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BUMOI' 1O O®OPMJIEHHS 3BITY
J10 JABOPATOPHOI POBOTU

3BIT 0GOPMIIOIOTH HAa TMOABIMHOMY (PO3rOpHYTOMY) JHCTI mamepy. Ha
TUTYJIBHIM CTOPIHIII JJUCTA PO3TAIIOBYIOTh Ha3BY JIAOOPATOPHOI pOOOTH, BKA3YIOTh
npi3BUIIE, HOMEpP TPyIH, JaTy BHUKOHAHHS J1abopaTOpHOi pOOOTH, MPI3BHIIEC
KEpiBHHUKA.

VY 3BiTi BKa3ylOTh METY pOOOTH, BKa3yIOTh NMPOTPAMH, B SIKHX BUKOHYBaJIaCs
po0oTa, OMUCYIOTh PEe3yIbTaTH CIIOCTEPESIKECHHS Ta JOCIIKeHHsS. B KiHI 3BITY
MPUBOAATh PUCYHKH, IO MATBEPHKYIOTh BHUKOHAHHS JIA0OPATOPHOI pPOOOTH
(bopMmynu Crmojayk, YCTAaHOBKH BIPTYaJbHHMX XIMIYHHMX JOCHIIIB, pPO3PaxXyHKH
TOIO). 3alKMCH MMOBUHHI OYTH aKypaTHUMH, 3 IIUPOKUM IHTEPBAJIOM MIX PSIKaMU
Ta TOJISIMU. 3BIT 3aKIHUYEThCS BUCHOBKAMHM Ta BIAMOBIASIMHM Ha 3alUTaHHS, Kl

OyJu ToCcTaBJIeH] 10 1a00paTopHOi pOOOTH.

1.3AT'AJIBHI TIPABUJIA POBOTH B KOMIT IOTEPHIM JIABOPATOPII
1.1.Texnika 6e3mexu

[Ipu poGoTi 13 MEPCOHAIBPHUM KOMII FOTEPOM SK 1 3 BCIMa I1HIIMMU
SJICKTPOTIpUIIaIaMid HEOOXITHO TIEpII 32 BCE NOTPUMYBATHCS TPABHI OE3MEYHOTO
MOBOUKGHHST 3 CIEKTPUYHUM CTPYMOM. MoOro kepenaMH MOXYTb OyTH
MOIIKO/PKEHI PO3ETKM Ta Kabem, KOMIT IoTepHE OOJaJHaHHSA 3 BIJACYTHIMH
3aXMCHUMH KOXyxamu. KOHTakT Tiia JIOIWHUA 3 HOCISIMU €JEKTPUYHOI HAMPYTH
MPU3BOJUTh O CKOPOYEHHS M’ 531B, CyAOpOT, 3YNUHKH JWXaHHS, mepedoi Ta
3ynmuHKu podotu cepus. [Ipu ypaxkeHHI JTIOJUHU EJIEKTPOCTPYMOM HEOOX1THO
MIBUJKO BIAKIIOYUTH CTPYM 1 3BUIBHUTU TMOTEPHUIOrO BiJ APOTIB. Y BHUMNAAKY
3YNMUHKA JUXaHHS 70 MOTEPIHiJOoro MOTpiOHO TEPMIHOBO BUKJIMKATH JIKaps 1
HETalHO TPHUCTYNUTH A0 3AIMCHEHHS IITy4HOro nuxaHHs. llITyuyHe nuxaHHA
MOBHHHO TPOBOAUTHCSA pUTMIYHO (16-18 pasiB Ha XBWJIMHY) 1 aX IO CaMoOTO
OpUXOJy JKapsi YW BIJHOBJICHHS JuxaHHS. KpiM HeOe3Nneku ypakeHHS

CJIEKTPUYHUM CTPYMOM ICHYIOTH 1HIIN MOTEHIIMHO IIKIATUBI BUPOOHUYI (DAKTOPH.
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JIo HUX BITHOCSTHCS MIABHUILEHUHN PIBEHBb IIYMy Ha poOOYOMY MicCli, JKepeaamu
SKOTO MOXYTh OYyTH SIK MPALIOI0Yl MEXaHIYH1 YaCTUHH MPUCTPOIB KOMIT IOTEPIB TaK
1 cami TIpucyTHI B jaboparopii ocoOu. TpuBane 3HaXOMKEHHS JIOJUHU B
aTMoc(epl CTOPOHHIX IIyMiB MPU3BOAUTH 10 BTPATH HEIO KOHIEHTpALii yBaru Ta
3arajbHOI BTOMJICHOCTI. TaKOX 3HAYHOI HIKOAW 30pOBOMY 3/I0POB’I0 MPALIOI0YUX
3a JUCIUICSIMH KOMIT FOTEPHUX MOHITOPIB 3ajJa€ mpsiMa Ta BiIOWTa BijJ €KpaHIB
OJMMCKY4iCTh, HECTIPUSATIMBUNA PO3MOALT SCKPABOCTI B MOJI 30py Ta HEIOCTATHSA
OCBITJICHICTh Ha pobouoMy wicui. Tomy, s 3amoOiraHHi HemepeadavdeHux
BUITAIKIB UM BUIIAJIKIB IIKOIX 370POB’ 10 CIIiJI JOTPUMYBATHUCS HACTYITHUX MPaBUI
NMOBO/KEHHA B Jia0oparopisix, i, 30KkpeMa, mix 4yac podOTH 3 KOMII FOTEPHOIO
TeXHIKOI0:

. 3a00pOHSETHCS CAMOYMHHO 3MIHIOBATH OPIEHTAII0O POOOYOTO MICIIS
BIJIHOCHO BIKOH Ta CBITHJIBHHUKIB, 110 MOYE MPU3BECTH J0 MOSIBU MPSIMUX
Ta BIAOUTHX OJMCKIB, OPYIIEHHS HOPM IIOAO0 PO3TAlIyBaHHS CYMIKHUX
poOOYHX MICIIb;

. CaMOCTIMHO HE BIJIKJIFOYATH 3aXHCHI MPUCTPOI 1 HE MPOBOJIUTH 3MIHHU Y
KOHCTPYKIIii KOMITFOTEPHOI CUCTEMH, 1i arapaTHOTO 3a0e3MeUeHHS;

. HE TMPOBOJUTH CAMOCTIHHO PEMOHT amaparypd 4Yd 11 TEXHIYHE
HaJIaro[UKeHHs (Taki BHAUW POOIT BHKOHYIOTh TIUIBKH CIICLIATICTH 3
TEXHIYHOTO 00OCITyTOBYBAaHHS KOMIT FOTEPIB);

. He KjJacTu Oyab-sSKi XapyoBl NPOAYKTH 4YH, OCOOJMBO, HAmoi Ha
amaparypy abo Ois Hel;

- He 30epiraTu Ha poOOYOMY MicCIi Marip, TUCKETH, 1HIII HOCIT 1HpopMaIii,
3amacHi OJIOKW, JAeTall TOIO, SKII0O BOHM HE BUKOPUCTOBYIOTHCS MPH
BUKOHAHH1 IOTOYHOT poOOTH;

- He JI03BOJISIEThCS TpaitoBatu Ha 3acobax OT, ski MarOTh MOPYIIEHHS
IIJIICHOCTI KOPITYCY a00 130711111 IPOTIB KUBJICHHS;

. 3a00poHs€ThCS TpaioBaTH Ha 3acobax OT Mokpumu pykamu, abo y

BOJIOTOMY OJIsI31;



- 3a00pOHSETHCS BCTaBaTH 1 XOAUTHU O 1a6OPATOPii, BXOAUTHU 1 BUXOIUTH 3
nabopaTopii 6e3 103BOJTy KepiBHUKA POOIT HE3aIEKHO BiJl 4acy;

- HE MOXHa MpamroBaTH 0e3 30BHIMIHBOTO MTYYHOro abo MPHUPOIHOTO
OCBITJICHHS,

.- 3a00pOHSETHCS TPALIOBATH 3 MHUCIUICEM, Yy SKOTO TMia Yac poOOTH
3'SIBJIAIOTHCSI HEXApaKTEPHI CUTHAIM, HECTaOlIbHE 300pa)KeHHsS Ha eKpaHi
TOILIO;

. He JOMyCKaTu 10 poOoTH Ha 00JiaHaHHI 0c16 0e3 103BOTY KEPIBHUKA,;

. 3a00pOHSETHCS BXOJUTH B JIabopaTopiro 0e3 J03BOJIy KEpIBHHKA 1 J0
MOYATKY 3aHSTTS,

. Tepea MOYaTKOM 3aHATTS BUMHKATH Tene(OHHI amapaTH CTUIBHUKOBOTO
3B'SA3KYy, IHIIl TPHUCTPOI, SIKI 37aTHI BIIATBOPIOBATH CTOPOHHI 3BYKOBI

CHUTHAJIH.

[Ipo iumi HemepenOadeHi JaHWM TEPETIKOM TOMAIT CIiJ] TOBIIOMIISITH
BUKJIaJa4a a00 TEXHIYHUM TepcoHasn jadopartopii. [Ipu panToBOMy BHHUKHEHHI
aBapii YM MOXKEXI1 CIIJ IBHUAKO ajne 0e3 JOMyCKaHHS O3HAK IMaHIKM BUMKHYTHU
KOMII FOTEp 1 3aIMIIUTH TPUMILICHHS. SIKII0 ToKeka HOCUTH JIOKAThHHUX XapaKTep,
HEOOX1THO CKOPHUCTATHCS HAasgBHUMHU 3ac00aMM TOKEKOTACIHHS: MOPOIIKOBI abo
BYTJICKUCJIOTHI BOTHETACHUKH, CUITYYHI MaTepiall, 0 HE IPOBOIUTH €JICKTPUIHHIMA
cTpyM. BorneracHukamu, SK TpaBWJIO, YKOMIUIEKTOBaHI BcCi JiabopaTtopii
O0OYHMCITIOBAIEHOT TEXHIKM B JOCTATHIM KUTBKOCTi. PO3TalIoByIOTHCSI BOHU 3aBXKIH
Ha BUJHHUX Ta JIETKOJOCTYNHUX MicIsX. OcoOnuBy yBary TakoX CIiA TPUIUISATH
opraHizaiiii cBo€i poOOTH 3a NEepCOHAIBHUM KOMI OTepoMm. [l mporo ciia
JTOTPUMYBATUCh HACTYITHUX PEKOMEH/IAITIN:

1) Cimatu 3a KoOMIT'IOT€p HEOOXIAHO BIJIBHO, 0O€3 HaNpyKCHHs, He
CYTYJISTYUCH, HE HAXWISIOUNCH 1 HE HABAIOIOUNCH HAa CIIMHKY CTiTBIIS.

2) Ilnewi mpu poOoTi mOBHMHHI OyTH po3cnabieHi, IKTI — 3Jerka
noTopkaTtucs Tynayoa. [lepearunyus MOBUHHI 3HAXOAUTHUCS HA TiK K€ BUCOTI, IO i

KJIaBiaTypa.



3) Ilepen modaTtkoM pPOOOTH BIAPETYIIOWTE CTIENbh TakK, MO0 KyT MiX
wiedyeM 1 nepeamtiyusM OyB Tpoxu OumbimuM 90°. Tino Mae 3HaXOQUTHCS Ha

Bizactadl 15-16¢m Bij cToa

1.2.IlpaBuiia BMUKAHHSI/BUMHKAHHSI KOMII I0Tepa

Ha BigMiHy BiJ OUIBIIOCTI EJEKTPUYHUX YU IMOOYTOBUX NPHIAAIB s
MEPCOHATBHOTO KOMIT F0Te€pa MOTPIOHO TOTPUMYBATHUCS MpaBUi HOT0 BMUKAHHS Ta
BUMUKAHHS.

[TocmimoBHICTP BMUKaHHS KOMIIOHEHTIB KOMII IOTEpa B PI3HUX JDKeperax
ommcaHa Mmo-pizHoMy. Ta 0coOnmMBOi pi3HMIN MK HUMH HeMae. Xouda BCE-TaKH
O0akaHO BMMKATH CIOYATKy MOHITOP, HATHUCHYBIIM Ha BIJMOBIAHY KJaBilly Ha
JIMIILOBIN ITaHeNl, a IOTIM B)Ke cCUCTEMHHUU OJIOK. CHCTEMHHN OJIOK BMUKAETHCS
HATHCHEHHSM Ha KHONKY POwer fkuBiieHHs). 3HalWTH 1[I0 KHOMKY JEKOIH OyBae
NpoOJIEMAaTUIHO, OCKIJIBKU JU3AMHEPU CHCTEMHUX OJIOKIB JEKOJIM HaMararoThCs
CTBOPUTH CIIpaBXkHI LieAeBpu abcTpakiioHiaMy. Ta oaHe B CHUCTEMHHX OJOKax
3aJUIIAE€THCS HE3MIHHUM — KHOTIKa BMHUKaHHS. Hero 3aBau € HailOiIbIIa KHOMKA
Ha MEepeIHIi YaCTUHI CUCTEMHOTr0 OJIOKY. [HIIIOI0 KHOMKOI0 Ha CUCTEMHOMY OJIOI,
K TIpaBWJIO TOpPsA i3 KHOMKoo Power,e kHonka Reset.Bona mpusnadena mms
nepe3aBaHTAKEHHS KOMIT I0Tepa, B pa3l BUHUKHEHHs 300iB B Moro poOoTi abo
3aBrucaHHi (BimMOBa pearyBaHHs Ha Oynb-siki Ail kopuctyBada). [licist Toro sik BU
HATHCHYJIM KHOTIKY BMUKAaHHS Ha €KpaHi MOHITOpa MOYMHAE BioOpakaTHCs TEeBHA
TekcToBa abo rpadiuna iHpopmaris. [leil mporec Ha3WBaETHCA 3aBAHTAKEHHAM
KoMIl' 0Tepa. BiH TpuBae Bil MOMEHTY HAaTHCHEHHS Ha KHOMKY Poweri ax no
NOSIBM BIKHA BBOJY JAHUX KOPUCTYyBada IJisi BXOIY.

PosrasHeMo ocoOauMBOCTI BUMUKaHHS KOMI toTepa. Komm'iorep BUMUKATH
BiJipady He MoykHa. Crnouyarky MoTpiOHO HATUCHYTH Ha KHomky Cucrema i
MOCTIZIOBHO BHUKOHATH MYHKTH <«3aBepHIUTH PoooTY» i «BUMKHEHHS» a0o
«Ilepe3aBaHTaxkeHHs». [licisi aBTOMaTMYHOTO BUMHKAHHS CHCTEMHOTO OJIOKY

yepes JesaKuid yac He0OX1JTHO BAMKHYTH MOHITOD.



Ilepeo nouamkom pob6omu HeooOXiOHO:.

[lepexonaTucs y BiICYTHOCTI BUAUMUX TOMIKOKEHb HA pOOOYOMY MiCIIi.
Po3micTuTi Ha CTOJI 3O0IIMTH, HABYAJIBHI IMOCIOHHMKH TakK, [0 O BOHU HE
3aBakaju poOOTI Ha KOMII FOTEPI.

[TpuiinsaTu npaBUiibHY poO0OUy MO3Yy.

[ToguBUTHCH, HAa 1HAUMKATOP MOHITOpPA 1 CUCTEMHOro OJIOKY 1 BHU3HA4YWTH,
BKJIIOUEHUH a00 BHUMKHEHMH Komm'totep. IlepeMicTuTi Mumly, SKIIO
KOMITIOT€p 3HAXOJUThCA B €HEProzoepirarouoMy cTaHi ab0 BKIHOYUTH

MOHITOD, SIKIIO BiH OyB BUMKHEHUIA.

Ilpu pooomi é komn'wmepHniil 1a60pamopii Kame2opuuHo 3a00pPOHAECMbCA.

3HaxX0AUTHUCS B 1abopaTopli y BEPXHbOMY OJSI3I.

KracTtu ofsr i CyMKHU Ha CTOJIH.

3HaxXOIUTHUCS B JIabopaTopii 3 HANIOSMHU Ta 1/10FO.

PosramoByBaTucs 300Ky ab0 33a1y Bij BKIIOUEHOTO MOHITOPA.
[IpuennyBatu abo Bija'eIHYBaTH Ka0eJi, 4inaTu po3'€eMH, IPOTH 1 PO3ETKH.
[lepecyBaTu KOMI'TOTEpU 1 MOHITOPH.

BigkpuBaTtu cucteMHu OJIOK.

Bxirouaty 1 BAMHUKATH KOMIT FOTEPH CaMOCTIHHO.

Hamarartucs caMocCTiiiHO yCyBaTH HECIIPaBHOCTI B pOOOTI anaparypHu.
[TepexpuBaTu BEHTUJIALIMHI OTBOPU HA CUCTEMHOMY OJIOL Ta MOHITOPI.
VY napsiTi o KiaBiaTypi, HATUCKYBATH OE3IUIBHO Ha KJIABIIIII.

Knactu xkHurH, 30IIMTH Ta 1HIII pedl Ha KJIaBiaTypy, MOHITOpP 1 CUCTEMHUMN
0JIOK.

Bunansatu 1 nepemimaty 4yxi Qaitnu.

[IpuHOCHTH 1 3aITyCKaTH KOMIT FOTE€PHI1 IFPH.



2. TEOPETUYHA YACTUHA
Po3pin 1
KOMIT'FOTEPHI TEXHOJIOT'TI Y BUKJIATAHHI XIMII B IIIKOJII:
CTAH CIHIPAB I IEPCIIEKTUBHA

1.1.BnpoBaaxenHsi ingopmManiiiH0-KOMYHIKATUBHUX TEXHOJIOTIiH y
HaBYAJIbHUI mpouec

Hapasi ocBiTHIli mpoiiec 3HaXoauThcs y cTaHl iHGopmaruzaiii. CydacHi
1H(bOpMaIIHHO-KOMYHIKaTUBHI TEXHOJIOT1i BXOASATHh B YC1 chepu KUTTEAISAILHOCTI
JIOAVMHM, 1 B OCBITY 30KpeMa. CyyacHICTh BHMMAara€ HOBUX MIIXOAIB [0
HABYAJILHOTO TIPOIIECY, HOBUX METOJIB, ()OpPM IOJAaHHS HaBUYaJbHOI 1H(OpMAIIii.
3o0kpeMa, HOBI MiAXOAM MOTPIOHI 1 Y BUKJIaJaHH] XiMii Ta MPUPOJHUYUUX AUCHUTUIIH
B miomy. OnmHUM 13 TakKuxX TWIAXOMIB € BHUKOPUCTAaHHS 1HQOpMaIliiHO-
rkomyHikatuBHUX TexHouorid (IKT) mix yac HaB4ampHOTO mpoliecy. BukopucraHHs
IKT y Buknagansi XiMii J03BOJIsi€ IHTEHCU(IKYBAaTH OCBITHIHM MpoLEec, TPUCKOPUTH
nepeaady 3HaHb 1 IOCB11Y, @ TAKOX IMIIBUIIIUTH SKICTh HABYaHHS U OCBITH.

OcTaHHIM YacoM MOMITHO 3pocia KUIbKICTb JOCHIKEHb, TPEIMETOM SKHUX
ctano BukopuctanHs IKT y naBuanbHOMYy niporieci. Lliit Temi B Ykpaini npucBsUeHi
JOCJIIDKEHHST TakKuxX HaykoBIliB, k. O.M. bonmapenko, B.®. 3abonoruuii, I'.0.
KoznakoBa, O.A. Mimenko Ta iHmri. Po3po0Okoro 1 BIpOBaKEHHSIM Yy HaBYAIbHHIMA
IpoIieC HOBUX 1H(POPMAIIHHUX TEXHOJIOT1M aKTUBHO 3alMarOThCS TaKi JOCITITHUKH
sk JiImutpeeBa E.U., Hosukos C.VY ., [lominos T.A. ta 6araro iHmmx.

[Mutanns Buxopuctanns IKT s HaByaHHS XiMil BXXe pO3IIIAIANOCS
pi3HuUMU BYeHUMH. Tak, B.®D. 3abonoTHuii, 0OIPYHTOBYIOUM HEOOXIIHICTh
BukopuctanHs [KT B oCBITHBOMY MpoIIeCi, 3a3HAYUB, MO JUTAKTUIHI MOXKJITHBOCTI
MEeBHUX TEXHIYHUX 3aCO01B CITIBBIIHOCHI 3 MIEBHUMHU Oa’KaHUMHU XapaKTePHUCTHUKAMHU
[1]. I.A. CMonbsHHIKOBA 3a3HAdYae, 10 «CydacHUH (axiBelb B OYyIb-sIKid raysi
MOBUHEH BOJIOAITH HABUYKAMH BUKOPUCTAHHS 1HQOPMAIITHUX Ta KOMYHIKallIHHUX
TEeXHOJOri y mpodeciiHomy KoHTEKCTI» [15]. CywacHuit piBeHb PO3BUTKY

CYCIIJIbCTBA BHMAarae BIiA THX, XTO HAaBUA€ThCS [JIOCBIAY ICHYBaHHA B



1HbOopMaLIiHOMY TPOCTOpl. B KOHTEKCTI MIKITBHOI OCBITH 1I€ BEJE 10 PO3IIISTY
moxknuBocted  IKT  cTOCOBHO  CTBOpEHHS  TEXHOJIOTIYHOTO  HAaBYaJbHOTO
cepenoBuIa (TOOTO HABYAJIBLHOTO CEPEOBHUIIA, B SIKOMY HOPS 13 TPaAULiIHHUMU
MaTepiajlaMu Ta BUJaMU pOOOTH BUKOPUCTOBYIOThCS MOKINBOCTI pecypceiB IKT Ta
HaBYaJIbHI MaTEPiaJld HOBOI'O IOKOJIIHHS).
BropoBamkenns iHopMaliiiHO-KOMYyHIKATUBHUX TEXHOJIOTIN y HaBYaIbHUN
MPOLIEC XapaKTEPU3Y€EThCS:
" [IOCTYIIOBMM HApOIIyBaHHAM TEMILY,
" 3MIHOIO KIJIbKICHUX Ta SIKICHUX XapaKTEpUCTUK 3aC001B,;
" 30UIbLIEHHSAM 00cCsry iH(QOpPMAIIHUX MOTOKIB, 3MIHOIO TEXHOJOTIH
BUKJIAJIaHHS;
" TpaHChOpPMAIIIEI0 CUCTEM B3a€EMOCTOCYHKIB Y CHUCTEMaX <«y4UTENIb —
yUEHb», «YUUTEIb — FPyIla YUHIB», «yueHb — Ipyma yuHiB» [19].
Oxpim toro, BapoBamxeHHs: IKT y HaBuanpHUl mpoliec BUMarae po3pooKu
Ta MPAKTUYHOTO BUKOPUCTAHHS HAyKOBO-METOAMYHOTO 3a0€3MEUYEeHHs, CTBOPEHHS
i epeKTUBHOrO 3aCTOCYBaHHS IHCTPYMEHTAJbHMX 3aCO0IB 1  CHCTEM
KOMITIOTEPHOTO HaBYaHHA ¥ KOHTPOJIK 3HAaHb, CUCTEMHOI IHTerpamii Lux
TEXHOJIOT1M B ICHYIOU1 HaBYaJIbHI IIPOIIECH Ta OpraHi3alliiiHi CTPYKTYpH.
Takum unHOM, cydacHicTh BuMarae BeaeHHs IKT B ocBiTHIN mpoiiec, aje
metoauka BrpoBamkeHHs IKT B nmpoiiec HaBYaHHS 1€ HE TOCTAaTHBO PO3pPOOIICHA.
Kowmn'totep crnipusie po3BUTKY CaMOCTIMHOCTI 1 TBOPYMX 3110HOCTEH Y4YHIB,
cremianbHol abo 3aranbHOi 00apOBaHOCTI, (POPMYBAHHIO MOMITEXHIYHUX 3HAHb,
3a0e3neuye 1HTEHCH]IKaIil0 JISUTbHOCTI BUUTENS Ta y4YHIB Ha YpOLl 1 B mpoiieci
MIJTOTOBKUA 10 HBOTO, 3JiMCHEHHs AudepeHiiamnii ¥ iHauBiayasizaiii HaBYaHHS,
MOCHIJTFOE MDKIIPEAMETHI 3B’ SI3KH, JO3BOJISIE€ 3MIHUTH CaMy TEXHOJIOTIIO HaJlaHHS
OCBITHIX TOCJIYT, 3pOOWTH YpOK OUIbII HAOYHUM 1 I[IKaBUM. A BCE II€ pa3oM Jae
3MOTy MOKPAILIUTH SIKICTh HABYAHHS Y IIKOJII.
[IpakTika mokasye, IO MPOOJEMH HHHIIIHBOI MIKIIBHOI OCBITU MOXYTh
OyTH BHUpIIICHI Ha SKICHO IHIIOMY PIBHI 3aBISKUA 3aCTOCYBaHHIO KOMIT FOTEPHOI

texHikn 1 HOBITHIX KT. Tak, BHUKOpPUCTaHHA TEJIEKOMYyHIKAI[IHHUX Ta
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iHbpopMaliiHuX  pecypciB  IHTepHETY A03BOJsiE HE TUIBKM  JIOMOBHHUTHU
iH(popMalliliHe HAaTOBHEHHS HAaBYAJIbHUX JUCLUIUTIH Y 3aralIbHOOCBITHIN MIKOJIL, a U
CYTTEBO 3MIHUTH METOJWKH I1X BHKJIAJaHHS, OHOBUTH 3MICT HaBYaHHSA, SKiCHO
BIocKoHamoBatu ¢axosicte mnenarora. Cywacuni IKT mokopiHHO 3MiHWIM Hare
ysIBJICHHS TIpo Tpaauiiiini popmu HadaHHs [10]. OcKiIbKH HAHOUIBII JOCTYITHHM
Cepe/loBUIIIEM JUIS peaili3allii OCBITAHCHKUX TIporpaM HuHI € IHTepHeT, TO
3aKOHOMIPHHM TIOCTA€ TOEAHAHHS 1 CTBOPEHHS OCBITSHCHKOTO MPOCTOPY, IO
HA/JacTh BEIMYE3HUX MOXKIUBOCTEH [UIsI OCBITHIX YCTAHOB pi3HOTO pIiBHSA B
peaiizalii CBOro OCBITHBOTO IOTEHIIANly HAa OLIbII JOCKOHAJIOMY Ta SKICHOMY
PiBHI.

Ha ypokax 3 TpUpPOJHUYO-MATEMATUYHUX JUCHUIUTIH KOMI FOTEp
BUKOPHUCTOBYETHCA SIK 3aci0 HABYaHHS 1 SK 1HCTPYMEHT aBTOMaTH3allli HaBYaJIbHOI
nismpHOCTI. MOro MoXkHa 3aCTOCOBYBATH BIPOJOBXK YChOTO YPOKY HPH BHBYEHHI
HOBOT'O Marepiajly, HOro MOBTOPEHHI 1 3aKpITUICHH], KOHTPOJII 3HaHb, 4 TAKOXK MPH
MIATOTOBINI JI0 3aHATH Ha ypomi. OmHak HEOOXIAHO BHKOPHUCTOBYBATH Pi3HI
cnocobu 3acrocyBanHs IKT Ha ypokax, OCKITbKM MOHOTOHHE IX 3aCTOCYBaHHS
CTpPUMY€E LUIICHE 1 TBOpYE CIPHUHHATTS HaBUaJIbHOIO Marepiany. BmpoBamxeHHs
1H(popMaIiTHO-KOMYHIKAIIMHUX TEXHOJOT1M — I1€ OCBITHS CTpaTeris BUKJIAJaHHA 1
HaBuyaHHA. (OcCOONMBICTH TEXHOJOTII B TOMy, 10 1ii He 0OOB'SI3KOBO
BUKOPHCTOBYBaTH Ha BCIX €Tamax ypoky, 00 BOHa moTpeOye MEBHOTO MiAIPYHTS,
TOJATKOBUX 3YCHJb, Yacy 1 € JIOPEYHOIO TMPHU PO3B’sI3aHHI HU3KK TPOOIIEMHUX

3a]1a4 Cy4acHOT METOAMKHU BUKIIAQAAHHS YPOKY X1Mii.

1.2.MoxauBocti Bukopuctanas IKT nmix yac Bukaaganus ximii

BusnaueHHss cy4acHOro eramy pO3BUTKY CYCIUIBCTBA, 1HTEHCHBHHMA
PO3BUTOK CY4YacHHMX 1H(OpPMAaIiHO-KOMYHIKATUBHUX TEXHOJIOT1M, BH3HAHHS
HEOOX1THOCT1 OCBITH IPOTSATOM BChOT'O JKUTTS JIFOJUHU — BCE 1€ BHU3HAYAE
HEOOX1/IHICTh IIMPOKOTO BHKOPUCTAHHS 1H(GOPMALIMHUX TEXHOJIOTIH B CHCTEMI

OCBITH B IIIJIOMY Ta MPU BUKJIQJaHHI MPUPOJHUYUX JUCIUILIIH 30Kpema.
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CyuacHi 1H(popmamiiiHi TexHojdorii — ue ¢GopMu 1 MeToAW mepenayi
iHpopMarii 3a TOMOMOTOI0 HOBITHIX 3ac00iB Ta MPHUCTPOIB 3B'SI3KYy (TenebadeHHs,
KOMII'toTepu3ariisi, [HTepHeT Ta MOOIIbHA MEpeKa 3B'SI3KY ).

[HdpopmariiiHO-KOMYyHIKAIIHI TEXHOJIOT1] — 11€ CYKYIHICTh METO/IiB, 3aC001B
1 MPUMOMIB, IO BUKOPUCTOBYIOTHCS [JIsi J00OpY, OIpallfoBaHHs, 30epiraHHs,
MOJaHHs, TEepeaaBaHHs pPI3HOMAHITHUX JaHUX 1 MaTepianiB, HEOOXITHUX MJIs
MiABUIICHHS e(DeKTHBHOCTI Pi3HUX BHUIIB AisSUTBHOCTI [12].

Ha nymKky nokTopa TexHIYHMX Hayk, mnpodecopa, akanemika HAIIHY
B.IO.bukoBa «Ha OCHOBI MO€AHAHHA TPAOUIIAHUX TEAArOTIYHUX  Ta
1HpOpMaLIHHO-KOMYHIKALlIMHUX ~ TEXHOJIOT1IM  HaBYaHHA  BJA€ThCS  3HAYHO
e(EeKTUBHIIIIE PO3BUHYTH 1 TPUMHOXKUTU MPHUPOJIHI 3aJaTKH 1 3A10HOCTI JIFOAUHH.
BuxopucTtanHs nux TEXHOJOTIN y Mpolieci HaBYaHHsS CTBOPIOE JT0OJAATKOBI YMOBH 1
CIPUYMHIOE TOSIBY HOBHX IIIJIEH Ta OHOBJIEHHS 3MICTY OCBITH, JIa€ 3MOTY JOCSITTH
3HAYHO OUIBIIUX PE3yJIbTaTIB HaBYAIBHOI JISUIBHOCTI, 3a0€3MEeUnUTH JJIs1 KOKHOTO
y4Hs1 GOPMYBaHHS 1 PO3BUTOK iXHBOT BIIACHOI OCBITHBOT TpaeKTopii» [4].

Posrnsnaroun npo6nemy iHterpamii IKT y ocBitHROMY mporieci, BapTo
3a3HAYMTH, 10 HAa CyYaCHOMY €Talll 3HayHa yBara MpHUIUISETbCS MaTepilaibHO-
TEXHIYHOMY, MPOTPaMHOMY, METOJUYHOMY 3a0€3MEUYEHHIO0 MO0 BUKOPHUCTAHHS
IKT y HaByanbHO-BUXOBHOMY mpoiieci. [IpoBeneHHST  MOHITOPHHIOBHX,
aHAJIITUYHUX Ta IHIOUX JOCHIIKeHb Ha PIBHI JEpkKaBH, y4acTb y MIKHApPOJHUX
NPOEKTaX, CIpuse BUPOOJICHHIO CTpaTEriuHuX miaxoaiB a0 BrpoBamkeHHs IKT y
HAaBYAJIBHUN TMpOLIeC, IO 3HAYHOIO MIPOIO CHpHUs€ BUABICHHIO TEHICHIN Ta
aHami3zy mpobisieM 1 mpocysae ix po3B's3aHHs. ChOro/iHI B YKpaiHi Ha Jep>KaBHOMY
PiBHI pOOIATHCS MIEBHI Kpoku st BipoBaKeHHs IKT y ocBiTHIM mporiec.

[npopmaTu3zaniss cycminbcTBa MOB’Si3aHa, HacaMmepel, 3 PO3BUTKOM
KOMIT FOTEPHOT TEXHIKH, PI3HOMAHITHOTO MPOTPAMHOTO 3a0e3MeueHHs, rI100aTbHUX
mepex (IHTepHeT) Ta MyJIBTUMEIIHHUX TEXHOJIOTH.

Mynvmumeditini 3acobu HaBYaHHA 3aliMalOTh BAXKJIMBE MICIE y PO3BUTKY
iHpopMmariiinoro  cycnuibcTBa.  MysnbTUMERiiHI ~ 3acOo0M  HaBYaHHS 34

C.Y.ToHuapeHKO — 1€ KOMIUIEKC amapaTHUX 1 MpOrpaMHUX 3aco0iB, IO
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J03BOJISIIOTh  KOPUCTYBAY€Bl CIIJIKYBATUCS 3 KOMIT IOTEPOM, BUKOPHUCTOBYHOUH
pI3HOMaHITHI, TpUPOIHI I cebe cepenoBuina: rpadiky, TIIEPTEKCTH, 3BYK,
aHiMallo, Bigeo. MynbTUMEIIHHI  CUCTEMHM  HAJalOTh  KOPUCTyBayeBi
MEPCOHANBHOTO KOMII I0Tepa Taki BuUAu 1HGOpMAIi: TEKCT, 300pa)KeHHS;
aHIMaIliiHI KapTUHKU, ayJloKOMeHTapi; uudpoBe Bigeo. TexHonorii, sKi
JIO3BOJIAIOTH 3 JIOMIOMOTOI0 KOMII FOT€pa I1HTErpyBaTH, OOpOOJSATH 1 BOJHOYAC
BIITBOPIOBATH PI3HOMAHITHI THIM CUTHAJIB, Pi3HI CEPEIOBHINA, 3aCO0H 1 criocoon
0OMiHY 1H(pOpMAIIi€r0, HA3UBAIOTHCSA MYJIbTUMETIHHUMH [7].

HoBi mynbpTuMeniiiHi 3aco0u, B SKHMX BUKOPHUCTOBYETHCS ayi0-Bi3yadbHUI
dbopMar, HaJAIOTh Takl MOXJIUBOCTI, SIKI TpaauUIAHI MIAPYYHUKHA HAAATH HE
MOXYThb.

I.B. CraBunpka mnpomonye [17] pi3Hi crocoOuM 3acTOCyBaHHS 3aco0iB
MyJbTUMEIa B HABUYATBHOMY MPOIIEC, CEpel IKUX:

" BHUKOPUCTAaHHS  EJIEKTPOHHUX  JIGKTOPIB, TpPEHaXepiB, MIAPYYHHUKIB,

CHIMKJIOMEIIH;

" po3po0OKa CUTYAIIHHO-POHOBHUX Ta IHTEIEKTYATbHUX 1TOP 3 BUKOPUCTAHHSIM

IITY9HOTO 1HTEJIEKTY;

"  MOJIEIIOBAHHS MPOIIECIB 1 SBHIII;

" 3a0e3MeueHHs JUCTAHLINHOT (OpMU HABUAHHS;

" [IPOBEJCHHS IHTEPAKTUBHUX OCBITHIX TeJIEKOH(EPEHIIi;

" o0yqoBa CHUCTEM KOHTPOJK ¥ TEpeBIpKM 3HAaHb 1 YMIHb CTYJIEHTIB

(BUKOpHCTaHHS KOHTPOIIOIOYNX POTPAM-TECTIB);

" CTBOPEHHS 1 MIATPUMKA CalTIB HAaBYAIbHUX 3aKJIa/IiB;
" CTBOPEHHs MPE3EHTAlliil HaBYaJIbHOTO MaTepiaiy;
" 3ifiCHEHHS MPOEKTHBHOI 1 JOCIIHUIIBKOI AISUIBHOCTI CTYACHTIB ToIo [1].

MynbTuMeniiHl 3aco0u JO3BOJISIIOTH 3aJisITH Maibke BCl OpraHd YyTTS
CTYZCHTIB, MOEAHYIOUH JAPYKOBaHUI TEKCT, TpadiuyHe 300pakeHHs, PyXOMe BiJ€O0,
cratuuHl Qortorpadii Ta ayaio3anuc, CTBOPIOIOYHM <«BIPTyallbHY pPEabHICTB»
CIPaBXHBOTO CHIIKyBaHHA. JloBeAeHO, MO0 3acTOCYBaHHS MYJIBTHUMEIIHHUX

MaTrepiajiiB Ta KOMII IOTEPHUX MEPEX CKOpOUye 4Yac HaBYaHHS Maike BTpHUi, a
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piBEeHb 3amam ATOBYBaHHS Yepe3 OJHOYACHE BHKOPUCTAHHS 300pa)k€Hb, 3BYKY,
Tekcry 3poctae Ha 30-40BiacoTkis [17].

[HTeHCHBHICTH ~ KOMIT FOTEpH3allii  ypOKIiB  XiMii  BH3HAYAEThCA  iX
CIPSIMOBAHICTIO: Ti, MO TPOBOIATHCS 3 €IEMEHTAMH MYJIbTHUMEIIS Ta IIUIKOM
KOMIT I0Tepu30BaHi. [[is mnepumx XapakTepHUM € €mi30Ju4He 3BEepTaHHS 0
KOMIT FOTEPHUX 3acOo01B JJI1 PO3B’sI3aHHS OKPEMHUX 3aBAaHb YpPOKY. TMeEpeBipKa
3HaHb 3 TOIMEPEIHbOT TEMH, IEMOHCTpAIlisl €KCIIEPUMEHTIB, HA0OYTTS HOBUX YMIHb
Ta 3HaHb, BUKOHAHHS  TPEHYBaJbHUX  BIpaB, KoHTposto. [loBHICTIO
KOMIT FOTEPH30BaHUI ypOK (MYJIBTUMENIMHUN YPOK-JIEKIis) — JUIS JOCSTHEHHS
HAaBYAJIBHUX LJIEH M Yac BHUBYEHHS HOBOro Matepiamy. Ha cemiHapchkux
3aHATTAX JOLJIBHO 3aCTOCOBYBATH MYJIbTUMEAIMHI Mpe3eHTallll, 0 XapaKTepU3ye
3HaYHUI CTYMIHb CAMOCTIHHOCTI YUHIB Y HAOYTTI 1 3aCTOCYBaHHI 3HaHb.

Benuki MOKIIMBOCTI y TIABUIIICHHT €(EKTUBHOCTI MPOIIECY BUKIIAIaHHS X1MIi
€ BHUKOPHUCTAHHS Mepedxci I[umepnem. 3a3BUyail, HAUMPOCTIIIE 3aCTOCYBaHHS
InTepuery y HaB4aHHI XiMii — 1€ BUKOPUCTaHHS HOro sIK JpKepena J0JaTKOBUX
MarepiaiB.

[HTepHeT Ha cydacHOMY eTalll € HaWMOTYXHIIIUM JKepenoM iHdopMmarii y
HAyKOBiH Ta OCBITSHChKO-HaBUaJIbHIN cepax. Y riiodanbHIA MEpexki € eIeKTPOHHI
Bepcii HAYKOBUX 1 HAYKOBO-TIONMYJSPHUX BHUAAHb, PO3MILIYIOThCS MaTepiaiu
HAyKOBUX KOH(EpPEHIIH, CTaTTl IUCKYCIHHOTO XapakTepy TOIIO, HaMIIBHIIIE
MOBIIOMJISIFOTECS ~ HAYKOBI ~ HOBHUHM, HAJalOThCS  KOMEHTapi  HAaYKOBIIIB,
OTPUJTIOTHIOIOTECA  ay/io — Ta Bigeomatepianv. O3HAWOMJIEHHS 3 TaKUMH
JDKEepeNaMy J1a€ 3MOTy BUUTEIEBI 3’ ICYBaTH CYTHICTb 1 JOCTOBIPHICTH 1H(OpMAIii;
3pOOMTH BHCHOBOK IIPO JIOUUIBHICT YBEJAEHHS BIJAMOBIIHOTO JIOJATKOBOTO
Marepiady y 3MICT 3arajdbHOI TPEIMETHOI OCBITH 3 METOI0 WOTO OHOBIICHHS;
HaOyTH 3HaHb 3 HAYKOBOI MpPOOJEMH, JOCTaTHIX AJii IPAMOTHOTO aJeKBATHOIO
BUKJIaJly MaTepially Ha PiBHI, aJallTOBAHOMY JI0 HABYAJIbHUX MOKIJIMBOCTEH YUHIB,
a TaKOX JIJIs Ha/IaHHS KOMIIETCHTHHUX BIJTIOBIICH Ha 3alIUTaHHS Y4YHIB [2].

[HTepHeT - TexHoOrIi 3aiiMaloTh BCce OUIBIIY Bary B peaiizallii mpakKTUYHHUX

3aBlaHb B OCBIiTi. KiTbKicTh OCBITSHCHKUX [HTEpHET-pecypciB MOCTIMHO 3pOCTaE.
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Ile Bumarae moegHaHHS 3YCWJIb IIOJI0 CTBOPEHHS BIAMOBITHOTO OCBITSHCHKOTO
CepeloBHINa, y BUIIIAAl 1H(OPMALIMHOTO pecypcy, 34aTHOro 3abe3nedyBaTu
iHhopMalliliHy, KOMyHIKaTUBHY Ta AOCIIIHHUIIBKY CKIaa0BI [5].

Opnak, HaNMOBHINIE MOXJIUBOCTI [HTEpHETY pO3KPUBAIOTHCA MPHU
BUKOPHCTaHHI HOTO Yy HaBYaJbHIM ayauTOpii: 1€ MOXYTh OyTH CHelllaJIbHI
TpEHYBaJIbHI BIIpaBM [JIs JUCTAHIITHOTO HAaBYaHHS, TBOpYA ISUTBHICTH ILIUX

KoJIekTuBiB [13].

1.3. YMoBu akTuBHOr0 BnpoBagxeHus IKT B ocBiTHiii mpouec
Hns BropoBamxeHHs: IKT Ta BukopucTaHHS 1HTEpHET-pECypCiB 3 METOIO
MIIBUIICHHS SKOCTI CY4YacHOi MPUPOJHMYO-MAaTeMaTHYHOI OCBITH HEOOXI1JIHI
HaCTyIHI yMoBH [22):

" BIAMOBITHA MaTepiasbHa 0a3a, TOOTO HASIBHICTH KOMIT IOTEPIB, 00JIaTHAHHS,
nmporpam;

» iHdopmaIlliiiHa KyJabTypa BYWTENs, BIJAMOBIJHA MIJATOTOBKA BHKIajada 0
Bukopuctanus IKT, sxa mnepenbadae OBOJOMIHHS BUYWUTEIEM TIEBHUMH
YMIHHSMH Ta HaBUYKaMHM, sIKI CBITU4aTh MPO MOro JOCKOHAJE BOJIOMIHHS
KOMIT FOTEPOM Ha PiBHI CEPEIHHO JTOCBITUEHOI'0 KOPUCTYBaya,

" i"HdopMmaliiiHa KyJbTypa y4HS: BIJ TOTO, HACKUIbKM JOCKOHAJIO Y4Y€Hb
BOJIOJII€ KOMIT' FOTEPOM Ha PiBHI KOPUCTYBaya 3aJ€KUTh, YU JOCITHE IMpals
BUYUTEJIS IPUPOJIHUYNX AUCLUILUIIH YCIIXY;

" HasBHICTh 3HAYHOTrO MegaroriyHoro foceiny: 3 IKT moxe mpairoBaTu nuiie
TON BUMTEIb, SIKHUI KOPUCTYETHCS BCIM apCeHAIOM TPAIULIMHUX METOJUK,
YpPOK y KOMIT IOTEpHOMY KJaci BHMAara€ BIiJ BHKJIaJada JIOJAATKOBUX
NICUXOJIOTIYHUX Ta METOAMYHUX 3YCUJIb, 3HAHHS METOAMK €(PEKTUBHOIO
3aCTOCYBaHHS  KOMII IOTEpPHUX  MpOrpaM,  HAasBHICTb  BIJMNOBIAHOTO
MearoriYyHOro MPOTrpamMHOTro 3a0e3MedYeHHsl, MO BIAMOBI a0 0 HABYAIILHUM
mporpaMam BUKJIQJIaHHS X1Mii.

IcayroTs meBHI npobaemu momo 3actocyBanHs IKT, sxi € 3arabHUME TS

OaraThoX OCBITHIX 3akyiaaiB Ykpainu. lle, Hacammepen, HeToCTaTHS MaTepiaabHO-
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TexHiyHa 0asa, sfKa HE J03BOJISIE€ IMMPOKO BUKOpucToByBatH IIK st BuUBUeHHS
XiMmil, HEIOCTaTHE MpOTrpamMHe 3a0e3MeUeHHs, BIJCYTHICTh BIANOBIAHUX HAyKOBO-
METOJUYHUX 3ac001B, HEOOXITHUX I OpraHi3allii caMOCTIHHOT poOoTH Y4HIB [7],
oOMexeHicTh gocTynmy A0 IHTepHery. OpHak KOMIT IOT€pHU3aIlisi HaBYAHHS
nmoyvaJiacs 1 yCIiliHO pO3BUBAETHCS.

Hanzeuuaiino BaxximBow y BukopuctanHi IKT Ha 3aHSATTSX Ta mo3a HUMH €
poinb yumtens. HeoOximHo, MO0 KOXEH YyYHUTENIh 3pPO3YMIB. KOMIT IOTE€p Y
HaBYAJIbHOMY IPOIIECI — HE MEXaHIUHUI Mearor, Yu 3aCTYIMHUK/aHAJIOT YYUTEIs, a
3aci0 HaBYaHHS, IO MIACHIIOE 1 PO3UIMPIOE MOMIUBOCTI HOro HaBYAIbHOI
aisbHOCTI. Te, mo yuuTens Oaxae oAepkKaTH B pe3yNbTaTi BUKOPUCTAHHS
MallMHU, Yy Hei HeoOXiIHO 3amporpamyBaTd. ToMmy yuutenb Mae OyTu

iHhopMalliiiHO Ta iHHOPMATHBHO KOMIIETEHTHUM [22].

1.4.OcHOBHiI HANPAMKH BUKOPHUCTAHHSA iH(POPMALIIHUX TEXHOJIOTIH y mpoueci
HABYAHHSA XiMil

[Ipu HaBuaHHi XiMii, HaWOLIBII MPUPOJHUM € BUKOPUCTAHHSA KOMIIIOTEPa,
BUXOASAYM 3 O0cCOONMBOCTEH XiMmii sIK Hayku. Hampukniaza, Amns MoOJAeTIOBaHHS
XIMIYHHMX TPOIECIB 1 SBUIII, JA0OPATOPHOTO BUKOPUCTAHHS KOMITIOTEpA B PEIKUMI
iHTEep(eiicy, KOMIT'IOTepHOI MIATPUMKH MPOLIECY BUKIATy HAaBYAIBHOTO MaTepialy
1 KOHTpPOJIIO HOTro 3acBO€HHS. MojentoBaHHA XIMIYHUX SBHUI 1 MPOLECIB Ha
KOMIT' FOTep1 — HeOOX1AHO, Hacammepes], sl BUBYEHHS SBUII 1 €KCIIEPUMEHTIB, 110
MPAKTUYHO HEMOKIJIMBO MOKA3aTH B IIKUIbHINA Tab0paTopii, ajie BOHU MOXKYTh OyTH
MOKa3aHi 3a JJOIIOMOT0r0 KoM totepa [21].

BukopucTaHHs KOMITIOTEPHUX MOJEIEH 103BOJISIE€ PO3KPUTH ICTOTHI 3B'SI3KU
JOCTIKYyBaHOTO 00'€KTa, TAMOIIE BUSBUTH WOTO 3aKOHOMIPHOCTI, IO, Y
KIHIIEBOMY paxyHKy, Bele /A0 Kpalloro 3acBOEHHS Marepialy. Y4eHb MOXKe
JOCIIKYBATH SIBUILE, 3MIHIOIOUM NTapaMeTpH, MOPIBHIOBATA OTPUMaHi pe3yibTaTH,
aHaymi3yBaTh 1iX, pobutu BUCHOBKM. Hampuknan, 3agarouM pi3Hi 3HAYEHHSA

KOHIICHTpAIlii pearyrouux pedoBUH (y Tporpami, IO MOJEIIOE 3aJCKHICTH

16



MIBUJIKOCTI XiMiuHOI peakmii BiJ pi3HUX (aKTOpiB), yUeHb MOXKE MPOCTEKHUTHU 32
3MIHOIO 00’ €My Ta3y, 10 BUIIISETHCS, 1 T.1I.

Jpyruii HanpsMOK BUKOPUCTAHHS KOMIT IOTepa B HaBYaHH1 X1Mii — KOHTPOJIb
1 00poOka naHux xiMiyHoro ekcrepumenty. Kowmmanis [BM  pospobuna
«Ilepconansny HaykoBy maboparopiro» (IIHJI) — KOMIUIEKT KOMIT'IOTEPIB 1
nporpam JiJisl HUX, PI3HUX JaTYMKIB 1 1a00paTOPHOTO YCTAaTKYBAaHHSI, IO TO3BOJISIE
OPOBOAMTH PI3HI EKCIEPUMEHTH XIMIYHOTO, XIMIKO-(PI3UYHOTO 1 XIMIKO-
010JI0TIYHOTO HampsIMKy. Take BHKOPUCTAHHS KOMITIOTEpa KOPHUCHO THM, IO
MPUIICTUTIOE YYHEM HABUYKH JOCIITHUIIBKOI JISTIBHOCTI, (hOpMYy€ Mi3HABATbHHMA
iHTEepec, MiIBMIIYE MOTHBAILIi0, PO3BUBA€E HayKOBe MUCACHHS [21].

Tperiit nanpsamok BukopuctanHa IKT y mnpomeci HaBuyaHHA Ximil —
mporpaMHa MIATPUMKA Kypcy. 3MICT MNPOrpaMHUX 3aco0IiB  HaBYAJIBHOTO
MPU3HAYEHHS, 3aCTOCOBYBAaHUX MPY HaBYAHHI XiMii, BU3HAYA€THCA IUISIMH YPOKY,
3MICTOM 1 MOCIIIOBHICTIO TOJa4l HABYAIBHOTO Matepiany. Y 3B'S3Ky 3 UM, yci
nporpaMHi 3aco0M BHKOPUCTOBYBaH1 JJIsI KOMITFOTEPHOT MIJATPUMKH IIPOIECY
BHUBYCHHS XiMii, MOJKHA PO3IIIMTH Ha iporpamu [21]:

"  JJOBIJIKOBI MOCIOHUKH MO KOHKPETHUX TeMaXx;

" pIIIEHHS PO3PAXyHKOBHX 1 EKCIIEPUMEHTAIbHUX 33]1a4;
= oprasizaiis 1 IpoBeACHHS Ja00paTOPHUX POOIT;

" KOHTPOJb 1 OIIHKA 3HAHb.

Ha KOXHOMY KOHKPETHOMY ypoOIlll MOXYTh OyTH BHKOPHCTaHI BHU3HA4YE€HI
porpaMu, BUXOASYM 3 LUJIEH ypOKy, IpH oMY (YHKIIT BUHTENS 1 KOMIT'IOTEpa
pizHi. [Iporpamsi 3acobu 17151 €(hEeKTUBHOTO 3aCTOCYBaHHS B HaBYAIbHOMY IPOIEC]
MOBUHHI BIJTMOBIIATH KypCy XiMmii Mpo¢JIbHOTO HaBYaAHHS, MaTU BUCOKUN CTYIIIHb
HAOYHOCTI, TPOCTOTY BUKOPUCTAHHS, CHOpUATH (OPMYBaHHIO 3arajbHUX
HABYAJIbHUX 1 €KCIIEPUMEHTAIBHUX YMiHb, y3arajJbHEHHIO 1 MOMIMOJICHHIO 3HaHb 1
T.1.

3 TMiIBUINEHHSAM MOTHBAIlli HABYaHHSA 3a PaxXyHOK BHKOPUCTAHHS
KOMITIOT€pa Ha ypolll, MIABUIICHHS PIBHSA IHAMBIAyami3aiii HaBYaHHS 1

MOJKJIMBOCTI opraHi3aui'1' OIICPATUBHOI'O KOHTPOJIKO 3a 3aCBOE€HHAM 3HAHDb
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KOMIIT FOT€pHI TEXHOJIOT1i MOKYTh OyTH €(DEeKTUBHO BUKOPHUCTAHI sl (OPMYBAHHS
OCHOBHHMX TOHATh, HEOOXiTHMX Ui pO3yMiHHS MikpocBity (OymoBa artoma,
MOJIEKYJI), TAKMX HAHBaXUIMBIMIUX XIMIYHMX TOHATH SAK "XIMIYHUH 3B'S30K", IpH
BUBYCHHI BUCOKOTEMIIEPATYpPHUX TNpoIeciB (KOJbOPOBAa 1 YOpHA METaIypris),
peakiiiii 3 OTpyWHUMH pevYOBHHAMH (TaJIOTECHH), TPUBAIMX 32 YaCOM XIMIYHHX
naocaimiB (rigpoi3 HyKJIETHOBHUX KHCJIOT) 1 T.a. Bimomo, oaHak, 0, HA JaHOMY
eTami KOMII'IOTEpHI TEXHOJOTIi y BUKIAJaHHI XiMii B IIKOJII BHKOPHUCTOBYIOTHCS
nyxe pifko. [{lboMy € mpu4rHU K 00'€KTUBHOTO, TaK 1 CYy0 €KTHBHOT'O XapaKTepy.
Cepen mepmoro TUIly TPUYAH, OE3YMOBHO, TOJOBHUMH € HEJOCTATHS
3a0€e3MeYeHICTh 3arajJbHOOCBITHIX IIKUT CYYaCHHMH KOMITIOTEpaMU 1 SIBHO
HEJIOCTaTHS KUIBKICTh BIJMOBIIHUX KOMITIOTEpHUX TMporpaMm. IlpoTe, mporiec
KOMIT FOTepH3allii MK X04a 1 MOBUIbHO, ane Hae. SIKk mpuuuHy Cy0'€KTHBHOTO
XapaKkTepy MOJHO 3TaJlyBaTH TaK Ha3MBaHy "KOMIT 0Tepodo0ir0”, 110 MPUIHUCYIOTh
BUUTEISIM-TIpeaMeTHUKaM. Lleit ¢pakTop € HagymaHuM.

B yuuteniB-mpeAMETHUKIB € 3HAUHUK IHTEpeC JO BHUKOPUCTAHHS
KOMIT FOTEPHUX TEXHOJIOT1H, MPUYOMY HE3aJIeKHO BiJ BIKY 1 CTaxy poooTu. binbim
BKJIMBUM € T€, 1110 Cy4acCHI OCBITHI CTaHJIAPTH AIOTh YUYUTEIIO BU3HAYCHY BOJIO Y
BUOOpPI TeM 1 PO3MIIICHH] AaKIEHTIB TMpPH BUKJIAJAaHHI JUCHUILTIHU. JloCBia
3aCTOCYBAaHHS KOMII'TOTepHUX TexHosorii [20] y HaB4aHHI XiMii B KO J03BOJISIE
CTBEP/KYBATH, 10 JJIA OJCP)KAHHS BUCOKOTO HABUAJIHHOTO €(EKTYy BAXKIMBUM €
iXHE cUCTeMaTUYHE BUKOPUCTAHHS, SIK Ha CTajllii BUBUEHHS MaTepially, TaK 1 Ha
CTajii ONMepaTUBHOTO KOHTPOJIO 3a 3aCBOEHHSIM 3HAaHb, a JIA I[bOTO TaKOX
HEOOXITHUN PI3HOMAHITHUNA ACOPTUMEHT TMEJAroriuyHuX MpPOrpaMHHUX 3aco0iB
(TI13). HoBi MOXIJIMBOCTI, BUSIBJICHI B pe3y/IbTaTi aHaNi3y IEAaroriaHoi MpaKTHKH
Bukopuctanus [II13, m03BONSAIOTH 3HAYHO TMOJIMIIUTH HABYAIHLHO-BUXOBHHM
npotec. OcoOIMBO 1€ CTOCYETHCS MPEAMETIB TPUPOAHO-HAYKOBOTO LIUKITY, Y TOMY
gucai  XiMii, BHUBUYEHHS SKOi 3B'Si3aHE 3 TMPOIECaMH, CXOBAaHUMH  BIJ
0e3MmoCcepeIHbOTO CIIOCTEPEKEHHs, 1 TOMY BaXXKO crnpuiiMaeTbest miTemu. I1I13
J03BOJISIIOTH BI3yasli3yBaTH Takl MPOLECH, HAaJIal0Uld OJJHOYACHO 3 LIUM MOKIIUBICTD

0araTopa3oBOro TMOBTOPEHHS 1 TMPOCYBaHHS B HaBYaHHI 31 IIBHJKICTIO,
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COPUATINBOIO IS KOKHOI JUTHHHU B JOCATHEHHI PO3YMIHHS TOTO YH 1HIIOTO
HaB4yaibHOTO Matepiany [20]. Ilemaroriuni mporpamHi 3acodu, OyTydrd Y4aCTHHOIO
NporpaMHUX 3aco0iB  HAaBYAJIBHOTO MpPHU3HAYCHHs, 3a0€3MeuyloTh  TaKOX
MOJIUBICTh TPUIYyYEHHS JO CydaCHHX METOAIB poboTu 3 1H(popmaliero,
IHTeJIeKTyalli3allii0 HaBYaJIbHOI T1ISUTHHOCTI.

TakuM 4yuHOM, BUKOPUCTaHHS JAaHUX MENAroriYHUX MPOTPaMHUX 3aC00IB y
HaBYaHHI XiMii gae MoxauBicTh [20):

1) impmBimyanizyBatu 1 AuQepeHIIIOBATH TNPOLEC HABYAHHSA 32 PAXyHOK
MO>KJIMBOCTI BUBYCHHS 3 1HUBITyIbHOIO IIBUJIKICTIO 3aCBOEHHS MaTepiaiy;

2) 3A1HCHIOBATH KOHTPOJIb 31 3BOPOTHUM 3B'SI3KOM, 3 JIarHOCTHKOKO TIOMUJIOK
1 OIIIHKOIO PE3YJIBTATIB HABYAIHHOI JISITHHOCTI,

3) 3a1HCHIOBATH CAMOKOHTPOJIb 1 CAMOKOPEKIIiIO;

4) 31iliCHIOBATH TPEHYBaHHS B MPOIIECi 3aCBOECHHS HABUAIBHOTO Martepiaiy i
CaMOIIiATOTOBKY Y4HIB,;

5) Bi3yamidyBaTH HaB4aJlbHy I1H(OpMAIII0 3a JOMOMOIOK0 HAOYHOTO
npencraBieHHss Ha ekpaHi EOM nmanoro mpoiecy, y TOMY 4YHCIi CXOBAaHOTO B
peaqbHOMY CBITI,

6) mpoBoauTH J1abopaTOpHi poOOTH B yMOBaxX IMiTallii B KOMIIFOTEPHIM
porpamMi peasibHOTO UM JOCBITy €KCIIEpUMEHTY;

7) dbopMyBaTH KyJIbTypy HaBYaJIbHOI AISULIBHOCTI TOTO, SIKOIO HaBYAIOTh, i
HaBuajasHOTro [20].

[lepepaxoBaHi BHILE MOXJIMBOCTI 3MIHIOIOTH CTPYKTYpPY TPaAHIIHHOT
cy0'exkT-00'ekTHOI memaroriku [20], a BipTyam3aiis ACSIKHX IPOIECIB 3
BUKOPUCTAHHAM aHIMallii CIyXHuTb (OPMYBaHHIO B Yy4YHS HAOYHO-OOPAa3HOTO
MUCJICHHS 1 OUTBIIT €(pEKTUBHOMY 3aCBOEHHIO HABYAILHOTO MaTepialy.

[Ile omuH BaXKIWMBHM BUCHOBOK — BaxkauBuUMH € He Tutbku III13, ame 1
METOJIMKHA IXHBOTO BHKOPUCTaHHs, TOOTO peKOMEHJAIIl 3 oprasizamii ypokiB. Sk
MPaBHUJIO, JUTSI TOCBIAYEHOTO BUUTENS HE BAXKKO HA OCHOBI KOMIT FOTEPHOI MTPOTpaMu
pPO3pOOUTH BIAMOBIAHUK ypOK. MoJoauM K€ BUYMTEISM I [OTO HEoOXigHa

JIOTIOMOTA y BU/JII TIJIaHIB-KOHCIIEKTIB, METOAMYHUX PEKOMEH/AIlIN 3 BUKOPHUCTAHHS
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[1[13 Ha pi3HMX eTamax ypoKy M y Kjiacax 3 pI3HMM pIBHEM MiJTOTOBKU YYHIB.
Takum uyuHOM, HAWOUIBII HACYIIHWM 3aBJIaHHSIM,BU PIIMICHHS SIKOTO JO3BOJIUTH
3pYHIUTA 3 "'MEPTBOi TOYKH' YIPOBAKEHHS KOMIIIOTEPHUX TEXHOJOTIN Yy
HABYaHHI NPEIMETIB MPUPOJIHUYO-HAYKOBOTO UKy, € po3podka III13 1 meroauk
iXHROTO BUKOpHCTaHHA. Byno 6 myke KopucHO 00'€qHATH 3yCHIUTS 3alliKaBICHUX
YUUTENB XiMii 3 pI3HUX perioHiB kpainu. OOMIH J0cBigoM, O€3yMOBHO,

MPUCKOPUTH KOMITFOTEPH3AIIII0 MIKITBHOTO OCBITHROTO Tiporiecy [20].

1.5. BukopucranHs negarorivHuxX MporpamMHux 3aco0iB 3 Ximii

Ypoky 3 KoMII' FOTEPHOIO MIATPUMKOIO BiacTHBO [23]:

" TIPUHIUIN aIaITUBHOCTI: MPUCTOCYBAHHS KOMITFOTEpa JI0 1HIAUBITyaTbHUX
0COOJIMBOCTEH TUTHHH;
" KEPOBaHICTh: y Oy/b-SKHII MOMEHT MOKJIMBA KOPEKI[iSl BUUTEIEM MPOIIECY

HaBYaHHS;

" |HTEPAKTUBHICTb 1 J1aJIOTOBUI XapaKkTep HaBYaHHS,
" ONTUMAaJbHE MOEJHAHHS 1HAMBIAYaNIbHOI Ta TPYIIOBOi poOOTH;
" [IITPUMAHHS B YUHS CTAHY IICUXOJIOTTYHOTO KOMGBOPTY MPH CIUIKYBaHHI 3

KOMIT IOTE€pPOM;

" HeoOMe)XeHe HaBYaHHS.

[II1poki MOXKIUBOCTI TEXHOJIOTISI Ma€ B IMO3aKJIacHIM poOOTI 3 MpEaMeTy,
IpU HANUCAHHI HAYKOBO-AOCTIIHULBKUX POOIT, OCKUIBKH TYT HEMae OOMEKEHb
yacy. [Ipu 1iboMy KOMII'tOTEp BUKOHY€E BasK/IuBI AB1 GyHKIIIT [23):

1. fx mxepeno HaBuanbHOI iH(OpMAIli; HAOYHHI TMOCIOHHWK; TpEHAXED,
3aci0 J1arHOCTHKHU 1 KOHTPOJIIO.

2. SIx poboumii 1HCTpYMEHT: 3aci0 MIArOTOBKM TEKCTIB, iX 30epiraHHs;
rpadiuHuil pemakTop; 3aci0 MIATOTOBKMA BHUCTYIIIB; OOYHCIIOBAaJbHA MalllUHA
BEJIMKUX MOXKITUBOCTEH.

Ha cywacHy mopy y cBoili poOOTi BUWTEIl BHKOPHUCTOBYIOTH BITYM3HSHI
HaBYaJIbHI KOMII IOT€pHI TIporpamMu, sKi € JI€MOHCTpalliiiHO-HaBYaJIbHUMH 3

eJIeMEHTaMH MOJETIOBaHHS, MICTSATh T€CTOB1 OJIOKH, 1JTIOCTPATUBHI U B1J€00JIOKH,

20



3BykoBuM cympoBia. [lpukmagamu cygacaux [II13 3 ximii € «TaGmums
H.I.MenneneeBa», «bibmioTeka eNEeKTPOHHUX HaoyHocTed. 8-9 kimacm»,
«biomioreka enekrpoHHHMX HaouHocted. 10-11 kmacw», «Ypoku Ximii.8 kimac»,
«Ypoku ximii. 9 knac», «Opraniuna ximisg. 10-11 knacu», «BipTyanbHa XiMidHA
naboparopis. 8-11kmacu», eneKTPOHHUHN MiAPYYHUK «XiMisl. 7 Kiac».

BianoBigHo g0 3MicTy HaBuasibHOro marepiany madi 113 MicTsaTh TekcTu
CTAaHJIAPTHOTO MIAPYyYHUKA, OlorpadiuHuil MaTepiadl Ta MOPTPETH BHJIATHUX
XIMIKIB, JOCJiU, CJIOBHUK TEPMiHIB, BifeoparMeHTH, IHTEPAKTUBHE TEMAaTHYHE
TecTyBaHHs. Ha ypokax Ximii BUKOPHUCTOBYETHCS MYJIbTUMEAINHHUI MPOEKTOp, 3
JIOTIOMOTOI0 SIKOTO PEaNi3yIOThCA Pi3HI BUIM OCBITHBOI MisTbHOCTI. Jlomomarae B
poOOTI BUMTENA OCHAIIEHICTh KaOIHETy XIMil KOMII I0OT€pOM, MiAKIIOYEHUM J10
Mmepexi [HTepHer.

Buxopuctanns IKT Hamae mupoki MOKIUBOCTI JUIsl CYTTEBOTO ITiIBUILICHHS
SIKOCT1 HaBYAJILHOTO MPOIIECY, IMiJIBUIIYE SIK pIBEHb 3aCBOECHHS 3HaHb, TaK 1 IHTEpPEC
710 HaBYaHHSI B LIoMy. Ypoku i3 3actocyBaHHsM IKT wnaOyBaroTh iHIIOTO
XapakTepy Ta CTHIIO, MOTPeOyITh HOBHUX METOAMYHUX TMiAXOMiB. 3HAYHOIO
nepearoto [IK y mopiBHSHHI 3 IHIIMMH TEXHIYHUMH 3aco0aMy HaBYaHHS €
MOKJIMBICTh 1HJAWBIIyaIbHOTO HABYAHHS.

ba3su naHux, eIeKTpOHHI CXeMU W TaOIMIll, MEpexi, €KCIEPTHI CUCTEMH,
3acO0M MyJIBTHUMEis, EJEKTPOHHI TMOCIOHWKH, 3aJa4HWK{, TECTH, BIPTyallbHI
nabopartopii — 11e 1HCTPYMEHTH, SKI JO3BOJISIIOTH BUMUTENIO XiMii IiJIBUIIYBaTH
AKICTh HAaBYaHHA XiMii, CTHUMYJIIOIOTh M OpraHi3ylOTh MHCIIEHHEBY IsIIbHICTH
YUHIB, PO3BHBAIOTh KPUTUYHE, EMIIIPUYHE i €BPUCTUYHE MHUCJICHHS, 301IbIIYIOTH
3arajiIbHOKYJIbTYPHUM, IHTEJICKTYyaIbHUN 1 TBOPYUHN MTOTEHIIIAT ITKOJISAPIB.

B sikocti ouikyBaHuX pe3ynbratiB BinpoBamkents IKT suainstors [23]:

* (QopmMyBaHHS KJIIOUOBUX KOMIIETEHI[I YYHIB y MpoLlecl HaBYaHHA Ta Y

M03aypOYHii AiSIBHOCTI;

" [IJBUIICHHS MOTHUBAIIlT 0 HABYAHHS YYHIB,
" OBOJIOAIHHS KOMII'IOTEPHOIO TPAMOTHICTIO YYHSIMH, MIJBUIIEHHS PIBHA

KOMIT'FOTEPHOI I'PaMOTHOCTI1 Y BUUTENS,

21



" OpraHizaiilo CaMOCTIHHOI Ta JOCHIJIHUIBKOI JISUIBHOCTI y4YHIB; CTBOPEHHS
BJIACHOTO OaHKy HaBYAJbHUX 1 METOJUYHHX MarepiamiB, TOTOBHX 0
BUKOPHUCTAHHS y HABYAIHHO-BUXOBHOMY ITPOIIECI;

"  PO3BUTOK IIPOCTOPOBOTO MUCIICHHS, TII3HABATHHUX 3T10HOCTEN yUHIB,

"  eCTEeTUYHY IPUBAOJIMBICTh YPOKIB.

BropoBamkenns  iHpopMaliiHO-KOMYHIKAIIMHUX ~ TEXHOJOTIH  JTO3BOJISE
BUUTEIIO YPI3HOMAHITHUTH HaBYAJbHUI MPOLEC, CTUMYJIIOE HaBYAIbHY JiSUIBHICTD
y4HIB, pOOUTHL ypoKu  XiMii  He3a0yTHIMH, HAOYHUMH, OaApPBUCTHMH,
1HGOPMAaTUBHUMH, IHTEPAKTUBHUMH, 3a0IIAHKY€ Yac yUUTENs Ta y4Hs, JTO3BOJISIE
MpalioBaTH y4YHEBI Y CBOEMY TEMIi, JO3BOJSE BUYUTENIO MPALIOBATH 3 YYHEM
nudepeHIiioBaHO 1 1HIMB1TyaJIbHO, zae MOYKJIMBICTD OTIEPATUBHO
MPOKOHTPOJIIOBATH Ta OLIHUTH pe3yiabTaTH HaB4YaHHs. [locTiliHO 3pocTae iHTepec
YY4HIB J10 TMPEIMEeTy, MJABUIIYEThCS PE3yJbTaTUBHICTh POOOTH BUYHUTEINS,
30UIBIIYETHCS BIJICOTOK Y4YHIB, sIKI HABUAIOTHCS Ha BUCOKOMY 1 JOCTaTHbOMY PIiBHI,
obupatote ximiro sk mpeamer st 3HO Tta Berymatore no BH3, nme ximis €
npodinbHUM npeamerom [23)].

3aranioM BUKOPHCTAHHS KOMIT IOTEpa Ha ypoIl 3abe3mnedye. 3pOoCTaHHS
SKICHOTO PIBHS BHMKOPUCTAHHS HAOYHOCTI Ta UIFOCTPATUBHOCTI Ha YypoIli,
JOTPUMAHHS JIOTIKM y TIOJaHHI HAaBYAJIBLHOTO MaTepiay, IO TMO3WTUBHO BILIMBAE
Ha 30aradeHHs 3HAHb YYHIB, MiJBUIICHHS 3arajbHOI PE3yJbTaTUBHOCTI YPOKY;
BCTAQHOBJICHHS 1 PO3LIMPEHHS MDKIIPEIMETHUX 3B’ SI3KiB; MOXIJIMBICTh OpraHizamii
MPOEKTHOT MAISUIBHOCTI Y4YHIB MiJl KEPIBHULTBOM BYMTENS; BCTAHOBJIEHHS OLIBII
TICHUX 1 JOBIPJIMBUX B3a€EMHMH BYHUTENS 1 YYHIB, Kpallle OBOJIOAIHHSA YYHSIMH
KOMIIT' FOTEpHOIO TexHikoto Ta cydacHuMu IKT, mo ctane iM HEOOXiIHUM y PiI3HUX

cdepax misutbHOCTI [23].

1.6.3acTrocyBaHHsI KOMII OTEPHUX MOjeJieil y HABYaHHi Ximii
Cepen pi3HUX THUMIB NEAArOriYHUX MPOrPaMHUX 3ac00IB  0COOIUBO

BUJIUIAIOTHCS Ti, Y SKUX BUKOPUCTOBYIOTHCS KOMITFOTEPHI MOjei. 3aCTOCYBaHHS
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KOMITFOTEPHUX MOJIEJICH JO3BOJIIE HE TUIBKU MIABUIIUTH HAOYHICTH TMPOIECY
HaBYAHHS W IHTEHCU(IKYBaTH HOr0, ajie 1 KapJAMHAILHO 3MIHUTH 1iek nporiec [20].

Mopeni MOXYTh BUKOPHUCTOBYBATH I PO3B’s3aHHS pizHuX 3amad. P.IO.
[1leHOH BUALISE IT'ATH TUIIIB MOJIENIEH 3a PyHKIIOHATBHIM TTpu3HaueHHsIM [20):

® 3a3c00H OCMHUCIEHHS AIMCHOCTI,

" 3aco0u CHJIKyBaHHS,

" {HCTPYMEHTHU ITPOTHO3YBaHHS,

" 33ac00M MOCTAaHOBKH €KCIIEPUMEHTIB,
" 3aco0M HaBYaHHS 1 TPEHAXKY.

OctanHil TANT MOJENEeH TaKOX HA3WBAIOTh HABYAILHUMH KOMII FOTEPHUMU
moeasimu (HKM).

VY BUBYEHHI IIKUJIBHOTO KypCy XiMii BUAUISIOTH KUJIbKa OCHOBHUX HAlpPSMKIB,
ne Bunpasaane Bukopucrands HKM [20):

" HAaOYHE MPEACTaBIEHHS 00'€KTIB 1 SBUII MIKPOCBITY;
" BHUBYEHHS BUPOOHUIITB XIMIYHUX MPOJYKTIB;
" MOJENIOBaHHS XIMIYHOTO €KCIIEPUMEHTY 1 XIMIYHUX PEaKIIii.

VYci mopaeni, BUKOPUCTOBYBaHI y BUKIAJaHHI XiMii, MOXXHA PO3AUINTH 3a
piBHEM 00'€KTIB, 1110 MPEACTABIISIIOTHCS, HA JIBl TPYMH: MOJIE MIKPOCBITY 1 MOJIEIi
MakpocBity. Modeni mikpoceimy BinoOpakarTh OyIOBY O00'€KTIB 1 3MiHH, IO
BiOYBalOTbCS B HUX, Ha PiBHI IXHHOTO aTOMHO-MOJICKYJSIPHOTO TIPEICTaBICHHS.
Mooeni makpocseimy BiI0OpakarOTh 30BHIIIHI BJIAaCTUBOCTI MOJIETbOBAHUX 00 '€KTIB
1 ixHl 3MiHA. Mojeni Takux OO0'€KTiB, SK XIMIYHI PEYOBHHH, XIMIUHI peakilii i
(h13UKO-X1IMIYHI MPOLIECH, MOXKYTh OyTH CTBOPEHI K Ha PiBHI MIKPOCBITY, TaK 1 Ha
piBHI MaKpOCBITY.

[Ipu BuBUYEHHI XiMii y4HI CTUKAIOTHCSA 3 00'€KTaMU MIKPOCBITY OYKBAJIBHO 3
nepImx ypokis, 1 3BuyaiiHo xx HKM, 1o MoaentorTh Taki 00'€KTH, MOXYTh CTaTH
HEOILIIHEHHUMHU TOMIYHUKAaMU, HaNpUKIaJ, IpU BUBYCHHI OyJOBH aTOMIB, THUIIIB
XIMIYHOTO 3B'SI3Ky, OYyJOBH PEYOBHHH, TEOPii EIEKTPOJITHYHOI JHCOLialii,
MeXaHi3M1B XIMIYHOI peakiii, CTepeOXiMIYHUX YSBJICHb 1 T.. YCI I IepepaxoBaHi

Moieri pearizoBadi B mporpamax «1C: Penerurtop. Ximis», ChemLand, Ximist mst
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Bcix», CS Chem3D Pro, Crystal Designespepu mosekyny», «Organic Reaction
Animations»ra iH.

Mogeni XiMIYHMX peakilii, J1abopaTOpHUX POOIT, XIMIYHMX BUPOOHHIITB,
XIMIYHUX TPWIATIB (KOMITIOTEPHI MOJENI MaKpOCBITYy) peasi3oBaHi B HACTYITHUX
nporpamax:

»  «Ximis gt yeix — 2000»;
" «XHMKJIacc»,

= ChemLab;

* |R and NMR Simulator in.

[ToxiObHi MoOmeni BHUKOPHCTOBYIOTHCSI B THX BHUIAAKaX, KOJIH HEMAae
MOKJIMBOCTI 3 IEBHUX MPUYUH 3A1MCHUTH JTaO0OpaTOpHI pOOOTH B peaIbHUX YMOBaX
1 HEMae MOXJIMBOCTI B PEATbHOCTI TMO3HAHOMHUTHCS 3 JOCHIPKYBaHUMH
TEXHOJIOTTYHUMH TTPOIECAMHU.

Bukopucranas nepepaxoBaHuX BHUIIE MPOTPaMHMX 3ac001B Ha ypokax Ximii
MaroTh HacTymHi nepesaru [20):

" 3HaYHUUA OO0CIr Marepialy, L0 OXOIUTIOE PI3HI PO3AUTH KypCy MIKIIBHOT

XIMIT;

" [OJINIIYEThCS HAOYHICTH MOJIadl MaTepiaay 3a paXyHOK KOJbOPY, 3BYKY 1

PYXYy;

" HasBHICTh JEMOHCTpAIii THUX XIMIYHHUX JOCBIJIB, IO HeOE3IMeuHi s
3JIOpOB's AiTel (HaIpUKIIad, JOCBIIH 3 OTPYHHUMH PEUOBUHAMHU);
* mnpuckopenHs Ha 10-15%temmy ypoky 3a paxyHOK MOCHJICHHSI €MOIHOT

CKJIQJIOBOI,

" YYHSIMH BUSBISIOTH LIKaBICTh J0O MpeIMeTa 1 JETKO 3aCBOIOIOTh Marepiai

(TiABUIIYETHCS SIKICTh 3HAHDb YUYHIB).

OpHak Aesiki mporpaMHi IPOAYKTH MaroTh HeAodiku. Hampuxman, onHum 3
rojJoBHUX HenoJikiB nporpamu "1C: Pemerutop. XiMmis® € BiJICyTHICTH AiajioTy
Y4HS 3 KOMIT'FOTEPOM IIPU 3aCBOEHHI HUM HaBYAJIBHOTO MaTepialy 1 BUKOHAHHI
po3paxyHKoBHX 3anad. lle yTpyaHse it 0OMeXye BUKOPUCTAHHS BUMTEIIEM JaHOTO

KOMIT'FOTEPHOTO MPOJYKTY B HABYAJILHOMY IIPOLIECT B IIKOJI.
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Tinbku opraHiyHa crHiBmpans BUUTENS 1HPOPMATHKU 1 BUMTENS XiMii Oyze
COpPUATH TONIMIIEHHIO TMpolecy HaB4yaHHS Ximii. Ha ypokax iHpopmaTHKu yuHI
BHUBYAIOTh pIi3HI 1H(GOpMAaIliHI TEXHOJIOTi, mpezicTaBieHi B makeri Microsoft
Office. Hanpuknan, yuni, BuBuatoun mnporpamy PowerPoint,moxyTs yxe cami
CTBOPUTH TMpe3eHTamito (MIHI-MIAPYYHUK Yy BHUIUIAAI CIAHAIB) 32 OKpEeMUM
MarepiajioM MiApy4dyHWKa XiMii. A g peamiszaiii MOXJIMBOCTI HaBYaHHS,
TECTYBaHHS i KOHTPOJIO 3HAaHb YYHIB BUKOPHCTOBYEThCS yOymoana y Microsoft
Office moBa mporpamysanus Visual Basic for Applications (VBA)mo no3Boiise
pO3MIIlyBaTH Ha claigax ¢GopMH ¥ €IEeMEHTH KepyBaHHS IJIs BEICHHS 1aJioTy

(iHTepakTUBHI MaicTpu-1madionu) [20].

1.7.Texnouoris podoru 3 pecypcamu IHTepHeT Ha ypokax Ximil

VYuurens xiMii MOKe BUKOPUCTOBYBaTH 1H(opMarliiiHi pecypcu [HTEpHET 32
HacTynHUMH Hanpsimkamu [20)]:

1. CamoocBita, TOOTO BUBUEHHS JOCBIJy KOJIET B IHIIMX MiCTaX YKpaiHu i
iHmmMX  Kpaimax. [liAroToBKa [0 TEMAaTUYHWX CEMIHApIB  MIKIIBHUAX 1
MYHIIHMITAIBHUX METOANYHUX 00'eqHaHb. ([T001YHO Iie miABHINYE 3arajJbHUi pIBEHb
MiATOTOBKH BUMTEJIS 1 pIBEHb BUKJIAaHHS.)

2. IlinroTroBKa KOHCIIEKTIB 1 MUAAKTAYHUX MaTepialliB 3 HOBUX KypCIB 1
noTJIMOJIEHHS 3MICTY TPaauIIMHUX KypciB. [TiaroToBka arectaiiiHux MaTepiaiB.

3. Tlo3zakmacHa po0OoTa y4HIB NpW MIATOTOBII pedepariB, IOMOBIAECH,
MOBIJOMJICHh 32 1HAWBIAYaJbHUMHU TBOPYMMH 3aBIAaHHSMHU, TiJ 4Yac poOOTH 3
TEMaTUKH MIKIJTbHUX TTPOEKTIB.

4. BukopuctanHs 6e3mocepeqHb0 Ha ypoKax ITiJl 4ac CaMOCTIHHOI poOOTH
YYHIB JOBIJKOBUX MaTepiadiB, JAOBIAKOBMX 0a3 JaHHUX, IO € B MEPexi,
METOJANYHUX MaTepiaiB, CXeM, TaOJIHIlh, MAJTFOHKIB.

5. TecryBanHsi 3HaHb YYHIB 3a OKpPEeMHUMHU HpeaMeTamMu abo po3aiiaMu
KypciB. (s 1poro Ha ACSKHMX CepBepax UM CailTax € IMpOrpaMyd TECTyBaHHS 3
BUTbHUM nocTynoM. Y CIIA # y psiai iHIMX KpaiH MOXHA TUCTaHLIMHO Y dopMi

TECTYBaHHS 3/1aBaTH ICIIUTH B 0araTo yHIBEPCUTETIB.)
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6. JlemoHcTpartis 6e3mocepeIHL0 Ha ypOoKax 3a JOMOMOTOI0 TeleBizopa abo
MPOEKTOpa, MOKYMEHTIB, rpadiyHuX MarepiajiiB, TaOJuIlh, JiarpaMm 3 0a3 JaHUX
MEpEexKI .

7. Pobora Oe3nocepenHbO Ha YpOKax 3 HaBYAIbHUMHU 1HTEPAKTUBHUMHU

MozesIMU 3 Mepexi, Hanmpukiiaa poOoTa 3 IHTEPAKTUBHOIO TaOIUICIO €JIEMEHTIB.
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Po3nia 2
CHEITAJIBHE IPOTPAMHE 3ABE3IIEYEHHS MODEL ChemLab
MPO®ECIHHOI AISIJIBHOCTI XIMIKA, BUKJIAJTAYA XIMII

2.1.3aranbHa xapakTepucTHKA

Bynp-saxa nemaroriyda TexXHoJIOTis € iHGOPMAIIMHOI, OCKUJIBKH TOB’ si3aHa 13
nepeaveo Ta mepepoOKoro iH(opMallii YYHIO Yd CTYASHTY. 3alpOBaKCHHS
KOMIT FOTEPIB SIK JOMOMIKHUX 3acO0IB HABUAJbHOIO MPOIIECY, BHECIO CBOI
KOPEKTUBH Y JAEQiHINII0 TMOHATTS <«iH(OpMAaIliiHA TEXHOJOTIS HaBUYaHHI» -
CYKYITHICTh METOMIB 1 TEXHIYHHUX 3ac0o0iB 30upaHHA, opraHizaiii, 30epexeHHs,
OTpaIlfoBaHHsA, Tepefayl ¥ momaHHs iHQopMallii 3a JOMOMOTOoH KOMIT IOTEPIB 1
KOMIIT' FOTEPHUX KOMYHIKAIIIi.

[ndopmarriitHi T€XHOJOTIT B HaBUYaHHI MPEJCTABISAIOTH COOOK CBOTO PO
BIITYK Ha 3MIHU B CHCTEMI BHUIIOI NpoQeciiHOi OCBITH, IO CTOCYHOTHCS
ONTHMI3AIll  yNpaBIiHHSA  MI3HABAJIBHOK  JISJBHICTIO  CTyHEHTIB. Temmu
YCKJIQJTHEHHS MPOIIECIB, 10 MPOTIKAIOTh B CY4aCHOMY CYCIUJIBCTBI, HEOOXIIHICTh
0o0poOKK 3HAYHUX OOCHTIB 1HGOpMAIil g NPUHHATTS pilleHb Y BCiX cdepax
JUSITBHOCTI TIO3HAUWIIM TIPOOJIEMYy IMIBUAKOTO «CTapiHHS» 3HAHb y CYCHIJIBCTBI 3
BUCOKOIO TEXHOJIOTIYHOI Ta 1H(pOpMaIiiHOW KyJIbTypor. Tomy mpobiema
BJIOCKOHAJICHHS METOJMYHOTO IMiIXOMy JO BHKJIQJaHHS AWCIUIUTIH HAa OCHOBI
KOHIIeNIli  iHQopMaIiiiHO-MOAYJIbHOI  MOOYJIOBH  OCBITHBOTO  IIpoIecy 3
BUKOPUCTAHHAM CYYacHHUX 1H(OPMAaLIHHUX TEXHOJIOT1M HaBYaHHS, OPIEHTOBAHUX
Ha MIATOTOBKY (haxiBIsl BHUCOKOTO PIBHSI, 3aTpeOyBaHOTO Ha Cy4aCHOMY PHHKY
npalli, € TOCUTh aKTYaJIbHOIO.

Po3BUTOK CydacHOi KOMIT IOTEpHOT TEXHIKH JaB MOJXKJIMBICTh CTBOPCHHS
CJICKTPOHHUX  MYJbTUMEIIMHUX  MAPYYHUKIB, EHUUKJIONMEMINM Ta  1HIIHX
CIeliali30BaHUX MPOrPaMHUX MPOAYKTIB. B mporpamMmHoMy 3a0e3reueHHl TaKoro
TUIy TOEAHYIOThCS 3BHYHI TEKCTOBI JOKyMeHTH, (ororpadii, 3ByKo- Ta

B1JICO3AIIMCH PEaJbHOIO Yacy, pi3HOMAaHITHI 1HTEPAaKTUBHI MOIIYKOB1 Ta €KCIEPTHI
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cucTeMH. ENeKTpoHHI MyJIbTHUMENiNHI MIAPYYHUKH, SHIMKIONEAll — MPUHLIUIIOBO
HOBHI1 KPOK B PO3BUTKY K XIMIYHOI OCBITH, TaK 1 MPAKTUYHHUX ACTICKTIB.
Model ChemLab -fiporpama mjist cUMyJIIOBaHHS Pi3HHX XIMIYHHX peakiiii
(puc. 2.1).Kpim camoi nporpamu B MakeT YCTAHOBKH BXOJIUTh:
» RasWin - wmobiapHa mporpama s meperisgy 3D-CTpykTyp MoJexys
(miarpumye popmat PDB, MDL 1 XYZ, Monekyay MokHa oOepTaTH,
NeperisiiaTy 3a pI3HUX KYTIB, CKOMitoBaTu B Oydep oOminy abo 36epertu

B JICKIJIbKOX IpadiuHux popmarax);

» [lepionnuna Tabmuisa — mepioguvyHa CHCTEMA €JIEMEHTIB.

iLab - juntitked] - Heat of Hewtralizathon
Egupment Chemicals Procedures Arange {obions kel

1PHE D DS F@'?.ﬁ.'WHHQé;GﬂHﬂEU &-$1 00 @
Harlatt w2 #B|lFfUexE= i

-~

Introduction:

In thas lab you will examme the heat of neutralization for
the reachon of bpdrochlons acd with sodiam bydroxsde.
heat of peutralizarion is defined as the quastiy of
evolved when one male of acid or base is exactly
alired. When an acid and a base react, the et resul
lis the production of a salt and waber. In thos expenment,
{MaOH wall neviralize the HCl m a reaction that produces
sodum chloride (salf) and water:

HC1l + NaOH => Nacl + HzO + heat

Aot chemscal reactions will have & heat transfer
ascociated with them If the reaction gives off heat it is
ic and if it absorbs heat From i surrcundings i is
. The heat of reaction 15 usually defined as
of heat released or absorbed in & chenmical
ton per mole of reacting substance.

{First Law of Thermo-dynamacs is the law of conservation
|of energy: “Encrgy can negher be created nor destroyed,
only changed from one form mte ancther

For a closed constant mass system the first law of

dn aften exp as
AT=0-W

Where AU 15 the change of mternal ensrgy, Q 15 the heat

added to the system and W iz the werk done by the

system.

\Erthalpy (H) it a property of a system and is eqaal to T
PV, where 11 i¢ the internal energy of the system, P iz

|the pressure, and V i the volums.

H=T+PV

In a chemical reaction. the enthalpy change is equal to the
enthalpy of the products minus the enthalpy of the
_:mammqmu'sm.mmm z

bl | K3 »

Puc. 2.1.06nagnanns nporpamu Model ChemLab.
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2.2.3anyck nmporpaMu Ta ii HAJaIITYBaHHSA
3amyctutu nporpamy Model ChemLalvoxna xoman010 TOTIOBHOTO MEHIO:
"ITYCK - IIporpammer — ChemLab Eval — ChemlLabHatucuytn knomky "I
agree"mist miaTBepIKEHHS.
Y moaym moaemoBanns ChemLalmoTpiono Budpatu anroputm Acid-Base
Titration a6o ixmmii Tin yabopatopHoi podotu (puc. 2.2). HarucHyTH KHOIKY

"OK" st miaTBepaKEHHS.

1|

- : b
Mogyae mogeawpoeanns Chemlbab [ﬁ

Title LIDL File Madule Dezcriphion

Bl &cid-Base Titration Acidbaze.dl  This lab examines acid-baze titration of strong »
E Fractional Crstallization Lab FRACCRY.... Thizlab examines the properties of chemical s
%P Gaz Compreszion Compresz..,  stoic_uldl Ewaming the relationship between Yolume ar‘u:II
ﬁ Generic Lab GEMLAB.D... Basic Lab. ta allow the examination of lab equil
E Gravimetic Analysiz of Chlonde Gravmbre.dll  Thiz lab uges gravimetric analvziz to determine
% Reaction Kineticz in redow reaction RATERED... STOIC_UL... Inwestigate the reaction kinects invalved in oxi
é Spechic heat lab CALORMT... Thiz lab uzes a calarimeter to determing the sp|
i 'r'_r'_r' 2 | b

| Elen:u:uK BCEY OOCTYNHBE Natoparopei M HTepHeT] ‘ [ 0k I OTrieHa | | Cnpaeka
k—

Puc. 2.2. Bubip tumy maGopatopHoi poOOTH y MOyl MOJETIOBAHHS
ChemLab.

KpiM BkazaHoro anroputmy mMomayiib MoaearoBanus ChemlLabskirodae Taki
AJTOPUTMHU J1TA00PATOPHUX POOIT:
"  KpHCTai3alisi Ta pO3AUICHHS CyMillew;
"  BUMIPIOBaHHS THCKY Ira30BUX CyMillIeH;
" rpaBIMETPUYHHI aHAMI3;
" JOCTIIKCHHS KIHETUKN OKHUCHO-BITHOBHHX PEaKIIiid;

" BUMIpPIOBAHHS MUTOMOTO TeIJIa peaKiii.
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2.3.MeH10 nporpamu

Burmisin ronoBHOro MEHIO mporpamu nokasaHuil Ha puc. 2.3.

b ChemLab - (untitled) - Acid-Base 1 n

.

®aiin  [paeka OBopygosanwe Bewectee [Mpouesyper Mopagex  Hactpoiikn  Cnpaexa

DPHXYXBEBS

L-Efididdecel I | B-1 OO

~|l[12 .’1 U ==

Marlett

Introduction I Procedure E Observatinns%

T T B e e e wl

Puc. 2.3.T'onoBue menro nmporpamu ChemLab.

['oioBHe Mento porpamu ChemlLabskirouae Taki MyHKTH:

®ajin  jae MOXIMBICTH  CcTBOproBatd  jgokymentd ChemLab,
HaJIalITOBYBATH iX Ta 30epirartu.

IIpaBka gae MOXJIMBICTH MPAIFOBATH 3 (hparMEeHTaMu Ta CTPYKTypaMu B
ijoMy (BHpi3aTH, KOMIIOBATH, BCTABIISITH, BUILUISTH TOIIIO).

OO0JafHaHHSI MICTHTH 0a3y JaHuX 3 j1abopaTtopHuM mocyaom (tadma. 2.1)
Ta 00JaHAHHSAM JIJI1 CTBOPEHHS YCTAHOBOK Ta MPOBEICHHS BIpTyaIbHUX
1ab0paTOPHUX POOIT.

PeyoBuna wmictTuTh 0a3y JaHMX 3 pEaKTHBAMM, MOTPIOHUMHU IS
BUOPAHOTO AJITOPUTMY J1a00paTOpHOI pOOOTH.

IIpouexypu MicTUTh OMIIiil, MOTPIOH1 JIJIT BUKOHAHHS pOOOTH Ta 00pOOKH
pe3yNbTaTiB XIMIYHOTO €KCIIEPUMEHTY .

Iopsaok 1ae MOKIIUBICTE 00’ €THYBAaTH 00’ €KTH, KOMOIHYBATH iX TOIIIO.
HanamTyBaHHA MiCTUTh TapaMeTPH HalAIITyBaHHS POOOTH PEKHUMIB
BIpTyasbHOI 1aboparopii.

JloBigka MICTUTH BIJOMOCTI TIPO OKpeMi (PYHKIII Ta pekUMU poOOTH Ta

Ipo Mporpamy B LIJIOMY.

2.4.BuBuenns incrpymentiB (O6opynoBanue, TOOIS)

BuOpaBiim nmoyeproBo KoKe€H 1HCTPYMEHT, MOKHA 300pa3uTH BIATOBITHUMN

CJIEMEHT Ha cTopiHii (Tadm. 2.1).
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O6namuauns ChemLab

Tadmuug 2.1

100

[TannLHUK

XiMIYHUU cTakaH

Koniuna xonba
(Epnenmetiepa)

Kpyrnonon-

Ha KoJi0a

N

T'onnHHNKOBE
CKIJIO

®dapdopopa yamka

MipHuii mumiHap

Kon6a byn3ena 1 miiika
broxnepa

L— T T T T T — T
10 20 30 40 S50 60 PO 30 90 A0
T T T T T N — T T
3 4 5 L & 9 10
!E A 2 53 4 5 B 7 &5 9 1

-

B 0000

B 0.0N0g

TexHiuHI Baru

Enextponni Baru

AHaxiTA4HI Baru

bropetka

2.5.0cHoBHI KoMaHIH Ta npuiiomu podoTru y ChemLab

3anogHenHss XiMiuHO20 CcmMakaHa NeeHuUM 00 emom peaxkmugy. JJisi 1bOTO

NOTPIOHO BUIUIMTH CTakaH MPaBOi KHOMKOK MHIII 1 B KOHTEKCTHOMY MEHIO

BuOepiTh omuiro Chemicals.Ilicis 1mporo 3'sIBUTHCA 11aJIOTOBE BIKHO, B SIKOMY

noTpiOHO BUOpATH peakTUB, BKa3aTH HOT0 00’ €M, TUII Ta PO3MIp MOCYAUHH, B SIKY

fioro HanutH (puc. 2.4).
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Bewpecrsa ||
Bewectea:
[0.20 k) Hydrochlarnic dcid - HCI -
Offwent: 200000 = |l v| IHH':PDFIMEILI,HFL..
Cocudpl; |
Il ) JofaeuTe HoBBIE (@) B Brifipadtom cocyde i |
| Tur: lEeaker - |
BenwuuHa ofeera; | 100 ml i |

| Ok ] [ OTrieHa | |EnpaEma|

== -

Puc. 2.4. 3anoBHenHs ximiuHoro crtakaHa Ha 100 ma 20 mun po3uuHy

XJIOPUIHOI KUCIIOTH.

Koniweanua 06’ ekma. CxorniroBaTd BHOpaHU 00’ €KT MOXHA KOMaHJIaMHu
[IpaBka — KomwmpoBate Ta IlpaBka — BcTaBuTh a00 KOMOIHAII€IO «TapsyuX
knaBim» Ctrl+c  (omiroBatn), Ctrl+v (BcraButn). Ilicins mporo moTpiOHO
NEePEeMICTUTH KypCOPOM MHIII CKOMiHOBaHMM 00’ €KT Ha BiIbHE Miclle Ha poOoYOMy
CTOJIL.

Jlooasanns pizHux inouxkamopié 6 posuuru. JIJisi BUKOHAHHSA i€l omepartii
HOTPIOHO BHILIUTH 00 €KT (MOCYIMHY 3 PEaKTHBOM) IPAaBOI0 KHOIMKOKO MHUIIN 1 B
KOHTEKCTHOMY MEHIO BHOepiTh omiiro IndicatorsIlicis nporo B 1iajloroBOMY BiKHI
CJIiJT BKa3aTH 1HIUKATOP Ta Horo 00’ em (KUTBbKICTh Kparens). [Ticis 1iporo moTpioHoO
IIPOKOHTPOJIFOBATH 3MIHY 3a0apBIICHHS 1HIAUKATOPIB B JAHOMY CEPEIOBHIIII.

Komanou ona 3anosnenns nocyoy posuunamu.

JI71s1 3anI0OBHEHHS MTOCYAMHU PO3UYMHOM MOTPIOHO 11 BUOpATH JIIBOIO KHOIIKOIO

BikHO (puc. 2.4),B siKOMY MMOTPIOHO BKA3aTH yCi mapamMeTpH.

MHUIIN 1 HATHCHYTH y MeHio komanay Chemicals = . Jlami 3'saBuThbCs aianorose

JInst mepenMBaHHS PO3YMHIB 3 MMOCYAMHU B IOCYIMHY (HApUKIIaa 3 KOJIOU y

XIMIYHUI CTakaH) MOTPIOHO PO3YMH y KOJO1 PO3MICTHTH HaJ CTAaKaHOM, BUOpATH

HOTO JIIBOIO KHOIIKOKO MUIII Ta HATUCHITH KOMaHTy fﬁ@
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JIMCTUIIBOBAHOKO BOJOKO IMOCYAMHY MOKHA 3allOBHUTH, BUKOPUCTOBYIOUH

o
KOMaHIy ﬁﬁ.
Busnauenns memnepamypu ma pH posuuny. Bunimutu motpiOHMA 00’ €KT
(3armoBHEHY PEaKTUBOM TMOCYJIMHY) MPABOK KHOMKOK MHIII i B KOHTEKCTHOMY

MeHto BuOpartu omii PH Meterra Thermometerpuc. 2.5).

@aiin  TMpaska D&apy,qoaanne Bewecrso  Mpoueayper Mopagox  Hacrpoiikn  Cnpaska

DPHYL < R-BRridiliddce il HZ]l £-4 1000 ¥

Marlett vmu v][EI u|E== |

ntroduction | Procedure | Observations |

cid-Base Titration Introduction: =

(o e i {lyehogentis)
andOH ﬂmlmndem)mmaly toa Verysmall | 4
1 !
Hz‘a > B i OH~ - 10|0F pH Meter
e il solutin the con : d‘[H*]ﬂxl[ i Cl[ Collect Titration Data
OH ] are equal at 1.0 x 107 M. An acidic solution s Chermicals..
one in which the concentration of [ H*]> [ OH-].and Water..
in mlmgcsdmnﬂn[ﬂ"’] < [OH]. pH isa Bidicatdies
e of the concentration of [ E*] and is defined as - e
pH = Jog[ H* | L Stirring Rod
Label...
In a neutral solution pH=7. A pH < 7 indicates an Thermometer
acidic solution and pH > 7 signifies a basic solntion. Show Weight
: e T 0 : Timer 3
& uimmﬁ mmm I o e Chemical Properties...
transferred from an acid to a base:
Transfer to Mew Container..,
HA + B -> A + BH. wheeHAis Enin
an acid and B is an base Delete
adding small quantities of a base to an acid and recording Sopy

6)

Puc 2.5.Busnauenns temnepatypu ta pH po3uuny: a — BubGip QpyHkiii; 6 —

BHUMIPIOBaHHA Temneparypu 1 pH y po3uuHi .
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Haepisanusa. Harpitu po3unH MOXKHA 3a JIOTIOMOTOKO MaJbHUKA ﬁ' [Tpun
aKTMBOBAHOMY TE€PMOMETpPI CJIiJI BIAMITUTU 3MiHY TemmnepaTypu. [Ipu noBeneHHi
PO3YMHY JI0 KUTIIHHS, TOYMHAECTHCS] BUTIAPOBYBAHHS.

3eaccysanns. Y NaHOMY NPOTPAMHOMY MPOAYKTI BUKOPHUCTOBYIOTHCS Baru:
TEeXHIYHI, CJEeKTPOHHI Ta aHamTH4Hi. /711 BUKOHAHHS Ili€i omeparlii mOTpiOHO

00’ €KT J1IJ1s1 3BaYKyBaHHSI IEPEMICTUTH Ha Bard i 3adikcyBaTh oro macy (puc. 2.6).

T T T T T % T T T T T
o 10 20 30 40 B0 v &0 a0 10

Y

B 50.0000g

6) B)
Puc. 2.6.3BaxxyBanns (paphopoBoi Hamku HA TEXHIYHUX (@), EMEKTPOHHHUX

(6) Ta ananmiTnyHuX (B) Barax.
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Ilepeconxa. CxnacTu yCTaBKy ISl TIEPETOHKH MOYXHA, BHUKOPHUCTOBYIOUHU
NYHKT MeHo: «O0opynoBanne — OOopyaoBaHue Juisl ieperoHku». [ami ciia mo
4yep3l 3 KOHTEKCTHOTO MEHI0 BHOpaTH KpyTioJOHHY KoiOy, Hacaaky Bropma 3
TEPMOMETPOM, XOJIOAMIBHUK, aJOHX, CNEKTPOILTUTKY Ta KojOy-mpuiimad. Ilicms
I[OTO MOTPIOHO 3aMOBHUTH KPYIJIOJIOHHY KOJOY PO3YMHOM 1 BBIMKHYTH HAarpiB:
Heating Mental Settings» Increase Heatpfic. 2.7) @punuHuTa HarpiBa —

Decrease Heat).

Puc. 2.7.YcranoBka s neperonku y ChemLab.

2.6.TecToBi 3aB1aHHS
1. BkaxiTh 0COOIMBOCTI YPOKY 3 KOMIT FOTEPHOIO MIATPUMKOIO:
a) IHTEPAKTUBHICTb 1 11aJIOTOBUI XapaKTep HaBYaHHS,
0) onTUMalbHE MOETHAHHS 1HAMBITyalbHOI Ta TPYHIOBOI pOOOTH;
B) MIATPUMAHHS B Y4YHS CTaHy ICHXOJIOTTYHOrO KOMQOPTY HpH CIIJIKYyBaHHI 3
KOMIT IOTE€pPOM;
r) BCi BIJIMTOBIII BipHI.
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2. JlaiiTe TOSICHEHHS TPUHIMITY QJANTUBHOCTI JUIsI YPOKY 3 KOMIT IOTEPHOIO
M TPUMKOIO:

a) MPUCTOCYBAHHS KOMITFOTEpa J0 IHAMBIAyaIbHUX 0COOIUBOCTEH TUTHHH;

0) y Oyab-sKuii MOMEHT MOXKITUBA KOPEKIIisl BUNTEIIEM TPOIIECy HABYAHHS,

B) ONTHMAaJIbHE MOEAHAHHS 1HIMBIyaIbHOI Ta IPYINOBOI pOOOTH;

r) %KOJIHOT MPaBUJILHOI BiMOBIII.

3. JlaiiTe TOSICHEHHS MPUHIMITY KEPOBAHOCTI [JII YPOKY 3 KOMI FOTEPHOIO
H1ITPUMKOIO:

a) MPUCTOCYBaHHS KOMITFOTEpa J0 1HAMBIIyaIbHIX 0COOMBOCTEH TUTHHH;

0) y Oyab-sKuii MOMEHT MO>KITUBA KOPEKIIisl BUNTEIIEM TPOIIECy HABYAHHS,

B) ONTHMAaJIbHE MOEAHAHHS 1HAMUBITyaIbHOI Ta IPYINOBOI pOOOTH;

T) ’KOJIHOT MPaBUJIHHOI BiIIIOBIII.

4. Tlpuxknagamu cydacHux I1I13 3 ximii €:

a) «IlepioauuHa cucTeMa XIMIYHHUX €JIEMEHTIBY;

0) miapy4yHuK «Ximist. 7 Kiac»;,

B) miapyuHuK «Ximist. 8 kmac»;

T) %KOJIHOT MPaBUIIHHOI BiIOBIII.

5. [Ipuxknagamu cydacHux I1I13 3 ximii €:

a) «BipTyaiabHa XiMiuHa JJaboparopis. 8-11kmacu»;

0) miapy4yHuK «Ximist. 7 Kiac»,

B) miapy4Huk «Ximist. 11xmac»;

T) ’KOJTHOT MPaBUJIHHOI BiIOBIJII.

6. [Ipuxnagamu cyqacuux [1113 3 ximii €:

a) «Tabmuis J[.I.Menaeneea»;

0) «Bipryanpna ximiuHa naboparopist. 8-11kmacu»;

B) «bi0ioTeka eIeKTPOHHUX HA0OUHOCTEH. 8-9Kkmacu»;

r) BCi BIAMOBII BIpHI.

/.Y BUBYEHHI IIKUIBHOTO KypCy XiMii BUAUIAIOTH KiJIbKa OCHOBHHMX HAIIPSIMKIB, /1€
BUNpaBaaHe Bukopuctanua HKM:

a) HAOYHE MPEICTABICHHS 00'€KTIB 1 SIBUII MiKPOCBITY;
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0) BUBYCHHSI BUPOOHUIITB XIMIYHHUX MPOYKTIB;

B) MOJICTIIOBAHHS XIMIYHOTO €KCIIEPHUMEHTY 1 XIMIYHHX peaKIlii;

r) BCi BIIMOBIII BIpHI.

8. Yci mojeni, BUKOPUCTOBYBaHI y BUKJIaJaHH1 XiMil, MO>KHA PO3JUIUTH 32 pIBHEM
00'€KTIB, 1110 IPEACTABISAIOTHCS, HAa TPYIIH;

a) MojIeJIi MIKpOCBITY 1 MOJIEJIi MAKPOCBITY;

0) MoJtesTi MIKPOCBITY 1 MOJICITI PEaKIIil;

B) MOJICJII MIKPOCBITY, MOJIE€/I MAKPOCBITY, MOJIEJIi XIMIYHOTO €KCIICPUMEHTY

T) ’KOJIHOT MPaBUJIHHOI BiIOBIII.

9. Mogneni XiIMIYHUX peakiiil, 1abopaTOpHUX pOOIT, XIMIYHUX BUPOOHHIITB,
XIMIYHMX MPUJIAIIB peaji3oBaHl B HACTYITHUX MPOrpamax:

a) «Ximis s ycix — 2000»;

0) ChemLab;

B) IR and NMR Simulator;

r) BCi BIJIMTOBIII BipHI.

10. BukopucranHs INepepaxoBaHUX BHIIE MPOrpaMHUX 3aco0iB HAa ypokax Ximii
MaloTh HACTYITHI IEpEeBaru:

a) 3HAYHUH 00CAT MaTepiairy, 10 OXOILTIOE Pi3HI PO3ILIN KYypCy HIKIILHOT XiMii;

0) MOJIMIIYETHCS HAOYHICTH MMOaui MaTepiaay 3a paXyHOK KOJIbOPY, 3BYKY 1 PYXY;
B) HAsABHICThH JEMOHCTpAIA TUX XIMIYHUX JOCBIJIIB, IO HEOE3MEYHI IS 370POB'S
ITEN,

r) BCi BIJIMTOBIII BipHI.

11. BkaxiTh nporpamy AJisi CHMYJIOBAHHS PI3HUX XIMIYHUX PEaKIlii.

a) ACD/ChemSketch;

0) ACD/3D Viewer;

B) Model ChemLab;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

12. 1o Bxoauth 1o nakety ycranosku Model ChemLab?

a) nporpama ChemLab;

0) nmporpama RasWin;

37



B) [lepioaudHa cucTeMa eJIeMEHTIB,

r) BCi BIJIMTOBIII BipHI.

13. BkaxiTh MOOUIBHY Mporpamy ajs neperiisaay 3D-CTpykTyp MoJiekys y makeTi
Model ChemLab.

a) 3D Viewer,

0) RasWin;

B) 3D Optimization;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

14. SIxi popmatu miaTpumye nporpama RasWin?

a) PDB;

0) MDL;

B) XYZ;

r) BCi BIIMOBIII BIpHI.

15. sIxi ¢hopmatu miarpumye nporpama RaswWin?

a) PDB;

0) BMP;

B) JPEG,;

r) BCi BIAMOBII BIpHI.

16. sIxi ¢hopmatu miarpumye nporpama RaswWin?

a) GIF;

0) MDL;

B) TIF;

r) BCi BIiJIMTOBIII BipHI.

17.3anyctutu nporpamy Model ChemLabvoxna koMaH 1050 rOJIOBHOTO MEHIO:
a) [TYCK —IIporpamu — ChemLab Eval — ChemLab;

0) ITYCK —IIporpamu — Crangaptai — ChemlLab Eval — ChemLab;
B) [TYCK —IIporpamu — Crangaptai — ChemLab;

T) ’KOJTHOT MPaBUJIHHOI BiIIOBIII.

18. SIxe miamorose BiKHO 3’ sIBJIS€ThCS Micist 3anmycky ChemLab?

a) «MoJTyJTb MOJICITFOBAHHS»;
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0) «XimiuHa Jab0paToOpis»;

B) «Y CTaHOBKU;

r) ’KOJIHOT MPaBUJILHOI BiMOBI/II.

19. Slki anroputmMu 1a00paTOPHUX POOIT € CTAHAAPTHUMH Yy MOJYJII MOJEITIOBAaHHS
ChemLab?

a) KHCJIOTHO-OCHOBHE TUTPYBAHHS,

0) OKHUCHO-BITHOBHE TUTPYBAHHS;

B) BJIACTUBOCTI METAJIiB;

T) ’KOJTHOT MPaBUJIHHOI BiIOBIII.

20. SIki anroput™Mu 1a6OpPaTOPHUX POOIT € CTAHAAPTHUMHU Y MOAYJ1 MOJIETIOBAHHS
ChemLab?

a) BUMIpIOBaHHS TUCKY T'a30BHUX CYyMIillIeH;

0) OKHMCHO-BITHOBHE TUTPYBAHHS;

B) BJIACTUBOCTI METAJIiB;

T) ’KOJIHOT MMPaBUJIHHOI BiIIIOBIII.

21. SIki anroputMu 1a00paTOPHUX POOIT € CTAHJAPTHUMH Y MOJYJII MOJIETIOBaHHS
ChemLab?

a) JOCIIiPKeHHsI KIHETUKH OKHCHO-BIJTHOBHUX PEaKIlii;

0) Bu3HaYEHHS (i3HKO-XIMIYHUX KOHCTAHT;

B) BJIACTUBOCTI METAJIiB;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

22. SIki anroput™Mu 1a60paTOpHUX POOIT € CTAHAAPTHUMHU Y MOAYJ1 MOJIETIOBaHHS
ChemLab?

a) rpaBIMETPUYHMI aHAI3;

0) Bu3HA4CHHS (i3UKO-XIMIYHUX KOHCTAHT;

B) KOMILIEKCOHOMETPIS;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

23. SIki anroput™Mu 1a6OpPaTOPHUX POOIT € CTAHAAPTHUMHU Y MOAYJ1 MOJIETIOBAHHS
ChemLab?

a) TpaBIMETPUYHUN aHAII3;
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0) KpucTami3aiis Ta po3AlICHHS CyMilleH;

B) KHUCIIOTHO-OCHOBHE TUTPYBaHHS;

r) BCi BIAMOBII BIpHI.

24. BkaxiTh MyHKT, KU1 BincyTHiN y merro ChemLab.
a) daiin;

0) IIpaBka;

B) ®opmar;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

25. BkaxiTh MyHKT, KU1 BincyTHiN y merro ChemLab.
a) OOnagHaHHS;

0) PeyoBuHa;

B) OO’ €KT;

r) ’KOJIHOT MPaBUJILHOI BiMOBIII.

26. Sxuii nyHKT BX0aAuTh 10 MeHio ChemLab?

a) daii;

0) PeyoBuHa;

B) HanamryBanus;,

r) BCi BIIMOBII BIpHI.

27. Slxuii myHKT BX0oaAuTh 0 MeHio ChemLab?

a) OOnagHaAHHS;

0) PeyoBuHa;

B) HanamryBanus;,

r) BCi BIJIMTOBIII BipHI.

28. BkaxiTh mporpamy, 1o MICTUTh 0a3zy JaHUX 3 Ja0OpaTOPHUM IIOCYJOM Ta
oOMagHaHHSIM JJIi  CTBOPEHHS YCTAaHOBOK Ta MPOBEACHHS BIPTyaJlbHUX
71a00paTOPHUX POOIT.

a) ACD/ChemSketch;

0) ACD/3D Viewer;

B) Model ChemLab;

T) ’KOJIHOT MPaBUIIHHOI BiIOBIII.

40



29. Omnuii, HeoOX1aH1 /Ui BUKOHAHHS POOOTH Ta OOpOOKHM pe3yJbTaTiB XIMIYHOTO
excnepumenty y ChemLabvictsarecst y MeHIO

a) O0nagHaHHS,;

0) [Ipouenypw;

B) HanamryBanms;

r) BCi BIAMOBII BIpHI.

30. ki Barm MicTATbCA y JabOpaTOpHOMY OOJaIHAHHI BIPTyalbHOI XIMIYHOI
nabopatopii?

a) TeXHIYHI;

0) eJleKTpOHHi,

B) aHAJIITHYHI;

r) BCi BIJIMTOBIII BipHI.
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3.MIPAKTUYHA YACTHUHA

JlaGopaTopHna podora Nel

Tema: CxmanoBi iH(MOpMAaLIHHUX TEXHOJOTiIH. TeXHONOrii CTBOpEHHS
TEKCTOBOTO JIOKYMEHTY 3 BHKOPUCTaHHSAM 00’ €KTiB. miarpamu, (HopmyJu,
YCTAaHOBOK XIMIYHOTO CHUHTE3y, Ta Ja0OpaTOpHUX YCTAaHOBOK I XIMIYHOTO
anamizy. CnemnianpHe nporpamue 3abesmneuenHs Model ChemLabnpodeciitnoi
IISUIBHOCTI XIMIKA, BUKJIagada XiMmil.

Micue npoBenennsi: Komn' rotrepna nabopatopis kadeapu HEOpraHigHoi Ta
¢b13uuHOT XiMii.

Meta: OBoJjioAiTH HaBUYKaAMU TIPOBEJEHHS XIMIYHOTO aHami3y Y
BIpTyasbHIN XiMi4HIM naboparopii. HaBunTH CTYZIEHTIB BUKOPUCTOBYBATH CyYacHi
1H(opMarliiiHi CUCTEMH.

ba3oBuii piBeHb 3HAHb Ta BMiHb.

1. HaBuuku poGotu 3 OC Windows. BmiHHS mpalioBata 3 Mporpamoro
[TpoBiTHUK.

2. TlonsaTTs mpo MymbTHMEAiHI TexHOoJOTil. OcoOmmBOCTI 00 HAHHS
MYJIBTUMEIIMHOTO KOMIT I0Tepa.

3. BMiHHS mpaItoBaT 3 TUCKOBOOM KOMITaKT-IUCKIB.

Buxignuii piBeHb 3HAHb TA BMiHb.

CryneHTy IOBUHHI 3HaAMU.

1. CtpykTypa pob604oro BikHa, TOJOBHOTO MEHIO 1 TaHell IHCTPYMEHTIB pefakTopa
Model ChemLab.

2. CtBopeHHsi HOBUX (DaljIiB JTOKYMEHTIB 1 iX 30epekeHHs B pemakropi Model
ChemLab.

3. HanamryBanHs mapamMeTpiB NporpaMu. MaHesl IHCTPYMEHTIB, BIKHA JOKYMEHTIB,
3arajbHi HACTPONKH.

4. HanamtyBaHHs mapaMeTpiB TEKCTY JJIsl HAKCIB Ta MITOK.

5. Iin6ip nmaGopaTopHOro 00OJIAIHAHHS JJI1 BUKOHAHHS JabOpaTopHOI poOOTH 3

XiMmii.
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6. Buainenns gpparMeHTiB CTpYKTYpH.

7. BinTBOpeHHS XOAy XIMIYHOTO €KCIIEPUMEHTY Ha poO0OYOMY CTOJI.

8. [ToOGynoBa rpadikia.

9. BukopuctanHs madiioniB 1okyMeHTiB B pepakropi Model ChemLab.

10. Excriopt ganux 3 peaakropa Model ChemLaly texcroBi pegakropu.
CryneHTu MOBUHHI 6Mimu:

1. CtBoproBatu HOBi (haliiM JOKYMEHTIB, 3MIHIOBaTH iX PEXHUM BITOOpaKeHHS,

30epiraru ix. HamamroByBatu mporpamy.

2. Ilinbupatu naboparopHe oOMagHAHHS, CKJIAJaTH BIPTyalbHl XIMIUHI YyCTaHOBKU

Ta pelaryBary ix.

3. Bunainsatu okpemi ¢hparMeHTH 4u 00'€KTH B CTPYKTYPI.

4. Jlo6GaBiaTH 10 00J1aJHAHHS TEKCTOB1 HAIIHCH.

5. CrBoproBatu ()parMEHTH XIMIYHOTO €KCIIEPUMEHTY BIJIMOBIAHO 7O IMPOTPaMH

BHBUYEHHS XIMIi.

6. MantoBatu rpadiku 10 BiAMOBIAHUX JOCIIIKEHb.

7. IlpamtoBaTsl 3 MyTbTUMEIIHHUMHU KOMIIAKT IUCKAMH.

8. IlpawtoBaTu 3 €EKTPOHHUMU MIAPYYHUKAMH Ta CHIIUKIONEIISIMU.

3micT podoTu

I. 3anyck mporpamm Ta ii HAJJAIITYBAHHSA.

1. 3amycrite mporpamy Model ChemLabkomanmoo roaoBHOro MeHIo:
"I[TYCK —IIporpammer — ChemLab Eval — ChemLab".

2. HatucHith kHOTKY "| agree"nns miaTBep I KeHHS.

3. B monym wmoxemoBands ~ChemLab Bubepite anroputm Acid-Base
Titration. Hatuchite kHOTIKY "OK" 1151 TiATBEpPKESHHH.

I1. BUBYEeHHSI MEHIO IPOrPaAMHU.

1. BuBuUeHHS TOJIOBHOTO MEHIO TIporpaMu. BuOepiTh KOXEH IMyHKT

TrOJIOBHOI'O MEHIO Ta O3HaloMTeCs 3 KOMaHaaMH.
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2. BuBuenns inctpymentiB (O6opynoBanue, T0OIS) Bubepits moueproo
KOXXEH IHCTPYMEHT Ta 3 MOro JOMOMOror 300pa3iTh BIANOBIIHUN €JIEMEHT Ha
CTOPIHIII.

3. 3anoBHiTh cTakad Ha 100m1 20 M1 po34rHY XJIOPUIHOI KHCTIOTH.

4. Cxomitorite nanuii 00’ ekt komanaamu [IpaBka — Komuposats Ta [IpaBka
— BcraButh 200 komOiHali€ro «rapsunx kiaBim» Ctrl+c (omitoBatn), Ctrl+v
(BcraBuTH). [lepeMicTiTh KypcOpOM MHIII CKOMiHOBaHHWA 00’ €KT HA BUIbHE MicCIe
Ha poOOYOMY CTOJII.

5. JlomaiiTe pi3HI IHIAUKATOPW B OJIepXkKaHl poO34uMHU. BiamiTeTe 3MiHY
3a0apBIICHHS 1HAMKATOPIB B KUCIOMY CEPEOBHILLI.

6. B xoHiuHy K00y HanmitTe 30 MJ1 pO3YMHY HATPIM T1IPOKCHUY.

7. Po3MicTiTh Ha poOOYOMY CTOJI1 XIMIYHMIA cTakaH Ha 250Mi1 1 mepenuiite y

HBOT'O PO3YHH JIYTY.

. . . o
8. BinbHy KOHIYHY KOJIOY 3alOBHITH JUCTHIIOBAHOIO BOJIOIO p&” :
9. B 3amoBHEHHX IMOCYAMHAX BKaXiThb TeMmIeparypu po3unHiB Ta pH
cepenoBuia. Buainite nNOTpiOHMNA 00’ €KT MpaBOK KHOMKOK MHUOI 1 B

KOHTEKCTHOMY MeHI0 BHOepiTh omiii pH Meterra Thermometer.

10. HarpiiiTe aucTriibOBaHy BOMY 3a JOTIOMOTOIO MAJIbHUKA ﬁ' BigmiTeTe
3MiHy TemIiieparypu. JloBeaiTh po34rH A0 KUIIHHS.

11.3BaxTe haphopoBy HalIKy Ha TEXHIYHUX, €IIEKTPOHHUX Ta aHATITHYHUX
Barax.

12. Cxnanite ycTaBKy ajisl ieperonku: Obopyoosanue — Qbopyoosarue OJis
nepezoHKuU.

13. 3anoBHITH OOpeTKYy pO3YMHOM Jyry. Po3micTiTh HOoro Haj XIMIYHHM
CTaKaHOM 3 KHMCJIOTOIO Ta MPHJIUITE 3 OIOPETKHU JYT M0 KUCIOTH. BinmiThTe 3MiHY
3a0apBIICHHA 1HIUKATOPA.

14.TloexcnepuMEHTYHUTE 3 1HIIUM JIADOPATOPHUM O0JIaTHAHHSIM.

15.30epexith (¢aiii, BKa3aBIIM CBOE NMPIi3BUIIE Ta TOMITKY 1.
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III. Kncj10THO-0CHOBHE TUTPYBAHHS.
1. Jlns 3amycky peXKumMy KHUCIOTHO-OCHOBHOTO THUTPYBaHHS MOTPIOHO mpH
3amycky nporpamu ChemLabsu6paru anroputm Acid-Base Titration.
2. O3HalloMHUTHCS 3 TEOPETUYHHUMH OCHOBAMHM TUTPYBaHHSA B JIBIH Cipiif
yacTHHI pobouoro crona (ommis Introduction).
3. I o3HaloMJIEHHSI 3 XOJ0M POOOTH MOTPIOHO MEPEKIIOUYUTH TEKCTOBY
4acTUHY pobodvoro crona B pexxum Procedure:
1. V¥V koniuny kon6y Ha 100m1 nomictite 35Ma 0,2M po3uuHy XJIOPUIHOT
KHCIIOTH.
2. Jlomaiite 2 kparmut iHnukaropa denondraneiny mo kucinoru (Chemicals
- Indicators).
3. Iokaxite pH manoro po3unny (Equipment.pH meter) a6o B
KOHTEKCTHOMY MeHIo omilis PH meter.
4. BBiMkHITH pexxuMm TuTpyBanHsa (Titration data)./[ns mporo BHOEpiTh
KOJIOy MpaBOI KHOMKOIO MHIII Ta B KOHTEKCTHOMY MEHIO BHOEpIThH
"Collect Titration Data".
5. BinkpuiiTe BIKHO JiJisi 30€pEKEHHs TaHUX TUTPYBAHHS. BUOEPITh KOJOY
NPaBOI0 KHOIMKOK MHIII Ta B KOHTEKCTHOMY MEHIO BUOepiTh "View
Titration Data".BikHo, 1110 3’ IBUThCs1 Oyjie IOKa3yBaTH JaHi y Mporieci
TUTpYBaHH:!
6. 3anoBHiTh OtopeTky 0,2M po3urraom NaOH (50mi).
7. Po3MiCTITh OIOpETKY HaJ TUTPYBAIHHOIO KOJIOOTO.
8. BigTurpyiiTe pOo34MH KHCIOTH PO3YMHOM Jyry (BapirolTe MIBHAKICTBH
TUTPYBaHHsA). Y TOYIl €KBIBAJCHTHOCTI 3YINHHITh THUTPYBaHHS,
BIAMITBTE 00 €M THpany. [licas nporo mpunuiite Bech JHIIHIA 00 €M
TUPAHTY B KOJIOY JIJIsl OJIEp KaHHS TIEPETUTPOBAHOTO PO3UMHY Ta KPUBOI
tutpyBanus (puc. 3.1).
9. V xoai tutpyBanusa ChigkyiTe 3a 3MiHaMH KPUBOi TUTPYBaHHS.
10.Ckomiroiite kpuBy TuTpyBanus y MS Word puc. 3.2).

4. CriocTepexeHHs Ta po3paxyHKH MOXHa BHecTH B pexkumi Observations.
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5. 36epexiTh JOKyMEHT. 3p00iTh BUCHOBKH.

Paiin lMpaska OGopysoeanue Bewlecteo I'Ipou,e,u.ypbl I'Iopn,qox Hanpomxn Cnpaeka

DPHED O L -Beidliddc@lHE |l &-4 t OO0«
TimesNewRoman  v|/[18  ~| B I!I.E_‘

} Procedure |0bservaﬁun5:

IProcedure

Step 1: Obtain acid, in a 100 ml Erlenmeyer flask add 35
ml of .2M HCI solation.

|Step 2: Add an indicator to the acid. select the flask and
add 2 drops of phenolphthalein indicator. The indicator | =
menu is available under the chemicals main menu
(Chemicals—Indicators) or the context menu.

lay pH. select flask and add a pH meter to
ion using the equipment main mem

(Equipment—>pH mieter) or the context mem.

cgg|\||||||gl||||\|||g|||||||‘g||\1||||§||||H|” il

T:h'&thDam mem from the procedures menu or from
the right-mouse context menu.

Puc. 3.1.KucnorHo-ocHoBHe TuTpyBanHs y ChemLab.
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Puc. 3.2.KpuBa TUTpyBaHHS CUJIbHOI KUCJIOTH CHUJIBHOI OCHOBOIO.

JlaGopaTopHa podoTa Ne2
Tema: Ckuagosi iHdopmamiiiHux TtexHosorid. TexHomorii CcTBOpeHHS

TEKCTOBOTO JIOKYMEHTY 3 BHKOPUCTaHHSIM 00’ €KTiB. mgiarpamu, (HopmyJu,
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YCTAaHOBOK XIMIYHOTO CHHTE3y, Ta Ja0OpaTOPHUX YCTAHOBOK JJISi XIMIYHOTO
anamizy. CnemianpHe nporpamue 3abesneuenHs Model ChemLabnpodeciitnoi
IISUIBHOCTI XIMIKA, BUKJIagada XiMmil.

Micue npoBenennsi. Komn' rotepaa nabopatopis kadeapu HEOPTaHIuHOT Ta
(bh13uyHOT XiMii.

Meta: OBoJjioAiTH HaBUYKaAaMU TIPOBEJEHHS XIMIYHOTO aHami3y Y
BIpTyasbHIN XiMi4HIM 1aboparopii. HaBunTH CTYIEHTIB BUKOPUCTOBYBATH CyYacHI
iH(opMarliiiHi CUCTEMH.

ba3oBwuii piBeHb 3HaHb Ta BMiHb.

1. HaBuuku poGotu 3 OC Windows. BmiHHS mpaIioBaté 3 Mporpamoro
[TpoBiiHUK.

2. TlonsaTTs mpo MymbTEMEAiHI TexHoyOril. OcoOmmBOCTI 00 HAHHS
MYJIBTUMEIIMHOTO KOMIT I0Tepa.

3. BMiHHS mpaItoBaTy 3 TUCKOBOJOM KOMITaKT-IUCKIB.

Buxignuii piBeHb 3HAHb TA BMiHb.

CryneHTy TIOBUHHI 3HAMU.

1. CtpykTypa pob60o4oro BikHa, TOJOBHOTO MEHIO 1 TaHell IHCTPYMEHTIB peJaKkTopa
Model ChemLab.

2. CtBopenHsi HOBUX (DaljIiB JTOKYMEHTIB 1 iX 30epekeHHs B pemakropi Model
ChemLab.

3. HanamryBanHs mapamMeTpiB MporpaMu. MaHesl IHCTPYMEHTIB, BIKHA JOKYMEHTIB,
3arajbHi HACTPOUKHU.

4. HanamtyBaHHs mapaMeTpiB TEKCTY JAJIsl HAKCIB Ta MITOK.

5. Iin6ip maGopaTopHOro 00OJIaIHAHHS JJI1 BUKOHAHHS JabOpaTopHOI poOOTH 3
Ximii.

6. Buainenus gpparMeHTiB CTPYKTYpH.

7. BigTBOpeHHs X0y XIMIYHOT'O €KCIIEPUMEHTY Ha pOOOYOMY CTOI.

8. IloOynoBa rpadikis.

9. BukopucranHs 1ma0/0HiB JoKyMeHTiB B peaakTopi Model ChemLab.

10. Excniopt nanux 3 penakropa Model ChemLaly texcroBi penakropu.

a7



CtyneHTH IOBUHHI éMimu:
1. CtBoproBatu HOBi (haliiM JOKYMEHTIB, 3MIHIOBaTH iX PEXHUM BITOOpakeHHS,
30epiratu ix. HanamroByBartu nporpamy.
2. Ilinbupatu nabopaTtopHe oOMagHAHHS, CKJIaJaTH BIPTyalbHI XIMIUHI YCTaHOBKU
Ta pefaryBaTu ix.
3. Bunainsatu okpemi ¢pparMeHTH YU 00'€KTH B CTPYKTYPI.
4. Jlo6GaBiaTH 10 00J1aJHAHHS TEKCTOBI HAIIKCH.
5. CrBoproBati ()parMEHTH XIMIYHOTO €KCIIEPUMEHTY BIJIMOBIAHO JO IMPOTPaMH
BHBYCHHS XIMii.
6. MantoBatu rpadiku 10 BiATOBIAHUX TOCIIIKEHb.
7. [IpairoBatul 3 MyJIbTUMEIIMHUMHI KOMIAKT JUCKAMH.

8. IlpawoBaTi 3 €1EKTPOHHUMU MIAPYYHUKAMH Ta CHIIUKIONEIIIMHU.

3micT podoTu

I. 3anyck mporpamm Ta ii HAJJAIITYBAHHSA.

1. 3amycrite mporpamy Model ChemLabkomanmoo roaoBHOro MeHio:
"I[TYCK —IIporpammer — ChemLab Eval — ChemLab".

2. HatucHith kHOTIKY "l agree"mis miaTBepHKeHHS.

3. Bubepits anroput™m Fractional Crystalization Lab.

II. Kpucranizanis Ta po3aijieHHs1 cyMinmi

1. JIna 3amycky pekuMy KpucTajizalii moTpiOHO MpH 3amycKy Mporpamu
ChemLabsubparu anropurm Fractional Crystallization Lab.

2. O3HalloMUTHUCS 3 TEOPETUYHUMH OCHOBAaMU MPOIIECY MOXKHA B JIIBIH Cipiid
yacTuHI pobouoro crona (ommis Introduction).

3. lnsa o3HaloMIIEHHS 3 XOAOM POOOTH MOTPIOHO MEPEKIIOYUTH TEKCTOBY
JacTHHY poOoYoro croja B pexum Procedure.

4. IlpuroTryBaHHsl PO34HHY JABOX coJieil. 3 XIMIYHOTO MOCYAy BUOMPAIOThH
crakad, 00’ emoM 100 mi, B sxkuii nomarote 60 MJI AUCTUIBOBAHOT BOIW KIMHATHOIL
temmeparypu. Ilotim momaroth 3pasku cojeit Harpii xmopuay (NaCl) macoro 121

ta kami Oixpomary (K,Cr,O;) macoro 15r. Po3umH mepeMilnyioTh CKISTHOIO
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NaJTMYKOI0 (BUOMPAIOTh cTakaH mpaBoro kiaBimoro murn ([IKM) ta akTHBYIOTH
Stirring Rod)ra 3a HeoOXiTHOCTI HAarpiBalOTh MATBHUKOM 0 MOBHOTO PO3YUHECHHS
coJieii. BKiIIO9iTh OMIIit0 BUMIPIOBAHHS TEMIIEPATYPU PO3UMHY.

5. Oxono0akeHHs1 po3uuHy. 3 MeHI0 «OO0jaHaHHA» BUOUPAIOTh XIMIYHUMN
crakan 00'emom 600 mu, sixkuii HamoBHIOWTH 300 mur kprikanoi Boau. (Kpmkany

BOJIy HAJIMBAIOTh y CTAKaH, BUKOPHCTOBYIOUH JIaJIOTOBE BIKHO 3 MeHIO (puc. 3.3).

@Chemlab (untrtled) Fractmna]CrySla zation

e =

®aitn  TMpaska Oﬁopy,qoaanue Bewecteo  [Mpoueaypsr  Mopagock  Hacrpoiikn  Cnpaska

D3HED D __[‘;o_[]lfﬁ@g@.'ﬁﬁﬂ&é@ﬁﬂﬂfﬁﬁﬂ@ ¢ 100

Marlett v“ [12 v' @ Add Water
Add Ice Water
| introduction | Procedure | Observations |
Procedure: 3
? ' """"""""""""" =)

Step One: Prepare a solution of the two salts - First so0 ||
obtain a 100 ml beaker then add 60 ml of distilled water FJ“DID
at room temperature. Next add a 12 gram sample of |m:| sl
Sodinm Chloride (NaCl) and a 15 gram sample of el b

'otassium dichromate (K2Cr207). mix and if necessary el

t the sohution with a bunsen burner until all the solid

hasz dicsabrad

Puc. 3.3.3amoBHEHHS CTaKkaHy KPUKAHOKO BOJIOKO.

Po3minmaroTe XiMIYHMI CTakaH 3 PO3YMHOM COJIeH y CTakaHl 3 KPHXKAHOIO

BOJIO0 3a foroMoro GyHkiii 00’ eqnanns mocyauH (Combine) puc. 3.4).

Wc'hemlab (untrtled} Fractmna] Crys‘la zation

Gaitn Mpseka Obopygosarme Beusectso Mpoueaypsi Mopaaok  Hacrpoiikn  Cripaska
DPHXYXEB<r-BfidliadeelBE | &-+ 1O
Marlett vlllz_][EI UE= = ‘
lmlm_’ Observations |
Procedure:

| »

|Step One: Prepare a sohution of the two salts - First
obtain a 100 ml beaker then add 60 ml of distilled water
at room temperature. Next add a 12 gram sample of
|[Sodimm Chloride (N2Cl) and a 15 gram sample of
|[Potassium dichromate (KZCQO‘;) mix and f necessary
lheat ﬂmsohmwﬂhabﬂnswmuﬂal&esokd

&
?
?
=
£
23
L

600
ml

llinto the 600ml beaker by selecting the combine memu i

Combine

| — —

Group

Qpﬁon,ﬁmﬂwmgemmcmmﬂaﬂﬂn Zooooas

Delete
” tassmm dichromate has come out dm_(ﬂ“Q)_ --------------------

Cut

Copy

Puc. 3.4.0x00/15KeHHST PO3UUHY .
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Ox0M0KeHHS MPOBOAUTH 10 TMOBHOI KpHCTamizamii Kaimiii Oixpomary 3
posunny (0°C). Ilicist wpOro po3’€IHANTE CTAKAHH 3BOPOTHOK) OIEPALIEI0
(BHILIITH X Ta B KOHTEKCTHOMY MEHIO BHOEpITh omifito Remove).

6. BimokpemiieHHst KaJiii Oixpomaty 3 po3uMHY (iIbTPYBaHHSIM.
CknazaroTh YCTaHOBKY Ui (DUIBTPYBAaHHS 3 KOHIYHOI KOJIOM Ta JiHku broxHepa
(BHOMPArOTh KOHIYHY KOJIOY, BUALISIOTH il Ta HATHCKAIOTh MPaBy KJABIIIY MHIII; 3
KOHTEKCTHOTO MEHIO BUOHMpaloTh Jiiiky broxHepa — Buchner Funnel)llicis uporo
PO3YMH 3 0CaJIOM Kajii 6iXxpoMarty BiAGIIETPOBYIOTh.

7. Buninenns 3paska kaqiii Oixpomary. 11lo6 onmepkatu 3pa3ok comi 3i
¢bineTpy, Buautore [IKM konly Ta ne3aktuByroTh Jiliky broxaepa — Buchner
Funnel. [Ticas 1pboro aBTOMATHYHO 3 SIBJISETHCS J1aJIOTOBE BIKHO «DinbTp», B
SKOMY 3alUTYIOTh MPO MOJAJBIN Mii CTOCOBHO ocamy. TyT ciig BHOpaTé TPETIO
Ji10 — IEPEMICTUTH OcajJl y HOBY IMOCYIUHY, BHOpaTH THI nocyaunu Evaporation
Disha6o Watch Glassa naticaytun OK.

8. BuaisieHHs1 HATpiii xyiopuay 3 po3uMHy. [HIMN 3pa3ok comi — HATpiid
Xymopuny — 3 GIIbTpaTy OACpXKYIOTh BHUMAPIOBaHHIM po3dyuHy. llepenmiite
biapTpaT y BUMApHy YalllKy Ta MiJITpIATE PO3YMH 3a JONOMOIOI0 MalbHUKA.

HarpiBanns 37111CHIOIOTH JJO TIOBHOT'O BUKHUITAHHS BOJIU. Baxkath KiHIEB1 IPOAYKTH

File Edt Equpment Chemicals edures Arrange  Options  Help

DPHY¥EBS idliddceilZI | B- 11 O00

Times New Roman [w] 18 [«] B I'U|[E[E = ‘

Infrochuction | Procedure | Observations

s

Procedure:

Step One: Prepare a solution of the two salts - First
obtain a 100 ml beaker then add 60 ml of distilled water

at room temperanice. Mext add a 12 gram sample of
Sodiun Chloride (WaCl) and & 15 gram sample of
Potassium dichromate (KoCr07), mix and if necessary o E
heat the sohution with a bunsen burner ul ol the sefid e
has dissolved

Eem

ITEE =

| Step Two. Ciool solution - Obtain & 600 ml beaker from |
the equiptaent mem, then il with 300 ml of ice water. |
Tee water may be obtained using the distilled water dialog|
box from the chemical mem. Place the 100rml beaker

into the 600m] bealcer by selecting the combine meny

option, from the arrange mern. Cool until al the
potassitim dichromate has come out of solution (0 °C)

Step Three: Remove solid potassium dichromate from
solution - First obtain a fltering Aask with Buchner

funnel, this is done by picking a 100 ml Edenmeyer fask ./

| ooong

and then adding a buchner finel to i by selecting the ? 7
Buchner fuanel meny item from the equipment meny, |
while the Bask is picked, Then pour the solution Fom the

bealcer mto the fltering Hask with buchner fiunel, vt @
|bsaker is empty

| Step Four Removing sample from the filer - To remove

|semnple From fiter pick the flask and agam selectthe &
|buchner funnel optio m the equipment menu, This 2|

v5 MTYCK

Puc. 3.5.Bukonanns anroputmy Fractional Crystallization Lab.
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I11. BumiproBaHHSI THCKY I'a30BOi CyMilli.

1. Jlng 3amycky peXUMy AOCITIDKEHHS CTHCHEHHS Ta3iB MOTPIOHO mpH
3amycky nporpamu ChemLabsu6paru anroputm Gas Compression.

2. O3HailoMUTHUCS 3 TEOPETUYHUMH OCHOBAaMH MPOIIECY MOXKHA B JIIBIH Cipiid
yacTHHI pobouoro crona (ommis Introduction).

3. s o3HaloMJIEHHSI 3 XOJ0M POOOTH MOTPIOHO MEPEKIIOUUTH TEKCTOBY
4acTUHY pobodvoro crona B pexxum Procedure.

4.3 MeHro 00aHaHHs BUOMPArOTh ra3oBui mmpuil Ha 60 mut 3 madioHoM
(Gas Syringe» 60ml Syringe with Gaugel niamoroBomy BiKHi, 10 3’ IBUTHCS
miciIs 1[bOTO JUIsl Ta30BOrO INMpHIla BKazyloTh 00'em razy 50 mu (puc. 3.6).

DiKCyIOTh MOYATKOBHM TUCK ra30BOI CyMIIIIi.

Puc. 3.6.Bubip razosoro mmpuma y ChemLab.

5. IIKM BuOuparoTh HIIPHI], a MOTIM Y KOHTEKCTHOMY MEHIO BHUOUPAIOTh
ommiro Set Gas Syringe Volume y giaioroBomy BikHI 3MEHITYIOTh 00’ €M Tra3y Ha
10 M. Skuit TUCK Ta30BO1 CyMmilI?

6. Omeparliro CTUCHEHHS Ta3iB MOBTOPIOIOTH 3-4 pasu (puc. 3.7).
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(B cemiae

DPaiin  [Mpaeka OBopyaoeaHwe Bewecrso [pouegypel Dopagok  Hactpoiikn  Cnpaska i
DRH¥ A0 DriWiiddco il BE | & | | OO ™

Aial -ls <] B I U|E= | -

;Intrnductiun.-\ Procedure lo_ﬁsgrvatinnsé
1E Y il

Procedure:

Puc. 3.7.Bukonanns anroputmy Gas Compression.

V. I'paBiMeTpruHuMil aHaTI3.

1. Jlna 3anmycKy peXuMy T'paBIMETPUYHOIO aHajli3y MOTPIOHO TMpH 3aIyCKy
nporpamu ChemLabsu6partu anroputm Gravimetric Analysis of Chloride.

2. O3HaOMUTHUCS 3 TEOPETUYHUMH OCHOBAMH MPOIIECY MOXKHA B JIIBIH Cipiit
yacTHHI pobouoro crona (ommis Introduction).

3. lnsa o3HaloMIIEHHS 3 XOAOM POOOTH MOTPIOHO MEPEKITIOYUTH TEKCTOBY
JacTHHY poOoYoro croja B pexum Procedure.

4. HaBaxka. Y ximiuanii crakad Ha 250 min momimarore 5r com
HeBigomoro xmopuay XCI.

5. Po3uunenHns. Y crakad nogaroth 100Mi1 BoaM KIMHATHOT TEMIIEPATYPH Ta
MEePEMINITYIOTh PO3YMH CKIITHOIO MATMYKOIO JI0 TIOBHOTO PO3YMHEHHS XJIOPUTY .

6. /lonaBaHHA HITPATHOI KUCJIOTH. Y OJIEp)KaHUM PO3UYMH BIMBaIOTH 1 M
KOHIIEHTPOBAHOI HITPATHOT KUCTIOTH.

7. OcamkeHHs. 3 XIMIYHOTO TMOCYQy BUOHMpaIOTh MIpHMH IIJIIHAP Ha
100w, HanoBHIOIOTH Horo 1M po3uunnom aprentym HiTpaty. Ilicis iboro AGNQO;

NPWINBAIOTH 3 IIIIHAPA Y CTakaH NopiisiMu mo 5-10 mi 10 MOBHOTO OCaIKEeHHS
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apreaTyM xsiopuay. [IoBHOTY oca/pKeHHS IEPEeBIPSIOTh TaK: KIIAIAl0Th HA CTaKaHI 3
po3unHoMm JIKM nBa pasu, micis 1bOTO 3 SBISETHCS M1aJIOTOBE BIKHO 31 CKIJIAIOM
PO3UYMHY Ta XIMI13MOM TIPOIIECY.

8. Binoxpemiaennss ocany. CkianaroTh YCTaHOBKY Jisi (UIBTpYBaHHS Ta
BiQIIBTPOBYIOTH OCaJl apreHTyM Xyopuay. [lepemimnaroTh HOro Ha TOAMHHUKOBE
CKJIO Ta 3BaXylOTh (puc. 3.8).

Cning Big3HA4YWTH, MO Yy peaibHiN maboparopii BiadinerpoBanmii AgCI
noTpibHO Oysno © BHCYHIUTH, MPOTE B JAaHOMY IPOTPAMHOMY ITIPOJYKTI

GbiTpTpOBaHMI Ocajl HE MICTUThH BOJH.

V. ociakeHHsl KIHETMKH OKMCHO-BITHOBHOI peakiii
1. JIns 3amycky peXHMY BHBUYEHHS KIHETUKHM MOTPIOHO TMpPHU 3aMycKy

nporpamu ChemLabsubpatu anroputm Reaction Kinetics in redox reaction.

Mpouegypel  Dopagok  Hactpoiikn  Cnpaska

PECELTPIN- T2 S TP YT L RN i DK
TimesNewhoman -8 ~] B 7 [ME]= = |

[ Intreduction  Procedure | observations|

>

m

\adding water_ stir soltion untl XClis completely
dissolved.

concentrated acid to XCl solution_ 100

ol

StS:AddConcmtraledNit:icAdiaddlmlof ED
40

Step 4 Add 1M AgNOs: Obtain a 100ml graduated
cylinder and fill with 1M AgNOs, add AgNOs to XClI
||sohation in 5 to 25 ml increments. A precipitate of AgCl

[ will form and gradually settle. Continue to add AgNOs

[ ontil no more precipitate forms. To verify that the |
lireaction is complete check the chemical properties of the
bealeer (by double-clicking on it) and confirm that all of
the XCl (in solution) has been consumed.

(

Step 5: Filter and weigh AgCl : Obtain a 250ml

Erlenmeyer flask and add a filter. pour the contents of the |
beakﬁﬂoﬁmeﬁask. Remove the filter from the
|Erlenmeyer flask (by again selecting the filter menu or
button) and save the solid contents in a watch glass.

Weigh the sample and record the result. * ] -

Puc. 3.8.Bukonanns anropurmy Gravimetric Analysis of Chloride.

2. O3HalOMUTHUCS 3 TEOPETUYHUMH OCHOBAMH MPOIIECY MOXKHA B JIIBIM Cipiit

JacTHHI podouoro croa (ommist Introduction).
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3. Jlnsa o3HailoMJIeHHS 3 XOAOM POOOTH MOTPIOHO MEPEKITIOYUTH TEKCTOBY
qacTUHY pobodoro crona B pexxum Procedure.

4. TlpuroryBanust po3umHy Na,S,0s. YV ximiunuii crakan Ha 100 mn
nomimaiote 0,25 r Hatpiii Tiocynbbary Ta gomaroth 20mn Boau. Po3umH
NEPEMIIITYIOTh IO IOBHOTO PO3YMHEHHS COJIi.

5. llpuroryBannsi po3uuny KI. V ximiunuii crakan Ha 100 M1 momiiaroTh
10 r xami#t Womuay Ta momarotb 20Ma Boau. Po3umH mepemimyioTh 0 MOBHOTO
PO3YMHEHHS COJIi.

6. Bubuparots ctakan Ha 600 M1 Ta mepenuBalOTh y HbOTO PO3YMHH Kaiii
Homaumy Ta HaATpiil Tiocynbdarty. Ilicas mporo 10 OTpUMaHOTO PO3YMHY JOJAIOTH
60 M1 1M po3unny HCI.

7. B onepxanmit poszumn gomaroth S50 mn 0,1 M posuuHy rimporeH
nepokcuy. Y MOMEHT moBHOTo mnpuiuBa"Hsi H,O, BiamidaioTh 4Yac MoyaTky
peakiii (ITKM BuOupatots Timer). 3ynuHSIIOTh CEKYHAOMIP 3pa3y K MiCs 3MiHH
3a0apBiIeHHs pO34yMHY (y pe3ysibTaTi peakiii BUIUISETCS BUIBHHHA HOJ, SKHMA
3MIiHIOE 3a0apBiieHHs po3umHy). Ciiag 3ayBakMTH, IO KpOXMajb, B SKOCTI
THAMKATOpa JI0JA€ThCS aBTOMAaTHYHO. DIKCYIOTh Yac nepeoiry peakiii (puc. 3.9).

5. [ToBTOpHO MO’KHA BUKOHATH PEAaKIIil 3a 3MiHEHUX YMOB (IMB. MyHKT 5Ta 6

edure)puc. 3.10).

Qaiin Mpaska OBopyaosarme Bewecrso  [pouesypsl  Mopsgox  Hactpoiicn  Cnpaska

DPHY00s 0 OriEiladce il & 11 OO0

Times New Roman v|||22 v] B/ U ‘ ‘
T

B Proc

| Introduction | Procedure !Ubservatmnsf

80 a0
1o E 100 E
ml |-4p il an
J J

Repeat step 2 except with 20 gm and then
40 gm of K1

Repeat step 3

Add extra 150 ml and then 450 ml of water
to the 600 ml beaker

Repeat step 4. record times for 300 ml and
600 ml solutions

Step 6: Varying [I"] while holding [H202] constant. (3

runs)

Repeat stepl

Repeat step 2

Repeat step 3

First nn add no extra water. second run add
100 ml . third run add 300 ml of water
Repeat step 4, first man add 50 ml, second

Puc. 3.9.Buxonanns anropurmy Reaction Kinetics in redox reaction.

54



WQaiin [lpaska OBopyaosanwe Bewectso [Mpouegypst Mopagok  Hactpoiikn  Crnpaska

D2PWH¥0 0% O laliadoe i g I & 11O/«

Times Mew Roman "||22 vl B 7 Elé = | _‘

[_Intrududiun‘_‘i Procedure ! Observations |

Add extra 15U mi and then 450U ml of water | &0
to the 600 mi beaker : "UU@D
* Repeat step 4, record times for 300 ml and )

600 ml solutions

Step 6: Varying [I'] while holding [H202] constant. (3
)

Repeat stepl a0
Repeat step 2 100
Repeat step 3 El E‘U
First run add no extra water, second run add

100 ml , third ron add 300 ml of water

® Repeat step 4, first run add 50 ml second 500
run 100 ml and third run add 200 ml of 1M o [
H:0

*  Record times for 150ml, 300 ml and 600 ml o L.
solutions E

Puc. 3.10.3mina ymoB y Reaction Kinetics in redox reaction.

VI. Ex30TepmiuHa peakuis.

1. Jlns 3amycKy pexumy MPOBENEHHS €K30TEPMIYHOI peakilii moTpiOHO MpH
3ammycky nporpamu ChemLabsu6paru anroputm Specific heat lab.

2. O3HalloMUTHUCS 3 TEOPETUYHUMH OCHOBAaMU MPOIIECY MOXKHA B JIIBIH Cipiid
yacTHHI pobouoro crona (ommis Introduction).

3. I o3HaloMJIEHHSI 3 XOJ0M POOOTH MOTPIOHO MEPEKIIOUYUTH TEKCTOBY
qacTUHY pobodvoro crona B pexxum Procedure.

4. 3pa3zok Metaxay. Y npo6ipky mnomimarTs 100 r 3ami3HUX OIIypOK.
AKTHBYIOTH TEPMOMET ISl BAMIPIOBAaHHS TEMIIEpaTypH METay.

5. IlpuroryBanHsi BOASIHOI BaHHM. Y XiMiyHMA crakan Ha 250 mn
HaguBaroTh 150 My Boam KiMHaTHOT Temmeparypu. I[loMicmiaroTe NpoOIpKy y
CTAKaH 3 BOMOIO TAa HArPiBAaIOTh BMicT mpoOipku y Bomsuii Bammi xo 100°C,
BUKOPHCTOBYIOYH TMaJbHUK.

6. Kamopumerp. BubGupaiore 3 MeHio «OOaHaHHS» KaJIOpUMETp Ta
HAMOBHIOIOTH WOTO BOJAOI0 KIMHATHOI TemmepaTypH, 06’ emom 100mu. BuitmaroTs
npoOipKy 31 CTakaHy, EePEMIIIAOTh 3aJli3H1 OIIYPKH 3 MPOOIPKH Y KAJIOPUMETP Ta

3akpuBaioTh Horo. Jlns mporo IIKM BuOupatore Tepmomerp (ms  OMIIis
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aBTOMATHYHO 3aKpU€ KaJOPHUMETP Ta BUMIpSE€ TEMIEpaTypy BOIU y HBOMY).
®iKCyIOTh KiHIIEBY TeMIIEpaTypy Boau y kanopumetpi (puc. 3.11).
4. Jlocnin MOKHA TIOBTOPUTH, EKCIICPUMEHTYIOUH 3 IHITUMH METaIaMHU.

5. 36epexiTh JOKyMEHT. 3p00iTh BUCHOBKH.

— - )
) ChemLab - (unttled) - Spechic heat 16 W S R W o) s

Gain TMpacke Ofopyacearme Bewecrso Mpoueayps Mopsaok  Hacrpoiikn  Cripal

DeH%00% 0 O iallddceiHE L & 1 | OO
o B 7 U|E== |

Introduction | Procedure \ansarvamns}

=
Step 1: Obtain metal sample in test tube. First add a test I
tube to the Lab Select the test tube and add 100 gm of i

Iron Shot (Fe). Add a thermometer to the test tube so
that you can record the initial temperature of the Fe.

Step 2: Prepare hot water bath and add test tube with
imetal Obiain a 250 ml beaker. Add 150mi of water at
lroom temperature fo the beaker. Place test tube within
Ibealer (select both test tube and beaker, and combine .
lfrom the Arrange Memu—>Combine). Now heat the I
combined beaker test tube arrangement by heating with a i Emn
lbunsen burner unil the Fe shot reaches the boiling point )
lof water 100 °C.

==

|[Step 3: Place heated metal in calorimeter with waterat | =
room temp. Add Calorimeter to Lab (select Equipment
'memu—>Calorimeter) Add 100 ml of water at room temp
20 °C to calorimeter (elect calorimeter and press water
toolbar button 2x or use water dialog box). Remove test
itube from beaker (by selecting beaker and using the
|Arrange Menu—Remove menu). Pour the heated Tron
linto the calorimeter and close the calorimeter (close
\calorimeter by selecting calorimeter and pressing the
thermometer tool bar button. This will add both a

thern and a cork top to calori ). Record the

| ||final temperature of the water.

Puc. 3.11.Bukonanus anroputmy Specific heat lab.

JlabopaTopna podoTta Ne3

Tema: CkinagoBi 1HPOpMAIIMHUX TEXHOJOTIM. TexHoyorii CTBOpPEHHS
TEKCTOBOTO JIOKYMEHTY 3 BHUKOPUCTaHHSIM 00’ €KTiB: mgiarpamu, (HopMmyiH,
YCTAaHOBOK XIMIYHOTO CHHTE3y, Ta JaOOpaTOPHUX YCTAHOBOK JJSi XIMIYHOTO
anamzy. CnemianpHe nporpamue 3adesneuenHs Model ChemLabnpodeciitnoi
TISUTBHOCTI XiMiKa, BHKJIaava ximii. Pobora y Lab Wizards.

Micue npoBenennsi: Komn' rotepHa nabopartopist kadeapu HEOpraHiuHoi Ta
¢b13uuHOT XiMii.

Meta: OsBojomiTh HaBUYKAaMH TPOBEACHHS XIMIYHOTO aHAm3y Yy
BIpTyaJIbHIM XIMIUHIN JJabopatopii. HaBunTH CTyIeHTIB BUKOPHUCTOBYBATH CY4YacHi
1H(bOpMaIlIliHI CUCTEMH.

ba3oBuii piBeHb 3HAHb Ta BMiHb.
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1. HaBuuku poGotu 3 OC Windows. BmiHHS mpaIfoBata 3 Mporpamoro
[IpoBigHUK.
2. TloHATTsT mpo MyJIbTHUMEIMHI TexHosorii. OcoO0auBOCTI 00JagHAHHS
MYJIBTUMEAINHOTO KOMI F0Tepa.
3. BMiHHS mpaItoBaT 3 TUCKOBOJOM KOMITAKT-IUCKIB.
Buxignuii piBeHb 3HAHb Ta BMiHb.
CtyneHTH IOBUHHI 3HAMU.
1. CtpykTypa poO0YOro BikHA, TOJOBHOI'O MEHIO 1 IMaHel IHCTPYMEHTIB peJlakTopa
Model ChemLab.
2. CtBopeHHs1 HOBUX (aiiliB TOKYMEHTIB 1 iX 30epexxeHHs B pemaktopi Model
ChemLab.
3. HanamrtyBanss mapaMeTpiB mporpamu: maHesl IHCTPYMEHTIB, BIKHA TOKYMEHTIB,
3arajbHi HACTPONKH.
4. HanamryBaHHS MapaMeTpiB TEKCTY JIJIs HAMKCIB Ta MITOK.
5. Ilin6ip maGopaTopHoro oOnaJHaHHS IJIsi BUKOHAHHS J1TaOOpaTopHOi poOOTH 3
Ximii.
6. Buainenns gparMeHTiB CTpyKTYpH.
7. BigTBOpeHHs X0y XIMIYHOT'O €KCIIEPUMEHTY Ha pOOOYOMY CTOI.
8. [ToOGynoBa rpadikia.
9. BukopucranHs madiioniB 1okyMeHTiB B pepakropi Model ChemLab.
10. Excriopt ganux 3 peaakropa Model ChemLaly texcroBi pegakropu.
CtyneHTH OBUHHI éMimu:
1. CrBoproBatu HOBi (haliiM JOKYMEHTIB, 3MIHIOBaTH iX PEXHUM BITOOpaKeHHS,
30epiraru ix. HamamroByBatu mporpamy.
2. Ilinbupatu nabopaTropHe oOMaHAHHS, CKJIaJaTH BIpTyalbHI XIMIUHI yCTaHOBKU
Ta pefaryBaTu ix.
3. Bunainsatu okpemi ¢pparMeHTH 4u 00'€KTH B CTPYKTYPI.
4. Jlo6aBiaTH 10 00J1aJHAHHS TEKCTOB1 HAIIHCH.
5. CrBoproBatu ()parMEeHTH XIMIYHOTO €KCIIEPUMEHTY BIJIMOBIAHO JO IMPOTpaMH

BUBYEHHS XiMil.
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6. MamtoBatu rpadgiku 10 BiAMOBIAHUX TOCIIKEHb.
7. [IpamoBatel 3 MyJTbTUMEIIMHUMH KOMIAKT JUCKAMH.

8. [IpamroBaru 3 €JIEKTPOHHUMHM MIAPYUYHUKAMHU Ta CHITUKIIOTE I SIMH.

3micT podoTn

I. 3anyck mporpamm Ta ii HAJAIITYBAHHA.

1. 3amycrite mporpamy Model ChemLabkomanmoo rojaoBHOro MeHio:
"I[TYCK —IIporpammer — ChemLab Eval — ChemLab".

2. Hatuchite kHOTIKY "l agree"mis miaTBepHKeHHS.

3. B moaym monemoBanns ChemlLabsubepite Lab Wizards. HatucHith
kHonky "OK" s minrBepKeHHS.

lI. Po6ora y Lab Wizards

Lab Wizards (Maiictep na0opatopii) npu3Ha4eHWH [UII CTBOPEHHS
BJIACHMX aJIFOPUTMIB IpoBeAcHHS XiMiuaux AocaiaiB (UDL-daiinis) (puc. 3.12).

Jlns  Toro o0 po3noyaTd MOJCNIOBaHHS Jjaboparopii, HeOoOXiaHO
HiATOTYBaTH TEKCTOBI JOKyMEHTHU: nepeaMoBy (puc. 3.13),TeopeTryHi BiOMOCTI,
Xig poboTu Ta crioctepexxeHHs y ¢popmari rtf (puc. 3.14).

[le Mo>xHa BUKOHATH, BAKOPUCTOBYIOUH TEKCTOBI penakropu tTuiry MS Word
abo WordPad.Takox noTpiOHO BU3HAYUTH, SIKi pEYOBUHH OYAyTh OpaTH y4acTh y
peaxirii, Ta ki peakiii Oy1yTh Bi10OyBaTHUCS I11]1 YaC BUKOHAHHS pOOOTH.

[Tpu BUOOPI ximiuHuX peuoBuH (puc. 3.15)3 mepeniky, 3aIpPONOHOBAHOTO
IPOrpaMor0, BiIKPUBAETHCS [1aJOTOBE BIKHO, B SIKOMY BKa3ylOTh THIl PEarcHTy
(BuXimHA pevyOBUHA, POIYKT TOIIO), KOHIEHTPAI[II0 po34nHy (3a MOTpedH), KOJip

noJiyM' s (3a moTpeOwm) Ta iHII Xapakrepuctuku (puc. 3.16).
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1

LI
i

Mogyne mogenmposanua Chemlab | 23 |
Lah bMaodules | Lab Wizards
Title M odule Drezcription
ﬂﬁ Mactep ChemLab +1.7 Staic_ul.dll 06w aA nadoparopya NOSE0NAET NONBS0BATEND COS0AEATE
1| 1 | b
[ Cnucok Bcex 4ocTynHER NadopaTopuil [MHTepHET] ] l ak I l OTreHa I [ Cnpaeka
L "

Puc. 3.12.3anyck matictpa ChemLab.

-
Wudopmaums o naopatopui u

Wraa paiina UDL

UNTITLED UDL-CHEMLAB

3aronoeok.

OnucaHue

AETOp

[ Aawmrure naponem

HazeaHue moayna naGoparopyu9
Stoic_ul.dll

Patiouan aupexTopra

C:\Program Filzs'Model SciencetChemlab Ewals

[ < Hazan ][ Lani = ] [Cuacyﬁam] [ Hosigka ]

Puc. 3.13.Buecenns 3aransHo1 iHMOpMariii mpo gadbopaTopito.
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.
JoxymeHTayws nabopatopun u

RTF gaiinel 4OKYMEHTOE

BeegeHue: |

Mpoueaypa:
HatnmogeHua:

WenonssoeaTs MPOCTOM TEKCT

O6paTuTe BHUMaHME [okYHEHT 3UMA L0NKHS OBME B TEKCTOBOM dopriare [FFT)

[ < Hasan ][ Hani = J [D{acyﬁam] [ Hosigka ]

Puc. 3.14. BHeceHHS TEOPETHMYHHMX BiJIOMOCTEH, XOay poOOTH Ta

CIIOCTEPEKEHb.

iy - B
fNobaenTe sewecTEa u

Crucok BelecTs

NofaEneHHEle BelecTES: PUMHYECK 3A 6338 AaHHBIK

twiater - HoO Aluminum oxide - A0 -~
Ammoria - NH40H L

A _ | Ammaonialon - NHq ™
2¢ Nofasire | | Ammonium Sulfate - [MH412504
I _ |CaEDTA Complex - CaEDTA
YUpanre »» || Calciumn - Ca
| Calcium Carbonate [caloite] - CaCl
Calciurn hydroxide - Cal0H]z

Calciumion - Ca*e o
LAl m | 3
FHMHMECE S CBOMCTEA.. HofaErTe BEWECTED B Ga3Y aHHER. ..

PegakTuposars Gasy AaHHEX .,

I < Hasan ][ Hani > ]IO{acyBam] [ Oosigka ]

v 4

Puc. 3.15.11ia01p XiMIYHUX PEUOBUH /JIsi BUKOHAHHS pOOOTH.
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N

Kumunueckwe ceoicrea: - Aluminum oxide

HUMAYECKHR TN IT
|| Pearaxr |m| I

[ Mpoaykr peakwmm
[T} HenzeecTHEm

[} PacTeap

FacTeop HeuseecTHOE LA

MonaprocTe: |00

Brifiop uEeTa: I:l

TecT Ha nnatdA

[T Uger Tecra:

[ ]

K.pHEan nposooumocTH [pacTeope)
[T Npoeogrmk;  FoedduumeHT A

K. oy eHT B:

Zoece: [NpoeoguraocTe = A*MonspHocTe - BXsqitMonaprocTe]

‘ HacTpokiku ... ‘

3.16.[liaitorose BIKHO «XIMI4HI BJIACTUBOCTI ...»

Ximiuna 0a3za manux y ChemlLabmictuTh BenMKuil mepesik pi3HOMaHITHHX

MPOCTUX PEUOBUH Ta CIOJIYK: METaJIiB, HEMETaJiB, OKCUIB, KHCIIOT, JIyTiB, COJICH, a

TaK0X OKpEMO KaTioHIB Ta aHioHiB (puc. 3.17).

Copper [I1lodide - Cul

Copper (1) lon - Cus*

Calcium Mitrate - CaMO4)o Copper [II] oxide - Cul

Caliciurn Phosphate - Cag(PO4)2 EEDpper (1] Sulfate - CuS0y ;
Carbon diowide - CO5 Copper [I] Sulfate pentahypdrate - C
Carbonate ion - I:I:I3'2 Copper Ammoniurm Sulfate - CulMH

Chromate ion - Crily !

Copper (] hwdroxide - Cul0H]Z

EDTA - CypHigM20g

Gold - Au
Hard “wWater - Hw
Hydrogen - Ha

Hydrogen Chlaride - HCI

Hydrogen lon - HY
Hydrogen Peroxide - Ha02
Hydrogen Sulfate - Ho504
Hydrowide lon - OH"
I2

lodine anion - I°

|odine -

lodine anion [ti] - I3
Iron - Fe

Iran 1] cation - Fed+

Puc. 3.17.@parment ximiunoi 6a3zu ganux y ChemLab.

SAxmo y 6a31 jaHuX HeMae MOTPIOHOI SISl BUKOHAHHS JIOCTIy PEYOBUHH, il

MOXHa BHECTH, HaTHCHYBIIM <«/lomatum pedoBuHy». Ilpm 1pomy 3 sBUTBHCS

mianorose BikHO (puc. 3.18), B sskOMy y BiJNOBIAHHMX IMOJSX MOTPIOHO BHECTH
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BIJOMOCTI IIpO JaHy pevyoBuHY (Ha3Ba, (Gopmyia, MOJeKyIspHa Maca, (i3u4Hi

BJIACTHBOCTI TOIIIO).

i B
¥uMuueckan 6asa gaHHbX ﬁ

Haseatme: |
Fopryna: ] [ O AkIyHEL ‘ I HutsHIAR 1HHA ko | IBepHHHﬁ MHELEKC|
0 e aHMeE:
MonerynapHan CAS5 B [HHukaneHEF ko) CocToAHKeE
Macca:
2 i Teepakii

MnoTHOCTE: r/ocrad

Mnasaetue / HneHie [C]Her CAS BN | Fenepiposare 1D M
T ernepatypa o - laz
sATes PacTeopuMocTE B Boae [r/100ck3)
T ernepaTypa 0 | Hon
NASENEHMA; Mpu 0°C
[~ Her TemnepaTypb kuneHuA Hon

- Mpw 100 °C
[7] Her Temneparypel nnagneH1a Sapag;

[-1 NpeacTaENAET GECKOHEYHOCTE]
leer [ ]~
Ofpazey;  TeESpael =

OTrieHa

TennoerkocTe: Dt/ raone k. [npy nocTosHHDM GaBneHMH] I—]

b — — —
E— E— —

Puc. 3.18.Buecenns indopmariii npo pedoBuny B 6a3y ganux ChemLab.

[Ticns BuOOpYy XIMIYHMX PEYOBHMH HEOOXITTHO BKa3aTH yMOBHU Tiepediry
peakiii (puc. 3.19).
[ Jetanw peakym &1 |

HasgaHue peakumu:

[] Tpetyer Harpesarka [ | MubuMansHas Temnsparypa: T

[T Nepereumeatie [ | MakcHManbRaa TeMUepaTUpS: T
"] Tpetiyer ceeta
| TennoBoi 3 PerT peakub9: Kax

=
|} FHHMUYECKDE PaBHOBECHE:

Hoprael peakumuu

@ MrHoEEHHaA peakuma
(71 HeTaHOBNEHHAA COPOCTE, HUNEB0R nopaack, [4] & [B] dla]/dT: [+] ronedntc)
171 CrOpOCTE MEMEHAETCA C KOHUEHTpauMel, ki

[nopagok mgna [4] & nopagok nana [B] ] m: m:

[ae: A+B-» C, NpeacTaENAET YRAEHEHHE PEEKLMM

l Ok J I OTreHa |

Puc. 3.19./lianorose BikHO «/leTami peakiii».
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[Ipu BukopucTaHHI (PI3UKO-XIMIYHUX METOJIB aHaji3y, HEOOXiIHO BHECTH
3MiHM B HaJamTyBaHHS JabopaTtopii Ta BuOparu notpidne obnamnanus (pH-merp,
ciekrpodoTomerp Toio) (puc. 3.20).

(T — i |

KmenoTHo-0cHOBHaA nadoparopuHa

7| Brosure pH-taerp

FacTeopumocTe

= UDL MogemposaHie ofpataTbiBaeT Boe peakiby & DACTEODE
' [WrHOPMPOBATE 3HEYEHWA PACTEODMMOCTH W3 Sa3bl 4aHHEIK]

CrnexTpodaToMeTp

= Anasins Petar TR ES
[ BkttosiiTe GEKTROGOTOMETR Notissure/PegarkTHpoBaTE
AAHHEIE CNEKTROMOTOMETRA.

pyroil skcnepHteHT:

T eproauHHatUKa
[T BrntosmTe MCToMHMK, CEETA [ MamepuTans NpoEoaMMOCTI
[T BrawyuTe kanopumerp || BENKOUWTE TEMAERATYRY B FPaPUK THTPOESHHMA

[ < Hazan ]l Dani > I ICKEC)"BEITH] | Doeigka

b

Puc. 3.20.HanamryBanus gabopartopii.
3a yMOBU BUKOPHCTAHHS 1HIUKATOPIB, MOTPIOHO BHECTH 1X HA3BU Ta BKa3aTH
YMOBH BUKOPUCTAHHS y J1iaJJoroBoMy BikHi «[lapaMmerpu inaukaropip» (puc. 3.21).

. . .
MapameTpsl MHAWKATOPOE ﬁ

HasgaHue MHAMKESTOpa:

-

Orucadue HMHAMESTORSE.

MHaMKaUKA [onpegensHie] NPMCYTCTEMA BEWECTE:

[Potassiur| - [1E pacreope

[ Matepare pH

Uper zapana:

C Ha 0
47 KOHUEHTRAELKK / pH > -

I 0
[BEIcoK M)

|| HauankHe i UBeT Sapana B pacTEopE: I:l

|
Ok, | | Otmera ‘ }
.

Puc. 3.21./liamorose BikHO «IlapaMeTpu iHAMKATOPIB».
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[licnss BHeceHHs yCiX BIANOBIAHUX TMapaMeTpiB MOTPIOHO HATHUCHYTH
«['oroBo» (puc. 3.22). HoBuii UDL-(aiin Oyme reHepyBaThcCs 3a JOIOMOI'OIO
Mmarictpa Jlaboparopii i po3mictutbes y karano3i ChemlLablIlicis nporo moTpioHO
3akputu 1 mepesamyctutu ChemlLab, BuOpatn HOBoCcTBOpeHYy nabopatopito B
mianoroBomy BikHI Moy moaentoBanas ChemLab.

INPUMITKA. Cning 3ayBaxutu, mo ctBopeHHss UDL e irteparuBHuUM
porecoM. Y pamKax IbOTro MPOIeCy po3poOKa BUKOHYETHCS Y BUTIISI TCKITHKOX
KOPOTKOCTPOKOBHX IT€palliii TpUBAIICTIO BiJ 2 70 6 THXKHIB. ITeparis mo cyTi €
MiHI-IPOEKTOM (DIKCOBAHOI TPUBAJIOCTI, B pE3yJNbTaTli AKOi PO3LIMPIOETHCS 1
JIOTIOBHIOETHCS  (DYHKIIIOHANBHICTh pO3pO0IIOBaHOI cucTeMu. Tomy, HMOBIPHO,
JOBEJIEThCSl B JICKUIbKA €TalliB 3alyckaTu JabopaTopito, TecTyBaTh i1 Ta
MOKpAIyBaTH ii s OAepKaHHS HAJIE)KHOTO aITOPUTMY BUKOHAHHS POOOTH.

' B
O M

ChemLab Tenepe saBepwHT NocTpoeHWe
UDL dakina M MpoBEpMT Ero NPasHnEHOCTE.
Ct. aWanor mMoayna mMoge MpoBaHHa 404
HacTpoek, LIDL.

’ < Hazan ][ loToBO ] ’D{acyﬂam] [ Dosigka

e

Puc. 3.22.3aBepienns nodygosu UDL-daiiny.
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AnnpeeB A. A. KoMt roTepHi Ta TeJIeKOMYHIKaI[iiHI TeXHOJIOT1i B cdepi ocBiTH /
A. A. Auapees / IkimpHi TexHOMOTIT. — 2007. Ne 3. —C. 151-170.

AxmetoB M.A., [enncoBa O.®. /[Xumus: meroauka mpenogaBanus. - 2004. -
Nel. C. 35.

bukos B.}O. Moneni opraHi3amiiiHuX CHCTeM BiIKpUTOI OCBiTH: MOHOTpadis /
B.IO. bukos. - K.: Ataka, 2008. - 684.

BbyxukoB P. Il. Jdunaktuunuii moteHmian [HTepHET-TEXHOJOTH B CydacHii
cucremi ocith / P. Il. ByxwukoB // IIpodiaemu ocBith: Hayk. 30ipHHK [H-TY
1HHOBAII. TexHOJIOT1H 1 3MicTy ocBiTht MOHMC Vkpainu. —K., 2011. Bun. 66.
—U.1I. —C. 40-45.

['m3oypr B. I. Indopmariiiini TexHOJOTIi TpU OCBOEHHI TOMOJOTIYHHUX 1
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[Ta6apuma B.M. /[Xumus: metoauka mpenogaBanus. - 2004. -Ne2. -C. 33.
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Model ChemLab 2.5 (ShareWare)mporpamue 3abe3nedenns dipyu Model

Science Software Inc.
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