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koH(epeHmu «COBpEeMEHHBIC IOCTIDKCHHS B HAayKe M OOpa3OBAHHHY,
npoBeaeHHOM B M3paunne B centsiope 2015 r. B 1. Heranus.

PaccmoTpersl  mpoOnmemMBl  00pa3oBaHW, — HAHOTEXHOJOTHH,
JUHAMUKA W [POYHOCTH MEXaHHYECKHUX CHUCTEM, HH(POPMATHUKH U
KUOCPHEHTHKH, SKOHOMHKMA ¥  yOpaBieHHs. B cOOpHHKE KpaTko
[PE/ICTABICHBl JIOKJIAJbl YYACTHUKOB KoH(DepeHimun. Ouu 0e3 mpaBok
OIyOJIMKOBAHbI B TAKOM BUJIE, B KAKOM ObLIH [IPE/ICTABICHbBI ABTOPAMH.
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y4eOHBIX 3aBEACHUIN U aCITHPAHTOB.
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IINIEHAPHOE 3ACEIAHUE

MMHP, B KOTOPOM MbI /KUBEM

Ipeticepman JI.M.
M3paunvckaa Hezasucumasn Axademus pa3eumust HayKu
e-mail: preiglev@gmail.com

MarepuanbHblii MHp 3HAQUMTENBHO IIMpe BUAMMON BceneHHOI,
MIPEJCTABICHHON COBOKYITHOCTBIO BCEX BEIUEH M CBA3BIBAIONMX UX (H3H-
YyecKux nojuei. JleficTBuTensHO, pu3ndecKue noiast 1 0apHOHHOE BEIIECTBO,
oOpasyroliee BHYTPEHHEE COAep)KaHWEe Bemlel ((M3NYecCKUX Tel), COCTaB-
msirot b 4,9 % ot Beert matepun. OcTanbHasi, Tak Ha3blBaeMas TEMHast
MaTepHs, SIBISICTCS] HEBUIUMOM.

JluckpeTHast CTPYKTypa CIOKHBIM 00pa30M OpPraHM30BaHHBIX (H3HU-
YEeCKHX TeJl 00pa3yeT KOHEYHYH0 MHOTOYPOBHEBYIO CHCTEMY M3 Kak Obl
BCTaBJICHHBIX APYT B JIpyra Ceryarbix 00pa3oBaHMIl, OT KOCMUYECKHUX Tell JO
MOJIEKYJ, aTOMOB M 3JIEMEHTapHBIX 4acTHI] MUKpoMmupa. Ha kaxkaoM yposHe
JIOKaJIM30BaHbl TOKAECTBEHHBIE CTPYKTYPHBIE 3JIEMEHTHI, KOTOPbIE, B CBOIO
ouepelib, COCTOAT U3 CTPYKTYPHBIX AIIEMEHTOB CIEAYIOIIET0 YPOBHS U T. II.
ITo Mepe yriyOmeHUs BriayOb CHCTEM TEpseTCSl CTENEHb MAaTEpHaIbHOCTH
(TeNneCHOCTH) UX JIEMEHTOB.

@dusnueckue Mois, B CBOIO OYEpeab, MPEACTABISIOT cobol coBoO-
KYITHOCTH OJJHOYPOBHEBBIX TOXKJIECTBEHHBIX JIEMEHTOB, 3JIEMEHTApPHBIX Hac-
THI], PEATN30BaHHBIX B ()OPME YIOPSAAOUYCHHO MOBTOPSIONMXCS THCKpET-
HBIX NTOPIMHA YHEPTUH, KBAHTOB MOJSL. B mpenene, T.e. B MakpoMupe, Mo
pacrpeseneHsl NPHOIM3UTEIBHO HEPEPBIBHO, a YaCTHUIIBI TOJIE MpOSBIIs-
IOTCSl KaK HeNpephIBHIE BOJIHOBBIE MPOLIECCHI (BOIHEI).

IIpennonaraercsd, 4yTo OAHOYPOBHEBas TEMHas MaTepus OTJIHYa-
€TCs HU3KOYNOPSAIOUYEHHOH CTPYKTYpOi. YPOBHU U HX CTPYKTYpHBIE dJje-
MEHTBI pa3JiesieHbl Cpeslol, B KOTOPOM B Hjieajie OTCYTCTBYeT OapuOHHOE
BelecTBO. Tak Kak /0 Hadasa MpOIUIOro CTOJETHS MaTepHs OTOXKIECTB-
JsiIach C BEIIECTBOM, 3Ty CpPely CUMTAIN MyCTOTOH M Ha3BaIM BaKyyMoM. B
HaCTOsIIee BpeMsl YCTaHOBJIEHO, YTO BaKyyM — 3TO HE IIYCTOTa, a Cpeaa,
3aIl0JTHeHHAst TEMHON MaTepHrel M KBaHTaMH Pa3IMUHBIX TTOJICH.
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B kBaHTOBOI MeXxaHHMKE paccMaTpUBAETCs €lle O/HA, BXOASIAS B
coctaB BcenenHol, 3k30THUECKast HeMarepHuanbHas (BUPTyaslbHast) cpena,
(m3nyecKuii BaKyyM, KOTOPBII CBOOOJIEH OT JIOOBIX MaTepHaIbHBIX dac-
THI], KaK BEIIECTBA, TaK W MOJI.

DyHIaMEHTAIbHBIM CBOMCTBOM MAaTEpUAIbBHON COBOKYIIHOCTHU $IB-
JSIeTCsl ee CIIOCOOHOCTh K B3aMMOJIEHCTBHIO, KOTOPOE MPOUCXOJUT Ha 3Jie-
MeHTapHOM ypoBHe. OOMEHMBasiCh KBAHTaMH IOJIEH, BELICCTBEHHBIE CHC-
TEMBI U UX CTPYKTYPHBIE 3JIEMEHTBI CBS3BIBAIOTCS] MEXy CO0O0I B ITOPSIIKH,
KOTOpBIE ONPEJEISIIOT CBOWCTBA M MHIMBHU/IyaJIbHOCTH Belel. Bianmopetict-
BUSI, U3MEHSIONE MTOPSIIKNA CUCTEM, JIEXKAT B OCHOBE BCEX IPOLIECCOB (CO-
OBITHIT), TIPOUCXOIAIX BO BeeneHHOI.

BeposiTHOCTE YIOPAZOUYEHHOTO COCTOSIHHS BO MHOTO pa3 MEHBIIE
BeposSITHOCTH Oecropsinika. [1o3ToMy MOPAIOK Ha BCEX YPOBHSIX CTPEMHUTCS
nepeiitu B 6ecropsnok. OOpaTHBIN CIIOHTAHHEBIA MEPEeX0] HEBO3MOXKEH. B
TO k€ BpeMs (YHKIMOHUPYIOT U OILIyLIAIOTCSI HAMU TOJNBKO YIOPAIOUCH-
HbIE CUCTEMBI, KOTOPbIE, OJIHAKO, HEYCTONYMBBI. Y CTOMUUBOCTb pEaIbHBIX
CHCTEM 00ECIEeYHMBAETCS COOTBETCTBYIOUMMH 3aIIMTHBIMH MEXaHU3MaMH.
YeM BBbIIIE OpraHU3alUs peanbHOM BElH, TeM CIOXKHEe ee 3alUTHas CHC-
TeMa. B BBICOKOOPraHN30BAHHBIX CUCTEMAX HCIIOIB3YIOTCS CIIOKHBIE CPE/ICTBA
3alMTHL, B T.Y. CUCTEMBI aBTOMaTHYECKOTO PETYIMPOBAaHUS, O0OJIOUKH U
JradparMpl, CHCTEMBl CaMOBOCCTAHOBJICHHS, CHCTEMBI YIPaBJIECHUS, MpPO-
rpaMMHPOBAaHHS, PACIIO3HAHNS1, UMMYHHBIE CHCTEMBI 1 MHOTHE JPYTHE.

B kBaHTOBOI1 r3MKe BMECTO TIOPSIIKA PaCCMaTPHBAIOT OoJIee YHU-
BEpCaJIbHOE MOHATHE, — CHMMETPHIO, O3HAYAIONIYI0 WHBAPHAHTHOCTH CHC-
TEM M ONHCHIBAIOIMX UX YPAaBHEHUH OTHOCHTEIBHO OIPEIEICHHBIX IIpe-
oOpazoBanuii. Kaxxgomy mpeoOpa3oBaHHIO, XapaKTEpU3YIOUIEMYCs OTHIM
apaMeTpoM, COOTBETCTBYET COXpaHAIOINAsCAd BeJMYMHA. Tak, Hampumep,
9JIEKTPOMArHUTHOE T10JI€ CUMMETPHYHO OTHOCHTENIBHO MPeoOpa3oBaHusl MO-
TeHIHaJIa (CKAJIPHOTO HMJIM BEKTOpHOTo). COXpaHSIOIIEHCs] BENWYMHOW B
9TOM CIIydae SIBJISCTCS SJIEKTPUUECKHUI 3apsil.

UeM BbIIIE YPOBEHb CUMMETPHUU CHCTEMBI, TeM OOJBIINM YHCIOM
COXPaHSIOMIMXCS] BEIMYMH OHA OIMCHIBACTCS, M TEM HIDKE €€ OpraHH3alHs
1 GYHKIIMOHAIBHBIE BO3MOKHOCTH.

MHTEHCHBHOCTh B3aUMOJCHCTBUI OLIEHUBAETCS BEJIMYMHON JHEP-
ruu E, xortopast SIBISETCS KOJMMYECTBEHHON MEpOH JBMIKCHUS W B3aMMO-
JeWCcTBHUS pa3nudHbIX (GopM Marepun. M3MEHEHUs Ten SBISAIOTCS Pe3yib-
TaTOM PabOThI, COBEPINAEMON BCIIEACTBUE U3MEHEHUS C TEUEHUEM BPEMEHH
UMITyJIbca (KOJMYeCTBa JBUKCHNUs). BO3HHKAIONMI MPH 3TOM SHEProoOMeH
IMPOUCXOIUT B COOTBETCTBUU C 3aKOHAMM COXPAHCHHU S SHEPTUU U UMITYJIbCA.

AHTI/IHOJIOM OHCPTUHU TEJIa SABIACTCA BEJIMYMHA €TI0 MaCChI m, KO-
TOPYIO MOKHO paccMaTpuBaTh, KaK KOJMYECTBEHHYIO Mepy HPOTHUBOJCHCT-
BUSI U3MEHEHUSM (MHEpLMH). [{BHIKEHUS, cOOOIaeMble U3BHE, ITEPEalOTCs
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OT OJHOW YAaCTHIHI K IPYroil ¢ KOHEYHOH CKOPOCTBIO, IIOCTEIIEHHO BOBJIC-
Kas B IPOLECC IBIDKEHHUS BCE YACTHIBI JAHHOTO YPOBHS M BCE TEJIO B
nenoM (Onm3KoeiicTBIE). BemnunHy Macchl CHCTEMBI JIOTHYHO, C Hamel
TOYKH 3pEHUS, ONPEICITUTh BpEMEHEM 3aJepKKN PeaKInu Tella, Kak Ie-
Joro, Ha BHemHee Bo3aercTBue. OTCIOAa CilemyeT, 9YTo Macca Tela IMpo-
MOpIIMOHAIbHA CYMMapHOW Macce €ro CTPYKTYPHBIX AJIEMEHTOB, MX B3aHM-
HOMY PACIONIOKEHHIO, IBUKEHUIO U CBsi3u [ 1, 2].

Tak kak JeiicTBUE BCErJia paBHO MPOTHBOACHCTBHIO, TO SHEPTUS U
Macca 00bEANHEHBI COOTHOIEHUEM SKBMBAJIEHTHOCTH DWHINTekHa E = mc?.
JIBmkeHue nepeaaeTcs TeM ObICTpee, YeM CUJIBbHEE YACTHIIBI TEJa CBSI3aHbI.
DTO 3HAYUT, YTO CyMMAapHAas Macca CBS3aHHBIX YACTHI[ MCHBINE TOW XKe
Macchl cBOOOJHBIX YacThil. PazHocTh AM MeXITy CyMMapHOW MacCol CBsi-
3aHHBIX U CBOOOJHBIX Y4acTHUI] oOpa3yeT aedekt mMaccel. OTCrOA CIEIyeT,
YTO CBSI3b YACTHI] CHCTEMBI PUBOIUT K OCBOOOKICHUIO SHECPIHH, SKBHBA-
JICHTHOH e()eKTy Macchl, © Ha00OpOT.

CormnacHO COBPEMEHHBIM TIPEICTABICHISM, BCE BUIBI B3aUMOJCHCT-
BUH CBOZSTCS K YeThIpeM (pyHIaMEHTAIBHBIM — IPaBUTAIIMOHHBIM, JIEKTPO-
MAarHUTHBIM, CHJIBHBIM U CITa0BIM.

Cample cnaOble U3 HUX, TPaBUTAIIMOHHBIE B3aUMOICHCTBUSI, UMEIOT
MPAaKTHYECKH OCCKOHEUHBIN pamuyc ACHCTBUS U PACIPOCTPAHSIOTCS HA BCE
BUJIBI BEINCCTBEHHBIX 00pa3oBaHuii. [IposBISETCS TpaBUTAIUS JIHIIb B
KOCMOCE U MakpoMupe, T.e. TaM, TJe C JIOCTATOYHO OOJIBIION IIIOTHOCTHIO
CKOHIICHTPHPOBAaHO BeIeCTBO. KBaHTaMM IpaBHTALMOHHBIX MMOJICH CUUTA-
FOTCS TUITOTETHYCCKHUE TPABUTOHEL.

B MukpoMupe aTOMHO-MOJICKYJISIPHOTO BEIISCTBA, B TOM YHCIIE Yac-
TUYHO W BHYTPH aTOMHBIX SIZEp, TOCIIOACTBYIOT 3JIEKTPOMAarHUTHOE IIOJE,
WHTEHCHBHOCTH KOTOPOTO Ha 38 MOPSAKOB BBINIC WHTEHCHBHOCTH TPaBH-
taruu. lloaToMy neiicTBHe TpaBUTAlMM B MHKPOMEpE MPAKTHYECKU HE
3aMeTHO. VICTOYHMKAaMH 3JIEKTPOMArHUTHOTO TOJIS SBJIIOTCS COXPaHSIO-
IIMECS DJIEKTPUUECKUE 3apsi/ibl, HOCUTEISIMU KOTOPBIX CIIyXKaT 3JIEKTPOHBI U
X aHTUIIOJbI, MO3UTPOHBI W HNPOTOHEIL PaLu/ch HeﬁCTBHH QJICKTpoMar-
HUTHOTO TOJS SBISACTCS HeorpaHWYeHHbIM. OmHAKO, B OTIUYHME OT Tpa-
BUTAI[MOHHOTO TOJIS, JICKTPOMArHUTHOE TIOJIC SIBIISICTCS IBYIOJSIPHBIM. 3a
MpelelaMid aTOMOB M MOJICKYN €r0 3apsabl HEHTpanu3yeTcs, a WHTCH-
CHUBHOCTH TIOJISI CHIDKASTCS MPAKTUYECKH 10 Hyls. ToIpKO HeOobImoe KO-
JMYECTBO SJCKTPOMATHUTHEIX BOJH B BUJC (POTOHOB OTPHIBACTCS OT CBOHMX
HWCTOYHUKOB, DIIEKTPUUICCKH 3apsHKCHHBIX YaCTHI], U PACIIPOCTPAHSIOTCS B
KOCMOCE Ha JI000€ pacCTOsIHUE, IMpeBpamas KOCMHYECKHE Tela B MCTOY-
HUKH TeIUIA, CBeTa M JAPYTHWX H3IydeHWid. KBaHTaMM 3J€KTPOMAarHUTHBIX
noJjei sSBJSI0TCS (POTOHBIL.

JBa npyrux momns CUJIBHOIO M c1ab0oro B3aMMOJAEHUCTBUS CKOH-
[EHTPUPOBAHBI BHYTPH aTOMHBIX sifep. IHTCHCUBHOCTh CHJIBHBIX B3aUMO-
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nevictuid B 100 ¢ mummHUM pa3 Ooblie 3JeKTPOMAarHUTHBIX. OHU CBS3BI-
BAaeT HJIEMEHTapHbIC YaCTHUIIBI BHYTPH siapa. CBA3YIOIMM 3BEHOM MM KBaH-
TaMHU CHJIIBHOTO MOJIS ABJISIFOTCS TI0oHBL. Citaboe B3anmMOelicTBiE oDecIie-
YMBaeT B3aMMHBIE MIPEBPAILCHUS 3JIEMEHTApHBIX YacTull. KBaHTaMu mosnei
c1aboro B3aMMOAEHCTBHUS SIBISIFOTCS BEKTOpHBIE 0030HBL Kpome ToroO,
CTaHJapTHasl TEOpHsl IPEIOoJIaraeT CyIIECTBOBAHUE €llie OJHOTO, THIIOTEe-
THUYCCKOTI'O ITOJIA XHFFC&, HUCTOYHHUKA MACChl 3JICMCHTAPHBIX YaCTUl], KBaH-
TaMU KOTOPOTO SIBISIOTCs 0030HBI Xurrca. B 2013 rony Ha Bonbmom aapo-
HOM KoJIIaiiiepe, yCKOpUTese YacTHI OOJIBILON SHEPTUH, OOHAPYKEHBI Yac-
THI[BI, KOTOPBIE BO3MOXHO SBISIOTCS 0030HaMH Xurrca. OKOHYaTeIbHO 3TO
MOKa HE YCTaHOBJIEHO [2].

YacTHumpl BEIIECTBA U OIS 001aJai0T KOPITYCKYISIPHO-BOJIHOBBIM
JIyaau3MOM M OTJIMYAIOTCS MEKAY COOO0H CTPYKTYpOH M HEKOTOPBIMH KBaH-
TOBBIMH XapaKTEPUCTHUKaMH, HarpuMmep ciuHoM. CIMH — 3TO XapakTepuc-
THKa BHYTPEHHETO COCTOSIHUS YaCTHIBL. B 3aBUCHMOCTH OT BEIMYHMHEI
CIIMHA BCE YaCTHUIIBI JAENATCS Ha (pepMHOHBI (YaCTHIIBI BeLeCTBa) U 0O30HbBI
(vactuusl o). [ pepMHOHOB CIIMH B YCIIOBHBIX €AMHUIIAX PABEH MOJY-
nesnoMy yuciy. Tak Kak MOJEJNbIO CIIMHA CYUTAETCS] COOCTBEHHBIN MEXaHH-
YEeCKMI MOMEHT YaCTHIIBI, TO 3TO Y9KBUBAJICHTHO TOMY, YTO, €CJIU MBICJICHHO
MOBEPHYTh YaCTHUI[y BEIECTBAa BOKPYr ocH Ha 360°, oHa He MPUHUMAET
MpeXXHUH BUA. J{JIst 3TOro ee Hajgo MOBEpHYTH JBa pasa. BerecTBo BHYT-
PCHHEH TOJIOCTH YaCTHIII IIPH ITOBOPOTE KaK OBl OTCTAET OT BEIIECTBA €
nepudepuitHoi yacTu. DTo, 110 HalleMy MHEHHIO, 03HAYAET, YTO (hepMHUOH
obmamaeT BHyTpeHHEH CTpyKTypoil. pyruMu cioBamu, (pepMHUOHBI HE MO-
TYT MMETh TOYEYHBIX Pa3MEpOB, HYJIEBYIO MAacCy IIOKOS M COBMENIATHCS
MeXy co00ii.

YacTuupl nomnst (6030HBI), HA00OPOT, GecCTPyKTypHBbIe 00pa3oBa-
HUs. VIX CIIUH [eJIOYMCIIEHHBIH WM paBeH HYIIO, U OHU BEAYT celsl, Kak
eanHoe 1enoe. Tak Kak yacTHIBI OIS HE UMEIOT BHYTPEHHEH CTPYKTYPHI,
TO MX Macca II0KOs, COIVIaCHO OIIpeJIeNICHUIO, paBHa HYII0. M3 aTOrO Tarke
CJIEyeT, YTO B OTCYTCTBHH BEIECTBA HUYTO HE B COCTOSHHM OTPaHUYHTH
CKOpPOCTb WX JIBIDKEHHS, ITO3TOMY OHM BCET/A JBIDKYTCS C MaKCHMaJIbHO
BO3MOXKHOHM CKOpPOCTBIO, KOTOpas, COTJIaCHO TEOPHH OTHOCHTEIBHOCTH,
paBHa ckopocTH cBeTa. HyneBas mMacca 1mokosi 6030HOB O3HA4YaceT, B CBOIO
odepelib, YTO OHM B ITOKOE HE CYIIECTBYIOT. B3auMoaeHcTBys ¢ YacTHIIaMu
BEIECTBA, (PepMUOHAMHM, OO30HBI MOTJIOMAIOTCS UMU M OTHAIOT UM BCIO
CBOIO JHEPIHIO, & CAMH MCYE3aI0T.

B3aunmopeiicTusl, Kak y)xe ObUIO yKa3aHO, SIBISIFOTCS PE3YJIbTaTOM
oOMeHa CTPYKTYPHBIX 3JIECMECHTOB (DM3MUCCKUX Tl KBAHTAMH COOTBETCT-
ByronMX nojieid. B mpouecce ykazaHHOro oOMeHa ojiHa 4acTulla U3JIydaer
KBaHT 3HEPIHH, a JIpyras, B3auMOJICHCTBYIOIIAs ¢ HEll 4acTuIia, IOTJIomaeT
ero. YacTuna, NOTrJoTHBINAs KBAaHT YHEPriH Bo30yxnaercs. CtpeMsich Bep-
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HYThCS B CTAllHOHAPHOE COCTOSIHUE, OHA M3IIyd4aeT KBaHT, KOTOPHIH MO TOH
K€ TIPUYMHE TIOTJIONAST YaCTHIIA, H3ITyInBIIas paHee U T.4. [Ipobnema 3a-
KIIIOYaeTCs, OAHAKO, B TOM, YTO IPOLECCHI CIIOHTAHHOTO M3ITydYEeHHUS H TO-
TJIOIIEHMS 3aIllpelleHbl 3aKOHAMH COXPAHEHHs YHEPIuu M HMIyibca. Pe-
IMeHWEe ATOM TpoOJIIeMBbl MaHO B KBAHTOBOW TEOPHWH, B KOTOPOW BMECTO
3aKOHa COXPAaHEHHMs YHEPrUU-UMITyJIbca ACHCTBYeT Oosee (yHIaMeHTallb-
HBII 3aKOH COOTHOIICHHUS HEOIpPEIeICHHOCTEH, TOMyCKaonpe HapyIeHus
3aKOHOB COXPAaHEHHUS B TEUEHUE MaJbIX NMPOMEXYTKOB BPEMEHHM, CPaBHU-
MBIX C BpPEMEHEM B3aHUMOJACHCTBUS (10'230). PesynbTarsl B3auMopencTBus
JeXaT 3a MpeleslaMd ATOr0 NMPOMEXKYTKAa BPEMEHM, MO3TOMY B TEUEHHE
YKa3aHHOTO BPEMEHHM YAaCTHIIBl SBISIOTCS HEHaONI0JaeMbIMH, BHUPTYallb-
HBIMH. B 3TOM CMBICIIE COBOKYITHOCTH BHPTYaJIbHBIX JaCTHII JISKAT 3a IMpe-
JeTIaMH TIPOCTPAHCTBA-BPEMEHH U 00pa3yIoT HJICATIFHO CHMMETPHYHYIO CPEIY
OOMTaHUs BUPTYaJIbHBIX YacTHI, (U3NUIEeCKHi BakyyM. VIMEHHO B 3TOM
CMBICIIE, KaK MBI CUHTAEM, CIECAYyeT HMOHMMAaThb HEU3MEHSIOILYIOCS MHHH-
MaJIbHO BO3MOKHYIO SHEpPrui0 (DM3MYECKOro BakyyMma, (UIyKTYHpYyrolueit
OTHOCHUTEJIBHO HYJIEBOTO 3Ha4eHUs. OTH (UIYKTyallMM MOXXHO TakKKe pac-
CMaTpHBaTh KaK HENPepBIBHbIC (DOTOPOKACHHS U AaHHUTWIISLUIO BUPTYajb-
HBIX Iap. B ToM ciyuae, korjna BO3HUKAIOT CIIOHTAHHBIE HApYyLIEHUS CUM-
METpPUH BaKyyMa, BUPTYaJbHBIE YAaCTHUI(Bl MATCPHAIU3YIOTCS U TPUHUMAIOT
ydacTre B 0OMEHHBIX IIPOIIECCaX.

B Hacrosimiee BpeMmsi HCIIONB3YETCs CIEAyIOIas MOZAETb B3aUMO-
JIEeHCTBUA. Y CIIOBHO TIPEIIONATAETCS, YTO YaCTUIIBI OKPYXKEHBI 0OmaKoM (TImy-
00if) BUPTyaJNbHBIX YacTHUI] M HX aHTHYacTUll. KoHurypamus BUpTyais-
HOro o0Jiaka OIpeleNsieT CHMMETPHUIO, CO3[aBacMyl0 IaHHOM YacTHLEH.
BupTtyansable mapsl o6J1aka MOCTOSHHO aHHUTHIIMPYIOT. DHEPTHUS POXKIAI0-
M XCS TIPH 3TOM KBAaHTOB COOTBETCTBYIOIMX MOJIei HcTIonB3yeTcst 1i1st HoTo-
POXICHHS HOBBIX Nap BUPTYalbHBIX dacTull. C INOSBIEHHEM B paauyce
JICWCTBHS YaCTHIIbI APYroi, MOA00HOM el 4acTHIbl, 00JaKa WX BHPTYyalb-
HBIX YacTHl| NepecekarTcs. YacTh BUPTYaIbHBIX YaCTHUI[ OJHOM YacCTHIIBI
3axBaTHIBAETCS IIPU ATOM APYrOd YacTHIeH U Marepuainu3yercs. B pesyins-
TaTe Hapymaercs: cumMmerprst. CTpeMsCh ee BOCCTAHOBHUTH, YaCTUIIBI TIPHXO0-
JSIT B OTHOCHUTEJIBHOE JIBUKECHUE, IIPUTSTUBASICh, €CJIN CTEEHb CHMMETPUH
TIPU UX COMMKCHUHN TTOBBIIIACTCS (HAIIpIMeED, 3JIEKTPOH-TIPOTOH), M HA000POT.
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B Hay4HOIl nmTEpaType WCIONB3YIOTCS Pa3lUYHEIC OIpEACTICHUS
Bcenennoii. C Hame# TOYKH 3peHHS, CAaMBIM YIa4YHBIM SIBISICTCS 0000IIeH-
HOE OmpeieTIeHIe, B COOTBETCTBHH C KOTOPHIM B cOcTaB BeceneHHo# BXoauT
BCSl IEWCTBUTEIIFHOCTD, KAK MaTepHalibHasA, TaK M BHpPTyanbHas. B TeueHne
JUINTCIIBHOI'O BpeMeH'I/I B HayKe TOCIIOACTBOBAJIa KOHIICIIIUA Fannne;l nu
HrroToHa, 3aMMCTBOBaHHAsI UMU €lle y APEBHUX MblcauTened. B coot-
BeTCTBUE ¢ Hel BceneHHast paccmaTpuBanach Kak camoJI0OCTaTOYHas Mate-
pHUaNbHAas COBOKYMHOCTh, M3MEHSIOMASCS ¢ TEYCHUEM aOCONIIOTHOTO Bpe-
MEHHU W TjIaBarouasi B MycTOM HpocTpaHctBe. IIpocTpaHCTBO U Bpewms, B
CBOIO O4Yepellb, CUYUTAINCH HEIPEPHIBHEIMH OCCKOHCYHBIMH U HEU3MCH-
HBIMH a0COJIOTHBIMU CYITHOCTSIMH, BMECTIIIMIIAMHI MAaTCPHATEHOH COBOKYII-
HOCTH U COBOKYITHOCTH COOBITHH, HE 3aBUCSIIMMH HHU OT MPOCTPAHCTBEH-
HOM JTOKaIM3aIiy COOBITHIA, HU OT MaTepHUAIbHOW COBOKYITHOCTH. PeanmbHOe
MPOCTPAHCTBO OTOXKICCTBIUIOCH C MAaTEMAaTHYECKHM EBKJIHUIOBBIM TIPO-
CTpaHCTBOM. EMy, Kak M €BKJIHMJOBY MPOCTPAHCTBY, MPUIUCHIBAIUCH He-
MPEPBIBHOCTD, TPH JIMHEHHO HE3aBUCHMBIX U3MEPEHUS (HAIpaBJICHHUS), JIU-
HEMHOCTh UHTEPBAJIOB U BCIOAY paBHAs HYJIO KPUBU3HA.

B Teopun oTHOCHTENBHOCTH DWHIITEHH MOKa3aJl, 4TO HE CYIIECT-
BYIOT OTJIEJbHBIE OT MaTepPUH M JAPYr OT JApyra aOCOJIOTHBIE CYIHOCTH
MPOCTPAHCTBA U BpeMeHH. ECTh MIlb euHOE MPOCTPaHCTBO-BpeMsi, 00pa-
3yeMO€ CBS3aHHOW W B3aWMHO YHOPSAOYEHHOM MaTepuabHON COBOKYII-
HOCTBIO U IOCJIEIOBATEIbHOCTBIO MMOCTOSHHO CMEHSIIONMX IpYr Ipyra co-
CTOSIHUH, BbI3BAaHHBIX U3MEHEHUSIMA MaTepuajIbHOW COBOKYIMHOCTH. Bo3Hu-
Karolye MPH 3TOM IIPEACTABICHUS O MPOCTPAHCTBE M BPEMEHH OTHOCH-
TEJBHBI, & MPOCTPAHCTBCHHBIE W BPEMEHHBIC WHTEPBAIBI MCHSIOTCS IO
BO3ZCHCTBHEM (U3NYECKUX TN W Tojield. B o0mell Teopun OTHOCHUTEINb-
HOCTH OHWHINTEIH paclpoCTpaHIUI MPHHINN ONM3KOAEHCTBHS HA TATOTE-
HUe. B 3TOM ciydae B MecTaxX KOHIIEHTPAIMH BELICCTBA TEMIT TCUCHHUS Bpe-
MCHHU 3aMCIJIACTCA, J'II/IHeI\/’IHOCTI) I/IHTepBaHOB nu CI/IMMeTpI/IH l'IpOCTpaHCTBa-
BPEMEHU HapYIIAIOTCS, a MPOCTPAHCTBO-BpeMs] HMCKpHUBIseTcs. Hckpus-
JICHUC HOCUT HCCBL[OpHMaHOBbIﬁ xapaKTep, SABJISISICH BCIOI[y IIOJIOXKHUTCIIb-
HbIM. OTCIOJ]a CJICITYeT, YTO MPOCTPAHCTBO KOHEYHO, HO Oe3rpaHnuHo. B pe-
3yJIbTaT€ CIIOHTAHHOTO OTKJIOHEHHS OT CUMMETPUHU BO3HUKAET TPpaBUTALIMOH-
HOE T0JIe TATOTEHUSI, KOTOPOE MBITAETCSI BOCCTAHOBUTH CUMMETPHUIO [4].

YeTbpeXMEpHBIN HHTEPBAJ, OOBCAMHSIONMH KOOPIMHATEI COOCT-
BEHHOTO BPEMEHHU W MPOCTPAHCTBECHHOH JIOKATM3allMi 00beKTa, HBapHaH-
TEH OTHOCHTEIBHO IpeoOpa3oBaHus KoopawHAT. CBOWCTBA MPOCTPAHCTBA-
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BPEMEHH OTPAKAIOT MIPUCYLIUE MATEPUU HEIMHEHHBIE CBOICTBA MIPOTSHKEH-
HOCTH U JUIUTENBHOCTH. PU3NYECKHE MPOLECCH 3aBUCAT OT T€OMETPHH H
TOTOJIOTHU IIPOCTPaHCTBA-BPEMEHH, KOTOPBIMHU OIPEAEISAETCS CTENEHb OJHO-
POJHOCTH U CHMMETPUH MAaTEPHaIbHON COBOKYITHOCTH B TOH XK€ Mepe, Kak
TEOMETPHUSA U TOINOJIOTHS IPOCTPAHCTBA—BPEMEHH ONPEICISAIOTC CUMMET-
pueil MaTepualibHOM COBOKYMHOCTH. J[pyruMu cioBamu, MeXay Ipolec-
CaMH CUMMETPH3AI[MH U TeOMETPH3ALNHU CYIECTBYET B3aUMHOOAHO3HAYHAS
3aBHCHMOCTb.

IloaTBep:xeHNEM 3TOH KOHIENIMHU CTala HEeJaBHO JOKa3aHHas
poccuiickum MmaTtematukoM I'. IlepenbMaHoM Tomonoruyeckas runoresa
A. Ilyankape. JleHCTBUTEIBHO, TPEXMEPHOE MPOCTPAHCTBO YIOBIETBOPSAET
BCEM YCJIOBUSIM YKa3aHHOH T€OpeMbl. DTO 3HAYHT, YTO MHOT0OOpas3ue Tpex-
MEpPHOTO IPOCTPAHCTBA COOTBETCTBYET TPEXMEPHOIi cepe.

TpexmepHyto cdepy IpocTpaHCTBa MOXKHO paccMaTpuBaTh Kak Io-
BEPXHOCTb YETBIPEXMEPHOTO IIAPa C PAJUYCOM, PABHBIM TEKYLIEMY KOCMO-
JIOTHYECKOMY BpPEeMEHHU. BceleHHas B CBA3M C JTUM IIOCTOSHHO pacIld-
pseTcsl, ABISETCS, KOHEUHOW, HO Oe3rpaHMuHOd W Besgecymiei. Uto ke
KacaeTcsl KOCMOJIOTHYECKOTO BPEMEHH, TO OHO ABJISIETCS MHUMBIM, CYILECT-
BYIOIIMM 3a MpeJielaMU PeabHOCTH. [lefCTBUTENBHO, COCTABMAS €IUHOE
HEpa3phIBHOE LEJ0€ C PEATbHBIM TPEXMEPHBIM IMPOCTPAHCTBOM, OHO HE
MOJKET HaOJII0aThCsl COBMECTHO C HHM.

B crammonapHocTu BeeneHHOM He cOMHEBANCS CHavana jaxke OUH-
wreidH. B 1917 roay oH pewmi pacnpoCTpaHUTh B MPUHLHUIIE JIOKAIbHYIO
TEOPHUIO TATOTEHHWsS OOIeH TEOpHH OTHOCHTENFHOCTH Ha BcemeHHylo B
nenoM. Tak Kak OOHOCTOPOHHSAA IPaBUTALHMA, CACIyIOLAs U3 ypaBHEHHU
001Ieit TEOpUH OTHOCHTENBHOCTH, HApYIIAeT CTAIIMOHAPHOCTH BceneHHoH,
DUHIITeHH 100aBUI B YPaBHEHUs OOIICH TCOPUHM OTHOCHUTCIHLHOCTH aHTH-
TPaBUTHPYIMH KocMosiorndeckuii wieH. B 1924 roxy poccuiickuil ydeHsbli
A. ®punmal, aHaIU3UpPyd YpaBHEHMs OOLIEH TEOPUH OTHOCHUTEIBHOCTH, B
TOM YHUCJE C IPUIMCAHHBIM K HUM KOCMOJIOTMUYECKMM 4JIEHOM, IOKa3al,
YTO YCTOMYMBBHIE PEIICHMS 3TUX YPAaBHEHHI HE CTAalMOHApHBI, a CTallo-
HapHbIE PELICHUS — HEYCTONYMBBEL. OTOT BbIBOA PpuaMaHa MOATBEPAUIT
aMepHUKaHCKHI acTpoHOM Xab06m B 1929 romy, MCTONKOBaB KpacHOE CMe-
[eHre, HaOIoatommeecs: B CIIEKTPax AaJeKUX rajakTHK, Kak aeicTBue 3¢-
(exra Jlomuepa, BOSHUKAIOIIETO B CBS3H € pacumpenneM Beemennoii. Xa00im
Takxe c(OpMYIHUpPOBAI 3aKOH PACHIMPEHHUS, COTNIACHO KOTOPOMY CKOPOCTb
pacumpeHus, a, TOYHee, CKOPOCTh pa30eraHus rajJaKTHK OT HaOJogaTens,
KaK U3 [IEHTpa HaOJIOICHHsI, YBEIMYNBAETCS C PACCTOSIHUEM. Mex 1y TeM, C
OTKpBITHEM B KOHIIE NPOIUIOTO CTOJETHUS TEMHON MaTepuH, yUeHBIE MpH-
LUK K BBIBOAY, YTO 3HAUUTENBHOM €€ 4acTH, TaK Ha3bIBA€MOM TEMHOMN
SHEPruy, NpUCYIle HE MPUTSHKEHHE, a OTTAIKUBaHME, KaKk BHadaje Ipes-
nosiaraji U DUHINTEHH.



C. XOKKHHT BIIEpBbIC BBEJ MOHSATHE CHHTYJSPHOCTH, HAYaJIbHOTO
COCTOSIHUSI BCeneHHOH, ¢ KOTOPOro Havanoch €€ pacluMpeHHe, a aMepH-
KaHCKUHA (U3WK poccuiickoro mpoucxoxnenus I'. 'amoB paspabortan B
40-50 rr. mpouwioro CTONETHs] MOAETb ropsdeil BeenenHoi n bombioro
B3pbIBa. OH Xe, NCXOAA U3 3TOW TEOPHH, IIPEACKa3all, YTO JpEBHEE (PEIHK-
TOBOE) M3JIy4e€HHUE, BO3HUKIIEE B JOpME IMOTOKA KBAHTOB I10JIsI, [IEPECTAIO
B3aMMOJICHCTBOBAThH C BEIIECTBOM BCKOpE TOCIe OOJBILOrO B3pBIBA, U TO-
9TOMY JIOJDKHO CYIECTBOBATh JI0 HACTOsIEro BpemeHnu. B 1965 roay pe-
JMKTOBOE M3JIydeHHEe ObLIO 0OHApYKEHO, IPUYEM BCE €ro CBOMCTBa ¢ 00JIb-
IOH TOYHOCTBHIO COBIIAJIM CO CBOWCTBAaMH, IpenckazaHHbMH ['amoBbIM. C
9TOr0 BpEeMEHU MOJETb Topsdei BcemeHHO# crama oOmenpu3HaHHOH, a
0O0JIBIIION B3PBIB CTAJ PACCMATPHBATHCS KaK JIOKA3aHHBIA (aKT.

B cootBercTBHE € 3aKk0HOM Xa00a CUMTAIOCh, 9YTO CKOPOCTh pac-
[OIMPEHUS SIBISETCS CIEACTBHEM KPHBH3HBI TPEXMEPHOTO INPOCTPAHCTBA.
OnHaxko n3MepeHus MOKa3aly, 1ake B IEPBbIC MTHOBEHMS CYIIECTBOBAHUS
Bcenennoit 9ta kpuBH3HA ObUIa OnM3ka K Hymo. /laHHOE OTKpBITHE Kak
OyITO MPOTHBOPEUMIIO OOLIEH TEOPUU OTHOCHTENBbHOCTH. OOBsCHEHUE YKa-
3aHHOMY IIPOTHUBOPEUHIO ObLIO TaHo B Teopuu nHGsimu Jlnane. CornacHo
9TOH TEOpHH Ha HayalbHOW cTajuu BceneHHast oueHb OBICTPO pa3mynach
MOYTH JI0 COBPEMEHHBIX pa3MepoB. Pa3nyBaHHe NpPOMCXOJWIO HpPH TO-
CTOSTHHOM ITIOTHOCTH, T.€. C POCTOM MacChl IPONOPIHOHAIBHO POCTY 00BeMa.
Poct Maccel moaTBepKaaeT BEPCHIO O TOM, YTO pa3BuTHE BeeneHHOW Ha-
YMHAETCS ¢ CHHTYIApHOCTH. COTrNIaCHO JAaHHBIM COBPEMEHHOW KBAaHTOBOM
TEOPHH CHHTYISIPHOCTh HE OblTa TOYEYHOW, a XapaKTepH30BaJIOCh ILIAH-
KOBCKMM Pa3MepOM BEJTUYHUHOU 10%® M 1 KonOCCANBHON HAYANBHOI IUIOT-
nocteio 10%° kr/m®. B MpoIecce YCKOPEHHOTO pa3/lyBaHHUsl Macca pociia 3a
CUET CHWIKCHHUS CBS3eH YacCTUll 1Mo MCXaHU3MYy, IMPOTUBOIOJIOKHOMY CHUH-
Te3y u nedexty macchl. OTHOBPEMEHHO C 3THM PE3KO CHH3HMJIACh KPUBU3HA
TPEXMEPHOI0 INPOCTPAHCTBA. 3aTeM BceseHHas mepeluia B pexXHM pac-
LIMPEHHS, KOTOPOE I10/I BIMSHUEM TSTOTCHUsI OapHOHHOTO BEIECTBA IUIO
CHavana ¢ 3aMmeJyieHHeM. ToibKo 6,5 MIIpJ JIET TOMYy Hasal, KOrja IUIoT-
HOCTh OapHMOHHOTO BelnecTBa BceneHHOH cTaio MEHbIIe B CpeAHEM IIJIOT-
HOCTM TEMHOW MaTepHH, PacCIMpEHHE C 3aMEUICHHEM IO ICHCTBHEM
TPaBUTAI[IOHHOTO OTTAJKWBaHHWA TEMHOM SHEPTUHM IEPENUI0 B PEXHUM
pacUmMpeHns C YCKOPEHHEM. DTOT PEKUM JIEHCTBYET 0 HACTOSIIETO Bpe-
MeHH. EcTh Bce OCHOBaHUS npeamnojaratb, YTo IJIO0THOCTH TEMHOM OHECPIHUH,
XOTSI ¥ MEJIJICHHO, HO MTOCTENEHHO CHUXaeTcs. [1oaToMy B OynyieM pesxum
pacumpenusi BceneHHol ckopee BCEro mepenjieT B pexkuM CXKaTHsl, U OHa,
cTapesi, HAYHET Pa3BUBAThCS B HAIIPABJICHNUE CBOEH THOEIH.

TeMHoOe BelecTBO IpeACTaBIsIeT CO00H, 110 CpaBHEHUIO ¢ OapHOH-
HBIM BEIIECTBOM, HU3KOOPTaHN30BaHHYIO MaTepHIo. FIMEHHO TeMHas Mate-
pHsl CKOpee BCETo, JOJDKHA Oblila BOSHUKHYTH B IIEPBOE€ MTHOBEHHUE CYIIECT-
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BoBaHMs BceneHHoH, cpasy mocie Ooibmoro B3pbBa. UTo ke KacaeTcs
MH3EPHOTO KOJIWYECTBA OAPHOHHOTO BEINECTBA, TO OHO MOTJIO TOSIBUTHCS
TOJIBKO B PE3YIBTATE HBOJIFOIMH TEMHOTO BEIECTBA. JTO YKa3bIBAET Ha TO,
YTO B MOZETH Topsiaert Beenennoit ['aMoBa BO3MOKXHO HEOOXOANMO BHECTH
OIIpEIETICHHBIE KOPPEKTUBBI.

CornacHo mojnenu I'amoBa mocne Oonpinoro B3peiBa BceeneHHast
Hayaja MHTEHCHUBHO DAa3BUBaThCS B HAIPaBJICHUH IOBBIIICHUS YPOBHS
CBOEH OpraHu3aliu, MpUYeM BCE 3Talbl Pa3BUTHUS HOCHIIM IMPOrPaMMHBIN
XapakTep U MPOXOAMIH C COONIOCHNEM IPUHIIMIIA TOHKOH MOJICTPONKH 110
BOCXOJSIIICH BETBM >KM3HEHHOro Iukia. C Apyroil CTOpOHBI, OOJIBIION
B3pBIB U JlaJIbHEHIIIee caMOpa3BUTHE BeeneHHOM 1o BocxonsIuel BETBU HE
HaXo#AT OOBSCHEHHS C TOYKM 3pPEHHS] ECTECTBEHHOrO Xoja Beled. Ber-
CKa3bIBa€MbI€ Ha ITOT CYET THIOTE3bI HE MOTYT CUHTAThCS YIOBIETBOPH-
TeNbHBIMH. PaccMOTpruM Uit IpuMepa JIMIIb OAHY, HanboJee MOIyISIPHYIO
BEPCHIO MHOKECTBEHHOCTH BceneHHbIX. OTMETHM CHauala, 4TO OYEHb
4acTo, TOBOPS 0 MHOXECTBE, SIKOOBI H30JIMPOBAHHBIX BCeNeHHBIX, CUMTAIOT,
YTO OHM PACIIOJNIOKEHBI B HEBUIUMOM YacTu Halel BcesleHHOH, sexamen
3a mpenellaMu ee ropu3oHTa. bomee Toro, ucxoas m3 Qaxra 4pe3BbYANHO
Majoil BeIMUMHBI KPUBU3HBI TPEXMEPHOTO MPOCTPAHCTBA, NMPEAINOJIAraroT,
YTO OHO SIBJSIETCSl YMCTO €BKJIMJOBBIM M OeckoHeyHO OosbmmM. Tak Kak,
OJIHAKO, €r0 BEIIECTBEHHAs COCTABIAIONAS OTPAHMYEHA, TO MAENATCA
TIOTIBITKY BEPHYTHCA K MPEACTABICHUIO O IPOCTPAHCTBE, KAK BMECTHMOCTH
TpearmoiaraeMoro MHoXxectBa Bcenennbpix. C Hamed TOYKHM 3pEHHS HET
HUKaKUX [IPUYMH A1 TOTO, YTOOBI B MPEAETax €IUHOTO YETHIPEXMEPHOTO
MPOCTPAHCTBA-BPEMEHH JIOMYCTUTh CYIIECTBOBAHHUE MHOXKECTBA H30JIHPO-
BaHHBIX JIpyr OT Apyra BceneHHbIX. Bo-nepBbIX, Halle TpeXMEpHOE IPO-
CTPaHCTBO HE SBISIETCA YHCTO EBKJIMIOBBIM. BianM3koil k HymI0, HO HEHY-
JIEBOH, SIBISIETCA JIUIIb €T0 CPEeJHsSI KPUBU3HA, IPUUEM PAcCTOSIHUE JI0 To-
PU30HTa OIpeJeNseTcsl He KPUBU3HOM, a MaKCHUMalbHO BO3MOXKHOH CKoO-
poctero pacumpenus. Ilo sroil mpuumHe Ta uacte Bceenennoil, koropas
JIEKUT 32 TOPU30HTOM, — 3TO JIHUIIb KOHEYHas 4acTh Haueld BceneHHOI.
Jpyrumu cioBaMH, Ui TOTO, YTOOBI AOMYCTHThH CYIIECTBOBAaHHE H30JIH-
POBaHHBIX OT Hac BcesleHHBIX, HEOOXOAMMO, IO HaImeMy MHEHHIO, BO-
TIEPBBIX, BEPHYTHCSI K BEPCUU JPEBHUX, COTTIACHO KOTOpPOH Bce BeeneHHbIe
JOJDKHBI OBITh OKPYXXECHBI a0COJIOTHO TBEPAOH HEMpOHHWIIaeMOH 000J0Y-
KoIt. Bo-BTOpHIX, ecim Jaxxe caeiaTh Takoe HEBEPOSATHOE MPEANOIOKEHHE,
TO HE3aBUCHMBbIe BceneHHble MOKHBI ObUTH ObI PACIIOJIOKUTHCS B YEThI-
PEXMEPHOM METPHYECKOM MPOCTPAHCTBE MJIHU ISITUMEPHOM NPOCTPAHCTBE-
BpeMeHU. Ho Takue mpocTpaHCTBa HEyCTOWUMBBI, TaK Kak B3aUMHOE JBU-
JKeHHE 00BEKTOB B HUX HE MOXKET ITPOMCXOIUTH 110 3aMKHYTHIM KPUBBIM, a
JOJDKHBI TPOUCXOJUTH MO CXOASIIMMCS CHUPANSAM. JTO 3HAYUT, UTO, €CIH
ObI OHM M3HAYAIBHO CYIECTBOBAIIN, OHH JOJKHBI OBUTH OBI CIIUTHCS B OIHY
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eauHCTBEeHHYI0 Bceenennyro. Hakoneu, nzomupoBaHHble BceneHHble n3-3a
TYHHEJIBHOTO A(h(heKTa He MOTYT B IPUHIIUIIE CYIIECTBOBATE.

B 10 xe Bpems, ogHa eqUHCTBEHHas BceneHHas He Moria cama
ce0s poIUTh W Jajibllle Pa3BUBATHCA C HETIOCTIDKUMON TOHKOM IMOACTPOH-
KOH II0 3aKOHaM pa3yma U JIOTMYECKU HENOIpelmMMbIM IporpaMmmam. Jlo-
IMYCTUTH BO3BMOXHOCTH CYHICCTBOBAHHA, XOTH OBl B TEYEHHE OOHOTI0 MI'HO-
BEHHUSI YUCTO MaTepHajibHON BceneHHO#, QYHKIIMOHUPYIOICH MO ecTecT-
BEHHBIM CJIeNbIM 3aKoHaM [Ipupojbl, HEM30EeKHO BeAyIMM HE K CO3Uja-
HUIO, a K Pa3pylIeHUIO0, TakKXKe KaTerOpUuecKu HeBO3MOxkHO. [loaToMy, Xo-
THM MBI WJM HE XOTUM, MbI OOsI3aHBI NMPU3HATH W3HAYAIHHOE CYIIECTBO-
BaHue Bo BceneHHOMN, HapaBHe C Marepueil, TBOPUECKOrO pa3yMHOro Ha-
yaja, OTBETCTBEHHOT'O 3a MPOrpaMMy BOZHMKHOBEHHS U JaJbHEHIIEro 1ese-
HaInpapJIeHHOro pa3BUTUsI BceneHHOM.

Jlutepartypa
1. Mpetirepman JI. Beenennas u Pazym. Meicns / JI. [peiirepman. —
Wzpanis, 2009.

2. JloryaoB A. A. JIekiuu 1o TeOpUH OTHOCHUTEIBHOCTH M T'PaBU-
taiuu / A. A. Jlorynos. — M. : Hayka, 1987.
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CEKILMS NPOEJIEM HAHOTEXHOJIOTUM

PO KEPYBAHHS ®OPMYBAHHAM HAHOCTPYKTYP

Koeopow O.T., Boponos C.O., FO0in A.C.
Hayionanvuuti mexniynuil ynieepcumem Yrpainu “KIII, m. Kuis, Yxpaina

Po3BHUTOK MeTOy MOJIEKYISIPHO-TIPOMEHEBOT eIiTakcii Ta onpario-
BaHHS TEXHOJIOTI] OTPUMaHHSI HAHOPO3MIPHHX ILIAPIB Ta HAHOCTPYKTYP Mij
yac popMyBaHHsI CTPYKTYP 3 JiHIHHMMHU po3mipamu MeHImMu 100 HM o3Hadae
noJoJaHHs GyHIaMEHTaILHOTO (i3HUHOro Gap’epy, 3a SKUM CTalOTh aKTyallb-
HUMH KBaHTOBO-PO3MipHi edektu. [Ipn npoMy Bci BIaCTHBOCTI TBEPAOTO
TiJIa Pi3KO 3MIHIOKOTHCA. TOOTO, 3MIHIOIOYH T'€OMETPUYHI PO3MIpU Ta KOH-
¢irypamito HaHOOO €KTIB, MO)KHA KepyBaTH BIACTHBOCTSIMHU MarepianiB. Bu-
HUKAa€ MOJMIJIUBICTh KOHCTPYIOBaHHS BOXKJIMBHX IapaMeTPiB CTPYKTYpPH, Y
TOMY YHCIIi €HEPIeTHYHOTO CIIEKTPY HOCITB 3apsimy, pOHOHIB TOIIO.

Meta npociaimkennsi. Bussutun Meromu (GopMyBaHHS HaHOCTPYK-
TYp Ta MOKJIMBOCTI YIIpaBIiHHA iX BIACTHBOCTSIMH. B maHili po6oTu Mero-
oM criekrpockorii KPC mociimpkyBanucs 3MiHM TTapaMeTPiB OCTPIBIIB, 110
BiZIOYBaIOTHCS B IPOLIEC] 1X 3pOILEHHS KPEMHIEM.

MeTomu nocaimkeHHsI. MOXIMBOCTI yHpPaBIIiHHS BJIaCTUBOCTSIMH
KPUCTANIYHUX ITOJIIKAPOOHATHUX CTPYKTYP (i3UKO-XIMIYHMMH METOAaMU
PO3TISIAIMCE aBTOPOM IIie 10 1975 poKy 3 MOCIiJIOBHUM yIOCKOHAICHHSIM
MexaHismy CrpaHcbkoro—Kaimesa [1, 2]. Il{ogo mocmiaiB 3 HAHOCTPYKTY-
paMu, TO OIHHM 3 TEPCHEKTHBHUX METOMIB OTPUMaHHS HAaHOCTPYKTYp €
BUKOPHCTaHHS CaMOiHJIyKOBAaHOTO POCTY HAHOOCTPIBI[IB BiJIIOBiTHO MeXa-
Hi3My Crpancekoro—KpacranoBa. @iznyHa CyTh 3ralaHOTO0 MEXaHi3My IT0-
JsTa€ B 3MEHIICHHI eHeprii HaIpyXeHOI TeTepOCUCTEeMH TIPH TEepexoli Bif
JIBOBUMIPHOTO EIITaKCIifHOTO POCTY 10 TPUBHUMIPHOTO, KOJH 3aJIEXKHO Bif
TeMIIepaTypy 3pOCTaHHS, TOBLIMHU OCAaJDKEHOTO LIapy Ta LIBUAKOCTI oca-
JOKEHHSI MOXKYTh (JOpMYBATHCS OCTPIBII Pi3HOT PopMH Ta PO3MIpIB.

Pe3yabTaTi nochaigkeHb. 3BHUAiHO cepell TAKUX HAHOCTPYKTYP
0CO0JIMBY yBary IpUBEpPTaId MacuBaM camoopranizoBanux Ge (SiGe) kBaH-
toBux Touok (KT). Ile 0OymMOBIEHO X BUKOPUCTAHHSM B OITOCJIEKTPOHILI
6mmkHboro Y4 mianaszony ta HaasucokoyacrotHux (HBY) nmpucrposix. s
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BUPOOHHIITBA TPWIANIB 3 BHCOKHM CTYIICHEM JOCKOHAIOCTI HEOOXiTHO
3HATH eJCKTPOHHI Ta onTwdHi BractuBocTi KT, sKi 3amexarh Bill TaKUX
rmapaMeTpiB K po3Mip, ¢popma, MOBEpXHEBA MIUTBHICTH, OJHOPIAHICTD PO3-
TIO/IiITy, BETMYMHA MEXaHIYHUX HalpyXeHb, KOMIIOHEHTHUH ckiaa. B Oiib-
OCTi POGIT JOCHIPKYBaIKCS BUINE3ragani mapamerpu SiGe HaAHOOCTpIiB-
1iB, mo 6ymu chopmosani mpu temmeparypax (7> 600 °C). 3a moromororo
CHEKTPOCKoITii KoMOiHatiifHOoTO po3cifoBanHA cBiTia (KPC) Gyio mokazaHo,
o y BUIAAKY (T poemy > 600 °C) BIacTHBOCTI HAHOOCTPIBIIB CYTTEBO 3aie-
JKaTh Bill iHTepaudy3ii, sIKa CTUMYIIOETHCS HE TINEKH TeMIIEpaTypHUM (ak-
TOPOM, ajie ¥ HeOHOPiIHUMHU HATIPY)KCHHSAMH B HAHOCTPYKTypax (puc. 1).

Puc. 1. ACM-Burasj SiGe ocrpiBuis, copmoBanux 3a remnepatypu 600 °C
nuIsixom ocamkenns aes’sitru MII Ge: a) 3 60Ky; 6) 3Bepxy

3 inmoro 0oky, B poboTax mo Ge HaHOOCTPIBLAX, IO Oy BHPO-
weni npu temmneparypax (Tg< 500 °C), sik paBHIIO, BBAKAETHCS, 0 BOHH
MarTh YHCTO TepMaHieBUH ckian. Hampukman, ocTpiBli, copMOBaHi mpu
temmeparypax Big 300 mo 500 °C i HOMIHaNBHIN TOBIMHI OCaKEHOTO
mapy Ge menrue 8 monotmapis (MIII) marots hopmy Tak 3Banux hut-kmac-
TepiB, BUCOTA SKUX HE TepeBHIlye 2 HM. Bimpasy micis gopMmyBaHHS iX
TTOKPHUBAIOTh 3aXWCHUM IapoM KpewmHiro. Lle#l mporec BrmBae Ha mapa-
MeTpu CPOPMOBAHMX HAHOOCTPIBINB: YAaCTKOBO BiJIpeIaKCOBaHI OCTPIiBIN
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3HOB CTHCKAIOTHCS KPEMHIEBOK MaTpuLero. JloCiiUKeHHs 3aKPUTHX KpeM-
HIEM OCTPIBIIIB OCOOJIMBO BaXXJIWBE B 3B'SA3KY 3 THUM, IO cCame TaKi CTPYK-
TYpH BUKOPHCTOBYIOTH B OIITO- T4 HAHOCNEKTPOHimi. J{OCIiKEHHS MOX-
JUBOTO BIUTHBY iHTepMDy3il mpu Temmeparypax emitakcii Big 300 mo 600 °C,
00yMOBITEHOI 3HAYHUMH HEOAHOPITHIMHU HaMPY>KCHHSAMH B 3apOILCHIX KPeM-
HiEM HaHOOCTPIBIIAX CKJIAAJIO OJIHY i3 3a[a49 JaHOTO JOCIiHKCHHS.

Heo0xinHo 3a3Ha4uTH, MO B OiIBIIOCTI POOIT, B SIKHX BUKOPUCTO-
ByBanu crekrpockomnito KPC st mocrimkenns BiaactuBocteit SiGe ocrt-
PIBLIIB, BUBYAIMCS HEIOKPHUTI KpeMHieM ocrpiBui. Lle 00ymMoBIEeHO THM, 1110
Ha TaKMX 3pa3kax MO>KHa BUBYATH iX MOP]OJIOTiIO 3a JOIIOMOIr0I0 aTOMHOT
cmioBoi Mikpockonii (ACM) Ta CHiBCTaBISATH OTpUMaHI AaHi 3 pe3yib-
tatamu KPC. Kpim Toro B Takux 3paskax NOKPHBHHI KpEMHI€BUI map He
nae BHecok B criekTp KPC, a Takox BiH HE OTIIMHAE 30YIKYIOUE i PO3CisHE
BUIIPOMIHIOBaHHS. 3 IHIIOrO OOKY, SIK YK€ 3a3Haqajnocs,, JIsi CTBOPEHHS
OITO- Ta HAHOEJEKTPOHHUX MPUJIAAiB HEOOXiTHO MOKPUBATH C(HOPMOBaHI
ocTpiBIi mapoM KpeMHir0. lle 0O0yMOBIEHO SK 3aXHCTOM OCTPIBIIB Bif
OKHCITEHHs TaK i crBopeHHsM Si/SiGe mepexomis. Tak, B poborax [3, 4] 6yio
MTOKa3aHO, 0 MOKPUTTS KPEMHIEM OCTPIBLIB MOXKE MPU3BOJUTH JI0 3MiHH
X ¢hopMHU, PO3MIPiB, MOBEPXHEBOI MIITLHOCTI.

Ha ckifibK¥ CHIIBHO BILTUBAE MPOLIEC HAPOILEHHS KPEMHIEM OCTpIB-
[iB Ha iX mapamMeTpu 3aJie)KUTh BiJl TEMIIepaTypH, MpH SKii BiIOyBa€ThCS
neit mporec. Tak, B po6oti [5] Oya0 mokaszaHo, 0 HaHECEHHs Imapy Si
TOBIMHOK Bchoro 6 A npu temmnepatypi 700 °C npu3BoauThH 10 3MiHH
(hopMH Ta MOBEPXHEBOT LIUTEHOCTI OCTPIBIIB 1 MPAKTUYHO (POPMYETHCS 30B-
ciM iHImMI aHCaMOJIb TOKPUTHX KpeMHieM octpiBiiB. [1{o6 He BinOyBanucs
3Ha4Hi MOpQOJIOTiuHi 3MiHM CPOPMOBAHMX OCTPIBLIB ITOYATKOBUH eTall
3pOIIECHHS OCTPIBIIB IIPOBOAATE IPH BiJHOCHO HU3BKHX TEMIIEpaTypax
300-400 °C, micast TOro SIK OCTPIBLI HOBHICTIO MOKPHUBAIOTHCS IIAPOM KpeM-
Hilo, Temrieparypy migHiMaioTh 10 500 °C i mpoBojsTH mopaiblie 3poc-
TaHHs KpemHieBoro mapy. [Ipu miit Temnepatypi ¢popMyeThes TIaJeHBKAN
KpPEMHI€BHH Map, IO HEOOXiAHO ISl BUKOPUCTAHHS NAaHUX CTPYKTYp B
SIKOCTI aKTUBHHX EJIEMEHTIB MiKpocxeM [6].

BucHoBku:

1. Hapomenns octpiBIiB HaBiTh Ipu Temmneparypax Big 300 mo
400 °C Mosxe IPU3BOJNTH JI0 3MIiHH TapaMeTpiB OCTPiBILiB.

2. udysis, mo BinOyBaeTHCS B MPOIECi OXOIOMKEHHS 3pa3KiB Bill
TEMIIEPaTypH POCTy O TEMIIEPATypH, MPH SKil BiIOYBa€THCS HAPOIICHHS
X KpeMHIEM, a TaKoX caM TPOIEC 3POINCHHS OCTPIBIIB MPU3BOASTH 0
3MiH iX KOMIIOHEHTHOT'O CKJIafy.

3. Chopmorani SiGe octpiBIli B mporieci TOKPUTTS iX mapom Si
CTAIOTh CTUCHYTI HE TIJIbKH B IJIOIIMHI POCTY, @ i B HANPSIMY POCTY OCTPIBIiB.
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4. Hanecenns mapy Si Ha copmoBani SiGe ocTpiBii TOBIMHOO
Bim 6 A ipu temmeparypi 700 °C nmpu3BOIUTH A0 3MiHHA (OPMHU Ta IOBEPX-
HEBOI HIUTPHOCTI OCTPIBLIB 1 MPaKTHIHO (HOPMYETHCS 30BCIM IHIOMI aH-
caMOJIb MOKPUTUX KPEMHIEM OCTPiBIIiB.
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BJIUSAHUE BUBPALIMU HA CO3JJAHHUE ITPOYHBIX
KPEMHHUEBBIX NIOKPBITU HA TETEPOCTPYKTYPAX

1 1 2
boeopows A.T., “Boponos C.A., “By6ynuc A.
1 . . [
Hayuonanvhotii mexnuueckuii ynugepcumem Yxpaunvl “KIIH”, 2. Kues, Yrkpauna
2 - .
Kaynaccxuti mexnonozuueckuti ynugepcumem, Jlumea

W3BecTHBI MCCIeNOBaHNS BIMSHAS HA MHKPOTBEPAOCTH KPHCTAN-
JMYECKMX MAacCHBOB MMITYJIBCHOTO M3Iy4EeHUs yIbTpa3ByKa qacToToi 22 Kl
MHTEHCHBHOCTBIO 0T 1 10 20 Br/cM’ 3a cder MMIUTaHTAIH MHUKponpumecei [1].
BinusiHre BUOpaluy Ha MOCTPOCHHE MPOYHOIO KPEMHUEBOTO MOKPBITHS Ha
HaHOYPOBHE HCIOJIB30BAIIMCH 00pa3ibl ¢ HAHOOCTPOBKAaMH, ChopMUpPOBaH-
HBIMU B IIpoliecce MOJEKYIsApHO JydeBod snutakcuu (MJID). Onna cepus
o0pa3uoB coctosina U3 SiGE OCTPOBKOB, KOTOpBIC OBUTH MOKPHITA KPEM-
HUEM, Jpyras cepusi o0pa3loB cojepxkaja HAaHOOCTPOBKH, C(OPMUPOBAH-
HBIE TIPH TAaKUX K€ PEKUMaX, OTHAKO HE MOKPHIThIE KpeMHKeM. [TapameTpsr
MJID 6pumn ogmHAKOBEIE: TeMieparypa ocaxkaeHus 600 °C, HoMuHaTBHASL
ToNmMHa — J1eBITh MOHOCIOEB (MC). CKOpOCTh OCaXJICHHS B ABYX CEPHIX
00pasioB ObLTa 0AMHAKOBOM U coctaBsa 0,15 A/C.
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Bos6ysxaenne criektpos KPC ocyiecTBisnoch usiydenuem Ar'-
nazepa ¢ muHOH BomHBI 488 HM. CHUTHAN PErHCTPHPOBAIICS OXIIAXKICHHBIM
(hOTO37EKTPOHHBIM YMHOXXUTEIEM B pekMMe cuera (OoTOHOB. I'eomerpus
JKCIepUMeHTa — “Ha oTpaxeHue”. [y 6ojiee TOYHOTO ONMpeaeTICHHS TOJI0-
xenus nonoc KPC B xadecTBe pamepa HMCIOJIb30BAIUCh W3BECTHBIC 3Ha-
YeHHUs MUIa3MEHHBIX JIMHMI Ar'-nazepa. Mopgonorus moBepXHOCTH CTPYK-
Typ ¢ HaHoOCTpoBKamu uccienoBanack Ha ACM NanoScope Illa ¢pupmsbr
Digital Instruments B pexxime nepuoaudeckoro konrakra (Tapping Mode).

[lepen HavamoMm M mociIe M3MEPEHHWH NPOBOJMIM TECTHPOBAHUS
30H0B AL KOHTPONs (opMbl ocTpusi. Mi3sMepeHus MpoBOAMINCEH 30HIaMH,
pamuyc cedeHHs] KOTOpbIX B 10 HM OT OCTpHs HE NpeBbIAT 6 HM U
KOTOpPBbIE MMEIN BBICOKYIO CTETNIEHb CHMMETPUH. OJTO IO3BOJMIIO IpEHe-
6peub 3pdexToM cBepTKH POPMBI 30HIA M UCCICIYCMOMN TOBEPXHOCTH MPU
aHanu3e GopMbI 1 0OBEMOB HAHOOCTPOBKOB.

MzBectHO, uTo Tipu Temmepatype snutakcuu 600 °C u ocaxaeHun
9 MC repMaHusi Ha KPEMHHEBYIO TOMJIOXKKY (OPMHUPYIOTCS OCTPOBKH,
KOTOpbIC UMEIOT (hopMy Kyrouia Wi nupamusl [2, 3] (puc. 1).

Puc. 1. ACM-u3o6pazkenue SiGe 0cTPOBKOB, ()0 pMHUPOBAHHBIX
npu Temmepatype 600 °C, ocaxxaennem 9 MC Ge
(n300paxkeHne: BepxHee — BUJL €O CTOPOHBI; HU2KHee — BHJ CBEPXY)

CooTHolIeHIE KYTIOJIOB U MUpaMUJ TP Takux ycioBusx MJID co-
crasiser 88/12.

W3BecTHO, 4TO YeM OoJIbIlie OTHOIIEHUE BBICOTHI OCTPOBKOB OT UX
JaTepaibHBIX Pa3MEpOB, TeM Ooiee 3HAYMTEIbHAs peNlaKcaIisi IPOUCXOJUT
B HUX IpH AelcTBUK BuOpanuu. IIpy ognHaKOBOM KOMIIOHEHTHOM COCTaBe
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KYIIOJI000pa3HbIe OCTPOBKH II0 CPAaBHEHHUIO C MHPAMUIATBHBIMH OCTPOB-
KaMH¥ JIeTde TOJar0TCs PeTaKCaliy, TTOCKOIBKY B HUX OTHOIICHUE BBICOTHI
K JIaTepalbHBIM pasMepaM cocrasisieT 1/5 B oTiiMune OT MHUpaMUAATbHBIX
OCTPOBKOB, B KOTOPBIX 3TO OoTHOIeHue 1/7. Bubpariust pasMbIBasia OrpaHKy
0O0JIbIIMHCTBA MTUPAMUAATBHBIX OCTPOBKOB.

Ha puc. 2 npusenenst criektpbl KPC 3apormieHHbix (kpuBas 1) u
HE3apOLICHHBIX (KpUBas 2) HAHOOCTPOBKOB.

450

Ge-Ge

400+
350

b. units

: 300
250+
200+

Intensity, ar

=

a1

o
|

250 300 350 400 450 500
Raman shift, cm™

Puc. 2. Cnextpsl KPC 3apoiennbix (1) 1 He3apouieHHbIX (2) SiGe HaHOOCTPOBKOB,
copmupoBannbix npu temuepatype 600 °C ocenanuem 8 MC repmanus.
CrnieKTp KpeMHHEBO#i NOIKJIAKH 0 TCYTCTBYET

U3BecTHO, 4TO B 00nacTh rerepoctpykTyp Ge-Ge, Si-Ge u Si-Si
BKJan konebaHuit B cnekrpax KPC nmaer BTOpod MOpPSIOK aKyCTHUYECKHX
KoJIe0aHU KPEMHHUEBBIX TOATIOKEK U 3aIMTHOTO CII0s. B cBsI3M ¢ 3TUM [U1s
MIPaBIIIBHONH MHTEPIPETANNH JKCIEPHMEHTANBHBIX CIIEKTPOB OT Ka)JOTo
13 HHUX BBEIYUTAJICS CHEKTP KPEMHUEBOTO CJI0s, KaK 3TO IOKa3aHO Ha pHUC. 3.

H3BectHO, uto B cnektpax KPC Si; Gey TBepaoro pacreopa, Ko-
TOPBIM SIBIISTFOTCS copMUpOBaHHEIE pu Temiiepatype 600 °C ocTpoBkH,
MPOSIBJISIIOTCS. TPU OCHOBHBIE MOJIOCHI, cooTBeTCTBYIOIME Ge—Ge, Si—-Ge u
Si—Si koneGanusM. 3ameTHM, YTO TOHKHWI cMaunBaronmii cioi (3—4 MC,
IMC paensiit 1,4 A) B city mpasun ot6opa [5] Bkiaaga B criektp KPC He
nmaer. Kax BumHo m3 cnektpoB KPC (cMm. puc. 2), HeCMOTpsl Ha Hail4due
OCTPOBKOB C JIBYyMsI pa3IM4YHbIMU (popMaMH, /ISl KaXKJ0Tr0 THIa KoneOaHul
(Ge—Ge, Si—Ge, Si—Si) mposBIseTcs TOIBKO OAHA MOJOCA.

3T0 MOXET OBITh Pe3yAbTATOM TOTO, YTO 00BEM KYIMOI00OPa3HBIX
OCTPOBKOB 00Jiee YeM Ha IOPSAOK MPEBbIAeT 00beM NUPaMHIAIBHBIX OCT-
poBKOB [6] 1 oCHOBHO#M BKJIaJ B CIieKTp HafoT Kymoia. C puc. 2, (kpuast 1)
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BUIHO, YTO IOCJIC 3apaCTaHrs OCTPOBKOB KPEMHHUEM YaCTOTHOC ITOJIOKCHUEC
II0JIOC MCHACTCA.

* Si-Si substate

Intensity, arb. un.

T T T T T
250 300 350 400 450 500 550
Raman shift, cm

Puc. 3. Criextpst KPC: 1 — o0pa3sels ¢ caMoopraHm3oBaHHbIME SiGE HAHOOCTPOBKAMH;
2 — KpeMHHeBasi NOAKJIAAKA; 3 — pa3HUIA MeKIy cnexkTpamu 1 u 2

Hcnons3yst U3BEeCTHBIE COOTHOIEHHS st Sip Gey TBEpIOro pact-
BOpPa OCTPOBKOB, YTO CBA3BIBAIOT YAaCTOTY Y/JABTPAa3BYKOBBIX KOJeOaHUN U
COOTBETCTBYIOIIME MOJIOCH C KX KOMIIOHEHTHBIM COCTABOM X M BEJIMYMHOU

ynpyroit nedopmanuu €, ObUIO HAWAEHO BEJIMYMHBI X M € IO aHAJIOIHH
pa6or [4, 6]:

®sisi = 520,5-62X-815¢, 1)
®es= 387 + 81(1-X)-78(1-X)?-575¢, )
®cee= 282,5+16X-385¢. ®)

Kak BHIHO, OCTPOBKHM, TOKPHITHIE CBEpXy ciioeM Si, comepskar
0onpIle KPEMHHS W YMEHBIIAIOT HECOTIACOBAHHOCTH IMIOCTOSHHON PEUeTKH
OCTPOBKOB W TOIOXKKH. OmHAKO, HECMOTPSI Ha 3TO, BEJIMYMHA YIPYroit
nedopmanuy B OCTPOBKax pacTeT. DTO SIBISETCS Pe3yJabTaTOM TOrO, 4TO
IIPY 3apacTaHuU OCTPOBKOB KPEMHHUEM, OHU SIBIISIOTCS CXKATHIMU KPEMHHUE-
BOW MaTpHIlei, KOTopasi He JJaeT UM BO3MOXKHOCTH YIIPYI'O paccialiisiThes,
a Ha OCTPOBKE BO BpeMs JEHUCTBUS BHOpAIMM CO CTOPOHBI KPEMHHEBOH
MaTpUIIBI IEHCTBYET COCTABIISIO A THAPOCTATHIECKOTO aBICHHMS.

C menpio IPOBEPKH MPABUIBHOTO OMPEIEIICHUS METOIOM CIIEKTPO-
ckonmu KPC BeMWYMHBI KOMITOHEHTHOTO COCTaBa 3apacTaHUs KPEeMHHEM
HAHOOCTPOBKOB ObUTH mpoBeaeHbl SIMS usmepenus (Macc-CIEKTPOCKOIHS
BTOpUYHBIX HOHOB). [Tockonbky B nponecce SIMS n3mepenuii pacnbuieHUS
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aTOMOB M WX aHalM3 IPOUCXOIUT ITOCIOHHO, HEOOXOIUMO HCIIOIb30BATh
o0pasel ¢ II0YTH OJTHAKOBBIMH HAHOCTPOBKAMH 110 pa3MepaM H (popme.

Kpome Toro, 4Tro0OBI HEe pacHBULLICS CMAaYMBAIOIIMHA CIOH MEXIy
OCTPOBKaMH, a 3areM (II0CJIe ero pacHbUICHHs) M KPEeMHHEBas MMOIJIOXKKa,
HEOOXOIMMO HMCI0JIb30BaTh HAHOOCTPOBKHU TIOKPBITHIE ClI0eM KpeMHusL. J{is
9TOro OBUIM HCIIOJB30BaHBI 00paslbl C HAHOOCTPOBKAMH, BBIPAIICHHBIMH
npu Temneparype 700 °C u ocaxnennu 11 MC Ge. Kak 0bU10 mokaszaHo B
pabote [3] mpu aHAJOTMYHBIX MapaMETPax SMUTAKCHH (HOPMHUPYIOTCS TOJIBKO
KYos1000pa3Hble OCTPOBKH, KOTOPHIE HMEIOT HE3HAUYNTENBHBIN pa3opoc 1o
pasmepam (< 10 %). Pe3ynbTarhl, KOTOPbIE TOKA3bIBAIOT H3MEHEHHS B 3aBH-
CHUMOCTH OT TOJIIMHBI KOHLEHTpauusi G€ B aTOMHBIX IIPOLICHTaxX, ObLIA
mory4eHsl ¢ momonpio SIMS-u3mepennii. TlpuHSB BO BHHMaHHWE IDIOT-
HOCTh OCTPOBKOB M M3MEHCHHE IUIOL@IN MX CEYCHUs OT BHICOTHI (hopmy
KYIOJI000pa3HbIX OCTPOBKOB alIPOKCUMHUPOBAIA KOHYCOM ), MbI TIOJTY4HJIH,
4TO KOHIEHTpanus Si Ha ocTpoBKax coctapiseT 50 %, a y HeHapOCTarOIMX —
37 %, 3a cuet monoONHUTENBHOM nuddy3uu Si B mporiecce pocTa OCTPOBKOB
U UX OXJIXKICHHUS.

B pesynbrate uccrenoBaHmil moka3aHa BO3SMOKHOCTB BIHSATH BUOpa-
LUel Ha CO3JaHUE MPOYHBIX KPEMHHUEBBIX MIOKPBITHI Ha TeTEPOCTPYKTYpax
HaHOXJIEKTPOHHUKH, YTO ITO3BOJISIET YIPABILATE TPOLECCOM MacCOBOI KpHC-
TaJM3anuy Bemects [7, 8].
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BJUSIHUE BUBPALIUU HA TIOJTYUEHMUE S|
TA SIGE-BY®EPHbBIX HAHOCJ!OEB
METOJAMMU MOJIEKYJIAPHO-JTYYEBOU 3IIMTAKCHUHN

Bozcopow A.T., Boponos C.A., FO0un A.C.
Hayuonanvhvuii mexnuueckuii ynugepcumem Yxpaunvl “KIIH”, 2. Kues, Yxpauna

s ucnpiTaHy s HAa IPOYHOCTD JIETANIEd HAHO03JIEKTPOHHUKH, BCTPOEH -
HBIX B CHEIHMAIbHO W3TOTOBJICHHBIC IUIATHI M MOKPBITHIX TOHKUMH HaHO-
[UICHKaMH M3 TBEpOOro pacrBopa SiGe MeTomoM MOJEKYISIPHO-JIY4eBOil
snutakcuu (MJID), ncmonap30Baay BHOPALMOHHYIO YCTAHOBKY IOJOOHYIO
JUIsl ICTIBITaHU IUIAT, YCTAHOBIICHHYIO B JabopaTopuu npodeccopa Xmemb-
HUIIKOTO HAIIMOHAIBHOTO yHHUBepcuTeTa Poiismana B.IL. (puc. 1).

Puc. 1. JIaGopaTopHasi BUOPALIMOHHAS YCTAHOBKA ISl HCNILITAHUSA IJIAT

OnuuM n3 Hanbosee BaXKHBIX (U3MKO-TEXHOJOTHYECKUX YCIOBHH
TTOJIy4CHHS SMTUTaKCHANIBHBIX cJIoeB MeTooM MIID sBisiercst obecrieueHme
CBEPXBBICOKOTO BakyyMa. [loJydeHHIO CBEpXBBICOKOTO BaKyyma B YCJO-
BUSIX BHOpAIlMM IMKJ BKJIIOYAET B ce0S MHOTOKPATHBIH OTXKHI 3JEMEHTOB
BAaKyyMHO-MEXaHUYECKOW CUCTEMBI M HENIPEPHIBHBIA TPEXCYTOUHBIA OTHKUT
KaMepbl pocTa SMUTAKCHAJBbHBIX clioeB npu Temmeparype 300 °C u nmas-
nennn He Bome 10 IMa. Takue paboTHl TPOBOIIINCE TAKXKE C MOIYIEM
“3arpy3Ku-pasrpy3Ku MOAI0KEK’ IS TETePOCTPYKTYpP M KaMephl I pocTa
SMUTAKCHANBHBIX cJI0eB. [Ipomecc sBIsETCS TOTOBBIM TOJIBKO B CIIydae,
KOTla IpU TEXHOJOTMYECKHUX TEIJIOBBIX MapaMeTpax pocTa HaBICHUE B
KaMepe pocTa MOTHKPHCTAIIOB He nogunMaetcs Beime 107 TTa.

[NapannensHO ¢ MOArOTOBKOW BaKyyMHOW CHCTEMBI IIPOBOJHIIMCH
paboThI Ha BUOPALIMOHHON YCTAaHOBKE (CM. pUC. 1), KOTOPBIC BKIFOYAH OITH-

21



MH3AIHIO TIPOLIecca U3TOTOBIEHUS NaccuBupyomer okucu SO,, TpaBIeHun
IIpH MIPUMEHEHNN HEOOXOMMMBIX XMMHUYECKHX PEaKTHBOB, HOHHOTO TpPaB-
JCHNS W WCCIECJOBAaHMSA Ha OKE-CIEKTPOMETPE KadecTBA MPEISIHTAKCHI-
HOW MOATOTOBKM MOBEPXHOCTH MOIJIOXKEK. JaHHBIE O XUMHUYECKOM M HOH-
HOM TPaBJICHUH, TONIIMHE TACCUBUPYIOIIETO CII0SI, 0’Ke-aHaNIN3aX U KadecT-
BEHHBIE XapaKTEPUCTUKH IPUBEACHHI B Tabnure 1.

Tabmuma 1
JlaHHBIE 0 XUMHYECKOM H HO HHOM TPaBJIEHHH, TOJIHHE MACCHBUPYIOILIETO CJIOS,
0’Ke-aHAJIN3aX U KaueCTBEHHbIe XapaKTepUCTHKH

Xummudaeckoe Bpewms
tpasnenue (XT) u TpaBJIEHMUs, Tomuuna Oskce-anams
COCTaB MHTPEIUECHTOB, | IIPOMBIBAHUS cJI0s1, HM
monHoe Tpasnenue (UT)  u cymku
oy, [T [T o
0, >
HNO; (70%), HF (48 %) 100 110 Si, 0, Hopma
Conepxanue:
HNO;+HF (2:1)
1 muH 100 95  |C — BbICOKOE;
9 9 >
HNO; (70 %), HF (48 %) Si, 0, Hopma
1. HF Copepxanue:
2. HO+NH,OH+H,0, 1 MuH, 100 100 C — MUHHMAJILHOE;
NH,OH (24 %), 10 muu Si, O,— Hopma
H,0, (3 %), HF(48 %)
1. HF 1 MuH. 100 105 Ilocno¥HbIi aHanm3,
2. H,O+NH,0H+H,0, 15 mun Si, O,, C — HOpMa
NH,OH (24 %), Bpewmst ynanenus ciost — 2 mus npu 800 °C
H,0, (3 %), HF(48 %)

Takue M3MepeHus ¢ ydeToM BHOpaImu MO3BOJIMIIM TOZOOpaTh or-
THUMAJIbHBIC YCIIOBHS ITOJITOTOBKH TTOBEPXHOCTH 00pPAa3IIOB IS SITUTAKCHAIb-
HOoro pocrta. Cremyroumii 3Tam paboTHl OBUI CBS3aH C HEOOXOAUMOCTBHIO
UCIIOJIb30BaHUST TOJIOKeK auaMerpamMu 93—-102 MM, 4YTO CYIIECTBEHHO
MOBBIIIACT Tpe6OBaHI/I$[ K DIIUTaKCHAJBbHBIM HCTOYHHKAM. BbITO BBISIBJICHO,
YTO 4eM OOJIbIIe JUaMEeTp MPOKIAJIOK, TEM TpyJIHEe MOIEePKUBATH PABHO-
MEpHOE pacipe/iejieHHe aTOMOB KPEMHHs, a OCOOCHHO I'epMaHHsl, Ha I10-
BEPXHOCTH MOJJIOKKH. B CBA3M ¢ 3aMeHOM jeTalieil 3JIeKTPOHHO-JIy4eBOTO
UCIIapUTeNs] M LIMXTHl, OCHOBHOHM 3ajadell ObUIO BOCCT@HOBJIEHHE TI€O-
METpPHUH MOTOKA PadOYMX BEIIECTB KPEMHHS U Te€pMaHMUs OCKOJIBKY HOBBIC
KaToJbl HY)KHO OBUIO YCTaHOBHUTBH TaKUM 0Opa3oM, YTOOBI MOTOKH PaBHO-
MEPHO MOKPHIBAJIM BCIO NOBEPXHOCTH MOJIOKKH AuaMeTpoM oT 93 o 102 mm.
Beuta mposeneHa paboTa 1Mo ONTUMHU3ALUN TEOMETPUN MOJIEKYIISIPHBIX TIO-
TOKOB, CBSI3aHHAsl C MHOTOKPATHBIM OTKPBIBAHWEM KaMEpBI pOCTa C MOCIe-
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JYIOIIMM BOCCTaHOBIICHHEM CBEPXBBICOKOTO Bakyyma. Ilocie 3aBeplueHus
TTOATOTOBUTENBHEIX paboT OBUTH M3TOTOBICHH 12 00pa3loB IIIEHOK TBEp-
Joro pacteopa SiGe ¢ pa3IuYHbIMU TEMIIEpaTypaMu MOUIOKKN 11 U JaB-
JIeHUsI 10 ¥ B mpolecce pocra Pp. XapakTepucTHku qudpakTorpamMm 10 U
Hocje yaaneHus: OKCuaoB X0, 10 U Mocie pocTa akTHBHOTO ciios Xp, poc-
TOBBIE MTAPAMETPHI TONIIMHEI JIUCIOA O, c10g SiGe (8), KOHIIEHTpaluHy rep-

Manust K ¥ Hanu4us CIost Ha reTepOCTPYKTYpe O Si HEKOTOPBIX 00pa3LoB ¢
ydacTieM BHOpaluy pUBeACHBI B Ta0ue 2.

Tabnuua 2
KoHueHTpauus repMaHusi 4 HAIMY US CJI0Sl HA TeTepocTPyKTYype &_Si
HEKOTOPBIX 00pa3LoB ¢ y4acTHeM BHOpanun

CkopocTh o, K, .
1;{;' T’é X0 Xp poca, iM SiGe, Ge, 5;3"
Alc oM | ar.%
2,1-10% | 750| Cunbneiii don,|Ouens cnabeiif 0,3 [ 120|100 5 | -
6,5107 TAXM KOPOTKHE,| KOHTPACT,
HEPETKKU  |TSKU KOPOTKHE
1,3-10%- | 750| CunbHblit poH, Tsoxu 0,35 [840|100| 5 | -
5,6-10" TSKY KOPOTKHE, YATHHIIOTCS

MEPETSHKKH | OT BHOpaIlu
1.10%~ |750| ®ow cmaberii, | Lentpamsusiii| 0,35 [140] 100| 5 | 15

3,7-107 peduiekchl peduiekc
[OYTH HEBUHBY  CIAOBII
“rsxu’” U PacTeT OT

VIUTAHSFOTC S BHOpaIUK
<10°~ |700] Knaccuueckoe [B nentpamuoM 0,5 160| 100 | 5 | 15

1,1.107 ylajeHue peduiekce

Ha 2-ii MuUHyT€ | HaOJIIOAAI0TCS

OCIMUIS AN

0%~ |650] Mamepsmu cKOpOCTb pocTa 0,5 |300|250| 15| 10
87.10° TeTePOCTPYKTYPHI

0 OCUMJUISALMH CHTPAILHOTO

pediekca

<108- |650| Ynanenue ua 4-it MunyTE MpH 0,5 300| 250 25 | 10
1,5-107 nelicTBUM BUOpALIUY 10110 KKK

HeobOxomumo 3aMeTuTh, 4TO B IpoLEcce POCTa OT obpasma K
00pa3ily yaydLIaloTcsi KaK BaKyyMHBIE YCIOBHUS TaK U, COOTBETCTBEHHO, UX
KPHCTAIIMYECKasi COBEPIIEHCTBO. DTO OCOOCHHO Ba)KHO, €CJIHM YYHTHIBAThH
BhIpalmBanus Si-OydepHoro cros Ha maccusupyoume SiO,, win Hanu4ne
SiO, npocinoiiku B rerepocTpykType Si—SiO,~Si—SiO-Si.
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BrIBOADI:

1. BuGparis H”HTCHCUPHUIEPYET MPOIIECC POCTa HAHOCIOEB IeTepo-
CTPYKTYP.

2.BuOparnusi yrpouHsieT 3alMTHBIA CIIOH TeTepOCTPYKTYp Ha Iuia-
Tax JeTaJleld HAaHOJIEKTPOHHUKM.

3.B mporiecce pocta reTepoCTpyKTyp 00pa3iioB HAHOIICKTPOHHUKA
yAy4IIArOTCsl KaK BaKyyMHBIE YCIOBHS TaK M MX KPHUCTAJUIMUECKOE COBEp-
LIEHCTBO.

0 BO3MOXKHOCTH NOJIYYEHUA HAHOCTPYKTYP
P JEMCTBUH SJIEKTPOHOB
HA AVIIOMUHHUEBBIU CILIVIAB [116T

Kocmiox I, 1Pa3M()ofcyu bexzao, 2Kocmiox E.T.
Hayuonanonvii aspoxocmuyeckuu yhugepcumem um. H E. JKykoscrkoeco “XAU”

Vxpauna, Xapvkos, yn. Ukanosa 17
+380577884206,9.kostyuk206 @yandex. ru
2Yrpauncras ungicenepro-nedazozuteckas akademus, 2. Xapbkoe

B Hacrosmme BpeMs ZOBOJIBHO MHOTO pabOT paccMaTpUBAIOT IO-
JTydeHHE U UCCIIC0BAaHHE HAHOCTPYKTYP. DTOMY BOIIPOCY HOCBSIIEHBI PAA
MOHOrpaduii, HO B HUX HET HH)KEHEPHOW METOANKHU OLICHKH BO3MOKHOCTH
MOJTy4eHHUsI HAaHOCTPYKTYp MPHU JEHCTBUU 3JIEKTPOHOB Ha MaTepuaisl. Ore-
HOYHBIC METOJIUKH Ba)KHBI, TaK KaK MO3BOJISIOT TEXHOJIOTY OLEHUTh AMaIla-
30H TEXHOJIOTHYECKHUX IapaMeTpoB, MpPU KOTOPBIX BO3MOXHO IOIy4eHHE
HaHOCTPYKTYp. B Hacrosimei padoTe, ¢ y4éTOM TOTO, YTO OCHOBHAS SHEP-
THS 3JEKTPOHA BBLIEISETCS Ha TITyOMHE ITOJTHOTO Mpo0era 3JeKTPOHa B Ma-
Tepuae, OblIa NMPUHSATA MOAETH ONMMCHIBAIOLAS JIEHCTBHE 3JEKTPOHA, KaK
MTHOBEHHOTO MCTOYHHKA TEIUIA, YTO MO3BONISET MPUOIU3UTE XapaKTep BbI-
JEIICHNs 3HEPTUU K peaJbHOMY M O0ECIEUNTh AOCTHUKEHHE IOCTATOYHOH
TOYHOCTH TEMIIEPaTyp ¥ TeMIIepPaTypHbIX HAIPSDKEHUH

B cBs3u ¢ TeM, 4TO TeMIepaTypHbIC HANpsSIKEHUsS ¢ OAHOM CTO-
POHBI MOTYT CYIIECTBEHHO YCKOPSTH Ipoliecc 00pa3oBaHUsI HAHOCTPYKTYD,
a ¢ Ipyroil — Moryr obecrieunBaTh YCIOBHUSI HETIOCPEICTBEHHOTO 00pa3o-
BaHMsI HAHOCTPYKTYp, OBUIH ITPOBEJCHBI UCCIIEIOBAaHUS XapakTepa pacrpe-
JENIeHUs] TEMIEPaTypHBIX HANPSKEHUI HA PACCMOTPEHHBIX MOBEPXHOCTSIX
JUIL TOTO, 9TO OBl OLIEHWTH BEPOATHOCTH OOPa30BaHWS HAHOCTPYKTYP B
Ka)KI0H KOHKPETHOW 30HE 10 TIIyOHHE JEHCTBUS HJIEKTPOHA.

Ha ocHoBe pelieHHs COBMECTHOM 3aJadyd TEINJIONPOBOAHOCTH H
TepMOYIpyrocTH [1] u ¢ yuéToM xapakTepa BBIICICHUS YHEPTUH 3JIEKTPO-
HOM B MaTepuajie ObUTM pacCYMTaHBI MMOJISI TEMIIEpaTyp M TEMIIEpaTypHBIX
HanpsbkeHud. Tak Ha puc. 1 npeAcTaBlIeHBl paclpelesIeHus TEMIIEPaTyp Ha
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TIIyOMHE paBHOH MpoOery 3JeKTpoHa (30Ha MaKCHMAalbHOTO BBIICIICHIHS
SHeprum). BumHo, 9TO MO TEMIepaTyp UMEIOT BHJ TayCCOBBIX KPUBBIX C
MakCUMyMaMHM Ha OCH CHMMETPHUM, TAaK IIPU SHEPIUU DPABHOU 10* 5B
cocrasisier 284 K (puc. 1, a), Torna kak npu sueprin 10° 5B (puc. 1, 6) Ha
3TOM ke mybuHe TemmnepaTypsl coctapisitor 1931 K. Dto roBoput o Tom,
9YTO B JAHHOW 00JaCTH €CTh BEPOSATHOCTH 00pa30BaHUs HAHOCTPYKTYP.
HccnenoBanus aHaJOTMYHBIX TTOJIEH TeMIlepaTypHa Pas3HbIX IITyOMHaX OT
PAaBHBIX IPOOETY JT0 IIOBEPXHOCTH MaTepHalia MOKA3bIBAIOT, YTO B 3TOM CITy4ac
00pa3oBaHNe HAHOCTPYKTYP BO3SMOXKHO NPAKTHYECKH HA BCEW JUIMHE CBO-
O0omHOTO TIpOoOEra AJIEKTPOHOB (TIPEBHIIICHUS TEMIIEPaTyphl Ha IOBEpX-
HOCTH cocTaBisiioT 717 K).

m BN Arzseton
AT25246 03

200

0o

i

6) x=0,75L

Puc. 1. Pacnipenesienne noBbILIEHUs] TEMIIEPATYP MO Pauycy
HA NOBEPXHOCTSAX NMPH JeificTBUHA 3JIeKTPOHA ¢ dHeprueii 10” 3B:

Tak Ha puc. 2 u 3 npeacTaBICHbl PaCIPEACICHIUs TEMIIEPATyPHBIX
HANPsDKEHUH Ha HCCIeNOBaHHbBIX moBepxHoctsax: 1) x = 0; 2) x = 0,25L;
3)x = 0,5L; 4) x = 0,75L; 5) x = L. BuaHo, uTo MakCUMabHbIE TEMIIE-
parypHble HaNnpsDKEeHHs PEaM3yloTcsl Ha IIyOMHE PaBHOM MpoOery aJeKT-
poHa M paclipesiesieHHe MX HE paBHOMEpPHOE 1o noBepxHOcTH. Ilo ocm
JCHCTBUSI DIICKTPOHA HAOMIOIACTCS MHHHUMYM, @ MAKCUMYM peajiu3yeTcs B
30HE MaKCHMallbHBIX IPaJHEHTOB TeMIepartyp. B ciydae necTBUs SIeKT-
poroB ¢ sHeprueii 10° 5B BelMUMHBI TEMIIEPATYPHBIX HAMPSIKCHHI He-
3HAYUTEJbHBIC JaKe Ha IIyOMHE PaBHOI MPOOETy JIEKTPOHA U COCTABIIIOT
nopsizka 10° ITa, a ma mosepxHocTH — oHM Topsyzka 10° ITa. Tpu mpu-
OMMKeHNH K TIyOMHE paBHOW MPOOETy OHU BO3PACTAIOT, pacupeciicHHe
MPaKTUYECKH COXpaHseTcs. BHIOHO, YTO B 3TOM Cilydau JaXke YCKOpEHHUE
00pa3oBaHKsl HAHOCTPYKTYp OyIeT He 3HAYMTEJIbHO M NPAKTUYECKH €ro
MOYKHO HE YYHTHIBATh.
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Ipu cumwxennn sueprun 10 10° 5B pacmpenenenne Temmepa-
TYPHBIX HAIPSDKCHUH HA MCCIEAYEMbBIX MMOBEPXHOCTSIX COXPAHSETCS, TOTA
KaK MX BEIMYMHBI CHIKAIOTCS MPAKTHIECKH Ha IOPSIIOK [0 CPABHCHHIO C
sHeprueii snextpona 10° 9B.

500000
1400000
400000

1120000
300000

840000
560000

280000

Puc. 2. Pacnpenesnenue TeMnepaTypHbIX HANPS KeH Uil
B TeJje o0pa3ua u3 ciiapa 16T
TpH JeHCTBUM 21eKTpoHa ¢ Iueprueii E = 10° 5B Ha noBepxHOCTAX,

3a BpeMsl J1eliCTBUA TeNJI0BOI0 UCTOYHHUKA T,

160000
120000
56000
42000 80000
28000

40000
14000

Puc. 3. Pacnpenenenue TeMnepaTypHbIX HANPsKeH Uil

B TeJie 00pa3ua u3 ciiiapa 16T
TpH JeHCTBHN IeKTpoHa ¢ Ineprueii E = 10° 5B Ha noBepxHoCTAX,

3a BpeMst HeﬁCTBHﬂ TENJI0BOI0 UCTOYHHUKA T,

Tak xak TemMneparypsl MPOJODKAIOT OCTaBATHCS 3HAYUTEIbHBIMU
Jlayke TIPH OCTHIBAHUH, ITO3TOMY OBUIM TIOCTPOEHBI IOJISI TEMIIEpaTyp JUis
sueprun 10° (puc. 3). IIpH yABOCHHOIH BETHYHMHE BPEMEHH MMITYIIbCA TEM-

neparypa nocruraer 717 K (t = 1072 ¢) aus suepruu 10° 5B, Toraa Kak npu
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31,. Temmepatypa cHmxaercst 10 264 K, B 3TOT MOMEHT y)XXe BEpOSTHOCTb
MOJTy4eHUs HAHOCTPYKTYp MpaKkThuecky paBHa (.

Ha puc. 4 npeacraBieHbl aHAJIOTHYHBIE pacHpeAciIeHHs TemIle-
paTyp Ha MOBEPXHOCTAX. BUAHO, 4TO B 3TOM cilydyae TeMIepaTypsl HE J10-
CTHTAf0T MUHMMAJIbHBIX BEJMYUH AJIS TTOJydeHHsI HAHOCTPYKTYp. [ToaTomy
aHaJIN3 XapaKTepa Paclpe/iesieHns] HE UMEET CYIIECTBEHHOTO 3HA4EHHsI, HO
HEOOXOIMMO MPOBEPUTH PACHPEAEICHUE TEMIIEPATYPHBIX HANPSDKCHUH IO
MOBEPXHOCTH, KOTOPBIE MOTYT BIUSTH HAa 00pa30BaHUE HAHOCTPYKTYP.

000 ~,

700 =717 78 031
T=264,06 031
00

50

a o
Puc. 4. Temneparypa oCTHIBAHUS IPH AeficTBHH Y1eKTpoHa ¢ Yueprueii E = 10° 5B
Ha puc. 5 npezncrasieHs pacrpeeneHIs TeMIIePaTypHBIX HaIPs-
JKEHUW IpU OCThIBaHMM. BUIHO, 4TO Ui cilyyast JEHCTBUS JIEKTPOHOB C
sueprueit 10° 9B ecTb, X0Tb U He GONBLIAsL, BO3MOKHOCTb YCKOpeHHs 00pa-

30BaHMsI HAHOCTPYKTYpP 3a CUET TEMIIEpaTYpHBIX HAIpPsKEHUH, TOrZa Kak
qurst sHepriu 10% 5B 9T0 BIHSAHIE MOKHO HE YUUTHIBATS.

152000

114000

Puc. 5. Pacnpenenenne TeMnepaTypHbBIX HaNpsiKeHHii
NpH oCcThIBaHUM 00 pa3ua u3 ciiaa /(16T
(neiicTBHe daeKTpOHA ¢ FHeprueii E = 10° 3B)
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HccnenoBanus xapakrepa paclipeleleHns TeMIIepaTyp MoKasalo,
9TO TOIBKO IPH SHEPrHsX, npubmmkaommxcs k 10° 3B, cosnarores yeio-
BUS TI0 BEJIMYMHAM TEMIIEPATyp M CKOPOCTEH WX HapacTaHUs A0CTAaTOYHBIX
JUISL TIOTy9IEHUSI HAHOCTPYKTYP TPH MEHBIINX SHEPTUAX YCJIOBHUS Ui 00pa-
30BaHUS HAHOCTPYKTYpP HE PEaTU3yIOTCS.

XapakTep pacmpeleNeHUs W BEIHMYMHBl TeMIIepaTypHbIX Hamps-
JKEHHUH MOKa3bIBAIOT, YTO 32 CUET WX JEHCTBUS MOXKET OBITH YCKOPEH IIpo-
11eCC MONyYeHHs HAHOCTPYKTYP, TOJIBKO IPH dHEeprusx 6:uskux k 10° 5B.

Jlutepartypa

1.Koctrok I'. Y. HanoTtexHonoruu: BEIOOP TEXHOJIOTUYECKUX Mapa-
METpPOB M YCTAaHOBOK, IPOW3BOJIUTEIBHOCTH 00pabOTKH, (PHU3HKO-MEXaHH-
YecKHe XapaKTepUCTHKH HaHOCTPYKTYp. — M. : MAHMUT, 2014. — 472 c.

HCCJIEJJOBAHUE BJIMSIHUSI SHEPT MU OBPA3BOBAHMSI
HAHOKJIACTEPA HA ET'O OFbEM U I''TYBHUHY 3AJIET AHUST
IIPU JEMCTBUU MOHOB PA3JIMYHBIX COPTOB,
3APSIIOB 1 DPHEPT' U1 HA TBEP/IbI CILJIAB BK-8

Kocmiox I'U.
Hayuonanvnvuii aspoxocmuyeckuii ynueepcumem um. H. E. JKykosckoeo “XANU”
Vrpauna, Xaperos, yr. Uranrosa 17, +380577884206, g.kostyuk206@yandex. ru

K cosxanennro, paboT 1o TeOPEeTHIECKOMY PACCMOTPEHHUIO 00pa3o-
BaHMsI HAHOCTPYKTYpP NPH JEHCTBUU TIOTOKOB 3apsDKEHHBIX YacTHI[ OTHO-
CHUTEJIFHO HEMHOTO, a cpen MoHOrpaduif MOXXKHO OTMETHTH TOJIEKO [1, 2].
Bcé 3To He MO3BOMNSAET OLEHUTh BO3MOKHOCTh PEATM3ALMH HAHOCTPYKTYP
MPH T€X WM UHBIX TEXHOJOTMUECKHUX MapaMeTpax moTokoB. CremnyeT mpo-
BECTH IOJIHOMACIITAOHBIH OKCICPUMCHT I10 BBIABJICHUIO BJIHUAHUA TEXHO-
JIOTHYECKUX MapaMeTpoB Ha 00beM HaHOKJAcTepa M IIIyOMHBI €ro 3ajera-
HUS U, B KOHEYHOM cYeTe, Ha (PU3MKO-MEXaHNYEeCKNE XapaKTEPUCTUKH CIIOS
C HAHOCTPYKTypamH. HeoOXoIuMoO MOBBIIIATH TOYHOCTH PACYETOB, YTO
BO3MOKHO TIpU ydeTe TeX (aKTOpOB, KOTOphIe paHee B paborax [1-3] He
ObLIM y4TEHBI, HAIPIMEP JHEPIus, 3aTpadynBaeMasi Ha 00pa30BaHUE 3E€pHA.

B npennaraemoit paboTe Ha OCHOBE KBAHTOBO-MEXaHHUECKOW TEO-
pUM paccMOTpeHa BelMYMHA JHEPrHH, 3arpadrBaeMasi Ha OOpa3oBaHUE
KpHCTaJlJIa, KOTOPYIO HEOOXOAMMO YYUTHIBaTh B OajlaHCe TeIuia B dJeMeH-
TapHOM 00beMe Marepuana. OTO CBHUICTENBCTBYET O TOM, YTO JONOJIHU-
TeJIbHAsi SHEPIrUsl Ha 00pa30BaHKE 3epHAa MOXKET CYLIECTBEHHO IOBIUATH HA
XapakTep 3aBUCHMOCTH 00beMa HAaHOKJIACTEpa U TIIyOMHBI €ro 3aJleTaHus OT
SHEPIUU U BEIMYHHBI 3apsia HOHA.
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Pemena coBmecTHas 3ajada TEMJIOMPOBOJHOCTH M TEPMOYIIPY-
TOCTH B 30HE JCHCTBUS WHAMBHYaJbHBIX HOHOB C YYETOM ITOBBIIICHUS
TeMIIepaTypsl 1O/ BIUSHUEM HHTEIPaJbHOTO HarpeBa Bceil neramm. llpm
pELICHUN 3aJaddl PacCMOTPEHBI MPOIECCHl B 00beMe Marephana (Terio-
MPOBOJHOCTh, CMEIleHHE (POHTA UCIAPEHHs], IHCTBUE MOHA KaK 00beM-
HOT'O UCTOYHMKA TeIUIa, 00beMHBIH HCTOUHHK TEIUIa IO/ IEHCTBHEM JDKOY-
JieBa HarpeBa, JHEpIUd, 3aTpadrBaeMas Ha TEPMOYNPYroe M TepMoILIac-
THYECKoe JleOpMUpPOBaHNE, IHEPTHs, 3aTpadnBaeMas Ha IulaBieHue). Ha
TTOBEPXHOCTH JICTAJIM PAcCMOTPEH HMCTOYHUK TEIUIa, BO3HUKAIOUNIMHA IOJ
JelicTBHEM HOHA (101, BEIIEIsIEMast HAa TOBEPXHOCTH ); SMUCCHOHHOE OXJIaXK-
JICHNE C YXOAAIMMH 3JIEKTPOHAMH; TEIUIO, MOCTYHAONEe M yAAIIeMOe C
MOBEPXHOCTH O] ICHCTBHEM B3aMMOOOIYYEHHUsS IJIa3Mbl M TOBEPXHOCTH
TeJNa; TeMJI000MEH IOJ BIMSHHUEM KOHICHCAI[UM YacTHI], a TaKXKe IeJO0ro
psAa BUAOB M3NydeHUH u nucnapenus [1].

Pemenune sToli 3aaun AaeT BO3MOXXHOCTH MOJYYHUTh OIS TEMIIe-
patyp ¥ TeMIIepaTypHbIX HaNpsDKEHUI, KOTOpBIE MO3BOJIST BBIIBUTH 30HEI
MaTepHana, I7ie Pealn3yloTcsi KpUTEPHH, HEOOX0AUMBIE U 00pa3oBaHuUs
HaHOCTPYKTYp: TpeOyemble Temmeparypsl 500-1500 K; ckopoctu Hapacra-
Hust Temmeparyp 6omee 107 K/c 1, kemaTenbHo, HaTHYHe HAPSDKEHHMIT (J1aB-
nenuit mopsiaka 10'—10° ITa). ITociennee YCKOPHT TIOSBIIEHHE HAaHOCTPYK-
Typ. OueBUIHO, TAK)KE MOXKET HOBIUATH CKOPOCTH e OPMUPOBaHUs. YKa-
3aHHBIC BEJIMYMHBI MOTYT OBITh PACCUMTAHBI IPU PEIICHUH ITOH 3a1auu, a
3HA4YHUT, MOXHO BBIJCIUTH 00BbEM MaTepHaiia, B KOTOPOM OyIyT peann3o-
BaHBl HAHOCTPYKTYPHL.

TTpoBejieHb! pacyeThl 00beMa HaHokIacTepa V, MUHUMaNBHO# Ny
¥ MaKCUMaIbHON Nmax TIyOMHBI €10 3aJeraHus MO0 MOJIENH, ONMUCAHHON B
pabotax [1-5]. Tak, mis ciaydast nefcTBUSI HOHOB Oopa 3aBUCUMOCTH 00beMa
HaHOKJIacTepa W TIIyOWH €ro 3ajeraHusl NMoKa3aHbl Ha puc. | B ciydae
JeicTBAS MOHOB Oopa Ha TBepplid crutaB BK-8. BuaHo, 94T0 BeTMYUHEL Tpe-
OyeMoii sHepruu IJisi TONy4eHHS TAaKOro ke oO0bema, Kak W paHee, 0e3
ydeTa 3HEpTUH KPUCTAIIIM3AIUN CYIIECTBEHHO YBEIMYMINCH, IPUYEM, YBe-
JUYEHNE SHEPTrHH MPAKTHUYECKH OIHOTO IMOpsaKa ¢ 3Hepruei 6ombOapau-
pyfoiero mona (ocobenHo mst suHepruu 2-10* 5B). Buano, 4to ¢ pocTom
SHEPIrUM PacTyT Kak 00beM, Tak U TIIYOUHBI 3ajeranust. Tax, s ciydast qercr-
BHUSI MOHA KUCIIOPOZA TO yBEIMUYCHHE Tak)Ke yMEHbIaeTcs (st o0bema
HK n riryOun ero 3aneranus), puc. 2.

Takas e 3aBucumocts o0bemMa HK m rimybun ero 3ameranust ot
SHEPIUU HAOIIOAAETCS MTPH ACHCTBIH HOHOB IIUPKOHUS, T.€. C POCTOM JHEp-
run 1 3apsna noHa oobseM HK u riryOmHs! ero 3aneranms pactyr (puc. 3).

[IpoBeneHHBIE MCCIIEAOBAHNS TOKA3aM CYLICCTBEHHOE M JAXKe OIpe-
JEISFoIee BIMSHUE DHEPrUM KPUCTAUIM3AlMU Ha XapaKTep MPOTEKaHHs
MIPOLIECCOB JUIsl CIydast AEHCTBHUS JISTKUX HOHOB 0Opa, a30Ta U KUCIOPO/a.
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HaHOKJIACTepa (4), MUHUMAJIBHOI (/)  HAHOKjIacTepa (a), MUHHMAJILHO ()
M MaKCUMAJIbHOIi (6) H MaKCHMAaJIbHOIi (6)
IJ1yOMHBI €ro 3ajeraHus IJIyOMHBI €ro 3ajeraHus
oT 3Hepruu uona B, neiicTByromero oT anepruu nona O, jeiicTByIomero
Ha TBepablii ciaB BKS: Ha TBepablii cias BKS:
1)z2=1;2)z2=2;3)z=3 1)z=1;2)z2=2;3)z=3
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Puc. 3. 3aBucumMocrb 06’beMa HAaHOKJIAcTepa (a), MUHUMAJILHO i ()
H MaKCHMAJIBHO (6) IJIyGHMHBI €10 3aJleraHusi 0T Hepruu uona Zr',
neiicTByiomero Ha TBepablii cuiaB BK8: 1)z =1;2)z=2;3)z=3

YBenmueHHe Macchl HOHA IPUBOIUT K CYIICCTBEHHOMY CHHKCHHUIO
BIIMSHUS YHEPTHH KPUCTAUIM3AUNK Ha BeIHYMHY 00beMa HaHOKJIACTepa M
TITyOWHBI €T0 3aJIeTaHus.

JluTepartypa

1.Koctiok I'. W. HaHoTexHOnOTMU: TeOpHs, SKCHEPUMEHT, TEX-
HUKa, nepcrekTuBbl : MoHorpadgus / I'. U. Kocriok. — K. : M3n. uenrp
MexyHap. akaJeMHH HayK ¥ HHHOBal. TexHojorui, 2012, — 648 c.

2. Kocriok, I'. Y. HanoTexHOIOTHH: BBIOOpP TEXHOJIOTHYECKUX T1apa-
METpPOB M YCTaHOBOK, ITPOM3BOJUTENBEHOCTE 00pabOTKH, (HH3NKO-MEXaHHYeC-
KM€ XapaKTepUCTUKU HaHOCTPYKTYp : moHorpadus / I'. U. Koctiok. — K. :
W3n. merTp MeskayHap. akageMur HayK 1 HHHOBAIL. TexHonorwit, 2014. — 472 c.

3.Kocrtiok, I'. Y. ®u3nko-TeXHUYECKHE OCHOBBI HAHECEHUS TTOKPbI-
THIA, HOHHOW UMIUTAHTAIMM W MOHHOTO JITUPOBAHUS, JTa3epHOM 00paboTKH
U YIPOYHEHHs, KOMOMHUPOBaHHBIX TexHoJorui : B 2 k. / I'. U. KocTiok. —

K., 2002. - 1030 c.

31



4.Koctrok I'. . HaHOCTPYKTYpBI M HAHOMIOKPBITUS: TIEPCIICKTUBBI
" peanbHOCTE : yued. mocodue / I'. U. Koctiok. — X. : Ham. aspoxocm. yH-T
“XAN”, 2009. - 406 c.

5.KocTiok I'. . DddexTrBHBIE TOKPHITHS U MOAU(DHITIPOBAHHBIE
YIPOYHEHHBIC CIIOM HA PEXYIMX HHCTPYMEHTAX : MOHOTP.-CIPABOYHHUK /
I'. K. Koctiok. — K. : M3a. uentp MexayHap. akaJeMUu HAayK ¥ MHHOBAII.
texuoyoruii, 2012. — 728 c.

P®OPMUPOBAHUE PASMEPA 3EPHA HAHOCTPYKTYP
P JEMCTBHUH NOHOB PA3JIMYHBIX COPTOB,
3APSJ1I0B U DOHEPI'MU HA MATHUEBBIE CIIJIABBI

Kocmiox i, YUaenenxo B.H, 2Kocmiox A.H.
Hayuonanonoii aspoxocmuyeckui ynugepcumem um. H. E. JKykoscrkozo “XAU”
Ykpauna, Xapvkos, yr. Ukanosa 17, +380577884206, g.kostyuk206@yandex. ru

XapvKogcKutl HaYyUOHANbHBIIL YHUBEpCUMeEN paouo31eKmpOHUKY

CgoiicTBa HAHOCTPYKTYp AIOT BOSMOXKHOCTBH yTBEPXKJIAaTh, UTO Mar-
HUEBBIE CIUIaBbl C HAHOCTPYKTYPHBIMH CIIOSIMH OYyIyT 3((QEKTHBHBIMH KaK
KOHCTPYKIIMOHHBIE MaTepHajbl Ja)ke Ul BBHICOKOHATPYKCHHBIX JAeTaleh
aBUAIIMOHHON M PAKETHO-KOCMHUYECKON TEXHUKH.

Lenpro maHHOM pabOTHI SABISIETCS UCCIEIOBAaHUE BIMSIHHUS TEXHO-
JIOTHYECKUX MapaMeTpOB IJIa3MEHHO-HOHHOW 00paboTKK (3HEPIUU HOHOB,
ero copra W 3apsfia) Ha pa3Mep 3epHa, 4TO IO3BOJMT IPOTHO3HPOBATH
(u3nKo-MexaHnueckre xapakTepucTiku (PMX) moBepXHOCTHBIX CIIOEB Mar-
HUEBBIX CIJIAaBOB U OLEHUTH BO3MOXXHOCTb HOIY4EHHUSI HAHOCTPYKTYP.

Pa3mep 3epHa onpezpensiu Mo MoJeNU, NpeasokeHHoH B [1], Tae
peleHa COBMECTHAs 3a/1ada TEIUIONPOBOIHOCTH U TEPMOYIIPYIOCTH C yde-
TOM JHEPrHHM, 3aTpadMBacMON Ha KPHCTAIM3AIHMIO0. JTO a0 BO3MOMX-
HOCTb HOIY4YUTh OoJiee TOYHBIE PE3yNbTAThI 10 BEIMYUHE pazMepa 3epHa
NpU JACHCTBUM WOHOB PAa3JUYHBIX COPTOB, DHEPrHil M 3apsloB Ha Mar-
HUEBBIE CIUIaBbl. BCE 3TO MO3BOMMIIO OMpeAeNuTh TEeMIEpaTypbl B 30HE
JEWCTBHUS MHIMBUAYAIEHOTO MOHA, CKOPOCTH M3MEHEHUs! TeMIIeparyp, 1o
KOTOPbIM HaxXoAWIM 30HY MaTepHuaja, TJe Peau3yloTCsl YCJIOBUS JUISA
MTOJIy4eHHSI HAHOCTPYKTYp. B KadecTBe KpUTEpHEB HCIOIH30BAH JIHaNa30H
temmeparyp (500-1500 K), mpu KOTOPBIX BO3MOKHO TTOMyIEHHE HAHOCTPYK-
Typ. ONICHMBAJIM TakXe CKOPOCTh HM3MEHEHHS TEMIIEpPATyphl, KOTOpas
IOJDKHA OBITH Ooliee 107 K. Jlnst Takux 30H OMNpeaessuii 00BeM HaHO-
KJIacTepa U B MPEATIOIIOKEHNH CHepUIecKOro 3epHa BBIYUCIUIA Paguyc, a
3HAUYUT, U pa3Mep 3epHa.

Takue nccienoBanust ObUIM MPOBECHBI TSI IIMPOKOTO KPyra HOHOB
B*, N*, C*, Al', V*, Cr", O, Ni*, Zr*, Mo*, Hf*, W', Ta", Pt’, neiictByto-
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OIMX Ha MAarHueBbIH CIUIAB, YTO ITO3BOJISIET IO HPOTHO3MPYEMBIM 3aBH-
CHUMOCTSIM (PH3UKO-MEXaHHUECKUX XapaKTEepUCTHK OT pa3Mepa 3epHa, ompe-
JIETIUTH COOTBETCTBYIOIIME XapaKTEPHCTHKHU UI TOTO WJIM MHOTO CJIOSI HAaHO-
CTPYKTYP, B 3aBHCUMOCTH OT 3HEPIUH MOHA, €ro COpTa U 3apsaa. JTo el
pa3 MOATBEP)KAAET aKTyallbHOCTb MCCIENOBAHMS pa3Mepa 3€pHa B 3aBHCHU-
MOCTH OT TEXHOJIOTHYECKHUX [TapaMeTpOoB.

HccnenoBansl 3aBucuMOCTU paguyca HaHokIacTepa (HK) ot suep-
TMH WOHOB JUIsl PAa3iMuUHBIX WX 3apspoB (Z = 1, Z = 2, Z = 3). Tak, mnsa
Cilydasi IefiCcTBUSI HOHOB 0opa M yriiepojia Takue pe3ysibTaThl MOKa3aHbl Ha
puc. 1, a. BunHo, uto /Ui HOHOB OOpa paguyc HaHOKJAacTepa MPaKTHIECKH
Ha MOPSIJIOK OoJIbINe, YeM 11 yriieposa (Z = 3), ¢ yMEHBIIEHHEM 3apsiia /10
Z = 2 pa3HHIla 3HAUE€HUH HECKOJIBKO YMEHbIIAeTCsl U IpU Z = | oHa cocTas-
JsIeT yxKe 3-5 HM.
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Puc. 1. 3aBucumMocru paauyca 3epHa R oT 3HepruM HOHOB:
a) B () u C" (—); 6) N'(--) m Al" (—); 6) Y () m Zr" (—)
TIPH JIeliCTBUU WX HA MarHNeBbIe CILIABDI;
HOH: 1 — o1HO3aPATHBII; 2 — IBYX3apsIAHBIIT; 3 — Tpex3apsiAHbIii

Ilepexon k nOHAM a30Ta U AIOMUHUS [IPUBOAUT K CYLIECTBEHHOMY
OTJIMYHUIO Pa3MEpPOB 3€PHA, KOTOPBIE I a30Ta COCTABIIIIOT Mopsiaka 70 HM
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(z=3) u qns amoOMHHUS — TTOpsIKa 26 HM. 3HAYUTENILHOE OTIINYUE Pauyca
HaHOKJIacTepa HaoOIronaercs M Juist Z =2, cocrapisroniee 45 u 15 HM coor-
BeTcTBeHHO. J{st Z = 1 3TW 3HayeHUs Jexar B Juana3oHe ot 2,2 10 5 HM.
BuaHo, 4TO B 3THX YCIOBHSIX AaXKe IJISI BHICOKMX JHEPTUH peau3yloTcs
HaHOCTPYKTYPBI, 9TO ITO3BOJICT MCIIOIB30BATh 3T MOHBI 11 00pa30BaHUS
HAHOCTPYKTYP MPaKTHUECKH BO BCEM IHama3oHe dHepruit (puc. 1, 6).

B T0 xe Bpems Ul HOHOB UTTPUS U IUPKOHHS PEATU3YIOTCS 3HA-
YeHHS PAa3MEPOB 3ePHA, IPAKTHUECKH OXMHAKOBbIC HpH dHeprim 2-10* 5B,
OHH COCTaBJIIIOT OKOJIO 24 HM (Z = 3), Ipu Z = 2 OHHU YK€ UMEIOT 3HAUCHHUS
14 uMm, aipu Z = 1 — mopsimka 4 uMm (puc. 1, 8). Tak, 3aBHCHMOCTH pajnyca
3epHa OT SHEPru¥ MOHOB MoiubaeHa, radHUs, TaHTaNa, Boidb(ppama, IuTa-
THHBI TOKa3aHbI Ha pUC. 2.
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Puc. 2. 3aBucumoctn paauyca 3epHa R oT 9Heprun HoHOB:
a)Mo*(-=) m Hf* (—); 6) Ta'(---) n W* (—); 6) Pt'(--)
MpH AeiicTBHN HA MATHHEBbIE CIIABBI;
HOHBI: 1 — 0/IHO3aPSIHBIN; 2 — NIBYX3apsiAHbIii; 3 — TpeX3apsiAHbIi

BunHo, 4To mis ciydas neiicTBHS MOHOB MOJHOJCHA W TadHUS
(puc. 2, a) HabmromaeTcsi OTHOCHTEIBHO HEOOINBINOE OTIUYHE 3HAYCHUH
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pasMmepa 3epHa maxe s suepram 2-10% 9B (Z = 3), Toraa kak npu Z = 2 31u
3HAUCHHUS YMEHBIIAIOTCS U IpU Z = | OHHU COCTaBIAIOT HopsiAka | HM.

st noHOB TaHTana, BoJib(pamMa M IUIATHHBI PEANN3YIOTCS TpakK-
TUYECKHU OAMHAKOBbIE 3aBHcHUMOCTH paauyca HK ot sHeprun u Mmakcumans-
HBIE BEJIMYMHBI painyca HaHOKJIacTepa COCTaBIstoT 27 HM(Z = 3), st Z = 2
OHHM COCTaBJIIIOT Mopsiaka 16 HM, Ay Z = 1 nopsiaka 6 HM.

BupgHo, uTo 11 OAHO3apSIHBIX MOHOB MPAKTHYECKHU BCErza pea-
JU3YIOTCS HAaHOCTPYKTYpPBI, UTO MO3BOJIAET HCIOJIB30BATh 3T HOHBI ML
00pa30BaHMs HAHOCTPYKTYP Ha IOBEPXHOCTH MarHHEBBIX CIIJIABOB, IPUYEM
MOJKHO BBIOMpaTh HamboJiee AEIIEBBI U3 3THUX MOHOB, TaK KaK pe3yJbTaT
OyIeT oInHAKOB.

[IpoBeneHHBIE HCCIENOBAHNS TO3BOJISIOT IPOTHO3UPOBATH pazMep
3epHa B IMIMPOKOM JHWarna3oHe dHEPTUui U 3apsanoB oT 1 1o 3, 9To, B CBOIO
ouepenib, 103BOJIUT OLleHUTh PMX NOBEPXHOCTHBIX CJIOEB.

IloxazaHo, 4TO I psAAa MOHOB PEaNU3yIOTCs MPAKTUYECKH OJH-
HAKOBBIE 3aBUCHUMOCTH pa3Mepa 3epHa OT PHEpPIUH MpaKTUYeCKU JJIS BCEX
MCCIIeI0OBAaHHBIX 3aPsI0B MOHOB, YTO ITO3BOJISIET HCIIOIb30BATh MX, BEIOMpas
HauOoJIee AeIIeBbIC HOHBI U MOJ1y4dast OJMHAKOBBIA pPe3yibTart.

Jlutepartypa

1. Kocriok I'. Y. HaHOTexHOMOTHI: BBIOOp TEXHOJOTHYECKUX Iapa-
METPOB M YCTAHOBOK, IPOHM3BOIUTEIBFHOCTE 00pabOTKH, (HU3NKO-MEXaHH-
YeCcKHe XapaKTepUCTHKH HAHOCTPYKTYp. — M., 2014. — 472 c.

OBBbEM HAHOKJIACTEPA U TJIYBUHBI EI'O 3AJTEI'AHUA
NP JEMCTBUU HOHOB HA TUTAHOBBIU CILVIAB BT-1

YKocmiox I' 1., *Bpysica O.O.
*Hayuonanensiii aspoxocmuneckuii ynugepcumem um. H. E. JKykoscrkozo “XAHU™
Vkpauna, Xagbme, yi. Ykanosa 17, +380577884206, g.kostyuk206@yandex. ru
Hayuonanvuwiii aguayuonnwiil ynueepcumem, 2. Kues

AHanu3 ucclef0BaHMI MO MOIyYeHUI0 HAHOCTPYKTYP B KOHCTPYK-
LIMOHHBIX MaTepuanax, MoKas3aj, YTO TEOPETHYECKHMX paldoT, 3a HCKIIIO-
yerneM [ 1-2], mo o6pa3oBaHNIO0 HAHOCTPYKTYP MPAKTUIECKH HET, a 3HAUUT
U OTCYTCTBYIOT Hay4HbIE OCHOBBI ITOJY4EHHUS TEXHOJOTHUYECKHX ITapameT-
POB IIOTOKOB MOHOB. Peanu3yeM NpOTrHO3 M HaydHbIM MOJXOJ K OIpene-
JICHUIO TEXHOJIOTNYECKUX ITapaMeTpOB HEOOXOAUMBIX JUIS TIOJYUYSHHS CIIOEB
HaHOCTPYKTYp TPeOyeMOW TOJIIMHBI C LIENbIO TOBBIIIEHHS pab0TOCIOCO0-
HOCTH J€Tajell U PeXyIIero HHCTPYMEHTA.
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Ha ocnoBe MoaenupoBanust [1] TEMJIOBBIX U TEPMOMEXAHHUYECKUX
MIPOIIECCOB B 30HE ICHWCTBHUS MOHOB OINPENCININ 30Hy MaTepuana, rlie Bbl-
TIOJTHSTIOTCS YCIIOBHS 7Sl 00Opa30BaHMS HAHOCTPYKTYP: TEMIIEPATypPHI JIekKAT
B muamasone 500-1500 K, ckopocti mx Hapactamms Gomsiie 107 K/c u
TeMIlepaTypHble Hampskenus B juamasone 10'—10° ITa, uro yckopser
nporuecc 00pa3oBaHMs HAHOCTPYKTYp. M3 ycioBusi Haubosee yaayHOTo
3aI0JTHCHUS HAaHOCTPYKTYpaMHu 00beMa IUIOTHOCTh TOKAa BBIOpaHa paBHOM
nepBoit kpuTHuecko [3].

B pabote paccmarpuBaercs 00beM HAHOCTPYKTYPHPOBAHHOTO KJac-
Tepa M TIyOWHa ero 3ajeraHus B THTaHOBOM ciuiaBe BT-1, uto mo3Bomut
o0ecTeunTs BBICOKHHA pecypc neTayedl. BenmnunmHa o0beMa HaHOCTPYKTYP
npu €ANHUYIHOM I[eﬁCTBPIH MOHA HAa TUTAHOBBIN CILIaB Ja€T BO3MOXHOCTb
MPOTHO3UPOBATH TPeOYEeMYIO TNIOTHOCTH MOHHOTO TOKa B ITOTOKE JUIS MOJI-
HOTO 3allOJHEHHs CJI0sl, IJie BO3MOXKHO oOpasoBanue HC mist aToro nona
COOTBETCTBYIOIIETO COPTa, PHEPrHUM W 3apsma. Tak, Ha puc. 1-2 mpen-
CTaBIICHBI 3aBHCHMOCTH 00beMa HaHOKJIACTEepa U TIIyOWH €ro 3aJIeTaHHus OT
sHeprun E n 3apsmoBoro uncia Z mist nonos: B, C —puc. 1; Mo, Hf — puc. 2.

BumHO, 9TO ¢ POCTOM PHEPTHH WOHOB M HX 3aps/IOB Peallu3yeTcs
CYIIECTBEHHBIH POCT 00BEMOB, TaK)K€ BIHSICT M 3apsia Ui HOHOB Oopa u
yriaepona Viayx=1,1-10%?m® (puc. 1, a) u Ha r1yOuHY 3aMeraHns oGbeMOB
HC (puc 1, 6, 8) Npayx=8,7-108 m; hyin = 7,3-10% M (E = 2-10* 5B).

B caydae neiicTBus nOHOB MonmOAeHA M TadHHUS Ha TUTAHOBBII
crutaB BT-1 o6sem (puc. 2, a) u riayOuHa 3aneranus (puc. 2, 6, 8) HaHO-
KJlacTepa CYIECTBEHHO 3aBUCST OT SHEPTUH U 3apsiga HoHa. B aToMm ciydae
JUTSL 3THX HOHOB BEJIMYMHBI TPAKTHYECKH OJIMHAKOBBL

[Nony4yenHble 3aBUCMMOCTH OyIyT HEOOXOIMUMBI JUISl ONPEACICHUS
MMOTPeOHOH ITOTHOCTH TOKAa COOTBETCTBYIOUICTO COPTA, 3apsia M SHEPTUH
JUT TIOTHOTO 3allONTHEHHS CJIOS HAHOCTPYKTYpaMH, a, BHIOpaB HEOOXOAW-
MBbIE PHEPTHH, 3apsiIbl M COPTa HOHOB JUIA IOIYYCHHS] HAHOCTPYKTYp Tpe-
OyeMoil TONIIMHBI, aHaJOTHYHO MPOBOIUM OILIEHKH TPEOyeMbIX INIOTHOCTEH
TOKOB B Ka)/IOM clioe. 3Has 00beM, 3aHUMAaeMblii HaHOCTPYKTYpOU IpH
COOTBETCTBYIOLIM X SHEPIHsIX, COPTaX U 3apsiiaX MOHOB M AWANa30H IIIyOuH,
Ha KOTOPBIX 3TOT 00BEM HaXOIUTCS, OYEBUAHO MOXKHO OLIEHHUTH IUIOTHOCTD
HMOHHOTO TOKA.

Torzma ms mo60oro I-ro cIos MIOTHOCT TOKA OMPEIENIETCS KaK:

ji — hi2 hil zie,
Vici

rae hiy u hj, — HauaneHas M KoHeuyHas KOOPAMHATHLI 30HEI, /€
peanu3yloTcs HAHOCTPYKTYPhI I i-ro uoHa;, Vjci — 00beM 30HBI, Iie

00pa3yloTCs HAHOCTPYKTYpBI; Zj — 3apsAI0BOE YUCIIO I-T0 MOHA: € — 3apsj
3JIEKTPOHA.
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Puc. 1. O6bem HaHokiaacrepa V (a),
MaKcuMaabHast Ny (0)
 MHHHMAaJbHas h (6) riy6una
€ro 3ajieraHusi B 3aBHCHMOCTH OT

JHEpruu MoHOB Gopa (--) u yriaepoaa (-),

JIeHCTBYIOIIUX HA THTAHOBBII CIUIaB
1)2=1;2)2=2;3)Z=3

Puc. 2. O6bem Hanoknacrepa V (a),

MaKcuMAaabHast Ny ax(0)

U MEHMMAaJbHast h (6) riy6una
€ro 3aJieraHusi B 3aBHCHMOCTH

OT JHEPTUH HOHOB MO.JIMO/1eHa (--)

: u radHus (=), JelicTBYOIUX
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3uas Ji, Vhci, hi1, Niz u Z;i u BeiGpas Ej, Mb1 Mmokem cdopmuposats
HE00X0TMMOE KOJIMYECTBO MOTOKOB HOHOB, ITO3BOJISIOIMX MOIYYATH HAHO-
CTPYKTYPHUPOBAHHEINA CIIOW TpeOYyeMOH TOIIIMHBI, & C YICTOM TEXHUIECKOU
3amaun (OPMHUPOBAHHS HEMOHOIHEPTETHYHBIX Pa3HO3apPSIOBBIX ITOTOKOB
HMOHOB MOXXKHO PEIMTh 3a7ady MO TEXHOJOTUYECKHM ITapaMeTpaM HOHHOH
o0paboTtku. [lokazaHa TpHUHIMNHAIBHAS BO3MOXKHOCTH KOHCTPYHPOBAHHUS
TTOBEPXHOCTHOTO CJOS B THUTAHOBOM CIJIABE 3a CUET CO3JaHUS HaHO-
CTPYKTYp Pa3IMYHOTO COCTaBa M (PH3UKO-MEXaHHYECKUX XapaKTCPUCTHK.
Buano, 4To ompezensioniee BIMSHUE HAa 00beM HaHOKJAcTepa OKa3bIBAET
SHEPrusi HOHA U €0 3aps, B TO K€ BpeMs BIHSIET U Macca UOHA, IpaBa He
TaK CYIIECTBEHHO.

JIutepatypa

1. Kocriok I'. 1. HaHOTEeXHOMOTMHK: BBIOOP TEXHOJIOTHUECKHUX Mapa-
METpPOB M YCTAaHOBOK, IPOW3BOJIUTEIBHOCTH 00pabOTKH, (PHU3HKO-MEXaHH-
YECKUE XapaKTepPUCTUKN HaHOCTPYKTYp : MoHorpadwms / I'. U. Kocriok. — K. :
Wzn. nentp MexayHap. akaeMdd HayK W MHHOBAI. TexHonormit, 2014, —
472 c.

2. Kocriok I'. Y. HaHOTEXHOIOrMHU: TEOPHs, SKCIICPUMEHT, TCXHUKA,
nepcnekrussl : MoHorpadwust / I'. Y. Koctiok. — K. : U3a. nentp MexayHap.
aKaJeMHH HayK ¥ MHHOBAIl. TexHooruii, 2012. — 648 c.

3. Koctiok I'. Y. ®u3uko-TexHUUECKHUE OCHOBBI HAHECEHHSI IOKPBI-
THH, HOHHOW MMILIAaHTallM ¥ MOHHOTO JIETUPOBAHMS, JIa3epHOH 00paboTKH
U yIPOYHEHUs, KOMOMHUPOBaHHBIX TexHojorui : B 2 k. / I'. W. Kocriok. —
K., 2002. - 1030 c.

JUCCUTIATUBHBIA HATPEB
MATHUTOPEOJIOTHYECKOM CYCIIEH3UH
B IIOJIMPOBAJIBHOM YCTPOMCTBE

"Moxees A.A, 1Kopo@w E.B., 2Poiizman B.IT, 1Eapmameeult M.A.
1HHcmumym menio-u maccooomena um. A. B. Jleikosa HAH Fenapycu,
2. Muncx, yn. I1. Bposxku, 15, mel. 375172841360, evkorobko@gmail.com
ZXMerbHuuKuﬁ HAYUOHANbHBIL YHUGEpCUmen,
29016, Vkpauna, 2. Xmenvnuykuii, yr. Hnemumymckas, 11, royzman_v@mail.ru

B3auMopeiicTBre MarHMTOPEOJIOIHYECKON MOJMPOBAJIBLHOM >KHJ-
koctu (MPITXK), npescrasnsroeii co00i TEKyIyr0 KBa3UTOMOTEHHYIO CyC-
TIeH3HI0, ¢ 00pabaTrIBaeMOl AETANBIO B 3a30pe “IeTadb—MHCTPYMEHT  TIOJIH-
poBaboro ycrporicrtsa [1, 2] ompenersieTcst ee HAMarHUYEHHOCTBIO U PEOJI0-
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TMYECKUMH CBOIcTBaMH. B yacTHOCTH, 3aBUCHMOCTBIO BS3KOCTH OT TEMIIE-
paTypbl, KOTOpasi MOXKET U3MEHATHCA KaK IPH HarpeBe OT BHEIIHEr0 HCTOY-
HUKa TeIUla, TaK ¥ 3a CYET NpeoOpa30BaHMsI KHHETUIECKON IHEPTUH Tede-
HUS B TEIUIO TIPU IUCCHUTIAIINN SHEPTHH BI3KOTO COMPOTUBJICHUS TeUeHHIO [3].
Harpesanne MPIDK, xotopas sBisiercss HeTUHEHHOBS3KON Ccpeoil, BCiecT-
BHE HEOJHOPOJHOCTH NMPOQUIST CKOPOCTU MPOMCXOIUT HEPABHOMEPHO IO
3a30py “IeTatb—MHCTPYMEHT M MOXET OBITh OTpPENeIeHO NMPH PELICHAN CHUC-
TEMBI YPaBHEHUI TEIUIONPOBOAHOCTH U JABMIKEHHS, B3aHMOCBS3aHHBIX ypaB-
HEHHEM COCTOSIHHSI — 3aBHCHMOCTBIO BS3KOCTH OT CKOPOCTH CJHIBHTa IIPH
ydeTe MHTEHCHUBHOCTH KBAa3HUTEIIJIOBOTO ABIKEHHS yacTull. Llenbio HacTos-
meil pa®oThl sABIsieTCs MOAeTHpoBaHWE Tporecca HarpeBanmst MPIDK B
MOJMPOBAIIBHOM YCTPOICTBE MPU MarHUTHOM BO3JEHCTBHUHM, MHTCHCUDUIIU-
pyIoIeM paboTy TUCCUTTATHBHBIX CHUIL.

Harpesanne MPIDK B npomexyTke “neraqb—MHCTPYMEHT MarHuTo-
PEOJIOTHYECKOTO TTOMPOBATBHOTO YCTPOHCTBA IIPOMCXOUT BCIIE/ICTBUE TIpe-
BpallleHUs] KHHETHYECKON 3HEPTHH JBHXKYIIEHCS BMECTE C MHCTPYMEHTOM
MPITK B TermoByto mpu paboTe MUCCHUIIATUBHBIX CHJI BSI3KOTO TPEHHS
COTJIACHO 3aKOHY COXpaHEHHs U IPEBPALICHNS BHYTPEHHEH sHepruu [4]:

av,
dx 2

du
dat

pC, = div{lgradT) - d:’u‘ﬂ-’]—z%g —Zh,f;( — divfr,
ag

rae A — TeH3op Kod3(p(HULUMEHTOB MOIEKYIAPHONW TEILIONPOBOI-
HocTH; V — 1oJie cKopocTeil; Gy — TEH30p BA3KMX HANPSIKEHHI; J1 — TOTOK
TeIJia, BO3HUKAIONMHA 3a CYET MHUKPOKOHBEKTHBHOH TEIIONPOBOJHOCTH,
BBI3BAHHOM KBa3UTEIUIOBBIM JIBUKEHUEM YaCTHULI.

W3 Hero B OTCYTCTBHE MOJEKYSIPHBIX JU(D(PY3HOHHBIX IMOTOKOB
Jyx= 0, BHemmMX cunoBeIX moneil fy= 0, m1a HeckHMaeMOH KUIKOCTH
divV = 0 monyuaem ypaBHEHHE TEIIOIPOBOTHOCTH:

dT a*r 100
.ﬂf.—';_,rl—z_.l - '+P|-"-,'- F _ﬂflﬂ:ri-]

il aye "

Hnst ciost MPIDK B monupoBaJIbHOM yCTpPOHCTBE, B KOTOPOM OCh
koopaunar OX HanpaslieHa BIOJb HANpaBieHUs Teuenus, a ocb OY — mep-
TIEHANKYIIPHA TOBEPXHOCTSIM WHCTPYMEHTA M JETali, 3TO ypaBHEHHE YIIPO-
IIAETCS K BUAY:

AT  31:T By "

ol —— = ——

-

dt Bvzy ol o (1)

Ecmm moTox TCILJ1a, BOSHPIKaIOH.[I/Iﬁ BCJICACTBUEC KBA3HUTCIIJIOBOI'O
JABUXKCHHUA 4YaCTHIL d|VJT, BKJIFOYCH B IOJHBIM ITOTOK TCIJIA, @ HAIPSIKCHUA
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BA3KOIO CONPOTHMBIIEHHS Ggp BBIPAXKEHO 4YEPE3 CKOPOCTh casura [5], To
CKOpOCTh Vy OIpeseNsieTcss COBMECTHBIM pEIlleHHEeM ypaBHeHus HaBbe—
Crokca:

o, _dp &%
By~ Bx U EE @)

o

" IIJIOTHOCTHU MOIIMHOCTH JUCCHUIIATUBHBIX CHUJI.

At sg
= _rﬂ’dt_’r"_

B cmoe MPIDK tonumuoit |, coorsercTByromeii snemenTapHOi
srgeliKe, MPUXOAAIICHCS Ha ONHY YacTHILy, IUIOINABI0 IOMEPEYHOro cede-
nus dS, o6vemom dv = DSI, pabora nuccunaruBHbIX CHIT MpeBpamaeTcs B
MIPUTOK TeTJIa — CKATSIPHBIA MTOTOK.

Bergemnstroeecst BCIEACTBAE ANCCHIIAINH TEIUIO CKIIAJbIBACTCS 3
KOJIMYECTBA TEIUIA, BBIIETAKOMIETOC B KakI0M 00beMe OV npu obTexannn
BCEX YACTHII, ABIDKYIMXCS CO CPEAHEH KBa3UTEIUIOBOH CKOPOCTHIO:

wi 3)

DTO KOIMYECTBO TEIJIa PABHO PaboTe CUIl BA3KOIO CONPOTUBICHUS
TEYEHHUIO HECYIIEH KHUIKOCTH € BA3KOCTBIO T)o, OKa3bIBAEMOTO KaXKIOH Jac-
el Ha myru VTdt:

ra

v
54; = oV,dSdt = ﬂn%det

50 84, VA ' 3k, T,
ﬁ _— 'IIE — Tl TL?S _— 'Il'.'.lnl-l- ! _— 'II'.'.IDET“' (4)

2 e
e = 2l {(T:)
a MOTOK BBIIEIMBIICTOCS TEIJIa PABEH: My L2V
Eciu npuHATH 3HAaucHHs BenuuuH B (4) kak: T = 10°%¢, d = 107m,
my = pd3 =10% kI, | = 10* m, At = 10 ¢, TO IOTOK BBLIEIUBIIETOCS
Teruia:

LAY CHAC 1))

onpenensier nospinenne temneparypsl kak AT = 20K, koropoe paccuu-
taHo o popmyine (5):
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50 J AVAt
C0 T G0 (5)
TloBEImICHNE TEMIIEPATYPbl MOXKET OBITH OIMPEACICHO TAaKXE U3

YpaBHEHUA TCIIJIONPOBOJIHOCTHU IIPHU OTCYTCTBUU I'paAUCHTA TEMIICPATYPHI U
KBa3UTCIIJIOBOI'O IBHXKCHUA YaCTHUIL:

dr _  d3T WY ar gAY
R e R S o

AT =

Ipu 3amanHOM mpouie CKOPOCTH W BBIMHUCICHHOW BBIIIE BS3-
xoct NoJ MHTErpupoBaHHEM MOJyYaTCs 3aBUCUMOCTB Ul OMpPEACIICHUS
u3MeHeHus TemnepaTypsl MPIDK:

EIAY
Iﬂcp J-I!Ei;r' = ?"lx}. 6—}‘ Jrl!tit

B Y’ Mag (AN
pl AT = AL, A= —— ] — AL
L Nad (a,),) QC;: ﬂ'}' , (6)
" 1npu BLI6paHHLIX napamMeTpax mnojy4acM TakKo€ K€ 3HAYCHUC YBCIUYCHUS
VI3 pae
T — nas &u‘; _ 20K
TEMIIEPATYPHL: L .

Harpes MPIDXK 3a cder paGoThI CHJI BI3KOTO COMPOTUBIICHUS 3a-
JaeTcs OIpeAeTiCHHEM BS3KOCTH HEMOCPEICTBEHHO depe3 3(QeKTuBHYIO
TEeMITEpaTypy KBa3HUTEIJIOBOTO IBHXKEHHUsS 4acTHIl [5], Kak MOKa3aHO ypas-

HenueM (7):
: (Ts : T.) : Cb)
T — gl ieng | —a— | — gV Lenp | —
¥r wF, (7
i} 1 ., TF Zyot VN2
= -1 I 7 ¥a — H i — il T _
rie z = ong Ry (2malek; B s T, :M_b”( HJ:)

IUIOL@A/IL MONIEPEYHOT0 CeueHus arperara, R, — ero pasmep, M, — ero

a
2

macca, K (H) = 2?9 ? Jp° Vp — sHeprus cBf3H LeNH 9acTHII OPH pac-
. &

Tsoxernd, L, — pquj Fon e SHEPIHs CBA3U arperara npu ciasure, do—
) u

PaBHOBECHOE PACCTOSIHHE MEXAy 4YacTHLAMHU B arperate. Ecnu BennunHa

ckopoctu casura MPIDK B MarHUTOpeoI0TH4eckoM YCTPOMCTBE Y Topas3io

MEHBIIIE CKOPOCTH CJIBHTA Yp, COOTBETCTBYIOILICH SHEPIUU CBA3H YacCTHIl B

z E, 4

Yo — g3z ¥

arperarax, TO MPUOJIMKEHO MOJTydaeM: 2m,{C,] u, ¢ y4e-
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toM (7), tie By = 3,77, do = 10 M, ky = 102 J/K, N, = 1020 M3, 2 = 4m-107 T/m,
Vp = ds Jp = 105 Am, Ry = D, = 10°m, 6 = Ry, Te = 666,66 K,
dB =2,513-10% ¢, K¢ = 5,027-10™ J, ngz = 5,49210° 1 = 2,382.10° xI/mc,

Vx =10° ¢,
oy

B sroM mpuOnukeHuH NmpH HarpeBe 3a CUET AWCCHIALMH UMEEM
gradT = 0 u npupamenue Temneparypsi MPIDK onpesensieTcss MHTErpH-
POBaHHEM YPaBHEHHS TEIUIONPOBOIHOCTH C 33aJaHHOM MOLTHOCTBIO UCTOY-

HHUKa TeIlja:
d air LAY o AT _ AN
::t‘ Mex\ay ) Plvgs = M lgy |
M '

? =2, MOXHO NOJIY4UTh: Y =

-

f, —=

ak, T A =23eilE
At bl .

Takum 00pa3zom, mokasano, uro HarpeB MPIDK, Tekyiieit B 3a3ope
“aeTanb—MHCTPYMEHT MAarHUTO-IIOJIMPOBAJIBHOIO YCTPOMCTBA, paccuuTaH
JIO ONpEAETICHHBIX 3HAYCHUH CpellHEeH TeMIepaTyphl C Y4eTOM HMPHHSTBIX
JONYIIEHUH B MPEIIOJIOKEHUN 3aJJaHHOTO MPOQMIIST CKOPOCTH Uit KydT-
TOBCKOTO TeUeHMs. PeaibHBIl MPOQHIb CKOPOCTH XUAKOCTH CIOXKEH H
HarpeBaHHe HEOJMHAKOBO B CPEAWHE MPOMEXYTKa M BONMM3M neTanu. B
ATOM CITydae JUTs TOTY4eHHs pacipeelieHusl TEMIIEpaTyphl 10 3a30py Tpe-
OyeTcs peleHNe OTACTHHON BRIUNCIATEIBHON 3a/1a4H.
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CEKIMSI MH®OPMAIIMOHHEX TEXHOJIOTMM,
BEMUCJINTEJILHOM MATEMATHUKHA
U KUBEPHETUKN

HNOT'PEIIHOCTHU COBPEMEHHBIX CPE/ICTB OBCEPBALIA
N HEOBXOANMOCTD UX YYETA

[llanosan E.B. Kuegckas zocyoapcmeennasn akademus 600H020 Mpancnopma
um. I1. Konawesuua-Cazatioaunoeo, 2. Kues, Yxpauna

HecMotpst Ha camble COBpEMEHHBIE CpEICTBa, NMPUMEHIEMBbIE IS
OTIpENICTICHNS] MECTa Cy/Ha, HABUTALMOHHASI aBAPUHHOCTH CYJOB B HAcTOs-
mee BpeMs COCTABISIET 3HAYUTEIBHYIO BEIMYMHY. TCHICHIUS CHUKCHHS
KoTopo# 3a mocnemaue 10 et kpaliHe He3HAUMWTeNbHA. JloCcTaTOYHO Mamas
MacIOpPTHAsT MOTPEIHOCTh COBPEMEHHBIX CPEJICTB HABUTAIMHM M IPAKTH-
YeCKH TIONHAs aBTOMATH3allMsl YIPaBICHHUS CYIHOM CO3/1aeT Yy MHOTHX
CyHOBOIUTENIEH WMIUTIO3UIO, YTO TOYHOCThH ONpEeNICHus MecTa Bcerga Io-
cTaToyHa Jyisi oOecrieueHus: 0e30MacHOCTH. B peanbHBIX Ke YCIOBHAX Ha-
BHUTAIlMM JIaKE CaMble COBEPIIEHHBIE CITyTHUKOBBIE CHCTEMBI MOT'YT J1aBaTh
MOTPEIHOCTH, BEJIMYMHBI KOTOPBIX MPEBBILIAIOT IOIYCTUMBIE 110 coo0pa-
KeHHsM Oe3onacHocTH. lIpuurHamMu yBeNMYEHHUs IOTPEHIHOCTEH ompene-
JICHNs1 MECTa C WCIOJIB30BAaHUEM CITyTHHKOBBIX NpueMonHukaropos (CITH)
MOTYT OBITh: MHOTOJIy4€BOE PACHpPOCTPAHCHHE CHUTHANA, pepaKkIHOHHBIE
SIBJICHUS, HEZIOCTATOYHOE KOJIMYECTBO CIYTHUKOB B 30HE Ha/IC)KHOHM CBS3H,
craperne CIIM u ero aHTeHHBIX YCTPOMCTB, yAAIEHHOCTh HA3EMHBIX CTaH-
uuil B ciaydae ucrnodib3oBanus DGPS. B 3T0# CBsI3u ¢ TOUKH 3pSHUS IPHHS-
THUS IPAaBUIIBHBIX PELICHUH O CIIOCO0E OCYIIECTBICHUSI 00CEpPBALlUU U CUHC-
JICHUA UHTCPEC NPCACTABIAIOT HAHHBIC, MOJYUYCHHBIC Ha IMPOTSAKCHUN [10-
CTaTOYHO MIUTECIBHOTO BPEMEHU M B PA3JIMYHBIX TOYKaAX 3eMHOM TTOBEPX-
HOCTH. DKCIIEpUMEHT MPOBOJMIICA aBTOpoM ¢ uctnonb3oBanueM CITN GPS
u I'JIOHACC (moznens R-4), GPS kommaca JLR-10T, rupoxommaca CMZ
700 9 (c anpens no uronb 2013 r. u B aBrycte — okTs16pe 2014 r.) Ha GopTy
tankepa “Harbour fountain”.

st onpezneneHUs] BO3MOXKHBIX TOTPENIHOCTEH CUUCICHHUS MecTa
CylHa JaHHBIE CHUMAJHCh C MHTEpBajJaMHM B 1—2 MHUHYTHI (CyaHO OBLIO
OIIBApPTOBAHO, PAOOTHI HAa CyAHE HE IMPOMU3BOIMINCH). PDUKCHPOBATIOCH Clle-
IyIoIee: BpeMsi, KoOOpAWHATH cyaHa, rupokommacHsii kype (I'’KK) cynna
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MoKa3aHus Kypca cymoBoro cmyrHukoBoro kommaca (CKK), yrmosas cko-
POCTB IMOBOPOTA CyTHA MO THPOCKOITMYECKOMY yKa3aTemro, a TaKXkKe THIPO-
METEOpOJIOTHUECKIE YcIoBUs. [lomydeHHbIe AaHHBIE KaXKIOTO H3MEPEHHS
KOOpIMHAT U Kypca CydHa M3 pa3HbIX CEpUN H3MEPEHUN CPAaBHUBAIUCH
MexIy coboil ¢ TeM, YTOOBI OmpeAenuTh pacxoxaeHue mokazannid CIIN,
CYZIOBOTO CITYTHUKOBOTO KOMITIaca M THPOKOMITaca.

Tabmuna 1
3HauyeHHsI CpeIHEKBAIPATHYECKOIi MOTPeNHocTH 06 cepBaliy (B MeTpPax)
GPS TJIOHAC Mar.
Tlopt Kpuc- | bams- Kpuc- | bams- | 0xuz.

Kamnao (Tanapa TobOanms | Ooa Kamnao | Tanapa tobans| 0oa |CKO, m

2013| 0,982 | 2,636 | 0,786 | 4,748 | 3,03 | 2,714 | 0,397 |4,272| 2,4456
2014( 0,915 | 2,710 | 3,87 |5,255| 1,281 | 6,342 | 4,384 |5,538 | 3,7871

B tabnune mogaHbl pe3ynbraThl 00pabOTKU JaHHBIX, MOTYYEHHBIX
ot CIIU (Bocemb cepuii n3MepeHuil, Kaxaas U3 KOTOPBIX COepKaia He Me-
Hee 80 3amepoB). PezynbraThl 00pabOTKH OJHO3HAYHO YKA3bIBAIOT HA UMEIO-
LIyIOCS] TEH/ICHIIMIO YBEJIMUCHHS TIOTPEIIHOCTH CO BPEMEHEM.

B paznmuHbIX yCOBUAX IUIaBaHUs ObUIM, TIOMYYEHB! JAHHBIE O 3Ha-
4yeHusx Kypca, BeipadareBacMbix [' K n CCK, B 3aBUCHMOCTH OT BpEeMEHH.
Beun paccunTaHBl OTHOCHTEIBHBIC MOTPEIHOCTH M3MEHEHHUS IOKAa3aHUN B
KaXABIi MOMEHT BpPEMEHH, NPEJCTaBICHBI B BHIE Tpa(uKOB, KOTOpHIE
HaIIAAHO WITIOCTPUPYIOT KOJMYECTBEHHYIO Pa3HHUILY B IOKAa3aHUIX KOMIIa-
coB. Takoe pazinymMe AaHHBIX OT CYAOBBIX KOMIIACOB MOXET Je3UH(Op-
MHPOBATH CYAOBOJAUTEIIA, YTO MOXKET ITPUBECTU K CepBESHOﬁ aBapuu.

204 —— KK
——CKK
—T KK

203
\\ y = 0,0059x + 202,26 ELL
A g H

\ y =-0,0069x + 201,84
201

N
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Kype, rpan.
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Puc. 1. 'padpuxn nsmenenus nokazaumii 'K u CCK
NPH ABMKEHHH CYJAHA C TPY30M Ha I0CTOSTHHOM Kypce
0e3 nepexJIaIbIBAHMIL Py/If HAa THXOM BOJe U IIpH TopMozkeHnuu (2013 p.)
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Oco0eHHO sIpKO 3TO MILTIOCTpUpyeT 3kcrepumeHT (2014 1.) BO
BpeMs IBHKECHUS CyIHA C Ipy30M Oe3 IepeKiaAblBaHus pyiIs Ha THXOH Boze
1 TIpY TOPMOKEHNH, B KOTOPBIX PAa3HMIIA 3HAYCHUH KypcoyKas3aTenel 10CTu-
rana 1,6° (puc. 2). CpaBHUTENBHBI aHamM3 JaHHBIX 3a 2013-2014 rr. npu
CXO0XKHX YCIIOBHSIX IIJIABAHHSI U THAPOMETEOPOIOTNIECKUX BO3ACHCTBUSAX HA
CYAHO TIO0Ka3aJl, YTO Ha TOYHOCTH OMpPEACICHNUS KOOPANHAT U Kypca BIMSET
crapeane CCK. [Ipu 3TOM TOYHOCTH YXyJIIA€TCsI CO BPEMEHEM DJKCIIya-
Taluu ykazaTens Kypca. Jlng ompeneneHHus TEHICHLIUH OTIMYUN MEeXITy
nokasanusiMu CKK i 'K B mporiecce TopMokeHusI CyfHa OBUTIO MTOCTPOCHO
JMHUU TPEeHJa JUIsl BCeX HaOOpOB NaHHBIX. JIMHUM TpeHza MOCTPOEHO Me-
TOJIOM HaMMEHbBIMX KBaaparoB (MS Excel) kak jnHelHBIE 3aBHCHMOCTH
MeX Iy BpeMeHeM U 3HaueHueM Kypca, nmoganHeM CKK u T'K:

Yeex = 0,0529% + 202,82; (1)

Yrx = 0,0191x + 202,2; (2)
Yeex = 0,0059x + 202,26; (3)
Yrx =-0,0069x + 201,84. (4)

[epemeHHbIC B alpOKCUMAIMOHHBIX MOAHMHOMAX ((opmynbr 1-4)
MO>KHO TPaKTOBaTh TaKUM 00pa3oM: Y — 3HaueHHE Kypca, X — BpeMsl. 3Ha-
YyeHHe KO3 QPHUIMEHTA MPHU TEPEMEHHON X COOTBETCTBYCT TCHJICHIIMU W3-
MEHEeHHMS 3HaueHus Kypca. J{ist naHHbIX, moimydeHHbIX B 2013 roxy, Habmo-
JaeTcsl yBenudyeHus: pazHulbl Mexay nokazaHusmu CCK u 'K B 3aBucu-
MOCTH OT BpEMEHH C Hadalla CepHH M3MepeHuid. [laHHEIe, MOydeHHEIC B
2014 r., yka3pIBaloT HE TOJBKO HA HAJIMYUE BIMSHHUMI, U3MEHAIOIMX MOKa-
3aHMS yKazarenell Kypca, HO M Ha MX CTOXaCTHYHOCTh — pa3Max pa3HHIIBI
nokazanuit CCK i 'K B Hekoropbix cepusix meHbine (—0,71°), yem B
npensiaynmx cepusax (—1,397°), Ho oYK coOCeTHUX 3HAUYEHUH CYIIECT-
BeHHO Oompime. [Ipr TOpMOKEHUU CyAHA PACXOXKACHHE JAHHBIX pas3iind-
HBIX yKa3aTeJel Kypca co BpeMeHeM yBennuuBaeTcs. He aHamusupys npu-
YUH BO3HUKHOBEHUS Pa3ilyduii, MOKHO YTBEPK/IATh, YTO B OTACIBHBIX CITy-
Yyasx OHU MOTYT COCTaBJATH 1,25°, uTo mpu cpeHelt CKOPOCTH CyaHa 5 y37I0B
OyIIeT COOTBETCTBOBATH MOTPEINHOCTH CYMCICHUS MecTa mopsiaka 100 m.

Ha ocnosanuu nposenenHoro anammsa nokasanuii CITIM, 'K u CCK
MoxHO caenath BbBOJ, yTo CIIM, CCK, kak u apyrue ykaszatenu Kypca,
TpeOYIOT CHCTEMaTHYECKOTO KOHTPOIIS MX TOYHOCTHBIX XapaKTePUCTHK IIPH
peanbHO 3KcIuTyaTanuu. KoHTpoias HEOOXOOMMO MPOBOIUTH HE3aBUCHUMO
OT TOTO, KaK JaBHO MPOBOIMIINCH pEerJaMEeHTHBIC PabOTHl M MOBEpKa, YTO
00ecTeunT MaKCHMaIbHO BOSMOXKHYIO JIOCTOBEPHOCTh HABUTAIIMOHHBIX JIaH-
HBIX, U, CJIEZIOBAaTEIFHO, 0€30IaCHOCTh CYJOBOKICHHUS.
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ITPOBJIEMA BUBOPY
MOBU HABUYAHHA ITPOT'PAMYBAHHS

Jlanincoxuii B.B.
Inemumym nedazoeixu HAITH Yxpainu, m. Kuis

Hapuanus iHpopMaTrku nepeadadae HaIIPEIMETHICTD NEIKUX IIi-
Jiell HaB4aHHs, 30KpeMa (hOpMyBaHHs IKOCTEl 0COOH, SIKI HA3UBAIOTh ‘“KOM-
I’ roTepHa rpaMoTHicTh”, “iHdopmauiiiHa KyneTypa”, “computer skills, abi-
lities”, iHIMMK COBaMH — 3JATHICThH JFOJUHH €()EKTHBHO BHKOPHCTOBY-
BaTH iH(popmariiHi TexHomorii (IT) # BiamoBiaHI 3ac00M TPOIYKTUBHOT [iisITb-
HOCTi. BakJIMBUM CKJIQJHMKOM LiJIed HABYaHHS B 3araJlbHOOCBITHROMY Ha-
BYANTFHOMY 3aKiaji € (OpPMYBaHHA KOMIIETCHTHOCTEH YJHIB B OCHOBax
HayK. Y TepMiHaX KOMIICTEHTHICHOTO MiJXOAy 0 pe3yabTaTiB HABYAHHS, 3a-
3HAUCHE ONHCYETHCS SK (POPMYBAHHS KIIIOYOBHX KOMIIETEHTHOCTEH, 30K-
pema nHudpoBoi OOUMCITIOBATIBHOI, 3araJIbHOHAYKOBOI 1 3aralbHOTEXHOJIO-
riYHOi, SIKI BHOKPEMJIEHO JOKyMeHTaMu Pamu €Bponu sk KOMIIETEHTHOCTI
JUISL HABYAHHSI TPOTSATOM JKHTTSL.

[IpaBusbHE CHPUIHATTS JIOJMHOIO OaraThboX SBUIL, SKi Bij0OyBa-
IOTHCSI B Cy4acCHOMY TE€XHOJIOTI30BAaHOMY CYCITLJIECTBI HEMOMUIBE Oe3 03HaioM-
JIeHHS 3 alNrOpPUTMI3ali€l0 H OCHOBaMHM IIpOrpaMyBaHHs, NMpPUHAWMHI Ha
piBHI omucaHb i BUKOHaHHS IpoCTUX anroputmiB [4]. Tomy, B 3B’s3KY i3
3aIPOBaPKCHHSM MOTIMOJICHOTO BUBUCHHS OKPEMHUX MPEIMETIB, 30KpemMa —
iHpopmaruku y 8-9-x knacax [2], maboparopicro HaB4aHHS iH()OPMATUKA
IactuTyry menmaroriku HAITH Vkpaiam, 3a crpustHHS HayKOBO-METOIHY-
Horo XypHany “Komm’torep y mkom Ta ciM’i”, IpOBEIEeHO MHMPOKE 00T0-
BOPEHHS BUMTEIBCHKUM 1 HAyKOBO-TIEJATOTIYHMM 3arajioM mpoOieM Ha-
BUAHHS alropuTMi3aiii i mporpaMyBaHHS B OCHOBHIM IKousi. Y 00roBo-
PEeHHI B3sUI0 y4acTh OLIbINE IT’SITACCSATH BUYMTEIIB 1 HAYKOBIIIB, CY/PKCHHS
SKUX OYJI0 BiIOOPaXKEHO Y KiIbKOX HOMEpax XK ypHaly, Ha caiTax, hopymax
i O6orax.

Ha vaci niaBeeHHS IeSIKUX IIPOMIXKHUX ITiJICYMKIB.

IHimifioBaHe 0OrOBOPEHHS BUSBHIIO ITEBHI PO30IXKHOCTI B MiAX0IaX
JI0 HaBYAaHHS aJrOpPUTMI3allil ¥ MporpaMyBaHHs 1 JIOMTOMOTJIO BUOKPEMHTH
CHIJBbHI IiJ, JOCSTHEHHS SKUX Ma€ 3HIMCHIOBATHCH 33 OYIb-SIKUX YMOB.
3anumayd 32 MeXaMH OOTOBOPEHHS JOIUTBHICTH MPOAOBKEHHS HOTPH-
MaHHS KOPHCTYBAI[bKOTO MiIXOAY Y HaBYaHHI iH(HOPMATHKH B 3arajlbHOOC-
BITHIX HaBYAJIFHHX 3aKJIa/laX, MOXKHA 3a3HAYUTH, IO IPOTATOM IOCUTH TPH-
BAJIOTO Yacy B YAaCTHHI 3araJbHOOCBITHIX 1 CII€LiaNi30BaHUX HaBYAIBHUX
3aKIaaiB YKpaiHu CKJalach TPAIWINA HAaBYAHHS 1HGOPMATHKM 3 MPEBAITIO-
BaHHSM caMe IporpamMmyBaHHs. 30pi€HTOBaHICTh HABUAHHS IH(POPMATHKU Ha
(yHIAaMEHTAIBHICTh HaJaNa YYHSIM TaKUX HaBYaIbHUX 3aKJaJiB MOXJIH-
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BiCTb OTPHUMYBATH CTaOLIBPHO BHCOKI PE3ylNbTaTH SK Ha BCiX eTamax Bce-
VKpailHCHKHX, TaK 1 MDKHAPOJHHUX OJIIMITialaX 3 IMporpaMyBaHHS.

50 43,3
40 36.1
30
20
9,3
10 5,7 2.1 10 2.6
0 - — I
‘o %, % % E 2 %
x L e ] ""7
< “a Z &
%, %, z

Puc. 1. Po3noain moB nporpamyBaHHs,
sIKi BKA3aJI4 B CBOIX aHKeTaxX YYacHUKH oJjimmian, %

BeszymoBHO, rpynu MoB i cepenoBun nporpamysanus C, C++, C# i
Pascal (y T.u. Delphi i FPC), ski € cTangapTHUMHU Ui ofiMmiaa 3 mporpa-
MYyBaHHS, 3aiiMaroTh mepin Micus (puc. 1). OCKiIbKY ONpamoBaHHS Pe3yilb-
TaTiB aHKETYBAaHHS IIPOBOJIIIOCH 0€3 ypaxXyBaHHS KJacy, B SKHX HABYAIIUCh
y4Hi, OTpEMaHO NeBHY mepeBary mis Pascal moxibuux moB (43,3 % mpotu
36,1 % must C i moxi6HMX). PazoM 3 THM, 32 0COOMCTHMU CIIOCTEPEIKESHH MU
aBTOpa, YYaCHUKH, AKi IMpOrpamyBaly 3a3HAYEHHMMH MOBaMH, cepell Iepe-
MOXKIIiB OYJIH B MEHIIIOCTI 1 BUKOHYBAJIHM 3aBIaHHS MMOBIIBHIIIIC.

SIk Apyry MOBY IporpaMyBaHHs y4aCHUKH BKa3yBaJlk JIOCUTH LIH-
POKHil CrieKTp MOB i cucTeM mporpamyBanHs. Mosu Java, JavaScript ymoBHO
00’eTHAHO B OJHY TPYIyY, X0ua iX MOxKHa Oyno O aHami3yBaTH W OKpPEMO,
abo 00’exHATH 3 pelror MOB, ski 3abe3neuytors OOII, abo ymMoOBHO Bu-
OKpeMHTH B Tpymy pasom 3 Python i PHP. Okpemo MoXHa Bi3HAYUTH JI0-
CHTB BEJIUKY YaCTKy KopucTyBauiB Python [2, c. 17].

CnpsiMoBaHICTB OiIBIIOCT] YHaCHUKIB Ha MPOQeciiHy IisUIBHICTD Y
ramy3i IT cBiMUATH HasBHICTH cepell MOB, SIKi BOHH HAMaraloThCS OCBOITH,
AK 30pi€eHTOBAaHUX Ha BeO-mporpamMyBaHHs, TaK i MOB, 0 MAIOTh MHUPOKHHA
CHEKTp 3aCTOCYBaHHS. 30KpeMa, IMOPidHA TMOsABa KUTBKOX aHKET, B SKUX ydac-
HUKH BKa3yIOTh MOBY 3aIlUTiB 10 0a3 JaHUX, CBIAYUTH MPO Te, IO i y i,
JOCUTh crienudiyii 1 HEMpPOCTid Trajy3i, BemeThcs MeBHa pobdora. Mosa
Basic, ska ocTaHHIM 9acoM Maibke HEe BHKOPHCTOBYETHCS IIsi HABYAHHS,
TaK0X HE 3aIMINAETHCS T103a yBarowo [2, C. 9]. CepenoBulie mporpaMmyBaHHsI
QuickBasic 4.5, Ha fyMKy 6araTb0X METOIMCTIB, HIYMM HE MOCTYIAETHCS 32
YITKICTIO CTPYKTYpYBaHHSI KOJy peaji3allisiM CHCTEM MpOrpaMyBaHHS MO-
Boto IMackans [1, . 18]. Ha xopucth HaBuanus mosu Visual Basic i VBA
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MOXKHA JIOAATH IIe ¥ Te, Mo OUTBIICTh KOpUCTYBadiB IT BUKOPHCTOBYIOTH
Microsoft Office, y sxomy VBA € aGcomroTHO IPUPOIHIM criocoboM “‘Ha-
pOCTHUTH” MOXKIIBOCTI, SIKi 3a0€3MeUyIoTh KOPHCTYBAa4eBi OQiCHI JOAATKH.
OO0’exTHI MOJEi, MO BHKOPUCTOBYIOTHCSI B €IEKTPOHHUX TaOIHILAX, HO-
CTYIHI IUIsl CIPUHUHATTS YYHAM, a MIPOLIEAYPU ONPALIOBAHHA MOJii onucy-
I0TBhCS TEXK IOCUTH POCTO.

HapuanHsi anroputMizanii i mporpamyBaHHsI Ma€e CTaTH 3aco0OM
(hopMyBaHHs HAYKOBOT'O CBITOIJISITY, KPUTUYHOTO MHCJICHHSL, criocobom dop-
MyBaHHS 34aTHOCTI YiTKO, SICHO 1 MaKCHMaJIbHO KOPOTKO OIKCYBaTH MO-
Jenb sBua, o0’exra. [loenHaHHs mpoueaypHOro i 00’€KTHO OpieHTOBa-
HOTO IIPOrpaMyBaHHSI, IepexiJ| BiJl MEPILOro 1O APYroro, MOXKJIMBI 32 yMOB
BUOKPEMJICHHSI 1 YITKOTO YCBIZIOMJICHHS KiJIbKOX, Ha HAIy AYMKY, IYXKe
BXITUBUX TBEPIDKEHD 1 (akTis [3]:

1. TlpyHIMIT TPOTPaMHOTO YIparIiHHA Yy OLtbIIOCTI cydyacHux EOM,
HOIPH BCIO CKJIAIHICTh CYY4acHOTO arapaTHOro i MporpamHoro 3abesre-
YyeHHsI (0araTomnponecopHiCTh, KOHBEEPH TOIIO), 3aJTHINAETHCS TAKUM, SKHMA
JI03BOJIsIE FIOTO IMOSICHUTH, BUKOPHCTOBYIOYH TIOHSITTSI €JMHOI, JIIHIHHOI, ajpe-
COBAHOI I1aM’ ATl 1 OCIJOBHOI'O BUKOHAHHS KOMAaH]I.

2.T"0I0OBHUMM BiJIIpaBHIMHM TOYKaMH y HaBYaHHI po3niiy ‘“Anro-
pUTMi3alis 1 mporpamyBaHHs  MaloTh OyTH: moOymoBa Mopemi (sBHIIA,
00’eKTa) 1 omHcaHH il CIIOYaTKy IPHUPOIHOI MOBOIO, ITOTIM, MOKITUBO, Y
BUTIISAAI ONOK-CXeMH 1 MaTeMaTWYHUX BHpPa3iB, a BXKE TIBKH MOTIM —
MOBOIO ITPOTPAaMyBaHHSI.

3. HaitOimbmr iprpogHiM 1 CTPOTHM TIepexif| BiJ IpOIEeIypHOTO Tpo-
rpamysanust 1o OOII B6auaeThcst 3 BUKOpHcTaHHsM MoBu Pascal ta man-
LI0)KKA MOHSATH: TUIH — IPOLeypH — IepeaBaHHs JaHUX — 3alHC (CTPYK-
Typa SIK BJIACTHUBICTh) — 00 €KT (CTPYKTYypa SIK BIACTUBICTH + Ipoueaypa sK
METO/) 3 000B’SI3KOBOIO H10T0 MPOMEICBTUKOIO Ha TIOYATKOBHX €Tarax HaBYaHH L.
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KUBEPHETHYECKHE IIYTU OITUMU3ALIUN
JIA® ®EPEHIUAJIBHOM IMATHOC TUKHA 3ABOJIEBAHUM

Coxon A.@. Hspaunvckas Hezasucumas Akademus pazeumus HayKu
8489726, Feap-Lllesa, Bonvghcon 26/7, men. +97286655909; e-mail sokoladolf@yahoo.com

Juddepentmanbaas MMarHOCTUKA SBISETCS OTHUM U3 CAMBIX CIIOXK-
HBIX JTallOB MBICIIUTENILHOM JIESTENbHOCTH Bpaya MPHU YCTaHOBJIEHUH Ipa-
BWJIBHOTO JarHo3a. CymecTBYIOT J1Ba MYTH ONTHMH3AIMH AUArHOCTHYEC-
Koro mporecca. [lepBblif M3 HUX — BHEIpEHHE BHICOKMX TEXHOJIOTHH B
KJIMHUYECKYIO MIPAKTUKY. DTOT IYTh SIBISETCS OUYEBHIHBIM M IIPHHUMACTCS
0e3 Bo3pakeHUH. BTopoif myTs — HHTEHCUUKAITISI HHTESIUIEKTYATBHOH Jes-
TEJIBHOCTH Bpada. Takoil myTh B 3HAUUTEIHHOI CTENEeHH O0JeTrdaeTcs IpH
WCIOJIb30BAHNY NPHHIUIIOB KHOSPHETHKH, B YACTHOCTHU, AJITOPHTMHU3ALNN
JUarHOCTUYIECKOTO MpoIiecca.

CyH_[eCTBeHHBIM HEAO0CTAaTKOM yqe6HI/IKOB 10 KIIMHUYCCKUM OUC-
OUIIJIMHaM SBJIACTCA OINMMCAHUC KIIMHUKHW W JUArHOCTUKHU YKE HM3BCCTHBIX
OoJie3Hel, MeXJ1y TeM B KIIMHUYECKOH PaKTUKE CTYJICHT ¥ Bpad JBUTAlOTCS OT
HEHM3BECTHOTO K M3BECTHOMY. B CBfI3M ¢ 3THM JlorHyecKkasi CTpyKTypa MBbIII-
JICHUS TIPH U3YYSHUH y9eOHUKA U OOJIFHOTO CYIIECTBEHHO OTIMYAIOTCA.

['1aBHBIM ITOPOKOM MBIIUICHHS CTYAEHTOB M MOJIOJBIX Bpaueu
SIBJISIETCSI HECTIOCOOHOCTh NMPEBPATUTH 3HAHUS B YMEHHUE, MIPUIOKUTH UX K
0osbHOMY 4enoBeKy. 1 0BOpST, YTO 3TO JOCTUIAETCS MHOTOJIETHHUM OITbI-
ToM. OZIHAaKO MPAKTHKA CBUAETEILCTBYET, YTO MIPH PALMOHAIBHO TIOCTPOCH-
HOW CTPYKTYPE MBICIUTEIBHBIX OMEPAITH MOKHO PE3KO COKPATHTD TEPHO
HaKOIUICHH ITOJOOHOTO OIBITA.

Y4eOHUKHN OTBEYAIOT HA BOMPOC: YTO HEOOXOIUMO 3HATH JUIA pac-
no3HaBaHus 0ose3HU. J[MarHOCTHYECKUE alITOPUTMBI OTBEYAIOT Ha BOIPOC:
KaK HaJI0 AyMaTh ISl CBOEBPEMEHHOM OCTaHOBKHM JIMArHo3a.

COBpeMeHHbIe MPUHIUIBI ONTUMHU3AIIUNA JUATHOCTUYECKOIO Mpo-
necca paspaboransl JI.b. HaymoBsmM [1]. OHu BKIFOYarOT: 1)CHHIPOMHBIN
aHanu3 3a0o0JeBaHus; 2) BHIOOp pEINAIONMX NPU3HAKOB; 3) aJrOpuTMHU3a-
LU0 IUArHOCTHUECKOro nporecca. Barmsaasl JI.b. HaymoBa momyunmu nans-
Helllee pa3BUTHE B HAIIMX MOHOTPa(HsX, MOCBSIICHHBIX pa3paboTKe U BHEI-
PCHHMIO B IIPAKTHKY aJTOPUTMOB 1H(hepeHIaTbHON THaTHOCTHKH SHIOKPHH-
HBIX 3a00JI€BaHMM U CXOIHBIX COCTOsAHMI [2—4].

Co3pmanne nuddepeHnaIbHO-MAarHOCTHYECKUX aITOPHTMOB TIPeI-
ToJIaraeT cienyronme npeodpa3zosanud [1]: 1) onTuManbHYIO TIeperpyIm-
pOBKy OoJie3HEl, T.e. MHOJKECTBA HO30JIOTMYECKHMX E€AWHUL[ B KpPYyIHBIE
KJIacchl Oone3Hel, 00beTMHEHHBIX OONMMHU T Ka)XJ0ro Kiacca CHHAPO-
MaMu; 2) BBIIEIEHHE MUHUMYMa PEHalonMX IPU3HAKOB; 3) ONpeaeIcHHas
MIOCJIEZIOBATENBHOCTh y4eTa U UCTOJIKOBAHHS PEIIAIO X IPU3HAKOB.
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AJNTOPHUTM ITO3BOJISICT PEIIATh MOCTABICHHYIO 3a/1a9y HE3aBUCUMO
OT YpOBHS KBaJU(UKALUUA TOTO, KTO MM MONB3yeTcs. J{MarHOCTHYEeCKue
AITOPUTMBI SABJIIFOTCS MO CYIIECTBY CTpaTeTHEl TMAarHOCTHIECKOTO ITOUCKA.
B aToM ciryuae mporiecc moucka onpeenseTcs JIUIb CTPYKTYPOH 3a/1aun U
HE 3aBUCHUT OT KaKMX-JIM00 XapaKTePUCTHK TOTO, KTO pellaeT Ty 3a1auy.

B xoHEeuHOM HMTOre IMarHOCTUYECKUI MOMCK 3aBepIIAeTCs MPUHS-
THEM OIpPENENIeHHOro pemieHus. [IpuHsITHE peleHus — 3TO Mpouecc mpe-
o0pa3oBaHUs onpeeneHHON nHpopMaIy B neiicteue [S].

[paBuna mone3oBaHus M} pepeHIHaTEHO- IMATHOCTAYESCKUME AJIT0-
pUTMaMU TIpeeNbHO TPOCTHL. [lepBbId “mar” amropuTMa OOBIMHO pasfe-
nsetr auddepeHnnpyemMble 3a00JI€BaHUS HA IBE OCHOBHBIC TPYIIBI (MEX-
CHUHJIpOMHas IWarHOCTUKa). B nanpHeiem, ABUTasCh Mo OJTHOM U3 BEPTH-
KaJIbHBIX BETBEH, Bpad MPUXOJUT K OKOHYATEIBHOMY JUArHOCTUYECKOMY
WM TAaKTHYECKOMY PEILEeHUIO.

Kak cBuIeTenbCcTBYeT KIMHUYECKHN ONBIT U Pe3yNbTaThl MOJEIH-
pOBaHUS IWAaTHOCTHUYECKUX CHTYallMii B y4eOHOM IMpOIlecCe, HCIIONb30Ba-
HHE aITOPUTMOB TOBHIIIACT 3(PPEKTUBHOCTH THATHOCTHKH B 5—25 pa3 (!).

Hcnonp3oBaHne alTOPUTMOB B KIMHUYECKOW MPAKTHKE JOJDKHO B
00513aTeJILHOM TTOPSIJIKE COYETATHCSI C CHCTEMHBIM 00CIIe/IOBaHHEM OOJIBHOTO.

Bce nu auarHocTryeckre 3aauy MOXKHO PELUTH C TOMOIIIBIO aJro-
putMoB? Ha 3TOT Bompoc cienyeT OTBETUTh OTPHULIATEIbHO H3-3a CIIOX-
HOCTH MHMBUIYAIEHOTO TEYEHHUS O0JIE3HN Y KOHKPETHOTO OosibHOTO. Jpy-
TUMH CIIOBaMH, AITOPUTMBI 3aHAUMAIOT 3HAYUTEIEHOE MECTO B HAayKe O
JIarHOCTUKE, HO HE UCUEPITHIBAIOT €€ CONIePKaHNUS.

[Ipu Bcet BaXHOCTH ONTUMH3AINN AUATHOCTUIECKOTO IIporecca ¢
MOMOIIbIO KHOSPHETHYECKUX METOJIOB BEyIllee 3HAaUCHHUE OCTAeTCs 3a KIIU-
HUKOH Kak TakoBOH. B cBf3u ¢ 3TUM mpuBejeM JBa BhICKa3blBaHUSA: “‘Ma-
[IMHA JI0JDKHA paboTaTh, yenoBek — qymats”’ (nesus IBM); “Ornaiite yemno-
BEKY UeJioBevecKoe, a MammHe — Mammuaoe” (H. Bunep).
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3AXUCT KAHAJTY BUTOKY TH® OPMAIIIT
B OIITOBOJIOKOHHUX JIIHIAX 3B’A3KY
METOJOM OIITUYHOI'O TYHEJIIOBAHHSA

1Pos’opiHoe M, 2Braciox I'.r, 2Cnisax B.M.
1ﬂepofcaenu12 VHigepcumem menekoMyHiKayii
Hayionansnuii mexuiunuii yuisepcumem Ypainu “KITH”
03056, npocnexm Iepemozu, 37, et-mail; viktor_m53@mail.ru

Beryn. CriBcTaBieHHsT METO/IIB ITiBUILNCHHS 3aXUINCHOCTI 1H)Op-
Mallii 10 HeCaHKIIiOHOBAHOTO JIOCTYITY Y BOJIOKOHHO-ONTHYHHX JIHISIX 3B’ S3KY,
OLIIHKA CTYIEHIO 0€3NeKN JaHMX, L0 NEepelaloThesl, € aKTyaJIbHOIO ITiJ1 Jac
BIOCKOHQJICHHS ICHYIOUMX BOJIOKOHHO-ONTHYHUX JiHIM 3B’SI3Ky, IJaHy-
BaHHs, MOOYJOBH Ta MPOSKTYBaHH JiHiN 3B’ 513Ky [ 1].

Posrnsm Ta crmiBcTaBICHHS OCHOBHUX (DI3WYHHMX MPUHIUTIB (op-
MyBaHHSl KaHaJiB BATOKY B BOJOKOHHO-ONITHYHMX JiHISIX 3B'SI3KYy MOXKHA
PO3IUIUTH Ha HACTYIHI THIM: MOPYIIEHHS MOBHOTO BHYTPIIIHBOTO BiJ-
OUTTS; peecTpalisi PO3CiSTHOTO BUIIPOMIHIOBAHHSI HA OBKWHAX XBUJIb OCHOB-
Horo iH(popMaliifHOro MOTOKY i KOMOIHAI[IHHUX YacTOTax; HmapaMeTpUyHi
METO/U peecTpallii BUIPOMiHIOBaHHS [2].

OcnoBHa yacTuHa. J{71s1 KaHAIB CHCTEM Iepeiadi 3 aMILTITyAHOO
MOMYJISMIE€0 eMEKTPOMATHITHOT XBHIII Ha PO3IOMAINICHUX AUITHKAX CIOCO-
0amu, TOB'SI3aHAMH 3 MOPYIICHHSM ITOBHOTO BHYTPIIIHBOTO BiIOUTTS, BH-
KOHAHO aHaJi3 Ta CIiBCTABICHHS BUTOKY iH(OpMAIii I HACTYITHUX CITO-
co6iB [1]:

— 3MIHHM KyTa NaJiHHS IUISIXOM BHKOPHCTAHHS 30BHIIHBOTO BILIMBY
JUISl 3MEHILCHHS KyTa MaJiHHs 0 3HaYeHHs, MEHINOTO 3HaYCHHS I'paHHUY-
HOTO KyTa HaJiHHI, IIPU SKOMY ITOYMHAE CIIOCTEPIraTHCs IOBHE BHYTPILIHE
BiIOUTTS;

— 3MIiHHM CTaBJICHHsS MOKA3HWKA 3aJIOMJICHHS OOOJIOHKH [0 ITOKas3-
HUKa 3aJOMJICHHS CEPLEBHHU ONTOBOJIOKHA, 3aBISKH BHKOPHCTAHHS 30B-
HIMHBOTO BIUIMBY IS 301JIBIIEHHS KyTa MOBHOTO BHYTPIMIHBOTO BimoOpa-
JKEHHS JI0 3HA4Y€Hb, OLIBIIMX XapaKTepHHUX KYTiB MaJ[iHHS B CBITIOBOII;

— ONTHYHOTO TYHEJIOBaHHS, SIKE IOJISra€ B IPOXOPKEHHI BHIIPO-
MIHIOBaHHS 4Yepe3 OOOJIOHKY OITOBOJIOKHA 3 IIOKa3HHKOM 3aJIOMJICHHS
MEHIIMM, HIX Yy CEpLEeBHHH, IPU KyTax HaJiHHSA OUIBIIMX KYTa IIOBHOTO
BHYTPiIHBOTO BiAOUTTSI.

OcranHiil € HAHOUIBII ehEKTUBHUM CIIOCOOOM 3MEHIICHHSI BUTOKY
iHpopMmarii, ToMy, IO JO3BOJSE 3aXOIUTIOBATH YaCTHHY €JICKTPOMArHiT-
HOTO BUIIPOMiHIOBaHHS, III0 BUXOANUTH 33 MEXI1 CepIIeBUHH iH(OopMaIifHoro
ONITHYHOTO BOJIOKHA JOJATKOBHM CBITJIIOBOJOM, HE BHOCSYHM JIOJATKOBUX
BTpaT i 3BOPOTHOTO PO3CilOBaHHs. SIBHIIE ONTHYHOTO TYHENIIOBAHHS MOJIs-
rae B NPOXOXKEHHI ONTUYHOTO BUIPOMIHIOBAHHS 3 CEpeIOBHUINA 3 MOKa3-
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HUKOM 3aJIOMJIEHHS N1 Yepe3 map 3 MOKa3HUKOM 3aJIOMIIeHHS Ny MeHIMM N; B
Cepe/IOBUILE 3 MOKA3HUKOM 3aJOMJIEHHS N3 IpH KyraxX MafiHHSA OUIBIIMX
KyTa TOBHOTO BHYTPIIIHBOTO BifOWTTS. Ha mpuHIMnax ontuyHOro TyHe-
JIOBaHHS B IHTETPaJIbHIH i BOJOKOHHIHM ONTHIIN JOIIIFHO CTBOPIOBATH TaKi
MPHUCTPOi SK ONTHYHI PO3ralymXKyBadi, ONTO(POHH, BOJIOKOHHO-ONTHYHI
JATYUKA (Di3WIHIX BETHYNH.

Ly

Puc. 1. ®opmyBaHHA KaHAJLy BUTOKY ONTHYHUM TYHEJIIOBAHHAM

[lig wac mommpeHHs CBIT/Ia B ONTHYHOMY BOJIOKHI YacTHHA CBiT-
JIOBOTO MIOTOKY BHXOJHTH 32 MEXKI CEpPIIEBIHHI ONTOBOJIOKHA. |[HTEHCHBHICTh
BUIIPOMiIHIOBAaHHS, 10 BUTIKAa€ 3 CEpPIIEBHHH B OOOJIOHKY ONTOBOJIOKHA Ha
Bigcrans ' = (Dd)/2 3anesxno Bij Kyra najiHHs Ha Mexi cepleBHHA-000-
JIOHKA () BA3HAYAETHCS BUPA3OM:

r - 2 - 2
?="7a0? | —4nn, N Jsinco—sin“ o, |.

Lle npu3BOAMTH A0 TOTO, IO IPU BUTOTOBJIEHHI ONTOBOJIOKHA 000-
JIOHKA 3aiiMae 3HAYHY YacTUHY. [I[pHuoMy y OJHOMOJIOBOTO BOJIOKHA 000-
JIOHKa 3aiiMae Habarato OiIbImMi 00csT, HixK y OararomozoBoro. Lle Bigo0-
pakae HaBeleHa (opMysa MPOHUKHEHHS CBITIa 3 CEPIIEBUHHU B OOOJIOHKY.
[pn HaOnmkeHHI KyTa MajiHHA () J0 KyTa IIOBHOTO BIAOUTTS Oy HOKAa3HUK
CTYICHS EKCIIOHCHTH IparHe IO HY/IbOBOTO 3HAYCHHS, CBITJIO MOUIMPIO-
€TBCS TI0 BCiH CTPYKTYpI BOJIOKHA — CepIIeBUHI 1 o0omoni. Lle mpu3BoauTh
JIO TOTO, IO YaCTHHA IHTEHCUBHOCTI 3 OCHOBHOT'O ONTOBOJIOKHA MOJKE Tepe-
WTH B TOATKOBE OMTOBOJOKHO (puc. 1). [HTeHCHBHICTE BUIIPOMiHIOBaHHS,
SIKE TICPEXO/IUTh y IOJJATKOBHUI XBUJICBI/I BU3HAYAETHCS BUPA30OM:

?="2sin’(k-S),

ne K — xoeQilieHT 3B'13Ky ONTHYHMX BOJIOKOH, S — JOBXKHHA OII-
TUYHOTO KOHTAaKTY JJBOX BOJIOKOH. MakcuMyM 3HaueHHS Koe(illieHTa 3B'S3BKY
JIOCSIra€ThCs MPU HYJBOBIM BiJICTaHI MiX OOOJOHKOIO 1 JIOJATKOBUM OIITO-
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BOJIOKHOM (/ = 0) i MOKa3HUKY 3aJIOMJICHHS TOAATKOBOTrO BOJIOKHA N3=Nj.
Sk BUTHO 3 BUpa3y, BUIIPOMIHIOBAaHHS 3 OCHOBHOT'O ONITHUYHOT'O XBHJICBOAY
TIEPEXOUTh B JOJATKOBUH XBHIICBI I IOBHICTIO NP JIESKOMY 3HAUCHHI JIOB-
KUHHM onTH4HOTO KoHTakTy S = 71/2K. TIpn nonaneiomy 36inbmeHHi 10B-
JKMHHM ONTHYHOTO KOHTAKTY BiI0YBAa€ThCS 3BOPOTHHH Tporec. Takum 4u-
HOM, BUIPOMIHIOBAHHSI MEPIOJMYHO MEPEXOAUTH 3 OJHOTO XBUJIEBOIY B
IHIII ¥, SKIIO HE BPAXOBYBATH BTPATH HA MOTJIHHAHHS, PO3CIIOBAHHS.

BuKITI09HOIO OCOOJNIMBICTIO ONTUYHOTO TYHEIIOBAHHS € BiICYTHICTH
3BOPOTHOI'O PO3CISIHOTO BHIIPOMIHIOBAHHS, 10 YCKJIAIHIOE JIETEKTYBaHHS
HECaHKIIIOHOBAHOTO JIOCTYITY O KaHaily 3B's3Ky. Llel croci® 3HiMaHHS iH-
(dhopmarrii HaiOiIbIT Oe3MCUHU.

BucnoBku. CriiBcTaBieHHs1 Qi3MYHHUX, TEXHIYHUX OCOOIMBOCTEl
Ta Oesneni iHdopMaIllii, Mo MepelarThCs BOJIOKOHHO-ONTHYHUMU JIIHIIMH
3B’SI3Ky MOKa3yIOTh, IO 3al00IraHHs BUTOKY iH(popMaIlii 3 BOJIOKOHHO-OII-
TUYHUX JIIHIA 3B’53KYy 3a JIONIOMOTOI0 JIETEKTYBaHHS HETOBHOTO BHYTpIII-
HBOTO BiOOpaKCHHS BCEPEIMHI JIiHIT 3B’ 3Ky € Ha CHOTOJHI HAHOiIBII pa-
nioHaNbHOR. Hamano pekoMeHamii momo 3ano0iraHHs Ta 3aXUCTy iHQOp-
Marlii BiJi HECAaHKI[iOHOBAaHOTO JOCTYITY.
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OIIIHKA MUMOBIPHOCTI 3ATPUMAHHSI
IHOPYHIHUKIB KOPJIOHY IO YKOBOIO I'PYIIOIO
3 BUKOPUCTAHHSAM JIIHI'BICTUYHUX 3MIHHUX

1ﬂpaq LB., 2Kayuncoxuii FO.I.
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OpHi€r0 3 OCHOBHUX MPo6JeM IpH MOOYI0BI CKIIATHUX MPUKOPAOHO-
METPUYHHUX MOAENeH IocTae mpodiema piBHS IX aeKBaTHOCTI pealbHUM
yMOBaM, 0cOOJIMBO, SIKIIO Ha MPUHHSATTS PillleHHs BIJIMBAIOTh AKiCHI (hak-
Topu. Taki (akTOpH Ba’KKO, a00 HaBITH HEMOJJIMBO OIMCATHU 32 JOTIOMO-
TOI0 KJIACMYHOTO MAaTeMaTHYHOro iHCTpyMeHTapito. Kpim Toro, kiacuuHi
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METOM 1MOoOYIOBU MOJIENIeH HE MOKa3yloTh 3a/I0BIIBHUX PE3YNIbTATIB, KOJIU
BXiJTHI JaHi [UIA ONMHCY Ta TIOCTAHOBKH 33/1a4i € HETOYHHMH a00 HEIOB-
HAMH. Y TaKOMY BHIQJKY € IOIITPHUM BUKOPHCTOBYBATH JIOTiKO-JTiHTBiC-
TUYHE TPOTpaMyBaHHS Ha OCHOBI IpaBWJI HEUITKOi Joriku. Taki Meromm
TPYHTYIOThCS Ha HEYITKMX MHOXHHAX 1 BUKOPHCTOBYIOTH JIHTBICTHYHI Be-
JIMYMHY | BUCIIOBITIOBAHHSI TS OIUCY CTPATEriil MPUHHATTS pimens [ 1-3].

OyHKLIOHAJIBHICTh HEYITKOI CUCTEMH IPUHHATTS pillieHb BU3HAYA-
€ThCSI TAKMMU Kpokami [4]:

1) mepeTBOpeHHS YiTKHUX BXiJHUX 3MIHHUX Ha HEYiTKi, TOOTO BU3Ha-
YCHHsI CTYIICHS BiAIOBIIHOCTI BXOJIB KOXHIiH i3 HEUITKMX MHOXHH (eTar
(azudixkarii);

2) oOumcneHHs IPaBUJI Ha OCHOBI BUKOPHUCTAHHS HEUITKUX OIepa-
TOpIB Ta 3aCTOCYBAaHHS IMIUTIKAIil s OTPUMAHHS BHUXIiJHUX 3HAYCHB IIpa-
BUJI (eTam 6e3M0CepeHBOTO HEYITKOTO JIOTIYHOTO BUBEICHH);

3) arperyBaHHsI HCUITKUX BAXOJIIB IIPABII Y 3aTa/IbHE BHXIJHE 3HAYCHHS,

4) neperBOpeHHs HEUITKOTO BUXOY IPABHII Ha YiTKE 3HAUCHHS (eTarl
nedasndikarii).

MeTo10 CTaTTi € METOJOJIOTiYHE Y3arajJbHEHHS HEYiTKOTO JIoTid-
HOTO BHBEICHHS SK 0a30BOTO €Tamy MOOYIOBH CHCTEMH 3 aIallTHBHUMH
TpaBUJIAMH TIPHHHSTTS PIiMleHb IUTS 3a7a4i BU3HAYEHHS iMOBIPHICTI 3aTpH-
MaHHSI MOPYIIHHKIB IONIYKOBOIO IPYIOIO.

[Tix yac ananizy niTepaTypH 3 NPUKOPAOHOMETPUKH BUSIBICHO, 110
OJTHUM 13 HAWBKIMBIIIMX MMOKA3HHUKIB €(DEKTUBHOCTI AiSUIBHOCTI MPHUKOP-
JIOHHOTO BiJJIiTy € WMOBIPHICTD HEJIONMYIICHHS MOPYIIEHb KOPJIOHY Ha Jii-
JSIHLI TPUKOPAOHHOTO Bijtiny. Lleil mokasHUK TakoX € BaXKJIMBUM JUIS PO3-
B’SI3aHHA OINBII CKIAIHUX 3ajad, HANPHUKIAL, I 33a7adi ONTHMAIbHOTO
pO3MOIiTy MPUKOPAOHHUX CHJI Ta 3acO0IB MK PI3HHMHU MPUKOPIOHHUMH
Bimminamu [5]. Po3misHyBIIM MaTteMaTH9IHy MOJEINb, IO J03BOJIIE BIAIITyKATH
WMOBIpPHICTh HEIOMYIICHHS MOPYIIEHb KOPAOHY Ha AUISHII IPUKOPIOH-
HOTO BiAiNTy, BIIMIYCHO, IO IIsI MOJCIb MICTUTh MCSAKI YMHHUKH, SIKi 3a-
Je)KaTh B OB Mipi BiJ| SKICHMX OKa3HHKIB.

Hamnpukiian, iMOBIpHICTH 3aTpUMaHHSI MOPYIIHHKIB ITOIIYKOBOO

1A o .. .
Tpymnoro pn , O BIUIMBA€ Ha MMOBIPHICTb CBO€YACHOI'O BHSBJICHHS 1 34a-

noOiraHHs Jii MOPYIIHMKIB, 3HAYHOIO MIPOIO 3aJIeKUTh BiJ TakWX SIKICHUX
MTOKa3HUKIB, K NMPOo(eciiiHiCTh MOIIYKOBOI TIPYyMH, JOCBIAYEHICTH KepiB-
HUKa, [I0pa POKY, IOT0Ja, pebed MicIeBOCTI momyKy Tomo. ToMy € ceHe
PO3pOOUTH JIOTIKO-TIHTBUCTUYHY MOJENb IS 3HAXOIDKCHHS WMOBIPHOCTI
3aTpUMaHHA MMOPYIIHKKIB MOIIYKOBOIO TPYIOI0, MO Oyae BKIIIOYaTH B cebe
SIK KIJIBKICHI TaK 1 SIKICHI TTOKa3HUKH.

Ilig yac mOCHiPKEHHS HpPEAMETHOI 00JacTi BUIICHO MHOXHHY
(bakTOpiB, SKi BIUIMBAIOTH HA 00 €KT JOCII/DKCHHS 1 AKi OYIyTh BXiJTHUMHU
JIOTiKO-JITHTBICTUYHUMH 3MiHHUMH: X1 — BIICTaHb M)XK BiiCBKOBHMHM TOLIY-
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KOBOi Tpyn# (BIOHOIICHHS NIMPUHU IUTHKA TOMIYKY J0 KUTBKOCTI BiHChH-
KOBHX B MOIIYKOBIH TpyIi), X2 — €EKTUBHICTD CIIy)KO0BHX cobak (BiIHO-
IICHHS MMPWHU AUISTHKA MOIIYKY 0 KITBKOCTI CIy»K00BHX co0aK B MOIIY-
KOBIH TpyIli), X3 — iIMOBipHA KUTBKICTh MOPYIIHUKIB, X4 — CTaXX KepiBHUKA
TIOIIIYKOBOI TPYINH B POKaX, X5 — CEpeHii cTaxk 0cOO0BOTO CKJIay MOIY-
KOBOI TPYIIH B POKaX, Xg — KOS]Ili€HT HEOE3EUHOCTI MOPYIIHUKIB, X7 — BHJ
MICIIEBOCT] JWJISHKH ITIOIIYKY, Xg — PEbE() MiCIEBOCTI JIJSHKH MOIIYKY, Xg —
1opa poKy, X19 — NOTO/IHI YMOBH IIi/1 Yyac NOIIyKy. MHOXXHHA 3HaueHb, 0a-
30Ba TEPM-MHOXHHa Ta (DYHKIis MPUHAISKHOCTI BXIJAHUX JIHTBICTHYHUX
3MIHHHX KOPETYETHCS JUIsl KOXKHOTO MPUKOPAOHHOTO BTy OKPEMO, BUXO-
IIST9U 3 0COONHMBOCTEH penbedy, KIIiMaTy Ta CIel(ika OKPeMOoro JiHIHHOTO
Biztiny. Buxigna minreictuuna 3MinHa “VIMOBIpHICT 3aTpUMAHHS MOPYII-
HUKIB TIOIIYKOBOIO TPYMo0” — Bu3HaueHa Ha MHOXuHI X = [0; 1] Ta mae
TepM-MHOKHHY T = {“JIy)xe manma”, “Mamna”, “Cepenns”, “Bemuka”, “Ilyxe
Benmka”}. ['padik QpyHKIIT mprHaIeKHOCTI HaBeAeHUH Ha puc. 1.

L

1.

wwEry oy (=1t rmediur high wery__high

u] 0.3 ns o7 1

E
Puc. 1. I'padik ¢pynkuii npuHane:kHocTi BUXiZHOT 3MiHHOT

OCKiNTbKM BHXiJHA JIOTIKO-JIHTBICTHYHA 3MiHHa — HMOBIpPHICTBH
3aTpUMaHHs TOPYIIHUKIB TOIIYKOBOI TPYIOI — 3aleKUTh BIJ JECATH
BXiJTHU X JIOTiKO-JTIHTBICTHYHUX 3MIHHHUX, TO 1€ 3HAYHO YCKJIATHIOE 3a1ady
ONHCY MPUYMHHO-HACIIIKOBUX 3B’ SA3KiB 32 JIOIIOMOTOI0 HEUITKUX IPAaBHII.
Tomy nmpoBenieHo iepapXiuHy Kiacudikaiiro.

OCHOBHI TTapaMeTPH MOXKHA BIJHECTH 10 TPHOX IIACHCTEM.

[Mincucrema “EdexTrBHICTH MOIIYKOBOI IPYNH 3a KUJIBKICHUMU (ak-
TOpaMu” BU3HAYAE CyMapHUN MOKa3HUK €()EKTHBHOCTI MOIIYKOBOT IPYIU B
3aJIeKHOCTI BiJI KUIBKOCTI MOPYIIHUKIB 3 OJHI€] CTOPOHM Ta BIHCHKOBHUX 1
CITy’k00BH X cOOaK B IpyIi MOMIYKY 3 1HINOI:

v = f(xa, x2, x3). (1)

[Mincucrema “EdexTHBHICTD MONIIYKOBOI IpyNH 32 SKICHUMH (ax-
TOpaMi’” BU3HAYAE CyMapHUH MOKa3HUK €(hEeKTHBHOCTI MOIIYKOBOI IPYIH B
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3aJIe)KHOCTI BiJ] CTaXXy KepiBHHKa Ta 0cOOOBOTO CKIIaNy rpymu Ta Hebe3-
TIEYHOCTI MMOPYIIHUKIB:
Vo = f(x4, x5, Xe). 1)

[Mincucrema “E¢exTHBHICTH MOIIYKOBOI TPYIH 3aJ€KHO Bif Teo-
rpa¢igyHIX Ta METEOPOIOTIYHIX YMOB™ BU3HAYA€ CyMAapHHUH MOKA3HUK JBOX
micucteM — “E(eKTHBHICTB MOIIYKOBOI TPYIH 3IEKHO BiJl BUAY Ta peibedy
micreBocti” Ta “EdekTHBHICTh MOIIYKOBOI IpylnH B 3aJIeKHOCTI BiJ ITOpU
POKY Ta MOTOJHUX YMOB”, SIKi € CyMapHHMH ITOKa3HUKaMH €(peKTHBHOCTI
TTOIIYKOBOI TPYIN 3aJIeKHO Bl BUAY Ta peibedy MICIEBOCTI Ta Bif IIOPH
POKY Ta MOTOAHUX YMOB Bi/IITIOBITHO:

Vg5 = f(V3, V4) = f(f(xg, XQ), f(xlo, xll)). (3)

VIMoBipHICTE 3aTprMaHHS MOPYIIHHKIB MOMIYKOBOIO TPYIIOI0 BH3HA-
YaeThCA SIK CyMapHUU TOKa3HWK BUXITHUX HapaMeTpPiB ONMHCAHMX ITiACHC-
TeM. Mojellb CHCTEMH Ma€ BUTIIAI.

P, = f(vi, V2, o). (4)

Bbaza mpaBui 1miei Momeni ckiamaeThes 3 mectH OJOKiB. Jlms me-
(azudikamii BUXigHOI MIHIBICTHYHOI 3MIHHOI BHKOPHCTOBYETHCS METOJ
LEHTPY Baru, pyu sIKOMY 3HaYCHHS BUXIJHOT 3MIHHOI PO3PaXOBYIOThCS SIK:

y="— ©)

Mogens pealtizoBaHa 3a JOITOMOTI'OI0 MOBHU IiporpamyBanHs C#.
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CEKIIA [IPOBJIEM ITVMHAMUKNM M IIPOYHOCTHU

YUCJEHHOE MOAEJIMPOBAHHME IIOBE/IEHUA
INIOCKOAE®OPMUPYEMBIX YIIPYI'MNX CPE/]
C IHEJTEBUJIHBIMHA OTBEP CTUSAMMU U BKUIIOYEHUSAMU

Tapm D.JL, I'yopamosuy B.C.
Jnenponemposcruii nayuonaneuvii ynusepcumem um. O. I'onuapa
49010, Vkpauna, 2. /[nenponemposck-10, np. I'acapuna, 72
men. +38(056)7450085, e-mail: hart@ua.fm; hudramovich@i.ua

OtBepcTHs U BKIIIOUYEHHS Pa3HOH (OPMBI SABIAIOTCS TPOSIBICHHEM
HEOZHOPOHOCTH Cpell U KOHCTPYKIuii. [InactuHYaTo-00601049€YHbIe KOHCT-
PYKLMH MMEIOT BBIPE3bI-JTIOKH Pa3M4HOI0 TEXHOJIOIHYECKOr0 Ha3HAUCHHUSI.
BrIFOUeHHSIME IJ11 HUX MOJICIIMPYIOT PA3JIMYUHbIC MMOIKPEIICHHS, HAKJIAIKH,
MPUBOJSIIME K JIOKAIEHOMY U3MEHEHHIO JKecTKOocTH. HeomHopomHoceTh yka-
3aHHBIX KOHCTPYKIIMI MPUBOJWUT K 3HAYUTEIBHOMY YCIOXHCHHIO METOJIOB
pacdera HampsbkeHHO-AeopmupoBanHoro coctosaus (HJC) wnmm kputu-
YECKUX COCTOSHHM (YCTOHNYMBOCTD, MIpeAebHBIC HATPY3KH). Bo3HuKaromme
3a/1a4d MIPOYHOCTH XapaKTSPHBI B IEPBYIO OYepeab U KOHCTPYKIUN a’po-
KOCMUYECKON TEXHUKH, HE(TETa30BOH OTpaciy, MPOMBIITICHHOTO CTpPOH-
TenscTBa [1, 2].

Heo6xomumocTh ydera HAINYMS OTBEPCTHHA U BKIIIOYEHHUH Xapak-
TEPHO IJIsl Cpell, 00JIaJaronm X GU3NKO-MEXaHUYeCKUMHU CBOMCTBAMU B MTPO-
1eccax MOpPOIIKOBONW METAUTypriH, KepaMHU4IeCKoro mpousBojcTa [3-5].
Jlisi MHOTHX M3 HHUX MPOUCXOJWUT CIIEKAHUE IPH BBICOKUX TEMIIEpaTypax
MTOATOTOBJICHHEIX 3apaHee cMeceil. 3ydeHne BO3HUKHOBEHUS U TpaHChHOp-
Malli{ yKa3aHHBIX BUJIOB HEOJTHOPOTHOCTH Cpebl (OTBEPCTHS, BKITFOUCHIS)
BaXHO UTS M3yYCHHUS IPOLECCOB B MEXaHUKE PACCESHHOTO pa3pyIICHUS
YKa3aHHBIX cpeX [6]. 3meck Takke BaKHBIM SRISAETCS HEOOXOIMMOCTh ydera
CIIOXKHBIX (hPM3MKO-MeXaHWIecKuX Moxenei nedopmupoBanus [7]. Kakx Bimo-
YeHHs] MOKHO PacCMaTpuBaTh 3JIEMEHTHI, XapaKTEePHU3YIOIHME IHCKPETHOE
yrpouHeHue aetanedl mMammH. OcoOorTo pona BKIIOYCHHUSMH, XapaKTepH-
3yroume 1eGopMalrOHHYI0 aHU30TPOIHIO, SIBJISIOTCS 4acTH Ten (0OBIYHO B
BHJIE T10JIOC aHU30TPOITUH ), TIPOLIEIIINX IIPEIBAPUTEIIEHOE CIOKHOE Harpy-
JKCHUE MPU TUTACTHYCCKUX Aeopmanusx [S].

CkazaHHOE ONpeNeNseT aKTyalbHOCTh HCCIICOBAHUS IOBEIACHUS
TBEPJIBIX TEJ U DJIIEMEHTOB KOHCTPYKIIUI C OTBEPCTUSMHU U BKIIOUCHUSIMH.
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Bo3MoXXHOCTH aHAIUTHYECKUX METOAOB orpanmueHsl. Illnmpoko pacmpoct-
PaHEHHBIM SIBISETCS IPIMEHEHNE YHCICHHBIX METON0B, OPHEHTHPOBAaHHBIX
Ha WCIIOJIb30BaHNE KOMIBIOTEPHOW TEXHHWKH. B 3amadax MexaHUKH Jedop-
MHUPYEMBIX T€Jl UM KOHCTPYKIMH HambOojee pacIpoCTpaHEH METOJ KOHEed-
HBIX 27eMeHTOB (MKD).

BaxHoii siBisiercst pazpaboTka pacueTHbix cxeMm MKD, mo3Bosito-
M X 3HAYUTENEHO YMEHBIIMTh MAlIMHHOE (KOMIIBIOTEPHOE) BPEMSI pacyera.
K HIM OTHOCSTCS POEKIIMOHHO-UTEPAIIMOHHBIE cxeMbl. UX ocobeHHOCTH 1
COOTBeTCTBYIOIast bnbmrorpadus paccmorpensl B [1, 2, 5, 8].

Pa3zpaboTka Takux pacyeTHBIX CXeM HeoOXoauMma, HeCMOTps Ha
HaJn4Yue TMIeH3noHHbIX pacdeTHBIX makeToB MKD (NOSTRAN, ANSYS u
Ip.), TIPUMEHEHNE KOTOPHIX UMEET OrPaHUUYCHHS (JOPOTOBU3HA MOKYIKH H
COJIEPKaHMsI CaMHX MaKEeTOB W JOTIOJHUTEIBHBIX MOIYIIEH, MTO3BOJISIOLIX
pemaTh 3a7a4n C IPUMEHEHNEM YCIOKHEHHBIX MOJIeNel nedopmMupoBaHms,
HEBO3MOKHOCTh BMEIIATENIBCTBA B MPOLECC pacyeTra (MaKeTbl ONMPEeIsioT
HaydaJIbHbIE YCIIOBUS X KOHEUHBIN Pe3ynbTaT pacdeTa) u 1p.).

[pumenenue ux 3GEKTUBHO [Isi TPOBEACHHS PACUETOB MTPH MHOTO-
KpaTHBIX U3MEHEHUAX (YTOYHEHHSIX) [TapaMeTPOB, ONPeASIIIONMX 0co0eH-
HOCTH Tporiecca aeopMHpOBaHUS (IKCIIEPUMEHT, NapaMeTpbl TEXHOJIOTH-
YyecKux mporueccon) [1].

B kauecTBe mpuMmepa IpHBEAEM pe3ylbTaThl pacuyeTa Ha OCHOBE
pa3paboTaHHBIX IPOTpaMM pPacyeTa, NCHOJIB3YIOUMX MPOCKIIMOHHO-UTEpa-
LIMOHHBIE cxeMbl pacdeta MKD, HanpsHKEeHHOTO COCTOSIHUSI CpEJIbl, NMETO-
el IeJIeBUHbIE OTBEPCTHS U BKJIIOYEHUS NPSIMOYTOIbHOHN (opmbl. Bun
TaKOH CTPYKTYpHI ITOKA3aH B MPaBON HIDKHEH JacTh pucyHKka (puc. ).

Hcnonr3oBana Mozenb TiockoaeopmupyeMoii cpensl. Pactpoct-
paneane MKD Ha OGeckoHEUHBIE OOJIACTH MPOBOIUTCS C YIETOM COOoOpa-
JKEHUH, U3JI0KEHHBIX B [9].

Puc. 1
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INokazaHo pacnpe/eneHne HOPMAJIbHBIX HAIPSDKSHHI [0 BEPTHKAIIb-
HOW OcH, 0003HaYeHHOM Ha CXeMe HarpyKeHus: cedyeHneM a—d, CIUIOIHBIMU
JWHUSMHI 0003HAYEHBI JAaHHBIC ISl CPeJIbl, MMEIOIIEH TOJIBKO IIeIe BUAHBIC
otBepcTHs (6e3 BKIIIOUEHHs) B MOLyIeM ypyrocTu cpemsl Ey = 2-10° MITa.
HITprXOoBBIMH JIMHUSIMH HAaHECEHBI TAHHBIE JJISI CPENbl C IICJIEBHIHBIMH
OTBEPCTUSIMH C TEM K€ MOIyiieM yrnpyroctu E; u mpsamoyronsHeM BKIro-
yenreM ¢ mojynem ynpyroctu Ep (Ei/E; = 1,82). OtHowenus cropon s
BKJIFOUEHHS] PaBHBI JIBYM.

B npoBeneHHBIX pacdeTax HCIHOJIB30BAHBI PSMOYTOJIbHBIE KOHEY-
HBIC JJIEMEHTHL. B ciydae oTBepcTHMiI M BKIIIOUCHM, I'PaHHUIBI KOTOPBIX
HMEIOT KPYrOBYIO WM OBaJbHYIO (OpPMY, LIEIEeCOOOpPa3HO HCIOJB30BAHUE
TPEYrONBHBIX KOHEYHBIX 3JIEMEHTOB.

[pu ygete mmactudeckoro aeopmupoBaHus 3PPEKTUBHBIM SIBIIS-
€TCsl UCIIOJIb30BaHHE METOJOB IEPEMEHHBIX IapaMeTPOB YIIPYrOCTH HIIH
JOTIOJTHUTENIBHBIX HArpy30K [2, 8].
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ANEW LAW OF TRANSIENT NUCLEATE BOILING
PROCESS GENERATING MANY MODERN
AND ORIGINAL TECHNOLOGIES

Kobasko N.I.
Intensive Technologies Ltd, Kyiv, Ukraine, nkobasko@gmail.com

A new law of transient nucleate boiling was discovered by author [1].

Its essence is as follows. The duration of transient nucleate boiling is directly

proportional to the square of the thickness of an arbitrary body and inversely

proportional to thermal diffusivity of a material, depends on a form of a
body, its initial temperature and properties of a cooling system [2], i.e.:

D2

T, =0k, —, 1

nb F a )

where € is a parameter which depends on initial temperature and

cooling properties of a quenchant; Kk is a form coefficient; D is the size of

an arbitrary body in m; a is thermal diffusivity of a material in m?/s.

The surface temperature of steel components during transient nu-
cleate boiling process maintains at the level of boiling point of liquid and
cannot be below it until core temperature drops significantly. During the
transient nucleate boiling process one can use the average temperature and
consider it as a constant value [2, 3], i.e.:

Ty =T, + & ~const. 2)

The discovered law was used:

1. To develop original 1Q-2 technology, which increases the ser-
vice life of machine components and tools after hardening.

2. To evaluate thermal diffusivity of different materials.

3. To explain secrets of Damascus steel.

4. To develop a revolutionary new technology called austempering
and martempering in cold liquids instead of melted salts and alkalis.

5. To develop new technologies for quenching steel components in
liquid media under pressure.

6. To enhance high temperature and low temperature thermo-me-
chanical heat treatment.

7. Can be used in Astrophysics and Geology.
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More detailed information on developed new technologies will be
provided at the 10" International Conference on Modern Achievements of
Science and Education to be held on 9 — 16 Sept. in Netanya, Israel.
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BIBPAIIII TA YVJIAPH,
IO IO Th HA PAJIIOEJJEKTPOHHY AIIAPATYPY

YPoiisman B.I1., Mopos B.A. Xmenvuuybkuil HayionansHull yHieepcumem
1r0yzman_v@mai|.ru, vik-moroz@yandex.ru

CydacHa TexHika, 0cOOINBO 030pOEHHS, B 3HAYHINA Mipi 00IaxHaH]
PalioeNIeKTPOHHOIO Ta €JIEKTPOHHO-O0UNCITIOBAIBHOIO anaparyporo Ta CUCTe-
MaMH, SKi BUKOHYIOTh (DyHKIii KepyBaHHs, HAaBEJICHHS, KOHTPOJIIO, BUSB-
JICHHS1, PETYJIOBAaHHS, CUTHAJI3allii, KOOPIMHYBaHHSI, 3B’ 53Ky 1 HaBiTh ypa-
skeHHS i [1, 2]. YacTo mi cucTeMH po3TaIIOBYIOTHCS HA PYXOMHUX 00’ €K-
Tax — TeJiKoNTepax, JiTakaX, KopaOJsix, aBTOMOOINBHIN 1 TYCEeHUYHIN TeX-
HiIli, paKeTax, CYIIyTHUKAX Ta iH. — 1 IPaIOI0Th, SIK MMPABHIIO, ITiJ] BIUTHBOM
CKJIQJIHOTO KOMIUIEKCY AecTabimizyrounx ¢akropis. Jo Haitbimem Hebe3-
MEeYHUX 3 HUX BIJJHOCSITHCS BiOpalliiiHi Ta yIapHi HaBaHTAXXEHHS, aKyCTHYHI
BIUIUBH, JIOPOXKHE TPSCIHHS, HMOCTPLIN, HEBPIBHOBAXKEHOCTI HeTaje, sKi
IIBUJIKO OOEPTAIOTHCS, yAapHa XBWIIS, Pi3Ki MOPHBU BITpY, IIBUAKI Typ-
OyneHTHI MOTOKH Ta iH. J[isg IuX (QakTopiB 3HAYHO MiICHITIOETECA Y (PPOH-
TOBHX YMOBaX 0€3I0pixkOKsl, BHOYXiB, IIOCTPLIiB, 3iTKHEHb.

Jiroui HaBaHTa)XEHHS MOXYTb NPU3BOAUTH JIO PYHHYBaHHS OKpe-
MHUX JeTajeil Ta BY3JiB pPalioeleKTPOHIKH (pe3nCTOpiB, KOHICHCATOPIB,
I1aT, MIKPOMOJYJIB Ta IHIIMX [IeTaiel) ado 10 3MIHM paIiOTeXHIYHUX Iapa-
METPIB €JIEKTPOPaIioeNIeMEHTIB Ta By3J1iB (po30aiaHCyBaHHS KOHTYPIB, MiKpPO-
¢onHUil edexT Ta iH.), MO NPU3BOAMUTH 10 3HWIKEHHS TOYHOCTI POOOTH
amapatypy 1 Iepelkoa B KaHaiax nepepadi iHpopmarii, a 4acto U Jo
BiJIMOB BHPOOIB.
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Jnst IpaBUIIBHOTO MPOEKTYBAaHHS, BUPOOHHLTBA 1 BHIIPOOYBaHHS
pamioeeKTpOHHOI amaparypd HEoOXiHO 3HATH i BpaXxOBYBaTH yMOBH, B
SKUX BOHA Oylie eKCIUTyaTyBaTUCH.

SIkmo pobota amapaTypu Oyne HMpOXOAWTH B yMOBax BiOpamiif i
yaapiB, TO 0akaHO 3HATH Jiala30HM CIIEKTPY KOJMBaHb, aMILITY[, BiOpoO-
HIBUJIKOCTEH, BiOpOIIEpeBaHTaXXEHb 1 XapaKTEPUCTHKN YIApHUX IMITYJIbCIB.
Juist BUpOOIB €JIEKTPOHHOI TEXHIKM Ba)KJIMBY POJb BIIIrpalOTh HE TUIBKH
YMOBH €KCIUTyaTallii, a # yMOBH ii TpaHCIIOPTYBaHHS B HEPOOOUOMY CTaHi
Ta 30epiraHHs.

3aexHO BiJl BUAY TPAaHCIOPTY, IKUM IEPEBO3ATH amaparypy, Ha
Hel JiI0Th Pi3HI MO CHEeKTPYy Ta iHTEHCHBHOCTI BiOpamii Ta ymapu. Ilpuii-
MaloTh, 110 YaCTOTA JHIOYKMX BiOpaliii JexuTh B Mexax Bij 2—3 go 700 I'n
JUISL CYXOITyTHOTO Ta MOPCBKOTO TPAHCIOPTY, a y KEPOBAaHUX CHapslax Ta
mitakax — 5 k' Ta 130 k[ 11 BiAMOBIAHO, aMILTITYIK BiOparlliii — y miama3oHi
0,25-200 MM, BiOponepeBaHnTa)keHHs Bix 1 10 4 g VY KomicHOro TpaHc-
TopTy BiOparii i yrapu MOXXyTh MaTH BUTIAAKOBUH XapaKTep i 3aJie)kKaTh Bif
craHy nopord. [Ipy BaHTa)XHO-PO3BaHTAXXyBaJBHUX POOOTaX BaXKKO Mepel-
0aunTH SKi MOXKYTh BUHUKHYTH yaapH i BiOpamii. Ilpu maginui 6moxy PEA
6e3 ymakoBku 3 BucoTH 30-50 cM ymapHe NepeBaHTaKEHHS MOXKE Iepe-
BuiyBatu 500 g [3].

BaxnuBo 3Hatu jxepena 30y/HKEHHS KOJIHMBaHb, MO0 MPU MOX-
JMBOCTI BIIMBATH HA HUX 3 METOIO YCYHEHHs a00 3MEHIICHHS IOpPOJIKY-
BaHMX HUMHU BiOpamuiii 1 ygapiB. CaMi Jukepena MOXyTb OyTH BHYTpiIHIMHU,
HaIIPHUKJIA]l, HEBPiBHOBAXXEHICTH POTOPIB 1 JIomaTeil BEHTHIIATOPIB, €NEKTPO-
JIBHUTYHIB, IEPETBOPIOBAYIB Ta iHIII B CAMUX BUPOOaX eNEKTPOHHOI TEXHIKH.

Jo 30BHIIHIX MpKEpes BiOpartiii ¢ BiJHECTH, HacaMmIepe I, Biopa-
mii TMx 00'€KTiB, HA AKMUX 3MOHTOBaHA amapaTypa abo Ha sKuX ii mepe-
BO34Th. KpiM TOrO 110 30BHIIIHIX JpKepes 30YDKEHHS CIIiJl BiIHECTH aKyc-
TUYHUH IIyM, OPUBU BITPY, HEPIBHOCTI JOPOTH, XBUIIIOBAaHHS MOpS, a Y
(hpOHTOBHX YMOBaX — BUOYXH, IOCTPIJIH, 3ITKHEHHS.

OcuoBanmu 30BHimHIME a1 PEA mkepenamu BiOparmiit Ha miTa-
Kax € MOBITPSHI TATOBI TBHHTH, PEaKTHBHI IBUTYHH, BiOpoymapu — TypOy-
JICHTHOCTI MOBITPSHOTO CEPEIOBHUIIIA, YAAPU TPHU KOPCTKHUX TOCAIKAX.

YacToTH Nepumx pOTOPHUX TFapMOHIK MOXYTH JIEXKATH B MEXKax
30-80 I'y 3anesxHO Bix THNy aBuryHa. Lli BiOpamii MaloTh Iyxe NMPOKUN
niamaszoH dactot (Big 10 mo 2000 ') i BiOpomepesanTaxens Bix 0,02 mo 5 g.
3BHYAIHO, PESKUMH 3JIOTY, HOCAJKH, MOJBOTY B MOBITPSIHUX TYypOYJICHT-
HOCTSIX BIiAPI3HAIOTHECS BiJl CIIOKIHHOTO MOJBOTY 3HAYHO OLTHIIMMH 3Ha-
YeHHSIMH TTapaMeTpiB BiOpariif i ynapis.

VY neskux TEXHIYHUX BUMOTaX Ha po3poOKy jiTakoBoi PEA Bka3zy-
€ThCs Aiana3oH vactoT Big S5 g0 300 ['u mpu BibponepesanTaxenusx 0,1 no
5, a TakoX BiOpoynapHi HaBaHTa)XKEHHsS 3 BIOpoIepeBaHTaXEHHAMH 110 12
npu TpuBasocTi iMiyiascy Bix 0,02 mo 0,05 c [4]. IIpu npomy ciig MaTu Ha
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yBa3i, IO I[i HOPMH CTOCYIOThCSI BiOpariii i ymapis, BUMiprOBaHHX Ois oc-
HOBH BUPOOY, 00 B MiCIISIX HOTO KPITIJICHHS B JIITAKYy.

IIpu poGoti Typ6orBuHTOBOTO nBuryHa (TI'/l) Ha miTaky mKepe-
JIOM iHTEHCHUBHHX KOJIMBaHb, IO TEPENAIOThCS HA JITaK, € MOBITPSIHUN
TSATOBUM TBHHT, a Ha KOPaOJIi IITOBXalOYHi TPEOHUI TBHHT.

30y/pKyroUa CHJia 3 4acTOTOK OOCpTaHHS BUHUKAE BijJ CTATUYHOI,
JUHAMIYHOI 1 aepO/IMHAMIYHOT HEBPIBHOBaXKCHB MBHHTA. CTaTMYHUNA TucOa-
JIaHC TBUHTA BHHUKAE yepe3 po30DKHICTH LIEHTpA Barv IBUHTA 3 BicClo 00ep-
TaHHs. Tak SK MOBITPSHUH I'BUHT MOXHA PO3IJISIAATH MaiKe SK JUCK, TO
el Buj aucOanancy € BU3HAYaIbHIM.

JuHamidaa HeBplBHOBa)KeHlCTB BHHHKA€E Yepe3 pO361)KHlCTL TOJIOBHOI
HEHTPABLHOI Oci iHepIii 'BUHTA 3 Bicclo obepTaHHs aBiajBUryHa. Ii MoxHa
YABUTH, SIKIIO PO3IJIAAATH TOBITPSHMI TBHHT HE K IUIOCKMHA IHCK, a K
00'eMHEe TiJIO, OKpeMi YaCTHHH SKOTO B3JIOBXK OCi 0OepTaHHS MAarOTh CBOI
cTaTuuHi aucOanmaHcu. Tak, SKIO IEHTPH TSDKIHHS JIoTaTei TBUHTA He
JISKATh B OJHIN TUIOIMHI 3-3a MTOXHOOK BUTOTOBICHHS, CKJIQIAHHS 1 Pi3HHII
B JKOPCTKOCTI, a, OTKe, 1 B Jedopmanisx mig 4ac poOOTH JBHUI'YHA, TO Ma€e
Miclle AUHaMivyHa HEBPiBHOBAXKCHICTb.

PEA, mo BCTaHOBIIOETHCS Ha Cy4acHHX TeJIKONTEpax, BiadyBae
BiOpamito BiJ HEBPIBHOBaXCHOCTI HECY4Oro TBHHTA 3 YaCTOTOIO MEpINOi
TBHHTOBOI TApMOHIKH, BiJI aepOJANHAMIYHOI HEBPIBHOBaXCHOCTI JIOMIATEH 3
YacTOTOIO, PIBHOIO i KPAaTHOIO KiJIBKOCTI JIomaTel, BiJl HEBPiBHOBAKECHOCTI
pPOTOpiB IBUTYHIB 3 YaCTOTOIO IEPIIOI POTOPHOI TapMOHIKH JABUTYHIB, a
TaKOX BiJl HEBPiBHOBaXEHOCTI KOJIC PEAYKTOpA 1 KapJaHHUX Iepeaad.

XBOCTOBHI TBHHT TaKOX € JDKEPEJIOM BiOpalliii, Xxo4a i MeHIIoi iH-
TEHCUBHOCTI, HiXK Hecyuuii. OCHOBHE [DKepesio BiOparlii aepoHHaMIYHOTO
TIOXOJ/DKEHHSI 1€ JIONIATOYHI IMCKH, TSATOBUI TBHHT, BEHTHJISITOP KOMIIpe-
copa, TypOiHU.

Uepes po3Kkua 3HaYeHb acpOAMHAMIUHUX XapaKTEPUCTHK JIOTaTeH
BUSIBIISIIOTHCS. HEOAHAKOBUMH iX CHUIM TSTH 1 OMoOpY JUIsd oOepTaHHS OKpe-
Mux Jonareil. [Ipyn reoMerpuyHOMy IiJICYMOBYBaHHI LIMX CHJI BUHHUKAIOTh
HEBpiBHOBa)KCHA JWHAMIYHA CHJIa 1 MOMEHT, SKi TPUKIAICHI 10 Balry
reuaTa. CyMapHa Mis Ha BaJ HEBPIBHOBKEHUX CHJI 1 MOMEHTIB 30ymKye
BiOparii 3 wacTororo oOepTaHHS TBHHTA. Alle iCHye Ie OIOWH BUA 30y-
JKEHHS, 110 MOPOJKYE KOJMBAHHS KOXHOI 3 JomaTe 3 4acToTO Mepuiol
TBHHTOBH rapMoHiku. L{e 30y/pKeHHSI BHHUKAE MTPH TaK 3BaHOMY “KOCOMY”
00/1yBi 00epTOBOTO T'BHHTA, KOJIM MOBITPSHUH MOTIK OOTiKae JiTak y Ha-
npsiMax, IepIeHIUKYISIPHIX MO3/I0BXKHIN OCI JIiTaka.

Taka B3aeMofisi 00epTOBOTO TATOBOTO I'BUHTA 3 MOBITPSIHUM I10TO-
KOM Ma€ Miclle PH CBOJIOMISX JIiTaKa, OCOONMUBO TpH KOB3aHHI, OOBTaHII,
BiJIpUBI Bix 3emil MpH 3JIbOTI Ta TOPKAHHI IIPH MOCAALI, KOJIHU JITaK Ipo-
cizae Ha maci abo pu CHIBHOMY OiYHOMY BITpI.
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BiOpamii Ta mymu, sKi TOPOMKYIOTECS IUCOaTaHCOM 3y04acThux
KOJIiC, TOXHOKAaMHU BUTOTOBIICHHS 3y0iB 1 JKOPCTKICTIO 3a4eIICHHS 30YIKY-
FOTH Ta MOPOKYIOTH BiOPaIlifo 3 9aCTOTOO, IO IOPiBHIOE JOOYTKY YaCTOTH
obepraHHs 3y04acToro xoieca Ha ducio 3yo0iB. [Ipu 36iry wactotu obep-
TaHHS 3 BIIACHOIO YAacCTOTOIO KOJMBAaHHA X04a O OJHOTO 3 KOJNIC Napu BH-
HUKAaE PE30HAHC 3 yKpail HEMpHEMHHMMH Haciigkamu. PenykTopu aBiamiii-
HUX JIBUTYHIB 1 BEPTOJbOTIB IPALOIOTh 3 BUCOKUMH IIBUAKOCTSIMH 1 Ha-
BaHTa)XCHHSMU 11X BUTOTOBIISIIOTH OCOOJIMBO PETEIBHO.

TTigNMITHIKYA KOYCHHSI TAKOXK € JDKEPEIOM BiOparliid, sska BUHUKAE
yepe3 MOXUOKU BUTOTOBIICHHS KiJiellb, OITOBHX JOPIXKOK, TiJl KOYEHHSI, ce-
rmapaTopiB, a TaKOXX 4Yepe3 3a30pu 1 HepiBHOMIpHICTH kopcTkocTi. Tak
PI3HOCTIHKOBICTH BHYTPIIIHBOTO KiJIbIA, SIKE 00EpTAa€THCS, MOPOKYE Bi-
OpalLilo 3 YaCTOTOFO MepIIoi TBUHTOBUI FAPMOHIKH, @ OBAIBHICTh OPOIIKYE
BiOpaii 3 4acTOTOIO IPyroi rapMOHIKHA. AMITIITYAX BiOpamiif 3pocTatoTh i3
3pocTaHHSAM TOXHOOK. B mimomy BiOpamii, mo 30ymMKYIOTBCS ITiIIIAII-
HHKaMH, SIK IPaBIUIO, HabaraTto MeHIIl 3a BiOpamii camoro asuryHa (Tadm. 1).

Ta6auusa 1 — XapakrepucTuky Bidpauiii, mo Ail0Ts Ha anapaTtypy,
sIKa BCTAHOBJIEHA HA PYX0MHX 00 'exrax [3]

Jxepeno BiOpanii XapakTepucTuka Bidparil

Tpancnopthi 3acodu YactoTu 30yIKYIOUNX KOJMBAHb IiABICKM MAaIlMHU

KOJIICHOTO TUILY 2-10 T'u, xy3oBa 8-15 I', mpuckopenns 1 g, gac-
toTH 30ymkenHs asuryna 20—-60 '

TpancnopTtHi 3acobu VYnapuo3OymkyBaHi BiOpaiii B Jiarma3oHi 4YacToT

TYCEHUYHOT'O THITY 400-700 I'u, aMnuTiTy1a KOJMBaHb HA HU3BKUX 4Yac-
toTax =+ 0,25 Mmm

Kopabens YactoTu 30yIKyIOUHX KOJNUBAaHb 1 MPUCKOPEHHS B
kopMoBiit vactuni 2-35 ', 0,05-0,5 g

Jlirax Yacrotu 30ymxenns 3—-500 I'u, ammiiryna KoJIMBaHb

+3,8 MM Ha HU3bKHX YacTOTaX.

AxyctruHi BiOpartii ¢ yactotoro 10 130 k['11 Ha piBHI
150 nb BwiIIe 3ByKOBOTO MOPOTOBOTO PIBHS

Kepogani cHapsu Yactotu 30ymxyrounx komuBanb 30-5000 I'u, mpu-
ckopennst 5-30 g. Ha nimsiHii pe3oHaHCY MOXIHUBI
npuckopenHs 1o 40 g.

AxyctruHi Bibpanii ¢ yactotoro 10 10 xI['11 Ha piBHI
130 b BwIIEe 3ByKOBOTO MOPOTOBOTO PIBHS

Ha PEA, 1m0 BCTaHOBIIOETHCSI Ha PaKeTax, MIFOTh BEIMYC3HI JIi-
HiWHI 1 yrapHi IepeBaHTaXEHHS! 0COOJIMBO Ha PEeKMUMax CTapTy 1 ImigioMy.
Jlxepenamu IMX IepeBaHTaXEHb € pOOOTa NOTY)KHUX PAKETHHUX JIBUTYHIB i
MIPUCKOPIOBaUiB, a TAKOX IX ckugaHHsA. He Mamy ponb Bifirpae aepoanHa-
MigHe 30y/IKeHHS Ha PeXMMI MiTHOMY pakeTH B MeXax crparocdepu. Y
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pakeTax IpH BKJIIOYEHHI CTapTOBHX IPHUCKOPIOBAadYiB Ha TBEPIOMY IMAJINBI
TepeBaHTaXEHHS MOXYTh focsrati 15g [4].

VY3aranpHIOIOUHM BHUKJIAICHI Marepiamd Uil 3pYy4HOCTI KOPHUCTY-
BaHHs 00’ €JHAEMO iX B HacTymHI Tabmumi (Tabm. 2, 3).

Tadoauus 2 — [lapameTpu Bid pauiii, o Ail0TH Ha anapaTypy
NPU TPAHCHOPTYBaHHi [4]

YMoBa Hactora IIpuckopenns, AMrfmTyﬂa’ MM -
30yIKYIOUNX HH3bKI BHCOKI
TPAHCTIOPTYBAHHA KOJIMBaHBb, [ 11 g YaCTOTH JaCTOTH
ABTOMOOTE 2-3 3 180 80
15-40 1 11 0,15
. 2 +15 25 -
3anizHa gopora 100 +2 N 0,05
Mopchkuil TpaHCIIOPT] 1-50 0,4-2 1o 10 <0,2
ToBiTpstHH TpaHCTIOPT] 3-500 0,2-20 >3 <0,2

Tadauusa 3 — 3HayeHHs BeJIMYMH MapaMeTpiB Bid pauiiinux i yiapHux BnJuBiB
Ha pajioesieKTpoHHY anmapartypy [5]

1. JJammyasko M. M. OpraHuzamnus CBS3H B NOTPaHOTPsIE

Bibpartis niHiliHe
Bun PEA 4acToTa, |PHUCKOPEHHS,| ynap, |IPUCKOPCHHIA,

I'n g g g
ABTOMOOITHHA 2-80 4-1 10 6
HamiBcrarionapHa 2-80 4-1 20-75 -
IepenocHa 2-80 6-3 100-200 -
JlirakoBa 3-400 2-10 5-10 6-9
Kopabensha 5-35 15 7-12 -

JlitepaTypa

: yued.

mocobue / M. M. Jlammyapko. — XmensHuUIKHHA : AIIBY, 1995. — 68 c.
2. Pa3paboTKa KOHCTPYKTHBHO-TEXHOJIOTHYECKUX ITyTeH IOBBIIIC-
HUS TIPOYHOCTH THUIIOBBIX DJIEMEHTOB M Y3JIOB Fe€pMETHU3HPOBaHHON PDA /
Hayuno-rexuunueckuii oruét Ne 0.100-83. — Xmenbuuukuii, 1983. — 241 c.
3. Kapnynmn B. b. BuGpaiwu u ynapsr B pamroarmaparype / B. b. Kap-
nynmH. — M. : CoB. paauo, 1971. — 344 c.
4. Cyposues 0. A. AMopTu3anusi paJHodJIeKTPOHHOM anmaparypsl /
IO. A. Cyposues. — M. : Cos. paguo, 1974. — 176 c.
5. Tpudontok B. B. HagexxHOCTh yCTPOWCTB POMBIITICHHOM 3JIEKT-
ponuku / B. B. Tpudonwk. — K. : JIstougpe, 1993. — 62 c.
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HNIABUIIEHHA EOEKTUBHOCTI ITPOEKTYBAHHS MAIIIMH
13ABE3NEYEHHSA IX IPALE3JATHOCTI
HIJISIXOM PO3B’SI3AHHSI OBEPHEHUX 3AJTAY

Topowxo A.B., Poiizman B.I1.
Xmenvhuyvruil HayionanbHull yHigepcumem, Yrpaina
E-mail: iftomm@ukr.net

[pakTu4HO Oy/b-sIKa CydacHa MallMHA CKJIAAETHCS 3 MEXaHI4HOT,
T1APOITHEBMOMEXaHIYHOI, €IEKTPOMEXaHI YHOl Ta eJeKTPOHHOI crucTeM. [Ipatte-
3ATHICTh MAIMHHU, TOOTO CTaH, y SIKOMY BOHA 3/laTHa BHKOHYBATH CBOI
¢yHKOIT 3 mapaMeTpamMu, 3aJaHUMU TexHiyHIMH ymoBaMu (TY), 3anexurs
BIJI MpaIle3aaTHOCTI BCiX cHUCTEeM MallMHU. Hampukiiam, npame3aaTHicTh Me-
XaHIYHOI CHCTEMH MAIIMHH 3aJIeKUTh BiJl MII[HOCTI, BIOpAIiifHOT CTIHKOCTI,
3HOCOCTIMKOCTI, TBEPJIOCTI, TEIJIOCTIMKOCTI T JeTaneil, mpamne3iaTHiCTh SJICKT-
POHHOI CHCTEMH KpiM TOTO i Bij 3a0e3MeUYCHHST HEOOXIHUX CICKTPHYHUX
napameTpiB.

[Ipu mpoekTyBaHHI MalMH 3HAYCHHS iX BUXIJHHX [TapameTpiB B
Til 9¥ {HIIH Mipi 3aJeXaTh BiJ HOMIHATFHUX 3HAYCHB 1 JOMYCKIB HA HUX
(mamam Oymemo iX Ha3WBATH BXiAHWMH TapaMeTpaMH) COTEHb a0 THUCSII
JeTanei i By3JiB, IO CKIAJAI0Th KOHCTPYKIIFO MAIIMHH, B3a€EMOMIS SKUX 1
3abesmedye (yHKIIOHAIbHE MpH3HAUeHHs. [lepea KOXHUM pO3pOOHUKOM
(TIpOeKTYyBAIFHUKOM) MAaIlMHU CTOITh 3a7adya BHOOpPY TakuX ii CKIaIOBHX,
o0 XapakTePUCTHKH 1 MapaMeTpH CIIPOSKTOBAHOI MAIMHU 33{0BOJIBHSITN
moctasneni TY.

BigmoBa, ToOTO MOpyIIeHHs! Npale31aTHOCTI MallMHA MOXe Bif-
OyBaTHCH 3 JIBOX MPUIHH:

—3amganuM B TY 3HAYCHHSIM BXiJHUX MapaMeTpiB MAIlMHU HE 3aB-
KA BiJIOBINAIOTh HEOOXIJHI 3HAYCHHS iX BUXITHHX XapakTepucTuk. Ls
mpo0iieMa 1MoB’ 13aHa 3 TOMUJIKAMHY Ha €Talli MPOCKTYBaHHS,

— B IIpoIleci eKCIuTyaTarii BigOyBarOThCs TaKi 3MiHH BXiJJHHX Tapa-
METPIB 1 XapaKTEpUCTHUK, MPH SIKUX HE 3a0e3nedyeThesi BUKOHAHHS TY Ha
BUXiHI mapameTpu. HaBiTh mpu BHamoMy Ha TEPHIIMH MOTISIT Pe3yiIbTaTi
MalmHa BHACTIAOK PEabHOTO PO3KHAY 3HAYCHb XapaKTePUCTHK il OKpe-
MHX CKJIaJIOBHX HE 3aCTpaxoBaHa BiJl TOTO, IO ii XapaKTepUCTUKH HE BUU-
IyTh mmo3a Mexi TY mig yac excriayaraitii, TOOTO mpare3aaTHiCTh 3a0e3e-
yeHa He OyJe.

[Ticns BcTaHoBNEHOTO (hakTy HEBUKOHAHHS MaumHow TY mocmia-
HUKH MPAarHyTh 3HAWTHU BIMOBIHI MPUYMHE, & CAME [ITYKAIOTh BiAMOBII Ha
MUTAHHS a SIKUMH X MalOTh OYTH 3HAYCHHS BXiJHUX MapaMETPiB CUCTEMH,
mo6 3HaYeHHs TY rapaHTOBaHO 3a0€3MeUyBaINCh MPOTATOM TEPMIiHY €KCII-
nyaramii. I{ro 3amady, Ha Ham TOTIIAA, HEOOXITHO PO3B’SA3yBAaTH IIe TPH
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MIPOEKTYBaHHI MalIMHHU. 3a/1a4i NOAI0HOTO THITY, KOJIM 3a HacliaKkaMH (TIpo-
sIBY 00°€KTa, IO CTIOCTEPITAETRCS), 1 arpiopHii iHpopMallii, HeOOXiTHO 3HANTH
MPUYUHY (BIACTHBOCTI 00’€KTa), HA3UBAIOTh 0OCPHEHUMH 3amgadaMu. Odge-
BUJIHO, 110 BHACIIIOK IPHPOIHOTO PO3KHUIY PEATBHUX XapaKTEPHCTHK, TOXH-
00K BUMIipIOBAIBLHUX MPUJIAiB, METOJUIHHUX MTOXHOOK, MOXHOOK 00UHCIIEHb
TOLIO JUIsl POEKTYBaJbHUKA CTAHOBIISATH 1HTEpEC HE TOYHI 3HAYEHHS WIy-
KaHUX MEPBUHHUX (aKTOPIB, a IHTEPBAJIHM X 3HAUYEHB, IIPH MONAJAHHI B SKi
Oymu 0 3abe3meyeni TY. OTke, OHIEIO 3 OCHOBHHX 3aj1a4, OB’ I3aHUX 13
3a0€3MEYCHHSIM TEXHOIOTIYHOCTI KOHCTPYKIIIH 1 €()eKTUBHOCTI TEXHOJIOT1Y-
HUX TPOLECIB BUTOTOBJIECHHS MAallMH € OOIPYHTOBaHWI BHOIp TakuX J0-
MyCTUMUX BIAXWICHBb BiJl HOMiHAJIBHUX 3HAYCHb (IOMYCKIB) BiIIOBITHUX
TIePBUHHMX (PAaKTOPIB, SIK1 U1 KOHKPETHUX TEXHIKO-€KOHOMIYHHUX 1 OpraHi-
3alifHUX YMOB CEpifHOrO BUPOOHMIITBA KOHCTPYKTHBHO 1 TEXHOJOTIYHO Ta-
PaHTYIOTh OTPHMaHHS BUXITHUX XapaKTEPUCTUK MaIMH y nependoadeHnx TY
Mexax. B moganemomy OyneMo Ha3WBaTH ITI0 00EPHEHY 3a/1ad4a 00epHEHO0
3a/avero CHHTE3y JOIycKiB [1].

Hanpuknan, nepeBuineHHs BiOparliii poTopa aBiaIBUTyHa, pO3TAIIO-
BaHOTO Ha KPWJI JliTaka, OB’ s13aHe 3 HASBHICTIO KPUTUYHUX YACTOT POTOpA
B 30HI €KCIUTyaTaI[IfHUX, MOXKE BUKJIMKATH BIIMOBY ABHTYHA. SIK moka3aa
MPaKTUKa, Cy4acHi METOM 3 BUKOPUCTAHHSIM KOMIT FOTEPHUX CHCTEMH ITPOEK-
TyBaHHs, Takux sk SOlidWorks, Ansys Ta iH. He TO3BOJISIOTH 3 MOTPIOHOO
TOYHICTIO BHU3HAYaTH KPUTHYHI YAaCTOTH POTOPIB IMOAIOHMX KOHCTPYKIIH,
OCKIUJIBKM HEMOXXJIBO BpaxyBaTH 3aJydeHHS JI0 KOJMBAHb ITPHETHAHIX Mac
IT1 IIMITHAKIB, KOPITYCiB, paM¥ KPIIUICHHS, a TAKOX TONIMPEHHS KOJIUBaHb
Ha iHIOI YacTWHH, SIKi 3 OAHi€] CTOPOHM YHHSATH aMOPTHU3YIOUH [0, a 3
iHmoi — € 30ynHUKOM KonmmBaHb. g 3a0e3neyueH s Mpane3JaTHOCTI aBia-
JIBUT'YHA HEOOXiTHO BU3HAYUTH PEajibHI KPUTHYHI YaCTOTH POTOpA, PO3B’s-
3aBIM 00epHEHY 3amauy. [l igeHTr(IKAIl aMIUTITYJHO-4aCTOTHOI XapaK-
TEPUCTHKU KOMIIpecopa HeoOXi/IHI 3HaHHS NPYKHO-IHEpLIHHUX XapakTe-
PHUCTHK POTOpa, IO TEX MOTpedye po3B’s3aHHs oOepHEHOT 3aadi iX i/1eH-
TUdiKalii 32 BUMIpSHUMHU €KCIIEPUMEHTAIBHO JTAHUMH ITPOTHHIB .

[epeBuineHHsT NOMycTUMHUX BiOpamiii TypOOHAaCOCHHM arperaTom
THA-150 moxe BuMarae OajaHCyBaHHS POTOpa, a IS I[bOTO HEOOXiTHO
3HATH JKOPCTKICHI 1 MACOBI XapaKTEPUCTUKU poTOpa. Po3paxyHKOBHM DTS-
XOM 32 KPECJCHHSIM KOHCTPYKIIl iX OTpUMaTH HEMOXUIBO, a00 3HAWICeHI
3HaUCHHS MAaTHMYTh BEIMUE3HY MMOXUOKY, depe3 Mo HEOOXiTHO PO3B’s3aTH
obepHeHi 3a1a4i ireHTH}IKamii MPyKHO-IHEPLUIHHUX XapaKTEPUCTUK POTOpa
3a pe3ylbTaTaMH €KCIIEPUMEHTIB 1 OJlepKaTH iX 3HA4YeHHS y BUTIIAII HO-
MiHQJILHUX 3HaY€Hb 1 IOIYCKiB Ha HUX.

[pare3narHicTh eIEKTPOHHOI CUCTEMH MAIIMHU 3aICSKUTh HE TUIBKH
BiJ1 0€3BIIMOBHOCTI i1 €ICKTPUYHOT CXEMH, aJi¢ 1 BiJI MEXaHIYHOT MIITHOCTI i
OKpemuX eneMeHTiB. Llel ¢akT 0coOIMBO aKTyaJIbHHH IS MalllMH B aBia-
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LiHIN 1 paKeTHIH Taiy3i, ¢ BOHH i ITAl0ThCS KOPCTKUM BiOpaIliiHIM 1 TeM-
TepaTypHUM BIUTHBaM. BHAcCTiOK 3HAYHOTO PO3KUIY (i3HKO-MEXaHIdYHUX
XapaKTepUCTHUK HOBITHIX MaTepianiB eJIeMEHTIB eJIeKTPOHHUX BY3JIB IIiJ
yac TEPMOIMKIIOBAHHA YacTO BiJOYBa€ThCS pYyHHYBaHHS IX KOHCTPYKIIii,
10 TPUBOJUTH JIO0 BTPATH MPaIe3aaTHOCTI SJIEKTPOHHOI CUCTEMH 1 BiIMOBH
mammHu. [Tomyk momycTUMHX 3HaueHb (Pi3MKO-MEXaHIYHHUX XapaKTepHc-
TUK MaTepialliB eJIEMEHTIB €JIEKTPOHHOrO By3Jla MAllMHHU, NPH SKUX 3a0e3-
MeYyIoThCs 11 mpane3aTHicTb, NoTpedye po3B’si3aHHs 00CpHEHHX 3a1ad.

Bci BkasaHi 3ajaui 3a0e3nedeHHsI MPaIe31aTHOCTI mepeadayaroTh
TIONIYK HEBIJIOMUX 3a BUMIPSHMMHU pEaJbHUMH 3HAYECHHSIMHU TNapameTpiB i
XapaKTepUCTUK By31iB MammH. OCHOBHIMH MPOOIIEMaMH 1 TPYAHOIIAMA Ha
LUISIXY X PO3B’S3aHHS, IO HA CHOTOAHI CTPHMYIOThH IX 3aCTOCYBaHHS, €
3HAYHUN PO3KH] 3HAYCHb PEANbHUX JaHUX, 10 MiJCTABISIOTHCS Y MOJIEIb Y
BUIIISAAI KOoe(illieHTiB, HEKOPEKTHICTh 3aJa4l BHACIIJOK MOTaHoi 00yMOB-
JICHOCTI CUCTEM piBHSIHb, CKJIAJICHUX JJIs 1NeHTH(IKAI[i HEBIJIOMHUX 3Ha-
YeHb, BIIMIHHICTh PEATbHIX 3aKOHIB PO3ITO/ILUTY BUMIPSIHUX BEITHMUMH BiJ HOp-
MaJIbHOTO, 1 HaBiTh YHIMOJAJIBHOTO 3aKOHY, — BCE II€ IPUBOAUTH JI0 OJEp-
JKaHHS HEJJOCTOBIPHUX PE3yIbTATiB.

ABTOpamMH TPOBE/ICH] JOCIIPKEHHS, B Pe3yJbTaTi SIKMX 3arporio-
HOBAHO HUTAXH ITOJONAaHHS BKa3aHUX mpooieM [1-6], mo MaroTh i BakiuBe
CaMOCTii{He 3HaueHHsI B TEOpii 1 MPaKTUIi KOHCTPYIOBaHHS i BUPOOHHIITBA
MallliH, a caMe Y/JIOCKOHAJICHHsI METO/IB ITapaMETPUIHOl 1 CTPYKTYpPHOI 1/1eH-
TU(diKaii MATEMaTHIHUX MOJEICH, METOIIB CTATHCTUYHOI OOPOOKH eMIIi-
PUYHHX JaHUX 3 TOJIIMONAIEHUME 3aKOHAMH PO3IOALTY, PO3BUTOK Teopil
3a0e3MeYeHHs TOYHOCTI 1 CTIHKOCTI ofepykaHuX po3B’s3KiB. Lle mano 3mory
MIIBUIIMTH MPAIe3aaTHICTh 17101 HU3KK PI3HOMAaHITHUX BY3JIiB aBial(iiHIX
ManmH. 30KpeMa mokaszaHo, mo porop THA-150 HemoxnBO BifbaiaH-
CYBaTH NUIIXOM HH3bKOYACTOTHOTO OallaHCYBaHHS 1 IUIIXOM pPO3B’s3aHHS
obepHeHOI 3ajadi mapaMeTpuyHOi imeHTH¢ikamii Oyno 3HaiiieHo XopcT-
KOCTI 1 MacH, a JfaJi po3paxoBaHi KPUTHYHI YaCTOTH POTOpA, MIPUBEACHI 10
MIPUHHATOI AMHAMIYHOI MOJIE, O JO3BOJIMIIO MIPOBECTH OalaHCYBaHHS HA
po0ouiif gacTori 00epTaHHS B TPHOX IJIOMIMHAX KOPEKIIii, B Pe3yibTaTi 4oro
BiOpauii 3HU3MIKCS MPHONN3HO B 6 pasiB, aMILTITYIM BiOpaiiii onop — B
YOTHPH pa3M, CTaTHYHI HANPYXXEHHs B MaTepiai Bana — B 3,5 pasu, a Iu-
HaMiyHi — B TpH pasu [2].

3acTocyBaHHSI METOAY ITPOOHUX ITapaMerpiB 1 yIIOCKOHAJIEHUX CTa-
TUCTHYHUX METOJIB PETyJspu3allii HEKOPEKTHUX 3a1a4 JI03BOJIMIIO BH3HA-
YUTH TOJATIIMBOCTI Oonop poropa kommpecopa AU-20, ineHTrdikoBaTH amii-
JTITYJHO-4aCTOTHY XapaKTEPUCTHKY pPOTOpa 1 IMOSICHUTH NPUYMHU PE30-
HAaHCHUX MiKiB. Briepme Oynu 3HaiizeHi BCi pOpMHU KONWBaHB I POTOpa
Ha MOAaTIHBUX omopax [3].

[InsxomM 3acTocyBaHHS y3araJlLHEHOTO METO/AY OOpOOKH cTaTwuc-
TUYHUX JJAHUX 3 TTOJIIMOJTAJIbHUM 3aKOHOM PO3IIOALIY IMOBIpHOCTElH pO3B’si-
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3aHO 33/1a4y NPU3HAYCHHS IPAaHHYHUX 3HAYCHBb AUCOANaHCy Uil MapTii KoM-
npecopiB aBiaaBuTyHIB AM-20 i MEXaHIYHUX XapaKTEPUCTHUK IapTii Kepa-
MigHuX pesuctopis Tumy OMIIT [4].

Po3po0iieHO pO3paxyHKOBO-CKCIIEPUMEHTAIBHUN METO 11eHTH(DI-
Kalil Gpi3uKo-MeXaHIYHUX XapaKTEPUCTHK MarepialiB, 3a JOIIOMOIOI0 SIKOTO
OTPHMaHO 3HAYEHHS TEMIEPATYPHOTro Koe(ilieHTa JIIHIHHOTO PO3IIMPEHHS,
MOy MPYKHOCTI 1 Moayas [lyacoHa mogiMEpHOro MaTepiany Mpu TeM-
nepatypi (—60 no +20), Mo N03BOJIMIO 3HAUTH IX AOMYCTHMI 3HAYCHHS 1
JOIYCKM Ha TEOMETPHYHI PO3MIPH €JIEMEHTIB KOHCTPYKIIi eIeKTPOHHOTO
BY3JIa MALIMHY, 5Ki FapaHTYIOTh MPale31aTHICTh B yMOBaX BKa3aHOTO Iepe-
maxy temmeparyp. [5].

3abe3nedeHo cTabibHICTh MOTY)KHOCTI BUXITHOTO CHTHAIY JIiTa-
KOBOTO BiJIOBiIa4a i BUKOHAHHA TY NUIIXOM CTBOPEHHS TiOpUAHUX CTa-
TUCTHYHO-JCTCPMIHOBAHUX MOJEJICH 3 HACTYITHHUM PO3B’S3aHHSIM OOCpHE-
HUX 33/1a4 CHHTe3y JOMYCKIB Ha iX mapaMeTpH, L0 J03BOJMJIO MPOBECTH
MOBHUH (haKTOPHUIT eKCIIEPUMEHT 13 MeHIoI0 B 12,8 pa3iB KiJIbKICTIO HEO0-
XiJJTHUX €KCIIEPUMEHTIB, MOM(IKyBaTH KOHCTPYKIIIIO TIPHIIALy 1 3HAWTH MTPUii-
HSTHI JUIsl 3aBOY-BUPOOHMKA JIONYCKH Ha XapaKkTEpPHUCTUKH MEXaHIuHOi CHC-
TEMH JITAaKOBOTO BijnoBigaya [6].

INocraHoBKa i po3B’si3aHHA 3a1ayi HapaMeTpU4HOr0 CHHTE3Y NO-
myckiB Ha ®MX 1 reoMeTpuyHi PO3MipH KOHCTPYKIII JTO3BOIIIIO 3abe3re-
YUTH MIIHICTh KOHCTPYKIIii KepaMidHUHA eIEMEHT-KOMITaYH] B KOHCTPYKIIii
MIKPOMOJYTIS 1 KepaMiYHUX TUCKOBUX KOMITAYH/IOBAHUX KOHJICHCATOPIB EJIEKT-
POHHHX BY3JIiB aBial[ifHUX MaIliH, IO 1AJI0 BATOMUIA €KOHOMIYHHH eexT [4].

B pe3yabTarti npoBeacHUX TCOPETHUHUX JOCITIKCHB 1 pe3y/IbTaTiB
X 3aCTOCYBaHHS JUIS BHPIIICHHS MOCTaBICHMX HAYKOBO-TEXHIYHMX 3ajady
BHUPIIICHO Ba)XXJIMBY HAyKOBO-TEXHIYHY MPOOJIEMY MiJBUILECHHS Mpare3aaT-
HOCTI MEXaHIYHUX Ta EJIEKTPOHHUX By3JiB MammH. OTpuMaHi pe3ynbTaTy B
CYKYITHOCTI CKJIQ[alOTh CYyTTEBUI BHECOK Y IOJAIBIIMKA PO3BUTOK TEOPIii 1
MPaKTHKU 3a0e3lMeveHHs] Mpale3laTHOCTI MAallMH Ha eTami X NPOeKTy-
BaHHs1, BAPOOHHIITBA Ta eKCILTyaTallii.
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YHUCJTEHHO-AHAJIUTUYECKHWI CUHTE3
PBIYAKHBIX HAIIP ABJISAIOIINX MEXAHU3MOB
CIIATUKPATHBIM Y3J1I0M HHTEPITIOJIAAIINU

Xaporcesckuui B.A. XmenvHuykuti HayuoHanbHblll yHUgepcumen
Vkpauna, 2. Xmenonuyxuii, yn. Unemumymcexas, 11, vk@solidworks.net.ua

[Ipu mpoexkTHpOBaHUK COBPEMEHHBIX MAIIMH YaCcTO BO3HUKACT 3a-
Jlada CHHTE3a MEXaHU3MOB, ¥ KOTOPBIX HEKOTOpas TOYKA HCIOTHUTEIBHOTO
3BEHA JOJDKHA IEPEeMENaThCs B IMpoIlecce paboTHI 1O 3apaHee 3aJaHHOH
TpaekTopri. Takue MexaHN3Mbl Ha3BIBAIOT HAIPABIIIOMIMMH, IIPUYEM IIIH-
POKO€E IPUMEHEHUE B MALLIMHOCTPOEHUH IOJYIHIIN IPSIMOJIMHENHO-HaNpaB-
JIAOMME U KPYTOBbIE HAIIPABIAOIINE MEXaHU3MBI, OCYIICCTBIIAIOIINE ITPU-
OJMMKCHHUE HEKOTOPOTO YYaCTKa TPACKTOPUU COOTBETCTBEHHO K MPSIMOH JIU-
HUU U [yTe OKPY>KHOCTH.

Jist peleHus] 3TOM 3aayll MOTYT HCIONB30BATHCSA PA3IUIHEBIC
THUITBl MEXaHU3MOB, B YaCTHOCTH, PHIYaXXHbIC, KOTOPBIE HMEIOT PSIIl CYIIECT-
BEHHBIX IPEHMYIIECTB: COACPKAT JIMIIF HU3INE KHWHEMaTHYECKHUE Iapebl,
00eCTIeunBalOT T€OMETPHUECKOE 3aMBIKAHUE 3BEHBEB, a BCICACTBHE HTOTO
MMEIOT TOBBIIIEHHYIO HaJIEKHOCTD, IOJTOBEYHOCTh, HATPY30UHYIO CIIOCO0-
HOCTh, a TaK)Ke O0eclieuuBaloT BBICOKHE paboune ckopoctu. Kpome Toro,
HA MX OCHOBE MPOCKTUPYIOT TAKXKE IIMKJIOBBIC MEXaHU3MBI C MTEPHOIMYCC-
KOM 0CTaHOBKOH BBIXOJHOTO 3BeHa [1, 3, 4].
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Kpyrosele u npsMOJIMHEHHO-HANPABISAIONIME MEXaHU3Mbl MOTYT
OBITH cO31aHBI Ha 0a3e MAPHUPHOTO YETHIPEX3BEHHOTO MeXaHn3Ma (puc. 1).
Cy1mecTByeT /iBa HallpaBICHUS B CHHTE3€ TaKMX MeXaHu3MoB [ 1, 3]:

— anreOpandeckue Meroabl YeObllieBa Ha OCHOBE TEOPHUM HaM-
Jqyduiero npuoikeHus GyHKiuii. B 9ToM HanpaBneHuu cieayeT OTMETUTD
pab6otsl broxa, Kunuiikoro, Capkucsina, DauisHa, [laccmanHa,;

— METO/Ibl KHHEMaTH4eCKOM TeOMETPUH, Pa3BUTHE KOTOPBIX IPOBO-
quiock B paborax bypmectepa, beiiepa, ['epornmyca, UepkynuHoBa u nip.
CoBpeMeHHBIIH 0030p METOJOB KMHEMAaTHYEeCKOH T'€OMETPHH, NPUBE/CH B
pabote Vanra [4]. OcoOeHHOCTBIO ATUX METO/IOB SBISCTCS TOWCK B MATYH-
HOW IUIOCKOCTH Y3JI0B HHTEPIIOJSIIMU BBICOKOW KPAaTHOCTH, B KOTOPBIX
COBIAJAIOT HE TONBKO IIATyHHAas KpuBass M 3afaHHas (QYHKOHA, HO U

(n—1) nx nponseoanbix. [IpUHSB TAKOH y3e1 HHTEPIOIALUI KPATHOCTH N

B KayecTBe MIATYHHON TOYKH, MOIYy4HMM B HEKOTOPOH €ro OKPEeCTHOCTU
Y4aCTOK IIATYHHOM KPHBOM HPHOJIM3UTENBHO IMOCTOSHHON KPWUBH3HBL, 4TO
MO3BOJISIET CIPOEKTUPOBATh KPYTrOBOM MM MPSMOIUHENHO-HATIPABISIONMN
MEXaHH3M Ha €ro OCHOBE.

wamynras kpubasi

P-nonmec meHoberrozo Gpauerus

wamyHHoU nAOCKOCMmU
S, S,-modku bypmecmepa
D -moyka Yedwweba

Kacame/ibHas

Puc. 1. lllapHupHBIii 4eTbIPEX3BEHHBINH MEXaHH3M
KAK KPYroBoii (¢) 4 NpsIMOJIMHEITHO HanpaBJsiioIue () MeXxaHH3MbI

OnHUM M3 COCOOOB MPUOIKEHHS! y4acTKa ATYHHOW KPHBOW C
BBICOKOM TOYHOCTBIO SIBJII€TCS] UCIOIb30BAHUE MSTUKPATHBIX Y3JI0B HHTEP-
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MOJIALMH, KOTOPBIMH SIBIISIFOTCSL TOUKH Bypmecrtepa (npuOikeHue K ayre
OKPYXXHOCTH) U Touku UeOpmmeBa (MpHOIIDKEHHE K MPAMOU JIHHUH). DTH
TOYKH yIOBIETBOPSIOT CIEAYIOIM YCIOBHM [ 1]:

_*pYp~%pYp . dK _d*K _
3’d(p do?
’ 2 2 1 P
|:XD +yD} 1

roe K — KpHUBH3HA MATYHHOH KPHBOIA;
Xp» Yp — KOOPAMHATBI IIATYHHOH TOYKH, KOTOPBIC ONPEEISIOTCs

K 0, 1)

B PE3y/lbTaTe KUHEMAaTUYECKOIO MCCIIEN0BaHUs C UCIOJIb30BaHUEM U3BECT-
HBIX METOZIOB [2].

s HaxoxaeHus Touek YeOrlmeBa, KpOME TOTO, T0OABISICTCS SIIE
yenoue K =0, mockoabpKy NpuOIMKEeHNE TPOBOANTCS K MPSAMOI JTMHUH.

VcxXomHbIMU JJAHHBIMU JIJIsl CHHTE3a SIBJISIFOTCS JJIMHBI 3BEHbEB 0a-
30BOTO MEXaHW3Ma: KpUBOIMIA I, maryHa b u xopomsicma C. Ilocmemo-
BaTEJIbHOCTh CUHTE3a HATPABISIOIMX MEXaHU3MOB CJIETyIOIIAs:

1. Touxu Bypmectepa MOKHO OIpEeTUTh KaK TOUKH MTePECeUCHHUS
KPUBOH KPYTOBBIX TOYEK C KPHUBOW I€OMETPHUYECKOT0 MecTa TOouek, obec-
MEYHUBAIONMX KacaHHe 4-ro MopsAKa CO CBOMM KpPYyromM KpHBH3HBI [1],
KpOME TOTO Tpe/araeTcst CIeIyoUpil Crioco0: UIsl 3aJaHHBIX MOJIOKEHUN
MexaHH3Ma CHavasa onpeaesseM KPUBYIO KPyroBbix Touek [ 1, 3]:

(x2+y2:(llx+lzy:—lsy2—I4xy—|5x2:O, 2)

rae | ,..., 1. — koapduuments KpuBoi.

Hanee, cpean MHOXECTBa KPYTOBBIX TOUYEK YHCIEHHO HAXOAWM
YIOBJIETBOpAIONME Takxke ycinoBuio (1), mist gero ObUIM BbIBENCHBI (op-
MYJIBI JUTS OTIPEICTICHUS HEOOXOAMMBIX BETHYUH.

2. Toukn YeOpnmeBa onpeaenseM CIeAYIOIMM 00pa3oM: I Kax-
JIOTO TIOJIOKEHUSI MEXaHW3Ma, B COOTBETCTBHH C anroputmom [3], aHaiu-
TUYECKH PAaCCUMTHIBAEM IOJIOKEHHE TOYeK boa, 3aTeM YHCIEHHO ompe-
JeNsieM T€ W3 HHX, A KOTOPBIX OyaeT BeIONHATHCA ycioue (1). Takue
TOYKH U OyxyT Toukamu YeObleBa. DTH TOUKH TaKkKe MpeIaraercs 4uc-
JICHHO OMNpeNelisiTh KaKk TO4YKH bojula B MOJOXXEHMHM MeXaHWu3Ma, Ui KO-
TOpOTo OJIHA U3 JIBYX TOUYEeK bypmecrepa OyneT HaxXoIUThCsl Ha OJHOM Tpsi-
MO ¢ TIOJBIOKHBIMU TapHUpaMu A u B mexanusma (puc. 1).

3. OnpepnensieM XapakTepUCTUKH ydacTKa NMPUOIMKEHUsS (JUIMHA
y4acTKa, TOYHOCTh, ¥ T.A.) C TOMOIIBIO YHCIEHHOTO METO/a Ha OCHOBE
0e3pasMepHOro K03 (h(HUIMEHTa TPAHUIHON CKOPOCTH BBIXOTHOTO 3BeHa [3].
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Ha ocHOBe pa3paOOTaHHBIX UYHCICHHO-aHATHTHYCCKUX METOIOB
CO3/IaHBI aJITOPUTMBI U COOTBETCTBYIOIIEE MTPOrpaMMHOE oOecIiedeHne, Ko-
TOPOE MO3BOJISIET IIPOBOAUTH CUHTE3 HAIPABIISAIOIIM X MEXaHU3MOB.

HccnenoBanus miaHupyercs MPOJOJKUTh B HAIIPABIECHUU IIPOBE-
JICHHSI ONITHMH3ALMOHHOTO CHHTE3a CHHTE3UPOBAHHBIX MEXaHU3MOB 10 pa3-
JTUYHBIM KPUTEPUSIM.

Jlutepartypa

1. Aprobonesckuii 1. U. Cunres minockux mexannzmon/ 1. U. Apro-
6onesckuii, H. W. Jlesutckuii, C. A. Yepkyaunos. — M. : ®usmarrus, 1959. -
1084 c.

2. Kinnmpkuit 5. T. Teopis MexanismiB i manma B cuctemi Mathcad:
HaBy. nociouuk / 5. T. Kinnnekuii, B. O. Xapxescekuii, M. B. Mapuenko. —
Xmenpaunpkuii : XHY, 2014. — 295 c.

3. Xapxercekuit B. O. UucenbHO-aHAII THYHHUIT METO/I CHHTE3Y Ba-
JKUTBHUX MEXaHI3MIB 3 3yITIMHKOIO BUXI/IHOT JIAHKK Ha 0a31 HECHMETPHYHOTO
apHiPHOTO YOTUPUIIAHKOBOTO MEXaHi3MY 3 BUKOPHCTaHHSM To4OK boia /
B. O. Xapxescekuit, 5. T. Kinunpkuii // BicHuk TeXHOIOTIYHOTO yHiBEp-
cutety [omimns. — 2003. — Ne 4. — C. 43-54.

4.Wang D. Kinematic Differential Geometry and Saddle Synthesis
of Linkages / D. Wang, W. Wang // John Wiley & Sons Singapore Pte. Ltd.,
2015. - 450 p.

3ABE3IEYEHHA @ YHKITOHAJIBHOCTI
TA JOBI'OBIYHOCTI OIIOP B JIU3AUH-ITIPOEKTAX
KOPITYCHUX MEBJIEBUX BUPOBIB

Koemyn L1, [lempawyx C.A.
Xmenvrnuyokuil Hayionanvbhuil yrieepcumem, e-mail: dr.igorkovtun@gmail.com

KoprnycHumu Ha3uBaroThCsl MeOJli, OCHOBHOIO YacCTHHOIO SIKHX €
KOPITyC, KOPHCHUI 00’€M SKOTO CIYKUTH JUIsi 30epiranust npeamMertis. J{o
HUX BITHOCATHCA madu, TYMOH, CTOIH 3 TyMOaMHu.

KoprrycHi Me611i TOINIAIOTECS Ha HACTYITI KIIACH:

— IIMTOBI — BCI TUTOCKOCTI (TLTACTi) BUTOTOBIIEH]I 3 MEOJIEBUX IUTIB
(mmar cromnsipaux, AepeBHO-cTpyx)KoBuX (JICIT), nepesHo-BomokaucTHX (JIBIT));

— pPaMKOBI — IUIOLIMHM SIKMX BUTOTOBIIEHI 3 paMOK-00B’ 530K, B sKi
BCTaBJICHI Taxi;

— PaMKOBO-LIUTOBI — BUTOTOBJISIIOTh KOMOIHYBaHHSIM 3ra/IlaHUX KOHCT-
pykuii (mwadu pizHOro (QPyHKIIOHAJIHHOTO NMPU3HAYEHHS, TyMOHU, CTelaxi
JUTSI KHUT Ta 1H.).
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3aje)KHO BiJ IIMX KJIACIB, OJHUM 13 HaOLJIBII BIAIIOBI AJILHUX €JIe-
MEHTIB In3aliHy MeOJIeBUX BUPOOIB, M0 Ma€ CYTTEBHH BIUIHB Ha IX JIOBrO-
BiUHICTH 1 (DYHKIIOHANBHICTB, € ormopa. Po3poOKy An3aifHy Ta KOHCTPYKIIIi
OTIOPH TTOYMHAIOTH 3 BU3HAUCHHS i1 rabapuTHUX PO3MIpIB y BiAIOBIJHOCTI 3
Jaj1i HaBeIeHMMHU peKoMeHaamismu [ 1-4].

BiamoBimHO [0 MPOMHCIOBUX CTAHAAPTIB BUCOTY OMOPH PEKOMEH-
IyeThCst BUOUparu 3 HactymHoro psay: 30, 50, 80, 100, 120, 150, 200, 250 M.

3arnu0IeHHs] ONIOPU BIJIHOCHO NEPEIHbOI KPOMKH KOPITYCY BUOH-
paroTh 3 Takoro psmay: 2, 32, 50, 100 Mm. Omopu MOBHHHI BiJICTYIAaTH BiJ
3aJJHBOI MJIONMHHU BUPOOY Ha 35-50 MM — 1e BiJCTaHb JyIs OyAiBENEHOTO
riHTyca. [Ipy Bubopi rabapuTHUX pO3MIpIB CITiJl IPUHHATH 10 YBaru, IIo
HaBaHTa)XCHHS BiJ MacH MeOJIiB Ta MPeIMETIB JIATAIOTh Ha 3’ €JHAHHS JHA 3
OIYHUMU CTIHKaMH (CTOMKAMH ).

Sxmo B 3’eqHaHHI OiYHA CTiHKA € IMPOXIiTHOI, TO OMOPa IOBUHHA
MEePEeKPUBATH HIDKHIO KPOMKY CTIHKH, SIK IOKa3aHo Ha puc. 1, a, 6, €.

Sxmo omopa 3cyHyTa o neHrpy (puc. 1, 6, e—osc), TO CIHiJI TiACH-
JUTH BY30J1 3’€THAHHS, iHaKIIe MIIHICTH 3’ €IHAHHA OylIe HEIOCTaTHBOIO
yepe3 HeBucoky MirHicTh JICII Ta gepeBHHU Ha PO3TAT NEPICHIUKY/ISPHO
wiacti. JIjist miAcKiieH st MIIHOCTI 10 GiYHOI CTIHKK KPIILsTh OpyCcoK (puc. 1, 2)
a6o missicTpy (puc. 1, 0).

T )
1
LA e
= ::‘\—:"‘ ."\-"’J
a 7] 2
1

e € oHC
Puc. 1. Onopu: onopHi KopodKku, JaBKH, MiACATHI HIKKH

MinHicTh 3’€IHaHHS 3 TPOXITHOIO TOPHU3OHTAIBHOIO CTIHKOIO (IMB.
puc. 1, 6, e, oic) Ta MPOXiTHOIO OITOPHOIO KOpoOKoro (ymB. puc. 1, 8) € mo-
CTaTHBOIO 0€3 MiICHIICHHSL.
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[lincamHi HDKKY, M0 HECYTh 3HAYHI HAaBaHTAKCHHS, BCTAHOBIIO-
FOTh Ha JepeB’sIHY paMy, SKY IIOTIM KPIILIATh A0 AHA (IUB. pHC. 1, €).

Sxmo mMebii He HecyTh 3HaYHI HaBaHTKCHHS, TO Hi’)KKH BCTaHOB-
JFOIOTH Oe3MoCcepeIHBO Ha HO Kopiycy (muB. puc. 1 o).

Jn3aitH onopu MoXe OyTH CIPOSKTOBAaHUH BiIOBIHO IO OCHOB-
HUX BUiB onop [1-4], mokasanux Ha puc. 1.

Oropu MoAisIsIIOTECS HA OMOpHI KopoOku (puc. 1, a, 6, 8), OnopHi
naBku (puc. 1, e, 0, e), miacamui Hixku (puc. 1 €, xc).

ToBumHa neraneil OMOpHUX KOPOOOK NMOBMHHA OYTH HE MEHIIE
18 mm. Ha kpomKax, 110 TOPKarThCS MiUIOTH, POOIATh KONUTI (pHC. 2, @)
abo BuOipky (puc. 2, 6) Bucororo 10 mm [1-3, 5]. Lle 3abe3neuye CTIHKICTh
MeOI1iB Ha HepiBHIH ITT031 Ta MOKPAIILye TUPKYIBIIIIO MTOBITPSI M1 MEOISIMHL

Puc. 2. lllnaxu 3a6e3neveHHst CTiliKkoCTi Me0JIiB Ha HepiBHil mimI03i
Ta NOKPAIleHHs HUPKYIALil NOBIiTPA M MeOJSIMHU: @) KONUTUA; §) BUOipKa

OCHOBHUMH KOHCTPYKTHBHUMHU €JIEMEHTAMU OIIOPHHX JIABOK € 4O-
THPH HIXKKH Ta YOTHPH Hapru (puc. 3).

1 — napra; 2 — Hi)KKa

Puc. 3. KoncTpykiisi 0nopHHX JaBOK
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MiniMambHa TOBIMHA HDKOK 3 METOO 3a0e3MeYeHHS MIIIHOCTI OMOPH
pexoMeHayeThCs: 44 MM — TS XBOHHUX Topia; 38 MM — IS JIMCTBSHUX
mopin (ay0, Oyk, 6epesa); 33 MM — I HEBENHMKHUX 3a rabapuTaMu BHPOOiB
(Tymboukm). PekomenoBaHa TOBIWMHA Hapr ckiagae 19-25 mM; mmprHa —
55 mmMm [1-3, 5].

[MizcaaHi HDKKM MAIOTh HAMMPOCTIITY KOHCTPYKIIiIO, X04a MOXKYTh
BIJPI3HATHCH BHIMYKAHUM Mu3aiiHOM. KOHCTPYKIlis 3’€JHAHHS ITiICaaHOl
HIXKKH 13 IHOM KOpITycy MeOJIiB IToKa3aHa Ha puc. 4.

Puc. 4. KoHcTpykuisi 3’€IHAHHA MiICATHOT HIXKKY i3 THOM KOpmycy Med 1B

3’eHaHHS HIXKOK 3 eJIeMeHTaMU MeOJliB MOKYTh BUKOHYBAaTHCh SIK
Hepo30ipHi (Ha IWKaHT) Ta 1 po30ipHi 3 BUKOPUCTAHHSM 3’ € JHYBIBHOI Qyp-
HiTypu. PekomMeH0BaHMH JiamMeTp mKaHTa B HEpO30ipHOMY 3’€IHAHHI TO-
BuHeH ckianati 25-30 mM. JloBkuHA IKaHTa | BEpTHKAIBHUX HIXKOK HE
MmeHIe d, HaxuieHux — He Menme 1,5d. {71 Takux ormop BUKOPUCTOBYIOTh
TBEPAY AEPEBUHY JHCTBIHUX MOPIJ, a U IITHIBOK — M’ SKY ACPEBUHY.
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CEKIMA NPOBJIEM OEPA3BOBAHUA

OPEN ELECTRONIC EDUCATIONAL RESOURCES:
TECHNOLOGICAL SOLUTIONS

Plish I.V., 2Kartashova L.A., 3Shalda T.V.
ISpecialized school-kindergarten ““Lisova Kazka™, Kyiv, apogey95@ukr.net
2 aboratory IVE Academy of Pedagogical Sciences of Ukraine, Ikartashova@ua.fm
3school ““Apogee™, Kyiv, apogey95@ukr.net

Leading development of education in Ukraine, which is designed
to ensure maximum of educational needs of the individual, accordance of
the level and quality of training of students to demands of modern society, is
possible if there is the largest accordance of components of the educational
system to social, scientific and technological objectives of social develop-
ment conditions and needs of the education system at all. In recent years in
all countries of the world the classic forms of training and equipment orga-
nization, which are in use, are in crisis — the need of continuous updating
and upgrading of their essence is forming. The quality of education and train-
ing in general and in particular, is improving if the high quality teaching and
learning materials are in use.

One of the most promising ways of development of modern edu-
cation is usage of electronic educational resources (EER) — manuals, text-
books, handbooks etc. along with the traditional means. The topicality of
solving the announced problem is related to the requirements of the Cabinet
of Ministers of Ukraine about the development of education. Implementa-
tion of information technologies (IT) in learning process in schools by for-
ming electronic libraries, computer equipment complexes and the develop-
ment of training tools is predicted. Its functioning is directly related to the
development of electronic educational resources (EER), its work can be
seen as an attempt to make an important step to solce the problem of text-
books of new generation.

The new educational paradigm creates depth and objective proces-
ses of forming a single open information-educational space — modern edu-
cation is focused on using various, including innovative means of learning
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process — EER. The main factors which had an influense on this process are:
low adaptability of the education system in terms of society informatization;
lag of content of teaching materials behind the level of science and techno-
logy; territorial limitations — inability to provide professional education to
all the applicants of separate region; the gap between the content of tra-
ditional means of training and innovation, and so on.

Table 1
Main types of EER

Name of EER Definition
Document Document, which has an information in the form of
electronic data and which needs technical means for using
Edition Electronic document, which has a publishing process, has

output data and is intended for distribution unchanged.

Print edition analog

Electronic publication which has
relevant printed publication

Teaching demonstrative
materials

Electronic materials (presentations, diagrams,
video and audio recordings, etc.)

Information System

Organizationally ordered set of documents (arrays of docu-
ments) and ICTs, which implement information processes

Depositary
of electronic resources

Provides concentration to EER in information networks
(both local and global)

Computer test

Standardized tasks, which are electronically presented, are
designed for input, intermediate and final control and self-
control of educational achievements level

Vocabulary

Reference book of ordered list of language units

Directory

Reference book of applied nature, which has the titles of
articles, which are ordered alphabetically order or in sys-
tematic order

Library of digital
objects

Set of EER of different formats, which provides
opportunities for automated creation, search and use

Tutorial book

Educational electronic publication, the use of which fully
or partly replaces a manual

Textbook

Educational publications with systematic exposition of the
discipline (its section, part) meets the curriculum

Teaching materials

Educational or industrial-practical issue of clarifications
with certain topic, part or question outlining discipline
techniques with specific tasks, certain type of work

Distance learning course

Information system that is adequate for teaching a par-
ticular academic discipline via indirect interactions of
participants of educational-production process, which are
distant from each other in a specialized environment

Laboratory workshop

Information system, which is an interactive demonstration
model of natural and artificial objects, processes and their
properties
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According to the Regulation about EER, it is an “Integral part of
the educational process, has educational purpose and is used to provide
educational activity of pupils, students and is considered as one of the main
elements of information-educational environment. The purpose of creation
of EER is modernization of education, the semantic content of educational space,
ensuring equal access of participants of the educational process to quality
education and teaching materials regardless of their place of residence and
learning method, which are based on information and communication
technologies” (Table 1) [1].

In the late 90s the initiative of MIT (Massachusetts Institute of
Technology) a movement toward active development and use of Open Edu-
cational Resources — open educational resources (OER) was started. [2]. Its
appearance is explained by high attention to the availability and cost of
professional education. In 2000-2001 Massachusetts Institute of Technology
published OpenCourseWare. UNESCO relatively quickly recognized the
importance of this approach and offered the term “open educational resour-
ces, usually called digital educational resources (courses, tutorials, videos,
tasks, etc.) which are absolutely free and available for all the subjects of
education. It can be used in accordance with the real interests of teachers
and students, its content may be freely combined, changed, be extended or
adapted to the requirements and conditions of the institution” [3].

Since then, UNESCO actively disseminates OER worldwide based
on its own platform UNESCO Open Educational Resource Platform
(www.oerplatform.org). Open electronic educational resources (OEER) are
offered for free and open usage by teachers and students in learning, work
and independent research. In 2007 the Open Society Institute and the Shuttle-
worth Foundation gathered in Capetown as people, who are interested in the
development of open educational resources, to initiate this movement.
Finally, Open Education Declaration was published in Capetown — it can be
comparable to the Berlin Declaration on Open Access. UNESCO encoura-
ges its members to active participatition in the project OEER [3]. Debates
around OEER are developing in Germany as it was shown in the conference,
which was held in Berlin in September 2013 under the auspices of UNESCO.
The main thing is still unclear: how large is potential strength, which was
input in OEER. However, if this trend is strengthened in Germany, in terms
of the dynamic development of education these trends may mean the final
retreat of the traditional structures of production and sales of textbooks.

In recent years, IT developers have a wide range of tools for
creating open OEER, which, in their majority, are proprietary. Finding
solutions, which will help to create competitive new generation textbooks —
OEER, which implementation will improve and help to deliver effectively
an educational material to the student whithout additional material costs,
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made the possibility of their use in developing Web-based technologies.
This choice can be explained by the presence of unique features of Web-
technologies: distribution of content on the individual pages (named as
individual chapters); hypertext pages connection and OEER sections thro-
ugh contextual hyperlinks; multiple content editing with integrated editor
using; usage of the built-markup language that allows you to mark up
structural elements and hyperlinks of the text; formatting and design of
individual elements of the content and taking into account changes of pages;
comparison of editorial versions of the content and recovery of the early
versions; insertion of multimedia etc.

It should be noted that specialized software for create Web-text-
books — OEER creation does not exist. Nowadays seveloping of Web-text-
books is using standard software applications and/or direct programming
languages and variety of HTML-editors for Web-site creating and distance
learning systems. In recent years, dynamic technological transformation
made impact on users relation paradigm change to textbooks. In particular,
on-line access to electronic educational materials for students becomes
easier than using traditional printed (paper) textbooks. Already now they
have an access to e-books and PDF-versions, on-line lessons and video lectures.

The experience of American schools shows that in this country more
and more authors of commercial publications propagandize to use their
books without a license. Companies-developers of textbooks oppose them by
encouraging schools to use textbooks with applications, which, for example,
can be homework, which have to be done on the WEB-site of edition. So, if
student has acquired a new textbook, he/she has to enter the registration
code on the website, which is contained in the textbook, to be able to use all
the applications. However, if student has received a used book, then he has
to pay a fee to the publisher in order to get an access to the WEB-site.

Another practice in publication industry, which was very criticized,
is the “acquisition” or packaging of textbooks with additional materials, it
can be CD-ROMs, workbooks (notebooks), on-line cheats and extras. Stu-
dents do not always have the opportunity to buy these things separately, and
disposable materials often prevent to resale textbook completely. According
to The Student PIRGs', typical staffed textbook is used in 10-15 % more
than non-staffed, and 65 % of teachers report that they use staffed books for
their classes rarely or never. The latest trend in textbooks is “open” text-
books — it is free and is offered to be red on-line. According to PIRG, a
certain number of textbooks are developed yet, they are used in such
schools: MIT and Harvard, and are in 80 % more economical than tradi-
tional textbooks.

In the Institute of Professional Education on NAPS of Ukraine staff
of the laboratory of e-learning resources also made a thorough analysis and
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selection of tools, which are designed to support and develop the fun-
tionality of innovation (electronic) textbooks for VET system. It was found
that a significant amount of the platforms and systems are now developed
and offered to use. As a result, preference was given to:

— Learning Management System Moodle, which was different for
users and administration because it's free, open (Open Source) and oriented
at: organization of traditional distance learning courses, support for full-
time study and coordination between teacher and students.

—CMS to publish information in the Internet Joomla! that was
different for users and administration because it was: universal, open, had
stable system, safe, could adapt to search engines, had own text editing
system, easy, clear and had some specialities (flexible account management
tools, interface to manage media files, support to creation of multilingual
versions of pages, advertising campaign management system, address book,
voting, built-in search, function of links categorization and clicks accoun-
ting, etc.).

In the process of creating electronic textbooks for VET system
compliance was considered: accordance with high scientific and metho-
dological level, availability of the necessary reference system; availability
of educational material presentation forms, which should be associated with
practical tasks, observance of close interdisciplinary connections. The
structure of the electronic books includes: content (list of parts); entry (or
introduction); the main text; set of questions or tests for self-control; re-
quired and optional tasks, examples; references and information data for
problems solution (tables, diagrams, etc.); apparatus for orientation in the
book (subject, name signs) (Access: http://www.profua.info/). Developed
electronic textbooks implement IT educational opportunities that gives an
opportunity to implement the following forms of information interaction in
the process of educational activity: remote interaction between participants
in a learning process: teacher (master) and pupil, student or group of
students; interaction between participants of the learning process (teacher,
master, students) with remote information sources, f.e., while searching and
systematizating an information, moving (navigating) hypertext resources of
the global network. Social impact of the use of electronic textbooks in the
VET system: improvement of the quality of studying and effectiveness of
professional education.

While developing content of OEER it is necessary to take into
account teaching and educational goals and objectives, quality and com-
pleteness of prepared teaching materials for electronic textbooks, as well as
means of information technology — only mean of teaching tasks imple-
mentation. Electronic textbook should contain material for self-study, inclu-
ding practical and test tasks for knowledge control. Also, unlike a printed

81



textbook, OEER must provide: more detailed struct of the content; inter-
activity (ease of navigation) — ability to change presentation of the material
depending on the student's actions and the ability to change the trajectory of
education; hypertext structure of theoretical material in the conceptual part
of the course (link to definition), as well as the presentation of logical
structure (sequence, parts connection); usage of powerful illustrative mate-
rials — pictures and images, animations and other multimedia applications;
usage of different measures to consolidate the knowledge, self-control, moni-
toring and evaluation of acquired knowledge (tests, exercises, creativie,
individual and group tasks, etc.); availability of system of cross-references
(hyperlinks) in print and electronic literary and scientific sources, electronic
libraries and other educational and research resources (depository) placed
on the Internet. OEER should include a set of different educational resour-
ces (educational, teaching and supporting information materials presented in
various forms) should be focused primarily on self-study and differs in
special way of presentation (dialog interactive form with sufficient quantity
of questions and tasks for self-control and understanding of the material).

One of the most promising ways of development of modern peda-
gogy is to use, along with the traditional means, of OEER — manuals,
textbooks, handbooks and more. The problem of the new textbook format —
electronic textbook that would meet the requirements, which are formed by
the phenomenon of computerization of society, education, educational
institutions and life of every man, has recently been concerned an edu-
cational system of Ukraine. Qualitatively prepared didactic material for
OEER should cause a corresponding interest of students, motivation to self-
training and learning activities generate the need to get the knowledge,
strengthen its mental activity: enhance concentration and intensity of atten-
tion, sharpen sensitivity and observation, provide ease of flow of mental
processes for perception content subjects.
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For today in the world, in particular, and in Ukraine, there is po-
werful enough industry of creation of electronic educational resources
(EER) of the educational setting. The amount of the worked out electronic
educational resources of the educational setting (EERES), approved
METAL-OXIDE-SEMICONDUCTOR Ukraine, is approached to two hund-
reds. Will mark that the educational-educator process of practically all
educational articles of invariant constituent of curriculum of general
educational establishments can be supported by application of EERER —
fully or, at least, partly [1].

We consider that in wide sense of EER is this all computer and
programmatic providing that can be applied by a teacher and student in an
educational process for the achievement of aims of educating. It a computer
and concomitant to him technique are an interactive board and plane-table,
scintiscanner, printer, chamber, videoprojector; facilities of communication
and connection: modem, network map, space companion. And also ne-
cessary programs: operating system, systems of intermediate level [2], for
example, Norton commander, assembler of Microsoft MASM, compiler
C++ Builder. All of it there are EER in certain terms.

Also we consider claim of A. Kazantseva, author of educational
project Edu Mandriva Linux just: “Usually under an electronic educational
resource understand the educational content invested in an electronic form,
that it is possible to reproduce or use with bringing in of electronic
resources” [3].

Thus, analysis of basic interpretations of the examined term,
absence of his unambigiuous determination shows, on this basis, we entered
own determination that we use in our research, this will be only that part of
this software, that can be directly projected and used by a teacher in the
teaching and educational process of HEI. We will present EER such three
distinctive aspects [4]:

— first aspect — an electronic educational resource we examine as
the authorial educational material executed in an electronic kind (educa-
tional content).In this case a designer EER becomes his author. And on
resources, similarly as well as on other scientifically-methodical materials:
textbooks, manuals, the methodical pointing spread certain rules of regist-
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ration, for example, extracts concerted in accordance with established pro-
cedure from meeting of department, review on the prepared electronic
educational material, in particular can be got ISBN;

—second aspect — an electronic educational resource can be exa-
mined as a computer program or programs on the carrier of data. A designer
EER becomes his developer, and on resources, as certain rules of regist-
ration spread to the programs. For example, presence programmatic and
instructively of the methodical documentation worked out on operating
standards and other normative documents; procedures of passing of an
experience verification and examination;

— the third aspect is innovative pedagogical development, because
every electronic educational resource projected on the basis of own research
and methods activity of teacher plugs in itself theoretical, methodical,
experimental researches, for example, development of authorial educational
material, pedagogical scenario, approbation and correction of EER in the
process of educating. In this way EER, similarly as well as other innovative
developments become the object of intellectual property and copyright.

And if teachers — the designers of EER use licenses is an agre-
ement between the possessor of copyrights and customer EER, then they be-
comes electronic educational products, licensed software, right for pos-
session and the uses of that guarded legislatively. We will notice that
electronic educational products, can contain one or a few associate compu-
ter facilities, for example, separately electronic textbook and separately
tester, suppose their distribution, id est development of selling aids, quality
guarantee, measures on educating of users and accompaniment of EER. All
foregoing by us, allow to assert about difficult to realizability of preparation
of teachers to their planning, id est about the necessity of simplification of
this process.

Planning and creation of EER is impossible without the certain
world-modeling, as any programmatic means it is impossible to create
without certain formalization of both educational material and process of
cooperation between programmatic means and user (by the subject of stu-
dies). If for structure of educational material it is mostly enough to lean
against the conformities to law, got for traditional (without application of
IT) studies, then planning of cooperation of programmatic means with the
subject of studies needs separate .

Educational-educator process in Institution of higher learning, in
this context, it is expedient to examine as purposeful activity in the process
of that the tasks of education decide in the wide understanding, id est
studies, general development and education. The functions of studies come
true in the process of exchange messages between the subjects of studies,
that will the means of studies. Correct organization of activity with the aim
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of presentation and working of educational material, that is provided by a
scientifically reasonable structure and algorithm of work of EER creates
terms for active and successful studies [5; 6].

Will notice, that differences are between concepts of “Playning of
EER”, “development of ego of of software”, “Programming (development
of source code of the of program) “or preparation of authorial educational
material of EER”. Stopped more fruitfully for description each of them [4]:

—the process of planning of EER can plug in itself development of
his software, elements of programming, and can not include, so EERcan be
formed on the basis of linear text or from the prepared libraries, then
software is not developed quite, and EER is executed, for example, with the
use of text editors;

—development of software, source code of the program, can not
envisage the whole complex of events on planning of EER, for example,
preparation of scenarios of interactiveness, plans of the active including of
student, cooperation between them;

—planning of EER plugs in itself preparation of authorial educa-
tional material, that methodically similarly with development traditional
scientifically and training-meyhodical materials, nevertheless, there is a row
of differences:

— produced requirement in the plan of systematization of edu-
cational information;

— brevity and brevity, practical orientation of exposition prevail in
style of educational material of EER;

— the chart of the computer modules and connections is formed
between them, that, unlike traditional, can be and nonlinear;

— the system of hyperlinks is developed;

— multimedia effects.

The scientific ground of this range of problems is given in works of
S. Oberemok: “Word “planning” originates from a word “project” ... in
translation from Latin a “project” means “abandoned forward”, id est
intention as a prototype of object” [7].

Foreign scientists of I. Kolesnykova, M. Gorchakova-Sybyrska
efferm, that the pedagogical planning, depending on requirements to the
result and forms of his presentation, can come true on conceptual, rich in
content, technological, judicial levels:

— the conceptual level of planning is oriented to creation of con-
ception of object or on his predictive world-modeling (model of educational
standard, program conception, project of curriculumy;

— the rich in content level of planning supposes the direct receipt of
product, with properties corresponding to the range of his possible use and
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functional setting (standard of primary education, program of development
of educational establishment, curriculum of speciality, a plan is robots of
faculty);

— the technological level of planning allows to give algorithmic
description of method of actions in the set context (technology of the
complete mastering of educational material, ... methodology of collective
creative business);

— ajudicial level destroys project activity in the real process, where
a product ready to practical application is needed. (Certain didactic or
programmatic facilities, methodical developments of separate lessons and
extracurricular businesses, scenario of realization of holiday and other) [8,
C. 36, 37].

In the process of our research, planning of EER is assumed on all
foregoing levels. Where on each of levels a design — universal method of
scientific cognition and decision of practical tasks of educational process,
carried out on the basis of the abstractly-logical thinking and empiric
research in the process of preparation and retraining of pedagogical shots,
can be used [9].

Taking into account all higher certain aspects and planning levels,
we will distinguish the stages of planning of EER in Institutions of higher
learning:

— study and analysis of educational process, determination of aims
of planning of EER;

— preparation of electronic educational material, being the system
of the ideal scientific models executed ina graphic, verbal or tabular form;

— construction of maket-EER — to the material (material; real),
dynamic (operating), imitating model of scientific cognition, designing
pedagogical functions inherent to the man on the objects of other physical
nature, — on the educational personal computers;

— development of algorithm, ideal, sign symbolic scientific model;
development, debugging and testing of EER software;

— approbation of EER in the process of educating, analysis of
results of train, adjustment of EER.

Will mark that when students independently build models and
design €OP, but not only contemplate them in the prepared kind, then
efficiency of studies that practically is the aim of the pedagogical planning
and realization of educational-educator process in Institution of higher
learning rises.

Engaging in creation and analysis of the shown evidently models,
students force individually (or in small groups) to pass all or some stages of
scientific cognition: to execute the decouplig of the certain system, analysis
of her constituents, exposure and extraction of substantial features and
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parameters of the certain system, substantial signs of constituents of her
objects with next implementation of synthesis of model structure or des-
cription of objects of study a group [10].

Work from planning and realization of EER in the educational-
educator process of Institution of higher learning it is possible to conduct
differently: to assign on completion of resource, or to conduct his modi-
fication and redesign. Properly there must be the built and computer-
oriented facilities of show evidently during realization in an educational-
educator process be what educational establishment of Ukraine.

Application of pedagogical models and programmatic facilities
intended for a design and designini of EER in Institution of higher learning
stimulates forming of reflactive actions, capacity for the pedagogical plan-
ning and pedagogical experiment that can refresh oneself an experiment
with a computer model, and afterwards, when it maybe and pedagogical
expediently, — by a model experiment — pedagogical planning that is
relatively new in modern education, them programmatic realization on the
modern stage is simple, but requires previous determination of pedagogical
expediency.
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Informatization, as one of the dominant trends of the society deve-
lopment, naturally causes the awareness and development of new orga-
nizational and pedagogical conditions of higher pedagogical educational
institution (HPEI) of pedagogical training of teachers performance provi-
ding. The above is reinforced by the entry of Ukraine into the European
educational space, where one of the first places is occupied by importance
of innovative methods, forms and means of training, where personality of the
teacher and his personal role in the educational process has a special importance.

We agree with O.G. Glazunova [1, p. 1] that “Modern society is
gradually transformed into a Smart Society, it was noted by sociologists,
philosophers, specialists of IT sphere, educators and others. This gives us an

88



explanation of a new quality of society, where a set of usage of technical
means, which were prepared by people, services and Internet causes quality
changes of subjects interaction, and it enables new effects — social,
economic and other benefits for a better life”.

The new demands of society, which are related to personal ful-
fillment, are causing the need to identify the theoretical and methodological
bases of formation of professional competitive teacher and create an
effective diagnostic mechanism that will make it possible to detect specific
provisions in its activities, the prospects for professional growth, the need
for professional development [3].

The pace of informatization of education corrects the traditional
approaches in learning in HPEI adjusted for IT power, motivates to the
adoption of non-standard solutions, promotes creative thinking — which
generate, by author's observations, a new paradigm of pedagogical training
of teachers, which is organized and implemented on the basis of the pre-
servation and development of creativity of each individual, on its focus on
self-preparedness, preparation for effective professional activity in varying
social conditions, willingness to accept new pedagogical problems and their
solutions. The above is based on the need for more deeper awareness of
teachers the importance of their own educational activities, identification of
motivation and vocation in choosing a profession, real personal evaluation
of potential opportunities for their realization in modern elementary school,
ability to realize own creative needs and more.

In terms of a new paradigm of teachers training teacher at the same
time is:

— teacher — studying aspect of professional activity is realized;

— educator — educational aspect of professional activity is realized,

—organizator of own activity and training students activity —
organizational aspect of professional activity is realized,

—consultant and developer of communicative relationships with
students, their parents and colleagues — information aspect of professional
activity is realized;

—researcher of pedagogical process, the relationships between the
subjects of the educational process — research aspect of the profession
activity is realized.

For authors vision about range of educational activities in terms of
informatization, a list of traditional pedagogical competences of competitive
teacher becomes more deployed by its complement necessary knowledges
and skills: to use IT as a mean and form of education; to explore perspective
of IT possibilities for educational activities improving; to organizate edu-
cational activities for primary school pupils with interactive methods usage;
use IT for communication and information relationships with students, their
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parents, colleagues and the administration of the institution establish; use
the Internet to improve professional knowledge and foreign language
competence (knowledge of foreign languages); search vocational educatio-
nal and scientific literature by IT tools etc.

The shown above indicates a fundamentally different dimensions
of problems and content of teachers training in HEI and deepens the
illustrated in previous sections regularity of innovate primary environment
design, aimed to strength the activity of teacher and students of HEPI — a
cloud-based learning environment (CBLE). The work, which was made
before, gave a reason to draw conclusions that will allow to concretize re-
quirements for CBLE and organizational and pedagogical conditions for its
design. In particular, didactic prognostication in design and implementation
of CBLE reinforces one of the objectives of this process — necessariness of
support and ensure of the competitiveness of the modern teacher. Iden-
tification of these competencies with expected results of HEPI teacher's
activities indicates the logic in as a natural phenomenon — the perception of
the last as an integrated system, where the components are the types of
educational activities: educational, pedagogical, organizational, information
and research. There are several promising areas of improvement of mentio-
ned components:

— Educational Activities: forming of systematic dynamic electronic
database of teaching materials (Web-archive) for lectures, seminars and
workshops. This archive, that is constantly supplemented and expanded, can
transform pedagogical subjects studying in continuous build of common
intellectual construction. It can include presentations, videoclips, multi-
media, images, charts, tables and so on;

— Educational activity: organization of Web-seminars, WWeb-confe-
rences, Web-consultations and communication in chat rooms, e-mail cor-
respondence between the subjects of the educational process would help to
resolve a large amount of problems — reasons of shy and unmotivated
students to communicate, provide them assistance in self-assertion, develop
each student's personality and conduct directed support. Creating electronic
resources (chats, blogs, Web-pages for social networking, etc.) with this
purpose allow to watch group discussions, correct work group or provide a
necessary consultative (including remote) help;

— Organizational activity (administrative): Learning Management
(Web-communication with students, sending electronic information mails,
news etc.) may be more effective if teacher has a personal Web-page (Web-
site), driving production discussions could be more effective if there are
appropriate Web-forums, communication via e-mail, Skype and more;

— Information activities: the use of a wide range of open infor-
mation sources available on the Internet (training, teaching materials in
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various electronic formats: text, image, video, audio, etc.). If the previous
components are formed, under the direction of teacher students have an
access to materials that previously could not be available for them, rare or
too expensive to purchase.

—Research activities: information capacity expansion (develop-
ment of systematic electronic educational resources, professionally designed
databases, image galleries, electronic presentations, articles and monographs,
etc.) offers students the perspective of self-studying, creativity and deve-
lopment of creative abilities — the ability to learn and self-study, to form their
own views, ways and approaches in teaching and future research activities.

As a result, teacher training, according to the paradigm of con-
tinuity of education, in each of type (aspect) of activity:

—firstly, should be directed to the formation of professional com-
petence level, which conforms to the quality of teacher education at all stages;

—secondly, to provide general requirements for its preparation,
considering interdisciplinary connections;

— thirdly, enforce continuity.

Later CBLE should be an electronic space, the focus of opening of
creative possibilities of teachers and students, and mechanism to meet their
personal and professional interests. Achieving the goal of pedagogical
training of competitive teachers is possible after the formation of organi-
zational and pedagogical conditions that promote constructive and creative
thinking. That, in turn, requires them to gain, particularlym by moving to
online training through thoughtful and appropriate implementation of IT-
methods, forms and means of education.

Due to the congregation, in the design of CBLE it is necessary to
provide a combination of capabilities and services of various cloud techno-
logies that are designed to accommodate a variety of formats of electronic
materials: text, video, images, multimedia, audio, and more. Their deve-
lopment and application as the interaction of all participants of educational
process: will open the prospect of increased interest and motivation to learn —
through dynamics, visualization, openness, clarity and accessibility of tools
in independent and group work, provided in full-time or distance learning
organizational form; will help to form positive focus on acquisition of
knowledge; will allow to assess the level of learning; will promote the
development of visual-figurative thinking; will contribute to enhance tea-
ching and learning activities.

In designing we consider that “Information and educational envi-
ronment of the University should be focused on solving problems of joint
creation and usage of academic knowledge if students and teaching staff of
the university need. On the one hand, teacher personally adds academic
resources to information-educational environment, f.e., video clips and

91



video tutorials he/she posts on the video portal, the other hand — he/she has
the opportunity to use available public resources to create e-learning
courses. So, to create an electronic course it's enough for teacher to update
the material that is available from other sources, present it according to the
above properties and its quality evaluation criteria, add the necessary
training elements of the course according to the accepted structures and to
build individualized learning path for each student, consider the individual
evaluation criteria of educational achievements of students and their
formation of skills of the 21st century” [2].

Achievement of these goals seems to be possible after the for-
mation of organizational and pedagogical conditions of CBLE, its funda-
mentalization, strengthening the humanistic direction, forming a creative
approache to analyze and solve complex teaching situations, development
of social and professional mobility, formation of systemic and strategic
thinking; instilling aspirations and skills for self-learning, self-improvement
during active employment activities.

The formation level of competitive professional teachers is directly
dependent on the organizational and pedagogical conditions of HPEI and, as
a result, of methodological training system, which uses: objectives, content,
methods, means and forms.

The result of teachers training depends on organizational and
pedagogical conditions, which ensure implementation of its concept, pro-
vide its structure a system and logical nature, ensure the formation of
knowledge and skills of competitive teacher:

— Organizational conditions — availability of system of interconnec-
ted IT tools, software tools of cloud services, which are designed for:
ensuring the openness and accessibility of selection and modification of
tools of management training activities; organization of interactive learning;
diagnostics and monitoring at all stages of education with a view to its
possible correction (use of personal oriented approach); feedback; tiered
and differentiated approaches in training activities with the possibility of
obtaining continuous online and offline help; flexibility of training orga-
nization — through independent decisions making on action, time, learning
strategies sequences etc.; providing reliability, clarity, environment as an
integrated and open electronic space; free access to training materials and
tools for educational activities support, which are designed to improve the
process of teacher training; systematization of theoretical materials on peda-
gogy; organic combination with traditional pedagogical technologies; comple-
mentation of the traditional system of tools and form learning; simulation
and demonstration of phenomena that can not be seen in terms of education;

— Pedagogical conditions, which are aimed to ensure: purposeful-
ness of CBLE; the participants of the educational process to be informed
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about design purpose of CBLE and its individual components; the parti-
cipants of the educational process to be informed about cloud technologies
focusing, its characteristics in pedagogical training; adaptability of the lear-
ning process; cognitive activity stimulating, which is aimed to achieve the
goal; enhancing the IT competency of CBLE teachers; formation of the
motivation of teaching and learning activities; formation of the realization
of knowledge receiving; providing the personalization of the learning pro-
cess; use of personality-oriented approach; cognitive formation — the pos-
sibility of submission of educational material that helps to stimulate internal
thought processes (solution process, memory, speech processes's, thinking
activity, etc.); creativity — submission of educational material, which is aimed at
the formation of logical and systematic thinking, creativity and the ability of
teachers to be creative, self-employment; skills and motivation to search
and select materials, which are required for knowledge receiving; a high
level of educational efficiency, which is determined by their mobility and
multifunctionality of IT, which far exceeds the pedagogical effectiveness,
when traditional means of learning are in use; accordance of didactic prin-
ciples [3, p. 85]: “focus on the development of creative personality; indi-
vidualization and differentiation; mobility and dynamism; actuality of con-
tent of scientific and technical work; its close relationship with the trends of
development of education in elementary school; complexity and compre-
hensiveness of content of the scientific and technical work; priority of
unconventional active forms, methods and activities; unity, scientificity and
availability of scientific and technical work; integrity, systematic, practical
orientation of its content; the study of results of teaching experience and
introspection etc.”.

Prognostic perspective suggests that a combination of didactic
importance of organizational and pedagogical (organizational and pedago-
gical) conditions of CBLE is an expanded perspective, which can effec-
tively run the primary CBLE activity by full-time and distance forms of
study organization, which is comprehensively implemented through public
open Web-technologies that are interrelated logically electronically.

Later, with the CBLE integration, determination of its weight can
be done, when it will be viewed from the perspective of opportunities that
can be realized in his terms, and that can not be implemented in the
traditional learning environment. It is assumed that tools and forms of
education, which are integrated in CBLE, should be didactically justified
and meet the requirements for traditional means and forms of education;
their use should be more effective for presentation of educational material,
learning management and, in general, enhance the quality of teacher edu-
cation and, as a result — the formation of qualities of competitive pro-
fessional.
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EXPERIENCE OF FORMING OF INDUSTRIAL CROP
OF NAVIGATORSIN THE PROCESS OF IN-PLANT TRAINING

Smyrnova I., NAPN Ukraine, Kiev, ira_smi@mail.ru
Musorina M., NPU im. Dragomanov, Kiev,marinalex-009@mail.ru

Opening of prospect of forming of industrial crop for navigators
will become effective on condition of deep study of practical experience of
marine INSTITUTIONS of higher learning and establishments of in-plant
training in foreshortening of decision of problem professional situations and
tasks, approaching of process of study of professional disciplines to
professional activity, to the search of ways of strengthening of their moti-
vation to the studies. By an international body, that unites the international
scientific concord of professionals that work in industry marine to engi-
neering, sciences and technicians are Institute of marine technique, science
and technologies (eng of The Institute of Marine Engineering, Scienceand
Technology — IMarEST). IMarEST is considered most marine professional
organization, that has 15000 members that are more than 100 countries of
the world. This is the first institute — international much profile professional
organization — marine engineers, scientists and technologists, unite in the
environment of that. One of prominent functions of IMarEST there is
edition of books,d magazines, direct-coupled with the marine engineering,
scitech. Valuable for the marine specialists of the whole world is a process
of exchange experience, that they get on thematic seminars and conferences
that periodically get organized IMarEST [1].
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For naval forces and corps of marines in the USA prepare officers
in the Naval academy of the USA (eng of United States Naval Academy —
USNA). The feature of preparation in establishment is absence of the only
hard program of studies, as in many other INSTITUTIONS of higher lear-
ning of America — students have a right to choose one of 21 next spe-
cializations: aerospace technique; Arabic; chemistry; Chinese; informatics;
economy; electro-engineering; English and literature; engineering business;
sciences of natural scientist; history; information technologies; mathe-
matics; engineer; shipbuilding; ocean technique; oceanography; physics;
political science; quantitative economy and system technique [2].

The study of experience of professional preparation of marine
specialists in europenian countries results in understanding, that by most
state school of higher marine education in Poland and one of most in
EuropeGlindskyi is considered the Marine university. From 1920 y. This
university engages in preparation of officers for marine merchantmen and
on leading positions in surface establishments. Educational establishment
has four faculties, that offer a degree in area of navigation, marine engi-
neering, marine electrical engineering and business administration. On-line
tutorials fully answer the Polish educational standards — standard of De-
partment of education and IMO. The important aspect of support of high le-
vel of preparation are the uses of laboratory options, that contain 25 spe-
cialized trainers and 1SO of a 9001 system of management of quality of
education that comes true in an university. It is important that with the aim
of increase between state mobility, an university carries out an active col-
laboration through general research projects from 18 by marine higher educa-
tional establishments of different countries within the framework of interna-
tional organizations, such as the europinian association of universities
(EUA) and International association of marine universities (IAMU) [3]. Re-
searches, that is conducted by different marine organizations show that the
“most of emergency situations is caused by technical not errors, but errors
of man. To Tom, exactly the all greater amount of researches and advanced
studies, directives and resolutions is lately dedicated a human factor IMO
and corresponding organs of the states that own a navy. From a human
factor, as possible reason of accident rate, it follows to distinguish the
displays of personality character: violation of rules related to the undis-
cipline, indifference, unconcern, ignorance of certain people.One of ways of
decision of problem of influence of human factor on marine accidents and
incidents is preparation and certificate of crews of ships” [4, C. 80].

However, as asserts T. Averochkina, “for today it is impossible to
assert that the well-organized system of state administration preparation and
certificate of seaman is created in Ukraine, as clear, approach of the systems
is absent to differentiation and co-ordination of plenary powers of organs of
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state administration, distribution of competense in relation to the complex
of necessary mechanisms of the organizational-legal adjusting of pre-
paration and certificate of seaman. Absence of effective interdepartmental
co-ordinating structures and inconsistency of plenary powers of executive
bodies pull not coordinated of this process control. But without regard to it,
in Ukraine there is the unfolded national system of preparation, retraining
and in-plant training of seaman. Today she includes 26 higher educational
establishments and about 40 centers of preparation. Basic activity of higher
marine educational establishments is sent to initial preparation of marine spe-
cialists both officer and ordinary of crew personnel in accordance with stan-
dards, that the educations and sciences of Ukraine ratified by Ministry, and
activity of centers of preparation is sent to additional preparation of crew
personnel on courses, that dictated by requirements from a side IMO, Mi-
nistries of transport and connection of Ukraine and shipowners” [5, C. 14].
Undertaken studies of specific are the preparations of marine specialists in
Ukraine, carried out by Institute of innovative technologies and mainte-
nance of education defined the results of rating evaluation of activity of
higher educational establishments of Ukraine, that specified on that during
2th last a leader among marine educational establishments of Ukraine is the
Kherson state marine academy.An accent became the primary aspect of
educational activity of this establishment on one of leading constituents of
qualities that characterize the level of competitor possibility of marine spe-
cialists — knowledge of English. As become firmly established in the lem-
matas of academy, from some time to the educational process it is entered
10-th sentinel (for a week) preparation from the course of English. Com-
municative approach of course assists opening of possibility for students to
carry out practice and employment in the navigable companies of world
naval powers: Greece, Germany, to Holland and other. It is necessary to
mark that with the aim of modernisation of the system of organization of
educational-educator process in establishment importance of approaching of
the educational activity is highly estimated to the europinian standards of
organization of studies of students on the basis of competitor approach and
taking into account the requirements of Law of Ukraine “About higher
education” and National scope of qualifications. In this direction an aca-
demy moves an own trajectory. In particular, for today the employees of
establishment can share experience of development and introduction of inno-
vative experimental course “Management of marine resources” (in 2010),
that was created at active support and initiative of company “Marlow Na-
vigation”. The important achievement of such work is that the marked course
in course of time was entered to normative part of industry standards of
higher education straight preparations the “Marine and river transport” [6].
Analogical problems are settled in the Odesa national marine aca-
demy, where the system of preparation to a full degree is adapted to the
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requirements of Convention from preparation and certificate of seaman and
to execution of watch in 1978 with amendments in 1995 (STCW 78/95).
The important achievement of this educational establishment is that all
graduating students get a diploma about higher education and working
diplomas and certificates that allow to hold command positions on the ships
of any navigable company of the world. Adding to her high rating is that
leading specialists that present faculties and specialities (“Exploitation of
ship power plants”, “Automation of technological processes”, “Radios, is
the electronic systems and complexes”, “Electric systems and complexes™)
actively cooperate with the English colleagues. In recent year in educa-
tional-educator activity of Academy the special specific place is taken to the
close partner collaboration with marine educational establishments, scien-
tific and scientific and technical institutes navigable and by the crew com-
panies of different naval powers. The leading aim of establishment are inc-
rease bones of preparation of specialists of marine specialities and bringing
her level over to the internationally confessed norms. In relation to provi-
ding of continuity of process of increase of level of foreign competence, it
follows to establish, that 1998 y.in Academies were created the Ukrainian
separation of IMarEST, on the base of that the “English club” is created. An
Educational-didactics environment opens for young specialists prospects in
the improvement of professional language, awareness in relation to the last
achievements of scitech, use of technical magazines, bulletins of institute
and other scientific and technical literature of the last years [7].

In development of authorial approaches and ways of heaved up an
in-process problem also important personal her decisions of part or sug-
gestions of separate scientists and practical workers. For example, deve-
lopment of model and pedagogical terms of forming of professional compe-
tence of future navigators of I. Sokol came true on principles system, taking
into account the structure of professional activity of navigator (on the levels
of exploitation and management a ship) and work of scientists in relation to
the process of her forming. Task approach as one of varieties is fixed in
basis of technology of studies of students of professional disciplines, that
envisages transformation of maintenance of discipline in the system of
educational tasks of professional aspiration. Technology of the authorial
task going near the study of one of professional disciplines (navigated astro-
nomy) is presented 1. Sokol as a three typing of tasks system: basic, auxi-
liary and base the decision of that allows to analyse all possible situations
on the location of ship at-sea by means of stars and to consider all methods
of calculations of amendments of compass. The authentic authorial going is
near the decision of question of technical preparation of future navigators of
T. Dzhezhul consists in the use of mathematical methods, strengthening of
role of mathematics in their professional studies. As educed by an author, in
mastering in the general lines of technical and professionally-reference dis-
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ciplines mathematical terminology opens possibility briefly enough and con-
cept clear to formulate professional terms and determinations. Strengthe-
ning of role of mathematical disciplines, according to a researcher, must
explain the necessity of thorough knowledge for the plane of mathematical
design, mathematical methods of working of information with the aim of
their use in optimization of navigation tasks and in application of quan-
titative methods of making decision. However, the results of diagnosticating
of future navigators showed unperception and not understanding of role of
mathematics in own professional preparation. Taking into account such
vision of students, an author, on the basis of the personal searches and
researches, offers the own model of realization between subject connec-
tions. After the conclusions of author, adjusted between disciplinary con-
nection between the teachers of disciplines “Higher mathematics”, “General
physics” and “Navigation and sailing direction”, opens possibility to work
out methodology of selection of original didactics material of intersubject
maintenance and expound him as a standard of application of mathematical
3VH in the decision of professional tasks [8].

It is found out on the whole, that the professional orientation of
future navigators comes in INSTITUTION of higher learning of marine
aspiration true, selection personality and the professionally directed approa-
ches grants of knowledge, that answer personality qualities of listeners, their
inclinations and capabilities in a most degree. The questions of participation
of employers are often distinguished in the, financial, methodological and
organizational dataware of activity of educational establishments and estab-
lishments that provide a professional orientation and preparation. An extra-
ordinarily generous amount and variety of state and international requi-
rements are in relation to providing of safety on ships that differ in many
parameters strengthens a problem and specifies on the necessity of reali-
zation of continuous increase of professional level of navigators. The requ-
irements marked in course of time increase the new necessities of practical
reality, and that is why entire marine countries are under an obligation to
level disparities in the systems of education. As marked higher, IMO also
constantly accepts new directives, options and normative acts, that after the
essence head for the increase of safety. That, in turn, generates or stren-
gthens the question of increase of level of knowledge of navigators in area
of English, that also can be attained in the conditions of in-plant training.
Besides hard, in number and the qualitatively reasonable, regulated re-
quirements that is strictly prescribed by marine conventions and resolutions
constantly change and complemented in the conditions of technologization
of marine industries and automation of activity of crews. They also stren-
gthen a requirement in obligatory wide-range preparation, in particular in
the conditions of in-plant training.
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For navigators the system of in-plant training gives possibility of
permanent increase of professional of the directed level, system updating
and correction of their professional preparedness in the continuous terms of
updating of technical potential and material rigging of marine industry. The
marked is explained by that in professional activity of navigators there are
many innovative tasks, that can envisage the level degrees of complication,
tactical and operative terms of implementation and receipt of job perfor-
mances different. They often need the acceptance of immediate correct
decision with the obligatory taking into account of influence of complex the
constrained factors that is quickly formed in parallel or in a certain se-
guence. We accede to that for navigators, more than for other specialists of
marine specialities, “step preparation is obligatory, beginning from posi-
tions of practice (cadets), sailors, probationers and persons of navigational
of the officers of different levels”, what includes passing of courses of in-
plant training.In-plant training is perfection of “education and professional
preparation by deepening, expansion and updating of her professional know-
ledge, abilities and skills or receipt of other speciality and profession on the
basis of obtained earlier an educational level and practical experience”. The
structure of studies on the courses of in-plant training for navigators envi-
sages expansion of profile, namely is in-plant training — acquisition of capa-
bilities to execute additional tasks and duties within the limits of the speciality.

One of tasks forming of industrial crop has preparation of spe-
cialists of marine specialities to the independent studies during all life. To
form so in quality means to arm with a listener skills and abilities of inde-
pendent activity, to teach him independently to fill up, to specify, critically
to over-estimate the technical knowledge with an aim them further deve-
lopment and use in professional interests. In connection with the stated
higher a forming problem becomes actual for the listeners of skills and
abilities of independent work with other language text material of technical
maintenance. On the basis of found out and set forth above establishments
activity of that envisages in-plant training of navigators must take into
account the specific of professional activity of such category of marine
specialists : certain risk for life, continuous scale changes at the market of
labour, dynamic innovative development of the technical rigging that causes
permanent addition to the glossary from English and others like that.

The obligatoryness of increase of level of knowledge from AM in
technical industry, specifies on the necessity of systematization of speech
aspirations. The distribution on three classes, carried out P, attracts atten-
tion. Robinson: english is for the special aims (English for Specific Purpo-
ses — ESP); educational/academic aims (English of for of Academic Purpo-
ses — EAP);for professional aims (English of for of Occupational Purposes —
EOP).
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The detailed and deep researches of theoretical bases and practical
experience of educational establishments of marine profile prove convi-
ncingly, that effective implementation of professional tasks by navigators
can be decided on condition of formed of high level of culture and, in
particular, her basic — constituent industrial crop. The graduating students
of marine educational establishments must at high level of competence
apply EMP during realization of official duties, with the aim of providing of
safety of navigation. It, in turn, induces the systems of scientific to
development, constrained profile and the personality-orientated approaches,
unit to the laying-ons of that is forming of the English-language technical
competence — knowledge, abilities and skills in technical industry and
speech plane — development of collinear singing of the directed vectors: to
the competence in industry of technique and foreign communication. Thus,
problem of forming of industrial crop of specialists of marine specialities, in
particular navigators, in the process of in-plant training did not yet become
the object of separate research, on results that it is possible to do theoretical
conclusions, and introduction of that in practice of navigator will give
possibility substantially to improve safety in marine industry. Therefore the
problem exposed in a lecture is actual, timely, has an important practical
and theoretical value and requires a sound analysis, generalization and
system research.
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TEOPETHYECKHUE OCHOBbBI BHEJIPEHUS UKT
B NIPOLECCE OBYYEHU S MATEMATHUKE

Lleguyx JI.
Iepesacnas-Xmenvnuyxuii 20cyoapcmeentuiii nedazo2uyeckull yHusepcumem
umenu I pueopust Ckoeopoowl

Brenpenne UKT B oOyueHNHM MaTeMaTHKE OTKPBIBACT MIMPOKHUE
BO3MOKHOCTH JUTSI TIOBBIIICHHSI (P PeKTUBHOCTH ydeOHOTro Tmporecca. Kak
ormeuaet A. bomnap [1], npuMeHerne HHGOPMATMOHHO-KOMMYyHUKAITHOH-
HBIX TEXHOJIOTUH B 00y4EHUHN MaTEeMaTHKU Peallu3yeT HECKOJIBKO OCHOBHBIX
METO/IOB IIeIarOTNYECKON AEATEIbHOCTH, KOTOPhIe UMEIOT aKTUBHBIE U I1ac-
CUBHBIC TPUHIMIBI B3aUMOEHCTBUS CTyAeHTa ¢ KommbioTepoM. Ilaccus-
HbIe HHPOPMAIMOHHBIE TPOILYKTHI Pa3padaThIBAIOTCS PENOAaBaTeaeM Juis
YIpPaBJIEHHs TIPOLIECCOM M300pKEHMsI NHPOPMAIH, aKTHBHBIE — 3TO MHTEp-
aKTUBHBIC CPE/ICTBA, MPEAYCMATPUBAIOIIE aKTUBHYIO PONb CTYJAEHTA, KOTO-
pBI  CaMOCTOSITETIBHO BBIOMpAET paslelbl B TEME, ONpPENEsia IOCIeno-
BaTenpHOCTh UX n3ydeHus. K KT, koropeie MOTYT OBITh HCIIOIB30BAaHBI B
nporecce 00yueHHst MaTeMaTHKE MOKHO OTHECTH:

— CeTeBble TEXHOJOTMH, UCHOJb3YIOIME JIOKAJIbHbIE CeTH U TJIO-
OanpHYI0 ceTh HTepHET (ANEeKTPOHHBIE METOANYECKIE PEKOMEH AIMH, TUIaT-
(hOpMBI TUCTAHIIMOHHOTO 00y4YeHH S, 00eCIICUNBAONINE HHTEPAKTUBHYIO CBS3b
CO CTYIICHTaMH, B YaCTHOCTH, OH-JIAiH);

— TEXHOJIOTHH, OPUEHTUPOBAHHBIE HA JIOKAJIbHBIE KOMITBIOTEPHI (00Yy-
YaroIMe MPOorpamMMBbl, KOMITBIOTEPHBIE MOJICNIN PEATbHBIX IPOIIECCOB, Je-
MOHCTpPaLMOHHBIE MIPOTPAMMBI, JJIEKTPOHHBIC 3a]JAYHUKH, TECTOBbIE CHCTEMBI);

— MOOWJIbHBIE TEXHOJIOTHH, KOTOPBIE MPEJIOCTABISIOT CTYACHTY U
TIPEII0IaBaTeII0 BEICOKYIO CTETIEHb CBOOOIBL.

Cpemn ocuoBHbIX UKT 00ydeHus: maremaTHke, UCIOJIb3yeMbIX B
BBICIIMX Y4eOHBIX 3aBEACHUSAX YKpPAaWHBI SBISIOTCSA: IIPOTPaMMHO-TIEAAro-
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THYECKUE CPEJICTBA, CHCTEMBI TOICPKKH 00YICHUST MATEMaTHKH, MOOWITb-
HbIe MAaTEMAaTHYECKIE IIPOTPaMMEL, CHCTEMBI KOMITBIOTEPHOI MaTeMaTHKH H
CHUCTeMBl TecTHpoBaHHA. B. Kilouko momuepkumBaeT, 4TO HCIIONB30BaHME
CHCTEM KOMITBIOTEPHOH MaTeMaTHUKH WILTIOCTPUPYET BO3MOKHOCTH KOMITBIO-
Tepa, MO3BOJISIET AaKIEHTHPOBaTh BHHMAHWE Ha MPHUKJIAJHBIX 3a/ayax,
0COOCHHOCTSX YHCEIBHOTO PEIICHHS 3a/ay, BBIICHATH TPAHUIBI MPUME-
HCHUS KOMITBIOTCPOB M MATEMAaTHUYCCKUX METOJIOB, CYIICCTBCHHO IOBBI-
MAIOT 3aHHTEPECOBAHHOCTH YYAIIMXCS B TITyOOKOM M3YUCHHH MaTCMAaTHKH,
ITOMOTAlOT YCBOWTH CTPYKTYPHBIC CBS3M PAa3NIAYHBIX pa3fesioB Kypca [2].
CKM mmpoko HCIONB3YIOTCSA B 00pa30BaHWUM KaK MOIIHBIE HHCTPYMEH-
TaJbHBIC CPEICTBA VIS TOATOTOBKHU JJIEKTPOHHBIX YPOKOB, KYPCOB JICKIIHHA
Y DJIEKTPOHHBIX KHUT C TUHAMAYECKUMU TIpuMepami [3].

Hcnonb3oBanne CKM B Kypce MaTeMaTHUKH MO3BOJISIET:

— HarJsIHO TPEJICTaBIeHUE TEOPETHYECKOTO MaTepHala;

— aBTOMaTH3UPOBATh PYTUHHBIC BBIYHCICHHUS,

— 00ecreynTh MHOTOYPOBHEBBII IpoIiecc 00ydeHNUS;

— TOBBICUTH IIPOU3BOAUTEIHHOCTh H CONEPIKATEIFHOCTH MPOIlecca
o0ydJeHusI.

CymecTByeT goctaTouHoe KomudecTBo pasznmaabix CKM kxotopeie
OTIIMYAIOTCS 10 Ha3HAYCHUIO, CTPYKType U QpyHKIusAM. CeromHs, Bce O0Ib-
IIyIO0 MOIYISPHOCTh HAOWPAIOT CHCTEMBI KOMITHIOTEPHONH MaTeMaTHKU (IIpo-
(heccroHaIbHOTO HA3HAYEHUs) MPEJCTaBICHBl B OCHOBHOM KPYITHBIMHU 3a-
nagabiMu pupmamu (MathSoft, MathWorks, WaterlooMaple u ap.). Onu
CTaHOBSTCS] MOIIHBIMHU CPEACTBAMH JIESTEIBHOCTH KaK MpodecCHOHanbHBIX
MaTEeMaTHKOB, TaK M TeX, KTO UCIIOJIb3YyeT MAaTEeMATUKY ISl TIOCTPOCHUS 1
UCCJICJIOBAaHUSI MAaTEMAaTHYSCKHX MOJEICH B Pa3IMYHBIX MPEIMETHBIX
00J1acTAX, B TOM YHCJIE U B cHcTeMe oOpazoBanus [3].

3a mocieqHEe HECKOJNBKO JCCATHIICTHHA pa3padoTaH TakxKe P
CHeNUATM3UPOBaHHBIX MareMaruueckux nakeros (Eureca, MacMath, Stat-
Graph, Reduse, MacSyma, SketchPad, Cabrs u ap.), yHuBepcansHbIX Ta-
keros (Derive, MathCad, MathLab, Maple, Mathematica, MuPad) ¢ ymo6-
HBIM HHTep(eiicoM, B KOTOPBIX PEalN30BAHO 3HAYUTEIHHOE KOJIMIECTBO
CTaHJAPTHBIX U CHEIMAIBHBIX MaTeMaTHYeCKUX oneparyid u (pyHKIWH, MOIII-
Hble TpaduvecKue CpelCTBa JBYX- U TPEXMEPHOU rpaduKu, COOCTBEHHbIC
SI3BIKK TIPOIPAMMHUPOBAHMS, CPEACTBA MOATOTOBKA MAaTeMaTHYeCKUX TEKC-
TOB JJI TIE€YATH, SKCIIOPTA JAHHBIX B JPYrHE MPOTPAMMHBIC MPOIYKTHI U
UMIIOPT M3 HUX JaHHBIX sl 00paboTku. Bee 3To obecnieunBaeT mmMpoKue
BO3MOXKHOCTH 11t 3¢pdexTrBHON pabOTHI ¢ MakeTamH CHEHaIHCTOB pas-
JMYHBIX TpoduIen.

B Tabnure 1 nmpeacTaBiieHb CpaBHUTEIFHBIC XapaKTEPUCTUKA HaW-
OoJiee M3BECTHBIX M pacipocTpaHeHHBIX B Mupe CKM [4], uTo nmaet mpen-
CTaBIICHUE O BOZMOXKHOCTHU MX HCITOJIE30BAHUS TP OOYUCHIH MaTEeMaTHKE.
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Tabmuma 1

Granl . .
'| Maple |Mathematical Matlab |Scilab
CKM (sepens) Dl vit | 90 | 2012 551
Kateropus cpaBHeHUs % % % % %
Maremarudeckue onepannu
(38 %) 69,56 | 55,10

I'paduueckue oneparmu (10 %) | 60,86| 60,88
CpencTsa nporpaMMHUpOBaHHS
(9 %) 62,70| 50,81
Vupasienue ganabivu (5 %) 62,43| 64,06
JlocTymHbIe ONepaluOHHbIE
rtatopmst (2 %) 76,92
CkopocTs Beruucenuii (36 %) | 21,85
Wncramsuus, yno6cTBo

B O0YYECHHHU U MCIIOJIb30BAHUH

(15 %) 3541
OO6mmii pe3ynbrar 52,11
Peitrinr 3 4 1 2 5

YuuthiBas ykazaHHBIC (AKTOPHI, BBIICIAM OCHOBHBIC THUITHI CPEJICTB
UKT, HampaBicHHBIX Ha MOBBINICHUE d(PPCKTUBHOCTH Y4COHOW IESITEIh-
HOCTH YYalMXCs B Ipolecce 00ydIeHUs MaTeMaTHKe: JICKIOHHBIC JIEMOHCT-
panmy, TUHAMAYECKHE MOJEIH, TPEHAXKEPHl, YIeOHBIE SKCIICPTHBIC CHC-
TeMbl. [JTaBHBIM copep)KaHHEeM MaTeMaTHYecKOTO O0Opa3OBaHUS CTaHET HE
OBJIA/ICHUE OTPEACICHHBIMI AITOPHTMAMHU PEIICHUs MaTeMaTHYECKUX 3a-
Jad (OHM, KCTaTH, JOCTATOYHO 3()(PEKTHBHO PEIIAIOTCS C MOMOIIBIO KOMITBIO-
Tepa), a MaréMaTh4deCKasd KOMIICTCHTHOCTb, IMOHUMAHHUEC W MPUMCHCHHC
MaTeMaTUYeCKIUX METOJIOB UCCIIE0BAHNUS.

OCHOBBIBasICh Ha HM3JI0)KEHHOM, MOXKEM YTBEpP)KIaTh, UYTO BHEIpPE-
HHAC KOMITBIOTEPHBIX YYEOHBIX NPOTrpaMM B OOYUCHHH MaTEMAaTHKHA B
TAPMOHHYHOM COYETAaHUHU C APYTUMHU HH(POPMAIMOHHBIMH TEXHOJOTHSIMH,
B YaCTHOCTH, TEXHOJIOTHUH (POPMHPOBAHUS TBOPUECKOW IMYHOCTH, OO0Y-
YeHHE W WCCIeNIOBaHUE, IIPOEKTHHIMU, OOydeHHEM B COTPYAHHUYECTBE CIIO-
coOCTByeT (hOPMHUPOBAHHMIO TBOPUECCKOM JIMYHOCTH CTYJACHTA, 00CCIICYHBACT
pa3BUTHE MOTEHIIMAIBHBIX BO3MOXHOCTEH Ka)KJIOTO YEJIOBEKA C IIENBI0
MOJITOTOBKH €T0 K IIOIOTBOPHOU MPOAYKTHBHOM paboTe B OymyIIeM.
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PEAJIBALIS TTIPUHIUIIB 1 3ABJJAHB €BPOIHTETP ALTT
B IPUPOJHUYO-HA YKOBIi1 OCBITI

Ilonosa T.M., Ilpyoxuii O.C., Ykonos O.1
Kepuencokuit deporcasnuii mopcokuil mexronoziunui ynisepcumem, katmatfiz223@yandex.ru

HaiiBaxBiIo0 nepesyMoBOIO €BpoiHTerpauii YKpaiHu 10 €1u-
HOTO €BPONEHCHKOro KYJIbTYPHOTO 1 OCBITHBOTO IIPOCTOPY € PO3BUTOK Ha-
iOHANBHOI OCBITH B HampsaMmy ... GOpPMYBaHHS Ta 3MIIHCHHS iHTEICK-
TYyaJIbHOTO, KYJbTYPHOTO Ta HayKOBO-TEXHIYHOTO MOTEHI[aTy YKpaiHH sK
KOMITOHEHTH €Bporn” [ 1], mo BECBITIIIOE Tpo0IeMy peani3allii 3MicTy MpH-
POIHIYO-HAYKOBOI OCBITH Ha 3acajax il rymaHizarii Ta TyMaHiTapH3alii.

Imei rymani3zanmii i rymaHiTapu3amii OCBITH 3HAWIIIM MMPOKY IiJ-
TPUMKY B CYCHUIBCTBI. [ yMaHiCTHYHI HANPsIMKH PO3BUTKY OCBITH BCEOIUHO
MIITPUMYIOTECSI Ta PO3BUBAIOTHCSA BUMTEISAMHU y XO4i pedopMyBaHHS Cy-
YacHOI IIKOJM, IPO L0 CBIMYaTh YHMCICHHI Mpali BITYM3HSHHUX 1 3apy-
ODKHMX TeJaroriB, muaakTiB i HaykoBmiB: III. Amonammim, I[1. Ataman-
uyka, I'. bamna, [{x. bpynepa, O. byraiiosa, C. ['onuapenka, B. 3ars’si3un-
cekoro, L. 3sa3tona, B. Inpuenko, 3. Kanmukosoi, €. Kopmaka, 1. Jlepuepa,
O. JIsmenka, O. Capuenko, M. Ckarkina, A. Xyropcekoro, B.UepHuucHka,
P. lep6akoBa Ta iH. JJochmiIHUKN BH3HAYAIOTH, IO MPUHIUITA TYMaHi3arii
¥ TymaHiTapu3amii HaBYaHHS OXOIUTIOIOTH pedopMyBaHHS BCiX OCBITHIX
raimy3ed Ha pi3HUX eTanax AUAAKTUIHOTO MIPOIIECY Ta € BAKINBUMH Opi€H-
THUPaMH PO3BUTKY Cy4acHO! AMAAKTUKH NMPHPOIHHYO-HAYKOBHX AUCIUILIIH
BHACJIIJTIOK YCBIIOMJICHHS CYCIIIJIE.CTBOM €KCKJIFO3MBHOI Ta yHIKaJBHOI CO-
IOKYJIBTYPHOT POJIi OCBITH B CYCIIJILCTBI.

A. Tlasnenko i T. IlonoBa B po6oTi [6] 3ayBakKHJIM Ha TOMY, IO
BU3HAHHS COL[IOKYJIBTYPHOI pOJIi OCBITH B CYCHIUJIBHUX YMOBaX HayKOBO-

104



TEXHIYHOTO MPOTpecy JOHEAaBHA y BITYM3HAHIN CYIPOBOIKYBAIOCH ACIIO
OMHOOIYHUM PO3BHTKOM IHMIAKTHUKH NMPUPOIHUYUX AucuuiutiH. Came BHa-
CIJIIIOK IBOTO JI0 TPOTpaM i MiAPYyIHUKIB 13 (Pi3UKHM, acCTpOHOMIi, XiMii, Oio-
yorii, reorpadii HagxXoaWiIa JOCUTH OJHOCTOPOHHS, OOMEXEHa i JO30BaHA
iH(opMmaris mpo comiankHi, KyIbTYpHi, HAYKOBO-TEXHI4HI JOCATHEHH, 0i0-
rpadito 1 CBITOIIIS AisiYiB HAYKH 1 TEXHIKH, ICTOPIIO Ta MPIOPUTET BU3HAY-
HUX HAyKOBUX BIAKPUTTIB 1 T.1. Bce 11e o0epHynock y 3HauHIN Mipi camo-
130JISIL[I€10 OCBITH PaJIHCHKOTO MEPiojy BiJl PO3BUTKY €BPONEHCHKOI 1 CBi-
TOBOI OCBITH Ta KYJBbTYPH, a TAKOX HIBEIIOBAHHSM JIOCSTHEHb HalliOHaJb-
HUX KYJIbTYP.

Po3B’s3aHHs 3a3HaueHO] MpoOJIeMH MU BOAYaEMO B aJIeKBATHOMY
BiJJOOpa)KeHHI B 3MICTI IPUPOJHUYO-HAYKOBOI OCBITH KYJIbTYpHO-iCTOpPHY-
HUX TiJXOAiB, BiAMOBIAHAX 3HaHb i METOJIB Ta TEXHOJOTIH, IO JIEeKATh Y
IJIONIMHI TyMaHi3amii i TyMaHiTapHu3anii HaBYaHHS Ta KYJIbTYpHOI pedurekcii
(i3mKu, acTpoHOMI1, XiMii, 6iororii, Teorpadii K HaBYATHHIX JUCIHILIIH.

Kynprypa 1 mpupoIHIY0-HayKOBa OCBITa 3HAXOAATHCS B TICHOMY
B3a€MO3B’3Ky. 3aciyroBye OKpemoi yBard ToW (akT, Mo y KyIbTypi
€Bpornu OypXJIMBUI PO3BUTOK MPHUPOAHUYMX HAYK ICTOPHYHO IeEepelyBaB
PO3BUTKY TyMaHiTapHUX HayK. L[UM IOSCHIOETBCS 3HAYHWH BIUIMB Tpa-
JMIIH TPUPOJHINYNX HAyK Ha rymaHiTapHi [2, c. 101-102]. V nHam 4ac ry-
MaHITapHI HayKH BIUIMHYJIM Ha PO3BHTOK JUAAKTHKU MPUPOJHUYUX JUC-
LUTUTIH, CIIPUSIOYHM 3MiHaM Yy TOTJIsIax CYCIiJIbcTBa Ha OCBITHIHM mporiec K
mpocTip (OpMyBaHHS TapMOHIHO PO3BUHYTOI OCOOMCTOCTI, CIIPOMOXKHOL
JI0 IIHHICHOI OpieHTAalii B COWIOKYIBTYPHOMY cepenoBuimi. HaBuaHHS He
Mae 3arepedyBaTH ab0 0OMeKyBaTH iCHYBaHHS 3araJbHOINIOJCHKOI KYIb-
TYpH 1 HiIHHOCTEH.

['ymaHicTHYHA CIIPSMOBaHICTh OCBITH Ha 3acajiax KyJbTypHO-iCTO-
PUYHOTO MiAXONy HE TINBKHM O3HAHOMIIIOE YYHIB 3 ICTOpI€IO Ta 3arajibHO-
KYJIbTYPHUMHU JOCSTHEHHSIMH, a i 3al[IKaBIIOE 1X KYIbTYPHUMH, ETHUHUMH,
MOpaJIbHUMH, TYXOBHHUMH IIpOOJieMaMu Tak, 100 Yy TOAANbIIOMY JKHTTI
BOHHU HaMarajmch 3p0O3yMITH TaiHy KyJIBTYpPH, i €BOIIOLI0, 00 BOHM caMoc-
TIfHO TIpamoBayM, Majlu BiacHe MipkyBaHHA [3, c. 5]. Tak dopmyroThcs
OCBiUY€Hi, TBOPYi, BHCOKOMOPAJIEHI OCOOMCTOCTI, SIKi MAIOTh YyTTS HOBOTO,
CBiZIOMY 3JaTHICTh aJaNTyBaHHS 1O COLIaJIbHAX yYMOB, IO TaKOX BiJIO-
BiJla€ 1/1eM BXODKEHHS YKpaiHU 10 €INHOTO €BPOIICHCHKOTO MTPOCTOPY.

Cy4acHOI0 IUIAKTUKOIO BU3HAETHCA TOH (DakT, MO JIOAWHA CTa€e
TBOpILIEM KYJIbTYpPH HE JIMIIE B MaTepiaJbHOMY BUPOOHHIITBI ITiCISl OTPHU-
MaHHS OCBITH, ajle BXKe 1 B MpOLIECi BUBYEHHSI OCHOB HayK. Y 3MICTI Ha-
BUAHHSI BOXKJIMBO 30epiraTu reHe3y NpupoHUI0-HAYKOBOI'O 3HAHHS SIK KOM-
MOHCHTH KYJIBTYpPH JIFOJICTBA. THM CaMHM CydJacHa OCBiTa nepeadadae CrijibHy
B MIPOIIEC] Ta Yaci MisUTbHICTh BUKJIAJAYiB 1 YUHIB i3 METOIO BHBUCHHS 3aKO-
HIB ITPUPOAHN, PO3BUTKY, BUXOBAHHS ITiIPOCTAIOYOTO ITOKOJIHHS BiAITOBIIHO
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IO BUMOT, SIKi CTaBJIATH TEpe ILIKOJOK COLIOKYIBTYPHI NPOLECH, IO
BiIOYBAINCH 1 BiIOYBAIOTHCS B ICPKaBi, CYCHIIBCTBI 1 CBITI.

®DopMyBaHHSA €AWHOTO €BPOMEHCHKOTO MPOCTOPY Tepeadadae Bij-
MOBY BiJi 0OOMeKeHb HaBYaJHHOTO MaTepiary 3a HaIllOHAIEHUMH O3HAKaMH,
O HaJa€e BeIM4Ye3Hi Mepe-
Bard BUYUTEISIM IPUPOIHU-
YuX MPEeIMETIB y mpoieci
O3HaWOMJIEHHSI  y4HIB i3
iCTOpIEI0 PO3BUTKY €BpOICH-
CBKO{ 1 CBITOBOT HAYKH 1 KyJIb-
Typu. Y Haml Yac pO3Bii0
iH(pOpPMaIifHUX TEXHOJIOTiH
SK BUKJIaJa4yaM, TaK 1 yIHSIM

Puc. 1. Mys3eii cyiHom1aBeTBA HECKJIAJIHO BiMIIYKyBaTH siC-

KpaBi TpPUKIAOA BHUKOpPHC-

TaHHS €BPONEHISIMH 3aKOHIB NPUPOAM 1 JIOCSATHEHb Hayku. Hampukian,
BUKOHAHE YYHSAMH IHTEIPOBAaHE 3aBNAHHSA 3 IOIIYKY COLIOKYJIBTYpPHOTO
MaTepiany NpUpPOAHNYO-HAYKOBOI CIIPSIMOBAHOCTI 3 i1CTOPI{ iCHYBaHHS €BpO-
MEHCHKUX MICT MPHUBEJIO 0 HECIOMIBAHUX PE3y/bTaTiB. YUHI CaMOCTIHHO
HaBeJM IPUKJIAJIM BUKOPUCTaHHS Ha ypokax (i3vKH, acTpoHOMIi, XiMmii,
Giomnorii, reorpadii pi3HOMaHITHOTO HABYAILHOTO MaTepialy, OTPMMaHOrO
Ha “BIpTyaJbHIM eKCKypcii” 10 My3€l0 CyIHOILIaBcTBa B AMcrepiami
(Hinepnaumm).

lonmanami 3apxad ClHaBHIHCS SIK TPEKpacHi 1 BigBakHI Mope-
mnaBmi. Tomy B cronmuni Higeprannis He Mir He 3’sBUTHCS My3el cymHO-
IJIaBCcTBa, SKUH i3 1973 poKy pO3MIMIyeThCS B MPHUMIIICHHI KOJIHIHBOTO
Anmipanrelicbkkoro Apcenairy, nodyrnoBanoMmy B 1656 pomi. Leit wac Hazu-
BAETHCS 30JI0TUM CTOJITTSM — ToIi AMcrepaam OyB HaHOITBIIMM TTOPTOM —
IEHTPOM MDKHapOIHOi Toprieim. B Apcenam (muB. puc. 1) 30epiramics rap-
MaTH, OOENpUIIacH, BITpUJIA, PAIIOPHU Ta IHILE CIIOPSIKEHHS JUIi BIiCBKO-
Boro ¢utoTy. Ha mouatky 2000-x pokiB y My3ei IPOBEJCHO PEKOHCTPYKIIiFO,
TOMY CTapOBHHHA Oy/iBIIs BIANOBiJa€ CydaCHUM MY3€HHHUM CTaHIapTaM.

My3eli pos3moBiae mpo iCTOPit0 MoperiaBcTBa He Tibku B Hi-
Aepianzax, ane it y eiit €Bpori. Moro excrosuIiis npeacTaBieHa B Kibkox
po3ainax. OquH 3 HEX PO3MOBiAa€e MPo 30J0TUH BiK TOJUIAHACHKOL icTOPIi i
mpo Te, 1o BiH OyB OM HeMoxIMBHi 6e3 Mops 1 MoperaBcTBa. e ogun
PO3Iia MPUCBSIUEHUN iCTOPil KUTOOIHHOTO MPOMHUCITY, HACTYIMHHN — icTOPii
camoro amcrepAamcekoro mopty. Posmin “TemHi cTOpiHKH™ po3MOBiTae
po paboToprieiro, a po3aia “Cen, Jlopi i MOPChKHN HUPK™ PO3paxOBaHU
Ha caMUX IOHUX BiJIBilyBauiB My3€t0 — 710 6 POKiB.

[opyu 3 My3eeM IpuUIIBapTOBAaHHH KOpPAaOeb — KOIIisl BAHTAXKHOTO
Kopabist “Amcrepaam”, moxioHoro tiM, 1o B X VIII ct. 3xilicHroBamm peficu
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3 Himepnanais y Bect-lInmiro [4]. Matepianu, oTpuMaHi Ha BipTyalbHIiH
eKCKypcii MOXKyTh OyTH BHKOPHCTaHI Ha YpOKax.

Ypok zeozpadhii: “Biokpummasa noeux zemens”. Y my3ei MOXHa
MoOaYuTH >KMBOMHUCHI MOJIOTHA Ha MOPCHKI TEMH, CTapOBHHHI KapTH,
IHCTPYMEHTH Ta KOpaOeJibHI MPUKpAcH. Y eKCIO3UIIii Mall € KOJIEKIIsl pooiT
Bigomux kaprorpadis XVII cr. Biznema i flna bnay. BisutHoro kapTtkoro
MY3€l0 € KOIIisl IepIloro BUAaHHS TBOpiHHSA Makcuminiana TpaHcinbBana
mig Ha3Boro “De Moluccis Insulis”, e omucano nepim mogopoxi depHana
Marennana.

V IliBHiYHOMY KpHITi 3HAXOAATHCS IHTEPAKTHBHI TOMIKH, ¢ MOXKHA
cmocrepiratd mopt AMcrepaamMa 3 BHCOTH MTAIMHOTO IMOIBOTY 1 3aHy-
pUTHUCS Y BIpTYyallbHI MOPCHKI ITOIOPOIKI.

Ponsunkoro BinBinyBaHHST MOpPCBKOTO MY3€I0 € BiITBOPEHI KO-
padmi XVIII cr. Y BigBinyBauiB € g0ocTyn Ha BCi NayryOu, KamiTaHCHKHH Mic-
TOK, B TPIOMH 1 KatoTu. Mo>kHa MOBAJISITUCS HA raMakax, cripoOyBaru cede B
podi kepmanuya [4].

Ypox 6Gionozii: “Kumu”. Ka3ka npo kuma. Kur, Hali6inpma TBa-
pHHA Ha 3eMIIi, Tpa€ BEJHKY POJIb B TOJUIAHICHKIH icTOpii CyaHOIIIaBCTBA.
Xodva ChOTOJHI TMOJIIOBAaHHS HAa KHUTIB 3a00pOHEHO, TaKk Oy/lno HE 3aBXIH.
KuToBuii Byc 1 %up 3poOMIN LIUX MOPCBKUX CCABIiB BUT1THOIO 3I00MYUIO.
Le nenp He MpHU3BENO 10 BUMUPAHHS, TOKH HApEIT] TONIOBAaHHS Ha KUTIB
He Oyno 3abopoHeHo. BuctaBka “Ka3ka mpo kuta” po3moBiJa€e BiJBigyBa-
YaM, SIK 3MIHIOBAJIOCS CTaBJICHHS 10 WX IPUTOJIOMILIMBUX TBAPUH YIIPO-
JOBX CTOJITH. Y LEHTpI 3aiy, NPHCBIYCHOTO KHTOOOSM, BCTAHOBJICHA BEJIH-
ye3Ha (¢irypa KuTa, 3afIIOBIINM 10 SKOi MOKHA MOOAYWTH HYTPOII TBa-
PUHH, a TAKOX TOJUBUTHCS MOTO OYNMa Ha JKOPCTOKUH MMPOMUCIIOBHIA CBiT.

Ypox éionocii: “I'iopodionmu”. JIns niteit 10 6 pokiB My3ei mpe-
3€HTYETHCS 1IOY, A€ y YapiBHOMY ITiJIBOJHOMY CBITI IiTH Ta iXHi OaThku
CIOYaTKy “IIJIMBYTH~ cepej puO, SIKi CBITATBHCS, Ta IHIIMX MEIIKAHIIB Mif-
BOJIHOTO CBIiTY. 3rofom 3’siBistorsest Caut 1 JIopi 1 BimpaBnsroThest B MOpe
pa3zoMm i3 KamitaHOM. XapaKTepHi 3BYKH MOpPS 3MYIIYIOTh IIPaIlfOBaTH BCI
OpraHH YyTTsL.

Komucp Ha micmi myseto OyB ckman. LlikaBo, mo Toxi poib caH-
eriieMHarssily BUKOHYBAaJIM KOTH. 3aBAsSKU IM IPOJYKTOBI 3amacu 3aliu-
IATKCSI HEJOTOPKAaHUMH rpu3yHaMu. [ oJTaH/ChKa KMITIMBICTb [5].

Ypox ximii: “Oopooka Oepesunu’. IlpsMyrouu IO BYIHIL [0
My3elo, B mBHIKo momiTuTe BeaMuHe BiTpHibHE cyaHo “/le Amcrepaam”.
Honi6umii Trm cygen BukopuctoByBaBcs B XVIIL i XVIII cr. qms GaraTto-
MicstgHUX Tromopoxeit Ha amexuit Cxin. YcepenwHi CyaHa IpeacTaBICHA
BUCTaBKa “AMcrepaam!”, e 0)XHMBAIOTH JIOAM 1 MOAIi, IO BigOyBanmucs Ha
0OpTY IiJ] YaC TaKUX JOBIHX ITOJIOPOXKEH.

Ypox izuku: “Ymoeu nnasannuna min”. “Jle Amcrepmam” — 11e
TOYHA KOIISl 3HaMEHHUTOI'0 BEJIMKOI0 TOProBOIO Cy/HA, L0 Hajexas [ oi-
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naaacbkoi Oct-Inacekoi kommanii. Kopabenb 3aTOHYB IijJ 4ac mepuioro
peticy B 1749 p.

Ypox acmponomii: “Opienmauyia no 3ipkax”. Y cXiTHOMY KpHIIi
MY3€I0 TPEACTaBICHO MOPCHKI CIIEHH, NMPUKPACH CyIOHA, HaBITamiiHI Ta
1HII CYAHOIUIABHI iHCTPYMEHTH, MOJIeNi SIXT, icTopu4Hi 1100ycu. KiMHaTa
HaBIraiMHuX MPUIAJIB 3araJJKOBO OTOYEHA 30PSIHUM HEOOM i3 CHHIM Iij-
cBiuyBaHHsM [4].

Jlo KOXHOTrO YpPOKY 3 HPUPOJHUYMX NUCHMIUIIH 332 HaBEJICHHM
MaTepiajioM YYHMTENIO JOIIIBHO TOCTAaBUTH IEpejl YYHSMH 3alluTaHHS 1
JIATH 3aBJaHHS IS CaMOCTiiHOI pobotu. Hampuknan, 10 ypoky reorpadii:
“BigKpUTTS HOBUX 3€MeJib’ BapTO 3aIllpPOIOHYBAaTH BIATBOPHTH Ha Marli
MapmpyTu nmogopoxxeir ®epuana Maremiana, Xpucrodopa Komymba Ta iH.

Jlo ypokiB 6ionorii MOXHa 3aITpOIIOHYBATH 3aBJaHHs 3 TOPiBHIHHS
0COONMMBOCTEH iCHyBaHHS Ha3eMHHUX 1 MiJIBOMHUX MCIIKAHI[IB Ta IIOB’S-
3aHUX i3 UM BiIMIHHOCTEH OyIOBH OpTraHi3MiB.

Hdo ypoky xiMmii ygHsM Oyae miKaBo Ha MPHKIATl BITPAIHHOTO
cynHa “Jle AMcTepaaM” PO3KPHUTH iCTOPII0 PO3BUTKY TEXHOJOTIH 00poOKH
nepesuHH Ta opiBHATH TexHoorii XVII i XVIII cTomiTs i3 cydacHUMH.

Ho ypoky gizuxu: “Ymoeu nnaganna min” yaHsIM ITOUUIBHO JaTH
3aBIaHHSA 3 JOCIiPKEHHS MPUYHMH 3aTOIUIeHHS cynHa “Jle Amcrepmam”, a
Ha YpOIli acTPOHOMii BUHTENIO Ba)KJIMBO MPOJAEMOHCTPYBATH YIHSIM HE0O-
XiTHICTh AaCTPOHOMIYHMX 3HAHb JJIs CBOJIOIII JIFOACHKOTO CYCIIJIBCTBA, a
TAKOX 1y Hall yac.

TakuM uyMHOM, MU HaBellM NPUKJIAAM, KOJU CHPSIMOBAHICTH CY-
YyacHOi MPUPOAHNYO-HAYKOBOI OCBITH Ha I'yMaHICTHuYHI i7ei Ta 1x peasiza-
[iI0 B ITpOIleci HaBYaHHS IPU3BOIUTH JI0 IEPEOCMUCIICHHS HalllOHAIBHUX 1
€BPOIEHCHKUX OCBITHIX TNpOLECiB. YUuTenl MaroTh CIHPSIMOBYBAaTH Ha-
BYANTLHO-TTI3HABATBHY JISUTBHICTh YYHIB HAa BIAKPUTTS 3aralibHOIIOIACHKUX
MIPUKJIA/IIB TPOSIBY ¥ BHUKOPHCTAHHS 3aKOHIB MPUPOAN y PI3ZHOMAHITHUX
Tamy3sX JOACHKOI JisUTbHOCTI, 3HAHOMHUTH YYHIB i3 KYJIBTYPHOIO CBITOBOIO
1 €BPOIEMCHKOIO CHIAJIIMHOIO.

JlirepaTtypa

1. Hikonaenko C. PeopmyBaHHs cucteMu OCBITH YKpaiHU B KOH-
TEKCTI CBITOBUX iHTerpauiiinux npouecis / C. Hikonaenko // Ilam’s1th cTo-
aith. — 2005. — Ne 3—4. - C. 4-12.

2. [Icuxonorust u xynerypa / Pen. 1. Mauymoro. — CIIG. : ITurep,
2003. - 718 c.

3. Posun B. M. Beenenue B kynbryposoruto / B. M. Po3un. — M. :
MexnyHapoaHas nenaroruueckas akagemus, 1994. — 104 c.

108



4. Myse#t cymoxonctBa B Awmctrepmame (Humepmawmer) [Jmekt-
poHHBIM pecypc]. — Pexum moctyma: http://www.votpusk.ru/country/
dostoprim_info.asp?1D=4225#ixzz3hwNKWNV9.

5. Mopckre myTemeCTBHsI B My3€€ CYIOXOJCTBA [DIEKTPOHHBII
pecypc]. — Pexum moctyma: https://www.kIm.com/destinations/ua/ru/
article/sea-travels-at-the-mariti me-museum.

6. [TaBnenko A. L. [lianor i 301m)KeHHS KyJIbTyp Y 3MICTi BHUILOT
(i3MKO-TEeXHIYHOT OCBITH YKpaiHM SIK LUISX IHTErpauii 1O €BPOIEeHChKOro
ocBiTHbOTrO mpoctopy / A. I IlaBmenko, T. M. IloroBa / Buma ocsita
VYKpaiHu y KOHTEKCT1 iHTerpauii o €BponeiicbKoro 0CBiTHBOTO MPOCTOPY. —
K. : Bun-so “I'nosuc”, 2006. — C. 188-192.

ETHNOPSYCHOLOGICAL ASPECT
OF LANGUAGES CULTURE

Verzhanskaya O.N., Laguta T.N. Kharkiv National University
named after V.N. Karazin, Ukraine, 61004, Kharkov, Svobody sq. 4

Ethnopsychology — one of the most dynamic contemporary huma-
nities. Such attention to the development and achievements in the area of
knowledge is primarily due to globalization processes that are actively
flowing in the modern world. Ukraine directly or indirectly a party to these
processes and to a large extent the success of its adaptation to the realities of
our time depends on the recording and use of the achievements of ethnic
psychology.

At the present stage of history the social relevance of knowledge
that provides ethnopsychology certainly. Traditionally ethnopsychology con-
sidered in two aspects. Firstly — as an empirical reality, one of the
fundamental factors of life of the nation or the people. In this case, ethnic
psychology acts as a more or less strict system features of the national
character, traditions, values, moral priorities, habits, tastes, specific features
of the structure of everyday life, the prevailing cognitive and communi-
cation methods inherent to certain national-cultural community. Named
aspect of the interpretation of the concept of “ethnic psychology” reveals the
content of ideological and psychological characteristics of national identity.

It should be noted that the cultural space — a “total area dialogic”
[Bakhtin, 1975]. Therefore, any “self” always implies-Define “on-bution”
relative to the other. Ethnopsychology people (nation) is oriented in such a
way to determine its place in the cultural-historical space and relating with
other traditions, influences, values. Ethnopsychology as a vital reality of a
particular national community is often a factor hampering communication,
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adaptive, integrative processes. For example, the age-old problem of ade-
quate translation is often not due to linguistic difficulties (incompatibility of
expressive means of different languages), and ethnopsychological. Another
example of a disintegrating aspect of ethno-psychological features could be
the so-called “language barrier”. In fact, the problem of “language barrier” —
is not nothing but a problem of social, cultural and psychological adaptation
in a foreign language environment (ie — among speakers, thinkers, living in
a different way).

However, ethnic psychology — is the key to successful commu-
nication. Nuancing votes cultural dialogue does not deny the universality of
subjects, themes and meanings of this dialogue. This begs the question of
rational and theoretical development of the principles of ethnopsychological
formation. There necessarily arises ethnopsychology as knowledge about
the laws of formation of ethno-psychological systems on the links between
natural, economic, historical factors and the nature of spiritual culture,
mentality and psychology of the people [Lebon, 1995].

Apart from these two interpretations of the term “ethnic psycho-
logy” (theoretically mastered various academic complex), it is advisable to
designate a third alternative interpretation of the concept.

In our opinion, ethnic psychology can be considered as a metho-
dological approach, based on practical tasks. These problems include lite-
rary translation, foreign language teaching, scientific substantiation of the
state national policy, the creation of favorable conditions for international
relations and multi-level communication in a global world, the formation of
a humanistic system of social values, free from ethnic, racial, religious and
cultural intolerance.

Ukraine is experiencing a time of development of a multicultural
society, which is associated with involvement in the field of national culture
and other cultures of foreign language elements, including — and through the
educational system. With full confidence we can say that it was the channel
of the education system and gives a powerful impetus to multicultural and
globalization processes in the Ukrainian society.

The first step in the training of foreign students — language
training. It is not just the acquisition of necessary skills of verbal commu-
nication, but also engaging in a cultural world. In practice, the process of
language training can be regarded as a process of psychological and cultural
adaptation.

Most courses are built on the basis of a simple series-mechanistic
model of studying Ukrainian and Russian as a foreign language. This model
has long been accepted as a traditional “scholastic” schemes and certainly
has its advantages, but unfortunately, it does not answer the complex nature
of the language, nor the peculiarities of speech activity of students. This
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model does not take into account the multi-level nature of the language of
communication.

The elementary components of the course of the Ukrainian and
Russian as foreign language should not have artificial ingredients of any
grammar or vocabulary. Their main task — the creation of linear and three-
dimensional structures that adequately correlated with mind-speech images
in the minds of students. The main content of these components — com-
municative relevance in the real world of linguistic communication.

A feature of courses of Ukrainian and Russian as foreign language
is that they go far beyond the regular school subject and become a tool and
an educational process and professional growth, but most importantly — a
condition of incorporation to the cultural and professional space of the host
country. Awareness of this particular course makes us turn to the use of
ethno-psychological approach in teaching Ukrainian and Russian as foreign
language.

The foundation of ethno-psychological approach should not be
raised in the descriptive data of comparative ethnographic, linguistic and
psychological research. The basis of this approach can be a phenomeno-
logical methodology, rather, it is the interpretation that was at one time
proposed by E. Levinas [Levinas, 1999]. In compressed form its main unit
can be represented as follows: a specific linguistic system, literary work, com-
municative environment — the material is inherently associated with the spe-
cific contextual horizon, irreducible to the “private” and “secondary” factors.

In this regard the main factors the impact of training courses of the
Ukrainian and Russian as foreign language. Firstly, the communicative
value and direction of the training course. It is necessary to avoid excessive
congestion formal language exercises. Oversaturation of courses such exe-
rcise leads to a reduction of time on communication exercises that enhance
the ability to exchange information.

Unfortunately, the majority of training programs for language trai-
ning foreign students do not pay enough attention to concise information
exchange. Grammatical structures studied in these courses, most of the time
give complex grammatical constructions that are only used in the literature,
and very rarely in everyday language practice. This certainly affects the level of
the communicative value of the knowledge that receive foreign students.

Secondly, language training foreign students initially should focus
on mastering the basics of professional “sub-language”. Programs should be
subordinated not only the principle of communicative orientation, but also
the principle of the practical orientation to explore the professional voca-
bulary turns of phrase. Thus, the process of introducing in the language of
the professional community will take place at an early stage of preparation.
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These practical requirements for teaching courses of the Ukrainian
and Russian as foreign language aimed at the incorporation of repre-
sentative cultural environment in our “regional”. In this case, the term
“regional” should be understood in the sense proposed by E. Levinasom. By
region thinker meant relatively closed mental system has a number of
mental, linguistic and cultural characteristics.

In this regard, it should be noted the importance of feedback
between teacher and student in the process of language training. It is
impossible to achieve high results of language learning without the specifics
of the language environment of the trainees. In this case, we are faced with
the reverse side of the principle of “regional”.

Training programs of the Ukrainian and Russian as foreign lan-
guage should be made taking into account, if not the language family of
students, then, at least, focused on synthetic or logical character of language
learners. Related to this are a number of psychological characteristics of
mastering a foreign language. It is no secret that in languages where
syntactic and morphological structure based on “logical” scheme (Roman-
German group), the expression of meaning of the sentence due to the strict
observance of the order of the sentence. Therefore, in this case, the program
of study Ukrainian and Russian languages must take into account the need
to develop skills for constructing a synthetic proposition.

The effect takes into account first of all understanding the psycho-
logical factor of perception. Sentence structure — is not naked grammatical
formula, and a way to broadcast thoughts. In practice, language learning can
be compared to learning to think in a certain way, to formalize the idea in a
clear voice and an adequate design.

Thus, we believe it is appropriate to use the principle of regional
ethnopsychological to construct courses of Ukrainian and Russian as fo-
reign language. The approach to the program specification should be on the
principle of typological classification of languages. This classification
involves the allocation of types of languages according to the similarity of
their language structure (morphology, phonological, syntactic, semantic),
regardless of their genetic or geographical proximity. Within this typology
of isolated isolation (amorphous) type (Chinese, Vietnamese), agglutinating
(Turkic and Finno-Ugric languages) flektiruyuschy (Slavic languages). The
similarity of the structure of each type of language makes it possible to
develop a customized instructional techniques transmit the semantic content
of speech [Szczerba, 1974]. Therefore, it is advisable to talk about the cost
of four models of teaching courses teaching Ukrainian and Russian as a
foreign language based on the use of the principle of typological clas-
sification of languages.

The process of learning foreign languages suggests not so much a
mechanical process of remembering and speaking skills training as psycho-
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logical adaptation, including in Lingvokulturnaja Wednesday. In this re-
gard, an important factor in the study of foreign languages is the formation
of study groups on the basis of linguistic homogeneity. The psychological
justification for this approach is due to the need to create the effect of a
dialogue of cultures. The participants of the dialogue — a teacher, a
representative of a foreign language and cultural environment, and a group
of students, as a carrier of the general linguistic tradition. Thus the focus is
acquired communication and additional psychological incentive learning. In
mixed groups, not the unity of the group is in the nature of cultural
solidarity, and is transformed into a formal body corporate [baud, 2003].

Modern strategies of teaching Ukrainian and Russian as foreign
language need to use large-scale development ethnopsychological studios.
This greatly increases the efficiency of broadcasting and the acquisition of
cultural meanings of students communication skills. Refusal of formal
approach to language training foreign students meets the practical needs of
the society of the information age.
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Beenenue. Ilpy M3ydeHMH ANCHMIUIMH B KOTOPBIX PaccMaTpH-
BAIOTCS CIIOXKHBIE NMPeoOpa3oBaHUS CHTHAJIOB C IEPEHOCOM CIIEKTPOB W3
OJHOI1 005acTu 4acToT B APYTyI0, IPpeoOpa3oBaHHEM CIIEKTPOB B IIpOLECCE
00pabOTKM ¥ BBIICICHHUS CUTHAJIOB OYEHb CIIOKHO OOBSCHHUTH CTYIEHTaM
Kakue (u3uUeckre MpOLECcCH MPOMCXOIAT B IPOLECCEe ITHX Mpeodpaszo-
BaHMU. [IOHSATHE CIIEKTPOB JUISi MHOTHX M3 HUX OCTAETCsl HEKOTOPOH abcT-
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pakuuei, KOTOpy OH HE MOTYT CBsi3aTh C (OPMOIl U 4aCTOTOI CHTHAJIA.
Oco00CHHO 3TO HAIVIIAHO BHIHO NP W3YYCHHH PaJMONEPEAAlOIX U PaIko-
IIPUEMHBIX YCTPOMCTB, B KOTOPBIX 3TH HpPeoOpa3oBaHHs CUTHAJIOB HC-
MOJIB3YIOTCS BO MHOTHX y37aX. CBA3aHO 3TO CO MHOTMMH (pakTopamu: oT-
CYTCTBHEM HABBIKOB IIPAKTHUYECKOH paboThI C 3JIEKTPOHHBIMH YCTPOICTBaMU
U U3MEPEHHs UX MapaMeTpoB, HEIOHMMAHUEM IIPOLECCOB IIPEICTABICHHS
CJIOKHBIX CUTHAJIOB 00Jiee IPOCTHIMU H JP.

VYirydumTh BocTIpusiTHe yaeOHOTo Marepraia ¢ HarjIsJHOH JIeMOHCT-
panuveit He TOJIBKO CHTHAJIOB, ITPEJCTABICHHBIX BO BPEMEHHOH M 9aCTOTHOH
005acTH, HO M SJIEKTPOHHBIX YCTPOWCTB, PEaNU3yIOIMX Pa3IUYHbIC Mpe-
00pa3oBaHMs, MOXXHO C MOMOIIBI0 HMHUTALMOHHOTO MOJIEIHPOBAHHS C
TTOMOIIIBIO SPICEe-CHMYIIATOPOB.

Bbi0op mporpamMmmbl MojeaupoBaHusi. Ha ceromHsmmuii neHb
HMIMPOKO HCHOJB3YIOTCS HECKOJIBKO MPOTPaMM CXEMOTEXHHUYECKOTO MOjie-
mupoBanus: Micro-Cap, Alpak, Orcad, Altium Designer (pauee Protel),
Multisim (pauee Electronics Workbench), TINA-TI u mp. [1].

C Touku 3peHust ynoOcTBa nHTepdeiica Moap30BaTesst U HarlsI-
HOCTH MOJy4aeMbIX pPe3y/IbTaToB HanOoJiee MpEeANOYTHTENBHA [TPOTrpaMma
monenuposanusi NI Multisim, koTopast BelTyckaeTcsi kKomranueid National
Instrument.

KoHeuHO He Bce MOTYT MO3BOJHTE cebe MPUOOPECTH JINLICH3UOH-
HYIO BEpPCHUIO IIPOIpaMMBbl, JaXKe€ CTyIeH4YecKOoil Bepcuu. M 3TOT MOMEHT
TaKOKe ABISIETCS OYEHb BaXKHBIM IIPH BHIOOPE MPOrPaMMBbl MOJIEITHPOBAHUSL.
Hauunnas ¢ 2007 romga xommanus National Instrument kaaplii TOX BBITYC-
KaeT OeCIUIaTHYI0 BEPCHIO MPOrPaMMBbI C OTPaHHUEHHBIMH BO3MOXKHOCTSIMU
B COTPYIHHYECTBE C BEAYIIMM MHUPOBBIM IPOM3BOJIUTEIEM 3JIEKTPOHHBIX
KoMmroHeHToB Kommanueii Analog Devices [1], a B 2014 r. BeimyieHa Gec-
wiaTHas Bepcus nporpammbl (NI Multisim Component Evaluator Mouser
Edition) coBmecTHO ¢ kommanueit Mouser Electronics [2].

st neMOHCTpaIMK BO3MOXXHOCTEH HCIOJIb3yeM OeCIUIaTHYIO Bep-
cuto porpamMmbl NI Multisim Analog Devices Edition [1].

AHAaIu3 CUTHAJIOB BO BpeMeHHOIi M 4acToTHOH o0mactu. J{ns
WUTIOCTPALMN PACCMOTPHUM IIPOLIECCHI, IIPOMCXOAIIE B CMECHTEIIE CyIep-
reTepOIMHHOTO MPUEMHHUKA, MOJIeJIb KOTOPOTro MpuBeaeHa Ha puc. 1. Pac-
CMOTpPUM PabOTy cMecHuTelsl pu (GOPMHUPOBAHUU HU3KOW MPOMEKYTOUHON
gactotrhl 120 x['1, 4T0 mO3BOJILET OOJiee HATJISIIHO MPOMUTIOCTPHUPOBATH
CIEKTPBI CUTHAJIOB.

B kauecTBe cMmecuTeNs HCIONB3yeM BHPTYAJIbHBIH I€PEMHO-

JKHTCIIb, KOTOpLIﬁ BBIMTOJHACT ONEpalvi0 YMHOKCHUA JIBYX NMEPEMCHHBIX X

u Y ¢ koapduimentom yeunenus K — 2 = kxy. Eciu Ha BXO/IbI TAKOTO Mepe-
MHOMKHTENIS TO/IaTh JiBa TADMOHUYECKUX CHUTHAIa, TO Ha BBIXOJE OYAYT
c()OpMHUPOBAHBI CUTHAJIBI CYMMApHOW W Pa3sHOCTHOI YacTOTBI, @ CHTHAI C
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0oJiee BEICOKOW 9acTOTOM OymeT MmoJaBieH, T.e. OyIeT peann3oBaH OajlaHc-
HBII CMECHUTEb.
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Puc. 1. Moaenb cMecuTeIsi NPHEMHHKA

VYuuThiBas, 4T0 OOJBIIMHCTBO UCHOJIB3YEMBIX B IPUEMHHKAX CMe-
curesell HeballaHCHbBIE, BBEAEM HA OJJMH U3 BXOJIOB CMECHUTEIIS IIOCTOSHHYIO
COCTABJISIOLIYIO C MOMONIBIO pe3nucTopoB R1 n R2.

Ha Bxox X mepeMHOXXHTENsS MOJaJuM CHTHAJ TeTepoJuHa C yac-
totoit 220 k[11, a Ha BXOA y, KpOME TOCTOSIHHOW COCTAaBJISIIONIEH MOAa UM
aMIUTUTYJHO-MO/IyIMPOBaHHBIN cUTHaN oT reHepartopa V1. Yacrora Hecy-
mero kojiebanus 3agana 100 kI, mogynupyromero xonebanus S5 xI'1, uH-
nexkc moayisinuu 0,5.

C momomrpio ociutorpaga XSC1 OyneM ocyIiecTBISTH KOHT-
poib Gopmbel AM-curHasia U CUTHaJIa Ha BBIXOZE ITEPEMHOXKHTENS (HIDKHSSA
OCIIIUIIOTpaMMa Ha pHc. 2).

[TosicCHUTE YTO TPOMCXOMUT C CHTHAIOM IIPH TaKOM IpeoOpaszo-
BaHWUU MO ero (opme MpakTHYecKu HeBo3MOkHO. Ocrmmiorpad B 3TOM
Cllydae CJIEAYET CIYXHT Ul KOHTPOJIS IMHEHHOCTH pesKUMa paboThl CMECH-
tenst. Ilpu MCHonp30BaHUM BMECTO BUPTYalbHOTO nepemHoxxutens MMC
AHaJIOTOBOTO MEPEMHOXKHUTENsI HEOOXOANMO YTOOBI CHI'HAJ Ha BBIXOJAE HE
nomnajan B 00JacTh OrpaHu4YeHus. B MpOTHBHOM ciydae B CIIEKTpe MOs-
BUTCSI MHOYKECTBO KOMOHMHAIMOHHBIX COCTABISIONMX, MEIIAIONMX BBIjIE-
JICHUIO MOJIE3HOTO CUTHAJA.

[TosTOMYy HEOOXOMUM CIIEKTPAJIBbHBIA aHaIM3 BBHIXOIHOTO CHTHaja
cmecuTens. Jlns aHamM3a CHEKTpa MCIONb3YeTCs aHalM3aTop CHEKTpa
XSALl. Tak kak cyMMapHasi COCTaBIISIONIASI CUTHAIA Ha BBIXOJE CMECHTEIS
JIOJDKHA UMETh LEeHTpaibHyto yacTory 320 xI'u, 3agaauM mojocy aHanu3a
350 xI'q n uncno peanm3anuii A yepemaerws cuekrpa 16384. [pn ananmse
CIEKTpa CIEAyeT yYHUThIBATH, YTO YEM OOJIBIIE YHCIO Pealn3almi ycpen-
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HSCTCS, TCM BBILIC pa3pelHIaroIas CIIOCOOHOCTH CIICKTPAJIbHOT'O aHaJI13a4,
HO BpEMs aHaIM3a YBEIINYUBACTCH.

L4 Oscilloscope-XSC1

A2 ~
Fhl T v

Time Channel_A Channel_B
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r~Timeba: hannel A hannel B Trigger

Scale | 50usDiv Scale | 1 Vv Scale | 500 my/Div Edge F r|[a B |Ext
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vT Add | B | am || ac| o JoC @ | ac| o Joc _-| @ rype [Sma.  Nor. | Auto | None ||.

Puc. 2. OCHP[JIJIOFpaMMbl CHIHAJIOB HA BX0/I€ U BbIX0/I€ CMECUTEJIsA

CHGKTp, HOHy‘ICHHBIﬁ B pE3YJIbTATC aHaJin3a, [TOKAa3aH Ha pUcC. 3.

L 4 Spectrum Analyzer-XSAT
Span Control
Set Span Zero Span ‘ Full Span |
Frequency Amplitude
dB | dBm || Lin

Span | 350 kHz Range | 0.02 V{Div

Start |0 Hz Ref. |2 dB
Center | 175 kHz Resolution Freg.
End | 350 kHz 122.07 Hz

244140 Hz
J L Start || Stop Reverse | ‘ Set...
+ 123,110 kHz 3.111my + Input & Trigger

Puc. 3. CnekTp cursajia Ha BbIX0/1e CMeCHTeJIs

Kak crnemyer u3 pucyHka, Ha BBIXOE cMecUTeNs (GopMHUpyIOTCS
JBe OOKOBBIX IOJOCHI CHTHAJa M COCTaBISION@AS C YacTOTOW IeTepoanHa.
YacToTy COCTAaBISIIOIMX B CIIEKTPE JIETKO U3MEPUTH, NIEPEMECTHUB Kypcop
aHaIN3aTopa B HY)KHYIO TOUKY CIIEKTpA.
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BoiBoabl. AHanu3 pabOTHl OTHENBHBIX Y3JI0B, B KOTOPBIX IPO-
HCXOAAT CIIOXKHBIE MPEeoOpa30BaHMs CHUTHAJIOB C IMOMOIIBIO IMPOTPAMMBI
MOJICITUPOBAHUS TI03BOJISIET HE TONBKO YBHIETH (DOPMY CHTHANIA, HO U MpPO-
WJUTIOCTPUPOBATh €r0 CHEKTPATIBbHBIA COCTaB NMPH M3MEHEHWH MapaMeTpOB
KaK CaMHX CXEM, TaK M BXOJAHBIX CUTHAJIOB.
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OOpazoBaHue BHE 3aBHCUMOCTH OT €ro NMpOQUIIs JOHKHO OBITH
Pa3BUBAIOIIMM, CHOCOOCTBYIOIIMM CTAHOBJICHHIO pPa3BUTOM JMYHOCTH. B
9TOHM CBSI3U HeNb3sl He corflacuTbes ¢ B.M. CoKoNOBBIM, YTBEpXKIAIO LM,
YTO “BHYTPEHHUH MHUP JIMYHOCTU — CIIOKHBIA CIJIaB JYXOBHBIX, MCHUXH-
yeckux 00pa3oBaHmil. OnpeneNsromMi B HEM SBISFOTCS YCIEIIHBIC OPHEH-
TaIMM KakK [EJOCTHAs CHCTeMa MHPOBO33PEHUYECKUX MO3UIUNA, HPaBCTBEH-
HBIX IIEHHOCTEH, SMOIMOHATIHFHOTO CTPOS BOJIM JTUYHOCTH U T.J. LleHHOCT-
HBbIE OPHEHTAIMH — 3TO YCTOMYMBBIE MPEICTABICHHUS O JOMYCTHMBIX MO-
palbHBIX M ITyXOBHBIX OJlarax W Hjaeanax, IPUEeMJIEMbIX U JOCTOMHBIX CITO-
co60B ux nmpumMeHenwst. IleHHOCTH TecHO cBsBaHbI ¢ motpedHocTsmu” [1, c. 70].
HecomuenHo, BpeMs HakJIa pIBa€T OTIEYATKH Ha BCe CTOPOHBI *Ku3HU. Co-
LILYM, TOJIMTHKA, SKOHOMHUKA UTPAIOT 3[1eCh PELIAIOLIYI0 POJib, OJHAKO OKOH-
YaTebHOE CIIOBO OCTAeTCS 3a CaMUM d4elloBeKOoM. Ero BBIOOp moaBep:keH
m3MeHeHussM. B 80-e romer XX Beka xusHeHHBIE uaeansl umenan 90 %
Mononéxw, a B 2006 r. — Tonbko 16 %. [IparMatn3m, MEepKaHTHIN3M, THIU-
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BUJIyaJIU3M, 3TOM3M IOTECHWIM Jpyrue KadecTBa, BKIIIOYAs albTPYyH3M,
TOJIEPAaHTHOCTH, 100poaeTens. ORHAKO 3TO BOBCE HE 03HAYAET, YTO MOJIO-
néxp crana xyxe. [Ipocto oHa okazamack 000WIEHHON BHUMAHHEM BIIACTh
npenepkammx. He ciyqaliHO B cTpaHe BCIIOMHIJIM O HEOOXOAMMOCTH pa3-
paboTKH MONOAEKHOHN MONUTUKH, MOJIOJbBIE JINIA HOSBHINCH B TOCYAapCT-
BEHHBIX CTPYKTYpax BIIACTH, BHOBb 3arOBOPUJIHM O HAJIWYMM HEHCIIOIB30-
BaHHBIX TAJAHTOB M BAaXHOCTH WX AKTUBHOTO BOBJICUEHHs B JKHU3Hb 00-
mecTBa. B 3THX yclI0BUSX He MOCIeAHSS PONIb IMPUHA/UISKHUT BICIIEH MIKOIIe,
HIpU3BaHHON TOTOBUTH KaJphl, OTBEUarolMe BbI30BY BpeMeHH. CoBpeMeH-
HBII CIIEUAJIMCT — HE TOJBKO IPOPECCHOHAT, HO M HOCHTEIb JyXOBHO-
HPaBCTBEHHBIX ycToeB. CIofa BXOAST: HAJMYUE BBICOKOW JIMYHOW KyIlb-
Typbl, O0ImAsl ¥ MOJIWTHYECKAs TPAMOTHOCTb, OPHEHTAIMS B HMHTEIUICK-
TyaJIbHOH JKH3HHU 4YEJIOBEYECTBA, YBAKUTEIBHOE OTHOUICHHE K HAIlMOHANb-
HBIM M PEIUTHO3HBIM BO33PEHUSIM, KOMMYHHKA0EIbHOCTh HE3aBHCHMO OT
cpenbl 0OMTaHUs, CIIOCOOHOCTh K CaMOOOpPa30BaHHMIO U CaMOBOCIUTAHHMIO,
co3HaTeNbHas AEATeNbHOCTh. IlepenoBble MBICINUTENH BCErjga paccMmart-
puBaiIM 00pa30BaHKE U BOCIIUTaHHE KaK B3aMMOCBs3aHHbIEC, OOOTralarome
U JIOTIOJIHSIOIME Apyr npyra obmactu. HecMoTpst Ha equHCTBO 000MX yIO-
MSHYTBIX TOHATUH, MEXIy HUMU BCE XK€ €CTh pas3iuuus. JTO HE CHHO-
HUMBIL. J[yXOBHOCTbB, B IIEPBYIO OYEpelb, MPEIIoaracT BEICOKYI0 00pa3o-
BaHHOCTh, BOCIUTAHHOCTh, HAIMYKE Oa3UCHBIX MpEACTaBICHUN 000 BCEM,
YTO BO3BBIMIACT YEJIOBEKA, NETAeT €ro MHUPOOLIYIIEHHE M CaMOCO3HAaHHWE
CaMO0CTAaTOYHBIMU. JIlyXOBHOCTh — 3TO BOCIIPHATHE MHpa BO BCEH €ro
MIOJTHOTE 4Yepe3 OKPYKAIOLIYI0 NPHPOIY, MCKYCCTBO, JUTEPATypy, JKHUBO-
MHUCh, MY3bIKY, & TAKXKEe OOILIEHUE C HE3aypSIHBIMHU JIMYHOCTSIMH — BCE TO,
YTO OJIMIIETBOPSET c000il MUp MpekpacHOro u Bo3BhmeHHOT0. Y H.A. bep-
JisieBa IyXOBHBIE IIEHHOCTH OOpasyloTCs €IMHCTBOM(COBOKYITHOCTBIO) MO3HA-
BaTeJIbHOW, HPAaBCTBEHHOH, XY0’)KECTBEHHOH KHM3HH YeJIOBEKa, OOLICHHS B
mo6BuU[2, ¢. 48]. HpaBCTBEHHOCTH B OOJIBIICH CTEIICHU CBS3aHA C MOPAJIBIO
W 9THKOMH, IPaBOBOI ITPaMOTHOCTBIO, YBaXKEHUEM TpPaJUIMi, COOIIOICHHEM
MIPUHATHIX B 00INECTBE HOPM IMOBEACHMS. MHPOBO33pEHUYECKNE HIEH O CO-
BEPIICHCTBOBAHUH YEJIOBEKA, €TO TBOPUECKOH CYIHOCTH, TIOJIHOTE CaMopea-
JW3alMHU B )KU3HH U IESTEIBHOCTH U3BECTHHI JaBHO. [IpuBeneM HEKOTOpBIE
TIpUMepPHI HPaBCTBEHHOTO Topsiaka. Jlocratouno BciomManTh Mena E.C. bot-
KHHa (BepHOCTh MpodeccnoHamsHOMy noary), A.IL Uexosa (Gmarorso-
PUTENBHOCTh, OTKa3 OT aKaJeMHYECKOTO 3BaHHA, CaxaJMHCKas JIIoIes),
B.®. Boiino-Scenenxoro (HexelaHHe MOCTYMUTHCS PEIUTHO3HBIMU TPUH-
UIaMH paJyl y4acTHsl B CBETCKHX MeporpusTusx), A. IlIseitnepa (6aaro-
TBOpHUTENbHas Muccusi B ['abome), S. Kopuaka (mpeamoureHue cmeprtu
HM3MEHEe HCIOoBeayeMbM npuHuunam), B.X. Bacunenko m apyrux (cToii-
KOCTbh B 3acTeHKax JIyOssHKM mpu paccMoTpeHuH “‘nena Bpaueit”), A.I'. JIn-
xauéBa (TMOMOIIB CEMBbsIM pernpeccupoBaHHbIX Kouter), B.. [Tokposckoro
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(ocyxneHue aHTHHAPOIHOM ITOJUTHKY BIIACTEH B YCIOBUSX JINOEpaIH3anu
9KOHOMHKH, HEBHHMaHHUS K HYXIaM 37ApaBooxpaHeHus). Ha momoOHbIX
(hakTax ciuemyeT B MEPBYIO OYEpEIb BOCIUTHIBATH MAYIIEE HAaM Ha CMEHY
ToKoJIeHHe. MBI ke 3a4acTylo JHOO ymMamduBaeM O HUX, JIMOO OTrpaHH-
YMBAETCA CBEACHUSAMH JANEKOW CTapUHBI, MOJIb3YeMCs MIAOJOHHBIMU Me-
TOJIAMH TEIarOrMYeCKOro BO3ACHCTBUS HA 00y4aeMbIX BMECTO TOTO, YTOOBI
OTCBUIATh TOCIEAHUX K TakuM ucrouHukam kak: B. Coiidep “Bnacte n
Hayka” (2002 r.), “O6pa3oBanue, KOTOpoe MbI MOXKkeM morepsth” (pea. B.A. Ca-
nosununid, 2002 r.), B.H. Crenansina “KusHp U cMepTh 3aMeuaresbHbIX
mroneit” (2002, 2007 rr.), B.M. CokosioB “Poccuiickasi MEHTAIBHOCTDh M UCTO-
puueckue yta Oreuectra” (2007 1.), “Bricinee oopasoBanue mist XXI| Beka”
(otB. pen. UM. Unsunckuii), B.W. Bepnanckuii “Ilepexknroe u mepeny-
manroe” (2007 r.), “CoIMONOTHYeCKAE HCCIICAOBAHUS B CHCTEME TOCY-
napctBeHHO# cinyx6s” (2002 1.), “Besymubie rpanu Ttamanrta”’ (2004 r.),
M. Sposunckwuii “[loyaurensasie ypoku uctopuu’” (2004). B HekoTOpHIX U3
9TUX U3JJAHUH OCTPO IMOCTABIIEHBI BOIIPOCHI (POPMHUPOBAHUSI KOMIIETCHTHBIX,
KOHKYPEHTOCIIOCOOHBIX CIIEIIMAIMCTOB, OTBEYAIOIIMX COBPEMEHHBIM Tpe0o-
BaHMSM; OTpa)KCHa MPEEMCTBEHHOCTh AyXOBHBIX LIeHHOCTel. Hame coruo-
JIOTHYECKOE MCCIIE0BaHUE TI0KA3aJ0, YTO B HACTOAIIEE BPEMsI MTOrOTOBKA
CHELMAIMCTOB B MEIUIIMHCKUX YHMBEPCHUTETaX OCTAeTCs HEIOCTaTOYHO
COBEPIICHHOH € TOYKH 3pCHHS COBPEMEHHBIX KYJIbTYpHO-LIIEHHOCTHBIX IO~
3UIAHA. 3aHIMAasICh HEMOCPEICTBEHHOM MPO(ECCHOHATEHOM TOATOTOBKON Bpa-
4el, MpenojaBaTeNy He YACSIOT JOJDKHOTO BHUMAHHS THUYECKOM, Tpak-
JTAHCKOW, OOIIEKYIBTYPHOH CTOPOHE BOCIIMTAHUS.

ObpatuMces K TITyOOKOM BpaueOHOM MyIpOCTH, 3aJOKEHHOH B Ha-
craBnenuu . A. 3axapbuna: “Bpau gomxeH OBITh TyMaHHBIM U BCECTOPOHHE
00pa3oBaHHBIM 4eJOBeKOM. CKOJBKO Obl Bbl, MUJIOCTHBBIE TOCYIapH, HH
BBICJYIIIMBAJIM, HU BBICTYKMBAJIM, BB HUKOTAA HE CMOXeTe 0e30MMO04HO
OIpe/IeTNTh 0O0JIE3Hb, €CJIM HE MPUCITYIIMBAETECH K TOKAa3aHUM CaMOro 00JIb-
Horo” [3, c. 81].

Ucrtopus mHorux muarHoctuyeckux meaespoB C.II. Borkuna,
B.I1. O6pa3moBa u Apyrux y4€HBIX CBHJICTEIBCTBYIOT O TOM, YTO IPABHIIb-
Hasl MHTEpHIpeTarys OOJE3HU SBISETCS WHOTZA BBIPAKCHHEM BIOXHOBEH-
HOTO HaWTHA, BOSHUKAIOIIETO HA OCHOBE KaKWX-TO CMYTHBIX aCCOLMAINN B
KOMILJIEKCE C TIIyOOKMMHM 3HAHHSIMH M TYMAaHHBIM OTHOIUIEHHUEM K OOJb-
HoMy. Termepb Bpsij JIM KTO-HUOY/Ib YCOMHHUTCS B TOM, YTO JUIS PaHHEro U
NPaBUJIBHOTO Paclio3HaBaHUsI OOJIE3HU W, TJIABHOE, JJIsl YCIELIHOIo Jieye-
HUS OO0JILHOTO HEO0OXOIMM TECHEHIIMI KOHTAKT Bpaya M MalleHTa, 0000-
HOE JIOBEpHE, IIPOHUKHOBEHHE B COKPOBEHHbIC NIEPEKUBAHUS U YasHUS CTpa-
JIAfOIIEeTO YEII0BEKa.

B oTHOWEHHSIX C TAIMEHTOM JJIsl Bpaya Ba>KHBIM (aKTOPOM SIBIIS-
eTcs MAaKCHMallbHO IIOJIHOE 3HAHWE MAalMeHTa, €ro OKPYKEHHs, obOpasa
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JKHM3HU; JUIsl TIAMEeHTa — JJOBEepHe JiedanieMy ero Bpady [4]. Bmecte ¢ Tem
mpogeccopa A.®. Cokon, P.B. lllypymosa ormeuarot: “IlocTenenHo B ria-
3axX Bpayeil yMEHBIIMJIOCH 3HAYCHUE U LEHHOCTHh OOJBHOTO KaK JIMYHOCTH,
CHHM3WIACh o0mas M npodeccuoHanbHas KyJlIbTypa, KOTOpas CO3JaBalach
10 KPYIIHIIaM Ha MPOTSHKEHAH BEKOB U Thicstuenetwii” [5, ¢. 7-8].

Takue oOueyenoBeueckue KavyecTBa, Kak I00pOTa, TEPHHUMOCTb,
COCTpaJiaHKe, MUJIOCEPIUE, CaMble HY)KHbIE Bpauy, BCE MEHEe MPECTHUIKHBI
u OoJiee 1e(UINTHBI B HACTOSILEE BPEMSI.
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JAEPIKABHE YIIPABJIIHHSI COEPOIO B!{IHIOT OCBITH
YKPAIHU B YMOBAX €BPOIIEUCBKOI IHTETPAIIIL

Yapuwenko KA., 2IYpyc O.B.
1XMe/leuubKuzZ nayionanenull ynisepcumem, e-mail: parshenko@ukr.net,
2Xwenvruybruii incmumym MAYIT, e-mail: ksyu.prus@yandex.ua

CydacHa ocBita nepejbayae BiJKpUTICTh MallOyTHBOMY, a Ti mO-
JIaNbIIMKA PO3BUTOK TOBHHEH CIIPSIMOBYBAaTHCS HA MOJOJIAHHS 3aMKHEHOCTI
W HaJaHHs OCBITHBOMY IIPOLIECY TBOPYOTO XapakTepy, 1o norpedye HOBOT
OCBITHBOI MOJEN, sika O BiIMOBiJANa peaisiM MOCTIHIYCTPiaIbHOTO CYC-
MJIbCTBA, TUM ITI00AJBHUM 3MiHaM B YCiX cdepax >KUTTH, SKi BHKIUKaHI
CyJacHUMH IHPOpMaIiHHO-KOMYHIKAI[IHHIMH TEXHOJIOTisIMH, CTPIMKIMHA
IHTerpaliifHIMH TporecaMy B CBiTi. Sk BupimmTH 110 podiemy? 3a 3a-
KOHAMHU CHHEpPreTHKH 3MaTHICTh COLIalbHOI Marepii A0 camooprasizamii
MPOSIBISIETHCS B TOMY, 1[0 BAHHUKHEHHSI OyAb-sIKOi Mpo0ieMH OpOIKye i
3aco0u 1i BUpILLIEHHS, SKiI TUIBKKA Tpebda BMITH NMOOAYMTH W BUKOPHUCTATH.
Came TOMY BaXKJIMBOTO 3HAUEHHS JUISI PO3BUTKY CYCITIJIbCTBA HAOyBae OCMHUC-
JICHHsI SIKICHO HOBHMX O3HAK 1 CMMCIIIB Cy4acHOI OCBITM B YMOBax LUBi-
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Jmi3amifHUX 3MiH HAmol iCTOPUYHOI JOOW, pO3yMIiHHS TEHICHIH ii po3-
BUTKY, BHYTPIIIHI X IPOTHPIY K MeXaHI3MiB Iporpecy.

[Ipomecu eBpomeichkoi iHTETpalii OXOILTIOIOTH JeAaii OiibIme
cdep KUTTEMSUTFHOCTI, OJHA 13 SIKUX — OCBITSIHCHKHM HaIpsM. AKTyalbHI
HaYKOBI JIOCJI/DKEHHS I0J0 MPOOJeMH MPaBOBOTO MOJISI BUIIOI OCBITH JI0-
ciijpkysanu B.1. Anppeiines, A.Il. T'erbman, €.M. Kpacusikos Ta in. Pos-
POOKOIO Ta aHaIi30M IPOOJIEM CYyJaCHOTO JIEPKaBHOIO YIIpaBiiHHS y cdepi
BUIIOI OCBITH, MEPCHEKTUBAMH PO3BUTKY Ta XapaKTEPHCTHKOI Mojeliel
BuIIOi ocBiTH 3aiiMaymcst B.I1. Annpymenko, JI.1. [13Binuyk, B.IL. bex Ta in.
Amnanizyloun ocTaHHI JOPOOKHM BITUM3HSIHUX yIEHHX, BAPTO 3a3HAUNTH, IO
JMOCTITHUKH Oinbllle yBarWm MPHUIULIOTh NHTAaHHSIM MOJEpHi3alii Hamio-
HaJbHOI BHUINOI OCBITH B yMOBaX €BPOIEHCHKOI iHTerparii, mpodiemam
BHYTPIIIHBOI MOJEpPHi3alii Ta CTPYKTYpHOI mepeOyaoBH SIK caMoOi CHCTEMH
BUIIOI OCBITH, TaK i MeXaHI3MiB Aep)KaBHOTO ympaBiiHHA HuMHU. OmHak
MEHIIE YBark HayKOBII TPUAITSIOTh BABUCHHIO CYIIEPEYHOCTEH Cy4acHOTOo
PO3BHUTKY JCPKaBHOTO YIPaBIiHHSA C(HEpor0 BHIIOI OCBITH YKpaiHH Ta
HUTAXIB X OAOIaHHSL.

YupapiiHHio y cdepi OCBITH MPUCBIYCHI YUCICHHI JOCIKCHHS
BITYIMBHSHUX Ta 3apyObKHHUX aBTopiB. [loHoMapboBa I'.®. 3a3naqae, 1o “ynpas-
JIHHS 1Ie HeNepepBHUN pyX BiJ METH /10 pe3ynbTariB. [Ipomec ympaBiiHHA
Mae TIeBHI 0COOJIMBOCTI, BpaXyBaHHS KU X 3a0€3IeUye YCIiX YIPaBIiHCHKOL
mismeHoCTi” [3, ¢. 5].

Ha nymxy K.M. JIeBkiBCbKOTO, HEOOXiTHO ONMTHUMI3yBaTH MEPEXKY
BUIIMX HaBYAIBHHUX 3aKJIadiB NUIIXOM iX 00’€IHAHHS Ta CTBOPEHHS IIO-
TY)KHUX PEriOHAbHUX, KOPIOPATUBHUX, JNOCIHIIHUIBKUX YHIBEPCUTETIB i3
YpaxyBaHHSIM PEriOHAJIBHHUX 1 3arajJbHOJCPKABHUX NOTped y (axiBIsix i3
BUIIOI0 OCBiTOI0. Lle M03BOMUTH TiCHIIE 30CEPEAUTH TOCBIMUCHHX (haxiB-
[iB, IO CIpHUITUME (QYHIAMEHTAIBHUM JOCTI/DKEHHSIM Y Traiy3i, JeTajib-
Hillle 3aCTOCOBYBAaTH Ha INPAKTHIIl Ta CTaBUTH HA KOMEPLIiiHI pelKu HOBI
JOCTHiTHUEKI imel [2, ¢. 6]. Taki migxomu iHTerpamii y BUIINA MKOMI rap-
MOHIHHO Y3TOJIKYIOTECS 3 OCBITHBOIO Ta JIOCIIJHHUIIBKOO ITOTITHKOIO KpaiH-
wreHiB €C i3 METOI0 CTBOPEHHS €JMHOTO €BPOMNEHCHKOr0 HayKOBO-TOCIi -
HHLBKOTO TpocTopy. HacTymHe, mpoTupidds ynpaBmiHHS ceporo BHIIOT
OCBITH Ha MaKpOpiBHI MH IIOB’SI3y€EMO 3 THM, IO LEHTpPai30BaHa, aBTO-
pUTapHa cHCTeMa, IO ICHYe B HAlliOHAJbHIM BHIIN IIKONI, IpUTaAMaHHA
IUTAHOBIH €KOHOMIIll, HE CIPOMOXKHA IIBHIKO pearyBaTH Ha 3MiHH B CYC-
HIBCTBI Ta MOTpeOH pUHKY mpari. CKaxiMo, Ile CTOCYEThCS PiBHSI LIEHTpa-
J30BaHOTO KOHTPOJIO Haj BU3HAYEHHSM TOTO, SIKUH OCBITHBO-KBaidika-
LiWHUH piBeHb € 00OB’SI3KOBUM ISl TIEBHOI ITOCAAN YH JICPKABHOTO 3aMOB-
JICHHSI Ha TiITOTOBKY (haXiBIIiB.

PuHKOBa €KOHOMIKAa BUMAarae rHy4KOrO PUHKY Ipali, a PO3BUTOK
BUIIOT OCBITH IOBMHEH IIiJITOPSIKOBYBATHCS 3aKOHAM PHHKOBOI E€KOHO-
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MIKH: pO3MOLTY, 3MIHHOCTI ITpalli Ta KOHKypeHiii [4, ¢. 102]. Buma ocpira,
Ha nymMKy FO.M. Kpstuko, € iHHOBaIiifHOIO Tairy3310, KOTpPa 3a CBOEIO MpPHU-
pormoro, moTpedye pi3HOMAHITTS MOTIAMIB 1 MiAXOIIB IO MPOBEACHHS IO-
CITi/KeHb, BUKJIAJaHHA 1 ynpaBmiHHs. LleHTpanizoBaHa, aBTOpUTapHA CHC-
TeMa € HECYMICHOIO 3 TAKUM pi3HOMaHITTsM [ 1, ¢. 66].

[porsirom ocTaHHIX POKIB BUXiJ i3 Ii€i cUTyalii HayKoOBIIi, MO-
JITHKA Ta OCBITSHM BOA4arOTh Y HajJaHHI BHIMM HaBYAJIbHUM 3aKJiajaM
aBroHoMmii. Lls npo6neMa Ha JyMKy 0araThbOX HayKOBLIB, € [EHTPAJIbHOIO
JUIsSt peq)opMyBaHHﬂ yc1el CHCTEMH BHIIOI OCBITH pralHI/I 3ayBa>1<1/1M0 o
Hapasi aBTOHOMIsl yHIBEpCHTETIB B YKpaiHi Ta ixHi aKaneMlq}n cBobon
permaMeHTyoThCs 3akoHoM Ykpaiam “TIpo BUIIy OCBiTY”, SIKMH BH3Ha4ae
MeXi aBTOHOMIT Ta CaMOBPsI{yBaHHS YHIBEPCUTETIB Y Pi3HUX Hampsmax x-
HBOT JISUTBHOCTI.

B ropumuuHiii cdepi piBHI aBTOHOMII HpejACTaBieHI IeperyciMm
aKaJeMiYHUMH CBOOOJAMHM BH3HAUCHHS ACIIEKTIB HaBUAJIBHHUX IIPOTpaM,
MeJarorivHol Ta AOCIITHULBKOI HisUTPHOCTI, NEMOKPATHYHAMHU CBOOOIAMH
y BHYTPIIIHIX IpoIlecax yHIBEPCUTETCHKOI cTpaTerii Ta ympasninHA. [Ipote
HaclpaB/i piBeHb aBTOHOMII Ta CaMOBpSIyBaHHs HE BIJIIOBIZa€ €BpOIEH-
CbKUM cTaHgapTaM. lIpakTuka Oararbox €BpOMEHCHKUX KpaiH JIOBOJIUTH,
II0 caMe aBTOHOMIsl BUIIMX HaBYAIbHUX 3aKJIa/liB € OJHIEI0 3 YMOB IiJ[BH-
[IEHHS SIKOCT1 BUIOT OCBITH, TOCHJICHHS 11 BIIOBLAAIBHOCTI 33 Pe3y/IbTaTH
IisuTbHOCTI. ICHYFOTH TEBHI CYNEpeYHOCTI MiX HaMipaMd HAJaTH BHIIM
HaBYAJIBHUM 3aKjaJaM IIMPITy aBTOHOMIIO Ta Oa)KaHHAM YpSAY IIATPH-
MYBAaTH Ha HAJI)KHOMY DiBHI HaI[lOHAJIbHI CTaHIAPTH, CTBOPIOBATH Ta 3a-
Oe3reuyBaTH PiBHHIA JOCTYMI J0 BUIIOI OCBITH. CIyIHO 3a IHUX 00CTaBUH
3BEpHYTHCS 10 ):[OCBiI[y 3axiJJHUX KOJIeT: eBponeI‘/iCLKi yHiBepCI/ITeTI/I BUKO-
HYIOTb BEJIUKY 1 pI3HOMaHITHY p060Ty B uapmn )ICMOKpaTI/ISaHII OCBITH.

Cepen OCHOBHHX HaNpsIMiB iX AisUIBHOCTI BU3HAYMMO TaKi:

— OJep KaHHA Ta TOMIMPEHHS iH(popMaIlii mpo aBTOHOMIIO yHiBep-
CUTETIB y KpaiHax €Bpomu Ta 3a il Mexamu 100 pedopM, siKi TOTYIOThCS
YK BIPOBAJKYIOTHCS | BU3HAYAIOTh, K BOHM BIUIMBAIOTh HA CYCHIJIbHI ITepe-
TBOPEHHS B OKpEMHX KpaiHax 1 €BponH B LIJIOMY;

— BU3HAYEHHS HaINpsMiB PO3BUTKY H MOIMPEHHS HOBUX i1eH, 30K-
pema i Toai, KOJM BOHU CTPAMYIOTECS TIOJII THYHOO Ta EKOHOMIYHOFO BIIAJIOKO;

— BICYHEHHS /1€l JUTS QUCKYCii mo/10 00roBOpeHHS mpaB Ta 000-
B’SI3KiB YHIBEpCHTETIB Yy COLIaJbHOMY W KYIBTYPHOMY PO3BHUTKY CBOiX
KpaiH [4, c. 106].

Ha namy aymMKy, TeMOKpaTH3aIlis BUIIOI OCBITH Tiepe0avae yyacTb B
YIOpPaBIliHHI BUIIMM HaBYaJIbHUM 3aKJIaZloM IPOMAJACHKOCTI. Y IIbOMY KOH-
TekcTi ygacts nepxasn y CIIA Ta BenMKoi KiJIBKOCTI iIHIIMX PO3BUHYTHX
KpaiH y cdepi BUIIOI OCBITH CKJIana€ He OibIne OHie] TPEeTHHH.

Takum urHOM, YKpaiHa 4iTKO BU3HAUMIIA OPIEHTHP HA BXOKEHHS
JIO OCBITHBOTO i HayKOBOTO MpPOCTOpPY €BpOIH, 3AIHCHIOE MOAEPHI3ALIiO
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OCBITHBOI JisUTBHOCTI B KOHTEKCTI €BPOIECHCHKUX BUMOT. Ponb nepkaBu, y
TepIry 4epry, Hojsarae B TOMY, OO CTBOPIOBAaTH IPaBOBi, €KOHOMIUHI,
e(heKTUBHI OpraHi3alliiiHi MeXxaHi3MH1, MOPAILHO-IIIHHICHE CepEOBHIIIE, SIKE
CHPUSITUME y4acTl BCi€l TPOMAJICBKOCTI y CIIpaBi PO3BUTKY C(epH BHIIOT
OCBITH.
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Ha nymky OaraTbox BiJOMHX BUCHHX, KpeaTHBHA €KOHOMIKa CTa€
OITHI€I0 3 OCHOBHUX (pOpM cOIiaTbHO-eKOHOMIYHOTO po3BUTKY. Came Kpea-
THBHA EKOHOMiKa Oyne MeXaHi3MOM PO3KPHTTS TBOpUOi eHeprii Joxeill B
HOBHX COIIiaJIbHO-€KOHOMIYHUX YMOBaX.

Tepmin “kpeatuBHa exoHoMika” OyB BBeaeHuit y 2000 p. xoHoM
XokiHcoM. 3a HOro KOHIEMIIE KpeaTMBHA €KOHOMIKa 3Haiiluia BigoOpa-
JKEHHS Y KpeaTUBHOMY Oi3Hecl, IKUi YCHIIHO pO3BUBAaBCs. XOKIHC BBaXKaB,
0 OCOOJIMBICTh KPEaTUBHOT EKOHOMIKM BHUSBISIETHCS B CUCTEMI crienudiy-
HUX COIIabHO-€KOHOMIYHMX CTOCYHKIB MDX €KOHOMIKOIO i TBOPYMM IIij-
XOZIOM 10 11 PO3BUTKY 1 BIOCKOHAIEHHIO. Lle MPUBOMUTE 10 CTAaHOBJICHHS i
PO3BHTKY HOBOTO KPEAaTHBHOTO CEKTOPA MOCTIHAYCTPialbHOI €KOHOMIKH, B
OCHOBI SIKOTO JIGKUTH IHTEHCHBHE BUKOPHCTAHHS TBOPYHX 1 1HTEIEKTYalIh-
HUX pecypcis [1].

[MonsTTs “KpeaTBHA €KOHOMIKA” acOLIIOETHCS, MO-TIEpIIe, 3 OpH-
THaJBHOIO CHelH(piYHO0 (OPMOIO0 EKOHOMIYHOTO MUCIICHHS, SIKa BiJIPi3HS-
€TBCS BiJl 3araJIbHONMPUWHATHUX JIOTIYHUX THUIIOBUX CXEM 1 3/1i0HICTIO 3Ha-
XOIUTH 1 peayizyBaTH HOBI COIiaThbHO-SKOHOMIYHI 3B’S3KH 1 MOJET MDK
SIBUIIAMH 1 TIPOIIeCaMu; MO-Ipyre, 31 3M10HOCTSIMH IPHBHOCHUTH IIOCH HOBE,
OpHUTiHANBHE B Pi3HI chepH MPaKTUYHOI IiSUTEHOCTI; MO-TPETE, MOCTIHHOIO
TOTOBHICTIO JI0 PillleHHS HECTaHIAPTHUX Mpo0iIeM i cutyarii [2].

3a pOrHO3aMH Pi3HHX aBTOPUTETHHX MIXXHAPOJHHX OpraHizailiu,
y 2020-2025 pp. Haiibinblla YacTHHA JOJAHOI BapTOCTi Oyle CTBOpIOBa-
TUCSI B OCHOBHOMY 32 PaxyHOK IHTEJEKTyaJIbHUX (KpeaTHBHUX) (hakTopiB
BUpoOHMLTBA. Lle o3Ha4ae, MO roJIOBHUM (PAKTOPOM EKOHOMIYHOTO PO3-
BUTKY MalOTh CTaTH KPEAaTHUBHI JIFOJICBKI pecypcH, TOOTO KpeaTHBHICTh Oyrie
TOJIOBHUM TIOTEHIIaJIOM 1 1HCTPYMEHTOM TMOpSN i3 TPaIWIiHUMH CIIOCO-
0aMu MUCJIEHHS 1 YIIPaBIiHHS B €KOHOMIITI.

124



et BHCHOBOK MiATBEPUKYIOTH 1 pe3ylbTaTH nociimkenHs IBM
2010 Global CEO Study. 3a pesyapraramu omwTyBaHHs Oifbim, Hix 1500
TOJIOBHMX BUKOHABUMX JupekTopiB (CEO) xommaHiii i opranizariit 3 60 kpaiH i
33 ramyseif, BUIll KepiBHUKH Oi3HECY BBAXKAIOTh, IO YCIIiINHE yIPaBIiHHSA
CBITOM, SIKMi CTa€ BCE CKIIAJHILIUM, MOTpedye TBOPYOTO nmxo;[y OLIbI1I0I0
MipO10, Hi’K CTPOTOCTI, YIIPABIiHCHKOT TUCHHUILIIHY Y1, HABITh, JAJIEKOIIIS-
HOCTI. A 11e 03Hayae, IO Ha PiBHI OKPEMOT JIFOIMHH BXKE HEAOCTaTHLO OYyTH
KOMIIETEHTHUM, HAaYUTaHUM 1 JOCKOHAJO 3HaTH KoMl rorep. Ha Taki Ha-
BUYKH pOOOTONABII JUBJISTHCS SIK Ha IMIOCH, 0 000B’sI3KOBO Mae Oyru. J{is
TOro, OO 3podHUTH Kap’epy, Tpeba 3armponoHyBaTH PoOOTONABLIO TE, IO
Oyle ISl HbOTO PEajbHO I[IHHUM, TOOTO Te, M0 MPUBHOCUTH WIOCH HE
MPOCTO B OpTaHi3amiiHy KOMIIETEHTHICTD, alle B YHIKAJIBbHY OpTaHi3amiiHy
KOMITETeHTHICTh. ToOTO Tpeba OyTH KpeaTHBHHUM.

o x take kpeatuBHicTH? Lle ckimaaHe, OaraTomiaHoBe, HEOAHO-
pimHE SBUINE, SKE OXOIUTIOE Pi3HOMAHITHI TEOPETHYHI 1 MPaKTUYHI Ha-
npsiMu. JIesiki TOCTIAHUKY 3a3HAYAIOTh, M0 MPOIEC PO3YyMIHHS TOTO, IO
TaKe KPeaTuBHICTh, caM NOTpedye KpeaTuBHOT Jii.

Pe3ynbraTn 1oCIipKeHb, IPUCBSYEHI BUBYCHHIO KPEATHBHOCTI, MOXKHA
po3ninmuTu Ha nBi rpynu. Ilepwa OXOITIOE KOHIEHII KPEATHBHOCTI SIK
YHigepcanvhol niznasanvHoi meopuoi 30ionocmi. IlpencTaBHUKY “Ti3Ha-
BAJIGHOT0» HANPSAMY JOCTIUKYIOTh B3a€EMO3B'SI3KM MK KPEaTHBHICTIO, 1HTE-
JIEKTOM, KOTHITHBHUMH 3Mi0HOCTSIMH i PEATBHUMHU JIOCSTHeHHsMHU. HaifOimpin
SCKpaBUMH TpeACTaBHUKaMH HaHoro HampsMky €: JIx. [indopn, C. Teii-
nop, E. Toppenc, A.f. Tlonomapros, C. Menrik. Y ix poboTax mpeacras-
JICHO, B OCHOBHOMY, BIUINB IHTEJICKTYaJbHUX Mi3HABAIBHUX XapaKTEPHUCTHK
Ha 3JIaTHICTh MPOJYKYBAaTH HOBI 1J1el.

/lpyza BUBYaE KpeaTUBHICTb 3 MO3ULIl ceoepionocmi ocobucmic-
HUX ocodaueocmeii Kpeamuegis. barato ekcriepuMEHTAIBHUX IOCIIIKEHb
NIPUCBSYEHI CTBOPEHHIO “TIOpPTpera TBOPYOI OCOOMCTOCTI”, BHUSIBJICHHIO BIlac-
TUBHUX Ii XapakTepUCTHK, BU3HAYCHHIO OCOOMCTICHMX, MOTHBALIHHHUX Ta
COLIIOKYJIBTYPHHX O3HAaK KpeaTnBHOCTI. HalOibmr sickpaBUMH IpeICTaBHU-
kamu 1uporo Hanpsamy € @. bappon, A. Macnoy, /1.b. borosiBineHncobka.

IaTepec mo HAWBIMYaNFHUX BIAMIHHOCTEH y TBOPYHX 3Mi0OHOCTSIX
BUHUK Y 3B'SI3Ky 3 OUYCBHIHUMH JOCSITHEHHAMH y cdepi “BEUMiprOBaHHS)
IHTEJEKTY, a TaKOX 3 ABHUMH ii Hepomikamu. Ha mowarok 60-x pokiB XX cT.,
30KpeMa, Oyyo BHSBICHO, IO MpodeciiiHi i JKUTTEBI YCIIXH HE 30BCIM IPSMO
MOB'sI3aHI 3 PIBHEM IHTEJCKTY, OOYHMCIIOBAHUM 3a JIOMOMOTror TecTiB 1Q.
JlocBin CBIUUB, IO JIOAX 3 HE TyXKe BUCOKUM |Q BUSBISAIOTHCS 37aTHI HA
HeaOuWsKi JOCsSTHEHHs, a OaraTo iHumx, ynid |Q 3HA4YHO BHIIE, HEPIAKO Bij
HUX y LBOMY BIJICTAIOTh. ByO BHCIIOBJIEHO MPHITYIIEHHS, 10 €()eKTHB-
HICTh BHUPIIICHHS IIPOOJeM 3aleKUTh HE BiJ 3HaHb 1 HaBUYOK, BUMipIO-
BaHUX IHTEJCKTYaJbHUMH TECTaMH, a BiJ] 0COOIHMBOI 3MaTHOCTI “BHKOpHC-
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TOBYBATH JaHY B 33/1a4ax iH(POPMAIII0 PiI3HUMHU CIIOCO0aMU U y MBHIKOMY
temri”. Taky 34aTHICTh Ha3BaJl KPEATHBHICTIO.

e Toppenc i 'indopa y cBoiX mOCHiIKEHHSIX BUSBIIIA BHCOKY
MMO3UTUBHY Kopelsmito piBHS |Q i piBHSI KpeaTMBHOCTI, X04a y ocobwmc-
TOCTE€H 3 BHCOKOPO3BHHYTHM IHTEIIEKTOM MOXYTh 3YCTpidaTHCS 1 HU3BKI
TTOKa3HHUKH KpPeaTUBHOCTI. TOppeHC HaBiTh 3alPOIIOHYBAB TEOPIIO iHTEJEeK-
TyanbHOT Mexi: 3a 1Q Hmkve 115-120 GasiB iHTENEKT 1 KPEaTUBHICTh YTBO-
proioTh enuHuid (aktop, a 3a 1Q Buie 120 GaniB TBOpui 3ai0HOCTI 1 iHTE-
JIEKT CTAIOTh HE3aJIeKHIUMHU (pakTopamu.

Baromuii BHECOK y mociimkenHs kpeatuHocti BHiC [iadopa [3].
Bin BunpinuB 16 iHTEICKTyalbHUX 3I10HOCTEH, 0 XapaKTEePU3YIOTh Kpea-
TuBHICTB. Cepen HUX — wiguOKicmp (KUIBKICTH iJIei, 10 BUHUKAIOTH 3a
JeIKy OJWHHUIIO Yacy), cHyuKicms (30aTHICTH epeMuKaTucs 3 oaHiel inel
Ha iHIY) 1 opucinanshicme (31aTHICTH NMPOJYKYBaTH i1ei, IO BiApi3HS-
FOTBCS BiJ 3araIbHONPUITHATHX) MUCIICHHS, & TaKOXK Oonumaugicme (IIi-
BUINCHA YYTJIHMBICTH IO MPOOJeM, IO HE BHKJIMKAE iHTEpecy B iHIMX) 1
HEePEJIEeBaHTHICTh (JIOTIYHA HE3aJIeXKHICTh peakliil Bix ctumyimi). Y 1967 p.
linadopn ob'ennas 1 GakTopu B 3aralbHOMY MOHSTTI “‘Ousepzenmnue muc-
neHHa”, gKke BigoOpakae mi3HaBambHHH Oik KpeatmBHOCTI: — “Ilim kpea-
THUBHICTIO CIIJI PO3YMITH 3[JaTHICTH BiIMOBIISTHCS BiJ CTEPEOTHIHUX CITO-
co6iB mucieHHs. OCHOBOIO KPEAaTHMBHOCTI € MBEPreHTHE MUCIEHHS ...”
(oMBepreHTHE MHCIICHHS — L€ THII MUCJICHHS, IO e B PI3HUX HAIPMaXx).
TakuM yMHOM, BiH BHJIMB OJMH i3 aCHEKTiB KPEATUBHOCTI — KpEaTHBHE
MUCJICHHS — OJIMH 13 BHJIB MHUCIICHHS, IO XapaKTepH3YEThCsI CTBOPEHHSIM
Cy0’€KTHBHO HOBOTO MPOAYKTY Ta “HOBH3HOIO~ INOJO0 MOTHUBAIlii, METH,
OLIIHOK CaMOi 13HAaBAJILHOI JISIBHOCTI.

ToppeHc BU3HaYa€e KpeaTHBHICTh K 3[JaTHICTb JIO 3arOCTPEHOTO
CHPUIHSTTS HEJIOMIKIB, IIPOTAJIMH B 3HAHHSX, BIJICYTHIX €JIEMEHTIB, AUCTap-
MOHIi, yCBIJIOMJICHHSI IIpo0JieM, TOIIYK pillleHb, 310Taay, IOB's3aHi 3 He-
JOCTATHIM JiJIsl BUpileHHS, popMyBaHHS TiI10TE3, IIEpeBipKa i HOBTOPHA I1e-
peBipKa IHX TimoTe3, iX MomudiKais, a TAKOX ITOBIJJOMJICHHS PE3yIbTaTiB.

Mopens kpeatuBHOCTi ToppeHca Bkiodae Tpu (haKTOpHU: IIBHA-
KIiCTB, THYYKiCTh, OPUTIHANBHICTD. Y JaHOMY HiIXOMdi KPUTEPIEM € XapaKTe-
PHUCTHKH i IPOIIECH, IO aKTHBI3yIOTh TBOPUY NMPOIYKTUBHICTH, a HE SKICTh
pe3ynbTaTy.

YV Hamiid KpaiHi B JOCHIHKCHHSX, MPOBEICHUX CIiBpOOITHHKAMU
naboparopii 3aibHocteli [ncturyTy nenxonorii PAH, Gyna BusiBneHa napa-
JIOKCaJIbHA 3JICXKHICTh: 6UCOKOKPEeAmueHi ocoducmocmi zipwe eupiuiy-
omo 3a60anns Ha penpodykmuehne mucienns (00 HUX GIOHOCAMbCA
npaKkmuuHo éci mecmu inmenexmy), nixe eci inmwi eunpooosysani. lle,
30KpeMa, JI03BOJISIE 3pO3YMITH MPUPOTY OaraTboX TPYIHOUIB, SKi BiIdyBa-
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FOTh TBOPYO 00JapoBaHi IiTH HA MKUTbHIA JaBi. OCKUTBKH, 3TiAHO 3 Ja-
HUMH LOTO JIOCTIUKEHHS, KPEaTUBHICTh MPOTHIIC)KHA IHTEJIEKTY SIK 37aT-
HOCTI J10 yHiBepcaJIbHOI afanTalii (TBOPYiCTh aHTHAJANTHBHA), TO Ha MPaK-
THUII BUHUKAaE e(DeKT He3MaTHOCTI KPeaTruBiB BUPIIIYBATH MPOCTI, MAOIOHHI
iHTeNeKTyaNbHi 3aBaaHas. OTke, KPEaTHBHICTD 1 3aTaTbHUI 1HTEIEKT € 3110~
HOCTSIMH, $IKi BH3HAYAIOTh IPOIIEC PIillIeHHS pO3yMOBOI 3a1adi, aje TrpaloTh
Pi3HY poJb Ha pi3HHUX HOTO eTamax.

VY uisioMmy, 3 TOYKH 30py MCUXOJIOTIi, KpeamugHnicmpy — 11e 0CO0-
JIMBI TBOpPYI 37410HOCTI, KOTPi 3aCHOBaHI Ha 100pe PO3BUHYTOMY YSIBJICHHI.

Ha cporonni icHye mina HHM3Ka JOCII/DKEHb KPEaTHBHOCTI “0co-
6ucricHoro” Hanpsimy. Cepen Hux ciin Buainutu @. bappoHa, skuii BUBYae
pOJb MOTHBAIil y TBOPYOMY HpOLECi, & TAKOX BIUIMB Pi3HUX (haKTOPiB
COLIaNIbHOTO CepeIOBHIIA Ha PO3BUTOK KpeaTHBHOCTI [4, 5].

®. bappoH BHIUIIE Taki MapamMeTpH COLIAIBHOTO MiKpOCepeao-
BUIIA, IO COPUSIOTH POPMYBaHHIO KPEaTHBHOCTI: HU3bKa OOTPYHTOBAHICTh
TTOBEIiHKY, BUCOKA CTYIiHb HEBU3HAYEHOCTI, HASBHICTH 3pa3ka KPeaTHBHOL
MOBEIiHKH, CTBOPEHHS YMOB U HACHITyBaHHSA TBOPUYOI MOBEAIHKH, MPeJ-
MeTHO-1H(opMalliiiHe 30arayeHHsl, CoLli lTbHE i IKPITJICHHS TBOPYOI ITOBE/Ii HKH.

Sxmo Jx. Tindopa i E. ToppeHc po3risialoTh KpeaTUBHICTD SIK
3JIaTHICTh JI0 TBOPUYOTO (JUBEPreHTHOr0) MuciieHHs, To @. bappoH BBaxkae
LEHTPaJIbHUM HpOLeC YABU i CUMBOJI3alii, BU3HAYAIOUM KPEaTHBHICTh SIK
BHYTPIIHIH 1poriec, KK CIIOHTaHHO IPOJOBKYETHCS B JIii.

[Humit HanpsM, aBTOPOM sIKOTO € Macioy, 34aTHICTh 10 TBOPYOCTI
pO3IIIsiaae SIK YCTAaHOBKY Ha caMmopealtizanito ocooucrocTi. ['ooBHY poib B
JeTepMiHalii TBOPYOi MOBEIIHKH BiirparoTh MOTHBAIIiS, MIHHOCTI, 0COOHC-
TicHI pucu. TBopunii mporiec MOB'I3aHUN 3 CAMOAKTYyali3aIli€lo, IIOBHOIO Ta
BIJTLHOIO peaizaiielo CBOIX 3MI0HOCTEH Ta >KMTTEBUX MOMKIIUBOCTEH. 3a
Macnoy cBo0ojia, CIIOHTAHHICTh, CAMOIPHHHSITTS Ta IHIN PHCH I03BO-
JSIFOTh 0COOMCTOCTI HAWOLIBII MOBHO peaizyBaTH CBii moreHuian. Takum
YHHOM, 3a A. Macioy, KpeaTuBHICTb — I1€ TBOpYa CIIPSIMOBAHICTh, SIKa MPH-
TaMaHHa BCIM, ajle sKa BTPAYaeThCsl OUIBINCTIO MiJ BIUIMBOM CHUCTEMH
BUXOBaHHS, OCBITH 1 COIIaJbHOI MPAKTHKH [6].

J. borosiBnencbka BH3HA4Ya€e KPEaTHBHICTH SIK TIIMOMHHY ocobuc-
TICHY BJACTHBICTb, SIKA BHPAKAETHCA B OPHUTIHANBHIA OCOOHCTICHIH ITO-
cTaHoBII mpobiemu [3, 7].

Ha ocHoBi mporo minxoxy chopMoBaHE CIOBHHKOBE BH3HAYCHHS
KPEaTUBHOCTI: KpeaTHBHICTh (aHrL. creativity) — piBeHb TBOpYOi 06mapo-
BAHOCTI, 3110HOCTI 10 TBOPYOCTI, 10 CKJIaa€ BIJHOCHO CTIHKY XapaKTepuc-
THKY ocobucrocTi [8].

VY TenepilHii Yac KpeaTUBHICTh PO3MIISIAETHCS K (YHKIIS LijTic-
HOi O0COOMCTOCTI, SIKa HE 3BOJMTHCS TIJIBKH JIO IHTEJIEKTY, BOHA 3aJIEKHTh
BiJl HA0OPY MCHUXOJIOTIYHUX XaPAKTEPUCTUK 0COOUCTOCTI. BimmoBimHO, IIEHT-
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paNBHUN HampsM y BHBUYCHHI KPEATUBHOCTI — BHUSBIEHHS OCOOHMCTiCHHX
BIIACTHBOCTEH, 3 SKUMH BOHA IMOB’si3aHa. JlesKi HOCTIJHUKA HABOISTH TaKi
0COOHMCTICHI XapaKTEePHUCTHKH KpeaTHBiB [9]:

— HE3aJEeXKHICTh — OCOOWCTICHI CTaHHapTH BaKJIUBIII 3a CTaH-
JapTH TPYIIN;

— BIAKPUTICTb PO3yMy — FOTOBHICTb MOBIPUTH CBOIM 1 4yxiM (an-
Ta3isgM, CIPUHHSATIMBICTB 10 HOBOTO i HE3BMYAHHOT0;

— BHCOKa TOJICPAHTHICTH JIO HEBU3HAYCHHUX 1 CHUTYyaIliif, KOHCT-
PYKTHBHA aKTUBHICTH B ITUX CHTYAIifIX;

— PO3BUHYTE €CTCTHYHE TIOYYTTS, IIPArHEHHS JI0 KPacH;

— BIIEBHEHICTh Y BIACHUX 310HOCTSIX, CUJIa XapaKkTepy;

— 3MIMIAHI PUCH MY)KHOCTI 1 ’KIHOYOCTI B IIOBEIHIII;

— PO3BHHYTE IMOYYTTS TYMOpPY i BMIiHHS 3HAiTH CMIIHE B HE3BU-
YaHUX CUTYAaITisIX.

BusHnaueHHsT Ha OCHOBI MOETHAHHS PI3HUX MiIXOMIB HABEIACHO B
CHIUKJIONECIUIHOMY BHIaHHI, JIe, 30KpEeMa, BKa3yeThCsl, 10 KPeamugHicmy
(mar. creatio — TBopeHHs) — 11e 3Mi0HICTH 10 TBOPYOCTI B Pi3HUX ii MPOsBaX,
ska 0a3yeThcsl Ha IMOTpedi B caMoakTyasi3allii, Ha ysSBICHHI i JMBEpreHT-
HOMY MucJienHi [10].

I HaocTaHOK, 3a3HAYMMO OCHOBHI XapaKTEPUCTHKH KPEaTUBHOCTI, a
came: aOcrpakuist (37i0HICTH omepyBaTH aOCTPAaKTHUMH ifesMH); 3B’s3y-
BaHHs (3MiI0HICTH Oa4YWTH 3B'SA30K MK pedamd, sIKi HE TOB’S3aHI MiX CO-
0010); TepcTeKTHBa (3Mi10HICTE OIIHUTH MEPCIEKTHBY SBUII); JOITHTIUBICTh
(TparseHHs, CTPacTh Ai3HABATHCS B HOAPOOHUIIIX MOCH HOBE, TE€, IO IOWHO
3’SIBUJIOCS); CMITMBICTD (He OOATHCS 3aCyMKYBaHHSA CBOIX KpEaTHBHHX pi-
ICHb); MapaJoKCalbHICTh (PO0OTa i3 CYNEepPeUIMBUMH SIBUIIAMHE); KOMII-
JIEKCHICTh (3110HICTh 3aCTOCOBYBAaTH KOMIUIEKCHUH MiJIXix); CTIHKICTh (3110-
HICTb JI0 MTOCTiIHOTO BIOCKOHATIEHHS).
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IHTEI'P ALIIS IIPUHIIATIIB
HAIIIOHAJIBHOI ITOJA TKOBOI ITOJIITUKH
3 MPUHIIUTIAMMA T'APMOHIBAIIIT
Y HOJA TKOBIi IOJITHIII €BPONENCHKOI'O COI03Y

Keeniawesini I M.
Hayionanena axademis oeporcasnozo ynpasninns npu Ilpesudenmosi Yrpainu,
JIninponemposcvkuii peci OHANbHULL IHCMUMYm 0epiuCAGHO20 YNPAGTIHHS
49044, Vkpaina, m. Juinponemposcuk, ¢yi. ocons, 29, e-mail: kvelin@ukr.net

Haii6inp BaxxinBoto QyHKIIIEI0 AepxkaBy € 3abe3rnedeHHs i1 Hatio-
HAJIBHUX 1HTEPECIB, MOOYIOBAHUX HAa CTAJIOMY PO3BUTKY €KOHOMIKH Ta JO-
OpoOyTi TpoMaIsH.

HarrionaieHi iHTEpecH, 3a TyMKOIO JTOCHIIHHUKIB (QOPMYIOTBCS BUXO-
JIT9W 13 3acaj] BHYTPIMHBOI Ta 30BHINIHBOI MOJITHKH JIEPXKABH Ta 3a0e3Ire-
YYIOTBCSI peali3allicl0 MOJMITHYHINX, CKOHOMIYHUX, COI[aIBHUX, €KOJOTid-
HUX, BIICPKOBHX, HAYKOBO-TEXHIYHHX Ta 1HIIMX 3ac00IB BILIHBY.

@®opMyBaHHA Ta 3MIIHEHHS HAI[lOHATBHUX 1HTEPECIB peai3yeThCs
3a y4acTi BCiX OpraHiB Jep>kaBHOT BIajy.

Peasizanis HanioHaNbHUX 1HTEpeCiB YKpaiHu MpH 3IiHCHEHH] Aep-
JKaBHOI MOJATKOBOI Ta MUTHOI TIOJITUKY 3/IHCHIOEThCS OpraHamu Jlepxkas-
HOI (ickabHOT cityk0n YKpainu.

[NomaTkoBa Ta MUTHA IMOITHKA YKPAIHU € Pi3HOBHIAMU JICPIKABHOL
TOJIITHKH, TOJOBHUM (PYHKITIOHATHHUM 3aBIAHHSAM SKOi € 3a0e3medeHHs
3aXHCTy HaI[lOHATBHUX IHTEPECiB Ta HAIliOHAJIHHOI Oe3MeKH YKpaiHd B TO-
JITUYHIN, eKOHOMIYHIH, COIiaNbHIH Ta IHIMX cepax.

Jlo OCHOBHHIX MPHUHITUIIIB, Ha AKUX 0a3yETHCS MOJATKOBE 3aKOHO-
JABCTBO YKpaiHW HAJICKATh: 3arajbHICTh OMOAATKYBaHHS; (hicKajabHA 10-
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CTaTHICTB; COMiaTbHA CIPABEIMBICTh; EKOHOMIUHICT OTOJATKYBAHHS, €/IU-
HUH T IXi 1 10 BCTAHOBIICHHS MTOJATKIB Ta 300piB Ta iH. [2].

OCHOBHI IPYHIIMNY 3/iHICHEHHS 1eP>KaBHOI MUTHOI CIIPaBH, BCTAHOB-
neHi MUTHIM KOAEKCOM, Iiepe0avaloTh: BUKIIOYHY IOPUCIANKLII0 YKpaiHH
Ha 1i MUTHIH TepUTOPIi;BUKIIOUH]I TOBHOBa)KEHHSI OpPTaHiB JI0OXO/IB i 300piB
VYkpaiHu 1moa0 3AiHCHEHHS AeP)KaBHOI MUTHOI CIIPaBU;3aKOHHICTh Ta Ipe-
3YMIILi}0 HEBUHHOCT1; €IMHUI TOPSIOK MEPEMIILIEHHs TOBAPiB, TPAHCIOPT-
HUX 3ac00iB uepe3 MHUTHHH KOPJIOH YKpaiHHW; CIPOILEHHS 3aKOHHOI TOp-
TiBJIi; BU3HAHHS PIBHOCTI Ta NPaBOMIPHOCTI 1HTEpECiB ycix Cy0’€KTIB roc-
T0JIapIOBaHHS HE3aJIXKHO BiJl (YOPMH BIACHOCTI; JOAEPXKAHHS MpaB Ta 0XO0-
POHIOBaHHX 3aKOHOM IHTEpPECiB 0ci0; 3a0XOYECHHsI NOOPOUYECHOCTI; Tiac-
HOCTI Ta MPO30POCTi; BiAIMOBIaTFHOCTI BCiX YUaCHHKIB BiTHOCHH [3].

Sk npwm pearizalii MOJATKOBOi, TaK i MUTHOI HOMITHKA B YKpaiHi
JOMIHYIOUOIO 3aJTUIIAETHCS Ha TeNEepinHil 9ac ¢pickanbHa QyHKIIis.

Ha motouHoMy etami mogaTKu € Oe3ajJbTepPHATHBHUAM DKEPEIOM
(hopmyBaHHsI TOXOJIB OFOIDKETY JNepkaBd Ta 0arato(yHKI[IOHAJLHUM 1HCTPY-
MEHTOM Y COILIaJILHOMY, TEPUTOPIAIBHOMY Ta TaTy3eBOMY acCIIeKTax.

AHaji3 4acTKH IOJaTKOBHX HAJIXOPKEHb Y 3BEJICHOMY OIOJDKETi
YKpaiHu 4YiTKO JIEMOHCTpPYE 3aJEXHICTh HOTO HAaIlOBHEHHS Bij eeKTUB-
HocTi (pyHKIIIOHYBaHHS MOJATKOBOI CUCTEMH, 30KpeMa ii (ickaibpHOI Ta pe-
TYIATUBHOI (DYHKIIIHA.

VY 3BepeHomy OromkeTi Ykpainu 3a 2014 p. depxaBaa dickaapHa
ciryxb6a 3abe3neunia 89 % ITOXOMiB.

VY anamitnuHii gomosini HamioHamBHOTO 1HCTUTYTY CTpaTETidYHHX
nociimpkenb “Ilpiopuretn pedopMyBaHHI MOAATKOBOI MOJITHKK YKpalHH:
K epeiiTy Bia ¢ickai3My 10 CTUMYJIIOBAHHS JIIJIOBOT aKTHUBHOCTI” cTpare-
TIYHOI0 METO pedopMH MOAATKOBOI CUCTEMHU BH3HAHO MEPEXia BiJ TOMi-
HYBaHHS IPUHLIMNY (ickai3My MOJAaTKOBOI IMONITHKH, KOJIM BOHA PO3TJIsi-
JIa€ThCSI BUKIIIOYHO SIK IHCTPYMEHT MOOii3anii JoXoAiB 10 OIODKETY, 10
MYITIOBaHHS €KOHOMIYHOTO PO3BUTKY.

Kimto4oBUMHM HEraTMBHUMH YMHHHMKAaMH, L0 BH3HAYAIOTh HaITO
HU3bKi KOHKYPCHTHI TO3MIIi yKpaiHCHKOI MONAaTKOBOi CHCTEMH, €: HecTa-
OUIBHICTB, BHYTPIIIHS CYIIEPEWINBICTD i HEY3TOPKEHICTh OJATKOBOTO 3a-
KOHO/IAaBCTBA; BHCOKE IOJaTKOBE HAaBAaHTa)XCHHsS Ha Oi3HEC; HepallioHaJb-
HUI PO3MOALI MMOJATKOBOTO TUCKY MK (DaKTOpamMy BUPOOHHIITBA; HU3bKa
(ickanbHA €PEKTUBHICTH MMOJATKOBOT CHCTEMH; CKIIAJHICTh CHCTEMH aMi-
HICTpYBaHHSI NOJATKiB;IeHTpas3amisi (piHAHCOBHX PECYpCiB Ta IOBHOBA-
JKEHb CTOCOBHO IX pO3MOAiTy; Oe3CHCTeMHEe Ta HEeBHUIIpaBIaHE HalaHHS
MOJATKOBHX IIJIBT 1 3BiIbHEHB [6].

Y IOCKOHaJICHHSI TOJATKOBOI CHCTEMH Ta aIMiHICTpyBaHHs B YKpaiHi
BiJIIOBITHO O MDKHAPOJHUX Ta €BPOIMEHCHKUX CTaHIAPTIB MependadeHo
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Yronoro mpo criBpobiTHUITBO MixK YkpaiHoto Ta EC. 3okpema, pearnizanis
CHiBPOOITHUIITBA ITePeI0AYCHO IUIIXOM:

— IMOKPALICHHS Ta CIPOIICHHS IT0JaTKOBOI'0 3aKOHOIABCTBA,;

— TOKpameHHs Mi>KHApOAHOTO ITOIATKOBOTO CHiBPOOITHUIITBA 3 Me-
TOIO TIOCHJICHHS €(PeKTHBHOTO YIPaBIiHHA y MOJATKOBiH cdepi, y T.4. 3
MOJATKOBUMH aJIMiHICTpalisiMu fepkaB-wieHiB €C 1uisixom 0OMiHY HOBUM
JIOCBIJIOM Ta TEHJICHLISIMHU Y cepi OnoJaTKyBaHHSL;

— 4ecHOI OJIATKOBOI KOHKYpEHMIl 3a nmpuHuunaMu Kozxekcy nose-
ninku €C o0 OnoIaTKyBaHHS Oi3HECY;

— BKHUTTS 3aXOJiB JJIs TapMOHI3amii MOJITHKKA MpOTUIii Ta 00-
PpOTHOU 3 MAXpalCTBOM i KOHTpabaH 1010. [5]

Hespaxxatoun Ha Te, IO €MHOI MMOJATKOBOI CHCTEMH Ha €BpOIIeH-
CBKOMY IIPOCTOPi He icHye, iHCTHTYyTaMu, opraHamu €C, foro nepxaBamu-
YJICHAMH, IPOBOIATECS CHCTEMa 3aX0.IiB, METOIO SKHUX €:

— TapMOHi3allii MoAaTKOBOTO 3aKOHOABCTBA JieprkaB-wieHiB €C;

— YCYHEHHS TOJJaTKOBHX 0ap'epiB Ta MoJaTKOBOT JUCKPUMIHALIT Ha
BHYTpiUIHbOMY pUHKY €C;

— 3a0e3meucHHs peaizailii OCHOBHUX cB00OJ, mepenbaueHux Jlo-
roBopoM 1po €C (cBoOOIM TepeMillicHHs TOBapiB, 0Ci0, ITOCIYT, KaIliTajliB);

— HENPHUILYCTUMOCTI HEeZIOOPOCOBICHOI TOJIATKOBOI KOHKYpPEHLi topuc-
KA gepxxaB-wieHiB €C;

— pO3pOOKH HOBHX IPHHITUITIB Ta MEXaHI3MiB YCYHCHHS TTOABIHHOTO
OIIOJATKYBaHHS;

— Y3TO/KEHUX il y 60pOoTHOi 3 TOIATKOBUMH MTPABOIIOPYIICHHSIMH.

CTBOpEeHHS OIHAaKOBHX YMOB 1 MOXJIMBOCTEH Ta IMOJAaTKOBA CyBe-
peHHicTh aepxkaB-wieHiB €C 3a0e3nedyoTh OCHOBHI 1HCTHTYIIHHI MPUH-
LUK [TOJATKOBOI rapMOHI3alii: MPUHIKI POMOPLIHHOCTI; NPUHIHMI CYO-
CHUJIIapHOCTI; MPUHIIMII OJHOTOJIOCHOCTI; HPHHLMII MTOJATKOBOI HEIMCKPH-
MiHaIliT; OPUHIKMIT HeWTPaIbHOCTI ONOAATKYBaHHS [4].

PymiiiHumMu 3axoqamu iHTETpYBaHHS HaliOHATBHOI MTOJATKOBOI I10-
JITHKN 10 €BPOIEHCHKNX MPHHIMIIB Ta CTAaHJIAPTiB Ma€ OyTH NPOBEICHHS
noJaTkoBoi pedopmu, mnepexdaueHoro “Crpareri€ero CTajoro po3BUTKY
“Vxpaina — 20207, 3atBepmxeniit ykazom [Ipesunenta Bix 12 ciuns 2015 p.
Mertoro monarkoBoi pedopmu € moOya0Ba MOIAaTKOBOI CHCTEMH, SKa € IPOC-
TOF0, EKOHOMIYHO CIIPaBEIIMBOIO, 3 MiHIMATBHUMH 3aTpaTaMH 4acy Ha po3-
PaxyHOK i cruiaty mOAaTKiB, CTBOPIOE HEOOXIIHI YMOBH Ul CTAIOTO PO3-
BUTKY HAI[lOHATBHOI CKOHOMIKH, 3a0e3Meuye A0CTaTHE HamoBHEHHs [lep-
®KaBHOTO OroKeTy YKpainu i MicueBux GromkeTiB. ['0OBHIMH HApsIMaMu
pedopmu € mepexiz Bix HarIsA0BO-KapaibHOI GYHKIIT BicKaTbHUX OpraHis
1o obcnyroByrouoi [1].

[NozuTiBHMIA 1OCBIN iHTETpamifHUX MPOIECiB B KpaiHax-uneHax €C
CBIUUTB, 10 HAHOIIBII aKTYaJIbHUM € 3aBJaHHS TapMOHI3allii TOJaTKOBUX
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cucteM. [l Ykpainu Tpanchopmaliisi oJaTKOBOI MOTITHKH MOJISITaE y aK-
Tyaii3anii HalliOHaIBHOI TIOJJATKOBOI MMPaBOBOi cucreMi 1o HopM €C, ymoc-
KOHAJICHHS MPHUHIIHITIB TOJATKOBOI MOJITHKH JI0 €BPOTIEHCHKUX CTAHIAPTIB,
3a0e3MeYeHHs CHCTEMHOT0, €()eKTUBHOTO IPOIECy aaMiHICTpYBaHHS IIO-
JaTKiB, yHidiKkamii 6a3n omogaTKyBaHHS, MEPEJiKy MOJATKIB Ta CTBOPCHHS
00’ €KTUBHO BIPOBAKCHUX MOAATKOBUX ITJIBT.

["apmoHi3amisi HalioHaJIBHOI MOJATKOBOI IMOJITHKM Ta NOOyIOBa
MPUHIMIIOBO HOBOI CHUCTEMH, aJarTOBaHOI 0 €BPOIEHCHKOI, MOXKJIMBA 32
YMOBH TIO3UTHBHUX IEPETBOPEHB B il MOpaJIbHO-ETHYHUX acleKTax, MoIme-
peIDKEeHHS Ta MPOTUAIl KOpyNiii B (hicKaJlbHUX OpraHax, IiJIBHINEHHS IpPo-
(heciliHOI KOMITETEHTHOCTI TTOCAIOBUX OCi0.

JlirepaTypa

1. Va3 Ilpesunenta Big 12 ciuas 2015 poxy Ne 5/2015 “Crpareris
CTaJoro po3BUTKy “Ykpaina — 20207,

2. IlopaTtkoBuii Kogekc YKpaiHU.

3. MuTHH# KoJIeKC YKpaiHH.

4. IOpuenko B. B. CyuacHi TeHJeHLIT PO3BUTKY Ta rapMoOHi3arlii
MOJIaTKOBHMX CUCTeM KpaiH €Bporeiicbkoro Coro3y. Bekropu aist Yipainu /
B. B. IOpuenko // EdektuBna ekonomika. — 2013, — No 12,

5. Odimiiianii caiit €Bporelickkoi kKomicii [ EnekTporHMiA pecypc]. —
Pexxum nocrymy: http://ec.europa.eu

6. AHanmiTi4Ha J0MOBiNe HallioHaThbHOTO i1HCTUTYTY CTPATETidHUX
nmociimkers “TIpiopureTn pedopMyBaHHI MOTATKOBOI IMONITHKA YKpaiHU:
AK TIeperTH Bif pickaizMy 10 CTUMYIIOBaHHS AiJT0BOT akTUBHOCTI” [Enexr-
poHHmii pecype]. — Pexxum mocrymy: http://www.niss.gov.ua/articles/196/

132



3MICT

[Inenapuoe BacenmaHue

Ipeiirepman JI.
MHED, B KOTOPOM MBI JKHBEM .....cvveueuiatentesseasensessessessessessessesseseessessessessensesenses 3
Ipeiirepman JI.
TOpH30HTBI BCETEHHOM ... 8

Cexkumusi npo6yeM HaHOTEXHOJIOT'MM

Boropom A.T., Boponos C.O., FOnin A.C.
[po kepyBaHHS (POPMYBAHHSIM HAHOCTPYKTYP -vevvvvvenrenrenrenressensesrenerseeans 13

Boropou A.T., Boponos C.A., Byoyauc A.
BnusaIe BUOpaIuy Ha cO3JaHNe MPOYHBIX KPEMHHUEBBIX TIOKPBITHI
HA TETEPOCTPYKTYPAX 1 .vvrvesrerrensresseessesseessesseessessesasesssessesesssesssessesssessessenes 16

Boropom A.T., Boponos C.A., IOaun A.C.
Bimsinue BuOpanuu Ha noiydenue Sl ta SIGE-OydepHbIX HAHOCITOEB
METOJaMH MOJIEKYISIPHO-TYUEBOM MUTAKCH . ......vevenveiieresiiesne e 21

KocTtiok I'.U., Pa3mmxyn bex3an, Koctiok E.T'.
O BO3MOXXHOCTH NTOJTy9€HHSI HAHOCTPYKTYP
TIPH ISHCTBUH STIEKTPOHOB Ha amFOMUHUEBBIH criaB 16T ... 24

Koctiok I'. H.

HccnenoBanue BIUSHUS 9HEPTHH 00pa30BaHUsI HAHOKJIACTEpa

Ha ero o0beM U riyOMHY 3ajeraHusi py ASHCTBUN HOHOB

Pa3NUYHBIX COPTOB, 3apsII0B M DHEPTHl Ha TBepbIi cruaB BK-8.............. 28

Koctiok I'. 1., IlaBaenko B.H., KocTiok A.H.
dopMupoBaHUE pa3Mepa 3epHa HAHOCTPYKTYP IPH AEHCTBUU HOHOB
Pa3IUYHBIX COPTOB, 3aPATI0B U DHEPTUH HA MATHHUEBBIC CIITIABBI..........c.... .. 32

Koctok I'.U., Bpyska O.0O.
OO0BEeM HaHOKJIACTEPA U TITYOUHBI €T0 3alleTaHus
MIPH ISHCTBUH HOHOB Ha THTAHOBBIH CIIaB BT-1.......cccooiiiiiiii, 35

133



MokeeB A.A, Kopo6xo E.B., Poiiaman B.IL., Bapramesuu M.A.
JuccunaTuBHBIA HarpeB MarHUTOPEOJIOrMUYECKON CYCIIEH3UU
B TIOJTMPOBATTBHOM YCTPOMCTBE ...c.vevrireenrisieeseesieesresseesresneesnesseennesseenreeneennes 38

Cexuuss MHOPOPMALMOHHEIX TEXHOJIOTMM ,
BHUYMCIMTEJILHOM MaTeMaTUKM M KUBepHEeTHMKU

Ilanosax E.B.
INorpemHocTi COBPEMEHHBIX CPEICTB 00CEPBALIH
Y HEOOXOAUMOCTD HX YUCTA +..vvvereenrinneenresneesnesseesnesseesresseesnesseensesseensessesnnes 43

Jlanincekuii B.B.
[IpoGnema BUOOPY MOBH HABYAHHS IMTPOTPAMYBAHHS.....cvvveirirereirereeenens 46

Coxoa A.®D.
KubepHeTndeckue myTr ONTUMHU3AITUN
TG GEpEeHITUATBHON TUATHOCTUKA 3a00JICBAHUM .. .o.vvevveiveevieeiiesieeie e 49

Po3zopinos I''M., Baaciok I'.I'., CuniBaxk B.M.
3axucT KaHaIy BUTOKY iHpOpMaIii
B ONITOBOJIOKOHHUX JIiHIAX 3B’ 13Ky METOJIOM ONITHYHOTO TYHEIIOBaHHS.....51

Jpau L.B., Kaunncekuii 10.1.
Ouinka HMOBIPHOCTI 3aTPUMaHHS TIOPYIHUKIB KOPIOHY
TMTOIIYKOBOIO TPYIIITO0 3 BAKOPHCTAHHSM JIIHTBICTHYHUX 3MIHHHX.............. 53

Cekunst npoﬁ.neM AMHAMUKN M IPOYHOCTU

Tapr D.J1., 'ynpamosuu B.C.
YucaeHHOE MOJICIMPOBAHUE TTOBECHHUS TIOCKO1e(hOPMUPYEMBIX

yOopyrux cpea ¢ mCJICBUAHBIMU OTBEPCTUAMU U BKIIIOUCHUSAMMU .....covvvnnnnnns 57
Kobasko N.I.

A new law of transient nucleate boiling process generating many

modern and original teChNOIOGIES .......ccovvireiriireee e, 60
Poiizman B.I1., Mopo3 B.A.

Bibparii Ta ynapu, o Ail0Th Ha pajiiOCIEKTPOHHY allaAPaATYPY .vovververeenees. 61

T'opomko A.B., Poiizman B.II.
[MixBumeHHs epeKTUBHOCTI MPOCSKTYBAHHS MAIlMH 1 3a0e3MmeueHHsI
X Mpane3aaTHOCTI HUIIXOM PO3B’I3aHHS O0CPHEHUX 3aAU ..vvvevververeenrennns 66

Xap:keBckuii B.A.
YucneHHO-aHAIUTUYECKU I CUHTE3 PhIYaXKHBIX
HAIPAaBJIAIONIM X MEXaHU3MOB C IISTUKPATHBIM Y3JI0M UHTEPHOJIALHUH........ 70

Kogtyn LI, Herpamyk C.A.
3a0e3neyeHHs HYHKIIIOHAIBLHOCTI Ta JOBrOBIYHOCTI OMOP
B IM3aHH-TTPOEKTAX KOPITYCHUX MEOIEBUX BHPOOIB .....vvvvvviiriieririreieenen, 73

134



Cexkumust npobimeM obpasBoBaHMs

Plish 1.V., Kartashova L.A., Shalda T.V.
Open Electronic Educational Resources: Technological Solutions ............. 77

Kartashova L., Smyrnova I.
Electronic educational resources, pedagogical essence
of process of their planning.........cccooevveiecie e 83

Kartashova L.A., Bakhmat N.V.
Organizational-Pedagogical Conditions of Design of the Cloud-Oriented
Environment of Preparation of Competitive Teachers.........cc.ccoceveiiienenns 88

Smyrnova l., Musorina M.
Experience of forming of industrial crop of navigators

in the process of iN-plant training..........cccoveverieiesie e 94
IleBuyk JI.

Teoperuueckue ocHoBbl BHeApeHust UKT

B TIPOLIECCE OOYUCHHUS MATEMATHKE .....vevirisrererisreseeiesissesiessessessesnesnenne s 101

Ionoa T.M., IIpynakuii O.C., Ykouos O.1.
Peasizaris mpuHIIKIIB 1 3aBIaHB €BPOiHTETpaLlii

B IPUPOJHAYO-HAYKOBIH OCBITL....vvveviriiesrisresieseesresseeeeesessesie s s e snennes 104
Verzhanskaya O.N., Laguta T.N.
Ethnopsychological Aspect of Languages Culture ...........ccoccovevnenniennnn 109

Maxkapenko B.B., CnuBak B.M.
O BOCTIpHATHH CJIOXKHBIX IIPOIIECCOB B PAAHOTEXHUKE

B IIPOLIECCE OOYTCHUM . ....vvvereneesiaresieasestesiesressesseseessesseeaseesessessesnesnessesnennes 113
Illypynosa P.B.

®dopmupoBanue MpodecCHOHANEHO-TMYHOCTHON KYJIBTYpBI

OyIyLIero CnenuaInucTa MEIUIMHCKOTO ITPOMUIIS ...c.vvvveeeinienirarenresee e 117

Mapmenko K.A., IIpyc O.B.
HepxaBHe yrpapiaiHHSA cQeporo BUIIOI OCBITH YKpaiHu
B YMOBAX €BPOIEHCHKOT THTETPAIT . ...vveververeveie st 120

Cekunst HPOGJ'IEM SKOHOMMKM M YyIpPaBJIEHUST

IBanora H.IO., Kopoasosa O.0.
KpeaTuBHICTB K OCHOBHE JKEPEIO €KOHOMIUHOT IIIHHOCT L +..vvevveveeeeee 124

Kpeagiamsiai .M.

IHTerpariis MPUHIKIIB HAIliOHAILHOT TOJATKOBOT MOJII THKH

3 MPUHIMIIAMHA TAPMOHI3aIi 1

Y TIOAATKOBIH HOMITHII €BPOMEHCHKOTO COIOBY ...vvuvvvrvireiesnesresiesresrennenns 129

135



VJIK 001+378
BBK 72:74
C56

Ymeeporcoeno k newamu cogemom
Xmenvruyrou obnacmuoii opeanuzayuu CHHUO Yrpaunvl
u npesuouymom Yxpaurncxkozo Hayuonanvroeo xomumema |IFTOMM,
npomoxon Ne 4 om 10.08.2015

Ipencrasnens! poknansl X MexmayHapoIHOW HaydHOH KOH(pepeHIMH
“CoBpeMeHHbBIE JOCTH)KCHHSI B Hayke W 00pa3oBaHWHK”, MPOBEACHHON B
r. Heranust (M3panis) B centsiope 2015 r.

Paccmotpensl mpobieMbl 00pa30BaHUs, HAHOTEXHOIOTHH, IMHAMUKHA 1
MPOYHOCTH MEXaHWYECKUX CHCTeM, HH(POPMATHKH U KHOCPHEHTHKH, KO-
HOMMWKH 1 yIpaBieHHs. KpaTko mpeacTaBieHsl JOKIAIbl yIaCTHUKOB KOH-
(epeHMH, ONyOIMKOBAaHHbIE B aBTOPCKOM PEIAKLIUHL.

PaccunTano Ha y4eHbIX, HH)KEHEpOB, PaOOTHHKOB U acripanToB BH3.

Penaxknuonnasi KoJLJIeIrus.

I. T. H. Kocmiok I H. (Yxpauna), 1. T. H. I'onayéoeckuii E.P. (Poccus),
I. T. 0. Byoynuc A. (Jlursa), n. 1. 1. Hampuaweunu T.M. (I'py3us),
I. T. 5. Cunun P.U. (Yxpauna), a. 1. H. Poiizman B.IL. (YxpauHa),
n-p Hpeiicepman JI. M. (3paunip)

56 CoBpeMeHHbIe JOCTIKEHUS B HayKe M 0Opa3oBaHUM : cO. Tp.
X Mexnaynap. Hayd. koH(., 9-16 centsops 2015 r., Heranus
(Uzpanis). — Xmempaunk i : XHY, 2015. — 135 c. (ykp., pyc., anr.).

ISBN 978-966-330-235-5

PaccmoTpeHb! po6IeMbl eTarorukd U 00pa3oBaHus, IPOYHOCTH H
MaTepHaIoBeICHNs, HHPOPMAIIMOHHBIX TEXHOJIOTHH, IPUKIATHOA MaTe-
MaTHKH, 5KOHOMHUKH M yIIPABIECHHUS.

PaccunTaHo Ha Hay4HbIX M MH)XXEHEPHBIX paOOTHUKOB, CIELHATIH3H-
PYIOIIUXCS B 001aCTH H3yYEHUS ITUX IIPOOIEM.

PosrasayTi mpoGiieMu meqaroriku Ta OCBITH, MIITHOCTI Ta MaTepialo-
3HABCTBA, IHYOPMAITHIX TEXHOJIOTIH, TPUKIAJAHOI MATEMATUKH, €KOHO-
MIKH Ta yHIpPaBJICHHS.

Po3paxoBaHo Ha HAayKOBLIB Ta IHYXKEHEPHHX HNpAIiBHUKIB, sSKi CIIellia-
TBYIOTECS B 00J1aCTi BUBUCHHS IUX ITPOOIEM.

YK 001+378
BBK 72:74

ISBN 978-966-330-235-5 © Astops! crareid, 2015
© XHY, opurunan-maker, 2015

136



Scientific Edition

MODERN ACHIEVEMENTS
OF SCIENCE AND EDUCATION

X International Conference
September 9-16, 2015, Natanya, Israel

HayuHoe usgaHve

COBPEMEHHbIE JOCTUXEHWUA
B HAYKE U OBPA30OBAHUU

C6opHuk TpygoB X MexayHapoaHOW Hay4yHON KOHbepeHLun
9-16 ceHmsbps 2015 ., 2. Hemarus, U3paurb

HayKOBe BUAaAHHA

CYYACHI AOCANHEHHA Y HAYUI TA OCBITI

36ipHuk npaub X MixXHapoaHOT HayKoBOI kOHMepeHL;i

9-16 sepecHs 2015 p., M. Hemadris, I3pains

(YKpaiHCBKOI0, POCIHCHKOIO Ta aHTITIICEKOI0 MOBaMH)

BignosigansHuii 3a Bunyck: Sipemyyk B.C.

Komm'toTepHa BepcTtka: YoneHko O.B.

Minnucano 1o apyky 20.08.2015. dopmat 30x42/4
Mamip opcernnit. Fapuirypa Times New Roman
Jlpyk pizorpadiero. YM. apyk. apk. — 7,93. O6u.-Bua. apk. — 7,63
Tupax 100. 3am. Ne 193/15

BinapykoBaHo B penakiiiiHo-BuaaBHUUIOMY IIeHTpi XHY
29016, M. XMenpHUIBKAN, BYJL IHCTHTYTCEKA, 7/1
CBizouTBO Ipo BHECEHHs B JlepkaBHUI peecTp,
cepist IK Ne 4489 Bin 18.02.2013 p.



