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Beryn

Mera HaBYaHHS B Cy4YacHId IIKOJI — JaTH YYHSAM YCBIJIOMJICHI,
cucTeMaTtnyHi 1 MinHi 3HaHHS [29]. JocmimkeHHsIMH 6araTboX METOAMCTIB-XIMIiKiB
BIIKPUTO OCHOBHY METOJAMYHY 3aKOHOMIPHICTh YCBIJOMJIEHOTO 1 MIIHOTO
3aCBO€HHSI 3HaHb. BOHA MoJsirae B MjIaHOMIPHOMY YTBOPEHHI 1 PO3BUTKY MOHSTH B
YUHIB Yy TMpOIIeCi HaBUAHHA. 3HAHHS CKJIQAa€ThCS 3 MOHATH MPO CYTTEBI O3HAKU 1
BJIACTMBOCTI peuel Ta SIBUIL, IPOIECH 1 3B’SI3KH MK HUMH, SIKI BCTAHOBJIIOE HAyKa.
[ToHsATTS AOTIOMAraroTh JIOAUHI B ii MOCTYNATLHOMY PYyCl MI3HAHHS CBITY.

dopMyBaHHS XIMIYHUX MOHITH — BAKJIMBE HaBUAIbHE 3aBJIaHHS MIKIIEHOTO
Kypcy Ximii. OCKUTbKM BOHU BIJIOOpaxaroTh XIMIYHY KapTUHY CBITY, Il TIOHATTS €
OCHOBOI0, Ha SIKiil ()OPMYETHCSI HAYKOBUI CBITOTJIS]T YUHIB.

[Ipn BuBYEHHI XiMii B Y4YHIB (DOPMYIOTHCA MOHATTSA MPO OKPEMI XIMIYHI
sBUIIA (TOPIHHS BOJHIO, PO3KJIaJ Kajbllid KapOoOHATy, MOJIIMEPU3AIlII0 ETHICHY Ta
1H.), BUHHKAIOTh 3HaHHS MPO THUIH 1 BUJIU NMEPETBOPEHb PEUYOBHUH, PO3BUBAETHCS
3arajbHe TOHSTTS MPO XIMIYHY PeakKiito.

HeoOximHicTb (GopMyBaHHS B Y4YHIB TMOHSATTA MNP0 XIMIYHY PEaAKIIIIO
NIATBEPKYEThCS BHUCIOBIIOBaHHAM akajgeMmika M.M. CemenoBa: "XimiuHe
MEePETBOPEHHS, XIMIYHA pEaKilii — € TOJIOBHMM TmpeaMeT Ximii. BuBuenHs
PI3HOMaHITHUX BJIACTUBOCTEH E€JIEMEHTIB Ta iX CHOJYK, 30KpeMa OyJ0BU aTOMIB 1
MOJIEKYJI, A€ MO CYTi AJs XiMii JOMOMIKHUKA MaTtepiall, sSIKUid MOJETy€e roJIoBHE
3aBJIaHHS — 3aBJaHHS PalllOHATFHOTO KePyBaHHS XIMIYHUMH MEPETBOPEHHAMU".

3aranpHe MOHATTA PO PEAKIi0 MOKHA (DOPMYBATH Ha YPOKax XiMli TUIbKU
HAa OCHOBI BHMBYCHHS OKpPEMHUX XIMIYHHMX SBHUII. B CBOIO depry 1€ MHOHSTTS
HEOOXITHO IIKOJSpaM JJisi O3HAWOMJICHHS 3 PI3HOMAHITHUMHU XIMIYHUMU
NEPETBOPEHHIMH HEOPTaHIYHUX Ta OPTraHIYHUX PEUOBUH, IS pO3YMIHHA 0araThox
3aKOHIB 1 Teopiit ximii. @OpMyBaHHS 3araIbHOTO MOHSTTS MPO XIMIYHY PEAKINI0
BQXJIMBE TaKOX /I BUHUKHEHHS B YYHIB TPaBWJIBHOTO YSBIEHHS MPO cam

IpeAMEeT XiMii, HOJITEXHIYHOI MIT0OTOBKU YYHIB, CTBOPEHHS YMOB JJIsl aKTUBI3aIll1

3



Mi3HAaBAJIbHOI MISJIBHOCTI Y4YHIB MPH BUBYEHHI XiMii. 32 OCTaHHI POKH CYTTEBHX
3MIH 3a3Hajla CTPYKTypa IIKUIBHOTO Kypcy Ximii, 3MICTHIUCH MpPIOPUTETH B
MIJTOTOBINl IIKOJISIPIB, HE TMPOBOJUIMCH CHUCTEMHI JOCTIDKEHHS 3 Tpo0jeM
¢dbopMyBaHHS TIOHATTS B YYHIB 3HaHb MPO XIMIYHY peaki(ito (OCTaHHI MOHOTpadii
natyiotbess 80-mMm pokamu MuHyJIoro cromitra [58; 59]). lle # 3ymoBuio
aKTyaJIbHICTH 00paHOT HAMU TEMH MaricTepchbKoi poOOTH.

O0’eKkT [JO0CHiIKeHHSI — HaBYAJIbHO-BUXOBHUH TMpolec 3 XiMii B
3arajbHOOCBITHIHN IIKOJII.

IIpenmeroM noc/igKeHHs1 € AUNAKTUYHI 3aBAaHHA A1 (OopMyBaHHS B
YYHIB 3HaHb NPO OKHMCHO-BIJTHOBHI pEaKIlii Ta METOJMKA iX BHUKOPUCTAaHHS Ha
ypoKax XiMii B OCHOBHIH IITKOJTI.

Meta po6oTH moJiirae y po3pooOIl Ta anpoOdailii KOMIUIEKCY TUAAKTHYHUX
3aBaHb JJ1s1 GOPMYBaHHS B yUHIB 3HAHD [TPO OKUCHO-BIIHOBHI PEaKIIii.

BiamoBinHo 40 mocTtaBieHoi MeTH Oyinu  copMysibOBaHI HACTYIIHI
3aBJAHHSA AO0CJIIIKeHHS!

1. Ha ocHoBI aHai3y HaBYaJIbHO-METOJUYHOI JITEpATypH 3’ ICyBaTU 3HAYCHHS
Ta MICII€ 3HaHb MPO XIMIYHY PEAKLII0 B 3arajbHId CTPYKTYpl XIMIYHUX
3HAaHb YYHIB 3araJIbHOOCBITHHOT IIKOJIH.

2. Ha ocHoBi aHami3zy METOAMYHOI JITEPATypH BUSBUTH OCHOBHI MIAXOAU O
dbopmyBaHHsI 3HaHb MPO XIMIUHY PEaKIlil0 Ha PI3HUX eTanax HaBYaHHS.

3. BcranoButu ymoBH, 1m0 3a0e3neuyioTh epeKTHUBHE (POPMYBaHHS B YUHIB
3HaHb MPO XIMIYHY pEaklil0 B LIJIOMY Ta OKHCHO-BIJHOBHI MpoOLECH
30Kpema.

4. Po3poOuTH KOMIUIEKC AMJIAKTUYHUX 3aBllaHb JUisi (pOpMyBaHHS B YYHIB
3HaHb PO OKHUCHO-BIIHOBHI MIPOIIECH.

5. AmpobyBatu po3poOJeHYy CHUCTeMY 3aBJIaHhb B YMOBaX pPEaJbHOTO
HABYaJIbHO-BUXOBHOTO TPOIIECY.

i po3B’s3aHHS MOCTABJICHUX 3aBAaHb JOCITIIKEHHS BUKOPHCTOBYBAIUCH
Taki METOIW: TEOPETUUHUN aHaji3 IICHXOJIOrO-IIeAaroriyHoi 1 MeTOAUIHOL

JiTepaTypy; MOPIBHSJILHO-CIIIBCTABHUN METOJ Yy MPOIECi aHaai3y HaBYAIbHUX
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nporpaM Ta MIAPYYHHUKIB XiMii JJii 3arajJbHOOCBITHBOI IIIKOJIM; BHBYEHHS
NEeAaroriyHoro JOCBiAYy B IulaHi ()OpMyBaHHS B YYHIB MOHATTA NP0 XIMIYHY
peakIliio; MEeTOJ MOJICJIIOBaHHs HaBYaJIbHOTO TIpoIlecy 3 XiMmii B cepeaHii
3araJlbHOOCBITHIM IIKOJIi; TMEJaroriuHuii €KCIEepUMEHT, SKICHUW Ta KIJIbKICHUHN
aHaJji3 Horo pe3yybTaTiB.

B neparoriuHoMy ekcriepuMeHTI B3suio y4acTh 54 yuni 9-x kiacis C3OILLI
Ne27 wm. Tepuomine (2022-23 Tta 2023-24 HaBu. pik). Bci y4Hi craHOBHIM
EKCIIEPUMEHTAJIbHY TpYIy, B SKiil HaBYaJIbHOMY MPOIECI BUKOPUCTOBYBAIHCH
pO3po0IeHNIT HAMHU KOMIUIEKC TUJAKTUYHHUX 3aB/IaHb.

OriHKa pe3yabTaTiB €eKCIEPUMEHTAILHOTO HaBYaHHS MPOBE/ICHA Ha OCHOBI:

a) CIIOCTEPEKEHHs 3a TMPOIECOM HABUYaHHA Ta BIJA3MBIB BYUTEINIB-
€KIIEpUMEHTATOPIB;

06) ocoOucTtoi yyacTi B KOHCTPYIOBaHHI Mi3HABAJIbHUX 3aBJaHb Ta
BIIPOBA/KEHHIO 1X B MPOIEC HABYAHHS YUHIB HEOPTaHIYHOI X1Mii.

0) SKICHOrO Ta KUIBKICHOIO aHajli3y pe3yJbTaTiB TECTyBaHHSA Y4YHIB,
IIPOBEICHOTO Micis arpoallii po3po6JIeHOTO KOMIUIEKCY IMi3HABaIbHUX 3aB/IaHb.

IIpakTnyHa 3HAYYHIICTH MAariCTEpPCbkoi pOOOTH TMONATAE B TOMY, IO
po3po0IIeH] 3aBAaHHs 715 3a0e3neueHHsT (OpMyBaHHS B YYHIB 3HAHb MPO XIMIYHY
peaxiiro MOXKyTh OYTH BHUKOPUCTaHI B MPAKTHYHIA JISJILHOCTI BUYUTEINIB, a TAKOK
JUIS. TATOTOBKM METOJMYHMX TMOCIOHHMKIB Ta PO3POOKH PpEeKOMEHJAIlf s
BUMTEIIIB XiMIi BIATOBIIHO A0 YMHHOI Iporpamu 3 Ximii [36], a Takok MiApyIHUKIB
Ta MOCIOHMKIB 3 XIMIl JIJIi YYHIB CEpelHbOi 3arajabHOOCBITHBOI mikomu [I-III

CTYTICHIB.

PoGora BukiazeHa Ha 66 cropiHkax, MICTUTH 3 TaOmuill, 2 cxemH, 1

PHUCYHOK, CITHCOK 3 42 JKepesl BUKOPUCTAHOT JTITEpaTypH, J0AaTOK, aHOTAITI 0.



PO3A1JI 1. TEOPETUYHI OCHOBHU ®OPMYBAHHA
INOHATTA PO XIMIYHY PEAKIITIO

[TouaTkoBi 3HAHHS MPO XIMIYHY PEAKIIIO 3 ABUIUCH Y JIIOJIEH Ty>Ke JaBHO,
a mojanblie 30araueHHsl UUX 3HaHb MPHUBEJIO JO0 TOTO, 110 HA CHOTOJHI 3arajbHe
MOHATTS MPO XIMIYHY PEAKI[I0 € CHUCTEeMOIO MOHSATh. 3HAHHS, Kl K €JIEMEHTH
BXOJSTh B II0 CHUCTEMY, HA3MBAIOTh YACTKOBHUMH TOHATTSAMHU MPO XIMIYHY
peakiito. Jlo HUX BIIHOCATHCS, HANPHUKIAJ, 3HAHHS IIPO YMOBH XIMIYHOTO
MepeTBOPEHHS, HOT0 MIBUAKICTh, HAIIPSM, XIMIUYHY PIBHOBAry.

3aranpHe MOHATTA NP0 XIMIYHY PEAKLII0 MOKHA PO3IJISAATH SIK CUCTEMY
HNOHATh TOMY, LI0 BOHO, IHO-TEpIIE, IMUIICHUNA KOMIUIEKC B3a€MO3B’sS3aHUX
€JIEMEHTIB (Tpyll YacTKOBUX MOHATh MPO Ti YU 1HII CTOPOHHU XIMIYHOTO
MEPETBOPEHHS ), TIO-PYyTe, €JIEMEHT 1HIIO1, OUIbII IMIMPIIOTI CUCTEMHU, TOOTO BCIET
CUCTEMHU XIMIYHHMX 3HaHb, & YACTKOBI IMIOHATTS, 1110 BXOJATh 10 HBOT'O € CUCTEMaMU
OUIBII HUKYOTO MOPSAKY.

Byap-siky cuctemy yTBOPIOIOTH JBI CYKYIHOCTI: €JIEMEHTIB 1 3B’S3KIB
(ctpyktypa). Tomy, mo0 oxapakTepu3yBaTH CHCTEMY IMOHSTh MPO XIMIYHY
peaxiiio, HEOOX1AHO, NOo-Teplle, PO3MNISIHYTH, $KI €JIeMEHTH, TOOTO TIpyIu
YaCTKOBUX TMOHATH MPO XIMIYHY PEakKIlito, ii yTBOPIOIOTh, 1, MO-JIpyTe, 3 ACYBaTH,

SIK1 3B SI3KHU € MK IIUMH €JIEMEHTAMMU.

1.1. 3HaHHA, 10 YTBOPHKTH CUCTEMY MOHATH MPO XIMIiYHY
peaxkuiio B HayHi
Ha cydacHoMy eTami po3BUTKY HayKd XIMIYHY PEaKIii0 PO3TISAAIOTh SK
olHY 3 (GOpM HENEPEPBHOTO PYyXy Marepii, MO 3IIHCHIOETHCS B IPUPOML 1
H1IOPAJIKOBYETHCS 3arajibHOMY 3aKOHY 30€peKeHHs Mateplii 1 ii pyxy (eHeprii).
[Ipu BUSIBICHHI MOHATH MPO XIMIYHY PEAKIlif0 MOTPIOHO HE 0OMEXKYBaTHCH
aHaII30M JIMIIE JIOCSATHYTOTO B Haylll PiBHS 3HaHb, a MPOCTEKYBAaTH Ti BaXKJIMBI
eTanu, sIKi MPOMIIOB PO3BUTOK IIMX MOHATH B 1CTOPIi XIMIYHOT HAyKU. 3BEPHEHHS

710 iCTOpii HAYKH MPU BUPIIICHHI MUTaHh METOIUKN BUBUCHHS XIMii BaXJIMBO III€ U
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TOMY, IIO HE MOXHA JAaTh YYHSIM OJHOYACHO Ti UM 1HIIN MOHSATTA Ha piBHI
CYy4acHHUX YSIBJICHb 1 TEOpIii, a MOTPIOHO BECTH Y4YHIB JO HUX, MO MOMJIHUBOCTI
YHUKAIOUH MepeyuyBaHHS.

OTxe, TIepexoAs4Yu 10 BUSBJICHHS THUX YaCTKOBUX IIOHATH TPO XIMidHE
NEPETBOPEHHS PEYOBUH, $KI BXOIATh B JaHy CHUCTEMY 3HaHb, MH OyIeMO
pO3TIIAIATH X OKPEMUMHM I'PYIaMH, a B KOKHIN TPyl B TiK MOCTIOBHOCTI, B SAKIN
BOHHM BHHHKAJIU B ICTOPIi HAYKH.

Jly’)ke BaXJIMBUMHU TOHSATTAMU € TI, SIKI J1alOTh MOKJIUBICTb OIIIHUTU CYTh
XIMIYHOTO SIBHINA, BpaxyBaTH HOro XapakTEpHI OCOOIMBOCTI, IIO JO3BOJSIOTH
BIJIPI3HUTH MOTO BiJI IHIIKX SIBUIL, HAIPUKIAA, (PI3UYHUX. AJIKE, TOHATTS — OJHA 3
dbopm BigoOpaxeHHsI CBITY B MUCJICHHI, 3 JIOTIOMOTOO SIKO1 IM3HAETHCS CYTh SIBHIII,
IIPOLIECIB, Y3araJbHIOIOTHCS iX BaXJIMBI CTOPOHU Ta O3HAKHU.

[Ile mo0 BUHUKHEHHSA HAYKH XiMIi 3’SIBUJIOCH YSIBJICHHS MPO TE, IO XIMiYHA
peaxiIiiss — MepeTBOPEHHS OJHHMX PEeYoBHH B iHIII. [lomanbii MosICHEHHSI B CBITIII
Teopidi mnpo OYyIOBYy pEYOBHMHM, 1110 TakKe XIMIYHA peakilis, Bce Oiblie
NOTJUOIIOIOTh 3HAHHS MPO 11 cyTh. Take MOrimMOIeHHS Mae TPU OCHOBHUX PIBHI:
1) B CBITJII aTOMHO-MOJICKYJIIPHOI TEOpii XiMIYHA peaKIlisi — 3MiHa CKJIaay i OyJ0BH
MOJIEKYJT BUX1IHUX PEYOBHH 1 YTBOPEHHS Ha 111i1 OCHOBI MOJIEKYJI HOBUX PEYOBUH;
2) B CBITJII €JIEKTPOHHOI Teopii OyI0BH aTOMa — MEPETBOPECHHS BUXITHUX PEUOBUH
B HOBI (HE TUIBKM MOJIEKYJIIPHOI OYZOBH) B pe3yJbTaTl 3MIHU XIMIYHHUX 3B’SI3KIB,
asie 31 30€peKeHHSIM aTOMHUX sijiep; 3) Ha OCHOBI KBAHTOBO-MEXaHIYHUX YSBICHb
— KYJIOHIBChbKAa B3a€MOJIis SIAEP 3 JIEJIOKAII30BAHOIO €JIEKTPOHHOIO XMaporo, M0
HaJICKUTh BC1M CUCTEMI B3aEMOJIIFOYUX aTOMIB.

CyTb XIMIYHOT peakiiii Bce OUThII MUOIIe PO3KPUBAETHCA B 1CTOPIT HAYKH 13
3’SCYBaHHSM TUTAHHS, SIK MPOXOJUTHh XIMIYHA B3a€MOJisl, TOOTO 3 BHUBUCHHSM
MEXaHI3My XIMIYHUX peakiiid. SKmo B [daBHI 4Yacu JIOAM MOTJH TUIbKA
KOHCTaTyBaTH TMEPETBOPEHHS OJIHUX PEYOBHUH B 1HIII, aJie HE MOTJIH MOSICHUTH, SIK
Take TEPETBOPEHHS BiOYBa€ThCA, TO B MOAANBIIOMY POOWIHCH CHOPOOM BCe
ruoIIe 1 pi3HOOIYHO BHUKATH B MPOIIECH, IO MPOXOATh MPU XIMIYHUX PEAKIIIsIX.

B 3B’s3ky 3 UMM MOCHIZIOBHO BHUHUKAJIM HACTYIIHI MOHATTS MPO MEXaHI3M
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XIMIYHOTO TEPETBOPEHHS: MPO PO3PUB BCIX 3B’S3KIB MK aTOMaMu B MOJIEKYJax
BUXIJIHUX PEYOBHH 1 BUHUKHEHHS] HOBUX 3B’SI3KIB MICJs MEpPErpymnyBaHHs aTOMIB;
Ipo MOSABY MPHU peakilii MPOMDKHHX CIOJYK; MPO BUHUKHEHHS JAHIIOTIB 13
€JIEMEHTAapHUX XIMIYHUX NEPETBOPEHb;, MPO YTBOPEHHS MpH XIMIUHIA peakxiii
NEpPexXiIHOr0 CTaHy (aKTUBHOTO KOMIUIEKCY). [IOHSATTS mepexigHoro CcTaHy
BIJIHOCHUTBCS BXKE JIO PIBHS PO3TJIANY XIMIYHMX SIBUIIl HA OCHOBI KBAaHTOBOI XiMii.
AKTHBHHMI KOMILUIEKC HE MOKHA BBa)XKaTH MPOCTO MPOMIKHOIO CIIOJIIYKOIO TaK SIK
BiH '"3QJMIIAETBCA BCE JK INEPEXiAHUM CTaHOM, TOOTO MOCTOM MIX JBOMA
XimMiyHEMH pedoBuHamMu" [35].

BaxxnuBe miciie B CUCTEMI 3HaHb MPO XIMIYHY PEaKUil0 3aiMalOTh MOHSTTS
PO YMOBH peakliii, [0 BKJIIOYAIOTHCS B IPYIY MOHATH NP0 MOYATKOBUM CTaH THX
pPEYOBHH, K1 OyIyTh OpaTH y4acTh B XIMIYHOMY NEPETBOPEHHI. B Ximii 3 JaBHIX
JlaB€H BUHUKJIO YSBJICHHS MPO HEOOXITHICTH JJIsl B3a€MOJIi PEYOBUH 3HAYHUX
€HepreTMYHuX BIUIMBIB. Jlami BuUeHl 3BepHYIM YyBary Ha BUKOPHCTAHHS
PO3UMHEHHSI PEUOBHH JJIS X peakilli Mpu HU3bKUX TemmepaTypax. [Ipu BuBUeHHI
XIMIYHUX PEakKiliid, 1Mo MPOXOJATh Mk JBOMAa 1 OUIbIIE PEYOBMHAMHU BUHUKIIO
MOHATTS MPO HEOOXIAHICTh ISl XIMIYHOI B3a€MOJi1 O€3M0CcepeHbOr0 3ITKHEHHS
IUX PEUOBUH, 1110 CTBOPIOE YMOBH ISl 3ITKHEHHS PEAryrounux MOJIEKYJI.

Hacrynna BuainieHa HaMu Tpyna MOHSATH MPO XIMIYHY PEAKINI0 — MOHSTTS
npo ii mBUAKICTh. [Ipy po3BUTKY B Haylll 3HaHb MPO MIBUIKICTh XIMIYHOI peaKIlii
BUHUKAIM TIOHSTTS MPO TPOTIKAHHS XIMIYHUX peakilii B yaci; Mpo BIUIMB Ha
HIBUKICTh XIMIYHOI peakuli pi3HUX (PI3UYHUX YMOB 1 MPUCYTHICTh KaTali3aTopa;
Ipo X 3aJEXKHICTh B NPUPOAM pearyrouux pedoBUH (iX ckianmy), BiJ KiJIbKOCTI
MOJIEKYJI, 1[0 B3a€EMOJIIIOTh MK COOOI0 B €JIEMEHTAPHOMY XIMIYHOMY aKTl, BiJl
MEXaHI3My XIMIYHOi peakilii, BiJ (pOpMHU YAaCTHUH PEUYOBHH, 5IKI OEpyTh y4yacTh B
HaWIMOBUTBHIIIIN ¢TaIii XIMIYHOTO TICPETBOPECHHS.

B rpyni moHsATh, cepen AKMX MH 3HAXOJUMO TOHSTTS MPO XIMIYHY
pIBHOBary, 3HaHHS PO3BUBAJIMCh B Haylll B Takiil MOCIIAOBHOCTI: Ha MICII
MOYaTKOBUX YSBJIEHb MPO MOBHE NEPETBOPEHHS BUXIJHUX PEUYOBHUH B MPOAYKTU

peakiii BUHUKIIO MOHATTS MPO TakKl peakiii, ki He WIyTh A0 KIHIM, 3’ SIBUIKCH
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3HaHHS MPO OOOPOTHICTH peakiiiif, MPO BUHUKHEHHS CTaHy XIMIYHOI piBHOBArw,
PO BIUIUB YMOB, TIPH SIKUX MIPOXOJUTH B3a€MOJIIsl PEUOBHH, HA 3MIIIEHHS XIMIYHOT
pIBHOBAaru, mpo Te, II0 KaTaji3aTop, He 3MIHIOIOYH XIMIYHOI PIBHOBAru, CIpHSIE
IIBUIIIOMY 11 JOCATHEHHI.

JIo HACTYIHOI IpyIU MOHATH BIAHOCATH TakKi, SIKI XapaKTEPU3yIOTh HANPAM
XiMIYHOI peakirii. PazoM 3 mosiBOIO 3HaHb MPO OOOPOTHICTH XIMIYHMX pPeaKIlii
BUHUKJIO TIOHSTTS PO MOXJIHMBICTh OAHOYACHOTO MPOTIKAHHS PEaKIii B JBOX
MPOTWICKHUX HAIPsMKaXx, a Py BUBUCHHI PI3HOMAHITHUX XIMIYHUX MIEPETBOPEHD
— TIPO T€, 110 3 OJHMX 1 TUX K€ BUXIJHUX PEUOBUH B Psil BUNAAKIB OTPUMYIOTH TO
OJIHI, TO IHIII MPOAYKTH (PEYOBMHU MOKYTh pearyBaTH B JBOX UM JEKUIbKOX
pO3ray’KeHuX HanpsMKax). BUHUKIIO MOHATTS Npo Te, 1110 BCI MIPOLIECH B MIPUPOAI
UOyTh B HampsiMi JIOCSTHEHHS MIHIMyMYy €HEprii, TOOTO CaMOBUIBHO MOXKYTh
MPOXOJUTU TUIBKM eK30TepMiuHl peakiii. Camuii BaKJIMBHM BHCHOBOK IIPO
HAIMPSAMJICHICTh XIMIYHHMX TEPETBOPEHb 3pOOJICHUH HAa OCHOBI TEPMOJMHAMIYHHUX
ySBJIEHb: XIMIYHA peaklis NPOTIKAE CAMOCTIHHO B CTOPOHY 3MEHILIEHHSA
TEPMOJIMHAMIYHOTO TOTEHIiany (1300apHOTO TMpU TMOCTIHHOMY THCKY abo
130XOpHOT'0 MPHU MOCTIHHOMY 00’ €Mi).

Kpim Bullie Ha3BaHUX, B CUCTEMY MOHSTH MPO XIMIYHY PEAKIIIO BXOAUTH e
rpyna TUX 3HaHb, IO HEOOXIAHI JJIA OLIHKU Pe3yibTaTiB XiMiuHOi peakiii. Lle
3HAHHS MPO KIHIIEBUH cTaH pearyrodoi cymimi. Croau BITHOCSTBCS MOHATTA MPO
BUHUKHEHHS M1 4ac XIMIYHOI peakilii HOBUX pEeYOBUH (IIPOIYKTIB PEaKIIii); Mpo
3HUKHEHHSI B3SITUX PEYOBHH; MPO CYMICHY HPHUCYTHICTh B pearyrodiid Cymimii i
BUXIJTHUX PEUOBHUH, 1 NPOAYKTIB peaKilii (SKIIO XIMIYHE MEPETBOPEHHSI 0OOPOTHE).
Cronu X HEOOXITHO BIJHECTH TOHSTTS MPO EHEPreTUYHI pPe3ysbTaTh XIMIYHOI
peaxiiii; Ipo MOXJIMBICTb OTPUMaHHS MpPHU XIMIYHOMY MEPETBOPEHHI TEIUIOBOI,
CBITJIOBOi, EJICKTPUYHOI 1 MEXaHIYHOI €Heprii 3a paxyHOK 3MEHIICHHS 3aracy
BHYTPIIIHBOI €HEPrii y pEeuoBUH; MPO MOXKJIUBICTh HAKOMUYECHHS IHOTO 3aracy
BHYTPIIIHBOI €HEPrii 32 paXyHOK XIMIYHOTO MEPETBOPEHHS; MPO TEIIOBUN e(PeKT

XIMIYHOT peakIlii.



B pesynbrati ananizy 3HaHb, HAKOMMYEHUX MPU PO3BUTKY XIMIYHOI HAYKH,
M.M. CaBuuH BHUALUISE HACTYIHI IPYyHH MOHATH MPO XIMIYHY peakiito: ii CyTb,
MEXaHi3M XIMIYHOTO TIEPETBOPEHHS, IIOYaTKOBHM CTaH pearyrouoi CyMili,
MIBUKICTH XIMIYHOI peakiiii, ii HarpsIMJIeHICTh, XIMIUHa PIBHOBAra, KiIHIIEBUN CTaH
pearytodoi cyminm [37].

3a H.M. BbypuHCBKOIO, B KypcCl XiMIi CepeHbOI IIKOJIM YITKO BUIUISIOTH
ITICTh KOMIIOHEHTIB TIOHATTS “XiMiuHa peakilis’. BoHu (GopMyIOThCS MOCTYMOBO 1
pO3TIAIAlOThCd B €IHOCTI: 1) O3HaKW, CyTh 1 MeXaHI3MH pEaKIlii;
2) 3aKOHOMIPHOCTI BUHHKHEHHS 1 mepeOiry; 3) KUIbKICHI XapakTepucTuku; 4)
KJacudikaiis; 5) MpakTHIHEe BUKOPUCTAHHS; 6) METOAM TOCIiKeHHS [7].

3a O.I'. SIpoiieHKO, CYTTEBUMH O3HAKaMH 1 CTOPOHAMU 3arajibHOTO MOHSATTS
PO XIMIYHY pEakKilit0 € HACTYIMHI OJIOKU 3HaHb: 1) O3HaKU Ta YMOBHU MPOTIKAHHS
peakiiii; 2) enepreruka; 3) KiHeTHKa; 4) XiMiyHa piBHOBAra; 5) 3aKOHOMIPHOCTI
NpOTIKaHHs XIMIYHUX peakiiii [42].

[ToHATTS MpO XIMIYHY peaklilo CKiIaaHe 1 OararorpanHe. Lle, sk 1 TOHATTS
IpO PEUOBHHY, LIl CHCTEMa MOHSTh, L0 Ma€ BIacHy CTpykTypy. Ha ocHoBi
aHaji3y Cy4acHOTO KypCy XiMii CepeaHBbOi IIKOJIM YITKO PO3PI3HSIOTHCS IIICTh
KOMIIOHCHTIB TIOHATTA "XIMIYHA peakiis", SKi pO3rIsAgaloThCsd B €IHOCTI 1
(bOpMYyIOThCSI TOCTYIIOBO:

1) 03HaKM, CYyTHICTb 1 MEXaHI3M peakKlliii;

2) 3aKOHOMIPHOCTI BUHUKHEHHS 1 TIepeoiry;

3) KUIBKICHI XapaKTEPUCTUKU;

4) knacudikaris;

5) npakTU4YHE 3aCTOCYBaHHS;

6) MmeTonu nociipkeHHs (cxema 1.1.)
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Cxema 1.1.

CTpyKTypa MOHATH MPO XIMIYHY PEaKIIilo.

O3Haky, CyTHICTb 3aKOHOMIPHOCTI
1 MexaHi3M < - BHHUKHCHHS
XIMIYHOI peaxuii 1 mepeodiry

XIMIYHOI peakilii

KinbKicHI XapaKTEepUCTUKN XIMIYHHX PEaKIIi

|

[TpakTuune 3aCcTOCYBaHHS XIMIYHHUX PEAKIIii

Knacudikaris xiMiyHUX MeToau H0CITiPKEeHH S
peaxkuin XIMIYHHX pPeaKIii

[ToenHanHs KX 1IECTH OJIOKIB HE JIUIIIE BU3HAYAE CUCTEMY 3HaHb, ajie U Ja€ 3MOTY
po3puTu Pi10COPCHKY CYTHICTh MOHATTS "XIMIYHA peakilis”, J03BOJSE€ BUSBUTH
JTIaJIecKTUYHY  €IHICTh BCIX HOro cropiH. XiMi4Ha peakilis IOBUHHA
XapaKTepUu3yBaTUCh 3 TO3UIIIHN BCIX IIECTH OJIOKIB 3MicTy MOHATTS. KoxkHul 3 HUX
Ma€ BJACHY CTPYKTYpY, SK, HaNpUKiIaj, CTPYKTypa 3MICTy TMOHSTH PO

Kkiacudikaliiro XIMiYHUX peakiliii, HaBeaeHy B Tadmui 1.1.
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Taomu 1.1.

Knacudikamist XiMIYHHX peakIiif

[TpuHIMIIH XapaKTepUCTHUKA [Tpuxnaam peaxiiii
Kiacudikari peakiii
1 2 3
Buxinuunii ctaH | ['omorenHi B3aemomist a30Ty 3 KuCHEM
pearyro4oi CucTeMu ['eTeporenni B3aemoniss okcuay Kaubliio 3

okcusioM kapoony (IV)

HasBHicTh OKHCHO-

BiJTHOBHOTO TIPOIIECY

OKHCHO-BIJHOBHI

B3aemonisi 1MHKY 3 XJIOPUAHOIO
KHCJIOTOIO

Peaxkiii, mo | Po3kmamanas kapOoHATy KaJIbIIiiO
MPOXOJASTh 0€3 3MIHM | 3 YTBOPEHHSIM OKCHUIY KaJIbLIIO 1
CTYNEHIB OKHCHEHHS | okcuay kapoony (IV)
€JIEMEHTIB
VYuyacte karamizaropa | Karamituuni B3aemonis a30Ty 3 BojiHEM
Hekaramituuni Bzaemonis okcuny cynbdpypy(I1V)
3 BOZIOIO
O6opoTtHICcTh peakiii | OO0poTHI B3aemonis oxkcuny cynbsgypy(IV)
3 BOZIOIO
Heob6opoThi Po3knananns tuxpoMary aMmoHiIo
Eneprernunuit edext | ExzoTepmiuni ['opinHs MarHio
peaxiii Ennorepmiuni Posknananus OKCHU]TY
mepkypito(1)
CHiBBIHOIIIEHHS Cnony4eHHs B3aemoniss okcuay Kanublio 3
yyciaa  BUXIIHAX 1 BOJIOIO
TOO0YTHX PEYOBUH Posknamanus Poskmamanus BoauM Mg 1€
CTpyMy
3aMimieHHs B3aemomis 3amiza 3 XJIOpHIOM
kynpymy(II)
OO6Mminy B3aemonis  xjopungy Oapiro 1
cyJb(daty HaTpitO
Peaxiii, 10 | AJIOTPOIHI ITepeTBOpEHHS KMCHIO B 030H
MPOXOMSTh 0€3 3MIHM | IEPETBOPEHHS
SIKICHOTO ckiany | [3omepusarris YTBOpeHHs 1300yTaHy 3 OyTany

MPOCTUX 1 CKJIQIHUX
pEYOBUH
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Takumu MoBUHHI OyTH 3HAHHS YYHIB MPO KIaCH]IKaII0 XIMIYHUAX PEaKIlii,
MICJIsl BUBUCHHS MIKIIBHOTO KYPCY XIMii.

Cucrema MOHSTH MPO CYyTh, MEXAHI3MHU 1 O3HAKH XIMIYHOI peakiiii Moxe
OyTH TmpencTaBieHa ABOMAa CTOPOHAMHU: TMOHSATTSAMHU MPO 30BHIIIHI O3HAKU 1
BHYTPIIIHIO CYTHICTh peakiiii. Mi>k HUMH 1CHY€ PUYUHHO-HACIIIIKOBUHN 3B’ S30K.

[ToHATTS mpO BHYTPINIHIO CYTHICTh pEaKiiii PO3BUBAETHCS IMOCTYIOBO,
YCKJIATHIOIOUHCH TPU MEpPeXo/i BiJ Teopii 10 Teopii. Y aTOMHO-MOJIEKYJISIPHOMY
BUCHHI CYTh XIMIYHOi peakilii MOSCHIOEThCS SK MeperpynoByBaHHs aTowmiB. [lpu
BUBUYEHHI €JEKTPOHHOI OyIOBM PEYOBHH XIMIUHI PEAKIl pO3IIATAIOThC SIK
IpoOLIEC PpO3pUBY OAHMX 3B’A3KIB 1 YTBOPEHHS IHIOMX, Ha PIBHI Teopil
CJIEKTPOTITUYHOI TUCOITIAIT — SIK B3aEMO/Iis 10HIB, a P BUBYEHHI T€OPii Oy 10BU
OpraHIYHUX PEYOBHH aHAII3Y€EThCA MEXaH13M MNPOTIKAHHS XIMIYHOI peaKiii.

3aKOHOMIPHOCTI BUHUKHEHHS 1 POTIKAHHS XIMIYHUX PEaKilii B MIKUIbHOMY
Kypcl XiMii BUpaK€HI OKPEMUMH B3a€MO3B’SI3aHUMU MOHATTSAMU: PO €HEPIETUKY,
IIBUJIKICTh XIMIYHOI pe€akiiii, KaTajgi3 1 XIMIYHY piBHOBary. Y po3aiiax mnpo
CHEPreTUKY XIMIYHUX peakiii JaHl MOHSTTS MpPO 3K30- 1 €HAOTEpPMIYHI peakIlii,
TEIJIOBUHM €(EeKT XIMIYHUX PEaKlii, a TaKoX Mpo eHeprito akTusauli. [IIBuaKicTh
XIMIYHOT peakiii po3rsiIacTbesl K 3MiHA KOHIICHTpAIlli PEYOBUH 3a OJMHHIIO
yacy. dopmyna 3akoHy [nii Mac maeTbcs 0€3 ypaxyBaHHS CTEXIOMETPUYHHX
KOE(IIIEHTIB SIK TOKAa3HUKIB CTENEHS;, PO3MVISIAAEThCA TUIBKU TPUKIIAM, KOJU
KoXeH Koe(dimieHT mopiBHIOe 1. XiMmiuHa piBHOBara BHBYAETHCS SIK PIBHICTH
HIBUIKOCTEH MpsAMOI 1 3BOPOTHOI peEaKIiliii, BKa3ylOTbCA CHOCOOM 3MIIICHHS
piBHOBaru (SIKICHUI acrekT).

KinbkicHa cTopoHa XIMIYHMX peakiiii BigoOpaxkeHa B po3paxyHKax
KUIBKICHUX BIIHOIIEHb PEYOBHH B XIMIYHUX PEAKILISAX 1 MPOCTUX TEPMOXIMIYHHX
pO3paxyHKax Ha OCHOBI:

1) 3aK0HY 30epeKEeHHST MacH PEYOBHHU TPH XIMIYHHUX PEAKITIAX;

2) MOJISIPHHX CITiBBIIHOIIICHD PEAryrOUrX PSUOBHH MPH XIMIYHUX PEaKIIisIx
(MacoBi BigHOIICHHS, 00’ €MHI BITHOIIICHHS);

3) TepMOXIMIYHHX PO3PaXyHKIB.
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Po3BUTOK 1UX TIOHATH BHUPAXKAETHCS B TOCTYMOBOMY YCKJIaJHEHHI
pPO3paxyHKiB, HaANpUKIAJ, PO3PaxXyHKIB MPAKTUYHOTO BHUXOAY MPOIYKTY: SKIIO
OJIHa 3 BUXIHMX PEUOBUH JaHA B HAJUIMIIKY; SKIIO OJIHA 3 PEYOBUH MICTHTh
JOMIIIKK; SKIIO BUXIJHI PEUYOBMHU JaHI y BUIJSAAI MEBHOI MacoBOI YacTKU B
PO3YHHI 1 T.]I.

[Ipy BHBYEHHI METOMIB JOCHIDKEHHS XIMIYHMX IMPOIECIB  Yy4HI
3HaOMJIATBCA 3 XIMIYHUM TIOCY/JIOM, peaKTHBaMH, MaTepiajaMu 1 0OJaJHaHHSAM
XIMIYHOiI Jaboparopii, OCBOIOIOTH MPUHOMU POOOTH 3 XIMIYHUM OOJaJHAHHSM,
OBOJIOJIBAlIOTh METOAAMH CKJIQJaHHA XIMIYHUX DIBHSHB 1 IHIIMMHU CIIOCOOaMHU
MOJICTIOBaHHSI XIMIYHHUX TIPOIIECIB, OCSTal0ud 3arajJlbHOHAYKOBUM TMIAXiJ 10

BUBYCHHS XIMIYHHMX PEaKIlii.

1.2. BHyTpimHi i 30BHIIIHI B3a€MO3B’SI3KH CHCTEMH IMOHATH

PO XiMIYHY peakuiro

He maroun HeoOXiZHOCTI B JdaHii poOOTI pO3riasgaTH B3a€EMO3B’SI3KH B
CUCTEM1 TIOHATh MPO XIMIYHY pEaKlil0 OyXKe I[MHUPOKO, MH OOMEKWINCH
BUSIBIICHHSIM JIUIIIE HAWBAKIIMBIIINX 3 HUX.

BceeOiunuid po3risg XIMIYHOI peakilii 3 MO3MIIN aHaji3y 3a3HauYeHUX Ipyml
MOHSATH JJA€ MOKITUBICTDh PO3KPHUTH (1710CODCHKY CYyTh MOHSTTS “XiMIYHA peaKilis’,
BUSIBUTHU J1aJIEKTUYHY €JIHICTh BCIX MOrO CTOpPiH, BUXOJSYU 3 TOrO, IO KOXHE
MOHSTTS TIOB’sI3aHE TIEBHUM YMHOM 3 yCiMa THIITNMHU.

JlocuTh BIAno CXEMAaTHUYHO 300pa3uja CUCTEMY TOHSATH MPO XIMIUHY
peakmiro T.3. CaBuu [25]. Ha miii cxemi Ha3BaHi BUIIIE TPYIH MOHATH 300paXKeHi y
BUTJISIAL Kojla Ta eminciB. [IpuyomMy HaAWOUIBII BaXKIWBI B3a€EMO3B’SI3KH, 1110
ICHYIOTh M1 TpyIaMH MOHATh, EPENAIOTHCS Yepe3 Take po3MilleHHs (iryp, npu

SKOMY BOHHM TiepekpuBaroThes (Puc. 1).
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[lonsTTss mpo CyTh XIMIYHOI
peaxuii sBisie co00K0 HIOM CeplEeBUHY
CUCTEMH, IO PO3MIISIAETHCS (KOO A).
300pakyroun  peakimii  XIMIYHUMHU
PIBHSHHSIMU (MOJIEKYJIIPHUMH,
HOHHUMH a00 eJCKTPOHHUMH), MH
OIL[IHIOEMO TITOYATKOBHUII 1 KIHIIEBHHA

CTaH PCYOBHH, IO IICPCTBOPIOIOTHCA, a

TAaKOXX KUIBKICHI BIJHOIICHHS MIiX
Puc.1. Cucrema noHATH PO XiIMiUHY PEaKilito ouMH pedosrHamMy. [mubokni ananis

3MiH, 110 BiIOYBAIOTHCS MPH XIMIYHIN
peakiili, MPUBOAUTH JI0 BUSIBJICHHA MeXaHi3My peakilii (komo B). Ockinbku
PO3KpUTTA MEXaHI3My XIMIYHOI peakilii MoB’si3aHe 3 TJIIMOOKMM aHalli30M CYTI
XIMI4HO1 peakilii, koyio B Bnucane B koo A.

He ciijt 0OTOTOXKHIOBAaTH MOHATTA NPO CyTh XIMIYHOI peakiii Ta ii MexaHI13M.
Yyutenb MiaKpecItoe, 0 MPU BUSIBJICHHI CyT1 XIMIYHOT peakilii BCTAHOBIIIOIOTHCS
B3a€MO3B’SI3KM MK BUXIJHUMHU PEYOBHHAMM 1 MpoAyKTamu peakuii. Ty 4uu iHIIY
peakiito 300paxaroTh XIMIYHUM PIBHSHHSAM. AJie€ Take PIBHSHHS HE Ja€ 3MOTY
BUSIBUTH MEXaHI3M peakilii, BIJAMOBICTH Ha 3alWTaHHSA, SK OJHI PEYOBUHU
NEPETBOPIOIOTHCA B 1HIII, 3 SIKUX CTaJli CKIaAaeThes 1er npouec. OcTaHHl Tpynu
MOHATH 300pakeHi Ha I cxemi emincamu: C — MOYATKOBHI CTaH pearyrodoi
cymimi; D — mBuakicte XiMmiuHOi peakuii; E — xiMmiuyHa piBHOBara; F —
HanpsmieHicTh; K — KIHLEBMI cTaH pearyrodoi cymiimni. Po3MillleHHS einciB
nepesae B3a€EMO3B’SI30K IIMX MOHSATH OJHE 3 OJHUM Oe3nocepenHbo abo uepes
NOHATTA “CyTh 1 MEXaHI3M XIMIYHUX peakuid”. MK rpynaMu MOHSTH
PO3TIIAIAI0THCS 1 CYTTEBI 3B SI3KH, SIK1 B1IOOpa)KEH1 B 3aKOHAX XIMIYHOT B3a€MO/III.
Ha cxemi Bonm 300paxeHi ¢giryporo L, mo oxommoe kona A, B ta emincu C, D, E,
F, K. Ile crocyeTbes Hacamriepes] 3aKOHY 30€pEKEHHsI XIMIYHOTO €JIEMEHTa MpH
XIMIYHHX PeakKIisax, 0 Ja€ MOKIIMBICTh BIIPI3HATH XIMIYHI pPeakinii Bijl SICPHHX;

3aKOHY 30€peKEeHHS] MacH 1 30€pEeKEeHHSI EHEPTii MPU XIMIYHUX MEPETBOPEHHSX K
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BUIAJKY MPOSIBY 3arajJbHOTO 3aKOHY 30€pexeHHs] maTepii Ta ii eHeprii; 3aKoHy

JII0YMX Mac, SIKUH MOB’SI3y€ HE JIMIIE MOHATTS PO MIBUAKICTh XIMIYHOT peaxiiii, a

W MOHATTS MPO yMOBHU XIMI4HOi piBHOBaru; rnpaBwia Bant-I'ohpda. Ha cxemi € i

3alITPUXOBaHAa dYacTMHA Koyia. lle yMOBHe 300paK€HHS TOTO, IO XIMIUHE

MCPCTBOPCHHA HC JIMIIC PCYOBUHHO-KOPITYCKYIISIPHE, aJIC 5| CHCPICTUYHC ABUIIIC.

[ToHsATTS mpo XIMIYHY peakIliio SK CHCTEMY pO3TOPHYTHUX YaCTKOBUX

IIOHATH, BXOIUTH AK Hep03‘-IJICHOBaHI/If/'I CJICMCHT B 3arajlbHy CHUCTCMY XIMIYHHAX

3HaHb, 3B’SI3yIOUNCh B HIM (K MOKa3aHO Ha cxeMi 2) 13 3arajJbHUMH MOHSTTSIMU

PO PEUYOBUHY, MPO XIMIYHUNA €IEMEHT, PO TUIH, BUJU XIMIYHUX PEAKIIii Ta mpo

OKpeMI XIMI4HI IEPETBOPEHHSI.

3aranbpHi MOHATTS PO

/

@

i

Kiacu
pEYOBUH

PeuoBunu

/

XiMIUHY

peakKiliro

[lonsTrsa 1mipo

Y
—

Tumnu 1 BuIu
XIMIYHHUX peaKiin

[TonsiTTs PO OKpeMi

XiMI4HI peakiii

\ r

XiMIUYHUH

CIICMCHT

)

['pynn
€JIEMEHTIB

XIMIYHI €JIEMEHTHA

Cxema 2. Micue 3arajibHOTO HOHSTTS PO XIMIYHY PEakiiio B CUCTeMI XIMIYHUX 3HAHb
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Turapenko H.B. [28] Bigmivae, mo He TUIbKH 3arajbHE IOHATTS TIPO
XIMIYHY pEakKIlito, M0 B HHOTO BXOAWTH, TICHO TOB’S3aHI 3 IHIMUMU MOHSTTIMU
BCI€1 CHCTEMHM XIMIYHUX 3HaHb, OCOOJIMBO PO pEUOBHUHY Ta ii Oya0By. ToMy CyTh 1
MEXaHi3M XIMIYHO1 peakIiii B icTOpii HAyKH pO3KPUBAIICH MPU MOSCHEHH] SIKICHUX
3MiH PEYOBHUH CIIOYATKY B CBITJII aTOMHO-MOJICKYJISIPHOTO BUEHHS, a MOTIM Teopli
€JICKTPOHHO1 OYJIOBH aTOMIB.

be3 BukopuCTaHHS TMOHATH MPO PEUYOBHHY Ta ii OyAOBYy HE MOXKHA
pO3MIISIIaTU TPYIY MOHATH MPO MOYATKOBUM CTaH pearyrdoi cymimi. AJKe e —
CYMIIII PEUOBUH, SIKa CKJIAJA€ThCA 3 YACTUHOK, 10 MalOTh TOW YM 1HIIUN CKIaMd, Ty
4yl 1HIYy OynoBy. BaxinBi yMOBM BUHUKHEHHS 1 MPOTIKAHHA peakiii, 0COOIMBO
OpI€EHTAIlll YaCTUH, IO OEpyTh ydacTh Yy XIMIYHIA B3a€MOii, MOXYTb OyTH
YCBIJOMJIEHI Ha OCHOBI JOCTATHBO TJIMOOKUX YSBIIEHb PO OyZAOBY PEUOBHH.

[ToHATTS PO MIBUAKICTH XIMIYHOT Peakilii Ta Mpo yYMOBH, 1110 BIUIMBAIOTh HA
HEi, TaKOX TIOB’sA3aHI 3 TOHATTAMU Npo OyIOBY pedyoBHHH. TUIbKM MpU iX
BUKOPUCTAHHI MOXHa TIOSCHUTH TMPOTIKAHHS XIMIYHOI pEakuli 3 M[EBHOIO
IIBUJIKICTIO 1 BIUIMB Ha IO IIBUIKICT, KOHIICHTpAIlll pearyrounx pedoBHH,
TEMIIepaTypyd Ta IHIIMX yMOB. B mMeromuui Ximii JaHy npodiieMy po3poOIsiB
ALl Illanosasos [69].

[TponoBXyroun AeTalbHUM aHaNi3, MOYKHA 3HAWTH 3B’S3KH 1 MK 1HITUMU
rpynaMyd 4YacTKOBUX TMOHATh TMPO XIMIYHE [EPETBOPEHHS pPEYOBUH (PO
HaAMPSMJICHICTh XIMIYHOTO TIEPETBOPEHHS, XIMIYHY pIBHOBAry, KIHIIEBHUH CTaH
pearyrodoi CyMiri).

Takum 4YMHOM, HEOOXIAHO 3pOOUTH BHUCHOBOK, IO MOHSTTS MPO XIMIYHY
peaxiiiro MaroTh PI3HOMAaHITHI 1 0araTourcesbH1 3B’ SI3KM HE TUIBKU M1k CO0010, aje

U 3 IHIIUMH TTOHATTIMH BCIX CUCTEM XIMIUYHUX 3HAHb.
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PO3ALJ II. METOAUKA ®OPMYBAHHSA IMOHATH PO
XIMIYHY PEAKIIIO
2.1. 3aragpHa XapakTepucTuka mnpouecy (OopMyBaHHHA

MOHSATTHA MPO XIMIYHY peaKuiro

@dopMyBaHHS CHUCTEMH TMOHATH NPO XIMIUHY peaklilo Wae B TICHOMY
B3a€MO3B 3Ky 3 BUBUYCHHSIM PEUOBHH 1 HOCUTh HACKPI3HUM TUHAMIYHHUIA XapakKTep,
mo BigoOpakae ii JlaJeKTUYHUN PO3BUTOK I10 CIipajii. AHali3 HaBYaJbHOI
nporpamu [36] Ta MeroamuHoi mitepatypu [8; 13; 18; 37] 3acBiguye, mo meu
TIPOIIEC 3/IIMCHIOETHCS B JCKIIbKA €TaITIB :

1. dopMyBaHHS MOYATKOBOI CUCTEMU MOHATH MPO XIMIYHY PEAKIIo Ha
OCHOBI aTOMHO-MOJICKYJIIpHOTO BueHHS (7-8 Kitacwu).

2. BuBueHHS eHEpreTUKH XIMIYHUX TpolieciB (8 Kiac).

3. @opMyBaHHA MOHATh MPO KIHETUKY XIMIYHMX pEaKmid 1 XIMIYHY
piBHOBary (4acTkoBO y 8 Kjaci, 0€3 BUBEIEHHS KIHETUYHOTO PIBHSIHHS).

4. PoO3BUTOK TOHSATTS TMPO XIMIYHY pEaKIil0 TMpH BHUBYCHHI TEMU
“Po3paxyHKH 3a XIMIYHUMHU pIBHSHHSAMHU X (y BCIX KJacax YMNPOAOBXK BCHOIO
TEpMiHy BUBUYEHHS KypCy XiMii)

5. ®opmyBaHHS TOHSTTS NPO OKHCHO-BIIHOBHI peEakilii Ha OCHOBI
enekTpoHHOi Teopii (9-10 kiacn).

6. BuBuUeHHs o0cCOONMMBOCTEM TPOTIKAHHS  peakiiii oOMIHYy MK
€JIEKTPOJIITAMU Y BOAHUX po3unHax (9 kiac).

7. XiMi4HI peakirii 3a yuacTio opraniunux crnoiiyk (10-11 kmacn).

8 Y3aranpHeHHs 3HaHb Mo XiMiyHY peakitito (11 kmac).

3 oAy Ha OOLIMPHICTH MPOOJIEMH Ta MOKIIMBOCTI IIOAO OpraHi3alii
MeJIaroriYHOT0 €KCTIIEPUMEHTY B CBOil poOOTI MU IE€TalbHO 3yMUHWINCH JIUIIIE Ha
eTarax, siki OXOTUTIOIOTh OCHOBHY IIKOJTY.

IMocainoBHicTh opMyBaHHSI MOHATTH ''XiMiuHa peakuis’

[MousaTTs "xiMiyHa peaxitis” GOpMyeThCs Ha JACKiIbKOX piBHAX [7; 15; 32;

37; 38].
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Pigenb 1. IloHATTs mpo XiMIYHY peakiiro mNouynHae GopMyBaTHCS 3
Halmepmmx ypokiB. Crmo4yaTKy AarOTh TMOHSATTS MPO XIMIYHE SBUIE, OCKIIBKA
TepMiH '‘sBUIlE" OUIBII 3HAHOMHUN YYHSM, a TOTIM IMOBIIOMIISIOTH, IO XIMIYHE
SBUIIE — II€ 1 € XiMiuHa peakiis. Ha mpoMy eram omopa poOUThCS Ha 3HAHHSA,
oJiep’KaHi B Tmpolieci BHUBYEHHSA (i3uku. Ha piBHI aTOMHO-MOJEKYJISPHOTO
pPO3’ACHIOIOTh, K MOJKHA 3a 30BHINIHIMH O3HAaKaMU BHSBHUTH XIMIUHY peakIliio
(yTBOpeHHs ocany, 3MiHa 3a0apBlieHHS, BUAUICHHS Tra3y, BHIUICHHS a0o
MOTJIMHAHHS TEIUIOTH 1 T. 11.).

3 yMOB MpOTIKaHHS XIMIYHOI pEaKIlii Ja€TbCsl 3arajbHE TMOHATTSA IPO
CHEpril0 akTHUBallli, MPO pOJIb HarpiBaHHs (HA MPUKIAAl peakilii TOpiHH:),
no/ApIOHEHHST 1 TepeMillyBaHHs (30UIbIIEHHS IOBEPXHI pPearyrodux pPEYOBHH),
MOHSATTSI PO AK30- 1 HAOTEPMIUHI PEaAKIIii.

Knacudikaris XiMiYHHX peakiii JaeThCs Ha PIBHI IMOPIBHSHHS YHCTA
BUXITHUX 1 OJIep)KaHUX pedoBUH. [Ipu 1bOMYy y4YHI BHUKOPHUCTOBYIOTH TaKi
PO3yMOBI IPUHOMU: MOPIBHSHHS, aHaJll3, CUHTE3, y3araabHeHHs. Bce i BijoMocTi
PO XIMIYHY peakilito BKIOUYEHI B Temy ' [loyaTkoBi XiMiuHi mOHATTS". Jlam Bci
CTOPOHM CHUCTEMHU MOHATh NPO XIMIYHY pEAKII0 MOBHUHHI PO3LIMPIOBATUCA 1
JIOTIOBHIOBATUCS HOBUMH JIaHUMH, TOOTO TICHS €Tamy Yy3araJlbHEHHS 3HOBY
PO3MOYNHAETHCA €Tall HAKOTTUYCHHS.

3aKOHOMIPHOCTI TPOTIKAHHS peaKIiil po30MparOThCSd NpPH BHBYEHHI YMOB
BUHUKHEHHS 1 IPUMHUHEHHS TOpiHHSA. HOBMMM TYT € MOHSATTSA MPO KaraaizaTop i
nepiii, HaUMPOCTII, YSABJICHHS MPO MBHUJKICTh XIMIYHOI peakili, IpO OKUCHEHHS
K CIIOJY4Y€HHs 3 KUCHEM. Ha 11boMy piBHI Ja€ThCs MOHATTA PO PEAKIII0 OOMiHY
Ha TIPUKJIAA1 B3a€EMOJIT KUCIOT 3 OKCHIAMH, MPO PEAKI[it0 HeUTpami3allii KUCIOTH
OCHOBOIO, TIPO BIJHOBJICHHSI SIK PI3HOBHJ PEAKIIi 3aMIIIEHHA 1 SIK MpPO MPOIEC
Bin enHaHHs OKCUTEHY Bl pEYOBUHHU.

PiBenb 2. [loHATTS mpo XIMIUHY peakilito HaOyBa€e MOAAIBIIOTO PO3BUTKY.
30KpeMa, NOYHMHAIOTH (POPMYBATUCS CHEPTETUYHI YSABICHHS MPO XIMIUHI IPOLECH.
Posrismaerbesi MOHATTS MPO €K30TEPMIuHI 1 €HIOTEPMIUHI Peakilii, BBOAUTHCS

SAKICHO HOBE MOHSATTS MPO TEIUIOBUM e(eKT XIMIYHUX peakiliii, TepMOXIMiuHI
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piBHsHHS. PO3KpuBaeThcsi Ha XIMIYHOMY MaTepiajii HaWBaXJIMBIIIMKA 3aKOH
OpUpOIM — 3aKOH 30epekeHHs 1 mepeTBopeHHs eHeprii. Tak 3’sBuserbcs
MOXJIMBICTh 3HOBY ITOKa3aTH, IO BCl XIMIYHI MPOIECH MalOTh JBI CTOPOHH —
SKICHY 1 KIJIBKICHY.

[Ipy BUBUCHHI €HEPreTUKHU XIMIYHOI peakilii BUMTENIb 000B’I3KOBO IMOBUHEH
BCTAaHOBUTH MDKIPEIMETHUHN 3B 530K 3 (PI3MKOI0 Ha OCHOBI 3aKOHY 30€peKEHHS 1
neperBopeHHs eHeprii. lle cTBopuTh ymoBH s (OpMyBaHHS HAyKOBO-
MaTepialiCTUYHOTO CBITOTJISY, CTBEPKEHHS 1/1€1 PO MaTepiaabHy €JHICTh CBITY
1 1acTh 3MOTY 3raJlaTH MpPO HOBY (PopMy eHeprii — eHeprii, M0 BUALISETHCS MPU
XiMIYHUX peakisx. KinbKiCHI BIIHOLIEHHS PEUYOBHUH TPAKTYIOTHCS SIK MOJIAPHI
BIJIHOIICHHS pEaryloyux peyoBUH 1 TMPOJYKTIB peakili. 3a J0MOMOTroio
BIJINIOBIJTHOTO TEPEPaxyHKy 11 BIJHOIIEHHS MOXHA BUPa3UTU K MacoBl abo
00’€MHI1 BIJTHOIICHHS (SKIIO WIETHCS PO ra3u).

PiBenp 3. [loHATTA mpo XIMIYHY pEaKIlii0 3a3HA€ SKICHUX 3MIH B TeMi
"XimiuHuii 3B’s30K. bynoBa pedoBuHM'. XiMiYHA peakilisl MOYMHAE TPAKTYBATUCS
K pYyWHYBaHHS OJHHMX 3B’S3KIB 1 YTBOPEHHsS HOBHX. Po3risgaerbcsa e Ha
NPUKIaAl OKHUCHO-BITHOBHUX peakuiil. MexaHi3M peakuli OKHUCHEHHSA 1
BIJIHOBJICHHSI TOSICHIOIOTh 3 TOIISAY TEPEXOy eJISKTPOHIB, IiIIMMalOuYUCh Ha
BUIINN TCOPETUYHHUMA PIBEHb.

Ha ocHOBI HOBOro MNOHATTS '"CTYyHiHb OKHCHEHHA" aHali3ylTh BIIOMI
TaKuM, IO BUMTHCS PEakIlii pi3HUX THIIB, JOBOISYM, IO Cepel Peakiiil Oynb-
SIKOTO THUITy MOXHA 3HANTH OKUCHO-BiAHOBHI. OTXe, CTyMiHb OKICHEHHS €JIEMEHTA
— 1ie, SK NpaBWUJIO, 1€ OAMH KpUTepik kiacudikamii XiMIYHUX peakiiid. Tyt
3’SIBJISIETHCSI MOYKJIMBICTH TMPOJEMOHCTPYBATH YYHSIM JA1aJIEKTUYHUM XapakTep
OKHCHO-BIJHOBHUX MPOLECIB (€HICTh 1 00POTHOA MPOTUIIEKHOCTEM ), MOHATTS PO
SKICHY PEaKI[iI0 Ha IPUKJIAAl XJTOPUTHOT KAUCIOTH 1 XJIOPHUIIB.

VY temi "[ligrpyna Okcureny" BBOAUTHCS HOBHI THUI peakiii — aJoTpOIHI

NIEPETBOPEHHS HA MPUKJIIA1 OKCUTEHY Ta 030HY, CIPKHU.
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PiBenb 4. YV Jeskux migpydyHukax 30epekeHa Tema '3aKOHOMIPHOCTI
XIMIYHUX peakiiil’, aje gKmo ii HeMae, TO BIIOMOCTI MPO IIi 3aKOHOMIPHOCTI
PO3IO/IIJIEH] 1O 1HIINUX TeMax."

Y Temi Aa€Tbcs MOHATTS MPO MIBUAKICTH XIMIUHOI peakiii 1 mpo YMHHUKH,
110 BIUTMBAIOTh HA MIBUIKICTH (MIPUpPOJAa pearyrouux peuyoBUH, X KOHIIEHTpAIlis,
MOBEPXHS 3ITKHEHHS, TEMIlepaTypa, HasBHICTh KaTayli3aTopa), PO3TIISIAEThCS
NUTAHHS MPO KaTali3 1 KaTami3aTop, MOBIAOMIISETHCS MPO €HEPriro akTHBaIii. Y
I )K€ TeMl PO3TJIAIAE€ThCS TOHATTS PO OOOPOTHI peakilii 1 XiMIYHY piBHOBAry.
[le muTaHHs Ayxe BaxuBe A (OpMyBaHHS CBITOTUIALY YYHIB, JUIS LTIOCTpariii
3aKOHY MIQJIEKTUKA TIPO €IHICTh 1 OO0poThOy mnpoTmiiexkHocTel. HeobxigHo
MIJKPECIUTH JUHAMIYHMMA XapakTep XIMIYHOI pIBHOBAardM, YMHHHUKH, IO
CIPUYMHIOIOTH 3CYB XIMIUHOI piBHOBaru. OOOpPOTHICTH peakiiidi € 1ie OJHUM
OPUHITMIIOM KJacugikaii XIMIYHUX PeaKIlii, TOHITTS PO JUHAMIYHY PIBHOBAry
JIOTIOBHIOE KapTUHY MPO MEXaHi3M XIMIYHOI peaKiiii.

TakuMm 4MHOM, B W1 TE€Mi PO3BUBAETHCA 1 y3araJbHIOETHCSA MOHATTS MPO
XIMIYHY peakKiiio.

PiBennb 5. Tema "Teopist €JEKTPOIITHUHOL AUCOIAI , KPIM CBITOIJISIAHOTO
3Ha4YeHHS (UTFOCTpaIliss €JHOCTI MPOTHJICKHUX MPOLECiB — Aucoriamii 1
MOJISIpU3aIlii), BHOCUTh 0araTo HOBOTO B MOSCHEHHs MexaHi3My peakilii. Ha 06as3i
MOHATTS PO OOOPOTHICTh PEAKIIi MOKHA MOSICHUTH CYTh MPOLECY AUCOLialli, a
TaKOX T1JIPOJIi3y colied. ['1poi3 po3risgaeThesl TUIbKK B MOHHIN (hopmi, 1100 He
BBOJUTHU TMOHATTA MPO TiApokcocomi. ['Iaposi3 — 1ayXe BaKJIMBE TEOPETHYHE
TIOHSTTS, IKE PO3BMBAETHCS B HACTYIHHMX TeMaxX i B opraHiumiii ximii. Foro cmix
BUBYATH 3 BUKOPUCTAHHSIM MOHITTS PO XIMIYHY PIBHOBAry.

Jlani BUBYEHHS XIMIYHMX peakuii BiaOyBaeTbCs IEAYKTHUBHO. 3HAHHSA,
chopmoBani Ha 0a3l MepepaxoBaHUX TEOPii, 3aCTOCOBYIOTHCS MJisi TMOSCHECHHS
(baKTiB 1 SBUII 1 TPOTHO3YBAHHS MPOTIKAHHS MTPOIIECIB.

PiBennb 6. [loganpiimii po3BUTOK MOHATTS ''XiMiYHA peaKIlisl  3I1MCHIOETHCS
B Kypci opraniuHoi ximii. [loHATTS mpo Kiacudikaiiro XIMIYHHUX PpeaKIlii

JIOTIOBHIOETHCS 1 pO3IIUPIOETHCS. B Kypci opraHiyHoi XiMii BBOAUTHCS HOBHM THIT

21



peakuii — i13omepusaiis. [louarkoBa kiacugikaiiss peakiiii Ha THIH HaOyBae
SAKICHO HOBOTO, THWOmIOro 3micTy. Hampuknam, peakiiiss 3amileHHs —
raJIOTeHYBaHHS aJKaHIB MPU3BOJAUTH HE JI0 YTBOPEHHS HOBOI IMPOCTOi 1 HOBOI
CKJIagHOI PEYOBHHM, a JO YTBOPECHHS JBOX CKIAAHUX pPEUYOBHUH. Peaxiis
CIIOJIYYECHHsI BKIIIOYA€ LTy CHUCTEMY IOHSATh OPTaHIYHOTO CHUHTE3Y: TiJIpyBaHHS,
rigparariito, nojiMepusaiito, ¢GoTocuHTe3 Ta 1H. Peakiis po3kiagaHHs o0’eqHye
TaKy CHCTEMY MOHSTH, SIK KPEKIHT, pU(OPMIHT, T1APOIIi3 (OMUICHHS) 1 T. 1.

VY opraniuHii XiMii BHOCHUTBCS SIKICHO HOBHUM Marepiall 1 B IMOHSTTS PO
MeXaHi3MH peakiii [63, 28]. Bnepie naetbes yaBiIeHHS MPO BUTbHOPAAUKATbHUN
MEXaHI3M peakiliii 3aMIlIeHHsI 1 NOoJIIMEepHu3alili Ta 10HHUWA MEXaHI3M peakIii
npuegHaHHs. BilbHOpaguKaabHUM MeXaHi3M pO3MIIaloTh Ha MPUKIIAAl peakiii
3aMillleHHs  (TaJloTeHyBaHHA  aJKaHiB),  OpUeAHaHHA  (MOJiMepu3alis),
BIJIIEIUVICHHS (KPEKIHT BYTJIEBOJHIB). Y HEOpraHiyHid XiMii 1edl MexaHi3M He
pO3MIISIIal0Th  (JAHIJIOTOBl peakIlii BUKIIOUEH1 3 Tmporpamu). Posmmproerses
NOHATTS MNP0 WOHHUKA MeEXaHI3M XIMIYHOI peaklii: HaBOJIATHCS MPUKIATU
NpPUENHAHHS  HEOPraHiYHUX  PEYOBMH [0  alKEHIB  (CUMETPUYHUX 1
HECUMETPUYHHMX ), PEaKI[1i 3aMIIIEHHS MIPH T1IPOIIi31 FaJIOreHAJIKLIIB.

Cucrema MOHSTH PO 3aKOHOMIPHOCT1 XIMIYHUX PEAKIIH B OpraHiyHiN XiMii
HAIlOBHIOETHCSI CBOIM 0COOIMBUM 3MicToM. Hampukiazn, npu po3BUTKY MOHSATTS
"IIBUJIKICTh XIMIYHMX peEaKIiil', KpiM BIUIMBY BUBYEHUX paHIlll€ YWHHUKIB,
HAroJIONIYETHCS 1€ BIUTMB €HEPrii 3B S3KYy, a TAKOXK EJIEKTPOHHOI 1 IPOCTOPOBOT
OyZ0BM Ha HMIBUAKICTH peakilii. [Ipy BUBUEHHI KaTaili3y B OpraHidyHiil XiMii y4YHIB
MOBIJOMIISIFOTH TIPO TEOPII0 MPOMIXKHUX CHOJTYUYEHb, PO N0 (PEPMEHTIB 1 T.JI.

PiBenb 7. YV Temi "V3aranpbHeHHS 3HAaHb 3 HEOPTaHIYHOI Ta OPTaHIYHOL
XiMIi"' 3aBEpPIIYETHCS y3araJlbHEHHs MOHATTS ''XIMIYHA peakiis' . B KiHI[l HaBYaHHS
y4€Hb TMOBHMHEH 3yMITH OXapaKTepu3yBaTH 3alpONOHOBAaHYy HOMY SK MpHUKJIaa

XIMIYHY pEaKIliio y CBITI1 KOMIIOHEHTIB 3MICTY.
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2.1.1. ®opmyBaHHS CHCTeMHU MOHATH NMPO XiMiYHY peakuil0 HA OCHOBI

aTOMHO-MOJIEKYJISIPHOTO BYEHHS

Ha noyatkoBOMYy eTari BUBYEHHS XIMIYHUX PEaKI[iii BAKJIMBO HArPOMAIUTH
¢dakTosOTIYHUI MaTepial PO 30BHINIHI 03HAKW, YMOBH BUHUKHEHHS 1 MPOTIKAHHS
peakiiiid, 3a0e3MeunT CTBOPEHHS HAOYHUX OOpa3iB IPH BHBYEHHI pEaKIid Ha
OCHOBI XIMIYHOTO EKCIIEPUMEHTY 1 CHOCTEPEKEHb, 1100 MOTIM, 3a JIOIOMOI'OKO
aTOMHO-MOJICKYJISIPHOTO BYEHHS 1 CTEXIOMETPUYHHMX 3aKOHIB, MOSICHUTH iX CYTh,
MO€THATH 30BHIIIHI 03HAKHU 3 BHYTPIIIHBOIO CYTHICTIO PEeaKIIiil.

[Ipu cnoctepexenHi AOcHiAiB (OOBYTJCHHS IYKpY, CHANIOBAHHS CTPIYKU
MarHil0) y4yHIB MiABOJATH 1O BUCHOBKY: (DI3UYHI SIBUIIA OOYMOBIIIOIOTH 3MIHU
BiIacTuBOCTEN TN (iXx (opMmMHU, arperaTHOro CTaHy Ta iH.), XIMIYHI SBHUINA — 1€
NEPETBOPEHHS OJJHUX PEYOBHH B 1HIIl 3 HOBUMH BiIacTUBOCTAMHU. OTxe, (Pi3nyHi
SIBUIIA TIPOXOAATH 3 TUIAMH, XIMIYHI — 3 PEYOBHHAMH.

Jlami mepexoisTh 10 BUSBICHHS O3HAK, 3a SKUMU MO>KHAa BCTAaHOBHUTH, IO
xiMIYyHa peakiis BiaOymnack. | mepekoHyloTbCs, MO0 IUMU O3HAaKaMH €: 3MiHa
3a0apBJIeHHS, BUMAJaHHS OCally, BUAUICHHS rasy, MosBa 3amaxy, BUIUJICHHS abo
MOTJIMHAHHS TETJIOTH, BUTIPOMIHIOBAHHS CBITJIA.

Posrnsimatoun  yMOoBM BHHHMKHEHHS 1 mepeliry XIMIYHUX — peakiii
eKCIEPUMEHTAIbHO MIATBEPKYIOTh, 1110 HUMHU €: 3ITKHEHHS MOJIEKYJI pearyrounx
pPEYOBHH, TMOJAPIOHEHHS, MEXAHIYHE PO3UYMHEHHS, MEpPEMIIIyBaHHS, HarpiBaHHS,
OCBITJICHHS, €IEKTPUYHUN CTPYM.

ATOMHO-MOJIEKYJIIpHE BYECHHS BHUKOPUCTOBYETHCS JJIsi TOSICHEHHS CYTI
XIMIYHMX peakKiliil, i1 BUBYCHHS JCSKUX CTEXIOMETPUYHHUX 1 TEPMOIUHAMIYHUX
3aKOHOMIPHOCTEH iX TPOTIKAHHS. YYUTENIb BBOJUTH TMOHATTS MPO aTOMHU 1
MOJIEKYJIM BUKOPUCTOBYIOUM KYJIECTEP>KHEB1 MOJEINI 1 3aKpIIUIIOE iX HACTYMHUMU
3aBJIaHHIMU.

3aBaaHHs IS 3aKPITUICHHS 3HAHB |
3asoanns 1. SIKi 3 HaBEeJACHUX SBUI BITHOCATHCS 10 (GI3UYHUX, a SKI — [0
xiMiuyHUX: 1) po3kapeHHs Ccripaii eIeKTPOILUTUTKY; 2) ipKaBiHHS 3ai1i3a; 3) THUTTS

Oiska; 4) yTBOPEHHSI BOAM 3 JIbOAY; 5) PO3TUPAHHS KPUCTAIIB IYKPY B IIYKPOBY

23



nyapy; 6) CKHCaHHS MOJIOKA; 7) BUIIAPOBYBaHHS OCH3MHY; 8) CHaNIOBaHHS
OCH3MHY B ABUTYHI.

3agoanns 2. 11 yac rOpiHHS CIUPTIBKU CIHUPT CHOYATKY MEPETBOPIOETHCS B
napy, sika oTiM ropuTb. [10sICHITB, siKe 3 IUX ABUI Pi3UYHE, a AKE — XIMIYHE ?

3aé0anus 3. Haxum, sKkudl 3 SBIA€TbCS B YaWHUKY MICHS TPUBAJIOTO
KUIT ATIHHS BOJY MO>KHA 3UMCTUTU HOXKEM. AJie TAKMM YMHOM MO>KHA MOILIKOUTH
yaituuk. ToMy Kpaiie 3acTOCOBYBaTH OITOBY YM COJISIHY KHUCHOTy. Skuil 13
BKa3aHUX CHOCOOIB 3HATTSA HAKWIY TPYHTYEThCS HAa BUKOPHUCTAHHI XIMIYHOTO
seuta ? [losicHITE YoMy ?

3agoanns 4. Bka3aTi 03HaKM TaKMX PEAKIH : a) TOPIHHSA JIPOB; 0) 1p>KaBIHHSA
3aJ1i3a; B) MPOTYXaHHS S€llb.

3asoanns 5. HaBectn Tpu NpUKIaAM BIIOMHUX BaM XIMIYHHUX peakiii 1
BKa3aTH 03HAKHU KOYKHOI 3 HUX.

3agoanusa 6. OGrpyHTYBaTH, YOMY MOJIPIOHEHHS 1 TIEPEMIIITyBaHHS PEUOBUH €
YMOBOIO iepeOiry 0araTb0X XiMIYHUX PEaKIIiil.

Brumnite cnoBa ’mosiekyna” Ta aTom’ y BIIIOBIJHOMY YHCII 1 BIIMIHKY B

MPOMYCKH Y HACTYITHUX PEUCHHSX :
3asoannss 7. llpm posknaal BOAM MOJEKYJIHW Ta30MOAIOHOTO KHCHIO
YTBOPIOIOTBCA 3 THX Oxcureny, siki BXOASTb JI0 CKJIaIy
BOJIM.
3asoanns 8. Koau 1Bl pedyoBHHHM pearyiTh OJHA 3 OJHOI, TO JIO
YTBOPEHOI PEUYOBUMHU NEPEXOASTh Ti , Kl 3HAXOJWJIHCh JI0 pEeaKIli B
BUXIJHUX PEYOBHH.

PosrisitHeMo mpukiiag KOHKPETHOTO YPOKY 1 MOKaXeMO ekl METOIWYHI
IpUiioMH 1 3acO0U y3arajbHEHHsI IOHATh T4 BCTAHOBJIEHHS MK HUMH 3B’SI3KIB 1
BiJTHOIICHB (IUB. JOJIATKH).

2.1.2. BuB4YeHHSI eHepreTHKH XiMiYHUX MpolleciB

[Tpu BUBUYEHHI EHEPTETHKHU XIMIYHUX PEAKIIii, CIIUPAIOYNUCh HAa 3HAHHS yUHIB
Npo BHUJUICHHS a00 TMOTrJIMHAHHS TEIJIOTH IMiJi Yac peakilid, yuutenb (popmye

MOHATTS TPO TEIUIOBUH e(EeKT SK HACHIJOK BHUSABY OAHIET 3 OCHOBHUX
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3aKOHOMIPHOCTEH XIMIYHMX peakiliii — 30epekeHHs1 Ta MEepeTBOPEHHs eHeprii. 3
II€I0 METOI0 MOBTOPIOETHCS MaTepiald MpO O3HAKM XIMIYHHMX peakiiid Ta yMOBHU
iXHBOTO Tepeoiry.

JleMOHCTpy€eThCs TOpPiHHS MarHito Ta po3kian Kynpym (I1) rigpokcuny (abo
pO3Kiaa BOJM), OOrOBOPIOETHCA EHEpPreTHKa IHUX MpOoLeciB 1 y xoai Oeciau
(bOpMyITIOIOTHCSI BUCHOBKH :

1. Bynp-sika XiMiyHa PeaKIlisi XapaKTepPU3y€eThCs IEBHUM CHEPTETUYHUM €(PEKTOM,
SAKUU € Pe3yJIbTaTOM 3MIHU BHYTPIIIHBOI €HEPTii peYOBUH, IO OEPYTh Yy4acTh y
peaxiii.

2. TeruoBuit eeKT XiMIYHOI peakilii 32 YMOBU MOCTIHHOTO TUCKY BHU3HAYAETHCS
PI3HUIICIO 3HAYEHb BHYTPIIIHHOI €HEprii BUXIJHUX PEYOBHH 1 MPOAYKTIB
peakuii

3. XiMmiyHI peakiiii, 10 CYNPOBOKYIOTbCS BUIIJICHHSM €HEPrii, Ha3UBAIOTHCS
€K30TepPMIYHUMH, a IMOIVIMHAHHSIM €Heprii — eHgoTepmiunumu. [lig yac
nepediry eK30TepMIYHUX PeaKI[iii BHYTPIIIHS €HEprisi pEYOBHH 3MEHUIY€EThCS, a
B €HJIOTEPMIYHHUX PEAKI[ISIX BOHA 30UIBIIYETHCSI.

VY4YHsIM MOXHa 3alpONOHYBAaTH 300pa3UTH Il IPOLIECH Y BUIIISAl CXEMU TaK,

SK BOHHM II€ pOo3yMitoTh. HaBOMMO OJTHY 3 YUHIBCHKUX CXEM :

Baytpimms Bayrpimms BuyTpitmss Baytpimms

N— 7 N— 7

Peaxuis ek3orepmiuna Peaxkuist ennorepmiuna

Jam moTpiOHO 03HAWOMHUTH YYHIB 3 HOBHM JJIi HUX BHJOM 3alHCy
PIBHSIHb — TEPMOXIMIYHUMHU PIBHSIHHSIMHU, B IKHX BPAXOBYETHCS KUTBKICTh TEIIJIOTH,
BUTpaUyeHa Ha XIMIUHY peakI[ito ado BU/LIEHA M1J Yac ii nepeoiry.

[To3zHaunMo e€Heprio BUXIAHMX PEUYOBHH M0 peakiii Hpe, a eHepriro
KiHIeBOro NpoaykTy Hyis. Toai TeroBuii edext peaxuii 6yne AH :

HKiH - Hnoq = AH
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[TosicHioEThCSI cUCTEMa 3HaKiB. 3a3HAYA€ThCSA, L0 TEIUIOBUH e(eKT s
ex3orepMmiunux peakiii (AH < 0) Oyme HeratmBHUE, a I €HIOTEPMIUYHUX
peakiiii (AH > 0) — mo3utuBHUH. J[ani mpoBOAATHECS HAMMPOCTIII PO3PAXyHKHU 3a
TEPMOXIMIYHUMHU DIBHSHHSAMHU. 3BEpPTA€TbCA yBara y4HiB Ha Te, IO TMiJ Yac
pPO3paxyHKiB TEIJIOBOTO eeKkTy peakiiii Tpeda BpaxoBYBaTH KUIBKICTh PEUYOBHUHH,
10 BUTPAYAEThCS, 32 KoediliEHTaMH, K1 CTOSATh nepes; hopMysiaMH BIIIOBIIHUX
PEUOBHUH Yy PIBHSHHI peaKiIii.

Haenemo npuxiaau.

3aoaua 1. O6unciTh 3a TepMoxiMigauM piBHSHHSIM C + Oz = CO;y ,

AH = -394x/I>x KiIBKICTh TEIJIOTH, 1110 BUAUISETHCS BHACIIOK 3rOpsiIHHA 1K
BYTJICITIO.

Po3B’s130K :

C+ O = COz, AH=-394 x/Ix

M = 12 e/monb

m=12¢2

Bnacnigok sropanns 12 r Byriero BuaisieTbes 394 kJbx, a 1000 r — x kJIx
x=32833 k/Ix, x=232,8MJx.

3aoaua 2. OOuucnith (YyCHO) KIJIBKICTh TEIUIOTH, JOOYTOi BHACTIAOK
okucHeHHs 10 moinb cynsdhyp (IV) okcumy, 3a TEpMOXIMIYHUM PIBHSHHSM PEAKIIIi:
250, + O, = 2S0,, AH=-234 kJIx

Po3B’si3yBaHHA: SKIIO OKUCHIOETHCS 2 Moub cyiabdyp (IV) okcumy, TO
BUAUIIETHCA 234 KK TEIUIOTH, a Ko OKUCHIOEThCA 10 Moib SO, , To i TemIoTn
BUJIUISIETBCS Y 5 pasiB Ouble, To0To 234 kx5 = 1170 x/[x.

3aBAaaHHS IS 3aKPITUICHHS] BUBYEHOTO :

3agoanus 1. SIki 3 HaBeJEHUX TEPMOXIMIYHUX pPIBHSIHb BIJNOBIAAIOTH
CK30TECPMIUYHUM PEAKIisIM :

a) CaCO3 =CaO + CO2, AH=+179 kJIx;

0) 2CO+0O,=2 CO,, AH=-566 k]lx;

B) C3Hg + 50, =3CO, + 4H,0, AH =-2220 x/Ix;

r) 2PH3+ 40, = P,Os + 3H,O, AH =-2208 x/[x ?
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3as0anna 2. 3a TEpMOXIMIUHUM PIBHSHHSAM peakIii ropiHHs cipku S + Oy =
SO,, AH = -297 xJ[x obuucnuTH, sSKa KiIBKICTh TETUIOTH BUIIIUTHCS TMPHU
3TOPSIHHI CIPKH : a) KUIbKICTIO PEYOBHHU 2 MOJIb; 0) Macoro 1 Kr.
3a60anna 3. 3a TEpMOXIMIYHUM DIBHSHHSAM peakiii TOpIHHA MeTaHy
CH4 + 502=CO2+ 2H,0, AH =-802 x/[)x o6uucautu 00’eM MeTany (H.y.), IKUI
MOTPIOHO caUTH, 100 BUALIHUI0CH 2005 KX TEnIoTH.
3as0anna 4. Slka maca ByIJIELIO 3ropa€ B KHCHI, SKIIO TpPU IBOMY
Buauisgerses 2050 xk/x Termmotu ? TeroBuit edexT peakiiii gopiBHIOE 394 kK.
3asoanna 5. Ilin yac B3aemogii 21 r 3amisa 13 Cipkoro BUAUTHIOCH 26,54 k/[x
TeroTi. CKIaaiTh TEPMOXIMIYHE PIBHSIHHS LI€T peaKii.
3asoanns 6. llpu cnamoBanHi Mardiro Macoro 30 r Bumimainock 751,5 xJIx
TEIUIOTH: a) CKIaiTh TEPMOXIMIYHE PIBHAHHS peaklli TOpIHHSA MarHio;
0)po3paxyiiTe Macy MarHiii OKCH]y, sIka YTBOpWJIAch HPHU peakilli OKUCHEHHS
MarHiro, SKIIo MpH oMy BUALIHAI0CH 1500 x/[x TermmoTu.
3agoanns 7. Po3zpaxyiite 00’eM CIpKOBOAHIO, SIKUW YTBOPUBCS IPH B3aEMOII1
CIPKM Ta BOJHIO, SIKIIO IpH IboMy yTBOpmioch 108 k/[x temnmoru. Temnora
YTBOPEHHSI CIPKOBOJIHIO cTaHOBUTH —20,9 kK.
2.1.3. ®opMyBaHHSI MOHATH NMPO KiHETHKY XiMiYHUX peakuii i
XiMiYHy piBHOBary
[Tin wac GpopMyBaHHS MOHSATTS MPO IMBHUIKICTh XIMIYHOI peaKIii y BUUTENS
BUHUKAIOTh 3HAYHI TPYAHOIIl B YMOBaX HaBYaHHS XiMii y MacoBii mikom. [le
MOSICHIOETHCS  OCOOJIMBICTIO CaMOTO TOHSITTSA, IO BIAPI3HSAETHCA BiJl TMOHSTTS
MIBUIKOCTI, fAKE YYHSIM 3HallomMe Ha MOOyTOBOMY piBHI a00 SKUM BOHHU
KOPHCTYBAJINCh, BHBYAIOUM MeEXaHiKy. ToMy TOSCHEHHS CHiJi TOYMHATH 3
KOPOTKOI'O MOBTOPEHHS TOTO, IO YYHI 3HAIOTh 13 Kypcy (PI3UKH MPO MIBHJKICTh
pPYyXy Ti7 1 B pOopMyJIi HIBUAKOCTI HA Miclie HUTIXY (S) MiACTaBUTH 3MiHY KUIBKOCTI
PEYOBUHU B 00’€Mi 3a MEBHUM MPOMIKOK 4acy. A y4YHSIM 3alpONIOHYBAaTH HABECTH
MPUKIIAJN PEAKIIii, siKl BiIOyBAIOTHCS MIBUIKO Ta MOBLILHO.
['onoBHa yBara 3BepTaeThCs Ha 3’SCYBaHHS UYMHHUKIB, BIJ SIKUX 3aJICKUTh
HIBUKICTh PEaKIlii: a) MpUpoJa pearyroyux peyoBHH; O) arperaTHUN CTaH; B)
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CTYIiHb MOAPIOHEHHS; T') KOHIIEHTpAIisl pearyrounx peyoBUH; 1) TUCK (171 ra3iB);
€) TeMIIEpaTypa; €) KaTaui3aTop.

[ToHSATTS PO XIMIYHY PIBHOBAry Ta YMOBH ii 3MIIIEHHS JJOCUTh CKJIaJHE JIJIs
3aCBO€HHS, TOMY (hOpMyBaTh HOro MOTPIOHO MOCTYIOBO, YHHKAIOYH CIIPOILEHB,
K1 J1aJll 3aBaKaTUMyTh HAOyBaHHIO TTOBHOIIIHHKMX 3HaHb. L{e MOHATTS GopMyeThes
OJIHOYACHO 3 TOHATTSAM MPO OOOPOTHI Ta HEOOOpOTHI peakili. s mpukiamy
posrisnaeTses okucaeHHs cyabdyp (IV) okecuny B cyasdyp (V1) oxcu:

250, + O, <2503, AH<0

3BepTaeThcs yBara Ha yMoBH mepeOiry miei peakmii. [loTiM 3ayBaxkyeTbes,
II0 MPOLIEC CKIAAAETHCSA 3 IBOX PEAKIIi — MPpsSMOT Ta 3BOPOTHOT, AKi 32 OJHAKOBUX
YMOB OJIHOYACHO MPOTIKAIOTh y MPOTUJIEKHUX HAMPSAMKaX, TOOTO € 0OOPOTHUMU.

Ha ocHOBiI 1bOro XIMIYHY pIBHOBAary TPAaKTYIOTh SIK TaKHl CTaH CyMilIl
pearyrounx peyoBUH 3a MEBHUX YMOB, KOJIM MIBUAKICTh MPSIMOI PeakKilii TOpiBHIOE
IIBUJIKOCTI 3BOPOTHOI. BaxinBo, m00 y4HI YCBIAOMIIIOBANIM, IO XIMIYHA
piBHOBara — I11¢ JUHaAMIYHUN TPOIIEC, A€ BECh Yac YTBOPIOIOTHCS 1 PO3KIAIal0ThCA
PEUYOBUHHU.

Jlami po3riiaaiTh BIUIMB Ha CTaH XIMIYHOI PIBHOBAruW pPIi3HUX UYMHHUKIB
(Temmeparypu, KOHILIEHTpaIlli, TUCKY) 1 JOXOIATh y3araJbHIOIOUOTO BHUCHOBKY :
30BHIIIIHIM BIUTMB HA CUCTEMY, siKa TiepeOyBa€e B CTaHl piBHOBArH, CIpUSE Mepediry
TI€T peakuii, sKa NocaadIIroe el BIUIMB.

3aBJaHHs )11 3aCBOEHHS IMOHATH ITPO MIBUAKICTH XIMIYHOI peakIii 1 XiMidHy
piBHOBaAry:

3ae0anus 1. AHani3yroud TPUYMHHU PI3HOI MIBHJIKOCTI XIMIYHHUX PEaKIii,
y4€Hb JIWIIOB TaKMX BHUCHOBKIB: a) INBUJKICTh XIMIYHOI peakiii 3pocTae 3
NIJBUILIEHHSM TeMIlepaTypu; 0) WBUIKICTh XIMIYHOI peaKI(ii IpsiMO MPOIOpIIiiiHa
KOHIIGHTpAIlli pearylunx pPEYOBHH; B) 3 YacOM IIBHUJKICTH PEaKIlii 3pOCTaE€; T)
MIBUIKICTh XIMIYHO1 peakilii MO)KHA 3MIHUTH 3aCTOCOBYIOUH KartajizaTop. B skomy
MYHKTI Y4€Hb IOMUIIUBCS ?

3aeoannus 2. SIxi peakilii Ha3uBaOTh 000poTHUMU? HaBecTn mpukiIagym Takux

peaKIIiu.
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3as0anna 3. BigHeciTh HACTYIHI PeaKIIil 10 MOJAaHUX HIKYE THIIIB :

1) N2 + 3H, =2NH3, aH<O0; Tunu peaxiii :
2) NaOH + HClI— NaCl + H,O, AH < 0; a)obminy; 0) eHIOTepMiUHa,
3) CaCO3 <CaO + CO,, AH>0; B) CITOJTy4CHHS;

I') €eK30TepMIYHa; 1) 000POTHA;
€)KaTaJliTH4HA; €)HEOOOPOTHA.
3asoanns 4. I1osACHITH Ha NMPUKJIANAX CXEM PEAKIIii, B AKHI OiK 3MIIIYETHCS
CTaH piBHOBAru 31 3MEHIIIEHHAM KOHIIeHTpallii kapooH (IV) okcuay B cuctemi :
a) CO; + H,O==H,CO;3;
6) CO + H,O =CO; + Hy;
B) CO; + C = 2CO0.
3ae0anus 5. B sKOMy 3 HaBeJICHHMX IMPUKIAJIB Ma€ MICIE KaTaliTHYHA
peakilis : a) MBUIKICTh peakiii po3kiany HyO;, 3pocrae npu nojgaBaHHI MaHTaH
(IV) okcuay; ©) mBHIKiCTh peakiii ropiHHs (ocdopy 3pocTae mpu BHECCHHI
najaro4oro gocdopy B arMmocpepy 4YHMCTOro0 KUCHIO.
3asoanns 6. Jledxi peaxiiii, MOYABIINCh, MPOTIKAIOTh 3 yC€ 3POCTAI0UO0IO
IIBUJIKICTIO, 1110 1HOJ1 MPHU3BOAUTEL A0 BHOYXY (pO3KJIaay BHOYXOBHX PEUOBHH).
BkaxiTh, ski pakTopu MOXKYTh CTaTU MPUIMHOIO TAKOTO SIBUIIA.
3agoanusn 1. YoMy mmns 30epexeHHs] POJYKTIB XapuyBaHHS KOPUCTYIOTHCS
XOJOAWJIbHUKAMH ?
3asoannsa 8. XimiuHuil npoiiec BijoOpaxkae 3aranbHe piBHaHHS : AB + CD =
=AD + CB, AH <0. B sxomy HanpsiMKy BiH OyJie IPOTIKaTH, SKIIO : a) BUBOJIUTH
3 peakiiiiHoi cymimi pedoBuHy CB; 0) BUBOAMTH €HEpril0 peakilii; B) HarpiBatu
pEaxiiifHy CUCTEMY.
3agoannusn 9. 30UIbIIEHHS. TUCKY B CUCTEMI CIIPUYMHUTH IM1IBUILIECHHS BUXOAY
OPOAYKTY B pPEaKIIii :
1) 2H 0 & 2Ho )+ Oz,
2) N2 )+ 3Hz ) =2NH;s )y,
3) CaCOs; (1p)<==Ca0 (1) + COy r);
4) CO () + H2O )= COs (ry + Ha (1),
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3ae0anna 10. 3anponoHyWTe 3MIHHU, SIKI TOTPIOHO BHECTH B PIBHOBAXHY
cucremy : a) 2NO & Oz ) 2NO; (), AH < 0, 1100 301IBIIMTH BUX1JT HITPOTEH
(IV) oxcuny; 6) CO;z ) + C 5) =<2CO (r), AH > 0, mo0 3MEHIUTH KUTBKICTh
kapOoH (II) oxcuny.

3ae0anusn 11. JloBeCTM Ha KOHKPETHUX NPUKIANax BIUIMB KaTali3aTopa Ha
IMIBUJIKICTh XIMIYHHUX peakmii. Yu BIUMBae KaramizaTop Ha CTaH XIMIYHOI
piBHoBaru ? Yomy ?

3aeoanus  12. Sk Oynme  3MinlyBaThcsi  piBHOBara B  CHUCTEMI:

HoS(r)+302¢)— 2H204,)+2S05 (1), AH <0 mpwu :
a) nonaBanHi SO3; 0) MiABUINEHH] THCKY; B) BUuBeneHH1 SO3 13 cepu peaxiiii;

T') IOHWKEHH] TEMIIEPATypH.

2.1.4. PO3BUTOK NMOHATH NMPO XiMiUHY peakiilo Npy BUBYEHHI

TeMH "'Po3paxyHku 3a pIBHAHHAMHU XiMiYHMX peakuin'

[Is HeBenmuKa TeMa WIKUIBHOTO KypCy XIMil Ma€ BEJIMKE 3HAYEHHS IS
PO3BUTKY YSBJIEHb IIPO KUIBKICHY CTOPOHY XIMIUYHUX NepeTBopeHb. Ha nmux ypokax
3aKpPIIUIIOIOTECS BMIHHS YYHIB POOMTH PO3PAXyHKU 33 XIMIYHUMH PIBHSHHSIMHU.
OcKUIBKM 111 YPOKM 3aBepllialibHi, JOLUIBHO OpaTh NPUKIATd BCIX BHUJIB
pPO3paxyHKIB 3a XIMIYHUMHU PIBHSHHSAMH, SKI BUBYAIUCH MPOTATOM poKy. Takuii
HIIX11 JAaCTh 3MOTY 3aKpINUTH YMIHHS 3aCTOCOBYBAaTH HaOYTI TEOPETHYHI 3HAHHS
JUISL IPAaKTUYHOT'O PO3B’3yBaHHS 3a/1a4.

Ha ocHOBI XiMIYHHX PIBHSIHH MOKHA ITPOBOJIUTU PI3HOMAaHITHI PO3PaXyHKHU :
BU3HAYaTU BIAHOIICHHS Mac a00 00’ €MiB, B IKUX PEYOBUHU BCTYIAIOTh B PEAKIIIIO;
o0uucIIoBaTi Macy abo 00’e€M MPOAYKTY peakiii, siki 0JepKYyIOTh 3 JaHOT MacH
BUXIJTHOI PEYOBUHU; PO3PAaXOBYBaTH Macy 4u O0’€M BUXIAHOI PEYOBHHH, 3 SIKOI
OJIEPKYIOTh B1IOMY KUIBKICTh IPOJIYKTY peakxiiii, a TAKOK pO3B’A3yBaTH 3a/adl Ha
00’€MHI CITIBBIAHOIIIEHHS Ta3iB Y XIMIYHUX PEaKI[isSX Ta 1HIIIL.

3aBaaHHs Ha 3aKPITUICHHS HABUYOK PO3B’SI3yBaHHS PO3PaXyHKOBHUX 3ajad 3a

PIBHSHHSIMU XIMIYHHUX PEAKIIIH :
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3asoannsa 1. OOUUCINTU Macy COJIi, IO YTBOPUTHCS B PE3YyJIbTaTI B3aEMOJIIT
4,55 r IUHKY 3 XJIOPOBOJIHEBOIO KUCIOTOIO.

3aeoanns 2. OOYHCINTH KUIBKICTh TEIUIOTH, sSKa BHIUIMTHCA I dac
3TOPSIHHS CIPKU Macoro 96 T, sSKIIO TeryIoBHi eeKT Ili€l peakiii CTaHOBUTH 297
KJIK.

3agoanusa 3. O6uncnutu Macy kynpym (II) rimpoxcuay, mo poskiaBcs,
AKII0 Maca yrBopeHoro kynpym (II) okcuny cranoBuTs 3,2 T.

3aeoanusn 4. Jlo po3uuHy Kajibllii HITpATy OOAQIMA PO3YMH, IO MICTUTh
HaTpiil KapboHat Macoro 6,36 r. OOUHCIUTH Macy Ocafy, IO YTBOPHUBCH.

3asoanns 5. Y peaxuito 3 hochop (V) okcuaom BCcTynuia Boja Macoro 27 T.
Sxa maca pochopHoi KuCIOTH yTBOPUIIACH ?

3agoanusn 6. SIxuii 00’eM BYIJIEKHUCIOTO razy BOHMpae poO34HMH, B SKOMY
MICTUTBCS 6 T HATPiH T1IPOKCUTY, SKIIO TPOTYKTOM PEAKIIi € CepeHs Clib.

3asoanns 7. IlotpibHO mOOyTH BoAeHb 00’emoM 490 1 (H. y.). SIky macy
AJIOMIHIEBOI CTPY>KKHU CJIIJT JUIsl IIbOTO 3aTpaTUTH ? SIK1 KUCIIOTH HE MPUIATHI JJIst
i€l peaxiii ? (O6’eM raszy He 3aJ€XHUTh BiJ] TOTO, IKa KUCJIOTY BUKOPUCTOBYIOTH).

3asoanns 8. SAxy macy kynpyMm (II) HiTpaTy MOKHA JOOYTH B XOJ1 TaKUX
nepetBopenb : kKynpyM (II) xmopun; xkynpym (II) riapokcun; xkynpym (II) nitpar,
AKII0 B peakiiro Berynae kynpym (1) xmopun macoro 27 1 ?

3agoannsa 9. Po3paxyBaTtH, Ui BUCTAYUTh BOAHIO, JOOYTOrO MpH B3a€EMO/II]
IUHKY Macoro 1,95 r 3 XJIOpOBOAHEBOIO KHUCJIOTOIO, JJisi BIJHOBJICHHS 3aii3a 3
dbepym (IIT) oxcuny macoro 4 T.

3asoanns 10. Yepes BanHsHy Boay mponycTuiau 1 i (H. y.) cyminn kapOoH
(I) oxcumy 1 xap6on (IV) oxcumy. Ocax, mo BuUMIAaB TpU IOMY, OYB
BII(p1IBTPOBAHUH 1 BUCYIIEHUH — oro maca craHoBuia 2,45 r. OOUUCIITh BMICT
rasziB y BUXiJHiil cymimii (y % 3a 06’eMom).

3aeoanusn 11. Sk opepaTu XJIOPOBOACHBH 3 KyXOHHOI comii ? Hamwmmiite
PIBHSIHHSI BIJTMOBIAHOI peakiiii. Akuii 00’eM XJOpOBOJHIO MOXKHa ojiepxatu 3 1

MoJIb KyXOHHO1 couti ? 3 20 T KyXOHHOT coui ?
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3aeoanusn 12. Po3paxyBaTu Macy TaKyBaTOTO BOJHIO, SKUW BUIUTHTHCS MPU
po3urHEeHH1 4,5 T aTIOMIHIIO Yy XJIOPOBOAHEBIM KHUCIOTI. SIKy Macy LUHKY CIiJ
B3STU U B3a€EMOJIII 3 XJIOPOBOJHEBOIO KHCJIOTOIO, MO0 OJIepKaTH CTUIBKH K
BOJHIO ?

3agoannsa 13. Cnamunu 20 1 metany (CH4) B kucHi 00’emom 50 11 (H. y.).
Busnauuth : a) ska 3 BUXIJTHUX PEYOBUH B HAJUIMIIKY; 0) sSKuUM 00’eM KapOOH
JIOKCHY YTBOPUBCS B pE3yJIbTaTl PEaKIii; B) sika Maca BOJU YTBOPUJIACH ?

3aeoanusn 14. Buznaute, siky macy ponomity CaCOsz - MgCO;3; notpi6HO
BUKOpHUCTATH JIsi A0OyBaHHS 896 11 (H. y.) kKapOoH miokcuay. Bimomo, 1o qomomit
MICTUTh HE KapOOHATHI IOMIIIKH, MacOBa YacTKa IKMX cTaHOBUTH 10%.

3aeoanusn 15. Bech kuceHb, oaepxaHUW TpH po3KIagaHHI 79 T Kamii
NepMaHraHary, BUTPATWINA Ha CHAIIOBaHHs BOAHIO. SKuii 00’€M BOAM MPU LIBOMY

YTBOPHUBCS ?

32



PO3ALJT III ®OPMYBAHHSA HHOHATTA ITPO OKUCHO-
BIJTHOBHI PEAKIIII
3.1. ®opMmyBaHHSl MOHATTH NMPO OKHCHO-BiIHOBHiI peakuii Ha

OCHOBI €JIEKTPOHHOI Teopil

dopmyBaHHA MOHATTA "OKHCHO-BIAHOBHA peakilist" BiJOyBaeThCS Ha OCHOBI
3HaHb TIPO CTYMHiHb OKHUCHEHHS. [lOSICHIOIOUM CyTh TOHSATTSA TMPO CTYIHb
OKHCHEHHS, BUMTEJIb HArojouye, Mo BOHO ¢GopMalibHe, Xouya U 3pydHe IS
BUKOPHUCTAHHA. YUHUTENb MOKA3ye, IK BU3HAUUTU CTYMIHb OKUCHEHHS €JI€MEHTIB 3a
dbopMyllaMu TIPOCTUX 1 CKIIAJIHUX PEYOBHUH, 1 3yMUHIETHCS HA MpaBUIaX, SIKI CJIiJT
nam’siTaTy Tij] 4ac OOYMCIICHHS CTYIEHIB OKHUCHEHHS (HaBENEH1 y MiJIPYyYHUKY),
HiCAsE 4YOro OpraHi3oBye poOOTy 3 (OpMyBaHHS BMiHb BH3HAa4YaTH CTYIiHb
OKUCHEHHs. Jlaml BUKOHYIOTHCSI TPEHYBaJbHI BIpPAaBM Ha BU3HAYEHHS CTYIICHS
OKHCHEHHSI 3a popmynamu [74].

Jlami BumTeNnb 3a3Hava€, IO CTYIIHb OKMCHEHHS MOYXE JISATTH B OCHOBY
kinacudikamii XiMIYHUX peakuid. HaBoauThcs BU3HAYeHHS, SKI  peakii
HA3MBAIOThCSI OKHMCHO-BIAHOBHUMHU. 3’SCOBYIOTh, UYHMM TMOSICHIOETHCS 3MiHA
CTYIICHIB OKUCHEHHsI aTOMIB (II€peX0JJ0M a00 3MIIIEHHSAM E€JIEKTPOHIB BiJl OJTHUX
YaCTUHOK JI0 IHIIKX). 3BEPTAETHCS yBara Ha CYTh MPOLECIB OKHCHEHHS 1
B1IHOBJICHHSI, HA CYTh MOHATH "OKUCHUK" 1 "BITHOBHUK".

Y4YHSIM TMOSCHIOIOTH, SK MiAOUpaTH KOE(IIEHTH B PIBHAHHIX OKHCHO-
BIJIHOBHUX PEAKIIIA i 03HAHOMITIOIOT 3 METOJIOM €JIEKTPOHHOTO OaJlaHCy.

[Ipn y3aranbHEHHI BHUBYEHOTO BUIUISIOTH 3aKOHOMIPHOCTI OKHCHO-
BIJIHOBHUX PEAKIIIH :

1. €aHicTh, HEPO3PUBHICTH OKMCHO-BIAHOBHOTO MPOIIECY.
2. 30epeKeHHS 4YHCIa EJeKTPOHIB B cucTeMi (Ha Il 3aKOHOMIPHOCTI

IPYHTYETBCS OTepallis PO3CTaBICHHS KOE(DILIEHTIB METOJIOM €JIEKTPOHHOTO

OanaHcy).
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3. IIpoTikaHHA OKMCHO-BIIHOBHUX pPEAKIili B CTOPOHY YTBOPEHHS CIIa0IINX
OKHCHHMKIB 1 BIIHOBHUKIB 3 OUIbII CHJIBHIIIUX (HAMp., B3aEMHE BUTICHEHHS
raJloreHaMH OJIMH OJIHOTO 3 iX CIOJIYK).
3a 3MIHOIO CTYTICHSI OKUCHEHHS €JIEMEHTIB, SIK1 BXOJIATH JI0 CKJIaay BUX1THUX

PEUYOBHH Ta MPOAYKTIB peaKilii, XIMiuHI peakilii MO)KHa MOJIJIUTH Ha JB1 TPYIIH.

Jlo mepImioi rpynu HajaekaTh peakilii, o BiI0yBalOThCA 0€3 3MiHU CTYIICHIB
OKUCHEHHs eneMmeHTiB. lle peakmii moaBiiiHOTO 00MiHY, a00 BUTICHEHHS,
KOMIUIEKCOYTBOPEHHS,  JIeAKl  peakiii poskiady, peakiii i3oMepu3zariii,
MoJTIMepHU3aIlii, acomiarii Tomro:

BaCl, + Na,SO4 = BaSO.| + 2NaCl
AgNO; + KCI = AgCI{ + KNO3
CaCOs + SiO; = CaSiO3 + COz 1

Cu(OH); + 4NH3 = [Cu(NH3)4](OH),

2Fe(OH); = Fe,03 + 3H,0

Jlo npyroi rpynu HajiexaTh peakilii, o BiAOYBatOThCS 13 3MIHOIO CTYIICHIB
OKHCHEHHSI €JIEMEHTIB pearyr4ux pEeYoBUH Ta MPOAYKTIB peakiii. Taki peakiii
HA3WBAIOTHCS OKMCHO-BITHOBHUMH, HAIPUKIIA];

Zn + H,SO, = ZnS0O4 + Hy 1

VY nporeci 1€l peakiii ctymiab okucHeHHs L{luaKy 3MiHIO€TRCS Bif 0 10 +2,
a I'inporeny — Big +1 o 0. O1xe, 116 OKMCHO-BITHOBHA PEAKITIsl.

OKHCHO-BIIHOBHI peaKIlii — OJHE 3 HAMBAXIMBIIINX TEOPETUYHHUX MMHUTAHD,
3HaHHS SIKOTO HEOOXIJHE JJii BHUBUEHHS OCHOBHUX PO3JUIIB 3arajbHOi,
HEOPTaHIYHO1, OPraHIYHO1, AHATITUYHOI Ta P13KOTOIMHOT XIMii.

OKHMCHO-BITHOBHI peEakIlii MarTh BEIWYC3HE 3HAUCHHS, OCOOJUBO IS
MIITPUMYBAHHS KUTTEAISIIBHOCTI OlojoriuHux cuctem. llpouecu ¢oTocunHTesy,
TUXaHHS, TPABJICHHS — BCE 11€ JIAHITFOTY OKHCHO-BITHOBHUX PEAKITIH.

Teopis OKHCHO-BIIHOBHUX pEakIilii Bmepiie Oyja 3amporoHOBaHA
pociiickkumu Ta ykpaincbkumu BueHuMHU C.O. Jlainom, JI.B. IlucapxkeBchkum,

S1.1. Muxaiinenkom, M.O. llIunoBum.
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[lim wac ckmamaHHA PIBHSHH OKHCHO-BIIHOBHHX PEakKIlid MOTPiOHO
BU3HAUUTH, CKIJIbKHA €JEKTPOHIB MPHUEAHYE OKHUCHHK 1 CKUIBKH iX BIJIae
BITHOBHUK.

YMOBHO TPHUIHATO BBaXKaTH, IO I 4aC OKWCHEHHS BITHOBHUK BiIIae
CJIEKTPOHH, a MiJ Yac BIJIHOBJIEHHS — OKHUCHUK IX NPHEIHYE, TOOTO O yBaru He
OepeThest Oy0Ba YaCTUHOK, MPUPOJIa XIMIYHOTO 3B'SI3KY 1 MeXaH13M mporiecy. s
CTPOIIEHHS 3aUCy CTYNEHI OKMUCHEHHS 3a3HAYal0Th JIMIIE U1 TUX aTOMIB, Y SIKUX
BOHU 3MIHIOIOTHCS.

Xo4 TMOHATTS NPO CTYIMIHb OKUCHEHHS € (OpMalIbHUM 1 HE 3aBXKIU
XapaKTepu3ye CTaH aTOMIB y CHOJyKaX, HAM 3pYyYHO KOPHUCTYBAaTHCS TiJ dac
PO3IIISITy OKUCHO-BITHOBHUX PEakiiii Ta Mij] 4ac Kiacudikaiii pisHUX PEYOBHH.

1106 ckyacTy piBHSIHHS OKUCHO-BIJIHOBHOI PE€aKIlii, HOTPIOHO 3HATH XIMIYHI
dbopMyIM BUXIJTHUX PEYOBHH 1 MPOAYKTIB peakiii. [IpoaykTu peakiiii BU3HAYAIOTh
EKCIIEPUMEHTAIbHO; 1HOAI iX MOXXHA Tepen0aduTH, BpaxyBaBIIU BIACTHUBOCTI
BUXIJTHUX PEUOBHH. SKIIO peakilis BiAOyBa€TbCsS B PO3UMHI, TO B HIll MOXe OpaTu
y4acTh BOJI.

Haitnommpenimi JBa METOAW CKJIAJaHHA pPIBHSHb OKHCHO-BIJIHOBHHUX
peaKIliii: MeToJl eJISKTPOHHOIO OajlaHCy Ta MOHHO-EJIEKTpOHHUM MeTona. OOuaBa
METOJU I'PYHTYIOThCSI Ha MOJIOKEHHI, [0 B OKUCHO-B1IHOBHUX MPOIIECAX 3arajbHe
YUCJIO €JIEKTPOHIB, #AKI BiAJa€ BIJHOBHUK, JOPIBHIOE 3araJlbHOMY YHUCIY
CJICKTPOHIB, K1 IPUETHYE OKUCHUK.

PewyoBunM, 10 CKIamy MOJEKYN SKHUX BXOASTH aTOMH, 3[aTHI MPUETHYBATH
€JIEKTPOHM, TOOTO 3HUXKYBAaTH CBIA CTyHiHb OKHUCHEHHS, Ha3HBAIOTHCS
OKHMCHHMKaMH. J[0 OKMCHUKIB HaJIe’)KaTh KHCEHbB, BUJIbHI TaJIOTCHU, CIpKa, OCKIJIbBKHU
BOHHM MAarOTh BEJIHKY €JEeKTPOHETaTHBHICTh. OKHUCHUKAMHU € TaKOX Pi3HI CIOIYKH
rajioreHiB 3 nosutuBHuMU cryneHsmu okucuenHs: HCIO, HCIO,, HCIO3;, HCIOy,
Cl,0, CIO,, (CIO3),, Cl,0y.

JIo aKTMBHUX OKHCHHMKIB HaleXaTb TaKOXX HITpaTHa  KHCJIOTa,
KOHIIEHTpOBaHa CyJib(paTHa KHUCIOTa, COJl METaliB 13 BUIIMMU CTYNEHIMHU

okucHeHHs (KMnOs, Na;MnO, K;Cr,07, Fex(SO4)s Tomo), mepokcuan (NazOo,
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KOy), okcuan MetaiiB 3 BUIIUMHU cTyneHsSMHU okucHeHHs (PhO,, MnO,, Mn,Oy,
CrOs To1110).

PeuoBuHU, 10 ckiamy MOJIEKYJ SKUX BXOJSATh aTOMH, 3/IaTHI BijJaBaTH
eJIEKTPOHM, TOOTO TMIJBMINYBATH CBI CTYMiHb OKHCHEHHS, HA3WBAIOTHCS
BiJHOBHHMKaMU. /[0 BITHOBHHUKIB Hajle)KaTh BLIbHI METAJIM, OCKIILKH BOHH 3[aTHI
JUIIEe BIJJaBaTH €JIEKTPOHU. YWM aKTUBHIIIUMK MeTald, TUM AaKTUBHILIUM
BITHOBHUKOM BiH €. Cepes CHOJIyK METaliB BIJHOBHUKAMH € Ti, B SKUX TOH abo
TOM MeTasl BUSBIIAE HW)KUYMM CTYMiHb OKUCHEHHS. Tak, BIIHOBHMKaMU MOXYTh
oytu FeSO,, CuCl, SnCl; Tomo.

BigHOBHI BJIACTHBOCTI BUSBISIOTH TaKOXK T'aJOI€HOBOJHI Ta TaJIOTCHIIH, B
SKUX CTYIIHb OKUCHEHHSI TaJIOTEHIB JIOPIBHIOE -1.

PeyoBuHU, 1O MICTATH y CBOEMY CKJaJl €JIEMEHTH 3 MAKCUMAaJbHUM 1
MIHIMQJIBHUM  CTYNEHSIMH OKHCHEHHS, MOXYTh OyTH BIAMOBIIHO  JIUIIE
okucHukamu (Hampukian, PbO,;, HNOs; H;SO4 KyCr,O7) abo  Timbku
BimHOBHUKamU (H2S, NHs3, Tomo).

PeuoBuHU, 110 MICTSTH Y CBOEMY CKJIa/l €JIEMEHTH 3 MPOMIXKHUM CTYIICHEM
OKHCHEHHS, MOXKYTh OyTH SIK OKUCHUKaMU (y pa3l B3a€MOJIIi 3 aKTUBHIIINUM, HIK
BOHH, BIJIHOBHMKOM), TaK 1 BiJIHOBHUKaMU (y pa3l B3a€MOJli 3 aKTHUBHIIINUM, HIXK
BOHM, OKUCHUKOM).

[Tporiecn OKMCHEHHS 3aBXKIW CYIPOBOKYIOTHCS TPOIECAMU BiTHOBIICHHSI.
OnuH nporiec He MOKe BiOyBaTucs 0€3 IPyroro, OCKUILKY BOHH MOB'sI3aH1 JIUIIIE 3
NEepeMIIIEHHSIM MaTepialbHUX YaCTUHOK — €JIEKTPOHIB, a HE 3 IX 3HUILECHHIM abo
CTBOpeHHsIM. ToMy B PIBHAHHSIX OKHCHO-BIAHOBHMX peakid MoTpiOHO
3pIBHIOBAaTH KIJBKOCTI BIJAAaHUX 1 TPUETHAHUX €JICKTPOHIB BIAMOBIIHUMU
Koe(illieHTaMH.

Cknagaroud pIiBHSHHS OKHCHO-BIJHOBHHUX pEakIliii, Hacammepes, CIIijI
BU3HAYHUTH CTYMEHI OKUCHEHHSI KOXXHOTO 3 €JIEMEHTIB, IO BXOJUTH JIO CKJIaay
BUXIJTHUX PEYOBHH 1 MPOJYKTIB peakxilii, a MOTIM 3a3HAYUTH Ti aTOMU a00 HOHWU.
CTYIIHb OKHUCHEHHS SIKMX 3MIHIOETHCS, 3a3HAUYNTHA OKUCHHUK 1 BIIHOBHUK (a B pasi

notpebu 1 cepenosuie). Ilicng 1poro mnoTpiOHO NiAIOpaTH KOEQILIEHTH B
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PIBHSIHHI peaKIlii, maM'aTaiouu, 110 3arajbHe YUCIIO0 BIIJAHUX EIEKTPOHIB TOBUHHO
JOPIBHIOBATH 3arajJbHOMY YUCITY IPUETHAHUX.

[IpocTuM mNpUKIAAOM OKHCHO-BIAHOBHOI peakilii Moxke OyTH B3aeMOJIis
CIPKOBOZHIO 3 OpPOMHOIO BOJIOI0, BHACHIJIOK SIKOI YTBOPIOIOTHCA BibHA CIpKa 1
OpomoBozeHb. CrIOYaTKy 3aluCyIOTh CXEMY PIBHSHHSI peakiii

H,S + Br, > HBr+S

[ToTiM BU3HAYAIOTh CTYNEHI OKMCHEHHS aTOMIB €JIEMEHTIB /10 PEaKIIii 1 micis
HEl; CTyNeH1 OKUCHEHHs 3MiHI0I0ThCs Y bpomy 1 Cynbdypy:

st-z + BI’ZO — HBrt+s°

Cryninb okucHeHHs Cynb(]ypy 3mMiHI0O€ThCS Big -2 A0 0:

S2-28 » &Y

[Ipouec BijaBaHHS €JIEKTPOHIB, HIO0 CYNPOBOKYETHCA IIJIBUILIEHHAM
CTYIICHS! OKICHEHHS €JIEMEHTA, HA3UBA€ETHCSI OKICHEHHSIM.

Enexrtponu, sxi Binnae Cynbdyp, IpUETHYIOTECS 10 aToMiB bpoMmy, cTyIiHb
okucHeHHs1 bpomy B ibomy pa3i 3miHI0€eThes Big 0 10 -1:

Br, +2& — 2Br?

[Ipouec mnpueqHaHHS €NEKTPOHIB, IO CYHPOBOIKYETHCS 3HMKEHHSIM
CTYIICHS] OKUCHEHHSI €JIEMEHTA, HA3UBA€ETHCS BITHOBICHHSIM.

Hacrtynnuit etan — nigOupanHs CTEXIOMETPUYHUX KOS(DIIIEHTIB AJIs CIIOMYK,
aTOMHU SKUX 3MIHIOIOTh CTYNeHI OKUCHEeHHsA. [Jlns wiei peakmii  OanaHc
«ENEKTPOHHOTO OOMIHY» TAKUM:

S2-28 > S° 1 (mpolec OKUCHEHHS)
Br,+2& — 2Br! | 1(mpouec BigHOBIEHHS)

BpaxoBytouu Te, 1110 KIJIbKICTh BiJJaHUX BIJIHOBHUKOM €JICKTPOHIB MOBUHHA
JIOPIBHIOBATH KUIBKOCTI  €JIEKTPOHIB, MPUEAHAHUX OKUCHUKOM, 3HAXOJSATh
CHUIBHUI MHOXXHMK JJIS JIBOX €JIEKTPOHHO-IOHHUX PIBHSIHB. Y 1IbOMY pa3i TaKUM
CHUIBHUM MHOXHHKOM Oyzae 2. OTxe, 3 oaHI€0 Mojekynorw HyS pearye onna
MoJIeKyJa Opomy.

3HaiiieHi Koe(dilieHTH MIACTABISIOTh Y CXEMY PIBHSHHSI peakilii 1 CTPUIKY

3aMIHIOIOTh Ha 3HAK JIOPIBHIOE:
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H,S + Br, =2HBr + S

PosrnsnyTte piBHSHHS peakuii € HAaWOPOCTIIIMM TNPUKIAJAOM OKHCHO-
BIIHOBHOTO Tiporiecy. O3HalloOMMMOCH 13 CKJIQIHIIIMMHU OKHCHO-BIJTHOBHUMU
nporecamu. [lim 4yac B3aeMojii TEpMaHTaHATy Kamiio 3 WOIWIOM Kalliio 3a
HasBHOCTI CyJab(aTHOI KHCJIOTH MAJMHOBUM PO3YMH 3HEOAPBIIOETHCS 1
BUJIUISIETHCS BUIBHUE Mo, Ll peaxiiist BimOyBa€eThCs 3a CXEMOIO

KMnQO4 + KI + H,SO4 - MnSO4 + 15 + ...

Bcranosmtoemo, 1110 CTyIiHL OKMCHEHHS MaHrany 3MiHUBCS Bif +7 110 +2, a
ﬁony — Big -1 1o 0, To6TO MaHraH BiTHOBUBCS (IIEpMaHTaHAT KaJlit0o — OKHCHHK), a
Won — okucHuBCS (Womua Kairo — BiTHOBHHK).

[Ilo6 pospaxyBatu Koe(]illleHTH Tiepes] OKHUCHHUKOM 1 BIJHOBHHKOM,
NOTPIOHO CKJIACTH PIBHSHHS €JIEKTPOHHOIO OanaHcCy:

Mn*" + 58 - Mn*?
211 —28 - |2O

BpaxoByloul Te, IO KilbKiCTh EJIEKTPOHIB, BimmaHuX MoaoM, TOBHHHA
JIOPIBHIOBATH KUIBKOCTI €JIEKTPOHIB, NpHUEIHAHUX MaHraHoMm, 3HaXOJUMO
CHUIBHUI MHOKHUK JUISl LIMX ABOX PiBHSAHB. L piBHICTH Oyae noTpumaHa B TOMY
pasi, ko 10 ¥Hoaumna-ioHiB Bimmanyth 10 enexkTpoHiB, a aBa WoHu MaHraHy
MPUETHAKOTH 1X:

Mn*" + 58 - Mn*?| 2
21128 —» I° 5

Otxe, MHOXKHUKH 2 1 5 € koedimieHTaMu BiAMoOBiAHO Oist oHIB MaHrany
Ta Moay B piBHAHHI oKHMcHO-BinHOBHOI peakwii. I1i koedilieHTH npocTapiseMo B
MOJICKYJIIPHOMY DIBHSHHI O BIAMOBIAHMX CIOJYK SIK OCHOBHI. PO3risHyTy
pEaKIlito MOKHA 3aMKUCaTH TaK:

2KMnQO4 + 10KI + H,SO4 — 2MnSO4 + 515 + ...

[, HapemTi, BU3HAYMUMO APYropsaHi KoedimieHTH, TOOTO Ti, 1O MOBHUHHI

CTOSITU OUIST (POpMysn CHOJYyK €JIEMEHTIB, SIKI HE 3MIHIOIOTh CBOiX CTYICHIB

okucHeHHs. [loTpi6HO 3piBHATH KinbkocTi HoniB K*, SO4* ta atomis Okcureny.
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Cynbdar-ioHu 3B'93y10Th He TilbkK HoHu MNn?*, a it K*, a lionu [igporeny — Bicim
atomiB Okcureny. OTxe, pIBHSIHHS MaTUME TaKUH OCTATOYHUI BUTIISI;
2KMnQO, + 10KI + 8H3S04 = 2MnSO4 + 51, + 6K,SO4 + 8H,0
Jlnis ckiaiaHHsl PiBHSHb OKHMCHO-BITHOBHHX PEAaKIli TaK0XK 3aCTOCOBYIOTH
HOHHO-CIEKTPOHHUN MeToA. Tak, I pO3TJISHYTOI BHINE peakilii HOHHO-
€JICKTPOHHI PIBHSHHS MaTUMYTh BUTJIS/L;
MnO, + 56 + 8H* = Mn?* + 4H,0 2
21" 28 =1° 5
[Tepmie piBHSHHS Tpollecy («HAMBPEAKIlis») — BiIHOBICHHS IMEpMaHTaHAT-
i0Ha — TOKa3ye, IO Iijl Yac nepeTBopeHHs iona MnO,~ Ha kation Mn?* nmoBuHHI
3B's13aTHUCS YOTUPU aToMU OKCHUTeHYy 3 YTBOPEHHSIM YOTHPHOX MOJIEKYJ Boau. Jliis
nporo 1 mnorpidHo BiciM HoHiB ['igporeny. Jlpyre piBHAHHS MpoOIECY
(«HamiBpeaKIlis») — OKMCHeHHs Moy — mokasye, 10 1ieil mpolec BinOyBaeThes 0e3
y4dacTi ioHiB ['igporeny.
3HAUIIOBIIM CHUIBHUM MHOXHUK JUISI IUX JBOX WOHHO-EJIEKTPOHHUX
PiBHSHb (IBOX «HAIIBPEAKIlii»), M0Jal0Th PIBHSIHHS IPOICCIB BiIHOBJICHHS W
OKHCHEHHS, BPaXxOBYIOYM MHOXXHUKH 2 1 5, 1 AICTalOTh CyMapHe HOHHE PIBHSHHS
JTAaHOT OKMCHO-BITHOBHO1 PEaKIIii:
MnO, + 58 + 8H* = Mn?* + 4H,0 2
21" 2e= 120 5
2MnOy4 + 101" + 16H = 2Mn?* + 51,° + 8H,0
Lle piBHAHHS peakilii MO’KHA MOAATH TAKOX 1 B MOJIEKYJISIPHOMY BUTJISAIL:
2KMnQ,4 + 10KI + 8H,S0,4 = 2MnSO, + 51, + 6K,S0O, + 8H,0
Otmxe, mia dYac CKIAJaHHS pPIBHSAHb OKHCHO-BIJIHOBHUX PEAKIIN CIIiJI
JOTPUMYBATUCH MOCIIIOBHOCTI [, HABEACHUX HUXKYE.
1. Cxnmactu cxemy pIBHSHHS peakiii 1 3a3HAYUTH BHUXITHI PEUYOBUHU 1
MPOYKTH PEAKITIi.
2. BusHauuTH CTyneHI OKHCHEHHS €JIEMEHTIB, IO BXOIATH IO CKJIAIy
CHOJYK y JIBI{ 1 MpaBiii YyacTUHAX CXEMHU PIBHSIHHS; BUIUIUTH €JIEMEHTH, CTYIEHI

OKHCHEHHS SKHX 3MIHIOIOTHCS.
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3. CkrnactTu MOHHO-€NEKTPOHHI PIBHAHHSA HAMIBPEaKlii OKHCHEHHA 1
BITHOBJICHHS; MiAiOpaTu KOEPIIIEHTH OO0 OKUCHUKA 1 BITHOBHHKA ISl JBOX
HaIlBpeakKIlii, 3p1BHIOIOYH KUIBKOCTI BIJIJTAaHUX 1 IPUETHAHUX €JIEKTPOHIB.

4. Jlonatu piBHSHHS TPOIECIB OKUCHEHHS 1 BITHOBIICHHS 3 ypaxXyBaHHSIM
niai0paHux Koedili€eHTiB.

Ha mporec OKUCHEHHST — BIJIHOBJIEHHS 3HAYHOIO MIPOI0 BIUIMBAIOTH
KOHIIEHTpAaIlli OKUCHHUKA 1 BIIHOBHUKA. [3 30UIBIICHHSIM KOHIEHTpallii OKMCHUKA
a00 3MEHIIEHHSM KOHIIEHTpAIlll BIIHOBHHKA OKHCHIOBAJIbHA 3JaTHICTh OKMCHHKA
3pOCTaE.

3.2. MeToauka opranizanii mi3HaBaJbHOI AisILHOCTI Yy4YHIiB B mpoueci

3aCBOEHHSA MOHATH ,,CTyniHb OKMCHeHHsI. OKMCHO-BIAHOBHI peakirii”

B npoueci BuBYEHHA TemMH , XIMIYHUWA 3B’A30K. bynoBa pedoBuHM”
peani3yeTbCsi OJHA 3 MPOBITHUX 1JIEW Kypcy XiMii: 3aJ€XHICTh BJIACTUBOCTEU
MPOCTUX 1 CKJIAJHUX PEUOBUH BiJ 0COOIMBOCTEW OyIOBH aTOMIB 1 XapakTepy
XIMIYHOTO 3B 3Ky B MOJIEKyJax 1 KpucTajnax. Marepian i€l TeMH Ja€e 3MOTy
YUHSIM 3pO3YMITH TPUYMHU PI3HOMAHITHOCTI XIMIYHMX CIOJYK, MEXaHIi3M IiX
YTBOpPEHHsI, OyZI0BY, pEaKkiiiiHy 34aTHICTh, Ja€ 3MOTY MPOTHO3YyBaTH BJIACTHUBOCTI
pPEUOBUH; HAa0YBAIOTh MOJAJIBIIOTO PO3BUTKY, MOTTIMOIIOIOTHCS Ta PO3IINPIOIOTHCS
OCHOBHI TOHSTTS Kypcy XIMii: ,XiMiuHuii ejnemMeHT”, ,,pedoBHHA”, ,XiMiuHa
peaxkuia”, TOMy BaKJINBO KOHKPETU3yBAaTU BUMOTH JI0 1X 3aCBOEHHSI.

Ha ocHoBI aHani3y HaBuanbHOI mporpamu [56], migpyunukis [8; 11; 12; 54]
ta MetoanuHoi miteparypu [9; 20; 60] Mu Bu3HaA4YMIM Taki OCHOBHI BUMOTHU JO
OBOJIOJIIHHS IPOBIAHUMU MOHSITTIMU.

Ximiunuu enemenm:

— 3HaTU OCOOJMBOCTI OYJOBU 1 BJIACTUBOCTEM METasliB, HEMETAJIB Ta
IHEPTHUX EJIEMEHTIB;

— 3HATH BU3HA4YEHHS: ,,EnexTponeratuBHicTh”, ,,CTYIIHH OKUCHEHHS ;

— BMITH  TOPIBHIOBATHM  €JIEKTPOHETAaTUBHICTh  aTOMIB  XIMIYHUX
€JIEMCHTIB;

— BMITH PO3pI3HIATH Oy/J0BY aTOMIB Ta HOHIB BIJIOBIJHUX €JIEMEHTIB;
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— BMITH BU3HAYaTH 3aps]l HOHIB 3a (OpMyIaMu HOHHUX CITOJIYK.
Peuosuna:

- 3HaTH BHU3HaueHHSA: , KoBalleHTHHH 3B 430K, . Hounwuii 3B’S130K”,
,,OKHCHHK”, ,,BITHOBHHK;

— BMITH BHM3HayaTH THUIN 3B’S3Ky B pEYOBMHAX 3a ix ¢dopmysamu,
HABOJUTH MPUKIIAIA PEUOBUH 3 PI3HUM THUIIOM XIMIYHOTO 3B’S3KY;

— 3HATH MPUKJIAIU TUTIOBUX OKUCHHKIB Ta BiTHOBHHUKIB;

— BMITH 300pakaTH CJICKTPOHHI CXEMH MEXaHI3My YTBOPCHHS
KOBAJICHTHOTO TIOJSIPHOTO, KOBAJEHTHOTO HETOJSIPHOTO, WOHHOTO 3B’S3KYy B
pEYOBHHAX;

— 3HATH TUIH KPUCTATTYHUX IPATOK;

— BMITH MOPIBHIOBATU BUJ XIMIYHOTO 3B 513Ky B PEUYOBHMHAX, BIIMIHHHX
3a CKJIaJIOM, CIIOCO0Y YTBOPEHHSI, (PI3UYHUMU BIACTUBOCTSIMU;

— BMITH Tiepea0ayaTd BJIACTMBOCTI PEYOBMH HA OCHOBI MPUYUHHO-
HACIIIIKOBUX 3B’A3KIB: CKJaJ —> OCOOJIMBOCTI OYyJOBH aTOMIB —> XapakTep
XIMIYHOTO 3B 513Ky B MOJIEKYJIaX 1 KpUCTaJlaX — BJIACTHBOCTI.

Ximiuna peaxyis

— 3HaTH BU3Ha4YeHHA: ,,OKHCHO-BITHOBHA peakiisa’, ,,OKUCHEHHS
,,BITHOBJICHHS’;

— PO3YMITH CYTHICTh OKHCHO-BIJJTHOBHOT PEaKIlii;

— BMITH BIJIpI3HATH OKMCHO-BIJTHOBHI peaKIlii BiJ] 1HITHX;

— BMITH CKJIaJaTH PIBHSHHS OKHCHO-BIJHOBHUX peEakilii Ha OCHOBI
€JICKTPOHHOTO OajIaHCy.

[Ipyn ckimagaHHl 3aBAaHb BAXKIMBO BpaxoBYBaTH TOW (akT, M0 Tema
»XIMIYHUN  3B’s130K. bynoBa pedoBMHU’  TPOAOBXKYE BHUBYEHHS KYypCy
HeopraniyHoi xiMmii 8 kmacy. Tomy crmig BKItOUaTH Taki 3aBHaHHS, SKI JaAyTh
3MOTY YYHSIM HE JIMIIIEe OBOJIOJITA HOBUMH TIOHSTTSIMH, a W 3aKpINUTH 3HAHHS,
3aCBO€EHI paHille.

Takum 4WHOM, 3aBHAaHHS JJIA OpraHi3allii 3aCBOEHHS HABYAJIBHOTO 3MICTY

TeMU ,,XIMIYHUM 3B’S30K. bynoBa pedoBUMHM’ TMOBHHHI CHPSIMOBYBaTHUCh Ha

41



JOCSITHEHHSI TaKUX I[JIeH: 1) KOHKPETU3yBaTH HOBI MOHSATTS TEMH, 1110 BUBYAETHCS,
1 CIOpUSATH BUPOOJICHHIO B Y4YHIB BMIHb iX BUKOPHUCTOBYBATH; 2) 3aKpIMHUTH 1
NOrJIMOUTH 3HAHHS MPO TEPIOAUYHUN 3aKOH, CHUCTEMY XIMIYHHUX €JIEMEHTIB 1
OynmoBy aroma; 3) TOBTOPUTH XapaKTEPUCTHKU ACIKUX PEUYOBHH, 3aKPIITUTH
BMIHHS CKJIaJIaTU PIBHSAHHS XIMIYHUX peakiliii, BA3HAYaTH iX THUIL, 4) 311MCHIOBATH
XIMIYHUM ~ €KCIIEpUMEHT; 5) pO3BHBaTH  MOHOJIOTIYHE  MOBJIEHHS; ©0)
BJIOCKOHATIOBATH HABUYKW PO3B’SA3yBaHHS PO3PaXyHKOBUX 3aj7ad; 7) 3M1HCHIOBATH
CaMOKOHTPOJIb 1 CAMOOIIIHKY.
3aBaaHHsA Ui Oprasi3zaiii mizHABaJILHOI JiJILHOCTI YYHIB B npoueci
3aCBOEHHA MOHATD ,,CTyniHb OKMCHEeHHs. OKMCHO-BiTHOBHI peakuii”

3aeoanna 1. 3 mepeniky pEeYyOBHMH BUMUIIITH Ti, B SKUX aTOMH MAalOTh
cTyninb okucHeHHs ,,0”: NaCl; Hp; KMnOyg; C; HCIL; Ba; AlbOs; Oy; Clp; Fe(OH)s,.

3aeoanna 2. BuzHaure CTyniHb OKMCHEHHS! KOKHOTO XIMIYHOTO €JIEMEHTA B
takux cnosiykax: KCl; KClOs; MgCly; Clz; KMnOg; KoMnOg; HsPO,.

3asoanna 3. Busnaure ctyminp okucHeHHs Cynbdypy B KpucTajax
peuoBHH, MoJiekyaax Ta HoHax: Ala(SOa)s; NaSO4; HoS; SO,; SOZ ; HSO, .

3aeoanna 4. BuszHauTe BaJCHTHICTH 1 CTYIIHb OKHCHEHHS KapOony 3a

CTPYKTYpPHUMU (HOpMyIaMu PEUOBHUH:

H H

I I /, //O
H-C-H H-C-O0-H H-C{ H-C[

H H O_H

3aeoannsn 5. , Tperiii 3aiiBuii”.
BuxopuctoByroun 3HaueHHS cryneHiB okucHeHHS N, Cl, S BusHaute

,,3aiiBoro”. Ha3BiTh KOKHY pEYOBUHY:

a)_, Ca(NO;;)Z —> KNO; — Mg2N3
KNO, N>O3 | NaNj3
HNO3 MgoN3 NH3
0)—» KClOs — CLO7 —» HCI
, CaCl; , KCIO; , HCIO
HCI HClOq4 CL.0
—> —> —>
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B)—y HZS — HzSO4 — st

. SO; , H,S , Alx(SOy)3
NaZSO4 SOZ A1283

——

3asoanna 6. BusHaute cTymniHb OKUCHEHHS Manrany i1 cromykax: KMnOy;
MnOg; Mn,0O7; Mn; KaMnOgs; MnO. Bunumiite popMyiiu pedoBUH, K1 €: a) JIUIIE
OKHMCHHMKaMH; 0) JIMIle BIIHOBHUKAMU; B) THUX, III0 MOXXYTh OyTH 1 OKUCHHKaMH, 1
BITHOBHUKAMHU.

3aeoannsa (. BUKOPUCTOBYIOUM JIaHI MPO PO3MOJLI €JIEKTPOHIB B aToMax,
BKa)XITh YACTHHKH, 3/1aTHI 10 OKUCHEHHs: a) +11 2¢,8¢; 0) +11 2¢,8e1e; B) +17
2¢,8e7e;r)+172e¢,8¢8e;nm)+1 le;e)+42e,2e.

3aeoannsa 8. SIki 3 HaBEJIEHUX CXEM 300PaXKyIOTh MPOIECH BITHOBJICHHS:

0 +2 0 ) 0 “
1. Zn-2e —>Zn 2. S+2e—>S 3. Na+le > Na
+1 0 +7 +2 0 2
4. 2H +2e > H, 5. Mn+5¢ >Mn 6. Mg-2¢ — Mg

Yu Moke Tpouec BIIHOBIEHHSA BiOyBaTUCh 0€3  OJHOYACHOTO
IPOXO/KEHHS MPOLIECY OKUCHEHHS?
3aeoanna 9. Bxaxith, ki TpouecH (OKHUCHEHHS, BIJHOBJICHHS)

B110YBalOTHCS B KO)KHOMY BUIAJIKY:

a)2e,8¢,3e —2¢,8¢; 0)2e¢,8¢,6e —2¢,8¢,8¢;
-1 0 0 -1

B) Cl-1e —»(lI; r) Cl+le »ClI
+1 0 0 +1

n) H+le > H e) H-1e >H.

3aeoanna 10. 3 HazBaHUX PEYOBHH BUOEPITh: a) OKUCHUKU; 0) BITHOBHUKHU:
Hz, KMI’IO4, CO, Zl’l, A, Clz, 02, st, HNOg, HCIO, C.

3aeoanna 11. Cxnanite GopMynu peyOBUH, IO MICTITh XIMIYHUN €JIEMEHT
3 BKa3aHUM CTyleHeM okucHeHHs: a) S™, S2; 6) CI't, CI'7; B) N*°, N3, Bkaxits
OKHCHO-BIJJHOBHI BJIACTHBOCTI IIMX PEUYOBHUH.

3aeoanna 12. SIxi i3 3anpONOHOBAHUX PEAKITIN € OKUCHO-BITHOBHUMHU?

1.C+0;=CO; 6. Cu(OH); = CuO + H,0
2.CO,+C=2CO 7.Zn + 2HCl = ZnCl; + Ha1
3. Na,O + H,O = 2NaOH 8. CuO + H, =Cu + H,O
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4. CaCOz = CaO + COy 9. Na;SO4+ BaCl, = 2NaCl + BaSOs4|
5.2H,0=2H, + O3 10. HCIl+ KOH = KCl1 + H,O
3aeoanna 13. 3a MeTo10M €EKTPOHHOTO OaNaHCy MiA0epiTh KOedIlI€HTH B
CcXeMaxX OKHCHO-BITHOBHUX PEaKIIiii:
1. KBr + Cl; = Bry + Cl 3. Na + H,0 = NaOH + H1
2.7Zn + H,SO4 = ZnSO4 + H2? 4. CuCly + Fe =FeCl; + Cu
5.P+02=P0s
3aeoanns 14, BkaxiTh OKMCHHUK 1 BITHOBHUK B PEAKITIsX:
1. 2A1 + 6HC = 2AICl; + 3H,1 3. Zn + CuSO4 = ZnSO4 + Cu
2. 8HI + H2SO4(xomm) = 412 + HoS + 4H,0 4. 2KClO3 = 2KCl1 + 30,
3aeoanna 15. Y Boqy BMICTWIM IIMaTO4YOK HATPit0 Macoro 4 T, SKUH
popearyBaB MOBHICTIO. CKUTbKM MOJIEKYJ BOAHIO YTBOPIOETHCA B PE3YJIbTATI LI€]
peakiii? B 4oMy CyTHICTb 1aHO1 peaxiiii 3 MOy €IEKTPOHHUX YSIBICHB?
3asoannsa 16. B pesynbrari B3aemojii 10 © ABOXBAJCHTHOTO MeETaly 3
BOJI0I0 BUAUIsETHCS 0,25 MOJb BOJHIO 1 YTBOPIOETHCS MajOpO3YMHHA OCHOBA.
Busnaure neit Mertan, CKJIaaiTh PIBHSIHHS peakilii, BKaXiTh ii CYyTHICTh 3 MOTJISY
CJIICKTPOHHUX YSIBJICHD.
3aeoanna 17. B pesynbraTi B3aemoxii BomHio 3 KympyM(Il) oxcumom
yrBopuiock 0,1 Monp Mmimi. BkaxiTh OKHCHHMK 1 BIJJHOBHHMK 1 Il peakmii 1
OoOYHMCHITH: a) Macy MiJl, W0 YTBOpWiIach; 0) Macy 1 KUIBKICTb PEYOBUHU
kynpym(Il) okcumy.
3asoanna 18. Buznaute Macy kanblii cynbdimy, 1oOyToro B pe3ynbTaTi
OKHCHO-BIJIHOBHOI PE€aKIlii MiX KaJIbI[IEM Macorw 8 T 1 JOCTaTHhOK KUIBKICTIO
CIpKH.
3asoanna 19. 3akiH4iTh pEUYECHHA B apKylIl po3moBifi ,,OKHCHO-BITHOBHI
peaxiii’ 1 mepeKkaxkiTh HOTO.
1. CTyniHb OKUCHEHHSI eleMeHTa — 1€ ... . 2. CTyIMiHb OKUCHEHHS JOPIBHIOE
HYJIIO B ... . 3. B cronykax cyMm a CTyIeHIB OKUCHEHHS JIOPIBHIOE ... . 4. OKUCHO-
BIJIHOBHI peakinii — e ... . 5. Bci peakii 3amimeHHs € ... . 6. OKUCHEHHS — I1e ... .

7. CTyniHb OKMCHEHHS aTOMiB B MPOIIEC] IX OKMCHEHHS ... . 8. BiTHOBHUKH — 11€ ...
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9. BimHOBIEHHS — 1€

10. Ctyninb OKMCHEHHS aTOMIB B TMporieci iX

BITHOBJIEHHA .... 11. OxucHuku — ue ... . 12. OKUCHEHHS 1 BITHOBJIEHHS — II€ ... .

13. Meranu, Boaens, CO, FeSO4, HoS, C — e ... . 14. Hemeranu, po3unHU KUCIOT

(H+), HQSO4(KOHH,), HNOs, Fez(SO4)3, KMI’IO4 — e

PIBHSIHb OKMCHO-BIJTHOBHMX PEaKIlii TaKuu: ... .

.... 15. Tlopsimok ckinamaHHA

3aeoanna 20. BukopuctoByroun GopMylid peuOBUH, HABEACHUX B KapTi, 3a

3aBJaHHSAM BUYUTENS  BUKOHAWTE 3 BKa3aHWX BapiaHTiB (OauH
TOPU30HTAILHUI a00 BEpTUKATIBLHUH PAIOK).
BapianT 1 2 3 4 5
A H; NaOH HCI CuO SO;
b PCl1 O CO; Ca(OH), Mg
B CuCl, Fe KOH H; H3PO,
I Ba(OH); HCl CuO H,0 H;
)| Zn CA(OH); C H,104 CuO

1. BkaxiTh pEUYOBHHU: a) 3 KOBAJICHTHUM HEIMOJSIPHUM 3B’SI3KOM; 0) 3
KOBAJICHTHUM TOJISIPHUM 3B’SI3KOM; B) 3 HOHHUM 3B’s3KOM. 2. CKIaaiTh pIBHSHHS
peakiiii MDK pedyoBHMHAMH, BKa3aHMMH Yy BamioMmy BapianTi. 3. BusHaure
PEUYOBMHU-OKMCHUKH 1 PEYOBHHM-BIIHOBHUKU CEpel] 3alpOIOHOBAHUX Y BalllOMY
BapiaHTi pedoBHH. 4. CkiamiTh pPIBHAHHS  OKHCHO-BIIHOBHMX  peakLii,
BUKOPHCTOBYIOYM PEYOBHHH, BKa3aHi y BalloMy BapiaHTi. B 4omMy CyTHICTh 1HX

peakiiii? Ik MO>KHa BUBHAYUTH OKHMCHO-BIIHOBHI peakKilii cepea iHImX?

3.3. TecToBi 3aBaaHHs A5 3iiiCHEHHS] YYHSIMH CAMOKOHTPOJIIO
TecToBi 3aBHaHHS CKIAJANNCh TAKUM YMHOM, II00 MOXHa OYyJIO 3aKpIMUTH
a00 TepeBipUTH BOJIOMIHHS 0A30BUMH MOHSATTSAMH, BUSHAUYEHUMHU B po3aui 2.2.2.
JU1s1 TeMu ,,OKHCHO-B1THOBHI peakilii”.
1. BKAXITbH CTYIIIHb OKMCHEHHA CYJIb®VYPY B CITOJIYLI CKIIALY
SCly:
1.+5. 2. +4. 3.2 4. +2.
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N

3.

10.

11.

CTYIIIHb OKMCHEHHS HITPOI'EHY B AMOHIN XJIOPH/II:

1.0 2. +3 3.+5 4.-3

CTVYIIIHb OKNCHEHHA CVJIb®YPY B HATPIN
I'TAPOI'EHCVYJIb®ATI:

1.0 2.2 3. +2 4, +6

CTVYIIIHb OKNCHEHHJ OOCDOOPY B KAJII
JUTTAPOI'EH®OCDATI:

1.-3 2.0 3.+1 4, +5

HITPOT'EH MA€ CTYIIIHb OKMCHEHHA -3 B CITIOJIVIII:

1. N2Os 2.NH,CI 3.HNO; 4.N;

CIIOJIVKA, B SKIM HITPOTEH MA€ HWKYUM CTVYIIIHb
OKVMCHEHHS- LIE:

1. HNO; 2. NoO 3. NH4Cl 4. NOFs.

CIIOJIYKA, B SIKI KAPEOH MAE BUIIWIN CTYIIIHb OKUCHEHHSI-
LIE:

1. CO, 2. C:Hy 3.CO 4. CHy

B PE3VIJIbTATI IIEPETBOPEHHSA CuS — CuSOs CTVYIIIHb
OKMCHEHHA OJHOI'O 3 EJIEMEHTIB HIABUIIIYETHCA (BI — H0):
1.2—-+2 2.2 ->+6 3.2 —>+6 4. +2 — +3.

B PE3VIJIbTATI IIEPETBOPEHHA MnO — K)MnO, CTVYIIIHb
OKMCHEHHA OJHOI'O 3 EJIEMEHTIB IIABUIIYETHCA (BI — J0):
1. 2—-+42 2.42—>+46 3.2 —>+6 4. +2 — +3.

B PE3VJIbTATI TIEPETBOPEHHA FeSOs — Fex(SO4); CTVYIIIHDB
OKMCHEHHA OJHOI'O 3 EJIEMEHTIB IIABUIIYETHCA (BI — J0):
1. 2—-+42 2.42—>+46 3.2 —+6 4. +2 — +3.

B PE3VJIbTATI TEPETBOPEHHS PbO, — Pb(NOs), CTVIIIHb
OKMCHEHHA OJHOI'O 3 EJIEMEHTIB 3HWXKXYETHCA (BIA — HO):

1.+7 —>+2 2.+4 — +2 3.+5 - -1 4, +5 — +2.
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12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

B PE3VIJIbTATI TIIEPETBOPEHHA HNO; — NO CTVIIIHb
OKMCHEHHA OJHOI'O 3 EJIEMEHTIB 3HWXYETHCA (BIA — HO):

1.+7 —>+2 2. +4 —>+2 3.+5 > -1 4. +5 — +2.

B PIBHAHHI HAIIIBPEAKIIII BIJHOBJIEHHSA HNO3; — N, YHCJIO
EJIEKTPOHIB JJOPIBHIOCE:

1.3 2.5 3.6 4. 10

B PIBHSIHHI HAIIIBPEAKIIII BIITHOBJIEHHS H,SO; — S YMCJIO
EJIEKTPOHIB JJOPIBHIOCE:

1.3 2.5 3.6 4.10

[IEPIINI PEATEHT B PIBHSIHHI PEAKIII Cl, + KBr — KCI1 + I, —

1. OxucHuk 2. BigHoBHUK 3. He 3Haro

IIEPIINI PEATEHT B PIBHSIHHI PEAKIIII I, + KC103 — KIO3 +Cl, —
1. OxucHuK 2. BigHoBHUK 3. He 3Haro

IIEPIINM PEATEHT B PIBHIHHI PEAKIII Na+H,0—NaOH+H,1
1. OxkucHHK 2. BigHOBHHK 3. He 3Haro

B PIBHSIHHI PEAKIIII NH; + O, — N, + H,O CYMA KOE®ILIIEHTIB
ITEPEJ] ®OPMVYJIAMU BUXIJTHNX PEHOBHH JIOPIBHIOC:

1.4 2.5 3.6 4.7

B PIBHSIHHI PEAKIII Fe;03 + C — Fe + CO CYMA KOE®ILIICHTIB
ITEPEJ] ®OPMVYJIAMU BUXIJIHNX PEHOBHUH JIOPIBHIOC:

1.4 2.5 3.6 4.7

B PIBHSHHI PEAKIII CuO + NH; — N, + Cu + H,O CYMA
KOE®IHIEHTIB IIEPEJ] ®OPMVYJIAMU BUXIJIHNUX PEYOBUH
JOPIBHIOE:

1.4 2.5 3.6 4.7

B PIBHSIHHI PEAKIIII SO, + H,S — S + H;O CYMA KOE®ILIICHTIB
I[TEPEJl ®OPMVYJIAMU ITPOAYKTIB JOPIBHIOE:

1.2 2.3 3.4 4.5
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22,

23.

24,

25,

26.

217,

28.

29.

B PIBHSAHHI PEAKIIII Al + H,SO; — AlxSO4)s; + Hpt CYMA
KOE®IIIECHTIB ITEPEl ®OPMVYJIAMU ITPOAYKTIB JJOPIBHIOC:

1.2 2.3 3.4 4.5

B PIBHAHHI PEAKIII Fe,03 + CO — Fe + CO, CYMA KOE®ILIIEHTIB
JOPIBHIOC:

1.6 2.7 3.8 4.9

B PIBHAHHI PEAKI{Ii HNO; + H,S — NO;t + S + H,0 CYMA
KOE®ILIEHTIB JOPIBHIOCE:

1.6 2.7 3.8 4.9

SIKI PEAKLIIL, PIBHSHHS SIKMX HABEJIEHI, HE BIJJHOCATHCSA 110
OKMCHO-BIJJTHOBHUX:

1) Zn + CuCl, = ZnCl; + Cu;
2) ZnCl, + 2NaOH = Zn(OH), + 2NaC(l;
3) Zn(OH); + 2NaOH —=*—Na,Zn0O; + 2H,O0,
4) 2Zn + Oy = 2Zn0;

5) Zn(OH); = ZnO + H,0;

6) 2Zn(NOs), =27Zn0 + 4NO; + O,.

1.1, 5, 6; 2.2,4,6; 3.2,3,5; 4.1,3,4

O 3MIHIOETHCA I1IPU YTBOPEHHI XJIOPUAY AMOHIIO 3
AMIAKY 1 XJIOPOBO/IHIO?

1. Ctyniab okucHeHHs: HiTporeny 2. BanentHicte aroma Hitporeny

3. CtymiHb OKMCHEHHS 1 BaJIeHTHICTh aToma Hitporeny

AKA 13 CIIOJYK MPOSABJIAE JIMIIE OKMCHI BJIACTHUBOCTI?
1. Cynbdatna kucnora; 2. CynsditHa kucinora; 3. CipkOBOJICHB;

4. Cipxa.

JIMIE OKMCHUKOM MOXYTb BYTU:
a) HNOj3 0)K:SOs B) O 1)Hy o) FeCls k) FeCls.

l.a 2.B 3.aiB 4.a,B, 1

JIMIIE BIJHOBHUKOM MOXYTb BYTU:
a)O, ©0)H; B) HNO3; 1) PH; n) FeCl;  e) K;SO3 %)
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30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

FeClz.
l.a 2.r 3.aiB 4.0,¢
JIMIITE OKUCHUKAMU MOXYTH BYTU PEUHOBUHU:

a) HzOz 6) C B) KMI]O4 F) NH3 I[) KzCI’207 )K)
H,S.
l.a 2.B 3.aiB 4.B, I

I[MEPEXIJ Cr,03 — CrOs — IIE TTPOLIEC:

1. OkucHeHHs 2. BignoBnenus 3. OOMIHHUNI

I[MTEPEXI H,O, — O, — IIE ITPOLIEC:

1. OxkucHeHHs 2. BignoBnenus 3. OOMIHHUM

I[MEPEXI H,O, — OH™ — LIE ITPOLIEC:

1. OxkucHeHHs 2. BignoBnenus 3. OOMIHHUM

[MEPEXIJ] CaCO3 — Ca(HCO3), — IIE TTPOLIEC:

1. OxucHeHHs 2. Bignosnennst 3. He € OKMCHO-BIIHOBHUM
I[TPOLECY OKMUCHEHHS CYJIb®YPY BIAIIOBIJIAE€ CXEMA:
1.5% 8% 2.5 g* 3.8 — §* 4, s~ g0

B OKUCHO-BIJHOBHIN PEAKIIIT Cu+HNO5p0:5) — Cu(NO3),+NO+H,0
KOE®IIIEHT ITEPEL ®OPMVYJIOIO OKMCHUKA JOPIBHIOE:
1.8 2.10 3.6 4.4

B PIBHAHHI PEAKIIII MIDK AJIFOMIHIEM 1 XJIOPOM KOE®ILIEHT
[MTEPEJ] ®OPMVYJIOKO OKNCHUKA JIOPIBHIOE:
1.1 2.2 3.3 4.4

B PIBHAHHI PEAKIIII MIDK AJIFOMIHIEM 1 XJIOPOM KOE®ILIEHT
[MHEPEJ] ®OPMVYJIOKO BIZTHOBHUMKA JOPIBHIOE:

1.1 2.2 3.3 4.4

PEUOBHHA, SIKA HE BUSBJISIE BIITHOBHUX BJIACTUBOCTE:

1. Nal 2. NayS 3. NaS0O3 4. NaySOq

A30T € BIJJHOBHMKOM B PEAKIIII:

1.N2+0O;— 2.N+Hy; — 3. N+ Mg — 4 N+C—
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41.

42.

43.

44,

45.

46.

47.

OJIHAKOBHH CTYIIHb OKUCHEHHS XPOMY B PEHOBHUHAX:
1) Nazg[Cr(OH)s] 1 CrOs  2) CrOs 1 NaCrO;
3) NaCrO3 1 Cr,03 4) Cr203 1 K2CrOq4
OJIHAKOBMI CTYIIIHh OKUCHEHHS CYJIb®YPY B CIIOJIYKAX:
1) CS21S0O; 2) SO21K,S503 3) K2SO31 SO3 4) SO; 1
KHSO;
OKCHUJZl, B SAKOMY EJIEMEHT BUABJISIE MAKCHUMAJIBHO
MOXJIMBUH JIJI1 HbOI'O CTYIIIHb OKMCHEHHS:
1) CO, 2) P,0Os 3) CLOs 4) Cr,0s
HAMHMXYUU CTYIIIHb OKMCHEHHS HITPOTEHY B CHOJIVIII:
1) N2O 2) NO 3) KNO; 4) NH4Cl1
B HABEJIEHX HIDKYE CXEMAX PEAKIIIN
Mg + Ny —MgsN;
NH; + HCl - NH,4CI
MgsN2 + H,O — Mg(OH); +NH3
HNO; + Pb —-HNO; + PbO
Ca(OH),+ CO, — CaCOs + H,O
HNO; - HNO3z + NO + H,O
3ATAJIBHE YHMCJIO TTPOLECIB, IO BIJHOCATHCA JO OKMCHO-

BIIHOBHMX /JJOPIBHIOC:

2 3 4 5

B CXEMAX IIPOLECIB, IO CVYIIPOBO/DKYIOTBCA 3MIHOIO
CTVYIIEHIB OKMCHEHHSA EJIEMEHTIB,

Cr'® »Cr* Mo*? - Mo*®

Cr?2 »Cr* Fe* — Fe®?

Cu*? »Cu° Al - Au*?

YHUCJIO ITPOLECIB BIJIHOBJIEHHA JOPIBHIOC:

2 3 4 5

CEPE/] CIIOJIYK HITPOT'EHY NH3z, KNO;, N2, HNO3, NO,, NO, NH,OH
UN1CJIO PEHOBUH, 3JATHUX BUABJIATU I OKHMCHI, I BIJHOBHI

50



BJIACTHUBOCTI, JOPIBHIOE:
2 3 4 3)
48. HA3BA ITPOLIECY 1 YMUCJIO IMEPEJAHMX EJIEKTPOHIB B PEAKIIII,
1O OIMUCYETHCA CXEMOIO Cl; —» 2CI-
BignoBnenns, 1e
OxucHeHHs, 2¢
BignoBneHus, 2¢”
OxucHenns, e
49. EJIEMEHT, CTYIIIHb OKMCHEHHA SKOI'O B CIIOJIYKAX MOXE
JJOPIBHIOBATH -1:

12Mg 35Br 26Fe 10K

50. BHH.[HIZ CTVYIIIHb OKMCHEHHA MAHI'AHY ,Mn B CIIOJIYKAX
JIOPIBHIOE:
+4 +7 +2 +6

51. HAMHWXXYE 3HAYEHHS CTYIIEHS OKHMCHEHHS CVYJIb®YPY B
CIIOJIYKAX JIOPIBHIOCE::
—6 +4 —2 0

3.4. Ilenaroriynmii eKcepuMeHT Ta HOro pe3yJibTaTu

CaMOKOHTpOJIb — OAMH 13 CcMmOcoOIB akTHBI3alli Mpouecy HaBYaHHS.
CaMOKOHTPOJIb BUKOHYE BIAMOBIAAIbHY (YHKIIIO: BIH PETYIIOE MPOIIEC
BUKOHAHHS HaBYaJIbHOI POOOTH, A€ 3MOTY YyYHSM BCTAaHOBUTH, II0 HUMHU HE
3po0sieH0 ab0 3po0JIEHO HE Tak, SIK CIiJl, MPOBECTH KOPUTYBaHHS BUKOHAHOI
poboTu. Bin nmae 3Mory miaTpUMyBaTH IHTEPEC YUYHIB JI0 MpEaMeTa, BIUIMBAE HA
MOTINIIEHHS SKOCTeN 3HaHb. CaMOKOHTPOJIb, K OJIMH 3 KOMIIOHEHTIB MOBHOIIHHO1
Mi3HABAJIBHOI JISTIBHOCTI, 3aiiMae 0COOIMBE MICIE B i1 CTPYKTYpi: Aii KOHTPOJIO
CHpPSMOBaHI Ha caMy JISJIBHICTh 1 (PIKCYIOTH CTaBJIEHHS Y4HIB 110 cebe sK 10 ii
cy0’exta. OgHaK CaMOKOHTPOJIIO CIIiJl HABYATH YYHIB CIELIAIbHO: 1HCTPYKTYBAaTH

iX moM0 BUMOT J0 POOOTH, IO BUKOHYETHCS, Ta 1i YACTWUH, 3HAMOMUTH 13

o1



cnocobaMu 3M1ACHEHHS CaMOKOHTPOJIO, BHKOHYBATH BIPAaBM Ha 3aCBOEHHS 1
3aCTOCYBaHHS IUX CIIOCOOIB.

Sk 3a3navae P.I'. IBaHOBa, CaMOKOHTpOJIb 1 OIIHKA YYHSMH PE€3yJIbTaTiB
BUKOHAHOI pOOOTH HE JMIle MOBHMHHI OyTH BHIUICHI SK CIelliajbHa JIaHKa B
CTPYKTYpI Mi3HABaJIbHOI JISJILHOCTI — BOHU IMOBUHHI 3/1MCHIOBATHUCH 1O XOAY ii 3
caMoro moyartky 1 jo KiHus [24]. Ha mouatkoBomy eTani GpopMyBaHHS MPUKOMIB
CAMOKOHTPOJIO 1 Ha eTall BHUKOPUCTaHHS YYHSMH CHOCOOIB HaBYaJIbHOT
JISJIBHOCT1 JUISL KOHTPOJIO CBOiX 1A JOLUIBHO BUJUIATA CaMOKOHTPOJIb B
CaMOCTIHHY JJaHKY HaBYaJbHOTO MPOILIECY, OPTraHi30BYIOUYH HOT0 y (PopMi TECTOBUX
3aBJIaHb.

[Tix yac ckiaaHHs 1 3aCTOCYBaHHS TECTOBHUX 3aBJIaHb MU BPaxOBYBaJIM TaKi
MOMEHTHU:

1. 3wmicT 3aBJaHb MOBUHEH BIJIMIOBIIATH BUMOTaM JI0 PE3y/IbTaTiB HAaBYaHHS

3 TEMHU.

2. Cnig mepenbaunTé Taky pi3HOMAHITHICTH 3aBlaHb, 00 YYHI MOTJIH
IIPOBOJUTH KOHTPOJIb, OLIHKY 1 O0JIK HAaBYAJIbHOI JISUIBHOCTI HA PI3HUX
eTanax ypoKy, a MiJ 4Yac 31IMCHEHHS CaMOKOHTPOJIO 3aCTOCOBYBAIU
PI3HOMaHITHI HOTO CITOCOOMU.

3. BaxumBo 3a6e3meunTH KOPEKI[II0 CAMOKOHTPOJIIO HA OCHOBI OIIIHKH HOTO
00’€KTUBHOCTI (HAampHKIaA, MOKIMBOCTI BUKOPUCTAHHS PEUTHUHTOBOTO
Oany).

BukoHaHHs ~ TeCTOBMX  3aBJaHb  BHKOHYEThCS  TO-pisHOMY.  Jlms
O3HAMOMJICHHSI Y4HIB iX cmoco0aMy BHUKOHAHHS TECTOBHX 3aBAaHb MH
BUKOPUCTOBYBAJIH iX B MapHIA poOOTI 31 3M1MCHEHHSAM B3a€EMOKOHTpPOJtO. JlJis 1€l
METH MiAXOJATH TECTH BIJMOBIIHOCTI 1 JIOTIYHOTO PAHXKUPYBAHHS.

Hanani TecTM BUKOHYIOTBHCS I1HAMBIIYalbHO, a ISl TEPEBIPKU BUYMUTEIH
opraHizoBye (pOHTaTbHE OOTOBOPEHHS BIJMOBIJEH, IO /A€ 3MOTY BUIUIUTH
CHOoCcOOM 3/11MCHEHHS] CAMOKOHTPOJIIO 1 PO3BMBATH B YUYHIB MOHOJIOT'1YHE MOBJICHHS

— HEeoOX1JIHy YMOBY Horo (popMyBaHHS.
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OBoJIOAIBIIM BMIHHSM BHUKOHYBaTH TECTOBI 3aBJaHHS, YYHI MOXYTb AJIs
CaMOOI[IHKY MiJIpaxoByBaTH petunrosuii 6ain. Lle Tectu, sk npaBuio, 3 BUOOpOM
BiAnoBil. [Topsiok 3/11iCHEHHS CaMOKOHTPOJIIO B ITbOMY pa3l TaKUM:

B menaroriyHoMy ekcrepuMeHTi B3suio ydacTh 54 yuHi 9-x kmacis C30LI
Ne27 wm.Tepuononst (2022-23, ta 2023-24 HaBu. pik.). Bci y4uHi craHOBHIH
EKCIIEPUMEHTAJIbHY TPYIy, B SKiil HaBYaJIbHOMY MPOIECI BUKOPUCTOBYBAIHCH
pO3poOIEeHUI HAMU KOMIUIEKC IUJAKTUYHHUX 3aBJaHb.

3 MeTOI MEepeBIPKU PiBHA CPOPMOBAHOCTI OCHOBHHX IMOHSATH 3MICTY KypCy
XimMil — Mpo XIMIYHUH €IEMEHT, PEYOBMHY Ta XIMIYHY peakiilo — B KiHII
HaBYAJILHOTO poKy y 10 kaci mpoBOaUIOCH TECTYBaHHS.

KoxHe TecroBe 3aBlaHHs po3paxoBaHe Ha 45 XB. 1 CKJIAJa€TbCsA 3 JIBOX
BapiaHTiB. KoxxHuil 3 BapiaHTIB BKJItoUae B cede 18 3aBaaHb 3 BUOOPOM BiAMOBII.
3MICT 3aBJaHb BUKJAJCHO B JIBOX YacTHHax. ToMy MHOpsA 3 MO3HAYEHHSIM
BapiaHTy npocTaBieHo Homep yactunu: [-01, ne I — Homep Bapianty, 01 — nepia
yactuHa, 02 — npyra yactusa.

[lepiia yacTHHA KOKHOTO BapiaHTy MICTUTh 9 3aBJaHb, 32 JOIIOMOTI'OIO SKHX
NEPEBIPSAETHCS 3aCBOEHHS YUHSIMU 3HaHb MPO PEYOBMHY, ii OyJJOBY 1 BIACTUBOCTI.
[{umu 3aBaHHSAMU NEPEBIPAETHCS BUKOHAHHS YUYHSMU TaKUX 000B’SI3KOBUX BUMOT
[42,18]:

— CKJIaJIaTh cXeMH OyJIOBU aTOMIB XIMIYHUX €JIEMEHTIB,;

— XapakTepus3yBaTH BJIACTMBOCTI XIMIYHUX €JIEMEHTIB Ta iX CIIOJIYK Ha
OCHOBI PO3MIIIEHHS B MEPIOJUYHIN CUCTEMI XIMIYHUX E€JIEMEHTIB Ta OyI0BU iX
aTOMIB;

— BHU3HAYATH BAJICHTHICTh Ta CTYMiHb OKMCHEHHS XIMIYHUX EJIEMEHTIB Y
CIIOJIyKaX;
— BU3HAYaTH THUIT XIMIYHOTO 3B’ 3Ky M)XK aTOMaMH B THUIIOBUX BHUIIAJIKaX;

— Ha3MBaTH PEYOBUHM 32 XIMIYHUMU HOpMYyIamMHu;
— Ha3WBAaTH BIACTUBOCTI BUBYCHUX PEUOBHH;
— BU3HAYaTH 3a XIMIYHHUMH (POpMyJIaMH HAJEKHICTh PEYOBUH IO MEBHOTO

KJIacy;
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— TPOBOAUTH OOYHUCIIEHHS KUIBKOCTI pedyoBUMHHU (Macu abo 00’emy) 3a
KUTBKICTIO PEYOBHHHM (MACO0) 32 XIMIYHOIO (hOPMYJIOF0.

Jlpyra yacTuHa KO>XKHOTO BaplaHTy TaKOXK BKIIIOYae B cebe 9 3aBhaHb, sKi
NEPEBIPAIOTh 3aCBOEHHS 3HAHb MPO XiMiuHy peakuilo. OCHOBHUMH BHMOTAaMH,
BUKOHAHHS SIKUX NEPEBIPSAETHCS IIUM OJIOKOM 3HAHb, €:

— Ha3UBaTHU O3HAKM XIMIYHHMX peaKIliii 1 BA3HAYATH 1X THIT,

— CKJIaJIaTH PIBHSHHS XIMIYHHMX PEaKIIiil 1 BU3HAYATH 1X THII;

— PO3CTaBIIATH KOS(DIIIEHTH B PIBHAHHIX XIMIYHUX PEaKITIH;

— CKJIQIaTU PIBHSAHHSA XIMIYHHMX PEaKIlii, 0 MATBEPIKYIOTh B3a€EMO3B’ 130K
PEYOBHH BUBUYCHHUX KJIACIB;

— BU3HAYATH MPOJYKTU XIMIYHOI peakIlii 3a hopMyliaMy BUXITHUX PEUYOBUH;

— Ha3WBaTH 3arajbHi XiMiYHI BIIACTUBOCTI: a) PO3YMHHUX Y BOJII KUCJIOT; O)
JYTiB.

[lin yac BUKOHAHHS KOKHOTO 13 3aBJaHb YYHIO HEOOXIAHO BUOpaTH JUIIE
OJIHY MPaBWIbHY BIJIIOBIIb, TOOTO OYKBY, SIKOIO 1151 BIAIOBIAb IO3HAYEHA.

3a mpaBuiibHe BuUKOHaHHsA 11-13 3aBmanp craBmioch “4-6 Oami”, 14-16
3aBaaHb — “7-97, 17-18 3aBgans — “10-12".

Bapianm 1-01

1. SIxa 3 enekTpoHHUX (POPMYI BIMOBIIa€ XIMIYHOMY €IEMEHTY, HOopMyu
cniostyk sikoro RHs 1 R2Os:

A. 15%2522p°3s?; b. 15225%2p°3s%3p®; B. 15225%2p°3s%3p°4s?;
I. 1s22522p°3s23pt; J1. 1s225%2p°3s23p°?
2. B s1x0r0 3 e1eMEeHTIB METaIIYH1 BIACTUBOCTI BUPAKEH1 HallsICKpaBILIeE:
A. Harpiit; b. Jlitiii; B. Kamiii; I'. Marnii; J{. AmtomiHiA.
3. BkaxiTh cTtyninb okucHeHHs1 Cynbdypy B cnonyni ckiagy SCly:
A. +5; b.+4; B.-2; T'.+6; . +2.
4. BkaxiTh THIT XIMIYHOTO 3B 513Ky B MOJIEKYJIi OPOMOBOHIO:
A. VionHuii; b. koBaJieHTHUH HenospHUM; B. MeTaniuHuii;
I'. xoBanenTHH1 nonsipHuii; Jl. )KOJHUM 3 HA3BaHMX.

5. Bkaxite hopmyny cynbdary kynpymy (I1):
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A. CupS; b.CuSOs; B.CuS; TI'.CuSOs; M. CuxSOa.
6. Cnonyka, ¢popmymna sikoi Cu(OH), Ha3uBaeThCs:
A. oxcua kynpymy (II); B. riapokcua kynpymy (I); B. ocHoBa kynpymy;
I'. cinb xkynpymy; . rigpokcun kynpymy (I1).
7. SIxa 3 BKa3aHUX Map peYOBUH BIJHOCUTHCS A0 OCHOB:
A. K3S041KOH; b. Ca(OH), 1 CaCly; B. Al(OH)z 1 NaOH;
I'. Fe;O31Fe(OH)s; . ZnCl; 1 ZnO?
8. B3aeMogiero sKoi 3 BKa3zaHUX Map PEUOBUH MOXKHA JI0OYTH CyibGaTHy
KUCTIOTY:
A. HO1S0O;; b.H21S03, B.SO31H0;
I'. SO31NaO; [.SO31KOH?
9. B pe3ynbrari okucHeHHs 192 r cynbdiny kynpymy (I1) yrBopuscs okcun
kynpymy (ID):
A. 0,5wmomap; b.1mons; B.2wmonp; I'.1,5wmoas; /I.0,1 Monb.
Bapianm 1-02
1. 1o AKOTO THUITY BIIHOCUTHCS PEaKilis, IO MPOTIKAE 32 PIBHSIHHSIM:
BaCl; + Na;SO4 = BaSO4] + 2NaCl:
A. crnonydenss; b. poskmany; B. 3amimieHHs;
I'. o6Mminy; 1. HI 70 SIKOTO 3 HA3BaHUX?
2. YoMy AOpIBHIOE KOE(ILIEHT X B PIBHSAHHI peaKIIii
4NH; + 50, = 4NO + xH0;
A. 3; B.5; B.4; T.6; /.27
3. OcHOBA YTBOPIOETHCS B PE3YJIbTATI B3a€MO/I1T Mapy PEUOBUH:
A. HO18S03; b.BaCly1 HaSO4; B. CuSO41 NaOH;
I'. COz1Ca(OH),; O.H2SO41 NaOH.
4. HeoOopoTHa ximiyHa peakiisi BiAOYBa€TbCcsl B pe3yJbTaTi 3JIMBaHHS
PO3YHHIB:
A. ZnSO41KCl; Bb. KOH i NaCl; B. MgCl, 1 HNOs;
['. Alx(SOs)31 Cu(NO3)2; M. ZnCl, i KOH.

5. Slka mapa MOHIB HE MOX€ OJJHOYACHO TepedyBaTH y BOJHOMY PO3UMHI:
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A. H'iCO?%; B.K"iOH"; B.APiCl;
I. Na*iSO?; J.Cu®"iNO;.
6. Piasnnio peaxiii 2NO + Oy = 2NO; BianoBiiae cxema NepeTBOPEHHS:
A. N*— N% B.N*?— N B.N*?—- N
. N*~N*; I.N2— N*
7. J1aHo J1iB1 YaCTHHH PIBHSAHD XIMIYHUX PEAKIIIN:
l1.Ca+S —; 2.Ca(OH); + H,SOs—; 3. CaO + H,0 —;
4. Ca+ 0Oy —; 5.Ca(OH); + H,SO3 —.
Sxi 3 HUX BIJMOBIAIOTH CXEMi XIMIYHUX MEPETBOPEHb PEYOBHH: KAJIBIIH —
OKCH/T KJIBITi}0 — T1APOKCHI KaJbIIII0 — CyIb(aT KaJbIlio:
A. 345; b. 453; B.251; I'. 425, 1.4,3/5.
8. SIxka 3 pedyoBHMH MOXK€ OyTH BHMKOpPHUCTaHa ISl JNOOYBaHHS T1APOKCUITY
dbepymy (II) peakiiiero ooMinHy:
A. Fey(SOs)s; B. FeS; B.FeSO4; I'. FeCOs; . Fes(SOa)s.
9. ..5Ixa maca ®epymy B 0,1 moib Fe;Os:
A. 112r; b. 56r; B.56r; I. 11,2r; . 1,6r.

Bapianum I1-01
1. Enexrponna Qopmyna Xximiunoro enementa 1522s22p°3s23p°. Bkaxkith
XIMIYHUH 3HAK eJIeMeHTa, GOPMYIIH HOTO JIETKOI CoiayKu 3 ['i1poreHoM 1 BHIIIOTO
OKCHJY:
A. S, HoS, SOs;  B. P, PHs, P,Os;  B. Cl, HCI, CL1,0Oy;
I'. C, CH4, COy; H. Si, SiHy, Si0.,.
2. B s1x0r0 3 e1eMEeHTIB HalsICKpaBille BUpaXKeH1 HEMETaluH1 BIACTUBOCTI:
A. Xnop; b.lIox; B. ®ayop; I'. T'igporen; . bpom.
3. Bkaxith hopMyIty CONYKH, B K1 CTyniHb okucHeHHs Kynpymy +1:
A. Cu(OH),; Bb.CuO; B.CuyS; T.CuCly; HA. CuSOa.
4. BkaxiTh GOpMyJTy CIIOIYKH 3 HOHHUM 3B’ SI3KOM:
A.SO;; b.Hy; B.LiCl; T''H,O; H.SiH..
5. BkaxiTte hopmyny okcuny HiTporeny (I1):
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A. N2O; B.NOy; B.NOsz; TI'.NO; /. N2Os.
6. Cnonyka, ¢popmyna sikoi Al(OH)s, BusiBisie BIacTUBOCTI:
A. kucnotsi; b. amdorepni; B. ocHoBHi; I'. iHaudepentHi; Jl. myxkHi.
7. Slka 3 BKa3aHUX Map PEYOBHUH BIIHOCUTHCS IO KUCIIOT:
A. SO31NaxSO4; b. AgCliHCIL; B. NaNO;s; 1 HNOg;
I'. HCl1 CH3COOH; A. H2SO31 CaSOs3?
8. Bzaemomi€ro k01 3 BKa3aHUX Map PEUYOBUH MOXKHA JOOYTH TiIPOKCHT
kynpymy (ID):
A. CuiHy0; Bb.CuOiH;0O; B.CuCl;iFe(OH)s;
I'. CuSO4 1 NaOH; . Cu(NOs)2 1 HO?
9. Slka KITBKICTh PEUOBUHU OKCHIY KaJIbIIil0 HEOOX11HA st 1oOyBaHHs 14,8
T T1JIPOKCUAY KaJIbLIIO:
A. 0,3 monb; b.0,2Momp; B.0,5moab; I'.1wmons; . 1,5 Moib.
Bapianum I1-02
1. SIke piBHSIHHS BIJNIOBIIA€ peaKilli po3KIaaHHs:
A. Fe,Os + 3H, = 2Fe + 3H,0;
b. BaCl; + Na;SO4 = BaSO,4| + 2NaCl,
B. Fe + CuCl, = FeCl;, + Cu;
I'. Si10; + CaO = CaSiOs;
. 2KMnO4 = KoMnOy4 + MnO; + 0217
2. Yomy popiBHioe koeditieHT x B piBHsHHI peakiii 3Ca(OH); + 2H3PO, =
Caz(POy), + xH,O:
A. 2; b.4; B.6; I.8; J.5.
3. Timpokcua HaTpil0 1 BOACHb YTBOPIOIOTHCS B pe3yibTaTl B3aeMOIl
pPEUOBUH:
A. Na1H,SO;; b.Na,O1H,O; B.NaiH0;
I'. NaOH 1 HCI; . Nai HCIL
4. HeobopoTHa XiMmiuHa peakuis BiAOyBaeTbCA B PE3yNbTaTi 3IMBAHHSA
PO3YHHIB:

A. MgCl; 1 NaNOs; b. FeSO41 NaCl; B. FeCl; 1 KNOs;
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I. FGSO4 1 KOH; I[ CuClz 1 KNOg.

5. SIxa mapa MOHIB HE MOXE OJTHOYACHO TiepeOyBaTH y BOJTHOMY PO3UYHHI:
A. Ba*?*iCO?%; Bb.Fe?*iSO?%; B.Na'iOH;
I.Cu**iNO;; I.K"'iSO%*?
6. [Ipouecy oxucHennsa Cynb(dypy BiANOBIIa€ cXxema:
A. S*®* —» S0 B, S*%_ §* B.S°— S*:
r. s%-s% n.s°-s=
7. laHo 7iB1 YaCTUHM PIBHSHb XIMIYHUX PEAKITIN:
1.SO3+H,O —; 2.Ba+S —; 3.S0;+ 0, —;
4. SO, + Ba(OH), —; 5. BaCl; + H2SO4 —.

Axi 3 HUX BIANOBIZAIOTH CXEMI XIMIYHMX NEPETBOPEHb PEYOBUH: OKCH]I

cynbdypy (IV) — okcun cynedypy (VI) — cynsdarnHa kuciora — cyiabdar

Oapiro:

A. 314; b. 3,15, B.135; I. 34,1, /.4,35?

8. Ska 3 PCHOBHUH HC MOIKC 6YTPI BHUKOPpHUCTaHa AJI1 BUABJIICHHA B pOB‘-II/IHi

KapOOHAT-HOHIB:

A. Ca(OH);: B. H;SiOs B.BaCly, T. HpSOs JI. PbCl,.

9. Maca 3amiza, 100yToro B pe3ynbrari B3aemonii 0,5 Mosb okcuny pepymy

(IIT) 3 BOIHEM, TOPIBHIOE:
A. 5,6r; b. 56r; B.28r; I'. 28r; JI. 11,2r.

Konau BignoBizeit Ha 3aBIaHHS TECTY

Bapianm [
BapianT | 1 2 3 6
I-01 b | I I
1-02 I r B B
Bapianm 11
Bapianr | 1 2 3
I1-01 B B B r b
[1-02 | B B A
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Bceboro B TectyBaHHI B30 y4acTh 52 yuHiB 9 KiaciB (kiacu, B SKHX
nenaroriuauii ekcriepuMenT TpuBaB B 2022-2023 Hau. pori).
3BeJieH1 pe3yJbTaTh TeCTYBaHHS MMOJIaHO B Ta0muil 2.8.2.

Taomug 3.4.1.

3BejieH] pe3yJIbTaTh TECTyBaHHS y4uHIB 9 KIlaciB

Yucno Pesynbrat TECTYBaHHA
MIPABUJIBHO
ban
BUKOHAHUX
3aBJaHb yUHIB %
meHrte 11 1-3 2 3,8
11-13 4-6 18 34,6
14-16 7-9 27 51,9
17-18 10-12 5 9,6

[TopiBHSIHO 3 pe3yabTaTaMH, MOKA3aHUMUA TUMH CAMUM YYHSIMH y 9 Kitaci Ha
NOYaTKy BHUBYEHHS KYypCy, CIOCTEPIra€ThCsi NEBHUM CHaja, 3HWKEHHS pPIBHSA
ycrimHocTti. OfHaK, BECTH MOBY PO HEE(PEKTHBHICTH OOpAaHOiI METOJMKH HEMae
macTaB. AJpKEe TECTOBI 3aBIaHHS CKIaJeHl TaKMM YHHOM, IO BOJHOYAC 3
MEPEBIPKOI0 3aCBOEHHSA JOCUTH 3HAYHOTO MAacHUBY HOBUX 3HaHb (EJIEKTPOHHI
dbopmynu, NEPIOAUYHHUN 3aKOH, TEOpis EJEKTPOJITUYHOI AucoIialli, HOHHI
PIBHSIHHSI, OKMCHO-BIJIHOBHI peaKIlii Ta iH.) 371HCHIOBaBCS KOHTPOJIb 3aJIUIITKOBHX
3HaHb 3MICTY Kypcy XiMmii 8 kiacy. MOXITUBO, OJHIEIO 3 MPUYHMH JIEII0 HUKIOTO
piBHS 3HaHb € (PaKTOp Yacy — TOOTO BIJANICHICTh B Yaci €Taly 3aCBOEHHS 3HaHb 1
eTary KOHTPOJIIO.

BoaHouac, nomyineHi MOMUJIKA HE € MPUHLMIIOBUMH, TOOTO TakMMH, Oe3
JTIKBIJALIl SIKUX HEMOXJIMBUM TOAAIBIINK Tporiec HaBuyaHHA. Lle, sk mpasuio,
NMOMWIKM B BU3HAUCHHI CTYNEHIB OKHUCHEHHS €JIEMEHTIB, PO3CTAaHOBKHU
KOe(]III€EHTIB Yy PIBHAHHSAX OKHCHO-BIIHOBHMX peEakiliii, 3HaHHS XIMIYHHUX
BJIACTMBOCTEH KOHKPETHUX croiyK. Ha3BaHi eneMeHTH 3MICTy Ha MpUKIal
pPEYOBMH, WIO0 BUBYATUMYThCS B IHIIMX TEMax, MOXYTb OYyTH TOBTOpPEHI,

y3arajbHeH1 1 TAKUM YMHOM BUSIBJIEH] TPOTAIMHU Y 3HAHHSX JKBIAYIOThCS.
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B minomy 3k, pe3ynpTaTH aHKETYyBaHHsS 3acBiI4y0Thb, 10 Y4HI 9 Kiacy
BOJIOAIIOTh OOCSTOM XIMIYHMX 3HaHb NP0 XIMIYHY PEakIilo, BU3HAYECHUX
HABYAJIBHOIO MIPOTPAMOIO Ta JUIsl IaHO1 BIKOBOI KaTEropii y4uHIB.

KonTponbauii TecT nns mepeBipkd c(HOPMOBAHOCTI 3HAHb MPO XIMIUHY
peakiiiro s 11 kimacy ckiageHuit HaMH TSl TATOTOBKHM YUYHIB JI0 30BHIIIHBOTO
TECTyBaHHs (B IMEIaroriyHOMY €KCIEPUMEHT! BUKOPHUCTOBYBAIHUCH JIMILE OKpPEMI
3aBJIaHHA).

[TpaBuibHI BiAMOBIAl Big3HaUeHi 3HaYKOM (*).

1. Brkaxite Tun Takoi peakuii: 2KClO; — 2KCl + 302 (1 — okwucHo-
BIJIHOBHA, 2 — PO3KJIaJIaHHs, 3 — eK30TepMIuHa, 4 — KaTaJiTU4Ha, 5 — 000pOoTHA, 6 —
reTepOreHHA).

a)l,2,6 6)1,2,3,5 B)1,2,4 *r1,2,4,6

2. Slka 3 HaBeJIEHUX PEeaKIlii € MPaKTUYHO HEOOOPOTHOIO?:

*a) 2KOH + NO; — KNO; + KNO;z + H,0;

6) 2H,0 + 4NO;, + O, — 4HNOs3;

B) 3H,0 + 3Cl;, — SHCI1 + HCIOs;

r) H,O + C;Hs0ONa — C,HsOH + NaOH.

3. 3 HaBeJCHUX HIKYE PeaKilii BKaKiTh OKUCHO-BIIHOBHY:

a) 2KClO4 + H2SO4(konn) — K2SO4 + 2HC1Og;

*0) PbS + 4H,0, — PbSO4 + 4H,0;

B) SnCl; + Na;CO3 — SnO + NaCl + COy;

r) SnCly + 4NaOH — SnO, + 4NaCl + 2H,0

4. 3akiH4ITh PIBHAHHS OKHMCHO-BIJIHOBHOI pE€akuUli 1 BKaXITb CyMy
koedimierTiB B Hbomy: NalO3 + HCl - [+ Cl, + ... + ...

a) 20 *0) 28 B) 27 r) 25

5. Skwuii MmakcuMabHUM 00’€M alleTUiIeHy (H.y.) MOKHA JOOYTH 3 KaJblIii
kap6iny macoro 100 kxr?

a) 1,6 M,  ©0) 22,4 M3 B) 32 M3  *r)25 M3

6. BkaxiTh KUIBKICTh pedOBHHH OpTOoQoc(aTHOI KHUCIOTH, SKYy MOXKE

HedTpamzyBaT 0,03 MoIb HATPIH TAPOKCUIY 3 YTBOPEHHSM CEPEIHBOI COJIL.
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a) 0,04 moub; 0) 0,03 mMomB; B) 0,02 MOIB; *r) 0,01 MoIIb

7. Sxa xinbkicts peuyoBuHH (epym(Ill) rigpoxcuay Bumage B ocax B
pe3yabTari B3aemojii 2,6 Monb Kamik rigpokcuay 1 0,4 monb  pepym(Ill)
cynbdary?

a) 0,4 MoJb; *06) 0,8 MoJB; B) 1 mosp; T) 1,2 MOJIB.

8. Slxuii 3 HaBeIEHUX MPOLIECIB CYIIPOBOJIKYETHCS BUAICHHIM TeIlIa:

a) Cl, — 2Cl; 0) 1s22522p! — 1s22s'2p?;

*B) 2SO, + O; — 2503 r) N> + O — 2NO?

9. ki 3 HaBeAEHHX MOHOOPOMOMOXITHMX MOKHAa JOOYTH B pe3yNbTari
OpoMyBaHHS 2-METHJINPOTIAHY:

a) 1,2 *0) 2,3 B) 1,3 rl1,2,3

10. SIxy macy XJI0pOBOJHIO MOXHA A00yTH 3 420 Kr MarHii XJI0pHIy, SIKIIO
BUXI1]] HOTO CTaHOBUTH 82%7

*a) 264,6 xT; 0) 132,3 kr; B) 161,4 xr; 1) 322,8 KT.

11. BuGepiTh NpaBUIIbHY CIOBECHY IHTEPIIPETALIIIO ISl pEeaKIil

Mg(tB.) + Cla(r.) — MgCly(TB.):

a) 1 atom Mg pearye 3 omniero moiekyisoro Cly 3 yrBopeHHsiM 1 Monekynu

MgCly;

*6) 1 Mo Mg pearye 3 1 monb Cly 3 yrBopennsim 1 Mo MgCly;

B) 1 atom Mg pearye 3 nBoma aromamu Cl 3 yrBOpeHHAM | Mojekynu

MgCly;

r) 1 monekyna Mg pearye 3 1 Mmonekynoro Cly 3 yrBopeHHsIM | Monekynu
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BucHoBku
B po6oti 3pobiieHo cmpoOy BUPIMIMTH JeSKI NUTaHHS, TIOB’s3aHl 3
¢bopMyBaHHSIM B y4YHIB 3HaHb MPO XIMIYHY pEaKIii0 KJacli B IUJIOMY Ta OKHUCHO-

BIJIHOBHI TIPOIIECH 30Kpema. [0JOBHMM 3aBIaHHSIM OyJ0 — pO3pOOUTH Ta

anpoOyBaTH B yMOBax peajbHOI0 HABYAIBHOTO MPOIECY KOMIUIEKC AUJAKTUIHHX

3aBlaHb. B mporeci JocIiKeHHs 0JIepKaHO Taki pe3yJbTaTH :

1. Cucrema NOHATH MPO XIMIYHY pEaKIiio — Ie AyXe 3arajbHa, 0araToriaHoBa,
pPI3HOKOMIIOHEHTHa cucteMa. LluM yCKkIagHEHO y3arajibHEHHs 3HaHb,
BUJIVICHHS 1HBapiaHTa JaHOI CUCTEMH IOHSTh.

2. AmHaii3 HayKOBOi Ta METOIWYHOI JIITEPATypy 3aCBIUMB, IO MOHATTS "XiMIYHA
peakiis" TICHO MOB’s3aHe 3 MOHATTAM "pedyoBHHA" Ta "XimMiuHMi enemeHT". Lle
€ BIOOpaXEHHAM J1aJeKTUYHOTO 3B’ 3Ky BUAY Matepii 3 dopmoro ii pyxy. B
XOJll XIMIYHOI peakIlii 3A1HMCHIOETbCS NEPETBOPEHHS PEUYOBUMH Ta XIMIYHHMX
€JIEMEHTIB. XIMIYHUMH PEAKI[IIMU HA3UBAIOTh SBUIIA, TIPU SKUX 3MIHIOETHCS
CKJaJ, CTPYKTypa 1 BJIACTHBOCTI XIMIYHUX CIHOJYK — OJIHI PEUYOBUHU
MEPETBOPIOIOTHCS B 1HIIII.

3. Ha ocHoBI aHamizy jiTepaTypd BCTaHOBIEHO, II0 METOAMKA (OPMYBAHHS
CUCTEMHU TMOHATh MpPO XIMIYHY PpEaKlil0 BKJIOYAE JEKUIbKa €TalliB:
dbopMyBaHHS MOYATKOBUX 3HAHb MPO XIMIYHY pPEAKIil0 Ha OCHOBI aTOMHO-
MOJIEKYJIIPHOTO BYEHHS; BUBYCHHSI CHEPreTUKM, KIHETUKU XIMIYHUX pPEaKIlii
Ta XIMIYHOi pIBHOBAru; po3paxyHKH 3a XIMIYHUMH PIBHSHHSAMU; (OPMYBaHHS
MOHSTH PO OKUCHO-BITHOBHI PEAKIIii Ta peakIlii MiX eJIeKTPOJIITaMU Y BOJTHHUX
pO34MHaX Ha OCHOBI €JEKTPOHHOI Teopii. OAHUM 3 MPOBIHUX OJIOKIB 3HAHb,
110 (OPMYIOThCS YIIPOJOBXK BChOTO MEPIOAY BUBUEHHS KypCy XiMIi B IIKOJI, €
MOHATTS TIPO OKUCHO-BIHOBHI peakilii. JlaHi eJleMEeHTH MiJICHCTEMHU ITOHSTh
IpO XIMIYHY pEaKIl0 3HAaXOIATh CBOE JOTIYHE MPOJOBXKEHHS i 4Yac
BHUBYCHHSI OPTaHIYHOI XiMii.

4. Ha ocHOBI aHami3y 3MICTy LIKUIBHOTO MIAPYYHUKA, 3 BPaXyBaHHAM BHMOT JI0
MIJITOTOBKU YYHIB 3 XIMii HAMU pO3pOOJIEHO KOMIUIEKC JUAAKTUUHUX 3aBaHb,

CIpsIMOBaHUX Ha ycminmmHe (OPMYBaHHS TIOHSTTS TPO OKHUCHO-BITHOBHI
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OpOLECH, SKHM 3aiiMae IEHTpaJbHE MICHE TMOpsA 13 3aBJaHHSAMHU Ha
3aKpIMJICHHs 3HaHb PO PEYOBUHY Ta XIMIUHUMN €JIEMEHT.

5. 3a xapakTepoM Ii3HABAJIBHOI ISUIBHOCTI PO3POOJICHI JUIAKTHYHI 3aBIaHHS
OXOTUTIOIOTh JISUTBHICTD BiJl PEMPOAYKTHBHOI /IO TOCIITHHAIIBKOI, 32 CIIOCOOOM
peaizalli — JOr14HI Ta eKCIIePUMEHTAIbHI.

6. PesynapraroM ampo0aiiii po3po0JIeHMX HaMM 3aBJaHb € OIbII SIKICHI 3HAHHS
YUHIB 3 KypCy XiMii KJIacy Ta yCHIIIIHE OBOJIO/IHHS CIIoco0amu iX 3100yBaHHS.

JocnixeHHs: Ta po3po0Ka HOBUX JUJAKTUYHUX 3aBAaHb, 30KpeMa sl Kypcy

OpraHiyHoi Ximii, B SKOMY OKHCHO-BITHOBHHM XapaKT€PUCTHKaM pPEUYOBUH

NPUAUIAETBCS 3aHAATO Malo yBaru, JUisl peaiizalii MDKIPEAMETHUX 3B’SI3KiB,

BUBYCHHSI CIIEIM(IKKU y3arajJbHEHHS 3HaHb MPO XIMIYHY PEaKiiio sK JUIs KJIaciB 3

NOTJMOJICHUM BHBYEHHSM XIMIii, TaK 1 JUIl TYMaHITapHUX, €, Ha Hally IyMKY,

AKTYAJIbHUMHU TCMaMH IJI ITIOAAJIBIINX I[OCJIiIDKGHB.
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AmnHoTartis
Ha MaricTepcbKy poooTy

KoBanbuyk O.P. ®opmyBaHHS MOHATTS MPO OKMCHO-BITHOBHI peakiii B
nporleci BUBYEHHS IIKUIBHOTO Kypcy Ximii Maricrepcbka pobota / KoBanbuyk
Oner Pomanosuu; THITY imeni Bononumupa ['HaTioka, Xim.-0101. ¢-T, Kadenpa
XiMii Ta METOJIUKH i HaBYaHHS; HayK. kep. [ maarok M.M. Tepromnins, 2023. 66 c.

Marictepcbka poOoTa MpUCBAYEHA AKTyaJIbHOMY NMUTAHHIO METOAMKHU XiMIi
— (opMyBaHHIO OJTHOTO 3 MPOBIJHUX IMOHATH — IMOHATTS MPO XIMIYHY PEaKIio,
30KpeMa PO OKHCHO-BITHOBHI MPOIECH — B IPOIECi BUBUYCHHS Kypcy Ximii B 9
KJ1aci.

[IpenmeTrom poboTH € po3poOKa AUAAKTUUHUX 3aBJaHb sl (GOPMYBaHHS B
YUYHIB 3HaHb MPO XIMIYHY PEAKI1}0, OKUCHO-BIJHOBHI MPOIECH Ta METOIUKA IX
BUKOpHUCTaHHsA y 9 KJIaci.

BrpoBamkeHHsT B MPakTUKy POOOTH IIKOJIH PO3POOIEHOT0 KOMILIEKTY
3aBJaHb 3aCBIIUY€E iX BUCOKY HaBYAIbHY €(DEKTUBHICTD.

nan

Kiro4oBi cioBa: "MOHSATTS MO XIMIYHY peakiiro', "TuaakTH4H] 3aBaaHHs",

"MeTouka (hOpMyBaHHS MOHSATH'", ,,OKUCHO-BITHOBHI peaKilii”.

Formation of the concept of oxidation-reduction reactions in school
chemistry course: Master's thesis / Kovalchuk Oleh; Ternopil Volodymyr Hnatiuk
National Pedagogical University, chem-bio.dept, Department of Chemistry and
Methods of Teaching; supervisor Hladiuk M.M. — Ternopil, 2023. 66 p.

The master's thesis is devoted to the topical issue of chemistry
methodology - the formation of one of the leading concepts - the concept of
chemical reaction, in particular about redox processes - in the process of studying
the course of chemistry in 9th grade.

The subject of the work is the development of didactic tasks for the
formation of students' knowledge about the chemical reaction and methods of their
use in the 9th grade.

The introduction of the developed set of tasks into the practice of the
school's work testifies to their high educational efficiency.

Keywords: "concept of chemical reaction™, "didactic tasks", "methods of

concept formation”, "redox reactions".
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