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Pezrome. Crarugra ommcsa CTEM ypok, mpoBejieH ¢ yYeHHIM OT JIEBETH KJIAC HA
MTI" | JI-p Ilerbp Bepon'‘. B Hes ce pasriexjar omuTbT ¥ IeJTa Ha aBTOpKaTa Jia
HAJIPPA/I 3HAHUATA HA YICHUIUTE 32 PellaBaHe Ha cucteMu JjuHeiinn ypasaenus (CJIY)
upe3 3amo3HaBane ¢ MeToza Ha ['ayc. 3a nesra ca BbBeJIEHU IIOHATUITA ,MaTPUIA', ,,DAHT
Ha MaTpuna'’ m ,ejeMeHTapHu IpeobpasyBanus Ha wMartpuna'’. Ilokazano e ejmHO
npunoxkenne Ha CJIY KaTo yHUBEpCaeH MeTO/T 3a NU3paBHsIBaHEe HA XUMUYIHU yDABHEHUS.
Hampasen e m3Boj 3a wmHTEpeca OT CTpaHa HA YYEHHUIIUTE KbM TEMATA W CTEIEHTA HA
YCBOSIBAHE HA IOJ[HECEHMsI yueGeH MaTepuas, KONTO € U3BbH IPEeJBUJIECHUS B ydeOHUTE
[IpOrpaMu 3a 33,[bJIKUTeIHA U n3bupaeMa IIOIrOTOBKA B JIEBETH KJIAC.

Karowosu dymu: meron Ha [ayc; marpuna; crexmomerpudnu Koedurmentn; STEM
obyueHue

1. BbBengenue

KaTO yaures Ha YIeHUII C U34BEH MHTEPEC KbM MaTeMaTUKaTa U BUCOKa
MOTUBallgd 3a Y4Ye€He, YeCTO €EKCIIepUMEHTHUpaM, HO,HH&CHI;‘IKI/I UM Hay4YHa
nH(OpMAaIs HaJl TPEIBUIEHATA B yIeOHATa TporpaMa OT 33/ b/XKUTETHATA,
n pasmmpenara moarotoska. Crapas ce J1a MOTbPXKAM TEXHUST WHTEPEC C
MaTepuaJar, KOUTO JOII'bJBAT 3HaHUATa MM, Pa3lIXPABAT MaTeMaTHIeCKaTa
M KyJITypa U T'M IIOCTaBAT IIped IIPeAUu3BUKaTE/ICTBa 3a TbpPCEHE Ha
penieHnsd, B KOUTO Ce HaJlar'a Ja Ce€ IIPpaBAT UM3BECTHU IIPUYMHHO-CJICICTBEHN
BPB3KU MEXK/Iy 3HAHUs, IPUJJIOOUTH IO MTOBEYe OT €IUH y4ueOeH MpeaMeT, U
J0pH MUMa Bb3MOXKHOCT a C€ JOCTUI'HE IO OTKPpHUBaHE Ha HOBU 3aBUCHUMOCTH.
Hpeﬂ TaKHBa HIPEAN3BUKATEJICTBA O6I/IKHOB6HO IIOCTaBAM CBOUTE YyYCHUIIU
BbB (baKyJITaTHBHHTe yqe6HH qacCoBe€, B KOUTO HAMa OIICHKHN 1 B KOUTO MMa
II0-T'OJIAMa CBO60,Z[& Ha MHCJICHETO W HU3IIOJISBBAHUTE METOJU Ha y4deHE.
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YpokbT ,Jlpunoxkenne Ha cucreMu JIMHEHHN ypaBHEHUSA B U3PaBHABAHE
Ha XUMWUIHU ypPaBHEHHUS'® € MPOBEIEH B 4YeTUPH ydeOHM dYaca B Kpas Ha
nesern Kiac npes yuebnara 2022/2023 roguna c¢ yuenumnm or MI JI-p
ITerbp bepon'‘ — Bapna, B uacoBere, mpeaBuiieHn 3a (hakyJaTaTUBHA
MIOJITOTOBKA, KAaTO HaJArpak/laHe Ha TEeMUTe 3a TOIUIlEH IPEroBOp.
Vuebuata mporpama 3a JI€eBeTH KJIAC BKJIIOYBA M3yYaBaHETO HA TEMUTE:
Tema 3. Cucremu nuHeltnn ypaBHeHus ¢ a8e HensecTHrn n Tema 4. Cucremn
ypaBHEHHUsI OT BTOPa CTEIeH C JiBe Hem3BeCTHH. B enuH or jeficTBaiure
yuebrum (Tonov et al. 2018) B Tema tpera, uma CJIY ¢ Haii-mHOrO TpH
Hen3BecTHU. KakTO B yueOHUKA, TaKa U B HOIYJIsipHUTE COOPHUITHA 38 JIEBETH
KJIAC Ca Pa3IJIeJaHu U IIPUMEPH 34 33JIa4U 3& MOJIeTUpaHe, KOUTO BOJAT IO
cberassae Ha CJIY ¢ aBe u mo-psKo ¢ Tpu Heu3BecTHU. Ja crioMeHeM CbIIo,
e 33J[a91 38 MOJIeJINpaHe, KOUTO BOJIAT JI0 ¢bCTaBsiHe u permaane Ha CJIY
C TPU W JIOPDM 4YETHPHU HEW3BECTHHM, HUMa B I1OBeYeTO COODHUIM 3a
ChCTe3aTeIHA MATEMATHKA B YeTBbPTH KJIac, KaTo HanpuMmep (Simeonova et
al. 2008, pp. 53 — 56):

1. B edna demcxa epaduna xynuau 7 xyxau, § monku u 11 mevema u
sanasamuau 86 aesa, a 8 dpyea demcka epadura Kynuaiu 35 kyxau, 15 monku
u 58 mewema 3a 442 sesa. Koarxo cmpyea ecaxa om uepavrxume, axo 1 xyxia
e ¢ 5 aesa no-eemuna om 2 mevema?

2. B edno cemeticmeo umanio 4emupuma opamsa Ha padsuiHa 663pacm.
IIspsusm b6pam xazan, we cb6opsm om 2odurume wa dpyeume mpuma e 20.
Bmopuam 6pam xasan, ve coopsm om zodunume Ha dpyzume my odpams e
22, mpemusam — 24, wemsspmusam — 27. Ha xoaxo 200unu e 6ceku om
bpamama?

B yuwmumaua xypc noustwero ,,CucreMa JIMHEHHU ypaBHEHHUS' S ce
BbBEXKJa B 9. Kjac, HO B cbCTe3aTejHATa MaTeMaTwKa, B ydebHaTa
mporpaMa 3a JOIbLJIHUTEJHA U Pa3IIUpeHa MOArOTOBKA, & TOHIKOTa U B
3adbJIZKUTeJIHaTa IIOATOTOBKa C€ IOodBABAT TaKHBa 3aJa49d JaJied IIO-paHo.
Ocobeno npu maskurTe ydenunu (3. — 6. Kjac) pelraBaHeTo Ha TO3U BUJL
3aJIaYN M3UCKBa J00BbD MaTeMaTUYeCKd yCeT 3a W3pal3siBaHe Ha JaJIeHO
HEM3BECTHO Ype3 ocraHaiuTe. MmocTpupar ce gaBaTa OCHOBHH MeETOJA 3a
pemaBane wa CJIY, wmsyuaBanu B ydwiuine — 4Ype3 cbOUpaHe U dUYpe3
3aMeCTBaHe, HO HAKOU aBTOPHU I'M PA3IJIEXKJAT KATO ,33/[a4u C OTHOIIEHUS'
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WJIN ,331a9W OT THUI TPAH3UTUBHA pesalus'‘, U T'u KJacuUuIimpar KaTo THUI
JIOTMYECKH 3a/1a91, KOMTO HeJisT nponejiesruka Ha nonaruero CJIY (Koleva
2021, pp. 128 — 133). ITak Tam (Koleva 2021, p. 129) aBropbr npemiara
CTBHIKHK 32 HECTAHJAPTHO ¥ TIO-JIECHO peIlaBaHe Ha KJACH(PUIUPAHUTE
,JJOTUIECKH 339 OT TUI cucTeMa'’. 3aToBa, CIUTANKHU, Ue YISHUIIUTE MU
B Kpasl Ha JIEBeTH KJIac pasmojarar ¢ JOCTATbYHA MOATOTOBKA W IMOTEHIIAAI,
[IOT'bPCHUX IIPUMEPH, KOUTO Ja BOAAT 10 cherapsare Ha CJIY ¢ nosede oT Tpu
nen3pectau. llesra mu Ge f1a 3ar03Has YIEHUIIUTE C YHUBEPCAJIEH METOJ,
KaKbBTO € MeToIbT Ha ['ayc, 3a pemasane va CJIY. MHoro momxossmnm 3a
Iejira TPUMEpPH Ce OKa3BaT 3aJavuuTe 3a W3paBHsIBaHE Ha XUMUIHU
ypasuenust (Koleva 2020). B Tsx ce pasriexxmar MeToau 3a u3paBHsBaHE
Ha XUMWYHU ypaBHEHHs d9pe3 HaMHpaHe Ha CTEeXHMOMETPUIHHUTE
Koedurmentu. Ilopamgu dakra, ve yueHunure B JIeBETU KJIac BCE OIIE HE Ca
3al03HATH C MOHSITUETO ,,CTEXUOMETPHUs'’ B YaCOBETE 10 XUMUS, YMECTHO €
ga 1o m3dcHuM. llmTmpame 3ammcaHoTo B ydeOHMKaA 3a MTPOMUIAPAHA
nmoAroToBka 3a 11. kyjac mo xumusdg W oOma3BaHe HA OKOJIHATA Cpena
(Varbanova et al. 2020, p. 13): ,,Cmezuomempusma (om ep. cmexuoc —
EAEMEHN, U MEMPUMA — UMEPEBAHE) € OAN OM TUMUAMA, KOUMO U3Yuasa
KOAUYECTNBEHUA CBCMAE HA BEULLCTNEAMA U KOAUUECTNBEHUME OMHOULEHUSA
Mencdy MAT NPu TumuvHume peakuuy. Koepuuyuenmume 6 TUMUHHUIME
YPABHEHUSA, KAKMO U  MOAHUME OMHOWEHUA MeNHCIY BEWECTNEAMA,
yHacmeaw 8 dadena Pearyus, ce Hapuywam CmeruoMempuHu’,

2. MeToauka

Buy Ha ypoka: YpoK 3a TperoBop ¢ BbBeXKIaHe Ha HOBU 3HAHUS.

Ocnorna 1ie1 Ha ypoka: /[la ce 3anoznagar yuenunure ¢ Merosa Ha [ayc
3a permaBane Ha CJIV.

Konkpernn nesn Ha ypoxa:

1. IlperoBop Ha TOHATHS W TBBLPJEHUSA, CBbP3aHU C PEIIABAHETO HA
CJIy.

2. OrkpuBaHe HA KOHKPETHU TIOJIXOJIAIIN TPUMEPH 38 M3PaBHsIBAHE HA
XUMUYIHY yPABHEHUS, KOUTO BOJAT JI0 MMOCTUTAHE Ha OCHOBHATA, TIEJ.

3. Upes amajorusi C TO3HATUTE METOAU 33  TbhXKJIECTBEHU
npeobpa3yBaHus Ha ypaBHEHUsI U TeopeMuTe 3a ekpuBajieHTHocT Ha CJIY
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€CTEeCTBEHO Jla Ce BbBeIAT NOHATUATA ,MATPUIA'® U  ,EeJeMEHTaApHU
peobpa3yBaHus Ha MaTpura’'’.

4. Tlommbprkane HAa BUCOKATA MOTHUBAIIMS HA YUCHUITUTE 33 U3yIaBaHE
Ha MaTeMaThKa 4Ype3 JEMOHCTPHUPDAHE Ha KOHKPETHU IPUJIOKEHUsS B
TPUPOJIHATE HAYKU, B CIydas B XUMHUSITA.

3. Xumoresa

AKO TOCTaBMM YUYEHUIINTE B HEMO3HATA CATYAIWs C HaydIeH IIPoDJIeM,
KOWTO M3WCKBa MPUJIOYKEHNE Ha 3HAHUATA 10 MaTEMATHUKa, B JAPYyra HAYTHA
06/IaCT W 3a YHEeTO peIlaBaHe Te PAas3ojiararT ¢ HeoOXOAMMUs IOHATHUEH
amaparT U MaTEeMATUIeCKH YMEHWs, TO WHTEpEeCbT W MOTHUBAIUITA WM 34
yuene 11e 6b/1aT MOBUIIICHU.

4. Hay4den amapat

Hosu monsarus: meron ma I'ayc 3a pemasane ma CJIY, marpuia, pasr
Ha MaTpUIa, eJIeMEHTApHU Mpeodbpa3yBaHUd HA MATPHUIA, TPUBILICH U
TPAIEIOBUICH BUJI Ha, MATPUIA, CTEXMOMETPUIHU KOSDUIIMEHTH].

Useecrhu (oTmpesy BbBEJIEHU) TOHSTUS: CHUCTEMA JIMHEHHU ypaBHEHWs
(CJIY), c¢bBMecTHMa, HECHBMECTHMA, OIPEJEIeHa, HEeOlpPeIeIeHa CHCTEMA
YPaBHEHUsI; PABHOCUJIHA yPaBHEHMsI, PABHOCUJIHU CUCTEMU YpPaBHEHUSI.

5. XoJ Ha ypoka
YPpOKbT 3amodHa Karo yPOK 3a IIPeroBop Bbpxy Temara ,(CucreMu

JMHeHN ypaBHeHus' , B KoiiTo moctasux ciaegaute ase CJIY ot momysspen
coopuuk (Kolarov et al. 2013, p.49)

x+2y+5z=125
3amaua 1. 2x +5y+z=251
5x +y+2z=512

—2x+y+3z=5
Samayga 2. x—3y—2z=5
3x —4y—4z=5

Hskown yuenuru 66p30 permxa CUCTEMUTE 10 TTO3HATUTE METOJIU, JIPYTU
IIpaBexa XaoTUYIHU IPeodbpa3yBaHUA U aPUTMETUYHO BEPHU U3PA3sIBAHUS HA
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HEM3BECTHUTE, KOUTO HE BOJAT IO TOJIE3EH XOJ WA HEHYXKHO yIIbIKaBaT
pelaBaHero Ha 33J1a9aTa.

Cren KpaTko 3allo3HaBaHe HA yUYEHHIUTE C IeJTa HA yPOKa, & WMEHHO
n3ydyaBaHe Ha Obp3 W yHUBepcajieH MerToj 3a perraBane Ha CJIY un
NPUIOXKEHUETO MYy 3a H3PABHABAHE HA XUMUYHU YPABHEHUS, [OCTABUX
ITO3HATO 32 JIEBETOKJACHUINTE XUMUYHO YPABHEHUE OT TEeXHUs YIeOHUK IO
xumus 3a 9. kiaac (Tasheva et al. 2018, p.49). Bamucax ypaBHeHuero 6e3
CTEXMOMETPHUIHHUTE KOeDUIMEHTH ChC 3a/a4a J1a IO U3PABHUM, ChCTABANKI
cucrema yueiian ypasuenus: (Koleva 2020).

3aga4a 3. Jla ce u3paBHU XUMUYHOTO ypaBHEHUE:
xC3Hg +y0, - zC0, + pH,0 +Q , xbmero (@ o3HAYaBa OTJEJIEHA
TOILINHA.

Scero e, we Thpeum koedunmenTure X, Y, Z, p (x,V, 2z, p € N), nzpasasamm
6pOos MOJICKYJIM, Pearupally BbB B3aUMOIEHCTBAETO.

HauepraBame ciennara rabimiga, ciaensaiikun Mojena B (Koleva 2020): B
I'bPBATa KOJOHA HAHACAME BCHYIKH XUMUYIHHU €JIEMEHTH, KOUTO y9aCTBaT B
XMMHAYHATA Peaklysd, & B I'bPBUS PeJ, — M3XONHUTE XUMUYHM BEIIECTBA U
IPOAYKTHTE OT PeaKIpaTa. PasaesnamMe ¢ JBOHHA 9epTa H3XOJHATE BEIIeCTBa,
B PeakluATa U IPOLYyKTHTE, KOUTO ce noaydasar. Oupegensame 6pod aroMu
OT BCEKM XUMUYEH eJIeMeHT B'bB BCAKO OT YeTUPUTE CheJUHEHUS, yIacTBaIlL
B ypaBHeHHeTO (BHK TabiI. 1).

Tabauma 1. Bpoit atoMy 0T XUMAYHATE €JIEMEHTH Ha CheINHEHUATA

oT 3aJ1a4a 3

x y z D

CsHg 0, co, H,0

C 3 0 1 0
H 8 0 0 2
0 0 2 2 1

OT no3HaTHA OT YacOBETE IO XUMUA U OIIa3BaHe HA OKOJIHATA cpeia B 7.
KJjlaC Ha9UH 3a U3pPpaBHABaHE Ha XMMWYHHN YpaBHEHHA € dACHO, Y€ TpH6Ba a

pemmm CJIV:
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3x+0y=1z+0p 3x+0y—1z—0p =0 3x—z=0
8x+0y=0z+2p= (8x+0y—-0z—2p=0 (8x—2p=0
Ox+2y=2z+1p Ox+2y—-2z—1p=20 2y—2z—p=0

Vx €N
z=3x
p = 4x
y = 5x

Pemenusra na cucremara ca (x,5x,3x,4x). Tobit kato ThpcuMm Haii-
MAJKHUTE €CTeCTBEHW CTOMHOCTM Ha HEU3BECTHHTE, TO TbPCEHUTE
CTEXMOMETPHYIHI KoeuImeHnTn ce mosaydasar 3a X =1 m ca (1,5,3,4).
Taka nosy4yaBaMe U3PABHEHOTO ypaBHEHHE.

Orrosop: C3Hg + 50, = 3C0, +4H,0 + Q.

HCHO €, 9€ 3a Jla peIuM 3aJav1, CBbpP3aHU C U3PpaBHABaHE Ha XUMUYIHU
ypaBHEHUsI, THPCEHKN TEeXHUTE KOeMUIMEHTH, BUHATH IIEe JTOCTUTaMe JI0
CUCTEeMU JIMHENHUI YpaBHEHUA. CI/ICTeMaTa, KOATO IIOJIyYUuXMe B II'bpPBUA
mpuMep, € JI0CTa JIECHa 3a peliaBaHe. Bb3HUKBa BBLIPOC: MPU XUMUIHU
Peakium C 1IoBevYe y4dacCTBallld XUMUIHN BeEHIIeCTBa U CbOTBETHO JOCTHUT'aHE
g0 pemabaHe Ha mo-caoxkau CJIY wuMma s yHUBEpcajeH HAYMH 34
permaBanero um? OTroBopa Ha TO3W BBIPOC jaBa MeToabT Ha [ayc 3a
pemasane uHa CJIV.

Heka cera sa 3amumem Marpunara oT KoeduIimeHTuTe Ha cucremara (3a
IIO-T'OJIAMO y,ZLO6CTBO Ha y4YeHUIIUTE II'bpPBOHAYAJJIHO MOZKEM Ja 3alluCBaMe
UMeHaTa Ha [IPOMEHJIMBHUTE HaJl KOeUIMEeHTHTE)

x y Z P
3 0 -1 0
8 0 0 -2
0 2 -2 -1

ITo To3u HAUMH BbBEXKJAME MOHATUATA:

— Marpuiia (m x n) ¢ m peja u n crbiada (0OpbliaMe BHUMAHHUE HA
ydeHHITe, 9e OpPOoAT Ha CT'bIOOBETE 1 € PAaBeH BCBIHOCT HA OpOos HA
HEN3BECTHHTE);

— eJIEeMEHTApHN TPeoOpa3yBaHus Ha MATPHILA,

— paHT Ha MATPHIIA.
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Taka ecTrecTBEHO BbBEXKIAME €JIEMEHTAPDHUTE IMIpPeodbpa3yBaHus Ha
MaTpHIA, KATO 338 YYEHUIIUTE € $CHO, Y€ BCBINHOCT IpUIarar ulydeHuTe
Bede TeopeMu 3a paBHocuaHOCT Ha CJIY.

Cera pelreHreTO Ha CHCTEMATA, 3AIUCAHA KATO MATPHILA, Ie M3TJIEXK 1A

TaKa.:

Xy z p zy xp z y xp
30 -1 0 -1 0 3 0 1 0 =3 0
8 0 0—2>~ 0 08—2>~<0 0 4—1>~
0 2 -2 —1 -2 2 0 -1 -2 2 0 -1
z y x p z y x p z y x p
1 0 =3 0 1 0 -3 0 1 0 -3 0
00 4—1>~02—6—1)~<01—3—1/2>
0 2 -6 —1 00 4 -1 0 0 1 -1/4

Toit kaTo marpunara € or panr r = 3, an = 4, To cucreMara IIe uMa
6e30poii  MHOTO peIleHms, T.e. € HeompeaejdeHa. B JIoCTUrHATHS
TPAITEIOBU/IEH B HA MATPUIATA MHOTO JIECHO U OYEBUIHO 338 yICHUIIUTE €
ma ompemenaT Opos Ha BogemwnTe HemdBecTHu (r=3) m Oposa Ha
mapamerpure (n —r =4 — 3 = 1), KakTO U Jla U3Pa3AT BCUYKNA HEU3BECTHU
ape3 x. JlecHO ce opmeHTHpAaT CBINO B OIpeIesssHe Ha CbBMECTHMOCTTA U
OposT Ha PEINTeHsITa Ha CHCTEMATA.

Vx €N
z=3x
y = 5x
p =4x

Ompenensive Haii-MajIKaTa e€CTeCTBEHa CTOMHOCT Ha mapamerbpa X = 1
TaKaBa, 9e TbPCEHUTE HEU3BECTHU Ja CA& Bb3MOXKHO Hali-MaJIKUTE €TECTBEHU

qucJjia.

Orrosop: (1,5, 3,4).

Ja u3paBHUM oOIlle €IHO ypaBHEHMe, U3DPa3siBAIO MO3HATA 32 YUEHUIUTE
XUMHUYHA PeaKIysi OT TeXHUsl yIeOHNK 110 XuMus 3a Jesern kiac (Manev et
al. 2017, p. 72).
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t'c
3anaga 4. Jla ce uzpasuu ypasnenuero: xNHz +y0, — zNO + pH,0.
YirbTBaHe: 10 ONUCAHUS BeYe HAYMH CbCTaBsMe Tabsmia (Bux Tabi. 2).

Tabaumna 2. Bpoit atroMu 0T XUMIUYIHATE €JIEMEHTH Ha CheINHEHUSITA OT

3aja4a 4
x y z p
NH; 0, NO H,0
N 1 0 1 0
H 3 0 0 2
0 0 2 1 1

ChbcraBsiMe CHCTEMa ChC ChOTBETHUTE HEM3BECTHU:

Ix+0y=1z+0p

3x+0y=0z+2p

Ox+2y=1z+1p

Tobpcenure crexuomerpuann Koedurnuentu ca (4,5,4,6) u nosrydaBame

M3PaBHEHOTO YpaBHEHUE.

t’c
OTFOBO[Z: 4NH3 + 502 — 4NO + 6H20

3amaua 5. /la ce u3paBHU ypaBHEHUETO:

xK + yHNO3; = zKN O3 + pN,0 + qH,0 (Velichkova, Robova 2008).
Pemenmne:

Tabaumna 3. Bpoit aroMr 0T XUMUYHATE €JIEMEHTH HA, CheINHEHUATA
OT 3ajJ1a4a 5

x y z p q
K HNO, KNO; N,0 H,0

K 1 0 1 0 0

H 0 1 0 0 2

N 0 1 1 2 0

0 0 3 3 1 1

Tyx mpeamoKeHrneTo KbM YIEHUIUTE € J1a pabOTUM HAIIPABO C MATPHUIATA

oT KoeduIimeHTnTe, 6€3 118 3ammucBamMe cucremara. ToBa HacouBa HOKyca Ha

VIPaXKHEHUETO BbPXY €JIEMEHTAPHUTE MpeoOpa3yBaHus B MATPHUIIATA.
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10 -1 0 o0 10 -10 0
01 -1 -2 0 00 2 -2
03 -3 -1 -1 00 0 1 —:

Or nociiegaaTa MaTpHUIla B TPAIEIOBUIEH BUJI € sICHO, ye 7 = 4, n =5,
CJIEJIOBATEJIHO CUCTEMATa NMa 6e30POoil MHOI'O pellleHusl, U3Pa3eH! YPe3 eIUH
napaMersbp (HeKa 1a e q).

(8 2 8

Pemennsara va cucremara ca: L 2q, 4 9 9q)

Hait-mankoro BBb3MOXKHO g € N, TakoBa, dWe Ja NOIydnM HapeeHa
[IETOPKa OT Hali-MaJIKUTE BbH3MOXKHHU €CTeCTBeHH duncia, € ¢ = 5. OTryk

oIy daBaMe CTEXUOMETPUIHUTE KOeDUIINMEHTH Ha YPaBHEHUETO: X = 8, y =
10, z=8,p=1, q=5.

OTFOBOQ: 8K + 10HN03 4 8KN03 + N20 + 5H20

Crenpamara 3a7ad9a € OT yIeOHUK 3a TPOMUINpPaHa TOATOTOBKA IIO
XUMUsl U olla3BaHe Ha okosiHara cpena (Varbanova et al. 2020).

3amaua 6. /la ce nzpaBHU ypaBHEHHETO:
xAl,C5 + yH,0 — zAl(OH); + pCH,,.

Orrosop: Al,C3 + 12H,0 — 4Al(OH)3 + 3CH,.

Hakpas ocraBa ja ce BbpHEM K'bM IPUMEPUTE, TTOCTABEHN B HAYAJIOTO HA
gaca (3amaqu 1. u 2.). Tyk cBOGOJHUTE UYJIEHOBE HE Ca HYJIM, HO yIEHUIIUTE
JIECHO C€ OpUEHTHUpPAT.

x+2y+5z=125
2x + 5y +z =251
S5x +y+2z=>512

SamucBaMe pasupeHaTa MaTpPUIA;

1 2 5/125\ | /.(-2) /.(=5)

(2 5 1251)
5 1 2512

(1 2 5 125> 10 (1 2 5 125)
0 1 -9| 1 9 ~fo1 -9 1 |~
0 —9 -231-113 j 0 0 —104l-104
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1 2 5125
01 -9|1
1

0 0 1

OTTyK cJIeBa cucreMaTa

x+2y+5z=125
y—9z=1 ¢ pemenne: (100,10,1).
z=1

BropusT npumep OT J1aJIeHuTe B HAYAJIOTO Ha Jaca (3aja4da 2) ocraBsMe
38 CAMOCTOATETHO yIPaskHEeHHe.

[Ipu unrTEpEC €To Ollle HAKOIKO MOIXOISIIY IPUMEPHU 38 CAMOCTOSTEHO
yupaxuenue (Velichkova & Robova 2008).

Jla ce M3paBHAT XUMUIHUTE YPABHEHUS:

Samaua 7. xCu + yHNO; - zCu(NO3), + pNO + qH,0
Otrrosop: (x,¥,2,p,9) = (3,8,3,2,4)

3amaya 8. xFeSO, + yYKMnO, + zH,S0, —
pFe;(50,); + gMnSO, + uK,S0, + vH,0
—p_OTFOBO : (XP Y; Z, p; q) u, v) = (101 21 8; 5; 2: 1: 8)

3agava 9. xKMnO, + yH,50, = zK,50, + pMnSO, + qH,0 + u0
Ortrosop: (x,y,z,p,q,u) =(2,3,1,2,3,5)

Bamaua 10. xAl + yNaOH + zH,0 — pNa[Al(OH),] + qH,
—p_OTFOBO : (x' Y; z, p: CI) = (2, 21 6; 2, 3)

Baxmno e ma ce orbGesexku, 4e HAKOU OT Te3UW OKUCIUTETHO-PEIYKITNOHHI
MPOIIECA Ca OKA4YeCTBEHU KAaTO ,O-TPYJHU'® 3a W3PaBHIBAHE Ype3
n3ydyaBaHWS TI0 XUMHUs ¥ Ola3BaHe Ha OKOJHATa Cpella MeTOJ Ha
eJIEKTPOHHUs OAJIAHC, 38 INeTO MpUIAraHe ce M3UCKBA J00pe 1a ce MO3HABaT
XUMUYIHUTE CBOWCTBA HA OKUCIUTENMTE U peayKTopute. IlocoueHusT MeTon
3a m3paBHsaBaHe 4pe3 cberaaue Ha CJIY e yHuBepcajieH u B Hero He ce
M3UCKBA MO3HABAaHE HA XUMUYHUTE CBOMCTBa HA BEIECTBaTa, TON MOXKe Ja
ce TIpuJjiara Mpyu BCUYKHU BUJIOBE OKHC/IUTETHO-PEMYKIIMOHHU TTPOIIECH, JTOPH
[PU TE3M, IPU KOUTO ATOMHUTE CU IIPOMEHSIT CTEIIEHTa Ha OKUCJIECHUE. 3aTOBa,
cuuTame, ue TON MOXKe Jia CJIYKU 32 JIOIbJIHUTEHA ITPOBEPKA.
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5. I3Bo/ i 1 mIepCIeKTUBU

B pesynrar Ha mpoBeieHrs YPOK MOTa Ja HAIPABS CJIETHUTE W3BOJIN.

1. y‘leHI/IHI/ITe Bb3IpUuexa €CTeCTBEHO MW C JIEKOTa BbBEIACHUTE HOBU
[IOHSATUSI W TPOABAXA WHTEPEC KbM H3PABHSIBAHETO Ha IIPEIJIOKEHUTE
XUMUYIHA YPABHEHUS IO TO3U HATHUH.

2. Ob6ocHoBapaiiku ce Ha obpaTHaTa Bpb3Ka OT yUYEHHUIIUTE, IIPaBs
MU3BOJI, Y€ IEJUTEe Ha ypPOKa Ca MOCTUTHATH W HAIPABEHATA XUIIOTE3a €
[IOTBbPJIEHA.

3. Tomxomsamo e npoBexmanero na umaTerpupa CTEM ypok B mecern
KJIAC [0 MaTeMaTHKa W XUMHS C IeJ CbIOCTaBKa HA YCBOSBAHETO OT
VIEHUIIUTE Ha JBATa METO/a 3a M3paBHABaHE HA XUMUYIHA YPABHEHHS —
pa3ryie 1aHuAT B HacTodmiaTa cTaTud METO/ n U3paBHABaHE Ha
okucaureaso-penykiponnn nporecun (OPII) ¢ meroma na emekTponHus
Gaylanc, TpeIBUICH B yueOHATA MpOrpamMa IO XUMHUA 3a IeCEeTH KJIaC.
Bb3amoxkHo e 51a ce mpoBejie IeIarormdeckKu eKCIIEPUMEHT C IIPOBEpKa Ha
cleaHaTa XUIoTesa: ,,AKO ce HaydarT yYEHHUIUTE & W3PaBHSBAT
OKWCJIMTETHO-PEAYKITMOHHN Tiporiec u ¢ merona Ha CJIY, To Te me ro
IPEIIOIUTAT KATO MO-Obp3 W CBBP3aH C MO-MAJKO 3aTPYAHEHUS CIPSIMO
MeTOJla, Ha eJeKTpOoHHWs Oasanc'. ImTepec ©O6m mpencTaBiIsIBAJIO
ITPOBEXKIAHETO HA TAK'bB €KCIEPUMEHT U ChIIOCTABKA HA PE3YJITATATE B ITOHE
Be TapaJieJiIKu ¢ paziauunu npodbwmau — npodun ,Maremarudeckun'' u
npodun ,llpupoaun wmaykwu'. IlocouennTe mnpumepn B 3amadnTe 3a
CaMOCTOSITEJTHO yIpakHeHue ca jgo0pa 6a3a 3a MTpOBeXKaHEe Ha TaKbB
neJarorut4eCKn €eKCIIepuMeHT.

6. 3akJrroueHue

B saksoueHune mckaM Jia CIIoJesisi, e TO3W YPOK Oe MHOI'O MHTEPECeH 3a
yueHurure, MeToAbT Ha layc 3a pemabane wHa CJIY uwm jgomanna, Te 10O
onpejenuxa kKaro ,Jecen'‘ u ,upuarer'’. Ilpmwioxkxenmero ma CJIY B
U3paBHIBaHE Ha XUMWUYHW yPABHEHHUS CbINO Oe [pPUeTO C HUHTEpPeC OT
JIEBETOKJIACHUITUTE.

B nacrogmmre y4yebHm mporpamMm 3a mOpoduampaHa MOATOTOBKA IO
MaTeMaTUKa TMOHSITHETO ,MaTpula'‘ He ce crmoMeHaBa. Marpuru u
JIeTepMUHAHTH  obade OE3CHOPHO WMAT  MOJIE3HU  TPUJIOKEHWS B
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AHAJINTUYIHATA TIeoMeTpust (€JeMEHTH OT AHAJUTHYHATA TEeOMETDHs Ce
n3yuaBat B lIpodun 1. ,I'eomerpus'’ B mpoduimpanara MOArOTOBKA IO
MaremMaruka B 11. Kjac), B IPUPOJHHUTE HAYKH, B IPOrPDAMUDPAHETO U B
C¢bCTe3aTeTHATA MOATOTOBKA 10 MaTeMAaTHKa, WH(MOPMATHKA U ITPUPOIHU
HayKu. 3aToBa CIUTaM, Y€ BbBEXKIAHETO Ha MOHSITHETO ,MaTPHUIA'’ B Kpast
Ha JIEBETHM KJAC TPU yUCHWIW C U3ABEH WHTEPEC KbM MATEeMATHKATa, €
MTOJIE3HO U PA3IHUPABA MATEMATHIECKATA UM KYJITYpa.

Ybenena cbM, Ye ypoly, CBbHP3AHU C KOMIETEHTHOCTEH IIOJXOJ[ B
00yY€eHneTO, CUJTHO MOTUBUPAT YICHUITUTE U UM HOCAT yJIOBJIETBOPEHOCT OT
[TOJIOXKEHUS OT THAX TPY/I.

Baazodaprocmu

Wska3Bam 6aromapHocT Ha ri1. ac. J1-p Kamenua Kosesa — npenoiaBarest
B HBY ,Bacun JleBcku'‘, Beuko TbpHOBO, KOATO Me BI'bXHOBH Ja Cb3/aM
TO3W YPOK, 3AMO3HABAWKM Me ChC CBOM HAYYHU pa3pabOTKH IO TEeMATA.
Buaromapsi cbmo Ha Kpacmvumpa Mopmaxosa, n-p Msaitno Tpaiikos u
Bamepu Jlunos, xojerm mo XWMHUsI W Ola3BaHe Ha OKOJHATA CpeIa, 3a
OEHHUTE MM IIPENOP'BbKU W HACOKH B HM3IOJI3BaHATa JIUTEPpAaTypa W HAKOU
XUMUYIHU TIOHSITHS.
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APPLICATION OF SYSTEMS OF LINEAR
EQUATIONS IN BALANCING CHEMICAL
EQUATIONS

Abstract. The article describes an integrated STEM lesson conducted with students
of the ninth grade of High school of Mathematics ‘Dr. Peter Beron”. It examines the
author's attempt to upgrade the students' knowledge of solving systems of linear equations
(SLE) by introducing the Gauss method to them. For this purpose, the concepts of matrix,
matrix rank and elementary transformations in a matrix are introduced. One application
of SLE as a universal method for balancing chemical equations is shown. A conclusion is
made about the students' interest in the topic and the degree of assimilation of the
presented learning material, which is beyond the scope of the curricula for compulsory
and optional training optional training in Grade 9.

Keywords: method of Gauss; matrix; stoichiometric coefficients; STEM education
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