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IlneHapHe 3acizaHHA

AJANTAIIISA HABYAHHS 3A MEXAMUA AYI[_I_/ITOPIi:
HOBI MOKJIUBOCTI IU®POBI3ALIIT
JJIA BAKJVTAIIB OCBITH

Typorciti A., Kapmawosa JI.?, 3aiiuyx B.3
Y Hayionanvna axademisn nedazoziunux nayx Yepainu
Kuis, eyn. Civosux Cmpinvyis, 52a
2[Jenmpanvhuii incmumym niciaouniommoi oceimu YMO HAIIH Yipainu
Kuis, eyn. Civosux Cmpinwyis, 52a, e-mail: 2lkartashova@ua.fm

Sk Tpenmu 1mppoBoi TpaHcdopmamii BIUIMBAIOTH Ha IHAYCT-
pianbHI TeXHOIOTIi, 30KpeMa y cdepi ocBitu? Hapasi 3arampHOBiIOMO, IO
xBWIs LUPpoBoi TpaHcdopMmallii, SK MOEAHAHHS EKOHOMIYHHMX 1 TEXHO-
JIOTIYHUX CHJI, 3MiHWJIA CBIT 1 3HUINWIA HUTi Tamy3i Ta OKpeMi MHiAmpu-
emcrBa. CycHilbCTBO BU3HAJIO HEOOXIIHICTh KPEaTHBHOTO IJIaHyBaHHSI, SIKE
BUKOPHCTOBYETHCSl /ISl CBOE€YACHOTO MNPUHHATTS Ba)KIMBUX PillIeHb, IO
MaTUMYTh BHpilllajbHE 3HAYEHHS /IS MEBHOT YCTaHOBH, MiJNPUEMCTBA YH
0co0wu, siKa X04e 3aTUIIATHCS MOOLTBHOI Ta KOHKYPEHTOCIIPOMOXKHOIO [2].

MU TNOBHHHI BH3HATH, 10 ChOTOIHI HEMOXIHMBO MepeadauuTH
netaixi MaOyTHBOTO MPOQECiifHOrO PO3BUTKY MOPIBHAHO 3 TUMH, IIO ic-
HYIOTb 3 IIOYATKy MPOMHCIIOBOI peBosoLii. ChOTOIHI JOCHTh BasKKO Mepe-
OauntH, sKO Oyne opradizaiis poOOYHX MicIb HaBiTh Y HAHOIMKIOMY
MaiioyTupoMy. LlikoM KWMOBIpHO, IO iHHOBAIiWHUKA LKMGPOBUH IHCTPY-
MEHTapiH, SIKWA MMOCTIHHO OHOBIIOETHCS, 3HATOOUTHCS TUM OCBITHIM 3aKJia-
nam (30), ki XO4yTh MOCTIHHO HIATPUMYBATH CydacHUi (opmar Mmiaro-
TOBKH I'POMA/IsSH, KOHKYPEHTOCIIPOMOXKHUX JJIsI )KUTTENISUILHOCTI B U(pO-
BOMY CYCIHIJbCTBI. BiamoBigHo, me Bkasye Ha motpedy Ta HEOOXiTHICTH
npuckopeHHs mmdpoBoi TpaHcdopmarii ocBitn. Ha xopucts 1mporo 6a-
YeHHsI CBITYMTH 1 ToH akT, mo y 2020 p. 3akiaan ocBiTH Oyiu 3MyIlIeHi
CTaTH y4YaCHHUKAMH BCECBITHHOI'O EKCIIEPUMEHTY 3 TEpMIHOBOTO BIPOBa-
JDKEHHST TEXHOJIOTIH M(PPOBOTO (JUCTaHIIIHOrO Ta 3MIIIaHOT0) HAaBYaHHSI.
BinmoBigHO, memarorm B yCbOMY CBiTi JTy’Ke MIBHIAKO MiAKIIOYHINCS IO
anroputMy po3BUTKy Iudposux texHosorii (IIT). Crano 3po3ymino, 1o
el mporec yke cTaB IMOYaTKOM HOBOTO IUIAXY TpaHc(opmarlii OCBITHIX
cucreM ycix kpaiH. Hapasi ocBiTsSsHM yCBiIOMIIIOIOTH, IO B MaiOyTHHOMY
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IUCTaHIlIHEe HABYaHHSA, K 1 3MilmaHe y pi3HEX (opmaTax, Oyzae mpoaoB-
XKyBaTuCh 1 HabuWpaTHUMe cuily. 3a3Ha4yeHe CHPUYMHSE Ta HaJlali CIPUYH-
HATHME 3MIHM TPaJUIiHHAX METOJIB 1 MiAXOMIB IO HaBYaHHSA abo pedop-
MYBaHHS OCBITHIX CUCTEM 3arajioM.

Takum gmaOM, LT Oesmocepenuapo popmyrors Bukiauk 30 momo
HEOOXiTHOCTI Meperssiy He JIHIIe METOMIB peatizallii OCBITHROTO MPOIIECy,
a U cepeloBHIIa, B SKOMY 3IiHCHIOETHCSl HaBUaHHS Ta BUKJIaJaHHSA. T00TO
mporec UppPoBoi TpaHCPopMallii pyldHYe HE JIHINEC YCTAJICHI TPaTHIliiHI
OCBITHI METOIH, a i BKa3ye Ha peasibHi mpobiieMu hopMyBaHHS IH(PPOBOTrO
npocropy 3aknaniB. OCTaHHIMU POKaMH Taki podiemu copmyBaiu po3y-
MiHHS TOTO, O (GeHoMeH nM(poBi3alii € BAXIUBIIINM, HiX IPOCTO HAOIp
TEXHOJIOTIH Y¥ KOMIT'IOTEPHUX MpOrpam, MpU3HaYEeHHUX JUIsl 3aTaJIbHOTO Mij-
BHIIICHHS ¢(PEKTUBHOCTI (PYHKIIOHYBAHHS CHCTEMH OCBITH.

Sk Oy7o 3a3Ha4YEHO BHUINE, BUOYXOBa XBIWIIA TEPMIHOBOTO 3aKPHTTS
30 y 2020 p. «Hagana OCBITSHAM MOXJIHBICTh €KCICPHUMEHTYBAaTH Ta PO3-
poOIATH Ta BHPOBAIKYBAaTH HOBI MOJENI OCBITHBOI CHCTEMH Ta BiAIpa-
IIbOBYBAaTH HOBI MiIXOAW IO PO3MOUIY Ta BHUKOPHUCTAHHS HaBYAJIBLHOTO
gacy. 3aKilaid OCBITH MarOTh OYTH TOTOBI HaJaBaTH SKICHI OCBITHI IO-
CIIyTH, aJKe BOHM BXKE HAIITOBXYBAIWCS Ha NOTpeOy HEMPOCTOr0 BHOOPY
MiZTOTOBKU IO OHJIAHH YU 3MIIIaHOTO HaBuaHHs. Tpeba 3HAWTH BiAMOBIIL
Ha MUTAHHS: SIK JOTIOMOTTH OCBITSHaM MiJTOTYBaTHCSA IO SAKiCHOI mpode-
ciitHOT misuIbHOCTI Ta 3a0e3MeYUTH HaJaHHS SIKICHUX OCBITHIX IMOCIYT B
OHOBJIEHOMY OCBITHBOMY cepenoBuIi» [3, ¢. 123]. ABTopu MaloTh Ha yBasi
npotiec nocriitHoro nepegopmaryBants HUPPOBOTo MPOCTOPY, KU BKIIO-
qae inpopmanitHo-ocBiTHE cepenopuiie (IOC) 30 pa3om i3 3acToCyBaHHIM
IU(pPOBOrO IHCTPYMEHTAPIIO, 3aPOIIOHOBaHOTO HH(ppoBizamieto. Binrenep
KepiBHUKH OCBITHIX Tally3ei y BChOMY CBIiTi PO3IIOYANN IPYHTOBHY MiATO-
TOBKY ZI0 CTBOPEHHS OHOBIJICHOTO OCBITHBOTO CEpPEIOBHINA, BiANOBITHO
Bi(OPMATOBAHOTO 3 OISy Ha OCTaHHI IMOJii. Y3araabHEHHs Ipaipb Bifo-
MHX Y4eHHX 1 npakTukis [1; 4] nae 3Mory BU3HA4YMTH, 110 iHGOPMAIHHO-
ocBiTHe cepenoBuile 30 CIPUAMAETBCS K CHCTEMHO Ta JIOTIYHO OpraHi3o-
BaHa CYKYITHICTh €JIEKTPOHHHUX OCBITHIX pecypciB i HIU(PPOBUX TEXHOJIOTIH,
OpI€HTOBaHMX Ha OpTraHi3allil0 Ta MIATPUMKY OCBITHBOTO TIIPOIECY Ta
(dhopMmyBaHHS BipTyaJbHUX POOOYMX MICIlh MENAroriB 3 METOIO 32 I0BOJICHHS
OCBITHIX MOTpeO yJaCHUKIB.

PesynpraTy aHadiTHYHUX PO3BIJIOK MOKA3yIOTh, 1[0 OAaraTto OCBIT-
HIX 3aKJaJiB CBITy B)KE€ IHBECTYIOTb y TEXHOJIOTii, HOB’si3aHi 3 IIiJBH-
IICHHSAM SIKOCTI HaBUaHHS Ta HOro eeKTHUBHOCTI. Y TO# ke gac, 30
HEJIOCTaTHBO IHTErpYIOTh 3rajiaHi TEXHOJIOTI] 3 JOAATKaMH, SIKi BUKOPHCTO-
BYIOTBCSI 3aKJIaJI0M, BUKJIA/lauyaMu Ta CTyJleHTaMu. Ha ocHOBI 10CBiy MOKHa
npunyctuty, mo Oinpmocti 30 Opakye nocrarHpoi IT-iHdpacTpykTypn —
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ABTCHTUYHOTO IU(POBOTO mpocTopy i, Biamosigao, IOC. ToMmy cTBOpeHHS
mudposoro npocropy 30, MO PO3MIAAAETHCS IK HACTITOK NH(POBOI TpaHC-
(dopmarii, € akTyaJbHUM INUTAaHHIM, sIKE NOTpeOye IPYHTOBHOIO JOCIIi-
okeHHs. Hapasi, 3a BHCHOBKaMM 3apyOiKHHUX JOCHIAHUKIB, Maike JIBi
TpeTHHHU KepiBHUKIB 30 pi3HUX KpaiH OYIKYIOTh 3MiH Y MOJEIISIX HaBYaHHS
3aBIskH LUdpoBuM TpaHcdopmauism. Crij BpaxoByBaTH, IO iHBECTOPH
pOONATHE MEBHI KPOKH, MO0 CIOHYKAaTH MEHE/DKEPIB 10 BIPOBAIKCHHS
uQpoBUX TEXHONOTIH, 30kpeMa — BuAaBaTH Haropoau 30, sKi IHTErpyrOTh
OCBITHI pecypcH Ta MOCITYTH 3 HU(PPOBHMH TEeXHOJOTisAMH. [HBecTOpiB
1ikaBUTH He mpocto 3amydeHHs [T — ix mikaBmaTe nuisixu, oopani 30 s
peaitizarii OcBiTHBOI JisSUTEHOCTI 33 JOITOMOTOIO IU(POBHUX 1HCTPYMEHTIB Ta
IITYYHOTO IHTEJIEKTY.

[onii ocranHIX pokiB, ocobmmBo manaeMis COVID-19 Ta pociii-
CbKe BiposioMHe BTOprHeHHs y 2022 p., cBigyarh Ipo Te, 10 YKpaiHCHKi
OCBITSIHM MaloTh 3aBXAW OyTH TOTOBHMH IO KapIWHAJIbHUX 3MiH: K Ha
Kpale, Tak i Ha ripiie. Y1 NOBUHHI OCBITHI MOJITUKU CTEKUTH 32 THM, YH
OCBiTa iime B HOTY 3 OU(QPOBUM CycHmiabcTBOM? SIKIIO OCBiTa HE amamnTy-
€TbCsl, KO0 OyJne LiHa HeBnadi? BianoBink Ha Leil BUKIMK MOXe OYyTH
HACTYITHOIO: CTBOPEHHS 0€3MepepBHOI0 HABYAHHS, CIIPHSHHS THYYKHM IIiJI-
X0/laM B Oprasi3alii OCBITHBOTO IPOILECY Ta 3a0XOUCHHS TBOPYOT'O MHC-
JICHHS B MO€AHAHHI 3 NOCTiHHUM po3ragoMm LT, mo Oyae BaxnuBuM Ui
MiATOTOBKU MPOodeciiHIMX KOMaH/, 3MaTHUX BHUPINIyBaTH OCBITHI 3aBIaHHS
HaHOIIKIOTO MaltOyTHBOTO.

TakuM uymHOM, npouec 1M(pPoBi3alii BiJKPUBAE MOXKIUBOCTI IS
MIeJIaroriB cTaTé OUTBII aJaNTUBHUMH Ta DPO3IIMPIOBATH BHKJIAJaHHSA Ta
HABYAHHS 33 MEXaMmH KiIacHOI KiMHAaTH. Bike 3apa3 BOHH MOXYTh (hop-
MyBatd Learning-cibHOTH, SKi BKIIOYAIOTh CTYAEHTCHKI CIUTBHOTH, Me-
TOIMYHI 00’€JHAHHS KOJIET-TIEJIaroriB 3 Pi3HUX 3aKiaaiB OCBITH (y T.d.
Twitter-rpymnu), 0i0mioTeyHHI TEPCOHAT, EKCHEePTIB PI3HUX AUCIMILTIH
BCBOMY CBITY; WIEHIB TPOMaJCbKUX opraHizauid Tomo. Takuii ¢dopmar
pO3IIHUpPEHOi CHiBMpalmi 3a0e3neYuTh NOCTYI IO BiJKPUTHUX OCBITHIX pe-
CypciB, a TakOX [0 HaBYAJbHO-METOIMYHHMX MaTepiaiiB Ta HU(POBUX
3ac00iB, IpU3HAYCHUX JI1 CTBOPCHHS, YIPABIIHHSA Ta OLIHIOBaHHS SKOCTI
Ta e(h)eKTUBHOCTI OCBITHHOTO TPOIIECY.

Hus peamizamii miel konuenmii 30 MarTh HaJaBaTH IMiITPUMKY
mearoraM Juis MOCTIHHOTO JOCTYIY J0 HEOOXiTHMX TEXHOJIOTIH Ta 3a0-
X04yBaTH iX e()eKTHBHE BUKOPHCTaHH:. X04a JIOCIIPKEHHS TIOKa3yI0Th, 1110
3 ycix iHmMX (AaKTOpiB MEAarorm MaroTh HAHOLTBIIMKA BIUIMB Ha edek-
THUBHICTh OCBITHBOTO IIPOLIECY, HE CJIiI OUiKyBaTH, 110 OKpEMi 3 HUX OyIyTh
HECTH abCOIOTHY BiANOBiNANBHICT 32 BIPOBAKEHHS IU(YPOBOTO TOCBiY
HaByaHHsA. IM MoTpi6Ha mocTiifHa Ta cBO€yacHa MiATPMMKA, KA BKIIOYAE
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npodeciifHnil pO3BUTOK, 3aJTy4EeHHS PENETHTOPIB Ta He()OpManbHOI CIIiB-
npari. 3rigHo 31 CTaTHCTHKOIO, HAJJAHOK aMEPUKAHCHKMMH JIOCIIiTHUKAMH,
MTOHAJ IBI TPETHHU TI€JIarOTiB KaXXyTh, IO BOHU XOT1TH O BUKOPHUCTOBYBAaTH
OutbIe U(POBUX TEXHOJOTIHM y CBOIX Kilacax, i OJU3bKO MOJIOBHHH 3 HUX
KaXyTh, IO BiJICYTHICTH BiANOBITHOI MIATOTOBKH € ONHIEIO 3 HAMOLTBIIIX
MepemKoy] Al 3aIydeHHs LU(POBUX TEXHOJOTIH y CBOIO Ipodeciiiny
IisIBHICTE [5; 6].

Came TOMy, iHCTUTYLIi, BiINOBiAaNbHI 3a Oe3nepepBHUNA Tpode-
CIfHHMI PO3BHUTOK IENAroriB, MOBHHHI YiTKO 30CEPENUTHCS Ha CTBOPEHHI
YMOB, fKi JIO3BOJIAITH yCIM OCBITSHaM OOWpPAaTH, OLIHIOBATH Ta BHKOPHC-
TOBYBaTH LU(POBI TEXHOJOTII Ta pecypcu Ajst pOpMyBaHHS JAOCBIy aBTO-
piB. Lli ycTaHOBH TakoX NOBHHHI OYTH OCOOJMBO OOEpEKHMMH Ta Bij-
TIOBITATEHUMH Y BHUPIIICHHI MUTaHb KOH(DINCHIIHHOCTI Ta Oe3MeKH, 1MoB’ -
3aHMX 13 HU(POBI3ali€lo.

AKTUBHHH mepexia 10 0e3mepepBHOro MUPpPOBOro mpodeciitHoro
PO3BHUTKY IENAaroriB MpHU3BeIe 0 MEPETJIAy OCBITHIX IIXOMIB i METOMIB,
3ac00iB 1 KOMIIETEHTHOCTEH, SIKI BIUIMBAIOTh Ha SIKICTh OCBITHHOTO IPOLIECY.
BinnoBigHo, 1eii akT Mae 0a3yBaTHCS Ha TJIMOOKOMY PO3YMIiHHI PO Ta
MPAaKTUKHA TIEAroriB, J€ OCBITHIM MpOIeC MATPUMYEThCS IH(PPOBUMHU
TEXHOJIOTIIMH. AJKE BOHH BXKE 3apas:

— MAaloTh MOXKJIMBICTh HABYATHUCS PAa30M 31 CBOIMH CTYIECHTAMM;

— K 1 CTyJI€HTH MOXXYTh CTaTH PO3POOHMKAMH HABYAIBLHOTO I0-
CBily Ta KaTali3aTopaMu 3MiH;

— OlnbIIie He 0OMEKYIOTHCS CIIBIPALICHO Jiniie BeepeauHi ceoro 30;

— MOXYTh CHIJIKYBAaTHCS 3 IHIIMMH NEJaroraMu Ta eKCIIepTaMH 3
YCBOTO CBITY JUISl OTPIMAHHS JOCBIly HABUAHHS;

— MarTh MPAKTHYHO HEOOMEXKEHI MOXIIMBOCTI BHOOpPY Ta 3aCTO-
CyBaHHS LU(POBOro IHCTPYMEHTApPIIO 3aUlsl 33/I0BOJICHHSI IHTEPECiB ydac-
HUKIB OCBITHHOTO MPOLIECY Ta JOCATHEHHS WiJeld HaBYaHHS;

— MOXYTb:

— KepyBaTH OLIHIOBAHHSM Ta BIPOBA/PKEHHSM HOBHX OCBITHIX
TEXHOJIOTIH;

— OyTH NpOBiTHUKaMH, (acHIIITATOPAMU Ta MOTUBATOPAMH CTY-
JICHTIB — OCKUIBKH TlefjaroraM He O0OB’SI3KOBO OyTH eKCIepTaMH 3 ycCix
MOYITUBHX TEM;

— JIOTIOMOTTH CBOiM CTYyJIEHTaM BH3HAYaTH MPOOJEMH, CTBOPIO-
BaTH MPOCTIp JJIS €KCIIEPUMEHTIB, iTepalliil Ta iIHTeIeKTyaJIbHOTO PU3HKY;

— CTalOTh CHIBaBTOPaMHU 3 KOJETaMH Ta CTyJICHTaMH B HpoLeci
PO3pOOIIOBaHHS E€JIEKTPOHHMX OCBITHIX pecypciB, HaBYAJIbHUX 1 Ha-
BUATBHO-METOJUYHUX MaTepialiB.
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BapTto BpaxoByBaTH, 0 BHCOKOIIPO(ECiiHI KOPHCTYBadi OCBITHIX
TIOCITYT, SIKI XapaKTepH3YIOThCs OHOBJIEHHMMH LU(PPOBUMH KOMIIETEHTHOC-
TAMU, Jenani OiNbIre O4iKyBaTUMYTh OINBII SIKICHUX Ta JISTKOIOCTYITHHX
OCBITHIX IIOCIYT, HE3BaKAlOUM Ha KpH30Bi ymMoBH. Tomy 3 Meroro 0e3-
meqHoro QopmyBaHHA IHQPPOBOro mpocTopy a0 komaHmu 30 OaxaHO
3aJy4aTH BUCOKOKBai(hiKOBaHUX TEXHOJIOTIB, 30KpeMa!

— PR (Public Relations) — oco6a, ¢pyHKIiOHATEHIMH 00O0B’SI3KAMH
skoi mae Oytu Qopmysanss imiky 30 B CycHinbCTBI Ta, 30Kpema, y
COMIaTBHAX MEPEeXKax;

— imimxmerikep (Imagemaker) — criemianicT 31 CTBOPEHHS IMIJDKY
Ta (POPMyBaHHS IPOMAICHKOI TYMKH;

— cmiupaiitep (Speechwriter) — ¢axiBeup, KUl 3aiiMaeThCs CKIa-
JaHHSAM MaTepiaiiB;

— cmingoktop (Spindoctor) — pagHUK, SIKUAH 3aiiMaTUMETHCS TIOBI-
JOMJICHHSMH TIpo aistibHiCTH 30 B 3MLL

Orxe, nudpoBa TpaHcdopMmalis OCBITH CBIAYUTH PO TeE, IO
CHOTOJHI NPIOPUTETOM € He JIMIIe BKIFOYeHHs abo momoBHeHHs LIT no
ICHYIOUHMX TPAJAUIIAHIX CUCTEM Ta OCBITHIX TEXHOJIOTIH, a i BOJIIOLIS BCI€T
CHCTEMH OCBITH 3rOpH JOHH3Y Ta OJHOYacHe pedopMyBaHHs 1 opraHizarii.
['0/I0BHOIO i7i€€10 OCBITHBOI IIOJIITHKM Ma€ CTaTH BUBEICHHS OCBITHBOI
ray3i Ha HOBHH piBeHb 3 BUKOPHUCTAHHSIM HOBHUX (hopMaTiB HU(pPOBi3allii.
3Bu4aiiHo, 1y Oubimocti 30 y BChbOMY CBITI 1€ CKJIQJIHE 3aBJIaHHS, SIKe
YUMOCH CXO0X€ Ha IPOLEC MOJCPHI3alii TOCHTh IOTYKHOTO MPOMHCIOBOIO
nianpueMcTBa — 1udpoBa TpaHcopMallisi CTPYKTYPHO 3MIHIOE PHHOK 1
xapakTtep poOoTu. OCBITHI NOMITHKH YKpalHH, MPOAOBKYIOUH MPALIOBATH
3a TpaIuUiHHUMU MiAXOAaMH, MAIOTh MepeadadylTh Ta BIPOBAJAUTH CTPYK-
TYpHi 3MiHM Ta paJyKaJIbHO HMOKPAIIUTH YMOBH HaBYAHHS Ta BUKJIATaHHS
SIK B YMOBax BiifHH, TaK 1 y NiCISIBOEHHUH TIEPiO.
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THE WORLD IS LIKE GRAINS OF SAND
IN A VAST VACUUM OCEAN

Preigerman Lev
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A physical vacuum is an omnipresent, all-penetrating, energetically
minimized environment that does not contain material particles, which fills
the entire boundless space, i.e. everything that is inside and outside of it.

The idea of vacuum as emptiness is intuitively inherent in every
person. In science, it arose in ancient times. Among the historical
monuments that have come down to us, the first mention of it is found in the
book of the Torah “Breshit”. Here we read:

«At the beginning of the creation of heaven and earth, when the
earth was empty and disorderly, and darkness was over the abyss...» [1].

It is clear that by “earth” the author means the entire Universe
known at that time.

The idea of a vacuum has been the subject of debate since the
times of ancient Greek and Roman philosophers. People first started talking
about vacuum around 500 BC. Leucipus. Democritus (about 450 BC) and
Epicurus (about 350 BC) understood vacuum as the void in which atoms
and things made up of them float. They believed that without a vacuum
there would be no movement.

Empedocles and Aristotle (450-350 BC), on the contrary,
proceeded from the fact that “nature abhors a vacuum” (horror vacui).

The empirical study of vacuum began during the Renaissance in
the 16th — 17th centuries. The founders of natural science, incl. Galileo and
Newton did not yet distinguish between technical and cosmic vacuum and
considered vacuum as a highly rarefied gas, paying special attention to the
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problems of its use in practice. Therefore, they abandoned Aristotle's
formula from the very beginning.

The idea of a vacuum has been the subject of debate since the
times of ancient Greek and Roman philosophers. People first started talking
about vacuum around 500 BC. Leucipus. Democritus (about 450 BC) and
Epicurus (about 350 BC) understood vacuum as the void in which atoms
and things made up of them float. They believed that without a vacuum
there would be no movement.

Empedocles and Aristotle (450-350 BC), on the contrary, proceeded
from the fact that “nature abhors a vacuum” (horror vacuum).

The empirical study of vacuum began during the Renaissance in
the 16th — 17th centuries. The founders of natural science, incl. Galileo and
Newton did not yet distinguish between technical and cosmic vacuum and
considered vacuum as a highly rarefied gas, paying special attention to the
problems of its use in practice. Therefore, they abandoned Aristotle's
formula from the very beginning.

Einstein had the courage to admit he was wrong, which cannot be
said about many modern proponents of alternative, untested ideas. So, for
example, hiding behind the name of Einstein, academicians A.E. At the end
of the last century, Akimov and G.l. Shipov vigorously promoted the theory
of torsion fields they developed. Based on Shipov’s false theory of vacuum [3],
they attributed to him enormous energy, which could supposedly be taken
from him and used for practical purposes. These fantastic speculations were
expressed by Nikola Tesla 100 years ago, and Evans proposed using vacuum
energy. All to no avail. This did not stop Akimov. Despite the objections
and criticism of the USSR Academy of Sciences, under the influence of
Akimov, the Council of Ministers and the USSR State Committee in 1989
created a huge secret scientific and technical center for the development of
non-traditional technologies (later ISTC VENT), which was headed by
Akimov. Soon Shipov appeared at the center as the chief theoretician. In
total, according to RAS estimates, the state treasury allocated 500 million
pre-reform Soviet rubles for the work of torsion bars. The result is zero.

Modern quantum physics has come closest to understanding the
nature of vacuum. The concept of ether as a kind of equivalent of vacuum,
i.e. the environment that fills the voids are completely rejected by it, since,
in principle, no voids exist in the real world. At the same time, quantum
field theory recognizes the fundamental importance of vacuum in the origin
and functioning of the stellar-galactic Universe.

In it, the vacuum, like everything that exists, is considered as a
quantum object, as a medium in which there are no material particles, i.e.
particles of matter and fields, but is not a void. This, from the point of view
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of quantum field theory, means that vacuum is a field whose particles are
located in the ground, i.e. lowest energy quantum state with the lowest
possible energy. It constantly fluctuates, i.e. performs zero oscillations [4].

They often talk about vacuum as a material object that is in a
special state. From my point of view, this is an erroneous interpretation of
vacuum.

Indeed, today we adhere to two definitions of matter -
philosophical and natural-scientific, which complement each other and
characterize matter from different sides.

Matter, in its scientific content, is the building material of the Universe,
which is formed by material fundamental particles folded in different orders
and combinations and particles of fundamental fields connecting them.
From a philosophical point of view, matter is what is given to us as a
sensation. But sensations arise as a result of the interaction of material
particles and fields with our sense organs and the devices that replace them,
or, more precisely, the interaction of material particles with each other.

A vacuum has neither one nor the other. It does not consist of
material particles, but is populated by particles that are not given to us into
sensation. In it, apart from periodically repeating fluctuations that are
inaccessible to observation, nothing happens. Therefore, it is not described
by physical quantities or quantum numbers known to us - mass, momentum,
metric, time, temperature, etc. There are no material bodies and reference
systems in it, therefore there are no movements in the broad sense of the
word. In order to understand what is happening to it and connect it with our
world, we conditionally attribute to it all the indicated characteristics.

Like any quantum object, the vacuum is subject to an uncertainty
relation that causes its symmetry to spontaneously break, and it therefore
fluctuates. These fluctuations boil down to the birth and disappearance of
virtual particles.

This happens as follows. At the beginning of each period, the
vacuum energy, according to the uncertainty relation, reaches a maximum.
As a result, the vacuum jumps to a higher quantum energy level. This is
equivalent to the birth of a virtual particle. But according to the principle of
charge symmetry, its antiparticle is born along with it. The couple
annihilates. The result of annihilation is, in accordance with the same
uncertainty relation, the return of the vacuum to the main energy level,
which is equivalent to the disappearance of the virtual particle. Then the
process is repeated.

In other words, vacuum fluctuations lead to the periodically repeated
birth and disappearance of virtual particles, differing in their charges, spins,
and various indefinite masses, which, when given energy from the outside,
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can turn into real photons, electrons, neutrinos, quarks and their antiparticles. It
depends on the amount of energy they acquire

Many of these provisions of field theory have found experimental
confirmation. For example, the Casimir effect and the Lamb shift of atomic
levels of hydrogen and hydrogen-like elements are explained by zero-point
oscillations of the electromagnetic field in the physical vacuum. The
Casimir effect is that, for example, two parallel conducting uncharged plates
placed in a vacuum at a fairly close distance (about 10 nm) attract each
other. This is explained by the fact that virtual particles born between the
plates press on each plate with a force less than 2 times than the same
number of photons outside. Here it is assumed that virtual particles born in a
vacuum are realized under the influence of energy emitted by the plates.
The Lamb shift is a shift in the levels of the outer electron of hydrogen-like
atoms relative to the calculated one under the influence of zero-point
vibrations of the vacuum.

Since the vacuum energy cannot be less than the minimum value,
i.e. it cannot be spent, then nothing else happens in it, except for fluctuations
that periodically repeat. Particles born in the process of fluctuations are
virtual in the sense that they are short-lived and, in principle, unobservable.
Energy pulsates inside the vacuum, being born and disappearing in it
without dissipation. An observer, even if he were present, could not see this
process. After all, energy is completely consumed in the process itself, and
there is no material carrier to which part of the vacuum energy could go,
and which could bring information about it to an imaginary observer, in the
vacuum. It is also easy to understand that on average the law of
conservation of energy and the symmetry of the vacuum are not violated,
and its average energy, although non-zero, is the minimum possible, i.e. In a
vacuum, on average nothing happens. But only on average. In reality, its
energy is always different from zero, its symmetry is always spontaneously
broken, and it continuously fluctuates, virtual particles are continuously
born and disappeared in it. These particles seem to periodically fall from the
top of the potential barrier to the bottom of the potential well and, under
ideal conditions (no influence of external factors), they again climb to the
top of the barrier due to the kinetic energy accumulated during the fall. This
resembles the periodic process of a ball rolling in the absence of friction and
air resistance from the top of an inclined hill to the bottom of a hole, which
serves as the beginning of the next similar hill, to the top of which, moving
under the influence of accumulated kinetic energy, the ball climbs. This
process can ideally be repeated periodically without interruption.

A clear analogy for vacuum is the ocean. The only difference
between them is that the ocean of our earthly home is located on a two-
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dimensional sphere of the globe and, therefore, in contact with the third
dimension, is subject to constant influence of external factors. As for the
vacuum, it is logical to assume that it meets the conditions of the Poincaré-
Perelman theorem, and is located on a three-dimensional sphere, is limitless
and omnipresent and is not subject to any external influences. There is, of
course, a question. Does the vacuum really meet the conditions of the
Poincaré-Perelman topological theorem?

Let me remind you that Poincare formulated his hypothesis more
than 100 years ago. She sounded like this. Every simply connected three-
dimensional compact manifold without boundary is homeomorphic to a
three-dimensional sphere.

A variety is an ordinary set without special points. For example: a
cylinder, a sphere, the surface of a torus, an ellipsoid, a plane, a straight line —
these are manifolds. Any polyhedron, cone, etc. is not a variety, because
their vertices are singular points. A manifold is called simply connected if,
roughly speaking, it has no continuous holes. For example, a sphere and the
surface of an ellipsoid are simply connected manifolds. And the surface of a
torus and a pretzel are multiply connected manifolds. Further. A straight
line, a plane, an interval, a circle, a sphere are manifolds without an edge.
Manifolds without an edge often include closed lines or surfaces, beyond
which one cannot go without going to another dimension. A manifold
without an edge can be compact, such as a circle, a sphere, as opposed to an
interval, a straight line or a plane. A ball is a manifold with an edge, and its
spherical surface is a manifold without an edge.

From my point of view, a vacuum can be considered as a three-
dimensional simply connected compact manifold without boundary. In this
case, it is located on the surface of a three-dimensional sphere. Looking at
space or vacuum, it seems to us that we live inside a vacuum ball. We think
that, moving in space in the same direction, we, if it is finite, will reach its
edge. Therefore, a natural question arises for us. And what is beyond our
space? The inevitable answer follows that we live in infinite space, and
therefore in infinite time. However, logically, it is in principle impossible to
jump from an infinite world to a finite one and vice versa.

It takes some imagination to imagine a three-dimensional surface.
However, it's not that difficult. Let's imagine that our three-dimensional
space, although finite, is limitless. In other words, no matter how long we
move in one direction, we will not be able to go beyond it, we will not be
able to leave it, but we will end up at the same starting point. Since, from
our point of view, space cannot have more than three dimensions, it is
omnipresent. Likewise, vacuum is omnipresent, i.e. nothing exists except
vacuum [5].
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Let's go back to the ocean. Let us assume that there is ideal calm.
The sky is uniformly gray. Temperature, humidity, pressure are constant.
Our ship is designed in such a way that it does not cause disturbances to the
water in the ocean during its movement. Let's look at the ocean. It appears
to us in the form of identical small ripples everywhere, although there is no
reason for its existence. This ripple is the same irremovable fluctuation that
exists in the absence of external factors for the simple reason that absolute
peace does not exist. You can, of course, refer to certain initial conditions.
But the initial conditions themselves may turn out to be causeless
fluctuations in nature. The same is true for vacuum. Constantly fluctuates in
the absence of any external disturbing factors.

Meanwhile, spontaneous symmetry violations are not identical and
can, therefore, with a certain probability lead to a violation of the
homogeneity of fluctuations and the emergence of a number of minima
located above the main one. This process leads to vacuum degeneration, i.e.
to the appearance of a spectrum of local minima in it. These minima are
called false vacuums in contrast to the main, true vacuum.

With this approach, the big bang can be hypothetically considered
as a process of spontaneous breaking of vacuum symmetry and the
transformation of virtual vacuum particles into real particles. To do this, it is
enough to assume the possibility of transferring energy from a higher level
of false vacuum to particles of true vacuum.

The question arises: how do virtual particles of false vacuums get
out of the potential holes in which they are located? After all, being in a
false vacuum is like a ball stuck in a hole on a hillside. An obstacle (hill)
prevents the ball from rolling down onto a flat clearing (see Fig. 1).

AE

(p‘ Scalar field ¢

true false
Fig. 1

To roll down, the ball must get out of the depression and overcome
the hill. The ball cannot do this on its own. To do this, he needs to impart
energy from the outside.
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The quantum field, being at the bottom of the false vacuum, is also
inactive, because it is also vacuum and cannot consume energy. However,
quantum objects, as is known, unlike macro objects, have the property of
overcoming a potential barrier by tunneling through it. This process also
takes place without violating the law of conservation of energy on average,
so it is not prohibited. This property can be considered as a manifestation of
a certain conscious principle that can direct blind nature into a rational
direction.

According to the vacuum model, the author of which is the Soviet
American cosmologist A. Vilenkin, before the big bang the quantum field was
in a state of false vacuum, i.e. it corresponded to a higher minimum possible
energy level, the ground energy state of the hypothetical virtual quantum
field. Having leaked through the barrier, the energy of this field realized
particles of true vacuum, which became the cause of the big explosion.

A commonly asked question is how long does it take for the
quantum field of the false vacuum to leak through the barrier and lead to the
big bang? Why did our Universe arise as a result of the big bang exactly
13.8 billion years ago, no later and no earlier?

When it comes to a probabilistic process, such a question is
illegitimate. Moreover, here we are talking not just about probability, but
about conditional probability, the value of which is unknown to us, because
we basically cannot know it. First of all, we do not know with what
probability false vacuums arise in an infinite vacuum, what is the width of
their spectrum and which of them are able to collapse and when this
happens. We only know that the probability of a quantum object leaking
through a barrier is determined by the height of the barrier and the amount
of energy of the object, and that for the formation of our Universe they
turned out to be huge. Even when we know the magnitude of this
probability, we still cannot predict when it will happen or whether it will
happen at all.

Let's imagine that we have a radioactive substance with a half-life
known to us, equal to, for example, 10 years. Let's choose one of the atoms
of this substance and ask ourselves a question. When will it explode? It is
clear that we cannot answer this question. It could explode in a second, an
hour, a year, 10 years, a billion years, or never explode at all.

Based on the vacuum model we have considered, we can say that
many false vacuum can form in it, but whether all of them are able to lead
to a big explosion and the emergence of real particles of matter and field,
and with what probability this can happen, we cannot say.

There is one more important question. Can any Universe, having
arisen, be realized? Paradoxical as it may seem, if the hypotheses about dark
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matter and energy are confirmed, then the emergence and development of
our star-galactic Universe looks like a big accident. After all, 95.1% of the
real particles formed turned out to be inactive; they did not create atomic
matter. Why, besides them, did other particles endowed with the necessary
properties arise? After all, we already see today that if, along with inactive
particles, not quarks, not photons and not electrons, but some slightly
different particles were formed, then protons could not arise, there would be
no nucleosynthesis, there would be no would be atoms, etc. Now they say
that these particles already potentially existed, in the form of virtual
particles in a vacuum. Why them? We can already understand why virtual
particles are formed as a result of vacuum fluctuations, but what exactly
gives these particles the necessary properties is incomprehensible.
Moreover, this contradicts the uncertainty principle. It seems that Nature
does not act in accordance with fatal laws, but purposefully and taking into
account expediency and fine tuning.

The vacuum model we have considered allows us to answer other
questions that are also often asked, but do not know the answer. The first
one. Why is the Universe expanding?

The Universe is made up of stars, the distances between which are
much larger than their sizes. In this sense, it resembles a gas in which all its
particles (stars) and their aggregates (galaxies) are very weakly
interconnected by gravity. The density of this gas is small, but it is still
significantly greater than the density of vacuum, and their gradient is
balanced by the average gravity. If, as a result of fluctuations, the Universe
increases slightly, then the average value of gravity will decrease, and the
density gradient will remain practically unchanged. This will lead to a
further increase in the size of the Universe, etc. Many stars behave in
exactly the same way. Our Sun, for example, in 2 billion years will expand
to the current size of the Solar System. For stars with a mass of 1.4 solar
masses or more, this expansion process is so intense that they explode like
supernovae.

The considered model, from my point of view, also answers
another question: does dark energy exist, which is the cause of the
accelerated expansion of the Universe. The answer is obvious. Most likely
not, because... Over time, the average gravity decreases, and the density
gradient remains almost unchanged. Consequently, the rate of expansion
increases over time, although the acceleration decreases and there is a
possibility that it will pass through a maximum. Vacuum fluctuations are
currently being tried to explain the emergence of the Higgs field. After all,
false vacuum are accompanied not only by minima, but also by maxima,
and they exactly resemble the Higgs field [6].
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The vacuum model is thus quite productive, and it is this model
that may allow us to answer questions that so far exist only as hypotheses.
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Digitalisation has become the most visible and sensitive trend in
the economic and social development of society in the first half of the 21st
century. The digitalisation of the global world is based on new technologies,
such as the Internet, telecommunications, large databases, artificial intelligence,
blockchain, cryptocurrencies, mobility and accessibility of relevant
technological devices, etc. Accordingly, there is an opportunity and a strong
potential for innovation and digitalisation of vocational education in
Ukraine [1].

The digitalisation of education can ensure the development of
distance learning with the use of information and communication
technologies to improve the quality of training and professional competence
of vocational education students. The digitalisation of the educational
environment (EE) of vocational (vocational and technical) education
institutions requires special training of developers, users (students) and
teachers of distance learning courses, as well as models and methods of
their teaching, including learning tools [2].

In turn, the EE digitalisation of VET institutions is carried out in an
unsystematic and inconsistent manner, which negatively affects the
interactivity, individualisation of learning, rapid feedback from the student
to the teacher, control of the learning process and the results of the
educational process [3].

There is a need to analyse the peculiarities of EE digitalisation of
vocational education institutions and to substantiate the methodological
foundations of this process.
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Experts were invited to participate in the discussion of the
methodological foundations of vocational education digitalisation — the
most competent scientists, teachers, heads of educational institutions who
have more than ten years of experience in vocational education and research
institutions, have academic degrees and academic titles, and have
publications on digitalisation of education and on the training of vocational
education students in distance learning.

The qualitative membership of the expert committee is an important
condition for the effectiveness of the expert method. It is quite obvious that
in all cases, without exception, the expertise should be carried out by
educated, highly qualified, fully competent and experienced specialists.

The analysis of pedagogical research in relation to the digitalisation
of education from more than sixty different approaches allowed us to identify
thirteen main ones: acmeological (n1), axiological (n2), differentiated (n3),
activity-based (na), integrative (ns), informative (ne), clustered (n7),
competence-based (Nng), contextual (Ng), person-centred (Nig), reflective (N11),
systemic (n12) and technological (N13).

Table 1
Results of the approaches ranking

and checking the consistency of experts' opinions

Expert Indicator of expertise — approach (Ri)
N1 N2 N3 | N4s | Ns | Ne | N7 Ng Ng | Nio | N1 | N12 [ N13
mi I 10 [ 8 | 6 [13]| 2 | 9 4 1215 |11 1 |3
mz 11| 8 1217 |13 1 ]10| 5 914 1|6 2 |3
ms 9 13 |6 |10 8 |2 |7 4 1215 |11 1 |3
M4 7 9 13|16 | 8|2 12| 4 1115|110 1 |3
Mms 11 7 106 |13]1 | 8 5 9 14112 2 |3
Me 9 8 6 |10 11| 3 | 7 4 1215 |13 1 |2
mz 8 13 | 6 |11 |10| 3 |12 | 4 9 |5 |7 1 ]2
ms |12 | 7 6 [11]10] 2 | 8 5 9 |4 (13|11 |3
Mg I 10 (13|16 |11 |1 10| 4 8 |5 (12| 3 |2
mpo (10| 13 | 6 | 7 |11 2 |12]| 5 914 |8 1 |3
Ma1 7 12 | 8 |13|6 |2 |9 4 1115 10 1 |3
mep |10 | 7 9 |18 (12| 3 |11]| 5 6 |4 (13| 2 |1
YRi |108| 112 | 97 | 90 |133| 24 |115| 53 |[117|55 |141] 17 |31
8 8|8 gl8Sl8 8|88 8|8
"Rl 5|95 2]88| 7|88 85|83
TG R |88 8|88 8|3/ 2|8 3|8
Rank | 8 9 716|122 10| 4 1115 [13] 1 |3
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The expert group was presented with these methodological
approaches, on the basis of which it is advisable to digitalise the educational
environment of vocational (vocational and technical) education institutions.
The results of the ranking by experts (12 people) of the objects of
examination (13 indicators — methodological approaches) are presented in
the table 1.

According to the task, the experts had to assign ranks from 1 to 13
to the selected indicators.

In order to determine the reliability of the results obtained by the
expert group, it is necessary to first check the degree of consistency of the
experts' opinions. The reliability degree of the expert assessment can be
checked using the concordance coefficient W, which shows how much the
experts' opinions are consistent with each other, i.e., belong to the same
general set of assessments. If W < 0.2 — 0.4, this indicates a weak agreement
among experts, and if W > 0.6 — 0.8, we can conclude that there is a strong
agreement among experts:

n

125 (R -R,,)?
E( '~ Re)  12.20592,92 2471151
n®-(m*—m) 122.(133_13) 314496

0,7857,

where 12 — a constant value in the formula for calculating the
concordance, coefficient proposed by Kendall; m — number of indicators; n —
number of experts; Ri — the points sum of the i-th indicator; Re., — the
scores average sum of all indicators.

Since W = 0.79 > 0.6, we can talk about the coherence of experts'
opinions on methodological approaches to the EE digitalisation of VET
institutions and start analysing the data obtained.

According to the requirement, the highest rank is denoted by the
number "1", so the approach with a lower ranking of 2, 3, etc. up to 13, i.e.,
the one that least meets the conditions of the digital vision. The Pareto
diagram (Fig. 1) shows the distribution of data in descending order of
frequency (sum of rating values). The line of cumulative values of the
additional axis shows the percentage of the total. It was found that the
approaches numbered N1z, Ne, N13, Ng and N1o correspond to more than 90 %
of the total rating sum. We define these approaches as the main ones.

Thus, the digitalisation of the educational environment of vocational
education and training institutions should be based on the following
methodological approaches: systemic (n12); informative (ne); technological
(n13); competence-based (ng); person-centred (Nig).
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Fig. 1. Distribution of expert assessments of methodological approaches
to the EE digitalisation of VET institutions (Pareto diagram)

It is necessary to take into account the basic principles of the
functioning of the modern EE of vocational (vocational and technical)
education institutions for the transition to the full implementation of digital
technologies. For this purpose, new provisions, principles and ideas should
be used to build the theory and improve the practice of using the
educational institution's EE.

The principles of digitalisation should become the regulators of
modernisation that set the direction of the process of digitalisation of the
educational environment of vocational (vocational-technical) education
institutions in the context of the modern education paradigm.

The principle of proactive information services, according to which
information services should provide students, teachers and administration
with information that was not ordered by them, but can be used to solve
problems that arise in the organisation and implementation of the
educational process.

The implementation of this principle is ensured by the creation of a
specialised digital complex. Researchers of the Laboratory of Electronic
Learning Resources of the Institute of Vocational Education NAES of
Ukraine have developed a conceptual model of the SMART complex as an
information and dynamic system of the EE of vocational (vocational-technical)
education institutions of educational and methodological orientation [4].

Working with information on the basis of "memorisation" is
gradually losing its meaning due to the development of the Internet as a
global source of information, and therefore, not only knowledge but also
skills of the XXI century, including media literacy and the ability to work
with information, are becoming important [5].
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Taking into account the model of knowledge self-organisation,
developed on the basis of solving the problem with boundary conditions for
the Kolmogorov equation and taking into account differences in individual
abilities, we note that each student will receive a different amount of
educational information during a certain period of study time. On the other
hand, depending on the individual specifics of memory, each student tends
to forget a certain amount of the received learning information. The amount
of forgotten learning information is an individual parameter of a vocational
education student.

The forgetting of educational information by a student, depending
on the step (time interval) of learning, is determined empirically, taking into
account the Ebbinghaus forgetting curve, which is described by the
following mathematical formula:

-7

Z =0.35+0.65e%%°

where Z — percentage of retained learning information; T — the
period of time when the learning information is forgotten.

The formula is valid for one-time acquisition and perception of
learning information. If we take a week (168 hours per week) as a time
period, then, taking into account the exponential nature of the Ebbinghaus
curve, it is established that the process of forgetting actively occurs in the
first 2-4 hours, when the student forgets more than 60 % of the received
learning information. Then the forgetting process slows down and 20-30 %
of the learning information is retained in the memory for a long time.
Therefore, the function of repeating the learning of educational material
should be taken into account when designing and using EE of vocational
(vocational-technical) education institutions.

The principle of accessibility of up-to-date information, according
to which a vocational education student should immediately move to the
level of the most up-to-date, reliable knowledge in the vocational (vocational-
technical) education institutions, while avoiding outdated or fake information.

The main goal of EE digitalisation of vocational (vocational-
technical) education institutions is economic in nature and is aimed at
increasing efficiency and increasing the amount of learning information
acquired through the use of digital technologies.

Digitalisation should be led by state authorities and follow uniform
rules and programmes for educational institutions. That is, ideas, actions,
initiatives and programmes on digitalisation should be fully integrated into
national and regional strategies and development of vocational education.
Only in this situation will a full and effective digital transformation of
education take place [6].
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Sporadic use of digital technologies should be avoided. Such an
approach leads to a one-sided improvement of the existing educational
process, i.e., a separate element of the system is improved, but the system
itself is not updated. Only if the problem is solved comprehensively, a new
EE essence of vocational (vocational-technical) education institutions can
be formed.

The principle of all-encompassing digitalisation implies that
instead of selective fragmentary digitalisation, which only improves certain
qualities of the education system, there should be a complete transformation
of the existing EE of vocational (vocational-technical) education institutions
into a new quality.

The EE digitalisation of vocational (vocational-technical) education
institutions should be carried out systematically, taking into account
methodological approaches (systemic; information; technological; competence-
based; person-centred) and the conceptual foundations of digital technologies
(proactive provision of reliable, relevant, educational information, and the
comprehensive nature of digitalisation). This will make it possible to
organise a high-quality innovative educational process in vocational
(vocational-technical) education institutions, ensuring individualisation,
interactivity, inclusiveness, flexible control and accounting of learning
outcomes.
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BUKJ/IMKHU OCBITHIX PO3PHUBIB
Y HUO®POBOMY CYCHUIBCTBI

Copouan T.t, Kapmawoea JI.?
Y2 Jenmpanvnuil incmumym niciaouniomuoi oceimu YMO HAITH Vipainu
Kuis, eyn. Ciuosux Cmpinvyis, 52a
E-mail: lkartashova@ua.fm, 2anprof@uem.edu.ua

TexHosoriunni BUOYX, SIKMH TPHBA€ MPOTATOM OCTAHHIX IBal-
IATH POKIB 1 TOCTIHHO 3MIHIOE TPOMHUCIIOBICTH, E€KOHOMIKY, IIiIIPHUEM-
HUIITBO, OCBITY Ta iHIII Tamy3i. JJOCTHiTHUKK Ha3WBAIOTH I XBHJICIO IH(]-
POBOTO MiANIPUEMHHUITBA, BOHU CTBEP/KYIOTh, IO «3apa3, B €Noxy ugpo-
BUX TEXHOJIOT1H, MiNPHUEMHUITBO 3aTpedyBane sk Hikonu. OnHak nudpose
MIIMPUEMHUIITBO HE OOMEKYEThCSl OHJIaH-3yCTpidamu, Oe3nanepoBuM odi-
COM YH CIUIKYBAaHHSIM y cOMiadbHUX Mepexax. lle cmig po3misgatd sik
LUTICHUH MiAXiJ 10 MUCICHHS, SIKAM OXOILUTIOE BCI OpraHi3alliiiHi mporiecHu,
BKJIFOUQIOYM KOMYHIKAIIIIO Ta HaJaHHs MMOCIYT. SIKIIO BIACTHCS «MUCIUTH B
HU(pPOBOMY PEKUMI», HAPHUKJIIAL, IHTETPYBATH MiATPHUMKY HH(PPOBHUX MPO-
LIECiB Ha BCIX PIBHSIX, MU 3MOXEMO JOCSTTH JOBITOCTPOKOBOTO yCHixy» [3, C. 7].

BinmoBigHO, cBiT epeiioB y mu)poBUil MPOCTIp MUTTEBOTO CITLI-
KyBaHHS Ta 3BOPOTHOTO 3B’sI3KY, JI€ JIAHIIOT 3B’53KiB 3MIHMBCS Ha3aBX/H, 1
4ac BiANOBiJl Mae OyTH TaKUM jK€ IMIBHIKUM, iHAKIIEC OYiKYBaHHUX PE3YJIb-
TaTiB He Oyame mocsarayto. Jocmigauku OizHec-mukonu IMD (IIBeitmapis)
BUKOPHUCTOBYIOTh TepMiH «iudpouit Buxop» (Digital Vortex, DV), mo6
MIPOAEMOHCTPYBATH, SK, 3daBayiocs O, ApiOHI Ta IHKOJIM MaJIO3PO3yMii
3MiHH, HAOUPAIOYN «BUXPOBY» LIBUJAKICTH, IEPETBOPIOIOTHCS HA BEIHUYE3HI
rnobanpHi 1Epposi Tpanchopmarii [1; 2]. DV aktuBHO Tpancdopmye co-
miajbHE JKUTTSA: AeHajal dYacTilie 3°SBISIOTHCS HOBI MOXKIMBOCTI, SKHX
panime He Oylo, MOPsAN i3 HOBUMH HEMMOBIPHUMH MOJCISMHU TisTHHOCTI
TeHepYIOThCSI HOBI 3HaHHA Ta iHpopmamig. Lludposa TexHONIOTIS 3MiHIOE
CYCHIJILCTBO, IO CYTTEBO BIUIMBA€ Ha Te, SIK KOKEH 13 Hac Npamioe Ta
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TOTYETHCS IO PO3BHUTKY Yy CBOIH mpodeciituiit kap’epi. BimnoigHo, 3akimanu
ocitr (30) HamMararoThCs 3aMIIATUCS B TPCHII IUX 3MiH Ta HABYAIOTHCS
MO3UI[IOHYBAaTH ce0e 3pOCTAlOUUMHU Ta YCIIITHUMH.

[TomipkyeMo, sk I TeHAEHLII MOXYTh BIUIMHYTH Ha OCBITY
VYkpaiHu Ta 110 BOHH 03HAYAOTh JUIS 3aKJIAIB OCBITH HAIIOI JAepKaBH, SKi,
B CKJIQ/IHUX YMOBaX BOEHHOT'O CTaHy PyXalOTbCs BIIEpPEI.

Omxe, 3 HEABHIX MMip Y CYCHIBCTBI WIACTHCS MPO MPOAOBKEHHS
IIPOMUCIIOBOT PEBOJIIOLIIT, a caMe — MPO 3aBEPIICHHS 1 YSTBEPTOrO €Tamy —
YetBeproi mpomucioBoi pesoirorii (Industrie 4.0), sixka TpancdopMmyeThes B
IT’sty mpomucioBy peosntoriiro (Industry 5.0).

KokHa TIpoMmCIIOBa PEBOIIONIS BpaXkaroue 3MiHIOBAJIA XapakTep
npari Ta pobounx micus. Industrie 4.0 Bxe neMOHCTpPYe, K HEHMOBIpHHI
TEXHIYHUHA TPOTpec MPU3BOAWUTH OO0 3MiH Yy HisTbHOCTI Jronuan. Came
TOMY, (haxiBIsIM, SKi MAlOTh Oa)kaHHS 3aJIMIIATHCS KOHKYPEHTO3/IaTHUMH Y
CBOI rajys3i, JOBEJEeThCS MOCTIHHO MiIBUIYBAaTH PIBEHb CBOET KBasi(iKarii.
He cnig momycTuty AyMKHU Ipo Te, IO OCBiTa, Ky BOHH 3M00yIH B 3aKiai
30, Moxe OyTH IPHIATHOIO Ha BeCh Mepioj IX TpyAoBOi HisuibHOCTI. HuHi
cepen HaBaK/IMBIIINX KOMIICTEHTHOCTEH Ha poOOYOMY Miclli € KpUTHYHE
MUCJICHHS, YMiHHs BUpINIEHHs MpoOieMm, KpeaTuBHICTh. CydacHe CyCIIiib-
CTBO 0YiKy€e Mpo¢)ecioHaliB, SKi PO3YMIIOTh, K MPUAMATH BaXKKi PIiIICHHS
Ta BMIIOTh JEMOHCTPYBATH OCOOMCTI Jifiepchki 3mi0HocTi. Cria npuragatu
ocroBHi TeHenii Industrie 4.0, siki MarOTh BETMKHIA BILTUB HA CHCTEMY OCBITH:

— ouudpyBaHHs IPOMUCIIOBOTO CEKTOPY, L0 CIPUYUHSIETHCS 3pOC-
TaHHSAM O0CSTY JaHWUX 1 MiAKITIOYCHHS, aHAJTITHKH, B3a€MOJIl JIOAUHH 3
MAIIHHOIO Ta BIOCKOHATICHHS poOOTOTeXHiKH [4];

— MOTYXHHUH (PO3pHBHUI) PO3BUTOK IITYYHOTO IHTEIEKTY, SKUH
BHUKOPHCTOBYETHCS, 30KpeMa, JUIsl aBTOMAaTH3alil pO3B’sI3aHHs HAJICKJIAQJHUX
3aja4, ONEepYBaHHS BEIMKHMH JaHHMH 3 MOXIIHMBICTIO PO3POOJIEHHS MpO-
THO31B, MOJICJIIOBAHHSI ITPOIIECIB TOIIIO;

— onn(pOBYBaHHS CHCTEMH 3I0POB’Sl Ta MOBEIIHKH JIOJEH, IO
BKJIFOYAE MOUIYK PECYPCIB MEAMYHUX 3HAHb, MOHITOPHHT SIKOCTI JIOTJISIY 32
MarieHTaMH Ta NOKPAIIEeHHs KIiHIYHOT miaTpuMKH [5].

IMpore, daxiBusmu yrounsieTbes, mo Industrie 4.0 ve Brouac [6]:

— CTIHMKICTb, 5IKa BPaxoBYe Ii100alibHEe HABKOJIMIITHE CEPEIOBUIILE;

— 30pi€EHTOBAHICTh Ha OCOOMCTICTH, BIATIOBIAHO 10 SIKOi BPaxoBY-
I0ThCS YMOBH Ta IOTPEOH KO>KHOTO;

— iHIIIaTUBU UUKIIYHOI €KOHOMIKH, SKi BUPIIIYIOTH MpoOIeMu
pecypciB; BIIOBIIHO 70 SIKMX MaTrepialii, MPOJYKTH Ta MOCIYrH SKOMOTa
JIOBILIE 30€epiraloThes B 00iry [7];

— OOMEKEHICTh y 3/1aTHOCTI 3aJJOBOJIBHATH IIUPOKHUH CHEKTp CO-
iaJbHUX BUMOT.
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Ochk TyT cItit po3paxoByBaTH Ha cripsMmoBanocTi Industry 5.0, siki,
rpyuTyrounch Ha Industrie 4.0 (Benwuki maHi, WTyYHUH iHTENEKT, [HTepHET
pedeii TOWIO) BKIIFOYAIOTH TaKi MOHATTS, SIK «CTIMKICTBY», <JIFOAWHOLICHT-
pU3M» 1 «TypOOTa PO HABKOJIMIIIHE CEPEIOBUIIIEY.

Ha >xanp, BipoJlOMHE BTOPTHEHHS POCii BHOCHUTH CBOi KOPEKTHBH B
KHUTTEMISIIBHICTD TPOMaJsIH YKpaiHH, 30KpeMa i B Opraizamilo Ta mia-
TPUMKY OCBiTHBOTO TIporiecy B 30. 3po3ymiso, o uM cOpMOBaHO IEBHI
BUKJIMKH JUIS TIEJaroriB, SKi IIOBUHHI MPaIlOBaTH HaJ 0COOUCTUMU M'SKUMHU
HaBMYKAMH Ta YMIHHSAMH BHpPIMIEHHS npoOieM, OyTH 3TaTHUMH IIPOJOB-
)KyBaTH PO3BHBATHCS Ta 3MIHIOBATUCS BIAIIOBIJHO O CBITOBUX TEHJCHIIM.
BingmosigHo, 110 3amis TOro, mo0 IeJarord HaJeKHUM YHHOM 3H1HCHIO-
BaJlM BHKJIAJalbKy AisJIbHICTh, BOHHM IIOBHHHI OyTH 00i3HaHI B OCTaHHI
3MiHaX Ta KIIOYOBUX (haKkTopax, sIKi BINTUBAIOTh HA CHCTEMY OCBITH.

VY CcBOWO uepry, 3akjaju MiCIISTUIIOMHOI OCBITH TOBUHHI PO3BHU-
BaTHCSI, CTBOPIOBATH HOBI IPOTpaMM Ta MO>KJIMBOCTI HAaBYAHHS IIEIAroriB,
SIK TIPAIOIOTh, 100 JTOTIOMOITH IM PO3BUBATHCS B MPO(PECIHHOMY HAMPSIMI.
Hapasi e crae Bce OUTBIN KUTTEBO BaXKIIMBHM, OCKIJIBKH YMOBH BOEHHOTO
CTaHy 3MiHIOIOTh BUMOTHY 10 pOOOYHX MICIIb MPAKTHYHO BCiX, B TOMY YHCII
i ocBiTsH. P0o3po0mstoun aBTOPCHKI CHCTEMH HaBYAHHSA 3 OPIEHTYBaHHAM
Ha (OpMYBaHHS 3a3HAUYCHHMX KOMIIETEHTHOCTEH, IeJarord IMOBHHHI MaTH
BiINOBITHY MiATOTOBIICHICTH, PiBEHb SKOI HEOOXiAHO HEMEPEepPBHO Ii/IBH-
myBatd. Po3yMiHHS 03HaYEHOrO MOXKE JIOMOMOITH IM CTBOPIOBATH ajarl-
TUBHI €()eKTHBHI HaBYAJbHI cepenopumia. OHAK, K ykKe 00rOBOPIOBAIOCH,
OJIHOYACHA TEeH/ICHIIiS Ta BUMYIIEHICTh /10 HaBYaHHs B [HTEpHETI poOuTH 11e
BHKITUKOM JUI OaraThOX BUKIagadiB YKpaiau. OCKITBKH BHKJIaadi TOTY-
I0ThCS [0 BIIPOBAKEHHSI OCTAHHIX OCBITHIX PO3pO0OK, iM MOTPIOHO 3HANWTH
croci6 30amaHcyBaTH CBiff Wac, 3amissauit y 30, 3 BaXXJIMBICTIO CBOTO He-
NepepBHOr0 HABYAaHHS y HampsiMi mifBHIIEHHs KBaidikauii. To6To, 1106
npouBiTaTd B YKpaiHi, sika MepeMOoXKe, OCBITSHaM BxkKe 3apa3 HeoOXiIHO
TIEPEeKOHATHUCS, 110 CHCTEMa OCBITH HaJIe)KHUM YHMHOM 3ade3redeHa (axis-
ISIMH [IUTITXOM MIJBUINCHHS KBasidikarii. 3a3HaueHe BUMArae BiJ| CHCTEMHU
MICIISANTIIOMHOT OCBITH CTBOPHTH CIIOCIO MHCJIEHHS Ui CAaMOPO3BUTKY
TieJIaroriB yepes MoCTiiHe Ta HelepepBHE HABYAHHSL.

VYKpaiHCBKUI BIJKPUTHH YHIBEPCHUTET IICISAJUIUIOMHOI OCBITH
(https://uvu.org.ua/) Ha CHOTOJIHI MOXXHA BB@KATH OIHIEIO i3 THX BITYM3-
HIHUX [HTepHeT-mIaThopM, sika MOXKE CXMIIMTH IeNaroriB INeperisHyTH
crocoOn HaBuaHHA Ta camoHaB4aHHA. Ha croromni YBVIIO e 3akmagom
OCBITH, SIKMH PO3KpHBA€E CydyacHi sKiCHI (OpMyNIM Uil CTHUMYJIIOBAHHS
po3BUTKY MpodeciiHnX HaBUYOK. Bukianadi 3akiaay MpomoOHYIOTh OHJIANH
Ta o(pnaifH HaBYAHHS B €JICKTPOHHUX KaOiHeTaxX Ta HaJarOTh TEXHOJOTIYHI
BKa3iBKM HaBYaHHS 0e3 BiApWBY Bix ocHOBHOI pobotu. Ciyxadi, sIKi mpwu-
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XOIATh Ha HABYAHHSA, IOMIYAIOTh THYYKICTh, SKa CIpHsie 1mMoOymoBi iHIH-
BiZyasqbHOTO rpadiky HaBYaHHsS. YHIBEPCHUTET, Ha 3acazax B3aemonii dop-
MaJbHOI, HeOpMaIbHOI Ta iH(QOpMaNBEHOI OCBITH, 3a0€31euye: IPUBEACHHS
3MICTy MICISTUIUIOMHOI OCBITH 1 OCBITH JOPOCIHX Y BIIMOBIIHICTH O
€BPOMNEHCHKUX OCBITHIX CTAaHAAPTIB Ta UG POBi3allii CyCHiIbCTBA; MOACPHI-
3aIlil0 OCBITHBOI IH(QPACTPYKTYpH; PO3poOIEHHS HAaBYAJIHHO-METOANYHOTO
3a0e3neueHHs JisSUTbHOCTI 3aKiIaliB MiCIAUIIOMHOI OCBITH; BIPOBAKCHHS
IHHOBALIHHMX ITiAX0/1iB HETIEPEPBHOI'O PO3BUTKY 0COOMCTOCTI (haxiBIIs.

[igsnmenns keamidikamii 8 YBYIIO o3Havae, mo nemaroru oTpu-
MYIOTb HOBiI KOMIIETEHTOCTI Ta YJIOCKOHANIOIOTh HABHYKH, SIKi € HEOOXin-
HUMH B iXx mpodecii. ¥ HanOmmkuiii mepcriektuBi YBYIIO BOauaetscs
norpeda BHpilIEHHS NpoOieMu mnepekBamidikamii, ska, B Hepiry 4Yepry,
TOPKA€EThCS BUMYILEHO MEPEMILIIEHUX OCi0.
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3HAYEHHS HALIIOHAJIBHOI LIE] )
Y BUPILIEHHI TIPOBJIEM MAHBYTHbOI'O YKPATHU
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K3 «Xaprxiecvka I ymanimaprno-neoazociuna akademisnyn XOP
E-mail: kostinaluda1949@gmail.com

VY cyd4acHOMY YKpaiHCHKOMY CYCIILIBCTBI BUCHIB «YKpaiHChKa HaIlio-
HalbHA ifes» Joci He HaOyB OUTBII-MEHIN BH3HAYCHOTO TIyMadeHH:, a
CKOpillle € MPeIMETOM 1I€OJIOTIYHNX TPOTHCTOSIHD. POKYM iCHYBaHHSA He3a-
JISKHOCTI YKpaiHU CBiAYaTh Mpo Te, M0 oQimiiiHa AepikaBHA iJe0JoTis IIIe
HE BH3HAUEHA, BOHA JyXe 4acTo sBJIsiE co0010 Hablp OKpeMHX OaHaIBHUX
Te3, IO HE BKa3ylOTh HUIIX 0 MOAAJBIIO] KOHCOMiTamii CycCIiIbCTBA,
OLJIBLI TOTO, YAaCTO MPHUBOJATH J0 HOTO PO3LIAPYBAHHS 33 HALlIOHAILHUMH,
MOBHHUMH, PEIIriiHUMH Ta KyJbTYpHHUMHU o3HakaMu. Came depes 1e npo0-
JleMa BM3HAYEHHs HAlliOHANBHOI i/1el, HAlIOBHEHHS ii KOHKPETHUM 3MIiCTOM
Jy’Ke BaXJIMBa B YMOBaX JIeP»KaBOTBOPEHHSI.

[Ipouec ycBizomieHHs yKpalHChKOI HalioHaJmbHOI imei yckiajn-
HIOETBCSI Yepe3 TIMOOKY amaTiio B CYCHIUIBCTBI, BTPaTy JIOJUHOIO BipH,
Hajii, BOCBHEHOCTI y 3aBTpamHboMy nHI. OTXe, mpoOiieMa BH3HAYCHHS
YKpaiHCBKOI HAIllOHAJIBHOI imei €, mo cyTi, mpobiema «po30yIOBH» IIO-
IHH, OCOOHMCTOCTI: OCOOMCTOCTI BUTBHOI, TBOPUOi, 3 PO3BUHEHUM IIOYYT-
TSIM TiJHOCTI, TOTOBOIO OYTH NpPOAOBKYBadyeM ICTOPUKO-KYJIbTYPHHX Hal-
0aHb SK CBOTO HAapoAdy, Tak i 3arajibHO JIIOACHKMX. 3a TAaKUX yMOB 3MiHIO-
IOTBCSL POJIb 1 3HAYCHHS OCBITAHCHKOI cdepu y cycminmbeTsi. [Ipore, Tpeda
KOHCTAaTyBaTH Te€, 10 SIKICHUX 3MIH y CTaBJICHHI BJaJM JIO OCBITH SIK JIO
NPIOPUTETY JAEPXKABHOI MOJITHKH, SIK JI0 BU3HAYaIBHOTO (akTopy (opmy-
BaHHs MallOyTHBOTO HAIIOI IepPIKaBH HE Bi0OYBaEThCS.

BiTuusHsHuil 1 BIACHMM IOCBiA JTOBOJUTHL, IO CHCTEMA OCBITH
MOKJIMKaHa 3a0e3MeYnTH He JIMIe TIHOOKI 3HAHHS Ta HABWYKH, a U BH-
XOBaTH OCOOMCTICTb, aKTUBHOTO yYaCHHKA CYCIIJIBHOTO XHTTS, SIKUH BMi€
CaMOCTIITHO MUCIIUTH, HeOalTyKe CTaBUTHCS IO COIIaJbHHUX MPOIECIB 1
3[IaTHA O CAaMOCTiHHOI HAaIllOHABHOT IMeHTU(IKAIIIT.

HepxaBa B Oynb-sIKOMY pa3i 3MyllIeHa LIyKaTH 3arajlbHOHAIIO-
HallbHI JYXOBHI OpIEHTHpH, SIKI 3MOXYTh KOHcousiayBaTtu Hamito. llle B
XVIII cr. T Tepaep B «lgesx g0 dinocodii icropii roacTBa» ronoBHAM
aTpuOyTOM Hallil Ha3BaB «CIIJIbHUH HaIlOHAJIHHMH Xapakrepy; L.I. ®ixre
3aMeBHSIB, 10 «KOPJOHU HaIlii 0OMEXYIOThCS KOPJIOHAMHU CIIIBHOT MOBHY;
I'. Terens, He 3amepedyrodd CBOIX MOTEPEIHHKIB, MOJaB SIK SKICTh Haii-
CYTTeBINIOT 03HAKM HaIlii cycminmpauit Jlyx [2, c. 369].

BusHadyeHHIO 3araJbHOHAIIOHAIBHUX ITYXOBHHX OpPIEHTHPIB Be-
JIUKY yBary MpUIUIAIN yKpaiHCBKi BYEHI, MMCbMEHHUKH, TPOMAJCHKI Jisdi:
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B. Jlunuacekuit, [I. Joumos, €. Mananok, €. Ceepcerok Ta iH. binpmicts
CyJaCHHX HAayKOBHX JOCIIIKEHB, IPEIMETOM SKHX € Hallis, ITOB’S3YIOTh
TIOHSTTS «HAlllOHAIbHA i/1es» 3 mpolieMaMu pO3BUTKY HalllOHAJIBLHOI caMo-
CBIZIOMOCTI Ta HaI[lOHAJILHOI KyJNbTypu. Bynb-sika eTHiYHa CHiIBHOTA IO-
CTae K caMOCTiHHa Halis y pa3i MOSBU HaliOHAIBHOI CaMOCBIJOMOCTI:
TOOTO Taka CHiJIbHOTA MOYMHOAXE YCBITOMIIIOBATH €IHICTH CBOIX IHTEpECiB
(EKOHOMIYHHX, TOJNITHYHHX, ICTOPUYHUX, KYJIBTYPHUX TOIIO), CBOIO CaMo-
OyTHICTB, OCMUCIIIOE BIIACHY icTopito. B3arami B o¢iuidHii ixeornorii mo-
CHIIaHHS Ha HaliOHAJBHE € CTeP)KHEBUM. Ta po3B’s3aHHS OyIb-sIKOi HAIliO-
HabHO{ Ipo0sIeMHu, a 0co0IMBO TpoOIeMHu GOPMYBaHHS HAIllOHATIBHO] iel,
CTa€ MOXJIMBUM JIMIIE 3aBISIKH CTAJIOMY MOpalbHOMY HiAIpyHTIO. Y iH-
oMy pasi, 3a3HadeHa Mpo0ieMa — OCMHCIICHHS 3MICTy MOHSTTS «HAIio-
HallbHA ifes» — NEpeTBOPUTHCA B HAIllOHAJIBHE CaMO3aKOXaHHA, ae Oyrne
MIAHYBATH NIPOTHUCTOSIHHSA «MH — BOHI.

HamionaneHa ykpaiHCbka ifes — I ijes yKpaiHchbkoi Hamii, 1o
€/IHA€ JIIOACH PI3ZHOIO E€THIYHOTO IMOXO/KEHHsI, KOHCONIAYIOUUMH YHHHH-
KaMH JUI SKHX € 3arajlbHOBH3HaHI MOpPalbHI I[IHHOCTI: KUTTS JIFOJWHH,
cBoOoza (mpaBa JIIOAMHM), CIPaBEIUBICTh, NOOPOOYT, Ky/IbTypHA HaIio-
HaJlbHa caMOOYTHICTh TomIo. Takum uuHOM, (POpPMYBaHHS HalliOHAIBHOT ifel €
MIPOLIeC MPOAYKYBAaHHS B CYCHIIBCTBI HU3KH 17€H, IO CIPUATHMYTh JOCST-
HEHHIO TPOMaJIChKOI €THOCTI, €THAHHIO BOJII BCIX IPOMaJsH YKpaiHU 3371
BHpIIICHHS KOHKPETHHX 3aBAaHb, IPHHHATHHUX 1 3p03YMUIHX IS BCiX.

[TikmyBaHHS PO HamioHANBHE, PO 30epEeKEHHS KYIbTYpPHOI CrIaji-
IIMHY, TIPO HAI[IOHAJIbHY CaMOOYTHICTh JKUTTS BXOAMTH B KOJIO O3HAUCHHX
igert. Cy4yacHa JOAMHA — IIe He 1M030aBJICHUN KOPIHHA {HIWBUA, a JIOAWHA
KyJIbTYpH, Hebalayka A0 ICTOPUYHOI Iam’siTi CBOTO Hapojay, WOro Tpa-
TN 1 3BHYaiB. 3MICT MOHITTS «HAIIOHAJBHA i/es» Mepeadavae HasiBHICTh
y WIEHIB TaKoi CIUIBHOTH MOYYTTS HAallIOHAIBHOT TOPAOCTI, OYYTTS HAIIO-
HaJIbHOT TIAHOCTI, IO YHEMOXJIMBJIIOE ICHYBaHHS TaK 3BaHOTO «HAI[iO-
HAJILHOTO HapLUUCH3My». be3 ModyTTs HalliOHAJIBHOI TiJHOCTI, NOBAXJIH-
BOTO CTaBJICHHS JIO «IHIIMX» HAIlOHAJIbHA i[Iesl MEePETBOPUTHCS B 11€I0
HalliOHAIBHOTO CaMOYTBEP/DKEHHS B arpecHBHOMY BTiIeHHI. bo cydacHa
VYkpaina — me Oaratorojoccsi KyJlbTyp, CHIBICHYBaHHs Pi3HHX HAI[iOHAIIb-
HMX L[IHHICHUX CBITIB.

CyyacHi mozii siKk HIKOJIM 3000B’513yI0Th KOHKPETH3YBaTH MOHSTTS
«HAIllOHAJIBHA 1/1es1», 110 JIOTIOMOJKE PO3KPUTH IIPUXOBaHI JyXOBHI pe3epBH
HAIIOTO CYCHUIBCTBA i CIIPHATHUME COLiaIbHO-€KOHOMIYHOMY i THECEHHIO.

HarmionanpHa ifgesi MOKJIMKaHA BIIOPSAIKYBAaTH, T'yMaHi3yBaTH Ta
OyXOTBOPUTH PO3IIAPOBAHE CydacHE YKpaiHChKE CYCIIJILCTBO, MOOLTi3y-
BaTH WOTO IPOMaJISH Ha peali3aliio 3aBIaHb, SIKi CTOSTH Mepe]] HUM.

HarmionanpHa ies — e He UTF031s, 110 3acTymae co00r0 pearbHICTh.
YpaxoByroun 0COOIMBOCTI YKPATHCHKOTO CYCIIJIHCTBA, HOTO €THIYHY, KYJIb-
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TYpHO-aKCiOJIOTIUHY, CBITOTJIAHY XapaKTePHUCTHKY, BOHA MeEpII 3a BCE
MOBMHHA OYyTH CIpsSMOBaHAa Ha MpPaBOUBE, BiAMOBIAAaIbHE BiIpPOHKECHHS
yKpaiHChKoi icTopii, mouryk (GopMm Aep»aBHOTO M CYCHIJIbHO-TIOJITUYHOTO
KHTTS, a/IeKBaTHOTO YKPATHCHKIM Baui, yKpalHCBKOMY MEHTATITETy, yKpaiH-
CBKUM TPAJTHIIISIM.

CyyacHuil mepiofl HallOHAJBHO-TYXOBHOTO IiJHECEHHS — 4ac
BEJIMKOI MPOCBITHUIBKOT poOoTH. [[yist BUKiIaga4yiB BCiX HaBYAIBHHUX 3aKia-
JIiB, OCOOJHMBO BHIIUX, 00OB’SI3KOBHM cTa€ (HhOpPMYBaHHS CBiJOMUX Maii-
OyTHIX TPOMAaJsIH JEpKaBH, SIKi HA OCHOBI MOBark J0 iCTOPHUYHOTO MHUHY-
joro OyayTe BpaxOBYBaTH CBITOBHHM Ta BITYM3HSHHUHA JIOCBiN, IIyKaTH
nstxu BUpimeHHS IPOOIeM MaiOyTHBOTO Y KpaiHH.

[IpuMiTiBHE TigYac TIIyMadeHHS HAIiOHANBHOI i€l y BHXOBaHHI
MOJIOAI MOXKE NPHBECTH 10 HETaTHBHUX pE3yNbTaTiB. 3 OmHOTO OOKy, HE
BUKJIIOYA€THCS MOKIIMBICTh BUHUKHEHHS HAlllOHAJIBHOTO POMAHTHU3MY, €MO-
LIAHUIA MOTEHI[ia)l SKOTO € HAaI3BUYAWHO NPUBAOIMBUM I MOJOIMX
Jronieil, TUM OLTbII, MO AEsSKi TEOPETHKH HAIIOHAJIBHOI KYJIBTYpH 1HOJII
MPOTOBIAYIOTh KYJIBTYPHHH 130JALIOHI3M, SIKWH, 10 pedi, OyB 3aBXKIH
CBIJJUCHHSIM BHYTPIIIHBOI CIa0KOCTi, BUSBOM MEHIIOBAPTOCTI. 3 APYroro
00Ky, CKJIaJHI TPOOJEMH EKOHOMIYHOTO PO3BHTKY, SIKI IiJ4ac He 3Ha-
XOJATh CBOTO TiAHOTO BHPIMICHHS, NMPUBOISTH O TOTO, IO HaliOHAIbHA
izest BTpadyae cBOO MPUBAOINBICTD, BUKIMKAE pO3YapyBaHHS.

3auIs mBOro AyKE BaXKIMBO HEYIEPEDKEHO 1 MOMIPKOBaHO pO3-
KpUBATH TOJIl JApaMaTUdHOi icTopii YKpaiHH, BHUBIIBHHTH IX BiI Iepe-
Kpy4eHb Ta IJCONOTIYHHX CHEKYJSMid, TEePEeKOHINBO BHCBITIIOBATH
3aKOHOMIPHOCTI TPOLIECY PO3BHTKY CBITOBOi KYJIBTYpH, IOKa3aTH 3HAUY-
UIiCTh KYJBTYPHOI CHAIIMHN YKPATHCHKOTO HApOIY SIK CKJIaJI0OBOI YaCTUHU
LBOTO Tpolecy. YKpail HeoOXiTHO JTiKBIIyBaTH LIHHICHUH 3CYB CYCHIJIbHOT
1 IHIUBIyaNbHOI CBIZIOMOCTI 3aBJSIKH YCBIJIOMJICHHIO TOTO, 1110 B XXI CT.
JIIOJICTBO €1uHe. ToMmy BCi HOTro Ky/bTypHi 3400yTKH, HaJ0aHHs HaOyBalOTh
BapTOCTI 5K IliJie ¥ HeposmiibHe. [IpoTe BCi 3arajibHONIOACHKI I[IHHOCTI
BUSBIISIIOTh ceOe depe3 HarjioHanbHi. Came depe3 1ie MIKIyBaHHS PO
HaliOHAIBHO, SIK IIPO OJMH 3 acIeKTiB JIFOJCHKOTO CBITY, Ma€ HaJ3BHYAHO
BEJIMKE 3HAYCHHS.

Jlitepatypa
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OLIHKA E®EKTUBHOCTI CIIIBPOBITHUKIB KOMITAHIT

lsanosa H. FO., Opnrosa /. FO.
HY «Kueso-Moeunsncoka akademisiy
E-mail: n.ivanova@ukma.edu.ua, e-mail:daria.orlova@ukma.edu.ua

B ymoBax cyuacHOi €KOHOMIKHM BH3HA4allbHY POJIb Y MiJBHUILECHHI
BBII rpae moaceknit kanitan. e naiininninmi gakrop BupoOHuITBa. SIK
3a3HAvYalOTh JOCIIAHUKH, 79 % KepiBHHKIB y BCbOMY CBIiTi CTypOOBaHi THM,
mo Opak OCHOBHMX HAaBHYOK y TXHIX CHIBPOOITHHKIB 3arpoxye MaiOyt-
HBOMY 3POCTaHHIO IXHIX opraHizamii. [1].

YV Garatbox KoMIaHii (piHAHCOBI pe3ynbTaTh OE3IMOCEPEIHBO 3ale-
KaThb BiJl ePEKTUBHOCTI pOOOTH KOMaHAH. SIKIIO CHiBPOOITHUKHY TPAIIOIOTh
yoiBcmiu ab0 BUTpavaloTh OaraTo 4acy Ha pAOOBI 3aBHaHHS, BIIACHHUK
BTpavae TPOIIi.

Ominka epeKTHBHOCTI MEepCOHANY BHUpINIye Mo mpobiemy. Bona
JorioMarae OIiHATH PoOOTy 32 KOHKPETHUMH KPUTEPIIMH: BUTPaTaMH 4acy,
oOcsiraMy Ta pe3yJbTaTaMH. 3 HEIO KepPIBHUK TOYHO 3HAE, XTO 3 oro mep-
COHaJTy IPHHOCUTH Oi3HECY HalMEHIIIe KOPHUCTI.

OmuiHKa JIisSUTBHOCTI CHIBPOOITHHKIB J0NOMarae 3po3yMiTH, 4YHs
nparst okynae Butpaty. Ha 11 mijcTaBi npocrilie yXBaJUTH pillieHHs TIPO Te,
KOT'0 3BUIBHHTH, @ KOTO MiJBUIIUATH Ha mocai. AHami3 e)eKTUBHOCTI Tparli
BU3HA4ae ycmix 0i3HECY, OCKUIbKH BHIUISAE HAHKpAIIUX JIIOJIeH y KOMaH/i
Ta JIoNIoMarae onTHMi3yBaTH poOounii mporuec.

Sk mokazanm JOCHiKEHHs, iCHye 0araTo METOTUYHUX ITiIXOIIB
070 OIIIHKH e(QEeKTHBHOCTI poOOTH cHiBpOOITHUKIB KowmmaHii. Bcei mi
MiAXOM MOXKHA O0’€IHATH B TPH TPYNHU: KITBKICHI METOJMYHI ITiTXO/H,
SIKICHI METOJIUYHI MiJXOAH Ta KOMIUIEKCHI METOIMYHI Tiaxoau [2].

JI0 KINBKICHUX METOAWYHHMX IMiAXOMIB MOXHA BiJHECTH METO.I
pamKyBaHHS Ta METOX OanbHOT OIiHKK. J[0 SKICHUX METOAMYHHX ITiIXO/IIB
BifHOCATh MeToZ «360 rpagyciBy», MeToau OEHUYMApKIHTY 1 JOBUIbHUX Xa-
pakTepucThK. J[0 KOMIUIEKCHUX METOIMYHHUX MiAXOIIB BiIHOCSTHCS METO.
Jxexa @ininca, meron orinku nepconany 3a KPI i meron «LleHTp ouiHkm».

OnHak, SIK CBiUNTH MPAKTUKA BUKOPUCTAHHS ITUX METO/IB, KOJICH
3 HUX HE € YHIBEpPCAIbHHM OCKUIPKM KO)KEH Ma€ SIK IepeBard, Tak i He-
Joiku. Po3risiHeMo 1 acriekTy Oiibir getansHo [3, 4].

CyTb METOJy paHXXyBaHHS IIOJISITA€ Y CTBOPEHHI PEHTHHTIB JIEKiJIb-
KOMa KepiBHHKaMu ab0 MeHe/pKepaMHM, X KOMOIHyBaHHS Ta BHU3HAYCHHS
minepiB 1 ayrcaiinepiB. [lo mepeBar 1jboro MeToxy MOXHa BiJIHECTH Bpa-
XYBaHHS IIMPOKOTO CIEKTPY IOKA3HUKIB; MPOCTY CHUCTEMY IiJIPaxyHKY;
CTHUMYNIOBaHHS 10 MiABHIICHHS KOHKYPEHTOCHPOMOXXHOCTI CIIiBpOOITHH-
kiB. OgHaK MeTod Ma€ i HEJONIKH, a caMe: TICHXOJIOTIYHUH THUCK depe3
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PH3HK 3BIIBHEHHS; HOTO BUKOPHUCTAHHS MOXKIIMBE JIMIIE y BEJIUKUX JIETIap-
TaMEeHTaX 3 0COOJIMBOIO OPTaHi3aliifHOIO0 CTPYKTYPOIO.

CyTbh MeTony 0aJbHOI OLIHKHM TOJISITa€ Yy CTBOPEHHI OanbHOI cHc-
TEMH OIIIHIOBaHHS 332 KOXKHHM BHIOM JisuibHOCTI. [lepeBaramu mporo me-
TOJy € TPOCTOTa 3aCTOCYBaHHsS Ta MiJPaxyHKY, BiCYTHICTb NMOTpeOH B
3HaYHOMY (piHAaHCYBaHHI. B sKOCTI HEJOJNIKIB MOXXHA 3a3HAYNTU BUHUK-
HEHHSl PU3UKY 3aBUILIECHHS OaniB, CKJIaIHICTh (OPMYyBaHHS IOJAIIBIIO]
cTparerii miIBUIICHHS e()EeKTHBHOCTI.

Meton «360 rpamgyciB» 0a3yeThcs Ha MPOBEACHI OMUTYBAaHHS BCiX
CHIBpPOOITHUKIB Ta KITI€HTIB, 3 IKUMH KOHTaKTye BimmoBimHa ocoba. [lo me-
peBar IpOTO METONy BITHOCATH 30ip IIMPOKOTO Koja iHpopMarii s
00’€KTHBHOI OIIHKHM; 3MIITHEHHSI KOMAH/JHOI pOOOTH; CTUMYJIIOBAHHS JI0 BHYT-
pimrHBOi B3aemonii. HegomikamMu MeToqy € pu3nK HaJaHHSA HEBipHOI iH(Op-
Mallii Ipo criBpoOiTHHKA; 30Cepe/KEHHs Ha CIa0KUX CTOPOHAX IIEPCOHU.

Metoa OCHUMAPKIHTY MOJISITa€ Y BU3HAUCHHI «ETAJIOHHOTOY» CITiB-
pOOITHHKA, pe3yiabTaTH Ta IMOKAa3HUKU €()EKTHBHOCTI SIKOTO CTaroTh 0Oa-
3MCOM JUIS MOPIBHSHHA 3 pe3y/bTaTaMM IHIIMX CHiBpoOiTHHKIB. IlepeBa-
raMd METOJY € JOCATHEHHsI €TaJOHHUX MOKa3HHKIB KOXKHHM i3 CIiBPOOIT-
HUKIB; 3a0e3neueHHs Oe3nepepBHOCTI MPOLECY BIOCKOHAICHHS KOMIaHil;
BICYTHICTh moTpeOu B 3HaYyHOMY (iHaHCYBaHHI. J[0 HEmONIKIB MOXKHA
BiTHECTH HEOOXINHICTh Y TOCTIHHOMY Meperisini moka3HukiB benchmark;
HEMOJKJIMBICT 3aCTOCYBAaHHS B MAJEHBKIX KOMITaHIsX.

Merto/1 TOBIIBHUX XapaKTEPUCTHUK OPI€EHTOBAHWH Ha BH3HAYCHHS
HaMOLIPIINX JOCSTHEHH Ta MPOBaliB cHiBpobiTHUKA. [lepeBaroto merony €
MIPOCTOTa BUKOHAHHS; BH3HAUCHHS JMHAMIKH «IIEpPEMOT Ta IOpa3ok». B
SIKOCTI HEJOJIIKIB MOYKHA 3a3HAYMTH BIICYTHICTh MMOBHOI OIIHKK 3a sIKic-
HUMH ITOKa3HUKaMH 1 TICHXOJIOTTYHUH TUCK Yepe3 BU3HAUEHHS «IIPOBAIIBY.

Merton [xexka ®@ininca 6a3yeThbcst Ha aHamizi 3 KiIbKiCHHX 1 2
SIKICHUX acIieKTaX AisuibHOCTI. [lepeBaramu METOy € BpaxyBaHHS BHUTPAT
Ha HR-ympaBninHs Ta ouiHka B3aeMofil BcepeauHi KojekTtuBy. Heno-
JIKaMU € BiJICYTHICTH OI[IHKK BiJl HaBYaHHA cmiBpoOiTHHUKIB (L&D); Biz-
CYTHICTh CTUMYITY IO KOHKYPEHIIIi.

Meron oninku nepconainy 3a KPI nepenbauae komriekcHy OLIHKY
3a piBHE BUKOHAHHS IOCTaBIICHHX IiJiei. [lepeBaramu € iHAWBiTyaTbHUN
MiAXiA O KOKHOTO CIiBPOOITHHKA, BCeOIUYHA XapaKTEPUCTHKA; 00’ €KTHB-
HICTH OIIHKH; ONEpaTHUBHICTH (DOPMYBaHHSI CTpaTErii; MPO30piCTh KpUTe-
piiB. OnmHaK, HEIONIKOM METOAY € CKIAIHICTh (POPMYITIOBAaHHS KpUTEpPiiB
OIIHKH JIJIS1 KOYKHOTO CHiBPOOITHUKA Yepe3 iHANBIAyaTbHICTh MPOIIECY.

Meton «LleHTp omiHKM» 0a3yeThCs Ha OIHII 3a pe3yIbTaTaMH
BHUKOHAHHS IMPOKOTO CHEKTPY 3aBHaHb (1HTEPB 10, KEHCH, TECTYBaHHS TOIIO).
Ile o6yMoOBIIIOE TIEpEBaru METOMY, SIKi TOJSATAIOTH Y IMIMPOKiH OIHIT; MOX-
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JMBOCTI TOPIBHSHHS JEKUTBKOX CIIBPOOITHHKIB; (hopMyBaHHS KaIpOBOTO pe-
3epBy. OTHAK HEJOMIKOM € 3HaYHI BUTPaTH (PiHAHCOBUX pPeCypcCiB Ta dacy.

B ninomy, nporec npoBeeHHs OL[IHIOBaHHS €()EeKTUBHOCTI poOOTH
CIIBPOOITHUKIB YOCOOIIOE B COO1 ICKiJIbKa €TaIliB:

1. Anani3 AisutbHOCTI KOMIaHIi B IUIOMY, (OpPMYJIIOBaHHs CTpa-
TETiYHUX IiJIed Ta Oa)KaHUX XapaKTEPUCTUK JJIsS IEPCOHATY.

2. ®opMynroBaHHS KpUTEpIiB OLHIOBAHHS Ta BHM3HAYEHHS IO-
HATTS «C(EKTHUBHOCTI» JJIsl BIAMOBIIHOTO MpAIliBHUKA, HOTO MOCAIOBHX
000B’sI3KiIB.

3. Bubip meronosorii omiHIOBaHHS isUTFHOCTI TpaIliBHIKA, 3 ypa-
XyBaHHIM OOpaHUX KPUTEPIiB.

4. Tlpomec OLIHIOBAaHHS Ta aHANI3Y CIIBPOOITHHKA 32 METOAOM.

5. IHTepmpeTalis OTpIMaHUX PE3yIbTATIB.

6. ®opMyBaHHS MOJANBIIOLI CTpaTerii B 3aJ€KHOCTI BiJ OTpH-
MaHHUX Pe3yJbTaTiB.
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THE PROBLEMS OF RESEARCHING STUDENT’S
PROFESSIONAL MOTIVATION

Kharzhevska O. M.
Khmelnytskyi National University, e-mail: *kharzhevska @gmail.com

The professional formation of a future specialist begins at a higher
educational institution. Here, the learner receives knowledge, skills, abilities
related to his future profession, masters the correctness of one’s speech,
becomes more aware of his inclinations and abilities and their aptitude to
future professional activity.
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One of the most important conditions for the education of a future
specialist is the suitability of his interests, inclinations and abilities to the
chosen profession. What mostly influences a specialist and what motives a
person is guided by in his activities will depend largely on the motivation
for choosing a profession. Satisfaction with the chosen profession,
enthusiasm for one’s work will be determined by awareness of the
importance and need of the profession, its correspondence to interests and
abilities. If the profession is chosen against a person’s wishes, due to certain
circumstances, this leads to dissatisfaction with the profession, causes a
number of negative emotions, fatigue, indifference, etc.

However, as psychological problems of professional and vocational
activity are investigated in a considerable number of works. As a rule,
professional motives are considered within such problems as self-
determination [1, p. 151], motivation for choosing a profession, professional
orientation, professional interest [1, p. 153-155]. Therefore, the motivation
for choosing a profession is understood as such a system of incentives that
is formed in a person for a specific type of productive work, taking into
account its social significance, individual capabilities and personal interests.

Researching the problem of professional orientation, the authors
[2] single out three main stages: 1) preliminary, pre-university, which ends
with the choice of a life path and the primary manifestation in this choice of
professional orientation; 2) basic, university, in which professional orientation
is formed in the process of studying students in a higher educational
institution; 3) post-university, which is characterized by the formation of a
professional orientation in the work of a young specialist [2].

The authors single out four stages of an individual’s life, directly
related to the formation of his motivational sphere: pre-professional, choosing a
profession, professional training, professional activity. Motives of professional
training, according to the authors [2], depend on the attitude to learning (and
the level of preparation) already formed at school and the attitude to the
chosen profession (as a set of motives for choosing a profession). This
determines the expediency of a dual consideration of these motives.

The connection between professional and educational motives can
also be traced in the works of other authors. Analyzing the works of foreign
experience on the formation and development of professional motivation of
students of the Faculty of Physics and Mathematics[2], the results of an
experimental study by Rizwan and Hassan on the professional readiness of
the students, it can be argued that the professional competence of the
teacher and the student’s professional and cognitive needs are the basis for
becoming a highly qualified specialist, meets the modern demands of
society, determines the significance of ones individuality and high
competitiveness.
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Speaking about the activity of mastering a profession, such motives
as professionally cognitive, professionally valuable are distinguished, due to
which learning is perceived as preparation for future professional activity,
and the activity of training specialists in a higher educational institution is
called educational-professional. Such concepts as the educationally professional
motivational complex consisting of the educational-professional and
professionally scientific motivational complexes are also introduced, each
of which represents a hierarchy of motives corresponding to the educational
and professional activity of students [3, 4].

Haase singles out a professionally cognitive need, which is
manifested in an interest in knowledge, specific for future professional
activity, and a need for higher education as a desire for a certain status in
society. According to the scientists, the leading need in the student's
educational activity should be the professionally cognitive need [5].

Focusing on the motives that encourage students to learn better,
Komarraju, Swanson, Nadler singled out two groups of motives based on
the dual nature of the educational activities of students at universities,
namely: professional and extracurricular. In professional motives, the authors
distinguish two poles, which characterize formal and informal attitudes to
education. These are motives such as “get a higher education” and “I want
to become a good specialist in the future.” Among cognitive inner motives
were mainly the motives of interest. By the way, professional motives
prevail over extracurricular ones [6].

Bernaus defines professionally significant motives as those that
reflect the personal attitude of those who study, to public duty, their
professional competence and themselves as a subject of professional
activity. The author singles out the following as the leading motivational
components: service to public duty, the desire to achieve professional
competence, and self-assessment of professional adequacy [7].

Gardner divides professional motives according to their origin into
social, community, procedural and stimulating. The task of forming
motives, in his opinion, is considered as ensuring the dominance of social,
socially important motives. According to this, behavior and activity are
regulated not by one, but by a whole set of motives. Among the four groups
of motives identified by Gardner, the leading place, in his opinion, belongs
to social motives. The scientist actually equates the concepts of
“professional motivation”, “motivation for choosing a profession”,
“professional motives”, “motives for choosing a profession” [7].

We believe that the concept of “professional motivation” is broader
than the concept of “professional motives”, based on the general concept of
“motivation”. In our understanding, professional motivation presupposes
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not only the presence of appropriate motives, goals, interests in the future
profession, but also a set of individual inclinations and abilities for the
relevant activity.

The analysis of the psychological literature on the problem of
professional motivation allowed us to identify the following structural
components in it: the desire to obtain a higher education; interest in the
profession; professionally cognitive motives (or the desire to become a good
specialist in the future); pragmatic motives; ability to master knowledge.

Readiness for self-discovery, the ability to organize one’s own
activities, the formation of guidelines for self-education during life are the
basis of professional self-realization of an individual. Therefore, the
motivation of professional self-development should be based on the
achievement of this goal [7].

One of the ways of forming the professional orientation of students
is to expand their professional experience, which they acquire in the process
of professional practice. In the course of practice, the knowledge and skills
formed in the process of studying professionally oriented disciplines are
refined and corrected. Practice is the litmus test that reveals the presence (or
lack) of interest in the chosen profession, life attitudes related to this
profession, and the degree of readiness to carry out professional activities.
Therefore, in order to raise the level of modern specialists on the
competitive global labor market, the essential task is the development of
professional motivation among students of higher educational institutions.
Professional motivation is an important factor in the successful implementation of
highly qualified specialists. The higher school should constantly increase
motivation for students in professional activities through the connection
with the practice of the chosen profession, highlighting the possibilities of
positive use of professional experience[1].

Also, teachers should focus students’ attention on advantages of
the profession being acquired (the study showed that the shortcomings of
students and so well identified), on the role of professionalism and competence
as the key to successful professional self-realization and decent earnings.

Considering the pragmatism of modern youth, whose
representatives are students, you should not deny the relatively low level of
income, which gives the teaching profession, however, considering the
problem comprehensively, it should not to avoid issues of the teacher’s
successful professional activity as a mechanism for personal self-
actualization, establishment of intergenerational continuity.

Conclusions:

1. The motivational component is one of the important factors of
formation a professionally suitable teacher along with the implementation
of content and operational components of professional training.
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2. The education of students at a pedagogical university should
cultivate multi-motivated character, and its content affects the motivational
one readiness for future professional activity.

3. The main effective factors in the formation of professionally
oriented motivation among the students is the teaching and educational
activity of teachers, the content of general university education and
pedagogical practice.

4. Graduate students showed a conscious and critical attitude to the
profession they acquire, but not everyone is ready for a professional activity
in accordance with professional training.

5. Work on the formation of positive motivation of university
students to future professional activity should start with finding out the
actual determinants of the professional selection of the first-year students
and further have both systematic and expanded character with the
involvement of pedagogical innovations, demonstrations the best examples
of pedagogical skills and capabilities.
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BB 30BHIIIHIX BUKIIKMKIB — CBITOBA MaHAEMIis, pOCIiChKa arpe-
cisl, MWKUTANI3allisl, MOsBa IITYYHOTO IHTEIEKTY — BigoOpakaeThcs Ha
JKUTTI HACEJCHHS, CYTTEBO BiIOMBAETHCS HA BCIX cdepax KHUTTSA 1 Iisib-
HOCTI IIIOJeH, B TOMY YHCIi 1 Ha OymiBempHiN cdepi, sSKa 3a OMiHKaMHU
OKpEeMHUX CKOHOMICTIB Ta aHAJNITHKIB € IEAKOI MipOI iHIUKATOPOM €KO-
HOMIYHOI CHTYaii B KpaiHi.

CroronHi yKpaiHChKi OyAiBeTbHUKH IIYKAIOTh CBOI CIIOCOOH 1 Me-
TOJM BIDKMBaHHs. HeoMiHHOIO yMOBOIO BM)KMBAHHS IiIPUEMCTBA € HOTO
3Mi0HICTh 10 ajamnTailii B HOBHX yMOBax. SIK peaxiliss Ha 3MIHH y 30B-
HIIIHBOMY CEPEeJOBHIII BiOYBAIOTHCS 3MIHU BCEpPEIUHI Oy IiBEILHOTO Mijl-
npuemMcTBa. [lopsin i3 3axolamMM LIOZO CKOPOYEHHS BHTPAT 1 BJIOCKOHA-
JICHHSI CUCTEMH YIPABIIHHS MisUIbHICTIO 1 JIIKBIIHICTIO, 3MIHOIO CTpaTerii
JUSTIBHOCTI, IPOBOISITECSL PI3HOTO POy peopraHizaliiiHi 3axonu. Ane jaa-
JIeKo He Bci OynmiBedbHI MiAMPHEMCTBA BCTHTAIOTh MPUCTOCYBATHUCS IO
HOBHX YMOB po0OoTh. B cmiry Bemudes3Hoi 3aiHATOCTI, CKIaTHOCTI poboTH,
oOMe)keHOCTI B Yaci # T.I. KepiBHHKaM oOpraHi3aliii Baxxko 0e3 Komiie-
TEHTHOI BHCOKOKBaTi()iKOBAHOI HAYKOBOI MIATPUMKH MPaBIIHHO OIIHUTH
CHUTYaIlil0, BU3HAUYUTH CTPATEril0 PO3BUTKY 1 TOJIOBHE BTIJIUTH 1i B XKUTTS.
Juis momonaHHS CTarHaimii i NpUHAHSTTA ¢QEKTHBHUX DIllleHh HEOOXiTHO
BHUSIBUTH 1 MMO0JNATH C1abKi CTOPOHW, BU3HAYUTH HEBIJMOBIAHOCTI Ta yCy-
HYTH iX, CTBOPHTH CIPHUATINBI YMOBH IS MPOAYKTUBHOI TBOPYOI mparii
BCchboro TiepcoHany [1].

B Takiii cknanmHii HecTaOiNbHIM €KOHOMIUHIA CHTYyaIlil BUHHKAE
HU3Ka TpoOiieM B eeKTHBHOMY YIPAaBIiHHI TPYJOBHM IIOTEHIIaOM Ha
OynmiBenmbHHUX TimmpueMmcTBax. [IpakThka mokasye, M0 MiABUIICHHS PiBHSI
KOHKYPEHTO3/IaTHOCTI HiANPUEMCTBA, K€ 3HAXOIUTHCS y BaKKUX YMOBax
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(iHaHCOBOi HECTAaOITPHOCTI, BU3HAYAETHCS SAKICTIO 1 KBasi(iKalliero HasB-
HOTO TIEPCOHANIY, HOTO 3rypTOBaHICTIO, JIOSIIBHICTIO 10 OpraHi3alii Ta MOTH-
Bali€o 10 NpogeciiHoi AisBHOCTI. AJie Ipu IbOMY NpolieMaM yIpaB-
JIHHS TIEPCOHAJIOM B CHUCTEMI MPIOPUTETIB BUOOPY MAIEBMX aHTHKPH30BHX
MEXaHi3MIB HaJa€ThCsl K OM JpyropsiiHe 3HaueHHs. YacTo-TycTo KepiB-
HUKHM B3arajui, 1 30KkpeMa B Ipolieci peopraHizauii MipHeEMCTBA, CTaB-
JSITBCSL 10 KaJpoBOi cdepH, sIK 10 YOroch TaKoro, M0 caMmo cobor posy-
MieTbest. CTaBka, B OCHOBHOMY POOMTBCS, Ha 3aJy4eHHs IHBECTHLIH i HOBI
texHouorii. OmHak iHBecTHmii cami mo co0i He NPUMYCSTHh IMPALIOBATH
JMOACHKANA KalliTal. AJDKe, pe3ynbTaT MisUIbHOCTI MiAIPHEMCTBA CTBOPIO-
€ThCS JIFOABMH, SIKi TPAIIOIOTh HA MiAIMPHEMCTBI, 1 KOHKYPEHTO3JaTHICTh
MPOAYKINT 3a 11 AKICTIO 1 BapTICTIO HEMOXIIMBO 3a0e3MedYnTH 0e3 BHCOKO-
MIPOAYKTHUBHOI, BUCOKOSKICHOI Iparli poOITHUKIB yCiX KaTeropiid. 3pemroro,
JMOACEKI pecypcr — 1e (PaKkTop KHUTTE3NATHOCTI MiANPUEMCTBA y BaXKKid
€KOHOMIuHi# curyanii [2].

Kpim TOro0, HasiBHICTh CEPHO3HUX HEBUPIIIEHUX MpoOIieM, 110 TO0-
B'sI3aHI 3 YOPAaBIiHHIM MEPCOHAIOM, MOXE CTATH IEPEIIKOA0 IS camoi
peopranizanii nianpueMcTBa.

Jlo Takux HalOiIbLI CePHO3HUX MPOOJIEM BIIHOCUTHCS BiJICYTHICTb
MIEPCIICKTUBHOI KaJpOBOi IOJNITHKH, SKa OXOIUTIOE BCi cdepu podoTH 3
nepcoHasioM. Lle muTaHHs iIrHOPY€eThCS MPAKTHYHO BCiMa KEPiBHUKaMH, 110
3MIACHIOIOTh MacIITaOHiI 3MiHU B opradizamii. Hacmimkom 1poro € te, mo
OCHOBHI Wi, 3apagyl SKHX IPOBOAWUTHCS pPEOpraHizaiis, HE 3B'A3aHi 3
OCHOBHHMMH 3aX0J[aMH y cdepi yIpaBIliHHS IIEPCOHATIOM.

[HII010 Bask/IMBOIO MPOOIIEMOIO € BUCOKHI PIBEHb HANPYKEHOCTI B
KOJIEKTHBI BHACJHIZIOK CaMHUX PI3HOMAHITHUX HPUYUH (BIICYTHICTH iH(OP-
Mauii y Jroed, 10 BUKJIMKaE HEBICBHEHICTh B 3aBTPAIHbOMY JIHI, B
cTabibHIi po0OOTI i opraHizaiii B HAWOIMKYIN MEPCIIEKTURI; HEAOCTATHIN
3B'A30K OIUIATH Mpalli 3 TPYZOBHM BHECKOM; 3aTPUMKH 3 BHIUIATOIO 3apo-
OiTHOT TwiaTH Ta 11 3HIDKEHHS, HEIOCTaTHS COIiajibHA 3aXHUIICHICTh Mpa-
IBHUKIB Ta iH.).

Cepiio3HOI0 TIp00IEeMOT0, 0 YTPYIHIOE PEOpraHizallito OymiBeib-
HOTO TiJIPHEMCTBA, MOXXE CTAaTH HENOCTAaTHS 3alliKaBJIEHICTh B 3MiHAaX
3HAYHOI YaCTHHH CHIBPOOITHUKIB 1, SIK HACITIJOK, IIEPETBOPEHHS LUX CIIiB-
POOITHHKIB B HOTEHIIHHUX CYIPOTHBHUKIB IIEPETBOPEHb.

II1e onHa mpoGieMa — HU3BKUH piBeHb JOBIPH MK KEPIBHULITBOM i
PSAAOBUMH TPALliBHUKAMH OpTaHi3allii.

I, HapemTi, KepiBHUKH CEPEIHBOTO DPIBHSI HEJOCTaTHHO 3aIyda-
IOTBCS JIO MiATOTOBKH OpPTraHi3aliiHUX 3MiH, @ 4aCTO MPAKTUYHO MOBHICTIO
BHKJIIOYEHI 3 I[BOTO TpoIiecy. B pe3ynbTaTi BOHM CTaBIATHCS 0 3MiH, IIO
MIPOBOJIATHCA, MaiKe 3 TAKOIO JK HEJJOBIPOIO, SIK 1 MiIersi.

38



Science and Education : XVIII International Conference

KepiBHHKH, 10 IPUCTYNAOTh A0 POOOTH 3 PO3BUTKY CBOTO IIif-
MIPUEMCTBA, HE 3aBXIU OadaTh Il MpoOimemMu. Alle HaBiTH KOJMM 0adatk,
YacTO HEIOOLIHIOITh IX CEepHO3HICTh. AJKE caMe JIIOAM JOIOMararoTh
3aificHUTH 1T opraHizaunii. J{is Toro, mo0 JOCArTH yCIiXy, KEpiBHHUKY
HEeoOXi/THa MiATPUMKa 3 OOKY KOJIEKTHBY. AJle HE BapTO PO3PaxOBYyBaTH Ha
€HTY31a3M 1 MIATPUMKY JIfo/iei, KOTpi He OauaTh BHUIOAM POOOTH B HOBHUX
YMOBAaXx Ta OXOIUICHI TPUBOT'AMH, CTPaxaMH i He3aJOBOJICHHSIM.

KpiM 1mux yckinagHeHb KEpiBHHKH Yy CBOIH poOOTI MOXYyTb 3iT-
KHYTHCS 1€ 3 HU3KOIO THIIOBHUX IPOOJIEM KaJpOBOTO MEHEDKMEHTY. YacTo
pobJIeMH MaroTh He TUTBKH YIIPABIIHCEKY, ajie i ocoOucTicHy ocHOBY. s
BHPOOJICHHS ONTHMAIBHOTO IDIAHY X BHUPINICHHS HEOOXiTHO BCTaHOBHUTH
TIPUYHHHA TOiM, 0 BiIOYBAIOTHCS.

VY Tteopil Ta mpakTUIl MEHEKMEHTY € HampalfoBaHHS 3 BH3Ha-
YEeHHsI TUIOBUX NMPUYMH BUHUKHEHHS NPOOJEM 1 Ha YNpaBIiHCHKOMY 1 Ha
0COOHMCTICHOMY PiBHI, a TaKOX 3 PO3POOKH THIIOBHX CIIOCOOIB iX pO3B's-
3aHHA. AJie He ciiJ 0e3 Oy BIPOBA/KYBATH TUIOBI peKOMEHMalil,
HABITh SIKIIO BiJJOMO, III0 BOHU M00OpE CIpAIfOBAIK B 1HIIMX OpraHi3allisx.
AJKe HaBITh TUIIOBI POOJIEeMH HA KOHKPETHOMY IIiIIIPUEMCTBI HaOyBalOTh
cnenudiyHi pucu. Mae 3HaAUYEHHS OCOOMCTICTh KEepiBHHMKA, CUCTEMa IIiJICeH,
LIHHOCTI Ta TpamuMii, mo chopMyBaiiics B opraHizamii, ii icropis i Kynb-
Typa, TPUBAJICTh ICHYBaHHS MPOOJIeMH, Ii TOCTPOTA i TI00ATBHICTE TOIIO.

BusBuTH iCTHHHI NPWYMHA BUHUKHEHHS MPOOJEM 3 YIIpaBIiHHI
JO3BOJISIE IiaTHOCTHKA CHUTyalii Ha QipMmi. Y cKIamHill curyamii, npu
HasiBHOCTI YNPABIIHCBKUX NPOOJEM, IO MAarOTh TPUBAJIWI, 3aTSHKHUHM Xa-
pakTep, KOJIH HEOoOXiHa MOJepHi3allis ad0 HajlaKyBaHHSI CHCTEMH KaJ-
POBOrO MEHE/PKMEHTY, abo B3arajli CTOITh MpodJjeMa CTBOPEHHS MOJeli
YIIPaBJIiHHS IEPCOHAJIOM, BOHA € IPOCTO HEOOXiTHOIO.

l'osloBHA MeTa AIarHOCTHKH CUTYallil BcepeanHi GipMu mossirae B
3HATTI TOCTPOTH MPOSIBY MPOOJEeM i, B KiHIIEBOMY pe3ysbTari, — iX po3-
B'ss3aHHI. Y TpOIECi MIarHOCTUKMA BHU3HAYAIOTHCS YIPABIIHCHKI MPOOIEMHU
Ta X B3a€MO3BSI3KM 1 B3a€MO3AJIICKHICTh, BCTAHOBIIOIOTHCS NMPUYMHH I1X
BUHHMKHEHHS 1 CKIIaJIa€ThCs MEPeITiK 3aX0/IiB, 10 CIIPSIMOBAHI Ha ITOI0JIaHHS
HasBHUX TpoOieM. [HIMMHU cloBaMHU 3'SICOBYETHCS XapaKTep i CYTHICTh
«XBOPOOM» 1 pO3pOOIIETHCS KKYPC JTIKYBAHHS».

HeoOxinHO migkpecnuTn, Mo KpiM mpobieM, 0 XBHIIIOIOTH Ke-
PIBHHUIITBO, MiarHOCTHKA CHUTYyalii BUSBJISE MPUXOBaHI MpoOieMu, a Iie
JI03BOJISIE PO3pOONTH NPO]ITaKTUYHI 3aXOJH, NMOKJIMKAaHI HE JIOMYCTHTH
BUHUKHEHHsI TpobiieM. O4YeBUIHO, IO 3aBXKAM HabaraTo Jeriie i BUriHime
MIPOBECTH «HPOQUIAKTUKY XBOPOOHW», YHUM IOTIM «IIKyBaTH 3aXBOPIO-
BaHHs». [lii, mo crnpsMoBaHI Ha MOMOJNIAHHSA TPOOJIEMH, IO BXKE ICHYE,
noTpeOyroTh Habarato Oinble KOMTIB 1 Yacy, HDXX KPOKH, IO PO3poo-
JISIFOTHCS! JUIs1 TIOTIEPEKSHHS TPOOIeMH.
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Pesymbrat HiarHOCTHKH JOIIOMAraroTh KEPiBHUKOBI yCBiTOMHTH
TIPUYMHHO-HACIIKOBI 3B'S3KM TOIIH, MAlOTh MOXIIUBICTh peajbHO T00a-
YUTH CUTYAIlif0, [0 CKJajacs Ha MiANPUEMCTBI 3 YIPABIIHHAM 1 3 mep-
COHAJIOM, a TaKOK OTPUMATH YSIBJICHHS PO 3aX0/IH, SIKi HEOOXITHO 3pOOHUTH
B JIaHI{ CHTYaIlii.

JliarHocTHKa KaJpoBOl Ta ympaBiiHCHKOI cuTyauii Ha OymiBenb-
HOMY HiJIIPUEMCTBI MOXKJIMBA B HACTYNHUX c(epax AisIbHOCTI:

1. Oninka MexaHi3MIB yHpaBIIiHHS i JIPUEMCTBOM.

IepeBipsieThCst, UM HE TEPETBOPHUTHCS YIPABIIHCHKA CHCTEMa B
rabMO IpHU peopraHizanii ¢pipmMu Ta 9u € y Hel 3amac MiIHOCTI.

2. OriHKa KaIpOBHUX, YIPABIIHCHKIX PECYPCIB PO3BUTKY OpraHi3aril.

Sxmo moBa e mpo MacmTabHI 3MiHH, peopraHizaliio MiAnpH-
€MCTBa, MOTPIOHO Mam'ATaTh, IO Il PECYpCH MOXYTb BUCTYNATH 5K Ka-
Tani3aTop PO3BUTKY (DIpMH, a MOXKYTh 1 ICTOTHO YCKIJIQIHUTH OHOBJICHHS
oprasizariii.

3. AHaJti3 B3a€MO/JIiT OKpEMHUX ITiICKCTEM OpraHizaiii.

IepeBipseThest Y3ro/PKEHICTh il BCIX JIAHOK OYAiBEIBHOIO Iij-
MPUEMCTBA, 5K 3 HOTIAAY TEXHOJOTIYHOTO IMKIY, TaK 1 HAIaropKEHOCTI
iHpopMmartiiiHoro oOminy. Iligpo3ninu opraHizauii He MOBUHHI TATHYTH ii B
Pi3HMX HampsMKax i po3nopomryBatd ii cwim. [l JOCATHEHHS 3arajlbHUX
e GpipMu mOTPiOHO 320€3MEeYNTH €HICTD 3YCHIIb BCIX JIAHOK.

4. ExciepTr3a oOprasi3amiifHO-(QyHKIIIOHAIEHOI CTPYKTYpH TIia-
TIPUEMCTBA.

3'sIcoBy€eThCSI, YU HE AYOIMIOIOThCS Oe3 HaJe)HOi HeoOXiTHOCTI
(G YHKIIT, 91 He BUTPAYarOTHCS Yac 1 TPOIIi Ha IMOABIHHI 3yCHIIIS, a 3 iHIIIOTO
OOKy, YM BCl HampsMH IisTIBHOCTI, sSIKi HEOOXiTHI IUISi PO3BUTKY IiJIIpH-
€MCTBa, BpaxoBaHi.

5. ExcriepTrza cucteMu CTUMYJIIOBAHHS TIPAIli.

[lepeBipsieTbCsl, Y BHKOHYE CHUCTEMa CTHMYJIOBAHHS (DYHKIIIIO
MIABHUINCHHS MPOJAYKTUBHOCTI mpaiti. [Ipoliecu CTUMYIIIOBaHHS 1 MOTHBAITIT
MOXYTh HE TUTBKH 30IiraTHCs, MOCHIIOBATUCS, aje 1 MPOTHCTOSATH OJHH
omHoMy. ToMy HeoOXigHO, OO MEXaHi3M CTHUMYIIOBAaHHS OYB aJeKBAaTHUM
MeXaHi3My MOTHBalii mpaniBHUKa. DakTOpH, II0 CTUMYIIOIOTH IIPallo,
TIOBUHHI OyTH 3icTaBIEHUMH 13 QyHKIIOHAILHUMHU O0OB'A3KaMHu Ta piBHEM
BIMOBIIAIBHOCT] KOXKHOTO MpALliBHUKA i MaTH agpecHuii xapakrep [3].

JocBin poboTH, HAKONMYEHUI BITYM3HAHUMH Ta 3aKOPAOHHUMH
¢ipMaMu, MEPEKOHIUBO CBIAYUTH MPO TE, II0 MPOBEACHHS MiarHOCTHKH
HEOOXiJHEe 1 BHUTiIHE JJI MiINPUEMCTBA HE TIIBKM B KPU30BUX CHUTYAIlisX,
ajie i B HOpMaJbHii MOBCAKIESHHIN MisUTHOCTI.

OTxe, cBOEYaCHA JIarHOCTHKA CHUTYAIlil Ta 3aCTOCYBAaHHS KOPHUTY-
BaJbHMUX UM 3aMOODKHHUX 3aXONiB Ma€ XHUTTEBO BaKIMBE 3HAYCHHS IS
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epexTHBHOTO (YHKIIOHYBAaHHS OpraHizamii W 4uM paHime OyayTh BHUpi-
IIeHI IpoOJIeMH KaIpoBOTO MEHEKMEHTY i CPOPMOBAaHO BHCOKOC(EKTHB-
HUH MEXaHI3M YIpaBJiHHS JIOIbMH, THM OUIbIIE Y MIANPUEMCTBA HAAIH Ha
MaiioyTHe. HenapeMHO XapakTepHOIO BiIMIHHICTIO YCIIIHUX OpraHizamii €
YCBIZJOMJICHHSI TOTO, IO MEPCOHA] — L€ TOJIOBHE JUKEPEJIO AOCSTHEHb Y
ctepi SKOCTI Ta MPOAYKTUBHOCTI, OTHKE, CHCTEMI YIPABIiHHS MEPCOHATIOM
MOTPiOHO MPUALISATH HAJICKHY yBary.
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BiAmoBiqHO 110 CydacHHMX NPHHIMIIB IPOEKTYBAHHS JiepeB’siHI
€JIEMEHTH Ta BY3JIM KOHCTPYKIIiH TpH 3a0e3MeUeHH] IX MII[HOCTI, CTIHKOCTI 1
YKOPCTKOCT] MOKPAITYIOTHCS MUISIXOM BHOOPY O1bII BOTHECTIHKUX KOHCT-
PYKTHBHUX PIllICHb.

EBpoxon 5 (EN1995-1-2) [1] BcTaHOBJIIOE BUMOTH IO PO3PaXyHKY
Ha BOTHECTIHKICTh €JICMEHTIB, Nepeadavyae KOHCTPYKTHUBHI 3aXO IIOIO
MOXEXHOI Oe3MeKH Ta MPOINOHYE IpPaBWIa NPOEKTYBAHHS CHMETPHUHHX
3’€JIHaHb, IO BUKOHAHI i3 3aCTOCYBaHHSM PI3HHX KpIIMJIBHHUX €JIEMEHTIB,
BKJIIOYHO 13 CIIPOIIEHMM METOZOM PO3PaxyHKy, IO BiJKPHBAE IIIAXH JO
OUTBII IMPOKOTO 3aCTOCYBAHHS JEPEBHMHM B KOHCTPYKIISAX OyJiBenb Ta
cropy/.
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Po3paxyHOK By3miB 3aBXIu OyB HE MEHII CKJIAJHHM IPOLECOM,
aJKe peanizallis 3’ €THAHHS TaKUM, 10 BiIMOBIA€ i1eani30BaHUM IMapameT-
paM pO3paxyHKOBOi CXEMH — Iy’K€ HETpHBIaJbHA 3a/ada, a BpaxyBaHHSA
Beix ckiagoBux HJIC mns mepenaui 3ycwuis 6e3 iMIuleMeHTaulii 3aiiBHX
3amaciB MIITHOCTI, SIKi HAIpaBJCHI Ha KOMIICHCAIII0 YMOBHUX NPHUITYIIEHb
JUISL CIIPOIIEHHST PO3paxyHKy, — 3a/1a4a [IPaKTHYHO He3JifiCHEHHa B yMOBax
peanbpHOrO TpoekTyBaHHA. Kpim Toro, 1t 3ajgada ycKIamHSIETbCI HEOO-
XiHICTIO BpaXyBaHHs poOOTH B aBapiiHUX Ta HECTAHAAPTHUX CHUTYAIIisIX, B
TOMY YHCITi TTIOB’SI3aHUX 3 TIOKEeKaMHu [2].

P0o3BUTOK pPO3paxyHKOBHX METOMAIB Ta NPOEKTHHX IHCTPYMEHTIB
JUIL OLIHKA BOTHECTIHKOCTiI JepeB’SIHMX KOHCTPYKIII € MiATPYHTSIM Ui
MPOTHO3YBaHHs IX MOXEXKHOI OE3NeKH, IO CHpHs€e OUIbII BIEBHEHOMY X
BUKOPHCTAHHIO y CydyacHOMY OyIiBHMIITBI, 3MEHIIYIOYH HOTO BapTiCTh Ta
TPYIOMICTKICTB.

®i3udHI OCHOBH BOTHECTIHKOCTI OyIiBeNb Ta 3araylbHi MPHUHIIITH
IH)KEHEPHUX OI[IHOK BOTHECTIMKOCTI KOHCTPYKIIHM, Ha MiAIPYHTI SKHX
0a3yroThCSl pO3paxyHKH BOTHECTIMKOCTI K JUIA BHUIAJIKy CTaHIApTHOI IO-
KEXI, TaK 1 BpaxXyBaHHS PEXKHUMIB MOXJIHMBUX PEATbHHUX MOXEXK, JETaIbHO
BuKIaneHi B [2]. B TeopeTnuHuX poO0TaX BOTHECTIHKICTh PO3TIATAETHCS 3
JIBOX TO3MIIHA — TepMidHO Ta MexaHiuyHOi. [y BUpILICHHS TEPMIYHOI 3a-
Jadi iCHye JBa OCHOBHUX HiIXOIM — CIIPOIICHUH i BoockoHaneHud. Crpo-
LIEHUH MiAX1J IIMPOKO 3aCTOCOBYETHCS B HOPMATHBHHX JDKepelax Ta Je-
TanpHO omucanuid B [1]. [Ipu crpomeHoMy HiIXomi peKypeHTHI (popMyiH
BUKOPHCTOBYIOTBCS JUISI BU3HAYEHHs 3aJIMIIKOBOI HECY4Ol 34aTHOCTI MpH-
BEICHOTO Iepepisy 3a JIii cTaHAapTHOI TeMIepaTypy BOTHIO. Takuid Imiaxim
OyB 3acTocoBaHo B poborti [3]. MaTemaTHuHa MOMAEIb ISl BUPIIICHHS Me-
XaHIYHOI 33/1a41 BPaXxoBYy€e INTUOMHY OOBYTIIIOBAHHS MPOTATOM HMEBHOTO Yacy
Ta 3MiHY MEXaHIUYHHMX BJACTHBOCTEH JEepEeBHHA INPH 3MiHI TEMIIEPATYypH.
[Tpu upoMy cTaH pyiHYBaHHS CTaJEBOTO EJIEMEHTA MPOTHO3YETHCS IILIIXOM
TIOPIBHSAHHSA 3MIHM HOTO OIOpY IIiJ BIUIMBOM TEMIIEpaTypu Ta HaBaHTa-
xeHHs. LlsT MoJiesb 3aCTOCOBYETHCSI B NMPHUIYIIEHHI PIBHOMIPHOI'O PO3IIO-
JiTy TeMIepaTypH IO IONEpedyHOMY Tepepisy. Y IbOMy BHIAAKY po3pa-
XYHOK €JIEMEHTIB Ha MIIHICTh MU IOXEXKi BUKOHYEThCS 32 (opMyliamy,
HaBeJeHUMH B HopMax 3 [1]. Takum 4ymHOM, IpM BHpIMIEHHI MeXaHIYHOT
3a1adi po3paxoBYEThCA OMIp NMPH BIAMOBIAHIA TeMIepaTypi HarpiBy mnpu
TIOXEXI, III0 BPaXOBYETHCS BiIOBIIHIMHU KoedillieHTaMN 3HW)KEHHS MeXa-
HIYHMX BJacTUBOCTEH cTani. Llg mpouenypa BUKOPHCTOBYEThCS HAa OCHOBI
pexoMeHaaniii cranaaptis [2].

Jlist GibII CKITaTHUX BHIIA/IKIB BUKOPUCTOBYETHCS YHIBEpCAIbHUI
TEOPETHYHHUI METO]l, 3aCHOBAHUI HAa BUKOPHCTaHHI Au(epeHnialbHOro He-
CTaIiOHAPHOTO PIBHAHHS TEIUIONPOBITHOCTI, MOPIBHSAHHSA pe3yJbTaTiB 3a-
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CTOCYBaHHS WX JABOX METOJIB HABOAWTHCS, HAPUKIAM, B podori [3]. Po3-
paxyHok BorHecTiiikocti 3a JIBH B.1.1-7:2016 «IloxexxHa Oe3neka 00’ek-
TiB OymiBHUITBAY [2] Mepenbadae mpu po3paxyHKY KOHCTPYKILH Taki eTam:

— BUOIp BiJINOBITHUX MPOCKTHUX CIICHAPITB MOKEKI;

— aHaJIi3 BiINOBIHNX TEMIEPAaTypPHUX PEKUMIB;

— pO3paxyHOK ITiABUIICHHS TEMIIEPAaTypPH B KOHCTPYKIIii;

— pO3paxyHOK MeXaHIYHOI pOOOTH KOHCTPYKTHBHOI CHCTEMH B
YMOBax IMOKeXi (CTAaTHYHUH PO3PAXYHOK).

3aranpHi MOJOKEHHA 1 METOAM PO3PaxyHKY KOAM(iKOBaHi y Bill-
MOBITHUX HOpPMaxX IPOEKTYBaHHS €JIEMEHTIB Ta KOHCTPYKTHBHUX CHCTEM.

B mpaxrtuii npoekTyBaHHS 3aCTOCOBYIOTHCS IIJIXOIH, IO MAaIOTh
MOCUJIAHHS Ha IMIIJIEMEHTOBaHI B YKpaiHi METOAM PO3PaxyHKY JepeB’THUX
koHCTpyKIiK Ha BorHecTiikicTh JICTY-H B EN 1995-1-2 «IIpoekryBaHHs
JepeB’stHUX KOHCTpyKIid. YactinHa 1-2: Po3paxyHOK KOHCTpYKIIiH Ha BOTHe-
criiikictb» Ta €Bpokoxa 1 JICTY-H EN 1991-1-2:2010 «/Iii Ha koHCTpyKIIii.
Yactuna 1-2. JIii Ha KOHCTPYKILIT MiJ] Yac HOXKEXi».

Teopernuyna monens 32 EN 1995-1-2 po3risiaae 3MiHU MeXaHIYHUX
BJIIACTHBOCTEH AEpPEBUHM NPH 3MiHI TemmepaTypu. ['onoBHa mMeTa Moaemi —
nepe10aYuTH BiIMOBY €JIEMEHTa KapKacy IIUIIXOM IOPIBHSIHHSA 3MiHHU HOTO
OTIOpy Mif Ai€I0 TeMIIEpaTypH Ta AiI0Y0Tr0 HaBaHTaxeHHs. Ll moxmens cro-
CYETBCS €JIEMEHTA B YMOBAaX PiBHOMIPHOTO PO3IOALTY TEMIIEpATypH MO Tiepe-
pi3y. OCHOBHa MeTa PO3paxyHKy IIOJISITa€E B OOYHCIICHHI OTOpPY €IEeMEHTIB
3a TEMIIEPaTypH CepeIOBHINA eKCIUTyaTallii, a MOTiM 3a JTOMOMOro koedi-
mienTtiB peaykiii 3a EN 1995-1-2 BusHauyeHHs 3MiHM TEIUIO(I3HUHUX Ta
TEPMOMEXaHIYHUX BJIACTHBOCTEI MaTepiaiiB 3aJeXHO BiJ 3MIHU TemIiepa-
Typu. MeTouKa Ta 3Ha4eHHs KOe(Iili€HTIB peayKIlil po3po0eHi it OKpe-
MHX €JICMEHTIB 1 HE YTOYHSIOTHCS CTOCOBHO OUIBIN CKIAJHUX KOH(DIirypa-
uiit. CtaTHyHMi pO3paXyHOK BOTHECTIMKOCTI JIEPEB’ THUX KOHCTPYKIIH BHKO-
HYIOTBCS 3 YpaxyBaHHIM BIUIMBY HENIHIHNX XapaKTepUCTHK MaTepiaiB.

Jyis1 BUKOHAHHS OLIHKKA BOTHECTIMKOCTI Ta MPOBEACHHS OOYUCITIO-
BaJbHUX CKCIIEPHUMEHTIB HEOOXITHUMHU € TaKi IHCTPYMEHTH Ta MaTeMaTHIHI
MOJIeNi, M0 Peati3yloTh METOJl CKIHYCHHX €JIEMEHTIB 3 ypaXyBaHHAM He-
JIHIKHHOCTI MOBEAIHKM CTaJli IPH TEIIOBOMY BIUIMBI BOTHIO. CHTyalis 1o-
Kpaluiachk i3 MOSBOIO CIIENiali30BaHUX PO3PaXyHKOBHX KOMILIEKCIB, SIKi
JI03BOJIMJIM BUKOHYBaTH 3D-MOIeII0OBaHHSI 13 3aCTOCYBAHHSAM YUCIOBUX Me-
ToniB o0uncieHs. Lle B cBOrO Wepry 301NBIIMTE TOYHICTH CTATUYHOTO PO3-
paxyHKy, AacTh 3MOTY palliOHAIi3yBaTH 3aMacy MiITHOCTi, TOOTO 3MEHIITUTH
BapTiCTh BUPOOHHUIITBA Ta TPyAOBHUTpaTH. OIHAK 3aJHIIAETHCSA BiIKPUTHM
MUTaHHS PO3paxyHKy €JIEMEHTIB BY3JIOBUX 3’€[HAaHb Ha TeMIepaTypHHI
BIUIMB. MiJ 9ac MOXeXi, 3MiHA MEXaHIYHMX XapaKTEPUCTHK Ta HeCydoi
3IATHOCTI JieTaliel 3’ €JHaHHs 32 YMOB TEIUIOBOTO BIUIMBY TMOXeEXI [5].
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Cutyaris mokexi € aBapiiHUM CTaHOM UIA ycix 0e3 BHUHATKY
OynmiBeTbHUX KOHCTPYKIIH, IPOTe AePeB’siHI € YU HE HAWOLIBII Bpa3nuBUMHU
Juisi BorHeBoro BIUIMBY. 11lo cTOCYETBCS aBTOMAaTH30BaHOTO PO3PaxyHKY
KOHCTPYKTUBHHX €JIEMEHTIB KapKacy 3a JOIOMOTI'0OI0 ITPOrpaMHUX KOMILIEK-
ciB, TO BiH OyB B Till UM iHIIIH Mipi YCIIIIHO peaji30BaHUN B OCTaHHI POKH
3acTocyBaHHS pO3PaxyHKOBUX METOJIB OLIHKM BOTHECTIMKOCTI TaKMX KOHCT-
PYKLiH IOB’s3aHe i3 BIPOBA/PKCHHSM HOBHMX HENIHIHUX mpoueayp B
o0YnCITIOBAILHUX KOMIUIEKcaX, 30kpema Ttakux sk Jlipa-CAIIP, Ansys
Mechanical, Comsol Multi-physics Ta in. it BIM-cepemosuia moctymnHa
Ta TOPIBHSHO 3pyYHAa y BHUKOPHUCTaHHI MOXIIUBICTH IEPEBIPUTH POOOTY
caMe 3 TOYKH 30py B3a€MOJIii eIEMEHTIB KOHCTPYKIIil B 30HI By3Ja Ha Jif0
HECHPHUATIMBOrO BIUIMBY HAIMIPHHX TEMIEPaTyp 3a JOIOMOTOIO crelia-
J30BaHOTO MPOrpaMHOro 3a0e3neyeHHs 3’ IBUIACh MOPIBHSHO HEI[OAaBHO —
B kirmi 2022 poky y Burimani 1K IdeaStatica 22.1, skuit, npote, He mpH-
CTOCOBaHHU# 710 aHAaI3y BY3JiB JAepeB’THUX KOHCTPYKITii [4].

OckinbKky Ha JaHWH MOMeHT y 3a3HaueHomy [1K moBHUM 4YuMHOM
peaiizoBaHi MEPEBIpKHM 3a HOpMaMu E€BpPOKOJ 5, TO aBTOMAaTH30BaHHU
PO3paxyHOK € aKTyalbHUM JUIsl Cy4acCHOTO MPOCKTYBAaHHs Ta 3HAXOAUTHCS B
MPaBOBHX MeXax Oy/IiBeNbHOTO 3aKOHOMaBCcTBa Y Kpainu [1].

B po0orti [3] HaBoAMTECS aHANI3 HAIPYKEHO-ePOPMOBAHOTO CTAHY
JepeB’THUX KOHCTPYKLi MPOCTOPOBOTO IMOKPHUTTA Ta YHCEIBHE MOJEIIO-
BaHHA criopyau. [lpy akTHBYBaHHI mapaMeTpa «BpaxyBaHHS HENTiHIHHOCTI»
Oyma 3amaHa (hi3MdHA HENMiHIHHICTE NeOopMyBaHHS 32 JOTIOMOTOIO Jiarpam
neopMyBaHHs JCPEBHHH IIPH PO3TATY Ta CTUCKY B3IOBXK BOJIOKOH. [lpm
BHOOpPI B sikOCTi (Pi3MYHOI MOAENi 3aKOHY, IO OIMKCYE KYCKOBO-JIHIHHY
3aJIEKHICTh, OMKCAH] KPUBI HAMpyXeHHs-aedopMariii (6—€) Matepiany (puc. 1).

3aKoH! HeAuHe:

MUPOBSHUA MaTEpHaA0R
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Puc. 1. BpaxyBaHHs1 BJIacCTHBOCTEIi [epeBUHH (a)
sk (izuuHo Hexninilinoro marepiany B JIIPA-CATIP (o)
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I'eomeTpraHa HemiHiMHICTE BpaXxOBaHA IOCIIJOBHHAM IPHKIIAIaH-
HSM HaBaHTAXXCHb PIBHOMipHUMH KPOKAaMH, TOMY IO BHYTPIIIHI 3yCHIUIS B
MIPOEKTOBAHIM KOHCTPYKINIT My»Ke CHIBHO 3alie)KaTh BiJ MOCTIMOBHOCTI iX
NPUKITaAaHHs. Y TaKUX BUIIJKaX 3aCTOCOBYETHCS KPOKOBHH METO[ IpH-
KJIaJaHHS HAaBaHTa)KEHHS, @ KOHCTPYKIIT MOJIEITIOIOTHCS 3a JIONIOMOT' 010 ele-
MEHTIB, L0 NPalOOTh 3 ypaxyBaHHAM (izumuHoil HemiHiiiHOCTI (KD200),
reometpuuHoi HemiHiiHOCTI (KD300) abo ¢izuynoi 1 reoMeTpuyHOI Heli-
HiitHOocTi omHowacHO (K3400). ITinmaTiuBicTs 3'elHaHp BpaxoBaHa 3a JI0-
IIOMOTOI0 KiHIeBoro enemeHTa KD55, BKazaBIIM KOPCTKICTH By3Ja, MIO
BHU3HAYAETHCS eKCIepuMeHTanbHo BigmosigHo mo EN 1075, EN 1380, EN
1381, EN 26891 Ta EN 28970.

Po3paxyHOK Ha BOTHECTIHKICTh BHKOHAHO sK IEpeBipoOYHHIl 3a
BiJICYTHOCTI BIOMOBIigHOTO MporpamHoro Onoky. Iloxexka — me aBapiiiHa
CHUTYaAIlis, PO3paxXyHKOBI BEJIMYMHU JJIs1 KOMOIHAIIN BIUIMBY SIKOi HaBEACHI
y €Bpokoai 1990:

2.6+ (A + w1y + Qi + 2w Qs -

i>1 i>1

Jis BU3HAYCHHS CTIHKOCTI 10 BOTHIO OYB IMPUHHATHI METOH IpH-
BEJICHOTO IONIEpEeYHOro nepepisy. Jns enemMeHTiB y BUIIsiAi Oajku po3pa-
XYHOK BUKOHYETBCSI y TaKii MOCIITOBHOCTI:

1. Bu3HaueHHsS MEXi BOTHECTIMKOCTI, 10 MOTPEOYIOTH MiCIEBI
HOPMATHBH (XB).

2. BusHayeHHs PO3pPaxyHKOBOIO CHUIIOBOIO BIUIMBY Ha €JIEMEHT
npu noxexi 3 gonomororo piBHsHHA 3 EN 1900 abo moHMxyo4oro koe-

bimienta Mg My fire =N Mg nom -

3. Bu3HaueHHs pO3paxyHKOBHX BEJIMYWH BIUIMBY IIPU MOXEXKi Ta
BIAMIOBIAHUX MILHICHAX XapaKTepPUCTHK MaTrepially: pO3paxyHKOBE HAIpy-
JKEHHsl IPU 3TUHI O, 4 , XapaKTePUCTUIHUI omip npu 3ruHi fm g.

4. BusHayeHHsI PO3PaxyHKOBOI TIIHOWHU 3rOPSIHHS 33 METO/IOM IIPH-
BezieHoro nepepisy: e = gy o +Kody 1 3ammmkoBoro nonepedsoro mepe-

pi3y mepeB’aHoTO eneMeHTa Dire.
5. BusHaueHHA po3paxyHKOBOTO HAIPY)KEHHs B 3MEHIIECHOMY IEpe-

pPBL Gy 4, fire = Md,ﬁre/zfire .
6. Bu3HaueHHs BIJNMOBIAHUHA pPO3paxyHKOBHH omip fmdfire 101
PIBHSHB I1E€PLIOTO I'PAaHUYHOTO CTaHY.

Sk mokazaHo B 0araThOX TCOPETHYHHX Ta CKCIEPUMEHTAIBHUX
pobotax, 3anpornoHoBaHi B €Bpoko/i [1] crpoieHi Ta yqoCKOHaICHHIA Me-
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TOIW PO3PaXyHKY UL Pi3HHX IMOKE)KHUX CHTyalill HE BpaxoBYIOTh Oara-
THOX IMTApaMeTpiB, B TOMY YHCIi TYCTHHY JIEPEBUHH Ta PE3yNIbTYIOUi HAIPY-
JKCHHS B TIONICPEYHOMY Mepepisi.

CTOCOBHO BY3IiB, TO 3HMKCHHS MIITHOCTI JACPEBUHU Oe3mocepe-
HBO TIiJ] 30HOI0 OOBYIJIIOBAaHHS € BUKIIOYHO BaXKJIMBHM JUISI TPUXOBAHHX
CTajJeBUX 3’€JHYBaJbHUX EJIEMEHTIB 4epe3 MiJBUILEHUH piBEHb TemIepa-
Typu B 1iii 30Hi. Hanpuknan, B HarenbHUX 3’€HaHHAX Ha CTaJIeBHX IUIAC-
TUHAX U1 3aro0iraHHs BUCMUKYBaHHS a00 pyHHYBaHHs 3allleMIICHHS Mae
30epiratucst HeoOXigHA MIIHICTE. EXCTIeprIMeHTabHI TOCIiKEHHS BKa3y-
I0Th Ha BHUPINIANBHUHA BIUIMB HAa BOTHECTIMKICTH BiACTaHEW MO cTaneBoOl
IUTACTHHH Ta 3aXWCT HaremiB 4u OonriB. Taki eKCIepHMMEHTANbHI JOCITi-
JUKEHHS BKa3YIOTh Ha MEPCHCKTHBHI HANPSIMKH PO3BUTKY MPOCKTYBAaHHS 1
PO3paxyHKy BY3JIB [epeB’SHHUX KOHCTPYKIIH, a TaKOX YHIOCKOHAJICHHS
PO3paxyHKOBHX KOMIUICKCIB i3 3aCTOCYBaHHSM HENIHIHHUX 3aJIeKHOCTEH
B3a€MO/Iii KPIMMIBHUX Ta 3’ €JHYBAaHUX €JICMEHTIB.

B po6oti [5] 3ampormoHoBaHa KOMIIOHEHTHa MOJE]b HATESIBHOTO
3’€THAHH] TPU TOXEKHOMY BIUIMBI. Mozens Oyia BinkaniOpoBaHa THpu
CTaHAapTHIA Temmeparypi Ha ocHoBi 3D-TepmiuHOro aHamizy aus pospa-
XYHKY TeMIIepaTyp B KpiMJIbHUX €JIEMEHTax Ta B JiepeBuHI. B MmexaHiu-
HOMY aHaji3i MOJeNi BIACTHBOCTI IEPEBUHU Ta Harels aJanToOBaHI 10
TeMIepaTyp, OTPUMaHUX K PE3ylbTaT TEPMIYHOTO aHAIi3y BiAMIOBITHO 1O
€Bpokox 3 Ta €Bpokox 5. UncenbHe MOJCTIOBAHHS JTO3BOJUIN PO3POOUTH
YAOCKOHAJICHY HEIiHIIHY MOJeIh BOTHECTIHKOCTI HAareJbHUX 3’€IHAHb Ta
3aMpOINOHYBATH aHATITUIHUH MiAX1J Ha OCHOBI MOAENi Moxancona. 3ampo-
ITOHOBaHa MOJIETh MOXe OyTH TMOKIIAJIeHAa B OCHOBY PO3paxyHKy Ta HaJae
Marepiai s MOrJIMOJICHOr0 PO3YMIHHS TepPMOMEXaHIYHOT MOBEIHKY Jiepe-
B'SIHUX 3’ €/IHaHb.
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E-mail: tinna.shatrova@gmail.com, 2demelenn@gmail.com,
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HaiiBax1MBinIoo (QyHKII€ YIPaBIiHHS IMiIIPUEMCTBOM € ILIa-
HYBaHHsI Horo nisuibHOCTI. [lmaHyBaHHS sBJsie COOOIO MPOIEC BU3HAYCHHS
e, Kl MiANpUEMCTBO Tepeadadae JO0CITTH 3a MEBHUHN MepioJl, a TAKOK
3ac00iB, IIUISAXIB Ta YMOB X JOCSITHEHHS

I[Tepexin HanioHaNbHOI €KOHOMIKHM YKpaiHU Ha PUHKOBI NPHHIUITN
(YHKI[IOHYBaHHSI Ta PO3BUTKY OOYMOBIIIOE HEOOXINHICTh KapAWHAJIbHUX
3MiH B CHCTEMi YIpaBIiHHA, B T.4., B ITJAHYBaHHI AisUTFHOCTI IiIPUEMCTBA.

B ymoBax KONMIIHBOI KOMaHIHO-aJMiHICTPaTUBHOI CHCTEMH OJI-
HUM 13 1i HApKHUX KaMeHiB OYJI0 JKOPCTKE NUPEKTHBHE IUlaHyBaHHA. [lin-
MIPUEMCTBO OJIEPXKYBaJIO BiJl OpraHiB JIep)KaBHOTO IUIAHYBaHHS 1 yIIpaB-
JHHS 3aBOaHHS IIOJ0 MaiKe BCi€l CYKYITHOCTI MMOKa3HHUKIB MisIIBHOCTI,
TOCHOJAPCHKUX 3B'S3KIB (BiJ KOTO OTPHMYBATH MaTepiadbHO-TEXHIUHI pe-
cypeu, o 1 B SKkux oOcsirax BHPOOJSITH, KOMY 1 3a SIKHMH LiHAMHU pea-
JIi30BYyBaTH TPOAYKIi0 Tomio). Ile He maBamo oMy 3MOTH pO3poOISITH
ONTHUMAJIBHI IUIaHU, TPUIMATH HAMKpaIli PIlIeHHS BUXOASYH i3 peabHUX
JIOKJIbHUX YMOB.

B HOBHX yMOBax TOCIIOJApIOBaHHS Ta MEPEXOAy [0 PHHKOBOTO
peTyIoBaHHS MiATIPHEMCTBO CAMOCTIHHO 3AIMCHIOE BECh KOMIUIEKC Ija-
HOBOI po6oTH.

HagaHHs caMOCTIHHOCTI MiINPUEMCTBY O3HAYa€ HE TUTHKH Bif-
MOBY BiJl IIOBHOI perilaMeHTallil 3BepXy BCi€i HOro JisUIbHOCTI Ta HAJaHHS
MAPUEMCTBY IIMPOKMX TIpaB y BW3HA4YCHHI Ta peajizauii BUpOOHHYOI
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MpOTpaMH, NUIAXIB PO3BUTKY BHPOOHWIITB, MOTHBAIlii Tparmi Ta BigNOBi-
JATBHOCTI 32 KIiHIIEBI pe3yJIbTAaTH TOCIIOAAPIOBAHHA, ajie¢ W yCBiTOMIICHHS
Ba)XKJIMBOCTI O€3MepepBHOr0 BUBUCHHSI PUHKY Ta T'OTOBHOCTI JI0 PHHKOBHX
KOJIMBaHb. Bce 1l NMOBMHHO 3HAWTH BiJOOpaKeHHS B IIaHAX AiSIIBHOCTI
MATPUEMCTBA.

Binxpura cucteMa mianpreMcTBa sIK HOTO HOBA SIKICTh B PUHKOBHUX
YMOBax Ta IpsiMa 3aJIeXKHICTh BiJl B3a€MOJIl MONMUTY 1 MPOTMOHYBaHHs 00y-
MOBJIIOIOTh HEOOXIJHICTh CTBOPEHHS CHCTEMH IIaHyBaHHS 1 yHpaBJliHHS M-
TIPUEMCTBOM, 31aTHOI IIBHUAKO i €PEKTUBHO pearyBaTH Ha pUHKOBI MOTpeOn.

[IprHnMnoBi ocHOBM miaHyBaHHs Ilponec mimaHyBaHHS B MaKCH-
MaJbHIN Mipi Mae mepen0aduTH BceOiuHe BUBYCHHS MIMCHOCTI, TEHACHIIN
Ta 3aKOHOMIPHOCTEH PO3BHUTKY OO'€KTY IUIAaHYBaHHS Ta CEpellOBHINA HOTO
nisuteHOCTI. HaltOinmpIm 3aranbHOI0 HAYKOBOIO OCHOBOIO TUIAHYBAaHHS € CHC-
TeMa 00'eKTHBHIX €KOHOMIYHHUX 3aKOHIB i, B TIEpPIIY Yepry, 3aKOHY MOTHUTY
Ta NMPONOHYBaHHsA. B miaHax ninxnpueMcTBa MOBUHHI OyTH peaiizoBaHi
BHMMOTH IIUX 3aKOHIB Ta BpaXOBaHi 00'€KTHUBHI Pe3yIbTaTH MaKpO- Ta MIiKpO-
€KOHOMIYHOTO aHaJli3y CTaHy 1 TeHJIeHLiT pO3BUTKY YMOB T'OCIIOJaPIOBAHHS.

[Topsin 3 3aranbHUMHM TPUHLIUIIAMH YIPABIIHHS 1 IUIaHYBaHHS
(mo3asik npyre € (QyHKUi€ NEpIIoro) iCHYIOTh 1 crerudivHi MPUHIMIH
IUTAHYBaHHSA, [0 SKHAX BITHOCSATH IIUIHOBY HAIpPaBICHICTH (LiJETOKIa-
JTaHHS), CHCTEMHICTb, OE3MIePEPBHICTE, 30TAHCOBAHICTh, ONTUMAIBHICT BHKO-
PHCTaHHS PecypciB, aeKBaTHICTh 00'€KTY Ta IIPEAMETY IUIaHyBaHHS.

HafiBaxIuBIiIIUM TPHUHITUIIOM IUTaHYBAaHHS € BHOIp Ta OOIPYHTY-
BaHHS I(iiel (LiMENOKIaaHHs), KiHIEBOI METH, Pe3yJbTaTiB MisJIbHOCTI
mianmpueMcTBa. YiTKO Ta 3Ba)KCHO BH3HAYCHI KiHIIEBI IUTi € BUXITHUM MYHK-
TOM TUIaHyBaHHs. B 3arajpHOMY BUINaJKy BHOKPEMIIIOIOTh II'STh OCHOBHHUX
uieit (abo X rpymnM) minpHeEMCTBA: rOCHOAAPCHKO-EKOHOMIYHY, 00YMOB-
JICHy BHMOTaMH 3a0e3le4eHHs BHCOKOI e(eKTHMBHOCTI BHPOOHMYOI cHuc-
TEMH, BHUITYCKY CYCIiJIbHE HEOOXiJHOT KOHKPETHOI MPOJYKIIil; BUPOOHUUO-
TEXHOJIOTIYHY, 11O BijloOpaxae 0OCHOBHE (pyHKIIOHANbHE MPU3HAYEHHS M-
NPUEMCTBA — BHIYCK INMEBHOT MPOIYKIIT HAJEKHOI SKOCTi; HAyKOBO-TEX-
HiYHY, TOOTO MOCTiiiHE NPHCKOPEHHS! HAayKOBO-TEXHIYHOTO IpOTrpecy, L0
MaTepiali3yeTbCsl B MOCTIHHOMY TOJIMIICHHI MPOYKIii i OHOBJIEGHHI TeX-
HiYHOT 0a3u BUPOOHUIITBA; COLIAIBHY — SIKOMOTA IOBHIiIIE 3a0e3leuYeHHs
noTped NpauiBHUKIB MiANPUEMCTBA B MaTepiaibHill Ta AyXOBHill cdepax;
eKOJIOTIYHy — 3a0e3NeYeHHs] BUMOTH BiJITBOPIOBAHOCTI PECypciB Ta BHIO-
TOBJICHHSI €KOJIOTTYHO Oe3meqHoi (YnucTol) mpoayKuii.

IIpiopureTHICTH Ti€l YU 1HIIO] METH MOXKE MIHATHCH B 3aJIEKHOCTI
BiJl €KOHOMIYHOI TONITHKN JEpP:KaBH, ICTOPHIHOTO MEPioy, EKOIOTIgHOTO
CTAaHOBMINA B PETiOHI Ta CBITI Tomo. B yMoBax KoMaHIHO-aJMiHiCTpa-
THUBHOI CHUCTEMHU 3 i IUPEKTUBHUM IIJIAHYBAHHAM Mallil 3BEPXHICTH BHUPOO-
HUYO-TEXHOJIOT1UHI ITiJTi.
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IIpu mepexoni K0 pPUHKOBOI €KOHOMIKH, 3 TOSBOIO IiANPHEMCTB
pizHEUX (GOpPM BIIACHOCTI, JIKBINAIII€I0 CHCTEMH >XOPCTKOTO ICHTpPAJi30-
BaHOTO IUIaHYBaHHS LUICTIOKJIAAaHHs Ha IIJIPUEMCTBI CTAa€ 3aBJaHHAM
Horo KepiBHUUTBA., EQEKTUBHICTH Ta peaJbHICTh IUIAHIB 3HAYHOIO MipOIO
3aJIeXKUThH BiJ] CTyNeHo peanizauii [Ipuanunmy CucteMHOCTI.

Le#t npuHnun BUMarae, mo0 rmiaHyBaHHS OXOILTIOBAJIO Bei cdepu
JUSUTBHOCTI MIANPUEMCTBA, YCi TEHACHIIIT, 3MiHU Ta 3BOPOTHI 3B'I3KU B HOTO
cucremi. CHCTEeMHHMH MiXiJ HOBUHEH MaTH Micle 100 OOIPyHTYBaHHS Ta
BHpINICHHS TUTAHOBHX 3aB/IaHb Ha OyAb-IKOMY PiBHI yIIPaBIIiHHS.

3a IOTOMOTOI0 CHCTEMHOTO aHajli3y MOXHa BiIIMOBICTH Ha Taki
BaYXJINBI IUTaHHA, SK: BU3HAUCHHS IUTeH Ta X cyOOpAWHAIIS, TOPIBHIHHS
IBTEPHATHBHUX IUIAXIB TA CIIOCO0IB JOCSATHEHHS J1 BU3HAYCHUX I[IJIEH, 1110
BIIPI3HSIOTECSA OJHA BiJl OJHOI CKJIATHICTIO, TEPMiHAMH peani3amii, co-
miaJbHAMH HACIIIKAMH TOIIIO.

BaximBoro npo0iieMoro Ta nepeyMOBOIO XKUTTE3AATHOCTI IIaHy-
BaHHS € 3a0€3MeYCHHS HOro 0e3MmepepBHOCTI.

[MpuHuun Ge3nepepBHOCTI O3HAYAE:MIATPUMYBaHHS Oe3nepepBHOT
IUIAHOBOI INEPCHEKTHUBH, (OPMYBaHHS Ta MEPIONUYHY 3MiHY TOPH30HTY
IUIAaHYBaHHS, 1[0 3aJI€KHUTh BiJ 3arajlbHUX COLIAIBLHO-TIOJNITHYHUX Ta €KO-
HOMIYHHX TMEPEeIyMOB, TEMIIIB HAyKOBO-TEXHIYHOTO IPOTpecy B Talysi,
TPHUBAJIOCTI BIUIMBY YIPAaBIIHCHKHUX DIllICHb, CTYICHIO Iepen0adyBaHOCTI
MaiOyTHBOTO; B33a€EMOIIOTO/DKCHHSI JOBIO-, CEPEAHBO- Ta KOPOTKOCTPO-
KOBHX IUIaHIB; CBO€YAaCHE KOPETYBAHHS IEPCIEKTUBHUX Ta MOTOYHHX ILIA-
HiB, BPaXxOBYIOUH ITOYATKOBI CHTHAJH IIPO 30BHIMIHI (PETiOH, EKOHOMiKa B
IOMY) Ta BHYTpIIIHI (BCEpeOMHI CaMOTO MiATNPHEMCTBA) 3MIHH yMOB
rOCIIOJIaPIOBaHHSI.

OpHi€eo 3 HAHBaXIMBINIMX BHUMOT O IUIAHOBHX DIllICHb € 3a0e3-
MEYSHHS] ONTUMAJILHOCTI BUKOPHCTAHHS 3aCTOCOBYBaHUX pecypciB. Buko-
pPHUCTaHHS pPecypciB MiJIPUEMCTBA TIOBMHHO OPIEHTYBAaTHCh Ha MOTPEOH,
YMOBH Ta KOH'IOHKTYPY PHMHKY, iHTeHCH(iKallifo BHPOOHHIITBA, BIPOBa-
JDKEHHSI JIOCSITHEHb HAyKOBO-TEXHIYHOTO MPOTrpecy, MaKCUMalbHO TOBHY
peaiizamilo HasBHHX PE3EpBiB KPaIIOro 3aCTOCYBAaHHsS MPEAMETIB Ta 3Ha-
PAAb Tpalli, opraHi3amii BUpOOHUIITBA TOIIO.

BaxniBoro SIKICHOIO XapaKTepHCTHKOIO IUIAHYy BHUCTYIIAE HOTO
30aJ1aHCOBaHICTh, TOOTO HeoOXimHa 1 moctaTHs KinbkicHa BiANOBIAHICTH
MDK B3a€MO3B'I3aHMMH PO3/JIaMH Ta MOKAa3HWKaMM IUIaHy. 30ajaHcoBa-
HICTB sBJIsIE cO0OI0 BH3HAYAIbHY YMOBY OOI'DYHTOBAHOCTI IUIaHIB, peajb-
HOCTi 1X BHKOHaHHS. ['OJIOBHUM ii TIPOSBOM € BiAMOBIIHICTH MiX TOTpe-
6aMu B pecypcax Ta iX HasgBHICTIO.

3a pUHKOBUX YMOB, MOCTiHHOT MIiHJIMBOCTI 30BHIIIHBOTO i BHYT-
PIIIHBOTO CepeOBHUINA AisITBHOCTI MiAIPHUEMCTBA BKPaid BaXKIIMBO CTBOPHUTH
TIepeTyMOBH I aJeKBaTHOI TUHAMIYHOT 30aJJaHCOBAHOCTI Ta MOOITHLHOCTI
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BHpoOHMIITBa. HaBiTh imeanpHO 30a1aHCOBaHUN B ITOYATKOBHH NEPioJ TUIAH
HE TapaHTye, I0. B MPOIECi HOro BUKOHAHHS HE BHHUKHE AUCIIPOIOPIIH
BiJl BIUIUBY PI3HOMaHITHMX YMHHUKIB. [IpuHIMT 30amaHcOBaHOCTI BUMAarae
TaKOX TUIAHYBAaHHs PECYpCHOTO 3a0e3NeyYeHHs] TOTOBHOCTI 10 IIBUAKOI Ta
aJIeKBaTHOI peakxiii Ha 3MiHM B YMOBaX rOCIOJapPIOBAaHHS.

[IpyHIMD ageKkBaTHOCTI CUCTEMH IUIAaHYBaHHS IIOMO OO'€KTy Ta
YMOB HOTO JIISUTBHOCTI BUXOJHTH 3 TOTO, L0 OCKUIBKH PUHKOBE CEPEOBUIIE
00yMOBJIIO€ TIOCTiHHY MIHJIMBICTH MPOAYKILIi MiJIPHEMCTBA, HOTO BHPOO-
HUYOI Ta OpraHi3aliiHOI CTPYKTYpH, TEXHOJOTIH Ta (akTopiB BupOO-
HUIITBA, OCTIIBKM METOJAW IUIAHYBAaHHS, NOKAa3HWKH Ta PO3IUIN IUIAHIB,
OpraHizamisi caMoro Iporecy iX po3poOKH MOBHHHI IOCTIHHO Ieperisiga-
THCh, & TIPH HEOOXITHOCTI — PO3POOITIOBATUCH Ta 3aCTOCOBYBATUCH MOJIII-
IeHi ab0 MPUHIMIIOBO HOBI METOM Ta MPOLEAYPH TUIAHYBaHHS

Cucmema nnanie nionpuemcmea. Ilpy mnaHyBaHHI HiSTIBHOCTI
MIAPUEMCTBA PO3POOIISIOTh TUIAHH JUISL: PI3HUX MiJPO3ALUTIB MiANPUEMCTBA
Ta 3arajbHUI IUIAH; BCIX BUJIB IisSUTBHOCTI a0O0 IJIBOBI IUIAHH, IO HEPe-
0avaloTh 3aBAaHHS MO SIKOMYChb OJHOMY HamlpsIMKy poOOTH; pIi3HHX Iie-
piofiB Hyacy — JOBro-, CepeiHbO- Ta KOPOTKOCTPOKOBi. KoxHuil BUI miany
Mae cBOi OCOOJIMBOCTI B METO/AX 1 MOPSIKY HOTO PO3POOKH, Pi3Hi MOKa3HUKH.

B yMoBax puHKY 3pocTaioue 3HaYCHHS Ma€ INepelIuiaHoBa Mpo-
poOKka MOXIMBUX BapiaHTIB PO3BUTKY, Hii B MailOyTHROMY 30BHIMIHIX Ta
BHYTPIIIHIX YHHHUKIB, ToOTO [IporHO3yBaHHA. SIK HEOOXITHHWN EIEMEHT
CHUCTeMH IUIaHYBAHHS, IHCTPYMEHT, IO JIO3BOJISIE BU3HAYHUTH (3 IMEBHOIO
HMOBIpHICTIO) MaiOyTHI SKICHI Ta KUTBKICHI YMOBH IisSUTPHOCTI MiATIPH-
€MCTBa, IPOTHO3YBaHHS ITOAUISIETHCS HA IBA HAIIPSIMKH:

— MPOTHO3YBaHHSI 30BHILIHBOT'O CEPEIOBHUINA;

— MPOTHO3YBaHHSI BHYTPIIIHIX YMOB JisJIbHOCTI.

[Mepumit HanpsiM Mae TPIOPUTETHE 3HAUEHHS 1 IOBUHEH BKIIIOYATH
B ceOe IPOrHO3U: HAPOJHOTOCIOIAPCHKHUH, HAYKOBO-TEXHIYHUH, PUHKOBOT
KOH'IOHKTYDH, 1 COLiaJIbHO-TIOJITHYHUIA. [IporHO3yBaHHs BHYTpIILIHIX YMOB
SIBIISIE COOOIO MOCIIZOBHY PO3POOKY €KOHOMIYHOTO, HaYKOBO-TEXHIYHOTO,
COMIaTBHOTO Ta OPraHi3amiifHOTO MPOTHO3IB.

B ymoBax puHKY 3pocTaioue 3HAU€HHsS Mae€ Iepe/IulaHoBa Ipo-
poOKa MOXJIMBHMX BapiaHTIB PO3BHUTKY, Aii B MaiOyTHHOMY 30BHIIIHIX Ta
BHYTPIIIHIX YMHHHUKIB, TOOTO IIporHosyBanns. SIk HeoOXiqHWI eleMEHT
CHUCTEeMH IUIaHYBAHHS, IHCTPYMEHT, IO JI03BOJISIE BU3HAYHUTH (3 MEBHOIO
HMOBIpHICTIO) MaiOyTHI SIKICHI Ta KUIBKICHI YMOBH [isSTBHOCTI MiATIPH-
€MCTBa, TPOTHO3YBAHHS IOJUISETHCS Ha JIBa HAIPSMKH:IIPOTHO3YBaHHS
30BHIITHBOTO CEPEIOBUIIIA,

3aneXHO Bif TPHBAJOCTI IUTAHOBOTO MEpiony IUIAaHYBaHHS MOZi-
JISIEThCSL HA TIEPCTIEKTHBHE 1 IOTOYHE.
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[lepcniekTBHE NIIaHyBaHHS Ha MIANPUEMCTBI OXOIUIIOE JIOBIO-
CTPOKOBE (CTpaTerigHe) i cepeIHBOCTPOKOBE. I3 BpaxyBaHHSIM TOPH30HTY
IUIAaHYBaHHSI NEPCIEKTHBHUM IUIaH pPO3POOJISIETHCS 13 PI3HOIO OTYMIHHIO
neramizaiii. JJOBrOCTpOKOBHIA IJIaH BHPAKa€ MEPEBAXKHO CTPATETIIO PO3-
BUTKY MiJIPHEMCTBA, B HHOMY IPEJCTaBJICHI PILICHHS, IO CTOCYIOTHCS
cdep nisutbHOCTI Ta BUOOPY 11 HANPSIMKIB.

CepeTHbOCTPOKOBHI IUIaH — II¢ OUTBIN JETaNli30BaHHI CTpaTeriy-
HUil TWIaH HAa mepin S PoKM MisNIBHOCTI MifmpueMcTBa. Mexka MixX JOBro-
CTPOKOBHMH 1 CEpPEeAHBOCTPOKOBHMH IUIAHAMH YK€ PO3MHTa 1 HE MOXKE
OyTu BCTaHOBJIEHA OJHO3HAYHO. «J{OBXXHHA» MIAHOBOTO MEPIOLY 3aIEKUThH
BiJl CTYIICHIO BU3HAYEHOCT] YMOB JISUTBHOCTI iIIPHUEMCTBA, HOTO Tary3eBoi
HAJICXKHOCTI, 3araJibHOi €eKOHOMIYHOI CUTYAIlil B KpaiHi, TOCTOBIPHOCTI Tep-
BUHHOT iH(popMallii, sIKocTi 11 aHamiTHYHOT 00pOOKH TOLIO.
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3acTocyBaHHS KapKacHO-MOHOJITHOI CXeMH JOMOOYyIyBaHHS Ja€
MOJKJIMBICTh YPI3HOMAHITHUTH 00’ €MHO-TUIaHYBaJIbHI PillIeHHs OyIWHKIB, a
TaKOX CKOPOTHTHU TEpMiHH iX OyIiBHUITBAa. BpaxoByio4n, 110 IJINTH Iepe-
KPHUTTS € HalOIIbII MaTepiaJIoOMiCTKUM €JIEMEHTOM Kapkacy, TO Ipobiema
3MEHIIECHHS! MacH IEPEKPHUTTS € aKTYaJIbHOIO NMpH OyIiBHHUITBI Cy4acHHX
6araTonoBepXOBHX KAPKACHO-MOHOJITHUX OYAMHKIB.
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3MeHIICHHST BUTPAT OCTOHY B INIMTaX HEPEKPHUTTS CYMPOBOIKY-
€THCS MIIBUILIECHHSM 1e(hOPMATHUBHOCTI MOJETIIEHNX IUTUT, & TaKOX J0JaT-
KOBOIO KOHIIGHTPAII€I0 CTHUCKAIOYUX HANpPYKEHb B MICHAX CHUPAHHS IUIAT
Ha BEPTHKAJbHI €JeMEeHTH. 3a3HaueHa 30Ha CTUKOBOT'O CIIOJNyYEHHS I10-
TpeOye DOAATKOBOTO apMyBaHHS 3 METOIO 3alo0iraHHS MOKIJIHBOTO PYi-
HYBaHHsI BHACITIIOK TipoaBnoBanus [1,2].

PanionanpHuii BUOip TOBIIWHY IUTMTH BHMAara€ INPOBEICHHS YH-
CEeNIBHUX JOCII/DKEHb 3 METOI0 BH3HAUEHHS 3a3HaYCHUX OCOOJIMBOCTEH po-
00T HT i IX BIUIMBY Ha poOOTy Kapkacy B miiomy. Lle cmpmsie Bmoc-
KOHAJIEHHIO KOHCTPYKTUBHHMX CHCTEM CYYacHHX 0araToroBepXOBUX Oyni-
Bellb, 10 BiAmoBizaroTh Bumoram airounx JIBH [3], a Takox popmyBaHHO
0a3u 4MCENbHOT0 MOJICTIOBAHHS Ha IUIAXY TapMOHI3allii MDKHApOIHHX i
HAIlIOHANBHUX CTAHIAPTIB YKpainu [4].

3HWKEHHsT Macu OyIiBedb LUISIXOM 3MEHIICHHS MaTepialoMiCT-
KOCTI HEPEKPHUTTS BUPILIYETHCS 33 paXyHOK BU3HAUCHHS HOTO ONTHMAJIBHOT
TOBILIMHY Il KOHKPETHUX NPOEKTHUX pillleHb. B Ha3eMHHUX KOHCTPYKLISNX
TakuxX OyHiBelb CIPUHHATTS Ta TEPEPO3MOALT BEPTUKAIBHHAX 1 TOPHU30H-
TIPHUX HABaHTAKEHb 3MIMCHIOETHCS IUIMTAMHM HEPEKPHUTTS, IO YKOPCTKO
3’€THaHI 3 BEPTUKAILHIMH HECYYNMH KOHCTPYKIIsAMH. Po3paxyHok 3a3Ha-
YEHOTO BY3JIOBOIO 3’€qHAHHS 3AIWCHIOITh 3 ypaxXyBaHHSM MOXKIHBOI'O
KOHTYPY KPHUTHYHOTO IIepepi3y 3 METOI0 BH3HAUEHHS OJATKOBOTO apMy-
BaHHS sl 3a0€3TIeUeHHs HeCydoi 3MaTHOCTI Ha POoJaBitoBanHs [1].

KoHCTpyKTHBHI pilIeHHS apMyBaHHS ONOPHUX 30H IUINT Tiepe-
KPHUTTS 3 BUKOPUCTaHHSIM BEPTHKAJIbHOI 1 MOXMIIOI MONEepeyHol apMarypH
HaBeJeHi Ha puc. 1.
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Puc. 1. ApMmyBaHHsI By3JI0BOI'0 3’€HAHHS «IJIUTA—KOJIOHA»
NONEePEYHOI0 APMATYPOIO: @) BEPTHKAJIBHOIO; 0) NOXHJIOK
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ApMyBaHHS ONOPHHUX 30H IUTUT MEPEKPUTTS 3 BUKOPHCTAHHIM
YKOPCTKOT apMaTypy HaBe/IeHO Ha puc. 2.

e

= \[ \\

Puc. 2. ApmyBaHHS BY3JIOBOTO 3’ €THAHHS «IJIHTa—KOJIOHA»
7KOPCTKOI0 ApMATYPOI0 IBEJIepaMu:
@) B3[10B:K KOHTYPY KOJIOHH; §) 3 BHKOPHCTAHHSIM CTiHKH

IIpy BUKOPHMCTAaHHI JKOPCTKOI apMaTypu SIK «PO3MOALILYOD» CHC-
TEMH B 30HI CTUKY MOJIMBE BUKOPHUCTAHHS CIIEIIalbHOT 3aKIaIHOI neTai
Y BUTJISIII 3BAPEHUX MK COOOKO CTajieBuX mmBenepiB (puc. 3).

Puc. 3. CnenianpHa 3aKjiaiHa AeTajlb
BY3JIOBOTO 3’ €IHAHHS «IUIHTa—KOJIOHA»:
a) 3arajJibHUi BUIJISA; §) Miclie BCTAHOBJIEHHSI 3MOHTOBAHOI JieTaJli
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MeTor0 NpOBENCHUX YHCENBbHUX MOCTIDKEHb 3 BUKOPHUCTAHHIM
ITIK SCAD Soft 21 e Bu3HaueHHsS] ONTHMAIbHOI KOHCTPYKIIii TUTHTH mepe-
KPHTTS, a TAKOXK PALliOHATEHOTO apMyBaHHS CTUKOBOTO 3’€IHAHHS «IIINTA —
KOJIOHa», IIO BiJIOBiNAIOTh EKCIUIyaTallliHUM BUMOTaM i HE CIIPHSIOTH
TEXHOJIOTIYHUM YCKJIaTHEHHSM.

JlocnipkeHHsIM TiAaBaIMCh PO3PaxXyHKOBI MOJET 3 IUIMTaMH
nepekputTs ToBmuHOI 200 Ta 250 MM, IO JO3BOJIIO MPOBECTH aHANI3
Harnpy>XeHo-/1e()OPMOBaHOT0 CTaHy AOCIITHUX KOHCTPYKIIIH.

[NopiBHsANBEHUI aHANMI3 MapaMeTpiB X poOOTH CBIAYUTH, IO BIAII-
TYBaHHS MEPEKPUTTS TOBIIMHOK 200 MM mo3Boiisie 3aomiamutu 10 20,0 %
BHTpaT OETOHY B MOPIBHIHHI 3 0a30BHM BapiaHTOM 250 MM.

Bennunna nporuny miut toBumHow 200 MM 1 250 MM He nepe-
BHIIy€ nomyctuMy BenuuuHy 46,7 mm (L/150), mo permamenroBana JIBH
[5]. TopusoHTanbHi nepeMinieHHs Kapkacy Oynisii BimHocHo ocedt X i Y
CTaHOBJIATH BiAMOBIIHO 68,8 MM 1 89,7 MM s mmut ToBIMHOIO 250 MM Ta
200 mMM. 3a3HayeHi MepeMillleHHsI TOJIETIICHUX IUIUT HE MEePEeBHILYIOTH iX
nonycrumy Bennuuny (H/500) Bimnosiano go Bumor girounx JIBH [5].

Jiarpama nopiBHSIHHS pO3PaXyHKOBHX ITOKa3HUKIB POOOTH JOCHi-
HUX IUTAT IEPEKPUTTS HaBeACHa Ha puc. 4.

e Mnolwa nonepeyHoro apmyBaHHs, cmM2
(9] HaBaHTaKeHHA Ha NinoH, T
© MepemilienHs Kapkacy byaisnino oci Y
~ MepemiweHHn kapkacy byaisni no oci X
© MepemiwieHHn Kapkacy byaisnino oci Z
1 BigHOCHMI NPOrUH NAKTIA NEPEKPUTTA, MM
<+ 3ruHansHui MomeHT My, kH
M 3ruHanbHUIA MoMeHT Mx, kH

o~ BnacHa gara, T

Ll BuTpati BeTony, m3

Puc. 4. liarpama nopiBHsIHHS PO3PaXyHKOBHX IMOKA3HUKIB
AOCTiTHUX IUINT MEPEKPUTTS

[IpoBeneHi YucenbHI AOCHTIIPKEHHS CBiqYaTh MPO MOXJIMBE 3HH-
xenHs 10 20,0 % wMaTepiaqoMiCTKOCTI MEpeKpHUTTIB 0araTOMOBEPXOBHX
KapKaCHO-MOHOJITHUX OYIWHKIB. 3a pe3yJibTaTaMH BHKOHAHUX PO3pPaXyH-
KiB BCTAHOBJIEHO, IO 3MEHIIEHHS TOBIIMHMU IUIUTH 70 50,0 MM He BIUIH-
HYJIO Ha eKCIUTyaTallilHi SKOCTI HepeKpUTTs OyNiBii, BUKIIOUMBIIM MOX-
JIUBICTH PYHHYBaHHSI [TOJICTIIICHOT IIMTH BHACIIIOK POIABIIOBAHHS.
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OTtpumaHi pe3yibTaTH YUCENBHUX JOCTIIKEHb € IMiJCTaBOIO I
BJIOCKOHAJICHHSI CYYacHHX PO3paxyHKOBUX Mojienei OyaiBeib 1 HaJaloTh
JOJATKOBI BiTOMOCTi IS KOPUTYBaHHS IHCTPYMEHTIB YHCEIBHOTO MOJE-
moBaHHS. Bu3HaueHHs pecypcy e€KOHOMIi MarepiajiiB NpHU BIAIITYBaHHI
TIEPEKPHUTTS (IUB. pUC. 4) A€ MiICTABH PEKOMEHIYBATH TOJIETIICH] IUTUTH B
MIPaKTHKY KapKacHO-MOHOJIITHOTO IOMOOY/TyBaHH:.

Jlitepatypa

1. Adanaceena JI. B., Mockanenko M. B. [locmimkeHHs edeKTHB-
HOCTI MOHOJITHUX IUTUT IIEPEKPUTh 0araTOrOBEPXOBHUX KapKacHUX OyIHMH-
kiB. byniBenpHi koHCTpykmii. Teopis i mpaktuka : 30. Hayk. mp. Kuis,
KHVYBA, 2023. Bun. 12. C. 139-148.

2. Adanaceepa JI. B. Illogo npoaaBmoBaHHs TUIOCKHX IUIMT Tepe-
KPUTTS KapKacHO-MOHOJITHUX OyauHkiB. 30ipHUK mpais XVII MixHa-
pomHOi HaykoBoi koH(pepenmii «Hayka Ta ocBitay, M. Xaiimycoboco,
VYropuuna, 2023. C. 80-83.

3. IBH B.2.6-98:2009. KoucTpykmii OynuHKiB i copyn. betonHi
Ta 3a1i300€TOHHI KOHCTPYKIi1. OCHOBHI ITOJIOXKEHHS MTPOCKTyBaHHs. — MiH-
perionOyn Ykpainu. Kuis, 2011. — 71c. [ Yuanawii 3 01.06.2011].

4. Adanaceesa JI. B., Kynuk T. P. ['apmoHi3aiiist Mi>KHApOTHUX 1
HAIlIOHAIFHUX CTAHIAPTIB SIK MEXaHi3M TEXHIYHOTO pEryJIOBaHHSI Oymi-
BeNbHOI ray3i Ykpainu. 36ipHuk npaups X1V MixHapoaHOT HayKOBOI KOH-
¢epentii «Hayxka i ociTa». Yropmuaa, Xanaycobocio, 2020. C. 3—7.

5. IBH B.1.2-14:2018. 3araneHi npuHiunu 3a0e3neueHHs HaIiii-
HOCTI Ta KOHCTPYKTHBHOI Oe3rneku OymiBenb Ta cnopya. — MiHperioHOyn
Vkpainu. Kuis, 2018. — 30 c. [Uunnwnii 3 01.01.2019].

OB’€EMHO-TIJIAHYBAJIBHI TA KOHCTPYKTHUBHI PIINEHHSA
3AXUCHHUX CITIOPYJ HUBIJIBHOT' O 3AXUCTY HACEJIEHHS

Temyn I'. B, Banina O. 12, Besxnybenxo I. C.3, Fomsinoscvka C. 1.4, Conomin A. B.5
“Ruiscoxuii nayionanvuuii ynisepcumem 6yoienuymea i apximexmypu
03680, Kuis, Ilosimpogromcokuii np.-m, 31
Su. Kuis, HTY Yxpainu «KIII im. I.Cikopcbkozo»

E-mail: ‘galinagetun@ukr.net, %elena.i.balina@gmail.com
%i.bezklubenko@gmail.com, * botvinovska@ua.fm, 5 a.solomin@kpi.ua

29 munas 2022 poxy B YKpaiHi BBefieHO y nifo 3akoH Ne 2486-IX
«IIpo BHeceHHS 3MiH 1O JESKHX 3aKOHOJABYMX aKTiB YKpaiHM MI0/10
3a0e3neueHHss BUMOT IIMBUTFHOTO 3aXUCTY MiJ 9ac IUIaHyBaHH: Ta 3a0yI0BU

55


https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=IzOvv4kAAAAJ&citation_for_view=IzOvv4kAAAAJ:W5xh706n7nkC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=IzOvv4kAAAAJ&citation_for_view=IzOvv4kAAAAJ:W5xh706n7nkC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=IzOvv4kAAAAJ&citation_for_view=IzOvv4kAAAAJ:W5xh706n7nkC
mailto:galinagetun@ukr.net
mailto:elena.i.balina@gmail.com
mailto:i.bezklubenko@gmail.com
mailto:botvinovska@ua.fm
mailto:a.solomin@kpi.ua

Cekuis bydisHuuymea i apximekmypu

TepUTOPii», SKWH BUMarae Biag 3a0yMOBHHUKIB TMPOEKTYBaHHS Ta OymiB-
HUITBO 3aXUCHUX CHOPY/ LMBLUIEHOTO 3aXHCTY HaceJeHHs abo cropyn mo-
IBIHHOTO TPU3HAYEHHS 7151 00’ €KTiB OYIiBHUIITBA, SIKi 32 KJIACOM HACIiIKIB
(BimmoBimanbHOCTI) Hanlexath N0 00’ekTiB i3 cepemnimu (CC2) Ta 3Ha4-
aumu (CC3) HacmigkaMu, Ha SKUX TIOCTiHHO mepedyBatoTh moHaxa 50 ¢iznd-
HUX 0ci0 abo mepionuuHo nepedyBaroTs nonax 100 ¢izoci6 [4, 6, 9, 12].

3axucHI iHKEHEpHI CIOPYIW IHBUIFHOTO TMPH3HAYCHHS U 3a-
XHCTy HACeJEHHS BiJ BIUIMBY HEOE3IEYHWX YMHHUKIB Ta Iii 3aco0iB ypa-
JKCHHS, SKi BUHUKAIOTh BHACIIJOK HAJ3BHYAHHHUX CHUTYaIlill, BOEHHUX il
a00 TEpOPUCTHYHUX aKTiB, IPOEKTYIOTHCS 3 BpaXyBaHHIM BUMOT TI0XKEXKHOT
Ta TeXHOTreHHOi Oe3neku [1, 7, 8]. YKpUTTS MOBUHHI 3aXHINATH JTHOICH Bil
MOTpaIuIsiHESL  OoenpunaciB (paker, CHapsiiB, MIHOMETHHUX Kylb TOILO),
BIUIMBIB BUOYXOBHX TOBITPSIHUX XBWJIb, PO3MOBCIO/DKEHHS MOXKEK, XiMid-
HHUX PEYOBHH i panianii. HaliBaxIuBilIuM (akTopoM MPOEKTYBAHHS 3aXHC-
HUX CIOPYX € iX pallioHaJbHE PO3MIIICHHS B CTPYKTYpi OYyIiBii, IO MMO-
TpeOye 3JIaroHKeHOT poOOTH apXiTEKTOPIiB Ta IHXKEHEPIB KOHCTPYKTOPIB.
JlocBin pyiHYBaHHS >KUTJIOBOI, ITUBIIHHOI, MPOMKCIIOBOI Ta TPAHCTIOPTHOL
iHGPACTPYKTYpH Ta 00’ €KTIB KUTTE3a0E3MMCUCHHS HACEJICHHS B PE3yibTaTi
pociiicbkoi arpecii mpotu YKpaiHu CBITYHTD, IO 3aXUCHI CIIOPYAM ITUBIIH-
HOTO 3aXWCTy HAaCEJICHHs HalpamioHaJbHIIIe pO3MIITYyBAaTH B MiJBAIBHUX 1
IOKOJIBHUAX TOBepXax OymiBesb 1 crnopyd. JIOCBiOM MiATBEPIXKCHO, IO
YKPHUTTS JIIOJIeil B 3aXMCHUX CIOpyJax 3a0e3neuye e(eKTHBHE 3HMKEHHS
CTYINEHIO YPaKCHHs Ta 30epirae >KUTTS 1 370pOB’S JIIOJCH Bil HaI3BH-
yalHUX cutyauiii [2, 3, 5].

ITpoekTyBaHHs 1 OyAIBHHIITBO OKPEMO PO3TAIIOBAHMX 3aXUCHHUX
CIIOPY/ 3arJHOJICHUX 1 PO3TAIIOBAHMX 13 3arJIMOJCHHSM IMiUIOTH MEHIIE
1500 MM Bin TIaHyBaJBHOI TOBEPXHI 3e€MIIi JIOMYCKAETHCS, SKIIO HEMae
MOJKJIMBOCTI TPOEKTYBATH BOYIOBaHI CXOBHIIA, 200 00’€KT PO3TAIIIOBYETHCS Y
CKJIaJTHUX TiJPOTEOJIOTIYHNX YMOBaX 3a BIAMOBIIHOTO OOTPYHTYBaHHS.

Ha erami po3po0ku 00’€MHO-IDIaHYBAIBFHOTO PIlICHHS OYAiBII, TIPH-
3HAYAIOTH 11 OCHOBHI TabapyTHI PO3MIpH, PAIiOHATBHO PO3MIIIYIOTh YKPHUTTS B
00’eMi Oy[IiBIi, BUKPECIIOIOTH TUIAHU 1 PO3Pi3H, Y3rOMKYIOTh 3 IH)KEHEPOM-
KOHCTPYKTOPOM KOHCTPYKTHBHY CHCTEMY 1 cxemy OyniBii, BUOHPAIOTh pa-
L[iOHAJIBHI MaTepiadl OCHOBHUX HECYUYHX i OTOPOKYBATHHUX KOHCTPYKIIiH
OymiBIli Ta YKPHUTTS, MPU3HAYAIOTH iX OPI€HTOBHI pO3MipH, 30MpaiOTh Ha-
BaHTA)KEHHS Ta BIUIMBH 1 BUKOHYIOTb ITOJIANIBII CTATHYHI Ta KOHCTPYKTHBHI
po3paxyHku. HaxmiifHicTh 30€pekeHHs KUTTS JIOAEH B 3aXWCHIN cropymi
LUBUILHOTO 3aXUCTY HAaCEJIEHHs y Mepily 4epry 3a0e3nedyeThesi MIiIHICTIO
HECYYHX 1 OrOpO/DKYBaIbHUX KOHCTPYKIIH, a TakoX CTBOPEHHSIM ONTH-
MaJIbHUX CaHITApHO-TEXHIYHMX YMOB JUII HOPMAJIBHOI KHUTTEMISIBHOCTI
YKPUTHUX B HHUX JIFOAEU TIpoTsroM aBox mib [1, 5, 11].
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OcHOBHI HecydYi KOHCTPYKIII 3aXWCHHX CIOPYJ IMBIJIHHOIO 3a-
XUCTY TOBUHHI BUTPHMYBATH BCi BHJIM CTaTHYHUX 1 JMHAMIYHUX HaBaH-
Ta)XCHb 1 BIUIMBIB BiJl MOXJIUBUX BHOYXIB 1 neToHarlil. HaBaHTa)XeHHS Bif
BUOYXiB MOJKHa JESKUM YMHOM MOPIBHIOBATH 3 HABaHTKEHHSIMH, SIKi
BUHMKAIOTh B pe3yJbTaTi MPUPOAHUX HAJA3BUYAHHHX SBUILL, a caMme: 3eMiIe-
TPYCIiB, €KCTPEMAIbHUX HaBaHTa)KEHb Bil BITPY (yparaHiB 3 TPUBAJIUM Ie-
piogom vacy abo TOpHAJ0 Mayoi TPUBAJIOCTi). XapaKTEpPHOIO OCOOIMBICTIO
TaKUX HAaBaHTAXKCHb 1 BIUIMBIB Ha KOHCTPYKINI OyIiBIl € MOMiHYBaHHS
TOPH30HTAIBHOI CKIIa0BOT HABaHTaKCHHSI HaJl BepTHKaIbHOW [3, 7, 8, 13].

3aBuacHe HAKONMMYEHHS (OHIY 3aXHCHHUX CIOPYA B YKpaiHi BUpIi-
mIyeTbess Ha mifgcTaBi OyniBemsHUX HOopM JIBH B.2.2.5-97 «3axucHi crmo-
pyau muBLUTEHOT 000poHmM» [10] 1 mpaBMI 3 ypaxyBaHHSAM PO3BHTKY 3aC00iB
YpakeHHsI Ta eKOHOMIUYHHX MOXIIUBOCTEH nepxkasu [1, 13-15].

CXOBHIIEe CKIIAA€THCS 3 OCHOBHUX 1 TOMOMDKHUX MpuMimieHs [4].

J10 OCHOBHUX MPUMILIEHb BiTHOCSTHCS: TPUMILICHHS IS YKPHTTSI
JIO/Ieil; MEANYHUI MyHKT; MYHKT yHpasiiHHs. J[0 TOMOMDKHUX NPUMILIEHb
BiTHOCATBCA: PimbTpoBeHTHILINMHI npuMimenHs (PBIT); npuMitieHHs mig
nusenbHi enektpoctaniii (JIEC); caniTapHi By3/d; €lIEKTPOIIMTOBA; aBa-
piiiHMI BUXIiN; NpUMILIEHHs Uil 30epiraHHs MPOMYKTIB XapuyBaHHS; TaM-
Oypu 1 TaMOyp nwTr03H Ta iHMII (puc. 1).

Ilpuminiennn 0cHo6H020 NPU3HAYUEHHA

1. TIpumimeHHst A8 YKPUTTS JIIO/Eil 32 JABOIIOBEPXOBOTO PO3Mi-
IEHHS JIABOK IUIAHYEThCS 3 po3paxyHKy 0,5 M2 IUIONIi MiUIOTH i HE MEHIIE
1,5 M® BHYTpilIHBEOrO 06’ €My Ha OJHY JIIOAUHY (32 TPUIOBEPXOBOIO PO3Mi-
wenns — 0,4 M?). [Ipu BU3HAUEHH] 06’ €My Ha OJHY JIOJMHY BPaXOBYEThCS
00’eM BCIX NMpUMIILIEHb, K OCHOBHOTO, TaK i JIOMOMDKHOTO IPU3HAYSHHS Y
30HI repmeTu3aitii, 3a BuHATKOM JIEC, TaMOypIiB 1 pO3IIMPIOBAIILHIX Kamep.
JIBOIIOBEPXOBI JIABKH CTABJIATH B CXOBHIIAX 3@ BUCOTH MPUMIIIEHb 2,2—2,9 M.
TpunoBepxoBi JaBKK PO3MILIYIOTh B CXOBHUIAX BUCOTOI MPUMILIEHb MO-
Haa 2,9 M. Bucora mpuMIIeHb CXOBHIA MOBHHHA BIAMOBIAATH BHMOIaM
BHKOPHCTAHHSA B MUPHHI 4Yac 1 MpUHAMAEThCS HE MeHIe 2,2 M 1 He Oibiie
3,5 M BiJ HiIJIOTH 10 HU3Y BHCTYMAIOYNX KOHCTPYKILIN MepeKpuTTs. Micus
qurs cuaiaas 450 x 450 MM Ha OJIHY JIFOTUHY, IUIst JieskaHHS 550 x 1800 mwm.
npunaa npoxomy MiX JaBKaMH JUIsl CUAIHHS 1 JIS)KaHHS NMOBHUHHA OyTH
700-850 MM, a mmpuHa OocHOBHOrO mpoxoxy B cxosumii 900-1200 mm.
Bucora maBok mis cunminHsg 450 MM, a MICIb JUIA JIGKAHHS Ha JIPYroMYy
noBepci 1450 MM, Ha TpeThomy moBepci — 2150 MM Bix migmoru. Biacranb
BiJl BEpXHBOTO MOBEPXY A0 MepeKputTs He MeHme 750 mm. KinpkicTs Micub
JUTS JIe)KaHHs. TOBUHHO nopiBHIoOBaTH: 20 % Bim MicTKOCTi criopyaud 3a
JIBOAPYCHOTO po3TtarryBaHHA Hap; 30 % Big MICTKOCTI CIOpYAX 33 TPHOX-
SIPYCHOTO PO3TallyBaHHs Hap.
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Puc. 1. O6’emHo-/IaHyBaJIbHE PillICHHS 3AXUCHOI CIOPY/IU:
1 — npuMmileHHs 1151 YKPUTTS JIIO/Ieii; 2 — MyHKT yNPaBJIiHHS;
3 — Menu4HHUii NyHKT; 4 — pinbTpoBeHTUIsANLIITHA Kamepa (DBII);
5 — mpumimenns au3ensnoi exexrpocrannii (IEC); 6 — canitapni By3.n;
7 — mpumimenns as1 [IMM i erekTpomnToBa;
8 — mpumilleHHs 1151 POIOBOJILCTBA; 9 — BXiA 3 TAMOYpoOM;
10 — aBapiiinmii BuXix 3 Taméypom

2. ITyHKT ynpaBiliHHSI PO3MIIYETHCS B OHOMY 13 CXOBHII] 00’ €KTA.
3a HasBHOCTI HaWOUIbMIOI poO6ouoi 3MiHK (Outbie 500 You.) BUILISETHCS
OKpeMa KiMHATa 3 po3paxyHKy 2 M? Ha KOKHOTO IIPaIFOr04O0ro B Hild.

3. MeanyHKT 00nagHyeThes B cxoBuUmax Mictkictio 900-1200 you.
momero npumimtenns 9 M2, Ha xosxui HacTynni 100 goi. nonaza 1200 goi.
Ioma 30UTbIyeThes Ha | M2, Ha koxui 500 your. nepeadavYeHo CAaHTOCTH
wiomero 2 M2 (He MeHIue | MocTa Ha CXOBHIIE).

Ilpumingenns 00nomisxncHo20 npusHauenns

1. Bxoou i éuxoou. KinpkicTh BXOMIB Y 3aXHCHY CHOPYAY OBUHHA
Oyrn He MeHIIE ABOX. Y BOYJOBaHMX CXOBHINAX, KpiM I[OTO, TTOBHHEH
OyTu 1mie W aBapilHUil BuXiZ. Y BEIMKHX CXOBHINAX KUIBKICTH BXOJIIB
BH3HAYAETHCS MIMPHHOIO JIBEPHOTO MPOPI3y: 3a MHPHHHU mpopizy 800 MM —
onuH Bxig Ha 200 doi., 3a mmpuHU mpopizy 1200 MM — oamH BXiA Ha
300 gos1. Bxoau po3MiIIyrOThCs Ha MPOTHIICKHUX OOKaX 3aXHUCHUX CIIOPYI 1
00MaAHYIOTECS TaMOypaMmHu, sKi 3a0e3MedyroTh 3aXUCT BijJ TMOMaJaHHS B
CXOBHIIE PAJiOaKTUBHUX 1 OTPYHHUX PEYOBHH. 30BHIIIHI 1BEpi B TaMOypax
MOBUHHI OYTH 3aXHMCHO-T€PMETHYHHMH IPOTHIIOXKEKHUMH, BHYTPIIIHI —
TLTBKH TepMETHYHUMU.

2. Tamo6yp-wnr03 — NpU3HAYCHUH JUIS IPOITYCKY JIFOACH B YKPHUTTS
icas KOMaHIU «3aKpUTH 3aXHCHI CHOpYIW», 0e3 MOPYIIEHHS 3aXMCHHUX
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BJIACTUBOCTEH 1 TEPMETHYHOCTI CXOBHUII. B 3aXHCHUX CIIOpyAax MiCTKiCTIO
300-600 gom. 6iyst BXOAIB 001aAHYIOTh OJJHOKaMepHi TaMOyp-IIITIo3u (puc. 2),
a 3a mictkocti moHa 600 you. — qBokamepHi. [11o1a kamMmepy 3aeKUTh Bij
IIMPMHU BXOAy. 3a mMpuHHM BXxoay 800 MM moma kamepu 8 M2 a 3a
mmpuad Bxoay 1200 mm — 10 M2, Illupuna TamOyp-uLTI03y IOBUHHA OYTH
He Menmie 2200 mm. JIBepi TamOyp-IUTI03y 3aXHCHO-TEPMETHYHI, BiIKpH-
BalOThCS HA30BHI (3a HamNpsIMKOM eBakyauii jroxeit). TamOyp-numo3 —
00’€MHO-TUIAaHYBaJIbHUH €IeMEHT OyaiBii, BIIOKpEMJICHUH Bl IHIIMX NpH-
MIIIEHb NMPOTHIIOKEKHUMH MTEPEUTKOJaMH 1 PO3TaIlIOBaHUH Oe3rmocepeHbO
B MICIISIX BXOXY (BUXOAY) 3 MPHMIIICHHS, CXOIOBO1 KIIITKH, JTi()TOBOT MIAXTH.
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Puc. 2. Cxemu BJIAIITYBAHHS OJJHOKAMEPHHUX TaMOYp-LLTI03iB:
a) JIs po3ijieHHs MPUMIleHb MOXKeK0- i BHOYXOMO0KeKHIMX BUPOOHUIITB;
0—6) 1151 3aXMCTY JIBEPHOIO MPOPIi3y B MPOTHNOXKeXKHiil cTiHi 1-ro THmy;
2) 6iJis BXOy 10 CX0/I0BOI KJIITKH; 0) Gijisi BXOAY /10 JidrTa;

A, B, B, I', 1 — kareropii npumilieHb 32 BUOOXOIOKEKHOIO i M0KeKHOI0 HeDe3NeK0I0;
1 — TamMOyp-1LJ1103; 2 — MPOTUIO:KEKHA CTiHa 1- i 2-ro THMIB,
MPOTHUIOKE:KHA Meperopoaka 1-ro Tumy; 3 — MPOTHIIOXKEKHA cTiHAa 1-T0 THITY;
4 — npoTUMNOKeKHi ABepi 2-T0 THIY; 5 — NPOTHUIIOKeKH] ABepi 1-ro THITY;

6 — nepeB’siHi ABepi 6€3 MOPOKHUH TOBIIUHOI MoHAT 40 MM;

7 — nBepi 3 HeropOYNX MaTepiatiB; 8 — MPOTUNOKEKHI MePeropoaKu 1-ro THILy;
9 — NPOTUMNOKEKHI BiKHA 2-T0 THILY
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3. Aeapitinuii 6uxio OynyrOTh y BHTJISAAI TYHENIO 3 BHYTPIIIHIM
po3pizom He Menme 900 x 1300 mM. ABapiliHWIT BUXiJ TOBUHEH BUXOIUTH
Ha TEPUTOPIIO, SIKa HE 3aBAJIFOETHCS, Yepe3 BEPTHKAIbHY IIAXTY, 10 3aKiH-
YyeThCSI OTOJIOBKOM. BuXiN y TyHedb 13 30BHIIIHBOIO Ta BHYTPIIIHBOTO
OOKIB CXOBHIIIA 3aKPUBAIOTh 3aXUCHUMH T'€PMETHYHUMH cTaBHAMU. Oroso-
BOK aBapiiiHOr0 BUXOJY NOBHHEH OYyTH BiJJlalieHHH BiJ OTOUYIOUHMX Oyni-
BeNb 1 CHOpYA Ha BiACTaHi, sIKa CKJIAQJa€ HE MEHIIE IOJOBHHU BHCOTH
HaMOIK901 Oy IiBIi a00 CIIOPYAU «ILTIOCH 3 M.

4. Canegy3nu po3TalioBYIOTECS B 130JIbOBAHUX MpHUMiMIeHHX. Hopma:
1 yrita3 i 1 micyap Ha 150 MmyxunH, 1 yHiTa3 — Ha 75 XiHOK, | yMUBaJIbHUK —
Ha 200 vour.

5. lIpumiwgenns ona /JEC po3mimyeTscs 011 30BHIIIHBOT CTIHKH,
Bi[ILJICHO BiJ] iHITWX MPHUMIIICHb MPOTHIIOKEKHOIO MEPEIKOIOI0 — CTIHOIO
tumy 1 3 MiHIManbpHOIO Mekero BorHecTiikocTi REI 150 xB. [7, 8 13]. Bxin
B JIEC i3 cxoBuma o0nagHyeThcss TAMOYPOM 1 IBOMa TepMETUYHUMU JIBE-
pHMa, SIKi BIIKpHBAIOTHCS B CTOPOHY CXOBHIIA.

6. IHpumiugenna ona npodykmie miomero 5 M? 06IagHy€eTbCs IPH
KUTBKOCTI JIFOJICH, 1[0 YKPUBAIOThCs, a0 150 9oi. 1 HAa KOXHI HACTYIHI
100 yon. 36inbIyeThCs HA 3 M2,

7. [Ipuminienna 0na GeHMUNAUIHHO20 00NAOHAHHA, PO3MIpU
SIKOTO BU3HAYAIOTHCS rabapuTaMu o0JiaHaHHS.

3axucHi cropyan oOJIafHYIOThCS CHCTEMaMH XKUTT€3a0€3IIeUeHHS
(ToBiTpOIIOCTaYaHHS, BOJOIIOCTAYaHHs, BOIOBIIBEJICHHS, KaHAaMi3aIlii, oma-
JICHHSI, €JIEKTPOIIOCTavaHHs Ta 3B’ A3KY) [UIs 3a0€3MeUEeHHs TPUBAJIOTO Tepe-
OyBaHHS Jro/eH (MiHIMATBHUHN TepMiH 2 100W. Y 3axHCHIN cropyai MaroTh
OyTH MO3UMETPUYHI Ta XiIMi4HI NPHIIAJX PO3BIJIKH, 3aCO0M 1HMBITyallb-
HOTO 3aXHUCTy, 3aCO0M TraciHHS IOXKEX, aBapiiHUW 3amac IHCTPYMEHTIB,
3aco0u aBapiiHOTO OCBITIIEHHSI, 3a11ac MEJMYHHUX 3aC00IB, MPOAYKTIB 1 BOAM.

KoHcTpykilii MPUMILIEHD IIMBIILHOTO 3aXHCTY HACEJICHHS, PO3Mi-
LIEHI B MiI3MHUX MOBEepxax BUOYXOCTiHKOI OYAiBIIi, TOBUHHI YHHUTH OIIip
JIOIaATKOBUM HaBaHTA)XKEHHSM 1 BIUIMBAaM, sIKIi MOXKYTh BHHUKHYTH IIiJl 4ac
eKCTpeMaJIbHUX YMOB €KcIulyaramii. BOHM MOBHHHI BHTpUMYBaTH, KpiMm
OCHOBHHMX HAaBaHTaXCHb 1 BIUIMBIB, €Mi30AWYHI HABaHTa)XEHHS, JO SKHX
HaJIe)KaTh BHOYXOBI BIUIMBH Ta Bara OyIiBEJIBHOTO CMITTS BiJl MOIIKO-
JDKCHUX KOHCTPYKIiH, a TaKOX YMHHUTH OIp PO3IOBCIOJUKEHHIO BOTHIO.
Haiikpamie Taki HaBaHTaXXEHHs 1 BIUIMBM OyqyTh BUTPHMYBAaTH KapKacHi
OyniBii 3 MOHOJITHUMH 3a]1i300€TOHHUMH PEOPHUCTHMH NEPEKPUTTIMHU 3
TOJIOBHUMH 1 JPYTOPATHUMH OankaMu abo 3 MepexpecHO PO3TallOBaHWMU
OanKkamH, SKi )KOPCTKO 3aKPiIICH] A0 BEPTUKATBHAX HECYUMX KOHCTPYKIIIH
(KOJIOH, MIJIOHIB, CTiH).

BepTukanpHi Ta TOPH30HTANBHI HECydi KOHCTPYKIIi IMTiI3eMHHUX
MTOBEpXiB BHOYXOCTiIHKOI Oy/IiBIi MOBHHHI CIIpHAMAaTH i BUTPHMYBATH BCi
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HaBaHTAXXCHHS 1 BIUIMBH, PALiOHATIHHO iX MEPEpO3MOLUIATH Ta 3a0e3medy-
BaTH Oe3mepepBHY i HAAIWHY mepenady Ha GpyHmamentn [1, 5, 6].
BucnoBku. TakuM 4HMHOM, JUIS 3aXHCTYy HACENICHHS BijJ BIUIUBY
HeOe3MeYHNX YHMHHMKIB Ta [ii 3ac00iB ypakeHHs, SIKI BHHHKAIOTh BHa-
CHIZIOK HaJ3BUYAMHUX CHTyallil, BOEHHUX il a00 TEpOPHCTHYHHMX aKTiB
HEOoOXIiTHO MPOEKTYBATH BUOYXOCTIHKI OyaiBii 3 BOynoBaHMMHU OGOMOOCXO0-
BHIIIAMU T4 KOHCTPYKIISIMH 3 MOHOJIITHOTO 3aJli300€TOHY, SKi 3aTHI 4H-
HUTHU OIip BUOYXOBMM BIUIMBaM 0e€3 IPOrPECYIOHYOro KOJArcy Ta MHOSBH
KacKaJgHOI MOCITiIOBHOCTI TOIIKOMKEHb CYMIKHHX KOHCTPYKIiH. MoHO-
JMTHAN 3a)1i300€TOH Ma€ BENUKY Macy, IO IMOKpamrye Horo iHepIiifHwmit
omip. s 3amiz00eTOHHUX KOHCTPYKILIA XapakTepHa IPOIOpIliifHa Iuiac-
TUYHICTB, IKY MOKHA PETYIIIOBATH 3MiHOI0 KOe(]ili€eHTY apMyBaHHS.

Jlitrepatypa

1. Koncrpykuii Oyaisens 1 cnopyn. Ku. 2. Hexuriosi Oynisimi :
HiIpyYHUK Juisd BUIUX Haedy. 3aki. / Ietyn I'. B., Kynikos I1. M., Ilnoc-
kuii B. O., Yepnumes [I. O. — Kam’suerp-Iloainsebkuit : Bug-Bo «Pyrtay.
2023 p. — 900 c.: in.

2. TndysiiiHi mpomecu 3 HaKONMUYyBATbHUMH XapaKTEPHCTHKAMHU
npu excruryatarii Oyzxisens / ['etyn I'. B., bynenko O. I1., bamina O. 1., Ta
in. // Omip marepiaiiB i Teopis cnopyn : Hayk.-TexH 30. — KuiB : KHYBA,
2019. — Ne 102. — C. 243-252.

3. Getun G. V., Balina O. I., Butsenko Y. P., Labzhynsky V. A,,
Bezklubenko 1. S., Solomin A. V. Situation forecasting and decision-making
optimization based on using markov finite chains for areas with industrial
polutions // Onip MaTepiaiiB Ta Teopisi CopyA : Hayk.-TexH. 30. — KuiB :
KHVYBA, 2020. — Bun. 104. — C. 164-175.

4. T'eryn I'. B., beskny6enko 1. C., Conomin A. B., banina O. 1.
Oco0nuBocTi 00’€MHO-IUTaHYBAIBHUX PILIEHb 3aXMCHHUX CIHOPYJ LHUBLIb-
Horo 3axucty // CydacHi npoOjieMH apXiTeKTypu Ta MiCTOOYAyBaHHS. —
2023. — Bum. 67. — C. 216-225.

5. Teryn I'. B., Komixosa B. M., Comomin A. B., besxryoenko 1. C.
Oco0MBOCTI TPOEKTYBAHHS CTAIEBUX CEHCMOCTIMKUX KOHCTPYKIIH BUCOT-
Hux Oynisens // ByniBenbHi KoHCTpyKii. Teopist 1 mpakTHKa : HayK.-TEXH.
30. — KuiB : KHYBA, 2022. — Bum. 11. — C. 18-32.

6. 'eryn I'. B., Komsixoa B. M., Conomin A. B., besxiryoenxo I. C.
KoHcTpykTHBHI pimteHHs BUOYXOCTIHKHX OyIiBenb 3 NMPUMIMICHHAMH IIH-
BIJIBHOTO 3aXUCTy HaceneHHs // byniensHi KoHCTpyKIii. Teopis i mpakTHka :
Hayk.-TexH. 30. — Kuis : KHYBA, 2023. — Bumn. 13. — C. 27-35.

7. ABH B.1.1-7-2016. TexHiuHi HOpMH, NpaBHja i CTAaHAAPTH.
3arajbHOTEXHIYHI BIMOTH IO XHTTEBOTO CEPEIOBHUINA Ta MPOAYKINi Oymi-

61



Cekuis bydisHuuymea i apximekmypu

BEJHHOTO INPHU3HAYCHHA. 3aXHCT BiJ] HEOE3MEYHMX T'eOJOTIYHUX IPOIECIB,
IIKiTTMBUX eKCIUTyaTallifHiX BIUIMBIB, Bix mokexi. [lokexna Oesmeka
00’exTiB OyniBHULTBA. 3aranbHi BUMord. — KuiB : MinperioHOyn Ykpainy,
2017. -4l c.

8. IbH B.1.2-7-2021. TexHiuHi HOpMH, TpaBHja i CTAaHIAPTH.
3aranpHOTEXHIYHI BIMOTH IO XHTTEBOTO CEPEIOBUINA Ta MPOMYKINI Oymi-
BeJNBHOTO INpu3HaueHHs. Cucrema 3a0e3neueHHs HaaiiHOCTI Ta Oe3neKu
OyniBenbHEX 00’€kTiB. OCHOBHI BUMOTH 10 OyxiBens i cnopya. [ToxkexHa
6esneka. — Kuis : Minperion6yn Ykpainu, 2022. — 13 c.

9. IBH B.1.2-14:2018. TexHiuHi HOpMH, IpaBWia i CTAaHAAPTH.
3araJbHOTEXHIYHI BUMOTH JI0 KHTTEBOTO CEPEIOBHUINA Ta MPOAYKIIi Oy-
JiBenbHOTO Ipu3HadeHHsA. Cucrema 3a0e3nedeHHs HaAiHHOCTI Ta Oe3mekn
OyniBesbHUX 00’€KTiB. 3aranbHi NMPUHLMUIN 3a0e3NeueHHs] HaJiifHOCTI Ta
KOHCTPYKTUBHOI Oe3meku OymiBenb, Copyn, OymiBeIbHUX KOHCTPYKIH Ta
ocHoB. — KuiB : Minperion0yx Ykpainu, 2018. — 30 c.

10. IBH B.2.2.5-97. TexHi4Hi HOpPMH, TpaBWIa 1 CTaHIAPTH.
OO6’exty OyIIBHMITBA Ta MPOMMCIIOBA MPOJYKIis OyIiBENBHOTO MpH3HA-
4YeHHs. bymuHKY 1 ciopynu. 3aXucHI cOpyAu OUBLTBHOT 000poHH. — KuiB :
«JlepxkommicToOyyBanHsm», 1998. — 80 c.

11. Isaruenxo I'. M., T'eryn I'. B., beskmy6enko 1. C., Comomin A. B.
Oco0IUBOCTI KOHCTPYIOBAHHS Ta PO3PAaXYHKIB CKIAIHUX 3ai300€TOHHHUX
pam Oymisens // Omip MaTepianiB i Teopis cnopya. — 2023. — Bum. 110. —
C.108-117.

12. Isanuenko ['. M., I'etyn I'. B., besknybenko 1. C., Conomin A. B.
BB BHOYXOBMX HaBaHTa)k€Hh Ha OYIiBII Ta CHOPYAH IHBIIEHOTO
3axucCTy HaceneHHs // Onip matepiaiis i Teopist ciopya. — 2023. — Bum. 111. —
C.108-117.

13. Kymnikos II. M., Ilnockuii B. O., T'eryn I'. B. Apxirekrypa
OyniBens Ta copya. Ku. 5. [IpoMuciioBi OymiBii : miagpyd. s BHII. HABY.
3aki. / Kynikos I1. M., [Tnockuii B. O., T'eryn I'. B. — Kam’stuenp-IToainb-
cekuit : Bun-Bo «Pyta». 2020 p. — 820 c.: i

14. Kynikos II. M., ITnockuit B. O., I'eryn I'. B. Konctpyxmii
OyniBens i ciopyn. Ku. 1 @ migpyd. mis pum. Haed. 3aki. / Kymikos I1. M.,
ITnockuii B. O., 'etyn I'. B. — KuiB : Bua-so «Jlipa-K». 2021 p. — 820 c.: i

15. Inockuii B. O., 'eryn I'. B. ApxitekTypa OyniBens Ta criopy.
Ku. 2. XXutnoBi OyAMHKM @ MmiApyd4. JUis BHII. HaB4. 3akil. — Bua. 3-Te,
nepepo0. i momnos. / [Tnockuit B. O., I'etyn I'. B. — Kam’ssHenp-Tlonimbchkuii
Bun-Bo «Pyta». 2017 p. — 736 c.: in1.

16. Hyxwuwmit B. I1. Tlepuri gocimikeHHs YIIKO/DKEHHS OyaiBeib i
cropyZ BHacIifok 6oiioBux xii // ByaisensHi koHCTpyKii. Teopis 1 mpak-
THKa : HayK.-TexH. 30. — KuiB : KHYBA, 2022. — Bum. 11. — C. 104-114.

62



Science and Education : XVIII International Conference

OIIHKA TOYHOCTI BUSHAYEHHA
HOJIOKEHHSA 'EOJE3NYHUX ITYHKTIB

Kysvmuu O. 1., Icaes O. I1., Yynanos I1. O., Bondap C. A.
Kuiscoxuu Hayionanvruil yHieepcumem 0y0ieHUymaea i apximexmypu
E-mail: kuzok@ukr.net, geo_i@ukr.net
chulanov.po@knuba.edu.ua, 10102001 @ukr.net

Y poboTi pO3TIAHYTO METOIN BH3HAYCHHS MOXUOKH IMOJIOKCHHS
MyHKTIB B JIHIMHUX Ta KyTOBHX Mepexkax. [lpuBeneni mpuxiagu oOdUwc-
JICHHS TIOJIOKEHHS IYHKTIB 3a BIIOMUMH (OpMyJiaMH, a Takoxk 3a ¢op-
MyJaMH, HaBEJICHUMHU y cTaTTi. JloBeneHa HEOOXiqHICTh 3aCTOCYBaHHS Ha-
BeACHHUX (POpMyII M TOYHOMY BU3HAYCHHI ITOJIOKEHHS ITyHKTIB.

Ilocmanoseka npoonemu. BukoHaHHS 1HXCHEPHO-TCOIC3UUHUX PO-
0iT motpedye BucOKoi KBamiikamii BiJi BAKOHABIIB, a TAKOX TOYHUX PO3-
paxyHKiB BU3HAUEHHS IIOJIOKCHHS T€0AC3NIHIUX ITyHKTIB.

Ozn110 nonepeonix nyonixayiii. Po3paxyHKOM TOYHOCTI BHU3HA-
YEeHHsI II0JIOKCHHS TEOJe3MYHMX IIyHKTIB 3aliMajiCh Taki BYEHI SK:
M. T'. Binyes, C. I1. Boiirerko, I'. I1. JIeBayk, A. JI. OctpoBcrkuii, P. B. Iymei
Ta iH. [Ipy BU3HAYECHHI TOJIOKEHHS! T'€OJE3MYHMX IYHKTIB aBTOPaMH, 5K
MIPaBUJIO, HE PO3IIIAAAIOCH TUTAHHS 3aCTOCYBaHHS PO3TOPHYTHX (HOPMYIL.

Ilocmanoeka 3a60anns: IPpOAHANI3yBaTH ICHYIOYI METOIW BU3HA-
YEHHsI TTOJIOXKEHHS T'€0/Ie3NYHHX ITyHKTIB B JTIHIHHHX 1 KYTOBHX MEpexax Ta
3aMpOoNOHYBATH OB TOYHUI METO/ BU3HAUEHHSI.

Buknao ocnoenozo mamepiany. [luTaHHS TOYHOCTI BU3HAYCHHS
TIOJIO’KEHHS T€0JIC3NYHNX ITYHKTIB 3aJIMIIAETHCS AKTYaJIbHUM 1 B JaHHUH 4ac.

Jnisi BU3HAYEHHs IOJIOKEHHS T'eOJIe3MYHUX IYHKTIB 3aCTOCOBY-
IOTBCSL MEpeXi JiHIlHI, KyTOBi, JiHIHHO-KyTOBI Ta GPS Mepexi. [Ipu Ha-
ssBHOCTI GPS TyHKTIB 3aCTOCOBYIOTHCSI TaK 3BaHi CYIyTHHKOBiI Mepexi. B
yCiX BHIIQAKaX, HE3aJIEKHO AKi MepeXi BUKOPHUCTOBYIOTHCS, HEOOXITHO
BUKOHYBaTH PO3PaXyHOK TOYHOCTI LMX MEPEX 1 BU3HAYATH MOXUOKHU I0O-
JIOKEHHS MyHKTIB. BigoMuMun BueHUMH po3po0IIeHI METOAN MOTIEPEAHBOTO
PO3paxyHKy TOYHOCTI MTOJIOKEHHS MYHKTIB B poboTax [1, 2, 4].

B HaBeseHUX MPUKJIaJax BU3HAYEHHS TOYHOCTI MOJIOKEHHS MyHK-
TiB B JIIHIMHUX Ta KyTOBHX MEpekXaxX BUKOPHCTOBYIOTHCS aHAJITH4HI (op-
MYJIH TIOTIEPEIHBOTO PO3PaXyHKY TOYHOCTI.

Sk BimoMo 3aranbHa MOXUOKA IMOJIOKEHHS T€0IE3NIHOTO ITYHKTY B
Mepexi BU3HAYAETHCS 33 (POPMYJIOLO:

M:,/m|2+mg, 1)
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ae M, — noxubka IOJOBKHBOIO 3CYBY, my - MoXuoOKa TIome-

PEYHOTO 3CYBY.
Posrnsiremo kyTtoBi Mepexi. [loxuOka TMOTOBXKHBOTO 3CYBY KiH-
LIEBOTO ITYHKTY B KYTOBiil MepesKi 3HaX0AUTHCS 3a (POPMYJIIOI0:

I-my [2n? —3n+10
m = —=> ,/ , )
x/ip 9n

ne | — nomwuma pspy; Mg — c.K.I. BAMIPIOBaHHS KyTiB; N —

KLIBKIiCTb cTOpiH B 10BXuUHi | (I = ns).

[Toxubka momepedHOro 3CyBY MpPH HEMApHIH KINBKOCTI TPH KYT-
HHKIB B JJAHIIOXKKY

2
m, :l\/maz +£mﬁzn+—n+3 ) (3)
p 15 n

IToxubka momepevHOro 3CyBy IpH MapHIN KiTBKOCTI TPUKYTHHUKIB
B JIAHIFOXKKY MEPeKi 3HaXOAUTHCS 3a GopMyJIoro:

| M2 2n° +5n+5
m, = —\/ ma? +—> (4)
p 15 n
ne | — nosxuna pany; My — C.K.IL. BAMIPIOBaHHs KyTiB; N — Kilb-

KiCTb CTOpiH B m0BKUHI | (l = ns); ma — c.K.Il. BU3HAYCHHS JUPEKIIiii-
HOTO KyTa JiaroHali, sika BU3HAYAETHCS 38 POPMYJIOH0:
mg

ma===p. ®)

PosrnsHemo miniliHI Mepexi. [Toxubka MOA0BKHBOTO 3CYBY KiHIE-
BOTO IYHKTY B JIiHIIHIH MepexXi y BUIJIA/I JaHII0)KKA TPUKYTHHUKIB OyJie:
2
m; N -1
2 N

| = (6)

[ToxnOka rmonepeyHoro 3cyBy KiHIIEBOTO IIYHKTY B JIIHIHHIH Mepexi:

—ma2+N—_1(N2+N+48)-msz @
36
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[Toxubka mepemadi AUPEKIiITHOTO KyTa B JiHINHIA Mepexi y BH-
TJISLI1 JIAHLIOKKA TPUKYTHHKIB Oyrie:

ma2+£.m52p2 (N -Kk)k
2 3 ¢ N

: ®)

My =

ne N — KibKiCTb TPHKYTHHKIB B psigy; M, — cepeaHs KBaApaTHIHA
noxuOka BU3HAYEHHSA NUPEKLIMHOro Kyra, M, — cepelHs KBaJpaTUYHA

HOXHUOKA BUMIPIOBAHHS CTOPOHH; S — JOBKHHA CTOPOHH TPHKYTHHKA; K —
HOMEp TPUKYTHHKA, 10 SIKOTO NepeNaeThCs AUPEKIIHHUI KyT.

OnHak NpH Cy4acHUX MOXKIMBOCTSAX OOYMCIIOBAJIBHOI TEXHIKH 1
TEXHOJIOTIH TOUITEHO BUKOHYBATH PO3PaXyHOK TOYHOCTI TIOJIOKEHHS ITyHK-
TiB He 3a HAOMDKCHUMH (OpPMyJaMH, HAaBEICHUMH BHINE, a 33 ITOBHUMH
(dhopMynaMu po3paxyHKy TOUYHOCTI. Po3rissHeMO MepeKy.

B C

ml

mg

Puc. 1. Cxema mepexi

[ToB310BXKHIl 3CYB MEpEXki BU3HAYMMO 3a (POPMYJIOH0:

’ 2 2 2

B cBoto wepry, my;, my,, M3 Oyne 3amexaTu BiJ TOYHOCTi BU3HA-

YeHHS Mg, Mg, , Mgz, TOMY MOXKHA 3aMKCaTH, 110!

2 2 2
mm, = ,/msl + Mg, + Mg (10)

Jns BuzHayeHHa Mg HeoOXinHO 3anmcatd QyHKUIi BM3HAYEHHS
cTopiH, a moTiM mi ¢yHKOii mpoaudepeHmiioBaTH MO BUMIPSHUM Iapa-
MeTpaM (KyTam).
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sinc;
8 = bosmbl (11)

B bsin A sin A,sinC,
2" “sinB,sinB,sinB, '

smAismAzsmAssmALlsmC (13)

%sin B, sin B, sin By sin B, sin By

(12)

3=

Otpumani QyHKIIT JUQEPEHIIIOEMO TI0 KyTaM 1 ICIsI IIEPETBO-
PEHHS 1 CKOPOYEHHSI, a TAKOK BPaXOBYIOUH, II10:

2 2 .2 2 2 2

My =My, My =Mg,, Mz =Mg, (14)
2 2 2 2

mg =Mg + Mgy +Mg3. (15)

Otpumyemo:

2
m
m? =87 p—g(ctgzc1 + ctngl) +

2

m
+S2 —E(ctgzﬁi +ctg®B, +ctg?A, + ctg®B, + ctg?C, + ctngs)+ 16)
p

2
m
+82 —-(ctg® A +ctg?B, + ctg?A, +ctg?B, +ctg® A, + ctg?B, +
p

+ctg?A, +ctg®B, + ctg®C, + ctg?B;).

AHANOriYHO BUKOHYIOTHCSI PO3PAXYHKH JJISl BCIX €IEMEHTIB KyTO-
BHX, Ta JIHIAHUX Mepex. i1 1poro HEoOXigHO 3amucatd (YHKINIO BH-
3HaYa€MOTO €JEMEHTY, a MOTIM If0 (PyHKIiI0 AU(DEpeHIIiIoBaTH Ta BUKO-
HATH TIEPETBOPEHHS 1 OTpUMAaTH (HOPMYJY U PO3PAXYHKY TOYHOCTI eJie-

MEHTIB Mepexi. Marouu ckiazoBi M, Ta My 3HAXOANUMO MOXUOKY BH3HA-

YEHHSI [IOJI0KEHHS ITYHKTY.

BucHoBkH. 3a BUKOHAHUM JOCIIIKEHHSIM BCTAaHOBJIEHO, IO TOY-
HICTh BU3HAYEHHS TOJOXKEHHS MyHKTIB 32 (HOpMynaMH s pO3PaxXyHKIiB
HaBeleHHX B pobotax [1, 2, 4] 3aBuiieHa abo 3aHWKECHA, MOPIBHSHO 3
PO3paxyHKOM 3a po3ropHyTuMu opmynamu (3).
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Buxonsun 3 HaBeNEHOTO, PEKOMEHIYETHCSI BU3HAYATH IOJIOKCHHS
re0JIe3NYHHX IyHKTIB NP BHCOKOTOYHUX POOOTAax 3a MOBHHMH PO3paxyH-
KaMH, a He 332 (OPMYJIaMH MTONIEPEAHBOTO PO3PAXYHKY.
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BU3HAUEHHS JUCIEPCHOCTI PO3UNHIB
3A JOIOMOI'O10 PO3POBJIEHOI'O
MMPOTPAMHOI'O JOJATKA

3awenxina H. M., Menvrnuuenxo /. C., Haxoneunuii O. A.
Hayionanenuii mexuiunuii ynisepcumem Yxpainu
«Kuiscokuii nonimexuiynuil incmumym imeni leops Cikopcbko2o

3 KOXXHMM pPOKOM BHKOPHUCT@HHS BOJM HACEJITHHAM ILJIAHETH
30imbIIyeThes. 1le mpobiieMa exosoridHa, mpodiieMa BIXKUBAHHS JIIOIUHU B
Ham yac. OcoOJMMBO TOCTPOI BOHA BCTaja I 4Yac BiHCHKOBOI'O BTOPT-
HEHHS Ha TEpUTOpi0 YKpaiHN. 3HUIIYETHCS €KOJIOTisA HAIIOi KpaiHH, 0co0-
JIUBO, MIOTEPIAIOTh BiJl 3aJHUINKIB HEJIFOJACHKOI MOBEIIHKY 3arapOHHKIB Hallli
piuku. HaceneHHst Bxke HE pa3 I Yac BiffHM CTHKalIOCh 3 HECTade BOIM.
Tomy, mpoGiemMa €KOHOMHOTO BHMKOPHCTAaHHS, CIIO)KMBAHHS BOJH, KOHT-
poIo 11 AKOCTI € akTyassHOM [1].

ExcriepTi3a KOHTPOJIIO SIKOCTI BOJHM MOTpeOye 3aCTOCYBaHHS Cy-
YacHUX TEXHIYHHX 3aCO0IB BUMIpIOBaHHs, 00poOKH, 30epiranHs Ta 300pa-
KEHHsI iHpopMarlii.

Merta poGOTH — BIOCKOHAJIECHHS METOJy KOHTDPOJIO JUCIIEPCHOCTI
BOJITHUX PO3YMHIB 3 BUKOPHCTAHHIM PO3POOJIEHOTO MPOrPaMHOro JOAATKY.

[l BUKOHAHHS TIOCTaBJIEHOT METH OYyJIO POaHai30BaHO CydYacHi
METOJIM KOHTPOJIIO IUCIIEPCHOCTI BOJHUX PO3YHHIB, 3’5ICOBAHO, 1110 METOJIH:
SIIEPHOTO MATHITHOTO PE30HAHCY, TPAaHCMiCiiHA Ta pacTpOBa MIKPOCKOIIis,
MeTon JiumibHuKa KoyTrepa He migXosTh Uil BU3HAYEHHS Ta KOHTPOJIO
JMCHIEPCHOCTI BOJIM Y peasbHOMY 4aci. BuOpaHoO JIIOMIHECIIEHTHY CIIEKTpO-
METPII0 ISl eKCIePTH3H AKOCTi pianHu. [IpoaHanizoBaHO THIIH AUCIIEPCHUX
PO34MHIB. AHaJi3 3a0pyTHEHHS BOJSHHUX PO3YMHIB ITOKa3aB, 110 TOJOBHUMHU
rmapaMeTpamMu SIBIIIIOTBCS PO3Mip YAaCTMHOK Ta X KiJBKICTh B BOJI, JaHi
napaMeTpy BIUIMBAIOTh Ha MOMJIMBICTH Ta IIBUJIKICTH PO3YMHEHHS MaTe-
piany B cepenouii [2—4].

B pesymeraTi mocmimkeHHs Oyno BHOpaHO iH(OpPMATHBHI mapa-
METPH SIKOCTI AMCHEPCHUX pianH. [ OTpUMaHHS MacUBY JaHMX, IO BiJ-
MTOBIIAIOTh KOHLIEHTPAIISIM 1 pPO3MIpPHUM CIIEKTpaM JIpiOHOTIUCTIEPCHUX Yac-
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THHOK 30JIbHOI NMPHPOIN B IUCIEPCHUX PO3YMHAX Ha IHTEpBajJi PO3MipiB
0,05-120 MkM, OyJl0 3aCTOCOBaHO MaKET BHUMIPIOBAaJbHOI yCTAaHOBKH Ha
6a3i mazepHoro BumiptoBaya aucrepcaocti BAC-1M.

Jlo OCHOBHHX JHCIIEPCHHX XapaKTEePHCTHK OyJO BiJHECEHO: pO3-
Mip YaCTHHOK; (QYHKIISI PO3IOALTY YacCTHHOK IO po3Mipax; 00’eMHa (yHK-
Lisl PO3MOJUTY YacTHHOK MO ix 00’eMax; po3paxyHKOBa KOHLEHTpAIlis
YaCTHHOK; MUTOMA IUTOIIA TIOBEPXHI YaCTHHOK; 00’ €MHa KOHIICHTPAIlig Jac-
TUHOK; MacoBa KOHLIEHTpAI[isl YACTUHOK. 3TiHO J0 OTPUMaHHX IPOTOKOJIB
JOCIIKEeHB, MOOYIOBaHI 3aJEKHOCTI IS KOXKHOTO 3 MapaMeTpiB Ta po3-
pobsieHo mporpamy Ui BUNBHOTO KOMOIHYBaHHS BUMIPIOBAaJbHUX Mapa-
MeTpiB B OyIb SIKOMY TOPSAOKY U KOPEKTHOTO Ta INBHIKOTO aHAII3y
HEOOXITHUX [aHWX 3 BUKOPUCTAHHSIM MOBH IporpamyBaHHs Java-Bepcii
10.0 3 6ibmiorexoro JavaFX 3 TEXHOJOTiIO PEaKTHBHOTO IMPOTpaMyBaHHSI
JavaRx2.0 [2].

[Micnsa 06poOKkM HaHWX OTpUMAHO Tpadikd U MONANBIIOTO aHa-
mizy. Y Brmaaui File BuOpaHo Micue 1uist 30epexeHHs uepe3 aiajor (aus.
puc. 1), micis 90ro Ha KOMIT'IOTEpi OYIIO CTBOPEHO MAIKy 31 30epeeHHIM
4acy JAOCHiKeHb Ta 00pOOKH JaHHX.
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Puc. 1. 36epe:keHHs pe3yJbTaTiB 00po0KHU

BucHOBOK: 3a /JI0TIOMOT0I0 MPOrpaMHOro J0AaTKy Ta iH(pOpMariiHO-
BHMIpIOBAJILHOI CHCTeMU OOpOOKHM JaHWX Ha MPOTA3i OAHOI CeKyHAHM Oynau
OTpMMaHi JaHHI CHEKTPaJbHOTO IOTJIMHAHHS BOJHOTO PO3YMHY Ta Ha
OCHOBi IIMX TapaMeTpiB 3pOO0JIEHO BUCHOBOK, IO KiIbKICHWHA CKIaja Hi-
TpaTiB B Mpo0i BU3HAUCHO 3 MOXUOKOIO MEHIIOo0 32 5 %.
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[IpoBexeHo aHami3 MPOrpaMHAX MOAYIIB Ta TEXHOJOTiH, BHKO-
pHCTaHUX [UIsl pO3pOOKU IPOrpaMHOro J0AATKY, TaKuX sk: Apache Maven,
Lombook, JavaFx, JavaRx, Apache Poi. 3’scoBano (yHKIIIOHAIBHI MOX-
JIMBOCTI JaHUX MOJYyJNiB. Po3pobieHo mporpamMHuii 1ojaToK Ha 0a3i MOBU
nporpamMyBaHHs Java Ta CyMICHHX 3 HEIO TEXHOJIOT1H.

ExcriepuMeHTanbHO JTOBEAEHO, IO BUKOPHUCTAHHS MPOTPaMHOTO
JI0AaTKy 3MEHIIY€E 9ac 0OpOOKH TOTOBOTO MPOTOKOIY 70 15 ¢, mo 30ib01ye
HIBHUAKICTE 00poOku oGuucnenb B 120 pasiB. BukopucranHs mnporpamu
Ha/la€ MOXXJIMBICTH MPOBOAWTH BHMIPIOBAaHHA B pEaJlbHOMY Yaci Ta KOHT-
POJIOBATH TEXHIYHHUN IMPOIEC CTAaHy BOASHUX PO3YMHIB IPH BiIXWICHHI B
5% mpu HAsBHOCTI SKUX BMHKA€THCS 3BYKOBHI CHTHAN, IO TOTEPEIHKYE
PO BIAXWJICHHSA MPOAYKIII Bi/I 3aJaHUX MapaMeTpiB.
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THE INFLUENCE OF METAL HEATING AND STIRRING
ON THE CONDITIONS OF STEEL INGOT SOLIDIFICATION

Barabash V. V., Biktahirov F. K., Shapovalov V. O., Hnatushenko O. V.
E. O. Paton Electric Welding Institute

Despite the increasing prevalence of continuous casting of steel, a
certain part of metal production of liquid metal is poured into molds to
produce large ingots weighing tens and hundreds of tons. They are intended
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for the production of products that are impossible or impractical to produce
by continuous casting. Basically, these are so-called forging ingots,
subjected to forging (pressing) to give them a shape close to the geometric
parameters of specific products, such as rolling rolls, rotors, disks, etc.

During the crystallization of large masses of metal, complex
thermophysical and physicochemical processes occur, which lead to the
formation of various types of defects and inhomogeneities in steel ingots.

Traditional methods of improving ingot quality, such as optimizing
the chemical composition of the metal, improving casting methods and
technologies, changing the geometric parameters of molds, and improving
working conditions for profit, have practically exhausted themselves. With
these methods, it is impossible to influence the crystallization conditions of
an ingot liquid core significantly. Therefore, further improvement of steel
ingot quality is possible through the use of certain technological techniques
that make it possible to influence the conditions for the formation of their
internal structure.

It is known that one of the methods for improving the quality of
cast ingots is stirring their liquid core during the process of metal
solidification. This technique is widely used in continuous casting by
installing external magnetic field sources, under the influence of which the
liquid metal moves [1, 2]. In the production of large ingots, it is necessary
to create devices of high power and large dimensions for electromagnetic
stirring. Therefore, stirring the metal during the solidification of steel ingots
is only possible by introducing stirring devices into their liquid core that set
the melt in motion.

To use any devices inserted inside the ingot, it is necessary for the
upper surface of the metal to remain in a liquid state for an extended period
and avoid forming crusts. This can be achieved by heating the metal in the
hot top. Therefore, an effective method to influence the conditions for the
formation of steel ingots could involve the combined use of heating and
stirring of liquid metal, achieved by introducing a stirring device inside the
solidifying ingot.

To verify the above, physical modeling was initially carried out on
transparent models. This modeling vividly illustrates the characteristics of
the transition of metal from a liquid to a solid state. A 205-ton ingot was
selected as the modeling object. A flat model, with dimensions similar to
the axial section of the ingot in a ratio of 1:10, was created. The modeling
medium was sodium hyposulfite, which is widely used for physical
modeling of the crystallization of steel ingots [3, 4].

According to the results of physical modeling depicted in Fig. 1, in
the absence of heating of the lucrative part of the ingot, a buried shrinkage
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cavity forms along the axis of the ingot. When the upper part of the
modeling liquid is heated, smaller shrinkage defects occur in approximately
the same area. The combination of stirring the liquid part of the model melt
with heating significantly alters the solidification conditions, completely
eliminating shrinkage-related defects.

Shrinkage

Fig. 1. Effect of heating and stirring on ingot formation:
A — without external influences, B — with heating,
C — with heating and stirring

A change in the conditions of ingot formation is indicated by the
position of the crystallization front, which has the largest angle relative to
the axis during the heating and stirring of the model melt.

After physical modeling, experiments were carried out in laboratory
conditions with the casting of steel ingots. The ingots had an average
diameter of 200 mm and a height of approximately 400 mm. In order to
increase the residence time of the metal in the liquid state, the ingots were
cast into a sand-clay mold.

Electroslag heating of the top of the ingot was used in way, similar
to what happens in the TREST process [5, 6]. Stirring was carried out by
periodically inserting a stirring device into the liquid part of ingot during
crystallization.

The experiments were conducted in two ways:

A — without additional heating of hot top;

B — with heating of hot top and the stirring of the liquid metal.

Examinations of the internal structure of the produced ingots
revealed that, in the first variant, a volumetric shrinkage cavity forms in
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roughly the same area as observed in the physical modeling. In the ingot
obtained using the second variant, shrinkage defects are entirely absent.
Clear signs of stirring are evident on the macrostructure revealed through
etching, corresponding to the position of the solidification front during these
stirring events.

Fig. 2. Effect of heating and stirring on the angle of the crystallization front:
A —without heating and stirring, B — with heating and stirring

The absence of shrinkage defects in the upper half of the ingot,
obtained according to the second option, is evident from the metal density
measurements in Figure 4.

Fig. 3. Macrostructure Fig. 4. Average values
of experimental ingots: of density along the axis
A —without heating and stirring, of the upper half template

B — with heating and stirring
73



Cekuist Mamepiano3Haecmea

The axial part of the ingot was segmented into four zones, with
density measurements conducted on five samples in each zone. The figure
displays the average metal density values across these zones. As evident, the
metal density along the axis of the ingot remains nearly uniform, with a
minimal difference between the maximum and minimum values of only
0.126 g/cm? or 1.6 %. The lack of a decrease in metal density in the upper
half of the ingot results from a change in crystallization conditions when
stirring its liquid core.

The results from both physical modeling and full-scale experiments
with liquid steel demonstrate that active control of crystallization processes
during ingot manufacturing is achievable through the combination of steel
heating and stirring the liquid core of steel ingots. This discovery unveils
new possibilities for producing large, high-quality ingots.
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OCOBJIMBOCTI 3MIHU CKJIAJTY KOHJEHCATIB MI/Ib-BOJIb®PAM,
OTPUMAHHMX METOJOM EJEKTPOHHO-IIPOMEHEBOI'O
BUIAPOBYBAHHSI-KOHIEHCAIIIT
3 IBOX THUTJIIB HA CTALIIOHAPHY HNIIKJIAJKY

I'peuaniox B. I'Y3, Yopnoson B. O. %, I'peuaniox M. 1.2, Llanosanos B. 0.3
Kuiscoruil nayionanvutl ynisepcumem 6yoisnuymea i apximexniypu
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Komno3uriiiai MaTepiany Ha OCHOBI Mifi i Boib(hpaMy, OTpUMaHi
METOJIOM €JICKTPOHHO-IIPOMEHEBOTO BUITAPOBYBAHHS-KOH/ICH ALl Y BaKyyMi
€ TEpCIeKTHBHUMHU MartepialaMy Ui BUKOPHCTaHHS B PI3HUX Taly3six
MIPOMHCIIOBOCTI, B TOMY YHCIIi B €JIEKTPOTEXHIYHIH. 3a3HaueHi mMarepiaiu
OTPUMYBAJIU Ha EJICKTPOHHO-IIPOMEHEBI ycTanosi JI-2 [1].

Cucrema «Minb—Boib(ppam» sBIIsIE COOOI0 CyMilll ABOX HE B3aEMO-
JII0YMAX METAJiB, IO MICTUTHh B SIKOCTI TYTOIUIABKOI CKJIaZOBOI BOJb(pam.
L{i KOMIIOHEHTH B yCbOMY IHTEpBaJi KOHLEHTpALiil He 3MIIIyIOThCS Hi B
piakoMy, Hi B TBepAOMY CTaHi. BBenmeHa mucriepcHa (asza BomeppaMmy He
B33a€EMOJII€ 3 MIJHOIO MAaTpUIICl0, HE CTBOPIOE TBEPAMX PO3UMHIB abo Xi-
MIYHHX CHOJYK. Bimomo, mo cTpykTypa, MexaHiuHi, eleKTpodi3udHi Ta
eKCILTyaTalliifHi BJacTHBOCTI mapoda3HuX KOMIIO3MLIHNX MaTepialiB CyT-
TEBO 3aJIEKATH BiJ] BMICTY iX KOMITIOHEHTIB Ta TEXHOJIOTIYHHX HapamMeTpiB
[2-4]. Tomy mocmimkeHHs BIUIMBY IMX (aKTOPiB Ha CTaaii po3poOKu
TEXHOJIOTIT OTPUMAaHHS MAlOTh 0€3yMOBHMI HayKOBHUH Ta NMPaKTUYHUN 1HTE-
pec. KpiM TOro BCTaHOBJIEHHS 3aKOHOMIPHOCTEH 3MIiHM PI3HHUX BJACTHU-
BOCTEH KOMITO3UTY B 3aJISKHOCTI BiJl HOTO CKJIaly MOXE CYTTEBO MPHCKO-
PHTH MOLIYKOBI POOOTH i CKOPOTHTH 3aTPaTH Ha MPOBEACHHS JOCIIKEHb.

Otpumannii KoMmo3umiHui Matepian Cu—W sgBisB co0oro0 TIac-
TUHY 3 TPaIIEHTOM XIMIYHOTO CKJIAAy BIOBXK HOTrO JOBXKMHH. 3MiHA XiMid-
Horo ckiany koHueHcaty Cu—W € mporHo3oBaHOIO: B Miclisix, zie OyB
PO3MIIIEHHH TUTENb 3 M0 CIIOCTEPIraeThCsl HAMBHIA KOHIICHTPAIIIS Mii,
HaJl TUTJIEM 3 BOJIb()paMOM — HaWBHIa KOHLEHTpalis Bosibppamy. [Tineu-
IIeHHS BMICTy Boibdpamy B KoHAeHcaTi CUu-W e piBHOMiIpHUM i 3miiic-
HIOETBCSI B HANpsIMKY BiJ MiJHOTO /10 BOJb()PaMOBOro TUIIL. 31 301Ib-
IICHHSAM BMICTY BOJb(paMy B KOHICHCATI TOBIIMHA 3Pa3KiB 3MEHIIY€ETHCS
Bix 4,9 mm 10 0,82 MM.

IIpoBeneHi MOCTIKEHHS XIMIYHOTO CKIIAAy KOHJICHCATIB METOJIOM
MIKpOPEHTI€HOCTIEKTPAILHOTO aHaJi3y MiATBEPKYIOTh OTPUMAaHI Pe3yiib-
Tatu. JlOCHi[PKeHHS XIMIYHOTO CKJIaAy 3pa3ka, Mo OyB PO3MIIICHHUH HaJ
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TUTTIEM 3 MiIio, HaBeneHW Ha puc. 1. Ckiax qaHoro 3paska BiATIOBimae
MiHIMaJbHOMY BMICTY BOJIb()paMy B KOHJIEHCATI.

Spect 99,36 0,64

Spect 99,67 0,33

Spect 99,83 0,17

Spect 99,89 0,11

300pm !

Puc. 1. XiMiuHuii ckjiax 3pa3ka, po3MillleHOro Haj THIJIEM 3 MiIi0

Y Mipy HaOmmkeHHS 10 BOIb()PaMOBOTO THIJIS KOHLEHTPALSL
OCTaHHBOT'O 30UIBIIYETHCS IO MAKCUMAIbHOI. Lle miaTBepaKy€eThCs Pe3yib-
TaTaMH JOCIIIKEHHS 3pa3KiB, IO PO3MIIIEHI HaJ THTJIEM 3 BONb()pamMoM

(puc. 2).

Cu W

67,02 32,98

88,87 9,78

86,68 15,84

72,44 26,26

300pm 1

Puc. 2. Ximiunmii cki1aj 3paska, po3MileHOro HajJ THIJIeM 3 BOJb{paMoM
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TakuM 9uHOM, HallHI)KYa Ta HaWBHIA KOHIICHTPAIlis BOIbPpaMy
] 1 o V)
B TpagieHTHOMY KoHAeHcaTi ctaHoBuTh 0,64 %(mac.) ta 32,98 %(mac.),

BIAIOBIIHO.

XiMIiqYHAN CKIIaJ OTPUMaHHUX MiTHO-BOJIH(PPAMOBHX 3pa3KiB HaBe-
JeHo B Tabmmmi 1.

Taommis 1
Ximiunmii ckaax MizHo-Boab¢pamMoBux napoga3uux kongencaris Cu-W
Howmep 3pazka 1 2 3 4 5 6
Cxian wW 0,64 3,57 8,27 | 15,23 | 20,39 | 32,98
KO(;‘HGHcaTy’ Cu | 99,36 | 96,43 | 91,73 | 84,77 | 79,3 | 64,02
o (Mac.)

Ha ocHOBI mpoBeneHNX AOCIIIKEHb 3MiHY XIMIYHOTO CKJIamy Io-
CHIJPKYBaHUX 3pa3KiB MiJHO-BOJIL()PAMOBOIO KOHJCHCATy MOXKHA Ipel-
CTaBHUTHU y BUTILAAL Tpadika (puc. 3).

120 4

100 4

80 1

60 1

40 1

Bmicr komnoHeHTiB, % (mac)

20 1

Cu

W

0 =t

50

100

150 200

BigcTtaHb BiO Kpaw KOHOEH CATY, MM

Puc. 3. 3mina ximiuHoro ckiaany
KOMITOHEeHTiB koHaeHcaTy Cu—-W

250

300

Koxxna Touka KpUBOi BifIOBizae HOMepy 3paskiB Big 1 1o 6, ski
BHKOPHCTOBYBAIIHU TSI JOCITI[KSHHS.
TakuM 4MHOM, 3 HABEACHHUX JaHUX MOYKHA 3pOOUTH BHCHOBOK, IO
BMICT BOJb(hpaMy y AOCTIIKYBaHUX 3pa3Kax 3MiHIOETHCS, 3aKOHOMIPHO 30171b-
IIYIOYHCH B3JIOBXK JIOBKHHU 3JIiBa HANpaBo, TOOTO Bif THINIA 3 MIIJIIO JIO

THTJIS 3 BOJIBPPAMOM.
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on science and education, January 4-13, 2019, (Hungary), P. 41-43.

OCOBJINBOCTI CTPYKTYPHU
T'PAJIEHTHOI'O KOMITO3ULIAHOI O MATEPIAJTY MIIb-XPOM,
OTPUMAHOI'O METOAOM EJIEKTPOHHO-ITPOMEHEBOT'O
BUITAPOBYBAHHSA-KOHJIEHCAIIIT

Mayenxo O. B., I'peuaniok I. M., Kosanvuyx FO. 1., Bimogeyvxa T. B.
Kuiscoxuii HayionanvHuil yHieepcumem 0yO0igHUYMSA i apXimekmypu
M. Kuis, [Togimpoghnmcokuii npocnexm, 31, e-mail: ardna@ukr.net

Mertoz eneKTpOHHO-TIPOMEHEBOTO BUIIAPOBYBAHHSI—KOH/ICHCAIIIl Ma€e
LIMPOKI MOMIIUBOCTAMH MPU HOT0 BUKOPUCTAHHI Uil OTPUMAaHHS €JIeKTPO-
KOHTAKTHUX MartepiajiiB pizHoro mpusHadeHHs. lleit MeTox Takox mociy-
KB 023010 JJIsl CTBOPEHHSI IPOMHUCIIOBUX TEXHOJIOT1H 0Ca/KEHHSI 3aXUCHHX
MOKPUTTIB HA JIOTIATKH Ta30BUX TypOiH, IJIs OTPUMAHHS JITaTyp Pi3HOTO
cximany oo [1-3]. Komnosuniiini marepianu Cu—Cr, oTpuMaHi METOI0M
€JIEKTPOHHO-IIPOMEHEBOTO BHITAPOBYBaHH-KOH/IEHCAllil, BUKOPHUCTOBYIOTHCS
SIK €JeKTPOKOHTAKTHI MaTrepiali BaKyyMHHMX BHMHKadiB. 3a3HaueHi KOH-
neHcatn Cu—Cr otpumyBanu Ha ycraHoBui JI-2 [4] 3 BUmapoByBaHHAM
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XpoOMYy 1 MiZli 3 JBOX OKPEMHX JDKEpell i 3 OcapKeHHSIM Ha HEPyXOMY ITif-
kmanky i3 Cr3. Marepian minknankn (Ct3) BUTIIHO BiIpi3HSAETHCS Bim
IHIIUX (Hep KaBilo4voi cTalli, THTaHy) CBOEI0 HU3BKOIO LIIHOIO, 8 TAKOXK CJIad-
KOIO B3a€EMOJIIEI0 3 MIJIIIIO.

st otpumanus napodasHux konjeHcaris B cucremi Cu—Cr Buko-
PHUCTOBYBaJM OCHOBHI Ta JOTIOMIXKHI MaTepiayii, BiJOMOCTI Ipo sKi HaBe-
neHi B Tabmaumi 1.

Tabmuus 1
Buxinni matepiann nis BuroroBiaennsi konaencatis Cu—Cr
. JACTY I'OCT 859:2003 Mens.
Cu MO-M2 Mapku (TOCT 859-2001, IDT)
Cr X99 I'OCT 5905-2004
Zr 2635; 3110; D125; R60702 TV 95.166-83; TY 5-20-069-85
TV 48-4-208-72;
Y | UTM 1, ATM2 TOCT 23862.15-79
I'OCT 7167-77;
I'OCT 22974.11-96

CaF, | 67/548EEC;1999/45/EC

PiBHOMiIpHOMY OCa/PKEHHIO Milli Ta XpOMY Ha MiJKIAAKY CIPHUSIIO
Te, IO Ii KOMIOHCHTH MAlOTh OJHM3BbKI TeMIIEpaTypHi 3aJIe)KHOCTI THUCKY
napy. 3pa3kd OTPUMYBAJIM OCa/PKEHHSM Ha CTajeBy MiIKIAAKy 3 More-
pEeIHBO HAHECCHUM PO3UIOBHAM IIapoM (PTOPHIY KaJbIiIO.

Kamepy BuImapoByBaHHSI BaKyyMyBaJId JIO JOCSTHEHHs 3aJIMIIKO-
Boro Tucky (1,3-4,0)-10° ITa. IToTiM HOBEpPXHIO 3IMBKiB HpOrpiBaqM o0
TeMIepaTypy IIaBJIEHHS OCHOBHOTO METaly 3 BUTpHUMKOIO 15-20 XB mpu
ctpymi 1,15-1,3 A ans mocsATHEHHST OMHOPITHOCTI pexnuMy BaHHU. Ha min-
KJIaJKy, HE3aJeKHO BiI CKJIamy, OCigaB Imap 3 MigHOI BaHHH, a MOTIM
3IiCHIOBANIOCS] OHOYAacHE BHUITAPOBYBAaHHS 3 000X BaHH HPH CTPyMi Ipo-
MeHo 2,6-2,8 A 1 npuckoprorouiit Harpy3i 20 kB.

IBunkicTe KOHAeHCAI] cTaHoBIIa 8—10 MKM/XB. OTprMaHHi KOH-
JIeHCaT SIBJISIB COOOIO IUIACTHHY TOBIIMHOIO JIO 3 MM 3 Tpa/Ii€EHTOM XiMi4-
HOTO CKJIaJy B3ZOBX IUTHTH.

BisyanbHUM OTJISIIOM OTPHUMAaHOIO KOHJEHCAaTy OyJOo BHSBICHO,
110 TTOBEPXHsI OCaKEHHSI METaIiB Ha IiJIKIAIKy Ma€e OMYKJIOCTi, 3BepHEHI
O BaHH 3 METaloM, SIKMil BHIapoByBaBcsA. Makpo- i MiKpoaHami3u Io-
BEPXHI KOHJEHCATy Ha OCHOBI Mi/li Ta XpOMY HE BUSBHWJIM O3HAKU BILUIUBY
HIOPCTKOCTI i AKIIQIKH.

[ToBepxHs KOHIEHCATy XapaKTepH3YEThCS HASBHICTIO arperaris,
CTBOPEHHUX JIPIOHUMH COUEBHUIICTIONIOHNMU 1 ChepoinabHUMH YaCTHHKAMH,
TIO/IOBXEHHX JIAHITIOKKIB 3 HAX Yepe3 PiANHONOI0HY KOaJIeCIeHIIiI0, KpHc-
Tanmi3auiiiHuX TpiluH Ta iH. (puc. 1).
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Puc. 1. MopdoJioris moBepxHi: arperartis 3 onjiaBJeHUMH NOBEPXHAMU
Ta KpUcTATi3aUiiHUMH TpiluHAMHI

BB gomimox Ha (QpPOHT KOHAEHCAmii MiITBEpINB JOKAITBHUH
PEHTIeHOCTIEKTPAIbHUK aHaji3, SIKMii BCTAHOBHMB HAsBHICTH €JIEMEHTIB: N,
S, O, C, P, CI, Fe. ®poHT KpucTam3amnii Ipyd OCa/UKEHHI Iapu B CHCTEMi
Cu—Cr 3a ganumu npodiIoMeTpii MICs 10HHOTO TPABJICHHS CTAHOBHTH
2 vxM. Tlogampime MOCHiIKEHHS CTPYKTYPH, XIMIYHOTO CKIIAAy 1 BIIACTH-
BOCTEH KOHJIEHCATIB MPOBOAMIM Ha 3pa3Kax, BUPI3aHUX 3 LEHTPaIbHOI
YACTMHHY IUIMTH B HANPAMKY 30iMbIIEHHS BMICTY XpoMy 3 KpokoM 12 mm. Ix
po3mipu Oyiau 0oOpaHi 3 ypaxyBaHHSIM BHUMOT [0 3pa3KiB JJIs BHBUYCHHS
€JIEKTPUYHOTO OTIOPY, BUMIPIOBAaHHS TBEPJOCTI 1 MEXaHIYHMX BUIPOOYBaHb
Ha PO3TSIT.

CTpyKTypHHM JIOCII/DKEHHSIM ITiJJIaBalii Mepepi3u 3pasKiB napa-
JIeTbHNX 1 MEPHEeHANKYISIPHUX TapoBOMy MOTOKY. st MeTanorpadidaoro
aHaJIi3y CTPYKTYPH KOHICHCATY BUKOPHUCTOBYBAJIH Pi3Hi CIIOCOOM TPaBJICHHS.

loHHe TpaBieHHsS mepepi3iB 3pasKiB, HMapaJelbHUX IapOBOMY IIO-
TOKY B TJIIFOYOMY PO3psili TO3BOJIMIIO BCTAHOBUTH, 1O KoHaeHcary Cu—Cr
(six 1 xonzencary Cu—Fe [5]) npuramanHa iepapxist piBHIB IIapyBaToi CTPYyK-
TYPH: CIIOCTEPIraloThcsi Makpo-, MiKpo- i CyOMikpopiBHi. /[Ba ocTaHHI piBHA
MOXYThb OyTH 00'€ZlHaHI aHI30TPOIIEI0 HOPMAITBHOTO POCTY KPUCTAIB, IO
cnpusie (OPMYBaHHIO CTOBIYACTOT CTPYKTYPH, sSIKa MOXKE YTBOPIOBATHCS B
MeXKax JEKUTBKOX MIapiB.

JlociipkeHHsI IepeTUHY KOHJEHCATy HepIeHANKYSIPHOTO Hapo-
BOMY IIOTOKY IIiCJIsl iOHHOTO TPABIICHHS B TIIFOUOMY PO3PSIi 32 JTOTIOMOT OO
CKaHyI0UOi eIEeKTPOHHOI MIKPOCKOIIi JJO3BOJIUIO BCTAHOBUTH, 1[0 CTOBIILI
B IIOIIEPEYHOMY Iepepi3i MarOTh MOJITOHAIBHY CTPYKTYpy. CepenHiil pos-
Mip MEepEeTHHY CTOBIILIB B JOCIIDKYBaHHUX IapaxX He MepeBuIyBaB 20 MKM.
PeHTreHocnexkTpaabHUM aHATi30M IUX Iepepi3iB BCTAHOBJIECHO, IO B KOX-
HOMY MIKpOLIapi B yMOBax KOHJEHCAI] I OXOJIOKEHHS CIOCTEPIiraeThes
po3LIapyBaHHS OCHOBHUX KOMIIOHEHTIB.
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3MiHa YMOB TpaBJICHHS HO3BOJIMIA TOCTITUTH HOBI 0COOIHMBOCTI
CTPYKTYpH B 000X HampsMKax (B MEpPHEHAUKYJSIPHOMY 1 HapajelbHOMY)
II0J0 MAapOBOT0 MOTOKY. IIpoBeneHuii aHami3 3aCBiTYMB YTBOPEHHS CTOBII-
IiB 3 JUCKOMOAIOHMX YaCTUHOK i3 miaMeTpoMm a0 2 MkM. Jlume pigki a6o
PiAKO-TBEpAlI YaCTHHKH MOXYTh Ie(QOPMYBATHCSA TPH 3YCTPidi 3 MigKIa-
Koro abo I BIUIMBOM [ii HACTYNHHX OCa/PKEHHWX 3a HUMH 4YacTok. Yac-
TUHKA (a3 Ha OCHOBI XxpoMmy cdepuuHoi (popmu croctepiralotecs i B
CTOBIYACTIH CTPYKTYpl KOHJAEHCATY, OJHAK Ii YACTMHKH HE CIIOTBOPIOIOTH
(¢poHTY KOHIEH alii, mepedyBatoun B 00'eMi mapiB. [lopucTicTh BUHUKAE B
MICISIX OCiJaHHS HAa CTOBIII[SX YaCTHHOK MEHIIUX PO3MIPIB 1 y BHIAAKY
0€3CTPYKTYypHOTO HaKOIMYCHHS JacCTHHOK po3MipoM MeHme 1mkMm. CTpyk-
Typa KoHjeHcaTy nBo¢aszHa. YacTHHKH YCiX PO3MIpIB 13 TBEPIOI0 PO3YHHY
3 BMicToM Xpomy 8—10 % nmucmeproBani B Apyriii ¢a3i Ha OCHOBI Mini i3
BMICTOM XpoMy 110 5 % mac.

Jlitrepatypa

1. Grechanyuk N. I., Konoval V. P., Grechanyuk V. G., Bagliuk G. A,
Myroniuk, D. V. Properties of Cu—-Mo Materials Produced by Physical
Vapor Deposition for Electrical Contacts / Powder Metallurgy and Metal
Ceramics, 2021, 60 (3—-4), pp. 183-190.

2. Grechanyuk, N. I, Kucherenko, P. P., Melnik, A. G., Gre-
chanyuk, V. G., Manulyk, A. New Electron-Beam Equipment and Techno-
logies for the Production of Advanced Materials Using Vacuum Melting
and Evaporation Methods Developed at SPE [“Eletekhmash™] / Minerals,
Metals and Materials Series, 2019, pp. 105-113.

3. Prikhna, T. O., Grechanyuk, I. M., Karpets, M. V., Grecha-
nyuk, V. G., Chornovol, V. O. Electron-Beam and Plasma Oxidation-
Resistant and Thermal-Barrier Coatings Deposited on Turbine Blades Using
Cast and Powder Ni(Co)CrALY(Si) Alloys I. Fundamentals of the Production
Technology, Structure, and Phase Composition of Cast NiCrAlY Alloys /
Powder Metallurgy and Metal Ceramics, 2022, 61 (1-2), pp. 70-76.

4. Grecyanyuk N. I. Baglyuk G. A., Kucherenko P. P., Melnik A. G.,
Grechanyuk I. N., Grechanyuk V. G., Smashnyuk Y. A. Laboratory Electron-
Beam Multipurpose Installation L-2 for Producing Alloys, Composites,
Coatings, and Powders / Powder Metallurgy and Metal Ceramics, 2017,
56(1), P. 113-121.

5. Manenko O. B. OtpuMaHHs IpalieHTHOTO KOMITO3HIIIHHOTO MaTe-
piany Cu—Fe MeTo0M elleKTPOHHO-IPOMEHEBOT0 BUIIAPOBYBaHHA—KOH/ICH-
cauii / 36ipauk npans XVII MixnapoaHoi koHdpepenuii «CydacHi nocsir-
HEHHS B HayIli Ta ocBiTI» 22-29 Bepec.2022, m. Heranis (I3pains), C. 84-88.

81


https://www.scopus.com/authid/detail.uri?authorId=6603578222
https://www.scopus.com/authid/detail.uri?authorId=57204926425
https://www.scopus.com/authid/detail.uri?authorId=6602802591
https://www.scopus.com/authid/detail.uri?authorId=7003663169
https://www.scopus.com/authid/detail.uri?authorId=55214063600
https://www.scopus.com/authid/detail.uri?authorId=6602802591#disabled
https://www.scopus.com/authid/detail.uri?authorId=6602802591#disabled
https://www.scopus.com/authid/detail.uri?authorId=6603578222
https://www.scopus.com/authid/detail.uri?authorId=57192187559
https://www.scopus.com/authid/detail.uri?authorId=57192193549
https://www.scopus.com/authid/detail.uri?authorId=6602802591
https://www.scopus.com/authid/detail.uri?authorId=6602802591
https://www.scopus.com/authid/detail.uri?authorId=56026038900
https://www.scopus.com/authid/detail.uri?authorId=6602802591#disabled
https://www.scopus.com/authid/detail.uri?authorId=6602802591#disabled
https://www.scopus.com/authid/detail.uri?authorId=6603931045
https://www.scopus.com/authid/detail.uri?authorId=12039910900
https://www.scopus.com/authid/detail.uri?authorId=6603056281
https://www.scopus.com/authid/detail.uri?authorId=6602802591
https://www.scopus.com/authid/detail.uri?authorId=6602802591
https://www.scopus.com/authid/detail.uri?authorId=57219490465
https://www.scopus.com/authid/detail.uri?authorId=6602802591#disabled

Cekuist Mamepiano3Haecmea

OPAKTAJIBHE MOJEJIIOBAHHA
B 3AJAYAX MATEPIAJIO3HABCTBA

pau 1. B.
Xmenvruyvruil HayionansHuil ynisepcumem, e-mail: cogitare410@gmail.com

TepMmin «dpakTanm» - 1e elNeMEeHT MaTeMaTHYHOI KOHLENLii Ipo
Te, SIK a0COJIIOTHO Pi3HI 00’€KTH MOXKHA OMHUCATH 3a JOIIOMOT'OI0 OJTHAKOBHX
MaTeMaTUYHUX CHiBBiqHOIICHs. Hampukman [1], GeperoBa JiHis KOHTH-
HEHTY, sIKa PO3IIISAAETHCS 3 KOCMOCY, MaTUMe JoOpe MOMITHI YiTKi aTpu-
OyTH, Taki sSIK 3aTOKH, IIIBOCTPOBH Ta BiTHOCHO MPsMI AiMSHKH. Burmsan miel
K caMmol OeperoBoi JiHil 3 BUCOTH aBianaliHepa MICTHTh HabaraTo OinmbIie
JeTaneid, ajge B IJIoMy Oyae BHIOHO Ti )X aTpuOyTH: 3aTOKH, MIBOCTPOBH,
npsimi qitsHKA. [TomiT Ha menpraruiadi Bce oqHO 30epexe 3aranbHi QyHKIIT
300pakeHHs, HABITh AKIIO MacmTad X aTpUOyTiB HabaraTo MEHIIHH, HiXK
y IBOX MOIEpeqHiX MpHUKIamgax. SIKIo MpeAcTaBUTH OeperoBy JiHIIO 3a
JIOIIOMOT'OI0 TEXHIKM IMIATOHKM MaTeMaTHYHOI KpPHBOI, Takoi SIK CIUIAiH-
(yHKIIIT, TO MOXHa 3aCTOCYBAaTH TOYHO TOW CaMUil METOZ Ul BCIX TPHOX
Bunajkie. L{e#t mpukiaa qeMOHCTpYeE KOHIICIIFO (PaKTaTiB.

PosrissHeMo 0a30By TEpMIHOJIOTIIO, SIKa JOTIOMOXKE 3PO3YMITH
YHIKaJIbHI BIACTHBOCTI ()paKTaIiB.

Camonoodionicms. Yci ppaktaqu JEMOHCTPYIOTh TI€BHY CTYIIiHB
camormofioHocTi. Ile o3Hauae, 1m0, Oriasgaround ONMKYE 1 ONMbKYe JaeTaii
¢pakrarxa, MO)KHa MOOAYUTH Komiro Iiyoro. Taki camMomomiOHI Momemi €
pe3yNbTaToM NPOCTOTO pIBHAHHA ab0 MaTeMaTHYHOTO BHpa3zy. MoKHa
CTBOPIOBATH (PpaKTallv, MOBTOPIOIOYH 1€ PIBHAHHS Yepe3 IUKI 3BOPOTHOTO
3B’S3Ky B TMPOIECi, IO HA3WBAETHCS ITEpali€lo, NIe pe3yiabTaTH OMIHIEl
iTepalii yTBOPIOIOTh BXi/HEe 3Ha4YeHHs A HacTynHol [2]. L{i Mmoaeni yacto
MaroTh (pakTajdbHi Po3MipH, sKi He € HinmuMu uuciamu. lle BimoOpaxae
TXHIO IPUPOJY: 00 €KT, 10 3aIIOBHIOE IPOCTIpP i CAMOBIITBOPIOETHCSL.

Pexypcuenicmp. Opaxrany peKypCUBHI, He3aJIeXHO Bifl MaCIITa0Yy.

®Dpaxkmanvui eumipu. OpakrajgbHa TE€OMETPis MEPETBOPIOE KOH-
LIETIIIIFO 3BMYHOT TeOMeTpii Ha BUKPUBJIEHY, CTBOPIOIOYH HENPABHIIbHI (OpMHU
y ¢pakraipHOMY BHMIpi; (pakTasbHa po3MipHicT GopMmMHu - 1e crnoci0
BUMIPIOBaHHS CKJIaJHOCTI 1i€l popmu [2].

Takum unHOM, uncTHil (pakTan — e reomerpudHa Qirypa, sika €
CaMoIO/1iI0HOI0 Yepe3 HECKIHYEHHI iTepalii B peKypcHBHOMY IIabJIOHI Ta
Yyepe3 HECKIHICHHY KUTBKICTh JICTaJCH.

V wiif crarti 00roBOpUMO CHEKTP 3aCTOCYBaHb (PAKTAIBLHOTO MO-
JICTIIOBaHHs y Tajy3i Marepiallo3HaBCTBa Ta 3MICT BHKOPUCTaHHS IHOTO
yHi(piKOBaHOTO IHCTPYMEHTAapiio B 3a3HadeHil chepi.
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Jesiki 3 KITIOYOBHX 3aCTOCYBaHb ()paKTajiB y raiysi marepialo-
3HABCTBA TaKi:

— (ppaxranpHUl aHaNi3 MOBEPXOHb MaTePiajliB - BUKOPHCTOBYETHCS
JUISl XapaKTEPUCTUKU LIOPCTKOCTI HOBEPXOHb, Y TOMY YHUCII IOBEPXOHb
MarepiaiiB, IUIIXOM BUMIipIOBaHHS (pakTanpHUX po3MipiB ix npodinis. Lle
MOXe OyTH KOPHUCHHM JUIS BH3HAUEHHS IUIOLI ITOBEPXHi, MOPHCTOCTI Ta
IHIIUX BIACTUBOCTEN MaTepiasiB, siKi BIUTMBAIOTH Ha iX eeKTUBHICTH [3];

— MOJICJIIOBaHHS CTPYKTYp MatepiaiiB. PpakranbHi MOJeENi BUKO-
PHUCTOBYIOTHCS TSI MOJICIIOBAHHS CTPYKTYPH Ta IOBEAIHKH MarepialiB y
pizHEX MacmTabax, mo OCOONMBO KOPHUCHO NMPH BHBYCHHI MaTepiamiB 3i
CKJIATHOIO CTPYKTYPOIO, TaKuX sK moniMepu Ta kepamika [3]. Ili momemni
TaKO’X MOKHA BHKOPHCTOBYBAaTH JJIS pO3POOKH MaTepiamiB 3i crenudid-
HUMH BJIACTUBOCTSIMH, TAKMMH K BUCOKa MIIHICTh 200 TEIJIONPOBITHICTH;

— (pakTaNbHUI aHANi3 pyWHYBaHHSA MaTepialiB - I BHBUYCHHS
pYHHYBaHHS MarepialliB, BKIIOYAaIOYH KOPO3il0 Ta 3HOIIYBaHHS, IIISIXOM
BUMIpIOBaHHS 3MiH IXHIX (pakTaJbHUX po3MipiB 3 yacom [4]. Lle moxe
JIOIIOMOI'TH 1HXKEHEpaM pO3pOOMTH Kpallli MaTepiald 3 JOBIIUM TEPMiHOM
poborty;

— (¢paxranpHi gaTunku. OpakTayibHi MA0JIOHH BUKOPUCTOBYIOTHCS
B PO3pOOII TATYHKIB, SKi BUSBISIFOTH 3MiHU (DI3MIHHUX BIACTHBOCTEH, TAKHIX
SIK TUCK, Temreparypa ta aedopmaris [5]. 1i qarunku MoxHa iHTErpyBaTH
B MaTepiany, moo 3a0e3neYuTH MOHITOPHHT iX poOOTH B pealbHOMY Yaci;

— (paxTanbHi HAHOCTPYKTYpH. Po3polbireHi (pakTambHi HAHOCTPYK-
TypH 3 YHIKaJbHUMH BJIACTUBOCTSIMH, SIKI MOXKHA HaJlalITyBaTH JJISI KOH-
KPETHHX 3aCTOCYBaHb, TAKHX SIK 30epiraHHs eHepril i ceHCOpHi mpuctpoi [5];

— Metamarepianu. Y po3poOIli MeTaMmaTepiaiiB, SKi BHSBISIOTH
YHIKaJIbHI ONTHYHI, aKyCTHYHI Ta €JIEKTPOMArHiTHI BJIACTHBOCTI, SIKMX He-
Ma€e B MPHUPOJI, BUKOPUCTOBYIOTBCSI KOHCTPYKIIT Ha OCHOBI (pakramis [5].
Ili matepianu MarTh MOTEHIIHE 3aCTOCYBaHHS B MACKyBaHHI, CyIep-
JIiH3aX 1 aHTeHaX;

— GiomimMeruuHi MaTepianu. DOpakTany MOXHa 3HAWTH B OaraTbox
O10JIOTIYHUX CTPYKTypaX, TAKUX SK KICTKH Ta CyIWHHI CHCTEMH POCIHH.
JloCmiTHIKY BUKOPHCTOBYIOTH IIi MPHUPOIHI (paKTanbHi KOHCTPYKIIT ISt
PO3po0KH OIOMIMETHYHHUX MaTepiaiiB, sIKi IMITYIOTh BIacTHBOCTI Ta (QyHK-
ii OioyorivHUX cucteM [5];

— ONTUMI3allisl HA OCHOBI (ppaKTaiiB — METOJH JUISl IPOSKTYBaHHS
Ta onTUMi3auii MarepianiB 3 NEBHUMH BIACTHBOCTSIMH, TAKHUMH SK BHCOKA
MIIHICTB, yAapHa B’s3KicTh abo TerutomposigHicTs [5]. Lli MeToxn BHKO-
PHUCTOBYIOTh (DpaKkTalbHUI aHaI3 JUIs BH3HAYEHHS ONTHMAJIBHOI CTPYK-
TypH Ta CKJIaJly MaTepiaiy.

3aranom, (ppakTaiy € MOTY>)KHUM IHCTPYMEHTOM JJIsl PO3yMiHHS Ta
MIPOEKTYBAaHH: MaTepialiB 31 CKIAIHOIO CTPYKTYPOIO Ta BIACTUBOCTSAMHU.
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OpakTaspHa PO3MIPHICTH 03BOJISIE KUTBKICHO OMHCYBATH MIKpO-
CTPYKTYPH 1 CKIJIQJIOBI 1X €JICMCHTH, BCTAHOBJIIOBATU MIACHY IUIONIY 3iTK-
HeHHs (a3, MIHCHI TOBXHWHHU «IIOPCTKHUX» JiHIH 1 TIOBEPXOHb i BU3HAYATH
IHIII CTPYKTYPHI ITapaMeTpH, OB’ sI3aHi 13 BIACTUBOCTSIMH MaTepiajiB.

Jns Bu3HaueHHA (paKTaIbHOI PO3MIpHOCTI HEOOXiTHHUM € BHKO-
PHUCTaHHS ONTUYHOI MIKPOCKOIIT Y IIMPOKOMY 1HTEpBaJli 3MiHU 30UIbIICHHS
i po3nineHOi 3gatHOCTI. Lle mocsraeThes nmpu KOMOIHYBaHHI CBITJIOBOI, CKa-
HYI0YOT €JIeKTPOHHOI 1 TPaHCMICIHHOT €JIeKTPOHHOI MIKPOCKOTIIi (B OKpEMHX
BUIIAIKaX BUKOPUCTOBYIOTh I0HHY TYHEIBHY €JIEKTPOHHY MiKPOCKOIIIIO).

CaMomo1iOHICTh MIKPOCTPYKTYP BCTAHOBIIIOIOTH Ha OCHOBI aHa-
T3y TEeBHUX T€OMETPUYHUX KAapTHH Ta iX BHUMIpiB IPH Pi3HUX MacmTadax
30inbIIeHHS. J[71s1 TOTo 1100 BCTAaHOBUTH (DpaKTalbHICT CTPYKTYPH, HEOO-
xigHo [6]: 1) mepeBipuTH caMonoAiOHICTh; 2) BU3HAYUTH MEXi CaMomoio-
HOCTI; 3) po3paxyBaTH (paKTajabHy PO3MIPHICTS.

Ha ocHoBi amami3y miTepaTypHHX IDKepel po3pobieHo iHdop-
MalliiHy MoJesb (PaKTaTbHOTO MOJENIOBAHHS CTPYKTYPU B peajbHUX
Mmarepianax (puc. 1).

ob'ekT - ‘ ‘

- oBpotra 3pasok a06paxents
(maTepian) |
BW3Ha4YeHHA 0bnacTi icHyBaHHA cbpanranwﬁ CHHTE3

CTPYKTYpHOT camonogibHocTi:
- nepesipka caMUnomGHocn_: _ ‘ MOASMb XapaKTepH/X

- BU3HAYEHHA Mex camonopibrocti; rEOMETPUYHIX (hOpM

- po3paxyHoK hpakTanbHoi po3mipHOCTi (Lunsxom iTepaii)

Ak 3aCib BUBYEHHS NOYATKOBMX
cTpykTYp oB'exTa

0

|o6qv|cneHHa (komn'loTepHe MD,uEntaHHFl)l

pesynesraTu:

- KiINbKICHWIA ONKC MIKPOCTPYKTYpK
W il CKNaaoBUX eneMeHTIB; ) p=—akania Ta inTepnpeTauis pesynsratie
- BU3Ha4YeHHA CTPYKTYPHWUX NapameTpis, Ak
noB'A3aHi 3 BNacTUBOCTAMMW MaTepiany

38'A30K MK BNAcTMBICTIO Ta
hpakTansHoK CTPYKTYPOK

Puc. 1. Indopmaniiina Mmogens gocaigxeHHs
CTPYKTYPHHX XapaKTePHUCTUK MaTepiady Ha OCHOBi GPaKTATLHOr0 aHATIZY

Cnig 3a3HauMTH, [0 BH3HAYEHHS 3B’SI3KY MK BIACTHBICTIO 1
(pakTaNbHOIO CTPYKTYPOIO € CKJIQJHOI0 3a7a4er0, OCKIJIbKUA ICHYIOYi MO-
JieTi, 10 BCTAHOBIIOIOTH Il 3B’SI3KM JUISL TEPIOJMYHHUX CTPYKTYp, He
3aCTOCOBHI 10 (pakTanbHuX. Po3B’s3aHHSA BKa3aHOI 3amadi motpedye po3-
poOKM (pakTaJbHOrO aHali3y MIKPOCTPYKTYp, BH3HAU€HHs oOJyiacTi icHy-
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BaHHS CTPYKTYPHOI CaMONOIiOHOCTI, a TaKoXX pPO3poOKH (HpaKTaIbHOTO
CHUHTE3Y, 10 BKIIIOYAE MOJEJIOBAHHS XapaKTEpHUX TIeOMETpHYHHX (Hopm
(muaxoM iTepamii) K crmocoOy Ui BHBYEHHS IMMOYATKOBHX CTPYKTYp B
peaJbHUX MaTepianax.
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MOJEJb I'TTPOANMHAMIYHOI'O PO3BOJIOKHEHHA
HIKIPAHUX MATEPIAJIIB

Cruba M. €.%, Kpasuyx A. FO.?, Maz0in B. B. 3
S8 Xmenvnuyvrutl nayionanonuil ynieepcumem
E-mail:? iiilokiiiilokiiii @gmail, * synoleg@ukr.net

PosrmstayTi B [1] MexaHiuHI METOOM OCJIa0JIEHHS BOJOKHHUCTOI
CTPYKTYPH IIPH PO3BOJIOKHEHHI IIKIPIHUX MaTepianiB BUIBISIOTHCS MaJIO-
e(eKTUBHUMH, KOJHM PO3BOJOKHEHHIO MiJAIOThCS BIAXOIM IIKIPH IUIO-
wero, Menmoro 3a (1...3) em? I TyT Ha nepiumii miaH BUCTYNAKOTh Iigpo-
JMHAMIYHI METOJU PO3BOJIOKHEHHS BiXOMIB MIKipsHUX Matepianis [1-3],
AK1 IIUPOKO BUKOPHUCTOBYIOTHCS Y BUPOOHMIITBI B3yTTEBOTO KapToHYy. [Ipn
PO3MEJIIOBaHHI Y BOJSIHOMY CEPEOBHUINI BiIOYBA€THCS PO3IICIUICHHS HAI -
¢i6punIIpHOT CTPYKTYpH IIKipH, Tak 3BaHa (iOpuiizamis BoJOKoH [3, 4].
BinnoBigHo 10 icHyouMX (i3MKO-XIMIYHUX YSBIEHb, Y I[bOMY BHUIIaJKy
BHHUKae NBodaszHa cycnensis [4]. IIpu mpomMy yacTHHA MaKpOMOJIEKYI
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3aIIMIIAETHCS 3B'I3aHOI0 3 IOBEPXHEI0 HAWMPOCTIIINX CTPYKTYPHHUX €lle-
MEHTIB — (iOpuII, 3AaTHUX YTPUMYBATH BEJIHKY KibKicTh Boau [3]. Taka
JBOBUMIpHA CYCIICH3iS iCHY€ TIIBKH IO BH3HAYEHOTO CTYIEHS PO3MENIO-
BaHHs, TIOTIM MOXYTh BiJOYBaTHCS HEBHI XIMiYHI 3MiHM MaKpOMOJIEKYJ
BOJIOKHA [4].

[Ipn pigvHHOMY pO3MENIOBaHHI IIKIPSHUX BIAXOIB ITOBHHHA
MiATPIMYBATHCS [TeBHA KOHIIEHTPAIisl MacH, 0 00pOoOIISEThCS, TOMY IO 11
3HW)KEHHSI TPHU3BEAE 10 IOJAPIOHEHHS W YTBOPEHHS 3aHAATO KOPOTKHX
BOJIOKOH. J[71s1 po3MenroBaHHS BUKOPHCTOBYIOTh B OCHOBHOMY KOHIYTHI POJIH
i auckoBl MuMHHW. [IpuHOMN 1ii ycTaTKyBaHHsS JUIS PO3MEINIOBAHHS 3a-
CHOBaHWI Ha PO3JIABIIOBaHHI, PO3TATYBaHHI MK PO3MENIOBAJIHFHUMHU IIO-
BEPXHSIMH BOJIOKHHCTOTO MIKipSIHOTO MaTepiainy [5].

[ITnpokoro MOMMPEHHS OCTAaHHIM YacoM Ha0yJo BHKOPHCTaHHS
TiAPOJMHAMIYHOT KaBiTaliiHOT OOpOOKM JIBOMIPHUX CYCIICH3iH, sKa J0-
3BOJISIE PI3KO 3HM3WTH BUTPATH €HEPTii 1 pecypciB Ha MPOBEAEHHS TEXHO-
JIOTIYHMX MPOLECIB JUCHIEPryBaHH 1 qe3uHTerpani. YucinenHi rimoresu, mo
MOSICHIOIOTH TIPHUPOY KaBiTaIliIfHOTO BIUIMBY, 6araTo B 4OMy CyHepewInBi 1
He JI0 KiHI Jocmipkeni [4-5].

CporoHi OUIBIIICTE JOCIHIAHUKIB CXWISIOTHCSA IO TIIIOTE3W KaBi-
TaIifHOTO BIUIMBY Ha CYCHEH3ii, 110 0OpPOOJSIOTHCS 3a JIONMOMOIOI0 Mexa-
HIYHAX CWI. Y paMKax Mi€l TrinoTe3n MU i OyIeMo po3riisagaTd KOHIEMIII0
TIIPOJMHAMIYHOTO PO3BOJIOKHEHHS BiJIXO/IiB MIKIPSAHHUX MaTepiaiB.

VY pamkax 3a3HAa4eHOI TIMOTE3U iCHYE, K MIHIMYM, 1B OCHOBHHX
NIPUITYILEHHS:

— ocnaGJIeHHS BOJIOKHHCTOI CTPYKTYPH IIKIpH 3IIHCHIOETHCS 32
pPaxyHOK MEXaHIYHOTO YJIapHOTO BIUIMBY TiJPOJMHAMIYHHMX XBHJb, SKI
BHHUKAIOTH IIPH CXJIOMMyBaHHI KaBITAIIIMHAX OyIIb0AaIIoK;

— PO3BOJIOKHEHHS 1 HIOU «PO3ILTYyTYBaHHS» BOJIOKOH 31IHCHIOETHCS
32 paxyHOK MEXaHIYHOTO BIUIMBY yJapiB i NMPOHUKHEHHS KyMYJSITUBHHX
CTPYMHHOK PIIMHHOI (ha3u Y MIXKBOJIOKOHHHH MPOCTIp IIKipH.

KpiM po3rissHyTHX BHIIE TillOTe3 i NMPUIYLIeHb OYJIM MPUHHATI
JOJATKOBI TPHUIYIICHHS, sKi OyAyTh PO3TIIAHYTI B TPOLECI BHKIAJACHHS
MaTepiaiiB [[bOr0 PO3ILITY.

IIpn BruMBI KaBiTaliHOI CTPYMHUHKHM Ha YacTHUHKY IIKIPSHOTO
Marepiany, 1o 3HaXOJAUTHCS B 3aBUCIIOMY CTaHi B CyCTeH311, BUHUKAE ynap-
HUH THCK, SIKUH JI0JIa€ HE TUIbKHM KOTe31iHY MILHICTh IIKipH, ajie i eHepriio
il pyxy. Ilpy npoMy KOHTaKTHMH THCK KyMYJSITUBHOTO CTPYMEHS Ha 4ac-
TUHKY, Y BUIIAJKY YAapy, CKJIaje, sk BKazaHo y [5]:

p =%pk (Vi =V )2, )
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ne V — mBHAKICTH pyXy KOHTAaKTHOI MIOBEPXHi, p, — TYCTHHA pi-
JIMHH B KyMYJIATHBHIA CTPYMHHLU, \/, — IIBHIKICTE KyMYJISTHBHOI CTDYMHHKH.

VY [5] BcTaHOBNEHO, II0 B YMOBaX KYMYJIATUBHOTO BIUIMBY MaTe-
piay TBepAMX YACTWHOK IOBOJHUTHCS SK B’SI3KA piMHA, TOMY 3 PiBHSIHHS
Bepaymni mis maTepiary 9acTHHKH OIEPKUAMO

1 2
p==pV°+o7, 2
2
ne p. — e(peKTHBHA I'yCTHHA CYCHEH3ii; Gp — IPaHUL ILIHHHOCTI
MaTepiary YaCTHHKH.

3 ormsay Ha Te, M0 B KOXKHUH MOMEHT 4Yacy iCHY€ piBHICTh THCKIB,
npupiBHIOeEMO Bupasu (1) 1 (2), y pe3yabTaTi 0JIep>KUMO:

1 2 1
§D=Pk(Vk—V) :EpCV2+GT' ®)

Po3B’s13ytoun oTprMaHe PIBHSIHHS BiJHOCHO INBUIKOCTI KOHTaK-
TYH040i YACTHUHKH, OAEPKUMO:

2
Vot v VictA | (4)
1-v v
pev= [Pe; pa-20rd7Y) (1-v)
Pk Pc

[IpuiiMemMo NpUIyIIEHHS, IO BIUIMB KYMYJISATHBHOTO CTPyMEHS Ha
IKipSHY YaCTHHKY NOMIOHWI MO BIUIMBY PIAMHHOTO KIIMHA Ha B’S3KO-
NIPY’KHE CepPeIOBUILIE.

BignoBifnHO [0 MPUIYIIEHHS NPO BIUIMB KyMYJISITHBHOI'O CTpPY-
MEHS Ha WIKIpSHY YacTHHKY SIK PIAMHHOTO KJIMHA Ha B’SI3KONpPYXKHE cepe-
JIOBHIIE, PO3TIIHEMO PyX KOHTAKTYIOUOi MOBEPXHi cepenoBuia. [Ipu mpomy
KOHTaKTyloua 3 KJIMHOM TIOBEPXHS B’SI3KOIMPYKHOTO CEepelloBHUINA, HOP-
MalbHa 110 0Ci CTPyMHUHKH, 3a poMixkok 4acy dt mpoiine msax dl, =Vdt,

ne Ig — TIMOMHA IPOHUKHEHHS PiMHHOTO KITMHA.

IIpuiimaemMo K BUXITHMHA MeXaHI3M CXJIOMyBaHHS KaBiTamiiHO1
OynsOamku [5, 6], KyMy/nsTHBHA CTPYMHHKa SKOTO, IPOHUKAIOYH 32 4Yac
dt, smenmye csiii pazgiyc 3 2R RO 2T, 130LIbLIy€E CBOIO IOBXKHHY 32
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9ac KOHTaKTy 3 YaCTHHKOI Ha Beamumny (I c =det. Toni yac npoHUK-

HEHHS KJIMHA y B’SI3KONPYKHE CEPEIOBHIIE BU3HAYAETHCS PIBHICTIO:

d, _d..
VoV,

dt = ®)

I'muOuHa NPOHMKHEHHS CTPYMHMHKH (KJIMHA) Yy CEpelOoBHIIC BU-

3HAYUTHCS IHTETPYBaHHAM PiBHOCTI (5) 1O JOBXUHI MPOHUKHEHHS:
2R vV
l,=[-dI,. (6)
2r Vk

MIsuakocti V i Vk € dyHKuisMu xasiTauiiiHoi OyiabOainku, ska
CXJIOIYETBCS, 1 BU3HAYAIOTh IHTEHCHUBHICTh MPOLECY KaBiTal[IifHOTO IuC-
MepryBaHHs BOJIOKHUCTOTO CEPEIOBUILA.

[TincTaBisioun 3HA4YEHHS NIBUAKOCTI JUCHEPTOBAHOI YACTHHKH 3
Bupasy (4) y (6), oepKuMo 3HAYCHHS TIMOWHU POHUKHEHHS KaBiTalliitHOl
CTPYMHHKH B CEpEIOBHIIE:

2R 2
| = 1 V, —v Vi + A dl,- (7
5 l-v v

InrerpyBanns Bupasy (7) 103BOJIsI€ BU3HAYUTH TNTHOMHY HMPOHMK-
HEHHsl | KaBiTaWifHOI CTPYMUHKH B YaCTHHKY BOJIOKHHCTOIO CEpEe/IOBHIIA

32 YMOBH INPY)KHO-TUIACTUYHOTO yJapy, KOJIH YaCTUHKA TOPKAEThCS OYIIb-
0aIlky, a 3iTKHEHHS BiOYBa€ThCs MO JOBXKUHI CTPYMHHKH, SIKa JIOPIBHIOE
0YaTKOBOMY paziycy Oynbbawku |, =2R.

[Ipr moBHOMY CXJIOIMyBaHHI KaBiTaIliifHOT OympOamiku Tix Haii-
MeHIINM ii pajsiycoM I ciifi po3yMiTH MiHIMaJIbHUI pasiyc KyMYJISTUBHOT
CTPYMHHKH B OOJIACTi 3iTKHEHHS 1i 3 IepemKkoao. MicieBe pyiHHYBaHHS
YAaCTUHKM 3a OJMH yJap CTPYMHHKH BiIOyIEeTbCS B TOMY BHIAIKY, SIKIIO

rIMOWHA TPOHUKHEHHS IG Oyzne OUIBIIOI0 YK HOPIBHIOBATUME CEPEIHBOMY

MONIEPEYHOMY PO3MIPY YAaCTHHKM 32 HANPSIMKOM MOILIMPEHHS CTPYMEHSI.
[Ipu mpoMy, 3 Ormsay Ha Te, M0 MIIHICTE MIXBOJIOKOHHOTO MPOCTOPY
3HAYHO HIKYa 32 MIIHICTh KOJAreHOBHUX BOJIOKOH [7], KyMyJISTUBHI CTpY-
MHUHKH OyJIyTh HaMaraTHcsi 3pyHHYBaTH caMe HaliMEHII MPOTSDKHY 1 MEHII
MIIHY YaCTHHY BOJOKHHCTOTO CEPEAOBHIIA — MKBOJIOKOHHHUH HPOCTIp.

VY cydacHHX cynepKaBiTalliiHHMX amaparax JiamMeTpu OyibOamok
MOJXYTh 3MIHIOBATUCS B MIUPOKUX MEXKaxX, aK M0 50 MM, 1 32 KUTBKICTIO BiJ
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1.10% o 30-10° Gynbbamiok y cekynmy depes 1 cm? momepedyHoro moToKy
cycrien3ii. CxJIomyBaHHsS KaBiTalliHHUX Oynb0amoK MpHUBOAWUTH IO YTBO-
PECHHSA KyMYJSTUBHUX MIKPOCTPYMHHOK, AiaMETPH SKHX KOJNUBAIOTHCS B
Mexkax (5...200)-106M i cTBOpPIOIOTH THCK y TOUYKax CXJIONYBAaHHS 10
1500 MIla, npu mBHUAKOCTI KyMYJISTUBHOTO cTpyMeHs a0 1500 m/c [5].
Taxuii iHTEHCHBHUI BIUIMB Ha BOJIOKHUCTHUI MaTepiaj HEMOXIIMBO
OTpHMaTH B XXOJAHIH MeXaHiuHiIH cucTeMi po3BOJIOKHEHHA. Tomy mis 1o-
CSITHEHHSI YMOBH PO3BOJIOKHEHHSI LIKIPSHUX BiJXOJIB IPH BiIOMOMY Cepell-
HBOCTATHCTUYHOMY PO3MIpi BOJIOKHA HEOOXiAHO (OpPMYyBaTH KaBiTaliiHUM
anapatoM Oynbballky Takoro papiycy R=|,, o0 rimbuHa NPOHNKHEHHS

KyMYJSITUBHUX CTPYMEHIB |6 Oyna OUTBIIOI BiJ TOBIIMHU MaTepiany hk
(> hk ). Toni 3HA4YEHHS TJHMOUHY MPOHUKHCHHS KYMYJIATHBHOI CTPYMUHKH

31 mBuzKicTIo V) y YacTHHKY cycnensii Gyae TopiBHIOBaTH:

2R
| =Iﬂ 1- {1+in dR- (8)
50 (1=v) Vy

Amnani3 piBusup (6) — (8) mokasye, 1m0 BUpIIATbHUN BIUTUB Ha
[THOWHY TPOHUKHEHHS KyMYJISATHBHUX CTPYMHHOK Y TOBIIY MaTepiany

MaroTh IBHJKICTb PyXy YaCTHHOK CycmeHsii V,, KOHTaKTHHH TUCK Py

MOMEHT 3iTKHEHHS i IIaCTHYHi BIaCTHBOCTI MaTepially YaCTHHOK G .
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MeroanKka MOJETIOBaHHSI IPUPOAHO-TEXHIYHUX CHCTEM, NPH3HAUCHA
IUIsL TIPOTHO3YBAHHS BHHUKHCHHS HAJ3BUYAMHUX CHUTYaLiil 3a IONOMOIOI0
CUCTEM €KOJIOTIYHOTO MOHITOPHHTY.

BaxnuBHUM Ta akTyalbHUM € MIiIXiJ A MOJCTIOBaHHS IOBEIIHKU
eKOCHCTEM, KU IPYHTYEThCS Ha CTOXaCTHYHOMY MojenmoBaHHi. Ctoxac-
TUYHE MOJICJIIOBAaHHS BUKOPUCTOBYE HE CTpPOTi CIIBBIHOIIEHHS, a €KC-
NepTHY W eMIipH4YHy OL[HKM Ta YHiBepcaJbHHH MaTeMaTHYHHH amnapar.
3anpornoHoBaHe B poOOTI CTOXaCTHYHE MOJEIIOBAHHS, IO IPYHTYETHCS Ha
Teopii CKIHYeHHHUX JaHIIoriB MapkoBa [1], yCIIIIHO 3aCTOCOBYIOTE B pi3-
HUX Tajy3sx NpoMHUCIIoBOCTi [2].

[pu HpOMY HEpPEeXOJH CHCTEMH 3 OJHOTO CTaHy B iHIIHMH O3HAYAKOTh
MEPEMIIICHHS TOYKH, 110 300pakae MOTOYHUM CTaH CUCTEMH 3 OJIHIET MHO-
KUHA (PAa30BOTO MPOCTOPY MO IHIIOI, MPUIOMY BiIIOBITHY CHCTEMY MHO-

xuH A, j=1..m ¢asoBoro mpocTopy GyayrOTh Ha OCHOBI €KOJOTIYHUX
HopMmartuBiB. [loOymoBaHa Ha OCHOBiI CTaTHCTHYHOI iH(OpMaIii MaTpuIs
nepexiannx imosipHoctei By = P{ik a €A € A} , e &, — BEeKTOp CTaHy
CHCTeMH B MOMEHT uacy 1, &,,; — Toii )xe BekTOp B MOMeHT 4acy ;.
Taxkwuit onmc K03BoJIsIE PO3B’A3yBaTH, IPUHANMHI, TPH HACTYIIHI 3a]1adi:

v . . n
1. Busznauatu WMOBIpHOCTI p(m

j | Tepexofty cuctem 3i crany A 110

crany Aj 3a N KpOKiB.
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n o . o
2. 3HAXOIUTH BEKTOP pl )(B) fIMOBipHOCTE} 3HAXOMKEHHS CHC-

TEMH Yy BCIX MOXIIMBHX CTaHaX MHOXKMHM B depe3 N KpokiB, sKIIO Bifo-
MU CTaH CUCTEMH y TIOYaTKOBUII MOMEHT.

3. Ins crieruigHUX CTaHIB CHCTEMH BH3HAYaTH WMOBIPHOCTI TO-
TpAIUIIHHS /10 HUX He OUIbllle HiXK 3a N KPOKIB Ta CTallioHapHI HWMOBIp-
HOCTI, 5IKi JO3BOJISIFOTH BU3HAYATH YACTKY 4acy, sSKHi cucTeMa nepedyBac B
IUX CTaHaX.

OCHOBHUM HEIOJIIKOM 1ICHYIOUHX METOIB MPOTHO3YBAaHHS € HEMOX-
JUBICTH OLIHKH CEPEeAHBOTO 4acy mepeOyBaHHSA CHCTEMH Y Tid 4M iHIIIN
MHOXXUHI CTaHiB Ta BiJJCYTHICTh BpaxyBaHHsS €KOHOMIYHOro edekry Bif ii
eBomoLii. MozemnsM, sIKi IPyHTYIOTbCSI Ha CKIHUEHHHX JaHIforax Mapkosa,
NpUTaMaHHI HACTYIHI XapaKTepHi PUCH:

— MPOCTOTA 3MICTY;

— BpaxyBaHHsI IPUPOJHAM YMHOM ICHYFOUMX E€KOJIOTIYHMX HOpMa-
TUBIB, OCKUTBKU ()a30BUHA MPOCTip OYAYIOTH HAa OCHOBI JIFOYOTO €KOJIOTid-
HOT'O 3aKOHO/IaBCTBA;

— MO>KJIMBICTB 3B€JICHHSI MHOKMHH OL[IHIOBaHMX IapaMeTPiB 10 ee-
MEHTIB IIepeXiTHOT MaTpPHIIi.

4. [TpakTHYHE 3aCTOCYBaHHS TaKUX MOJEJNCH 3aBIsKU HasBHIA po3-
BUHYTIH Teopii ysaHmoriB MapkoBa 103BOJIsIE BHKOPHCTOBYBATH HACTYITHI
KpHTepii ONTUMAaIBLHOCTI:

— MiHIMI3yBaTH HMOBIPHOCTiI CTaHIB CHCTEMH, SIKi € HaJ3BHYaii-
HUMU CUTYalisSIMH, y CTaI[lOHAPHOMY PO3MO/IiJI BiIMOBIIHOTO JIAHIIIOTA;

— MaKCHMI3yBaTH CepeHil Yac JOCITHEHHS BiATIOBITHOTO CTaHY;

— MiHIMI3yBaTu MIKOAY BiJ MepeOyBaHHS CHCTEMH B «EKOJIOTTYHO
HECIIPUATINBHX) CTaHAX;

— MakCHMI3yBaTH €KOHOMIYHHWI edekT BiJ (QyHKLIIOHYyBaHHs CHC-
TEMH 3 BpaXyBaHHSM K MPHUOYTKY BiJl MPOMHCIOBUX 00’ €KTIB Ta MO3UTHB-
HUX COLIANbHUX 3pYIIEHb, TAK 1 30MTKIB €KOJIOT'TYHOTO MOXO/XKESHHS.

— Ha OCHOBI CTaTUCTUYHHX JOCIHIPKEHb CTBOPUTH OaHK CIICHApIiB,
SIKI MOXKYTb BUHUKHYTH B KOXHIH 30Hi;

— I KOXKHOTO CIICHApiI0 pO3paxyBaTH YaCOBi JIATH MiKPETIOHAIb-
HUX e(eKTiB,;

— ONEpaTHBHE YNpPaBJiHHS 3AIHCHIOBATH IUIIXOM BHKOPHCTaHHS
CTaHAapPTHHUX CUEHAPIiB 3 OJJHOYACHUM KOHTpOJIEM iX aJleKBaTHOCTI peab-
Hiil 00CTaHOBIII.

Hexaii cucrema 31iCHIOE YIPaBIiHHSA TEPUTOPISIMH, IO SIBISIOTH
c000r0 00’eHaHHS 30H (PETiOHIB), K HaJlaJli BBAXKATUMYTHCSI TAKHMH, 110
He nepeTuHaroThcs. Pa3oBuii mpoctip () €KOCHUCTEMH € NMPSIMUM JIOOYTKOM

Q, ne | € MHOXHHOIO BCIX MOXJIMBHX YHOPSAAKOBaHUX HAOOPIB 3HAYEHb
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KOHIICHTpAIill IIKI[UIMBUX PEYOBHH Yy MOBITPSIHOMY Ta BOTHOMY CEpemo-
BHI@X | -ro perioHy KOHTPOJILOBAHOT TEPUTOPII.

Bimzaaunmo, mo GopMu B3a€EMO3aJIEKHOCTI MiXK MEPEXiTHAMH MaT-
PHULSIMH IJIs1 CyMIXKHUX 30H MOXKYTh PO3PaXx0OBYBaTHCh JIBOMA CIIOCOOaMHU:

— BUXO/JS9HM 3 HABHUX CTATUCTUYHUX JaHUX;

— Ha OCHOBI MOJeNi KOPECHOHACHIIIH, M0 CIIUPAETHCS HA HASIBHY
iH(pOpMaLio Ipo MOBITPSHI Tedii, AMHAMIKY BOJOM TOIIIO.

BuHuKHCHHS HaJ3BHYAHOT CHUTYyAaIlil HaBiTh B OJHOMY perioHi (abo
HaBIIaKW, HOPMaJli3allisi eKOJIOTiYHOi 0OCTAHOBKH B HHOMY) BUMarae mociii-
JIOBHOTO TEPepaxyHKy MaTpHUIlb IEPeXiJHUX HMOBIPHOCTEH 1Isl BCi€l KOHT-
posboBaHoi Teputopii. Ciix 3ayBakuTH, IO MOAIOHI HEepepaxyHKH 4acTo
MIPUBOSITH 10 OTPUMaHHS KOHTPOBEPCIHHUX Pe3yJIbTATIB (IJ1s1 OJJHOTO i TOTO
K PETiOHY OTPUMYEMO Di3Hi mepeximui marpuiii). i1 yCyHEHHS BKa3aHHX
MIPOTUPIY IPOIIOHYETHCS:

— Ha OCHOBI CTAaTHCTHYHHUX IOCIiKCHh CTBOPUTH OaHK CIICHApIiB,
SIKI MOXKYTh BUHUKHYTH B KOJKHIH 30Hi;

— JI7Is1 KOXKHOTO CIICHAPil0 PO3paxyBaTH YacoBIi JIATH MiXKpETiOHAJb-
HUX e(eKTiB,;

— ONEpaTHBHE YNPABIIHHS 3IIHCHIOBAaTH ILIIXOM BHKOPHUCTAHHS
CTaHAapPTHHUX CLEHApIiiB 3 OJJHOYACHUM KOHTPOJIEM iX aJleKBaTHOCTI peab-
Hiif 00CTaHOBI.

Etanu peanizanii MeToquKku ynpaBiiHHS €KOJIOTIYHOIO CHTYAII€l0,
sika po3po0IieHa y AaHiit poOoTi, CyTh HACTYIIHI:

1. 3a nonomoror HasiBHUX NEPEXiHUX MaTpUllb JUIs JIAHIIOTIB,
IO OIMHUCYIOTh €KOJIOTTYHY OOCTAaHOBKY Y 30HaX, BUOKPEMJIIOIOTH Taki pe-
KHUMH POOOTH TEXHOJOTIYHHX CHCTEM, SIKI MOXYTh 3a Halepesa BCTAHOB-
nenuii Tepmin (He 6inpime N mepexo/iB) MPU3BECTH 10 CHUTYAIll, SKi Bix-
HECEHO JI0 KaTeropii BKpail Hebe3neuHux, xoua 0 B OJHOMY 3 PETiOHIB.

2. Insg cutryamiid, SKi BBaXXKAIOTh HECTPUSTINBAMH, BUOMPAETHCS
pe-KuM poOOTH, TIpH AKOMY MIHIMI3y€eThCS 3BaXKCHA CyMa MMOBIpHOCTEH 1X
JOCSITHeHHsI He Oinmbiie Hix 3a M mepexoaiB abo cralioHapHUX Uil KOH-
KPETHOTO JIaHIIOra WMOBIpHOCTeH 1ux craHiB. KoedimienTa B Takiit 3Ba-
KEeHiil cymi BHOMpPAlOTh, BUXOJSYM 3 HEOOXIJHOCTI 3a0€3MEUNTH HaJIC)KHE
0OMeXeHHSI OYiKyBaHOTO CEpeAHBOTO piBHSA 3a0pyJHEHHA IO KOXHIM 3
HAOT0 KOMIIOHEHT:

Q- Ptotay P8

akl‘ p1+...+ak| * pl SSk

3. Ilicns BUKOHAHHS TOMEPEAHIX il sl KOXKHOI 3 30H BUKOHYIOTh
ONTHMI3AIliI0 32 KPUTEPIEM MaAKCUMAIBbHOI BiJIaIeHOCTI CUCTEMH BiJl He-
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0e3meyHoro piBHA 3a0pyIHEHHS, TOOTO BHOOPY TAaKOro pexuMmy ii QyHK-
ioHyBaHHs, pu skomy 1 = ET ( i Ty ) —max,ge T ( e fn) — yac

nocsirnennst Benmuunnoro A f +...+ A, f kpurnasoro pisus F, f,.., f -

XapaKTePUCTHKH MPOMHUCIOBOTO 3a0pymnHEeHHS 30H, A,..., A, — Barosi Koe-
¢imienTn.

4. SIxmo momepenHs 3aada po3B’A3aHa, ajic B HASIBHOCTI € PsJ CTpa-
TeTiH, pe3yJbTaTH 3aCTOCYBaHHS SIKMX MPAKTHYHO MAJIO BiIPI3HSAIOTHCS Bil
ONTHMAJIBHOTO, TO JUI TaKHX CTPATEridl PO3paxoBYIOTh: a) CEPEIHIO Be-
JMYMHY WHIKOAW Bil mepeOyBaHHS Yy EKOJOTiYHO HeOe3NeyHHX CTaHax;
0) cepenHiit ekoHOMIYHHN e(eKT Bia (yHKIIOHYBaHHS CHCTEMH, IO Bpa-
XOBYE SIK MPUOYTKH BiJ| (YHKIIOHYBaHHS IPOMHCIIOBOCTI 1 MO3UTHBHI CO-
HiaTbHO-eKOHOMIYHI 3pYIICHHS, TaK 1 ONHCaHi BUIIE 30MTKHA. 3pPO3yMilo,
110 NOPIBHSHHS pe3yJIbTaTiB BUOOPY OJIHI€T 3 CTpaTeriil B TaKOMY BHIAJIKY
€ HeOOX1THUM TS IPUHHATTS PIillICHHS Ha Jep>KaBHOMY PiBHI.

KepyBaHHS cUCTEMOIO MOKe 3II{CHIOBATUCH SIK IIIIIXOM 3MiHHU (ha-
30BOTO TPOCTOPY (MEperiiia HOpM Ta PiBHIB 3a0pyJHEHHS), TaK i 3MIiHOIO
MaTpuLi NepexiTHUX HMOBIpHOCTEH, MPUYOMY OOMABA LI METOJH MOXYTh
MOCTITOBHO KOMOIHYBaTHCh. 3a3HA4MMO, IO 3MiHA MATPHUIl HEepeXiTHIX
HWMOBIPHOCTEH MOKE BHMAaraTd iCTOTHHX KalliTaJOBKIAJACHb (HAIPUKIIAN,
MiABUINCHAS HAAIHHOCTI MPOMICIOBHAX YCTaHOBOK, 3MCHIIICHHS PiBHIB BH-
KHJIB TOIIO), 1[0 Ma€ OyTH BPaxOBAaHO IMPH MPUNAHATTI BIAMOBIIHUX OITH-
MI3YIOUHX YIIPABITiHCHKUX PillICHb.
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IIpouecu GionorigyHoro obpocranHs ado 6iodyriHry no6pe Bimomi

B MOPCBHKHUH ramysi. biopymiHr migBumye omip pyxy cyzaHa, 3aBISKH YOMY

3MEHIIYETHCS HOTO IIBUKICTh, TA 3pOCTA€ HABAHTAXKEHHS HA CY/HOBI JBH-
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ryHu (mus 30epeskeHHs HeoOXimHoi mBuakocti) [1]. Takox mpum Gioro-
riyHOMY OOpOCTaHHI IOBEPXOHB, IO KOHTAKTYIOThH i3 3a00PTHOIO BOJOIO,
3MIHIOIOTHCS KOe(ili€eHTH TeTUIOBiAAaYi TeIII000MIiHHHX araparis, IO MPH-
3BOJIUTH JI0 MOTIpIIEHHS POOOTH CUCTEMH OXOJIOJDKEHHS, 301IbIIIEHHS BTPAT
€Heprii 3 OXOJIOKYBATBHUM CEPEIOBHUIIEM, 3MCHIIEHHIO €(DeKTHBHOTO Ta
TEPMIYHOTO KOoe(illieHTIB KOPUCHOI Aii SK TEIUIOOOMIHHMX amapariB, Tak i
Bciel cynHOBOI eHepreTindHoi ycraHoBKH (CEY) [2].

OOpocTaHHsI CUCTEM TEXHIYHOT'O BOJONOCTavyaHHs, TiJpoanaparis,
OXOJIOJKYBAJIBHUX CHCTEM, IPAIIOIOYMX Ta JOTHYHHMX JO MOPCHKOI BOJIU
TIPU3BOJIUTH TAKOXK JIO BEIMKUX MaTepiajJbHUX 30HUTKIB.

OO6namHaHHS CyIeH CHCTEMaMH 3axHCTy Bix OionorigHoro obpoc-
TaHHS 3MCHIIYE €KOHOMIYHMI 30MTOK, TOMY JOIIBHO IPOBOJUTH YZOC-
KOHAJICHHS HasiBHUX 3ac00iB 3aXHCTy Ta CTBOPCHHS HOBHX.

Ha mpaxtumi Ui 3aXHCTy CyAHOBHX BOJOIPHUHMANIBHUX CHCTEM
Bix 0i0QyITiHTY BUKOPHUCTOBYIOTh TaK 3BaHI aKTHBHI CIIOCOOW 3aXHUCTY, SIKi
OJTHOYACHO 3 MiJBUIIECHHIM e()eKTHBHOCTI 3aXUCTy Ta 30UIBIICHHAM Tep-
MiHy CIyOHM CyIHOBOTO OOJIQJIHAHHS, NAIOTh 3MOTY KEpyBaTH Iapamer-
pamu 3axucty [3].

Jlo akTMBHHX CIIOCOOIB 3aXHCTy BIIHOCSTBH: YJIbTPa3ByKOBHM, Xi-
MIYHUHA, BYIJICKHCIOTHUH Ta enekTpoxiMiyHuid. KoxHHH 3 1ux crnoco0iB
il yac ekcrutyaTtanii Mae cBOi mepeBard Ta HemoJiiku. Tak Hampukian,
BUKOPHCTAHHS YJIBTPa3BYKOBOTO 3aXHCTY HE OTPHMAJIO LIMPOKOTO 3acTo-
CyBaHHS Ha CyJHAaX B HACNTIOK HEAOCTATHHOI €()EeKTUBHOCTI i €KOHOMIU-
HOCTI, Ta TEXHIYHNX CKJIQJIHOCTEH HOTO 3aCTOCYBaHHS.

XiMigHI criocoOH 3aXHCTy Bif 0i0(QYITiHTY TaKOXK MAaOTh Dy)KE BaXK-
JUBUI HENOINIK — e 3a0pyTHEHHS JOBKLLIA, SKE BHHUKAE BHACHIJOK 3a-
CTOCYBaHHS CTIHKHX (200 HECTIHKMX) TOKCHHIB Ta OPTaHIYHUX PO3YHH-
HUKIB, TAKOXK MPU IbOMY BUHHUKAE HEOOXIIHICTh PO3MIIIECHHS [IMX PEYOBUH
(SIK TpaBWIIO, MIKIJIJTUBUX) HA CY[HI, [[I0 BUMAra€ BUKOHAHHS CICHiaIbHUX
3ax0/1iB O€3MeKH.

[Tpyn BUKOPHCTAaHHI BYIJIEKHCIOTHOI'O CHOCOOY CIIOCTEpIraeThes
HenocTaTHs eeKTHBHICTh. 3 €JIeKTPOXIMIYHHX CIOCOOIB 3aXUcTy Bij Oio-
¢yniHry HailOiIpII BUTITHUM Ta PO3MOBCIODKCHHUM € CHOCIO eIeKTpOIi3-
HOT'O XJIOPYBaHHS MOPCHKOI BOJIM, 3aCHOBaHWI1 HA BUKOPUCTAHHI HEPO3YHH -
HUX aHONIB. B 1Iiif TeXHONOTIi miJ Yac eIeKTPOIi3y MOPCHKOi BOAHM YTBO-
PIOETHCSI TOKCUYHHHN JJIsl OPraHi3MiB peareHT (PO34MH aKTUBHOTO XJIOPY —
rinmoxyioput Hatpito). Lliii peareHT sSKuii TeHepyeThCs B €NEKTpoJIizepi 3
MOPCBKOT BOJM Ta MOJA€ThCs B ep(opoBaHi PO3NOAITIBHUKY, SIKI BCTAHOB-
JIeHI ycepeIuHI KOXKHOTO KIiHICTOHY, Ta, BHTIKAIO4M 3 HHUX, BiJOYBa€THCS
HOro 3MilIeHHsI 3 OCHOBHUM MOTOKOM 3a00pTHOT BOJH, SIKE MOJAETHCS HA
cynHo (puc. 1).
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Mopceka BEoga go
eJIeKTPOJOTIYHOL KaMepH

¥ === Big cxpybepy

(Odpodnena
MOpCEKa BOga 10
CYMHOBHX CHCTeM

Puc. 1. [IlpuHuunoBa cxema KOMOIHOBAHOI eJ1eKTPOJIi3epPHOI CUCTEMH
3axMcTy Big Oioy.ainry

JlonatkoBe miZABHIICHHS €(DEKTUBHOCTI EKCIUTyaTallii CUCTeM 3a-
XHCTY BiJ] 010JIOTIYHOTO OOPOCTaHHSI MOIIMBO 320€3MEUNUTH MUITXOM KOM-
OiHarii pisHuX croco0is [3].

[ToenHaHHS €IEKTPOITIZEPHOTO CIIOCO0Y Ta BYTJIEKUCIOTHOTO MOKE
3HAHO MiJBUUIMTH €(EKTHBHICTh CHCTEMH 3aXHUCTy OioQymiHry Ta i rHyu-
KicTe. Jls pearmizamii {bOro KOMOIHOBAHOTO CIIOCO0Y HEOOXigHO 3abe3re-
YHUTH TONEPEHI0 00poOKY MOPCHKOi BoH BinnpanboBanumu razamu CEY,
niepe] il HOTPAIUSTHHSAM B €JIeKTPOITi3ep.

Koncrpykuisi Takoi cucremu noTpeOye BKIIOYEHHs B Hei mopat-
KOBOTO HE3aJISKHOTO eleMeHTa (MOayJIs) — AUCIepraTropa, 1o 3adesneuye
HACHYEHHS. MOPCHKOi BOAM JIBOOKHCOM Byrjemwt. J{pyrum cryneHem cuc-
TemMHu OyJie, eIeKTPOITi3ep, 10 HACUYYE BOJY XJIOPBMICTHUMH KOMIIOHEHTAMHU.

[lepen BBeneHHSAM B 00pOOIIOBaHY MOPCHKY BOJY BiANpalibOBaHUX
ra3iB CEY (y pasi ix BukopucTtanss B sikocTi mkepena CO2), HeoOXimaHa iX
OUHCTKa B CKpyOepi Ui BUJAJeHHS TBepAuX (pakimiid, MacTwia Ta He3ro-
pLIHX BYTJIEBOIHIB.

[Ipouec mucnepryBanHs BignpauboBanux rasis CEY, B Mopceky
BOJy MOXe 3/IiiCHIOBATHCS pisHUMU criocobamu. JocBia ekcrutyararii piz-
HHUX TIPUCTPOIB HA CyAHAX, MOKa3aB, 10 HAWOUIBII yHIBEpCaJIbHUM, IIPOC-
THM 32 KOHCTPYKIII€IO 1 3pYYHUM B €KCIIIyaTamii € BOJO-Ta30BUH €XKEKTOP.

Juis ounctku BiampansoBanux rasziB CEY moxe OyTH BHKOpHC-
TaHa KOHCTPYKIis ckpyOepa (puc. 2, a [5]). OcobnuBicTIO 3ampONOHOBAHOT
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KOHCTPYKIIi € Te, M0 AJI ONTHMi3alii peXUMY OYNCTKH B HBOMY BCTa-
HOBJICHI TOJIATKOBI MicuieBi omopu (puc. 2, 6).

VN

-

[]
a 7]

Puc. 2. Moaeap moJioro ckpyéepa aisi BCTAHOBJIEHHS
B KOMOiHOBaHil ejieKkTpoJIi3epHiil cucTemi 3axucTy Big 0iodyainry:
a) TBepAOTIJIbHA MOJIe]Ib CKPYOepa;
0) pe3yJIbTaTH MO/IEJIOBAHHS Tediii B CKpy6Gepi

BuKOHaHHS B CHCTEMI JIBOX HE3aJCKHUX MOXYJIB — AUCIIEpraropa
ra3y Ta €JeKTpOJi3epa J03BOJIIE 3aCTOCOBYBATH iX OKPEMO, TOOTO BHKO-
pucTOBYBaTH ab0 TiTBKKA OOpPOOKY BOAM B IUCIEPTaTOpi ra3aMu, IO OYH-
HieHi B ckpyOepi, a00 TiJIbKM HACHUUEHHSI BOJM B €JIEKTPOJII3EpPi XIOP-KOM-
moHeHTaMd. B 000X Bumaakax Oyze 3a0e3rmevdeHnit BIAIOBITHAN 3aXHCT Bif
6io¢yainy. Lle 103BoJIsIE€ pe3epBYBATH CUCTEMY 3aXUCTY Y BUIIAJIKy BUXOIY
3 JIaAy OJHOTO 3 MOIYJIB a00 IpH MPOBEJCHHI PEMOHTHO-TIPO(ITaKTHIHIX
poOiT Ha oHOMY 3 HEX. J[JIs I[bOTO y BAOCKOHAIEHIH CHCTEMI mepeadadeHi
BiNOBIiHI OaifracHi (00BigHI) TPyOOIIPOBOIH Ta 3amipHa apMarypa.
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KINEMATIC SYNTHESIS OF NEEDLE MECHANISM
OF SEWING MACHINE AND ITS SIMULATION USING
SOLIDWORKS MOTION

Kharzhevskyi V. 0.1, Marchenko M. V.2, Stepanets O. V.2
Xmenvnuyvkuil HayionanbHuil yHisepcumem
E-mail: ‘kharzhevskyi@khmnu.edu.ua, 2max@solidworks.net.ua,
3stepanetso@khmnu.edu.ua

The optimal design of mechanisms of sewing machines is an
important practical task, because by means of kinematic synthesis methods
it is possible to obtain various kinematic characteristics of their points and
links, in particular, the laws of motion of the output link — the needle guide,
including the values of displacements, velocities and accelerations. As it is
known, the needle mechanism of a sewing machine performs the following
functions: piercing and passing threads through the material, forming a loop
and tightening the stitch. Moreover, depending on the purpose of the sewing
machine, the needle can perform a simple movement (straight-line or
curvilinear), as well as a complex planar or spatial movement.

For example, the 876 class sewing machine uses an eight-link
linkage mechanism, the structural scheme of which is shown in the Fig. 1.
According to the Assur classification, this linkage mechanism consists of a
ground link to which crank 1 (mechanism of the 1% class) is connected in
series, besides — two groups of the 2™ class of the 1%t type (links 2-3 and 4-5,
respectively) and one group of the 2" class of the 2™ type (links 6-7).
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k of the looper
needle guide axis 7

Fig. 1. Kinematic scheme of the mechanism:
a) calculation scheme; b) mechanism in extreme positions
with trajectories of movement of individual points

The needle installed on the needle guide 7 makes a reciprocating
movement, the maximum stroke of which is 36 mm. Practically all types of
mechanisms of such machines have an unregulated movement of the needle,
including the 876 class machine. This mechanism can be upgraded if the
stroke of the needle could be adjustable, which can be done by changing the
position of the fixed hinge F (Fig. 2). For the normal stitch formation conditions,
the lower position of the needle should remain unchanged (Fig. 2, b).

So, the aim of the work is designing of the mechanism of the
needle guide of the sewing machine in order to regulate the movement of
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the needle within the specified limits, as well as its research in order to
determine its main kinematic characteristics and working capacity.
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Fig. 2. Results of the kinematic analysis

The problem of optimal kinematic synthesis of linkage mechanisms
is one of the most difficult problems in the theory of mechanisms and
machines. There are a number of tasks for the kinematic synthesis that
require designing such mechanisms according to various criteria, in
particular, according to the given law of motion of the output link or the by
the maximum value of the output link displacement [1-5].

After conducting the kinematic synthesis, it is also necessary to
carry out kinematic analysis of the designed mechanisms and perform an
optimization procedure. Let’s consider the sewing machine mechanism, the
structural scheme of which is shown in the Fig. 2. The dimensions of the
links of the mechanism are as follows: 1, =15 mm, I, =175 mm,

lee =25mm, |, =17 mm, I, =30 mm, I =25 mm, Il =30 mm,
Xor =18 mm, b=20 mm. The kinematic parameters of the output link of
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the mechanism were defined using the known analytical methods [1, 2].
During the research process, it was established that the mechanism has two
extreme positions that are in the positions of the crank that are defined by
the angles ¢, =¢, and ¢, =@;. Then, it is obvious that the stroke of the

slider 7 can be determined as follows:
S= Ys ((P(,))_y(; ((Po)'

The results of the performed calculations are presented below. As
can be seen from the diagrams in the Fig. 2, with an increase of the value of
the angle o, that determines the position of the fixed hinge F, the stroke of
the slider 7 increases, and the lower position of the slider remains unchanged.
Another dependence is alo observed — with the increase in the stroke Sg of
the output link, the analogs of velocities and accelerations also increase.

In order to check the correctness of the obtained analytical formulas
and the operability of the proposed mechanisms with adjustable stroke of
the needle, a computer simulation of the sewing machine needle guide
mechanism was carried out in the Computer-Aided Design system
SOLIDWORKS, and the kinematic characteristics of the mechanisms were
determined using Computer-Aided Engineering system SOLIDWORKS
Motion (Fig. 3).

Fig. 3. Mechanism and results of calculation in SOLIDWORKS Motion:
displacement and velocity of the output link

Conclusions. It was established an expediency of adjusting of the
stroke of the slider 7 only within such limits as: 0<a <35, taking into
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account the permissible values of transmission angles. Further increase of
the angle o will lead to jamming of the mechanism links. As a result of the
study, it was established that the stroke of the needle guide 7 can be
adjusted in the range from 18 to 23 mm. The conducted computer modeling
and corresponding kinematic analysis in SOLIDWORKS Motion confirmed
the correctness of the analytical calculations and the operability of the
proposed mechanisms.
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CTAH ITPOBJIEMU EKCIHIEHTPUCHUTETY POTOPA
CYYACHUX ACUHXPOHHUX EJIEKTPUYHUX MAIIINH

Topowko A. B, 3embuywvra M. B.
Xmenvruyvkuii HayionanvHuii ynieepcumem, Ykpaina

ACHHXPOHHI eleKTpu4Hi MamuHl (AM), 30KpeMa aCHHXPOHHI €JIeKT-
pyuHi aBuryHd (AJl) € HAMMOMMPEHIIIMMHI EIEKTPUIHAMHA MamrHaMu. AJl
cnoxuBaroTh oHan 80 % enexkTpoeHeprii, 10 BUPOOIISETHCS €IeKTPOCTaH-
uissMu Ykpainu. [leekTr i HecpaBHOCTI y JBUTYHI IPOIPECYIOTh y MPO-
Leci eKcIuryararlii, BUKIMKAIO4M 3HOLIYBAHHS CIPaBHUX YaCTHH, a TAKOXK
CIPSDKCHUX MAIlUH 1 MexaHi3MmiB. BiqmoBa A/l cripuduHsI€ 3Ha4YHI €KOHO-
Mi4HI BUTPATH, TOMY IIpobiiemMa HaaiiHOCTI AM € akTyaapHOIO.

s AM B SKOCTI OMOp POTOpa BHKOPHCTOBYIOTH IIiIIIHITHUKH,
3aKpiIuIeHi y creniaabHuX cToskax. CToskn OONTaMH MPUKPIIIIIOIOTHCS 10
HI)KHBOI TIOJIOBUHU TOPIIOBOTO IWTa. BingmoBu mimmunHukie AM ckia-
naroTh 6im3bko 40 % Bijx 3araapHOI KiJIBKOCTI BiZIMOB aCHHXPOHHUX MAIlIWH
[1, 2]. Buxix 3 naay miJmIMnHUKIB B OCHOBHOMY BUKJIMKAHHIA 1X ITiJBHIIE-
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HUM 3HOCOM. OCHOBHMMH (haKTOpaMH 3HOCY € MEXaHIYHHH JucOamaHc po-
TOpa Yepe3 CEKCIICHTPUCUTET MAacH pOTopa i HE3pIBHOBAXKCHE MarHITHE
HaTsokiHHS (UMP) BHacmiqok MarHiTHOro ekcueHTpucureTy. Ockinbku AM
MaroTh BIJIHOCHO HEBEJMKHH TOBITPSIHUI MPOMIXOK, BOHU € OLIBII CXHJIb-
Humu o UMP.

MexaHiuHui TucOaNaHC BUHHMKAE Yepe3 HEMHHYYi TEXHOJOTI4Hi
BiIXWJICHHS TIPH BUTOTOBJICHHI, HETOYHICTh CKJIANAHHS Ta KOHCTPYKTHUBHI
0COOJIMBOCTI POTOPIB, BHACITIJIOK YOTO IOPYLIYETHCS OCbOBA CHMETPIS 1
LHEeHTp iHepIii y mesKHuX IOIepedHNX Iepepizax He 30iraeTbcs 3 TeoMeT-
PUYHUM LICHTPOM MEpepi3iB i BicCIO O0OepTaHHS POTOpa. MarHiTHUil ekc-
LEHTPUCHUTET BUKJIMKA€E JOJATKOBE pajiajibHE HABAHTAKCHHS HA ITiJIIHII-
HUK, III0 CKOpOYye ioro TepMmin ciyx6u. Kpim Toro, UMP 3HmXKye 3araabpHy
YKOPCTKICTh CHCTEMH, III0 MO>KE i ICHIIUTH BiOparlii BcepenuHi cuctemn [3].

3a JaHMMHM Pi3HHUX KEpea Ha eKCIEHTPUCUTET TOBOAUTHLCS Bim 20
10 40 % BiamoB acuuxpoHHuX ABuryHiB (AJ]) [4—6]. B A/l yacto BuHHKae
€KCLIEHTPUCUTET POTOPA, 1110 MPU3BOIUTH JJO HEPIBHOMIPHOCTI MOBITPSHOTO
MPOMDKKY MamuHH. [IpHYMHM NOSBH MarHiTHOTO €KCIIEHTPHCHUTETY 00Yy-
MOBJICHI SIK TIOMMJIKAMH i/l Yac BUPOOHHUIITBA Ta 30MpaHHs MallWHH, TaK i
HECIIPUATIMBUMHI yMOBaMH ii ekciuryaramii. Po3pi3HsaoTs cTaTHyHMi 1 Au-
HaMiYHUH ekcreHTpucuTeTH. CTaTUYHUI EKCUEHTPUCUTET BHHHKAE yepe3
SKCIIEHTPHUYIHE TIOJIOKEHHS POTOPA y PO3TOUIli CTaTOpa, TOMY HEpiBHOMIpHA
KOH(Irypaiist NOBITPSHOTO 3a30py HE 3MIHIOETHCS B 4aci mpu oOepTaHHi
poropa. IIpn tuHaMiYHOMY €KCIEHTPUCUTETI, IKUH BUHHUKA€E Yepe3 eKCIICHT-
pHUYHE TMOJIOKEHHST POTOpa BIIHOCHO OCi Baja, KOH(Iryparis moBiTpsHOTO
3a30py IpH O0EpTaHHI POTOpPA 3MIHIOETHCS, IO OOYMOBICHO OOEPTAHHSIM
0Ci poTOpa MIOJO OCi CTaropa. 3BaXKal4y HA HEBEJIMKUH PO3MIp MOBITpSI-
HOro 3a30py A/l HaBiTh HE3HAYHMI EKCHEHTPUCHUTET POTOPA, MOPYIIYIOUH
CHUMETPII0 KOHCTPYKIIT MalllMHU, 3HA4YHO HoTipmye ii poboTy.

Bigomi sik agamitiusi miaxoau no susHadyenas UMP, tak i meToau
Ha OCHOBI METONIy CKiHUeHHHX eyeMeHTiB [7—10]. B 3arampHOMY BHIIaAKy
HEOOXITHO OKPEeMO PO3IJIAJaTH BIUIMB CTATHYHOTO EKCIEHTPHCUTETY Mach
pOTOpa 1 CTATUYHOTO EKCLEHTPUCHTETY POTOPA, II0 € MPUINHOIO HEPIBHO-
MIPHOCTI TOBITPSIHOTO 3a30py €JEKTPUYHOI MaiuHu. baratbma aBTOpaMu
[1-11] npoBoasATBCS MOCIHIKEHHS 31 CTBOPEHHS MATEMATUYHUX MOJIEIICH,
AKi 6 HaioOIIeII eheKTHBHO onucyBan O poTopHy anHamiky AJl. B poborti
[12] posrisaaerscs aHamiTHYHA MOJENb Ta TUISHKH CTIHKOTrO pyxXy obep-
TOBHX MAIlIFH, JIAIIM SIKMX 3MOHTOBAHI HA MOJATIMBOMY (QyHZaMeHTi. AB-
TopoM y [13] posrisiHyTo aHAmITHYHY MOJIeb BiOpallil Koprycy i Bajna JBu-
I'yHa, II0 BPaxoOBYy€ JMHAMIYHHUN EKCLEHTPUCHTET MAacH, BiJIXUIICHHS Jie-
(opMOBaHOrO BaJia 1 MarHITHUH EKCUEHTPHUCHUTET JJis JBUTYHA 3 MIiJI-
UIMITHUKaMH KOB3aHHSI, 110 3MOHTOBAHO Ha IOJATIMBOMY (pyHIaMEHTi.
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V 3ragyBaHUX poOOTax MPHHHATE MPUITYIICHHS, IO 1HEpIIis 30ce-
peKeHa y IUIOIIMHI, fKa OUINTh JOBXHHY POTOpa HABIIJI, a €KCLECHTPHU-
CHUTET MacCH BHKJIHMKAE BIALIEHTPOBY CHJY, MiJ AI€I0 AKOi pOTOP 3MIHCHIOE
JIUIIE TOCTynanbHI mepemimeHds. Ha BiaMiHy Bim 1ux poOit y [14] aB-
TOpaMH CTBOPEHO MaTeMaTHYHY MOJIEIb KOJHWBaHb Kopmycy AJl, sika Bpa-
XOBY€E: €KCUEHTPHUCUTET MacH pOTOpa; CTAaTUYHHUN MArHITHHH €KCIIEHTPH-
CHUTET POTOpa, BIUIUB TPOCKOIIYHOIO0 MOMEHTY POTOpA; MOJATIMBICTh OIOP
craropa A0 (pyHIAMEHTY, IO JO3BOJISIOTH INICTh CTYIEHIB BIILHOCTI (TpH
MOCTYHANBHUX 1 TPU 00CPTAIbHUX); BpaXyBaHHSA HEPIBHOKOPCTKOCTI OIOpP
cTaropa, iX KiJbKOCTI Ta MICI[b IIPHEIHAHHSA OO CTaTOpa; 3araJlbHUi BHIIA-
JIOK HECHIBMAXiHHSA HEHTPIB Mac craTtopa i poTopa 3 BicCI0 OOepTaHHS IIO
BCIX TPBOX ocsX X, Y, Z.

Pe3ynbTaté 4YMCENbHHUX CKCICPUMEHTIB IMOKa3aiu e(hEeKTUBHICTH
MOZEN I BH3HAYEHHS aMILIITYIHO-4aCTOTHHUX XapaKTEPUCTHK JBUTYHA
Ta HOro KPUTHYHHUX IIBHAKOCTEH, HOCTIIKEHDb MOB3I0BXKHIX KOJHUBAaHb Ta
ITOBOPOTIB CTaToOpa, BIUIMBY €KCIECHTPUCUTETY MACH Ta MarHiTHOTO €KCIIEHT-
pucuTeTy. Mozeins MOKe OyTH KOPHUCHOK IS JOCIIKEHHS TiarHOCTHY-
HUX O3HAK IPH BiOpaIliiiHii 1arHOCTHII eIeKTPHIHIX MAaIIHH.
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y Bcbomy cBiti [1-3]. Ipuumuu mepmr 3a BCe TOB'sA3aHi i3 30UIBIICHHAM
TPHUBAJIOCTI JKUTTS HACEICHHS, TIOANHAMIEIO, HAMIPHOIO Baror Tijia, 3MEH-
LICHHSAM LIUIbHOCTI KICTOK Ta PSAOM iHIMX (haKTOpiB, sIKi HPU3BOAATH JI0
TpaBMartu3amii Ta nedopmanii cyriodiB. 3 oMLy Ha Te, MIO HACEICHHS
CBITY IIPOJIOBXKYE CTapiTH, IiJPaXxOBaHO, IO TaKi AereHEepaTHBHI 3aXBOPIO-
BaHHs CyrIo0iB, sk octeoapTpo3 (OA), Bpassth moHaiimenme 130 Minbiio-
HIB JIFOJIeH 10 Beild 3eMHii kyii 10 2050 poky [4].

CBoeyacHe AiarHOCTYBaHHS 3aXBOPIOBaHb KOJIHHUX CYIJIOO0IB 3
BUKOPHCTAHHIM MPOCTHX Ta JOCTYMHHUX METOJIB € BaXIIMBOIO 3aJaucio
Cy4acHOI MEIULIMHHU.

Jis [iarHOCTHKY CTaHy KOJIHHHUX CYTTI00iB BUKOPHCTOBYIOTH TaKi
METOJH TPOMEHEBOI AiarHOCTHKH AK: peHTreHorpadis (PI'); komm torepHa
toMorpadist (KT); ymprpaszBykoBa miarHoctuka (Y3/1); MarHiTHO-pe30HaHCHA
tomorpadis (MPT); tpudaszosa ocreoctmuturpadis (3-pOCT), indpayep-
BoHa tepmorpadis (IUT).

KoxHuii i3 3a3HauYeHHUX JAIarHOCTHYHHUX METOJ/IB MAlOTh SK CBOI
MepeBary, TaK i HeIOJIKH.

CyTTeBe MpOMEHEBe HAaBAHTAKEHHS Ha 00CTEKYBaHOT0, IO MOTpe-
Oye NEBHOTO MPOMDKKY dYacy Mepel IMpOBEJICHHSIM HAaCTYIMHOTO oO0cTe-
JKCHHS, 3HaYHA BapTiCTh Ta HENOCTaTHS iH(OPMATHBHICTH OCOOIMBO Ha
PaHHIX CTaIisX PO3BUTKY MATOJOTIYHOTO MPOIIECY, 3yMOBHIIO HEOOXiqHICTh
mupokoro BukopuctanHs Meroay IUT, sxuil no3Bonsie BUSBIATH MaToO-
JIOTIYHI 3MIHU B KOJIHHHUX CYrjo0ax Ha paHHIX CTaHisX Ta 3IIHCHIOBATH B
MOJATBIIOMY KOMIUIEKCHY A1arHOCTHUKY BCHOTO OpTaHizmy [5].

MenuyHa TepMOiarHOCTHKA JIOBENA CBOIO €()EKTHBHICTH SIK OKpe-
MU METOJ] NMPOMEHEBOI IIarHOCTHKHM 3aXBOPIOBAHb JIFOJWHH, JIOCIITHH-
KaMH HanpalbOBaHUW 3HAYHUI 0OCST TepMorpadiuHUX NOCHIIKEHb SIK B
CBITOBI KJIIHIYHUI MPAKTHUI, TaK 1 B MEJMYHUX 3aKiIagax YKpainu [6].

JlucraHiiiiHe TEIUIOBi3ifiHE OOCTEXKEHHs A€ 3MOTY OIlIHIOBATH
(G yHKIIOHATBHI 3MIHM Ha JOKIIHIYHIN CTa/il 3aXBOPIOBAHHS B JHHAMIII (SIK
IIPU NIEPBUHHOMY OOCTEXEHHI, TaK 1 0e3MmocepeiH0 B MPOLeci JIIKYBaHH:)
Ta Bi3yalli3yBaTd M sKi i IEpUAPTUKYIIPHI TKAHWHU CYTI00a.

daxoBi HAyKOBO-NPAKTHYHI HATPAIIOBAaHHS 100 MUTaHHS JIOCIi-
JDKEHHSI TIaTOJIOTIYHMX 3MiH B KOJIIHHHMX Cyriio0ax HMpPUCBSYCHI OKPEMHM
3axXBOPIOBaHHAM [7, 8]. BiZicyTHI TaHi CTOCOBHO KOMILICKCHOTO MO€IHAHHS
BUSIBJICHHSI NAaTOJIOTIYHMX CTaHIB KOJIHHMX CYIJIO0iB pi3HOI eriojorii 3
TeMIepaTypHUMH MTaTepHAMU Ha TMOBEPXHi KOJIHHUX CYTIJIO0IB.

AmHari3 3pi3iB TeMIepaTypHUX HAaTEePHIB € BAXXJIMBUM JiarHOCTHY-
HUM KpPHUTEPiEM OIIHKH PO3MOAUTY TeMIepaTypH KONIHHUX CyriobiB, IIO
3HAYHO CHPOIIYE TIUIAaHYBAHHS BiAMOBIIHOI 1HIMBIMyalbHOI JIKYBaIbHOI
MPOTPaMH.
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ABTOp poboTH [9] 3BepTae yBary Ha BUHUKHECHHS IIEBHUX TPYIHO-
IIiB Y BUSIBJICHHI CTPYKTYPHO-(YHKI[IOHAJBHUX 3MiH B KOJIHHUX Cyrio0ax
Ha paHHIX CTalisfX, OCOONMBO y MAILI€HTIB 3 MOHOTOHOAPTPO30M, TaK SK
ICHY€ HEBIIIOBIHICTD KITIHIYHOT CHMITOMAaTHUKH Ta PEHTI€HOJIOTTYHUX O3HAK
3aXBOPIOBaHHA. 3a3HA4YCHI TPYAHOIII JOCHTH YCIIIIHO TOJIAIOTHCS 3a TO-
nomoroto I4T.

B poborti 3acTocoByBaBCS BITYM3HSAHHUNA TepMorpad 3 MaTpUIHUM
¢doronpuiiMauem, sikuii MaB TemneparypHy ayTiauBicth 0,07 °C, po3poOku
IHcTuTyTy (isuku HamiBnpoBigHUKIB iM. B.€. JlamkaproBa HAH Vkpainu 3
0a30BOI0 TECTOBOIO MPOrPaMO0 JUIs TeIwIoBi3iiiHOT cuctemu TherrmoVisio.
CrocTepeXxeHHS Ta KOHTPOJIb TEIIOBHX MOJIB 3A1HCHIOBAIOCH B Jiara3oHi
3-5 MkmM. Peamizanis mporpaMHUX KOJXIB 3[iiiCHIOBajlach Ha MOBI mporpa-
myBanus Delphi B cepenoBuiii pozpooku Borland Delphi 7.

OOpoOka TepMorpam Ta mojajiblii Jii 3 opopMIIeHHS pe3ysbTaTiB
TepMorpagiyHuX IOCHIIKEHb BHKOHYBAJIHCh 3a JOINOMOTOK MHPOrpaMu
TherrmoVisio, sika Oyna BIOCKOHaJICHAa aBTOPaMH 1 1a€ 3MOT'Y OTPHUMYBAaTH
TepMorpadiuHi 300pakeHHS 3 BHIAICHUMH ITyMaMU Ta HEIOCKOHAIHMHU
MIKCEJISIMU, CIIPOIIYBaTH OTPUMaHHs ociuorpadidaux TepMmo3pisis [10].

B poboti mpencraBneHi TepMorpadidHi 300pakeHHS TEIUIOBHX
MPOLIECIB CTPYKTYPHO-(DYHKIIOHAIIBHO 3MiH B KOJIIHHHUX CYTJI00ax.

XapakTepHoIo TepMorpadiqHO0 03HAKOIO BiJICYTHOCTI MATOJIOTIY-
HHUX 3MIH € CHMETPHYHICTh TepMOrpadiuHOro 300pa’keHHs 3 TPaJi€HTOM
temmeparypu (AT), sikuit He nepesuinye 0,5 °C MOpiBHIOBAHMX CHMETPHY-
HHUX 30H JIOCII/DKYBaHUX MOBEPXOHb, IO BIJNOBiNAE 3Ha4eHHsM (i3io-
JorigHOi TepMorpadigHOi HOPMHU.

Ha puc. 1, a npencraeineHo tepmorpadivyne 300paxkeHHsT Hepe-
HBOI TIOBEPXHI KONIHHUX CYTJIO0IB 0€3 MaTOJOTiYHUX 3MiH 3 BiICYTHICTIO
ACHUMETPUYHUX 30H Timo- 4M rineprepmii. OTpuManuii ocimiorpadidHuii
TEMIIEPaTYPHUI PO3MOALT (TepMO3pi3) BiAmoBiqHO niHii (puc. 1, 6).

[
o3

Ternepatypa
o
o
P
e

Puc. 1. Tepmorpadiuna Bizyaaizauis
nepeIHbLOi MOBEPXHi KOJIHHUX Cyri06iB 6e3 o3Hak maroorii (a);
OCLUJIOrpaMa TeMIepaTypHoOro po3noaiiy (4)

106



Science and Education : XVIII International Conference

[IpaBobiuHMiA TeMapTPo3 KOJIIHHOTO Cyriio0y Ta ocruiorpadiqanit
PO3IIOJINT TeMIlepaTypH 110 JIiHII MoKa3aHWH Ha puc. 2, a, 6. 3a pe3yibra-
TaMH TepMorpadigHOi Bi3yami3alii crmocTepiraeTbCsi acCHMETPHUYHICTH KO-
JIHHUX CYTJI00iB; Aiana3oH BisyanizoBaHoi Temneparypu 30-34 °C. ['omo-
reHHa 30Ha rineprepmii 3 AT °C «xomiHHHN cyTa00 — cTerHO» Bim +1,5 °C
mo +2,2 °C.

Temnepatypa

i
i

Puc. 2. 'eMapTpo3 KOJIiHHOI0 CyrJ100a Ta OCHUJIOIPaMa PO3MOILTLY TeMIepaTypu

Tepmorpadivne mpencrapicHHs aehopmyrouoro ocreoaptpury (JJOA)
KOJNIHHUX CYTrJI00iB Ta IJIBOOIYHOTO CHHOBIITY IPOAEMOHCTPOBAaHE Ha
puc. 3, a, 6. Temmeparypa B ICHTpi BOTHHINA 3anajieHHs (puc. 3, 6) +32,10 °C,
B npuieriii 3oui +28,93 °C, AT °C +3,17 °C. Posnozin temrnepaTypu 1o
JIiHIT BUMIPIOBaHHS TEMIIEPATypH 3 BUKOPUCTAHHIM PEXUMY POOOTH TEpMO-
rpada «ocuuorpad» npencTaBIeHU Ha puc. 3, 6.

Puc. 3. Jledropmyrounii octeoapTpuT (@)
Ta JiBOGIYHUI CHHOBIIT KOJIHHOTO Cyriio0y (6); Tepmo3pi3 (6)

BuxopucTaHHS pe3ynbTaTiB TEMIIEPAaTypPHOTO PO3MOALTY HaTa€ MOXK-
JIMBICTh BH3HAYWTH LEHTP BOTHHIIA 3allaJICHHs, IO I03BOJISIE BHOCUTH
BiJINIOBiTHI KOPEKTHUBHU B MPUHHATTI PillleHb CTOCOBHO JiKYBaJIbHUX 3aXOJIIB.

Ha puc. 4, a nokazaHa TepMorpaMa HW)KHIX KiHIIBOK XapakTepHa
JUI OKJIIO3ii mpaBoi cTerHoBoi aprepii kiiHi9HO BepudikoBanmM JJOA Ta
PO3IOT TeMIepaTypu Mo JiHii (MpaBuil Ta JiBMHA KONIHHUK Cyryio0 Bif-
MOBiHO, puC. 4, 6).
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Puc. 4. Oximio3is npaBoi crernoBoi aptepii, JOA

TepmorpadiuHe 0OCTeKECHHS HIKHIX KiHIIBOK Tepel CHIOIPOTE3Y-
BaHHSM JI03BOJISIE OLIBII aJeKBAaTHO IUIAHYBAaTH ONEpaTHBHE BTPYYaHHS if
YHUKHYTH IHTPaoIepaliilHUX yCKIaaHEHb.

TepmorpadiuHy Bi3yami3alli0 HIXKHIX KIHIIIBOK 3 MiATBEPIKCHUM
ZiarHO30M — OCTEOIOPO3 KOMIHHUX CYTIIO0IB — IEMOHCTPYE pHC. 5, a; 31ikic-
HEHO TepMo3pi3 BiIHOCHO JiHii (puc. 5, 6). 3HaYeHHs TeMIepaTypu Bij-
MOBIAHO BKaszaHMM 30HaM 1-2-3-4-5 ckmamarote: 28,14 °C; 27,93 °C;
26,69 °C; 28,79 °C; 31,83 °C. Ha puc. 5, 6 moka3aHuil po3MOALT TeMIIe-
patypu (TpaBuii-TiBHH KOJIHHHHA CYTII00).

Puc. 5. Tepmorpadiuna Bizyasizaiis ocreonopo3sy (a)
Ta po3noaia Temneparypu (6)

ApTpo3 HacamIiepe] TOB sI3aHUK 3 TOPYIIEHHSAM KPOBOOOITY B TOMIiJI-
KOBHX, KOJIHHUX Ta CTETHOBHX cyriio0ax. Y Mami€eHTiB 3 BapHKO3HO-3Mi-
HEHUMHU MiANIKIpHUMH BEHaMHM HIWKHIX KIiHI[IBOK BHHHUKAIOTh 3aCTilHi
SIBUINA, IO CIPUYHMHAIOTH IOTIPIIEHHS KpPOBO3a0e3NedeHHs CYyrio00BUX
TKaHHH.

Ha puc. 6 mpencraBieHa tepmorpadiuna Bizyamizamis [JOA vy
MTOE€HAHH] 3 BapHKO3HMM posmmpeHHsM BeH (BPB) (a) Ta tepmospi3 Biz-
HOCHO JiHii (6).
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Puc. 6. lepopmyrounii octeoapTpo3 y noeaHaHHi
3 BAPMKO3HUM PO3IIHPEHHSM BEH Ta TEPMO3pi3

Bucnoexu. TlpenctaBneHi aBropaMu poOOTH TepMorpadidHi 300pa-
XKEHHS JESKNX NPOSABIB MATOJOTIYHUX CTAHIB KONIHHHUX CYyIJIOOIB HAJalOTh
YiTKe YSBJICHHS MPO e(pEKTHBHICTH 3aCTOCYBAaHHS METONy iH(padepBOHOT
TepMorpadiuHoi JiarHOCTHKH B TPaBMATOJIOTIi Ta OPTOIIEIii.

Oco0mmBOro 3HaYCHHS B IUIAHYBaHHI 1HIUBIAYaTbHUX JiKyBajb-
HHUX 3aXOJiB HaOyBae MUTAaHHS OTPUMAaHHS Ta aHaJi3 KOMIUICKCHOI Jiar-
HOCTHYHOI iH(OpMallii BUSABICHUX TEIUIOBUX IMPOILECIB CTPYKTYpHO-(DYHK-
LIOHAJBHUX 3MiH B KOJIHHHUX CYTJ100ax pi3HOI €TioJOoril.

AHaJti3 po3moaily MaTepHiB TEIIOBOTO IMOJIsA, BU3HAYCHHS Tpajli-
€HTa TEMIIEPaTyp HAJA€ MOXIIMBICTh BU3HAUUTH CTYIIHb TSDKKOCTI BHSIBII-
€HOT'0 3aXBOPIOBAHHS, BCTAHOBIIIOBATH 30HU HAWOLIBII ypaXkKeHUX MIISTHOK
Ta IUIAaHyBaTH MPOLIEC JTIKyBaHHS.

BupoBamkenHs merony iHpadepBoHOI Tepmorpadii T03BOIUTH
HamiHO ¥ iHQOPMATHBHO 30araTUTH KOMIUIEKCHY NIarHOCTHKY CKEJIETHO-
M SI3¢BOi CHCTEMH, HAJATH OILIHKY e(EKTHUBHOCTI JIKYBaHHSI W Oe3medHO
3MIIHCHIOBATH OTO MOHITOPHHT.
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CTPATEITi PO3BUTKY EHEPTETUKH YKPATHU

Llseoxuii B. A., Kocmin /. IO., Kocmin FO. [].
Xaprxiecvruil HayioHanbHUll yHigepcumenm padioeneKmpoHiKu
IIpocn. Hayxu, 14. E-mail: d_eces@nure.ua

Ilocmanoska npoénemu. Ha cyuacHoMy eTari po3BUTKY B yMOBax
3aroCTpEeHHs 1 3pOCTaHHs MacIITabiB INIO0ATbHUX €HEPreTHYHUX MpodIieM
Juisl GaraTboX KpaiH BUHHMKAIOTh PU3WKH BHYTPIIIHBOI HECTAOIIBHOCTI, MO-
CHITIOIOTBCSL 3aTPO3M €HepreTH4Hii Oesmeni. J[MHamika pO3BUTKY eHepre-
THYHUX KOMITaHil 3aJIEKUTh BiJl COMIAIbHO-€KOHOMIYHHX 1 HAYKOBO-TEXHO-
JIOTIYHUX TPOIECiB, TpaHChOopMamii Mozenel (GyHKIIOHYBaHHS €HepreTHd-
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HOi cpepH, BUKOPUCTAHHA €HEPTeTHKH SIK iHCTPYMEHTY AOCSTHEHHS IIOJi-
TUYHAX OUTeH. Y 3B’SA3Ky 3 UM MEXaHI3MH CTPATEeTigHOTO YIPaBIiHHS CHEep-
TeTUYHHUX KOMIIaHI{ MOTpeOyIOTh OLIBII IETaTEHOTO JOCTIIKEHHS 1 O3Sy .

Ananiz ocmannix docnioycenv ma nyonikauin. JIocmipkeHHS TEO-
PETHYHMX acIeKTiB MPOOJIEM CTPATEriqHOrO YIpPaBIiHHS PO3BUTKY KOMIIa-
Hilf 3HalIUIN BiOOpakKeHHS y HAyKOBHX Ipalsix 0araTb0X 3aKOPJOHHHX Ta
BITYM3HSHUX YUeHHX, 30kpema Tomrmcona A., Ctpukienna A. J[x. ABaHe-
coBoi H.E., Binononbcekoro M., 3abponcekoi [1., Mistok b., Ckibinpkoro O.,
MawmonToBoi H., ski y3arampHIIN HayKoBe OadeHHS CYTHOCTI CTpaTerid-
HOTO YTIPABIIiHHSA KOMIIAHI€IO0 TOMEPETHUKIB Ta TOTJIMOWIN TEOpiro cTpa-
TEriYHOTO YIPABIiHHS PO3BUTKOM KOMIIaHii.

Mema 0ocnioxncennsn: BU3HAUCHHS CYTHOCTI CTPATEridHOTO YIIpaB-
JIHHS PO3BUTKY €HEPreTHYHOI KOMITaHii Ta pO3KPUTTI H0T0 0cOOIMMBOCTEH.

Buknao ocnoenozo mamepiany: niporieC MPUHHATTS PIllICHHS CKJIa-
naeTbest 3 igeHTHdikanii npodiaeM (MOMXIIMBOCTEH) Ta BUOOPY ONTHMAIb-
HOTO PIllICHHS I[0JI0 TX MOX0JIaHHS (BUKOPUCTAHHS).

MexaHi3MHU CTPATErivyHOrO YIPABIiHHS PO3BUTKOM E€HEPreTUYHHUX
KOMIIaHi{, Ha BiIMiHY BiJl MEXaHi3MiB TAKTUYHOTO i OTMEPATUBHOTO YIPaB-
JIHHS, BKJIIOYAIOTh HE TUTBKH B3a€MOJIIIOYI CJICMEHTH y BUIJIAAI METOJIB,
croco0iB 1 QyHKIIH ynpaBiiHHSA, a #f cTpaterii, mponexypy iXx KOPUTyBaHHS
B MpoIleci 3MiH B OpraHi3alii, BU3HAYCHI Ta TOCTABICHI i, AKi Bixmo-
BIZIAlOTh CY9aCHMM BUKJIMKaM i TO3BOJIAIOTh OTPUMATH KOHKYPEHTHI Iepe-
Baru. CTpaTeriyHuil pO3BUTOK CHEPTeTHIHUX KOMITAHIH MOXITUBHUI JIUIIE Y
MMOEHAHH] 3 TOTOYHUM 1 MEPCIIEKTUBHUM YTIPABIIHHAM (DYHKIIOHYBaHHS
eHepreTUIHOI cdepu.

B yMoOBax MOCHJICHHS KOHKYPEHIIT I/ PO3POOKH MEXaHi3MiB CTpa-
TEriYHOrO YIPABIIHHA PO3BUTKY CHEPreTHYHHMX KOMIIaHIH BaXKIIMBHM €
BUJIIJICHHSI CTPATETIUHMX CETMEHTIB JUIS IMX KOMIaHIi, KPUTEPIsIMU YOI €
TEXHOJIOTIs1, CIIOXKMBAaYi, KOHKYPEHTH. Y TaKOMy pa3i MeXaHi3MH cTpaTeriu-
HOTO YIPAaBJIiHHS PO3BUTKOM €HEPreTMYHHUX KOMIIaHiN BKJIIOYAIOTh B cele:
iH}pacTpykTypHe 3a0e3nedeHHs, iHpopmalliiine 3abe3nedeHHs Ta 6e3neku,
opraHizaniiiHe 3a0e3Me4YeHHs, CTpaTeriuHe IUIaHyBaHHS PO3BUTKY, MOTHBA-
LiF0 CHePro30epeskeHHs TOIIO.

VYkpaiHa BU3HauWiIa I Ta 3aBJaHHS pe)OpMyBaHHS €HEPreTHY-
Hoi cepu B EnepreruuHiii crparerii Ykpaiau (ECY) na nepiox no 2035 p.,
sIKa CIPSIMOBaHA Ha 3aJJOBOJICHHS IOTPe0 E€KOHOMIKH Ta CYCIIJIbCTBa 1 3a-
Oe3IeueHHs] eHepreTHYHOI Oe3neKkH Ta e()eKTUBHOCTI, PHHKOBOTO PO3BHUTKY
Ta HE3ICKHOCTI, IHBECTHIIIMHOT MPUBAOJIMBOCTI Ta TOAMIUBOTO CTaBICHHS
70 moBKiwIA. BoHa Takox mMae Ha MeTi cupusHHA iHTerpauii 3 €C ta iforo
SNIEKTPUYHUMH 1 TA30BUMH KOMIUIEKCAMH.

CrpiMKa 3MiHa IHCTHTYLIHHOI CTPYKTYpU €HEPTeTHIHHX PHHKIB i3
IepeBaXaHHAM Ji0epanbHOi KOHIEMIi, OCUICHHS MOJITHKH AUBEpCHdi-
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Kallii MoCTa4aHHS €HeproHOCiiB, PO3BUTOK TPAaHCIOPTHOI iHPpaCTPyKTypH
TIPHU3BENN O 3MIiHM MeXaHi3My IiIHOYTBOPEHHS Ha PUHKAX CHEPTreTHYHHX
pecypciB, 30KpeMa MPUPOIAHOTO ra3y Ta eJIeKTpOeHeprii. 3aBIsSKH IPaBUIb-
HOMY BHOOPY CHCTEMH LIIHOYTBOPEHHSI HA TOMY Y 1HIIOMY €HEPreTHYHOMY
PHHKY CTBOPIOIOTBCS CTUMYJIM JUISl MiJBUIIEHHS PiBHS KOHKYpEHLii, a Bij-
TaK e(eKTUBHOCTI pOOOTH €HEPreTHYHHUX CHUCTEM, YXBaJeHHS 1HBECTHUIIi-
HUX pillleHb, Y/JOCKOHAJEHHsS 3aKOHOJAaBYOi 0a3u Ul BXKUTTS LITBOBHX
3aXO0JIiB i3 METOI BUPINICHHS MPOOJIEM JOBKIUIA, IKOCTI Ta HAAIWHOCTI MO-
CTa4aHHs EHEPropecypcey.

[Ipo3zopi Ta puHKOBI MeXaHI3MHU LIHOYTBOPEHHS HA PHHKY €HEPro-
pecypciB € BUMOTOIO MapTHEPIB 3 €BPOIEHCHKOT0 COI03y Ta MIKHAPOIHUX
opraizaniii. MeMopaHAyM PO B3a€EMOPO3YMIHHS OO CIIBPOOITHHUIITBA B
ctepi eHepretuku Mixk YkpaiHoto Ta €C, Yroma npo 4ieHCTBO YKpaiHu B
Eneprernunomy CmiBroBapuctsi, Cankuiitamii 3akor CIIA, Memoparaym
npo criBpoOITHULTBO MK YKpaiHoto Ta MB® nepen6a4yarots npoBeaeHHS
pedopM B EHEPreTUYHOMY CEKTOpPi Ta MepexXiJ Ha PUHKOBE I[IHOYTBOPEHHSA
Ha CHepropecypeH.

1106 3abe3meunTy iHBECTYBaHHS B ONEpALliiHY MisUTBHICTH 1 ehek-
TUBHICTh TIOCIYTI €HEpreTHYHHMX KOMIaHii, YkpaiHa posrisjana MOKIIH-
BIiCTh BIIPOBaPKEHHS Tapu(y HAa OCHOBI PEryJSITOPHOI 0a3W akTHBiB, ab0
RAB-tapudy.

Hes3Bakaroun Ha uyacTKOBY JiOepaltizallifo IiH y Pi3HUX MiJCEK-
TOpax EHEepreTHKH, B T.4. Fa30BOMY Ta E€JIEKTPOECHEPTeTHYHOMY, CyOchuii
TpUMasi Tapudu Ha PiBHI HMKYE PHUHKOBHX, 110 HETaTHBHO BIUIMBAJIO HA
e(peKTHBHICTH pOOOTH PUHKY Ta CIIOXHBaHHS. BpaxoByrouu To#l (akr, mo
JICpKaBHI MiANPUEMCTBA 3AJIMIIAIOTHCS KIIOYOBUMHU TPAaBLSIMH B EHEpre-
TUYHIN cdepi, 10 Akux BimHOCATH «HadTorasy (3aiiMaeTbcs BUIOOYBaHHSIM,
TPAaHCIIOPTYBAHHSIM Ta OUYMIIEHHSM HadTH Ta NPUPOJTHOTO Tasy) Ta ii no-
qipHi kommaHii, «EHeproaTom» (kepye aTOMHHMH €IIEKTPOCTAHIIISIMH) Ta
«YkpeHepro» (omeparop CHUCTEMH Iepeladi eleKTpoeHeprii), mpodiaemu,
OB ’si3aHI 32 e()eKTUBHICTIO poOOTH Ta TPUOYTKOBICTIO IUX KOMIIaHIH,
BiI0Opa3uiIMcs Ha Pi3HUX BHJAX MisIBHOCTI, B TOMY YHCJI BHUPOOHHIITBI,
nepeadi, mocTa4aHHi Ta pO3MOIiT €Heprii, eHepro30epeKeHHi TOIIO.

Bucnoeku. Crpateriune ymnpaBIiHHS PO3BHUTKOM CHEPreTHYHOI
KOMIIaHii BUCTYIIA€ IHCTPYMEHTOM YIPaBJIiHHA 337151 THYYKOTO pearyBaHHs
1 IPOBEJICHHSA CBOE€YACHUX 3MiH B KOMIMAHIi.
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TpancnoptHi mpobiemMu YkpaiHu noOpe BimoMmi Ta Bce e HOC-
TaTHPO aKTyaJlbHI — 3pPOCTaHHSA DPiBHA aBTOMOOLTI3amii Ta, SK HACHIJOK,
CTablIbHO 3pocTaioya iIHTEHCUBHICTH JOPOXHBOTO PYyXY, BUYEPIIAHHS IPO-
ITyCKHOI 3/JaTHOCTI MaricTpajieil ByJMYHO-IOpOXHBOI Mepexi (BIAM) Ta
aBTOMOOLIBHI 3aTOPH B TOJIMHHU IIiK Ha KJIIOYOBHX i1 By3nax i T.1. TpuBannit
4ac MpoOJIeMHU TAKOTO XapaKTepy BUPIIIYBAJIHCh EKCTCHCUBHUM IIISIXOM —
PO3IIMPEHHIM iICHYI0Y0i TPaHCHIOPTHOT iHYPACTPYKTYpH, IPOTE Y CyIaCHUX
pearnisix 1€ CTae BCE MEHII pAIliOHATBFHHM BapiaHTOM i BHHHKA€ TOCTpa
HEOOX1AHICTh BUKOPUCTAHHS 1HAKIINX ITiIXOiB, HAIIIGHUX TepI 3a BCe Ha
TiABHUIIEHHS e()EeKTUBHOCTI yIpaBIiHHA TpaHcHopTHUME noTokamu (TII) Ta
3aCTOCYBAaHHS O HUX HOBUX aJITOPUTMIB aBTOMaTHu3allii. 30kpemMa, 3aroct-
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PIOETBCSA TIMTAaHHA ONTHMI3alii YIpPaBIiHHSA Ta IEPEepPO3NOAUTy PyXy Ha
BJM, Tak sx miceki TII € moBomi BaXKUM Il BUBYEHHS Ta (opmaizarii
00’€eKTOM, 1110 00YMOBJICHO HACTYITHUMH iX 0COOIMBOCTSIMU:

1. CroxactuuHa mnoBeniHka — Xapakrepuctuku TII moxHna mpo-
THO3YBaTH JIMIIE 3 MEBHOIO YacTKOIO HMOBIpHOCTI. TpaHCIOPTHI MOTOKH
PYXaloThcsl IO MEpEeXi, siKa BOJIOMAIE MEBHIUMHU XapaKTEPUCTHKAMH, IIO J10-
ITyCKAIOTh O1IbLI-MEHII TOYHUI OIHUC.

2. HecranioHapHICTh — KOJIMBaHHS XapaKTEPUCTUK BiOYBalOTHCS
SIK MiHIMYM y TPbOX IIHKJIAX: TOOOBOMY, THKHEBOMY Ta CE30HHOMY.

3. HemoBHa KepoBaHICTh, CYTh AKOI IOJATaE B TOMY, IO HaBiTh
IIpU HASBHOCTI MOBHOI iH(poOpMamii PO IMOTOKK i MOXJIMBICTH iHPOPMY-
BaHHS BOJIiB NP0 HEOOXiAHWH MOPSAHOK MiHf, Ili BEMOTH HOCATH CKOPIII
PpeKOMEeHIALI HHII XapaKkTep.

4. MHOXHWHHICTh KPUTEPIIB SAKOCTI, TAKUX SIK: 3aTPUMKa B JJOPO3i,
cepenHs IBUIKICTh PYXY, IIPOTHO30BaHE YHCIO JAOPOKHBO-TPAHCIIOPTHUX
npuron (JTII), 06’em mkigymuBux BUKHIIB y atMocdepy 1 T.n. Bimbmricts
XapaKTEePUCTUK B3aEMOIIOB’SI3aHi, a OTXKE BUALIMTH Ta BIJOKPEMHUTH SIKYCh
onHy Oe3 BpaxyBaHHS BIUIUBY IHIIHUX HE YSBISETHCS MOXKJIMBUM.

5. CxiazHiCTh 3aMipiB HaBITh OCHOBHHMX XapaKTEPUCTHUK, IIO BHU-
3HAYAIOTh SIKICTh YNPABIIHHSA Ta NPUHIUIIOBA HEMOXIIUBICTH MPOBEICHHS
MacITaOHUX HATYpHHUX EKCIEPUMEHTIB y cdepi YIpaBIiHHS JOPOKHIM
pyxoM, 1o 00yMOBIIEHO HEOOXiTHICTIO 3a0e3neueHHs Oe3IeKn pyxXy, Marte-
plabHUMM 1 TPYAOBMMH BHUTpaTaMH Ha IPOBEICHHS EKCIIEPUMEHTIB, a
TaKkoX TUM (DaKTOM, IO 1€ MOXE HETaTHBHO ITO3HAYMTHCH Ha (yHKIiO-
HyBaHHI Bciei B/IM B minomy.

TakuM 4uHOM, CKJIaAHOCTI (opMamizaiii NpoLeciB pyxy TpaHc-
MOPTHOTO MOTOKY CTaJHM CEPHO3HOI NPUYUHOKO BiJICTABAaHHS PE3yJbTaTiB
HAYKOBUX JOCJIKCHb Bil BUMOI MPAKTHKH 1 1€ MPHUBOAUTH 10O HEOO-
X1THOCTI BUKOPUCTaHHS OUIbII Cy4acHOTO MiJXOJy IO BUPIIICHHS IOCTaB-
JICHUX 337134 13 3aIy4eHHsIM iHOpPMaIliHHIX TeXHOJOTii. OHUM 31 NUISIXIB
BHUBYEHHS Ta MOJOJAHHA 03BYUYCHOI MpoOIeMn MoXke OyTH y3araabHIOIUNH
miAXig A0 00’€KTa BHUBYCHHSA. 30KpeMa, i3 3aCTOCYBaHHSM HOBUX IIPHH-
LIUITIB PO3BUTKY TEOPii TPAHCIIOPTHOTO MOJIEITIOBAHHSL.

CyuacHe MmopemoBaHHA mnapamerpiB pyxy TII Ha Mmapumpyrax
MICBKOTO TPaHCIIOPTY 3arajbHOTO KOPHCTYBAHHS Ta 1HIUBIIyalbHOTO JieT-
KOBOTO aBTOTPAHCIIOPTY BENETHCS HAa OCHOBI JAHMX TIPO CTPYKTYpY
TPAHCIOPTHOTO TONHTY, Wi MOI3I0K, BN MEPEBE3CHb Ta MEepioIu dacy.
IIporpamu s MoaemoBanHHs pyxy T1I MokHAa YMOBHO NOAITUTH Ha MPO-
rpamu, 110 BiJIHOCSTHCS 10 MAaKPOMO/ICIIIOBAHHSI, ME30MO/ICJIFOBaHHSI, MiKPO-
MOJIETIIOBAaHHS, a TaKOX TaKi, IO MiATPUMYIOTh OJpa3ly NEKilnbKa piBHIB
MOJEIOBAHHS Opa3sy.

114



Science and Education : XVIII International Conference

Ha wmikpopiBHI TpaHCTIOPTHI 3ac00W pPO3IIIAHAIOTHCSA SK 1HIWBI-
JyaJIbHI CyTHOCTI, II0 BOJIOJIIOTh CBOIMH NEBHUMH XapaKTEPUCTUKAMH Ta
maTepHaMH MOBeAiHKA. Ha mboMy piBHI IepeBaXkaroTh MOJIENI «PO3YMHOTO
BOJIisI», B SKUX IPUCKOPEHHS aBTOMOOLUIS ONMHUCYEThCS MEBHOI (yHKIiEO
BiJl MIBUAKOCTI IOTO aBTOMOOLIS, BiZICTaHI 0O aBTOMOOLIIS, IO PyXa€ThCs
roriepely Ta LIBHAKOCTI BiZHOCHO yizepa. Ha me3opiBHI okpeMo B3Ti
MAaIlliHU HE MOJEIIOIOTHCS, aje BPaXOBYIOTHCS IMOBEIIHKOBI OCOOIMBOCTI
BomiiB. o IbOro piBHSA BIAHOCITHCSA KIACTEPHI MOJEMTI, IO OMEPYIOTh
rpymaMu TPaHCHOPTHUX 3aCO0iB, IO PYXalOTHCS i3 MPUOIU3HO OJHAKOBOIO
MIBHKICTIO HAa HEBEJIMKIM BiJCTaHI OJHE BiJ OJAHOr0, Ta MOJEH, IO BHU-
KOPHUCTOBYIOTh PO3IOALUIEHHS BipOTiTHOCTEH ISl ONHCY MIBHUIKOCTEH TpaHC-
MOPTHUX 3ac00iB Ha meBHUX ninstHkax BJIM. Ha makpopiBHI TpaHCIOPTHA
Mepexa pO3IIIIAEThCA K €HHE IIiIe, @ IOTOKH aBTOMOOLIIB — K MOTOKH
YaCTOK Y PIAMHHUX CEpEe/IOBUINIAX.

B Takmx komepmiitanx maketax sk CORSIM(Federal Highway
Administration), Paramics Modeller(Quadstone Paramics, Benuka Bpura-
uist), Aimsun (TSS, Icnanisi, bapcenona), SimTraffic (Trafficware Corporation,
CUIA), PTV Vision (PTV Group, HiMeuunna) BUXiZHUIA KOJ HE JOCTYII-
HUH U1 3MiHK 99 JTOCTI/KEHP 1 IIi MTaKeTH pealli3oBaHi, K MpaBUIIO, OIIe-
pauiiinoi cuctemn Windows. B Takux akagemMiuHHX po3poOKax, SIK MakeT
SUMO (HimeuurnHa) BUXiqHUN KO/ AOCTYMHHM AJIsI CKAYyBaHHS Ta MOJIU-
¢ikauii 1 icHYIOTb Bepcii makeTy JUisl psily MOMYJSIPHUX OTIEPAliiHUX CHCTEM.

Tabymns 1.
IIporpamHi nakeTn MoJeTIOBaHHSI TPAHCIIOPTHUX MOTOKIB
HAa MaKpo-, Me30- Ta MiKpOpiBHAX

MakpomopentoBanHs | Me3omMoJenoBaHHs MiKkpoMoaeTOBaHHS
Aimsun, CORSIM,
Aimsun, DYNEYV, Aimsun, Cube, CityTrafficSimulator, CORSIM,
Emme, OmniTRANS,| Dynameq, DynusT, DRACULA, DYNASIM,
OREMS, TransCAD, DYNASMART, MATSim, Quadstone Paramics,
TransModeler, VISUM TRANSIMS, Sidra Intersection, Sidra Trip,
CUBE VOYAGER TransModeler SimTraffic, SIAS Paramics,
TransModeler, SUMO, VISSIM

[Iporpamui makeTu 1yt Makpo- i ME30MOEIIOBAHHS JIO3BOJISIOTH
BHpINIYyBaTH Taki 3ajadi, K IUIAHYBAaHHS TPAHCIIOPTHOI iHQPacCTpyKTypu
IPOMaJICBKOTO TpaHCIOPTy, TpadidHa oOpoOka Mepexi, aHami3 1 oLiHKa
TPAHCTIOPTHUX MEPEX, MPOTHO3 3aIIAHOBAHMX 3aXOJiB 13 ONTUMIi3alii
B/IM Ta crBOopeHHs minaropMH Ui TPAHCIOPTHUX iH(QOpMamiiHUX
cuctem. [Iporpamu ans mikpomoaentoBanHst TII iHTEHCHBHO pPO3BHBAIOTHCS
y 3B’A3KY 31 3pOCTaHHAM OOYMCIIIOBAJIBHUX IOTYXHOCTEH, MOMXIMBOCTEH
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3D-Bizyamizarmii Ta 0OpOoOKH BEIMKOTO MAacHWBY HAasBHUX NaHHX, IO 30W-
paroThCsl 3 MUIBHOHIB TpaHCHOPTHHX 3acoliB. lle no3Boisie oTpuMyBaTH i
BpaxoBYBaTH JaHI NPO IIBHAKOCTI Ta MapUIpyTH TPAHCIOPTY 3a PIi3HUX
YMOB PYyXy.

bararo mporpam, 110 MiATPUMYIOTh MiKPOMOJIEIFOBAHHS, 103BOJII-
I0Th CTBOPIOBATH TPAHCIIOPTHI CXEMHM Ta HAKIaJaTH iX Ha Kaptu, Taxi
KapTH, MO CYTi, CIYTyIOTh (HOHOBHM 300paXCHHSAM, IOBEPX SKOTO HAHO-
CSITBCSI TPAHCIIOPTHI Mepeski MicT. B OiibIIocTti mporpamHoro 3ade3nedeHHs
JUTL MIKpPOMOICITFOBAHHS iICHY€ MOJXKJIMBICTH BCTAHOBIIIOBATH MAaKCHMAJbHY
Ta MiHIMaJbHY IIBUJIKOCTI PyXy, TUIH JOPOXHIX AUISHOK, IX NMPOMYCKHY
3JaTHICTH, TOIIIO.

BnockoHaneHHsT METOAMK MOJICTIOBAHHS MOXE CTaTH BaXIIMBOIO
BIXOI0 B TPHBAJIOMY HpOIeCi MOJOJAaHHA aKTyaJbHUX MNpOOJEeM TpaHC-
MOPTHO-TUIAHYBAJBHOI iHGpacTpykTypu Ykpainu. CydacHe mporpamHe 3a-
Oe3IeUeHH, 110 BUKOPUCTOBYETHCS IS I ATPUMKH IIPUAHATTS pillIeHb IPU
NPOEKTYBaHHI Ta KEPyBaHHI TPAHCIOPTHUMH ITOTOKAMH ITOKH HE OXOIUIIOE
yci IX mapaMeTpH Ta XapaKTePHCTHKU, HPOIOHYIOYH JIUIIE CIPOLICHE
YSIBJICHHS TIPO 00 €KT JOCIHI/PKEHHS 3 aKIEHTOM Ha OKpeMi HOro acleKTH.
Oco0muBy yBary, B 3aJeKHOCTI HOCTAaBICHHX 3ajad, NPUAUISIOTH PiBHIO
TOYHOCTI MOJIEJI, AKOCTI HASBHUX JaHHUX, MOXKIUBOCTAM KaniOpyBaHHS Ta
Bepudikamii Moaelni a Takoxk 3acobaM BizyanpHOTO iHTepQeiicy. Haitbinpm
MEPCIIEKTUBHOIO HAa JAHWI MOMEHT SIBJISIETHCS 3a71a4a CTBOPEHHS TiOPHIHUX
cHCTEM, IO JO3BOJSIIOTH ONIpa3y Ha [EKIIbKOX pIBHAX aOcTpakmii [mo-
CHI/PKYBaTH PI3HOMaHITHI XapaKTePUCTHKH TPAHCHOPTHHUX MOTOKIB. J{is
PO3pOOKH HAyKOBO-TEXHIYHOT OCHOBH TaKOTO MPOTPaMHOro 3abe3neyeHHs
HEeoOXifHe OUIbII JeTalbHEe JOCHI/DKeHHs Ta CIIBCTaBJICHHS HasBHUX
ANTOPUTMIB MOJICTFOBAHHS Ta PO3PaxyHKY IaHHX.
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Cekuia ausaiiHy Ta rpadiku

INPOEKTHA I'PA®IKA 3 JOIIOBHEHOIO PEAJIBHICTIO

Kosmynu I. 1Y, lempawyyx C. A.?
Xmenvruyvkuil HayionanibHUll yHieepcumem
E-mail: *kovtunih@khmnu.edu.ua, 2petrashchuksv@khmnu.edu.ua

I'pacdiyne npencraBieHHs MOOMX AWM3ANHH-NIPOEKTIB mepeadayae
3aCTOCYBAaHHS METOJIB, IPUHOMIB Ta TEXHOJIOTIH, sIKi 00’ €THAHI MOHATTAM
Npo€eKTHOT rpagiku. MeToro npoekTHOI rpadiku € 3ade3neyeHHs iHpopMa-
THUBHOCTI Ta €CTETHYHOCTI IIPOEKTIB. 3aBAaHHIM INPOEKTHOI rpadiku € CTBO-
peHHs rpadivHOi YaCTHHU IPOEKTY, KA PO3pOOISIETHCS BIAMOBITHO eTanam
PO3pOOICHHS IPOEKTY 1 CKIAAETHCS 13 HACTYITHIX KOMITOHEHTIB:

1. JliniiiHa rpadixa.

2. MOHOXpOMHI 300pakeHHSI.

3. INomixpoMHi 300paxKeHHsL.

4. Bizyauizariis.

JliniliHa rpadika (KpeciIeHNKH, Po3pi3H, IIIaHH) BUKOPHCTOBYETHCS
TaM, Jic BKJIHBA TUIbKKM TeXHiUHA 1 reomeTpuuHa iHdopmarris. L rpadika
HalOIIbII YMOBHA, BOHA HE NMPETEHye Ha CTBOPEHHS U031l MpH mepenadi
00’emMy i ipoctopy (puc. 1).

COFFEE TABLE

Puc. 1. Jliniitna rpadika
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[HpopMaTHBHICTE pHUCYHKAa MOXXHA 30iTBIIUTH, BapilOIOYH TOB-
MHY 1 Koutip siHii. Hanpukiay, HaWTOBCTINIA JIiHIST BAKOPUCTOBYETBCS JJIs1
JiHIT po3pi3y, Iemo TOHIIe — Ui KOHTYpiB 00°€KTa, HAWTOHIIIA — IS JIHIH,
IO MMO3HAYal0Th po3MipHu. TOBIIMHY JIiHIH KOHTYpPY TakoX poOJATH HEpiB-
HO¥O, 301IBIITyF0UH 1i 711 00°€KTiB mepinoro miany. JIiHiitHUNA prHCYHOK Mae
neBHy rpadiuyHy NpuBadIMBICTh 32 PaXyHOK IO€HAHHS Pi3HUX JIiHIH, 0C00-
JIMBO SIKIIIO BiH 30aradeHuii IsMaMHy [IITPHXYBaHHS a00 3aIMBKH (pHC. 2, a).

MoHoxpomHa rpadika mpeacTaBisie cOO0K OTHOKOIIpHE (CBITIO-
TiHBOBE) 300pakeHHA. Take 300pakKeHHS HITKO Tepenae 00 eMHY (QopMmy
00’exTa, HOro OCHOBHI IPOCTOPOBI BiacTHBOCTI (puc. 2, 6). B MoHOXpOM-
Hill Tpadimi 300pakeHHS OKpECINeHi OJIBIEM, MPUHHATO OOBOAWTH PO3BE-
JeHow Ty, CBITIOTIHBOBE 300pakeHHs, BUKOHAHE B TEXHII[l YOpHO-
0iyoro BiAMHBaHHS, YiTKO mepenae o0’eMHy GopMmy 00'ekTa, HOTO OCHOBHI
MIPOCTOPOBI OCOOIMBOCTI. MeTOo/T CBIT/IO- 1 TIHLOBOTO MOJICITIOBAHHS 00’ €My
Ha IUIOMIMHI 3aCHOBAaHUH Ha Teopii TiHeH. YacTo 3amil0TbCS TaKOXK IEsKi
NpUloMH NOBITPSHOT TepcHeKTUBY. BiiacHi i nanaroui TiHi Bil HECKIHUEHHO
Bi[IIaJICHOTO JDKepena CBiTiIa (IPOMEHI HapalieNbHi) 1LII030pHO TepenaloTh
(dbopMmy 00’€KkTa, B3a€MHE PO3TAIlyBaHHS B MPOCTOPI OKPEMHUX HOro 4acTUH
i ememMeHTiB. HampsmMok Imy4yka CBiTJIa BITHOCHO 300pa)XyBaHOTO 00’€KTa €
JiaroHaJuTi0 Ky0a — Bill BepXHBOro (JIIBOro abo MpaBoOro) YysABHOI'O KyTa
NPUETHAHOTO JI0 TUIOIMHHOCTI 300paxkeHHs. LIi mo4aTKOBI YMOBH J103BOJIS-
I0Th PO3MI3HATH BIANOBIIHI 3HaYeHHs (OPMOBUX BUTOKIB Ha OPTOTOHANb-
Hill TIPOEKII 32 BEIMYMHOIO MaJaldoi TiHi. TakuM YWHOM, ABOBHUMIpHE
300pa)keHHs MOXe AaTH iHpOopMaIlilo PO TPETiid BUMIp HpeaMeTa.
A A A
Q L 4 — ]

a

Puc. 2. I'padika: a) ainiiina; ) MOHOXPOMHA; 6) MOJIXPOMHA

ITonmixpomHa rpadika me Oararo-komipHe 300paxkeHHA. Pomb ko-
JHOPY BENIMKa B JJOCSATHEHHI oOpaszHocTi popmu 00’exty (puc. 2, ¢). Baana
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KOJNipHa TaMMa JIOTIOMara€ PO3KPHUTH CYTh 00’€KTa, 3poOHTH HOTro pi3Ko
XapakTepHUM ab0 HEHTpanbHUM. 3aCTOCOBYIOUHM KOJIP Y MPOEKTI, MOTPiIOHO
mam'sTaTé, SKAH BIUIMB BU XO4eTe MaTH Ha ¢irypy. Amke KoJip TiCHO
MOB'sI3aHUY 3 TAKUMH 3aC00aMU KOMITO3HIIIT, SIK MPOIOPIIil, MacIiTad, KOHT-
pacrt, HioaHC i T. A. Komip Moke BHIiMATH HEOOXinHI eneMeHTH GopMu abo
KOMITO3MLIITHO TOCIa0IIIoBaTH X, BUNIPABIISITH HE AY>KE XOPOIIi IPOnopuii,
KOJIM HEMae€ MOXIIUBOCTI 3MIiHHTH 00’eM Tomo. [Ipm momixpoMHOMY pi-
LIEHHI BUKOPUCTOBYIOTH 1 piiKi BoAHI (hapOu, Matorouu JiHil 3BU4aiiHUMH
iHCTpyMeHTaMu — peticenepom abo pamigorpagom.

Bizyamizauis 1e HalnomuMpeHima Ta Cy4YacHa TEXHOJIOTIS OTpH-
MaHHI (OTO PEATICTUIHHX TPUBUMIPHHUX 300pa)KeHb 3aBISKH 3aCTOCY-
BaHHIO KOMIT' toTepHOi Tpadiku. Ciix 3a3HaYMTH LIO NPOrpaMHi 3aco0u
KOMIOIOTPEHOI Tpadiku He MpU3HAUCHI A Tepefadi TOYHOI TeXHIYHOI iH-
(opmarii Hi PO PO3MIpH Hi PO TEOMETPIIO MPEIMETIB Y MPOEKTI. ['0JI0BHE
3aBIaHHA KOMII FOTEpPHOI Tpadiki BIATBOPUTH HAOIIKEHE IO pPEallbHOCTI
a0o0 3a1yMy 300pa)KCHHs, 3a SIKUM MOKHA HAHOUIbII €(PEKTHBHO CTBOPUTH
VSBJICHHS TpO MaiOyTHIN AW3aiiH (BUTIAI) 00’€KTa IO MPOCKTYETHC.
SIkicTh 300pakeHHs y Bi3yamizalil J0OCATaeThcsl BUCOTOIO MONITOHAJIBHOTO
MoOJIeoBaHHA (puc. 3).

Puc. 3. 3D-mMonemoBanns Ta Bizyastizamis

[pote 3D-MomenrOBaHHS YH Bi3yali3aiis HE € OCTAHHIM KPOKOM Y
CydacHOMY TpPOEKTyBaHHi. BHTiZHNM Ta Cy4acHMM JOMOBHEHHSM JIOOO1
IIpe3eHTallii € 3aCTOCYBaHHS TEXHOJIOTIi JJOTIOBHEHOT peabHOCTI.

JonoBHeHa peanbHicTh (anri. augmented reality ao AR) — e
JIOIIOBHEHHS (I3MYHOTO CBITY 3a JIOTIOMOTOI0 LU(POBUX JaHUX, SIKE 3a-
6e3medyeThcs KOMI FOTEPHUMH HPUCTPOSIMH (CMapTHOHAMH, IUIaHIIETaMHU
abo x oxyssipamu AR) B pexxumi peansHoro yacy [1].

3araipHa cxeMa poOOTH JOIIOBHEHOI PEeabHOCTI B YCiX BHITaJKaX
Taka: kamepa npuctporo AR (cMmaprdona, ruiaHmera Tomo) 3HiMae 300pa-
KEHHS peaJlbHOro 00’€KTa; MporpamMHe 3a0e3MeUeHHS HPUCTPOIO MPOBO-
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IUTH iMeHTHA(DIKALII0 OTPUMAHOTO 300pa)KeHHS, MOEAHYE peaibHe 300pa-
JKEHHsI 3 HOro JONOBHEHHSM 1 BUBOAMTH KiHIIEBE 300pa)KeHHsI Ha NMPUCTPiit
Bi3yamizamii. AJle B MOXKeTe TPOCTO MOPaayBaTH CBOIX APY3iB i ONMM3BKIX
OpUTiHAJIBHUM IIOIAPYHKOM a00 OXMBHTH CBOI (hororpadii, rmakata 4u
KapTHHKH 3 (POTOKHUTH.

JlonoBHEHY peasbHICTh AJsl AU3AHH-IPOEKTY MOXKe OYTH CTBO-
peHo 3a momomororo cepBicy Magical Picture [2]. Magical Picture — cepgic
st ctBopeHHs Qortorpadiif, sSKi 0XHMBalOTb. 3a JIONOMOIOI CalTy
https://magical-picture.com/ ta Ge3korrroBHoro MobinbHOTO HoaaTky Magical
Picture, MOXIJIMBO OXUBUTH Oyab-siky ¢oTtorpadito. «OXHUBISIOTHCS
TUTacKi 300paskeHHsI, HE3aJIeKHO BiJ TOTO, e BOHH 3HAXOAUTHCS (IpyKOBaHi
YH eJIEKTPOHHI), BCe, 1110 MOTPiOHO, 11 BIANOBIIHE Bileo Ta cMapThOH.

Magical Picture mponoHye KOMIUIEKCHE PIllIEeHHS JJISI CTBOPEHHS
Ta pO3MOBCIO/DKEHHs1 XMBUX (ororpadiit. Caiir magical-picture.com i
MoOiTpHUH nonaTok Magical Picture mparttorots pazom. Ha caiiTi € mpoctuit
i pyHkuionansHui odic s crBopeHHs AR-doTo, a MOOIIBHUIT T0IATOK €
3pYYHHM IHCTPYMEHTOM IS IEPErJIAay TOTOBHX <OKUBHX» (HOTO.

Sk ue npairoe? OCHOBOIO «KUBUX» (ororpadiii € Tak 3BaHa
«mapa» — QoTo3ioMKa 1 Bifeo, sKi MCIA peecTpamii Ha caiiTi moTpiOHO
CTBOPUTH y BiacHoMY kabineTi (puc. 4). IIpu HaBeneHi expaHa cMapThoHa
Ha $oTo (APYKOBAHE UM CICKTPOHHUI BapiaHT) MOOULTEHUI TONATOK CTBO-
proe edeKT «KUBOro» 300pakeHHs, 3aMiHio04H (ororpadiro Ha Bimeo. |
TOMi MOXHa OauutH (otorpadii, o oKWK, Ha eKpaHi cMapTQPOHa.

COOHAK
.2 yauui TPyleBCHKOTO

Puc. 4. «’KuBi» ¢0T0 3 NPOEKTOBAHOT0 KATAJIOTY

Jnst 3aBaHTa)XEHHSI €IEKTPOHHOTO aab0oMy (GOTO300pakeHb BHKO-
PHUCTOBYETHCS TeHEpoBaHMi caiitom QR-koz.
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Teopemuuni gioomocmi npo euxopucmauus axeapesni. Y >XUBO-
IMUC1 aKBapeIUTI0 He BUKOPUCTOBYIOTHCSA Oijla Ta YopHa (apOu, abCOTOTHO
OpynHi (hapbu — cymimnn Oinblne TPHOX KOJIBOPIB. [lepeBakHO BUKOPUCTO-
BYETbCS PO3BEACHHI BOJIOIO (apOu cepeqHbOT YaCTWHHM TOHAIBHOI IIKAaJIH.
Bubip K0JIb0pOBOro MPOMIXKKY Pi3HOT HACHYEHOCTI XPOMAaTHYHUX KOJILOPIB
BU3HAYa€ 3aralbHUI TOHOBUI JIaJ| TBOPY, CTYIMiHb TOHAJILHUX KOHTPACTIB,
1[0 € OCHOBOIO ISl TAPMOHI3aIll KOJIPHUX BIIHOCHH Ta CTBOPEHHS KOJIO-
pury. Tak, sickpaBi Ta HaCHYeHI TeIUI KOJbOPHU TapMOHI3YIOTh HAOJIHKY-
HICTIO TOHIB 1 HaBIakW, CKJIaIHI 32 KOIBOPOM, Cipi KOJBOPH PO3’€THYIOTh
TOHAIGHUN Jlaj. OCBITIICHHS, SIK YMHHUK Bi3yaJbHOTO CIPUHHATTS, TyXKe
pi3HOMaHITHEe W BapiaTWBHE, Y HaBYaJbHHUX €TIOJaX JCHHE CBITIIO — LIS
BUBYEHHA KOJbopy. llITyuHEe CBITIO 3aCTOCOBYIOTH JUIS BUBUCHHS T'OJIOBHUX
MPaBHUJI aKaJIEMIYHOTO 300pa’KeHHS CBITIIOTIHI K 3ac00y CTBOPCHHS XY-
JIOXXHBOTO 00pa3y B 00pa30TBOPUOMY MUCTEIITBI.

Has3Ba akBapenpHux (ap0 MOXOAWUTH BiJ JIATHHCHKOTO CJIOBA
«aqva» — Bojia. Po3unHAIOTHECS apOu 3a gomomMoror Bojau. OcoOnMmuBicTIO
akBapenpHuX (pap0d € mpo30opicTh 1 SCKpaBicTh KOJNLOPiB. B akBapenbHii
TEXHIIll He 3aCTOCOBYIOTHh OiMia, OITMM € apKyll mMamnepy, Ha SKOMY Ia-
pamMu B JeKijbka MpUOMiB ab0 B OJWH TPUHOM HAKIATAEThes (apoda.
CsiTio, BigmzepkasneHe Big Oisoro mamepy, 3agapOoBaHe YUCTUM KOJIHOPOM
(apbu, cipuiiMaeTbcss OKOM sIK KOJIp HacH4eHWH 1 sickpaBuidl. ToOTo mo-
TpiOHO MparHyTH 0 MPO30pOCTi KOJIbOpoBOro miapy. I'ycto HaHeceHi
KOJILOPH, SICKPaBi y BOJIOTOMY CTaHi, [P BUCHXaHHI CTalOTh OpyIHUMH Ta
3iB’SUIMMH. YCI KOJBOPH TNPH BUCHXaHHI CBITJIIIAIOTH, TOMY IIOTPiOHO,
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BpPaxOBYIOUH TaKy OCOOJHBICT akKBapewi, MUCATH [emo scKpasime. B
aKBapeIbHOMY JKUBOIHCY ICHYIOTH ]BA OCHOBHHUX METOJH — JIECYBaHHS H a-
ns-npuMa. JKUBOIMCHI €TIONM Ta €CKi3W PI3HAThCA i 32 crocoOOM BHKO-
HaHHS (€TI0 3 HATYPH, €CKi3H 3 IaM’sITi ab0 3a YsABOIO); 32 MPU3HAYCHHIM
(TIOLIYKOBI €TIO/IM, KOMITO3MLIIHHI 1 JEKOPaTUBHI €CKi3H), 32 TEXHIKO-TEXHO-
JIOTIYHUMH BIIACTHUBOCTSIMH (aKBapelibHi, BUKOHAHHI T'yalllllio, aKpHJIOBUMHU
(apbamu), 32 METOI0 HAaBYAJIBHOTO 3aBJaHHS (peasliCTU4HI, 1EKOPaTUBHO-
IUTOIIMHHI TOIIO).

TpuBanuii 3a yacom eTio]] nependavyae ycBiIOMIICHE Ta IPyHTOBHE
MIPOHUKHEHHS Y CYTHICTh ()OPMH Ta CBITIIO-KOJBOPOBHUX BiTHOCHH HATYpH,
HaBYUTHUCS epeaBaTH pisHy (akTypy MarepialiB i MpPeIMETIB, IO PO3BH-
Ba€ BIICBHEHICTH i ()aXOBY MaCTEPHICTD.

Konbopu MaroTh pi3Hi 3Ha4eHHsI Ta acowianii B pi3HUX KyJIbTypax i
KOHTeKcTaxX. Hanpuknan, y 3aximHiil KyJabTypi YepBOHHH CHMBOJIZYE JIIO-
00B 1 pUCTpacTb. Y KUTAHUCHKIH KyIbTYpi, 3 1HIIOTO OOKY, IIe MIPHUHOCUTH
ynauy Ta OararcTBo. CHHIM KOJIp 4acTO aCOIIOETHCS 31 CIIOKOEM 1 0e3-
TypOOTHICTIO, TOJII SIK KOBTHH ACOIIIOETHCA 31 MACTSAM 1 PaIiCTIO. 3eIeHHHA
CHUMBOJII3y€ NPUPOJY Ta picT, (i0JETOBUIT — KOPOJIBCHKY BJIaAy Ta PO3KIIIL
Tomy Ipy BHKOHAHHI JKHBONKCY aKBapejUII0 BEIHMKY yBary HpPUALIAIOTH
BHBYCHI BITIHKIB TEIUIUX 1 XOJIOJHUX KOJIBOPIB Ta X MOEIHAHHS.

JlaHIIOKOK MPOCTHX acoIliamiii J03BOIsiE OyAb-AKiii He MiATOTOB-
JICHIH JIOMWHI MOMEHTAJIbHO BUJAUIMTH 3 YChOTO CHEKTPY HANTEIUTINUHA i
HalixomomHimui komip. Temne — BOTOHBb, COHIIE — YEPBOHHIA, ITOMapaH-
YEBUii; XOJIOAHE — JTiJI, BOJA, CHIT — CHHIH, OJTaKUTHHM.

[TpakTHYHAM HACIAKOM I[OTO IHTYITHBHOTO 3B'A3KY € KOJHOPOBI
MapKepH y moOyTi: KpaH i3 raps4o0r0 BOJIOK BiI3HAYCHHUI YSPBOHUM, KpaH
13 XosotHOI0 — cuHIM. 11IKkana MO3UTHBHMX TEMIEepaTyp IpaayCHUKA — dep-
BOHA, IIKajia MiHyCOBHX TemIieparyp — cuHs. CTiiiKy acouiaiilo Teroro 3
YEepBOHMM, a XOJOJHOTO i3 CHHIM MOKHa CMUIMBO 3aIllcaTH JO CHHCKY
0a30BUX CTEPEOTHIIIB JIFOANHU.

CuHill, OnakuTHUH, (IOTCTOBUA MPUHHITO HA3UBATH XOJOTHUMH
KOJIbOpamHu, a YepBOHUHN, TOMapaH4YeBUH Ta )KOBTHUI — TEIJIUMU.

SIKmo K cnuTaTth y 3BHYANHOI JIIOMMHM PO TEIUIOTY 3€JIEHOTO,
JIJIOBOTO, OJIMBKOBOTO, INMOHHOTO T IHIIUX IPOMDKHUX KOJIBOPIB, IIBH/IIIIE
3a BCE IIe MMTaHHS ITOCTaBUTh HOTO B MIIyXHH KYT.

Hasaiite po3bepemocs, IO BIUIMBAE HA TEIJIOTY KOJIBOPY 1 YOMY
KOJIIp CTa€ TEeIUIMM Y XOJIOJHMM. | mouHemo i3 camoro mouatky. B mkouri
HaBYAIOTh MOJUTY KOJILOPIB Ha TEIUNi Ta XOJIOJHI, 3a3BUYall KaXyTh, IIO
CHUHI, ONaKUTHHA, Oipr030BUH, (i0IETOBHIA — XOJOAHI KOJIBOPH, a KOBTHIA,
KOPUYHEBHH, IMOMapaHYeBUH, YepBOHUI — Terii. s 3aKpilieHHs I[hOTO
3B'A3KYy HaBOJSATH acOLIaTMBHUN MPUKIIAL;: 3UMa Ta KpPUTa — XOJIOHI, a JITO
Ta BOroHb — Terum. Lle, 6e3nepedno, mpaBuiIbHO.
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Ha mpomy, sk mpaBMIIO, HABUAHHS «TEIUINH-XOJIOTHHIT» 3aKiHIY-
€ThCS. 32 BEIIMKAM PAXyHKOM, 1 acOUIaTHBHUN psAA Ha TEIUIE Ta XOJIOIHE
TEX 3aKiHUY€eThCS AECh TYT, YHACTIJOK YOTO Yy PO3MOJUI iHIIMX KOJBOPIB
HAa TEIUTi Ta XOJIOHI Pi3Hi aBTOPU MAKOTh Pi3HI TOYKH 30DY.

ChopomieHuii HOAIN KOJNIPHOTO Koja Ha TeIUly Ta XOJOAHY
noJoBHHY. JIiBOpYY Bill BEpTHKaJ — XOJIOAHI «CHHI» KOJIILOPH, IPABOPYY —
Terti «4epBoHi» (puc. 1).

Puc. 1. Cxema yTBOpeHHs K0/1b0OPiB — K0.10 I. ITTeHa.
Buau koJIbOpoOBHX BJIACTHBOCTEH aKBapeJIbHOI JKUBONMUCHOT TEXHIKH
TEILUINX i X0JIOAHUX BiITIHKIB 3a KOJIOM

OTXKe MOKHA PO3JUTUTH KOJBOPH HA TEIJI Ta XOJOAHI y KO-
meopoBoMy koui L. Itrena. [IpoBeniTh MOMIyMKH BEPTUKAID Yepe3 KOBTHH 1
MypIypHUH, PO3JUISIOUM KOJO Ha ABI 4acTHHHU. Bei kombopu 1o «uep-
BOHMIt» OIK MOIiNYy — >XOBTO-)KOBTOTApsiYMid, IMOMapaHueBHH, YEPBOHHH,
MyPIypOBUil — BBAXKAIOTHCSI YMOBHO-TEIUIMMH. Y Ci KOJIBOPH 3 1HIIOTO «CH-
HBOTO» OOKY — YKOBTO-3€JICHHUH, 3€JIEHUH, CUHBO-3eJICHUH, CHHIH, (ioe-
TOBHH — BBOXKAIOTHCS YMOBHO-X0JIOAHMMU. KosibopH, Yepes siKi MpoXoauTh
MeXa TEIUIOTH — JXOBTHH Ta IypIypOBUH — MOXYTh OyTH HpPH TakoMy
MOJUTI 1 TETUTUMH, 1 XOJIOJHIMH 3aJIeKHO Bif CBOIX AoMimmok. Hampukian,
30JIOTUCTO-)KOBTUH Oyne TerumMm, a JMMOHHO-)XOBTHH — XoioxHuM. Lle
3pO3yMIIMH, aJle TOCUTh YMOBHUM MiJIXiJ] JI0 ITOJILTY KOJILOPIB.

AOCOIOTHA SAKICTh TEIUIOTH/XOJIOAY MAa€ TIIbKM OpaH)XeBO-4ep-
BOHUII NOJIOC 1 CHHBO-OJaKUTHUH. Bei iHIII KOJIbOpH 3aliMaloTh MPOMIXKHE
TIOJIOXKEHHS Ha IIKali «TeTIMH-XO0JI0AHUI». UuM OJrpKue Komip 0 XO0Joa-
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HOTO ToJitoca (CHHBO-OJAKUTHOTO), THM BiH XoJOAHImMWN. YuMm Onrkde
KOJIip JI0 TETUIOTO MOIoca (OpaHKeBO-I€PBOHOTO), TUM BiH TETUTIIIHHA.

VY Toit ke "ac, 9UM Jaii KONip BiAJaNeHWid Bil MONIOCA TETUIOTH/
XOJIOY, TUM O1JIbIIle HOTO CIIPUUAHATTS SIK «TCIUTHI» a00 «XOJIOTHHID» CTa€e
BiTHOCHHM, TOOTO 3aJICKUTH BiXl CYCimHIX KombopiB. ToMy He OMBHO, IO 3
OLIIHKOIO MPOMIXXHUX KOJILOPIB BUHHUKAIOTH cynepeuku. HaliuacTinie Tinbkn
IpHU TIOPIBHSHHI JBOX KOJBOPIB MH MOXEMO CKa3aTd, IO OJHUH i3 HHX
TEIUTIIINA, a HIMHAKH — XOoNoAHImmA. Hanpukiag, MamuHOBUH XOJIOJHIIIHIA,
Hi)K YCPBOHUM, ajie TCIUTIIINHN, HiXkK JIUTOBHIA.

Bucnoeok. KoxeH koiip Mae TeIUIHi Ta XOJMOTHUHA BigTiHOK. [Ipo
JKOBTHUH s BxkKe 3rajyBaya Buile. [lopiBHANTE — TEIUIMN 30JI0TUCTO-)KOBTHI
Ta XOJIOJAHUH JIMMOHHO-KOBTHH. | TOH, 1 iHIIMIA KOIip cam 1o cobi B moOyTi
OUTBILICTH JIFOJICH HA3BE MPOCTO <«OKOBTUMY». OMHAK, HA KOJHOPOBOMY KOJIi
JUMOHHO-)KOBTHI JI€XKHUTH JIIBOPYY, ONMKYE MO 3€JICHHUX TOHIB, a 30II0-
TUCTO-)KOBTHH JIC)KUTH TpaBile, ONuxue 10 MOMapaHYeBHX TOHIB. Tomy,
MH OIHO3HAYHO MOXKEMO CKa3aTH, IO JIMMOHHUHA KOJIp XOJNOTHIMHWH 3a
30JIOTHCTHUH. Y Mapi BOHH € TEIUIUM 1 XOJIOIHUM HIOAHCAMH JKOBTOTO.

Ha HacTymHHX cxeMax MOKa3aHO PyX KOJIBOPY /O XOJOMHOTO Ta
TEIJIOro BIATIHKY Ha TNPHKJIAJl JKOBTOI'O, OJAKUTHOTO, 3€JIEHOr0 Ta 4Yep-
BOHOTO. Y KOXHOMY 3 IIMX MOBIHHHUX PSAOiB BEpXHIH pAn € BIATIHKY
TEIJIOTO a HIKHIN PSI BIATIHKY XOJ0IHOTO OJHOTO KOIbopy (puc. 2—3).

Puc. 2. CxemH pyxy Ko.1b0py /10 TEII0r0 Ta X0JOJAHOI0 BiATIHKY
HAa MPHKJIa]i }KOBTOr0, 6JJAKHTHOT0, 3€J1€HOT0 TA YePBOHOI0 KO.JILOPIiB

[MopiBHsiiTe Mixk o000 /1BI acoliarii:

1. Tapsiua cynepeuka, TeIUIMH MPUHOM, MPUBITHA JIIOAWHA, aKTHB-
HICTb, JIIOTh, THIB, pPO3Mall MPUCTPACTEH, BOTOHB, XKAPKHUH CEKC, CIIEKOTHA
KIHKa, TeIINi nosyaeHs. Konbopu — 4epBoHUM, OarpsHuUi, ToMapaHueBHN.

2. XonoaHa JFOIUHA, OCBIXKAIOYHN JYII, TOHKA KPUTa, BOJHA IIIAlb,
TIPOHU3IIMBUYN TIOTJISA, CBIXKUI OpU3, CHHIN TyMaH, OJIaKUTHA Mpisi, HeOecHi
JTAJIEYiHb, X0JI0JHa MOPOK. Kombopu — cuHiii, OJakUTHUH, ()i0JIeTOBUH.
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Puc. 3. [Ipuxjiaau nocTaHOBOK Yy TeMJIOBUX ramMax:
XOJIOHI, TeITil, TenJI0-X0J0aHiii

KomnipHa Temneparypa — OJIMH 3 BaXXJIMBUX aCIEKT KOJbopy. SIckpa-
BHI Ni€BUiT 00pa3, M0 3alaM'ITOBYETHCS, BUXOIUTH TUTBKH TOIi, KOJIU BiH
noOynoBaHuil Ha Qizionorii MOAUHU, TOOTO aKTUBYE MOTPIOHI 3B'SI3KH B
HEpPBOBIH CHCTEMi 1 BHKIIMKAE KOHKPETHI eMorii. Taki acomiaTUBHI psan €
OCHOBOIO IpH BHOOpI MaNTPU KOJNBOPY KapTUHH, IU3aiHY iHTEp’epy,
onAry, rpadigHOMY Tu3aitHi ab0 00pa3Hoi ¢oTorpadii mpu 3iomi B cTyil.
Po3ymiHHS IICUXO0JI0TIT KOJIBOPY MOXKE JOTIOMOITH AU3aiiHEpaM CTBOPIOBATH
MIPOCTOPH, SIKi BUKJIIMKAIOTh TIEBHI €MOIIil Ta TOIYTTS.
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JESKI ACIIEKTH BUKOHAHHS HATIOPMOPTIB
M’SAIKUM MATEPIAJIOM
HA IIPUKJIAJAI TEXHIK CEIII TA ITACTEJII

Jlumeunenxo B. C.L, Tpauyx B. A.?
XmenvHuybkutl HayioHanbHULl yHieepcumem
E-mail: lytvynenkovs@khmnu.edu.ua, 2trachukvi@khmnu.edu.ua

Cepen XymOXXHIX MaTepiatiB, sKi BUKOPHCTOBYIOTHCS SIK Tpode-
CIHHMMH MUTIIMH, TaK 1 MHUTIIMH-IIOYATKIBIFIME (B TOMY YHCIi 37100Y-
Bauamu ocBitTh BH3) 111 BUKOHAHHS TBOPYMX 1 HABYAJIBHUX POOIT y JKaHpi
«HATIOPMOPT» MOXHA «3YCTPITH» M’SIKI MaTepiaju: BYTiJUIs, CaHTiHY, ce-
mito, coyc, mactenb. CIif 3a3HAYUTH TPO TE, IO HATIOPMOPT SIK KAHP
MUCTEITBA, B TOMY YHCII 1 K XaHp rpadiky, Tak i — )KHUBOIMHUCY, TOCTATHHO
PO3IOBCIOKECHUH Ta MOMYJISIPHUN B 00pa30TBOPUOMY MUCTELTBI, Hapsimy 3
MIOPTPETOM Ta Tei3aKeM.

V 1iif cTaTTi pO3TISHYTO ABI TEXHIKH M’ IKUM MaTepialoM, Ha IpH-
KJIaJli «CeTii» 1 «macTemi» Ha KOHTPAacTi MOHOXPOMHOI (TOOTO i3 3aimydeH-
HSM MaTepialiB TPhOX KOJBOPIB) Ta KOJIBOPOBOI rpadik (abo >KUBOMHUCY)
(BiATIOBiIHO, — i3 BUKOPUCTAHHAM IMTUPOKOTO CIEKTPY KOJIBOPIB), puc. 3; 4.

HariopmopT cemieo OyB BUKOHaHMH BHKJIajgadeM BiaanciaBom
JluTBUHEHKOM, a HATFOPMOPTH MACTEIUIIO — CT. BUKJIagadeM Bikropom Tpa-
gykoM. CIiJi 3a3HaYUTH PO Te, IO HATIOPMOPTH OYJIM MOCTaBJICHI aBTO-
pamu J1aHoi cTarTi BacHopyu (puc.l; 4).

Cenin six XynoxHii rpadiyHuii marepian y BuIisimi ojiBus 0e3
ompaBH (BiJ JaBHBOTPEIl. MOBU — KapakaTuils) sugodysanaca y XVIII cT. 3
MOPCBKOTO MOJOCKa — KapakaTuili. CydacHa cerist IeKUIbKOX KOJILOPOBHX
BiJTIHKIB BHTOTOBIIIETHCS IITYYHHUM CHOCOOOM i3 IPUPOJHUX TIUH — CyXa
ceris. TepMiHOM «ceTris» O3HAYAETHCS SIK TpadidHa TEXHIKa, TaK 1 XyHT0XK-
Hill TBip, BUKOHAHUI MM MaTepiaJioM i3 3aCTOCYBaHHSM Pi3HOMAaHITHHX
croco0iB Ta MPHUIHOMIB 300paskeHHs (JIIHIFHOTO, CBITIO-TOHOBOTO, TUIIMO-
Boro). Cermisi aKTHBHO HAaHOCHUTHCS Ha IIOBEPXHIO Tarepy, 300paKeHHs
OTPUMYE OKCAMHMTOBHI BINTIHOK 3€MHHUX OpYHATHO-BOXPHUCTHX KOJIBOPIB.
PucyHOK MOXKHA JJOIOBHIOBATH PO3MHUBAHHSM IeH3JIEM. Y Cy4acHOMY apce-
Haii TpadivyHUX MarepiamiB cemiss Mae pi3HI KOJbOPOBI BIATIHKH, BOHA
BHITYCKA€THCS MTPOMUCIIOBICTIO O()OPMIIEHOIO B Pi3HHUX BapiaHTax.

Jyisi BUKOHaHHSI HATIOPMOPTY CEIi€l0 OyJI0 CTBOPEHO MOCTAHOBKY
3 KepaMiYHUM MiBHHKOM, YE€PBOHOIO CKJISTHOIO MHCKOIO Ta YaIKOIO Ha T
TPBOX Jpanepiit (1us. puc. 1).

[Ipouec BUKOHAHHS HaTIOPMOPTY BiZOyBaBCs B AEKiJIbKa ETaIliB:

1. Bubip pakypcy (Touku 30py) HOCTaHOBKH;
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2. BUKOHaHHSI KOMITO3HIIIHHO-TOHAILHOTO €CKi3y-TIOIIyKy Ha Ma-
oMy Gopmarti rpaditHEM oniBLeM (puc. 2);
3. ITig0ip KOJIBOPOBOTO CIIEIiaNbHOTO Manepy. BUKOHAHHS JiHIH-
HOT'O PUCYHKY Ha BEJIMKOMY (hopMmari;
4. BukoHaHHS HATIOPMOPTY B MaTepiai TOHOM;
4.1. PO3KpHUTTS BEIMKHX TOHAJIBHIX BiJTHOCHH;
4.2.TIpopo6Oka dopmu Ta aeTase;
5. Y3arajpHeHHs, pO3CTaHOBKA aKICHTIB, 3aBEpIICHHS (puc. 3).

Puc. 2. Komno3uuiiiHo-ToHANIbHNI ecki3 HATIOPMOPTY
3 KepaMi4YHUM NiBHUKOM Ha MajoMy ¢opMmaTi rpadiTHUM oJliBIEM
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Jiis BUKOHAHHS poOOTH OyJI0 BUKOPUCTAHO TaKi MaTepiaiu:

— MEXaHIYHId («IaHTOBHK») OJNiBElb JUIS YTPUMaHHS CTPHKHSA
MaJIMYKA CaHT1HU;

— po3TylIKa (CrenianbHU «oJTiBelby 13 IyXKOro narepy i3 3aroct-
PeHHMHU KIiHIIMH, UL PO3THPAHHS HAa Tamepi i OTpUMaHHS HOTPiOHIX
edekTiB);

— J)KOPCTKHM JaCTHK;

— Kanbka (Ui TUMYacoBOTO HAaKpHMBaHHsA poOOTH miJ vac 30epi-
TaHHSA JJIs1 YHUKHEHHS TICYBaHHA i po3Ma3yBaHHS 300paXKCHH).

PosrisiHemo neranbHO fiesiki etany BUKoHaHHS «HatiopMmopTy 3 Ke-
paMiYHIM TTiIBHUKOMY CETII€TO0.

ITioGip konvoposozo cneuianbHo20 nanepy OpPiEHTYBABCS Ha CBIT-
TUH HEUTpabHUMA, IPUEMHUI HA OKO KOIIp, KW HE 3aBa’kaB 3aralbHOMY
CHPUHHSATTIO 3aBEPLICHOrO TBOPY (aBTOpoM OyB oOpaHMii mamip 1isi mac-
TeNi «IIEPCUKOBOTO» BIATIHKY), Ta CEpeNHil TOH, SKW OW Mir 3By4aTd y
MiBTOHAX. Bukonanns niHiliHO20 pUCYHKY Ha eéeaukomy popmami 31iic-
HIOBAJIOCS THM )K€ CaMHM OCHOBHHMM MaTrepiajloM, IO B MOJAIbIIOMY —
TOHAJBHE PIMICHHS, TOOTO CEMi€l0 i3 JIHIHHO-KOHCTPYKTUBHUM MOOYITY-
BaHHSM CIIPOILIEHOTO XapakTepy.

Buxonauna namiopmopmy 6 mamepiani monom 3riJHO 3a3Haue-
HUX €TalliB 341HCHIOBATIOCS TAKIM YHHOM.

CriouaTKy HaOHpanucsi HalHOUIbIn TeMHI MicIst (TiHI Ta TeMHI Ii-
nstHKY GoHY). [Ipn 1IbOMY TOH HAHOCHBCS HE CTUTBKH KiIHUUKOM TPHQEIIO y
TEXHIlll «IITPUXOBKUY, & CKUIBKU — IJ1a30M (TOOTO OOKOM CTpHKHIO). Bemin
32 IUM OIpAIbOBYBAINCS HAMIBTOHH, CIIJIKYIOUM 3a THM, 00 HE «3a-
OuBCsI», TOOTO MOBHICTIO HE 3aKPHBCS TOH Marnepy (MaJloHOK B OCTAHHbOMY
BHIIQJIKy MIr' OW CIIpHUAMATHUCS «MEPTBEM» 1 «3aMy4eHHM». 3a HEeoOXil-
HicTIO 3adapOoBaHi MJISIMU TOBEPXHI PHCYHKY PO3TYHIOBYBAJIUCS, IOJIET-
IIyBAJIKCSA TEMHI MICIS 1 pO3TATyBaBCsS TOH 3a 00’eMoM ¢opMmH i cepe-
nosuima. [lapanensHo 3 poOOTOI0 TOHOM BHKOPHCTOBYBABCS 1 HABOJMJIACS
JIHIA, TaM, A€ e HeoOxixHo. HaiOinem cBiTII AUISHKA BUCBITIIOBAIUCS
JIACTHKOM, a TIOTiM, TaM, /i€ HEOOXiJHO, JIETKO BKPHBAINCS TOHEHBKHM
mTpUXOM. Y KiHII poOOTH Y HAWOUIBII CBITIIMX MICIISX CTABMIIUCS ITOJIMCKU
rocTpiM KyTKOM 011101 Kpeiau (puc. ).

Sk Oyno 3a3HavYeHO BUIIE, [BA 1HIII HATIOPMOPTI OYyJI0 MTOCTABICHO
1 BUKOHaHO CT. BHKJIajadeM Biktopom TpauykoM y TEXHIIi «rmacTeii».
Hlacmens € onHiero 3 rpadiuHNX TEXHIK M’ IKUMU MaTepianamu. L[ TexHika
LikaBa THUM, IIO BOAHOYAC MOXe OYTH SK TEXHIKOIO rpadiku, Tak i
xuBonucy. [lacTenb BUITYCKA€ThCS y BUIJISI PI3HOKOJIBOPOBHUX MaIUYOK
KpYTJI0ro abo KBa/IpaTHOTO nepepizy noBxuHo0 10 — 12 cM. IcHye macrens
JIBOX BUJIiB: OJIiiHA Ta cyXa.
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OriiiHa macTelxh Ma€ y CBOEMY CKIafi KpeWny, pi3Hi MirMeHTH,
BiCK, oif0. 300paXCHHS MLI€I0 TEXHIKOIO Ma€ OUIBII SCKpaBUH Ta TIISH-
LICBUM BU/I.

Cyxa macrtenp MICTUTH Pi3HI MIrMEHTH, KpeHay, POCIMHHUNA Kien
(rymiapa0ik), HarOBHIOBAYI.

PoGota cyxor0 macteiiro Mae MaToBO-OKCAMHUTOBY MOBEPXHIO, KO-
JIbOPI YMCTI Ta HACUUEHI. B SIKOCTI OCHOBM i/ )KHBOITUC MOXHA BUKOPUCTO-
BYBaTH Cipuii a00 KOJHOPOBHMH Hamip 3 IIOPCTKOIO IIOBEPXHEI0, KapTOH,
Opraiir.

Binmii mamip kpaie He BUKOPHCTOBYBATH, IIPH HEOOXiTHOCTI HOTro
MOYKHa 3aTOHYBaTH KOJBbOPOBHM IpyHTOM. IlacTenp Mae MMPOKY MamiTpy
3aco0iB 300pakeHHA. [0 MIOPCTKiM MOBEPXHI PUCYETHCS MACTEIHHUMHU
TaJTMYKaMH, JEeKiJIbKa KOJbOPIB MOXKHA 3MIITyBaTH, HAKIAJAI0UH IITPUXU
OIUH Ha APYIHWi, MO)KHA BHKOPHCTOBYBATH PO3TYIIKH (CIHeELialbHI mare-
POBI MaNWYKK) ISl 3MILIYBaHHS KOJILOPIB Ta MOM’SIKIIEHHs CHIIYETiB, CyXi
MICH3/IMKH, HABITh MaJbIl. €IMHE, MPO 10 MOTPIOHO Mmam’sTaTH, I Te, 110
3MIlIyBaTH MOYKHA He OlNbIle JBOX KOJNBOPIB JUIsl 3amo0iranHs «Opyay» B
poboTu. [ns BUKOHAHHS i€l YMOBW, MAacTeJbHUHA HaOip Mae MICTHTH
JIOCTAaTHIO KiJIbKICTh KOJIbOPIB, HE MeHIIE HiXK 50 OUHHUIIB.

[Ipomec poboTH mossirae B MONTYKY KOMITO3MIIi, BUKOHAHHI pH-
CYHKY Ha Qopmari. BukopucToByBaTH Kpaiie BYTiUTbHUH, a00 MacTeIbHUI
omiBenp. [lanmi migOuparoTecs 3 HAOOPY MEBHI KOJIBOPH B 0OMEXKEHIH Kijb-
kocti. [To xomy poOOTH KOMBOpPH MOXKHA JOMOBHIOBaTH. [piOHi merami
MOYKHa JIOPHCOBYBATH KOJILOPOBUMH, 200 MACTEIEHIUMH OJiBISIMH.

3aBepiieHy poOOTYy CyXOH MACTEIUTI0 HEOOXITHO ITOMICTHUTH B
pamMKy mif cki0. Mix CKJIOM i poO0TOI0 MOBUHEH OyTH IPOMDKOK 5 — 8 MM.
B nesikux mxepenax peKOMEHIY€EThCsl 3aKpIILIIOBATH TAacTebHI poOoTH Ja-
KOM-(iKca)keM, PO T€ B [IbOMY BHIAJIKy HEOOXiTHO PO3YMITH, IO CHIBHO
3MIHUTBCSl KOJILOPOBA rama TBOpPY. BiH BTpaTHTh CBOIO OKCaMHUTOBICTB,
cTaHe Tpy0ilMM, TOOTO BCs Kpaca TeXHIKM cyxol macreini BrpaTuThes. Och
YOMY HaWKpaIyuM METOJ0M 30epiraHHs MacTeJIbHOTO TBOPY € HOTo oopM-
JIEHHS IIiJ CKJIO.

IcTopist CBITOBOrO MHUCTEUTBAa CTBEPKYE, IO OGOpPMIICHI Moio-
HUM YHHOM I1acTeJIbHI TBOPH 30€piraloThCs B My3esiX, HE BTPAdalodH CBOET
KpacH BIIPO/IOBK COTEHb POKIB.

Hageneni npuknaan akBapenbHUX poOiT BUKOHAHI aBTOpaMH JaHOT
crarti BHKIagadeM BiamuciaBom JluTBuHeHKOM (puc. 3) Ta CT. BHKIA-
nadem Biktopom Tpauykom (auB. puc. 4).

TakuMm 9YuHOM, BUKOHaHHS HaTIOPMOPTIB M’SKHM MaTepiajioM J0-
3BOJISIE BTUTUTH Kpall TPaauIlii akaaeMidHOTO PUCYHKY Ta >KUBOIUCY Yy
MOETHAHHI 3 TBOPYICTIO.
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Puc. 3. «HaTiopMopT 3 KepaMiuHUM NiBHUKOM)
(Baaaucnas JlurBunenko, 2021 p., TonoBaHuii namip, cemis,
6i1a kpeiiaa, 70 x 50 cm)

a 9]

Puc. 4. IIpuxjaaau BHKOHAHHS HATIOPMOPTIB MaCTeJLTIO
cT. BUK/I1aga4eM BikTtopom Tpauykom
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JICHTIB Xyn0XHbO-Tpadiunux daxynsreris / M. 1. Pesnivenko, 1. M. Tepno-
xmiboBa. — TepHomine: borman, 2011. —272 c.
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