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Kypc oOioximii € oouieio 3 0a308ux HAyKOBUX OUCYUNIIIH, WO BUBYAIOMb CHYOeHmu
XIMIKO-0i0N102IYHUX CheyiaibHOCmell neda2o2ivHux 3aKkaadie euwioi oceimu. HMozo 3navwenns ons
MemoOuyHoi ni02omosKy 4umenie 3pocmac y 36 53Ky 3i 30inbuleHHAM 00csa2y OIOXIMIUHO20

3MICMY 8 WKIIbHUX KYPCax opeaniunoi Ximii ma 3aeanvhoi 6ionozii. Memoio cmammi € onuc ma
aHaniz ModCIU8OCmel GIpmyanibHUx J1aO0pamopitl, wo MOJNMCHA 3ACMOCO8Y8amu nid uac
susuenHs oucyuniinu «bioximisy cmydenmamu npupoonuuux ¢axyrememis. Haseoderno
nepesazu ma HeOONIKU BUKOPUCMAHHA NOOIOHUX cepeicie, 0coOnUBOCMI, NepCcneKmusu ma
npuxnaou ix euxopucmanns. Cepeo enukoi KilbKocmi 8ipmyanibHux 1a60pamopHux, 00CMynHux
xkopucmysauam Inmepnemy, oopani: STAR (Software Tools for Academics and Researchers) —
npoepama Maccauycemcvkoco mexnonociunoeo incmumymy, Wolfram Demonstrations Project,
The ChemCollective ma Virtual Labs. Bubip naiibinvu npudamuux 0151 BUKOPUCMAHHSL CEPBICi6
IPYHMYBABCSA HA MAKUX BUMO2AX: Oe3KOWMOBHICMb, GIOCYMHICMb peecmpayii, THMyimueHo
3po3yminutl  iHmepgeuc,  MONCIUBICMb — BUKOPUCMAHHA HA  0)Y0b-1KOMY — KOMN tomepi,
niokatoueHomy 0o mepedci Iumepnem. Moowxcniueocmi komn’romepHoi animayii 00368015810Mb
cmyoeHmy — cpopmyeamu  HAOHUHULL 30POGULl  00pA3 NPOCMOPOBOI CMPYKMYPU CKIAOHUX
npupoonux cnoayk. Obpaui eipmyanvhi 1abopamopii micmames mamepian, HeoOXiOHUU 075
niocomosku 00 1abopamopuux 3aumamo, OemoHcmpayiuui poauxu Ha YouTube a makoow
MemoOuyHi 6KA3i6KU 00 BUKOHAHHA J1aOOpamopuux podim i mamepianu, AKi MOJCHA
suxopucmosysamu 0Jisi Ni020Mo8KU 00N0sioell, npe3eHmayitl, Y camoCmitiHii ma OUCmaHyiuHiu
pobomi ma nio 4ac ONany8auHs CKAAOHUX OJisL PO3YMIHHS OIOXIMIYHUX NPOYeCi8 T A8uUly.

/Jna nepesipku ma oyinku Akocmi 3HAHb CMYOEHMI8 NiC/id ONAHYB8AHHS 1AOOPAMOPHO2O
NpaKmuxKymy 13 3QIyYeHHAM  GIpMYalbHuUX J1abopamopii npogedeHo mecmy8anus. 3a
pe3yiomamamu  BUKOHAHHA 3A80AHb KLILKICMb CMYOeHmi8 13 BUCOKUM pIBHeM 3ACB0EHHS
mamepiany 30invwunaca 3 10 0o 14%, a xinbkicme cmyOoenmis, sKi 3a BUKOHAHHS MeCcmie

ompumanu oyinku Oinewe 74 6anie — 3 54 0o 78%. Omoice, 8UKOpUCMAHHS SIPMYATLHUX
1ab6opamopiu 0036015€ 3HAYHO NIOBUWUMU AKICMb HABYAHHSL.

Knrouosi cnoea: sipmyanvui 1abopamopii, ingpopmayitini mexnonoeii, usuenHs Oioximii,
YHieepcumem.

IMocTanoBka mpodJjemMu y 3arajbHoMy BuIJIsiAi. Kypc Oioximii € omHiero 3 06a30BHX
HAyKOBUX JIUCIMIUIIH, IO BHBYAIOTh CTYACHTH XIMIKO-O10JIOTIYHHMX  CITCHIaJIbHOCTEH
MEeIAroTiyHNX 3aKIajiB BUIIOi OCBiTH. MOro 3HaueHHs IS METOAMYHOI MiJArOTOBKH BUMTENIB
3pOCTa€ y 3B 3Ky 31 301IbIIEHHAM 00CATY 010XIMIYHOTO 3MICTY B HIKIJIBHUX Kypcax OpraHigyHOi
ximii Ta 3aranpHOi Oiomorii [1]. bioximis HeoOximHa s ¢GOpMyBaHHS YSABICHHS PO
3aKOHOMIPHOCTI PO3BHUTKY 1 (PYHKIIIOHYBaHHS OpraHi3My Ta 3aiiMae 0COOJIMBE MiCIle B CHCTEMI
MIITOTOBKA MaiOyTHIX XiMiKiB, 010J10TiB Ta ekoJoTiB [1, 2]. OgHak, B yMOBax Cy4acHOi OCBITH
OYEBUIHA TEHJIEHIIiS O 3HUKCHHS POJIi 1 3HAYYNIOCTI IITMOOKOTO BUBUEHHS (PyHIAMEHTAIBHUX
nucuuiuiia. Hampukman, dac, 1o BiIBOAWTHCS Ha BUBYCHHS 010XiMii, a TakoX MarepialibHe
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3a0e3nedeHHst 1Tab0paTOpHUX POOIT ABHO MepecTae OyTH aJIeKBAaTHUM.

Tpamuiiiini METOIM OCBITH Ha IIeH 4Yac aKTUBHO JOTOBHIOIOTHCS HOBHMH METOAAMH
HaBUaHHs, 3aCHOBAaHMMHU Ha BUKOPHCTaHHI iH(popMaliiHO-KOMYHIKaIHHUX 3acob6iB [3-5].
OcobOnmuBoro 3HaueHHs HaOyBae BukopuctanHs IKT y Buknamanai ¢yHIamMeHTaIbHHUX
JTUCITUTIIIH, HaWOLIBIN CKIQIHUX IS CTYACHTIB. YNPOBaIKECHHs 1HPOPMAIIHHUX TEXHOJIOTIH y
HaBYaHHSA — II¢ 00 €KTUBHUU Ta HEMHUHYYHH MPOIIEC, IO € Pe3yabTaTOM HAayKOBO-TEXHIYHOTO
Mporpecy, came ToMy TpoOiieMa BipTyaui3allli HaBYaHHS IIJISTXOM BHUKOPUCTAHHS BIPTyaJIbHUX
nabopatopiit € JiCHO aKTyanbHOIO [6].

AHaJIi3 OCTaHHIX IOCJHiIXKeHb i myOsikamiil, B IKMX 3al04YaTKOBAHO PO3B’SI3aHHS
AaHoi mpodaeMH i Ha fIKi cnupaeTrbesi aBTOP. Po3BUTOK T100aNbHOT KOMIT'IOTEPHOT Mepexi
[HTepHET BIIKpUMB HOBI NEPCIEKTUBHU BJOCKOHAJIEHHS OCBITHBOI cucteMu. IlloBcrogHO
TpaAWLiiHI METOAM OCBITM aKTUBHO JIOMOBHIOIOTHCS HOBMMM METOJaMH HaBUaHHS,
3aCHOBAaHMMH Ha BUKOPUCTAaHHI KOMIT'IOTEPHUX MEpeX 1 TeEKOMYHIKaIlitHUX 3aco0iB [7-9].

VY pob6oti Bonde M. [10] 3a3Ha4aeThcs, 110 TpaaUIIHHI METOM HaBYaHHS JOMIHYIOTh Y
HAyKOBi OCBIiTi, mpoTe HOBi [T-3acHOBaHI MiAXOAM CHOPUSAIOTH MiABUIICHHIO PIBHSA YMiHb Y
CTYJICHTIB 1 MOTHBYIOTh iX MPOJOBKYBaTH HaBUAHHS B Iil 001acTi. MOXKIMBOCTI BUKOPUCTAHHS
KJIACHYHUX JIa0OpAaTOPHUX TMPAKTUKyMIB OOMEXeHI OararbMa NpPAKTUYHUMH TEPEIIKOIaMH,
TaKMMH K BapTICTh, Oe3meka i yac, mo poOUTh OCOOIMBO MPUBAOIMBUM Ta MEPCICKTUBHUM
BUKOPHCTAHHS BIpTyaJbHHX Jaboparopiii. Y [bOMYy TOCHIDKEHHI TOKa3aHO IiABHIICHHS
pe3yabTaTriB HaBuaHHS Ha 76% 13 BUKOpUCTaHHSAM irpoBoi jaboparopii imitanii (JIabctep) B
MOPIBHSIHHI 3 TPaJULINHUM HaBYaHHSAM. BiamoBimHo 0 BuCHOBKIB SkymkiHa A. A. Ta iH.
[11-13], cyuacHi iHbOpMaIIiifHI TEXHOJOTIi, TOCTYN A0 KOMITIOTepa Ta [HTepHETY H03BOJIAIOTH
3HAYHO MOJIMIINUTH SKICTh BUKJIaJaHHs 010XiMii Ta MATOTOBKY CTYAEHTIB.

3rigno 3 BusHadeHHsM O. B. Tpyxina, BipTyanbHa Jiaboparopist SBIsSIE COOOFO
MIPOrpaMHO-aNapaTHUi KOMIUIEKC, SIKUM a€ 3MOTY MPOBOAUTH AOCTiAN 6e3 HASBHOCTI peajbHOL
ycranoBkH [14]. Bydenko 1. B. BBaxae [15], mro 1ie 3aci0, sIKuit «iICTOTHO JAO3BOJISIE CKOPOTUTH
yac Ha po3poOKy METOAMYHUX MaTepiaiiB 1 HPUILIUTH OCHOBHY yBary MeTo/aM AOCIIIKYyBaHOL
Teopli Ta aHami3zy OJEP>KyBaHHX PE3YyNbTaTiBy». AHaNI3 JITepaTypu IOMOMarae HaBeCTH HHU3KY
nepeBar BUKOPUCTAHHS BipTyaldbHUX Jabopatopii [15, 16]:

1) e(eKTUBHE 3aCBOEHHS 3HAHb 13 BHUKOPHUCTAHHSM METOAIB CAaMOHAaBYaHHS Ta
CaMOKOHTPOJIIO;

2) HAOYHA UTIOCTpAIlisl 3aKOHIB Ta SIBUII, 0 BUBYAIOTHCS, OCOOIUBO, SIKIIO WIETHCS PO
SIBUIIIA MIKPOMIpY;

3) MOBHA Oe3MeKa MijJ yac OTPUMAHHS MPAKTHYHUX HABUUOK;

4) BIZICYTHICTh TIOTPEOH y BapTiCHOMY 00JIaTHaHHI, peaKTUBaX Ta poOOYOMY MicIli;

5) MOXJIUBICTh 3yIMUHUTH EKCIIEPUMEHT Ha Oyab-sSIKOMy eTari, o0 Kpalie 3pO3yMiTH
IpoI1iec, o BiAOyBa€eThCS;

6) MOXXJIUBICTB JOCIIIKEHB TYXKE CKIQTHUX O10JIOTTYHUX CUCTEM;

7) HaOyTTs JOCBiAY MOBEIIHKHA Y HECTAHIAPTHUX 1 MPOOIEMHUX CUTYAIIisIX;

8) MOXJTUBICTh BUKOPHCTAHHS y CaMOCTIHHIN poOOTi, AMCTaHIIHOMY HaBYaHHI Ta JUIs
aKTyai3allii OoTpuMaHuX 3HAHb;

9) HAOYHICTh, 30€piraHHs BENUKHUX OOCSTiB iH(OpMAIil pi3HOTO THITYy, OEIHAHHS NepeBar

XOPOLIOTo MiIPYYHUKA 3 MOXIJIMBOCTMU KOMIT'FOTEPA;

10)  TBOpYE MOAETIOBaHHA pealbHUX IPOLECIB, OCBOEHHSA yMIHb BECTH 3alMCH
CIOCTEPEekKEHb, CKJIAZATH 3BITH Ta IHTEPIPETYBaTH OTPUMAaHI J1aHi B 1a00paTOpHOMY KypHAJIi.
He cnix 3a0yBary, 1o iCHyIOTh CHUTYyallli, KOJIM peaJlbHUN €KCIIEPUMEHT Ma€ CyTTEBI IepeBaru
nepes BipTyaJbHUM:

- po6oTtH, sKi MoTpeOyroTh GOpPMYBaHHS MPOIETypH HaBUYOK [ 14];

- HaBYaHHS METO/IOM CIPOO Ta MOMMIIOK;
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- OTpUMaHHS Ta BUIPABICHHS pEAJTbHUX I[MOMHJIOK BHMIPIOBaHb Ta TIOSICHEHHS
PO301KHOCTEN MIXK TEOPI€IO Ta EKCTIEPUMEHTOM;
- BUKOPUCTAHHS BHCOKOBAapTICHUX TMpOTpaM MJis BipTyalbHUX EKCIEPUMEHTIB HE
BUTIPABIaHE B SIKOCTI 3aMiHH IPUMITHBHOTO JTJAOOpaTOPHOTO 001 HAHHSI.

Sk mokasye aHaji3 HasBHOI JiTepaTypH, MOTEHIlIal €JIEKTPOHHOTO OCBITHHOTO IPOCTOPY
B rany3l BHKJIagaHHS OioxiMmii Malo OCBO€HUWH, HE3BaKalO4M Ha HOr0 MOMKIMBOCTI.
BuxopucranHs Cy4acHHUX IHTEpAaKTHBHHMX 1H(MOPMALIMHUX TEXHOJIOTIH JO03BOJMTH HE TUIBKU
MiABUIIUTU 1HTEpEC CTYACHTIB /10 BHBUYEHHS Oi0XiMii, a W ICTOTHO 3MIHHTH MO3UIIII0 Y4HIB,
3pOOUBIIY X peaTbHUMH Cy0'€KTaMU CBOTO MPO(ECIifHOTO CTAHOBJICHHS.

Onuc mnpoBegeHOro eKCIEePUMEHTY Ta aHAJi3 pe3yabraTiB. Tpaauuiiinuii cnoci6
BUKJIAJaHHs 010JI0T19HOT XiMil rependayae HasSBHICTh JIAOOPATOPHOTO MpakTHKyMy. [Ipu 1ipomy
CTYIIEHTH, SIK TPABUJIO, MICIS O3HAHOMIICHHS 3 TEOPETHMYHUM MaTepiajoM 3 TEMHU 3aHATTA
caMOCTiiHO a0o0 miJ KepiBHUITBOM BHKJIaJada BUKOHYIOTH JJaOOpaTopHy poOOTy, OTpUMYIOUU
NpakTU4YHi HaBWYKK. OnHAK CTPIMKHIA pO3BUTOK OioXimii, mo BimOyBaeThCs B OCTaHHI
NECATUIITTS, IPU3BOAUTH 10 PO3MHUBAHHS 3B’SI3Ky MIXK MPAKTUYHOIO CKJIAI0BOIO Kypcy Ta Horo
TeOpeTHYHUM 3MicToM. CTaHIapTHUM akaJeMiYHuH TiAXiag 10 J1abOpaTOpPHOTO MPAKTUKYMY,
NPUMHATUIA Yy KJIaCHYHY YHIBEPCUTETCHbKY OCBITY XX CTONITTA, Ma€ Ha yBasl, 110 CTYACHT
MOBUHEH Tepes MOYaTkoM pOoOOTH MPEACTaBUTH HAMHCAHHWKA BIACHOPYYHO MPOTOKON 1 TUIaH
BUKOHAHHS POOOTH, SIKUH 1HIUBIAyaIbHO 0OTOBOPIOETHCA 3 BUKIanaueM. CTylIeHT BiAMOBiIae Ha
MMATaHHS, SKI TOBWHHI TPOJAEMOHCTPYBaTH, IO BIH PO3yMi€ METy Ta 3MICT PoOOTH 1 BCi
nofanei Aii Oyne BUKOHYBAaTH OCMUCIEHO. [Ticis IbOro CTyACHT HOMYyCKAEThCsl BUKIAJaueM 10
il BUKOHAHHS, a MICJs 3aKIHYEHHS 3aXMILAE MPOTOKOJI POOOTH, OOIPYHTOBYIOUM OTPHUMaHI
pe3ysbTaTH 1 3po0sIeH1 BUCHOBKH.

Ockinbku  Ol0OXIMII0 BHUKJIAJAlOTh CTYAEHTAM MOJOAIIMX KypCiB, BHUKOPUCTAHHS
BIPTyaJIbHHX E€KCIIEPUMEHTIB JOIUIbHE Tepes; 0e3mocepenHbor0 poOOoTo B JlabopaTtopli i
O3HAIOMJICHHSI 3 TEXHIKOI BUKOHAHHS €KCIIEPUMEHTIB, XIMiYHUM TOCy0M Ta oOnagHaHHsIM. Le
JO3BOJISIE CTYJACHTAM Kpaile MiAroTyBaTUCS 10 TPOBEACHHS IIMX YW MOMIOHUX JOCHTINIB Y
peanbHIi XiIMiuHIA JTabopaTtopii. BUKopucTaHHS KOMITIOTEPHUX MOJACICH CTHUMYIIOE CTYIACHTIB
EKCIIEPUMEHTYBATH Ta OTPUMYBATH 3a/I0BOJICHHS BiJl BIACHUX BIKPHUTTIB.

JlabGopaTtopHi poOOTH TPOBOAATH y BIpTyalbHIN jaboparopii, sika BKJIIOYAE HEOOX1THE
xiMiuyHe oOyamHaHHs (MPOOIpKH, KOJIOH, MITAaTUBU Ta iH.) 1 XiMiuHI peakTuBH. CKiIaa XIMIYHOTO
oOmagHaHHSA 1 XIMIYHMX PEaKTUBIB, HAJAHUX CTYIACHTAM, BHU3HAYA€THCS BIAMOBIIHO 0 TEMH
poGoru. Otxe, mix BipTyaJbHUMH Ja0opaTopisiMd OyZeMO pO3yMITH JBa THUIH
MpOrpaMHO-anapaTHUX KOMILIEKCIB:

* J1abOpaTopHy YCTAHOBKY 3 BIIJTAJICHHM JIOCTYIIOM — HA3BEMO TaKi KOMIUICKCH «IMCTaHIIIHHI
naboparopiin;

* MporpamMHe 3a0e3MeyeHHs, IO 03BOJSE MOACIIOBATH JAaOOpATOpHI AOCIIANW — BIPTYyalbHI
naboparopii (y By3bKOMY CEHCI).

VY Ham yac iCHye OOCHTh BeJlMKa KIJIbKICTh BIPTyaJbHUX JIabopaTropiid, TOCTYMHUX
KopucTyBauaM I[HTepHeTy. Bubip cepen HuX HaWOINbII NPUIATHUX 7S BUKOPUCTAHHS Y
BUKJIaIaHHI 010XiMii IPYHTYBaBCSl Ha TaKUX BUMOTaX: O€3KOIITOBHICTh, BiJCYTHICTh peeCTpalii,
IHTYITUBHO 3p03yMUINI iHTEep(deic, MOKIIMBICTH BUKOPUCTAHHS Ha OyIb-sIKOMY KOMITFOTEPI.

STAR (Software Tools for Academics and Researchers) — nporpama MaccadyceTcbkoro
TexHojoriyHoro iHcTuTyTy (MIT) 3 pOo3poOKku BipTyanbHHX J1a0OpaTOpiil IS TPOBEICHHS
nociipkeHb Ta HaBdyaHHA. Odiuilinuii caiit nporpamu: http://star.mit.edu. HaitGinbim 3pyunuit y
BukopucTtanHi StarBiochem — 3D-gizyanizaTop mosnekyin O11kiB (puc. 1). Mae rHydKke 1 1eTayibHE
HAJTAIITYBaHHS, TO3BOJISE Bi3yalli3yBaTH OyIb-sIKi MOJICKYIIH, 1[0 MICTATHCS y 0a3i JaHUX OUIKIB
(PDB). MoxnuBOCTI KOMIT'IOTEpHOT aHIMaIlii J03BOJISIOTH CTYACHTY C(HOpMYyBaTH HAOYHHM
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30poBHii  00pa3 TPOCTOPOBOI CTPYKTYPH CKJIATHUX MPHUPOTHUX croilyk. Kowmm rorepHe
MOJZICITIOBAHHS CTPYKTYPH TaKHX MOJICKYJI BXE 3apa3 € OIHHM 3 IHCTPYMEHTIB iX BHBYCHHS,
JI03BOJIIE TIO0AYMTH MOJIEKYIY Mifi PI3HUMH KyTaMH 30py, Ul OUIBII JETaJbHOTO OMHCY
BUJUINTH Y CTPYKTYpi MOJIEKYJIH OKpemi 00iacTi KoibopoM abo B 30iibimeHoMy MacmTaOi. Le
0COOJIMBO J0MOMarae B pO3yMiHHI O10XIMIYHHX HPOIECIB 32 y4acTi MOJIEKYJa a00 KOMILIEKCIB,
Akl He MoxHa moOauuth. Ilporpama m03BOJNISIE TaKOXK TNPEICTABUTH €JIEMEHTH BTOPUHHOI,
TPETUHHOT Ta YETBEPTUHHOI CTPYKTYPH, a TAKOXK CTPYKTYPH CKIIATHUX OLIKIB.

starglochem ® |- J[=] structure viewing Instructions
ples  Import Resel View |lelp

To dhange Lhe view of the structure:
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Puc. 1. Bizyanizayia monexynu ecemoenobiny 6 npoepami StarBiochem (Version 2.1)

Wolfram Demonstrations Project http://demonstrations.wolfram.com/. TlpucBsuenuit
HAaOYHIM JEMOHCTpAIii KOHIEMIIH Cy4acHOI HayKd Ta TEXHIKHM. MICTUTh OMM3BKO COTHI
Bi3yastizauiil 1abopatopHUX poOIT Ta mpoueciB 3 obnacti 6i0ximii. Marepianu, npeacTaBieHl B
IOMY TPOEKTI, € JIOTIYHUM JIOTIOBHEHHSM JICKLIHHOTO KypCy Ta Jar0Th MOXIIUBICTB CTYIEHTaM
eexTuBHO TOTyBaTtHcs A0 JlaboparopHux poOit. Hanpukmnan, pobora Some Peptide Properties
JO3BOJISIE  JTOCHTIIUTH 3aJICKHICTh  (DI3MKO-XIMIYHUX BIACTHBOCTEH TENTHIIB Bil iXHBOI
MEPBUHHOI CTPYKTYypH, HIO IyXXe BaXXKO 3pOOMTH B MeXaX TPAAULIAHUX Ja00paTOpHUX
MPaKTUKyMiB. BuUKOHyIouM 110 poOOTYy, CTYAEHTH MOXYTb CaMOCTIMHO 3alaTH Oyab-sKy
aMIHOKHCIJIOTHY IOCIIIOBHICTB 1 BITUYTH ce0e CIIpaBKHIMU A0 CTiTHUKAMH.

Po6orm DNA Base Pairing Ta Double Helix imoctpyrore npuanumu OymoBu JIHK,
Vitamin Explorer — MicTUTh OCHOBHY 1H(OpMAaLlil0 PO BITaMiHHU, BKIIOYAIOYM aJIbTEPHATUBHI
Ha3BU, MOJISIPHI MacH, JBOBUMIpPHI Ta TPHUBUMIPHI CTPYKTYpHI cxXxeMH Ta (i3UKO-XiIMidHi
xapakTepucTuku. PobGora Synergism and Antagonism 3a0e3neuye Bi3yami3allilo sSBHII
CHHEPTi3My Ta aHTAaroHi3My, MI0 BUHHUKAIOTH Yy MPOIECi OIHOYACHOTO 3aCTOCYBaHHS J[BOX
MPOTUMIKpPOOHUX 3aco0iB, JiKiB a0o iHMmMX OloJoriyHo axkTuBHUX cnoiyk. Glycolysis
NPEICTABIsE CHPOIICHUH OMUC IIIKOMi3y, TOCTIOBHOCTI peakIlii, B SKUX TIIOKO3a
MEePETBOPIOEThC Ha mipyBar. [lani 3 mmx poOIT MOXXHAa BHUKOPHUCTOBYBATH TAaKOX Y
MYJIBTUMEIIMHUX JIEKLIAX Ta MiJ 4ac MiATOTOBKM CTyAEHTaMHU Mpe3eHTaliil. Benmka yactuna
po6iT  (Michaelis-Menten Enzyme Kinetics and the Steady-State Approximation,
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Light-Dependent Reactions in Photosynthesis, Saturation Binding of Ligands to Proteins
Oxygen, Transport by Hemoglobin and Myoglobin Ta iHmI) MamTh 32 METy y CHPOIICHOMY
BUIVISLIL LTIOCTPYBATH AOCUTH CKJIA/IHI JAJIsl pO3yMiHHs 010XiMIUHI MPOLIECH Ta SBUIIIA.

The ChemCollective — BipTyabHA nmaboparopis:
http://www.chemcollective.org/vlab/vlab.php. OcobnuBicTio 1i€i 1abopatopii € Te, mo Oyab-sKi
3aBJIlaHHS BIJCYTHI, TOOTO TepemdadeHa cBoOoma il kopucTyBada. Hampukian, y poOoti
Predicting DNA Concentration CTyIeHT CcaMOCTIHHO JOCHI[DKYE PpEaKLilo MK
noninykineotuaaumu  tanmoramu  JIHK. BukopucroByroun HasiBHI pPEakTUBH Ta TOCYI,
HeoOxi1Ho mpurotyBaTu po3unH JIHK Bu3HaueHOi KOHIIEHTpAIII]l 1 MOSCHUTH MPOIECH, 110 TPH

OMY BiOyBaIOThCSI.

Concentration(%) of Agarose:

Select DNA:

Marker : 1 kb

®

Well 1

Well 2

Well 3

Well 4

Well 5

RESET SIMULATOR

TURN POWER OFF

TURN ON UV

Puc. 2. Cumynayus enekmpocghopesy /JHK 6 acapoznomy eeni
(poboma Agarose Gel Electrophoresise)

Virtual labs https://www.vlab.co.in. Pecypc 3abe3neuye BigmaneHwii qoctym [0
naboparopiii i3 6araTbox HayKOBHX Ta TEXHIYHUX AUCUUILTIH. CTyICHTH MOXYTb KOPHCTYBAaTHCS
pI3HUMHU IHCTpYMEHTaMHU JUIsl HaBYAHHS, BKIIOYAIOYM JOJATKOBI BEO-pEeCypCH, BiJICONEKITIi,
aHIMOBaHI JeMOHCTpalii Ta 3aco0u camoomiHku. Haiibinein 1ikaBi J1aboparopHi poOOTH 3
Oioximii Ta GioopraHivyHOl XiMii HaBeICHI HUXKYE:

Isoelectric Precipitation of Proteins: Casein from Milk
Detection of Adulteration in Milk

Estimation of Iodine Value of Fats and Oils

Estimation of Blood Glucose by Glucose Oxidase Method
Estimation of Saponification Value of Fats/Oils
Qualitative Analysis of Amino Acid

Qualitative Analysis of Carbohydrates

Quantitative Estimation of Amino Acids by Ninhydrin
Agarose Gel Electrophoresise (AGE) (puc. 2)
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VYci poGoTH CynpOBOIKYIOTECS ACTATLHUMHU MMOKPOKOBUMH 1HCTPYKITISIMU Ta ITiIKa3KaMu
(puc. 3), moO M03BOJIsIE CTYACHTaM BHUKOHYBAaTH iX camocTiiiHo. [[o Toro >k, mporpamu
1HOPMYIOTh CTYIEHTa IpO JOMYIIEHI MiJ Yac poOOTH MOMHJIKM Ta Ial0Th MOXJIHMBICTH IX
BuIpaBuTH. [[0 IesKux poOiT MoJar0ThCs TeMOHCTpalliiiHi poiuku Ha YouTube.

JIst IepeBipKH Ta OI[IHKM SKOCTI 3HaHb CTYJICHTIB, SIK1 3aBEPIININ BUBYCHHS HAaBYAIBHOL
mucuurutind - «bioxiMis», mpoBexeHo TectyBaHHS. Tect mictuth 80% 3aBmanp | piBHS
CKJIAJTHOCTI (PENPOAYyKTUBHUM PIBEHb — 3HATH OCHOBHI MOHATTS Ta 3aKOHOMIPHOCTI 0610J10T19HOT
ximil; ¢yHKIii, OyIOBY, BIACTHBOCTI XIMIYHHUX PEYOBHH, IO BXOIATH JO CKIANYy XUBUX
OpraHi3miB Ta OepyTh y4acTh y Ipoliecax >KHTTEIISUIBHOCTI; OCHOBHI METaOOIUHI IIIAXU) Ta
20% 3aBnanp Il piBHA CKIQAHOCTI (KOHCTPYKTHUBHHMM piBEHb — YMITH PO3B’sA3yBaTH O10XIMi4HI
3a/1a4i; 3aIMCyBaTH PIBHIHHS PEaKIliid, 0 UTIOCTPYIOTh XIMIYHI BJACTUBOCTI OCHOBHUX PEYOBUH
OprafizMy Ta iX NEpeTBOPEHHS B Ipolecax MeTadoii3My; 3HaTH MeXaHi3MH Jii (epMeHTIB,
BiTaMiHIB, TOPMOHIB Ta IHIIUX O10JIOT1YHO AKTHBHUX PEYOBHH).

Isoelectric Precipitation of Proteins - Casein from Milk

INSTRUCTIONS

1. Click and drag the certrifuged milk
to pour it into the beaker connected
with pH-meter.

2. Click and drag the distilled water to
pour it into the same beaker to make
it equal volume

3. Click on the stopper to add HCI
4. When the pH-meter reading
reaches 4.6, click on the stopper to

stop the addition of HCI.

5. The milk gets precipitated at the
pH 4.6

RESET

MESSAGES v

Add HCl to the milk
0 solution till the pH-value
become 4.6. Click the

reset button

DISTILLED
WATER

Puc. 3. Bikno sipmyanvroi rabopamoproi pobomu Isoelectric Precipitation of Proteins:
Casein from Milk 3 arecopummom euxonanHs ma niokaskamu

3a pe3ynbraTaMy BUKOHAHHS 3aBJIaHb KiJbKICTh CTY/IEHTIB i3 BUCOKUM PiBHEM 3aCBOEHHS
Marepiany 30iunbmmiacs 3 10 no 14%, a KiTbKICTh CTY/IEHTIB, AKi OTpUMAaJIM 32 BAKOHAHHS TECTIB

oIiHKH Oinbine 74 6amniB — 3 54 no 78%.

OTxe, BUKOPUCTAHHS BipTyaJbHHUX Jaboparopiil miJ yac BUBUEHHs OioXiMii, 3a0e3meuye
LUTICHICTh Ta B3a€EMO3B 30K OKPEMHUX KOMIIOHEHTIB OCBITHHOTO TMpoIecy, (HopMyBaHHS
npodeciiHuX HaBUYOK MailOyTHhOro (axiBls, 301LIbIIye MOTHBAIIO 10 HABYAHHS, CIPHUSE
3aJTy4eHHIO CTYJICHTIB 10 HAyKOBOI POOOTH.

VY BukIagaHHi AUCIUILUTIHK «bioxiMis» palioHaJIbHO TOEIHYBATH TPaTUIliiHI (HOopMHU
HaBUaHHS 13 Cy4acHUMH iH(OpMAaLiifHUMU TeXHONOTiIMU. BUKkopucTaHi BipTyaibHi 1abopaTopHi
MPAaKTUKYMHU MICTATh Marepiaj, HEOOXITHWW JJIg TIATOTOBKH N0 JIa0OpaTOPHUX 3aHATH,
METOIMYHI BKa31BKM Y IMpOLECi BUKOHAHHS J1JaOOpaTOpHUX poOIT Ta 3a0e3MneuyloTh e(eKTHUBHE
BUBUCHHS KITIOYOBUX TeM. Lle 103BoMsie MABHIUTH SIKICTh HaBYaHHS, CPOPMYBATH y CTYJACHTIB
HEOOX1THI KOMITETEHIIIT Ta 3a0e3MeYNTH MIATPYHTS I OCBOEHHS IHITUX TUCIIUILIIH.

20


http://biotech01.vlabs.ac.in/Isoelectric_Precipitation_of_Proteins_Casein_from_Milk
http://biotech01.vlabs.ac.in/Isoelectric_Precipitation_of_Proteins_Casein_from_Milk

ISSN 1998-6939. InformationTechnologies in Education. 2021. Ne 3 (48)

CITHCOK BUKOPHUHCTAHHX JI’KEPEJI
1. ImpkeBuu, H.C. (2021). 3aranpHOmpeaMeTHI KOMITETEHIIIT y BUKIaAaHH 010Ximil. AkmyanbHi
numauHa cydacnoi Hayku ma oceimu (vacmuna II): I mamepianu Mixcnapoonoi
HAYK0BO-npakmuunoi Koughepenyii m. Jlveie, 10-11 uepsns 2021 poky. JIbBiB : JIbBIBCHKHIA
HaykoBui opym, 70.
2. Ianixigina, O. B. (2013). BukopucranHs BipTyaJbHUX Ja0opaTopiil miJ Yac BUKJIAJaHHS
MPaKTUYHUX 3aHATh. Medcecmpuncmeo, 4, 35-36.
3. Hatnos, C. A., Tonctonsarenko, C. A. (2000). [nTepHeT-TexHOOrIT Ta IUCTAHIII{HA OCBITA.
Ingpopmayiiine cycninbcmeo, 5, 29.
4, KuszeBa, M. B. (2014). CyuacHi momisiiu Ha TpoleC BUKIAAaHHSA O10XiMii y BHIIIHA
ko (3a Matepianamu FEBS Congress). Meouuna ximis (Medical Chemistry), 16, 4, 121.
5. Afshar, M., Han, Z. (2014). Teaching and learning medical biochemistry: perspectives from a
student and an educator. Medical Science Education, 24, 339-341.
6. Hofstein, A., Lunetta, V. N. (2003). The laboratory in science education: Foundations for
the twenty-first century. Science Education, 88 (1), 28-54.
7. Hepxauy, T. M. (2008). IndopmarriitHi TexHomOrii y BHUKJIaJaHHI XIMIYHUX IUCHUIUTIH :
[HaBYATbHO-METOMUYHHUN  TOCIOHMK I CTYASHTIB  BUIIMX HABYAIBHUX  3aKIajiB].
JuinponerpoBebk : BunaBaumTeo JJHY.
8. Kornberg, A. (1997). The two cultures; chemistry and biology. Biochemistry, 6,
6888—6891.
9. Black, P. N. (2020) A revolution in biochemistry and molecular biology education
informed by basic research to meet the demands of 21st century career paths 21st Century
Biochemistry and Molecular Biology Education. [Electronic resource]. URL:
http://www.jbc.org.
10. Bonde, M. (2015). Improving biotech education through gamified laboratory simulations.
FEBS Journal, Berlin, Germany, vol. 282, Supplement, 328-360.
11. Sxymkina, A. A., Anekceea, €. B., (2005). Bipryansni naboparopii. [lumanua
ingpopmamuszayii oceimu, 2, 7-36.
12. Muxaiinos, B. 10., TocreB, B. M., Kyrypakosa, B. B. (2002). BipryansHa mabopatopis K
3aci0 3abe3meueHHs] KOJNEKTUBHOI HAyKOBO-MeTOAM4YHOI pobotu. [lpayi XII miscnapoonoi
koughepenyii «ITO-2002». M. : IIpocnekt, 167-169.
13. T'ypina, H. A., Mensenesa, H. A. (2007). BipryanbHa iHdopMaliiiHo-ocBITHS 1aboparopis
K 3aci0 po3BUTKY camocTiitHOCTI. [H(opmaTuka Ta ocBirta, 3, 63—75.
14. Tpyxun, A. B. (2002). O6 ucnonap30BaHUHM BHPTYaJIbHBIX JTa0OpaTOpuii B 0Opa3oBaHUMU.
Omxpvimoe u oucmanyuonroe obpazosanue, 4 (8), 67-69.
15. Byuenxo, 1. B. (1999). Komn’torepu3aliis HaB4aHHS — CBIAYEHHS NpodeciiiHOol MaliCTepHOCTI
nenarora. Bee ona euumens, 2, 34—48.
16. HImurons, 1. B. (2013). ®opMmyBaHHS 3aralIbHONPEIMETHIX KOMIIETEHTHOCTEH Y Ipoieci
BUKJIaAaHHsA  Oiloximii: Metoguuni pexomenparii. Yepkacu: YHY imeni borgana
XMEIBHUIIBKOTO.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Ilkevych, N. S. (2021). General subject competencies in teaching biochemistry. Current issues
of modern science and education (part I1): Il materials of the International scientific-practical
conference, Lviv, June 10-11, 2021. Lviv: Lviv Scientific Forum, 70.

2. Panikhidina, O. V. (2013). The use of virtual laboratories during the teaching of practical
classes. Nursing, 4, 35-36.

3. Dyatlov, S. A., Tolstopyatenko S. A., (2000). Internet technologies and distance education.
Information Society, 3, 29.

4. Knyazeva, M. V. (2014). Modern views on the process of teaching biochemistry in high

21


http://www.jbc.org

ISSN 1998-6939. InformationTechnologies in Education. 2021. Ne 3 (48)

school (according to FEBS Congress). Medical Chemistry, 16, 4, 121.

5. Afshar, M., Han, Z. (2014). Teaching and learning medical biochemistry: perspectives from a
student and an educator. Medical Science Education, 24, 339-341.

6. Hofstein, A., Lunetta, V. N. (2003). The laboratory in science education: Foundations for the
twenty-first century. Science Education, 88 (1), 28-54.

7. Derkach, T. M. (2008). Information technologies in the teaching of chemical disciplines:
[educational and methodical manual for students of higher educational institutions].
Dnipropetrovsk: DNU Publishing House.

8. Kornberg, A. (1997). The two cultures; chemistry and biology. Biochemistry, 6, 6888—6891.

9. Black, P. N. (2020). A revolution in biochemistry and molecular biology education informed
by basic research to meet the demands of 21st century career paths 21st Century Biochemistry
and Molecular Biology Education [Electronic resource]. URL: http://www.jbc.org.

10. Bonde, M. (2015). Improving biotech education through gamified laboratory simulations.
FEBS Journal, Berlin, Germany, 282, Supplement, 328-360.

11. Yakushkina, A. A., Alekseeva, E. V., (2005). Virtual laboratories. Issues of informatization of
education, 2, 7-36.

12. Mikhailov, V. Yu., Gostev, V. M., Kugurakova, V. V. (2002). Virtual laboratory as a means of
providing collective scientific and methodical work. Proceedings of the XII International
Conference "ITO-2002". M .: Ilpocniekt, 167-169.

13. Gurina, N. A., Medvedeva, N. A. (2007). Virtual information and educational laboratory as a
means of developing independence. Informatics and Education, 3, 63-75.

14. Trukhin, A. V. (2002). On the use of virtual laboratories in education. Open and distance
education, 4 (8), 67-69.

15. Buchenko, I. V. (1999). Computerization of education is a testament to the professional skills
of a teacher. Everything for the teacher, 2, 34—48.

16. Shmigol, 1. V. (2013). Formation of general subject competencies in the process of teaching
biochemistry: Methodical recommendations. Cherkasy: Bohdan Khmelnytsky National
University.

Natalia Ilkevych
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USE OF VIRTUAL LABORATORIES IN STUDY OF BIOCHEMISTRY BY
STUDENTS OF NATURAL FACULTIES

The biochemistry course is one of the basic scientific disciplines studied by students of
the chemical and biological specialties of pedagogical universities. Its importance for the
methodological training of teachers is growing due to the increase in the volume of biochemical
content in school courses in organic chemistry and general biology. The purpose of the article is
to describe and analyze the capabilities of virtual laboratories that can be used in the study of the
discipline "Biochemistry" by students of natural faculties. The advantages and disadvantages of
using such services, features, prospects and examples of their use are given. Among the large
number of virtual labs available to Internet users STAR (Software Tools for Academics and
Researchers) — a program of the Massachusetts Institute of Technology, Wolfram
Demonstrations Project, The ChemCollective and Virtual Labs are selected. The choice of the
most suitable services for use was based on the following requirements: free, no registration, an
intuitive interface, the ability to use it on any computer connected to the Internet. The
possibilities of computer animation allow the student to form a visual image of the spatial
structure of complex natural compounds. Selected virtual laboratories contain material necessary
to prepare for laboratory exercises, demonstration videos on YouTube, as well as guidelines for
laboratory work and materials that can be used for preparing reports, presentations, in
independent and remote work and while mastering complex biochemical processes and

22


http://www.jbc.org

ISSN 1998-6939. InformationTechnologies in Education. 2021. Ne 3 (48)

phenomena.

To check and assess the knowledge of students after mastering the laboratory practice
with the involvement of virtual laboratories for testing. According to the results of the
assignments, the number of students with a high level of mastering the material increased from
10 to 14%, and the number of students who received marks of more than 74 points for
completing the tests — from 54 to 78%. Thus, the use of virtual laboratories can significantly
improve the quality of education.

Key words: virtual laboratories, information technologies, study of biochemistry,
university.
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