTH [WHAMIKy PpO3BUTKY MO Ha KEpOBaHOMY
00’ekti. [lo TOrO X, pH PO3B’sI3aHHI 3a7a4l MpUii-
HSTTS PILICHHS Ba)KJIMBO aHAJ3yBaTH KOXKEH 3 MOX-
JUBUX BapiaHTIB JOCATHEHHS IIJILOBOI CHUTYaIl,
TOMY MIO TPH CUMOi031 albTepHATHBHUX BapiaHTIB
MOXITUBA 3MiHa XapaKTePUCTHK CHUTYalliil, HalpUK-
Jaj, arocTepiopHa OLiHKa CTYNEHS MpOsBY CUTYya-
uii. Ilpn mpoMy ocoba o npuiimae pitrenus (OI1P)
MTOBMHHA TAKOXX BPAaXOBYBaTH CHITY BIUIMBY KOJKHOTO
¢dakTopa Ha iHmMN (AKTOp, a i BIUIMBH MOXYTb
3MIHIOBaTUCS Y MPOLEC PO3BUTKY MOMIM.

Y 3B’SM3Ky 3 [HM, BpPaxOBYIOUH BCi-MOXKITUBI
BapiaHTH IOCATHEHHS TIEBHOI CHUTYyaIlii, MO’KHA 3Ha-
YHO 3MIHHTH PE3yJIbTaT BUPILICHHS MOCTaBICHOTO
3aBAaHHs. Ha 1mpomMy HIUIsiXy HEOOXiJHO 3acToCoO-
ByBaTH BIAIMOBiAHI iHpOpPMAIiiHI TEXHOJIOTII, SKi
MaroTh 3a0C3IEYNTH MOHITOPHHT TIPOIECY BHKO-
HaHHS POEKTY Ta IMIITPUMKY TPUHHSTTS YIpaBIIiH-
CHKHX pillleHb. TOMy TeMa poO0TH € aKTyallbHOIO.

B pobGorax [3], [4], [S] aHamizyroTbcs MeTOIH
KepyBaHHS TPOEKTAMH, SKi 3a3BUYail 3aCTOCOBY-
FOTBCSI y PI3HUX TaTy3sIX. 3p03yMLIO, IO I METOIH
MICTATh €IEMEHTH MOHITOPHHTY POOOUYMX TPOLIECIB,
BUSIBJICHHSI TPOTUPIY Ta KOH(IIKTHUX CHUTYyawiH,
ypaxyBaHHS Ta 3HATTS pu3nKiB. Lli MeTonn cTBOpeHi
Ha 0a3i MPaKTUIHOTO JOCBIAY MEHEKEPIB.

PoGoty [6] mpucBsSYeHO aHaNi3y MareMaTHUHHX
MozeNneil KepyBaHHSI NMPOEKTAMM, TAKUX SIK Tpaau-
LiliHI MepeXeBi, sAKi JO03BOJSIOTH BU3HAYUTH MiHi-
MaJIbHUH Yac BUKOHAHHS 3 ypaxXyBaHHSM OOMEKEeHb
Ha pecypcu. Po3misiHyTO 3aCTOCYBaHHSI MApKiBCHKHX
MOJIeTIel Yy Mepexax 3 HMOBIPHICHUMHU TiIKaMU.
ToOTo Takm Mopeni Mar0Th 3MOTY YpaxyBaTH HEBH-
3HAYCHICTh YMOB Y TIPOIICCi TMPUHHSATTSA YIIpaBITiH-

CBKHX pimieHb. [IpraoMy KoskeH 3 BapiaHTIB pilllcHb
Mae, sIK TIpaBHJIO, CBOT npuBabiuBi ctoponu. [lopis-
HSTHHS TIepeBar 1 HeZOMiKiB Pi3HUX BapiaHTiB, iX OILi-
HOK 32 PI3HUMH KPUTEPisIMU — CKJIaJHE 3aBIAHH IS
OIIP [7], [8]. OTxe, HEBU3HAYCHICTD 1 OaraTo-KpuTe-
PlaNbHICTh — OCHOBHI TPYIHOIILI TP BHOOPI PillICHb.

Cepen Mojeneil, siKi 3aCTOCYIOThCS JUIS TIijI-
TPUMKHU PUAHSTTS PillIeHb 0COOIMBE MicLe 3aiiMa-
FOTh Tak 3BaHI HeuiTKi KorHiTHBHI Kaptu (HKK) [9].
Ile ooymorneno BractuBoctsimu HKK, siki, mo mepire,
JAf0Th 3MOTY HAOYHOTO YSIBICHHSI B3a€MO3B’SI3KiB
(axTOpiB 10 BIUIMBAIOTH 1, IO ApYTe, JO3BOJSIOTH
JOCIINTH, K BIUTMBA€E 3MiHA OITIHKH MEBHOTO (hak-
TOpY Ha iHII1 (paKTOpH Ta 3arajbHy KAPTHHY y JOCHTi-
JoKyBaHOMY Tiporieci. Came TOMy MH 30CEpeKye-
MOCH Ha I11€1 MOJe.

Meroro Hamoi poOOTH € CTBOPEHHS KOHLENTY-
QIBHUX IE€PeAyMOB €(EKTUBHOIO BHUKOPHCTAHHS
HEYITKMX KOTHITHBHHUX KapT 3 ypaxyBaHHSM Jiesi-
KHX HEBHpIlIEHHX MpobieM ix 3acrtocyBanHs. s
JOCSITHEHHSI 11i€i MeTH MOTpiOHO, 1Mo mepie, op-
MajtizyBaTu 3amady 3actocyBanas HKK y kepyBanHi
NPOEKTaMH, a MO0 JIPyre — BUBHAYUTH MPOOIEeMH, SKi
noTpiOHO PO3B’si3aTH, I €(EKTHUBHOIO 3acTOCY-
Bannst HKK.

Marepian i pe3ymbTard  JOCHiKeHb. Sk
BIJIOMO, ICHYIOTh TaKH €Talll IPOLECy KepyBaHHA
npoektoMm [3], [4]:

1. IHiniroBaTH MPOEKT:

— 9iTKO C(hOPMYITFOBATH IIiJTi TPOEKTY;
BU3HAYUTH TOJOBHOTO 3aMOBHHKa IIPOEKTY,
Kyparopa MpOEKTY, BU3HAYUTH BCiX OCHOBHHX 3alli-
KaBJIEHUX 0Ci0;
BU3HAYUTU
BUKOHABLIIB;

— MPHU3HAYUTH KEPIBHUKA MTPOEKTY.

2. CrutaHyBaTH MPOEKT (CIOYATKy YKPYIHEHO,
ITOTIM JIETAJIbHO):

— TIPOBECTH JIEKOMITO3HIIIO ITICH Ta OUiKyBaHUX
pe3ynbraTiB, sIKi HEOOXiTHO OTPHMATH Ta POOOTH,
SIKi TIOTPiOHO YIS I[LOTO BUKOHATH;

— BH3HAUUTH BUMOTH JI0 PE3YJIBTATIB IPOCKTY;

— BU3HAYUTH HEOOXIiTHI PECypCH TSI BHKOHAHHS
poOiT (stonn, obnagHaHHs, MaTepiaiu), IX BapTicTh
Ta JHKEepeso Npua0aHHs;

— BCTaHOBUTH 3B 530K MK eTamamu Ta po0o-
TaMH Ta IX TPHUBAJICTh, CTBOPUTH Oa30BWH IUIaH
BUKOHAHHS TIPOCKTY;

BU3HAYUTH PU3UKHU TIPOEKTY;

— CHHUparovyuch Ha HasBHY iH(opmamilo BH3HA-
YUTH 3arajibHUN 0a30BUil OIOKET;

— cdopMyBaTH TMPOEKTHY TPYIY, PO3MOMIIUTH
BIJIMOBIIAJILHICTD cepe/l 11 YICHIB;

BUKOHABI[IB Ta BIANOBIIHUX
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— BH3HAUYUTH, SIK BiZOyBaTUMETHCS OOMiH iH(OP-
MaIIi€l0 Y TIPOEKTi;

— Y3TOJUTH 3aXO/IH, SIKIIO HIOCh 3MIiHIOETHCS.

3. BukoHyBaTu Ta KOHTPOJIOBAaTH MPOEKT:
BUKOHYBaTH, IO 3allJJAHOBAHO Ta KOHTP-
OJIIOBAaTH PE3yJbTaT Ha BIJANOBIIHICTH BUMOTaM
(MOHITOPHHT);

— 32 HEOOXiTHOCTI TPOBOJAUTH TepeIuIaHy-
BaHHS; IPUHAHATH PE3yIbTaTH (TIPOTYKT MIPOEKTY).

4. ®opManbHO 3aBEPLIMTH MPOEKT:

MiICaTH YCi HEOOX1/THI JOKYMEHTH;
[IPEMIIOBATU Ta PO3MYCTUTU Ta KOMAHY;
MiAOUTH MiACYMKH IMPOEKTY Ta c(HOopMyBaTu

apxis.

s mocmigqoBHICTS KPOKIB TOCUTH yHIBEpCAITbHA
1 MOJKe OyTH 3aCTOCOBaHa J0 Oy/Ib-sIKOT MIPEIMETHOT
obnacri.

AHaN3yI09l 3MICT IHUX €TaIliB 3 TOYI 30py
KOMIT'IOTEpHUX  TEXHOJOTiH, MOXHa 3pOOUTH
BHCHOBOK 110 [P KEPYBaHHI NIPOEKTAMH iCHY€E JBa
acriekTd abo 1Bi 3a7adi: mpsMa 3amada (MOJICIIo-
BaHHS mepebiry mpoleciB, po3Ii3HABaHHS CUTYya-
uii) 1 3BOpoTHA 3aJja4ya — MOUIYK CYKYITHOCTI TaKHX
3Ha4eHb (PAKTOPiB, MPHU AKUX MOXKHA JTOCATHYTH
pimenHs minpoBoi 3amadi. [Ipu npomy pamioHab-
HUH Tpolec NPUUHATTS pilieHHS nepeadadae
BHJIIJICHHS JIEIKUX 3aKOHOMIPHOCTEH: MPUYHUHHO-
HACJIiAKOBHX, MPOCTOPOBHUX, YAaCOBUX Ta KiJbKic-
HuX. HeoOXimHO TakoXK BpaxoBYBAaTH HAasBHICTb
YMOBHUX Ta KOHTPOJBOBAaHUX (DyHKIIOHATHHUX
BIIHOCHWH, ICTHHHICTH SIKMX BU3HAYAETHCS Yy TIPO-
ueci BupimeHHs uux 3anad. s ¢popmanizamii ana-
JI30BaHOTO KJIacy 3aBJIaHb 3a3HAYHUMO:

— BBaKaTH IIUTHOBOIO CUTYAIIIEI0 MHOKHHY 3HA-
YeHb MPEIMETHUX 3MIHHUX, CTaH SIKUX HEOOXiTHO
BU3HAYMTH; TaK, HAIPHUKIAJ, Hexail mpobiemHe
3aBIaHHs TONATAE Y BU3HAUEHHI 3HAYEHb Iapame-
TPIB JEIKOTO 00’€KTa, TOMI IIJIOBA CUTYAIlisl MOXKE
OyTH NpeacTaBiIeHa TaK:

Val(X,,x,) nVal(X,,x,) N...

wnVal( X, x )N ..o Val(Xy,xy)’
ne X, — HaitMeHnyBaHHS mapameTpiB; Val(X, x) — Bin-
HOIICHHS «MapameTp X Mae 3Ha4eHHS X»;

— BBa@)KaTH TEPMiHATBHUMHU O3HaKaMU MHOKUHY
MpeIMETHUX 3MIHHUX, 3HAUEHHS SKUX BHU3HAYeHI,
HaNpHUKIAI,

Val(X,,1.2) nVal(X,,0.46) ...
w.nVal(X,,12)n...aVal(X , huzvka)’

— posmsinaryd GyHKIIOHAIBHI BiIHOLICHHS, 0

O3HAYEeHi SIK MPUYUHHO-HACIIAKOBI, KOPHCTYIOUUCH
HACTYITHUM BiTHOIICHHSIM CKBIBaJICHTHOCTI:

(M

2

Y=fX)e X, nX,n.nXy, ->Y. (3)

AmHaJi3 HaBeJEHUWX BHIIE OCOONMBOCTEH 3anady
MPUAHATTS PillleHb JO3BOJISIE CPOPMYIIOBATH TaKi
BUMOTH J0 IHCTPYMEHTAIBHHUX 3aC00iB aBTOMATH3a-
1ii 1X pO3B’sI3aHHSL:

— 1HCTpyMEHTallbHa CHCTeMa IIOBHHHA MAaTu
3aco00M CHUTBHOT JIOTIYHOI Ta (PyHKIIOHATBHOI
00p00OKH, IO TO3BOJISIE BUPIIITYBATH SK JIOT1UHI, TaK
1 PO3paxyHKOBI 3aj1aui;

— CcHCTeMa IOBHMHHA BpaxoByBaTu OaraTo-ajb-
TEpHATUBHICTb BUPILICHHS 3aBAaHb Ta 3aJIC)KHO BiJ
BUMOT BHOWpATH abo0 paIrlioHaJIbHUN BapiaHT BHpI-
HIeHHs, a00 cMM0103 PI3HKUX BapiaHTiB 3 METOO TIiJI-
BUILICHHSI PIBHS JOCTOBIPHOCTI Pe3yJbTaTiB;

— 1HCTpyMEHTaJbHa CHUCTeMa Ma€ OyTH MpH-
JATHOIO Ha BHPIMICHHS SK TMPSAMUX, 1 3BOPOTHHX
3aBJIaHb.

PosrsinemMo Tenep BuOIp iHCTpYMEHTANbHOT
MOJeNi, fKa 3aJ0BOJIBHSE BHUCYHYTHM BHMOTaM.
Bupinryroun 3amaqy miATpUMKH TIPUAHATTS PillIeHb
MIPH YIIPaBIiHHI CKIaHUMH OpTaHi3aIiifHUMH CHC-
TEMaMH, CJiJl BPaxoBYBaTH TOW (HakT IO YHUCIIO
MOJIMBHX CTaHIB CHCTEMM 3a3BHYail 1CTOTHO
MIEPEBUILY€E YUCIO JIOMYCTUMHX DilICHb. Y LBOMY
BUNIAJKy HEOOXITHO TIPOBECTH KJacH(DiKaIiro
CTaHIB Ha OCHOBI [I€SKOI MHOXHHH BIJIIOBIIHUX
03HaK. AJle KO)KEeH CTaH KepOBaHOT CUCTEMHU Xapakx-
TEPU3YEThCSI CTAHAMHM 11 €JIEMEHTIB 1 CYKYITHICTIO
BIIHOCHH, 110 BUKOHYIOTbCS HAa MHOXKHHI €JI€MEH-
TiB, [0 OOYMOBIIO€ MPAKTHYHY HEMOXKIHUBICTH iX
OMHKCY Y BUIISAAI MPOCTOI CYKyMHOCTEH O3HaK, SIK
11e pOOUTHCS B OLIBIIOCTI ICHYFOUUX MOJIENIEeH PO3-
mi3HaBaHHsA 00pa3iB. s 1iei MeTm B cucTemax
PO3MISIHYTOTO KJIACy YaCTO BUKOPUCTOBYETHCS ara-
par ceMaHTHYHUX MEPEX Ta KOTHITUBHUX KapT, SIKi
MIPEICTAaBIAIOTE cO00I0 3BakeHi Trpadu i MaroTh
IIAPOKI MOXKJIMBOCTI JUIS TIOJAHHS Pi3HOMAaHIT-
Hol iH(opmarii npo 00’ ekt kepyBanHs [9]. OTxe,
3aj1a4a (JOpMyBaHHS KJIACiB CTaHIB KEPOBAHOI CHC-
TEeMU MOXXe OyTH TIOCTaBJICHA SK 3aja4ya Kiacudi-
Karlii Ha 3BaKeHil CTPYKTypi — rpadi, ssKkuit ciayrye
JUISL TIOMAaHHS JaHUX 1 3HAHB TIPO 00’ EKT.

Bynemo posmisgatu Taky 3amady. € MHOXKHMHA
CTaHiB Z KepOBaHOI CUCTEMHU, L0 ONKCaHa 3a JAOIO-
MOTOI0 3BaykeHOoTOo ceMaHTHyHOTO rpady (CI') 1 mae
TaKH BJIACTUBOCTI:

— SKIIO CTaH KEPOBAHOI CHCTEMH 33/1a€ThCS
3a JONOMOTOI0 BHM3HAYEHHS MHOXHMHHU BiJIHOCHH,
LI0 BUKOHYIOTBCSI MK HOTO €JIeMEHTaMHM, TO HOro
MOXHa npeacTaButu pesikum Cl;

— KOXHIA (opMysai OOYHUCIICHHS TPEMKATIB
MEpUIOr0 TOPSIKY, [0 Ma€ BHIVIS KOH IOHKIIT
JiTepaiiB, MOXKHA TIOCTaBUTH y BIAMOBIAHICTh Jesi-
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kuii CI, i HaBmaku, koxxaomy CI BinmoBinae nesika
(hopmyIa 3a3HaYEHOTO BULY, SIKa IPUIIMA€e 3HAYCHHS
«ICTHHA» TOMI 1 TITBLKH TOM1, KOJH BUKOHYIOTHCS BCI
BiIHOCHHH, TIeBHI Ha qaHomy CI.

Hexait nmani, meBHmii kiiac K CTaHIB CHCTEMHU
BxoauTh B Z: K Z. TlozHaummo bepe3 vy 1 wy
HaBYaJIbHI BHOIPKHA MPUKIAIIB 1 KOHTPIPHUKIAIB
kiacy K: v, EK; wy, ~ K= (. TlorpioHo mo0Oy-
IyBaTH alroput™ kinacudikamii Ak, 10 103BOJISE
BH3HAUNUTH NPHHAIEKHICTH IOBUIBHOTO 00’€KTa
So € Z xknacy K.

Anroput™M Ax OyaeMo TpENCTaBISATH Y BUIISAIL
CYKYITHOCTI JIBOX allTOPUTMIB: anroputmy Al pospa-
XyHKY CTaHy 00’€KTY, sIKiif TIPEJICTaBICHO Y BUTISAI
CT, i anroputmy A2 po3mi3HaBaHHS MOTOYHOI CUTya-
i1 MI0/I0 ISSIKOTO y3arajdbHEHOTO YSBICHHS Ry Kilacy
K, orpuMaHoOro B pe3yabrari poooTu anroputmy Al.

Taka Momens po3paxoBaHa Ha 3aCTOCYBaHHS
B PI3HHX 32 CBOEIO OpPTaHi3alli€l0 CHCTEMax TpUi-
HSTTS PIllICHB, K1 BIIMTOBIAF0Th HACTYITHUM, JTOCUTh
3arajgbHUM, BUMOTaM:

— CTPYKTypu MHOXUH 1}, j=1,..,n 00’eKkTiB
JaHO1 TIpeIMeTHOI 001acTi, IePETUHAIOTHCS TUTHKH
32 BKJIFOYCHHSIM;

— KOXEH CTaH KEpOBaHOI CHUCTEMH ITOBHHCH
MTOBHICTIO 3a/laBaTHCA 3a JOMOMOTOI) BH3HAYCHHS
CYKYITHOCTI BITHOCHH, 1[0 BUKOHYIOTHCSI B JaHHI
MOMEHT Ha MHOYKHHI 11 €JIEMEHTIB.

OCHOBHOI OJMHHIICI) CTPYKTYPHOTO YSIBICHHS
CTaHy KEepOBaHOI CHUCTEeMH Oyne 3TaJlaHuii BHIIE
CI, skuit MOXKe CIY>KHTH IJIs TTOJAaHHS MOTOYHOTO
CTaHy CHCTEMH Ta MHOXHHH MOXXJIUBUX CTaHIB.
Tunu w,, Bepmun V; CI' MOXyTh HaOyBaTH HaCTYyII-
HUX 3HAYCHb:

1. Tun w; = (Nj, xj), ne N;— KoHLIeNT — 00’ €KT,
10 Ma€ OLIHKY X; € X 3 MHOXXMHHM OO4YHUCIIOBA-
HUX KputepiiB X. JlaHuil KOHIENT Ma€ TiIbKHU
BXiJHI ITyTH.

2. Tun w; = P;, ne P; € P NpoMDXXHUN KOHLENT,
SKI Ma€ YMCIIOBE 3HAUEHHS, 10 OOYMCIIOETHCS 32
JesikuM Brupa3oM. KokeH MpOMiKHUN KOHIICTIT Ma€e
xoua O OfHY IyTy, O BEAE A0 1HIIOI KOHIIENTHOI
BEPIIUHI.

3. Tun w;,=<0,r>, ne O, j=1.k — M1
ACTIEKTHOI O3HAKH, SKOK MOXE BOJIONITH 00’ €KT
MOHITOPHHTY, k — 3arajbHa KiIBbKICTh TaKHX O3HAK,
a 7 — 3HaYeHHs J1aHol 03Haku. BepmuHa V; B boMy
BHITIAJIKy HA3MBA€THCS O3HAKOBOKO 1 il iHIIJICHTHA
xoua 0 ojHa Jayra, o WJe BiJ JaHOI BEPIIUHU 0
JEAKOI KOHLENITHOI BEPILIMHM.

OT1xe, Ha OCHOBI HABEACHUX MipKyBaHb OILTHHO
noOy/yBaTi 1HCTPYMEHTAJIBHY MOJICNIb Y BHUIISII
HeuiTkoi korHiTHBHOI Kaptu (HKK).

HKK — 11e MeTon MoJienfoBaHHS CKJIaIHUX CHC-
TEeM, [0 BUKOPUCTOBYE 3HAHHSI MPO ICHYBaHHA
Ta MIOACHKUN OCBiA. BiH Mae HaB4ambHI MOXKIH-
BOCTI Ta XapaKTePUCTHKH, SIKi MOKPAIIYIOTh HOTO
CTPYKTYpYy Ta OOUHCIIIOBAIBHY MOBEAIHKY. [le Oyio
BeeaeHul Kocko [9], sk po3mupeHHs 3BUYAll-
HUX KOTHITUBHHX KapT, IO 3a0e3Iedye MOTyKHII
MEXaHI3M I MOJEIIOBAHHS JUHAMIYHUX CHCTEM.
Sk TexHiKa TpeACTaBICHHS 3HAHb 1 MIpKyBaHHS,
BOHa 300paxkye cuctemy y ¢GopMi, sika JyXKe Bij-
TOBIIa€ TOMY, sIK i1 cripuitMaroTh Jronu. Kpim Toro,
I MOIENb 37aTHa 00 €IHATH 3HAHHS CEKCIIEPTiB
1 HasiBHI 3HaHHS 3 JaHUX y Qopmi npaBwi. e
MiJIX1 TPeNCTaBIsie 3HAHHS, MiIKPECTIOYH MPH-
YUHHO-HACIIKOB] 3B’SI3KH 3a JOTIOMOTOIO CTPYK-
Typu kaptu. OTpuMaHa HEYiTKa MOJEIb BHUKOPHC-
TOBYETBHCS [ aHAITI3Y, MOJICTIOBAaHHS Ta IIEPEBIPKU
BIUTUBY MapaMEeTpPiB Ta MPOTHO3YBaHHS MOBEIIHKU
cuctemu. Mogens HKK nerko 3posywmina, HaBiTh
JUTSL HETEXHIYHOT ayIuTOopii, 1 KOXKEH mapameTp Mae
BiTUyTHE 3HAYCHHSI.

HKK — e xom0OiHawis HEYITKOI JOTIKM Ta KOTHi-
TUBHOTO BiZOOpa)XeHHs, 1 1€ croci0 BimoOpasuTh
3HAHHA PO CHUCTEMH, SKi XapaKTepPU3YIOThCS HEBH-
3HAYCHICTIO Ta CckiIaaHuMu mnporecamu. HKK
cKi1agaeTbest 3 (hakTopiB (KOHLEMLiH/BYy3iiB), sKi
MPEJCTABISIOTh BAXKIMBI €JIEMEHTH BiJOOpaKeHOI
CHUCTEMH, 1 CIIPSIMOBAHUX OYT, SIKi MPEACTABISIIOTH
MPUYUHHO-HACIIAKOBI 3B’SI3KM MK  (haKTOpamH.
CrpsiMOBaHI JyrW I03HAYAIOTHhCSI HEUITKHUMH 3Ha-
yeHHsIMH B iHTepBan [0, 1] ado [-1, +1], axi mokazy-
IOTh CHUTY BIUTUBY MK TTOHSTTSIMHU.

HeuiTka yacTuHa A03BOJISIE MaTH CTYTEHI MpPH-
YMHHOCTI, MPEJCTABIICHI SIK 3B’ SI3KM MK TTIOHATTSIMH
nux giarpam. Lls cTpykTypa BCTAHOBIIOE pyX BIIe-
pex 1 Hazad TOMUPEHHS MPUIUHHO-HACTIIKOBHX
3B’SI3KiB, JOIYIICHHS 301IbIICHHAS 0231 3HAHb, KON
301IBIIYFOTHCS TTOHSATTS Ta 3B’ SI3KM MK HUMHU.

Koxne 3 pedep HKK moB’s3ane 31 3Ha4eHHSM
Bard, SKe BiJOOpaka€ CHIIYy BiIIOBIIHOTO BiTHO-
meHHs. Ile 3HaueHHs 3a3BUYail HOPMYETbCS Ha
intepBan [0, 1] abo [-1,+1]. Marpuus 30epirae
Baru, pU3HAYCHI IIapaM MOHATh. Y HAHIIPOCTIIIOMY
BUTIAQJKY MO)KHAa BHWJIUTUTH JBIMKOBI KOTHITHBHI
KapTH, IJIS SKUX MITKHA KOHIIETIIiH BimoOpakaroThCs
Ha JBiiiKOBI craHu, mo3HaueHi sk A; € {0, 1}, me
3Ha4YeHHs | O3HaYae, 10 KOHIICMIlsl aKTHBOBaHA.
Baru 3a3Buuail BinoOpaxaroThCsl Ha YITKHWA MacuB.
3HaveHHs | siBiise COOO0 TO3UTHUBHUHN MPUYUHHO-
HACITiTKOBUHN 3B’S30K, IO PO3YMI€ThCS, HATIPUKIIA,
TaKUM 9UHOM, IO akTuBailis (3miHa 3 0 Ha 1) i-rO
KOHLICNITY BiZI0YBa€THCSI OTHOYACHO 3 TAKOKO XK aKTH-
BaIli€I0 j-TO KOHLIEHITY a0o 10 JeaKTuBallis (3MiHa
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3 1 Ha 0) i-ro KOHLENTY BiOyBA€THCS OJHOYACHO
3 THM CaMHUM JICaKTHBAIli€I0 j-TO KOHIENTYy. 3Ha-
YeHHs —| MpeJcTaBIsie MPOTHIICKHY CUTYAIIIFO, KO
AKTHUBAIIis [-TO KOHIENTY JICAKTUBYE j-i KOHIIENT a00
HaBHak®. SIKIo 3Ha4eHHs 3B 53Ky jaopiBHIOE 0, 1e
O3Hayae, 1110 He BiJ0yBa€eThCS OJHOYACHO 3MiH CTa-
HiB ToHATE. ¥ HKK ko)keH By3011 KiTbKICHO BH3HA-
Yae CTYIIiHb JI0 KU BIJIMOBIIHE MOHATTS B CUCTEMI
€ akTUBHHMM Ha KpOL iTeparii.

3a3Buyaii excreptu pospodisrore HKK  abo
MEHTaJbHY MOJENh BPYYHY Ha OCHOBI CBOIX 3HaHb
y mnpeaMmeTHiit obmacti. CrioyaTKy BOHM BH3HAda-
FOTh KJTFOUOBI aCIEeKTH MPEAMETHOI 00JacTi, a came
koH1enTH. [lo-mpyre, KOXKeH eKCIiepT BU3HAYAE MIPH-
YNHHO-HACIIAKOBI 3B S3KM MDK IIUMH ITOHATTIMU
Ta OIIHIOE CHJIBHI Ta CIa0Ki CTOPOHHM TPUYMHHO-
HACJIIIKOBHX 3B SI3KiB.

[Ticns Ttoro, sk HKK ckoHcTpyiioBaHO, BOHa
MOXKE OTPUMYBATH JIaHi Bi/I CBOIX BXiTHUX KOHIIETI-
1i{, BUKOHYBAaTH MipKyBaHHS Ta BUBOIUTH PIIICHHS
SK 3HaueHHs Buxiguux koumemiii. Omxke, HKK
MOJICTIIOIOTh CBIT SIK CYKYIHICTh KJIaCiB 1 PUYUHHO-
HACJIIKOBUX 3B’ A3KIiB MiK KJIACAMU.

HKK Oinbm 3acTOCOBHI, KOJMW JaHI B TIEPITY
4epry € HEKOHTPOJIbOBAaHMMHU 200 HEBH3HAYCHHMHU.
HKK' BHKOpPHCTOBYIOTBCSI AJIsl MOJIENIIOBAHHS KiJib-
KOX THITIB TIPOOJIeM, 10 BapitOIOTHCS BiJl MOBENIHKH
[UTYHKOBOTO ~ arleTUTY, MOMYISPHAX MOJITHIHUX
MOJIIH, /i1 MOJICJIFOBAaHHS B pOOOTOTEXHilli 1 B Oara-
THOX 1HIIIUX BHIAJIKaX.

Ane Binomo, mo HKK mae neski ocoGmuBocCTi,
SKi YCKITQIHIOIOTH 11 3aCTOCYBaHHS. 30KpeMa TaKOIO
BiactuBicTio € mpobinema crifikocti HKK. Crnpasa
y TOMY, LIO Micisg 3MiHM 3Ha4YeHHS Xoda O OJHOrO
¢axTopa (TOOTO KOHLENTY — BIiANOBIAHOIO By3Ja
KapTH) BiIOyBa€ThCs IEpPEepaxyHOK 3HAYEHb YCiX
BY3JiB KapTH. Po3paxyHOK BiOyBaeThcs 3a KillbKa
iTepauiii anroputMy Al, OpOTATOM SIKMX MOBHHHI
cTalini3yBaTuCs 3HaYCHHS 30yIPKEHOCT] yCiX BY3iB
kaptu. OJHaK MOXE CTaTHCS, IO KapTa He € CTiil-
KOIO 1 3aMicTh cTabimizarlii 3HaUCHb BiMOYBAETHCS
HeoOMeXeHe 3pOCTaHHsI abCOTIOTHUX 3HAYCHb 30Y-
JokeHOCTi. ToMy BBa)Ka€eThcst 32 HEOOXiJHE MPOBO-
JUTH aHaji3 criiikocti kaptu. Y po6oti [10] mporto-
HYIOTBCSI CIIOCOOM aHalli3y CTPYKTYPHOI CTIHKOCTI
HKK. V po6orax [11], [12] npomnoHyroThCs 10BOJI
cknaani cnocobu kepyBanus HKK niist 3a6e3neuenns
i IMITyJIBCHOI CTIMKOCTI y TMEpexiHUX IMpolecax.
[lomo cTpyKTYypHOI CTIHKOCTI — 11 YHUKHYTH Ba)kKO,
00 BOHA 3AJIC)KUTH Bijl CyKYITHOCTI 3HaY€Hb BaroBUX
KOE(QII[IEHTIB MaTPUIll BiTHOIICHbh MK KOHIEITAMH
(Byznamu) HKK. Ane Tv 3Ha4eHHS, a TAKOX 1X 3HAKU
3a/1af0Th EKCIIEPTH B MpoOIeMHil obmacTi. Tomy 3Mi-

HUTH 3HaY€HHsI a00 3HAKH HE NPECTABIISIETHCS MOXK-
auBUM, 00 OyJe TMOpPYIICHA JIOTiKa B3aEMO3B’SI3KIB
MK KOHIIETITaMH TPpoOIeMHO1 00JacTi.

OTxe, mocTae okpema mnpoodiema, SKy MOXKHA
TpPaKTyBaTH ABOSKO: a0 MaTH MexaHi3M 3a0e3Ire-
yennst cridikocti HKK, abo maru meron BuUKOpHC-
tanHs Hectiikux HKK.

Terep po3mIsHEMO MNHUTAHHS JAPYIOro eraiy
aHajizy curyarlii — anroputmy A2. CuTyaris npeu-
CTaBJeHa PiBHAMH 30y/PKEHOCTI BY3JIiB, SIKI MAIOTh
iHTepIpeTyBaTucsi BepOajIbHO, HANpUKIAA, HEeyiT-
KHMH BUCJIOBIOBaHHSIMU. [loTpiOHa BiamoBinHa
0a3a 3HaHP, B SKOi KOYKHA CHUTYyaIlis Mae TiAMHO-
JKUHU TIATepPHIB — JUIA TOTIPIIEHHS, CTa0lIbHOTO
PO3BUTKY MOJiH, mominmieHHs. TyT Takox € mpo-
Onema. Bona monsirae B ToMy, IO IPHU JOCTaTHBO
Benukoi kinbkocTi By3niB HKK BmimB 3Minm 3Ha-
YeHHsSI OKpEMOTo KOHIenTy Fi Ha 3MiHy 3HaAYCHHS
IHIIOTO KOHIEeNTY Fj Tak OM MOBHTH PO3MHUBAETHCS
Ta BIATOBITHO 3MEHIIYETHCSA 32 PaxyHOK TOTO, IO
ICHY€ BeJIMKa KiThKiCTh HEMPSMUX B3a€EMHUX BILIH-
BiB iHImMUX (akropiB. Tomy moTpiOHO MaTh Mexa-
Hi3M BHOIPKOBOTO MPUOUPAHHS «ITyMOBUX» BILIU-
BiB, SIKi Ha JJAHOMY €Talli BUKOHAHHS MPOEKTY HE
MalOTh BEJTUKOTO 3HAYCHHS.

TakyuM YHMHOM, BHUXOISMYM 3 HaBEAECHUX Mip-
KyBaHb, MOXHa C(HOpPMYIIOBATH KOHIICTITYaJbHI
NepeayMOBH BUKOPUCTAHHS HEUITKUX KOTHITUBHUX
KapT Ui KEpyBaHHS MPOEKTAMH y MYHIIHUIAIbHIN
chepi, a came:

1. 3abe3meunTel  CTIWKICTH pPE3YJIBTATIiB  PO3-
paxynky Ha HKK mpu Oyap sikomy 3MicTi marpwiti
3B’S3KiB, TOOTO 3HAMTH METOA BHUKOPUCTAHHS
uecriiiknx HKK.

2. 3abesneunty BHOIpKOBE MPUOMPAHHS IIYMO-
BUX B3a€MHHX BIUIMBIB (pakTopiB Oe3 ¢arampHOrO
MOPYIICHHS 013HEC-TOT1KH MPOEKTY.

BUCHOBKMU. VYnpapniHHS NPOEKTaMu, B TOMY
YUCITI Y MYHIOWIANBHIA cdepi — THmoBa 3amada
yIpaBIiHHS B YMOBaX HEBH3HAYEHOCTI Ta PHU3UKY.
Tomy edexTrBHE ynpaBiiHHS MPOEKTAMU MOMKIHBO
JIMIIE 32 JOMOMOTO BiJIMOBITHUX 1H(QOpPMAIIHHUX
TEXHOJIOTIH MIATPUMKHN IPUAHATTS pillieHb. Bakmm-
BUM aCIIeKTOM CTBOPEHHS TAKHX TEXHOJIOTiH € BUOIp
MOJIeTTi, 32 JONOMOTOI0 SIKOi MOMKHAa BUPINIyBaTH
ofipa3y IEKiNbKa 3a7ad4, a caMe — y3TrOJKSHHS OLIHOK
CTaHy IPOEKTY, MOZICIIOBAHHS BIUIUBY IIEBHUX (ak-
TOPIB 3 METOIO MPOTHO3YBaHHS, MOUIYK ONTHMAallb-
HUX YNPaBIiHCHKHUX pillIeHb SIK CYKYIHOCTI BIUIU-
BOBUX (akTopiB. YCiM LMM BHUMOTaM BiNOBiga€e
HeJiTKa KOTHITHBHA KapTa. AJie e(eKTHBHE 3aCTOCY-
BaHHS ITi€1 MOJIETII MOXKITUBO Y TOMY BHITAJIKY, SIKIIIO
Oy/Zie BUPIIICHO Taku MPOOIeMH, K 3a0e3MeUeHHs
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CTIMKOCTI pe3ynbTaTiB po3paxyHKy npu Oyab SKOMY
3MICTI MaTpwili 3B’s3KiB, a TakKOX NPHOUpaHHS
ITYMOBHX B3a€EMHHX BIUTUBIB (pakTopiB 6e3 Qaraib-
HOTO MOPYIIEHHS 013HEC-JIOTiKH MPOEKTY.

VY crarti cTtBOpeHO (OpMaIbHY MOCTAHOBKY
3arajibHOTO KJIacy 3ajad, 110 MOB’s3aHi 3 po3poo-
KOO IHCTPYMEHTATHLHOTO 3aC00Y MATPUMKHU TPHUI-
HSTTS PIIIEHb y MPOIECi YIpaBIiHHS MPOEKTAMHU.
CdopmynboBaHO BUMOTH A0 iHCTPYMEHTAJIBHOTO
3aco0y, a came: iHCTpyMEHTalIbHa CHUCTEMa MOBH-
HHA MaTH 3aco0M CHIJBHOI JOTiYHOI Ta (yHKIIi-
OHAJIbHOT OOpOOKH, WIO JO3BOJSIE BUPIIIYBATH
SK JIOT14HI, TaK 1 po3paxyHKOBi 3ajadi; cucrema
MMOBUHHA BPAaxoOBYBaTH Oararo-aJbTEpPHATHBHICTD
BUPIMIEHHS 3aBAaHb Ta 3aJ€KHO BiJl BHMOT BUOH-
patu abo panioHaJ bHUI BapiaHT BHpIIIECHHS, 200
cuMO0i03 pi3HUX BapiaHTIB 3 METOIO IiJIBUIICHHS
PiBHS JIOCTOBIpHOCTI pe3ynbTaTiB; 1HCTPYMEH-
TaJbHAa CHCTEMa Ma€ OyTH IMPHUIATHOIO Ha BUPi-
LICHHS SIK MPSIMUX, 1 3BOPOTHUX 3aBIaHb.

CchopmynbOoBaHO TakoK 3amady (QOpMyBaHHS
KJIaciB CTaHiB KEPOBaHOI CHCTEMH, sIKa MMOCTaBJIECHA
SK 3afada Kmacugikaiii Ha 3BaKeHIH CTPYKTypi —
rpadi, SKUH CIyTye JUIA IOJJaHHS JaHWX 1 3HaHb MPO
00’ekT. TUM caMUM OOTPYHTOBAHO 3aCTOCYBaHHS
HEYITKUX KOTHITUBHUX KapT AJIS MOHITOPUHTY, TPO-
THO3YBaHHS Ta ONTUMI3allii yIPaBIiHCEKUX PIillIeHb
TIpU KEPYyBaHHI MTPOEKTAMH.
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Purpose. Effective project management is possible only with the help of appropriate information technologies to
support decision-making. An important aspect of creating such technologies is the choice of a model that can be used to
solve several tasks, namely — coordination of project assessments, modeling the impact of certain factors for forecasting,
finding optimal management solutions as a set of influential factors. Fuzzy cognitive map meets all these requirements. But
the effective application of this model is possible if the problems are solved, such as ensuring the stability of the calculation
results in any content of the matrix of connections, as well as removing noise interactions without fatal violation
of the business logic of the project. The aim of the work is to substantiate the use of fuzzy cognitive maps in the creation
of information technology for managing organizational processes in the municipal sphere in conditions of uncertainty
and risk. Methodology. The requirements to the tool are formulated, namely: the tool system must have the means of joint
logical and functional processing, which allows to solve both logical and computational problems; the system should
take into account the multi-alternative solution of problems and, depending on the requirements, choose either a rational
solution or a symbiosis of different options in order to increase the level of reliability of the results; the tool system must
be suitable for solving both direct and inverse problems. Results. Formal formulation of a general class of tasks related
to the development of a tool to support decision-making in the project management process. Originality. The problem
of forming classes of states of a controlled system is formalized, which is set as a problem of classification on a weighted
structure — a graph, which serves to present data and knowledge about the object. Thus, the use of fuzzy cognitive
maps for monitoring, forecasting and optimization of management decisions in project management is justified. Practical
value. All this contributes to the main task — the development of information technology to support decision-making in
organizational processes of project and program management in municipal bodies and enterprises.

Key words: municipal sphere, projects, decision making, fuzzy cognitive map, problems of application,
formalization of tasks.
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BpaxoByroun HEMOKITHBICT 3BEPTATHC 32 TUIATHUMH [OCITYTaMH 0PHCTa OUTBIITICTIO MEIMYHAX KITHIK, 3HAYHO Mif-
BHIIHTH FOPHHIHY KOpCKTHlCTB IUBIITHHO- TPaBOBHX ZOTOBOPIB MPO HAJaHHS Pi3HUX MEIWYHHX MOCIYT MOXE iH(Op-
MaIliifHa TeXHOJOTiS MATPUMKA TIPUHHATTS PIlIeHb MIOT0 MOXKIHBOCTI YKITaJ[aHHsl IOrOBOPY MPO HAJaHHS TePAIeBTHY-
HHX TIOCITYT — 33 PAXYHOK HAJaHHS BICHOBKY IIOZIO MOJKJIMBOCTI YKJaJaHHS IiATOTOBIECHOTO JJOTOBOPY 3 BPAaXyBaHHIM
[UBLIBHO- MPaBOBHX TiJCTaB.

B crarTi po3pobieHo mpaBuiIa Ta METOR MIATPUMKH IPUHHATTS PIMICHb MO0 MOKIIMBOCTI YKJIAJAHHS TOTOBOPY TIPO
HaJaHHS TePaeBTUYHUX MOCTYT, SKi € TEOPSTUUHUM IIPYHTAM JUIS pO3poOIeHH iH(pOopMaliifHOT TEXHOIOTIT MiATPUM-
KU OPUAHATTS MEIUYIHHUX PIllIeHb 3 BpaXyBaHHIM I[MBLIbHO-IPABOBHUX ITi/ICTAB.

Po3pobineni npasuiza Ta MeTo[ 3a0e3MeuyloTh: MEPeBIpKYy JOTOBOPY HA KOPEKTHICTb Ta TOTOBHICTH 3 TOUKH 30Dy
LMBLILHO-TIPABOBUX MiACTaB 0e3 y4yacTi (paxiBIiB-IOPUCTIB, 1[0 3a0e3Meuye MOKIIMBICTE MEANYHUM KIIIHIKaM YKJIaJaTH
IOpUIMYHO KOPEKTHI JIOroBopH 0€3 OIIaT NOCTYTr HaiiMaHMX FOPHCTIB; BUCHOBOK MPO MOXIUBICTb 00 HEMOXKIUBICTD
yKJIaJlaHHS JOTOBOPY; 3aIHUT HA JOMOBHEHHS JOTOBOPY i3 3a3HAYCHHSM ICTOTHUX YMOB, SKUMU MOBHHEH OyTH JOIIOBHE-
HUH JJOTOBIp — 32 YMOBHM HETOTOBHOCTI IOrOBOPY (BIICYTHOCTI 00OB’SI3KOBUX 1CTOTHHX YMOB); ITIIBUIIICHHS BiNOBIIANb-
HOCTI KJITHIKH BHACIIJIOK YKJIQJIAaHHS JOTOBODY.

KurouoBi cioBa: mpaBuna Ui BU3HAYCHHS MOXJIMBOCTI YKJIAJaHHS JOTOBOPY MPO HAJAHHS TEPANeBTHYHMX IOCIYT,
METOJ MIATPUMKN NPUHHATTS PIlICHb 100 MOXKIMBOCTI YKJIAJaHHS JOTOBOPY NMPO HANAHHS TEPANeBTHYHMX IOCIYT,
JIOTOBIp TIPO HaJaHHS TEPAEBTUYHUX MOCIYT.

BCTVII. Iudopmariiiine cycniyibctBo B YKpaiHi MOXXYTh iH(pOpPMAITiFtHI TEXHOJIOTIi ATPUMKH TIPUH-

Hapasi aKTMBHO PO3BUBAETHCS, L0 XapaKTepH3y- HSTTS PillIeHb, K1 € e)EKTUBHUMH 1HCTPYMEHTAMH
€THCSl BIPOBAKEHHAM 1H(OpMaLiiHIX TEXHOJIOTIH B €I0XY JI0Ka30BOi MEAWLIMHHU Ta 3[aTHI 3a0€3MeUnTH
B yCi cdepr XKUTTS JTIoAeH it 3a0e3T1eueHHsT aBTO- JikapiB HEOOXiTHOIO iH(OpPMAIII€0, MO0 CTOCYETHCS
Maru3amii pyTHHHOT pOOOTH, 3MEHIIEHHS (Pi3HYHOTO TOTO YH {HIIOTO PIllIEHHS, MiABUIINTH €(PEKTUBHICT
HABaHTAXXEHHsI Ta YCYHEHHs a00 iCTOTHOTO 3MEH-  BHUKOPHCTaHHS aKTyaJbHHUX MEIUYHHX PECYpCiB,
IIeHHS JIFOJIChKOTO (akTopy [1]. NPUIIBUIIUTH IHTETPaLilo0 YKPaiHChKOT MEIHLIMHH
Ha croromui B YkpaiHi TOCTpO CTOITh IpoOiema B €BPONEHCHKUI MequuHuil poctip [2; 3; 6; 7].
iHdopMmaru3alii ramxy3i OXOPOHHU 370pOB’S 3a paxy- Ille OimbII BaXJIWBHM 1 CKIATHUM € PO3pPO-
HOK pO3pOOJICHHS MEIUYHUX iH(POpPMAIiHUX TeX- ONeHHsT  KPOCAMCUHUIUTIHADHUX  1HPOpMANiIHHUX

HOJIOT1H, yCITilIHE BIPOBAKECHHS SIKUX € KPUTUYHO TEXHOJIOTiH, 30Kpema, iHopMamiiiHOi TexHoJOoril
BOKJIMBUM IS ITiIBHINEHHS €(EKTUBHOCTI pOOOTH MiITPUMKHA TPUUHATTS MEIUYHUX PIlIeHb 3 Bpa-
3a3HaueHOl Tray3i, SKi MOXKYTh 3HAQYHO MiJIBUIIMTH  XyBaHHSM IIMBIIbHO-TIPABOBUX MiJCTAaB, sKa € HaJl-
e(eKTUBHICTL poOOTH IIi€l Tamy3l Ta yOe3meuuTu 3BUYAHO BaXXJIWBOIO Hapasi, OCKUIBKH Oararo
JiKapiB BiJ NOTEHUIHHO HENPaBWIbHHUX PilIeHb npobJeM y ramy3i OXOpOHH 30pOB’sl MAIOTh FOPH-
3aBISIKM BpaxyBaHHIO Ipu (OPMyBaHHI PILIEHHS  JUYHE KOPiHHs, a BHPIIICHHS MPaBOBUX IOTPEO

Bci€i HasiBHOI iH(popMartii [2]. MAIi€HTIB 1 TPOMaJ MOKE MaTH TPUBAJIHMH BILIUB Ha
Hapasi mpouecu npudHATTS pillleHb B Traiy3i 3n0poB’s [8].

OXOPOHH 3JIOPOB’Sl € TPYIOMICTKHUMH, CKJIQTHUMH, VY [9] npoBeneHO OmIsiA Ta aHAII3 BIJIOMHX CHC-

HEMpPO30pUMHU Ta HEOMHO3HAYHMMH SIK JUIS Tarli- TEM TWIATPUMKH TPUUAHSATTS PIllIeHb JUIsl Taixysi

€HTIB, Tak 9acto i ms mikapiB [3—5]. [lomermuTu MEJIMYHOTO TpaBa.

MPOILIEC MPUHHSITTA MEIUYHUX PIllIEHh Ta Pa3oM i3 Taxk, sanpukian, y [ 10] npencraBieHo MOOLTBHY

TUM TiABUIIATH TPOAYKTHBHICTH POOOTH JiKapiB CUCTEMYy MiATPUMKH TPUHHATTS pilIeHb IS

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)
92



KOMITHOTEPHI HAYKA

MEIUYHHUX MPAIiBHUKIB BiIJIICHHS HEBIiIKIaTHOT
JIOTIOMOTH, TIPU3HAYEHA JIJIsl BU3HAUYCHHSA Ta JIOTPH-
MaHHs TPaBUJIbHOI MPOIEAYpPH HAa OCHOBI YHH-
HOTO 3aKOHOJIaBCTBA, ISl 3MEHIIICHHSI IMOBIPHOCTI
HEIpaBWJIBHUX JII Ta MOB’S3aHUX 3 IIUM PHU3HKIB,
a TaKoX JUIsl 30€peKeHHs SK KUTTS Ta 30pOB’S
MaIi€HTIB, TAK 1 iX TpaB.

VY [11] npeacrariieHo KOHIEMIiO iHpOpMaIiii-
HOI CUCTEMH Ta CHUCTEMHU MIiJTPUMKU TPHHHSITTS
pillieHb A7l CUPUSHHS Ta 3MIIHEHHS JIOBIPH MiX
JKapeM 1 TaIli€eHTOM, IO BKJIIOYA€ KOMITCTCHT-
HICTB, TpOodeciiiHy aBTOHOMIIO Ta BiAMTOBIAANBHICTb
JiKapsi, a TAKOXK CAMOCTIHHICTh Y IPUHHATTI pillieHb
i MpaBo Ha CaMOBHW3HAYeHHs MAaIli€HTa — POOUTH
YCBIIOMJICHHH Ta MOOPOBUIBHUIN BUOIp JTIKyBaHHS,
3aMpOTNIOHOBAHUI JIIKapeM, TapaHTyBaTH BIICBHE-
HICTh y HACJIJKaX MMOBEIHKH Ta 3aXUCTUTH MpaBa
BCIX 3aJIy4eHUX CyO’ €KTiB.

VY [12] mpeacraBiieHO MOIEIb aBTOHOMIi MPHii-
HATTS PIIICHb Yy MEIUYHUX IMMUTAHHSX, SAKa ICIIs
HaJlaHHS 3TOJY TAIIEHTIB Ha MEIUYHI MPOLEAYyPH
BCTAHOBIIIOE TPIOPUTET BUPAXKECHHS MOOAXKaHb
HAIllE€HTIB.

VY [13] Bu3HaYeHO HaWBaXIUBIMI (haKTOpH, IO
BIUTMBAIOTh Ha TIPOLIEC MPHUUHATTS pillleHb KIIi€H-
TaMU TIOI0 BUOOPY MEIUYHHX TIOCIYT, a TAKOXK Ha
BH3HAYECHHS POJI Ta 3HAYCHHS LUX (PAKTOPIB MO0
TIPUAHATTS PIllICHHS.

VY llsemnii po3po0ieHO HAIOHANBHY MIAThOpPMY
oOMiHy MenuuHOIO iH(popmauiero [14], sika 3a0e3-
redye oOMiH iH(opMariero MiXk pi3HUMHU iH(POpMa-
MIHHAMH CHCTEMaMH OXOPOHH 3[IOPOB’S, IO € TyKe
BXIIMBHUM JUUTsI 3aJTy4CHHS TAIIE€HTIB 10 PO3POOKU
Ta ouiHku nocnyr eHealth Ha Bcix piBHSX Ta s
3a0e3IedeHHs 3a/I0BOJICHHS IXHIX MOTPed y cymic-
HOCTI Ta 0OMiHI iH(pOpMaITi€ro.

VY [15] npencrapieHo iHPOPMAIIHY TEXHOJIOTIIO
UL 3alI0BHEHHS JMHAMIYHOT 3r01 MALI€HTIB Ta I
MePETBOPEHHS 11i€1 TUHAMIYHOI 3TOIM B IBOHAIIPSIM-
JIeHnH, O6e3nepepBHAN, IHTEPAKTUBHUN TPOIIEC MiX
TaIi€eHTaMy Ta MEAMYHUMU TIPAI[iBHUKAMH.

[IpoBeneHuii aHayli3 JIOBOAWUTH, IO IKOJHA
3 Bimomux CIIIIP He mpusHavyeHa A MATPUMKH
MPUHHATTS PIillIeHb MO0 MOXKIUBOCTI YKIIQJIaHHS
JIOTOBOPIB NP0 HAIAaHHS TEPANCBTUYHHUX ITOCIYT
3 BpaXyBaHHSIM I[UBIIBHO-TIPABOBUX II1/ICTaB.

OnHUM i3 HaAWBAXKIUBINIMX IMBLILHO-ITPABOBUX
IHCTHTYTIB JUIsl Tally3i MEIUYHOTO IIpaBa € JIOTO-
BOPH 3 HAJmaHHS TOCIYT, SKi € HAaHOUIBII Ba)KIIH-
BOIO Ta IOIIMPEHOIO IiJICTABOKO JJIi BUHUKHECHHS
MPaBOBUX BiJTHOCHH 13 HaJaHHS MEIUYHHX ITOCIYT
neBHOTO BUAy. CaMe BUKOPHCTaHHS KPOCIUCIIUTLII-
HapHuX [T MOXe CyTTE€BO 30ITBITUTH KOPEKTHICTH

YKJIaJIEHOTO JIOTOBOPY 3 IOPUIUYHOI TOYKH 30DY,
yOe3neunTy Jiikapsi Ta TAallleHTa BiJl FOPUIUUHUX
KOJIII31H, HAgaTH MOKIUBICTh IIBHUIKOT Ta O€3KO-
IITOBHOI MEPEeBipKH HASBHOCTI BCiX ICTOTHUX yMOB
y JOTOBOpi, a TaKOXK PEKOMEHMAIlii MOI0 TTOIaITb-
I0TO YKJIaJIaHHS 91 HEYKJIaJaHHs J0ToBOpy [5; 7].

BpaxoBytoun BiACyTHICTH ycTajgeHOi QopMu
LUBUILHO-IIPABOBUX JOTOBOPIB MPO HAJaHHS Tepa-
MIEBTUYHUX MOCITYT B YKpaiHi Ta HEMOXKITUBICTh 3BEP-
TaTHUCh 32 TUIATHUMH TIOCIyTaMH IopucTa OararbMa
KJIIHIKAMHY Ta MEIUYHUMH KaOlHeTaMH, 3HAYHO IIiJI-
BUIIUTH €(QEKTUBHICT Ta IOPUIMYHY KOPEKTHICTb
TaKWX JOTOBOPIB MOXe sKpa3 iH(popmarliiiHa Tex-
HOJIOTiSl MIATPUMKH TPUHHATTS MEIUYHUX pillleHb
3 BpaxyBaHHSM IMBUIBHO-TIPABOBHX IiJICTaB — 3a
paxyHOK HaJlaHHs BUCHOBKY IIOA0 MOKJIMBOCTI Mij-
MUCAHHS MiITOTOBJIEHOTO JIOTOBOPY/IPaBUIBHOCTI
MEIUIHOTO PIIICHHSI 3 TOYKH 30py UBLUIBHO-TIPABO-
BOTO PeryJIFOBaHHSI.

OTKe, HAa CBOTOJHI AKMYAIbHUM 3A60AHHAM
€ 3a0e3neueHHs MIATPUMKU TPUAHATTS MEIMIHUX
pITIIeHB 3 BpaxXyBaHHSIM [IHUBLTBHO-TIPABOBHX TiCTaB
HUISIXOM  pO3poOiieHHs  BiAmoBigHoi iH(opmariii-
HOI TEXHOJIOTII, JJI1 YOro CIOYaTKy MOTPIOHO PO3-
poOuTH TpaBMiIa Ta METOJ MiATPUMKH TPUHHSATTS
pillleHb MO0 MOXKIUBOCTI YKJIaJaHHS JIOTOBOPY
PO HA/IaHHS TEPANICBTUYHUX TTOCITYT.

Jnist BUSIBIIGHHS 33/1a4, SIKi TIOBHHHA BUPILIYBaTH
Taka iH(popMaliiiHa TeXHOJOris, Ta i BIaCTHUBOC-
TeH, IPOBEICHO aHali3 MPEeIMETHOI Tamy3i — J0Ci-
JUKCHO IIMBUIBHO-TIPABOB1  IMJICTaBH  YKJIATAHHS
JIOTOBOPIB PO HAJIaHHS TEPAIleBTUYHUX MOCTyYT [9],
M yac sIKOTO BH3HAYEHO ICTOTHI YMOBH JIOTO-
BOPIB TIPO HAJAHHS TEPANEBTUYHHUX TIOCIYT, IO
€ OOOB’SI3KOBUMHU JUISI FOPHINYHOI KOPEKTHOCTI
Ta MOXJIMBOCTI ITiJIMTUCAHHSI TAKOTO JOTOBOPY.

Illpasuna ma memood niOmMpumKy NPUUHAIMMS
pitenb oo MONCIUBOCT YKAAOAHHS 002080pP)
npo HadawHa mepanesmuynux nociaye. OCHOBHUM
JoKepesioM 1H(opmallii €, BiIacHe, JOTOBIp MpPo
HaJaHHS TEPaNeBTUYHUX MOCIYT, SIKUH TOTYEThCS
no mianucanHs. Takuit ToroBip moTpedye mepeBipku
IIOT0 OTO KOPEKTHOCTI Ta MOYKITMBOCTI YKIIaJaHHSI.
JloroBip Mosxe OyTH ITiITUCAHHI JIUIIE 32 HASIBHOCTI
BCiX 1CTOTHMX YMOB. SIKIIO y KOHTPAaKTi BiJICYTHi
ICTOTHI YMOBH, 5IKi € 000B’SI3KOBUMH 3 FOPUAUYHOI
TOYKH 30pY, TO BiH HE PEKOMEHIIYETHCS JIO ITiJIH-
CaHHJ Ta MOBUHEH OyTH MOOIpaIlhOBaHMH (JIOTTOBHE-
HUH BiJJICyTHIMH iICTOTHUMH yMOBaMH), 1100 3amo-
OIrTM HEeraTWBHI HACHIAKYU SK JUIS JTIKaps, TaK i JJs
marieHTa. Tomy, [uIst 3a0e3nedeHHs KOPEKTHOCTI
JIOTOBOPY TIPO HAJIaHHS TEPareBTUYHUX IOCIYT
HEOOXITHO TpoaHalli3yBaTu HOro 3MICT Ha MPEAMET
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BUSIBJICHHS, YW BCi PO3MIIHYTI BHILIE iCTOTHI YMOBH
HasBHI B JOTOBODI.

Po3pobumo npasuna Ons eusnawenus moxiciu-
80Cmi YKAAOAHHS 002060pY NPO HAOAHHS mepanes-
MUYHUX NOCAYe 3 BpaXyBaHHAM LIUBIUTBHO-TIPABOBHX
MHiICTaB:

1) sIK1II0 B AOTOBOPI MPO HATAHHS TEPANICBTHY-
HUX IOCIYT, TOTOBOMY JIO TiJIHCAaHHS, HasBHUMH
MYHKT «IOpPeAMET JOTOBOPY», TO fc = tc + 1, iHaKie
«TIPEIMET JIOTOBOPY» BHOCUTHCS B MHOKUHY AC;

2) SKIOI0 B JOTOBOPI MPO HANAHHS TEPAIeBTHY-
HUX TIOCIYT HasBHUU IMyHKT «TEOPETUYHI 3acaju
pobotu», TO fc = tc + 1, iHaKIIIe KTEOPETUYHI 3aCaH
poOoTH» BHOCUTBHCS B MHOXHHY AC;

3) SIKIIO0 B JAOTOBOPI MPO HATAHHS TEPANICBTHY-
HUX TMOCIYT HassBHUH MYHKT «MPAKTUYHUH THCTPY-
MEHTapiit», TO fc=tc+ I, iHaKIe «IPaKTUYHUI
1HCTpYMEHTapii» BHOCUTHCS B MHOKUHY AC;

4) gKIO10 B JOTOBOPI MPO HANAHHS TEPaIeBTHY-
HUX TOCIYT HasBHUH ITyHKT «MEX1 KOMIIETEHTHOCTI
MPaKTUKYIO4OTO JiKapsi», TO tc=tc+ I, iHaKme
«MEX1 KOMIETEHTHOCTI MPaKTUKYIOYOTO JIiKaps»
BHOCUTBHCS B MHOKUHY AC;

5) SIKIIO B JOTOBOPI MPO HAJaHHS TEPANICBTHY-
HUX TIOCIYT HasBHUH NYHKT «OOOB’SI3KM JiKapsi
(MemTu4HOT yCTaHOBH)», TO fc=tc+ I, iHaKIIe
«000B’sI3kM  JiKapst (MEIWYHOI YCTaHOBH)» BHO-
cuThes B MEHOKHHY AC;

6) SIKIIO B JOTOBOPI ITPO HAJIaHHS TePAIIeBTUIHUX
MOCTYT HasBHUM MyHKT «ImpaBa JiKaps (MEAMYHOT
YCTaHOBHU)», TO fc = fc + I, 1HaKIIe «IpaBa JiKaps
(MenmnuHO1 YCTaHOBH )» BHOCUTHCS B MHOXHUHY AC;

7) SKIO B JOTOBOPI PO HAJIaHHS TePAIeBTUIHUX
MOCTYT HAasBHUM MYHKT «BiANOBIJAaNbHICTH JiKaps
(MeTUYHOI yCTaHOBH)», TO fc = fc + [, IHAKIIe «BiJI-
MTOBIMAIBHICTE JiKapss (MEIMYHOI YCTaHOBH)» BHO-
CcUThCs B MHOKHHY AC;

8) SIKIIO B JOTOBOPI MPO HaJaHHS TepareBTHY-
HUX IOCIYT HAasBHUN MYHKT «OOOB’SI3KH KJIIEHTay,
TO fc=tc+ I, iHaKiIe «00OB’SI3KH KIIIEHTA» BHO-
CcUThCS B MHOXKHHY AC;

9) sIKIIO B OTOBOpi MPO HAJaHHS TepareBTHY-
HUX TOCIYT HasBHUHM IYyHKT «IpaBa KIi€HTa», TO
fc=tc+ I, iHaKme «mpaBa KITI€HTa» BHOCHUTHCS
B MHOXHHY AC;

10) gkmo B JOTOBOpI NMpO HAJaHHS TepareB-
TUYHUX MOCTYT HAsBHUM MYHKT «BiAIOBiAaJIbHICTH
KJII€EHTa», TO fc = fc + 1, 1HAKIIE «BIANOBIIAIBHICTH
KITIEHTa» BHOCUTHCS B MHOXKUHY AC;

11) gkmo B JOrOBOpI NMpO HAJaHHS TepareB-
TUYHUX TOCIYT HASBHHUH MyHKT «OIJIara MOCIyI»,
TO tc = fc + I, 1HaKIIe «OIUIaTa MOCIYT» BHOCUTHCS
B MHOXXHHY AC;

12) 4KII0 B TOTOBOPI MPO HAJTAHHS TEPATICBTHY-
HUX MOCIYT HAasSBHUU MYyHKT «IpPOIEAypa OIJIaTH,
TO fc=tc+ I, iHaKmIe «OpoleaAypa OIUIATW» BHO-
CUTbCS B MHOKUHY AC;

13) sgxmo B JOTOBOpI MPO HAJAaHHS TEpaIeB-
TUYHUX TOCTYT HAsBHHU MYHKT «TEPMiHU HaJaHHS
MOCIYT», TO fc = tc + 1, iHaKIIe «TEPMiHM HaJaHHS
MOCITYT» BHOCUTBCS B MHOXKHHY AC)

14) sxmo B mOTOBOpiI TPO HAJAHHS TEpareB-
TUYHUX TOCIYT HAsBHUHM IMyHKT «rpadik HagaHHS
MOCHyr», TO fc =tc+ I, iHakme «rpadik HagaHHI
MOCITYT» BHOCUTBCS B MHOXKHHY AC)

15) sxumo B IOroBOpi MpPO HAAAHHS Tepares-
TUYHUX TOCIYT HASBHHW MyHKT «MOXJIMBI MPOSBU
CYIYTHIX HECTPHUSTIMBUX HACIIJIKIB BIUIMBY Tepa-
NEBTUYHUX TOCIYT», TO fc = tc + I, iHaKIIE «MOX-
JUBI TPOSBH CYNYTHIX HECUPUATIMBAX HACIHIJI-
KiB BIUIMBY TEPANEBTUYHUX IIOCIYI» BHOCHUTBCS
B MHOXHUHY AC;

16) gkmo B IOTOBOpI MO HAJaHHS Tepares-
TUYHUX TIOCIIYT HAsIBHUW MYyHKT «MOXKJIMBI IPOSBU
BUINAJIKOBUX HECHPUSATIMBUX HACHiAKIB BIUIMBY
TEpaneBTUYHUX TIOCHYyT», TO fc=tftc+ [, iHaKme
«MOXIIMBI TPOSIBY BHIAAKOBHX HECTPHUITINBUX
HACJIKIB BIUIMBY TEPAaNEBTUYHUX MOCIYr» BHO-
CUTBHCS B MHOKHHY AC;

17) sKII0 B TOTOBOPI MPO HATAHHS TEPATICBTHY-
HUX TOCIYT HASIBHUH IyHKT «CKapryl Mali€HTay, TO
fc =tc+ I, iHaKIIe «CKaprd HamieHTa» BHOCHUTHCS
B MHOXXUHY AC;

18) sKm0 B /JOTOBOpI NpPO HAJAHHS TeEpareB-
TUYHUX MOCIYT HAasSBHUH TMYHKT «BUSIBICHHS OKpe-
MHUX O3HAaK (CHMIITOMIB) 3aXBOPIOBaHHS Ha OCHOBI
cKapm», To fc = fc + [, IHaKIIe «BHUSBICHHS OKPEMHUX
03HaK (CHMIITOMIB) 3aXBOPIOBAHHS Ha OCHOBI CKapT»
BHOCUTBHCS B MHOKHHY AC;

19) sKuo B JOroBOPi PO HaJaHHS TepareBTHY-
HUX TOCIYI HasBHUH IYHKT «aHaMHeE3 3aXBOpIO-
BaHHSA», TO fc = fc + /, 1HaKIIe «aHaMHE3 3aXBOPIO-
BaHHS» BHOCUTHCS B MHOKUHY AC;

20) SIKIIO B TOTOBOPI MPO HaJaHHS TE€PaneBTUY-
HUX TIOCITYT HAaSBHUU TMYHKT «ICTOPIS KUTTS Talli-
€HTa», TO fc = fc + 1, IHAKIIE «ICTOPIS KUATTS TaIli-
€HTa» BHOCUTHCS B MHOKUHY AC;

21) sIKII0 BAOTOBOPI PO HAaAaHHS TEPAIICBTUYHUX
MOCIIYT HassBHUM IYHKT «JaHi 00’€KTUBHOTO oOcTe-
JKEHHSI», TO fc = tc + 1, 1HaKIIe «gaHl 00’ €KTHUBHOIO
00CTEXEeHHS» BHOCUTHCS B MHOXKUHY AC;

22) SKIIO B JOTOBOpI NP0 HAaJaHHS Tepares-
TUYHUX TOCIYr HasBHUHA MYHKT «3arajibHOKIi-
HIYHI METOAH OOCTEXEHHS», TO fc = tc + I, 1HaKIIIe
«3araJIbHOKIIHIYHI METOAN O0CTEKEHHS BHOCUTHCS
B MHOXHHY AC;
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23) SKIIO B IOTOBOPi MPO HaJaHHs TEPaNeBTUY-
HUX TOCIIYT HAasBHUI IIyHKT «1a00paTOpHO-1HCTPY-
MEHTaJbHI METOAM OOCTEKEHHs», TO ftc=tc+ I,
iHaKme <«J1abopaTopHO-IHCTPYMEHTABHI  METOIH
00CTEXEHHS» BHOCUTHCS B MHOKUHY AC;

24) SKIIO B IOTOBOPI MPO HaJAHHS TEPANEBTUY-
HUX [OCIIYT HasBHUM ITyHKT «II0NEpeHIN (CHHAPOM-
HUI) AiarHO3», TO fc = fc + I, 1HaKIIe «HonepeaHii
(CMHIPOMHMIA) 1IarHO3» BHOCHTHCS B MHOXUHY AC;

25) SKIWO B JOrOBOpi NPO HAJaHHS Tepares-
TUYHUX [TOCIYT HasBHUI IyHKT «Ha3Ba XBOPOOU»,
TO fc = tc + 1, iHaKIIe «Ha3Ba XBOPOOM» BHOCHUTHCS
B MHOXHUHY AC;

26) SKIIO B IOTOBOPi MPO HaJaHHS TEPaNeBTUY-
HUX IIOCIYT HAassBHUH IIYHKT «CTaJisl MaToJIO0r 4HOro
MPOLIECY», TO f¢ = tc + I, IHAKIIIE «CTaisl MaTooriy-
HOTO MPOLECY» BHOCUTHCS B MHOKHUHY AC;

27) SKIIO B IOTOBOPI NPO HaJaHHS TEPaNeBTUY-
HUX TIOCITYT HassBHUH MYHKT «KIJIiHIYHa (hopMa XBO-
podm», To tc = tc + I, iHaKIIe «KITiHIYHA (OpMa XBO-
poOM» BHOCUTBCSI B MHOXKHHY AC;

28) SKIIO B IOTOBOPI MPO HaJaHHS TEPaNeBTUY-
HUX MOCJIYT HAasBHUM IMYHKT «(QyHKIIOHAILHUN CTaH
OprasiB i cucrem», To fc = fc + I, iHaKme «pyHK-
[IOHANBHUI CTaH OpraHiB i CHUCTEM» BHOCHTBCS
B MHOXHHY AC;

29) SKIIO B 1OTOBOPI NPO HaJAaHHS TEPaNeBTUY-
HUX HOCIIYT HasBHUM ITyHKT «JiarHo3 yCKJIQJAHEHbY,
TO fc =tc + I, 1HaKIIE «J1iarHo3 yCKJIaJHEHb» BHO-
cutThes B MHOXUHY AC;

30) gKkwmo B IOrOBOpi NpPO HAAAHHS Tepares-
TUYHUX MOCIYI HAsBHUM IIyHKT «Ziar€o3 CyIyT-
HIX 3aXBOPIOBaHb», TO fc = tc + I, 1HAKIIE «J[iarHO3
CYITyTHIX 3aXBOPIOBaHb» BHOCHUTHCS B MHOXKHHY AC;

31) sgKmo B AOroBOpi Mpo HajJaHHS TEpares-
TUYHUX TOCIAYT HAsBHUH MYHKT «OCTaTOYHUHN
(3aKiIrOYHMI) AiarHo3», TO fc =ftc+ 1, iHaKIe
«OCTAaTOYHUH (3aKIIOYHUH) AlarHO3» BHOCHTHCS
B MHOXUHY AC;

32) SKIIO B TOTOBOPI MPO HAJTAHHS TEPATICBTHY-
HUX TIOCIIYT HAsBHUU MyHKT «ONTUMAaIbHUN (i3ny-
HUH peRUM», TO fc = tc + I, THAKIIe «ONMTUMATbHUIN
(Gi3u4HUH pesKuM» BHOCUTBCS B MHOKHHY AC)

33) 4KIIO B JOrOBOPI NP0 HaJaHHS TepareBTHY-
HUX TIOCITYT HasBHUH MYHKT «ONTUMAILHUN JTi€THY-
HUU peKUMY», TO fc = tc + I, THAKIIe «OMTUMATbHUN
JIETUYHUHN PEKUM» BHOCUTHCS B MHOKHHY AC;

34) 4KWO B JOrOBOPI PO HAJaHHS TepareBTHY-
HUX TIOCJIYT HasIBHUH IMTyHKT «ONTUMATLHUHN TIT1€HIU-
HUH PeKUM», TO fc = tc + I, THAKIIe «ONMTUMATbHUN
ririeHIYHUNA PEeXUM» BHOCHTHCS B MHOXHHY AC;

35) 4KwWo B JOroBOpi NPO HAAAHHS Tepares-
TUYHUX HOCIYI HasiBHUHA IYHKT «MEIUKaMEHTO3HI

3aco0mM», TO fc = tc + I, 1HaKIIEe «MEIUKaMEHTO3HI
3aco0m» BHOCUTHCS B MHOXHRY AC;

36) sKIIO B IOTOBOPI MPO HAJ[aHHS TEPareBTHY-
HUX TOCIYr HAasBHUM HYHKT «]i3ioTepaneBTHYHI
3aco0m», TO fc = fc + 1, iHaKMIe «(i3ioTeparreBTHIHI
3aco0m» BHOCHUTHCS B MHOXHRY AC;

37) sKII0 B IOTOBOPI MPO HAJaHHS TEPareBTHY-
HUX TOCIYT HasBHUN MYHKT «XipypriduHi METOIW»,
TO tc=tc+ I, 1HaKIIe «XipypridyHi METOI» BHO-
CUTKCS B MHOXKUHY AC;

38) sKIIO B IOTOBOPI MPO HAJAHHS TEPAIeBTHY-
HUX TOCIYT HasiBHUHA MYHKT «CaHATOPHO-KYPOPTHI
NPOMO3HUILT», TO fc=tc+ I, iHaKIIE «CaHATOPHO-
KypOPTHIi IPOTIO3UILii» BHOCUTHCSI B MHOXKUHY AC.

Memoo niompumku npuliHAmms piuieHs Wooo
MOACIUBOCTT YKAAOAHHS 002080PY NPO HAOAHHS
mepanesmuyHUX NOCaye CKIaTa€ThCs 3 HACTYII-
HHUX KPOKiB:

1) aHami3 JOroBOpy NpO HaJaHHS TEPareBTHY-
HUX MOCJIYT Ha MPEIMET MOIIYKYy HAsBHUX B JIOTO-
BOPi ICTOTHMX YMOB — 3 BUKOPHCTaHHSIM pO3pooIIe-
HUX BUIIE TPaBUI Ui BU3HAUYEHHS MOXKIIMBOCTI
VKJIaJaHHsl JIOTOBOPY NpPO HaJaHHA TEpaneBTHY-
HUX TIOCIYT, 3T1JIHO 3 SKUMH BEIEThCS MiJPaxyHOK
JNYWIbHUKA [C;

2) axmo fc =38, To (hopMyeThCS BUCHOBOK TIPO
MOXKITUBICTB YKJIaJJaHHS JIOTOBOPY IPO HAJIAHHS Tepa-
MEBTUYHUX TMOCIYT, iHAKIIE SIKIIO fc # 38 (fc < 38),
TO (hOPMYETHCS BUCHOBOK IPO HEMOXKJIMBICTh YKJIIa-
naHHs (HErOTOBHICTh, HEKOPEKTHICTB) JOTOBOPY
PO HAJaHHS TEPANCBTHYHHUX MOCIYT 3 TOYKH 30pY
LMBIJILHO-TIPABOBUX IiICTAB;

3) sk fc # 38 (tc < 38), To hopMyeThCS 3amUT
PO JIOTIOBHEHHS JIOTOBOPY PO HAJAaHHS TepareB-
THYHUX TIOCTYT OOOB’SI3KOBUMH ICTOTHUMH YMO-
BaMU — KOPHCTYBa4y BHUBOZSTBCS E€IEMEHTH MHO-
xuHu AC 1s migKa3ky, sKi iCTOTHI YMOBH MarOTh
OyTH JonaHi B JIOTOBIp Ui 3a0€3NEUSHHS] MOYKIIH-
BOCTI HOTO YKJIaTaHHSI.

Cxema memoody niompumxu npuiHAmMms piuieHsb
U000 MOACTUBOCE YKAAOAHHSL 002060PY NPO HAOAHHS
mepanesmuyHux nocjiye IpelcTapieHa Ha puc. 1.

Ilpuknao euxopucmanms memooy RniOMpPUMKU
nputinamms  piulenb  wWoo0o MONCTUBOCMI  YKId-
Oanusi 002080py NPO HAOAHHA MePaAnesmudHUX
nociaye. byno BUKOHAHO aHalli3 OHOTO 3 JOTOBOPIB
PO HAJaHHA TEPAIEeBTUYHHUX IOCIyr amMOyaaro-
pieto ciMelHOI MemWIMHU Mikpopaiiony O3epHa
(M. XMeNbHUIBKUN) Ha TpeIMeT IMOIIYKY HasBHUX
B JIOTOBOPI ICTOTHHX YMOB — 3 BUKOPHCTAHHSIM PO3-
poOJIeHnX BUINE MPaBHWI IS BHU3HAYCHHS MOXKITH-
BOCTI yKJIaJaHHS JOTOBOPY NP0 HAJAaHHS TepareB-
TUYHUX TOCIYT, 3TiJHO 3 SIKUMU OYyJO IMPOBEICHO
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MiJpaxyHOK JIYWIBHUKA fc, SIKAWA IS 1OTO JIOTO-
BOpY JIOpiBHIOE 33, a TakoX 3allOBHEHO MHOKHHY
AC = {«medxnci KomnemeHmHOCMI NPAKMUKYIOUO2O0
JKApsy, «8i0N08i0aIbHICMb NiKapsl (MeOuyHoi ycma-
HOBU)Y, «(DYHKYIOHATLHUL CIMAH 0OP2aHis i cucmemy,
CONMUMATbHULL OIEMUYHULL PEXHCUM», «CAHAMOPHO-
KYpOpmHI nPpOono3uyiin}.

Ockinbku tc # 38 (fc <38), To0TO B JH0roBopi
BijicyTHi 5 3 38 000B’SI3KOBUX IIJIsl JIOTOBOPY iCTOT-
HUX YMOB, TO ()OPMYETHCS BUCHOBOK PO HEMOXK-
JIUBICTP YKJIaTaHHS (HETOTOBHICTH, HEKOPEKTHICTD)
JIOTOBOPY TPO HaJaHHS TEPANEeBTUYHUX TOCIYT
3 TOYKH 30py UUBIIBHO-TIPAaBOBUX mijactas. [licis
uporo Oyno choOpMOBaHO 3amUT MPO JOTIOBHE-
HHS aHaJIi30BaHOTO JIOTOBOPY IO HAJaHHS Tepa-
MEBTUYHUX TMOCIYT OOOB’SI3KOBUMHU ICTOTHUMH
YyMOBaMH — KOPUCTYBady OyJIO HaJaHO CJIEMCHTH
MHOXKUHH AC AN MiKa3K®, sIKi iCTOTHI yMOBH
MaroTh OyTH JIO/aHi B JIOTOBIp Il 3a0e3MedeHHS
MOXJIHBOCTI MOTO yKJIamaHHs. B manomy Bumamgky
TaKUMH iICTOTHUMHM YMOBaMH €. «MEX1 KOMIICTCHT-
HOCTI IPAaKTUKYIOUOTO JiKaps», «BiAMOBIAANBHICT

Jikapst (MEIUYHOT YCTaHOBH)», «(PYHKLIIOHAIBHUN
CTaH OpPraHiB 1 CUCTEM», «ONTUMAIbHUI T1€THUHUH
PEXKIMY, «CAaHATOPHO-KYPOPTHI MPOTIO3HIIID».

AwmOymaropist ciMeHHOI METUITMHN BHECIIA PEKO-
MEHJIOBaHI 3MiHU JI0 aHaJII30BaHOTO JIOTOBOPY IPO
HAJIaHHS TEPANEBTHYHUX IMOCIYT, MICIIs1 YOr0 BUKO-
HAHO IMOBTOPHUI aHAI3 I[LOTO IOTOBOPY Ha IPEAMET
MOIITYKY HAasBHUX B TOTOBOP1 ICTOTHUX YMOB, @ TAKOXK
OyJI0 TIPOBEICHO MiJPAaxXyHOK JIYMJIbHUKA fC, SAKUN
MICJISL IOOMPAIFOBAHHS ISl 1OTO JIOTOBOPY JIOPiB-
Hio€e 38, a MHOXXKUHA AC BIJIOBITHO € MTOPOXKHBOIO.
Ockinpku fc = 38, To Tenep GopMy€eThCsS BUCHOBOK
PO MOXKIIMBICTh YKIIAJ@HHS JJOTOBOPY PO HaaHHs
TEPaNeBTUYHUX MOCITYT.

BpaxoByoun HEMOXKIUBICTh 3BEPTATUCH 3a ILUIAT-
HAMH TIOCAyTaM{ IOpUCTa OUIBIIICTIO MEIMYHUX
KIIHIK Ta ocoOmuBo amOyrnaropiii cimeilHOi Menu-
[UHY, 3HAYHO MiJBUINUTH FOPHIUYHY KOPEKTHICTh
[UBLIBHO-TIPABOBHUX JIOTOBOPIB PO HaJlaHHS Tepa-
MEBTHYHUX MTOCIYT MOXKE PO3POOJICHUH METO[ TijI-
TPUMKH TIPUHAHATTS PIlICHb IMOJ0 MOXKIHBOCTI
VKJIaJIaHHSl JIOTOBOPY MPO HAJaHHS TepareBTUY-

Pimerss i
— ] Kopue- Hani —
T V] TyBau Jlxepena aanux (JIoroBOpH Ipo
HaJaHHA TePATIeBTHYHUX MOCITYT)
Jawni
Bbaza 3HaHb
afi . -
it Cexriisg Cexriist
JIAHHX TIPaBHIT
N HaHl Hpa-
< ' BHITA
i
\/ N
IlepeBipka KOXHOTO NIPABHIIA 3 MHOKHHH IIPABHIT, 3T1IHO 3 SKHMH
BEJICThCS HIIPAXYHOK MIUMIBHUKA f¢
<:| BucnoBok 1po I BucroBok npo
MOXIHBICTE HEMOXJIHBICTh
VKJIaJaHHS YKTaIaHH JOTOBOPY
JIOTOBOPY TIPO PO HaJAHHA
HaJaHHS TePAmeBTHYHUX TOCIYT
TEpPAeBTHYIHHX
TOCIYT v
BuBeIcHHS NPUYHE
HEMOMKIMBOCTI YEJIAIaHH
'< JIOTORODPY (BIICYTHI
ICTOTHI YMOBH B JJOTOBOPL
— eIeMeHTH MEOXHHE AC)

Pucynox 1 — Cxema MeTomy MiATPUMKH MPUHHATTS PIIIEHb MO0 MOKIIUBOCTI
YKIaJaHHA A0TOBOPY IMPO HAAAHHA TEPANCBTUYHUX MMOCIIYT
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HUX TOCIYT — 3@ PaXyHOK HaJaHHs BUCHOBKY LIO/I0
MOXKJIMBOCTI 200 HEMOXIIMBOCTI yKJIaJaHHS (HEro-
TOBHOCTI, HEKOPEKTHOCTi) IIiATOTOBICHOTO JOTO-
BOpY TPO HAJaHHS TEPaNeBTUYHUX IMOCIYT 3 Bpa-
XyBaHHSIM [TUBUILHO-TIPABOBUX MiJICTaB, SIK TIOKa3ye
ONMCAHUU TPHUKIAJ BUKOPHUCTAHHS PO3pPOOIIEHOTO
MeTony. HampsiMkoM MailOyTHIX TOCIiIKEHb aBTOpa
€ peanizauig migcucteMu iH(GopMauniiHOI TeXHOJIO-
ril TiATPUMKHA TPURHATTS MEIUYHUAX PIllIeHb 3 Bpa-
XyBaHHSM IHBUTHHO-TIPABOBUX ITJICTAB Y BHIVISAII
Be0O-OpIEHTOBAHOTO TPOTPAMHOTO 3a0€3IMECUCHHS Ha
OCHOBI pPO3pOOJIIEHOr0 METOAY MIiATPUMKH IpHK-
HATTS PILICHB 100 MOXKJIMBOCTI YKJIaJlaHHS JIOTO-
BOpY PO Ha/IaHHsI TEPANIeBTUYHUX TOCIYT.

BUCHOBKU. BpaxoByioun HEMOKIHMBICTb 3BEp-
TaTUCh 3a TUIATHAMH TIOCITyTaMH FOPUCTa OUTBIIICTIO
MEIWIHUX KIIHIK, 3HAYHO IIIBUIINATH IOPUINIHY
KOPEKTHICTh [MBUIFHO-TIPABOBUX JIOTOBOPIB  TIPO
HaJaHHs PI3HUX MEIUYHUX MOCIYr MOXe iH(popma-
LiifHa TEXHOJIOTS MATPUMKY IPUAHSATTS PillIeHb I0A0
MOXKJIMBOCTI YKJIa/IaHHS JIOTOBOPY PO HaJlaHHS Tepa-
MIEBTUYHHX TIOCIYT — 32 PaXyHOK HaJ[aHHS BHCHOBKY
IIOJT0 MOXKITMBOCTI YKJIaJIaHHS TTiITOTOBJICHOTO JIOTO-
BOPY 3 BpaXyBaHHIM ITUBUTLHO-ITPABOBHX ITiJICTAB.

B crarti po3pobneHo mpaBuia Ta METOJ Iif-
TPUMKH TIPUHHATTS PIIIEHb IIOAO0 MOXKIHBOCTI
YKJIaZaHHs IOrOBOPY MPO HAJaHHS TeparneBTHYHHX
MOCHYT, SKi € TEOPETUYHUM MiAIPYHTAM IS PO3-
poOiieHHsT 1HQOPMAIIHHOT TEXHOJOTIl IMiATPUMKH
MPUAHATTS MEIUYHHX pIIIeHh 3 BpaxyBaHHIM
[IUBUTEHO-TIPABOBHX TIiCTAB.

Po3pobseni mpaBuia Ta MeTOA 3a0€3MEUyIOTh:
[IEPEBIPKY JIOTOBOPY HA KOPEKTHICTh Ta TOTOBHICTH
3 TOYKH 30py UMBUIBHO-TIPABOBUX IIificTaB 0e3
yuacTi (axiBLiB-IOPUCTIB, MO 3a0e3meuye MOKIU-
BiCTh MEIWYHHMM KJIHIKAM YKJIaJaTH FOPUANIHO
KOpPEKTHi JIOTOBOpH 0e3 OIiaTh MOCIYyT HaiiMaHUX
FOPUCTIB; BUCHOBOK TIPO MOYKJIMBICTH 200 HEMOXKITH-
BIiCTh YKJIQJIaHHS JIOTOBOPY; 3allUT Ha JIOTIOBHEHHS
JIOTOBOPY 13 3a3HAUCHHSIM ICTOTHHX YMOB, SIKUMH
MOBHHEH OyTH JOMOBHEHHWH JOTOBIp — 3a YMOBH
HETOTOBHOCTI JIOTOBOPY (BiJICYTHOCTI 00OB’SI3KOBUX
ICTOTHHX YMOB); ITiJIBUIIIEHHS BiJIMTOBITaTbHOCTI KJTi-
HIKH BHACIIIJIOK YKJIQJAaHHS JOTOBOPY.
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The information society in Ukraine is currently actively developing, characterized by the introduction of information
technology in all spheres of people’s lives to automate routine work, to reduce physical activity and to eliminate or
significantly reduce the human factor. Today in Ukraine the problem of informatization of the health care sector through
the development of medical information technologies is acute.

Given the impossibility of seeking paid legal services by most medical clinics, information technology of support
of medical decision-making considering civil law grounds can significantly increase the legal correctness of civil law
contracts for the provision of various medical services — by providing the conclusion on the possibility of concluding
the prepared contract taking into account civil law grounds.

The article develops rules and methods of decision-making support about the possibility about concluding the contract
on the provision of therapeutic services, which are the theoretical basis for the development of information technology
of support of medical decision-making considering civil law grounds.

The developed rules and method provide: verification of the contract for correctness and readiness in terms of civil law
grounds without the participation of legal professionals, which allows medical clinics to conclude legally correct contracts
without paying for the services of hired lawyers; conclusion on the possibility or impossibility of concluding the contract
on the provision of therapeutic services; request for supplementation of the contract with indication of essential conditions,
which must be supplemented by the contract — in case of unpreparedness of the contract (absence of obligatory essential
conditions); increasing the responsibility of the clinic as a result of the contract.

Key words: rules for determining the possibility of concluding the therapeutic services contract, method of decision-
making support about the possibility about concluding the therapeutic services contract, the therapeutic services contract.
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CTPYKTYpPH SIK CKJIAJHHUX 1HKEHEPHO-TEXHIYHUX cucTeM. OOIPYHTOBAaHO HEOOXIJIHICTh MOHITOPHHTY TIONUTY B CHCTEMI.
SIK peKMMHUN TTOKAQ3HUK BUKOPHUCTAHO MPO]iNk MOMHUTY Ha MOCIYTY. 3apOIOHOBAHO apXiTEKTypy iH(opMariiiHoi Tex-
HOJIOTi{ MOHITOPUHTY MOMHUTY, sIKa 0a3yeThcs HA 00’ €KTHO-OPIEHTOBAHOMY MIAXO/1 Ta Ma€e OI0uHy CTpYKTYpy. [IpoekTy-
BAaHHA MPOTOTUIY iH(MOPMANiHOT TEXHOIOTI] BUKOHAHO 3a JJOMIOMOTOI0 YHi(hikoBaHOT MOBU MojemoBaHHs. [l omucy
(yHKIIOHATBHOCTI Ta TIOBEIHKH €JIEMEHTa apXiTeKTypH iH(popManiiiHoi TexHoIorii moOya0BaHO Alarpamy HpeleaeH-
TiB. Bi3yani3auilo B32€MO3B’A3KiB MK PO3PaxXyHKOBUMH KOMIIOHEHTaMH OJIOKY aHalli3y AaHHX MOHiTOpI/IHFy JUIsl BUSIB-
JICHHS 3aKOHOMlpHOCTeI/I y q)opMyBaHm npodiniB NOMUTY NPE/ICTABIICHO 3 JIONIOMOT010 JiarpaMu KJaciB, ska MiCTHTb
ISITh KJIAciB, 10 MOB’SI3aHi MiXK cOOOI0 TIEBHUM THIIOM arperarii. [nrerparis po3po6neH0ro IPOTOTHITY B iHpOpManiiHy
cucreMy MOHlTOpI/IHFy (byHKmOHyBaHH;{ MICBKHX CHCTEM JIO3BOJIUTh meHTH(bucyBaTH 3MiHy ()aKTHYHHX YMOB POOOTH
X 00’€KTIB, 10 CIIPUATHME TTiIBUIIEHHIO SKOCTI IIPUHHATTS PillIeHb MO0 YIIPABIIHHSA iX peXKMMaMH pOoOOTH.

KitiouoBi cjioBa: MOHITOPHHT MOMHTY, TPO(iIb MOMUTY, IPOTOTHIT IHPOPMAIIIHHOT TEXHOJIOTT, yHi(iKOBaHA MOBA MOJIE-
JIFOBAHHS, Jliarpama Mpere/ieHTiB, Jiarpama Kiacis.

AKTYAJIBHICTb POBOTU. Cucremu Michb- TUBHICTB, SIKA Y KOHTEKCTI BHW/a4i KOMILJICKCHHX
KOl iH(QPACTPYKTypH € BAKIUBOIO JIAHKOK IFOA- pillieHb € MPOOJIEMOI0, IO CTOCYETHCS OYIAb-SIKUX
CBKOI [ISIIBHOCTI Ta COIaTbHOTO PO3BHUTKY. Jlo rajxysei i TexHonoriuHux nporecis [2]. 3rigHo [3],
TaKWX CHCTeM 3TimHOo [l] HamexaTs CHCTEMH HEOOXITHO TPHUIIIATH «OCOONHMBY yBary CHHEpTil
€JIEeKTPO-, Ta30TI0CTauaHHs, TPAHCIIOPTHI CHCTEMH, MiX 3aX0JIlaMH 3 €HeproeeKTUBHOCTI Ta e(hEeKTUB-
CHUCTEMHU J>KUTT€3a0€3MeUeHHs] Ta KOMYHJIBHHX  HOMY BHUKOPHCTAaHHIO NPUPOAHUX PECypCiB Biamo-
nociyr tomo. CucrteMu MicbKoi 1HGPACTPYKTypH BiJTHO 710 IPUHLUIIIB KPYrOBa CKOHOMIKa.

3a0€3MeuyI0Th PO3MOAUT MPOCTOPOBUX TOCITYT IlinBuieHHS piBHSA €(hEKTHBHOCTI BUKOPHCTAHHS
Ta € CKJIAJHUMH I1H)KEHEPHO-TEXHIYHUMH CHCTE-  EHEpreTHYHHX Ta TPUPOJHHX pecypciB (pasom i3
Mamu (ITC), siki MICTATH HU3KY B3a€EMOIOB’ I3aHUX BIIPOBA/DKEHHSIM ~Cy4acHHX TEXHOJOTiH, TiJBHU-
migcucTeM (Ki TeX € CKIaJHUMH CHUCTEeMaMH), IICHHS SIKOCTi, Pe3yJIbTaTHUBHOCTI, €()EeKTHBHOCTI
a TaKOXK 3HAXOSATHCS y B3a€EMO3B’SI3Ky MIXK COOOI0. TEXHOIIOTIYHHUX TPOIIECIB) MOTpedy€e PO3BUTKY CHC-
Miceki ITC € cnoxuBadyamu NaJMBHO-CHEPreTHY- TEMU YIIPaBIiHHSA 00’€KTaMU Ta MEpPEeXaMH CHUCTEM

HUX (eNeKTpoeHeprii, razy TOIIO) Ta NPUPOAHHUX MmicbKoi iHdpacTpykTypu. s 3abe3neueHHs edek-
(Boma) pecypciB. OnHUM i3 IPIOPUTETIB CyHaCHOTO TUBHOTO (YHKIIOHYBAaHHS TaKUX MEPEK, B TOMY
CTaJIOTO PO3BHUTKY TEPUTOPIH € eHEpPreTHUHA e(eK- YyuCIli # e()eKTUBHOTO PECYPCOBUKOPUCTAHHS, HEOO-
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XiIHUM € TUIaHYBaHHS PEXHUMiB poOOTH iX 00 €KTIB
BIAMOBIIHO 10 TOTPeO, imeHTUdIKAIMII HEITaTHUX
CUTYyallii Ta BIPOBAKECHHS HU3KU 3aXOMIB IS iX
norepeKeHHs Ta Jiikeigamii. [Ipu 11poMy, 0CHOBOO
MPOLIeCy YIpPaBIiHHS Ui 3a0€3IeYeHHsT €(EeKTHB-
HOTO ii (yHKIIIOHYBaHHS ITOBUHHA OyTH peaxilis Ha
TTOTIUT, SIKUH BU3HAYAETHCS JeMOTPadhiTHOIO TPYIIOI0
KOHKpeTHUX cnoknBadiB nociayru [TC mickkoi iHQ-
pacTpykTtypu. B [4] 3a3HaueHo, 110 3aBAAaHHA Olle-
PaTUBHOTO PETYIIOBAaHHS MOXKHA BHUPILIYBaTH JIMLIE
3a HasABHOCTI aKTyaJlbHOI Ta JOCTOBipHOI iH(popMa-
1ii mpo BHPOOHMYMIA TpOLEC, TOOTO, PO PEKUMHU
pobotu 06’extiB ITC, a Tako YMHHUKH 3O0BHIIII-
HBOTO cepenoBuiia. BincyTHicTs €quHOI iH(pOpMa-
MiHHO-aHAMTHYHOT 0a3u YCKIATHIOE TPOBEICHHS
peasbHOTO aHaizy eeKTUBHOCTI (DyHKIIIOHYBaHHS
ITC Ta ii 06’ eKTiB.

[Iponec ynpasninas ITC Bumarae mpoBemeHHs
MOHITOPHHTY (DYHKIIIOHYBaHHS ii 00’ €KTiB, IOJaHHS
JIAHUX MOHITOPUHTY Yy 3pyuHiil ¢opmi st 3abe3re-
YeHHs! €(PeKTUBHOCTI Ta ONEPATUBHOCTI MPUHHSTTS
piwens. [Tpu ibomy, indopmariiiina cucrema MOHITO-
PHUHTY HOBHHHA OyAyBaTUCh K CUCTEMa CIIELiaIbHO
OpraHi30BaHOTO aBTOMAaTH30BAHOTO BIJCTEKECHHS
CTaHy 1 TIOBE/IiIHKM 00’ €KTa yNpaBIiHHS Ta 30BHIl-
HBOTO CEPEAOBUILA 33 TICBHUMH XapaKTEPUCTHKAMHU
(moka3HUKaMu, TapaMeTpaMu) IJisi BU3SHAYCHHS BijI-
MTOBITHOCTI (PAKTUYHMX 1 IJIAHOBUX 3HAYCHb [5].
CyyacHuil po3BUTOK iH(OpPMALIHHUX TEXHOJOTIH,
TEXHIYHHX 3aC00iB aBTOMAaTH3AaIlil, KOMIT I0Tepu3allii
3a0e3redye MOXKIUBICTh HAKONMMUYEHHS iH(popMa-
mii mpo (akTHYHI YMOBH, TTapaMeTpH, XapaKTepHC-
TUKU PEXKUMIB pOOOTH BCi€i CHCTEMH Ta KOKHOTO
il 00’exty. BuBuenHs miei iHpopmanii 3adesmneuye
BUSIBJICHHSI NPUXOBaHMX 3aKOHOMIpHOCTEH i ix
ypaxyBaHHS Tig dac (HOpMyBaHHS TEXHOJOTITHHUX
PEXUMIB pOOOTH 00’ €KTIB, aHATI3y, IPOTHO3YBAHHS
Ta KOMIUJICKCHOI OIIIHKM CTaHy oO0’€KTa ymnpas-
JiHHA 3 METOI0 MiJBUIIEHHS e(QEeKTUBHOCTI HOTro
(yHKIiOHYBaHHS [6].

METOIO pobGotu € ynockoHajieHHS e()eKTHB-
HocTi iH(opmamiiHOrO 3a0e3MedYeHHs] Mpolecy
YOpaBIiHHA PEeXUMaMH POOOTH 00’€KTiB MICBKHX
ITC 3 ypaxyBaHHS BIUIMBY 30BHIIIHIX UYWHHHKIB
[UIIXOM PO3pOOKH iH(POPMAIIHHOT CHCTEMH MOHITO-
PHUHTY TIOTTHTY.

MATEPIAJIN 1 PE3VIIBTATU JOCIII-
JIOKEHB. Miceki ITC ¢yHKIIOHYIOTP B TIEBHUX
YMOBaXx, L0 BU3HAYarOThCS BIUIMBOM KJIIMaTHYHUX,
TEPUTOPIaJIbHUX, COIaJbHUX YHHHUKIB Ta YKJa-
JIOM SKUTTS HacelieHHA MicTa. 3OBHIIIHE cepel-
OBHWIIE TIPE/ICTaBIsiE COOOI0 CYKYIHICTh (haKTOPiB
MIPSIMOT Ta HETPSIMOI [Tii. 30BHINTHI YUHHUKHA MAIOTh

BUIAIKOBUN XapaKTep 1 3yMOBIIOIOTh 3MIHY 3Ha-
YEeHb TEXHOJIOTTYHUX MTApaMeTpiB i GaKTUIHUX YMOB
po6otu ITC Ta i 00’ ekTiB. [neHTH]IKALIS TMX YMOB
€ CKJIaZIOBOIO TPOLIECY IUIaHyBaHHS PEXKUMIB POOOTH
Ta KOHTporo edextuBHOCTI pyHKIionyBanas 1TC.
OpHUM 3 30BHIIIHIX YMHHUKIB, SIKUH YCKJIaJHIOE
OLIIHKY e(eKTUBHOCTI poboTn 00’ekTiB Mickkoi ITC
€ nonut. He BpaxyBaHHSI Oro BIUIMBY IPU3BOIUTD
0 3HIKEHHS e(eKTUBHOCTI i1 (pyHKIIOHyBaHHS.
Ha munramixy normuty B ITC BIimBaroTh cortiaiabHi
(BimOOpaxarTh YK KUTTEAUIHOCTI:  THII
JHS — poOoui, BUXiIHI; Yac 100M), a TakoXK Kiima-
THUYHI Ta Ce30HHI YMHHUKHU. OTKe, HeoOXiTHO Bpaxo-
BYBAaTH IUKJIIYHI 3MiHU TIOMTUTY, 3yMOBJICH] BILTABOM
X YMHHUKIB, Ta GaKTUIHI YMOBH PoOOTH 00’ €KTY
JOCIIIIKEHHS.

B cyuacHux yMoOBax akLEHT CTaBUTHCS Ha HEOO-
XITHOCTI MaTH HAMiHYy 1 «IHTEICKTyaJdbHY» CHC-
Temy ynpasiiaHs o0’exkrtamu ITC, cucremy 360py
1 ONepaTMBHOTO BiJOOpPaKEHHS TEXHOJOTIYHUX
MapaMeTpiB UX 00’ €KTIB B MyHKTI IUCTIETYEPCHKOTO
yrpaBiiHHS [7], @ TaKOXX CTBOPCHHSI BEIMKUX 0a3
PETPOCHIEKTUBHUX JaHUX [8] IIsl €PEKTHUBHOTO T11a-
HYBaHHS PEXHUMIB POOOTH 00’€KTiB, iX KOHTPOJIO
Ta yIpaBIiHHS.

Juis anamizy cutyamii Ha 00’€KT1 TOCIHIKEHHS
HEOOXiaHI 00 €KTHBHI MOKA3HUKH, HKEPETIOM SKHX
Ma€ CTaTH CHCTeMa MOHITOpUHTY, MOoOynoBaHa Ha
Cy4acHHX cHcTeMax oOmiKy, 300py, 30epiraHus
i 00poOku manmx. [lepmmm KpokoM Ha NUIAXY JO
e(heKTUBHOTO YIIPABIiHHSA TEXHOJOTIYHUM TIPOIIe-
coM ITC € po3poOka Ta BIPOBaPKCHHSI aBTOMATH-
30BaHOI CHCTEMH ONEPATHUBHOTO BiJICTEKEHHS HOTO
MIPOTIKaHHS Ta YMHHUKIB, 10 HOr0 BHU3HAYaIOTh.
3acTocyBaHHS MOKJIMBOCTEH CydacHUX iH(pOpMa-
[IHHUX TEXHOJIOTIH J03BOJISIE pealli3yBaTh IPOIEC
IHTErpyBaHHs JIEKTBKOX MiJCHCTEM Ha PiBHI €1H-
HOI PO3IOICHOT CUCTeMHU 31 3py4HHM iHTEepdeii-
COM B3aeMolii 3 KopucTyBaueM. PO3BHTOK cuctem
OOJIIKYy EHEpProCIOKUBAHHS Ta aBTOMATU30BaHOIO
yOpaBIiHHS TEXHOJOTIYHUMH MPOIECaMHU JI03BO-
JSI0TH OTPUMYBaTH, 30epiratu i onepaTuBHO Haja-
BaTH BENUKHHA 00CAT iHopMaIlii mpo mapameTrpu
i pexxumu poboru 00’extiB ITC, obcsrn cnoxu-
BaHHsS eHepropecypci, 00’emu nonuty. CydacHuUn
PO3BUTOK iH(OPMAIIITHOTO 1 TEXHOJIOTIYHOTO OCHA-
LICHHS HiANPUEMCTB JIO3BOJISIE YIOCKOHAJIIOBATH
METOJIM OTPUMAHHS XapaKTEPUCTHK TEXHOJOTTUHHX
MPOLIECiB, YNHHUKIB, 1[0 BU3HAYAIOTh OCOOJIUBOCTI
ix ¢opMyBaHHS, BUKOHYBATH iX aHami3 Tomo. Edek-
TUBHUM IHCTPYMEHTOM BHPIIICHHS 3aBJaHb YIIpPaB-
niHHA eekTuBHICTIO PyHKIIioHyBaHHS Mickkoi [TC
€ Web-opieHTOBaHI CUCTEMH MOHITOpUHTY [9], 110
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JI03BOJISIE CTBOPUTH €IUHMU i1H(OpMaUidHUNA Mpo-
cTip st MoHiTopuHry Mickkux [TC, mo MaroTh
TEPUTOPIaTbHO PO3ralyXeHy CTPYKTYpy Ta MHO-
KHHY OKPEMHX B3a€MOIIOB’SI3aHHMX 1 B3a€MO3aJIeK-
HUX KOMITOHEHTIB 1 areHTiB.

VY 3B’sA3Ky i3 HaKONMWYEHHSM BEJHKUX O0OCATIB
JAaHUX, OTPUMAHUX IIiJ] 9aC MOHITOPHHTY PEKHMIB
pobotu ITC, anst mojermeHHs iX aHamizy iH(Op-
MalliifHa cucTeMa MOBHHHA 3a0e3MeuyBaTH MOKIIU-
BicTh iHTeNekTyanpHOro anamizy manux (IAJ]) [8].
Y 3zarampHOMYy Bumanky 3amadamu IAJ[ e [10]:
MomyK (QYHKIIOHANBHUX 1 JIOTIYHHX 3aKOHOMIp-
HOCTEH Yy HAKONMYCHHUX JAHHUX; 3HAXOMKCHHS MpU-
XOBAaHUX MPABUJI 1 3aKOHOMIPHOCTEH; BUKOPUCTAHHS
BISIBJICHUX 3aKOHOMIPHOCTEH Tl TTOOYIOBH MOJIE-
JIeH, SKi XapaKTepu3yloTh cTaH abo TPOTHO3YIOTh
PO3BUTOK TICBHHX IPOLIECIB; aHalli3 BUKJIOUCHb,
MIPU3HAYCHHUHN JUISI BUSIBIICHHA 1 TIIyMaueHHS aHOMa-
T y 3HaWAEHNX 3aKOHOMIpHOCTSX. Bukopucranus
IA]] 3abe3nieuye MOMIIMBICTH BUBUCHHS TOCTIHHO
3pocTarouux 00cAriB iHpopMarii Ta BUSBICHHS MPU-
XOBaHUX 3aKOHOMIPHOCTEH, 110 BU3HA4aloTh (hop-
MyBaHHS TEXHOJOTIYHHX pexumiB 00’ekTiB ITC.
Ile A03BONHMTHL OIIHUTH BIAITOBIIHICTH ITOTOYHOTO
CTaHy TEXHOJOTIYHOTO MpOIecy HaJaHHs MOCIYTH
(akTHYHOMY TOMNUTY, 3a0€3MEeUNTh iHPOpMaLiiHy
MIATPUMKY HPUHHATTS PilieHb LUIIXOM BHSBICHHS
MIeBHUX 3aKOHOMipHOCTEH [11].

OCHOBHHM DPEXHMHUM ITOKa3HUKOM (YHKIIIOHY-
BaHHsI MickKoi ITC € mpo¢ine monuTy Ha MOCIYTY,
SIKUH TIpesicTaBisie co00r0 T000BUH Tpadik MOmuTy
(AT'II). CtBopenns 6a3u manux (bJ]) AI'TI B pamkax
MoHiTopuHTY (QyHKIioHyBanHs [TC micekoi iH(pa-
CTPYKTYPH € OCHOBOIO BUPILLICHHS 3aBJaHb ONTHMi-
3amii pexxuMiB poOoTu i 00’ekTiB. AHami3 mpodi-
JIiB TIOTIMTY € OXHHM i3 TIiIXOMIB 0 imeHTH]iKarii
¢daxTrnunux ymoB podoru ITC Ta ix 3minu [12]. Llei
MiAXiA COpSMOBaHMK Ha BWIYYEHHS MaKCHMallb-
HOTO CTyneHs iHpopMalii 3 HassBHUX IaHUX 3 METOIO
noninreHHs: eextuBHOCTI (yHKIionyBanHa [TC,
TUTaHYBaHHs PeXHUMiB poOoTH ii 00’€KTIB, po3MO-
JliTy eHepropecypcis Tomo. 3aBnaHHs ineHTudikamii
yMoB poboTr 00’ ekTiB ITC Ha ocHOBI iHpOpMaii mpo
po(isi MOMUTY, SKi BU3HAYAIOTH 1X PEKUM POOOTH,
MOXKHA TPEICTABUTH SIK 3aBIaHHS PO3Ii3HABAHHS
o0pa3ziB [12]. OxHak jaHi TOBUHHI OYyTH HAJCKHUM
YMHOM OpraHi3oBaHi Ta onpanposati [13].

IHdopmariiiHa TEXHOIOTIS SIBIISIE COOOI0 «CYKYTI-
HICTh METOIIB, IPUHOMIB 1 TTPOTPAMHO-TEXHOJIOT14-
HUX 3ac00iB, 00 €HAHNUX Y TEXHOJIOTIUHUHN JIAHIIIO-
JKOK JIJIs 3a0e3neueHHs 300py, 30epiranHs, 00poOKu
i BuBeneHHs iHpopmarii» [14]. Ixepenamu indop-
Mariii B cucteMi MoHiTopuHTY (pyHKImionyBauHs [TC

€ aBTOMATH30BaHI cHUCTeMH OOMKy 00’e€MiB Hama-
HUX CHOKMBayaM TOCIIYT; aBTOMAaTH30BaH1 CHCTEMH
KOHTPOJIIO Ta OONIKY €Hepropecypcis; miacucrema
reoBizyauisaiiii, o 3ade3neyye podOTy 3 AMHAMIY-
HOIO aTpHOYTHBHOIO 1H(POPMAITIEID PO TEPUTOPI-
aJbHO-po3n0/iIeH] 00’ exktu Michkoi ITC Ta 11 iHTEp-
aKTHBHE TMPEICTaBICHHS B  KapTorpagiuHoMy
Burysiti. OCHOBOKO MMIJICUCTEMH € TeoiHpopMaIliitHa
cuctema (I'IC), mo 3abe3neuye 30ip, 0OpoOKy, 30e-
piranns, rpadiune BimoOpakeHHs 1 CHCTEMaTH3AIli0
JaHUX TIPO TOTOJOTII0 Ta CTPYKTYpY Mepexi, dak-
TUYHUHM CTaH OOJaJHAaHHS, PEKUM POOOTH Mepexki
JUIsl IX BUKOPUCTAHHS ITiJ1 4ac aHaji3y, MOACTIOBAHHS
Ta TMPOTHO3YBaHHS MapaMeTpiB MEpex Ta Iapame-
TpiB pexkuMy poboTu obnmanHanHs. KomyHikariitHa
mijicucreMa MpHW3HA4YeHa Ui BifjaneHoro 300py
JTAaHKX 1 rependadac BUKOPUCTAaHHS Web-TexXHOIoT i,
110 3a0e3Meuye nepeaady TaHnuX Ta 3B’ 30K MiXK ITifI-
cucremamu ITC, i 00’ekramu, MyHKTaMH OOIIKY
Ta CUCTEMaMH YNPaBIiHHS. AHAIITHYHA MTiACUCTEMA
MicTuTh mifcucremu [AJl, MogentoBaHHs 1 MPOTHO-
3yBaHHS, IUIaHyBaHHA Ta KOHTpomo. Koxna miz-
cUcTeMa TMpEACTaBIsIe COO0I CYKYIHICTh pO3pa-
XYHKOBHX MPOIEAYP, METOAIB Ta aJTOPUTMIB IS
peasizarii BiAMOBIAHUX 3aBIaHb, TOOTO Ma€ BijIoO-
BiJTHY apxiTeKkTypy. Pe3ynasraTom KoxKHOT mporenypu
€ iHpopmaris, sxa 36upaerbes B b/]. Hactuna indop-
Marlii € BUXiJHOIO JUIs HACTYITHHUX MPOLEIyp, 1HIIa —
BUKOPUCTOBYETHCS AJISI PUMHATTS PILICHHS LIOIO0
noJinieHHs epexkTuBHOCTI (yHKmionyBaHHs [TC.

dopmanizanito iHpopMariiHoi TEXHOOTIT pore-
JIypU MOHITOPHMHTY TIONUTY 3 YpaxyBaHHSIM 3aBIaHb
MOHITOpHHTY e(eKTuBHOCTI (yHkuionyBanus [TC
BHUKOHAHO 3 BUKOPUCTaHHAM 00’ €KTHO-OPIEHTOBAHOTO
TiXOY, OCHOBOIO SIKOTO € EKOMIIO3HIIIS TTPOOIIEMH
Ha OKpeMi 00’ €KTH ab0 KOHIENTyallbHi KI1acH. 3acTo-
CYBaHHS TaKOro IiAXOAy Iependadae MPOBEACHHS
00’€KTHOTO aHaji3y IMpeaMeTHOI o0nacTi Ta peai-
3amii Ha #oro OCHOBI 00’ €KTHO-OPiEHTOBAHOTO IIPO-
extyBaHHsa. CyTh aHai3y IMOJIATa€ B OTOTOXKHCHHI
CyTHOCTEH (00’€KTiB, IPOLIECiB) PeAMETHOT 00acTi
y BHUIVISII CYKYITHOCTI iH(OpMAIIHUX 00’ €KTiB, 110
B3a€EMOIIIOTh OAWH 3 OTHUM [15]. ApxiTekTypa mpo-
uenypu Monitopuary nonuty B ITC (puc. 1) MicTuTh
TpH KaTeropii Kiacis.

1) WEB-service — kiac, 1o MiCTUTh IPOIEypHU
OTpHUMaHHS BHXiTHOI iHpOpMAITii;

2) FORMS-class CYKYIHICTh  KJIacCiB,
00’€THAHUX  OOYHUCIIIOBAJILHUMH  AJITOPUTMaMU
Ta MOJEIISIMHU:

— class Anami3 monuty — nependavae:

a) Sub-class JloOoBuii Tpadik MOMUTY: OMHUC
ta anamiz JAI'TI, ix knacudikarmis ta popmyBaHHS
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rpyn omHoturmHux JI'Tl; BUSBICHHS IUKIIYHUX
3MiH TIOIUTY;

6) Sub-class XapakTepucTHKH MOMHUTY: (Qopma-
J30BaHUH OIUC MOMUTY ISl THIIOBUX YMOB, POpMy-
BaHHSI MPOQ1JIiB TONHUTY XapaKTEPHUX JHIB;

— class [InanyBanns — nependauae mIaHyBaHHS
pexumiB pobotu 00’extiB ITC, mobymoBa mozenei
pecypcoBuxopuctanss 06’ exkramu [TC;

3) CONTROL-class — kiac, 1110 MiCTUTb IpoLie-
Jypy BUKOHaHHSI KOHTPOJIIO BiIMOBiAHOCTI (hakTHy-
HOTO CTaHy 00’ €KTy TOCHIKEHHS 3aIlJIaHOBAHOMY.

OtpumaHHs/
nepegava faHnx
L I_—__—__—__—_|.|— -
— ] |_FORMS-class |
[ 7

WEB-service
_

1
| ||| Class AHanis nonmty

| |i Sub-Class 0608w rpadiK]!

nonury

Sub-Class
XapakTepuctuku nonuTy

|
|
|l

——_ 1
- | CONTROL-class |
| PoGouicTanuiic  , — —  — T T
e —
Pucynoxk 1 — Apxitektypa iHpopmaritHoi
TEXHOJIOT1i MOHiITOpUHTY monuTy B ITC
[ligBuiennss  iHQOPMATUBHOCTI  pe3yNbTaTiB

MOHITOPHHTY TONUTY JUTS iAeHTh(iKaIii 3MiH YMOB

— % e % 36ip ganux

Menepnxep Monut

MNobyaoea A0G0E0ND rPAMIKA NONHTY

Nobyaoea fiarpami pagapHoro THny

EH3HaEHHA XAPAKTEDHCTHE NOMHTY

pobotu ITC Ta ii 00’exTiB moTpedye (GopMyBaHHS
iH(OpMAIIITHOTO 03HAKOBOTO TPOCTOPY, SKUH Mic-
tuTh bJ] mpo xapakrepucTuku A0OOBOTO IOMHTY,
a TaKoX pe3ylbTaTH MOPQPOMETPHUYHOIO OIHCY
dhopmu JI'TI [6].

Pesynbrarom mpouecy 00’€KTHO-OPi€EHTOBAHOTO
MIPOCKTYBAaHHS € MHOXXHHA KJIaciB 00’€KTIiB i3 MpH-
€IHAaHUMHU MeToiaMu 00poOku arpuOyTiB. JloKy-
MEHTYBaHHsI PE3yJbTaTiB MPOSKTYBAHHS MPOTOTHITY
iH(hopMaIliitHOT TEXHOIOTil MOHITOPHHTY TOIHUTY
B Micekiii ITC BUKOHAHO 3a TOTIOMOTOIO YHidi-
koBaHoi MoBH MoxentoBanHs (Unified Modeling
Language, UML), 1mo MiCTUTh CTaHIApTHUH HaOip
miarpam s mozemtoBaHHS. Po3poOoky UML nia-
rpaM BUKOHAHO 3a JOIOMOI'0OI0 IIPOIpaMHOTIO 3a0e3-
neueHnst StarUML, Bepcis 4.1.6.

Onwc QyHKIIOHATBHOCTI Ta MOBEIIHKH €JIeMEHTa
apxitektypu «Class Amnaniz Ilomuty» kareropii
“FORMS-class” iHdopMaIiifHOi TEXHOIOTil MOHI-
TOPHHTY TIOTIMTY BUKOHAHO 32 JOTIOMOTOIO JliarpaMu
npeneneHTiB (puc. 2), ska Npu3HayeHa Jjisl: BU3HA-
YEeHHSl MEXi Ta KOHTEKCTY MOJENbOBAHOI MpeaMeT-
HOi oOmacTi; opMyBaHHS BHMOT OO MOBEIIHKA
MPOEKTOBAHOI CUCTEMH; PO3POOKH KOHIETITYaTbHOT
MOJIEN CUCTEMM TS 11 MOJAIBINOT AeTami3alii; mi-
TOTOBKH JIOKYMEHTAIIl JJIs B3a€MOJIl i3 3aMOBHHU-
KaMH Ta KOPUCTYyBa4aMH CUCTEMHU.

Iepapxiro Ta omeparii K1aciB e1eMeHTa apXiTeK-
typu “SubClass Graph” «Class Ananiz IlomuTy»
kareropii “FORMS-class” indopmaniiiHoi TexHO-

+EMKOHEHKS CyRKLii THNOBOND KNacy

pkg Tunasail nac )

BHzHAYEHHA MOP(IOMETPUYHUX NapaMETPIE )|

—

/

//

BusHa4eHHR THNOEKX KNACIE

Nobyposa THNOEHX FPagiKiE

3anuc ganux e BJ

I

Nepexin & knac MnaHyEaHHs

pa i AC THNOSOIC KNacy

+fienosHesHA Bl

MepeEipKa HANEXHOCT] 0 THNOEOTO KAACY

JanWT Ha YTOYHEHHA KnacHdikatopa

Pucynox 2 — Jliarpama mpereAeHTiB IpOTOTUITY iHPOPMAITIHHOI cHCTeM
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J0rii MOHITOPUHTY MOMHUTY NMPEICTABICHO 3a AOMO-
MOTOIO JiarpaMu KjaciB (puc. 3), sSka € CKJIaI0BOIO
YaCTHHOIO JllarpaMH TMPEeneeHTiB. 32 OCHOBY B35TO
II’SITh OCHOBHHUX KJIACiB, HEOOXITHUX JIJIs Bi3yasti3a-
1ii B32a€MO3B’13KiB Mi’K PO3PaxyHKOBUMH KOMITOHEH-
tamu O7oky anamnizy JI'TI inopmariitHoi cuctemn
Ta TIOB’sI3aHUX MK COOOFO TIEBHUM THIIOM arperartii.

MorphometricParameters

+ConsumptionGraph
+BasicParameters
+DierivativeParameters

+0ObtaningDataOnDailyConsumptionGraph()
+TransformationOfDailyConsumptionGraphintoChartRadarType()
+CalculationBasicParameters()
+CalculationDerivativeParameters()

Indicators

+ConsumptionGraph
+Mainindicatars
+Additionallndicators

+ObtainingDataOnDailyWaterConsumptionGraph()
+CalculationMain|ndicators()
+CalculationAdditionallndicators()

$

RecognitionOfBelongingToClass

+Classiclndicators
+MorphometricParameters
+TypicalClass

+DeterminationOfEelongingToTypicalClass()

?

TypicalClass

+Classiclndicators: list
+MorphometricParameters: list

+Classification()
+FormationOfGroupsOfSameTypeGraphs()
+ConstructionOfClassifier()

$

TypicalGraph

+TypicalClass

+CaonstructionOfTypicalGraphFor TypicalClass()

Pucynox 3 — Jliarpama ki1aciB mpOTOTHITY
iHpopMaIiitHOT cucTeMn

Kirac “Classic Indicators” (KitacnuHi TOKa3HHKH )
mictuth arpubytn: ConsumptionGraph (JIAI'TI);
Indicators (11oka3HUKH, 1110 XapaKTEPU3YIOTh TOIHUT).

B nanomy kunaci peanizoBano: Obtaining Data On
Daily Consumption Graph (oTpumaHHS TaHUX TIPO
AI'TD); Calculation Indicators (oOGuucCIeHHS TTOKa3-
HHKIB, 10 XapaKTePU3YIOTh MOIIUT).

Knac “Morphometric Parameters” (Mophome-
TPUYHI TMapamMeTpu) MICTHUTh HACTYIHI aTpuOyTH:
Consumption Graph (AI'Tl); Basic Parameters
(6azoBi  mapamerpu); Derivative  Parameters
(moxinHi mapamerpu). B nanomy kiaci peanizoBaHo:

Obtaining Data One Daily Consumption Graph
(orpumannss gammx npo JI'TI); Transformation
Of Daily Consumption Graph Into Chart Radar Type
(tpancgopmaris JI'TI B niarpamy pagapHOTo THITY);
Calculation Basic Parameters (oOuncieHns 6a3oBux
napametpiB); Calculation Derivative Parameters
(oOumceHHs TTOXiJHUX ITapaMeTpiB).

Knac “Typical Class” (TunoBuii Ki1ac) MiCTHTB:
CIIUCOK eK3eMIuIsipiB Kinacy “Indicators” (loka3HUKH,
10 XapaKTepU3yIOTh MOIHUT); CHHCOK EK3eMIIs-
piB kiacy “Morphometric Parameters” (Mopdome-
TpHUUHI MapaMeTpH). B manomy kiaci peanizoBaHO:
Classification (knacudikauis); Formation Of Groups
Of Same Type Graphs (popmyBaHHS rpyn OJHOTHII-
Hux rpadikis); Construction Of Classifier (moOymnoBa
Kiacudikaropa).

Knac “Typical Graph” (TunoBuii rpadik) mic-
TUTHh ex3eMiurip knacy “Typical Class” (TunoBuit
kiac). B manomy kiaci peamizoBano: Construction
Of Typical Graph For Typical Class (moOymosa turo-
BOTO Tpadika JJisi THTIOBOTO KIIACy).

Knac “Recognition Of Belonging To Class” (Po3-
TMi3HaBaHHS HAJIEKHOCTI 10 KJIACY) MiCTUTh: €K3EMII-
nsp kimacy “Indicators” (ITOka3HHKH, MO XapaKTe-
PU3YIOTH IIOTUT); eK3eMIULIp Kiacy “Morphometric
Parameters” (Mopdomerpuuni napameTpH);
exzeMmusip knacy “Typical Class” (Tunosuii kiac).
B nmamomy kiaci peamizoBaHo: Determination
Of Belonging To Typical Class (Bu3HaueHHs HaJleK-
HOCTI JI0 TUTIOBOTO KJIACY).

BUCHOBKH. Cucrema MoHITOpUHTY edek-
tuBHOCTI (QyHKUioHyBaHHS ITC € iHCTpyMeHTOM
iH(opmariitHoro 3a0e3MedeHHs] MPoIecy IUIaHy-
BaHHA pe:KUMiB poOoTH 00’ exTiB ITC Ta MpUHHATTS
pilleHb LIOf0 YNpaBlIiHHA HUMHU. 3a0e3neyeHHs
edexruBHOTrO ynpaiiHas [TC micebkol iHGpacTpyK-
TypH BUMarae anainizy auHamiku momuty B ITC, mo
nepenOavyae BUSBICHHS MPUXOBAHUX 3aKOHOMipHOC-
Teil y oro hopmyBanHi. MeTOROIOTYHOIO OCHOBOIO
MPOTOTHITY iH(POPMAIiHOT TEXHOJIOT1T MOHITOPHHTY
TIONUTY € iAeHTH(IKaIlisg i3 3aCTOCYBaHHAM Teopii
po3Mmi3HaBaHHA 00pa3iB IUKIIYHUX 3MiH TIOTHTY,
3yMOBJICHHX BIUIMBOM CE€30HHUX Ta COLIaIbHUX YHH-
HUKiB. BUKoHaHa 3 MO3uI1i# 00’ €KTHO-OPi€EHTOBAHOTO
migxomy dopmarizamis iH(GOpPMAIfHOI TEXHOIOTIi
MOHITOPHHTY TIONIMTY Ma€ OJIOYHY CTPYKTYpY apXi-
TEKTYpH, sKa Tepefdadyae MOXKIUBICTh JI0JJaBaAHHS
HOBHX PO3PAaXyHKOBHUX Ta KOHTPOJBHUX MPOLEAYD,
1o 3a0e3reuye MOXITHBICTh PO3IIUPECHHS (YHKITIH
MOHITOPMHTY Ta iX iHTerparii B iHpopManiiHy cuc-
TEMY MOHITOPUHTY e(eKTHBHOCTI (DYHKIIOHYBaHHS
ITC wmicbkoi iH(pacTpyKTypu Ui MiJBUILEHHS
SIKOCTI IPUUAHATTS PillleHb MO0 YIPABIIHHS PEXKH-
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MaMH poOOTH 00 €KTIB 3 ypaxyBaHHSAM (aKTHUHHX
yMOB iX po0oTH.
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Purpose. Development of a prototype of an information system for monitoring the demand for a service in the city
infrastructure system. Methodology. The object-oriented approach was used to formalize the monitoring technology.
Unified modeling language was used to design a prototype of information technology monitoring. Results. The architecture
of information technology of demand monitoring was offered. It has a block structure and contains three categories
of classes, which contain procedures for obtaining input information, computational procedures, and control procedures.
A use case diagram was constructed to describe the functionality and behavior of the information technology architecture
element. Visualization of relationships between the calculation components of the monitoring data analysis unit to
identify regularities in the formation of demand profiles was presented using a class diagram. It contains five classes,
interconnected by a certain type of aggregation. Originality. The architecture of the demand monitoring information
system based on the analysis and classification of demand profiles for the service was proposed. Practical value. The
integration of the developed prototype into the information system for monitoring the functioning of urban systems
will identify changes in the actual operation conditions of their facilities. This will increase the efficiency of decision-
making on the management of the operation modes of facilities. Conclusions. Implementation of information technology
of demand analysis and identification of its cyclical changes due to the influence of external factors will help improve
the information support of the process of managing the operation modes of facilities and planning effective modes of their
work taking into account the actual operation conditions. The block structure of the proposed information monitoring
technology provides for the possibility of adding new calculation and control procedures, which provides the opportunity
to expand the monitoring functions and their integration into the information system for monitoring the functioning
of the urban infrastructure system. References 15, figures 3.

Key words: demand monitoring, demand profile, prototype of information technology, unified modeling language, use
case diagram, class diagram.
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The study is devoted to improving the cryptographic protection of confidential information in the management
of forces and means of civil protection, based on the use of advanced matrix cryptographic transformation operations.
A new group of cryptographic transformation operations has been identified, which will improve the quality
of information protection systems of SES of Ukraine. A method for the synthesis of elementary functions of extended
matrix transformation by introducing logical constraint conditions that provide nonlinearity of transformation is
developed, which made it possible to obtain a complete set of operations of extended matrix transformation. Methods
for the synthesis of cryptographic information transformation operations based on extended matrix transformation
have been developed. The algorithm of formation of sequence of pseudo-random numbers on the basis of the expanded
matrix cryptographic transformation and the algorithm of formation of sequence which combines matrix and extended
matrix cryptographic transformation is developed.

Key words: confidential information, prevention of emergencies, cryptographic protection, three-bit logic functions,
matrix cryptographic transformation, advanced matrix cryptographic transformation.

INTRODUCTION. Ensuring the protection Requirements for the level of information
of the population and territories in case of threats  protection inthe structure of the SES of Ukraine began
and emergencies is an integral part of state national =~ to grow with the increase in the number of hacker
security policy. Prevention of emergencies, their attacks. Unauthorized access to information processed
rapid elimination with the least optimal involvement ~ and circulating at information facilities and in
of forces and means of civil protection is of particular information, telecommunication and information-
importance for the physical and moral condition  telecommunication systems of the SES of Ukraine,
of the population and the economy of the country. as well as leakage of information through technical
In any case, all these strategic and tactical actions channels occupy a special place for its dangerous
of State Emergency Service of Ukraine (SES consequences among threats that may lead to
ofUkraine)areaccompanied by complexinformation  disclosure of information.
processes. The exchange of information is carried Ensuring sustainable and reliable operation
out in order to prevent emergencies, minimize of telecommunication networks and system-wide
their consequences and organize a coordinated servers in peacetime and in special periods is the main
response of civil protection forces to emergencies task of cyber security in SES of Ukraine [1]. Ensuring
and dangerous events. Most information processes cybersecurity is one of the priorities in Ukraine’s
in the management of forces and means in  national security system [2].
emergencies are confidential. The efficiency, Today, among the many methods of information
reliability and confidentiality of information is  protection, cryptographic methods have a special
of paramount importance for human security  place [3]. Unlike others, these methods are based
and national security in general. only on the properties of the information itself
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and do not use the properties of its material
media, the features of the nodes of its processing,
transmission and storage.

ANALYSIS OF LITERATURE DATA AND
PROBLEM STATEMENT. Particular attention in
publications on this topic is paid to the mathematical
foundations of methods of information security
theory, cryptography, digital steganography, as
well as the peculiarities of their implementation
and application [4-6].

Recent research and publications include: [7],
where it was researched the operations
of the information’s strict stable cryptographic
coding based on their models’ synthesis when
changing the amount of two operands’ bits; [8],
where algorithms for the use of information-driven
permutation operations to develop them in both
software and hardware cryptographic information
security, and [9], where a prototype was selected
and the cryptographic information security module
was improved. This module fixes information about
the user ID, session ID, sending time, message length
and serial number, as well as uses a new session
key generation procedure for encryption. It allows
to ensure the data confidentiality and integrity in
information-communication systems and networks.

Scientific work [10] is devoted to the development
of modern methods of information protection
and analytical systems of civil protection of SES
of Ukraine and the Centers for Security of Citizens in
decentralization for reliable and rapid management,
coordination.

However, insufficient attention has been paid to
the study of the possibility of using advanced matrix
cryptographic transformation operations to protect
the confidential information of SES of Ukraine.

THE PURPOSE AND OBJECTIVES OF THE
STUDY. The purpose of this study is to improve
the cryptographic protection of confidential
information in the management of forces and means
of civil protection, based on the use of advanced
matrix cryptographic transformation operations to
protect confidential information.

To achieve this goal it is necessary to solve
the following tasks:

— based on the analysis of existing methods
and means of information protection and the results
of a computational experiment to identify a new group
of cryptographic transformation operations that will
improve the quality of information security systems;

— to develop a method for the synthesis
of elementary functions of an extended matrix
transformation;

— to develop methods of synthesis of operations
of cryptographic transformation of information on
the basis of the extended matrix transformation;

— to develop an algorithm for the formation
of a sequence of pseudo-random numbers based
on advanced matrix cryptographic transformation
and a sequence generation algorithm that combines
matrix and advanced matrix cryptographic
transformation.

MAIN PART. One of the ways to increase
the efficiency of information protection in
the information and telecommunication system
of SES of Ukraine is the introduction of cryptographic
transformation operations.

To conduct a study on the synthesis
of cryptographic transformation operations, three-
bit logic functions were chosen, the effectiveness
of which has been proven in [11].

The concept of elementary cryptocurrency

functions is  introduced for a  subset
of synthesized functions. Basic cryptocurrency
functions are: £ (x,,%,,., %y )s A7 (X%, 005Xy ) »

£ (X1, %y, 0s
second and N category of information, respectively.
Each function displays the rule-dependence
of the converted bit value on all N initial values
of information bits.

Cryptographic transformation operations are built
on the basis of elementary functions.

For example,

xy) — conversion functions of the first,

k 1 2 3 d
Fisnos = (A0 S 10) = Flsaes = (A9, A8 1)
2 d 2
30 89,108 — (f30 ’ 8(9)’fi08)) = F45,106,54 :( 45 > flE)G)’ )a
where  f), £ £6) elementary  functions

of the Ist, 2nd, 3rd category, respectively; sub-
indices — numbers of elementary functions that
correspond to the decimal value of the result
of their execution; Fy;s; 106, Fissa106 — CTyptographic
transformation operations, where & is direct and d is
inverse cryptographic transformation.

Itisexpedientto single outa group of elementary
functions that are not sufficiently studied to date —
these are the elementary functions of the extended
matrix transformation. This group of functions
includes:

Direct functions
So =X X% vX X VX XXy,
Jaa =X X VX X v X XX,
S =X VX v XX,
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fis =X X5V XX VXX Xy,

Jsg =X X3 V Xy Xy VX Xy 0 Xy,

Joo =X Xy VX Xy VX Xy Xy,

Joo =X X VX X VX XXy,

Sl =X X3 VX X VXX X,

Jios =X "X VX X3 VX Xy Xy,

Jios =X X VX Xy VXX X,

Jioo =X X% VX X VX X X,

Souo =X X VX Xy VX Xy - X,

Inverse functions

Sos =X - X% VX X VX X Xy,

St =X X% VX Xy VX Xy Xy,

Siog =X X VX, Xy VXX Xy,

Jso =X X VX Xy VX Xy X

oo =X X VX - X5 VX Xyt Xy,

i =X X VX - X5 VXX 0 Xy,

Jiss =X X VX, Xy VX Xy Xy,

Sisa =X X VX - X VXX Xy,

Jug =X "XV Xy - X3 VX X0 X,

Sg =X X VX, Xy VX X X,

Sias =X X VX X VX X Xy,

Sao =X X% VX X VX X X
The method of synthesis of elementary
functions of extended matrix transformation
is developed and formalized. The general

expression for obtaining the elementary functions
of cryptographic transformation will look like:
f=X-% VX X VX XX, where X, — variables
that can take direct or inverse values.

Further research was aimed at formalizing
the synthesis of extended matrix cryptographic
transformation operations.

The rules for obtaining a direct elementary
function will be formalized by an expression:

f=x®(x;-X)
ie[L2,3]; Jje[L23]; [€[1,23];

i = j=1,where x —any value of the argument.

provided:

The first elementary function should be
the function of extended matrix transformation on
the basis of x;:

f=x0(x- X). (1)

The second function based on x, has an inverse

value in the second term x; the second term of the first
function. x; can acquire any value.

Based on this, the second elementary function
will have a representation:

f=x2®(21'23)- ()

The third function based on x; has an inverse value

in the second term x, to the second term x, the second

function, x, acquires an inverse value x, the second
term of the first elementary function.

Based on this, the third elementary function will
have a representation:

f:x3@(§1'§2)- 3)

Based on the expressions (1), (2), (3),
the cryptographic transformation operation during
the synthesis, starting from the first elementary
function, will be presented:

X ®(x, - Xy)
Fh=|x,®(% %) - “4)
X, @(;1 ~§2)

We have developed a method for synthesizing
operations of extended matrix transformation, which
is written by the following rules:

1. Synthesis of a set of operations of extended
matrix transformation based on expression (4).

2. Expanding the set of operations by removing
the add-on from one or two operations.

3. Delete repetitive operations.

4. Expanding the set of operations by permuting
bits in each operation.

5. Expanding the group of operations by
introducing the inversion of elementary functions.

Consider the implementation of this method by
example.

According to expression (4), 8 operations
of extended matrix cryptographic transformation
will be obtained:

— operation 1 Ef im0 =

— operation 2 Fi 147,69 =
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x © (xz : _3)
— operation 3 Fisinw =% ®(x - x3) |
X, ® (3?1 . _2)
X ®(x,-X;)
— operation 4 Fisooso =| % ® (X, X3) |3
X, (X, -X,)
(X, ® (%, -x,)]
— operation 5 Fisim =% ®(x-X) (s
x5 @ (XX, )_
[x, @ (X, x3)
— operation 6 Fisings =% @ (% %) |;
| X, @ (x, - x, )_
X ®(X,-x)
— operation 7 E§5,54,|01 =% ®(x - x3) |;
x; @ ()?l 'xz)
x ® (fz : _3)
— operation 8 E§5,99,86 =x,® (fl 'xs)
X, ®(x - x,)

Studies have shown that it was difficult to
synthesize the inverse cryptographic transformation
operation on the basis of the wused forms
of representation of elementary functions. Therefore,
a tabular form of presentation was proposed for
further research.

X ®(x,

X)) [+10

2 =
X3

=

k —
E15,51,85 -

d —
Ets,sl,ss -

k —
Et5,85,51 -

d —
F75,85,51 =

X, ®(x, - X
X3
X ®(x, -

k —
Fs7,85,30 -

X @ (%, -
X ®(x,-
X, ®(x, -

k —
E49,30,57 -

X ©(X - X,) 00+
Flons = XI@(xz~x3)] +11(;
X, ®(x; - %) 1+0
X, @ (X - x3) 1+1
Fiionns =% @©(X - x,) [ =0 1+].
x®(% %) [+00

Presentation of synthesis results using tabular
extended matrix representation provided detection
and study of dependences of nonlinear operations
of extended matrix transformation.

As aresult of the synthesis, 42 basic cryptographic
transformation operations based on the extended
matrix representation were obtained. The number
of basic operations coincides with the number
of operations obtained on the basis of computational
experiment and operations synthesized on
the basis of elementary functions of extended matrix
transformation by substitution method.

It should be noted that the synthesis
of cryptographic transformation operations based
on the operation model by the exception method
simplifies the synthesis process by using a formalized
model of the transformation operation.

The concept of extended matrix transformation
is theoretically based on the experimentally proven
fact that the operations of matrix cryptographic
transformation and extended matrix cryptographic
transformation do not form a group of cryptographic
transformation operations. As a result, re-conversion
of information by operations from another group
of cryptographic operations provides increased
cryptographic stability of the transformation.

Based on the proposed concept to ensure
high cryptographic stability, advanced matrix
cryptographic  transformation  operations are
used in conjunction with matrix cryptographic
transformation operations, and provide preliminary
or subsequent data processing. The use of advanced
matrix cryptographic transformation operations
before and after matrix transformation operations
is inefficient, as their reuse does not increase
cryptographic stability.

On the basis of the formed method
of protection of information resources on the basis
of extended matrix operations of cryptographic
transformation [10] we will develop the algorithm
of formation of sequence for check of matrix sensor
(on the basis of RANDOM) with the help of NIST-
STS software package (testing technique, which is
most common among developers of cryptographic
means of information protection), which is presented
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in Fig. 1. To assess the quality of the transformation
of any data, we will develop an algorithm for
implementing the method of information protection
based on advanced matrix operations of cryptographic
transformation, which combines matrix and advanced
matrix cryptographic transformation. This algorithm

| Initialization of The RANDOM sensor I

Entermg the
p-assvr ord
Formation of a codmg matrix
based on a password

Reconstruction of a coding matrix
based on the RANDOM sensor

Setting data with the RANDOM
SENsor

Y
Cryptographic matrix coding
based on:

is presented in Fig. 2. The test results showed
that the method of information protection based
on advanced matrix operations of cryptographic
transformation has passed a comprehensive control
of the NIST-STS method.

CONCLUSION. The paper solves an important
scientific and technical problem of improving
the cryptographic protection of confidential
information in the management of forces and means
of civil protection based on the use of new operations
of cryptographic transformation:

1. As aresult of the analysis of existing methods
and means of information protection and results
of computational experiment the group of logical
operations which will provide expansion of set

| Initialization of ‘rhe RANDOM sensor |

En‘rermg the
pa 53“ ord

anx @ apx; @ .8 a,r,

anx 2 anx; 8 L8 ag,x, |0

where is & - the value

of the corresponding
symbol of the coding

Formation ofa coding matrix
based on a password

matrix ;

X, - the value of

the relevant data.

_anlxl e dp1¥s .8 Apniy

Y
Determination of the number of AMT
matrices based on the RANDOM sensor

There areno
matrices

Synthesis of AMT matrices based
on the RANDOM sensor

Y
Cryptographic coding based on
AMT

Y
Conversion of data to ASCII
format

Y
Save data to
a file

Completion of
data generation

Figure 1 — Algorithm for forming a sequence
of pseudo-random numbers based on extended
matrix cryptographic transformation

Setting data with the RANDOM
sensor

Y
Determination of the number of AMT
matrices based on the RANDOM sensor

There are no
matrices

Synthesis of AMT matrices based
on the RANDOM sensor

L]
Cryptographic coding based on
AMT

il
|

¥
Conversion of data to ASCII
format

L]
Save data to
a file

Completion of
data gensration

Figure 2 — Algorithm for forming a sequence,
which combines matrix and advanced matrix
cryptographic transformations
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of operations of cryptographic transformation for
increase of quality of cryptoalgorithms is defined.
Improving of cryptographic stability of information
security systems is based on the fact that the operations
of extended matrix transformation do not form one
group with other operations.

2. A method for the synthesis of elementary
functions of extended matrix transformation by
introducing logical constraint conditions that provide
nonlinearity of transformation is developed, which
made it possible to obtain a complete set of operations
of extended matrix transformation.

3. Methods for the synthesis of cryptographic
information transformation operations based on
extended matrix transformation have been developed.

4. An algorithm for the formation of a sequence
of pseudo-random numbers based on advanced
matrix cryptographic transformation and a sequence
generation algorithm that combines matrix
and advanced matrix cryptographic transformation
has been developed.
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JocmimkeHHs TPUCBSYEHO YIOCKOHAICHHIO KPHITOTpadiqHOTO 3aXUCTy KOH(iACHIIIHHOI iH(popMarii B yrpaBmiHHi
CHJIaMH 1 3ac00aM1 IUBUTFHOTO 3aXHCTy HA OCHOBI BUKOPHCTAHHS PO3BUHYTHX MAaTPUYHUX ONEpalii KpunTtorpadigHo-
O MepeTBOPEHHs. BU3HAUCHO HOBY IpyIy onepariiif KpunTorpagdhiyHoro nepeTBOPEHHs, Ka MOKPAIIUTh SIKICTh CHCTEM
zaxucty iHpopmanii JJICHC Ykpainu. Po3pobneno MeTos CHHTE3y eleMEeHTapHuX (YHKIH PO3MIMPEHOr0 MaTPHYHOTO
HEPEeTBOPEHHS LIIAXOM BBEJCHHS JIOTIUHUX OOMEXKEHb, 110 3a0€3MeuyIoTh HEelliHIIHICT NepeTBOPEHHS, 0 JO3BOIMIO
OTpHUMaTH MOBHUI HAOIp omepariil po3MKMPEHOr0 MAaTPUUHOTO HEPeTBOPeHHs. PO3po0neHO METOAN CHHTE3y omepariit
TIepeTBOPeHHs KpHunTorpadidHoi iHdopMarli Ha OCHOBI PO3MMPEHOTO MATPUYHOTO MepeTBOpeHHs. PozpobneHo anro-
put™ GOpMyBaHHS MOCIITOBHOCTI MICEBAOBHIIAAKOBIX YHCEN HAa OCHOBI PO3MIMPEHOT0 MATPUYHOTO KPHITOrpadidHOro
TIEPETBOPEHHS Ta ITOPUTM ()OPMYBAHHS MOCIITOBHOCTI, IKWH MOEAHY€E MAaTPHYHE Ta PO3IIMPEHE MaTPHIHE KPUNITOTpa-
(iuHe mepeTBOpPEHHS.

KumrouoBi cioBa: xondineHniiHa iHpopmanis, 3ano0iraHHs HaJ3BHYAHHUM CHTYaIisM, KpUOTOTpadidHUl 3aXHCT,
TPUPO3PSIHI JIOTiUHI (yHKIIi, MaTpuuHe KpHOTOrpadidHe MEpeTBOPEHHS, PO3MIMpPEHEe MaTpuyHe Kpunrorpadiuxe
HEPETBOPCHHS.
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B pobori posmisaaeTbes kOMOIHATOpHA 3a]ja4ya oNTUMizalii moOynoBH MocTiB. Hexail € MicTo, sike po3TalioBaHe Ha
Oeperax piuku. MicTo ckiaaeTbesl i3 MIKpOpaioHiB, SKi CHoOdydeHi Mik co0or0 noporamu. Jlyis 1opir BigomMa MakcH-
MaJibHa TIPOIYCKHA CIIPOMOXKHICTB. JIJIs Kpammoro 3’etHaHHS OeperiB 3aliaHoBaHe OYIiBHHUIITBO KITBKOX MOCTIB 3 BiJIO-
MOIO TIPOITYCKHOIO CIIPOMOXKHICTIO. AJie BCI Il MOCTH HE MOXYTh OyTH MOOYIOBaHI OIHOYACHO. 3a/1a4a MoJsrae y BuOOpi
TIEBHOI KIJIbKOCTI MOCTIB 13 3aIIaHOBaHHUX, K1 OYyTh MOOY/I0BaHI B MEPIY YepPry, 3 METOK MaKCUMI3allii TpaHCIIOPTHOTO
TIOTOKY Mix Oeperamu. 3ajaua Moxke OyTH 3BeJicHa JI0 KOMOIHATOPHOI 3a/1aui 3HAX0/PKEHHS MAaKCHMAIIbHOTO TIOTOKY 32
JIOTIOMOTOI0 BBEJICHHS (DIKTHBHOTO JpKepena Ta (piIKTHBHOTO CTOKY. B 3aranmpHOMY BHNanky 3anada € NP-Baxkoro. Skiio
BIJIKWHYTH KOMOIHATOpHI OOMEXEHHS, TO 3aj1aua 3BOJMTHCS JIO 33j1aui 3HAXOJDKEHHS MaKCHMAIILHOTO TOTOKY B TpaH-
CIIOPTHIN Mepexi, IS Kol BiOMI TTOJiHOMIabHI anropuTMu. Takoxk 3ajada mpo oOyIoBy MOCTIB MOXe OyTH 3Belie-
HOIO JIO 33]1aui eBKIIiI0BOi KOMOIHATOPHOI ONTHUMI3allii Ha mepecTaHoBKax. [ist Takux 3aa4 po3poOieHo 6arato MeTo-
TJiB po3B’si3yBaHHS. B po0oTi moOy0BaHO MaTeMaTHIHY MO 3a/adi, PO3IISHYTO METOAM PO3B’A3yBaHHS 3a1adi. [s
PO3B’A3aHHS 33/1a4l MOXe OyTH 3aCTOCOBAHHMI OJMH 13 3arajbHUX METOMIB JUIS 33/1a4 eBKJIiI0BOI KOMOIHATOPHOI ONTH-
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Mi3amii Ha nepecTaHoBKax. [ KOMOIHATOPHUX 3a]a4 3HAXOMKEHHS MaKCHMAaJbHOTO MOTOKY MOOY/IOBaHi CriemiaibHi
mertonu. Hanpukna, xamiOHMA MeTOJ] Ta METOJ TUIOK Ta Mexk. JKamiOHuMiA MeTOJl € eBPUCTHYHUM. 3a 4acoM poOOTH BiH
€ TIOJIIHOMIaNIbHUM, aJie He 3aBX/IH J03BOJISIE 3HAWTH TOUHUH PO3B’sA30K. MeTo/ IOk Ta MEX MOKE BUKOPHCTOBYBATHCS
JUTSL 3HAXOMKEHHS SIK TOYHOTO PO3B’SI3KY, TaK 1 HAOIMIKEHOTO.

KurouoBi ciioBa: 3a1aua npo moOy1oBy MOCTIB, KOMOIHATOpPHA ONTHMI3allisi, KOMOIHATOPHA 3a/1a4a 3HAXO/PKSHHS MaKCH-
MaJIbHOTO TIOTOKY, 33/1aua eBKJIiI0BOi KOMOIHATOPHOT ONITHUMI3AIlii Ha IePeCTaHOBKAX, METOJI T1IOK Ta MEX.

AKTYAJILHICTH POBOTU. 3amaui koMOiHa-
TOPHOT ONTUMi3allii BUKOPUCTOBYIOTHCS AJI MOJe-
JIOBaHHS pPI3HOMAHITHUX (Hi3UYHUX, EKOHOMIid-
HEUX Ta comianpHUX mporneciB [1-13]. Cepen HuUX
BUJUISIOTh KJac 3ajad eBKJIJ0BOT KOMOIHATOP-
Hoi omtumizauii [1-4]. B poboti po3msgaeTses
OJlHA MPUKJIAJIHA 3a]]a4a, sKa MOKe OyTH 3BeJeHa
0 3a7adi eBKJIiIOBOI KOMOIHATOPHOI ONMTHMIi3a-
mii Ha mnepecraHoBkax. Onrumizaiii JTOPOKHBOT
Mepexi mpucBsueHo Oararo myOunikamiii. Hampu-
knag, B [15] po3risigaerscsa 3aCTOCYBaHHS Mypa-
IIUHOTO aJITOPUTMY JJIs TaKUX 3a1ad. Aje 3ajada
po moOyAOBY MOCTIB B TaKiil MOCTaHOBIII PO3TIIS-
JAETHCS BIIEpIIIE.

[TIOCTAHOBKA 3AJIAYI. Hexail BepmmHaMun
Vi, Va, ..., V, Tpada mo3HadeHi OCHOBHI MiKpopaioHU
MicTa, PO3MIIIIEHOT0 Ha Oeperax piyuku, a gyramu U —
ICHYIOU1 JOPOTH T2 MOCTH, & TAKOK MOCTH, IOOYI0Ba
SIKUX 3alUlaHOBaHa B MaiOyTHhOMY, (TIiIMHOXHHA
U' cU). lnsg KoKXHOI BEpIIUHU V; 3a/1aHi BEIH-
YUHH p;, 0 XapaKTePU3YIOTh BUXIIHUN TPAHCIIOPT-
HHU TIOTIK 13 MIKpOpaioHy, Ta ¢;, 0 XapaKTEpU3ye
BXITHMI TpaHcHOpTHUWA TOTIK. s kokHOi myru
BiZIOMa IPOIyCKHA CHPOMOXHICTh b;. Hexaii 3arua-
HOBaHa MMO0YyI0Ba X HOBUX MOCTIB, aJie¢ € MOYKJIMBICTh
moOyIyBaTH TITHKU d MOCTIB (d < k).

3ajjaua MONATaE y BU3HAYCHI CIMCKY MOCTIB,
sKi moTpiOHO MOOyAyBaTH, W00 JOMYCTUMUN TpaH-
CIIOPTHHUH TIOTIK 3 OMHOTrO Oepera Ha iHIMIA OyB
MaKCUMAaJIbHUM.

Bynemo BBaxkaru, 110 Ha OXHOMY Oepes3i po3-
MIIICHI, B OCHOBHOMY, «CIajbHI» paliOHH, a Ha
JIpyTOMy — TIPOMHUCIOBI. | OymemMo mrykaru Makcu-
MaJIbHUH TIOTIK 31 «CITAJILHOTO» Oepera Ha «Ipo-
MUCIIOBUI» (3a7]ada XapakTepHa ISl TIOYaTKy JHS).
OOepHeHa 3ajaua O3B S3YETHCS — AHAJOTIUHO,
OCKIJIBKH y BeUipHi TOAMHA MO’KHA BBaYKATH, 110 3Ha-
YEHHS p,; Ta ¢; MIHSIOTHCS MICISIMH.

IMobynoBa Monei. Beenemo (ikTuBHE JKEpEo
Vs 1 3’¢lHaEMO HOTO 31 BCiMa BEpUIMHAMH «CIaJlb-
HOTO» Oepery JyraMu i3 IMpOITyCKHOK CITPOMOXK-
HICTIO by; = p;. AHAJIOTIYHO 3’ €IHAEMO BCi BEPITHHU
«IPOMHCIIOBOTO» Oepery i3 (QIKTUBHUM CTOKOM
JyraMH 3 IPOILyCKHOIO CIIPOMOMKHICTIO by, = g;.

[ToOymyemo MaremMarnyHy MOJAENbh  3a/1adi.
LimpoBa GyHKITIS:

f = max Z Vi ls (1)
u; el
OOMEXKEHHS:

Zyizzzy”,z¢s,z¢s, )

u €U uy el
0<y; <b, vu; U, 3)
Yy x5, Vu, €U’ 4)
X = (xi]j],xizjz,...,xikjk)e E,(G), (5)

e G= {0"*" M d}, M — nocuTh BeNHKE YHCIO
(M > I}}gj}g(b,-j)), E,,(G) — MHOXUHA TIepPeCTaHOBOK

13 k gmcen, cepen SKuX 2 pi3Hi (YJaCTKOBHHA BHIIAIOK
MHOXXHHH MTEPECTAHOBOK).

Mogens (1)—~(5) € 3anayero eBKIIIIOBOI KOMOiHA-
TOpHOI onTuMi3allii Ha mepecraHoBkax. B [7] mose-
JICHO, 10 B 3araJibHOMY BUNaAKy BoHa € NP-Baxkoro.

Hpukaan. Jlano micTo, sIKe CKIaIA€THCS 3 T SITH
MikpopaioHiB. «CHanbHi» MIKpOpaHOHU Vi, Vs,
V3 PO3TAIllOBaHI HAa OJHOMY Oepe3i piuKd, MPOMHC-
JIOBI MIKpOpaloOHU V4, Vs — Ha iHIIOMY. Bimommuii
BUXIJTHUH TPAHCIIOPTHUH TIOTIK JUIS «CTIAJTBHUX)
MikpopaioHiB p; =8, p,=10, p;=9 Ta BXimHuUi
TPAHCIIOPTHUHM TOTIK IS MPOMUCIOBUX ¢4 = 11,
¢s = 16. HasBHI TIUIIXHU MK MiKpopailoHaMH Ta ix
MPOIYCKHA CIIPOMOXKHICTh 3aaHa Ha rpadi (puc. 1).
Mikpopaiionu v; Ta v, 3’€JJHaHI MOCTOM 3 TIPOITyC-
KHOIO CTIPOMOXHICTIO 17 ox1. 3arutanoBana o0y/10Ba
ITE TPHOX MOCTIB Uy, Usq 1 Us5 3 TIPOTTYCKHUMH CIIPO-
MOKHOCTSIMH 5, 6 Ta 8 BIAIOBIIHO. AJle € MOXIIH-
BicTh noOyayBaru nume 2. [loTpiOHo BuOparu nBa i3
TPBHOX 3aIUTAHOBAHUX MOCTIB, TOOYIOBA STKUX MaKCH-
Mi3y€e TPAHCIIOPTHHUH IOTIK 31 «CHaJIbHOTO» Oepera
Ha IIPOMUCIIOBUH.

MaremaTuuHa Mojaesib. Beermemo  (ikTuBHE
okepeno Ta (QIiKTUBHUE CTik. DIKTHBHE MIKEpeio
3’€IHAEMO JyTaMH i3 yCiMa BEPITUHAMH «CTIATTEHOTOY
Oepera, TIPOITYCKHY CIIPOMOYKHICTH Bi3bMEMO PIBHOIO
BIJITIOBITHUMHY BUX1IHUM ITIOTOKaM i3 paiioHiB. AHAJIO-
TYHO yCi BEpILIMHHA POMHCIIOBOrO Oepera 3’€THaEMO
13 CTOKOM JTyTaMH 3 IMTPOIYCKHOIO CTIPOMOKHICTFO PiB-
HOIO BXiJJHOMY MTOTOKY BIITIOBITHUX paiioHiB (puc. 2).

TakuM 4YHHOM, MH OTpPHUMalM KOMOIHATOPHY
3a/1a4y 3HAXOMKEHHS MaKCUMAaJbHOrO MOTOKY [8].
[Tobymyemo i MaTemMaTnyHy MOZEIb.
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Pucynox 1 — Cxema po3rauryBaHHs
MIKpOpaioHiB MicTa

Pucynok 2 — TpancnoptHa Mepexa
13 QIKTUBHUMH J[KEPETIOM Ta CTOKOM

[loOynyemo MareMaTuuyHy MOAEIb
HinsoBa ¢ynkmis (1):
f: max(ysl +ys2 +ys3);
O0OMEKEeHHS:
30epekeHHs OaaHcy y By3max (2)

Yatyatya=yutystig
Yot Yot yn=yutystys,
Yoty Ty =yutyntyutys,
Viat Vgt Vsa = Vas + Va,

Yas T V35 T Vas = ysa T Vsi
0OMEKEeHHS Ha TIPOITYCKHY CIIPOMOKHICTB (3)

0<ys<8, 0<yn<9,
0<ys<10, 0<y,<ll,
0<ys=<3, 0<yus=<17,
0<y,y<12, 0<yx<10,
0<y;s<5, 0<ys <3,
0<yn<T7, 0 <y <8,
0<ys;5<6, 0 <y <8,
0<ys,<ll, 0<ys <14,
0<y;,<16;
KoMOiHaTopHi oOMexeHHs (4)—(5)

Va5 = Xos,

V34 < X34,

V35 < X35,

3a1a4i.

X = (X5, X34, X35) € E3(G),
me G=1{0,10*} (BizseMemo M =10,
10 > max{5,6,8}).

Mopenio po3mIsTHY TO1 3a/1a4i € 3a7ja4€10 EBKII110-
BOT KOMOIHATOPHOT ONTHMI3allil Ha IepecTaHOBKaX.

MeTtoau po3B’sizyBanHsi. B [16] po3misgaeTbes
3BeICHHS] KOMOTHATOPHUX 33/1a4 Ha rpadax 1o 3aj1aq
MaTeMaTU4HOrO NMPOrpaMyBaHHS Ta PO3B’s3yBaHHS
ix 3a momomororo MS Excel. 3ayBaxkumo, 1o 1ei
miaxing HezactocoBHUi ms 3amadi (1)—(5), ockinbku
MS Excel nparioe 3 mijIOUMCIOBIMY 3aa9aMu, alie
HE KOMOTHOTOPHUMH.

Jnst po3B’si3aHHs 3a7adi Opo 1moOygoBy Moc-
TiB MOXkKe OyTH 3aCTOCOBAaHWU OIWH 13 3araJIbHUX
METOJIB PO3B’sI3yBaHHS EBKJIIJIOBOT KOMOiHATOp-
Hoi onrumizanii (Hanpukian, [1-3]). Ase Oinbin
e(eKTHBHO BHMKOPHCTOBYBAaTH CICLialbHI METOIH
po3B’s3yBanHs. B [8—11] posmisgarorees ToUHI,
HAOIIKEHI Ta eBPUCTHUYHI METOIU pO3B’SI3yBaHHS
KOMOIHATOpHHUX 3a/ad 3HAaXOKEHHS MaKCHMallb-
Horo motoky. JKanioamit meron [10—11] mo3Bossie
3HAWTH PO3B’A30K 33/a4i 3a MOJIHOMiaTbHHUN dHac,
aje BiH HE TapaHTy€ ONTHUMANbHICTH PO3B’S3KY.
Meron TiUIOK Ta MeX [I03BOJSAE 3HAWTU TOYHUH
PO3B’S30K, & TAaKOX MOXKE OyTH 3acTOCOBaHUHN ISt
3HAXO/DKEHHS HaOIM)KEHOTO PO3B’s3Ky. Halbinmbr
e(DeKTUBHUM € BHUKOPUCTAHHS >XaIiOHOTO METOIy
JUIsl 3HAXO/KEHHSI IMOYaTKOBOTO PO3B’SI3KY, a MOTIM
METOJy TiJIOK Ta MEX AJISl 3HAXOKEeHHSI ONTHMaJIb-
HOTO PO3B’S3KY.

Metoa rijiok Ta Me:xk. Po3nisiHeMO MeToq rijlok
Ta MEX JUISL pO3B’sI3aHHS 3a71a4i PO MOOYyI0BY MOC-
TiB [9]. Binkunemo komoOinaropHi ymoBu (4)—(5)
Ta OTPUMAEMO KIIACHUHY 3a]ady 3HaXOPKCHHS MakK-
CUMaJIFHOTO TIOTOKY, IJIsSI PO3B’SI3aHHS SKOI BiOMIi
nojiiHoMianbHi Metoau [12—14]. Hexaii Makcumaib-
HUIl TIOTIK Ul KJIacHYHOI 3ajadi jopiBHIoE |w|.
OueBuHO, MO PO3B’A30K IOYATKOBOI 3ajadi He
TIepEBHIIUTE W]

ITpn dixcoBaHMX 3HAUCHHSX X; KIACHUHY 3a/ady
3HAXOPKCHHS MAKCHMaJbHOIO IIOTOKY MOXKHA
OTpPUMATH, BBIBIIM HOBi MPOIMYCKHI CIIPOMOXKHOCTI

, .
bij = mln{b,j,x,j} .

OCKIJIBKH

OTxe, po3B’sI30K KOMOIHATOPHOI 3aja4i 3HAXO-

JDKEHHSI MAaKCUMaJIbHOTO TIOTOKY MOXKHA OTpPHUMArH,
k!
gt

XO/DKEHHSI MaKCHMAallbHOTO TIOTOKY Ta BHOpaBIIU
cepen X po3B’si3KiB MaKCUMaJIbHUN (METO] IOBHOTO
nepedopy). Meroz TiJIoK Ta MEX J03BOJISIE CYTTEBO
3MEHIUUTH KUIbKICTh KJIACHMYHMX 3a7ad Ta CIPOC-
TUTH 1X PO3B’A3aHHS.

pO3B ’SI3aBIIN KIIaCMYHUX 3a1a4 3Ha-
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[Iponymepyemo Bci ayru, Ha SKi HaKJIaaeH1 KOM-
OiHaTopHI OOMEXeHHS, B TOPSAAKY CIAIaHHS IIPO-
IyCKHUX CIIPOMOXKHOCTEH: Uy, Uy, ..., Uy 100TO, u; —
IyTa Uy, JUIs SIKOI 3HAYEHHs 7; MAaKCUMaJIbHE CEepel
IyT 3 KOMOIHATOPHUMHU OOMEXEHHSIMH, 1 T. 1.

3a MOYaTKOBE PEKOPAHE 3HAYCHHS F, MOXHA
B3ATH JESKWH HaOMMKEHUH pPO3B’SI30K 3ajadi,
OTPUMAaHUM, HANPUKIAJ, KaaiOHuM meromom [10].
[ToyaTkoBUM eTaroM (BEPLIMHOIO AEpEBa MOIIYKY)
OyZaeMo BBakaTH 3aaa4y 0e3 KoMOiHATOpHUX oOMe-
EHb, OIIHKOIO v — 1i po3B’s30K W]

lanyxxeHns OyaeMO MPOBOAWUTH HACTYITHUM
YUHOM: Bi3bMEMO JYTY . 1 TIOKJIaAeMO BiANOBinHE
3HAUEHHA X; I0YEPrOBO PIBHUM YCIM AOIMYCTHUMHUM
pi3HNM 3Ha4YeHHSM 3 (G, IOYMHAIOYH 3 HAWMEHIIIOTO
1 3aKkiH9yIoud HaiOiMbmMM. OLIHKOIO V BEpIINHH
JiepeBa pPo3B’s3KiB Oy/IeMO BBa)KaTH PO3B’SI30K Bij-
MOBITHOT KJIacHM4YHOI 3a7avi 3 MPOIyCKHHMH CIIPO-

MOXKHOCTAMM b = min {b.. x} Slkmo  owmiHka

/Rt
vV MIEPEBHIIY€ MMOTOYHE PEKOPIHE 3HAYCHHS F), TO
MIPOIOBKYEMO TaIly’)KEHHS, 1HAaKIIe — BiJICIKAEMO
BEPIINHY.

SAxkio z = k, ToOTO 11 yCIX JYT, Ha SIKI HaKJIaACHI
JIOJIATKOB1 KOMOIHATOPHI OOMEXCHHS, BIAMOBIIHUM
X;; IPUBJIACHEHI KOHKPETHI 3HAYCHHS 13 MYJIbTUMHO-
)KuHU G, TO OIliHKA V Oy/e TOIMYCTUMHUM PO3B’I3KOM
BUXIHOT 3ama4i. SIkmo po3m’si30k F;=v, nepeBH-
IIy€ MOTOYHE PEKOPJIHE 3HAYCHHS F), TO IPUIMAEMO
rioro 3a HOBHIA pekopa (Fy = F)).

TakuM 4uHOM, 3MiHIOIOUH z =1, ..., k Ta BHUKO-
PHUCTOBYIOUM TOIIYK B IIIMOMHY, 3HAXOUTHCS OIITH-
MaJbHHI PO3B’ 30K BUXIJIHOT 3a1a4i.

BenmnuuHa v € OIIHKOIO BiAMOBIIHOT BEPIIUHU
ZiepeBa po3B’SA3KiB, OCKUTEKH BpaxyBaHHS KOMOiHa-
TOPHOTO OOMEKEHHS JJisi KOXKHOI HACTYIHOI JIyTH
HE MOYKe 30UIBIINTA MaKCUMAaJbHUN IOTIK. SIKIIO
v<F,, ne F, — morouHe pexkopAHE 3HAYCHHS, TO
MMPOBOIMMO BiJICIKAaHHS BIATIOBITHOT BEpIITUHH,
OCKUIbKM TOJAJIbIIe Taly’)KEHHsT HE J03BOJHUTh
MTOKPAIIUTH PEKOP/.

3a yMOBH v > F|y MH TIPOJIOBKYEMO TaTyKCHHS
1 (hakTHIHO TIepeOupaeMo BCi BapiaHTH, IO MTOTEH-
LHIHHO MOXYTh TIOKPAIIUTH PEKOPJIHE 3HAYCHHS.
ToMy po3B’SI30K, OTPUMaHUH 3a JIOTIOMOTOI METOIY
TIOK Ta MEX, € ONTUMAIIEHUM.

Slkmo moTpiOHO 3HAWTH BCi  ONTHMAabHI
PO3B’SI3KH 3a/1aui, TO YMOBY BiJICIKAHHSI TOTPiOHO
3aMIiHUTH Ha v < [,

3ayBakeHHs. Ha KO)KHOMY eTarri raixyKeHHS He
000B’SI3K0BO PO3B’SA3yBaTH KIACHIHY 3a7ady 3HAXO-
JPKEHHSI MAKCHMAJIBHOTO TOTOKY. SIKIO 3HaYeHHS V;
y MOTIEPEIHEOMY PO3B’SI3Ky HE IIEPEBUIIY€ HAKIIATIC-

HOI0 Ha HbOI'O KOMOIHAaTOPHOrO OOMEXEHHS Xj, TO
PO3B’S30K 3a7a4i HE 3MIHIOETHCS.

B inmomy Bumamky po3B’A30K KIJIACHYHOI
3ajla4i MOKHa CYTTEBO crupocTuTH. OTpumaHa
3a7ada Oyje BiIpI3HATHUCS BiJl BXKE PO3B’SI3aHOI
JUIIE TPOMYCKHOIO CIPOMOXHICTIO OfHi€l myTH
u;;. IlopaxyBaBILIM BEIUYUHY ; — X;;, IOTPIOHO 3Ha-
ATy MapupyT (ab0 MapmIpyTH) i3 JKepesa B CTiK,
10 TPOXOAUTH Yepe3 10 AYTY, i SMCHIIUTH BEJIU-
YUHY TTOTOKY TI0 KOXKHIH 3 yT MapuipyTy Ha BEJH-
YUHY y;; — X;. [1icIs IbOTO 3aCTOCYBaTH, HAIPHK-
nan, metoq Enmonnca i Kapna [14] i cnpoOyBaru
301IBIIMTH BETUYHHY TTOTOKY.

MerTox TIJIOK Ta MEX J03BOJISIE 3HAWTHA TOYHUI
PO3B’s130K 3a7a4i. Ayie MOXKYTh OyTH BHITaK{ BXiJ-
HUX JIaHHX, ]I BIiH 3BOJIUTHCS JI0 TIOBHOTO 1epedopy.
ToMy JIOLUIFHUM BUIJISAA€ BUKOPUCTAHHS I[HOTO
METO/AY Ui OJIEep’KaHHS HAOIIKEHOTO PO3B’SI3KY.
3a HaOMIKEHUH PO3B’SI30K Ha JCSKOMY €Talli ajro-
PUTMY MOYKHA B3ATH TOTOYHE PEKOPIHE 3HAYCHHS
Fy. OuiHkoio BiZHOCHOT MOXUOKH PO3B’SI3KYy MOXKE

Vmax

F,

MaJlbHEe 3HAu€HHS OI[IHKK Cepej HEepO3rairy>KeHHX
BEPIIHH JIepeBa PO3B’SI3KY.

BUCHOBKU. B poGori 3ampornoHoBaHa KOM-
OiHaropHa 3ajada MOOYIOBHM MOCTIB, MOOy/I0BaHA
11 MareMarndyHa MOZEJb Ta PO3NISIHYTO METOIU I1i
po3B’s3yBaHHA. Po3po0ka il epeKTHBHUX METO-
JIiB pO3B’sI3yBaHHs 3a/1au TAKOTO TUITY 3aJIHIIAETHCS
aktyaiapbHO. OJHUM 13 MEPCHEeKTUBHUX IUIAXIB
€ Mo0y10Ba HAOIMKEHUX METO/IIB.

MaKCH-

CIyryBaTH BEIUYMHA L € Vinax —

JITEPATYPA

1. Crosa 1O.I. Onrtumizaiis Ha TOJIPO3MIIIEHHSX:
teopist Ta metomu / FO. I Crosin, O. O. Emerp, €. M. €melp;
ITont. yH-T cnokuB4oi koomepamii Ykp. ITonraBa : PBI]
ITYCKY, 2005. 103 c.

2. €wmenp O. O. Po3p’s3yBaHHs irpoBUX 3aj1a4d 3 0OMe-
JKEHHSIMHU-TIOMIPO3MILIIEHHSIMU Ha CTpAaTeTii OJIHOTO TPaBIIs:
iTepauiiiauit meton tuny bpayna-Pobincon / O. O. €melp,
On-pa O. €wmenp, [. M. IlonskoB. Bicnux 3amnopi3pbkoro
HAIlIOHAJILHOTO YHIBEPCUTETY : 30ipHUK HAyKOBHX CTaTeH.
dizuko-maremarnani Hayku. 2020. Ne 1. C. 38-45.

3. Emen O. A., bap6onuna T. H. KomOuHaropHas onrtu-
Mu3ayst Ha pazmerieHusx. Kuis : Hayk. aymka, 2008. 159 c.

4. €menp O.0O., OmbxoBchka O.B. Po3p’s3yBaHHS
KOMOIHATOPHHX 33J1a4 irpOBOTO THITY 3 0OMEKEHHAMHU-TIEpe-
CTaBJSIHHAMH Y 000X IpaBIliB: iTepaniianii meton. CructeMHi
JnocmipkeHHs Ta iHdopmariiini TexHomorii. 2012. Ne 4.
C. 80-93.

5. €mernp O. 0. Meton TiOK i MeX pPO3B’s3yBaHHS
3a7a4 ONTHMI3alii JiHIHHOT WiTbOBOT (QYHKIIT Ha PO3Mi-
IICHHSX 3 IMOBIpHiCHOW HeBu3HaudeHicTio / O. O. €melp,

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)

118



KOMITHOTEPHI HAYKA

T. M. bap6omnina. Bicnux 3anopi3bkoro HaliOHAJIBHOTO yHi-
BEpPCUTETY : 30ipHUK HAYKOBHX cTareil. Di3uKo-MaTeMaTuyHi
Hayku. 2018. Ne 2. C. 43-54.

6. Emen O. A., Ement A. O, ITonsxos 1. M. Kpurepuit
pebpa obuiero MHOrOrpaHHuKa pasMmernienuii. Knbepueruka
u cucteMHbld ananu3. 2018. Ne 5. C. 128-138.

7. Emen E. M., Onexcuituyk 0. ©@. NP-tpynHOCT KOM-
OMHATOPHOH 3a/1a4Ml HAXOXKJCHNUS MAKCUMaJIbHOTO IOTOKA.
TaBpuueckuii BeCTHUK MHPOPMATUKK W MaTeMaTHku. 2012.
Ne 2. C. 36-44.

8. €menp 0O.0., €menp €. M., Onekciituyk FO. @.
3HaXO/UKEHHSI MaKCUMalbHOTO MOTOKY B MEpexi 3 Jojar-
KOBUMH  KOMOIHaTOpHMMH  OOMEKeHHsMH.  TaBpudec-
Kuii BecTHUK uH(opmarnkn u Maremaruku. 2011. Ne 1.
C. 43-50.

9. €wmems O. O., €mens €. M., Onekciituyk FO. ®. Kom-
OiHaTopHa 3a/1a4a 3HAXO/PKEHHS MAaKCUMAJIBHOTO TTOTOKY Ta
METOJ TUIOK Ta MeX Julsl il po3B’s3yBaHHS. Bichux 3amo-
PI3BKOr0 HAI[IOHAJIBHOTO YHIBEPCHTETY : 30ipHHMK HayKo-
BUX crareid. @ismko-maremarmuHi Hayku. 2012. Ne 1.
C.91-98.

10. €mens O.0., €menp €. M., Omnekciituyk 0. ©.
KaniOuuit MeTox po3B’si3aHHS KOMOIHATOPHOI 3amadvi 3Ha-
XOJDKEHHSI MAaKCHMAJIBHOTO TIOTOKY B Mepexi. MaremarnuHe
Ta KoMmIr'toTepHe MojemoBanHs. Cepis: ®Dizuko-marema-
THYHI Hayku : 30. Hayk. mpaub. Kam’sueus-Iloaitbepknii:

Kawm’staenip-Ilominbepkuii HalliOHATBHUN YHIBEPCUTET IMEHI
Iana Orienka. 2012. Bum. 7. C. 93-99.

11. €mens O. O., Emens €. M., Onekciituyk H0. @. [Toi-
HOMIiaJIbHUH MeToJ] HaONMMKEHOTO PO3B’s3aHHsI KOMOiHATOp-
HOT 3a/1a4i 3HaXO/KEHHSI MAaKCUMAaJbHOTO ITIOTOKY B MEPEXI.
Homosini HamionanbHOi akagemii Hayk Ykpainm. 2013. No 4.
C.33-37.

12. ®oppn JI., @ankepcon H. [lotoku B cerax. Mocksa :
Mup, 1966. 277 c.

13. Xy T. Y., llluar M. T. KomOuHaTopHbIe aIropuTMBl.
Hwxuuit Horopon : Mza-Bo Huxkeropouckoro rocyHusep-
curera uM. H. U. Jlobauesckoro, 2004. — 330 c.

14. Edmonds J., Karp R. M. Theoretical improvements
in algorithmic efficiency for network flow problems. ACM.
1972. Vol. 19, Ne 2. P. 248-264.

15. Tynyn T.B. MynbruareHTHa onTuMizamis IUIaHy-
BaHHS IOTOKIB JJOPOXKHBOI Mepei: 0COOIMBOCTI Mypariu-
HOTO aNropuT™My. MicToOy/lyBaHHS Ta TepUTOpiaIbHE IUIaHy-
BaHHA : HayK.-TexH. 30. KniB. Hau. yH-T Oyz-Ba 1 apXir.; roi.
pea. M. M. Ocerpin. Kuis : KHYBA, 2016. Bun. 62, 4. 1.
C. 179-18s.

16. Cemeneny C. H., HaconoBa C.C. MogenupoBaHue
KOMOMHATOPHBIX 33714 Ha Tpadax B TEPMUHAX 33/1a4l MaTe-
MaTHYeCKOro porpamMMupoBanust. Bicnuk [IpuaHinpoBcbKoi
JiepkaBHOT akanemii OyniBHMLTBa Ta apxirtekrypu. 2015.
11 (212). C. 73-80.

COMBINATORIAL PROBLEM OF BUILDING BRIDGES
AND METHODS OF ITS SOLUTION

Yuriy Oleksiychuk

Candidate of Physical and Mathematical Sciences, Associate Professor,
Associate Professor at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, olexijchuk@gmail.com;

ORCID: 0000-0002-0585-3307

Dmytro Olkhovsky

Candidate of Physical and Mathematical Sciences, Associate Professor,
Associate Professor at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, dmitriy@olhovsky.name;

ORCID: 0000-0003-0313-6977

Olena Olkhovska

Candidate of Physical and Mathematical Sciences, Associate Professor,
Associate Professor at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, lena@olhovsky.name;

ORCID: 0000-0001-5366-5995

Tatiana Chilikina

Candidate of Physical and Mathematical Sciences, Associate Professor,
Associate Professor at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, tv.0502@gmail.com;

ORCID: 0000-0002-0585-3307

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)



KOMITHOTEPHI HAYKA

Oksana Chernenko
Candidate of Physical and Mathematical Sciences, Associate Professor,
Associate Professor at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, oksanachernenko7(@gmail.com;
ORCID: 0000-0002-9084-0999

Oksana Orikhivska
Senior Lecturer at Department of Computer Science and Information Technology

Poltava University of Economics and Trade, Koval str., 3, Poltava, Ukraine, 36000, aka.jeita@gmail.com;
ORCID: 0000-0003-2775-0832

The combinatorial problem of optimization of bridge construction is considered in the work. Let there be a city that
is located on the banks of the river. The city consists of neighborhoods that are connected by roads. Maximum capacity
is known for roads. To better connect the shores, it is planned to build several bridges with known capacity. But not all
of these bridges can be built at once. The task is to select a certain number of bridges from the planned ones, which will
be built primarily in order to maximize traffic flow between the shores. The problem can be reduced to the combinatorial
problem of finding the maximum flow by introducing a fictitious source and a fictitious drain. In the general case, the task
is NP-difficult. If we reject the combinatorial constraints, the problem is reduced to the problem of finding the maximum
flow in the transport network, for which polynomial algorithms are known. Also, the problem of building bridges can
be reduced to the problem of Euclidean combinatorial optimization on permutations. Many solving methods have been
developed for such problems. One of the general methods for Euclidean combinatorial permutation optimization problems
can be used to solve the problem. Special methods have been built for combinatorial problems of finding the maximum
flow. For example, the greedy method and the method of branches and boundaries. The greedy method is heuristic. In terms
of time, it is polynomial, but does not always allow to find the exact solution. The method of branches and boundaries can
be used to find both the exact solution and the approximate one.

Key words: problem of bridge construction, combinatorial optimization, combinatorial problem of finding the maximum
flow, problem of Euclidean combinatorial optimization on permutations, method of branches and boundaries.
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The purpose of this paper is to compare two approaches of backend development using the PHP programming language —
Core PHP and PHP frameworks. Both approaches are popular, but, as in every other language, using frameworks saves
developer time and allows him not to implement routine connected with the trivial operations.

Still, when we are talking about performance and “weight” of the web-application, we can say that using frameworks
often includes a lot of redundant and unnecessary code from packages that are used, and a lot of web-developers don’t
control that. As a result, the developed web-applications become heavier and consume more resources of server systems.
Moreover, frameworks approach is often used for very simple applications that can be easily implemented using Core PHP
and based on a few files of code. This creates unnecessarily large projects solving the small and simple tasks.

The aim of this paper is to highlight the advantages and disadvantages of PHP web development using Core PHP
and PHP frameworks. The security and performance are investigated mostly, but some smaller things are taken into account
as well. The recommendations on using both approaches are given to provide most effective combination of development
experience and performance.

As the result of comparison analysis, the framework-like MVC application architecture is proposed to build tiny
lightweight web applications for custom tasks (in our case, the vocabulary website). The structure of the application is
provided and key development things are highlighted (using Core PHP).

The perspectives of modification for solving trivial problems like RESTful backend app or bearer token authentication
are discussed.

Key words: sustainable web development, performance optimization, PHP frameworks, MVC architecture, Core PHP.

PHP has been one of the most popular backend So, when we are talking about the difference
developments for a long time. LAMP stack as between using Core PHP and PHP frameworks,
the platform configuration remains the most popular a couple of things should be considered. First of all
way to host the web-sites. According to W3Techs [1], (and this is the main purpose of the frameworks)
77.4 % of websites whose server-side programming is the convenience of the development process.

language is known, use PHP. PHP frameworks are known to be time-saving
PHP started as the scripting language, but while developing large applications [2]. The reason
soon became the powerful tool for the “classic” of this frameworks approach advantage is including

programming approach. As a result, a lot of different ~ the packages that solve standard web development
frameworks that used PHP as a basic programming  routine in your project without having to write it
language were developed and released. Of course, from scratch. This includes the authorization process,
this made developers work easier and less time  routing and using the database as an abstraction.
consuming, providing all-in-one popular functionality =~ Developers can simply use the pre-developed
of the application. functions without writing them by themselves.
However, the performance of the PHP frameworks Second big advantage of the framework is team
remains questionable, compared to Core PHP. interaction during the development process. Core
Moreover, a lot of small backend web applications PHP requires the developer team to agree on a lot
are written using PHP frameworks and include a lot ~ ofsmall and big things —how to break the app structure
of redundant code from different packages, so most into files, packages or object-oriented programming
functions from these packages remain unused. entities, etc. In the case of a framework you already
The aim of this paper is to compare two have the skeleton of your project and stick to
approaches and give the recommendations regarding  the design recommendations of that framework.
usage of each approach depending on the project Easy maintenance and scalability is the next
characteristics. advantage of PHP frameworks [3]. The requests,
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loading balance and many other things connected
with the app performance are already developed
and configured when using frameworks. This allows
you to build relatively big and complex applications
without worrying about how it will behave when
the number of customers increases.

When talking about advantages of using Core
PHP, the first one that comes to mind is controlling
all your code. When developer builds the application
from scratch and does it in the proper way, using
KISS (Keep It Simple Stupid) and DRY (Don’t
Repeat Yourself) principles, he gets the application
that is fully transparent and traceable. This allows
the developer to rely on himself at major part
of the code and not to worry about packages updates,
version conflicts, etc.

But the key advantage of the Core PHP is
performance. Author ofthe paper [4] gives the detailed
analysis of CRUD (Create — Read — Update — Delete)
operations performance for Core PHP and popular
frameworks Phalcon, Codelgniter, Laravel
and Symphony. According to the research, the fastest
framework (Phalcon) application executed CRUD
operations more than 2 times slower than Core PHP
application, while the most popular PHP framework,
Laravel, was up to 400 times slower than Core PHP.

Worth to note that usage of Core PHP is not
just about the performance, but also improves
the resource usage. In example, according to [2],
create action consumes 0.14 Megabytes of memory
in Core PHP, 0.17 Megabytes when using Phalcon
and 9.42 Megabytes when using Laravel. This
is directly connected with the number of called
functions during this operation, which is equal
to 50 in Core PHP 225 for Phalcon and 1253 for
Laravel. The difference between these numbers is
significant.

Thus, in the projects that don’t require much
scalability and are not very complicated we need
to omit the usage of the frameworks. Based on
the information provided by HTTP Archive [5],
the average web page size in 2010 was 702 KB
compared to in 2016 which is 2232 KB. With
the increase in size of every web component
and the addition of video, web page size has
increased by 1,530 KB or 317 % from 2010 to 2016.
Developers should keep in mind that every request
their application consumers do to the server is
the electricity consumption as well as working
resource of the server devices.

The last but not least point in discussing the Core
PHP and PHP Frameworks is the security. This
point is where we can summarize the comparison,

because the same thing applies to all aspects of web
application web development. Everything that is
done in terms of security in frameworks, obviously
can be implemented in Core PHP. When using
the Core PHP, you’ll get clear traceable code that
uses minimal amount of resources and executes
faster, but the whole development process will be
significantly more time consuming and complicated
than the development process that uses frameworks.
Also, the bigger the Core PHP project, the harder
it will be to support and develop, especially when
working in a team.

So, the conclusions of the comparative analysis
are:

1) if a project is large in terms of scope, is
expected to be scaled in future and is developed by
a team, it’s better to use PHP frameworks;

2) if the project is relatively small and simple,
amount of customers is known and it is supported
by small group of developers or single developer, it’s
better to use Core PHP to keep the project simple
and avoid unnecessary resource consumption.

The main question that remains after these
conclusionsishow dowekeep theadvantages of MVC
architecture when not using MVC framework.
Let’s consider the simple example — dictionary
application to store and search through translations
of words and word combinations between English
and Ukrainian languages. The database structure
contains the following tables:

— categories (to store translation categories);

— en_lang parts (to store the names of English
language parts);

— invitations (to store the invitations that
administrator sends to the potential editors);

— remarks (to store the editions made by editors
into existing translations);

— roles (to store user roles);

— translations (to store the translations and it’s
context);

— ua_lang_ parts (to store the names of Ukrainian
language parts);

— users (to store the user data.

The sitemap of the project is given on Fig. 1.

The functionality of the project is achieved
through the structure shown on Fig. 2.

Root project folder contains two folders (app
and assets) and three files:

— config.php file is used to store environment
variables like database credentials, project root
folder path, project URL etc;

— .htaccess file contains the configuration for
Apache. The main purpose of this file in this project
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is to map all requests to index.php, no matter what — js— for all the scripts;

the sub-URL is; — img — for all the images in the project.
— index.php file reads the config.php file App folder contains two files and three folders:

and calls the router, which is located in app folder. — router.php file checks the current url the user
Assets folder contains three folders: is located at and loads proper controller to show
— css — for all CSS files of the project; the page;

Register by invitation |

Manage translations (&

. |
! i
| |
| T Index page (search) |
| ¥ i
! Search results page !
| ¥ i
| |
: Password restoration - Login page |
! request page :
! |
a v i
| |
! Change password |
| page :
! Visitor Area!
e . 2 I H
| i ;
| Add invitation  fe—— Dashboard - v :
| | 1
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| o Add editor suggestion |
I [ 1
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! management sk | :
i i i = Manage Categories i
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: . ;
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: i \Editor Area i
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iﬂdministratur Edit User | i i —» Add new category i
Area P i
| il i
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Edit existing i i
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Manage editor || ! | i
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|
|
|

_________________________________________

Figure 1 — Project sitemap
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— dbconnect.php  creates the mysql
connection using the credentials so it can be
used by models later;

— models folder contains the models for each
project entity that are represented with a file that
contains the number of functions providing CRUD
implementation and additional functionality (like
checking the email for availability during registration;

— controllers folder contains the controller
files (one for each project page) that call the proper
models to provide the data and includes views to
create server-side rendering of the result page;

— views folder contains html code fragments
for common parts (like header and footer)
and specific pages).

This structure is an example of how a simple
application can be implemented with Core PHP
in an MVC way. Because the whole application
is server-side rendered, we can manage access
using the PHP sessions. However, if we need
to make the app universal for any web clients,
it’s better to provide an API and use RESTful
architecture. For this, we only need to modify
the app excluding views and replacing them by
generating proper JSON-formatted responses in
controllers and control the API calls through the §
SERVER["REQUEST METHOD"] variable (to

retrieve the post type). To authenticate the web
client, Bearer token can be used and retrieved
through processing of the $ SERVER[‘HTTP
AUTHORIZATION’] variable.

In conclusion, it is worth to note that cleanness
and performance of each application is mostly
dependent on developer skills and his ability to
simplify the developed apps. Avoiding unnecessary
complexity is the key step to build a sustainable web
environment, and this is the task of every developer.
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CORE PHP TA PHP ®PEMMBOPKM: MOPIBHSJILHUI AHAJII3 JIBOX MIJIXOIIB
O PO3POBKU CEPBEPHUX JOJATKIB

Map’an Caabinora
KangugaTt TEXHIYHUX HayK, IOLCHT,
JIOLICHT KaeIpy KOMIT FOTEPHUX CUCTEM 1 MEpex

IBaHO-®paHKIBCHKHUIT HAIIIOHANBHUI TEXHIYHUN YHIBepcUTET HA(TH 1 rasy, Bya. Kapnatceka, 15, IBaHo-DpaHKiBCBK,
Vkpaina, 76019, marian.slabinoha@nung.edu.ua;
ORCID: 0000-0002-7296-0356

Mertoro f1aHOT pOOOTH € TIOPIBHIHHS ABOX MiAXOAIB PO3POOKU CEPBEPHUX J0/IATKIB 3 BUKOPUCTAHHSAM MOBH IIPOTpaMy-
BanHs PHP — Core PHP («uunctoro PHPy) i PHP ¢peiimBopkis. O0uaBa miaxoan nomyssipHi, ajie, K 1 B Oyab-sakii iHIIii
MOBI1, BUKOPUCTaHHs (ppEHMBOPKIB €eKOHOMHUTB Yac PO3POOHHKA 1 JO3BOJIE HOMY HE peaji3oByBaTH PyTHHY, OB’ SI3aHy
3 TPUBIATLHUMH OTIEPALIISIMH.

OmHaK, KOIU MH TOBOPHMO ITIPO IIPOAYKTHBHICTB 1 PO3MipH BeO-0aTka, MOKHA CKa3aTH, [0 BUKOPHUCTAHHS (PpeiiM-
BOPKIB YacTo BKJIFOYa€ Oarato 3aifBOTO Ta HEMOTPIOHOTO KOIY 3 MAKETIB, SIKi BUKOPHCTOBYIOThCS. YacTo, Be6-po3poOHUKH
HE TIPUALIIOTE JOCTaTHHO YBark KOHTPOJIIO 32 IIMMH MPOIECaMH, B Pe3ylbTaTi Y0To po3po0ieHi web-IonaTki cTarTh
BOKUYMMH 1 CIOKMBAKOTh OLJIBIIE PECYPCiB CEPBEPHUX CHCTEM. bijbIie TOTO, MiXi/1 3 BUKOPHCTAHHAM (DPEHMBOPKIB Yac-
TO BUKOPUCTOBYETHCS JUIS JTyKe TMPOCTHUX JIOATKIB, SIKI MOYHA JIETKO peaizyBaru 3a jornomororo Core PHP i Ha ocHOBI
KinbKox (aiiniB xoxy. Lle cTBOpIoe HEBUIPABIAHO BEMHKI MPOCKTH, II0 BUPIIIYIOTh APiOHI Ta MPOCTi 3aBIAHHS.

Mera 1i€f cTaTTi — BUCBITINTH TIepeBart ta Heomiku Be6-po3podku PHP 3 Bukopucranusm Core PHP ta PHP ¢peiim-
BOPKIB. 371€01IBIION0 AOCTIIKYIOTECS Oe3Meka Ta MPOAYKTUBHICTb, ajic BPAXOBYIOTHCS M JEsSKi MEHII KPUTHYHI pedi.
Hapnano pexoMeHpanii o0 BUKOPUCTaHHs 000X IMiIXO/IB, 1100 3a0e3MeunTH HaiO1bI e(peKTUBHE TTO€THAHHS 10CBITY
PO3pPOOKH Ta MPOAYKTUBHOCTI.

B pesysbrari nopiBHAIIBHOTO aHanizy npononyerscs MVC apxiTekTypa joaarka, noaioHa 1o GppeiMBopKy, 1J1s CTBO-
PCHHS HEBENUKHX JIETKUX BEO-TOIATKIB sl KOPUCTYBAIBKUX 3aBIaHb (y HAIIIOMY BHIIAJIKY, BeO-CcallT ciioBHUK). HamaeTs-
CsI CTPYKTYpa MPOTpaMH Ta BUALICHO KIFOUYOBI MOMEHTH po3podkH (3a nomomororo Core PHP).

OOTOBOPIOIOTHCS TIEPCIIEKTHBY MOIUMIKALii Ui BUPIIICHHS TPUBIAIBHUX MPOOJIeM, TAKUX SIK CEPBEPHUM JIOJATOK
RESTful abo aytentudikaris 3 1omomoroto Bearer-tokeHiB.

Kuro4oBi c10Ba: Be6-po3poOKa B KOHTEKCTI CTAIOTO PO3BUTKY, ONTUMI3awis mpoxykTuBHocTi, PHP-peiimBopkn, apxi-
texrypa MVC, «uuctuit» PHP.
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VIK 623.235 DOI: https://doi.org/10.32782/1995-0519.2022.1.17

IHOCHUJIEHHA ITUHAMIYHOI'O HABAHTAKEHHA HUKHIX ITAPIB MACUBY
I YAC BUBYXY CBEPJJIOBUHHOI'O 3APAY

Jlapuca Bopo0iioBa
Kanauaar TeXHiT-IHI/IX HayK,
JIOLICHT KaeIpy MaIIMHOOY Ty BaHHSI

Kpemenuyipkuii HamioHadbHHH yHiBepcuTeT imeHi Muxaitna Octporpaacekoro, Byin. IlepmorpaBueBa, 20,
Kpemenuyk, [TontaBchka o6nacts, Ykpaina, 39600, larivorobiova@gmail.com;
ORCID: 0000-0002-5333-6091

BikTop Bopooiios
JOKTOp TEXHIYHHUX HayK,
npodecop Kaderpu MarmHOOyTyBaHHS

Kpemenuyipkuii HamioHadbHMN YHiBepcuTeT imeHi Muxaitma Octporpaacekoro, Byin. I[lepmorpaBaeBa, 20,
Kpemenuyk, [TonraBcpka o06mactb, Ykpaina, 39600, vvv.imit@gmail.com;
ORCID: 0000-0002-3446-4714

Ipuna IleeBa
Kanauaar TeXHi‘-IHI/IX HayK,
JIOLICHT KaeIpy MaItMHOOY/Ty BaHHSI

Kpemenuyipkuii HauioHandbHUH yHiBepcuTeT imeHi Muxaitna Octporpaacekoro, Byin. IlepmorpaBeBa, 20,
Kpemenuyk, [lonraBceka ob6nacts, Yxpaina, 39600, ipeeva@gmail.com;
ORCID: 0000-0003-4916-7381

Anapiii YepHuubkuii
acmipaHT Kadenpu MalmHOOy/TyBaHHS

Kpemenuyipkuii HamioHadbpHUN YHiBepcuTeT imMeHi Muxaitnma Octporpaacekoro, Byin. I[lepmorpaBeBa, 20,
Kpemenuyk, [lonTaBceka obmacts, Yxpaina, 39600, andrii.chernytskyi@gmail.com;
ORCID: 0000-0001-8414-5132

PoGora npucesiueHa TIPOMHUCIIOBIH MepeBipili e(PeKTHBHOCTI pO3pOOJICHOI HOBOT KOHCTPYKIIIT CBEPNIOBUHHOTO 3apsTy
BHOYXOBOT PEYOBHHH MPHU YCTYIHIM BIIOINII TIPChKHUX TIOPIT Ha 3a1i30pyAHUX Kap’epax. JlociiukeHo 0COOIMBOCTI TIPO-
1iecy BUOyXOBOTO PYHHYBaHHS TIPCHKHUX TOPiJ MpH (POPMYBaHHI MMiIBUIICHOTO THUHAMIYHO HEPIBHOMIPHOTO HABAHTaKCH-
HS HIDKHIX IIapiB OJIOKY, SIKE YTBOPIOETHCS 1HEPTHOI BCTABKOI (KOHIICHTPATOPOM YIAPHUX XBHJIb) B JIOHHIH YacTHHI
CBEP/UTOBUHIL.

Po3pobneHa KOHCTPYKIIisi CBEpIUIOBUHHOTO 3apsiy 3a paxyHOK 3MiHM XapakTepy B3a€MOJii NETOHAI[IHHUX XBHIb
3 THOM CBEPJUIOBHHH JI03BOJIAE€ 30CEPENUTH CHEPrito BUOYXY B 30H1 nepeOypy. [IpoBeneHi 1oCiiKEHHS 03BOIIIN BCTa-
HOBMTHU BIUTUB TapaMeTpiB KOHLEHTPATOPA YAAPHUX XBWIb Ta (hi3MKO-MEXaHIYHUX BIACTHBOCTEH TipchbKoi mopoau Ha
xapakrep ii pyliHyBaHHs (TpaHYIOMETPUYHHUI CKIAJ, JiaMeTp CepeIHbOro MMaTkKa, BUxin Herabapury). [Ipu npomy 3a
PaxyHOK 3HMKEHHS JMHAMIYHOTO BIUIMBY BiJOMTOI YIapHOi XBHJII Ha MaTepian 3a0iiku npyu BUKOPUCTaHHI CBEPUIOBUH-
HUX 3aps/1iB 3 KOHLIEHTPAaTOPOM yAAapHHUX XBUIIb B JIOHHIN YaCTHHI 3011bIIY€ETHCS Yac nepeOyBaHHs B 3aps/i 1 TpUBAJiCTh
BrumBy [1/] Ha MacuB, IO MiABHINYE KiHIEBY e(EKTUBHOCTD MEXaHITHOI Mii BUOYXY.

Brepre gociimkeHo BIDIMB BEIMYNHU KyTa KOHITHOTO KOHIIEHTPATOpa YIapHHUX XBIUIb HA XapakTep APOOICHH Tip-
cbkoi mopou. Beranosieno, 1o mpu o = 30°, 3a paXyHOK TOro, 110 3a0iifka JOBIIE 3aIUIIAETHCS B 3apsIi, TOCITAEThCS
Halikparne qpoOneHHs (3MEHIIIEHHS liaMeTpa CepeaHbOro IMaTKa CKIano Maike 13 % MopiBHIHO 3 KOHTPOIBLHOIO JIJISTH-
KOI0, JIe BUKOPHCTOBYBAJIM 3BUYAMHI 3apsiin).

[poBesieHi TPOMUCIIOBI JOCTIKEHHS TTOKA3aJIH, IO 32 PaXyHOK 3aCTOCYBAHHS HOBOI KOHCTPYKIIii CBEP/ATTIOBHHHOTO
3apsTy MOKHA B 1,7 pa3u 3MEGHIINTH BenUUnHy nepedypy Ta Ha 10—12 % 3HM3HTH IiaMeTp CepefHbOro MMaTKa 3pyHHO-
BAHOT IPCHKOi MacH.

KurouoBi ciioBa: BHOyXoBa peuoBHHA, TipCchKa MOPO/IA, KOHIIEHTPATOP YIAPHUX XBUITb, CBEPIOBHHHN 3apsi/l, MPOTYKTH
JIeTOHaIlii, e()eKTUBHICTb.
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AKTVYAJIBHICTE POBOTU. ByponinpusHi
po6oru (BIIP) mpu po3podui pyaHUX 1 HEpyd-
HUX POJOBHUII 3aiMalOTh JIOMIHYIOYE MOJOKCHHSI.
Byay4un moyaTkoBMM MpOLECOM TEXHOJOTIT 3710-
Onui, i poOOTH BU3HAUYAIOTH €(PEKTHUBHICTH YCiX
HAaCTYIHHX IIPOIIECIB: BiJl BAHTa)XEHHS 1 TPAHCIIOP-
TyBaHHSI O MEXaHIYHOTO IPOOJIEHHS 1 mepepoOKu
MiHEpaibHOI CUPOBUHH. PIBHOMIPHICTH 1 BEJTHKICTh
IpoOJIeHHs MacuBy, BiJICOTOK BHXOAY Herabapura,
OIpallOBaHHs MiOLIBH yCTYIly, LIMPUHA PO3BAITY
TipChKOI MacH — I1i ¥ 1HII XapaKTepUCTHKH B OCHO-
BHOMY BH3HA4alOTh SIKicTh poBeaeHnx BITP. Huwi
JUISL OTPUMAaHHS TMPOCKTHOI BIAMITKH IiJ{OIIBH
YCTYyIy BHUKOPUCTOBYETHCSI HepeOyp CBEpIJIOBHH.
Are BUKOpHWCTaHHS Tiepebypa Mae CBOi iCTOTHI
HeJONIKK. BpaxoByloun BHCOKY COOIBapTicTh
OypiHHSI CBEp[UIOBUH Ha Kap’epax, OJHUM 3 OCHO-
BHHUX HEAOJIKIB nepedypa € J101aTKOBI BUTPATH Ha
Oypinrns [1-3].

OnHUM 13 HaWOLIBII e(DEKTUBHUX TEXHOJOTTYHUX
METOIiB, SIKUI 3HIKY€E BEIUYHHY TepeOypa, BUCOTY
MOPOTiB MK CBEPJIOBUHAMH? € MTPAaBUIBHUI BUOIp
KOHCTPYKIii 3apsay BuOyxoBoi pedoBuHH (BP).
Koncrpykuist cBepaioBuHHOTO 3apsiay BP Busna-
Yyae HOro reoMeTpuyHi, EHEpreTH4YHi 1 MPOCTOPOBi
napamMeTpy B pyHHIBHOMY MAacuBi TipCBKUX TOPiJ,
a TakoxX 3a0e3Iedye MOXKIIMBICTb YIPaBIIiHHS YacoM
riepenadi eHeprii BuOyxy 3apsay BP y goskimms [1].

META CTATTI — npomuciioBa niepeBipka edek-
TUBHOCTI PO3pOOJICHHOI KOHCTPYKLii CBEpIJIOBHH-
HOTO 3apsily 3 1HEPTHOIO BCTABKOIO (KOHLIEHTPATO-
poM ymapHuX XBIIHh — KY X).

MATEPIAJI I PE3VJIBTATU JOCIHIJXKEHHS.
Huni nommpeno nexinbka OCHOBHUX HAINPSMIB, SIKi
CIPUSIOTH 3MEHIICHHIO BeTMYnHU niepedypa [1; 3].
OgHUM 13 OCHOBHHUX BBQKAETHCS KOHCTPYKIIiSI
3apsijy: Lie 3aCTOCYBaHHS 3apsiiiB 3MIHHOTO Iiepepisy
3a BUCOTOIO YCTYIIY, @ TAKOXK 3apsilIiB, 110 MTOETHYIOTh
pi3Hi GopMu 3apsAaHOT MOPOKHUHU. 3aCTOCYBaHHS
3apsiB 31 chepUIHUMU 1 MATIHAPUIHAMHA KOTIaMHU
B JIOHHIH 9aCcTHHI CBEP/YIOBUHU B OCHOBHOMY TIOIITH-
peHe mpu BUOyXOBOMY pyHHYBaHHI MOPIAHUX MacH-
BiB, 1110 MICTSITh IUIACTH, SIKi CKIIQJHO ApoOuTH. Ilix
yac BHOYXy CEpUIHOTO 3apsly pajialibHi TPIIMHA
Ha BCiX HampsMKax PO3BHUBAIOTHCS PIBHOMIPHO, IO
MOKpalye IpoOieHHs B HWKHIA YacTHHI CBEpI-
noBuHH. [lpore BHACHIIOK WIBUAKOrO YOyBaHHS
Hanpyrd Ha (PpOHTI XBWII HAa TOPIBHSHO HEBEJH-
KUX BIICTaHSAX BiXl 3apsay PO3BHTOK TPIIIUH BKE
MIPUMTUHSIETHCS, Yepe3 10 BUXOJUTh HEpiBHOMIpHE
npoOneHHs mopoau. Tomy 3apsaau wi€l KOHCTPYKIIT
3aCTOCOBYIOTh 32 HassBHOCTI B MacHBi IUIACTIB Majoi
TTOTYKHOCTI 1 TABUIIEHOI MIITHOCTI. 3aCTOCyBaHHS

KOTETBHUX 3apsAiB MITIHAPUIHOL 1 KOHYCOITOMi0HOT
(hopM 103BOJISIE TIIBUIINTH SIKICTh JAPOOJICHHS Tip-
ChKOi MacH B JIOHHIHM 4aCTHHI CBEp/JIOBHHU 1 3MCH-
IIMTH BEJIMYUHY TiepeOypa IpH MiApruBaHHI EPIIOTo
PSAIy CBEPJIOBUH 32 PaXyHOK 301TBIICHHS KITBKOCTI
BP y cBepmioBuHi [1].

MOXJIMBUM BapiaHTOM 3HMKEHHS BEJIWYMHU
nepedypa € 3acTocyBaHHS 3aps1y 3MIHHOTO Ilepepizy
3a BUCOTOIO YCTYITY, III0 Ma€ B TIONIEPEYHOMY ITepepisi
BUIMKY, fKa 3a0e3reuye CrpsIMOBaHICTh /il BHOYXY.
YTBOpEHHS MOPOKHUHKM 3 TaKOK KOHQIrypari€ew
MOKITBO JIOCSITAE€THCS 33 JOTIOMOT'O0 3aCTOCYBaHHS
crerianbHoi TeXHOJoTii OypiHHS BUOYXOBHX CBEP/I-
JIOBHMH Be€pcTaTaMi BOTHECTPYMHUHHOTO OypiHHS.

HesBaxkatoun Ha TiepeBard pO3NISIHYTHX KOH-
CTPYKLIH 3apsijiB, BOHM HE 3HAXOIITh IIHUPOKOTO
3aCTOCYBaHHs, OCOONMBO Ha Kap’epax Oymmarepia-
JIiB, OCKUTEKH YTBOPEHHSI CBEPJIOBHHHNX TIOPOYKHUH
CKJIaHOT ()OPMHM BHMAra€ HasBHOCTI CICIIaIbHOTO
OypoBOro ycTaTrKyBaHH i 301j1bL1y€e BapTicTh bBP.

OpHUM 13 HampsMiB PO3pOOKH pallioHATBHUX
KOHCTPYKITIH CBEPIAJIOBUHHUX 3apsdiB, CHPHUSIIOUNX
3HW)KEHHIO BEJIWYHMHU Tepedypa 1 ONpaioBaHHIO
MiIONIBH YCTYITY, € 3apsIU 3 MOBITPSIHUMU 200 BOJI-
HUMH MIPOMIKKaMH B JIOHHIM 4aCTHHI CBEPJIOBHHU
[1]. TIpu mpoOGmeHHI TipChKOi MOPOAM HEOOXiTHO,
00 XBWJIA CTHCKYBaHHS, yTBOPEHA BUOYXOM CBEP/I-
JIOBUHHOTO 3apsjly, Maja aMILIITyay BUIIE 32 MEXY
MIIIHOCTI py#HOBaHOI Tipcbkoi mopomu. Lle mMoxxHa
JOCATTH 33 PaXyHOK INIJBHOTO NMPUMUKAHHS 3apsay
IO CTIHOK 3apsTHOT TOPOKHUHHU. 3HIDKEHHS T109aT-
KOBOTO THCKY B 3apsiiHI TIOPOXKHHHI 3a paxyHOK
MOXIHBOCTI po3mmpenHs [1]] na mouaTkoBii cramii
BUOYyXy MOXUIIMBO TiJIbKM 32 PaxyHOK MOBITPSHHUX
MIPOMIXKKIB, PO3TAIIOBAaHUX MK OKPEMHMH YaCTH-
HaMU 3apsiy y3[10BX Horo oci. Ilpu 3acTocyBaHHI
PO30CepeIKEHIX CBEPJIOBUHHUX 3apsiiB 3 IOBi-
TPSIHUMH HIPOMDKKAMHU CHOCTEPIraeThCs 3aHUKECHHS
MITOMBH YCTYyNy (K HACTIIOK ITHOTO 3’ SIBISETHCS
MOYJIMBICTh  3HMXKCHHS BEJIMYUHM riepelypa),
BEPXHs YaCTUHA YCTYIy 1 MiJONIBa APOOIATHCS 3HA-
YHO Kpalle, HiX MpH CYHiIbHOMY 3apsiai abo pos-
OCepemKeHOMY 1HepTHOIO 3abiiikoro. Ha Benmunny
nepedypa, a TAaKOXK Ha SIKICHE OTpaIFOBaHHSI I IOIIBU
YCTYIy ICTOTHO BIUIMBA€ BUOIp TOYKH 1 HANPSIM iHi-
mianii CBepAIOBUHHOTO 3apsfy, & TAKOXK CTBOPEHHS
YHOBUTFHEHD MIXK PI3HAMH YaCTHHAMH 3apsTy.

OmHUM 13 METOIB IMiJBHIICHHS €()EeKTUBHOCTI
BUKOpHCTaHHs eHeprii BP ans iHTeHcHBHOTO 1 piB-
HOMIpHOTO ApOOJIEHHS TiPCHKUX OPiJ € TiIPUBAHHS
Brucokux (Oimpme 15 ™M) ycTymiB, 3acTOCYBaHHS
SIKOTO J03BOJISIE CTBOPIOBATH 3HAYHI 3aracy ITijli-
pBanoi ripcekoi Macu [3]. [lpore 3acTocyBanHs mija-
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PHUBaHHS BUCOKHX YCTYIIiB IPUBOAMUTH 10 3pOCTAHHS
niHii ortopy 1o migomsi (JIOIIT) mo 20-30 m.
TakuM 4YHMHOM, ONpAIIOBAHHS IJIOIIBU YCTY-
B HE TOBHOI MIpOI0 BIJIMIOBiJIa€ BUMOraM, IO
IpeJ1’ IBIISIIOTBCS. 10 SKOCTI TimipBaHoi macu. Ha
kap’epax HKI'3K mpu BuKopHcTaHHI B TepHiomy
psily BEPTUKAJIBHUX IapHO 30JMKEHUX CBEPIJIO-
BUH y Bunajakax 30utenienoi (mo 22 m) JIOIIT i
MOKa3HUKU Oynu Iyxe Hu3bKUMH. [Ipu Bukopuc-
TaHHI B MEPLIOMY Psify Map MOXWINX (KyT HaXuiy
cKIIazaB 75°) BepTUKAIHHUX CBEPIJIOBHH IMTOKA3HUKH
JPOOJICHHS 1 OITPAIFOBAHHS MIAOIIBH iICTOTHO MOJIIT-
mkcs, xoua Benmuunu JIOIII nocsaramm 25-26 wm.
30inbIIeHHsT e(DeKTUBHOCTI OIpaIfoBaHHS TTijI-
OIIBH YCTYIy 3HA4YHOI0 MIpOI0 3aJIeXKHUTh Bif
BEIMUYMHU 1 AKocTi 3a0iiku. Yum nosmie 3abiiika
YTPUMYETHCSI B 3apsiiHi MOPOXKHHMHI, TUM JOBILIE
razonoaioHi I1/], 1o npoHUKIIN B yTBOPEHi yIapHOIO
XBUJICIO TPINIMHY, POOIATh PyHHYBaHHS B IOHHIN
YaCTHHI CBEPAJIOBHHH. TOMYy 3acTOCYBaHHS parli-
OHAJILHUX KOHCTPYKIIiH 3a0il0K, SKi JIO3BOJISIOTh
3amukatu razomnonioHi [1/], mpu3BoguTh 10 TOIN-
IIeHHS OTPAIIOBAHHS IMiIOMBHU yCTymy [4; 5].
Buxonani aBropamu TeopeTHWdHi 1 JraboparopHi
JOCITI/PKEHHS TIoKazanu [6; 7], mo ¢opma JTOHHOI
YaCTUHM 3apsily pOOMTH ICTOTHWH BIUIMB Ha CTaH
MOBEpPXHi 1 piBeHb MiJOIMIBH YCTYITy IICIs BHOYXY.
Pi3ni hopmu MOHHOI YaCTHHU MPOIIOHYETHCS BUKO-
HYBaTH 3a JIOTIOMOTOI0 KOHIIEHTPATOPIB YAapHHX
xBwib (KYX). Takum 4YnMHOM, BHUKOPHCTOBYIOUH
OTPUMaHi pe3ylbTaTH, MOXKHA 3alpOIIOHYBATH
KOHCTPYKITIIO 3apsiay, B sSIKid Ha JTHI CBEPIJIOBHHHU
postamoBannii KYX (BUroToBieHHH, HampuUKIIaa
3 6etony). Lle 103BOMUTH TOHU3UTH BETTHMYUHY IEpe-
Oypa CBEpIUIOBUHHUX 3apsijiiB, BUHTH HA MPOCKTHY
BIIMITKY TiJOIIBH YCTYITy i 3a0€3MeINTH HEOOXiI-
HUH TPaHyJIOMETPUYHHUH CKIIaJ MiipBaHO] MacH.
Buxopucranas KYX 3 moxuioro mnoBepxHErO
HaiOnpm edeKkTUBHE HpU YCTaHOBLI iX B mep-
LIOMY psIly CBEpAJIOBUH, Je BennuuHa JIOIIII mak-
CHMaJbHa, TPOTE OPIEHTYBAHHS IIOTO IMPUCTPOIO
y CBEpIJIOBHMHI TOB’s3aHE 3 BH3HAYEHHUMHU TPYI-
HOILI[AMH, TOMY IPW BHKOHAaHHI MPOMHUCIIOBHX €KC-
MIEPUMEHTIB BUKOPUCTAJIM BCTaBKM 3 KOHYCHOIO
noBepxHero. KYX BUTOTOBISIIN 3 MINaHO-IIEMEHT-
HOi cyMilIi, i3 CIiBBITHOMICHHSIM TICKY 1 IIEMEHTY
mapku 400 sk 2:1. IlepeBipka pesyabrariB j1a0o-
paTtopHMX AOCHI[KEHb Oyla MpoBeAeHa B yMOBax
[IpAT «IlonraBcekmii ['3K» (M. ['opumsi [TnasHi).
Huni na TII'3K pospobmstoTeest Tpu Tpynu
KOPHCHHUX KOIMAaJIMHU: OCHOBHI KOPHCHI KOTaJIMHH,
MIpeJICTaBIICH] PI3HOMaHITHUMH TEKCTYPHO-MiHEpa-
JIOTIYHUMH 1 TEXHOJOTIYHUMH THITAMHU 3alli3UCTUX

KBapINTiB, HaJISKHUX [ opumHe-IImaBHUHCKOMY
i JlaBpuKiBCHKOMY pPOJOBHIIAM; CYITyTHI HEpY/IHI
Marepiaiu 3 TUX, II0 BMILIYIOTh OOKOBi CKeJbHI
nopoau (amibomiT, crmaHii, Oe3pynHi POTOBUKH,
IJIario-TpaHiTH); CYNMyTHI HEPYIHI Marepiamd 31
BCKPHIITHUX PUXJIMX MOPiJA KaliHO3010 (TicKH, Mep-
relibHI NTUHY, CYyTHHKH ). CepeHs TOTYKHICTh KBap-
uTiB Ha JlaBpUKiBCHKIN JUIAHII ckiagae 78 M, Ha
Topumrae [TmaBarHCEHKIH — 160 M, TOBKHHA TTOKIIATY
B MeXax 000X IUIIHOK ckiaxae 7,5 km. Koedirient
MIITHOCTI 3a mikanow npodecopa [Iporon’sikoHOBa
piBamii 15-20. Cepeaniii 3micT 3aji3a 3arajibHOTO
B MarHeTUTOBUX KBApLMTaX 3MIHIOETbCS B MeEXax
26-36 %, a 3a7i3a, IOB’I3aHOTO 3 MATHETUTOM, — Bij
16 1o 38 %.

[Napametpu BBP, siki BUKOpUCTOBYBaIH IIPH TPO-
BE/ICHHI IPOMHUCIIOBUX EKCIICPUMEHTIB: CiTKa CBEpII-
JToBUH 5,5 X 6,5 M; mmbuna — 10-14 ™; miamerp
ceepioBuH — 0,25 m; tun BP — anemike 70; nuroma
sutpara BP — 0,8-0,9 kr/m’.

[IpomucnoBi HOCTIKEHHSI TPOBOIMINCS METO-
JIOM TIOPIBHSHHS pe3ysbTaTiB BUOYXiB CBEPUIOBUH-
HUX 3apsi/iiB CYyHITIbHOI KOHCTPYKIIT 1 3apsaaiB 3 KYX
B JIOHHIH Y4aCTHHI, 110 BUCA/KYIOTHCS B TIOBITPS Ha
onHomy Omoui. Kpurepiem ouinku ehexkTHBHOCTI
JIOCITI/PKYBAaHUX KOHCTPYKIIHA OyiM iHTEHCHBHICTH
IPOOJICHHS TIPCHKOI MacH 1 SIKICTh OMPAIIOBAHHS
miiomBy  ycryny. SKicTh IpoOieHHs OIiHIOBaIH
IpaHyJOMETPUYHUM CKJIaJOM 1 JiaMeTpoM cepel-
HBOTO IIMaTKa 3pyHHOBAHOI IOPOIH (32 JOTIOMOTOI0
(hOTOTIIAaHIMETPHUIHOTO METOY ), OTIPAITFOBAHHS Ti/I-
OIIIBY YCTYITy BU3HAYAIN MapKIICHICPCHKOIO 3HOM-
KOIO YCTYITy Ticiisi BUHOYXY.

Koncrpykist 3apsy npuBeneHa Ha puc. 1. Tex-
HOJIOTisI 3apsiPKaHHS CBEPUIOBHH Ha  JIOCTiTHIHN
JUISTHII OyJ1a TaKo: CIIOYaTKy Ha JHO CBEPJIOBUHH
Ha MoTy3ui cnyckanu KYB (puc. 1, mo3. 1), micias
4Oro 3a JOIOMOIOI0 J3epKajia 1 BiZOMTOro cBiTiIa
KOHTPOJIOBAJIOCS HOTO TIOJIOKEHHS, MOTIM (hopMy-
BaJM 3apsin i 6oioBuku (puc. 1, mo3. 2, 4 ), a 3ropu
3acunanu 3a0iliky (puc. 1, mo3. 3).

[Ticnsa npubupanHs ripcbkoi Macu Ha IbOMY OO
MapKUIeHepcbka TIpyna BHUKOHYBajla T€OIE3UYHY
3HOMKY. AHalli3 OTpUMaHHMX pEe3yJbTaTiB TOKa3aB,
IO BUKOPHCTAHHS KOHCTPYKIIi 3apsay, B JOHHIH
YacTHHI IKoro po3ramoBannii KYX, npusBoauTs 110
3aHIKEHHS TiAomBH ycrymy Ha 80-85 cM (mopiB-
HSHO 3 KOHTPOJLHOIO JUTTHKOIO, Ha SIKii BUKOPHC-
TaJM 3BUYANHI CYIIIbHI 3apsn).

Pesynbraté mpoBEIEHUX EKCIIEPUMEHTIB IOKa-
3anu (Tadn. 1), mo po3TanryBaHHs B JOHHIN YacTHHI
cBepmioBuHN KY X 37ificHIOE BIIMB Ha 1HTCHCHB-
HICTb BUOYXOBOTO pPYHHYBaHHS TipCBKHX TOPi:
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JIiaMeTp CepeqHbOro IIMaTKa NPH BHUKOPUCTAHHI
LUX 3apsIiB 3HIKYEThCS Ha 8,2 %; BUXIJ CepemHix
(paxiit 30inpnTyeThCs B 1,2 pasu, a BUXiJ BETUKHX
¢pakuiit (monax 400 Mm) 3HMKY€EThCS B 1,2 pasu.

Pucynok 1 — KoHCTpyKIis CBEpATIOBUHHOTO 3apsiLy

IIpoBenmeni TeopeTwdHi i JrabopaTopHi AOCIHTi-
JOKSHHS TTOKa3ald, 10 3MIHIOIUN KyT O1JIs1 OCHOBH
koHiuHoro KYX, MoxxHa perymaoBaru ApOOJIEHHS
ripcekoi mopoxnu. Jlns mepeBipkM OTPUMaHHMX
pe3ynbTariB  Oynu TIpOBeNEHI MAOCIHiTHI BUOYyXH
3 BUKOpUCTaHHAM 3apsaniB 3 KYX B nouniit gac-
THHI, BEeJIMUYMHY KyTa 0. 3SMiHIOBaIIU B Mexax BiJ 20°
1o 45° (Tabm. 2).

Pesynbratu mpoBEIEHUX EKCIIEPUMEHTIB IOKa-
3aIM, M0 TPH BHUKOpHCTaHHI 3apsaniB 3 KYX
(0. =20°), po3TamoBaHuX B MOHHIN YaCTHHI CBEp/I-
JIOBUHH, JiaMeTp CepelHbOr0 IIMaTKa TPOXH 3MEH-
mmBcs (Ha 3,6 %).

IIpu Bukopucranni 3apsagiB 3 KYX (a=30°),
3a paxyHOK TOTO, IO 3a0ilffka OBIIE 3aJIHIINAiacs
B 3apsiJii, 3SMEHIICHHSI JllaMeTPy CEpeTHHOTO IIMAaTKa
ckinano maixke 13 % B MOPIBHAHHI 3 KOHTPOJIBHOIO
JIUTSTHKOTO (B TIOPIBHSIHHI 3 JTIJISTHKOIO, HA SIKI BHKO-
puctamyu 3apsaad 3 KYX (o =45°) me 3MeHIIeHHS
ckiano 5,8 %), Buxin Benukux (Oinbrre 400 mMm)
¢dpakuiii 3HM3uBCs B 1,4 pasu, a BUXiA CcepeiHixX
¢pakuiii 30inbIuBCs B 1,3 pasu.

BukoHaHi eKcliepuMEHTH OKa3aJIH, 110 BUKOPHC-
TaHHs 3apsanaiB 3 KYX B JOHHIN 9acTHHI JO3BOJISIE
MiIBUIIMTH Mipy pyWHYBaHHS TpChKUX TOPiJ BUOY-
xoM. OTxe, MOXKHA JOOWUTHCS KOJHIIHBOI SKOCTI
BUOYXOBOTO PyHHYBaHHS, 301IBIIMUBIIN TIPUA IIHOMY
CiTKy cBep/uioBHH. [Ipn mpoBeneHHi ITaHUX eKcrie-
PUMEHTIB BiJICTaHb MK CBEPVIOBUHAMH 3MiHIOBAJIN
3 kpokoM 0,25 M. AHamni3 OTpUMaHHMX pe3yJIbTaTiB
nokaszaB (Ta0in. 3), M0 NpW BUKOPUCTAHHI 3aps/iB
3 KYX B nNoHHIN Y9acTHHI MOXXIHUBE PO3IIHPEHHS
CITKH CBEPJUIOBHUH 3 5,5 X 6,5 M 10 5,5 % 6,75 M.

BUCHOBKMU. V¥ pe3ynbrari npoBeAeHUX A0CITi-
JOUKeHb 3a OIIHKOI e(EeKTUBHOCTI BHUKOPHUCTAHHS
pPO3pOOIIEHNX pPEe3yNBTaTiB B MPOMHUCIOBUX YMOBaX
BCTaHOBIICHO:

1. BukopuctaHHs  CBEpIUIOBUHHUX  3apsfiB
3 KYX B noHHIH 4acTHHI 32 paxyHOK MOCHJICHHS
MUHAMigHOI il Ha HIKHI IIapW BUCAIKYBaHOTO
B TIOBITPSI MacHBY J103BOJISIE O€3 TIOTIPIICHHSI STKOCT1
OTPAaLIOBAHHS MMiJOUIBH YCTYITy TOHU3UTH BETUYHHY
nepedypa B 1,7 pa3u.

2. 3a paxyHOK 3HWXEHHS TWHAMIYHOI il BinOu-
Toi ymapHOi XBWJII Ha MaTepian 3a0ifKu TpU BHUKO-

Tabnuus 1 — Brums po3ramysanust KYX B oHHIH YacTHHI 3apsy
Ha IHTEHCHUBHICTh BUOYXOBOTI'O pYHHYBaHHS T1PCHKHUX MOPiJ

Tinbsms BincorkoBuii BMicT dpakmiil (MM) JliameTp cepenHboro
0-100 100-200 | 200400 | 400-600 600-800 >800 1IMaTKa, MM
KonrposnbHa 73 279 31,8 20,4 11,1 1,4 3332
HocninHa 7,9 32,1 32,9 17,3 9,8 — 305,9

Tabnuus 2 — B napamerpis KYX B JoHHIH 4acTHHI 3apsiy Ha IHTCHCUBHICTh
BUOYXOBOTO pyiHyBaHHs ripcbkux mopig B ymoBax IIpAT «Ilonrascekuii I'3K»

Tlibrums BincoTkoBuii BMicT (pakiiiii (Mm) JliaMeTp cepeHb0ro
0-100 100-200 | 200400 | 400-600 | 600-800 >800 IMarTkKa, MM
Kontponbna 8,1 26,9 29,2 22,2 12,1 1,5 3413
Jocminna (o= 20°) 8,1 27,4 31,3 21,9 10,5 0,8 3289
Jocninna (o = 30°) 7,8 33,4 33,8 16,5 8,5 — 2974
Jocminna (o = 45°) 8,0 30,8 31,4 19,2 10,1 0,5 315,6
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Tabmuus 3 — BrtuB nmapaMeTpiB CiTKH CBEP/UIOBUH HA 3MiHY TPaHYJIOMETPUYHOTO CKIIATy
3pyHHOBAHOI T1PCHKOI MacH

CiTKa CBEDIUIOBHH. M BincoTkoBuii BMicT Qpakiiit, MM JliaMeTp cepeaHboro
PA ’ 0-100 100-200 | 200-400 | 400-600 | 600-800 >800 IMaTKa, MM

5,5 X 6,5 (KOHTpOJIbHA) 6,6 27,9 30,3 22,8 11,2 1,2 3393

5,75 % 6,75 (nocminHa) 6,5 28,5 31,2 20,9 11,9 1 336,4

6,0 x 6,75 (mocmigHa) 6,3 249 31,1 23,8 12,0 1,9 353,9

pUCTaHHI CBEepIIOBUHHUX 3apsamiB 3 KYX B noHHIH
YacTUHI 301IbIIY€EThCA 11 yac 3HAXOHKEHHSI B 3apsi
i TpuBaiicth aii [1J] Ha macus. lle nmpusBonuTh 10
3HMKEHHS llaMeTpy CepeAHbOoro mmarka Ha 8—12 %
(3a71€KHO BiJl MIITHOCTI IIOPOIH ) 1 SMEHIIICHHS BUXOTY
Herabapura B 1,7 pasy.

3. Vmepiue B IPOMHCIOBUX YMOBAX JTOCIIIKEHO
BIUTUB BEIIMYMHUA KyTa 0 OiJii OCHOBH KOHIYHOTO
KVYX na xapaktep ApoOIeHHS TipChKOT TTOPOITH.

Bcranosneno, mo npu o = 30°, 3a paXyHOK TOTO,
o 3abilika JOBIIE 3ajJHMIIAE€ThCS B 3apsiii, Aocsra-
€TbCSl HallKpalle APOOJCHHS (3MEHILCHHS AlaMeTpy
CepeIHbOro IMaTKa Cckiano maixe 13 % y mopis-
HSHHI 3 KOHTPOJBHOIO JIJISTHKOIO, € BHKOPHUCTOBY-
BaJIM 3BUYANHI 3apsiiu.
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The work is dedicated to the industrial reversal of the efficiency of the broken new design of the sverdlovinous
charge of vibukhovo speech in case of yielding to the waters of the mountain rocks on the ore mines. The peculiarity
of the process of vibrocoagulation of the hard cores during the molding of the dynamically shifted uneven tension
of the lower balls in the block was studied, as if it was established by an inert insert in the bottom part of the core. The
design of the sverdlovinny charge has been broken up for changing the nature of the interaction between the detonation fins
and the bottom of the sverdloviny, allowing the energy of the vibe to be generated in the zone of the overburden. Conducted
research made it possible to install the parameters of the concentrator of shock waves and physical and mechanical powers
of the mountain breed on the nature of the rubble (granulometric warehouse, diameter of the middle piece, and oversized).

With the help of a decrease in the dynamic flow of the shock wind on the material of the padding with a concentrator
of the shock wind in the bottom part, the hour of the change in the charge and the durability of the blow of the PD on
the mass, For the first time, the impact of the value of the end concentrator of percussive quills on the nature of the crushing
of the mountain rock was assessed. It has been established that at a = 30°, for the size of the fact that the padding was more
squandered in the charge, the finest crushing is reached (the change in the diameter of the middle piece folded more than
13 % compared to the control plot, devoicing the secondary charge).

Conducted industrial investigations showed that for the adjustment of a new design of a drilled charge it is
possible to change the amount of overburden by 10-12 % and reduce the diameter of the middle piece of a drilled
fat mass by 1.7 times.

Key words: vibukhova speech, mountain breed, concentrator of percussive winds, drill charge, detonation products,
efficiency.
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Hageneno anami3 MeToniB ynpapiiHHS BUOYXOBHM HaBaHTQKCHHSIM MAcHBY, IO PYHHYEThCS. 3a PaXyHOK TaKOTO
YIPaBIiHHS MOXKITBO BILTMBATH Ha €()EKTHBHICTH BUOYXOBOTO JPOOIICHHS TBEPMX CEPEIOBUII TA Ha BUXIJI TEperoapio-
HEHMX (ppaKIiif mpu MacoBux BuOyxax. [IopiBHAHHS Pi3HUX CKIAIIB CyMINIEBHX 3aps/iB BHOYXOBHX PEIOBHH IOKA3aJ0,
IO 3apsi/L 3 Ta30y TBOPIOIOYMM CHEPIrOAKTUBHIM KOMIIOHEHTOM Y BUOYXOBiil ped0BHHI, 3MiHIOIOYH TEPMOMHAMIUHI MTapa-
METpH MIPOAYKTIB AETOHAL] Ta YMOBHU iX B3a€MOIi 3 CepeJOBUILEM, 110 PYHHY€ETHCS, AaCTh 3MOTY 3MCHIIHUTH MEPEmo-
JpiOHEeHHs Npu BUOYXOBii B0 HEPYTHUX TIPCHKUX MOPLJ, M0 Ma€ MiBUIIUTY €()EKTHBHICTE POOOTH HiNPHUEMCTB
3 BUJ00YTKY HEPYIHUX KOPUCHUX KONaauH. BcTaHOBIEHO, 110 YaCTKOBA 3aMiHa OpU3aHTHOI BUOYXIBKH B 3apsiiax BUOY-
XOBHX PEUOBHH HA ra30yTBOPIOKOYY N00ABKY 3HIKYE ITIK THCKY B 3apsiHIN MOPOXKHUHI, a TAKOXK IIBUAKICTh 3pOCTaHHS
THCKY MPOAYKTIB JETOHAIi, IO MPU3BOAUTE 10 3MCHIICHHS IEpernoApiOHEHHS TBEPIOro CepeloBHUIa B OMIKHIN 10
3apsny 3o0Hi. [Ipy moganeIioMy ropiHHI ra30yTBOPIOIOYNH KOMIIOHEHT BHIUIAE CHEPTiIO, SIKA IMiICHITIOE HABAHTAKCHHS
MAacHBY B CEpE/IHIN Ta JabHIM 30HaX, M0 MPU3BOIUTH J0 OUIBII PIBHOMIPHOTO 11 APOOIICHHS.

3MeHIIICHHS BUXO/Y MEepenofipiOHeHNX Ta HerabapuTHUX (hpakiliii 3HAYHO MiABUILYE ePEKTUBHICTh POOOTH MiINpH-
€MCTB 3 BUJIOOYTKY HEPYJHUX KOPHCHUX KomaiuH. lle He cTocyeThes TipHUY000yBHHX MiIIPHEMCTB 3 BUIIOOYTKY Py/I-
HHX KOPUCHHX KOIAJIHH, TOMY IO B IIbOMY BUIIAJIKY MEPEHOAPIOTEHHS TipChKoi MacH € OaxkaHUM (paKTOpOM, KU CIIPo-
IIy€ nepepoOKy CHPOBUHHU Ha MOAAIBIINX €TalaxX TeXHOJIOTIYHOTO MPOIIECY.

3MeHIIeHHS OpPU3aHTHOCTI CyMINIEBUX 3apsiliB 3a PaXyHOK I'a30yTBOPIOIOYNX KOMIOHEHTIB 3HAYHO 3MEHIIY€E CeH-
CMIYHUH BIUIMB MacoBOTO BHOYXy Ha HABKOJMIIHE cepenoBuine. Haxkamb BKazaHUM acreKTaM B3aeMOJIii CKIaJ0BUX
YAaCTHH CyMILIEBUX 3aps/IiB MiXK COOO00 Ta 3 HABKOJMIIHIM CEPEOBHUIIEM 0 TEHEPIIHBOTO Yacy MPUALIAIOCS HeIo-
CTaTHHO yBaru.

Kurouogi ciioBa: BuoOyBaHHS, TepernopiOHeHHs, KOMIIOHEHTH BUOYXiBKH.

AKTYAJIBHICTb POBOTH. BubyxoBe apo-  pHCTOBYBaTH pallioOHaJIbHI METOIU BEIECHHS BHOYXO-
OJICHHSI CKEJIbHUX KOPHCHUX KONAIUH € OIHUM  BHUX POOIT, SIKi MOKPAILYIOTh XapaKTePUCTUKH IPaHy-
3 OCHOBHHX CIOCOOIB iX BHIOOYTKY Ha BIIKPUTUX  JIOMETPUYHOIO CKJIAJy 3pyHHOBAHOI ripChKoi MacH.
po3pobkax. JIis migBuieHHs ePeKTUBHOCTI pOOOTH IlepenompibHeHHsT TIOpOIM BHOYXOM € TIO3H-
TipHUYOA00YBHUX MIATNPHEMCTB HEOOXIIHO BHKO- TUBHUM (pakToOpoM TIpH BUIOOYTKY 3ali30pyTHHX
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KOTIAJIMH, TOMY IO crpourye poOoTy oOmagHaHHS
Ha HACTYIIHMX eTanax TEXHOJOI1YHOro IpOLECy.
Pazom 3 Tum, ipu Bu0OyTKy Oy/iBeTHHOI CHPOBHHH
Ta OJOYHOTrO KaMiHHS TepenopiOHeHHs € HeOaxa-
HUM, OCKIJIbKU BeJIe JO BTpaT KOPUCHHUX KOTIAJIHH.

3MeHIIeHHsST BUXOMy TepenoapioHennx ¢pak-
i mpu BUOyxax B TBEPAUX CEPEAOBHUINAX MOXHA
JIOMOTTHUCSI CTBOPEHHSIM B 3apsjiax BUOYXOBHX
PEUOBHH TMOBITPSHUX HPOMIXKKIB, (OpPMYBaHHSIM
HABKOJIO 3apsily OOOJIOHKM 3 IHEPTHHUX PEYOBUH
(TIOBITpsA, MICOK, TPaHBIACIB, TOIIO), IIO JO3BO-
JISi€ 3HU3UTHU K TUCKY B 3apsiiHIN MOPOXKHUHH Ha
MOYaTKOBil cTaail BUOyXy Ta 3MEHIIMTH OpU3aHTHY
Ii10 3apsily Ha CepeAoBHUIIe, IO pYHHY€eThCSA. AJe
TpeOa BpaxoByBaTH, 10 P LbOMY JEsIKa YacTHHA
eHeprii BHOYXOBOi pEUYOBHHU BHUTPAYaETHCS Ha
HarpiB iHepTHOI [OOABKH.

VYHUKHYTH BKa3aHOTO HEHOJIIKY MOXHa H00aB-
JSII0YM B 3apsii BUOYXOBHMX PEUOBHUH HEAETOHYIO-
YUl ra30yTBOPHOIOYUI €HEPrOaKTUBHUM KOMIIOHEHT
3 BIIXOMIB TBEPAMX PAKETHUX TallB, HEIETOHYIO-
4Oro nopoxy i iH. BukopucroByroun 4acTuHy eHeprii
Ha TIOYATKOBii cTajii BUOyXy JJIs CBOTO 3aliMaHHS,
3HWKYIOUM MaKCUMAaIIbHUH TUCK MPOJYKTIB JIETOHA-
1ii, ra30yTBOpIOrOYa 100aBKa B TPOLIECi TOPIHHS Ha
HACTYNHUX CTaigXx BUOYXy BHIISE €HEPTilo, sKa
CHpHsie TMOCWIEHHIO ApoOieHHs cepenoBuina. Lle
[IOBUHHO IPHU3BECTH 10 OJHOYACHOIO 3MEHIIECHHS
BUXO/Y K TepenoipiOHeHnX, TaKk i HerabapuTHUX
(bpakiiii, Mo JOIUIBHO IS MiJBUIICHHS ¢(DEeKTUB-
HOCTI POOOTH MiJIPUEMCTB 3 BHIOOYTKY HEpPYI-
HHAX KOPHCHHX KomajauH. Tomy po3poOka crocobiB
yIpaBIiHHS TEePENoAPiOHEHHSM T1PCHKHUX MTOPi IPU
BUKOPHCTAaHHI 3aps/iB 3 ra30yTBOPIOIOYMMH 100aB-
KaMH € aKTyaJIbHUM HayKOBO-TEXHIYHHM 3aBIaHHSIM
JUTSL TIpHUYIOA00YBHOT TTPOMHUCIIOBOCTI.

MATEPIAJI I PE3VYJIBTATU JOCIKEHD.
Hiro BUOyXy YMOBHO NPHHHSTO PO3AUISTH Ha JBi
CTalii: MOYaTKOBY yAapHy [il0, L0 XapaKTepHu3y-
€THCS PI3KUM CTPUOKOM THCKY B 3apsiIHIA TTOPOXK-
HUHH, Ta TOAAJIbINE, OUTBI TpUBaJe, KBa3iCTaTUUHE
HABAaHTAXXEHHS Ta30MOMIOHUMH TIPOIYKTaMH JETO-
Halii, 10 PO3LINPIOIOTHCS.

Posrsatoun 3aranpHUI eHEepreTHYHUN OaaHc
JTAHOTO TIPOIIECY, HEOOXIAHO BiNA3HAYWTH, IO HaM-
OUTbINI JAMCUMATHBHI BTpaTH €HEpPTii crocTepira-
I0ThCSI HA TIOYATKOBIM CTail pO3BUTKY HOPOKHUHH,
KOJIM THUCK B HIi MakcuMaibHHHA [1]. 3HIKEHHS
IiKy THCKYy Ha IIOYaTKy PO3LIMPEHHS MOPOXHUHU
Ja€  JIesKe IiABUIIEHHS e()EeKTUBHOCTI BHOYXY.
[loganbie mocuIeHHs KBa3iCTaTUIHOTO THCKY CTBO-
pIO€ MO3UTUBHUN AONATKOBUH €(EKT, 110 AOBEICHO
JOCITIIDKEHHSAMHA 0arathox aBTopiB [2].

Ha manuii wac po3poOieHi crmocodu yrpaBiHHS
KBa3ICTaTUYHOIO JIE€I0 TPOAYKTIB JeToHallii. OxHUM
3 JIaBHO BIJIOMHX METOJ[IB € CTBOPEHHS B 3apsji
BUOYXOBHX PEYOBHH MOBITPSHUX MPOMDKKIB [1; 3],
SKi JO3BOJISTIOTH 3HU3WUTH TIIK THCKY B 3apsaHii
MOPOXKHUHI Ta 30UIBIIUTH TPUBAIICTH BIUIMBY Ha il
ctinku. Hemoniku 11p0ro crocoOy: HETEXHOJIOIiY-
HicTb (popMyBaHHS B 3aps/i HOBITPSIHUX MPOMIXKKIB
(oco0MBO B OOBOMHEHHUX CBEPUTIOBHHAX) 1 MOXKITH-
BICTPH 3aracaHHsI IETOHAIII IMiT Yac BUOYXY.

[HIIIMM CcITOCOOOM IOCSTHEHHS IIOCTABJIEHOI METH
€ BUKOPHCTaHHSI KOMOIHOBaHHX 3apsiiiB 3 OpH3aHTHHX
1 MeTanbHUX BUOYXOBHX pPEUOBHH. TakWM INIIIXOM
JIOMAararoThCs 3HIKEHHS iX OpU3aHTHOCTI TIPH JIESTKOMY
T IBUIIEHH] pOOOTOCTIPOMOKHOCTI. YTIpaBJliHHSI KBa3i-
CTaTUYHOIO JI€10 MMPOYKTIB IETOHALT MOYKIIMBO TAKOXK
3a JIOTIOMOTOIO BBEJICHHSI B 3apsil BHOYXOBHX PEUYOBUH
JTI00AaBKM HETOPIOYOTO Ta30yTBOPIOIOYOTO KOMITOHEHTY
(HarpuKIa/, ByIJIEKHCIIOTO aMOHII0).

OpmHUM 3 HAaHOUTBIT €PEKTHUBHUX 1 MaJI0O BUBYCHHUX
CIOCO0IB YITPaBIIiHHS TOPIIHEBOKO JTI€I0 MPOMYKTIB
JIETOHAIIIT € 3aCTOCYBaHHS CYyMIIIIEBUX 3apsIiB BHOY-
XOBHX PEUOBHH, J0 CKJIAJy SKAX BXOHSATH TOPIOYi
ra3oyTBOPIOIOUI JOOABKM (HEIETOHYIOUI MOPOXH,
BIJIXOJIM TBEPJIMX PAKETHUX IMaJMB i T. 11.) [4].

CyvyacHUl acOpPTHUMEHT BHUOYXOBHUX PEYOBHH,
AKI 3aCTOCOBYIOTHCS TIPU PO3pPOOII KOPUCHUX
KOTIaJIMH, MICTUTh HACTYIIHI OCHOBHI I'pyIliu BUOY-
XOBHX PEYOBHH:

— TPOTWJIMICTKI TpaHyJbOBaHI CKJIaau (TPOTHI
1 HOTO CyMIIIIi 3 aMiaqHOI0 CEIITPOI0 200 TTOPOIIIKOM
AIFOMIHIIO0) — TPAHYJIOTOJ, AJTFOMOTOJ 1 TPAMOHITH;

— cyMimn 3 TrpaHylTbOBaHOI amiayHoi ceniTpu
3 HEBHOYXOBMMH TOpPIOYMMH J100aBKaMH — irja-
HIT (amiadHa celiTpa Ta MU3eNbHE TalauBo), abo —
AN-FO (HiTpaT aMOHIO Ta IaJMBHE MacJIO B aHIIIH-
CBbKil TpaHCKpuIlii) [5];

— BOJOMICTKI CyMilieBi BHOYXOBI PpEUOBHHH.
B HUX BUKOpPHUCTOBYETHCS BUCOKO KOHIIEHTPOBAHUH
BOJHMUH PO3UMH OKHCIIOBa4Ya (amiauHa, Kajblli€Ba
a0o HaTpieBa ceniTpa) B SIKOCTI OCHOBHOI (ha3u BOJO-
MICTKOTO CKJIJTy, B KM JMCIIEPTOBaHI K TBEPIHA
OKHCJTIOBAY, TaK 1 CEHCHOLTI3yI0ui TOproYi JO0OaBKHU
(TBepai BHOYXOBI PEUOBHMHH, HANPHUKIAT: TPOTHI
a00 HeBHOYXOBI PEYOBUHHM Y BHJII BYIJICBOJIHIB, ByT-
JICTIEBUX 1 LENFOJIO3HUX MaTepialliB, TOPKOYi BUCOKO-
KaJIOPiiHI METaIH, HAIPUKIIA, aTFOMiHIN, KpEMHIH).
CTpyKTypyloTh 11l BUOYXOB1 pEUOBHHH IUISIXOM YBE-
JICHHSI 3aryI[yH04YHX JI00aBOK 1 MOMEPEUHUX 3ITHBOK.
3anexHo BiJ MPUTOTYBAaHHS Ta CKJIAAY BOIOMICTKI
BHOYXOBI1 PEUYOBHMHU MIIATHCS Ha CyCIEH31iHI, reme-
BHJIHI Ta eMYJbCIiHI (TIPAMI — THUIT «Maclio y BOIi»
1 3BOPOTHI — THII «BOJIa B Maci») [6—10].
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TpoTunrpanynboBaHi CKIaau XapaKTepU3yIOThCS
BHCOKHMHU JIETOHAIIHHUMH TTapaMeTpamMu Ta TeTLIO-
Toro BHOyxy. KpiMm Toro, 6araro 3 HUX e()EKTHBHI
B OOBOJHEHMX TipChKHX MacuBax. [Ipu mpomy He
TINBKK 30epiraeTbesi NeToHaliifHa 374aTHICTh BHOY-
XOBUX PEYOBHH, ajie 3-3a IJIBUIICHHSA HIUTHHOCTI
CyMiIlli 3a paxyHOK 3allOBHEHHS BOIOIO MiXTpa-
HYJIBHOTO MPOCTOPY 3pOCTae 00’ €MHA KOHIICHTPALIIS
eHeprii, 30UIbIIYEThCS MIBUJAKICT JETOHAIIII, TUCK
MIPOAYKTIB BUOYXY, IO TPU3BOIUTH JI0 301IIBIIICHHS
IHTEHCHUBHOCTI APOOJICHHS TIPCHKUX TTOPiJI.

B ocranHi poku Bce mMpIIe 3aCTOCOBYIOTh Haii-
MPOCTIMI CyMilli 3 TPaHyIbOBaHOT aMiaqyHO1 CeTTpU
3 pi3HUMH ToprounMu nobaBkamu [11]. Yacrtka crio-
xuBaHHA 1X nocsarae 50—60 % 3araapHOI KUIBKOCTI
3aCTOCOBYBAHUX ITPOMHUCIOBHX BHOYXOBHX pevo-
BuH, a B CILIA 85-95 % [5]. JleTonamniiini xapakre-
PUCTHKH HAWIMPOCTINIMX TPaHYJIbOBAHUX CYMIIICH
HWKYe, HDK y TpoTwiry. OmHaK B MEBHHX yMOBax
BOHHM OuIbIn edekTuBHi. Lle BimHOCHUTBCS 10 ApO-
OJIeHHsT TOpiJ Majoi Ta cepeaHboi MinHocTi. [Ipu
LBOMY 3HMXYETBCS BUX1J mepenoapiOHeHux Qpax-
Ii# 1 TABHIIY €THCS KOHTUIIITHIX, TOOTO IpOOTICHHS
cTtae 61TbI piBHOMIpHUAM. J[0 HEAOTIKIB BiTHOCUTHCS
BOJIOHECTIHKICTh. [Ipu BMicTi Boau Oinbiie 5 % BTpa-
YaeThCsl JIeTOHALIHA 31aTHICTh KX cyMimiel. Kpim
toro, cymimi AC-JIII maroTe HemocTaTHIO Qi3HYHY
CTaOUIBHICTD, JETOHALIIMHUN TUCK HEIOCTATHIN ISt
pYHHYBaHHS MIIIHUX 1 0COOIMBO MIITHUX MOPIJI.

PoGotn 3 ymockoHalieHHS aMiayHO-CETITPSHUX
IpaHyIhOBAaHUX BHUOYXOBHX CyMiIlIeH MPOBOIUIHCS
1 POBOIATHCS B YKpaiHi Ta 3a KOpIOHOM. Tax 30171b-
HICHHS JliaMeTpa BHUOYXOBUX CBEp/JIOBUH JI03BO-
JIUJIO TIJBUIIUATH JICTOHAIINHY 3/aTHICTh CyMIIIICH
AC-I1 3a paxyHOK O1JIbIII TOBHOTO XiMi4HOTO IIepe-
TBOPCHHS KPYITHOTWUCIIEPCHUX KOMITOHEHTIB 1, SIK
HACIJ0K, MIJBUIICHHS Koe(illieHTa KOPUCHOT
nii BuOyxy. llle ogHMM TMOIITOBXOM JO HIMPOKOTO
3actocyBanHs cymimeit AC-ZI1 B rippnyonoOyBHii
ITPOMUCIIOBOCTI Ta OYIiBHUIITBI € PO3pOOKa TEXHO-
Joril BUTOTOBJIEHHS IOPUCTOI aMiadqHOi CeNiTpH,
sIKa HaJiliHO yTpuUMy€E y co0i pinki HadTompomyKTn
Ta J03BOJISIE CTBOPIOBATH CyMillli BHCOKOI SIKOCTI
1 cTabinpHOCTI [6].

OmuuM 13 crocoOiB MMIABHIIECHHS CTA0IILHOCTI
cymimeit AC-JII, npu npomy miaBuIIeHHS edek-
TUBHOCTI BHOYXOBOi BiNOiiiKHM, € BBEICHHA JIO
CKJIaJly BHUOYXOBHX PEUYOBHH J00ABOK 3 BEJIHKOIO
IMATOMOIO TIOBEPXHEI0. 3aCTOCOBYETHCS aMOphHUIH
KpEMHE3eM, L0 OTPUMYETHCS IIISIXOM KHCIOTHOI
nepepobku HedeminmicTkoi cupoBuHu. [luTomMa
noBepxHs 1€l 1o6asku 100 M*/r. 3micT miei qo6aBku
B KUIBKOCTI, 10 AopiBHIOE 1 %, MiBHIIY€e B’ SI3KICTh

JOU3EBbHOTO MMalMBa Ta TOBHICTIO 3amobirae Horo
crikanHro. Cxman rpanynita AK: rpanyipoBaHa ami-
agHa cemtpa (94,0£2,0 %), piaki HadTONPOTYKTH
(5,0£1,0 %) 1 amop¢uuii kpemueszem (1,0£0,1 %).
s BuOyXxoBa pe4oBHHA aHAJIOTIYHA 3a /€0 IPamMo-
HiTY 79/21, ane 3HaYHO AEMIEBIIA.

3a HeoOXiMHOCTI HABAHTAKEHHS MACHBY OiJIBII
TPHBaJIM{ Yac B INAJHOMY PEXHMi, 00 30epertu
MIIHICTh CHPOBHHH Ta YHUKHYTH IIeperopiOHEeHHS,
aje B TOH e 4ac OTpUMaTH HeoOXigHe NpoOIeHHs,
3aCTOCOBYIOTBCS 3apsau HATHU3KOIIIIEHUX CyMi-
el amiagyHoi cemiTpu Ta miHomomictupomy. Jis
OUX 3apsIiB XapaKTePU3YEThCS OJHOYACHUM 3HU-
JKCHHSIM JI0 TPAaHUYHO HU3BKUX 3HAYE€Hb 00 €MHOT
KOHIICHTpAIlii eHeprii BUOyXy, IIBHAKOCTI JCTOHA-
1i1, THCKY, KIHETUYHOI eHeprii MPOAYKTIB JIETOHAILI1,
KOHIICHTAIIIi ra3iB Ha OJIMHUIKO 00’ €My 3apsiiLy, 110
3a0e3medye KBa3iCTaTUYHE HABAaHTAXXCHHS MAaCHUBY
i BUCOKHI mamHuit epeKT. Y TOH ke Jac MeTOHAIis
X BUOYXOBUX PEUYOBUH HOCUTD JIOCHTh BUPAKECHUI
MYJILCYIOUMH XapakTep 1 CyNpOBOKYETHCS B 30HI
XiMIYHOI peakmii CTBOPEHHSIM BHUCOKOTEMIIEpaTyp-
HUX IJ1a3MOBUX CTPYMEHIB, 1110 CTIPUSIE OiIbII TPUBA-
T MATpUMIII Tporiecy BUOYXOBOTO ITEPETBOPEHHS;
(hopMa BHOYXOBOTO IMITYJIbCY CTAa€ OLIBII MOJOTO0
Ta TPUBAJIOIO, 1, OTXKE, MiIBUIIYETHCS €PEKTUBHICTH
BUOYXOBOI'O pyHHYBaHHS.

PoGoTtu 3i CTBOpEHHSI HAWMPOCTIIHMX aMiadHoO-
CENIITPIHUX BHOYXOBHX PEUYOBHH — IIJ]AHITIB IPO-
Bonunucst [ I1. [demumiokom [5]. 3acrocyBaHHs
ITIaHITy Ha TpaHITHUX Kap’epax KpemeHuyka 103B0-
JIUJIO 3MEHIITUTH KiTBKICTh TIEpeToApiOHeHUX 1 HeTa-
OaputHux (paxkuii i Ha 20-30 % MiABUIMTUA Mill-
HICTHb HIMAaTKIiB BiZOHWTOI TipHMYOi Macw Ha CTHUCK,
a TaKoXX 3HU3UTH BapTiCTh BUOYXOBUX POOIT MOpiB-
HSIHO 3 3aCTOCYBaHHSM 3a TAKHX XK€ YMOB IPAMOHITY.

J1o ckaty KOMIIOHEHTIB ITIaHITY JUIs 3aryIIeHHS
JM3ENbHOTO MaIMBa 3aCTOCOBYIOTHCS Pi3HI MOBEPX-
HEBO-aKTUBHI pedyoBUHH a00 MeXaHiuHI HEBHOYXOBi
M00aBKHY (MacTHIIA, BIIXOAW BUPOOHHUIITBA XiIMITHOI,
MeTayprifiHoi Ta Oy1iBeabHOI IPOMHCIOBOCTI [6]).

3 METOIO MiBUIIICHHS TEIUIOTA BUOYXY J0 CKIIaay
MPOMUCIIOBUX BUOYXOBHX PEUOBHH Ha OCHOBI amiay-
HOI CeINliTpH BBOJSATHCS BUCOKOCHEPTETUYHI TOPIOUi
JI00aBKH, B SIKOCTI SIKUX 3aCTOCOBYBABCS JIpiOHOTHUC-
niepcHuit anrominiii — AC-4, AC-6, AC-8. OnHaxk, siK
BiJIOMO, TOpOTHU 1 HEOS3MEUHUI AFOMIHIN y CKIai
HNPOMUCIIOBUX BHOYXOBHX PEUOBHMH 3aMiHIOBAJIH
€KOHOMIYHO JOCTYIIHUMM TOPIOYMMH KOMIIOHEH-
TamMu — (epocuitiiieM, CHUIIIKOKaJbIieM, 1o 3a0e3-
NeyyloTh 00’€MHY KOHIEHTpPALil0 €Heprii B HOBHUX
CKJIa/IaX MIPOMHUCIIOBHX BHOYXOBUX PEYOBHH Ha PiBHI
HE HIDKYC ATIOMIHIEMICTKUX BHOYXOBHUX PCUOBHH,
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ane € OibIn Oe3neyHuMU. BoHM MatoTh rapHy cuIy-
YiCTh, IPY TIEPEMINITYBaHHI BiJICYTHE 3allAITIOBAHHS,
HE 3JICKYIOTBCSI Ta HE PO3CIIOIOTHCS B MPOIECi
30epiranHst [13].

Jo 3MiHM JeTOHAIIHMX XapaKTEpPUCTHK NPO-
MUCJIOBUX BHOYXOBUX PEUOBHH, a, OTKE, i 10 3MIHH
rmapamMeTpiB BUOYXOBOTO IMITYJIbCY, @ 3HAYUTH, 1 IPO-
OJICHHSI CepeloBHINA, NPHU3BOAUTH 3aCTOCYBAHHS
B SKOCTi J100aBOK 3aJi30pyJHOTO KOHLEHTPATY,
JIOJIOMITH30BaHOTO OopomrHa i T. . [13].

VYBeneHHS M0 CKIaAy BUOYXIiBKH TOAPiIOHEHOTO
BYTUUISL, TYMH W T. 1. IPU3BOAUTH JIO ITiJIBUILCHHS
00’eMHOT KOHIIGHTpAIlii eHeprii ta j0 crabimizarii
BHOYXOBHUX BIIACTUBOCTEW HANMPOCTIMINX BHOYXO-
BHX PEUOBHMH, 3MEHIIYIOUM TPU IbOMY CTiKaHHS
JIM3EIIFHOTO TMANBa, 3a0€3MEUyIOUN CTOBIJICOTKOBY
CTaOUIBHICTh CKIIAJIB, 1[0 B CBOI YEPry IIiJIBHIIYE
eeKxTUBHICTh BUOyX0BUX pooiT [13].

B Vkpaini po3pobieHuii 1 3amaTeHTOBaHUH Haii-
npocTimuii ckinany — rpanynit HM, mo roryerbes
LUISIXOM 3MIIIYBaHHSI TPaHyJbOBAaHOI HEMOPUCTOT
amiaunoi cenitpu (82 %) i mpommponykry — HM
ado IIII-HM (18 %). IIpommpoayKT ckiagaeTbcs
3 HaTtHUpy Merany (BTOPHHHA IpOKaTHa OKAaJMHA,
IO € BIXOAOM TPYOHOTO BHPOOHHWITBA), MOAPiO-
HEHOTO JIYIIIHHHS COHSIITHUKA Ta BiANpaIibOBaHUX
iHAycTpianbHUX Mactui [6]. ['panymit HM npusna-
YEHUH IS TiApUBaHHS HEOOBOJHEHUX TTOPIT CEpel-
HBOT MIITHOCTI Ta MIITHUX Y OY/Ib-SIKUX KIIIMaTHUHUX
30Hax. Tak sIK IpU HOTr0 BUI'OTOBJICHHI BUKOPHCTO-
BYIOThCS BIXOAM BUPOOHMIITBA, BIH Ma€ HH3BKY
BapTICTh 1 CHpHUSE O3IOPOBICHHIO EKOJIOTIYHOTO
cepenosutia [14].

Jo TpeThoi OCHOBHOI TPyIi NPOMHUCIOBHX BUOY-
XOBUX PEUOBHH BiJIHOCSATHCS BOJOMICTKI CyMillIeBi
BHOYXOBi pedoBUHU. Bona, sk HamoBHIOBAY ITPOMHC-
JIOBUX BHOYXOBHX PEUOBHH (BHACIIIOK PO3UNHECHHS
B Hill aMiauHOi CeNIiTpH Ta 3aMOBHEHHS MK YaCTHH-
KaM# BHOYXOBO1 pEUYOBHHHU 11 HACHUEHOTO PO3UYHHY ),
cupuse Tpu BMIicTi Bogm 5-15 % migBUIIEHHIO
CEepPEeNHbOI MIIIPHOCTI BOMOMICTKHX BHOYXOBUX
pedoBuH 10 1,5-1,6 r/cm?® 3 MOYaTKOBOT (HACHITHON)
mrimsHocTi 0,8-0,9 r/em®. KpiM Toro, Boma 3HIKYE
YyTIUBICTh CKJaly, HAla€ HOMY IUIACTHYHICTH abo
IUTMHHICTB, 3 SBJISETHCS BOJIOTICTH MEXaHI30BaHOTO
MepeKavyBaHHS HU3BKOB’ SI3KUX BOJOMICTKUX BHOY-
XOBHX PEYOBHH MO TPYyOONpOBOJax i NUIAHTaxX 3a
JIOTIOMOTOI0 HACOCIB.

Henomnix Boau, sk HalOBHIOBaYa, — il BiZHOCHA
XiMiYHa iHEpTHICTh. 3HAYHA YacTWHA TeIUia, IO
BHUIUISETLCS ITi T 9ac BUOYXY, BUTPAYa€THCS Ha HATPi-
BaHHS Ta BUIIAPOBYBAaHHS BOJM, & 3BOPOTHOI KOH-
JeHcanii He BiOyBaeThbcs, TOMY IIO TeMIleparypa

nponyktiB BuOyxy Bumie 100 °C. YactunHa Brpar
BiJIIIKOJTOBYETHCS 301IBIIEHHSIM Ta3iB 32 pPaxyHOK
BONSHOI mapu. Bee sk poboTa BUOYXy BOIOMICTKHX
aAMOHITIB 3 HYJIbOBUM KHCHEBUM 0ajaHCOM Ha OJIM-
HUIIIO 1X Macu HUKYE, HIK THX JK€ BHOYXOBHX pevo-
BUH B CYXOMY CTaHi.

B enepreTnyHOMY BiTHOIIICHHI CIIPUSATINBO BBE-
JICHHS JIO CKJIaJly BHOYXOBHUX PEUYOBHH aJFOMIHIIO,
npoTe NpH IOMY 3HWKYETBHCS JICTOHALlIHA 31aT-
HicTb cymimi. CeHcHOUTI3yBaTH CKIagu MOAIOHOTO
TUITy MOKHA Ta30BUMH OynpOalikaMu Ta 3acTOCy-
BaHHSM BHCOKOJHMCIICPCHOI aFOMIHIEBOI ITyApH.
BynbOamky moBiTpst 10 Mack BHOYXOBOI peuOBHHU
MOKHa BBECTH MEXaHIYHMM HIJISXOM 3a 1HTCHCHB-
HOTO TIepeMilTyBaHHs (aeparlii) BOIHOTO PO3YUHY
amiagHOi CeNiTpH 3 aTOMIHIEBOIO MyAporo. [HImmi
Croci0 — 11e BBEICHHS ra30yTBOPIOIOUOi JOOABKH —
PEYOBHHMU, 34aTHOI B3a€MOAIATH 3 Oy/Ib-SIKUM 3 KOM-
MOHEHTIB BHOYXOBOi PEYOBMHM 3 YTBOPEHHSIM
razonogioOHuX TpoaykTiB BuOyxy. [Ipm amiabaTwmd-
HOMY CTHCHEHHI ra30BUX OyJlbOAallloK y JeTOHAIlil-
Hill XBWJIi, BOHH CHUJIBHO PO3IrpiBalOThCS W CTAIOThH
«rapssYMMHU  TOYKaMH», L0 MiATPUMYIOTH IOIIU-
pEHHS ACTOHAITIT TTO 3apsiIaMm.

Haii0inpm  mommpeHuM  CeHCHOiTi3aTopoM
B CKJIaJli BOAOMICTKHX BHOYXOBHX PEUOBUH € TPO-
TWI, & TaKOX OC3IMMHMI IOPOX, TBEPAC paKeTHE
HaJIMBO H iH.

[eneyTBOPIOIOYMMHU areHTaMH € CHHTETHYHI 200
NPUPOJIHI TTIOJIIMEPH, COJTi KapOOKCUMETHIILIENION03a,
NoJiakpuiIamiz Ta iH., mo HaOyXxaloTh y Boai. BoHu
CIPUSAIOTH 3a00iraHHI0 a00 YIOBLIBHEHHIO BUMH-
BaHHS CeJITPH Ta IHIIUX BOJOPO3UMHHHUX COJICH
3 BUOYXOBHX PEUOBHH IpH 3apsKaHHI OOBOIHE-
HUX CBEP/JIOBHMH, HAa/AlOTh BUOYXOBHM pEUOBHHAM
TUTACTUYHICTb.

Jlo ckmamy BOJOMICTKHMX BHUOYXOBHUX PCUOBHH,
KpiM aMiaqHOi CeJliTpH, SIK OKHCIIOBa4Y MOXYTh BXO-
JUTH HITPATH JY>KHUX 1 JY)KHO3EMEJILHUX METaiB,
SIK1 I IBUTIYIOTH 1X HIUTBHICTb.

KonmenTpariss ereprii B 3apsgax BOIOMICTKHAX
BUOYXOBUX peuoBuH B 1,8-2,0 pasu Buie, HiXK
NaTpOHOBAHUX BHOYXOBUX PEUYOBHH 1 BOHH MOXKYTb
3aCTOCOBYBATHCS Ul MiAPUBAHHS BEIbMH MILTHUX
mopin. OCHOBHI HEAOMIKH: CKIAIHUN PErenTypHUI
CKJIaJl 1 TEXHOJIOT'isl BUTOTOBJICHHS, MEHIIA (pi3nvHa
cTaOIBHICTH OibIIa X BapTICTh MOPIBHIHO 3 IpaHy-
JLOBAaHUMHU BUOYXOBHMH pedoBHHaMU (B 5—3 pasiB
Buiie, Hixk AC-J1I1), Hu3bKa YyTIUBICTH 1O IHIIIO-
BaHHS IMITYJIBCY.

Pi3HOBHIIOM BOJOMICTKHX CyMilleil € BHOYXOBi
eMynbCil, SIKi IUpPOKO 3acTocoByroThesi B CLLA,
Opamnriii, BenmmkoOpuranii, Kutai Ta iHmmx kpainax.
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Emynbcii 3Ha4HO AemeBnie TpaAuLiiHUX BOAOMICT-
KHX CyMIIIIei, MalOTh BUCOKY JECTOHAIIWHY Ta €HEp-
TeTUYHY 3/aTHOCTI, IiJIBUIIEHY Oe3MeKy BHPOOHH-
LITBA Ta 3aCTOCYBAHHS, BOJOCTINKICTh. CaMe 3aBlIIKH
LIIMPOKOMY BHKOPUCTAHHIO EMYIBbCIHUX CKIIaiB
B OCTAHHE JIECATHJIITTS 32 KOPIOHOM JOCSIVIH 3Ha-
YHUX TEXHIKO-€KOHOMIYHHUX MMOKA3HHUKIB BHOYXOBHX
po6it. ¥ Pocii noapiGHOro kiiacy BUOYXOBI peuo-
BHHH — ITOPEMITH.

JlocBin 3acTocyBaHHS €MYNBCIHHUX MOPEMITIB
Ha Kap’epax JlebemmHCchbKoro Ta CTOMIEHCHKOTO
ripHUY0-30aradyBajbHUX KOMOIHATIB IMOKa3aB, IO
3BUYAMHUI TOPEMIT NpHUIATHUHA A1 BUOYXOBOTO
JIpOOJeHHS TPINMHYBAaTHX TMOPiM 3 KoeilieH-
ToM MimHOCTI 32 M. M. IlpoTtogpskonoBum f= 12,
a3 obaBkamu 4 i 8 % amrOMiHIEBOTO OPOIIKY — JUTS
nopina Oyab-sikoi minuocTi. [Ipu qocnimaux Budyxax
3 BEJIMKOIO MUTOMOIO BHUTPATOIO IMOPEMiTa PO3MIp
CEpPEeMHBOTO IIMAaTKa MiAipBaHOi TIPHUYOI MacH BHS-
BuBcs B 1,5-2,0 pa3u Oinblile, HiX MpH TiJApHBaHHI
LWITaTHUMHU TPaHYITbOBAHUMH BHOYXOBUMH PEYOBU-
Hamu. lLle, HMOBIpHO, TOSICHIOETHCS HEAOCTaTHIM
CTYIICHEM IE€pEMIlIyBaHHsI KOMIIOHCHTIB, B Pe3yilb-
TaTi 9OTO JETOHYBaja TIIBKHA YaCTHHA Ta30yTBOPIO-
F0UOT JJOO0ABKH 3apsiy.

OcTtaHHIM YacoM y BUpOOHHIITBI Ta 3aCTOCYBaHH1
eMYJbCIHHUX BHOYXOBUX PEYOBHH HAMITHIIUCS TIO3H-
THBHI TEHACHII [5], MmO MOB’sA3aHO 3 PO3POOKOIO
HOBOT'O TIOKOJIIHHS €MYJIbCIHHUX BHOYXOBHX PEYO-
BUH — 0E3TapHHUX IMOPEMITIB, L0 BUTOTOBISIIOTHCS
o3y abo Oe3rmocepelHbO Ha TipHUYUX MIANPH-
emcTBax. [Ipu mboMy 0CBOEHO BUPOOHHUIITBO BITUH3-
HsHux emynbraropis [1T i CMT, nponiec orpuMaHHs
SIKUX MO)KHA TIPUB’SI3aTH 10 YCTaHOBKH 3 BUTOTOB-
JICHHS TTOPEMITIB.

Po3po0ka mpuUHIMIIOBO HOBOi CTPYKTypH HpO-
MUCIIOBUX BUOYXOBHX PEUOBHMH Y BH[I 3BOPOTHOI
eMyJNbCil «BOAAa B MacTWIi» BHUpiIMIa MpodieMy
BUKJIIOYEHHSI PO3UMHEHHS aMiauHO-CeNlITePHUX MPO-
MHCJIOBUX BUOYXOBUX PEUOBUH B 0OBOAHEHHUX CBEPI-
JIOBUHAX OYJIb SIKOT MPOTOYHOCTI, JIE 3aCTOCOBYEThHCS
noporuii rpanynoron. Edext mocsraetses 3a paxy-
HOK BHCOKO{ LIITBHOCTI 3apsiisKaHHs HOpeMiTiB 1,25—
1,3 r/cm?, a BapTicTh iX B 2 pa3u HUKYE TPAHYIOTOIY.
CupoBHHa AJIs1 OTPUMAHHS eMYJIbCIHHUX BUOYXOBUX
PEUYOBHH HOPIBHAHO JEIIEBIIA W NOCTYIIHA, CEHCH-
Olimizaris X 3MIHNCHIOETHCS TA30BUMHU OyIhOaIIKaMu
MIpU 3apsKaHHI B CBEPAJIOBUHY.

YucieHH1 AOCTIHKEHHST BITIN3HSIHUX 1 3apyOik-
HUX aBTOpPIB CIIPSIMOBaHI Ha CTBOPEHHS BHOYXOBHUX
PEYOBHH 1 3apsaiB BUOYXOBUX PEUYOBHH, IO 3a0e3-
MEYyIOTh PEryJibOBaHEe BUJIJICHHSI €HEprii 3aJIe)KHO
BiJ HEOOXiAHMX 3aBJaHb MO PYHHYBAHHIO TIPCHKHUX

HOpiJ 3 PI3HUMH BIACTUBOCTSAMH Ta OymoBoio [12].
PerymoBaHHs BHIIJIEHOT eHeprii BHOyXy B HaBKO-
JIMIIHE CEPeNOBUIE 3MIHCHIOETHCS BBEACHHIM 10
CKJIay BHOYXOBHX PEUOBHH Pi3HHX J00aBOK, IO
3MIHIOIOTH IX WiIbHICTH Bixg 0,6 mo 1,4 r/cm?®, mo
MPU3BOANTH 1O 3MiHHM IIBHAKOCTI meroHamii. J[ms
pYHHYBaHHS MIIIHUX TIOPiJl BHKOPHUCTOBYIOTHCS
CYCHCEH31iHI Ta eMylbCiiiHi BHOYXOBI pPEYOBHHH,
10 BUTOTOBJISIIOTHCSI HA MICHAX 3aCTOCYBaHHS, 10
CKJIa/ly SIKUX BBOJAATHCS 3 PIBHOMIPHHM IIE€PEMIIITy-
BaHHSM CEHCHOUTI3aTOpH, SIKi ITiIBHUINYIOTH IIBU/I-
KicTh meToHamii 1o 5500 m/c, niineHicTIO 10 1,4 K1/
JM® 1 BUCOKOIO KOHIICHTPAIIEIO SHEepril.

Jns perymoBaHHS YyTIMBOCTI Ta IIBHIKOCTI
JIETOHAIIIT 10 CKJIaly eMYIbCIHHNX BUOYXOBHX pedo-
BUH YBOJISITh CyMIIll CKJISTHUX 1 IJIACTMAcOBUX MiKpO-
coep. LlinbHicTs BUOYXOBOT PEUOBHHHU MPH LILOMY
Moske 3MmiHroBarucs Bix 0,6 mo 1,25 xr/mm3. Jliametp
ckasHuX cdep 30-150 mxMm, mmactmacoBux 200-—
1200 mxm. Ha#tOiiabimoro epekTy J0CIIIN MPH PO3-
Mmipax ckistHUX cep aiamerpom 40—80 MKM, mact-
macoBux 400—-1000 MKM, IIBUAKICTH AETOHAIII TIpH
IpOMY 3MiHIOBasacs B miamazoni 6070-6405 w/c.
[opoxuucti Mikpochepn pekOMEHIYyeThCS 0/a-
BaTW B eMYJIbCiliHI BUOYXOBI pEYOBHHH Ta B CyMili
eMYIBbCIHHUX 1 HAWIPOCTIMNX BUOYXOBHX PEYOBHUH
tuiry AC-/II1. BukopucTadHs BOZOMICTKUX 1 €MYITb-
CiifHMX BUOYXOBHX PEUOBHH TPH MiIPHBaHHI MIITHUX
mopiag 1ocuth e(eKTHBHE, a 3aCTOCYBaHHS YTHIIi-
30BaHUX KOMIIOHEHTIB B SKOCTI CEHCHOLTI3aTopiB
ICTOTHO 3HIKY€E BUTPATH HA ITiITOTOBKY BHOYXY.

Jnst  3a0esneueHHsT PETYIIOBaHHS —BHUJIICHHS
eHeprii BUOYXOBUMH PEYOBMHAMH HaMaraloThCs
BHUKOPHUCTOBYBAaTH B SIKOCTI JI00aBOK BiJIXO[I! BUPOO-
HUIITBA, 1110 3HAYHO 3/ICIIEBIIIOE BEJCHHS BUOYXOBUX
poOIT, migBUILYy€e TX eHEeKTHUBHICTH 1 MPUBOIUTH JIO
NO3UTUBHHUX CEKOJOTIYHMX pe3yabrariB. [lpuxia-
JIOM € CTBOPEHHS eMYJbCiiHOT BUOYXOBO1 peuOBUHHU
«YKpaiHiT», B Ky BBEICHa B SKOCTI aepyr4yoro
areHTy Jerka KBaprioBa (paxilis 3 BiIXOMdiB TETUIO-
BUX CJICKTPOCTAHIIIH.

HoBuM HanmpsMKoM pO3BHTKY BHOYXOBHX peuo-
BUH € BBEJEHHS 10 BiJIOMHX BHOYXIBOK HaMIpo-
CTIIIIOTO CKJIATy HOBHUX IMPOIYKTIB, OTPUMAHUX
y pe3ynbTari yTuiIi3alii KOHBepCIHHUX OOENPUIACIB.
e no3Bossiec orpumaru OiNbII MOTY>KHI BHOYXOBi
PEYOBHHHM NP OZHOYACHOMY 3HMXKEHHI iX BapTOCTI.
KomnoneHTamu HOBUX BUOYXOBHUX PEYOBUH MOXKYTh
OyTH 3HATI 3 030POEHHS TIOPOXH, IKUMH CIIOPSKEHI
MiHH, CHapsIH, TOPIEH, aBiaboMOu, TBEpi Ta piaki
pakeTHi nmanuBa # T. 1. [15; 16].

BuxopuctanHs KOHBEpCIHHUX BHOYXOBHX pedo-
BUH JI03BOJISIE 3a0E3MEUYUTH MMOCTAaBKY TIpHHYUM
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MiANPUEMCTBaM BHUOYXOBHX MaTepiasiiB BapTiCTIO
B 1,5-2,5 pasum HmK4e, HK BapTICTh MTATHUX IPO-
MHCJIOBUX BHOYXOBUX MarepiaiB.

[IpoBeneni TepMonIuHAMIYHI PO3PAXyHKH €MYJIb-
CiifHHX BHOYXOBHX CHCTEM, L0 MIiCTATh CHEPrOEMHI
J00ABKH Yy BHJII MTOPOXiB Pi3HUX MapoK, IMOKa3ajH,
10 B CUCTEMAX, OJJHUM 3 KOMIIOHEHTIB SIKHX € IIOPOX,
MBUAKICTG AeroHarii cra”HoButh Buie 7000 m/c
1 MAKCUMAaITLHUH TUCK JCTOHAIIIT CKIIaa€e MPUOIU3HO
18 I'Tla. 3acTocyBaHHS KOHBEPCIHHOTO KOMIIOHEHTY
IiHITpOaMiga aMoHi0 IIe edeKTHBHiIIe, Opu3aHT-
HICTh MiBUILYEThCs HA 60 % [15].

[Ipn BHKOpHCTaHHI KOHBEPCIMHMX KOMIIOHEH-
TiB B NPOMHCIOBUX BHOYXOBHX PEUOBHHAX [0
KIiHIIST HEBUPIMNIECHUMHU € 3aBIaHHSA iX MOApiOHEHHS,
BU3HAYCHHS KiJTBKOCTI B CKJIAJ[i CyMiIlli, 3HUKCHHS
MiIBUIICHOT YYTIAUBOCTI A0 MEXaHIYHHMX 1 TEII0-
BUX BIUIMBIB, ONTHMIi3allis OajaHCy CKIaxy 3a
3MICTOM ITaJILHOTO Ta OKHCIIOBadya (HETaTUBHUI
KUCHEBHI OaJIaHc), M0 TPU3BOAUTE 0 YTBOPEHHS
npu BHOYXY TOKCHYHHMX NPOAYKTIB BHOYXOBOTO
IepeTBOPEHHS (OKUC BYTJICII0, OKUC a30Ty Ta iH.)
i He 3a0e3mneuye MaKCHMalbHY POOOTOCIIPOMOXK-
HICTh BUOYXOBUX PEUOBHH.

YacTKoBO 11i 3aBJaHHSI BUPIIIYIOTHCS BBEICHHIM
no ckiagy AC-IT mipokcuaiHOBOTO 200 OaticTUT-
HOTO TOpPOXy 3 po3mMipoM yacTuHOK 0,01-2,95 mm
abo ix cymimi Ta Bomu [16]. Crabimizamis BUOyxo-
BUX PEUYOBHH JIOCATAETHCS 3aCTOCYBAHHSAM IOJPIO-
HEHOTO MPOKCHIIIHOBOTO 200 0aJiCTUTHOTO MOPOXY
3 YaCTHHKAMH TEBHUX PO3MIpiB, sIKi 3a0€3MeUyrOTh
BHCOKY YTPUMYIOUY 3IaTHICThH IO BiTHOIICHHIO IO
pinkux HadTomponykTiB (mo 4045 %). YV Toii xe
yac Temiora BUOyXy 30imbnryerscsi Ha 15 %,
a KPUTHYHHUM JiaMeTp JEeTOHAIlil 3HUXKYEThCS 3i
120-130 MM 10 80—90 mMm. Beeneni pinki HadTompo-
JIYKTH B SIKOCTI TAJILHOTO OJIHOYACHO 320€3MeuyI0Th
(hermatu3zaiiito MOpoxy Ta JIO3BOJSIOTH 30epertu
YyTJIUBICTH 0 yaapy Ha piBHi irmaniris. LLlinpHicTh
BUOYyXOBUX pe4yOBUH 30imbiryeThest Ha 15-20 %,
a mBHAKIiCcTh, aeroHamii — Ha 20 %.

BUCHOBKU. 3apan 3 T1a30yTBOPIOIOYUM
eHeproe()eKTUBHUM KOMIIOHEHTOM Yy BHOYXOBIiH
PEYOBHHI, 3MIHIOIOUM TEePMOJMHAMIYHI Iapame-
TPU TPOAYKTIB JEeTOHAIlii Ta YMOBH iX B3aeMoii
3 CepeloBHUIIEM, IO PYHHYETBHCS, AACTh 3MOTY
3MEHIIMTU TepenoApiOHeHHs MpHU BUOYXOBiH Bij-
Oililli HepyOHUX TiPCHKUX MOPIJ, IO ITiJIBUIUTH
e(peKTUBHICTE POOOTH MIAPUEMCTB 3 BHIOOYTKY
HEPYAHUX KOPUCHUX KOTIAJINH.

BcranoBneHo, mo yacTkoBa 3amiHa OpHU3aHTHOT
BHOYXIBKHM B 3apsiiax BHOYXOBUX PEYOBHH Ha ra3o-
YTBOPIOIOUY T0OABKY 3HIDKYE TIIK TUCKY B 3apsTHIN

MTOPO’KHHHI, a TAKOXK IIBUAKICTH 3POCTAHHS THUCKY
MIPOIYKTIB JIETOHAIIIT, 1[0 TPU3BOIUTH JI0 SMEHIIICHHS
nepenoapiOHeHHs TBEPIOTO CEPEIOBHUIIA B OMMKHIN
JI0 3apsAay 30HI ripcbkoi macw. [Ipu momamberiomy
TOpiHHI Ta30yTBOPIOIOYMI KOMITOHEHT BUIIISIE CHEP-
rito, sIKa MiJICKIIIOE JPOOJICHHS MACUBY B CEpPEHIi
Ta JaJIbHIN 30HAX TipChKOT MacH, 10 MPU3BOIUTH 10
O17TbIII PIBHOMIPHOTO ii IPOOICHHSI.

3MeHIeHass OpU3aHTHOCTI CYMIIIEBUX 3apsiiB
3a paxyHOK ra30yTBOPIOIOYHX KOMIIOHEHTIB 3HAYHO
3MEHIIY€e CEHCMIUYHMH BIUIMB MacoBOro BHOyXy Ha
HABKOJIUIITHE CEPEIOBUIIIC.
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The analysis of methods for controlling the explosive load of a crumbling rock mass is presented. Due to such control,
it is possible to influence the efficiency of explosive crushing of solid media and the yield of over-crushed fractions during
mass explosions. Comparison of various compositions of mixed charges of explosives showed that a charge with a gas-
forming energy-efficient component in an explosive, by changing the thermodynamic parameters of detonation products
and the conditions of their interaction with a disintegrating medium, will reduce overgrinding during explosive blasting
of nonmetallic rocks, which should increase the efficiency of enterprises for the extraction of nonmetallic minerals. It has
been established that partial replacement of blasting explosives in explosive charges with gas-forming additives reduces
the pressure peak in the charge cavity, as well as the rate of increase in the pressure of the detonation products, which
leads to a decrease in the overgrinding of the solid medium in the zone of the rock mass close to the charge. With further
combustion of the gas-forming component, energy is released, which enhances the crushing of the massif in the middle
and distant zones of the rock mass, which leads to its more uniform crushing.

A decrease in the output of over-crushed and oversized fractions will significantly increase the efficiency of the work
of enterprises for the extraction of non-metallic minerals. This does not apply to mining enterprises for the extraction
of ore minerals, since in this case overgrinding of the rock mass is a desirable factor that simplifies the processing of raw
materials at subsequent stages of the technological process.
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It can also be noted that a decrease in the brisance of mixed charges due to gas-forming components significantly
reduces the seismic effect of a massive explosion on the environment. Unfortunately, until now, insufficient attention has
been paid to these aspects of the interaction of the components of mixed charges between themselves and the environment.

Key words: mining, over-grinding, explosive, gas-forming component.
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VkpaiHa 3aiiMae ojlHe 3 MPOBIHUX MICITh Y CBITI 3 BUIOOYTKY 1 epepoOKH 3amizopyaHoi cupoBuHy. [Ipoaykiis pymo-
30arauyBasibHOI raimy3i YKpaiHU € OJHIE€I0 3 OCHOBHHUX CTaTeH BAFOTHUX HAJXOMKEHb N0 OromkeTy. Y Kpupopizbkomy
3ai30pyIHOMY OaceifHi mpamoe 5 ripHuyo30araqyBalbHUX KOMOIHATIB, SIKi BUKOPHCTOBYIOTH TEXHOJIOTIO KYyJIHOBOTO
1 camomonpiOHeHHs. [Ipu nepepoOui pya [TonTaBchKOTO 3aTi30pYAHOTO POJOBHUINA 3aCTOCOBYETHCS CIIEIM(iuHa TeX-
Homorist 30aradeHHs pyx. OCHOBHHUM BHAOM NPOAYKIii 30aradyBanpHoi (abpukn [lontaBcskoro 3K € 3amizopymumii
KOHIICHTpAT, JI0 CKJIaIy SKOTO BXOMATh MiHEPAJH: MAarHEeTUT, MapTHUT, CHACPHUT, TEMATHT, KPEMHE3eM, KaJbIlii, CHITiKa-
tH. Bigninenns Ne 1 i Ne 2 36arauyBansnoi (padpuxu [IpAT «IlontaBcekuit ['3K» mepepoOmstioTs 3ai3uCTi KBApIUTH
I'opimabo-IInaBHuHCEKOTO 1 JIaBPUKIBCHKOTO POJIOBHIL, MPEACTABICHI MATHETUTOBUMH KBapIruTaMu K-2-2 1 KyMMIHITO-
HITO-MarHeTUTOBUMH KBapuutamu nayku K-2-3-3. 3anizopyaHuii KOHIEHTpAT BUPOOISETHCS BIAMOBIAHO 0 po3pobie-
HOT IHCTUTYTOM MexaHoOpYOpMeT TEXHOJOTI] 3 BUPOOHHIITBA 3aJ1130pYJHOTO KOHLIEHTPATy Ha 30aradyBaibHii GpadpHuiri.
Merta wi€i cTaTTi — BBEJICHHA y HAayKOBHMA 00ir MarepiasiB 00 Cy4acHOTO CTaHy TEXHOJOT1i 30araueHHs pi3HUX THUIIIB
3ami3HuX pya Ha [TontaBchkomy ripHqu 30arauyBaibHOMY KOMOiHaTi. BUKOHAaHO aHai3 TEXHOJOTIUHHUX CXEM Ta PEIKHM-
HUX TapaMeTpiB 30aradyeHHs 3ali3HUX PyI Ha HOJ'ITaBCBKOMy I'3K. 30erMa no BijinerHro No 1 1 Ne 2 30araqyBasib-
HOI (1)a6pm<1/1 po31<p1zm 0COOJIMBOCTI TEXHOJIOTT BI/Ip06HI/ILITBa TEXHOJIOTIYHUX TIPOIIECIB HO,Z[p16HeHH$[ 1 knacudikarii,
MarHiTHO{ cemapariii, MarHiTo-TiApaBIiTHOT cenapaun MarHiTHO{ Kracudikamii i kmacuikarii Ha TiIPONUKIOHAX, 3HE-
IuTaMiIeHHS. 1{e yMOXKITHBITIOE KOMITapaTHBHUN aHawi3 aHAIOTIYHHX 30aradyBaibHUX (aOpuK 1 HAyKOBE OOTPYHTYBaHHS
BHOOPY TEXHOJIOTIYHOI CXeMH 30araueHHs 3a1i3H0i pyAn AT KOHKPETHHX YMOB. BIKOHaHMI KOMIUICKCHHUH OTIHC 1 aHAI3
MPaKTUKY 30araduenHus 3amizHux pyx Ha [TonraBcskomy I'3K mae MOXIMBICTE CHCTEMHOTO MONIYKY ONTHMAIbHUX PIllIeHb
SIK TEXHOJIOTTYHHUX CXEM, TaK 1 PSKMMHUX IapaMeTpiB OKPEMUX TEXHOJIOTIYHUX MPOLECIB.

Kurouosi ciioBa: 3anisHi pyau, 36arauenns, [lonrasebkuii I'3K, TexHOIOTIUHI cXeMHU, peKUMHI TapaMeTpu, 30aradyBalib-
He oOnanHanHs, KpeMeHuyubKkuii 3ani30pyqHuii paifoH.

AKTVYAJIBHICTB POBOTHU. OGymoBneHa HE0O- ONTUMAJBHUX TEXHIYHUX pilleHb. Y TEeXHIUHIH
X1IHICTIO TTOPIBHAJIBHOTO aHAIII3y TEXHIKW 1 TEXHO- Oibmiorpadii mpucyTHI omucH 0araThoX MPAKTHK
JIOT1i 30araueHHs 3aji3HUX PyJ SK METOAY TOIIYKY 30aradeHHs 3ami3Hux pyn [1-5]. Y miit crarTi onu-

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)
141



MPUKNAOHA MEXAHIKA

caHa 1 TMpoaHalli30BaHA TEXHOJIOTiA 30aravdeHHs
3aJTi3HUX Py TOJTABCHKOTO POIOBHIIIA.

VYkpaiHa 3aiimae ofHe 3 IPOBITHUX MICIb Y CBITI
3 BUJIOOYTKY 1 MEpEepoOKH 3ali30pyIHOI CHPOBHHH.
[Iponykuis pyno3baradyBanbHOi ramys3i YkpaiHu
€ OJIHI€I0 3 OCHOBHUX CTaTel BATFOTHUX HAIXO/KCHb
IO OIOIKETY.

Y KpusopizbkoMmy 3aitizopyaHomy OaceliHi mpa-
LI0€ 5 TipHUYO30aradyBaJIbHUX KOMOIHATIB, SKi
BUKOPHCTOBYIOTh TEXHOJIOT1I0 KYITbOBOTO i CaMOIIO-
npiouenns. [Ipu nepepooii pyx [lonraBehkoro 3aiti-
30PYHOTO POJIOBUINA 3aCTOCOBYEThCS CICIU(IUHA
TEXHOJOTis 30aradeHHs pyn. OCHOBHUM BHOM IIPO-
nykuii 30aradysanbaoi hadpuku [lonrascskoro I'3K
€ 3aIi30pYIHUI KOHIIEHTPAT, JI0 CKJIaJy SKOrO BXO-
JSITh MiHEpaJW: MarHeTHT, MapTUT, CUICPHUT, reMa-
THUT, KPEMHE3EM, KaJbIlii, CHUIIIKATH.

Bigninenns Ne 1 i Ne 2 36arauyBanbhoi haOpuku
BAT IlonraBcekuii I'3K mepepoOmisioTh 3ami3ucTi
kBapuuT [opimabo-ITnaBannCcEKOTO 1 JlaBpuKiB-
CHKOTO POJIOBHIL, TPEACTAaBICHI MarHETUTOBUMH
kBapuutamu K-2-2 1 KyMMIHITOHITO-MarHeTHUTO-
BUMHM KBapuuTamu nauku K-2-3-3 [6].

3ami3opyIHUi KOHIIEHTPAT BUPOOIISIETHCS BiJIITO-
BIJIHO JI0 po3po0ieHol iHCTUTYTOM MexaHoOp4op-
MET TEXHOJIOTIi 3 BUPOOHHUIITBA 3a1i30PYTHOTO KOH-
LIEHTpaTy Ha 30aradyBajbHii (hadpuili.

3a XiMIYHAM 1 TPaHyJIOMETPUIHIM CKJIaJIOM KOH-
LIEHTPAT IOBUHEH BIJIIIOBIIaTH HOPMaM, sIKi BKa3aHi

B tabmumi 1 (CTII 279-0303-93) [7].

Bes  BuximHAa pyga  TOBHHHA — MPOXOIMTH
gepe3 TEXHOJOTIYHy CXeMy CyXoi MarHiTHOI
cemapailii Ta BIAMOBIJIAaTH HOPMaM YKa3aHUM

y tabmumui 2 (CTII 279-03-02-93).

MATEPIAJI 1 PE3VJIBTATU AOCJIJXXEHD.
Y cTarti 3rpynoBaHO TOCTIIOBHO II0 BiJTiICH-
Hsx 112 30arauyBayibHOT (paOpUKH.

BIAAIJIEHHSA Ne 1
35ATAUYBAJILHOI ®ABPUKU
OCOBJIMBOCTI TEXHOJIOT'TI BUPOBHUIITBA

Texuomoriuni cekmii Ne -5 mepepoOmstoTh
KyMMIHTTOHITO-MarHeTUTOBI ~ KBapIHWTH  Ma4dKu
K-2-3-3, cexirii Noe 6—8 — MarHeTUTOBI KBapLUTH MAYKH
K-2-2. TexHonoriuxi cxemu cekuii 30araqyBajbHOT
(habpuku Ne 1 (3D-1) HaBeneHa Ha puc. 1, a cexiii 30a-
ragqyBaitbHOI (padbprku Ne 2 (3D-2) Ha puc. 2.

[onpiOuenust apoGneHoi pyau BigOyBaeThCs
IIOCTYIIOBO B KOMIUIEKCI arperariB: CTEp)KHEBUHI
MJIMH — JIBOCHIpajbHUHA Kiacu(ikatop — KyIbOBHN
MJTHH 1 TIOTIM — KyJTOB1 MJIMHH 3 TiTPOIIUKIOHAMH.

Cekuii Ne 1, 2, 4, 5, 7, 8 npaiiioroTh 32 HOBOIO
TexHouoriero 0e3 1-0i cramii MarHiTHOI cemaparii
3 IOBEPHEHHSIM MarHeTUTY B TOJIOBY MPOLIECY.

JomoapiOueHHs 3MuBy KiracudikaTopa 3miiHCHIO-
€TBCSI B KYJIbOBOMY MJIHHI, SIKHH IPAIIOE B 3aMKHE-
HOMY LUK 3 rigpouukionamu d = 500 mm 1-ro npu-
oMy kpynHocTi 75-85 % 1o kiacy 53 MKM.

30araueHHs 3nmuBy rigponukioHiB d =500 mMm
y JApyriii cramii marHiTHOi cemapamii 3 momnepes-
HiM 3HenutammoBaHHsAM. [Ipomykramu 30aradeHHs
€ MarHiTHU{ TPOAYKT 1 BiZJBAJIbHI XBOCTH.

JomonpiOHEHHsT MAarHiTHOTO TPOAYKTY ApY-
roi crafii cemapamii 37iMCHIOETBCS y KyJIbOBOMY
MJIHHI, SIKUH MIPAIIOE Y 3aMKHEHOMY IIUKJII 3 T1po-
nukinonamu d = 500 mwm Il mpuitomy, 10 KpymHOCTI
92,5-95,5 % xnacy MiHyc 53 MKM.

36arauenns y IlI-iit cramii MarHiTHOI cemaparrii
3 MOTIEPE/IHIM 3HEIIAMYBaHHSIM 3JIMBY TiAPOIMKIIO-
HiB Yy /Ba IPUHOMH.

Po3ninennst marnitHoro mpoxykry Ill-oi cramii
Mar”iTHOI cemapaiii 3a KpymHICTIO W MarHiTHUMH
BJIACTUBOCTSIMM Yy MArHITHOMY  KJIACHU(IKaTOPi.
[Iponykramu posninenus € 3nuB MK, sikuii mosep-
TAEeThCSl y TOJOBY mpouecy, i micku MK 3 Hactym-

Tabmurs 1 — OCHOBHI mapaMeTpu KOHIIEHTPaTy

HaiimeHyBaHHS TOKa3HHUKIB Hopwma Jlo3BoJIeHE 3MIHHE BiAXUJICHHS

MacoBa yacTka 3aJi3a 3arajibHoro, % 64,2 -0,5

MacoBa yacTka Kiiacy MiHyc 53 MkM, %

ITi/T 9ac 3aCTOCYBaHHs OCHTOHITY 94,0 +1,5

TIpH 3aCTOCYBaHHI OPTaHIYHUX JTOMIIIIOK 94,0 +1,0

MacoBa yacTka JIBOOKHUCY KpeMHito, % 8,75 +0,8

1inpHICTD MyabIH, %o 45,0 +15

Tabmuns 2 — Bumoru 10 BUXiHOT pynu
. . Hopwma [punycrumi
HaiiMeHyBaHHS TOKAa3HUKIB - p LR
Bij. 1 BIJ. 2 3M1HH1 BIAXWJICHHS

MacoBa yacTka 3aji3a B pyaui, % 35,0 29,02 -1,0
MacoBa gacTka 3aJ1i3a MarHeTUTOBOTO y pyai, % 27,68 18,82 -1,0
MacoBa gacTka 3aji3a 3arajgpHoro y mebeHi, % 15,07 15,07 +1,0
MacoBa yacTka 3aji3a MarHeTUTOBOTO y Tie0eHi, % 6,05 6,05 +1,0
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HHUM 3HEIIAMIIOBAHHAM 1 OTpUMAHHAM KiHLIeBOFO
KOHIIEHTpPATy.

lcr.

nogp. o

Knacudikavijs

Knacud. r/u, @ 500 mm | np.

Iirer. MIC I p.

MIC Il np.

MIC Il np.

Marn. cenap. Il cT. (1+26)

[

MarH. cenap. Il cT. (36)

MIC IV np.

\
KoHueHTtpat XBocTi

Pucynox 1 — Texnonoriuna cxema cekiii Ne 3 3dD-1

lewn. 13,14 cek (MI'C 10 cex) Il np.

MarH. cenap. Il cT. (1+26)
MarH. cenap. lll cT. (36)

Hewun. 13,14 cex (MIC 10 cex) IV np.

|

KoHueHTpaT

\/

XBocTn

Pucynoxk 2 — TexHosoriuHa cxema CeKIlii
Ne 10, 13, 14 30-2

CEKIIIT Ne 3-8 (KYJILOBUI BAPIAHT)
JonoapiOHeHHs 31MMBY KJIACH(IKaTOPIB Y KYJIbO-
BOMY MIIMHI, SIKMH Mpauloe B 3aMKHEHOMY LMK

3 rigpouuknonaMu d =500 MM 10 KpymHOCTI
75-85 % 1o knacy MiHyc 53 MKM.

36aradueHHs 37auBY TigponukioHiB d =500 MM
y Ipyrid cragii MarHiTHOI cemapauii 3 Tomnepen-
HiM 3HenulaminoBaHHSIM. [lpogykramu 30aradueHHS
€ MarHiTHUN TIPOJIYKT i BiJIBAIbHI XBOCTH.

JlomoapiOHEHHST MAarHITHOTO MPOIYKTY APYyTroi
cTalii cenapaii y KyJbOBOMY MJIHHI, SIKHH MPAIIoe
B 3aMKHEHOMY LMK 3 Tigporukiaonamu d = 500 MM
(II-ro mpuitomy), 1o kpynHocti 92,5-95,5 % knacy
MIHYC 53 MKM.

Posniniennst 3nuBy rigponukiionie d =500 MM
(I mpuiiomy) 3a KpymHICTIO # MarHiTHUMH Bjac-
TUBOCTSMH y MarHitHoMy kiacudikatopi (MK),
3 TOTepenHiM 3HemmamiIoBanHsM y I mpwuitomi
MarHitHo-rigpasiiuHoi cemnapaiii (MI'C). [Ipoayk-
TamMu po3noainy € 3nmuB MK, sxuil moBepraeThcs
B ToJI0BY nipouecy i micku MK. 30arauenns y Tpertiit
cTazii MarHiTHOI cerapartii 3 MonepeIHiM 3HelIaM-
moBaHHAM TickiB MK 1 HacTyImHUM 3HEIUTaMITIOBaH-
HSIM KOHLIEHTpATY.

IOAPIBHEHHA 1 KITACUDIKALIA

[TonpibHena pyna cekmii 1-2 (cTepkHEBU Bapi-
aHT) dYepe3 MiAOyHKEpPHI TEIECKOMIYHI >KUBUIb-
HUKH (IJ1s1 yCYHEHHS cerperamii pyJau 3a KpynHiCTIO
y po0OTi MOBMHHO OyTHM HE MEHIIC 3-X KUBUJIb-
HUKIB) KOHBEEPOM HAIXOOUTb Y CTEPKHEBHUH
MiuH 1-# cramii mogpionenus MCL] 3,6 X 5,5 Ha
1-2 cekuisx. KoHTpoJIb KUIBKOCTI pyjaH, siKa Haj-
XOIUTh y CTEPKHEBUH MIIMH, 3MIHCHIOETHCS M-
XOM 3Ba)KyBaHHS 1i Ha TEH30METPUYHUX Tepe3ax
tuiry 1954 AB-10.

Crep>xHeBe HaBaHTakeHHS ckianae 40 % o0’emy
MIIMHa, Bara cTepkHiB 130 ToHH. [liameTrp 3aBanTa-
xyBaHux crtepxHiB — 100 mm. Ilepexmacudikaris
CTEP)KHIB TIPOBOAMTHCS OIWH pa3 3a ACCAThH i0,
3 JOBaHT@KEHHSAM CTepXKHIB uepe3 5 ni0. Burpara
CTEPXKHIB IiJI 4ac OJHOrO JoBaHTakeHHs 20 TOHH
i3 po3paxyHKy 3,6 TOHH 3a 100y Ha MiuH. [luTomi
BHUTpAaTH CTEPXKHIB CKJIamaloTh — 2,8379 Kr/T BHUpO-
OneHoro koHmeHtpary. L[iapHICTE TymbIu y po3-
BAaHTQXCHHI CTEP)KHEBOTO MIIMHA MIITPUMYETHCS
2500-2600 1/1, mo BiamoBigae 82—84 % TBepmoro.
KoHTponb HaIxomKeHHS BOIM 10 MIJIMHA 3.iHCHIO-
€THCsl aBTOMATHYHO, BUTPATOMIPAMHU.

37IUB CTEPXKHEBOrO MJIMHA HAJIXOAUTh Y JBOCIII-
pasibHUI KiIacu(ikarop, SKUW Tpalioe B 3aMKHeE-
HOMY HHUKJI 3 KynboBUM mimHOM MILIP 4,0 x 5.0.
BuximHuM MPOIYKTOM IJIT HBOTO € ITCKH Kiacudi-
Karopa, MpU [bOMY TMPOAYKTHBHICTH MIJIMHA 3aJe-
KUTh BiJ| IHUPKYJISLIHHOTO HAaBaHTa)XEHHS, SKe HE
noBuHHO nepedinburyBatn 700 % (y cepeaHboMy
ckmamae 250-350 %).
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KynboBe 3aBaHTakeHHs MiuHa ckiagae 45 %
Bim 00’emy (Mmmu MIIIP 4,0 x 5,0), Bara kymp —
114 Tonn. liametp moBaHTaxyBaHUX Kyiab 100 mMM.
JloBaHTa)XeHHSI KyJb BiJIOyBa€ThbCs i3 PO3PaxyHKY
2,5347 xr/t xonueHrpary abo 3,0 ToHHH 3a 100y
Ha omuH MiuH. [llinpHiCTE mynblM B po3BaHTa-
JKEHHI Kynp0Boro MinHa I1-01 cTamil miaTpuMyeThes
2350-2450 r/m.

PerymoBanHsl LITBHOCTI 371MBY Kiacugikatopa
3MIACHIOETHCS. HAJXOIKEHHSIM BOZIM JI0 JKOJIO0Y PO3-
BaHTA)XCHHS MJIMHA TIEPIIIO] Ta APYTOi CTamii mompiod-
HenHs. {inbHicTe 3muBY kiacudikatopa 1500—
1700 /1 abo 48-58 % TBepmoro. MacoBa yacTka
KJacy MiHyc 74 MKM Yy 3711Bi kinacudikaropa 45-55 %.

Mmuan ML 4,0 x 5,5 111, IV cTanii mpaItoroTh
y 3aMKHEHOMY ITUKJII 3 rifporukioHamMu d = 500 M.
[IponyKTUBHICTD MIIMHIB 3aJICKUTh BiJl IUPKYJISILIiK-
HUX HaBaHTaKCHb.

KynboBe 3aBanTaxeHHs MiuHIB ckiazae 40 %
BiJ 00’ eMy, Bara Kyiib 114—115 ToHH. 3aBaHTaX)KEHHS
KyJdb TPOBOIUTHCA | pa3 Ha o0y i3 PO3paxyHKy
1,82 xr/t ansa I cranpii i 1,219 xr/T BUpoOieHOTO
koHIeHTpary s IV cramii. Jliamerp Kymb s
III cranii moxpiOnenHss 60 MM i po3Mmip mapabomnid-
HUX TUI nuiasoencis mrst IV cramii 28 X 32 mM.

HlinbHicte 3:qmBy MumHiB 111 cramii mompiO-
veHHs 2000-2300 r/x (62-66 % TBepAoro), MIIMHIB
IV cranii moxpi6uenus 2000-2200 /a1 (62-65 %
TBEPAOTO).

MacoBa vacTka Kjacy MiHyC 53 MKM y 37HBI
vumrHa III cramii 3540 %, IV cranii 70-80 %.

[MPOLEC KJIACU®DIKALIIT B TIAPOIUKIIO-
HAX JIAMETPOM 500 MM

BuxinHuM TpOAYKTOM, SIKUH TIONAETHCS B TiAPO-
nukion d =500 mm | mpuiiomy € 31uB Kinacudika-
Topa i 3B KynboBoro MimHa Il cT. moapiOHEHHS.
i mpomykTu i3 JOJATKOBOIO BOAOIO0 TIOHAIOTHCS
B TexHosoriunui 3ymnd Ne 1.

Hns rigpo nwmkinona d =500 mm (II mpuiiomy)
BHUXITHUM TIPOAYKTOM € mpomnponykr Il cramii
MarHiTHOI cemaparnii Ta 3JMB KyJhOBOTO MIIMHA
IV cranii noapioHenns. L{i mpoaykTu i3 momarko-
BOIO BOJIOIO IOJAIOTHCS y JAPYTUH TEXHOJIOTIYHUH
3ymnd. PiBeHb mympnu MiATPUMYETHCS IOCTIH-
HAM 10 ABOX MeTpiB. LLIUTBHICTD KMBIIGHHS TiIpo-
uukiaoHiB d =500 mMm 1300-1370 1/1, UUIBHICTH
3nuBy rigpouunkiona d = 500 mm (I-oro npuitomy) —
1100-1200 /7 (12-22 % TBepaoro), 31MBY TiAPOIH-
xirona d=500 mm (II-ro mpuiiomy) — 1050-1100 /1
(6-11 % TBepaoro). MacoBa 4acTka Kjacy MiHYC
53 mkw™ y 3nuBi rigpouuknona 500 mm (1-ro mpu-
fomy) 75-85 %, y 3nmBi rigpounkionHa d=500 mm
(II-ro mpwmitomy) 92,5-95.5 %.

I1TIII CTAOII MATHITHOI CETTAPAIIIT

JKusnennsim apyroi cranuii MaraitHoi cemapa-
1ii BCIX CEKIill € MCKH MarHiTHUX T1IpOocernaparo-
piB I-ro mpuitomy; >xusnerssim 111 cranii maraiTHOT
cemaparii — micku MI'C 111 mpuitomy.

[Mickn MI'C po3nofinsitoThCst Ha BC1 IpaIorodi
cenaparopu (y kuibkocti — 6 T, II-a crazis 1 Taka
cama Kinbkicte Ha III crazii) yepes mynabmoposmno-
IUIBHUKY, y SIKI MIOJAE€THCS BOAA AJISL PETyIIOBAHHS
[IUIBHOCTI KUBJICHHS.

36arauenns mickiB MI'C Ha apyriit cranii mar-
HITHOT cemapauii BigOyBaeTbCs y IBa NPHIOMH,
B PE3yJbTaTi 4OTO OJCPXKYIOTh KIHLEBHH NPOAYKT
npyroi crazii — mpommpoaykt-11 cranmii Il 1 xBocTH,
SK1 CIPSIMOBYIOTBCS Y BiJIBaI.

36arauenns y III craaii cenapauii npoBogUTHCS
B TpU IPUHOMH, Yy PE3ylbTaTi 4Oro OTPUMYIOTbH
KIHIIEBUH MPOIYKT TPEThOi CcTamii cemaparrii mpom-
NPOAYKTY TPH CTamil TpU 1 XBOCTH. XBOCTH Mep-
moi 1 Jpyroi NepeyrcTOK HaNpaBISIOTHCS Y Bil-
BaJI, XBOCTU TPETHOI NMEPEUUCTKH, 00’ €THYIOTH 3i
3JIMBOM Mar”iTHUX KJIacu(]ikaTopiB i CIIPSIMOBYIOTH
y MYyJBIOPO3MOAUTBHUK [-ro mpuiioMy MarHiTHOT
rizpocenaparii.

HonarkoBa Bojxa NOBMHHA OyTH TOBHICTIO
BIIKpUTA 1 TOIABATHICS 10 BaHHH CEIaparopiB.
MacoBa dYacTKa 3aji3a y NPOMIPOAYKTI 3HAXO-
maThest y mexkax 50-55 %. MacoBa yacTka 3aiiza
y KIHIIEBOMY KOHIIEHTpATi TEXHOJIOTIYHOI CeK-
uii 1-8 moBuHHa Oyt He Mmenme 62,0 % i Bimmo-
BiJlaTH MICAYHOMY 3aBAAHHIO, KPYMHICTh MOAPiO-
HeHHs 92,5-95,5 % knacy miHyc 53 MKM.

MATHITHO-T'TAPABJITYHA
CEITAPALIIA (MI'C)

BuximauM mpomykTOM MAar”iTHOI Tifpocermapa-
uii [-ro npuiiomy € 31muB rigponukioHis d=500 MM
I npuiiomy, 37MB MarHiTHUX KJIacH]iKaToOpiB
1 XBOCTH TPETHOT MEPEUNUCTKH TPETHOT CTail MarHiT-
HOT cemaparii.

JKusnennsim rinpocenapamii Il npuitomy € 3muB
rigporukionis d = 500 mm I mpuiiomy; KUBICHHAM
MI'C I nputiomy — muist 1-4 1 6 cexii — micku MI'C
II mpuiiomy, a mst cexii 5, 7 — micku MK >xuBieH-
M MI'C 1V npuitomy 1-4 i 6 cekuii — micku mar-
HITHUX KJacu(ikaTopis.

[Tynena mig yac Bxoxy B MI'C mpoxoauTs dyepe3
HAMarHi9yloo4i amapard, Mo CHpuse QIOKyIsii
MarHiTHUX YaCTUHOK 1 30UIbIIye MIBUAKICTH iX
0CaJ[KEHHS.

imeHicTe xuBneHHs MI'C  1050-1140
(20 % TBepmoro).

3 METOI0 OTpUMaHHS OITHUX 3a 3aJII30M 3JIH-
BiB, SIKI MIyTh y BigBalsl, HEOOXiTHO BHTPHMYBATH

/n
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muIpHicTh mickiB MI'C  1900-2000 r/m, TtOoOTO
60-65 % TBepaoro mus 1 mpuitomy; 1700-1900 1/,
T00TO0 55-60 % TBepmoro mis Il mpuitomy MI'C;
1650-1750 r/m, tobr0 50-56 % TBepmoro s
I mputiomy 1 1500—1700 1/ abo 42—-52 % TBepaoro
MIpH 3HETIUTaMJTIOBaHHI KOHIIEHTPATY.

Kontpons mimeHOCTI mickiB MI'C I mpuifomy
3MIMCHIOETHCS 3a JIOIIOMOIOI0 «ABTOMAaTHYHOI CUC-
TEMH KOHTPOJIO 1 PEryliOBaHHS PiBHS MarHeTUTY
B JIeTIIJIAMaTOPax».

MATHITHA KITACUDIKAIIA (MK)

BuxiHUM NPOAYKTOM MarHiTHUX KiIacu(ikaTopiB
€ npomrponykt-III Tperroi crazii MarHiTHOI cemapa-
1ii, SKUi PIBHOMIPHO PO3TIOIUISETHCS HA JIBA MATHIT-
Hux knacudikaropu (MK) Ha cexiisx 1-4 1 6; Ha cek-
uisix 5, 7 xusnenasm MK e micku 11 npuitomy MI'C,
SIK1 TTOJJAFOTHCS HA OJIMH MArHITHUN KJIacu(ikarop.

LLinbHicTh )xuBieHHs MK 1150-1200 1/11, ToOTO
17-22 % TBepmoro. PerymoBaHHS IIIBHOCTI >KUB-
JICHHSI 3J[IICHIOETHCS HAIXO/DKEHHSIM BOJIU B PO3IIO-
JTBHY KOPOOKY.

Hns 3abe3nedyeHHs HopManbHoi pobotu MK
HeoOXiHa  NIUIBHICTh  MICKIB  IMiITPHUMYETHCS
13501400 1/m, urimeHicTs 3mBYy 1100-1150 r/m. d3ep-
KaJIO 3JTMBY MIOBUHHO OyTH PIBHOMIPHHM 1 PSICHHAM.

Taki TeXHOJOTIYHI cXeMH 3a0e3MeUyIOTh OTpH-
MaHHS KOHIIGHTpaTy 3 MAacOBOIO YacCTKOK 3ajriza
3aranmpHOTO 62,0 %, MacoBa dYacTka Kiacy MiHYC
53 mkM cknagae 92,5-95.5 %.

BIAJUIEHHS Ne 2
35ATAUYBAJILHOI ®ABPUKU

Texuomoriuni cexmii Ne 10-14 mepepobnsoTh
MarHeTHTOBI KBapUUTH Mayky K-2-2.

Cexkuii Ne 10—-14 mparioroTs 3a TEXHOIOTiE 03
I cranii marniTHOI cenapartii.

[TonpiGuenHst apobmeHOi pyaw BigOyBaeThbCs
B KOMIUIEKCI arperariB: JBa OJHOTHIIHI MJIMHH
1 ofiHOCHIipaNIbHU KiTacu(ikaTop.

HonoapiOnenns 31uBy kiacugikaropa 31iHCHIO-
€THCS Y KYJIbOBOMY MIIHHI, SKHH TPAIIOE y 3aMKHE-
HOMY IiKJi 3 rigpouuknonamu d = 710 mm (II mpu-
HOM), IIpU LBOMY JOCATAETHCS KPYMHICTH 75-85 %
0 KJIacy MiHyC 53 MKM.

30aradeHHs 3mMHUBY TigporukiIoHiB d =710 MM
3MIACHIOETBCA Yy APYTiH cTafil MarHiTHOI cemapartii
3 MOMEpefHIM 3HennIaMiIoBaHHsIM. [Ipomykramu
€ MarHiTHUN TPOMIOPOAYKT 1 BiIBaJIbHI XBOCTH.

JomonpiOHEHHsT ~ MarHiTHOTO — MPOMIIPOIYKTY
IpyToi cTamii Mar”iTHOi cemaparlii 3TiHCHIOETHCS
y KyJIbOBOMY MIIMHI, SIKHM TpaIioe y 3aMKHEHOMY
nukiai 3 Oarapeero TigporukioHiB d =710 MM
(Il mpuiioMy) 3 HACTYIHHM 3HEIIIAMIIOBAHHSIM
3JINBY MJIMHIB.

Posmomin mickis MI'C IV mnpuifomy 3 Kpyn-
HOCTI W MAarHiTHUX BJIACTUBOCTEH NPOBOIUTHCS
y wMarHiTHOMY Kiacudikaropi (MK) Ha cek-
mistx 11, 12 3 HacTYymHUM TTOBepHEHHSAM 3By MK
y TOJIOBY IIpoliecy 3HeuuamioBanns mickiB MK.

30araueHHs y TpeTid craaii MarHiTHOI cemnapa-
1ii 3 ToNepeHIM 3HeIUTAMITIOBAHHIM 3JIUBY Ti/IpO-
nukiaoHa 710 mm — y III mpuitomu (y nBa npuiiomMn
Ha cekiisx 11, 12 1 B onun Ha cekuisx 10, 13, 14)

3  HACTyIHHM 3HELUIAMJIIOBAaHHSIM  KiHLEBOTO
KOHLIEHTpPATY.
I CTAAISA TIOAPIBHEHH A

Hpobnena pynma dvepe3 migOyHKEpHI TEIECKO-
mivyHi Kouodu (IUIs1 yCyHEHHs cerperamii pyau 3a
KPYIHICTIO MPAIIOI0YNX >KOJ00iB TMOBHHHO OyTH
HEe MeHIIe 3-X), KOHBEEPOM HAJIXOAHTH Y JBa OIHO-
TUIHUX MJIMHU 3 HEHTPaJbHUM PO3BaHTAKEHHSIM
I-1 cranii mogpiouenHs Tumy MILILL 45 x 60.

JloBaHTaXeHHSI Kyllb 3JIHCHIOETHCS 13 po3pa-
XyHKY 2,812 Kr/T KOHLEHTpary. 3aBaHTa)KCHHS
1 JOBaHTaKEHHS 3MIHCHIOEThCS Kyiasmu d = 100-
125 MM 4,5 ToHH 3a 100y Ha OOWUH MIIUH. 3IUB
KyJTbOBUX MIIMHIB HAQJXOMUTh Yy OIHOCHIpaIbHUM
Kiacudikarop, SKHH MPAIIoe Y 3aMKHYTOMY ITHKIT1
3 KyJbOBUMH MJIMHAMH. BHXIITHUM MPOIYKTOM IS
MIIMHIB € JpoOiieHa pyna 1 micku kiacuikaropa,
MIPH I[OMY TMPOAYKTUBHICTh MITUHIB 3aJIEKUTHh BiJl
OUPKYIALIAHOTO HAaBaHTaXXCHHS, sSKE HE IMOBHUHHE
nepesuirysata 120 %.

OnTuManbpHe KyJIbOBE 3aBaHTAKEHHS CKJIa-
nae 40 % Big o0’emy miuHa, Ha 150 MM BuIIe
piBHS TOPJIOBHHHM, Bara KyJbOBOTO 3aBaHTaXKCHHS
150 ToHH.

Po3mip
125-100 mMM.

[inpHiCTH 37MBY MaHHA ckianae 1900-2100 r/m.

I1 1 1T CTAI TIOJAPIBHEHHS

VY apyriit i TpeTiit cTamii moapiOHEHHS BCTAHOB-
neHo mumHHA Uy MIIL 45 x 60, sKi mpamroTh
y 3aMKHEHOMY LUKJI 3 TigporukionoM d = 710 mm.

Buximanm mpoxyktom mims mouHIB I 1 11T cra-
il moApiOHEHHS CiIyKaTb WICKH TiIPOLMKIOHA
d =710 MM, IpPOAYKTHBHICTh MJIMHIB 3aJICKHUTh Bij
MUPKYIAIAHIX HAaBAHTA)KECHb.

KynboBe noBaHTa)KeHHS MIIMHIB TNPOBOJUTHCS
pa3 3a 100y i3 po3paxyHky 1,1496 kr/T BUpoOIeHOTO
xoHneHTpary mus 11 cramii i 0,962 xr/T ms 1 cranii
(Tabm. 3).

JOBaHTAXXyBaHUX KYyJib CKJIagae

Tabnuus 3 — [‘paHynoMeTpUYHUIA CKIa]]
KyJIb y MJIHHI

60-50 40
29,5 54,8

1o 40
15,7

Jiametp, MM
Buxin, %
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HlinpHicTe mynsnu y 3nuBi mimHa Il cra-
nii — 20002100 1/ ab6o 65-68 % TBepaOTO; MIIMHIB
III cramii — 1800—-1900 1/ a6o 58-62 % TBepmoro.
Macoga gactka kinacy Minyc 53 mxm II cranii ckinane
30-35 %, y Il cranii — 73-83 %.

POBOTA I'TIPOLIMKJIOHIB

BuximHuM IpoxyKTOM IJIS T1IPOIMKIIOHIB Jgiame-
tpoMm 710 mm € y I mpuiiomi: cexuii 11, 12 — 3nuB
knacudikaropa i 3muB munHa Il cranii moapiOHEeHHS;
cekuii 10, 13 1 14 — 31uB xinacudikaTopa, 3TUB MIIH-
HiB Il cranii mompiOHEHHS, 3B Mar”HiTHOTO TilI-
pocenaparopa (cekiis 10) abo 31MB JeiiamMaTopa
(cekuii 13, 14) IV nputiomy.

VY I mpuiiomi: cekuii 11, 12 — npomnpongykr-II
npyroi cramii Mar"iTHOi cemaparmii, micku MI'C
I mpuiiomy; cekuii 10, 13, 14 — npomnpomykt-II
apyroi craaii MmarnitHoi cenapanii, micku MHC (cex-
uist 10) i MJI-9 (cexuii 13, 14) II npuitomy i XBocTH-
III TpeTroi cTamii MarHiTHOI cermapartii.

ITomaga BUXiITHOTO TPOAYKTY HA TiAPOIUKIOHH
3 TEXHOJIOTTYHUX 3yMII()iB 3MIHCHIOETHCS HACOCAMHU
12 I'PK-8 3 po6ounm xonecom d = 740 mm. [yist HOp-
MaJbHOI pOOOTH HACOCIB PIBEHD IMYIBIHN y 3yMIIax
PEryIIoeEThCS BOAOIO 1 TIOBMHEH MiATPUMYBATHCA
nocriitauM. [logadero Boxu y 3yMIi) perymoeThes
LIJTBHICTB 37MBY TiJPOLUKIIOHIB.

IinpHicTs 31mMBY rigpormiioHiB d =710 MM
Il mpuitomy 1100-1150 r/m (14-15 % tBepmoro),
mickiB 2000-2100 /7.

HlinbHicTs 37muBY TigpouukioHiB d =710 mm
I mpuiiomy 1080-1100 r/m (10-11 % TBepmoro),
mickiB 1800—1900 r/m.

MacoBa yacTtka Ki1acy MiHyc 53 MKM y 37HBI TijI-
pouukinonis 710 mm 11 mpuiiomy — 75-85 %, 111 mpu-
omy — 92,5-95,5 %.

MAT'HITHA CEITAPALLA

Ha II 4gep3i 30arauyBaibHOi (pabpuku peaiisy-
€TbCsl 2-cTaiiliHa cxeMa 30araueHHs Ha cernapaTopax
[1EM 90 = 250 IIII.

TexHONOTIYHI TTOKa3HUKH POOOTH cemapaTopiB
PETyIIOIOTECS PIBHOMIPHICTIO PO3MOALTY TBEPAOTO
MK cemapaTopamMH, HE JONYCKaeThcsi poboTa Ha
MyCTUX MYJIbIOAUIBHUKAX, 13 3aKPUTOI0 OpH3Kallb-
HOIO 1 JI0JaTKOBOIO BOJOIO, 3 XBOCTOBMMHM Hacal-
KaMH, sIKi He PO3BAHTaXKYIOThCS.

JKusnennsm 11 i III cranii maruiTHOI cemapa-
uii € MpONyKT, SKUH NPOWIIOB 3HEILIaMyBaHHS
B MI'C a6o M/-9. Ilicku MI'C abo M/I-9 uepes
MTYIBIOMITFHUKHA PO3IMONUIAIOTECS Ha BCI MPAITIOI0T]
cernaparopH.

30arauenns npoaykTis Ha Il cranii 3ailicHIOETBCS
B nBa npuitomu, Ha III cranii — y Tpu npuitomu.
XBoctH mepmux nBox mpuiiomiB Il cramii crpsmo-

BYIOThCS y BimBai, xBoctu (1+2) III cramii Ha cek-
misix 10, 13 1 14 y BigBain, a Ha cekmisix 11 1 12 3aBe-
neni y MI'C 1II mpuitomy. XBoctu Il mpuitomy
TPEThOI CTajlii HANpaBISIOTECS y TEXHOJIOTIYHHMA
symrip Ne 2 (cekrii 10, 13, 14) a6o na Il mpuitom
MI'C (cekuii 11, 12).

JlonarkoBa Bojia MOBMHHA IO/IaBaTHCS y BaHHU
CernaparopiB IIpH NOBHICTIO BIJUWHEHNX BEHTHUIISIX.

MacoBa yacTka 3aii3a B MarHiTHOMY TMPOAYKTI
III-01 cranii maruiTHOT cemapartii 65,2—65,3 %.

MacoBa yacTka 3aiiza y KiHLEBOMY KOHIICH-
TpaTi TEXHOJOTIYHOI CXEMH IIOBMHHa OyTH HE
MeHie 65,3 % i BiMOBi1aTH MiCTYHOMY 3aBIaHHIO
mono moapiOHeHHs, a came 92,5-95.5 % xiacy
MiHYC 53 MKM.

MATHITHO-T'TAPABJITYHA CEITAPALILA

3HenuIaMJICHHS 3JUBIB TiJIPOIUKIIOHIB, 3JIMBIB
kynmpoBux wimHIB III cramii moapiOHEHHS TiCKiB
MK i kinneBoro konienrpary Il cramii mMarxiTHOT
cenapartlii 3[iHCHIOETbCS B MAarHiTHUX Tiapocerna-
paropax (MI'C): cexuis 10 — MI'C II, III, IV npu-
tiom; cexiis 11, 12 — MI'C 1, 11, 111, IV nipwmifom; cex-
uii 13, 14 — MI'C Il mipuiiom.

3HenIaMJICHHS 3JIMBIB TiAPOLMKIOHIB BinOyBa-
€TbCsl Y /Ba npuiioMu. Buxiznum npoxykrom MI'C
I npwmifomy € 3muB rigponukiona 710 mm Il mpu-
fiomy; III mpuitomy — 31mB rigponukiona 710 mMm
III mpuitomy.

Kusnennam MI'C II mpuiiomMy € 31uB MiMHa
III cranii mompiOnenus; 1V mpuitiomy — MartiTHHN
mponykt III cramii marHiTHOT cemapamii Ha cek-
misix 10, 13, 14 1 micku MarHiTHOTO Kiacugikaropa
Ha cekmisx 11, 12.

MarHiTHO-TiIpaBIIiYHIA cemaparop 3MOHTOBA-
HUH Ha ocHOBI M/I-9 3 momaBaHHIM OTHOIIOISIPHOT
Mar”iTHOI rpaTku. BennynHa Hampyrd MarHiTHOTO
nosis onHonossipHoi rparku 600—-800 epcre.

MI'C moBWHHI TpaimoBaTéd 3 OaraTuM 3IUBOM,
ajie HEeMPUITYCTAMI BHUMAAKH 301IBIICHHS KITHKOCTI
37IMBY 32 pPaxyHOK YHIiIbHeHHs mickiB (2200 r/xn
i OlnbIIe).

JENIIAMALIA

3aenmamieHds 3auBy /11 710 MM 11 npuitomy
(cexmii 10, 13, 14), xinnesoro npoxaykry III cramii
MarHiTHOI cenapanii (cexuii 13, 14), 3nificHIOEThCS
Ha MarHiTHUX jaenuiamaropax M/I-9.

[Tynena mpu Bxomi y aenuramarop i MI'C mpoxo-
JIUTh Yepe3 araparu, Jie¢ HAMarHiuy€eThCsl, 10 CIIPHSIE
(hIOKyYJISIIIT MAarHiITHUX YaCTHHOK 1 30UIBIIYE IIBUJI-
KIiCTB 1X OCaPKeHHSI, BiIOyBa€ThCsI OLTBIIT €PEKTHBHE
BIIAUICHHS IJTaMIB Ta X BUHOC 1 3JIUAB.

BenuunHa Hanpyrd MarHiTHOTO IOJISi HA Hamar-
HiuyBanbHHX anaparax — 400-800 epcren.
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JennamMaropy OBUHHI NPALIOBATH 31 31IMBOM, aJIe
HENPUITYCTUMI BUIAAKK 301IbIICHHS KIJTBKOCTI 3JIUBY
3a paxyHOK yIiijibHeHHs mickiB (2200 r/m i OinmbIe),
OCKUJIBKH 11 30UIBIITYE BTPATH MACOBOT YaCTKH 3ajIi3a
1 IPU3BOUTS, Y PE3YIIBTATI, 10 3aIIpecyBaHHs PO3BaH-
Ta)KyBaJIbHUX MaTpyOKiB JeIaMaTopiB.

LinpHICT JKUBJICHHSA JIeTIaMaTopiB
1050-1150 r/n, mo 20 % TBepaOTO.

3 MeTOI0 OTpPHMaHHs OiTHMX 3a MacOBOIO YacCT-
KOO 3aji3a 3JMBiB, SIKI CHIPSAMOBYIOTHCS y BiJBall,
HEOOXIIHO BUTPUMYBATH IMUIBHICTH TMickiB MI'C

i M/J] y mexax:

19002000 r/n pmns 1 npuiiomy (64-68 %
TBEPJIOTO);

18002000 r/n s I npuiiomy (60-68 %
TBEPAOTO);

1700-1900 t/n s 1l npuitomy (54-62 %
TBEPAOTO);

1700-1800 v/n mna IV mpuitomy (54-58 %
TBEPJIOTO);

Konnentpar i3 pyn nagox K-2-2 i K-2-3 3mimry-
€THCS Ha CTAHIIAX MEPENOMIYBAaHHS 1 Y BUIIISIII
MyJbIHM HaCOCaMU MOJAETHCS Ha MOAANbIITY Hepe-
poOky — (haOpuky TpyAaKyBaHHs, Uil BUPOOHU-
IITBA KOTYHIB.

BUCHOBKMU. BeeneHo y HaykoBHii 00ir matepi-
QA TIOI0 CyYacHOTO CTAaHy TEXHOJIOTII 30arauycHHs
pi3HMX TuMiB 3aii3HUX pyd Ha [lomraBcbkomy Tip-
HUY0-30aradyBajlbHOMY ~KOMOIHATi, YMOJIMBIIOE
KOMITapaTUBHUHN aHaIi3 aHAJIOTTYHUX 30aradyBaibHIX
(habpuK Ta CHCTEMHUI TIOIIYK ONTUMAJIBHAX PIIIEHB

SIK TEXHOJIOTTYHUX CXEM, TaK 1 peKUMHHUX ITapaMeTpiB
OKPEeMHX TEXHOJIOTIYHHX TMporeciB. 1o BimmiaeHHTO
No 1 1 Ne 2 3parauyBansHOi habpuku [lonTaBchkoro
I'3K po3kputi 0cOOMMBOCTI TEXHOJOTI1 BUPOOHUIITBA,
30KpeMa, TEXHOJOTIYHMX MPOLECIB MOApPiIOHEHHS
1 Kimacuikarii, MarHiTHOI cenapartii, MarHiTo-Tigpas-
JiYHOI cenaparlii, MarHiTHOI Knacudikamii i Kkinacudi-
Kawii Ha TIAPOLMKIIOHAX, 3HEIIAMIICHHS.
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Ukraine is one of the world’s leading producers of iron ore. Products of the ore-processing industry of Ukraine
are one of the main items of foreign exchange earnings to the budget. There are 5 mining and processing plants
operating in the Kryvyi Rih iron ore basin, which use ball and self-grinding technology. A specific ore beneficiation
technology is used in the processing of ores of the Poltava iron ore deposit. The main product of the concentrator
of Poltava Mining and Processing Plant is iron ore concentrate, which includes minerals: magnetite, martite, siderite,
hematite, silica, calcium, silicates. Branches No 1 and Ne 2 of the concentrator of Poltava Mining and Processing Plant
process ferruginous quartzites of Horishne-Plavnynsky and Lavrykivsky deposits, represented by magnetite quartzites
K-2-2 and cummingtonite-magnetite quartzites of pack K-2-3-3. Iron ore concentrate is produced in accordance with
the technology developed by the Mechanobrchormet Institute for the production of iron ore concentrate at the concentrator.
The purpose of this article is to introduce into scientific circulation materials on the current state of ore-processing
of different types of iron ores at the Poltava Mining and Processing Plant. The analysis of technological schemes and regime
parameters of iron ore beneficiation at Poltava Mining and Processing Plant is performed. In particular, the departments
Noe 1 and Ne 2 of the concentrator revealed the features of production technology, technological processes of grinding
and classification, magnetic separation, magneto-hydraulic separation, magnetic classification and classification on
hydrocyclones, desliming. This allows a comparative analysis of similar concentrators and scientific justification for
choosing a technological scheme of iron ore processing for specific conditions. The complex description and analysis
of the practice of iron ore processing at Poltava Mining and Processing Plant allows the systematic search for optimal
solutions for both technological schemes and regime parameters of individual technological processes.

Key words: iron ores, enrichment, Poltava Mining and Processing Plant, technological schemes, mode parameters, ore-
processing equipment, Kremenchug iron ore district.
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3ani3Hi pyIu € OCHOBHOIO IPOMHICIOBOIO MIHEPaTbHOI0 CHPOBUHOIO TSl BUPOOHUIITBA YaBYHY Ta CTali. 3pOCTaHHS
J00YBaHHS 3aJ1i3HUX PYIl OCTAHHIM YacOM 3/IIHCHIOEThCS 32 PaXyHOK TXHIX OiTHUX PI3HOBHIIB, SKi BUMAaratoTh BUCOKOE-
(eKkTHBHOTO 30aradyeHHs TPH MiATOTOBIII iX 10 METaypriiHOT IepepoOKkH. MeTta cTaTTi — BUOip paIlioHaIbHOT IPUHIIUIIO-
BOi CXeMH 30aradeHHs 3aJ1i3UCTHX KBAPIUTIB JUIsl TAKUX MiHEPAIbHUX PI3HOBHIIB PY/l: MATHETHTOBA; KapOOHATHO-MarHe-
THTOBA; CHIIIKATHO-KapOOHATHO-MAarHETHTOBA; TeMaTHTO-MAarHETUTOBA; CHIIIKATHO-MAarHETHTOBA; MarHETHTO-CIITIKATHA;
reMaTUTO-MapTUTOBA; TeMaTHTOBA; MArHETUTO-TeMaTUTOBA; JIIMOHITO-MaPTUTOBA; MarHETHTO-JIIMOHITO-MapTUTOBA; Map-
THTOBA. [yt BHOOpPY pallioHANBHOI MPUHIUIOBOI CXeMHU 30aradeHHs 3a1i3UCTHX KBApIUTIB BUKOHAHO aHANI3 TEXHOJO-
TIYHUX CXeM 30aradeHHs 3aTi3UCTHX KBAapIUTIB 3 YPaxyBaHHAM 1X TEKCTYpH, CTPYKTYpPH, (Pi3HKO-MEXaHIYHUX BIACTUBOC-
Tel, XIMIYHOTO 1 MiHepasoriuHoro ckiaay. [Ipu npoMy BUALNEHI Taki OCHOBHI CTPYKTYPHU PYIH: CEPEHBOTO BKPAILICHHS
(inmexce crpykrypu C), apiOHoBkparuieHa (iHAEKC cTpykTypu M), ToHKoBKparuieHa (iHAekc cTpykTypH T;), TOHKOBKpa-
eHa (iHaexc CTPYKTYpH T,), ocobnmBo TOHKOBKpAIlIeHa (1Hz[e1<c CTPYKTYpH BT) JMCTIepCHA CHCTEMa (IHI[CKC CTpYK-
typu ). ¥ pesyaprari mis OKpeMUX MiHEPaTbHUX plSHOBI/IZ[lB 1 CTPYKTYpH 3aMi3HCTUX KBaleI/ITlB obOpawi pamOHanLHl
CXeMH iX 30arayeHHs, o 3a0e3MedyIoTh BICOKY SIKICTh KOHIICHTPATy — MaKCHMANBHUI BMICT B HHOMY 3aii3a. Y Impo-
neci aHani3y VA0CKOHAJIEHO METOMUKY BHOOPY pallioHaJbHUX TEXHOJNOTTYHUX CXeM 30arauycHHs MiHepaJ'IBHI/IX PI3HOBH-
TiB 3aNi3HUX Py., IKa TMPOTIOHYETHCA /IO 3aCTOCYBAHHS B YMOBAX BITYN3HAHNX TipHAY0-30aradqyBagbHUX ITiIIPUEMCTB,
30Kkpema, KprBopi3pKOTo 3a1i30pyIHOT0 OaceiHy.

KurouoBi ciioBa: 3amizucti KBapuuTy, 30araueHHs 3a1i3HUX Py, TEXHOJOTIUHI CXeMH 30arayeHHs, TEKCTypa, CTPyKTypa,
(bi3uKo-MeXaHIYHi BIACTUBOCTI, XIMIYHHI 1 MIHEPATOTIUHUH CKIaJ Py, IKICTb 3a1130PyTHOTO KOHIIEHTPATY.

AKTVYAJIbHICTb POBOTMU. 3asni3ni pyau € OCHO- Fe;04(72,3 %3amiza), remarutimaptut—Fe,05 (70 %
BHOKO TPOMUCIIOBOKO MIHEPAIHHOK CHPOBHUHOO JUIS 3amiza), cuaeput — FeCO; (48,2 %), rerut — Fe OOH
BUPOOHMITBA YaBYHy Ta crayii. Boum xiacugiky- (63 %) i rigporetut — FeOOH-H,0O (48-56 %) [2; 3].

IOTBCSI 32 BMICTOM PYZIHUX 1 HEpyIHUX MiHepawiB [1]. 3pocTanHs A00yBaHHS 3alli3HUX pyA OCTaH-
Jlo OCHOBHHX pYyJIHHUX MIHEPAIIB 3ai3HUX HIM 4acOM 3JIIHCHIOEThCS 3a PAXyHOK IXHIX OiHMX
PYA BIIHOCSATH HACTYIHI MiHEpaJA: MAarHeTUT — PI3HOBUIB, SIKi BHMAararmTh BHCOKOS()EKTHBHOTO
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30ara4eHHs TpU MATOTOBII iX O METaIypriitHOi
nepepoOkn YacTka OaraTux 3aji3HUX PYI 3 BMICTOM
3amiza Oinmbime 55 %, sIKi BUKOPHUCTOBYIOTHCS 0O€3
30aradyeHHs, ckjianae Bchoro 9,4 %, B TO# yac pyj,
SIK1 HeoOXi1HO 30arauyyBaTy 3a HAUIIPOCTILIMMH CXe-
mamu — 78-80 % [5; 6; 7].

s mpoMuCIoBOI OMIHKH POJOBHINA 3aJIi3-
HUX pYy[, SKI BUMArarloTh 30aradeHHs, He0OXiHO
MaTHu BeJMKUH o0csr indopmanii npo ix peuoBuit
CKJIaJ, TEKCTypy, CTPYKTYpy, (pizuko-mMexaHidHi
BJIACTHBOCTI, XiMiuHWN ckman. Ilim pedoBwH-
HUM CKJIQJJOM PYIl PO3YMIIOTh JJaHi PO XiMIYHUH
1 MiHepanbHUH cknan. TexcTypa pya oOymMoBiIeHa
(hopmot0, pO3MipOM i MPOCTOPOBUM PO3TAIIYBaH-
HSIM arperariB pi3HOT0 MiHEPaJbHOTO CKIamy.
CtpykTypa pynu oOymMoBjieHa (OPMOIO, PO3Mi-
pOM Ta XapakKTepoM 3pOCTaHHS 3epEeH MiHEepaJiB
B arperarax [8—12].

Di3nko-MexXaHi4HI BIACTHBOCTI pya 00yMOBIIEHI
iX PEYOBUHHUM CKJIAJIOM, TEKCTYPOIO, CTPYKTYPOIO
Ta Te0JIOTIYHUMH YMOBAMH 1X YTBOPECHHSI.

XiMIYHUHM CKJIaJ PyOH JO3BOJISE OIIHUTH i
SKICTh, SIKA& XapaKTePU3YEThCS BMICTOM 3aili3a
Ta 1HIIWX KOPUCHUX 1 IIKIIJTMBUX €JIEMEHTIB.

MiHepalnbHUI CKJIaJ PyId 3aJEKHO Bl (i3nd-
HUX 1 (I3UKO-XIMIYHUX BIIACTHBOCTEH OCHOBHHMX
pyIHUX MiHEepajiB BH3HA4a€ MeETOJ]| 30aradeHHs
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pYIU: MarHiTHUM, TpaBiTalidiHuid, GpruoTaniiHuii abo
KoMOiHOBaHui [9—12].

Tekctypa i CTpyKTypa pyau 0OYMOBIIIOIOTb CXEMY
30aradeHHs pynd. Bim TeKCTypH 3ajekaTh HeoOX1aHa
MOYaTKoBa 1 KiHIIEBA KPYIMHICTh MOJAPIOHEHHS, siKa
3a0e3Ieyye ONTUMaTbHE PO3KPUTTS KOPUCHUX KOMIIO-
HeHTiB. CTpyKTypa BIUIMBAE Ha YHUCIIO CTaAil moapio-
HEHHS 1 KPYITHICTh KIHIIEBUX MPOIYKTIB 32 CTaIlisIMHU
JUISt 320€3TEYCHHS] MAKCUMATLHOTO PO3KPHUTTSI OCHO-
BHHX PYIHHX MiHEpamliB. 3a pe3yibTaTaMd BUBYCHHS
CKJIaJy 3€peH pyJIHUX MiHepalliB, HassBHOCTI B HHUX
PI3HUX BKJIFOYCHD W 130MOPGHHUX JOMIIIIOK BH3HAYA-
I0Th MOXKJIMBUH MaKCHMAJIbHUM BMICT 3ali3a B KOH-
LEHTPATI Ta CKJIAJI JAOMIIIOK y HhoMYy [12].

MATEPIAJI 1 PE3VJIBTATU JOCIIIJPKEHD.
PamioHanbHy TEXHOJIOTIYHY CcXeMy 30aradeHHs
TOTO YH IHIIOTO THUIY 3aTi3HOI Pyaud BHOWUPAIOTH
Ha OCHOBI HAayKOBO-OOIPYHTOBaHMX 1 €KCIIEpUMEH-
TaJbHO MiATBEPUKEHUX Ppe3yibTarax JIO0CTiKEHb
pynu Ha 30araqyBaHICTb.

HaiibinpIm mommpeHi Ha MpaKTHIN cxemu 30ara-
YEeHHS PI3HUX TUIIB 3aJII3HUX DY/ HaBEACH! HIKUE
Ha puc. 1.

Cxema rpasiTaiiiiHoro 30araueHss (puc. 1, a)
3aCTOCOBYETHCS TIpH 30aradeHH] APiOHOBKPAIUICHIX
1 CepenHbOBKPAIUIGHUX TI'€MaTUTO-MarHETHTOBUX
1 TeMaTUTO-MapTUTOBHX pyA [13].
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Pucynok 1 — TexHomnorivHi cxeMu 30araueHHsI pi3HUX THIIB 3aTi3HUX PY/I: a — CXeMa
rpaBiTarlifHoro 30aradeHHs; O — rpaBiTaIlifHO-MarHiTHA CXeMa; B — CXeMa MarHiTHOTO
30araueHHs; T — MarHiTHa cXeMa 3 MOTePEHIM CyXHM 30aradeHHsIM
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['paBiTauiiino-marHiTHa cxema (puc. 1, 0) Takox
HaWOLIpII eeKTUBHA MpH 30aradeHHi IpiOHOBKpa-
IUICHUX 1 CepeTHhOBKPAIUICHUX TeMaTHTO-MarHeTu-
TOBHX 1 MArHETUTO-TEMaTUTOBUX Py, 3 OUIBII BUpa-
YKCHHMHU MarHITHUMH BJIACTUBOCTSMH [6].

MarsiTHa cxema 3 MoTIepe/IHIM CyXuM 30aradeH-
HaM (puc. 1, T) edekTuBHA TpH 30aradeHH] cepel-
HbO 1 JIPIOHOBKPAIUICHUX ClLIIKATHO-MarHETUTOBUX
1 MarHETUTO-CLTIKaTHUX PyA [6].

[IpyHIAIIOBI TEXHOJOTIYHI CXeMH, TOKa3aHi Ha
puc. 2, 1, e, 3aCTOCOBYIOTHCS TIPH 30aradeHHi cepe-
HbO- 1 JPIOHOBKPAIUICHUX IeMaTUTO-MarHETUTOBUX
Py, MU IbOMY CXeMa Ha PHC. 2, € BKII0YA€E 3aCTO-
CyBaHHS MeTOJliB (hroTartii.

Cxema wMarHiTHOro 30aradeHas (puc. 2, B)
IIMPOKO 3aCTOCOBYETHCS NP 30araueHHi cepeiHbo-
1 IpiOHOBKpAIUIEHUX MAarHETHTOBHX, T€MaTHUTO-Mar-
HETUTOBUX Ta CLITIKATHO-MarHETUTOBUX PY/I, & TAKOXK
yCiX CTpyKTyp KapOaHaTHO-MarHETHTOBHX 1 CiJi-
KaTHO-KOPOOHATHO-MarHeTUTOBUX pyA [6].

Jlyis 30aradeHHsi CepeHbOBKpAILICHUX 1 0C00-
JIUBO TOHKOBKPAIUIGHUX PYJ 3aCTOCOBYIOTH CXEMH
TPHUCTAIIHOTO OAPIOHEHHS, IO JI03BOJISIE JTOCATTH
OLTBIIIOT TOHWHU TIOMOITY 1 Kpallle pO3KPUTH KOPHC-
HUI KOMIOHEHT. Hali0inplm mmpoke 3acTocyBaHHS
i3 HUX 3HAWIUIM TEXHOJOTIYHI CXEMH MarHiTHOTO
30ara4eHHs Ta MarHiTHI 3 MOTIEPEHIM CYXUM 30ara-
qeHHIM (puc. 3, X 1 3).
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OcTaHHIM YacoM J|Jisl OTPUMAaHHSI BUCOKOSIKICHHX
KOHIICHTPATIB 13 TOHKOBKPAILJICHHUX 3aJII3HUX Py yCe
4acTimie 3aCTOCOBYIOTh TEXHOJIOTIYHI CXEMH Mar-
HITHO-(JIOTAIifHOTO 30aradeHHs, YucTo (HIoTaIlin-
HOTO 30aradyeHHs Ta MarHiTHOTO 30aradeHHs B CUJIb-
HOMY MarHiTHOMY 1o (puc. 4, u, K Ta puc. 5, 11, M),
Jle ¥ — Mar"iTHo-(pioTaIiiiHa cxema 3 4-crajiaib-
HUM TIOJIPiIOHEHHSIM, K — MarHiTHa i3 30aradcHHsIM
B CHJIbHOMY MartitHomy moii [7; 10; 11].

Y psanl BuUmankiB Juis 30aradeHHs 0COOIHMBO
TOHKOBKPAILUICHUX 3a7i3HUX Py, a OCOOIUBO — Py
3 JHMCTIEPCHOIO0 CTPYKTYpPOIO — MOXYTh OyTH edek-
THBHUMH CXEMH MarHitHO-(IOTaliiftHOrO  abo
yucto (uoraniiiHoro 30aradyeHHs, IOKa3aHi Ha
puc. 5, 1, M [13-15].

Ha Bcix HaBemeHux BHIIEe cxemax 30ara-
YeHHsI 3aJli3HUX pyA MPHUHHATI HACTYMHI YMOBHI
no3HaueHHs: ['O — rpaeiramiiine 30aradyeHHS;
BMO — BHCOKOIHTEHCHMBHE MAarHiTHE 30aradcHHS;
O® — ocHoBHa (uotaris; [Id — mepeuncHa ¢io-
tamist; KO — xouTponsHa durotaris; MMO — Mokpe
MarHiTHe 30aradycHHs.

PesynbraTi mpoBeieHOro aHatizy 3 BHOOPY ITPHH-
IIUTIOBUX CXeM 30aradeHHs 3alli3HUX Py Ta PeKo-
MEHJIAIIIi 3 X BHOOPY 3aJIE’KHO BiJI TUITY 1 CTPYKTYpH
pyn HaBeneHi B Tabmwmii 1.

Jliis npukiaay Ha puc. 6 HaBelleHa cXeMma JIaH-
[Iora  amapariB  30aradeHHS JIpiOHOBKparieHoi
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PucyHok 2 — [TpUHIMITOB] TEXHOJOTIYHI CXeMH 30aradyeHHs] TeMaTHTO-MarHEeTUTOBUX
3aUTI3HUX PYA: T — MarHITHO-TpaBiTaIliifHa cXxeMa, ¢ — MarHiTHO-(IoTaIlifHa cxeMa
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MarHeTUTOBO1 3aii3HOi pyau (IIPHHIIMIIOBA CXeMa
rmojiaHa Ha puc. 1, B), sIKa 3aCTOCOBYETHCS Ha 30ara-
yyBanbHIN padpuni [Hrynenskoro I'3K.
30araueHHIO MiJIa€ThCs PyJa MOTOYHOTO BUIO-
OyTKy (MarHeTHTOBI KBapIUTH), sKi T0OyBarOThHCS
B Kap’€epi BIIKPUTHUM CIIOCOOOM, 3 BMICTOM 3aii3a
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3arampHOTO 32-33 % 1 3ami3a MarHeTUTOBOTO
23-24 %. BupoOyrta B Kap’epi pyza ApOOHUTHCS
no kpymHocTi 350-0 MM 1 HaAXOMWUTh y OyHKepH
30arauyBasibHOi (aOpuku. 3 OyHKepy pyaa Haj-
XOAUTh Yy MIWHU 1-01 crazgii caMomnojapiOHEHHS
MMC-70-23, axi npamro0Th y 3aMKHEHOMY LUK
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Pucynoxk 3 — [IprHIMIIOB] TEXHOIOTIYHI CXeMH 30aradyeHHs cepeTHbOBKPAIJICHUX 1 TOHKOBKPATICHHX
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3 — TpUCTa/liajbHa CXeMa MarHiTHOTO 30aradeHHs 3 MOTePEIHIM CYXUM 30aradeHHs

BuxigHa pyna

Knach ikaLlis
MoppiGHeHHs |
3HelnamyBaHHst

MMO
I I |

MMO

BUR T

Knacudikauia
Moppi6HeHHs 11
3HeLLnaMyBaHHs!
m

DinbTpyBaHHA

\/
KoHLeHTpaT 1) Xsocu

MNoppiGHeHHst IV

BuxigHa pyoa

MoppibHeHHs |
Knacudikauis

MMO
BMO
BMO

Knacudikauis
MNoppiGHeHHs 1

MMO
BMO
BMO
3l

EHHA

DinbTpyBaHHA

\ J } Y

KoHueHTpaT

XBocTn

K)

Pucynox 4 — [IpyHIUIIOB] TEXHOJIOTIYHI CXeMH 30aradeHHs TOHKOBKPAIUICHUX 3aJi3HUX PY/I:
W — Mar"itHo-¢uoTaniiiHa cxema 3 4-x cTaaiaJbHUM MOAPIOHEHHSIM, K — MarHiTHA
13 30ara4yeHHsIM y CUJIbHOMY MarHiTHOMY IOJIi
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3 OmHOCHIpaJbHUMH Kiacu]ikaropaMu THILY
IKCH 2,5 x 12,5, 314B SKUX HaJIXOAUTh y MEpLIy
CTaJlif0 MarHiTHOI cemapartii.

lans, sika BUBOJUTHCSI 3 MITMHA CAMOTIOIPIOHEHHS
MMC-70-23, HagxomuTh B 2-Ty CTajil0 TOAPIO-
HEHHS, KA 3MIICHIOETHCS B MITHHY PYTHOTAJICIHOMY
MPI-40-75.

Munua MPI'-40-75 ocHarienuii MeTaJleBUMH Kila-
cudikyrounmMu OyTapamMu 3 OTBOpaMH JiaMeTpOM
8—15 mMM. PymHorameynnii MiuH, SIK 1 MJIMH CaMo-

BuxigHa pyaa

MoapibHeHHs (@)

\]

Moppi6HeHHs |1
3ryLUeHHs

MepeMmillyBaHHs
——> ;
Qb

Mo Ko

\
V¥

3ryLieHHs

QinbTpyBaHHS

3ryLUeHHs
q’i”bTEV BaHHs OuncTka OT peareHTiB
1) XBOCTH O6opotha Boga  KOHUeHTpaT

MOJPiOHEHHS, TIPAIIOE€ B 3aMKHEHOMY ITHKJII 31 CITi-
pabHUM KIacu(iKaTOPOM, 3JIMB SKOTO HaJXOIUTh
IIo 2-01 cTafii MarHiTHOI cemapartii, a ckpan (TicKH)
MOBEPTAIOTHCS /10 MITHHA.

BUCHOBKMU. Onucano MeToauky BUOOpY paii-
OHAJIBHOT MPUHIIUITOBOT CXEMU 30araucHHs 3ai3Kc-
THX KBapIUTIB IS TaKUX MiHEpaJIbHUX PI3HOBU-
JIB pyl: MarHeTUTOBAa; KapOOHATHO-MarHETUTOBA;
CUJTIKATHO-KapOOHATHO-MarHETUTOBA;  T€MAaTHUTO-
MAarHeTUTOBA;  CHIJIIKATHO-MArHETHTOBA;  MarHe-

BuxigHa pyaa

MoppibHeHHs |

Knacm%ika%iﬂ

Knacudikauis

3HeLunamyBaHHs

[lepemilyBaHHs

3ryLeHHs
KoHueHTpaT
XsocTtn
XBocTtn
ObopoTHa Boga
M)

Pucynok 5 — TexHosoriuHi cxeMu 30aradeHHsi 0COOJIMBO TOHKOBKPAIICHUX 3aIlI3HUX Pyl
Ta 3aJII3HUX PYA 3 JUCIIEPCHOIO CTPYKTYPOIO: JI — MarHiTHO-(IoTamiiiHa cxema,
M — (hroTarliiiHa cxema 30aradyeHHs

Tabmurs 1 — BuOip npuHIMIIOBOT cxeMU 30aradyeHHsI 3a1i3UCTUX KBApIUTIB (IUB. puc. 1-5, a—Mm)

CxeMa, o PeKOMEHTY€ThCS [T 30araueHHst MiHEepaJIbHAX PI3HOBUIIB
Crpyxtypa pyn lnexe KM, JIMp, | Mp,
CTPYKTYpH | M CKM ™ CM |MC| I'Mp, I’ MI’ MJIMp | TMp

CepeHbpOoro KparuieHHs C B, K B, € B, T r a, 0,3, K a, 0

JpibHOKparieHa M B B B, © B, T r a, 0, K a, 0 K, JT K, JI
ToHKOBKparieHa T, K B XK, U X, 3 3 K, 1 K, 1 K, JI K, 1
ToHkoBKparieHa T, XK B XK, U XK, 3 3 K, JI K, I K, JI K, JI

Oco0IMBO TOHKOBKpAIICHA BT K - K, U | K, 3 | 3 K, II K, JI M M

JlucniepcHa cuctema pi| K - K, M | K,3 | 3 K, 7 K, 1 M M

Hpumimru: M — maenemumosa; KM — kapoonamno-maenemumosa, CKM — cunikamno-kapboHamHuo-macHemumosa;
I'M — ecemamumo-maenemumosa;, CM — cunikamno-macnemumosa, MC — maenemumo-cunikamua, I’ Mp — cemamumo-
mapmumosa, I'— cemamumosa; MI"— macnemumo-zemamumosa; JIMp — nimonimo-wapmumosa, MJIMp — macnemumo-

Jnimonimo-mapmumosa, Mp — mapmumosa.
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Pucynok 6 — Cxema nanmtora anaparis P3®-2 [aI'3K

TUTO-CWJIIKaTHA; T€éMaTUTO-MapTUTOBA; [€MAaTUTOBA;
MarHeTUTO-reMaTUTOBA; JIIMOHITO-MapTHTOBA;
MarHeTHTO-JIIMOHITO-MapTUTOBA; MapTuToBa. llpm
LBOMY BpaxoBaHa iX TEKCTypa, CTPYKTypa, (i3uko-
MeXaHI4YHI BIaCTHBOCTI, XIMIYHUH 1 MiHEpaJIOTIYHHHA
CKJIajl. 3arpoIlOHOBAHO palliOHATBHI TPHHIIUIIOBI
cXeMHd 30aradeHHs 3aJII3UCTHX KBAapIMTIB B YMOBaX
ripHHY0-30aradyBanbHUX TianpuemMcTs KpuBopiss-
Koro 3aiizopynaHoro Oaceiiny. Ilogana pamioHanbpHa
cxXema JIaHIIIoTa arapariB mporiecy 30aradeHHs 1pio-
HOBKPAIUJICHOI MarHETUTOBOI 3aJ1I3HOI PY/IH.
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Iron ore is the main industrial mineral raw material for the production of iron and steel. The recent increase in iron ore
mining is due to their poor varieties, which require highly efficient dressing in preparation for metallurgical processing.
carbonate-magnetite; silicate-carbonate-magnetite; hematite-magnetite; silicate-magnetite; magnetite-silicate; hematite-
martite; hematite; magnetite-hematite; limonite-martite; magnetite-limonite-martite; martite. To select a rational basic
scheme of dressing of ferrous quartzites, the analysis of technological schemes of dressing of ferrous quartzites was
performed taking into account their texture, structure, physical and mechanical properties, chemical and mineralogical
composition. As a result, rational schemes of their dressing were chosen for certain mineral varieties and structures
of ferruginous quartzites. The following main structures of ore are distinguished: The following main structures
of ore are distinguished: medium inclusions (structure index C), fine-grained (structure index M), fine-grained (structure
index T)), finely interspersed (structure index T,), especially fine-grained (index structure of VT), dispersed system (index
of structure D). In the process of analysis the method of selection of rational technological schemes of beneficiation
of mineral varieties of iron ores is improved, which is offered for application in the conditions of domestic mining
and processing enterprises, in particular, Kryvyi Rih iron ore basin.

Key words: ferrous quartzites, iron ore dressing, technological dressing schemes, texture, structure, physical and
mechanical properties, chemical and mineralogical composition of ores.
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VIK 621.791.12:621.7.044.2 DOI: https://doi.org/10.32782/1995-0519.2022.1.21

MOP®OJOTTYHUMN AHAJII3 TEXHOJIOTTH PEMOHTY
KY30BHUX I OBJIUIIOBAJIbHUX JTETAJIEVM HABEMHOT'O TPAHCIIOPTY
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KaHJIUJIaT TEXHIYHUX HayK,
JIOLICHT KaeIpy TEXHOJIOTIT MaIlnHOOY /1y BAHHS

Kpemenuyipkuii HauioHadpHHH yHiBepcuTeT imeHi Muxaitna Octporpaacekoro, Byin. IlepmorpaBueBa, 20,
Kpemenuyk, [TontaBceka obmacts, Yrpaina, 39600, svshlyk@gmail.com;
ORCID: 0000-0001-9422-1637

JAmutpo MoJiomran
KaHJU/IaT TEXHIYHUX HayK,
CTapIINi BUKIIaaa4 Kadeapr TpaHCIIOPTHUX TEXHOIOTIH

Kpemenuyipkuii HamioHadbHUH yHiBepcuTeT imeHi Muxaitnma Octporpaacekoro, Byi. IlepmorpaBaeBa, 20,
Kpemenuyk, [TonraBcpka o6nacts, Ykpaina, 39600, moloshtandima@gmail.com;
ORCID: 0000-0001-8881-8541

Po3pobka MareMaTngHO MOJETi 3 BUKOPHCTAHHIM METOXY MOPQOIOTIYHOrO aHaNi3y BHKOHAHO CHCTEMATH3AIio,
OIJISIT, aHAJI3 YCIX MOXKITMBUX METOJIIB BUPIMICHHS CKJIaIHOI 0AraroriaHoBOi POOJIEMH, METOIO SKOT € BU3HAYCHHS TEX-
HOJIOT1H YCYHEHHSI TIOIITKO/PKEHb OOJHITFOBAIBHUX JICTANICH TPAHCIIOPTHUX 3ac00iB.

Bupimenus MeTn, o MOCTaBiIeHA, 3MIHCHIOETHCS MIIIXOM BHKOPUCTAHHS EBPHCTHYHHX METOIIB HAayKOBO-TEX-
HIYHOTO TIPOTHO3YBAaHHSI, KOMIIIEKCHOI OI[IHKK iH(OpMaIifHuX (QoHAIB MaTEeHTHOI Ta HAyKOBO-TEXHIUHOI iH(pOpMATTii,
CHCTeMHUIA aHai3, METO/ KiIacudikaiii Ta MeToan QyHKIIOHANBHUX 3B’ A3KiB. [lofanbmoro po3BUTKy OTpuMaB (HOH/
(hi3uKO-TeXHIYHUX €(EeKTiB Ta 3aKOHIB MIACTHYHOI Jedopmanii NPUHIMIAME CHJIOBOI Aii BaKyyM Ta CaMOYMHHOTO
dbopmoyTBopeHHa. Hagano knacudikamito oOMUIIOBANBHUX Ta Ky30BHHX JETaliell TPaHCIOPTHUX 3aco0iB 3a JBOMA
BU3HAYAJIBHUMH CKJIAJOBUMHU LUX JeTaicil. BU3HaueHo parioHanbHi TEXHOJOTI] BiTHOBICHHS Ta PUXTYBAHHS JIUCTO-
BUX OOJMITIOBANIEHUX J€Talel TPAHCTIOPTHHUX 3ac00iB. J[OMOBHEHO KiTacU(iKaIlifo BM ITHH Ta MOIIKO/XKEHb JINCTOBUX
Jeraneil jgerkoBux aBroMo0iiB. OOIPYHTOBAHO JOLIIBHICT PUXTYBaHHA (YCYHEHHS) BM ATHH LIHHUX BUJIB TpaHC-
MOPTY, [0 31IHCHIOIOTh BAHTAXXHI EPEBE3CHHS Ta 1H.

Busnaueno 914 457 BapiaHTiB peMOHTY Ta BiHOBICHHs OONUIIOBAIBHUX JeTaNlCi TPAHCIIOPTHUX 3ac00iB. BuzHa-
YEHO Ta CHCTEMAaTH30BAaHO TEXHOJIOT1YHI MOXJIHMBOCTI IMITYJIbCHUX METOJIB PUXTYBaHHS OOJHIOBAIBLHHX JCTaseH
TPaHCMOPTHUX 3ac00iB. OOIPYHTOBAHO JOUITBHICTh BUKOPHCTAHHS BAKYYMHOTO PUXTYBaHHSM ITICISI MOIIKOKCHHS
OONUITIOBAIILHAX J€TalIeH JTETKOBUX aBTOMOO1TiB. CHCTEMaTH30BaHO TEXHOJIOT1UHI 3aCO0H BIJTHOBJICHHS Ta PUXTYBaH-
HS OOJIMITIOBATIBHUX Ta KY30BHUX JIETallel TPaHCIIOPTHHUX 3ac00iB. Bu3HaueHO 001acTh palioHaIbHOTO 3aCTOCYBAHHS
BaKyyMHOTO PUXTYBaHHS IUIIXOM y3arajJbHCHHs CHUJIOBHX Ta TEXHOJOTIYHUX MAPaMETPiB IMITYILCHUX METOMIB IITac-
TUYHOTO Jie(hOpMyBaHHS.

KurouoBi ci1oBa: peMOHT JeTaneid, TpaHCHOPT, LiJIboBa (YHKIIis, BArOBI KOe(ILliEHTH, MOJIENb, PUXTYBAaHHS (YCYHEHHS)
BMSITHH, BiTHOBJICHHSI.
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AKTYAJIBHICTb POBOTMU. InrencuBHe Oara-
To(pyHKITIOHATBHE 1 HE 3aBKI1 KBai(piKoBaHE BHKO-
pUCTaHHSI KOIITIB Ha YTPUMAaHHSI HA3eMHOTO TpaHC-
nopty (aBTOMOOIIB, BaroHiB, TPAaKTOpiB 1 T.].)
BHMarae iX sKICHOTO TEXHIYHOTO 0OCIyroByBaHHS
ta pemonTy. Ili yac ekcriryaramii OHOTO 3 BHIIIB
Ha3eMHOTO TPAHCTIOPTY — BaroHiB Big0yBa€eThCS CTa-
PIHHS Ky30BHHX JeTajel i iX IMOLIKO/DKEHHs yHa-
CIJIIZIOK B3a€MOJii 3 BAaHTA)KHO-PO3BAHTAKYBaJIbHOIO
TEXHIKOIO Ta BAaHTAXEM, LIO IEPEBO3UTHCS, YEpe3
BaHIai3M Ta iH. [[nTaHHA pEMOHTY Ky30BHHUX JI€Ta-
JIel TYCEHUYHOTO TPaHCIIOPTY HE BUKIIUKA€E 0COOIH-
BUX TPYAHOILIB 1 HE TIOCTA€E TaK rOCTpo.

[lignpuemcTBa, sKi BUKOHYIOTb PEMOHT TpaHC-
MTOPTHUX 3ac00iB (BATOHOPEMOHTHI, CYTHOPEMOHTHI,
aBTO- Ta aBlapPEMOHTHI) HAATO MOTPEOYIOTh Cydac-
HOTO YHIBEpCaIbHOTO KOBAILCHKO-TIPECOBOTO 00a -
"aHHA. OHUM 31 c1oco01B IIABUIIIEHHS )XKUTTEBOIO
UKy BUPOOIB TPAHCTIOPTY € iX PEMOHT. Y JOCIHi-
JUKCHHI PEMOHT TIOB’SI3aHUH 13 3aMiHOIO OOJHITIO-
BaJIbHUX 1 KY30BHHUX JETajieil Ta iXHIX €JCMCHTIB
y pas3i HeoOXiZHOCTI iX 3aMiHH, YHACIiZOK HOCTY-
ITOBOTO CTapiHHS (KOpO3is/epo3isi), 3HOITyBaHHS a00
MEXaHIYHHX MOIIKO/KCHb.

[MpuyriHamMu oOcTaHHIX B OUIBIIOCTI BHIAJIKIB
MOXYTh OyTH HepauioHaJbHUN BHOIp TEXHOJOTIT
BHUTOTOBJICHHS JI€TaJeid, BY3JiB 1 arperaris, Mopy-
LUICHHS IpaBWJl HAaBAHTA)XKEHHS, BUBAHTAXEHHS
BaHT@XIB 1 MaHEBPOBUX OIepalliii, He3aI0BIIbHUN
CTaH €JIEMEHTIB BEPXHbOI OyZOBH KOJIii Ta PyXOMOTO
CKJIaJly, BIJICTYIl BiJl perIaMEHTOBAHOI TEXHOIOTii
CKJTaJJaHHs KOHCTPYKIIii.

BupoOHUIITBO Ta BiJIHOBJICHHS TUCTOBHX Ky30B-
HUX ¥ OONMUIIOBAaJIbHUX AETaleH MOB’s3aHO 3 HEOO-
XiHiCTIO 320€3MeYeHHs TOCTaTHhOTO PiBHA po0o-
9UX 3yCWJIb TIpeca, radapuTHUX PO3MIpIiB MOCTENi
Ta HEOOX1IHOT BEIMUMHU pobouoro xony jaedopmy-
BaJIBHOTO iHCTpYMeHTY. Po3B’si3aTu 3aBaaHHSI PoO3-
LIMPEHHS! TEXHOJOTTYHUX MOMJIMBOCTEH 3HMKECHHS
E€Hepro- i METaJOEMHOCTI Ta TiABHINCHHS po0o-
YUX 3YCHJIb MOXIIMBO 3 BHUKOPHUCTAHHSM METOJIIB
IMITYJTbCHOTO JIMCTOBOTO IITAMITYBaHHS (IITaMITy-
BaHHs BUOYXOM, MAarHiTHO-IMITYJIbCHHM, €JEKTPO-
TiIpaBIiYHUM Ta iH.), a TAKOX IPOIECIB 0OpOOKH
METaJiB THCKOM, 3a SIKUX BiI0YBa€ThCSI MUMOBIJIHHE
(hopMO3MIHIOBaHHSI 3arOTOBKHU YHACIIIJIOK HE3HAYHOT
cuioBoi abo TeryoBoi aii. 3MeHmeHHs aedopmy-
BaJIbHUX 3YCHJIb JIOCSTA€THCS 3aBASKH BUOOpY Hald-
OULTBIII parioHATBFHOTO CIOCO0Y (POPMO3MIHIOBAHHS
Ta CXeMHU Jie()OPMYyBaHHSI.

MexaHi4HHH 3HOC, B CBOIO UEpry, MPOSIBISETHCS
y nBoX (hopmax: 3HOCIB TepTs 1 THCKY. Lli Buam mexa-
HIYHOTO 3HOCY MO)KHA CIIOCTEpiraTh Ha TPUKIIAII

3HOCY TIOBEpXHi KaTaHHS OaHIaXy KOJIiC Bi3Ka TpaM-
BaifHOTO BaroHa. Y Tpolleci eKcIuryararii mij Jiero
CIICKTPUYHOTO TIOJIs, BIUIMBY TEMIIEPaTyPHOBOJIO-
TOTO PEXKUMY, TETIOBOTO BILTUBY, BiIOpOMEXaHIYHOTO
Ta CJIEKTPONWHAMIYHOTO BIUTUBIB JETall €JICKTPO-
TEXHIYHOTO OONIaJIHAHHS TPAHCIOPTHUX 3aco0iB
3MIHIOIOTH CBOT 130JIsIMIi#HI Bi1acTUBOCTI. KpiM 11b0oro
3HaYHa KIUIBKICTh BiJIMOB BHUHHKA€ Yy KOHTAKTHUX
cHUCTeMaxX eJCKTPUYHHMX arapaTiB BHACITIIOK MeXa-
HIYHOTO 3HOCY KOHTAaKTiB, EJICKTPOTEPMIUHOTO
Ta eJIEKTPOSPO3IMHOTO 3HOCIB.

J10 TEXHOJIOTTYHUX METO/IIB PEMOHTY TPaHCIIOPT-
HUX 3ac00iB BiTHOCSTH HACTYIHI METOAM: 3HEOCO-
Onenwii (mMo30aBieHUI 1HAWBITYaIbHOCTI), HE3HE-
ocobienuit (He mno30aBJICHHUH 1HMBITYaTbHOCTI),
arperatHui i By3JI0BHil.

VYIOCKOHAIEHHST TEXHOJOTIYHOTO  OCHAIICHHS
3aCTOCOBYBAHOTO B JIMCTOIITAMITyBaJbHOMY BHPOO-
HUIITBI Ha PEMOHTHHUX MiANPHEMCTBAX, Bin0yBa-
€THCS 3aBISIKM MiJIBUILEHHIO OTO YHiBepCaJIbHOCTI,
o 3ale3nedye MOXIIMBICTH HOTO 0araropazoBOTO
3aCTOCYBaHHS 32 3MiHH 00’ €KTiB BUPOOHUIITBA.

He meHI epeKTUBHOIO € B IIbOMY BHITAJIKy PO3-
poOka Ta cTBOpeHHS 0e3IITaMIIOBHX 3aC00IB TEXHO-
JIOTIYHOTO OCHAIIIEHHS, 3aCTOCYBaHHS IITaMITiB OJI0-
KOBO-TIAKETHOTO THITY 3MIHHOTO 1HCTPYMEHTY.

Oco0sMBO aKkTyaJbHO MOCTAE MPOodIeMa PEMOHTY
Ta BIJTHOBJICHHSI KY30BHUX 1 OOJIMIIFOBILHUX JIETa-
Jiel KOJIICHOTO TpaHCHOpTy. 301IbLICHHS KUTBKOCTI
aBTOMOOUTIB y CBITI HEPO3PUBHO TIOB’sI3aHE 3 POC-
TOM JIOPOKHBO-TPAHCIIOPTHHUX TPHUIOJ, IO € Cep-
HO03HOI MPOOJIEMOIO B COIliaJIbHINA Ta €KOHOMIUHIN
chepax cycrniibcTBa.

OCHOBHa KUIBKICTh JTIOPOXKHBO-TPAHCIIOPTHUX
MIPUTO/T TIOB’Si3aHa 3 TOMIKOKCHHAM OOJHUITIOBAIb-
HUX TOHKOJIMCTOBUX aBTOKY30BHHUX JieTajned. 3a
CTaTUCTUYHUMH JaHHMH, HaBEIEHUMH B POOOTaxX
A. B.T'naroBa [1, 2-10], no 80 % nomkoaxeHp npu-
majiac Ha HEBEIHKI Ta CepPeIHI YITKOLKCHHS, 3a3BH-
Yail e BM SATHHA, HE3BOPOTHI IMPOTWHH, TrodpH,
MYKJIIBKH, MICIICBI CTOHIIICHHS 1 T. [I., SIKi HE TIOTpPe-
OyIOTh 3aMiHH BCHOTO €JIEMEHTa OOIIMBKH Ky30Ba
aBTOMOOUII. Bin3HaueHo, 1m0 OUIbIIE ITOJOBHHH
TaKHUX TOIIKO/KEHb CKJIaIal0Th 30HU 3 YTPYIHCHUM
a00 3aKpUTHM 3BOPOTHHUM JOCTYIIOM.

Haiibinpm Tpy1oMiCTKUM € TIpOLeC PUXTYBAHHS
OOJHITIOBAaJIbHUX JI€Tale JIeTKOBUX aBTOMOOLTIB
micil nmomkomKeHHs rpadgom. Cepelr METOMIB Biji-
HOBJICHHSI aBTOKY30BHHUX JIeTajell aBTOMOOILIIB
MepPEeBaKHO BUKOPUCTOBYIOTh METOAM 30BHIITHHOTO
pUXTYBaHHS /IS BiJHOBJICHHS Jaeraneil 0e3 pos-
OupaHHS TOpyHmIeHHS Jako(papOOBUX TMOKPHUTTIB.
Crig HaroJoCcUTH Ha HEOOXiTHOCTI PUXTYBaHHS HE
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TITbKH Ky30BHHUX JIeTajiel JIETKOBHX aBTOMOOLIIB,
aje i JeTanei 3ai3HUYHOTO TPAHCTIOPTY Ta 1HIIMX
TPAHCTIOPTHUX 3ac00iB. ToMy HasBHICTH IOIIKO-
JOKCHb 1 BM’STHH € YMHHHKAMHU Ta MPUCKOPIOBA-
4aMu KOpo3ii.

MeToto nocTiKeHHS € YIOCKOHAICHHS Ta BU3HA-
YEHHS paIlioHATBHUX CIIOCOOIB YCYHCHHS ITOIITKO-
JOKeHb OOJIMIIFOBAJIbHUX JI€TaJiCi TPaHCIIOPTHUX
3ac00iB mpHU IX PEMOHTI METOJaMH IUIACTHYHOTO
nedhopMyBaHHS.

MATEPIAJIA I PE3VJIBTATU JOCIIIXKEHD.
JJis BU3HAYEHHS HAOIbII PaIliOHAILHOTO CIIOCO0Y
nedopMyBaHHS Uil IPABKU, PUXTYBaHHS, BUTOTOB-
JICHHSI MOJIEpHi3alii Ky30BHUX Ta OOJIHIFOBAIEHUX
JeTajge Ha3eMHOTO TPAHCIIOPTY HEOOXigHE 3acTo-
CyBaHHSI MOP(OJIOTIYHOTO METOIY 3aCHOBAHOIO Ha
MeToJlaX KOMOIHATOPUKH 3 ypaxyBaHHSM 3aKOHIB
PO3BUTKY TEXHIYHUX CHCTEM Ta MEXaHIKU CYIIITbHUX
cepemonu [11].

OO0nmuItoBaNIbHI Ta Ky30BHI JETalli 3 JIUCTa Kia-
cudiKyeMo 3a IBOMa BU3HAYAILHUMH MapaMeTpamMu
abo emeMeHTam#, sk 3amnporioHoBaHo E.l. IcaueH-
KOBUM [5], 110 Ha3BaHI TEpMiHaMH «CTiHKa» abo
«0opt». besniu geraneit 3 mucta 06’exHaHI y BiciM
KJaciB: getaii 6e3 6opTa 3 MIOCKOI0 Ta KPUBOTIHIK-
HOI cTiHKOIO (Kiacu 1, 2); meTaini 3 MJIOCKUM OOp-
TOoM 0e3 cTiHKM (Kiac 3); 3 TIOCKOIO Ta KPUBOJIHIH-
HOI CTIHKOIO 3 TDIOCKUMHU OopTamu (kiacu 4, 5, 6);
JeTalli 3 KPUBOJIHIMHMMHM OopramMu 0€3 CTIHKH
(XOMyTH, TPOKIAIAKU 1 T.[I.), SIKi JIETKO JEMOHTY-
10ThCs (Kimac 7); Aeraii 3 KpUBOMIHIMHUMU CTIHKAMH
Ta Obopramu (kiac 8).

[TepeBaxkHy OLIBINICTH OONUIIOBAILHUX 1 KY30B-
HUX JeTajel, AKI MiIAraroTh BIIHOBJIEHHIO a0o0
3aMiHi, 11e JeTali 6e3 6opTa 3 IMIOCKOK Ta KPUBOJMi-
HIMHOIO CTIHKOIO HE3aMKHYTOTO KOHTYPY OJMHAPHO1
Ta MOJBIMHOT KPUBU3HU. Y CBOIO Yepry JIeTall OfH-
HapHOT KPUBU3HU MOJISIOTH Ha JETalll OJIHO3HAYHOT
Ta JIBO3HAYHOI KPWBU3HH, AHAJIOTIYHO MOILISIOTH
JeTalli MOABIMHOT KPUBU3HA. PUXTyBaHHIO MOXYTb
MUITaTd | JeTanl MaJduBHOI CHCTEMH: TIIYITHHK,
pe3oHarop, TpyOH, marpyOku. 3a3Buuai Ie jaerai
3aMKHYTOTO KOHTYPY OJMHAPHOI Ta MOABIHHOI KpH-
BH3HHM, OJJHO3HAYHOI Ta JBO3HAYHOI KpUBHU3HU. [li1s
BHU3HAYECHHSI €HEPTreTHYHUX 1 CHIIOBHX ITapameTpiB
PUXTYBaHHS MPOBOAMMO KJIACH(]IKaIil0 BM SITHH
BIJNOBIAHO 10 KOHCTPYKTMBHHX KJIAacCHU(IKaToOpiB
JINCTOBUX JIE€TaJIEil aBTOMOOLIA.

Cepen BUIIB HA3€MHOTO TPAHCIIOPTY B MOP(HoITo-
riYHy TaOIMIF0 3aHOCHMO TaKi BUJIU TPAHCIIOPTY yjl- :

Y} —PEeUKOBHIA; ¥, — KOJNICHUIA; y; —yCEHUYHHU.

3a MicueMm po3TallyBaHHS BM SITHHU IMOIITAMO
2

yj:

y! — PUXTyBaHHsA BM SITHH, PO3TAIOBAHUX HA
IWIOCKiH 1oBepXHi (OOPT i CTIHKA); y; — PUXTYBaHHs
BM’SITHH 13 KPHUBOIIIHIHHOIO TTOBEPXHEI0 OIMHAPHOI
KPMBHM3HH; y; — PUXTYBaHHS BM STHH i3 KPUBOJi-
HIHOIO OITYKJIOIO IIOBEPXHEIO OJJMHAPHOT KPUBU3HH;
y: — PUXTYyBaHHs BM SITHH i3 KPUBOJIHIHHOI yBi-
THYTOIO [OBEPXHEI0; Y — PUXTYBaHHSA BM SITHH i3
KPHUBOIIHIHHOIO OMYKIIOK 3arOTOBKOIO; Y, — PUXTY-
BaHHs WATIHAPMYHUX (TpyOuacTux) merane; y; —
PUXTYBaHHS KOHIYHHUX JETaleH.

3a Qopmoro yi, me j=1,2,..;
HOAUTIMO:

y; — BM’STHHU TIOBIWHOI KPUBU3HK; y; — Ipsi-
MOJIIHINHI BM’ATHHU; yg’ — OWIHAPUYHOTO Tepe-

BM SITHHU

THHY; y, — NPSIMOKYTHOTO TIEPETUHY; y; — Tpare-
LIEBUIHOTO MEPETUHY; Y; — TPUKYTHOTO IIEPETHHY;
y73 — BM’SITUHM TIOJABIMHOI JBO3HAYHOI KPHUBH3HH,
Y; — KPUBOIIHIHHI BM’SITHHH; y; — KPUBOJiHINHI
BM’ATUHH IWIHAPHYHOTO [EPETHHY; V;, — KPHBO-
JNiHIiHI BM ATUHM TPSMOKYTHOTO MEPETHHY; ),

KPUBOJIHIIHI BM STUHH TparenienoaiOHoro mepe-
pisy; ¥i
HEepETHUHY.

KPHUBOJIIHIHI BM’SITHHH TPHKYTHOTO

Buy nonikomKeHHs Ky30BHHUX J€Tajei y;-t :

y; —Kopo3is; y; — eposist; y; — MexaHiuHi.

MexaHi4Hi TOMIKOPKEHHS MOXYTh OyTH Bij-
HOBITIOBaHUMH a00 TaKMMHU, IO YCYBAIOThCS a00 HE
yCyBaloThCsl. B 0cTaHHBROMY BHIAKy BilOyBa€ThCA
MOPYIICHHSI CYLITBHOCTI (POOOTHY Ta TPIIUHHM).

Y BaroHoOyJyBaHHI JOMYCTUMO iX 3aBaprOBaTh
a00 BUKOPHCTOBYBATH HaKJIAJKW; Ui aBTOMOOLIb-
HOTO TPAHCTIOPTY 1€ HEMPUITYCTUMO. J{OITiIpHO TIpo-
OJIeMH TIOLIKO/KEHHSI PO3IVISIATH CIIBHO 3 KJIacH-
(hikaTopom JieTaseil HA3eMHOTO TPAHCIIOPTY.

Crnig 3a3HauuTH, MO0 Ky30BHI JETali BaroHiB
3 TITHOWHOIO BM STHHH, OIYKJIOCTI Ta TPOTHHOM,
MEHIIIUM 25 MM, JIOMYCKAEThCS CKCIUTyaTyBaTH.
3a PEeMOHTONPUIATHICTIO KY30BHI, OOJIMIIFOBAJIbHI
JeTati MoAIISIEMO Ha BIAMOBIIHI O3HAKHU yjs. :

yf — TaKi 10 MiJISATaloTh PEMOHTY; y25 — Taxi
[0 HiIATar0Th 3aMiHI; y35 — 3 MOXKJIMBICTIO 3aMIHU
[ITBHOT JIeTali Ha 3BapHY, IO CKIATAETHCS 3 ACKiIb-
KOX €JICMCHTIB.

B ocraHHbOMY BHWIIaJKy B KY30BHHUX JETajlsIX
BaroHiB 1 aBTOMOOWJIIB, 1[0 MICTATh €JIEMEHTH KOP-
CTKOCTI JIOmycKaeTbca iX Bupizanus. llicnms mporo
BHUTOTOBJISIIOTE €JIEMEHT KOPCTKOCTI Ta MIPUBAPIOIOTH
3aMiCTh cTaporo. Lle moB’s13aH0 3 TUM, IO €IEMEHTH
JKOPCTKOCTI HAMOUIBII MiAI0ThCsI KOPO3il B Mic-
1sax BUrHHIB. OKpIM TOTO, JOMYCKAE€THCS BUTOTOB-
JIeHHST JTOBroMipHUX mpodiniB ckmagernmu. Crix
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TaKOX JIOJATH JO IOTO ACIEeKTy MpOOIeMH Taki
CKJIaJIOB1 yf:

y¥ — 3 MOKIMBICTIO 3aMiHM Marepianmy; y: —
3 MOKJIMBICTIO 3MIHIOBAaHHS (hOPMH.

3 oAy HA Te, 10 TEPMiH eKCIUTyaTarlil TpaHc-
MOPTy IICIS PEMOHTY 3HAYHO MEHIIHH, ITIITKOM
palioHaJbHO BHIOTOBJISTH JIETaNi, IO ITiJyIsira-
IOTh 3aMiHI 3 JeIIeBIIOT0 Matepiamy. Hampuxman,
JUISE BUTOTOBJICHHSI PEMOHTHHX KPHWIIOK JIFOKIB IS
BaroHiB, IO MEPEBO3ATh CHUITYYi MaTepiaiu, MOIyc-
kaetbest 3amina craial 0912C na crans Cr 3. OgHak
TIPH IIHOMY CIIiJ] 31CTABIIATH HE TUTHKH BapTiCTh, ajie
W miacTUuHI BIacTUBOCTI MarepianiB. Parionains-
HAM BapiaHTOM PEMOHTY € O3BUI Ha 3aMiHy Tog-
POBaHUX JIHCTIB KOHCOJBHUX YACTHH TIONTY KPUTHUX
BaroHiB Ha IJIa/IKi TOBIIMHOIO 3 MM.

ACTIIEKTOM TMpOOJIEeMH € ¥ IITaMITyBaHHS eJie-
MCHTIB JCTaJICH, SKi OMYCKA€ThCS BUTOTOBIISATH
OKpeMo. 3a3BHUai, e eIeMEHTH pelbedy y} :

y! — pebpa xopcTKocTi (MpAMOTIHIHHUE pUdT);
Y, — nykiiBku (chepuunuil pudT), BUIABKH; ), —
iCIYKK KiHIEBI; y, — MiACIYKK CEpeMHHI.

3a yMOBaMU pEMOHTY BapiaHTH TaKi yf :

y¥ —y Kycrapuux ymoBax; yS — Ha crienianizosa-
HUX MiIPUEMCTBAX.

YV KycTrapHUX yMOBax 3a3BU4Yail PEMOHTYIOTh
BM’SITHMHM BJIACHMKHM aBTOMOOULIIB, Ta JOLILHO
HaBiTh JO AacCIEKTIB MpoOIeMH A0AaTH HEOOXiTH1
TEXHIYHi 3ac00M. Y MeXax [bOTO aHaIli3y He OyneMo
JeTaTi3yBaTH BUIAM PEMOHTY Ha CIICIiali30BaHUX
MiANPUEMCTBAX (JETIOBCHKHH PEMOHT, KaliTalbHHH,
TEXHIYHE 00CITyTOBYBAaHHS).

OOnamHaHHS, IO 3aCTOCOBYIOTH JUIS TIPAaBKH,
PUXTYBaHHSI Ta BHUTOTOBJICHHS HOBHX JIeTajci
3aMiCTh THX, IO CTAJIM HETPUAATHUMH, PO3TISTHEMO
3a3BUYaid, HE BJAIOYHCH IO JIETANbHOI Kiacuika-
uii mrammnyBaipHOrO oOmagHaHHA. lle moB’s3aHO
3 BEJINKOIO PI3HOMAHITHICTIO KOBAJIbCHKO-IITAMITY-
BaJIbHOTO 1 IPECOBOT0 YCTaTKyBaHHs Ta OaratoBapi-
AHTHICTIO Tpo1eciB POPMO3MIHIOBaHHS, TOOTO O/IHA
I Ta caMa JieTallb MOKe OyTH BUTOTOBJIICHA Pi3HUMH
METO[AMH IITaMITyBaHHsI, TOMY IPOIOHYIOThCS TaKi
BapianTH Y,

¥y, — yHiBepcalnbHe; y, — CIEliali30BaHe;
Yy — o0NaHaHH, 110 3aCTOCOBYETHCS HE 32 IIPAMUM
MIPU3HAYCHHSIM.

OcraHHil BapiaHT TMOB’A3aHUIl 3 MOMJIUBICTIO
BUKOPHUCTAHHS, HASIBHOTO HA IMiIMPHUEMCTBI 00mam-
HaHHS, HE 3a MPSMUM NpHU3HAYeHHsM. Hanpuknan,
Ha KPOMKO3THHAJIBHOMY CTaHI MOYKJIIMBO TIPOBOJUTH
HE TUIbKM 3TUHAHHS, a U (OPMYBaHHS, BHUTSKKY,

MpaBKy Ta iHme. [ iboro HeoOXiHO 3a0e3neunTu
KPITUIEHHSIM BiTIOBiTHOTO iHCTPYMEHTY.

3a BUIOM (OPMO3MIHIOBAILHOTO BILTUBY V) :

y° — onHouacHe; y)’ — MOCIIIOBHE.

Jlesiki perasiell Ky30BHHX JeTajlei BaroHiB, IO
MiJUISITa0Th 3aMiHi ITiJT 9ac PeMOHTY, PEMOHTHI ITiJI-
IPUEMCTBA HE MOXYTh BUTOTOBUTHU 4e€pe3 BiICYT-
HICTh HEOOXITHOTO OONamHAaHHS. YHIKAIBHI MPEeCcH
sycuisim 50 Mu (5000 T) € Ha BaroHOOymiBHHX
nianpuemctBax. OnHak X 3aBaHTaXCHHS IOCHUTD
BEJIMKE Ta BKIMHHUTUCS 10 IX IpouLecy Maixe
HEMOXJIMBO. TOMYy pPEMOHTHUKM 3a3BHYall 3Bep-
TAIOTBCS 10 MiIMPHUEMCTB, IO BUITYCKAIOTH ABTO-
MOO111, gK1 MeHIIe 3aBaHTakeHl. OgHak 1 I mija-
MpPUEMCTBA HE MaroTh TpeciB 3ycwmuisiMm 50 MH.
Y TakoMy BHNQJKY JOBOJUTHCS BIABATHUCS JIO
MOIIYKY BapiaHTiB IMOCIIIIOBHOTO BIUIMBY Ta MOeJie-
MEHTHOTO IITaMITyBaHHSI.

3 orIsiy Ha T€, 1O 1M1/ Yac BUIPaBJICHHS Ta PUXTY-
BaHHA OOJIMLIIOBAIBHUX JIeTallell aBTOMOOLIIB 3HaX0-
JISITh 3aCTOCOBYIOTh METOJIM MarHiTHO-IMITYJIbCHOTO
Ta BaKyyMHOTO IITaMITyBaHHS, CIiJ PO3DISHYTH
i BUAM CepelOBHUINA, L0 BIUIMBAE HA €()EKTUBHICTD
mporieciB puxtyBaHHs. [lepeBara MeToay moB’s3aHa
3 MOXJIMBICTIO HE TOpyllyBaTH JjakodapOoBe
MOKPHUTTS MOIIKOJKEHUX fetanei. Crif 3a3Ha4uTH,
10 Ha MiIMPUEMCTBAX, SKi 00CIYTOBYIOTh BAHTaXKHI
BaroHW, € MarHiTHO-IMIynbCHI yctaHoBkH (MIYC)
JUTSL pO3MYIIIEHHS 3Mep3TuX BaHTaxiB. Lli ycTaHOBKH
3a HeOOXIHOCTI MOXKHA aIaNTyBaTH | 11 BAPOOHU-
LTBA JIMCTOIITAMITYBAJIbHUX OIEpallii.

ToMy HacTyITHUH acrieKT MpoOIeMn — BUJ Cepei-
OBMIIIA, 110 BIJIMBAE HA €(DEKTUBHICTH MTPOIIECIB PUX-
TYBAHHSI, KU BUKOPUCTOBYIOTb SIK IHCTPYMEHT V)

y,' —TBepna; y,' —IUIACTUYHO B’s13Ka; y;' —enac-
THuHa, y,' — pimuHHA; yi' — razosa; y;' — CHIIOBE
nose; y;' — BaKyyM, map.

Jlo Toro , SK OKpEeMHH acHeKT CIiJ BHO-
Kpemutn Oe3mrammoBi Meromu. Lli metomm —
¥} — nepen6auaroTs:

Yy’ — LITaMIlyBaHHs PiIMHOI0, IO KPUCTANI3y-
€ThCst; yy° — Ae(OpPMyBaHHs METAJIAMH, 11O «PO30y-
xae»; y;° — neopMyBaHHS 3a JOMIOMOTOK0 BUKOPHC-
TaHHs NPOLIECY EMITAKCIT; y,” — MarHiTHO-IMITYJIbCHE
IITAMITyBaHHS;  yi° BaKyyMHE [ITAMITyBaHHS;
y¢& — ne(opMyBaHHs 3 BAKOPHCTAHHAM PEAKTHBHUX
CKJIaJ0BUX Ae()OpMyBalIbHUX 3yCUIIb.

Pesynbratu mMopdosioriyuHoro aHaiizy 3Be/eHi
B Tabnwuio (Tabdm. 1.1)

Mopdonoriuaa kKOMOIHaTOpPHKA ITepeoavae:

3.7-12-3-3-2-4.2.3.2.7-6 =914457
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BapiaHTIB TEXHOJOTiH PEMOHTY Ta BiJHOBJICHHS
Ky30BHHX 1 OOJIMI[FOBAIIBHUX JICTAJIC aBTOMOOLIIB.
Bapiant ¥y, ¥, ¥, Vi, ¥2> %' Yg'» ¥° Bizmo-
BiJJa€ TEXHOJIOTil PEMOHTY BM’SITHH 3 BHKOPHCTaH-
HSM Mar"iTHO-IMITYJbCHOTO IITaMITyBaHHS. L[fo ik
TEXHOJIOTI0 MO)KHa BHKOPHCTOBYBaTH B IIpOIlecax
(dopmyBaHHs Ta (HOPMYBAHHS BUTSKKH.

Bapiant — y;, y3, ¥, W WL v 0 v oy
BiJNOBiAa€e TEXHOIOTIi POPMO3MIHIOBAHHS 13 3aCTO-
CYBaHHSM BakyyMmMy. MeToa IIHPOKO BHUKOPHCTO-
BYIOTh Ha CTaHIISAX TEXHIYHOTO OOCITYTOBYyBaHHSI.
Opnnak Takui crnocid CyTo KycTapHUH 1 BHMarae
MOJAIBIIIOT0 PO3BHUTKY 31 CTBOPEHHSIM CIIeIliali3oBa-
HOTO, 0araroyHKITIOHAIEHOTO 1HCTPYMEHTY.

Kpim Toro, meil BapianT HalOiIbI €PEKTUBHO
BUKOPUCTOBYBAaTH NpPU PHUXTYBaHHI OOIHIIOBAIb-
HUX JeTajeil JerKOBUX aBTOMOO1IIB MHiCJIs HOLIKO-
JOKSHHSI TPaJIOM.

Bubip Hait0inbm eeKTHBHUX TEXHOJOTIH (TeX-
HIYHUX PIlIeHb) MOKIIUBAN YHACITITOK BUKITIOUCHHIO
HaWTipmmx KOMOiHaIiNd Ta eneMeHTiB. HeoOxinHwmii
TaKOXK OONIK 3aKOHIB PO3BUTKY TEXHIYHUX CHCTEM,
a B IaHOMY BHUMAJKY 1 3aKOHIB MEXaHIKH Ta JIOTiY-
HoOTO AeopMyBaHHS. B ocTaHHROMY BUTAJKY TPO-
BOISTH OILIHIOBAaHHS TPAaHUYHHX MOMKIMBOCTEH

MPOTIECIB Ta iX eKOHOMIYHOI €()eKTUBHOCTI IMOTAHO
B Ta0muni 1.

KopoTky y3aranpHeHy TexHIUHY iH(pOpMAIio
(3 ypaxyBaHHSIM BITYM3HSHHUX 1 3aKOPAOHHHMX YHH-
HUKIB) IMIyIbCHUX METOIIB PHUXTyBaHHS Ta (op-
MO3MIHM OOJIMIIOBANIEHHUX JAETallel TPaHCIIOPTHUX
3ac00iB 1I0aHO B Ta0mMLi 2.

VY miif Tabauiui noKazaHi TEXHOJOIIYHI MOXIIM-
BOCTI METOIIB ie(hopMyBaHHS.

[Monmanpiini nepcrneKTUBHI JOCTIKSHHS Y [IbOMY
HaNpsIMKy IOB’s13aHi 3 PO3POOKOI0 MPOMHCIIOBOTO
oOnaTHaHHSL.

BUCHOBKU. Bwuznaueno 914 457 BapiaHTiB
PEMOHTY Ta BiTHOBJICHHS OONUITIOBAIBHHX JIETaNICh
TpPaHCTIOPTHUX 3aco0iB. BusHadeHno Ta cucrema-
TU30BaHO TEXHOJOTIYHI MOMKIJIMBOCTI IMITYJICHHX
METOJ/IIB PHUXTYBaHHs OOJIMIFOBAIbHUX JieTajen
TPaHCHOPTHUX 3aco0iB. OOIrpyHTOBaHO JOLiIb-
HICTb BUKOPUCTAHHS BAKYYMHOTO PUXTYBAaHHS MiCIIs
HOIIKO/DKEHHST OOJMIIOBAJIBHUX JeTaled JIerKo-
BUX aBTOMOOUIIB. CHCTEMaTH30BaHO TEXHOJIOTIYHI
3aco0M BiTHOBJICHHSI Ta PUXTYBAaHHS OOJIMIIOBAJIb-
HUX Ta KY30BHHUX JIeTaJicl TPaHCIIOPTHUX 3aCO0iB.
Bu3HaueHO pHUXTYyBaHHS IUIIXOM Y3arajlbHEHHS
CHJIOBHX Ta TEXHOJIOTTYHUX HapaMeTpPiB IMITYJIbCHUX
METO/iB IJIACTUYHOTO 1e(hOPMYBaHHS.

Tabmurs 1 — Mopdomorigaa MoAeNb 0e37Tidi TEXHOIOTIH PEMOHTY Ky30BHUX 1 OOTHUITIOBAILHUX JIeTajeit
Ha3eMHOTO TPAHCIIOPTY

i
Actniexty poOieMu Si BAPIAHTU PIILIEHHA Y,
1 1 1
Bup HazemMHOro TpaHCopTy S Yo Vs Vs
b 2
R . . S, 2 2 2 2 2 2 2
BM™’siTMHM, IPOTMHHU, OMYKJIOCTI 38 MICLIEM PO3TAlLlyBaHHS Yoy Vo Vi Yy Vs Ve Vs
b b bl b b b
. . S 3.3 3 .3 .3 .3 03 .3 .3 3 3 3
BM’siTHHH, IPOTUHHM, OIYKJIOCTI (3aJ1e3KHO BiJl popmu) UV Yy Yy Vi Vs Ve Vi Vs Yo Yo Yo Vi
b b b b b b b b b b b
Lo S 4 4 4
[TormkomKeHHs Ky30BHHUX Ta OOJIMIIOBAJILHUX JAeTalIeH Yo Y2 Vs
b b
. S 505 5
PeMOHTOPUAATHICTD ’ Yo Vi Y5
bl b
. . . . Ss 6 6
3 MOXKJIMBICTIO 3aMiHH MaTepiaiy, TeOMeTpUIHOI (hopmMu i n
b
. S, 77 T T
EnemenTn penbedy, siki BATOTOBJISIFOTH OKPEMO Vi Y Vi Iy
2 b b
S 8 .8
YMOBH peMOHTY ¢ Yo h
2
S 9 9 9
YeraTkyBaHHS ’ Yy by )3
b b
. S 10,10
Bujt pOpMO3MiHIOBANIEHOTO BILIUBY 10 non
b
Sh 11 11 11 11 11 11
Bun nedopmyBanbHOTO CepenoBuina Yoo o Vi Ve Vs Vs
b b b b b
. S 12 12 12 12 12 12
BesmrrammioBi metogu Yo Yo Vs Vi Vs Vs
b b b b bl
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Tabnuus 2 — Y3aranapHeHa TexHiuHa iH(OpMaLlis iIMITYIbCHUX METOIB PUXTYBaHHS
OOJTUITIOBATTLHUX JIETaJICH TPAHCIIOPTHUX 3aC00iB

Haiimenysasms MarHiTHO-IMITyJIbCHE Baxyymue | [leperpite nmaporo KoMGiHoBasi
ycrarkyBaHHsA (MIY) | puxtyBaHHS PUXTYBaHHS
. [Teperpira mapa B+IIII
YuHHUK eHeprii Marnitne noie (M) | Bakyym (B) (ITTT) MII+B
IepeminieHus
Crnoci6 BHBUTbHCHHS 3MiHa MarHiTHOTO Ooiika (HB),“ Posmmaperns (P) [IE+P
eHeprii oS arMochepHui
THck (AT)
XapakrepucTuka JloBrorpuBaiictb 6 ) 3
. ~10 ~10 10 -
YHHHUKA eHeprii iMIyIbey (c)
IBuakicTsb
XBHJI1 THCKY 200 3000-6000 15-30 20-50 -
iHCTpYMeHTY (Mc ')
Cepenosuile, o TToBiTpst, Mar"iTHe Posninosuii Posinosuii
p ’ P, MOpLIEHb + MOPIIEHb + -
nepezae rosie . .
pianHa, Tesb €J1acToMip
OGnaHamHs MarHiTHO-IMIyJIbCHI Baxyymni MogepHi30BaH1 B
YCTAHOBKH YCTaHOBKH npecrapmaTu
MaxcumMaibHi TocsrmyTaii 0,3
rabapuTH MOBEpXHi, n o .’ 0,3 0,3 -
N epcriektuBHUH 0,8
Texnomoriani | IO MOIKO/PKEHA (M)
XapakTepUCTHKH | PospaxosaHa po6oTa B+HIII
neopmanii (k1) Jlo 120 Ho 10 Ao 10 15:18
MaxkcumanbHUR
THCK Ha HEPYXOMii - 10 10? -
nepemkosi (MITa)
JITEPATYPA sheet metals — Fundamentals and perspective applications.
1. TmatoB A.B. DbeckoHTakTHass BHEUIHSS —Mar- Journal of Materials Processing Technology, Elsevier. 2013.
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Purpose. When using the method of a morphological analysis a systematization, review, analysis of all possible
methods for solving a complex multifaceted problem was carried out the purpose of which is to determine the technologies
for eliminating the damage to the facing parts of vehicles.

Methodology. The solution of the set goal is carried out by using heuristic the methods of the scientific and technical
forecasting, a comprehensive assessment of the information funds of the patent and scientific and technical information,
system analysis, a classification method and methods of the functional relationships. The fund of physical and technical
effects and the laws of the plastic deformation was further developed by the principles of the force action of the vacuum
and self-made shaping. A classification of facing and body parts of vehicles according to two defining components of these
parts has provided.

Findings. TheRational technologies for renewal and straightening of sheet facing parts of vehicles have been
determined. The classification of dents and damage to sheet parts of passenger cars has been supplemented. The expediency
of straightening (eliminating) dents of the valuable modes of transport, carrying out freight transportation, etc. has been
substantiated.

Originality. Morethan 900.000 variants of repair and restoration of facing parts of vehicles have been determined.
The originality technological possibilities of the impulse methods of straightening of facing parts of vehicles have been
defined and systematized. The expediency of using the vacuum straightening after the damage to the facing parts of cars
has been substantiated.

Partical value. The technological means of restoration and straightening of facing and body parts of vehicles have been
systematized. The area of the rational application of the vacuum straightening by generalizing the power and technological
parameters of the pulsed methods of the plastic deformation has been determined.

Key words: repair of details, transport, target function, weights, model, straightening (removal) of dents, restoration.
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TEPMOIUHAMIYHE JOCJ/IIIKEHHSA INUKJIY TEIIJIOBOTI'O HACOCA
«I'PYHT-BOJA» AJISA CUCTEMHU OITAJIEHHSA MPUMIINEHHSA
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ORCID: 0000-0002-5313-0226

V crarTi MpoBeAEHO TePMOANHAMIUHHII aHawi3 e()eKTUBHOCTI BHKOPHCTAHHS EPCTICKTHBHNX TEIUIOHACOCHHUX TEXHO-
JIOTi# IS CHCTEMH OTIaJICHHS IPUMIIICHb NPH BUKOPUCTAHHI PI3HUX MPUPOTHUX JHKEPEN TEIIoBoi eHeprii. [linsumenus
edekTuBHOCTI TeruoBoro Hacoca (TH) 3anexuts Bin gockoHanocti mukiny podotu TH Ta Bubopy pobodoro Tina xoio-
aunbHOTO areHta (XA). HaBeneno mpunnunoBy cxemy TH «rpyHT-BOma» mis cHCTeMH OmajieHHS mpuMinieHHS. [Ipu-
BeJieHO UK pobotu TH «rpyHT-BOza» B p-h-miarpami. IIpeacTaBiaeHo pe3yabTaTH PO3PaxXyHKY MOKAa3HHKIB e(EeKTUB-
HocTi po6ot TH 3 BUKOpUCTaHHSM NPUPOTHOTO JpKepena TemoTu rpyHTy. [Tokasano edexrusHicTs podotu TH, skuii
peaitizye 3BOpOTHHI TepMozmHaMquHﬁ 1ukn KapHo 3 BUKOPUCTAHHSIM HU3bKOMOTEHLIIHOTO Jkepena TeMmnoTH TPYHTY.
Leit kst cynpoBoKy€ThCs MiHIMAJILBHUMH BTpaTaMu IpH z[pocemoBaHm pmxoro XA 1 Bupimrye npo0ieMy KOpUCHOTO
TeMIOBHKOPHCTAHHS Ui T IBATICHHS TeMIeparypu TETUIOHOCIS, SIKMI HarpiBaeThCS IS CHCTEMH OlajieHHs. BukoHano
SHEPreTUYHHH 1 eKCepreTHYHUI aHali3u MoKa3HUKIB epekriBHOCTI TH, poGounm TisioM sikoro € R134a. Exeprerndny
edektuBHICTh MKy TH «rpyHT-BOma» omiHroBanmu koedimieaToM Tpancdopmanii TH (COP), skuit 3a pozpaxyHkamu
nopieaioe 4,8. TepmoauHamiuny edektuBHicTh TH «rpyHT-BOIa» B cMcTeMax ONMalieHHs PO3IIISAIAIH 32 IOTTOMOTOK eKC-
epretranoro KK/, Bin ctaHoBHTE 56 %.

KurouoBi ciioBa: TemioBuil Hacoc, HU3BKOMOTEHIIITHE JHKepeno TeIoTH, KoedilieHT TpanchopMallii TemIoBoro Hacoca,
CHCTEMa OTaJIeHHS, TePMOIMHAMIYHA €()eKTHBHICTb.

AKTYAJIBHICTb POBOTU. Hwuni 3actocy- AKTyanpHICTh 3aCTOCYBaHHSI TETUIOHACOCHHUX
BaHHs TeroBux HacociB (TH) — me anprepHaruBa TEXHOJIOTI! B Pi3HUX chepax eKOHOMIKH Ta iX mepe-
TPaJULiHHUM TETJIOCHEPIeTUYHUM  YCTaHOBKAM. Barv Npy BUPOOHUIITBI TEIUIOTH OOTOBOPIOIOTHCS HA

TerutonacocHi TexHOJOTI{ € OAHUM 13 e€(EeKTUBHUX MDKHapOIHUX KOH(EPEHLIsAX, a TaKoX BHCBITIIO-
eHepro3oepirarounx Croco0iB, MO Aa€ MOXKIIUBICTh IOTHCSl B HAYKOBUX BUAaHHAX [7-9; 10—17].
B CHCTEMax TEIUIONOCTaYaHHsI eKOHOMUTH NAIMBHO- TeroHacocHa TEXHOJIOTIS OTPUMaHHS TETJIOTH
CHEPreTUYHI PeCypCH, B3HUXKYBaTH 3a0pyJAHCHHS 3aBJSIKM  BUCOKIM CHEpPreTHuHid e(PEeKTHUBHOCTI
JOBKUUISA, 3aJ0BOJIBHATH IOTPEOM CIOXKMBA4iB  JIO3BOJISIE 3MEHIIHWTH 3aTPaTH BapTICHUX TPaauLlili-
y BUPOOHUITBI TeXHONOTiuHOI Terutoth [1-4; 6; 7]. HUX OpTaHIYHHWX BHJIB MalnBa (TBEPAUX, PIAKUX,
TH, siki BUKOPHUCTOBYIOTH TTOHOBIIOBAIBHI TPH- Ta30moaiOHNX), 3HW3UTH 3a0pYIHEHHS TOBKULISA
POAHI JpKepena TEIUIOTH Ta HU3bKOTEMIIEPaTypHi 1 BUPIIINTH aKTyaJIbHI CydacHi MPOOIEMH TEIUIOTOC-
BTOPHMHHI EHEPropecypcu Mjsi MEpPEeTBOPEHHS iX TadaHHs [4-6; 7].
B TEIUIOTY, IIMPOKO 3aCTOCYBYIOThCS B OaraThox Tomy, Bukopuctanus TH nis cucrem onaneHHs,
cthepax exoHomiku i modyTy [2; 3; 5-7]. rapsiaoro BOAOTIOCTAYaHHS € aJJbTePHATHBOIO Tpa-
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TUIIHHUM croco0aM, TaKuM sK I[EHTPai30BaHe
BOJISTHE OITAJICHHS, CJIEKTPoOoOirpiB. MOXKIHBICTE
BHKOPHCTAHHS 3BOPOTHHOTO TEPMOJMHAMIUYHOTO
uukiy KapHo B omamioBalbHUX 1 OXOJOIKYBaJlb-
HUX MPUCTPOsAX Oyia BiAKpHUTa ITOCTATHHO JABHO,
a B Ham yac TH orpumaB mupoke po3HOBCIO-
mxeHas [1; 3-9].

TH nepeTBOpro€ HU3BKO-TIOTCHIIIHHY TPUPOTHIO
TEIJIOBY €HEprito, abo TEemIOTy BTOPUHHUX HU3BKO-
TEMIEpPaTypPHUX EHEepPropecypciB B €HEPTi0 OUIBII
BHICOKOTO TEMIIEPATypHOTO TTOTEHITIATy IS 11 TIpaK-
TUYHOTO BUKOPUCTAHHS B CHUCTEMax TeIUIONOoCTa-
yanHs. [lepeTBOpeHHsT UX €Hepriii BigOyBaeThCs
B 3BOPOTHBOMY TEepMOIMHaMidHOMY LUkl Kapno
1 TIepeHoC eHeprii 3 HIKHBOTO TEMIIEPaTypHOTO
piBHS Ha OULTBII BHCOKUI BHKOHYETHCS 32 PAXyHOK
MeXaHIuHOI (EJIEKTPUYHOT) eHeprii, sika 3 30BHI MiJ-
BoAUTHCS 10 Kommpecopa TH [1-4; 7].

JlxepenaMu  HH3BKOTIOTEHITIHHOT TEIUIOTH IS
3actocyBanHs B TH € armocdepne mositps, Bona
MIPUPONIHIX BOJONM, IPYHT, IPYHTOBI BOIIH, 8 TaKOXK
JDKEpena TeMJIOTH, CHUCTEM OXOJIOKEHHS Pi3HOMa-
HITHOTO TEXHIYHOro OOJamgHaHHA ab00 TEXHOJIOTrIY-
HUX TIPOIIECiB, TEIIOTa BiANPAIbOBAHOTO IMOBITPA
cucteM BeHTW LT [ 1-4; §].

[Ipu 3acTocyBaHHI TEMJIOHACOCHOT TEXHOJIOTIT
e¢()EeKTHBHO 3HIKYETHCSI CIIOXKHBAHHS €JIEKTPO-
erneprii. TH mponmoHy0Th TPOMHUCIOBHM 1 KOMEp-
HIMHUM ~ CIOKMBayaM €JEeKTPOCHeprii  3HavHi
MOKJIMBOCTI ISl 3HMDKEHHS BUTpAT, MOB’S3aHUX
3 migirpiBom Boaum [9].

st BuzHaueHHs epexTuBHOCTI podotn TH HEOO-
X1JIHO BPaxOBYBAaTH Pi3HI PEIKUMHU TPOTITOM OIAITIO-
BaJILHOTO MEPioAy 1 TPUBANICTH Temmeparyp. To0To,
HaNpHKIag, 3a TeMneparypu nositps 7 °C noBiTpsiHi
TH MoXyTh MaTé KOEQIIli€HT TEPETBOPCHHS, IO
JIOPIBHIOE 5, a TPUBANICTh TAaKUX TEMIEpaTypHHX
MepioiB JOCUTH BUCOKA MTPOTATOM pOKy. JomomixkHi
Jokepena, Hanpukian, TEHu € HeBix eMHOO YacTu-
HOIO cucteM 3 noBiTpstauME TH. [Tpu BuKOopucTanHi
TH tumy «mosiTps-Boga» 3 BOymoBannmu TEHamn
CepeIHbOPIUHUI KOe(illieHT MepeTBOPEHHSI CTaHO-
BuTh 2,5 [10]. Bubip periony, mo miIXoauTh AJs
BIIpOBaUKEHHS NOBITpsHUX TH, moBuHEH nmpoBoau-
THUCS 3 ypaxyBaHHSAM HE TiJIbKU PO3PaXyHKOBUX MiHi-
MaJIbHUX TEMIIEPaTyp, a i BCiX 1HIIMX KIIMaTHUYHHX
MOKA3HUKIB, TAKHUX SIK CEpelHs piuHa TeMIepaTypa,
Jliarma3oH TeMIieparypHux KoiauBasb [10].

B Hopsgerii, CIIIA i Kanazi 3 cyBopuM KJIiMaToM
nepeBara Hajaerbca IpyHToBUM TH Ta 3 mosBoro
HU3BKOTEMIIEPATypHUX CIUIIT-CHCTEM, IO MAalOTh
HWKHIO MEXY eKcinyaramii Ha obirpiB g0 —20 °C,
Bi/I3HAUA€THCS TonuT Ha Takwit Tim TH [11].

IIpupomni mxepena TEIIIOTH, Taki sk Boma, abo
IPYHT MarOTh TIEPEBAry y TMOPIBHIHHI 3 TIOBITPSIM.

IpyHT — 1e HaiGinbll yHiBEpCalbHE JHKEPENO
PO3CisiHOT TeIUIOTH. BiH akyMyiio€e COHSTYHY €HEpTito
miaui pik. Ha mmbuHi 7 M TemMmepaTypa IpakKTHIHO
nocriiiHa npoTsroM poky. st Oinbmioi yacTuHH
Tepurtopii Ykpainu BoHa ctaHOBUTE §...12 °C. [pyHT
JOCUTh HAIIMHO MOCTa4a€ NPUPOIHIO ITOHOBIIIO-
BaJIbHY HU3BKOTIOTeHIIHHY eHeprito mis TH. Heo6-
XiJIHA eHepris 30upaeThcs IPYHTOBUM TEIIOOOMiH-
HUKOM, 3ariTUONIEHUM Yy 3E€MIIIO, 1 aKyMYJIOEThCS
B TEIJIOHOCI{, SKMH NOTIM IONAETHCS Yy BHUIAp-
HuK TH i1 moBepraeTbcs Haszan 3a HOBOIO IMOPLIEIO
TEIUIOTH. B SKOCTI TEIIOHOCISI BUKOPHCTOBYETHCS
He3aMep3aroua, eKoJIOriYHO Oe3rneuHa piauHa (po3-
cin abo antudpusz). Y 6insmocti TH «rpynr-Bomay
BUKOPHUCTOBYETHCS PO3UHMH BOAM 1 MPOIIICHIIIIKOIIO
abo ermnenmiikomo. TH «po3cin-Boma» myxke edek-
TUBHI 1 JOCATaIOTh MOKa3HUKIB edekruBHOCTi COP
o 5 [2-4; 7].

Tomy, TH «rpyHT-BOIA» 3 pPO3COJIOM € Haii-
OUTBIII TOTTUPEHUM Y CBITI. Y IHX T€OTEPMAaTbLHUX
TH BUKOPUCTOBYETHLCS JIBa BUJIM TETNIOOOMIHHHKIB:
IPYHTOBHI KOJEKTOP 1 IPYHTOBHIA 30H1. BoHu BHroO-
TOBIISIFOTHCS 3 TIOJIETUIICHOBUX TPYO JliaMETPOM [0
40 MM 3 moOaBKaMH TEILIOTPOBITHOTO TIACTH(IKa-
Topa. [ pyHTOBHIT KOJIEKTOP (TOPU3OHTAIBLHUN) SIBJISE
co00r0 JI0BrY TpyOy, TOPU30HTAIILHO BKJIAJICHY ITiJT
HIapOM IPYHTY.

TH nouinbHO BHUKOPHCTOBYBAaTH B CHCTEMax
TEIJIONOCTa4YaHHsI, BOHU TMOKa3all CBOI €(EKTHB-
HICTH 3aBASKH Iepejadi CIokuBadeBi B 3—5 pasis
Oinmpine eHeprii, HiX BUTpayaroTh Ha il mepenady.
Kpim Toro, B TH BHUKOPUCTOBYIOTHCSI E€KOJOTi9HO
YUCTI TEXHOJIOTIi MPaKTHIHO 0€3 BUKUIIB IIIKiJIH-
BUX PEUOBHH B JIOBKiLIA [2—4; 6-8].

OTXe, METOK JIaHOI CTaTTi € TePMOJUHAMIUHE
JocIipkeHHsT  e(heKTUBHOCTI BrpoBapkeHHs TH
B CHCTEMi ONaJCHHS TPHUMIIICHHS TIPH BUKOPHC-
TaHHI TETUIOTH IPYHTY.

MATEPIAJI I PE3VJIbTATU JOCIIIKEHD.
TH — 1e npucTpoi 3 BUCOKOIO EHEPIeTUIHOIO eeK-
THUBHICTIO, €KOJIOMYHOIO YHCTOTOKO 1 IOBHOKO aBTO-
MaTH3alli€l0 MPOIIECY eKCIUTyaTallii, 1o 00yMOBITIO€E
abCoIIIOTHY 3aMiHy TpaAMLIHHUX CIOCO0iB BHPOO-
HULTBA TEIJIOTH Ta BKa3ye Ha JOUUIBHICTH 3aCTO-
CyBaHHS B CHCTEMax TEIJIONOCTa4aHHs TEIJIOHa-
cocHoi Texnosorii [7; 12; 13]. TH MoxyTh Takox
3aCTOCOBYBATHUCS B KOMOIHAII{ 3 iHIIUMU HETpaIu-
UiIHHUMH JKepelaMy TEIUIOTH, TAKUMH SIK COHSYHI
BOJIOHArpiBayi, Oi0OEHEPTeTHYHI yYCTaHOBKH, yCTa-
HOBKHM 3 TIepepoOKH 1 CTafOBaHHS TBEPAUX TMOOY-
TOBUX BIJXOJIB.
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Haii0inpmoro nommpenHs HaOyau MapoKOMITpe-
cittni TH, y sixux B AKOCTI poO0OYOro areHTa, BUKO-
PHUCTOBYIOTHCSl XONOAMJIBbHI areHTH. Cxema mapo-
komnpeciitnoro TH HaBenena Ha puc. 1.

lo,Fs

L P
e P

LT
]
\

s
(&)

Pucynok 1 — Cxema napokommnpeciitnoro TH
1 — sunaprux; 2 — komnpecop; 3 — eleKmpoosucyH,
4 — koHOeHcamop; 5 — Opocenb

VY BumapHuky | npu noctiiHoMy THCKY P, 1 TeM-
neparypi 7, 3OiHCHIOETbCS BHIIAPOBYBAHHS XOJIO-
JUJIBHOTO areHTa NpH MiABEACHH] TEIUIOTH BiJl HU3b-
KOTIOTeHIIWHOTO pKepena Tertoty (puc. 1). [ligirpis
HAaCHYCHUX IMapiB XOJIOAMIBHOTO areHTa Mpu THCKY
P, BinOyBa€eThCsl TEMIOTOIO rapsuoro PiKoro XoJio-
JUJIBHOTO areHTa 1o cTaHy neperpitoi napu. [lepe-
rpita napa 3 Temreparypor 7, HaJIXOIUTh Ha BXiJ
KoMIIpecopa 2, B SKOMY BOHA CTHUCKAa€ThCS A0 KiH-
LEBOrO THCKY Py 3 MiIBUILEHHSM TEMIIEpaTypH M0
T,. CTuCHEeHUI map 3 mapaMeTpaMH IeperpiToi mapu
HaIXOIUTh B KOHIEHCATOP 4, JIe CIIOYaTKy BimOyBa-
€THCSl HOTO OXOJIOJKEHHSI 13 CTaHy Teperpitoi mapu
J0 CTaHy HACHYCHHS, a MOTIM KOHJCHCALsl TpH
MoCTiitHOMY THCKY P, i Temnepatypi 7. 3 KOHIeH-
caropa 4 KOHJICHCAT XOJOAWIBHOIO areHTa IMOCTY-
a€ B IPOCEIbHUI KJIanaH 5, B IKOMY 3[[IHCHIOEThCS
MpoleC APOCETIOBAHHS XOJOAMIBHOTO areHTa Bif
TUCKY P, 10 TUCKY P, 31 3HIKEHHAM HOTO TemIiepa-
TYpH B TIPOIIECi 130€HTANBIIITHOTO pO3MIHpPEHHs 3 T
Jo Temrneparypu 7, y BunapHuky 1. I 3HOBY Tepmo-
JTMHAMIYHUH MpoIiec MOBTOPIOEThCS [2—4; 8.

B mporeci peanizariii TepMOIMHAMIYHOTO TTUKITY
JI0 XOJIOMWJIBHOTO areHTa y BHIApHUKY | TmiJBO-
JIUTHCSI TETIOBA EHEPTisl B/l TEIUIOBII/IaBaya TEeIUIOTH
TPYHTY 3 OXOJIOJUKEHHSIM HOTO TEIIOHOCIS 3 TeMIIe-
parypu T, no T’y EnextponBurynom 3 B KOMII-
pecopi 2 MiIBOIWTHCS MEXaHIYHA €Hepris B Mpo-
Leci CTHCKYBaHHS XOJNOAWJIBHOTO areHTta. [lpum
LBOMY MM HE KOHKPETH3YEMO 3 SIKOTO BHXIJHOTO
BHJly €Heprii (eJeKTpUYHa, TEeIIoBa Ta iH.) OTPH-
MaHa MEXaHiuHA SHEpris Ha Bajy Komrpeccopa 4.
BinBeneHHsST KOPUCHOI TEIUIOTH JIO 30BHIIIHBOTO
CIIOJKMBa4a 3IIHCHIOETbCS B KOHJEHcATopi 4 mpu

HarpiBaHHi TETJIOHOCIS 30BHINIHBOTO TEIUIONPHI-
Maua mepexkeBoi Bomgu (MB) 3 temmneparypu 77,
mo T\, Ilpm BHUKOPUCTaHHI TAPOKOMIIPECIN-
Horo TH B cucremax TemionocradyaHHs CIOKHBa-
yaM# TeTuioBoi eHeprii € cucremu omnaneHHs (CO)
i rapsiaoro Boponoctayanus (I'BIT). J{ns onmanenHs
BUKOPUCTOBYETHCSI ~ TEIUIOTA, 10  BHIUISIETHCS
B KoHJIeHcaropi 4 TH [2-4].

st TepMoAMHAMIYHOTO po3paxyHKy nukiay TH
«TPYHT-BOZa» HaBEJEMO TPHUHIMIIOBY CXEMY, SKa
npeactasieHa Ha puc. 2. TH «rpyHT-BOma» mpu3Ha-
yeHUN Ui 3a0€3ledYeHHs CIOKUBAYiB €KOJOIIYHO
YUCTHM TEIUIOM JIIsi TOTpeO OMalieHHS 3 BHKO-
PUCTaHHSM HH3BKONIOTEHIIIHOT TEIUIOTH TPYHTY
+5...+10 °C. Ilpm 3actocyBanui TH «rpyHT-BOma»
MOYKHa OTPUMATH TEIUIOHOCIH CHCTEMHU OMaJICHHS
3 Temmneparyporo 55...75 °C.

Pucynok 2 — Ilpunuunosa cxema TH «rpyHT-BOzIa»
1 —epyum, 2 — poscin, 3 — nacoc, 4 — unaprux,
5 — komnpecop,; 6 — erekmpoosucym; 7 —
KoHOeHcamop, 8 — cucmema onajiexts,;

9 — xonoooazenm R134a; 10— opocens

s TH «rpyHT-BO1a» BUOMpaEMO 030HOOE3IEY-
Hui xononoareHT R134a, skuil Mae mupoke 3acto-
COBYHHs. JIsI HHM3BKOMOTEHIITHOTO TETUIOHOCIS
TEIUIOTH TPYHTY npuiiMaemo 7', = 281 K (+10 °C),
T"w=279K (+6 °C), a nias TEIUIOHOCIS CHCTEMHU
omanensst 7", = 338 K (+67 °C). [Ipuiimaemo KiH-
IeBl PI3HUIN TEMIEepaTyp Ha BUXOMI 3 TETUIOOOMiH-
HuX amapartiB: y Bunmapauky AT, =71, —T,=3 K,
aBkoHueHcatopiAT, =T, — T",, =5 K[2-4; 15;17].

TepmonuHamiunuii  po3paxyHok 1mmkiny TH
«IPYHT-BOAA» HAcTynHuii [2—4; 15].

Temmeparypa Hacudenoi mapu R134a na Buxomi
3 punapHuka [17]

T,=T"". —AT,. (1)
Temmeparypa KOHJICHCAIIi1 R134a

B KOoHJIeHcaTopi [17]
T=T" \wt AT, 2)
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Cryninb ctucHenHs R134a B kommpecopi
e=PJP,, (3)

ne P.-2,2 MIla, P,-0,35 MIla — Tuck KoHaeHcaIil
i BunapoByBaHHs R134a npu Temneparypax 7 i T,

TeroBi HaBanTaxkeHHs B TH «rpyHT-BOma»
npezacTaBieHi Ha p-h pgiarpami (puc. 3), Ae BOHH
HaBEJICHI Y BUIIIA/ BiJNIOBITHUX BiJIPI3KiB MPSMUX
JHIA, M0 Bi0OpaKarOTh OCHOBHI TePMOIWHAMIYHI
MIPOIIECH.

P 4x
MnaA 4, v
2ok 3 mZ’ 2
’ L/
Te=276K
0354 .
4 1 !
x=0
x=1
210 408 460 h,x/lnc/xe

Pucynok 3 — Iukn TH «rpyHT-BO#»
B p-h-miarpami

Enepretnuny edexrunicte TH «rpyHT-BOZA»
OIIIHFOEMO 3a JIOTIOMOTOIO0 p-A niarpamu (puc. 3).
IIutoma poboTa CTHCHEHHSI B KOMITPECOPi
ZCT:hz—hl. (6)
[InToma TerioBa MOTYXHICTH KOHJEHCATOpa
G = hy— hs. (7
[Iutrome TemnoBe HABAaHTAXKEHHS BUMIAPHUKA
Gs =y — ha. 3
[IpaBUIIBHICTE PO3paxXyHKy BH3HAYAETHCS TEpe-
BipKOIO TEILUIOBOTO OaslaHCy

ler + @5 = G ©)
IMutoma BUTpara MEPBUHHOI eHepril (eaeKTpo-
eneprii) TH Ha oguHUIIO BUPOOIICHOT TETUIOTH

rn = /4. (10)

ITutoma SHepTis, sIKa CIIOKUBAETHCS
eHeKTpo,Z[BI/IFyHOM

W= lee/Men. ™ Nes (11)

Ie Ne. = 0,95 — enexrpomexaniunauit KKJ[ xommpe-
copa, M., = 0,85 — KK]I enekrponsurysa [4].
Koediuient Tpancopmanii rermorn TH
COP = @y, / Ly (12)

Takox MOXKHa BU3Ha4aTH KoeilieHT Tpanchop-
Martii Termord TH iHImmMM MeTomoM, HanpuKiIai,

COP = COP; Ny, (13)
JI€ M — KOCDIIIEHT, SIKUH BpaxoBye peayibHi Tpo-
HecH, 1o 3AiHCcHIOIThCs pobounM Tinom y TH, sikuit
3TiJTHO 3 PSJIOM JDKEpeN TEIUIOTH 3MIHIOETBCS B Jlia-
na3osi 0,6...0,8 (mpuitmaemo n,, = 0,6) [15]; COP, —
TeopeTHuHuH KoedirienT Tpanchopmarii TH.

Koediuient tpanchopmaliii TemaoTH i1eaibHOTO
nukiay Kapano COP; 3 ypaxyBaHHSIM TEIUIOBUX HEO-
OOpoTHOCTEH y BUINApHUKY Ta KoHueHcaropi TH
BH3HAYAETHCS 32 CITIBBIIHOIICHHIM

COP, =T,/ T.— T, (14)
ne T, — abconmroTHA TeMIlepaTypa BUIIapOBYBaHHS
R134ay Bunapuuky TH, K; T, — abcontoTHa TeM-
nepatypa koHaeHcauii R134a B konzeHcaTtopi
TH, K.

Exceprernunuii pospaxyHoxk TH «rpyHT-BO#a»
BUKOHAHWH Ha OCHOBI BHU3HAYEHHS €KCepriii mpu
poboti TH Ta ekcepreruunoro Oayiacy migBeIeHOT
1 BiIBEZICHOI eKceprii B KOXKHOMY €JIEMEHTI 00Jaj-
HaHHs TH «rpyHT-Bozmax» [13—-17].

Exceprernunuit KKJ[ TH «rpyHT-BOJa» NOKa3ye
CTYHiHb TepMOIUHaMiuHO1 ockoHanocTi TH 1 pos-
paxoByeTbCs, K BimHOMIEHHS BiaBeneHoi Bim TH
ekceprii 10 miaBeaeHoi exceprii [7; 13—17]

Nex = Csin. / Cnin, (15)
e  Cup =€, BimBenena Bim TH  excepris;
Cuix = €4 T €. — cymMma migBenenoi mo TH ekceprii;
€, — IUTOMa EKCEPrisi, BiJIBE/IEHA CEPEIOBHUIIIECM, SKES
HarpiBaeTbes Bij koHaeHcaropa TH; e, — muroma
eKcepris, MmBeJicHa 0 BUMApHUKA HU3BKOIIOTEH-
[IHHOTO JpKepena TEeIUIOTH; €, — MUTOMa eKCepris
CJIEKTPUYHOT eHeprii, miABeACHOI 10 KoMIpecopa Ha
HpUBi.

Exceprist orpriMaHa BUCOKOTIOTEHIIIHHAM JKEpe-
JIOM y KOHJEHCATOPi

€ = Ts G (16)
JIe T, — €KCEepreTHYHa TeMIIeparypa BHCOKOIOTCH-
LIITHOTO TEIUIOHOCIS
T —(t,. +273)

Cp.MB.

T, = (17)
T Cp.MB.
Cepenns sorapudmidaa TeMIeparypa rapsaoro
TEIUIOHOCIs

1ot

TCD'MB. = ln t;B +273 N (18)
1, —273

Ekcepris Bijjiana HU3bKOITOTEHI[IHHIM TEIUIOHO-
CieEM y BUIIQPHUKY
€ = Tuqs, (19)
Jie T, — CKCepPreTHYHa TeMIIepaTypa HU3bKOMOTCH-
LIHHOTO TEIJIOHOCIS
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_ Tcp.l-m

—(t,. +273)
b
T Cp.HT.
e t,.. — TeMIIepaTypa HaBKOJIHUIIHLOTO CepeIOBHUIIA
Cepenns norapudmiuna Temreparypa HU3bKOIO-

TEHIIITHOTO TEIJIOHOCIA

T

Cp.HT.

T

H

(20)

— tIZIT —1 l;’T
In t +273"°
1 =273
Excepris enekrpoeHeprii, 110 BUTpa4aeThcs Ha
MIPUBIJ KOMITpecopa

€2y

l

_ta
ne.M.ne

Pesynbrati mpoBeseHOTO BUILE TEPMOJHMHAMIY-
HOro po3paxyHKy mmkiny TH «rpyHT-BOma» mpen-
cTamiieHi B Ta0m. 1.

BukoHaHnii BWIEG TEPMOAWMHAMIYHHWHA aHAII3
SHEePreTHYHHX 1 EKCEPreTHYHHUX BTPAT JIa€ 3arajibHe
yABJICHHS TIPO TEPMOAMHAMIUHY e(EKTHBHICTb
nukny TH «rpyHT-BOa», Ha MiJCTaBi SKOTO MOXKHA

€

C=w

(22)

3pOOHUTH BUCHOBOK PO BHECOK TOTO, UM 1HILIOTO eJIe-
MeHnTta TH «rpyHT-BOma» B €(EKTHUBHICTH TEPETBO-
PEHHS IOTOKIB €HEeprii.

Jnst npuiHATTS OPaKTUYHUX PIIIEHb LI0X0
3MEHIICHHS eKCEPTeTHYHHX BTPAT B EJIEMEHTax
TH «rpyHT-BOZ@» B LIJIOMY HEOOXiZHO MaTH
iHbOpMAaIlifo TIPO BJIACHI 1 TEXHIYHI BTpaTH €KC-
eprii B KOXXHOMY 3 eJeMeHTiB. BTparu excep-
rii Hepo3pHWBHO TOB’s3aHi 3 (I3UYHOIO TPHUPO-
JIOI0 KOHKPETHOTO TEPMOJAMHAMIYHOIO TPOIECY.
Hanpukian, BillacHUMH € JApOCENbHI BTpaTH,
a TakoX BTpaTH, 3yMOBJIEHI HarpiBaHHSIM pPo0O-
4YOoro Tija BiJl raps4uX MOBEPXOHb KJIANaHIB
1 CTIHOK HWJIiHApa IOPITHEBOTO KOMIIpecopa.
Jo Texuiuynux BrpaT B TH «rpyHT-BOJa» MOXHA,
HaIPUKJIAJ, BiTHECTHA BTPATH €KCeprii, moB’ s3aHi
3 TEIUIOOOMIHOM TpH KIHIEBUX PIZHUISX TeM-
nepaTtyp, TiApaBiiuHi, dYepe3 TeII0i30MsALilo,
MOB’s13aHI 3 HASIBHICTIO MEPTBOTO TPOCTOPY
1 HeIIUJIBHICTIO B MMJIIHpax KOMIIpecopa.

Tabnuus 1 — TepmoauHamiuHuil po3paxyHok mukiry TH «rpyHT-Boga»

[Tapametp Po3mipHicTh @opmyna | PospaxyHkosi
PHCYHOK 3HAYCHHS
1 2 3 4

Temnepatypa BunapoByBanHs areHta R134a, T, K (1) 276
Entanemis areara R134a micns Bumapauka, /; kJx/KT Puc. 2 408
Tuck arenta R134a y Bunapuux, P, MIla Puc. 2 0,35
Temmepatypa koHaeHcarii areara R134a, T, K 2) 345
Enranemist arenta R134a micis kouaeHcaropa, /s K JK/xT Puc. 2 210
Tuck konaeHcarii arenra R134a, P, MIla Puc. 2 2,2
Enranpmis arenta R134a Ha BXoJi B KOMIIpecop, /1, kJDx/kr Puc. 2 408
Enranbnis arenra R134a miciist komnpecopa, A, k/DK/KT Puc. 2 460
EnTanemis arenta R134a nepen Bunapauxom, /A kJx/KT Puc. 2 210
[TuToMe TemyI0Be HaBaHTAXKEHHS BUNIAPHUKA, ¢, k/DK/KT (7 198
EIHE(EI;/IC)TGHHOBC HaBaHTaKeHHS KOHAEHCATOPa, (TEIUIOBOTO HAacoca), K I/ KT ®) 250
[Turoma poboTa CTUCHEHHS B KOMIPECopi, /; k/JDK/KT (6) 52
[TuToMma eHepris, SKa CIIOKUBAETHCS €TCKTPOIBUTYHOM, W kJx/KT (11) 68,4
[TepeBipka TerioBoro Oaanca — ©) 250
KoeirieHT cTUCHEHHS, € — 3) 6,28
Koeginient nepersopenns remora TH, COP (12) 4,8
COP - (13) 3,0
COP, (14) 5,0
[TuroMa BuTpara mepBUHHOI €Heprii, e,, k/DK/KT (10) 0,21
CepenHs TeMIeparypa HU3bKONOTEHIIIHHOTO TETIIOHOCHS, Top K (21) 279
Exceprerudna temrieparypa HU3bKOIOTEHIIIHHOTO TEIUIOHOCIS, T, - (20) 0,057
Excepris, Bigmana HU3bKOMOTEHIIITHAM TETIJIOHOCIEM, €, kJK/xT (19) 11,3
Cepeanst TemMIieparypa BUCOKOIIOTEHIIIHHOTO TEINIOHOCIS B KOHIeHcaTopl, Tt K (18) 322
Exceprernina remmeparypa BHCOKOIIOTEHIIITHOTO TEIUIOHOCIS - a17) 018
B KOHJIEHCATOPI, T, ’
Excepris, ofgeprkaHa BUCOKOIIOTCHIIITHUM TEINIOHOCIEM B KOHJICHCATOPI, €, k/DK/KT (16) 45
Exceprist CIio)KMBaHOI €JIEKTPOCHEPTii, €, kJx/KT (22) 68,4
Exceprernunnii KKJI TH, ne, — (15) 0,56
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ToMy, HEOOXiZHO TPOMOBKUTH JOCIIIKESHHS
B I[LOMY HAIPSIMKY, IPUHHSBIIN 32 OCHOBY PO3IJIsi-
HYTUH BHINE TPHUKIAT TEPMOJAMHAMIYHOIO pO3pa-
XyHKy U1t TH «r'pyHT-BOJa», IKMI IIPALIFOE HA XOJIO0-
JibHOMY areHTti R134a.

BUCHOBKM. 1. TepmoguHamiuHe 10 CIiHKEHHS
edexTuBHOCTI 3acTocyBanHs TH «rpyHT-BOma» mitst
CHUCTEMH ONaJICHHS MPHUMIIICHHS BUKOHYBAJIOChH
[pU BHUKOPHCTaHHI HU3BKOIOTEHLIHHOIO JKeperna
TEIUIOBOI €HEePTrii TPYHTY.

2. 3a momomororo koe(illieHTa IMepeTBOPEHHS
COP TH ouiHoBanu eHEpreTHYHy eQeKTHUBHICTI
TH «rpyHT-BOAa», poOOYUM TiJIOM SIKOTO € XOJIO-
munbHUE  areHT R134a, 3a po3paxyHkamMu BiH
nopiBHIOE 4,8.

3. MeromoM EeKCepreTUYHOro aHajizy po3pa-
XOBaHO TEPMOIMHAMIYHY €(EeKTHBHICTh IMPOLECIB
MEpeTBOPEeHHs eHeprii, mo BixOyBatorbcsi B TH
«IPYHT-BOAQ» 3a onioMororo exkceprernynoro KK/I,
BiH CTaHOBHTH 56 %.
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Purpose. The article presents a thermodynamic analysis of the efficiency of the use of advanced heat pump
technologies for the space heating system using a variety of natural sources of thermal energy, especially soil heat.
Methodology. Improving the efficiency of the heat pump (HP) depends on the perfection of the cycle of the HP,
and the choice of the working fluid of the refrigerant (HA). The schematic diagram of TN “ground-water” for the space
heating system is given. The cycle of work of TN “soil-water” in the p-h-diagram is resulted. Results. The results
of comparative calculation of efficiency indicators of steam compression heat pump (TN) using natural soil heat
sources are given. The results of calculation of indicators of efficiency of work of the steam compression heat pump
(TN) with use of natural sources of heat of soil are resulted. This cycle is accompanied by minimal losses during
the throttling of liquid refrigerant and solves the problem of useful heat use to increase the temperature of the coolant
that is heated for the heating system. Energy and exergy analysis of TN efficiency indicators, the working fluid of which
is R134a freon, was performed. TN “soil-water” was evaluated by the transformation coefficient of TN (COP). The
thermodynamic efficiency of groundwater water in heating systems was determined using exergetic efficiency.
Originality. Thermodynamic study of the effectiveness of the application of TN “soil-water” for the space heating
system was performed using a low-potential source of thermal energy of the soil. Practical value. Using the conversion
factor COP TH evaluated the energy efficiency of TN “soil-water”, the working fluid of which is the refrigerant R134a,
which is calculated to be 4.8. The method of exergetic analysis performed the thermodynamic efficiency of energy
conversion processes occurring in TN “soil-water” using exergetic efficiency, it is 56 %.

Key words: heat pump, low-potential heat source, heat pump transformation coefficient, heating system, thermodynamic
efficiency.
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The article presents the results of a theoretical study with using a mathematical model of a potentially unstable
dynamic system tool holder-carriage-workpiece and the cutting process, at the influence of the tool holder subsystems
damping parameters on the relative value of the vibration resistance level. Known ways to increase the vibration
resistance of turning is to reduce the negative impact of the “coordinate links” between the elastic displacement of cutter
and machined workpiece during cutting process through the use of an additional tool holder with an oriented position
of the center of rigidity or a tool holder with increased damping characteristics. It is relevant to study the feasibility
of a simultaneous combination of these two directions for increasing vibration resistance in one tool holder design.
Based on the results of simulation modeling of the cutting process and evaluation of its constancy according to
the Nyquist criteria, it was found that a relative increase in the damping parameter in the design of a tool holder with
an oriented center of rigidity leads to a decrease in the relative level of the amplitude of fluctuations in the distance
between the cutter and the workpiece and a simultaneous decrease in the vibration resistance of the machining process.
Therefore, in the case of high-performance machining at the upper-limiting cutting conditions on a lathe, in order to
counteract the occurrence and increase in self-oscillations due to deficiencies in the elastic characteristics of the carriage
construction, it is effective to create special vibrations of the cutter directed in a certain way through the use of special
toolholders with a subsequent decrease in self-excitation energy. An increase in the damping parameter in construction
of such a special tool holder through the use of plastic materials leads to a decrease in the effectiveness of its useful
vibrational effect on the cutting process.

Key words: vibration, vibrostability, tool holder, lathe work, the dynamics of machines, center of rigidity.

PROBLEM STATEMENT. The task of increasing ~ the tool increases. Therefore, when turning parts
the processing productivity of lathes with a given  under special conditions of cutting conditions, when
machining accuracy is directly related to the issue  the cutting force is significantly increased, which
of improving the dynamic quality of machine tools, ensures high productivity, for example, for large
especially their carriage system. The dynamic  machine tools, it is necessary to ensure the conditions
quality of the machine tools system to a greater  for the inadmissibility of self-oscillations during
extent characterizes the stability of the movements cutting because this leads to a significant decrease in
of its working parts during cutting. Insufficiently  cutter stability and possible undermining of the cutter,
high dynamic stability worsens the technical deterioration in the quality of the machined surface,
and economic performance of the machine tools, it as well as increased wear on the machine tools rail.
leads to a decrease in the quality of the machined A difficult and wurgent task is to choose
surface and increases the cutting tool wear. the optimum in terms of the dynamic quality

Known studies of the dynamics cutting process of lathe carriage construction. Solving the problem
confirm the significant influence of the vibration of the dynamic stability of a machine tool during
level during processing on the cutting tool stability. cutting process requires a deep understanding
The results of experimental studies indicate that with ~ of the essence of dynamic processes during cutting,
an increase in the amplitude of self-oscillations, taking into account the multifactorial dependencies
the wear of cutting tools increases, and the frequency with multilevel correlations of system parameters.
of oscillations of the dominant machine tools dynamic Because of this inherent complexity of the dynamic
sub-system also affects tool wear. It was found that system of research, questions about the dynamics
vibrations at low frequencies affect wear at relatively ~ of lathes are generally problematic.
large amplitudes, however, with an increase in Theoretical and design developments to
frequency, the intensity of the destructive effect on ~ address the issue of improving the dynamic
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quality of a potentially unstable machine tool
carriage system during cutting process require
the identification and subsequent consideration
of the necessary optimal ratios of the elastic
system parameters, elastic and dynamic parameters
of the dominant dynamic subsystem. An effective
solution to increase the vibration resistance
of'the machining process can be the use of a machine
carriage construction structure with a stable optimal
orientation of the rigidity axes or using special
equipment like the toolholder with an oriented
position center of rigidity [1; 2].

Consequently, the productivity and accuracy
of the machine tool is largely determined by
the quality of the dynamic processes that take
place in the “carriage-workpiece” system during
cutting. These processes are very complex and not
fully understood, but they are not indirectly related
to the overall problem of system stability. There
is a known method [3] for correcting the dynamic
characteristics of a lathe with minimizing the dynamic
error during cutting due to a specially introduced
elastic element into the elastic system of the machine,
implemented in a special design of the cutters.
This element redistributes the elastic deformations
of the cutter with compensation for processing
deviations in the cross section of workpiece.

Nyquist Diagram

2 T T T T

2dB-..

AlS| 1045 Steel

MATERIAL AND  RESULTS.  Analyze
of the damping parameters influence of tool holder
with an oriented center of rigidity on the turning
vibration resistance in articles, the structure [4]
and differential equations [5] of the developed
mathematical model of the dynamic system
of the machine tool are given, in which the elastic
and dynamic properties of this tool holder are taken
into account.

Since high-performance turning with increased
cutting forces, for example, at roughing stages
of processing, as well as for heavy lathes, is limited
by insufficient vibration resistance, therefore,
rigidity and geometric accuracy are not a significant
factor in the use of such tool holder equipment.
Therefore, the use of tool holders with an oriented
position of center of rigidity will have the greatest
efficiency and economic feasibility for processing
parts of especially large diameters (up to 2500 mm)
on heavy lathes of models 1A670, IM665, 1K670F3,
1A665F3, 1K675 in the manufacture of bladed
hydraulic turbines.

The vibrationresistance increase and productivity
of metal-cutting machine tools can be achieved
by increasing their rigidity or, with even greater
success, by increasing their damping capacity. The
damping ability of the tool or tool holder can be

Oscillation Diagram
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Figure 1 — The Nyquist and Oscillation Diagram of an unstable lathe dynamic system
using ordinary tool holder during cutting process
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increased by constructive damping, that means, by
increasing the resistance at the joints, at the junctions
of the cutting tool inserts with the cutting block
and the block with the tool holder, as well as active
damping, that also knowns as introducing vibration
damping devices into the design of special tools
or tool holders. One of the options for such cutter
designs, where damping resistance at the joints is
used, are special “glue fixed cutters”. These cutters
consist of auniversal holder in which various cutting
blocks are mechanically attached (depending on
the transition). A hard-alloy plate of cutter is glued
into the seat of the cutting block with a special heat-
resistant adhesive glue. Heat-resistant adhesives
glue VK9, VK20, etc. are used. Vibration damping
occurs both in the flat joints of the cutting block with
the tool holder, and in the adhesive layer that fills
the gaps between the carbide plate and the cutting
block over the entire contact surface; at the same
time, metal contact between the hard-alloy cutter
plate and the block is also possible in separate
small areas. Experiment testing and industrial
use that glue fixed cutters have shown that such
cutters are much more resistant to vibration than
standard cutters with soldered inserts and cutters
with mechanically fastened hard-alloy plate inserts.
Glue builders typically have a self-oscillation
amplitude of approximately two to three times less

Nyquist Diagram
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than mechanically held cutters and standard brazed
blade cutters, resulting in a significant increase in
tool life.

Thetheoretical analysis ofthe influence of damping
characteristics of tool holder with an oriented center
of rigidity on vibration resistance at a point was
carried out using the materials of the publication [5],
which shows the structure and system of differential
equations of the mathematical model of the dynamic
system of a lathe, where taking into account the elastic
and dynamic properties of the equipment.

Implementation of a theoretical study by modeling
the turning process and determining the indicators
of vibration resistance of the movement of the cutter
andthepartisreducedtosolving systems of differential
equations through numerical integration. In this case,
this is argued by the impossibility of using methods
for the analytical solution of systems of differential
equations or using root methods for determining
the stability of motion. However, carrying out
numerical calculations using mathematical packages
has a disadvantage, since as a result we obtain
only partial solutions. Anyway, the implementation
of the simulation allows you to determine the impact
in a wide range of changes for the elastic, damping
and inertial parameters of the dynamic subsystem
of the toolholder on the overall vibration resistance
of high-performance machining.

Oscillation Diagram
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Figure 2 — The Nyquist and Oscillation Diagram of a potentially unstable lathe dynamic system
using special tool holder with oriented center of rigidity during cutting process
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The elastic and dynamic characteristics, reduced
to the cutting point, of the equivalent elastic
subsystems of carriage and workpiece for most lathes
are determined by theoretical calculations of their
elastically deformed state using the finite element
method, taking into account contact deformations in
movable joints.

The systems of differential equations used for
research are linear, therefore, the implementation
of a mathematical model in the Simulink
(Matlab) software package using state variables
X1(t), x2(1), ... x,(t) is proposed, taking into account
the initial conditions and external influences.

For simulation using the proposed dynamic model,
needs to experimentally or theoretically determine
the necessary elastic and damping parameters
of the dynamic system of machine tools. The elastic
stiffness parameters of the carriage system reduced
to the cutting point are taken in the following
combinations c¢5,,, =80 kN/um and c6,,, =47 kN/
um with the ratio of the stiffness of carriage system
CinCmae = 0.58,  which  approximately  reflects
the elastic properties of the lathe model 1K62 as
research machine tools. The values of the reduced
mass parameter for the elastic system of carriage
are obtained through calculations using the formula

1

27z\'m
during deformations in the directions of the reduced
maximum and minimum stiffness.

The values of the damping coefficients
and the coefficient of viscous friction are closely
related to the vibration damping coefficient = 0.31.
The value of this coefficient is taken for all parts
of the elastic system of the machine tools equal to
the attenuation coefficient for transverse vibrations
of the steel rod. The damping coefficient is calculated

using the formula 4 = 2¢+/mc , where m is the mass

value and c is the stiffness value.

To study the impact on the vibration resistance
of machining from the side of the tool holder
of a pronounced directional stiffness and the choice
of its orientation relative to the direction of the cutting
force action vector and the directions of orientation
of carriage rigidity axes, the following ratio between
the maximum and minimum reduced stiffness
of the tool holder was adopted in a wide selection
range. The maximum reduced stiffness of the tool
holderis takenas cl,,, = 20 kN/um, and the minimum
is taken from the following values ¢2,,,, =5 kN/um
withthestiffnessratio ¢,,;,/C,..c = 0.25.Implementation
of the reduced elastic properties of the tool holder

, where f is the oscillation frequency

and changing the orientation angle of maximum
rigidity is possible by shifting the relative position
of the center of rigidity of the elastic system by
adjusting or changing its design.

The elastic and dissipative parameters
of the workpiece equivalent elastic system are
taken from the results of an experimental study
and we do not consider it appropriate to expand
their range in modeling, since the dynamic effect
of the tool holder with an oriented center of rigidity
on the vibrations of the part is insignificant and is
carried out through the force cutting process. The
parameters of the reduced stiffness of the workpiece
elastic system are assumed to be the same
C3 e = C4in =20 kKN/um.

Studies have been carried out on the influence
of the damping properties of a tool holder with
an oriented center of rigidity on the level of vibration
resistance L dB of a closed dynamic system
of a machine tool (Figure 1, figure 2). The vibration
damping coefficient s artificially changed in the range
{=0.3-14.1 due to the use of metal materials with
increased vibration absorption capacity in the tool
holder design.

10

L.dB

8
6 Ny

\< Cmin=0,25Cmax
4

!
——
L ————
T~ Cmin=Cmax

2
0lo3s| o8 3.2 4.1
0 1 2 3 4

Figure 3 — The results of the numerical study
of the influence of vibration-absorbing materials use
in the design of a tool holder with an oriented center
of rigidity on the vibration resistance level

According to reference books determined
experimentally [6], with transverse vibrations of steel
rods (AISI 1045 Steel) (E=2.03-10* kg/mm?),
the attenuation coefficient = 0.31; for Low Carbon
Steel (Gost St3) (E=2-10* kg/mm?) — {=0.8; for
Alloy Cast Iron (E=1.9-10* kg/mm?) — {=3.2;
for Copper Alloy (E=1.15-10* kg/mm?) — {=4.1.
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The results of the study are shown in comparative
graphs (Figure 3) for a tool holder with
an oriented center of rigidity with reduced elastic
parameters Clp, =20 kN/um, ¢2,,=2.5 N/um
and ordinary base tool holder with the same rigidity
Clpax = C2min =20 kN/um at the same boundary
conditions of cutting (r=15 mm, P=9.5 kN)
for an elastic carriage system with parameters
CSmax = 80 kN/um, c6,,;, =47 kN/um and a negative
angle of orientation of the stiffness axes 6 = —60°. An
increase in the damping coefficient for a tool post
with the same rigidity leads to a gradual increase
in the level of cutting stability L=2.8-3.6 dB,
however, for a spacial tool holder with an oriented
center of rigidity, this leads to a sharp decrease in
the level L = 8.4-3.5 dB.

CONCLUSIONS. According to the results
of the study, it can be argued that the damping
properties of the equivalent elastic system of a tool
holder with an oriented center of rigidity are related
to its ability to dynamically influence the vibration
processes of the carriage during turning. An increase
in the parameters of internal friction in the design
elements of the tool holder due to the use of plastic
materials or the use of an additional external friction
damper only leads to a decrease in the efficiency
of using such tool holders.

A characteristic feature of the carriage group
systems of the lathe is a large number of fixed joints
that have a large damping effect. In order to evaluate
the effect of the carriage’s elements, the stiffness was
changed in individual joints and the effect of this
change on stability was checked. Experiments with
carriage of universal machine tools during turning
“press down to carriage” do not show a noticeable
effect of the vibration stability. But as soon as
the traditional design and loading pattern changes,
the carriage begins to affect the vibration stability.
The lowest vibration resistance in lathes is observed
when turning with wide cutters with small plan
angles, in particular, when cutting and slotting.
On universal machines, processing is practiced
with reverse rotation of the workpiece and turning
“to tear carriage off rails”. In this case, the direction
of the cutting force and the loading conditions
of carriage change, and the stability increases. It is
known, for example, that careful fitting of carriage
parts can sometimes reduce stability, while on
carriage with loose wedges or on worn carriage or
rails, stability is higher. The high vibration resistance
of carriage can be explained by increased damping
in the fixed joints. At the same time, if the carriage
has a large mass and, accordingly, a low frequency

of natural oscillations, then the vibration resistance
of such machine tools may be lower than that
of machines with light carriage.
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TEOPETHUYHI JOCJAIJI)XEHHSA BIIUBY IEMII®IPYIOUUX BIACTUBOCTEN
CHEOIAJBHOTI'O PIBHETPUMAYA 3 OPIEHTOBAHUM HEHTPOM
’KOPCTKOCTI HA BIGPOCTIMKICTh TP TOUIHHI

Cepriii BakyJjienko
CTapIIuii BUKIaaa4d Kaeapn KOHCTPYIOBAHHS MaIliH

HarionanbHuil TexHidHUN yHiBepcuTeT YKpainu «KuiBcbkuii moniTexHidHuil iHCTUTYT iMeHi Iropst CikopchKoroy,
npocr. [lepemoru, 37, Kui, Yxpaina, 03056, svakulenko@gmail.com;
ORCID: 0000-0003-1730-0547

VY crarTi HaBeIEHO Pe3yNbTaTH TEOPETUYHOTO JIOCIIHKSHHS 3 BUKOPHUCTAHHIM MaTeMaTHYHOI MOJENI MOTEHIIHHO
HECTIMKOT JMHAMIYHOT CHCTEMH Pi3IeTPUMaY-CyIIOPT-JIeTallb Ta TPOIEC Pi3aHHs, Ta BIUIMB MapaMeTpiB aeMbipyBaHHS
IiCHCTEMH pi3IeTprMaya Ha BiTHOCHE 3HAUCHHS PiBHSA BIOPOCTIMKOCTI. BimoMumu HanmpssMKaMu ITiIBUIICHHS BiOPOCTIi-
KOCTI TOKapHOi 00pOOKH € 3MCHIICHHS HETaTHBHOTO BILUTHBY KOOPIMHATHOTO 3B’SI3Ky MiXk BiOpauiiiHuM mepeMinieHHsIM
Ppi31d Ta MPOLIECOM pi3aHHs, Yepe3 BUKOPHCTAHHS IOJATKOBOTO Pi3leTprMaya 3 Opi€HTOBAHUM MOJIOKEHHSIM [IEHTPa JKOp-
CTKOCTI 200 pi3leTprMaya 3 MiIBUICHUMH AeMII(IPyIOUUMU XapaKTePHUCTUKAMU. AKTYaIbHUM € JOCHIKCHHS JOLIIb-
HOCTI OTHOYAaCHOTO MOEJHAHHS [IUX JIBOX HAMPSAMKIB MiJIBUIIEHHS BIOPOCTIMKOCTI B OIHIM KOHCTPYKLIT pisLeTpumaya. 3a
HABE/ICHUMH pe3yJibTaTaMy IMITaliiiHOr0 MOJETIOBaHH: POIECY pi3aHHs Ta OL[IHKU HOTO cTanocTi 3a kpurepismu Haii-
KBiCTa BCTaHOBJICHO, IO BiTHOCHE ITi[BHINCHHS MMOKA3HUKIB mapamerpa AeMndipyBaHHsS B KOHCTPYKIIi pi3neTpuMada
3 OPIEHTOBAHUM IIEHTPOM SKOPCTKOCTI MPU3BOJMTH JI0 3MEHIIICHHS BIJHOCHOTO PiBHS aMILTITY/IH KOJMBaHb BiZICTaHI MiX
pi3LeM Ta JeTajuIio Ta OJHOYACHHM 3MEHIICHHSAM BiOPOCTIHKOCTI mporecy 00poOku. OTiKe y BUIAIKY BHCOKOIPOXYK-
THBHOI 00pOOKH Ha TPaHMYHUX PEKUMAaX Pi3aHHS Ha TOKAPHOMY BEPCTAaTi JUIA MPOTHIIT BHHUKHEHHIO Ta 301IbIICHHIO
ABTOKOJIBaHb Yepe3 HeJOMIKU MPYKHUX XapaKTePHCTUK KOHCTPYKIL{ CyrmopTa, epeKTHBHAM € CaMe CTBOPECHHS HaIlpaB-
JICHUX NEeBHUM YMHOM BiOpamiiiHUX KOJMBAHB PI3Ils Yepe3 BUKOPHCTAHHS CIEIIABHUX Pi3IEeTpUMadiB i3 TONaIbIINM
3MCHIICHHSM CHEprii caMo30y/KeHHs. 30UTBIICHHS TapaMeTpy AeMI(ipyBaHHS B KOHCTPYKIL{ TAaKOTO CIEMialbHOTO
pi3LeTpruMada uepe3 BUKOPUCTAHHS IUIACTHYHMX MaTepiajiB MPU3BOAUTH A0 3MCHIICHHS €(PEKTUBHOCTI HOTO KOPHCHOI
BiOpalIiifHOT [Iii Ha TpoIec pi3aHHs.

Kurouosi ciioBa: BiOpaitii, BiOpOCTIHKICTB, pi3LeTpuMay, TokapHa 00poOka, AMHaMiKa MallliH, HEHTP KOPCTKOCTI.
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CraTTs IpHCBsYCHA TiIBUILEHHIO NPAlLe3[aTHOCTI IHCTPYMEHTY /i1 0OpOOKH BOJOKHUCTUX MOJTIMEPHUX KOMIIO3HU-
uitinux Marepianis (BITIKM) Ha ocHOBI po3poOKH HOBHX METOAIB 1 cxeM MoAM(iKaIlii MOBEpXHEBOro Iapy pi3aabHOi
KPOMKH. B cTaTTi po3mIsAHYTO JOCHIIKEHHS MOMKIMBOCTI BAKOPUCTAHHS IHCTPYMEHTY 31 IHCTPYMEHTAIbHUX LIBUIKOPI-
3aIIBHUX CTAJICH st 0OpOOKHM pi3aHHAM JeTajell 3 BOJOKHUCTUX MOMIMEPHUX MaTepialiB, BIUTHB TOBIIMHU JUCKPETHOTO
TIOKPHUTTS T4 PEKUMIB 00poOKH Ha niopcTkicth BUpoOiB 3 BIIKM. [Toka3aHo, 110 3MEeHIIIEHHS CO0iBapTOCTI IHCTPYMEHTY
1 SIK HACIIJOK BapTOCTI KiHIIEBOTO MPOIYKTY MOMKIIBO 32 PaXyHOK BUKOPHUCTAHHS JUCKPETHOI KOHCTPYKTHBHOI CXEMH,
TOOTO 3aMiHy IHCTPYMEHTY 3 TIOJMIKPHCTATIYHAM aJIMa30M Ha 1HCTPYMEHT 31 MIBUAKOPI3AIBHOT CTalll 3 TOKPUTTIM JIHC-
KPETHOTO DIIOOYIISIPHOTO TUITY 0€3 BTpaTH MPOIYyKTHBHOCTI 00pOOKH Ta sKoCTi 00podieHoi moBepxHi neraneit 3 BIIKM.

KurouoBi cioBa: pi3anbHuil iHCTPyMEHT, BOJOKHUCTHI MONIMEPHUH KOMIO3MIINHUN MaTepian, YIbTpaTOHKI alMa3Hi
MOKPHTTS, IOPCTKICTb ITOBEPXHI €NEKTPOICKPOBE JIETyBaHHS, AUCKPETHE TOKPUTTS INIOOY/IIPHOTO THUITY, CKIOIUTACTHUK.

Ha rtemepimniii wac mporpec B aBiaOyayBaHHI,
aBTOOYIyBaHHI Ta B IHIIMX TaTy35X IPOMHUCIOBOCTI
B OCHOBHOMY TIOB’SI3YETBCS 3 PO3POOKOIO 1 IIMPO-
KM 3aCTOCYBaHHSM KOMIIO3MIIHHUX MarepialiB
(KM), a camMe BOJIOKHHUCTHX TMOJIMEPHUX KOMIIO3H-
uitnux marepianis (BIIKM) [1-4]. BIIKM matotb
KOMIUIEKC BJIaCTUBOCTEH 1 ocoOnmBOCTel, MmO Bil-
PI3HAIOTBCA BiJl TPAAWIIHHUX KOHCTPYKIIHHUX
MatepiamiB (METaJeBUX CIUIAaBiB) 1 B CYKYITHOCTI

BIIKPUBAIOTHh ITUPOKI MOXKIIUBOCTI SIK JJIST BIOCKO-
HAJICHHS ICHYIOYMX KOHCTPYKLIH HaipiZHOMaHiT-
HIIIOTO MPU3HAYCHHS, TaK 1 A po3pOOKH HOBHX
KOHCTPYKIIIX 1 TEXHOJOTTYHUX TPOIIECIB, aje MopsiI
3 UM, iX (Di3UKO-MEXaHIYHI BIACTHBOCTI BHUKIIHKA-
I0Th TPY/HOILI OOPOOKOIO pi3aHHSM, III0 HAKJIaaae
TIEBHI BUMOTH JI0 BUKOPUCTAHHSI Pi3ajIbHOTO 1HCTPY-
MeHTy. [leprn 3a Bce BOHM MOBHHHI 3a0e3redyBaru
HEOOX1THY TOYHICTH Ta AKICTh 00pOOIeHOT TOBEPXHI
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neraneid 3 BIIKM, maru Bucokuil omip 3HOLIY-
BaHHIO. CHpoIIeHHs 1X KOHCTPYKIi, ITiBUIIICHHS
PiBHS TEXHOJIOTIYHOCTI BHUTOTOBJICHHS JIO3BOJUTH
3HU3UTH COOIBAPTICTh IHCTPYMEHTY 1 SIK HACIIJ/IOK,
cobiBapricts BupoOy 3 BIIKM.

AHami3 OCTaHHIX JOCNI[UKeHb 1 myOmikamii
IOKa3aB, IO Ha TEMEpIlIHIA Yac 1Mo KpUTEPisM
MPOJYKTUBHOCTI Ta 3a0e3MEUeHHs SIKOCTI BHPOOIB
3 BIIKM B Haii0inpImiii Mipi BiANOBifa€e BUKOpHC-
TaHHS ITHCTPYMEHTY 3 TOJIKPHCTaJI9HOTO alMa3zy
Ta TBEPAOCIUIABHUN IHCTPYMEHT 3 YJIBTPAaTBEPLUM
anvaszomnofionum nokputtsim (DLC) [5; 6; 7]. Aune,
B TOH jke 4ac 3 3abe3leueHHSAM NPOSYKTUBHOCTI
Ta SKOCTI 0OPOOKH X BUKOPUCTAHHS MTPHU3BOIUTH JI0
YCKIIATHEHHST KOHCTPYKIIii IHCTPYMEHTY, HOTO BHCO-
KOT BapTOCTI, 1 SIK HACIIZOK, 30LIbIICHHS COOiBap-
TocTi BUpoOy 3 BITKM.

OmHUM 13 MOXJIMBHUX LUISXIB 3MEHIIEHHSA COO0i-
BapTocTi 00poOku BIIKM sBIsS€ThCS BUKOpHC-
TaHHS 1HCTpyMeHTy 31 IIIP cTami 3 HaHeceHWMM Ha
Horo poOoYi TOBEPXHI IHCKPETHOTO TIOOYJSp-
HOTO TOKPUTTSA [8; 9]. Ane HOCHiKeHHS TI0 BHKO-
PUCTAHHIO Pi3aJbHOTO IHCTPYMEHTY IJIsi 0OpoOKH
BIIKM, 3 ¢popmoBanuM Ha iioro pobodiii mOBEpXHi
JUCKPETHUM TIIOOYIISIPHUM TIOKPUTTSIM HE TTPOBOJIU-
mch. ToMy mUTaHHS 3a0€3MEUESHHS TPOLYKTUBHOCTI
Ta sikocTi 00poOku BIIKM iHCTpyMeHTOM 31 mIBUA-
KOpi3aIbHUX cTasiel 3 (hOpMOBAHUM Ha HOTO POOOUiit
MOBEpXHI MOJM(PIKOBAHOTO TUCKPETHOTO MOKPHTTS
I00YISIPHOT CTPYKTYPH € aKTyaJIbHOIO 33/1a4€lO0.

B nmamiii poOoti Oymo HOCHiIKEHO BIUTHB
BUCOTH TOKPHUTTS Ta PEKUMIB 0OpOOKHM Ha IIOpP-
CTKICTh OTPUMaHOTO BUPOOY, SIK OJMH 13 IIOKa3HU-
KiB SIKOCTi OTBOPIB.

Jisg migBUIIEHHS TIPale3aTHOCTI 1HCTPYMEHTY
TUTsT 00pOOKY KOMITO3UIIIMHUX MaTepialliB Ha OCHOBI
aHami3y uiei npobinemu Oys0 BU3HAYCHO, IO Haiie-
(EeKTHBHIIIMM CIIOCOOOM 11 BUPIIIEHHS € CTBOPEHHS
NOKpUTTIB At 00poOku BIIKM anbrepHaTMBHHX
JIMa3HOMY IOKPHTTIO.

OcHoBHOIO Tpobnemoro mpu 06podui BITKM
€ BIJIBIJ] TeIUIa 3 30HU pi3aHHs. Tak K TeIIonpo-
BimHicTh BIIKM nyxe HH3bKa, TO TIOCTA€ MTUTAHHS
BHOOPY CKJIQJy TIOKPUTTS IUIsl Pi3allbHOTO 1HCTPY-
MEHTy 3 BHCOKHUM KOC(IIIEHTOM TETUIONPOBII-
HOCTI, OJIU3BKKM JI0 ajIMa3y 1 3 BUCOKOIO TBEPICTIO.
Tak B Tabm. 1 mnpexncrasneni (izuKo-MexaHiYHI
XapaKTEPUCTUKH HAHOIIbII BXXMBAaHUX M0 CKIIAAy
ToKpuTTiB [13].

Amnaniz nokpurTiB (Tabm. 1) mokasye, mo B Haii-
OlnbILii Mipi 3a cBOIMH (Pi3MKO-MEXaHIYHUMH Biac-
THUBOCTSIMH JI0 JIMa3HOTO HAOMMKAETHCS MOKPHUTTS
TiCrB,+AIN.

Tabmnmg 1 — di3uko-mMexaHiyHi BIaCTUBOCTI
MaTepiaiB MOKPUTTS

i + .
e [TSE [ we [,
TeepmicTh
(o Knymy) 38,9 20,5 245 80
H,TTla
Towa 3360 | 2950 | 2870 | 4073
ruiaBneHHs, °C
Koedirient
TEMAOBOTO 6,3 935 | 238 | 2,0
PO3IIUPEHHS 0,
10%/°K
KoedimieHT a 563 67K)
TEIUIOPO- 32,5 29.4 110
Bimaocti A Br/MK 12,6
(300 K)
I'panuus
MIITHOCTI HA 1380 1298 3600 | 1200
CTHUCK 0., 10°T1a
Momyns I pony
E. 107, Ta 860 256 710 | 1050

ApXiTeKTypa TOKPUTTIB AMCKPETHOTO THILY
I00YMApHOT CTPYKTypH Ha pPOOOYHMX MOBEPXHSX
pizajgpHOTO IHCTpYMEHTy Oyiia BH3Ha4eHa 32 yMO-
BOIO KOT€31HO-aAre31iMHOT MIITHOCTI TIOKPUTTS [ 14].
Tak B Tabn. 2 mpeactaBieHi po3MIpH TUCKPETHUX
JUISTHOK Ta IIUIBHICTh, HAHECEHUX HA HHUX TIIOOYI
B 3QJIEKHOCTI BiJ] TOBILIUHU TIOKPHUTTSL.

Tabnurs 2 — 3aIekKHICTh BEJTUUUHU TUCKPETHOT
JUTSTHKY Ta TIUTBHICTH II00YI B 3aJ1€KHOCTI
BiJI TOBIIIMHH ITOKPUTTS

TosunHa Benmmunna muckperHoi | LimpHiCTH
MOKPUTTA h, MKM JUISTHKH, MM 100y, %
3 0,6 50-65
5 0,54 50-60
7 0,43 45-55

i BU3HAYEHHS BEJIMYUHHM LIOPCTKOCTI OTPH-
MaHOi TTOBEpXHi OyIM BUKOPHUCTaHI TTOBEPXHI 3aro-
TOBOK 3 ckioruiactuky mapku CTE®D-VY, orpumani
B Ppe3yabTaTi CBEPIIIHHS CBEpUIaMU J[iaMETPOM
8 MM 3i crani POMS5 3 HaHeceHnM Ha #Horo pobodi
MOBEPXHI JUCKPETHHUM TIOKPHUTTAM  TIIOOYIsp-
Horo Tumy TiCrBr+AIN rtoBmuHo h =3 MKwMm,
h=5 mkM, h=7 MKM, 3 po3MipaMu AHCKPETHHX
IUISTHOK, BU3HAYCHUMU 3 ypaxXyBaHHSIM yMOB KOTe-
3iliHO-are3iiHol MinHOCTI (Tabm. 2). Pexumu
00pOOKM MPU3HAYAIINCS BiJIOBITHO 10 PEKOMEH 1a-
i [6; 10] mis anmMasHOTO CBEpaIa.

BumiproBanus ~ mopcTtkocti R,  00poOro-
BaHOI TIOBEPXHI MPOBOJAMIOCH Ha TIOPTaTHB-
HoMy mpodinomerpi mozmeni Time Group Inc.
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TR200 (puc. 1). lanuii npunaz BiAnoBiae crTanaapTy
ISO 4287-1997, DIN 4768-1990, JIS B0601:2001.

Pucynok 1 — [Moprarusauii npodizomerpi Moeni
Time Group Inc. TR200

3aJeKHICTh MIOPCTKOCTI IMMOBEPXHI MOIENi Bif
YMOB CBEPJUTIHHS HaBEICHA HA PUCYHKY 2.
AHali3 3aleXHOCTI TOKazye, IO BiA 3MiHU

TOBIIMHM AMCKPETHOIO TOKPUTTS [IOOYIApHOT
CTPYKTYpPH Ta HIBHIKOCTI CBEP/UTIHHS IIOPCTKICTh

Ra, MrmMm

39

3,8 . //

3,7 /

36 -

/<1 /
35 /‘ /
34 -

33 -

3,2 .

31 -

3,0 ¢

2,9

2,8

0,3 0,4

a

a5 Vv, M/C

00pOOJIEHOTO OTBOPY 3MIHIOETHCS B MEXKax Bill
Ra = 2,8 + 4 (Mxm), o BigmoBigae Bumoram [ 10—12].
3i 30UTBPIICHHSM  TOBIIMHU  TJIOOYISPHOTO
MNOKPHUTTSl Ta IIBUAKOCTI CBEPUIIHHS HIOPCTKICTh
NOBEpXHI 00POOIEHOTO OTBOPY 301IBIIYETHCS.

Ile 30inbIICHHS MOSCHIOETHCS 31 301IBIICHHSIM
KOHTAKTy II00y B TIpoIrieci pizaHHs 3 oOpoOroBa-
HOT IOBEPXHEIO, IJIOIIA SIKOT BU3HAYAETHCS PailyCcoOM
100ysu. 30UTBIICHHS IOPCTKOCTI MOBEPXHI OTBOPY
TEX 3aJISKHUTh Bij] KUTBKOCTI TIIOOYT PO3TAIIOBaHUX
B3IOBX pi3aabHOI KPOMKH. 31 301TBIICHHSAM paji-
yca 100yJad, TOOTO TOBIIMHHU IMOKPHUTTS LS Kijlb-
KiCTh 3MEHILY€THCS, 0 TPUIBOAMUTH J10 301JIbIICHHS
LIBUJIKOCTI KOJKHOI 3 [I00YI B IIpolieci pi3aHHs, 1 sIK
HACIIOK — 10 30UTBIIICHHS IIIOPCTKOCTI.

JlaHi TOCITiKEHHS JTOBOASTH AOMUIBHICTH BUKO-
pUCTaHHS 1HCTPYMEHTAIbHHUX I[IBUAKOPI3aIbHUX
craneil s o0poOku pizannsam aeraneit 3 BIIKM
32 paxyHOK BHKOPHCTaHHS IHCKPETHUX TIOOYIsp-
HUX TOKPHUTTIB TIEBHOI apXiTeKTypW Ta CKIaay 0e3
BTpaTH SIKOCTI, IO Ja€ 3MOTY 3HAYHO 3MEHIIUTH
co0iBapTicTh KiHIIEBOTO MPOAYKTY.

Ra, mxm
3,9

X

3,8

3,6 r/
3,5 /
T

2

st

3,3
3,2

3,1

3,0

2,9 /
2,8
Y 50 7,0 h, MKM
le—vy=0,1 2=——vV=0,2 3—vVy=0,3
4 \=0,4 S=—V/=0,5

0

a) 1 —h=3mMr™m; 2 —h=5wmkm; 3 —h =7 MKMm.
6)1-V=0,1wmc;2-V=02m/c;3-V=03m/c;4-V=0,4m/c;5-V=0,5wm/c.
Pucynok 2 (a, 6) — 3anexHicTh MOPCTKOCTI IIOBEPXHi 00pOOIIEHOTO OTBOPY
BiJl YMOB CBEp/JTIHHS
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The article is devoted to improving the efficiency of the tool for processing fibrous polymeric composite materials
based on the development of new methods and schemes for modifying the surface layer of the cutting edge. It is shown that
progress in aircraft construction, automotive and other industries is mainly associated with the development and widespread
use of composite materials (CM), namely fibrous polymer composite materials (FPCM), which is represented by fiberglass,
whose properties are significantly different from the properties metallic materials and therefore their processing by cutting
is insufficiently studied and requires further study. It is shown that diamond coatings are predominant for FPCM processing,
but there is a problem of creating the necessary adhesion, and the high cost of the tool with this coating. A competing
method of applying wear-resistant coatings is the method of electrospark alloying (EA), which in comparison with other
methods has an order of magnitude lower energy consumption and several orders of magnitude lower equipment costs.
The article examines the possibility of using a tool made of tool high-speed steels for cutting parts made of fibrous
polymeric materials (FPCM), the influence of discrete coating thickness and processing modes on the roughness of FPCM
products as one of the quality criteria. The results of the experiments confirm the possibility of using a tool made of high-
speed steel with a discrete coating applied to its working surfaces. It is shown that the reduction of tool cost and as
a consequence of the cost of the final product is possible due to the use of discrete structural scheme, ie replacement
of polycrystalline diamond tool with high-speed steel tool with discrete globular type coating without loss of machining
productivity adhesive strength.

Key words: cutting tool, fibrous polymer composite material, ultrathin diamond coating, surface roughness, electrospark
alloying, discrete coating of globular type, fiberglass.
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JOCIIIKEHHSA XAPAKTEPY PO3IIOALTY HAIIPYKEHb
IO BUCOTI HAIIBOABPUKATY 3 HOJIMEPHOTI'O BETOHY
I YAC UOT'O HOBEPXHEBOI'O BIBPAIIIMHOTI'O YINIJIBHEHHSA
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JI71st TEOPETHYHOTO BU3HAYEHHS HAMPYKEHO-1e(hOPMOBAHOTO CTAHY YIILILHIOBAHOTO BIOPAIIHHOO TUTMTOK MOJIiMep-
HOTO OETOHY BMKOHAHO JIOCII/KEHHS TMHAMIYHOI CHCTEMH «BiOparliiiHa IinTa — MoJIMEpHHUI OeTOH», B AKil YIIUIBHIO-
BaHWi BiOpaNiifHUM HaBaHTaXCHHSIM MOJIMEPHUIA 0ETOH 300paXEHO Y BUIVISA/I CHCTEMH 3 PO3TIOUICHIMH TTapaMeTpaMu.
B pesynbrari miacTaHOBKH BUpasy, SKUH OTMCYE 3aKOH PyXy BiOpalliifHO MIHTH Y poO0dOMy peXnMi, B 3aJIeKHICTD MK
HaNpy>KEHHSM 1 Ae(opMarii€ro 1 yMOB OTHOBICHOTO HANPY)KEHOTO cTaHy OyB 3HAMACHUH 3aKOH 3MiHH HANPY)KEHb, SKi
BUHUKAIOTH B YIIIIBHIOBAHOMY IIapi mosiMepHoro 6etoHy. OTpUMaHUM TaKUM YMHOM 3aKOH J03BOJIMB BU3HAYUTH 3MiHH
Hamnpy>KeHb HE TLNbKH B OCHOBI 1 Ha MOBEPXHI YIIUILHIOBAHOTO TOJIMEPHOTO OETOHHOTO BUpOOY, ane i B iforo mapax
3aJIeKHO BiJ 0OpaHMX MapaMeTpiB BiOpauiiHOro BIUIMBY. 3a 3HAHJCHHMMH TEOPETUUHUMHM 3AJISKHOCTSIMH MOOYI0BAHO
rpadiky, SKi HAOUHO UTIOCTPYIOTh 3MIHHM aMIUTITYIM KOJIMBAaHb BIOPALIMHOT IIUTH 3QJISKHO BiJl BUCOTH BUPOOY, & TAKOXK
0COONMBOCTI PO3IOALTY HAIIPY)KEHB 10 BHCOTI YIIUTEHIOBAHOTO APy 3aJIKHO Bijl BITHOCHOI IIUTEHOCTI MAapy MoIiMep-
HOTO OETOHY JUTs OOTPYHTOBAHOTO PaHiIle PeXKUMY BIOPAI[IHHOTO BILIHBY.

Kuarouosi ciioBa: BiOpartiiiHa rumura, oJiMepHAi OETOH, KOJIMBaHHS, HANPY)KeHHS, ie(opmMartis.

[lim dac yHIIBHEHHS MOJIMEPHOrO OCTOHY Jl1s BUpOOHUIITBA SIKICHUX BHUPOOIB 1 HamiBhao-
[IOBEPXHEBUM BiOpaliifHUM poOOYMM OPraHOM Bif-  PHKATIB 3 MOJIMEPHOT0 OETOHY HEOOXiTHO OL[IHHTH
OyBaeTbcs 3MiHAa HOro HampyXeHo-Ae(opMOBaHOTO XapakTep PO3MOALTY TEXHOJOTIYHUX HampyKeHb
ctany. [Ipu npoMy po3momis HaNpyXeHb, SKi BUHH- B IIapax IOJIMEPHOTO OETOHY 3aJIe)KHO BiI Tiji-
KalOTh B YIIUIBHIOBAHOMY BiOpaiiiiHUM HaBaHTa- Opannx pobOounx TmapameTpiB BiOpariitHoro oOas-
YKCHHSIM MOJTIMEPHOMY OETOHI Ta BU3HAYAIOTb SIKICTh HaHHs1. Tak y poborax [10; 11] 3HaiieHi 3aK0H pyxy
TOTOBOTO BHPOOY, 3aJICKUTh BiA (i3MKO-MexaHiu- BiOpamiifHoi TIUTH, OOIPYHTOBAHO PEKUMH PYXY

HUX BIACTUBOCTEH TOJIIMEPHOTO OETOHY, XapakTepy 1 pallioHalbHI MapamMeTpu poOOYOro OpraHy s
W peXUMIB BiOpaIlifHOTO BIUIUBY, a TAKOXK PO3MIPIB MMOBEPXHEBOTO VIIUIBHEHHS 3aJIKHO Bill (i3HKO-

camoro BUpooy. MEXaHIYHAX XapaKTEPUCTUK IOJIMEPHOTO OCTOHY
CucreMaTuHi AOCHIIKEHHsS IpoueciB BiOpa- i po3MipiB BUPOOIB.
mifHOi 0OpOOKM TEXHOJNOTIYHUX CEPEeIOBUII Lle po3kpuBae moAambiili MOKIUBOCTI JJIsl IPOBE-

JO3BOJIMJIM HAaKONWYHUTH 3HAUHUI NOCBiA y TOMY  J€HHS TEOPETHYHHX JOCITIIKEHb XapakTepy po3Io-
YuCHi ¥ B TUTaHHSIX 3MiHHM XapakTepy HaIllpyXeHb JITy Harpy>KeHb M0 BHCOTI YIIIJIbHIOBAHUX BHPOOIB,

i1 yac BiOpauiiHOro yIliJbHEHHS IPyHTIB [1-3], NepeBipKH OTPUMAHUX paHille pe3yabTariB i miaiopa-
LIEMEHTHUX i acanpTHUX OeToHIB [4—-8], mopouI- HHX [TapaMeTpiB 001aTHAHHSL, & TAKOXK IPOTHO3YBaHHS
KOBUX cepenoBuny [9] y pasi iX MOAENBHOTO SIKOCTI OfIep’KyBaHUX HartiBpaOpHKaTiB i BUPOOiB.

ysiBineHHs. JleTaapbHe O3HAOMJIEHHS 3 UIUMH MeTtor 1UX JOCHIKeHb € TEOpPEeTUYHE JOCIi-
poboTamu 1Mmokasye, MO JJIsl BU3HAUCHHS 3aKOHO-  JDKEHHS XapakTepy 3MiHHM HalpyXeHb IO BHCOTI
MIPHOCTEH 3MiHM HallpyXeHb IIiJ 4yac 3A1MCHEHHS  YIIUIBHIOBAHOTO LIApy MOJIMEPHOrO OETOHY IiJl yac
pi3HUX crioco0iB BIOPalifHOTO BILIUBY J0CIIIKY- HOT0 TOBEPXHEBOTO BiOPAIiifHOTO YIIiITHbHEHHS.

BaJIMCS JIMHAMIYHI CUCTEMH «BiOpauiitHuii podo- VY poborax [10; 11] mpencramBieHa po3paxyH-
YUl Opral — IpyHT», «BiOpauiiHuii MaliJaHYMK —  KOBa CXeMa JWHAMIYHOiI CHUCTeMH «BiOpamiiiHa

VIIUTHHIOBaHE cepefoBuiie» Ta iH. Takui miaxina IUIUTA — TOJIMEPHUH OCTOH», B SKIM MOJIMEPHUN
3 JOCHTh BUCOKHUM CTYIIEHEM TOYHOCTI JO3BOJIMB 0eTOH 300pa)XCHO Y BHUIVISII CHCTEMH 3 PO3IOJIiIe-

OTPUMYBATH HE TUIBKH aHAIITHUYHI 3aKOHOMIp- HUMU TTapaMeTpaMu. B pe3yisrari mpoBeneHHs Teo-
HOCTI 3MiHHM Hampy>KeHb, IKi BUHUKAIOTh B yIIiJib-  PETHYHUX JOCII/DKCHb BU3HAUCHO BUJ] 3aKOHY PYXYy
HIOBaHMX CEPEJOBHINAX, & i OLIHUTH XapakTep ix BiOpaliifHOI IIUTH, SIKa B POOOUOMY PEIKUMI YIIiIb-
3MIHH B Iapax BUPOOiB. HEHHSI B3aEMOJIi€ 3 ToJiMepHuM OeToHoM [10]:
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A
2 . 2
\/(shaH coskH) +(chaH sinkH )
[sh[a(H - x)]cos[k(H - x)]sin(wt - 0) +
+ch[a(H - x)|sin[k(H - x)]cos(wt - 6)]
Tyt H — BHcOTa yIIUIBHIOBAHOTO 1IApy; kK — XBHU-
JBOBE YMCIIO; o — Koe(ilieHT MmorMHaHHs BiOpa-
LiHOrO HAaBaHTAKEHHS, SKUH XapaKTEepHU3ye 3MEH-
MIEHHS aMIUTITYIA KOJWUBaHb y pasi BiamaaeHHS Bif
Jokepena 30yIKeHHS; A — aMInITy1a BHUMYIICHHX
KOJIMBaHb BiOpaliHOI TNIMTH W BEPXHBOTO MIApY
MOJIMEPHOTO OETOHY; (» — KyTOBa YacTOTa BUMYIIIE-
HUX KOJIMBaHb, ¢ — TIOTOYHUH Yac; € — KyT 3cyBy (da3s.
AMIITITY]a BUMYIICHUX KOJHMBaHb BiOpaiitHol
IUIMTH ¥ BEPXHBOTO MIApy IOJIMEPHOTO OETOHY
BHU3HaAuaeThCs Bupasom [10; 11]:

Q :
\/[c3 +c, —(m+ mn)coz]2 +o’h; ’

ne O — aMInTiTyna 30y/pKyodoi cuid; ¢, 1 b, — HaBe-
JieHI Koe(IlieHTH KOPCTKOCTI W JUCUIATHBHOTO
OMOpY  YIIUIBHIOBAaHOTO  MOJIMEPHOTO  OETOHY;
m, — HaBeJleHa Maca YIIJIbHIOBAHOTO MOJIMEPHOTO
OcTOHYy.

Bupasu i aHaNITHYHOTO BH3HAYEHHS 3HAYCHB
0, k, o, c,, b, 1 m,, a TAKOXK IX YHUCEIbHI 3HAYEHHS
BH3Ha4eHi B poOoTi [10].

Jlisi TEOpEeTUYHOTO BHU3HAUCHHS 3aKOHY 3MiHU
HaNpyXeHb, M0 BUHHUKAIOTH B YIIUILHIOBAHOMY
BiOpaliifHOIO IUIMTOI0 IIapi MOJTIMEPHOro OETOHY,
migcTaBUMo BUpa3 (1) B 3aI€XKHICTh MiXK HalpyKeH-
HsM 1 nepopmartiero B momiMmepHomMy OetoHi [10]:

u(x,t) = x

(M

A= @)

ou(x,t E +E, \d*u(x,t
otnn =k (8x )H]( E 2] 6)(c8t)_
: ,(3)
(- p) S ulx,1)
E, or

ne o(x, {) — HaTpy>KEeHHs, 10 BUHUKAIOTHh B YIIIUTb-
HIOBAaHOMY IIapi MmoJiiMepHoro OEToHy; u i x — eie-
poBa i narpankeBa koopauHary; E, i £, — nuHamivHi
MOy MPYXKHOI Aeopmaliii moIiMepHOTO OETOHY;
n — Koe(imieHT TMHAMIYHOT B’S3KOCTI, III0 BPAXOBYE
BHYTPIILIHE TEPTS B MOJIMEPHOMY OETOHI.

B pesynbrari nigcranosku (1) B (3) i meperBo-
PEHb, BU3HAYMMO 3aKOH 3MiHH HAalpPyXEHb B YILiIb-
HIOBaHOMY IIapi MOJIMEPHOTO OETOHY Y TaKOMY

BUTVISAL:
2
E +F
) B en? ot | D 2
( +a)[,+77 ® ( E J]
X

2

o(x,t)=A- > >
(shaH coskH )" +(chaH sin kH )

x{sha(H - x)sin k(H - x)sin (ot -0+ ¢, - ¢,) -

—cha(H — x)cosk(H — x)cos(owt — 0 + ¢, — ¢,) -

n-p-o’
EZ

B 2
\/(kz +a2)~[E12 +n’ o (E‘;;Ezj ]

x| cha(H - x)sin k(H - x)sin (ot - 0) -
—sha(H - x)cosk(H — x) cos (ot - 6’)]} ,

X

(4)

Iie ¢3 1 ¢4 — KyTH 3CyBY (a3:

¢y == arctg[n-w-(%ﬁ]/ﬂ} )

¢, = arcig(a / k).

3 aHamizy oTpuMaHOro Bupasy (4) BHUTIKae, II0
Ha BEJIMYMHY BHHHUKAIOUHX HAINpyXeHb (X, f) CyT-
TE€BUW BIUIMB YWHATH TWHAMIYHI MOIYJi TPYXK-
HOl nedopmanii £, E, 1 xoedimieHT AMHAMIYHOI
B’SI3KOCTI # ToJiMepHOro OeToHy, amIulitTyna A
1 KyTOBa 4acTOTa BUMYIICHHX KOJWBaHb @ BiOpa-
IIHHOT TUTUTH, BHCOTA TIapy, IO YIIITEHIOEThCS H,
XBUJIBOBE YUCIIO k 1 KOe(illieHT OTTMHAHHS BiOpa-
LIAHOTO HABAHTAXKEHHS (L.

3 Bupazy (4) 3HalieMo 3aKOH 3MiHU HaANpPy>KCHb
Ha TIOBEPXHI YIIUIBHIOBAHOTO MIapy y pasi, KoiIu

x=0:
(k2+a2)'[E2+772-a)2-£E1 EZ)]
X

(shaH coskH)’ (chaH sinkH )’
x{sha H -sin kH -sin (ot — 0 + ¢, — ¢, ) -
—chaH -coskH -cos(wt — 0+ ¢, — ¢,) -

0,1)=A-

(6)

n-po

\/(kz +ozz)-[E2 +n o -[E' EZ] ]

x[chaH -sinkH -sin(wt - 6) -
-sh H - oskH~cos(a)t—9)]},

a TakoXX B IOr0 OCHOBI Y pasi, Konu x = H:

X

2
<kz+az>.[Eswz.wz.[a;@)]
o(H,H)=A- . 2. (7)
(shaH coskH )™ +(chaH sinkH)
x[-cos(at — 0 + ¢, — ¢,)].
TeopernyHi  HONOXKEHHA  INEpeBipsiMCd  Ha

naboparopHOMy BiOpamiiHOMy poOo4oMy oOpraHi
3 TAKUMH OCHOBHHIMH TIapaMeTpaMH: Maca BiOpariii-
HOI TUIMTH m =75 Kr; aMIuIiTya 30yIKyo40l CHIIH
0 =4415 H; xyToBa yacToTa BUMYIIEHUX KOJIMBaHb
@ =293 pan/c; KOPCTKICTh TPYKHUX aMOPTHU3ATO-
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piB ¢;=470880 H/m; ammutityna konuBaHb BiOpa-
LIAHOT IMTH B XOIoCcTOMy pexumi A, = 0,68 mM.
HuM BiOpamiifHUM pPOOOYMM OPTaHOM  YIIUTEHIO-
BaBcs MOJTIMEpHHUN OETOH y (GOpMi pO3MIpOM B ILIaHi
0,2%x0,4 ™M’ Takoro crpykTypHOro ckmamy [10]:
meOiHb rpariTHIH dpakiii 5-20 (50 % Big 3araapHOTO
00’eMy CyMiTi), MCOK PIYKOBHN 3 MOJYJIEM KPYITHO-
cti M= 1,8 (22-27 %); mapmaiit ¢paxiii 0,05 MM
(10-15 %); mnomiedipna cmona Filabond 2000 PA
(5 %); 3arBepmxyBad MEKP-HA-2 (0,5-1 %).

A, mm ;
/_(\ 4
[ 3

4 5
[ E—
1 — [
0,5
0
0 0,2 0,4 0,6 0,8 £

Pucynoxk 1 — 3miHa aMIITiTY 1M KOJIMBaHb
BiOpaIifHOT MJITUTH A 3aJICKHO BiJ] BITHOCHOT
IIJIBHOCTI & Ta BUCOTH 1apy H:

1 —nopu H=150 mm; 2 —npu H = 60 mm;

3 —mpu H= 80 mm; 4 —ipu H =100 mwm;
5—npu H=120 mm; 6 —nipu H = 150 Mmm

Ha puc. 1 nokazaHo 3MiHy amILUTITYId KOJIMBaHb
BiOpartiitHoi IiInuTH 4, OTpUMaHy B pe3yJIbTaTi po3pa-
XyHKY 3a Gopmynoro (2). HaBeneHi Ha puc. 1 KpuBi
MOKa3yI0Th, [0 CyTTEBUH BILIMB HA aMILTITY/Ty KOJIH-
BaHb A BiOpaIifHOI IITUTH YUHATH Pi3UKO-MeXaHIYHi
XapaKTepUCTHKH TIOJIIMEPHOTO OeToHy 1 BHcoTa H
mapy, o yiiJibHIOEThCS.

Tak 31 301MbLIICHHSM BHCOTH H yIIIBHIOBAHOTO
mapy Big 50 g0 150 MM i BigHOCHIN IIITBHOCTI €
MTOJTIMEPHOTO OCTOHY aMILIITyIa KOJTHMBaHb BiOpaItii-
HOT IJIUTH 3MEHIITYEThCS.

Ha camomy mowarky BiOpamiiHOro TpOIECY
VIIITBHEHHS Yy pa3i 3MiHM BiIHOCHOI HIUIBHOCTI &
Bix 0 mo 0,25 BinOyBaeTbes 30UTBIICHAS aMILTITYIH
KoiuBaHb A BiOpariitaoi ity 3 1,41 go 1,45 mMm
npu H=50mm1a3 1,22 no 1,26 mm nipu H = 60 mm.

st apis Bucotoro 80, 1001 120 M 36ib11eHHS
aMILTITYyId KOJUBaHb A BiOpamiifHo1 TUnTH BifgOyBa-
€THCSI TIPU BITHOCHIN MIITFHOCTI & B Jiama3oHi Bif
0 10 0,53 1,02 go 1,06 mm mipu H = 80 mmM; 3 0,92 1o
0,95 mm ipu H =100 mm i 3 0,85 no 0,86 mm npu
H =120 mwm. V pasi Bucotu mapy H = 150 MM amm-
JTyda KONMWBaHb CTaHOBUTH 0,78 MM B fdiama3oHi €
Bix 0 10 0,5.

VY pasi noAansbnioro YiijJbHEHHS MOJIIMEPHOTO
0eToHY 3a3HaYE€HOr0 CKJIaAy i 301bLICHHS BigHOC-
Hoi mieHOCTI € Bix 0,5 10 1 mpu 3HAYEHHSAX BHUCOT
H mapis 50, 60, 80 i 100 MM BimOyBa€eThCS 3HAYHE
3MEHIICHHSI aMIUTITYI{ KolluBaHb A4 BiOpariiHoi
IIMTH BiamosigHo 10 0,25, 0,31, 0,41 10,49 mm. [{nst
mrapiB BucoToro 120 1 150 MM amrutiTyna konuBaHb 4
BiOpartifinoi mmmtu 3MeHInyerbes 10 0,53 1 0,55 mm
BIJIITOBITHO.

OnHUM 3 OCHOBHHMX MapaMeTpiB, IO BU3HAYAE
HaMpyXeHo-1e(HOPMOBaHUN CTaH YIIIIbHIOBAHUX
mIapiB i, SK HACIiJOK, SIKICTh OJEepKYBaHUX ITOJi-
MEpOCTOHHMX KOMITO3HIIIH, € XapakKTep PO3MOALTY
TEXHOJIOTIYHHUX HANpyKeHb MO BHCOTI H yIIiNbHIO-
BAHOTI'O LIapy.

Ha puc. 2-7 naBeneno rpadiku 3MiHH Hampy-
JKE€Hb 0 3a BHCOTOIO YIIiUIbHIOBaHOTO Iapy H. Jlms
noOyA0BU WX TpadikiB BUKOPUCTOBYBAaBCS Teope-
TUYHUH BUpa3 (4). Bucora yminsHroBanux mapis H
nmopisatoBana 50, 60, 80, 100, 120 i 150 mm.

H m

o=y | £=0.75
0.04—
0.02
0 4 4 2
6.5-10 7.5:10° o, Hm

PucyHok 2 — 3miHa HanpyKeHb ¢ 10 BUCOTI
YILUIBHIOBAHOTO APy HONIMEPHOTO OETOHY

npu H =50 mm
H m
\ e=1 £=0.75
0.04 r - \
0.02 ‘
0 4 4 4 2
7-10 7.5-10 810 o, Hm

Pucynox 3 — 3miHa HarnpykeHb ¢ TI0 BUCOTI
YIIUTFHIOBAHOTO IIapy MOJTIMEPHOTO OETOHY
npu H =60 MM

JloTpuMyIo4nch METONWKHA BHU3HAYEHHS HArpy-
JKeHb, HaBeJeHOI B poOoTi [12], KoXeH map BHCO-
Toto H po30uBaBCcs Ha psil MPOMIKHUX 3HAYCHb.
Hanpuknaz, nns Bucotu mapy H = 150 MM JU1s1 KOXK-
HOIT BiTHOCHOT Aedopmallii &£ BU3HAYAIHCS 3HAYCHHS
HaMpYXKeHb 32 MPOMDKHUMHU 3HAUYCHHSIMH BHCOTH,
to0TO 17151 X = 0, 20, 40, 60, 80, 1201 150 MmMm.

3HaueHHS BiHOCHOI MIIBHOCTI & OPiBHIOBAJIN
0, 0,25, 0,5, 0,75 1 1. 3Ha4eHHs KyTOBOi KOOPJIMHATH
wt mpuiiMaucs B Mexkax Bix 0° mo 270°. 3HaueHHS
HAMPYXKCHb BU3HAYAIUCS JUIS KOKHOTO 3HAYCHHS
IIPOMI)KHOT BUCOTH X 1 BIJIHOCHOI IIIIBHOCTI € Yepe3
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koxHi 10°, ToOTO 1151 3HaU€Hb KYyTOBOT KOOPAWHATH
wt=10°, 10°, 20°, 30°, 40°...270°. 3 oTrpuMaHOro
pAAy YUCIOBUX 3HAYEHb HAIpPYKEHb BHUOHMpaIHCA
HaHOUIBII 3HAYCHHS OJTHOTO 3HAKY.

H
\ =] e=0.75
0.06 /
0.04
0.02
0 4 4 4 4 2
7.2-10 7.4-10 7.6:10 7.8:10" o, Hm

Pucynok 4 — 3mina Hanpy>xeHb ¢ IO BUCOTI
VIITBHIOBAHOTO 1Iapy TOJIMEPHOTO OETOHY

npu H = 80 mm
H m \
0.08
e=1 £=0.75

0.06 \
0.04 X 7
0.02 \

0 4 4 4 4 4

7.05-10" 7.1-10 7.15-10 7.2:10 7.2510° o Hm’

Pucynok 5 — 3miHa Harpy>KeHb ¢ 1O BUCOTI
VILIBHIOBAHOTO LIapy TOJIMEPHOTO OETOHY

npu H =100 mm
H m
e=0.75 e=1
0.1
0.05
0 4 4 4 2
6.6:10 6.7-10 6.8:10 o, Hm

Pucynok 6 — 3miHa HaIpy>keHb ¢ 1O BUCOTI
YIIUTEHIOBAHOTO IIapy TOJIIMEPHOTO OETOHY MPHU
H=120 mm

AHali3 HaBeJileHUX Ha puc. 2—7 rpadikiB cBiI-
YUTH TPO Te, M0 y pa3i MOBEpPXHEBOTo BiOparriii-
HOTO YIIIIbHEHHS HA BETMYUHY 1 XapaKTep po3Io-
NIy HaNpyXeHb ¢ y Iapax MoJiiMepHOTo OSTOHY
3HAYHOI0 MipOI0 BIUIMBAE aMILTITYy/la KOJIWBaHb A
BiOpamiiiHOT TIWUTH Ta BINHOCHA WIUTHHICTH &
YIIUTBHIOBAHOTO MOJIIMEPHOTO O0ETOHY. AMILTITYIa
HanpyXeHb ¢ Mac HalHOUIbIII 3HAUYCHHS Y BEPXHIX
mrapax moxiMepHoro 0ETOHY, SIKi PO3TalIOBYIOThCS

B OesmocepenHiil OIM3BKOCTI JIO JpKepena 30y-
moxeHHs. [lpyn npoMy mist mpUHATOTO BiOpariii-
HOTO PEXHUMY CYTTEBOTO 3MEHILECHHS BEJIWYUHU
HaNpy>KeHb N0 BUCOTI H mapy y pasi BiJJaneHHs
B1JI JKepelia 30y/KeHHS He B1I0yBa€ThCS ISl BCiX
JIOCJTIJDKYBAHUX BHCOT.

H, m
e=0.75 e=1
0 /
0.05
0 4 4 4 2
6-10 6.2:10 6.4-10 o, Hm

Pucynoxk 7 — 3miHa HarnpykeHb ¢ TI0 BUCOTI
YIIUTEHIOBAHOTO IIapy MOJTIMEPHOTO OETOHY
pu H =150 mm

3 rpadikiB BUTIKae, MO IS YIIUTHHIOBAHUX
noniMepOeToHHNX BHPOOIB 3 Bucotamu 50, 60,
80 1 100 MM 31 30UIBIIEHHSIM BIIHOCHOI IIIILHOCTI
e Bim 0 1o 0,75 BinOyBa€eThCst 30UTBIICHHS BETHYUHH
HanpyeHb. [Ipu BimHOCHIN minmbHOCTI £ =1 3Ha-
YEeHHS aMILTITY/IH HAlIPYXKEHb 3MEHIITYEThCS JUTST KOXK-
HOTO 3HAYCHHS MPOMIKHOI BUCOTH X;. Lle mosicHro-
€TBCS TUM, IO AJIS 3a3HAUYCHUX BUCOT H aMIuTiTYyaa
KOJIMBAaHb A BiOpamiiHOI IUTMTH 3MEHIITY€THCS O1TBII
IHTEHCHBHO 3aJIEKHO B1JI BIJIHOCHOI IIIIJILHOCTI &, 1[0
i moka3aHo Ha puc. 1.

V pasi ymigpHeHHs] BUPOOiB, SIKi MarOTh BHCOTY
120 1 150 MM, 31 301IbIIEHHSIM BIJHOCHOT IIIILHOCTI
& aMIDIITyIa HAMPYXXEHb 3POCTAE 1 TOCATAE MAKCH-
MaJIbHOTO 3Ha4deHHs y pasi ¢ = 1. Lle mosicHIoeThCs
THM, IO Ul 3HAYHUX BUCOT YILIIbHIOBAaHHX BHPO-
0iB amIUTITYy/a KOJMUBaHb A BiOpaIiitHOI IIMTH X04
1 Mae MEHII YUCJIOBI 3HAYEHHS, MPOTE i3 3pOCTaH-
HSM BIJTHOCHOI HIUIBHOCTI & 3MEHIIYEThCS 3HAYHO
MeH1ie (puc. 1).

B pesynbrari mpoBeneHUX TEOPETUYHUX JIOCIHi-
JUKCHb THHAMIYHOT CHUCTEMH «BiOparliiina 1umra —
noJIiMepHui OETOH» OTPHUMAHO AaHAJIITHYHI BHpa3n
JUIE BU3HAYCHHS 3aKOHY 3MiHHM HallpyKeHb, SKi
BUHHKAIOTh B YIIIJIBbHIOBAHOMY MIapi MOJIMEPHOIO
OeToHy Tijg yac Woro nedopMyBaHHS TTOBEPXHEBUM
BiOpaniiHuM poOOYMM OpraHoM. 3HAWAEHI 3aJex-
HOCTI JIO3BOJISIFOTH 3 JIOCTATHIM CTYIIEHEM TOYHOCTI
BU3HAYUTU XapakTep 3MiHM HaNpyeHb IO BUCOTI
HamiBpabpukary 3aleXHO Bia (Hi3HMKO-MEXaHITHHX
XapaKTEePUCTHUK MOJIIMEPHOTO OETOHY, IO YIILTHHIO-
€TBCS, 1 MPUHHATOTO PEXKUMY BiOPAIiifHOTO BILIUBY.

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)

189



MATEPIAITO3HABCTBO

JUTEPATYPA

1. Minaev O.P. Russian methods and equipment
for spatial vibrocompaction foundations and structures.
Japanese Geotechnical Society Special Publication. 2015.
Vol. 2. Is. 80. Pp. 2747-2750. DOI: 10.3208/jgssp.TC305-11

2. Macnos A.T., Cagenor /I. B. BuOpatmonHsIii mpo-
xoit rpyHTOB. Kpemenuyk : KpHY, 2019. 102 c.

3. Macnos A.T., Casenos [I.B. Teoperuueckue
UCCIIEI0BaHMS TIpoIiecca B3aMMOJCHCTBUS BHOPAIMOHHON
TOJIOBKM TPYHTOIPOKAJBIBAIOIICH YCTAHOBKH C TPYHTOM.
36. nayx. np. Kiposoepadcvkozo 0epocagho2o mexHiuHo2o
yuieepcumemy «Texnika 6 cilbCbKO20CHOOAPCHKOMY 8UPOO-
HUYMGI, 2anyzeée MauiuHOOYOY8aAHHS, AGMOMAMU3AYISLY.
Bur. 13. Kiposorpaz : KTV, 2003. C. 26-32.

4. Maslov A., Janar Batsaikhan. The research of the
parameters of a vibration machine for composite materials
compaction. MATEC Web of Conferences. 2018. 224, 02099.
https://doi.org/10.1051/matecconf/201822402099

5. Maslov O., Janar Batsaikhan, Salenko Yu. The Theory
of Concrete Mixture Vibratory Compacting. International
Journal of Engineering and Technology (UAE). 2018.
Vol. 7 (3.2), pp. 239-244. DOL: 10.14419/ijet.v7i3.2.14411

6. Bogomolov V., Zhdanyuk V. Tsynka A.,
P. G. Viscoelastic structural model of asphalt concrete.
Asmomoounvrviii mpancnopm. 2016. Beim. 2016. C. 117-123.

7. Ceinepcokuit A. T. JlocmimkeHHs TUHAMIKA BiOpa-
[IHHOT MalIMHK i3 ypaxyBaHHAM HampyxXeHo-aehopMoBa-

HOTO CTaHy IpPY)XHO-IUIACTMYHOTO cepefoBuIa. Bibpayii

6 mexniyi ma mexnonoeiax. 2013. Bum. 3 (71). C. 41-45.

8. Paul Khosla N., Sadasivam S. Evaluation of the
effects of mixture properties and compaction methods
on the predicted performance of superpave mixtures.
Civil Engineering North Carolina State University. 2002.
Vol. 10. P. 166.

9. Savelov D., Puzyr R., Markevich A. Peculiarities of
vibrational press dynamics with hard-elastic restraints in the
working regime of metal powders molding. Metallurgical
and Mining Industry. 2015. Ne 2. Pp. 67-74.

10. Maslov A., Savielov D., Vakulenko R. Theoretical
determination of the law of motion of vibrating plate at
surface compaction of polymer concrete. 30ipnuk nayxogux
npays. Cepis: Tanysese mauwiunodyoyeanns, 0yOieHUYmMSo.
[MonraBchkuii HAliOHANBHUN TEXHIYHUH YHIBEpPCHTET iMEHI
[Opist Konpgparioka. 2021. Bumyck 1 (56). C. 5-11.

11. Macnos O.I., Casenos /[I. B. Teopernune Bu3Ha-
YEHHs1 3aKOHOMIPHOCTI 3MIHM HAIpyXeHb, SKi BHHHKAIOTH
y ToJiMEpHOMY O€TOHI IpH HOro yIiIbHEeHHI BiOpauiiiHOO
wmroto. Bicnux KpHY imeni Muxaiina Ocmpozcpadcbkozo.
Kpemenuyk: KpHY, 2021. Bum. 4/2021 (129). C. 135-141
https://doi.org/10.30929/1995-0519.2021.4.135-141

12. Maslov O., Savielov D., Salenko Y., Javadova M.
(2022) Theoretical Study of the Dynamic System “Vibration
Platform — Polymer Concrete” Stress-Strain State. In:
Onyshchenko V., Mammadova G., Sivitska S., Gasimov A.
(eds.) Proceedings of the 3rd International Conference on
Building Innovations. ICBI 2020. Lecture Notes in Civil
Engineering, vol. 181. Springer, Cham. Pp. 191-201.
https://doi.org/10.1007/978-3-030-85043-2 19

THE RESEARCH OF THE NATURE OF THE STRESS DISTRIBUTION OVER
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DURING ITS SURFACE VIBRATION COMPACTION
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Purpose. Based on a thorough analysis of the scientific and technical literature, it is established that for the mass
production of quality materials and products from polymer concrete compositions, the most effective will be a vibration
method of sealing, which means that when they are received, the vibrating working bodies of the forming technological
equipment will interact with the polymer concrete mass. The purpose of these researches is a theoretical study of the nature
of stress changes in the height of the compacted layer of polymer concrete during its surface vibration compaction.
Methodology. For the theoretical determination of the nature of the interaction of the surface vibrating working body with
polymer concrete, the study of the dynamic system “vibration plate — polymer concrete” was performed. In this dynamic
system, compacted polymer concrete is presented in the form of a system with distributed parameters, which takes into
account the action of elastic and dissipative resistance forces acting from the polymer concrete side when it is deformed on
a vibrating working body. Results. In accordance with the accepted rheological model of polymer concrete for the uniaxial
stress condition, the dependence in the individual derivatives between the stress and the deformation of the polymer
concrete is proposed, the nature of which depends on the dynamic modulus of elastic deformation, the dynamic modulus
of Maxwell’s elastic deformation and the coefficient of dynamic viscosity. A wave equation of oscillation is proposed,
which describes the propagation of elastic-viscous deformation waves in polymer concrete deformed by a surface vibrating
working body. To solve the wave equation of oscillations, boundary conditions are drawn. The first boundary condition
describes the interaction of a surface vibrating working body with a compacted concrete. The second boundary condition
implies that the displacement of the sealed layer of polymer concrete at a certain distance from the surface of the vibrating
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working body is zero. We find constant integrations (complex amplitudes) that satisfy the accepted boundary
conditions. Originality. As a result of substituting the expression that describes the law of motion of the vibrating plate
in the operating mode into the dependence between stress and deformation for the conditions of the uniaxial stress
state, the law of stress changes that occur in the compacted layer of polymer concrete was found. The law obtained in
this way made it possible to determine stress changes not only in the base and on the surface of the compacted polymer
concrete product, but also in its layers, depending on the selected parameters of vibration exposure. Practical value.
The found dependences allow to determine with a sufficient degree of accuracy the nature of the change in stress on
the height of the semi-finished product depending on the physical and mechanical characteristics of the polymeric
concrete to be compacted and the accepted mode of vibration.

Key words: vibration plate, polymer concrete, vibrations, stress, deformation.
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BPAXYBAHHSA AHTPOIIOI'EHHOI'O BIIVIUBY TA TEOMOP®OJIOT'TYHHUX
YMOB HA ITIIIBEMHY T'IIPOC®EPY IIPU TIPOEKTYBAHHI
I'TAPOTEPMAJIBHUX TEIIJIOHACOCHHUX CUCTEM

Ouaekciii 3yp’sin
KaHUaT TEXHIYHUX HayK,
CTapIINi HAYKOBHU CIIBPOOITHUK

[HCTHTYT BimHOBIIOBaHOT eHepreTuku HarioHanbHOT akamemii Hayk Ykpainu, Byid. ['Hata Xotkesuua, 20A, Kuis,
VYxpaina, 02000;
ORCID: 0000-0002-2391-1611

Mera. Bu3HauuTH 3MiHH TiIpONOTIYHHX TapaMeTpiB CBEPJIOBHHH, SKOIO PO3KPUTO BOZOHOCHUH TOPH3OHT, IMif
BILUTHBOM MPUPOJIHIX Ta ypOaHICTHYHUX MPOLECIB, Ki MOXKYTh HETaTUBHO BILUTMBATH HAa €(EKTHBHICTH POOOTH TiApoTEp-
MallbHOI TeIIOHACOCHOI cucteMu. MeTomosioris. Biu3HaYeHO KOMIDIEKC ITapaMeTpiB, 0 BH3HAYAIOTh (DAKT iCHYBaHHS
TEXHOTCHHOTO HaBaHTa)XCHHS Ha IMia3eMHy rifpocdepy. Po3polieHo Ta ckoHCTPYHOBaHO eKCIIEPUMEHTANIBHY TiIpoTep-
MaJbHa TEIIOHACOCHY CHCTEMY, SIKa CKIAJa€ThCs 3 TEIUIOBOTO HACOCY Ta JIBOX CBEPJIOBHH, Uepe3 sIKi 3a0e3MmedyeThes
IUPKYJIAIS BOIH BiJ] MI36MHOTO TOPU30HTY JI0 TETUIOBOTO HAcocy. Po3poliieHa iHTepakTHBHA CHCTEMa JUCTIeTYepH3aii
Ha 0a3i mporpamHoro npoaykty ESM (Engineering Systems Manager). Otpumani pe3yabTaTtu. EKcriepuMeHTalbHO
BCTaHOBJICHO, 1110 NMOOYA0BA *KUTJIIOBOTO KOOIEPATHBY B MEXKaX SIKOTO PO3TALIOBAHA MIISHKA MPOBEACHHS JOCIHiKCHb,
3MiHMIIa TIPUPOJIHI T1IPOTeONOriuyHI YMOBH BEPXHIX BOJOHOCHHUX FOpU30HTIB. KpiM Toro, OyniBHUITBO OaraTornoBepxo-
BUX OyniBenb, acanbTyBaHHS AOPIT, CTBOPEHHS KaHaNi3alliiHOI CiTi Ta OpraHi3alis MOBEPXHEBOTO CTOKY 3MEHIIUIIH
iHiTBTpaIio aTMOC()EPHUX OIAAiB, a 3HAYUThH | YMOBH JKHBJICHHS BEPXHBOTO BOJIOHOCHOTO TOPU30HTY. BeTaHOBNEHO,
mo 0e3mocepesHh0 B PaloHI JKUTIOBOTO KOMIDIEKCY, B MEKaX SIKOTO PO3TAIIOBAHA JAUITHKA POBEACHHS JOCIHIKCHb,
BOJIOHOCHHH TOPU30HT BUXOAUTH Ha JICHHY ITOBEPXHIO Ha BifcTaHi 100 METpiB Bix MicCI po3TalIyBaHHS CBEPIOBHH.
VY X MICIAX CIIOCTEPIraeThCs TiAPABIIYHIN 3B’ 130K TOPU3OHTY 3 TIOBEPXHEBUMH BOJIOMMAMH, IO PO3TAIIOBaHI Ha JIHI
0aJIOK, a KUBIICHHS TOPU30HTY 3IIHCHIOETHCS OE3MOCePEIHBO 33 PAaXyHOK iH(LIBTpaIlil arMmochepHux omaais. Opwuri-
HaJIbHiCTh. Briepine npoBejieHi KOMIUIEKCHI HATYypHI eKCIIEPUMEHTAJbHI JIOCIIPKeHHST €(DEKTHBHOCTI T1IPOTepMaTIbHOT
TEIUIOHACOCHOT CHCTEMH BiJl TEOMOP(OIOTIYHNX YMOB AUISHKH JIe BCTAHOBICHI TiAPOTEpPMAaNbHi 30HIH Ta aHTPOIOTCH-
HOTO BIUTUBY Ha BOJOHOCHHH TOPH30HT ypOocucTeMu B MicTi po3TarryBanss ['igpoTC. [IpakTnyna ninnicTs. OTpuMani
CKCIICPHMCHTANIBHI Ta PO3PAXYHKOBi JaHHI MOXYTb OyTH BUKOPHUCTaHI MPH MPOEKTYBAHHI JaHUX MPHUCTPOIB Ta CUCTEM
Bi100pY MEPBUHHOI TETLIOBOI eHeprii. BucHoBku. [IpoBeaeHi focnikeHHs MiATBEPAUIN, 10 IPYHTOBI BOJU € e(EKTUB-
HUM JKEPEJIOM HU3bKOMIOTEHIIAIbHOTO TeIlIa AJIs TeIIOBUX HACOCIB, OCKUIBKHU IX TeMIeparypa MpOTIroM BChOTO POKY
3HAXOJMTHCS B Aiana3oHi Bix +8 1o +12 °C. OO0rpyHTOBaHO, 110 MiJ] 4ac MPOEKTYBAHHS I IPOTePMaIbHUX TEIIOHACOCHUX
YCTaHOBOK HEOOXITHO BPAaxOBYBaTH, IO Ha AUISHKAX, 1€ MEpernagy BUCOT PENbedy € ONM3bKIME 32 PO3MIPOM 3 TIIHOU-
HOIO 3aJITaHHS [IPOIYKTUBHOTO BOIOHOCHOTO TOPH30HTY KOS(illieHT TpaHc(hOopMAIlii TEIIIOHACOCHOT CHCTEMHU MOXKE CyT-
TEBO BIIPI3HATHCS BiJ PO3PaXyHKOBOTr0. ToMy st €(pEKTUBHOTO BUKOPUCTAHHS BOTOHOCHOTO TOPH30HTY SIK MIPHPOIHOTO
AKyMYJISITOpa TEIUIOBOT eHeprii HeoOX1THO MPOBEICHHS ITONEPEIHIX T1JPOreOIOTTYHNX JTOCITIKEHb Ta SKICHE BUBYCHHS
SIK ICHYIOUOTO aHTPOTIOTEHHOTO HABAHTAXKEHHS TaK 1 TeOMOP(OIOTIYHHX, TCOJOTIYHHIX Ta I1POreONIOTTYHUX TapaMeTpiB
JIUSTHKH TIPOBEJICHHS OypOBUX POOIT.

KurouoBi enoBa: rigpocdepa, BOJOHOCHUH TOPH30HT, CBEPJIOBUHA, ypOocucTeMa, 3a0pyJHEHHS, MOHITOPHHL.

AKTVYAJIBHICTb POBOTHU. Boma € omgaum CHJIBHO BIiJIOOPQKAEThCS AHTPOIOTCHHHUI BIUIMB.
3 HaWLIHHIIIMX MPUPOAHUX CKapOiB, ajpke 6e3 Hei  ToMy BiIAXHIICHHS BiJ] IPUPOJHOTO PEXKUMY Ta HOro

HEMOXKJIMBE OpraHidyHe >KUTTA Ha 3eMJil, il Hase- MOPYLIECHHS CTBOPIOE 3arpo3y HECTIPHUSTINBUX €KO-
JKUTh OJTHA 3 TOJIOBHUX POJIEH Y KUTTEIISITLHOCTI JIOTIYHUX 3MiH [2].
JIOMHU. B Ham yac kapJuHaJIbHO 3MIHMJIACS €KO- 3HauHW CTYMiHb 3a0pyIHEHHS KOMIIOHEHTIB

JOriyHa CHTYyalisl y CBiTi, HpPOABMBCS AePIIUT  TEOJOTIYHOTO CEpPEOBHUINA, MEPeAycCiM, TIPYHTIB
BOJHMX PECYpCiB, MOB’S3aHUN 3 iX BUCHAXECHHSAM B MEKaxX TEPUTOPIH 3 BEJIMKUM TEXHOTCHHUM HaBaH-

Ta 3a0pynHeHHM [1]. T@XEHHAM, CTBOPIOE TIEPEIyMOBH MacIITaOHOTO

XapakTep peKUMY B3aEMO3B’SI3KY MMOBEPXHEBHUX HEraTUBHOIO BIUIMBY Ha CyMIKHI KOMIIOHEHTH T'€O-
Ta MiI3eMHUX BOJ y IPUPOAHUX YMOBaX y HalOiIb- JIOTIYHOTO CEepeNlOBHIIA, Y TOMY YHCITI 1 MiI3eMHi
IOMY CTyIEHI BiJIOBila€ BUMOTaM WOTO JWHA- Bo/U. Haii0ibIll iIHTEHCHBHOTO 3a0pYy/IHCHHS 3a3Ha-

MIYHO CTilikoro craxy. Pa3oM 3 TuM Ha pexumi  IO0Th IPAKTUYHO HE3aXHILECHI BOAU IPYHTOBOIO BOJO-
B3a€MO3B 13Ky IIOBEPXHEBUX Ta IIiJI3EMHUX BOJ ~ HOCHOIO TOPH30HTY.
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Jo 1poro ciix goaaru, o IPyHTOBI BOJH € JIXKe-
peIoM MOKIIMBOTO 3a0pymHEHHsS 1 OLThIIT TIHOOKO
3aATaloud BOJIOHOCHUX TOPU3OHTIB, Y TOMY YHCII
MDKITIACTOBHX [3].

B ocranHi poku, 3aBIsSKM BUKOPUCTAHHIO TETLIO-
BHX HACOCIB, BCe OUTBIIIOTO MPAKTUYHOTO 3HAYCHHS
Ha0yBae BUKOPUCTAHHS BiJHOBIIOBAHOI HH3LKOTIO-
TEHIIHHOI eHeprii MPUIIOBEPXHEBHUX IIapiB 3emIi
Ha mmbuHax Bix 20 1o 300 m. 11 BUKOPUCTAHHS ISl
TEIUIONIOCTa4aHHsI OKPEeMUX OYyIWHKIB, BUPOOHHUIUX
MIPUMIIIICHB, TETUIAIb Ta 1HIHUX 00 €KTIiB CTaE€ €KO-
HOMIYHO BHUT1THUM 1 3py4HUM.

VY kiiMatudHuX Ta reorpadidyHuX yMoBax YKpa-
{HM OMHUM 3 TIEPCHNEKTUBHUX HANPSAMKIB BHUKO-
PUCTaHHS BiJTHOBIIOBAHOI €HEPTeTUKH € 3aCTOCY-
BaHHS TiJPOTEPMAILHUX TEIUIOHACOCHUX CHCTEM
(TigpoTC).

Jnst oTpumaHHsT HeO0OXiAHOI MEPBUHHOI eHepril
IUTst poOoTH TerutoBoro Hacoca B ['inpoTC Bukopmc-
TOBYIOTBHCSI CHCTEMH Bi10OPY HU3BKOIOTEHIIaIbHOT
TEIUIOBOI €HEPrii, sIKi CKIIAJal0ThCs 3 TLAPOTEpMaib-
HOTO TEIJIOOOMIHHWKA, BCTAHOBJICHOTO B BOJOWMY,
a00 BOJIOHOCHHMIA TOPU30HT, B IKOMY 110 3aMKHYTOMY
KOHTYpY HIHpPKYJIIO€ TeryoHociii. Ilpu mpomy cuc-
TeMa BiJ0OpY HU3BKOTIOTEHIIAIbHOI TEMJIOBOI eHep-
rii BOJM IMiJI3eMHUAX TOPU3OHTIB TEXHOJIOTIYHO CKJIa-
JAIOThCSI 3 OAHOI, a00 JEKUTPKOX IMap CBEPJIOBHH
(BumOOYBHOI Ta TMOTIMHAIBHOI) SKHMH PO3KPUTO
BOJIOHOCHHI rOpU30HT Ha miuOuHax 70 300 M [4].

BukopucraHHs HH3BKOTEMIIEPATypHOI TreoTep-
MaJbHOI eHeprii Manmux TmouH (10 300 M) MokHA
pO3MIAAATH SIK CIIPaBKHIO PEBOJIONII0 B CHCTEMI
Terio3adesnedeHHs. 3a octanHi 20 poOKiB B CBITI
OyJI0 HAYKOBO OOIPYHTOBAHO Ta PO3POOJICHO TEXHO-
JIOTi10 Ta MOOYI0BaHO BEMKY KUTBKICTh JIIFOYUX CHUC-
TEM TEeTJIONOCTaYaHHs Ha TeTJIOBUX HACOCAX.

[TuTaHHsIM J0CBily BUKOPUCTAHHS TEIJIOHACOC-
HUX CHCTEM B YKpaiHi Ta CBITi, /i¢ B SIKOCT1 IEPBHUH-
HOTO JDKepesia eHeprii BUKOPUCTOBYETHCS HHU3BKO-
MTOTEHITIITHA €HEePTis MPUITOBEPXHEBUX IapiB 3eMili,
MIPUCBSYCHA BEJIMKA KUIBKICTh JOCIHIMKCHB. AHaT3
e(eKTHBHOCTI BHUKOPHCTaHHS TEIJIOBOTO MOTEHLIi-
aiy MepLIMX BiJl MOBEPXHI BOAOHOCHUX TOPH30HTIB
Ta BEPXHIX MmapiB 3eMJi IS TEIIo- i XOJOHOIMOC-
Ta4aHHs MPUBEICHO B poboTax [5; 6; 7; 8]. Anami3
TiIPOTEOJIOTIYHUX 1 TEOTePMIYHHUX XapaKTepHc-
TUK TEOTePMaJIbHUX O00’€KTIB YKpaiHW BUKOHAHO
B po6oTi [9]. IIpoBoAsAThCS aKTHBHI HAyKOBO-OCITi-
HHIBKI POOOTH 3 BUBYCHHS (i3MIHUX OCOOIHUBOC-
TeH Ta eHepreTHYHO1 e(heKTUBHOCTI aKyMYyTFOBaHHS
TEIUIa Ta XOJIOAY MUISIXOM BHUKOPHCTAHHS BOAM Iif-
3eMHUX Topru3oHTIB [10; 11]. 3 moOsSBOIO BETUKOIO
KITBKOCTI MajX TeO0TepPMabHUX TEIUIOHACOCHUX

CUCTEM M0 BUKOPUCTOBYIOTHCS JIJIs1 KOHANIIIFOBaHHS
Ta Tery03a0e3neyeHHs] B MPHUBATHUX JIOMOTOCIIO-
JlapcTBax Oyiy po3MovaTi JOCIIIKEHHS MI0I0 MOXK-
JIMBOTO €KOJIOTIYHOTO BIUIMBY SIK Ha BOJHI PECYpCH
Ta TPYHTH B 30HI PO3TAIIyBaHHS IaHUX OO0 E€KTIB
Ta MPOBEICHHS BOAHOTO E€KOJIOTIYHOTO MOHITOPUHTY
[12; 13; 14]. Po3pobieHa MEeTOI0JIOTIs OI[IHIOBAHHS
€KOJIOTOHEOEe3MeYHNX  PHU3MKIB  (YHKIIOHYBaHHS
TEXHOTEHHO-3MIHEHMX BOJHHX eKocHcTeM [15].

OcHOBHa BIOMIHHICTE TEINIOBOIO HAcoca Bifg
IHIIMX TEPeTBOPIOBAYIB  BiIHOBIIOBaHOI eHeprii
HIOJISITaE B TOMY, 110 TIPH BUpOoOHMITBI Tera 10 80 %
€Heprii BUTATYEThCS 3 HABKOJHIITHHOTO CEPEOBHUIIA
(s TimpoTepMaNTBbHUX CHUCTEM — BOMU BITKPUTUX
BOJIOWM a00 BOJIOHOCHUX TOpPHU30HTIB). OnHAaK Taka
cHCTeMa Mae€ 1 HeJIOMIKH, SIKi BU3HAYAIOTHCSI CyTTEBOIO
3aJISKHICTIO 11 €EKTHBHOCTI BiJl CTaOLIBHOCTI 1e0iTY
CBEPUTOBHMHU Ta TEMIIepaTypy BOAM Ha i1 THPITI.

BonmoHocHH TOPH30HT € BUCOKOS(EKTHBHUM
JDKEPEJIOM  BiTHOBIIIOBAHOI HHM3KOMOTEHIIaJbHON
eHeprii, OoJHaK MpPH TPOCKTYBaHHI TaKWUX CHCTEM
BaYKIMBO BPaxOBYBATH HE TITBKH OCOOIMBOCTI T€O-
JIOT1YHOI OyIOBU TipCBKOTO MacHBy, a 1 BIUIMB Ha
BOJIOHOCHHUI TOPU30HT MOTEHIITHOTO TEXHOT€HHOTO
HABaHTKEHHS Yy MICI[i PO3TalllyBaHHS CBEPJJIO-
BuH [igpoTC (3MiHM MiHEpaJIBPHOTO CKIIATy BOIH,
CTaTUYHOTO Ta JUHAMIYHOTO DPIiBHS CBEPAJIOBHHH,
Ta 0COOJIUBO TEMIIEpATypy BOJIH).

Tomy, 3 ypaxyBaHHSIM TOTO, 110 IPUPOJHIH BOJO-
HOCHHHM TOPH30HT € CKIIQJIOBOI0 YaCTHHOIO TEX-
HIYHOTO TIpUCTpoio (TemoBoro Hacocy [iapoTC),
AKTyaJbHOI HAyKOBO-TEXHIUHOKO 33a4CH0 €: JIOCIi-
JDKEHHS TeXHOreHHoro HaBaHTaxeHHA [1xpoTC
Ha JIOBKUUIA y TICHOMY B3a€MO3B’SI3KY 3 aHaJi30M
3BOPOTHBOTO BIUIMBY TEXHOT€HHO-3MIHEHOTO HAaBKO-
JMIIHBOTO CEpe/IOBUIIA YpOaHi30BaHUX TEPUTOPIH
Ha TapaMeTpu NEepBUHHOTO JKEpesa CHeprii aus
edexruBHOi podoTu ['impoTC, Ta cTBOpeHHS eKo-
JIOTIYHO, TEXHIYHO Ta €KOHOMIYHO OOIPYHTOBAHHX
Metoquk mpoektyBaHHA [igpoTC Ta TexHIYHHX
MPUCTPOIB BiAOOpPY MEPBUHHOI TEmIOBOI eHeprii
3 ypaxyBaHHSM iCHYIOYOTO TEXHOT€HHOTO HaBaHTa-
JKeHHS Ha BOJOHOCHHI TOPHU30HT.

MeToi0 po0OTH € HUIAXOM aHalli3y eKCIepHu-
MEHTaJIbHO OTPHUMAaHUX JAaHUX PIUYHUX, CE30HHUX
Ta M00OBHUX 3MiH TEMIIEpaTypu BOJIU y BOIOHOC-
HOMY TOPW30HTI, Ta TeMIIepaTypH MOBITPS y MiXK-
TPYOHOMY MpPOCTOpPi BU3HAYUTH 3MIHU T1IPOIO-
TYHUX MapamMeTpiB CBEPAJIOBHHU, SIKOIO PO3KPHUTO
BOJOHOCHUH TOPHU30HT, A BIUIMBOM HPUPOAHIX
Ta ypOaHICTUYHHX TMPOIECiB, SKi MOXYTh Hera-
THBHO BIUTMBATH Ha €(EKTUBHICTH poOOTH Timpo-
TepMaJIbHOI TENJIOHACOCHOT CUCTEMH.
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BiamoBigHO 10 MOCTaBIEHOT METH JTOCHIUKEHHS
MaloTh OyTH BUIIIEHI Taki 3aBJaHHs: MO-TIepIie —
MIPOBENICHHS CKCIIEPUMEHTANBHIX JOCTIIKEHb Pid-
HUX, CE30HHMX Ta JOOOBUX 3MiH TeMIlepaTypu
BOJH Y BOJIOHOCHOMY TOPH30HTI Ta Y MIXTPYOHOMY
IIPOCTOPI CBEPUIOBMHU 3MOHTOBAHO] y rycTo3acese-
Hil ypOaHicTHUHIN TepuTopii M. Kuesa; mo-apyre,
BU3HAYEHHS BiJICOTOK MaJiHHS e(DeKTUBHICTh TiIpo-
TepMaJIbHO1 TEMJIOHACOCHOT CHCTEMH ITPU HECTAO1IIb-
HUX BXIJHUX IapaMeTpax MOB’sI3aHUX 3 IepernagaMu
TeMITepaTypu Ha BXoAi o Bumapuuka ['impoTC, mo
3aCTOCOBYETBCS JUIS OTAJICHHS] Ta KOHIUIIIFOBaHHS
OyniBenb Ta cropyx At KoM(pOpTHOro nepeOyBaHHS
Tronielt Ta poOOTH TEXHIKH, B 30HI TEXHOTEHHO-3MiHe-
HUX BOJHMX €KOCHCTEM; IO-TPETE — 3aIPONIOHYBAaTH
KOHCTPYKIIi CHCTeM BiIOOpPY HHU3BKOTOTEHITiAb-
HOi eHeprii BoAX Uil yMOB HECTaOUILHHUX Mapame-
TpiB NEPBMHHOTO BiHOBIIOBAHOIO JKepelsa Teria
B paiioHi TEXHOT€HHO-HABAaHTAXKEHUX yPOOCHUCTEM.

MATEPIAJI 1 PE3VJIBTATU JOCIIKEHD.
Jlyis IpoBeICHHST TOCIII/KEHb TEIUIOBUX 1 TiAPOJIH-
HaMIYHUX OPOLECIB, IO BiIOyBalOTHCS B MPOAYK-
TUBHOMY BOJIOHOCHOMY TIIACTi IiJ{ 9aC OCBOEHHSA
HU3BKOIIOTCHITIABHOI €HEepTii Mi3eMHUX BOM BEPX-
HiX BOZOHOCHHUX TOPHU30HTIB, B [HCTUTYTI BiAHOBITIO-
BaHoi enepretuku HAH Ykpaiuu Ha npuOynnHKoBii
JOUISHII KOpIlycy 2, 10 PO3TAaIlOBaHUI 3a alpecoro
Bya. Metpororiuna 6ya. 50, 6y70 CTBOPEHO eKcITe-
PUMEHTAJILHY CHCTEMY BUI00yBaHHS T'1IpOTepMaib-
Hux mxepen eneprii tuny ['LIC (rimporepmanbHa
LHUPKYIALIHA CHCTEMA).

EkcriepuMenTanbHa YCTaHOBKA € TEIIOOOMIiH-
HUM TPHCTPOEM, SIKUH CKIIAJIA€ThCS 13 JBOX CBEPII-
noBuH (Ne 1 Ta Ne 8), moegHanux TpyOOIMpoBOAaMHU
JUTSL TIPKYIAIIT TMiA3eMHUX BOA MiXK BOJOHOCHHM
TOPU30HTOM Ta OymiBICIO IHCTUTYTY.

CeeputoBuna Ne 1 Oyna npoOypeHa /1o TIIMOUHU
57 M Ta po3KpuiIa BOZOHOCHHUH TOPU3OHT y BifKia-
JaxX MEXHUTIPChKOI, OEpEeKChKOI Ta HOBOIETPIBCHKOT
CBIT OJITOIEH-MioNeHy (ITONTaBChKa 1 XapKiBChKa
cepii). CriIamaeThCsi TOPU3OHT 3 APIOHO-3EPHUCTUX
IICKIB, [0 3aJI5Tal0Th B iHTepBai IuOuH 34-57 M.

CaepioBuna Ne 8 Oyna npoOypeHa Ha BifcTaHi
11,5 m Big cBeputoBuHu Ne 1. [mGuna cBepmaio-
BuHU — 50 M. [IpogyKTUBHUIT BOTOHOCHNN TOPU3OHT
BIZIKJIaZIeHb MEKHUTIPCBhKOI, OepeKchkoi Ta HOBOIIE-
TPIBCBKOi CBIT OJITOLEH-MIOLEHY Yy CBEpAJIOBUHI
Ne 8 posramoBanmii Ha rroOuHi 32-50 M. Y 000X
CBEpJIOBMHAX Ha BOJOMIIHOMHHX TpyOax BCTa-
HOBJIeHI Hacocu. Y cBepmioBuHi Ne 1 — 2 wm/rox,
y cBepamoBuHi Ne 8 — 3 m3/rog.

3 METO MPOBEACHHS JOCIIPKCHHS TEIIOBOIO
PEKUMY TiAPOTEPMAIbHOI TEINIOHACOCHOI CHCTEMHU

gk 0e3 HaBaHTaXEHHs, Tak 1 mig 4ac poOOTH Ha
KOHJUITIFOBAaHHS Ta OMAJCHHS MPUMIIICHb OymiBIi
EKCIICPUMEHTAJIbHY CHUCTEMY BHJIOOYBaHHS reoTep-
MaJIbHUX JPKEpEeJl eHeprii HaMu OyJio TO€IHAHO JI0
TETUIOBOTO HACOCY THITY BOJa-BOja Ta (haHKOIIIB.
Pa3oM BOHM CKJIaJal0Th €KCIEPUMEHTAIBHY TiIpo-
TepMaJIbHY TEIUIOHACOCHY cucTeMy (puc. 1).
@Kﬂ\mpemp
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Pucynoxk 1 — EkcriepuMenTanbHa TiipoTepManbHa
TEIJIOHACOCHA CUCTEeMa [HCTUTYTY BiIHOBIIOBaHOT
eneprerukn HAH Ykpainn

Cxirazy  eKCHnepMMEHTANIBHOI  TipOoTepManbHOT
TETJIOHACOCHOI CUCTEMH: TeoTepMalbHa IHPKYIIsi-
uifiHa cucrema (CKJIQIAa€Tbes 3 JABOX CBEPIJIOBUH
3 HACOCHUM OOJIaIHAHHM); aKyMYJSTOP HU3BKOIIO-
TCHIIAJILHOT TEIIOBOT €HEePTii EMKICTIO 5 M?; aKymy-
JISITOP TEIUIOBOI €HEprii CUCTeMHU OIajeHHS Oy/IiBii
eMHICTIO 3 M® (CKIIQIa€ThCs 3 TPHOX TEII0I30J1b0-
BaHUX €MKOCTeH 1mo | M?); TerIoBOro Hacocy THITY
BO/Ma-Boma. B maHwmii yac B CHCTeMi BHKOPHCTOBY-
€THCs1 OJTUH TEIJIOBUI HACOC THITY BOJa-BOJa TOTYX-
mictio 5 KBt Boa.

B reonoro- cTpykTypHOMY BiHOIIEHHI JiTsHKA
MOCTIKCHHST pO3TaIlloBaHAa B MEXKax ITIBHIYHO-
CXIJIHOTO TMOJIOTOTO CXWJIy YKpPaiHChKOIO IIHUTA,
110 3aHYPIOETHC i 00nacTh JHinpoBchko-/loHe-
1pKOT 3amaguHu. TOBIIA TOPiJ Ma€e ABOIIOBEPXOBY
OymoBy: HWKHIA TOBEpX — KpHCTATIYHUN (yHIa-
MEHT, 1[0 CKJIaJa€ThCs 3 KPUCTAIIYHUX 1 METaMOP-
(hivHEX MOpia JOKeMOPito, BEpXHiH — 40XO0JI, CcKila-
JIEHUH O0CaJOBUMHU TMOPOJIaMH TTaJIE030HCHKOTO,
ME3030MCHKOTO 1 KaiHO30WCHKOTO BIKY, IOTYX-
aictio 10 400 M.

B reomopdonoriyaoMy BigHOIICHH] AIISTHKA EKC-
MEPUMEHTAIBHOT YCTAHOBKU PO3TAIlIOBaHA HA TEPH-
TOpii OCTaHI KHIBCHKOTO JIECOBOTO ILTATO, SIKUM
obMexeHuH 13 3axony — HoBoCIeIbKOTO, 3 MBIHS —
XoTiBchKoIO 1 31 cxony — PeodaniiBCcbkoI0 OaaKamH.
AOCOMIOTHI MMO3HAUKW JHAa OaloK 3MiHIOKTHCS
Bix 125 mo 150 m. 3 miBHOYI ocTaHenpb 3’ €IHYETHCS
3 OCHOBHMM MacuBOM KHIBCBKOTO JI€COBOTO I1J1aTO.

Ha mni Gasiok po3ramnioBaHi BOJOTOKH 3 03€paMH,
10 MalOTh HEMOCTIMHMN XapakTep, SKUW Ha MpIMY
3aNIeKHUTh BiJl KiTbKOCTI arMocepHux omaaiB. Ha
mHi DeodaHiiBCbKOT OalKu PO3MIIIYETHCS Cepis
TTamaguHCHKHUX CTABKIB.
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3a cBo€ro (OPMOIO OCTaHeUb YSBISE COOOIO
«s130K» (pHUC. 2), TOBKMHA SKOTO (HAmpsSMOK 3 ITiB-
HOUYI Ha IMMBACHB) MNPUOMU3HO CKiIamae 1,5 &M,
a mupuHa (HampsMOK 13 3axomy Ha cxim) — 1 km.
Penped «sa3uka» MOCUTH TUIOCKUEH. AOCONIOTHI
MTO3HAYKH MTOBEPXHI 3MIHIOIOTHCA Bix 189 mo 175 M,
BOAOAUT TIPOXOOUTH Y3IOBK IMOCEHHOI JOpOTH
(Byn. Metposoriyna). YXui npaBoro Kpujia CTaHo-
BuTh 0,02, niBUil cXui1 OUIBII KPYTIILHU.

y s

Opeckka Tpaca | f /" / .
Hosocinenbka anga | | [ L Deopanincnica Ganka
BY.L Merposoriuna | Xorirchka Ganka

Pucynok 2 — Kapra-cxema BHCOT B MiCTi
JUISTHKY TOCITIPKEHHS B MICT1 pO3TallyBaHHs
eKCTIepUMEHTANIFHOI TiApOTepMaIbHOT
TEIUIOHACOCHOI cucTeMu [HCTHTYTy BiTHOBIIIOBaHOT
enepreruk HAH VYkpainu (M. Kuis,

ByJl. MeTponoriuna 50)

I'igporeonoriuna OymoBa AUISHKH JOCIIHKCHHS
JOCUTH JIeTallbHO BUBUYCHA 3aBISIKH YHCICHHUM
OypoBUM poOoTam, o Oy TYT NPOBEACHI.

lNpporeomoriuauii  po3pi3 3a pe3yibTaraMu
OypiHHS BiJ 36MHOI TIOBEPXHi B TIIMOWHY TPEACTAB-
JICHWH HACTYITHUMH BOJOHOCHHMH TOPH30HTaMU
1 BOZIOTPUBKUMH IIAPAMHU:

1. AnroBiadbHO-IEIOBIATbHI  BIAKIATU  TEp-
ol Haa3aIuIaBHOI TepacH CKJIAJA€THCS MIITLHUMHA
(cepemust miinpHICTH TOPia — 1,6 r/cM?) miaHHCTUME
CYDIMHKaMHM 3 BKJIIOYCHHSIM TPaBilo 1 TajbKH, iHOAI
3 TpoIIapKaMH 1 JiH3aMHu MicKy. Bomo3baradeHicts
TOPU30HTY HEBHICOKA, Y CKJIAJi BOIOBMICHUX TOPIT
MepeBaKaIOTh MUTYBaTI 1 NIMHKUCTI Qpakiii. 3ansrae
TOPHU30HT Ha TIIMOWHI Bif 8 10 12 M, Mae Ce30HHMIA
XapakTep i Iy’Ke 3aJIeKUTh BiJI KUTBKOCTI aTMochep-
HHMX OIaJiB, 110 BUIIaJal0Th HAa MICIL[EBOCTI.

2. BOnOHOCHHH TOPU3OHT Yy BIIKJIaIax Mex-
UTipCchbKOi, OEPEeKCHKOI Ta HOBOMETPIBCHKOI CBIT OJIi-
roreH-Mionieny (IlonraBchka i XapkiBchKa cepii).
[llapy BogoBMICHUX BITKIAIcHh HE OOMEXKECHI MIXK
co000 BOJIOYIIOpPaMH, TiPaBIIYHO MOB’sI3aHI 1 PO3-
DSIIAIOTBCS. SIK  €IMHUM  BOJOHOCHUHM TOPH3OHT.
[OpH30HT BiZOKPEMIIIOETHCS BiJ] MEPLIOTO LIAPOM
CTPOKATHX IJINH HEOTCHOBOI'O BIKY, TOBIIMHA SKOTO
nocsirae 20 M. TIOKpiBIIsSE TOPH30HTY 3HAXOIMTHCS
Ha TmubuHi 32 M, a migomBa — 50 M. CkiamaeTsest

TOPU3OHT 3 CIpOTo JIPiOHO3EPHUCTOTO MICKY 3 MPO-
LIapKaMH ajaeBpHTiB i uH. CTaTuyuHi piBHI BCTAHOB-
TOIOThCS Ha THONHI 48—49 M. ['opu3oHT Oe3HarTip-
HUH, TOOTO piBEHb BOIAM 3HAXOAUTHCS HIKIE KPiBIi
TOPU30HTY, BEPXHsI YaCTHHA TOBLII TOPH3OHTY CyXa.
Bonosbarauenicte TOpu30HTY ciiadKa, 110 MOSICHIO-
€THCSI MAJIOT BOJOBIIIAYEI0 IPiOHO3EPHUCTHX ITICKIiB
MOJITABCHKO1 CBUTH. Ha moCmimHiN MINSHIT TPUTUIAB
MiJI3MHUX BOJI 3 MMOJITABCHKOTO TOPHU30HTY ITiJ] Yac
BiZIKaYKH y Tporeci OypiHHs ckiaB 2—3 Jji/c 3 BiamNo-
BiJTHUM 3HIDKEHHSIM PiBHS Ha 6—7 M.

3. BydJakchko-KaHIBCHKHI BOJOHOCHUN TOpH-
30HT 3aysrae Ha TuouHi Big 90 g0 117 M, ckia-
JAETHCSL 3 MIJIKOTO Ta JPIOHO3EPHHUCTOTO IICKY.
['OpU30HT CHIIBHO BUCH@)KEHUH uepe3 aKTUBHE
BUKOPUCTAHHS HOro Uil BOAONOCTAYaHHS 1 IS
rocrojapchbkux 1isieid. CTarnvHi piBHI BCTAHOBIIO-
I0ThCSL HA BigMiTKax 96 M, TOOTO BEpXHsS 4acTHHA
ropu3oHTy cyxa. l[opu3oHT OesHamipHuii. Bin-
OKPEMITIOETHCS BiJl IPYTOTO MOTYXKHOIO (10 35 M)
TOBIILICIO CTPOKATHUX TJIMH HEOTCHY.

Jis  excmepuMeHTanbHOI — TiIpOoTepManbHOT
€HEepreTUYHOI TeINIOHACOCHOT CUCTEMHU BiJIKPUTOTO
TUIYy HPOLYKTHBHUM € HOJTaBCbKUI BOIOHOCHUI
TOPH30HT.

VY mutaHi TOPU30OHT Ma€ TIOBCIOAHE MOIIUPEHHS.
3riZiHO T1IpOreosoriyHoi KapTH, MII0MIA PO3MOBCIO-
JDKSHHSI TOPH30HTY MEPEBHIIYE AECATKH KM~ AGCO-
JIOTHI MO3HAYKU IiJIOIIBU TOPU30HTY CTAHOBISITH
127-131 wm. IloxpiBisi TOPH3OHTY PO3MIMIYETHCS
Ha BigMiTkax 150-165 M. CrocTepiraerscst He3Ha-
YHE 3aHypEHHS TOPU30HTY B MiBACHHOMY HANPSMKY
(4 mua 700 m).

3BepXy 1 3HU3Y TOPU30HT 130JbOBAHUH IJIACTAMHU
BOJOTPUBKUX DNIMH. TOBIIMHA BEPXHBOIO LIAPY
mIWH ckiaagae 20 M, HUKHBOTO — TIEPEeBUITYE 35 M.
Yepes BepxHiil map mIuH BigOyBa€eThCS YaCTKOBA
(hbimpTparisi BOAM 3 TEPIIOTO BOJOHOCHOTO TOPH-
30HTY B IPOAYKTUBHIH. KiTbKiCHO BeTMUMHA TIepe-
TiKaHHS BCTaHOBJICHAa He Oyna. OIHAK CepeaHbO-
piYHa BEJIMYMHA JKUBJICHHS TEPIIOrO BOJOHOCHOTO
TOPU30HTY 3a PaxXyHOK iH(MUIBTpaii atMmochepHux
omajiB ckiaja 5,2 cM.

3a3HaunMo, 1m0 Mo0yIoBa JKHTIOBOTO KOOIepa-
tuBy «Kpuiranesi Jpkepena», B MeKax SIKOTO PO3-
TaIIOBaHA JIUISHKA EKCIIEPUMEHTAIBHOI YCTaHOBKH,
Jy’Ke 3MiHWIIA TPHPOAHI TigPOTEONIOTiYHI YMOBH
BEPXHIX BOIOHOCHHX TOpH30HTIB. [lnmoma octants
Oyna 3Ha4HO 301IbLICHA MUITXOM HACUIIAHHS IITYY-
HOT'O IPYHTY, 5K 3BepXy (1.5-2 M), Tak i B IIUPUHY 110
100-150 m. Kpim Toro, OymiBHHIITBO OararoroBep-
XOBUX OyJiBenb, ac(haabTyBaHHA JOPIT, CTBOPEHHS
KaHaI3al[ii{HOT CiTi Ta OpraHi3ailis MOBEPXHEBOTO
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CTOKY OJJHO3HAYHO 3MEHIIMJIM iH(INbTpaLiio aTMoc-
(hepHHX OmaMiB, a 3HAYUTH | YMOBH JKUBJICHHS BEPX-
HBOTO BOJOHOCHOTO TOPU30HTY. TOMy MOXHa HpH-
MyCTUTH, 10 BETMUMHA TIEPETIKAHHS Mi3EMHUX BOJ
3 MIEPUIOTO TOPU3OHTY MOXKe OyTH 3HAUHOIO.

Kpim Toro y HoBocenumpkiit Ta deodaniiBebKiit
OaJIKax MOJITABCHKUI BOMOHOCHUH TOPU30HT PO3KPH-
THH epo3i€lo 1 BUXOIUTh Ha ICHHY MOBEPXHIO. Takum
YHHOM, Oe31ocepeIHb0 B paiioH1 )KUTIOBOTO KOOTIe-
paruBy «Kpuiranesi Jpkepena» Ha NpUOyIMHKOBIN
TUTSHI KopiTycy 2 [HCTHTYT BiTHOBITIOBaHOT eHEepre-
tuku HAH VYkpainu, mo posramoBaHa 3a aapecoro
Bys. Metposoriuna Oya. 50, 1e 3HaXOQUThCS eKcIie-
pUMEHTaJIbHA cUcTeMa BUIOOyBaHHS T1IpoTepMalb-
HUX JoKepen eHeprii, llomTaBcbkuii BOAOHOCHHIA
TOPU30HT BHXOJIUTh Ha JICHHY IMOBEPXHIO Ha BiJ-
crani 100 MeTpiB BiJ MicCIsl po3TamryBaHHs CBEpAJIO-
BuH. A 3a 300 MeTpiB BiJ CBEPUIOBHH Ha JIHI OAJIKU
posramoBane o3epo. [lepemax BHCOT MiX THpIIOM
CBEP/UIOBUHHM Ta JTHOM OaJIKH 1€ PO3TAIIOBaHE 03€PO
cknanae 40 metpis (puc. 3).
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Pucynok 3 — [lepenax BUCOT MK THPJIOM
CBEpAJIOBUHU Ta 03epoM (BUTAT 3 eleKTpOHHOTO
pecypcey «Kaptu BucOT Hall piBHEM MOPS»
https://qrz.pp.ua/vysota)

VY mMx MICHSX CIIOCTEPIraeThCs TiIPaBIIYHUAN
3B’SI30K TOPU30HTY 3 IMOBEPXHEBUMH BOJOHMAaMH,
10 PO3TaIIOBaHi Ha JTHI 0aJIoK.

JKuBneHHsST TOPU3OHTY 3MIMCHIOETHCS Oe3Iio-
cepelHbO 3a paxyHOK iH(DinbTpanii armMochepHux
OIaiB.

[Totik BOJ crpssMOBaHMI BiJl BOIOIITY Ha 3aXil
1o HoBocenuiipkoi O6amku.

Tam, e CTpoKaTi TIMHU HEOTEHY PO3MUTI, 3MiH-
CHIOETBCS TIEPENIUB I'PYHTOBHUX BOJ TEPILIOTO BOJO-
HOCHOTO TOPHU30HTY B MPOAYKTUBHUI TOPU3OHT.
JKuBreHHsT MONTaBCHKOIO BOZOHOCHOTO TOPH30HTY
3MIACHIOETHCS 32 PAXYHOK TEPETIKaHHS TIPYHTOBUX
BOJI Yepe3 TOBIILY IJIHH.

BianoBigHO 4O IOCTABIEHOrO 3aBOAaHHSA HOCHI-
JDKEHHS U BUMIPIOBaHb TEMIEpaTypH y CBEpI-
JIOBMHI Ta B KOHTPOJIBHUX TOYKaX CHUCTEMHU OyiH
BCTAHOBJICH] JIaTYMKH TEMIIepaTypu (TepMoreper-
BoptoBaui onopy) TCII-204. TepmomnepeTBoproBayi
omopy TCII-204 BHeceHi o Jlep»aBHOTO peecTpy
3ac00iB BUMIpIOBAIbHOI TEXHIKH YKpaiHU 3a HOMe-
pom VY246-07. PoGoumii jiama3oH BHMIpIOBaHUX
temmeparyp Big —40 1o +270 °C, moKa3HUK TEIIOBOT
iHepuii He OinbiIe 68 .

Jlatunku Temreparypu BCTAHOBIIEHI y CBEpJIO-
BHUHY Ha TNIOuHY: 42 M, 39 M, 34 M, 29 M.

3 ypaxyBaHHSM OCOOJUBHX YMOB IPOBEICHHS
BHUMIpIOBaHb y CBEPAJOBUHI (IMiABHILEHY BOJIO-
riCTh Ta BEJMKY IMMOMHY) Ta HEOOXiAHICTH poO3-
MITIIEHHS 0 BOCKMH JaTYUKIB Ha OAHIN KOcCi OyII0
BUKOPHCTAHO IMPOBiA 3 BOCbMa KMJIaMH Ta MeTa-
JeBUM ekpaHoMm Tunmy 4 x 2 x 0,51 (SF/UTP-
cat.5E). Takox MicIlsi MOKIIUBOTO KOHTAKTy TPO-
BOJY 3 BOZOIO OyIIO i30JIbOBAaHO Y MPOPE3MHEHUN
KOXKYX, & MICIIsSI TAKKW KOHTAKTIB JaTYMKa TEMIIe-
paTypu (TepMoIepeTBOpIOBaYaMu OMOPY) 3aJUTO
EMOKCHJIHOI cMOJIot0 (puc. 4).

Pucynox 4 — TepmoriepeTBOproBad O1mopy
3 TPY3HWIOM MOETHAHUM 10 IPOBOTY
4 x2x0,51 (SF/UTP-cat.5E)

Jlis 300py JaHMX 3 BUMIPHOBAJIBHUX HPUCTPOIB
Oyno Bukopuctano koutponep MAXYCON FLEXY
(puc. 5) noeTHaHMIA 10 IEPCOHATBLHOTO KOMII I0Tepa
yepe3 103 USB 1 RS-485, mo npusnaueHo mmns
MpUIOMY, TEPETBOPEHHs 1 rmepemadi uQpoBoi
iHpopManii MK HUGPOBUMH ITiHIIMH IO IHTEp-
¢eiicy RS-485 ta nporokoiny Modbus-RTU. Iadop-
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Malisl 3 JaT4uKiB 3HIMajgacs aBTOMATHUYHO 3 4aco-
BUM IHTEPBAJIOM B I1’SITh CEKYH/I.

Pucynok 5 — 300pakeHHsI KOHTpoJiepa
MAXYCON FLEXY pa3oM 3 Gi1okamMu
PO3IIMPEHHS Ta MIePETBOPIOBayYeM iHTEep(eciB
RS 485/USB ekcniepuMeHTaIbHOT TiApOTepMaIbHOT
teroHacocHoi cuctemu IBE HAHY

3a JI0ImoMOTror0 po3po0ICHOT IHTEPAKTUBHOI CHC-
TEMH JHcrieTyepu3allii Ha 0a3i MpPOrpamMHOro Mpo-
nykry ESM (Engineering Systems Manager) 3 BUKO-
pucranHsM s3uka nporpamyBanHs FBD (Function
Block Diagram|Continuous Function Chart) 6ymo
3a0e3reyeHo 301p JaHUX 3 BUMIPIOBAIILHUX PUCTPOIB
3 MOJABIIOID 0OpPOOKOIO Ta 3amucy B apxiB i ix
iHTepIpeTallii Ta BUBEJACHHS Ha MOHITOP KOMIT FOTEpa
MPOTrpaMor0 Bi3yaizamii B peampHOMY daci. KoHTp-
onep MAXYCON FLEXY pa3om 3 G10kamMu po3IIH-
PEHHSI Ma€ MOXJIMBICTH 3HIMATH MOKAa3HUKH OIBII
Hik 3 36 kaHamiB iH(opMmaIlii, a po3poOiieHe CIielli-
aJIbHE IpOrpamMHe 3a0e3IEeUYEHHS BUKOPHCTOBYETHCS
TaKOX JUISl JTUCTAHIIHHO KEpYBaHHS CHUCTEMOIO SIK
B aBTOHOMHOMY, TaK i py4YHOMY PEXKHUMI.

3anpoBamkena B IBE HAHY aBromaruszoBana
KOMIT IOTepHa CHCTEMa MOHITOPHHTY 3a0e3nedmiia
CHUCTEMHICTh BHMIPIOBaHb, IX BHCOKY TOYHICTh
Ta AUcKpeTHIicTh — Big 10 10 5 c.

[lpuiiasaTuii  iHTEpBaN dacy 3amucy JaHHX
(10 mo 5 ¢) Hamae MOXKITMBICTE JOCIIHKEHHS 1000BOT
TUHAMIKH TeMITepaTypHHUX MTOKa3HHKIB.

BaxmBO MigKpeciIuTH, 110 BUBYCHHS PEKUMY
MiA3€MHAX BOA 3@ JIOMIOMOTOI0 PO3TALIOBAaHUX
B CBEpAJIOBUHAX JATYUKIB BUCOKOI YyTJIMBOCTI
1 BITHOCHO BHCOKOK YaCTOTOIO 3UMTYBAHHS JaHUX
JIO3BOJISIE OTPUMATH SIKICHO HOBY iH(pOpMAIiIo Mo
MEePIOJUYHICTh TiAPOreoqiHaMiYHUX 1 Pi3UKO-XiMiy-
HUX TIPOIIECIB.

AHasi3 HaKOMMYEHUX 3a TIEPION CIIOCTEPEIKCHD
3 xoBTHA 2021 poky mo mrotuii 2022 poky HaHuX

TEMIIEPaTypH MOBITPS Ta BOJIU B CBEPJIOBUHI BHSI-
BUB HAsBHICTb iX CIIPSIMOBAHOTO 3MEHIICHHS.

3a mepioJ CIOCTEepEeKEHb JICHHA JIeBiallis TeM-
reparypu BOIM B CBEPIJIOBHHI ckimamana Bim 0,3°
1o 0,9 °C.

Binxunenns Bin NiHIHOTO TpeHAa Temmeparyp
BOJIM B CBEPIUIOBUHI JO3BOJISIOTH NPUITYCTHTH HasIB-
HICTh piYHOI KOMITOHEHTH B Bapiallisgx IIHX XapaKTe-
puctuk. [psmuii Kopensmiitauii 3B’ 130K MiX Bapi-
alisIMA TeMIIepaTyp MOBITPs 1 BOIU B CBEPIUIOBUHI
CBiYaTh MpO BIUIMB CE30HHUX aTMOC(HEpHUX 3MiH
TEeMIepaTyp Ha TIIMOWHAX 3aJATaHHS BOJIOHOCHOTO
TOpu30HTY (pHC. 6).
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Pucynok 6 — I'padik 3MiHM TemMrepaTypy HOBITpS
B CBEPJUIOBHUHI:
1 — memnepamypa nosimps (0,5 m Hao semner),

2 — memnepamypa 8 c6epOi08uUHti Ha eudIHi

39 m; 3 — memnepamypa 6 c6epOno8uUHI HA eNUOIHI

34 m; 4 — memnepamypa 6 c6epOno8UHI HA 2NUOIHI

42 m (1,7 M Hudicue pisHs 600U 8 C8epONOBUHI), 5 —
memnepamypa 6 cepon08uHi Ha 2aubini 29 m

HasiBHiCTP cE30HHMX Bapialidl TemIeparyp
IiJI3eMHUX BOJ BKa3y€ Ha Te, 10 30Ha MOCTIHHUX
TeMIleparyp, HEWTpalbHHHA Iap, po3TalloBaHa
ruome. XapakTepUCTUKH JTOCATAIOTh CBOTO Mak-
CUMYMY B PaHKOBHUH 1 BeWipHil 4ac 3 iHTEpBajoM,
OMu3bKUM 12 TOOMH.

3icraBieHns rpagikis 1000BOI TMHAMIKH TEMIIE-
patyp MoBITps 1 BOIU (YacToTa 3aMipiB — KOXKHI 5 ¢),
MOKa3aJio, 10 CIIOCTEPIraeThCsl CHHXPOHHUH 3B’ 130K
MiX HUMH TPOTATOM J00H, a Takok (pa3oBuil 3CyB
BiJ BOX IO CEMH TOAMH, B 3aJI€KHOCTI BiJ 1HTEH-
CHUBHOCTI 30BHIITHBOTO BILTUBY (pHC. 7).

Haituacrime J000Bi KOJMBaHHS TeMIIEpaTypu
BUSIBJISIOTHCSL MPU  IIMOWHAX 3ajIsiTaHHS  IT1J[36M-
HUX BOJl, SIKi HE MEPEBUILYIOTh JIEKIJTHKOX METPIB.
IIposiB moOoBUX Bapialliii Temmeparyp BOIOHOCHOTO
TOPU30HTY B BiIKJIAZaX MEXKHTIPChKOi, GepeKChKOi
Ta HOBONETPIBCHKOI CBIT OJITOLEH-MIOIEHY MOXE
OyTH OOYMOBIICHO MPOIIECaMU MEPETiKaHHS IPYHTO-
BUX BOJXl 1 CKHJIAaHHS X YHCIIEHHUMH JPEHAKHUMU
KaHajlaMu B miacT-kosiekTop [16]. o ckopimr 3a Bce
MO)KE€ BKa3yBaTU Ha CYTTEBUN TEXHOIE€HHUW BILIUB
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B MEKaX JIUISTHKY JIOCIIKSHHS 00yMOBJICHUHN iHTEH-
CHBHHUM OYIIBHUIITBOM B MEXaX 3aMKHYTOT TphOMa
Oankamu TepuTopii octaHisr KUIBCEKOTO JI€COBOTO
I1aTo Ta OCOOIMBUMH TeOMOP(OJIOTTYHHUMH YMO-
BaMU JaHOT MICLIEBOCTI.

7,5

205 t26s s

Pucynok 7 — ['padik 3miHu TemMnepaTypu HOBITps
Ta B CBEPVIOBHHI:

1 — memnepamypa nosimps (0,5 m nao 3emnero),
2 — memnepamypa y c8epono6uHi Ha 2nubini 42 m
(Ha 1,7 m HudICUE PIBHS 800U Y C8EPONIOBUHI);

3 — memnepamypa y ceéeponoguni
Ha enubini 39 m; 4 — memnepamypa y c6epOonio8uHi
Ha enubini 34 m; 5 — memnepamypa
¥V €8epON08uHi Ha 2nubini 29 m

ExcrniepuMeHTaIbHO BCTAHOBJIEHO, IO 3a MIICTh
micsiiB (3 sxoBTHs 2021 p. no mrotuit 2022 p.) Tem-
neparypa BOIM B CBEpAJOBMHI 3MEHIIWJIACS Ha
2,0 °C, mpu 1poMy IIOZICHHA JIEBiallisl TeMIIepaTypH
cknagaia Big 0,3 °C 7o 0,9 °C.

BigmoBigHo mo napyroi mocraBieHOl 3anadi
JOCHi/pKEHHST Oylo MpoaHalli3oBaHO e(EeKTUB-
HICTb pOOOTH TiJpOTEpMaNBHOI TEIUIOHACOCHOT
CHCTEMH TIPH HECTaOITbHUX BXITHUX Tapamerpax
MOB’SI3aHUX 3 TEpernajaMyu TeMIlepaTypu Ha BXOl
1o TigpoTC.

Jist OliHKM eHepreTH4Hoi ePeKTUBHOCTI TEIIOo-
HaCOCHOI YCTaHOBKHA BHKOPHCTOBYETHCS Koe]iri-
edr TtpaHchopmarnii K (NMEpeTBOPEHHS TEIJIOTH),
SIKIM ysSBJIsIE COOOIO BiAHOIICHHS KiJIBKOCTI €Heprii,
LI0 TEHEPYETHCS TEMJIOBUM HACOCOM, A0 KUIBKOCTI
€Heprii, 0 BUTPAYAETHCS] HA MPOLEC MEPCHECEHHS
rermna. Ynm Oinpimmii K, TUM TOIUTBHIIIE BUKOPHC-
TaHHs TEINIOHACOCHOI YCTaHOBKU. Bu3HauaeThCs
koedinieHT TpancopMmarii 3a GopMyIoIo:

T

out
T’

in

(M

ne T, — TemMreparypa Ha BUXO/i 3 TEIUIOBOTO HACOCY
TEIUIOHACOCHO] TiIpOTEepMaIbHOI CHCTEMU;

T,, — Temneparypa BOJH, 1[0 MOCTYIA€ 3 BOJAOHOC-
HOTO TOPHU30HTY JI0 TEIJIOBOI'O HACOCY TiApoTep-
MaJIbHO1 TEINIOHACOCHO1 CUCTEMHU.

T

Beenemo koedillieHT &, sikuii BU3Ha4Yae BiJICOTOK,
Ha SIKAH 3MEHINYETHCS €PEKTUBHICTH POOOTH Tif-
poTepManbHOi CUCTEMHU B 3aJICXKHOCTI Bifl MaiHHS
TEeMITepaTypu TMPUPOTHOTO TEIJIOHOCISI Ha BXOII
JI0 BHIIApHUKa TeryioBoro Hacocy. Lleit koedimient
BU3HAYAETHCS 32 (HOPMYIIOTO:

k:(1—%jx100%, )

s
ne k; — koedilieHT TpaHcdopMmalii TemIOHACOCHOT
YCTaHOBKH ITPH i-TiHf TEMIIEpaTypi MPUPOTHOTO TETLIO-
HOCIS Ha BXOJIi 10 BUTIAPHUKA TEIIOBOTO HACOCY;
k, — xoedimieHT Tpanchopmarii riagpoTepManbHOI
TEIMJIOHACOCHOT CUCTEMU MpPH CTaOINbHIN BXigHIN
TeMIieparypi MPUPOTHOTO TEIUIOHOCIsI. B Hamomy
BUIMAJKy cTabilibHa BXiJHA TemIepaTypa IOpiB-
Hioe 10 °C.

3 ypaxyBanusMm (1), xoediuient k HaOyBae
3HAYEHHS:

T _T;in
X

s out

. «100% , (3)

iout

- T;in s out
ne Ti,, — TeMIieparypa Ha BHXOJI 3 KOHAEHCATOpy
TEIUIOBOTO HAacoca MpPH i-mill TeMIeparypi Mpupo-
HOTO TETUIOHOCISI Ha BXOJ1 JI0 BUITAPHHUKA TEIIOBOTO
HAcoCYy;

T, — TemImeparypa Ha BHXOIl 3 KOHJICHCATOPY
TEIUIOBOTO Hacoca TpH CTalimpHIN Temmeparypi
NPUPOTHOTO TEIUIOHOCIS Ha BXOIl /10 BHIIApPHUKA
TEIUIOBOTO HACOCY;

T;;, — i-Ta TemrepaTrypa Ha BXOJl y BUTIAPHHK TEIIO-
BOTO Hacoca TiJ[pOTepMaNbHOI  TEIUIOHACOCHOI
CHCTEMH;

T, ., — crabinpHa TeMIieparypa Ha BXOJli Y BUMIAPHUK
TEIIOBOTO HACcOCa T'1JIPOTEPMAIbHOT TEILIOHACOCHOT
cucremu, aopisaroe 10 °C.

BiamnoBigHoO 10 JaHUX OTPUMAHUX SKCIIEPUMEHTA-
mpHO: 17 =T, ,u=45°C; Ta T, ,=8°C;
T, =10 °C, ui remneparypu no KenbBiny MaTUMyTh
3HaueHHS: T; 0 = Tooue = 318,15K; T2 T}, = 281,15 K;
T, =283,15 K, a cmniBBigHomenHs (3) 3 ypaxyBaH-
HSIM 3HAY€Hb TEMIIEPATYPH MMPUIAME BUTIIS:

X :(1_{ 318.15 318,15—283,15}] 2100% |

318,15-281,15 318,15
a xoedimieHT k, KWl BU3HAYa€ BIIICOTOK, Ha KU
3MEHILY€EThCSI €(EKTUBHICTH POOOTH TiIpOTEpMalIb-
HOI CHCTEMH B 3aJICKHOCTI Bij IMajiHHI TeMIiepa-
TYpHU MPUPOJHOTO TEIUIOHOCISI HA BXOJI JIO BHIIAp-
HUKa TEIJIOBOTO HACOCY Oy/ie JOPIBHIOBATHU:

k=54%
Takum 4rHOM, €(EKTUBHICTH POOOTH TiApOTEp-
MaJbHOI TEIJI0O HACOCHOI CHCTEMHU TPH HECTaliIhb-
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HUX BXIJHUX IapaMeTpax MOB’s3aHUX 3 MepenagaMu
Temneparypu Ha Bxofi 10 TH moxe cyTTeBO 3MiHFO-
BaTHCS, 110 HEOOXITHO BPAaXOBYBaTH TPH IMPOEKTY-
BaHHI JJaHUX MIPUCTPOIB Ta CUCTEM BiOOpPY MEpBHH-
HOT TEIUTOBOI eHeprii.

Kpim TOro, MOKJINBO NPHUITYCTHUTH, IO IPH KPH-
THIHUX HaBaHTakeHHAX [1apoTC Ha BomoHOCHWI
TOPU30HT MOKIIUBE YACTKOBE 200 TUMUYACOBE TIOBHE
BHUCHAKEHHS T1IpOTEPMAILHOTO TEIUIOBOIO IOTEH-
miany. ABTopamMu mareHty Ykpainu [17] 3amporio-
HOBaHa KOHCTPYKIIiSI CHCTEMH BigOOpy HH3BKOTIO-
TEHI[IAJIbHOT eHeprii BOIU Uil YMOB HECTaOUIbHUX
napamMeTpiB MEPBHHHOTO BiJHOBIIOBAHOTO JKeperna
Teryla B PailOHI TEXHOI€HHO-HABaHTAXECHUX ypOO-
cucreM. B OCHOBy mocTaBieHO 3azady BIOCKOHA-
JICHHSI KOHCTPYKIIii TPYHTOBOTO TEIUIOOOMIHHHKA,
10 JIO3BOJIUTH IMiJIBULIUTU HOTO KOS(IIIEHT KOPHUC-
Hoi nii Ta 3a0e3meunTH pe3epBYBAHHS IPOLECY
OTPUMaHHS TEIUIOBOI C€HEprii MpH CE30HHIA 3MiHi
KJIIMaTHYHUX YMOB, THMYACOBHUX TOTIPIICHHAX Tif-
POJIOTIYHHMX TIapaMeTpiB CBEPIUIOBHMHU IOB’S3aHUX
MPUPOIHUMH 200 TEXHOTEHHUMH (haKTOPaMH.

[TocTaBneHa 3agaya AOCATaeThCs TUM, IO YHI-
BepCaNTBHUH TiApOTepMaTbHUN 30HA-TCTUIOOMIHHIK
CKJIQJIa€ThCSl 3 TMapH KOHCTPYKTUBHO OJHAKOBUX
TEII00OMIHHMKIB. OJUH TEINIOOOMIHHHK MOHTY-
€TbCS Y CBEPIJIOBUHY AJIsl 3a00py BOAM 3 BOJOHOC-
HOT'O TOPU30HTY, a IPYTUH y CBEPUIOBUHY JUIs 3aKa-
YyBaHHs 3BOPOTHOI BOJU Yy BOJOHOCHUI T'OPU3O0HT.
KoxHwuii TemnooOMIHHHUKIB MICTUTh BEPTHKAJIbHY
oOcanHy TpyOy BCepenuHi SKOI BCTaHOBIIEHA IIIE
OITHa BEPTUKAIbHY TPyOy MEHIIOTO JiaMeTpa st
nojia4yi BOJM, siKa 3’€JIHY€ BOJOHOCHUH TOPU3OHT
Ta TEIUIOBUH Hacoc. A y MDKTpyOHHIH mpocTip
BCTAHOBJICHO JBi THYYKi TPyOH, 3’ €JHAHI Y BEPXHIi
YaCTHHI YHIBEPCAIBHOTO T1APOTEPMATHLHOTO 30HIY-
TEMJI000MIHHMKA 3 BXOJOM Ta BHUXOJOM TETLIO-
BOTO Hacoca, a y HIKHIN YacTHHI yHIBEpCaIbHOTO
riApoTepMaIbHOro 30HAY-TEIJIO0OMIHHUKA MIXK
co0o10. Bonn 00BHBarOTh BEPTUKAIBHY TPYOy s
rmosia4i BOAM, MPH LbOMY KOXXHUH 3 BHUTKIB THYY-
KOT TPyOH IIUILHO IPUTUCHYTI OJIUH JIO OJHOTO, JI0
BEPTHUKAJIBHOI TPYOH U1 MoJa4yi BOAM Ta A0 CTIHKH
o0caHOoT TpyOH.

CyThb TEXHIYHOTO PINICHHS TOSICHIOETHCS Kpec-
neHHsM (puc. 8), Ha AKOMY 300pa)keHO cXema-
TUYHO YHIBepCaJIbHUH TiApOTEpMaIbHUN 30HI-
TEIUIOOOMIHHUK Ta HOr0 CKJIAIOBI YACTUHU.

3aBAsSKA TOETHAHHI B yHIBEpCAIbHOMY TiApo-
TEepMaIbHOMY 30HIi-TETNIO00MIHHUKY TBOX (DYHKIIi-
OHAJIBHO HE3aJIe)KHUX MPHHLUIIB BiOOPY HU3BKO-
MTOTEHITIATBHOT €HepTii 3 BiAHOBIIOBAHOTO JDKepela
eHeprii, a came: Bim0opy HU3LKOIIOTEHITiaTbHOT eHep-

Tii BOJIW 3 BOJOHOCHOTO TOPHU30HTY Ta BiOOPY HU3b-
KOTIOTEHIIIHHOT eHeprii 3 NPHUIIOBEPXHEBUX IIApPiB
IPYHTY, 3a0€3MeUyeThCs PE3epBYBaHHS MPOLECY
OTPUMAHHS TEIUIOBOI €Heprii MpH CE30HHIA 3MiHi
KJIIMaTUIHAX YMOB, TUMYACOBUX TTOTIPIICHHSIX TifI-
POJIOTIYHHUX TIApaMeTpiB CBEPIUIOBHHH IOB’s3aHUX
3 IPUPOAHUMH 200 TEXHOTCHHUMH (PaKTOpaMHU.
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Pucynok 8 — Cxema yHiBEpCaIbHOTO
r1IpOTepMaIbHOTO 30Ha-TEMII000MIHHHKA Ta HOTo
CKJIQJIOBUX YaCTHH:

1 — enyuka mpyba nosepHeHHs MenjioHoCis
3 TH nepuwioeo mennoodominnuka,; 2 — eHyuka
mpybda nooaui mennonocis 0o TH nepuiozo
menio0oMinHuKa, 3 — enyuxa mpyoa nogepHenHs
mennorocisn 3 TH opyeoeo meniooominnuxa,

4 — enyuxa mpyba nooaui meniornocis oo TH
0pye02o meniooOminHuKa, 5 — epebinky exody TH,
6 — epebinky euxody TH, 7 — npunosepxnesi wapu
IpyHmy; 8 — yupKyiayiunuil Hacoc, 9 — c6epoLosUHy
0151 3a60py 800U 3 BOOOHOCHO20 20PUOHIY;

10 — ceeponosuny 015 3aKa¥y8anHs 360POMHOL
600U y 6000HOCHUN eopuzonm; 11, 12 — obcadna
mpyba, 13 — eepmuxanvia mpyba 0ns nodaui 600u
3 8epON0GUHU OISl 3A00PY 800U 3 600OHOCHO20
eopuzonmy, 14 — eepmuxanvrua mpyoda 051 nooayi
600U Y C8EPONOBGUHY O]l 3AKAUYEAHHS 360POMHOT
600U Y BOOOHOCHUIL 20PU3OHNL,

15 — sodonocnuil copuzonm

FrErEy

BUCHOBKM. 1. IliaTBepakeHo, 1m0 IPyHTOBI
BOJIU € e(DEeKTUBHUM JDKEPEIOM HHU3bKOMOTEHI[iab-
HOIO TeIUIa IS TEMJIOBUX HACOCIB, OCKUIBKH IX TEM-
reparypa mpoTsIroM BChOro POKY 3HAXOIUTHCS B Jia-
rma3oHi Bixg +8 no +12 °C.

2. ExcniepuMeHTaIbHO BCTAaHOBIIEHO, IO MOOY-
JIOBA JKATIIOBOTO KOOIIEPATHUBY B MEKaX SKOTO pO3Ta-
IIIOBaHA JISTHKA TPOBEACHHS JTOCIIKEeHb, 3MIHMTIA
OPUPOIHI TiAPOTeoIOriuHi YMOBH BEpPXHIX BOJO-
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HOCHUX TOPH30HTIB. A came IJioma ocraHus Oyna
3HAYHO 3017bLICHA HUISIXOM HACHUIAHHS LITYYHOTO
IpyHTY, sIK 3Bepxy (1,5-2 M), Tak i B IIMpPUHY [0
100-150 m. Kpim toro, OyniBHUIITBO Oararorosep-
XOBHX OyJiBenb, acaibTyBaHHS JOPIr, CTBOPEHHS
KaHaIi3aIiifHoi CiTi Ta opraHizamis MMOBEPXHEBOTO
CTOKY O/THO3HAYHO 3MEHIIFIIN 1H(LIBTpaIlito aTMoC-
(hepHUX OmaiB, a 3HAYUTH | YMOBH JKUBJICHHS BEPX-
HBOT'O BOJIOHOCHOTO TOPU30HTY.

3. TeopeTnuHo AOBENEHO, IO B MPOLECI PO3BU-
TKY TEXHOT'€HHO3YMOBJICHOI BOJIHOI CHCTEMH BiI0y-
BAETHCSl YACTKOBA BTpaTa MPUPOJOEMHOCTI 3a paxy-
HOK (hopMyBaHHS B ii MeKax OajJaHCy TEXHOEMHOCTI.

4. BcraHoBIeHO, IO O€3MMOCEPEIHBO B paioHi
KHUTIOBOTO KOMIUJIEKCY, B MEXaX SIKOTO PO3Tallo-
BaHa JiJSTHKA NPOBEICHHS HociimkeHb, [lonTas-
CbKUH BOJIOHOCHHUH TOPU30HT BUXOJUTH Ha JCHHY
noBepxH Ha Bijacrani 100 mMerpiB Bij Micus
pO3TallyBaHHS CBEPUIOBHUH. Y LHUX MICISX CIO-
CTEepIraeThCsl TiAPaBIIYHAN 3B’SI30K TOPH3OHTY
3 IOBEPXHEBUMHU BOJOHMAaMH, 110 PO3TAILOBaHl Ha
IHI 0aNoK, a XUBJICHHS TOPU3OHTY 3IIHCHIOETHCA
Oe3mocepelHbO 3a paxyHOK iH(UIBTpamii arMoc-
(depHUX onanis.

5. OOrpyHTOBaHO, L0 MiJ Yac MHPOEKTYBaHHS
riIpoTepMaIbHUX TEMIOHACOCHUX YCTaHOBOK HE00-
X1JIHO BpPaxOBYBaTH, L0 Ha JUISHKAX, Jie Tepenaau
BUCOT penbedy € OIM3bKHUMU 332 PO3MIPOM 3 TIIH-
OMHOI0 3aJIAraHHS NPOJYKTUBHOIO BOJOHOCHOIO
TrOpu30HTY KoedillieHT TpaHchopMarllii TeruroHa-
COCHOI CHCTEMH MOXXE CYTTE€BO BIiAPIZHATUCS BiJ
PO3paxyHKOBOTO.

6. ExcrieppuMeHTanbHO MiATBEPIKEHO, IO eeK-
TUBHICTH POOOTHU TigpOTEPMAIILHOI TEMJI0 HACOCHOT
CHCTEMH TpU HeCTaOiIbHUX BXIIHUX IMapaMeTpax
MOB’S3aHUX 3 TIepernajaMu TeMIepaTypyd Ha BXO.i
1m0 TH moke cyTTEBO 3MiHIOBATHCS, IO HEOOX1THO
BpPaxoByBaTH IPU NPOCKTYBAaHHI AaHUX IPUCTPOIB
Ta CUCTEM BiJJOOPY MEPBUHHOI TETIOBOI €HEprii.

7. HoBeneHo, 1mo misi e()EeKTUBHOTO BUKOPHC-
TaHHS BOJAOHOCHOTO TOPH30HTY SIK IPHPOAHOTO
aKyMyJISITOpa TeMJIoBoi eHeprii HeoOXigHO mpoBe-
JICHHSI TIOTIPE/IHIX TiIPOTCOJOTIYHUX JIOCIIIKCHb
Ta SIKiICHE BUBYEHHS AK ICHYIOYOTO aHTPOIIOTEHHOTO
HaBaHTAKEHHS TaK i TeOMOP(OJIOTIYHNX, TEOJIOTiU-
HUX Ta TIAPOTEOJOTIYHUX MapaMeTpiB TUTSTHKH TIPO-
BEJICHHS OypOBHUX POOIT.
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HYDROSPHERE IN THE DESIGN HYDROTHERMAL HEAT PUMP SYSTEMS
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Purpose. Identify changes in the hydrological parameters of the well, which opened the aquifer, under the influence
of natural and urban processes that may adversely affect the efficiency of the hydrothermal heat pump system. Methodology.
A set of parameters that determine the existence of man-made load on the underground hydrosphere is determined.
An experimental hydrothermal heat pump system has been developed and constructed, which consists of a heat pump
and two wells, through which water circulation is provided from the underground horizon to the heat pump. An interactive
scheduling system based on the ESM (Engineering Systems Manager) software product has been developed. Results.
It has been experimentally established that the construction of a housing cooperative within which the research site is
located has changed the natural hydrogeological conditions of the upper aquifers. In addition, the construction of high-rise
buildings aquifer. It was found that directly in the area of the residential complex, within which the research site is located,
the aquifer reaches the day surface at a distance of 100 meters from the location of wells. In these places there is a hydraulic
connection of the horizon with surface water bodies located at the bottom of the beams, and the horizon is fed directly
by infiltration of precipitation. Originality. For the first time, comprehensive field experimental studies of the efficiency
of the hydrothermal heat pump system from the geomorphological conditions of the area where hydrothermal probes
and anthropogenic impact on the aquifer of the urban system in the location hydrothermal heat pump system. Practical
value. The obtained experimental and calculated data can be used in the design of data of devices and systems of primary
thermal energy extraction. Conclusions. Studies have confirmed that groundwater is an effective source of low-potential
heat for heat pumps, as their temperature throughout the year is in the range from +8 to + 12 °C. It is substantiated that
when designing hydrothermal heat pumping units it is necessary to take into account that in areas where the height
differences are close in size to the depth of the productive aquifer, the transformation coefficient of the heat pump system
may differ significantly from the calculated one. Therefore, for the effective use of the aquifer as a natural accumulator
of thermal energy it is necessary to conduct preliminary hydrogeological studies and qualitative study of both the existing
anthropogenic load and geomorphological, geological and hydrogeological parameters of the drilling site.

Key words: hydrosphere, aquifer, well, urban system, pollution, monitoring.

REFERENCES EKVAT AT EK-2008: Materialy kongr. Sibico International

1. Koshlyakova, T.O. (2011). Suchasnyj stan Ltd. S. 78-85. [in Russian]
vykory’stannya pytnyx pidzemnyx vod. [Current state 3. Lyuta, N.G., Sanina, [.V. (2010). Osoblyvosti
of drinking groundwater use]. Zbirnyk naukovyx statej zabrudnennya geologichnogo seredovyshha v mezhax
Ill-go Vseukrayinskogo zyizdu ekologiv z mizhnarodnoyu terytorij  znachnogo  texnogennogo  navantazhennya.
uchastyu. Vinnycya. Tom 1. S. 204-207. [in Ukrainian] [Features of geological pollution within the territories

2. Parfenova, N. 1., Rybina, N. N., Isaeva, S. D. (2008). of significant man-caused load]. Materialy pyatoyi
Voprosy vodosnabzheniya i tekhnogennogo vozdejstviya nauk.-prakt. konf. “Ekologichna bezpeka texno-genno
na rezhim vzaimodejstviya poverhnostnyh i podzemnyh perevantazhenyx regioniv. Ocinka i prognoz ekologichny’x
vod. [Issues of water supply and technogenic impact on the ryzykiv”, 7-11 chervnya 2010 r., Yalta, AR Krym. S. 16-17.
regime of interaction between surface and ground waters]. [in Ukrainian]

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)
201



ENEKTPOEHEPIETUKA, ENEKTPOTEXHIKA TA ENIEKTPOMEXAHIKA

4. Zurian, 0O.V.  Olinichenko, V.G. (2021).
Gidrotermalna systema otrymannya teplovoyi energiyi,
fizychni procesy, efektyvnist. [Hydrothermal system of
thermal energy production, physical processes, efficiency].
Visnyk Vinnyczkogo politexnichnogo instytutu. Ne 4. S. 40-46.
https://doi.org/10.31649/1997-9266-2021-157-4-40-46

5. Morozov, Yu. P.tain.(2019). Energetychnaefektyvnist®
vykory’stannya pershyx vid poverxni vodonosnyx goryzontiv
dlya teplo- i xladopostachannya. [Energy efficiency of
using the first aquifers from the surface for heat and cold
supply]. Yu. P. Morozov, A.A. Bary’lo, D. M. Chalayeyv,
M. P. Dobrovolskyj. Vidnovlyuvana energetyka. Ne 2.
S. 70-78. https://doi.org/10.36296/1819-8058.2019.2(57)

6. Lund, J.,, Sanner, B., Rybach, L., Curtis, R.,
Hellstrom, G. (2004). Geothermal (ground-source) heat
pumps a world overview. GHC bulletin. Vol. 9. Pp. 1-10.

7. Zhu, Ke, Blum, Philipp, Ferguson, Grant, Balke,
Klaus-Dieter, Bayer, Peter. (2010). The geothermal potential
of urban heat islands. Environ. Res. Lett. no. 5. Pp. 1-6.
http://dx.doi.org/10.1088/1748-9326/6/1/019501

8. Zurian, O.V. (2019). Comparison of efficiency of
geothermal and hydrothermal energy systems. XZX International
Multidisciplinary Scientific GeoConference SGEM. Renewable
Energy Sources and Clean Tech. Varna. Bulgaria. C. 83-90.
https://doi.org/10.5593/sgem2019/4.1/S17.011

9. Barylo, A.A. (2020). Analiz gidrogeologichnyx
1 geotermichnyx xarakterysty’k geotermalnyx obyektiv
Ukrayiny. [Analysis of hydrogeological and geothermal
characteristics of geothermal objects of Ukraine].
Vidnovlyuvana  energetyka. Ne'l —~ (60). S. 74-84.
https://doi.org/10.36296/1819-8058.2020.1(60).74-85

10. Malkin, E. S., Kulinko, Ye. O. (2014). Perspektyvy
ta aspekty zastosuvannya system teploxolodopostachannya,
yaki vykorystovuyut prypoverxnevi shary vodyv yakosti
teplovogo akumulyatora. [Prospects and aspects of application
of heat and cold supply systems that use near-surface layers
of water as a heat accumulator]. Ventylyaciya, osvitlennya ta
teplogazopostachannya. Ne 17. S. 63—69. [in Ukrainian]

11. Morozov, Yu. P., Chalayev, D. M., Olijnichenko, V. G.,
Velychko, V. V. (2019). Ekspery’mentalne doslidzhennya
dobovogo akumulyuvannya xolodu shlyaxom

vykorystannya vody pidzemnyx goryzontivm. Kyeva.
[Experimental study of daily cold accumulation through
the use of water from the underground horizons of
Kyiv]. Vidnoviyuvana energetyka. Ne3. S. 67-77.
https://doi.org/10.36296/1819-058.2019.3(58).67-77

12. Vienken, T., Kreck, M., Dietrich, P. (2019).
Monitoring the impact of intensive shallow geothermal
energy use on groundwater temperatures in a residential
neighborhood. Geotherm Energy. Ne7 (1). https://doi.
org/10.1186/s40517-019-0123-x

13. Isayenko, V. M., Madzhd, S. M. (2019). Teoretychna
koncepciya formuvannya ekologo-nebezpechnyx ryzykiv
u procesi rozvytku texnopryrodnyx vodnyx ekosystem.
[Theoretical concept of formation of ecologically
dangerous risks in the process of development of
techno-natural aquatic ecosystems]. Visnyk KrNU imeni
Mpyxajla  Ostrogradskogo. Ne'l (114). S. 121-127.
https://doi.org/10.30929/1995-0519.2019.1.121-127

14. Dychko, A.O., Yeremyeyev, 1. S. (2019). Analiz
ryzykiv i menedzhment vodnyx ekosystem. [Risk analysis
and management of aquatic ecosystems.]. Visnyk KrNU
imeni Myxajla Ostrogradskogo. Ne4 (111). S. 115-121.
https://doi.org/10.30929/1995-0519.2018.4.115-121

15. Madzhd, S. M., Kulynych, Ya.Y. (2017). Naukova
metodologiya ocinyuvannya ekologonebe-zpechnyx ryzykiv
funkcionuvannya texnogenno-zminenyx vodnyx ekosystem.
[Scientific methodology for assessing environmentally
hazardous risks to the functioning of man-made aquatic
ecosystems.]. Visnyk KrNU imeni Myxajla Ostrogradskogo.
Ne 4 (105). S. 88-95. [in Ukrainian]

16. Zurian, 0. V. (2021).
doslidzhennya  teplovogo  rezhymu  gidrotermalnoyi
teplonasosno  systemy. [Experimental studies of the
thermal regime of the hydrothermal heat pump system].
Vidnovlyuvana  energetyka. Ne4  (67). S. 77-89.
https://doi.org/10.36296/1819-8058.2021.4(67).77-89

17. Universalnyj gidrotermalnyj zond-teploobminnyk.
[Universal hydrothermal probe heat exchanger]. (2022).
pat. 150438 Ukrayina: MPK(2006) F24J 3/08; F24N 7/00;
F28D 20/02; EO02D 3/115 16.02.2022. Ne 7/2022.
[in Ukrainian]

Eksperymentalni

Cmamms naoiviwna 05.03.2022

BicHuk KpHY imeHi Muxanna Octporpaacbkoro. Bunyck 1/2022 (132)

202



ENEKTPOEHEPIETUKA, ENEKTPOTEXHIKA TA ENIEKTPOMEXAHIKA

UDC 621.315.1 DOI: https://doi.org/10.32782/1995-0519.2022.1.27

MITIGATION OF ENVIRONMENTAL IMPACTS OF ELECTRICITY
TRANSMISSION: EFFECT OF DECIDUOUS TREES ON ELECTRIC FIELD
CAUSED BY OVERHEAD POWER LINES

Yevhenii Trotsenko

Candidate of Technical Sciences, Associate Professor,

Associate Professor at the Department of Theoretical Electrical Engineering

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, 37 Peremohy Avenue, Kyiv,
Ukraine, 03056;

ORCID: 0000-0001-9379-0061

Artem Nesterko
Senior Lecturer at the Department of Power System Automation

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, 37 Peremohy Avenue, Kyiv,
Ukraine, 03056;

ORCID: 0000-0001-7488-4214

Yuliia Peretyatko
Candidate of Technical Sciences,
Faculty of Electrical Engineering and Automation

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, 37 Peremohy Avenue, Kyiv,
Ukraine, 03056;
ORCID: 0000-0003-1397-8078

Mandar Dixit
Lecturer

Vishwaniketan Institute of Management Entrepreneurship and Engineering Technology, Kumbhivali, Tal, Khalapur,
Maharashtra, 410202, India;
ORCID: 0000-0003-1959-7815

Purpose. The results of the electric field intensity measurement within one span of the 330 kV extra-high voltage
overhead power line were analyzed. The effect of vegetation on the distribution of the electric field near the overhead power
line was examined. Methodology. To measure the electric field of an overhead power line, a metering device, designed
to measure the root-mean-square value of the intensity of an alternating electric field varying with a 50 Hz frequency
was chosen. In the electric field measuring device, three transducers are used, oriented in three mutually perpendicular
directions. Equivalent charge method was used to estimate the maximum value of the electric field intensity in the middle
of the span of overhead power line. Results. Experimental data show that on the right side of the transmission line route,
where a row of deciduous trees grow, the electric field intensity is 31.2 % to 55.2 % lower than on the left side, where
there are no trees. The values of the electric field intensity calculated accounting overhead shield wires are 3.4 % lower
than without them. The experimental data are in good agreement with the calculations by equivalent charge method.
Originality. Considered overhead power line with a horizontal arrangement of wires is symmetrical about middle phase
and therefore it facilitates the analysis of the influence of ground objects on the distortion of the electric field distribution,
specifically, deciduous trees located only on the one side of the line route. Practical value. Deciduous trees planted in
a single row have a shielding effect, limiting the electric field intensity at a height corresponding to the average height
of a human being. Conclusions. With an increase in the area of deciduous tree growth outside the edge of the transmission
line right-of-way, the decrease in the electric field strength will be more significant. Future efforts should be focused on
environmental impacts of extra-high voltage and ultra-high voltage overhead power lines as well as lightning performance
of such lines. References 10, figures 8.

Key words: overhead power line, environmental impacts, deciduous trees.

PROBLEM STATEMENT. All extra-high on its intensity, can have a negative impact on
voltage (EHV) overhead power lines are a source the environment and human life. It should be noted,
of electromagnetic radiation, which, depending  that according to the classification of overhead
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transmission lines by operating voltage, in a number
of countries, voltages in the range from 330 kV to
750 kV are classified as EHV, while in a number
of other countries, voltages ranging from 345 kV
to 765 kV are known as EHV too. Despite this
small difference, the physical presence of overhead
power lines can affect wildlife (plants and animals)
and human beings. The electromagnetic field
of overhead power lines is estimated by the intensity
of electric and magnetic field. This article is focused
on the electric field of EHV overhead power lines.
State sanitary norms and rules for protection of human
beings from exposure to electromagnetic radiation
set the maximum permissible levels of electric field
intensity. For example, in a human populated area,
outside the residential area, as well as in vegetable
gardens and orchards, the root-mean-square (RMS)
value of the electric field intensity should not exceed
5.0 kV/m. In order to protect the human health from
the effects of the electric field of overhead power
lines, a sanitary protection zone is established. This
term include all territories where the electric field
intensity at 1.8 m height above the ground exceeds
1.0 kV/m. As a result of human population growth
and increased demand for electricity, the densely
populated area is increasing, as well as the number
of power transmission lines of different voltage
classes. Thus, the distance between residential
areas and overhead power line routes may decrease.
Therefore, the problem of the environmental impact
of overhead power lines remains relevant and receives
considerable attention in the world. For example,
reviewing the abstracts of modern articles, one can
say that analysis of the electric field measurement
under 220 kV and 400 kV power transmission lines
is scrutinized in [1; 2]. Measurement of electric field
near EHV transmission lines of other voltage classes
is studied in following articles: 330 kV in [3], 400 kV
in [4] and 500 kV in [5]. Due to the potential threat
of electromagnetic field to human’s health, much
effort has been put into not only measuring, but also
simulating the electric field of power transmission
lines [6; 7]. At the same time, it should be noted that
only values thatare close to the result of direct physical
measurement can serve as a criterion for the reliability
of data obtained as a result of simulation. This task
is relevant for all countries that have a developed
electrical network grid, consisting of both EHV
and ultra-high voltage (UHV) overhead power lines.
Vegetation and terrestrial objects affect the values
of the electric field intensity. In particular, it has been
found that the electric field intensity decreases near
spruce trees [8].

The aim of this work is to continue the research
started in [3] and to determine how other vegetation
affect the distribution of the electric field near
the overhead power line.

MATERIAL AND RESULTS. This article
provides additional analysis of a part of the data
array obtained in 2016. To measure the electric field
intensity caused by overhead power line, one span
of'the 330 kV line with guyed suspension towers was
considered (Fig. 1).
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Figure 1 — Sketch (left) and photograph (right)
of a guyed suspension tower

This electricity pylon is symmetrical about middle
phase and is therefore of interest for research, since
it facilitates the analysis of the influence of ground
objects on the distortion of the field distribution,
for example, a line of deciduous trees located only
on the one side of the line route. Near the line
shown in Fig. 1, there are no other power lines. So,
the measurement results will be due only to the wires
of this line and ground objects that distort the field,
specifically a line of deciduous trees that grow only
on the one side of the line route at § m distance
from the projection of the right phase to the ground.
These trees are outside the edge of the transmission
line right-of-way. The results of the electric field
measurement under the wires of the power line in
the middle of the span are shown in Fig. 2.

Here and below, the blue color (graph 1)
shows the actual distribution of the electric field,
distorted on one side by a row of trees. The red
color (graph 2) shows the hypothetical distribution
of the electric field, which could take place if there
were no trees to the right of the line (as well as
to the left). Some other plots at various positions
between the two adjacent electricity pylons are
shown in Fig. 3 to Fig. 6.
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Figure 2 — Electric field intensity in the middle
of the span at 1.8 m height above the ground
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Figure 3 — Electric field intensity at a distance
of 35 % of the span length at 1.8 m height
above the ground
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Figure 4 — Electric field intensity at a distance
of 25 % of the span length at 1.8 m height
above the ground

In the illustrations above, the projections
of the three phases on the ground correspond to
the coordinates 0 m, 8 m and 16 m. According to
the data obtained, at 5 m distance from the projection
of the right phase on the ground, from the side where
trees grow, the electric field intensity is 42.7 % lower
than in the absence of trees (Fig. 3). In Fig. 4 electric
field intensity is 31.2 % lower than in the absence
of trees. In Fig. 5 and Fig. 6 electric field intensity

is reduced by 55.2 % and 42.9 %, subsequently. The
results show that even trees planted in a single row
have a shielding effect, limiting the electric field
intensity at a height corresponding to the average
height of a human being.
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Figure 5 — Electric field intensity at a distance
of 15 % of the span length at 1.8 m height
above the ground
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Figure 6 — Electric field intensity at a distance
of 5 % of the span length at 1.8 m height
above the ground

The experimental data presented above reflect
the typical features of the field distribution in the span
of an overhead power line. For example, when
moving away from the tower, as the sag of the wires
increases, the electric field intensity increases,
reaching maximal value in the middle of the span
(refer to Fig. 2), where the distance between the wires
and the ground is minimal. Contrariwise, when
coming near the tower, the distance between
the wires and the ground increases, and the electric
field intensity reaches minimal value (refer to Fig. 6).
An electric field measuring device used in the article
is shown in Fig. 7.

In Fig. 7: 1 is a metal sphere; 2 is an antenna; 3 is
a metal connecting ring; 4 is a dielectric holder.

To measure the electric field intensity, typically,
devices with a field-voltage type conversion are used.
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Moreover, to measure the electric field caused by
overhead power lines, it is advisable to use devices
based on RMS converters, since it is the RMS field
values that are normalized in regulatory documents.
Such devices make it possible to measure fields that
change arbitrarily with time, in particular the electric
fields of overhead power lines with elliptical
polarization. Among the various devices, meters
with three-component sensors have advantages over
others. In such meters, three transducers are used,
oriented in three mutually perpendicular directions,
and the signal processing unit includes the RMS
summation of the signals from all three transducers.
Therefore, unlike a device with a single antenna, such
a device is not characterized by reception directivity.
That means the result of the field measurement
does not depend on the angle between the direction
of the field vector and the direction of the sensitivity
axis of the transducer antenna.

Figure 7 — Sketch of electric field measuring device:
back view (left) and side view (right)

Taking this into account, to measure the electric
field of an overhead power line, a metering device,
designed to measure the RMS value of the intensity
of an alternating electric field varying with a 50 Hz
frequency was chosen [9].

The measuring unit of the device consists of two
hemispheres mounted on a connecting ring. The
front hemisphere has controls, scale and a sleeve
for connecting the dielectric holder. Three antennas
are installed on the rear hemisphere, located in three
orthogonal planes and having circular shape (disks).
The processing of signals from three antennas is
carried out according to the formula:

E=KJE*+E*+E?,

where: E are readings of the device; K is
a proportionality factor, which depends on
the size of the sphere and antennas; E,, £, and E.
are instantaneous values of signals, respectively, on
the first, second and third channels.

During the measurement process, in order
to exclude the distortion of the electric field by
the operator, the device was installed vertically on

an insulating rod 1.8 m high, after which the operator
moved away from it. Also, during the measurement
process, the possibility of changing the readings
of the device depending on its spatial orientation
was checked. No deviations from the measurement
results were observed.

Operation of the device, study of its characteristics,
as well as determination of the proportionality
coefficient was performed in [9] and therefore is not
the subject of this article.

To control the results of measuring the electric
field intensity, it is necessary to carry out a numerical
calculation of the electric field intensity values that
should be expected during the physical measurement.

According to accurate problem definition,
the electric field in the span of an overhead
power line is three-dimensional. This is primarily
due to the influence of metal towers, guy-wires
(in case of guyed suspension towers), sagging
of electrical wires, as well as uneven terrain
where the power line goes. But if only the highest
values of the electric field intensity in the span
of the power line near the ground are of interest,
then the calculation can be simplified by taking
into account the following factors. Firstly, due to
the sagging of electrical wires, the electric field
intensity at the ground surface will be maximal in
the middle of the span of the overhead line, where
the distance between the wires and the ground is
the smallest. Secondly, in the middle of the span,
the wires go almost parallel to the ground surface.
Thirdly, in the middle of the overhead power line
span, far from the transmission towers, the influence
of the latter can be neglected. Fourthly, overhead
power lines are located, typically, on relatively
flat terrain, and therefore uneven terrain can be
neglected. With this in mind, one can assume
that the problem of calculating the electric field
of an overhead power line is reduced to calculating
the electric field of a system of charged axes located
near the conductive surface. Such an electric field is
two-dimensional, or more precisely, plane-parallel,
since in any plane perpendicular to the power line
wires and the conductive ground, the electric field
distribution will be the same. This task can be
solved using the equivalent charge method [10].

The electric field of an infinite uniformly charged
line is determined by equations (1) and (2).

E(r)= 27rgT50r ’ (1
$(r)= 2”; .90 In (%J +C. ()
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In above expressions: » is the distance from
the considered point to the line; T is the line charge; &,
is the relative permittivity of the air; g, is the electric
constant; ¢ is the electric potential. The electric field
intensity vector E is directed radially along the line.
When calculating the electric field of a charged line,
it is considered that C = 0 in expression (2).

When calculating the electric field of a given
system of fixed charges, the superposition principle
is used. That means the electric field potential at any
point is equal to the sum of the electric potentials
generated by the charges of the system, and the electric
field intensity vector is equal to the vector addition
of'the electric field intensity vectors from the charges.

In general, for a system of charged lines,
the electric field at any point is given by following
expressions:

6= Y In GJ (3)

o 2re,€, T
E = > cos Y P 4
Y H 2ne8,r, (%.7) @)
cos(y,r ). 5
;272’8 ol y ) ©)

In above expressions: 7; is the distance between

i)
cos(y,7) are the cosines of the angles between
the vector E and coordinate axes; E. E, are
projections of the vector E onto the coordinate
axes; 1 is the sequence number. Since the distances
between phase conductors of overhead power lines
are much greater than their radii, the displacement
of the electric axes of the wires can be neglected
and it can be assumed that the charges of the wires are
concentrated on their geometric axes. When solving
the tasks of electrostatics, the physical ground is
generally considered conductive. Therefore, images
of charged lines in the ground t; will have charges
7/ = —7;. Thus, one will have a system of equivalent
charges, which consists of pairs of charged axes:
2-2",2-2" and 3-3".

This approach corresponds to the requirement
(6) used when calculating the plane-parallel electric
field of the overhead power line.

n

Zz’i:(). (6)

In a three-phase power line, voltages and in all
three phases U,, U, and U; are time varying with
an angular frequency ®: U, = U,sin(w?);
U, = U, sin(wt 27/3); Us=U,sin(wt + 27/3),
where U, is a voltage amplitude. This complicates

the considered point and the i-axis; cos(X,

the calculation of the electric field, since it varies
with time. Therefore, the calculation of the electric
field is carried out for different instants of time. At
any point P, which has geometric coordinates (x, ),
the electric field intensity is given by formula (7).

E=E?+E?, (7
where:
3
Ex = ZE.Xf > (8)
i=1
3
Ey = ZEyi s (9)

1

Projections of the electric field intensity vector

onto the coordinate axes are determined from
expressions (4) and (5):

i = =——CO0S(X,F I+ ——cos(X,7) =
7E N, &Y
= 27;0r cos(X, 7 )- 27:.9101‘,-’ cos(X,7) =
T X — X X—X
__4 LoXo% 10
27g, ( r (’Z')z ] o
T; - i B
7 = 2y T g S0 =
T; A i v 7 =
2z, cos(7.7) el cos(.7)
T y-yi Yty
2 (n) ]’ v
where:
n=x-x) +(y-y)* (12)
) s en)t (3

Electric potential in any point P(x, y) is given by
expression (14).
r
In [i] .
Fi

To determine three unknown variables t,, T, and 1, it
is necessary to solve a system of three equations arising
from (14), placing a point P sequentially on the surface
of each of the three wires (since the potentials of the wires
are known). Neglecting the radius r, of the wire
compared to the distances between the wires, one
obtains a system of equations in matrix form:

3

U, =Y

= 2z,

(14)

a-Tt=u. (15)
Inexpression (15): ais amain matrix ofthe system,
T is an equivalent charge matrix on each wire, u is

a voltage matrix of each wire:
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ay Gy 4y 7 U,
a=\a, a, ay|,t=|7,|, u=|U,]|.
4y Gy Oy 7 U,
Potential coefficients in square matrix are
determined by expressions (16) and (17):

g, = 1n(ﬂ}ifi=j, (16)
2re, A
1 r
= ln i . . .
a; Py {rﬁ],lfz#]. a7

In above two expressions: ry, r; are distances
r, ', provided that the point P(x, y) is on the axis
of the wire under the number ;.

Unknown variables 1,, T, and t; are calculated with

a help of determinants by the following formulas:

deta,
=%, 18
f deta (18)
deta,
=", 19
"2 deta (19)
deta,
= , 20
i deta (20)

In equations (18)~(20), the matrices ay,

a, and a; are obtained with the replacement
of the i-column (i =1, 2, ... n) by the column matrix u:
Uy a, a; a, U, aj,
a,=\U, ay, ay|,a,=|a, U, ay|,
Us a;, a; ay U ay

a, a, U

a, a, U,
Then the determinants in equations (18)—(20) are
calculated by formulas (21)—(24):
deta = a,,a,,ay; — 6,005, — G,0,,05; + . (1)

10,05,0y3 + 0501303, — Q130,05

deta, = a,,a,,U; — ay,a,,U, - a,a0,U +

I i i , (22)
+a30,U, + 0505V, — G303V
deta, = a,,a,,U, — a,,a,U; + ay,0,,U; - 23
I I I , (23)
—0y 33U — 4130,U, + 450,V
deta, = a,,a,U; — ay,a,U, - a,,a,U; + (24)

+apay U, + a,a,U, — aya, U,

Bundled conductors are used in EHV overhead
power lines. The bundled conductor design covers
the number of conductors per phase, sectional area
of conductors and spacing between conductors.
Equivalent radius of conductor per phase is given by
following formula:

r,, =4nR"" - (25)

In expression (25) r, is a calculation radius
of single conductor; 7 is a number of sub-conductors
and R is given by:

R=—1¢

2sin [”j
n

where: a is a spacing between sub-conductors.

The bundled conductors are electrically
equivalent to a single conductor, but larger one than
each of the sub-conductors.

It is the value calculated by formula (25) that
must be substituted into (16) instead of r, in the case
of a bundled conductors.

Since the maximal RMS values of the electric
field intensity are taken as the maximum permissible
intensity, it is advisable to calculate the field in
complex numbers by setting the potentials of the wires
in exponential form:

U, :%em; U, :%e—/2ﬂ/3; U, :%e+j2ﬂ/3’
where: U is the line-to-line voltage, kV.

Then, one exclude the time ¢ from the calculation,
and the electric field calculation can also be
performed according to formulas (7)—(20), but
instead of formula (7), use formula (26):

By =|E|=(Re£) +(Im £ = VESE
Overhead shield wires affect the distribution
of the electric field around power line and near
ground. To assess this impact, shield wires must be
taken into account in the calculation. One can assume
that the overhead shield wires are at zero potential.
When taking into account overhead shield
wires, the equation system (15) will change in
the calculation and for towers with two ground wires
it will take the form (27).

. (26)

a, ap a3 4y 45| |74 U,
Gy Gy Gy Gy G| | D U,
ay Gy Gy 4y ay || 7| =|Us | (27)
Ay Ay G Gy Q5| | Ty 0

75 0

The system of equations (27) is similarly solved
using determinants. But unlike expressions (21)—(24)
for a system with 5 unknown variables, the symbolic
expressions of the determinants are too long,
and therefore they are not given here. Determination
of unknown charges using matrix determinants
is convenient to perform using software that has
built-in functions for calculating determinants.
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Regardless of the number of unknown variables,
this method is more clear and less time consuming
than solving a system of linear algebraic equations
using the Gaussian elimination or Gauss-Jordan
elimination method.

Comparison of the results of electric field intensity
measurement beneath a 330 kV transmission line
at 1.8 m height above the ground with the results
of calculations using the equivalent charge method
for the middle of the span are shown in Fig. 8.

In Fig. 8: blue color (graph 1) shows
the measurement results; red color (graph 2) shows
the results of the calculation, taking into account
overhead shield wires; green color (chart 3) shows
the calculation results without shield wires. The
experimental data are in good agreement with
the calculation results. Shield wires have little effect
on the electric field near the earth’s surface. This is
confirmed by the results of the analytical calculation
of the electric field. The values of the electric field
intensity calculated accounting overhead shield
wires are 3.4 % lower than without them.

CONCLUSIONS. The article examines
the measurement of the alternating electric field
intensity within one span of the 330 kV EHV
transmission. The maximum value of the electric
field intensity beneath the phase wires at the point
where the distance between phase conductors
and the ground is minimal does not exceed
the 5.0 kV/m maximum allowable level. Ground

objects located near the power line affect
the distribution of the electric field. This is
especially evident for a line with a horizontal
arrangement of wires, when, due to the influence
of ground objects located only on the one side
of the power line route, the symmetry of the line
field pattern about the middle phase is distorted.
Comparison of experimental results and numerical
calculations showed that the equivalent charge
method can be used to estimate the maximum
value of the electric field intensity in the middle
of the span of overhead power lines. The previously
established fact of a decrease in the electric field
intensity by trees that grow near power lines has
been confirmed. Experimental data show that on
the right side of the transmission line route, where
a row of deciduous trees grow, the electric field
intensity is 31.2 % to 55.2 % lower than on the left
side, where there are no trees. Even a single row
of deciduous trees has a shielding effect, limiting
the electric field intensity. The protective effect
of trees lies in the fact that living trees, having
sufficient electrical conductivity, carry the potential
of the earth to a height that exceeds the height
of a human being, which creates a shielding effect.
With anincrease in the area of deciduous tree growth,
the decrease in the electric field strength will be
more significant. Obviously it is about trees outside
the edge of the transmission line right-of-way.
Future efforts should be focused on environmental
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Figure 8 — Results of measurement and calculation of the electric field intensity
in the middle of the span
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impacts of EHV and UHV overhead power lines as
well as lightning performance of such lines.
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Manaap Hdikcit
BUKJIagad

[HCTHTYT ynpaBIiHHS MiAIPHEMHHANTBOM Ta IHXKEHEPHHX TexHoJoril BimBanikerana, KymoOxisani, Tan, Xamamyp,
Maxapamtpa 410202, Inais;
ORCID: 0000-0003-1959-7815

[IpoanaizoBaHO pe3ysbTaTH BUMIPIOBAHHS HANPYKEHOCTI €IEKTPHYHOTO MOJS B MEKaX OJHOTO MPOJHOTY TIOBITPS-
HOT JTiHIT HaJIBUCOKOT HarpyTH kiacy Harpyru 330 kB. JlociipkeHo BIUTHB POCIHHHOCTI HA PO3MIOALT €IEKTPHYHOTO TIOJIS
no0OIM3y MOBITPSHOI JTiHIT enekTponepenayi. st BUMIprOBaHHS eIEKTPUYHOTO MOJIS TIOBITPSHOT JIiHIT elnekTpornepenadi
BUKOPHCTAHO BUMIpIOBAIBHHUHN MPHIIAJ, TPU3HAYCHHUH 1 BUMIPIOBAHHS CEPeIHbOKBAAPATHYHOTO 3HAYCHHS HATpyXKe-
HOCTI 3MIHHOTO €JIEKTPUYHOTO TOJIA, M0 3MIHOETHCS 3 9acToToro 50 ', Y mpucTpoi BUMIpIOBaHHS eNEKTPUYHOTO TIOJIS
BUKOPHCTOBYIOTHCS TPU NIEPETBOPIOBAYi, OPIEHTOBAH] Y TPhOX B3a€EMHO MEPHEHIUKYISIPHUX HaNpsiMKax. MeTonoM ekBi-
BAJICHTHOTO 3apsy PO3Pax0BaHO MAKCUMAITbHE 3HAYCHHS HAMPY)KEHOCTI €IEKTPUYIHOTO MO Y CEPEUHI TPONBOTY MOBi-
TPSIHOI JiHIT enexTponepenadi. ExcriepuMeHTaIbHI JaHi MOKa3yl0Th, 0 3 IPABOro OOKY TpacH JIiHII eleKTponepenaui,
JIe pocTe psi TUCTAHUX JIepPeB, HAPYKEHICTb eneKTpuuHoro nmous Ha 31,2-55,2 % Hukya, HiX 3 JiBOro OOKY, 1€ epeB
HeMae. 3HaueHHS HalpyKeHOCT1 eJIEKTPUYHOTO MOJIS, pO3paxoBaHi 3 ypaxyBaHHAM IP0O303aXUCHUX TPOCiB Ha 3,4 % HUXK-
4i, HDK 0e3 HuX. ExcriepiuMenTanpHi 1aHi 100pe Y3roKyIThCS 3 PO3paXyHKaMH, BUKOHAHAMHE 32 METOIIOM CKBIBAJICHT-
HEX 3apsaiB. Po3misHyTa MOBITpsHA TiHIT eTEKTporepeadi 3 TOPH30HTAIBHIM PO3TAIIYBAaHHSAM MTPOBOJIIB CUMETPUYHA
BIJIHOCHO CepeIHbO1 (ha3u, 1 TOMY TOJICTIIYE aHalli3 BIUTHBY HA3eMHHX 00’ €KTIB Ha CIIOTBOPEHHS PO3IOILITY eICKTPUYHO-
TO TIOJISI, 30KpeMa JIMCTSHHX JIEPEB, PO3TANIOBAaHHX JIUIIIE 3 OJJHOTO OOKY TpacH JiHil. JIucTSHI nepesa, mocaukeHi B OJUH
PpsII, MAKOTh EKPaHYHOUYHH eeKT, 0OMEKYIOUH HAIPYKEHICTh EISKTPUYHOTO TIOJISl HA BUCOTI, 10 BiJIMOBITAE CEPEAHBOMY
3poCTy JOAMHY. 31 301MBIIEHHAM IUTOINI HACA/DKEHHS JTUCTIHNUX AEPEB 32 MEKaMH CMYTH BiyKeHHS JiHIi eleKTponepe-
Jladi 3MEHIICHHS HAIPY)KEHOCTI SEKTPUIHOTO 1015 Oy/e OimbI icToTHUM. [loanbmi 3ycunmns HeoOXiTHO 30cepeIuTh Ha
eKOJIOTTYHOMY ACTICKTi MOBITPSHUX JIiHIN eeKTpornepead HaJBUCOKOT Ta YABTPABUCOKOI HAMIPYTH, a TAKOXK HA MUTAHHAX
OMUCKaBKO3AXUCTY TAKUX JTiHIMH.

KurouoBi ciioBa: moBiTpsiHA JTiHI eIEKTPOTIepeIadi, BIUTHB Ha HABKOJIUIITHE CEPEOBHILE, IUCTIHI epeBa.

Cmamms naoivuna 03.03.2022
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PoboTa npucBsueHa JOCIIKEHHIO BIUTMBY TEPEXiTHUX MPOIECIB Ha CIIEKTPAIBHY XapaKTEPUCTUKY XOJIECTCPHIHHX
piaxux kpuctaniB (XPK) B mpoueci B3aemonii 3 BUIapaMu JETKUX CIONYK. TpUBanicTh MepexiHUX MPOLECIB € BaXIU-
BHUM TapaMeTpOM B MPOIECi MOOYA0BU ONTUYHUX CEHCOPIB 3 UyTIUBUM eneMeHToM Ha ocHOBI XPK. TouHicTh BUMIpIO-
BAHHS TAKOTO CEHCOpPAa BH3HAYA€THCS MapaMeTpaMH CIEKTPaIbHOI XapaKTePUCTUKH B MOMEHT 3aKiHUCHHS MEPeXiTHuX
nporieciB. B pe3ynbrari mpoBeaeHNX MOCHTIPKEHb BCTAHOBJICHO 3alIeKHOCTI yacy peakiii XPK Bij 3MiHM 0TOYyHOYOTO
ra3oBoro cepenosuia. OTpUMaHO 3HAYEHHS TpUBAIOCTI mepexigunx nponecie XPK misd pisHUX piBHIB KOHIEHTparlii
OTOYYIOUOTO Ta30BOTO CepeloBUIa. JIIst TIPOBEACHHS TOCHIUKEHDb CIIeKTPAIbHUX XapaKTepPUCTUK Ta BH3HAYECHHS TPHU-
BAJIOCTI TIEPEXITHUX MPOLECIB PO3POOICHO anapaTHO-TIPOrpaMHy CHCTEMY Ha OCHOBI Cy4acHOTO iHTeTpabHOTO Oararo-
kaHanbHOTO horoneperBoproBaya TCS3490 (AMS) i mommpenoi iHdopmariitHo-o6uncroBabHOT TaTGopmu Arduino.

Kuti04oBi ci10Ba: onTH4HUI CEHCOP, CHEKTPAIbHA XapaKTEPUCTHKA, PiIKI KPUCTAIHN, XOJIECTEPHKO-HEMAaTHIHA CYMIIIl.

Ha croromni icHye Oarato pi3HOMaHITHHX 3a
MPUHIAIIOM [l Ta MPU3HAYEHHSIM CEHCOPIB (i3ny-
HUX BEJIMYMWH, Kl JI03BOJISIIOTH aHaJi3yBaTH, (iKCy-
BaTh Ta 00poOIATH iHPOPMALiI0 MPO CTaH MEBHUX
(hi3muHNX cucTeM. 3 PO3BUTKOM HAyKH Ta TEXHIKH
CEHCOpU BCEOIYHO YIOCKOHAIOIOTHCS, BUHUKAIOTH

HOBI TUNM. BpaxoByroun nepeBarn ONTHYHUX METO-
JIiB BUMIpIOBaHHS (DI3SUYHMX BENWYHMH, 32 OCTAaHHI
POKH BCE OLIBIIIOTO PO3TOBCIOMKSHHSI B JIOCITIKCH-
HSX Ta PO3POOKax OTpUMAM ONTHU4YHI ceHcopH [1].
Ipuamun ix npii 6a3yerbcs Ha 3MiHI ONTHYHUX
XapaKTEPUCTUK YYTJIUBOIO €JIEMEHTa CEHCopa BiJ
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BILJTUBY JIOCIIIJI)KYBaHOTO CepeoBHINa (aHamiTa) [2].
B 3anexxHOCTI Bif THITy ONTHYHHUX CEHCOPIB iX Mif
3aCHOBaHA Ha TMPHHIUIAX: TIOIMHAHHS CBITIIA
(abcopOuist) [3], BIZOUTTS MepBUHHOTO (I1a/1aK0Y0T0)
CBITJIOBOTO TMOTOKY [4], pi3HMX BHIIB JIOMiHEC-
neHtii (GoTo- Ta eneKTpoxeMiTroMiHecHeH ) [5]
Ta Jeskux iHmuxX. [Ipy 1poMy BHKOPHCTOBYIOTBHCS
3aJIe)KHOCTI ONTHYHHUX BIIACTHBOCTEH CEpPEIOBHII
BiJ KOHIEeHTpawii aHamiTy. [lonryk HOBUX 4yTIHBHX
MarepiajiiB i IEPBUHHOTO II€PETBOPIOBaYa ONTHY-
HOTO CEHCOPa Ma€ BAXJIMBE 3HAUEHHS AJISI IPOMMUC-
JIOBOCTI, MEJMIIMHU Ta SKOJIOTIl 3 METOH JETCKTY-
BaHHS BUCOKOTOKCHYHUX OPraHIYHUX CIONyK [6; 7].
CknaznHicTh po3poOKM TaKWX NPWIAAIB MOB’S3aHa
3 HEOOXITHICTIO TIOETHAHHS HACTYITHUX HaHBaXKIIH-
BIIIIMX TTAPaMETPIB B OJIHOMY MPUCTPOT:

MOXIIUBICTh ~ OHOYACHOTO  BHMIipIOBaHHS
Ta ieHTudiKaIii JeKiIbKOX MOJICKYI;

— BHCOKa YyTJMBICTH 1 BUCOKA TOYHICTh BH3HA-

YEHHS KOHIICHTpPAITIH;

CEJICKTUBHICTD;

MIBUIKOIIS,

IIPOCTOTA BUKOPUCTAHHS;

IliHA «OTHOTO BUMIPIOBAHHSY 1
puIazy.

Po3BUTOK Cy4acHMX TEXHOJOTIH, MIO IPYHTY-
I0ThCSI Ha SIKICHO HOBUX IPUHLMIAX (ONTOBOJIOKOHHI
CEHCOpPH, HAaHOCTPYKTYPH, OPTaHIuHI HaIiBIIPOBII-
HUKHU Ta TEePeTBOPIOBAYl €Heprii) BUMarae MmomykKy
HETPAIUIIITHUX MaTepiaiiB, sSKi HE TIIBKU 3al0-
BOJIBHSUUTH O BUMOTH Cy4acHO! TeXHiKH, aie Oymu O
TOCTYITHUMH 3a coOiBapricTio. [luM BuMoram 1moB-
HICTIO BIJIMOBIZAAIOTh  PiJKOKPUCTAIIYHI  KOMIIO-
3uTH [8], IKI MOXKHA OJIEP)KaTH HAa OCHOBI XOJECTE-
PUYHMX Ta HEMAaTUYHHX PIIKUX KpucTamB. Pimki
kpuctanu (PK) BHKOPUCTOBYIOTBCS IJIsI CTBOPEHHS
CEHCOPIB XiMIYHUX peuoBuH [9], Temneparypu [10],
Bosiorocti [11], mapiB mkijyiMBUX pedoBuH [12]
Too. 3MiHa IXHIX (i3UUYHUX MapaMeTpiB (OpieHTa-
I1ist MOJIEKYJT, KPOK CITipaJi) IMiJ{ BIUTHBOM 30BHIIITHIX
YUHHUKIB TIPUBOJMTE JIO0 3MiHM ONTHYHHX T1apamMe-
TpiB (MOTTMHAHHS CBiTJa, BiIOMBAaHHS TEPBHHHOTO
CBITIIOBOTO MOTOKY). CTPYKTYpa PiAKOKPUCTAIYHUX
MaTepiajgiB MiCTUTh BIAMOBIAHY (QYHKIIOHATBHY
TpyIy, OpI€HTAIlS SIKOI 3MIHIOETHCS ITiJ] BIUTHBOM
OpTaHIYHUX PEUYOBHH, TOMY BOHH MOXYTb 3 YCITIXOM
BUKOPHCTOBYBATHCS B ONITHYHHUX CEHCOpax JAJIsl aHa-
JIi3y OpraHiYHUX PEYOBHH, T'a3iB, TOIIO.

3aBgskn Tomy, mo Monekynmu PK  posrammro-
BYIOTBCSI BIOPSIIKOBAHO TaKi CHOJIYKH MArOTh SIK
OINTUYHY aHi30TPOINHY BJIACTHBICTh, TAK 1 MPOMyC-
kHy 3marHicTe. XPK Mae crmipanmbHy CTpPYKTYpY,
3 MOJIEKyJIaMH [apaJIeIbHOTO PO3TAILIyBaHHS B HIapi

BapTICTh

Ta TOCTYNOBUM CKPyYyBaHHSIM MK CYCITHIMHU
mrapaMu. 3aBIsIKM Takiii 0COONMBIA CTPYKTYpi JUIS
XPK xapakTepHe cenekTuBHE BinOuTTs cBitia [13].
JloBK1HA XBHITI CEIIEKTUBHOTO BIJOUTTS MA€ TCHICH-
IIiF0 3MIHIOBATUCH 30BHIIITHIM CEPEIOBHINEM, TAKUM
SK EJEKTPUYHI, MarHiTHi, TEMIIepaTypHi Ta opra-
HiuHi Bumapu. Tomy XPK BUKOpHCTOBYIOTBCS HE
TIIBKM B TIPUCTPOSIX BioOpaxkeHHsI, ane 1 B o0nacTi
ceHcopuku [14].

XPK xapaxTepusyoTbcsi HasBHICTIO Opi€HTa-
[IHOTO Ta BiICYTHICTIO TPAHCSALIHHOTO TOPSIJIKY.
[IpucyTHicTb ONTHYHO AKTUBHUX MOJEKYJI MpH-
BOJUTH IO TOTO, IO PiAKOKPUCTAIIYHI MOJEKYIIH
B KOXKHOMY KBa3iHEMAaTHMYHOMY IIapi BiAXUIIA-
IOTBCS HAa TEBHUH KYT, yYTBOPIOIOYH CIipajbHY
CTPYKTYpy. Y TOHKHMX IIapax XOJECTEePUYHUX
PIIKUX KPUCTAIIB cIiocTepiraeTbcs edext odep-
TaHHS TUIOMIMHY TOJISIPHU3aIlii CBIT/Ia, 3yMOBIICHUH
CHipaJbHOIO CTPYKTYPOI0. SIKIIO 3HaK 0OepTaHHS
BekTopa nossipusauii B XPK 30iraeTscs 31 3HaKOM
CIipali, a JIOBKMHA XBIJII CTAHOBHTH IOJIIOBHHY
KPOKY XOJIECTePHUYHOI CITipaji, CIOCTEPIraeThCs
MOBHE BiAOMBAHHSA LUPKYISIPHO MOJSIPU30BAHOTO
CBiTJa, sike momuproeThest B XPK.

Jus  moOymoBu  0a30BOi  PiAKOKpHUCTATIYHI
Matpuili BuOpano npomucioBy cymim XPK dipmu
MERK®© — E7. Bubip 3yMOBJICHO TOJIOBHOIO TIepe-
Baroto Ii€i piIKOKpHUCTAIiYHOI Cymimn, a came,
XIMIYHOIO 1HEPTHICTIO Ta CTaOLIBHICTIO iCHY-
BaHHS Me3oda3d B TeMIlepaTypHOMY iHTepBai
10...70 °C. XimiuHM#A CKJIAJ ITi€] CyMIIli MOETHYE
B c001 HEMaTHYHI PiAKi KPUCTAIH 3 XOJIECCTPUIHUMHU
piakuMu Kpuctanamu. s oTpUMaHHS XOJiecTe-
puko-aematnunux cymimeit (XHC) Oymo BuOpaHO
CHUJIBHOTIOJSIPHUYA HEMaTHYHHHA PIAKANA  KpPUCTaJ
(HPK) Tumry 15CB. Lle#t PK xapakrepusyerbcst MiHi-
MyMOM TpPOIYCKaHHS Ha JOBKHHI XBui 350 HM,
SIKMH BiJIMTOBi/Ta€ BIIACHOMY ITiKY TIOTJITHAHHS.

Ha puc. 1 HaBeneHO CcHEKTpalibHY XapakTe-
puctukun XHC i3 konuenrpaiiero HPK 38 %. Ha
CHEKTpaJbHIM 3aJeXKHOCTI CyMillli CIIOCTEpiraeMo
JIBA MAKCUMYMH JIOBKUHM XBMJIl TOTJIMHAHHS, Mep-
muit 3 akuX (I) MICTHTBCS B KOPOTKOXBHIIBOBIH,
a npyruii (II) — y 1OBroxBWJIBOBIH 00MacTi CIIEK-
Tpa. KopoTkoxBuiboBHII MiHIMYM 0OyMOBJICHUI
BJIACHUM HIKOM MOIIIMHAHHS HEMAaTHYHOI'O PiIKOTO
KpHCTala, SKUH CIIOCTEPIraeThCs Ha JOBXKHHI XBHIII
322 um (unctuii 15CB xapakTepusyeTbcs BIaCHUM
IIKOM MOTJIMHAHHS Ha JOBXUHI XBUii 350 HM), T0B-
TOXBHJILOBHI MiHIMYM 3aJIC)KUTh BiJl KOHIIEHTpAIIii
HEMAaTHYHOTO PiJKOTO KPHCTaja B CyMIIlIi.

JlocmiJpKeHHsST  CIIEKTPaIbHUX — XapaKeTPHCTHK
XHC B cepenoBuIiax opraHiuyHUX PEUYOBHH, Xapak-
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TEPU3Y€ETbCA LIBUIKUM IEPEXOJOM CyMilll B 130-
TPOMHHKA cTaH. [I[pHYUHOIO TOTO € B3aEMOMIsSI JBOX
JUIONIBHUX MOJICKYJ HEMaTH4YHOTO PIiJKOTO KpHC-
Tay i OpraHivHoOl PEYOBHUHH YU Ta3y 3 YTBOPCHHSIM
KOHITIOMEPATY, SIKUH CIIPHSE PO3KPYTILI X0OJIeCTepHY-
HOI cmiparni cyminri. Bussneni (isuuHi 3aKoHOMIp-
HOCTI TIEPEXOMy PIAKOKPHUCTAJIYHOI CyMIII B 130-
TPOIHMI CTaH, JO3BOJISIIOTh BUKOPUCTOBYBATH 11 sIK
YYTJIUBHHA €JIEMEHT ONTHYHOTO CEHCOpa aleToHY,
ajie BUHHMKA€ HEOOXiTHICTh KOHTPOIO CaMe Yacy
peaxIIii CyMimTi Ha aHaJIiT.

0,9 7

OnTUYHe NornMHaHHS, B.O.
N = e
N w S [¢,] [« ~ [e)

L L L L L L L

o
N
1

T T T T
400 500 600 700

[oBXuHa XBuUni, HM

T
300

Pucynox 1 — XHC i3 xonnenTpariero HPK 38 %

Hamu 3anpornoHoBaHO BUKOPUCTaHHS anapaTHO-
MIPOTPaMHOTO KOMITIEKCY (puc. 2), IKnii 3a0e3meuye
BHMIPIOBAaHHS 3HAYE€Hb IHTEHCHBHOCTI TPHOX CIIEK-
TpaJbHUX CKJIAJOBUX CBITNA, SIKE MPOXOIUTH Kpi3b
PIAKOKPUCTATIUHUH Ty TIUBHIA CJIIEMEHT.

3arajpHU MPUHIMO POOOTH MOJISATae B MPOITycC-
KaHHI CBITJIa 3 BHITPOMIHIOBAJILHOTO €IIEMEHTa Kpi3bh
PIIKOKpUCTATIYHUNA YYTIAMBHNA ENEMEHT, SIKHA i
JI€I0  PeuOBHMHM-MapKepa IOCTYIIOBO MEPEXOHUTh
B 130TponHUi cTaH. BinnoBinHy 3MiHy IHTEHCHUBHOCTI
NPOITyCKaHHS YYTJIMBOIO €JIeMEHTa PEeECTPye IpHU-
WMaTpHINA MOAYITh 3 (hoTomiomamu (puc. 2). Bukoprc-
TaHWi (OTOMIOAHUN MOJIYJb Ja€ 3MOTY BHU3HAYATH
THTEHCHBHOCTI IIPOITYyCKAaHHS OKPEMO ISl TPHOX CIICK-
TpalbHHUX CKIamoBHX. [ aHamizy Ta oOpoOneHHS
BXIJHMX CHTHAJIIB BHUKOPHUCTOBYETHCSI BOYIOBaHUI
MIKPOKOHTpOJIEp, SIKKI B TIPOIeCi BUMIPIOBaHHS aHa-
Ji3ye 3aranbHUN PiBEHb OCBITJICHHS 1 HA OCHOBI YOTO
BHUMIpPIO€ JIIHCHI 3HAYEHHS IHTEHCHBHOCTI 10 KOX-
HOMY KaHaiy. [Hpopmaris 3 mpuiAMaIbHOTO MO
BIZIIIPABISIETECS HA MIKPOKOHTPOIIEP, a Maii, depe3
inrepgeiic USB, Ha mepcoHanbHUI KOMIT IOTEp, 1€
JaHi BigoOpaxaroTbesl rpadivHo 3a JOMOMOTOIO CIie-
iaJTHHOTO MPOTPAMHOTO 3a0e3IeueHHS.

3aranpbHUN BUIIS anapaTHOI YaCTUHU KOMII-
JIEKCY Ta MOr0 OCHOBHI €JIEMEHTH IPEACTaBICHO
Ha puc. 3.

Ha ocHOBi po3po0OneHoro amapaTHO-IIpOrpam-
HOTO KOMIUIEKCY Ul aHaji3y XapakTepy IHepexomy
PIAKOKpUCTANIYHOI PEYOBHHHU IIiJi BIUIMBOM Mapu
alleTOHy MH JOCHIAWIM XapakTep 3MiHH KPOKY
XOJIECTEPUYHOI CIipalli MiJ 4ac MepexigHOro Mpo-
IIecy B i30TPOITHUAN CTaH.

Tak, orpumani rTpadiku 4YIiTKO BigoOpaxa-
I0Th TIepexifHi mpouecu po3TArHyTi B uaci. Ha
puc. 4, 5 MOXHa CIIoCTepiraTy 3MiHy IHTEHCUBHOCTI
IIPOIYCKaHHS ISl TPhOX CIIEKTPAJIbHUX CKIAJ0BHX
Mij] JIi€0 HE3HAYHOI KOHIICHTpAIlil MapiB aleToHy.

—reeeeemsmsmem s s s s s s b |
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| enemMeHT I
I I
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!

Pucynok 2 — CtpykTypa anapaTHO-IIpOrpaMHOTO KOMITICKCY ISl TOCIIIPKEHHS XapaKTepPUCTUK
PIAKOKpUCTATIUYHUX YyTIMBUX CIIEMEHTIB
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MaxkcumalnbHi 3HaYeHHSI IHTEHCHBHOCTI IIPOITyC-
KaHHS I0CATalThCs Yepe3 3—5 XBUJIMH MPOBEICHHS
BHUMIPIOBAaHHS, KOJIM PiJIKOKPUCTANIYHA CYMIIl TTOB-
HICTIO MIEPEXOAUTH B 130TPOITHUM CTaH.

Taki XapakTepHCTUKH 1HTEHCHBHOCTI MpOIycC-
kaHHs XPK mMoxHa oTpuMaTH 1 i1 BINIMBOM 1HIITHX
OpTaHIYHUX PEUOBHMH Ta BCTAHOBUTH 3aJICKHICTH
Mepexoay PiIKOKPUCTATIYHOTO Yy TIAMBOTO eIEMEHTA
B 130TPOIHMI CTaH BiJ KOHLEHTpaLii aHajiTa.

BinmoBigHo 10 BizyalbHUX CIIOCTEPEKEHB 3MiHU
CTaHy PI1IKOTO KpUCTalia B X0/ IPOBEICHHS eKCIIe-
PUMEHTY MOKHAa TOBOPHUTH IIPO MOBHY NPO30PICThH
PIAKOKPUCTANIIYHOT CyMillli IMiJl 4ac KOKHOTO BHMi-
pIOBaHHS, IO CBITYHUTH MPO Hepexil B i30TPOMHUN
crtad. OCHOBHa BiJMIHHICTh /Il Pi3HUX KOHIICH-
Tpamii aHajiTa TojArae B 4aci, HCOOXiTHOMY ISt
JOCSITHEHHSI  P1IKOKPUCTAIIYHOIO CYMINIIIO 130~
TPOITHOTO CTaHy.

Pucynok 3 — ByioBa Ta 0OCHOBH1 €JIleMEHTH anapaTHoOi YaCTHHU KOMIUICKCY:
1 — onmuuni unpominosaui; 2 — npuimanvHutl Mooyis 3 pomoodiodamu (TCS34903);
3 — pesepsyap 014 peuosun-maprepis; 4 — yymausuti piOKOKPUCMATIYHULL eleMeHm,
5 — cucmema na kpucmani; 6 — nepcoHAILHUL KOMN Tomep
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Pucynox 4, 5 — 3amexHicTh IHTEHCUBHOCTI TIPOITYCKAHHS BiJl 9acy (a — KOHIIEHTpaIlis
arierony 0.1 mu (60 ppm), 6 — konieHTparist atetony 0,2 mit (120 ppm))
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THE INTERACTION OF A MIXTURE OF LIQUID CRYSTALS WITH VAPORS
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The work is devoted to the study of the influence of transients on the spectral characteristics of cholesteric liquid
crystals (CLC) in the process of interaction with volatile compounds. The duration of transients is an important parameter
in the process of building optical sensors with a sensitive element based on CLC. The measurement accuracy of such
a sensor is determined by the parameters of the spectral response at the end of the transients. As a result of the conducted
researches dependences of time of reaction of CLC on change of surrounding gas environment are established. The values
of the duration of transient processes of SRC for different levels of concentration of the surrounding gas environment are
obtained. To conduct research on spectral characteristics and determine the duration of transients, a hardware-software
system based on the modern integrated multi-channel photoconverter TCS3490 (AMS) and the widespread information
and computing platform Arduino was developed.

Key words: optical sensor, spectral characteristic, liquid crystals, cholesterol-nematic mixture.
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TEXHOJIOTISI BUKOPUCTAHHS CTPYMO3BHUPAIOYOI 'PEBIHKH
NP ®OPMYBAHHI AHTUBIIBUBHHUX HIAPIB IIOPYBATOI'O KPEMHIIO
COHAYHOTI'O EJIEMEHTA

Bauepiii €poxos

JOKTOP TEXHIYHUX HAYK,

rpoecop kadeapu HAITiBIPOBITHUKOBOT €NIEKTPOHIKA

Hamionanenuii  yHiBepcuter «JIbBiBCchbka moniTexHika», Byin. C. banmepa, 12, JIBiB, VYkpaiHa, 79013,
v.yerokhov(@gmail.com;

ORCID: 0000-0001-5358-6103

Irop Cxkpunauk
acmipaHT Kadeapu HaliBIPOBITHUKOBOT NEKTPOHIKH

Hamionaneuuii  yHiBepcuteT «JIbBiBCchbka mositTexHikay, Byia. C. bawpmepa, 12, JIbBiB, VYkpaina, 79013,
ithor.i.skrypnyk@]lpnu.ua;
ORCID: 0000-0002-9752-3128

Po3pobka HoBuX cuctem (ortoenexTpuuHux nepersoproBadis (PEIT) Bene mo 3HMKEHHsS BApTOCTI 1 MiJBUIICHHS
TeXHIYHUX 1 (OTOENEKTPUUHUX MapamMeTpiB CTPyKTypH coHsuHuX eneMeHTiB (CE). 3a3HaueHi 00CTaBUHU CTUMYITIO-
10T PO3pOOKy ONTHMI30BaHUX TexHOuoriil orpumanns CE 3 BukopucTaHHAM mopyBaTux mapis, ABII i TexHOM0TIHHO
MpPaBIILHO HAHECEHOT (PPOHTANTBHOT KOHTAKTHOT crcTeMH Ha ToBepxHIO CE, sKki B mepcrekTuBi Moriti O 3aMiHUTH Tpa-
JMIHI, Oynu 6 Habararto aenresini. MeToro poboTtu 0yiao GopMyBaHHS aHTHBIIOUBHUX HIAPiB MOPYBATOTO KPEMHIIO
Ha nioBepxHi cTpyktypu CE npu HassBHOCTI Ha po00Yiid MOBEPXHI CTPYMO30Mparoy0i rpeOiHKY 1 BUBUCHHS CTaHy (pOH-
TabHOT KoHTakTHOT cuctemu CE micist mpoBeeHHs TPaBJICHHS 3 JOIOMOTO0 CIIEKTPaIbHUX XapaKTepUCTHK. TexHo-
JOTIYHHUHN TIporiec (pOpMyBaHHS (PPOHTANBFHOI KOHTAKTHOI CHCTEMH BKIIIOUAB TTOCIIJOBHE TEPMOBAKYYMHE HAITMIICHHS
Ha KPEeMHIEBY TIOBEpXHIO yepe3 MeTajiiuHi Tpadaperu mapis Titany (Ti), manamito (Pd) Ta cpibna (Ag) ToBmuHaME
30 um, 20 aM Ta 30 HM BiamoBiaHo. llluprHa KOHTAKTHHUX MANBIiB MPH IFOMY cTaHOBHIA 30 MKM, ITPU BiJICTaHI MK
HumH Oinbire 1 Mm. [1pu nbomy 3aranmbHa MiI0IIa 3aTiHEHHS po0090i MoBepXHi He mepeBunryBaia S Y%. [t 3MeHIIeHHS
KOHTAaKTHOTO OMOPY TOBIIMHA HIapy Ag Oyna 301bllIeHa raJbBaHiYHUM METOJIOM 10 25 MKkM. Ha 3aBepmianbHOMy eTarni
CTBOPEHHS KOHTAKTHOI IpeOIHKHM MPOBOAUBCA BiJNal OJEpPKaHUX CTPYKTYp y aTMocdepi a3oty 3 5 % BMICTOM BOJHIO
npu temmneparypi 400 °C Ha npots3i 20 xB.

Kuo4oBi ciioBa: enekTpoxiMmisi, KpeMHil, COHSYHHN €IEMEHT, MOPYBAaTHI KPEMHIii; TeKcTypa, CTpyMo30uparya
rpediHKa.

AKTVYAJIBHICTb POBOTH. Ha cporomnim- [upoxe BpoBakeHHS (OTOCTEKTPHUYHHX ITEpe-
Hii 7eHb OumbIne 2 MUTBSAPIIB JIOAEH Ha TUIaHEeTI tBOproBaviB (DEII) pizHOTO PiBHS MOTYKHOCTI, 5K
BCE IIe 3aJieXarh Bij| Ta3y, ApoB, Byruuis 1 HadTH JUKeperia JKUBJICHHS SJICKTPOHHUX TMPIIIAIIB, € Hal-

JUTS IPUTOTYBaHHS TKi 1 00irpiBy mpumimens. Lle, OUTBII TMEPCIEKTHBHUM CHOCOOOM BHKOPHCTAHHS
NPUBOANUTH [0 3HAYHUX HEraTUBHUX HACHIAKIB  coHs4HOI eHeprii. Lle moB’s3aHO 3 BHUCHAKEHHSM
IUIS 3I0pOB’S JIOJeH, 1X HABKOJMIIHBOTO CEpel-  3amaciB eHepreTH4YHOi CHpPOBHHH Ha 3emii Ta 0e3-

OBHIIIA, €KOHOMIYHOTO PO3BUTKY, a IHKONM 1 BIfH  IepepBHMM 3pOCTaHHSIM IOTPEO JIIOACTBA B JACIICBIH
MIX JAepkaBaMu. | Bxke B HaWOMMK4l AecATUpIdYs CJIEKTPUYHIN eHeprii.

BUPOOHHMKHU €Heprii 31TKHYThCS 3 HECTAauyel0 Npu- Constuni Oarapei (CB), ik mKepeno enexkTpo-
ponHoro manuBa (HadTH, Taszy, ByTULIA), a TaKOX eHeprii, ChOTOIHI BXE BaXKO HAa3BaTH YHUMOCH
3 TaKMMH MpoOJieMaMH, sIK KaracTpodiuHe 3a0py- HE3BHYHHUM. YTepIie iX Mmoyaiau 3aCTOCOBYBATH IS
HEHHSI HaBKOJUIIHBOTO CEPEAOBHINA, JO SKOTO €HEepro3ade3nevueHHs] KOCMIYHUX CTaHId Oinbiie
NPUBOAUTH CIAIIOBAHHS L[OTO MaJUBa, Ta MMOTEH- 40 pokiB TOMY i CHOTOJHI COHSYHI Oarapei MiI[HO
miftHa HeOe3meka smepHOi eHepreTuku. OTKe, BBIMIIITH B TOOYT SIK JKEPENIO €KOJIOTIYHO YHUCTOi
[0CTa€ HEOOXIIHICTh OJICPIKAHHS JEUICBOI eHeprii 1 6e3komrToBHOI eHeprii [1; 2]. CroromHi r1odaTh-
3 BUKOPHUCTAHHSIM BiJIHOBJIFOBAJIbHUX JIKEPEJT JKUB- HUH TIONUAT Ha EJCKTPOCHEPril0 3HAYHO Oljblie
JICHHS TIPH MiHIMAJIBHOMY BIUIMBI Ha HaBKOJUIIHE  3POCTA€ KOXKHOTO JIHS, Yepe3 3pPOCTAHHSI HACEJICHHS
cepenosuue [1]. Ta mpoMuUciIoBy eBorolito [3]. Lle cipuunHsie pizHi
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€KOJIOTIYHI HACTIAKW IS HaBKOJHUIIHBOTO CEpell-
oBuma. doToenekTpuUHA COHSYHA EHEpris Mae
CTaTl aJBTEPHATHBOIO JIJISi TEHEPYBAHHS CTPYMY,
OCKUJIbKM BOHA MA€ HAasIBHICTh HEBUYCPITHUX PECYP-
CiB, HE BHMAarae BEJHUKOi 1HQPaCTPyKTypH, Mpax-
TUYHa i 0e3MeyHa i caMe TOJIOBHE, HE BUKITMKAE €KO-
noriuai Hachiaku [4]. Lle mpuBeno 1o 301IbIIICHHS
3a OCTaHHI pOKM OiblI HiXK Ha 25 % puHKY (oTo-
€JIEKTPUYHOT COHSYHOT eHepTii B TaKUX KpaiHax, sK
Kuraii, Himeuunna, Smonis 1 CILIA.

ChOromHi I TEXHOJIOTISI T0Ope TO3UIIOHYETHCS
10 BIJHOLIEHHIO 10 IHIIMX BUIIB ITOHOBJIIOBAHUX
JDKEpeIT eHeprii yepes CBOIO MPOCTOTY, 11100 BUKOPHC-
TOBYBATHCH B 130IbOBAHUX MEPEKaX CUTLCHKUX MicC-
[IEBOCTSIX, TIPCHKHUX paioHaX, OCTPOBax, IO MOTpe-
OyIOTh TeXHIYHOTO 00cCIyroByBaHHsS. BoHa mpocra,
MOJIyJIbHA 1 Iy’Ke YHiBepcallbHa, aJanTy€eThCs 10 Pi3-
HuX cutyauiid. OHaK, e € Micue AJs MOAATbIIOro
MTOKpAIeHHs, B OCHOBHOMY B COHSAYHHMX OaTapesx,
SIKi € HAWOUTBII BXKJIMBUMH €JIEMEHTAMH IS I[LOTO
BUAy eHeprii [5; 6].

[IparneHHs 10 3HWKEHHS BAPTOCTI 1 IiIBUIICHHS
TEXHIYHHX 1 (POTOCTEKTPUIHNX TTapaMeTPiB Bele 710
po3podku HOBUX cucteM [7]. EQextuBHMM crioco-
OOM 3MEHIICHHS BTpaT 1 3011bLICHHS e()EeKTHBHOCTI
CE, oOymoBneHnX BiOMBaHHSIM BHIIPOMIHIOBAaHHS
MOXYTb CIyTyBaTH aHTHBiNOMBHI mokputTs (ABII),
TEKCTYPH 1 TEXHOJOTIYHO TPABWIBHO 1 €(hEeKTHBHO
HaHeCeHl (PPOHTAJIbHI KOHTAKTHI CHCTEMH Ha
nosepxHio CE [8].

3a3HaueHi OOCTaBUHH CTHMYIIOIOTH PO3POOKY
OTITHMIi30BaHUX TeXHONOTiH oTpumanHs CE 3 BHKO-
pucraHHsiM mopyBatux mapis, ABII i TexHomo-
TYHO MPaBUJIBHO HaHECEHOi (pOHTATBHOI KOHTaK-
THOI cuctemu Ha noBepxHi0 CE, siki B MepCcreKTHBi
Mo O 3aMiHUTH TpamuIliiiHi, Oynu O Habararo
nemreriri [9; 10; 11].

META LIE€T CTATTI: Metoto po6otu 6yio pop-
MYBaHHs aHTUBIAOMBHMX MIApiB MOPYBATOr0 KpeM-
Hito Ha moBepxHi cTpykrypu CE mpm HasBHOCTI
Ha poOodiil MoBepXxHi cTpymMo30uparouoi rpediHKH
1 BUBUCHHS CTaHy (POHTAIbHOI KOHTAKTHOI CHC-
temu CE micist mpoBeAeHHS TpaBIEHHS 3 JOMOMO-
TOI0 CIIEKTPAJbHUX XapaKTEPHUCTHUK.

MATEPIAJT 1 PE3VJIbTATU AOCIIIXKEHbD.
OnTuMmizallisi TEXHOJOTIT eIeKTPOXiMIYHOTO (op-
MyBaHHs IIapiB MOPYBAaTOr0 KPEMHIIO J03BOJHIIA
CYTTEBO TOKPANIUTH iX AHTHWBIJIOMBHI Ta IAcUBHI
BJIACTUBOCTI. TeXHOIIOT1i CTBOPEHHSI TEKCTYp (hPOH-
TanpHOI noBepxHi ®EIT 6a3yroThes Ha mporieci pos-
YHHEHHSI [IOBEPXHEBOTO HIapy KPEMHII0 B PO3UMHAX
Ha OCHOBI (ToprcToBOmHEBOI Kucinotu. [lo wmipi
TTOKPHUTTS TIOBEpXHi 3B’ s13kaMu Si-O-Si peaxiist po3-

YUHEHHS CTa€ MEHII aKTUBHOIO 1 IPUTTMHAETHCS MTPH
YTBOPEHHI CYIITBHOT OKCHUIHOT ITIBKH.

3a TakMX YMOB BIUTUB BHCOKOTO ITMTOMOTO OIIOPY
nopyBaroro kpemHito (~10°+ 107 Om-cm) Ha moci-
noBHuil omip crpykrypu CE Oyme 3HaxomuTuch
B JIONMyCTHUMHUX MeXaX. 3TiTHO ApyTiii BUMO3i (op-
MyBaHHS IIapiB MOPYBAaTOTO KPEMHII0 € HAWOLIbII
JOLTBHUM Ha 3aBeplIabHOMY eTali CTBOPEHHS
crpykrypu CE, micns HaneceHHs Ha Horo ¢poH-
TaJbHY ITOBEPXHIO KOHTAKTHOI rpedinku. [Tpu mpomy
HeMae HeoOXimHOCTI TpoBemeHHs (oTomiTorpadii,
10 € HeoOXiTHO y BHMAaAKy (OpPMYyBaHHS MOpYBa-
TOTO KPEeMHil0 Tiepel CTBOPEHHSIM KOHTaKTHOI CHC-
temu. Crig 3ayBaKWTH, IO TPU [IBOMY HEOOXiITHO
BpaxyBaTH MOXIIMBE TTOMIKO/KEHHSI KOHTaKTHOI Tpe-
OIHKH B TIPOLIEC] EJIEKTPOXIMIUHOI 0OPOOKH CTPYK-
typu CE B enekrpomiti. Y 3B’43Ky i3 UMM BHUHU-
Ka€ HEOOXIJHICTh OCIHIHPKEHHS BIUIMBY MPOIECY
(hopMyBaHHS aHTHBIJOMBHOTO TIOKPHUTTS HA OCHOBI
MOPYBATOrO KPEMHII0 Ha CTaH (DPOHTAIBHOI KOHTAK-
THOi cuctemu CE.

Jis  MOCHiJDKeHHS BIUIMBY €IIEKTPOXiMiYHOTO
TpaBJCHHS Ha CTaH (PPOHTANIBHOI KOHTAKTHOI CHC-
temu CE Oymno mpoBeneHO psia €KCIIEPUMEHTIB IO
BUPOILYBaHHIO ONTHUMI30BaHUX IIApiB MOPYBATOTO
KpeMHito Ha 3pa3kax CE 3 mOBHICTIO c(h)OPMOBaHUMH
CTPYKTypamu 0€3 aHTHBiIOMBHOTO MTOKPHUTT.

Jst onruMizarii 0yimo mpoBeneHo MoOyI0BY CIICK-
TPy BiIOMBaHHS MIapy OPYBATOrO KPEMHIIO B 3aJIEK-
HOCTI BiJi OT0 TOBIIMHU Ta 3HAYCHHS MOKA3HUKA
3anmomieHHs. OpepikaHi pe3ylbTaTd CBiq4aTh IIPO
Te, [0 Y BUOpaHOMY CIIEKTpaIbHOMY Jiama3oHi MiHi-
MaJibHE BiJIOMBAHHS BiJl IOBEPXHI [TOPYBATOIO IIAPY
JOCATAETHCS Y BHIAIKY, KOJIM TOBIIMHA OPYBAaTOro
KpEMHII0 3HaXoauThes y Mexkax Bix 70 mo 100 HM,
a TOKa3HWK 3ajomyieHHs — Big 1,35 go 1,9. Jlawi
3HAUEHHSI ONTUYHUX IapaMeTpiB MOPYBATOTrO Iapy
OTPUMYIOTHCS X BHUPOIIYBaHHSIM Ha MPOTs3i 2—6 ¢
IpH T'YCTHHI aHOIHOTO cTpymy 40—100 MA/cM?.

3BeJieH] pe3ybTaTh eKCIIEPUMEHTAIILHOTO JIOCITi-
JDKEHHSI BIUTUBY I'YCTHHHU @HOAHOTO CTPyMy Ta TpH-
BaJOCTI aHOAYBaHHS Ha BEIWYUHY IHTETPaTLHOTO
KoeirienTa BiTOMBaHHS MOPYBATOTO KPEMHIIO B JTia-
nazoHni 550 + 850 HM 300pakeni Ha puc. 1. Sk s
3aJIeXKHOCTI KoeilieHTa BiJOMBaHHS BiJl aHOIHOTO
CTPyMY, TaK 1 JJIsi HOTO 3aJIe)KHOCTI BiJ] 9acy aHO[Y-
BaHHS CITOCTEPIraeThCs 001acTh MiHIMAIBHOTO Bifl-
ouBanHs. Lle 103BoJIsIE 3BY3UTH JIOCITI/DKYBaHHUIA JTia-
Na30H ONTUMAalbHUX TEXHOJIOTTYHUX YMOB. OnHak,
TaKU XiJ ONTHUMI3alli OB’ 13aHUI 3 HEOOX1IHICTIO
MIPOBENICHHST BEJIMKOI KiTBKOCTI EKCIIEPHMEHTIB IO
ONTHUYHIN CIEKTPOCKOIIT IapiB MOPYBATOrO KPEeM-
Hito [12; 13; 14], chopmoBaHHX MpH Pi3HUX 3HAYCH-
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HSIX TYCTHHH aHOJIHOTO CTPYMY Ta 4acy aHO/IyBaHHS.
Ile moB’si3aHO, HacamIiepen, 3 THM, L0 CYKYNHUH
BIUIMB JAHUX TEXHOJOTIYHIX YMOB Ha aHTHBITOWBHI
BJIACTHBOCTI MOPYBATOT0 KPEMHiIO € 6araTorpaHHuM

Ta CKJIaAHHUM.
CHOoHHF=1T “
550-850nm

—
1

35

25

20
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HA, ¢
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Pucynok 1 — ExciepiMeHTallbHA 3aJI€KHICTD
IHTerpanbHOro KoedilieHTa BiiOMBaHHs apy
MIOpPYyBATOr0 KPEMHIr0 B fiama3oHi 550 + 850 um
BiJl TEXHOJIOTIYHUX YMOB HOTO POCTY, TyCTHHHU
AHOJIHOTO CTPYMY 1 TPHBAJIOCTI
CJIEKTPOXIMIYHOTO aHOAYBaHHS

Bracne Texnomoriuanii mpomuec ¢GopMyBaHHS
(bpoHTANBHOT KOHTAKTHOI CUCTEMHU BKJIFOYAB IMOCIi-
JOBHE TEPMOBaKyyMHE HAalWICHHI Ha KpEMHi-
€BYy TIOBEPXHIO 4epe3 MeTamiuHi Tpadaperd mapiB
titrany (Ti), mamagiro (Pd) Ta cpibma (Ag) ToBmU-
Hamu 30 HM, 20 HM Ta 30 HM BianoBiaHo. [upuna
KOHTaKTHUX NaJIbLiB IPH IIbOMY cTaHOBUIA 30 MKM,
IIPH BiJICTaHI M’k HUMH Oitbie 1 M.

[Ipu mmpOMy 3arayibHa IIIOMIA 3aTiHEHHS POOOYOL
MOBEepXxHi He nepepuiyBana 5 %. Jlns 3MeHICHHS
KOHTaKTHOTO ONOpPY TOBLIMHA mapy Ag Oyna 3011b-
IIeHa TallbBaHIYHUM METO/IOM 10 25 MxMm. Ha 3aBep-
aJTHbHOMY €Talli CTBOPEHHS KOHTAKTHOI TPeOIHKH
MIPOBOJIMBCS BIJIMAN OJICPIKAHUX CTPYKTYp Yy arMoc-
¢epi a3oTy 3 5 % BMICTOM BOTHIO IIPU TEMIIEPaTypi
400 °C na npors3i 20 xB. @parmenT koHQirypamii
(hpoHTAIIbHOT KOHTAaKTHOI TPeOIHKH TMPHUBEIACHO Ha
puc. 3, 6.

JocmipKeHHSIM  eNIEKTPOXIMIYHOTO aHOLyBaHHS
CTPYKTYp 31 cpopMOBaHO Ha poOOUill TMOBEPXHIi
KOHTaKTHOIO CHCTEMOIO BCTAHOBJIEHO, IO CTaH
CTPyMO30Mparodoi TPeOIHKH € HAHOUTBIN UyTIIu-
BUM JIO KOHIIEHTpaIii (TOPHUCTOBOTHEBOT KUCIOTH
B €JICKTPOIITI Ta yacy anomysanss [ 13; 14; 15]. byno
BHSIBIICHO, IO JUIS BCIX POOOYHX €JIEKTPOIITIB iCHYE
[I€BHE KPUTUYHE 3HAUCHHS 4acy nepeOyBaHHs CTPyK-
typu CE B eneKTpoIiTi, NepeBUIICHHS SKOTO IPH3BO-

JIUTh JI0 TIOIIKOJKEHHS KOHTAKTHUX MaJIbIIB (PPOH-
TaNbHOI CTPyMO30Hparoyoi rpedinku. 30KkpeMa, Ipu
aHoxysanHi B enektponiti CHsOH:HF = 1:1 xpu-
THYHHMH Yac cTaHOBUTH 45 ¢ [16; 17; 18].

3a  J0MOMOIOI0  CKaHYIOUOrO EJIEKTPOHHOIO
MIKpOCKOTIa TIPOBEJEHI JIOCIHIHKEHHSI XapakTepy
MONITKO/KEHb  (DPOHTATBHOT KOHTAKTHOI CHCTEMH
MOKa3ajd, IO B MPOIIeCi eNeKTPOXIMIYHOT 0OpOOKH
B OCHOBHOMY Ma€ Miclie BiJIapyBaHHS KOHTaK-
THUX TAJBIIB CTPyMO30uparodoi rpedinku (puc. 2).
OCKUIBKH B MICITI KOHTAKTy 3 KPEMHI€BOIO TTOBEPX-
HEI0 CIIOCTEPIraroThCs 3aJUIIKA KOHTAKTHOI MeTa-
mizauii (MoKazaHO CTPIAKOIO Ha puc. 3), a Bimma-
pyBaHHSI 3a3Ha€ TiMBKKM TOBCTUH Imap cpibma, ToO
HAIIEBHO, 1110 TAKE SIBUILE HE € PE3yJIbTaTOM HE3aJ0-
BUIBHOI ajre3ii 4u OOKOBOTO MiATPABIIOBAHHS KOH-
TaKTHHX MaJbLiB 31 CTOPOHU KPEMHIE€BOI TOBEPXH.

Haii6inbn iMoBipHO, IO B JTaHOMY BHITJIKy BijI-
OyBaeTbCsl MiATpaBIIOBaHHS ajresiitHoro mapy Ti,
M0 € HeCTIUKMM [0 (PTOPUCTOBOTHEBOI KHC-
noru (HF). lapu Ag Ta Pd He 3a3Hat0Th TpaBiICHHS
B HF (B psani nanpyr Ag ta Pd posramosani cipasa
BiJl BOZIHIO) 1 1epOPMYIOTHCS SIK 3aBASIKH BIACHUM
MeXaHIYHUM Hampy>XeHHAM, TaK 1 3a paXyHOK iHTEH-
CHBHOTO T'a30BU/IIJICHHS B ITPOIIEC] aHOTYyBaHHSI.

'-—u

Pucynok 2 — CBITJIMHY TiHIHKY 3 TATBIISIMU
(poHTANBHOT CTPYMO30Uparouoi rpediHKN
(mapkep 500 MKM) micist €1eKTpOXiMi4HOTO
aHoxyBaHHs cTpykTypu CE B po3unni
C,H;OH:HF = 1:1 mpotsirom 45 ¢
(cTpymo30mparoya rpedinka BincTana
BiJI MOBEPXHi KPEMHI€BOT MiAKIAAKH

AHai3 pe3ynbTaTiB JOCIHIKEHHS BIUTUBY €JIeK-
TPOXIMIYHOTO aHOAYBaHHS Ha CTaH (POHTAIBHOT
KOHTAaKTHOI CHCTEMHM Ja€ MiJICTaBU BBaXKaTH, IO
pICT aHTUBIMOMBHOTO MIAPy MOPYBATOTO KPEMHIIO
Ha noBepxHi cTpykTypu CE Moxe Oyt 3aificHeHO
1 TIpY HAsIBHOCTI Ha poOOUIi MOBEPXHI CTPyMO30HU-
patouoi rpeOiHKH.
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Pucynok 3 — ®parMeHT CBITIWHH JIHIHKA
3 MOIIKO/PKEHUMH TaJIbIISIMK ITICIIs TPABJICHHS

(poHTANBHOT CTPYMO30Hparouoi rpeOiHKu

(Mapkep 50 MKM) Micis eNeKTPOXiMiYHOTO
anomyBaHHs cTpykTypu CE B po3unHi

C,HsOH:HF = 1:1 mpotsirom 45 ¢

(cTtpymo30uparoua rpediHKa BijncTana
BiJl TOBEPXHI KPEMHI€BOT I IKJIAIKU

Jlu1s1 3aro0iraHHst T MOIIKOKEHHS B ITPOIIECI aHO-
IyBaHHSA HEOOXiTHO MaKCUMaJIbHO MiHIMi3yBaTu yac
nepeOyBanHs crpykrypu CE B enexkrpomniti Ta 3MeH-
ITUTH BMICT ¥ HHOMY (PTOPHCTOBOIHEBOI KHUCIOTH.
OpHaK pe3yybTaTh JOCTIKSHb CBIYaTh PO TE, 10
HajMipHe 3MeHIIeHHs koHleHTpanii HF B exekrpo-
JITI Bele JIO TMOTIPIIEHHS aHTHUBIIOMBHHUX BIIACTH-
BOCTEH CTBOPEHHX IIapiB TIOPYBATOTO KpeMHiro [16].
Tomy onTHMI3allil0 YMOB €IeKTPOXIMIYHOTO aHOJY-
BaHHsl OUIBII JIOIUILHO 3MIHCHIOBATH 332 PaxyHOK
3MEHILEHHS TPUBAIOCTI aHOAHOTO OOPOOICHHS.

PE3VJIBTATU I OBI'OBOPEHHSI. Takum unHOM,
3 METOI0 YCYHEHHS TOIIKO/PKEHHsI KOHTaKTHOI Tpe-
OIHKM MiJ Yac aHOMyBaHHS TPUBATICTH EJIEKTPOXi-
MIYHOTO OOpOOJIEHHSI 3MEHIIYEThCS 0 3—0 CeKyH[
(puc. 1). [Tpu ipomy BenmumHa 3a0e31eUeHHs 3HAYCHHS
AHOJTHOTO 3apsTy 3aJUINANACH Y MTiama30Hi ONTHMAaIThb-
HUX 3Ha4€Hb, [0 TOCATANIOCS 33 PaXyHOK 301UIbIICHHS
BEJIMYMHM aHoaHoro crpymy [19; 20; 21]. 3apmsxu
YAOCKOHAJIEHIH KOHCTPYKIIiT eeKTPOXiMIYHOT KOMipKH
Oyita 30LTBITICHA TPUBATICTh TIEPEOYBAHHS CTPYKTYPH
CE B enexrponiti 10 12—15 ¢. Takum 4MHOM ONHUCaHi
Ta MPOBEICHI YIOCKOHAICHHSI TEXHOJOTTYHOTO IMpo-
LieCy JI03BOJIMIN YHUKHYTH TOIIKOKEHHS! KOHTAKTHOT
rpeb6inku CE mix gac ¢popMyBaHHS Ha HOTO (hpOHTAITH-
Hilf MMOBEpXHI AHTUBINOMBHOTO IMOKPUTTS HA OCHOBI
11apy mopyBaTroro KpeMHiro.

B pesymprari nporo Ha moBepxHi n'-emitepa
BUHHUKHE BiJI'€MHHH 3apsii MOBEPXHEBHX CTaHiB,
mo Oyfe CKOMIICHCOBYBAaTHCh TO3UTHBHUM 3apsi-
JIOM B TIPHUIIOBEPXHEBiM 007acTi HAMiBIPOBIIHHUKA.
Bucora yTBOpeHOTO TMpH [HOMY ITOTCHIIIHHOTO
Oap’epy 3pocTae MmpH MOAAJBIINIA ajcopOIil BOIHIO,

1110 TIPUBOANUTHME JI0 CHIOBIIBHEHHSI IAHOTO MPOLIECY.
Buxoxsuu 3 mporo, MoxHa 3pOOUTH BHCHOBOK, SIK
PO HENOIIBHICTh 30UTBIICHHS KaTOTHOTO CTPYMY
Bunie 10 MA/cM?, Tak i TIPO HEAOCTATHIO e(EKTHB-
HICTh TiJpOTeHi3allii 3 MEHIIIOK TYCTHHOIO CTPYMY.

BumiproBaHHSI BUXITHUX EJEKTPUYHHUX XapaKTe-
puctuk CE, no- Ta micns ¢popMyBaHHS Ha IX TOBEPXHI
AHTHUBIJIOMBHOTO TTOKPUTTSI HA OCHOBI IIapy MOpPYyBa-
TOTO KPEMHiI0, IPOBOAMIIOCH 3 BUKOPUCTAHHAM 1Mi-
TaTopa COHSYHOTO CBIiTIA /s criekTpy AM 1,5.

Ha ocHOBi y3araipHEHHS OTPHUMaHUX EKCIIEpH-
MEHTJIbHUX PE3yJbTaTiB OyJI0 BUSBICHO MEXaHI3M
Ta CTYIiHb BIUIMBY (PPOHTAIBHOTO APy HOPYBAaTOro
KPEMHII0 Ha BUXIiJIHI TapamMeTpu JIOCIHiKyBaHUX
CE. BcranoBieHo, Mo SK IJI1 MOHOKPUCTATIYHUX,
Tak i Juis MynbTHKpuctanivaux CE HaiOinmpmmi
e(heKT BijI BUKOPUCTAHHS B 1X CTPYKTYpi MIapy Mmopy-
BaTOTO KPEMHIFO JOCATAETHCS ISl CTPYMY KOPOTKOTO
3aMHKaHHA Isc.

Hust 060x tuniB CE npupict dorocTpymy mepe-
Buiye 50 %. B Tol ke yac ais yciX JOCIiIKEHUX
CE cnoctepiranoch 3MEHLICHHS! Halpyru HepoOo-
yoro xony Voc, sike 3HaXoauwioch B Mexkax 2,5 %
[22;23; 24].

Binbi cyTTeBoi merpaaanii 3a3HaB (axTop 3aro-
BHeHHs FF — 10,7 % ta 18,8 % nns MoHO- Ta MyJb-
tukpucraniganx CE Bimnmosimno. He3Bakatounm Ha
1e, IS BCiX €JIEMEHTIB IOCHIIHOI cepii Oymo omep-
JKaHO CYTTE€BUU mpupicT edektuBHOCTI. s xpa-
mux mynstukpuctaniyaux CE edextuBHicTh poTo-
BOJILTAIYHOTO TIEPETBOPEHHS TMicis (HOpMYyBaHHS
Ha iX TIOBEpXHI IIapy MOPYBATOTO KPEMHIIO 3pocia
3 11,3 % mo 14,5 %, 1o cranoBUTH prOIU3HO 31 %.

CriekTpu BiZOMBAaHHS TEKCTYPOBAaHHMX 3Pa3KiB
3 aHTUBIJOVBHUM TIOKPUTTSIM Ha OCHOBI IIOPYBaTOTO
KpEeMHI0, COPMOBAHUX TIPU ONTUMATHHIX 3HAYCH-
HSIX aHOJHOTO 3apsTy, 300pakeHo Ha puc. 4.

Pucynok 4 — Criextpu Koedinienra BiiOMBaHHs
mapiB MOPYBaTOro KPeMHir0, c(hOpMOBaHi Ha
MIIKIAII KPEMHITO 3 TEKCTYPOBAHOIO TTOBEPXHEIO
MIPY Pi3HUX 3HAUCHHSX aHOAHOTO 3apsy:

1 —-0,4 Kn/em?; 2 — 0,5 Kn/em?; 3 — 0,59 Ki/em?
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BUCHOBKMU. I3 orpumaHux CHEKTpaIbHHUX
XapaKTEePUCTHK MOXKHA 3pOOUTH BUCHOBOK, 1110 TIPO-
CBITJICHHS TEKCTYPOBaHOI TOBEPXHI IIApOM IOpY-
BaTOT0 KpeMHito € Oinbll e)EeKTHBHUM, HiXK BHKO-
pUCTaHHs TUIIOBUX aHTHBIIOMBHUX MOKPUTTIB. Tak,
MIpH BUKOPHCTaHHI IIapy TOPYBaToro KPEeMHI0,
IHTerpanbHUi KoeQillieHT BiMOWBAHHS B Jiama3oHi
400 + 1100 am 3menHnryeThes 10 2.4 %, B TOU 9ac siK
3actocyBaHHs mapy SiO, 103BOis€ 3HU3UTH iHTE-
rpajdbHUA KOe(illieHT BiOWBAaHHA B JaHOMY ia-
na3oH1 TUIBKU 10 3 %. MiHiMalibHe BiIOMBaHHS BIJ
TEKCTYypOBaHOI MMOBEPXHi 3 aHTHBIIOMBHUM TIOKPHT-
TSM Ha OCHOBI MOPYBAaTroro KpeMHilo, IO Jocsra-
€ThCs1 IS ToBKUHU XBUiIi 550 uM cranoButs 0,77 %
1 € CIIBPO3MIpHHUM 31 3HAYCHHSIMH ST CTPYKTYpO-
BaHOI MOBEPXHI 3 AHTHBIIOMBHUM TOKPHUTTSIM Ha
ocHoBi MgF,/ZnS.
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Purpose. The aim of the work was to form antireflective layers of porous silicon on the surface of the SC structure in
the presence of a current-collecting comb on the working surface and to study the state of the frontal SC contact system
after etching using spectral characteristics. Optimization of the technology of electrochemical formation of porous silicon
layers has significantly improved frontal layers antireflective and passive properties. Methodology. The study of all stages
of formation of hydrogenated porous structure and identification of technological patterns that affect the characteristics
of the obtained nano-, meso-, macropores are very important, because most of the porous parameters are laid at the stage
of formation of nucleation (seed) centers. In order to improve the passivating properties of PSi layers used in solar cells,
the process of electrochemical hydrogenation of PSi as on p — type silicon substrates with a resistivity of 0.1 + 10 Ohm-sm
also on substrates with a formed emitter junction n*— p of conductivity was studied. Various solutions were used as
the electrolyte, such as (HF: C,HsOH=1:1), (HF: C,H;OH=1:2) and so on. The current density and anodizing time varied
over a wide range of values, which allowed the formation of PSi layers with different porosity and thickness. A solution
of HF: C,Hs;OH=1:1 was used as the electrolyte. The anodizing current and time varied over a wide range of values to
obtain PSi layers with different porosity and thickness. To determine the conditions of the process of electrochemical
hydrogenation of PSi during its cathodic polarization, potentiostatic current-voltage curves of the system Pt (anode)-
electrolyte-porous silicon/ silicon (cathode) for electrolytes with different chemical composition were taken. Finding.
Comparison of the surface appearance of Baysix type multicrystalline silicon samples before and after hydrogen
hydrogenation in an electrolyte based on hydrofiuoric acid ((HF: C,H;OH=10:1), (HF:C,HsOH=10:2) and so on), both in
the secondary ion Spectra and in the image of the distribution of elements over the surface (mass spectral ion microscope
and Ion microzond mode). Originality. We get a 2D image (size 200 % 200 microns) of the surface of the current
of secondary ions H" hydrogen and 2D image of the secondary ion current of molecular SiH," the surface of a Baysix type
multicrystalline substrate passivated with hydrogen by hydrogenation, which is comparable to the optical image of a pure
silicon surface that has been hydrogenated. From the form of 2D-ion images, as well as their individual parts, it can be seen
that all the difference in the current intensity of the secondary ions is due to the topography of the surface of the samples.
Practical value. The prospects of creating efficient solar cells using multifunctional multi-textures of porous silicon are
shown. References 23, figures 4.

Key words: hydrogenation, mass-spectroscopy, electrochemistry, silicon, solar cell, porous silicon, texture.
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