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IIJIEHAPHOE 3SACEJJAHUE

MUP, B KOTOPOM MbI JKHUBEM

Ipeticepman JIL.M.
Hspaunvckaa Hesasucumas Axademus pasgumus HayKu
e-mail: preiglev@gmail.com

MarepuanbHplii MUpP 3HAUUTENBHO IIHMpE BUAMMOIN BceneHHoM,
MPECTABICHHOW COBOKYIMHOCTBIO BCEX BEINCH M CBS3BIBAIONIMX UX (PU3M-
YecKux mojie. JlelcTBUTEenbHO, GU3UUCCKUE OISl B OapUOHHOE BEIECTBO,
oOpasyroliee BHYTPEHHEE CoAep)kaHue Beleid ((HU3UUeCKuX Tei), COCTaB-
mstrot suib 4,9 % ot Beelt matepun. OctajbHas, TaK Ha3bIBacMash TEMHast
MaTepusi, IBJSICTCS HEBUIUMOM.

JluckpeTHast CTPyKTypa CIIOKHBIM 00pa3oM OpPraHU30BaHHBIX (PH3HU-
YecKHX Ted 00pa3yeT KOHEYHYI0O MHOTOYPOBHEBYIO CHCTEMY W3 Kak OBl
BCTaBJICHHBIX APYT B JIpyra CETYATHIX 00pa30BaHHM, OT KOCMHYECKHX Tell JI0
MOJIEKYJI, aTOMOB H 3JICMEHTapHBIX YacTHI[ MUKpoMmupa. Ha kaxxmom ypoBHE
JIOKAaJTM30BAaHBI TOXKICCTBEHHBIC CTPYKTYPHBIE IIEMEHTEI, KOTOPHIE, B CBOIO
o4Yepeb, COCTOSAT U3 CTPYKTYPHBIX JIEMEHTOB CIICIYIOIIETO YPOBHS H T. II.
[To Mepe yrmyOiieHUs BrUIyOb CHCTEM TEpSETCS CTETCHb MaTECPHUATBHOCTH
(TenecHOCTH) UX JIEMEHTOB.

Ou3nyecKue Mo, B CBOIO OYepelb, MPEACTABIIOT 000l COBO-
KYITHOCTH OJJHOYPOBHEBBIX TOXKIECCTBEHHBIX 3JIEMEHTOB, SJIEMEHTAPHBIX dac-
THII, PEaTU30BaHHBIX B (OpME YIOPSIOUYCHHO MOBTOPSIOMNXCS IUCKPET-
HBIX MOPUMK 3HEPTUH, KBAHTOB Nojs. B mpenene, T.e. B Makpomupe, mojs
pacrpeneneHsl TPUOIU3UTEIFHO HETPEPBIBHO, & YACTHIIBI MTOJICH MPOSBIIS-
FOTCS KaK HETIPEePBIBHBIC BOJIHOBHIC MPOIIECCHI (BOJHEI).

[Ipennonaraercs, 4T0 OAHOYPOBHEBas TEMHAs MaTepHs OTIHYA-
€TCS HU3KOYIOPSIOYCHHOW CTPYKTYpOd. YPOBHU U UX CTPYKTYpHBIC 3Jie-
MEHTHI pa3feiicHbl CPEloi, B KOTOPOW B HIealic OTCYTCTBYET OapHOHHOE
BemiecTBo. Tak Kak J0 Hayala MPOILIOrO CTOJICTHS MATEpPHUsl OTOXKICCTB-
JISTach C BEIIECTBOM, 3Ty CpPEIy CUMTAIM ITyCTOTOM M Ha3BalIM BakyyMoM. B
HACTOSIIee BPEMs YCTAHOBIICHO, YTO BaKyyM — 3TO HE IyCTOTa, a Cpena,
3aI0JIHEHHAs] TEMHOW MaTepuei U KBaHTaMH Pa3IMYHBIX MOJICH.
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B KBaHTOBOI MeXaHWKE pacCMaTPUBAETCA €IE OHA, BXOJIAMIAs B
coctaB BceneHHOH, 3K30THUYECKas HeMaTepuaibHas (BUPTyaslbHAsA) Cpena,
(u3nyYecknil BakyyM, KOTOPBI CBOOOAEH OT JIIOOBIX MaTepUajibHBIX Yac-
THII, KaK BEIIECTBA, TAK H MOJISL.

DyHAaMEHTAIbHBIM CBONCTBOM MaTepHaIbHON COBOKYNHOCTH SIB-
JSIETCS €€ CIIOCOOHOCTh K B3aMMOJEHCTBHIO, KOTOPOE IMPOUCXOJNUT Ha 3Iie-
MEHTapHOM ypoBHe. OOMEHHMBAsCh KBaHTaMH IOJIEH, BEIIECTBEHHBIC CHC-
TEMBI M UX CTPYKTYPHBIC 3JIEMEHTHI CBSI3BIBAIOTCSI MEXKIY CO0O0 B MOPAIKH,
KOTOpBIE OMpPEIENAIOT CBOICTBA M MHAMBUYaIbHOCTH Bellel. Bzaumopeiict-
BUSI, U3MEHSIOIINE TOPAIKH CHCTEM, JIeKaT B OCHOBE BCEX MPOIECCOB (CO-
ObITHIT), MpOHCXOAAIIMX BO BeeneHHoi.

BeposTHOCTh YHOPSAZOUYEHHOTO COCTOSHHUSA BO MHOTO Pa3 MEHbIIE
BeposATHOCTH Oecropsaka. IToaToMy mopsaok Ha BceX YPOBHSIX CTPEMHTCS
nepeiiTi B Oecniopsimok. OOpaTHBIN CIIOHTaHHBIN Tepexo] HEBO3MOXEH. B
TO XK€ BpeMs (PYHKIHMOHHUPYIOT W OILIYLIAIOTCS HAMHU TOJIKO YHOPSIOYEH-
HBIE CHCTEMBI, KOTOPbIE, OJJHAKO, HEYCTOMYMBHI. Y CTOMYMBOCTh peabHBIX
cucteM o0ecIieunBaeTcsi COOTBETCTBYIOUIMMH 3alIUTHBIMH MEXaHU3MaMH.
UemM BbIIIE OpraHU3ALUsl PEATbHON BEIIM, TEM CIOKHEE €€ 3aIlUTHAs CHC-
TeMa. B BRICOKOOPraHN30BaHHBIX CHCTEMAaX HCIIONB3YIOTCS CJIOKHBIE CPEICTBA
3alIMTHI, B T.4. CUCTEMBl aBTOMAaTHYECKOTO PETYIMPOBAHUS, OOOJIOUKH U
nuadparmel, CUCTEMBI CaMOBOCCTAHOBJICHHS, CHCTEMBI YIPABIEHUS, NPO-
IpaMMHUPOBAHHUSI, PACIIO3HAHHS, IMMYHHbIE CHCTEMBI I MHOTHE JIpYTHE.

B kBaHTOBOI1 (hn3nKe BMECTO MOpsIIKa pacCMaTpUBaIOT Oojiee YHU-
BepCaJIbHOE TOHATHE, — CHMMETPHIO, O3HAYAIOIIYI0 MHBAapPHAHTHOCTH CHC-
TEM M ONHCHIBAIOIINX MX YPAaBHEHMH OTHOCHUTENIBHO OIpPENeNIeHHBIX Ipe-
oOpazoBanuil. KakpoMmy mnpeoOpa3oBaHWIO, XapaKTEPU3YIOUIEMYCsl OJHUM
IapaMeTpoM, COOTBETCTBYET COXpaHSIoIIasicad BeIW4ynHA. Tak, Hampumep,
9JIEKTPOMArHUTHOE T0JIE CUMMETPUYHO OTHOCHTENILHO MPeoOpazoBaHMs T10-
TeHIMaia (CKaIIpHOTO WM BEKTOpHOTO). COXpaHSIOMEHCs BEMTWYNHONU B
9TOM clly4ae sIBISIETCS DIEKTPUIECKUH 3aps.

UeM BHIIIE YPOBEHb CHMMETPHH CHUCTEMBI, TEM OOJBIINM HYHUCIIOM
COXPAHSIOIIMUXCS BEJIMYMH OHA OIUCHIBAETCS, U TEM HIDKE €€ OpraHHu3anus
1 GYHKIHMOHAIBHBIE BO3SMOXHOCTH.

MHTeHCUBHOCTh B3aMMOJEHCTBUI OLIEHMBAETCSl BEIMYHHON SHEp-
run E, xoTopasi SIBIseTCs KOJMYECTBEHHOW MEpOil JIBWKEHHS W B3aUMO-
JCUCTBUS pa3lUuHbIX (GopM MaTepuu. V3MeHeHHs Tesl SBISIOTCS pe3yJb-
TaTOM pabOTHI, COBEpIIaeMON BCIEACTBHE N3MEHEHHS C TEYCHHUEM BPEMEHH
uMITyJbca (KOJIN4ecTBa ABMKeHHs). Bo3HuKaromuii mpu 3ToM 3HeproodMeH
MIPOUCXOAUT B COOTBETCTBUH C 3aKOHAMH COXPAaHEHHS SHEPTHH U UMITYJIbCA.

AHTHTIIONOM 3HEPTUH TeNa SIBIACTCS BEIHMYMHA €r0 Maccel M, Ko-
TOPYIO MOXKHO PaccMaTpPHBATh, KaK KOJIMYECTBEHHYIO MEPY MPOTUBOACHCT-
BUSI U3MEHEHMSIM (MHepLuH). J[BrKeHHs, cooOlaemMble U3BHE, MEpeNatoTCs
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OT OJHOW YacTHULbI K JPYrod ¢ KOHEYHON CKOpPOCTHIO, IIOCTENEHHO BOBJIE-
Kasg B TIPOLECC ABIDKCHHS BCE YACTUIBI JaHHOTO YPOBHS W BCE TEJO B
uenom (Onm3KkoneiicTBre). BennmyuHy Macchl CHCTEMBI JIOTUYHO, C HaIIeh
TOYKH 3pEHHs, OIPEACINTh BPEMCHEM 3aJepKKH peaklud Teja, Kak Ie-
JIoTO, Ha BHeIIHee Bo3jeiicTBue. OTclofa ciexyeT, 4TO Macca Teja Ipo-
MTOPIIOHAIFHA CYMMapHOW Macce €ro CTPYKTYPHBIX 3JIEMEHTOB, UX B3aHM-
HOMY PACIIOJIOKEHHIO, ABHKEHHIO U cBs3u [1, 2].

Tak kak gelicTBHE BCErJa paBHO MPOTUBOAEUCTBUIO, TO SHEPTUS U
Macca 00beIMHEHbI COOTHOIEHHEM SKBUBAJIEHTHOCTH DiiHITelna E = mc?.
JIBrxeHue nepepacTcss TeM OBICTpee, YeM CHIIbHEE YaCTHIbI TeJla CBSI3aHBI.
OTO 3HAYMT, YTO CyMMapHas Macca CBS3aHHBIX YaCTHIl MCHBIIE TOH ke
Macchl CBOOOMHBIX 9acTuil. PasHocTE AM MEKITy CyMMapHOM MacCoi CBs-
3aHHBIX M CBOOOIHBIX YacTUI] oOpasyeT medekt maccel. OTclona cleayer,
YTO CBA3b YaCTHUIL] CUCTCMBI IPHUBOAUT K OCBO60)K)1€HI/I}O OHCPIUu, DKBUBA-
JICHTHOU Ae(eKTy Macchl, © Ha00OPOT.

CornacHO COBPEMEHHBIM TPECTABICHHUSM, BCE BBl B3aUMOJICHUCT-
BUH CBOAATCS K YeThIpeM (yHIaMCHTAIBHBIM — TPAaBUTAIIMOHHBIM, 3JICKTPO-
MAar"auTHBIM, CUJIbHBIM H CJ'Ia6I:IM.

Camslie ciia0ble W3 HUX, TPAaBUTAIIMOHHBIC B3aUMOICHCTBHS, UMCIOT
MIPaKTUYECKN OECKOHEUHBIN paguyc JAEUCTBUA U PACIPOCTPAHSIIOTCS Ha BCe
BHIBI BEIIECTBCHHBIX 00pa3oBaHWi. [IposBisgercs TpaBUTAlUs JUIIb B
KOCMOCE M MakpoMHpe, T.e. TaM, IJIe ¢ JOCTATOYHO OOIBIION IIOTHOCTHIO
CKOHIICHTPUPOBAHO BemlecTBO. KBaHTaMH TpaBUTAI[MOHHBIX MOJEW CUHTa-
IOTCA TUIIOTETUYCCKUC I'PABUTOHBI.

B mMukpomupe aTOMHO-MOJICKYJIIPHOTO BEIIECTBA, B TOM YHCJIE Yac-
TUYHO U BHYTPU aTOMHBIX AI€P, TOCHOACTBYIOT JJICKTPOMArHuTHOEC I10JIC,
WHTCHCUBHOCTh KOTOPOTO Ha 38 MOPSAKOB BHIIIC HHTCHCHBHOCTH T'PABH-
Taluu. HO3TOMy }leﬁCTBHG TpaBUTAllU B MHUKPOMHUPE TMPAKTUUYCCKU HE
3aMeTHO. VICTOUHMKaMM 3JIEKTPOMArHUTHOIO MOJISL SIBJSIIOTCS COXPaHsIO-
IMUECA DJICKTPUICCKUEC 3apAabl, HOCUTECIIMH KOTOPBIX CIIYKaT JJICKTPOHBI U
X aHTHUIOJbl, MO3UTPOHBI M MPOTOHBL. Paauyc neHcTBUS 3JeKTpoMar-
HUTHOTO IIOJIA ABJIACTCA HCOTPAHUYCHHBIM. O}IHaKO, B OTIMYHE OT TIpa-
BUTALIMOHHOT'O TOJIS, 3JIEKTPOMArHUTHOE T0JI€ SIBJISIETCS IBYNOJISIPHBIM. 3a
mpeaenaMi aTOMOB M MOJIEKYJl €ro 3apsiibl HEWTpaJu3yeTcs, a WHTCH-
CHUBHOCTb TIOJISI CHIDKACTCS TPAKTUYECKH J0 HyJsA. TOJNBKO HEOOIbIIoe KO-
JIMYECTBO DJICKTPOMArHUTHBIX BOJIH B BUJIC q)OTOHOB OTPBIBACTCA OT CBOUX
HCTOYHUKOB, DJIEKTPUUECKH 3apSHKEHHBIX YacTHL, M PaCHpOCTPaHSIOTCS B
KOCMOCE Ha JIF000e pacCTOsHHE, MpeBpalias KOCMAYECKHE Tella B UCTOY-
HUKU TeIJla, CBeTa M JAPYIHX W3ITydeHHH. KBaHTaMU 3IIeKTpOMAarHUTHBIX
TIOJICH SIBISOTCS (DOTOHBI.

JIBa mpyrux MONS CHIBHOTO W CNa0Oro B3aUMOICWCTBHUS CKOH-
LIEHTPUPOBAHBI BHYTPU aTOMHBIX siiep. THTEHCUBHOCTh CHIJIBHBIX B3aUMO-
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neictuii B 100 ¢ mumHIM pa3 OoJbIIe MeKTPOMarHUTHBIX. OHH CBSI3BI-
BaeT AJIEMEHTAPHBIC YAaCTUIIBI BHYTPH sapa. CBA3YIOMINM 3BCHOM WIIM KBAaH-
TaMH CHJIBHOTO II0JIS SIBJISIIOTCA ITiooHbl. Criaboe B3anmozelcTBue obecre-
YMBACT B3aUMHBIC IIPEBPAIICHUS IEMEHTAPHBIX JacTUl. KBaHTaMu moseit
cnaboro B3aMMOJEHCTBUS SBJIAIOTCS BEKTOpPHBIE 0030HBL. Kpome Toro,
CTaHAApTHas TEOPHs IMPEATOJaracT CyIIECTBOBAHUE €IE OJHOTO, THUIIOTE-
THUYECKOT'0 T0JIsi XHITCa, UCTOYHHUKA MACChl 3JIEMEHTapHBIX YacTHIl, KBaH-
TaMH KOTOPOTO ABJSFOTCA 0030HB Xurrca. B 2013 roxy Ha bombimom anpo-
HOM KoJutaiiaepe, yCKopuTese 4acTul] OOJbIION SHepriuy, OOHapy KEHbI Yac-
THIIBI, KOTOPBIC BO3MOXKHO SBJISIOTCSA 0030HaMu Xurrca. OKOHYATENIBHO 3TO
IIOKa HE YCTaHOBJIEHO [2].

YacTurpl BemecTBa U Mojst 001aAal0T KOPITYCKYIISIPHO-BOJTHOBBIM
JyaJi3MOM M OTJIMYAIOTCSI MKy CO00# CTPYKTYpOil M HEKOTOPHIMHU KBaH-
TOBBIMU XapaKTEPHCTHUKAMH, HanpuMep cruHoM. CIIMH — 3TO XapakTepuc-
TUKAa BHYTPEHHEI0 COCTOSIHUSA YaCTHULBI. B 3aBUCHMMOCTH OT BEIWYMHBI
CIMHA BCE YaCTHUIBI JENATCA Ha ()ePMHUOHBI (aCTHIIBI BEIECTBA) U OO30HEI
(vactuusl nons). st GepMUOHOB CIIUH B YCIIOBHBIX €MHUIIAX PABEH MOJY-
nenoMy gmciy. Tak Kak MOJENBIO CIIMHA CUUTACTCS COOCTBEHHBIM MEXaHH-
YECKUH MOMEHT YacCTUIlbI, TO 3TO 9KBUBAJICHTHO TOMY, YTO, €CJIM MBICJICHHO
MOBEPHYTh YaCTHIly BeIeCTBa BOKpYr ocu Ha 360°, oHa HE NpPUHUMAET
NpeXHUU BUA. s 3TOro ee Hajo MOBEPHYTH JBa pasa. BemecrtBo BHYT-
PEHHEH IMOJOCTH YacTHUIIBI NPH MOBOPOTE KaK OBl OTCTaeT OT BEIEeCcTBA €e
nepudepuiiHoil yacTu. D10, 10 HalleMy MHEHHUIO, 03HA4aeT, 4To (epMHUOH
oOmnasaer BHYTpeHHEH CTpYKTypoil. JpyruMu cioBamu, GpepMHOHBI HE MO-
TyT UMETh TOYEYHBIX Pa3MepOB, HYJIEBYIO MAacCy MOKOS M COBMEIIAThCS
MEXITy COOOM.

Yactuusl mosist (0030HBI), HA00OPOT, OECCTPYKTYpHBIE 00pa3oBa-
HUsl. VX CITMH LENOYMCICHHBIN WIN paBeH HYJIO, M OHH BEOyT ceOsl, Kak
eauHoe nenoe. Tak Kak yacTHULBl IOJIs HE UMEIOT BHYTPEHHEN CTPYKTYpBHI,
TO WX Macca IOKOsI, COTJIaCHO OIIPEAEIEHHIO, paBHa HyJ0. 13 3Toro taxxe
CeyeT, UTO B OTCYTCTBUU BEILECTBA HUYTO HE B COCTOSHHMM OTPAHUYUTH
CKOpPOCTh WX ABWKCHHA, IMTOOTOMY OHU BCErja ABUKXYTCI C MaKCHUMaJIbHO
BO3MOYKHOH CKOpPOCTBIO, KOTOpas, COIJIACHO TEOPUHM OTHOCHTENBHOCTH,
paBHa ckopoctu cBeta. HyneBas macca mokos 0030HOB O3HA4YaeT, B CBOIO
ouepe]ib, UTO OHU B NTOKOE HE CYIECTBYIOT. B3aumMoaeiicTBys ¢ yacTUIIaMU
BemlecTBa, pepMHUOHAMH, OO30HBI IMOTJIOMIAIOTCS UMH M OTAAIOT UM BCIO
CBOIO DHEPIHIO, @ CAMHU HCYE3A0T.

B3anmozelcTBus, Kak yxke ObIJIO yKa3aHO, SIBIAIOTCS PE3yJIbTaTOM
oOMEHa CTPYKTYPHBIX JIEMEHTOB (DM3MYECKHUX TEJl KBAaHTaMH COOTBETCT-
BYIOLIMX TOJIeH. B mporecce ykazaHHOro oOMEHa OfHA YacTHUIA HU3ITydacT
KBaHT SHEPTUH, a JApyras, B3aMMOJICHCTBYIONIAs C HEW YacTHLa, IOTJIONIAeT
ero. YacTuiia, NOTJOTHBIIAS KBAHT 3HEPTUH Bo30yxnaercs. CTpeMsch Bep-
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HYTBCS B CTAIMOHAPHOE COCTOSIHUE, OHA M3IIy4aeT KBAHT, KOTOPBIN MO TON
XK€ TPUYHHE MOTJIOMAST YacTUIA, N3IyduBInas paHee u T.1. IIpobnema 3a-
KJIF0YaeTCsl, OHAKO, B TOM, YTO NMPOLECCHl CIIOHTAHHOTO H3JIyYeHHs U IO-
TJIOLIEHM 3alpelleHbl 3aKOHAMHM COXPAaHEHHs 3HEPTUU U UMITyibca. Pe-
LIEHHE 3TOW MpOoOJeMbl IaHO B KBAaHTOBOW TEOPHH, B KOTOPO BMECTO
3aKOHA COXPAHEHUsI YHEPTHH-MMITYJIbca JEHCTBYyeT Ooiee (yHIaMEHTAIb-
HBII 3aKOH COOTHOILIEHHS HEONpEeAeICHHOCTE!, NOMyCKaroIye HapyIIeHus
3aKOHOB COXPaHEHMsA B TEUEHHE MAaJbIX INPOMEKYTKOB BPEMEHH, CPaBHH-
MBIX C BPEMEHEM B3aUMOJCUCTBUS (10'23c). PesynbTarsl B3auMOAEHCTBUSA
JIEKAT 3a HpefellaMH 3TOr0 NMPOMEXKYTKa BPEMEHH, MOITOMY B TEUCHHE
YKa3aHHOTO BPEMEHHM YaCTHLBl SIBISIOTCS HEHAOJIOAaeMbIMHU, BUPTYallb-
HBIMU. B 3TOM CMBICIIE COBOKYITHOCTH BUPTYalIbHBIX YaCTHI JEKAT 3a Mpe-
JieNlaMU IPOCTPAaHCTBA-BPEMEHH M 00pa3yloT UACAIBHO CUMMETPHYHYIO CPeay
oOWTaHWA BUPTYaJbHBIX YacTHI, (u3WdecKnuii BakyyM. lIMeHHO B 3TOM
CMBICJIE, KaK MBI CUMTAEM, CleyeT NMOHMMAaTh HEU3MEHSIOUIYIOCS MUHH-
MaJIbHO BO3MOXHYIO SHEPTHI0 (PM3MYECKOro BakKyyMa, (IyKTyHpYIOIIei
OTHOCHTEJIFHO HYJIEBOTO 3HaueHHs. DTH (MIYKTyallMd MOXHO TaKXe pac-
CMaTpHBaTh KaK HENPEPhIBHbIC (OTOPOKACHHS W AHHUTHILIINIO BUPTYaib-
HBIX Tap. B Tom ciydae, Koraa BO3HUKAIOT CIIOHTAHHBIE HAPYIIEHUS CHM-
METPUH BaKyyMa, BUPTYaJIbHBIE YACTUILIBI MATEPHAIU3YIOTCA U IPUHUMAIOT
ydacTHe B OOMEHHBIX ITpOIeccax.

B HacTosimiee Bpemsi HCIOIB3YeTCs CIEAYIOIIas MOAEIb B3aUMO-
JIEUCTBHS. YCIIOBHO NPEATIONAraeTCsl, 4YTO YaCTHIII OKPYKEHBI o0siakoM (Iiy-
00i1) BUPTyaJbHBIX YacTHIl U WX aHTH4YacTHL. KoHdurypamus BupTyals-
HOro oOJjaka ompenessieT CHMMETPHIO, CO3/1aBaeMyl0 JaHHOM YacTHIEH.
BupTtyaneHbie mapsl 06s1aka MOCTOSTHHO aHHUTHIMPYIOT. DHEPTHs POXKIA0-
IIUXCS TIPU 3TOM KBAHTOB COOTBETCTBYIOIIMX IOJICH HCTIONB3yeTcs Ui (OTO-
POKIEHHUS HOBBIX Map BHUPTyadbHBIX dacTHI. C TOSIBIEHHEM B paanyce
JeHCTBUS 9aCTHUIBI APYroM, MOZOOHON el JacTHuIlsl, o0NaKa X BUPTYyajb-
HBIX YaCTHI] MepeceKaroTcs. YacTh BUPTYaJIbHBIX YAaCTHI[ OJHON YaCTHUILHI
3aXBaThIBAETCS IIPU 3TOM JPYrOoW 4acTULEH U Marepuanusyercs. B pe3yinb-
TaTe Hapymiaerca cummerpus. CTpemsich ee BOCCTaHOBUTh, YaCTHIbI IPUXO-
JST B OTHOCUTENIBHOE ABMKCHHE, IPUTATHBAACH, €CIU CTENEHb CUMMETPUU
TP MX COJIMYKEHNH TTOBBIIIAETCS (HarpuMep, JIeKTPOH-TIPOTOH), K HA0OOPOT.

Jluteparypa
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TOPU3OHTHI BCEJIEHHOM

Ipeticepman JI.
Mpaunsckas Hezagucumas Axkademus pazsumus vayku, e-mail: preiglev@gmail.com

B HayuHOl nuTepaType HCHONB3YIOTCS Pa3iIM4YHBIE ONpPEAEIIEHHS
Bcenennoii. C Hamie# TOUYKH 3peHUs, CAMBIM yJadHBIM SBIISETCS 0000IICH-
HOE ONpENEICHUE, B COOTBETCTBHU C KOTOPBIM B COCTaB BceneHHON BXOAUT
BCA IEHICTBUTENIBHOCTD, KaK MaTepUaNbHAasl, TAK U BUPTyallbHas. B Teuenne
JUINTENIPHOTO BPEMEHH B HayKe TOCIOACTBOBaja KoHIenuus lanuies u
HbroToHa, 3aMMcTBOBaHHas MMM €lI€ y APEBHUX MblcauTeneil. B coort-
BETCTBHE C Hel BceneHHas paccMaTpuBanach Kak CaMOJ0CTaTOYHAs MaTe-
pHaibHas COBOKYITHOCTh, M3MEHSIOMIASCS C TEYEHHUEM aOCOIIOTHOTO Bpe-
MEHH U IUIaBalolnas B IIyCTOM mpocTpaHcTBe. [IpocTpaHCTBO M Bpems, B
CBOIO OYepe/ib, CUMTAIUCh HENPEPHIBHBIMH OECKOHEYHBIMH W HEHW3MEH-
HBIMH a0COJIFOTHBIMH CYITHOCTSIMH, BMECTIUINIAMH MaTepPHAIBHONW COBOKYII-
HOCTH U COBOKYIHOCTH COOBITHI, HE 3aBHCAIIMMH HU OT HMPOCTPAHCTBEH-
HOH JIOKaIH3aIiy COOBITHH, HA OT MaTepHaIbHON COBOKYITHOCTH. PeanbHoe
IIPOCTPAHCTBO OTOXKJECTBISUIOCh C MAaTEMATUYECKUM EBKIIMAOBBIM IIPO-
CTpaHCTBOM. EMy, Kak M €BKJIHMIOBY NPOCTPAHCTBY, NPUIHCHIBAINCH HE-
MIPEPBIBHOCTH, TPH JIMHEHHO HE3aBUCHUMBIX M3MEPEHUs (HAIpaBJICHUs), JTH-
HEITHOCTh MHTEPBAJIOB U BCIOAY paBHAs HYJIO KPUBHU3HA.

B Teopun oTHOCHTENHFHOCTH DWHINTENH MOKa3all, YTO HE CYIIEeCT-
BYIOT OTAENbHBIE OT MaTepUH W APYT OT JApyra aOCOIOTHBIE CYITHOCTH
MIPOCTPAHCTBA U BpeMeHH. EcTh UMb eqnHOe MPOCTPaHCTBO-BpeMs, obpa-
3yeMO€ CBS3aHHOWM M B3aUMHO YIOPSJAOYEHHON MAaTE€pUAIIBHOM COBOKYII-
HOCTBIO U NOCNEJOBATENBHOCTBIO MOCTOSHHO CMEHSIOIIUX JIpYr Apyra co-
CTOSIHUH, BBI3BaHHBIX U3MEHEHUSIMH MaTepHalbHOI COBOKYNHOCTH. Bo3Hu-
KaolUe MpU 3TOM MPEACTaBICHUS O MPOCTPAHCTBE U BPEMEHU OTHOCH-
TENbHBI, a MPOCTPAHCTBEHHBIE U BPEMEHHBIE HHTEPBAJIBl MEHSIOTCA TOA
Bo3/eiicTBHEM (H3HYecKuX Tea W nosiell. B oOmieit Teopum oTHOCHTEND-
HOCTH DWHINTEHH pPacnpoCTpaHWI NPUHOWI OJIM3KOAEHCTBUS Ha TATOTE-
Hue. B 3Tom ciydae B MecTax KOHIICHTPAIMK BEIIECTBA TEMIT TEYEHHUS Bpe-
MEHH 3aMeIUIeTCs, TMHEHHOCTh HHTEPBAIOB M CHMMETPHS IPOCTPAHCTBA-
BPEeMEHM HapyIIAlOTCS, a IPOCTPAHCTBO-BpeMs HCKpUBIseTcs. VICKpuB-
JICHWE HOCHUT IICEBJOPHUMAHOBBIA XapakTep, SBILSICH BCIOLY IOJOKUTEIH-
HbIM. OTCIOAa ClelyeT, 4TO MPOCTPAHCTBO KOHEYHO, HO Oe3rpaHndHO. B pe-
3yJIbTaTe CHOHTAHHOI'O OTKJIOHEHHS OT CUMMETPUM BO3HHUKAET IPaBUTAL[IOH-
HOE MOJI€ TATOTEHUS, KOTOPOE MBITAETCS BOCCTAHOBUTh CUMMETPHIO [4].

YeTblpeXMepHBIA MHTEPBall, 00bEANHSIONIMNA KOOPIUHATHI COOCT-
BEHHOI'0 BPEMEHH W NPOCTPAHCTBEHHOMH JIOKaIM3alul 00bEKTa, MHBapHUaH-
TEH OTHOCHTEJBHO mpeolOpazoBaHusi KoopauHat. CBOKCTBA MpoCTpaHCTBa-
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BPEMEHHU OTPAXKAIOT MPUCYIIHE MAaTEPUH HEIMHENHBIE CBOMCTBA MPOTKEH-
HOCTH U JUIMTENBHOCTH. PHU3MYECKUE MPOLECCH 3aBUCAT OT T€OMETPUU U
TOIOJIOTHU IIPOCTPAHCTBA-BPEMEHHN, KOTOPBIMU ONPEAENAETCA CTENEHb OJHO-
POIHOCTH M CUMMETPHH MaTEPUAIbHOW COBOKYITHOCTH B TOM K€ Mepe, Kak
TEOMETPHUS U TONOJOTHS MPOCTPAHCTBA—BPEMEHH OIPENENAIOTCS CHMMET-
puell MaTepuasbHOM COBOKYNHOCTU. IpyrMMH CIIOBaMH, MEXAY IpoLec-
caMH CUMMETPH3allMy ¥ TeOMETPU3alluH CYIECTBYET B3aUMHOOJHO3HAYHAs
3aBHCUMOCTb.

IToxTBepxaeHneM 3TON KOHLENIMK CTaja HEAABHO JOKa3aHHas
poccuiickuM MatematukoMm I'. IlepenrpMaHOM TOHOJIOrMYECKas THIIOTE3a
A. Ilyankape. JleficTBUTENbHO, TPEXMEPHOE MPOCTPAHCTBO YIOBIETBOPSIET
BCEM YCJIOBHSM YKa3aHHOHM TEOPEMBbI. DTO 3HAYHT, YTO MHOT00Opas3ne Tpex-
MEpHOT'0 MPOCTPAHCTBA COOTBETCTBYET TPEXMEPHOH cdepe.

TpexmepHyro cepy IpocTpaHCTBA MOKHO pacCMaTpPHBATh KaK I10-
BEPXHOCTh YETBIPEXMEPHOIO IIapa ¢ PaJliyCcoM, PaBHBIM TEKYIIEMY KOCMO-
JIOTHYECKOMY BpPEMEHH. BceneHHas B CBA3M C OTUM IOCTOSIHHO PAacIIH-
pAeTCs, SIBIISCTCS, KOHEYHOM, HO Oe3rpaHMuyHON H Beszaecyineil. Uto xe
KacaeTcsd KOCMOJIOTHYECKOTO BPEMEHH, TO OHO SIBJISETCSI MHUMBIM, CYILECT-
BYIOIIMM 3a TpefeflaMH peabHOCTH. J[eHCTBUTEIBHO, COCTABISS €IAMHOE
HEpPa3pbIBHOE LEJIOE C PEalbHbIM TPEXMEPHBIM HPOCTPAHCTBOM, OHO HE
MOJKET HabJIFOAAaThCSI COBMECTHO C HUM.

B craunonapnocTtu BceneHHON He cOMHEBaJICs cCHavyala Jjaxe JiH-
mreitH. B 1917 rogy oH pemmn pacnpoCcTpaHdTh B NPUHIIUIE JOKAIbHYIO
TEOPHUIO TATOTEHUS OOIIeld TEeopHMH OTHOCHUTEIHHOCTH Ha BceneHHyio B
nenoM. Tak Kak OJHOCTOPOHHSISI TPaBUTALlMsA, CIEAYIOIIas U3 ypaBHEHUN
o01eit Teopuu OTHOCUTENIBHOCTH, HapyllaeT CTallMOHAPHOCTh BceneHHow,
OHHIITeHH N00aBMI B ypaBHEHHs OOIIEH TEOPHH OTHOCHUTEIEHOCTH aHTH-
TPaBUTHPYLINH KocMoJorudeckuii wieH. B 1924 rony poccuiickuii yaeHbIi
A. ®punman, aHanu3upys ypaBHEHHs OOIIEH TeopuH OTHOCHTEIILHOCTH, B
TOM YHUCJIE C MPHUIHCAHHBIM K HAM KOCMOJIOTHYECKHM WICHOM, ITOKa3al,
YTO YCTONYMBBIE PEIICHHS ITHX YPABHEHUI HE CTALIMOHAPHBI, a CTALUO-
HapHBIC pEIIeHUS] — HEYCTOWYMBEL. DTOT BBIBOJ PpHaMaHa MOATBEPINII
amMepHKaHCKHH acTpoHoM Xa66x B 1929 ronmy, HCTONKOBAaB KpacHOE cMe-
IIeHNe, HaOII0At0IIeecs B CIIEKTPaxX JANEeKUX TaJaKTHK, KaK AeHCTBHE 3(]-
¢exra Jloruiepa, BO3HUKAIONIETO B CBSI3M C paciipenueM Beenennoit. Xa661
TaKxke cHOpMyIHPOBAT 3aKOH PACHIMPEHHS, COTTIACHO KOTOPOMY CKOPOCTh
pacumpeHus, a, TOYHee, CKOPOCTh pa3deraHus rajJakTHK OT HaOJrojaress,
KaK U3 IEHTpa HAOIIOICHNUS, YBEIIMUMBACTCS C PACCTOSTHHEM. MEXay TeM, ¢
OTKPBITUEM B KOHIIE MPOILLIOrO CTONETUS TEMHOH MaTrepuu, yueHble MpHU-
OUIM K BBIBOJY, YTO 3HAYMTEJIBHOW €€ 4acTH, TaK Ha3bIBAEMOM TEMHOMN
SHEpruu, MpUCYLIE HE NMPUTSKCHHE, a OTTAJIKUBAaHHUE, KaK BHAaudajie Mpen-
nojarai u DWHIITEHH.



C. XOKKHHT BIIEpBbIC BBEJ MOHATHE CHHTYISIPHOCTH, HAYAILHOTO
cocTosiHUsL BceneHHoM, ¢ KOTOpOro Hayajloch €€ pacllupeHue, a aMepu-
KaHCkMi pu3uK poccuiickoro npoucxoxaeHus . 'amoB paspabortan B
40-50 rr. mpommioro croneTus Mozens ropsaeii Beenennoit m Bombioro
B3phIBa. OH XKe, UCXOAA U3 3TOM Teopuy, Mpeckasai, YTo JpeBHee (PesuK-
TOBOE) M3IydCHHE, BO3HUKIIEE B (hOpMe IMOTOKA KBAHTOB TIOJIS, IIEPECTAIIO
B3aUMO/ICHICTBOBATh C BEILECTBOM BCKOpPE MOCJIE OOJBIIOro B3phIBa, M MO-
9TOMY NOJDKHO CYIIECTBOBATH O HACTOSIIEro BpemeHH. B 1965 romy pe-
JIMKTOBOE M3JTy4eHHe ObI0 00HAapYKEHO, IPUYEM BCE €ro CBOWCTBA C 00JIb-
IOW TOYHOCTBHIO COBINAJHM CO CBOMCTBaMHM, mpeackazaHHbIMH ['amoBbiM. C
9TOTO BpEeMEHHM MOAeNb ropstueil BeeneHHoM crana oOmenpu3HaHHOH, a
OOJBIION B3PEIB CTAN PACCMATPUBATHCS KaK JOKa3aHHBIN (aKT.

B cootBeTcTBHH ¢ 3aKk0HOM Xab0Ja CYUTATIOCH, YTO CKOPOCTh pac-
LIUPEHUs SIBISIETCSA CJAEACTBHEM KPUBU3HBI TPEXMEPHOIO IMPOCTPAHCTBA.
OI[HaKO N3MEPCHU MOKa3ajik, JaXK€ B NNEPBbIC MTHOBCHUA CYIICCTBOBAHUA
Bcenennoii 5Ta kKpuBH3HA OBUTa ONM3Ka K HYJIO. JJaHHOE OTKpHITHE Kak
Oy/ATO MPOTUBOPEUMIIO 00IIEH TeopuH OTHOCUTEIbHOCTH. OOBSICHEHUE YKa-
3aHHOMY NPOTHUBOPEUHIO ObLTO NaHo B Teopuu nHsnuu Jluame. CormacHo
9TOW TEOPUHM Ha HAadalbHOW cTaguu BceneHHast odeHb OBICTPO pasaynach
IOYTU JI0 COBPEMEHHBIX pa3MepoB. Pa3gyBaHue MmpouCXOauiIo Mpu Io-
CTOSIHHOM IIIOTHOCTH, T.€. C POCTOM MaccChl IIPONOPIHOHATIBEHO POCTY 00BEMa.
Poct Maccel moaTBepkaaeT BEpCHIO O TOM, 4TO pa3BuTue BceeneHHoil Ha-
YUHACTCA C CHUHIYJIAPHOCTH. CormnacHo JaHHBIM COBpeMeHHOﬁ KBaHTOBOM
TEOPUH CHHTYJIPHOCTh HE ObLIa TOYEYHOH, a XapaKTepHU30BAIOCH ILIaH-
KOBCKHUM pPa3MeEpPOM BEIMUYUHOM 10* M 1 KoMOCCAIBHON HAYAIBHON MIOT-
Hocteio 10% kr/M®. B mporiecce YCKOPEHHOTO pasyBaHHs Macca pocia 3a
CYET CHMIKEHHMS CBSI3eH qacTul 1Mo MEXaHU3My, MPOTUBOIIOJJIOXKHOMY CHUH-
Te3y U aedekty Maccel. OTHOBPEMEHHO C 3THM PEe3KO CHH3MIACh KPUBHU3HA
TPEXMEpPHOI'0 TPOCTpPAHCTBA. 3aTeM BceneHHas mepemnia B PeXuM pac-
LIMPEHHs, KOTOPOE IO/ BIMSHUEM TATOTEHHS OapHOHHOTO BEIECTBA IILIO
CHauana ¢ 3aMme[ieHneM. Tolbko 6,5 Mipxa JIeT ToMy Hasal, KOTAa IUIOT-
HOCTHh OapHOHHOTO BellecTBa BceneHHOW CTano MeHbIIEe B CPEAHEM IUIOT-
HOCTM TEMHON MaTepuH, pacliMpeHHEe C 3aMeJJIEHUEM TOJ JeHCTBHEM
IPaBUTALIMOHHOTO OTTAJIKUBAaHUS TEMHOH JHEPIUU MEPEUlI0 B PEXKUM
pacIIupeHus ¢ YyCKOPEHHEM. JTOT PEXHUM JIeHCTBYeT N0 HACTOSAIIErO Bpe-
MeHH. EcTh Bce ocHOBaHMs MpeamonaraTh, 4To INIOTHOCTh TEMHO SHEpIuuy,
XOTSI ¥ MEJICHHO, HO TTOCTENIEHHO CHIkaeTcs. [loaromy B OymymieM pesxum
pacuiupenusi BeceneHHOH ckopee BCEero MepeusieT B pexUM CKaTud, U OHa,
cTapes, HAUHEeT Pa3BUBATHCS B HAIIPABJICHUE CBOCH IMOEIH.

TeMHOe BEIeCTBO MPEICTaBIsAET COOOM, 0 CPAaBHEHHIO C OapHOH-
HBIM BEILECTBOM, HU3KOOPTaHU30BaHHYIO MaTepHio. FIMeHHO TeMHas MaTe-
pHsL CKOpee BCero, NoJKHa Oblila BOSHUKHYTH B MIEPBOE MTHOBEHHE CYIIECT-
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BoBaHMA BceneHHO#, cpa3zy mocie Oousbimoro B3peiBa. UTo Ke Kacaercs
MH3EpPHOTO KOJIMYecTBa O0ApHOHHOTO BEIIECTBA, TO OHO MOTJIO ITOSIBUTHCS
TOJIBKO B PE3yJbTaTe SBOJIOIUM TEMHOTO BEUIECTBA. JDTO YKa3bIBaeT Ha TO,
9TO B MOJENb ropsuelt Beenennoii ['amoBa BO3MOXXHO HEOOXOAMMO BHECTH
ONpe/IEIeHHbIE KOPPEKTHUBBHI.

CormacHo mozenn ['amoBa mocite Goipmioro B3pbeiBa BcenmeHHas
Hayajla MHTEHCUBHO pa3BUBAThCS B HAINPABICHUU TMOBBLIIMICHUS YPOBHS
CBOEH OpraHu3alluy, MPUYEM BCE 3Talbl Pa3BUTUS HOCWIN NPOTrpaMMHBIN
XapakTep U MPOXOIUIH C COOTIOCHUEM MPUHIUIA TOHKON MOJACTPOMKH MO
BOCXOJISIIICH BETBU JKU3HCHHOTo Iwkia. C APYrod CTOPOHBI, OOJBIION
B3DPbIB U JaJIbHEHIIEE caMOpa3BUTHE BceneHHOM 110 BOCXOASIIEN BETBU HE
HaXOIAT OOBSCHEHHS C TOYKH 3PCHHUS ECTECTBEHHOTO XOma Bemeil. BEI-
CKa3bIBa€MbIC Ha 3TOT CYET TMIOTE3bl HE MOTYT CUHTATHCS yIIOBIETBOPH-
TeNbHBIMH. PaccMOTpHUM [T ipuMepa JIHIIb OHY, HanOoJee MOMyIApHYIO
BEpPCUI0 MHOXKECTBEHHOCTH BceneHHbIX. OTMETHM CHadana, 4TO OYEHb
9acTo, TOBOPSI O MHOXECTBE, SIKOOBI M30JIMPOBAHHBIX BCENCHHBIX, CUNTAIOT,
YTO OHM PACIIOJIOKEHBI B HEBUJIUMOW 4YacTu Hamedl BceneHHOH, nexaiei
3a mpenenaMu ee Topu3oHTa. boiee Toro, Mcxons u3 (akra Ype3BBYANHO
MaJjiol BEIMYWHBI KPUBU3HBI TPEXMEPHOTO MPOCTPAHCTBA, MPEIOJararr,
YTO OHO SBIIIETCS YHUCTO EBKJIMAOBBIM U OECKOHEUHO OonbimmM. Tak Kak,
OJIHAKO, €T0 BEIIECTBEHHAs COCTAaBIAIONIAs OTpaHWYEHAa, TO JIEIAr0TCS
MONBITKA BEPHYTHCS K MPEJCTABIECHUIO O MPOCTPAHCTBE, KAK BMECTUMOCTH
IpearoIaraeMoro MHoxkectBa Bceenennbix. C Hameil TOYKHM 3pEHHUS HET
HUKAK{X TPUYUH IS TOTO, 9TOOBI B MpeeNiaX €IMHOTO YETHIPEXMEPHOTO
MIPOCTPAHCTBA-BPEMEHH JIOMYCTUTh CYIIECTBOBAHWE MHOXKECTBA H30JUPO-
BaHHBIX ApYyr oT Apyra Bcenenusix. Bo-nepBbix, Halie TpexMepHOE Mpo-
CTPAHCTBO HE SIBJISIETCS YUCTO €BKIWOBBIM. BiHM3KO#l K HyJI0, HO HEHY-
JIEBOM, SIBJISIETCS JIMIIb €0 CPEeIHsAs KPUBU3HA, PUYEM PACCTOSHUE /10 TO-
pH30HTA OMpEAeNseTcs] He KPUBH3HOW, a MaKCUMAJbHO BO3MOXHOW CKO-
poctbto pacmmpenus. [o sToil nmpuunHe Ta yacTh BceneHHOM, KOTOpas
JIGKUT 32 TOPU30HTOM, — 3TO JIMIIb KOHEUHAs 4acTh Hamed BceneHHOM.
JpyrumMu cioBaMu, IUIsL TOTO, YTOOBI JOMYCTHTH CYIIECTBOBAHHE H30JIH-
pOBaHHBIX OT Hac BceneHHBIX, HEOOXOAMMO, MO HAIIeMy MHEHHIO, BO-
MEPBBIX, BEPHYTHCA K BEPCUM JPEBHUX, COTIACHO KOTOpOH Bce BceneHHble
JIOJDKHBI OBITh OKPY>KEHBI aOCONIFOTHO TBEPAON HEMpPOHHUIIAeMOW 000J10Y-
Koi. Bo-BTOpBIX, €clii Aa)ke clienaTh TaKOe HEBEPOSITHOE MPEATNOIOKEHHE,
TO He3aBUCUMBbIC BceleHHbIE JODKHBI OBUTM OBl PACIIONOXHUTHCS B YETHI-
pPEXMEPHOM METPHUYECKOM IMPOCTPAHCTBE WJIM MATUMEPHOM NPOCTPAHCTBE-
BpeMeHu. Ho Takue mpocTpaHCTBa HEYCTOMUHMBEI, TaK KaK B3aWMHOE ABH-
JKeHHe 00BEKTOB B HUX HE MOYKET MPOUCXOIUTH IO 3aMKHYTHIM KPHBBIM, a
JOJKHBI IPOUCXOAUTH MO CXOJSAIIUMCS CIUPAIAM. DTO 3HAYUT, YTO, €CIH
OBl OHHM M3HAYAIBHO CYIIECTBOBAIN, OHH JIOJKHBI OBIITH OBl CIIUTHCS B OJTHY

11



eauHCTBeHHYI0 Bceenennyro. Hakonen, nzonupoBanHble BeeneHHble u3-3a
TYHHEIBHOTO 3(eKTa He MOTYT B IPUHIIUIIE CYIIECTBOBATb.

B 1o xe BpeMms, oJHa eIUHCTBCHHas BceneHHas He Moria cama
ce0sl pOIUTh W NANbIIC PAa3BUBATHCS C HETIOCTHKUMOM TOHKOW ITOJCTPOMA-
KO IO 3aKOHaM pa3syMa M JIOTHYECKH HEMOTpeInMbIM Iporpammam. Jlo-
ITyCTHTh BO3MOXKHOCTH CYIIIECTBOBAHUS, XOTA ObI B TE€YEHHE OJHOTO MTHO-
BEHHUS YUCTO MaTepuanbHOW BceneHHOW, QYHKIMOHUPYIOMEH IO €CTecT-
BEHHBIM CIETBIM 3aKoHaM [Ipupombl, HEM30EKHO BEAYNIMM HE K CO3MIaA-
HUIO, a K PaspyLIEHHUIO, TAK)Ke KaTETOPHMUYECKH HEBO3MOXKHO. [loaTomy, Xo-
THUM MBI WJIH HC XOTHM, MBI 00sI3aHBI MpU3HATh U3HAYAJIBHOC CYIIECTBO-
BaHue BO BceneHHO, HapaBHe ¢ MaTepuei, TBOPYECKOIO pa3yMHOIO Ha-
Yaja, OTBETCTBECHHOT'O 3a MpOorpaMmMy BO3HUKHOBCHHS U )lanLHei/imero neie-
HaIpaBJIEHHOTO Pa3BUTUSA BceneHHOM.

Jlureparypa
1. Ipeiirepman JI. Becenennast u Pazym. Meicns / J1. Ipefirepman. —
Wspanns, 2009.

2. JlorynoB A. A. Jlekuuu no TEOPUH OTHOCHUTEIHHOCTH U IPaBU-
tarun / A. A. JloryHoB. — M. : Hayka, 1987.
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CEKIMS IIPOEJIEM HAHOTEXHOJIOTMM

PO KEPYBAHHS ®OPMYBAHHAM HAHOCTPYKTYP

bozopow O.T., Boponos C.O., FO0in A.C.
Hayionanvnuii mexuniunuil ynisepcumem Yxpainu “KIII”, m. Kuis, Yxpaina

Po3BUTOK METOY MOJIEKYIIIPHO-TIPOMEHEBO] EITiTAKCIi Ta OIpartio-
BaHHS TEXHOJIOTii OTPUMAaHHS HAHOPO3MIPHHUX IIAPIB Ta HAHOCTPYKTYp Mif
gac (hopMyBaHHS CTPYKTYP 3 JiHIHHIUME po3Mipamu MeHIME 100 HM 03Ha4Yae
nojioJanHsl GyHmaMeHTanbHoro QGizuyHoro 6ap’epy, 3a SKUM CTalOTh aKTyallb-
HUMH KBaHTOBO-pO3MipHi edekTu. [Ipy 1pboMy BCi BJIaCTHBOCTI TBEpPJOIO
Tija pi3KO 3MIHIOIOTHCs. TOOTO, 3MIHIOIOYH F€OMETPUYHI PO3MIPH Ta KOH-
¢irypauito HaHOOO €KTIB, MOXHA KepyBaTH BJIAaCTUBOCTSIMU MarepiaiiB. Bu-
HHUKAa€ MOXJIMBICTh KOHCTPYIOBAaHHS Ba)XKJIMBUX IApaMeTpiB CTPYKTYPH, Y
TOMY YHCJIi eHEPIeTHYHOTO CIEKTPY HOCIIB 3apsay, (POHOHIB TOILIO.

Mera nocaimkenHsi. BusButu meronn GopMmyBaHHS HaHOCTPYK-
Typ Ta MOKIIMBOCTI YIPaBIiHHA 1X BIACTHBOCTSIMH. B maHiit pobotu Mero-
oM cnekrpockonii KPC mocmimkyBanucst 3MiHU TTapaMeTpiB OCTPIBIIB, IO
BiOYBaIOThCS B MPOIIEC] X 3POMICHHS KPEMHIEM.

Metoan pociimskeHHss. MOXXIMBOCTI yIpaBIliHHS BIACTHBOCTSIMHU
KPHUCTAJIIYHUX TOJIIKapOOHATHUX CTPYKTYp (Di3MKO-XIMIYHUMH METOJaMU
PO3TIIAATHCH aBTOPOM I1ie 10 1975 poky 3 MOCHiJOBHUM YIOCKOHATICHHIM
Mmexanismy Crpancbkoro—Kaimresa [1, 2]. lllogo mocmifiB 3 HAHOCTPYKTY-
pamu, TO OJIHMM 3 IEPCIEKTHBHUX METOJIB OTPUMAHHS HAHOCTPYKTYD €
BHKOPHCTAHHS CaMOiHAYKOBAHOTO POCTY HAHOOCTPIBIIB BiAIIOBiZHO Mexa-
Hi3My Crtpancekoro—Kpactanosa. @i3udHa CyTh 3rajlaHOr0 MEXaHi3My IO-
Jsira€ B 3MEHIICHHI €Heprii HamnpyXeHOi TeTepOCHCTEMH NIPH IEepPexoi Bij
JIBOBUMIPHOTO €ITaKCIHHOTO POCTY 10 TPHUBHMIPHOTO, KOJH 3aJI€XKHO BiJl
TEMIIEpaTypy 3pOCTaHHS, TOBIIMHHM OCAKEHOro LIapy Ta IIBHIKOCTI oca-
JDKEHHSI MOXKYTh (pOpMyBaTHCS OCTpiBLI pi3HOI JOPMH Ta PO3MIpiB.

PesysabTaT mociaifzkenb. 3BUYaliHO cepell TAKMX HAHOCTPYKTYP
0co0NMBY yBary mpHBepTaaM MacuBam camoopraHizoBanux Ge (SiGe) kBan-
ToBUX TouoK (KT). Ile 00yMOBIIEHO TX BUKOPHCTAHHSIM B ONTOEIECKTPOHIII
ommxaboro IU miamazony Ta HaaBucokodactoTHUX (HBY) mpuctposix. Jms
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BHPOOHHMIITBA TPWIALiB 3 BHUCOKHM CTYIICHEM JOCKOHAJIOCTI HEOOXiTHO
3HATH eNeKTPOHHI Ta onTwuHi BractuBocTi KT, sKi 3amexars BiJ Takmx
mapaMeTpiB K po3Mip, popma, MOBepXHEBA IIIIBHICTh, OTHOPITHICTE PO3-
MOTLTY, BEMMIMHA MEXaHIYHUX HANpy>KeHb, KOMIIOHEHTHUN cKiaa. B Oinb-
mocTi poOiT JOCTipKyBaNUCs BUIe3ragani mapamerpu SiGe HaHOOCTpIB-
1iB, 110 Oy copmoBrani npu Temmeparypax (7 > 600 °C). 3a nomomorozo
CIICKTPOCKOIIiT KoMOiHamiiHOTO po3citoBanHs cBitia (KPC) Oyno moka3zaHo,
110 y BUNAAKY (T poemy = 600 °C) BIacTHBOCTI HAHOOCTPIBIIB CYTTEBO 3ale-
KaTb BiX iHTepANQY3il, sIKa CTUMYIIOETECS HE TUTBKU TeMITEpaTypHUM (ak-
TOPOM, aJIe i HCOAHOPIAHUMH HAIIPYKEHHSAMH B HAHOCTPYKTypax (puc. 1).

Puc. 1. ACM-Burasa SiGe octpiBuiB, chopmoBanux 3a remneparypu 600 °C
nuisixoMm ocamkenns aes’sstu MII Ge: a) 3 60Ky; 6) 3Bepxy

3 iHmoro 6oky, B po6orax o Ge HaHOOCTPIBLAX, IO OYJIH BUPO-
ueni npu remneparypax (Tq< 500 °C), six npaBuIIO, BBaXa€ThCS, 110 BOHU
MaroTh YNCTO repMmaHieBui ckian. Hampuknan, octpiBui, chopmoBani npu
temrneparypax Bix 300 mo 500 °C i HOMiHaJIBHIH TOBLIMHI OCAXKEHOTO
mrapy Ge menme 8 monomapis (MII) marots hopmy Tak 3Banux hut-kmac-
TepiB, BUCOTA SIKUX HE IMepeBHInye 2 HM. Binpasy micma dopmyBaHHS X
MTOKPHUBAIOTh 3aXUCHUM IMapoM KpemHiro. Lle# mporec BIMBae Ha mapa-
MeTpu c(OpMOBAaHMX HAHOOCTPIBIIIB: YAaCTKOBO BiJIpellakKCOBaHI OCTPIBIIi
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3HOB CTHCKAIOThCS KPEMHIEBOIO MaTpuiero. J[ocmimKeHHs 3aKpUTHX KpeM-
HIEM OCTPIBIiB OCOOJIMBO BaXKIMBE B 3B'SI3KY 3 THM, II0 CaMe TaKi CTPYK-
TypH BHKOPHCTOBYIOTH B ONTO- Ta HAHOENCKTPOHIIi. JIOCTIIKEHHS MOX-
JIMBOTO BIUMBY iHTepAndy3ii npu TemnepaTypax enitakcii Bix 300 zo 600 °C,
00yMOBJICHOI 3HAYHUMH HEOJHOPIIHUMY HANPYKCHHSIMH B 3apOILCHUX KPeM-
Hi€EM HAHOOCTPIBISAX CKIIAAT0 OJHY i3 3a1a4 JAHOTO JOCHiHKCHHS.

HeoOxigHO 3a3Ha9UTH, IO B OUTBIIOCTI POOIT, B IKUX BUKOPUCTO-
ByBanu cnekrpockoriro KPC mis mocmimkenns BmactuBocteit SiGe ocrt-
PIBIIIB, BUBYAJIUCS HETIOKPUTI KpeMHieM ocTpiBii. L{e o0ymoBieHo tum, mo
Ha TaKMX 3pa3Kax MO)KHA BUBYATH IX MOPQOJIOTiIo 3a JOMOMOI0I0 aTOMHOT
cunoBoi Mikpockomii (ACM) Ta CHIiBCTaBISATH OTPUMAaHi JAaHl 3 pe3yJb-
tatamu KPC. Kpim Toro B Takux 3pa3kax MOKPUBHHMN KPEMHI€BHH LIap HE
nae BHecok B criekTp KPC, a Takox BiH He NMOTJIMHAE 30y/Kyl04e 1 po3cisHe
BUIIPOMIHIOBaHHS. 3 iHIIOTO OOKY, SIK YK€ 3a3HAYasioCs, IJIS CTBOPCHHS
ONTO- Ta HAHOENICKTPOHHUX MpPHIAliB HEOOXITHO MOKPUBATH C(HOPMOBaHI
ocTpiBIi mapoM KpemHito. lle 0OyMOBIEHO SK 3aXHCTOM OCTPIBIIB Bif
OKHCTIeHHs Tak 1 crBopentsm Si/SiGe nepexoais. Tak, B po6orax [3, 4] Oyno
MOKa3aHo, [0 MOKPHUTTS KPEMHIEM OCTDIBLIB MOXE MPU3BOAUTH IO 3MiHU
iX gopmu, po3MipiB, HTOBEPXHEBOT IIITBHOCTI.

Ha ckinbky CHIIBHO BIUIMBAE TPOLEC HAPOIIEHHSI KPEMHIEM OCTpiB-
LB Ha 1X MapaMeTpH 3aJIeKUTh BiJ| TEMIeEpaTypH, IpU sKid BigOyBaeThCs
et npouec. Tak, B poGoti [5] Oysi0 mokasaHo, 10 HaHECEHHs miapy Si
TOBIIMHOIO BCHOro 6 A mpu Temmepatypi 700 °C mpus3BOAMTB IO 3MiHH
(hopMH Ta MOBEPXHEBOI IIIIBHOCTI OCTPIBLIB 1 MPaKTUUHO (HOPMYETHCS 30B-
ciM iHIIMH aHCcaMOJIb MOKPUTUX KpeMHieM ocTpiBuiB. 11100 He BixOyBanucs
3Ha4HI MOp(OJIOriyHi 3MiHH C(OPMOBAHUX OCTPIBIIB IOYATKOBHH eTam
3pOLICHHS OCTPIBLIB MPOBOJATH NP BITHOCHO HU3BKUX TeMIIepaTypax
300400 °C, micuist TOro SIK OCTPIBIII MOBHICTIO TIOKPHBAIOTHCS IIAPOM KpEM-
Hilo, TemIiieparypy migHimMaoTh 10 500 °C i mpoBOJsTH TOAANbIIE 3pOC-
TaHHS KpeMHieBoro mapy. [Ipu 1iit Temneparypi GopMyeTbes riiajieHbKUN
KpPEMHI€BUH MIap, IO HEOOXiIHO JUIs BUKOPHCTaHHS JIaHUX CTPYKTYp B
SIKOCTI aKTHBHUX €JIEMEHTIB MiKpocxeM [6].

BucHoBkHu:

1. HapomieHHs ocTpiBIiB HaBiThb mpu Temmeparypax Bix 300 mo
400 °C moxe IPU3BONTH JI0 3MIHHM [TApaMETPiB OCTPIBIIiB.

2. qudysis, mo BigOyBaeThCSA B MPOIIEC OXOJIOKCHHS 3pa3KiB Bij
TEMITEpaTypyu POCTYy IO TEMIEPATypH, NPH SKii BiJOYBAETHCS HAPOIICHHS
iX KpeMHieM, a TaKOX caM IPOIeC 3POIICHHS OCTPIBIIB MPU3BOIATH O
3MiH X KOMIIOHEHTHOT'O CKJIaJy.

3. Copmosani SiGe octpiBii B mporeci MOKPUTTS iX mapom Si
CTalOTh CTUCHYTI HE TUTHKU B TUIONIMHI POCTY, & i B HAIIPSIMY POCTY OCTPIBIIiB.
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4. Hanecenus mapy Si Ha copmoBani SiGe ocTpiBili TOBIIHHOO
Bin 6 A mpu temneparypi 700 °C npusBoauTh 10 3MiHH GOPMHU Ta TIOBEPX-
HEBOI IMUIBHOCTI OCTPIBIIB i MPakTHYHO (HOPMYETHCS 30BCIM IHIIHMHA aH-
caMOJIb TOKPUTHX KPEMHIEM OCTPIBIIIB.
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BJIMSIHUE BUBPALIMN HA CO3JAHUE ITPOYHBIX
KPEMHUEBBIX ITIOKPBITUU HA TETEPOCTPYKTYPAX

1 1 2
bozopow A.T., “Boponos C.A., “Bybynuc A.
1 . 9
Hayuonanvuwiti mexnuueckuii ynueepcumem Yrkpaunor “KIIH”, 2. Kues, Ykpauna
2 . .
Kaynaccxkuii mexnonozuyeckutl ynusepcumem, Jlumea

W3BecTHBI MCCIeIOBAHUS BIUSHHUS HA MHKPOTBEPJIOCTH KPHCTAI-
JIMYECKUX MACCHBOB MMITYJIbCHOTO M3IIy4eHHs YJIbTpa3ByKa yacToToi 22 kl'm
HHTEHCHUBHOCTLIO OT 1 j10 20 Br/cm? 3a cuer HMITIaHTAlMK MUKporipumecei [1].
Brusaue BuOpanuu Ha MOCTPOCHUE NMPOYHOTO KPEMHHEBOTO IOKPHITHS Ha
HAHOYPOBHE HCIIOJIF30BAIUCH 00pa3Ibl ¢ HAHOOCTPOBKAMHU, c(hOpMUPOBaH-
HBIMH B MpOIIECCEe MOJIEKYJISIPHO JiyaeBoi smurakcuu (MJID). OgHa cepust
o6pasioB cocrosia U3 SiGe OCTPOBKOB, KOTOPbIE OBLIM MOKPHITA KPEM-
HHUEM, JApyras cepusi oOpasIoB cojepikaja HAHOOCTPOBKH, c(HOPMHUpPOBAH-
HBIC [IPY TaKHUX K€ PSKUMaxX, OJHAKO HE MOKPHITEIE KpeMHHeM. [lapameTpsl
MJID OblIM oguMHAKOBBIE: TeMIleparypa ocaxkaeHus: 600 °C, HoMUHaTbHAS
TonmmuHa — JeBATh MOHOCTOEB (MC). CKOpPOCTh OCaXICHUS B IBYX CEPUAX
00pa31oB OblIa OAMHAKOBOU U cocTaisiia 0,15 Ale.
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Bos6yxnenue crnextpos KPC ocymecTBisioch usmydenneM Ar'-
mazepa ¢ amiHOM BoHBI 488 HM. CHrHAN pEerHCTPUPOBAIICS OXIIAKICHHBIM
(OTOINIEKTPOHHBIM YMHOXHTENIEM B peXHUMe cueTa (oTOHOB. ['eomerpust
SKCIepUMEHTa — “Ha oTpaxeHne”. J{s 6oee TOYHOTO OMpeAeICHHUs MMOJIO0-
xeHust monoc KPC B kadecTBe pamepa HCHONB30BAINCh W3BECTHBIC 3HA-
YeHHS MUIA3MEHHBIX TUHUH Ar'-nasepa. Mopdosorus HOBEpXHOCTH CTPYK-
Typ ¢ HaHoOOCTpoBKamu HccienoBanack Ha ACM NanoScope Illa ¢upmsr
Digital Instruments B pesxxume nepuoguueckoro konrtakra (Tapping Mode).

[lepen HavanoMm W mociie W3MEPEHUI NMPOBOAWIIM TECTUPOBAHUS
30HJIOB JUI KOHTPOJIS GOpMBI OCcTpHs. V3MepeHHs: MpOBOIUINCH 30HIaMH,
panuyc cedeHus KOTOphIXx B 10 HM OT ocTpusl HE TpeBbIIANl 6 HM H
KOTOpBIE HMMENHN BBICOKYIO CTEIEeHb CHUMMETPHUH. DTO IO3BOJMIIO INpeHe-
Opeub 3¢hexToM cBepTKH (HOPMBI 30HA M HCCIIETyeMON TOBEPXHOCTH TIPH
a"anu3e GopMbl 1 00HEMOB HAHOOCTPOBKOB.

M3BecTHO, yTO Npu Temneparype snurakcuu 600 °C u ocaxxaeHuu
9 MC repmanus Ha KPEMHHEBYIO IIOJUIOKKY (OPMHUPYIOTCSI OCTPOBKH,
KOTOpBIE UMEIOT (hOpMy KyroJia uin nupamusi [2, 3] (puc. 1).

Puc. 1. ACM-u3o6paxenue SiGe 0ocTpoBKOB, cC(hOpMHPOBAHHBIX
npu Temmneparype 600 °C, ocaxaennem 9 MC Ge
(n300pakeHue: BepxHee — BH] CO CTOPOHBbI; HUKHee — BUJ CBEPXY)

CooTHolIEHNE KYMOJIOB M MUpaMU IpU Takux ycaoBusx MJID co-
crasisier 88/12.

W3BecTHO, 4TO YeM O0JIbIlIE OTHOIIEHHE BHICOTHI OCTPOBKOB OT MX
JlaTepaJIbHBIX Pa3MEpPOB, TeM OoJiee 3HAYMTENIbHAS PElaKcalys IPOUCXOJUT
B HUX IIpU JeWcTBUU BuOpauuu. [Ipn oMHaKOBOM KOMIIOHEHTHOM COCTaBe
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KyIOJI000pa3Hble OCTPOBKH IO CPaBHEHMIO C ITHPaMHAAIBHBIMH OCTPOB-
KaMH JIerde MOAAI0TCs PElaKcalii, MOCKOJIbKY B HUX OTHOIIEHHE BBICOTHI
K JIaTepajbHBIM pa3MepaMm cocTapiser 1/5 B oTinume OT mUpamMuAagbHBIX
OCTPOBKOB, B KOTOPBIX 3TO OTHOIeHHe 1/7. Bubparms pa3mbiBaia OrpaHKy
OOJIBIIMHCTBA MHPAMUAATBHBIX OCTPOBKOB.

Ha puc. 2 mpusenens! criektpsl KPC 3apomennsix (kpuBas 1) u
He3apoIlEHHbIX (KpHBas 2) HAHOOCTPOBKOB.

450 -
Ge-Ge
400

Si-Ge
3504

b. units

: 3004
250 Si-Si

200

Intensity, ar

=

a

o
|

250 300 350 400 450 500
Raman shift, cm™

Puc. 2. Criexktpsi KPC 3apoiennsix (1) u He3apoueHHbIX (2) SiGe HaH00CTPOBKOB,
chopmupoBanHbIxX npu Temneparype 600 °C ocenanuem 8 MC repmanmus.
CreKTp KpeMHHEBOH MOAKJIAIKH OTCYTCTBYeT

N3BecTHO, uTo B obnactu rerepoctpykryp Ge-Ge, Si—-Ge u Si-Si
BKIax konebanuit B cnekrpax KPC maer BTOpoH MOPSIOK aKyCTHYECKHX
KoJieOaHUH KPEMHHUEBBIX TIO/JIOKEK U 3aLIUTHOTO CIIOsl. B CBsI3M € 3THM /115t
MPaBUIIBHOM HMHTEPIPETaluy 3KCIEPUMEHTAIBHBIX CHEKTPOB OT KaXKIOTo
W3 HUX BBIYMTAJICS CHEKTP KPEMHHEBOTO CJIOsI, KaK 3TO MOKa3aHo Ha puc. 3.

M3BectHO, uto B cnekrpax KPC Sij,Ge, TBepmoro pacrsopa, Ko-
TOPBIM SBIAIOTCS cpopmupoBanHble mpu Temmeparype 600 °C ocTpoBkw,
MPOSIBIIIOTCS. TPH OCHOBHBIE MOJIOCHI, cooTBeTcTBYrolne Ge—Ge, Si-Ge u
Si—Si xonebaHusM. 3aMeTHM, YTO TOHKUI cMmauuBaromuii cioit (3—4 MC,
IMC pasusiii 1,4 A) B cuny npasun or6opa [5] Bkiana B cektp KPC ne
naer. Kax BugHo u3 cmektpoB KPC (cMm. puc. 2), HECMOTps Ha HajIH4ue
OCTPOBKOB C JIBYMsI Pa3JIMYHBIMH (POPMaMHU, JUIS KAXKIOTO THIA KOoJeOaHu!
(Ge—Ge, Si—Ge, Si-Si) nposiBisieTcs: TOIBKO OHA MMOJOCA.

DTO MOXET OBITh PE3YIHTATOM TOTO, YTO 00BEM KYIOJIOOOPa3HBIX
OCTPOBKOB Oo0Jiee 4eM Ha MOPSIO0K IMPEBHIIIaeT 00beM NHPaMHUIANBEHBIX OCT-
poBKOB [6] 1 OCHOBHOI BKJIa B CrieKTp AaroT Kymoja. C puc. 2, (kpuBas 1)
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BHUHO, YTO IOCJIC 3apacTaHNA OCTPOBKOB KPEMHHUEM YaCTOTHOEC IOJIOKECHUE
II0JIOC MCHACTCA.

* Si-Si substate

Intensity, arb. un.

oy}

T T T T T 1
250 300 350 400 450 500 550
Raman shift, cm

Puc. 3. Criextpnl KPC: 1 — o6pa3sen ¢ camoopranuzoBaHHbIMH SiGe HAHOOCTPOBKAMH;
2 — KpeMHHeBasI MOAKJIAAKA; 3 — pasHANA MeKTy ciekTpamu 1 u 2

HWcmosnb3ys u3BeCTHBIE COOTHOIIEHUS 11t Siy Gey TBepIOro pact-
BOpa OCTPOBKOB, YTO CBSI3BIBAIOT YaCTOTY YJIBTPa3BYKOBBIX KOJICOaHUM M
COOTBETCTBYIOIIHME MOJOCH ¢ HX KOMITIOHEHTHBIM COCTABOM X W BEIMYHHOM
yrpyroii nedopmanuu €, ObUIO HaiICHO BEJNWYWHBI X W € MO aHAJIOTHU
pabor [4, 6]:

Msjsi = 520,5-62X-815¢, (1)
®cesi= 387 + 81(1-X)-78(1-X)*-575¢, (2)
©cece= 282,5+16X-385¢. (3)

Kak BuaHO, OCTPOBKH, IOKpBITBIE CBEPXY cioeM Si, comepxkar
6OJ'H)UJC KPEMHHUA U YMCHBINAIOT HECOTTIACOBAHHOCTDH MOCTOSIHHOM pemICTKN
OCTPOBKOB W MOJUIOKKH. OJHAKO, HECMOTPS HAa 3TO, BEIWYMHA YIPYTOH
nedopmanuu B OCTPOBKax pacrter. DTO SBISETCS Pe3yJbTaTOM TOTO, YTO
IIPH 3aPaCTaHUU OCTPOBKOB KPEMHHUEM, OHU SIBIITIOTCS CKATBIMH KPEMHUE-
BOI MaTpHIIeH, KOTOpas HE AT UM BO3MOXKHOCTH YIIPYTO PaccladisaThCs,
a Ha OCTPOBKE BO BpeMs ICWCTBUS BHOpAIMH CO CTOPOHBI KPEMHHUECBOU
MAaTPUIIBI ICHCTBYET COCTABIISIFOINAS THAPOCTATHYCCKOTO JIaBIICHUS.

C 1enbio MPOBEPKH MPABUIILHOTO ONPEACICHUS METOAOM CIEKTPO-
ckormr KPC BeaMuYuHBI KOMIOHCHTHOTO COCTaBa 3apacTaHUs KPEMHHEM
HAHOOCTPOBKOB ObLIH MpoBeaeHbl SIMS u3Mepenus (Macc-CIIEKTPOCKOIIHS
BTOPUYHBIX HOHOB). ITockonbky B mporiecce SIMS n3mepenuit pacubuieHAsS
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aTOMOB M HMX aHAJIU3 MPOHUCXOAUT IOCIOIHO, HEOOXOOMMO HCHOJIB30BAaTh
obpaser ¢ IIoYTH OIMHAKOBBIMH HAHOCTPOBKAMH I10 pa3MepaM H Gopme.

Kpome Toro, 9TOOBI HE PACIBUIAICA CMAaYMBAIONINI CION MEXIy
OCTpOBKaMH, a 3ateM ([OCIE ero paclbUICHHS) W KPEeMHHEBas IOJIOKKA,
HEo0XO0MMO HCIOJIB30BaTh HAHOOCTPOBKH MOKPBITHIE CI0EM KpeMHHs. i
9TOro OBUIM HCIIOJB30BAaHBI OOpasIbl ¢ HAHOOCTPOBKAMHM, BBIPALICHHBIMH
npu temrneparype 700 °C u ocaxxnenun 11 MC Ge. Kak 6bu10 mokasano B
pabote [3] npu aHAIOTHYHBIX MapaMeTpax SMHUTAKCHUA (OPMHUPYIOTCS TOIBKO
KyI0JI000pa3Hble OCTPOBKH, KOTOPhIE HMEIOT HE3HAYUTENBHBIH pa3opoc mo
pasmepam (< 10 %). Pe3ysbTathl, KOTOPBIC TOKA3bIBAIOT H3MEHCHUS B 3aBHU-
CUMOCTH OT TOJIIMHBI KOHIEHTpauusi Ge B aTOMHBIX IPOIEHTax, ObLIN
nojydeHsl ¢ mnomoiuplo SIMS-usmepenuii. IIpyHSB BO BHMMaHHE IUIOT-
HOCTh OCTPOBKOB M W3MEHCHHE IUIOMIAAN MX CEUCHHsI OT BHICOTHI (hopmy
KyIOJ000pa3HbIX OCTPOBKOB AIIIPOKCUMHUPOBAIIN KOHYCOM), MBI TIOJY4HIIH,
YTO KOHIEHTpauus Si Ha octpoBKax coctaBisieT 50 %, a y HeHapOCTAIOIINX —
37 %, 3a cuer nomonHuTenbHON nUddy3un Si B mpoiecce pocTa OCTPOBKOB
U UX OXJIQXKICHHS.

B pesynbprate uccIeI0BaHUI ITOKa3aHa BO3MOXKHOCTE BIIMSTH BUOpa-
[ueil Ha co3aHKe IPOYHBIX KPEMHHUEBBIX MOKPHITUI HA TETEPOCTPYKTYpax
HAHOJIEKTPOHHUKH, YTO MO3BOJISIET YIIPABJISITH IPOLECCOM MacCOBOM KpHC-
Taym3anuu Bemiects [7, 8].
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BJIUSHUE BUBPALIUU HA TOJTYYEHMUE SI
TA SIGE-BY®EPHbIX HAHOCJ!OEB
METOAAMUA MOJVIEKYJIAPHO-JTYYEBOU SIIMTAKCUHA

boecopow A.T., Boponog C.A., FOoun A.C.
Hayuonanvuwiti mexnuueckuii ynugepcumem Ykpaunvr “KIIH”, 2. Kues, Ykpauna

J1s ucnbITaHUs Ha IPOYHOCTD AETael HAHOAIEKTPOHHUKH, BCTPOEH-
HBIX B CIIEI[HMAJbHO H3TOTOBJICHHBIE NMJAThl M MOKPHITHIX TOHKHUMH HaHO-
IUVICHKaMH U3 TBEPAOTrO pacTBopa SiGe MeToooM MONEeKYISIPHO-TydeBO
snurakcuu (MJID), ucmonb30Baid BUOPAIIMOHHY YCTAHOBKY MOJOOHYIO
JUTSL UCIIBITAHUS IIJ1aT, YCTAHOBJICHHYIO B JabopaTopuu npodeccopa XMelb-
HHIIKOTO HAIMOHAIBHOTO YHUBepcuTeTa Poitsmana B.I1. (puc. 1).

Puc. 1. JIaGopaTopHasi BUGPAHOHHAS YCTAHOBKA /ISl HCIBITAHUSA MJIAT

OpnnuM 13 Hanbosee BasKHBIX (PU3MKO-TEXHOJIOTHYECKHX YCIOBHH
MOJYYEHHs] SMUTAKCHAIBHBIX ClloeB MeTogoM MJID sBinsiercst obecnieueHne
CBEPXBBICOKOTO BakyyMa. IloiydeHHIO CBEpXBBICOKOTO Bakyyma B YCIIO-
BUSIX BUOpALMM LIUKJ BKIIFOUaeT B ce0si MHOTOKPATHBIA OTKUT AJIEMEHTOB
BaKyyMHO-MEXaHUYCCKOW CHCTEMBI M HETPEPHIBHBIN TPEXCYTOUYHBIH OTIKUT
KaMephl POCTa IMHUTAKCHAIbHBIX cioeB mpu temiepatype 300 °C u mas-
nennu He Boime 10 IMa. Takue paGOTHI MPOBOMINCH TAKXKE C MOIYIEM
“3arpy3KH-pasrpy3KH MOIIOKEK ™ JJISI TETEPOCTPYKTYP M KaMepHl IS pocTa
SMUTAaKCHAIBHBIX ciloeB. I[Ipouecc sBiseTCS TOTOBBIM TOJNBKO B Cilydae,
KOTZIa NpPU TEXHOJOTHYECKHX TEIUIOBBIX MapaMeTpax pocTa JaBicHHE B
KaMepe pocTa MOMHKPUCTAILIOB He nogHuMaeTcs Boime 107 Ila.

[TapasnenbHO ¢ MOATOTOBKOM BaKyyMHOM CHUCTEMBI IIPOBOAMIIUCH
paboThl Ha BUOPALIMOHHOM ycTaHOBKE (CM. pHC. 1), KOTOpBIC BKIIIOYAIH ONTH-
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MH3ALHIO IIPoLiecca H3TOTOBJICHHS TaccuBHUpyoniel okucu SO,, TpaBJICHUH
IpY NPHMEHEHHH HEOOXOIMMBIX XMMHYECKHUX PEaKTHBOB, HOHHOTO TpPaB-
JICHUS] M MCCIICAOBAHUSI HA OXKE-CIIEKTPOMETPE KauyecTBa NpeIdIUTaKCUIi-
HOIl MOATOTOBKH HMOBEPXHOCTH IOUIOKEK. JJaHHBIE 0 XUMHYECKOM U HOH-
HOM TPAaBJICHUH, TOJIIIMHE NAaCCUBUPYIOILETO CJIOS, 0)Ke-aHaJIN3aX 1 KauecT-
BEHHBIE XapaKTEPUCTUKH MPUBeIeHBI B Tadimie 1.

Tabmumna 1
JlaHHBIE 0 XMMHY€CKOM ¥ HOHHOM TPaBJIEHUH, TOJIIIMHE ACCHBUPYIOLIETO CJI05,
0JKe-aHAJIM3aX U KavyeCTBeHHbIe XapaAKTePUCTHKH

Xummaeckoe Bpewms
Tpasinenue (XT) u TpaBJICHNUS, Tonmuna Oske-aHanms
COCTaB MHIPEIHUCHTOB, | IPOMBIBAHHS CJIOsI, HM
monHoe Tpasienue (UT)  u cymku
HNO;+HF (3:1), 1 mMun = = g?zzigggg
0, 0, s
HNO; (70%), HF (48 %) 100 110 Si, 0, Hopma
i Copeprxanue:
HNO;+HF (2:1)
1 muH 100 95  |C — BBICOKOE;
0 0 ’
HNO; (70 %), HF (48 %) Si, O, Hopwma
1. HF Copepixanue:
2. H,0+NH,OH+H,0, 1 mun, 100 100 C — MMHMMAJILHOE;
NH,OH (24 %), 10 mun Si, O,— HOpMa
H,0, (3 %), HF(48 %)
1. HF 1 MuH. 100 105 ITocnotinpli aHAIH3,
2. H,O+NH,OH+H,0, 15 Mun Si, O,, C — Hopma
NH,OH (24 %), Bpewms ynanenus ciosi — 2 mus npu 800 °C
H,0, (3 %), HF(48 %)

Takue U3MepeHus ¢ y4eToM BHOpAIMH MO3BOIHIHN MOIX00paTh OIl-
TUMAITbHBIC YCIOBHUS MOJTOTOBKH MIOBEPXHOCTH OOPA3IIOB IJIS ITHTAKCHAIb-
Horo pocra. Crenyromuii 3tan padOTel OBUT CBS3aH C HEOOXOAMMOCTBHIO
WCTONB30BaHUs MOIUIOKEK amameTpamu 93—-102 MM, 9TO CymecTBEHHO
MOBBIMIACT TPEOOBAHUS K AIMHTAKCUAIBFHBIM UCTOYHUKAM. BBUIO BEISBIICHO,
YTO 4YEM 6OJ'H)H_IC ANaAMETP MPOKIAA0K, TEM TPYAHEC NOAACPKUBATH PABHO-
MEpHOEe pacrpejelieHue aTOMOB KPEMHHsI, & OCOOCHHO TepMaHus, Ha IO0-
BEPXHOCTH MOMJIOKKHU. B CBA3M ¢ 3amMeHOl AeTaneil 3J1IeKTPOHHO-IYy4EBOTO
WCTIApHUTENs] M IIUXThI, OCHOBHOHW 3ajaueii OBUIO BOCCTAHOBJICHHWE T€O-
METPHUH MOTOKA PabOYMX BEIIECTB KPEMHHUS W T€PMaHUs MOCKOIBKY HOBBIC
KaToApl HYHO OBUIO YCTAaHOBHTH TAKUM 00pa3oM, 4TOOBI TIOTOKH pPaBHO-
MEPHO MOKPBIBAIX BCIO MOBEPXHOCTD MOIIOKKHU TuaMeTpoM oT 93 1o 102 mm.
Brua npoBeneHa padoTa Mo ONTUMU3AIUH TCOMETPUU MOJICKYISIPHBIX T10-
TOKOB, CBSI3aHHAsi C MHOTOKPATHBIM OTKPBIBAHHEM KaMepbl POCTa C MOCIe-
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IYIOLIMM BOCCTaHOBJICHHEM CBEPXBBICOKOTO BakyyMa. Ilocie 3aBepIueHus
MTOITOTOBUTENBHBIX pa0b0T OBUTH M3TOTOBJICHBI 12 00pasmoB IIICHOK TBEp-
noro pactBopa SiGe ¢ pa3IHYHBIME TeMIIepaTypaMy MOMIOKKA 11 1 naB-
JIeHus1 10 | B mporecce pocta Pp. XapakrepucTuku qudpakrorpaMm a0 u
HoCJie yAANEHUst OKCUI0B X0, JI0 U TIOCIE POCTa aKTUBHOTO o Xp, poc-
TOBBIE TIAPAMETPBI TOJILIMHBI JIUCION O, ci10s1 SiGe (), KOHLEHTpaLKUHU Tep-
Manust K 1 Hamu4ust ciiost Ha reTepocTpykType O_Si HEKOTOPBIX 06pasIoB ¢
ydJacTHeM BHOpaIMy IPUBEICHBI B TabuLe 2.

Ta6numa 2
KoHuenTpauus repMaHusi 4 HAJAYUs CJI051 HA reTepocTpyKType &_Si
HEKOTOPbIX 00Pa310B ¢ y4acTHEM BHOpaAIUHU

CKopoCTh 0, K, .
};ﬁ' Zg’ X0 Xp pocra, ?IJ:/I SiGe,| Ge, 651\54',
Alc HM |aT.%
2,1~1O'87 750| CunbHbiit GoH, |Ouens cnadwiii| 0,3 120| 100 | 5 -
6,5-107 TSDKA KOPOTKHE,  KOHTPACT,
NEPETSHKKU  [TSHKU KOPOTKHUE
1,3-10% |750| CunbHelit hoH, Tsoxu 0,35 |840|100| 5 -
56107 TSDKU KOPOTKHUE,| YATHHSIOTCS

MEPETSHKKA | OT BUOpAIMH
1.10%- [750| ®on ciabsiii, Henrpansubrii| 0,35 |140(100| 5 | 15

3,7-107 pediiexcs pediiekc
MOYTH HEBHU/HBL]  CIAOBIH
“rsoKu’”’ U pacTeT OT

VIUIHHSIOTCSL |  BUOpauuu
<10°%- |700| Knaccuueckoe |B nentpanmsnoM 0,5 160 100| 5 | 15

1,1.10'7 yJaaJieHHe pediiexce
Ha 2-if MUHYTE | HA0JIIOJat0TCs
OCUMJIISALIMHI

<10°- [650| Ms3mepsti ckopocTh pocTa 0,5 |300|250| 15 | 10
87.10° reTepOCTPYKTYPBI
0 OCUHJUISILIN LECHTPAILHOTO

peduiekca
<10%- |650| Vnanenne na 4-it munyre mpu| 0,5 [ 300( 250 | 25 | 10
:I_,5.:|_0'7 IMeHCTBIY BHOPAIIMY TIOITIOKKH |

HeobxonmuMo 3aMeTuTh, YTO B TIpOIlECCE pocTa OT obOpasma K
o0pasiy yJIy4IIaloTcsi Kak BAKYYMHBIE YCJIOBHS TaK M, COOTBETCTBEHHO, HX
KPHUCTAJUINYECKAasi COBEPIICHCTBO. JTO OCOOEHHO Ba)XKHO, €CIIM YYHUTHIBATDH
BeIpalnuBanus Si-OydepHoro cios Ha naccusupyromme SiO,, win Hannaue
SiO, npocnoiiku B rerepoctpykrype Si—SiO,—Si—SiO,—Si.
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BrIBOBI:

1. Bubpanus uHTEHCHUITIPYET MPOIECC POCTa HAHOCIOEB IreTepo-
CTPYKTYP.

2.Bubpanmst ynpodHseT 3alliTHBIA CI0H TeTepoCTPyKTyp Ha IDIa-
Tax JeTajeld HAHOAJIEKTPOHHUKH.

3.B mporiecce pocTa reTepocTpyKTyp 00pas3ioB HAHORJIEKTPOHHUKHI
YIAYYIIalOTCSl KaK BaKyyMHBIE YCJIOBHUS TaK M MX KPUCTAIIMYECKOE COBEp-
LIEHCTBO.

0 BO3MO)KHOCTHU NOJTYYEHUSI HAHOCTPYKTYP
IIPU JEUCTBUU IJTEKTPOHOB
HA AJIIOMUHUEBBIA CIIVIAB /16T

Kocmiox A, 1Pa3Mt)ofcyu bex3ao, 2Kocmiox E.T"
Hayuonanenviii aspoxocmuueckuii ynugepcumem um. H.E. JKykosckozo “XAH”
Yxpauna, Xaporos, yn. Uxkanosa 17
+380577884206,9.kostyuk206 @yandex. ru
2V kpaunckas undicenepro-nedazosuieckasn akademus, 2. Xapokos

B Hacrosmme BpeMs JOBOJIBHO MHOTO pabOT paccMaTpHBAIOT I10-
JIy4eHHE W MCCIEO0BaHNE HAHOCTPYKTYP. DTOMY BOIPOCY MOCBSAIICHBI PsIt
MoOHorpaduii, HO B HUX HET MH)XEHEPHOH METOJUKH OLIEHKH BO3MOXKHOCTH
TIOJTY4eHHs] HAHOCTPYKTYP NPH JEHCTBHUHU BJICKTPOHOB Ha Marepuaisl. Oue-
HOYHBIE METOJIMKH Ba)KHBI, TAK KaK IMO3BOJIIIOT TEXHOJIOTY OLICHUTH JMarna-
30H TEXHOJIOTMYECKHUX MMapaMETpPOB, NPU KOTOPHIX BO3MOXKHO IOJYYCHHUE
HAHOCTPYKTYp. B Hacrosmie#t paborte, ¢ y4€TOM TOTO, YTO OCHOBHAs HEP-
T'Hs 3JIEKTPOHA BBLAEISIETCSA Ha MNIyOnMHE MOJTHOTO Ipobera 3JeKTpoHa B Ma-
TepHUaIC, OblL1a IIpUHATA MOACIIb OIMMChIBAIOIIAA )Iel\/’ICTBI/Ie OJICKTPOHA, KakK
MIHOBCHHOT'O MCTOYHHKA TCIJIA, YTO IMO3BOJIACT l'IpI/I6J'II/I31/ITB XapakTep BbI-
JIEJICHNsI PHEPTUN K peaJbHOMY M O0ECIeYnTh JOCTHKECHHE JAOCTATOYHOU
TOYHOCTH TEMIEPATyp U TEMIEPATYPHBIX HANPSHKEHUIH

B cBs3u ¢ Tem, 4TO TeMIepaTypHble HANpPSKEHHUS C OJHOM CTO-
POHBI MOTYT CYIIECTBEHHO YCKOPSTB IpOIlecC 00pa3oBaHMsi HAHOCTPYKTYD,
a ¢ Apyroil — Moryt obecriedunBarh YCJIOBHUSI HETOCPEICTBEHHOTO 00pa3o-
BaHMsI HAHOCTPYKTYp, OBUIM MPOBEICHBI MCCIIEA0BAHUS XapaKTepa pacrpe-
JIeNICHNs] TEMIIEPATypPHBIX HANpPsHKEHUH Ha PACCMOTPEHHBIX MOBEPXHOCTSIX
JUIL TOTO, YTO OBl OIICHWTh BEPOSITHOCTH OOpa30BaHWSA HAHOCTPYKTYpP B
KaKJI0M KOHKPETHOM 30HE 110 TITyOWHE JIeHCTBHS JIEKTPOHA.

Ha ocHoBe pemieHusi COBMECTHOW 3aJaud TEIUIONPOBOJHOCTH U
TepMoymnpyrocti [1] n ¢ yuéroMm xapakTepa BBIJCICHUS SHEPTUHU JIEKTPO-
HOM B Marepuaie ObUIM PacCUMTAHBI MOJS TEMIIEPATYp U TEMIEPaTypHBIX
HanpsbxeHuil. Tak Ha puc. 1 npencTaBieHsl pacnpeaeneHus TeMIeparyp Ha
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riryOmHe paBHOM NpoOery 3JEeKTpoHa (30Ha MaKCHMAIBHOTO BBIICICHUS
9Hepruu). BumHo, 94TO MO TeMIlepaTyp UMEIOT BUJ T'ayCCOBBIX KPHUBBIX C
MaKCHMyMaMH Ha OCH CHMMETPHH, TaK TpH sHepruu pasHoit 10° 5B
cocrapisier 284 K (puc. 1, a), Torna xak npu suepruu 10° 3B (puc. 1, 6) na
9TOH ke TIayOmHe Temreparypsl coctaBisiorT 1931 K. OT1o ToBOpHT 0 TOoM,
YTO B JAQHHOM 0OJNACTH €CTh BEpPOSTHOCTH OOpa30BaHHs HAaHOCTPYKTYD.
VccnenoBanusi aHaIOTMYHBIX MOJIEH TeMIEpaTypHa pa3HbIX IIIyOMHaxX OT
PaBHBIX MPOOETY JI0 MOBEPXHOCTH MaTepHalia OKa3bIBaIOT, YTO B 9TOM CiIydae
o0OpazoBaHNe HAHOCTPYKTYP BO3MOXKHO TPAaKTHYECKH Ha BCEH JJIMHE CBO-
OonmHOro mpobera 3J€KTPOHOB (NPEBBILICHHUS TEMIIEPAaTyphl Ha IOBEPX-
HoctH coctaBisaoT 717 K).

a)x=L 6) x =0,75L

Puc. 1. PacripenesieHne MOBBIIEHUST TEMIIEPATYP MO pagnycy
HA MOBEPXHOCTAX MPH AeiicTBHM 31eKTPOHA ¢ IHeprueii 10” 3B:

Tax Ha puc. 2 1 3 MpeacTaBIeHBI paclpeaesieHIs TEMIIEpaTypPHBIX
HaINpsOKEHUH Ha MCClieqOBaHHbIX moBepxHocTsx: 1) x = 0; 2) x = 0,25L;
3)x = 0,5L; 4)x = 0,75L; 5) x = L. Buano, 4yT0 MakcUMajbHbIE TEMIIE-
paTypHble HalpsDKeHUS! peau3yloTcs Ha IIyOMHE paBHOW NPOOEry »JeKT-
pOHa M pacmpejelieHne WX He paBHOMepHOe 1o mosepxHoctu. [lo ocum
JICUCTBHUS 3JIEKTPOHA HAOIOAaeTCss MUHUMYM, & MAaKCUMYM peajii3yeTcs B
30HEe MaKCHMAaJIbHBIX TPaJMEHTOB TeMIepaTyp. B ciiydae AeHCTBHUS 3JEKT-
POHOB C 3HEprueu 10° 5B BenuumMHbI TEMIIEPaTYPHbIX HaIPSDKEHUN He-
3HAYUTENbHbIE 1a)ke Ha TIyOnHE paBHON NMPOOery 3JIeKTPOHA U COCTaBISIOT
nopsinka 10° Ia, a Ha moBepxHocTH — oHu mopsyuka 10° ITa. Ilpu mpu-
O KeHNHW K TIyOWHE paBHOH MpPOOEry OHW BO3PACTalOT, paclpeieiieHue
NIPaKTHYECKHU coxXpaHsercs. BuiHo, 4To B 3TOM cilyyan Aa)xe YCKOpPEHHUE
00pazoBaHuss HAHOCTPYKTYp OyAeT HE 3HAYNTEIbHO M NPAKTHYECKHU €ro
MOYKHO HE YYUTHIBATb.
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[pu cumkennn sueprun g0 10° 3B pacnpenenenne Temmepa-
TYPHBIX HalpsDKCHUH Ha HCCIECIYEMBIX IOBEPXHOCTIX COXpaHIAeTCs, TOraa

KaK MX BEJIMYMHBI CHIDKAIOTCS NPAKTHYECKH Ha MOPALOK IO CPaBHEHUIO C
sHeprueii smextpona 10° 5B.

500000

1400000
400000

1120000
300000
840000
200000
560000
100000

280000

a)x=0

Puc. 2. PacnpenesieHne TeMIepaTypHbIX HANIPSIKEHUH
B TeJie o0pa3ua u3 ciiiasa J[16T
pH JeiicTBHM 3J1eKTpoHa ¢ SHeprueii E = 10° 5B Ha noBepxXHOCTAX,

3a Bpems JeificTBHS TENJI0BOI0 HCTOYHHKA Te

160000

120000
56000

42000 80000

28000 40000

14000

a)x=0 6)x=L
Puc. 3. Pacnpenesienne TeMnepaTypHbIX HANPSIZKEHUH
B TeJie o0pa3ua u3 cniasa 16T
NpH AeficTBHM 3J1eKTpoHa ¢ SHeprueii E = 10° 5B Ha noBepxHOCTAX,

3a BpemMsl I[eﬁCTBHﬂ TENJI0BOIro HCTOYHMKA T,

Tak kKak Temmeparypsl IPOIOJIKAIOT OCTABATHCS 3HAYUTCIHHBIMHU
JIaKe TPU OCTHIBAHWH, MMO3TOMY OBLIH MOCTPOCHBI TOJSI TEMIEpaTyp s
sueprun 10° (puc. 3). Ipu YIBOCHHOW BEIMYMHE BPEMEHH WMITYJIbCa TEM-

neparypa gocruraer 717 K (t = 10 2 ¢) s sneprum 10° 5B, Toraa kak npu
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31,. Temnepatypa cHukaercst 10 264 K, B 3TOT MOMEHT YK€ BEPOSTHOCTb
MOJIy4eHUs] HAHOCTPYKTYp IMpaKTU4ecku paBHa 0.

Ha puc. 4 npencraBieHBl aHAJIOTHYHBIE pPACIpPEEICHUS TeMIIe-
paTyp Ha MOBEPXHOCTSIX. BuiHO, 9TO B 3TOM cilydae TeMIepaTypsl HE J0-
CTHTalOT MUHAMAJIbHBIX BEJIMYMH AT OIy4CHUS HAaHOCTPYKTYp. IlosaTomy
aHa/IN3 XapakTepa paclpeselcHUs] He MMeeT CyLECTBEHHOTO 3Ha4EHUs, HO
HEOOXOANMO IMPOBEPHUTH PACTIPENCICHNE TEMIIEPATYPHBIX HANPSKCHUH 110
MIOBEPXHOCTH, KOTOPBIE MOT'YT BJIMATH Ha 00pa3oBaHUE HAHOCTPYKTYP.

Sl

a3 \

a 9]

Puc. 4. TemiepaTypa oCThIBAHUS NIPH ICHCTBHH 3IEKTPOHA ¢ dHeprueii E = 10° 3B

Ha puc. 5 npencrasieHsl pacnpesieneHus TeMIepaTypHbIX Hampsi-
JKEHUIl IIpU OCThIBaHUU. BUIHO, 4TO 11 ciayyas NEHCTBUS JJIEKTPOHOB C
sueprueii 10° 9B ecTh, X0Th U He GOIBIIAs, BOSMOKHOCTb YCKOPEHHs 00pa-
30BaHUSl HAHOCTPYKTYP 32 CUET TEMIIEpaTYPHBIX HANpPSHKEHUH, TOrAa Kak
st sueprin 10° 5B 9To BIMAHIE MOXKHO HE YUHTHIBATD.

152000
376000

114000
282000

76000
188000

38000
94000

a 9]

Puc. 5. Pacnpenesienue TeMnepaTypHbIX HaNpsiaKeHU
NPU OCTHIBAHUHU o0pa3ua u3 ciiiasa [16T
(zeiicTBHe Y1eKTpoOna ¢ sueprueii E = 10° 5B)
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HcenenoBanns XapakTepa paclnpeneleHnsl TeMIepaTyp I0Ka3ao,
9TO TOIBKO MPH SHEPrusix, mpuommkaromuxcs k 10° 3B, cosmaiorest ycmo-
BUSL 110 BEJIMYMHAM TEMIIEPATyp M CKOPOCTEil MX HapacTaHUs JAOCTATOYHBIX
IUISL TTOTYYeHUsI HAHOCTPYKTYP NPU MEHBLINX YHEPTHAX YCIOBHUS I o0pa-
30BaHMS HAHOCTPYKTYP HE PEannu3yroTcs.

XapakTep pacmpeleleHHuss W BEIUYMHBI TEMIICPaTypHBIX Hampsi-
JKEHUH MOKa3bIBAIOT, YTO 32 CUET MX JECHCTBHS MOXKET OBITH YCKOPEH IpO-
LeCC TOMyYeH s HAHOCTPYKTYP, TONBKO MPH SHeprusx 6auskux k 10° 5B.

Jlurepartypa

1.Koctrok I'. Y. HanoTexHOMOTHA: BEIOOP TEXHOJIOTHYCCKHX Hapa-
METPOB M YCTAHOBOK, IPOW3BOJUTEIHFHOCTh 00pabOTKH, (HU3HKO-MEXaHH-
YeCcKHe XapaKTePUCTUKU HAHOCTPYKTYp. — M. : MAHUT, 2014. — 472 c.

NCCIEJOBAHHUE BJIUAHUA DOHEPT N OBPA30OBAHUSA
HAHOKJIACTEPA HA EI'O OB BEM U I''TYBUHY 3AJIET' AHUS
MPU JEVCTBUHU UOHOB PA3JIUYHBIX COPTOB,
3APSIJIOB 1 SHEPT U HA TBEP/IbIi CILJIAB BK-8

Kocmiox I'H.
Hayuonanvuwiii aspoxocmuueckuii ynugepcumem um. H. E. JKykosckoeo “XAHU”
Vrpauna, Xapuvros, yn. Yrkanoea 17, +380577884206, g.kostyuk206 @yandex. ru

K coxxanenuro, paboT II0 TEOPETHIECKOMY PacCMOTPEHHIO 00pa3o-
BaHUSI HAHOCTPYKTYp NpPH JNEHCTBUU IOTOKOB 3apsKEHHBIX YaCTHI[ OTHO-
CHUTEIIFHO HEMHOTO, a CPeIy MOHOTpaduii MOXHO OTMETHUTH TOJBKO [1, 2].
Bcé 310 HE MO3BONIAET OLEHUTH BO3MOXHOCTH peaM3aIliil HAHOCTPYKTYP
IIPH T€X WM WHBIX TEXHOJOTHMYECKUX MapaMeTpax moTokoB. Ciemyer mpo-
BECTH TOJIHOMAcCIITAOHBIH 3KCIEPHUMEHT MO BBISIBICHHIO BIMSHUS TEXHO-
JIOTHYECKUX MapaMeTpoB Ha 00beM HaHOKJIACTepa W TIIyOMHBI ero 3ajera-
HUS 1, B KOHEYHOM cUeTe, Ha (PU3NKO-MEXaHNYECKHE XapaKTEPUCTUKH CII0S
C HaHOCTpYKTypamu. HeoOXoaumo mMOBBIIATE TOYHOCTH PAacdeTOB, UTO
BO3MOXKHO IIpH yueTe TeX (pakTopoB, KOTOpble paHee B padorax [1-3] He
OBbUTH y4YTEHBI, HAlPUMeEp SHEPTHs, 3aTpaunBacMasi Ha 00pa3oBaHUE 3€pHa.

B mpemtaraemoii paboTe Ha OCHOBE KBAHTOBO-MEXaHHUECKOH TEO-
pUH paccMOTpeHa BeJWYHMHA JHEPruW, 3aTpaunBaeMas Ha oOpa3oBaHHE
KpHCTaJlla, KOTOPYI0 HEOOXOAMMO YYHTHIBATH B OallaHCE TEIUIa B JJIEMEH-
TapHOM 00BEME Marepuana. JTO CBHAETEIBCTBYET O TOM, YTO JOTOJIHH-
TeJIbHAst SHEPTUsl Ha 00pa30BaHUE 36pHA MOKET CYLIECTBEHHO MOBIHATH HA
XapakTep 3aBHCUMOCTH 00bEMa HAHOKJIACTEpPa M TITyOHHBI €T0 3aJIeTaHus OT
SHEPIUu ¥ BEJIUYHUHBI 3apsAaa UOHA.
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Pemena coBMmecTHas 3amada TEIUIOIPOBOAHOCTH M TEPMOYIPY-
TOCTH B 30HE ICWCTBUS WHAWBHUAYAIBHBIX MOHOB C YUETOM ITOBBIIICHHUS
TeMIepaTyphbl IO BIMSHHEM WHTETPANBHOTO HarpeBa Bced aerann. llpum
peIIeHNH 3a/1la4d PAacCMOTPEHBI IMpoIlecchl B o0BbeMe marepuana (Terio-
MIPOBOJTHOCTH, CMeIIeHne (PpOHTa MCTapeHus, NCHCTBHE MOHA KaK 00BEeM-
HOTO MICTOYHHKA TeTIa, 0ObEMHBIN NCTOYHUK TEIUIA IO/ ICHCTBHEM KOY-
JieBa HarpeBa, dHEprus, 3aTpadydBaeMas Ha TepMOYNpYyroe M TepMoIuiac-
THYecKoe JeopMHUpOBaHUe, DHEPIHs, 3aTpaunBaeMas Ha IuiaBieHue). Ha
MOBEPXHOCTH JETald PAacCMOTPEH MCTOYHMK TeIja, BO3HUKAIOIIMN MOJ
JIeWCTBUEM HOHa (1011, BBIJETIsIeMasi Ha MOBEPXHOCTH ); IMUCCHOHHOE OXJIaX-
JICHHE C YXOALIMMHU 3JIEKTPOHAMH; TEIIo, MOCTyNarollee U yaajaseMoe ¢
MIOBEPXHOCTH TIOA JEeHCTBHEM B3aMMOOOJIyYCHMs IUIa3Mbl U MOBEPXHOCTH
Tena; TeTI000MeH MMOJ BIUSHHEM KOHICHCAITMH YACTHIl, a Takke IIeJIOr0
psaa BUAOB U3MyYeHUH U ucnapenus [1].

Pemenne sToi 3ama4u aeT BO3MOKHOCTH TIOJyYUTH TOJIST TEMIIe-
paTyp u TeMIepaTypHBIX HANPSHKCHHUH, KOTOPHIC TO3BOIJIT BHISIBHTH 30HBI
MaTepHuaia, TIe Pealu3yloTCsl KPUTEPUH, HEOOXOIMMbIe Al 00pa3oBaHUs
HAHOCTPYKTYp: TpeOyemble TemmepaTtypsl 500-1500 K; ckopoctn HapacTa-
Hus Temiepatyp 6onee 10° K/c u, sxenaTensHo, HaTHUne HANPsDKEHUH (1aB-
nennii nopsiaka 10°-10° a). TlocieHee YCKOPUT MOSBICHHE HAHOCTPYK-
Typ. O4eBHIHO, TaK)KE€ MOXKET MOBIUATH CKOPOCTh Je(OpPMUPOBaHHS. YKa-
3aHHbIC BEJIMUMHBI MOTYT OBITh PACCUUTAHBI NIPU PEIICHUU 3TOM 3aJauH, a
3HAYUT, MOKHO BBIJENUTh 00BEM MaTepHaia, B KOTOPOM OyIyT peanu3o-
BaHbl HAHOCTPYKTYPBIL.

IIpoBeseHbl pacyeTsl 00beMa HaHOKIacTepa V, MuHUMAanbHOH N
U MaKCUMalbHOH Npay TIyOUHBI €ro 3aleraHus M0 MOJENH, ONUCAHHON B
pabotax [1-5]. Tak, s cirydast JeMCTBHS MOHOB Oopa 3aBUCUMOCTH 00beMa
HaHOKJIACTepa M TIIyOMH €ro 3ajieraHus MOKa3aHbel Ha puc. | B ciydae
JIeCTBUS HOHOB Oopa Ha TBepabli crutaB BK-8. BumHo, 9To BeTHYmHEI Tpe-
OyeMoll SHepruu Ui TOJydeHHsl TaKoro ke o0beMma, Kak M paHee, 0e3
ydeTa 3HEepruy KPUCTAJUTU3ANH CYIIECTBEHHO YBEJIHMYMINCD, IPHYEM, YBE-
JIMYEHNE SHEPTUM MPAKTUUECKH OJHOIO TOpsijaKa ¢ 3Heprueil 6ombGapau-
pyromiero woHa (0COOCHHO JUIS SHEPTHH 2 104 5B). BunHo, 4T0 ¢ pocToM
SHEPTHHU PACTYT Kak 00bEM, TaK U IyOHHBI 3aneranust. Tak, Uit cirydast IelcT-
BHS MOHAa KHUCIIOPOJa 3TO yBEIHMUYCHHE TaKXe yMEHbIIaeTcs (i o0beMa
HK wu riybun ero 3ajeranus), puc. 2.

Takas xe 3aBucuMocTh o0bemMa HK u rmyOun ero 3ameranusi oT
SHEpPruy HaOMIOIaeTCs MPH ACUCTBIUH HOHOB IIUPKOHUS, T.€. C POCTOM JHEp-
UM u 3apsana nona oobem HK u riryOuHbI ero 3ameranus pacTyT (puc. 3).

[IpoBeneHHBIE MCCITETOBAHNS TIOKA3aIH CYIIECTBEHHOE M JTaXKe OIpe-
JIeTISOLee BIMSHUE SHEPIMU KPHUCTAUIM3alUM Ha XapakTep HNpPOTEKaHWs
MIPOLIECCOB YISl CIy4ast ICHCTBHS JIETKMX HOHOB O0pa, a30Ta U KMCIOpOoJa.
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Puc. 2. 3aBucumocTh 00beMa
HaHoKJacTepa (a), MUHUMAJILHO# ()
H MaKCHMMAJIbHOI (6)
IJIyOHHBI €ro 3aj1eraHus
or neprun uona O", neiicTByromIEro
Ha TBepablii cniiap BKS:
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Puc. 3. 3aBucuMocTh 00beMa HAHOKJIacTepa (@), MUHUMAJILHO# (6)
H MaKCHMAaJIbHOIi (¢) IIyGHHBI ero 3aj1eranus oT YJHepruu HoHa Zr",
AeiicTByionero Ha TBepaslii cniiaB BK8: 1) z=1;2)z=2;3)z=3

YBenuueHue Macchbl HOHA MMPUBOJUT K CYIIECCTBEHHOMY CHUXXCHHUIO
BJIMSIHUA SHCPTHUU KPUCTAJUIM3allUM Ha BCIIMYUHY o0BeMa HAaHOKJIaCTepa U
FJ'Iy6I/IHBI €TI0 3aJICraHus.
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©®OPMUPOBAHUE PASMEPA 3EPHA HAHOCTPYKTYP
TP JEMCTBUH NOHOB PA3JIMYHBIX COPTOB,
3APS/1I0B U1 JHEPT'MM HA MATHUEBBIE CIIVIABbI

'Kocmiox A, Yasnenxo B.H, 2Kocmiok A.H.
*Hayuonanensiii aspoxocmuyeckuii ynusepcumem um. H. E. JKyrosckozo “XAH”
Vkpauna, Xapvkos, yar. Yrkanosa 17, +380577884206, g.kostyuk206 @yandex. ru
XapbKoscKuil HAYUOHANLHIIL YHUBEPCUMEN PAOUOIIEKMPOHUKY

CBoiicTBa HAHOCTPYKTYP JTAIOT BO3MOXHOCTh YTBEpP)KIaTh, YTO Mar-
HHUEBbIE CIUIABBI C HAHOCTPYKTYPHBIMH CJIOSIMU OYAyT 3 QEeKTUBHBIMU Kak
KOHCTPYKIIMOHHBIE MaTepuabl Jake Ul BBICOKOHArpPY)KEHHBIX JeTayeit
aBHAIIIOHHOW M PAKETHO-KOCMHUYECKON TeXHHUKH.

Lenpto manHO# paboOTHI SBISIETCS MCCIEAOBAHUE BIUSHHS TEXHO-
JIOTHYECKUX MapaMeTpoB IUIa3MEHHO-MOHHOI 0OpaOOTKH (SHEPrHH HOHOB,
€ro copra W 3apsaa) Ha pa3Mep 3€pHa, YTO IO3BOJIUT HMPOTHO3HUPOBATH
¢br3rKo-MexaHnueckue xapakrepucTuku (PMX) NOBEpXHOCTHBIX CIIOEB Mar-
HHUEBBIX CIUIABOB U OLIEHUTH BO3MOKHOCTbH ITOJTyYEHHUS HAHOCTPYKTYD.

Pa3mep 3epHa ompesensau mo MOJeNd, mpenjoxeHHon B [1], rae
peleHa coOBMeCTHasl 3aJada TEeIUIONPOBOIHOCTH U TEPMOYIIPYTOCTH C yde-
TOM DSHEpPIrHH, 3aTPAaurBaeMOW Ha KPUCTAJUIM3AIUIO. DTO /a0 BO3MOXK-
HOCTH TIOJIyYUTHh 0OJIee TOYHBIE PE3YNIbTAaThl IO BEIWYHHE pa3Mepa 3epHa
NIpU JIeHCTBUM MOHOB PA3JIMYHBIX COPTOB, DHEPrHMH M 3apsiOB HAa Mar-
HHUEBbIE CIUIaBbl. BCE 3TO MO3BONMIIO ONpeAeuTh TEMIepaTypbl B 30HE
JICUCTBUSl MHANBUYyaJIbHOTO MOHA, CKOPOCTH W3MEHEHHS TEMIeparyp, I10
KOTOPBIM HAaXOAWJINM 30HY MaTepHaina, TIe pPealn3yloTCsl YCJIOBHS IS
MIOJTy4eHHs] HAHOCTPYKTYp. B KadecTBe KpUTEpUEB HCIIOJIB30BAIM AUANIa30H
temneparyp (5001500 K), mpu KOTOpBIX BO3MOXKHO MOTy4YE€HHE HAHOCTPYK-
Typ. OLeEHWBaTM TakKXe CKOPOCTh WM3MEHEHHS TeMIIepaTyphl, KOTOpas
NOJDKHA 6BITE Gonee 107 Kic. JInst TakuX 30H OMNpenesuii 00beM HaHO-
KJIacTepa M B MPEANOIOKEHHN C(HEPUIECKOTO 3epHA BBIYUCISUIN PAIIYC, a
3HAYUT, ¥ Pa3Mep 3epHa.

Takue nccnenoBanusl ObUTH TPOBEACHBI VIS MIMPOKOTO KPYyra HOHOB
B*, N, C*, Al', V¥, Cr", O, Ni*, zr*, Mo*, Hf*, W*, Ta", Pt", JICACTBYIO-
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OMX HAa MarHUeBBIH CIUIaB, YTO MO3BOJSET IO NPOTHO3UPYEMEBIM 3aBH-
CUMOCTSIM (H3UKO-MEXaHNUECKUX XapaKTEPUCTHK OT pa3Mepa 3epHa, OoIpe-
JeITUTh COOTBETCTBYIOIINE XapaKTEPHCTHKH I TOTO WIIM HHOTO CJIOSl HAHO-
CTPYKTYp, B 3aBUCHMOCTH OT SHEPTHH MOHA, €r0 COpTa U 3apsma. JTo elie
pa3 TOATBEpP)KIAeT aKTyaJbHOCTh HCCIIENOBAHUS pa3Mepa 3epHa B 3aBHCH-
MOCTH OT TEXHOJIOTHIECKUX MTapaMeTpPOB.

HWccnenosanbl 3aBUCUMOCTH paanyca HaHokaactepa (HK) ot anep-
THH WOHOB JUIS Pa3NIMYHBIX UX 3apsnoB (Z = 1, Z = 2, Z = 3). Tak, ms
ciydasi ICHCTBHS MOHOB OOpa W yriepojia Takue pe3yabTaThl MOKa3aHBI Ha
puc. 1, a. BunHo, 9to Ay nOHOB 60pa paanyc HaHOKIIACTEpa MPAKTHISCKU
Ha TOPSIIOK OO0JBIINe, 9YeM Ui yriaepoaa (Z = 3), ¢ yMeHbIIICHHEM 3apsiia 10
Z =2 pa3HMLIa 3HAYCHUI HECKOJIBKO YMEHbIIAeTCs U NpH Z = 1 OHa coCTaB-
JISeT yxKe 3—5 HM.

8

Puc. 1. 3aBucumocTn paanyca 3epHa R oT SHeprum HOHOB:
a)B' () n C" (=); ) N'(-=) m Al" (—); 6) Y'(-) m Zr" (—)
NIPH 1efiCTBMM HX HA MarHHeBble CILIABBI;
HOH: 1 — ogHO3aPSAHBIN; 2 — ABYX3apSAIHBIN; 3 — Tpex3apsaIHbIH

Hepexoz( K MOHaM a30Ta U aJIIOMUHUA ITPUBOJUT K CYILICCTBCHHOMY
OTJIMYUIO pa3MEpoOB 3€pHA, KOTOPLIC IJid a30Ta COCTABJIAIOT IMMOPsAIKaA 70 HM
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(z = 3) u qs amfOMUHES — TTOPSIKA 26 HM. 3HAYUTENFHOE OTIHYHE Panyca
HaHOKJIacTepa HabxromaeTes u Uid Z =2, cocTtapisiomee 45 u 15 HM coot-
BeTCTBeHHO. JIJi1 Z = 1 5TH 3HAuYCHHUS JICKAT B JUala3oHEe OT 2,2 70 5 HM.
BuaHO, 94TO B 3THX YCIOBHSX JaKe Ul BBICOKHX JHEPTUIl peann3yroTcs
HAHOCTPYKTYPBI, YTO MO3BOJISIET MCIOIB30BaTh 3TH HOHBI Uil 00pa30BaHUs
HAHOCTPYKTYp MPAKTHUECKH BO BCEM JWaIa3oHe sHepruit (puc. 1, 6).

B T0 e BpeMs 11 HOHOB UTTPHS M LNUPKOHMS PEATH3YIOTCS 3HA-
YeHHS PAa3MEPOB 3ePHA, MPAKTHUCCKH OJMHAKOBbIC mpu sHeprin 2-10* 5B,
OHH COCTAaBJIAIOT 0KOJIO 24 HM (Z = 3), IpH Z = 2 OHHU YK€ UMEIOT 3HAYCHUS
14 um, a ipu Z = 1 — mopsiaka 4 um (puc. 1, 8). Tak, 3aBHCUMOCTH paanyca
3epHa OT PHEPrHMHM MOHOB MoyiMOzaeHa, radHus, TaHTana, Bojbdpama, mia-
THUHBI IOKa3aHbI Ha PUC. 2.

Puc. 2. 3aBucumocTtu paguyca 3epHa R oT 3Hepriuu HOHOB:
a)MO*(-) m Hf" (—); 6) Ta'(--) n W' (—); 6) Pt(--)
NPH AeiiCTBHH HA MAarHHEBBIE CILIABBI;
HOHBI: 1 — 0IHO3apPAIHBII; 2 — ABYX3apsAIHBIIi; 3 — TpeX3apsIHbIii

Bunno, uro Ui citydas neicTBHsL MOHOB MojuOaeHa M radHus
(puc. 2, a) HaOxrofaercss OTHOCHTENIBHO HEOOJbIIOE OTIMYHME 3HAYCHUH
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pasmepa 3epHa gaxe s sueprun 2-10* 5B (Z = 3), Toraa kak npu Z = 2 3Tu
3HAYCHUS YMEHBIIAIOTCS U IIPH Z = | OHHU COCTABIIIOT MOpsiaKa 1 HM.

s noHOB TaHTana, Boib(pama M IUIATHHBI PEaTU3YIOTCS HpaK-
THYECKH OIUHAKOBBIE 3aBUCHMOCTH paguyca HK oT sHeprum u MakcuMais-
HBIC BEJIMYUHEI pajilyca HaHOKJIAacTepa COCTaBisioT 27 HM(Z = 3), it Z = 2
OHH COCTaBIISIIOT Nopsaka 16 uM, i Z = 1 nopsiaka 6 HM.

BuzHO, 9TO U OJHO3AapAIHBIX HOHOB IPAKTHYECKH BCErna pea-
JIM3YIOTCS HAaHOCTPYKTYPBI, YTO IO3BOJISIET HCIOJIB30BaTh ITU WOHBI IS
00pa3oBaHus HAHOCTPYKTYP Ha IOBEPXHOCTH MarHUEBBIX CILIABOB, IPHYEM
MOKHO BBIOMpaTh HauboJjiee NEemIeBBId M3 STHX HOHOB, TaK KaK pe3yiabTaT
OyZeT OJIMHAKOB.

[IpoBeeHHbIE HCClEOBAHUS TO3BOJISIOT IPOTHO3HPOBATH PazMep
3epHa B IIMPOKOM JHara3oHe SHEPTuil U 3apsaoB oT 1 10 3, 4To, B CBOIO
oyepelb, MO3BOJHUT OLeHUTE DM X MOBEPXHOCTHBIX CIIOEB.

[TokazaHo, 4TO Ui psija MOHOB PEANU3YIOTCS MPAKTHYECKU OJH-
HAaKOBbIC 3aBHCHMOCTH pa3Mepa 3epHa OT SHEPIHU IPAKTHYCSCKH JUIS BCEX
HCCJIICAOBAHHBIX 3aps10B NOHOB, YTO IMO3BOJIACT UCIIOJIL30BATh UX, BI)I6I/IpaH
HanOoJee JenIeBble HOHBI U MOTy4ast OAUHAKOBBIN pe3ybTar.

Jlureparypa

1. Koctiok I'. Y. HaHOTexHOMOTHI: BBIOOP TEXHOJOTHUYECKUX IMapa-
METPOB M YCTaHOBOK, MPOU3BOIUTEIBHOCTh OOPaOOTKH, (PU3MKO-MEXaHH-
YeCcKHe XapaKTePUCTUKU HAHOCTPYKTYp. — M., 2014. — 472 c.

OBBbEM HAHOKJTACTEPA U I'VIYBUHBI ET'O 3AJIETAHMS
INPU JEMCTBUHU HOHOB HA TUTAHOBBIU CILJIAB BT-1

YKocmiox I' 1., *Bpysika O.0.
*Hayuonanensiii aspoxocmuyeckuii ynugepcumem um. H. E. JKyroeckozo “XAH”
Vkpauna, Xapvros, yn. Yxanosa 17, +380577884206, g.kostyuk206@yandex. ru
2Hayuonansublii asuayuoHHbi ynusepcumem, 2. Kues

AHanu3 MCCIIeIOBAHUIA 10 MOJYYSHHIO HAHOCTPYKTYP B KOHCTPYK-
LIMOHHBIX MaTepHajax, IMOKas3al, 4TO TEOPEeTHYECKUX padoOT, 32 HCKIIO-
yeHneM [1-2], mo o0pa30BaHIIO HAHOCTPYKTYP MPAKTUIECKH HET, a 3HAUUT
U OTCYTCTBYIOT Hay4HbIC OCHOBBI IIOJIy4EHHUS! TEXHOJIOTHYECKUX I1apamer-
POB MOTOKOB HMOHOB. Peanm3yemM NIpOTHO3 W HAYYHBIM IMOIXOA K Ompere-
JICHUIO TEXHOJOTHYECKHX [TapaMETPOB HEOOXOANMBIX /ISl OJTYUCHHS CIIOEB
HaHOCTPYKTYp TpeOyeMO# TOJIIUHBI C IEJbI0 MOBBIMIEHUS PaboTOCIOCo0-
HOCTH JI€TaJIed ¥ PEeXYyILEero MHCTPYMEHTA.
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Ha ocnoBe MozaenupoBanusi [1] TEMIOBBIX U TEPMOMEXAHUYECKUX
MIPOLIECCOB B 30HE JICHCTBHS MOHOB ONPEIENININ 30HY MaTepuaia, rie Bbl-
TIOJHSIOTCS YCIIOBHSA TSI 00pa30BaHUS HAHOCTPYKTYP: TEMIIEPATYPHI JISKaT
B muanazone 500-1500 K, ckopoctu wx HapacTaHUs OOJBIIC 10" Kic u
TemIepaTypHble Hanpsokerus B auamasone 10—10° Ila, urto yckopser
nporecc o0pa3oBaHUSI HAHOCTPYKTyp. M3 yciioBusi Hamboiee ynayHOTO
3aI0JTHECHUSI HAHOCTPYKTypaMH 00beMa IUIOTHOCTh TOKa BEIOpaHa paBHOM
nepBoii kputnueckoii [3].

B pabote paccmaTpuBaeTcst 00beM HAHOCTPYKTYPHPOBAHHOTO KJIac-
Tepa U INIyOMHA ero 3ajeraHusi B THTAaHOBOM ciuiaBe BT-1, uTo mo3BOJUT
o0ecrieunTh BBICOKHI pecypc aertaneil. BemmunHa oObeMa HAHOCTPYKTYp
NIPY eIMHUYHOM JICWCTBMU MOHA Ha TUTAHOBBIH CIUIAB €T BO3MOXKHOCTD
MIPOTHO3UPOBATH TPEOYEMYIO IUNIOTHOCTH MOHHOTO TOKA B IIOTOKE JJIS IIOJI-
HOTO 3allOJIHEHHMs CJIOsl, I/ie BO3MOXKHO oOpazoBanne HC nust aToro nona
COOTBETCTBYIOIIIETO COpPTa, SHEPrHH W 3apsda. Tak, Ha puc. 1-2 mpen-
CTaBJICHBI 3aBUCMOCTH 00beMa HaHOKJIACcTepa U TIIyOUH €ro 3ajleraHus oT
suepruu £ u 3apsmoBoro uncna Z s noHos: B, C — puc. 1; Mo, Hf — puc. 2.

BumHO, 9TO ¢ pOCTOM PHEPTUU MOHOB M WX 3apSAH0OB Pealn3yeTcs
CYIIECTBEHHBI POCT 00BEMOB, TaKXKe BIUSIET U 3apsij Ui MOHOB Oopa M
yriepoaa Vinax=1,1-102 p® (puc. 1, a) u Ha ryOuHY 3ayieraHus 00bEMOB
HC (puc 1, 6, 6) Ny = 8,7-10° m; hipin = 7,3:108 m (E = 2:10% 5B).

B cnyuae neiicTBug MOHOB MoymOeHa W radHUS HAa TUTAHOBBIH
crutaB BT-1 o0bvem (puc. 2, a) u rryOuHa 3aneranus (puc. 2, 6, 8) HaHO-
KJIacTepa CYIIECTBEHHO 3aBHUCST OT 3HEPTHH M 3apsiaa HoHa. B aToMm ciyuae
JUTSL 3TUX NOHOB BETMYMHBI IPAKTUICCKH OMHAKOBBL.

[TonyueHHbIEe 3aBUCUMOCTH OYAYT HEOOXOAMMBI [UIsl ONpe/IeIeHHs
moTpeOHON TUIOTHOCTH TOKAa COOTBETCTBYIOIIETO COPTa, 3apsia W SHEPTUU
JUIsl TIOJTHOTO 3allOJIHEHHMsI CJIOSi HAHOCTPYKTYpaMH, a, BbIOpaB HEOOXOAHM-
MBI€ 3HEPTHH, 3apsiIbl U COPTA MOHOB IS TIOJNYYEHUs] HAHOCTPYKTYp Tpe-
OyeMoii TONIIHMHBI, AHAIOTHYHO MPOBOJMM OIIEHKH TPeOyeMbIX IMIIOTHOCTEH
TOKOB B KaXJOM clioe. 3Hasi 00beM, 3aHMMAaeMbIi HaHOCTPYKTYpOW Ipu
COOTBETCTBYIOIINX YHEPTHSIX, COPTAX U 3apsi/iaX HOHOB M AMAIA30H IIIyOHH,
Ha KOTOPBIX 3TOT 00BEM HaXOJUTCS, OUEBUIHO MOXHO OLICHUTD IUIOTHOCTD
HOHHOTO TOKA.

Torza s 106010 i-ro ¢j1os MIOTHOCTh TOKA ONPEAEIAeTCs KakK:

ji — h|2 hll Zie,
Vi

rae hip u Nj; — HavanbHas W KOHeYHas KOOPAMHATBHI 30HbI, TJIE
peanu3yIoTCss HAHOCTPYKTYPBl st i-ro uoHa; Vpci — 00beM 30HBI, Tjie
00pa3yroTcsl HAHOCTPYKTYPBI; Zj — 3aps0BOE YMCJIO I-r0 MOHa: € — 3apsj
JJIEKTPOHA.
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3ua ji, Vhci, Nis, iz 1 Zj u Bei6pas E;, Mp1 MoxeM cdopMupoBaTh
HEOOX0ANMOE KOJTMIECTBO MOTOKOB HOHOB, MTO3BOJIAIOIINX MOIYYUTh HAHO-
CTPYKTYPHPOBAaHHBIN CII0H TpeOyeMoii TOJIIUHEL, a C YIeTOM TEXHHYECKOH
3ama4n ()OPMUPOBAHUSI HEMOHORHEPTETHUYHBIX Pa3HO3aPSIOBBIX MTOTOKOB
HMOHOB MOXKHO PELIUThH 3a/ady MO TEXHOJIOTMYECKUM MapaMeTpaM HOHHOMN
o0Opabotku. [lokazaHa NMpHHIMIHMATBHAS BO3MOXKHOCTH KOHCTPYHPOBAaHUS
MIOBEPXHOCTHOTO CJOS B TUTAaHOBOM CIUIaBE€ 3a CUeT CO3JaHHUd HaHO-
CTPYKTYp Pa3lU4HOIO COCTaBa M (PM3MKO-MEXaHHMYECKHX XapaKTEPUCTHK.
BuaHo, 4to ompezensioliee BiIMsHHE HA 00bEM HaHOKIAcTEpa OKa3bIBAET
SHEprus MOHA U ero 3apsl, B TO K€ BpeMs BIHIET U Macca MOHA, IpaB/aa He
TaK CyIIECTBCHHO.
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aKaJeMHUH HayK 1 MHHOBALl. TeXHOJIOTuM, 2012. — 648 c.

3. Kocrtiok I'. Y. ®u3uK0-TEXHHYECKIE OCHOBBI HAHECEHUS TIOKPBI-
TUH, MOHHOW MMIUTAaHTAllMHA U HOHHOTO JIETHPOBAHUS, JTa3epHOH 00pabOTKH
U yIIPOYHEHUs, KOMOMHUPOBAaHHBIX TexHoyorui : B 2 xH. / . U. KocTrok. —
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JIACCUNTATUBHBIA HATPEB
MATHUTOPEOJIOTMYECKOMN CYCHIEH3UHA
B TIOJIMPOBAJIBHOM YCTPOUCTBE

"Moxees A.A, 1K0p061<0 EB., 2Poiisman B.II., lEapmameeuq M.A.
11/1Hcm14mym menao-u maccooomena um. A. B. Jlvikosa HAH Benapycu,
2. Munck, ya. I1. Bpoexu, 15, mel. 375172841360, evkorobko@gmail.com
2XmenbHuyKuti HayuoHaTbHbLI YHUGEPCUMEN,
29016, Vrkpauna, e. XmenoHuykui, ya. Hnemumymcekas, 11, royzman_v@mail.ru

BzaumoneiicTBe MarHUTOPEOJOTHMYECKOW MOJUPOBATBLHON HKHI-
kxoctu (MPITXK), mpencrapsomniei co00l TEKy4yI0 KBa3UTOMOTEHHYIO CyC-
NIeH3MI0, C 00pabaThIBacMOH JICTANIBIO B 3a30pe “AeTalb—UHCTPYMEHT  IOJIH-
poBanbOro ycTpoiicTsa [1, 2] onpenensercs ee HAMArHU4EHHOCTBIO U PE0Io-
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THYECKUMH CBOMCTBaMHU. B 4acTHOCTH, 3aBHCUMOCTBIO BSI3KOCTH OT TEMIIe-
paTypsl, KOTOpas MOXKET H3MEHATHCS KaK IIPU HarpeBe OT BHELTHETO HCTOY-
HHUKa TEIIa, TaK U 3a CYET MPeoOpa3oBaHUsI KMHETUYECKONW 3HEPIUHU Tede-
HUS B TEIUIO TPH JUCCHIIALNA YHEPTHH BSI3KOTO COIIPOTHBIICHHS TCUCHUIO [3].
Harpesanue MPIDK, koTopas siBisieTCsl HETMHEMHOBSI3KOM Cpenoi, BCIEACT-
BHE HEOTHOPOAHOCTH HPOMMIISL CKOPOCTH HMPOUCXOJUT HEPABHOMEPHO IO
3a30py “IeTaTb—UHCTPYMEHT W MOXET OBITh ONpPEICIICHO MPHU PEIICHUH CHC-
TEeMBbl YPaBHEHUH TEIJIONPOBOAHOCTH U ABMKEHUs, B3aMMOCBA3aHHBIX ypaB-
HEHHEM COCTOSIHHS — 3aBUCHUMOCTBIO BSI3KOCTH OT CKOPOCTH CABHra IpHu
yueTe UHTEHCHUBHOCTH KBa3UTEIUIOBOTO JABIDKEHUs dactull. Llenpro HacTos-
e paboThl ABISIETCA MOJAENHMpOBaHHE mpouecca HarpeBaHus MPIDK B
MOJIMPOBAIILHOM YCTPOMCTBE IPH MarHUTHOM BO3/CHCTBUH, HHTEHCU(DUIIN-
pyoIeM padoTy TUCCUTTATHBHBIX CHIL.

Harpesanune MPIDK B npomexyTke “neTanb—HHCTPYMEHT MarHuTo-
PEOJIOTHYECKOTO TTOIMPOBATBGHOTO YCTPOHCTBA NMPOUCXOJUT BCIEACTBUE TIpe-
BpAIICHNsS KHHETHIECKOW SHEPTUM IBIDKYIICHCS BMECTE C MHCTPYMEHTOM
MPITX B TermoByro mpu padoTe AWCCHUITATUBHBIX CHIJI BSI3KOTO TPEHUS
COTJIaCHO 3aKOHY COXPaHCHHMS M NPEBpAILCHNS BHYTpEHHEH sHepruu [4]:

av,
dx 2

du

oC, T divfigradT)— div{lI— zﬂas
af

: = Jufi — divir,

rae A — TeH30p KO3(D(PUIMEHTOB MOIEKYISPHOM TEMIONPOBOJI-
HOCTH; V — T0NIe CKOPOCTEH; G — TEH30P BA3KHX HAMPSKEHHIA; J1 — MOTOK
Terula, BO3HHUKAIOUIMM 332 CYET MHKPOKOHBEKTHBHOM TEIUIONPOBOIHOCTH,
BBI3BAHHOMN KBa3UTEILIOBBIM [IBUKEHUEM YACTHII,

W3 Hero B OTCYTCTBHE MOJIEKYJISIPHBIX IU(DPY3MOHHBIX TIOTOKOB
Jk= 0, BHemHux cwuioebix nosei fy= 0, ans Heckxumaemoil sxuaKOCTH
divV = 0 nonyuaem ypaBHeHUE TETUIONPOBOAHOCTH:

dT  _dT vy
pCs E = ﬂd}—z + Ny (ﬂ‘_;) - dflﬁ'Ur].

Hnst ciioss MPIDK B monupoBalbHOM yCTPOMCTBE, B KOTOPOM OCh
koopaunaT OX HanpaBjieHa BIOJIb HanpasjieHus Teyerus, a ock OY — nep-
HEHMKYJIApPHA TIOBEPXHOCTSIM MHCTPYMEHTA M JIETAlH, 3TO YPaBHEHHE YIIPO-
[IaeTCs K BHAY:

dT  8AdT CIIAY

Cp =" JZ==
Pivar “ayay T " hay) 1)

Ecnun moTok Teria, BO3HHKAIOIIMK BCJICACTBUE KBA3UTEILIOBOI'O
aBkenus yactur 0iVJy, BKIIOYEH B MOJHBIHA MOTOK TEa, a HANMPSKEHUS
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BSI3KOTO CONpPOTHBIIEHUA Ogg BBIPAXKEHO Hepe3 CKOpPOCThb casura [5], To
CKOpOCTh Vy ONpemenseTcss COBMECTHBIM peElIEHWEM ypaBHeHUs HaBbe—
Crokca:
8l 6‘,’:>+ 82w,
o ay = T ax Nxey 73 Aya (2)

1 INIOTHOCTH MOIITHOCTH JUCCUIIATUBHBIX CHJI:

LU =
Tr\Gy ) Tavar ‘e

B cnoe MPIDK Ttomuunoit I, cootercTByromeit snementapHoit
siueiKe, NMPUXOMASILIEHCS Ha OJHY YaCTHLy, IUIOIIAJbI0 MIOIEPEYHOIO ceue-
aus dS, o6vemom dv = DSI, paGoTa muccunaTvBHBIX CUI IIpeBpallaeTcs B
IIPUTOK TEIUIA — CKAJIAPHBII OTOK.

Briaensromeecs BcaeICTBHE AUCCUMALNY TEIUIO CKIIAABIBACTCS W3
KOJIMYECTBA TETUIa, BBIIEIAIONIErOCsS B KakaoM o0beme AV mpu o6Tekannn
BCEX YaCTUll, JBUXKYIIUXCA CO CPEJHEH KBA3UTEIUIOBOM CKOPOCTHIO:

L PreTe o _ 207 (3% :
T__‘J mg  3kpnidy

®)
DTO KOJIMYECTBO TEIlIA paBHO pa60Te CHJI BA3KOI'O COIIPOTUBJICHUSA

TEUEHHUIO HECYILEH HKUIKOCTU C BA3KOCTBIO T)g, OKa3bIBAEMOTO KaXIOM Jac-
tuneit na myru VTdt:

1_:"‘
§A; = oV.d5dt = nn%dﬁ'dt

6Q__ 04 o vl 3k T,
avdt  gr e T e T eI
J = ng2l (fﬂ’)

a MIOTOK BBIJIEIHBIIETOCS TeIlIa PABCH: ? oy

Ecnu npuHATH 3HaYEHUS BETTHYUH B (4) kak: T =10%¢c, d = 107w,
me = pd3 = 10 &I, | = 10* m, At = 10 ¢, TO NOTOK BBIIEIUBIIETOCS
Terua:

ELAY N 80
= =—, G0 = Cp (VAT
Ia ??(6,}) 'ﬁ'nﬂ(ﬂ}) AVdr Q= Cp (V)

onpezensier noseienne Temneparypsl kak AT = 20K, koropoe paccun-
TaHo 1o dopmyre (5):
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5Q _ JAVAt
0 N (5)
IloBbIIIEHHE TCMIICPATYPbl MOKCT OLITH OMpEACIICHO TAaKXKE U3

YpaBHEHUSI TETIONPOBOAHOCTH PH OTCYTCTBHHM I'PaJUCHTa TEMIIEPaTyphl U
KBa3UTEIUIOBOIO ABWKCHHS YACTUIL:

c dT_Ad=T+ Gl div02) L LA
|'Jl ¥ dt - d:l."= ﬂx},‘ 3}1 L T |'Jl ¥ dt - ﬂx},‘ 3}1

AT =

[Tpu 3aganHOM TpoduiIe CKOPOCTH M BBIYMCICHHOW BBINIE BS3-
koctn NgJ MHTErpMpOBaHMEM TONYdYaTCs 3aBUCHUMOCTh JUISl ONpPENEIECHHUS
n3MeHeHnus remneparypsl MPIDK:

CIAY
oCy J-{dT—nx} ) f{dr

LAY TCA
pC AT = o At = At
ply Nod (&}r) oy ﬂ} 7 (6)
U TIpH BBIOpAaHHBIX MapameTpax MojlydyaeM TaKoe K€ 3HaUCHHE YBEJINYEHUS
dVY2 pdt
AT = n,gL(m = 20K
TEeMIIEpaTypbl: Cy

Harper MPITXK 3a cyer pa®oTBI CHII BS3KOTO CONPOTHBIICHHS 3a-
JIaeTCsl ONpPENCNICHUEM BA3KOCTH HEMOCPEICTBEHHO depe3 3((EKTHBHYIO
TEMIIEpaTypy KBa3HTEIJIOBOI'O ABMXKEHHS 4YacTHIl [5], Kak MOKa3aHO ypaB-

nenueM (7):
']-’tT - .]__.-4- r- I}IEI‘
n = ngnazexp| ——— | = ngnizexp z
']']" T, (7)
1 .3 T3
. 1 42 T.E 2ngt fOV,
= RIA@m KR = =o—. To=——|—] -
rae = ofg “fg ( Mate J') ¥2 2k ¥ Bkpn\dy

Ijiomanb IMonepeyHoro Ce4YC€Hud arperarta, Ra — €ro pasmep, m, — ero

a

macca, Ki (H) = 2o 1 Jp® Vp — Heprusi cBS3M wermy €acTuil mpu pac-

TSOKCHUH, £y = pgu'foVe - ERl SHEPrHsl CBA3M arperara Ipu ciasure, do —
) o

PaBHOBECHOE PAcCTOSIHME MEXAY JacTHLAaMH B arperare. Eciou BeanunHa
ckopoctu casura MPIDK B MarHUTOpe0JIoTHYECKOM YCTPOMCTBE Y ropasio
MEHBUIE CKOPOCTH CIIBHIa Yp, COOTBETCTBYIOIIEH SHEPIUU CBA3M YacTUL] B
- E;
Y=y

)

arperarax, TO NMPHUOIMKEHO TOITyJdaeM: 2mg (D U, ¢ yde-
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tom (7), e Ep = 3,77, do = 10% m, Ky = 102 J/K, Ny = 1020 M2, g = 4107 T/m,
Vo = d3 Jp = 105 A/m, Ry = D, = 10°m, 6 = Ry, Te = 666,66 K,
dB =2513-10% ¢?, K = 5,027-10" J, n,%z = 5,492-10°, 1 = 2,382-10° xI'/mc,

1L = 2, MOXHO moyunTh: Y =—%=10° ¢,

B 3TOoM mpuOmMKeHWM TpU HarpeBe 3a CYET IUCCHUIMALMHA HMEEeM
gradT = 0 u npupamenue Temneparypsl MPIDK onpenensercs HHTErpu-
POBaHHMEM YpaBHEHUSI TEIJIONPOBOJHOCTH C 33JaHHON MOIIHOCTBIO MCTOY-
HUKa TeTrIa:

8T _ @i (o :  dr _ vy
'IJ ¥ dt - d:l-‘: ??I_'!. 3_1}1 B 'D ¥ dt - ??I_'!. 3}1 7
AT 1
— = —dV, T.B. AT =23621K
At pCy

Takum oOpa3om, mokazano, uto Harpes MPITK, Tekymeii B 3a30pe
“IeTanb—MHCTPYMEHT  MAarHuTO-MOJIMPOBAJILHOTO YCTPOMCTBA, pacCUUTaH
JI0 OIPEJECIICHHBbIX 3HAYCHUM CpelHEN TeMmIepaTypbl ¢ YYETOM IPHHATHIX
JIONYIIEHUH B MPEAINOJI0KEHHN 3aJaHHOTO PO CKOPOCTH ISl Ky3T-
TOBCKOTO Te4yeHus. PeanbHblii Npoduiib CKOPOCTH JKUIKOCTH CIOXKEH U
HarpeBaHHE HEOJWHAKOBO B CpPEIMHE NPOMEXyTKa M BOMM3M geranu. B
9TOM Cllydae JJIsl HOTyueHUs pacipesieleHus TeMIIEPaTypel 110 3a30py Tpe-
Oyercst perieHHe OTAEIbHON BBIYNCIUTEIBHON 3a1a4H.
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CEKLMS MH®OPMALMOHHEX TEXHOJIOTMM,
BEUMCJIUTEJIEHOM MATEMATHMKM
M KMEEPHETUKU

HOI'PEHIHOCTHU COBPEMEHHBIX CPEJICTB OBCEPBALIMA
N HEOBXOJUMOCTD UX YUETA

Llanosan E.B. Kuegckas 2ocyoapcmeennas akademus 600HO20 MpaHCnopma
um. I1. Konawesuua-Caeaiioaunozo, 2. Kues, Ykpauna

HecmoTpss Ha caMble COBpeMEHHBIE CPEICTBA, NMPUMEHSIEMBIE IS
OTpe/IeIeHNs] MecTa Cy/Ha, HaBUTAIMOHHAs aBapHMHOCTH CYZOB B HACTOS-
miee BpeMsl COCTaBISeT 3HAYUTEIbHYIO BENWYMHY. TEHACHIMS CHUKEHUS
KOTOpoit 3a mocneanue 10 et kpaitHe He3HauuTeNnbHa. JJocTarouno manas
MIacIOpPTHasl MOTPENIHOCTh COBPEMEHHBIX CPE/ICTB HABHTALMHM W IIPAKTH-
YEeCKM MOJHAs aBTOMATH3aLUs YIPABJICHUS CYIHOM CO3J[aeT y MHOTHX
CYIOBOJWTENICH MIUTIO3MIO, YTO TOYHOCTH OIpPEAEIEHHs MeCTa BCErza J0-
cTaTo4yHa Al obecredeHust 6e301MacHOCTH. B peasbHbIX Ke yCIOBHIX Ha-
BUTAIMN JJa’Ke CaMble COBEPIIECHHBIE CITyTHUKOBBIE CHCTEMBI MOTYT JIaBaTh
TIOTPEITHOCTH, BEJIMYMHBI KOTOPBIX NMPEBBIIIAIOT JOMYCTHMBIE MO cO00pa-
XKeHHsAM Oe3omacHocTd. [IprunMHAMHU yBelIM4YeHMs MHOTpEIIHOCTell ompene-
JICHUS MECTa C HCIIOJIb30BAHHEM CITyTHHKOBBIX IpHeMouHaukaTopoB (CIIN)
MOTYT OBITh: MHOT'OJIy4€BO€ PACIPOCTPAaHEHHE CHI'HaNa, pepakiMOHHbIE
SBJICHUS, HEJJOCTATOYHOE KOJMYECTBO CIIyTHHKOB B 30HE HAJEXKHOI CBA3H,
craperne CIIU u ero aHTEHHBIX yCTPOWCTB, YAAJICHHOCTh Ha3€MHBIX CTaH-
LHii B ciy4yae ucnonb3oBanus DGPS. B 3Toit ¢Bsi3u ¢ TOYKH 3peHUs] PHHS-
THSI IPAaBWIIBHBIX PELIEHHUH 0 criocode ocylecTBIeHus o0cepBanuy U CUuc-
JICHUs MHTEPEeC MPEJCTABISIOT JAaHHBIE, MONyYEHHbIE HAa MPOTSKEHUU J0-
CTaTOYHO AJIMTEIBHOTO BPEMEHH U B Pa3lIMYHBIX TOYKAaX 3€MHON MOBEpX-
HOCTHU. DKCIIEPHUMEHT MPOBOAMICS aBTOpoM ¢ ucnonbs3oBanueM CIIM GPS
u 'NNIOHACC (mozens R-4), GPS xommaca JLR-10T, rupokomnaca CMZ
700 9 (c ampens no utonb 2013 1. 1 B aBrycte — okTsi6pe 2014 r.) Ha GopTy
tankepa “Harbour fountain”.

Jnst ompeneneHnss BOSMOXKHBIX ITOTPEIIHOCTEH CUUCICHUS MeECTa
Cy/llHa NaHHbIe CHUMAJUCh C MHTEpPBATAMH B 1—2 MHHYTHI (CYAHO OBLIO
OIIIBAPTOBAHO, PAOOTHI HA CyJHE HE MPOU3BOAMINCH). DUKCHPOBAIOCH Cle-
Iyrolee: BpeMsi, KOOpIAUHATHI cyHa, ThpokoMmacHeid kype (I'KK) cymaHa u
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MoKa3aHus Kypca cymoBoro ciyTHukoBoro kommaca (CKK), yrmosas cko-
POCTBH OBOPOTA CyZHA IO TUPOCKONMYECKOMY YKAa3aTellto, a TaKXKe IHAPO-
MeTeopoJIornyeckie yciuoBus. [lomydeHHbIe NaHHBIE KaXXIOTO H3MEpEHHS
KOOpAMHAT M Kypca Cy[JHA W3 Pa3HBIX CEpHil M3MEPEHUIl CpaBHHBAINChH
MeXIy CO00H ¢ TeM, 4TOOBI OMpeIeNuTh pacxoxaeHue nokazanuii CIIN,
CYZOBOTO CITyTHUKOBOT'O KOMIIaca U THPOKOMIIaca.

Tabmuma 1
3HavyeHUs cPpeIHEKBAPATHYECKO MOrPeIHOCTH 00cepBaliu (B MeTpax)
GPS I'JIOHAC Mar.
ITopt Kpuc- | bans- Kpuc- | basb- | oxuz.

Kaimmao |Tamapa Kammao|Tanmapa

Tobane | 0oa Tobans| 6oa |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 nomaHsl pe3ynabpTaThl 00paOOTKH TaHHBIX, TTOJyYEHHBIX
ot CIIN (Bocemb cepuil U3MEPEHHi, Kax/1as U3 KOTOPBIX COAEprkana He Me-
Hee 80 3amepoB). Pe3ynbTaThl 00pabOTKN OHO3HAYHO YKa3bIBAIOT HA MMEIO-
IYHOCA TCHACHIUIO YBEJIMYCHUA MMOTPEITHOCTHU CO BPEMCHEM.

B Pa3sIMYHbBIX YCJIOBHUAX IJIABaHUA 6I)IJ'H/I, TMOJIYY€HbI TAaHHBIC O 3Ha-
4YeHusix Kypca, BeipadarsiBaeMbix ['K nu CCK, B 3aBUCHMOCTH OT BpEMEHHU.
B pacCcUruTaHbl OTHOCUTEJIbHBIC TOTPEHIHOCTH U3MEHCHUA MMOKa3aHUuM B
KaXJbIi MOMEHT BPEMEHH, NpEICTaBICHBl B BHIE TI'padUKOB, KOTOpBIC
HarJISIHO WITIOCTPUPYIOT KOJMYECTBEHHYIO PAa3HUILy B MTOKAa3aHHMAX KOMIIa-
coB. Takoe pasnuuue NaHHBIX OT CYJOBBIX KOMITACOB MOXET IE3MH(Op-
MHUPOBATh CYJIOBOJHTEIIS, YTO MOXKET IIPUBECTH K CEPbE3HON aBapuH.

200 . o IHK
- CKN
A /,A I'KK
200 s =
y » 0,0059x + 202,26 X A CHN
! \
- L -
202 e
£ A
*
y*.0,0069x+ 201,84 A
201 N\
A -3
A
200 Py

Puc. 1. I'pa¢puxu n3menenus noxasanmii 'K u CCK
NpH ABIKEHUH CyAHA C TPY30M HA MOCTOSTHHOM Kypce
0e3 mepekJIaJbIBaHMIl Py/Is Ha THXOM Bojae H nIpu TopMoxxenun (2013 p.)
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Oco0eHHO [pKO 3TO WLIIOCTpUpyeT sKkcnepumeHnt (2014 r.) Bo
BpeMs1 ABMKEHUS Cy[Ha C TPy30M 0Oe3 NMepeKiagpIBaHus Py HA THXOH BOzE
U TIpY TOPMOXKEHHH, B KOTOPBIX Pa3HHIA 3HAYCHHUI KypCoyKa3aTesleH JOCTH-
rama 1,6° (puc. 2). CpaBHUTENBHBIN aHaMN3 JaHHBIX 32 2013-2014 rr. mpu
CXOKHX YCJIOBHSAX IUIABAaHMSA M THIPOMETEOPOTIOTHIECKIX BO3JCHCTBUAX HA
CYIHO TOKa3all, 9TO Ha TOYHOCTh ONPEEICHHs KOOPIUHAT U Kypca BIHUSET
crapenre CCK. Ilpu 3TOM TOYHOCTh YXYAILIA€TCS CO BPEMEHEM JKCILTya-
TalMu ykazartenss Kypca. s ompeneneHus TEHACHIMM OTIMYHHA MEXIY
nokazanussMu CKK i 'K B npouiecce TopMokeHHst cyiHa OBUIO TIOCTPOECHO
JIMHUM TPeHJa JJsl BceX HaOOpOoB JaHHBIX. JIMHMU TpeHIa MOCTPOEHO Me-
TOJIOM HamMeHbLINX KBajpatoB (MS Excel) kak JMHeHHbIE 3aBHCUMOCTH
MEXIy BpeMeHeM U 3HaueHueM Kypca, noganubiM CKK u ['K:

Yeex = 0,0529% + 202,82; (1)
Yrx = 0,0191X + 202,2; @)
Yeex = 0,0059X + 202,26; ©)
Yrx = -0,0069% + 201,84. @)

IepeMeHHbIE B alpOKCUMAIMOHHBIX monuHOMaX ((popmysner 1-4)
MOJKHO TPaKTOBAaTh TaKUM 00pa3oM: Y — 3HaueHHWEe Kypca, X — BpeMs. 3Ha-
4yeHue Kod(pHIMeHTa NMPU MEPEeMEHHONH X COOTBETCTBYET TEHJICHIUHU H3-
MEHEHUs 3HaueHus Kypca. [nst manneix, nonydeHnbix B 2013 romy, Habmro-
JaeTcsl yBenuyeHus: pazHulbpl Mexay nokazanusmu CCK u 'K B 3aBucu-
MOCTH OT BPEMEHH C Hadala CephH HU3MepeHHi. J[aHHBIe, MOTyJYCHHBIC B
2014 r., yka3pIBalOT HE TOJbKO Ha HaJU4YME€ BIUSHUI, U3MEHSIOMIUX IOKa-
3aHUS yKaszaTeJel Kypca, HO M Ha UX CTOXaCTHYHOCTh — pa3Max Pa3HHUIIBI
nokazanuii CCK i 'K B Hekoropwix cepusix menpmie (—0,71°), yem B
npeabiaymux cepusx (—1,397°), HoO OTIMYMS COCeTHUX 3HAYEHHH CyIIecT-
BeHHO Oompmue. [Ipn TOPMOKEHNHN CyIHA PAacXOXKICHHE JAHHBIX Pa3iIvd-
HBIX yKa3aTeJel Kypca co BpeMeHeM yBenmuuBaercsa. He ananmsupys npu-
YHH BO3HUKHOBEHUS PAa3MUUNil, MOKHO YTBEPXKAATh, YTO B OTJACIBHBIX CITy-
YasX OHU MOTYT COCTaBJIAATh 1,25°, 9TO TIpU CpeHe CKOPOCTH Cy/HA 5 y3JI0B
OyZIeT COOTBETCTBOBAThH MOTPEITHOCTH CUHCIeHUs MecTa ropsiaka 100 M.

Ha ocnoBanuu nposenenHoro anamusa nokazanuit CIIU, TK u CCK
MoxkHO chenath BeiBoA, uto CIIM, CCK, kak u apyrue ykasaTenu Kypca,
TpeOYIOT CUCTEMAaTHYECKOTO KOHTPOJISI MX TOYHOCTHBIX XapaKTEPUCTHK NPU
peanbHON dKcIuTyaTtanuy. KoHTpoiab HE00X0IMMO MPOBOJIUTH HE3aBHCUMO
OT TOrO, KaK JaBHO MPOBOIMJIMCH PErilaMeHTHbIC PabOTHl M MOBEPKa, YTO
00ecreynT MaKkCHMaJbHO BO3MOXKHYIO JOCTOBEPHOCTb HABHMIAIIMOHHBIX J[aH-
HBIX, U, CJICIOBATENBHO, OE30MaCHOCTD CYJOBOXKICHHS.
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INPOBJIEMA BUBOPY
MOBU HABYAHHS ITPOI'PAMYBAHHSA

Jlanincokuii B.B.
Incmumym neoacociku HAITH Yxpainu, m. Kuig

HaBuanns inpopmatuku nependavdae HaAIIPEIMETHICTD AKX ITi-
JIe HaBYaHHSA, 30KpeMa (OpMyBaHHS SKOCTEH 0COOM, SKi HA3MBAIOTH “KOM-
m’IOTepHa TpaMoTHICTS”, “iHdopmariiiina kymbTypa”, “‘computer skills, abi-
lities”, iHIIUMHK cOBaMH — 3[ATHICTH JIFOMAUHH €(DEKTHBHO BHKOPHCTOBY-
BaTH iHpopmaniitni Texuosorii (IT) i BiANOBiqHI 3aCOOU NMPOAYKTHBHOT JislIb-
HOCTI. Ba)XTMBUM CKJIaJHUKOM 11iJIed HaBYaHHS B 3araJibHOOCBITHBOMY Ha-
BYaJBHOMY 3akiaji € (OpMyBaHHS KOMIIETCHTHOCTEH Y4YHIB B OCHOBax
HayK. Y TepMiHaxX KOMIIETEHTHICHOTO MiIXOXy J0 pe3y/IbTaTiB HaBYaHHS, 3a-
3HaUCHE OMUCYETHCS SIK (OPMYBAaHHS KIIOUYOBHX KOMIIETCHTHOCTEH, 30K-
pema 1udpoBoi 0OUMCITIOBAIBHOI, 3arajlbHOHAYKOBOI 1 3arajlbHOTEXHOJIO-
TiYHO1, SIKi BUOKpEMJICHO NOoKyMeHTamu Paanm €Bpomm sIK KOMIETEHTHOCTI
JUTSL HABYAHHS TIPOTSITOM >KUTTS.

[IpaBuiabHE CHPUIHSATTS JIFOJUHOK OaraThOX SIBHIN, sIKi BigOyBa-
I0ThCS B Cy4aCHOMY TEXHOJIOTI30BAHOMY CYCILIBCTBI HEMOXKIIMBE O€3 03HaHOM-
JIGHHsI 3 aJrOpPUTMI3ali€l0 i OCHOBaMH NpOrpaMyBaHHs, NMPUHAWMHI Ha
PiBHI OnKcaHb 1 BUKOHAHHS MpocTux anroputmiB [4]. Tomy, B 3B 3Ky i3
3aMpOBaJPKEHHSM TIOTIMOJICHOT0 BUBUEHHSI OKPEMHUX ITPEAMETIB, 30KpemMa —
iHpopmaruku y 8-9-x kmacax [2], nmaboparopiero HaB4aHHs 1HOOPMATHKH
Incruryry nenmaroriku HAITH VYkpainu, 3a cripusiHHS HayKOBO-METOAMY-
Horo XypHany “Komm’totep y mkoii Ta ciM’i”, MPOBEACHO IIUPOKE 00TO-
BOPCHHSI BUHMTENBCHKHM 1 HAayKOBO-TIEJArOTiYHUM 3arajoM IpoOjeM Ha-
BYaHHS aITOpUTMi3alii ¥ NporpaMyBaHHs B OCHOBHIH IIKoyi. Y oOroso-
PEHHI B35JI0 y4acTb OinblIe IT’SITAECATH BYMTEINIB 1 HAYKOBIB, CY/PKCHHS
SIKHX OYJI0 BiZJOOpaskeHO y KUTbKOX HOMepax JKypHaiy, Ha caiitax, popymax
1 Onorax.

Ha gaci migBeaeHHS AeIKUX TPOMDKHUX MiCYMKIB.

IHinifioBane 0OTOBOPEHHST BUSBUIIO MEBHI pO30iKHOCTI B MiAX0Max
JI0 HaBYAHHS aJTOPUTMIi3allil i mporpaMyBaHHS 1 JOTIOMOTJIO BHOKPEMHTH
CIIJIBHI (i, TOCSATHEHHS SIKHX Ma€ 3JIMCHIOBATHUCH 3a OyIb-IKHUX YMOB.
3anummardn 3a MeXaMd OOTOBOPEHHSI JTOIUIbHICTh MPOJOBXKEHHS JOTPH-
MaHHSI KOPUCTYBAIBKOTO ITiAXOAY y HaBYaHHI iHPOPMATHKH B 3arajbHOOC-
BITHIX HaBYAJIBHUX 3aKJaJlaX, MO’KHA 3a3HAYKTH, 1110 IPOTATOM JOCUTh TPHU-
BaJIOT0 4acy B YacTHHI 3araJbHOOCBITHIX 1 CIIEIialli30BaHUX HaBYAILHHX
3aKiIaiB YKpaiHH CKJIaJIach TPaJauLis HaBYaHHs iHPOPMATHKHU 3 MPEBAIIO-
BaHHSM CaMe IPOrpaMyBaHHs. 30pi€HTOBaHICTh HABYAHHS iHPOPMATHKH Ha
(yHIaMEHTaNbHICTh HaJlana y4YHSIM TaKMX HaBYAJIbHUX 3aKJIadiB MOKJIU-
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BICTh OTPUMYBATH CTAa0UIFHO BHUCOKI pe3yJbTaTH SIK Ha BCIX eTamax Bce-
YKpaiHCBKHX, TaK 1 MDKHAPOJHHUX ONIMITIaax 3 MPOrpaMyBaHHS.
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Puc. 1. Po3noais MoB nporpamyBanHsi,
sIKi BKa3aJIM B CBOIX aHKeTaX yYacHUKH oJimmian, %

be3zymoBHoO, rpymnu MoB i cepenoBuin nporpamyBanss C, C++, C# i
Pascal (y T.u. Delphi i FPC), siki € craHgapTHUMU TS OJiMITia 3 TIPOTpa-
MYBaHHs, 3aiiMaroTh nepii Miciyt (puc. 1). OCKUIbKHM ONPAaIfOBaHHS Pe3yIib-
TaTiB aHKETYBaHHS MMPOBOAMIOCH 03 ypaxyBaHHs KJIacy, B SIKHX HaBYaJIHCh
Y4Hi, OTpUMaHO NeBHY nepeary i Pascal monionux mos (43,3 % nporu
36,1 % nns C 1 moniOHmx). Pazom 3 TUM, 32 0OCOOHCTHMHE CIIOCTEPEKEHHIMHI
aBTOPa, YYACHUKH, sSIKi MPOrpaMyBalli 3a3HAYCHHUMH MOBaMH, Cepel mepe-
MOXKIIiB OyIT B MEHIIIOCTI i BUKOHYBAJH 3aBJIaHHS ITOBLIBHIIIIE.

Sk mpyry MOBY IpOrpaMyBaHHsS YYaCHUKH BKa3yBalld JOCHUTH IIU-
POKHIi CIIEKTp MOB i CHCTeM mporpamyBanHs. Mosu Java, JavaScript ymoBHO
00’eIHAHO B OJHY TpyIly, Xo4a ix MoxHa Oyso O aHaymi3yBaTH i OKpeMo,
abo 00’eHATH 3 pEmITOI0 MOB, AKi 3abe3meuyioTs OOII, abo yMOBHO BH-
OKpeMuTH B TpyIy pasom 3 Python i PHP. Okpemo MoXHa BiI3HAYUTH 10-
CHTh BEJIUKY YacTKy KopucTyBadis Python [2, c. 17].

CripsiMOBaHICTh OUTBIIOCTI YYAaCHUKIB Ha MPOQECiiHHy TiSTbHICTD Y
raiy3i IT cBiqUUTH HasBHICTH cepell MOB, SIKi BOHH HaMararoThCsl OCBOITH,
SIK 30pi€eHTOBaHUX Ha BeO-mporpaMyBaHHS, Tak 1 MOB, IO MAlOTh IUPOKHUN
CIIEKTp 3aCTOCYBaHHs. 30KpeMa, IIOpiyHa MOsiBa KUIbKOX aHKET, B AKUX ydac-
HUKHU BKa3ylOTh MOBY 3allHTiB JI0 0a3 JaHWX, CBITYHTH MPO Te, IO U y Wik,
JOCUTh crienn(ivHill 1 HEeNmpoCTii ranysi, BeaeTscs NeBHa pobora. Mosa
Basic, sika ocTaHHIM 4acoM MaiiKe HEe BHKOPHCTOBYETHCS [JIsi HABYAHHS,
TAKOX HE 3aJIMILIAEThCs 1032 yBarow [2, C. 9]. CepenoBuiiie nporpaMyBaHHs
QuickBasic 4.5, Ha 1yMKy 6araThbOX METOIWCTIB, HIYNM HE TIOCTYIAETHCS 32
YITKICTIO CTPYKTYPYBaHHS KOXy peali3amisM CHCTEM MpOTpaMyBaHHS MO-
Boro IMackans [1, . 18]. Ha xopucts HaBuanus mosu Visual Basic i VBA
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MOJKHA JOJATH e i Te, mo OimpImicTs KopucTyBadiB IT BUKOPHCTOBYIOTH
Microsoft Office, y sxkomy VBA € abcomoTHO TPHPOAHIM CIIoco6oM “Ha-
POCTUTH” MOXIIHBOCTI, SIKi 3a0€3MeYyI0Th KOPUCTYBa4eBi OQiCHI JOTATKH.
OO0’exTHI MOJeNi, IO BUKOPUCTOBYIOTHCS B EIEKTPOHHHUX TAONHIAX, IO-
CTYIHI AJIsL CIPUAHATTS YYHSAM, a MPOLEIYPH ONpALIOBAHHS MOMIN OmuUCy-
IOTBCS TEXK JOCHTH IPOCTO.

Hapuanns anropuTmizanii i nmporpaMyBaHHs Mae cTaTtu 3aco0oM
(opMyBaHHs HAYKOBOTO CBITOTJISITY, KDUTUYHOTO MHCIIEHHSI, CIOCOO0OM (hop-
MYBaHHSI 3JaTHOCTI YiTKO, SICHO 1 MakCHMaJbHO KOPOTKO ONHCYBAaTH MO-
Jenb sBuiia, 00’ekta. [ToeqHaHHS HPOIEIYPHOro i 00’€KTHO OpiEHTOBA-
HOTO MPOTpaMyBaHHs, MEPEeXi]] Bijl MEPIIOro 10 JPYroro, MOXKIMBI 32 yMOB
BHOKPEMJICHHS 1 YIiTKOTO YCBIJOMJICHHS KIJTBKOX, Ha HAlly OYMKY, IyXKe
Ba)KJIMBUX TBEPKEHD 1 (akTiB [3]:

1. TlpuHOMIT TPOTPaMHOTO YIPaBIiHHA y OutkIIocTi cydacHHx EOM,
NONPH BCIO CKJIAJHICTH Cy4acHOTO amapaTHOro i MporpaMHOro 3abesmne-
4yeHHs (0araTonpoLecOpHiCTh, KOHBEEPH TOLIO), 3AJMIIAETHCS TAKUM, SIKHI
JI03BOJISIE HOrO TIOSICHUTH, BUKOPHUCTOBYIOYH TOHATTS €IMHOI, JiHiiHOI, anpe-
COBAHOI I1aM’STI 1 OCIIIIOBHOTO BUKOHAHHS KOMaH/I.

2.T'onoBHMMH BiANIPaBHUMHK TOYKaMH y HaBUaHHI po3niny “Auro-
puTMi3auis i mporpaMmyBaHHS” MaroTh OyTH: HOOymoBa Mojeni (sSBHIIA,
00’ekTa) 1 omucaHHA ii CIoYaTKy HNPHPOIHOI0 MOBOIO, MOTIM, MOXIIUBO, Y
BUTJISAAI OJIOK-CXeMH 1 MaTeMaTHYHHX BHpPa3iB, a BXKE TUIBKHA IMOTIM —
MOBOIO MIPOrpaMyBaHHSI.

3. HaliGinmbI nmpupoJHiM i CTPOTHM TIepeXij BiJl TIPOIEAYPHOTO TPo-
rpamyBanHs 10 OOII BOauaeThes 3 BUKOpUCTaHHSAM MoBH Pascal ta naH-
LF0)KKa TTOHATB: THITM — MPOLEAYPH — IepeAaBaHHs JaHUX — 3aIuC (CTPYK-
Typa SIK BIACTHBICTB) — 00 €KT (CTPYKTypa SK BIACTUBICTH + MpoOIeIypa K
METO[T) 3 000B’A3KOBOIO HOTO IPOTIEIEBTHKOIO Ha MIOYATKOBHX €Tarax HaBYaHHS.
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KUBEPHETHYECKHE IIYTH ONTUMHM3ALINA .
JUODOEPEHIIUAJTBHOU IMAT'HOCTUKHU 3ABOJIEBAHUN

Coxon A.®. Uspaunvckas Hezasucumasn Axademus pazeumust HayKu
8489726, Beap-Lllesa, Bonwgcon 26/7, men. +97286655909; e-mail sokoladolf@yahoo.com

HuddepeHnmansHas AMArHOCTHKA SIBISICTCS OTHAM M3 CaMbIX CIIOXK-
HBIX 3TallOB MBICIMTEIBHON IEATENBHOCTH Bpauya MPHU YCTAHOBJICHUU IIpa-
BHJIBHOTO IuarHo3a. CyIIeCTBYIOT ABa IyTH ONTUMH3AIMH JHATHOCTHYEC-
koro mpouecca. IlepBplii U3 HUX — BHEAPEHHE BBICOKMX TEXHOJOTHHA B
KIMHUYECKYIO IPAKTUKy. DTOT IyTh SIBJISETCS OUEBUAHBIM M IPUHUMAETCS
0e3 Bo3pakeHuil. BTopoii myTh — MHTEHCH(UKALNS HHTEIUICKTYalbHOH J1esi-
TENBHOCTU Bpaya. Takoil MyTh B 3HAYMTEIBHOW CTCIICHU OOJIEryacTcs mpu
UCIIONIb30BAaHUH MPUHIUIIOB KHOEPHETHKH, B YACTHOCTH, aJITOPUTMHU3ALNU
JUarHOCTHYECKOTO TpoIiecca.

CyiecTBeHHBIM HEOCTATKOM YYeOHHKOB IO KIMHUYECKHM JIHC-
LUIUIMHAM SIBJIAETCS ONMCAHME KJIMHUKM U TUArHOCTUKU YK€ HM3BECTHBIX
0oIe3HeH, MEXKTY TeM B KIIMHAYECKOH IPAKTHKE CTYACHT M Bpad JBHUTAIOTCS OT
HEU3BECTHOI'O K U3BECTHOMY. B CBsI3U ¢ 3TUM Jornuyeckas CTpyKTypa MbIIII-
JICHHS TIPY U3yYCHUN yIeOHUKA U OOJBHOTO CYIMIECTBEHHO OTIHYAFOTCA.

['maBHBIM TOPOKOM MBIIUICHUS CTYAEHTOB M MOJIOJABIX Bpauei
SIBIISICTCS HECIIOCOOHOCTH MPEBPATUTh 3HAHUSA B YMEHHE, MPWIOKUTH UX K
00JILHOMY 4elloBeKYy. [ OBOPST, 4TO 3TO JOCTUTAETCS MHOTOJETHHM OIIbI-
ToM. OTHAKO MpaKTHKa CBUIETEIBCTBYET, YTO PU PALMOHAIBHO TOCTPOEH-
HOW CTPYKTYpPE€ MBICIIUTENIFHBIX OTIEpaiuii MOXKHO PE3KO COKPATUTh MEPUOJ
HAaKOTIJICHHS IOZJOOHOTO OIBITA.

Y4eOHUKH OTBEYAIOT Ha BOMPOC: YTO HEOOXOAUMO 3HATH JJIS pac-
M03HaBaHUs Oose3HH. J[MarHoCTHUECKHe aIrOpUTMBI OTBEYAIOT Ha BOIPOC:
KaK HaJlo TyMaTh AJsl CBOEBPEMEHHOM MOCTaHOBKH JMarHo3a.

CoBpeMeHHbIE NPUHIUINbBI ONTUMH3AIMU JUATHOCTUYECKOTO IMPO-
necca paspadoransl JI.b. HaymoBemm [1]. OHu BKIItOYArOT: 1)CHHAPOMHBIN
aHanu3 3abosieBaHUs; 2) BBIOOp PEIIAIONINX MPU3HAKOB; 3) aJrOpUTMH3A-
LAI0 AuarHoctuieckoro mnpouecca. Barmane JI.b. HaymoBa nonyunnu nanb-
Helfmee pa3BUTHE B HAIIMX MOHOTPa(HAX, TIOCBAIICHHBIX Pa3pabOTKe M BHE-
PEHHIO B MMPAKTHUKY AJTOPUTMOB JH((epeHIMaIHON JMarHOCTHKA SHIOKPHH-
HBIX 3a00JIEBAaHHUI M CXOJHBIX COCTOSIHMIA [2—4].

Co3nanne quddepeHnnanbHO-TMarHOCTHYECKIX aITOPUTMOB Tpe/I-
nojiaraeT clienyroume npeoodpasosanus [1]: 1) onTumanbHyr0 neperpyIm-
POBKY OoJie3HEH, T.. MHOXECTBA HO30JIOTMUECKHX CIMHUI] B KpPYIHBIC
KJacchl OoJie3Hel, 00beIMHEHHbBIX OOIIUMHU ISl KOKIOTO Kjlacca CHHAPO-
Mamy; 2) BBIICJICHHE MUHUMYMa PEIIAloINX NPU3HAKOB; 3) ONpeieseHHas
MOCIEI0BATENBHOCTD yYeTa U UCTOJIKOBAHUS PEIAIONINX IIPU3HAKOB.
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ANTOpPUTM MO3BOJIAET peliaTh MOCTaBICHHYIO 3a7auy HE3aBHCHMO
OT YpOBHS KBaJM(UKAIMU TOrO, KTO MM IOJb3yeTcs. JlmarHocruueckue
AITOPUTMBI SIBJIIOTCS IO CYIIECTBY CTpaTeruel AMarHOCTUIECKOTO ITOUCKA.
B 3ToM ciydae mporecc noucka onpenenseTcs UMb CTPYKTypoit 3ajauu u
HE 3aBHCHT OT KaKUX-JTH00 XapaKTEPUCTHUK TOTO, KTO peIIaeT ATy 3a4ady.

B xoHeuHOM HTOre JUArHOCTHYECKUH MOUCK 3aBepIIaeTcsl MPUHS-
THEM OIPEAEIEHHOr0 pelieHus. [IpuHsaTue pemeHus — 3TO mpouecc mIpe-
oOpazoBaHus oNpeesIeHHOI nHpopManuu B aelicreue [5].

[IpaBmna noms3oBaHus Au( GepeHINATHEHO-THATHOCTHIECKIMH aJIro-
pUTMaMH IpenenbHo mpocThl. IlepBbiif “mar” anroputMma oOBIYHO pasfe-
nser guddepeHnnpyeMble 3a00JI€BaHUS HA IBE OCHOBHBIC TPYHIBI (MEX-
CHUHJpOMHAs TUArHOCTHKA). B manpHeiimeM, NBUrasch o oAHON U3 BEpPTH-
KaJIbHBIX BETBEW, Bpau MPUXOAUT K OKOHYATEIBHOMY AMATHOCTHUYECKOMY
WM TAKTHYECKOMY PELICHHIO.

Kax cBuaeTensCTBYyeT KIMHUYECKHM ONBIT U PE3yNbTaThl MOJEIHU-
POBaHMsl MArHOCTUYECKUX CHUTyallMd B y4eOHOM Ipoliecce, MCHONb30Ba-
HHUE aJTOPUTMOB TOBHIIMIACT 3PPEKTHBHOCTD JUATHOCTHKH B 5-25 pas (!).

Hcnonp30BaHue alropuTMOB B KIMHUYECKON IPAKTUKE JOJLKHO B
00s13aTeTTFHOM MOPSAIKE COYETAThCSA C CHCTEMHBIM 00CIIeZIOBAaHHEM OOJIBHOTO.

Bce i nuarHocTHYecKHe 3374l MOYKHO PEIINTh C IOMOIIBIO aJIro-
putMoB? Ha 3TOT BOIpOC ClieAyeT OTBETUTh OTPHULATEIbHO M3-3a CIIOXK-
HOCTH MHJIMBUyaJIbHOTO TeUeHHs O0JIE3HU Y KOHKpeTHOTO 60mbpHOTO. Jlpy-
TUMH CJIOBaMH, aJIFOPUTMbl 3aHUMAIOT 3HAUYUTEILHOE MECTO B HAayKe O
JUAarHOCTHKE, HO HE HCUEPIIBIBAIOT €€ COAEPIKaHUs.

IIpu Bceil BaXXKHOCTH ONTUMHU3ALMU AUArHOCTUYECKOTO Mpoliecca ¢
MTOMOIIBIO0 KHOEPHETHYECKIX METOA0B BeAyIllee 3HaUCHHE OCTAeTCs 3a KIIH-
HUKOHM Kak TakoBOW. B cBsi3u ¢ 3TUM mpuBeneM ABa BbIcKasbiBaHus: “Ma-
IIMHA J0JDKHA paboTaTh, YesnoBek — qyMath” (aesu3 IBM); “Otnaiite yeno-
BEKy YeJoBedyeckoe, a MamnHe — mammHaoe” (H. Bunep).
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3AXMCT KAHAJTY BUTOKY ITHOOPMAIIIT
B OIITOBOJIOKOHHUX JITHIAX 3B’A3KY
METOAOM OIITUYHOI'O TYHEJIIOBAHHA

1Po3opiH03 I'M., *Braciox I'T., *Cnisax B.M.
1ﬂep3fcaenuﬁ YHIgepcumem menekoOMyHiKayiti
2Hayionanenuti mexuiunuil ynisepcumem Yipainu “KITH”
03056, npocnexm Ilepemozu, 37, et-mail; viktor_m53@mail.ru

Beryn. CmiBcraBieHHSI METOAIB MiIBUIICHHS 3aXUIIEHOCTI iHpOP-
Mallii 10 HECAaHKIIOHOBAaHOTO JIOCTYITY Y BOJIOKOHHO-ONITHYHHX JIiHISIX 3B SI3KY,
OLIIHKA CTYNEHIO Oe3MeKH JaHUX, L0 MePeIaloThesl, € aKTYaIbHOIO IiJ| 4ac
BJIOCKOHAJICHHSI ICHYIOUMX BOJIOKOHHO-ONTHUYHMX JiHIH 3B’SI3Ky, IIaHy-
BaHHs, MOOY/IOBY Ta MPOEKTYBaHHsI JiHiH 3B 513Ky [1].

Po3rsin Ta cmiBCTaBICHHS OCHOBHHUX (DI3UYHUX MPUHIMIIB (Pop-
MYBaHHS KaHaJiB BHUTOKY B BOJIOKOHHO-ONTHYHHX JiHISX 3B'SI3KYy MOXKHA
PO3MLIMTH HAa HACTYIHI THIH: MOPYIICHHS IOBHOTO BHYTPIIIHBOTO Bij-
OWTTS; peecTparlisi PO3CLTHOTO BUIIPOMIHIOBAHHS Ha JOBXKMHAX XBHJIb OCHOB-
HOTO iH(POPMALIHHOTO MOTOKY i KOMOIHAIIIIHUX YacTOTaX; HMapaMeTpUdHi
METOJIM PEECTPAIlil BUIIPOMIHIOBAHHS [2].

OcHoBHa yacTuHa. J{71s1 KaHAJIB CUCTEM Iepeaadi 3 aMIUITyTHOO
MOJIYJISILIIEI0 €JIEKTPOMArHiTHOI XBWJII HAa PO3MOJUICHUX AUIIHKaX CIOCO-
0amu, MOB'I3aHMMH 3 TIOPYLICHHSIM MOBHOT'O BHYTPIIIHBOTO BiJIOWUTTSI, BU-
KOHaHO aHali3 Ta CHIBCTABJICHHS BUTOKY iH(opMaii aJsi HACTYIHHUX CIO-
co0iB [1]:

—3MIHHM KyTa MaJiiHHs [IUISIXOM BUKOPHCTAHHS 30BHILIHBOTO BILIUBY
JUIsl 3MEHIICHHS KyTa MaJiHHs 1O 3HA4Y€HHS, MEHIIOr0 3HAYCHHS TPaHuY-
HOTO KyTa HaJiHHS, IPH SIKOMY MOYHHA€E CHOCTEPIiraTucs MOBHE BHYTPIIIHE
BiOWTTS;

—3MIHM CTaBJICHHS ITOKAa3HUKA 3aJOMJICHHS OOOJIOHKH JI0 TTOKas3-
HHUKa 3aJOMJICHHS CEPLEBHHHU OITOBOJIOKHA, 3aBSIKM BUKOPHCTaHHS 30B-
HIIIHBOTO BIUIMBY JUIsl 30UIBIIEHHS KyTa IOBHOTO BHYTPILIHBOTO BijoOpa-
JKCHHS JIO 3HAYCHb, OUTBININX XapaKTePHUX KYTiB MaJiHHSI B CBITIOBOII;

— ONTHUYHOTO TYHEJIOBAHHS, SIKE MOJIArae B IPOXOJDKEHHI BHIIPO-
MIHIOBaHHsI 4epe3 OOOJIOHKY OINTOBOJOKHA 3 IOKA3HUKOM 3aJIOMJICHHS
MEHIINM, HIX Yy CEepIEBHHHU, IPH KyTaxX MaJiHHA OUIBIINX KyTa ITOBHOTO
BHYTPIIIHBOTO BiTOUTTS.

OcranHill € HaitO1IBII e(heKTUBHIM CTIOCOOOM 3MEHIIEHHSI BUTOKY
iHpopMarii, TOMy, 0 JO3BOJISE 3aXOIUTFOBATH YACTHUHY EJIEKTPOMArHiT-
HOT'O BUITPOMIHIOBaHHS, 1[0 BUXOAMTH 38 MEXI CepLEeBUHH iH(opManiiiHOro
ONTHYHOTO BOJIOKHA JIOAaTKOBUM CBITJIOBOAOM, HE BHOCSIYHM JIOJATKOBHX
BTpPaT i 3BOPOTHOTO PO3CIIOBaHHS. SIBHUILE ONTHYHOTO TYHEJIOBAHHS IOJIS-
rae B IIPOXO/PKEHHI ONTHYHOTO BHIIPOMIHIOBAaHHS 3 CEPEAOBHIIA 3 MOKa3-
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HHUKOM 3aJIOMJIEHHA N Yepes map 3 MOKa3HUKOM 3aJIOMIEHHA Ny MeHIMM Np B
cepenoBUIIe 3 MOKAa3HWKOM 3allOMJICHHS N3 MPH KyTaxX HaXiHHSA OiTbIIIX
KyTa MOBHOTO BHYTPIIIHBOTO BiZOMTTS. Ha mpHHIMIAX ONTHYHOTO TyHe-
JIIOBaHHS B IHTErpajbHIH 1 BOJOKOHHIN ONTHII JOLIJIBHO CTBOPIOBATH TaKi
NPUCTPOT SK ONTHYHI PO3TaNyIDKyBadi, ONTO(GOHH, BOJOKOHHO-ONTHYHI
JATYNKH (Pi3SMIHIX BEIUIHH.

| B

Tl}u}
n A~ N 1

b

Puc. 1. ®opmyBaHHS KaHATY BUTOKY ONTHYHHM TYHe/IIOBAHHIM

I[Tin yac nommpeHHs CBiTJIa B ONTHYHOMY BOJIOKHI YacTHHA CBIT-
JIOBOTO HOTOKY BMXOJHTh 32 MEXi CEpLIEBHHU ONTOBOJIOKHA. IHTEHCHBHICTB
BUIIPOMIHIOBAHHS, L0 BUTIKAE 3 CEPLEBUHH B OOOJOHKY ONTOBOJOKHA HA
Biacrans I = (Dd)/2 3anexHo Bix KyTa HajiiHHS Ha MeXi ceplieBMHA-000-
JIOHKA () BU3HAYAETHCS BUPA3OM:

ox r :
2 =2 353| —4nn, . Jsin®o—sin’o, |.

e mpu3BoAUTE A0 TOTO, IO IIPH BUTOTOBIICHHI ONTOBOJIOKHA 000-
JIOHKa 3aiiMa€ 3HaYHy YacTUHY. [[py4oMy y OJHOMOJOBOTO BOJIOKHA 000-
JIOHKa 3aiiMae HabaraTo OuThIIHA 00csT, Hix y OaratomonoBoro. Lle Bimo0-
pakae HaBeZieHa (opMysia MPOHUKHEHHS CBITIIA 3 CEPICBHHU B O0OOJOHKY.
[Tpn HabGmkeHH] KyTa MajiHHA () O KyTa IOBHOTO BIIOUTTS (y MOKAa3HUK
CTyIIEHS €KCIIOHEHTH TparHe 10 HYJIbOBOTO 3HAYCHHS, CBITJIO IMOMIHPIO-
€TBCS TI0 BCIH CTPYKTYpi BOJIOKHA — ceplieBUHI 1 000toHII. [le mpu3BoanTh
JI0 TOTO, 1[0 YaCTHHA IHTEHCUBHOCTI 3 OCHOBHOTO ONITOBOJIOKHA MOJXKE TIepe-
HTH B JI0J]aTKOBE ONTOBOJOKHO (pHc. 1). IHTEHCHBHICTH BHIIPOMIHIOBaHHS,
SIKE TIEPEXONTh Y JOAATKOBUH XBHUJICBI] BU3HAYAETHCS BUPA3OM:

2 =2;sin’(k-S),

ne K — xoedimieHT 383Ky ONTHYHMX BOJOKOH, S — JOBXKMHA OI-
TUYHOTO KOHTAaKTy JJBOX BOJIOKOH. MaKCHMyM 3Ha4eHHS KoedilieHTa 3B'I3Ky
JOCATAETHCS NP HYIBOBIH BiICTaHI MK OOOJIOHKOIO i JOJATKOBHM OITO-
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BoJIoKHOM (I = 0) i MOKa3HWKY 3aJTOMJICHHS OJATKOBOTO BOJIOKHA Nz=N;.
SIk BUIHO 3 BUpa3y, BUIPOMIHIOBaHHS 3 OCHOBHOT'O ONITHYHOT'O XBHIICBOIY
MIEPEXOANTH B JOAATKOBUH XBUIIEBI MIOBHICTIO MIPH JESIKOMY 3HAYCHHI JTOB-
JKHHU ONTUYHOro KoHTakTy S = 7/2K. ITpu mojanblioMy 36ibIIeHH] 10B-
KMHHU ONTHYHOTO KOHTAKTy BifOYBa€ThCsl 3BOPOTHHH mpouec. Takum uu-
HOM, BUIIPOMIHIOBAaHHS II€PIOIMYHO IEPEXOAUTHh 3 OJHOIO XBHJICBOIY B
IHIIIH, SKIIO HE BPAaXOBYBATH BTPATH Ha ITOTJIMHAHHS, PO3CIFOBaHHS.

BuximouHOI0 0COONMBICTIO ONTHYHOTO TYHETIOBAHHS € BiJICYTHICTBH
3BOPOTHOT'O PO3CISIHOrO BHIIPOMIHIOBaHHS, IO YCKJIAJHIOE JETCKTYyBAaHHS
HECaHKIIIOHOBAHOT'O JIOCTYIY 0 KaHaiy 3B'si3ky. Lle#t croci0 3HiIMaHHS iH-
(dopmartii HaitOiIBIT Oe3eTHNTH.

BucnoBku. CriBcraBieHHs (i3MYHUX, TEXHIYHUX OCOOIMBOCTEU
Ta Oe3meni iHpopMarlii, O MepeaatoTHCS BOJOKOHHO-ONTHYHIUMH JIHISMH
3B’S13Ky MOKAa3YIOTh, II0 3am00iraHHs BUTOKY iH(OpMAIT 3 BOJIOKOHHO-OII-
THUYHUX JiHIH 3B 53Ky 3a JIOIOMOTOI0 JCTEKTYBaHHS HEMOBHOTO BHYTPIII-
HBOTO BiZIOOpa)KEHHs BCEpENUHI JIiHIT 3B 53Ky € Ha ChOTOJIHI HalOLIbII pa-
mioHanpHOIO. HamaHo pexoMeHmarmii moo0 3anodirass ta 3axucTy iHdop-
MaIlii BiJl HECAHKI[IOHOBAHOT'O IOCTYILY.
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OIIIHKA UMOBIPHOCTI 3ATPUMAHHA
MNOPYHIHUKIB KOPJOHY INOITYKOBOIO I'PYIIOIO
3 BUKOPUCTAHHSAM JIHI'BICTUYHUX 3MIHHUX

Yipau I.B., 2Kauuncoruii FO.I.
Xmenvruybkuil HayionansHutl yHieepcumem
e-mail: ‘cogitare@list.ru, %ya.j-sk@yandex.ru

OnHi€r0 3 OCHOBHUX IPo0JIeM MpH TOOYI0BI CKIIAIHUX TPHKOPIOHO-
METPUYHHUX MOAENel mocrae mpobiieMa piBHS X ageKBaTHOCTI pealbHUM
yMOBaM, 0COOJIMBO, SKIIO Ha MPUUHATTS PillleHHS BIUIMBAIOTH SIKiCHI (pak-
Topu. Taki ¢akTopu Baskko, a00 HaBiTH HEMOXKIIMBO OITMCATH 3a JIOTIOMO-
TOI0 KJIACHYHOTO MaTeMaTHYHOTro iHCTpymeHTtapito. KpiM Toro, kimacwdHi
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METOIH NOOYIOBH MOJENeH HE MOKa3yIOTh 33J0BIIPHAX PE3yNbTaTiB, KOIH
BXiJHI JaHi [UI1 OMHCY Ta MOCTAHOBKM 3aJadi € HETOYHUMH a00 HEIOB-
HUMHU. Y TakOMy BHIIQJIKy € JOLUIBHUM BUKOPHCTOBYBATH JIOTiKO-JIIHIBiC-
THYHE MPOTpPaMyBaHHA HAa OCHOBI MpaBWJI HediTKoi Jyoriku. Taki meroan
IPYHTYIOTbCS Ha HEYITKMX MHOXMHAX 1 BUKOPHCTOBYIOTH JIHI'BICTUYHI Be-
JIMYIHHY | BUCTIOBITFOBAHHS JUIS OIIMCY CTPATeTiil IpHHHATTS pimrens [1-3].

OyHKIIOHANBHICTh HEYITKOT CUCTEMH MPUHHATTS pillleHh BH3HAYA-
€ThCSI TAKUMH KpOKaMu [4]:

1) mepeTBOpEeHHS WiTKMX BXiMHUX 3MiHHMX Ha HEUiTKi, TOOTO BH3HA-
YEeHHS CTYIICHS BINIMOBIMTHOCTI BXOJIB KOXHIH i3 HEUITKMX MHOXHUH (eTar
¢azudikarii);

2) o0OuncIeHHS MPaBUJ Ha OCHOBI BUKOPHCTAHHS HEUITKUX OIepa-
TOpIB Ta 3aCTOCYBAaHHS IMIDIIKAIii U1 OTPUMaHHs BHUXiTHUX 3HaYCHb Ipa-
BUJI (eTar 0e3mocepeIHbOr0 HeUiTKOTO JIOTTYHOTO BUBCICHHS);

3) arperyBaHHsI HEUITKUX BUXO/IIB MPABII Y 3arajlbHE BUXIiHE 3HAUCHHS,

4) nepeTBOpeHHsI HEYITKOTO BUXO/Y NPAaBUJI HA YiTKE 3HA4YEHHS (eTart
nedasudikarrii).

Mertol0 CTaTTi € METOMOJIOTIYHE y3arajbHEHHS HEUYiTKOTO JIOTid-
HOTO BHBEJICHHS sSK 0a30BOro eramy NOOYIOBHM CHCTEMH 3 aJlallTUBHUMH
MIpaBUJIAMA TPUAHSATTS PIiOICHb IS 3aJa4i BU3HAYCHHS iIMOBIPHICTI 3aTpH-
MaHH$ ITOPYIIHUKIB TTONIIYKOBOIO IPYTIO0.

[lix vac anHamizy niTepaTypH 3 MPUKOPIOHOMETPUKH BHUSBIICHO, L0
OJTHUM 13 HaWBaXXJIMBIIINX MOKA3HHUKIB €(PEeKTUBHOCTI HisUTBHOCTI MPHUKOP-
JIOHHOTO BiJIiTy € HMOBIPHICTh HEIOMYIIECHHS MOPYIICHh KOPAOHY Ha Ji-
JISTHII TIPUKOPJOHHOTO Biftiy. Llel moka3HUK TaKkoX € BaXKIIMBUM JUISl PO3-
B’s3aHHS OLNBLI CKJIAAHUX 3a7ad, HANpUKIa, Ui 3a/adi ONTHMalbHOTO
PO3MOALTY TMPUKOPIAOHHUX CHJ Ta 3acO0iB MiX PI3HUMH PUKOPIOHHHUMHU
Bizutinamu [S]. Po3risHyBIIM MaTeMaTHuHy MOJEIb, IO JJO3BOJISIE BiUIYKATH
HMOBIPHICTh HEIONMYIIEHHS IMOPYIICHb KOPJAOHY Ha IUISHII NPHKOPIOH-
HOTO BiJTiTy, BiIMiY€HO, IO I MOJENb MICTHTH JESIKi YAHHUKH, AKi 3a-
JIeKATh B OUTBIIIH Mipi Bijl SIKICHUX TTOKa3HHUKIB.

Hanpuknan, iMOBIpHICTh 3aTpHUMaHHS MOPYLIHUKIB ITOIIYKOBOIO

TA o .. .
rpynoro pn , 110 BIVIMBA€ Ha MMOBIPHICTH CBO€YACHOI'O BHUSBJICHHSA 1 3a-

no0OiraHHs Jiif NOPYIIHNKIB, 3HAYHOIO MIpPOIO 3aJIEXKHTh BiJl TAKHX SKICHHX
MIOKa3HUKIB, 5K NMpOQeciiHICTh MOUIYKOBOI I'PYNH, JOCBIAYEHICTH KEpiB-
HUKA, [TOpa POKY, MOroja, peibed MiCIEBOCTI MOMIYKY TOHmO. ToMy € ceHC
PO3pOOUTH JIOTIKO-TIHTBUCTHYHY MOJENb I 3HAXOKCHHS HWMOBIPHOCTI
3aTpUMaHHs MOPYIIHUKIB TONIYKOBOIO IPYIOR0, MO Oylie BKIIOYATH B ceOe
SIK KIJIBKICHI TaK 1 SIKICHI IIOKa3HUKHU.

Ilix gac mocmiKeHHS TpeaMeTHOi 0o0JIacTi BHIIJICHO MHOXXHHY
(hakTopiB, SKi BIUTUBAIOTH HA 00 €KT MOCIIHKCHHS 1 SKi OyIyTh BXiTHUMHU
JIOTIKO-JTIHTBICTUIHUMHY 3MiHHUMU: X1 — BiJICTaHb MiK BiHChKOBUMHU IIOIIIY-

54



KOBOi TpymnH (BiXHOWICHHA IMUPWHHU AUITHKH MOUIYKY IO KUTBKOCTI BiHCh-
KOBUX B IIOIIYKOBIH TpyTi), X2 — €PEKTUBHICTh CIY)OOBUX cobak (BimHO-
IICHHS [TUPUHA JUITHKA MOITYKY IO KiJIBKOCTI CIy)00BHX coOak B IOITY-
KOBI# rpymi), X3 — IMOBIpHa KUIBKICTh MOPYIIHHKIB, X4 — CTaX KepiBHHKa
TIOUIYKOBOI I'PYNH B POKax, X5 — CEPEAHI cTak 0COO0BOTO CKJay IOIIy-
KOBO{ TPyIH B POKax, X — KOe(DilieHT HeOe3IIeUHOCTi MOPYIIHNKIB, X7 — BUJ
MICIIEBOCTI JUISHKH TIOUIYKY, Xg — PEJIbed) MICHEBOCTI JUISHKH MOUIYKY, Xg —
mmopa poKy, X19 — IOTOJHI YMOBH i/ Yac mouryKy. MHOXIHaA 3HaueHb, Oa-
30Ba TEPM-MHOXKMHA Ta (YHKIiS NPUHAIEKHOCTI BXITHHUX JIHI'BICTUUHHX
3MIHHHX KOPETYEThCS JIJIS KOKHOTO MPUKOPIOHHOTO BIAJTY OKPEMO, BUXO-
44 3 0cO0IIMBOCTEH penbedy, KIiMary Ta creuudiki OKpeMoro JiHiHHOro
Bizuiny. BuxinHa niHrBicTH4YHa 3MiHHA “VIMOBIpHICTH 3aTpUMaHHS MOPYIL-
HHKIB TMOIIYKOBOK Ipyrnoro” — BuzHadeHa Ha MHOXuHI X = [0; 1] Ta mae
TepM-MHOXHHY T = {“Ilyxe Mana”, “Mana”, “Cepenns”, “Benmka”, “Iyxe
Benuka”}. I'padik GyHKIIT NpuHAaIeKHOCTI HaBeeHUH Ha puc. 1.

(1

e o [ i) rrediuim high wesry_high
1.0 1

n.e

SRS

0.4

0.2

Puc. 1. I'padik pynkuii npunaae;kHOCTi BUXiTHOI 3MiHHOT

OCKUTBKHM BHUXiJHA JIOTiKO-JTIHI'BICTHYHA 3MiHHA — WMOBIPHICTh
3aTpPUMaHHs TOPYIIHUKIB ITOIIYKOBOIO TPYIOI — 3aJI€KHTh BiJ JECITH
BXIIHUX JIOTiKO-JIHTBICTUYHUX 3MIHHUX, TO II¢ 3HAYHO YCKJIATHIOE 33a[aqy
OINUCY NMPUYNHHO-HACIIIKOBUX 3B’SI3KIB 3a JIOIIOMOT'OI0 HEYITKMX IPaBUII
Tomy nipoBeneHO iepapXiuHy Kiacudikariro.

OcCHOBHI mapaMeTpy MOXHa BiTHECTH /IO TPHOX IiJICHCTEM.

[Mincucrema “E¢eKTHBHICTH MOITYKOBOI TPYNH 3a KiIBKICHUMH (haK-
TopamMu”’ BHU3HAYa€ CyMapHHUH MOKa3HUK €(eKTUBHOCTI MOUTYKOBOi TPyIH B
3aJIeKHOCT] BiJ] KiJIbKOCTI MOPYIIHHKIB 3 OJHI€] CTOPOHHU Ta BiHICHKOBHX i
CITy»00BHX CO0aK B TPy MONIYKY 3 iHIIOI:

vy = f(x, x2, x3). ()

[Mincuctema “EQeKTUBHICTH MONIYKOBOI I'PYIH 3a SIKICHUMHU (ax-
TopamMu’ BU3HAYa€ CyMapHHUH MOKa3HUK €()eKTHBHOCTI IMOIIYKOBOI TPy B
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3aJIeKHOCTI Bl CTaXy KEpiBHHKAa Ta 0COOOBOTO CKJIamy Tpymnu Ta Hebes-
MIEYHOCTI TOPYIIHUKIB:
Vo = f(xs, X5, X6). 1)

incucrema “EekTUBHICTD TOMIYKOBOI TPYIH 3aJEXKHO BiJl Te0-
rpaigHAX Ta METEOPOJIOTIYHNX YMOB™ BH3HAYA€ CyMapHHUN OKAa3HHUK TBOX
migcucreM — “E(eKTHBHICTD MONTYKOBOT TPYIIN 3aJISKHO Bill BUILY Ta penbedy
MicreBocTi” Ta “E¢exkTHBHICTD MOITyKOBOI TPYNHU B 3aJIC)KHOCTI BiJ IOpH
POKY Ta IOTOAHHUX YMOB”, SIKi € CyMapHHUMH IMOKa3HUKaMH €(pEeKTHBHOCTI
MOUIYKOBOI TPYNU 3aJIEKHO BiJl BUAY Ta peibedy MICIEBOCTI Ta Bif MOpU
POKY Ta MOTOJHUX YMOB BiIIMOBIHO:

Vg = f(Vg, V4) = f(f(Xg, Xg), f(Xlo, xll))- 3

VIMOBIipHICT 3aTpUMaHHs MOPYIIHUKIB ITONTYKOBOIO TPYIIOI0 BH3HA-
Ya€ThCS SIK CyMapHHUH TMOKAa3HWK BHUXITHHUX ITapaMeTpiB OMHCAHHUX ITiJICHC-
TeM. Moziens CHCTeMH Ma€ BUTIIAL;

anr = f(vy, V2, Vs). (4)

Baza mpaBui miel Momeni cKiamaeThes 3 miecTH OokiB. s me-
¢dasudikanii BUXiAHOT JTIHTBICTUYHOI 3MIiHHOi BHUKOPHUCTOBYETHCS METO]
LEHTPY Baru, NpH SKOMY 3HAUSHHsI BUXiTHOT 3MiHHOI pO3PaXxOBYIOThCS SIK:

B éxiu(xi)
é“(xi) |

Mopgens pealizoBaHa 3a JOIIOMOT'0I0 MOBH ITporpamyBaHHs C#.

y ©®)
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CEKIIWA IIPOBJIEM ITVWHAMMKM U IIPOYHOCTHU

YUCJIEHHOE MOJEJINPOBAHUE IIOBEJIEHUS
IVIOCKOJE®OPMHUPYEMBIX YIIPYI'UX CPE/]
C IMEJIEBU/IHBIMU OTBEPCTUAMMU U BKUIIIOYEHUSIMU

Tapm 3.J1., I'yopamosuu B.C.
Hnenponemposckuii Hayuonanwvrwiii yuusepcumem um. O. I'onyapa
49010, Yxpauna, e. [{nenponemposck-10, np. 'acapuna, 72
men. +38(056)7450085, e-mail: hart@ua.fm; hudramovich@i.ua

OtBepcTHs U BKIIOYCHUS pa3HON (OPMBI ABISAIOTCS MPOSIBICHAEM
HEOJHOPOJHOCTH cpell U KOHCTpyKimid. [TnactnHyato-060104euHbIe KOHCT-
PYKLIHH UMEIOT BBIPE3BI-IIOKH PA3IMIHOTO TEXHOIOTHYECKOTO HA3HAUECHHS.
BximroueHMSIME 711 HUX MOJICTTHPYIOT pa3iM4HbIe MOJKPEIIICHNS, HAKIAIKH,
MPUBOJAIINE K JIOKAIbHOMY M3MEHEHUI0 jkecTkocTd. HeonHopogHoCTh yKa-
3aHHBIX KOHCTPYKIMH MPUBOAUT K 3HAUUTEIHHOMY YCIOKHEHHIO METO/IOB
pacdera HampspkeHHO-AedopmupoBanHoro cocrostHus (HJC) mnmm xputh-
YECKHX COCTOSHUH (YCTOHYMBOCTD, MIpeeNbHbIE HAarpy3ku). Bo3Hukaromue
3a[]a4d IPOYHOCTH XapaKTEPHBI B IEPBYIO OUEPEb U KOHCTPYKIMHA a3po-
KOCMHYECKONH TEXHHKH, HE(TEra30BOH OTPACIH, MPOMBIIUIEHHOTO CTPOH-
TenbeTBa [ 1, 2].

Heo0xonnmocTs y4yeTa HalW4Ms OTBEPCTUI M BKIIOYCHUH Xapak-
TEPHO /IS Cpejl, 00agaomux Gpru3nKko-MeXaHnIeCKUMHU CBOMCTBaMU B IIPO-
1eccax MOPOIMIKOBOM MeTauTyprud, KepaMHYIeCKOTo Mpou3BojacTa [3-5].
JUis MHOTHX M3 HUX HPOHMCXOJUT CHEKaHHWE IPU BBICOKHX TeMIEpaTypax
MTOJITOTOBJICHHBIX 3apaHee cMecel. V3ydeHrne BOSHUKHOBEHHS B TpaHC(HOp-
Mallii YKa3aHHBIX BU/IOB HEOJIHOPOAHOCTH CPeabl (OTBEPCTHS, BKIFOUCHN)
BaXXHO JUI1 M3YYEHHUS IPOIECCOB B MEXAHWKE PACCESTHHOTO DPa3pyIICHUS
YKa3aHHBIX cpef [6]. 31ech Takke BaXKHBIM SIBIICTCS HEOOXOAMMOCThH ydeTa
CITOXHBIX (pH3MKO-MeXaHHYeCKnX Mozenel aedopmupoBanust [7]. Kak Bxiro-
YEHUs MOXKHO PacCMaTpHUBATh JIEMEHTHI, XapaKTepPHU3YIOIIHe IHCKPETHOE
ynpouHeHHe Aetaied MammH. Oco0oro poja BKIIOYEHHSIMH, XapakTepH-
3yrouye aeopMalMoHHYI0 aHU30TPOIINIO, SIBJISIFOTCS. 4acTH Tell (0OBIYHO B
BHUJIE TI0JIOC aHW3OTPOIINH), MIPOLIEIINX MPEIBAPUTEILHOE CIOKHOE HAarpy-
YKEHUE NPH TUIACTHYECKUX JedopmManusx [5].

CkazaHHOE ONpenersieT aKTyaJlbHOCTh HCCIEIOBAHUS IOBEICHHS
TBEPABIX T€I U AJIEMEHTOB KOHCTPYKIHUHA C OTBEPCTUSMU U BKIIOUECHUSAMU.
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Bo03MOXXHOCTH aHATUTHYECKHX METONOB orpaHmdeHsl. lllupoko pacmpoct-
PaHEHHBIM SBJIACTCS IIPUMEHEHNE YHCICHHBIX METOJI0B, OPUCHTHPOBAHHBIX
Ha UCIOJIb30BaHHE KOMIBIOTEPHON TEXHUKH. B 3amayax mexaHuku aedop-
MHPYEMBIX Tell UM KOHCTPYKIHI HanboJjiee pacmpoCTpaHEH METO] KOHEU-
HbIX 3neMenToB (MKD).

BaxxHoit sBnsieTcst pa3paboTka pacueTHbx cxeM MKD, mo3Bomsio-
IIMX 3HAYUTENEHO YMEHBIINTh MAIIHHHOE (KOMITBIOTEPHOE) BpEMs pacueTa.
K HEM OTHOCSTCS IPOEKIIMOHHO-UTEPALMOHHBIE cXeMbl. VX ocobeHHOCTH 1
COOTBeTCTBYIOIIas Oubanorpadus paccMorpensl B [1, 2, 5, 8].

Pa3paboTka Takux pacyeTHBIX CXEM HEO0O0XOIMMa, HECMOTpPS Ha
HaJIM4YMe JTMIEeH3MOHHBIX pacueTHbIX nakeTtoB MKD (NOSTRAN, ANSYS u
Jp.), IPUMEHEHHUE KOTOPBIX MUMEET OTpaHUYEHUs (JOPOroBU3HA MOKYIIKH U
COJICpP)KaHMsI CaMUX MAKETOB M JOTOJHUTEIBHBIX MOMAYJICH, TTO3BOISIONINX
pemaTh 3a1a4u ¢ IPUMEHEHHEM YCIIOKHEHHBIX Mozeneil neopMUpoBaHus,
HEBO3MOXHOCTh BMEIIATEIHCTBA B MIPOIECC pacdeTa (IAKeThl OMPEACNIIOT
HavdaJbHbIEC YCIOBHS M KOHEYHBIN pe3yabTaT pacuyeTa) u Jp.).

INpumenenne ux 3QHEKTUBHO TS IPOBEICHUS PACIETOB MPH MHOTO-
KpaTHBIX U3MEHEHUSX (YTOUHCHHMAX) MapaMeTpOB, ONPEICISIONINX OCOOCH-
HOCTH mporecca 1epOopMUPOBaHUs (IKCIIEPUMEHT, apaMeTpbl TEXHOJIOTH-
YeCKUX mpoiieccoB) [1].

B kauecTBe mpumepa mpuBEAEM pe3yiIbTaThl pacdyeTa Ha OCHOBE
pa3paboTaHHBIX IIPOrpaMM pacyueTa, MUCHOJIB3YIONNX MPOEKIMOHHO-UTepa-
LUOHHBIE cXeMBbl pacyera MKD, HanpspkKeHHOTO COCTOSIHUS CPEIbl, HMETo-
el IeNIeBUIHbIE OTBEPCTHSA W BKIIOYCHUS NPSIMOYTOJIbHON (hopmbl. Bun
TaKO# CTPYKTYpHI IIOKa3aH B MPaBON HIDKHEW 9acTH pHCcyHKa (puc. 1).

Hcnonp3oBana Mozens miiockoaedopmupyemoit cpensl. Pacnpocr-
panenne MKD Ha GeckoHeuHBIE 00JAaCTH MPOBOJIUTCS C yUETOM cooOpa-
JKEHUH, U3JI0KEHHBIX B [9].
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[loka3zaHo pacnpeneneHre HOpMAIbHBIX HaNpsDKEHUN MO BEPTHKAIIb-
HOHN ocH, 0003HaYEHHOM Ha CXEME HarpyXeHus cedeHweM a—d, CIuomHbIMu
JMHUSIMA 0003HA4EHBI JaHHbIE JUIS CPEbl, IMCIOIIECH TOJIBKO IIEIEBUIHBIE
otBepeTHs (6€3 BKIIOUEHHs) H MOJIyJIeM yIpyrocT cpemsl Eq = 2-10° MITa.
IITpuXOBBIMU JIMHUSMH HAaHECEHBI JAaHHbBIC JUIS CPEAbl C IIEJICBHIHBIMU
OTBEPCTUSIMU € TEM KE MOAYJeM ynpyroctd E; u npsamoyronsHeiM BKITIO-
yeHueM ¢ MogyneM ynpyroctd E, (E1/E; = 1,82). OtHowmenus cropon as
BKIFOUCHHUS PaBHBI IBYM.

B npoBeseHHBIX pacderax MCIOJIb30BaHBI MPSIMOYTOJIbHBIE KOHEY-
HbIE JJIEMEHTHL. B cilydae OTBEpCTUH M BKJIIOYEHUM, IPAHULBI KOTOPBIX
HMEIOT KPYTOBYIO MIIM OBAJIbHYIO (popMy, LienecooOpa3sHO HCIOIb30BaHNE
TPEYroJbHBIX KOHEYHBIX DJIEMEHTOB.

[Tpu y4ere mmactuueckoro aedopmupoBanust 3HHEKTUBHBIM SIBIIS-
€TCsl UCIOJIb30BaHHE METO/IOB IIEPEMEHHBIX IapaMeTPOB YIPYTOCTH HIIH
JIOTIOJIHUTEIbHBIX Harpy3oK [2, 8].
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A NEW LAW OF TRANSIENT NUCLEATE BOILING
PROCESS GENERATING MANY MODERN
AND ORIGINAL TECHNOLOGIES

Kobasko N.1I.
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.:

DZ

T, =0k, —, 1

nb F a )

where Q is a parameter which depends on initial temperature and

cooling properties of a quenchant; kg 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.:

T, =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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BIBPAILIIL TA YIAPH,
1O JITFOTh HA PAJIOEJIEKTPOHHY ATIAPATYPY

YPoiizman B.IT., Mopos B.A. Xuenvnuyskuii Hayionanenuil yuisepcumen
'royzman_v@mail.ru, vik-moroz@yandex.ru

CyuacHa TexHiKa, 0COOIMBO 030pO€HHS, B 3HAUHIH Mipi 0OnaHaHi
PazlioeNeKTPOHHOIO Ta €IeKTPOHHO-0OYHCIIIOBATIEHOIO allapaTypolo Ta CHCTe-
MaMH, SKi BUKOHYIOTh (YHKIII KepyBaHHS, HaBEICHHs, KOHTPOIIO, BHSB-
JICHHSI, peryJIIOBaHHs, CUT'HaJi3allil, KOOPJUHYBaHHS, 3B 3Ky 1 HaBiTh ypa-
seHHs i [1, 2]. YacTo 1l cHCTeMHU pO3TalIOBYIOTECS Ha PyXOMHUX 00’ €K-
Tax — refliKoNTepax, JiTakax, Kopadysax, aBTOMOOUTBbHIN 1 TyceHIYHIHN Tex-
Hilll, paKeTax, CyImyTHUKax Ta iH. — 1 IPalOOTh, SIK IPaBHJIO, IiJI BIVIMBOM
CKJIAJTHOTO KOMIUIEKCY aecTtabimisyrounx ¢akropiB. Jlo HaiOinpm Hebes-
MIEYHHX 3 HUX BIJJHOCATHCS BiOpaliiiHi Ta yJjapHi HaBaHTa>KeHHs, aKyCTUYHI
BIUTUBH, JOPOKHE TPSCIHHS, TOCTPLUTH, HEBPIBHOBAKEHOCTI NeTayeH, sKi
LIBUAKO OOEPTAIOThCS, yAapHa XBWIISL, Pi3Ki MOPUBH BITPY, HIBHIKI Typ-
OyneHTHI MOTOKH Ta iH. /i 1Mx (PaxkTOpiB 3HAYHO IiJICHITIOETHCA y (PpoH-
TOBHX YMOBax 0e310pi3OKsl, BUOYXIB, TOCTPLNIB, 3ITKHEHD.

Jliroui HaBaHTa)XEHHS MOXYTb MPU3BOJHUTH 10 PYHHYBaHHS OKpe-
MHX JeTajell Ta BY3JiB pPagioeNeKTPOHIKH (pe3UCTOpiB, KOHJEHCATOPIB,
JIaT, MIKPOMOYJIIB Ta iHIMUX JeTaned) abo M0 3MiHM paTiOTEXHIYHUX Tapa-
METPIB €JIEKTPOPaaioeNIeMEHTIB Ta By3IiB (po30aiaHCyBaHHsI KOHTYPIiB, MIKpO-
(¢oHHMIA edeKT Ta iH.), IO MPHU3BOAHWTH JO 3HWKEHHS TOYHOCTI POOOTH
armapaTypu 1 Iepeuikoj B KaHajmax rnepexpadi iHdopmanii, a yacto i 10
BiZIMOB BUPOOiB.
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Jnst IpaBUIIBHOTO MPOEKTYBAHHS, BUPOOHHMILITBA i BUIIPOOYBaHHS
palioeNeKTPOHHOI amapaTypd HEOOXiHO 3HAaTH i BPaxOBYBaTH YMOBH, B
SIKHX BOHA OyJie eKCITyaTyBaTHCH.

Skmo pobora amaparypu OyJe NpOXOAMTH B yMOBax BiOparii i
yaapiB, To OakaHO 3HATH Mialla30HU CIEKTPY KOJIWBaHb, aMILTITYJ, BiOpoO-
LIBUIKOCTEH, BIOPONIEPEBAHTAXKEHD 1 XapaKTEPUCTUKU YIAPHUX IMITYJIbCIB.
Jiis BupoOiB eJIeKTPOHHOI TEXHIKM BAXKIMBY POJIb BigirparoTh HE TUTBKU
YMOBH eKCILTyatalii, a i yMOBH Ii TpaHCIIOPTYBaHHS B HEpoOOYOMY CTaHi
Ta 30epiranHs.

3aJexHO BiJ BHIY TPaHCIOPTY, SIKUM IEPEBO3SThH amaparypy, Ha
Hel JIiFOTh pi3HI MO CIEKTPY Ta iHTEHCHUBHOCTI BiOpamii Ta ymapw. [lpwmii-
MaroTh, 10 YacTOTA JAI0YMX BiOpawiil JexuTh B Mexax Big 2—3 mo 700 I'n
JUISL CYXOITyTHOTO Ta MOPCBKOTO TPAHCIOPTY, a Y KEPOBAaHHX CHapsiiax Ta
mitakax — 5 k[’ ta 130 x['11 BiINOBIAHO, aMILTITYM BiOpamiid — y niamazoHi
0,25-200 mm, BiOpomepeBaHTaxkeHHS Bix 1 10 4 g. Y KoJicHOro TpaHc-
nopTy BiOpaii i yaapu MOXXyTb MaTi BUIAIKOBHI XapaKkTep 1 3aJexaTH Bil
cTany noporu. [Ipu BaHTaXHO-PO3BAaHTAXKYBAJIBHUX POOOTAX BAXKKO MEpes-
0a4uTH SIKI MOXKYTh BUHUKHYTH ynapH i BiOpauii. [Ipu naninni 6ioky PEA
6e3 ymakoBku 3 Bucotn 30-50 cM ymapHe mepeBaHTa)KCHHS MOXE Iepe-
uiyBatu 500 g [3].

BaxnmBo 3HaTH Kepena 30yIUKEHHS KOJMBaHb, 1100 MPU MOX-
JIMBOCTI BIUIMBATH Ha HHUX 3 METOIO YCYHEHHs a00 3MEHIICHHS IOPOJIKY-
BaHUX HUMH BiOpariif 1 ygapiB. Cami xepena MOXKYTh OYTH BHYTPIlTHIMH,
HAIpHKJIIaJ], HEBPIBHOBAXXEHICTh POTOPIB 1 JloNaTeil BEHTUIATOPIB, EJIEKTPO-
JBUTYHIB, IEPETBOPIOBAYIB Ta iHIII B CAMHX BHPOOaX €IEKTPOHHOT TEXHIKH.

J1o 30BHINIHIX JpKEpesT BiOpaliit ciiix BigHECTH, HacaMIiepe, Biopa-
mii THX 00'eKTiB, Ha SKUX 3MOHTOBaHa amaparypa abo Ha sSKuXx ii mepe-
BO3sTh. KpiM TOro 10 30BHINIHIX JpKepes 30Y/KEeHHs! CJIiJ] BIIHECTH aKyc-
TUYHHUH IIyM, TIOPUBH BiTPY, HEPIBHOCTI JOPOTH, XBHJIIOBaHHSI MOps, a Y
(bpOHTOBUX YMOBaxX — BUOYXH, TIOCTPLIIN, 3iTKHEHHSI.

OcuoBuumu 30BHIHIMA i1 PEA mxepenamu BiOparmiii Ha Jtita-
Kax € TOBITPSHI TATOBI TBUHTH, PEAaKTUBHI ABUTYHH, BiOpoyaapu — TypOy-
JICHTHOCTI TIOBITPSIHOTO CEpPeIOBUINA, yIapH IPH KOPCTKUX ITOCATKAX.

YacToTH NHEpIIMX POTOPHUX T'APMOHIK MOXYTh JIEXKATH B MeE}Xax
30-80 I'y 3asexHO Bix Tumy ABuryHa. LIi BiOpamii MarTh ayKe MIHPOKUI
niana3oH vactot (Bix 10 mo 2000 I') i BiOpomepeBanTaxkens Bix 0,02 10 5 g.
3BHUaiiHO, PEXUMH 37IBOTY, IOCAJKHU, IIOJBOTY B MOBITPIHUX TypOyJeHT-
HOCTSIX BIAPI3HSIOTHCS Bijl CIIOKIHHOTO MOJBOTY 3HAYHO OUTBIIMMHU 3HA-
YeHHSIMH IapaMeTpiB BiOparliii i ymapis.

VY neskux TEXHIYHMX BUMOTaX Ha po3poOKy sitakoBoi PEA Bka3zy-
€ThCs Aiama3oH yactoT Bix 5 qo 300 I'm mpu BibpomnepeBanTaxkenHsx 0,1 1o
5, a TakoxX BiOpoynapHi HaBaHTa)XKEHHs 3 BiOpolepeBaHTa)XeHHSIMHU a0 12
pH TpuBaJsiocTi iMmymsey Big 0,02 1o 0,05 ¢ [4]. ITpu npoMy cimix MaTu Ha
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yBa3i, 10 [Ii HOPMHU CTOCYIOThCS BiOpalliif 1 ynapiB, BUMiproBaHUX OiJist oc-
HOBU BHPOOY, a00 B MiCISIX HOT0 KpIIUIEHHS B JIITAKy.

ITpu poboti Typ6orBunToBoro asuryna (TT'[]) Ha mitaky Jokepe-
JIOM IHTCHCHUBHHUX KOJMBAaHb, IO TEPENalOThCS Ha JITaK, € MOBITPSHUN
TSATOBHUI TBUHT, a Ha KOPaOJIi IITOBXalounil rpeOHMIA TBUHT.

30ymKyroda cuia 3 9aCTOTOI0 00epTaHHS BHHHKAE BiJ CTATHYHOI,
JMHAMIYHOT 1 aepOIMHAMIYHOT HEBPiBHOBaXKEHb TBUHTA. CTaTUUHUIT 1ucOa-
JIAaHC TBHHTA BHHHUKAE depe3 po30DKHICTh LIEHTpa Bard IBHHTA 3 BicCio obep-
TaHHA. Tak sIK TOBITPSIHUI TBUHT MOKHA PO3IJISIATH Maike SIK JHCK, TO
el BU nucOanancy € BU3HaYaIbHAM.

JlnHamiuHa HEBPIBHOBAKEHICTh BUHUKAE Yepe3 PO30IKHICTh TOOBHOT
LEHTPaJILHOI OCi iHepIlii FBUHTA 3 Biccko 0OepTaHHs aBianBuryHa. Ii MoxHa
YSBUTH, SIKIO PO3IVISAATH MOBITPSHUN TBUHT HE SK IUIOCKWH JHCK, a SIK
00'eMHE TiNTO, OKpeMi YaCTHHH SKOTO B3JOBXK OCi 0O0epTaHHS MalOTh CBOI
cratuyHi gucbanancu. Tak, SKIO HEHTPH TSXKIHHSA JomaTteld TBHHTA HE
JISKATh B OJHIN TUTONIHMHI 3-32 TOXHOOK BUTOTOBIICHHS, CKIIAJaHHS 1 PI3HHALI
B JKOPCTKOCTI, a, 0TXKe, 1 B Aedopmanisx mij yac poOOTH JBUTYHA, TO Mae
MicIle JHaMi9Ha HEBPiBHOBAXKCHICTb.

PEA, 110 BCTaHOBIIIOETHCS HA Cy4YaCHHX TeIIIKONTEpax, BiadyBae
BiOpaIlito Bil HEBPIBHOBaXCHOCTI HECYUOTO TBHHTA 3 YACTOTOK MEPIIOT
I'BUHTOBOI T'apMOHIKH, BiJl aepoJMHaMiYHOI HEBPIBHOBAXXEHOCTI Jionareil 3
YacTOTOI0, PIBHOKO 1 KPaTHOKO KUNBKOCTI JIOTATEH, Bil HEBPiIBHOBa)KEHOCTI
POTOpIB JIBUTYHIB 3 4acTOTOIO IEPIIOi POTOPHOI IapMOHIKU JABHIYHIB, a
TaKOX BiJl HEBPIBHOBA)XEHOCTI KOJIIC PEAYKTOPA 1 KapJaHHUX Iepeaad.

XBOCTOBHIA I'BUHT TaKOX € JDKEPEIOM BiOpalliif, xoua 1 MEHIIOT iH-
TEHCUBHOCTI, HiX Hecyunil. OCHOBHe JpKepelno BiOparii aepoarHaMi9HOTO
MOXOJ/KEHHSI 1€ JIOTIATOYHI JUCKH, TATOBUH I'BHHT, BEHTHJISTOP KOMIIpE-
copa, TypOiHH.

Uepes po3ku 3HAYCHDb aepOJMHAMIUYHUX XapaKTEPUCTHK JomaTei
BUSIBJISIIOTHCS HEOJHAKOBUMHM X CHJIM TATH 1 Oomopy Juisi oOepTaHHsS OKpe-
MuX Jsonatedl. [Ipy reoMeTpu4HOMY IiICyMOBYBaHHI IIMX CHJI BUHHKAIOTh
HEBPIBHOBa)XXCHA JUHAMIYHA CHJIA i MOMEHT, SKi NPUKIANCHI 0 Balry
reuHTa. CyMapHa [is Ha BaJl HEBPIBHOBAXXEHUX CHJI i MOMEHTIB 30ymIKye
BiOpanii 3 4acToToro oOepTaHHS TBHHTA. AJle iCHye Iue OoAuWH BUJI 30y-
JOKEHHS, 110 MOPOJKY€E KOJIMBAHHS KOXHOI 3 JIOMaTeil 3 4acTOTO MepuIoi
I'BUHTOBHI rapMoHiku. L{e 30y/UkeHHsI BUHHMKAE IIPU TaKk 3BaHOMY “KOocoMy”
001yBi 00€pTOBOTO TBUHTA, KO TOBITPAHUI MOTIK OOTIKae JIiTaKk y Ha-
npsAMax, IepIeHIUKYIISIPHUX TTO3I0BXKHIN OCi JTiTaka.

Taxa B3aeMoist 00epTOBOTO TATOBOI'O I'BUHTA 3 HOBITPSHUM IOTO-
KOM Ma€ MicIle TIpH €BOJIIONIAX JliTaka, 0COOJMBO TP KOB3aHHi, OOBTaHIII,
BiZIpHBI BiJ 3eMili IIPH 3JIbOTI Ta TOPKAaHHI IPH MOCA/LI, KOJIHU JITaK Mpo-
cimae Ha 1aci abo mpu CHIIbHOMY OiYHOMY BIiTpi.
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BiOpamii Ta mrymu, sKi MOPOMKYIOTECS AMCOATAaHCOM 3y09acTHX
KOJTic, TOXMOKaMi BUTOTOBJICHHS 3Y0iB 1 dKOPCTKICTIO 3a4eIUICHHS 30YIKy-
IOTh Ta MOPOJDKYIOTH BiOpaIifo 3 4aCTOTOIO, IO JOPIBHIOE JOOYTKY YacTOTH
obepranHs 3y09yacToro xojeca Ha gmcio 3yOiB. IIpu 36iry wacrtoru obep-
TaHHS 3 BJIACHOIO YacTOTOI KOJMBAHHS X0dYa O OJHOTO 3 KOJIC IapH BHU-
HUKAa€ PEe30HAHC 3 YKpal HENMpPHEMHUMH HACTiTKaMHu. PemxykTopu aBiamiii-
HUX JBUTYHIB 1 BEPTOJIOTIB MPAIOIOTh 3 BUCOKHUMHU LIBHIKOCTSIMH 1 Ha-
BaHTa)XEHHSAMH 1 IX BUTOTOBJISIFOTH OCOOJIMBO PETENBHO.

[TiAmMIHUKN KOYEHHs TaKOX € JPKepesloM BiOpaliil, sika BUHUKAE
4yepe3 MOXHOKM BUTOTOBJICHHS KiJlelb, OIrOBUX JOPIXKOK, Till KOUSHHS, Ce-
napaTropiB, a TaKoX uepe3 3a30pH 1 HEPIBHOMIPHICTH XOpCTKOCTi. Tak
PI3HOCTIHKOBICTh BHYTPILIHBOTO KiJbLs, SIKE 00EPTAEThCS, MOPOIXKYE Bi-
OpaLio 3 YaCTOTOKO MEePLIO] TBUHTOBHII TAPMOHIKH, a OBAaJIbHICTh MMOPOKYE
BiOpaIlii 3 9acTOTOIO APYTroi TapMOHIKH. AMIUTITYIN BiOpalliii 3poCTaroTh i3
3pocTaHHAM NOXHOOK. B mimomy BiOparmii, mo 30yIKYIOTBCS IIiIIIHII-
HUKaMH, 5K TIpaBHUjIo0, Habararo MeHI 3a BiOparii camoro asuryHa (tadm. 1).

Ta6auns 1 — XapaktepucTuku Bidpauiii, o AiloTh Ha anapaTypy,
SIKQ BCTAHOBJIEHA HA pyxoMuXx 06'exrax [3]

Jlxepeno BiOparii XapakTepucTHka Bioparrii

TpancmopTHi 3aco0u YactoT 30y/PKYFOUMX KOJIMBaHb MiJBICKM MAallWHH

KOJIICHOTO THUITY 2-10 I'n, xy3oBa 8-15 I'n, mpuckopenus 1 g, gac-
toTH 30ymKeHHs neuryHa 20—-60 ['m

TpancnopTHi 3acobu YnapHo3OymxyBaHi BiOpauii B Iiama3oHi 4acToT

TYCEHUYHOTO THITY 400-700 I'u, ammutiTyna KOJMBaHb Ha HU3BKHX Hac-
toTax + 0,25 MM

Kopabens YactoTy 30yIDKYIOUMX KOJHMBaHb 1 MPUCKOPEHHS B
kopMoBiii yactui 2—35 ', 0,05-0,5 g

Jlitax Yacrotu 30ymkenns 3—500 I'1, aMIutiTyaa KoJauBaHb

+3,8 MM Ha HM3bKHX YacTOTaX.
AxycTruHi Biopanii ¢ yactoToro 10 130 x['11 Ha piBHI
150 nb BHIIe 3BYKOBOrO TIOPOTOBOTO PiBHS

KepoBani cHapsiau Yacrotu 30ymxyrounx komusaHb 30-5000 I', mpu-
ckopeHns 5-30 g. Ha minsiHI pe3oHaHCY MOMKITHBI
npuckopeHHs 10 40 g.

AxkyctuuHi BiOparii ¢ yacrotoro mo 10 k['1 Ha piBHI
130 nb BuIIe 3BYKOBOT0 IIOPOTOBOTO PiBHA

Ha PEA, 1m0 BCTaHOBIIIOEThCS HA paKeTaX, MIFOTh BEIMYC3HI Ji-
HilfHI 1 ylapHi NepeBaHTaKeHHsSI 0COOJIMBO Ha PeXXHMax CTapTy 1 minidomy.
JlxepenaMu IUX MEPEBAHTAXKEHb € POOOTA MOTYKHHUX PAKETHUX JBUTYHIB 1
MIPUCKOPIOBAYIB, a TAKOXK IX CKuIaHHsA. He Many poib Bimirpae acpoauHa-
MiuHe 30Y/DKCHHS Ha peXHUMIi MIAOMY pakeTH B Mexax cTparochepu. Y
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pakeTax MpH BKJIIOYEHHI CTAPTOBUX HPHUCKOPIOBAYIiB HA TBEPIOMY MalUBi
MepeBaHTAKCHHAS MOXKYTh gocsraTtu 15g [4].

Y3aranpHIOIOYM BHKIAACHI MaTepiand sl 3pYYHOCTI KOPHUCTY-
BaHHS 00’ €IHAEMO 1X B HaCTYIHI Tabmmmi (Tadm. 2, 3).

Tabuauns 2 — [Tapamerpu BiOpauiii, o Ail0TL Ha anapaTypy
NPU TPAHCHOPTYBAHHI [4]

Yacrota AwmrmniTyna, MM
YMmoBa IIpuckopenns, - -
TpaHCTIOpTyBaHHs 30yIKYIOUNX g HU3bKI BHCOKI
p KOJIUBaHb, [ 11 4acTOTH 4acToTH
ABTOMOOIJTB 2-3 3 180 80
15-40 1 1,1 0,15
3ani3Ha gopora 2 1,5 25 R
100 +2 — 0,05
MopchKHii TpaHCTIOPT 1-50 0,4-2 1o 10 <0,2
TloBiTpsiHUI TpaHCTIOPT 3-500 0,2-20 >3 <0,2

Tabuaunsa 3 — 3HayeHHs BeJUYHH NapaMeTpiB Bi0pauiiiHux i yiapHux BIUIMBIB
HA pajlioeeKTPOHHY anaparypy [5]

Bibparis niHilHEe
Bux PEA 4acToTa, |MPUCKOPEHHs, | yaap, |[IPUCKOPEHHH,

I'n g g g
ABTOMOO1TBHA 2-80 4-1 10 6
Haniscramionapsa 2-80 4-1 20-75 -
IMepenocHa 2-80 6-3 100-200 -
JlitakoBa 3-400 2-10 5-10 6-9
Kopabenbna 5-35 15 7-12 -
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HIABAIMEHHS EOGEKTUBHOCTI HPOEKTYBAHHSI MALIMH
I 3ABE3IIEYEHHS IX ITIPAIHE3JATHOCTI
HJIAXOM PO3B’A3AHHSA OBEPHEHUX 3AJAY

Topowxo A.B., Pouisman B.11.
XmenvHuywvkuil HayionaneHull yHieepcumem, Ykpaina
E-mail: iftomm@ukr.net

[IpakTiyHO Oynb-siKa CydacHa MalllMHa CKJIJaeThCsl 3 MEXaHIYHOT,
TiJIPOITHEBMOMEXAHIYHOI, €IEKTPOMEXaHIYHOT Ta eNIeKTPOHHOI cructeM. [Iparie-
3[ATHICTh MalIMHH, TOOTO CTaH, Y SIKOMY BOHA 3JlaTHAa BHKOHYBAaTH CBOI
¢byHKIIT 3 TapaMeTpaMu, 3a1aHUMu TexHIiuHMMHU ymoBamu (TY), 3anexuth
BiJI TpaIe31aTHOCTI BCIX CHCTEM MammHW. Hampukinaz, npamne3 aTHicTh Me-
XaHIYHOI CHCTEMH MAIlIWHU 3aJeKUTh BiJ MIITHOCTI, BiOpamiifHOi CTilKOCTI,
3HOCOCTIHKOCTI, TBEpAOCTI, TETUIOCTIMKOCTI 1i /ieTaneid, mpane3iaTHICTh eNeKT-
POHHOI CHCTEeMH KpiM TOTO 1 Bif 3a0e3IeYeHHs] HEOOXiTHUX EICKTPUIHUX
mapaMeTpiB.

[Tpu mpoekTyBaHHI MaIlMH 3HAYSHHS IX BHUXIIHHUX MapamerpiB B
Till 4¥ 1HIIHA Mipi 3a1eXaTh BiJ] HOMIHAJBHHUX 3HAYCHB 1 JOMYCKIB HA HHUX
(Hamami Oynemo iX Ha3MBaTH BXIIHUMH MapaMeTpaMHu) COTeHb abo THCSIY
JieTaiieil 1 By3JiB, M0 CKJIQJal0Th KOHCTPYKIIIO MaIllMHU, B3aEMO/IsS SKHX 1
3abe3nedye (yHKIIOHaJbHE NMpU3Ha4yeHHS. [lepex KOXXKHUM PO3POOHUKOM
(TpOEKTYBaJIbHUKOM) MAIIMHK CTOITh 3a]ada BHOOPY TakWX ii CKIIaJOBHX,
00 XapakTEpUCTHKH 1 MapaMeTpu CIPOEKTOBAHOI MAIIMHU 330BOJIBHSIIN
mocranieHi TY.

BigmoBa, ToOTO MOpYLICHHS Mpale3JaTHOCTI MAallMHK MOXE Bif-
OyBaTHUCh 3 JIBOX IPUYHH:

—3ananuM B TV 3Ha4YeHHSIM BXIJHUX MapamMeTpiB MalllMHHU HE 3aB-
JKIW BiAMOBIZAIOTh HEOOXiMHI 3HAYCHHs 1X BUXIJIHHUX XapakTepucTuk. Lls
mpobJemMa MoB’sA3aHa 3 MOMIJIKaMH Ha eTalli IPOeKTYBaHHS;

— B IIpoOIIeCi eKCIuTyaTallii BigOyBaroThCA TakKi 3MiHM BXITHHUX Iapa-
METpiB 1 XapaKTEpUCTHK, NP KX He 3a0e3redyeTbcs BUKOHaHHA TY Ha
BUXiZHI mapamerpu. HaBiTe mpu BajoMy Ha NEpIINE MOTIIA] pe3yiabTaTi
MallliHA BHACIIJOK PEaJbHOT0 PO3KHIY 3HAYECHb XapaKTEPHCTHK il OKpe-
MHX CKJIaJJOBHUX HE 3aCTpaxoBaHa Bij TOTO, IO 11 XapaKTepHUCTUKH HE BHH-
IyTh To3a Mexi TY mij yac ekcrutyaTanii, TOOTO Ipane3aTHicTs 3a0e3re-
4yeHa He Oye.

ITicnst BcTaHoBNEHOTO (hakTy HEBHKOHAHHS MamuHoo TY mocmij-
HUKH MPArHyTh 3HAWTH BiMOBIIHI MPUYHMHM, & CaMe IIYKAIOTh BiAMOBI I HA
MMTaHHS a SKUMU K MalOTh OYTH 3HAYCHHS BXiJHHX MapaMeTpiB CHCTEMHU,
o6 3HayeHHs1 TY rapantoBaHo 3a0e3MeUyBaINCh IPOTATOM TEPMiHY €KCII-
nmyatauii. Lo 3amauy, Ha Hamr MorJsN, HEOOXIAHO PO3B’SI3yBaTd ILIE INPU
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MIPOEKTYBaHHI MaIIHM. 3a7adi HOAIOHOTO THITY, KOJH 3a HacliaKkamMu (TIpo-
SIBY 00’€KTa, III0 CIIOCTEPIraeThes), 1 anpiopHii iH(popmarllii, HeoOXiTHO 3HANTH
MIpUYHHY (BIACTUBOCTI 00’€KTa), HA3WBAIOTh OOCpHEHNMH 3amadaMu. Ode-
BUJIHO, 110 BHACTIJOK MPUPOJHOTO PO3KULY PEATbHUX XapaKTEPUCTHK, TOXH-
0OK BUMIPIOBAIILHUX MPHJIAJIB, METOJANYHHIX MOXHUOOK, TOXUOOK 00UYHCIICHD
TOLIO VISl MPOEKTYBAIbHUKA CTAHOBJIATH IHTEpEC HE TOYHI 3HAUCHHS IIy-
KaHUX NEePBUHHUX (haKTOpIB, a IHTEpBaAJIM iX 3HA4YEHb, NIPH MOTMAAAHHI B SIKi
Oymnu 6 3abe3meueni TY. Omke, OJTHIEIO 3 OCHOBHHUX 3a]lad, MOB’A3aHUX i3
3a0e3neueHHsIM TeXHOJIOTITHOCTI KOHCTPYKIIiH 1 ePeKTHBHOCTI TEXHOJIOTIU-
HUX TPOIECIB BUTOTOBJICHHS MAIIMH € OOTPYHTOBAaHWH BHOIp TakmX IO-
MMyCTUMUX BIAXWICHb BiJl HOMIHAJIHHUX 3HAYCHH (IOMYCKiB) BiIMOBITHIX
TIEPBUHHUX (PaKTOPIB, AKi AT KOHKPETHUX TEXHIKO-CKOHOMIYHHX i OpraHi-
3aliifHUX YMOB CEpiHOTO BUPOOHHUIITBA KOHCTPYKTHBHO 1 TEXHOJIOTTYHO Tra-
PaHTYIOTh OTPUMAaHHS BUXITHHUX XapaKTEpUCTHK MallkH y nepenbdayeHux TY
Mexax. B momaneiomy 0yzeMo Ha3MBaTH 110 0OCPHEHY 3a7a4a 00CPHEHOIO
3a/1aueio CHHTE3Y JOMmycKiB [1].

Hamnpuknan, nepeBullieHHs BiOparliii poTopa aBiaJBUIyHa, PO3TAIIIO-
BAHOTO Ha KPHWJIi JIiTaKa, IOB’A3aHe 3 HASBHICTIO KPUTHYHHUX YacTOT POTOpa
B 30HI eKCIUTyaTalliiH1X, MOKe BUKJIMKATH BiIMOBY JIBUI'yHa. SIK Toka3zana
MIPAKTHKA, CydacHi METO/M 3 BUKOPHCTAHHIM KOMIT FOTEPHUX CHCTEMH TPOEK-
TyBaHHs, Takux sk SolidWorks, Ansys Ta iH. He JO3BONSIOTH 3 TOTPIGHOO
TOYHICTIO BU3HAYaTH KPUTHYHI YaCTOTH POTOPIB MOMIOHUX KOHCTPYKIIIH,
OCKIJIbKM HEMOJXKJIMBO BpaxyBaTH 3aJy4eHHs JIO KOJIMBaHb IPHEIHAHUX MacC
AIATHAKIB, KOPITYCiB, paMH KpIIJIEHHs, @ TAKOX ITOMINPEHHS KOJMBAHb
Ha IHIII YaCTHUHH, SIKI 3 OJHIE€l CTOPOHH YMHSITH aMOPTU3YIOUHU Jif0, a 3
iHImoi — € 30yIHUKOM KONWBaHb. [ 3a0e3meueHHs mpare3aaTHOCTI aBia-
JIBUI'YHa HEOOXIZIHO BU3HAYUTH peajibHI KPUTHUUHI 4aCTOTH POTOPA, PO3B’s-
3aBIIM 00epHeHy 3aaady. s ineHTudikanii aMIIiTy 1HO-4aCTOTHOI Xapak-
TEPUCTUKH KOMIIpecopa HeoOXiIHI 3HAHHS NPYXKHO-IHEPUIHHUX XapakTe-
PHCTHK pOTOpa, IO TeX NOoTpedye po3B’si3aHHs 0O0epHEHOI 3a1aui iX iJ1eH-
THdiKaIii 3a BUMIpSHAMHA eKCIIEPUMEHTAIFHO JAHUMH MIPOTHHIB .

[epeBunieHHst qomycTUMUX BiOpariii TypOOHAaCOCHUM arperarom
THA-150 moxe BuMarae OanmaHCyBaHHS POTOpa, a JJIs I[bOTO HEOOXiTHO
3HATH JKOPCTKICHI 1 MacOBI XapaKTEPUCTUKU POTOpa. Po3paxyHKOBUM IUIS-
3HAUEHHS MAaTHUMYTh BEJIMYE3HY NMOXHOKY, yepe3 110 HeoOXiTHO po3B’si3aTh
obepHeHi 3a1a4i ineHTHIKALIT TPY)KHO-1HEPIIHHIX XapaKTEPUCTHK pOTOpa
3a pe3ysbTaTaMHU EKCIIEPUMEHTIB 1 OJepKaTH iX 3HAYEHHS y BUIJISAI HO-
MiHaJbHUX 3HAYCHB 1 JJOMYCKIiB HA HUX.

Ipane3naTHiCTh €IEKTPOHHOI CUCTEMH MAILMHH 3aJICKUTh HE TUTBKU
BiJl 0€3BIIMOBHOCTI ii €IEKTPUYHOI CXEMHU, aJie 1 BiJl MEXaHIYHOT MIilTHOCTI T1
okpemux enemeHTiB. el pakT 0coOIMBO akTyadbHHUM IJIsi MalllH B aBia-
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LiiHIN 1 paKeTHiH ramy3i, e BOHH MiJJIal0ThCsI YXOPCTKUM BiOpaIliiHUM 1 TeM-
mepaTypHUM BIUTUBaM. BHAcCIHiIOK 3HAYHOTO PO3KHUIY (i3MKO-MeXaHIIHUX
XapaKTEepUCTUK HOBITHIX MarepialiB eIEeMEHTIB EeJIEKTPOHHHUX BY3JIB IiJ
Yac TEPMOIMKIIIOBAHHS YacTO BiOyBaeThCcs PyHHYBaHHS iX KOHCTPYKII,
110 TIPUBOJUTH IO BTPATH MPAIe3IaTHOCT] €JIEKTPOHHOI CUCTEMH 1 BIIMOBHU
MamuHU. [lomyk AOMyCTHMHX 3HadeHb (i3WKO-MEXaHIYHMX XapaKTepHC-
TUK MaTepiajiB eJEMEHTIB eJIEKTPOHHOTO By3Jla MAIlMHHM, NPH SIKUX 3a0e3-
MIEIYIOThCA i1 TpaIe31aTHICTh, TOTpedye PO3B’I3aHHA 00CPHEHNX 3a/1a4.

Bci Bka3zani 3a7aui 3a0e3medeHHs Mpare3aaTHOCTI mepeadavyarTh
MOUIYK HEBIJIOMUX 3a BHUMIPSHUMH pealbHUMH 3HAYCHHSIMHU MapaMeTpiB i
XapaKTEePUCTUK By3JiB MaminH. OCHOBHUMH NpoOJIeMaMy 1 TPy IHOIIAMH Ha
IULIXY iX PO3B’SI3aHHS, IO HAa CHOTOAHI CTPUMYIOTh iX 3aCTOCYBaHHS, €
3HAYHUH PO3KHUJ 3HAYCHb PEATIbHNX AAHUX, IIO0 MiACTABISIOTECS Y MOJICIb Y
BHTIIAAI KOC(IIi€HTIB, HEKOPEKTHICTh 3a/1adi BHACHIJOK MOTaHOi 00yMOB-
JICHOCTI CHCTEM pIiBHAHB, CKIAJICHHUX I iNeHTH(IKalii HEBIZOMHUX 3Ha-
YeHb, BIIMIHHICTh peaJIbHUX 3aKOHIB PO3MOALTY BUMIPSHUX BEJIUYHMH Bill HOp-
MAaJIbHOTO, 1 HaBiTh YHIMOJAJIBHOTO 3aKOHY, — BCE 1I€ IPUBOAUTH 10 OJIEP-
JKaHHS HEIOCTOBIPHUX PE3YJIbTATIB.

ABTOpamMH TIPOBENCHI IOCTIHKEHHS, B PE3YJIBTATI SKUX 3aIpOIO-
HOBAHO IIJSIXH TTOJ0JaHHS BKa3aHUX mpobsieM [1-6], mo MaroTh i BakuBe
caMocCTiifHe 3Ha4eHHS B TeOopii 1 MpaKTHIi KOHCTPYIOBaHHS 1 BUPOOHHIITBA
MAIIIMH, a CaMe YJIOCKOHAJICHHS METOIIB MapaMeTPHUUYHOI i CTPYKTYPHOI ifeH-
TUdiKanii MaTeMaTHYHUX MOJIENIEH, METO/IIB CTATUCTHYHOI OOPOOKH emTi-
PUYHMX JaHHMX 3 MOJIMOJAIBHUMHU 3aKOHAMH PO3MOJITY, PO3BUTOK TeOpii
3a0e3neueHHsT TOYHOCTI 1 CTIMKOCTI oepkaHuX po3B’si3kiB. Lle mamo 3mory
MIABHUIUTH MPANE3JaTHICTh [II0T HU3KK PI3HOMAHITHUX BY3JIiB aBialliiHIX
MamuH. 30KpeMa Ioka3aHo, mo porop THA-150 HemoxmBo BinbanmaH-
CyBaTH LUISIXOM HU3BKOYACTOTHOTO OajlaHCYBaHHS 1 IIISXOM PO3B’SI3aHHS
obepHeHOi 3amadi mapameTpudHOi imeHTHdiKamii Oyn0 3HAWAEHO »XOPCT-
KOCTI 1 MacH, a JjaJli po3paxoBaHi KPUTHYHI YaCTOTH POTOpa, MPHUBEAEHI 10
MIPUHHSTOT TWHAMIYHOI MOJIENI, 10 JO3BOJMIIO MPOBECTH OaTaHCYBaHHS Ha
pobouiii yacToTi 00epTaHHs B TPHOX IUIONIIMHAX KOPEKLii, B Pe3ysbTaTi 4oro
BiOparii 3HM3IINCS MpHOIM3HO B 6 pasiB, aMIDITyAn BiOpamii omop — B
YOTHPH pa3u, CTATUYHI HANPYXXEHHs B Marepiani Bajna — B 3,5 pas3u, a au-
HaMmiuHi — B TpH pasu [2].

3acTocyBaHHS METOY MPOOHMX MapaMeTpiB i yJOCKOHAJICHUX CTa-
TUCTHYHUX METOMIB peryispu3anii HEKOPEKTHUX 3a[ad T03BOJIJIO BH3HA-
YUTH HOJAATIMBOCTI orop poropa kommpecopa ANU-20, inenTndikoBati amn-
JITYyIHO-4aCTOTHY XapaKTEPUCTUKY pOTOpa 1 MOSICHUTH NPHYMHHU PE30-
HAHCHMX MiKiB. Brieprre Oynu 3HaiizeHi Bci GpopMu KOIMBaHB Uit POTOpa
Ha MOJAaTIMBUX onopax [3].

[IInsxoM 3acTOCYBaHHS y3arajbHEHOI'O METONY OOpOOKH CTaTHC-
THYHUX JaHUX 3 MOJTIMOJAIEHUM 3aKOHOM PO3IIOILTY iMOBIPHOCTEH pO3B’si-
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3aHO 3aJa4y NPU3HAUCHHS TPaHUYHUX 3HA4YCHb AucOaaHCy It MapTii KoM-
npecopiB aBiaaBuryHiB AM-20 i MexaHIYHMX XapaKTepHCTHK MapTii Kepa-
Miunux pesuctopis tumy OMJIT [4].

Po3pobiieHo po3paxyHKOBO-EKCIIEPUMEHTATBHINA METO iIeHTH]i-
Kawii Gi3uKo-MeXaHIYHUX XapaKTEPUCTUK MaTepialliB, 3a JOMOMOTOI0 SIKOTO
OTPUMAHO 3HAYCHHS TEMIIEPATYPHOTO KoedillieHTa JIIHIHHOTO PO3MIUPEHHS,
MOJyJIsl TIPYKHOCTI 1 Moayns IlyacoHa mosiMepHOro Marepiainy HpH TeM-
nepatypi (—60 mo +20), mo JO3BONMIIO 3HAWTH X MOIMyCTUMi 3HAYCHHS 1
JIOITYCKM Ha T'€OMETPUYHI PO3MIpH €IEeMEHTIB KOHCTPYKILIi eleKTPOHHOTO
By3JIa MaIllMHM, SIKi TapaHTYIOTh MPALE3AaTHICTh B yMOBAX BKAa3aHOTO Iepe-
naxy Temmneparyp. [5].

3abe3meueHo CTaOUIBHICTh MOTYKHOCTI BUXIZHOTO CHUTHANY JIiTa-
KOBOTO BijAmoBinaua i BUKOHAHHS TY HUISXOM CTBOPEHHS TiOpPHIHHX CTa-
THUCTUYHO-IETEPMIHOBAaHUX MOJENEH 3 HacTyHMM pO3B’s3aHHAM oOepHe-
HUX 3aJ]a4 CHHTe3y JOMYCKIB Ha iX MapaMeTpH, L0 J03BOJIMIIO IPOBECTH
MTOBHUH (PaKTOPHHUN SKCIIEPUMEHT 13 MEHIIOO B 12,8 pa3iB KiIBKICTIO HE00-
XITHUX €KCIIEPHUMEHTIB, MO (DIKYBaTH KOHCTPYKIIIO MPUIIAY 1 3HANTH MpHIi-
HATHI IJIs1 3aBOJy-BUPOOHMKA JOMYCKH Ha XapaKTEPHUCTHKH MEXaHIYHOI CHC-
TEMH JIITAKOBOTO BiroBimxaua [6].

ITocranoBka 1 po3B’s3aHHA 33/1a4i APAMETPUYHOTO CHHTE3Y JO-
nyckiB Ha ®MX i reomeTpuyHI po3MipH KOHCTPYKIIi 103BOJIMIO 3a0e3me-
YUTH MIIHICTh KOHCTPYKII KEPaMiYHHUH eIeMEHT-KOMIAayHA B KOHCTPYKIIT
MIKpPOMOJTYJIsl 1 KepaMiuHUX JIMCKOBHX KOMIIAYH/IOBAaHHX KOHJ/ICHCATODIB €JIEKT-
POHHEX BY3JIiB aBialliifHIX MAIHH, IO TaJI0 BATOMUI eKOHOMIYHUIA e(eKT [4].

B pesyinbTaTi npoBeieHUX TEOPETUUHHX JIOCIIDKEHb 1 pe3yJIbTaTiB
iX 3acCTOCyBaHHS Ul BHPILICHHS MOCTAaBICHUX HAayKOBO-TEXHIYHMX 3a/1ad
BUPIIIEHO BXJIMBY HayKOBO-TEXHIYHY MpoOJieMy MiJBHIIEHHS Mpane3nart-
HOCTI MEXaHIYHHX Ta eJICKTPOHHMX BY31iB MamnH. OTpUMaHi pe3ysbTaTi B
CYKYITHOCTI CKJIaJaf0Th CYTTEBHI BHECOK y MOIAJBIINN PO3BUTOK Teopii i
NIPAaKTHKKA 3a0e3MeUeHHs Ipale3laTHOCTI MallMH Ha eTami iX IPOeKTy-
BaHHS, BUPOOHUIITBA Ta €KCILTyaTallii.
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YUCJIEHHO-AHAJIUTUYECKHAN CUHTE3
PBIYAKHBIX HAIIPABJIAIOLINX MEXAHNU3MOB
C IITUKPATHBIM Y3JIOM HHTEPIIOJIALIUN

Xaporcesckuil B.A. XmenvHuykuil HayuoHanbHblll YHUEEPCUME
Vrpauna, 2. Xmenvnuyxuil, yn. Hnemumymckas, 11, vk@solidworks.net.ua

[Ipu NpoeKTUPOBAHUH COBPEMEHHBIX MAIMH YacTO BO3HUKAET 3a-
Jlaya CHHTE3a MEXaHU3MOB, Y KOTOPBIX HEKOTOPAsi TOUKA UCTIOIHUTEIHLHOTO
3BCHA JOJDKHA MEPEeMENIaThCsl B Mpolecce paboThl 1O 3apaHee 3aJaHHOU
TpaekTopuu. Takue MeXaHW3Mbl Ha3bIBAIOT HANPABIISIONINMH, PHYEM IIIH-
POKOEC MPUMEHECHUE B MAIIMHOCTPOCHUH TTOJTYYHITN HpﬂMOJ’[HHeﬁHO-HaHpaB-
JIAOIUE U KPYTOBBIC HAIPABJIAIOIINE MEXAHU3MBI, OCYIIECTBIIAIOIINE TIPU-
OJIM)KEHHE HEKOTOPOI'0 y4acTKa TPACKTOPHH COOTBETCTBEHHO K MPSIMOM JIK-
HUU U JyT€ OKPY>KHOCTH.

JIJ'IH peumicHuA 3TOU 3aJa4Yu MOTYT HMCIIOJIb30BATBHCA Pa3INIHbIC
THUIIBI MEXaHU3MOB, B YACTHOCTH, PBIYAXXHBIC, KOTOPBIE UMEIOT pAJ] CYHICCT-
BEHHBIX MPCHMYILIECTB: COACPKAT JIUINb HU3IINC KAHHEMATHYCCKUE MapHl,
00eCIICYNBAIOT TEOMETPHUYCCKOE 3aMBIKAHHE 3BCHBEB, a BCIICACTBUE ITOTO
MMCIOT TIOBBIIICHHYIO HAJCKHOCTh, JOJITOBEYHOCTh, HATPY30YHYIO CITOCO0-
HOCTh, a TaK)kKe 00ECIEeUnBaIOT BRICOKUE paboume ckopoctu. Kpome Toro,
HA UX OCHOBE MPOCKTUPYIOT TAKXKE IMKIIOBBIC MEXaHH3MBI C TICPHUOIHYEC-
KO OCTaHOBKOM BBIXOIHOTO 3BeHa [1, 3, 4].
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KpyroBsle 1 mIpsIMOIMHEHHO-HAIPABIAIOIINE MEXaHU3MBI MOTYT
OBITH CO3/1aHBI Ha 0a3e MAapHUPHOTO YETHIPEX3BEHHOTO MeXaHu3Ma (puc. 1).
Cy1ecTByeT /1Ba HAMPABICHHUS B CHHTE3€ TAKUX MeXaHu3MoB [1, 3]:

— anreOpandeckie MeTtonpl YeOblmeBa Ha OCHOBE TEOPHUH HaW-
Jy4qirero npuomkeHus QyHKIUH. B 3ToM HampaBieHnH cliexyeT OTMETHTh
pabots! brroxa, Kuaumkoro, Capkucsina, DnunsHa, ['accmanHa;

— METOZIbl KHHEMaTHYECKOH TeOMETPHH, Pa3BUTHE KOTOPBIX ITPOBO-
auiock B paborax bypmectepa, Beiiepa, ['eponnmyca, UepkynuHoBa u np.
CoBpeMeHHBIH 0030p METOJIOB KHHEMaTHYEeCKOW T'€OMETPHH, NPHUBEJICH B
pabote Yanra [4]. OcOOCHHOCTBIO 3THX METOOB SABJISICTCS MIOUCK B IIATYH-
HOM IIJIOCKOCTH Y3JI0B HHTEPIIOJIAINU BBICOKO# KpaTHOCTH, B KOTOPBLIX
COBIIAJIAIOT HE TOJBKO ILIATYHHas KpWBas M 3aJaHHas (QyHKOWS, HO W

(n —1) UX Ipon3BOAHBIX. [IpHHSB Tako# y3eln HHTEPIIOAMN KPAaTHOCTH N

B KauecTBE IIATyHHOH TOYKH, MOJYyYHMM B HEKOTOPOH €ro OKPECTHOCTH
YYacTOK IIaTyHHOW KPHBOW IPHUOIM3HUTENHHO IMOCTOSTHHON KPHUBHU3HBI, YTO
MIO3BOJISIET CIIPOEKTUPOBATH KPYTOBOH MIIN MPSMOIMHEHHO-HANPABIITIOIIAN
MEXaHH3M Ha €T0 OCHOBE.

wamyrHas kpubas

P-nonoc meHoberrHozo Bpawerus

wamyHHou naockocmu
S$1, S,-mouku bypmecmepa
D -mouka Hedbiweba

Kacame/ibHas

Puc. 1. HlapHupHblii 4eTHIPEX3BEHHbII MeXaHU3M
KaK KPyroBoii (a) 1 NpsiMoJIMHelHO HanpaBJsiionme (6) MeXaHU3MbI

OnHUM U3 crioco0OB MPUOIMKEHNS Y4acTKa MIATYHHOH KPHBOH C
BBICOKOM TOUHOCTBIO SIBIIICTCS MCHOJIB30BAHUE MATUKPATHBIX Y3JIOB UHTEP-
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MOJIAIUY, KOTOPBIMH SIBISIFOTCS TOUKH bypmectepa (mpubimxeHue K xyre
OKpPY>KHOCTH) M TOUKH YeObrmeBa (IpuOIIDKEHNE K MPAMOM JMHUH). DTH
TOYKH yJOBIICTBOPSIOT CIEIAYIOIINM yCIOBUsM [1]:
roglt ! 2
K:XDyD *pYp . dK _d K:O 1)
L) 2 il
X! 2 +v 2 3 d(pl d(Pl
D YD
rne K — kpuBU3HA IIATYHHOW KPUBOH;
X5, Yp — KOOPJMHATEI MATYHHOU TOYKH, KOTOPBIC OLPEACISIOTCS

B pe3ynbTaTe KMHEMAaTUYECKOIO MCCIIEAOBAaHUS C HCIOIb30BaHUEM H3BECT-
HBIX METOJIOB [2].

Jyis HaxoxkaeHus Touek YeOrliieBa, KpoMe TOro, 100aBIsieTes eimé
ycnoBue K =0, mockonbKy NpUOIMKEHHE TPOBOIUTCS K IPAMOU JIMHUH.

HcxomHBIMH TaHHBIME JJIST CHHTE3a SBJSIFOTCS JIHHBI 3BEHBEB Oa-
30BOr0 MeXaHM3Ma: KpuBomuna I, maryna b u xopomsiciaa C. ITocnemo-
BaTEJILHOCTh CHHTE3a HAIPaBJIIOINX MEXaHIU3MOB CJIEYIOIIas:

1. Toukn BypmecTepa MOKHO OTIPEIEIHUTh KaK TOYKH TepeCCUeHHS
KPUBOU KPYTOBBIX TOYEK C KPUBOW T€OMETPHYECKOTO MECTa TOYeK, odec-
NeYUBAIOIINX KacaHue 4-ro MOpsiKa CO CBOMM KpPYroM KpuBM3HBI [1],
KpOMe TOTO IpEeAIaraeTcs CISAYIOIU croco0: st 3aJaHHBIX MOJOXKCHUH
MeXaHHU3Ma CHavasa onpejessieM KpUBYIo KpyroBeix Todek [1, 3]:

(x2+yz)(llx+lzy)—lsy2—I4xy—|5x2=O, 2)

rae | ..., — kosddpuuments kpusoii.

Hanee, cpeau MHOXECTBA KPYroBBIX TOYEK YHCIEHHO HAaXOAUM
yJIOBJIETBOPSIIONINE Takxke ycioBuio (1), Ui yero ObUTH BBIBEAEHBI (op-
MYJIBI JUISL OTIPEJIENICHNS] HEOOXOJMMBIX BEJIMYHH.

2. Touxu YeOblmeBa onpeensieM CIEAYIOIIM 00pa3oM: s Kax-
JIOTO TIOJIOKEHHSI MEXaHW3Ma, B COOTBETCTBUH C JITOPUTMOM [3], aHamu-
THYECKH PACCUUTHIBAEM IIOJIOKEHHE TodeK boiura, 3aTeM 4HCICHHO oIpe-
JensieM T€ W3 HHX, JUIS KOTOPBIX OyneT BHIMONHATHCSA ycnoBue (1). Takue
TOYKH M OyIyT ToukaMu UeOsIieBa. DTH TOUKH TAKXKe MPeIaraeTcsl Juc-
JICHHO OMpENeNATh KaK TOYKH boiya B MONOKEHHMH MEXaHW3Ma, IS KO-
TOpOTO OJHA U3 ABYX TOo4YeK bypmecrepa OymeT HaXOAWTHCS HA OJHOW TMps-
MO ¢ OABMKHBIMH apHupamu A u B mexanusma (puc. 1).

3. OnpenensieM XapakTEepUCTUKH y4acTKa NPHONMKEHHs (IUTHHA
y4JacTka, TOYHOCTb, ¥ T.A.) C HOMOIIBIO YHCICHHOTO METO/a Ha OCHOBE
6e3pa3MepHOro Ko GUIMEeHTa TPaHUYHON CKOPOCTH BBIXOIHOTO 3BeHa [3].
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Ha ocHoBe pa3pabOTaHHBIX YHCICHHO-aHAJIUTHYECKUX METOMOB
CO3JIaHbI alITOPUTMBI M COOTBETCTBYIOIIEE NPOTPAMMHOE 00ECIIEUeHUE, KO-
TOpOE MO3BOJIAET MPOBOANTH CHHTE3 HAIPABIIIOIINX MEXaHI3MOB.

HccnenoBanus uiaHUPYETCsl MPOJOIDKUTh B HAIIPABJICHUU IPOBE-
JICHUS ONITUMU3AI[MOHHOTO CHHTE3a CHHTE3UPOBAaHHBIX MEXaHU3MOB TI0 pa3-
JIMYHBIM KPHTEPHSIM.
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Koemyn 11, Ilempawyx C.A.
Xmenvruywkuil nayionanvnuil ynisepcumem, e-mail: dr.igorkovtun@gmail.com

KopmycHnmu Ha3uBaroTbest MeOlli, OCHOBHOIO YaCTHHOIO SIKUX €
KOpITyC, KOPHCHUH 00’€M SKOTO CIY)XHTh JUIL 30epiranHs mpenmetis. Jlo
HUX BIJTHOCSTHCS madu, TyMOU, CTOJIU 3 TyMOaMH.

KoprrycHi Me01i MOAINISIOTECS HA HACTYIII KJIACH:

— IIUTOBI — BCIi IJIOCKOCTI (TUIACTi) BUTOTOBJICHI 3 MEOJICBUX IIUTIB
(T cronspHuUx, AepeBHO-cTpy)koBHX (ICIT), nepeBHo-BonokHucTux (JIBI));

— pPaMKOBI — IUIOLIMHY SIKUX BUTOTOBJICHI 3 paMOK-0OB’SI30K, B SIKi
BCTaBJICHI Taxi;

— PaMKOBO-TIIUTOBI — BUTOTOBJISTIOTh KOMOIHYBaHHSM 3TaJIAHUX KOHCT-
pykmii (madu pizHOTO (YHKIIOHAIEHOTO MPH3HAYCHHS, TYMOW, CTelaxi
JUTSL KHWT Ta iH.).
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3aie’XHOo BIJX X KJIACiB, OJHUM 13 HAHOIBII BiAMOBINAIBHUX €JIe-
MEHTIB Ju3aifHy MeOJeBrX BHPOOIB, M0 Ma€ CYTTEBHU BIUTMB HA iX JTOBrO-
BiYHICTP 1 PYHKIIIOHANBHICTH, € onopa. Po3po0Kky nu3aifHy Ta KOHCTPYKIIi1
OTIOpH MTOYMHAIOTH 3 BU3HAYECHHS ii rabapUTHUX PO3MIpPIB Y BiIHOBITHOCTI 3
Jaii HaBeICHUMH peKoMeHaItismu [1-4].

BinmoBigHO 10 TPOMUCIOBHUX CTAaHOAPTIB BHCOTY OIOPH PEKOMEH-
NyeThCsl BUOMpaTH 3 HacTymHoro psiay: 30, 50, 80, 100, 120, 150, 200, 250 M.

3arnuOieHHsT ONOPH BIIHOCHO MEPEJHbOI KPOMKH KOPITYCY BHOM-
paroTh 3 Takoro psny: 2, 32, 50, 100 mm. Onopu MOBHMHHI BiZICTYIaTH Bif
3aHBOI UIOIMUHKE BHPOOY Ha 35—50 MM — 1ie BiICTaHb Ui OY/IBEILHOTO
rintyca. [Ipu BHOOpPI rabapuTHUX PO3MIpIB CIiJl IPUUHSITH IO YBard, II0
HaBaHTAXXCHHS Bl Macu MeOJIiB Ta MPEIMETIB JIAraloTh Ha 3 €THAHHS JTHA 3
OIYHMMU CTiHKaMH (CTOMKaMM).

Sxmo B 3’enHaHHI OiYHA CTiHKA € MPOXITHOIO, TO OMOPa MOBHHHA
TIepeKpUBATH HIDKHIO KPOMKY CTIHKH, IK TIOKa3aHO Ha puc. 1, q, 6, €.

Sxmo omopa 3cyHyTa A0 HeHTpy (puc. 1, 6, e—oic), TO Ciij MiaCH-
JUTH BY30J 3’€IHAHHS, IHAKIIE MIIHICTh 3’€AHaHHA Oyne HEIOCTaTHBHOIO
yepe3 HeBHCOKy MinHicTh JCII Ta nepeBrHN Ha PO3TAT MEPICHINKYISIPHO
rutacTi. JIyist miICHIIeHH ST MIITHOCTI 10 GiYHOI CTIHKH KPiruisTh 6pycok (puc. 1, o)
abo mimscTpy (puc. 1, 0).

T
P e
a 7]
= -
e

Puc. 1. Onopu: onopHi KopoOKH, JaBKH, MiACAIHI HIZKKH

MinHicTh 3’€IHAHHSA 3 MMPOXiTHOIO TOPU3OHTAITHLHOIO CTIHKOIO (JIUB.
puc. 1, 6, e, o) Ta MPOXiTHOIO OMOPHOIO KOpoOKoto (auB. puc. 1, 8) € mo-
CTaTHBOIO 0€3 TiICHIICHHS.
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[lincamHi HIXKKH, IO HECYTh 3HAYHI HABaHTa)XKEHHS, BCTAaHOBIIO-
FOTh Ha JICPEeB’sIHY pamy, SIKY MOTIM KPIiTUISATh 10 AHA (IuB. puc. 1, €).

Sxmo mMe6i1i He HeCyTh 3HaYHI HABAHTA)KEHHS, TO HiIXKKH BCTAHOB-
JIFOIOTH Oe3M0CcepeIHbO Ha HO Kopmycy (auB. puc. 1 o).

Ju3aifa omopu Moke OYTH CIPOEKTOBAaHHWU BIATIOBITHO IO OCHOB-
HUX BUIiB orop [1-4], moka3anux Ha puc. 1.

Omnopu MoJiIAIOTECS HAa ONOPHI KopoOku (puc. 1, a, 6, g), onopHi
naBku (puc. 1, e, 0, e), mincaani Hixku (puc. 1 €, o).

ToBuHa fetaneil OMOPHUX KOPOOOK MOBHHHA OYTH HE MEHIIE
18 mm. Ha kpomKkax, 1[0 TOPKAIOThCs i TOTH, POOIATE KOMHUTI (puc. 2, a)
abo BuOIpKky (puc. 2, 6) Bucotoro 10 mm [1-3, 5]. Lle 3abe3neuye CTiHKICTh
Me0JIiB Ha HEepiBHIH MiJI031 Ta HOKPAIye UPKYJIALIIO MOBITPS 111 MEOISIMH.

Puc. 2. Hlnsixu 3a6e3nevyeHnsi cTiiikocTi MedJ1iB Ha HepiBHIN mixT03i
Ta MOKPAIIeHHs] NUPKYJISLil HoBiTpsA mix Me4JasiMH: @) KONUTIS; §) BUGipKa

OCHOBHUMH KOHCTPYKTHBHUMH €JIEMEHTaMH ONOPHUX JIABOK € 4YO-
TUPH HDKKH Ta 4OTUPH Hapru (puc. 3).

1 — mapra; 2 — HiXKKa
Puc. 3. KoHcTpyKiisi omopHUX J1aBoOK

75



MinimManbHa TOBIIMHA HIKOK 3 METOIO 3a0€3MeUeHHs MIHOCTI OIIOpH
peKoMeHAyeTbes: 44 MM — U XBOWHUX TOpinm; 38 MM — IS JHCTBSHUX
mopix (my0, Oyk, Oepesa); 33 MM — IS HEBETIMKHUX 3a Trabaputamu BUPOOiB
(TymOoukn). PexoMenmoBaHa TOBIIMHA TapT ckiagae 19-25 mm; mmpuHa —
55 mm [1-3, 5].

[ligcagHi HIXKKH MalOTh HAHUTIPOCTINTY KOHCTPYKIIIIO, X049a MOXYTh
BIJIPI3HATUCH BUIIYKAaHUM Au3aiiHOM. KOHCTpYKINsS 3’€IHAHHS TijcaaHOl
HIKKH 13 THOM KOpIycy MeOJIiB IoKa3aHa Ha puc. 4.

Puc. 4. Koncrpykuisi 3’ ¢xHaHHs mizicaaHoi HKKH i3 THOM Kopiycy MedJtiB

3’eTHaHHS HIXKOK 3 €JIeMEHTaMH MeOJIiB MOKYTh BUKOHYBATHCh SIK
Hepo30ipHi (Ha MIKAaHT) Ta 1 po30ipHi 3 BUKOPUCTAHHSIM 3’ €IHYBaJILHOT Qyp-
HiTYpu. PexoMeHnj0BaHMH JliaMeTp IIKaHTa B HEpO30ipHOMY 3’€JJHaHHI MO-
BUHEH ckiaagatd 25-30 mm. JoBxkuHa mkaHTa | BEpTHKAIBHUX HIKOK HE
MeHie d, HaxuieHnx — He MeHe 1,5d. JIJIs Takux omop BUKOPHCTOBYIOTh
TBEp/Y IEPEBUHY JIMCTBSIHUX TIOPif, a JUIsl IIIHIBOK — M’SIKY JIEPEBHUHY.
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CEKIMA MPOBJIEM OBEPABOBAHMA

OPEN ELECTRONIC EDUCATIONAL RESOURCES:
TECHNOLOGICAL SOLUTIONS

'Plish I.V., °Kartashova L.A., *Shalda T.V.
ISpecialized school-kindergarten “Lisova Kazka”, Kyiv, apogey95@ukr.net
?Laboratory IVE Academy of Pedagogical Sciences of Ukraine, Ikartashova@ua.fm
®School “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 curriculum);

— 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 in a 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
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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, Web-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
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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 ., 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-
quence. 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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TEOPETUYECKHUE OCHOBBI BHEJIPEHUSA UKT
B NIPOLHECCE OBYYEHUSA MATEMATHUKE

Llesuyx JI.
Tepescnas-Xmenvrhuykuii 20cyoapcmeennblii nedazo2uieckutl yHugep cument
umenu I pucopust Cko8opoowl

Buenperne KT B oOyueHHH MaTreMaTHKe OTKpPBIBAE€T MIMPOKHE
BO3MO>KHOCTH AJISI MOBBIMIEHUS 3¢ (HEeKTHBHOCTH yueOHOro mporecca. Kak
ormevaer A. Bomnap [1], npuMeHeHne MHPOPMAITMOHHO-KOMMYHHUKAIIHOH-
HBIX TEXHOJIOTHII B 00yueHHHN MaTeMaTHKH peai3yeT HECKOIBKO OCHOBHBIX
METO/IOB MeJIarorM4ecKOi AesSTeIbHOCTH, KOTOPBIE HMEIOT aKTHBHBIE M T1ac-
CHBHBIC NPUHLMIIBI B3aUMOJEICTBUS CTyAEHTa ¢ KommbiotepoM. Ilaccus-
Hble MH(GOPMANMOHHbBIE TPOAYKTHI pa3padaThIBAlOTCS MPETofaBaTesieM s
yIpaBJIeHUs MPOLIECCOM NM300pakeHHsT MHPOPMAIIMK, aKTUBHBIE — 3TO MHTEp-
aKTUBHBIE CpPE/CTBA, MPEIyCMAaTPUBAIOLINE aKTUBHYIO POJb CTYAEHTA, KOTO-
PBIFf CAMOCTOSITETIFHO BBIOMpAeT pasfensl B TeMe, OMpenensis MOoCieno-
BaTenbHOCTh X n3ydeHus. K KT, koTopbie MOryT OBITH HCHOJB30BaHBI B
mporiecce 00y4eHnsT MaTeMaTHKE MOYKHO OTHECTH:

— CeTeBble TEXHOJIOTHH, UCHONb3YIOIINE JOKalIbHbIE CETU H IJIO-
6anpHyI0 ceTb MHTepHET (IeKTPOHHBIE METOANIECKIE PEKOMEHIAINH, TIIaT-
(OPMBI TUCTAHIIMOHHOTO 00y4eHusI, 00eCTIeYNBAIOIIE HHTEPAKTHBHYIO CBSI3b
€O CTYJCHTaMH, B YaCTHOCTH, OH-JIAITH);

— TEXHOJIOTUH, OPUEHTUPOBAHHBIE HA JIOKAIBHBIE KOMITBIOTEPHI (00Yy-
YaroIIie MPOrpaMMBI, KOMIBIOTEPHBIE MOJAETH PEaJbHBIX MPOIECCOB, Je-
MOHCTPaLMOHHbIE POTPAMMBI, HIEKTPOHHBIC 33/Ia9HHUKH, TECTOBBIE CUCTEMBI);

— MOOWJIBHBIE TEXHOJIOTHH, KOTOPBIE NMPEJOCTABIAIOT CTYACHTY H
MIPENO/aBaTENI0 BEICOKYIO CTEIICHb CBOOOIBI.

Cpenn ocHoBHbIX KT 00ydeHHs MaTeMaTHKE, UCIOJIb3YEMBIX B
BBICIINX Y4EOHBIX 3aBEJCHUAX YKpPauHBI SBISIOTCS: MPOrPaMMHO-TIENIAro-
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TMYECKUE CPENICTBA, CUCTEMBI ITIOJAEPKKU 00yUeHHs MaTeMaTHKU, MOOWIIb-
HbI€ MaTeMaTHYECKHE IPOrpaMMBbl, CUCTEMbI KOMIIBIOTEPHON MaTeMaTHKU U
cucTteMbl TecTHpoBaHus. B. Kiouko momdepkuBaer, 4TO HCIIOIB30BaHUE
CHUCTEM KOMITBIOTEPHOI MaTeMaTHKU MIUTIOCTPUPYET BO3MOXKHOCTH KOMIIBIO-
Tepa, MO3BOJSET AKIEHTHPOBATh BHMUMAHHE HAa NPHUKIAAHBIX 33/a4ax,
0COOCHHOCTSIX YHUCENBHOTO PEIIeHUs 3a]ad, BBIACHATh TPaHHUIBl HpHUMe-
HEHUSI KOMIIBIOTEPOB M MAaTEMAaTHYECKHX METOJOB, CYIIECTBCHHO IIOBBI-
LIAIOT 3aMHTEPECOBAHHOCTD YYAIMXCS B TIIyOOKOM M3y4EHUH MaTeMaTHKH,
IIOMOTAIOT YCBOWTH CTPYKTYPHBIE CBS3HM Pa3IMIHBIX pa3leioB Kypca [2].
CKM mmpoxo HCHONB3YIOTCA B 00pa30BaHMM KaK MOIIHBIE MHCTPYMEH-
TaJIbHBIE CPEACTBA AJISI TOJTOTOBKH 3JIEKTPOHHBIX YPOKOB, KypCOB JICKIIUI
1 3JIEKTPOHHBIX KHUT C TUHAMUYECKUMU NpuMepamu [3].

Hcnons3oBanne CKM B kypce MaTeMaTHKHU ITO3BOJISET:

— HarJIAHO NpeCTaBIeHUE TEOPETUIECKOT0 MaTeprana;

— aBTOMaTHU3UPOBATh PYTUHHBIC BHIYHCIICHUS,;

— 00ecrneYnTh MHOTOYPOBHEBBIH Ipo1iecc 00yIeHuS;

— TIOBBICHTH NMPOM3BOANTENHHOCTh M COJEPKATEIBHOCTH MPOIIecca
00yUeHMS.

CymiecTByeT nocTaTouHOe KoanuecTBO pa3nuyHbix CKM kotopsle
OTJIIMYAIOTCS 110 Ha3HAUCHMIO, CTPYKTYpe U (pyHKIusM. CeronHs, Bce 00JIb-
LIYIO TOMYJISIPHOCTh HaOMPAIOT CUCTEMBI KOMITBIOTEPHON MaTeMaTHKH (Ipo-
(hecCHOHATIBPHOTO Ha3HAYEHWS) TPEJCTABICHBl B OCHOBHOM KPYIHBIMH 3a-
nagaeivi pupmamu (MathSoft, MathWorks, WaterlooMaple u ap.). Onu
CTaHOBSITCSI MOITHBIMH CPEICTBAMH JAEATEIBHOCTH KaK MpoQecCHOHANBHBIX
MaTeMAaTHKOB, TaK M Te€X, KTO HCIONb3yeT MAaTeMAaTUKy AJIS MOCTPOCHUS U
HCCIICOBAaHUS MaTeMaTHYECKUX MoOJeNell B Ppa3INyHBIX IPEIMETHBIX
00JacTsX, B TOM YHCIIe U B cucTeMe oOpa3oBaHus [3].

3a mocieIHNEe HECKOIBKO JIECSATHIICTHH pa3pabdoTaH TakkKe psin
CrelUanM3upPOBaHHBIX MaTeMaTHyeckux makeros (Eureca, MacMath, Stat-
Graph, Reduse, MacSyma, SketchPad, Cabrs u np.), yHuBepcaibHbIX Ma-
kero (Derive, MathCad, MathLab, Maple, Mathematica, MuPad) ¢ yno6-
HBIM MHTEp(EHcOoM, B KOTOPHIX PEAIM30BAHO 3HAYMTEIHHOE KOJIMYECTBO
CTaHJAPTHBIX U CTEIMAIBHBIX MaTeMaTHIECKUX ONeparyii U (QyHKIMH, MOIII-
HBIe TpaduvIecKre CpeACcTBa ABYX- U TPEXMEpHOH rpaduku, COOCTBEHHBIE
S3BIKM TIPOrPaMMHPOBAHUS, CPEACTBA IMOATOTOBKH MAaTeMaTHYECKUX TEKC-
TOB JUIA TI€YaTH, SKCIIOPTA JAHHBIX B JAPYTHe MPOTPaMMHBIE MPOIYKTHI U
HMIOPT W3 HUX JaHHBIX A 00paboTku. Bee 310 obecreunBaeT mmpokne
BO3MOXKHOCTH JUIsl 9 (PEKTUBHON pabOThl C NMaKeTaMH CIICHHAINCTOB pa3-
JIMYHBIX TPOQUIICH.

B tabnure 1 npeacraBieHbl CpaBHUTEIIBHBIE XapAKTEPUCTUKU HAU-
Oosiee U3BECTHBIX M pacnpocTpaHeHHbIX B Mupe CKM [4], yto naer mpen-
CTaBJIEHUE O BO3MOXKHOCTH MX HCIIOJIb30BaHMsI IPH 00yYEHUN MaTeMaTHKe.
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Tabmuna 1

Granl . .
'| Maple |Mathematical Matlab |Scilab
CKM (sepen) 2| v 9.0 20123 |5.5.1
Kareropusi cpaBHeHHSI % % % % %
Maremaruueckue onepannu
(38 %) 69,56 | 55,10

I'paduueckue oneparuu (10 %) | 60,86 | 60,88
Cpencra mporpaMMHPOBaHHS
(9 %) 62,70 | 50,81
VYnpasienue nanasivu (5 %) 62,43 | 64,06
HocrymHble onepannoHHbIe
miatdopmsl (2 %) 76,92
Ckopoctb Beruncienuii (36 %) |21,85
Wucrannsius, yio06cTBo

B O0YYCHHH U UCTIOJIL30BAaHUU

(15 %) 35,41
OO6mwmii pe3yspTar 52,11
Peittunr 3 4 1 2 5

YuursiBasi ykazaHHbIe (AKTOPBI, BBIIEINM OCHOBHBIC THIIBI CPEJCTB
UKT, nampaBneHHBIX Ha MOBBINICHHE 3(deKkTnBHOCTH y4eOHOU AesTenb-
HOCTH yYaIluxcsl B Iporiecce 0OydeHUsI MaTeMaTHKe: JISKIMOHHbIE JI€MOHCT-
palyy, AMHAMUYECKHE MOJETH, TPEHAKEphl, y4eOHbIE HKCIEPTHHIE CHC-
TeMbl. [TTaBHBIM cojiepKaHHEeM MaTeMaTHYeCKOro O0O0pa3oBaHMsS CTaHET HE
OBIIAJICHNE OTIPE/CICHHBIMH aJTOPUTMaM{ PELICHUS MaTeMaTHYeCKHX 3a-
Ja4 (OHM, KCTAaTH, JOCTATOYHO 3(P(PEKTUBHO PEIIAIOTCS C TIOMOIIBIO KOMITBEO-
Tepa), a MaTeMaTHdeckas KOMIIETEHTHOCTh, IMOHHUMAaHHE U IPHMEHEHHE
MaTeMaTHYECKUX METOJOB HCCIEOBAHUS.

OCHOBBIBasACh Ha M3JI0KEHHOM, MOYKEM YTBEpPXJaTh, YTO BHEApe-
HHE KOMIBIOTEPHBIX YYEeOHBIX HpOorpaMM B OOyYeHHMH MAaTEMaTHKH B
TApMOHHYHOM COYETaHWH C APYTUMH MH()OPMAIIMOHHBIMH TEXHOJOTHIMH,
B YacTHOCTH, TEXHOJIOTMH (DOPMHPOBAHMS TBOPYECKOW JIMYHOCTH, 00Y-
YEeHHE W HCCIIeI0OBaHNE, TPOEKTHBIMHU, 00YYEHHEM B COTPYIHHYECTBE CIO-
coOcTByeT OPMUPOBAHHIO TBOPUECKOI IMYHOCTH CTYJICHTa, 00ECIIeYnBacT
pa3BUTHE NOTEHIMAIBHBIX BO3MOXHOCTEH Ka)KJOrO YEIOBEKa C LEINbI0
TIOJITOTOBKH €TO0 K IJI0ZI0TBOPHOH ITPOyKTUBHOM padoTe B OyayIieMm.
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PEAJII3ALIS IPUHLMIIIB I 3ABJAHb €BPOIHTEIPALI
B IIPUPOTHNYO-HAYKOBI OCBITI

Ilonosa T.M., Ilpyoxuii O.C., Yxonog O.1.
Kepuencwiuti Ogpoicasuti mopcukuil mexnono2iunuil yHisepcumem, katmatfiz223@yandex.ru

HaiiBaxJmBilIo rnepeayMoBOI0 €BpoiHTerpauii YKpaiHu o €au-
HOT'O €BPONEUCHKOT0 KYJIBTYPHOTO i OCBITHBOI'O IPOCTOPY € PO3BHUTOK Ha-
LIOHAJILHOT OCBITH B HampsMy ... GOpMyBaHHs Ta 3MII[HEHHs IHTEJeK-
TyaJIbHOTO, KYJBTYPHOTO Ta HayKOBO-TEXHIYHOTO MOTEHIialy YKpaiHu siK
KoMIioHeHTH €Bponu’ [1], 1110 BUCBITIIIOE TPOOJIEMy peaitizaliil 3MiCTy IpH-
POJHUYO-HAYKOBOT OCBITH Ha 3acajax il rymaHizaiii Ta ryMaHiTapu3ailii.

Inei rymanizamii i rymaHiTapu3amii OCBITH 3HAWIDIA MIHPOKY TiJI-
TPUMKY B CyCIUIBCTBI. 'yMaHICTHUHI HAPSIMKH PO3BHUTKY OCBITH BCEOIUHO
MiATPUMYIOTBCSI T2 PO3BHBAIOTHCS BUMTEISIMU Y XOII peOpMyBaHHS Cy-
YacHOI IIKOJM, NMPO IO CBiAYaTh YHMCJIEHHI Npali BITYM3HSIHHX 1 3apy-
ODKHUX Tenmarorie, aunakTie i HaykoBliB: III. AmonamBimi, I1. ATaman-
gyka, I'. bamna, JI. bpynepa, O. byraiiosa, C. 'onuapenka, B. 3ars’si3un-
cekoro, . 3sa3tona, B. Impuenko, 3. Kanmukosoi, €. Kopmraka, 1. Jlepaepa,
O. JIsmenka, O.CaBuenko, M. Ckatkina, A. Xyropcekoro, B. UepHmueHka,
P. lllep6axoBa Ta iH. JIOCTiAHUKN BU3HAYAIOTh, IO MPUHIIUAITK TyMaHi3alii
i TymaHiTapu3anii HaBYaHHS OXOIUTIOIOTH pe(OpMyBaHHSA BCIX OCBITHIX
rajgy3eil Ha pi3HHX eTanax AMJaKTHYHOTO MPOLECY Ta € BAXKINBUMHU Opi€H-
TUPAMH PO3BHUTKY CY4YacHOI IUIAKTHKH IPUPOJHNYO-HAYKOBUX TUCLUILIIH
BHACJIJIOK YCBIZIOMJICHHSI CYCIUJILCTBOM €KCKJIFO3MBHOI Ta YHIKaJbHOI CO-
LIOKYJIBTYPHOI POJIi OCBITH B CYCIIiJIbCTBI.

A. TlaBnenko i T. ITonoBa B po6oTi [6] 3ayBakwiii Ha TOMY, IO
BU3HAHHS COLIIOKYJBTYPHOI POJIi OCBITH B CYCHIJIBHUX yMOBax HayKOBO-
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TEXHIYHOTO TPOTpecy AOHEJaBHA Y BITYM3HSAHIN CYHNpPOBOIKYBAIOCH AEIIO0
OIHOOIYHUM PO3BHTKOM AWIAKTHKH MPUPOAHHYNX auciuiuiin. Came BHa-
CIIJIOK IIBOTO 10 TPOTPaM i MiAPYIHHKIB i3 (i3uUKH, aCTpOHOMII, XiMii, 6io-
yorii, reorpadii HagXoaMIAa JOCUTH OJHOCTOPOHHS, OOMEKEHa 1 JT030BaHA
iH(pOpMais mpo CcomiakHi, KyJIbTYpHI, HAYKOBO-TEXHIUHI JOCATHEHHS, 6i0-
rpadifo i CBITOTIISAA AiA4YiB HAYKH 1 TEXHIKH, iCTOPIIO Ta MPIOPUTET BU3HAY-
HHUX HAayKOBHX BIJKpUTTIB 1 T.A. Bce 1e obepHyoch y 3HauHIH Mipi camo-
130JISILII€I0 OCBITH PAASHCHKOTO NEpPioJly BiJ PO3BUTKY €BPOINEHCHKOI 1 CBi-
TOBOT OCBITH Ta KYJIBTYPH, a TAKOXX HIBEJIIOBAHHSIM JOCATHEHb HAIllOHAJb-
HUX KYJBTYD.

Po3B’s3aHHs 3a3HaueHOT MpoOJieMH MU BOA4YaEMO B aJIeKBAaTHOMY
BiOOpaXeHHI B 3MiCTi PUPOIHUIO-HAYKOBOI OCBITH KYJIBTYpHO-iCTOPHY-
HUX MiIXO/IB, BIAMOBIAHAX 3HAHb I METOJIB Ta TEXHOJOTIH, 1O JICKATh Y
IUTOIIMHI TyMaHi3alii 1 ryMaHiTapu3aIlil HaBYaHHS Ta KyJIbTypHOI pediekcii
¢bi3uxy, actpoHoMii, ximii, OioJorii, reorpadii sk HaBYANBHUX TUCHUILIIH.

KynpTypa 1 npupogHHI0-HayKOBa OCBITa 3HAXOIATHCS B TICHOMY
B3a€MO3B’SI3Ky. 3aciIyroBye OKpeMoi yBard Toil (akt, mo y KyJIbTypi
€Bporn OypXIMBUII PO3BHTOK MPUPOJHHYMX HAYK ICTOPUYHO IIEPEAYBaB
PO3BUTKY TyMaHITapHUX HayK. LlUM TMOSICHIOETHCS 3HAYHWI BIUIMB Tpa-
JUIIA TPUPOJTHUYMX HAYK Ha TyMmaHiTapHi [2, c. 101-102]. ¥V nHam wac ry-
MaHiTapHi HayKW BIUIMHYJIM HAa PO3BUTOK IUIAKTHKH HPUPOJHUYUX IHC-
LUIUTIH, CTIPUSFOYX 3MiHAM Y TOTJIIaX CYCIUTECTBA Ha OCBITHIN IPOIIEC SIK
mpocTip (OPMYBaHHS TapMOHIHHO PO3BHHYTOI OCOOUCTOCTI, CIIPOMOMKHOT
JI0 I[HHICHOi Opi€HTAIlil B COLIOKYIbTYpPHOMY cepenoBuii. HaBuaHHS He
Mae 3amepedyBaTd 200 0OMeXyBaTH iCHYBaHHS 3arajbHOJIOJCHKOT KyJb-
TYpH i HIHHOCTEH.

I'ymaHicTHYHA CIIPSIMOBaHICTh OCBITH Ha 3acajiax KyJIbTypHO-1CTO-
PUYHOTO MiIXOAY HE TIIHKH O3HAMOMIIIOE YYHIB 3 iCTOPI€IO Ta 3arajbHO-
KYJIbTYPHHMH JIOCITHEHHSIMH, a 1 3aI[IKaBJIIO€ iX KYJIbTYPHUMH, ETUYHUMHU,
MOpaJbHUMH, AYXOBHUMH IIpoOjeMaMH Tak, 100 y MOAAIBIIOMY XXHTTI
BOHM HaMarajuch 3pO3yMITH TaiHy KyJIbTypH, 1l €BOJFOLII0, 00 BOHM Camoc-
TIHO ITpaIfoBalik, MajJM BiacHe MipKyBaHHA [3, c. 5]. Tak ¢opmyroTbcs
OCBiYeHi, TBOPYi, BACOKOMOPAJIbHI 0COOMCTOCTI, SIKi MalOTh YYTTS HOBOTO,
CBIJIOMY 3JIaTHICTH aJanTyBaHHS /0 COLIAJBHUX YMOB, IO TAKOX BiJIO-
BiJla€ iiesiM BXOJDKEHHS YKpaiHH JI0 €IMHOTO €BPOINEHCHKOTO MPOCTOPY.

Cy4acHOIO TUIAKTHKOI0 BH3HAETHCS TOH (hakT, 110 JIFOAWHA CTa€
TBOpIIEM KyNbTypH HE JIUIIE B MaTepialbHOMY BHPOOHHIITBI MICHIS OTpH-
MaHHS OCBITH, ajie BXKE€ 1 B IIPOLIECi BUBYEHHS OCHOB HayK. Y 3MICTi Ha-
BYaHHS Ba)XKJIMBO 30epiraTu reHe3y NpupoIHUY0-HayKOBOT'O 3HAHHS K KOM-
MMOHEHTH KYJIBTYPH JIFOCTBA. THM caMHM CyJacHa OCBiTa repeadadae CrijbHy
B IPOLIECi Ta Yaci AisUTbHICT BUKIIQAAYIB 1 YUHIB 13 METOI BUBYCHHS 3aKO-
HIB TIPUPOJIH, PO3BUTKY, BUXOBAHHSI iAPOCTAIOUOTO MOKOJIiHHS BiJIITOBITHO
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O BHUMOT, SIKi CTaBJATH Mepel IIKOJIOIO COIIOKYJIBTYpHI MpPOIECH, IO
BiOyBaJINCH 1 BiZOYBaOThCA B AEPrKaBi, CYCIIUIBCTBI 1 CBITI.

dopMyBaHHS €IMHOTO €BPONEHUCHKOTO MPOCTOPY Mepeadavae Bif-

MOBY BiJl 0OMe)XeHb HABUAIBHOTO MaTepiaay 3a HalllOHATHbHUMH O3HAKaMH,
P o0 HAJlae BEIMYC3HI Iepe-
BarW BYMTEISIM TIPHPOAHU-
YUX TPeIMeTiB y Tporeci
O3HAWOMJICHHA  YyYHIB i3
ICTOPI€I0 PO3BUTKY €BpOIICH-
CBKOI 1 CBITOBOT HAYKH 1 KyJIb-
Typu. Y Hall 4ac pO3BilO
iHpopMaliHHUX TEXHOJOTiH
SIK BUKJIala4yaM, TaK 1 YIHIM
Puc. 1. My3eii cynHoILIaBCTBA HECKJIA{HO BiIIIYKyBaTH fC-
KpaBl NPUKIAAA BHKOpPHUC-
TaHHSA €BPONEHISIMU 3aKOHIB NMPUPOIM 1 JOCATHEHb HaykW. Hampukman,
BUKOHaHE YYHSIMHU IHTEIPOBAaHE 3aBJAaHHS 3 IMOIIYKY COLIOKYJIBTYPHOTO
MaTepiary MpUPOJHIYO-HAYKOBOI CIIPSIMOBAHOCTI 3 ICTOPii iCHYBaHHS €BPO-
MEHCHKIX MICT MPUBENIO O HECHOIIBaHUX PE3yIbTaTiB. YUHI CaMOCTIHHO
HaBEeNW TPHUKIATU BHKOPHCTAaHHA Ha ypokKaxX (i3WKH, acTpOHOMIi, XiMmii,
6iosiorii, reorpagii pi3HOMaHITHOTO HaBYAJIBHOTO Marepiany, OTPUMaHOTO
Ha “BipTyaibHiil ekckypcii” 10 My3el CyIHOIUIaBCTBA B AMcTepaami
(Hinepnanam).

Tommanaii 3aBKId CAABHIKCS SIK MPEKPAcHi 1 BiABaKHI Mope-
mwraBni. Tomy B cromuui HixepnauniB He Mir He 3’sBUTHCS My3eil CcyIHO-
IUIABCTBA, sIKUH 13 1973 poKy pO3MIllyeThCss B MPUMILICHHI KOJMIIHBOTO
Anmipanreiicekoro ApceHary, nodyaoBaHoMy B 1656 pomi. Leit gac Hazu-
Ba€eThCA 30JI0TUM CTOITTAM — ToAi AMcTepaaM OyB HalHOIIBIINM TIOPTOM —
LEHTPOM MiXHaposHOi TopriBii. B Apcenani (muB. puc. 1) 30epiranmcs rap-
MaTH, OO€IpHIIacy, BITpWIIA, IPATIOPH Ta iHIIE CTIOPSIHKEHHS JUI BiliCHKO-
Boro ¢ory. Ha mouyarky 2000-x pokiB y My3ei IpOBEAEHO PEKOHCTPYKILIIO,
TOMY CTapOBMHHA OYAIBIIS BiATIOBiTa€ CydacHIM MYy3€HHHM CTaHAApTaM.

My3eii po3moBifae mpo iCTOPil0 MOpEIUIaBCTBa He Tinbku B Hi-
JepIan/ax, aje il y Beiit €Bpori. Moro excrnosuiist mpeacTaieHa B KiTbKOX
pozainax. OUH 3 HUX PO3NOBiAae Npo 30J10THH BiK royutanackkoi icropii i
po Te, o BiH OyB OM HeMOXXIUBUH 0e3 Mops 1 MoperutaBcta. e onuH
PO3.iN MpHUCBSYEHUH icTOPii KNTOOIHHOTO MPOMHUCITY, HACTYITHUI — icTOPIi
caMoro amcrepaaMchkoro mopTy. Posminm “Temui cTopiHKH” po3moBimae
po pabdoTtoprisiro, a po3ain “Cen, Jlopi i MOpChbKHMI LUPK~ pO3paxoBaHUN
Ha caMUX IOHUX Bi[BiyBadiB My3er0 — 10 6 pOKiB.

[Topyd 3 My3eeM NpHIIBAPTOBAHMH KOPaOeiIb — KOIisi BAHTa)KHOTO
Kopabust “Amctepaam”, momaionoro TaM, mo B XVIII cr. 3aiiicHIoBaN pericu
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3 Hinepnaanis y Bect-Ingmiro [4]. Marepianu, oTpuMaHi Ha BipTyanbHIl
eKCKypCii MOKYTh OyTH BHKOPHCTaHI HA YPOKaX.

Ypok zeozpadhii: “Biokpummsa noeux zemens”. Y My3ei MOxHa
Mo0aYUTH >KUBOIMCHI MOJOTHA HAa MOPCBHKI TEMH, CTapOBHMHHI KapTH,
IHCTpyMeHTH Ta KopabebHi MpUKpacH. Y eKCIIO3MIii Mal € KOJEKIIist poOiT
Binomux kaptorpadis XVII cr. Binnema i Slna bnay. BisutHoro xapTkoro
My3€I0 € KOsl IepIIoro BHUAaHHS TBOpiHHSI Maxkcuminiana TpaHcinpBaHa
mijx maszsow “De Moluccis Insulis”, ne omucano mepimi nogopoxi depuHana
Marennana.

VY IliBHIYHOMY KpHJIi 3HAXOJATHCS IHTEPAKTHUBHI JIOUIKH, JIe MOKHA
crocTepiratd mopT AMcTepJama 3 BHCOTH HNTAIIMHOTO MOJBOTY 1 3aHy-
pHUTHUCS y BIpTyabHI MOPCHKI MOJOPOKI.

Pom3uHKOI0 BinBimyBaHHS MOpPCHKOTO MY3€H0 € BiITBOPEHI KO-
pa6mi XVIII cr. ¥V BinBigyBauiB € 10ocTyn Ha BCi MaryOH, KamiTaHChKUI Mic-
TOK, B TPIOMH 1 KatoTH. MO)XHa MOBaATHCS Ha TaMakax, CupoOyBaTu ceOe B
pouti kepmanuua [4].

Ypok oionozit: “Kumu”. Kazka npo kuma. Kut, Haii0inpma TBa-
pHHA Ha 3eMJIi, Tpae BEJMKY POJIb B FOJUIAHACHKIN icTOpil CyJHOIIaBCTBA.
Xoua chOTOZHI TOJIOBAaHHSA Ha KHTIB 3a00pOHEHO, Tak Oyj0 HE 3aBXKIH.
KuToBmii ByC 1 )KUp 3p0OHIM IIMX MOPCHKUX CCABLiB BHUTIIHOI 31100HYYIO.
Ile nenp He mpW3BENO 10 BUMHUPaHHS, OKM HAPEIITI ITOJIIOBaHHS HA KHUTIB
He Oyso 3a0oponeno. BucraBka “Kaska npo kuta” po3noBijae BinBimyBa-
YaM, sIK 3MIHIOBAJIOCS CTaBJICHHS 0 IMX NPUTOJOMIIUIMBUX TBAPUH YIPO-
JIOBX CTOJITh. Y IEHTPI 3aily, MPUCBSIYCHOTO KHTOOOSIM, BCTAHOBJICHA BEIIH-
4ye3Ha (Qirypa KuTa, 3alIIOBIIM IO SIKOi MO’KHA MOOAYUTH HYTPOII TBa-
PHHH, a TAKOX MMOJUBUTHCS HOr0 OUMMa Ha )KOPCTOKHUH IIPOMHCIIOBHH CBIT.

Ypok Gionozii: “I'idpobionmu”. [Ins nitert 1o 6 pokiB Mys3eit mpe-
3€HTYETBCS IOy, J€ Y YapiBHOMY IiJBOJAHOMY CBITi JiTH Ta iXHI OaThbKn
CHOYaTKy “TIMBYTH” cepel] puO, SKi CBITATBHCS, Ta IHIIMX MEUIKaHIB Mif-
BOJIHOTO CBITY. 3rooM 3’ sBisitoThest Cai 1 JIopi 1 BiAMpaBIsSIOTECS B MOpE
pa3oM i3 KamitaHOM. XapaKTepHi 3BYKH MOpsI 3MYIIYIOTH IPAIIOBaTH BCi
OpraHu 4yTTsl.

Kommes Ha micni myseto OyB cknan. LlikaBo, mo Toai poib caH-
eTiIeMHarIIly BUKOHYBaJIM KOTH. 3aBASKH iM NPOIYKTOBI 3amacH 3aju-
IATKCS HEJOTOPKaHUMHU TprU3yHaMu. [ oJTaHIchka KMITIHBiCTS [5].

Ypok ximii: “Oépooka oOepesunu”. TlpsMyrouu TO BYJHII [0
My3ero, Bu mBuako momitute BenmmdHE BiTpHibHE cynHO “/le Amcrepmam”.
Moniouuii Tun cynen pukopuctoByBaBcs B XVII 1 XVIII cT. mns Oararo-
MicsgHUX Tojopokeld Ha Jlanekuit Cxin. YcepeawHi cymHa MpeacTaBieHa
BUCTaBKa “Amcrepaam!”, e 0)KUBAIOTh JIIOAM 1 Mofil, mo BinOyBanucs Ha
OOpPTY Mia Yac TaKMX JOBTUX MOJTOPONKEH.

Ypox @izuxu: “Ymoeu nnasanna min”. “Jle Amcrepaam” — 11e
TOYHA KOTIisA 3HAMEHUTOTO BEIMKOTO TOPrOBOTO CyAHA, IO Hajexas [ oi-
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nanncekoi Oct-Iancekoi kommnanii. KopaOenb 3aTOHYB Mij Yyac MEPIIOTO kK
peticy B 1749 p.

Ypok acmponomii: “Opienmauin no 3ipkax”. Y cXiTHOMY KpHIi
My3€l0 IpEJICTaBIEHO MOpPCHKI CIIEHH, NPUKpAcH CyJHa, HaBIramiiHi Ta
HIII CYIHOIUIABHI iHCTPYMEHTH, MOJENI AXT, icTopuuHi riiodycu. Kimuara
HaBiralifHUX IPMIAIiB 3aTaJKOBO OTOYEHA 30PSHUM HEOOM i3 CHHIM IIif-
cBiuyBaHHsM [4].

Jlo KOXHOTO ypOKy 3 NPHPOIHWUYMX AWCIMIUIIH 33 HaBEACHUM
MaTepialioM YYHTEN0 AOIIBHO IIOCTaBUTH IIepel YYHSIMH 3allUTaHHS 1
JIaTy 3aBJaHHS U1 CaMOCTiHOT poboTn. Hanpukian, 1o ypoky reorpadii:
“BigKkpHUTTs HOBHX 3€MeNb’ BapTO 3alpOIOHYBATH BiITBOPHUTH Ha Malli
MapmpyTu nogopokeit ®eprana Maremnana, Xpucrodopa Komymoba Ta iH.

Jlo ypokiB GioJorii MO>KHa 3alIpOIIOHYBaTH 3aBAaHHS 3 MOPIBHAHHS
0COOJMMBOCTEH iCHYBaHHS HA3¢MHHMX 1 IiJBOJHUX MCIIKAHIIIB Ta IOB’s-
3aHUX i3 UM BIIMiHHOCTEW OYZOBHU OpraHi3MiB.

Jo ypoky ximii yuHsM Oyne LiKaBO Ha HPHUKIAAI BITPHIBHOTO
cynna “Jle AMcTepnam” pO3KPUTH iCTOPiI0 PO3BUTKY TEXHOJOTiH 00poOKu
nepesuHu Ta mopiBHATH TexHOoMoTiT X VII i XVIII cTomiTs i3 cyyacHAMHU.

Jo ypoky ¢izuku: “Ymoeu nnagannusa min” yausM IOUILHO TaTH
3aBIaHHS 3 JOCIIKCHHS MPHYUH 3aTOIUICHHS cyaHa “Jle AMcrepaam”, a
Ha ypoui acTpOHOMII BUMTENIO BAXIIMBO IPOJEMOHCTPYBATH YYHSIM HE0O-
XITHICTh aCTPOHOMIYHUX 3HAHb JUIS €BOIIOIII JOIACHKOTO CYCHINBCTBA, a
TaKOX 1 y Hall Jac.

TakyuM YMHOM, MU HaBeNM TIPHUKIAIH, KOJH CIPSIMOBAHICTH Cy-
YacHOI MPUPOTHUIO-HAYKOBOT OCBITH Ha TYMaHICTHYHI ifei Ta ix peaisa-
IiF0 B MPOIIEC HABYAHHS MPU3BOAUTH JI0 MEPCOCMUCICHHS HAI[IOHATIBHUX 1
€BPONCHCHKAX OCBITHIX TIPOILECiB. YUUTENl MaloTh CIPSIMOBYBAaTH Ha-
BYAIILHO-TII3HABAJIFHY AiSUTBHICTh YYHIB HA BIJKPHUTTS 3arajbHOIIOICHKIX
MIPUKIAAIB MPOSIBY W BHKOPHCTaHHS 3aKOHIB NPHPOIU Y PI3HOMAaHITHHX
TaTy3sX JIFOJICHKO1 JisUTbHOCTI, 3HAMOMUTH YYHIB 13 KyJbTYPHOIO CBITOBOIO
11 €BpONEHCHKOIO CHAIIIMHOL.
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ETHNOPSYCHOLOGICAL ASPECT
OF LANGUAGES CULTURE

Verzhanskaya O.N., Laguta T.N. Kharkiv National University
named after V.N. Karazin, Ukraine, 61004, Kharkov, Svobody sg. 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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Beenenne. Ilpu u3yyeHuUu IUCLMIUIMH B KOTOPBIX paccMarpu-
BAIOTCS CJIOXHBIE NPeoOpa3oBaHMs CHTHAJIOB C IIEPEHOCOM CIEKTPOB W3
OJTHOW 00JIaCTH YacTOT B IPYTYIO, MpeoOpa3oBaHMEM CIIEKTPOB B MpOIIEcce
00pabOTKK ¥ BBIACIICHHUS] CUTHAIIOB OYEHB CIO0XKHO OOBSCHHUTH CTyICHTAM
Kakue (pU3MUYecKue MPOILECCH MPOUCXOIAT B IpoIlecce ITHX IMpeodpaso-
BaHMi. [IoHATHE CHIEKTPOB TSI MHOTHX M3 HUX OCTAaeTCsS HEKOTOPOH adCT-
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paximei, KOTOPYI0 OH HE MOTYT CBs3aTh ¢ (DOPMOW M YAaCTOTOW CHTHAJA.
Oco0eHHO 3TO HaBITHO BHIHO NPH W3YYCHHH PaJHOIEPENarOMnX U PaIio-
MPUEMHBIX YCTPOWCTB, B KOTOPBIX 3TH TNPEOOPa3OBaHUS CUTHAJIOB HC-
MOJB3YIOTCS BO MHOTHX y37ax. CBs3aHO 3TO CO MHOTHMH (aKTOpaMH: OT-
CYTCTBHEM HABBIKOB MPAKTHIECKON PAOOTHI C 3IEKTPOHHBIMH YCTPOWCTBAMHU
U W3MEPEHUS X MapaMeTpoB, HETTOHUMAHHEM IIPOIECCOB MPEACTABICHUS
CJIO’KHBIX CHTHAJIOB OOJee MPOCTHIMU U JIP.

ViIydmmTe BocTIpusiTHEe Y4eOHOro MaTepualia ¢ HarjsJHOW JeMOHCT-
pauueil He TOJIbKO CUTHAJIOB, IPEACTABICHHBIX BO BpEMEHHON U YaCTOTHOM
00acTu, HO W 3JEKTPOHHBIX YCTPOMCTB, PEaNU3YIOUIMX pa3lIMuHbIC Ipe-
00pa3oBaHuss, MOXHO C IIOMOLIbI0O HMMHTAIMOHHOTO MOJEIHPOBAHUS C
MTOMOIIIBIO SPiCE-CUMYIIATOPOB.

Bpi0op mporpammbl moaesupoBanusi. Ha cerogusmHuii neHb
LIMPOKO HCIIOJIB3YIOTCA HECKOJBKO MPOrpaMM CXEMOTEXHMYECKOIo Moje-
mupoBanusi: Micro-Cap, Alpak, Orcad, Altium Designer (panee Protel),
Multisim (panee Electronics Workbench), TINA-TI u ap. [1].

C Touku 3peHus ynoOcTBa MHTepdelica MoNb30BaTeNsl U HATIIS-
HOCTH TIOJy9aeMbIX Pe3y/lbTaToB HanboJiee MPENIOoYTHTENbHA IporpaMMa
mozenuposanust NI Multisim, kotopast Beimyckaercst kommanueii National
Instrument.

Koneuno He Bce MOTYT TO3BOJIMThH cebe mMpruoOpecTu JUIEH3NOH-
HYI0 BEPCHIO NPOTpaMMBbl, AaXe CTYAEHUECKOH Bepcuu. M 3TOT MOMEHT
TaKXe SBIIETCS OYEHb BaXKHBIM IIPH BBIOOPE MPOTPaMMBbI MOJICITUPOBAHHUS.
Haumnas ¢ 2007 roga komnanus National Instrument xa)Iblif TOX BEIITyC-
KaeT OeCIUTaTHYI0 BEPCUIO MPOTPAMMBI C OTPaHHYEHHBIMH BO3MOXXHOCTAMHU
B COTPYJHHYECTBE C BEIYIIMM MHUPOBBIM ITPOM3BOAUTENEM 3JIEKTPOHHBIX
komroneHToB Kommanueir Analog Devices [1], a B 2014 r. Beimymiena Gec-
iatHas Bepcusi nporpammbl (NI Multisim Component Evaluator Mouser
Edition) coBmectro ¢ kommanueit Mouser Electronics [2].

Jnst neMoHCTpay BO3MOKHOCTEH MCIOIb3yeM OecIUIaTHYIO Bep-
cuto nporpammsl NI Multisim Analog Devices Edition [1].

AHAIN3 CUTHAJIOB BO BPEMEHHOIl M 4acTOTHOMH o0nacru. s
WUTIOCTPAIMH PACCMOTPHUM IIPOIIECCH, IPOUCXOASIINE B CMECHTENE CyTIep-
reTepOAMHHOrO MPUEMHHKA, MOJENb KOTOPOro nmpuBeAeHa Ha puc. 1. Pac-
CMOTPHM PabOTy cMecuTelns Ipu (HOPMUPOBAHUH HU3KOHW IMPOMEXYTOUHOH
yactoTl 120 xI'm, yTO TMO3BOJSIET OOJiee HAIIAJHO NMPOMILTIOCTPUPOBATH
CIEKTPHI CUTHAJIOB.

B kauectBe cmecuTens HCHOIB3YyeM BHUPTYaJIbHBIH IEPEMHO-
HKUTENb, KOTOPBIA BBIMOJHSIET ONEPALUI0 YMHOXKEHHS ABYX MEPEMEHHBIX X
n Y ¢ K03 (HUITNEHTOM YCHIICHUS k—-z= kxy. Ecnu Ha BX0omp!I Takoro nepe-
MHOXXUTENSI MOAaTh JBa FapMOHMYECKHX CHTHANA, TO HA BEIXoxe OynyT
c(hOopMUpPOBaHbl CUTHAIBI CYMMapHOM M Pa3sHOCTHOM YacTOTHI, a CHUTHAJ C
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OoItee BBICOKOH "acTOTOW OyneT mojaBiieH, T.e. OyAeT pealn3oBaH OajaHC-
HBIN CMECHTEb.
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Puc. 1. MojeJsib cMecuTe/isi NPUEMHHKA

YuuteiBas, 4TO OOJBIIUHCTBO MCIOJIb3YEMBIX B IPUEMHUKAX CME-
cuTenei HebanaHCHbIC, BBEAEM Ha OJMH M3 BXOJIOB CMECHUTEIS MOCTOSHHYIO
COCTaBJISIFOLIYIO C TIOMOIIIBIO pe3rcTopoB R1 u R2.

Ha Bxom X mepeMHOKHUTENS MOJAJUM CHUTHAJ TeTepojaMHA C Yac-
totor 220 kI'L, a HA BXOJ Yy, KpOME MOCTOSHHOM COCTABIIAIOIIEH MOJaAUM
aAMILTUTYIHO-MOIYTUPOBAHHEIA CUTHAN OT TeHepaTopa V1. HactoTa Hecy-
miero xonebanus 3axana 100 x['m, Moxymupyromero koebanus 5 k[, wH-
nexe monynsauuu 0,5.

C nomomrpio ociuuiorpadga XSC1 OyaeM OCYIIECTBIISATH KOHT-
poiib hopmbl AM-CUTHANA U CUTHAJIA HA BBIXOJE MEPEMHOXKHUTENS (HUKHSIS
ocuuiIorpaMma Ha puc. 2).

TTOSICHUTh YTO TPOMCXOIWT C CUTHAJIOM IPH TAKOM IpeoOpaso-
BaHUHM TO €ro (GopMme MpaKTHYECKH HEeBO3MOxkHO. Ocummiorpad B 3TOM
cilydae CileqyeT CIIY)KUT Ui KOHTPOJIS JIMHEHHOCTH pekuMa padOThl CMECH-
tens. Ilpu ucnosnp30BaHUM BMECTO BUPTyalbHOro nepemHoxuresnss UMC
aHAJIOTOBOT'O IMEPEMHOXKUTEIST HEOOXOAMMO YTOOBI CHUTHAJ HAa BBIXOJAE HE
mormajaain B 00JIacTh OTPaHWYCHUS. B MPOTUBHOM cilydae B CIIEKTPE MOS-
BHUTCS MHOXECTBO KOMOWHAIMOHHBIX COCTABJISIONIMX, MEIIAIOIINX BbIIC-
JICHUIO TIOJIE3HOTO CHTHAJA.

IToaToMy HEOOXOIUM CIIEKTPAIbHBINA aHAIU3 BBIXOIHOIO CHUTHAjA
cmecurend. J{ng aHanmm3a CHEKTpa HCHOJB3YeTCS aHATW3aTOp CIEKTpa
XSAI. Tak kak cyMMapHasi COCTaBJISIOIAsI CHI'HAJIA HA BBIXO/IE CMECUTEJISI
JOJDKHA MIMETh IEeHTpaibHyIo dactoty 320 k['m, 3amammm momocy aHamu3a
350 x['m m yucno peanu3anuii it yepenaeHus crekrpa 16384. Ilpu anammse
CIIEKTpa CIIeAyeT yYUTHIBATh, YTO YeM OOJBINE YHCIO peam3aluid ycpen-
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HACTCSA, TEM BBIIIEC pa3periaronias CIIOCOOHOCTh CIICKTPAJIbHOTO aHaJIn3a,
HO BpEMS aHAJIN3a YBEIINYNBACTCA.
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Puc. 2. OcumanorpaMMbl CHTHAJIOB HA BXO/Ie M BbIX0/1€ CMeCUTeIs

CrexTp, NONy4eHHBIN B pe3yNbTaTe aHa/IN3a, IOKa3aH Ha puc. 3.
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Puc. 3. CiexTp cursaia Ha BbIX0Je CMeCHTeJIsl

Kak crnenyer u3 pucyHka, Ha BbIXOJE cMecuTelst GopMupyroTCs
JBe OOKOBBIX ITOJIOCHI CUTHaJIa M COCTAaBJIIONIAsl C YaCTOTOM IeTepojanHa.
YacToTy COCTaBJISIIOLUIMX B CHEKTPE JIETKO M3MEPHTh, NMEPEMECTHB KypCop
aHaJIM3aTOpa B HY)KHYIO TOUKY CIIEKTpA.
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BreiBoabl. AHamu3 paOOTBI OTAENBHBIX Y3JIOB, B KOTOPBIX IIpPO-
UCXOZST CJIOKHBIE NPEOOPa3OBaHUS CHTHAJIOB C ITOMOIIBIO MPOTPAMMBI
MOJIETIMPOBAHMS MTO3BOJISIET HE TOJIBKO YBHACTH (POpMy CHrHaia, HO M MpoO-
WITIOCTPUPOBATh €TO CIIEKTPAIBHBIA COCTAB MPU M3MEHEHHH NapaMeTpoB
KaK CaMHX CXEM, TaK ¥ BXOJHBIX CHT'HAJIOB.
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OO0pa3oBaHre BHE 3aBHCHMOCTH OT €ro HpOQHIL JODKHO OBITh
Pa3BHUBAIOIINM, CIIOCOOCTBYIOIIMM CTAHOBIEHHIO Pa3BUTON JWYHOCTH. B
9TOM CBSI3U HENb3sl He cornacutbes ¢ B.M. CokoJIOBBIM, YTBEPKIAIOLINM,
YTO “BHYTPEHHHA MUpP JMYHOCTH — CJIOXHBIA CIUIaB JYXOBHBIX, TICHXH-
Yeckux 00pa3oBaHuiA. ONpeeIsIFONMME B HEM SIBIISIFOTCS YCTICIIHBIC OpPHCH-
TalMu Kak IEJOCTHAs CHCTEMa MHUPOBO33PEHUYECKUX TO3HIIMNA, HPABCTBEH-
HBIX LIEHHOCTEW, SMOLIMOHANBHOIO CTPOs BOJM JIMYHOCTU U T.J. LleHHOCT-
HbIE€ OPHEHTAIlMd — 3TO YCTOWYWBBHIC MPEACTABICHUS O JOMYCTUMBIX MO-
PATBHBIX W ITyXOBHBIX OJarax W Wjaeaiax, IPUEMIIEMbIX U JOCTOWHBIX CIIO-
co00B ux npumenenus. 1[eHHOCTH TecHO cBsi3aHbI ¢ moTpeGHOoCcTsIME” [1, ¢. 70].
HecomHenHo, Bpemsi HaKkJIapIBaeT OTIIEYATKU HA BCE CTOPOHBI skxu3HU. Co-
LUYM, TTOJUTHKA, SKOHOMHKA WIPAIOT 3/I€Ch PEIIAONIyI0 POJIb, OAHAKO OKOH-
YaTeJIbHOE CIIOBO OCTACTCs 3a CaMHM YelIoBeKOM. Ero BEIOOp moaBep:keH
m3MmeHennsM. B 80-e romer XX Beka xm3HeHHbIE uueansl uMenn 90 %
Mononéxu, a B 2006 r. — Tonpko 16 %. IIparmaTusm, MEpKaHTUIN3M, HHIU-
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BUAYaJIM3M, 3TOM3M IOTECHWIM IpPYrHe KadecTBa, BKIIOYAs albTPYH3M,
TOJIEPAaHTHOCTH, 00poaeTens. OQHAKO 3TO BOBCE HE 03HAYACT, YTO MOJIO-
néxe crana xyke. [Ipocto oHa okaszanach 00OWAEHHOW BHUMAHUECM BJIACTh
npeaepxammx. He cioydaiiHo B cTpaHe BCIOMHMIA O HEOOXOJMMOCTH pa3-
pabOTKH MOJIOAEKHON TOJUTHUKH, MOJIO/IBIE JINNA MOSIBUINCH B TOCYIApCT-
BEHHBIX CTPYKTypax BJIaCTH, BHOBb 3arOBOPWJIM O HAJWYHU HEHUCIIOIH30-
BaHHBIX TAJaHTOB W Ba)KHOCTH HMX aKTHBHOTO BOBJICYEHHUS! B XKM3Hb 00-
mecTBa. B 3THX ycIOBHSX HE MOCIETHSAS POJIb IPUHAUICKHT BBICILIEH IIIKOJIE,
MIPU3BAHHOM TOTOBUTH KaJphl, OTBEUAIOIIUE BbI30BY BpeMeHHU. CoBpeMeH-
HBII CIIEIMAINCT — HE TOJBKO NPO(ecCHOHaN, HO M HOCHTENb JTyXOBHO-
HPaBCTBEHHBIX ycToeB. Crofla BXOAAT: HAJM4YHE BBICOKOW JIHUYHON KyIib-
Typbl, O0IIass W MOJWTHYECKas TI'PaMOTHOCTb, OPUCHTAIMs B HHTEIJICK-
TyaJIbHOH JKM3HU YEJIOBEYECTBA, YBAXKUTEIBHOE OTHOIIEHHE K HAIlMOHANb-
HBIM W PEIUTHO3HBIM BO33PEHHSM, KOMMYHHKaOEIbHOCTh HE3aBHCHMO OT
cpeabl 00MTaHMs, CIIOCOOHOCTh K CaMOOOpa30BaHHMI0 M CaMOBOCIHTAHHIO,
CO3MIAaTeNbHas AEATENBHOCTh. [lepemoBble MBICIHTENN BCETZa paccMmart-
puBaiH 0Opa3oBaHUE M BOCIIMTaHUE KaK B3aUMOCBS3aHHbIEC, 00OTallatoIIHe
1 JOTOJIHSIONINE JIpYyT Apyra obnactu. HecMoTps Ha eAMHCTBO 000MX yIIO-
MSHYTBIX MOHATHH, MEXIy HMMHU BCE XK€ €CTh Pa3Nndusi. JTO HE CHHO-
HUMBIL. JlyXOBHOCTb, B TIEPBYIO OYepe[lb, NPEIIOJaracT BEICOKYI0 00pa3o-
BAaHHOCTh, BOCTIMTAHHOCTh, HAINYHE OA3UCHBIX MpeACTaBleHUl 000 BCEM,
YTO BO3BBIIIACT YEJIOBEKA, JIEJIAET €ro MHPOOIIYIIEHHE M CaMOCO3HaHHE
CaMOJOCTaTOYHBIMU. JlyXOBHOCTH — 3TO BOCHIPHITHE MHpa BO Bcell ero
TIOJTHOTE 4epe3 OKPYXKAIOIIYI0 MPUPOJY, UCKYCCTBO, JINTEPATYpPY, >KUBO-
MUCh, MY3BIKY, @ TaK)Xe OOLICHUE C He3aypsIHBIMU JINYHOCTSIMU — BCE TO,
YTO OJIMILIETBOPSET COOOM MHp MpeKpacHOro U Bo3BeImieHHOTO. Y H.A. Bep-
JisieBa TyXOBHBIE LIEHHOCTH 00Pa3yIOTCsl €IMHCTBOM(COBOKYITHOCTBIO) MO3HA-
BaTEIbHOW, HPABCTBEHHOM, XYA0)KECTBEHHOH *KM3HHU YeIOBeKa, OOIIEeHHS B
mo6Bu[2, c. 48]. HpaBcTBEHHOCTH B OOJIBINIEH CTEEHH CBSI3aHA C MOPAJIBIO
1 3THUKOM, NPAaBOBOM I'PaMOTHOCTBIO, YBAXKEHHEM TPAAULMH, cOOI0AeHUEM
MIPUHATHIX B 00IIECTBE HOPM MOBEACHHUA. MHPOBO33PEHUYECKHE UACH O CO-
BEpIIEHCTBOBAHUU YEJIOBEKA, €r0 TBOPYECKOH CYIIHOCTH, MOJHOTE caMopea-
JU3AIMH B J)KU3HU U AESATEIBHOCTH M3BECTHHI AaBHO. [IpuBeneM HEKOTOpEIE
TIpUMeEpBI HpaBCTBEHHOTO mopsiaka. Jlocrarouno Bcriomauts umena E.C. bot-
kuHa (BepHOCTH mpodeccrmonamsHOMy noary), A.IL Yexosa (6marorso-
PUTENBHOCTh, OTKa3 OT aKaJeMHUYECKOTO 3BaHUs, CaxalMHCKas SIomes),
B.®. Boiino-SIcenenkoro (HeXeTaHne MOCTYMUTHCS PETUTHO3HBIME TIPHH-
[UTIaMU PaJid Y9acTHsI B CBETCKUX MeponpusaTusx), A. IlBeiimepa (6maro-
TBOpHUTENbHAas Muccus B ['abone), . Kopuaka (mpenmoureHune cmepTu
W3MEHE HCIOBeayeMbIM mNpuHIUNaMm), B.X. Bacuinenko m apyrux (croii-
KOCTh B 3acTeHkax JIyOsHKM npu paccMoTpeHuu “‘nena Bpadei”), Al Jlu-
xadéBa (IMMOMOIIL CEMbSIM perpeccupoBaHHbIX Kosuier), B.M. TTokpoBckoro
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(ocyXneHne aHTHHAPOAHON ITOJINTHKHU BIIACTEH B YCIOBHAX JIHOEpaIn3aIiun
SKOHOMHKH, HEBHMMaHMS K HYyXAaM 37paBooxpaHeHus). Ha momoOHBIX
(akTax cieqyer B NEPBYIO Oouepe/b BOCIUTHIBATH HIyIIee HAM Ha CMEHY
MOKOJICHHE. MBI k€ 3a4acTyio JubO0 yMaldMBaeM O HHX, JMOO OrpaHH-
YMBACTCSl CBEJCHUSMHU JANEKOW CTAapUHBI, MOJb3yeMCsl IIAOJOHHBIMU Me-
TOJAMHU IEJaroruIecKoro Bo3AeHCTBIS Ha 00y9aeMbIX BMECTO TOTO, YTOOBI
OTCBUIATh TOCHENHMX K TakuM uctouHukam kak: B. Coiidep “Bnacts n
Hayka” (2002 r.), “O6pazoBaHue, KOTOpoe MBI MoxkeM motepsts” (pex. B.A. Ca-
nosuuuuit, 2002 r.), B.H. Crenansina “XXu3znp u cMepTh 3amedaTelabHBIX
moxei” (2002, 2007 rr.), B.M. CokosioB “Poccuiickas MEHTAIBHOCTh M HCTO-
puueckue myti Oteuectsa” (2007 r.), “Boiciuee obpasoBanue mist XX Bexa”
(otB. pen. U.M. Uneunckuii), B.U. Bepraackuit “Ilepexuroe u mepeny-
manHoe” (2007 r.), “CounnonorHvyecKre HCCICIOBAHUS B CHCTEME TOCY-
napctBeHHol cnyx6b1” (2002 r.), “Besymubie rpanu tananta” (2004 r.),
M. SAposunckuit “IloyunrensHsie ypoku uctopun” (2004). B HekoTOphIX U3
9THX W3AAHUH OCTPO MOCTABIIECHBI BOIIPOCH! (HOPMHUPOBAHNS KOMIIETCHTHBIX,
KOHKYPEHTOCIIOCOOHBIX CIIEIMAINCTOB, OTBEYAIOIINX COBPEMEHHBIM Tpe0o-
BaHMAM; OTPAXKEHA MPEEMCTBEHHOCTD JyXOBHBIX IIeHHOCTel. Hamre conmo-
JIOTHYECKOE HCCIIEeI0BAHNE MTOKA3aJI0, YTO B HACTOSIIEEe BpeMs HOATOTOBKA
CHELHATINCTOB B MEIUIMHCKAX YHHBEPCHUTETaX OCTaeTCsl HEJOCTaTOYHO
COBEPIIEHHOH C TOYKH 3PEHUS COBPEMEHHBIX KYJIbTYPHO-IIEHHOCTHBIX II0-
3UNUH. 3aHUMAsCh HETIOCPEACTBEHHON MPO(heCCHOHAIBHOI ITOIrTOTOBKOH Bpa-
4el, MpernojaBaTeNld He yIEeNSIOT JOJDKHOTO BHHUMAHHUS THUYECKOH, Tpax-
JAHCKOH, OOIIEKyIbTYPHOH CTOPOHE BOCTIUTAHUSL.

OO6parumcst k TIIyO0KO# BpauyeOHON MyApPOCTH, 3aJI0KEHHOW B Ha-
craieHnn ['.A. 3axappuna: “Bpad qomkeH OBITh TYMaHHBIM U BCECTOPOHHE
00pa3zoBaHHbIM 4enoBeKOM. CKOJIBKO Obl Bbl, MHJIOCTHUBBIE TOCYJapH, HH
BBICITYIIMBAJIM, HU BBICTYKHBAJH, Bbl HUKOTJAa HE CMOXeTe 0e30IIHO04YHO
OTIpeeNTUTh OOJIE3HB, €CITN He MPUCITYIINBACTECh K TOKA3aHUSIM CaMOTro 00JIb-
Horo” [3, c. 81].

Wcrtopus mHOTMX nuarHocthdeckux 1mezaeBpoB C.II. BorkwuHa,
B.I1. O6pa3moBa u Apyrux y4€HbIX CBUJIETEIBCTBYIOT O TOM, YTO TPaBHIIb-
Has MHTepIIpeTanys OOJEe3HH SBISETCA MHOTJA BBIPAXKCHHEM BIOXHOBEH-
HOTO HaWTHsl, BO3HUKAIONIETO HA OCHOBE KAKMX-TO CMYTHBIX accoluanuii B
KOMIUIEKCE € TIIyOOKMMH 3HAaHMSIMH M TYMaHHBIM OTHOIICHHEM K OO0Jb-
HoMmy. Tenepb BpsiJ M KTO-HUOYAb YCOMHHTCSI B TOM, 4YTO JUISi pAaHHETO U
MIPAaBHIBHOTO PAcIiO3HaBaHUS OOJIE3HU M, TJIABHOE, JUIA YCIEIIHOTO Jiede-
HUsT 00JILHOTO HEOOXOIUM TECHEHINN KOHTAKT Bpaya W ManydeHTa, 0000 -
HOE J0BEpHE, NPOHUKHOBEHHUE B COKPOBEHHBIE MEPEKUBAHUS U YasHUS CTpa-
JATOIIIETO YEI0BEKA.

B oTHOIIEHUAX € MAMEHTOM /I Bpada Ba)XKHBIM (DPaKTOPOM SIBIISI-
eTcsl MakCHMallbHO MOJIHOE 3HAaHWE MalWeHTa, €r0 OKPYXKEHWs, oOpasa
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KU3HM; U TALKEHTa — J0BEpHe jedanieMy ero Bpady [4]. Bmecte ¢ Tem
mpogeccopa A.®. Coxkomn, P.B. lllypynosa otmeuarot: “IlocTerneHHo B ria-
3ax Bpauel YMEHBIIWJIOCH 3HAYCHUE U LIEHHOCTh OOJBHOrO KaK JIMYHOCTH,
CHU3WIAch oOmmas U mpodeccuoHanbHas KyibTypa, KOTOpas cO3JaBallach
0 KPYNHI[AM Ha MPOTSDKCHUH BEKOB U ThicsdeneTuit” [5, ¢. 7-8].

Takue oOmedenoBedeckne KadecTBa, KaK IOOpOTa, TEPHHUMOCTD,
COCTpasilaHue, MUJIOCEPNE, CaMble HY)KHBIE Bpady, BCE MEHEe NMPECTHIKHBI
u OoJjiee NeUIUTHBI B HACTOSIEE BPEMSL.
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JEPYKABHE YIIPABJIIHHSI COEPOIO BUILLOI OCBITH
YKPATHM B YMOBAX €BPONENCBKOI IHTETPALII

Yapwenko K.A., *Ipyc O.B.
Y Xmenvnuyoruii nayionansnuii ynisepcumem, e-mail: parshenko@ukr.net,
2Xuenvnuybruii incmumym MAYII, e-mail: ksyu.prus@yandex.ua

CyuacHa ocBita nependayae BiIKpHUTICTh MalOyTHBOMY, a ii mo-
JaJbIINHA PO3BUTOK MOBUHEH CHPSMOBYBATHCS HA MOJIOJAHHS 3aMKHEHOCTI
1 HaJJaHHA OCBITHBOMY ITPOIIECY TBOPUOTO XapakTepy, o MoTpedye HOBOT
OCBITHBOI MOJENi, Sika O BiAMOBiZanma pealisiM MOCTIHAYCTPiaJbHOTO CYyC-
MTBCTBA, TUM TJIOOANBHUM 3MiHaM B ycCixX cepax >KUTTA, SKi BHKIHUKaHI
CydacHUMH 1H(OPMAIiHHO-KOMYHIKAIIHHUMA TEXHOJOTISIMH, CTPIMKHMH
iHTerpaliiiHuMu mporiecaMu B CBITi. SIk BHpimmTH If0 mpobiemy? 3a 3a-
KOHAMH CHHEPreTHKH 3[aTHICTh COI[aIbHOI MaTepil Mo camoopraHizaril
NIPOSIBIISIETHCS. B TOMY, III0 BUHUKHEHHS OYAb-sKOi IIPO0JIeMH MOPOKye 1
3aco0M 11 BUpIIIEHHS, SIKi TIJIbKM TpebOa BMITH 1MOOAYUTH W BHKOPUCTATH.
Came TOMy Ba>KJIMBOTO 3HaYEHHS JJI1 PO3BUTKY CYCIIILCTBA HA0YBa€E OCMUC-
JICHHS SIKICHO HOBHMX O3HAK 1 CMHCIIB Cy4YacHOI OCBITH B yMOBax I[MBi-
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Tm3amiifHUX 3MiH Hamoi icTopudHOi A00W, PO3yMIiHHA TeHACHHIN il po3-
BHTKY, BHYTPIIITHIX IPOTUPIY i MeXaHi3MiB IIpOTpecy.

IIpomecn eBpomelchkoi iHTETpalii OXOILIIOIOTH Jenani OiibIie
cdep KUTTENISUIBHOCTI, OJTHA 13 SKUX — OCBITSHCHKHMU HarpsM. AKTyajbHi
HAYKOBI JIOCIIPKEHHS MIOA0 MPOOJIEMH MTPaBOBOTO OIS BHIIOI OCBITH J0-
cmimkyBanu B.1. Annpeiines, A.Il. I'erbman, €.M. Kpacusikos Ta iH. Po3-
poOKOIO Ta aHATI30M MPOOIEM CYJIacHOTO JepKaBHOTO YIPABIIHHA y cdepi
BUILOI OCBITH, MEPCIIEKTHBAMHU PO3BUTKY Ta XapaKTEPUCTHKOIO MOAeiei
BummIoi oceith 3aiimanucst B.II. Anppymenko, [.I. I3BiHuyk, B.I1. bex Ta in.
AHaii3yloun ocTaHHI JOPOOKM BITYM3HSHHMX YYEHUX, BAPTO 3a3HAUUTH, IO
JOCHITHUKHN OLTbIIe yBaru MPHUIULIIOTE MUTAHHAM MOJEpHI3amlii HaIlio-
HaJIbHOT BHIIOI OCBITH B YMOBax €BPOINEWCHKOI iHTerpaumii, mpodiemMam
BHYTPIIIHBOI MOJIEpHi3alii Ta CTPYKTYpHOI IIepe0dyI0oBH SIK caMOi CHCTEMH
BUILOI OCBITH, TaK 1 MEXaHI3MIB Jep>KaBHOro ympaBiiHHA HUMH. OjHak
MEHIIIE YBard HayKOBIi MPUIUISIOTE BUBYCHHIO CYNEPEYHOCTEH Cy4acHOTO
PO3BHTKY JEp)KaBHOTO YIIPaBIiHHS c(eporo BUIOi OCBiTH YKpaiHW Ta
LULIXIB TX [TOJOTaHHS.

Yupasiiaao y cdepi OCBITH MPUCBIUCHI YHCICHHI TOCIIIKCHHS
BITUM3HSIHMX Ta 3apyObKHUX aBTopiB. [ToHomapboBa I".®. 3a3Hauae, 110 “yripas-
JHHS 1l HEeMepepBHUN pyX BiX METH 0 pe3yibTaTiB. [Iporec ynpaBiiHHS
Mae MeBHi 0COOJIMBOCTI, BpaXyBaHHsI IKUX 3a0e3redye yCIiX ynpaBiiHCbKOT
nisuteHOCTI” [3, €. 5].

Ha nymxy K.M. JIeBKIBCHKOT0, HEOOXITHO ONTUMI3YBaTH MEPEXKY
BUIIMX HAaBYAJIBHHUX 3aKJIaJliB LUIIXOM iX 00’€HaHHS Ta CTBOPEHHS MO-
TY)XHHX PEriOHaJIbHUX, KOPIOPAaTUBHUX, JOCTIJHUIBKUX YHIBEPCHTETIB i3
ypaxyBaHHIM pPETIOHAIBHUX 1 3aralbHOJCPKABHHUX MOTPed y (axiBIpix i3
BHIIIOK0 OCBiTOIO. Lle M03BOJUTH TICHIIIE 30CEPEAUTH AOCBIIUCHUX (haxXiB-
1B, IO CHpUATHME (DYHIAMEHTAIGHUM JIOCIIKCHHAM Yy Taly3i, AeTaib-
Hillle 3aCTOCOBYBATH Ha NPAKTHINl Ta CTaBUTH Ha KOMEPILiiiHI pelKkH HOBI
JociigHunbki inei [2, c. 6]. Taki migxonu iHTerpanii y BHINIH IIKOJI rap-
MOHINHO y3TOJKYIOTHCS 3 OCBITHBOO Ta JOCIiTHUIIPKOIO TIOJITHKOIO KpaiH-
qireHiB €C i3 METOI CTBOPEHHS €IWHOTO €BPOINEHCHKOTO HAYKOBO-IAOCII-
HUIBKOTO TIpocTopy. HacTymue, mpotupivus ynpaBiiHHA cheporo BHIIOT
OCBITH Ha MakpopiBHI MH IOB’SI3y€MO 3 THUM, IO LEHTPalTi30BaHa, aBTO-
pUTapHa CHCTE€MA, IO iCHye B HAI[IOHAIBHIN BHUININ IIKONI, IpHTaMaHHA
IUIAHOBI €KOHOMIlli, HE CIIPOMOXKHA IIBHUJKO pearyBaTH Ha 3MiHH B CycC-
MTBCTBI Ta MOTpedu puHKY mparii. CKkaxiMo, I1e CTOCY€eThCS PIBHS IIEHTpa-
JII30BaHOTO KOHTPOJIIO HaJl BU3HAYEHHSM TOTO, SIKMH OCBITHBO-KBalli(hika-
iHHUN piBeHb € 000B’I3KOBUM ISl TIEBHOT MTOCAIN YU JIEP’KaBHOTO 3aMOB-
JICHHS Ha MiATrOTOBKY (haxiBLiB.

PuHKOBa €KOHOMiKa BHMAara€e THYYKOTO PHHKY IIpalli, a PO3BUTOK
BUILOI OCBITH NOBMHEH IiJIOPSAKOBYBATHCS 3aKOHAM PHHKOBOI E€KOHO-
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MIKH: PO3MOJiTY, 3MiHHOCTI TIparli Ta KOHKypeHIii [4, c. 102]. Bumra ocBiTa,
Ha nymky FO.M. Kpsako, € iHHOBanifHOIO Tairy3310, KOTPa 3a CBOEO IIPH-
poIor0, MOTpeOye PiI3HOMAHITTS MOTISIIIB 1 MIIXOMIB 0 MPOBEACHHS IO-
CIiJKeHBb, BUKJIANAHHA 1 ynpaBmiHHA. LleHTpanmizoBana, aBTOpuTapHa CHC-
TeMa € HECYMICHOIO 3 TaKUM pi3HOMaHITTsM [1, c. 66].

[IpoTarom ocraHHIX pOKIB BUXif 13 Wi€l cuTyauii HaykoBwi, IO-
JTHKA Ta OCBITAHM BOAYAalOTh y HAJaHHI BHUIINM HABYAIBHUM 3aKJIaJaM
aBToHOMIi. I mpoOiema, Ha TyMKy 0araTb0X HAYKOBIIB, € HEHTPAIHHOIO
U peOpMyBaHHS YCi€l CHCTEMH BHIIOI OCBITH YKpaiHU. 3ayBa)KUMO, II0
Hapasi aBTOHOMISI yHiIBepCHTETIB B YKpaiHi Ta ixHi akameMiuHi cBoOoan
periaaMeHTyIoThCs 3akoHoM YKpainu “TIpo BHIIy OCBITY”, SIKHI BH3HAYa€e
MeXi aBTOHOMIi Ta caMOBpsIAyBaHHS YHIBEPCHTETIB Yy Pi3HUX HampsAMax iX-
HBOT TiSUTEHOCTI.

B ropuauuniii cdepi piBHI aBTOHOMIi NpeACTaBIleHI IepeayciMm
aKaJIeMiYHUMH CBOOOJAaMM BHM3HAUEHHS AacCHEKTiB HaBYAIBHUX IPOTpam,
MEaroriyHol Ta JOCHITHHUIIBKOI TisSUTbHOCTI, IEMOKPATHYHUMH CBOOOIaMHU
y BHYTPILIHIX Mpolecax YHiBepCUTETChKOI cTparerii Ta ynpasiiHus. [Ipore
HacIIpaB/i piBeHb aBTOHOMII Ta CaMOBPSIYBaHHS HE BiJIOBiJa€e €BpoNei-
CBKUM cTaHgapTaM. lIpakTnka OaraTbOX €BpONEHCHKUX KpaiH JOBOAWTB,
10 caMe aBTOHOMIS BHIIMX HAaBYANBHUX 3aKJIAMIIB € OJHIE€I0 3 YMOB IIi/IBH-
IICHHS SKOCTI BUIIOT OCBITH, MOCHJICHHS 11 BIATIOBIAaIBHOCTI 32 pe3yIbTaTH
IisuTbHOCTI. ICHYFOTH IEBHI CYMEpeYHOCTI MK HaMipaMH HAJaTH BUIIUM
HaBYAJILHUM 3aKJIajJiaM MIMPIIY aBTOHOMIIO Ta OaKaHHSIM ypsay MiITpH-
MYBaTH Ha HaJIe)KHOMY DiBHI HalliOHAIbHI CTaHIApTH, CTBOPIOBATH Ta 3a-
Oe3meuyyBaTu piBHI/Iﬁ JIOCTYI 110 BHUIIIOT OCBITH. CJ’IyI_IIHO 3a UX 00CTaBUH
3BEPHYTHUCS JI0 ;:[ocm,uy 3axiHUX KOJIET: €Bp0HeI/ICLK1 yHmepcheTH BHUKO-
HYIOTb BEJIMKY 1 pI3HOMaHITHY po60Ty B L[apI/IHl JIeMOKpaTH3alii OCBITH.

Cepes OCHOBHHX HAIpsIMIB 1X AisUIbHOCTI BU3HAYMMO TaKi:

— OJIepKaHHS Ta MOIINPEHHS iHpopMarii Ipo aBTOHOMIIO YHiBep-
CUTETIB y KpaiHax €Bpomu Ta 3a i MexxaMu moa0 pedopm, SKi TOTYIOTBCS
Y BIPOBAKYIOTHCS 1 BU3HAYAIOTh, SIK BOHH BIUIMBAIOTh Ha CYCHUIBHI Iepe-
TBOPEHHS B OKpeMUX KpaiHax 1 €BpONH B LLIOMY;

— BU3HAUEHHS HANpPSMIB PO3BUTKY H MOIIMPEHHS HOBUX ileH, 30K-
pema i Tofi, KOJIM BOHK CTPHMYIOTBCS TTOJIITHYHOIO Ta EKOHOMIYHOIO BJIAJI0I0;

— BUCYHEHHS iJIell JuIsl TUCKYCiH 110710 00roBOpeHHs MpaB Ta 000-
B’SI3KIB YHIBEPCHTETIB Yy COIIaJbHOMY i KYJIBTYpHOMY PO3BHTKY CBOiX
KpaiH [4, c. 106].

Ha namry mymKy, 1eMokpaTtu3aiiis BUILOi OCBITH Tiepe0oavae y4acThb B
YIPaBJIiHHI BUIIUM HaBUAJHHUM 3aKJIaJOM TPOMAJCHKOCTi. Y I[bOMY KOH-
TekcTi ydactb aepkaBu y CIIIA Ta Beaukoi KiTbKOCTI iHIIMX PO3BUHYTHUX
KpaiH y cepi BUIIIOT OCBITH CKIIaga€e He OUTbINE OHIET TPETHHH.

TakuM unHOM, YKpaiHa 9iTKO BU3HAYMJIA OPIEHTUDP HA BXOJKCHHS
JI0 OCBITHBOTO ¥ HAyKOBOT'O HpPOCTOPY €BPOIH, 3IHCHIOE MOEPHI3alliio
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OCBITHBOI JISUIBHOCTI B KOHTEKCTI €BpOINEHCEKUX BUMOT. Poib nepxkasu, y
MepIIy 4Yepry, MoJisArae B TOMY, N[00 CTBOPIOBATH MpPaBOBi, CKOHOMIYHI,
e()eKTUBHI OpraHi3aniiiHi MexaHi3M1, MOPAJIbHO-IIIHHICHE CEPEIOBHIIIE, SIKE
CHPUSTUME Y4acTi BCi€i TpoMajachKOCTi y cIipaBi po3BUTKY cdepu BHIIOT
OCBITH.
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CEKIIMA IIPOBJIEM 3KOHOMWMKM
M YIPABJIEHUS

KPEATHUBHICTb SIK OCHOBHE JIZKEPEJIO
EKOHOMIYHOI INIHHOCTI
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Hayionanvnuii ynisepcumem “Kuegeo-Mozeunancorka akademis”,
jvanovanu@ukma.kiev.ua
Zkorolyovaco@ukma.kiev.ua

Ha nymky 6arathoX BiJOMHX BUEHHX, KpeaTHBHAa €KOHOMIKa CTa€
OJIHIEIO 3 OCHOBHUX (OPM COIliasIbHO-EKOHOMIUHOTO po3BUTKY. Came Kpea-
THBHA €KOHOMika Oyae MeXaHi3MOM PO3KPHUTTS TBOPUOi CHEprii JoAei B
HOBHUX COI1aJIbHO-€KOHOMIYHUX YMOBaX.

TepMmin “kpeatnBHa ekoHOMika” OyB BBemeHui y 2000 p. JHkoHOM
XoxkiHcoM. 3a HOro KOHIICIIIIEI0 KpeaTHBHA €KOHOMIKa 3HAHWIDIa BimoOpa-
JKCHHS y KpEeaTHBHOMY Oi3Heci, SIKUil YCIIITHO PO3BUBaBCs. XOKIHC BBaXaB,
10 OCOOJIMBICTh KPEaTHBHOI CKOHOMIKH BUSBIIAETHCS B CUCTEMI CIIEIIU(Id-
HHUX COI[IaJIbHO-€KOHOMIYHUX CTOCYHKIB MIXK €KOHOMIKOIO 1 TBOPYHMM IiJI-
X0JIOM 10 11 PO3BHUTKY 1 BIOCKOHAICHH!O. L[e MPUBOAUTEH 10 CTAHOBJICHHS 1
PO3BUTKY HOBOTO KPEaTHBHOTO CEKTOPA MOCTIHAYCTpPialbHOI EKOHOMIKH, B
OCHOBI SIKOTO JISKUTh IHTEHCHBHE BUKOPHUCTAHHS TBOPYMX 1 IHTEIEKTYalb-
HUX pecypcis [1].

[TonaTTs “KpeaTnBHA €KOHOMIKa” aCOIUIOETHCS, MO-TIEpIIe, 3 OpH-
THANBHOIO criel}ivHOI0 POPMOI0 EKOHOMIYHOTO MHUCIIEHHS, SIKa BiIpi3HS-
€ThCSI BiJl 3araJIbHONMPUHWHATHHUX JIOTIYHUX THUIIOBHX CXeM 1 3mi0HICTIO 3Ha-
XOIHMTH 1 pealli3yBaTH HOBI COIiaJIbHO-CKOHOMIYHI 3B’SI3KM 1 MOJET MiX
SIBUIAMH 1 TIpOIIecaMM; MO-ApYyTe, 31 34I0HOCTSIMHU PUBHOCUTH IIOCH HOBE,
OpHriHAJbHE B Pi3HI cepH MPaKTHYHOI AiSITBHOCTI; MO-TPETE, MOCTIHHOIO
TOTOBHICTIO JIO pillIeHHS HECTaHAAPTHUX MpobieM i curyanii [2].

3a MporHo3aMH Pi3HUX aBTOPHUTETHHX MIKHAPOJHUX OpraHi3amii,
y 2020-2025 pp. HaiibigpIIa YacTHHA JOJAHOI BapTOCTi Oyne CTBOpIOBa-
THCS B OCHOBHOMY 3a PaxyHOK IHTEIEKTyaJbHUX (KpeaTHBHHUX) (aKTOpiB
BupoOHuUITBa. Ile 03Haudae, M0 TOJIOBHUM (DAKTOPOM E€KOHOMIYHOTO PO3-
BHUTKY MalOTh CTaTH KpEaTHBHI JIFOJICHKI pecypcH, TOOTO KpeaTuBHICTh Oyie
TOJIOBHUM TTOTEHIHIAJIOM 1 THCTPYMEHTOM TOpPSA 13 TPaguIliiHUMH CIIOCO-
06aMH MUCJICHHS 1 YIPaBJIiHHS B €KOHOMILII.
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Le#t BHCHOBOK MiATBEPIKYIOTh 1 pe3ynbTaTté nociimkeras |1BM
2010 Global CEO Study. 3a pesympraTamu OmuTyBaHHS Oinbim, HiXk 1500
roJjioBHUX BuKoHaBuMX aupekropis (CEO) komnawiii i opranizariii 3 60 kpaiH i
33 ramyseif, BuIIi KepiBHUKH Oi3HECY BBa)KalOTh, IO YCITIIIIHE YIIPABIIHHS
CBITOM, SIKHI CTa€ Bce CKIIAAHIMINM, MOTpeOye TBOPUOTO MiAX0Ay OLIBIIO0
MipOF0, Hi’K CTPOTOCTi, YIPaBIIHCHKO1 AUCIIUILTIHN YH, HABITh, JAIEKOTIIS -
HOCTI. A IIe 03Ha4ae, 10 Ha PiBHI OKPEMOT JIIOJMHY BXKE HEJOCTaTHHO OyTH
KOMICTEHTHHM, HAYNTaHUM 1 TOCKOHAJIO 3HATH KOMII'foTep. Ha Taki Ha-
BHYKHU POOOTOABII TUBJIATHCS SIK HA MIOCH, III0 000B’s13K0BO Mae OyTH. Jlis
TOTO, MO0 3po0OUTH Kap’epy, Tpebda 3ampONOHYBaTH POOOTOIABLIO TE, IO
Oyne Uil HBOTO peabHO LIHHUM, TOOTO Te€, HIO NMPUBHOCHTH LIOCH HE
MIPOCTO B OpTaHi3alliifHy KOMIICTCHTHICTD, aJle¢ B YHIKaJbHY OpTaHi3alliiftHy
KOMITETeHTHICTh. T00TO Tpeba OyTn KpeaTuBHHUM.

o x Take xpearuBHicTh? Lle cknagne, GararomiaHoBe, HEOTIHO-
piiHe sBHIE, SIKE OXOIUIIOE DPI3HOMAHITHI TEOPETHYHI 1 TpaKkTW4HI Ha-
npsaMu. J{esKi TOCHITHNKN 3a3HAa4aloTh, IO MPOLEC PO3yMIHHSA TOTO, IO
TaKe KPeaTUBHICTh, CaM MOTPeOye KpeaTUBHOT Mii.

Pesynbrati nocipKeHb, PUCBSYCHI BUBYCHHIO KPEaTUBHOCTI, MOYKHA
po3ninutu Ha aBiI rpynu. Ilepwia OXOIUIIOE KOHIICIIIT KPEATHMBHOCTI SIK
YHigepcanbHoi niznaeanvrhoi meopuoi 30ibnocmi. IlpenctaBHukn “mi3zHa-
BaJILHOTO» HAIPSIMY JOCIIKYIOTh B32€EMO3B'SI3KH MiXK KPEaTUBHICTIO, 1HTE-
JIEKTOM, KOTHITHBHUMH 3IiI0HOCTSIMH 1 peallbHUMU JOCATHEHHSIMH. HaiOimpm
SICKpaBUMH TIpeJcTaBHUKamMu jaHoro Hampsmky e€: [k. indopa, C. Teii-
nop, E. Toppenc, A.S. [Tonomapros, C. Mennik. ¥ ix pobotax mpencras-
JICHO, B OCHOBHOMY, BIUTHB IHTEJIEKTYaJbHUX ITi3HABAJIBHUX XapaKTEPUCTUK
HA 3/IaTHICTH MPOJYKYBaTH HOBI i71€i.

/Ipyza BUBYa€ KpeaTHBHICTh 3 MO3ULIi c8oepionocmi ocobucmic-
HuUx ocobnugocmeit Kpeamugig. barato eKCIEepUMEHTAIFHUX JOCIIKEHb
MIPUCBSYEHI CTBOPEHHIO “TIOPTpEeTa TBOPYOi OCOOMCTOCTI”, BHSBIICHHIO BiIac-
TUBHUX il XapakTepUCTUK, BU3HAYEHHIO OCOOMCTICHMX, MOTHBALIHUX Ta
COMLIOKYJIBTYPHUX O3HAK KpeaTuBHOCTI. HalOUIbII sIckpaBUMH NpeICTaBHU-
kaMu 11poro Hanpsmy € @. bappon, A. Macnoy, [I.b. borossneHnceka.

IHTepec mo iHOMBiAYyaTbHUX BiAMIHHOCTEH y TBOPUYMX 3Ai0HOCTSIX
BUHMK y 3BSI3Ky 3 OUEBHJHHMMH JIOCATHEHHSMH y cepi “BUMIPIOBaHHS»
IHTEJIeKTY, a TaKOX 3 SIBHUMHU i1 Hemoikamu. Ha mouatok 60-x pokiB XX cT.,
30KpeMa, OyJIo BHSBIEHO, IO MPOQECiiiHi 1 KUTTEB] yCIiXU HE 30BCIM MPSIMO
MOB'sI3aH1 3 PIBHEM IHTEIEKTY, OOYHCIIOBAaHMM 3a J0MOMOrow TectiB Q.
JToCBiz CBIAYUB, IO JIIOAM 3 HE IyKe BUCOKMM |Q BUABIISIOTHCS 374aTHI Ha
HeaOWsIKi JOCSITHEHHS, a O0arato iHmmx, ynid 1Q 3HA4HO BHUIE, HEPINKO BiX
HUX y LbOMY BIJICTAIOTb. ByJI0 BHCIOBIEHO MPHUITYyIICHHS, IO €(EKTHUB-
HICTH BUPpIIIEHHS MPOOJIEM 3aJICKUTh HE BiJl 3HaHb 1 HABUYOK, BUMIpIO-
BAaHMX IHTEJIEKTYaJbHUMH TECTaMH, a BiJl 0COOIMBOI 3MaTHOCTI “BHKOpHC-
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TOBYBAaTH JIaHy B 337adax iH(OpMAIlIO pi3HUMH CIIOCO0aMH H Y IIBHIKOMY
temni”. Taky 34aTHICTh HAa3BaJH KPEATUBHICTIO.

Ile Toppenc i I'indopa y cBOiX AOCTIIKECHHIX BUSBIINA BUCOKY
MO3UTHBHY Kopensuito piBHA 1Q 1 piBHS KpeaTHMBHOCTI, Xo4a y ocoOuc-
TOCTEH 3 BHCOKOPO3BUHYTHUM IHTEJIEKTOM MOXYTh 3yCTpidaThcs 1 HH3BKI
MTOKAa3HUKH KpeaTHBHOCTI. TOppeHC HaBiTh 3alpOIOHYBaB TEOPII0 iHTEIICK-
TyanbHOi Mexi: 3a |Q Hiwkue 115-120 GaiiB iHTENEKT i KPEaTHBHICTh YTBO-
profoTh equHHUN (akTop, a 3a |1Q Bume 120 OGamiB TBOpdi 3Mi0HOCTI 1 iHTe-
JIEKT CTAIOTh HE3aJIC)KHUMH (DaKTOpPaMH.

Baromuii BHECOK y JIOCIHIpKEHHST KpeaTuBHOCTI BHic [indopx [3].
Bin BuninuB 16 iHTeNeKTyanbHHX 34i0HOCTEH, IO XapaKTepH3YIOTh Kpea-
TuBHICTh. Cepen HUX — wéuokicmep (KUTBKICTh i7el, IO BUHUKAIOTH 3a
JIeSKy OJMHMIIIO Yacy), eHyukicmsp (3aTHICTh NMEPEMHUKATHCS 3 OJHi€l el
Ha iHIIY) i opuczinanpnicme (3MATHICTH NMPOIYKYBAaTH inel, IO BiApi3HSA-
IOTHCS BiJl 3araJIbHOTIPHHHATHX) MUCIICHHS, a TaKOX donumaugicms (Iif-
BUILEHA YYTJIMBICTH O NpOOJIeM, 110 HE BHKJIMKAE IHTEpecy B IHIIUX) i
HepeJIeBaHTHICTH (JIOTIYHA HE3aJeXKHICTh peakiii Bix ctuMymiB). Y 1967 p.
lndopxa ob'ennas mi ¢pakTOpH B 3araJbHOMY IOHATTI “OuéepzeHmHue muc-
nenns”, sike BinmoOpaxae mi3HaBalbHHUII Oik kpeatuBHOcTi: — “Ilin kpea-
TUBHICTIO CJIiZi PO3YMITH 3JaTHICTh BiJ]MOBJISITHCSI BiJl CTEPEOTHITHHX CIIO-
co0iB MucneHHs. OCHOBOIO KpPEaTWBHOCTI € IUBEPreHTHE MUCIEHHS ...”
(nMBepreHTHE MUCIICHHS — LIe TUIT MUCJICHHS, L0 e B Pi3HUX HAmpsMax).
TakuM YMHOM, BiH BHIIUIMB OJIMH 13 aCIEKTIB KPEaTHBHOCTI — KpeaTHUBHE
MUCJICHHS — OJIMH 13 BHJIB MHUCICHHS, III0 XapaKTEePU3YETHCS CTBOPCHHSIM
cy0’€KTHBHO HOBOTO MPOIYKTY Ta “HOBH3HOK IIOJO MOTHBAIlil, METH,
OLIIHOK caMol Ni3HaBaJIbHOI AisVIBHOCTI.

ToppeHc BU3Haua€ KPEaTHBHICTH SIK 3JATHICTh JO 3arOCTPEHOTO
CHPHUHHATTS HEJJOMIKIB, IPOTAJIMH B 3HAHHSX, BIJICYTHIX €JIEMEHTIB, AMUCTap-
MOHIi, YCBIIOMIIEHHS MMpoOJyieM, MONIyK pilleHb, 370TajIH, MOB'sI3aHl 3 He-
JOCTAaTHIM JJIs BHPIIIEeHHs, GopMyBaHHS TilmoTe3, mepeBipKa i MOBTOPHA T1e-
peBipKa IUX rinoTes, ix MoanQikais, a TAKOX MOBIIOMJIEHHS Pe3yJIbTATIB.

Monens kpeatnBHOCTI ToppeHca Bkio4dae TpH (DaKTOpH: IIBHI-
KiCTB, THYYKICTh, OPUTIHAJIBHICTE. Y TaHOMY IiJIXO/i KPUTEPIEM € XapakTe-
PHCTHKH 1 IIPOILIECH, 110 aKTHUBI3yIOTh TBOPUY NMPOJYKTHUBHICTH, a HE SIKICTbH
pe3ynbTary.

Y Hamii kpaiHi B JOCHIIKEHHSIX, IIPOBEACHUX CHIBPOOITHUKAMH
naboparopii 3xi0HOcTeit IncTuTyTy ncuxonorii PAH, Gyna BusiBieHa napa-
JIOKCaJbHA 3aJICKHICTD: 8UCOKOKpeamugHi ocooucmocmi zipuie eupiuty-
oMb 3a60aHHA Ha penpodykmuehne mucienns (00 Hux eiOHocAMbCA
HpAKMuuHO 6ci mecmu inmenexkmy), Hixe eci inuwi eunpoéogysani. lle,
30KpeMa, JI03BOJISIE 3pO3YMITH NPUPOAY 0araThbOX TPYIHOILIIB, SIKI BiuyBa-
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I0TH TBOPYO OOMapoOBaHi MiTH Ha IIKUTBHIN naBi. OCKIJIBKH, 3TiTHO 3 Ja-
HUMH IIHOTO JOCIHI/PKEHHS, KPEaTUBHICTh NMPOTHJIEKHA 1HTENEKTY SK 31aT-
HOCTI JI0 yHiBepcaJbHOI ajanTamii (TBOPUICTh aHTHAJANTHBHA), TO HA TIPaK-
TUII BUHUKA€E e()eKT He3TaTHOCTI KPeaTHBiB BUPINIYyBAaTH IPOCTi, MIa0IOHHI
iHTeNeKTyanbHi 3aBaaHHs. OTKe, KPeaTHBHICTh 1 3arajlbHUN 1HTENEKT € 371i0-
HOCTSIMH, SKi BU3HAYAIOTh MPOILIEC PillleHHs PO3yMOBOi 3ajadi, ajie rpaloTh
Ppi3HY poIb Ha pi3HUX HOTO eTamax.

VY 1inoMy, 3 TOYKH 30py ICUXOJIOTi, Kpeamugnicms — 1ie 0coo-
JUBI TBOPYI 3110HOCTI, KOTPi 3aCHOBaHi Ha 10Ope PO3BUHYTOMY YSBJIICHHI.

Ha cporonsi icHye mija HU3Ka JOCITIKEHb KPEaTHBHOCTI “‘Oco-
oucricHoro” Hampsimy. Cepen Hux ciix Buninutu ©. BappoHa, skuii BUB4ae
poOJb MOTHBaUii y TBOPYOMY MpOIECi, a TAKOX BIUIMB PIi3HUX (akTopiB
COLIAEHOTO CepeIoBHILA Ha PO3BHTOK KpeaTHBHOCTI [4, 5].

®. BappoH Buninsge Taki mapaMeTpH COLIAIBLHOTO MIKpOcepeno-
BUINA, 10 CIPHUAIOTH (POPMYBAHHIO KPEAaTUBHOCTI: HU3bKa OOIPYHTOBAHICTh
MIOBE/IiHKHY, BUCOKA CTYIiHb HEBU3HAUEHOCTI, HASIBHICTh 3pa3ka KpeaTUBHOT
TIOBEIHKH, CTBOPEHHS YMOB ISl HACJiyBaHHsS TBOPYOi MOBEIIHKH, IPEN-
METHO-iH(popMalliliHe 30araueHHsl, COLiaIbHE MiIKPIIICHHs! TBOPYOT MOBEAIHKH.

SAxmo k. Tindopxa i E. ToppeHC po3risgaroTh KpeaTHBHICTE K
3/IaTHICTH JI0 TBOPYOTO (AMBEPreHTHOr0) MHCIEHHs, To @. bappoH BBaxkae
LEHTPAIBHUM TIPOILIEC ySBU 1 CHMBOJI3AIi], BU3HAYAIOUN KPEATHBHICTD SIK
BHYTPIIIHIH ITpOLIEC, IKUil CIOHTAHHO MPOIOBXKYETHCS B Aii.

[Hmmit HanpsiM, aBTOPOM sIKoro € Macioy, 3JaTHICTh 10 TBOPYOCTI
pO3TIIsiIae sIKk YCTaHOBKY Ha camopeaitizaiito ocoducrocti. I'onoBHy posib B
JeTepMiHaIlil TBOPUOT OBEMIHKH BiIirpal0Th MOTHBALISA, IIIHHOCTi, 0COOMC-
TicHI pucu. TBOpuMiA Mpoliec MOB'A3aHMI 3 CaMOAKTyai3alli€lo, OBHOK Ta
BUTHHOIO pealtizalli€lo CBOIX 3AI0HOCTEH Ta KUTTEBUX MOXJIMBOCTEH. 3a
Macnoy cBo0OJa, CIIOHTAHHICTb, CAMONPHUHHATTA Ta iHIII PHUCH JO3BO-
JISIFOTH 0COOMCTOCTI HAaHOLIBII TOBHO peasi3yBaTH CBill moTeHIian. Takum
YHHOM, 32 A. Macinoy, KpeaTHBHICTh — IIe TBOpYa CIIPSIMOBAHICTh, KA MPH-
TaMaHHa BCIM, ajie SKa BTPA4aeThCs OUTBIIICTIO MMiJl BIUTMBOM CHCTEMH
BHUXOBaHHSI, OCBITH 1 COIiaJIbHOT IIPAKTHKH [6].

JI. borosiBjieHCbKa BU3HAYa€ KPEATUBHICTH SIK TIIHOWHHY OCOOMC-
TICHY BJIACTHBICTb, SIKa BHPaXXa€ThCs B OPUTiHAJIbHIH OCOOMCTICHIH mO-
craHoBIi nmpobiemu [3, 7].

Ha ocHoBi 1poro migxony copMoBaHe CIIOBHHUKOBE BH3HAUCHHS
KpeaTHBHOCTI: KpeaTHBHICTh (aHril. creativity) — piBeHb TBopuoi 00mapo-
BaHOCTI, 3IIOHOCTI JI0 TBOPYOCTI, IO CKJIaJ[a€ BITHOCHO CTIMKY XapaKTepHUC-
THKY 0coOucTOCTi [8].

V TenepiuHiii yac KpeaTHBHICTh PO3IIISNAETHCS K (QYHKILIS Lijic-
HOT OCOOHMCTOCTI, SIKa HE 3BOJUTHLCS TIJILKH JIO IHTEJCKTY, BOHA 3aJICIKUTH
BiZl HA0OPY MCUXOJIOTIYHUX XaPaKTEPUCTHK 0COOUCTOCTI. BinmoBiaHo, eHT-
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paBHUI HampsM Yy BHBUYEHHI KPEaTWBHOCTI — BUSBJICHHS OCOOHMCTICHHX
BJIACTHBOCTEH, 3 SIKMMH BOHA IIOB’s3aHa. Jleski JOCIIIHMKHA HABOIATH TaKi
0COOMCTICHI XapaKTepUCTUKH KpeaTHBiB [9]:

— HE3aJIeKHICTh — OCOOWCTICHI CTaHAApTH BAKIMBINI 3a CTaH-
AApTH IPYIH;

— BIIKPHUTICTH PO3YyMY — TOTOBHICTh MTOBIPUTH CBOIM 1 9yXKiM (paH-
Ta3isM, CIIPUAHSATIANBICTH O HOBOTO 1 HE3BUYalHOTO;

— BHCOKa TOJICPAHTHICTH A0 HEBH3HAYCHHWX 1 CHUTyamild, KOHCT-
PYKTHBHA aKTUBHICTB B IIUX CUTYallisiX;

— PO3BHHYTE €CTETHYHE MOYYTTS, IIPATHEHHS 10 KPACH;

— BIICBHEHICTH Y BIIACHUX 3/1I0HOCTSIX, CHJIa XapaKTepy;

— 3MIIIIaHi PUCH MYKHOCTI 1 )KIHOYOCTI B TTOBEIIHIIi;

— PO3BUHYTE HOYYTTS TYMOPY 1 BMiHHs 3HaWTH CMIIIHE B HE3BU-
YallHUX CUTYaIlisIX.

Bu3HaueHHS Ha OCHOBI MO€JAHAHHS PI3HUX IIJXOJIB HaBEeICHO B
CHIUKJIONICANYHOMY BHJIAHHI, Jie, 30KpeMa, BKa3yeThCs, IO KPeamueHicme
(mart. creatio — TBopeHHs) — 1€ 3Ai0HICT 10 TBOPUOCTI B Pi3HHUX 11 MpOsiBax,
sika 0a3yeTbes Ha MOTpedi B caMoaKTyali3allii, Ha YsBJICHHI i JUBEPreHT-
HoMy mucienHi [10].

I HaoCcTaHOK, 3a3HAYMMO OCHOBHI XapaKTePUCTHKU KPEaTHBHOCTI, a
came: abcrpakiist (31iOHICTh omepyBaTH aOCTPaKTHUMH 11IesIMH); 3B’S3Y-
BaHHS (3IIOHICTH 0auuTH 3B'SI30K MK pedamH, sIKi HE IOB’s3aHI MK CO-
0010); HiepcrieKTHBa (31I0HICTD OLIHUTH MEPCIEKTUBY SBUIIL); JOIHUTINBICTh
(IparHeHHs1, CTpacTh Ai3HABATHCS B MOAPOOHILIX IIOCH HOBE, T, IO IIOHHO
3’SIBUJIOCS); CMUTUBICTH (HE OOSTHCS 3aCy/PKYyBaHHS CBOiX KpEaTUBHHX pi-
IICHB); MapaJoKCANBHICTh (po0oTa i3 CyMepewIMBUMH SBUIIAMH); KOMII-
JIEKCHICTb (3[10HICTh 3aCTOCOBYBATH KOMIUIEKCHUI MiJXiN); CTIMKICTD (371i0-
HICTh 0 MOCTIHHOTO BAOCKOHAICHHS).
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Haii6inb BaxkiMBO0O (YHKIIEIO JiepikaBH € 3a0e3neyeHHs ii Haiio-
HaJIbHUX 1HTEpeCiB, MOOYJOBaHUX Ha CTAJIOMY PO3BUTKY €KOHOMIKHU Ta JIO-
Opo0yTi rpoMaisH.

HarionanpHai iHTEpECH, 32 TyMKOIO JOCITITHUKIB (POPMYIOTHCSI BUXO-
JS9U 13 3acajl BHYTPIIIHBOI Ta 30BHIMIHLOI MOJITHKH Jep)kKaBu Ta 3abe3re-
YYIOTBCS peaNi3amielo MONITUYHUX, €KOHOMIYHHUX, COLIaNbHUX, €KOJIOTid-
HUX, BIICbKOBHX, HAYKOBO-TEXHIYHNX Ta IHIINX 3acO0iB BIUIUBY.

®dopmyBaHHS Ta 3MIIHEHHS HallIOHAIBHHUX IHTEPECIB peaizyeThbes
3a y4acTi BCiX OpraHiB Jep>KaBHOI BIIa IH.

Peasizanis HalioHaIBHUX iHTEpeciB YKpaiHW MpH 31iHiCHeHHI Jep-
’KaBHOI IMOJITATKOBOI Ta MUTHOI MOJIITHKHU 31 ICHIOETECS Opranamu Jlep:kaB-
HOI (ickanbHOT ciryx0On YKpainu.

ITomaTkoBa Ta MUTHA MOJITHKA YKpaiHU € Pi3HOBUAAMH AEP>KaBHOL
TIOJIITUKH, TOJOBHUM (DYHKIIOHAJIBHUM 3aBJaHHSAM SKOi € 3a0e3MedeHHS
3aXMCTy HAIlIOHAJILHUX IHTEPECiB Ta HAIIOHAIBHOI Oe3nekn YKpaiHu B IMO-
JITHYHIA, EKOHOMIYHIH, COIiabHIN Ta iHMX cdepax.

Jlo OCHOBHMX NPWHIMIIB, HA KX 0a3yeThCs MOJATKOBE 3aKOHO-
JABCTBO YKpaiHW HaJekaTh: 3araJibHICTh OTOJATKyBaHHSI; (icKaabHa JI0-
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CTaTHICTh; COMLiajbHA CIPABEINBICTh; EKOHOMIYHICTH OTIONATKyBaHHS; €/IH-
HUH X1 10 BCTAHOBIJICHHS TTOAATKIB Ta 360piB Ta iH. [2].

OCHOBHI IPUHINIHN 3AIACHEHHS Iep’KaBHOI MUTHOI CIIPaBH, BCTAHOB-
sieHi MUTHHM KOJIEKCOM, Iepe0adyaioTh: BUKIIOYHY FOPUCIMKLII0 YKpaiHu
Ha ii MUTHI# TepUTOPIi;BUKIIIOYHI TIOBHOBAXCHHS OPTaHiB JOXO/IB i 300piB
VYkpaiHu 1010 3A1HCHEHHS JepKaBHOT MUTHOI CIPaBU;3aKOHHICTh Ta Ipe-
3YMIIII0 HEBHHHOCTI; €QMHAN MOPSAIOK IIePEMILICHHS TOBapiB, TPAHCIOPT-
HUX 3aco0iB yepe3 MUTHHMH KOPJOH YKpaiHH; CHpOIIEHHS 3aKOHHOI TOp-
TiBIIi; BU3HAHHS PIBHOCTI Ta MPaBOMIPHOCTI iHTepeciB yciX cy0’eKTiB roc-
NOJIAPIOBAHHSI HE3aJIE)KHO BiJl (JOPMU BIACHOCTI; J0JIep)KaHHS IIPaB Ta 0XO-
POHIOBaHMX 3aKOHOM IHTEpeciB 0ci0; 3a0XOYeHHS JOOPOYECHOCTI; Tiac-
HOCTI Ta PO30POCTi; BIAMOBIAAIBHOCTI BCIX YYaCHUKIB BiqHOCHH [3].

Sk mpwm peanizamii MomaTKOBOI, TaK i MUTHOI MOJITHKH B YKpaiHi
JOMIHYIOUOIO 3aJIMIIAEThCS Ha TeTepiliHiil yac ¢ickanbHa QyHKIs.

Ha motounHomy eramni momaTku € Oe3albTEepHATHBHUM JDKEPEIOM
(opMyBaHHS TOXOIIB OFOIDKETY JepikaBU Ta Oararo()yHKIIOHAIBHUM iHCTpPY-
MEHTOM Y COLIaIbHOMY, TEPUTOPIaIbHOMY Ta Taly3eBOMY acIeKTax.

AHami3 9acTKM HOAATKOBUX HAIXOKEHb Y 3BEICHOMY OIOIKETi
VYkpaiHu YiTKO JEMOHCTPYE 3aJIeKHICTh HOr0 HAIOBHEHHS BiI e(eKTHB-
HOCTI (QYHKITIOHYBaHHS MTOJATKOBOI CHCTEMH, 30KpeMa ii (ickaabHOI Ta pe-
TYJISTUBHOT (DYHKIIIH.

VY 3BeneHomy Oromketi Yipainu 3a 2014 p. JlepkaBHa dickampHa
ciyx6a 3abe3neunia 89 % m0XOIiB.

VY anamiTuuHii momoBixi HalioHambHOTO 1HCTUTYTY CTpaTETIdYHUX
nociimkens “IlpiopureTn pedopMyBaHHI MOJATKOBOI MOJITHKH Y KpaTHHU:
SIK TIGPEUTH BiX (DiCKANi3My 10 CTUMYJTFOBaHHS JiJI0OBOI aKTHBHOCTI” CcTpare-
TIYHO METOI0 pedOpMH MOJATKOBOI CUCTEMH BH3HAHO MEPEXia Bij JIOMi-
HYBaHHS NPUHLUIY (icKani3My MMOJaTKOBOI IMOJIITHKH, KOJIH BOHA PO3TJISi-
JAETHCSI BUKJIFOYHO SK 1HCTPYMEHT MOOLTi3aIlii A0X0IiB 10 OOKETy, 10
OinpII aKTHBHOI peaiizawii ii peryJsTHBHOTO IOTEHILIaTy B HaNpsiMi CTH-
MYJIFOBaHHSI €EKOHOMIYHOTO PO3BHTKY.

KinrouoBMHM HETaTMBHHUMH YHMHHUKAaMHM, IO BH3HAYaIOTh HAJTO
HU3bKI KOHKYPEHTHi IMO3HIll YKpaiHCHKOI ITOJaTKOBOI CHCTEMH, €: HeCTa-
OiJIBHICTD, BHYTPIIIHS CYNEpeUIMBICTD 1 HEY3TOJUKEHICTh MOJaTKOBOTO 3a-
KOHOJIABCTBA; BHUCOKE ITOJATKOBE HAaBaHTAXXEHHSA Ha Oi3HeC; HeparlioHalb-
HUH PO3IOJIT MOAATKOBOTO TUCKY MK (pakTOpaMu BHPOOHHMIITBA; HU3bKa
(ickampbHa €(EeKTUBHICTh MOJATKOBOI CUCTEMH; CKJIQIHICTh CUCTEMH aJIMi-
HICTpYyBaHHS IOJATKiB;lEHTpamizalis (iHAHCOBUX pecypciB Ta HMOBHOBA-
XKEHb CTOCOBHO iX pO3MOAiTy; Oe3cHCTeMHE Ta HEBHIPABOAHE HAIAHHS
MOAATKOBHX MBI 1 3BiIbHEHD [6].

Y I0CKOHANICHHS ITOJJATKOBOT CUCTEMH Ta aJMIiHICTpYBaHHS B YKpaiHi
BIJINIOBITHO 10 MDKHAPOJHUX Ta €BPONCHCHKUX CTAHAAPTIB MEpe0adeHo
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VYropoto mpo crhiBpobiTHUIITBO MiXK YKpaiHoto Ta EC. 3okpema, pearmizaris
CIiBpPOOITHUIITBA IIepe0adYeHO MIUITXOM:

— ITOKPAILEHHS Ta CIPOLICHHS IT0JJaATKOBOT'O 3aKOHO/IaBCTBA;

— TIOKpAIIeHHs MIXXHAPOIHOTO MOJaTKOBOTO CIIBPOOITHHUIITBA 3 Me-
TOI0 TOCWJICHHS! €()eKTUBHOIO YNpPAaBJiHHS Y MOAATKOBIH cdepi, y T.4. 3
MTOTATKOBHMH aIMiHICTpamisiMu Jep:kaB-wieHiB €C muiixoM 0OMiHy HOBUM
JIOCBIJIOM Ta TEH/EHLISAMH y cepi ONoAaTKyBaHHS;

— YeCHOI IMOaTKOBOI KOHKYpeHIIii 3a mpuHnunamu Komekcy mose-
ninku €C 1Moo onoaTKyBaHHs Oi3HECY;

— BKHTTS 3aXOMiB [UIA TapMOHI3allil MOJITHKH MPOTHAII Ta 0o-
POTHOH 3 IIaXpaliCTBOM i KOHTpabaHa010. [5]

Hespaxkatrouu Ha Te, 0 €IMHOI IOJATKOBOI CUCTEMHU Ha €BPOIIEii-
ChbKOMY MPOCTOPI HE iCHYyE, iHCTUTYTamMHu, opranamu €C, foro nepxaBaMu-
YJIeHAMH, TIPOBOASATHCS CHCTEMa 3aXO0/IiB, METOKO SIKHX €:

— rapMoHi3ailii 10JaTKOBOTO 3aKOHOAABCTBA AepkaB-wieHiB €C;

— YCYHEHHSI ITOIaTKOBHX Oap'epiB Ta MOJATKOBOT TUCKPHUMIHAIII] Ha
BHYTPIilIHBOMY pUHKY €C;

— 3a0e3medeHHs peaii3allii OCHOBHHX cBOOOX, mependadenux Jlo-
roopom po €C (cB000aM MepeMillieHHs TOBAPIB, 0CI0, MOCITYT, KaIlTaIiB);

— HETIPHUITYCTIMOCTI HeTOOPOCOBICHOT MOAATKOBOI KOHKYPEHIIIl FOpHC-
UK gepxaB-wieHiB €C;

— pO3pOOKH HOBHX MPHHIIMIIIB Ta MEXaHI3MiB YCYHEHHS ITOIBIITHOTO
OIOJIATKyBaHHS;

— Y3TO/KEHUX il y 00pOTHO1 3 TOAATKOBUMH MPABOMIOPYIICHHIMHU.

CTBOpEHHsI OJTHAKOBUX YMOB 1 MOXKJIMBOCTEH Ta MOJAaTKOBa CyBe-
peHHicTh aepkaB-uwieHiB €C 3a0e3medyoTh OCHOBHI IHCTUTYIIHHI IPHH-
LUK TT0IaTKOBOI apMOHI3aLil: IPUHIMIT TPOIOPLIHHOCTI; MPUHIKN CyO-
CHIIapHOCTI; MPUHLMII OJHOTOJOCHOCTI; MPHHUMUII OJATKOBOI HEAUCKPH-
MiHAIlii; IPUHIKT HEHTPATBHOCTI OTOJaTKyBaHHs [4].

PymiiiHumMu 3axoamMy iHTErpyBaHHs HalllOHAIBLHOI TOIaTKOBOI T10-
JITUKY 70 €BPONEHCHKUX NMPUHIIMIIIB Ta CTAHJAPTIB Ma€ OyTH NMPOBEACHHS
nojatkoBoi pedopmu, mnependadeHoro “Crpareri€o CTajsoro po3BHTKY
“Ykpaina — 20207, 3aTBepkeniii ykazom [Ipesuaenta Big 12 ciuns 2015 p.
Meroro nosaTkoBoi peopMH € 1Mody10Ba MOJATKOBOI CUCTEMH, SIKA € IIpoC-
TO0, EKOHOMIYHO CIIPaBEIIMBOIO, 3 MiHIMAIBHUMHM 3aTpaTaMK 4acy Ha po3-
PaxyHOK i CIJIaTy HOJATKiB, CTBOPIOE HEOOXIIHI YMOBH ISl CTAJIOro Po3-
BUTKY Hal[lOHAJLHOT €KOHOMIKH, 3a0e3ledye NOCTaTHE HanoBHEHHs Jlep-
JKaBHOTO OIOKETY YKpaiHu | MiciieBUX Or0KeTiB. I'0JJOBHUMH HANPSIMaMK
pedopmu € mepexia Bia Hars0BO-KapanbHOT GyHKIIT dickanbHUX opraHis
10 o6ciyroByrodoi [1].

[No3utrBHUI OCBiA iHTErpaLifHUX HpoIeciB B KpaiHax-wieHax €C
CBITYNTH, 11O HAHOUTHIT aKTyaJIbHUM € 3aBIaHHs TapMOHi3aIlil MOJaTKOBUX
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cucreM. s Ykpaiau TpaHchopMariisi TOAaTKOBOI ITONITHKHU MOJISATAE y aK-
Tyali3aIii HalioHaJBHOI IMOIaTKOBOI MPaBoOBoi cucTeMi 10 HopMm €C, ymoc-
KOHAaJICHHSI TPUHIMIIB ITOJaTKOBOI MOJITUKH JJO €BPONEHCHKUX CTAaHIAPTIB,
3a0e3neueHHsT CUCTEMHOTO, €(peKTHBHOTO MpOoIecy aJAMiHICTPYBaHHS IIO-
JaTkiB, yHiikamii 60a3u ornogaTkyBaHHs, HEPEIKy IOJATKIB Ta CTBOPEHHS
00’€KTHBHO BIIPOBAKEHNX MOAATKOBUX IiJIBT.

TlapMmoHi3alliss HalliOHAJIBHOT MOJATKOBOI MONITHKA Ta MOOYI0Ba
NIPUHLMIIOBO HOBOI CUCTEMH, aJalTOBAHOI O €BPOIEHCHKOI, MOXIIMBA 32
YMOBH TO3UTUBHHUX IEPETBOPEHD B i MOPAIbHO-ETUYHUX ACIIEKTaX, MOIe-
PemKEeHHS Ta MPOTUAIl Kopynmii B icKampHIX OpraHax, MiABHIICHHS IPO-
(eciifHOT KOMIETEeHTHOCTI ITOCaOBHX OCi0.
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