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B. A. TPOMA/CbLKWW, Bik.A. TPOMALCbKWN, kaHaMAaTH TeXH. HayK, fOLEHTH
KpuBopi3bKWii HaliOHaNbHWUIA YHIBEpCUTET

BIPTYANbHUW NABOPATOPHUN NMPAKTUKYM 3 MTAHYBAHHSA
HAYKOBUX AOCNIAXEHDb

MeTta. Po3po6Ka BipTyabHUX N1abopaToOpHUX CTEHAIB A48 peanizalii NpakTMYHOI NiAroToBKM 3406yBadiB BULLOI OCBI-
T NPU NNaHyBaHHI Ta NPOBEEHHI HayKOBMX AOCNigKeHb. Ha cborofHi, KON npakTUYHO YCi HaBYaslbHI 3aKnafn KpaiHu
MpawioTb Y PeXMMI AUCTAHLIRHOIO HaBYaHHs, NiAroToBKa AKICHWMX (haxXiBLiB 3 iHXEHepHWX CrewianbHOCTe noTpebye
BKOPUCTaHHS Y HaBYa/IbHOMY MPOLIECi BIpTYaNbHUX N1abopaTOpPHMUX CTeHAIB, FONOBHUMM NepeBaraMu AKNX € € MOX/MBICTb
BMBYATU TEOPIO Ta NPaKTUKy B OAHOMY MiCLji, EKOHOMIsi Yacy Ta pecypciB Ha opraHisauito 1abopaTopHUX pPo6iT Ta MOXIN-
BiCTb MOBTOPEHHS NPAKTUYHUX 3aBLaHb HEOOMEXEHY Ki/IbKICTb pasiB, L0 A03BONSE 3400yBavam rambLue 3acBoiTv mMaTepian
Ta OTPUMATW HeOOXIiAHI HaBMYKW. A HalironoBHiLLe Te, L0 TaKi BipTyaslbHi NPaKTUKyMy 403BONAKOTL 34006yBavam OTpUMY-
BaTW AOCBiA POBOTK 3 Pi3HUMU NPUCTPOSAMM Ta 061agHaHHAM 6e3 NOTPedun (isMYHOT NPUCYTHOCTI B NabopaTopii, 3anuLaro-
yuch y 6e3neyHoMy micui. TakuM YMHOM, Tema JOC/iKEHHS BaXK/NBA Ta aKTyasibHa.

MeToau gocnigkeHHs. Y poboTi BUKOPUCTAHO aHani3 Ta y3ara/ibHeHHs JOCBify BifOMUX LOCIAXEHb Ta po3po6oK 3
BMPOBa/PKEHHS BipTyabHNX 1ab0paTOPHMX NPaKTUKYMIB Y HaBYa/IbHUIA NPOLIEC, MaTeMaTUyHe MOJENOBaHHSA PO60OTY BUMI-
proBasIbHMX NpUnagis.

HaykoBa HOBM3Ha. Po3po6neHo MaTeMaTnyHi Mogeni, NoKIafieHi B OCHOBY BipTya/lbHUX CTEHAIB. Y SIKOCTi Mogenei
BUKOPWCTOBYHOTbCA Bifpi3Ku CTyneHeByx pagis Telinopay BUrnsi anrebpaivuHyux noniHoMiB, CKNafHi HeMiHIMHI 3a1eXHOCTI
3 [eKifbKOMa /I0Ka/lbHMW eKCTPeMyMamm, a TakoX CTYNeHeBi 3a1exHOCTi. OcobnMBICTIO po3po6AeHNMX MaTeMaTUdHMX
Mogeneit € 3a6e3MeyYeHHs HAMMW YHiKabHOCTI Pe3y/bTaTiB A8 KOXKHOrO JOCAIMKEHHS 3aBASKW A0AaBaHHIOHO reHepaTop
BUMNaAKOBWX YKcen Ans iMiTauii noXnbKu npunagis Ta BUMIpHOBaHHS.

MpakTnyHa 3HauMmicTb. Po3pobneHo BipTyanbHUIl 1abopaTopHMIA NPaKTUKY 3 AUCLMNAIHN «MeToAM NnaHyBaHHs Ta
NPOBe/EHHs HAYKOBUX [OCMI[KEeHb FPHUYOr0O YCTaTKyBaHHs» Ans 3400yBadiB TPETbOrO0 OCBITHbO-HAYKOBrO PiBHS BULLOT
0CBITW. HaBedeHO 3arafibHy CXeMy AMCLMMAIHK i3 3aCTOCYBaHHAM BIpTya/lbHOro 1abopaTopHOro NpakTukymy. Po3pobreHi
BipTya/IbHi CTEHAM L0 MatOTb iHTepdelic, AK1ii TOTOXHWIA [0 NNLbOBUX NaHenel KOHTPOIbHO-BUMIPIOBA/IbHOT anapaTypy.

Pe3ynbTaTi. BUKOPUCTOBYHOUM METOAMKY CTBOPEHHS BipTyanbHUX 1ab0paTOpPHUX CTeHAIB NPW NiAroToBLi (axisuis 3
rany3eBoro MalUMHo6yayBaHHS, po3po6aeHO BipTyasbHWIA TabOpaTOpHMIA NPaKTUKYM, L0 Haslivye 6 CTEHAIB, IKi PO3MILLEHO
OcgiTHbOMy nopTani KHY, sikunii 6a3yeTbcsi Ha cMCTEMi MOAYNbHOrO 06'€KTHO-OPIEHTOBAHOrO AMHAMIYHOrO HaBYa/IbHOTO
cepegosuia Moodle. BipTyanbHuii ntabopaTopHWiA NPaKTUKYM OTPUMaB CXBasbHi BiAryKu Bif 34006yBadiB, ki npoxoaunm
KypC, WO Aae NpMBiL NOAANLLUIOIO PO3BMTKY LibOr0 HanpsmKy.

KntouoBi cnoBa: nabopaTtopHi poboTw, BipTyanbHiil nabopaTopHUiA CTeHA, CTPYKTYpHa CXeMa AUCLMMTIHK, BipTyanbHa
CUMYNALLIA, MOLY/bHE 06'€KTHO-OpiEHTOBaHe AWHAMiYHe HaBYabHE CepefoBULLE.

Mpo6nema Ta i 3B’930K 3 HAYKOBUMMW Ta NPakTUYHUMM 3aBAaHHAMU. Ha cbOrofHi, Konu
NPakTUYHO YyCi HaBYanbHi 3aKnagn KpaiHy NpauoTb Y PEXUMI JUCTaHLIAHOIO HaBYaHHA, MiArOTOB-
Ka SKICHMX (haxiBLiB 3 IHXXEHEPHMX CNeLiafibHOCTen NoTpebye BUKOPMCTAHHS Y HaBYa/IbHOMY MPOLECI
BipTyaNlbHUX nabopaTopHUX CTEHAIB, AKi AO3BONAKOTL 3400yBayaM OTPMMYyBaTK LOCBI4 po6oTh 3 pis-
HUMMW NPUCTPOAMU Ta 06nafHaHHAM 6e3 noTpebu (Pi3MYHOT NpUCYTHOCTI B nabopartopii, 3anunwaro-
Yynch y 6e3ne4yHoOMy Micui.

Ak BXe 3a3Havanocqa y [3, 11, 14, 15], rofoBHMMK NepeBaramu BipTyalbHUX NabopaToOpHUX CTe-
HAIB € MOX/IUBICTb BMBYATM TEOPit0 Ta NPaKTUKYy B OAHOMY MICLi, eKOHOMIisi Yacy Ta pecypciB Ha op-
raHisayito naboparopHux pobiT Ta MOX/MBICTb MOBTOPEHHSA A0CNI4IB HEOOMEXEHY KifbKiCTb pasiB,
W0 A03BONSAE 3400yBayam rnubLle 3acBOITM MaTepian Ta OTPUMaTH HEOOXIAHI HABNYKMN.

Taki cTeHAn MalTb 6YTM MaKCUMaNbHO NPOCTi Y BUKOPUCTaHHI, Wo6 3406yBaHi MOInu LWBUAKO
OCBOITMCA 3 HUMW Ta 30CEPeSMTUCH Ha 3aCBOEHHI MaTepiany. Baxnneo Takox, W06 BipTyanbHi nabo-
paTopii 6ynn fOCTYNHI Ha Pi3HUX NPUCTPOSAX, HAMPUKNAL KOMM'IoTepax, nnaHwertax i cMapTgoHax [3,
11, 14, 15].

AHani3 gocnigxeHb i nybnikayiii. HaBegeHa y ctatTi [3] MeTogMKa CTBOPEHHS BipTyanbHUX na-
6opaToOpHMX CTeHAiB Npu NigroTosLi (haxXiBLiB 3 rany3eBoro MallMHOGYAYBaHHA, AKa po3pobieHa Ha
OCHOBI aHanisy BifOMWX AOCMIgKEeHb Ta Hapob6OK, [03BOMSE CTBOPUTU BipTyanbHWIA nabopaTopHUii
NPaKTUKYM N5 YCiX PiBHIB BULWOT OCBITU. 3rigHO LiA MeTOAMLI MOYaTKOM poboTy Hag TakMm npak-
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TUKYMOM € aHani3 po6oyoi nporpamMu UCLUUMNIIHN Ta BU3HAYEHHA HEOOXifAHUX NpaKTUYHUX Ta nabo-
paTopHUX 3aBAaHb, AKi CIPUATUMYTb 3aKPiNjeHHI0 TEOPETUYHOro maTepiany, OTpMMaHoro 3a06yBa-
Yyamu nig vac nekyii. HactynHum etanom € po3pobka cueHapiiB Ta WAAXiB peanisayii TaKux npakTu-
KYMIB.

Po3rnsaHemo BifoMi WsAxXun peanisayii BipTyanbHMX 1abopaTOPHNX NPaKTUKYMIB.

MpoekT PhET Interactive Simulations [9] (puc 1) B YHiBepcuTeTi Konopago B boyngepi Hagae
6€3KOLTOBHI IHTEPAKTUBHI MaTeMaTU4YHi Ta NPUPogHMYiI cumynauii. Cumynatopn PhET 6asytoTbea
Ha Be/IMKUX OCBITHIX JOCNIAXKEHHAX i 3an1y4yaloTb CTYAEHTIB vepes iHTYITUBHO 3pO3yMmine cepefoBu-
e, CXOXe Ha rpy, e CTYAeHTN HaByalTbCA Yepes AOCNIJXEHHSA Ta BIAKPUTTA.

Taki cumynatopn PhET 6yaytoTbca Ak 6ay3epHi AofaTKM HanucaHi 3 BUKOPUCTaHHAM MOBU
HTML 5.

Mporpama STAR B MIT [12] nparHe nofgonaTtv po3puB MiXX HAYKOBUMMW LOCNiXKEeHHAMU Ta ay-
antopieto. MeToo STAR € po3po6Ka iHHOBALiHMX Ta IHTYITUBHO 3p03YMiNIMX 3ac06iB HaBYaHHA A/1S
BMKOPUCTaHHA B K/aci.

Yci HaBYanbHi iHCTpyMeHTM STAR [OCTYNHI Y BibHOMY A0CTYNi AK AOAATKU, WO NOTPIGHO 3a-
BaHTa)XyBaTW Ha NepcoHanbHWU KOMN’lOTep.

e o4uH ACKpaBuM MpuUKNagom peanisauii nabopaTopHuUX pobiT y BipTyanbHOMY cepejoBuLli €
iHTEPaKTMBHWIA NabopaToOpHUA NPAKTUKYM KNAaCMUYHOI TePMOAMHAMIKM, LLO OXOM/AKE OCHOBHI Temwu
KYPCY: BHYTPILLHA eHeprif, 3aK0HW rasis, nepeHeceHHs Tenna, TeNI0Be PO3LWNPEHHS, TepMOLAUHAMIY-
Hi umknu [4] (puc. 2).

Llsa po3po6ka npu3HayeHa 4na NpoBefeHHS nabopaTopHUX EKCMEPUMEHTIB 33 YMOB BiACYTHOCTI
peanbHOro 1abopaToOPHOro yctaTkyBaHHA. JlabopaTopHi YCTaHOBKM BMKOHaHI BignoBigHO A0 X pea-
NbHUX aHanorie. KoxHa nabopaTopHa po60oTa BKAOYAE KOPOTKI MeTOAMYHI BKa3iBKM Ta [OBiJKOBI
BIJOMOCTI, HEob6XigHI 0O6po6KM eKcrnepMMeHTanbHMX faHuX. opag i3 maTeMaTMYHOK CKIajoBoHo,
peanizoBaHa imiTaliiHa MOJeNb EKCNEPUMEHTY, LLO BKIOYAE KOMMAEKC rpadivyHMX 06'eKTiB, AKi Bi3y-
anbHO BigobpaxatoTb nabopatopHe ob6nagHaHHA. CTeHf nobyAoBaHO 3 BUKOPUCTAHHAM MOBM MpoO-
rpamyBaHHs BMCOKOro piBHa AppGameKit.

BiamiHHOKW 0c06nMBICTIO BipTyanbHOT nabopaTopii € il iMNnnemMeHTapHa rHy4YKicTb, Sika 06yMOB-
NeHa MynbTMNNaTHOPMHOI NIATPUMKOK. BUKOHaHHA iMiTaliiHUX nabopaTopHUX PO6IT MOX/NBE Ha
NnepcoHasibHMX KOMM'loTepax, MOBIiNbHUX MPUCTPOAX Ta Yy Beb-Opay3epi 6e3 HeO6XigHOCTI BCTaHOB-
NIEHHA NPOrpaMHOro 3abe3nevyeHHs Ha NPUCTPIli KOpUCTyBaya.

Ha puc.2 npefactaBneHunii hparMeHT eKpaHa, W0 AEMOHCTPYE BipTyanbHy nabopatopito y Be6-
6paysepi, fka 3abe3neyye MNOBHOLIHHY anapaTtHy nigTpumky 3D rpadgiky Ha OCHOBiI cTaHAapTy
HTML5 1a TexHonorii WebGL.

Puc 1. Mpoekt PhET Interactive Simulations Puc 2. TabopaTopHWii NpakTUKym
KNacuyHoI TepMOAMHaMIKK

Ha cainti Math And Physics Applets [10] (puc 3) NPpONOHYETLCA BEAUKUIA BMOIP QisUYHUX | Ma-
TEMATUUYHUX CUMYNALIA. ICHYE TakoX AOCUTb BUYEprnHa MOACHIOBaNbHA iH(OpMaLis Npo Hayky Ta
004YMCNEeHHSA, WO CTOATbL 3a Jocnigamu, peanizoBaHUMMK y gogaTkax. Cami gofgatku JOCMTb Mani Ta
WBMAKO 3aBaHTaXYIOTbCA, ane MalTb LYXKEe LUMPOKe OXOMNJeHHA TeM. BOHW HanwucaHi Ha MOBI npo-
rpamyBaHHs Java, ane 34e6inbLIOro X NepeTBopeHo Ha Javascript.

BipTyanoHa nabopatopisa [13] (puc 4), fae 3mory npoBoAMUTU NPakKTUYHI eKCNEPUMEHTU 3 XOpPCT-
KUM MasTHUKOM. Pa3om i3 matepianom, npeAcTaBieHUM Y NEKUiHIA ayguTopii, MOXHa BUBYMNTU OC-
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HOBHI MUTaHHSA, Taki AK FapMOHIYHMI OCLUAATOP | pe30HaHC, a TaKoX CKNagHi TemMu, Taki K napame-
TPUYHUI pe30HaHC, HeniHiHa AnHamika Ta xaoc. JlabopaTopHa ycTaHOBKa peasizoBaHa Ha MOBI
HTML/Java, oTxxe mae npaytoBatn y 6ygb-aKomy Be6-6pay3sepi, Wo nigrpumye Java.

NabopaTopHi cTeHAM No6yLOBaHI HACTYNMHUM YMHOM. Y LEHTPi BiKHa 3HAX0AUTbLCA 061aCTb aHi-
Mauii, 4e NMoKasaHOo pyXx MasTHMKa. 3niBa B 06n1acTi napaMeTpiB MOXHa 3MIHUTU Pi3Hi napameTpu. Y
30HI BUMIpIOBaHHA OCTYNMHWIA CeKyHAOMIp abo ocuunorpad And BUMipHOBaHHS NEBHUX BNAaCTUBOCTEN
cuctemun. O6nacTb napaMmeTpiB NOKasye naHeni KepyBaHHA Kifibkoma napametpamu. KoxxHa naHesnb
NnoKasye CBOK Ha3BY pa3oMm i3 1i isMUHUMMN OAUHNLAMMN.

Puc 3. ®isnyHa cumynauia 3 caiity Math And Physics Puc 4. MpakTU4Hi eKcnepyMeHT 3 XXOPCTKUM Ma-
Applets ATHUKOM

Y pe3ynbTati MpPOBEAEHO aHanisy BifOMMX NPWKNagiB peanisayii BipTyalbHUX nabopaTopiii
BCTaHOB/IEHO, LLO OCHOBHUM 3aCc060M peanisauii BipTyanbHUX nabopaToOpHMUX NPaKTUKYMIB Y CBIiTi Ha
CbOrofHi € CTBOPeHHA Gpay3epHUX anseTiB Ha OCHOBI MOBM Java, Javascrit, HTMLS5.

MocTaHoBKa 3agayvi. MeTolo cTaTTi € po3po6Ka BipTyanbHUX NabopaTOpPHUX CTEHAIB Ans peani-
3auil NpakTUYHOT NiAroTOBKM 34006yBayiB BMLOT OCBITM NPWU NAaHyBaHHI Ta NPOBEAEHHI HayKOBMX
LOCNiAXEHb.

BuknageHHa maTepiany Ta pe3ynbTaTu LOCAIgKeHb. BUKOPUCTOBYIOUN METOANKY CTBOPEHHS
BipTyaflbHUX NabopaToOpHMX CTEHAIB MpuW NigroToBLUi (haxiBUiB 3 rany3eBoro mMalnMHOOYyAyBaHHSA, Ha-
BefeHy y cTatTi [3], po3pobneHo BipTyanbHY nabopaTopito, WO Haniyye 6 CTeHAIB, ANA BUBYEHHS AU-
cumnninM «MeTogn nnaHyBaHHA Ta MPOBEEHHA HAYKOBWUX LOCNIAXEHb TiPHWYOro YCTAaTKyBaHHA»
Ansa 3406yBaviB TpeTboro (OCBITHbO-HAYKOBOr0) piBHA BULLOT OCBITKM cneyiansHocTi 133 lanysese
MalNHOBYAyBaHHS.

CTpyKTypa AWUCUMNAIHM 3 BMKOPUCTAHHAM BipTyaNbHUX CTEH[IB HaBefeHa Yy BUINALI CXeMU
(puc. 5), 3anponoHoBaHoT y cTaTTi [3]. ¥ HaBuYa/ibHUX 14 TeMax PO3KPUBAKOTHCA OCHOBHI MONOXEHHSA
TEopii NnaHyBaHHA eKCNepUMEHTIB, 3rigHo [1, 2, 7, 8], AKi NOTiM 3aKpinATLCA NPU BUKOHAHHI 8
NPaKTUYHUX POBGIT. TeMU NPAKTUUYHUX POOBIT NifgibpaHO TakMM YMHOM, W06 3400yBaYi KpaLle 3acBoi-
NN TeOpPeTUYHMIA MaTepian 3 KAKYOBMX HanpsAMiB Teopil NiaHyBaHHSA eKcnepuMeHTaNbHWUX AOChi-
[KeHb, 3abe3neyyoun nNeBHY Pi3HOMAHITHICTb ANA NiABULWEHHSA 3alikaBNeHOCTI Ta MiIATPUMKMN BU-
BUYEHHA AUCLUNMIHKW, @ TAKOX ypaxyBaHHAM PiBHA MiAroTOBKN camMux 3406yBavis.

AK BUAHO 3 puc. 5, NpakTUYHO yCi BipTyaNbHi CTEHAN BUKOPUCTOBYHOTLCA ANA OKPEMUX MpakTu-
YHUX pobIT, a 0ANH - A4N9 ABOX POGIT.

BipTyanbHi cTeHAM NOLIYKOBOrO XapakTepy BUKOPUCTOBYKOTHCS Yy MPAKTUUHMX poboTax Ans BuM-
3HaYeHHS HEBILOMMX 3aMeXHOCTENW, Y X041 AKMX 3406yBay BNaCHOPYY NOBUHEH CNiaHyBaTu i NpoBec-
TU eKCNepuMeHT, 06pobuTH OTPMMaHI AaHi Ta BU3HAYUTU HEBILOMY 3a/IeXKHICTb MiX BXiAHUMW Ta BU-
XiAHUMW NapameTpamu.

LleHTpanbHMM efleMeHTOM TaKuUX CTEHAIB 415 NOLWYKOBUX PO6IT € 3aKnafeHi y HUX maTtemMaTuny-
HOT Mofeni focnif)XyBaHOro npouecy. Po3rfisHeMo noknafeHi B OCHOBI BipTyanbHUX CTEHAIB maTe-
MaTUUHi Mopeni:

CTeHA 1419 NpoBefeHHs nonepesHix LOCAILXKeHb
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Y(X) = 750¢RND() + 750¢ X ; 1)
CTeHS 2 AN NPOBe/IEHHS MOBHOMAKTOPHOr0 eKCNepUMEHTY
Y(X,X ,X)=25+75eRND() + 75 ox| + 45 ox2- 65X +12 x| ex2 + 22 x| ox3- 5 x2*x3; 2
cTeHa 3 Ans no6yn0Bu APO6OBUX NaHIB eKCNepUMEHTY
Y (X,X X ,X ,X)=28+75RND() + 75 oxl + 45x2-65 +x3- 38X -61"X . ?3)

Puc 5. CTpyKTypHa cxema Aucumniiim
CTeHA 4 fna nobyfoBW NMAaHiB ApPYroro NopsgKy Ta BUKOPUCTAHHA MeTo4y HalMeHLWunX KBagpa-
TiB
Y (X x2x3)= 28+ 75«RND() + 75 ox +45% — 65 +15«3-
—25%, +12 %, -12ex *2+ 22X * - 7523
CTeHZ 5 Ans npoBefeHHA AOCAIAXKEHb NPU MOLWYKY ONTUMabHUX YMOB

(4)

Y& X X)=3«0-x P= 462 -10 —-X-X ke - 34 +0,5¢2x +x)  (5)

CTeHA 6 4N19 NPOBEeAEHHA eKCMepuMeHTY Y NPOMUCIOBUX YMOBaAX
X =10RND(); Y(x)=aexW;, a€[-55]; be[-12] (6)
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e RND() - ¢hyHKuis, Wwo noseptae sunagkosi uncna sig 0 go 1.

Y nepwux 4oTUPbOX CTEHAAX BUKOPUCTOBYIOTbCA Haibinbll MOWUPEHWH A BUL MaTeMaTUYHMX
mogenei - anrebpaiyHi NnoniHoMK, AKi € Bigpi3kammn cTyneHeBux psagis Teinopa. [04aTKoBO y Ui Ma-
TemMaTUUHi Mofeni AofaHOo reHepaTop BMNaAKOBUX YMcen And iMiTayil noxmbkn npunafis Ta BUMIpHO-
BaHHS. Lle 3a6e3neyvye yHiKa/lbHICTb pe3ynbTaTiB A4/18 KOXHOro 3400yBava.

[na n’Atoro cTeHgy, AKUIA He mMae reHepaTopa BUMaLKOBUX YMCES, BUKOPUCTOBYETHLCS CKagHa
HeniHiliHa MOAenb, WO Mae AeKifibKa IOKaSbHUX MakKCMMYMIB Ta MiHIMyMiB. Pe3ynbTar, W0 OTPUMYE
3006yBay Oyfe 3anexartu Bif Mo4YaTKOBOT TOUKM, 3 AKOT Oyfe po3rnoyaTo MOWwyK eKCTPpeMyMy, A0Biflb-
HO o6paHoi 3406yBayeM. Lle TakoXX 3a6e3neUnTb YHiIKanbHICTb pe3ynbTaTiB KOXHOro 3406yBava.

LWocTwnii cTeHA MOAeNOe NPOMMUC/IOBI YMOBM NPOBEAEHHS eKCNEPUMEHTY, TO6TO NacMBHUIA eKc-
NepUMEHT, Yy XOfLi AKOro AOCNigHMK NPoCTO 36Mpae 3HaYeHHs BXiAHUX Ta, BIANOBIAHUX TM, BUXiAHUX
CUTHanis, He BM/MBalOUM Ha npouec. TyT BUKOPUCTOBYETLCA CTyMeHeBa MaTeMaTUyHa MOAeSb, fKa
3aNeXHOo Bif 3HauyeHb KoeilieHTIB a i b, NigibpaHnX NEBHUM YMHOM NS KOXHOFO BapiaHTy, MOXe
[aTn fOCUTb Pi3HOMaHITHI pe3ynbTaTtu.

[ns peaniszauii BipTyanbHuX cTeHAiB 06paHo OcBiTHIN nopTan KHY, aknin 6a3yeTbca Ha CUCTEMI
MOAY/IbHOT0 O06'€KTHO-OPIEHTOBAHOr0 AWHaMiYHOro HaB4vanbHOro cepegosuuia Moodle (Modular
Object-Oriented Dynamic Learning Environment), ska € MNOTY>XHOI CUCTEMOI ynpaBfiHHA HaBYaH-
Ham (LMS), cuctemoro ynpasniHHa kypcamu (CMS), BipTyasibHUM HaByanbHUM cepegosuiem (VLE)
[5]. BoHa Hagae BuKkagayam, 3o6yBayam Ta agMmiHicTpaTopaMm Ay>Ke pO3BUHYTUI Habip IHCTPYMEH-
TiB N4 KOMM'IOTepU30BaHOro HaByaHHA. Cnif OKPeMo 3a3HauyuTu, WO yci HaByanbHi MaTepianu, pos-
MilleHi Ha OcBiTHboOMY nopTani KHY, f0CTYynHI Ha pisHUX NPUCTPOSAX TaKMX K KOMN'IOTepu, niaH-
weTw i cmapTdoHu, TO6TO 3a6e3nedeHO MyTMNNATHOPMEHMIA JOCTYN..

[o Toro x cuctema Moodle Hagae MOX/IMBICTb BUKOPUCTaHHA OKPEMUX MOAYNIB, CTBOPEHUX KO-
pucTyBayaMu 3 BUKOPUCTaAHHSAM MOBM NporpaMyBsaHHs JavaScript.

Mepwa Bepcia BipTyanbHUX CTEHAIB Mana MiHIManiCTUYHIA Au3aiiH | hyHKLUioHan Ta 6yna Hanwu-
caHa Ha MOBI nporpamyBaHHA JavaScript. Mpuknag Takoro iHTepdgelicy BipTyanbHoro cteHay Ne2 ans
NiHIAHOT TpMaKTOPHOT MOAE/NI HaBeAEeHO Ha puc 6.

Puc 6. Mpuknag MiHiManicTMyHOro AnsaiiHy iHTepdgeiicy BipTyanb-
HOro CTeHay
BipTyanbHuin nabopaTopHuii MpPakTUKyM OTpMMaB
CXBaflbHi Bigryky Bif 3406yBadiB, ki npoxoaunu kypc. Lle
NiAWTOBXHYNO 4O NOAANbLIOr0 PO3BUTKY i YAOCKOHANEHHSA
LbOro MPakTUKymy.
HacTynHuMM KpOKOM YAOCKOHaneHHsa BipTyanbHUX CTe-
HAIB CTana po3pobKa NMPUINHATHOIO 30BHIWHLOrO BUAY, LWO
HaragyBaB OW NUUbLOBI NaHeNi KOHTPO/IbHO-BUMIPHOBaNbHOT
anapatypu. Y xofi noninweHHs 30BHILLIHLOTO BUAY CTEHAIB
6yno nepepobneHo iHTepdeiic, a came cnocobu yBeAeHHI
BMUXIJHWNX JaHWX, O4EpXXaHHS pe3ynbTaTiB Ta 30BHILHIA BUf
npunagis. Ons uboro 6yno 3acTocoBaHO cnelianbHe Mpo-
rpamHe 3abesnedeHHs Articulate Storyline 3 Demo, fike €
OAHUM 3 HaWMONYAAPHIWNX IHCTPYMEHTIB AN CTBOPEHHS
€NeKTPOHHMX HaBYaNbHUX MaTepianis, WO BiAPi3HAETLCA BMCOKOK AKICTHO FOTOBMX HaBYalbHUX Ma-
Tepianis [6]. [0 peuyi, Uus cMcTema TakoX MIATPMMYE MOBY nporpamyBaHHs JavaScript, a rotoBuii
NMPOeKT MOXHa Nerko 3aBaHTaXXunTn y cepegosuie Moodle (puc 7).

[JopatkoBo 6yno po3pobneHo MeToAMuHe 3abe3neyeHHs MPOBEAEHHA MPakTUYHWMX pobIT, WO
BK/It0OYano B cebe onuc poboTu 3 BipTyanbHUMU CTeHAaMu, Xif po6oTn Ta 06pob6Ka pe3ynbTaTiB eKc-
NEPUMEHTY.

Micna aHanisy HaBYaibHUX KOMMOHEHTIB APYroro Ta TPeTbOoro 0CBiTHbO-HAYKOBUX PiBHIB BULLOT
ocBiTH, ByN0 BCTAHOB/EHO, WO AesAKi 3 po3po6aeHUX BipTyaNbHUX CTEHAIB MOXYTb BYTW 3aCTOCOBaHI
B IHWIMX HaBYaNbHMX KOMNOHeHTax. Tak, Hanpuknag, cteHg Ne2 moxe 6yTu 3aCTOCOBaHO MpuW BUBYE-
Hi AucumnniHn «MogentoBaHHA Ta ONTUMI3aLif napaMeTpiB FipHUUYMX MaLIUH» APYroro (marictepcb-
KOr0) 0CBiTHbO-HAYKOBOI0 PiBHA BULLOT OCBITU.
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BWCHOBKM Ta HanpAMOK nojanbWwunx LOCNigXeHb. BUKOPUCTOBYOUM METOANKY CTBOPEHHS Bi-
pTyanbHUX nabopaToOpHUX CTeHAIB Npu NiAroToBLi (haxiBLiB 3 rany3eBoro MawnHobynyBaHHA, po3-
pob6aeHo BipTya/ibHUI abopaToOpHUA MPAKTUKYM, WO Hanivye 6 CTeHAIB, ANA BUBYEHHS AUCLUNAIHU
«MeToan nnaHyBaHHA Ta NPOBEAEHHSA HAayKOBWUX AOCNI[AKEHb FiPHUYOro yCcTaTKyBaHHA» ANS 3400Yy-
BayiB TPeTbOro (OCBITHbO-HAyKOBOr0) PiBHA BMLLOT OCBITK cheuianbHocTi 133 Many3eBe MallnHOGY-
[yBaHHA. Y CcTeHAaX BMKOPUCTOBYKOTbLCA anrebpaiyuHi noniHoMu, AKi € BigpizkaMy CTyneHeBUX pALiB
Telinopa Ta cknagHi HeniHiliHI mogeni. Cami cTeHAmW peanizoBaHo Ha OcBiTHbOMY nopTani KHY, akuii
6a3yeTbCcsA Ha CMCTEMI MOAY/IbHOTO 06'€EKTHO-OPIEHTOBAHOMO AMHAMIYHOI0 HaBYaNbHOrO CepefoBuMLLa
Moodle.

Puc. 7. CTBOpeHHs BipTyanbHOro cTeHay B nporpami Articulate Storyline 3 Demo

BipTyanbHuii nabopaTOpHWNA NPaKTUKYM OTPUMaB CXBasibHi BigFyKMW Bif 3400yBadviB, SKi NpoXo-
OMAN KypC, WO Aae NpUBIL NOAANbLIOI0 PO3BUTKY LibOr0 HaMpsamKy.
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O. B. 4ONTIX, /1. B. AONTIX, KaHANAATN TEXH. HaYK, AOLEHTU
KpuBOpi3bKWii TEXHIYHWIA YHiIBEpPCUTET

MIABULWEHHA AKOCTI LM®POBWUX 3MOMOK MPW AOCAIAXEHHI 30HU
SPYWEHb BI4 WAXTU IM. KOTAYEBCBHLKOT O

MeToto gocnifxeHb € po3pobka etheKTUBHOTO Crocoby CrOCTEPEXEHHSA 3a AethopMaLlismy AeHHOT NoBepXHi Ta crnopy-
[jamMu, po3TaLOBaHVMMM B 30Hi BNAMBY NiA3eMHUX FiPHAYMX POGIT Ta Ha NPUNEernX TepUTOPIAX, BUKOPUCTOBYHOUM AN1A LibOrO
meToaM LMdpoBol hoTorpamMMeTpii, iKa 'pyHTYETLCA Ha OTPUMaHHI JaHMX NMPO 06°eKT Ha AeAKil BifCTaHi Bif HbOrO.

MeToanka focnifXeHb I'PYHTYETLCA Ha faHUX aHai3y pesy/bTaTiB eKcrnepuMeHTanbHUX pobiT Ha 06°eKTax BiAKPUTOT
Ta Mifi3eMHOT PO3p06KM KOPUCHUX KoNnasMH. B pe3ynbTaTi gocnimpkeHb fedopmauiii Ha TepUTOpisiX WaxTu Ta Kap’epy 6yna
BMKOPUCTaHa METOAMKA, AKa BKNOYAE Taki METOAW, K CMOCTEPEXEHHS, BUMIPIOBaHHS, 0BUNCNEHHS, eKCNepUMEHT, NopiB-
HAHHS TOLWO. Mpw LboMy ByN0 BUKOPUCTAHO Pi3HI LdpOBi Kamepy 3 BigMOBIAHMMM IM XapaKTepUCTMKaMu.

Pe3ynbTaTom JOCNIIKEHHA € YAOCKOHANIEHHA METOAMKN BUKOHAHHA 3HIMa/IbHUX POGIT Ha 06’eKTax ripHM4oa06yB-
HUX NIANPUEMCTB, 3 METOK AOCMIMKEHHS FOPU3OHTAIbHUX Ta BEPTUKAIbHUX Aethopmalii, BUKOPUCTOBYIOUM ANS LbOTO
pe3ynbTaTh OnpaLoBaHHA aepo- Ta Ha3eMHUX LM(POBMX 3HIMKIB, OTPUMaHUX BifnosigHO 3 BIJIA Ta 3 3eMHOI NOBEpXHi.
BcTaHOBNEHO, WO A5 BUKOHAHHS LIM(POBOI 3MOMKM HE06XiAHO MonepefHbO AOCAIANTM BIANOBIAHICTL XapaKTepUCTUK Lim-
(hpOBOi KamMepun BUMOraMm, L0 CTaBMATLCA A0 FEOMETPUYHMX BNACTUBOCTEN OTPUMAHUX Helo 3HIMKIB, L0 BMIMBAE Ha TOY-
HICTb BM3HAYeHHS fedopmaliii.

HaykoBa HOBM3Ha pe3ynbTaTiB AOCMIKEHHS NONSrae B OTPUMaHHI 3 HeO6XifHOK TOYHICTIO BeNMYMH Aethopmalliii
[IlEHHOT NOBEPXHi Ta 06’eKTIB, PO3TALLOBAHMX Ha Hild, 3aBAAKM 3aNpPOMOHOBaHI/i METOAMLI BUKOHAHHSA 3HIMa/bHUX PO6IT Ta
CyBOpPOMY (DOTOrpamMMETPUYHOMY OMPaLOBaHHIO 3HIMKIB, OTPYMaHMX 3a pe3ynbTaTamMu K aepo- Ta Ha3eMHOr0 3HIMaHHS.
AHani3 uupoBrx 3HIMaNbHYX Kamep L03BONsE 3p06MTU BUOIP Kamepy, fiKa, 3aBASKW CBOIM XapaKTepucTMKam, A03BOSSE
MiABALLMTM TOUHICTb LUYKaHWX BEINYMH.

MpakTMyHa 3HaYNMICTb BUKOHAHWUX JOCNIKEHb NONATaE B OTPUMAHHI FOPU3OHTAIbHUX Ta BEPTUKAIbHUX fedopma-
L1 3a pe3ynbTaTamm OMnpaLoBaHHs PacTPoBMX 306paXKeHb, OTPUMaHMX LM(POBUMY KaMmepaMu, BCTaHOBIeHUMU Ha BIJTA
Yy Npu 3HIMaHHI 3 «pyKM» 3 3eMHOT NoBepxHi. 3a onpalpb0BaHUMM LM(POBUMYU 3HIMKaMK, MOXHA BUSBNATA 3MiHW, AKi Bif-
6ynncs 3a NPOMIXKOK Yacy MK CMOCTEPEXEHHAMM, Ta NAaHyBaTW YW YTOUHIOBATM PO3MILLEHHS Ha 3eMHOT NOBepXHi Npodgi-
NbHUX NiHIA Ta [OAATKOBMX PENepiB, a TaKoX BU3HAYaTy BENMYMHM AedopMaiid. 3anpornoHoBaHe apbyBaHHS y BifNOBiAHI
KObOPU LUYKaHUX BENMYUH fedopmallild, 403BOJISIE HAOUHO MPeLCTaBAATY PO3MNOAIN iX MO AOCMIMKYBaHIW AinaHLi.

KntouoBi cnoBa: UnpoBa 3iMoMKa, kamepy, fedhopmauii, 306paXKeHHs, ripHUYi 06’eKTK

Mpo6nema i1i 3B’A30K 3 HAYKOBUMMW Ta NMPakKTUYHMUMK 3afadamMmu. OCTaHHIM YyacoMm, BUKOpPUC-
TOBYHOUM AN1A 31AOMOK FipHMUYMX BUPO6OK Cy4vacHi LMGpPOBI Kamepu Ta Nerki Hocii gna Hux, akTyaib-
HAM MWUTaHHAM € LOCNifXXEHHA TOYHOCTI BUPIIEHHA 3afjay MapKlieijepcbkoro 3abesneyeHHA 3a
OTPUMAHUMM 306pAXKEHHAMM 3a LONOMOIOH CYy4aCHUX KaMep Ta HociiB. BigoMo, Wo Ha TOYHICTb Aa-
HUX, OTPUMaHUX 3a pesynbTaTamu OnpauloBaHHA LUPPOBMX 3HIMKIB, BNAuBae psaf (akrtopis [1,2].
Cepep iHWKX (haKTOpPiB, BXKAMBUM € AKICTb 306paXKeHHA, TOBTO BMCOKaA PO3finbHa 34aTHICTb, BifCyT-
HiCTb pi3HOro pofy CMOTBOPEHb TOWO. MUTaHHIO NiABULLEHHA eDEKTUBHOCTI MapKLIenaepcbKoro 3a-
6e3neyeHHs BIAKPUTUX Ta Nig3eMHUX PO3POBOK KOPUCHUX KOMAIUH 3a PaxXyHOK BNPOBAa[XKeHHS Y BU-
POGHMLTBO HOBITHIX HayKOBUX [OCSITHEHb, MPUCBAYEHA [JOCTATHA KiNbKiCTb PO6IT BITUM3HAHMX Ta
3apyOidKHUX BUEHUX.

AHani3 gocnigkeHb Ta ny6nikayili. CyyacHi TeHAeHLUIT B MapKLWenaepcobKiin cnpasi Ta B FipHU-
4iil ranysi y uinomMy noB’a3aHi 3 BNPOBajXeHHAM y BUPOOHMLTBO iHHOBaLiiHUX TeXHONOTIN i npoue-
ciB [3-6]. [0N0OBHOW TeHAEHUIE € LUMdpoBi3aLis BCiX npouecis i pobiT. LiboMy cnpuse BUKOPUCTaH-
HA CYMYTHWKOBMX TEXHOJIOTI, eNeKTPOHHMX Ta Na3epHUX NpUnagis AN BUKOHAHHA BUMIpIB, Ludpo-
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Xpyubkuid A.O., Mop6ayos KO.I"., Mpomaacbkuii A.C., Fpomaacekunii B.A. , FTpomagcbkuii Bik.A. BipTyansHuii naéo-
PaTOPHWIA NPaKTUKYM 3 MiaHyBaHHA HayKOBMX JOCNIIKEeHb

MeTa. Po3pobka BipTyasibHUX nabopaTopHUX CTEHAIB AN151 peanisayil NpakTUYHOI NiLAroTOBKM 3406yBayiB BULLOI OCBITU Npn
NNaHyBaHHI Ta NPOBeAeHHI HayKOBWX LOCNIIKeHb.

MeToau focnigxeHHs. Y pob0Ti BUKOPUCTAHO aHasi3 Ta y3ara/lbHeHHs [O0CBifLy BiZOMUX JOCNIKeHb Ta pO3po6OK 3 BMpo-
Ba/PKEHHS BIpTYyaNibHMUX 1abopaTopHMX NPaKTUKYMiB Yy HaBYa/bHUIA MPOLEC, MaTeMaTUyHe MOZEe/0BaHHA po60TH BUMIpIO-
Ba/IbHWX MpUnagis.

HaykoBa HoBM3Ha. Po3po6/ieHO MaTeMaTUyHi MOAeNi, MOKNafeHi B OCHOBY BipTya/lbHUX CTEHAIB. Y SIKOCTi MOfenei BUKO-
PUCTOBYIOTLCA BiApi3KM CTyneHeBuX pagiB Teiinopa y BUrnsgi anrebpaiuHMX NoMiHOMIB, CKNafHi HeMiHifHI 3aneXHOoCTi 3
[ieKiNnbKOMa NOKa/IbHUMU eKCTPeMyMaMu, & TaKoX CTyrneHeBi 3anexxHocTi. OCco6mMBICTIO po3po6AeHNX MaTeMaTUHHUX MO-
[eneii € 3a6e3neYeHHs HUMW YHIKa/IbHOCTI Pe3yNbTaTiB /1 KOXKHOIr0 AOCMI[KEHHS 3aBLAKM 40JaBaHHIOHO reHepaTop Buna-
[KOBYWX uncen Ans iMiTauii noXnbKy npunagis Ta BUMipHOBaHHS.

MpakTWyHa 3HauMMicTb. P03po6ieHO BipTyaibHWIA Nab0pPaTOPHWIA NPaKTUKY 3 AUCUMMAIHK «MeTOAM nnaHyBaHHS Ta
NPOBefEeHHs HAYKOBUX [OCMIMKEHb FPHUYOr0 YCTaTKyBaHHs» Ans 3400yBadiB TPETbOrO0 OCBITHbO-HAYKOBFO PiBHS BULLOT
0CBITW. HaBefleHO 3ara/ibHy CXeMy AMCLMMAIHK i3 3aCTOCYBAHHAM BIpTYa/lbHOro N1abopaTopHOro npakTukymy. Po3pobrieHi
BipTYya/IbHi CTEHAM L0 MatOTb iHTepdelic, AK1iA TOTOXHWIA [0 NNLbOBUX NaHenel KOHTPObHO-BUMIPIOBA/IbHOT anapaTypy.
Pe3ynbTaTtn. BUKOPUCTOBYIOUM METOAMKY CTBOPEHHS BipTyas/lbHUX NabopaToOpHUX CTeHAIB mpu NigroToBui axiBuiB 3
rany3eBoro MaluMHoBbyayBaHHS, po3po6aeHo BipTyasbHWA 1abopaTOPHUIA NPaKTUKYM, L0 Hanivye 6 CTEHAIB, fKi pO3MiLLEeHO
OcgiTHboMy nopTani KHY, siknii 6a3yeTbcsl Ha cMCTEMi MOAYMbHOrO 06'€KTHO-OPIEHTOBAHOrO AMHAMIYHOrO HaBYabHOTO
cepegosuwia Moodle. BipTyanbHuii nabopaTopHuii NPakTUKyM OTPUMaB CXBasibHi BiAryku Bif 3400yBadiB, AKi NpoXoanm
KypC, WO Aae NpMBiL NOAANBLLIOIO PO3BMTKY LibOr0 HanpsMKy.

KntouoBi cnoea: nabopaTopHi poboTw, BipTyanbHiii nabopaToOpHUiA CTeH[, CTPYKTYpHa CXema AWCLMMNIHKM, BipTyanbHa
CUMYNALLIA, MOLY/bHE 06'€EKTHO-OpPiEHTOBaHE AVWHAMiYHe HaBYaNbHe CepefoBULLE.

Horbachov Yu.G., Khrutskyi A.O., Hromadskyi V. A., Hromadskyi V. A., Hromadskyi A.S. Virtual laboratory
workshop on research planning

Purpose. Development of virtual laboratory stands for the implementation of practical training of higher education students
in planning and conducting research.

Research methods. The paper uses the analysis and generalisation of the experience of well-known research and
development on the implementation of virtual laboratory workshops in the educational process, mathematical modelling of
the operation of measuring instruments.

Scientific novelty. The mathematical models underlying the virtual stands have been developed. The models used are
segments of Taylor power series in the form of algebraic polynomials, complex nonlinear dependencies with several local
extrema, and power law dependencies. The peculiarity of the developed mathematical models is that they ensure the
uniqueness of the results for each study by adding a random number generator to simulate the error of instruments and
measurements.

Practical significance. A virtual laboratory practice in the discipline "Methods of planning and conducting scientific
research of mining equipment" for students of the third educational and scientific level of higher education has been
developed. The general scheme of the discipline with the use of a virtual laboratory practice is presented. Virtual stands with
an interface identical to the front panels of control and measuring equipment have been developed.

Results. Using the methodology of creating virtual laboratory stands in the training of specialists in industrial engineering, a
virtual laboratory workshop was developed, which includes 6 stands, which are placed on the KNU Educational Portal, based
on the system of modular object-oriented dynamic learning environment Moodle. The virtual laboratory workshop received
favourable feedback from the students who took the course, which gives rise to further development of this area.

Key words: laboratory work, virtual laboratory bench, structural scheme of the discipline, virtual simulation, modular object-
oriented dynamic learning environment.
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Donrix O. B., Jonrix /1. B. MMigBULLEHHS AKOCTI LpOBMX 3I0MOK NpW AOCAIMKEHHI 30HM 3pYyLUeHb Bif WwaxTu iM. Kona-
YEBCbKOro

MeTa. Po3pobKka eeKTVBHOIO Cnocoby CrnocTepexeHHs 3a fedopMalisMy AeHHOT NOBEPXHI Ta Cnopyfamu, po3TalloBaHu-
MW B 30HI BM/IMBY MiA3eMHUX FipHUYMX POOBIT Ta Ha NPUNErINX TEPUTOPIAX, BUKOPUCTOBYHOUM [/151 LIbOFO METOAM LntpoBoi
thoTorpammeTpii, Aka 'pyHTYETbCA HAa OTPUMaHHI JaHUX NPO 06°€KT Ha AesKiiA BiACTaHi Bij HbOrO.

MeToau focnifpkeHb. AHani3 pe3ynbTaTiB eKCrepuMeHTabHUX po6iT Ha 06’°eKTax BiAKPUTOI Ta Nif3eMHOT po3po6Ku Kopu-
CHUX KOManuH. B pe3ynbTaTti gocnigpkeHb AehopmaLliii Ha TepuTOpIaX LWaxTu Ta kap’epy 6yna BUKOpMUCTaHa MeToAwKa, AKa
BK/IOYAE TaKi METOAYW, K CMOCTEPEXEHHS, BUMIPIOBaHHS, 06UMCIEHHS, eKCNepUMEHT, NOPiBHAHHS Towo. Mpu ubomy 6yno
BUKOPUCTAHO Pi3Hi LMppoBI KaMepn 3 BigMOBIAHUMN TM XapaKTepUCTUKaMK.

HaykoBa HOBM3HA pe3ynbTaTiB AOCIAKEHHSA MONArae B OTPMMaHHi 3 HEOOXiAHOK TOUHICTIO BEIMUYUH AedopmaLtiil JeHHOT
MOBEPXHi Ta 06’EKTiB, pO3TalllOBaHWX Ha Hiil, 3aBAAKV 3arpoMOHOBaHili METOAWL BUKOHAHHSA 3HIMaIlbHUX POBIT Ta CyBOpO-
My (hOTOrpaMMETPUHHOMY OMPALOBAHHIO 3HIMKIB, OTPUMaHKX 3a pe3y/ibTaTaMu fK aepo- Ta Ha3eMHOro 3HIMaHHs. AHanis
LM(POBMX 3HIMa/IbHUX Kamep [03BONSE 3p06uTH BUBIp Kamepw, fka, 3aBAAKM CBOIM XapakTepucTvKam, A03BOJISE NigBULLY-
TV TOYHICTb LUYKaHWX BENNYVIH.

MpakTWyHa 3HA4UMICTb BUKOHaHWX AOCAIMKEHb NONArae B OTPUMaHHI FOPU3OHTa/IbHUX Ta BEPTUKANBbHMX AethopMaLliii 3a
pe3ynbTaTamu OMnpaLoBaHHA PacTPOBMX 306padKeHb, OTPUMaHKX LUBPOBUMM Kamepamu, BCTaHOBAeHUMI Ha BIJ1A un npu
3HIMaHHI 3 «pyKu» 3 3eMHOI MOBEPXHi. 3a onpaLboBaHUMK LUGPOBUMI 3HIMKaMU, MOXHA BUSIBAATI 3MiHW, SKi Big6ynu1cs 3a
MPOMDKOK Yacy MidK CMOCTEPEXEHHAMM, Ta MaaHyBaTW YU YTOUHIOBATW PO3MILLEHHS Ha 3eMHOT MOBEPXHi NPOQINbHNX MiHINA
Ta [OAATKOBUX penepiB, a TaKOX BU3HAYaTV BENMYMHM Aediopmaliii. 3anponoHoBaHe (apbyBaHHA Yy BifMOBiAHI KoMbopu
LUYKaHUX BENMYMH fedopMallild, 403BO/ISIE HAOUHO MPeACTaBAATY PO3MOAIN iX MO AOCNIAKYBaHil AinsHL;.
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