
0 C0 E/1MB0 CTI BlflOEPAWEHHfl OnTMHHMX CIIEKTPIB 3A 
AOnOMOrOK) rPAOIHHMX 3ACOEIB habhahha ha ochobi 

IKTy nPOUECI BMBHEHHfl KYPCY 3ArA/lbHOI 0 I3MKM
C e p z i u  K O B A / l b O B ,  O n e c n  5 Y 3 B H

y  cmammi po32Ji%nymo ocodnueocmi euKopucmannn zpapinnux 3aco6ie naenannr npu euenenni (pi3um y  
BH3, anajii3y}ombcsi M ootaiueocmi npedcmaejiennn pe3yjibmamie HaenajibHoso cpisunnoao eKcnepuMenmy 
epcKpiHHUM cnocodoM 3a donoMoeofo iHpopMaifiuHO-KOMyi-tiKaifiuHux mexHoiioeiu (IKT). PosKpueaembcx 
(popMyeaHHR 3aco6aMU IK T 3o6paotcenb onm m nux cneKmpie dnx peajii3ai{ii naenajibnux ifi/ieu npu euenenni 
Kypcy 3a2cuibHoi (pi3um. Onucano ocod/iueocmi (popMyeaHHR epcKpiKie 3ajieofcnocmi (pi3unnux eejimun e 
odnoMy i3 cmandapmnux spafpinnux komu ’jomepnux (popMamie 3a donoMoeofo mobu npospaMyeannn C++.

The article considers the particular use graphical learning tools in the study o f  physics at the university, 
analyze the possibility o f  presenting the results o f  physical experiment graphical manner using information and 
communication technologies (ICT). Reveals the form ation o f  images by IC T optical spectra fo r  implementing 
educational objectives when studying the course o f  general physics. Peculiarities o f  form ation graphs 
dependence o fphysical quantities in one o f  the standard image form ats using computer programming language 
C++.
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nocTaHOBKa npo6^eMH. CipiMKHH po3bhtok IKT BigKpuBae HOBi M0*nuB0cii gna po3po6Ku
HOBHX e^eKTHBHHX MeTOgHK Ta TeXHOHOriH HaBHaHHH. y  BignOBigHOCTi go ^i3iOnOriHHHX Ta 
ncuxonoriHHux oco6nuBocTeH nroguHu M0*Ha BigMrmTu, ^ o  OCHOBHy nacTHHy iH^opMa^i (6nu3bK0 
90%) BOHa cnpuHMae Hepe3 3ip [5], TOMy BuKopucTaHHH i po3po6Ka rpa^iHHux 3aco6iB nogaHHH 
HaBHanbHOi iH^opMa^i B3arani, i 3OKpeMa hobhx, ^ o  ^yHK^OHyroTb 3aBgHKu KOMn’roTepHOMy 
MogenroBaHHro, Ta BignoBigHHx MeTogiB HaBHaHHH Ha 0CH0Bi IKT e aKTyanbHoro npo6neMoro i 
noTpe6ye 6inbmoi yBaru Ta geTanbHoro aHani3y 3 6oKy HayKOB^B i MeToguciiB. Pa30M 3 thm 
BigMiTHMO, ^ o  nogi6Hi HanpaMKH gocnig*eHHH 0gH0HacH0 BHMararoTb Big HayKOB^B Hep03ginbH0CTi 
Ta iHTerpa^i y po3yMiHHi MeToguHHoi ctopohh 3a6e3neHeHHH HaBHanbHoro n p o ^ c y  i TexHiHHOi 
ctopohh y po3po6^  i ^pHH^H^y gii 3aco6iB HaBHaHHH, 60 caMe b TaKOMy noegHaHHi BigKpuBaroTbca 
HOBi gugaKTHHHi M0*nuB0cTi cTBopeHHH BucoKoe^eKTHBHoro cynacHoro 3aco6y HaBHaHHH, ^ o  3a 
CBOiMH ^yHK^OHanbHuMu M0*nuB0cTHMu Ha6yBae cTaTycy yHiBepcanbHoro.

AHa^i3 pam m e BHKOMaMHX goc^ifl^eHb. He3Ba*aroHu Ha BigHocHy H0Bu3Hy IKT, rpa^iHHi 
3aco6u i MeTogu He e hobumu y MeTogu^ BuKnagaHHH ^i3uKu i gocTaTHbO po3KpuTi Ta gocnig*eHi b 
TaKux npauax, hk [1; 2; 3; 4]. noegHaHHH IKT 3 rpa^MHuMu MeTogaMu HaBHaHHH M0*yTb gocTaTHbO 
e^eKTuBHO 6yTu BuKopucTaHi gna pi3Hux gugaKmnHux ^neH, a TaKO* 3 MeToro e^eKTuBHOi 
opram 3a^i i nnigHOi opram 3a^i gocnigHu^KoI, caMociiHHOi Ta na6opaTopHol' po6o tu  cTygeHTiB. 3a 
^Hx o6cTaBuH 3a3HaneHe noegHaHHH M0* e  6yTu 3anp0Bag*eHe hk HaoHHuH cynpoBig npu BuBHeHHi 
hobux TeM Ta peani3a ^ i  KOHTponro 3HaHb. Cnig Big3HaHum, ^ o  rpa^iHHe npegcTaBneHHH iH^opMa^i 
3a gonoMororo IKT TexHonoriH y HaBHanbHOMy n p o ^ c i Mae mupoKi nepcneKTuBu y 3B’H3Ky 3 tum, ^ o  
KOMn’roTepHa TexHiKa Ha cborogHimHiH geHb Bonogie noiy*Horo TexHiHHoro 6a30ro gna o6po6ku Ta 
Bigo6pa*eHHH y3aranbHeH0i rpa^iHHOi iH^opMa^i npo 06’eKT BuBHeHHH, ^ o  Bign0BigH0 ^pHH^H^y 
HayK0B0cTi h  0gH0HacH0 ^opMye iHTerpoBaHi yHBneHHH npo HayKOBy KapTuHy cBiTy.

Ocmobmhh MaTepia^. y  n p o ^ c i BuBHeHHH onTuHHux BunpoMiHroBaHb y Kypci 3aranbH0i ^ i3uKu, 
nig Hac nocTaHOBKu HaBHanbHoro eKcnepuMeHTy gocuTb HacTO BuHuKae Heo6xigHicTb Bigo6pa3uTu 3a 
gonoMororo 3aco6iB IKT neBHi napaMeTpu cBiTna hu KOHKpeTHuH n p o ^ c , ^ o  Big6yBaroTbca b 
onTuHHux cucTeMax. TaKuM npuKnagoM M0* e  6yTu noTpe6a rpa^iHHO npegcTaBuTu Ha M0HiT0pi 
KOMn’roTepa hu MynbTuMegiHHoro eKpaHy 3ane*HicTb iHTeHcuBHocTi BunpoMiHroBaHHH, HKa npunagae 
Ha neBHy ginHHKy BuguMoro cneKTpa Big g0B*uHu xBuni a6o *  Bigo6pa3uTu b KonbopoBiH raMi OKpeMi 
onTuHHi cneKTpu BunpoMiHroBaHHH (nornuHaHHH) y BignoBigHocTi go Toro, hk cnpuHMae Horo oko 
nroguHu. AnropuTMu peani3a^i nogi6Horo nporpaMHoro 3a6e3neHeHHH, ^ o  BuKopucTOByeTbca y 
HaBHanbHOMy n p o ^ c i M0*yTb 6yTu 06’eKT0M aHani3y, ^ o  cnpuae rnu 60K0My po3yMiHHro 
TeopeTuHHoro MaTepiany nig Hac BuBHeHHH TaKux nuTaHb hk: onrnHHi cucTeMu, 3ip, ^OToeneMemM, 
^OTOMeTpia, BunpoMiHroBaHHH a6c0nroTH0 HopHoro Tina (AMT), ^ 0T0e^eKT Ta i'xm 3aK0Hu Ta 
3aK0H0MipH0cTi, to ^ o . BuKopucTaHHH onrnHHux gaTHuKiB cBiTna i cyHacHOi KOMn’roTepHOi TexmKu y 
noegHaHHi 3 anropuTMaMu rpa^iHHoro npegcTaBneHHH ^i3uHHux napaMeTpiB B3arani BigKpuBaroTb 
Heo6Me*eHi M0*nuB0cTi npu BuBHeHHi reoMeTpuHHOi, xBunbOBOi onTuKu Ta KBaHTOBux BnacTuBocTeH 
cBiTna.

n ig  Hac BuBHeHHH onrnHHux cneKTpiB y n p o ^ c i 3anpoBag*eHHH rpa^iHHux 3aco6iB HaBHaHHH 
nocTae npo6neMa, HKa nonarae b TOMy, ^ o  y peanbHux onTuHHux cneKTpax M0*Ha cnocTepiraTu 
MOHOTOHHy 3MiHy ogHoro Konbopy BecenKu iHmuM, a TexHiHHO peani3yBaTu TaKuH nepexig Konbopy 
Big ogHoro go iHmoro M0*Ha nume npu BuKopucTaHHi c^e^ianbHHx anropuTMiB, ^ o  g03B0naroTb 
TexHiHHuM 3aco6aM c^opMyBaTu Konip neBHOi ginHHKu cneKTpa y BignoBigHocTi go g0B*uHu xBuni, hk 
^e, HanpuKnag, Mae Mic^e y K0nb0p0B0My TeneBi30pi.

3anp0n0H0BaHuH HaMu MeTog g03B0nae 3o6pa*eHHH Konbopy Ha noBepxHi rpa^iHHoro npucTporo 
(M0HiT0pa hu MynbTuMegiHHOi gomKu) 3a gonoMororo c^e^ianbH0^0 anropuTMy OTpuMaTu gna 6ygb- 
hkoi g0B*uHu cBiTn0B0i xBuni X [2]. 3a3BHHaH, 3a TaKux o6cTaBuH, 3 TexHiHHoro 6oKy Konip 
^opMyeTbca Ha 0cH0Bi Tpbox cKnagoBux: HepBOHOi, cuHbOi Ta 3eneH0i, ^ o  BignoBigaroTb RGB  
cTaHgapTy [8], hkuh e ogHuM 3 KOMn’roTepHux cTaHgapiiB i HBnae co6oro cyKynHicTb Tpbox ^inHx 
Hucen Big 0 go 255, HKi i Bu3HaHaroTb Bign0BigH0 gonro iHTeHcuBHocTi ko*hoi cKnag0B0i y 
^opMyBaHHi Konbopy 3agaH0i tohku Ha noBepxHi 3o6pa*eHHH. IHmuMu cnoBaMu, ^ 0 6  3agaTu Konip Ta 
HcKpaBicTb tohku Ha rpa^iHHOMy npucTpoi n 0Tpi6H0 tohho c^opMyBaTu Tpu Hucna, a gna 
Bigo6pa*eHHH cy^inbH0^0 onTuHHoro cneKTpy n0Tpi6H0 tohho 3agaTu ^yHK^il 3MiHu 3HaHeHb Tpbox 
cKnagoBux RGB  y 3ane*H0cii Big 3HaHeHHH g0B*uHu xBuni X. ®yHK^i', HKi Bigo6pa*aroTb 3a3HaHeHy 
3ane*HicTb Ha3uBaroTbca KonopuMeTpuHHuMu. Burnag cTaHgapTHux KonopuMeTpuHHux ^yHK^iH 
n0Ka3aH0 Ha puc. 1. TaKi 3ane*H0cTi 6ynu 3anp0n0H0BaHi b 1931 po^i KOMiTeTOM CIE (International
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Commission on Illumination - MmHapogHa KoMicia no ocBiTneHHro) gna giana3oHy goB^uH xBunb Big 
380 h m  go 780 h m . Hk BugHo 3 pucyHKa, TaKuH po3nogin KonbopiB npu ^opMyBaHHi ko^hoi cKnagoBoi 
RGB  CTaHgapTy He Mo*e 6yTH 3agaHUH 6ygb-aKoro eneMeHTapHoro ^yHK^ero, a BignoBigHo BHMarae 
cKnagHimoro nigxogy go MaTeMaraHHoro MogenroBaHHH anropuTMiB, Ha ocHoBi hkhx ^yHK^oHyroTb i 
cynacm rpa^inHi 3aco6u HaBHaHHH.

Peani3yBaTu nogi6Hy Mogenb Mo^Ha 3agaBmu Ta6nHHHHM cnoco6oM ^yHK^i 3 puc.1. OparneHT 
nporpaMHoro Kogy Ha MoBi C++, ge BHKoHyeTbca im^roBaHHH MacuBiB R100, G100, B100, a 
BignoBigHo 3agaroTbca Ta6nHHHUM cnoco6oM ^yHK^ i 3MiHu KonbopiB y giana3oHi Big 340hm go 390hm 
3 kpokom y 5 h m  noKa3aHo Ha puc.2.

I  — £jni /yifl Biflo6pa)KeHHfl cneKTpa--------------
Ci mm

êpBOHHH

R l  0 0 [ 1  ] =4 2 
R 1 0 0  [2 ] =4 2 
R 1 0 0  [3 ] =4 2 
R l  0 0 [4 ] =4 2 
R l 0 0 [  5 ] =4 2 
R l 0 0 [ ( : i ] = 4 2  
R 1 0 0 [ 7 ] = 4  2 
R 1 0 0  [ 8 ] = 4  2 
R 1 0 0  ['=)] =4 2

G l  0 0 [ 1  
G 1 0 0  [2 
G 1 0 0  [3 
G l  0 0 [4 
G l 0 0 [ 5 
G 1 0 0 [6 
G 1 0 0 [ 7  
G 1 0 0 [8 
G 1 0 0 [ 9

B100 [1 
B 1 0 0  [2 
B 1 0 0  [3 
B 1 0 0  [4 
B l Q Q  [5 
B 1 0 0 [6 
B 1 0 0 [ 7  
B 1 0 0 [8 
B 1 0 0 [9

Rl0 0[10]=49;G100[10]=1;B100[10]=88 
R100[11]=49;G100[11]=1;B100 [11]=89 
R100[12]=49;G100[12]=1;B100[12]=89

m  40 
7 / 3 4 5  
7 / 3 5 0  
7 / 3 5 5
i n  so
7 / 3 6 5
7 / 3 7 0
7 / 3 7 5
7 / 3 8 0
7 / 3 8 5
7 / 3 9 0
7 / 3 9 5

400 500 600 700 X (nm) 

Puc.1. OraHgapTHHH KonopuMeTpu^HUM po3nogin

Puc. 2. OparMeHT nporpaMu 3 
im^roBaHHH MacuBiB gna 
npegcTaBneHHH ^yHK^H 

Ta6nHHHUM cnoco6oM

3Ba*aronu Ha Te, ^ o  omuHHuH cneKTp e HenepepBHuM, nociae npo6neMa BU3HaHara 3HaneHHH 
Tpbox cKnagoBux Konbopy He TinbKu gna 3agaHux Ta6nrnHUM cnoco6oM 3HaneHb, a h  gna npoMmHux 
BunagKiB. Po3rnaHeMo ^  geianbHime.

H k^o cycigHi tohkh X1 Ta X2 3HaxogaTbca 6nu3bKo, to  Mo^Ha BBa^aTu, ^ o  rpa^iKoM, hkhh 
3agaroTb ^  tohkh, e npaMa niHia, a BignoBigHo Ha uboMy npoMmKy ^yHK^ro Mo^Ha 3agaTu 3a 
gonoMororo piBHHHHH npaMoi. npoaHani3yeMo BunagoK, Konu Heo6xigHo BU3HaHUTH 3HaneHHH ^yHK^i 
Ha npoMmKy, hkhh Ha6nu*aeTbca go npaMonimMHoro Bigpi3Ka 3 k ih^bum u TOHKaMu X1 i X2.

HexaH icHye geaKa TOHKa X0 3HaneHHHM ^yHK^i, gna hkoi e nucnoBe 3HaneHHH nepBoHoro 
Konbopy R q. Togi uc rpa(|)iLiHO MC»KHa 3o6pa3HTH TaK, hk n0Ka3aH0 Ha pnc. 3.

Puc. 3. Burnag naciuHu rpa^iKy 3 nimMHoro ginaHKoro

.Hk BugHo 3 puc.3, tgq, 3 ogHoro 6oKy, Mo^Ha BU3HaHUTH 3 TpuKyTHUKa AaBd, a 3 iHmoro 6oKy - 3 
TpuKyTHUKa Aacm. Togi He cKnagHo BU3HanuTu ^o :

= (R2~ R1)(4 2 - 4 )  + R  (1 1 )
( V  4 )  1 '

Hk BugHo 3 ^opMynu 1.1, 3Haronu KoopguHaTu KpaHHix 6nu3bKux tohok (A1; R 1) Ta (X2 ; R2) geaKoi 
ginaHKu cneKTpa, Mo^Ha BU3HanuTu 3HaneHHH cKnagoBoi Konbopy gna 6ygb-HKoro X0, ^ o  3HaxoguTbca
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b Me^ax Mi* Xj Ta X2, a po36uBmu eKcnepuMemanbHy 3ane*HicTb Ha BenuKy KinbKicTb Bigpi3KiB, 
Mo^Ha 3MogenroBaTu ^yHK^ro Ha BciH ginaH ^ omHHHoro cneKTpa. TaKUM hhhom BUKopucToByroHu 
Ta6nHHHUH cnoci6 3agaHHH KonoMeipuHHux ^yHK^H y p03rnaHyT0My cnoco6i, M0*Ha oipuM aiu 
3HaneHHH Tpbox cKnagoBux Konbopy y BignoBigHocTi go RGB  cTaHgapiy gna Bigo6pa*eHHH 6ygb-aK0i 
cneKTpanbHoi' niHii, ^ o  3agaHa neBHUM 3HaneHHHM X.

Ha puc.4 noKa3aHo ^parMeHT nporpaMu MoBoro C++, hkhh go3Bonae peani3yBaTu BU3HaneHHH 
Tpbox cKnagoBux Konbopy gna 6ygb-aK0i goB^uHu xBuni X 3a gonoMororo KonopuMeipuHHux ^yHK^H, 
^ o  3agaHi Ta6nHHHHM cnoco6oM. OparMeHT nporpaMu yMoBHo M0*Ha po36uTu Ha Tpu HacTUHH, gna 
ko^hoi 3 hkhx xapaKTepHUM e im^roBaHHH 3MiHHHx RGB_22 i RGB_23 3 MacuBy, ^ o  MicTUTb 
Ta6nuHHe npegcTaBneHHH KonopuMeTpHHHux ^yHK^H Ta ^opMynu, 3a gonoMororo hkoi BU3HanaeTbca 
K05KHa 3i cicnanoBHx npegcTaBneHHH Konbopy.

RGBf_21=l+(RGBfunkc_ll-34O0)/50;
RGBf_22=R100[RGBf_21];
RGBf_23=R100[(RGBf_21+l)];
if(RGBf_22<=RGBf_23)

{
Red=RGBf_22 +(RGBf_2 3-RGB£_2 2)*(RGBf unkc_l1-((RGBf_21-l)*50+3400)) / { 50);
}
else
{Red=RGBf_23 +(RGBf_22-RGBf_23)*(((RGBf_21-1)*50+3450)-RGBfunkc_ll)/(50);
}

RGBf_22=G100[RGBf_21];
RGBf_23=G100[(RGB£_21+1)];
if(RGBf_2 2< =RGBf_23)

{
Green =RGB £ _ 2 2 +(RGB£_2 3-RGB£_2 2)*(RGBf unkc_l1-((RGB£_21-1)*50+3400 )) / { 50);
}
else
{
Green =RGB f _ 2 3 +(RGBf_22-RGBf_23)*(((RGBf_21-1)*50+3450 )-RGBfunkc_ll)/(50);
}

RGBf_22=B100[RGBf_21];
RGBf_23=B10 0[(RGBf_21+l)];
if(RGBf_22<=RGBf_23)

{
Blue=RGBf_22 +(RGBf_23-RGBf_22)*(RGBfunkc_ll-((RGBf_21-l>*50+34 00)) / { 50);
}
else
{
Blue=RGBf_23 +(RGBf_22-RGBf_23)*(((RGBf_21-l>*50+34 50)-RGBfunkc_ll) / { 50);
\

Puc. 4. OparMeHT nporpaMu BU3HaneHHH cKnagoBux Konbopy

OcKinbKu cneKTpanbHi niHii' omHHHux cneKTpiB Mo^yTb MaTu pi3Hy iHTeHcuBHicTb, to  
Bigo6pa*eHHH 3MeHmeHHH iHTeHcuBHocTi y Konbopi gocaraeTbca 3a paxyHoK ogHonacHoro 
npaMonponop^HHoro 3MeHmeHHH goni ko^hoi i3 cKnagoBux Konbopy y ^opMaii RGB  Ha BenHHUHy, 
^ o  BignoBigae 3MeHmeHHro iHTeHcuBHocTi cneKTpanbHoi niHii'.

Peani3a^a p03rnaHyT0i Mogeni rpa^inHoro npegcTaBneHHH onTHHHHx cneKTpiB 3a gonoMororo 
IKT TexHonoriH go3Bonae oipuM aiu 3o6pa*eHHH, Burnag HKoro n0Ka3aH0 Ha puc.5, ge 3o6pa*eHHH 
cneKTpa Mae gociaTHbo peanicTHHHUH xapaKTep i MicTUTb xapaKTepHi cneKTpanbHi o6nacii hk 3 
MaKcuManbHoro iHTeHcuBHicTro, TaK i 3 npoMi*HHMH ii 3HaneHHHMu.

Puc. 5. Bigo6pa*eHHH omHHHoro cneKTpa y KonbopoBoMy Burnagi

Po3rnaH^TUH cnoci6 3agaHHH eKcnepuMeHTanbHHx ^yHK^H y nporpaMax 3a gonoMororo 
Ta6nHHHoro MeTogy, Ha Hamy gyMKy, M0*Ha e^eKTUBHo BUKopucToByBaTu i b iHmux Mogenax, ^ o
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3ycTpiLiaK)Tbc>i npH poipoGui HOBiTHix 3aco6iB HaBHaHHH, mo ncpcjGanafOTb rpa(|)iLiHC npcjCTaB.iCHH>i 
nepeSiry neBHHx (|)i3MLiHMx npoucciB hm BUo6pa>KCHH>i 6yjb->iKH\ (|)i3HLiHHx 3ajie>KH0CTeH.

B hchobkh : Y CTani p03r7iHH\T0 0C06jiHB0CTi po3po 6icH 3aco6iB HaBHaHHH Ha ochobI IKT 
TexHOJioriH, mo j03B0.i>iK)Tb peani3yBaTH rpa(|)iLiHC BUo6pa>KCHH>i o h th h h h x  cneKTpiB. 3anp0n0H0BaHa 
MOjc.ib 3ajaHH>i HenepepBHHx eKcnepHMeHTanbHHx ([iyhklum. Ha 0CH0Bi hkoi MOJKyTb 6ytm noSynoBam 
iHini n pm oajH  K0Mn’i0TepH0r 0 MonejnoBaHtra 06’eKTa bhblichh>i.
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